Taylor &Francis
Drug Delivery

nfnrma

ISSN: 1071-7544 (Print) 1521-0464 (Online) Journal homepage: www.tandfonline.com/journals/idrd20

Triamcinolone-loaded glutaraldehyde cross-
linked chitosan microspheres: Prolonged release
approach for the treatment of rheumatoid
arthritis

Magharla Dasaratha Dhanaraju, Sheela Elizabeth & Thirumurugan
Gunasekaran

To cite this article: Magharla Dasaratha Dhanaraju, Sheela Elizabeth & Thirumurugan
Gunasekaran (2011) Triamcinolone-loaded glutaraldehyde cross-linked chitosan microspheres:
Prolonged release approach for the treatment of rheumatoid arthritis, Drug Delivery, 18:3,
198-207, DOI: 10.3109/10717544.2010.528069

To link to this article: https://doi.org/10.3109/10717544.2010.528069

@ Published online: 28 Oct 2010.

N
C)/ Submit your article to this journal

||I| Article views: 866

A
& View related articles &'

@ Citing articles: 3 View citing articles &

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=idrd20


https://www.tandfonline.com/action/journalInformation?journalCode=idrd20
https://www.tandfonline.com/journals/idrd20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.3109/10717544.2010.528069
https://doi.org/10.3109/10717544.2010.528069
https://www.tandfonline.com/action/authorSubmission?journalCode=idrd20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=idrd20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.3109/10717544.2010.528069?src=pdf
https://www.tandfonline.com/doi/mlt/10.3109/10717544.2010.528069?src=pdf
https://www.tandfonline.com/doi/citedby/10.3109/10717544.2010.528069?src=pdf
https://www.tandfonline.com/doi/citedby/10.3109/10717544.2010.528069?src=pdf

Drug Delivery, 2011; 18(3): 198-207

© 2011 Informa Healthcare USA, Inc.

ISSN 1071-7544 print/ISSN 1521-0464 online
DOI: 10.3109/10717544.2010.528069

RESEARCH ARTICLE

informa

healthcare

Triamcinolone-loaded glutaraldehyde cross-linked chitosan
microspheres: Prolonged release approach for the treatment

of rheumatoid arthritis

Magharla Dasaratha Dhanaraju?, Sheela Elizabeth? and Thirumurugan Gunasekaran'

'Research Lab, GIET School of Pharmacy, NH-5, Chaitanya Nagar, Rajahmundry-533 294, India, and *Department of

Pharmaceutics, Vels College of Pharmacy, Pallavaram, Chennai-600 117, India

Abstract

The use of glucocorticoids in the treatment of rheumatoid arthritis has been widely employed, but, owing to their
systemic side-effects and also their susceptibility to the first pass metabolism, their use is being discouraged. To
circumvent this, triamcinolone (TA) were encapsulated in chitosan microspheres with glutaraldehyde as the cross-
linking agent to achieve a prolonged drug release. The percentage of drug loading, encapsulation efficiency, and
surface morphology by Scanning electron microscopy (SEM), Phase transition by Differential scanning colorimetry
(DSC), as well as Fourier transform infrared spectroscopy (FTIR) studies was carried out to characterize the chitosan
microspheres. In-vitro and in-vivo release studies revealed that microspheres were able to control the release of TA
with a uniform release pattern up to a period of 36 days and thereafter an extended release up to 63 days. The clinical
parameters were investigated for changes in paw volume, hematological parameters like Erythrocyte sedimentation
rate (ESR), Paced cell volume (PCV), Total leucocyte count (TLC), Hb, and Differential cell count (DCC) in Fruend's
complete adjuvant induced arthritic rats. Histopathological findings as well as radiology (X-ray) further confirmed the
effectiveness of TA encapsulated microspheres in mitigating the rat arthritic model.

