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Abstract: 
          In this work a novel drug delivery system through modification of poly acrylic 

acid with Methionine as a spacer between the poly acrylic acid which was converted 

to its acyl chloride and reacted with Methionine as spacer unit which has been reacted 

with Ampicillin drug. In vitro drug release study had been conducted successfully in 

basic medium in pH 7.4 and acidic medium in pH 1.1 at 37℃. Due to many problems 

associated with drug release and, this modification could decrease the side effect of 

drug. The prepared prodrug polymer was characterized by spectra method [FTIR and 
1
H−NMR]. Physical properties and intrinsic viscosity of drug polymer were 

determined. The good results were obtained in the presence of spacer unit with 

comparing without spacer unit. 
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Introduction:
Methionine is an essential amino acid 

that is required in the diet of humans 

and livestock. Plant proteins are 

frequently deficient in Methionine and 

consequently an exclusively vegetable 

diet may fail to meet nutritional 

requirements [1]. Polyacrylic acid 

based polymers are mainly used for 

oral and mucosal contact applications 

such as controlled release tablets, oral 

suspensions and bio-adhesives. It is 

also used as a thickening, suspending 

and emulsion stabilizing agent in low 

viscosity systems for topical 

applications [2]. Acrylic acid (AA) is 

deemed to form a super absorbent 

polymer which can absorb very large 

amount of water and retain it even 

under high pressure. As a result of this 

unique characteristic, it has been used 

in various controlled drug delivery 

systems [3].Many synthetic polymers 

are biologically inert. However, some 

exhibit toxicity, while others exhibit a 

wide range of therapeutic activities [4]. 

Some investigators have focused their 

attention on the preparation of 

bioactive polymeric materials, by 

bounding the drug to a polymer 

through covalent linking, e.g. 

chloramphenicol was previously 

attached to a meth acrylic by an acetal 

function and then copolymerized with 

2-hydroxyl methacrylate [5].Polymers 

are becoming increasingly important in 

pharmaceutical applications especially 

in the field of drug delivery. Polymers 

range from their use as binders in 

tablets to viscosity and flow 

controlling agents in liquids, 
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suspensions and emulsions; can also be 

used as film Coatings, to disguise the 

unpleasant taste of a drug, to enhance 

drug stability and, to modify the 

release characteristics [6, 7]. Prodrugs 

can be used to afford drugs that would 

be too toxic to be given directly, a 

feature of the slow release. The 

prodrug that is converted to the active 

drug at the target site itself greatly 

reduced side effects of highly toxic 

drugs[8]. The fundamental 

macromolecular transport theory of 

biopolymers through tissues has been 

successfully applied to the design, 

fabrication, and prediction of in vivo 

performance of polymer drug-delivery 

systems. Consequently, based on the 

molecular weight, Conjugate polymer 

drug carriers have been developed to 

perform more specifically than the 

drug alone. Many other variables, such 

as composition of the polymer chain, 

structure, polyelectrolyte character, 

and solubility, can also affect polymer 

behavior [9].  

 

Methods: 

Materials and Instruments 

      Ampicillin was purchased from 

Samarra Company; Thionyl chloride was 

obtained from Fluka. Methionine and 

Acrylic acid were obtained from Aldrich. 

Dimethylformamide (DMF) was 

purchased from Merck. Triethylamine was 

purchased from Fluka.
1
H-NMR spectra 

were recorded on a Shimatzu 

spectrophotometer in Dimethylsulphoxide 

(DMSO). The FTIR spectra were recorded 

by (4000-600cm
-1

) on a Shimatzu 

spectrophotometer. Melting points were 

determined on callenkamp MF B-600 

Melting point apparatus. Electronic 

spectra measurement using CINTRA5-

UV.Visble spectrophotometer. 

