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The hydrolysis of caicium acetylsalicylate carbamide in aqueous solution at 2 5, 
40, and 50' in the pH range from 1 to 9 has been studied. The effect of high con- 
centrations of several additives, commonly used in pharmaceutical formulation, 

on the rate of hydrolysis was determined. 

UMEROUS st'udies (1-5) of the stability of N acetylsalicylic acid and its derivatives have 
been made over a wide range of pH and tem- 
perature; however, few reports have been quanti- 
tatively concerned with their hydrolytic stability 
in the presence of high concentrations of addi- 
tives commonly used in pharmaceutical formula- 
tion. 

In the development of dosage forms, not only 
the pH effect but other effects of the ingredients 
on the stability of a drug must be considered. 
The kinetics of degradation of many drugs have 
been studied as a function of p H  or in  the pres- 
ence of a low concentration of additives. A 
limited number of studies have been conducted 
with additives utilized as stabiiizers by virtue of 
complex formation; yet, even these studies have 
employed low concentrations of complexing 
agents (6-8). Practical forniulations often con- 
tain large amounts of additives beyond the con- 
centration range at which the laws of dilute 
solutions apply. 

The purpose of this investigation was t o  
study the kinetics of hydrolysis of calcium acetyl- 
salicylate carbamide in the presence of a high 
concentration of several pharmaceutical addi- 
tives. 

Calcium acetylsalicylate carbamide, a com- 
plex salt of urea, is an amorphous, white powder 
with a melting point of 243-245', at which de- 
composition occurs. It has a molecular weight 
of 458. Its solubility made it particularly suit- 
able for this work. At 37" i t  is soluble t o  the ex- 
tent of 231 mg./ml. of solution, yielding a solu- 
tion with a p H  4.8. 

EXPERIMENTAL 

Apparatus and Reagents.-Unless specified other- 
wise all chemicals were reagent grade. Aminoacetic 
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acid N. F. ; calcium acetylsalicylate carbarnide 
(Calurin), Dorsey Laboratories; gelatin U. S. P. ; 
glycerin, U. S. P. ; polyethylene glycol (Carbowax 
6000), Union Carbide and Carbon Co.; polyvinyl- 
pyrrolidone (Plasdone K 30),  Antara Chemicals: 
sodium laury1 sulfate U. S. P.; sorbitol; 0.2 Mam- 
monium chloride; 0.2 M ammonium hydroxide; 
0.2 M boric acid ; 0.1 M citric acid; 0.2 M disodium 
phosphate; 0.1 N hydrochloric acid; 0.5 M sodium 
borate; constant temperature bath; thermometer 
calibrated to 0.1'; Beckman pH meter; Beckman 
model DU spectrophotometer; silica cells. 

Procedure.-Calcium acetylsalicylate carbamide, 
0.250 Gm., was accurately weighed into a 250-ml. 
volumetric flask and dissolved in a sufficient amount 
of buffer to  tiring to a volume of 250 ml. of solution. 
The buffer solutions, ranging from pH 1 to 9, were 
preheated to the temperature a t  which the particular 
determinations were to be made. The flask was 
placed in the constant temperature bath and a 
10-ml. sample, representing the zero-time sample, 
was withdrawn by pipet, transferred to a 100-ml. 
volumetric flask, and the volume was made to 100 
ml. with 0.1 N hydrochloric acid. Absorbance of 
this solution was determined at 302 mp, using a spec- 
trophotometer with a blank of an identical system 
not containing calcium acetylsalicylate carbamide 
but diluted in the same manner. By means of a 
standard absorption curve, the amount of salicylic 
acid formed was measured and the concentration of 
calcium acetylsalicylate carbamide was calculated. 
Samples were removed a t  definite intervals of time 
and analyzed by this procedure. The method used 
is essentially that of Edwards (1). 

McIlvaine's buffer was used from pH 3 to 6 ;  
Palitzsch's buffer was used from pH 7 to 9. A t  less 
than pH 3, Sorensen's citrate-hydrochloric acid 
buffer was employed. In the presence of polyhydric 
alcohols, an ammonium hydroxide-ammonium chlo- 
ride buffer was used instead of Palitzsch's buffer to 
avoid the formation of a strongly ionized, complex 
acid (9). The additives were dissolved in the buffer 
and equilibrated to 40". Any adjustments in pH 
were made using a Beckman pH meter model H. 
All concentrations are expressed in terms of per cent 
weight in volume. 