Keywords: Glutaraldehyde cross-linked microspheres, triamcinolone, prolonged release, rheumatoid arthritis

Introduction

Rheumatoid arthritis (RA) is a chronic auto immune
disease, characterized by inflammation of the synovial
lining of the joints and destruction of cartilage and bone
(Joosten et al., 2006). Glucocorticoids have been used
as effective anti-inflammatory agents (Barnes, 1998)
with possible disease modifying activity (Chaudhuri
& Paul, 2008). The mechanism of action of glucocorti-
coids starts at the molecular level by binding to specific
receptors in the cytoplasm and then migrating to the
nucleus, where they bind to selective regulatory sites
on DNA, which results in the increased or decreased
expression of genes important for the inflammatory
process (Steiner et al., 2009). Currently, there are sev-
eral reports regarding the use of disease-modifying
anti-rheumatic drugs (DMARDs), which are believed to
modify the fundamental pathological process, but the

treatment by DMARDs has to be individualized (Silva
et al., 2005). Moreover, methotrexate is the mostly pre-
scribed DMARD, combination therapy of methotrexate,
sulfasalazine, and hydroxyl chloroquine or metho-
trexate and cyclosporine are also preferred. Although
methotrexate is well tolerated, potential side-effects
include stomatitis, reversible bone marrow suppres-
sion, rarely liver fibrosis, cirrhosis, etc. DMARDs work
more quickly, but, considering the cost factor, DMARDs
are not advisable for long-term therapy. For that reason,
doctors frequently prescribe an additional drug such as
Glucocorticoids to help control pain and inflammation.
However, it was reported (Shin et al., 2000) that triam-
cinolone was susceptible to the first pass metabolism
and the systemic side-effects followed by long-term
administration of steroidal anti-inflammatory drug
(Pang et al., 2002). In order to circumvent the problems
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associated with systemic side-effects and to broaden the
spectrum of therapeutic application, obviously there is
a need for drug delivery systems that can provide site-
specific and continuous therapeutic drug levels for
extended periods of time. The use of polymeric carriers
in formulations of therapeutic drug delivery systems has
gained widespread application, due to their advantage
of being biodegradable and biocompatible (Mu & Feng,
2002; Dhanaraju et al., 2003). The use of naturally occur-
ring proteins as drug carriers has attracted considerable
attention over the past years (Dhanaraju et al., 2003).
Chitosan [Poly (f§-1->4)-2 amino-2-deoxy-p-glucose)],
a natural cationic polysaccharide derived from chitin
(Ravikumar, 2001) combines the properties of bio-
compatibility, biodegradability (Sinha et al., 2004; Kang
et al., 2009), non-toxicity, and bioabsorbability (Gupta
& Jabrail, 2007).

The purpose of this study was to prepare triamcino-
lone-encapsulated chitosan microspheres by chemical
cross-linking using a varying amount of glutaraldehyde
saturated toluene. The percentage of drug loading,
entrapment, encapsulation efficiency, and surface
morphology (SEM), Phase transition (DSC) as well as
FTIR studies was carried out to characterize the chi-
tosan microspheres. The triamcinolone-loaded chito-
san microspheres were kept for in vitro drug release
experiments as well as in vivo drug release studies.
The clinical parameters were investigated for changes
in paw volume, hematalogical parameters like eryth-
rocyte sedimentation rate (ESR), packed cell volume
(PCV), total leucocyte count (TLC), haemoglobin, and
differential cell count (DCC). Moreover, histopatho-
logical and radiological observations were also stud-
ied to determine the effectiveness of the microsphere
formulation.

Materials and methods

Materials

Chitosan having a viscosity average molecular weight
of 3.15x10° and a degree of deacetylation of 74%
was obtained from Central Institute of Fisheries and
Technology (Cochin, India) and used as received.
Glutaraldehyde (25% aqueous solution, biological grade),
sorbitan sesquioleate, liquid paraffin of viscosity 18cP at
30°C, petroleum ether, toluene, sodium metabisulfite,
acetone, ethanol, and other chemicals were from SD Fine
Chemicals Ltd. (Mumbai, India). Triamcinolone was a
gift sample from Themis Medicare Ltd. (Gujarat, India).

