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Article history: To obtain expected rapid-release and sustained-release of ketoprofen gel beads, this paper
Received 6 September 2017 adopted biopolymer alginate to prepare alginate beads and chitosan-alginate gel beads. For-
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2017 ketoprofen from calcium alginate gel beads in pH 1.0 hydrochloric acid solution was less
Accepted 19 October 2017 than 10% during 2 h, then in pH6.8 was about 95% during 45 min, which met the require-
Available online 26 October 2017 ments of rapid-release preparations. However, the drug release of chitosan-alginate gel beads
in pH1.0 was less than 5% during 2 h, then in pH6.8 was about 50% during 6 h and reached
Keywords: more than 95% during 12 h, which had a good sustained-release behavior. In addition, the
Gel beads release kinetics of keteprofen from the calcium alginate gel beads fitted well with the
Enteric rapid-release Korsmeyer-Peppas model and followed a case-II transport mechanism. However, the release
Enteric sustained-release of keteprofen from the chitosan-alginate gel beads exhibited a non-Fickian mechanism and
Ketoprofen based on the mixed mechanisms of diffusion and polymer relaxation from chitosan-

alginate beads. In a word, alginate gel beads of ketoprofen were instant analgesic, while
chitosan-alginate gel beads could control the release of ketoprofen during gastro-

intestinal tract and prolong the drug’s action time.
© 2018 Shenyang Pharmaceutical University. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

a-L-guluronic acid (G) monomers [1]. The uronic-acid-based

1. Introduction monomers are joined together by 1,4-glycosidic linkages, and

they exist in either homopolymeric (M- or G-residues) block
Alginate, a type of hydrophilic biopolymer extracted from or heteropolymeric (random arrangement of M and G resi-
brown seaweed, consists of b-D-mannuronic acid (M) and dues) block [2]. Natural polymer sodium alginate (SA) has

* Corresponding authors. Shenyang Pharmaceutical University, No.103, Wenhua Road, Shenyang 110016, China. Tel.: +86 24 43520533.

E-mail address: pppwwwsss@163.com (W. Pan).
Peer review under responsibility of Shenyang Pharmaceutical University.

** Corresponding authors. Shenyang Pharmaceutical University, No.103, Wenhua Road, Shenyang 110016, China. Tel.: +86 24 43520521.
E-mail address: yangxgl23@163.com (X. Yang).

https://doi.org/10.1016/j.ajps.2017.10.003

1818-0876/© 2018 Shenyang Pharmaceutical University. Production and hosting by Elsevier B.V. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajps.2017.10.003&domain=pdf
mailto:pppwwwsss@163.com
mailto:yangxg123@163.com
http://www.sciencedirect.com/science/journal/18180876
http://www.elsevier.com/locate/AJPS

ASIAN JOURNAL OF PHARMACEUTICAL SCIENCES I3 (2018) 120-130 121

biocompatibility and biodegradation, which has been widely
applied in the field of food, medicine and other scientific re-
search [3]. What’s more, chitosan, the generic term for a family
of linear polysaccharides which exists as copolymers of
B-(1-4)-linked glucosamine and N-acetylglucosamine, is com-
mercially obtained by partialde-acetylation of a-chitin produced
from the exoskeletons of crustacean or the cell walls of fungi
[4]. Chitosan, a polycationic polysaccharide, could form poly-
electrolyte complexes with polyanionic polymers such as
alginate [5].

Alginate microparticlar drug delivery system with sodium
alginate as the main material, is a newly developed oral sus-
tained release carrier, which has been highly recommended
to controlled-release of varieties of drugs [6]. Alginate
microparticlar drug delivery system offers not only therapeu-
tic advantages, such as less gastro-intestinal tract irritation and
lower side effects but also technological advantages [7]. Com-
pared to larger carriers, because of the small size and large
specific surface area, alginate microparticlar is more suitable
for oral drug delivery and could protect the encapsulated drugs
against the harsh environment of the gastrointestinal tract. Al-
ginate is able to form hydrogel easily and safely in addition
of divalent cations, such as Ca?, which bind to the carboxyl-
ates in the G-blocks to form the ‘egg-box’ structures [8]. The
alginate gelation process has its origin in a capacity of the poly-
saccharide molecules specifically to bind divalent cations [9].
Thus, a gentle and simple encapsulation technique was de-
veloped, involving the addition of a solution of sodium alginate
dropwise through a syringe needle into a solution of divalent
cation [10].

