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ABSTRACT

In this research work, a serious of prodrugs ofyg@thydroxyethyl methacrylate) grafted with indonaein were
moddly synthesized and their chemical structuresevedaracterized by FT-IR antH-NMR spectroscopy. The
results showed that indomethacin was conjugateti wittymer backbones through the ester bond. Fovitiro
experiment, the simulated medium for stomach, smtektine and colon was a chloric acid solutioi (p.2), and a
sodium phosphate buffer solution (pH 7.4 and &®Yection of hydrolysis by UV spectroscopy at thgelength of
maximum absorption of the free indomethacin instllected intervals showed that the drug was hamelgased in
the simulated stomach medium, but could be coetioielease by hydrolysis of the polymeric prodrigshe
simulated small intestine and colonic conditionsgidkbphilic properties of polymeric prodrugs, as wat the
reactivity of ester side groups used as weak lbgtsreen the drug and the polyacrylic matrix, arasidered on the
basis of results obtained from in-vitro evaluatatrdifferent pH values.

Keywords: Indomethacin; Polyacrylic prodrugs; Controlleteese systemsn-vitro evaluation; Polymerization.

INTRODUCTION

Indomethacin (IND), known as a typical model draghbn-steroidal anti-inflammatory drugs (NSAIDsS) widely
used for the treatments of rheumatoid arthritesndplitis, and osteoarthritis (Figure 1). It worg inhibiting the
production of prostaglandins, molecules known tasea these symptoms. But IND usually generates
gasterointestinal side effects clinically, suchgastric ulcers and gastric perforation [1]. Thussiimportant to
realize the intestine targeted and controlled sdeaf IND in order to decrease the gastric damaggk echieve
sustained medication clinically, espicially forealiating the pain during sleeping at night [2,3fu® design in
recent years has attempted to use a prodrug strateg chemical/biochemical approach to overcom®us
barriers which hinder drug delivery, such as thexage of tissue and mucous membrane, poor watebiktyluand

too rapid absorption or too rapid excretion [4,5].
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Figure 1. The structure of indomethacin.

It is well known that polymeric prodrug or polymérdg conjugate is an effective and fast growindhégque for

improved use of drugs for therapeutic applicatidd@ymer conjugated drugs generally exhibit prokmhdalf-life,

higher stability, water solubility, lower immunodeity and antigenicity and specific targeting testies or cells.
Polymers are used as carriers in polymeric prodfogghe delivery of drugs, proteins, targeting eti@s, and
imaging agents [6]. The polymeric prodrug can kgarded as drug delivery systems that exhibit ttrerapeutic
activities by means of releasing smaller therapedriig molecules from a polymer chain moleculed@rolonged
period of time which results in enhanced pharmauetic behaviour by increasing the, bioavailability, and hence

prolonged pharmacological action. The potentialtted polymer-drug conjugates have already been fdrde
success of many products in the market for thertreat of different diseases [7].

Ringsdorf [8] developed a rational model of polymmeorodrug for the first time in 1975. He was thestf to
recognize the immense potential of polymeric prgdruif only polymer chemists and biologists wouldriv
together in the field [9]. The proposed model cstssimainly of five components: the polymeric baakiahe drug,
the spacer, the targeting group dhd solubilising agent (Figure 2). The role of syas to control the site and the
rate of release of the active drug from the corteidpy hydrolytic or enzymatic cleavage [10,11]. Tdrag must be

covalently bonded to the polymer and must remaached to it until the macromolecule reaches thsirele site of
action.

Polymeric backbone

Biodegradable
spacer
Targetting Drug
Moiety Solubilising
Group

Figure 2: Ringsdorf’'s model of polymeric prodrug.

The choice of drug for use in this system is basethree criteria. First, only potent drug can Bedubecause there
is restriction on the amount of drug that can bmmiatstered. Second, the drug should have a funatigroup by
which it can bind with the polymer backbone dingail by means of spacer molecule. Third, the drugtnbe
sufficiently stable and should not be excretedhia tonjugate form until it is released at the debsBite [12].

During the past two decadesgientists have focused their attention to foroeandin-vitro or in-vivo evaluation
of polymeric prodrugs of NSAIDs such as ibuproféB-L5], ketoprofen [16,17], naproxen [18,19], feradpn [20],
mefnamic acid [21], diclofenac [22,23], 5-aminosglic acid [24-26] and etc linked to synthetic @tural polymer
backbons directly or by means of spacer molecules.

