
58 Joirrnal of Pharmaceutical Sciences 

REFERENCES 
(1)  Reynolds. A. K . ,  and Randall. I,. 0.. "hforphine and 

Allied T)rugs," University of 'I'oronto Press, Toronto, 1957. 
1'. ti.4. 

(2) Schmidt, C. F., and Livingston, A. E.,  J .  Pharmacol., 
47,  411(1933). 

( 3 )  Goodman, L. S.. and Gilman A. "Pharmacological 
Basis of Therapeutics," 2nd ed., Mac'mil<an Co. ,  New York, 
N. Y.,  1958, p .  231. 

(4) von Euler, U. S., J ,  Physiol.,  93, 129(1938). 
( 5 )  Eliasson, R.,  and AstrBm, A,, Acta Pharmacol. P'oxicol., 

1 1 ,  254(1955). 
(6) Eckenhoff J .  E. Hoffman G. L. and Funderberg, 

L. w., A m .  J .  odsrai .  ~ j n c c o i . ,  65,' 126~1(1'953). 

(7) Apgar. V., Burn*. J. J.. Brodie, R .  R . ,  and Papper. 

(8) Eisenbmndt. L. I Adler T. K. Elliott H. W. and 

(9) 'Hart,' E .  I<., and McCawley, E. i., ibid., 82, 339 

13. M . .  i b i d . .  64, 1368(1952). 

Abdou I. A. J. Plrarmac'ol. E x i l l .  The lap .  98' 200(19:50). 

f 1 O d d \  
,A"-=,. 

(10) Schmitt W. Z. Biol. 75 19(1922). 
(11) Spivack: M.: A n d .  Rkcori, 85, 85(1943). 
(12) Astrom, A ,  and Samelius, U.,  Brit. J .  Phaumacol., 12, 

4 1 mi 957) ~. .  \....,. 
(13) Uornhorst, A. C. ,  and Young, I. M., J .  Physiol.,  118, 

(14) Lasagna, L. ,  Arch. iitlerir. 7rtPd. e x p t l . ,  94, 632(1954). 
382( 1952). 

Comparison of the Gastrointestinal Absorption of 
Aluminum Acetylsalicylate and Acetylsdicylic 

Acid in Man 
By GERHARD LEVY and BERNICE A. SAHLI 

The gastrointestinal absorption rate and biological availability of aluminum acetyl- 
salicylate have been studied in  human subjects by the urinary excretion method. 
Acetylsalicylic acid absorption from orally administered aluminum acetylsalicylate 
was found to be less rapid than from aspirin, probably due to the very slow dissolu- 
tion of the aluminum salt in  gastrointestinal fluids. In the form used in this study, 
aluminum acetylsalicylate was incompletely absorbed after oral administration. 
Dosage forms containing this drug must be carefully evaluated with respect to  ab- 

sorption rate and biological availability. 

IIE ALUhlINUM salt of acetylsa1icylic acid has 
Theen admitted recently to the National For- 
mulary (1) and is used currently in a number of 
proprietary pharmaceuticals. According to the 
background information which accompanied the 
proposed monograph on aluminum acetylsalicy- 
late (A1.ASA) a t  the time it was considered for 
admission to the National Formulary (2), the 
drug has several significant advantages over 
acetylsalicylic acid (ASA). These are greater 
palatability, stability, and absence of astringent 
taste or acetic odor which is often found with 
ASA. As a result of its relative inertness, Al. 
ASA is said to be compatible with many more 
drugs than is ASA. 

Neither the official monograph, nor the intro- 
ductory statement which accompanied it a t  the 
time of submission, made reference to any pos- 
sible difference in the rate or extent of gastro- 
intestinal absorption of A1.ASA as compared 
with ASA. A1.ASA is a constituent of certain 
proprietary pharmaceuticals which are intended, 
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among others, for the relief of acute pain and 
fever. Since ALASA is practically insoluble in 
water (1, 3), the possibility suggests itself that 
the absorption rate of the drug from the gastro- 
intestinal tract of man may be considerably less 
than the absorption rate of ASA. If this is the 
case, there is the further possibility that ALAS4 
is absorbed only partially, and that a portion of 
the undissolved drug is excreted in the feces. 
Accordingly, the gastrointestinal absorption rate 
and biological availability of ALASA have been 
investigated and compared with those of ASA. 
The present communication reports the results 
of this investigation and also presents certain 
physical-chemical data pertinent to the inter- 
pretation of the biological observations. 

