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SUMMARY 

We used the deconvolution method to compare the in vivo dissolution of sulfisoxazole 
particles in human subjects and rabbits. In the former, the effect of particle size on the 
rate and extent of in vivo dissolution was appreciable. In both species, the in vivo dlssolu- 
tion rate correlated well with the absorption rate during the initial linear portions (2- 
4 h), and in the meantime, a good particle sizedependent correlation between in vitro 
and in vivo dissolution rates was observed in the human subjects. 

INTRODUCTION 

A study of the general relation~ip between drug solubility and bioav~iability in rab- 
bits revealed that particle size appreciably affected bioava~a~ity when the solubility (in 
distilled water at 37’C) was less than 0.1% (Kaneniwa et al., 1978). This finding was 
based on the assumption that the absorption rate of highly lipid-soluble drugs, in solution 
form, is limited to the maximum value by physiological factors such as the gastric empty- 
ing rate, the presence of an unstirred layer at the absorbing membrane surface, and capil- 
lary blood-bow at the abso~tion site. 

In rabbits fasted for 48 h, a good particle size-dependent correlation between in vitro 
and in vivo dissolution rates was observed for sulfadimethoxine and sulfadiazine that their 
solubilities were around or less than 0.01%; this correlation disappeared with increasing 
drug solubility (Watari et al., in press). 

~~0~~ Chiou et al, (1969) had found the rabbit to be a poor model for oral absorp 
tion studies, we used the deconvolution method (Resclgno and Segre, 1966) to study the 
difference in drug dissolution in the GI tract of human subjects and rabbits. Then, we 
intended to elucidate further what degree of the difference of in vivo dissolution and 
absorption concretely exists between these two species, using sulfisoxazole particle size as 
an inflator for ~ssolution. 



MATERLALSANDMETHODS 

Powder sutfi~oxazole ~~~uu~hi Seiy%u, Tokyo) was passed through va~iu~s~~ed 
mesh (Japan Industrial Standard (JIS) sieves) to obtain an arithmetic mean diameter of 
81,230 and 545 m for human, and 81,1163,324 and 650 p for animal experiments. 

Four heatthy Japanese male volunteers ranging in age from 21 to 32 years an1 in 
weight from 57 to 67 kg were used. Each participant orally received 2.0 g sulfisoxazole 
after overnight fasting (week 1, sulflsoxazole in aqueous solution; week 2,8 1 pm; wee:k 3, 
230&m; week 4, 545 m). Nelson and O’Reilly (1960), and Kaplan et al. (1972]r have 
reported sulfisoxazole to be completely recovered in the urine during 48 or 72 h after 
oral drug administration and they found urinary excretion to be the sole route of elimina- 
tion. Therefore, week-to-week differences due to the influence of any existing residual or 
cumulative effects of prior doses are negligible in the present study. Sample powders were 
administered just after vigorously mixing the suspension with 200 ml of water, and ;food 
was ~~eid for 5 h after each adm~istration. The aqueous solution was prepared by dis- 
solving 2.0 g sul~~xa~ole in 200 ml water, co~ve~ng the free drug to its sodium salt via 
the addition of 0.1 N NaOW. 

Venous bload (0.5 ml) was collected immediately prior to and 0.5, 1,2,3,4,6,8,12 
and 24 h after drug administration and sulfisoxazole blood levels were determined as total 
sulfisoxazole after hydrolysis of 4-N-a~etyls~~soxazole by the method of Brattone 
Marshall (1939). As the ratio of free sulfisoxazule to total in the blood ranged from 95 to 
70% during the 12 h wan Petten et al., 1971), the contribution of the metabolite may be 
less. ln addition, about 20% of the dose is aeetylated in man (Nelson and O’Reilly, 1960; 
Van Petten et al., 1971). 

Three adult male Japanese White rabbits, fasted for 48 h, orally received 4 particle 
sizes of 0.2 g sulfisoxazole in suspension form with 20 ml water and two administrations 
of aqueous solution orally and intravenously at 1 *week intervals (Watari et al., in press). 

In vitro dissolution rate was determined under sink ~o~di~ans in distilled water using 
the same apparatus and procedure (Kaneniwa and Wader 1974). The agitation speed used 
was 700 rpm so as to obtain thoroughly wetted and completely dispersed powder parti- 
cles because we were interested in the relative value or ratio of dissolution rate. 

