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Abstract

Preparation of Carbopol/chitosan interpolymer compkx
as a controlled release tablet matrix; effect of caplex

formation medium on drug release characteristics

Myung-hak Lee

Advisor: Prof. Hoo-kyun Choi
College of Pharmacy

Graduate School of Chosun University

Chitosan/Carbop8B7INF (poly acrylic acid) interpolymer
complexes were prepared in pH 3.0, 4.0 and 5.0unedd control the
ratio of chitosan and Carbof871NF in the interpolymer complex.
FT-IR analysis confirmed that the mechanism of caxgaiion involved
an electrostatic interaction between thesNbf chitosan and COQof
CarbopoP971NF. An increase in the pH of the preparationiomadvas

accompanied by an increase in the ratio of chitosanthe



chitosan/Carbop8D71INF complex. The maximum yield of
interpolymer complexes prepared at pH 3, 4, ané®&63, IPC4, IPC 5)
were  obtained at ratios of 1/10, 1/5, and 1/4
(chitosan/Carbop8P71NF), respectively. At pH 1.2, the overall drug
release from IPC tablets did not show significaffecences. However,
at pH 6.8, the rate of drug release from the IPaet was higher than
that from the IPC4 tablet. The release rate from [PC3 tablet was
observed to increase with time. The release meshanwas
increasingly dominated by the relaxational conttidouin the order of
IPC3, IPC5, and IPC4 at pH 6.8. The diffusional tabation was
dominated only in the early stage of drug releask the relaxational
contribution gradually increased with time.

Keywords: Carbopol, chitosan, interpolymer complex, pH, eabl

matrix.



1. Introduction

Various controlled drug delivery systems have bdewmeloped for
reasons of improving the efficacy of an adminisdedeug, decreasing
undesired side effects and increasing patient camge (Donini et al.,
2002; Langer et al., 2003). Among various polymésgjrogels have
been widely used in the development of various rotletl release
matrix tablets (Kim et al., 2006; Noble et al., 299The hydrogel in a
swollen state maintains a soft and rubbery statepeoable to living
tissues and displays excellent biocompatibility ¢dal., 2002). Among
various hydrogels, chitosan-based hydrogels hawn ltke focus of
study by many investigators (Kim et al., 2006; Adtral., 2002) due to
its relatively high biocompatibility and ability tde cross-linked,
thereby rendering a three-dimensional network sirecto it. The
network structure prevents a dosage form from tisgp easily in the

medium, and the extended drug release from thelexwgkl structure
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can thus be achieved. To create a network strycture different
methods are available namely, covalent cross-lgnkind non-covalent
cross-linking. Covalently cross-linked hydrogelsvéathe obvious
drawback of their limited biodegradability and tissone of the reasons
why more research has been invested in the studyowofcovalently
cross-linked chitosan-based hydrogels (Noble et1899; de la Torre
et al., 2003a,2003b).

In this study we investigated chitosan/Carb8paILNF interpolymer
complexes as one of non-covalently crosslinked diyelis and applied
them to the controlled release tablet matrix (Petrlal., 2008). The
main driving force of this interpolymer complexatiowas the
electrostatic interaction between the NHbf chitosan and COOof
CarbopoP971NF.

In particular, we investigated the effect of thetiaa of

chitosan/Carbop8D71NF within the complex on drug release. In order

11



to control the ratio of chitosan/CarboP®V1NF, the interpolymer
complex was formed in the medium under three diffepH conditions.
Prepared complexes were characterized by FT-IRth&umore, the
release characteristics of theophylline from the
chitosan/Carbop8D71NF interpolymer complex matrix tablet was
evaluated in pH 1.2 and 6.8 medium. The swelling awrtting ability

of chitosan/CarbopB971NF interpolymer complex was also evaluated.

12



2. Materials and Methods

2.1. Materials

Chitosan (low molecular weight) and theophyllinerevgpurchased
from Aldrich (St. Louis, MO, USA). Carbopt®71NF was obtained
from Noveon (Cleveland, OH, USA). All other chemg&avere of

reagent grade or above and were used without fuptin&ication.

