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by Zoxazolamine 
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The plasma levels of chlorzoxazone were determined in  humans, dogs, and mice. It 
was shown that the co-administration of zoxazolamine and chlonoxazone prolonged 
the plasma concentrations of the latter substance in  mice and dogs. An interaction 
between the compounds under consideration, which resulted in the formation of an 
insoluble complex, was demonstrated by means of a solubility study. Evidence was 
presented to show that the prolongation of chlorzoxazone plasma levels was prob- 
ably a result of a change in metabolism of this compound in the presence of the addi- 
tive, zoxazolamine. It is suggested that the molecular complex formed between 
chlorzoxazone and zoxazolamine is directly responsible for the proposed alteration 
in metabolism of chlonoxazone and the prolonged plasma levels of this compound 

wbich results when the combination of drugs is administered. 

HLORZOXAZONE (5-chlorobenzoxazolione) is C a centrally acting muscle relaxant which 
has been found useful in the treatment of a 
number of spastic diseases. The physiological 
disposition and metabolic fate of this compound 
have been reported previously by Conney and 
Bums (1). The  present investigation is con- 
cerned with the absorption and biological life of 
this substance in several animal species after 
the administration of the drug alone and in 
combination with a potentiating agent. 

Specifically, the animal species employed in 
this investigation were mice, dogs, and humans, 
and the potentiating agent utilized was zoxazol- 
amine (2-amino-5-chlorobenzoxazole) . The po- 
tentiating effect of the  additive was demonstrated 
by a prolongation of chlorzoxazone plasma levels 
when the combination of drugs was administered. 

The basis for investigating the  chlorzoxazone- 
zoxazolamine combination was the hypothesis 
developed by Brodie, Hogben, Schanker, and 
associates (2-4) t o  explain the rate and extent of 
absorption of acidic and basic drugs from the 
gastrointestinal tract. It was thought that  
administration of chlorzoxazone (the acidic drug) 
and zoxazolamine (the basic compound) would 
demonstrate a more prolonged muscle relaxant 
activity than either of the compounds ad- 
ministered singly since the weakly acidic drug 
would be absorbed more readily in  the acidic 
portion of the gastrointestinal tract, and the 
weakly basic drug in the more basic segments of 
the tract. However, i t  was noted that the  chlor- 
zoxazone plasma levels were appreciably pro- 
longed when the combination of drugs was 
administered when compared t o  the levels oh- 
served after administration of chlorzoxazone 
alone. 

The purpose of this study was to  characterize 
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the absorption pattern of chlorzoxazone in 
various animal species with the possibility of 
utilizing this information in the development of 
more efficient dosage forms, and to investigate 
the mechanism responsible for the prolongation 
of chlorzoxazone plasma levels noted when this 
compound is administered in  conjunction with 
zoxazolamine. 

EXPERIMENTAL 

The estimation of chlorzoxazone levels in the  
biological samples was made by the method de- 
scribed by Conney, el al. (5). This procedure in- 
volved extraction of acidified biological material 
with an organic solvent consisting of 1.5% isoamyl 
alcohol in petroleum ether. The drug was then ex- 
tracted from the  organic phase into a 0.5 N sodium 
hydroxide solution and measured spectrophoto- 
metrically at 287 mp where the compound exhibits an 
absorption maximum. 

The  method employed for the determination of 
zoxazolamine was similar to tha t  described for 
chlorzoxazone. However, the drug was extracted 
from alkalinized biological material into the organic 
solvent and re-extracted into a 3 N hydrochloric 
acid solution. Measurements were made spectro- 
photometrically at 278 mp. 

The experimental procedure utilized to demon- 
strate the  interaction between chlorzoxazone and 
zoxazolamine in distilled water and mouse plasma 
was  similar to that reported by Higuchi and Lach 
(6). The analytical procedures employed were 
similar to those described for the biological samples. 

The spectrophotometric measurements were made 
on a Cary model 14 recording spectrophotometer. 
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Fig. 1.-Mean plasma levels of chlorzoxazone 
in humans after oral administration of 0.50 Gm. 
of drug. 
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RESULTS AND DISCUSSION 

Ten humans received 0.50 Gm. of chlorzoxazone 
orally in tablet form, and the plasma levels were 
measured a t  various time intervals. Blood samples 
were obtained from five of the subjects a t  0,60, 180. 
and 300 minutes and from the remaining five sub- 
jects a t  0, 120,240, and 360 minutes. Figure 1 pre- 
sents the mean plasma levels observed in this study. 
Peak plasma levels were attained 120-180 minutes 
after administration and the biological half-life was 
determined to be about 170 minutes. These data are 
consistent with the duration of action noted with 
this compound in clinical studies. In addition, the 
results noted in this investigation are in general 
agreement with the observations previously reported 
by Conney and Burns (1). 

