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Abstract

The kinetics of fenoprofen release from poly[a,B-(NV-2-hydroxyethyl-DL-aspartamide)]-fenoprofen conjugate
(PHEA-Fen) in aqueous buffer solutions (pH 10 and 1.1), simulated gastric (SGF) and intestinal fluids (SIF) was
studied. In borate buffer pH 10, the following rate constants were obtained: k = 0.2659 (=60 °C) and k =0.0177
h=1! (+=37 °C) and in glycine buffer solution pH 1.1 k= 0.0036 h—!. In SGF and SIF fenoprofen release did not
occur in significant extend within 12 h. The hydrolysis of the ester bond between the polymeric carrier and fenoprofen
followed the pseudo first-order kinetics, with activation energy indicative for the breakage of a sigma bond
(E, =100.6 kJ mol—!). The concentration of the released fenoprofen was determined by high performance liquid
chromatography (HPLC). © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

A promising approach to improve drug delivery
and solubility, prolong drug release, reduce doses,
dosing intervals and drug toxicity or to achieve
targetability is to bind a low molecular mass drug
to a polymeric carrier (Al-Shamkhani and Duncan,
1995; Giammona et al., 1995, 1998; Duncan et al.,
1996, 1998; Vasey et al., 1999; Lovrek et al., 2000).

* Corresponding author. Tel.: + 27-18-299-2265; fax: + 27-
18-299-2284
E-mail address: fmsbb@puknet.puk.ac.za (B. Boneschans).

Our research is focused on polymer-fenoprofen
conjugates, in which fenoprofen, a well-known
non-steroidal anti-inflammatory drug, is covalently
bound to hydrophilic polymers of polyaspartamide
type. In previous papers the synthesis of poly[a, -
(N-2-hydroxyethyl-DL-aspartamide)]-fenoprofen
conjugate (PHEA-Fen) and several related conju-
gates have been described (Zorc and Butula, 1994;
Zovko et al., 2001). In these conjugates fenoprofen
is bound to hydroxyl or amino bearing polymeric
carriers by cleavable ester or amide bonds. In
addition, the synthesised conjugates differed in type
and/or length of spacer and drug loading.
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In this paper the physico-chemical properties of
PHEA-Fen conjugate and kinetics study of
fenoprofen release are reported. These tests are
crucial for evaluation of PHEA-Fen as a potential
macromolecular prodrug for peroral use.

2. Materials and methods
2.1. Materials

The high performance liquid chromatography
(HPLC) system (Thermo Separations, USA) con-
sisted of a spectraSYSTEM AS 3000 autosampler
with a variable volume loop injector, a spec-
traSYSTEM P1000 isocratic pump, spectraSYS-
TEM SN 4000 signal converter and a
spectraSYSTEM UV 1000 programmable variable
wavelength detector set at 272 nm, with a 10 mm
analytical flow cell. A Phenomenex Luna C,g and
C; columns (Separations, South Africa) were
used. The mobile phase was acetonitrile (60 ml),
concentrated phosphoric acid to pH 2, water up
to 100 ml. The mobile phase was flushed at a flow
rate of 1.75 ml min —! at room temperature (25 +
2 °C) and the injection volume was 20 pl. Raw
data were processed by means of Pentium MMX
166 MHz computer and TSP PC 1000 software
package with an IBM OS/2 Warp version 3 oper-
ating system. IR spectra were recorded on a FT-
IR Paragon 500 spectrometer (Perkin—FElmer,
UK) and UV spectra on a Shimadzu UV 2100
spectrophotometer (Shimadzu, Japan). DSC ther-
mogram was taken with a Shimadzu DSC-50
instrument. The measurement conditions were as
follows: sample weight, approximately 2 mg; sam-
ple holder, aluminium crimp cell; gas flow, nitro-
gen at 45 ml min —!; heating rate, 10 °C min .
X-ray powder diffractometry was performed at
room temperature with a Bruker D8 advance
diffractometer (Bruker, Germany). The measure-
ments conditions were: target, Cu, Kg-filter, Ni;
voltage, 40 kV; current, 30 mA; divergence slit, 2
mm; anti-scatter slit, 0.6 mm; detector slit, 0.2
mm; scanning speed, 2° per min (step size 0.025°,
step time, 0.75 s). Approximately, 200 mg sample
was loaded into an aluminium sample holder,
taking care not to introduce a preferential orienta-

