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ABSTRACT

The present research work describes the synthesisravitro evaluation of novel acrylic-type polyrigesystems
having degradable ester bonds linked to indomethasi materials for drug delivery systems. Firsddmethacin
was linked to 2-hydroxyethyl methacrylate by arivatéd ester methodology in a one-pot proceduré withigh
yield. The resulted polymerizable monomer was ttwgolymerized with 2-hydroxyethyl methacrylate athyl
methacrylate (in 1:3 mole ratios) by the free radipolymerization method, utilizing benzoyl perexat 70+2°C.
The characterization of the obtained polymer-drumjogates by FT-IR'H-NMR, elemental analysis, and gel
permeation chromatography techniques confirmedrts&iucture successfully. Indomethacin release fritra
obtained polymers was preliminarily evaluated dfedent buffered solutions (pH 1, 7.4, and 10) idialysis bags
to show the capacity of prodrugs to release theimethacin under hydrolytic conditions. Detectiorpdrolysis by
UV spectroscopy at the wavelength of maximum akisorpf the free indomethacin in selected intenstiiswed
that the drug can be released by selective hydlgkthe ester bond at the side of the drug moiEhe release
profiles indicated that the degree of hydrolysisr@ase as the polymeric prodrug passes from adidlialkali
medium. In alkali pH, the polymeric prodrugs readdgree of swelling that makes the liable bonds ssibte to
hydrolysis.

Keywords: Indomethacin; Macromolecular prodrugs; Acrylipéypolymersin vitro evaluation; Polymerization.

INTRODUCTION

Indomethacin, or 2-(1-[(4-chlorophenyl) carbonyfethoxy-2-methyl-H-indol-3-yl) acetic acid, is a non-
steroidal anti-inflammatory drug (NSAID) commonlpad as a prescription medication to reduce fevain,p
stiffness, and swelling (Figure 1). It works byiisiting the production of prostaglandins, molecuteswn to cause
these symptoms. Indomethacin is a nonselectivebiiahni of cyclooxygenase (COX) 1 and 2, enzymes that
participate in prostaglandin synthesis from arashid acid. Prostaglandins are hormone-like moleculermally
found in the body, where they have a wide varidtgftects, some of which lead to pain, fever, amtammation[1,

2].

The design and application of polymeric prodruge amteresting fields that are expanded and devdlope
continuously because of the intrinsic advantagdered by specific macromolecular systems in new &sk
therapies. A conjugation of a drug with a polymemis so-called ‘polymeric prodrug’. The polymeraricer can

be either an inert or a biodegradable polymer. diiug can be fixed directly or via a spacer groufpdhe polymer
backbone. The proper selection of this spacer offengossibility of controlling the site and theeraf release of
the active drug from the conjugate by hydrolyticemizymatic cleavage [3, 4]. Polymer-drug conjugatey offer
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many advantages compared to other drug-delivertesys such as increased drug solubility, prolondad
release, increased stability and decreased toxigitys, binding of drugs to polymer carriers coplcbvide
sustained release and activity of lower doses][5, 6

o Cl

MeO

Figure 1. The structure of indomethacin

In the recent years, some of NSAIDs such as ibepr,dfetoprofen, naproxen, diclofena and 5-aminogati acid
have been linked to various polymer backbweizshydrolysable chemical bonds and thieirvitro evaluation has
been investigated by Babazadstal [7-14]. It was found that the hydrolysis behaviofghese polymeric prodrugs
are strongly based on the hydrophilicity of polyraad the pH of the hydrolysis solution.

Acrylic-type polymers are an important class ofdusgacromolecules in drug delivery systems. The aidges of
acrylic based macromolecular prodrugs have beeweevby Dumitriuet al [15]. These system do not form toxic
by-products during their biodegradation and whiciveh tendency to swell, when they come in contadh wi
biological environment.

