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ABSTRACT 


    In this research, two drugs were bonded through amide and ester attachment, using lactic acid as 


aspacer binder, produced di pro drug such as Procain and Ciprofloxacin. Since Procain has ailocail 


anesthetic action  and Ciprofloxacin as antibacterial drug was reacted with lactic acid produced ester 


compound (1), then the carboxylic acid of lactic acid could reacted with free Procain oil produced amide 


attachment, the controlled drug release   in different pH values at 37C˚was studied to improve their 


characteristic and to minimize the side effect of the drug could be used in broad spectrum activity as 


atherapeutic material.This mutual prodrug was used with another biological active drug instead of single 


action. The prepared prodrug was characterized by FTIR, 1HNMR ,and UV. spectroscopies ,physical 


properties  were  determined  and physical properties weremeasured.The biological assay were conducted 


for prepared prodrug using the microorganism such as E.coli, staphylococcus aureus, pseudomonas 


acuroginosoma, the prepared prodrug appear high biological activity,compared with standardGentamycin. 


Keywords: Lactate, Ciprofloxacin, Procainamide. 


INTRODUCTION 


Mutual pro drug, where the carrier used is 
another biologically active drug instead of inert 
molecule. A mutual pro drug consists of two 
pharmacologically active agents coupled so that 
each acts as a promoiety for the other agent and 
vice versa [1, 2]. The carrier selected may have 
the same biological action as that of the parent 
drug and thus might give synergistic action .A 
Pro drug can be defined as "pharmacologically 
inert chemical derivative that can be converted in 
vivo, enzymatically and/or a chemical 
transformation, to the active drug that exerts the 
intended therapeutic effect(s) [3].The 
pharmacokinetics and behavioral effects of 
Procaine in the horse are of forensic importance 
because the presence of Procaine in the blood 
and urine of racing animals is forbidden by most 
racing authorities. The routes and forms in which 
Procaine may be administered to racehorses 


further complicate the pharmacokinetics of 
Procaine [4,5.6]. Thus, Procaine may be 
administered subcutaneously or intramuscularly 
for its local anesthetic action associated with 
minor surgery. Other possible uses of Procaine 
are regarded with disfavor by racing authorities 
[7].  


Ciprofloxacin hydrochloride (USP) is the 
monohydrochloride monohydrate salt of 
Ciprofloxacin. [(IUPAC) name: 1-Cyclopropyl-
6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-
quinolinecarboxylic acid]= C H18FN3O3. It is a 
faintly yellowish to light yellow crystalline 
substance with a molecular weight of 385.8 
g/mol. Its empirical formula is 
C17H18FN3O3HCl•H2O. [8, 9]Quinolones are 
bactericidal and inhibit DNA Topoisomerases II, 
specifically DNA Gyrase. These enzymes are 
responsible for negative supercoiling of DNA, 
which is important in the packing of DNA as 
well as replication and transcription. [10] 
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                                            Ciprofloxacin Hydrochloride 


Quinolones are bactericidal and inhibit DNA 
Topoisomerases II, specifically DNA Gyrase. 
These enzymes are responsible for negative 


supercoiling of DNA, which is important in the 
packing of DNA as well as replication and 
transcription. [11, 12]. 


 


 


                                       L-Lactic acid 


    L-Lactic acid, IUPAC name 2-


Hydroxypropanoic acid = HO-CH (CH3)-COOH, 


is an alpha-hydroxyl acid, which comprises two 


functional groups that undergo a condensation 


reaction by releasing water. This feature is 


particularly relevant, as it ensures stoichiometric 


concentration of both carboxyl, –COOH, and 


hydroxyl, –OH; ends groups [13].Lactic acid is a 


compound that plays a key role in several 


biochemical processes. For instance, lactate is 


constantly produced and eliminated during 


normal metabolism and physical exercise. Lactic 


acid has been produced on an industrial scale 


since the end of the nineteenth century and is 


mainly used in the food industry to act, for 


example, as an acidity regulator, but also in 


cosmetics, pharmaceuticals and animal feed [14, 


15]. 


 The objective  of this work aimed to synthesis of 


mutual pro drug contain two drugs such as 


Ciprofloxacin and Procain which they bonded 


through lactate as spacer which has difunctional 


ester-amide, in vitro study was carry out in 


different pH values at 37˚C 


 


EXPERIMENTAL WORK  


Materials and Instruments 


Lactic acid was purchased from BDH, 


Ciprofloxacinand Procaine were pruchased from 


Alderich, and DMF was obtained from 


Merck.All chemical materials were used with out 


further purification. 


FTIR spectra were recorded by a4300 Shimatzu 


Spectrophotometer.UV-Shimatzu recorded 


VIS.Spectra.1H NMR spectra were recorded on 


Shimadzu Spectrophotometer in DMSO. Melting 


point were determined on CallenKamp MF.B-


600 melting point apparatus. 
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       Ascending TLC was run on silica gel F254, 


pre-coated aluminum sheets. The final products 


and their intermediates were detected by 


irradiation with UV light by using the   UV light 


detector (254).  The Chromatograms were eluted 


by the mixed solvent  


Controlled release study [16] 


A 100mg of prepared prodrug(2)  was kept in 


acylinder containing of 100ml of buffer solution 


at 37 ˚C without stirring .the sample  was  


periodically withdrawn  and analyzed  by 


UV.Spectrophotometer at suitable (λmax) for 


every prepared sample to determine the amount 


of the released of Ciprofloxacin and Procainas 


prodrug, directly from the software built for 


many times using different pH values at 37˚C 


Synthesis of Ciprofloxacinlactate (1)[1] 


Ciprofloxacin acyl chloride was prepare firstly 


by using Thionyl chloride [18] 


(2g, 0.036 mole) of Ciprofloxacin acyl chloride 


was dissolve in 5ml Dioxane, iiiiand (3.34g, 


0.036 mole) of lactic acid was added gradually 


with continuous stirring about 1 hr. In the 


presence of tri ethylamine, the solvent was 


evaporated, the product was washed with ether 


and dried at room temperature,and the yield was 


75% as a viscous material, RF =0.66in Di 


chloromethane 


 


 


 


Synthesis ofCiprofloxacinlactate Procaine 


amide(2) 


3 gm of Procain HCL was converted to free 


amine by adding NaHCO3 5% solution gradually 


until all CO2 gas was liberated, the oil phase was 


extracted by 10 ml of chloroform. (2.3 g, 0.036 


mole) of Procain, oil was added to dissolve 


(2g,0.036 mole) of Ciprofloxacin lactate (1) in 


10 ml of Dioxan, the mixture was stirred about 2 


hr. The solvent was evaporated, the yellowish 


product was obtained, washed and recrystallized 


from ethanol. 80% yield was collected, 


Rf=0.59in chloroform.      


Result and discussion  


Procain lactamide(1) was prepared by reaction of 


free amine Procaine oil with lactic acid produced 


amide derivative (1) , then the free hydroxy 


group of lactic acid was esterified with 


Ciprofloxacin acyl chloride produced derivative 


(2) , as shown below :- 
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Scheme 1 


The prepared pro drug (2) contains two 


pharmacologically activity agents such as 


Procain has local anesthetic and Ciprofloxacin 


was used as antibacterial drug , the lactic acid 


was comprises two functional groups that 


undergo a condensation reaction by releasing 


water . Lactic acid is compound that play a key 


role in several biochemical process. For instance, 


lactate is constantly produced and eliminated 


during normal metabolism and physical exercise, 


also the two active agents coupled together by 


lactic acid could hydrolysis and release as the 


same biological action as parent drug with 


sustained release in specific site to prevent any 


side effect, with longterm drug delivery and 


highly desirable situation, because it could 


analysis through amide and ester groups in 


different pH value at 37 ˚c. The hydrolysis was 


explained as shown in the following Scheme 


(2):-  


 


 


Scheme (2) hydrolysis of amide and ester groups of prodrug(2) 


FTIR spectrum Fig (1) showed the beak at 3410 


cm-1 assigned to the OH alcoholic of lactic acid, 


the other beak appeared at 2949 cm-1 of C-H 


aliphatic and 3160 cm-1 represented to CH 


aromatic, 1635 cm-1 represented to C=O of 


cyclic group in Ciprofloxacin, and the other was 


observed at 1714 cm-1 due to carbonyl of  lactate 


ester, and at 3500-3000 cm-1 due to ammonium 


HCL of Ciprof  loxacin. 


FTIR spectrum ,Fig (2) of Ciprofloxacin lactate 


Procain amide (2) show the band at 3350cm-1  of 


NH secondary amine of Ciprofloxacin , and at 


3207cm-1 is attributed to NH of Procain amide , 


the stretching vibration band at 3100 and 2980 


cm-1 were assigned to CH aromatic and aliphatic 


respectively. 


   At 1710cm-1 and 1637cm-1 were assigned to 


carbonyl ester and amide respectively. The band 


appeared at 1394cm-1 is indicated the C-F of 


Ciprofloxacin as shown in FIG (1) and (2). 


1H-NMR spectrum Fig (3) showed the signals of 


compound (1) indicated the presence of the 


following signal at structure below: 


 


1HNMR signals of Cipro lactate (1) 
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1H-NMR spectrum pro drug (2) as shown in Fig (4) indicated the signals as explained in structures below:  


 


1HNMR signals of Ciprofloxacin lactate Procainamide (2) 


Antibacterial assay 


  The inhibitory effect was done for prepared 


Ciprofloxacin lactate Procainamide pro 


drug in the growth medium at concentration 


mg/mL of nutrient agar in petri dishes. The agar 


was inoculated the bacteria plugged out front old 


culture of E .coli, staphylococcus and 


pseudomonas aecuroginosa, on nutrient agar the 


plate incubated at(37C˚) and the colony was 


estimated by measuring perpendicular diameter 


of colony ,were compared with Gentamycin, the 


analysis of variance to show the statistical 


significance of the data as shown in certificate 


analysis ,it appeared high biological activity, it 


inhibit the growth of gram negative bacteria  


with high effective of used as antibacterial 


medicine,[22] also it is suggested that may play 


as an important role in antimicrobial activity, 


with high successfully control with more 


development as a new derivative.(2) 


The difference in anti-bacterial activities of the 


investigated Ciprofloxacin lactate 


Procainamide and their control drug  


(Gentamycin) were studied and the results are 


presented in table-1. and the certificate of 


analysis was listed as shown below: 


          Table-1  :Minimum inhibitory concentrations of investigated  Ciprofloxacin lactate 


Procainamide  and the Gentamycin drug (in mg/mL) 


Bacteria 


 


 


Inhibition Zone Diameter 


Extract 


mg/mL 


Positive control  


(mm) 


E. coli  
 


38 14 


staphylococcus 42 18 


pseudomonas aecuroginosa  41 17 
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The cursory view of the data indicates the 


following trend in antibacterial activity of the 


substances under investigation:  staphylococcus  


pseudomonas aecuroginosa  E. coli  


 


CONCLUSION  


In this work the lactic acid was used as a spacer 


bioactive material with other two agents with 


different active drugs Procain could use for local 


anesthetic action and Ciprofloxacin as antibiotic 


effect , also the lactic acid as it is known play a 


key role during metabolism and physical exercise 


. This new derivative was used and 


characterized; it was found a high biological 


activity with respect to Gentamycin. The 


hydrolysis of ester and amide groups were 


carried out in basic medium pH 7.4 are higher 


than acidic medium pH 1.1, this attributed to 


more nucleophile attack on OH
-
 alkaline 


carbonyl groups than water molecule and 


H
+
proton.. 


 


 


                                         Fig (1) FTIR Spectrum of Cipro-lactate(1) 
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 Fig (2) FTIR of Ciprofloxacin lactate Procainamide (2) 


 


 


Fig (3) 1H-NMR Spectrum of Ciprolactate (1) 
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Fig (4) 1H-NMR Spectrum of Ciprofloxacin lactate Procainamide (2) 


 


Fig (5) Controlled drug release of a mutual prodrug 
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Abstract: In this research a new modified polyacrylic acid with amino acid Glycine as di functional 


spacer was attached with poly acrylic acid to its corresponding acrylamide polymer, then they remained 


Carboxylic acid of Glycine could be converted its acryl chloride by using thionyl chloride then 


substituted with 4-aminoantipyrine,the design a novel drug delivery system through modification Poly 


acrylic acid could conducted successfully as in vitro study in different pH values 7.4 and pH 1.1 at 37℃℃℃℃. 


The prepared prodrug was characterized by FTIR, 1H-NMR spectroscopic. The good results were 


obtained comparing with the studied of controlled drug release without spacer as know conclusion, the 


more sustained release of drug over long times and this include situation requiring the slow release of 


water –soluble drug polymer. 


Keywords: Poly Acrylic Acid, Glycine and pro drug polymer and 4-Aminoantipyrine 


I. INTRODUCTION 


Glycine is the simplest amino acid; its side chain consists of just a single hydrogen atom. Because of its 


simplicity, it has only one form, not two (L- or d-) like other amino acids. It is an abundant amino acid and is 


not considered essential. Supplementation with glycine, however, has been shown to support healthy 


kidney and liver function as well as nervous system health [1]. Amino acids undergo reactions characteristic 


of both their amine and carboxylic acid functional groups. Acylation is a typical reaction of the amino group 


[2]. Protease- catalyzed coupling of N-protected amino acids and peptides with 4-aminoantipyrine [3]. There 


is a great interest in peptide-based biopolymers, since they can be applied for a variety of purposes such as 


drug delivery devices, scaffolds for tissue engineering and repair, and as novel biomaterials. Peptide-based 


polymers are common in nature and often exhibit special characteristics [4]. In the biomedical area, 


polymers are generally used as implants and are expected to perform long term service. This requires that 


the polymers have unique properties that are not offered by polymers intended for general applications. In 


general, the desirable polymer properties in pharmaceutical applications are film forming (coating), 


thickening (rheology modifier), gelling (controlled release), adhesion (binding), pH-dependent solubility 


(controlled release), solubility in organic solvents (taste masking), and barrier properties (protection and 


packaging) [5,6]. All controlled release systems aim to improve the effectiveness of drug therapy. This 


improvement can take the form of increasing therapeutic activity compared to the intensity of side effects, 


reducing the number of drug administrations required during treatment, or eliminating the need for 


specialized drug administration (e.g., repeated injections). Two types of control over drug release can be 


achieved, temporal and distribution control [7, 8]. The basic aim of prodrug design is to mask undesirable 


drug properties, such as low solubility in water or lipid membranes, low target selectivity, chemical 


instability, undesirable taste, irritation or pain after local administration, presystemic metabolism and 


toxicity [9, 10]. The major attributes of polymeric drug carriers are their depot effects, unique 


pharmacokinetics, body distribution, and pharmacological efficacy. Most medications are micro molecular 


in size and are relatively free to diffuse throughout the biological system. Consequently, drugs have been 


inherently difficult to administer in a localized, concentrated mode within the primary target tissues and 


organs. Polymers, however, diffuse slowly and are often absorbed at interfaces; the attachment of 


pharmaceutical moieties can produce a biopolymer with distinct pharmacological behavior. These 


polymeric drug carriers have desirable, Properties such as sustained therapy, slow release, and prolonged 


activity [11]. 
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II. EXPERIMENTAL 


A. Chemicals: All chemical reagents and solvents used were of analytical grade and were used without 


further purification and were used as received , 4-Aminoantipyrine was purchased from Samarra Company; 


Thionyl chloride was obtained from Fluka. Glycine and Acrylic acid were obtained from Aldrich. 


