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The relative solubility and rate of dissolution of aspirin in water and 
glycine solution have been measured. A technique involving a mathe- 
matical examination of the front profile of chromatograms has been 
used to study the extent of the adsorption of glycine from aqueous 
solution on aspirin. Aspirin is more soluble and more rapidly 
dissolved in glycine solution than water, and glycine is found to 
adsorb, in significant amounts, on aspirin crystals. The findings are 
discussed in an attempt to explain, in physico-chemical terms, 
differences in taste and adhesion to the oral mucosa that are 
discernible when aspirin tablets compounded with or without glycine 
are savoured. Attention is drawn to certain aspects of the results 
which have a bearing on the transport of aspirin. 

COMPOUND tablets of aspirin with glycine are now an accepted form for the 
administration of aspirin for rheumatic conditions when plain aspirin 
cannot be tolerated. An editorial in the British Medical Journal1 draws 
attention to this method of aspirin therapy, commenting that the physical 
association of the components is such that they quickly disperse in the 
mouth even though not taken with a draught of water. No trace of their 
presence or of any irritant action can be observed gastroscopically2 and 
indigestion from their use has not been recorded in fifty consecutive 
cases. Vining and Kersley3, examining an aspirin and glycine prepara- 
tion (Paynocil), found that when this preparation was administered to 
rheumatic patients intolerant of aspirin, doses of 20 to 100 grains daily 
could be tolerated without gastric side-effects. 

It is a discernible fact that should an aspirin tablet disintegrate in the 
mouth then the drug can be tasted and the crystalline particles may adhere 
to the mucosae. If, however, aspirin is compounded with glycine in such 
a manner that the tablet disintegrates in the mouth within a few seconds, 
aspirin can no longer be tasted and the particles do not adhere to the 
mucosae. These observations must be capable of explanation in more 
precise physical terms and three lines of argument suggest themselves. 

The interrelationship of taste mechanism and chemical structure may 
partly account for the physiological differences in the behaviour of aspirin 
when compared with aspirin-glycine. 

The solubility and rate of dissolution of aspirin in glycine solution may 
differ from that of aspirin in water. 

The formation of adsorbed films of glycine on the aspirin crystals may 
modify the interaction between aspirin and the protein surfaces of the 
mucosa. 

* Present address : William R. Warner and Co. Ltd., Eastleigh, Hants. 
t Present address : The Radiological Protection Service, Clifton Avenue, Belmont, 

Surrey. 
210 T 



PHYSICO-CHEMICAL STUDIES OF ASPIRIN WITH GLYCINE 

The first possibility is conjectural and difficult to expose to experiment. 
The physico-chemical mechanisms of the other two possible modes of 
action are readily susceptible to measurement and this paper presents the 
results of such measurements. 

RATES OF DISSOLUTION OF ASPIRIN IN WATER AND 
GLYCINE SOLUTION 

Experimental 
Aspirin dissolution has already been reported4 but this did not include 

dissolution in glycine solutions. 
The aspirin used in this work was Monsanto “Aspirgran” ; the glycine 

was a pure recrystallised material supplied by C .  L. Bencard Limited; 
both materials had a particle size range within the limits 18 to 100 mesh. 

Two lots of 500 mg. of aspirin were accurately weighed into a pair of 
TABLE I 

COMPARATIVE RATES OF DISSOLUTION OF ASPIRIN IN (A) WATER, (B) 0.25 PER CENT 
AQUEOUS GLYCINE SOLUTION 

1.191 
1.467 
1 604 
1.706 
1.754 
1.967 
2.057 
2.145 
2.155 
2.176 

t 
min. 

2 
4 
6 
8 

10 
20 
30 
45 
60 
90 

2 
4 
6 
8 

10 
20 
30 
45 
60 
90 

248 
306 
334 
355 
365 
410 
429 
447 
449 
45 3 

A 20“ B 20” 

- E :,C% m p  

0.398 
0.620 
0.794 
0.947 
1.002 
1.300 
1.386 
1.425 
1.451 
1.499 

Concentration 
mg.jl00 ml. - 

105 
162 
198 
230 
250 
318 
340 
351 
358 
368 

A 26’ I B 26’ 

