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Abstract

Microparticles based on acrylic ion exchange resin and ion exchange resins coated with two microbial exopolysaccharides
(xanthan and gellan) have been used as carriers for cefotaxime sodium salt delivery. The coated and uncoated ion exchange
resin microparticles were loaded with the drug by a diffusion process. The release kinetics of the drug was studied by elution
with solutions at different pH values. The analysis of the in vitro release data was performed using different mathematical
models such as: Boyd, Higuchi, Korsmeyer-Peppas and Baker-Lonsdale models. The kinetic data of the release process
indicates that the deliverance mechanism of cefotaxime from coated and uncoated ion exchange resin microparticles was
controlled by swelling and diffusion processes. Also, the bactericidal potential of cefotaxime released from coated and
uncoated microparticles was highlighted by antimicrobial tests.

Rezumat

Microparticulele pe bazd de schimbatori de ioni acrilici si schimbétori de ioni acoperiti cu doud exopolizaharide de origine
microbiani (xantan si gelan) au fost utilizate ca transportori ai cefotaximei sare de sodiu. Incircarea medicamentului in
microparticulele acoperite si neacoperite s-a realizat printr-un proces de difuzie. Pentru eliberarea medicamentului s-au
utilizat solutii cu pH diferit. Analiza datelor obtinute la eliberarea in vitro a medicamentului s-a realizat cu ajutorul a diferite
modele matematice, cum ar fi: modelele Boyd, Higuchi, Korsmeyer-Peppas si Baker-Lonsdale. Datele cinetice ale procesului
de eliberare au indicat faptul cd mecanismul de eliberare a cefotaximei din microparticulele acoperite si neacoperite a fost
controlat prin procese de umflare si difuzie. De asemenea, caracterul bactericid al cefotaximei eliberata din microparticulele
acoperite si neacoperite a fost evidentiat prin teste antimicrobiene.
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Introduction [11, 14, 19]. In our previous researches, we have
carried out a study regarding the kinetics, equilibrium
and thermodynamic parameters of the adsorption
process of cefotaxime sodium salt (CF) onto coated
and uncoated ion exchange resins [8, 21]. The
present study is a continuation of the foregoing
research, the main objective targeting the exploration of
the release mechanism and highlights the preservation
of the antimicrobial activity of the drug, subsequent
its release from the coated and uncoated ion exchange

Since the 1920 when the ion exchange principle
was used for the first time in drug industry, the
research in the ion exchange resins field has led to
the discovery and creation of the modern systems
that could be used to solve various problems in
medicine and pharmacy [12]. It is known from
literature that the complex formed between an ion
exchange resin and the drug is called resinate. At
present, two types of resinates are known in the

pharmaceutical field: single resinate and multiple resins.
resinate products [16, 17]. .

. . Materials and Methods
Generally, ion exchange resins were used as macro-
molecular carriers in order to provide a controlled/ Materials. Acrylic ion exchange resin was prepared
sustained release profile [1, 10, 20] as well as to by suspension polymerization method as described in
improve some pharmaceutical properties of drugs literature [14]. Gellan gum (Gelzan™, M,, = 1 x 10°
like: bitter taste, systemic toxicity and stability [3, 4, g/mol), xanthan gum (from Xanthomonas Campestris,
5, 6]. The main advantages of these systems consist M,, = 1.4 x 10° g/mol) and cefotaxime sodium salt
of dose dumping avoidance, controlled/sustained (M, = 477.45 g/mol) were purchased from Sigma-
release of drugs and flexibility of the administration Aldrich Company and were used as received.

route, by designing different types of dosage forms
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Methods

Characterization of the drug delivery systems. The
surface morphology of coated and uncoated micro-
particles was observed with Environmental Scanning
Electron Microscope type Quanta 200-FEI coupled
with an energy dispersive X-ray system.