Dimethylformamide was purchased from Merck. Tri ethyl amine was purchased from Fluka. 


B. Instrumentals: 1H-NMR spectra were recorded on a Shimatzu spectrophotometer in Dimethylsulphoxide 


(DMSO). IR- spectra were taken on a (Shimadzu, FTI R- 8400S) Fourier Transform Infrared 


Spectrophotometer (4000- 400) cm-1 with samples prepared as KBr discs. Melting points were determined on 


callenkamp MF B-600 Melting point apparatus. UV-Vis spectra were recorded on a CINTRA5- Ultra Violet-


Visible Spectrophotometer .The proposed molecular structure of the compounds  were drawing by using 


chem. office prog, 3DX (2006). 


C. Polymerization of Acrylic Acid [12]: 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 900 C, 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 500 C, produced 95% of polymer with µin 


= 0.46 dL /g. 


D. Preparation of polyacryloyl chloride [13]: A thionyl chloride (5ml., 0.04mole) was added gradually to a 


mixture(2.48g, 0.04mole) 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 room 


temperature. The excess of thionyl chloride was distilled off and the poly acryloyl chloride was isolated 


and dried. Producing white polymer, it was collected on a glass filter, washed repeatedly with ether giving 


90%. 


E. Modification of polyacrylic acid with Glycine(P2) [14]: In a round bottom flask provided with condenser 


(1.5g., 0.02mole) of poly acryloyl chloride was placed  in 10ml of DMF, Then (1.5g., 0.02mole) of  Glycine 


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 58% 


as a white solid polymer. 


F. Substitution of poly [2-(acetic acid) acrylamide] with4-amino antipyrine (P3) [3]: (1.5g. 0.01mole) of 


prepared polymer (P2), was dissolved in of dioxane  : DMF mixture (10:1vol.), and (1ml) was added, the 


mixture was heated at 50 0C the prepared acyl chloride and (1ml) of triethylamine was added to dissolved 


Then (2.36g.,0.01mole) 4-aminoantipyrin, 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 67%. The softening point of the drug polymer (P3) 


was (170) 0C. 


G. Determination of degree of Glycine substitution.[15]: (5mg) of prepared prodrug polymer (P3) was 


dissolved in 2ml of 0.1 N Na OH, the solution was heated to 700, for 15min in a water bath, cooled and the 


resulting solution was titrated with 0.1N HCl to determine the excess of NaOH solution. 


H. Controlled Drug Release. [16-20]: (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 4-Aminoantipyrine release in different pH values at 37 0 . 


III. RESULTS AND DISCUSSION 


In this research the pro drug was prepared using di-functional spacer groups such as Glycine which 
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was inserted between the Glycine and polyacryloyl chloride. The carboxylic acid groups was reacted with 


NH groups of Glycine, produced amide attachment group, and the other carboxyl groups were reacted 


with 4-aminoantipyrine 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 Glycine as spacer side arm units as shown below: 


 


 


 


 


 


 


 


 


 


 


 


 


The modified polymer P2 and P3 were characterized, by FTIR spectrum, Fig (1) showed the 


appearance of absorption at around 3400 cm-1 assigned of remained OH stretching carboxylic group 


3200-3500 cm-1, and N-H stretching from an amide group,  peaks at 2821-3028 cm-1 were asymmetrical 


and symmetrical stretching of C-H aliphatic, peak around 1700 cm-1 represents stretching vibration of 


C=O from carboxylic groups,  the new absorption was appeared at 1627 cm-1 is attributed to (carbonyl 


amide).Fig (2) 1H−NMR spectrum of  P2 showed the signals at δ: 2.9 ppm (CH−CO, 1H, T.), δ: 1.17 ppm 


(CH2−CH, 2H, d.) polymer, δ: 3.05 ppm (CH−CO, 1H, T.), δ: 2.7 ppm (CH2−CH, 2H, d.), δ: 3.5 ppm due to 


(CH2−CO, 1H, S.), δ: 7.9 ppm (NH−CO, 1H, S.), δ 8.5 ppm (COOH, 1H, S.). [16-17]FTIR spectrum, Fig (3) of 


4-aminoantipyrin Glycine acryl amide polymer P3 showed the appearance of absorption at 3398cm-1 


assigned of remained OH stretching carboxylic group 3200-3500 cm-1, and 3238 cm-1 as shoulder beak due 


to NH amide,  peaks at 2779-3003 cm-1 were asymmetrical and symmetrical stretching of C-H aliphatic, 


3061cm-1 of C-H aromatic, peak around 1705 cm-1 represents stretching vibration of C=O from carboxylic 


groups,  the absorption was appeared at 1637 cm-1 is attributed to (carbonyl amide), and the new 


absorption were appeared at the beak appeared at 1651 cm-1 is due to carbonyl−amide. Fig (4) 1H−NMR 


spectrum of polymer P3 showed the signals δ: 1.4 ppm (CH2−CH, 2H, d.) polymer, δ:  1.5 ppm (CH2−CH, 


2H, d.), δ: 2.5 ppm (CH−COOH, 1H, T.) polymer, δ: 3.1 ppm (CH−CO, 1H, T.), δ: 2.7 ppm (CH2−CO, 2H, 


S.) of Glycine, δ: 2.9 ppm (CH3-C, 3H, S.), δ: 3.3 ppm (CH3−N, 3H, S.), δ: 7.3 ppm (2H)d. of ortho aromatic 


ring, δ: 7.6 ppm of (3H) T., of meta and para, of 4-aminoantipyrine, δ: 8.1 ppm (NH, 1H, S.), δ: 11.1 ppm 


(COOH, 1H, S.). 


The remained carboxylic acid was 37% was tested by titration of polymeric sample with 0.1N of NaOH 


in the presence of phenolphthalein 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 200 and 400 


nm due to. (n-̟*) and (̟-̟*) due to electron transition for dreg conjugation structures.[18-21] 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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IV. CONCLUSION 


It was concluded that the extended side arm of poly acrylic acid with suitable spacer di-functional 


such as Glycine with 4-aminoantipyrine, 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 ester as shown in Scheme (2). The spacer effect appeared more 


enhancements in hydrolysis of ester or amide groups. Fig (5) showed the release profile of drug release 


(mole fraction) versus time. A swelling percentage of the prepared polymer was studied which equals to 


10%. 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 non-solvent 


 


 


 


 


 


 


 


 


 


Figure 1: FT-IR spectrum of drug polymer (P2) Figure 2: 1H-NMR spectrum of drug polymer (P2)


Figure 3: FT-IR spectrum of drug polymer (P3) Figure 4: 1H-NMR spectrum of drug polymer (P3)


 


 


 


 


 


 


 


Transactions on Engineering and Sciences                                          ISSN: 2347-1964 (Online) 2347-1875 (Print)
Vol.3, Issue 4, April-June 2015


 4 Techscripts







 


0


0.05


0.1


0.15


0.2


0.25


0 20 40 60 80


m
o


le
 f


ra
ct


io
n


time (hr.)


PH 7.4


PH 1.1


 


 


 


 


 


 


 


 


Figure 5: Drug release of P3 in pH 1.1 and 7.4 at 37°C 
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ABSTRACT 


 The aim of this research is to grafted of Polyethylenglygol by using different vinyl monomers which are 


useful in dentistry because some of the prepared graft co polymers can be shaped and molded and then transformed 


to a solid, such as Graft Copolymerization of Polyethylenglygol with Indene (A1), with dipenten(A2). With 


acrylonitrile (A3), with acrylamide (A4), with acrylic acid (A5). 


 New properties of the substrate of useful derivative as material were extra. Due to their structural diversity 


and stability, onto backbone of Polymers are formed through chemical reactions that the prepared polymers were 


characterized by FTIR and H-NMR spectroscopes and thermal analysis were considered. 


KEY WORD: Polyethylenglygol, Acryl amide, Acrylic acid, Dipentin, Indine. 


1. INTRODUCTION 


 Copolymers are obtained by copolymerization of two or more monomers are sometimes termed bipolymers, 


those obtained from three monomers gave terpolymers, four monomers gave quarter polymers. (Feng, 2011). 


Examples: Poly (ethylene-co-propylene) (EP) (Pearce & Eli, 1987). Poly (styrene-co-butadiene) (SBR) Poly 


(vinylidine chloride-co-vinyl chloride) (Saran), Acrylonitrile / Butadiene / Styrene (ABS) (Volker Abetz, 2005). 


These structurally simple polymers constitute by far the largest share among plastics and flexibility to required 


applications depending on the nature of their recurring aside from their molecular weight (Hegazy, 1993). But the 


freedom of design is greatly widened not only by combining structurally different recurring units into a given 


polymer thread but also by dominate their ratio and position in the backbone sequence. These give copolymer classes 


including random copolymers, alternating copolymers with strictly alternating repeating units. Alternating 


copolymers (Grutke, 1994; Eisenbach, 1995), block copolymers consisting of two or more parts of pure homo 


successions Block copolymers: (Yamashita, 1990), inlay copolymers in which polymeric side chains of one repeating 


unit are grafted to a strand of another  recurring unit, among others), Different copolymer architectures: random 


copolymer, alternating copolymer, block copolymer, and grafted copolymer (Koichi, 1985). Amphiphilic and double 


hydrophilic copolymers enable the formation of micelles an example of Block copolymers for drug delivery. Graft 


copolymerization is a technique for amending the chemical and physical properties of naturalist and synthetic 


polymers without drastically affecting its basic qualities (Nishioka, 1984). “Grafting” is a method where in 


monomers are covalently bonded (altered) onto the polymer chain (Tang, 2007; Dualeh, 1991). Graft copolymers 


can be gained with three general wayes (Muramatsu, 1990; Eisenbach, 1995; Se, 1997) Fryling, Charles. "High 


Impact Polystyrene". Patent. Koppers Co Inc. Retrieved 14 February 2014.] . 1. Grafting-onto: A preformed polymer 


with a reactive end-group is used a precursor, and then joined to the backbone. This method involve reaction of 


functional groups with another functional (Susheel Kalia & Sabaa, 2013) groups which dispensed randomly on the 


prime chain of the other polymer (backbone) (Waly, 1998), 2. Grafting-from: The monomer is grafted from the 


backbone is significantly more inconstant than “grafting-on,3. Grafting-through in other words grafting via surface-


attached monomers (Xie, 2003) are carried out at the presence of polymers (backbone) onto which functionalized 


monomers have been attached. The hydroxyl groups of cellulose fiber were converted into thiocarbonyl-thio chain 


transfer agent (Wang, 2011), and were further used to mediate the RAFT polymerization of styrene graft copolymers 


became widely studied due to their increased number of applications due to their unique structures relative to other 


copolymers. Some common applications of graft copolymers include:- Membranes for the separation of gases or 


liquids (Muramatsu, 1990). Hydrogels (Eisenbach, 1995), Drug deliverers (Se, 1997). Thermoplastic elastomers 


(Fryling, 2014; Susheel Kalia, 2013; Waly, 1998; Xie, 2003; Wang, 2011). Polymeric emulsifiers. Impact resistant 


plastics cellulose microfibers treated with an epoxide and grafted with poly (acrylic acid)" (Lee, 2004). Synthesis by 


Atom Transfer Radical Polymerization``. Biomacromolecules (Toledano-Thompson, 2005). Graft polymerization of 


vinyl monomers onto cotton fibers were reprocessing with amines gave a new properties (Mondal, 2008). 


Instruments: FT-IR spectra was recorded using solid KBr discs by testing Shimadzu FT-IR 8000 series Fourier 


Transform, Infrared Spectrophotometer, Al-Mustansiriyah University, College of Science. Thermal analyses were 


performed using DSC, TGA and DTG in College Of Education Ibn al-Haytham. 1H-NMR spectra were recorded on 


a Fourier transform Varian spectrophotometer, company Bruker, model, ultra-shield 500MHZ, origin: Switzerl and 


Softening points were determined using Thermal Microscope (Kofler-method), and Reichert thermovar. SP.10/0.25, 


160. The degree of swelling for each disk sample after 24hrs was calculated, using the following equation:  



mailto:drfiryal55@gmail.com
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Where   m0 is the weight of a dry drug polymer at t =0 


mt is the swallowed polymer after 24hrs. 


Copolymerization of Polyethylenglygol with some monomers: Indene(A1), dipenten(A2), acrylonitrile(A3), 


acrylamide(A4), acrylic acid(A5): In a screw capped polymerization bottle (10gm ) P.E.G  dissolved in (5ml) 


acetone and{ (1gm)  Indene,or (1gm) dipenten , or (1gm) acrylonitrile (1gm)   acrylamide or  (1gm)   acrylic acid}  


dissolved  in  ( 3 ml ) of water , and  (0.05gm ) dibenzoylperoxide    were introduced in the polymerization bottle. It 


was flashed with nitrogen for few minutes inside a leaper and resolutely stopped. The medley was heated at 70℃, 


using water bath for 2 hr. The solvent was vaporized under vacuum; the product was acquired, washed three times 


with ether. Dried in a vacuum oven at 50℃, creatd polymers were studied. 


