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Dissolution Testing of
Aspirin Boluses 
Background

s p i rin is used orally as an aid in reducing feve r
and in relief of minor muscular aches and joint
pain in cattle and horses.As p i rin bo l u s e s
examined in this study (i.e. ,Lot# 990664,

m a n u f a ct u red for Ag ri Labo rato ri e s,L td. ,St .Jo s e p h
MO and Lot# 990843 manufact u red for The Bu t l e r
Co m p a ny,Columbus OH) co ntain 15.6 g (240
g rains) of ace ty l s a l i cylic acid in a large tablet that
weighs approx i m ately 18.5 g. These boluses we re
chosen be cause the large dosage pre s e nts a signifi-
ca nt dissolution challenge for co nve nt i o n a l
m e t h od o l ogy.

The general object i ves of this wo rk are addre s s e d
in the pre ceding article on Sulfa dru g s,and the
d eve l o p m e nt of the dissolution method pre s e nte d
be l ow will fo l l ow that fo rm at .An additional co m p l i-
cation to the deve l o p m e nt of this dissolution
m e t h od is the re l at i vely rapid hyd ro l ysis of aspiri n
t h at is base cat a l y zed in the dissolution medium.

Solubility
As p i rin [ASAH] is a weak acid,and its solubility

can be chara cte ri zed using the fo l l owing 
re l at i o n s h i p s :

ASAH  ↔ ASA- + H+ Eq.( 1 )

St = (ASAH) + (ASA-) Eq.( 2 )

St = So [ 1 + Ka’. A S A H / aH + ] Eq. ( 3 )

w h e re ASAH and ASA- re fer to the acidic (undissoc i-
ated) and ionized (dissoc i ated) fo rms of the dru g,
re s pe ct i ve l y.The designations (ASAH) and (ASA-)
re fer to the molar co n ce nt rations of these spe c i e s,
and St = total drug solubility.As discussed prev i-
o u s l y,Ka’. A S A H = the functional dissoc i ation co n s t a nt
for the drug which gove rns the re l at i ve co n ce nt ra-
tions of aspirin chemical species in solution as a
f u n ction of pH.With re g a rd to Eq.3 , So = int ri n s i c
s o l u b i l i ty of the dru g,which in this case is (ASAH)
and which is co n s t a nt in the po rtion of the pH-solu-
b i l i ty profile where the solid phase is the weak acid.

Real data for ASAH solubility we re estimated by
adjusting the pH of dispersions of aspirin in wate r

to specific pH values in the range of 2-5,and letting
these sys tems equilibrate at room te m pe rat u re fo r
a p p rox i m ately 4 hours.The dispersions we re
f i l te re d, the pH of the filtrate was dete rm i n e d,a n d
the co n ce nt ration of the sat u rated solution wa s
d e te rmined using the UV method descri bed be l ow.
Fi g u re 1 is a pH-solubility profile for ASAH which
includes that data and co m p a res it to a theore t i ca l
p rofile based on Eq.3 ,with the fo l l owing para m e te r
va l u e s :p Ka’. A S A H = 3.9 and So=  6.31 g/L (0.035 M).

For the ASAH bolus dissolution,15.6 g of drug in

900 mL co rre s ponds to a co n ce nt ration of 17.3 g/L
(0.0963 M).The pH where St is 10 times the
maximum co n ce nt ration that will be observed at
100% dissolution is 5.32.Th u s, the buffer sys te m
must be designed so that a pH of no lower than
5.32 will exist at the end of the dissolution proce s s.

Buffer System
A 0.05 M pH 4.5 ace t ate buffer sys tem is

e m p l oyed in the USP (1) dissolution test for aspiri n
t a b l e t s.While this sys tem is adequate for the disso-
lution of 325 mg tablets of aspirin in 900 mL,t h e
a n a l ysis above shows that it is grossly insufficient
when the goal is co m p l e te dissolution of a 15.6 g
dose of aspiri n .

