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ABSTRACT

This work, describes synthesis and in vitro evaduatof new acrylic-type polymeric prodrugs contami
mesalazine, as colon targeted drug delivery systé&inst, mesalazine reacted with formic acid, ahe bbtained
material was reacted with 2-hydroxypropyl methaatyih the presence of 1,1-carbonyldiimidazole t@durce
methacryloyloxypropyl 5-amino salicylate. The réstilacrylic-derivative of mesalazine was then pelyred with
various acrylic monomers by free radical solutioolymerization, utlizing azobisisobutyronitrile aa aitiator at
7042°C. The obtained polymer-drug conjugates weharacterized by FT-IR'H-NMR, elemental analysis, gel
permeation chromatography, and differential scagnicalorimetery techniques. The release studiesewer
performed into dialysis bags by hydrolysis bufferedlutions at 37°C. Detection of hydrolysis by UV
spectrophotometer at free druga, (300 nm for pH 1; 339 nm for pH 7 and 8) in seddcintervals showed that the
mesalazine can be released by selective hydrabtydtse ester bond at the side of drug moiety. Hhease profiles
indicated that the hydrophobicity of polymers ahd pH value of the hydrolysis media have stronfflsces on the
hydrolytic behavior of the polymeric prodrugs.

Keywords: Mesalazine; Polymeric prodrugs; Acrylic-type polrs;In vitro evaluation; Polymerization.

INTRODUCTION

Inflammatory bowel disease (IBD) is characterizgdchronic inflammation in the mucosal membranehef karge

intestine. Although many treatments have been revemded for IBD, they do not treat the cause butefiective

only in reducing the inflammation and accompanysgmptoms in up to 80% of patients. The primary gdalrug

therapy is to reduce inflammation in the colon treduires frequent intake of anti-inflammatory dsug higher
doses. Mesalazine, or 5-aminosalisylic acid (5-ASi8)an active ingredient of agents used for thegiterm

maintenance therapy to prevent relapses of Cralisesse and ulcerative colitis [1]. It is very d&uabove pH 5.5
and thus it is readily absorbed from the gastraiittal (Gl) tract as soon as it passes througlstiimach. Systemic
absorption of mesalazine creates various physicébgide effects. Hence research has focused @ (tmpical)

delivery of mesalazine at the diseased site (diktain and proximal colon) with intentionally minined systemic
absorption. The mechanism of action of mesalazinaot fully understood, but it is suggested thateluces
inflammation by blocking cyclooxygenase and lipogggse in the arachidonic acid pathway and inhithies

production of prostaglandins and other inflammatogdiators in the intestine [2].

Colon targeted drug delivery systems have attrattaay researchers due to distinct advantages suckaa neutral
pH, longer transit time and reduced enzymatic #gtivColon specific drug delivery not only increas¢he
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bioavailability of the drug at the target site, bigo reduces the side effects [3]. In the reckrliss, colon targeted
drug delivery systems are gaining importance tattiecal pathologies of the colon (Crohn’s disedB&) and
colonic cancer) and also for the systemic delivdrgrotein and peptide drugs. Targeting drugs &oléinge intestine
can be achieved by different routes; coating drwggs pH-sensitive polymers, coating drugs with lesictly
degradable polymers, delivery of drugs through dxgaity degradable hydrogels, and delivery of draggprodrugs
[4, 5]. Polymeric prodrugs or polymer—drug conjugas are novel technique for drug delivery systefftsese
systems act as carriers for drugs and target tbahetdesired site in the body.

It was for the first time in 1975 that a rationabael for pharmacologically active polymers was pmsgd.
Ringsdorf was the first to recognize the immenseemtial of polymeric prodrugs, if only polymer chists and
biologists would work together in the field [6]. &tproposed model consists mainly of five componethis
polymeric backbone, the drug, the spacer, the tiagggroup and the solubilising agent. This modéhough still
oversimplified, has been an important mark in tis¢ony of polymeric prodrug design.