Table………………? 


No. Monomer       Product  Product% µin dL /g    Color    S.P 


1 


  


   89 0.81  yellow   150-157 


2 


 


 


  78 0.87  Dark brown   160-169 


3 


 


 


  67 0.89 White 165-170 


4 


  


  88 0.77  White 


       


140-160 


5 


 


 


  87 0.97  White 190-200 


3. RESULTS AND DISCUSSION 
 Polyethylene glycol is a linear naturalist polyether. Its chemical structure representation is HO–


(CH2CH2O)n– CH2CH2OH. Polyethylene glycol is non-toxic, odourless, neutral, lubricating, non-volatile and non-


irritating and is used in a diversity of pharmaceuticals and in medications as a solvent. Five new graft co-polymers 


were prepared by the reaction of PEG with different monomers by using dibenzoyl peroxide as a radical initiator as 


shown below: 


Polymer 1: 


       +  


                           PEG                                  Indene  


Polymer 2: 


          +  


                 PEG                                        dipenten 


Polymer 3: 
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  +  


                   PEG                                    acrylonitrile 


Polymer 4: 


          
                              PEG                            acrylamide 


Polymer be quickly (During the approximately 3 minutes) and it gave a white paste in Simple heat Stiffened,  


 


Polymer5: 


      +  


 


 Fig(1) FTIR spectrum of polymer A1 showed absorption peaks at 3466.20cm-1  (OH)  glygol,2870.17cm-1  


(C-H)  aliphatic in Poly ethylene glygol,1107.18cm-1(C-O) of Polyethylenglygol, 1458.23cm-1(C=C) arom -atic  ring 


of indene,2881 cm-1( =C-H) aromatic  ring of indene. 


 
Figure.1. FTIR spectrum of polymer A1 


 Fig(2) FTIR spectrum of polymer A2 showed absorption peaks at2914 cm-1 (ring-CH3),1452 cm-1(C=C)  ring 


of dipenten,1345 (C-CH3) of dipenten, 2872cm-1(CH) aliphatic in Polyethylenglygol,1095.60cm-1 (C-O) of Poly 


ethylenglygol 


 


Figure.2. FTIR spectrum of polymer A2 


 Fig(3) FTIR spectrum of  polymer  A3 showed absorption peaks at 1107.18 cm-1 (C-O) Polyethylenglygol, 


2879.82cm-1(C-H)  aliphatic in Poly ethylenglygol, 2250cm-1( C≡N) nitrile 


 
Figure.3. FTIR spectrum of polymer A3 
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 Fig (4) FTIR spectrum  of polymer A4  showed absorption peaks at 1105.25cm-1 (C-O) Poly ethylenglygol, 


2875.96cm-1(C-H)  aliphatic in Poly ethylenglygol, 1653.05cm-1(C═O) amide,3367.82cm-1(N-H) stretch amide, 


1251cm-1(C-N) amide, 1612,54cm-1(N-H)bending amide,684cm-1 (C-H) amide 


 
Figure.4. FTIR spectrum of polymer A4 


Fig (5) FTIR spectrum of polymer A5 showed absorption peaks at 1145. cm-1 (C-O) Poly ethylene glygol, 2881.75cm-


1 (C-H)  aliphatic  in  Poly  ethylene  glygol, 1185 cm-1 (C-O) of Acrylic  acid 1730.21 cm-1 (C=O) of Acrylic  acid, 


3462 cm-1 (OH)carboxylic acide .  


 
Figure.5. FTIR spectrum of polymer A5 


 Fig. (6) The 1H-NMR spectrum of polymer A3 showed the signals atδ:2.9 ppm (CH−CO, 1H, T.), δ: 1.17 


ppm (CH2−CH, 2H, d.) polymer, δ: 3.05 ppm (CH−CO, 1H, T.), δ: 2.7 ppm (CH2−CH, 2H, d.),  δ: 3.5 ppm due to 


(CH2−CN, 1H, S.), δ 8.5 ppm (COOH, 1H, S.).. Fig. (7) the 1H-NMR spectrum of  polymer A5 showed the signals 


2.7 ppm of 2CH2−CO (2H) d., 2.9 ppmof CH−COOH (1H) and 2.8 ppm of CH−COOH (1H)S. polymer,1.3 ppm of 


CH3 terminal (3H)d.,δ 


  
Figure.6.The 1H-NMR spectrum of polymer A3 Figure.7.The 1H-NMR spectrum of  polymer A5 


4. CONCLUSION:……..?  
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ABSTRACT 


In this research the structural modification of starch was carried out with maleic anhydride (M2) as  a spacer 


via ceric ammonium nitrate (CAN) as an initiator, and grafted copolymer was substituted with amino drug such as 


ampicillin (M2E), this design of carries for controlled delivery of therapeutic agent which can release the drug over 


a long period of time, due to its biodegradable, non toxic and slow break down nature, the characterization of new 


drug copolymer was achieved by FTIR, 1H-NMR and UV Spectroscopes. The physical properties were measured. 


The prepared drug copolymer was analyzed in different pH values at (37 0C) as in vitro study and controlled drug 


release was compared at zero time and after four days. 


KEY WORDS: Starch, Maleic anhydride, Ampicillin, Copolymer, Drug Copolymer 


1. INTRODUCTION 


Natural sugars and their derivatives represent a group of polymers widely used in pharmaceutical and 


biomedical fields for the release of controlled drugs. The advantages of control systems for controlled drugs delivery 


are mainly to optimize concentration, usually for long periods of time, to enhance the activity of risk drugs, and to 


reduce the side effects of reduction of high initial blood concentration. Natural polymer do the advantages over 


synthetic polymers, generally because they are non-toxic, cheaper, biodegradable, and freely offered (Sabyasachi, 


2010). Starch is a polysaccharides which occurs naturally, is an inexpensive polymer with an expanded application 


in the food processing industry because of its integrity, and biodegradability (Hui, 2008) and specific technological 


properties, such as gelling, thickening, film forming (Đurđica, 2015). Starch is formed by all green plants as an 


energy store and is a important energy source for humans. It is found in potatoes, wheat, rice, and other foods, and 


it varies in appearance, depending on its source (Abbas, 2010). 


The modification of natural polymers as a way to overcome their reversals such as low viscosity, microbial 


degradation, and partial or low melting. In addition, the modification of natural polymers enhances the properties of 


drug delivery and ingenuity. Modification should be accepted such that the natural polymers do not lose their 


biological properties. Techniques of modification include grafting, crosslinking, derivative formation and polymer-


polymer blending (Ololade, 2016). The chemical modifications of  natural polymers like starch grafting of vinyl 


monomers onto it  by using initiators, seems to be promising modification to impart desirable properties (Susheel, 


2013). Ampicillin is a white powder  with molecular formula (C16H19N3O4S), it is a semi synthetic antibiotic, a 


member of the penicillin family of antibiotics, it is  synthesized  to extent the usefulness of the penicillin to the 


treatment of  infection caused by gram-negative (Essack, 2001) and Gram-positive , intestinal bacilli, salmonella, 


shigella, enterococci, listeria, and a few strains of hemophilic bacilli. Ampicillin is the preferred medicine for 


infections caused by beta-lactamase negative types of Haemophilus influenza, Listeria monocytogenes, and 


enterococci. It is used for bronchitis, pneumonia, dysentery, salmonella, whooping cough, pyelonephritis, 


endocarditis, sepsis, and so on (Vardanyan, 2006). Ampicillin acts as inhibitor of the enzyme transpeptidase, which 


is required by bacteria to made their cell walls. Therefore, ampicillin is usually bacteriolytic (Petri, 2011). In this 


research the structural modification of starch was carried out with malic anhydride (M2) as  a spacer by using ceric 


ammonium nitrate (CAN) as an initiator (Simar, 2011), and grafted copolymer was substituted with amino drug such 


as ampicillin (M2E).  


2. EXPERIMENTAL METHODS  


Instrumentation: Melting points were measured using Thermal Microscope (Kofler-method), and Reichert 


thermovar, Stuart SMP 30. Infrared spectrophotometer measurements were performed using Shimadzu FT-IR 8400 


series Fourier Transform, U.V-Visible double beam scanning spectrophotometer VARIAN (UV-Vis)-100 Conc, at 


room temperature. Differential scanning calorimetry (DSC) and Thermo gravimetric analysis (TGA) were recorded 


using Shimadzu, Japan. All chemicals were purchased from Fluka and BDH; all the available chemical reagents were 


used without further purification. 


A-Preparation of starch graft maleic anhydride (M2): (3.0 gm, 0.018 mole) of starch dissolved in (25ml) of 


acetone,  (0.1gm) (1ml) of ceric ammonium nitrate (CAN), (3gm, 0.03 mole) of maleic anhydride (MA) was added, 


the mixture was introduced in polymerization bottle, heated  about (30) minutes at (60 0C), using water bath, the  


green color product was produced (90%). S.P (122-126 0C).  



https://en.wikipedia.org/wiki/DD-transpeptidase

https://en.wikipedia.org/wiki/Cell_wall
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B-Substituted of (M2) with amino drugs (M2E): (0.30 gm, 0.0011mole)  of starch- g-maleic anhydride (M2) was 


dispersed in (5ml) of Acetone, (0.50 gm, 0.0013 mole) of ampicillin dissolved in (5ml) of dioxane, (0.5 ml) of  DMF 


was added to the mixture, the mixture was refluxed with stirring  about  1 hour at (90 0c), the colored  solution was 


filtered, the filtrate was isolated and the solvent was evaporated, the Yellow-green product (M2E) starch-g-[N-


Ampicillinyl male amic acid] was washed with di ethyl ether two times and dried at (50 0C) in a vacuum, conversion 


(80%), S.p. (70-78 0C). all physical properties were listed in table (1). 


Table (1) Physical properties of  prepared  Polymer (M2E) 


Conversion % Softening point 0C Color -Drugs Pol. No 


80 70-78 Yellow-green 


Ampicillin 


M2E 


 3. RESULT AND DISCUSSION   


Chemical modification of starch by grafting with maleic anhydride. Starch can be grafted as main chain of 


backbone of polymer, it was polymerized and initiated by various initiators (Simar, 2011). Between the different 


types of initiators, ceric ion give many advantages because of its high grafting efficiency. When (Ce+4) salts such as 


cerium ammonium nitrate (CAN) is used as initiator in the grafting of vinyl monomers onto glucose, at first a ceric 


ion–glucose complex occurs, and then it decomposes to cerous (Ce+3) ion (Denise, 2014) and glucose radicals created 


by hydrogen abstraction from glucose .Thus, The radical formation on the glucose backbone occur on the oxygen 


atom (Nguyen, 2010). The –OH group present on the backbone of starch polymer acts as the active sites for the graft 


copolymerization, the mechanism of grafting monomer onto starch as shown below in equations (1) 


 
Scheme (1) The mechanism of grafting reaction of monomer onto starch by CAN: Graft co polymer was 


prepared by the reaction of starch with maleic anhydride via ceric ammonium nitrate as a radical initiator. New drug 


polymer was prepared by the reaction of starch with maleic anhydride and substituted with amoxicillin in reaction 


below 


 
Scheme.2. Starch-g- maleic anhydride and Substituted it with Ampicillin 


The presence of –NH2 group in the drug, which acts as strong nucleophile attack on the C=O group of maleic 


anhydride produced N-drug substituted, the mechanism of reaction was described as shown bellow (Isam, 2004) :- 
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Scheme.3. Mechanism of Ring opening reaction of Starch -g- Maleic anhydride by nucleophilic reaction 


Figure (1) FTIR spectrum of natural polymer (starch) showed absorption peaks at (3290 cm-1) of (O-H) group and 


(C-O-C) ether absorption peak at (1012-1149     cm-1) , peak at  (2928) cm-1 due to (C-H aliphatic) stretching.  


Figure (2) FTIR spectrum of (M2) starch grafted Maleic anhydride gave the characteristic absorption of 


carbonyl group of anhydride peak was appeared at (1776 and 1855 cm-1) in addition to the starch backbone 


absorptions.  


Figure (3) FTIR spectrum of (M2E) starch-g-[N-Ampicillinyl male amic acid] copolymer  containing 


hydroxyl  group as  characteristic absorption which was appeared at (3290 cm-1) in addition (-NH)which was 


observed at (3146 cm-1), absorption of  amide (CONH)  appeared  at (1651 cm-1), absorption peak at  (1716) cm-1 


due to (C=O) stretching vibration of acid. Other bands of the compounds are listed in Table (2) 


Table.2. FT-IR absorptions of grafted natural polymers (Starch) with maleic anhydrides and substituted 


with drug Compound (ampicillin) [M2E] 


Comp No. ʋ(O-H)  


cm-1 alcohol 


ʋ(N-H)  


cm-1 mide 


ʋ(C=O)  


cm-1 amide 


ʋ(C=C) 


 cm-1 aromatic 


ʋ(C-H)  


cm-1 aromatic 


ʋ(C-O)  


cm-1 acid 


starch 3290 broad - - - - - 


M2 3209 - - - - 1327 strong 


M2E 3290 broad 3146 1651 strong 1531 3063 1253 


 


Comp No. ʋ(C=O) 


cm-1 carboxylic 


ʋ(O-H) 


cm-1 carboxylic 


ʋ(C=O) 


cm-1 


ʋ(C-O-C) 


cm-1 Ether 


ʋ(C-H) 


cm-1 aliphatic 


ʋ other band 


cm-1 


starch - - - 1012-1149 


strong 


2928 - 


M2 1703 2400-3500 


Very broad 


- 1080-1213 2874-2968 Anhydride1 


776-1855 


strong 


M2E 1716 2400-3500 


Very broad 


1354 1003-1209 2850-2916 - 


The 1H-NMR spectrum of prepared polymer (M2E) was showed in Figure (4), which showed the following 


signals 


1.2 ppm (Singlet, 3H, CH3), 6.0 ppm (Singlet, 1H, CO-NH amide), 7.3-7.5 ppm (5H, Aromatic ring), 2.0 


ppm, (doublet, 1H,-CH).  