 

Polymerization of Acrylic Acid. [10] 

       In a screw capped polymerization 

bottle (3g.), of acrylic acid was dissolved 

in (10 ml) of DMF, 0.05% of the 

monomer weight of di benzoyl peroxide 

was added as an initiator. The bottle was 

flashed with nitrogen for few minutes 

inside a glove and firmly stopped. The 

solution was maintained at 90℃, using 

water bath for 1 hr. The solvent was 

evaporated under vacuum; the product 

was obtained, washed three times with 

ether. Dried in a vacuum oven at 50℃, 
produced 95% of polymer with µin = 

0.46 dL /g. 

 

Preparation of polyacryloyl chloride. 

[11] 

    A thionyl chloride (5ml., 0.04mole) 

was added gradually to a 

mixture(2.48g, 0.03mole) of poly 

acrylic acid which was dissolved in 

15ml of dioxane placed  in a round-

bottom flask provided with condenser, 

the contents were stirred with a 

magnetic bar at 50℃. The excess of 

thionyl chloride was distilled off and 

the poly acryloyl chloride was obtained 

and dried by vacuum oven. Producing 

white polymer, it was collected on a 

glass filter, washed repeatedly with 

ether giving 90%. 

 

Modification of polyacryloly chloride 

with Methionine (P2). [12] 

       In a round bottom flask provided 

with condenser (2g., 0.02mole) of poly 

acryloyl chloride was dissolved  in 

(10ml) of DMF, Then (4.13g., 

0.02mole) of  Methionine the mixture 

was refluxed with stirring for 2hrs, the 

viscous product was obtained, the 

solvent was evaporated, washed with 

ether and dried at room temperature. 

The polymer (P2) was obtained with 

82% as a bright yellow viscous 

polymer. 

 
Substitution of Poly [2-(4methylthio 

butanoic acid) acrylamide] with 

Ampicillin(P3). [13] 

      (1.5g., 0.007mole) of prepared 

polymer (P2) was dissolved in of dioxane: 

DMF mixture (10:1vol.), and (1ml) 
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thionyl chloride was added, the mixture 

was heated at 50℃ the prepared acyl 
chloride and (1ml) of triethylamine was 

added to dissolved (2.58g., 0.007mole) 

Ampicillin, the mixture was refluxed with 

stirring for 2hrs. The solvent was 

evaporated under vacuum; the product was 

washed with water three times, dried 

under vacuum oven. The reddish brown 

polymer (P3) was obtained with 78%. The 

softening point of the drug polymer (P3) 

was (95-100) ℃. 

Determination of degree of 

Methionine substitution.[14]  

    5mg of prepared prodrug polymer 

(P3) was dissolved in 2ml of 0.1 N 

NaOH, the solution was heated to 

70℃, for 15min in a water bath, cooled 

and the resulting solution was titration 

with 0.1N HCL to determine the 

excess of NaOH solution. 

 

Controlled Drug Release. [15-19] 

     (0.1g.) of dried prepared prodrug 

polymer (P3) was poured in 100ml of 

aqueous buffer solution such as 

(phosphate buffer pH 7.4) or acidic 

(solution pH 1.1). The buffer solution 

maintained at 37℃. with continuously 

stirred and 3ml of sample was analyzed 

by UV spectrophotometer and compared 

with calibration curve which was 

obtained computerized under similar 

medium. Fig. (5). Showed controlled 

Ampicillin release in different pH values 

at 37℃. 

 

Results and Discussion: 
        In this research the prodrug was 

prepared using di functional spacer 

groups such as Methionine which was 

inserted between the Methionine and 

poly acryloyl chloride. The carboxylic 

acid groups were reacted with (-NH2) 

groups of Methionine, produced amide 

attachment group, and the other 

carboxyl groups were reacted with 

Ampicillin which could produce amide 

arm groups. This work aimed to extend 

the drug pended units to be easy 

hydrolysis through polymer chains. The 

high yield was obtained by reaction of 

poly acrylic acid and Methionine as 

spacer side arm units as shown below: 

 

 
 