The mean plasma levels observed in dogs after 
oral administration of 30 mg./Kg. and 60 mg./Kg. 
chlorzoxazone are shown in Fig. 2. Six dogs were 
used a t  each dose level, and the drug was adminis- 
tered in capsule form. The biological half-life in 
this species was determined to be about 120 minutes 
with a peak level observed between 90-180 minutes. 
Figure 2 also shows the mean plasma levels of 
chlorzoxazone observed after administration of 60 
mg./Kg. chlorzoxazone in conjunction with 60 mg./ 
Kg. zoxazolamine. Four dogs were employed on 
this dosage schedule. Although the peak concentra- 
tion of chlorzoxazone did not differ significantly 
from that obtained after administration of chlor- 
zoxazone alone, there was a definite prolongation of 
the plasma concentration. From the limited data 
presented, it appears that the half-life of chlor- 
zoxazone is prolonged to about 300 minutes when this 
compound is administered with an equivalent dose of 
zoxazolamine. 

The plasma levels of chlorzoxazone determined 
after administration of a suspension of the drug to 
mice at levels of 100 mg./Kg. and 200 mg./Kg. are 
shown in Fig. 3. The chlorzoxazone determinations 
were made on a pooled blood sample from about 20 
mice. The peak chlorzoxazone levels in this species 
were noted at 5 minutes with a half-life of only 20 
minutes. The short half-life observed in this species 
is consistent with the data reported by Conney and 
Burns (1) which showed that liver homogenates pre- 
pared from mouse or guinea pig tissue metabolized 
chlorzoxazone three to four times as fast as a corre- 
sponding preparation using rat or rabbit tissue. 
The chlorzoxazone plasma levels attained in mice 
after oral administration of 100 mg./Kg. each of 
chlorzoxazone and zoxazolamine are also shown in 
Fig. 3. The plasma concentrations reported for the 
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Fig. 2.-Mean plasma levels of chlorzoxazone in 
dogs after oral administration of 30 mg./Kg. (0) 
and 60 mg./Kg. ( 0 )  of the drug alone and after 
administration of 60 mg./Kg. each of chlorzoxazone 
and zoxazolamine (0) .  

combination are the means of three separate sets of 
pooled blood samples. The results were similar to 
those observed with dogs since there was a significant 
prolongation of the chlorzoxazone plasma concen- 
trations when the combination of drugs was given. 
The biological half-life of chlorzoxazone in this in- 
stance was about 80 minutes or four times longer than 
that noted when chlorzoxazone was administered 
singly. 

Several of the possible mechanisms which could 
account for the prolonged chlorzoxazone plasma con- 
centrations demonstrated after administration of 
the combination of drugs are (a) conversion of 
zoxazolamine to chlorzoxazone in the biological sys- 
tem, (b )  prolonged dissolution, and therefore pro- 
longed absorption due to the formation of a poorly 
soluble interaction product of chlorzoxazone and 
zoxazolamine, (c) an increase in absorption from the 
gastrointestinal tract of chlorzoxazone in the presence 
of zoxazolamine, ( d )  lower chlorzoxazone tissue 
levels (or more rapid removal of this drug from the 
tissues when zoxazolamine is also in the system), 
and (e) an alteration in the metabolism of chlor- 
zoxazone when both compounds are present. 

It is known that 2-aminobenzoxazoles are con- 
verted in vitro to 2-benzoxazolinones in dilute min- 
eral acid. However, the in vivo conversion of zoxa- 
zolamine to chlorzoxazone as the mechanism respon- 
sible for the prolongation of chlorzoxazone plasma 
levels was readily eliminated when no detectable 
levels of chlorzoxazone were found after administra- 
tion of 60 mg./Kg. of zoxazolamine to dogs and 100 
mg./Kg. of this agent to mice. 

Although it is possible that prolonged dissolution 
and absorption occur when chlorzoxazone and 

T I M E ,  M I N U T E S  

Fig. 3.-Plasma levels of chlorzoxazone in mice 
after oral administration of 100 mg./Kg. (0) and 
200 mg./Kg. ( 0 )  of the drug alone and after ad- 
ministration of 100 mg./Kg. each of chlorzoxazone 
and zoxazolamine (0). 

MOLAR CONCENTRATION OF Z O X A Z O L A P I N E  x 10' 

Fig. 4.-Phase diagram showing the effect of 
zoxazolamine on the apparent oolubility of chlorzosa- 
zone in water a t  30"C, 
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An examination of the chemical structure of the com- 
pounds under consideration shows that the structural 
requirements necessary for the formation of a molecu- 
lar complex in aqueous solution similar to  those 
described in previous communications (6-8) are 
present in these substances. The expected inter- 
action was illustrated by means of a solubility study. 
The phase diagrams describing this interaction are 

MOLAR CONCENTRATION OF CHLORZOXAZONE x 101 

Fig. 5.-Phase diagram showing the effect of 
chlorzoxazone on the apparent solubility of zoxa- 
zolamine in water a t  30°C. 