 
Figure…………..? 


Structure of M2E: 
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Controlled release of drug polymer (M2E): Hydrolysis of (M2E) was studied, by addition (100 mg) continuously 


in (100 ml) buffer solution at (37 0C). The wave length of λmax = (205-260 nm) was measured for different periods 


and different pH values (1.1–7.4) by using UV spectrometer. These samples were analyzer by  UV- spectroscopes 


periodically withdrawn for every days, it was observed the sustained release by measuring the mole fraction were 


constructed from UV. Designated the rate of hydrolysis in basic medium is higher than acidic medium. Mechanism 


of the hydrolysis of drug polymer was illustrated  as shown in the scheme (4 and 5). 


 
Scheme.4. Mechanism of Hydrolysis drug polymer  in acidic medium 


 


 
Scheme.5. Mechanism of hydrolysis drug polymer  in basic medium 


Thermal Properties of drug polymer (Ahlam, 2016): Thermal stability of prepared polymers were investigated by 


(TGA and DSC) Table (3) TGA showed the results of some prepared drug polymers which indicated the high thermal 


resistance and showed their steps of weight loss-temperature. This high thermal resistance indicated the high 


interaction between amide hydrogen bonding through the polymer chains and led to best sustain drug release. Several 


thermal stability parameters were determined from TGA and DSC curves as shown in Table (3) and Table (4). 


Table.3. TGA Analysis of prepared drug polymer 


 


 


 


 


Table (4) DSC Analysis of prepared drug polymer 


No. drug Polymer Onset 


Temp. 0C 


End set 


Temp. 0C 


Peak 


Temp. 0C 


∆H 


J/g 


M2 107 154 115.6 82.74 


M2E 107 141.6 113.2 19.6 


It was concluded that the thermal stability of drug polymer was more than the room temperature for stored 


it, this cause more expire date and more protection of the drug satiability. 


No. drug  polymer Temperature Losses weight% 


M2 167, 305, 380 21, 38, 39 


M2E 496 71 
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Figure.1. FTIR spectrum of  starch Figure.2. FTIR spectrum of starch-g-maleic 


anhydride  (M2) 


 


  
Figure.3. FTIR spectrum of starch-g-[N-


Ampicillinyl male amic acid] (M2E) 


Figure.4. 1H-NMR Spectrum of M2E 


 


 
Figure.5. Rate of hydrolysis of drug polymer M2E 


 


  
DSC and TGA Analysis of M2 Figure.6. DSC and TGA Analysis of M2E Figure.7. 


4. CONCLUSION:…..? 
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ABSTRACT 


 The aim of this research is to grafted of Polyethylenglygol by using different vinyl monomers which are 


useful in dentistry because some of the prepared graft co polymers can be shaped and molded and then transformed 


to a solid, such as Graft Copolymerization of Polyethylenglygol with Indene (A1), with dipenten(A2). With 


acrylonitrile (A3), with acrylamide (A4), with acrylic acid (A5). 


 New properties of the substrate of useful derivative as material were extra. Due to their structural diversity 


and stability, onto backbone of Polymers are formed through chemical reactions that the prepared polymers were 


characterized by FTIR and H-NMR spectroscopes and thermal analysis were considered. 


KEY WORD: Polyethylenglygol, Acryl amide, Acrylic acid, Dipentin, Indine. 


1. INTRODUCTION 


 Copolymers are obtained by copolymerization of two or more monomers are sometimes termed bipolymers, 


those obtained from three monomers gave terpolymers, four monomers gave quarter polymers. (Feng, 2011). 


Examples: Poly (ethylene-co-propylene) (EP) (Pearce & Eli, 1987). Poly (styrene-co-butadiene) (SBR) Poly 


(vinylidine chloride-co-vinyl chloride) (Saran), Acrylonitrile / Butadiene / Styrene (ABS) (Volker Abetz, 2005). 


These structurally simple polymers constitute by far the largest share among plastics and flexibility to required 


applications depending on the nature of their recurring aside from their molecular weight (Hegazy, 1993). But the 


freedom of design is greatly widened not only by combining structurally different recurring units into a given 


polymer thread but also by dominate their ratio and position in the backbone sequence. These give copolymer classes 


including random copolymers, alternating copolymers with strictly alternating repeating units. Alternating 


copolymers (Grutke, 1994; Eisenbach, 1995), block copolymers consisting of two or more parts of pure homo 


successions Block copolymers: (Yamashita, 1990), inlay copolymers in which polymeric side chains of one repeating 


unit are grafted to a strand of another  recurring unit, among others), Different copolymer architectures: random 


copolymer, alternating copolymer, block copolymer, and grafted copolymer (Koichi, 1985). Amphiphilic and double 


hydrophilic copolymers enable the formation of micelles an example of Block copolymers for drug delivery. Graft 


copolymerization is a technique for amending the chemical and physical properties of naturalist and synthetic 


polymers without drastically affecting its basic qualities (Nishioka, 1984). “Grafting” is a method where in 


monomers are covalently bonded (altered) onto the polymer chain (Tang, 2007; Dualeh, 1991). Graft copolymers 


can be gained with three general wayes (Muramatsu, 1990; Eisenbach, 1995; Se, 1997) Fryling, Charles. "High 


Impact Polystyrene". Patent. Koppers Co Inc. Retrieved 14 February 2014.] . 1. Grafting-onto: A preformed polymer 


with a reactive end-group is used a precursor, and then joined to the backbone. This method involve reaction of 


functional groups with another functional (Susheel Kalia & Sabaa, 2013) groups which dispensed randomly on the 


prime chain of the other polymer (backbone) (Waly, 1998), 2. Grafting-from: The monomer is grafted from the 


backbone is significantly more inconstant than “grafting-on,3. Grafting-through in other words grafting via surface-


attached monomers (Xie, 2003) are carried out at the presence of polymers (backbone) onto which functionalized 


monomers have been attached. The hydroxyl groups of cellulose fiber were converted into thiocarbonyl-thio chain 


transfer agent (Wang, 2011), and were further used to mediate the RAFT polymerization of styrene graft copolymers 


became widely studied due to their increased number of applications due to their unique structures relative to other 


copolymers. Some common applications of graft copolymers include:- Membranes for the separation of gases or 


liquids (Muramatsu, 1990). Hydrogels (Eisenbach, 1995), Drug deliverers (Se, 1997). Thermoplastic elastomers 


(Fryling, 2014; Susheel Kalia, 2013; Waly, 1998; Xie, 2003; Wang, 2011). Polymeric emulsifiers. Impact resistant 


plastics cellulose microfibers treated with an epoxide and grafted with poly (acrylic acid)" (Lee, 2004). Synthesis by 


Atom Transfer Radical Polymerization``. Biomacromolecules (Toledano-Thompson, 2005). Graft polymerization of 


vinyl monomers onto cotton fibers were reprocessing with amines gave a new properties (Mondal, 2008). 


Instruments: FT-IR spectra was recorded using solid KBr discs by testing Shimadzu FT-IR 8000 series Fourier 


Transform, Infrared Spectrophotometer, Al-Mustansiriyah University, College of Science. Thermal analyses were 


performed using DSC, TGA and DTG in College Of Education Ibn al-Haytham. 1H-NMR spectra were recorded on 


a Fourier transform Varian spectrophotometer, company Bruker, model, ultra-shield 500MHZ, origin: Switzerl and 


Softening points were determined using Thermal Microscope (Kofler-method), and Reichert thermovar. SP.10/0.25, 


160. The degree of swelling for each disk sample after 24hrs was calculated, using the following equation:  



mailto:drfiryal55@gmail.com

http://www.google.com/patents/US3144420

http://www.google.com/patents/US3144420
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Where   m0 is the weight of a dry drug polymer at t =0 


mt is the swallowed polymer after 24hrs. 


Copolymerization of Polyethylenglygol with some monomers: Indene(A1), dipenten(A2), acrylonitrile(A3), 


acrylamide(A4), acrylic acid(A5): In a screw capped polymerization bottle (10gm ) P.E.G  dissolved in (5ml) 


acetone and{ (1gm)  Indene,or (1gm) dipenten , or (1gm) acrylonitrile (1gm)   acrylamide or  (1gm)   acrylic acid}  


dissolved  in  ( 3 ml ) of water , and  (0.05gm ) dibenzoylperoxide    were introduced in the polymerization bottle. It 


was flashed with nitrogen for few minutes inside a leaper and resolutely stopped. The medley was heated at 70℃, 


using water bath for 2 hr. The solvent was vaporized under vacuum; the product was acquired, washed three times 


with ether. Dried in a vacuum oven at 50℃, creatd polymers were studied. 


Table………………? 


No. Monomer       Product  Product% µin dL /g    Color    S.P 


1 


  


   89 0.81  yellow   150-157 


2 


 


 


  78 0.87  Dark brown   160-169 


3 


 


 


  67 0.89 White 165-170 


4 


  


  88 0.77  White 


       


140-160 


5 


 


 


  87 0.97  White 190-200 


3. RESULTS AND DISCUSSION 
 Polyethylene glycol is a linear naturalist polyether. Its chemical structure representation is HO–


(CH2CH2O)n– CH2CH2OH. Polyethylene glycol is non-toxic, odourless, neutral, lubricating, non-volatile and non-


irritating and is used in a diversity of pharmaceuticals and in medications as a solvent. Five new graft co-polymers 


were prepared by the reaction of PEG with different monomers by using dibenzoyl peroxide as a radical initiator as 


shown below: 


Polymer 1: 


       +  


                           PEG                                  Indene  


Polymer 2: 


          +  


                 PEG                                        dipenten 


Polymer 3: 
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  +  


                   PEG                                    acrylonitrile 


Polymer 4: 


          
                              PEG                            acrylamide 


Polymer be quickly (During the approximately 3 minutes) and it gave a white paste in Simple heat Stiffened,  


 


Polymer5: 


      +  


 


 Fig(1) FTIR spectrum of polymer A1 showed absorption peaks at 3466.20cm-1  (OH)  glygol,2870.17cm-1  


(C-H)  aliphatic in Poly ethylene glygol,1107.18cm-1(C-O) of Polyethylenglygol, 1458.23cm-1(C=C) arom -atic  ring 


of indene,2881 cm-1( =C-H) aromatic  ring of indene. 


 
Figure.1. FTIR spectrum of polymer A1 


 Fig(2) FTIR spectrum of polymer A2 showed absorption peaks at2914 cm-1 (ring-CH3),1452 cm-1(C=C)  ring 


of dipenten,1345 (C-CH3) of dipenten, 2872cm-1(CH) aliphatic in Polyethylenglygol,1095.60cm-1 (C-O) of Poly 


ethylenglygol 


 


Figure.2. FTIR spectrum of polymer A2 


 Fig(3) FTIR spectrum of  polymer  A3 showed absorption peaks at 1107.18 cm-1 (C-O) Polyethylenglygol, 


2879.82cm-1(C-H)  aliphatic in Poly ethylenglygol, 2250cm-1( C≡N) nitrile 


 
Figure.3. FTIR spectrum of polymer A3 
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 Fig (4) FTIR spectrum  of polymer A4  showed absorption peaks at 1105.25cm-1 (C-O) Poly ethylenglygol, 


2875.96cm-1(C-H)  aliphatic in Poly ethylenglygol, 1653.05cm-1(C═O) amide,3367.82cm-1(N-H) stretch amide, 


1251cm-1(C-N) amide, 1612,54cm-1(N-H)bending amide,684cm-1 (C-H) amide 


 
Figure.4. FTIR spectrum of polymer A4 


Fig (5) FTIR spectrum of polymer A5 showed absorption peaks at 1145. cm-1 (C-O) Poly ethylene glygol, 2881.75cm-


1 (C-H)  aliphatic  in  Poly  ethylene  glygol, 1185 cm-1 (C-O) of Acrylic  acid 1730.21 cm-1 (C=O) of Acrylic  acid, 


3462 cm-1 (OH)carboxylic acide .  


 
Figure.5. FTIR spectrum of polymer A5 


 Fig. (6) The 1H-NMR spectrum of polymer A3 showed the signals atδ:2.9 ppm (CH−CO, 1H, T.), δ: 1.17 


ppm (CH2−CH, 2H, d.) polymer, δ: 3.05 ppm (CH−CO, 1H, T.), δ: 2.7 ppm (CH2−CH, 2H, d.),  δ: 3.5 ppm due to 


(CH2−CN, 1H, S.), δ 8.5 ppm (COOH, 1H, S.).. Fig. (7) the 1H-NMR spectrum of  polymer A5 showed the signals 


2.7 ppm of 2CH2−CO (2H) d., 2.9 ppmof CH−COOH (1H) and 2.8 ppm of CH−COOH (1H)S. polymer,1.3 ppm of 


CH3 terminal (3H)d.,δ 


  
Figure.6.The 1H-NMR spectrum of polymer A3 Figure.7.The 1H-NMR spectrum of  polymer A5 


4. CONCLUSION:……..?  
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INTRODUCTION 


Starch is a valuable ingredient in the food industry, it 


serves not only as a nutrient source for food and feed, but 


also as a thickener, a binding agent, a texturizer, a filler 


and a film forming agent in the food industry. A 


selection of starch varieties for different food products 


depends on starch functional properties, including 


viscosity, shear resistance, gelatinization properties, 


textures, solubility, tackiness, gel stability and retro 


gradation rate. These functional properties are 


determined by the chemical structures of starch.
[1]


 


Grafted copolymerization of unsaturated monomer on to 


natural polymers such as starch (starch-graft-


copolymers), the side chains of a given monomer are 


attached to the main chain of starch. Acrylic/vinyl 


monomers are usually used for grafting onto starch, 


which include acrylamide, acrylic acid, acrylonitrile, 


methacryl amide, methacrylic acid, vinyl acetate, 


methacrylonitrileto.
[2,3]


, to add new properties and more 


attention tissue engineering and tissues adhere
[4-6] 


It can 


be used for the production of biocompatible materials in 


the pharmaceutical and medical applications.
[7]


 The 


hydrophilic monomers which grafted on surface of 


polymers are biodegradable and sensitive to stimuli pH 


and temperature.
[8]


 The biodegradable property makes it 


possible to implant them into the body without the need 


of subsequent removal by the surgical operation. Drugs 


formulated with these polymers can be released in a 


controlled manner, by which the drug concentration in 


the target site is enhanced. The release rates of the drugs 


from biodegradable polymers can be controlled by a 


number of factors, such as biodegradation kinetics of the 


polymers
[9, 10]


, grafted copolymer was substituted with 


amoxicillin as antibiotics,(β‐lactam antibiotics). It had 


effective against a wide range of infections caused by 


wide range of Gram‐positive and Gram‐negative bacteria 


in both human and animals.
[11]


 It is a semi‐synthetic 


amino penicillin differing from the parent drug only by 


hydroxylation of the phenyl side chain
[12]


 The main 


objective of the research is to modified and study starch 


which was grafted with methyl nadic anhydrides, then 


the grafted anhydride was substituted by amoxicillin to 


gain combinatorial and new properties of natural 


polymer. This work aimed to preparation of new 


amoxicillin copolymer to enhance the sustained release 


throw long period, also to minimize the some side effect 


of this drug. 


