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Abstract 0 Bioavailabilities of samples from one lot of two com- 
mercial tablet formulations and two lots of another commercial 
tablet formulation of sulfamethizole were found not to be signifi- 
cantly different. Blood levels and urinary excretion of drug correlated 
satisfactorily; thus, bioavailabilities were calculated from areas 
under the blood level curves and total urinary excretion of drug. 
The reference dosage form was a suspension of the drug in water. 
Absorption rate coefficients for the tablet formulations and the 
suspension were close to the mean (0.5 hr.-l) value. Drug was ab- 
sorbed rapidly from the suspension, while there was a delay (0.8 
hr.) in the onset of absorption from the tablets. Dissolution times 
were measured using four methods, but no correlation of predictive 
value was obtained between dissolution and absorption parameters. 
The stationary basket method discriminated best between formula- 
tions and is the most useful of the methods for quality control 
purposes. The delay in absorption of drug from the tablets was not 
reflected in their in citro dissolution profiles. 

Keyphrases Sulfamethizole tablets--comparison of bioavail- 
ability parameters with dissolution rates 0 Bioavailability of sul- 
famethizole tablets-compared to dissolution rates 0 Dissolution 
rates of sulfamethizole tablets-compared to bioavailability pa- 
rameters 

Many sulfa drugs, such as sulfadiazine (I), sulfa- 
methoxazole (2), sulfisoxazole (3, 4), and sulfametha- 
zine (9, in tablet formulations appear to be susceptible 
to bioavailability and absorption rate variations. The 
chemical similarity of sulfamethizole to the other sulfa 
drugs and its relatively low solubility in water suggest 
that sulfamethizole in tablet formulations may also be 
associated with variable absorption. The objective of 
this study was to compare drug bioavailability pa- 
rameters of sulfamethizole formulations with dissolu- 
tion characteristics. 

EXPERIMENTAL 

Materials-Samples (B, C ,  D, and E) from commercial production 
lots of three different products were obtained directly from the 
manufacturer. Samples D and E, while having different lot num- 
bers, were made by the same manufacturer. Samples B, D, and E 
had label claims of 500 mg. sulfamethizole/tablet, while C had a 
label claim of 250 mg./tablet. The pure drug substance was ob- 
tainedl for preparation of the control suspension (A, 500mg. in 200 
ml. water). 
In Vivo Studies-Volunteers who had been screened by a phy- 

sician were asked to refrain from taking any drug or alcohol for 
48 hr. prior to drug administration. A standard breakfast of coffee 
( I  cup), orange juice (100 ml.), cornflakes (individual pack) with 
milk, and one slice of toast with butter was eaten 1.5 hr. before each 
dose of sulfamethizole. The various formulations were administered 
in 500-mg. doses with water (200 ml.) to five volunteers at weekly 
intervals over 5 weeks according to a 5 X 5 Latin square design. 
Volunteers also drank 200 ml. of water 1.5 hr. before drug ingestion 
and then 100 ml. every hour for the next 5 hr. Blood (0.8 ml.) was 
collected at 0.5, 0.75, 1 ,  1.5, 2.5, 4, and 6 hr. and urine was col- 

1 Lot No. 2588-NF, Ayerst, McKenna and Harrison Ltd.. Montreal, 
Canada. 

Table I-Mean Areas under Blood Level Curve (AUC) and 
Bioavailabilities (BA)  Obtained with Various Commercial 
Sulfamethizole Tablets 

