
Some Studies of a Sustained Release Princible 
I 

By C. J CAVALLITO, LESTER CHAFETZ, and LOWELL D. MILLER 

Urinary excretion of drug after oral dosage of chlor heniramine as maleate salt and 
in an oral sustained release formulation was studiek: and the urinary excretion and 
plasma levels of tritium radioactivity obtained after crossover administration of 
tritium-tagged henylephrine as hydrochloride and in sustained release formulation 
were comparecf The urinary excretion of both drugs varied widely amon individ- 
uals, indicating that this parameter is limited in value as a reflection oforal ab- 
sorption. No relation between blood level and excretion of tritiated phenylephrine 

was apparent. 

HE DEVELOPMENT of oral sustained release 
Tforms of medication, which was receiving 
but scant attention about ten years ago, became 
a subject of increasing interest following success- 
ful introduction of the early products in this 
field. The increased awareness of the potentials 
of oral sustained release products has not only 
led to the development of additional techniques 
for providing the desired etfects, but has also 
attracted the attention of academic investigators 
as well as of regulatory agencies. Lazarus and 
Cooper (I) have provided timely reviews of the 
subject. 

A sustained release product should provide 
improved performance of a drug as well as the 
added convenience of fewer doses. Such a prod- 
uct should prevent too rapid a release rate of an 
absorbable form of drug and permit its gradual 
availability for absorption over a prolonged period 
of time. Ideally, these rates of absorption should 
be tailored as closely as possible to meet the 
drug requirements of the body without eliciting 
undesirable dects. There are drugs which 
obviously have no need for or do not benefit from 
sustained release formulations. 

The interest in our laboratories in oral sus- 
tained release products evolved from some simple 
studies about ten years ago which showed that 
Verutrum alkaloids were relatively well-tolerated 
orally when utilized as the tannate salt com- 
plexes. Investigations showed that a variety 
of drugs which are organic amines can be con- 
verted to stoichiometrically homogeneous penta- 
amine gallotannates, which are stable, tasteless 
substances of limited aqueous solubility and 
which, in the presence of aqueous solutions of 
electrolytes, provide a gradual release of soluble 
therapeutic amine salt (2). Since the goal was 
to provide drug which would be available over a 
prolonged period of time without initial over- 
dosage, and since stomach acid could lead to too 
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rapid a release of arnine from its tannate, it was 
determined that intimate combination with a 
polymeric, polyanionic agent, such as polyga- 
lacturonic acid, could protect the tannate from 
too rapid solution in acids. Using as a guide 
the responses in humans administered a variety 
of dosage preparations, there was developed an 
oral sustained release principle which utilizes 
amine tannates and polygalacturonic acid in such 
proportions that rate of release and absorption 
of the amine drug can occur gradually over a 
wide range of pH values.' The polygalacturonic 
acid, which prevents too rapid a solubilization 
of amine from the tannate in the acid media, 
itself becomes more soluble as the gut becomes 
less acid. Ultimately, all components may 
become individually dissolved. Since the spe- 
cially prepared solid and liquid dosage forms dis- 
perse to a colloidal state in aqueous media, they 
should tend to empty from the stomach gradually 
and continue to be available at intestinal sites 
of absorption over an extended period of time. 
[Wagner (3) has critically reviewed the effect of 
particle number and size as related to gastric 
emptying and the onset of therapeutic effect of 
sustained release drugs.] 

A variety of therapeutic and chemical cate- 
gories of amine drugs have been converted to this 
type of sustained release product and evaluated 
largely on the basis of their clinical performance 
relative to that of the usual, nonsustained release 
forms of the drugs (4-16). Following demon- 
strated performance in man, ancillary studies 
were carried out with these preparations in an 
attempt to obtain more quantitative measures 
of drug action. Some of these in viuo studies 
are reported and their uses and limitations dis- 
cussed. 

EXPERIMENTAL 

Urinary Excretion of Chlorphenir&e.-Urinary 
excretion of chlorpheniramine was measured after 
the administration of the drug in nonsustained re- 

1 This type of sustained release product is referred to by the 
trade name of Durabond by Irwin, Neisler & Co. 
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urine collections were made as voided a t  five interval 
periods up to  48 hours. Details of the analytical 
procedures used for determination of tritium radio- 
activity in plasma and urine samples are described 
elsewhere (17). 