Ketoprofen is a non-steroidal anti-inflammatory drug
(NSAID), which is an important drug widely used in treating
musculo-skeletal disorders [11,12], such as rheumatoid arthri-
tis and osteoarthritis, as well as some of the symptoms due
to traumatic lesions [13]. In addition, ketoprofen is used in the
treatment of post-surgical and carcinous pain. NSAIDS’ anti-
inflammatory and analgesic action are due to the inhibition
of cyclooxigenase (COX) [14], an enzyme involved in produc-
tion of prostaglandins [15,16]. There are two subtypes of COX;
subtype COX-1 occurs constantly in the body, while subtype
COX-2 is induced by inflammation [17]. Ketoprofen has shown
a potent COX-1 inhibiting activity, therefore, it increases the
risk of side effects if repeatedly taken orally [18]. In addition,
the use of ketoprofen could result in an increased risk of serious
side effects, especially with regard to gastrointestinal [19]. After
encapsulation, on the one hand, the side effect of ketoprofen
is reduced, on the other hand, it would be released in a con-
trolled way.

In this paper, ketoprofen was selected as model drug to
prepare two kinds of ketoprofen enteric preparation using
calcium alginate (CA) gel beads and chitosan-alginate (CS-
SA) gel beads. Calcium alginate gel beads with pH-sensitivity
was prepared utilizing the one-step method [20] which con-
trols instant release of drug in artificial gastric fluid, and burst
effect in artificial intestinal fluid. Thus, CA beads of ketoprofen
could be applied in short-term release applications, such as
instant analgesic for post-surgical and carcinous pain.

However, CA beads are very porous and exhibit a low re-
tention capacity of encapsulated molecules. Even more, CA
beads have a very short dissolution time when they are exposed

to the intestinal fluid. CA beads with a prolonged dissolution
time are desirable for sustained release of ketoprofen. In order
to get long-acting analgesic, the microcapsules could be coated
with a polycationic polymer to form a membrane at the surface
of beads [21]. To obtain expected sustained-release effect, this
paper used biopolymer alginate to prepare CA-SA beads. On
the basis of single factor investigation, optimized formula-
tion was obtained through orthogonal design [22]. The process
parameters of CS-SA beads such as concentration of sodium
alginate, the ratio of sodium alginate and drug, calcium chlo-
ride and concentration of chitosan were optimized.

The aim of the current study was to prepare the CA beads
and CS-SA beads with biopolymer alginate, then, optimized the
parameter and process and evaluated the beads. Two kinds of
enteric preparation can serve as models for the future design
of oral delivery systems. To obtain expected rapid-release and
sustained-release of ketoprofen gel beads, much importance
should be attached into the research on two kinds of ketoprofen
enteric gel beads using biopolymer alginate.

2. Material and method
2.1. Materials

Sodium alginate with different molecular weight (Mw = 3.00
x 10° g/mol, Mw = 2.49 x 10° g/mol, Mw = 1.93 x 10° g/mol) were
purchased from FMC. Chitosan was given by Sinopharm Chemi-
cal Reagent Co., Ltd. (Shanghai, China). Calcium chloride was
obtained from Tianjin Bodi Chemical Holding Co., Ltd. (Tianjin,
China). Keteprofen was from Zhejiang Jiuzhou Pharmaceuti-
cal Co,, Ltd. (Zhejiang, China). All other chemicals and reagents
used were of analytical grade or better.

2.2.  Preparation of CA beads

The gel beads containing a model drug keteprofen were pre-
pared by one-step method. Briefly, keteprofen was dissolved
in sodium alginate solution and then extruded as droplets
through a plastic needle (inner diameter of 1.0 mm) into a con-
tinuously stirred solution of calcium chloride at 25 °C [23]. The
needle was positioned at 5 cm above the surface of calcium
chloride solution. The extrusion rate of sodium alginate solu-
tion was approximately 2.5 ml/min. The beads formed were
stirred continuously in the solution for 4 h, separated and
washed with 300 ml of distilled water (3 min) for 3 times and
air-dried at 25 °C.

