
Chitosan microspheres have been prepared for insulin controlled release delivery.
After preparation of insulin chitosan microspheres by emulsification-cross linking
process, the effects of chitosan quantity (200-400 mg) and citric acid concentra-

tion as a cross-linking agent (70-140 mg) were studied on the morphology, particle size,
loading efficiency, flow and release of insulin from the microspheres. Mean particle size
was 35-44 µm, insulin loading and preparation efficiency of microspheres were between
4.7-6.8% w/w and 70%, respectively. In microspheres containing citric acid, drug release
followed the Higuchi model while in its absence a non-Fickian mechanism was dominant.
Citric acid had no effect on stability, particle size, production efficiency and flow of the
microspheres while decreased the loading efficiency. Increasing the chitosan content,
increased particle size and release parameters like T50% (time required to release 50%
of drug) and MDT (mean dissolution time). The increase of citric acid, increased DE8%
(dissolution efficiency up to 8 h) of insulin but decreased the T50% and MDT. The results
showed that not only citric acid does not cause reduction of release rate of insulin from
chitosan microspheres but in fact accelerates the release rate.
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Chitosan is a copolymer of β-(1 4)
-linked 2-acetamido-2-deoxy-D-glu-
copyranose and 2-amino-2-deoxy-
D-glucopyranose. This polycationic
biopolymer is generally obtained by
alkaline deacetylation from chitin,
which is the main component of the

exoskeleton of crustaceans, such as
shrimps [1]. The main parameters
influencing the characteristics of chi-
tosan are its molecular weight and
degree of deacetylation, representing
the proportion of deacetylated units.
These parameters are determined by
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the conditions set during preparation. Moreover, they
can be further modified. For example, the degree of
deacetylation can be lowered by reacetylation [2] and
molecular weight can be lowered by acidic depolymer-
ization [3]. It is a suitable biodegradable matrix for the
production of microparticulate systems owing to its
biocompatibility [1], biodegradability [2, 3], bioadhe-
sive properties [4] and particularly the possibility of
being covalently cross-linked through its amino groups
allowing its stabilization as a matrix for controlled
release systems [5-7]. Chitosan microspheres have
been widely investigated for use as controlled release
delivery systems either for implantation, oral or nasal
delivery. Generally such microspheres are produced,
either by an emulsification-cross linking process or by
use of complexation between oppositely charged mole-
cules.

Among cross-linking agents used to produce chi-
tosan microspheres are: glutaraldehyde [8, 9],
tripolyphosphate [10, 11], ascorbyl palmitate [12, 13],
ionotropic gelation by raising the pH [14] and citric
acid [15, 16]. Citric acid is one of the strong to moder-
ate absorption enhancers that cause tissue disturbance
with a slow recovery of functional groups [17]. Chi-
tosan citrate has been used as film former but has been
reported not compatible with some water-soluble
anionic dyes [18]. Different chitosan salts have been
formed by reacting chitosan with acetic, citric, and lac-
tic acid. In this study various proportions of Poloxamer
407 were added to the aqueous solution of chitosan salt,
and the residue obtained by lyophilization was com-
pressed into discs. The influence of the type of chitosan
salt and of the relative amount of Poloxamer on drug
release capacity, swelling, erosion, and mucoadhesive-
ness of matrices showed that matrix properties depend
significantly on both relative amount of Poloxamer and
chitosan salt type. The rank orders of chitosan salts for
the four processes evaluated were as follows: drug
release: chitosan acetate > chitosan citrate > chitosan
lactate; swelling: chitosan lactate > chitosan acetate =
chitosan citrate; erosion: chitosan citrate > chitosan lac-
tate > chitosan acetate; mucoadhesion: chitosan lactate
> chitosan acetate = chitosan citrate [19]. Homopoly-
mer films of chitosan and polyvinyl alcohol were cast
from different organic acid solvents: acetic acid, citric
acid, lactic acid and malic acid. Cross-linking and
interactions with the solvent system resulted in a wide

