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A new drug delivery system based on a hydrodegradable hydroxamate linkage was evaluated. The carrier support
system was poly{-hydroxyacrylamide), which was synthesized via free radical polymerization of acryloyl chloride
in 1,4-dioxane, initiated with 2;2azobisisobutyronitrile. The poly(acryloyl chloride) was modified in two steps.
First, N-hydroxysuccinimide was added to give the imide ester of poly(acryloyl). In the second step, the imide
ester of poly(acryloyl) was reacted with either hydroxylamin®lenethylhydroxylamine to give the corresponding
hydroxamic acid. The hydroxamide functionality was then used to link the model drug ketoprofen. All products
and intermediates were characterized by elemental analysis and FTHRI &R spectra. In vitro drug release

was performed under specific conditions to elucidate the influence of the pH, polymer microstructure, and
temperature on the hydrolysis rate of the amiéster bond that linked the drug to the macromolecule. The drug
release rate frorl-methylhydroxamic acid polymers was faster than from hydroxamic acid polymers. All polymers
showed higher rates of drug release at higher pH values{%0 > 2.0) and at higher temperatures (37 >

20 °C).

Introduction delivery. Most of them utilize the following four main properties
of the Gl tract and colon: (1) approximation of the transit time
Controlled drug delivery technology represents one of the of the small intestine, (2) different physiological conditions in
most rapidly advancing areas of administering pharmaceuficals. different branches of the Gl tract, (3) specificity of bacterial
The applications of controlled drug delivery include sustained enzymes localized in the colon, (4) targeting of DDS to the
delivery (over days/weeks/months/years) and are targeted to acolon utilizing targeting moieties specific to the cofbn.
specific organ or other host locatiénPolymer-based drug Hydroxamic acids are known for their ability to form
delivery systems are used to optimize the therapeutic propertiescomplexes with heavy metals, particularly iron(#21 A
of drugs and render them safer and more effective and number of hydroxamic acids exhibit biological activity, such
reliable?~1° Targeting of drugs to the specific site of their action as urease inhibitidd 26 and anticoagulant activit. Hydrox-
provides several advantages over nontargeted drugs. The maimmic acid polymers have been investigated as a protective
advantages are the prevention of drug side effects on healthycoating for implantable medical devié&sr as a polymeric drug
cells and enhancement of the drug uptake by targeted cells. Sidéor the treatment of urinary stones associated with urea-splitting
effects, which invariably impose dose reduction, treatment delay, bacteriz2? In general, hydroxamic acid and its derivatives are
or even discontinuance of therapy, should be avoided especiallyrelatively nontoxic and biocompatible. Because of their unique
for modern drugs with exceptionally high specific activity. characteristics, hydroxamic acid-functionalized polymers have
Delivery of drugs via the colon offers numerous therapeutic important application&®
advantages. Drugs, which are destroyed by the stomach acid Generally, polymers bearing hydroxamic acid groups were
and metabolized by pancreatic enzymes, are minimally affected synthesized by either polymerization of vinyl monomers bearing
in the colont:!2Sustained colon time release of drugs can be hydroxamic acid groups or by converting labile functional
useful in the treatment of certain diseases. The successfulgroups on a polymer into the corresponding hydroxamide. Domb
delivery of drugs to the colon via the gastrointestinal (GI) tract reported using poly(acrylamide)s as starting materials for the
requires the protection of a drug from being released in the synthesis of hydroxamic acid polymers by reacting the polymers
stomach and small intestine. This can be achieved by the usewith hydroxylamine at room temperature under basic condi-
of a special drug delivery system (DDS) that can protect the tions22 Becke and Mutz reported the preparation of acrylohy-
drug during its transfer to the colon. On the other hand, the droxamide from ethyl acrylat€,while Narita et af° prepared
drug must be released in the colon from the DDS. Several methacrylohydroxamide from the corresponding ester. Coff-
approaches have been developed for targeted colon drugmarfl and later Cocea et & treated maleic anhydride
copolymers with hydroxylamine. Treatment of polyacrylonitrile
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preparing hydroxamic acids has been used in a number offiltered and then washed with water and methanol, respectively. After
instances for preparing polymei%3®*Kern and Schultz reported  the polymer was dried under vacuum at room temperature for 2 days,
the reaction of poly(methyl acrylate) with hydroxylamine to 13.05 g (72.06%) ofll was obtained (Scheme 2). Polymiér was
form a polymer containing 80% acrylohydroxamic acid, 14% characterized usingd NMR, FTIR, and elemental analysis.