 


EXPERIMENTAL 


Instrumentation  


Melting points were measured using Thermal 


Microscope (Kofler-method) and Reichert thermovar, 


Stuart SMP 30. Infrared spectrophotometer 


measurements were performed using Shimadzu FT-IR 


8400 series Fourier Transform, U.V-Visible double beam 


scanning spectrophotometer VARIAN (UV-Vis)-100 


Conc, at room temperature. Differential scanning 


calorimetry (DSC) and Thermo gravimetric analysis 


(TGA) were recorded using Shimadzu, Japan. All 


chemicals were purchased from Fluka and BDH; all the 


available chemical reagents were used without further 


purification. 
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ABSTRACT 


In this research the structural modification of starch was carried out with methyl nadic anhydride (M1) as  a spacer 


by using ceric ammonium nitrate (CAN) as an initiator, and grafted copolymer was substituted with amino drug 


such as amoxicillin (M1A), this design of carries for controlled delivery of therapeutic agent which could release 


the entrapped drug over an extended period of time ,due to its non toxic, biodegradable and slow digesting nature, 


the new drug copolymer was characterized by FTIR,
 1


H-NMR and UV Spectroscopes. Thermal analysis was 


studied. The physical properties were measured. The prepared drug copolymer was analyzed in different pH values 


at (37 
0
C) as in vitro study and controlled drug release was compared at zero time and after four days. 


 


KEYWORDS: starch, methyl nadic anhydride, amoxicillin, Copolymer, Drug Copolymer. 
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A- Preparation of starch grafted methyl nadic 


anhydride (M1)   
(3.0 gm, 0.018 mole) of starch dissolved in (25ml) of 


acetone, (0.1gm) (1ml) of ceric ammonium nitrate 


solution (CAN), (3gm, 0.016 mole) of methyl nadic 


anhydride (MNA) was added, the mixture was 


introduced in polymerization bottle, the mixture was 


heated about (30) minutes at (60
0
C), using water bath, 


the green color product was produced (90%), S.P (86-


92
0
C). 


 


B-Substituted of (M1) with amoxicillin   
(0.60 gm, 0.0017 mole)  of starch- g-methyl nadic 


anhydride (M1) was dispersed in (5ml) of Acetone, (0.60 


gm, 0.0016 mole) of amoxicillin dissolved in (5ml) of 


dioxane, (0.5 ml) of DMF was added to the mixture, the 


mixture was refluxed with stirring  about 1 hour at (90 
0
C), the colored solution was filtered, the filtrate was 


isolated and the solvent was evaporated, the brown 


product was washed with di ethyl ether two times and 


dried at (50
0
C) in a vacuum, conversion (80%). S. p. 


(115-125 
0
C). all physical properties were listed in table 


(1). 


 


Table (1) Physical properties of  prepared  Polymer 


(M1A) 


 
 


RESULT AND DISCUSSION  


Chemical modification of starch by grafting with methyl 


nadic anhydride. Starch can be grafted as main chain of 


backbone of polymer, it was polymerized and initiated 


by various initiators.
[14]


 Among the various types of 


redox initiators, ceric ion offers many advantages 


because of its high grafting efficiency. when (Ce
+4


) salts 


such as cerium ammonium nitrate (CAN) is used as 


initiator in the grafting of vinyl monomers onto glucose, 


at first a ceric ion–glucose complex occurs and then it 


decomposes to cerous (Ce
+3


) ion.
[13]


 and glucose radicals 


created by hydrogen abstraction from glucose. Thus, The 


radical formation on the glucose backbone occur on the 


oxygen atom.
[15, 16]


 The –OH group present on the 


backbone of starch polymer acts as the active sites for 


the graft copolymerization. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


The mechanism of grafting monomer onto starch as shown below in equations (1) 


 
Scheme (1) The mechanism of grafting reaction of monomer onto starch by CAN 
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Graft co polymer was prepared by the reaction of starch 


with methyl nadic anhydride by using ceric ammonium 


nitrate as a radical initiator. new drug polymer was 


prepared by the reaction  of starch with methyl nadic 


anhydride and substituted with amoxicillin in reaction 


below. 


 


 
Scheme (2) starch-g- methyl nadic anhydride and Substituted it with amoxicillin. 


 


The presence of –NH2 group in the drug, which acts as strong nucleophile attack on the C=O group of methyl nadic 


anhydride produced N-drug substituted, the mechanism of reaction was described as shown bellow
[17]


 :- 


 
Scheme (3) Mechanism of Ring opening reaction of Starch -g- Methyl nadic anhydride by nucleophilic reaction 


 


Figure (1) FTIR spectrum of natural polymer (starch) 


showed absorption peaks at (3290 cm
-1


) of (O-H) group 


and (C-O-C) ether absorption peak at (1012-1149 cm
-1


), 


peak at (2928) cm
-1


 due to (C-H aliphatic) stretching.  


 


Figure (2) FTIR spectrum of (M1) starch grafted Methyl 


nadic anhydride gave the characteristic absorption of 


carbonyl group of anhydride peak was appeared at (1776 


and 1855 cm
-1


) in addition to the starch backbone 


absorptions.  


Figure (3) FTIR spectrum of (M1A) starch-g-[N-


Amoxicllinyl methyl nad amic acid] copolymer  


containing hydroxylic  group as  characteristic absorption 


was appeared at (3250 cm
-1


) in addition (-NH) at (3155 


cm
-1


), absorption of  amide (CONH)  appeared  at (1649 


cm
-1


), peak at  (1728) cm
-1


 due to (C=O) stretching 


vibration of acid. other bands of the compounds are 


listed in Table (2). 
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Table (2) FT-IR absorptions of grafted Natural Polymers (Starch) with anhydrides and substituted with drug 


Compound (amoxicillin) [M1A] 


 
 
1
H-NMR spectra of [M1A] polymer was obtained using 


DMSO-d
6
 as a solvent with TMS as internal standard. 


The 
1
H-NMR spectrum of drug polymer [M1A] showed 


in Figure (4). indicated the signal assignments in the 


corresponding formula, which showed the following 


signals:-  


 


 
 


Structure of M1A 
1.71 ppm (Singlet, 3H, CH3), 12.1 ppm (Singlet, 1H, 


COOH), 6.6ppm (Singlet,1H, CO-NH amide), 7.1-8.3 


ppm (4H, Aromatic ring), 6.2 ppm (Singlet, Ar-OH), 


1.35 ppm, (Triplet, 2H, CH2) for ring methyl nadic. 


 


Controlled drug release 


Release of (M1A) was studied, (100 mg) was added 


continuously in (100 ml) buffer solution at (37 
0
C). the 


wave length of λmax was measured at different periods 


and different pH values (1.1 –7.4)   by using UV 


spectrometer. These samples were analyzer by  UV- 


spectroscopes periodically withdrawn for every days, it 


was appeared the sustained release by measuring the 


mole fraction were constructed from UV. indicated the 


rate of hydrolysis in basic medium is higher than acidic 


medium. Mechanism of these drug polymer were 


illustrated as shown in the Scheme (4,5).   


 


 


 


 


 


 
Scheme (4) Mechanism of Hydrolysis drug polymer in acidic medium 
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Scheme (5) Mechanism of Hydrolysis drug polymer in basic medium 


 


Thermal Properties of polymer drug
[13,18]


 
Thermal stability of prepared polymers were investigated 


by (TGA and DSC) Table (3) TGA showed the results of 


some prepared drug polymers which indicated the high 


thermal resistance and showed their steps of weight loss-


temperature. This high thermal resistance indicated the 


high interaction between amide hydrogen bonding 


through the polymer chains and led to best sustain drug 


release. Several thermal stability parameters were 


determined from TGA and DSC curves as shown in 


Table (3) and Table (4). 


 


Table (3) TGA Analysis of some polymer drugs 


 


 


 


 


Table (4) DSC Analysis of some polymer drugs 
 


 


 


 


 


It was concluded that the thermal stability of drug 


polymer was more than the drug alone this cause more 


expire date and more protection of the drug satiability. It 


was found the controlled drug release was hydrolysis of 


amide group throw four days in basic medium, but it was 


higher hydrolysis in basic medium than acidic medium.   


 


 
Figure (1) FTIR spectrum of starch 


No. drug  polymer Temperature Losses weight% 


M1 123, 318, 404, 3, 58, 38 


M1A 458, 498, 66, 6 


No. drug 


Polymer 


Onset 


Temp. 
0
C 


End set 


Temp. 
0
C 


Peak 


Temp. 
0
C 


∆H 


J/g 


M1 51.5 111.1 59.7 46.61 


M1A 118.6 146.3 121.3 43.61 
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Figure (2) FTIR spectrum of starch-g-methyl nadic anhydride (M1) 


 


 
Figure (3) FTIR spectrum of starch-g-[N-Amoxicllinyl methyl nad amic acid] (M1A) 


 


 
Figure(4)


1
H-NMR Spectrum of M1A 
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Figure (5) UV Spectra hydrolysis of M1A in pH7.4 and pH 1.1 


 


 
DSC and TGA Analysis of M1 Figure (6) 


 


 
Figure (7) DSC and TGA Analysis of M1A 
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Abstract 


In this work, Casein as a natural polymer was modified with Maleic anhydride a grafted copolymer (A1) ,then 


the substitution reaction was undergo between grafted maleic anhydride and procaine as amino drug, producing 


Casein grafted N- procienyl meleamic acid copolymer (A2) as biodegradable polymers a suitable design of 


drug carrier for  controlled delivery of therapeutic agent to extend period of time and increase the residence 


time of drug in the system . The prepare new drug copolymer was characterized by FTIR spectroscopy and 


controlled release was studied in different pH values 1.1and 7.4 at 37C
0
 .Thermo gravemetric analysis was 


carried out, which indicated the thermal stability of (A1) and (A2). 


Keywords:Casein ,Natural polymer ,Grafted copolymer . 


 


Introduction 


Natural polymers have potential pharmaceutical applications because of their low toxicity ,biocompatibility, 


and biodegradability  Unstructured proteins are special types of polyelectrolyte with amino acids as their 


repeating units. [1-3] Casein in milk products is such an unstructured protein and charged regulation its basic 


properties can be described by the general theory for casein, [4] a predominant phosphoprotein accounting for 


nearly 80 percent  of proteins which is a naturally occurring and low-cytoxic. [5–6].Biopolymers are an 


interesting alternative to synthetic polymers because of their potential loading for both hydrophilic and 


hydrophobic using synthetic chemical reagents and organic solvents is obviously desirable for biomedical 


applications drugs[7-8]. Dairy proteins, such as sodium Caseinate (SC), a widely used in the food industry as 


functional ingredients because of their simple production, excellent nutritional value,[9-10] ,and versatile 


techno-functional properties[11–12]. . Caseins and SC have been conjugated under controlled conditions with 


different mono-, di-, oligo-, and, polysaccharides including glucose, ribose, fructose , saccharides, 


maltodextrins, pectins, and dextran; these glycol conjugates exhibit enhanced emulsifying properties over the 


native protein .[13-14]. 


Casein, as a drug carrier mainly for the sustained delivery of cytotoxic drugs [15-16-17]. 


Glutaraldehyde cross-linked casein microspheres were found to be resistant in proteolysis' tract for more than 24 


hours and suggested that it could be used as a matrix for the controlled delivery of oral drugs[18].  


Casein appears to be a promising carrier for the sustained release of many orally as well as parenteral 


administered drugs ecosphere carrier systems made from the naturally occurring proteins have attracted 


considerable attention for several years as a matrix for controlled and sustained release delivery of many drugs 


[19-20].    Procaine was first synthesize [21-24] shortly after amylocaine, and is the oldest man-made local 


anesthetic still in clinical use    Procaine is a local anesthetic drug of the amino ester group. It is used primarily to 


reduce the pain of intramuscular injection of penicillin, and it was also used in dentistry, in some regions 


procaine is referred to generically as novocaine. It acts mainly by being a sodium channel blocker [22]. 


 


Experimental 


Materials and Instruments:- Casein type Alpha was purchased from Aldrich ,Procaine was purchased from 


Fluka ,Malic anhydride and Ammonium persulphate (APS)were purchased from Merck .FTIR Spectra were 


receded by(4000-400)cm
-1


on a Shimadzu Spectrophotometer .Melting points were determined on Callencamp  


MF B-600 melting point apparatus. Electronic Spectra measurements using CINTRAS-UV.visible 


Spectrophotometers.Thermogravimetric Analysis (TGA) and Deferential Scanning Calorimetry(DSC) were 


carried out Shimadzu model 50 WS thermal analysis instruments respectively .An accurately weighted of 


sample was placed in an aluminum cup ad sealed .The experiment consisted of heating the sample from 500C
0
 


under the continues flow of dry nitrogen gas (50ml-min
-1


) at a heating rate 10 C
0
 min


-1
. 