In vitro release of CF. The CF release process was
investigated by immersing the uncoated and coated
ion exchange resin microparticles in simulated gastric
fluid (pH = 1.2) for 2 hours and then in phosphate
buffer solution at pH = 7.4 for 12 hours. The release
characteristics were performed by incubation of 20 mg
coated and uncoated microparticles - CF systems in
10 mL of dissolution media, at 37°C, in a water bath
temperature-controlled shaker (Memmert M00/MO1,
Germany). A known volume (V;, mL) of the super-
natant was withdrawn at predetermined time intervals,
being followed by replacement with an equal volume
of the dissolution medium. The amount of CF
released was determined by UV-VIS spectrophoto-
metry (SPEKOL 1300 Spectrophotometer, Analytik
Jena, Germany) at 236 nm, using a calibration curve.
The cumulative CF release (Q %) was calculated by
the following equation [22]:

n—1
VxC, +V;x 2 C;

i=1

x100
M ) (1)

where M is the total mass of CF absorbed into micro-
particles, C, and C; are CF content released from
microparticles in dissolution media determined at
different times, respectively.

0% -

Antimicrobial susceptibility tests. The antimicrobial
susceptibility tests of coated and uncoated ion exchange
resin-CF systems were performed on two microbial
strains like Escherichia coli ATCC 25922 as Gram
negative bacteria and Staphylococcus aureus ATCC
25923 as Gram positive bacteria, respectively. The
reference strains were regenerated from storage
media being verified in terms of metabolic and
antigenic characteristics. All strains tested were pure
and quantitatively suitable for use in the experiments.
The antimicrobial activity of CF loaded on coated and
uncoated ion exchange resins was evaluated using
the Kirby-Bauer disk diffusion method [2]. The
cultures were prepared according to the manufacture
recommendations, using suspensions with concentration
about 5.2 x 10" CFU/mL. The tests were carried out
on Muller-Hinton agar and the Petri dishes were
incubated for 24 h at 37°C. The antibacterial activity
was expressed as mean inhibition zone diameters
(mm) and all experiments were realized in triplicate.
The efficacy of CF loaded on coated and uncoated ion
exchange resins was compared to that of commercially
antibiotic tested alone on the same strains and by the
same method. The antimicrobial susceptibility tests
were performed according to the procedure of the
National Committee for Clinical Laboratory Standards
(2008).

Results and Discussion

The drug was loaded onto uncoated and coated ion

exchange resins by the batch method. The amounts

of CF loaded onto microparticles at T = 313 K and
Ccr = 3750 mg/L are presented in Table 1.

Table I

Several characteristics of A, T and T, microparticles

Sample codes Coat Qg (mg CF/g dry beads) | R (um) | Zone of inhibition (mm)
E. coli S. aureus

A - 618.2 184 22 41

T, xanthan 783.62 189 16 35

T, gellan 720.83 187 19 38

CF - - - 30 50

The SEM images (Figure 1) of drug loaded onto A,
T, and T, microparticles (left side) point out the
presence of drug molecules on the microparticles
surface.

For A microparticles, a drug cluster on the micro-
particle’s surface could be noticed, very probably
due to the electrostatic interactions between NH;"
groups belonging to the ion exchange resin and the
COO" groups from the drug structure. The same
behaviour was observed in case of CF loaded on the
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interpenetrating networks of poly(vinyl alcohol-g-
acrylamide) and chitosan-g-polyacrylamide chains
[18]. In case of T and T, microparticles the drug is
located on surface, but also in the pores of the
complex shell situated on the surface of the micro-
particles. As shown in our previous study [21], the
presence of xanthan and gellan in the structure of
microparticles leads to higher values of the maximum
adsorbed amount of CF.
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Figure 1.
SEM images of A, T| and T, microparticles after loading with CF (left side) and after CF release (right side)

