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a b s t r a c t

Salicylic acid (SA) and gentamicin (GM) loaded nanoparticles of chitosan (CS) cross-linked with
tripolyphosphate (TPP) were prepared and used to inhibit the ototoxicity of GM. The prepared nanopar-
ticles were characterized by FT-IR spectroscopy to confirm the cross-linking reaction between CS and
cross-linking agent. X-ray diffraction (XRD) was performed to reveal the crystalline nature of the drug
vailable online 8 April 2011
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after encapsulation. Up to 24.67 ± 2.06% of SA and 26.64 ± 3.92% of GM were loaded into the nanoparti-
cles and the average size of nanoparticles ranged from 148 ± 8.6 to 345.0 ± 12.9 nm. The nanoparticles
formed were spherical in shape with high zeta potentials (higher than +30 mV). In vitro release studies in
phosphate buffer saline (pH 7.4) showed an initial burst effect and followed by a slow drug release. The
drug release followed Weibull equation and a non-Fickian transport. The amounts of SA and GM released

et th
alicylic acid
n vitro release

from the nanoparticles m

. Introduction

Gemtamycin (GM) is an aminoglycoside antibiotic used for
reating many types of bacterial infections, particularly those
aused by Gram-negative bacteria. However, the side effects of GM,
.e. ototoxicity and nephrotoxicity, restrict its clinical application
Song, Sha, & Schacht, 1998). A number of researches have sug-
ested that the free radicals were involved in the ototoxicity of
M (Hirose, Hockenbery, & Rubel, 1997; Polat et al., 2006; Ryals,
estbrook, & Schacht, 1997; Talaska, Schacht, & Nathan, 2006).

herefore, the free radical scavengers, such as glutathione, salicylic
cid (SA), aspirin (acetyl salicylic acid), 2,3-dihydroxybenzoic acid,
minoguanidine and edaravone have been used to inhibit the oto-
oxicity of GM successfully (Lautermann, McLaren, & Schacht, 1995;

aekawa et al., 2009; McFadden, Ding, Salvemini, & Salvi, 2003;
everinsen, Kirkegaard, & Nyengaard, 2006). Aspirin has been used
o antagonize GM ototoxicity in clinical trials (Chen et al., 2007).

In practice, GM is injected once daily while SA needs to be
njected twice a day (Sha & Schacht, 2000). The multiple injec-
ions bring inconvenience for the patients. In addition, once the

ree radicals generate, they will immediately react with the vicinal

acromolecules due to their highly activity. In order to effectively
nhibit the ototoxicity of the free radicals of GM, scavengers need
o be available to react with the free radicals as soon as they are

∗ Corresponding author. Tel.: +86 23 62235596.
E-mail address: jingou ji@yahoo.com.cn (J. Ji).

144-8617/$ – see front matter © 2011 Elsevier Ltd. All rights reserved.
oi:10.1016/j.carbpol.2011.03.051
e dosage ratio requirement for inhibiting ototoxicity of GM by SA.
© 2011 Elsevier Ltd. All rights reserved.

produced. Separating injections may result in poor coordination of
GM and SA in vivo, and consequently reduce the antagonism of SA.

A suitable delivery system such as the site-specific and con-
trolled release delivery can improve the bioavailability of the drug
and minimize their side effects (Govender et al., 2000). Research
showed that nanoparticles were able to protect the drugs from
degradation and controlled the release of the encapsulated or
adsorbed drugs (Atyabi, Moghaddam, Dinarvand, ZohuriaanMehr,
& Ponchel, 2008). The nanoencapsulation of medicinal drugs
(nanomedicines) also has many advantages in the enhancement
of absorption into a selected tissue and improvement of intracel-
lular penetration, bioavailability and retention time, and therefore,
both the cost of the drug use and the risk of the toxicity for patient
could be reduced (Kumari, Yadav, & Yadav, 2010).