Not only is the starting pH of 4.5 too low to
a c co m m od ate the dru g, the acidic chara cter of the
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Figure 1. Solubility of Aspirin as a function of pH.
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d rug will dri ve the pH to an even lower va l u e.If the
f u n ctional pKa’of aspirin is indeed 3.9,and an
a ce t ate buffer is desire d, it was dete rmined by
p ro ton balance equation analysis that a 0.5 M
s odium ace t ate solution could be used.Afte r
co m p l e te dissolution of 15.6 g of aspiri n ,t h i s
medium would end up at a pH of 5.34,which is
s u f f i c i e ntly high to re f l e ct sink co n d i t i o n s.Howeve r,
the starting pH of this solution would be 9.2,a n d
t h e re would be a pH change of about four units
d u ring the dissolution proce s s.

To demonstrate the limitations of the ace t ate
b u f fer sys te m ,a pre l i m i n a ry study of the dissolution
of As p i rin boluses was co n d u cted in 0.5 M pH 4.75
a ce t ate buffer in USP Ap p a ratus 2 at 75 RPM.Th e
results of this study are pre s e nted in Fi g u re 2.

Each data po i nt re p re s e nts the ave rage of six
d e te rm i n at i o n s,and the error bars are based on
tw i ce the re l at i ve standard dev i at i o n .The pH of the
medium started at 4.75,and was at 3.87 at the end
of this te s t .From the solubility profile pre s e nte d
e a rl i e r,a co n ce nt ration of 12.2 g/L (11.0 g/900 mL)
is the maximum that can be achieved at pH = 3.87.
If a sat u rated solution we re achieve d, then one
would ex pe ct about 70% of the 15.6 g dose to be
d i s s o l ve d.This test re s u l ted in approx i m ately 62%
d i s s o l ved in 150 minute s,which co rre s ponds we l l
with ex pe ct at i o n s.

One of the basically unquestioned tenets of
dissolution testing is that all of the dose must be
capable of dissolving. I n d e e d,h e re we have estab-
lished an ambitious object i ve of sink co n d i t i o n s.
While this basic tenet will not be challenged here, i t

can be po i nted out that it may be possible to have a
d i s c ri m i n ating dissolution test even when the
dissolution process is ca p a c i ty limite d.All of the
f a ctors which influence the rate of dissolution in
the traditional approach to co m p l e te dissolution
( e. g. ,d i s i nte g rat i o n ,p a rticle size,diffusion laye r
t h i c kn e s s,rate of surf a ce re n e wal) also influence
the rate of dissolution in the approach to sat u rat i o n
of the medium. Th e re is increased sensitivity
i n h e re nt in the situation where all the drug ca n
d i s s o l ve,but there may be sufficient sensitivity in
the case where co m p l e te dissolution is not
po s s i b l e.This is suppo rted in this case by the fact
t h at over 60% of the aspirin dissolved in 90 minute s
under ca p a c i ty - l i m i ted co n d i t i o n s.

Keeping within the stipulated object i ve s,a phos-
p h ate buffer sys tem was ultimately selected for the
dissolution medium.The USP Ph o s p h ate buffe r
s ys tem was employed as a set of real solution dat a
t h at allow an estimate of the functional pKa’of the
b u f fer re p re s e nting the fo l l owing equilibri u m :

H2P O4
- ↔ H+ + HPO4

- 2
Eq.( 4 )

w h e re H2P O4
- and HPO4- 2 re fer to monobasic and

dibasic phosphate ions, re s pe ct i ve l y.
A pro ton balance equation (2) for a phosphate

b u f fer sys tem made by combining monobasic
potassium phosphate and sodium hyd rox i d e
would be :

(H+) = (OH-) + (HPO4
- 2

) - b Eq. ( 5 )

w h e re (OH-) = hyd roxide ion co n ce nt rat i o n ,
(H P O4

- 2
) = dibasic phosphate ion co n ce nt rat i o n ,

and b = co n ce nt ration of strong base (i.e. ,Na O H )

Co n s i d e ring the re s pe ct i ve equilibrium re l at i o n-
s h i p s,Eq.5 may also be wri t ten as:

(H+) = Kw/(H+) + Ct Ka’H2P O4/[(H+) + Ka’H2P O4] – b Eq.( 6 )

with Kw = dissoc i ation co n s t a nt for wate r,Ct =
b u f fer co n ce nt rat i o n ,and Ka’. H2P O4 = funct i o n a l
d i s s oc i ation co n s t a nt for monobasic phosphate.
O n ce again, the real data may be used to estimate
Ka’H2P O4 by sequentially va rying para m e ters in Eq.6
u ntil data from the theore t i cal re l at i o n s h i p
co nve rges with the real dat a .These va ri ations ca n
be done easily on a spre a d s h e e t,and the fo l l ow i n g
table re p re s e nts the results of such a process where
Ct = 0.05 M.