RESULTS AND DISCUSSION 

Chlorpheniramine Urinary Excretion.-The 
quantities of chlorpheniramine found in  the urine 
of four subjects after oral dosage of chlorphenir- 
amine maleate and of three of the same four (one 
subject became unavailable) after oral dosage of 
the drug in the tannate form are shown in Table I. 

lease and in sustsined release forms. The sustained 
release form utilized the tannate salt' of chlor- 
pheniramine, and chlorpheniramine maleate served 
as the more rapidly absorbable form of the drug. 
Each subject was given, at weekly intervals, unit 
doses of 10.2 mg. of chlorpheniramine maleate 
(7.17 mg. base) in small gelatin capsules and 30 mg. 
of chlorpheniramine tannate (13.4 mg. base). 
Following ingestion of drug, urine samples were 
voided at specified intervals corresponding to  times 
a t  which urine blanks were obtained on each subject. 
Urine samples were made alkaline with sodium 
hydroxide, and the drug was extracted into chloro- 
form. The chloroform was washed with pH 10 
borate buffer to reduce the blank readings, then 
extracted with dilute aqueous acid. The concen- 
tration of chlorpheniramine was estimated from the 
absorbance of the acid solution at 265 mp deter- 
mined with a Beckman model DU spectrophotometer. 
The isolation procedure gave satisfactory re- 
coveries (98.470) of chlorpheniramine four hours 
after its addition to urine. 

Plasma Levels and Urinary Excretion Rate of 
Tritium-Labeled Pheny1ephrine.-Several years ago, 
a study in humans was initiated for the purpose 
of determining the rates of appearance of a radio- 
active drug component in blood following its oral 
administration in conventional and in Durabond- 
type preparations. Phenylephrine with random 
tritium tagging was used as the test drug. The 
investigation was conducted in cooperation with the 
Nuclear Science and Engineering Corporation, and 
the technique used in the pilot study was described 
by Bogner and Walsh (17). -4 more extensive study 
was completed more recently in which both blood 
levels and urinary excretion of drug were measured. 

Twelve adult male subjects with no known dis- 
orders of absorption or excretion were used in the 
study. They were given doses of tritiated phenyle- 
phrine as hydrochloride and as tannate in similar 
appearing tablets at intervals of a week. Six 
subjects (age range: 23-39 years; weight range: 
150-206 Ibs.) were given doses of phenylephrine 
tannate equivalent to 15.68 mg. base, and phenyle- 
phrine hydrochloride corresponding to i . 4  mg. base 
was selected for comparison. These were doses 
which in practice provided comparable initial 
therapeutic responses and which in earlier pilot 
studies yielded initially comparable drug blood 
1evels.a In  another six subjects administered half 
these doses, the lower radioactivity levels showed 
relatively large standard deviations and were of 
questionable quantitative significance. Even with 
the higher doses, the standard deviations were 
appreciable. 

All doses were given after an overnight fast, and 
the subject was allowed four ounces of water im- 
mediately after taking each tablet. Identical 
light meals were ingested by each subject 1 hour 
after dose administration. Blood samples (15 ml.) 
were obtained at indicated intervals from the ante- 
cubital veins. Plasma was immediately separated 
by centrifugation and frozen until analyzed. Total 

2 Reference to tannates throughout this report denotes 
their incorporation with polygalacturonic arid in Durabond 
formulations 

a From a practical use basis, we were interested in the 
relative duration of action of dosage forms producing an 
adequate therapeutic response without undesirable side 
reactiops. 

TABLE I.-INTERVAL EXCRETIONS OF CHLORPHENIR- 
A M I N E ~  IN URINE AFTER ORAL DOSE 

Hours 

____ _____ ~~ 

Subject 
I I1 I11 

- 
IV 

3 a 
4 
6 
8 

10 
12 
15 
24 
28 
34 

Chlorpheniramine 
0.00 0.15 
0.39 0.28 
0.84 0.52 
0.64 0.44 
0.62 0.40 
0.60 0.25 
0.30 0.25 
0.70 0.54 
0.90 0.20 
1.00 0.06 

Maleateb 
0.02 
0.07 
0.12 
0.07 
0.07 
0.06 

0.43 
... 
... 
.. 

0.05 
0.00 
0.10 
0.05 
0.06 
0.28 
0.07 
0.29 
... 