2.3.  Preparation of CS-SA beads

By a one-step procedure, CA beads with pH-sensitivity were
obtained, which controlled the instant release condition of
ketoprofen in artificial gastric fluid, nevertheless, the release
of that in artificial intestinal fluid was torrential. In order to
overcome the burst effect in artificial intestinal fluid, CA beads
coated with chitosan were obtained utilizing improved one-
step method, which could control the instant release condition
of ketoprofen in artificial intestinal fluid and gastric fluid. The
beads were prepared by one-step method, then, they were
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transferred into the chitosan solution, the beads formed were
stirred continuously in the solution for 4 h. Finally, they were
separated and washed with 300 ml of distilled water (3 min)
for 3 times and air-dried at 25 °C.

2.4. Optimization of formulation parameters of
CS-SA beads

The CS-SA beads were prepared by improved one-step method.
The following formulation variables, molecular weights of
sodium alginate (Mw = 3.00 x 10° g/mol, Mw = 2.49 x 10° g/mol,
Mw = 1.93 x 10° g/mol), concentration of sodium alginate (1.0%,
1.5%, 2.0%, w/v), concentration of calcium chloride (1.0%, 1.5%,
2.0%, w/v), the ratio of sodium alginate and drug (1:1, 2:1, 3:1),
concentration of chitosan (1%, 1.2%, 1.4%, w/v), were investi-
gated. Different batches of the beads were analyzed for
entrapment efficiency, drug loading and the release of
ketoprofen from the beads.

2.5. Orthogonal experiment

On the basis of the single factor investigation of the release
of ketoprofen from CA beads and CS-SA beads, we initially de-
termined four main factors: the concentration of sodium
alginate (A), the ratio of SA:drug (B), the concentration of calcium
chloride (C), the concentration of chitosan (D). In this paper,
we adopted comprehensive score method, taking the charac-
teristics of the preparation into account at the same time [24].
Due to the release of ketoprofen from the beads for 12 h was
above 95%, which indicated that it could release completely,
the cumulative release of 2 h and 6 h were chosen as evalu-
ation indexes.

2.6. Drug loading and entrapment efficiency

Drug loading and entrapment efficiency were estimated by UV-
vis spectrophotometer (Shimadzu, Japan). 20 mg of beads were
added into the sodium citrate solution until stirred to be dis-
solved completely. .Methanol was added into the sodium citrate
solution to get the gel, this solution was then filtered with
0.45 um filter to get the drug solution. Absorbance was taken
at 260 nm. All the measurements were done in triplicate.

The drug loading and entrapment efficiency were calcu-
lated using following formulae:

Drug loading (%) = % % 100%

Entrapment efficiency (%) = % x 100%
c

where, Ma is the actual drug content in weighed quantity
of beads, My is the weighed quantity of dried beads and M. is
the theoretical amount of drug in beads calculated from the
quantity added in the process [25].

2.7.  Scanning electron microscopy (SEM)

Scanning electron microscopy (SEM) is an electron optical
imaging technique that provides photographic images and

elemental information [26]. SEM is useful for characterizing the
morphology and size of microscopic specimens with particle
size as low as nanometer [27]. It is used to determine particle
size distribution, surface topography, texture and examine the
morphology of fractured or sectioned surface [26]. The mor-
phology of microbeads was characterized by scanning electron
microscopy (SEM) [28]. Prepared beads were examined under
an argon atmosphere at room temperature with SEM operat-
ing at 15 kV.

2.8. Determination of bead size

Particle size of 100 dried beads from each batch was mea-
sured by optical microscopic method. The ocular micrometer
was previously calibrated by stage micrometer [29].

