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ABSTRACT

In-vivo evaluation of four differeunt types of
aspirin tablets namely effervescent, soluble,buffered
and aluminium derivative of aspirin was assessed in
8ix healthy subjects. The bioavailability parameters
of the studied aspirin types were calculated. EfFer-
vescent aspirin showed the best results, while buffe-
red aspirin showed the worst.

The pharmacokinetic parameters of the six subjects
for the different types of aspirin tablets were also
computed. Out of all the different types of aspirin
tablets studied, effervescent aspirin exhibited the
highest absorption rate constant, while aluminium
derivative of aspirin showed the lowest absorption

rate constant. Sex was found to greatly affect the
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absorption of aspirin from the different types of
tablets studied, where in all cases male subjects gave
higher absorption rate constants and greater bioavai-

lability parameters than females.

INTRODUCTION

Aspirin is the most frequently used nonprescrip-
tion analgesic, and selection of an aspirin product
should be based on formulation preference and proven
efficacy (16). Although uncoated conventional aspirin
preparations are inexpensive and relatively well abso-
rbed, their usefulness may occasionally be limited by
the development of gastric irriation. This irritation
may occur after chronic administration of large doses
or acute intermittant administration of smaller doses.
To reduce such gastric irritation, aspirin could be
administered in the form of aqueous solution (efferve-
scent or soluble tablets), buffered tablets and its

aluminium derivative.

Although bioavailability studies have been condu-
cted on many dosage forms of aspirin (4,11), non of
these studies were concerned with the bioavailability
evaluation of the different types of aspirin tablets.
Therefore, bioavailability evaluation of the different
types of aspirin tablets seems to be of great

importance.
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In the present study, in-vivo evaluatiom of sele-
cted batches of four different types of commercial
brands of aspirin tablets marketed in Egypt was per-

formed.

EXPERIMENTAL

Materials

A single batch of four brands of different types
of aspirin tablets were used in this study. The batch
pumbers of the studied brands are listed below:

Brand H (Trade name: Alexoprine forte, 300 mg alumini-
um acetylsalicylate, manufactured by Alexandria Co.
for Pharmaceutical and Chemical Ind., Alexandria,Batch
No. 604041); Brand I (Trade name: Alkaspirin, 300 mg
aspirin, buffered aspirin tablet, manufactured by
Kahira Pharmaceutical & Chemical Ind. Co., Cairo,Egypt,
Batch No. 2723); Brand J (Trade name: Effervescent
Aspo-Cid, 500 mg aspirin, manufactured by Chemical
Industries Development, Giza, Egypt, Batch No.482133);
and Brand K (Trade name: Dispirin, 300 mg aspirin,
soluble aspirin, manufactured by Reckitt & Colman
(Overseas), Ltd. Reckitt's (Ireland) Ltd., Bluebell,
Dublin 12, Batch No. BO1347).

Hydrochloric acid 32% (E.Merck,Darmstadt,West Germany);
chloroform (Analytical reagent, Mallincrodt Inc., St.
Louis, Missouri, U.S.A); Ferric ammonium sulphate (E.
Merck, Darmstadt, West Germany), and sodium salicylate
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Table 1l. General Characteristics of Subjects.

Subject Sex Weight Age Height

(kg) (years) (cm)
u.E M 65 26 178
M. S M 84 o8 185
M.H M n8 26 178
A.A F 57 56 160
M.R F 68 26 160
R.K F 67 26 157

(Bayer, Leverkusen, West Germany) were also used in

this study.

Apparatus

Centrifuge (Kokusan Ensinki Co., Ltd., Tokyo,
Japan), Mechanical Shaker (Fisher, U.S.A), Screw top
pyrex culture tubes (Fisher No. 14-9324, 125 x 16 mm,
16 ml size), and Unlicam SP 1800 Spectrophotometer were

used in this study.

Bioavailability study

Six healthy male and female subjects had no his-

tory of GI, liver or kidney disease were shared in
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this study. Thelr general characteristics are shown
in Table 1.

