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An 8 : 1 : 1 propanol-formic acid-water system 
has been used to develop most of these chro- 
matograms. It has not been extensively studied 
as a solvent for separating organic acids, but 
may certainly be used to advantage. It produces 
excellent separations of many compounds tested, 
causes little or no tailing, and gives compact 
spots. 

other sulfanilamide. The sulfanilamide reagent 
is generally, but not universally, the more 
sensitive. It usually produces less background 
color than naphthylamine and the spots are 
more stable because the background darkens 
much less rapidly. The sulfanilamide reagent 
does not have the disagreeable odor of naph- 
thylamine and does not have the carcinogenic 
action of the latter compound. 

Both reagents have been tested against twelve 
reference acids in four commonly used solvent 
systems. Sensitivities vary somewhat from one 
solvent to the next, but the variations are minor 
and do not prevent use of any solvent tested. 
Both reagents are much more sensitive than 
the indicator-permanganate or acridine pro- 
cedures. The sulfanilamide reagent is notably 
more sensitive than aniline-xylose or bromcresol 
green and does not possess the carcinogenicity 
of aniline-xylose. Both reagents give more 
reproducible sensitivities than any reagent tested, 
and neither produces “ghost” spots. 

Intense background colors may develop with 
either sulfanilamide or alphanaphthylamine if 
chromatograms are exposed to high con- 
centrations of laboratory fumes, but minimal 
care will prevent this occurrence. 

Disintegration 

REFERENCES 

(1 )  I.ugg, J .  W .  H.. and Overell. B. T..  Nature, 160, 
87( 1947). 

(2) Hartley. R. D., and 1-awson, G .  J.. J .  Chromatog.. 4, 
410(1960). 

(3) 1,awson. G. J., and Hartley, R .  D. ,  Biochcm. J . .  63, 
3 P(1958). 

(4) Panek. A,. and Leibsohn, R.,  J .  Chromafog., 5 ,  
308(1961). 

( 5 )  Paskova. J., and Munk, V.,  ibid., 4, 241(1960). 
(6) Harris. G., and MacWilliam. I .  C.. Chcm. Ind .  (Lon- 

don),  1954, 249. 
(7) Pmith. I . .  ”Chromatographic Techniques,” Vol. 1 .  

Intermenre Publishers, New York, N. Y., 1960. pp. 279- 
282. 

(8) Whitfield. W. E..  J .  Chromafog.. 4, 350(1960). 
(9) Reio, L.. ibid., 1, 338(1958). 

(10) Ibid.. 4. 458(1960). 
( 1 1 )  Barreto. H. S. R., and Darreto, R. C. R..  ibid.. 5 ,  

1 ( 1  961). 
(12) Schmidt, G. C.. Fischer. C., and McOwen, J., Ab- 

stract lrom the Scientific Section, A.PH.A.. Las Vegas meet- 
ing, March, 1962. 

(13) “The Merck Index,” 5th ed., Merck and Co., Rah- 
way, N.  J. ,  1940. p. 881. 

(14) Cheftel, R. I ,  Munier. R . .  and Macheboeuf, M.. 
Bull. Sot.  Chim. B i d . .  33, 810(1951). 

(15) Cheftel, R.  l., Munier. R . ,  and Macheboeul, M.. 
ibid., 35, 1095(1953). 

(16) Kennedy, E. P., and Barker, H. A.. Anal. Chon.. 23 ,  
1033(1951). 

Protective Coatings XVI 
of Protective-Coated Tablets as Determined 

Urinary Excretion in Humans 

By TADAO IDA, SHOJI TAKAHASHI, KAZUO NODA, SHUZO KISHI, 
SETSUO NAKAGAMI, and ISAMU UTSUMI 

A disintegration test of protective coated preparations in human bodies was carried 
out by determining the riboflavin amount excreted in urine after administration of 
the riboflavin tablets coated with the previously reported protective-coating agents. 
Though the rate of the riboflavin excretion was somewhat slow, there was no 

indication of unusual disintegration of the coated tablets in human bodies. 