Chlorpheniramine TannateC 
3 0.56 0.30 0.00 . . .  
6 0.41 0.76 0.40 . . .  
9 0.19 0.33 0.59 . . .  

12 0.66 0.72 0.46 .. 
24 1.79 1.43 0.90 . .  
29 0.77 ... ... . . .  
32 ... 0.48 0.63 . . .  
o As mg. base. 7.17 mg. base. 13.4 mg. base. 

The doses of each form selected were those which 
represented equivalents in terms of initially induced 
therapeutic response. The data for the rapidly 
absorbable form show a considerable difference and 
irregularity among subjects in their period of 
maximum excretion and in the total amount of 
drug excreted. These differences appear to be less 
after dosage of the sustained release form of the 
drug. 

Variations in Urinary Excretions.-The wide 
variation among individual excretions of chlor- 
pheniramine with these few subjects raised questions 
as to the significance of such measurements as  
reflections of rate of absorption of this antihistaminic 
and possibly of other drugs. A review of the pub- 
lished literature purporting to relate urinary excre- 
tion to drug absorption rates showed that wide 
individual variations also were evident from the 
data of others but that usually little if any note was 
made of this in plotting cumulative averaged values. 
Following oral administration of a drug, wide 
variations are evident among individual excretions, 
particularly during the first few hours, and as 
cumulative values are shown with time, the interval 
excretion variations tend to  cancel one another t o  
provide more uniform total recoveries. Wide 
variations in excretion (of drug or metabolite) 
following oral administration of single doses of 
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in that there was not available a sufficiently sensi- 
tive chemical method at the time of the study. 
[Since the completion of this study a fluorometric 
method for the determination of phenylephrine in 
blood has been reported (29).] Although there is 
no absolute evidence that the tritium level rep- 
resents unchanged phenylephrine, nevertheless the 
measure of tritium radioactivity does directly 
reflect phenylephrine which has been absorbed and 
does permit comparison of the dosage forms. The 
tritium-labeled phenylephrine had been recrystal- 
lized under conditions which removed labile trit- 
ium (17) and minimized the possible influence of 
tritium exchange during the experimental period. 
The tritium activity values, expressed in terms of 
micrograms of phenylephrine base per 100 ml. of 
plasma, are given in Table I1 for phenylephrine 
hydrochloride and for the tannate. The mean 
values are graphically represented in Fig. 1. Trit- 

drugs, particularly during the earlier intervals, may 
be illustrated by published data (Table IV) (18-26). 
All of these reports (except reference 26) measured 
only urinary excretion of drug or metabolites and 
not drug blood concentrations. A more comprehen- 
sive study utilizing sulfaethylthiadiazole was 
reported by Swintosky, et al. (26-28), in which both 
blood and urine drug levels were measured. This 
drug, which is virtually all excreted in 72 hours, 
also showed considerable individual variations in 
excretion levels in the first %hour period even with 
parenteral administration of the drug and these 
variations tended to decrease with increase in 
administered dosage. 

Phenylephrine plasma Levels and Urinary Ex- 
cretion Rates.-The tritiation tagging technique 
was used to measure blood concentrations and 
urinary excretions of drug following administra- 
tion of soluble and tannate forms of phenylephrine 

0 

2 4 6 8 1 0  124 

Fig. 1.-Mean plasma levels of tritium radio- 
activity expressed as phenylephrine base after oral 
dose of 7.38 mg. base as hydrochloride, 0, and 15.68 
mg. base as tannate, 0. 

HOURS AFTER DOSE 

0 
0 

0 

0 

0 

4 8 12 16 20 24 
HOURS AFTER DOSE 

Fig. 2.-Cumulative mean tritium radioactivity 
expressed as phenylephrine base after oral dose of 
7.38 mg. base as hydrochloride, 0, and 15.68 mg. as 
tannate. 0. 