If the body is re~rded as a linear system, the blood drug ~on~eu~atio~-tie curve, 
X(t), obtained with an arbitrary but tlnite drug input into the body can be described by 
the convolution equation : 

X(t) = ,: F(@G(t - 8)dB 
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where G(t) is the blood drug concentration-time curve obtained with a unit drug impulse 
input and F(t) is the input function that, when integrated between limits oft = 0 and t, 
yields the cumulative amount of drug delivered to the impulse input point. When experi- 
mental data are available on X(t) and G(t), calculation of the function F(t) is usually 
carried out by “numerical deconvolution’. As in the present study, the input function is 
the released rate of drug.in the gut, and the integration of the input function with time 
yields the cumulative amount of released drug to the unit dose. 

The time (Tse) required for 50% ratio of released drug was determined from the inte- 
grated input function data for in vivo dissolution. Furthermore, to elucidate the dissolu- 
tion kinetics of the drug in the gut, a plot of per cent undissolved versus time was made 
from the integrated input function data. 

The computer prongs used were ClWLR2 (OS7 Hitachi Statistical Analysis Pro- 
gram, 8700-7-~~4~2, Tokyo, Japan, 1972) for non-linear regression analysis and a decon- 
volution program in which the anterior phenomenon was approximated by an appropriate 
exponential polynomial, and the deconvolution operation was done from the posterior 
phenomenon by the point-area method (Kiwada et al., 1977). The absorption rate in the 
two-compartment model was calculated by the method of Loo-Riegelman (1968). The 
computation was carried out on a HITAC 8800/8700 digital computer at the University 
of Tokyo. 

RESULTS AND D~SCUSS~~~ 

The fastest blood peak occurred in the aqueous solution and there was a qualitative 
linear relation between particle size and peak time (Fig. 1). These findings indicate that 
the dissolution rate was rate-limiting and that sulfisoxazole dissolution is particle size- 
dependent. 

In the human subjects, the aqueous solution produced a blood level peak within 0.5 h 
(Van Petten et al., 1971) and the observed characteristic ‘nose’ may be interpreted to sug 
gest that the disposition of the drug follows the two-compartment model (Ronfeld and 
Benet, 1977). 

Table 1 compares pha~aco~netic factors between the two species studies and shows 
the statistically ~~i~cant difference between the aqueous solution and the 545;c(m 
sample in the human subjects for AUC. In rabbits, the difference was minimal irrespective 
of particle size. 

Comparison of the blood level peak time (T,,,& revealed that T,,, of the human sub- 
jects was faster than that of the rabbits, although in the two+ompartment model, the 
elimination rate constant (b) for rabbits was 3 times that of the human subjects. These 
elimination rate constants from the central compartment in the two<ompartment model 
were obtained from blood level data within 12 h after oral administration of aqueous 
solution for human subjects (Wagner, 1974), and from blood level data after iv. injection 
of aqueous solution for rabbits, respectively. The e~~ination rate constant of the human 
subjects was in good a~ement with the value ranging from 0.0912 to 0.13 1 h” for total 
rate constant. of excretion and acetylation for sulfisoxazole, reported by Nelson and 
O’Reilly (1960). Furthermore, the peak blood level (C,,) in the human subjects 
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decr@aserJt w&h increasing parWe size while no marked effect of patiicb s&x was noted in 
the r&b&s. 
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Fig. 2. Time CCUM of the ratio of mlcatid sulfisaxazole In the gut. Each po$t represents the m*kan * 
S,E. Particle size (JUJI>: *,81; @, 163; l , 230; 0,324; l r 545; 8,650. 
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Fig, 4. C33rnp=* plot of skqes from Fii. 3.8, k&id lineiw portion for human wlbjects; 0, word 
linw pwtiw for human subjects; A, initial linear portion for rabbits; A, second linear pw&m far 
rabbits. 

the elimination rate constants in both species. Both undissolved-time and unabsorbed- 
time courses for powder samples were biphasic with convex-descending curves in both 
human subjects and rabbits except for the smallest sample size of 81 m. These time 
courses of the mean value were fitted to two lines by the least-squares method, Fig. 4 
shows the plot of the slope of the initial linear portion for the dissolution process Fig. 
3A) versus that of tile ab~~~iun process (Fig. 3B). There was a good linear relation~jp 
in each species fy = 0.802x + OsfO9, r = 0.999 for human subjects; y = 0.576~ + 0.~~7, 
I = 0.999 for rabbits). However, in the second linear portion in rabbits, the slopes of the 
absorption process were almost constant, irrespective of the slopes of the dissolution 
process and approximately corresponded to that of the aqueous solution, indicating that 
absorption is ratemlimiting (Watari et al,, in press). In the human subjects, although the 
slopes of the absorption process for the 230- and 54Qm samples were similar to the 
slopes of the dissolution process, these relationships should be examined further. 