range of properties. The organic acid used as a solvent
affected mechanical properties of polyvinyl alcohol/
chitosan films blends [20]. Bioploymer composite
films of κ-carrageenan and chitosan were prepared by
co-dissolving κ-carrageenan and chitosan in several
different organic acids. Ascorbic acid increased the
properties of the films from all acids. Malic acid exhib-
ited largest increase in tensile strength and elongation
at 2% ascorbic acid and lactic acid in water vapour per-
meability. The strongest acid, citric acid exhibited over-
all the worst properties regardless of the amount of
ascorbic acid [21]. The influence of acid type used to
dissolve chitosan on the resulting sponge physical
properties, and their consequent effect on the drug lib-
eration were investigated. Tartaric or citric acid result-
ed in unstable, soft, elastic and disintegrating sponges
with fast drug release. Elastic but harder sponges from
stable foams were obtained when hydrochloric or lactic
acid were used. The use of acetic or formic acid
enabled the production of stable foams, soft and elastic
sponges and a slow drug release [22]. Rigid and trans-
parent hydrogels were obtained upon pouring chitosan
salt solutions into saturated ammonium hydrogen car-
bonate. Incubation at 20oC for 5 days yielded chitosan
carbamate ammonium salt, chit-NHCO2

- NH4
+ a chem-

ical species that either by hydrolysis or by thermal
treatment decomposed to restore chitosan in free amine
form. Citrate could cross-link chitosan and impart
insolubility to the microspheres. Chloride on the con-
trary permitted to prepare microspheres of chitosan in
free amine form [23]. By adopting a novel chitosan
cross-linked method, i.e. chitosan/gelatin droplet coag-
ulated at low temperature and then cross-linked by cit-
rate, citrate/chitosan beads usually had a spherical
shape, smooth surface morphology and integral inside
structure. Cross-linking process of sulphate and citrate
to chitosan was much faster than that of TPP due to
their smaller molecular size. But, once completely
cross-linked, TPP/chitosan beads possessed much bet-
ter mechanical strength and the force to break the beads
was approximately ten times higher than that of sul-
phate/chitosan or citrate/chitosan beads. Release media
pH and ionic strength seriously influenced the con-
trolled drug release properties of the beads, which relat-
ed to the strength of electrostatic interaction between
anions and chitosan. Sulphate and citrate cross-linked
chitosan beads swelled and even dissociated in simulat-
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ed gastric fluid and hence, model drug (riboflavin)
released completely in 5 h; while in simulated intestin-
al fluid, beads remained in a shrinkage state and drug
released slowly (release % usually < 70% in 24 h) [24]. 

Considering all advantages reported for micros-
pheres as matrices that can improve nasal absorption of
drugs [25], and also other documents which showed
that chitosan is a suitable biopolymer for nasal delivery
of peptide drugs [26, 27], it is tried in this study to eval-
uate the chitosan microspheres for nasal delivery of
insulin. Due to the mucoadhesive properties of this
biopolymer, which is probably mediated by ionic inter-
action between the positively charged amino groups
and the negatively charged sialic acid residues in
mucus [4], it can improve the systemic bioavailability
of poorly absorbed drugs from nasal cavity [28-30].
Chitosan has been used as solution [27] or micros-
pheres [26] for nasal delivery of insulin. Its micros-
pheres have been prepared by ascorbyl palmitate as
cross-linking agent [13] but nasal delivery of insulin by
chitosan microspheres is not reported before by citric
acid as cross-linking agent. Considering that insulin is
susceptible to the organic solvents and that citric acid is
a water-soluble cross-linking agent that precludes the
need for organic solvents from the system and no toxic
residue remains either, therefore it was suggested as
cross-linking agent for chitosan microspheres. In this
work the preparation method and characterization of
chitosan microspheres cross-linked with citric acid as
carrier for insulin are described. 

EXPERIMENTAL

Materials  
Chitosan (Mw = 150000, Serva, USA), human zinc
insulin (26 IU/mg, Li-Lilly, France), citric acid, paraf-
fin, sorbitan monopalmitate (Span 40), chloroform,
potassium dihydrogen phosphate, sodium hydroxide,
hexane, sodium carbonate, cupper sulphate, sodium-
potassium tartrate, sodium tangstate, sodium molib-
date, phosphoric acid, hydrochloric acid, lithium sul-
phate, bromine, glacial acetic acid were all from Merck
Chemical Company, Germany. 