Microsphere preparation

The manufacture of microspheres was done according
to a method described in the literature (Jameela et al.,
1998). A weighed amount of triamcinolone (TA) (20%
by weight of chitosan) was mixed with 6g of 4% chi-
tosan solution. The chitosan solution was made in 5%
acetic acid containing 2% sodium chloride. The above
drug-chitosan solution was dispersed in a mixture of
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35ml of liquid paraffin and 25ml of petroleum ether
containing ~ 0.85 g of sorbitan sesquioleate in a 250 ml
beaker. This dispersion was stirred using a stainless
steel half-moon paddle stirrer at 2000 rpm for 15 min;
10ml of glutaraldehyde saturated toluene was added
and the stirring was continued for another 30 min. At
the end of 30 min, 1 ml of aqueous glutaraldehyde was
added and stirring was continued further for 3h. The
amount of glutaraldehyde-saturated toluene was var-
ied in order to produce four different batches of micro-
sphere formulation. The hardened microsphere were
then separated by centrifugation, washed with petro-
leum ether, acetone, sodium metabisulfite, and finally
with water, centrifuged, air-dried, and then stored in a
desiccator.

Determination of drug loading and encapsulation
efficiency

Drug loading in microspheres can be estimated by the
equation

L:&XIOO

where L=percentage loading of microspheres,
W _=weight of microspheres in grams, Q =quantity of
drug presentin W _grams of microspheres.

The amount of drug encapsulated was determined
by taking a known weight of microspheres into screw-
capped vials with 0.1 N HCI and digested for 24h on a
magnetic stirrer in order to extract the entrapped drug
completely. After suitable dilution absorbance was
measured at 240nm by using a UV-Spectrophotometer
(ELICO-SL151). Blank microspheres treated in a similar
manner were used as the blank (Ramachandran et al.,
2010). Amount of drug encapsulated in the microspheres
was determined by

E:&XIOO

where E=the percentage of encapsulated microspheres,
Q,_Quantity of drug encapsulated in microspheres (gm),
Q,=Quantity of drug added for encapsulation (gm).

Scanning electron microscopy (SEM)

The surface morphology of the microspheres was exam-
ined using a Scanning Electron Microscope (JOEL-JFC-
5300). The microspheres containing drugs were sprinkled
onto one side of the double-sided adhesive stub. The stub
was then coated with conductive gold with a JOEL-JFC
1100E sputter coater, and examined under a scanning
electron microscope.

Differential scanning colorimetry (DSC)

The DSC scans of pure triamcinolone, Chitosan polymer,
and TA-loaded chitosan microspheres were performed
using a Perkin-Elmer DSC-7. About 4 mg of sample was
placed in hermetically sealed aluminium pans and were



200 M.D.Dhanaraju et al.

heated at a scan speed of 20°C/min over a temperature
range of 50-300°C. The heat of fusion was calibrated with
indium.

Fourier transform infrared spectroscopy (FTIR)

studies

The infrared spectra of TA, chitosan, and TA-loaded chi-
tosan microsphere were recorded on a ABB Bomen MB
series (Quebec, QC, Canada). The samples for IR mea-
surements were prepared by a conventional KBr pelleting
method. About 5mg of sample was mixed with 50 mg of
spectroscopic grade KBr. The measurements were made
at 25°C.

In-vitro drug release studies

The in-vitro release of drug-loaded chitosan micro-
spheres was carried out at 37°C using phosphate buffer
pH 7.4. Each batch of the prepared microspheres equiva-
lent to 25mg of TA were taken in a 100ml Erlenmeyer
flask and made up to volume with phosphate buffer pH
7.4. The standard flasks were subjected to agitation, ali-
quots of 5ml were withdrawn at equal intervals of time,
and drug concentration was assayed at 240 nm by using
a UV-Spectrophotometer (ELICO-SL151). Fresh solu-
tion of phosphate buffer pH 7.4 equivalent to the vol-
ume withdrawn was replaced in order to maintain sink
conditions.

In-vivo release studies

Experiments were carried out on male Wistar rats weigh-
ing ~ 200-250g, which were divided into six groups. The
groups were injected with a dose of 3 mg/kg body weight
of TA powder and an equivalent dose in microsphere
formulation both intraperitoneally (IP) and intramus-
cularly (IM). Blood samples, 1.5ml each, were collected
at equivalent intervals of time, centrifuged at 3000 rpm
for 10min, and plasma was separated. Plasma TA con-
centration was analysed using High Performance Liquid
Chromatography (HPLC).