tion of the crystals. Dissolution tests were per-
formed in a Vankel VK 7000 apparatus (Vankel
Industries Inc., USA) utilising the paddle dissolu-
tion method of the USP (USP, 2000a). For thin
layer chromatography, silica gel sheets Kieselgel
60 F,s, (Merck, Germany) were used. Solvent
systems were dichloromethane/methanol (9.5:0.5),
cyclohexane/ethyl acetate (1:1) and methanol. For
spot detection iodine vapour was used.

Fenoprofen was purchased from Eli Lilly Com-
pany (South Africa). The borate buffer consisted
of 3.1 g boric acid, 3.7 g potassium chloride, 0.2
mol 17! sodium hydroxide (to adjust pH to 10)
and water to 1000 ml. The glycine acid buffer
consisted of 6.0 g glycine, 4.6 g sodium chloride,
1.0 mol 1=' hydrochloric acid (to adjust pH to
1.1) and water to 1000 ml. Simulated gastric fluid
(SGF) and intestinal fluids (SIF) were prepared
according to USP (USP, 2000b). SGF contained 2
g sodium chloride, 3.2 g purified pepsin, 0.2 mol
1=! hydrochloric acid (to adjust pH to 1.2) and
water to 1000 ml. SIF was prepared from 6.8 g
monobasic potassium phosphate, 10 g pancreatin,
0.2 mol 17! sodium hydroxide (to adjust pH to
6.8) and water to 1000 ml. Purified pepsin (with
activity 800—2500 units mg~' protein) and pan-
creatin from porcine pancreas were supplied by
Merck (Merck, South Africa). Solvents used for
syntheses were of analytical grade purity and dry
while solvents used in HPLC were of HPLC grade
quality.

2.2. Chemistry

2.2.1. Synthesis of PHEA-Fen conjugate

PHEA-Fen conjugate was prepared according
to the procedure previously published (Zorc and
Butula, 1994). A solution of 2.86 g PHEA (0.018
mol of PHEA repeat units), 1.72 g (0.005 mol)
fenoprofen benzotriazolide and 4.04 g (0.04 mol)
triethylamine in 90 ml DMF was left for free days
at room temperature with occasional shaking. The
solvent was evaporated in vacuum to a small
volume. The PHEA-Fen conjugate was precipi-
tated by adding acetone. The product was filtered
off and washed several times with a small amount
of acetone, until benzotriazole was completely
washed off.
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2.2.2. Determination of fenoprofen drug loading

2.2.2.1. HPLC method. The amount of 0.075 g
PHEA-Fen conjugate was dissolved in 50 ml of
borate buffer solution pH 10. The reaction mix-
ture was maintained at 60 °C for 72 h after which
it was neutralised with hydrochloric acid (¢ =2
mol 17!). The amount of fenoprofen released
from the conjugate was determined by HPLC.
The experimental procedure was conducted in
triplicate and five replicates of the sample were
injected. The drug loading in the conjugate was
calculated to be 14%.

2.2.2.2. UV method. Two solutions were prepared:
the first contained 43.4 pg ml~! of fenoprofen
and the second contained PHEA-Fen conjugate
equivalent to 43.4 ug ml~' of fenoprofen assum-
ing that the drug loading was 14% (m/m) (0.00618
mg PHEA-Fen conjugate dissolved in 20 ml wa-
ter). The absorbances of both solutions measured
at 272 nm coincided.

2.2.3. Solubility test

Solubility of PHEA-Fen conjugate was deter-
mined by preparing saturated solutions of the
conjugate in different solvents and allowing it to
dissolve for 48 h at room temperature (22 °C).
Excess PHEA-Fen was then filtered off and the
amount of the conjugate remained in solution was
determined by UV spectrophotometry.