2.2. Preparation of chitosan/Carbopdt971INF interpolymer
complexes

Various concentrations of CarboP®F1NF and chitosan were
dissolved in distilled water and 2% acetic acigpesctively. The pH of
the resulting solution was adjusted to 3.0, 4.05dlF, respectively.
These pH adjusted solutions were mixed togethex fasction of the

monomer mole ratio of chitosan to Carbopol. Thelltesy precipitates

13



(chitosan/Carbopol interpolymer complexes) were heds with
distilled water and lyophilized for 24 h. The driedmplex was ground
using a grinder (A1l basic, IKA, Germany) and secetleough 200 pM
pore size. The vyield of the formed complex was wated by
[Wipd/(Wearbopol + Wehitosan] * 100, where Wc was the weight of
chitosan/Carbopol interpolymer complex produced] 8¥:amopo @and
WihisanWere the weights of Carbopol and chitosan usespedively.
The chitosan/Carbopol interpolymer complexes pregan pH 3.0, 4.0
and 5.0 were abbreviated hereafter as IPC3, PG4l KECS5,

respectively.

2.3. FT-IR spectroscopy
Infrared (IR) absorption spectra of chitosan, Cpdboand their
complexes were obtained using a FT-IR spectrophet@m(LX30-

7012, Perkin Elmer, MA, USA). The samples were gedsinto the

14



potassium bromide pellet prior to analyzing th&rabsorption spectra.

2.4. Preparation of matrix tablet

Theophylline-loaded tablets (250 mg) were prepdngadompressing
the mixture (1:1) of theophylline and IPC3, IPC4, IBC5 using a
hydraulic press and a punch with 13-mm diametee Gbmpression

force was fixed at 10 kN/chwith a dwell time of 1 sec.

2.5. Release of theophylline from the matrix tablet

Dissolution tests were carried out using a dissmutester (DST 810,
Labfine Inc., Korea). Theophylline-loaded tabletsra placed in 900
mL of the pH 1.2 or pH 6.8 buffer at 7 using the USP dissolution
apparatus Il (paddle method) with a paddle rotadin§0 rpm. Samples
collected at predetermined time intervals were yaeal by HPLC

(Shimadzu Scientific Instruments, MD, USA), usingu& detector

15



(SPD-10A), a pump (LC-10AD), and an automatic itge¢SIL-10A),
to determine the amount of theophylline releasethfthe matrix tablet.
The wavelength of the UV detector was 280 nm amelvarsed-phase
column (Luna C-8, Phenomenex, CA, USA) was usec Gbtlumn
temperature was maintained aP@@nd the flow rate was 1.2 mL/min.
The composition of the mobile phase was 100 mM aheet

buffer/acetonitrile=93/7.

2.6. Determination of wettability

Wettability was evaluated using 1 g of IPC (IPA3C#, IPC5) tablets.
The tablets were placed in a stability test chanibeP-650S, Labfine
Inc., Korea) maintained at 3Z and 75% of relative humidity. The
tablets were pulled out at predetermined time watisr and weighed.

The degree of water absorption was calculated Usmd1l).

16



Water absorbed (%):TWT;deloo (1)

d
T, refers to the weight of the water-absorbed tadftetr the test, while

T4 is the weight of the dried tablet before the test.

2.7. Determination of degree of swelling

The degree of swelling of the theophylline-load&C Itablet was
evaluated using a dissolution tester (DST 810, ibabfnc., Korea).
The tablet was placed in 900 mL of pH 6.8 mediurBAC using the
USP dissolution apparatus Il (paddle method) wipraddle rotating at
50 rpm. The swollen tablets collected at predeteechitime intervals
were weighed after removing extra medium from th&age of the
tablet. The resulting swollen tablets were driedamthe vacuum for

24 h and weighed. The degree of swelling was caledlusing Eq. (2)

17



Degree of Swelling (%):wxmo (2)
d

W, refers the weight of the swollen tablet after tib&t, while W is the
weight of the dried tablet after the test.; Was compensated by
subtracting the weight of solutes originating frtwrffer solution such

as KHPOy,, NaOH and NacCl.