Preparation of Microspheres
Microspheres were prepared by a solvent evaporation-

chemical cross-linking reaction. Briefly chitosan was
dissolved in 15 mL of a 2% acetic acid solution at 40-
50oC. The aqueous phase was added to 100 mL of the
external oily phase of paraffin containing 0.1% Span 40
while it was stirred at 500 rpm by a magnetic stirrer at
60oC. After 1 h in the case of cross-linked micros-
pheres, 4 mL of aqueous solution of cross-linking agent
(citric acid) was added drop by drop to the emulsion.
The emulsion was left stirring for 5.5 h and then was
centrifuged (Clements, 2000, Australia) at 1500 g for
2 min. The microspheres were spread on a filter paper
and kept refrigerated for 2 days and then washed in 3
consecutive days with 50 mL of chloroform. The
microspheres were then kept in desiccator at 4oC (Cle-
ments 2000, Australia). The studied different formula-
tions are shown in Table 1.

To compare the effect of temperature and method
of cross-linking process on the properties of chitosan
microspheres, the method reported by Orienti et al.
(15), was also used. Briefly, citric acid was added to
5 mL of a 2.7% chitosan solution in acetic acid (2%).
The ratio of chitosan to citric acid was 8 × 10-3 mol chi-
tosan:mol citric acid. The chitosan-cross linker solution
was cooled to 0oC and added to 25 mL of paraffin oil at
the same temperature, stirring for 2 min before adding
to 75 mL of paraffin oil heated to 120oC. Thermal
cross-linking was carried out for 40 min in a glass
beaker under vigorous stirring (900 rpm) using a 4-
bladed impeller. The microspheres obtained were sepa-
rated by centrifugation, washed with 100 mL diethyl
ether and dried. 

Swelling Studies
Swelling was followed by microscopic observation
(Leitz, 020-434.020, Germany) of 20 unloaded micros-
pheres of C4, C4C7 and the type prepared by Orienti et
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Table 1. Formulation of the studied microspheres.

Formulation code Chitosan (mg) Citric acid (mg)
C2

C2C7

C2C14

C4

C4C7

C4C14

200

200

200

400

400

400

-

70

140

-

70

140



al. (15) method, immersed in buffer solution (pH 2) at
37oC. The increase in diameter was followed after 12 h
while the spherical shape was maintained. The normal-
ized diameter was measured as (dt-d0)/dt in which dt is
the diameter after swelling and d0 is the initial diameter. 

Loading of Microspheres
Insulin was loaded into the microspheres by soaking
250 mg of the dried microspheres in 7.5 mL of a
5 mg/mL solution of insulin in phosphate buffer solu-
tion (PBS) (pH 7.4) for 48 h at room temperature. The
loaded microspheres were then separated and dried in a
desiccator at 40oC.

Measuring the Loading Efficiency of the Micro-
spheres
The loading efficiency of microspheres was studied by
a direct and indirect method. In direct method 90 mg of
the dried and loaded microspheres were soaked in
100 mL of PBS (pH 7.4) until the concentration of
released insulin reached a constant value. Then the
microspheres were separated and the concentration of
insulin was measured by the Lowry (Folin-Ciocalteu)
method [31] spectrophotometrically at 500 nm (Perkin-
Elmer 550 SE, Germany). In indirect method the con-
centration of the left insulin solution from the loading
of microspheres was measured by the same method.
The difference between the initial and remaining con-
centration showed the amount of the loaded drug.
Blank microspheres were used as the control solution.

Yield of the Production Method of Microspheres
The yield was calculated from the following equation:

Studying the Erosion of Microspheres in PBS (pH 7.4)
Ninety mg of blank microspheres were dispersed in
PBS for 150 h and the remaining weight of dried
microspheres was measured.

Particle Size Measurements
The loaded microspheres were first overwhelmed for

1 h in hexane as a non-solvent liquid for chitosan [32]
and then 625 particles were measured microscopically
(Leitz 020-434.020, Germany) on a hemocytometer
slab.

Angle of Repose Measurements
Angle of repose of powders indicates their flow prop-
erties. Values less than 30o shows no adhesion and free-
flow characteristics [33]. To measure it a funnel with
outlet diameter of 5 mm and the distance of outlet from
a flat surface of 7 cm was used. A quantity of 1g of
microspheres was transferred to the funnel and after
pouring the microspheres, the diameter (D) and height
(h) of the produced cone was measured. Eqn (3) was
used to determine the angle of repose (θ) [33].