acrylic acid, and 6% methyl acrylaté. Synthesis of Polymers Bearing Hydroxamide GroupsPoly(N-

In the current work, a new method for the synthesis of hydroxyacrylamide) (PNHAJY) SynthesisTo a solution of hydroxy-
hydroxamic andN-methylhydroxamic acid polymers was de- lamine hydrochloride (1.97 g, 28.35 mmol) in 15 mL of DMF in a 50
veloped starting with poly(acryloyl chloride). The resulting ML round-bottomed flask was added TEA (2.87 g, 28.36 mmol). The
polymers bearing hydroxamic ard-methylhydroxamic acid mixture was stirred for 30 min, and t_he _preC|p|tat_ed trlethyla_m_lne
groups were used as a polymeric drug carrier system for hydrochlonQe formed was removed pyflltratlon.The filtrate conta!n|ng
ketoprofen. The use of hydroxamic ahdmethylhydroxamic ~ ydroxylamine was added to a solutionltf (4.00 g, 23.65 mmol) in
acid polymers as a drug delivery system represents a new?=0 ML of DMFin a 100 mL round-bottomed flask. The mixture was
approach for special drug delivery that can protect the drug stirred at room temperature f_or.3 days. During this tlme hydroxamide
during its transfer to the colon. The dependence of the releaseIOOIymer IV formed and precipitated. The hydroxamide polyrér

f the d f th | th | . truct was filtered, washed with water and methanol, respectively, and dried
ofthe drug irom the polymer on th€ polymer MICrostructure, 4o yacyum at room temperature overnight to yield 1.65 g (80.49%).

temperature, and pH of the release medium was investigated.Polyme”V was characterized usirigd NMR, FTIR, and elemental
analysis.

Experimental Section Poly(N-hydroxy-N-methylacrylamide) (PNHMAY)(SynthesisTo
a solution of N-methylhydroxylamine hydrochloride (2.71 g, 32.45

Materials. Hydroxylamine hydrochloride, 1,3-dicyclohexylcarbo- ~mmol) in 15 mL of DMF in a 50 mL round-bottomed flask was added