Lot AUC BA(B)" BA( U)* 

A 
B 
C 
D 
E 
SE 
cv 
W 

58.23 100.0 100 
56.31 96.7 92 
63.98 110.0 107 
56.18 96.5 100 
56.68 97,3 109 

3.75 
14.53 
16.91 

- - 
- - 
- - 
- - F (treatment) 1.12 
- - F (person) 2.32 

~~~~~~~~ 

a Z E A ( E )  - (AUC for dosage form/AUC fo: control) X 100. * EA( U) is bioavailability calculated from total urinary excretion of 
drug. 

lected at 1, 2, 3, 5, 7, 10, 14, and 24 hr. after ingestion of the drug. 
Blood was obtained from finger micropunctures and processed 
immediately. Urine samples were stored without preservative in a 
refrigerator, since the drug had been shown to be stable under these 
conditions. Unchanged sulfamethizole in blood and urine and total 
sulfamethizole in urine,were estimated in duplicate by the Bratton- 
Marshall procedure (6). 

Treatment of Data-The results were analyzed for variance 
using an ANOVA computer program. The output gave the variance 
ratios, F, for treatment, person, and time; the standard deviation 
(SD); the standard error(SE); and the coefficient of variation percent 
(CV) .  Application of Tukey's multiple-range test (7) gave a W value 
or least allowable difference, which showed differences significant 
at the 95 confidence level. The label claim was assumed to rep- 
resent the total amount of drug potentially available for absorp- 
tion. Areas under the blood level curves were calculated by the 
trapezoidal rule. Absorption rates and lag times were calculated 
graphically from blood level curves by the Wagner-Nelson method 
(8), which assumes a single-compartment model. There was no 
evidence of a distribution phase, and the model seemed to fit the 
data. 

Dissolution Rates-The resin kettle (9) and stationary basket 
(10) methods were used with the modifications and sampling pro- 
cedures described previously (11) .  The USP-NF method I, Le., 
rotating-basket method (12, 13), was used under the compendia1 
conditions, i.e., dilute hydrochloric acid, 1 in 12.5, and 100 r.p.m. 
for sulfisoxazole (12). Simulated gastric (0.1 N HCI) and intestinal 

Table 11-Mean Blood Levels of Free Sulfamethizole (mcg./ml.) 
after Administration of Each Formulation to Five Subjects 

-- Minutes-- - 
Lot 30 45 60 90 150 240 360 

A 
B 
C 

12.70 15.86 17.84 16.86 11.74 6.82 1.78 
2.68 7.50 14.74 17.50 14.50 6.84 2.34 
2.14 3.56 8 . 1 2 1 8 . 7 4 1 6 . 8 4  9.86 3.44 

D 1.00 2.36 4.76 15.74 16.02 8.00 2.30 
E 2.68 5.58 8.72 11.96 13.04 10.64 3.56 
SE 1.13 1.80 1.93 2.72 1.73 1.11 0.44 
cv 59.73 57.88 39.80 37.60 26.86 29.56 36.30 
Wa 15.11 8.14 8.70 12.26 7.82 5.03 1.97 
F(treatment) 7.80 8.76 7.60 0.91 1.46 2.46 3.19 
F(person) 1.18 1.84 4.23 2.79 0.24 1.01 2.99 

~~~~~~ ~ ~ ~ 

a Tukey's test of significance (7). 
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Table III-Mean Absorption and Elimination Characteristics of 
Sulfamethizole from Different Formulations 

t ‘h  ?I /?  Peak 
(Absorp- (Ehmlna- Blood 

Lag time, tion), tion), Levela, Time to 
Lot hr. hr. hr. mcg./ml. Peak, hr.b 

A 0 0.56 1.32 18.8 1 . 1  ~~ 

B 0.86 0.38 1.26 21.7 1 .5  
C 0.71 0.59 1.34 21.5 2.4 
D 0.84 0.53 1.24 18.0 2.1 
E 0.91 0.66 1.37 17.8 2.6. 

a W = 8.15. * W = 1.46. c Significantly different than control (A), 

(0.05 M phosphate buffer, pH 7.4) fluids were also used. Assays 
were based on absorbance measurements at  267 nm. In this paper, 
t ,  indicates the time for x% of the labeled amount of drug in a 
tablet to dissolve; 2, is the mean of six successive t ,  determinations. 

Disintegration Times-The official method (14) was used. 

RESULTS AND DISCUSSION 

Blood Data-No drug was detected in the blood 8 hr. after inges- 
tion of sulfamethizole; bioavailabilities of each formulation were 
calculated, therefore, from the mean values of the areas under the 
blood level curves from 0 to 8 hr. No significant differences ( p  
<0.05) between the bioavailabilities of the control suspension (A) 
and the four commercial formulations were detected (Table 
I). However, mean concentrations of the drug in blood ob- 
served at  several times (Table 11) showed that there were differences 
in the extent of absorption in the 1st hr. after ingestion. Relatively 
high concentrations of drug from the control (A) were detected at  
the time of the first sample (30 min.), and it was not until 90 niin. 
after ingestion that the mean drug concentrations from the four 
tablet formulations and the suspension were comparable. This did 
not appear t o  be due to  differences in rates of absorption but rather 
to a lag between ingestion of the tablets and the attainment of the 
maximum rate of absorption (Table 11). Similar delays were reported 
previously for sulfamethizole (1 5) and sulfisoxazole (4, 16) tablet 
formulations. 

