Applied Polymer

SCIENCE

Synthesis and Application of Poly(ethylene-co-vinylalcohol-graft-
acetylsalicylic acid) in Drug Delivery Domain

Nora M. Alotaibi, Siham Lahsasni, Taieb Aouak
Chemistry Department, Faculty of Science, King Saud University, Riyadh 11459, Saudi Arabia
Correspondence to: T. Aouak (E-mail: t.aouak@yahoo.fr)

ABSTRACT: A series of poly(vinylalcohol-co-ethylene-graft-acetylsalicylic acid) hydrogel (H;) of different acetylsalicylic acid (AcSa)
contents were prepared by grafting of AcSa groups to poly(vinylalcohol-co-ethylene) in an esterification reaction and then crosslinking
with oxalic acid. The H; was characterized by the solubility test, DSC, NMR, and SEM analyses. The AcSa released by retroesterifica-
tion of H; at 37°C and at different pHs during 92 h. The results revealed that the amount of AcSa released from H; depended on the
initial content of AcSa in H; and the pH of the media. In general, the results revealed that the PEVA-graft-AcSa (H,), which contained
initially 1.59 mg of AcSa, released at pH 1 a lower amount of AcSa (0.08 = 0.02 wt % of AcSa/h), stable during the longest period
(85 h). On the reverse H; which contained 2.05 mg of AcSa presented a highly efficient release rate at pH 7. This hydrogel was able
to release 0.80 = 0.05 wt % of AcSa/h, stable for about 60 h. From the first view, this finding seemed to be very important in the
drug-release domain, because the hydrogel prepared in this work was able to release a greatest amount of aspirin directly into the

intestines (neutral pH). © 2012 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 000: 000—-000, 2012
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INTRODUCTION

The use of biocompatible and biodegradable polymers, have
received a considerable attention in the last decade. Thermores-
ponsive hydrogels have recently become more attractive in the bio-
medical domain; its use included controlled drug delivery which
the crosslinked poly(vinylacohol) (PVA) is a typical one. This
hydrogel swells in water or aqueous solution below the lower criti-
cal solution temperature (LCST) and shrinks above LCST.'® This
polymer is often used in drug delivery and medicine. Varshosaz
et al” have studied the concentration of the cross-linking agent
(glutaraldehyde) in PVA films and the percentage of the theophyl-
line (drug) in the hydrogels. It was found that the drug-release
rate and diffusion coefficient increased with PVA content in the
hydrogel and also with the amount of the loaded drug. While glu-
taraldehyde had a reverse effect, the pH did not affect the swelling
and diffusion coefficient. Pal et al.® have developed poly(vinyalco-
hol-gelatin) patches to be used as polymer matrix, where salicylic
acid was incorporated. The release of the drug from the patches
followed Higuchan/Fickian kinetics, indicating a diffusion-con-
trolled release process. Orienti et al.” have crosslinked PVA with
ethylene glycoldiglycidylether to obtain hydrogel-forming polymers.
The polymers were also substituted with oleoyl chloride, providing
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hydrogels with weak solubility. The results obtained indicated that
the crosslinked polymers slow down the release of the drugs with
respect to the pure drug at each pH. The degree of crosslinking of
ethylene glycoldiglycidylether and the extent of the substitution
with oleoyl chloride were found to influence drug release.

Poly(vinylalcohol-co-ethylene) (PEVA) is practically unknown in
the drug-release domain. Only some works were investigated in
this field.'” PEVA is a copolymer biodegradable and widely used
in food packaging because of its nontoxicity. Such copolymer
which contained a low ethylene unit is susceptible to be degraded
and by this way continue the complete biodegradation of the ma-
terial notably in the presence of enzymes.'™* The presence of
ethylene units in PEVA hydrogel reduces its high swelling degree
and by this way allows this material with no doubt to have a
good performance in drug delivery field. PEVA was used as a
support for drug delivery by Young et al.'” and doxorubicin was
used as a model drug. It was found that doxorubicin in this
copolymer matrix showed a two-step release behavior. The drug
release in the first step was rapid. This observation was attributed
to the macroscopic pores that drug distributing outside the par-
ticles diffused through rapidly. On the other hand, the drug
release in the second step was slow and prolonged.
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Scheme 1. Preparation of PEVA-graft-AcSa terpolymer by esterification reaction.