The main purpose of this study, is synthesise ianditro evaluation of acrylic-type polymeric systems hagvin
degradable ester bonds linked to indomethacin aterras for application in drug delivery systemsheT
comparative study of the hydrolytic behavior ofymokric prodrugs based on 2-hydroxyethyl methaceytearing
indomethacin is reported. Hydrophilic propertiegpofymeric prodrugs, as well as the reactivity stee side groups
used as weak links between the drug and the pglj@acnatrix, are considered on the basis of resuifttmined from
in vitro evaluation at different pH values.

MATERIALS AND METHODS

Materials

Indomethacin was purchased from Merck and useé@sved. 2-Hydroxyethyl methacrylate (HEMA) and hyét
methacrylate (MMA) were obtained from Merck and ified by distillation under reduced pressure to ogm
inhibitors.Benzoyl peroxide (BPO) was obtained from Fluka eewtystallized twice from the methanol/chloroform
mixture and dried in a desiccattf,N-dimethyl formamide (DMF) was dried over anhydrdagSO, for two days
and later with phosphoric anhydride overnight. Afteying, DMF was distilled under reduced pressure.

I nstrumental measurments

FT-IR spectra were recorded on a Shimadzu 4300trspbotometer'H-NMR spectra were rocorded on Bruker
400 MHz spectrometer in CDg£kolution. The amount of released indomethacin determined by a 2100
Shimadzu UV spectrophotometer at the adsorptionimaxr of the free drug in aqueous buffered solutions
(Amax=318 nm) using a 1-cm quartz cell. The values ahber-average molecular weigh¥l{), weight-average
molecular weight M) and the polydispersity index of polymers wereedgined with a Maxima 820 gel
permeation chromatography (GPC) instrument corssisfetwo GPC columns (Ultrastyragel 18 and 16 A)
connected in series (Mobile phase: DMF, run tim&:n&in, column temperature: 50°C, detector: refiagcindex
model 410).Well-characterized polyethylene oxide was usedhim d¢alibration within the range &, between
"2600-885000"Elemental analyses were caried out with a Hea@id instrument. Melting point was determined
on a 9100 Electrothermal apparatus.
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Synthesis of methacryloyl oxyethyl derivative of indomethacin (MOEIN)

In a two-necked flask, 7.2 g (20 mmol) of indomethaand 0.25 g (2 mmol) of dimethylaminopyridineMBP)
were dissolved in 70 ml of DMF. The flask was caoletil -20°C and a solution of 4.1 g (20 mmol) @EC
dissolved in 40 ml of DMF was added dropwise irtsK solution at this temperature. Then, 2.6 gr#fol) of
HEMA was dissolved in 10 ml of DMF and added to tlask mixture at the mentioned temperature. Tlaetien
mixture was vigorously stirred at -20°C for 1 h aeturned slowly to room temperature. The mixtues\stirred at
room temperature about 24 h and filtered for renmivehite precipitation ofN,N-dicyclohexylurea (DCU). Then,
DMF was evaporated in vacuum and the obtained swdigl recrystallized from methanol to give 6.7 g%jaf
MOEIN.

FT-IR (KBr, cmi*) 3050 (C-H aromatic), 3030 (C-H vinylic), 2950,588(C-H aliphatic), 1735, 1710 (C=0 ester),
1675 (C=0 amide), 1600, 1480 (C=C aromafie):NMR (CDCl, ppm), 2.1 (s, 3H, =CCH}{ 2.3 (s, 3H, Ar-CH),
3.7 (s, 3H, Ar-OCH), 4.1 (s, 2H, Ar-CHCOO-), 4.2 (t, 2H, -CKHDCOCH>), 4.4 (t, 2H, -CHOCOC=), 5.1 (d, 1H,
CH,=C), 5.7 (d, 1H, CkEC), 6.7-7.3 (m, 7H, aryl-H). Elemental analysig #6,5H,.0sNCI (469.5 gmot),
calculated: C 63.82, H 5.11, N 2.98; found: C 631355.34, and N 3.12%.