diimide (DCC), tetrahydrofuran (THF), sodium phosphate dibasie-(Na  TEA (3.29 g, 32.51 mmol). The mixture was stirred for 30 min, and
HPQy), and potassium phosphate monobasic {RE) were purchased the precipitated triethylamine hydrochloride formed was removed by
from Aldrich. N-Methylhydroxylamine hydrochloride and-hydrox- filtration. The filtrate, containind\-methylhydroxylamine, was added
ysuccinimide (NHS) were purchased from Acros. Ketoprofen was t0 & solution ofill (5.00 g, 29.57 mmol) in 35 mL of DMF in a 100
purchased from Sigma. Acryloyl chloride (AC) was purchased from ML round-bottomed flask. The reaction mixture was stirred at room
Aldrich and was distilled at atmospheric pressure before use. 2,2 temperature for 6 days. The solution was concentrated on a rotovapo-
Azobisisobutyronitrile (AIBN) was purchased from Aldrich and was rator at 85-90°C to one-fourth the volume. Polymerwas precipitated
recrystallized from methanol. Triethylamine (TEA) (from Acros) was by dropwise addition to an excess of acetoré@ mL) and recovered
distilled before useN,N-Dimethylformamide (DMF) (from Acros) was by filtration. The product then was dissolved in methanol, filtered, and
distilled under vacuum and then stored over molecular sieves. 1,4- reprecipitated by the addition of an excess of acetone (400 mL). The
Dioxane, purchased from Acros, was distilled and stored over molecular Product was recovered by vacuum filtration and dried under vacuum
sieves. at room temperature overnight to yield 1.65 g (55.37%) (Scheme 3).
Characterization Techniques.FTIR spectra were recorded on an  PolymerV was characterized usingd NMR, FTIR, and elemental
FT-Roman module, MAGNA-IR 760 spectrometer (Nicolet); the analysis.
samples were examined as KBr diskd.NMR spectra were recorded Poly(N-hydroxyacrylamidejKetoprofen Adduct\(Il ) SynthesisA
on a Varian Mercury 300H NMR spectrometer. Elemental mi-  mixture of hydroxamide polymedV (0.50 g, 5.75 mmol) and
croanalysis was performed at Quantitative Technologies Inc., White- ketoprofen ¥1) (1.60 g, 6.29 mmol) was mixed with 20 mL of DMF
house, NJ 08888-0470. UV spectra were recorded using a GENESYSin a 50 mL round-bottomed flask. The mixture was cooled-®°C,
6 spectrophotometer. Gel permeation chromatography (GPC) technol-and a solution of DCC (1.42 g, 6.88 mmol) in 15 mL of DMF was
ogy was used to determine the molecular weight of the polymers; a added dropwise over a 20 min period with vigorous stirring. The
TrisSEC GPC column, eluted with THF, was used with a GPC  reaction mixture was stirred at5 °C for 3 h and at room temperature
viscometery module triple-detector array (TDA), model 300 (Viscotek). for 7 days. The precipitated dicyclohexylurea that formed was removed
Preparation of Phosphate Buffer (PB) Solution.A pH 9.0 buffer by filtration, and the filtrate was concentrated on a rotovaporator at 80
solution was prepared by dissolving M0, (35.49 g) h 1 L of °C to one-fourth the volume. The polymeketoprofen adduct was
deionized water; the pH was adjusted to 9.0 using 0.1 N sodium Precipitated by the addition to 50 mL of methanol. Produtit was
hydroxide and 0.1 N hydrochloric acid solutions. A pH 7.4 buffer recovered by filtration and dried under vacuum at room temperature
solution was prepared by dissolving K0, (21.70 g) and KHPO, for 3 days; the yield was 0.91 g (49.19%) (Scheme 4). The polymer
(2.60 g) h 1 L of deionized water; the pH was adjusted to 7.4 using ketoprofen adduct was characterized usitty NMR, FTIR, and
0.1 N sodium hydroxide and 0.1 N hydrochloric acid solutions. A pH elemental analysis.
2.0 phosphate buffer solution was made from 0.1 N hydrochloric acid,  Poly(N-hydroxy-N-methylacrylamideKetoprofen Adduct \(IIl )
and the pH was adjusted to 2.0 using 0.1 N sodium hydroxide and 0.1 SynthesisTo the hydroxamide polyme¥ (0.50 g, 4.95 mmol) in 20
N hydrochloric acid solutions. mL of DMF in a 100 mL round-bottomed flask was addéid(1.38 g,
Free Radical Polymerization of AC (l). | (23.95 g, 264.62 mmol) 5.46 mmol). The mixture was cooled t¢b °C, and a solution of DCC
in 24 mL of dry 1,4-dioxane in a 100 mL round-bottomed flask was (1.12 g, 5.43 mmol) in 10 mL of DMF was added dropwise over a 15
added AIBN (0.25 g, 1.04 wt % AC). The reaction mixture was purged min period with vigorous stirring. The reaction mixture was stirred at
with nitrogen gas for 10 min. The flask was sealed with a rubber septum —5 °C for 3 h and at room temperature for 5 days. The precipitated
and was heated at 650 °C for 18 h. The poly(acryloyl chloride) dicyclohexylurea that formed was removed by filtration, and the filtrate
(PAC) (') was kept in 1,4-dioxane at room temperature till use. was concentrated on a rotovaporator at °€ until one-fourth the
Poly(N-acryloxysuccinimide) (PNAS) (Ill) Synthesis.To a solution volume. The polymerketoprofen adduct was precipitated by dropwise
of NHS (15.26 g, 132.59 mmol) in 400 mL of THF in a 500 mL round- ~ addition to water (200 mL) with rapid stirring. Produdtll was
bottomed flask was added TEA (13.66 g, 134.99 mmol). The solution recovered by vacuum filtration and washed with acetone. It was dried
was cooled to-5 °C, and therll (9.69 g, 107.13 mmol) in 30 mL of under vacuum at room temperature for 3 days to give 0.71 g (42.77%)
a 1:2 mixture of 1,4-dioxane/THF was added dropwise over a 30 min (Scheme 4). The produdtill was characterized usirigl NMR, FTIR,
period with vigorous stirring. The reaction mixture was kept-&t°C and elemental analysis.
for 3 h and at room temperature for 18 h with constant stirring. During Determination of the Molecular Weight of Poly(acryloyl chlo-
this timelll formed and precipitated from solution. The polymer was ride). The molecular weight ofll was determined by GPC as PAéDV
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Scheme 1. Free Radical Polymerization of AC in 1,4-Dioxane Scheme 2. Chemical Modification of Il with NHS
CH,=CH %» —CH,—CH
o CocCl
(EOC] 65-70°C a —CH z_qH_)n_ . HO—N
Acryloyl chloride Poly(acryloyl chloride) CcocCl1
(AC) (PAC) an g
Poly(acryloyl chloride) N-Hydroxysuccinimide
after complete hydrolysis by treatment of a PNAS solution with 6 N (PAC) (NHS)
HCI at 100°C for 24 h* GPC analysis of PAA was performed on a lTHF/ 1,4-Dioxane
GPC-viscometery module. Polystyrene was used as the standard, and EBN, -5°C
THF was used as the solvent. TM, of the PAA was 10140 and —(CHz—QHan—
g/mol, and theM,, was 2246 g/mol with a polydispersity of 4.51. q:o
Determination of the Total Ketoprofen Content. A 10 mg sample 0
of ketoprofer-polymer adduct was suspended in 10 mL of pH 9.0 I\II
sodium hydroxide. The mixture was maintained at €% and the O, O
amount of ketoprofen released by hydrolysis was determined with a § 7
UV spectrophotometer &tnax = 260 nm on the basis of a standard
curve developed with a known amount of ketoprofen. ()
In Vitro Drug Time Release. The release of ketoprofen was Poly(N-acryloxysuccinimide)
determined with a UV spectrophotometedat,= 260 nm as a function (PNAS)