Absorption rate (8) coefficients for all of the formulations tested 
were close to the mean (0.5 hr.-l), while the control showed no lag 
time and the four tablet formulations showed a mean lag time of 0.8 
hr. These values reflect the peak blood level data and times to 
achieve these levels (Table 111). The similarity of the absorption rate 
coefficients for the control suspension and the tablet formulations 
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Figure 1-Linear relatiorzship between concentration of sulfameth- 
izole in blood and urinary excretion rate for two subjects (0 and A). 

suggests that this value (0.5 hr.-1) may be the maximum that can be 
achieved with this drug. There were no significant differences in the 
maximum concentrations of drug in blood, but Formulation E 
required a significantly longer time (2.6 hr.) to reach the maximum 
level than did the control (A, 1.1 hr.). The mean elimination (0) half- 
life from blood (1.3 =k 0.12 SE hr.) was shorter than previously re- 
ported values, i.e., 1.6 (17), 1.8 (15), and 2.1 hr. (18). Mean values 
for four of the five volunteers were in close agreement, but one 
volunteer showed a longer half-life of elimination (1.8 hr.) than the 
overall mean (1.3 hr.). 

Urine Data-Urinary excretion rates correlated well with the 
corresponding blood concentrations (Fig. 1). The average renal 
clearance rate of the drug was 91 nil./min., which is within the range 
(67-188 ml./min.) found by Frisk (19). These results indicate that 
urinary excretion data are useful for estimating the bioavailabilities 
of the different formulations of sulfamethizole. There were no sig- 
nificant differences in the total amounts of drug excreted after inges- 
tion of the control suspension or the four tablet formulations (Table 
IV). Urinary recoveries of total sulfamethizole ranged from 74 to  
loo%, with 12-18 present as the acetylated metabolite. Robinson 
et al. (18) reported 61-99% total excretion of sulfamethizole, with 
G23 % present as the metabolite. Nelson and O’Reilly (20) found 

Table IV-Mean Cumulative Urinary Excretion of Unchanged (U) and “Total” ( r )  Sulfamethizole for Five Different Formulations 

Milligrams Excreted a t  Time (hr.) after Ingestion --- 
Lot Assay 1 .O 2.0  3.0 5.0 7.0 10.0 14.0 24.0 

A 

B 

C 

D 

E 

SE 

cv 
Wa 

F (treatment) 

F (person) 

U 63.4 
T 70.1 
U 15.2 
T 18.8 
U 7.4 
T 8.4 
U 3.5  
T 4.2  
U 29.5 
T 31.9 
U 8.6  
T 9.1 
U 80.7 
T 76.6 
U 38.8 
T 41.2 
U 8.0 
T 8.4 
U 1.9  
T 1 . 9  

186.6 
205.8 
120.2 
135.0 
106.6 
121.3 
83.8 
89.8 

111.3 
116.4 
16.4 
15.6 
30.1 
26.0 
74.0 
70.2 

5.6 
7.8 
3.6 
4 .3  

261.2 
291.3 
217.1 
239.1 
222.5 
255.6 
183.7 
231.7 
210.1 
225.9 

18.7 
23.9 
19.1 
21.5 
84.1 

107.9 
2.2 
1 . 2  
2 . 9  
1 .7  

333.0 
377.5 
310.0 
342.1 
335.6 
391.6 
288.0 
352.8 
333.3 
372.5 

13.0 
17.4 
9.1 

10.6 
58.9 
78.5 

2.5 
1 .3  
5.5 
1 . 7  

361 . O  
423.6 
347.9 
389.1 
379.8 
444.9 
337.1 
415.5 
393.7 
446.8 

14.6 
16.5 
9.0 
8 . 7  

65.8 
74.2 
2.5 
2.1 
5.0 
2.0 

374.4 
443.9 
364.9 
412.1 
401.3 
472.5 
363.6 
447.3 
414.9 
474.6 

15.3 
17.0 
8.9 
8.5 

69.1 
76.7 
2.3 
2.2 
4.6 
1 .2  

381.9 
456.3 
370.8 
421.1 
410.2 
485.1 
371.5 
454.8 
425.9 
488.4 

16.7 
18.3 
9 . 5  
8.9 

75.3 
82.6 
2 .2  
2.2 
3.7 
0 . 9  

382.9 
458.3 
371.1 
423.0 
413.2 
491.5 
371.7 
459.3 
434.2 
497.8 

18.4 
19.8 
10.4 
9.5 

82.8 
89.4 
2 .3  
2.3 
2.9 
0 .6  

a Tukey’s test of significance (7). 
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Table V-Dissolution Times and Coefficients of Variation 
( C V )  of Sulfamethizole from Four Different Commercial 
Formulations 

Formula- 
tion Methodu is0 cv 
B SB 

RK 
RK(intestinal)b 
USP 

RK 
RK(intestina1)” 
USP 

RK 
RK( intestinal)* 
USP 

E SB 
RK 
RK(intestinal)h 
us P 

C SB 

D SB 

86 
4 . 2  
575 
5.8 
4 . 9  
3 . 5  
6,4 
3.0 

43 
26 
13,13 
6 .  I 

31 
7 .4  
8 ,6  
5 . 4  

54 
6 

10 
46 
30 

0 
26 
15 

28 
33 
25 

IS 

- 

- 

- 

- 

(‘ RK, resin kettle; SB. stationary basket; USP. USP XVIII (rotating 
basket). The dissolution fluid was dilured hydrochloric acid solution. 
b t 5 0  values in intestinal buffer. 