HPLC conditions

The determination of TA in plasma was carried out
by a modified method reported earlier (Derendorf
et al, 1986). The mobile phases consisted of
acetonitrile:water:phosphoric acid (85%) in the ratio
of 28:72:0.15 at a flow rate of 1.0ml/min. The detector
wavelength was set at 254 nm and the column was used
at atemperature of 25°C. The stationary phase used was a
Hypersil C-18 (5 um) column, 250 x 4.6 mm.

Animal treatment and induction of arthritis

Experiments were performed on male Wistar rats
(average weight 225-250g; n=10/group). They were
housed in individual cages and maintained under
conditions (24+1°C; 12h light/dark cycle; food and
water available ad libitum) (Kumar et al., 2005). This
study had the approval of the Institutional Animal
Ethical Committee (IAEC) (Vels College of Pharmacy,

Pallavaram, Chennai-600 117, India). Group I-CFA+
saline, group II-CFA+TA microspheres, and group III-
CFA + pure TA solution. On day 0, arthritis was induced
by intradermal injection of 0.1 ml of Freunds’ complete
adjuvant at the base of the tail. For 15 days the rats were
housed without treatment to maintain the full develop-
ment of inflammatory arthritic condition. On day 15
treatments was started and microspheres equivalent to
3mg/kg of rat body weight were administered intrap-
eritoneally as per schedule. The arthritis control group
received only saline instead of the drug or the drug-
encapsulated microspheres.

Assessment of clinical parameters

Measurement of hind paws volume

Arthritis was quantitatively determined daily by mea-
surement of ankle volume using a plethysmometer.
For a consistent measurement, both hind limbs were
shaved and a line was marked just above the ankle
joint. On day 15 the paw volume was recorded as the
initial value, and again the paw volume was recorded
on day 30 as well as on day 60 of the study period. The
percentage inhibition of increase in thickness of the
injected foot was obtained by the formula, as given by
Ferndndez et al. (1997).

Percentage inhibition =100x(V, - V,/V.)

where V_is the mean increase of paw volume of control
animals, and V, is the ean increase of paw volume of
treated animals.

Hematological parameters

Erythrocyte sedimentation rate (ESR) was carried out
by Wintrobe’s method; ~ 1 ml of blood is mixed with
the anti-coagulant, EDTA. The blood is loaded in the
tube up to the ‘0’ mark and the tube placed on the
wintrobe’s stand. The reading was taken after 1 h. The
packed cell volume (PCV) was determined by centri-
fuging heparinized blood in a capillary tube (micro-
hematocrit tube) at 10,000 rpm for 5min. The routine
laboratory experiments, total leucocyte count (TLC),
heemoglobin (Hb), and differential cell count (DCC)
were also conducted.

Radiological observation

The formalin fixed ankle joints of the rats under study
were subjected to radiography on Seimens Tridors
(800mA at 45 cm focal distance, 36 KV, and 2mA expo-
sure). The exposures were recorded on 4.75x 6.5 inch
x-ray films.

Histological evaluation
Hock joints of the rats were collected in 10% formalin
saline. Paraffin-embedded tissues were sectioned to 5
pm thickness and stained by hematoxylin and eosin stain
for histopathological examination.

The results were expressed as mean values + SEM. One
way ANOVA with Dunnet’s t-test was applied to evaluate
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Table 1. Percentage of drug loading, encapsulation efficiency of chitosan microspheres.

Glutaraldehyde saturated toluene

(ml): Aq. glutaraldehyde ratio (ml) Drug:Polymer Amount of drug(g) Amount of polymer Yield (g)

Loading % Encapsulation %

20:1 1:5 0.2
10:1 1:5 0.2
5:1 1:5 0.2
1:1 1:5 0.2

1.0 1.05 9.14 55.2
1.0 1.0 11.0 48

1.0 0.97 10.62 51.6
1.0 0.95 11.16 53.4

the differences between the control and the treatment
groups.