EXPERIMENTAL 

Materials.-Acetylsalicylic acid U.S.P., alumi- 
num acetylsalicylate N.F. With each drug, only 
the fraction passing through a 100-mesh sieve was 
used in the investigation. Both compounds were 
assayed colorimetrically (4) after alkaline hydrolysis 
and were found to contain 100 f 0.5Oj, of the 
theoretical amount of salicylate. 

Absorption Tests.-Healthy male adults served 
as test subjects. Their weights and ages are listed 
in Tables I and 11. In the initial absorption test 
utilizing nine subjects, the drugs were administered 
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TABLE L-URINARY EXCRETION OF APPARENT 
SALICYLATE~ AFTER ORAL ADMINISTRATION OF 

ACEIYLSALICYLA~E 
EQUIVALEN’I. DOSES‘ OF ASPIRIN A N D  ALUMINUM 

,-One Hour- -Two Hours- 
Sub- Age. Weight, Al: A].- 
ject yr. 1 b. ASA ASA ASA ASA 

59 

The indivitliial excretion rates were then averaged 
and used to  construct the excretion rJte vs.  time 

In the case of AI.ASA, the 4-hour average escre- 
tion rate was also calculated in order t o  characterize 
the excretion rate 8s. time curve more adequately. 

Determination of Dissolution Rates.’-Flat- 
faced, one-halt inch diameter tablets of the pure 
drugs were prepared by means of a specially modified 
Carver model B hydraulic press. The compression 
pressure was 10,000 Ib. (approximately 50,000 Ib. 
per square inch). These tablets were mounted on 
Plexiglas holders with the aid of paraffin wax in 
such a manner that  only one surface of the tablet 
was exposed (Fig. 1) .  The holder with the tablet 
was attached to a metal shaft which, in turn, was 
connected to  an  electronically controlled precision 
stirring motor.* 

plot. 

A 31 155 7.29 4 .69  2 9 . 4  17.0 
B 26 218 10.2 5.63 55 .1  35 .3  
C 22 153 21.1 4.98 55.9 16.3 
D 21 172 9.03 8 .43  36.7 14.5 
E 27 170 20.2 3.62 70.9 13.7 
F 27 166 15.7 4.02 45.9 i 4 . 7  
G 22 155 11.2 3 .93  67 .6  22 .8  
H 22 187 8 .99  6 . 3 4  30 .8  19.9 
I 22 150 28 .2  5 .42  66 .1  23 .0  

Average 14.7 5 .23  50 .9  19.7 

(1 Expressed as mg. of salicylic acid. 6 1.00 Gm. of aspirin, 
or 1.12 Gm. of aluminum acetylsalicylate. 

in crossover fashion 30 to 60 minutes after the noon 
meal with exactly 100 ml. of water. A small amount 
of urine was collected just prior to drug administra- 
tion and served as a blank. Urine samples were 
then collected exactly 1 and 2 hours after drug ad- 
ministration. The crossover test was carried out 
after one week. The test subjects were instructed 
to eat essentially the same type and quantity of 
food, and a t  the same time, as in the previous week. 

The second absorption test involved five subjects, 
and was initiated in the morning on empty stomachs. 
The test subjects were instructed to  empty their 
bladder of overnight urine and t o  drink one glass of 
xvater. One hour later, the urine blank was collected 
and the drug was administered with 100 ml. of 
water. Exactly 1 hour later, the first urine sample 
was collected. From then on, urine samples were 
obtained at intervals of approximately 3 hours (ex- 
cept for the greater night-time interval) for about 
36 hours. The time of urine collection and the 
volume were carefully noted. 

