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Abstract

Starch was sulfonated and substituted by Amoxilline and folic acid as
natural drug polymer . Starch derivatives were characterized using FT.IR and
UV spectroscopies.

The synthesis and behavior of bioactive polymeric systems have attracted
great interest in this work because the drug 1s lined to the polymer back — bone
via a degradable chemical bond and it is slowly released under appropriate
condition.

The 1intrinsic viscosities were calculated using Ostwald viscometer at 30°C.
The controlled drug release was studies in different pH values. Thermal analysis
was recorded and physical properties were measured.
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Introduction

Starch 1s a natural polymer, an abundant polysaccharides and low cost
carbohydrate that have been used extensively in industry(1,2).

Both synthetic polymers and natural polymers that contain hydrolytically or
enzymatically labile bonds or groups are degradable. The advantages of
synthetic polymers are obvious, including predictable properties, batch — to —
batch uniformity and can be tailored easily [3]. Among the natural polymers,
starch 1s regenerated from carbon dioxide and water by photosynthesis in
plants[4]. Owing to its complete biodegradability, low cost and renewability
[5.6], starch 1s considered as promising candidate for developing sustamable
materials[7,8].

Many researchers have studies the graft copolymerization onto the starch
with vinyl monomers initiated by ceric salts, due to the latter can form efficient
redox system in presence of organic reductants[9-10].

Starch can be easily transformed into an anionic polysaccharide, via chemical
functionalization [11]. For instance, a carboxylic derivative of starch , maleic
starch half-ester, acid (MSA), has been prepared via the esterification of starch
with maleic anhydride in the presence of pyridine [12,13]. Applications of starch
— based biodegradable polymer include reducing the food losses[14].
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Materials and Methods
Starch was supplied by BDH. Chlorosulfonic acid was purchased from

Fluka , Amoxilline and Folic acid were obtained from college of pharmacy.
Sulfonation of starch

(5 g,0.03mole) of supplied starch was solubilized in 10ml of dry dioxane to
obtain high liquidity, the excess of chlorosulfonic acid (2.5ml) was added
gradually with continuous stirring to ensure maximum homogeneity at 0°C
about l1day. The reaction mixture was heated at 40°C for 1hr. The solvent was
evaporated under vacuum, the viscous resulting modified polymer was obtained
then washed and dried in a vacuum oven with 70% yield.
Substitution of sulfonated starch

A mixture of sulfonated starch (2g,0.01mole) and 10ml of dioxane and
(0.03mole) of some drugs such as Amoxilline or folic acid were added to
reactions mixture, heated at 50°C about 30min. by using water bath the solvent
was evaporated the colored modified polymers were obtained, washed with
ether and dried at 50°C. The physical properties were listed in Table(1):
Table 1: Physical properties of modified drug starch sulfonated P,,P5

vaTtarchM

O—S5—0—~Drug

No. Starch S.peC Color win dL/g UV. Absorption
Amax
nm
P, | Amoxilline | 118-125 Brown 0.21 250,330
sulfonate
P Folic 180-190 brown 0.25 250,290
sulfonate

Controlled drug release

100mg of prepared drug polymer such as P; or P; were kept in a cylinder
containing 100ml of buffer solution on pHI.1 or 7.4 at 37°C. A sample was
analyzed at suitable A, to determined weight% of release sample by
periodically with drawn for several times.
Characterization

Fourier transition infrared (FT.IR) spectra were recorded on a Perkin — Elmer
spectrum. Thermal analysis was performing using TGA instruments ®10
differential scanning calorimeter equipped with a RCS accessory under nitrogen
atmosphere.