TABLE II.-TRITIUM ACTIVITY IN PLASMA AFTER DOSE OF TAGGED PHENYLEPHRINE~ 

Hours 

1 
2 
4 
8 

10 
24 

1 
2 
4 
8 

10 
24 

I 

36.4 
31.3 
26.2 
7.3 

10.9 
18.2 

29.9 
36.2 
10.8 
23.5 
25.2 
34.3 

I1 

47.3 
29.9 
17.5 
18.2 
18.2 
5.8 

29.9 
34.3 
25.2 
30.8 
23.5 
45.1 

111 IV V 
Phenylephrine Hydrochlorideb 

29.2 24.1 16.8 
31.3 19.0 23.3 
30.6 16.8 17.5 
16.8 10.2 17.5 
29.9 14.5 9.4 
13.9 5.8 10.9 

34.3 39.8 36.2 
37.9 25.2 18.0 
32.6 23.5 32.6 
32.6 18.0 43.4 
39.8 25.2 19.9 
23.5 25.2 25.2 

Phenylephrine TannateC 

VI 

25.5 
16.8 
16.8 
15.3 
10.2 
11.7 

39.8 
50.5 
27.1 ~. .~ 

23.5 
32.6 
32.6 

Mean f S.D. 

29.8 f 10.7 
25.3 f 6 .5  
2 0 . 8 f  6.0 
14.2 f 4.5 
15.5 f 7.7 
11.0 f 4.8 

31.6 f 9.4 
33.6 f 11.6 
25.2 f 8.0 
28.6 f 8.9 
27.8 f 7.2 
31.0 f 8.1 

a Expressed as mcg./100 ml. plasma. * 7.38 mg. base. 15.68 mg. base. 
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considerably greater time from the sustained release 
than from the rapidly soluble drug form. Drug 
blood concentrations may not necessarily be directly 
related to  therapeutic responses but the results are 
at least consistent with the clinical reports on the 
sustained effects of the principle. 

If one compares tritium interval excretion with 
average blood levels during that interval (the 
shorter the interval the more valid the comparison, 
however, physical limitations should be recognized), 
there is observed a rather poor correlation. Particu- 
larly puzzling is the much greater difference in 
urinary excretion than in the blood levels from 
the two drug forms in the first 4 hours. Thus, 
although the two drug forms show no great dif- 

' ium levels expressed as phenylephrine base re- 
covered in urine during intervals following in- 
gestion of the hydrochloride and tannate forms are 
presented in Table I11 for these subjects, and the 
mean cumulative amount of radioactivity expressed 
as phenylephrine base is plotted for both dosage 
forms in Fig. 2. The plotting of mean cumulative 
values is a rather conventional procedure but, as 
noted earlier, this can leave a misleading impression 
of uniformity or consistency of excretion patterns. 

Fairly similar mean tritium blood levels are 
provided (Fig. 1) at the first hour by the doses 
utilized of rapidly soluble and sustained release 
forms of phenylephrine. The blood levels are 
definitely maintained closer to this initial value for a 

TMLE III.-TRITIWM RADIOACTIVITY IN URINE AFTER DOSAGE OF TAGGED PHENYLEPHRINE~ 

Subject 
Hours I I1 111 IV V VI Mean 4 S.D. 

Phenylephrine Hydrochlorideh 
0-4 3.66 3.02 1.42 2.36 3.36 1.08 2.48 f 1.05 
4-8 0.40 0.23 0.17 0.24 0.75 1.07 0.48 f 0.36 
8-12 0.10 0.07 0.19 0.21 0.15 0.30 0.17 f 0.08 

12-24 0.21 0.31 0.44 0.28 0.44 0.39 0.35 =Jz 0.09 
2448 0.11 0.09 0.12 0.12 0.22 0.24 0.15 f 0.14 

Phenylephrine Tannatec 
0-4 2.46 0.74 0.78 0.29 0.25 0.71 0.87 f 0.81 
4-8 0.24 0.92 0.85 0.58 1.85 1.08 0.92 f 0.54 
8-12 0.16 0.17 0.13 0.28 0.28 0.22 0.21 f 0.06 

12-24 0.26 0.89 0.46 0.35 0.91 0.59 0.58 f 0.27 
2448 0.20 0.70 0.60 0.50 0.38 0.61 0.50 f 0.18 

o Expressed as mg. phenylephrine. 7.38 mg. base. 15.68 mg. base 

TABLE IV.-%ME REPORTED RANGES IN DRUG EXCRETIONS WITH EMPHASIS ON EARLY INTERVALS 

Refer- 
eace 
18 
18 
18 
18 
18 
18 
19 
19 
19 
19 
19 
20 
20 
20 
20 
20 
20 
21 
21 
22 
22 
22 
22 
23 
23 
24 
24 
24 
24 
24 
25 
25 
26 
26 