Polymeric materials such as chitosan (CS), poly-d, l-lactide-co-
glycolide (PLGA) and polylactic acid (PLA) are used for synthesis of
nanoparticles. CS is a naturally occurring and abundantly available
polysaccharide. It is the N-deacetylation product of chitin (Cooney,
Petermann, Lau, & Minteer, 2009; Peesan, Supaphol, & Rujiravanit,
2005). The relative molecular weight of CS ranges from hundreds
of thousands to millions (Fu, Huang, Zhai, Li, & Liu, 2007). CS and its
derivatives have been widely used in pharmaceutical and medical
areas, due to its favorable biological properties such as good bio-

compatibility, biodegradability, antibacterial activity (No, Kim, Lee,
Park, & Prinyawiwatkul, 2006), wound healing acceleration abil-
ity, fungistatic, anticancerogen, anticholesteremic and low toxicity
(Fan, Hu, & Shen, 2009). LD50 of CS for laboratory mice is 16 g/kg
body weight, which is close to that of sugar or salt (Agnihotri,

dx.doi.org/10.1016/j.carbpol.2011.03.051
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:jingou_ji@yahoo.com.cn
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allikarjuna, & Aminabhavi, 2004). CS derivatives are also found
o possess good antioxidant activity (Lin & Chou, 2004). There-
ore, CS nanoparticles are suitable to be used for the drug and
ene delivery (Gan, Wang, Cochrane, & McCarron, 2005; Wan, Sun,
ao, & Li, 2009; Wang, Chi, & Tang, 2008). In addition, CS has spe-
ial properties such as protonization under acidic condition due
o its amino groups and can be cross-linked with anions such as
ripolyphosphate (TPP) to form nanoparticles. The preparation of CS
anoparticles via the cross-linking method was found to be simple
nd mild.

In present study, the compound CS nanoparticles were synthe-
ized by an ionic cross-linking method. GM and SA were loaded
nto the nanoparticles. The compound nanoparticles could release
M and SA simultaneously, and hence enhance the antagonism
f SA. The physicochemical properties of CS nanoparticles were
nvestigated using various analytical techniques such as trans-

ission electron microscope (TEM), scanning electron microscope
SEM), X-ray diffraction (XRD) and FT-IR spectroscopy, and the drug
elease capability in vitro was also investigated.

. Materials and methods

.1. Materials

Chitosan (CS, Deacetylation degree 95%, molecular weight
0 kDa) was purchased from Golden-shell Biochemical Co. Ltd.
Zhejiang, China). Gentamicin was purchased from North China
harmaceutical Co. Ltd. (Hebei, China). Salicylic acid was purchased
rom Hezhong Bio-Chemical Co. Ltd. (Wuhan, China). Tripolyphos-
hate was purchased from Wenzhou Dongsheng Chemical reagent
o. Ltd. (Zhengjiang, China). All other materials and reagents used

n the study were analytical grade.

.2. Preparation of compound CS nanoparticles

CS nanoparticles were prepared based on the ionic cross-linking
f CS with TPP (Wu, Yang, Wang, Hu, & Fu, 2005). CS solution (0.2%,
/v) was prepared by dissolving CS in dilute acetic acid (1%, v/v) at

oom temperature with sonication. The CS solution with different
H ranging from 4.0 to 5.5 was flush mixed with certain volume
f GM and SA solution (drug to polymer ratios of 1:1, 1:2, 1:3, 1:4,
nd 1:5). The CS nanoparticles formed spontaneously when the TPP
olution was added to the mixture by dropwise. The selected mass
atios of CS to TPP were 3:1, 4:1, 5:1, 6:1, and 7:1. The nanoparticle
uspensions were continuously stirred for 1 h and centrifuged at
6,000 rpm for 30 min. The resulting nanoparticle products were

yophilized and stored.

.3. Characterization of GM/SA compound CS nanoparticles

The particle size, zeta potential and polydispersity index (PDI) of
he nanoparticles obtained from Section 2.2 were measured by pho-
on correlation spectroscopy using nano ZS90 Zetasizer (Malvern
nstruments, UK). The samples were prepared with deionized water
t appropriate concentrations. The surface morphology of the drug-
oaded CS nanoparticles was observed by TEM and SEM. For TEM,
he nanoparticles solution were dropped on copper grids, natively
tained by phosphotungstic acid and dried at room temperature
Philips, Tecrai 10, Dutch). For SEM, the nanoparticle suspensions
ere spread on a glass plate and dried at room temperature. The
ried nanoparticles were coated with gold metal under vacuum and

hen examined (Hitachi, S-3400N, Japan).

The chemical structure and complexes formation of CS, GM, SA
nd drug-loaded CS nanoparticles were analyzed by FT-IR (Nicolet,
DX/550II, USA). The samples were prepared by grinding the dry
pecimens with KBr and pressing the mixed powder to form disks.
ers 85 (2011) 803–808

The XRD experiments were carried out using X-ray diffractome-
ter (Shimadzu, XRD6000X, Japan). CS, GM, SA and drug-loaded CS
nanoparticles were scanned from 5◦ to 40◦.