Copolymerization of MOEIN with acrylic monomers (general procedure)

In two Pyrex glass ampoules, a mixture of 2.35 gq(Bol) of MOEIN, 0.25 g (1 mmol) of BPO, 1.95 g (d&Bnol)

of HEMA or 1.5 g (15 mmol) of MMA was dissolved 19 ml of dried DMF, respectively. The ampoules wibien

degassed, sealed under vacuum, maintained at 7022 @ater bath and shaken by a shaker machinabfout 24
h. After this time, the viscous solutions were safely poured from the ampoules into 150 ml of edoinethanol
as non-solvent. The precipitates were collecteghed with non-solvent for several times and drieden vacuum
at room temperature. The yields of polymers aremin Table 1.

In vitro drug release study

Each of dried polymer-drug conjugates (20 mg) wasred into 5 ml of a aqueous bufferd solution (pH .8 and
10) at 37°C and the mixture was conducted into lbogleane membrane dialysis bag. The bag was clased
transferred into a flask containing 25 ml of saméfdr solution maintained at 37°C. The externautoh was
continuously stirred and a 3-ml sample was remaedelected intervals and 3 ml of buffer was reg#acrhe
quantity of released drug was analyzed by meaias &fV spectrophotometer Bfax (318 nm) and determined from
the calibration curve obtained previously under sheme conditions. In each concentration measureragrequal
volume of fresh buffer is added into hydrolysisutimn and the dilution of hydrolysis solution ocsuduring
hydrolysis process. Therefore, for calculation leé tnean concentration of released drug, the eagbeotration
measurement was corrected according to equation (1)

i=n-1
AV Z
C:n: Cn.meas+ \V C:i.meas (1)
=1

total .

where,n indicates tha" concentration measuremeNt,, is the total volume of hydrolysis solution (25 ) is
the withdrawn volume at each measurement (3 @il}eadS the obtained drug concentration at themeasurement,
andC, is the corrected drug concentration in the hydsiglgolution due to introduction of a volum¥ of buffer.

Characterization of hydrolysis products

Twenty milligram of the polymer-drug conjugate wdispered into 20 ml of buffered solution (pH 8) and
maintained at 37°C. After 24 h, the hydrolysis sioluwas sampled, neutralized with HCI (1 N) and $lolvent was
removed in vacuum. The resulting crude product tnested with 10 ml of acetone and heated. the sisspe was
then filtered and the acetone solution was evapdrander reduced pressure. The residue was chézadtdy
melting point measurement and IR spectroscopy &maved that the hydrolysis product is indomethacmp.
159°C, IR (KBr, crit) 3450 (O-H acid), 2970, 2820 (C-H aliphatic), 173670 (C=0 carboxylic acid and amide),
1640 (C=C aromatic).
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RESULTS AND DISCUSSION

Synthetic route for preparation of MOEIN

Two different synthetic methods have been repoitethe preparation of polymers that contain pendinoig
substituents. In first method, the drug is conwkrte a polymerizable monomer by consecutive amsislyr
transesterification procedure, and then polymerizedopolymerized with a wide range of suitable omers to
produce polymer-drug combinations. This method c®w@ewide range of nucleophiles such as primamorseary
and aromatic amines and alcohols. In other mettheddrug agent is attached to preformed polymektiatesvia
degradable chemical bonds to produce polymeric rpgsd[16, 17]. As shown in Figure 2, MOEIN was basi
prepared by direct esterification of indomethacithwHEMA in the presence of DCC in DMF solution. €lh
hydroxyl group of HEMA reacted with carboxyl groab indomethacin and the resulted water was absobyed

DCC to produce DCU as a white precipitate. Aftempteting of reaction, the white precipitate wadased and the
solvent was evaporated to give MOEIN as stable mmaro

Cl
(@]
HO
//\\\//OH . = N
(e}
o (0]
o

HEMA

indomethacin

DCC, DMAP
DMF, 24 h
cl
0
Yk /\/O
o) —
0 N
o)
MOEIN o

Figure 2. The synthesis route of MOEIN

The resultant FT-IR'H-NMR, and elemental analysis data confirmed thecsire of MOEIN and its purity. The
related*H-NMR spectrum of MOEIN is shown in Figure 3.