TIME, MINUTES 

Fig. 6.-Mean plasma levels of zoxazolamine in 
dogs after oral administration of 60 mg./Kg. (0) 
of the drug alone and after administration of 60 
mg./Kg. each of zoxazolamine and chlorzoxazone 
(0). 

zoxazolamine are administered simultaneously (due 
to  their interaction a t  the absorption site), this 
mechanism alone would not seem to explain ade- 
quately the large areas under the time-concentration 
curves observed for the drug combination. 

The remaining possible mechanisms listed above 
also may be rationalized on the basis of an inter- 
action between these muscle relaxant compounds. 

Chlorzoxazone Zoxazolamine 

shown in Figs. 4 and 5. Analysis of the phase dia- 
grams and chemical analysis of the relatively insolu- 
blecomplex formed showed theaddition product to  be 
composed of one molecule of chlorzoxazone to  one of 
zoxazolamine. 

I t  is unlikely that the complex demonstrated in 
aqueous solution would be stable in the acidic 
medium of the stomach. However, if the formation 
of a complex between these compounds was respon- 
sible for an increase in absorption of chlorzoxazone 
from the gastrointestinal tract, a corresponding 
increase in zoxazolamine plasma levels would also be 
observed. That this does not occur is demonstrated 
in Fig. 6 which shows the mean plasma levels of 
zoxazolamine after oral administration t o  dogs of 60 
mg./Kg. zoxazolamine and 60 mg./Kg. zoxazolamine 
in combination with a like amount of chlorzoxazone. 
Similar results were noted with the plasma levels 
attained in mice after oral administration of 100 
mg./Kg. zoxazolamine alone and in combination 
with 100 mg./Kg. chlorzoxazone. The early levels 
noted in both species were lower when the combina- 
tion of drugs was administered than those observed 
when zoxazolamine was given alone. This may be a 
result of a lowering of the solubility or a slower dis- 
solution rate of the zoxazolamine in the presence of 
chlorzoxazone in the gastrointestinal tract. 

If an increase in gastrointestinal absorption is not 

TABLE I.-PLASMA LEVELS OF CHLORZOXAZONE I N  MICE AFTER INTRAPERITONEAL ADMINISTRATION 
(MG. PER CENT) 

-Time, Minutes 
> 15 30 4 5  90 180 

Chlorzoxazone. 100 mg./Kg. 6.80 3.66 0.73 0.81 0 0 
Chlorzoxazone, 100 mg./Kg. 6.22 3.25 3.96 2.31 1.65 0 
Zoxazolamine, 100 mg./Kg. 

TABLE II.-BRAIN AXD PLASMA LEVELS OF CHLORZOXAZONE I N  MICE AFTER ORAL ADMINISTRATION (MG. 
PER CENT) 

- Time, Minutes - 
1 5 30 4.5 90 180 

Chlorzoxazone alone Brain 1.67 1.26 1.23 0 0 

Chlorzoxazone in Brain 1.95 3.16 1.87 1.20 0 
Plasma 3.97 2.98 2.24 0.33 

combination Plasma 5.37 4.82 3.69 2.21 0.33 

TABLE III.-BRAIx AND PLASMA LEVELS OF ZOXAZOLAMINE I N  MICE AFTER. ORAL ADMINISTRATION (MG. 
PER CENT) 

Time. Minutes . 
15 30 45 90 180 

Zoxazolamine alone Brain 2.05 1.24 0.99 0.35 0 
Plasma 0.69 0.36 0.15 0.06 0 

Zoxazolamine in com- Brain 0.73 0.60 0.60 0.20 0 
bination Plasma 0.54 0.36 0.32 0.22 0 



Vol. 52, No. 5,  May 1963 

responsible for the prolongation of the chlorzoxazone 
levels noted, then administration of the combination 
by other than the oral route should also result in a 
prolongation of chlorzoxazone plasma levels. Table 
I shows the chlorzoxazone plasma levels determined 
after intraperitoneal administration of 100 mg./Kg. 
chlorzoxazone alone and in combination with 100 
mg./Kg. zoxazolamine. It is apparent from these 
results that this route of administration affects the 
chlorzoxazone levels in a manner similar to that ob- 
served after oral administration of the drug com- 
bination. 