2.2.4. Fenoprofen release from PHEA-Fen
conjugate at pH 10

Two experiments with the same PHEA-Fen
concentration (0.075 g of the conjugate dissolved
in 50 ml borate buffer pH 10) at two different
temperatures were performed. The first reaction
mixture was maintained at 60 +0.1 °C for 72 h

and the second one at 37 °C for 300 h. Samples
taken at different time intervals were neutralised
with hydrochloric acid (¢=2 mol 17!) and
analysed by HPLC. Experiments were conducted
in triplicate and five replicates of the samples were
injected. The fenoprofen concentration was deter-
mined utilising the regression equation for the
standard curve.

To ensure that fenoprofen itself was stable un-
der these circumstances, two fenoprofen calcium
samples (equivalent to 52.1 pug ml~' of free
fenoprofen) were kept under the analogous condi-
tions (same buffer, temperature, time span) and
analysed.

2.2.5. Fenoprofen release from PHEA-Fen
conjugate at pH 1.1

0.075 g of PHEA-Fen conjugate was dissolved
in 50 ml glycine buffer solution pH 1.1 and 5 ml
dimethylsulphoxide (DMSO) as co-solvent. The
reaction mixture was maintained at 37 +0.1 °C
for 800 h. Samples taken at different time inter-
vals were neutralised with sodium hydroxide (¢ =
2 mol 17 ') and analysed by HPLC. To avoid
hydrolysis of the conjugate during the neutralisa-
tion process, a cold NaOH solution was added
under agitation. Six replicates of the experimental
procedure were conducted and five replicates of
each sample were injected. DMSO contributed to
UV interference resulting in a fenoprofen peak
area reduction. To compensate this phenomenon
a standard curve for fenoprofen in the presence of
DMSO was utilised for the HPLC quantitative
analysis.

A fenoprofen calcium sample (equivalent to
52.1 ng ml—! of free fenoprofen) dissolved in
glycine buffer was kept at the same temperature
for the same time period to ensure that fenopro-
fen is stable under these conditions.

CHj;
|
CONH(CH2)20COFen | | CONH(CH);0H | COOH CH-
(€, (€, by Fen=QO)ro<O)
HoN—CH CH CH ounit a=1,b=0

| [
(CHy)5— CONH

|
(CHy— CONH” | COOH
n m

Bunit a=0,b=1

Fig. 1. Chemical structure of PHEA-Fen conjugate.
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Fig. 2. Chromatogram of fenoprofen (A), PHEA-Fen (B) and
PHEA (O).

2.2.6. PHEA-Fen conjugate powder dissolution
tests in simulated biological fluids

Six samples of 0.100 g PHEA-Fen conjugate
were vortexed in 10 ml of dissolution medium

(SGF or SIF) for 2 min and then introduced into
the dissolution vessel containing 900 ml dissolu-
tion medium. The solution in the vessels was
stirred at 100 rpm. Samples taken at different time
intervals (5, 10, 15, 30, 45, 90, 120, 200, 500, 700
min) were analysed by HPLC.

3. Results and discussion

PHEA-Fen conjugate (Fig. 1) was prepared
from PHEA and fenoprofen benzotriazolide ac-
cording to the procedure previously published,
with a small change in the reactants ratio (Zorc
and Butula, 1994). IR and UV spectra were iden-
tical with the previously described product, but
the conjugates differed in fenoprofen content. The
drug loading was estimated both by HPLC
method and UV spectroscopy. The HPLC data
were obtained by determining the concentration
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Fig. 3. DSC-thermogram of fenoprofen calcium (A) and
PHEA-Fen (B).
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Fig. 4. X-ray powder diffractometric pattern of fenoprofen calcium (A) and PHEA-Fen (B).

of free fenoprofen after total hydrolysis of the
polymer—drug linkages. The UV spectroscopy
data were obtained by comparing the absorbance
of fenoprofen and the conjugate at 272 nm. Both
results were in good agreement and the fenopro-
fen loading was estimated as 14% (m/m). The

