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ABSTRACT-Alginate based polymeric matrices were designed for controlled release and stabilization of cefaclor in gas-
trointestinal fluid. Cefaclor is known to be acid stable and subjected to be degraded at neutral and alkaline pHs. In order
to achieve an effective release profile of cefaclor in gastrointestinal tract, a particular strategy in dosage form design should
be required from the view point of maintaining its activity. The amphiphilic nature of cefaclor allowed its controlled release
using ionic polymers based on ionic interaction between the drug and polymers. The thrust of this study was to develop a
technique that delivers cefaclor keeping effective release rate in the intestinal tract. Considering the fast degradation of cefa-
clor in the intestinal fluid, the matrices were designed to release surplus amount of cefaclor. The alginate based matrices
demonstrated increase in release rate in the simulated intestinal fluid, which was favorable to compensate the degraded por-
tion of cefaclor. In addition, stabilization of cefaclor in the intestinal fluid was obtained by employing citric acid that pro-
vides an local acidic environment. The matrices might be valuably used for the development of an oral cefaclor dosage form.
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Introduction

Cefaclor is a semisynthetic cephalosporin and used in the
treatment of1 otitis media, lower and upper respiratory infec-
tions, urinary tract infections. Cefaclor is water-soluble anti-
biotic, which is well absorbed in the intestine. Since the serum
half-life in the normal subjects is 0.6 to 0.9 hour, approxi-
mately 60 to 85 percent of drugs are excreted unchanged in the
urine within eight hours.” Cefaclor is known to be acid stable
and subjected to be degraded at neutral and alkaline pHs.? To
avoid intensive degradation in intestinal tract, releasing tech-
niques that provide prolonged release in the stomach would be
favored,™® i.e., swelling or floating systems,> mucosa-adhe-
sive systems.®¥ However, only prolonged gastric residence of
cefaclor may be limited to obtain its optimal bioavailability.
The thrust of this study was to develop a technique that deliv-
ers cefaclor with an effective release rate in the intestinal tract
while maintaining its activity.

Hydrophilic polymer matrices, i.e., ionic polysaccharides,
have been utilized for oral controlled release dosage form
design.>'¥ Various properties of polymers '*'® and the stability
of drugs in gastrointestinal fluid were main issues for the
design of oral controlled delivery.'? Cefaclor is a zwitterionic
drug with pKa,;=1.5 and pKa,=7.17 for the dissociation of car-
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boxylic acid and the -amino group, respectively.*” Ionic inter-
action between polymer and cefaclor is thus expected to affects
drug release aspects at various pH conditions. Meanwhile,
cefaclor is acid stable (most stable at pH3.5) and loses its activ-
ity at neutral and alkaline pHs. This property seriously requires
a stabilization technique of cefaclor especially for controlled
release design in the intestinal tract. The gastric residence time
may not be sufficient to obtain effective sustained release pro-
file and overall therapeutic efficacy of cefaclor. In this study,
an acidifying agent, citric acid, which can provide local acidic
environment was incorporated into polymer matrices. The
objectives of this study were to achieve an optimal controlled
release pattern of cefaclor in gastrointestinal fluid and to
improve the stability of cefaclor in intestinal fluid by intro-
ducing acidifying agent.

Experimental

Materials

Cefaclor, sodium alginate and chitosan were purchased from
Showa (Japan). Hydroxypropylmethylcellulose, citric acid and
lactose were purchased from Fisher (USA). All other chem-
icals and solvents were of analytical grade.

Matrix fabrication

Matrices were prepared by direct compression using dif-
ferent ratios of each hydrophilic polymer as listed in Table I.
Magnesium stearate (1%) was used as a lubricant prior to com-
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Table I-Composition of cefaclor contained polymer matrices
(mg)
Cefaclor Alginate Chitosan HPMC Lactose Citric acid

1 250 54.5 195.5

2 250 109 141

3 250 218 32

4 250 250

5 250 250

6 250

7 250 250

8 250 125 125

9 250 125 125

10 250 125 50 75

11 250 50 200
*All tablets contained 1% Magnesium stearate as lubricant.

pression. Blends of polymer, cefaclor (250 mg), and/or lactose
(500 mg total weight) were directly compressed using a
hydraulic press (Fred S. Carver, WIS, USA) equipped with a
manometer at 9000 Ibs for 60s; a flat punch of 13mm diameter
was used.

Release experiment

In vitro release tests of cefaclor were performed using mod-
ified USP XXII apparatus 2, at 200 rpm paddle speed, 37°C in
400 ml of pH 1.2 buffer solutions (simulated gastric fluid) for
the first 4 hrs and pH 7.4 buffer solution (simulated intestinal
fluid) for the following 7 hrs. Releasing medium was replen-
ished with fresh medium every 30 minutes. In the case of
whole medium exchange, total releasing medium was with-
drawn and replenished with flesh medium at predetermined
time interval. Drug concentration was assayed using a high-
pressure liquid chromatography (Waters 510, MA, USA). The
condition of HPLC analysis were as follows : column : p-
Bondapak C18, mobile phase : MeOH : water = 40 : 60, detec-
tion : UV detector at 263 nm, flow rate : 1.0 ml/min, atten-
vation : 32, sensitivity : 0.01 aufs, temperature : room tempe-
rature, injection volume = 10 p/, retention time = 4.30 — 4.60
min.