In the case of “sustained” ASA administration, 
the drug was given in divided doses at 0, 3, 6, and 
9 hours. The participants of the second study were 
cautioned not t o  eat until the first-hour urine sample 
had been collected. The interval between successive 
tests was 3 days or more. The drugs were admin- 
istered in random order. 

Analytical Method.-Salicylate in the urine was 
determined colorimetrically with ferric nitrate re- 
agent (4, 5), using a Bausch and Lomb Spectronic 
20 colorimeter. All readings were corrected for 
blank values. For first and second-hour urine sam- 
ples, the zero hour blank values were used. For all 
other urine samples, average blank values were ob- 
tained from 24-hour urine collections of each sub- 
ject. 

For the determination of dissolution rates, the 
drug contained in aliquots of the dissolution medium 
was subjected to  alkaline hydrolysis. The solution 
was then acidified, appropriately diluted with 0.1 N 
hydrochloric acid, and assayed spectrophotometri- 
cally with a Beckman model DU spectrophotometer 
in terms of salicylic acid. 

Excretion Rates.-Individual cumulative plots of 
the amount of apparent salicylate excreted us. time 
were constructed. Excretion rates were determined 
graphically a t  1, 3, 6, 9, 12, and 15 hours over the 2- 
hour period having the cited time as the midpoint. 

Fig. 1.-Plexiglas tablet holder for dissolution 
rate determinations. Empty holder (right) and 
holder on which a tablet has been mounted (left). 
The tablet shown in the picture was colored with 
charcoal to irnprovc visualization. 

A 200-nil. quantity of the dissolution medium was 
placed in a 500-ml. three-neck round-bottom flask 
which was immersed in a constant temperature bath 
adjusted to  37 + 0.1’. After temperature equili- 
bration was attained, the tablet attached t o  the 
Plexiglas holder was immersed in the dissolution 
medium to  a depth of 1 inch. Under these condi- 
tions, the metal shaft did not come into contact with 
the solution. Just prior to immersion of the tablet, 
the stirrer was turned on at 555 r.p.m. The speed 
of rotation could be monitored by means of a con- 
tinuous reading tachometer attached t o  a second 
shaft which reflected stirring speed at a fixed ratio. 

Aliquots of 5 or 10 ml. were removed from the 
flask a t  appropriate intervals of time for analysis. 
A similar volume of dissolution medium was added 
each time to  maintain constant volume. The tablet 
in its holder was weighed before and after the dis- 
solution run as a check on the assay. The condi- 
tions of the dissolution experiment were such that 
the concentration of drug in the dissolution medium 
was a small fraction of its total solubility in order 
t o  maintain the quantity (C, - C) in the Noyes- 
Whitney dissolution rate expression almost constant 
(6. 7). 

- The procedure is based in principle on a method devel- 
oped and suggested to us by Dr. Eino Nelson, University of 
California, School of Pharmacy, San Francisco. 

2 Gerald K. Heller Co. ,  Las Vegas. Nev. 
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TABLE II.-FIRST HOUR AND TOTAL URINARY EXCRETION OF APPARENT SALICYLATE‘ AFTER ORAL 
ADMINISTRATION OF ASPIRIN AND ALUMINUM kETYLSALICYLATE 

-One Hour After Drug Administration- --Total Excretion c-- 
Age, Weight, ASA, ASA, A1 . ASA, “Sustained” 

Subject yr. Ib. 1.00 Gm. 0.50 Gm. 1.12 Gm.b ASA ASA A1.ASA 
B 26 218 26.6 20.6 13.2 652 530 458 
D 21 1 72 18.9 10.4 7.96 545 600 483 
J 33 168 27.9 8 .24  13.6 538 563 532 
K 22 200 19 .0  9.29 1 . 3 4  399 563 358 
L 21 150 39 .5  1 7 . 0  4.59 547 520 3 74 

Average 26.4 13.1 8 .14  536 557 44 1 

(1 Expressed as mg. of salicylic acid. D Equivalent to 1.00 Gm. of aspirin. 
ASA = 0.5 Gm. initial dose, then 0.167 Gm. every 3 hours for three doses. 

c ASA = 1 Gm. given in one dose. 
AI.ASA = 1.12 Gm. given in one dose. 