Acetylsalicylic acid called aspirin is a part of a group of medica-
tion called nonsteroidal anti-inflammatory drugs (NSAIDs). It
prolongs bleeding time and inhibits platelet aggregation. Aspirin
is widely used for the relief of pain.'>'® Today, it is one of the
most widely used medications in the world, with an estimated
40.000 tones of it being consumed each year.'” Aspirin has a
direct irritant effect on gastric mucosa due to an inhibition of
prostaglandins, prostacyclins, thus causes ulceration, epigastric
distress, and/or hemorrhage.'® Sustained release of aspirin for-
mulation would reduce the undesired side effects, reduce fre-
quency of administration, and improve patient compliance."
Several investigations have been developed to obtain a system of
drugs delivery in which encapsulation or microencapsulation
techniques have been used extensively,”>® where solvent evapo-
ration was used with different polymeric matrix and different
experimental conditions. Several polymers are sensitive to pH
changes. These polymeric materials have the characteristic of
protecting the drug from the action of enzymes and gastric
fluids, which are in fact very acidic.? ! Junquin et al.*? have
studied the factors influencing the release of salicylic acid from
poly(methacrylate-co-amino-ester) films using the differential
scanning calorimetry method. This technique was performed on
the polymeric films to study the solubility of the drug in the
polymer. The results obtained were an increase in both of drug
dry rate released with increasing temperature and adsorption of
salicylic acid by the polymer. This finding was believed to influ-
ence the drug-release profiles observed for different drug load-
ings, ionic strengths, and the drug—polymer because of the
interactions that occurred. Gavhane et al.*® have investigated the

AcS
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AcS : Acetylsalicilyl group

effect of pH of microenvironment within the polymer matrix
on drug release and studied the interference of polymer and
drug solubility. It was found that as the pH of microenviron-
ment increased, the rate of the drug release increased in a linear
relationship. Zhuang et al.** have used poly(N-isopropylacryla-
mide-co-N-vinylpyrrolidone) and poly(N-isopropylacrylamide)/
poly(N-vinylpyrrolidone) interpenetrating polymer network
(INP) synthesized by radiation polymerization. Acetylsalicylic
acid was used as a model drug in this investigation. It was
observed from the results obtained that these materials had a
higher drug release in a physiological environment and showed
that these hydrogels were promising materials for causing solu-
bilization and developing a long-term controlled release system.

In this present work, a series of crosslinked poly(vinylalcohol-
co-ethylene-graft-acetylsalicylic acid) containing different acetyl-
salicylic (AcSa) contents were synthesized by grafting of AcSa
on PEVA using an esterification reaction. The release process of
acetylsalicylic acid from hydrogels formed occurred by retroes-
terification reaction at 37°C following a duration of 92 h in
media of pH 1, 3, 5, and 7. The kinetic of AcSa released and
the effect of the initial AcSa content were studied.

EXPERIMENTAL

Materials

Poly(vinylalcohol-co-ethylene) (PEVA) purchased from Aldrich

contained 27 mol % of ethylene units with an average molecular

weight number of 29,000 g/mol. Acetylsalicylic acid (AcSa) (98

wt % purity) (Aldrich) was used without purification.
AcS
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Scheme 2. The crosslinking reaction of poly(vinylalcohol-co-ethylene).
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Table I. Preparation Conditions of PEVA-graft-AcSa Hydrogels (H;)

PEVA AcSa Oxalic DMF
PEVA-graft-AcSA (9) (9) acid (g) (mL)
Hq 1.500 0.50 0.016 7.0
Ho 1.500 0.57 0.016 7.0
Hs 1.500 0.75 0.016 7.0
Hy 1.500 0.92 0.015 7.0
Hs 1.500 1.89 0.014 7.0

Dimethylformamide (DMF) (98 wt % purity) (Aldrich) was
used in this work as a solvent.

Preparation of PEVA-graft-AcSA Hydrogel

PEVA solution was prepared in a concentration of 10 wt % by
dissolving dried pellets of PEVA in DMF at 90°C with continu-
ous stirring during 24 h. PEVA/AcSa mixtures were prepared by
mixing different loading percentages of AcSa in calculated
amounts of PEVA. PEVA-graft- AcSa terpolymers were obtained
by esterification reaction of PEVA with AcSa in DME, acidified
with three or four drops of concentrated sulfuric acid and
heated at 60°C for 72 h according to the reaction (Scheme 1).