2.9. Swelling behavior measurement

Swelling measurement of optimized CA beads and CS-SA
beads containing keteprofen was carried out in five different
aqueous media: pH1.0, pH4.5, pH6.8, pH7.4 and water. 100 mg
beads were placed in vessels of dissolution apparatus (Camp-
bell Electronics, India) containing 500 ml respective media. The
experiment was carried out at 37 + 1 °C under 100 rpm paddle
speed. The swelled beads were removed at predetermined
time interval and weighed after drying the surface using tissue
paper [30].

Swelling ratio
_ weight of wet beads-weght of dried beads
weight of dried beads

x100%

2.10. In vitro drug release studies

The release of the keteprofen from CA beads and CS-SA
beads was tested by dissolution testers. The dissolution
rates were measured at 37 + 1 °C under 100 rpm paddle speed.
Weighed quantities of CA beads or CS-SA beads containing
keteprofen equivalent to 75 mg keteprofen were added to
900 ml of simulated gastric fluid (pH 1.0). The test was carried
out in simulated gastric fluid (pH 1.0) for 2 h, and then
transferred into intestinal fluid (pH 6.8) for next 12 h. 5 ml of
sample was collected at regular time intervals, and the
same amount of fresh dissolution medium was replaced
into dissolution vessel to maintain the sink condition through-
out the experiment. The collected sample were filtered, and
suitably diluted to determine the absorbance using a UV-vis
spectrophotometer (Shimadzu, Japan) at max of 260 nm. The
cumulative drug release of beads was calculated using the
following formula:

Vv n-1 n-1
Q= Vo(pn +f2pi) =Vopa + VP
VO i=1 i=1

where, Q, is cumulative drug release, p, is the concentra-
tion of drug at the time of t, p; is the concentration of drug
before the time of t, Vo is the total volume of dissolution
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medium and V is the sampling volume collected at regular
time intervals [31].

2.11. Kinetic analysis of drug release

The release profiles of the ketoprofen were up to 60%, which
fitted to the kinetic models commonly applied in drug release
studies. The models used are as follows:

Zero-order kinetic model Q./Q. =kt

First order kinetic model Q,/Q.=1-e™

Higuchi model Q./Q. =kit"*+k,

Korsmeyer-Peppas model Q./Q.. =k"

where, t is the duration of release (min), Q: is the amount
of drug released at time t (mg/mL), Q.. is the total amount of
drug released (mg/mL), k is the kinetic constant, and n is
the release exponent indicating the mechanism of drug
release [32]. When n < 0.43, the release mechanism is based
on Fickian diffusion. When 0.43 < n < 0.85, the release mecha-
nism is based on an anomalous (non-Fickian) transport (i.e.,
mixed mechanisms of diffusion and polymer relaxation).
When n > 0.85, the release mechanism is based on a case-II
transport which reflects the influence of polymer relaxation
on the drug molecules movement within the matrix [33].
The correlation coefficient was used to evaluate the fitness
[34].

Table 1 - Influence on entrapment efficiency and drug
loading of different molecular weights of SA.

Molecular Entrapment Drug loading
weight efficiency (%) (%)
Low 68.50  0.31 16.85 +0.05
Medium 83.27 £0.78 26.61 +0.09
High 91.06 + 1.05 31.92 £0.13
3. Results and discussion
3.1. Optimization of formulation parameters of chitosan-

calcium alginate gel beads

As shown in Tables 1 to 5 and Fig. 1, different formulation pa-
rameters of calcium alginate gel beads could influence the
entrapment efficiency, drug loading and release characteris-
tics of the beads.

3.1.1. Molecular weights of SA

As shown in Table 1, we could see that with the increase of
molecular weight of sodium alginate, the drug loading and en-
trapment efficiency of CS-SA gel beads increased significantly.
As the concentration of sodium alginate used in the prepara-
tion was relatively low, the molecular weight of sodium alginate
played an important role in the viscosity of the solution, the
higher the molecular weight of sodium alginate, the greater
the viscosity of the solution, which lead to better drug sus-
pension and less drug leakage in the process of forming film.
Moreover, the G/M value of polymer sodium alginate used in
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Fig. 1 - Influence on release from CS-SA beads in the artificial gastric and intestinal juice: (A) molecular weights of SA,
(B) concentrations of SA, (C) the ratio of the SA:drug, (D) the concentrations of CaCl, and (E) the concentrations of CS.