Release studies
The release profiles are graphically presented in
Figure 2.
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Figure 2.
In vitro cumulative release of CF from A, T; and T,

microparticles

In the first 2 hours, the amount of CF released was
lower for T and T, microparticles (31.83 and 46.75
wt%, respectively), compared to A microparticles
(70.16 wt%). In the case of A microparticles, the
release of larger amount of cefotaxime may be
attributed to the fact that drug is situated on the
surface of the microparticles, as seen in Figure 1.
For T microparticles, the amount of discharged CF
is lower, due to the presence of xanthan or gellan in
the microparticle structures, probably due to the
enhanced interactions between the drug and the
polymer matrix, through H-bonding and ionic linkages.
In order to elucidate the kinetics and the mechanism
of the release process from A, T, and T, micro-
particles, we applied four mathematichal models:
Boyd, Higuchi, Korsemeyer-Peppas and Baker-
Lonsdale (Table II).

Table I1
Mathematical models of release process

Mathematical models

Ref.

Boyd

M, 6 e "
B
Mg, w3 n#

M, and M, are the amounts of drug released after [7]
time t and after infinite time; » - radius of ion
exchange resin, B - rate costant, D -diffusion

coefficient.

Higuchi

O, - fraction of drug released at time t and & - [13]

Higuchi constant

Korsmeyer -Peppas

k.- release rate constant that is characteristic to drug- | [15]
polymer interactions, n - diffusion coefficient that

is characteristic to the release mechanism.

Baker-Lonsdale

[9]

kg - release constant
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The CF release profiles from the A and T micro-
particles are presented in Figure 3.

The values of the release parameters of CF from A,
T, and T, microparticles are displayed in Table III.
The linearity obtained by film diffusion is lower
(R* = 0.981 - 0.987) than that of particle diffusion
(R = 0.993 - 0.998), suggesting that the particle
diffusion was the rate-controlling step. The release
exponent “n” from Korsmeyer-Peppas equation is
situated between 0.46 - 0.61. These values indicate
that the delivery mechanism corresponds to anomalous
(non-Fickian) diffusion. The values for R* (0.991 -
0.994), show that the Baker-Lonsdale model describes
well the CF release from A, T; and T, micro-
particles.
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Figure 3.

The particle diffusion model (a) and the film diffusion
model (b) for CF release from the A and T micro-
particles

Table II1

Kinetic parameters of CF release process from A, T, and T, microparticles

Sample code Boyd model Higuchi model | Korsmeyer-Peppas model | Baker-Lonsdale model
Dx 10" (m%s) | R? |ky(min")| R? [k (min™) | n R*> | kg x10°(min") | R?

A 11.61 0.995 6.462 0.997 0.072  10.50| 0.995 1.100 0.994

T, 5.928 0.993 3.195 0.993 0.024 10.61| 0.994 0.560 0.993

T, 6.666 0.998 4.027 0.992 0.064 10.46| 0.993 0.607 0.991

Antimicrobial activity

To assess the ability of the drug to preserve the anti-
microbial activity when is released from coated and
uncoated microparticles, the following steps were
performed: (a) preparation of control Gram negative
and Gram positive bacteria strains; (b) testing the
susceptibility of bacterial strains to CF solution by
diffusion method; (c) elution of the antibiotic from
the drug-microparticle systems with further test of
the microparticles as well as for the resulting drug
solutions on the bacterial strains. The inhibition zone

diameters are presented in Table I. As shown in
Table I, the CF is highly effective against Gram
positive bacteria. The antimicrobial activity of CF
released from microparticles is illustrated in Figure 4.
Also, it can be observed that the CF is released from
A and T microparticles, retaining their bactericidal
ability, as evidenced by the appearance of the
inhibition zone around the microparticles. The
inhibition zone, of A and T microparticles is lower
compared to the free drug, as the amount of CF
adsorbed is not completely released in 24 h.

Figure 4.
Antibacterial activity of CF released from A, T and T, microparticles against S. aureus
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Conclusions

The study of the CF release mechanism from
coated and uncoated ion exchange resins indicates
that polysaccharides coated microparticles lead to
the synthesis of the sustained drug release systems
that can be used in the oral administration of CF. In
addition, the antibiotic retains its bactericidal ability
after it has been released from microparticles.
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