Figure 2. Dissolution of Aspirin Boluses in 0.5 M pH 4.75 Acetate
Buffer at 75 RPM.
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Table 1.  Species concentrations of the USP
Phosphate Buffer System

pH (H+) (OH-) (HPO4=) b(calc) b(USP)
5.8 1.58E-06 6.31E-09 3.84E-02 0.038 0.036
6.0 1.00E-06 1.00E-08 5.82E-02 0.058 0.056
6.2 6.31E-07 1.58E-08 8.64E-02 0.086 0.081
6.4 3.98E-07 2.51E-08 1.24E-01 0.124 0.116
6.6 2.51E-07 3.98E-08 1.72E-01 0.172 0.164
6.8 1.58E-07 6.31E-08 2.27E-01 0.227 0.224
7.0 1.00E-07 1.00E-07 2.84E-01 0.284 0.291
7.2 6.31E-08 1.58E-07 3.38E-01 0.338 0.347
7.4 3.98E-08 2.51E-07 3.84E-01 0.384 0.391
7.6 2.51E-08 3.98E-07 4.20E-01 0.420 0.424
7.8 1.58E-08 6.31E-07 4.46E-01 0.446 0.445
8.0 1.00E-08 1.00E-06 4.65E-01 0.465 0.461

In this ca s e, the pH values used are those spe c i-
fied in the USP. The ca l c u l ated values for base
[ b ( calc)] in the table we re obtained with a pKa’H2P O4

= 6.88,and these co m p a re ve ry well with the va l u e s
f rom the USP [b(USP)].O n ce again, the sum of the
s q u a res of the residuals was minimized to obtain
the pKa’. H2P O4 e s t i m ate.

Si n ce the pKa’for ASAH is 3.9 and the dissolution
p rocess will be co n d u cted at or gre ater than 2 pH
units above its pKa ,a s p i rin will be h ave like a stro n g
a c i d,co nt ributing its available pro tons to the solution.
Th u s, the dissolution of ASAH in the phosphate
b u f fer sys tem could be re p re s e nted by the
fo l l owing pro ton balance equat i o n :

(H+) = (OH-) + (HPO4
- 2) - b + (ASA-) Eq.( 7 )

w h e re,be cause of the low pKa , (ASA-) = co n ce nt ra-
tion of ASAH dissolve d.

From the solubility pe r s pe ct i ve,g i ven the dat a
p re s e nted earl i e r, it is ev i d e nt that any pH in the
e f fe ct i ve range of this phosphate buffer sys te m
could be chosen for the dissolution te s t i n g.
Howeve r,if the object i ve is to keep pH co n s t a nt
d u ring the dissolution proce s s, it is desira b l e, for a
we a kly acidic dru g,to identify a medium pH that is
g re ater than the functional pKa of the buffe r
s ys te m .

For ex a m p l e, the theore t i cal buffer ca p a c i ty of a
0.5 M phosphate sys te m ,co m p u ted by numeri ca l
a n a l ys i s, is pre s e nted in Fi g u re 3. As ex pe cte d,
maximum buffer ca p a c i ty is observed when the pH
of the medium is 6.9,co rre s ponding to the esti-
m ated pKa’. H2P O4.By selecting a starting medium pH
g re ater than the pH of maximum buffer ca p a c i ty,
the dissolving aspiri n ,which lowers pH,a ct u a l l y
p rod u ces an increase in the buffer ca p a c i ty of the
s ys te m .Th u s,the sys tem be comes prog re s s i ve l y

m o re re s i s t a nt to pH change during the dissolution
p roce s s.

