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substituents should protect better and more effec-
tively preclude interaction with a bioactive macro-
molecule. Rationalization ¢, because it is a com-
bination of ¢ and b, also is apparently disputed.

The fact that the N,N-dialkylamides are as
potent as the N-mono-alkylamides could be ration-
alized as follows: (@) better distribution to the
receptor because of the increased hydrocarbon con-
tent, (b) a substantial amount of N-dealkylation,
(c) increased hydrophobic interactions. Upon ex-
amination however, rationalizations ¢ and ¢ must
be discarded, for on the basis of these, N-mono-
alkylation should not have decreased activity. It
thus appears that N-dealkylation may be a factor.
If this is the case the three rationalizations previ-
ously set forth with respect to the effect upon ac-
tivity of mono-N-alkylation may be valid. These
rationalizations are consonant with a sterically ac-
cessible amide function interacting with the bio-
active macromolecule. The interaction possibly
involves hydrogen bonding through the media of an
amide hydrogen atom.

CONCLUSIONS

The following compounds: 2-ethyl-2-propyl-
cyanoacetamide’; N-methyl-2,2-dipropylcyanoacet-
amide; N-methyl-2-ethyl-2-propylcyanoacetamide;
N-dimethyl-2-ethyl-2-propylcyanoacetamide;  2,2-
diethylcyanocacetamide®; N - methyl - 2,2 - diethyl-
cyanoacetamide®; and N-dimethyl-2,2-diethylcyano-
acetamide have been found active when subjected
to testing by an electroshock method using rats.
The median effective dose (EDs, mg./kg.) of each
active drug was determined and reported. The least
toxic and most active compounds were (EDgLDg,,?
TI, respectively): N-methyl-2,2-dipropylcyano-
acetamide, 70, 450, 6.4; 2-ethyl-2-propylcyano-
acetamide, 71, 575, 8.1; 2,2-diethylcyanoacetamide,
170, 1,000, 5.9.

5 See Footnote a, Table I.
¢ Approximate.
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Convulsive tendencies and/or lack of activity
prevented quantification of the seven drugs: N-
propyl-2-ethyl-2-propylcyanoacetamide; N-prapyl-
2,2-diethylcyanoacetamide;  1-(2-cyano-2-ethyl-
butyryl)-piperidine; 1-(2- cyano- 2 - ethylvaleryl)-
piperidine; 1-(2-cyano-2-ethylbutyryl)-pyrrolidine;
1-(2- cyanoethylvaleryl) - pyrrolidine; and 4-(2-
cyano-2-ethylbutyryl)-morpholine. Qualitative ob-
servations were made and recorded.
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Development of a Sustained-Release Aspirin Tablet

By EDWARD H. WISEMAN and N. J. FEDERICI*

Several sustained-release aspirin tablets, some of which are capable of attaining and
maintaining plasma salicylate concentrations of about 30 mcg./ml. for 8 hr. after in-
gestion from a total dose of 975 mg. aspirin are described. The design of the final

tablet characteristics was guided by analysis of

lasma sahcylate concentrations »

vive, and the rate of aspirin release in vitro.

q SUSTAINED-RELEASE product has been defined
as ‘“‘one in which a drug is initially made
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available to the body in an amount sufficient to
cause the desired pharmacological response as
rapidly as is consistent with the properties of the
drug determining its intrinsic availability for ab-
sorption; and one which provides for maintenance
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of activity at the initial level for a desirable num-
ber of hours in excess of the activity resulting from
the usual dose of drug” (1). The advantages of
such a dosage form are chiefly the maintenance of
therapeutic drug concentrations without incur-
sions into higher concentrations which may lead
to undesirable effects, plus the convenience of less
frequent dosage. A further possible advantage is
the prolonging of drug action throughout sleeping
hours without the necessity to ingest medication.

A convenient way to achieve rapidly and then
maintain a desired plasma drug concentration is
to combine the active ingredient in a multilayer
tablet consisting of a sustained-release core with
an outer, instantly available coating. This tech-
nique was familiar to the authors in connection
with products containing triethanolamine tri-
nitrate biphosphate (2), and it was desired to
extend the process to sustaining the action of
other therapeutic agents, for example aspirin.