124 ASIAN JOURNAL OF PHARMACEUTICAL SCIENCES I3 (2018) 120-130

Table 2 - Influence on entrapment efficiency and drug
loading of different concentrations of SA.

Concentration Entrapment Drug loading
(g/100 mL) efficiency (%) (%)

1.0 82.55£0.67 26.32 £0.59
1.5 92.67 £0.99 32.78+0.73
2.0 94.16 +£ 1.04 33.15+0.60

Table 3 - Influence on entrapment efficiency and drug
loading of different ratio of the SA:drug.

SA:drug Entrapment Drug loading
efficiency (%) (%)

1:1 78.36 £ 0.97 44.12 +0.54

2:1 90.88£0.91 30.52 £0.61

31 93.67 +£1.38 23.17 £0.52

Table 4 - Influence on entrapment efficiency and drug
loading of different concentrations of CaCl,,

Concentration Entrapment Drug loading
(g/100 mL) efficiency (%) (%)

1.0 90.12£0.33 29.36 £0.37
1.5 91.34+0.41 30.23 £0.87
2.0 90.78 +£0.34 30.51+0.81

Table 5 - Influence on entrapment efficiency and drug
loading of different concentrations of CS.

Concentration Entrapment Drug loading
(g/100 mL) efficiency (%) (%)

1.0 89.76 £ 0.86 32.12+£0.29
1.2 91.23+0.63 32.94+0.31
1.4 89.15 £ 0.92 30.66 +0.47

the experiments was relative high, so it was easy to form three
dimensional network structure with Ca?*, leading to the de-
crease of film forming time.

As Fig. 1A indicated, the molecular weight of sodium algi-
nate had great influence on sustained release. The higher the
molecular weight of sodium alginate, the lower the release rate.
Because high molecular weight of sodium alginate contain-
ing a large number of negatively charged carboxyl was more
likely to react with positively charged chitosan, leading to the
formation of tense film.

Considering the Table 1 and Fig. 1A, we chose high molecular
weight sodium alginate to prepare the beads for further study.

3.1.2.  Concentrations of SA
As shown in Table 2, we could see that with the increase of
concentration of sodium alginate, the drug loading and en-
trapment efficiency of CS-SA gel beads increased. When the
concentration of sodium alginate was 2%, the solution was so
viscous that a large amount of ‘tadpole shape’ beads formed.
Fig. 1B revealed that when the concentration of sodium al-
ginate solution increased from 1% to 1.5%, the release rate of
ketoprofen from CS-SA gel beads decreased significantly. But
when the concentration increased to 2%, the release in artificial

gastric juice was slow, while in artificial intestinal juice, the
drug release increased suddenly for the reason that it was not
propitious for further reaction of chitosan molecules and high
concentration of sodium alginate.

Considering the Table 2 and Fig. 1B, we chose the concen-
tration of 1.5% sodium alginate solution to prepare beads for
further research.

3.1.3. SA:udrug
As we could see in Table 3, the higher the ratio of sodium al-
ginate and drug, the greater the entrapment efficiency, the lower
the drug loading. Because the higher the content of sodium
alginate, the greater the uniformity of drug suspension, the
faster the reaction of sodium alginate and chitosan.
As shown in Fig. 1C, the greater the ratio of sodium algi-
nate and drug, the slower the drug release, but not significantly.
Considering Table 3 and Fig. 1C, when the ratio of sodium
alginate and drug was 2:1, the drug loading, entrapment effi-
ciency and release characteristics of the beads were better.

3.1.4. Concentrations of CaCl,

Table 4 indicated that the concentration of calcium chloride
had no significant effect on drug loading and entrapment ef-
ficiency of the CS-SA beads. The solubility of calcium chloride
in chitosan acetic acid solution was low, but the concentra-
tion of the calcium chloride could meet the requirements of
formation of the capsule membrane. However, the concentra-
tion of calcium chloride should not be too low, otherwise the
tense of the gel beads would decrease, meanwhile, the beads
would deform after drying.

As shown in Fig. 1D, the concentration of calcium chlo-
ride had no significant influence on the release of ketoprofen
from the beads.