RESULTS AND DISCUSSION 

The rate of hydrolysis of calcium acetylsalicylate 
carbamide was followed over a pH range of 1 to 9 
at 25, 40, and 50". A plot of  the logarithm of con- 
centration against time produced a straight line 
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indicative of a pseudo first-order reaction with t h e  
net velocity beirig a function o f  several possible rwc- 
tions ( I .  3 ) .  Figure 1 is typical o f  the results l i b  

tained. 
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and are plotted in Fig. 2. The velocity constants arc 
expressed in reciprocal hours. 
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Fig. 1 _- -1'scutlo first-order hydrolysis of cnlciuin 
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By the use of the Arrhenius equation, the energy of 
activation was determined and the velocity constants 
lor calcium acetylsalicylate carbamide a t  17' were 
calculated for ct~tnltarison with the work of Edwards. 
An examination of Fig. 3 sliows that  within cxpcri- 
mental error, the hydrolytic stability o f  acetyl- 
salicylic acid and calcium acetylsalicylate carba- 
inide are identical. At 25' the velocity constant for 
the hydrolysis of calcium acetylsalicylate carbamide 
was the same as that of acetylsalicylic acid as de- 
termined by Garrett (3).  

Bolton (4) has shown that  although the pH of an 
acetylsalicylic acid solution is the major considera- 
tion in determining the rate of hydrolysis, certain 
additives, such as a solution of sodium citrate and 
phosphate, increase degradation. A similar effect 
was found at a pH 9 with a change of buffer in a 
solution of calcium acetylsalicylate carhamide. As 
shown in Figs. 4 and 6, at p H  9 the velocity constant 
is 0.11 hr.? and 1.44 hr.-l in Palitzsch's buffer and 
ammonium hydroxide-ammonium chloride buffer, 
respectively. This variation presents another 
example of the necessity of considering the additives, 
per sc, as well as the pH the additives maintain. 
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Fig. 5.-Observed velocity constants for calcium 
:tcetyls:~licylate carbamide hydrolysis at 40' as a 
function of concentration of glpcine and gelatin. 0, 
Aminnacetic acid; 0, gelatin. 

Also, i t  is shown in Fig. 5 that  aminoacetic acid in- 
creased the rate of hydrolysis of calcium acetyl- 
salicylate carbarnide. Thus, if one attempted to 
buffer a cakiuni acetylsalicylate rarbatnide solu- 
tion at ail acidic pH usiiig Sorciiseii's glycocoll- 
liydrocliloric acid buffer, the resulting formulation 
would be less stable than a similar product buffered 
to the same pH, using McIlvaine's buffer. 

I t  is the purpose of this work to  observe, at an 
acidic and an alkaline pH, the rate of hydrolysis as a 
function of the concentration of common pharmaceu- 
tical ingredients; therefore, no attempt has been 
made to  maintain a given ionic strength but the 
additives were added as they might be in actual 
developmental procedures. 

Nonionic Polymers.-Polyethylene glycol 6000 
and polyvinylpyrrolidone were chosen as examples 
of polymers frequently used in compounding 
pharmaceuticals. From 0.1 to  50ojb polyethylene 
glycol 6000 was added to calcium acetylsalicylate 
carbamide solutions buffered a t  pH 5 and 9 at 40". 
The observed velocity constants were determined 
at each concentration and plotted in Fig. 4. Poly- 
ethylene glycol 6000 in concentrations up t o  50% 
had no effect on the hydrolytic rate of calcium 
acetylsalicylate carbamide at pH 5 and 9 at 40". 

Similar experimentation with polyvinylpyrroli- 
done in concentrations from 1 to 257,  showed no ef- 
fect on the rate of hydrolysis of calcium acetylsali- 
cylate carbamide. 

It has been reported that  polyethylene glycols 
retard the hydrolysis of acetylsalicylic acid solu- 
tions (10). Although the concentrations of these 
polymers were high, the mole fractions of the poly- 
mers were small. It  may be for this reason that no 
stabilization was observed in this work and it would 
appear that  t o  have any value as a stabilizer of solu- 
tions of acetylsalicylic acid or its derivatives, the 
polymers should completely replace water in a 
liquid preparation. 