Bach volunteer was instructed to abstain from all med-
ication, alcohol and beverage or foods that might
interfere with the drug for one week before each admi-

nistration and also during the day of experiment.

Following an overnight fast, each subject was
instructed to void his bladder and ingest 250 ml of
water. In 1 hr, the O-hr urine sample was taken as
control, and 600 mg of aspirin was ingested with 250ml
of water. The effervescent and soluble tablets were
dissolved in 150 ml of water 3 minutes prior to dos-
ing, and then the mixture was swallowed. The glass
was rinsed with 100 ml of water and this rinsed solu-
tion was then swallowed. No foods or liquids other
than water were permitted for 4 hours following inges-
tion of the dose. Cumulative urine samples were taken
at 0,0.5,1,1.5,2,5,4,6,8,10,12 and 24 hr. The volume
and pH of the collected urine samples were measured at
each collection time and samples were refrigerated
immediately. Each subject was instructed to drink 250
ml of water after each urine collection for the first
3 hr, and a simple uniform meal was served after the
4-hr sample.

The different types of aspirin tablets were given to
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each subject using a random crossover design with 7

days between administration.

Urine analysis

The total amount of salicylate in the urine samp-
les was measured using the procedure of Chiou and
Onemelukwa (2). Concentrated hydrochloric acid (2 ml)
was added to 3 ml of urine samples in a screw-top
pyrex culture tube. After sealing the tubes with pla-
stic caps, they were incubated in an oven at 100°C for
17 hr. After cooling to room temperature, 0.5 ml of
approximately 5N hydrochloric acid (prepared by dilu-
tion of concentrated hydrochloric acid with an equal
volume of distilled water) and 6 ml of chloroform were
added. The tubes were shaken for 10 minutes and cen-
trifuged for 5 minutes. Following centrifugation, 3ml
of the chloroform layer was then accurately transfered
to another screw-top pyrex culture tube. Six millili-
ters of our proposed reagent (6), without mercuric
chloride was added. The tubes were shaken for 10 min-
utes and centrifuged. After centrifugation, the abso-
rbance of the upper aqueous layer was measured at 540

nm using SP 1800 spectrophotometer.

The concentration of salicylate in the urine sam-
ple was determined from a standard curve prepared by

measuring the absorbance of sodium salicylate solutions
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of known concentrations after subjecting them to the
described procedure. Each urine sample was analyzed
in duplicate, and the average value was used to calcu-
late the amount of total salicylate excreted during
each collection interval., Urine blanks, urine standa-
rds spiked with known amounts of sodium salicylate and
aqueous sodium salicylate standard solutions were
agssayed with each batch of the volunteer's urine samp-

les as a quality control check.

Pharmacokinetic analysis

The pharmacokinetic parameters determined in this
study were overall elimination rate constant,biologi-
cal half-1life of elimination, absorption rate constant
and biological half-life of absorption.

The overall elimination rate constant was determined
by the ARE (amount of drug remaining to be excreted)
method. The last few (terminal) points of cumulative
amounts of drug excreted, were substracted from the
total amount excreted and are plotted on a semi-log
paper versus time. ''he slope of the curve gave the

overall elimination rate constant (Kel)’

Methods for the calculation of absorption rates
from blood or urine data are well established (13).
However, these older methods, have been largely supp-

lanted by a simplified approach, which allows the
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calculation of percentage absorbed (of that amount
eventually absorbed versus time values without requi-
ring knowledge of the value of the apparent volume of
distribution or the fraction of drug excreted unchan-
ged (17). The equation developed by Nelson (8), to
calculate absorption rate trom the measurement of
urinary excretion of the absorbed drug is

a_ 1 1 & se dhe

. 3 +
dt f K at dt

cevee Eq. 1
el

where f is the fraction of the amount absorbed,dAe/dt
is the excretion rate and d° Ae/dt” is the derivative
of the excretion rate.