0,997 207 
1.173 244 
1.320 
1.417 
1.521 317 
1,696 353 
1.828 I 381 
1,838 383 
1.855 
1.887 

matching 250 ml. Quickfit conical flasks clamped in a Microid flask 
shaker. At zero time 100 ml. of distilled water was added to one and 100 
ml. of 0.25 per cent glycine solution to the other and the shaker started. 
One ml. samples were withdrawn at timed intervals from each flask and 
run into 95 ml. of absolute ethanol in 100 ml. graduated flasks, making 
up to the mark with ethanol. This dilution in ethanol minimised the 
hydrolysis of the aspirin during the period between withdrawal of the 
sample and reading the extinction of the solution in a Hilger Uvispek 
ultra-violet spectrophotometer. The diluted samples were read as quickly 
as possible against the appropriate blank solution in 1 cm. or 0.5 cm. 
quartz cells at 225.5 mp. The E (1 per cent, 1 cm.) for aspirin has 
previously been found to be at a maximum at this wavelength with a 
value of 480 in ethanol. The presence of the 0.0025 per cent of glycine 
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in the final dilution read in the spectrophotometer had no effect on the 
extinction of the aspirin that could be differentiated from normal experi- 
mental error. 

The dissolution experiments were made at laboratory air temperature 
without any attempt at thermostatic control. Repeat runs were made on 
different days; for one set of experiments the temperature of the two 
solutions was 20"; on the second occasion the temperature was 26". 
The results of these experiments are shown in Table I. From these it 
can be seen that the solubility of aspirin in 0.25 per cent aqueous glycine 
is some 15 to 20 per cent greater than in water at laboratory temperatures. 
The rates of dissolution are likewise proportionately greater. 

THE ADSORPTION OF GLYCINE BY ASPIRIN AT THE 
ASPIRIN : WATER INTERFACE 

Outline of Technique 
If an aqueous solution of glycine, saturated with aspirin, is allowed to 

flow through a column of aspirin crystals the effluent at first contains no 
glycine but, as more solution is passed through the column, the glycine 

0.6 I 
C 1 

20 40 60 
ml. of effluent 

FIG. 1. The progressive change in glycine 
concentration, C in per cent weight by volume, 
of the effluent in a typical chromatogram. 
0 Experimentally determinedvalues of glycine 
concentration. - x - Calculated chromato- 
gram profile. 

content rises until eventually 
the effluent composition is 
the same as that of the solu- 
tion entering the column. 
The lag in arrival of the 
glycine is partly due to the 
displacement of the water 
originally in the column by 
the glycine solution and 
partly to the adsorption 
of glycine by the aspirin 
crystals. The variation of 
glycine concentration of the 
effluent withvolume is shown 
for a typical experiment in 
Figure 1. Point A corre- 
sponds to the volume of 
l iquid ini t ia l ly  i n  the 
column; the shaded area B 

represents the amount of glycine removed from solution by adsorption 
on the aspirin; in the region of C the glycine content approaches that of 
the inflowing solution, shown in Figure 1 by the horizontal line at 0.5 
per cent glycine. 

If the shape of curve AC is analysed mathematically a relation for the 
adsorption isotherm can be obtained. If the size and surface area of 
the crystals is known this relation can be roughly expressed in terms of the 
number of layers of glycine molecules at the aspirin: water interface. 
The data from a number of experiments analysed in this manner are 
shown in Figure 2. It can be seen that even if the true area of the crystals 
is ten times the estimated area, which is calculated from the geometry 
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FIG. 2. Adsorption isotherm obtained by analysis of chromatogram profiles. 
Where q is the amount adsorbed in g./g. of aspirin, and Cis  the glycine concentration 
in per cent weight by volume. 
- Portion of isotherm covered by the glycine concentration used. --- Extrapolated portion of isotherm obtained by useof the equation q = aCP to 

which portion the isotherm at lower concentrations appears to conform. 
Calculation of the number, NI, of layers of molecules on the aspirin crystal surface 
is based on the mean geometric and the calculated cross sectional areas of, respectively, 
the crystals and the glycine molecule. 

of the particles, then layers of up to 50 molecules could be obtained 
under the conditions expected when an aspirin : glycine tablet dissolves 
in the mouth. It is believed that a laye; of 
even 10 molecules would have a physiological 
effect inhibiting adhesion of aspirin crystals to 
the mucosa of the digestive tract. The results 
are consistent with the observed fact that little 
taste of aspirin is detected when an aspirin: 
glycine tablet is held in the mouth before 
swallowing, in comparison with pronounced 
acid taste of the ordinary aspirin tablet 
made from crystals of the same particle 
size. 