The per cent unabsorbed-time courses of aqueous solution (Fig. 3B) were biphasic 
with c~ucave-descend~g curves, in which the initial absorption rate compared with the 
second one is very large in both species, ~routh~e~ et al, (I 9%) and Kuizumi et af. 
(1964) reported that the transfer of sulfa drug from the stomach to the body is one- 
tenth or less compared to that from the small intestine. FJased on these con~derat~ons, we 
suggest that the aqueous solution did not remain in the stomach for long, but quickly 
moved to the small intestine and was transferred to the body. The slower second absorp- 
tion rate may be explained by the fact that the aqueous solution moved quickly to the 
lower small intestine (e.g. ileum) or the large intestine and that the absorbability of the 
drug decreased (Watari et al., in press). 

Fig. 3 illustrates that in vivo drug dissolution and absorption may follow the first-order 
process in both spectes. The biphasic convex=descend~g cumes for large particle sizes may 
indicate that, as the drug muves down the Gf tract, a change in the d~~~uti~ entiron- 
ment occurs, and au iuc~~~ in pH results in an increase of the dissolution rate (Kaplan et 
al., 19’7$). The time taken for the initial linear portion for human subjects ws smtier 
than that for rabbits. Furthermore, the targer slopes for the second linear portion of the 
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dissolution process in rabbits (Fig. >A) were noted and this phenomenon may be 
explained by the difference in intestinsll pH values between rabbits and humans (Crout- 
hamel et al., 1975). 

To facilitate correlations between in vitro and in vivo dissolution rates roughly, the in 
vivo parameters for the mean value of Tso were plotted against in vitro T,, determined in 
distilled water (Fig. 5). Although as seen in Fig. 5, there were good &near relationships 
between in vitro and in viva dissolution rates in both species, respecthely, the slope of 
the line for human subjects was larger than that of rabbits, indicating that the in vivo dis- 
solution in the human subjects was slow in large particle sizes. 

To correlate in vitro dissolution with in vivo dissolution and absorption rate constants, 
the apparent rate constants for in vivo dissolution and absorption were adopted from the 
initial linear portions. In human experiments using the 545qrn sample, significantly 
reduced availability was noted, possibly due to the simultaneous occurrence of drug dis- 
solution and movement down the GI tract. Hunt and Spurrell(195 f ) reported this move- 
ment to be according to a first-order process. Therefore, the 545pm sample constant was 
obtained by multiplying the apparent rate constant by the fraction (F) of the orally 
administered dose absorbed or dissolved (Notari et al., 1972). 

in both species, the rate constant of in viva dissolution was larger than that of absorp- 

Fig. 5. Relationship between in vitro and in vivo dissolution rates. .‘--I, human subjects; 
o- - -0, rabbits. 

0.01 1 , , I 1 L 

60 160 320 640 

Particle size, pm 

Fig. 6. Dependence of log raate constant on log partick size. Each point represents the mean and the 
vertical bars are the standard errors, a Effect of particle size on dissolution rate constant& The slope of 
the line is given. l -, 
constant for rabbits; a 

dilution rate constant for human sub&ts; o- - -0, dissolution ret0 
-, in vitro dissolution rate constant (mg IminI by the Hkson-Crowell 

cube root law plot. l , absorptjon rate constant for human subjects; 0, absorption rate constant for 
rabbits. 
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tion, and the ratio of rate constant of in vivo di~lution to absorption was similar for all 
samples in each species (1.23 f OJ4, mean with SD. for human subjects; 1.61 + 0.19 for 
rabbits). The constant ratio between in vivo dissolution and absorption rates in both 
species indicates that it may be safe to utilize the ratio when correlating in vitro dissolu- 
tion with in viva dissolution rate. 

We applied the Hixson-Crowell cube root law (Hixson and Crowell, 1931) to the data 

of cumulative amount of released drug for in vivo dissolution in the human subjects and 
this resulted in the plots ~corn~g a straight line during the period of 2-4 h after drug 
administration. We previously reported the same result in rabbits (Watari et al., in press). 
This finding correlates well with the constant ratio of in vivo dissolution to absorption 
rate constants. 

We calculated the effect of particle size on in vivo and in vitro dissolution rate con- 
stants in both species (Fig. 6). In the human subjects, a good particle size-dependent cor- 
relation was obtained between in vitro and in vivo dissolution rates. 

Our results indicate that the faster human gastric emptying rate has little, if any, effect 
on drug dissolution. This is further supported by the inverse relationship between Tso and 
T 
b:? 

in each species, i.e. T so of the human subjects was slower than that of the rabbits 
max in the human subjects was faster than that in the rabbits. 
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