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Abstract 

The bioavailability of chlorphenesin carbamate (CPC) in sustained-release (SR) formulations exhibiting different 
in vitro release characteristics in dogs and humans was examined using formulations tested previously in the in vitro 
dissolution method. The human-dog correlation of the bioavailability of SR formulations was examined under fasting 
conditions. Pharmacokinetic analysis using the Wagner-Nelson procedure revealed sustained-release absorption 
characteristics for the SR formulations, with the exception of the immediate-release (IR) formulation as control in 
dogs and humans. For each of the SR formulations tested, regression analysis results of the percentage of CPC 
absorbed in human against that in dogs, at corresponding times, indicated a high correlation. Moreover, the 
correlation of the dissolution rates and bioavailabilities of these formulations in humans was also examined. 
Although the in vitro CPC release profiles from the SR formulations were smooth and controlled, they were too 
rapid when compared with the in vivo human data. However, the rank order was exactly the same between in vivo 
and in vitro data, and a good relationship was found after time scaling of the release data. These data imply that the 
release characteristics of CPC after changing of the formulations could be evaluated using the in vitro dissolution 
method or dogs as an animal model in place of human studies. 
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1. Introduct ion  

T h e  sus t a ined  re l ease  of  drugs  in the  gas t ro in-  
tes t inal  (GI )  t rac t  fol lowing oral  admin i s t r a t i on  is 

* Corresponding author. 

the  i n t ended  ra te - l imi t ing  fac tor  in the  absorp-  
t ion process  which, in turn,  d e t e r m i n e s  the  
b i o a v a i l a b i l i t y  a n d  t h e r a p e u t i c  r e s p o n s e  
( H e n d e l e s  et al., 1984). I t  is t he r e fo re  essent ia l  in 
the  d e v e l o p m e n t  s tages  of  ora l  su s t a ined - r e l ea se  
(SR)  dosage  forms to eva lua te  fo rmula t ions  using 
the  in vi tro d isso lu t ion  test  and  an imal  s tudies  
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(Uchida et al., 1986; Yamakawa et al., 1986). 
However, the prediction of in vivo performance 
in humans, in particular the absorption rate and 
the bioavailability, by employing in vitro dissolu- 
tion tests has been difficult. There  is a need for in 
vivo animal studies that will provide data compa- 
rable to those obtained in human studies. Beagle 
dogs are easy to handle and have been extensively 
used for formulation studies. However, in many 
cases, the bioavailability of drugs after oral ad- 
ministration of SR dosage forms to dogs also 
differed considerably from that in humans, be- 
cause of the discrepancy in GI  physiology be- 
tween the two species (Aoyagi et al., 1982; Ogata 
et al., 1982, 1984). If the absorption of a drug is 
not affected by the G1 physiological factors show- 
ing wide variations between humans and dogs, a 
close correlation may be shown between the 
bioavailabilities in dogs and those in humans. 
Chlorphenesin carbamate  (CPC), a muscle relax- 
ant, has been used in the t reatment  of skeletal 
muscle t rauma and inflammation (Stern, 1963; 
Abruzzi, 1964). The solubility of CPC is almost 
constant in water  over the physiological pH range, 
and CPC also displays a high partitioning coeffi- 
cient into the lipid layer, irrespective of the pH 
change. CPC is absorbed from all parts of the rat 
intestine, and the site of absorption of CPC is 
broad enough to justify the use of sustained-re- 
lease preparat ions of CPC (Akimoto et al., 1993). 
Moreover,  a good correlation between the 
bioavailabilities of CPC from SR formulations in 
the two species was obtained. 

In the present  study, the correlation between 
in vivo results in humans and in vitro dissolution 
rates was investigated. In vivo absorption profiles 
of CPC granules in dogs were also compared with 
those obtained in humans. From the results, the 
beagle dog study and in vitro dissolution test 
were evaluated as a substitute for human studies 
on CPC bioavailability, 

2. Materials and methods 

2.1. Dosage forms 

The experimental  SR formulations of CPC 
were prepared as follows. Sugar crystals were 

coated with aqueous hydroxypropyl cellulose so- 
lution, powdered corn starch and CPC by the 
tumbling granulation method, and dried to make 
drug-coated granules. The granules obtained were 
then coated with ethyl cellulose in a centrifugal 
fluidizing granulator (CF). In addition, an imme- 
diate-release (IR) formulation, which was in the 
form of uncoated granules, was also prepared.  
The details of the preparat ion method were the 
same as reported elsewhere (Takashima et al., 
1989). 