To simulate the actual conditions these 
adsorption measurements have been made on 
aspirin crystals of particle size similar to that 
used for preparation of the compound tablets, 
whereas the use of much smaller particles is 
to be preferred in adsorption studies on account 
of the larger surface area. It seems significant 
to find that the adsorption is measurable under 
these conditions. 

EXPERIMENTAL 
The column (Fig. 3) was prepared by packing 

the aspirin crystals into a glass tube (diameter 
1-45 cm., length 70 cm.) into which a sintered 
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FIG. 3. Chromatography 
a p p a r a t u s  s h o w i n g  
thermostatically control- 
led, jacketed, adsorption 
column. 
1, Jacket. 2, Reservoir 
and constant head device. 
3, Glycine solution satura- 
tedwithaspirin. 4, Cotton 
wool. 5,  Aspirin crystals. 
6, Constant head. 7, 
Rubber cap. 8, Sintered 
disc. 9, Water inlet. 
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glass disc of No. 2 porosity 
had been fused. A small pad 
of cotton wool at the top of 
the column prevented distur- 
bance of the crystals by the 
inflowing solution. The 
stoppered reservoir, placed 
so that the outlet was just 
below the surface of the 
liquid in the column, acted 
as a constant head device, 
the flow rate being con- 
trolled by a tap at the 

ml. of effluent bottom of the apparatus. 
FIG. 4. Glycine chromatograms. Where CO Both reservoir and column 
and C are, respectively, the inflowing and out- were surrounded by a 
flowing concentrations in per cent weight by 
volume. thermostatically controlled 

0 

A 
a + 

Co = 0.25 per cent glycine; 22", pH 3.0 flow of wate; through a 
(Small column). jacket shown in the Figure. 

Af t e r  i n t roduc ing  a CO = 0.5 per cent glycine; 22", pH 3.0 
(Small column). 

Co = 1-0 per cent glycine; 25", pH 3.0 weighed amount of aspirin 
(Large column). crystals into the column, CO = 0.5 per cent glycine; 35", p H  2.0 
(Small column). the latter was gently 

Start of the elution with glycine free solvent. tapped and saturated aspirin 
solution was slowly drawn 

up to displace the whole of the air between the crystals. Saturated aspirin 
solution was then run in from the reservoir until steady flow conditions 
were established. The reservoir was then replaced by one containing the ap- 
propriate glycine solution 
saturated with aspirin. 

Weighed quantities of 
effluent were taken at 
suitable intervaIs during 
each run, sampling more 
frequently when the gly- 
cine concentration was 
changing more rapidly. 
The samples were assayed 
for glycine by the ninhy- 
drin method, using a 
spectrophotometer at a 

were 
made with solutions con- 

per cent glycine at a pH 
of 3.0 and temperatures 
of22" to 35" and with a 

ml. of effluent 
Of 575 mF FIG. 5. Reduced glycine chromatograms. Where 

Co and C are, respectively, the inflowing and out- 
flowing glycine concentrations in per cent weight 
by volume. 

o co = 0.5 per cent glycine; 22"; p H  3.0. 
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0.5 per cent glycine solution at pH 2.0 and 35". The experimental results 
are shown in Figures 4,5 and 6. In the reduced chromatograms of Figure 
5 the nlycine concentration of the effluent is expressed as the ratio C/Co 
where-Co is the concentra- 
tion entering the column. In 
order to determine whether 
the glycine was irreversibly 
held by the aspirin, columns 
on to which glycine was 
adsorbed were washed 
(eluted) with a saturated 
solution of aspirin only and 
the effluent analysed for gly- 
cine. From the results of 
such an experiment illustra- 
ted in Figure 4, it would 
appear that the glycine is 
easily removed, suggesting 
that the binding is physical 
rather than chemical. 

The essential points of a 
mathematical analysis of 
these measurements are now 
given in the following para- 
graphs. 

4.0 
4 
h 

u" 
\ 

2.0 
E 

0.0 
10 20 30 40 50 

V 
FIG. 6. Test of Gluekauf equation for 
adequate representation of chromatogram 
front profile. Values of the function 

F(g>, = Loglo( 1 - ( c,) ) for p = 0.25 
are plotted against the effluent volume V, which 
is in ml. 
0 CO = 0.5 per cent glycine; 22", pH 3.0. 