18



3. Results

3.1. Formation of interpolymer complex

Fig. 1 shows the IR spectra of chitosan, Carb®@HINF and the
CarbopoP971NF/chitosan IPCs. Since the degree of deacietylaif
chitosan used was 85%, the amine group of the Raghicose unit
and the carbonyl group of the 2-acetaminoglucosé ainchitosan
showed absorption bands at 1595 and 1658, aespectively (Park et
al., 2008; Tien et al., 2003). The peak at 1715 é@mthe IR spectrum
of CarbopoP971NF was assigned to the carbonyl group of carbioxy
acid. The IR spectrum of the IPC showed that thak pef 1595 crit
assigned to the amine band of chitosan was shiftled640 cni,
indicating that the amine group was protonated KHg" group in IPC
(de la Torre et al., 2003 a, Park et al., 2008 Phnds at 1550 and

1408 cm' were assigned to the symmetric and asymmetritchirg of

19



the COO group (de la Torre et al.,, 2003 a; Nunthanid et 2004).
However, the NH peak was known to appear between 1600 and 1460
cm’ (Pretsch et al., 2000). Moreover, the peak of;Ngtoups in the
complex between chitosan and poly(acrylic acid) waswn to appear
at 1520 crit (Chavasit et al., 1988) Therefore, the broad peakral
1550 cnt was deduced to be the overlapped peak of CO NH'
peak, indicating that the CarboP®r1NF/chitosan IPC was formed by
an electrostatic interaction between the COQ@roup of
CarbopoP971NF and the Nk group of chitosan (Park et al., 2008). It
was also observed that as the pH of the preparatesium increased,
the ratio of the carbonyl peak in carboxyl groupGsrbopof971NF
over NH;' peak of the complexes decreased. This result stegéhat
as the pH of the preparation medium increasediatie of chitosan in

the chitosan/Carbop®®71NF complex increased.

20



3.2. Optimization of mole ratios of chitosan and Cdopol
Since the main mechanism of interpolymer complexatbetween
chitosan and Carbopgt971INF was found to be based on ionic
interactions, chitosan and Carbof@r1NF have to be ionized before
forming an interpolymer complex. The ratio of
chitosan/Carbop8B71NF in the complex may vary in accordance with
the environmental pH since these polymers haveerdifit charge
densities depending on pH. As a result, the chamnatts of
interpolymer complexes and the drug release psofim each
interpolymer complex may be different. As the pHcrdases, the
charge density of the carboxyl group in Carb8p@ILNF decreases and
that of the amine group of chitosan increases.

In order to find a complexation ratio as a functiminpH, various
ratios of chitosan/Carbopt971NF were fed into the medium. Once the

CarbopoP971NF solution was mixed with the chitosan solutite

21



interpolymer complex would be formed and precipithtiue to low
solubility in the medium. The unreacted Carb8P@ILNF or chitosan
in the medium would remain in the solution. As thmount of
unreacted Carbop®®71NF or chitosan in the medium increases, the
yield of complex formation was expected to decredserefore, the
complexation ratio of chitosan/CarboP®¥71NF in each medium could
be determined from the ratio that provided maximyeld in each
medium. The effect of the monomer mole ratio ofta$an to
CarbopoP971NF upon yield of complex formation was measued
determine the complexation ratio of both polymershie medium with
different pH and the results are shown in Fig. Be Thaximum yields
of IPC3, IPC4 and IPC5 were obtained at the raitid/d0, 1/5, and 1/4
(chitosan/Carbop8P71NF), respectively. For further studies, the
optimal ratios of chitosan/Carboff6l71NF in each pH medium were

used to prepare IPC3, IPC4 and IPC5.

22



3.3. Release of theophylline from the complex talike

The release of theophylline from IPC tablets wassneed at pH 1.2

and 6.8, and the results are shown in Fig. 3. AtlgH the overall drug

release profiles from each IPC tablet did not shseignificant

differences from each other although the releasm iPC3 tablet was

slightly lower than that from IPC4 and IPC5 tabl@sy. 3a). At pH 6.8,

the release rate from IPC5 tablet was higher thahftom IPC4 tablet

(Fig. 3b). However, drug release from IPC3 tableivged a somewhat

different tendency to the other two. While the aske rate from the

IPC3 tablet was similar to that from the IPC4 taioiethe early stage, it

increased with time in the later phase. These tesgpeared to be

related to the wettability and the swelling degoé¢he IPC tablets. To

confirm this, the degrees of water absorption ametllsng were

measured as a function of time and are shown in &idPC5 tablet

showed the highest water absorption rate while |t showed the

23



lowest water absorption. The initial release rdtthe drug appeared to

be correlated with the water absorption rate ofttidet. In the early

phase, the drug located at the outer side of thiettalissolved in the

water that penetrated into the tablet and was setéanto the medium.