2.2. In uitro dissolution tests 

The relevant in vitro experimental conditions 
have been described previously (Akimoto et al., 
1993). According to the JP paddle method (JP 
XI), 900 ml of JP 1st (JP XI) fluid containing 
0.01% polysorbate 80 as a medium was stirred at 
100 rpm. The drug concentration in the medium 
was assayed spectrophotometrically at 227 nm. 

The mean in vitro release plots and their simu- 
lation curves are shown in Fig. 1. In vitro release 
data were fitted using the Weibull equation 
(Huguenin et al., 1988): 

F(t )  = Finf(l - e ~U-,,,)/TJ') (1) 

where F(t) is the fraction dissolved at time t, Free 
represents the fraction dissolved after infinite 
time, t,, is the lag time, T a denotes the time 
parameter ,  representing the time for release of 
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Fig. 1. In vitro dissolution profiles of CPC from experimental 
formulations together with the fitted curves corresponding to 
the Weibull function. 
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63.2% of the total dose, and /3 is the shape 
parameter. The parameters T O , /3 and t o were 
determined using FIT F U N C T I O N  (RS/1  soft- 
ware package, 1988). Values for the ratio of SR 
formulations were calculated according to Eq. 2: 

R = MDTvivo/MDTvitr o (2) 

where MDTvitr  o is the mean in vitro dissolution 
time, equal to the Weibull parameter T d, for SR 
formulations, and MDTvivo denotes an estimate 
of the mean in vivo dissolution time calculated 
according to Eq. 3: 

MDTvivo = MRTsR - M R T R E  v (3) 

where MRTsR is the mean residence time of the 
SR formulations and MRTRE v represents the 
mean residence time for the reference dosage 
form (the solution or conventional tablet). Mean 
residence times (MRT) were obtained from the 
A U M C / A U C  ratio. AUC, the area under the 
curve, and AUMC, the area under the first mo- 
ment curve, were computed according to the 
trapezoidal rule (Yamaoka et al., 1978). Pharma- 
cokinetic evaluation of the conventional tablet 
has been described and discussed elsewhere 
(Akimoto et al., 1993). 

2.3. CPC analysis 

Blood samples were collected in heparinized 
tubes. The samples were centrifuged and the 
plasma was kept frozen at - 4 0 ° C  until analysis. 
CPC concentration in plasma was determined by 
the normal-phase HPLC method. Procedural de- 
tails of this method were described previously 
(Akimoto et al., 1993). 

2.4. Pharmacokinet ic  studies 

SR formulations, SR-1 and SR-2, and an IR 
formulation, IR, were evaluated pharmacokineti- 
cally in both dog and healthy human studies. 

Five healthy human volunteers, aged 23-34 
years and weighing 46-71 kg, participated in the 
studies. Each subject was determined to be in 
good health from their medical histories and 
physical examinations prior to beginning the 
study. All subjects gave their informed written 

consent. They were instructed to abstain from 
taking any medication and alcohol 1 week prior 
to starting and during the study. On the day of 
the experiment, each subject received two cap- 
sules containing each formulation in a random- 
ized manner. Formulations were administered at 
9:00 a.m. following overnight fasting. Food was 
withheld for 4 h after the administration of each 
formulation. No caffeinated drinks, beverages, or 
food were permitted from 24 h before the begin- 
ning until the end of each study. 2 weeks were 
allowed for the wash-out between treatment peri- 
ods. 

Four male beagle dogs, weighing between 12.5 
and 13.8 kg, were administered a single CPC 
solution as a reference in the first week of the 
study. The SR formulations were administered to 
these dogs in a randomized manner at intervals 
of at least 2 weeks. 