80-100% of the dose present in urine, with up to 23% present as 
the acetylated metabolite. 

Differences in apparent absorption rate are also evident from the 
mean urinary excretion profiles (Table IV). The control suspension 
(A) yielded significantly greater amounts of drug than did B, C ,  and 
D in the 1-hr. urine sample and D and E in the 2-hr. sample. The 
mean half-life of elimination (8)  of the drug from urine was 1.5 + 
0.05 SE hr., which is in agreement with 1.5 hr. reported by Nelson 
and O’Reilly (20). This value is probably more precise than that 
( I  . 3  hr.) calculated from the blood data, since more data points were 
obtained in the urine study. All formulations and subjects showed 
mean half-lives of elimination of unchanged drug that are close to 
the overall mean value. 

Dissolution Data-There were pronounced differences in dis- 
solution rates of the four tablet formulations when the stationary 
basket method (10) (gastric buffer) was used. In the other methods, 
dissolution times were relatively fast and comparable for all 
tablets tested (Table V). Dissolution times were not affected markedly 
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Figure 2--Sii1g/~-taClet dissolrttioti profiles for a sulfanrethizole 
formitlatioir ( C )  obtaiired iir dilute liyclrocliloric acid ( I : I2 .5)  with 
the USP X V l l l  method a d  illwe stirring rates. 

when intestinal buffer was used instead of the gastric fluid in the 
resin kettle method (Table V). 

The iiz uiuo studies showed that the control suspension and tablet 
formulations had comparable bioavailabilities and rates of absorp- 
tion but that the tablets were distinguished from the suspension by a 
delay before the onset of absorption of drug from the tablets. 
Aguiar et al. (21) pointed out that often the aggregates formed dur- 
ing the preparation of the dosage forms are difficult to disperse and 
the deaggregation or dispersion rate may then be the rate-limiting 
step in the absorption sequence. The delay observed in the absorp- 
tion of sulfamethizole may be attributable to the time required for 
the tablet to disintegrate and disperse the drug so that it is in a sim- 
ilar state to the suspension after administration. Thus, any dissolu- 
tion test that correlates with the in oiso biopharmaceutical param- 
eters should ideally show comparable dissolution times for the four 
tablet formulations and a lag time before dissolution. The latter 
would correspond to the disintegration and dispersion of the tablet. 
None of the dissolution tests used met these requirements. For the 
most part, dissolution was so rapid that even if a relatively slow 
disintegration or dispersion step existed, it would be masked. How- 
ever, a disintegration step was not evident when the stirring rate in 
the USP XVlII apparatus was reduced from 100 to 25 and then to 
10 r.p.m.; the / 5 0  for Formulation C increased from 3 to  9 to 24 min. 
(Fig. 2). When the stationary basket method (10) was applied, two 
of the tablet formulations (D  and B) had rs0 values of approximately 
40 and 90 min., respectively (Table V). Even under these conditions 
of slow dissolution, there was no suggestion of delayed dissolution 
of the drug. 

Disintegration times did not help in the appreciation of the iiz uiuo 
observations. Disintegration times for B, C ,  and E were 2, 4, and 3 
min., respectively. The corresponding value for D was 22 min., 
which is longer than its dissolution time with the USP and resin 
kettle methods. This distinctive disintegration time for D was not 
reflected by differences from the other formulations in its dissolution 
profiles with any of the methods used, nor in the in uiuo delay in, or 
extent of, absorption. Since the various dissolution tests do  not de- 
tect established 01 oitro differences in disintegration time, it is not 
surprising that the same tests do  not show in uiuo differences. Im- 
mediate and rapid absorption of the drug is a desirable feature of 
sulfamethizole dosage form design. Therefore. an appropriate dis- 
solution test should disclose the delay in dissolution as well as the 
rate of dissolution. When such a test, with a good irz uiuoliii uirro 
correlation, is devised, it would be possible to establish an appro- 
priate dissolution time limit. In view of the reported delayed absorp- 
tion of sulfisoxazole from tablet formulations (4, 1% similar con- 
siderations may well apply to  this drug. 