of time. The procedure used was as follows: A 100 mg sample of

polymer-drug adduct was placed in a 25 mL vial containing 20 mL O and ester &0, respectively. ThéH NMR spectrum ofill

of phosphate-buffered solutions of pH 2.0, 7.4, and 9.0 and kept at 37 (300 MHz, DMSQO¢ds, ppm, from Si(CH),4) showedd 1.40—

°C (or at 20°C). At specific intervals, 0.5 mL was collected for analysis, 2.20 (multiplet, CH, CH) representing the polymer backbone
and each time this volume was replaced by fresh medium. Each gnd¢s 2.46 (singlet, CH) for the succinimide moiety.

experiment was carried out in triplicate. Activated!ll was reacted with hydroxylamirfé A solution
of Il with hydroxylamine in DMF was stirred at room
Results and Discussion temperature for 3 days to allow maximum conversion of the

imide ester group to forntV, which precipitated during the
Polymer-based drug delivery systems are used to optimizereaction and was soluble in water and DMSO but insoluble in
the therapeutic properties of drugs and render them safer andDMF, chloroform, and acetone.

more effective and reliabt€. Moreover, polymeric drugs and  The elemental analysis data fisf are listed in Table 1. On
macromolecules when used as drug carriers can be easilythe basis of the nitrogen analysis, the conversion was 67.10%.
synthesized, freely water-soluble, and nontd%it? One im- This indicated that the polymer obtained contained 56.49%

portant goal in drug delivery is that the attached drugs can be structure IV (N-hydroxyacrylamide), 27.69% structuril
targeted to specific areas of the body, tissues, or cells. This (acrylosuccinimide), and 15.82% acrylic acid. The FTIR
method decreases the toxic side effects of the drugs as well asspectrum ofV showed a strong peak at 2940 chwhich was
achieves controlled drug delivefy.In this work, a new  assigned to backbone stretching and strong peaks at 1410 and
controlled drug release system based on the use of hydroxamic1460 cnt? due to backbone bending. The broad peaks at 3230
acid polymers is discussed. and 3480 cm! were due to NH and OH, respectively, and the

Hydroxamic and N-Methylhydroxamic Acid of Poly- strong peak at 1690 criwas assigned to amide=€D. TheH
(acryloyl chloride). Modified poly(acrylamide) polymers are  NMR spectrum oflV (300 MHz, DMSOds, ppm, from Si-
suitable candidates for biomaterial applications due to their facile (CH,),) showedd 1.20-2.20 (multiplet, CH, CH), 6 3.0
synthesis and functionalization by the introduction of hydrophobic/ (singlet, OH), and 4.10 (singlet, NH).

hydrophilic mqietie§.5 The utilization of poly(acryloyl chloride) Il was reacted wittN-methylhydroxylamine as shown in
in the synthesls of functlona}llzed polymers has.been repétted. gcheme 3N-Methylhydroxylamine hydrochloride was neutral-
Poly(N-substituted acrylamide) and hydroxamic aNdneth- ized with triethylamine, and the triethylammonium chloride

ylhydroxamic acid polymers were synthesized in three steps. t5ymed was removed by filtration to give fred-methylhy-
Free radical polymerization of distilled acryloy! chloride in droxylamine that was soluble in DMK, was formed at room