Results and discussion

Preparation of TA-loaded chitosan microspheres was
carried out by a chemical cross-linking method using
glutaraldehyde saturated toluene as a cross-linking
agent. Microspheres were prepared from the natural
polysaccharide, chitosan, which suggests its use in
humans because of its unique biocompatibility, biode-
gradability, and non-toxicity characteristics. The pre-
pared microspheres were characterized for drug loading
and encapsulation efficiency (Table 1). The percentage of
drug loading of prepared microspheres was found to be
9.14-11.16, and encapsulation efficiency was 48-55.2%.
The surface morphology ofthe prepared microsphere was
investigated by scanning electron micrography (SEM).
Figure 1 illustrates surface morphology of microspheres,
which reveals small and distributed uniformly. The sur-
face of the microspheres was spherical and smooth with-
out hollows or deformations. TA-loaded microspheres
possessed yellow-brown color with good sphericity and
compact structure. Increase in color strength represents
an increased rate of glutaraldehyde cross-linking (Celik
& Akbuga, 2007), and good sphericity may also be due to
higher glutaraldehyde cross-linking that occurs through
a Schiff’s base reaction between aldehyde ends of the
cross-linking agent and the amine moieties of chitosan
to form aldimine functions (Vieira & Beppu, 2006). The
particle size of TA-loaded microspheres ranged between
2-18 pm. The DSC analysis was performed in order to
assess the physical state of drug inside the chitosan
microspheres and check for the possibility of any interac-
tion between the drug and the polymer (Ramachandran
et al., 2010). DSC thermograms of chitosan (pure), TA
(pure), and TA-loaded chitosan microspheres are shown
in Figures 2a-c, respectively. Under the experimental
conditions no characteristic endothermy was obtained
for pure chitosan, as reported earlier (He et al., 1999;
El-Gibaly, 2002). However, thermograms of pure TA
Figure 2b) revealed endothermic peaks at 278°C, which
clearly resembles the reported value of the melting point
of triamcinolone. It should be noted that in the drug-
loaded microspheres no such endothermic peak was
observed, which indicates molecular dispersion of these
drugs inside the matrix of chitosan as a solid solution
(He et al., 1999).

FTIR analysis measures the selective absorption
of light by the vibrational modes of specific chemical

© 2011 Informa Healthcare USA, Inc.

10km 041103

Figure 1. Scanning electron micrograph (SEM) of TA-loaded
chitosan microspheres. (a) TA microspheres (10:1), (b) TA
microspheres (5:1).

bonds in the sample (Mu & Feng, 2002). Figures 3a-c
represent the FTIR spectra of pure chitosan, pure TA,
and TA-loaded chitosan microspheres, respectively.
In Figure 3a, of pure chitosan, the characteristic broad
absorption band at 3412.82cm™ represents the pres-
ence of a hydrogen bonded O-H group. The amino
group has a characteristic absorption band in the region
3400-3500cm™ which must have been masked by the
absorption band due to the O-H group (Orienti et al.,
2002). The C-H stretching vibration of the polymer
backbone is manifested at 2931.73 cm™. The ether link-
age shows characteristic absorption at 1154.28 cm™. For
drug-loaded chitosan microspheres an additional peak
at 1707.91 cm™ was observed which corresponds to the
C=0 stretching vibration of pure drugs.

The in vitro drug release profile illustrated in Figure 4
represents the percentage of TA release with respect to
the amount of drugs encapsulated. The release from
the microspheres having high cross-linking density was
slower compared to the release from the microspheres
having low cross-linking density (Iwanaga et al., 2003).
Within 14 days ~ 66.25% of the incorporated TA was
released from TA-microspheres of low cross-linking
density, whereas only 23.53% of the incorporated TA was
released from TA-microspheres of high cross-linking
density. This shows that cross-linking effectively controls
the drug diffusion from the chitosan microspheres as
reported earlier (Mitra et al., 2001). A similar result was
also reported by Ko et al. (2002), where the release pro-
file of drug from TPP-Chitosan microspheres decreased
with increased cross-linking agent concentration. An
initial burst release was depicted in all the batches fol-
lowing a sustained release between the 17" and the 42"
day, and thereafter an extended release up to 63 days.
An initial burst effect was observed in all the batches
of microsphere formulations, which may be due to the
drug being adsorbed (or) located near the surface of the
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Figure 2. Differential scanning calorimetry (DSC) results of pure chitosan (a), pure TA (b), and TA-loaded chitosan microspheres (c).
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Figure 3. FT-IR spectrum of pure chitosan (a), pure TA (b), and TA-loaded chitosan microspheres.

microspheres (Ravi et al., 2008). This might probably
be due to the existence of drug crystals in the droplets,
owing to its slight water solubility during the formation
of (w/0) emulsion (Wang et al., 1996). When a water-
soluble (or even slightly water-soluble) drug is encap-
sulated into microspheres, the release rate is often rapid
and accompanied by a burst effect (Ravi et al., 2008).