2.4. Determination of drugs loading capacity of nanoparticles

GM consists of deoxystreptamine, purpurosamine and
garamine. It has no specific absorption in the ultraviolet region.
However, GM hydrolyzes quantitatively to aglycone and sugar
under acidic condition or in phosphate buffer saline (PBS). The
hydrolysate could be analyzed by UV spectrophotometry at 248 nm
(Shimadzu, UV-2450, Japan). The content of SA was determined
using UV spectrophotometry at 297 nm. Due to the weak ultravio-
let absorption of SA at 248 nm, the differential spectrophotometry
was used to calculate the amount of GM.

The encapsulation efficiency (EE) and loading capacity (LC)
of the nanoparticles were determined according to the method
described in the previous studies (Anal, Stevens, & Lopez, 2006).
In brief, drug-loaded nanoparticles (20 mg) were extracted with
5 ml 0.1 mol/l HCl for 24 h at room temperature, and the nanopar-
ticles suspensions were separated by centrifugation at 16,000 rpm
for 30 min, the contents of GM and SA in the supernatants were
measured by UV spectrophotometer at 248 nm and 297 nm, respec-
tively. A blank sample was made from nanoparticles without
loaded drugs (GM and SA) but treated similarly as the drug-loaded
nanoparticles. All samples were measured in triplicate. The EE and
LC were calculated by the following equations:

EE = F

T
× 100%

LC = F

W
× 100%

In the above equations, F is the free amount GM or SA in the
supernatant, T is total amount of GM or SA, W is the weight of
nanoparticles.

2.5. In vitro release studies

The in vitro release studies were carried out in PBS (pH 7.4) as fol-
lowed: GM/SA loaded CS nanoparticles (30 mg) and 5 ml PBS were
transferred into a dialysis tube (MWCO: 12,000). The dialysis tube
was placed in 50 ml PBS at 37 ◦C and shaken at 100 stocks/min.
At specific time intervals, medium was replaced with fresh PBS.
Triplicate samples were analyzed at each time point. The concen-
trations of the released GM and SA into PBS were determined by
UV spectrophotometer.

3. Results and discussion

3.1. Preparation of CS nanoparticles containing GM and SA

Preparation of the CS nanoparticles containing SA and GM with
different mass ratios of CS to TPP from 3:1 to 7:1 was investigated.
The concentration of CS was 0.2% (w/v). The feed mass ratio of SA
(0.1%, w/v) to GM (0.2%, w/v) was selected as 1.5:1, and the pH of CS
solution was 5.0. Table 1 shows the effect of CS/TPP mass ratios on
the EE, LC, size and zeta potential values of CS nanoparticles. It was
found that the EE and LC of the nanoparticles were decreased with
increasing the CS/TPP mass ratios. Under the condition of main-

taining constant amount of CS, the LC of the nanoparticles was
higher in the case of the formulation containing higher amount of
TPP and the size of nanoparticles also increased. The mean particle
size of drug-loaded nanoparticles ranged from 150.8 ± 16.9 nm to
343.3 ± 12.4 nm, and the range of the PDI was from 0.237 to 0.414
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Table 1
Effect of CS/TPP mass ratios on characteristics of the GM/SA-loaded CS nanoparticles (mean ± S. D., n = 3).

CS/TPP ratio SA GM Size Zeta potential (mV)

EE (%) LC (%) EE (%) LC (%) nm PDI

3:1 81.30 ± 2.12 24.67 ± 2.06 87.20 ± 3.09 26.64 ± 3.92 343.3 ± 12.4 0.414 +34.26 ± 0.39
23.88 ± 4.21 217.7 ± 9.5 0.275 +35.77 ± 0.07
23.56 ± 2.61 180.0 ± 10.6 0.235 +37.12 ± 1.52
20.42 ± 3.64 172.2 ± 15.2 0.308 +39.44 ± 1.09
13.56 ± 3.50 150.8 ± 16.9 0.237 +42.43 ± 2.84
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Fig. 1. The encapsulation efficiency and loading capacity of SA and GM with different
feed ratios of SA to GM (n = 3).
4:1 81.95 ± 2.51 22.27 ± 2.31 81.50 ± 3.51
5:1 72.45 ± 1.98 22.19 ± 2.39 78.30 ± 2.78
6:1 60.00 ± 3.21 20.61 ± 3.39 71.25 ± 1.59
7:1 59.45 ± 3.02 20.43 ± 3.54 61.70 ± 2.67

ith a relatively narrow particle size distribution. The zeta poten-
ial of the nanoparticles was in the range of +34.26 ± 0.39 mV to
42.43 ± 2.84 mV and the positive zeta potential was due to the
esidual amine groups. The increases of mass ratio of CS to TPP led
o an enhancement of particle surface charges.