In the design of a prolonged action form of a
therapeutic agent, it is important that the aims
and limitations of the desired formulation be de-
fined. For an aspirin product, the plasma salicy-
late level required for analgesia in mild acute pain
should be maintained for the maximum possible
duration, within the limitation of the amount of
aspirin which can be conveniently incorporated
into a tablet.

A recent careful study was conducted on the
relief of post-partum pain with 650 mg. of aspirin
(3). In thatinvestigation, pain relief significantly
different from placebo control did not appear
earlier than 45 min. after drug administration,
and did not increase in intensity after 60 min. as
determined either by the number of patients ob-
taining relief or the magnitude of relief of the
individual patient. Four hours after aspirin in-
gestion, pain relief was no longer significantly
different from placebo control. Two earlier
studies (4, 5), although less rigorously controlled,
reached similar conclusions and suggest analogous
pain-relief patterns in a variety of clinical states,
including headache.

Following the ingestion of 650 mg. of aspirin,
by normal men, average plasma salicylate con-
centrations reached about 30 meg./ml at 45
min., with 2 maximum of about 40 meg./ml. at 2
hr., and declined to about 30 mcg./ml. at 4 hr.
For the purpose of this study, therefore, these
results, viewed in conjunction with the clinical
studies, were taken to indicate that pain relief
occurred during the time when plasma salicylate
levels were above 30 mcg./ml.

The desired characteristics and limitations of
the sustained-action aspirin tablet were therefore
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projected as follows, Plasma levels of 30 mcg./
ml. should be attained within 1 hr. after dosage
and be maintained for 8 hr. Physical limitations
on the tablet size dictated that total aspirin
content should be not more than 487.5 mg./tab-
let. The studies undertaken to design a sus-
tained-release formulation with these character-
istics, and to investigate the factors which deter-
mine these characteristics, are detailed in this
report.

METHODS!

Preparation of Tablets—All tablets were double
layer in composition, with aspirin incorporated into
a restraining matrix in one layer, and aspirin and a
cornstarch binder in the second layer. The restrain-
ing matrix consisted of a vegetable wax, insoluble
extenders, a water-soluble binder, and a fatty-acid
salt Jubricant. The release rate was governed by
the ratio of the sustaining base to active ingredient,
as well as tablet hardness. Two restraining matrices
were investigated.

Matrix A—Calcium phosphate (tribasic, NF;
175 parts), talcum (USP; 25 parts), and carnauba
wax (passing No. 30 mesh sieve; 125 parts) were
mixed thoroughly, moistened with glucose (USP;
25 parts) in water, and the granulation dried at 60°
for 2 hr. The dried granulation was powdered, and
finally screened through a No. 30 sieve.

Matrix B—Lactose (USP; 125 parts), sucrose
(USP; 125 parts), carnauba wax (passing No. 30
mesh sieve; 75 parts), and polyvinylpyrrolidone
(12.59, solution; 4.5 parts) were mixed thoroughly.
This granulation was then dried, powdered, and
screened as for Matrix A.

For preparation of the restraining matrix granula-
tion, appropriate amounts of restraining matrix (A
or B) and acetylsalicylic acid (USP) were mixed
with small amounts of magnesium stearate (USP)
and cornstarch (USP; dried) and the mixture
slugged into 1.9-cm. slugs. The slugs were reduced
progressively to pass finally through a No. 20 sieve.
This granulation, thoroughly mixed with corn-
starch (29,), was used for the sustained layer of the
final tablet. The instant release layer consisted of
acetylsalicylic acid (USP) and cornstarch (109,).
The tablets were made in a Stokes BB2 rotary
tableting machine, using a capsule-shaped punch
[(1.9cm. X 0.63 cm.) (0.75in. X 0.25in.)], thickness
0.71 cm. (0.28 in.), to the appropriate hardness
(8-20 kg., Pfizer tester).

In Vitro Studies—The tablet under investigation
was placed in one chamber of the basket of a USP
disintegration apparatus, and the basket immersed
in 0.1 N hydrochloric acid (500 ml.) maintained at
37°. Samples (1 ml.) of the hydrochloric acid were
removed at varying times, filtered, and the absorb-
ance at 295 mu, determined in a Beckman DU spec-
trophotometer. Acetylsalicylic acid concentrations
were then determined by reference to a standard
curve of absorbance versus concentration of known
solutions.

