
We get the following results for dp’lakl2: Similarly it can be shown that: 

(Eq. Alga) 

(Eq. A19b) 

- ap’ > 0 if kzo > k1o t A1 
dk12 

(Eq. A19c) 

where A1 = kzl(exp(k10 7 )  - 11. 
Note that the test condition does not depend on klz itself. Sensitivity 

analysis of p’ uersus k21 relies on similar algebraic manipulations. 
Therefore: 

(Eq. A20a) 

(Eq. A20c) 

where A2 = klz[exp(kzoT) - 1). 
Clear-cut results can be given in some cases. If k20 < klo, dplldkl2 is 

always negative and if kzo > klo, the same is true for dp’ldkzl, regardless 
of the combination of other parameters. For other cases, the test condition 
should be computed and applied. 

Sensitivity versus the Elimination Rate Constants klo and kzo- 
Differentiation off with respect to p’ and klo leads to: 

Asp’ is less than Kz, the second member is negative in the present case. 
Hence: 

* > O  
dkio 

(Eq. A22) 

* > O  
ak 20 

(Eq. A23) 

Therefore, an increase in elimination processes, through either k l o  or 
kzo  will always increase p’ and shorten the half-life T&. 
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Abstract A study was conducted on the influence of single and com- 
bined carriers on the dissolution rate of tolbutamide from its coprecipi- 
tates. All of the water-soluble carriers investigated enhanced the disso- 
lution rate of tolbutamide, but the combination of 40% polyethylene 
glycol 6W0-6070 dextrose as the carrier for a 1:1 coprecipitate yielded the 
most rapid dissolution of tolbutamide. Other carriers used were poly- 
ethylene glycol 6000, polyethylene glycol 4000, dextrose, and mannitol, 
alone or combined in various proportions. 

Keyphrases Tolbutamide-coprecipitates, combined water-soluble 
carriers, dissolution Solubility-combined water-soluble carriers for 
coprecipitates of tolbutamide, dissolution Dissolution-effect of 
combined water-soluble carriers, coprecipitates of tolbutamide 

The rate at which a drug dissolves from its intact or 
disintegrated and deaggregated form in the GI tract is 
often responsible for the rate at which the drug appears in 
the blood, i .e. ,  the absorption rate of the drug. When this 
is the case, dissolution is said to be the rate-limiting pro- 
cess. 

BACKGROUND 

The sulfonylurea compounds employed as oral hypoglycemic com- 
pounds are considered to be poorly water soluble. Variation in the dis- 
solution rates of these compounds has been reported (1). The influence 
of in vitro dissolution rates on the rate of decline of blood sugar levels has 
also been studied (2). Varley (3) investigated two formulations of tol- 
butamide, both generically equivalent in terms of chemical content and 
USP specifications; he found they were not equivalent as measured by 
availability of drug to the patient (serum drug levels) or on the basis of 
therapeutic efficacy (hypoglycemic response). Levy (4) found marked 
variation in the dissolution rates of two brands of tolbutamide tablets 
and recommended that patients should not change the brand of the drug 
they were taking unless the dose of the new brand was established. An- 
other report (5) showed a correlation between percentage of the tolbu- 
tamide dose excreted in the urine as its metabolite and the surface area 
of tolbutamide in the dosage form. 

The influence of povidone and polyethylene glycol 6000 on the disso- 
lution rate of tolbutamide was studied (6). It was found that both carriers 
favorably increased the dissolution rate of the drug and that a complex 
formed between the drug and povidone but not between tolbutamide and 
polyethylene glycol. Later it was found (7) that the solid dispersion of 
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Figure 1-Dissolution profiles of tolbutamide f rom its coprecipitates 
using single carriers. Total amount of tolbutamide: 62.5 mg. Key: V, 
tolbutamide recrystallized from methanol; , tolbutamide USP; 0, 
tolbutamide with mannitol; a, tolbutamide with dextrose; 0 ,  tolbuta- 
rnide with polyethylene glycol 6000; and 0, tolbutamide with polyeth- 
ylene glycol 4000. 

tolbutamide in polyethylene glycol and in povidone increased the ab- 
sorption of the drug and shortened its peak time from 3 hr to  <1 hr. Re- 
cent reports (8,9) compared the effect of polyethylene glycol and poly- 
oxyethylene stearate on the dissolution rate and solution properties of 
tolbutamide from solid dispersions. Sugar combinations have been em- 
ployed to increase the dissolution rates of hydrocortisone and prednisone 
(10). 

In the present study, the coprecipitation technique was applied to 
enhance the dissolution rate of tolbutamide. Single and combined 
water-soluble carriers were utilized and their effects on dissolution rates 
were compared. 

EXPERIMENTAL 

Materials-Tolbutamide', polyethylene glycol 60002, polyethylene 
glycol 40002, dextrose anhydrous3, and mannito13 were obtained com- 
mercially. 

Preparation of Tolbutamide Coprecipitates-Quantities to make 
1:l coprecipitates of tolbutamide and carried4 were weighed accurately 
and dissolved in a sufficient volume of methanol4. The temperature was 
raised to 37", and the solvent was allowed to  evaporate under the hood, 
stirring continuously. When evaporation was almost complete, the re- 
sulting coprecipitate was removed from the container using a spatula, 
and placed i n  uacuo for 24 hr. The coprecipitates were sieved and the 
1W200 mesh fraction was separated and kept in a desiccator for analysis 
and dissolution studies. The tolbutamide coprecipitate compositions are 
shown in Table I. 