In this work, the release of IND from a prodrugspolyacrylic grafted with IND was investigatedicrylic-type
polymers are an important class of used macromidedn drug delivery systems. These system do orot toxic
by-products during their biodegradation and whicwveh tendency to swell, when they come in contadh wi
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biological environment [27]. Hydrolysis of the obted polymeric prodrugs was carried out similar the
physiological conditions and the results showedt tiie synthesized polymeric prodrugs were pH-siasit
polymers, and introduction hydrophilic units alahg polymer chain improve the hydrolytic behavior.

MATERIALS AND METHODS

Materials

2-Hydroxyethyl methacrylate (HEMA), 2-hydroxypropylethacrylate (HPMA), ethyl methacrylate (EMA,N -
dicyclohexylcarbodiimide (DCC), 4-dimethylaminopdine (DMAP), and IND were bought from Merck.
Azobisisobutyronitrile (AIBN) was obtained from Ka and recrystallized twice from methanol and driiech
desiccator.N,N"-dimethyl formamide (DMF) was dried over anhydroMgSQO, for two days and later with
phosphoric anhydride overnight. After drying, DMRsvdistilled under reduced pressure. All other eatgywere
used without further purification.

I nstrumental measurments

The values of number average molecular weityh),(average molecular weightl(,) and the polydispersity index
(My/M,) of polymers were measured by a gel permeatioronchtography (GPC) instrument equipped with
refractive-index detector (Waters 2410) and Wagisgagel GPC columns. The GPC columns were staizdard
with narrow dispersity polystyrene in molecular gl ranging from 4.7x£@o 2000. The mobile phase was DMF
at a flow rate of 1.5 ml mih FT-IR spectra were recorded on a Shimadzu 4366tsgphotometer in KBr pellets.
'"H-NMR spectra were rocorded on Bruker 400 MHz speceter in DMSQd; and CDC} solution for
determination of polymeric prodrugs and monomespeetively. The released IND content was determimgd
2100 Shimadzu double beam UV-Visible spectrophotemet the adsorption maximum of the free IND ineous
buffered solutions},»,=318 nm) using a 1-cm quartz cell. Elemental areysere caried out with a Heareus CHN
instrument.

Synthesis and characterization of polymerizable monomer of IND-HEMA

IND drug (3.6 g, 10 mmol) was dissolved in 50 midofed DMF and cooled until -20°C. Then, DMAP (@R and
DCC (2 g, 10 mmol) was dissolved in 20 ml of DMRladded dropwise. HEMA (1.3 g, 10 mmol) was dissdlin
10 ml of DMF and added into the mixture at -20°@eTeaction mixture was vigorously stirred at -265€1 h and
returned slowly to room temperature. After the teascwas stirred at room temperature about 24 &,réfaction
mixture was filtered to remove of white precipitatieN,N -dicyclohexylurea (DCU). DMF was evaporated ang th
obtained precipitate was recrystallized from methamd dried under vacuum for 24 h to give 3.4 2047 of IND-
HEMA monomer. The chemical structure of IND-HEMA sv@haracterized FT-IR'H-NMR, and elemental
analysis as follows:

FT-IR (KBr, cm?) 3050 (C-H aromatic), 3030 (C-H vinylic), 2950,588(C-H aliphatic), 1735, 1710, 1680 (C=0
ester), 1600, 1480 (C=C aromatic), 1155 (C-O).

'H-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, -CHOCOCH>-), 4.4 (t, 2H, -CHOCOC=), 5.1 (d, 1H, CHC), 5.7 (d, 1H, Ck=C), 6.7-7.3 (m, 7H,
aryl-H).

Elemental analysis for £H,,0NCl (469.5 gmot), calculated: C 63.82, H 5.11, N 2.98; found: C583 H 5.34,
and N 3.12%.

Solubility test of IND-HEMA
One milligram of IND-HEMA monomer was placed in 1 raf organic solvents. Solubility was observed wtitle
naked eye.

Synthesis of polymeric prodrugs of IND (general procedure)

IND-HEMA was separately copolymerized with HPMA aBMA as follows and the obtained polymeric prodrugs
were designated as PD1 and PD2, respectively. Aumgof IND-HEMA (2.35 g, 5 mmol), AIBN (0.2 g), HPA
(2.15 g, 15 mmol) was dissolved in 10 ml of drieblBin a Pyrex glass ampoule. Then the ampoule wgasked,
sealed under vacuum and maintained at 70+2°C iatarfath and shaken by a shaker for about 30dobtained
viscous solution was poured into 150 ml of cooleetlmnol as non-solvent. The precipitate was cate@nd
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washed with non-solvent for several times and duieder vacuum at room temperature to give 3.0 goj6at PD1.
Also, a mixture of IND-HEMA (2.35 g, 5 mmol), AIBKD.2 g), EMA (1.7 g, 15 mmol) in 10 ml of dried DM#as
copolymerized as above method and gave 2.8 g (68®Ip2after drying under vacuum.