Drug Release Studies
An amount of 90 mg of loaded microspheres was dis-
persed in 20 mL of PBS (pH 7.4) at 37oC and shaken at
120 beat/min in a shaking water bath. At predetermined
time intervals 2 mL samples were taken and each sam-
ple was replaced by fresh PBS. The samples were ana-
lyzed for insulin concentration by Lowry method at
500 nm against blank microspheres tested with the
same method. The semi-empirical equation of Mt/M∞ =
ktn [34] was used to find the release mechanism. In 
which Mt is the amount of drug released at time t, M∞
is the total drug load that can be released at time infin-
ity and n is the diffusion exponent. Drug release kinet-
ic was found by the best curve fitting method and com-
paring the correlation coefficient of release data with
zero-order, first-order or Higuchi models. Dissolution
efficiency over 8 h of release test (DE8%) was deter-
mined from eqn (4) [35, 36]:

Where y is drug released at each time interval (t). 
Mean dissolution time (MDT) of insulin from

microspheres was calculated from eqn (5) [37]:
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In which Q0 is the total drug loaded in the micros-
pheres, t∞ is the time required to release the total drug
and AUC0 ∞ is the area under the time curve of drug
release from time zero to infinity. 

The best curve fitting method with regression
analysis according to the first-order (Q=Q0e-Kt),
Higuchi (Q=Kt1/2) or zero-order model (Q=Q0-Kt) was
used to find the release kinetic model of insulin from
microspheres. A model with the greatest regression
coefficient (r2) was chosen as the dominant model.

RESULTS AND DISCUSSION

Swelling studies showed that C4 microspheres dis-
solved completely in pH 2 while the normalized diam-
eter of C2C7 microspheres was 0.85 and for micros-
pheres prepared with Orienti method (15) was about
0.3. This shows that cross-linking of chitosan with cit-
ric acid has occurred by both method and microspheres
have kept their integrity in pH 2 compared to pure chi-
tosan at least for 12 h. The results of loading efficiency
of insulin into the microspheres by the direct method
are shown in Table 2. The results showed that there was
no significant difference between the two direct and
indirect methods of measurements confirming the
validity of the direct method. In all cases loading was
between 4.5-7%. Results showed that uncross-linked
microspheres had greater loading efficiencies and
adding citric acid reduced the loading of drug signifi-
cantly (p < 0.05). As Table 2 shows the yield of the
preparation method and also the remaining weight per-
centage of the microspheres after about 6 days (150 h)
were not affected by the presence of citric acid, its con-

centration or the chitosan amount (p > 0.05). Probably
chitosan cross-linked with citrate is in amorphous form,
therefore its water sorption (swelling) and erosion are
still substantially high as chitosan itself after 150 h.
This table indicates the erodability of the microspheres
as more than 67% of their weight had been reduced
during the erosion test. Particle size analysis of micros-
pheres showed that all formulations containing less chi-
tosan had smaller size than those with higher contents
of chitosan regardless to their amount of citric acid (p
< 0.05). The presence or absence of citric acid as cross-
linking agent and its amount had no significant effect
on the particle size of the microspheres (p > 0.05)
(Table 2). Increasing the chitosan content of the
microspheres decreased the angle of repose or better
flow of the microspheres (p < 0.05), which may be
related to their greater particle size (Table 2). 

Comparing these results with other cross-linking
agents like ascorbyl palmitate or ascorbic acid pub-
lished elsewhere shows that loading percentage of
microspheres cross-linked by citric acid is almost the
same as ascorbic acid, but both of them are less than
ascorbyl palmitate [13]. Recovery percent with citric
acid and ascorbyl palmitate is the same but significant-
ly greater than ascorbic acid. The remaining weight
after 150 h is significantly greater for citric acid com-
pared to the other cross-linking agents that shows more
erosion of microspheres prepared with citric acid [13].
Particle size of microspheres has grown when using cit-
ric acid compared to ascorbyl palmitate but almost the
same as ascorbic acid. However, angle of repose does
not show significant change in different cross-linking
agents [13].

Figure 1a compares the insulin release profiles of
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Table 2. Effect of studied formulations on the loading of insulin, recovery of the production method, remaining weight in the ero-

sion test, particle size and angle of repose of the microspheres (n=3).

* Degree of erosion is measured from the remaining weight (%) of microspheres after 150 h soaking in PBS.