Table 1. The preparation conditions and yields oftte polymeric prodrugs

Sample [M] (mmol/L) [M;] (mmol/L) Non-solvent Yield (%)
Poly(MOEIN-co-HEMA)  MOEIN (10) HEMA (30) Methanol 67.0
Poly(MOEIN-co-MMA) MOEIN (10) MMA (30) Methanol 63.0
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Figure 3.*H-NMR spectrum of MOEIN in CDClI 5 solvent

Synthesis and characterization of polymeric prodrugs

As shown in Figure 4, the obtained MOEIN as a dragtainig monomer was easily copolymerized with HEM
and MMA in dried DMF solution by free radical polgmzation technique at 70+2°C using BPO as initidto
obtain poly(MOEINeo-HEMA) and poly(MOEINe€o-MMA). The resulted copolymers were colorless, gohous
and soluble in DMSO and DMF, but insoluble in wafBne conversions of monomers to the related copeiy
were determined gravimetrically after exhaustivgirdy of the isolated copolymer samples. The prdjara
conditions and yields of copolymers are shown ibl@al. The prepared prodrugs were characterizezligitr a
variety of techniques including FT-IR adH-NMR spectroscopy. Spectral characteristics otfiomal groups of
copolymers having indomethacin substituents arergin Table 2.

cl
)
Q + HZC:(‘:
o

%O/\/ _ v

o NN Co-monomer
o)
o
MOEIN BPO / DMF
70+2°C

g %
e [ o]
fFeH—c—1 [ CH; ‘C Im

o~ "o v

H cl
o
-
o N
o)
o

Poly(MOEIN-co-HEMA): X=Me, Y=COOCH,CH,OH
Poly(MOEIN-co-MMA): X=Me, Y=COOCH,

Figure 4. Copolymerization of MOEIN with HEMA and M MA to give polymeric prodrugs
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Table 2. Spectral characterization of the polymerigprodrugs

Sample Functional group *H-NMR (ppm)  FT-IR (cf)
Poly(MOEIN-Co-HEMA) COO - 1735

OH 55 4200-3200
Poly(MOEIN-co-MMA) coo - 1735
All polymers CH,O 4.2 1100

Aryl 7.0-8.0 1600, 1450

Molecular weights of polymeric prodrugs

One parameter used to characterize polymeric pgsdisithe determination of molecular weight. Iratiein to the
polymeric prodrugs, the rate of hydrolysis in thetdnogeneous system can be controlled by the gteuct the
polymer substrates and their molecular weight. iiette of hydrolysis is lowered as the molecular \Weigcreases
[18]. The number-average molecular weight, and weight-average molecular weigM,j of the synthesized
polymeric prodrugs were estimated by gel permeatimomatography (GPC) instrument. The obtainedesakare
shown in Table 3.

Mole compositions of polymeric prodrugs

'H NMR spectroscopic analysis and elemental analysia are powerful tools for the determination epaymer
compositions because of their simplicity, rapidityd sensitivity [19, 20]. Therefore, copolymer casitions were
determined fromtH-NMR spectroscopic data and elemental analysigrofirugs. The calculated compositions of
polymeric prodrugs are presented in Table 3. Thalt® obtained fromH-NMR data and elemental analyses were
relatively in good agreement.

Table 3. Elemental analyses, molecular weights amdole compositions of polymeric prodrugs

Sample C(%) H(%) N%) Mx109) MJM, 7 (%) (%)
Poly(MOEINCOHEMA) 600 62 16 35.6 2.1 24 76
Poly(MOEINCOMMA) 623 63 18 27.7 1.8 29 71

a; the mole composition of MOEIN in polymeric pragls.
b; the mole composition of co-monomer in polympradrugs.