The modified polymer P2 and P3 were 

characterized, by FTIR spectrum, Fig 

(1) shows the broad beak around 3462-

2571 cm
-1  

broad assigned of OH 

stretching carboxylic group 3200-3500 

cm
-1

, peaks at 2814-2931 cm
-1

 were 
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asymmetrical and symmetrical 

stretching of C-H aliphatic, peak 

around 1728 cm-1 represents stretching 

vibration of C=O from carboxylic 

groups. Fig (2) shows the broad beak 

around 3462-2700 cm
-1 

broad assigned 

of remained OH stretching carboxylic 

group 3200-3500 cm
-1

, overlap ,and N-

H stretching from an amide group, 

peaks at 2918-2987 cm
-1

 were 

asymmetrical and symmetrical 

stretching of C-H aliphatic, 1647 cm
-1

 

represented to (amide carbonyl), peak 

around 1728 cm-1 represents stretching 

vibration of C=O from carboxylic 

groups of Methionine and 1728 cm
-1 

due to carbonyl of carboxylic group of 

unreacted poly acrylic acid. Fig (3) 
1
H−NMR spectrum of  P2 shows the 

signals at δ: 1.5 ppm (2CH2−CH, 4H, 

d.) polymer, δ: 2.4 ppm (CH−COOH, 

1H, T.), δ: 3.4 ppm (CH−CO,1H,  T.), 

δ: 3.2 ppm (CH2−S, 2H, T.), δ: 1.2 

ppm (CH2−CH, 2H, q.), δ: 2.8 ppm 

(CH3−S, 3H, S.), δ: 4.1 ppm (CH−CO, 

1H, T.) of Methionine, δ: 8.2 ppm 

(NH, 1H, S.), δ:  11.4 ppm (COOH, 

1H, S.).The remained carboxylic acid 

and Methionine. FTIR spectrum, Fig 

(4) of Ampicillin Methionine acryl 

amide polymer P3 shows the beak at 

around 3398cm
-1

 assigned of remained 

OH stretching carboxylic group 3500-

2600 cm
-1

, and 3200cm
-1

 as shoulder 

beak due to NH amide , peaks at 2785-

2985 cm
-1

 were asymmetrical and 

symmetrical stretching of C-H 

aliphatic, 3050 cm
-1

 of C−H aromatic, 

1691cm
-1

 is attributed to (carbonyl-

amide) and the other absorption 

appeared at 1722 cm
-1

 is for carbonyl 

acid and the new absorption were 

appeared at the beak appeared at 1641 

cm
-1

 is due to carbonyl−amide. Fig (5) 
1
H−NMR spectrum of polymer P3 

shows the signals δ: 2.1 ppm of 

(2CH2−CH, 4H, d.), δ:  3.2 ppm 

(CH−COOH, 1H, T.), δ: 3.6 ppm 

(CH−CO, 1H, T.), δ: 2.8 ppm (CH2−S, 

2H, T.), δ: 3.4 ppm (CH3-S, 3H, S.), δ: 

2.3 ppm (CH2−CH, 2H, q.), δ: 4.3 ppm 

(CH−CO,1H, T.) of Methionine, δ: 2.0 

ppm   ( 2CH3 terminal, 6H, S.), δ: 3.8 

ppm (CH−CO, 1H, T.), δ: 4.8 ppm due 

to( 2CH cyclic, 2H, d.), δ:5.4 ppm 

(CH−Ar, 1H, S.), δ: 7.2 ppm (2H)d. of 

ortho aromatic ring, δ: 7.9 ppm of (3H) 

T., of meta and para, δ: 8.1 (NH, 1H, 

S.), 11.2 ppm (COOH,1H, S) The 

remained carboxylic acid was 45% was 

tested by titration of polymeric sample 

with 0.1N of NaOH in the presence of 

phenonaphthalene as an indicator. The 

concept of polymeric drug has been 

subjected with medicine chemists as 

long consideration synthetic polymers. 