Polymeric prodrug is a conjugation of a drug witpaymer which has several advantages. The maiarddyges
include: (a) an increase in water solubility of I@aluble or insoluble drugs, and therefore, enhawect of drug

bioavailability; (b) protection of drug from deadtion and preservation of its activity during dilation, transport
to targeted organ or tissue and intracellular ickiffig; (c) an improvement in pharmacokinetics; édjeduction in
antigenic activity of the drug leading to a leserunced immunological body response; (e) thetglii provide

passive or active targeting of the drug specifictdl the site of its action; (f) the possibility form an advanced
complex drug delivery system, which, in additiondiug and polymer carrier, may include several otive

components that enhance the specific activity efrttain drug. Due to these advantages over to éree 6f a drug,

the polymeric prodrug conjugates has lead intova e of drug delivery systems [7-10].

Literature studies showed that various researchksvabout synthesis ara vitro evaluation of polymeric prodrugs
containing mesalazine linked to the polymer backisamave been recently reported [11-15]. In thesearehes, the
linkages between mesalazine and the polymer baekboaluding azo, ester and amide bonds, were ptibt=to
enzymatic attack in the large intestine for releafsmesalazine at this site.

Previously, we reported the preparation of acrigirenulation for non-steroidal anti-inflammatory digi(NSAIDS),

in which the drug was covalently linked to polynbeckbonevia hydrolyzable bonds [16-23]. It was found that the
hydrolysis behavior of these polymeric prodrugstiengly based on the hydrophilicity of polymer ahd pH of
the hydrolysis solution. Acrylic-type polymers ama important class of used macromolecules in drig/ery
systems. The advantages of acrylic based macromateprodrugs have been reviewed by Dumittual. [24].
These systems do not form toxic by-products dutivayr biodegradation and which have tendency tdlswaen
they come in contact with biological environment.

The objective of the present work is synthesis andlyingin vitro release behaviour of polymeric prodrugs
containing mesalazine for sustained and site-speélivery. Therefore, a polymerizable acrylictyperivative of
mesalazine, namely methacryloyloxypropyl 5-amindicglate (MOPAS), was successfully synthesized and
copolymerized with 2-hydroxyethyl methacrylate, hytmethacrylate or ethylhexyl acrylate by free icatl
polymerization technique. The release of mesalaizoma the obtained polymeric prodrugs was carriatlio vitro

by hydrolysis in buffered solutions at various pBlues and the quantity of the released drug detdoyeUV
spectroscopy. The effects of neighboring groupspithdalues on release of mesalazine are discussed.

MATERIALS AND METHODS

Materials

Mesalazine (5-ASA) was purchased from Aldrich chemahicompany and recrystallized from water and athan
respectively. 2-Hydroxypropyl methacrylate (HPM&)ethyl methacrylate (MMA), ethylhexyl acrylate (EHANd
2-hydroxyethyl methacrylate (HEMA) were obtainednfr Merck chemical company and purified by distiat
under reduced pressure to remove inhibitésobisisobutyronitrile (AIBN) was obtained from ka chemical
company and recrystallized twice from methard|N-dimethyl formamide (DMF) was dried over anhydrous
MgSQ, for two days and later with phosphoric anhydrigeraight. After drying, DMF was distilled under rezkd
pressure.
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Instrumental measurments

FT-IR spectra were recorded on a Shimadzu 4300rspéotometer’H-NMR spectra were rocorded on Bruker
400 MHz spectrometer in DMS@) solution. The amount of released mesalazine wasrrdaed by a 2100
Shimadzu UV spectrophotometer at the adsorptionirmam of the free drug in aqueous buffered solutions
(Amax=300 nm for pH 11,=339 nm for pH 7 and 8) using a 1-cm quartz cefie Values of number-average
molecular weight ¥I,), weight-average molecular weigh¥l{) and the polydispersity index of polymers were
determined with a Maxima 820 gel permeation chragyaphy (GPC) instrument consisted of two GPC coleim
(Ultrastyragel 16 A and 18 A) connected in series (Mobile phase: DMF, runetifi0 min, column temperature:
50°C, detector: refractive index model 41@ell-characterized polyethylene oxide was usedhia talibration
within the range of ) between "2600-885000Elemental analyses were caried out with a Hea@#id-ORAPID
instrument. Mass spectrum was obtained with a Sttmn&@p 100X spectrometer at 70 eV. Thermal analysis
performed on a STA 625 calorimeter at heating aoalilng rates of 10°C/min under,NMelting points were
determined on a 9100 Electrothermal apparatus.