1,4-dioxane initiated with 2}2azobisisobutyronitrile gave soluble temperature by stirring a solution Bf with N-methylhydroxy-

linearll as shown in Scheme 1. _ lamine in DMF for 6 days to allow maximum conversion of
Poly(acryloyl chloride) was then converted to NHS to provide ihe imide ester group to aN-methylhydroxamic acid group.

a nucleophilically actiyated polymelil , as in(.jicated inScheme  proquctlv was precipitated by dropwise addition to acetone.
2.6 For the preparation of hydroxamic acid polym#gt, was

used inStead_ afl to enhance the yield reported by Winston et Table 1. Elemental Microanalysis of Hydroxamic Acid Derivatives
al. (40%) using the latter methd8The polymer was soluble  of Poly(acryloy! chioride)
in DMF and DMSO but insoluble in water, methanol, 1,4- calculated? (96) found (%)

dioxane, and THF. e
The elemental analysis data bf are listed in Table 1. On  Roymer C H N C H N conversion (%)

the basis of the nitrogen analysis, polyriiercontained 84.18% 1l 497 41 83 479 44 70 84.0
succinimide as depicted (i.e., 84.18% acrylosuccinimide) and IV 425 57 139 456 59 93 67.0
15.82% acrylic acid. The FTIR spectrumldf showed a strong v 478 68 122 501 7.1 65 53.0
peak at 2960 cmt that was assigned to backbone-C Vil 655 51 49 646 57 53 99.0
stretching and strong peaks at 1370 and 1430%dimat were vk 639 52 52 593 79 78 93.0

assigned to backbone bending. The spectrum had strong peaks athe conversion (%) of the starting polymer was considered in the

at 1740, 1790, and 1820 crhthat were assigned to amide=C calculations. CDV
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Scheme 3. Synthesis of Hydroxamic Acid Polymers
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| Et;N, DMF
HONH,HCI CH;NHOH.HCI
R.T., 3 days. R.T., 6 days.
_(CHQ—(“TH-),,— —(CHZ—CIH‘)n-

(lf=0 (Ij=o
NH N-CH;
OH OH
av)

\2)
Poly(N-hydroxyacrylamide) Poly(N-hydroxy-N-methylacrylamide)

Scheme 4. Immobilization of Ketoprofen onto IV and V
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The polymer was soluble in water, methanol, DMSO, and DMF
but insoluble in acetone.

The elemental analysis data fdrare listed in Table 1. On
the basis of the nitrogen analysis, the conversion was 53.27%.
This indicates that polymdiV contained 44.84% structuié
(N-hydroxyN-methylacrylamide), 39.34% structubi¢ (acry-
losuccinimide), and 15.82% acrylic acid. The FTIR spectrum
of V showed a strong peak at 2960 chdue to backbone €C
stretching and strong peaks at 1420 and 1460'cdue to
backbone bending. The strong peak at 1720%was assigned
to amide G=0, and the broad peak at 3460 cthwas due to
OH. TheH NMR spectrum ofV (300 MHz, DMSOds, ppm,
from Si(CHs)4) showedd 1.20-2.20 (multiplet, CH, CH), 6
2.48 (singlet, CH), andd 2.92 (broad singlet, OH).

Polymer—Ketoprofen Adduct Synthesis. IV was reacted
with ketoprofen in the presence of DCC &6 °C, to avoid
racemization antl-acylurea formatioA® to obtain the polymer
ketoprofen adduc¥ll as indicated in Scheme 4. The reaction
was stirred at room temperature for 7 days, and then the
precipitated dicyclohexylurea formed was removed by filtration.
The polymer-ketoprofen adduc¥ll precipitated by dropwise
addition to methanol and was soluble in DMF, DMSO, and
acetone and insoluble in water and methanol.

The elemental analysis data fgll are listed in Table 1. On

Biomacromolecules, Vol. 8, No. 1, 2007 199

Table 2. Ketoprofen Content [(mg of ketoprofen)/(g of polymer)]
for Polymer—Ketoprofen Adducts VII and VIII after Sonication for
24 h at 60 °C

polymer found from hydrolysis elemental analysis
Wl 414.07 438.86
VI 303.21 313.52

onto the polymerketoprofen adduc¥lIl , based on elemental
analysis, was 437.8 (mg of ketoprofen)/(g of polymer). The
FTIR spectrum o¥/Il showed a strong peak at 2940 ¢mvhich
was due to backbone-€C stretching and a strong peak at 1450
cm! due to CH. The strong peaks at 1660, 1720, and 1800
cm~! were due to amide €0, ester =0, and ketone €0,
respectively. The broad peak at 3380 ¢mas assigned to NH.
The broad peaks at 3070 and 723 @énwere assigned to
aromatic stretching and bending, respectively. THeNMR
spectrum ofVIl (300 MHz, DMSO¢ds, ppm, from Si(CH)a4)
showed) 1.50-2.20 (multiplet, CH, CH), 6 1.40 (broad singlet,
CHj3), 6 4.30 (broad singlet, NH), and 7.3—7.9 (multiplet,
Harom)-