In Vivo Studies>—Healthy men who had fasted
for 12-14 hr. ingested the tablets under investiga-

! The authors wish to thank Miss J. Chiaini, Mr. A. Ca-

pozza, and Mr. R. Lebel for expert technical assistance.
2 Carried out in collaboration with Dr. D. G. lezzoni.



Vol. 57, No. 9, September 1968

1537

TABLE I—PLASMA SALICYLATE CONCENTRATIONS (mcg./ml.) 1IN NORMAL HUMAN MALE SUBJECTS AFTER
ORAL ADMINISTRATION OF PROPRIETARY ASPIRIN (650 mg.)

Time After
Administration, hr. C.L. M.O. w.0 C.K. T.H. Av
0 0 0 0 0 0 0
0.5 24 27 13 21 5 18
1 30 36 36 45 20 33
2 35 37 40 41 38 39
3 34 40 37 43 37 37
4 — — 29 35 31 32
5 20 25 24 27 26 25
6 16 24 18 22 21 20
7 — 22 14 20 — 18
7.75 11 20 12 14 14 14

TaBLE II—CoMPOSITION AND HARDNESS OF EXPERIMENTAL ASPIRIN TABLETS

—Instant Layer—

Sustained Layer-

Formulation Aspirin, mg., 4- Matrix Carnauba Aspirin, Av. Hardness,

No. 109, Cornstarch Type ‘Wazx, mg. mg. kg.

I 162 A 90 324 10.5

II 162 A 140 324 10.5

ITI 162 A 140 324 11.5

v 162 A 125 324 11.5

\ 162 A 110 324 11.5

V1 162 B 130 324 12.5

VII 162 B 75 324 12.5

VIII 162 B 75 324 11.5

tion (total aspirin, 975 mg.) followed by 200 ml. of
water. Blood samples were drawn by venipuncture
and transferred immediately to heparinized tubes.
Plasma samples were separated by centrifugation
and assayed for total salicylate by the method of
Brodie et al. (6).

RESULTS

The plasina salicylate levels attained in normal
man after the ingestion of 650 mg. of a commercial
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Fig. 1—Rate of aspirin release in vitro from iablets

comprising restraining Matrix A. Each point repre-
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aspirin preparation (Bayer) are shown in Table I.
Experimental two-layer tablets were formulated as
described in Methods. Either the ratio of aspirin:
restraining matrix was varied, or, at constant com-
position, the hardness to which the tablets were
pressed was changed. All experimental tablets com-
prised 162.5 mg. of aspirin in the “instant” layer and
325 mg. aspirin in the “restrained’ layer (Table II).

In Vitro Release Studies—The in vitro aspirin
release from the experimental tablets is shown in
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Fig. 2—Rate of aspirin release in vitro from tablets
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sents determinations on 8—15 lablels. Key: X, VIII;
O, Vil; A, VI
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Figs. 1 (Matrix A) and 2 (Matrix B). In both
series, when tablet hardness was held constant, in-
creasing the ratio of restraining matrix to aspirin
content led to a decrease in rate of release of aspirin
from the tablet. If the composition of the tablet
was held constant, an increase in tablet hardness
caused a similar, but less pronounced, decrease in
rate of aspirin release.

In Vivo Studies—The plasma salicylate concentra-
tions praduced by the experimental tablets are shown
in Fig. 3 (b~k). Tablets I and II gave no evidence
of sustained action s» vive. The time course of
plasma salicylate concentrations was indistinguish-
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Fig. 3—Plasma salicylate concenirations achieved in
man following oral adminisiration of 650 mg. aspirin
in instant (Fig. 3a) and susiained (Fig. 3b-k) forms.
Figures in parentheses indicate number of subjects.
Key: a, 650 mg. aspirin (6); b, Tablet I (7);
c, Tablet II (6); d, Tablet 111 (7); e, Tablet IV
(6); £, Tablet V (6); g, Tablet VI (6); h, Tablet
VII(6); k, Tablet VIII (9).

able from that obtained by oral administration of
975 mg. of nonsustained aspirin (Fig. 3a). Tablets
III-VIII all exhibited varying degrees of sustained
action.