PEVA-graft-AcSa terpolymers obtained were completely soluble
in DMFE. To increase the yield in PEVA-graft-AcSa terpolymer,
the water produced during the esterification reaction has been
removed by evaporation under reduced pressure. The PEVA-
graft-AcSa hydrogel films (H;) were prepared by adding small
amounts of oxalic acid to the solutions of PEVA-graft-AcSa ter-
polymer in DMF (Scheme 2), and then the solution was casted
by slow evaporation at room temperature for 1 week and heated
at 90°C for 24 h under vacuum. The preparation conditions of
PEVA-graft-AcSa hydrogels films (H;) are gathered in Table 1.

Characterization

The total, grafted, and free acetylsalicylic acid contained in
PEVA-graft-AcSa hydrogels samples were determined quantita-
tively in DMF by "C-NMR spectroscopy at 200 MHz in DMF
before the crosslinking operation using JEOL FX 90 Q-NMR
apparatus. The determination of the total amount of AcSa by
BC-NMR was based on the quantitative comparison of aro-
matic carbons area of acetylsalicylate units localized between
128.5 and 133.5 ppm and those of C in o-position of the vinyl
alcohol units. On the other hand, the free AcSa content was cal-
culated from the quantitative comparison of the area localized
between 168.0 and 174.2 ppm assigned to the carbon of the

Table II. Amounts of AcSa Free and Grafted in 4.5 mg of PEVA-graft-
AcSa Terpolymers Determined by '*C-NMR and UV-Visible

Free AcSa AcSa grafted (mg)

PEVA-graft- Total (residual)

AcSA AcSa (mg) (mg) 13C-NMR  UV-visible
Hq 1.95 0.36 1.59 1.64

Ho 2.64 0.59 2.05 213

Hs 1.62 0.35 1.27 1.34

Ha 1.73 0.35 1.38 1.43

Hs 1.38 0.29 1.09 1.14
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carboxylic groups and those of the aromatic groups determined
previously. The AcSa grafted was calculated from the difference
between the total and the free amount of AcSa. The amounts of
AcSa grafted were confirmed by UV-visible spectroscopy using
Aultropec 2100 pro, Amersham Biosciences spectroscope. PEVA-
graft-AcSa was purified from the residual acetylsalicylic acid by
dissolution in DMF and precipitation in acetone. The analyses
were realized at 276 nm in DMF from an acetylsalicylic acid cal-
ibration curve. The results obtained by the two methods are
gathered in Table II. Acetylsalicylic acid released in water at dif-
ferent pHs from PEVA-graft-AcSa hydrogel films was also deter-
mined quantitatively by a UV-visible spectrometer at the same
wavelength number.

The glass transition temperatures (7,) of PEVA, AcSa-graft-
PEVA hydrogel films were measured with DSC (Shimadsu DSC
60), previously calibrated with indium. Samples weighing
between 10 and 12 mg were packed in aluminum DSC pans
before placing in DSC cell. The samples were heated from 20 to

200°C at a heating rate of 20°C min™ .

Scanning electron microscopic (SEM) graphs of dried thin films
were obtained using Hitachi S4700 Field emission (Japan) for
morphology analysis. Samples were coated with gold.

In Vitro Drug-Release Studies

PEVA-graft-AcSa hydrogel films were suspended in 100 mL of
water/hydrochloric acid solution at a fixed pH and stirred at
100 rpm at 37°C (body temperature). This experimentation
occurred at pH 1, 3, 5, and 7. Aliquots of 0.5 mL were with-
drawn at time intervals and immediately returned to the media
just after analysis. This operation kept a constant volume of
media during the release process. The total mass of AcSa
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Figure 1. DSC thermograms of pure PEVA and PEVA-graft-AcSa hydrogel
(H;) obtained at heating rate of 20°C/min.
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Figure 2. SEM micrograph of PEVA-graft-AcSa hydrogel (H,): a) before the release process, b) after the release process.
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Figure 3. Acetylsalicylic acid (wt %) released from PEVA-graft-AcSa hydrogels versus the time at different pH. (a) H;; (b) Hy; (¢) Hs; (d) Hy.
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released during a certain duration was calculated from the
absorbance determined as mentioned above. It is important to
note that during the release process the pH of water was practi-
cally not affected by the small amount of AcSa released, because
the amount of AcSa released was negligible compared with
those of media and acetylsalicylic acid has a low pK, value
(3.5), therefore the addition of a buffer solution to water was
not necessary.