The polymer which is substituted by 

drug groups enhanced the using as 

prodrug polymers. The UV. Spectra of 

P3 gave absorptions at 250 and 230 nm 

due to. (n-π*) and (π-π*) due to 

electron transition for dreg conjugation 

structures. The controlled release rates 

were studied as drug polymers which 

could be hydrolyzed in basic and acidic 

medium due to ester bonds as shown in 

the following mechanism:-  
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Conclusion: 
   In this work, it was concluded that the 

extended side arm of polyacrylic acid 

with suitable spacer di-functional such as 

Methionine as amino acid unit  with 

Ampicillin as antibiotic drug through 

amide attachment, it appeared in basic 

medium, the rate of hydrolysis is higher 

than acidic medium this is due to the 

presence of OH
- 

in alkaline, which acts 

as a stronger nucleophilic attack to 

carbonyl group with respect to water, 

and the H2O takes place faster hydrolysis 

than acidic medium, H
+ 

which is bonded 

to oxygen atom of amide as shown in 

Scheme (2). The spacer effect appeared 

more enhancements in hydrolysis of 

amide groups. 

Fig (6) shows the release profile of drug 

release (mole fraction) versus time A 

swelling percentage of the prepared 

polymer was studied which equals to 

16%. 

 The swelling% was calculated 

according to the following equation. 

  

∆m=m1-m°/ m°    100 

When:- 

m° is the weight of dry drug polymer. 

m1 is the swallowed polymer in water.

 

 
Fig (1) FTIR spectrum of polymer (P1) 

 
Fig (2) FTIR spectrum of polymer (P2) 
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 Fig (3) 

1
H-NMR spectrum of polymer (P2) 

 

 Fig (4) FTIR spectrum of polymer (P3) 
 

 
Fig (5)

 1
H-NMR spectrum of polymer (P3)  
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Fig (6) Drug release of P3 in pH 1.1 and 7.4 at 37°C. 
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 الأمبيسهين  بين بوني حامض الاكريهيك و كفاصم انميثيونين

  
 سيف محسن عهي   فريال محمد عهي

 

 .قسى انكًٍٍاء -كهٍت انعهوو -انًستُصزٌهانجايعت 
 

 :نخلاصةا
بونً حايض الأكزٌهٍك يع انًٍثٍوٍٍَ  تحوٌزانعًم تصًٍى َظاو جذٌذ  لإٌصال انذواء يٍ خلال تضًٍ 

يٍ كفاصم بٍٍ بونً  حايض الأكزٌهٍك انذي تى تحوٌهت إنى كهورٌذ الأسٍم وتفاعهت يع انًٍثٍوٍٍَ كوحذة فاصهت 

دواء الأيبٍسهٍٍ. وقذ أجزٌت فً انًختبز بُجاح دراسه انتحزر انذوائً فً انوسظ انقاعذي فً تفاعهه يع خلال 

و55عُذ  5.5وانوسظ انحايضً فً درجت انحايضٍه  5.5درجت  انحايضٍه 
°

.بسبب انعذٌذ يٍ انًشاكم انًزتبطت 

دواء يساعذ انبونًٍز انًحضز  تى تشخٍص ًٌكٍ اٌ ٌقهم يٍ الأثار انجاَبٍت نلأدوٌه. انتعذٌمنتحزر الأدواء، وهذا 

بواسطت يطٍاف الأشعت تحت انحًزاء وطٍف انزٍٍَ انُووي انًغُاطٍسً. تى تحذٌذ انخصائص انفٍزٌائٍت 

يع انًقارَت يٍ  تفاصه وحذةوجود  حانتنهبونًٍز انذوائً. تى انحصول عهى َتائج جٍذة فً  انجوهزٌت وانهزوجت 

  ت.فاصهوحذة  وجود دوٌ

 

 .الأيبٍسهٍٍ، انًٍثٍوٍٍَأسذ،  أكزٌهٍك بونً مات انمفتاحية:انكه
 