“Sustained” 

RESULTS AND DISCUSSION 

The results of the initial comparative study of 
Al.ASA and ASA absorption are shown in Table I 
In  this study, the drugs were administered after the 
noon meal rather than on empty stomachs so tha t  
the results may reflect absorption under conditions 
of normal use. The doses given were 1.00 Gm. of 
ASA powder andtheequivalent (1.12Gm.)ofAl.ASA, 
respectively. The apparent salicylate excretion 1 
hour after ASA administration was about three times 
greater than that  from the aluminum salt. After 2 
hours, the difference in meari amounts of salicylate 
excreted cumulatively was still two and one-half 
fold. I n  both instances, the differences were statis- 
tically significant (P < 0.005). These observations 
indicate that  A1.ASA is absorbed much more slowly 
than the acid form of the drug, and tha t  i t  cannot 
be expected to be as efficacious as ASA in the treat- 
ment of acute conditions where a reasonably rapid 
onset of drug action is desirable. 

There is always the possibility of incomplete 
biological availability when a drug is absorbed 
from the gastrointestinal tract  at an unusually 
slow rate since part of the drug may not be ab- 
sorbed during the time in which it is in contact 
with the absorption sites and hence be excreted in 
the feces. On the other hand, poorly soluble com- 
pounds frequently afford a type of sustained 
action which may be desirable under certain 
circumstances. Accordingly, the second experi- 
ment was designed to determine salicylate excretion 
rate as a function of time, as well as the total 
amount of salicylate excreted. The rationale for 
using urinary excretion rates t o  reflect absorption 
rates and drug plasma levels is indicated by the 
following relationship (8) 

d i l l d t  = K . f .  V.C (Eq. 1) 

where A is the amount of drug excreted, K is a 
constant, f is the fraction of absorbed drug which is 
excreted eventually in the urine, V is the apparent 
\rolume of distribution, and C the  drug concentration 
in the plasma a t  time t .  I n  the  case of the drugs 
used in this study, the values for K,  f, and V are 
identical. Therefore, differences in excretion rate 
are a direct indication of differences in C, the  
concentration of drug in the plasma.3 The de- 
scribed relationship is limited to cases where the  
urinary excretion rate is proportional to plasma 
concentration. 

J Good comparative correlation between plasma salicylate 
levels and urinary excretion rates of salicylate has recently 
been demonstrated by Levy and co-workers (9). 

I n  theory at least, there is the possibility that a 
comparative study of the urinary excretion of 
salicylate in the manner described may give results 
that  are misleading Equation 1 assumes that  the 
ratio of the various metabolites of salicylic acid 
which are excreted in the urine is the same with both 
drugs. While this assumption appears reasonable as 
long as the drugs do not differ in their effect on urin- 
ary pH, i t  has been shown that  when large doses of a 
drug are given, the endogenous niobilization rate of a 
conjugating compound may become the limiting 
factor in determining the rate of formation of a 
given mctabolite (8). Thus there is a theoretical 
possibility that  a greater fraction of the more 
rapidly absorbed ASA is excreted as the glucuronide 
of salicyclic acid than would be the  case when the 
slowly absorbed Al.ASA is used. Since the an- 
alytical method serves t o  determine free salicylic 
acid and salicyluric acid, but  not the glucuronide 
( lo ) ,  and since the overall salicylate excretion rate 
is the sum of the excretion rates of each of the 
various metabolites and of the free drug, i t  is 
possible to  obtain comparative data which do  not 
reflect adequately the true relationship between the 
absorption rates or total excretion rates after 
administration of the two drugs. 

The problem described above was overcome by 
the administration of ASA on a “sustained” dosage 
schedule. One-half gram of the drug was given at 
zero hour, and 0.167 Gm. was then administered 
every 3 hours for three doses. The dosage schedule 
was based on a 6-hour half-life of ~ a l i c y l a t e . ~  
In  this manner, any significant difference in the 
ratio of the excreted metabolites due to differences 
in absorption rate would become apparent by  a 
comparison of the  amount of salicylate (as free 
salicylate and salicpluric acid) excreted after single 
dose and “sustained” ASA administration, re- 
spectively. 