The effect of different pH of CS solution (from 4.0 to 5.5) on the
haracteristics of compound nanoparticles was also investigated.
he results are shown in Table 2. It demonstrates that the zeta
otential of the nanoparticles decreased from +42.18 ± 1.44 mV to
35.39 ± 0.54 mV with increasing the pH of CS solution, which may
e related to the decrease of the positive charges of CS. When
he pH of CS solution values varied from 4.0 to 5.5, the average
article size of the nanoparticles increased from 148.2 ± 8.6 nm
o 250.0 ± 15.5 nm, probably due to particle aggregation. The
anoparticles had a higher LC of SA at pH 4.0, the reason for this
ould be that the formulation pH was near the pKa of SA (pKa = 2.8)
nd the protonation of CS was enhanced at low pH (Boonsongrit,
itrevej, & Mueller, 2006). In addition, a higher LC of GM was

btained at pH 5.0, which may be related to the sufficient anions of
PP and the positive charges of CS, and hence enhanced the degree
f cross-link reaction.

CS nanoparticles with different drug-to-polymer ratios (1:1, 1:2,
:3, 1:4 and 1:5) were also prepared in this study. Table 3 demon-
trates that the EE of nanoparticles increased from 63.30 ± 3.98% to
9.80 ± 4.41% with decreasing the drug-to-polymer ratio. The LC of
anoparticles reached the highest value when the drug-to-polymer
atio was 1:4. The particle size was gradually decreased and a sig-
ificant increase in the zeta potential was observed with reducing
he drug-to-polymer ratio. This trend could be explained by the fact
hat the high zeta potential can prevent the particle from forming
ggregation (Avadi et al., 2010).

Based on previous study (Song & Schacht, 1996), sufficient SA
the release amount ratio of SA to GM equal or higher than 1.0:1.2)
as required to inhibit the ototoxicity of GM. CS nanoparticles

oaded with GM and SA with the different feed drug ratios of SA
o GM from 1.0:1.0 to 3.0:1.0 were also synthesized. As shown in
ig. 1, when the feed drug ratios of SA to GM increased from 1.0:1.0
o 3.0:1.0, the EE of SA decreased from 89.53% to 80.18% and the
C increased from 24.87% to 33.41%. The EE and LC of GM showed
onverse tendency.

.2. Characterization of GM/SA-loaded CS nanoparticles

The morphological characteristics of the SA/GM-loaded CS
anoparticles were imaged using the TEM and SEM (Figs. 2 and 3).
he pictures show that the GM/SA-loaded CS nanoparticles were
pherical in shape, and the average size was about 200 nm.

Fig. 4 depicts the FT-IR spectra of CS, drugs loaded CS nanopar-
icles, GM and SA. The results demonstrate the basic structural
eatures of CS (Fig. 4A) at 3426 cm−1 (–OH and –NH2 stretch-

ng), 2922 cm−1 and 2872 cm−1 (–CH stretching), 1601 cm−1 (–NH2
tretching), 1076 cm−1 (C–O–C stretching) and 601 cm−1 (pyra-
oside ring stretching vibration). For drugs loaded CS nanoparticles
Fig. 4B), the peak of 3423 cm−1 becomes wider, indicating that
ydrogen bonding has been enhanced between the –OH group
Fig. 2. TEM image of the SA/GM-loaded CS nanoparticles (CS/TPP ratio 4:1, pH 5.0,
drug to polymer ratio 1:4, feed ratio of SA to GM 1.5:1.0).

bending of GM at 3400 cm−1 (Fig. 4C) and CS (Wu et al., 2005). The
–NH2 bending vibration shifts from 1601 cm−1 to 1542 cm−1 and
a new peak at 1637 cm−1 indicates that some interaction between
NH3

+ groups of CS and TPP have occurred within the nanoparti-
cles (Xu & Du, 2003). The characteristic absorption peaks of SA
(Fig. 4D) at 1700 cm−1 and 1650 cm−1 corresponds to acetoxy group
and carboxylic group bending. The peak at 1300 cm−1 indicates the
C–N group bending accounting for interaction between carboxylic
–COOH group of SA and primary amide of chitosan, and the car-

boxylic group bending of SA about 1700 cm−1 may be overlapped.
The results may indicate that SA and GM have been successfully
loaded into the CS nanoparticles.
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Table 2
Effect of pH values of CS solution on characteristics of the GM/SA-loaded CS nanoparticles (mean ± S. D., n = 3).