Synthesis of VIII. Activated polymerV was reacted with
ketoprofen in the presence of DCC at5 °C to give the
polymer—ketoprofen adduc?lll as indicated in Scheme 4. The
productVIll was precipitated in acetone. It was soluble in DMF
and DMSO but insoluble in water and acetone. The nitrogen
analysis for polyme¥IIl was a little higher than the calculated
value as the polymer still had 7% of its structure in the form of
the starting polymer, which had higher nitrogen than polymer
VIII . A similar result was found for polyme¥Il ; however,
the percentage of polymdW in polymer VIl is only 1%.
Therefore, the amount of nitrogen (%) in polymél was
similar to the calculated value.

The elemental analysis data feill are listed in Table 1.
On the basis of the carbon analysis, the conversion was 93%.
The total amount of ketoprofen loaded onto the polymer
ketoprofen adduc¥lll was found to be 313.5 (mg of ketopro-
fen)/(g of polymer). The FTIR spectrum ®ill showed strong
peaks at 2860 and 1450 chwhich were due to backbone-C
stretching and CHk respectively. The strong peaks at 1600,
1630, and 1740 cnt were due to amide €0, ester G0,
and ketone €O, respectively. The broad peak at 3340¢ém
was due to NH, that at 2940 crh was due to aromatic
stretching, and those at 642 and 727-émwere due to aromatic
bending. The'H NMR spectrum ofVIll (300 MHz, DMSO-
ds, ppm, from Si(CH)4) showedd 0.90—-1.30 (multiplet, CH,
CHy), 6 1.40-1.90 (multiplet, CH), and 7.40-7.90 (multiplet,
Harom)-

Determination of the Total Ketoprofen Content. To
evaluate the total content of ketoprofen in the samples, they
were hydrolyzed by heating or sonication using a known amount
of the polymerketoprofen adduct in alkaline solution of pH
9.0. The amount of ketoprofen released from the sample was
determined with a UV spectrophotometerlahx = 260 nm at
room temperature within 30 min. Then the samples were heated
at 60 °C. The drug concentration was monitored with a UV
spectrophotometer until it reached a constant value.

The fast hydrolysis studies showed that the total ketoprofen
content ofVIl was 414.07 (mg of ketoprofen)/(g of polymer)
(Table 2). At the same time, the total ketoprofen content of

the basis of the carbon analysis, the conversion was 99%. ThisVIll was 303.21 (mg of ketoprofen)/(g of polymer) (Table 2).

indicated that polymeYIl contained 56.0% structuféll (N-
hydroxyacrylamide-ketoprofen adduct), 28% structué (N-
hydroxyacrylamide), 28% structutié (acrylosuccinimide), and
15.8% acrylic acid. Thus, the total amount of ketoprofen loaded

The results obtained by the alkaline hydrolysis of the ketopro-
fen—polymer adducts were compared with those obtained from
elemental analysis. The results of these investigation found that
both results are comparable. CDV
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Figure 1. In vitro release profile of ketoprofen from VII and VIII in Figure 3. In vitro release profile of ketoprofen from polymer VIII in
phosphate buffer (pH 9.0) at body temperature (37 °C). phosphate buffer with various pH values at body temperature (37 °C).
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Figure 2. In vitro release profile of ketoprofen from VIl in phosphate Figure 4. In vitro release profile of ketoprofen from polymer VIl in
buffer with various pH values at body temperature (37 °C). phosphate buffer (pH 9.0) at body temperature (37 °C) and at room

temperature (20 °C).
In Vitro Drug Release. The rate of ketoprofen released from

the polymer formulations was studied at various pH values and amounts were released at pH 2.0. The total amount of ketoprofen
temperatures. The rate of release usually depends on the polymereleased from polymévlll was 1.5% of its drug content after
microstructure, the pH of the release medium, and the temper-7 days in a buffer solution of pH 2.0 at 3T. At pH 7.4 the

ature. total amount of ketoprofen released was found to be 40% of
The effect of the polymer microstructure on the release rate the drug content, and in a buffer solution of pH 9.0 59% of its
of the ketoprofen and polymeiketoprofen adduct¥Il and drug content was released under the same conditions as shown