Method of hydrolysis

Each of powdered polymeric prodrugs (20 mg) wasedin 5 ml of a aqueous bufferd solution (pH .2, and
8.5) at 37°C. The mixture was conducted into aopdlhne membrane dialysis bag. The bag was closgd an
transferred into a flask containing 25 ml of saméfdr solution maintained at 37°C. The externautoh was
continuously stirred and a 3 ml samples were remi@teselected intervals and 3 ml of buffer wasaeptl. The
quantity of hydrolyzed IND was analyzed by means OV spectrophotometer at,.x of IND (318 nm) and
determined from the calibration curves obtainedvipresly under the same conditions. In each cona&otr
measurement, an equal volume of fresh buffer issdddto hydrolysis solution and the dilution of hgtysis
solution occurs during hydrolysis process. Theféor calculation of the mean concentration oéaskd drug, the
each concentration measurement was corrected aogdodequation (1):

i=n-1
AV j
Cn: Cn.meas+ \Vi Ci.meas (l)
=1

total .

where,n indicates tha™ concentration measuremelt,,, is the total volume of hydrolysis solution (25 ny is
the withdrawn volume at each measurement (3 GilheadS the obtained drug concentration at tlemeasurement,
andC, is the corrected drug concentration in the hydsiglgolution due to introduction of a volum¥ of buffer.

RESULTS AND DISCUSSION

Synthesis of IND-HEMA monomer

IND-HEMA was easily synthesized by direct estedfion of IND with HEMA in the presence of DCC in M
solution. The hydroxyl group of HEMA reacted withrboxyl group of IND and the resulted water wasoatsd by
DCC to produce DCU as a white precipitate. Aftempteting of reaction, the white precipitate wadased and the
solvent was evaporated under vacuum to obtain INEMA as stable polymerizable monomer (Figure 3). The
solubility of this monomer was tested by dissolvinghg of monomer in 1 ml of solvent and listed @ble 1. The
test will help us to find the non-solvents in copokrization.

cl

o CH,
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H,C O/\/OH . =\,

o}

CH, o
H,C~o

HEMA

indomethacin

DCC, DMAP
DMF, 30 h
cl
Q CH,
HZC%O/\/O _
N
CH, 0 Y
H.C~q
IND-HEMA

Figure 3. The synthesis route of IND-HEMA monomer
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Table 1. Solubility test of the synthesized IND-HEM\ monomer

DMF Watel
soluble| insolubleg

Chloroforn
sbla

Hexar

Ethyl acetat
partial solublp

Sampl Methano
IND-HEMA | Soluble (hot) soluble

The resultant FT-IR'H-NMR, and elemental analysis data confirmed thecsire of IND-HEMA and its purity.

The related FT-IR antH-NMR spectra of IND-HEMA are shown in Figures 4ah

(€=0) aromatic
——
(C-H) aliphatic
(€=0) 0
1 L | L 1 M 1 L
3000 2000 1500 1000 500

wavenumber (cm’)

Figure 4. FT-IR spectrum of IND-HEMA in KBr pellet

Synthesis and characterization of polymeric prodrugs PD1 and PD2
IND-HEMA was easily copolymerized with HPMA and EMA dried DMF solution by free radical polymerizati

technique at 70+2°C using AIBN as initiator to abtBD1 and PD2 containing IND substituents (Figbixe
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Figure 5.*H-NMR spectrum of IND-HEMA in CDCI 5 solvent
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Figure 6. Copolymerization of IND-HEMA with HPMA an d EMA to give polymeric prodrugs

The resulted polymeric prodrugs PD1 and PD2 weterless, amorphous and soluble in DMSO and DMF, but
insoluble in water and alcohols. The preparationditns and yield of polymeric prodrugs are shdawiable 2.
The prepared prodrugs were characterized througbaréety of techniques including FT-IR antH-NMR
spectroscopy. The values b, and polydispersity indexM,/M,) of the synthesized polymeric prodrugs were
estimated by GPC instrument and shown in Table 2.