Formulation Loading (%) Recovery (%) Remaining weight (%)* Particle size (µm) Angle of repose (o)
C2

C2C7

C2C14

C4

C4C7

C4C14

6.8 ± 1.0

5.6 ± 0.8

4.7 ± 1.0

6.7 ± 0.8

4.8 ± 1.1

4.8 ± 1.1

69.0 ± 4.0

70.3 ± 3.6

71.3 ± 4.2

70.4 ± 3.2

70.5 ± 3.5 

70.1 ± 4.0

32.7 ± 0.4

32.5 ± 0.4

32.4 ± 0.2

32.5 ± 0.4

32.5 ± 0.5

32.4 ± 0.2

35.9 ± 0.4

35.1 ± 0.8

35.0 ± 0.6

44.4 ± 0.9

44.2 ± 0.8

43.4 ± 0.5

29.4 ± 0.4

28.5 ± 0.5

30.8 ± 0.6

28.7 ± 0.3

27.8 ± 0.7

31.3 ± 0.4
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microspheres containing 200 mg chitosan with differ-
ent contents of citric acid or without cross-linking
agent. As the results show cross-linking the micros-
pheres with citric acid not only did not slow down the
insulin release from chitosan microspheres but also
accelerated it in comparison to those without citric
acid. The same pattern is seen in microspheres with
400 mg of chitosan (Figure 1b).

Figure 2 compares different concentrations of chi-
tosan on drug release from microspheres. As this figure
shows regardless of the presence of citric acid, the
higher the concentration of chitosan, the slower the

(a)

Figure 1.  Comparison of the effect of different amounts of
citric acid on insulin release rate from chitosan microspheres
containing: (a) 200 mg and (b) 400 mg chitosan in PBS (pH
7.4) (n=3). 

(b)

(a)

Figure 2. The effect of chitosan content on insulin release
rate from microspheres in PBS (pH 7.4): (a) without citric
acid,( b) with 70 mg citric acid and (c) with 140 mg citric acid
(n=3).

(b)

(c)



insulin release rate from microspheres (p < 0.05).  
Table 3 shows that increasing the content of chi-

tosan in microspheres slowed the drug release rate so
that comparing the T50% or the time required to release
50% of the drug in C2 and C4 shows a significant
increase in T50% of C4 (p < 0.05). The same order is
seen in C2C7 compared to C4C7 (p < 0.05) and in
C2C14 compared to C4C14 (p < 0.05), i.e. the higher
the chitosan content, the slower the drug release rate.
However, increasing the citric acid content of the
microspheres, increased the release rate significantly
(p< 0.05). Comparing the T50% of the insulin release
rate gives the order: C2 < C2C7 < C2C14 and the same
pattern can be seen in microspheres with higher level of
chitosan, i.e. C4 < C4C7 < C4C14 (p < 0.05). MDT was
decreased by increasing the content of citric acid and
decreasing the chitosan content significantly (p < 0.05)
(Table 3). Increasing the citric acid content of the
microspheres increased the dissolution efficiency (DE)
of insulin significantly (p < 0.05), while increasing their
chitosan content, lowered the DE of insulin (p < 0.05).

Table 4 shows the drug release mechanism through
chitosan microspheres, using equation Mt/M∞ = ktn. If
n ≥ 0.85 case-II diffusion mechanism is observable, but
if 0.43 < n < 0.85 non-Fickian (anomalous) and if n
0.43 a case-I mechanism (Fickian) is dominant [34].
This table also summarizes the insulin release kinetic
models. As this table indicates in the absence of citric
acid, insulin release mechanism obeys a non-Fickian or
anomalous pattern dominant while incorporation of cit-
ric acid shifted the release mechanism to a Fickian pat-
tern. To find the release kinetic model the best curve fit-
ting method with different models of first-order,
Higuchi, or zero-order model was used. The model
with the greatest regression coefficient (r2) was chosen
as the release kinetic model. As Table 4 shows the
kinetic model up to 8 h fits more appropriately with a
Higuchi model in C2, C4 and C4C7 but a first-order
model describes the release profile of C2C7, C2C14
and C4C14 microspheres better.

As the polymer and cross-linking agent concentra-
tion have a major influence on the release of poly(pep-
tide) drugs from the microspheres, we focused our
research work on these parameters in order to find the
effect of citric acid as the cross-linking agent of chi-
tosan microspheres. As Figures 1 and 2 definitely show
citric acid not only does not work as a cross-linking
agent but also accelerates the rate of drug release. This
is in accordance with findings of Al-Helw et al. [38]
about the release of phenobarbitone from chitosan
microspheres. The incorporation of citric acid probably
increases the formation of a water-soluble gel when the
microspheres come in contact with dissolution medium
[38] and so promotes insulin release rate. However, this
is quite in contrary to Orienti et al. [15] results about
controlled release of indomethacin from chitosan

≥
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Table 3. The release parameters (T50%: Time to release 50%

of the drug, DE8: Dissolution efficiency until 8 h and MDT:

Mean dissolution time) of insulin in PBS (pH 7.4) from chi-

tosan microspheres (n=3).