RESULTS AND DISCUSSION

Characterization of PEVA-graft-AcSa Terpolymer

The process of obtaining a crosslinked PEVA-graft-AcSa (H;)
was proved easily by the insolubility test of this material in
DMF and confirmed by DSC analysis. Indeed, the DSC thermo-
gram of hydrogel showed in Figure 1 the total disappearance of
the glass transition temperature (Ty) at 63°C and the melting
temperature (T;,) at 167°C attributed to the pure PEVA. The
amounts of AcSa amounts in PEVA-graft-AcSa terpolymers
determined by UV are lightly overestimated due to the error of
the dilution. On the SEM images of Figure 2 obtained for
PEVA-graft-AcSa (hydrogel) film (H,) before (Figure 2a) and af-
ter (Figure 2b) the release process, it was possible to see the dif-
ferences in their morphology. The micrograph of H, taken as
an example before the release process (Figure 2a) showed clearly
the free AcSa encapsulated in the form of rectangular grains (7
um x 12 um). After 48 h of the release process, the same sam-
ple showed through the micrograph of Figure 2b a total disap-
pearance of the microcapsules leaving the typical cavities and
pores occupied initially by the free AcSa and the grafted AcSa,
respectively.

In Vitro Acetylsalicylic Acid Released Study

The acetylsalicylic acid released from PEVA-graft-AcSa hydrogel
films occurred at 37°C (body temperature) according to the ret-
roesterification reaction of scheme (2). Figures 3 and 4 show
the release profiles of AcSa released at different pH from H;,
H,, Hs, Hy, and Hs during 92 h, respectively. According to these
data, it was observed that the maximum amount of AcSa
released was reached at pH 7 during about 60 h with H; (90 =
3 wt %), H3 (96 = 2 wt %), and Hs (95 £ 2 wt %) which con-
tained initially 1.59, 1.27, and 1.09 mg of AcSa grafted, respec-
tively. On the other hand, as shown in Figure 3b, the minimum
amount of AcSa was obtained with H, (22 £ 2 wt %) at pH 1
during the same period. In the last case, the decrease of AcSa
amount released could be attributed to the reduction of the
hydrophilicity of H, in water, because this hydrogel contained a
relatively higher ester grafted (2.05 mg). At this AcSa content,
the hydrogel began to shrink; PEVA-graft-AcSa film was in a
contracted state and swelled slowly. The amount of AcSa
released was practically uniform during 80 h. The profiles of H;
(1.27 mg) at different pHs (Figure 3c) and H, (1.38 mg) at pH
1 (Figure 3d) showed an irregularity (inflexion) indicating that
the release process passed through two steps separated by a
transition zone. The first one characterized by a quick increase
of AcSa amount during the first 3-5 h, seemed to be due to the
free AcSa (0.35 mg) released during this period. While the sec-
ond one characterized by a slow increase of AcSa was localized
in H; during a period localized between 60 and 70 h, and Hy

MA‘“\‘.’?Eﬁs WWW.MATERIALSVIEWS.COM
[}

WILEYONLINELIBRARY.COM/APP

100

80

D
(=)

N
(e

AcSa released (wt-%)

20

0 20 40 60 80 100
Time (h)

Figure 4. Acetylsalicylic acid (wt %) released from PEVA-graft-AcSa
hydrogel (Hs) versus the time at different pH.

between 30 and 60 h indicating the release of the grafted AcSa.
The same irregularity in the drug-release profile was also
observed by Taranti et al.’® using the poly(lactic acid)/drugs
composites.

Stability Study of the Instantaneous Release Rate of AcSa
Figures 5 and 6 show stable zones of AcSa-release rate at 37°C
and different pHs for H;, H,, Hs, Hy, and Hs versus time,
respectively. On the light of Figure 5 profiles, H;, H,, Hj, and
H, presented two important stable zones of release rate, while
Hs showed through Figure 6 only one stable zone. H; revealed
that at all pH range the dynamic of AcSa released was divided
in two important zones. The first one of the higher AcSa
amount release rate was localized between 0.60 and 1.31 = 0.03
wt %/h, stable during 35 h and the second was medium, local-
ized between 0.06 and 0.08 = 0.2 wt %/h during the last 45 h.
Before the first 7 h in which the dynamic of AcSa released was
very active, Figure 6 showed that, in all pHs, Hs followed a
weak release rate because during 55 h this material was able to
release only an important rate localized between 0.04 and 0.08
* 0.02 wt % of AcSa/h.

As showed in Figure 5c¢, except during the first 8 h of the release
process, the maximum of AcSa amount released was reached in
H; at pH 7. Indeed, such hydrogel was able to release 0.80 =
0.5 wt % of AcSa/h stable during 60 h. When the pH of the
media was equal to the unity, the same hydrogel was also able
to release a minimum of 0.31 % 0.02 wt % of AcSa/h stable
during about 53 h.