 


Graft Copolymerization of Casein with Maleic anhydride (A1)  [23] 


In  a screw capped polymerization bottle (2g),(0.02mol) of maleic anhydride was dissolved in 5ml of 


acetone ,and 5g of Casein was added to the mixture .0.05% of monomer weight of (APS)was dissolved in 1ml 


of distilled water, then it was added to the mixture. The bottle was flashed with nitrogen gas for few minutes 
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inside a glove and firmly stopped  .The mixture was heated at 60-70C
0
for 20min, the graft copolymer was 


collected and ,washed  two times with  ether and dried in a vacuum oven at 40C
0
 the yield %was 90% as white 


product m.p.177-185C
0. 


 


Substitution of procaine with Casein maleic anhydride Copolymer (A2):- 


1g of prepared copolymer (A1) was dissolved in 1ml of Dioxane and (o.5g),(0.02mol) of procaine ,the mixture 


was heated at 60C
0
 with stirring for 1hr .the solvent was evaporated under vacuum . 


The yellowish white product was washed three times with ether and dried, drug copolymer (A2) was obtained 


with 70%. 


 


Controlled Drug Release[24] 


In 100ml of aqueous buffer  solution such as (phosphate buffer pH 7.4) or acidic solution pH1:1 ,it was added 


0.1g of prepared drug copolymer A2,the buffer solution kept at 37C
0
,with continuously stirred and 3ml of  


sample was analyzed by UV.Spectrophotometer and compared many samples in different periods . 


 


Result and Dissections :- 


In this work Casein was grafted with maleic anhydride ,the grafted polymer containing acid anhydride was 


reacted with amino drug such as procaine producing grafted N-Drug maleamic acid which allows the  


formation of functional  derivative by ring opening of grafted malic anhydride by nucleophilic attack on Casein 


back bone .Drug  delivery system based on Casein as a biodegradable system which has the ability to release 


the drug  for the administration of pharmaceutical and biomedical application ,The reaction was showed as 


Scheme (1) 


 
Scheme (1) :The synthesis Route of The copolymer (A2) 


Fig (1) and Fig (2) showed FTIR spectra of Casein and A2 respectively. Casein graft maleic anhydride 


indicated the absorption of (C=O) of anhydride at (1780 and 1750)cm
-1


due to grafted copolymer A2,Fig 


(3) ,FTIR spectrum of drug carrier Casein grafted polymer showed the absorption band at 3500-3000 cm
-1


 


attributed to the formation of (OH) stretching of carboxylic acid ,3250cm
-1


 assignment to NH amide of amic acid 


in A2 structure .in addition to disappearance of carboxyl group ( -COO
-
)  of anhydride to (C=O)amic at 1650cm


-


1
and 1720cm


-1
of carboxylic acid. 


Fig(4) showed  UV spectrum of controlled drug release at ƛmax320 nm showed the sustain release  due 


to hydrolysis of amide bond in different pH values, the following mechanism illustrated the hydrolysis at 


37C
0
.See  Scheme (2) and (3) respectively. 
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Scheme (2):Hhydrolysis of Casein N-Maleamic acid in basic medium 


 
Scheme (3):Hydrolysis of Casein N-drug maleamic in acidic  medium 


This study is included modification  the Casein  as a natural polymer to grafted maleic copolymer  then 


substituted to its corresponding  N-drug maleamic acid copolymer to enhanced the sustained delivery system 


through chemical bonds and slowly release under appropriate medium conditions such as pH 7.4 and 1.1at 


37C
0
.Fig(4) UV spectrum which indicated the hydrolysis of A2 drug polymer. 


We concluded that the hydrolysis in basic medium is higher  than acidic medium this attributed to OH
-
 


is more nucleophlic attack on carbonyl of amide than H
-
 and water molecule. Fig (5) TGA and DSC of Casein -


g- maleic anhydride (A1)and (A2) exhibit thermal stability ,which recorded  a function of temperature with 


weight loss of polymer samples as listed in Table (1) 
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Table (1)ThermalDecomposition Temperature for Casein- g-maleic anhydride copolymer  


Polymer No. Temp.C
0 


Weight loss % Mass change Enthalpy J/g TmC
0
 


A1 219.3 


229.1 


 -2.032 -5.40 


-2.032 


-209.4 300 


A2 240 


400 


-2.75 -10.28 


-2.754 


-8.84 320 


Grafted copolymer A1 indicated high thermal resistance due to incorporated Maleic anhydride 


copolymer at 300C
0
 in an enthalpy -209.4 J/g with weight loss 50% . 


After ring  opening of grafted maleic anhydride to N-procaenylmaleamic  acid grafted on Casein gave 


higher thermal resistance at 320C
0
 with 50% weight loss%.in an enthalpy -8.84J/g .The elemental analysis 


values of N% agreed quite well with the exhibited for the proposed structure of Casein g- N-procaeinyl 


maleamic acid copolymer A2. 


Swelling percentage was measured in water ,it was found that high swelling%  of Casein g-N- procainyl 


maleamic acid A2about 60% indicated high absorption ratio of A2. 


A novel drug copolymer which concluded as natural local anesthetic action andother uses due to high 


absorption ratios of water through one day .and sustained drug release for prolong time. 


In this work new properties in final copolymer were obtained and the pendent carboxylic groups of 


maleamic acid could be converted  to Na salt through back bone of Casein with more interesting features ,such 


as swelling% and sustained drug release with low toxicity ,biodegradability with high potential pharmaceutical 


application due to its potentials loading for both hydrophilic and hydrophobic system. 


 


 
Figure(1): FTIR Spectrum of Casein 


 


 
Figure(2):FTIR Spectrum of Casein grafted maleic anhydridecopolymer(A1) 
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Figure(3): FTIR Spectrum of Casein (N- Procanylmaliamic acid)copolymer(A2) 


 


 
Figure(4) UV spectra of controlled release of drug copolymer A2  in pH 7.4and 2.1 


 


 
Figure(5) TGA and DSC of copolymer of Casein g- maleic anhydride 
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Figure(6) TGA and DSC of Casein g –[N- procainylMaleamicA2] 
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Abstract: In this research a new modified polyacrylic acid with amino acid Glycine as di functional 


spacer was attached with poly acrylic acid to its corresponding acrylamide polymer, then they remained 


Carboxylic acid of Glycine could be converted its acryl chloride by using thionyl chloride then 


substituted with 4-aminoantipyrine,the design a novel drug delivery system through modification Poly 


acrylic acid could conducted successfully as in vitro study in different pH values 7.4 and pH 1.1 at 37℃℃℃℃. 


The prepared prodrug was characterized by FTIR, 1H-NMR spectroscopic. The good results were 


obtained comparing with the studied of controlled drug release without spacer as know conclusion, the 


more sustained release of drug over long times and this include situation requiring the slow release of 


water –soluble drug polymer. 


Keywords: Poly Acrylic Acid, Glycine and pro drug polymer and 4-Aminoantipyrine 


I. INTRODUCTION 


Glycine is the simplest amino acid; its side chain consists of just a single hydrogen atom. Because of its 


simplicity, it has only one form, not two (L- or d-) like other amino acids. It is an abundant amino acid and is 


not considered essential. Supplementation with glycine, however, has been shown to support healthy 


kidney and liver function as well as nervous system health [1]. Amino acids undergo reactions characteristic 


of both their amine and carboxylic acid functional groups. Acylation is a typical reaction of the amino group 


[2]. Protease- catalyzed coupling of N-protected amino acids and peptides with 4-aminoantipyrine [3]. There 


is a great interest in peptide-based biopolymers, since they can be applied for a variety of purposes such as 


drug delivery devices, scaffolds for tissue engineering and repair, and as novel biomaterials. Peptide-based 


polymers are common in nature and often exhibit special characteristics [4]. In the biomedical area, 


polymers are generally used as implants and are expected to perform long term service. This requires that 


the polymers have unique properties that are not offered by polymers intended for general applications. In 


general, the desirable polymer properties in pharmaceutical applications are film forming (coating), 


thickening (rheology modifier), gelling (controlled release), adhesion (binding), pH-dependent solubility 


(controlled release), solubility in organic solvents (taste masking), and barrier properties (protection and 


packaging) [5,6]. All controlled release systems aim to improve the effectiveness of drug therapy. This 


improvement can take the form of increasing therapeutic activity compared to the intensity of side effects, 


reducing the number of drug administrations required during treatment, or eliminating the need for 


specialized drug administration (e.g., repeated injections). Two types of control over drug release can be 


achieved, temporal and distribution control [7, 8]. The basic aim of prodrug design is to mask undesirable 


drug properties, such as low solubility in water or lipid membranes, low target selectivity, chemical 


instability, undesirable taste, irritation or pain after local administration, presystemic metabolism and 


toxicity [9, 10]. The major attributes of polymeric drug carriers are their depot effects, unique 


pharmacokinetics, body distribution, and pharmacological efficacy. Most medications are micro molecular 


in size and are relatively free to diffuse throughout the biological system. Consequently, drugs have been 


inherently difficult to administer in a localized, concentrated mode within the primary target tissues and 


organs. Polymers, however, diffuse slowly and are often absorbed at interfaces; the attachment of 


pharmaceutical moieties can produce a biopolymer with distinct pharmacological behavior. These 


polymeric drug carriers have desirable, Properties such as sustained therapy, slow release, and prolonged 


activity [11]. 
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II. EXPERIMENTAL 


A. Chemicals: All chemical reagents and solvents used were of analytical grade and were used without 


further purification and were used as received , 4-Aminoantipyrine was purchased from Samarra Company; 


Thionyl chloride was obtained from Fluka. Glycine and Acrylic acid were obtained from Aldrich. 


Dimethylformamide was purchased from Merck. Tri ethyl amine was purchased from Fluka. 


B. Instrumentals: 1H-NMR spectra were recorded on a Shimatzu spectrophotometer in Dimethylsulphoxide 


(DMSO). IR- spectra were taken on a (Shimadzu, FTI R- 8400S) Fourier Transform Infrared 


Spectrophotometer (4000- 400) cm-1 with samples prepared as KBr discs. Melting points were determined on 


callenkamp MF B-600 Melting point apparatus. UV-Vis spectra were recorded on a CINTRA5- Ultra Violet-


Visible Spectrophotometer .The proposed molecular structure of the compounds  were drawing by using 


chem. office prog, 3DX (2006). 


C. Polymerization of Acrylic Acid [12]: 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 900 C, 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 500 C, produced 95% of polymer with µin 


= 0.46 dL /g. 


D. Preparation of polyacryloyl chloride [13]: A thionyl chloride (5ml., 0.04mole) was added gradually to a 


mixture(2.48g, 0.04mole) 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 room 


temperature. The excess of thionyl chloride was distilled off and the poly acryloyl chloride was isolated 


and dried. Producing white polymer, it was collected on a glass filter, washed repeatedly with ether giving 


90%. 


E. Modification of polyacrylic acid with Glycine(P2) [14]: In a round bottom flask provided with condenser 


(1.5g., 0.02mole) of poly acryloyl chloride was placed  in 10ml of DMF, Then (1.5g., 0.02mole) of  Glycine 


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 58% 


as a white solid polymer. 


F. Substitution of poly [2-(acetic acid) acrylamide] with4-amino antipyrine (P3) [3]: (1.5g. 0.01mole) of 


prepared polymer (P2), was dissolved in of dioxane  : DMF mixture (10:1vol.), and (1ml) was added, the 


mixture was heated at 50 0C the prepared acyl chloride and (1ml) of triethylamine was added to dissolved 


Then (2.36g.,0.01mole) 4-aminoantipyrin, 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 67%. The softening point of the drug polymer (P3) 


was (170) 0C. 


G. Determination of degree of Glycine substitution.[15]: (5mg) of prepared prodrug polymer (P3) was 


dissolved in 2ml of 0.1 N Na OH, the solution was heated to 700, for 15min in a water bath, cooled and the 


resulting solution was titrated with 0.1N HCl to determine the excess of NaOH solution. 


H. Controlled Drug Release. [16-20]: (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 4-Aminoantipyrine release in different pH values at 37 0 . 


III. RESULTS AND DISCUSSION 


In this research the pro drug was prepared using di-functional spacer groups such as Glycine which 
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was inserted between the Glycine and polyacryloyl chloride. The carboxylic acid groups was reacted with 


NH groups of Glycine, produced amide attachment group, and the other carboxyl groups were reacted 


with 4-aminoantipyrine 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 Glycine as spacer side arm units as shown below: 


 


 


 


 


 


 


 


 


 


 


 


 


The modified polymer P2 and P3 were characterized, by FTIR spectrum, Fig (1) showed the 


appearance of absorption at around 3400 cm-1 assigned of remained OH stretching carboxylic group 


3200-3500 cm-1, and N-H stretching from an amide group,  peaks at 2821-3028 cm-1 were asymmetrical 


and symmetrical stretching of C-H aliphatic, peak around 1700 cm-1 represents stretching vibration of 


C=O from carboxylic groups,  the new absorption was appeared at 1627 cm-1 is attributed to (carbonyl 


amide).Fig (2) 1H−NMR spectrum of  P2 showed the signals at δ: 2.9 ppm (CH−CO, 1H, T.), δ: 1.17 ppm 


(CH2−CH, 2H, d.) polymer, δ: 3.05 ppm (CH−CO, 1H, T.), δ: 2.7 ppm (CH2−CH, 2H, d.), δ: 3.5 ppm due to 


(CH2−CO, 1H, S.), δ: 7.9 ppm (NH−CO, 1H, S.), δ 8.5 ppm (COOH, 1H, S.). [16-17]FTIR spectrum, Fig (3) of 


4-aminoantipyrin Glycine acryl amide polymer P3 showed the appearance of absorption at 3398cm-1 


assigned of remained OH stretching carboxylic group 3200-3500 cm-1, and 3238 cm-1 as shoulder beak due 


to NH amide,  peaks at 2779-3003 cm-1 were asymmetrical and symmetrical stretching of C-H aliphatic, 


3061cm-1 of C-H aromatic, peak around 1705 cm-1 represents stretching vibration of C=O from carboxylic 


groups,  the absorption was appeared at 1637 cm-1 is attributed to (carbonyl amide), and the new 


absorption were appeared at the beak appeared at 1651 cm-1 is due to carbonyl−amide. Fig (4) 1H−NMR 


spectrum of polymer P3 showed the signals δ: 1.4 ppm (CH2−CH, 2H, d.) polymer, δ:  1.5 ppm (CH2−CH, 


2H, d.), δ: 2.5 ppm (CH−COOH, 1H, T.) polymer, δ: 3.1 ppm (CH−CO, 1H, T.), δ: 2.7 ppm (CH2−CO, 2H, 


S.) of Glycine, δ: 2.9 ppm (CH3-C, 3H, S.), δ: 3.3 ppm (CH3−N, 3H, S.), δ: 7.3 ppm (2H)d. of ortho aromatic 


ring, δ: 7.6 ppm of (3H) T., of meta and para, of 4-aminoantipyrine, δ: 8.1 ppm (NH, 1H, S.), δ: 11.1 ppm 


(COOH, 1H, S.). 