The method of Wagner and Nelson (1964)was 
used to calculate the cumulative percentage of 
the CPC dose absorbed from time 0 to t: 

Cp( t ) + K .  AUC0_ , 
% absorbed = 

K" AUC 0_~ 

w h e r e  Cp( t ) ,  K, AUC 0 r and AUC0_~ are the 
plasma concentration of CPC at time t, the elimi- 
nation rate constant, the dose normalized area 
under the CPC plasma concentration-time profile 
(AUC) from time 0 to t and the AUC from 0 to 
infinity, respectively, following oral administra- 
tion of the conventional tablets or the aqueous 
solution. The AUC0_ t was determined according 
to the trapezoidal rule and AUC 0 ~ was calcu- 
lated according to the following equation: 

AUC 0 ~ = AUC0_tL+ C p ( t L ) / k  

where t L and Cp(t L) are time of last sampling 
and plasma concentration of CPC at t L. These 
pharmacokinetic parameters were obtained from 
the data of our previous study (Akimoto et al., 
1993). 

2.5. Statistical analysis 

Linear regression analysis was performed ac- 
cordingly to the method of least squares using the 
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FIT LINE program ( R S / 1  software package, 
1988). The correlation coefficients ( r )  between 
the percent  absorbed and the percent in vitro 
released, and the percent absorbed in dogs and 
humans were respectively calculated by linear 
regression analysis. 

3. Results  

3.1. In nitro dissolution / in uiuo absorption profiles 

The percentages dissolved at different times 
using the paddle method (JP XI)  are shown in 
Fig 1. The in vitro release profiles from SR 
formulations, SR-1 and SR-2, were smooth and 
continuous. Release from the IR formulation oc- 
curred more rapidly than that from SR formula- 
tions. The dissolution rates decreased with in- 
creasing amount  of ethylcellulose as a coating 
material,  in the following order: formulation IR, 
SR-1 and SR-2. The mean values of the doses 
dissolved within 7 h were almost 100% for both 
SR formulations. 

The mean percentages absorbed vs time pro- 
files following administrations to humans and 
dogs are illustrated in Fig. 2 and 3, respectively. 
The absorption of CPC after the administration 
of IR was almost completed in 4 h in both species. 
On the other hand, the absorption was also pro- 
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Fig. 2. Percent absorbed-time plot (mean_+ S.D.) of CPC in 
dogs, after oral administration of IR (o),  SR-1 ( [ ] )  and SR-2 
(m). 
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Fig. 3. Percent absorbed-time plot (mean_+ S.D.) of CPC in 
humans, after oral administration of IR (o), SR-1 (O)  and 
SR-2 (11). 

longed over 24 h after the administration of the 
SR formulations of CPC in dogs and humans. 

In humans, the mean absorption profiles of 
CPC following the administration of all formula- 
tions were smooth. On the other hand, the mean 
absorption profiles following the administration 
of SR-1 and SR-2 showed a biphasic pat tern in 
dogs; the profiles were smooth for the first 4 h 
and compared favorably with that in humans. 
Reduced rates were observed after the 4th hour. 
The means (_+SD) of the dose absorbed in 4 h 
for SR-1 and SR-2 were 49.1 _+ 11.0 and 37.9 _+ 
9.4% in dogs, and 58.8 _+ 5.6 and 41.6 _+ 7.6% in 
humans, respectively. The rate of CPC absorption 
was in decreasing order of formulations, IR, SR-1 
and SR-2, as expected from the in vitro dissolu- 
tion data. 