Results and discussion

Figure 1 demonstrates the release of cefaclor from matrices
composed of alginate, chitosan, HPMC and lactose as a con-
trol. Since HPMC is a nonionic polymer, no ionic interaction
between polymer and cefaclor was expected. Release of cefa-
clor from HPMC matrix followed typical first-order release
kinetics. HPMC matrix showed sustained release profile of

J. Kor. Pharm. Sci., Vol. 32, No. 4(2002)

100 i
g %
C
o
= 60}
g
©
2 40t
©
[O]
&

20
0 1 1
0 2 4 6 8 10 12
Time (days)
| | |
pH 1.2 pH7.4

Figure 1-Release profiles of cefaclor from various polymer ma-
trices. (I) Cefaclor:alginate=250:250(mg), (@) cefaclor:chito-
san=250:250, (&) cefaclor:HPMC=250:250, (W) cefaclor:lactose
=250:250.

cefaclor compared with lactose matrix but completed release
within 4 hrs in gastric fluid. It could be postulated that ionic
polymer matrices might provide prolonged release owing to
ionic interaction between cefaclor and polymers. Positively
charged chitosan matrix demonstrated no significant sustained
release profile compared with that of HPMC matrices. Since
the pKa, of cefaclor is 1.5, amino group is protonized and
about half of carboxylic group is dissociated at pH 1.2. The
electrostatic repulsion between cefaclor and the protonized
amino group of chitosan might induce fast release for 4 hrs
within gastric residence time. In contrast, sodium alginate, an
anionic polymer, showed a significantly sustained release pro-
file for about 10 hrs. This duration of release may cover overall
gastrointestinal residence time. The retarded release rate from
alginate matrix at pH 1.2 was not affected by the ionic-inter-
action since alginate was in undissociated form. Meanwhile,
alginate is negatively ionized and cefaclor retains overall neg-
ative charge at pH 7.4. The release of cefalcor from polymer
matrices was probably accelerated by the ionic repulsion
between cefaclor and alginate though change in water uptake
of alginate at pH 7.4 might not be ignored. Fast degradation of
cefaclor in the intestinal fluid should also be taken into
account. The matrices thus need to be designed to release sur-
plus amount of cefaclor in intestinal fluid. From this aspect,
advantage of using alginate for controlled release of cefaclor
could be recognized and used for the following release studies.
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Figure 2-Release profiles of cefaclor from alginate based matrices.
(M) Cefaclor:alginate:lactose=250:54:196(mg), (@) cefaclor:alg-
inate: lactose=250:109:141, (A ) cefaclor:alginate:lactose=250:
218:32, (¥ ) cefaclor:alginate=250:250, (@) cefaclor:lactose=
250:250. :

The release profiles of cefaclor from alginate matrices with
various contents are demonstrated in Figure 2. As the content
of sodium alginate increased, the release rate of cefaclor was
decreased while maintaining the similar aspect of release kinet-
ics. The change in contents of alginate (the ratio of cefaclor:
monomeric alginate is 2:1, 1:1, 2:1, respectively), caused grad-
val decrease in release rate of cefaclor. Meanwhile, enhancing
effect on drug release at pH 7.4 was somewhat reduced. Fur-
ther optimization of release pattern of cefaclor was attempted
by employing HPMC to the alginate matrix and the result is
shown in Figure 3. The effects of HPMC co-formulation on the
release kinetics of cefaclor were: 1) Increasing the release rate
to obtain complete release within 6 hours in pH 7.4 simulated
intestinal fluid, 2) refining the release kinetics to be closer to
zero order kinetics.

Figure 4 shows the release profiles of cefaclor from alginate/
HPMC matrices when whole medium was not exchanged for
sampling. Cefaclor in the release media was continuously
exposed in pH 7.4 condition and thus subjected to degradation.
The cumulative released amount of intact cefaclor appeared to
be decreased at pH 7.4 medium, which indicated degradation
of cefaclor. In contrast, the decrease in cefaclor was not sig-
nificant in case of incorporating citric acid in matrix formu-
lation. Citric acid maintained the local pH in the matrix around
pH 5. Citric acid highly improved the stability of cefaclor in
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Figure 3—Release profiles of cefaclor from alginate based matrices
using whole medium exchange method.

(M) Cefaclor:alginate=250:250(mg), (@) cefaclor:alginate:HPMC
=250:125:125.
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Figure 4-Release profiles of Cefaclor from alginate based matrices
without using whole medium exchange.

(M) Cefaclor:alginate: HPMC:citric acid=250:125:50:75(mg), (@)
cefaclor:alginate: HPMC=250:125:125.

pH 7.4 condition. Since cefaclor is well absorbed in upper
intestine, increasing the stability of cefaclor at pH 7.4 may be
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advantageous. Local acidic condition for cefaclor may be
required to increase the stability at pH 7.4 medium.

Conclusion

Effective sustained release of cefaclor was obtained using
alginate based matrices. Cefaclor could be stabilized by citric
acid in pH 7.4 medium. The alginate based matrices could be
used as a potential oral delivery tool for cefaclor by controlling
release rate and improving the stability in the intestinal fluid.
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