CO = 0.5 per cent glycine; 35", pH 2.0. 
A Co = 1.0 per cent glycine; 22", pH 3.0. 

c 1-9 

- Gluekaufs has deduced an equation relating the concentration to the 
volume of effluent for solutes having concave adsorption isotherms of the 
form 

q = a O  . .  .. . .  * .  (1) 
where q = amount adsorbed, 

C = concentration of solute in solution, 
p and a are constants depending on the solute, solvent and 

adsorbent. 

The Gluekauf equation is 

where V = volume of effluent, 
V t  = threshold volume (breakthrough volume), 
C, = concentration of solute entering the column, 
C = concentration of solute leaving the column at volume of 

F = flow rate, 
effluent V, 

and K is a constant, such that 1/K is the time taken for l/eth of the 
equilibrium amount of solute to adsorb on the adsorbent. 
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If this equation holds for a chromatogram, then a plot of 

log, (1-(g>(I") against V will give a straight line whose slope m 
is given by:- 

.. .. - *  (3) 
K(1 -P) m=-- 

F 
Calculations are made with various values for p and the value of p for 

the best fit is taken. 
Figure 6 shows the results of such calculations for a number of chroma- 

tograms and it appears that a value of 0.25 (approx.) for p is most reason- 
able. 

The points marked on the curve of Figure 1 have been obtained from 
equation (2) into which values for p and K have been inserted. It is 
possible to calculate K from equation (3) since the flow rate for any 
experiment is known and the slopes of the lines in Figure 6 are measurable. 

The value for p of 0.25 has been used to calculate the isotherm shown 
in Figure 2. For interest the isotherm for p = 0 3  is also given, since the 
most probable value of p is between 0.25 and 0.5. The equation to the 
isotherm is obtained by insertion of the value for p in equation (1). The 
constant a of the latter equation is then evaluated from any pair of experi- 
mental values for q and C. 

Equation (1) is the well-known Freundlich adsorption isotherm. This 
isotherm has been used to correlate the results, with apparent success, 
even though it may not be strictly applicable to the adsorption phenomena 
studied. For this reason the extrapolated portions of the isotherms of 
Figure 2 are shown as broken lines ; whilst the continuous line indicates 
the portion covered by the experimental conditions. This does not, 
however, detract from the fact that adsorption is taking place as evidenced 
by the tinie lag in arrival of glycine in the effluent. 

CONCLUSIONS 
It was suggested that the physiological differences in the behaviour 

of aspirin and aspirin with glycine should be capable of more precise 
explanation in physico-chemical terms. 

It was also suggested that the basis of two possible and readily tested 
explanations were concerned with solubility, rate of dissolution and 
adsorption. 

The hypotheses have been put to the test and the results show that 
aspirin is 15 to 20 per cent more soluble, and that it dissolves more 
rapidly, in the presence of glycine. Consequently it is to be expected 
that aspirin in the presence of the latter will be more rapidly transported 
from the mouth by salivation and swallowing. 

The adsorption of glycine on aspirin particles has also been demon- 
strated. The mechanism of such adsorption is probably closely related 
to that of the adhesion of aspirin to the mucosal membranes. Conse- 
quently the non-adhesion of a glycine coated aspirin particle can be, quite 
reasonably, anticipated. 
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The conclusion that marked interaction between glycine and aspirin 
molecules occurs in solution is fully substantiated by the observed solu- 
bility and adsorption phenomena. 

Edwards4 suggests that diffusion is an important factor in determining 
the dissolution rate. The diffusion process would, therefore, seem to be 
affected by the interaction of glycine with aspirin, consequently such 
interactions may have an important influence on the transport and 
activity of aspirin in the body. Their exact nature and significance must, 
however, be the subject of further investigation. 
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After Mr. Rapson presented the paper there was a DISCUSSION. 

The adsorption theory best explains the observed facts. 

The 
following points were made. 

Glycine is 
adsorbed on aspirin during manufacture of the tablets. There was no 
information on the particle size of the aspirin used in the final product. 
The proportion of glycine to aspirin was the lowest which would give 
the required effects. The preparation is subject to hydrolysis. Re- 
placing glycine with sucrose does not disguise the taste of aspirin. The 
pH of the aspirin-glycine preparation is about pH 2. The glycine had 
no apparent effect on the adsorption peak of the aspirin. 
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