HPLC chromatogram of the conjugate showed
that all fenoprofen was chemically bound to the
PHEA carrier and not merely dispersed or incor-
porated into polymer (Fig. 2). Additionally, the
absence of the free drug in the conjugate was
proved by thin layer chromatography and DSC
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Fig. 5. Fenoprofen released versus time in borate buffer pH 10
(60 °C) (RSD 0.12-1.10%).
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Fig. 6. Fenoprofen released versus time in borate buffer pH 10
(37 °C) (RSD 0.01-0.69%).
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Fig. 8. Plot of In(c,,,, — ¢,) versus time for the hydrolysis at
pH 10 (37 °C).

thermography. PHEA-Fen melted at 270 °C (Fig.
3), while fenoprofen calcium melting point was
118—123 °C. In the DSC thermogram of the con-
jugate no peak was visible near the fenoprofen
melting point. The PHEA-Fen showed a totally
new X-ray powder diffractometric pattern, in
comparison to fenoprofen calcium (Fig. 4).

In order to fully characterise PHEA-Fen conju-
gate, solubility test was performed. The conjugate
was totally insoluble in the following organic
solvents: ethanol, methanol, acetonitrile, THF,
cyclohexane, diethyl ether, chloroform. In water,
DMSO and DMF it was soluble but turned into a
gel at high concentrations, making it difficult to
determine the saturation level (in water the gel
transformation occurred at concentration 90 mg
ml~1).

In a previous paper the development and vali-
dation of a HPLC method for the determination
of fenoprofen in PHEA conjugates was described
(Boneschans et al., 2002). The same method was
utilised to follow the kinetics of fenoprofen re-
lease from the PHEA-Fen conjugate. Kinetics
studies were performed in aqueous buffer solu-
tions and simulated biological fluids (SGF and
SIF). Fenoprofen release from the conjugate in
basic conditions was performed in borate buffer
solution pH 10 at 60 and 37 °C, respectively
(Figs. 5 and 6).

The chemical rate constants (k) for the reac-
tions were determined from the slope of plot
In(c,,.x — ¢,) versus time, where c¢,,,, was the aver-
age maximum concentration of fenoprofen re-
leased and ¢, fenoprofen concentration in a
particular time interval (Figs. 7 and 8). The values
of ¢,.x Were obtained by calculating the average
amount of fenoprofen present after 30, 50 and 70
h for hydrolysis at 60 °C (¢, = 210.50 pg ml—1)
and after 300 h for hydrolysis at 37 °C (¢ =
211.47 pg ml—1Y). The following chemical rate
constants were obtained: k; =0.2659 h—! at 1, =
60 °C (338 K) and k,=0.0177 h—"' at t, =37 °C
(315 K). From these data the activation energy
(E,) was calculated using the Arrhenius equation:

e BT
k, R T\T,
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Fig. 9. Fenoprofen released versus time in glycine buffer pH
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Fig. 10. Plot of In(c,,,x — ¢,) versus time for the hydrolysis at
pH 1.1 (37 °C).

The value 100.6 kJ mol~' was obtained, which
was indicative for the breakage of a sigma bond,
proving once again that fenoprofen was cova-
lently bond to the polymeric backbone.

Hydrolysis in acidic medium was performed in
glycine buffer solution pH 1.1 at 37 °C. The
average concentration of fenoprofen was plotted
as a function of time to show progress of the
reaction (Fig. 9). The hydrolysis rate constant was
determined as 0.0177 h—! (Fig. 10), showing that
fenoprofen release in an acidic medium was much
slower than in a basic medium (c,,,, = 209.73 pg
ml~! was reached after 800 h). On the other
hand, in SGF and SIF no significant hydrolysis
was observed within 12 h.

4. Conclusion

In order to fully characterise PHEA-Fen conju-
gate the drug loading was estimated, solubility
test was performed and DSC thermogram and
X-ray powder diffractometric pattern were

recorded. The hydrolysis of ester bonds between
polymeric carrier and fenoprofen occurred in ba-
sic and acidic conditions showing that the conju-
gate was able to gradually release the active
fenoprofen and therefore it could be a potentially
useful macromolecular prodrug.
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