N PRECEDING PAPERS, studies on the pro- I tective-coating agents were reported in which 
the amino derivatives and the amino acid deriva- 
tives of cellulose, saccharides and polyhydric 
alcohols, polyvinylamines, polyvin ylaminoacetals, 
polyvinylpyridines, and others were synthesized 
and examined (1-12). Polyampholites of the 
vinylpyridine-methacrylic acid system were also 
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studied for the protective-coating agents which 
solubilize in both gastric and intestinal juice (13). 
All preparations coated with these agents showed 
excellent results in the tests-water-resistance, in 
yitro disintegration, and others. 

In this report, the in Vim test was examined in 
human bodies for the disintegration of the prep- 
arations. Since riboflavin absorbed in excess is 
rapidly excreted in urine, disintegration rate was 
determined by the riboflavin amount in urine 
excretion after the administration of the coated 
riboflavin tablets. 
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EXPERIMENTAL 

Tablets.-The compressed tablets (9.0 mg. of 
riboflavin each) were used in the experiments. Mean 
thickness, weight, and diameter of the tablets were 
3.5 mm., 120 mg., and 7 mm., respectively. The 
disintegration time of the tablets in distilled water, 
artificial gastric juice, and artificial intestinal juice 
was 2-3 minutes as determined by the method 
specified in U.S.P. XVI (14). 

Protective-Coated Tablets.-By the dipping 
method, the compressed riboflavin tablets were 
coated with two different coating solutions: 10% 
methanol solution of the copolymer. 2-vinyl-5- 
ethylpyridine-styrene (VEP-St), and 10% ethanol- 
trichloroethane (1 :1) solution of the copolymer, 2- 
vinyl-5-etliylpyridine-methacrylic acid-methylacry- 
late (VEP-MAA-MA). 

TABLE I.-l?J VdrO DISINTEGRATION TEST OF THE 
COATED TABLETS 

-Disintegration Tim- 
Film 

Thick- Distilled Gastric Artificial 
ness, Water, Jui.ce. Intestinal 

Art i ti a a 1 

Tablets p hrs. min. Juice 
VEP-St- 

coated 150 4 5-10 4 hrs. 
VEP- 

MAA- 

coated 145 4 5-10 10-15min. 

Mean thicknesses of the coating films and dis- 
integration times of the coated tablets are shown in 
Table I. The mean thicknesses were calculated 
trom the mean weights of coating agents applied to 
each tablet. The disintegration time of the coated 
tablets in distilled water, artificial gastric juice, and 
artificial intestinal juice was determined by the 
method specified in U.S.P. XVI (14). 

Administration test.-Seventy-nine men and 52 
women ranging from 18-55 years were divided into 
three groups, A, B, and C (as shown in Table 11), 
and each person was administered one tablet- 
uncoated tablets for the A group, VEP-St-coated 
tablets for the B group and VEP-MAA-MA-coated 
tablets for the C group. The amounts of riboflavin 
in total urine excreted in 3 hours prior, 3 hours, and 
6 hours after administration were determined 
individually by the U.S.P. fluorometric procedure 

MA- 

(14). 

TABLE II.-GROUPS IN ADMINISTRATION 

Group Administered Tablet Men Women Total 
A Uncoated 20 10 30 
B VEP-St-coated 29 21 50 

coated 30 21 51 
C VEP-MAA-MA- 

I GROUP A GRCUP 0 I GROUP C 

0 0.2 0.4 0 0.2 0.4 0 0.2 0.4 
VlTAMlN B, CONTENT, MG. 

Fig. 1.-Vitamin BI content of urine before ad- 
ministration. 

0 2.0 4.0 0 2.0 4.0 0 2.0 4.0 
VITAMIN B2 CONTENT, MG. 

Fig. T-Vitamin B:! content of urine 0-3 hours after 
administration. 

0 2.0 4.0 0 2.0 4.0 0 2.0 4.0 
VITAhtIN B, CONTENT, MG. 

Fig. 3.-Vitamin Bp content of urine 0-6 hours after 
administration. 

RESULTS AND DISCUSSION 

Riboflavin Contents of Urine Before Administra- 
tion.-Figure 1 shows the riboflavin content of 
urine before administration. All individuals showed 
almost similar values, and no particular difference 
was observed between men and women. 