Equation 1 may be integrated between the limits of

t= O and t= T to obtain

AT (f) = l . dAe + Ae (mg) s s 000 Eq. 2

Kel dt

where Ae is the cumulative amount excreted in the urine
to time T, i.e., upon multiplication of the excretion
rate, dAe/dt, for each sampling period by the recipro-
cal value of the elimination rate constant, Kel’ and
adding to the cumulative amount excreted, Ae, up to
that sampling time one obtaine the amount of drug abso-
rbed up to that time A (f).

As sgen as all of the drug is absorbed, successive
values will stay more or less constant. The average of

the asymptotic values gives the total amount absorbed
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AT (f) As. Per cent drug absorbed up to a particular
sampling time is calculated according to the following

equation

Ap (£)
Per cent of Drug Absorbed= ) & x 100 ... Eq. 3
T

However, it should be pointed out that per cent of drug
absorbed is not that percentage of drug absorbed from
a given amount of drug, but the percentage of drug

absorbed of the amount of drug ultimately absorbed.
Ap (£)
T

AT(f) As
time equal to the absorption rate constant, Ka'

The slope of a plot of log ( 1 - ) versus

The physiological availability of aspirin from a
particular formulation can be calculated by comparing
the "total salicylate" recovered in the urine after
administration of the tested tablets (Tsl) with that
recovered after an equivalent dose of aspirin adminis-

tered in aqueous solution (Tsz)

Ts

% bioavailability = ——i— x 100 ceve. Eq. &
Ts
2

RESULTS AND DISCUSSION

In this paper, bioavailability study was carried
out on four selected batches from the different four
types of commercial brands of aspirin tablets previou-
sly studied (7). The choice of these batches was based

on their in-vitro properties,
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The selected batches showed the highest dissolution
profile comparing to the other batches of the same bra-
nds and also gave the best results for the other offi-
cial and non official tests involved in the in-vitro

evaluation of these tablets.

The cumulative mg of salicylate excreted after 24
hours, the urinary peak height (mg/hr), the time to
reach that peak (hr) and the per cent bioavailability
were used as the bioavallability parameters to evalu-
ate and compare between these studied brands of

aspirin tablets.

It is well deccumented that the cumulative urin-
ary excretion data describe the extent of biocavaila-
bility of drugs (15).

The cumulative mg salicylate excreted after 24 hours
for the tested types are presented in Table 2 and the
average cumulative amounts excreted of the six subje-
cts for each brand are shown graphically in figure 1.
The results showed that the cumulative mg salicylate
excreted after 24 hr for all the tested types ranged
from 3%50.72 - 512.00 with an average value of 433.47.
The different types of aspirim tablets gave a diffe-
rent cumulative amounts excreted in the following
descending order J - H - K - I. Out of all the stu-

died types, type J showed the highest cumulative
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FIGURE 1. Average cumulative apparent salicylate excreted
following oral administration of 4 types of
aspirin tablets to 6 subjects.
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amount excreted, i.e., the greatest extent of blioavai-
lgbility, while type I showed the lowest cumulative
amount excreted, i.e., the lowest extent of bioavaila-
bility. In addition, subject M.H. showed the highest
cumulative amount of salicylate excreted, while subj-
ect R.K. showed the lowest cumulative amount of

salicylate excreted among the subjects,

On using the student t test to compare between the
extent of biocavailability of the different types of
aspirin tablets with that of the best bioavailable con-
ventional aspirin tablets 1n a previous study (6), no
significant differences in the extent of bioavailabi-
lity as judged from urinary recovery of total salicy-
late were observed. This result was in a good accorda-

nce with some reported results (3,5).

The peak height of the urinary excretion rate cur-
ve, as well as the time to reach the peak, could be
used as suitable parameters to describe the rate and
extent of aspirin absorption. The individual and the
average data for the peak height and time necessary to
reach the peak are summarizes in Tables 3 & 4 respecti-
vely. The average urinary excretion rates of the
tested types are shown graphically in Fig. 2.

The results indicated that the urinary peak height for
all the tested types ranged from 39.22 - 61.46 mg/hr
with an average value of 49.23 mg/hr. The studied
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FIGURE 2. Average excretion rate mg/hr for 4 types of
aspirin tablets.
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Table 3. Urinary Peak Height (mg/hr) Following Oral

Administration of Different Types of

Aspirin Tablets.