After analysis using the pre ceding pro to n
b a l a n ce equat i o n s,a 0.5 M pH 7.4 phosphate buffe r
was selected as the dissolution medium for this
dissolution study. In 900 mL of this medium,s i n k
conditions exist and it is ex pe cted that co m p l e te
dissolution of 15.6 g of aspirin would result in a
s ys tem with a pH = 7.0.

Dissolution of Aspirin Boluses
A UV method was used to dete rmine the amount

of aspirin dissolve d,a c co u nting for the hyd ro l ys i s
t h at takes place during the dissolution te s t i n g
p roce s s.An a l ysis of samples and standards wa s
co n d u cted by simultaneously acquiri n g
a b s o r b a n ce values at 276 and 296 nm,the re s pe c-
t i ve maxima for salicylic acid and aspiri n ,using 0.01
cm path length ce l l s.Ab s o rptivities we re dete r-
mined for each solute at each wave l e n g t h ,and the
molar co n ce nt rations of salicylic acid and aspiri n
we re dete rmined by solving simultaneous equa-
t i o n s.The amount of aspirin dissolved was ca l c u-
l ated from the total molar salicy l ate co n ce nt rat i o n
p re s e nt at each measure m e nt .

Dissolution testing of aspirin boluses was initially
co n d u cted using USP Ap p a ratus 2 at 37° C and 50
R P M ,with the 0.5 M pH 7.4 Ph o s p h ate Bu f fer as the
m e d i u m .An auto m atic sampler was employe d,a n d
p rog rammed to co l l e ct 3.5 mL at each of the
fo l l owing time po i nt s :5 ,1 0 ,2 0 ,3 0 ,4 5 ,60 and 90
m i n u te s.At this stirring rate,t h e re was a larg e
“m o u n d”of solid located at the ce nter of the
bo t tom of each flask,and dissolution was not
co m p l e te at 90 minute s.After the 90 minute
s a m p l e, the stirring rate was elevated to 100 RPM,

Figure 3. Theoretical buffer capacity vs pH for 0.5 M phosphat e
buffer system.
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and an additional sample was withdrawn at 120 minute s.
The test was re pe ated at 75 RPM,w h e re d i s persion of the
u n d i s s o l ved solid was enhance d,and co m p l e te release wa s
obtained in less than 60 minute s.Results of the dissolution
test are summari zed in Fi g u re 4.Liquid from Vessel 3 wa s
w i t h d rawn at the end of the dissolution,and a pH of 7.11 wa s
m e a s u re d.Ap p rox i m ately 3% of the aspirin degraded to sali-
cylic acid during the dissolution te s t .

The aspirin boluses te s ted disinte g rated quickl y,and the

resulting quant i ty of solid in dispersion in the dissolution
flask was quite larg e.Initial testing was pe rfo rmed with 0.45
m i c ron in-line filte r s ;h oweve r,s eve ral lines be came clog g e d
d u ring the run and manual sampling was pe ri od i ca l l y
n e ce s s a ry. In all ca s e s,samples we re cloudy and we re
f i l te red after co l l e ction using a 0.45 micron syringe filte r.
These results suggest that the dissolution medium wo rk s
we l l ,and that the boluses te s ted display ve ry little va ri at i o n
in drug release at the time po i nts te s te d.

Conclusions
Dissolution testing of ve te ri n a ry boluses co ntaining 15.6 g

of As p i rin was accomplished using USP Ap p a ratus 2 with
co nve ntional volume and stirring rates in an aqueous
medium specially designed to provide and maintain sink
co n d i t i o n s.A 0.5 M pH 7.4 phosphate buffer sys tem wa s
e m p l oyed in this analysis and co m p l e te dissolution wa s
a c complished in less than 1 hour at 75 RPM.Based on the
studies pe rfo rmed here,the bolus dosage fo rms te s te d
a p pe a red to be of high quality pre s e nting re l at i vely ra p i d
dissolution with little va ri a b i l i ty.
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Figure 4. Dissolution of Aspirin Boluses in 0.5 M pH 7.4 Phosphate Buffer 
at 37 ° C.