A comparison of Table I with Fig. 3 shows that at 
times greater than 5 minutes post administration the 
plasma levels resulting from the intraperitoneal route 
are similar to those observed when the same drug 
combination was administered orally to mice. 

In order to obtain evidence for the in vivo forma- 
tion of a complex between the compounds under con- 
sideration, a solubility study was conducted utilizing 
mouse plasma as the solvent and maintaining the 
temperature at 37.5". Because of the limited num- 
ber of experimental points available, it was not pos- 
sible to  analyze the phase diagram as was the case 
for the aqueous study described previously. How- 
ever, evidence of complex formation in this system 
was obtained since (in each instance) the presence of 
one of the molecules in the system significantly de- 
creased the solubility of the other in the biological 
fluid. 

The effect 6f administration of the combination of 
drugs on the chlorzoxazone tissue levels was made 
by determining chlorzoxazone levels in the brains of 
mice. The dosage regimen utilized for this part of 
the study was 200 mg./Kg. chlorzoxazone alone and 
200 mg./Kg. chlorzoxazone in combination with 50 
mg./Kg. zoxazolamine. The brains of ten mice 
were pooled and homogenized with distilled water 
and an aliquot of the final preparation was used for 
the drug determination. 

The results of this experiment, along with the 
chlorzoxazone plasma levels attained employing the 
same dosing schedule, are presented in Table 11. 

The data indicate that the brain levels of chlor- 
zoxazone are proportional to the plasma levels of 
this drug, and that the prolongation of plasma con- 
centrations is reflected in prolonged tissue concen- 
trations. Therefore, the prolonged chlorzoxazone 
plasma levels noted in this study are probably not 
the result of a lowering or more rapid depletion of 
tissue chlorzoxazone in the presence of zoxazolamine. 

The brain levels of zoxazolamine observed after 
oral administration of 50 mg./Kg. of this compound 
alone and in combination with 200 mg./Kg. chlor- 
zoxazone are shown in Table I11 along with the 
plasma concentrations of zoxazolamine determined 
at these same dosage levels. 

lt is interesting to note that the brain levels of 
zoxazolamine are considerably lower after adminis- 
tration of the drug combination than those observed 
after administration of the zoxazolamine alone. 
However, there was no significant difference in the 
plasma levels noted after either dosage regimen was 
used. These results may be rationalized on the basis 
of complex formation between the muscle relaxant 
compounds. Since a large excess of chlorzoxazone 
molecules (in relation to zoxazolamine) is available 
in the system, the tissue distribution of this material 
would not be expected to be influenced significantly 
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by the formation of the proposed complex. How- 
ever, because of the relatively low concentration of 
zoxazolamine present, the distribution of this com- 
pound in the various biological compartments could 
be copsiderably altered by an interaction of the type 
suggested. 

The data indicate that the prolongation of chlor- 
zoxazone plasma levels demonstrated when this 
agent is administered in combination with zoxazol- 
amine is probably due mainly to  an alteration in the 
metabolism of chlorzoxazone. In addition, evi- 
dence has been presented to support the theory that 
this modification in the metabolism of chlorzoxazone 
may be mediated through the formation of a mo- 
lecular complex between the muscle relaxant com- 
pounds. 

Prolongation of drug activity by mechanisms simi- 
lar to that described in this study would be espe- 
cially useful for those drugs which are absorbed in a 
limited portion of the gastrointestinal tract and 
therefore cannot be prolonged by a delayed release 
mechanism. Furthermore, many of the problems 
encountered in controlling the release of drugs and 
assuring their complete availabiIity from the various 
sustained action forms would be greatly simplified 
in a system of this type. 

SUMMARY AND CONCLUSIONS 

Chlorzoxazone plasma levels were determined in 
humans, mice, and dogs after the oral administra- 
tion of this compound alone, and in mice and dogs 
after administration of this agent in conjunction 
with zoxazolamine. In addition, the chlorzoxazone 
plasma levels in mice after intraperitoneal adminis- 
tration of the drug alone and in combination were 
determined. 

The zoxazolamine plasma levels in mice and dogs 
were observed after oral administration of this com- 
pound alone and in combination with chlorzoxazone. 

The brain levels of these compounds attained in 
mice after the oral administration of the drugs alone 
and in combination were also determined. 

Formation of a molecular complex between the 
agents under study was demonstrated by means of 
solubility studies. 

A prolongation of chlorzoxazone plasma levels was 
noted when this compound was administered simul 
taneously with zoxazolamine to  mice or dogs. Evi- 
dence was presented to show that this prolongation 
probably results mainly from an alteration in the 
metabolism of chlorzoxazone. Furthermore, it  is 
suggested that the proposed change in metabolism is 
mediated through the formation of a molecular com- 
plex in aivo between these muscle relaxant com- 
pounds. 
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