The remained carboxylic acid was 37% was tested by titration of polymeric sample with 0.1N of NaOH 


in the presence of phenolphthalein 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 200 and 400 


nm due to. (n-̟*) and (̟-̟*) due to electron transition for dreg conjugation structures.[18-21] 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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IV. CONCLUSION 


It was concluded that the extended side arm of poly acrylic acid with suitable spacer di-functional 


such as Glycine with 4-aminoantipyrine, 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 ester as shown in Scheme (2). The spacer effect appeared more 


enhancements in hydrolysis of ester or amide groups. Fig (5) showed the release profile of drug release 


(mole fraction) versus time. A swelling percentage of the prepared polymer was studied which equals to 


10%. 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 non-solvent 


 


 


 


 


 


 


 


 


 


Figure 1: FT-IR spectrum of drug polymer (P2) Figure 2: 1H-NMR spectrum of drug polymer (P2)


Figure 3: FT-IR spectrum of drug polymer (P3) Figure 4: 1H-NMR spectrum of drug polymer (P3)
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Figure 5: Drug release of P3 in pH 1.1 and 7.4 at 37°C 
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ABSTRACT 


In this research the structural modification of starch was carried out with maleic anhydride (M2) as  a spacer 


via ceric ammonium nitrate (CAN) as an initiator, and grafted copolymer was substituted with amino drug such as 


ampicillin (M2E), this design of carries for controlled delivery of therapeutic agent which can release the drug over 


a long period of time, due to its biodegradable, non toxic and slow break down nature, the characterization of new 


drug copolymer was achieved by FTIR, 1H-NMR and UV Spectroscopes. The physical properties were measured. 


The prepared drug copolymer was analyzed in different pH values at (37 0C) as in vitro study and controlled drug 


release was compared at zero time and after four days. 


KEY WORDS: Starch, Maleic anhydride, Ampicillin, Copolymer, Drug Copolymer 


1. INTRODUCTION 


Natural sugars and their derivatives represent a group of polymers widely used in pharmaceutical and 


biomedical fields for the release of controlled drugs. The advantages of control systems for controlled drugs delivery 


are mainly to optimize concentration, usually for long periods of time, to enhance the activity of risk drugs, and to 


reduce the side effects of reduction of high initial blood concentration. Natural polymer do the advantages over 


synthetic polymers, generally because they are non-toxic, cheaper, biodegradable, and freely offered (Sabyasachi, 


2010). Starch is a polysaccharides which occurs naturally, is an inexpensive polymer with an expanded application 


in the food processing industry because of its integrity, and biodegradability (Hui, 2008) and specific technological 


properties, such as gelling, thickening, film forming (Đurđica, 2015). Starch is formed by all green plants as an 


energy store and is a important energy source for humans. It is found in potatoes, wheat, rice, and other foods, and 


it varies in appearance, depending on its source (Abbas, 2010). 


The modification of natural polymers as a way to overcome their reversals such as low viscosity, microbial 


degradation, and partial or low melting. In addition, the modification of natural polymers enhances the properties of 


drug delivery and ingenuity. Modification should be accepted such that the natural polymers do not lose their 


biological properties. Techniques of modification include grafting, crosslinking, derivative formation and polymer-


polymer blending (Ololade, 2016). The chemical modifications of  natural polymers like starch grafting of vinyl 


monomers onto it  by using initiators, seems to be promising modification to impart desirable properties (Susheel, 


2013). Ampicillin is a white powder  with molecular formula (C16H19N3O4S), it is a semi synthetic antibiotic, a 


member of the penicillin family of antibiotics, it is  synthesized  to extent the usefulness of the penicillin to the 


treatment of  infection caused by gram-negative (Essack, 2001) and Gram-positive , intestinal bacilli, salmonella, 


shigella, enterococci, listeria, and a few strains of hemophilic bacilli. Ampicillin is the preferred medicine for 


infections caused by beta-lactamase negative types of Haemophilus influenza, Listeria monocytogenes, and 


enterococci. It is used for bronchitis, pneumonia, dysentery, salmonella, whooping cough, pyelonephritis, 


endocarditis, sepsis, and so on (Vardanyan, 2006). Ampicillin acts as inhibitor of the enzyme transpeptidase, which 


is required by bacteria to made their cell walls. Therefore, ampicillin is usually bacteriolytic (Petri, 2011). In this 


research the structural modification of starch was carried out with malic anhydride (M2) as  a spacer by using ceric 


ammonium nitrate (CAN) as an initiator (Simar, 2011), and grafted copolymer was substituted with amino drug such 


as ampicillin (M2E).  


2. EXPERIMENTAL METHODS  


Instrumentation: Melting points were measured using Thermal Microscope (Kofler-method), and Reichert 


thermovar, Stuart SMP 30. Infrared spectrophotometer measurements were performed using Shimadzu FT-IR 8400 


series Fourier Transform, U.V-Visible double beam scanning spectrophotometer VARIAN (UV-Vis)-100 Conc, at 


room temperature. Differential scanning calorimetry (DSC) and Thermo gravimetric analysis (TGA) were recorded 


using Shimadzu, Japan. All chemicals were purchased from Fluka and BDH; all the available chemical reagents were 


used without further purification. 


A-Preparation of starch graft maleic anhydride (M2): (3.0 gm, 0.018 mole) of starch dissolved in (25ml) of 


acetone,  (0.1gm) (1ml) of ceric ammonium nitrate (CAN), (3gm, 0.03 mole) of maleic anhydride (MA) was added, 


the mixture was introduced in polymerization bottle, heated  about (30) minutes at (60 0C), using water bath, the  


green color product was produced (90%). S.P (122-126 0C).  



https://en.wikipedia.org/wiki/DD-transpeptidase

https://en.wikipedia.org/wiki/Cell_wall
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B-Substituted of (M2) with amino drugs (M2E): (0.30 gm, 0.0011mole)  of starch- g-maleic anhydride (M2) was 


dispersed in (5ml) of Acetone, (0.50 gm, 0.0013 mole) of ampicillin dissolved in (5ml) of dioxane, (0.5 ml) of  DMF 


was added to the mixture, the mixture was refluxed with stirring  about  1 hour at (90 0c), the colored  solution was 


filtered, the filtrate was isolated and the solvent was evaporated, the Yellow-green product (M2E) starch-g-[N-


Ampicillinyl male amic acid] was washed with di ethyl ether two times and dried at (50 0C) in a vacuum, conversion 


(80%), S.p. (70-78 0C). all physical properties were listed in table (1). 


Table (1) Physical properties of  prepared  Polymer (M2E) 


Conversion % Softening point 0C Color -Drugs Pol. No 


80 70-78 Yellow-green 


Ampicillin 


M2E 


 3. RESULT AND DISCUSSION   


Chemical modification of starch by grafting with maleic anhydride. Starch can be grafted as main chain of 


backbone of polymer, it was polymerized and initiated by various initiators (Simar, 2011). Between the different 


types of initiators, ceric ion give many advantages because of its high grafting efficiency. When (Ce+4) salts such as 


cerium ammonium nitrate (CAN) is used as initiator in the grafting of vinyl monomers onto glucose, at first a ceric 


ion–glucose complex occurs, and then it decomposes to cerous (Ce+3) ion (Denise, 2014) and glucose radicals created 


by hydrogen abstraction from glucose .Thus, The radical formation on the glucose backbone occur on the oxygen 


atom (Nguyen, 2010). The –OH group present on the backbone of starch polymer acts as the active sites for the graft 


copolymerization, the mechanism of grafting monomer onto starch as shown below in equations (1) 


 
Scheme (1) The mechanism of grafting reaction of monomer onto starch by CAN: Graft co polymer was 


prepared by the reaction of starch with maleic anhydride via ceric ammonium nitrate as a radical initiator. New drug 


polymer was prepared by the reaction of starch with maleic anhydride and substituted with amoxicillin in reaction 


below 


 
Scheme.2. Starch-g- maleic anhydride and Substituted it with Ampicillin 


The presence of –NH2 group in the drug, which acts as strong nucleophile attack on the C=O group of maleic 


anhydride produced N-drug substituted, the mechanism of reaction was described as shown bellow (Isam, 2004) :- 
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Scheme.3. Mechanism of Ring opening reaction of Starch -g- Maleic anhydride by nucleophilic reaction 


Figure (1) FTIR spectrum of natural polymer (starch) showed absorption peaks at (3290 cm-1) of (O-H) group and 


(C-O-C) ether absorption peak at (1012-1149     cm-1) , peak at  (2928) cm-1 due to (C-H aliphatic) stretching.  


Figure (2) FTIR spectrum of (M2) starch grafted Maleic anhydride gave the characteristic absorption of 


carbonyl group of anhydride peak was appeared at (1776 and 1855 cm-1) in addition to the starch backbone 


absorptions.  


Figure (3) FTIR spectrum of (M2E) starch-g-[N-Ampicillinyl male amic acid] copolymer  containing 


hydroxyl  group as  characteristic absorption which was appeared at (3290 cm-1) in addition (-NH)which was 


observed at (3146 cm-1), absorption of  amide (CONH)  appeared  at (1651 cm-1), absorption peak at  (1716) cm-1 


due to (C=O) stretching vibration of acid. Other bands of the compounds are listed in Table (2) 


Table.2. FT-IR absorptions of grafted natural polymers (Starch) with maleic anhydrides and substituted 


with drug Compound (ampicillin) [M2E] 


Comp No. ʋ(O-H)  


cm-1 alcohol 


ʋ(N-H)  


cm-1 mide 


ʋ(C=O)  


cm-1 amide 


ʋ(C=C) 


 cm-1 aromatic 


ʋ(C-H)  


cm-1 aromatic 


ʋ(C-O)  


cm-1 acid 


starch 3290 broad - - - - - 


M2 3209 - - - - 1327 strong 


M2E 3290 broad 3146 1651 strong 1531 3063 1253 


 


Comp No. ʋ(C=O) 


cm-1 carboxylic 


ʋ(O-H) 


cm-1 carboxylic 


ʋ(C=O) 


cm-1 


ʋ(C-O-C) 


cm-1 Ether 


ʋ(C-H) 


cm-1 aliphatic 


ʋ other band 


cm-1 


starch - - - 1012-1149 


strong 


2928 - 


M2 1703 2400-3500 


Very broad 


- 1080-1213 2874-2968 Anhydride1 


776-1855 


strong 


M2E 1716 2400-3500 


Very broad 


1354 1003-1209 2850-2916 - 


The 1H-NMR spectrum of prepared polymer (M2E) was showed in Figure (4), which showed the following 


signals 


1.2 ppm (Singlet, 3H, CH3), 6.0 ppm (Singlet, 1H, CO-NH amide), 7.3-7.5 ppm (5H, Aromatic ring), 2.0 


ppm, (doublet, 1H,-CH).  


 
Figure…………..? 


Structure of M2E: 
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Controlled release of drug polymer (M2E): Hydrolysis of (M2E) was studied, by addition (100 mg) continuously 


in (100 ml) buffer solution at (37 0C). The wave length of λmax = (205-260 nm) was measured for different periods 


and different pH values (1.1–7.4) by using UV spectrometer. These samples were analyzer by  UV- spectroscopes 


periodically withdrawn for every days, it was observed the sustained release by measuring the mole fraction were 


constructed from UV. Designated the rate of hydrolysis in basic medium is higher than acidic medium. Mechanism 


of the hydrolysis of drug polymer was illustrated  as shown in the scheme (4 and 5). 


 
Scheme.4. Mechanism of Hydrolysis drug polymer  in acidic medium 


 


 
Scheme.5. Mechanism of hydrolysis drug polymer  in basic medium 


Thermal Properties of drug polymer (Ahlam, 2016): Thermal stability of prepared polymers were investigated by 


(TGA and DSC) Table (3) TGA showed the results of some prepared drug polymers which indicated the high thermal 


resistance and showed their steps of weight loss-temperature. This high thermal resistance indicated the high 


interaction between amide hydrogen bonding through the polymer chains and led to best sustain drug release. Several 


thermal stability parameters were determined from TGA and DSC curves as shown in Table (3) and Table (4). 


Table.3. TGA Analysis of prepared drug polymer 


 


 


 


 


Table (4) DSC Analysis of prepared drug polymer 


No. drug Polymer Onset 


Temp. 0C 


End set 


Temp. 0C 


Peak 


Temp. 0C 


∆H 


J/g 


M2 107 154 115.6 82.74 


M2E 107 141.6 113.2 19.6 


It was concluded that the thermal stability of drug polymer was more than the room temperature for stored 


it, this cause more expire date and more protection of the drug satiability. 


No. drug  polymer Temperature Losses weight% 


M2 167, 305, 380 21, 38, 39 


M2E 496 71 
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Figure.1. FTIR spectrum of  starch Figure.2. FTIR spectrum of starch-g-maleic 


anhydride  (M2) 


 


  
Figure.3. FTIR spectrum of starch-g-[N-


Ampicillinyl male amic acid] (M2E) 


Figure.4. 1H-NMR Spectrum of M2E 


 


 
Figure.5. Rate of hydrolysis of drug polymer M2E 


 


  
DSC and TGA Analysis of M2 Figure.6. DSC and TGA Analysis of M2E Figure.7. 