DISCUSSION

For many drugs, it has been shown that the thera-
peutic cffeet is proportional to the concentration of
drug in the blood (7). The determination of the ef-
fective dose of aspirin however, is complicated by
the subjective nature of the assay of ‘‘pain relief.”
Nevertheless, the work of investigators skilled in
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this type of evaluation parallel in a striking manner
the objective plasma salicylate determinations made
in this study. Since aspirin has a relatively short
plasma half-life (about 4 hr.), ‘“‘analgesic” plasma
salicylate concentrations cannot be maintained much
beyond 4 hr. following a single 650-mg. dose. Ex-
tended analgesic plasma concentrations may be
obtained by giving a second dose 4 hr. after the first,
or by giving a larger dose initially. A sustained
release form of aspirin would eliminate the frequent
dosage required by the first alternative, and elimi-
nate the unnecessarily high plasma drug concentra-
tions in the early hours of the second alternative.

With both of the experimental restraining matrices
studies, rate of aspirin release was found to be con-
trolled by the hardness to which the tablet was com-
pressed and the ratio of restraining matrix to aspirin.
For example, Tablet II (hardness 10.6 kg.) exhibited
no sustained action ¢ vivo. Tablet III, of identical
composition, but of hardness 11.5 kg., exhibited good
sustained properties, but did not exactly conform to
the desired specifications. If tablet hardness was
kept constant, a reduction in the amount of re-
straining matrix (Tablets IV and V) led to an in-
crease in both in vitro and in vivo release rates.
Tablet IV had the characteristics desired in a sus-
tained-release preparation, in that it produced
plasma salicylate concentrations of about 30 meg./
ml. within 1 hr. of ingestion, and maintained these
concentrations for at least 8 hr.

Similar effects were noted with tablets derived
from sustaining Matrix B. Tablet VIII performed
in vivo essentially the same as Tablet IV, while
Tablets VI and VII, with higher matrix-aspirin
ratios, both displayed slower rates of aspirin release.

The alliance of in vitre and in vivo techniques
proved to be a powerful combination in this investi-
gation. Although in vitre studies were unable to
provide absolute values for in vivo performance, the
qualitative picture was maintained. Those tablets
which released their aspirin swiftly in vitre (I and IT)
proved, én vivo, to be indistinguishable from non-
sustained aspirin. As the rate of aspirin release n
vitro was decreased, either by increasing the amount
of restraining matrix or by increasing tablet hard-
ness, the tablets exhibited sustained release over
longer periods in vive. Most interestingly, Tahlets
IV and VIII, although of different restraining
matrices, had essentially identical rates of aspirin
release in vifro, and the time course of plasma salicy-
late concentrations from these tablets was virtually
identical. The entirely artificial ¢» vitro rate of re-
lease of aspirin from the tablet into dilute hydro-
chloric acid thus proved to be a reliable guide to
tablet performance in vivo. In vilro release rates
were therefore used in the selection of tablets for in
vivo studies, and finally in the quality control of the
production in quantity of Tablets IV and VIII.

Tablets IV and VIII represented the successful
attainment of the goal of this study. Both of these
tablets, in a single dose of 975 mg., rapidly achieved
plasma salicylate concentrations of about 30 meg./
ml.,, and maintained those concentrations for a
period of 8 hr. Either formulation eliminated the
need for frequent aspirin ingestion, or of plasma
salicylate concentrations above those required for
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Fig. 4—Individual plasma salicylate concentrations
achieved following oral administration of 650 mg.
aspirin as sustained Tablet VIII,

therapeutic effects. The individual plasma salicy-
late concentrations in subjects receiving Tablet VIII
[the tablet in which aspirin showed excellent sta-
bility (8)] are shown in Fig. 4. Chronic administra-
tion of Tablet VIII (2 tablets = 975 mg. aspirin,
every 8 hr. for 56 hr.) resulted in relatively constant
plasma salicylate concentrations at all times during
treatment. These findings will be reported in detail
in a subsequent paper (8).

SUMMARY

The development of several sustained-release
aspirin tablets, which rapidly achieve and maintain
constant plasma salicylate concentrations over 8 hr.,
is described. The tablets are two-layered, consisting
of 162.5 mg. aspirin in a rapid-release layer, to-
gether with 32§ mg. aspirin in a sustained-release
layer. Carnauba wax, in combination with soluble
extenders, was used as the restraining agent. It was
found that the im vitro rates of aspirin release into
acid media showed excellent correlation with the
observed in vivo sustained characteristics. One of
the experimental sustained-release aspirin tablet
gave constant plasma salicylate concentrations on
chronic administration.
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