CS pH value SA GM Particle size Zeta potential (mV)

EE (%) LC (%) EE (%) LC (%) nm PDI

4.0 76.45 ± 2.12 25.78 ± 1.05 66.00 ± 1.28 18.42 ± 1.79 148.2 ± 8.6 0.268 +42.18 ± 1.44
4.5 72.00 ± 3.25 22.34 ± 4.00 72.80 ± 1.56 17.35 ± 2.84 165.4 ± 11.9 0.234 +39.24 ± 1.12
5.0 72.45 ± 1.98 22.19 ± 2.39 78.30 ± 2.78 23.56 ± 2.61 180.0 ± 10.6 0.235 +37.12 ± 1.52
5.5 70.20 ± 3.05 20.28 ± 3.56 79.20 ± 3.65 21.97 ± 3.29 250.0 ± 15.5 0.240 +35.39 ± 0.54

Table 3
Effect of drug to polymer ratios on characteristics of the GM/SA-loaded CS nanoparticles (Mean ± S. D., n = 3).

Drug to polymer ratio SA GM Particle size Zeta potential (mV)

EE (%) LC (%) EE (%) LC (%) nm PDI

1:1 63.30 ± 3.98 12.48 ± 2.87 65.00 ± 3.16 13.98 ± 3.21 345.0 ± 12.9 0.259 +32.45 ± 1.46
1:2 66.20 ± 2.65 18.46 ± 2.36 70.94 ± 5.02 18.68 ± 2.09 317.7 ± 15.2 0.249 +33.70 ± 3.07
1:3 70.00 ± 1.52 21.56 ± 2.54 76.65 ± 1.25 22.82 ± 2.54 257.1 ± 10.3 0.428 +35.70 ± 0.55
1:4 72.45 ± 1.98 22.19 ± 2.39 78.30 ± 2.78 23.56 ± 2.61 180.0 ± 10.6 0.235 +37.12 ± 1.52
1:5 72.60 ± 2.09 20.63 ± 1.12 79.80 ± 4.41 19.50 ± 2.49 156.5 ± 13.7 0.274 +42.07 ± 1.98

Fig. 3. SEM image of the SA/GM-loaded CS nanoparticles (CS/TPP ratio 4:1, pH 5.0,
drug to polymer ratio 1:4, feed ratio of SA to GM 1.5:1.0).

Fig. 4. FT-IR spectra of CS (A), SA/GM-loaded CS nanoparticles (B), gentamicin (C)
and salicylic acid (D).
Fig. 5. XRD patterns of SA (A), CS (B), GM (C) and SA/GM-loaded CS nanoparticles
(D).

The XRD patterns of CS, SA, GM and drugs loaded CS nanopar-
ticles are illustrated in Fig. 5. There are four intense peaks in the
diffractogram of SA at 2� of 11◦, 17◦, 25◦ and 32.5◦ (Fig. 5A), which
indicate the high degree of crystallinity. CS shows two peaks at 2�
of 11◦ and 20◦ (Fig. 5B), while GM has shown one peak at 2� of 20◦

(Fig. 5C). After CS cross-linking with TPP (Fig. 5D), the basic diffrac-
tion peaks site were maintained and the peaks intensity decreased.
Furthermore, the new peak at 2� of 18◦ and 24◦ appeared, indicating
that the crystal lattice was induced by ionic interaction (Yoksana,
Jirawutthiwongchai, & Arpo, 2010). The specific sharp crystal peaks
of SA and GM cannot be observed. The XRD peak depends on the
crystal size, but the characteristic peaks of SA and GM may have
overlapped with the noise of the coated polymer itself (Rokhade
et al., 2006).

3.3. In vitro release studies of GM/SA-loading CS nanoparticles
The in vitro cumulative release profiles of GM and SA from the CS
nanoparticles with different feed ratios of SA to GM (from 1.0:1.0 to
3.0:10) are shown in Figs. 6 and 7. The release profiles appeared to
have three phases (Agnihotri & Aminabhavi, 2004). The first phase
was a rapid release or burst release in the prior period with the
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Table 4
Release kinetics of SA and GM released from CS nanoparticles with the different feed ratios of SA to GM.