4. CONCLUSION:…..? 
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ABSTRACT 


In this research the structural modification of starch was carried out with maleic anhydride (M2) as  a spacer 


via ceric ammonium nitrate (CAN) as an initiator, and grafted copolymer was substituted with amino drug such as 


ampicillin (M2E), this design of carries for controlled delivery of therapeutic agent which can release the drug over 


a long period of time, due to its biodegradable, non toxic and slow break down nature, the characterization of new 


drug copolymer was achieved by FTIR, 1H-NMR and UV Spectroscopes. The physical properties were measured. 


The prepared drug copolymer was analyzed in different pH values at (37 0C) as in vitro study and controlled drug 


release was compared at zero time and after four days. 


KEY WORDS: Starch, Maleic anhydride, Ampicillin, Copolymer, Drug Copolymer 


1. INTRODUCTION 


Natural sugars and their derivatives represent a group of polymers widely used in pharmaceutical and 


biomedical fields for the release of controlled drugs. The advantages of control systems for controlled drugs delivery 


are mainly to optimize concentration, usually for long periods of time, to enhance the activity of risk drugs, and to 


reduce the side effects of reduction of high initial blood concentration. Natural polymer do the advantages over 


synthetic polymers, generally because they are non-toxic, cheaper, biodegradable, and freely offered (Sabyasachi, 


2010). Starch is a polysaccharides which occurs naturally, is an inexpensive polymer with an expanded application 


in the food processing industry because of its integrity, and biodegradability (Hui, 2008) and specific technological 


properties, such as gelling, thickening, film forming (Đurđica, 2015). Starch is formed by all green plants as an 


energy store and is a important energy source for humans. It is found in potatoes, wheat, rice, and other foods, and 


it varies in appearance, depending on its source (Abbas, 2010). 


The modification of natural polymers as a way to overcome their reversals such as low viscosity, microbial 


degradation, and partial or low melting. In addition, the modification of natural polymers enhances the properties of 


drug delivery and ingenuity. Modification should be accepted such that the natural polymers do not lose their 


biological properties. Techniques of modification include grafting, crosslinking, derivative formation and polymer-


polymer blending (Ololade, 2016). The chemical modifications of  natural polymers like starch grafting of vinyl 


monomers onto it  by using initiators, seems to be promising modification to impart desirable properties (Susheel, 


2013). Ampicillin is a white powder  with molecular formula (C16H19N3O4S), it is a semi synthetic antibiotic, a 


member of the penicillin family of antibiotics, it is  synthesized  to extent the usefulness of the penicillin to the 


treatment of  infection caused by gram-negative (Essack, 2001) and Gram-positive , intestinal bacilli, salmonella, 


shigella, enterococci, listeria, and a few strains of hemophilic bacilli. Ampicillin is the preferred medicine for 


infections caused by beta-lactamase negative types of Haemophilus influenza, Listeria monocytogenes, and 


enterococci. It is used for bronchitis, pneumonia, dysentery, salmonella, whooping cough, pyelonephritis, 


endocarditis, sepsis, and so on (Vardanyan, 2006). Ampicillin acts as inhibitor of the enzyme transpeptidase, which 


is required by bacteria to made their cell walls. Therefore, ampicillin is usually bacteriolytic (Petri, 2011). In this 


research the structural modification of starch was carried out with malic anhydride (M2) as  a spacer by using ceric 


ammonium nitrate (CAN) as an initiator (Simar, 2011), and grafted copolymer was substituted with amino drug such 


as ampicillin (M2E).  


2. EXPERIMENTAL METHODS  


Instrumentation: Melting points were measured using Thermal Microscope (Kofler-method), and Reichert 


thermovar, Stuart SMP 30. Infrared spectrophotometer measurements were performed using Shimadzu FT-IR 8400 


series Fourier Transform, U.V-Visible double beam scanning spectrophotometer VARIAN (UV-Vis)-100 Conc, at 


room temperature. Differential scanning calorimetry (DSC) and Thermo gravimetric analysis (TGA) were recorded 


using Shimadzu, Japan. All chemicals were purchased from Fluka and BDH; all the available chemical reagents were 


used without further purification. 


A-Preparation of starch graft maleic anhydride (M2): (3.0 gm, 0.018 mole) of starch dissolved in (25ml) of 


acetone,  (0.1gm) (1ml) of ceric ammonium nitrate (CAN), (3gm, 0.03 mole) of maleic anhydride (MA) was added, 


the mixture was introduced in polymerization bottle, heated  about (30) minutes at (60 0C), using water bath, the  


green color product was produced (90%). S.P (122-126 0C).  



https://en.wikipedia.org/wiki/DD-transpeptidase

https://en.wikipedia.org/wiki/Cell_wall
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B-Substituted of (M2) with amino drugs (M2E): (0.30 gm, 0.0011mole)  of starch- g-maleic anhydride (M2) was 


dispersed in (5ml) of Acetone, (0.50 gm, 0.0013 mole) of ampicillin dissolved in (5ml) of dioxane, (0.5 ml) of  DMF 


was added to the mixture, the mixture was refluxed with stirring  about  1 hour at (90 0c), the colored  solution was 


filtered, the filtrate was isolated and the solvent was evaporated, the Yellow-green product (M2E) starch-g-[N-


Ampicillinyl male amic acid] was washed with di ethyl ether two times and dried at (50 0C) in a vacuum, conversion 


(80%), S.p. (70-78 0C). all physical properties were listed in table (1). 


Table (1) Physical properties of  prepared  Polymer (M2E) 


Conversion % Softening point 0C Color -Drugs Pol. No 


80 70-78 Yellow-green 


Ampicillin 


M2E 


 3. RESULT AND DISCUSSION   


Chemical modification of starch by grafting with maleic anhydride. Starch can be grafted as main chain of 


backbone of polymer, it was polymerized and initiated by various initiators (Simar, 2011). Between the different 


types of initiators, ceric ion give many advantages because of its high grafting efficiency. When (Ce+4) salts such as 


cerium ammonium nitrate (CAN) is used as initiator in the grafting of vinyl monomers onto glucose, at first a ceric 


ion–glucose complex occurs, and then it decomposes to cerous (Ce+3) ion (Denise, 2014) and glucose radicals created 


by hydrogen abstraction from glucose .Thus, The radical formation on the glucose backbone occur on the oxygen 


atom (Nguyen, 2010). The –OH group present on the backbone of starch polymer acts as the active sites for the graft 


copolymerization, the mechanism of grafting monomer onto starch as shown below in equations (1) 


 
Scheme (1) The mechanism of grafting reaction of monomer onto starch by CAN: Graft co polymer was 


prepared by the reaction of starch with maleic anhydride via ceric ammonium nitrate as a radical initiator. New drug 


polymer was prepared by the reaction of starch with maleic anhydride and substituted with amoxicillin in reaction 


below 


 
Scheme.2. Starch-g- maleic anhydride and Substituted it with Ampicillin 


The presence of –NH2 group in the drug, which acts as strong nucleophile attack on the C=O group of maleic 


anhydride produced N-drug substituted, the mechanism of reaction was described as shown bellow (Isam, 2004) :- 
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Scheme.3. Mechanism of Ring opening reaction of Starch -g- Maleic anhydride by nucleophilic reaction 


Figure (1) FTIR spectrum of natural polymer (starch) showed absorption peaks at (3290 cm-1) of (O-H) group and 


(C-O-C) ether absorption peak at (1012-1149     cm-1) , peak at  (2928) cm-1 due to (C-H aliphatic) stretching.  


Figure (2) FTIR spectrum of (M2) starch grafted Maleic anhydride gave the characteristic absorption of 


carbonyl group of anhydride peak was appeared at (1776 and 1855 cm-1) in addition to the starch backbone 


absorptions.  


Figure (3) FTIR spectrum of (M2E) starch-g-[N-Ampicillinyl male amic acid] copolymer  containing 


hydroxyl  group as  characteristic absorption which was appeared at (3290 cm-1) in addition (-NH)which was 


observed at (3146 cm-1), absorption of  amide (CONH)  appeared  at (1651 cm-1), absorption peak at  (1716) cm-1 


due to (C=O) stretching vibration of acid. Other bands of the compounds are listed in Table (2) 


Table.2. FT-IR absorptions of grafted natural polymers (Starch) with maleic anhydrides and substituted 


with drug Compound (ampicillin) [M2E] 


Comp No. ʋ(O-H)  


cm-1 alcohol 


ʋ(N-H)  


cm-1 mide 


ʋ(C=O)  


cm-1 amide 


ʋ(C=C) 


 cm-1 aromatic 


ʋ(C-H)  


cm-1 aromatic 


ʋ(C-O)  


cm-1 acid 


starch 3290 broad - - - - - 


M2 3209 - - - - 1327 strong 


M2E 3290 broad 3146 1651 strong 1531 3063 1253 


 


Comp No. ʋ(C=O) 


cm-1 carboxylic 


ʋ(O-H) 


cm-1 carboxylic 


ʋ(C=O) 


cm-1 


ʋ(C-O-C) 


cm-1 Ether 


ʋ(C-H) 


cm-1 aliphatic 


ʋ other band 


cm-1 


starch - - - 1012-1149 


strong 


2928 - 


M2 1703 2400-3500 


Very broad 


- 1080-1213 2874-2968 Anhydride1 


776-1855 


strong 


M2E 1716 2400-3500 


Very broad 


1354 1003-1209 2850-2916 - 


The 1H-NMR spectrum of prepared polymer (M2E) was showed in Figure (4), which showed the following 


signals 


1.2 ppm (Singlet, 3H, CH3), 6.0 ppm (Singlet, 1H, CO-NH amide), 7.3-7.5 ppm (5H, Aromatic ring), 2.0 


ppm, (doublet, 1H,-CH).  


 
Figure…………..? 


Structure of M2E: 
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Controlled release of drug polymer (M2E): Hydrolysis of (M2E) was studied, by addition (100 mg) continuously 


in (100 ml) buffer solution at (37 0C). The wave length of λmax = (205-260 nm) was measured for different periods 


and different pH values (1.1–7.4) by using UV spectrometer. These samples were analyzer by  UV- spectroscopes 


periodically withdrawn for every days, it was observed the sustained release by measuring the mole fraction were 


constructed from UV. Designated the rate of hydrolysis in basic medium is higher than acidic medium. Mechanism 


of the hydrolysis of drug polymer was illustrated  as shown in the scheme (4 and 5). 


 
Scheme.4. Mechanism of Hydrolysis drug polymer  in acidic medium 


 


 
Scheme.5. Mechanism of hydrolysis drug polymer  in basic medium 


Thermal Properties of drug polymer (Ahlam, 2016): Thermal stability of prepared polymers were investigated by 


(TGA and DSC) Table (3) TGA showed the results of some prepared drug polymers which indicated the high thermal 


resistance and showed their steps of weight loss-temperature. This high thermal resistance indicated the high 


interaction between amide hydrogen bonding through the polymer chains and led to best sustain drug release. Several 


thermal stability parameters were determined from TGA and DSC curves as shown in Table (3) and Table (4). 


Table.3. TGA Analysis of prepared drug polymer 


 


 


 


 


Table (4) DSC Analysis of prepared drug polymer 


No. drug Polymer Onset 


Temp. 0C 


End set 


Temp. 0C 


Peak 


Temp. 0C 


∆H 


J/g 


M2 107 154 115.6 82.74 


M2E 107 141.6 113.2 19.6 


It was concluded that the thermal stability of drug polymer was more than the room temperature for stored 


it, this cause more expire date and more protection of the drug satiability. 


No. drug  polymer Temperature Losses weight% 


M2 167, 305, 380 21, 38, 39 


M2E 496 71 
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Figure.1. FTIR spectrum of  starch Figure.2. FTIR spectrum of starch-g-maleic 


anhydride  (M2) 


 


  
Figure.3. FTIR spectrum of starch-g-[N-


Ampicillinyl male amic acid] (M2E) 


Figure.4. 1H-NMR Spectrum of M2E 


 


 
Figure.5. Rate of hydrolysis of drug polymer M2E 


 


  
DSC and TGA Analysis of M2 Figure.6. DSC and TGA Analysis of M2E Figure.7. 


4. CONCLUSION:…..? 
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2018


 


 


·


 


شكر و تقديرمن وزير النفط في معرض براءات الاختراع الاول في النجف الاشرف


2018


 




1         السيرة الذاتية   الاستاذة الدكتورة  فريال محمد علي حسين السلامي   الجامعة المستنصرية  – قسم الكيمياء /  كلية العلوم         الشهادات   الدراسية :            Ph.D. #1: :  1995      M.Sc.   #2: :    1981          B.Sc. #3:    : 1978        الجوائز والتكريم الأكاديمي        جائزة يوم العلم لمشروع افضل بحث   تخرج  لسنة  2016        جائزة الاستاذ الاول   على مستوى الجامعة المستنصرية  2017      جائزة     ) عالم درجة أ  ( بحوث المبدعين  2001      جائزة    الجامعة المستنصرية و الوسام الذهبي للأستاذ الاول 2017      جائزة    الجامعة المستنصرية ( ) مشاركة 2016        شهادةالاستاذالمتميز على كلية العلوم  - 2015      شهادة دولية و تقدير معرض براءات الاشتراك في دمشق  2017      جاثزة الابداع معرض براءات الاختراع 2018  كركوك       الفوزبالميدالية الذهبية عدد  2  معرض براءات كركوك 2018      الفوزبالميدالية الذهبية معرض براءات الاختراع الجامعة المستنصرية الاول 2018      الفوزبالميدالية الذهبية معرض براءات الاختراع الاول في النجف الاشرف 2018      الفوزبالميدالية الذهبية معرض براءات الاختراع الاول 2018   وزارة الصناعة و المعادن       شهادة اشتراك في معرض براءات الاختراع لاول لجامعة  بغداد كلية الزراعةا 2018        شكر و تقديرمن وزير النفط في معرض براءات الاختراع الاول في النجف الاشرف 2018  