Formulation T50% (min) DE8(%) MDT (min)
C2

C2C7

C2C14

C4

C4C7

C4C14

137 ± 3

95 ± 3 

34 ± 3

155 ± 2

120 ± 2

94 ± 3

62.0 ± 0.6

70.1 ± 0.7

84.3 ± 0.3

58.5 ± 0.3

65.0 ± 0.4

69.7 ± 0.5

491.1 ± 25.1

1.1 ± 0.2

0.9 ± 0.6

634.0 ± 20.1

5.1 ± 0.1

1.4 ± 0.2

Table 4. Release mechanism and kinetic model of insulin release from chitosan microspheres in PBS (pH 7.4) (n=3). (r2 = corre-

lation coefficient, n = diffusion exponent from eq. Mt/M∞ = ktn).

Formulation code n Release mechanism
r2 Release kinetic

First-order Higuchi model Zero-order
C2

C2C7

C2C14

C4

C4C7

C4C14

0.49

0.42

0.25

0.49

0.40

0.42

Non-Fickian

Fickian

Fickian

Non-Fickian

Fickian

Fickian

0.9214

0.9650

0.9763

0.8328

0.9329

0.9704

0.9757

0.9460

0.8487

0.9788

0.9445

0.9501

0.8320

0.9146

0.8147

0.8418

0.9057

0.8722

Higuchi

First-order

First-order

Higuchi

Higuchi

First-order
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microspheres. They prepared the microspheres by
adding citric acid, as cross-linking agent to the aqueous
solution of chitosan and heated the mixture to 120oC.
Therefore, it seems a thermal cross-linking has
occurred in the presence of citric acid specially as they
have not reported the properties of chitosan micros-
pheres prepared by the same procedure but in the
absence of citric acid. However, they also observed
erosion in the matrix of microspheres, which is in coin-
cidence with our results. 

Adusumilli [39] has evaluated the chitosan citrate
complexes as the matrix tablets for sustained release of
theophylline. Nigalaye et al. [40], also reported the pro-
longing effect of citric acid on drug release from chi-
tosan matrix tablets. Cross-linking of chitosan films
with citrates has also caused pH-sensitive properties to
chitosan and cause pH-dependent swelling and drug
release profiles in chitosan films [16]. Shu et al. [16]
proposed these cross-linked films for controlled release
of drugs to stomach.

From these results it seems that using citric acid in
mild temperatures (60oC) accelerates insulin release
rate from chitosan microspheres (Table 3). Therefore,
increasing the citric acid concentration in the presence
of equal concentrations of chitosan significantly
decreases the T50% and MDT of insulin. However, in
the absence of citric acid these parameters are signifi-
cantly higher in C2 and C4 compared to others (Table
3). It may be assumed that at elevated temperature (Ori-
enti method), the carboxylic acid (citric acid) could be
self-protonated which then slowly reacts with the
amine nucleophile to form an amide. Water molecule is
then eliminated as by-product. This amidation decreas-
es the hydrophilic groups, thus decreases the percent-
age of water-sorption and erosion of microspheres in
immersion media compared to the cross-linked micros-
pheres in mild temperature. However, in mild tempera-
ture the interaction between chitosan and carboxylic
acid is associated with electrostatic reaction between
the protonated amino group in the chitosan backbone
and carboxylate ion in the carboxylic acid in aqueous
solutions as it forms salt in microspheres. 

CONCLUSION

In spite of the retarding effect reported by citric acid in

chitosan films, if mild temperature is used in cross-
linking reaction of chitosan with such carboxylic acid,
it accelerates insulin release rate from chitosan micros-
pheres. This discrepancy is probably related to the heat-
ing process during microspheres production. The mild
heating (60oC) used in our study has caused rapid drug
release rate compared to high temperatures that is prob-
ably related to amidation of chitosan with citric acid at
elevated temperature, whereas salt production takes
place at mild temperature. These different reactions
cause different behaviours in water sorption and drug
release rate. 
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