Feed ratio (SA to GM) SA GM

First-order Higuchi Weibull Korsmeyer–Peppas First-order Higuchi Weibull Korsmeyer–Peppas

r2 r2 r2 r2 n r2 r2 r2 r2 n

1.0:1.0 0.802 0.806 0.958 0.963 0.352 0.781 0.830 0.972 0.911 0.429
1.5:1.0 0.759 0.806 0.945 0.991 0.481 0.843 0.851 0.980 0.930 0.467
2.0:1.0 0.704 0.786 0.917 0.988 0.508 0.871 0.834 0.981 0.920 0.551
2.5:1.0 0.704 0.804 0.870 0.991
3.0:1.0 0.788 0.890 0.942 0.959

Fig. 6. In vitro release of GM from SA/GM-loaded CS nanoparticles with different
feed ratio of SA to GM (n = 3).

F
r

s
r
c
d
r
d
i
t

influenced the release rate of GM and SA from the CS nanoparticles
ig. 7. In vitro release of SA from SA/GM-loaded CS nanoparticles with different feed
atio of SA to GM (n = 3).

ample of feed ratio 2.0:1.0, and about 45% SA and 38% GM were
eleased in this phase (within the first 4 h). The rapid releasing pro-
ess was mainly due to the nanoparticles surface drugs could easily
iffuse in the initial time. The second phase was a relatively slow

elease ranging from 4 to 12 h, which could be caused by the drugs
iffused from the matrix. About 87% SA and 81% GM were released

n this phase. The third phase was a slower releasing process due
o the polymer degradation. The dissolved drugs were diffused into
0.446 0.879 0.824 0.989 0.842 0.430
0.384 0.888 0.811 0.990 0.918 0.386

the release medium. The cumulative percentage release of SA and
GM from the compound nanoparticles was about 95% and 92% for
72 h, respectively.

The release rate was higher in the case of formulations contain-
ing higher amount of drugs, and similarly, drug release was lower
for formulations having a lower amount of drugs (Rokhade, Patil,
& Aminabhavi, 2007). Thus, the release rate of SA increased with
increasing the feed ratio of SA to GM from 1.0:1.0 to 3.0:1.0, and
the release rate of GM decreased. The release amount ratios of SA
to GM depending upon the different feed ratios were also investi-
gated in the in vitro release studies. The release amount ratios of SA
to GM were nearly 1.0:1.0 in 72 h, which was higher than 1.0:1.2.
This may contribute to maintaining a high blood concentration of
SA in vivo and reducing the injection times.

Data obtained from the in vitro release studies were fitted to
various kinetic equations such as first-order, Higuchi model and
Weibull model. The results are shown in Table 4. The optimum
model was selected based on the correlation coefficient value (r2)
of various model, and the results indicated that the drugs release
from nanoparticles fitted Weibull model best from the above three
models.

The Korsmeyer–Peppas equation was also used to determine the
mechanism of drug release. The initial portion (i.e., Mt/M∞ ≤ 60%) of
cumulative drug release (%) vs. time can be expressed by followed
equation (Kumbar, Soppimath, & Aminabhavi, 2003):

Mt

M∞
= Ktn

where Mt/M∞ is the fraction of drug released at time t, k is the
kinetic constant and n is the diffusion exponent; the n value was
calculated and presented in Table 4. For the formulation with the
feed ratio 2.0:1.0, the n value of the SA was 0.508 and the trend
was corresponding to Fickian diffusion. The drug release for others
formulations deviated slightly from Fickian trend following anoma-
lous or non-Fickian trends (Mundargi et al., 2008; Wilson et al.,
2010).

4. Conclusion

The GM and SA loaded CS nanoparticles were successfully pre-
pared by cross-linking with TPP. The nanoparticles were stable and
spherical in shape with a narrow size distribution. Different per-
centage entrapment efficiency and loading efficiency of GM and SA
were obtained by varying the mass ratio of CS to TPP, the drug to
polymer ratio, the pH of CS solution and the feed ratio of SA to GM.
The in vitro release studies indicated that the feed ratio of SA to GM
and the release mechanism followed a non-Fickian type behavior.
The release amounts of SA and GM from the CS nanoparticles sug-
gested that SA and GM loaded CS nanoparticles have promising
potential effect on antagonism ototoxicity of GM.
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