Synthesis of methacryloyloxypropyl 5-amino saliaggMOPAS)

One gram (6.5 mmol) of mesalazine in 10 ml of 9&¥#nic acid was refluxed for 30 min and 20 ml ofctdistilled
water was added. The precipitates were filteredshwd several times with cold water, and dried iouua. 5-
Formylaminosalicylic acid (5-fASA) was obtained wi88% yield (m.p. 251°C). To the solution of 5-fASA
mmol) in 5 ml of DMF, CDI (1.5 mmol) was added slgwand reacted for 1 h at room temperature. ThENVA
(1 mmol) in 10 ml of DMF and triethylamine (0.8 mi)ere added to the reaction mixture, and stirred2fbh at
room temperature. Addition of excess HCI (0.1 mgioduced precipitates of MOPAS. The brown préatps
were collected, washed with HCI for several timed dried under vacuum at room temperature to gBg ®f
MOPAS with melting point of 318°C.

FT-IR (KBr, cm®) 3470 (O-H phenolic), 3423 (N-H stretching), 30@DH aromatic), 3020 (C-H vinylic), 2950,
2860 (C-H aliphatic), 1725 (C=0 ester), 1630 (C4ylc), 1600, 1490 (C=C aromaticjH-NMR (DMSO-d,
ppm) 1.30 (d, 3H, -OCH(C##), 1.9 (s, 3H, =CC¥H), 4.2 (d, 2H, -OCHt), 4.4 (m, 1H, -OCKCH3)-), 5.0 (s, 2H, -
NH,), 5.4 (d, 1H, Ck=), 6.2 (d, 1H, CkE), 6.8-7.6 (m, 3H, aryl-H), 10.3 (s, 1H, -OH)/z (El): 279 (15%, M),
210 (12%, [M-(CHC(CH:)CO)I"), 136 (100%, [M-HPMA]), 143 (21%, [M-5ASA]). Elemental analysis for
C14H17NO5 (279 g/mol), calculated: C 60.2, H 6.1, N 5.0; fdu€ 59.9, H 5.9, N 5.3%.

Copolymerization of MOPAS with acrylic monomers (g&al procedure)

In three Pyrex glass ampoules, a mixture of 1.46 gamol) of MOPAS, 0.16 g (1 mmol) of AIBN, 1.95(@5

mmol) of HEMA or 1.50 g (15 mmol) of MMA or 2.75(@5 mmol) of EHA was dissolved in 10 ml of dried BM
respectively. The ampoules were then degassed&dseadder vacuum, maintained at 70+2°C in a watér bad
shaken by a shaker machine for about 24 h. Aftisrtime, the viscous solutions were separately @ddrom the
ampoules into 150 ml of cooled methanol/water (#¥) mixture as non-solvent. The light brown préifes were
collected, washed with non-solvent for several sinamd dried under vacuum at room temperature tstanh
weight.

In vitro drug release study

The polymer-drug conjugates were dried under vacatimom temprature and sieved with a 200 mestesieach
of dried polymer-drug conjugates (200 mg) was pdunto 5 ml of a aques bufferd solution (pH 1,nd &) at
37°C and the mixture was conducted into a celloplaembrane dialysis bag. The bag was closed ansféraed
into a flask containing 25 ml of same buffer sauatimaintained at 37°C. The external solution waginaously
stirred and a 3-ml sample was removed at selectinlvals and 3 ml of buffer was replaced. The gtamf
released drug was analyzed by means of an UV gpéxitometer akt,ax (300 nm for pH 1; 339 nm for pH 7 and 8)
and determined from the calibration curve obtaipegviously under the same conditions. In each aunaton
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 aegdaodequation (1):

i=n-1
AV Z
Cn: Cn.meas+ \Vj Ci.meas (1)
i=1

total .
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where,n indicates tha™ concentration measuremelt,, is the total volume of hydrolysis solution (25 ny is
the withdrawn volume at each measurement (3 n@)messiS the obtained drug concentration at th®
measurement, and, is the corrected drug concentration in the hydsislygolution due to introduction of a volume
AV of buffer.