As the length of diffusion path increased with tintee extent of

swelling started to play more an important rolethe release of the

drug from the tablet. The swelling of the tablettnxawas predicted to

increase the diffusion rate of the drug due to @ea amount of

unbound water. Therefore, the release rate of thg id the later phase

depended on the extent of swelling of the matrhe initial release rate

of the drug from IPC3 tablet was slower than IP@l5ldt because of a

slower water absorption rate, although it becanstefathan that of

IPCS5 tablet because of a higher extent of sweilnthpe later phase. In

the early stage, the extent of swelling did not vshsignificant

differences in all the IPC tablets. However, theeakof swelling of the

24



IPC3 tablet was significantly increased in thergtlease and the drug

release rate from the IPC3 tablet increased aaugigdi

3.4. Drug release mechanism from the IPC tablets

The drug release mechanism from polymeric devicesldc be
determined using equation (3) by which the diffasioand relaxational
contributions of the drug dissolution kinetics abube determined.
(Peppas et al., 1989).

M,
M

0

— m 2m
=kt™ +k,t 3)

M¢/M,, is the fractional drug dissolution at time t, t tise drug
dissolution time, m is the purely Fickian diffusia@xponent for a
device of any geometry shapg, &d k are the kinetic constants for
the diffusional and relaxational drug dissolutioespectively. In order
to obtain the Fickian diffusion exponent, the aspato was calculated

by dividing the diameter (13 mm) of the tablet ks thickness (1.61

25



mm). Based on the calculated aspect ratio (8.%),Hickian diffusion
exponent (0.47) was obtained from the correlaticaply between the
Fickian diffusion exponent and the aspect ratioregal in the literature
(Peppas et al.,, 1987; Ritger et al., 1987). Tabkhdws the kinetic
constants obtained by fitting the release dateougpe first 60% of the
drug release as shown in Fig. 5. Based on thesesathe ratio of the
diffusional to the relaxational contribution as wndtion of time was
calculated by Eq. (4) (Peppas et al., 1987) andtquloin Fig. 6 to
investigate the dependency of the diffusional ahd telaxational
contribution on the drug release mechanism in (@l 6.

k
2 (4
K, (4)

R/F is the ratio of the relaxational to the diffusal contribution at

R
F

time t. As can be seen in Fig. 6, the diffusionahtabution was
dominated only in the early stages of drug releagkthe relaxational

contribution gradually increased with time. Theufeslso showed that

26



the release mechanism was increasingly dominatetidyelaxational

contribution in the order of IPC 3, IPC5, and IP&24H 6.8.
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Table 1. Kinetic constants for the diffusionaj)(nd relaxational drug

release (K from the theophylline-loaded IPC tablets at pBl & 37C.

Drug-loaded IPC tablets used

Kinetic constant

IPC3 IPC4 IPC5
k1 0.9924 1.2185 1.3705
ko 0.1265 0.0817 0.1384
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Figure legends
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Fig. 1. FT-IR spectra of chitosan, Carbd{@i1INF, and
chitosan/Carbop8B71NF interpolymer complexes formed under

different pH conditions (pH 3.0, 4.0 and 5.0).
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Fig. 2. Effect of the monomer mole ratio of chitosao
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media. (n=3)
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Fig. 3. Release of theophylline from the chitosam®pof971NF
interpolymer complex (IPC3, IPC4 and IPC5) matakléts in pH 1.2

(a) and 6.8 (b) medium. (n=3)
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Fig. 4. Wettabilty (a) and swelling degree (b) otfhe
chitosan/Carbop8B71NF interpolymer complexes (IPC3, IPC4 and

IPC5) in pH 6.8 medium.(n=3).
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Fig. 5. Curve-fitting of release profile from thdupfline-loaded IPC
tablets in pH 6.8 medium using the Peppas and iSatdidel. The drug

release data were used up to the first 60% ofdalease.
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5. ol ME=2 MNHEAS EHLNH SEotAu = EHES SEHS oIS

6. XMIBtDE HEZ20 0|262 013 1Y HE22 0l510 ZHMsts EFolg)
o|st el ZoHol Chotd LHIe gHA Moz XX LS

7. AE[HEe] EAJIZN MHEZQ M= L oHY £ HBENUZ2 0|28
NE2o Mz . =82 plats

41



42



	Abstract
	1.Introduction
	2.Materials and methods
	3.Results
	4.References
	5.Table
	6.Figure Legends