The amounts excreted 1 hour after adniinistration 
of ASA in single dose, of the same drug in divided 
doses, and of Al.ASA, as well as total amounts 
excreted, are listed in Table 11. In this experiment, 
the drug was given on an  empty stomach. As in 
the previous experiment, the first hour salicylate 
excretion as a result of ASA administration was 
about three times as high as that  from Al.ASA. 
The difference was statistically significant ( p  < 
0.005). The greater first hour absorption of both 

4 The maintenance doses, when determined by specific elim- 
ination rate constant X initial dose X hours between dosings, 
should actually be 0.173 Gm. A slightly lower dose (0.167 
Gm.) was used as a matter of convenience in order to  use an 
initial dose of 0.5 Gm. and provide a total of 1.00 Gm. in four 
doses. 
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drugs in the second experiment as compared with the 
first one is probably due to  the fact that the drugs 
were given on empty stomachs and after the noon 
meal, respectively. With respect to  total salicylate 
excretion, it is apparent that the effect of absorption 
rate on the ratio of the principal urinary metabolites 
of the drug (salicyluric acid and salicylic acid 
glucuronide) is negligible for the doses used in this 
study, since the average total apparent salicylate 
excretion after “single dose” and “sustained” 
ASA administration is essentially the same. 

The total apparent salicylate excretion from 
Al.ASA is markedly less than that from ASA. 
Compared with the amount of drug excreted when 
ASA was given on the “sustained” dosage schedule, 
the biological availability of A1 . ASA is only about 
80% and this difference is statistically significant 
( p  < 0.02). It must be concluded that AI.ASA 
in the form used in this study is incompletely 
absorbed. The degree of biological availability will 
of course vary depending on factors such as the 
particle size, the dosage form, and the experi- 
mental methods, inasmuch as the latter can affect 
gastrointestinal motility, pH, and gastric content. 
In the present study, Al. ASA was of a particle size 
smaller than 100 mesh, which is much more favorable 
than the larger particles or granules usually found 
in compressed tablets, as far as gastrointestinal 
absorption is concerned. 

Figure 2 is a plot of urinary excretion rate of 
salicylate as a function of time. The biological 
half-life of salicylic acid as observed in the present 
study was about 6 hours. This is in excellent agree- 
ment with the 6.1-hour half-life reported by Brodie 
and Burns on the basis of plasma level studies (1 l), 
and is very similar to  the 5 to 6-hour half-life 
determined by Chapman and co-workers (12), who 
used the urinary excretion method. The excretion 
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Vig. 2. -Average excretion rate o f  apparent salicy- 
late as a function o f  time after administration of 1.00 
Gin. aspirin or equivalent. 0,  single dose of aspirin; 
0, divided doses of aspirin; H, single dose of alu- 
minum acetylsalicylate, 

30 t 

Fig. 3.-Dissolution of aspirin ( 0 ) and aluminum 
acetylsalicylate (0) in 0.1 N hydrochloric acid solu- 
tion. The amount in solution is expressed as mg. 
salicylic acid. 

rate curve obtained from “sustained” drug admini- 
stration resulted in a period during which excretion 
rates were essentially constant. While the plateau 
is distinct, it is appropriate to  point out that 
certain limitations inherent in the urinary excretion 
method can tend to idealize the data (13). The 
graphic determinations of excretion rates have been 
carried out with due consideration of these pitfalls 
and the linearity of the individual cumulative 
salicylate excretion curves is based, in each instance, 
on four experimental points. The excretion rate 
us. time curve for Al.ASA is somewhat difficult to 
characterize after the 6th hour. As expected the 
area under the curve is smaller than that under the 
other two curves, reflecting the incomplete avail- 
ability of the drug. 