Subjects B r a n d =3

H I J K Average S.EX
M.E - 47,78 56.45 68,05 57.43 5.88
M.S 25.06 - 65.62 75.97 58.88 12.20
M.H 57.60 - 62.70 64,96 62.08 2.27
_ A.A - - 75.43  22.03 53.73 21.76
g M.R 56.12 37.71 58.67 36.06 47.14 5.95
g R.K 32.78 322.18 48,90 27.93 35.45 4.61
E Average 45,79 39,22 61.46 50.83 49,27 4,72

i S.ET 6.65 4.57 3,68 8.6l

H> I (Table 3).
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¥ Standard error of the mean.

types gave peak heights in the following order J> K>
Subject M,H., again showed the hig-
hest peak height while subjects R.K. showed the lowest

one. Out of all the studied types, type J gave the

highest peak height while type I showed the lowest one.

Table 4 shows that the time taken to reach the peak

urinary concentration of the tested aspirin types ran-
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Table 4. Time to Reach the Urinary Excretion Peak (hr)
After Oral Administration of Different Types

of Aspirin Tablets.

B T a n d s

Subjects

H I J K Average s.E*
M.E - 2.0 2.0 2.0 2.00 0.00
M.S 1.5 - 2.0 2.0 1.87 0.17
M.H 4.0 - 1.5 2.0 2.50 0.76
A.A - - 1.5 1.5 1.50 0.00
M.R 2.0 2.0 3.0 2.0 3.00 0.00
R.K 4.0 4.0 4,0 4.0 4,00 0.00

Aversge 3.13 3.00 2.23% 2.42 2.72 0.21
s.E® 0.59 0,58 0.40 0.327

For personal use only.

¥ Standard error of the mean.

ged from 2.33 - 3.13 hours with an average value of
2.75 hours., From the average values of the time to
reach the peak, the tested types can be arranged in the
following order: J > K>>I >H. Subject R.K. showed a

Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/26/12

longer time of peaking for all the studied types of
aspirin tablets among subjects. Out of all the studied
types of aspirin tablets, type J showed the shortest
time .of peaking, while type H showed the longest one.
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Table 5. Percent Bioavailability Values for Different
Types of Aspirin Tablets.
Subjects r n d S
H I J K Average S.E*

M.E - 60.60 100,00 94,58 85.06 12.74
M.S 82.13 - 100,00 95.00 92.28 5.23
M.H 94.80 - 100.00 95.02 96.60 1.70
A.A - - 100.00 80.99 90.49 9.53
M.R 112.40 92.66 100.00 81.54 96.65 6.48
R.K 66.27 54.81 100.00 52.50 68.29 10.96

Average 88.90 69.36 100.00 83.27 85.38 6.37
S.E* 9.77 11.78 00.00 6.73

x Standard error of the mean.

The bioavailability of the oral dose of the diffe-

rent types of aspirin tablets was estimated.

summarizes the obtained results.

Table 5

The results indicated

that physiological availability decreased significantly

in the order of J, H, K and I.

Aqueous solution of

aspirin (600 mg/250 ml) was used as standard (100% bio-

availability) for determining the physiological availa-

bility of the different types of aspirin tablets.
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It should be noted that the average bioavailability
parameters calculated in this study were considerably
lowered by the data from subject R.K. This subject
excreted small amounts of salicylate after the adminis-
tration of all types of aspirin tablets except type J,
in the presence of apparently normal renal function.
Results from this subject illustrate the importance of
intersubject variation in salicylate absorption as

previously demonstrated (6).