Considering the Table 4 and Fig. 1D, 1.5% was chosen as the
concentration of calcium chloride for further study.

3.1.5. Concentrations of chitosan

As shown in Table 5, we could see that when the concentra-
tion of chitosan increased from 1.0% to 1.2%, drug loading and
entrapment efficiency of the CS-SA gel beads increased.
However, when its concentration increased to 1.4%, the drug
loading and entrapment efficiency decreased. In the experi-
ment, we found that the higher the concentration of chitosan,
the higher the viscosity of the solution. When the solution was
dropped into chitosan and calcium chloride solution by peri-
staltic pump, due to the resistance of high viscosity of the
solution, part of the droplets appeared flat. The higher the
viscosity of chitosan and calcium chloride solution, the higher
the probability of getting flat beads.

Fig. 1E indicated that when the concentration of chitosan
increased from 1.0% to 1.2%, the release of ketoprofen from
the gel beads decreased. During the increase of the concen-
tration of chitosan solution, the number of electrostatic
attraction between the carboxyl on sodium alginate and the
amino on the molecule chain of chitosan increased, thus en-
hanced the strength of the capsule membrane and delayed the
release of drug.

Taken the Table 5 and Fig. 1E into account, 1.2% was se-
lected as the concentration of chitosan for further research.
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It was found that the optimum concentration of sodium al-
ginate [1.5%], calcium chloride [1.5%] and concentration of
chitosan [1.2%] could influence the beads entrapment effi-
ciency, drug loading and the release characteristics. Different
batches of beads were then prepared with the optimized process
variables.

3.2.  Orthogonal experiment

Lo(3*)orthogonal experiment was applied to optimize the for-
mulation, the factors and levels were shown in Table 6 [35].
This study referred to the following cumulative release of two
time points: the calculating formula of accumulative release
within 2 h was | P, | and the calculating formula of accumu-
lative release within 6 h was | Pe, - 50% |. The calculation formula
of the total score(L): L=1 Py, | +1 Pen - 50% | [36]. The smaller
the value of L, the closer the release quantity to the pre-
scribed standard.

R was the reaction to the influence of various factors on the
determination of index. Table 7 showed that the order of four
factors affecting the determination of index was A>C>B>D.
As shown in Table 8, F-value of A, B, C and D were 19.72, 9.85,
15.67 and 1, respectively. While F1.005(2, 2) = 19.00, the P-value
of A was less than 0.05. So, further variance analysis of various
factors indicated that the concentration of sodium alginate had
remarkable influences on the drug release [37].

Due to the ratio of sodium alginate and drug had less effect
on the degree of the release, when the ratio of sodium alginate
and drug were 2:1 and 3:1, the release of drug met the require-
ments. However, drug loading should be taken into
consideration at the same time, the ratio of sodium alginate
and drug were 2:1 and 3:1 with the drug loading 30% and 20%,
respectively. Therefore, considering the drug loading and the

Table 6 — The factors and levels of orthogonal design.

Factors/Levels A B @© D
SA(%) SA:drug CS(%) CaCl (%)

1 1 1:1 1 1

2 1.5 2:1 1.2 1.5

3 2 3:1 1.4 2

Table 7 - The results of orthogonal design.

No Factors Pon (%)  Pen (%) L (%)
A B G© D
1 1 1 1 1 18.32 78.55 46.87
2 1 2 2 2 15.29 73.55 38.84
3 1 3 3 3 17.31 75.13 42.44
4 2 1 2 3 8.13 61.32 19.45
5 2 2 3 1 15.26 73.17 38.43
6 2 3 1 2 8.02 5423  12.25
7 3 1 3 2 16.94 7815  45.09
8 3 2 1 3 7.31 69.68 26.99
9 3 3 2 1 4.32 62.72 17.04

K1 4272 37.14 287 34.11
K2 23.38 3475 25.11 32.06
K3 29.71 2391 4199 29.63
R 1934 13.23 16.88 4.49

Table 8 — The results of variance analysis.