Drug 
Aspirin B 
Aspirin D 
Aspirin E 
Aspirin B 
Aspirin D 
Aspirin E 
Aspirin 
Al aspirin 
Aspirin 
Aspirin 
Al aspirin 
Aspirin 
Aspirin 
Benzylpenicillin 
Benzylpenicillin 
Sulfaethylthiadiazole 
Sulfaethylthiadiazole 
Pheaylpropanolamine hydrochloride 
Phenylpropanolamine hydrochloride 
Tolbutamide 
Tolbutamide 
Tolbutamide (Na) 
Tolbutamide (Na) 
Na paraaminosalicylate (solution) 
Na paraaminosalicylate (solution) 
Tetracycline hydrochloride 
Tetracycline hydrochloride 
Tetracycline hydrochloride 
Tetracycline .muck acid 
Tetracycline .mucic acid 
Nicotinic alcohol ("Timespan") 
Nicotinic alcohol ( "Timespan") 
Sulfaethylthiadiazole 
Sulfaethylthiadiazole 

Oral Dose, 
w .  

600 
600 
600 
600 
600 
600 

loo0 
1120 
lo00 
500 

1120 
650 
650 

100,ooo" 
100,OOO" 

lo00 
lo00 

50 
50 

250 
250 
250 
250 
500 
500 
200 
200 
200 
200 
200 
300 
300 
5oob 
1W 

Number 
Sub- 
jects 
14 
14 
14 
14 
14 
14 
9 
9 
5 
5 
5 
5 
5 
5 
5 
7 
7 
3 
3 
4 
4 
4 
4 - + 
6 
6 
6 
6 
6 
3 
3 
4 
4 

Period, 
hr. 
1 
1 
1 
9 
9 
9 
1 
1 
1 
1 
1 
1 
4 
0.5 
5 
0.5 
8 
2 

24 
1 
3 
1 
3 
2 
4 
1 
2 
4 
1 
4 
4 

24 
3 
3 

Excretion Range 
Min. Max. 

6.1 
1.5 
4.2 

121 
146 
178 

7.3 
3.6 

18.9 
8.24 
1.34 

20.6 
189.0 

0 
10,200a 

0 
305.7 

7.4 
45.2 
1 
4 
9 

81 
161 
261 

1.8 
6.5 

17.5 
0 
2.2 
3 

27 
29 

204 

34.0 
28.3 
17.1 

388 
3632 
335 
28.2 
8.4 

39.5 
20.6 
13.6 
45.6 

251.2 
31000 

26, 300° 
42.5 

589.1 
16.6 
50.5 
11 
19 
28 

123 
306 
375 

5.5 
20.8 
36.0 
2.7 

23.0 
3.6 

34.2 
113 
296 

a Units. bhtravenous. 
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ference in mean blood levels during the iirst 4 hours, 
the mean urinary excretion values are in the ratio 
of 2.48 to 0.87 (hydrochloride to tannate) for this 
interval. From 4-48 hours the mean urinary 
excretion ratio was 1.15 to 2.21 (hydrochloride to 
tannate) and this more closely reflected the blood 
level patterns. 

The question arose as to whether a peak blood 
level might have been provided by the rapidly 
soluble drug form in less than 1 hour and that this 
led to the large excretion. To determine this, 
several of the same subjects were again given the 
hydrochloride form of the drug about 3 months 
later, and blood levels were measured after one-half 
hour as well as 1 hour. In four of five repeated 
subjects the blood levels were considerably lower in 
the half-hour reading than after 1 hour; in sub- 
ject I11 blood levels were negligible at both periods; 
whereas in the previous test the same subject gave 
a 1-hour level near the mean for the group. The 
higher urinary excretion in the comparative study 
would thus be diflicult to explain on a basis of very 
high blood levels within a half hour or less after 
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early blood levels. There is little relation be- 
tween urinary excretion and blood concentrations 
of tritiated drug during the first few hours. 
The sustained release form maintained blood 
levels at near the first hour’s value for a consid- 
erably longer period of time than did the rapidly 
soluble drug form. 

More information is needed with regard to 
interrelationships of absorption, blood concen- 
trations, and urinary excretion of rapidly soluble 
forms of drugs before one can assume that urinary 
excretion profiles are true reflections of rates of 
absorption of drugs from oral sustained release 
preparations. The wide variations among these 
parameters in the iirst few hours after drug 
administration particularly merits more atten- 
tion. 
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