In general, these results also revealed in Figure 5b that the
PEVA-graft-AcSa (H,) released at pH 1 a lower amount of AcSa
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Figure 5. Stability zone of instantaneous rate of AcSa released from AcSa-graft-PEVA hydrogels (H,, H,, Hs, Hy) versus the time at 37°C. (a) Hy; (b)

Hy; (¢) Hs; (d) Ha.

(0.08 = 0.02 wt % of AcSa/h) stable during the longest period
(85 h). On the reverse, H; presented as showed in Figure 5c a
highly efficient release at pH 7. From the first view, this finding
seemed to be very important in drug-release domain, because
H; was able to release the greatest amount of Aspirin directly
into the intestines (neutral pH) and not in the stomach (pH 1).

Effect of the Initial Amount AcSa Grafted on PEVA

The variation of AcSa released versus the initial amount of AcSa
grafted on PEVA was followed during 3, 24, and 48 h of the
release process at pH 1, 3, 5, and 7. The profiles of Figures 7-9
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showed clearly a minimum and a maximum of AcSa release
except at pH 3 during 48 h of the release process, where only a
maximum was localized at 1.73 mg of the total amount of AcSa
incorporated in hydrogel (Figure 9). Outside this previous
exception, the minimum of aspirin released shifted from 1.55 to
1.73 mg depending on the pH of the media, while the maxi-
mum of acetylsalicylic acid released was localized at 2.64 mg of
the total amount of AcSa in PEVA-graft-AcSa hydrogel except at
pH 3 during 48 h of the release process. On the light of these
results, it was also revealed that at any duration the lower
amount of AcSa released was obtained when the pH of the
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Figure 6. Stability zone of instantaneous rate of AcSa released from AcSa-
graft-PEVA hydrogel (Hs) versus the time at 37°C.

media was 1, while the higher AcSa amount released from
hydrogel was reached at pH 7. This fact can be explained by the
hydrophilic-hydrophobic balance of hydrogel. Indeed at acidic
pH. the reaction of esterification is favored and consequently
this fact drives to the increase of AcSa amount grafted and by
this way decreases the swelling degree of hydrogel in the media,
because the ester formed during the esterification reaction
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Figure 7. Acetylsalicylic acid released from PEVA-graft-AcSA hydrogels
versus the total initial concentration of AcSa at different pH during 3 h.
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Figure 8. Acetylsalicylic acid released from PEVA-graft-AcSA hydrogels
versus the total initial concentration of AcSa at different pH during 24 h.

becomes little soluble. On the reverse, at a neutral pH the retro-
esterification reaction is favored and consequently leads to
increase the formation of free acetylsalicylic acid. By this way
the swelling degree increases and drives to increase the release
of AcSa formed.
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Figure 9. Acetylsalicylic acid released from PEVA-graft-AcSA hydrogels
versus the total initial concentration of AcSa at different pH during 48 h.
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CONCLUSION

Very interesting results are obtained from this investigation. Ac-
etylsalicylic acid can be grafted easily on poly(vinylalcohol-co-
ethylene) by esterification reaction. The conversion rate in the
polymer grafted is controlled by removing water produced dur-
ing the reaction under reduced pressure. This method compared
with those of encapsulation permits to obtain a material charac-
terized by a perfect distribution of acetylsalicylic acid in the
polymer. The corresponding hydrogel can be easily obtained by
the same reaction using oxalic acid as a crosslinking agent. The
acetylsalicylic acid released from poly(vinylalcohol-co-ethylene-
graft-acetylsalicylic acid) in an aqueous media occurred by ret-
roesterification reaction, notably at a neutral pH. The results
obtained indicated that the maximum amount of AcSa released
(more than 92 wt %) reached pH 7 during a period of 60 h
with hydrogels containing initially 1.95, 1.38, and 1.62 mg of a
total amount of AcSa. The study of the release rate indicated
that the stability in the AcSa-release rate during the time
depended on the initial amount of AcSa incorporated in PEVA
and the pH of media. The effect of the initial amount AcSa
grafted on PEVA revealed that the higher amount of AcSa
released was obtained when the pH of media was 7, while the
lower AcSa amount released from hydrogel was reached at pH
1. These results were found to be satisfactory and could be
applied to a wide range of drugs containing carboxylic groups.
The results obtained seemed to be very important in the drug-
release domain, because these hydrogels were able to release the
greatest amount of aspirin directly in the intestines (neutral
pH) and not in the stomach (pH 1).
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