Factors Sum of ff  Variance F-value P-value
squared
residuals
A 583.37 2 291.69 19.27 <0.05
B 298.2 2 149.1 9.85 >0.05
@ 474.18 2 237.09 15.67 >0.05
D 30.27 2 15.14 1

F1.00s5(2, 2) = 19.00.

cumulative release, we finally chose the A,B,C,Ds as the optimal
formulation, namely, the concentration of sodium alginate was
1.5%, the ratio of sodium alginate and drug was 2:1, the con-
centration of chitosan was 1.2% and the concentration of CaCl,
was 2%.

3.3.  Surface morphology

Fig. 2 indicated that the surface morphology of the CA
beads and CS-SA beads, respectively. As shown in Fig. 2A,
the scale bar was 0.25mm and 50 um, respectively. The
surface of the CA beads were fold and stack due to shrank
substantially after drying. During the cross-linking process, a
large amount of water would be expelled from the cross
linked polymer matrices. A portion of water would be ex-
pelled into the inner core. The folded surface was resulted
from the removal of water in the inner core. While, the
CS-SA beads had a smoother surface compared to the CA
beads, which was due to the coat of chitosan at the surface
showed in Fig. 2B, the scale bar was 0.25 mm and 50 um,
respectively. The polyelectrolyte complex produced on the
surface of gel beads could effectively improve the crack
structure on the surface of sodium alginate gel beads. The
formation of thick coat on outer surface of the CA beads
indicated drug was completely entraped into interior polymer
network.

3.4. Size

As shown in the Table 9, the average size of CA gel beads con-
taining keteprofen was about 1.0 mm. However, the average size
of CS-SA gel beads containing keteprofen was about 0.75 mm.
The beads coated with chitosan had a strong and tightness
structure, which led to the smaller size of CS-SA gel beads than
CA gel beads.

3.5.  Swelling behavior

As shown in Fig. 3A, CA beads swelled in different pH. The
results showed that the beads in pH1.0 and water had no
swelling, while in pH 6.8 and pH 7.4 the beads had the strong

Table 9 — The properties of CA and CS-SA gel beads.

Batch 1 2 3 Mean  RSD (%)

CApso(mm) 1.068 1.088 1.072 1.076 0.98
CS-SApso(mm) 0.781 0.767 0.752 0.767 1.89
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Fig. 2 - Scanning electron micrographs of (A) the SA gel beads and (B) the CS-SA gel beads, the scale bar was 0.25 mm and
50 pm, respectively.
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Fig. 3 — The swelling ration of (A) CA gel beads and (B) CS-SA gel beads in different mediums.
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ability of swelling. The swelling of the beads were very quick,
which reached saturated state in 20 min, but after 20 min, the
beads dissolved and gradually disappeared completely. CA beads
were not disintegrating dissolved in the stomach, but in the
artificial intestinal juice, calcium and phosphate radical anions
combined quickly, causing the gel beads swelling and even-
tually dissolved completely. Therefore, the release from CA beads
indicated that it was suitable for ketoprofen to release in
stomach slowly.

Fig. 3B indicated that the swelling properties of the CS-SA
beads had a pH dependency. The swelling of beads in acidic
medium were poor, while, with the increase of pH, the beads
swelling rate increased, swelling in artificial intestinal juice.
Compared with CA beads, swelling of the two curves are similar,
but the CS-SA beads swelling rate slowed significantly. In the
artificial intestinal juice, the beads swelling at the equilib-
rium is within 8 h.

The results of swelling were in line with the release of the
CS-SA gel beads in different medium. Almost no drug released
in the artificial gastric juice, while ketoprofen released slowly
in artificial intestinal juice by swelling.

3.6. In vitro drug release

The release of CA and CS-SA beads were researched in
different dissolution medium (pH 1.0, pure water, pH 4.5,
pH 6.8 and pH 7.4), then the results were shown in Fig. 4,
respectively.

As shown in Fig. 4A, the pH of dissolution medium had sig-
nificant influence on the drug release behavior of CA beads.
Under the condition of pH1.0, the release of the beads was slow
and the cumulative release amount was low in 12 h. The cu-
mulative release amount of the beads in pH4.5 and water could
reach 40% and 80% in 12 h, respectively. However, under the
condition of pH 6.8 and pH 7.4, the release within 45 min was
around 95%, the beads swelled rapidly, finally dissolved
completely.