VIII was studied on the basis of modifications of poly(acryloyl in Figure 3; the same phenomenon was observed &€2The
chloride) as shown in Scheme 4. The release rate of therelease rate was higher at pH 9.0 than at pH 7.4 and 2.0.
ketoprofen from these polymers containing ketoprofen under To study the effect of the temperature, the release rates of
various release conditions, such as the pH and temperature oketoprofen from polymer¥Il and VIl were investigated at
the medium, was investigated. It was found that the polymer two temperatures, 37C (body temperature) and 2@ (room
ketoprofen adduct with aiN-methyl group YIIl ) showed a temperature). Generally, the aim of this was to investigate the
faster ketoprofen release rate than the polymer containing NH effect of a change in the temperature of the release medium on
(VIl') as shown in Figure 1. At pH 9.0, polym#&fll showed the release rate, and room temperature was selected because it
16.11% ketoprofen release after 7 days at°87 However, is lower than body temperature. It was also possible to select a
polymerVIIl released 58.92% of the ketoprofen under the same temperature which is higher than body temperature to study the
conditions as shown in Figure 1. Similar results were obtained same phenomena. It was found that, by increasing the temper-
at 20°C. ature of the release medium, the release rate of ketoprofen from
The effect of pH on the release rate of ketoprofen was the polymers was increased.
investigated in specific pH media: pH 2.0 (stomach pH), pH  The total amount of ketoprofen released from polyiaér
7.4 (lower Gl tract pH), and pH 9.0 (colon pH). It was found at 37°C was found to be 0.14% of its drug content after 7 days
that the release rate of ketoprofen increased as the pH increasedn a buffer solution of pH 2.0. However, at 2, the total
In addition, the polymerketoprofen adduct®/Il and VIII amount of ketoprofen released was found to be 0.03% of its
showed high hydrolytic stability in an acidic medium (i.e., within  drug content under the same conditions. Similar effects were
the stomach pH), while the release rate of ketoprofen was observed at pH 7.4 and 9.0. At 3T, the total amount of
greatest in an alkaline medium (i.e., within the colon pH). It ketoprofen released from polymeil was found to be 13% of
was found that polymevIl released 0.14% of its drug content its drug content after 7 days in a buffer solution of pH 7.4.
after 7 days in a buffer solution of pH 2.0 at 3C. However, However, at 20C it was found to be 4.3% of its drug content
the release rate of ketoprofen was 14% of its drug content in aunder the same conditions. Moreover, at 37 in a buffer
buffer solution of pH 7.4, and it released 16% of its drug content solution of pH 9.0, polymeYIl released 16% of its drug content
in a buffer solution of pH 9.0 under the same conditions as after 7 days. However, at 2, the total amount of ketoprofen
shown in Figure 2; the same trend was observed aC20he released was found to be 13.5% of its drug content under the
polymer-containing ketoprofevill released about 13.5% of its same conditions as shown in Figure 4. The total amount of

drug content at pH 9.0 and 4.3% at pH 7.4, and negligible ketoprofen released from polymeill at 37°C was found tOCDV
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be 1.5% of its drug content after 7 days in a buffer solution of (13) Winston, A.; Mazza, E. TJ. Polym. Sci., Polym. Chem. Et975
pH 2. At 20°C, polymerVIlIl released 1% of its drug content 13, 2019-30.
under the same conditions. The same trend was observed in (14) Yale, H. L.Chem. Re. 1943 33, 209-56.
buffer solutions of pH 7.4 and 9.0. At 3T, polymer VIl (15) Neilands, J. BStruct. Bonding (Berlin)1966 1, 59-108.
.o Lo ! . (16) Maehr, H.Pure Appl. Chem1971 28, 603—36.
showed a release of 39.6% of its drug content after 7 days ina (17) Neagu, V; Bunia, I.; Luca, QVlacromol. Symp2006 235 136~
buffer solution of pH 7.4. At 20C, the release rate was found 142.
to be 27% of its drug content under the same conditions. At 37 (18) Alakhras, F. A.; Abu Dari, K.; Mubarak, M. S. Appl. Polym. Sci.
°C, in a buffer solution of pH 9.0, the total amount of ketoprofen 2005 97, 691-696. _ _
released was found to be 59% of its drug content after 7 days. (19) Polomoscanik, S.C.; Cannon, C. P.; Neenan, T. X.; Holmes-Farley,