Characterization of hydrolysis products

Twenty milligram of the polymer-drug conjugate weispered 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 Andied that the hydrolysis product is mesalazing. 2880°C
(dec.), IR (KBr, crit) 3400-2900 (O-H), 2950, 2870 (C-H aliphatic), 17{8&0), 1600, 1470 (C=C aromatic).

RESULTS AND DISCUSSION

Synthetic route for preparation of MOPAS

As shown in Figure 1, the synthesis of MOPAS inediitwo steps. The first step involved the conversib
mesalazine into its formyl derivative (5-fASA) bging formic acid in order to make it susceptible dsterification
reaction with HPMA. In the second step the HPMA waspled to 5-fASA in the presence of DCI in DMHutimn
to get monomeric drug conjugate. After completifigeaction, the precipitate was seperated and aheist was
evaporated to give MOPAS as stable monomer.

H
COOH COOH
HCOOH 98%
30 min. reflux 1 hrit.
NH,

NHCHO NHCHO
5-ASA 5-fASA
HPMA
Et;N
24hrt.
NHCHO
MOPAS

Figure 1. The synthesis route of MOPAS.

The elemental analysis, FT-IB4-NMR and mass spectroscopy confirmed the struatilddOPAS and its purity.
'H-NMR spectrum of MOPAS is shown in Figure 2.

Synthesis and characterization of polymeric prodsig

As shown in Figure 3, the obtained MOPAS as a dagainig monomer was easily copolymerized with HEM
MMA and HEA in dried DMF solution by free radicablymerization thecinque at 70+2°C using AIBN adiator
to obtain poly(MOPAS:0-HEMA), poly(MOPAS€0-MMA) and poly(MOPASeo-EHA). The resulted copolymers
were colorless, amorphous and soluble in DMSO aWidr [but insoluble in water. The conversions of mmeos to
the related copolymers were determined gravimelyiefter exhaustive drying of the isolated copobmsamples.
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Figure 2.*H-NMR spectrum of MOPAS in DMSO-d; solvent.
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Figure 3. Copolymerization of MOPAS with HEMA, MMA and EHA to give polymeric prodrugs.

The prepared polymeric prodrugs were characteribealigh a variety of techniques including FT-fRI-NMR
spectroscopy. The results confirmed the structtirdh@ synthesized polymers. A typicalti-NMR spectrum of
poly(MOPAS<o-MMA) is shown in Figure 4. In thifH-NMR spectrum, the proton signals of the aryl gravere
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seen between 7 and 8 ppm. The resonance sign@l8 ahd 6.2 ppm were respectively attributed torowgd and
amine protons of drug in MOPAS units. Also the mgkthrotons of -COOCHK in MMA units and protons of -
COOCHCHOOC- in MOPAS units were observed at 3.8 andpp@, respectively. The signals at 0.9-2.0 ppm
were due to the methylene groups of backbonexemeéthyl groups.

B\ .

|

Figure 4.*H-NMR spectrum of poly(MOPAS-co-MMA) in DMSO- ds.
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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 gtaucf the

polymer substrates and their molecular weight. rette of hydrolysis is lowered as the molecular Weigcreases.
The number-average molecular weighd,Y and weight-average molecular weigh¥l,) of the synthesized
polymeric prodrugs were estimated by GPC instrumBmt obtained values are shown in Table 1.

Thermal behavior of polymeric prodrugs

The thermal behavior of a polymer is importantetation to its properties for controlled releasd #sa ability to be
processed intsuitable dosage form [13]. Differential scannindodanetry (DSC) was used to determine the
thermal properties of the polymeric prodrugs comitgj mesalazine drug. The value of the glass ttiansi
temperaturesT{’'s) determined from the DSC thermodiagrams is givenable 1.