Both the stationary basket (10) and resin kettle (9) methods dis- 
criminated among and within the different lots more efficiently than 
the USP XVIII method (Table V). Thus, the stationary basket and 
resin kettle methods detected differences that were not apparent 
from the in sico data. If formulation effects on dissolution rate or 
quality control are the main considerations, then the stationary 
basket appears t o  be the method of choice. The USP XVIII method 
gave similar dissolution times (3-6 min.) for the four formulations. 
This method provided a good rank-order correlation and the best 
linear correlation [BA(B)  uersus is0]. However, the latter had a cor- 
relation coefficient ( r  = 0.36; 100r2 = 13.0) indicating that the 
correlation is not of predictive value (CJ, Refere/rce 22). 
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Phototautomerism of Warfarin Cation in Lowest 
Excited Singlet State via an 
Intramolecular Hydrogen Bridge 

G .  J. YAKATAN*, R. J. JUNEAU, and S. G .  SCHULMAN’ 

Abstract 0 The pH and Hammett acidity dependence of the 
fluorescence spectra of 4-hydroxycoumarin and warfarin were 
studied. Warfarin demonstrates an anomalous long wavelength 
emission in moderately concentrated sulfuric acid solutions. The 
emission properties of methylated derivatives of 4-hydroxycoumarin 
and warfarin were employed to  show that the anomalous fluo- 
rescence of warfarin is due to a protonated zwitterionic excited 
species. formed by intramolecular proton transfer in the excited 
state of the warfarin cation from the hydroxyl group to the acetonyl 
oxygen atom. The long wavelength of the warfarin fluorescence in 
sulfuric acid may be useful in the selective fluorometric determina- 
tion of warfarin in the presence of other 4-hydroxycoumarin 
derivatives. 

Keyphrases 0 Warfarin-pH and Hammett acidity dependence of 
fluorescent spectra, phototautomerism 0 4-Hydroxycoumarin- 
pH and Hammett acidity dependence of fluorescent spectra 0 
Phototautomerism--warfarin cation in the lowest excited singlet 
state 0 Spectrophotofluorometry-analysis, warfarin and 4- 
hydroxycoumarin 

Coumarin and several of its hydroxylated derivatives 
have found wide applications in analytical biochemistry 
and pharmacy. 7-Hydroxycoumarin (umbelliferone) 
has been employed as a fluorescent indicator in fluoro- 
metric titrations and as a fluorogenic substrate in the 
study of the kinetics of hydrolytic reactions catalyzed 
by phosphatase and sulfatase (1-4). Several derivatives 
of 4-hydroxycoumarin, notably warfarin and dicumarol 
(bishydroxycoumarin), are used extensively as antico- 
agulants in the prevention and therapy of thrombo- 
embolic disease. 

Studies of the pH dependence of the fluorescences of 
4-methylumbelliferone (hymecromone) and some re- 
lated model compounds (5) have recently been em- 
ployed to show that the red shifting of the blue fluores- 
cence of the umbelliferone anion in the region near pH 2 

is due to  the formation of a zwitterion in the lowest 
excited singlet state, a species that is not measurably 
present in the ground electronic state of umbelliferone. 

Solvent and acidity dependence studies of the fluores- 
cences of drugs and related molecules are important 
from the standpoints of both the analytical chemistry 
and the photochemistry of pharmaceutically important 
compounds. From the analytical point of view, solvent 
and acidity studies are useful for the determination of 
the optimal emission wavelengths at which to  carry out 
fluorometric analyses. Because the acidity dependence 
of fluorescence wavelengths frequently depends upon the 
thermodynamic parameters (e.g. ,  dissociation constants) 
of the excited molecules, rather than (or as well as) the 
ground state thermodynamic parameters, it is important 
to  determine the excited state dissociation constants 
(pKa*) as well as the ground state dissociation constants 
(pKa) of drug molecules (having dissociable protons or 
basic groups capable of accepting protons). Due to the 
differences in electronic distributions between ground 
and electronically excited molecules, the pKa* values 
are generally quite different from the pKa values; thus, 
the pH regions in which the fluorescence spectra change 
are generally different from the pH regions in which the 
absorption spectra change as one prototropic form is 
converted to  another. The knowledge of pKa* values of 
molecules is critical t o  the selection of the optimal solu- 
tion acidity in which to  carry out fluorometric deter- 
minations. 

From the photochemical point of view, the shelffives 
of drugs and the phototoxic actions of some drugs are 
dependent upon the action of light on these compounds. 
While the photochemical reactions leading to decom- 
position and phototoxic action of drugs are probably 
primarily the results of the reactivities of the excited 

Vol. 61, No. 5 ,  May 1972 0 749 


