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Acetylsalicylic acid microencapsulated in a biocompatible polymer (poly(lactic acid)) was used for the inhibition of human serum 
glycosylation in comparison with the free drug. At two levels of glucose and acetylsalicylic acid, the inhibition of glycosylation was 

markedly enhanced for the microencapsulated drug. The observed increase in inhibition was ascribed either to delayed hydrolysis of 
the drug or removal of glucose to microcapsules. 

Introduction 

Among the various pharmacological effects of 
acetylsalicylic acid, its hypoglycaemic effect in 
patients with diabetes mellitus has been realized 
(Reid et al., 1957) but remains incompletely un- 
derstood. Several authors have studied the inhibi- 
tion of protein glycosylation by acetylsalicylic acid. 
Glycosylation is an irreversible non-enzymatic 
process in which a body protein with its free 
amino groups reacts with carbonyl groups of blood 
glucose to yield, after rearrangement, a stable ke- 
toamine product. As the rate of glycosylation de- 
pends on the plasma concentration of glucose and 
the levels of glycosylated proteins are higher in 
patients with diabetes, Kennedy and Lyons (1989) 
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have suggested that the formation of advanced 
end products of glycosylation may provide a link 
between hyperglycaemia and chronic diabetes 
complications. On the other hand Hawkins et al. 
(1969) have shown that acetylsalicylic acid 
acetylates human serum proteins. Rendall et al. 
(1986) have confirmed that the drug, but not 
salicylic acid, effectively inhibits glycosylation of 
albumin by prior acetylation of protein amino 
groups. 

Initially, large doses of acetylsalicylic acid (> 5 
g/day) were shown to have a hypoglycaemic ef- 
fect (Reid et al., 1957), but more recently, smaller 
drug doses (about 1 g/day) have come into use, 
since they are less likely to produce side effects 
and complications (Alberti and Press, 1982; 
Hopper et al., 1985). Taking into account the 
relatively high doses of acetylsalicylic acid and the 
duration of possible administration, as well as the 
risk of drug-induced damage to the gastric mucosa 
and/or gastrointestinal bleeding in humans (Jick, 
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1981) it appeared appropriate to assess the effect 
of microencapsulated acetylsalicylic acid on glyco- 
sylation of serum proteins in vitro. The use of 
microcapsules to achieve various objectives (such 

as environmental protection, sustained or con- 
trolled release, stability enhancement) is well 
established, and acetylsalicylic acid was one of the 
first candidates for microencapsulation (Deasy, 
1984). 

The main objective of the present investigation 
was to evaluate the effect of microencapsulated 

acetylsalicylic acid on glycosylation of serum pro- 
teins in vitro in comparison with the free (unen- 
capsulated) drug. The microcapsules were pre- 
pared from a biocompatible polymer poly(lactic 
acid) by the so-called solvent evaporation method. 

In addition, acetylsalicylic acid release from mi- 
crocapsules was followed by two methods in vitro. 

Materials and Methods 

Materials 
All chemicals were of analytical grade. 

Poly(lactic acid) (mol. wt. 33000, m.p. 150°C) 
was supplied by Polysciences (Warrington, PA). 
Fructosamine test (Roche) was a sample provided 

by the manufacturer. 

Microcapsule preparation and characterization 
Microencapsulation was carried out by a mod- 

ification of the solvent evaporation method as 
follows. Poly(lactic acid) (1500 mg) was dissolved 
in dichloromethane (30 ml) and acetylsalicylic acid 
(300 mg) was added to the solution. The mixture 
was rapidly transferred to 0.3% methylcellulose 

aqueous solution (300 ml) and vigorously stirred 
until all the dichloromethane had evaporated and 
microcapsules were formed. The product was de- 
canted off and washed several times with water, 
filtered off and the product air dried. 

An optical microscope was used to determine 
the capsule size obtained, the observed size range 
being from 20 to 230 pm. The drug content of 
microcapsules was 16.6% according to Method I 
described in the next section. 