This was not the case as reported in previous studies
(Jameela et al., 1998), where a noteworthy low burst of
~ 5% was released from microspheres cross-linked with
aqueous glutaraldehyde. The initial phase was followed
by a plateau region of gradual release between the 17®
day to 42" day, the 1:1 formulation of TA-loaded chito-
san microspheres being an exception where the release
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lasted only up to the 14" day. A similar extended release The plasma concentration of triamcinolone in
was reported by Jameela et al. (1994) about mitoxan- male Wistar rats administered with TA powder and
trone, an anti-neoplastic agent for over 4 weeks at 27°C. the TA chitosan microsphere in the ratio of 10:1 and
A similar biphasic release was observed by Wang et al. 5:1 both intra-peritoneal (I.P) and intra-muscularly
(1996), where the release of CDDP from the chitosan (I.M) are shown in Figure 5. Animals which received
microspheres in saline was sustained for more than 6h 10:1 TA microspheres via an intra-peritoneal route
with an initial rapid release phase (Bodmeier & Chen, showed an extended steroid concentration of 3-4
1998). pg/ml', on the other hand the 10:1 TA microspheres
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Figure 4. In-vitro release study of various TA microsphere formulations.
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Figure 5. Comparative in-vivo release study of pure TA and TA microsphere formulation.

Table 2. Paw volume with percentage inhibition and hemoglobin content.

Group I Group II Group III
Treatment parameters PV Hb PV Hb PV Hb
15" day 0.575+0.032 6+0.288  0.475+0.032 7.83+0.441 0.562+0.012 7.83+0.166
30t day 0.525+0.032 6.63+0.448 0.3+£0.02% (42.84)* 0.83+£0.600“ 80.212+0.023 (59.61)* 11.8+0.600
60" day 0.362+0.023 9.12+0.314  0.188+0.0023 (48.06)* 13+0.408“  0.235+0.032(35.08)* 9.75+0.322

“p<0.001 vs Group I by one-way ANOVA with Dunnet’s ¢-test, ” p<0.01; ¢ p<0.001 vs Group III by one-way ANOVA with Dunnet’s #-test. *
Percentage inhibition.

PV, Paw Volume (ml); Hb, Hemoglobin (g/dl).

Group I, CFA+ saline; group II, CFA+TA microspheres; and group III, CFA + pure TA solution.

© 2011 Informa Healthcare USA, Inc.
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injected intramuscularly showed a prolonged release
of steroid at a concentration of 3 pug/ ml, whereas pure
drug shows 18.23 pg/ml at 6 h and 0.102 ug/ ml at 24 h
when injected intra-peritoneal and intra-muscularly,
respectively.

Figure 5 shows that there is an elevated plasma level
initially followed by a slow decline in the release rate
as the biodegradation of matrix reaches a substantial
level and then a second elevated drug level is observed.
As demonstrated in the in-vitro data the mechanism of
drug release from the chitosan microspheres appears to
be predominantly by diffusion as cross-linked chitosan
degrades very slowly in in-vivo (Ofokansi & Adikwu,
2007). The peak serum concentration of ~ 16.84 pg/ml
at 6h was dropped to ~ 3.1 pg/ml on the 7% day. A simi-
lar decrease was observed for all the batches. A similar
extended release was reported by Jameela et al. (1998).
Each of the batches showed an elevated serum level in
the initial stage followed by a consistent release pattern
up to a period of 36 days and thereafter an extended
release up to 63 days. The second elevated drug level was
observed in TA microspheres (10:1) injected I.M (Jameela
etal., 1998).

To evaluate the therapeutic efficacy of the
TA-loaded microspheres, clinical parameters such
as paw volume, hematological parameters, radiol-
ogy, and histopathological studies were performed.
All hematological parameters were done by blood
collected exsanguination in Heller and Paul anti-co-
agulant mixture. Erythrocyte sedimentation rate was
determined by Wintrobe method, and packed cell
volume was determined by Microhematocrit method.
Hemoglobin was determined by cyanometheglobin
method, and total leucocyte count and differencial
cell count were performed using Thomas fluid (dilut-
ing fluid) and Leishman-Giemsa stain, respectively.
Table 2 illustrates results of paw volume with per-
centage inhibition and hemoglobin content. Group

Table 3. Total leucocytes count.
Total leucocytes count (1000/mm?)