Generally, on the basis of the calculated bioavai-
lability parameters for the different types of aspirin
tablets studied, type J showed the best results while
type I showed the worst results, i.e., type J had the
highest values of the cumulative mg salicylate excreted
after 24 hr, peak height, per cent bioavailability and
the shortest time of peaking. Type J which gave the
best results was an effervescent aspirin tablet,
Effervescent aspirin preparations represent an optimal
form of oral dosing, as the drug is ingested in solu-
tion. Several reports (1,5), also indicated that grea-—
ter rates of absorption are seen after ingestion of an
effervescent aspirin solution compared to non efferves-
cent solutions. The greater absorption rate exhibited
by effervescent tablets may be due to that, the total
amount of alkali in such preparations is suffecient to

effect a substantial increase in gastric pH. Aspirin
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is more soluble at higher pH. At this higher pH, the
concentration of unionized acetylsalicylic acid will,
however, be decreased and ftor this reason the rate of
aspirin absorption from stomach will tend to be decrea-
sed. This effect may well be counterbalanced by rapid.
gastric emptying and rapid absorption of the drug from

intestine.

Comparing the in-vivo results obtained from type I
in this study with its in-vitro properties previously
obtained (7), a good correlation seems to be exist.Type
I showed a poor dissolution profile, a prolonged disin-
tegration time and a low tablet content, these were
reflected by its low bioavailability parameters. The
type and concentration of buffering agent used in this
buffered aspirin may be the reason for its poor disso-

lution rate and in-vivo performance.

In order to make this in-vivo evaluation of the
different types of aspirin tablets of more biological
sigunificance, some pharmacokinetic parameters were
computed. These parameters were computed for each
brand and each subject, assuming first-order elimina-
tion from a single compartment (11).

The values of elimination rate constant and elimination
half-life are shown in Table 6. The half-life for all

the tested types of aspirin tablets was found to be
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ranged from 2.77 - 3.43 hr with an average value of
2,98 hr, which corresponded to an elimination rate con-
stant of 0.231 hr L, This result was in a good accor—
dance with that reported by Levy (10) and Cumming and
Martin (4). The different types of aspirin tablets
studied showed close values of elimination half-life.
Also all the subjects shared in this study showed a

very close values of elimination half-1life.

The values of absorption rate constant and the
absorption half-l1ife are shown in Table /. The rate
constant for absorption ranged from 0.284 -~ 0,539 hr_l,
with an average value of 0,431 h:c"-l which correspond to

a half-life of 1.61 hr.

Out of all the studied types, type J showed the
highest absorption rate. This proved that effervescent
aspirin tablets had the highest rate and extent of abs-
orption comparing to the all types of aspirin used in
this study. On the other hand, type H showed the low-
est absorption rate constant among the different stud-
ied types. This result was in a good accordance with
that reported by Levy and Shali (9). This result was
also supported by the dissolution rate results of type
H (7) which showed that aspirin of alexoprin dissolved
appreciably more slowly in acid solution than aspirin

and thus would be expected to dissolve less readily in
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Table 8, Average Bioavailability and Fharmacokinetic
Parameters Obtained From the Male and
Female Subjects.
Parameters Males Females
Cumulative % excreted 81.81 67.86
after 24 hr
Peak heipght (mg/hr) 59.46 45. 44
Time of peaking (hr) 2.11 2.83
% availability 91.3%5 85.17
Absorption rate
21 0.507 0.425
constant (hr )
Half-life of absorption(hr) 1.237 1.73%
Elimination Eite 0.220 0.236
constant (hr )
Half-life of elimination(hr) 2.20 2.94

gastric fluid.

It has been previously reported that

the rate of absorption of aspirin from the gastrointe-

stinal tract was rate limited by its rate of solution

(8,12).

The effect of sex on the bioavailability parame-

ters of the different types of aspirin was shown in
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Table 8. The results showed that male subjects gave
higher cumulative per cent Balicylate excreted, peak
height and per cent bioavailability than females. The
effect of sex on the absorption rate constant of aspi-
rin from the different types of aspirin tablets was
also studied (Table 8). The results illustrated that
the average absorption rate constant obtained trom the
male subjects (0.507 hr-1) was higher than that
obtained from females (0.425 hr_l).

Generally, the average biocavailgbility and
pharmacokinetic parameters for the difterent types of

aspirin tablets are summarized in Table 9.
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