3.2. In nitro-in uigo human correlations 

Fig. 4 and Table 1 show the correlation results 
obtained from the linear regression analysis be- 
tween the percentage absorbed in individual hu- 
man subjects and the mean percentage released 
in vitro, at the corresponding times, from the 
same SR formulation. The correlation slope value 
and the correlation coefficient value ( r )  of SR-1 
were 0.510 _+ 0.045 and 0.921, respectively. In the 
same manner,  a correlation slope value of 0.649 
_+ 0.036 and correlation coefficient of 0.954 were 
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Table 1 
Correlation of absorption of CPC from SR formulations in humans  with its dissolution rate and absorption in dogs, obtained by 
linear regression analysis 

Formulation In vitro-in vivo correlation Dog-human  correlation 

In vitro in dogs In vitro in humans  (dog in humans)  

Slope (+S .D. )  r (n)  Slope ( ±  S.D.) r (n) Slope ( ±  S.D.) r (n) 

SR-1 0.738 (0.094) 0.821 (32) 0.510 (0.045) 0.921 (25) 1.317 (0.060) 0.958 (45) 
SR-2 0.584 (0.049) 0.910 (32) 0.649 (0.036) 0.954 (35) 1.323 (0.084) 0.923 (45) 

The in vitro-in vivo, and dog-human correlation parameters  for two novel experimental  SR formulation were obtained by linear 
regression analysis. 

obtained for SR-2. Although linear regression 
analysis of the data showed a good correlation 
between both rates, the in vitro release rates 
appeared to be faster than the in vivo release 
rates (absorption rate). This tendency was also 
observed in dogs. 

Therefore, by linear transformation of the time 
base of one of the release curves, the equivalence 
of apparently different in vitro and in vivo release 
profiles can be tested. For both SR formulations, 
the MDTvitr o was calculated from the in vitro 
release data using the Weibull mathematical 
model. The mean values for MDTvitr o equal to 
the Weibull parameter T d, for SR-1 and SR-2 
were 1.16 and 3.18 h, respectively. Values for the 
ratio (R = MDTvivo/MDTvitr o) for SR-1 and SR-2 
were 3.31 and 2.31, respectively. The mean over- 

all R value for both SR formulations calculated 
over all subjects was 2.81. The mean R values 
from the MDT analysis (R = 2.81) were used as 
time scaling (TS) factor. Fig. 5 depicts the in vitro 
release profiles which were recalculated using the 
TS factor for the experimental formulations with 
different release rates. The plots of the mean 
absorption vs time, together with the Weibull 
curves, are also shown in Fig. 5. Adequate corre- 
lations were found for both SR formulations. 

3.3. In vivo dog-human correlation 

The results of the correlation obtained from 
linear regression analysis between the percentage 
absorbed in individual human subjects and the 
mean percentage absorbed in dogs, at corre- 

100  

80 ¸ 

8 
60 

- 

E 4 0 -  

8 
- 

20-  

0-  

o 

SR-1 . ,.-"'"" 

20 40 60 80 100 

P e r c e n t  dissolved 

100- 

SR-2 ., ..,-'"""" 
80 

f /  f ~ j 

~ 60 / "  

~ 4o 

~ 20 

o,/'i '~ . . . . . . . . .  
20 40 60 80 100 

Percent dissolved 

Fig. 4. Plots of percentage absorbed in individual humans  vs the mean  percentage released in vitro (n = 3) from sustained-release 
formulation (SR-1 and SR-2). The  symbols each represent  one human subject. The  solid line denotes  the best correlation, based on 
linear regression analysis and the dotted line represents  the theoretical line, when the absorption of humans  is equal to the in vitro 
dissolution of sustained-released formulations (SR-1 and SR-2). 
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Fig. 5. Release of CPC from experimental formulations in 
vitro (fitted line) and in vivo (symbols) after time scaling 
(TS = 2.8) of the in vitro release profiles. Symbols represent 
mean + S.D. 

spond ing  t imes,  f rom the  same S R  formula t ions ,  
a re  p r e s e n t e d  in Fig.  6. A l inea r  r e la t ionsh ip  was 
found  b e t w e e n  the  in vivo p e r c e n t a g e  a b s o r b e d  in 
dogs and tha t  a b s o r b e d  in humans .  