Figure 3 shows the results of dissolution rate 
determinations using 0.1 N hydrochloric acid as the 
dissolution medium. Expressed in terms of sali- 
cylic acid, the dissolution rate of ASA is 65.1 mg./ 
hr.-cm.a, while that of Al.ASA is 8.88 mg./hr.-cm.* 
under the conditions of the experiment. I t  is 
apparent that the dissolution rate of ASA is signif- 
icantly greater than that of the aluminum salt. 
Similar differences were found when alkaline 
media were used. Since the absorption of salicylates 
is rate-limited by their dissolution rate in gastro- 
intestinal fluids (5, 14). and since the dissolution 
rate of Al.ASA is considerably smaller than that of 
ASA, it is reasonable that the absorption and 
excretion rates of the former are also smaller than 
those of the latter. Dissolution of the Al.ASA 
used in this study in gastrointestinal fluids is evi- 
dently sufficiently slow to  be incomplete, so that 
only part of the administered drug is eventually 
absorbed. 

The ratio of the amounts of salicylate excreted 1 
hour after administration of ASA and Al.ASA 
is not as unfavorable to  Al ASA as the in vilro 
dissolution data imply. This may be due to  dif- 
ferences in the “functional” surface area of the two 
drugs. “Functional” surface area refers to  the 
area actually in contact with gastrointestinal fluids 
and is related to particle size and shape, tendency of 
the particles to  aggregate, and wettability of the 
drug solids, among others. Microscopic examination 
reveals that the average particle size of Al. ASA 
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Fig. 4.--Photomicrograph of aluminum acetylsali- 
cylate (left) and aspirin (right) used in this study. 
(22 X magnification). 

used in this investigation was considerably smaller 
than that of ASA (Fig. 4). Better quantitative 
corrclation between dissolution and absorption 
rates could possibly be obtained by administering 
thin, highly compressed, nondisintegrating tablets 
of the pure drugs so that surface area would be the 
same in each case. The contact-irritation liability 
of salicylates (14,15) makes such an experiment 
unfeasible. 

The results of this investigation indicate that 
Al. ASA is inherently absorbed less rapidly than 
ASA, and that this difference is probably due to  the 
slow dissolution of Al. ASA as compared with 

ASA. Administration of A1.ASA in the form used 
in this study would not bring about a pharma- 
cologic effect as rapidly as administration of ASA. 
The use of Al. ASA may be limited markedly by its 
absorption pattern and by the possibility of in- 
complete biological availability. While it must 
not be excluded that the use of certain additives 
could enhance sufficiently the dissolution rate of 
this drug to  overcome the shortcomings outlined 
above, it is necessary to subject Al.ASA prep- 
arations to careful clinical evaluation to assure 
complete availability of the drug and to ascertain 
that i t  is absorbed at  a rate consistent with the 
medicinal use of the particular product. 
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Paper Chromatographic Separation and Colorimetric 
Estimation of the Glycosides of 

Digitalis ferrzp’ued Seeds 
By AYHAN ULUBELEN 

Digitoxin, gitoxin, digoxin, digilanide A, digilanide B, digilanide C, obtained 
from Digitalis jerrugitieu, were successfully separated by paper chromatographic 
techniques and estimated colorirnetrically with alkaline 3,5-dinitrobentoic acid. 

SURVEY of the literature to date would in- A dicate that, the seeds of Digitalis ferruginea 
have not been investigated either qualitatively or 
quantitatively for their cardioactive glycoside con- 
tent. Considerably less attention has been given 
to the phytochemical investigation of the seeds of 
the digitalis species than of their leaves. The  
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phytochemical investigation of the seeds of diaita- 
lis species, therefore, has been initiated as part of a 
long range program. In these initial studies 
the air-dried seeds of Digitalis ferruginea that  
were collected from Uludag-Bursa, Turkey, o n  
October 7, 1959, were used. 

A number of authors have used different re- 
agents for the colorimetric estimation of various 
cardiac glycosidcs. The n i c i \ t  irnlmrtaiit methods 
are  those bascd oil the Ualjet reaction ([Mi), 
colors given by the santhydrol reagent (7-lo), 