Treatment Group I Group II Group III
15" day 7067+1179.56  7,550+822.17 5,233 +£545.61
30t day 5767+145.4 14,800+1890.30¢ 14,500+1040.99
60" day 7075+378.5 15,700+ 896.5

“p<0.001 vs Group I, by one-way ANOVA with Dunnet’s ¢-test.
p<0.001 vs Group III, by one-way ANOVA with Dunnet’s ¢-test.
Group I, CFA+ saline; group II, CFA+TA microspheres; and group
III, CFA + pure TA solution.

Table 4. Differential cell count.

II differed from a group I, the arthritic control and
group III, treatment group with pure TA solution.
The results confirm the effectiveness of drug loaded
microspheres as the groups injected with pure drug
solution showed a strong relapse as seen in data
on the 60" day. Since no significant results were
obtained for packed cell volume, data is not shown.
Tables 3 and 4 depict results of total leucocyte count
and differential cell count, respectively. Although the
treatment groups which were injected with pure TA
solutions depicted a marked change on the 30" day,
they failed to produce therapeutic activity on the 60t
day, depicting a similar manifestation of inflamma-
tion as observed in the control groups. On the 60
day the groups treated with drug-encapsulated chito-
san microspheres revealed the efficacy of the carrier
systems.

Therapeutic efficacy was further confirmed by his-
topathology and radiology. The formalin-fixed ankle
joints of the rats under study were subjected to radiog-
raphy on Seimens Tridors (800 mA at 45 cm focal dis-
tance, 36 KV and 2 mA exposure). The exposures were
recorded on 4.75x6.5 inch x-ray films, No evidence
of bone damage and erosion was observed in Wistar
rats treated with TA-loaded chitosan microspheres.
A representative X-ray of normal ankle joint is shown
in Figure 6a, an X-ray of joint from a rat treated with
vehicle (control) is shown in Figure 6b, and TA-loaded
chitosan microspheres treaded ankle joint is shown in
Figure 6¢. Radiographic evidence of disintegration and
erosion of surface in the vicinity of the inflamed joints
is clearly apparent in the arthritic rats treated with
vehicle (control) alone, whereas bone is preserved, or
bone destruction and erosion retarded, in rats treated
with TA-loaded microspheres. Notably, the joint defor-
mity observed in control rats was eliminated, leaving
the appearance of damage indistinguishable from that
of naive animals.

Hock joints of the rats were collected in 10% forma-
lin saline. Paraffin embedded tissues were sectioned to
5 um thickness and stained by hematoxylin and eosin
stain. Hock joints of the rats were evaluated for histo-
pathological changes in cartilage structure, cell layer,
infiltration of mononuclear cells, and synovial inflam-
mation indicated that arthritic rats exhibited extensive
inflammatory infiltrate within the synovium and syn-
ovial hyperplasia. The histology of the inflamed tissue
(arthritic control) depicted denudation of the lining cell
layer and infiltration of mononuclear cells Figure 7a),

Group I Group II Group III
Treatment N L M E N M E N L M E
15" day 70+1.17 24.7+1.76 2.67%1.8 2+1.17 70+3.27 28+2.08 0.667+0.667 1.33+0.88 55+5.88 44.3+4.11 2.33+0.33 1£1.01
30™ day 62.3+1.48 30.3+3.18 2.33+0.33 1.53+0.9 56.3+3.82 40.3+2.73 1.33+0.676 2+2.03 59.3+5.30 55.3+5.33 2+1.01 2.67+1.8
60" day 67.5+1.55 30+1.12 1.25+0.75 1.25%+0.75 45.5%+4.99 56.5/+3.35 1+£0.57 1+£0.57 60.2+3.32 35+2.86 2+0.48 2.75+0.478

N, Neutrophils; L, Lymphocytes; M, Monocytes; E, Eosinophils.