Amounts of Riboflavin Excreted in Urine After 
Administration.-Figures 2 and 3 show the total 
amounts of riboflavin excreted in urine during 3- 
and 6-hour periods after administration, and Table 
I11 shows the mean values of riboflavin in the three 
groups after 6 hours. 

As shown in Table 111, the B group excreted less 
riboflavin than the other two groups, and women 
excreted less than men. Analysis of the variances 
by Snedecor’s method (15) shows that these differ- 
ences are statistically significant a t  the 5% level, but 

TABLE III.-MEAN AMOUNT OF RIBOFLAVIN EXCRETED IN URINE IN 0-6 HOURS 

7- Men ------- ---Women -Mean 
Mean Value Mean Value Mean Value 

Administered of Excreted Administered of Exveted Administered of Excreted 
Tablets Number Riboflavin. mg. Number Riboflavin, mg. Number Ribollavin, mg. 
A 20 3.95 10 3.49 30 3.797 
B 29 2.87 21 2.26 50 2.614 
C 30 3.60 21 3.24 51 3.447 
Total 79 3.40 52 2.89 13 1 3.211 
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-4s can be seen in Table V. amounts of the excre- 
tions showed no significant difference between three 
groups and, it can be considered that there were no 
unusual disintegrations in humans with both coated 
tablets. 

I t  map be concluded from these results that the 
coated tablets must disintegrate to release medica- 
ments in humans. 

SUMMARY 

1. Riboflavin tablets were coated with the co- 
polymers 2-vinyl-5-ethylpyridine-styrene ( VEP-St ), 
and 2-vinyl-5-ethylpyridine-methacrylic acid-methyl 
acrylate (VEP-MAA-MA). The disintegration of 
the coated tablets was tested by determining the 
riboflavin amount excreted in human urine after 
administration of the tablets. 

2. The group administered VEP-St-coated 
tablets showed lower excretion of riboflavin in 6 
hours after administration than the group ad- 
ministered uncoated tablets. The group adminis- 
tered VEP-M.IA-MA coated tablets showed nearly 
the same as the control in the excretion. 

Both groups administered the coated tablets 
showed lower excretions of riboflavin in 3 hours after 
administration, and higher excretions in the follow- 
ing 3 hours than the control. 

The coated tablets disintegrated in humans 
to  release medicaments. Any unusual disintegra- 
tion did not occur. 

3. 

4. 
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the lower excretion of women might result from 
some errors in urine collection. 

Variation of Riboflavin Amounts Excreted in 
Urine With the Lapse of Time.-Table IV shows the 
mean values of riboflavin excreted in both 3-hour 
periods. XI and X2 indicate milligrams of riboflavin 
excreted in 3 hours and the next 3 hours, respectively. 

TABLE IV.-MEAN VALUES OF RIBOFLAVIN 
EXCRETED IN 0-3 (XI) AND 3-6 ( Xz) HOURS 

Tablet Groiip XI.  mg. Xt, m g .  
A 2.512 1.285 
B 1.251 1.363 
C 1.951 1.196 

The B and C groups showed lower values of XI 
as compared with the 4 group. But the C group 
showed the highest Xz value of the three, and the 
total for 6 hours was nearly the same as the A group. 

The B group (as described above) showed the 
lowest total value of the three, but the Xn value was 
greater than the XI. It can be seen that the 
excretion gradually increased with the lapse of time, 
and further increase of the value might be expected 
in the following period. 

These differences of riboflavin excretion between 
the groups were statistically significant a t  the 5y0 
level in the result of analysis of dispersion. 

The results show that the excretion of riboflavin 
with the coated tablets was slightly slower than the 
iincoated tablets. This was expected as the dis- 
integration rate of the coated tablets was somewhat 
retarded. 

Disintegration of Coating Films in Humans.- 
Variances of the amounts of excreted riboflavin in 
each group were calculated in order to see whether 
an unusual disintegration of the coated tablets 
OCCUrred. 

TABLE V.-~ARIANCES OF RIBOFLAVIS EXCRETED 
IN 0-3 ASD 0-6 HOURS 

Tablet Group 0-3 Hours 0-6 Hours 
A 
B 
C 

1.0220 1 ,325; 
0. i204 1.9221 
0.8080 1.6065 
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