However, at 20°C, polymerVIll released 31% of its drug Eéfé;_%%gdev'“e’ W. H.; Dhal, P. KBiomacromolecule005 6,

content under the same conditions. (20) Lutfor, M. R.; Sidik, S.: Wan Yunus, W. M. Z.; Ab Rahman, M. Z.
Mansoor, A.; Jelas, HCarbohydr. Polym2001, 45, 95-100.
(21) Giacomelli, G.; Porcheddu, A.; Salaris, Mrg. Lett.2003 5, 2715~

Conclusions 2717,
i i 22) Domb, A. J.; Cravalho, E. G.; Langer, R. Polym. Sci., Part A:
A new system for oral drug delivery was developed. This ©2) Polym. Chem1988 26, 2623-30. ¢ Y
system was based on hydroxamic &hchethylhydroxamic acid (23) Munson, J. WChem. Biol. Hydroxamic Acids, [Proc. Int. Symp.],
polymers. The hydroxamic and\-methylhydroxamic acid 1st, 19811982 1-13.

groups were used as polymeric drug carriers for ketoprofen. (24) Marmion, C. J,; Griffith, D.; Nolan, K. BEur. J. Inorg. Chem2004
This represents a new approach for the use of hydroxamic and ___'Ssué 153003-3016.

5 . . . . (25) Yang, S. S.; Cheng, K. T.; Lin, Y. S.; Liu, Y. W.; Hou, W. Q.
N-methylhydroxamic acid polymers since it has a degradable Agric. Food Chem2004 52 4270-4273,

linkage that is dependent on the pH of the environment. (26) Li, X.; Uchiyama, T.; Raetz, C. R. H.; Hindsgaul, Biosynthesis
The in vitro release of ketoprofen was determined with a UV 2003 5, 539-541.

spectrophotometer at,.x = 260 nm as a function of time. The (27) Bruins, A. H. N. M.; Vollema, G. (AKZO N.V., The Netherlands).

release was monitored in phosphate-buffered solutions of pH Phenylalkylhydroxamic acids. Ger. Offen. DE 2,756,216, 1978; 17

2.0, 7.4, and 9.0 at body temperature (37) and at room (28) Ié:paizenave, J. P., Davies, J. A., Kazatchkine, M. D., Van Aken, W.

Fempe_rature (20C). The wo temperatures were selected t‘? G., EdsBlood-Surface Interactions. Biological Principles Underlying

investigate the effect of a change in body temperature. The in Hemocompatibility with Artificial MaterialsElsevier: New York,

vitro release profiles for ketoprofen showed that the amount of 1986: p 265.

drug released froml-methylhydroxamic acid polymers was 2.5  (29) Becke, F.; Mutz, GChem. Ber1965 98, 1322-4.

times higher than that from hydroxamic acid polymers. The (30) Narita, M.; Teramoto, T.; Okawara, Null. Chem. Soc. Jpri972

release rate showed a high dependence on the pH and the(31) 405('];’;‘;?1‘55- b. (E. 1. du Pont de Nemours and Co). Polymeric

temperature of the release medium. The polymkatoprofen hydroxan’ﬂc acids. U.S. Patent 2,402,604, 1946.

adductVIl showed no burst release at all tested pH values. (35 cocea, E.; Grigoras, MBul. Inst. Politeh. lasil965 11, 159-62.

However, the polymerketoprofen adducVIll showed burst (33) Schouteden, F. L.; Herbots, J. A. (Gevaert Photo-Producten N. V.).

release at pH 7.4 and 9.0 and no burst release at pH 2.0. The Polymeric hydroxamic acid compounds. BE 560,782, 1958.

pH dependence of the release of the ketoprofen drug from the (34) Schouteden, Rl. Soc. Dyers Colour1959 75, 309-10.

polymer—ketoprofen adduct could be in favor of applying these (35) Fetscher, C. A. (NOPCO Chemical Co.). Radioactive source compris-

. - : ing a polyamidoxime or a polyhydroxamic acid complexed with a
polymeric drugs for targeting the drugs to the colon. Since the radioactive metal. U.S. Patent 3,154,499, 1964: p 8.

polymeric formulation is not highly affected by the low pH of (35 Fetscher, C. A.; Lipowski, S. A. (NOPCO Chemical Co.). Poly-
the stomach, it can easily pass to the colon and start releasing (hydroxamic acids) from acrylonitrile amidoxime polymers. U.S.

the drug at the higher pH of the colon. Patent 3,345,344, 1967; p 6.
(37) Vrancken, M.; Smets, G. Polym. Scil954 14, 521—-34.
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