The  d o g - h u m a n  co r re l a t ion  p a r a m e t e r s  for two 
novel  e x p e r i m e n t a l  SR fo rmula t ions  are  given in 
Tab le  1. T h e  co r re l a t ion  s lope va lues  be tween  
bo th  SR fo rmula t ions  were  a lmost  the  same,  and  
the  va lues  for  SR-1 and  SR-2 were  1.317 _+ 0.060 
and  1.327_+ 0.084, respect ively .  T h e  cor re la t ion  
coeff ic ients  of  0.958 and  0.923 were  also o b t a i n e d  

for  SR-1 and SR-2, respect ively.  L inea r  regres-  
sion analysis  of  the  da t a  showed a good  corre la-  
t ion be tw e e n  the two species,  with s imilar  re la-  
t ionships  for the  d i f fe ren t  formula t ions .  

4 .  D i s c u s s i o n  

W e  have a t t e m p t e d  to fit quant i ta t ive ly  the  in 
vi tro ra tes  of  CPC re l ea sed  f rom S R  formula t ions  
to those  a b s o r b e d  in vivo as a funct ion of  t ime,  
de r ived  using a modi f i ca t ion  of  the  m e t h o d  of  
W a g n e r  and Ne lson  (1964). These  plots  a re  use-  
ful in s tudying re la t ive  abso rp t ion  ra tes  for  a 
drug,  with assuming a o n e - c o m p a r t m e n t  model .  
A convent iona l ,  i m m e d i a t e - r e l e a s e  t ab le t  or  
aqueous  solut ion of  CPC, which are  comple t e ly  
absorbed ,  were  used  as the  r e fe rence  products .  

In  humans ,  the  ra te  of  CPC abso rp t ion  was in 
a dec reas ing  o r d e r  of  formula t ions ,  as expec ted  
f rom the in vi t ro d isso lu t ion  rates .  In  addi t ion ,  a 
l inear  r e la t ionsh ip  was found  be tw e e n  the  in vivo 
p e r c e n t  a b s o r b e d  u n d e r  fas t ing condi t ions .  Like-  
wise, the  co r re la t ion  be tween  the in vi tro system 
and the in vivo eva lua t ion  system in dogs was also 
genera l ly  high, as shown in Tab le  1. These  resul ts  
suggest  tha t  changes  in fo rmula t ion  re lease  char-  
acter is t ics  could  be  eva lua ted  in vi t ro be fore  go- 
ing to humans  because  a co r re la t ion  exis ted be-  
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Fig. 6. Plots of percentage absorbed in individual humans vs the mean percentage absorbed in dogs from sustained-release 
formulations (SR-1 and SR-2). Symbols each represent one human subject. The solid line represents the best correlation, based on 
linear regression analysis and the dotted line denotes the theoretical line, when the absorption of humans is equal to that of dogs. 
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tween in vitro dissolution and in vivo bioavailabil- 
ity. Such a correlation might reduce the number  
of in vivo evaluations required to develop an 
acceptable SR formulation. 

For all formulations, however, release in vitro 
was faster than that in vivo. Possibly, the condi- 
tions we selected for the in vitro dissolution tests 
were somewhat more extreme than those during 
fasting conditions in the GI  tract of humans. 

The CPC release from experimental  formula- 
tions was not influenced by the pH of the medium, 
since the solubility was nearly constant within the 
physiological p H  range (Akimoto et al., 1993). 
The experimental  conditions, more or less, often 
affect the in vitro release characteristics. Previous 
experiments with some SR dosage forms showed 
that the mixing that occurs in the human GI  tract 
was not as extensive as had been predicted (Levy 
et al., 1965). The apparent  differences in dissolu- 
tion rates when compared  with the results of the 
in vivo study may be due to inappropriate  stirring 
conditions. 

Many efforts have been made to fit the in vitro 
and in vivo release characteristics of the SR for- 
mulations and to establish the predictive power 
of the in vitro experiments (Langenbucher  and 
Mysicka, 1985; Mrhar  et al., 1990; Kottke and 
Rhodes,  1991). Brockmeier  (1986) proposed a TS 
factor to correlate in vitro and in vivo release 
data. Van Bommel et al. (1991) showed that an 
adequate correlation between the recalculated in 
vitro release profiles using TS factor and the 
mean in vivo release profiles was only found for 
acetoaminophen SR tablets. According to the 
method of Van Bommel  et al. (1991), we also 
a t tempted  to correlate in vivo and in vitro release 
data using the TS factor. The release of CPC 
from the SR formulations in vivo after time scal- 
ing (TS = 2.8) of the in vitro release profiles was 
similar to the in vivo profiles under  the fasting 
condition in humans. The application of a TS 
factor also seems appropriate  as a means of find- 
ing an in vitro release test which reflects the in 
vivo behavior of the formulation. However, this 
TS factor is not always the same, but depends on 
the in vitro dissolution conditions and on the type 
of dosage form. 