Release of acetylsalicylic acid from microcapsules 
Method I The drug release into water from 

poly(lactic acid) microcapsules was followed by 
applying the flask and paddle method. Microcap- 
sules (500 mg) were placed in a round-bottomed 
flask containing 1000 ml water prewarmed to 

37 o C (stirring speed 50 r-pm). Samples (2 ml each) 
were removed at intervals and the released drug 
was determined spectrophotometrically (274 nm) 
after appropriate dilution with concentrated 
ethanol had been performed. The drug content of 
capsules was calculated on the basis of this de- 
termination. 

Method II To 30 ml of non-diabetic human 
serum in a cuvette 135 mg of glucose and the 
amount of microcapsules containing 18 mg 
acetylsalicylic acid were added. Sodium azide (3 
mg) was added as a preserving agent. The mixture 

was incubated at 37” C. At intervals 0.1~ml sam- 
ples were withdrawn, and the concentration of 
salicylates was determined by a modification of 
Trinder’s method according to Richterich and 
Colombo (1984). 

Estimation of protein glycosylation 

Assessment of the total glycosylated serum pro- 
teins was performed by the fructosamine assay. 
The test is based on the reduction of nitroblue 
tetrazolium chloride to coloured diformazan by 
the ketoamine formed during glycosylation (John- 
son et al., 1982). Results are expressed as equiv- 
alents to the chosen calibration standard l-deoxy- 
1-morpholinofructose (DMF). 

Two pools of non-diabetic human serum mix- 
tures were prepared as follows: mixtures A (1, 30 
ml serum + 135 mg glucose; 2, 30 ml serum + 135 
mg glucose + 18 mg acetylsalicylic acid; 3, 30 ml 
serum + 135 mg glucose + microcapsules contain- 
ing 18 mg acetylsalicylic acid) and mixtures B with 
double the amount of glucose (270 mg) and 
acetylsalicylic acid (36 mg). For the sake of com- 

parison, a mixture of serum, glucose and 
poly(lactic acid) was investigated. Sodium azide (3 
mg) was added as a preserving agent. 0.1 ml of a 
serum mixture was removed and the total glyco- 
sylated serum proteins were estimated using a 
commercial fructosarnine test (Roche) by a stan- 
dard procedure. 
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Results and Discussion 

100 - 

The microcapsules obtained were of roughly 
spherical shape, capsules ranging in diameter from 
about 20 to 230 pm. They were used without size 
fractionation, and had a drug content of 16.6%. 
The acetylsalicylic acid release from microcapsules 
(or free drug dissolution) determined via two dif- 
ferent methods was compared and some interest- 
ing features were observed. Method I which is a 
modification of a usual ‘flask and paddle method’ Z 

% 60. 
often employed in microcapsule research, showed 
the process of dissolution of free acetylsalicylic G 

Y 
acid to be complete within a few minutes of : 
commencing an experiment (Fig. l), while the 
drug release from microcapsules was prolonged 40 - 

for several hours. Rather low f,,, values in vitro 
and the subsequent sustained release can be ex- / 
plained by the spatial distribution of drug within a 
microcapsule matrix. A substantial amount of drug I-? 1 3 5 7 9 

is situated in the proximity of the microcapsule TIME I HOURS 

surface, producing an early burst effect (Deasy, Fig. 2. In vitro release of acetylsakylic acid (Method II). 0, 

1984) the remaining fraction of drug being re- 
poly(lactic acid) microcapsules; 0, free drug. 

leased afterwards in a true gradual manner. 
Method II was chosen in order to resemble the 
experimental conditions for protein glycosylation. 

0 
The results from that method indicate that the 
non-sink conditions and/or lack of stirring during 
drug release influence the pattern of drug release. 

The $2 values for free and microencapsulated 
drug were 1 and 2 h, respectively (Fig. 2). Dif- 
ferences recorded by both methods conform to the 
well-known situation that the particular methodol- 
ogy influences the release pattern from microcaps- 
ules (JalSenjak, 1990). Fig. 3 shows the release 
pattern (obtained using Method II) for the entire 
period of 7 days. The amount of acetylsalicylic 
acid, or more precisely, salicylates (due to hydrol- 
ysis) of the drug once it is released from micro- 
capsules and their protection, reaches about 80% 
during the first day, thereafter increasing slowly 
up to about 90%. In none of the cases did the total 
amount of drug throughout the 7 days attain the 
initial value of the amount encapsulated. 