Table 1. The yields, molecular weights and glassansition temperatures of the synthesized prodrugs

Sample Yield (%) M Mw/M, | T4 (°C)
Poly(MOPASeo-HEMA) 76 45430 1.6 134
Poly(MOPASeo-MMA) 72 33410 1.7 116
Poly(MOPAS€eo-EHA) 70 44370 1.8 123

Mole compositions of polymeric prodrugs

'H-NMR spectroscopic analysis and elemental analyaia are powerful tools for the determination @paymer
compositions because of their simplicity, rapidityd sensitivity [25, 26]. Therefore, copolymer casitions were
determined fromH-NMR spectroscopic and elemental analysis datéhefpolymeric prodrugs. The calculated
compositions of the polymeric prodrugs from elerakahalysis are presented in Table 2. The obtaiesalts from
elemental analysis were relatively in good agre¢meth ‘H-NMR data. For example, the following expression
was used to determine of the molar compositiona@§(MOPASco-MMA) from Figure 4. Let " be the mole
fraction of MMA and “1m” be the mole fraction of MOPAS. Unit of MOPAS cairts three aromatic protons
around 7-8 ppm and MMA unit contains three protohsCOOCH around 3.8 ppm. Therefore, the mole fraction of
MMA in poly(MOPAS-co-MMA) was determined from the equation (2):

integrated peak area of 7-8 ppm 3(t
integrated peak area of 3.8 ppm m3

&)
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The value of in” as mole fraction of MMA was obtained 71.5% whishin good agreement with the obtained value
from elemental analysis (72%).

Table 2. Elemental analysis and mole composition$ the polymeric prodrugs

Sample Elemental analysis Mole composition
C(%) [ H(%) | N(%)[ MOPAS (%)| co-monomer (%)
Poly(MOPASeo-HEMA) | 57.6 6.9 2.4 24 76
Poly(MOPASe€o-MMA) 60.1 7.0 2.6 28 72
Poly(MOPASeo-EHA) 67.2 9.0 1.9 30 70

Drug release by hydrolysis of polymeric prodrugs

It has been widely demonstrated that the side dmgdmnolysis of drug pendent polymers depend orsttength and
chemical nature of the drug polymer chemical botits stucture of the polymer and the surroundinglitmn. The
hydrolysis of a linkage is also dependent on itsattice from the polymer backbone. The length achdphilicity

of the spacer unit between the drug and polymemcten affect the release rate [16, 18]. Tineitro hydrolysis
behaviour of polymeric prodrugs was studied in pblggjical conditions (aqueous phosphate or hydmrihlacid
buffers, at 37°C). As the polymers were not sauinl water, they were dispersed in buffer solutiord the
hydrolysis was performed in a hetrogeneous systdma.hydrolysis was carried out in cellophane meinkraags
permeable to low molecular weight compounds. THeased drug passed through the high molecular weigh
polymers into the external buffer solution and watermined by a UV spectrophotometer.

There are two hydrolysable ester groups, one adjacethe polymeric backbone and the other releb&tethe
pendant chain by a spacer group. It is obvious ltgdtolysis of the latter ester group is much miadle than the
one adjacent to the polymeric backbone becauseit iindrance reason which decrease the bondlityobi

Figures 5-7 show the release of mesalazine frorynpatdic prodrugs as a funtion of time under mild ditions in
HCI buffer (pH 1) and KEPO,-Na,HPO, buffer (pH 7 and 8). The obtained results shoved the release rate of
mesalazine from polymeric prodrugs at alkaline medivas higher than the release rate of drug in@chdition.
The drug- release rate from polymeric prodrugscati@apH is very low. It seems that polymeric progs have low
degree of swelling in acidic medium and the drugritected against hydrolysis. Also, at acidic ragttie carboxyl
group of hydrolyzed mesalazine will be protonated &s aqueous solubility will be lower than in @ikmedia,
where the acid group is deprotonated. Also, therdiydis of ester in acidic media is actually an igguum
reaction, as ester formation is also catalyseddy. &he degree of hydrolysis increase as the petypasses from
acidic to alkali medium. In alkali pH, the polymédrave reached a degree of swelling that makesidbk Ibonds
accessible to hydrolysis.