Showed in Fig. 4B, we could see that the pH of dissolution
medium had a significant effect on the release of CA beads.
The cumulative release of the beads in 12h was no more
than 30% in pH 1.0 and water. What’s more, the cumulative
release increased in pH 4.5. However, in pH6.8 and pH7.4, the
cumulative release in artificial intestinal juice reached the
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Fig. 4 - The release profile of Ketoprofen from (A) CA gel beads and (B) CS-SA gel beads in different media.
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Fig. 5 - The release profile of CA and CS-SA gel beads in the artificial gastric and intestinal juice.

requirement of the controlled-release, which suggested
that the addition of chitosan could effectively reduce the
PH sensitivity of the CA beads, enhancing the dependence of
the pH of the beads, which had a good sustained-release
behavior.

The release profile of CA and CS-SA gel beads in the arti-
ficial gastric and intestinal juice were shown in Fig. 5, under
the condition of pH 1.0, the release of CA and CS-SA were slow
and the cumulative release amount was low in 2 h. While, under
the condition of pH 6.8, the release of CA and CS-SA were 99%
and 96% in 12 h, respectively. However, the cumulative release
of CS-SA in artificial intestinal juice was slower than that of
CA beads, which met the requirement of the controlled-release.

3.7. Modeling of drug release kinetics

The release profiles of CA beads and CS-SA beads were shown
in Fig. 5, which were fitted with the kinetic models as shown
in Table 10 and Table 11. The fitness was evaluated using the
r values. In general, the release kinetics of keteprofen from the
CA beads fitted well with the Korsmeyer-Peppas model (r > 0.98).

Table 10 - Regression equation of different models for
CA gel beads.

Model Equation r

Zero-order Q:=1.735t+12.703 0.9060
First-order Ln(100-Q;)=-0.311t+0.4828 0.9632
Higuchi Q; = 14.502t1/,-6.199 0.9543
Ritger-Peppas LnQ: =1.061t+2.556 0.9818

Table 11 - Regression equation of different models for
CS-SA gel beads.

Model Equation r

Zero-order Q: = 8.829t+0.0441 0.9827
First-order Ln(100-Q;)=-0.035t+0.375 0.9684
Higuchi Qr=2.9021ty/,-1.415 0.9902
Ritger-Peppas LnQ; = 0.756t+2.557 0.9832

n=1.061, judging from the n values, it could be concluded that
the release of keteprofen from alginate beads followed a case-
II transport mechanism (n > 0.85).

In addition, the release kinetics of drug from the CS-SA beads
might be fitted to the Higuchi model (r > 0.99). n=0.756, the
release of keteprofen from the CS-SA beads exhibited a non-
Fickian mechanism (0.43 < n < 0.85). The keteprofen was released
based on the mixed mechanisms of diffusion and polymer
relaxation.

4, Conclusions

In this work, we have successfully prepared two kinds of
ketoprofen enteric preparation using biopolymer alginate. In
addition, the release profiles of CA beads indicated that it
was suitable for ketoprofen to be released in stomach slowly;
while, the release of ketoprofen from CS-SA beads had a
good sustained-release behavior in gastrointestinal tract. Thus,
the result demonstrated that addition of chitosan controlled
drug release effectively. Furthermore, the investigation on
the drug release mechanisms indicated that drug release
from CA beads followed the erosion mechanism and the
drug release from CS-SA beads accorded with non-Fick diffu-
sion model. In conclusion, this study showed that ketoprofen
loaded CA beads could relieve pain immediately, which could
be applied in short-term release applications, such as the
instant analgesic of post-surgical and carcinous pain, while
CS-SA beads could control the release of ketoprofen during
gastro-intestinal tract, prolong the drug’s action time, de-
crease administration times and lower gastro-intestinal
irritation, which reached the expected result. Based on the
results we can conclude that two novel formulations
have a potential to be applied as drug delivery systems
for several oral routes. Hence, there is a scope for improve-
ment in microparticlar drug delivery system so as to achieve
different goals, which may be economical, technical or
commercial.
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