TIME I HOURS 

Fig. 1. In vitro release of acetylsalicylic acid (Method I). 0, 

poly(lactic acid) microcapsules; 0, free drug. 

Although a definite evaluation of the fruc- 
tosamine assay is still lacking (Koskinen et al. 
1987; Winocour et al. 1987; Jemtorp et al. 1988; 
Phillipou et al. 1988) we have selected this method 
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Fig. 3. In vitro release of acetylsalicylic acid (Method II) 
during the total period of investigation of glycosylation. 

because of its reproducibility and the technical 
simplicity that is needed to follow glycosylation 
over a period of several days. Table 1 lists the 
concentrations of glycosylated proteins during 1 
week of incubation of mixtures A and B. The 
results clearly demonstrate the inhibitory effect of 
acetylsalicylic acid on protein glycosylation. It 
should be noted that no difference in glycosyla- 

TABLE 1 

GIycosylation of serum proteins determined by the fructosamine 

test a 

Sample Time (day) 

0 1 4 7 

Al 3.2 4.4 6.9 8.2 
A2 3.3 4.0 6.0 7.6 
A3 3.4 4.0 5.3 6.6 

Bl 3.7 5.5 9.6 9.9 
B2 3.5 4.4 7.3 7.8 
B3 4.0 4.0 6.0 9.1 

’ Expressed as concentration (mmol/l) of l-deoxy-l-morpho- 

lino-fructose (DMF). 

Fig. 4. Glycosylation of serum proteins expressed as percent of 
O-day values: 0, Al; Q A2; q , A3. 

tion was observed with the sample containing 
poly(lactic acid) but not poly(lactic acid) micro- 
capsules. This observation excludes the possibility 
of interaction of the polymer matrix on glycosyla- 
tion. The effect was enhanced when microen- 
capsulated drug was applied instead of the unen- 
capsulated form. If the results are expressed as a 
percentage of the O-day values (100%) (Figs. 4 and 
5) this trend is even more obvious. The same 
situation was found for both mixtures A and B 
containing different amounts of glucose and 
acetylsalicylic acid, the only difference being the 
concentrations of glycosylated proteins which were 
higher for mixture B. The results obtained for 
acetylsalicylic acid are basically in agreement with 
previous findings by other authors (Hawkins et al. 
1969; Day et al. 1979a, b; Rendell et al. 1986) 
however, the enhancement of inhibition obtained 

Fig. 5. Glycosylatton of serum proteins expressed as percent of 
O-day values: 0, Bl; q U, B2; a, B3. 
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with the microencapsulated drug was not previ- 
ously studied. 

Two possible explanations for this phenome- 
non can be proposed. It has been demonstrated by 
Rendell et al. (1986) that acetylsalicylic acid in- 
hibits glycosylation by prior acetylation of the 
amino groups on the protein, whereas salicylic 
acid, obtained by rapid hydrolysis, is not an 
acetylating agent. Rapid hydrolysis of acetylsali- 
cylic acid to salicylic acid with a t,,, value of 
about 23 min (Caste110 and Green, 1982) would 
suggest that the acetylsalicylic acid concentration 
available for acetylation is rapidly decreased in 
solution. In the case of microcapsules, their matrix 
structure protects acetylsalicylic acid to a certain 
degree and the process of hydrolysis to salicylic 
acid is delayed. Therefore, high drug concentra- 
tions are available to acetylate proteins. The sec- 
ond hypothesis takes into account the concentra- 
tion gradient of glucose from the bulk solutions to 
the core of a microcapsule. From microcapsule 
research it is known that, due to their permeabil- 
ity, microcapsules can be used to remove various 
substances of low and intermediate molecular 
weight from the surrounding medium. If a fraction 
of glucose enters microcapsules, then its con- 
centration in the bulk solution will be diminished 
as well as glycosylation of proteins. 

Experiments were performed with only one type 
of polymer material and a single type of capsule 
whose particle size distribution was rather broad. 
Also, only two levels of glucose and drug were 
used. Evidently, the present investigation should 
be extended to give less speculative answers. Fur- 
ther studies involving microcapsules that are bet- 
ter defined and studied in an in vivo situation are 
currently underway. It appears that the present 
investigation offers at least a theoretical possibil- 
ity of increasing inhibition of protein glycosyla- 
tion by using a novel approach. 
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