Drug release by hydrolysis of polymeric prodrugs

It has been widely demonstrated that the side chwilmolysis of drug pendent polymers depends onstrength
and chemical nature of the drug polymer chemicaidsp the structure of the polymer and the surroundi
condition. The hydrolysis of a linkage is also dagent on its distance from the polymer backbone [€hgth and
hydrophilicity of the spacer unit between the diaugd polymer chain can affect the release rate. ifthétro
hydrolysis behavior of polymeric prodrugs was stddin physiological conditions at 37°C. As the podrs were
not soluble in water, they were dispersed in busi@ution and the hydrolysis was performed in a&iugeneous
system. The hydrolysis was carried out in celloghanembrane bags permeable to low molecular weight
compounds. The released drug passed through thentotecular weight polymers into the external buffelution
and determined by a UV spectrophotometer. Two Hydatble ester bonds are present in polymers. Deteof the
hydrolyzing solution by UV spectrophotometer showleat only the ester bond between drug moiety aethyhene
group is hydrolyzed during the reaction time. TRedpectroscopic data and melting point measurenadntise
residue corresponded to the free drug. The dirgtetr éinkage between the main chain of polymer aredhylene
group does not undergo hydrolysis under mild comat This can be related to the steric hindraridmitik polymer
chains, which decrease the bond mobility.

Figures 5-7 show the release of indomethacin frotgrperic prodrugs as a function of time under naitshditions
in HCI buffer (pH 1) and KEPOy-Na,HPO, buffer (pH 7.4 and 10). The order of hydrolysispsly(MOEIN-co-
HEMA) > poly(MOEIN-co-MMA). The release rate of indomethacin from polyrmgrodrugs at alkaline medium
was higher than the release rate of drug in addidition. It seems that polymeric prodrugs havewadegree of
swelling in the acidic medium and the drug is pect#d against hydrolysis. The degree of hydrolysisdases as the
polymer passes from acidic to alkali medium. InadillH, the polymers have reached a degree of mgethat
makes the labile bonds accessible to hydrolysifei@int factors such as solubility of polymers araghbouring
effect of side groups can affect the overall rdt@yarolysis. The hydrophilic copolymer containimglomethacin
was hydrolyzed in buffer solutions rather than leyirobic copolymer. As shown in Figures 5-7, poly(EIN-co-
HEMA) was rapidly hydrolyzed because of higher loghilicity of HEMA units and poly(MOEIN:o-MMA) was
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slowly hydrolyzed because of hydrophobicity of MM#its in the copolymer structure. The results shioat with
passing polymeric prodrugs from acidic media tgttly alkaline pH, the labile bonds are better asif#e to
hydrolysis. Therefore, in alkaline pH value, théyprers are easily degraded to release of indomigthac
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Figure 5. Percent of indomethacin released from pgimeric carriers as a function of time at hydrochloic acid buffer (pH 1) and 37°C

100

% [ —a—poly(MOEIN-co-HEMA) —m—paly(MOEIN-co-MMA) |

80 A
70 A
60 A
50 A
40

Drug released (%)

30 A
20 A
10 A

0

0 15 3 4.5 6 7.5 9 105 12 135
Time (h)

Figure 6. Percent of indomethacin released from pgimeric carriers as a function of time at phosphatduffer (pH 7.4) and 37°C
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Figure 7. Percent of indomethacin released from pgineric carriers as a function of time at phosphatéuffer (pH 10) and 37°C

CONCLUSION

In this work, MOEIN as an acrylic-type polymerizalderivative of indomethacin was synthesized freection
between HEMA and indomethacin by esterificationtmet Then, the polymeric prodrugs containing indtraein
pendent groups were synthesized by the free ragalgnerization of MOEIN with HEMA or MMA. The staiure
of the synthesized MOEIN and polymeric prodrugsemeharacterized by spectroscopy techniques. Hysisokyf
polymeric prodrugs was carried out similar to theygiological conditions and the results showed ttinet
introduction hydrophilic units along the polymeragt improve the hydrolytic behavior. Also, the riéant release
profiles of drug from prodrugs showed that the bgsized polymeric prodrugs were pH-sensitive potgme
Therefore, the studied polymers in the presentstigation can be used in prolongation of transitetiand are
useful as drug carriers for development of pH-demspolymeric prodrugs.
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