Table 2. The preparation conditions, yields and melcular weights of the polymeric prodrugs

Sample|  [M] (mmol/L) | [M;] (mmol/L) | Non-solven{ Yield (%) Nx107) | MJ/M,
PD1 IND-HEMA (10) HPMA (30) Methanol 53.0 39.7 1.8
PD2 IND-HEMA (10) EMA (30) Methanol 65.0 335 2.1

The copolymer compositions of PD1 and PD2 wererdeteed from*H-NMR spectroscopic data and elemental
analysis of prodrugs. The calculated compositiohgalymeric prodrugs are presented in Table'3:-NMR
spectroscopic analysis and elemental analysis datapowerful tools for the determination of copogm
compositions because of their simplicity, rapidityd sensitivity [28, 29]. The results obtained fritaNMR data
and elemental analyses were relatively in goodeageat.

Table 3. Elemental analyses, and mole compositionthe polymeric prodrugs

Sample] C (%) H(%] N(%] IND-HEMA (%) HPMA (%) EMA)Y
PDL | 612 6.6 1.5 24.6 75.4 -
PD2 | 624 | 64 1.7 285 -

715

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 degent on its distance from the polymer backbone [€hgth and
hydrophilicity of the spacer unit between the damgl polymer chain can affect the release rate. &Vve bktudied the
hydrolysis behavior of polymeric prodrugs in physgcal conditions (aqueous hydrochloric acid oogphate
buffers, at 37C). As the polymers were not soluble in water, thegre dispersed in buffer solution and the
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hydrolysis was performed in a heterogeneous systém.hydrolysis was carried out in cellophane memeérbags
permeable to low molecular weight compounds. THeased drug passed through the high molecular weigh
polymers into the external buffer solution and deieed by a UV spectrophotometer. Figures 7-9 sttmwelease

of IND from polymeric prodrugs as a function of @nunder mild conditions. The order of hydrolysisswas
follows: PD1>PD2.

Two hydrolysable ester bonds are present in polgmébetection of the hydrolyzing solution by UV
spectrophotometer showed that only the ester betwlden drug moiety and methylene group is hydralydgring
the reaction time. The direct ester linkage betwd#en main chain of polymer and methylene group doeats
undergo hydrolysis under mild conditions. This banrelated to the steric hindrance of bulk polyeteins, which
decrease the bond mobility [30]. The release rat&D from polymeric prodrugs at alkaline medium svaigher
than the release rate of drug in acidic conditlbseems that polymeric prodrugs have a low degfesvelling in
the stomach medium and the drug is protected agaydsolysis. The degree of hydrolysis increasethagpolymer

passes from acidic to alkali medium. In alkali ghie polymers have reached a degree of swellingrtizdies the
labile bonds accessible to hydrolysis.
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Figure 7. Release of IND from polymeric carriers as function of time at pH 1.2 in 37°C
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Figure 8. Release of IND from polymeric carriers as function of time at pH 7.4 in 37°C
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Figure 9. Release of IND from polymeric carriers as function of time at pH 8.5 in 37°C

Solubility of polymers and neighbouring effect dfles groups can affect the overall rate of hydraysihe

hydrophilic copolymer containing IND was hydrolyziedbuffer solutions rather than hydrophobic copaty. PD1

was rapidly hydrolyzed because of higher hydropityliof HPMA units and PD2 was slowly hydrolyzecchase of
hydrophobicity of EMA units. The results show thgith passing polymeric prodrugs from stomach media
colonic pH, the labile bonds are better accessibleydrolysis. Therefore, in alkaline pH value, th&lymers are
easily degraded to release of IND drug.

CONCLUSION

In this research work, IND-HEMA as a new acrylicmomer with an IND pendant group was synthesizeal dme-
step process by reacting HEMA and IND using estatiion methodology. This polymerizable monomer wan
polymerized with HPMA and EMA by free radical polgnzation technique to obtain PD1 and PD2 as potigne
prodrugs of IND. The structure of the synthesizednomer and polymeric prodrugs were characterizedl an
confirmed by spectroscopy techniques. Hydrolysispofymeric prodrugs in the mild physiological comats
showed that introducing hydrophilic units along gr@ymer chain improve the hydrolytic behavior. Tdtgtained
release profiles showed that the synthesized palgrpeodrugs are pH-sensitive polymers and in atleapH value,
the prodrugs are easily degraded to release of. dndgitro release experiments showed that 2-hydroxyethyl
metacrylate-based conjugates with IND could exhébgustained drug release behavior in colonic t¢iemdand
were stable in the simulated media of the stomachsmall intestine. Therefore, they are promisiagdidates for
future applications in colon-specific drug delivery
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