To minimize initial human studies with an SR 

formulation, a suitable animal model for testing is 
generally preferable.  Although the beagle dog 
has been widely used for the bioavailability study 
of many SR dosage forms, it has been shown that 
the dog may or may not be a good animal model 
for predicting the absorption of drug from SR 
dosage forms in humans (Morimoto et al., 1986). 
We recently demonstra ted the pharmacokinetic 
parameters  were similar in dogs and humans when 
the same formulation of CPC was studied 
(Akimoto et al., 1993). The present  study also 
demonstrates  that the rate and extent of CPC 
absorption in male dogs after the administration 
of the two SR dosage forms and the IR formula- 
tion decreased in the same order as in male 
humans under  fasting conditions. In addition, a 
close linear relationship, as depicted in Fig. 5 and 
Table 1, might enable the prediction of the rate 
and extent of absorption in humans from dog 
studies. 

Katori et al. (1991) reported that absorption of 
d-chlorpheniramine maleate from some types of 
controlled-release formulations in dogs termi- 
nated at about 3 h. Moreover,  Cressman and 
Sumner (1970) found that the nondisintegrating 
SR tablet was expelled in the 6th hour in two of 
the four dogs in the study. In humans, however, 
the absorption of both drugs from SR products 
was maintained for more than 8 h. 

The apparent  in vivo absorption rates of CPC 
from the SR formulations were almost equivalent 
for the first 4 h in both species. The absorption in 
humans continued at a steady rate during the 
next 20 h, whereas absorption in dogs did not 
continue at a steady rate but instead slightly 
decreased, as shown in Fig. 2. The reduced rate 
of absorption under  the fasting condition may be 
caused by the short time taken for the dosage 
forms to reach the colon. The mean oral-caecal 
transit time in dogs is considered to be shorter 
than that in humans (Morimoto et al., 1986). In 
general, the major site for drug absorption is 
considered to be the small intestine in the GI  
tract. The SR products may have passed through 
the main absorption site in dogs before the drug 
release was completed. As for CPC, colonic ab- 
sorption has been demonstrated,  although there 
it might proceed at a slow rate (Akimoto et al., 
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1993). In addition, the drug disposition is consid- 
ered to be comparable in dogs and humans; orally 
absorbed CPC is thought to be excreted mainly 
into urine as a glucuronide (Buhler, 1964). There- 
fore, it was believed that there was not a large 
discrepancy between the total extent of  the 
bioavailability observed in dogs and that observed 
in humans. Moreover,  linear regression analysis 
of  the data showed a good correlation between 
the two species. Incidentally, several values of  the 
percentages absorbed were beyond 100% in hu- 
mans. The major reason for the overestimation 
problem in the percentage absorbed could be the 
intrinsic intra- and inter-individual variability of  
the drug; this problem in our case could be em- 
phasized by the fact that the subjects were not 
the same as those involved in the reference for- 
mulation study (Akimoto  et al., 1993). However,  
the plots were useful in comparing relative ab- 
sorption rates between dogs and humans, since 
these overestimations were not considerable. 

From the results described above, we suggest 
that by using an arbitrary dissolution system as a 
guideline, it is possible to distinguish two or more 
batches of  formulation which release at different 
rates. However,  to obtain reproducible correla- 
tions between in vitro dissolution curves and in- 
put functions appropriate use of  time scaling 
factors or other mathematical functions is needed.  
On the other hand, the beagle dog, although not 
a perfect animal model  for accurately predicting 
absolute bioavailability, appears to be a good 
model  to predict absorption profiles of  CPC from 
SR formulations in humans. 
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