“p<0.001 vs Group II; * p<0.001 vs Group II, ¢ p<0.005 vs Group I, and ¢ p<0.001 vs Group II, by one-way ANOVA with Dunnet’s -test.
Group I, CFA+ saline; group II, CFA+TA microspheres; and group III, CFA + pure TA solution.
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and Figure 7b depicted sub-epithelial edema and scat-
tered leucocyte infiltration. Figures 7c and d show the
normal architecture of synovial membrane. Following
treatment on the 30" day, the histology revealed mild
sub-epithelial fibrosis, surface synocytes showing
hypertrophy, hyperplasia, and mild edema, congestion
were also noted Figures 7e and f). However, in the case
of TA-loaded chitosan-treated groups on the 60" day
mild hyperplasic changes in the lining epithelium, but
gradual restoration of normal architecture was observed
Figures 7g and h).

Summary

The use of Glucocorticoids in inflammatory condi-
tions has been illustrated in several publications (Han
et al., 2001; Pang et al., 2002) and also triamcinolone
finds its use in treatment of osteoarthritis (Reynauld
et al., 2003), thus triamcinolone was chosen as a
model drug to treat the rat arthritic model. Fruend’s
complete adjuvant was used to induce arthritis in rats,
since the literature revealed that it produced the best
animal model for the study of secondary inflammation
(Chillingworth & Donaldson, 2003) and that it shares
numerous behavioral and biochemical characteristics
with rheumatoid arthritis. The use of CFA in induc-
ing arthritis has enabled successful study of anti-
inflammatory and analgesic activity for over a period
of 30-60 days (Lichtenburger et al., 1999). In our study
we illustrated the effectiveness of TA-loaded chitosan
microspheres in a rat arthritic model over a period of
60 days since a drug release profile was obtained up
to a period 63 days. Chitosan was found to serve as a
matrix for controlled release systems and also easily
degrades into non-toxic products (Kang et al., 2009).
Cross-linking was mainly achieved to prolong the
drug release which was accomplished up to a period
of 63 days, as shown by the in-vitro release profiles.
Literature sites a similar slow degradation of drug

from cross-linked chitosan microspheres in-vivo over
a period of 6 months (Jameela et al., 1994). Laboratory
findings were supported in our study as RA is usually
manifested by anemia, thrombocytopenia, neutrope-
nia, thrombocytotosis, eosinophilia, and hematologi-
cal malignancies. However, no marked changes were
found in ESR rates and packed cell volume between
the various test groups as well as the control. The
synovial hyperplasia and bone destruction is a pre-
dominant feature of RA associated with pain and
morbidity. Disintegration and erosion of bone is com-
mon, leading to the characteristic erosions seen on

Figure 6. Radiographs of joint were obtained at the conclusion
of the study. Representative radiographs from Wistar rats
with normal (a), Arthritic control (b), and TA-loaded chitosan
microsphere treated (c).

Figure 7. Histopathological observation of inflamed tissues. (a and b) arthritic control; (c and d) normal architecture of synovial membrane,
(e and f) TA-loaded chitosan microsphere treated group on 30" day, (g and h) TA-loaded chitosan microsphere treated group on 60" day.

© 2011 Informa Healthcare USA, Inc.
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radiography. Notably, our studies demonstrated that
no radiographic damage whatsoever was observed in
histology of cut sections of rat hock joints and similar
to those reported in previous studies where arthri-
tis was induced by squalene (Carlson et al., 2000).
Histological findings as well as radiology further con-
firmed the effectiveness of drug-encapsulated micro-
spheres in mitigating the rat arthritic model. The
groups which received pure solutions of these drugs
showed a relapse of arthritic condition as compared
to the control rats, which were not observed in groups
administered with drug-loaded microspheres, these
support our development of drug carrier systems over
a prolonged period of time.

Conclusion

Microsphere carrier systems formulated from the
naturally occurring, biodegradable, and biocompatible
chitosan polymers are gaining prominence in the field
of novel drug delivery systems. Its property to achieve
a predictable and reproducible release in specific envi-
ronment over a sustained period of time with minimum
side-effects is of great significance. This provides a wide
opportunity for encapsulating drugs such as glucocor-
ticoids, which are always regarded for their adverse
effects making their utility a mere theory. Our study
provides development of delivery systems for target-
ing active constituents to inflamed conditions such as
those found in RA where the treatment period is usually
longer.
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