The sample (5mg) was heated at 400°C at rate 20°C.min" to record the
melting temperatures. UV, Spectra were recorded using shimadzu (UV-vis)-160.
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Quantitative analysis corresponding to the amount of pendant sulfonic acid
groups in corporated on to starch were remained unreacted was performed by a
titration methods as follows:

0.1g of modification polymer P, or P; was dissolved in 5ml of ethanol the
solution was titrated to a phenyl phthalein end point using Sodium hydroxide
(0.01M) in methanol. Results were expressed as the content of sulfonic acid
groups which were defined as the mole percentage of the starch units. The
sample P; without modification was also titrated yielding the blank value. The
10% mole was obtained referred to content of starch —SOs;H groups by titration
analysis.

Results and Discussion

To aid 1n the structural elucidation of the modified starch with —SO;H
moieties along the backbone was analyzed using FT.IR spectroscopies and
assignments for the characteristic groups were developed.

FT.IR spectra of P, with contained of remained —SOsH groups . The
absorption at 11376-1177cm assignment for SO, a symmetric and symmeltric
(Fig 1).

The other peaks were observed at 3450cm™ due to the O of starch which is
remained unreacted and at 3210em™ due to the NH- sulfonamide, the absorption
at 3025em™ due to CH aromatic of phenyl ring of Amoxilline the remained
absorption of C=0 caprolactam was observed at 1735cm™ and other C=0 of
carboxylic acid of Amoxilline was revealed at 1689%cm’.

Modified starch drug sulfonate of Folic acid shows the absorptions of —OH
carboxylic acid was observed at 3400-2820cm™ as a broad band, this assignment
for folic acid. The absorption was revealed and at 1370-1169cm™ due to SO..
The absorption at 3250cm™ was attributed to NH sulfonamide (Fig 2).
Sulfonation of starch as a natural polymer by using chlorosulfonic acid was
carried out at 0°C as shown in Scheme(1).

Starch + GISO  ;H &p Starch - 8O ;H

DrugNH 4
Starch 30 ,NHDrug

Drug = Amoxilline , Folic acid

HO of
H
(ﬂ H H cH S N
s -
[ 3 N‘ CH, NH CONH CH-(CH ,), COCH
N/ N CH; )\ L P |
N N
| = H,N

COOH
NH, °

Amo ¢ Folic acid
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Thermal analysis

In attempt to understand the thermal behavior of modification starch was
investigation by TGA which indicated the thermoplastic behavior ranged the
between 118-125°C for P,and 180-190°C for P, this mdicated the thermal
plastic behavior which attributed to bonded attachment of amoxilline or folic
acid through the backbone of the chains polymers.

In vitro controlled drug release studies

UV. Spectra of prepared drug polymer were recorded for several times for
every sample in pHI1.1 or 7.4 at 37°C indicated the minimize the absorption
intensity of specific A, which equal to 360nm of pHI1.1 and Ay =280nm for
pH7.4. The respectively analysis were recorded as (Figs 3 and 4).

This new prepared drug starch sulfonamide group release in acidic medium
than basic medium which could predict the ability to be used in stomach
hydrolysis as acidic medium.

The suggested mechanism was explained as shown in the followed hydrolysis:

0 O—H
+ +
Starch S——NHDmug +H ———=  Starch 3 ——NHDrug
@] @]

H,O
DrugNH , + Starch SO ;H

glucose + H ,80,

Scheme (2)

The researchers concluded that the incorporation of sulfonamide groups
could increase the drug activities, in spite of the parent drug, also the controlled
drug release which enhanced the prelong time of the delivery system and the
product of the drug-polymer 1s starch as natural polymer without any toxicity.

The high swelling % was observed in water which attributed to presence of
unmodified sulfonic acid groups which could enhance the solubility.

The researchers concluded from this research that the prepared meodified
starch could be used in stomach as specific cite as acidic medium which could
hydrolysis gradually with slow rate as drug carrier polymer, to minimized the
side effect of drug and to prelong time of the drug and for other inflammatory
drugs which could be usus.
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Fig.(2) Starch-Folic sulfonamide P
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Fig.(4):Folic — starch sulfonamide P at pH7.4
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