100

80 -

60 -

40 |

Drug released (%)

(a)
20 -

»Mm
(c r
0s . T T T :

0 1.5 3 45 6 7.5 9 10.5 12

Time (h)

Figure 5. Percent of mesalazine released from polyaric carriers as a function of time at hydrochloricacid buffer (pH 1) and 37°C. (a)
poly(MOPAS-co-HEMA); (b) poly(MOPAS-co-MMA); (c) po ly(MOPAS-co-EHA).
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Figure 6. Percent of mesalazine released from polyaric carriers as a function of time at phosphate bffer (pH 7) and 37 °C. (a)
poly(MOPAS-co-HEMA); (b) poly(MOPAS- co-MMA); (c) poly(MOPAS- co-EHA).

100

80
(a)

60

40 - (b)

Drug released (%)
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Figure 7. Percent of mesalazine released from polyaric carriers as a function of time at phosphate bffier (pH 8) and 37 °C. (a)
poly(MOPAS-co-HEMA); (b) poly(MOPAS- co-MMA); (c) poly(MOPAS- co-EHA).

In the alkaline environment of the lower Gl trawbwever, hydrolysis is mainly take place by micoodl enzymes.
Where esterase enzyme released by microbes istedpechydrolyze the ester linkage and releasiegiée drug.
Even allowing for a certain amount of hydrolysistioé prodrug in the acidic environment of the upBétract, the
amount of drug released here should be much lessube the residence time in the upper Gl tractm@th and
duodenum) is less than two hours. As well as aatedmount of hydrolysis of the prodrug taken plagen in
absence of microfloral enzymes due to a nucleaphttiack of the hydroxyl group on the electron clefit carbonyl
carbon in the lower Gl tract, but the most of dratpase takes place predominantly in the lowerr&dttonly in
presence of microfloral enzymes especially estendseh is expected to hydrolyze the ester linkage eeleasing
the free drug thus allowing for site-specific deliy [1]. Also, the neighboring groups can affea thrug-release
rate. As shown in Figures 5-7, the hydrolysis mttepoly(MOPAS€co-HEMA) is higher than poly(MOPASe-
MMA) and poly(MOPASeo-EHA). It seems that the introduction hydrophilicits along the polymer chain
improve the hydrolytic behaviour. Poly(MOPAS-HEMA) has hydrophilic HEMA units and therefore,regpidly
hydrolyzed from other polymers containing hydropicddMA and EHA units.
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CONCLUSION

In this work, HPMA-based polymeric prodrugs conagnmesalazine pendent groups were synthesizetebfree
radical polymerization of MOPAS with various accylnonomers. The structure of the obtained polyneas
characterized by spectroscopy techniques and tbeipositions calculated by tHe-NMR spectra and elemental
analysis data. Hydrolysis of the polymeric prodrugss carried out similar to the physiological cdiwgis and the
results showed that with introducing hydrophiligtaralong the polymer chain, the release percerdbgesalazine
is increased. Also, the release profiles of megadaizom prodrugs showed that the synthesized peticyprodrugs
were pH-sensitive polymers. However, a certain amaf mesalazine can be released by hydrolysishef t
polymeric produgs in small intestine (pH 5-7), It amount of the released mesalazine in colon8pis very
high. Therefore, the studied polymers in the presermestigation can be used in prolongation of $iatime and are
useful as drug carriers for development of pH-damsipolymeric prodrugs. As the main purpose ofypwric
prodrugs is the achievement of controlled drugasteor slow release, application of these polymasra drug
delivery system is expected after vivo examinations. The molecular weight of the prodrafier hydrolysis,
toxicity of the hydrolyzed products and clinicalidies will be reported in next works.
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