Dissolution Profiles of Tolbutamide and Tolbutamide Copreci- 
pitates-The dissolution rate studies of tolbutamide and its coprecipi- 
tates were done in a dissolution apparatus5 a t  25 f 0.5". Nine-hundred 

1 The Upjohn Co., Kalamazoo, Mich. 

3 Matheson Coleman and Bell Manufacturing Chemists, Norwood, Ohio. 
4 Fisher Scientific Co., Fair Lawn, N.J. 

Union Carbide Corp., New York, N.Y. 

Easi-Lift model 72SL dissolution apparatus, Hanson Research Corp., North- 
ridge, Calif. 

Kimble model 28630 gas dispersion tube, size 12-C, Owens-Illinois, Toledo, 

K-75 three-way stopcock, Pharmaseal Inc., Toa Alta, Puerto Rico. * Beckman model 25 spectrophotometer, Beckman Instruments Inc., Fullerton, 

Ohio. 

Calif. 
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Table I-Composition of 1:l Tolbutamide Coprecipitates 
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are shown in Fig. 1. The dissolution profiles of tolbutamide from the two 
combination carrier systems (polyethylene glycol 6000-dextrose and 
polyethylene glycol 4000-mannitol) are shown in Figs. 2 and 3, respec- 
tively. Each point in these plots corresponds to the average of six deter- 
minations. The dissolution studies of tolbutamide from its coprecipitates 
showed that the presence of the water-soluble carrier enhanced the dis- 
solution rate of the drug in all cases as compared with plain and recrys- 
tallized tolbutamide. From Fig. 1 it can be seen that the increase in the 
dissolution rate of tolbutamide was more pronounced when polyethylene 
glycol 4000 was used as the carrier than when polyethylene glycol 6000 
was +he drug vehicle. Dextrose alone and mannitol alone produced little 
increase in dissolution rate, but the combination of these carriers with 
polyethylene glycol 6000 and polyethylene glycol 4000 produced a large 
increase in dissolution rate of the drug in all proportions studied. The 
combination of 40% polyethylene glycol 6000-60% dextrose produced 
the highest dissolution rate of tolbutamide from its coprecipitates. If 
single carriers were desired, polyethylene glycol 4000 would be the carrier 
of choice with 44% of drug released after 10 min of the dissolution test. 
When carrier combinations were studied, -60% of the drug was dissolved 
after 10 min for a coprecipitate of the drug in 40% polyethylene glycol 
600040% dextrose. Approximately the same results were obtained when 
50% polyethylene glycol 400&5@% mannitol was employed. I t  can be seen 
from Figs. 1-3 that the amount of the drug dissolved increased more than 
15 times during the first 10 min of the dissolution study as compared with 
the dissolution of recrystallized tolbutamide; it was -3 times higher after 
1 hr when the drug was dispersed in a 40% polyethylene glycol 600040% 
dextrose mixture. When mannitol was the carrier, the amount dissolved 
increased only -1.5 times indicating that mannitol, in the ratio of drug 
to carrier investigated (l : l) ,  was a poor carrier for tolbutamide. Poly- 
ethylene glycol 6000 has been extensively used as a water-soluble carrier 
for slightly soluble drugs and has been claimed as a universal carrier. 
However, in this case the amount of drug dissolved increased only -5 
times as compared with the dissolution of recrystallized tolbutamide. 

I t  is important to point out that only the 1:l coprecipitates were in- 
vestigated and that the enhancement of dissolution rates of tolbutamide 
from its coprecipitates would be expected to increase when the ratio of 
drug to carrier is diminished. 

CONCLUSIONS 
The 100-200 mesh fraction of the 1:l coprecipitates of tolbutamide 

with dextrose, mannitol, polyethylene glycol 6000, polyethylene glycol 
4000, and combinations of polyethylene glycol 6000-dextrose and poly- 
ethylene glycol 4000-mannitol in different proportions showed a faster 
dissolution in uiuo than plain tolbutamide or tolbutamide recrystallized 
from methanol. 

The use of combined carriers in the preparation of the coprecipitates 
of tolbutamide constituted an advantage over the formulation of the solid 
dispersions in a single carrier. The carrier combination consisting of 40% 
polyethylene glycol 6000-60% dextrose provided the fastest dissolution 
of the drug from its coprecipitate. Since polyethylene glycol 4000 alone 
produced a faster dissolution of tolbutamide than polyethylene glycol 
6000 alone, and dextrose alone gave a faster dissolution of the drug than 
did mannitol alone, it is probable that combinations of polyethylene 
glycol 4000-dextrose would result in a better carrier system for tolbuta- 
mide. Further investigation is needed to support this suggestion. 

01 I I I I I I 
0 10 20 30 40 50 60 

MINUTES 
Figure 3-Dissolution profiles of tolbutamide f rom its coprecipitates 
in polyethylene glycol 4000-mannitol carrier systems. Total amount 
of tolbutamide: 62.5 rng. Key: V, tolbutamide recrystallized from 
methanol; ., tolbutamide USP; 0 ,  tolbutamide with mannitol; 0, 
tolbutamide with 20% polyethylene glycol 4000-80”;: mannitol; 0 ,  
tolbutamide with polyethylene glycol 4000; 0, tolbutamide with 80Sb 
polyethylene glycol 4000-2070 rnannitol; 0, tolbutarnide with 40% 
polyethylene glycol 400040% mannitol; A ,  tolbutamide with 60% 
polyethylene glycol 4000-409; mannitol; A, tolbutamide with 504; 
polyethylene glycol 4000-50% mannitol. 
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