Polyo1s.-The use of sugar and glycerin has been 
suggested as a means of retarding the hydrolysis of 
solutions of aspirin (11, 12). The wide-spread use 
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Fig. 6.-Observed velocity constant for calcium 
acetylsalicylate carbamide hydrolysis at 41)' as a 
fuuction of concentration of pcilyols. 0, Glycerin; 
0, sorbitol. 
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of sorbitol in liquid pharmaceuticals suggested that 
sorbitol be investigated in regard to its effect on the 
hydrolysis of calcium acetylsalicylate carbamide. 
As shown in Fig. 6, a t  pH 9 an increase in the con- 
centration of glycerin or sorbitol decreased the rate 
of hydrolysis. With 7070 sorbitol, the half-life was 
increased approximately 15%; with 100% glycerin, 
the half-life was increased almost threefold. This is 
in agreement with other workers who suggested that 
sorbitol and glycerin may bind water tenaciously so 
the water is less available for chemical interaction, 
thus enhancing the stability of the preparation (13). 

A t  pH 5 the rate of hydrolysis increased as the 
concentration of glycerin or sorbitol increased. At 
pH 5, the half-life of calcium acetylsalicylate car- 
bamide in iOyc sorbitol decreased approximately 
one-half ; in 100% glycerin, the half-life decreased 
to roughly one-third. It is difficult to  rationalize 
this behavior in view of the above statement. Ac- 
cording to the available water theory, a given con- 
centration of sorbitol or glycerin should bind the 
same amount of water in both alkaline and acidic 
medium. The fact that this is not actually the case 
suggests that some other mechanism is operative. 

Amphoteric Amines.-Aminoacetic acid and gela- 
tin were chosen as typical amphoteric substances 
that might be used in pharmaceutical formulation. 
As shown in Fig. 5,  an increase in aminoacetic acid 
concentration in both alkaline and acidic medium 
increased the rate of hydrolysis At pH 5, the addi- 
tion of 257, aminoacetic acid decreased the half- 
life of calcium acetylsalicylate carbamide approxi- 
mately 40%; at pH 8, the addition of 25% amino- 
acetic acid decreased the half-life almost tenfold. 

At pH 5, there was little significant change in the 
stability of calcium acetylsalicylate carbamide upon 
the addition of up to 15% gelatin. At a pH 8, the 
increase in gelatin concentration caused an increase 
in the rate of hydrolysis; 15% gelatin produced ap- 
proximately a 60% decrease in the half-life. 

It appears that protein-type additives decrease 
the hydrolytic stability of calcium acetylsalicylate 
carbamide in both alkaline and acidic solutions 

Surfactant.-Anionic surface-active agents are oc- 
casionally used as aids t o  facilitate tablet disintegra- 
tion, as wetting agents, and as dispersing agents. 
Although the amounts employed are sxnall, it 
seemed advisable to determine the effect of a typical 
anionic surfactant, such as sodium lauryl sulfate, 
on the hydrolysis of calcium acetylsalicylate carba- 
mide. At pH 5, i t  was found that an increase in the 
concentration of sodium lauryl sulfate retarded 
hydrolysis; 20Y0 sodium lauryl sulfate increased the 
half-life approximately one-third. At pH 9, 20% 
sodium lauryl sulfate produced approximately 30% 
reduction in half-life. 
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One might postulate that in acidic medium the 
surfactant is in the highly polar form of a sulfuric 
acid derivative. This strong dipole may decrease 
the activity of the water, thus slowing the rate of 
hydrolysis. In alkaline medium, the salt form of the 
surfactant may have less affinity for water, resulting 
in a greater activity for water and a more rapid 
Iiydrolysis in alkaline solution. 

SUMMARY 

The hydrolytic kinetics of calcium acetyl- 
salicylate carbamide were studied over a pH 
range from 1 t o  9 at 25, 40, and 50”. 

In  evaluating the stability of a solution, 
the effect of the constituents per se should be 
evaluated as well as the pH effect. 

In  acidic solution, aminoacetic acid, glyc- 
erin, and sorbitol increased the rate of hy- 
drolysis of calcium acetylsalicylate carbamide 
solutions. 

4. In  alkaline solution, aminoacetic acid, 
gelatin, and sodium lauryl sulfate increased the 
rate of hydrolysis of calcium acetylsalicylate 
carbamide solutions. 

In  alkaline solution, glycerin and sorbitol 
decreased the rate of hydrolysis of calcium acetyl- 
salicylate carbamide solutions 

In acidic solutions, sodium lauryl sulfate 
decreased the rate of hydrolysis of calcium acetyl- 
salicylate carbamide solutions. 

I n  both acidic and alkaline solution, poly- 
ethylene glycol and polyvinylpyrrolidone had no 
effect on the rate of hydrolysis of calcium acetyl- 
salicylate carbamide solutions. 

1. 

2. 

3. 
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