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Abstract

The aim of this study was to prepare fine intra-articular administration chitosan/f3-
glycerophosphate-temperature-sensitive gelatine combined with PLGA microspheres
containing Lornoxicam and to evaluate the possibility of those gelatine as drug
delivery for reducing the burst release of the microspheres in target site and improving
the retention drug concentration. The prepared microspheres as per previous study has
a certain burst release and the temperature-sensitive gelatine has good release effect,
so combining system we prepared this study were evaluated in terms of appearance
characteristics, in vitro drug release, in vivo joint cavity leakage and drug retention.
The optimal prescription containing microspheres exhibited sol-semi-solid transition
at 37°C and quickly turn into gel within Smin, which could reduce the initial burst at
the beginning of intra-articular injection and delay drug release during the treatment
with rats. The drug retention and joint cavity leakage outcomes in rats reveal that the
combined delivery system may be used as a potential drug delivery system for treat
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Introduction

Lornoxicam (Lnxc), a novel type of non-steroidal anti-
inflammatory drug developed by comely, was first listed in Denmark
in October 1997 (trade name xefo). Clinically, it is used to treat
rheumatoid, rheumatoid arthritis and osteoarthritis. The Lnxc with
low drug concentration has a short half-life' after oral administration,
leading to much side effect and therapy activity tended to be worse,
therefore, the method of local injection of intra-articular cavity was
concerned and widely used.? Intra-articular local administration of
Lnxc is expected to be superior to systemic delivery in pain relieving
and less adverse effects.’ Intra-articular drug delivery system may
be a better therapeutic approach for the treatment of a variety of knee
pain. Through the animal study we can conclude that there were no
side effects of intra-articular administration of Lnxc.® However, intra-
articular injection is a kind of local treatment method, which can inject
the drugs into the joint cavity of the patients directly. It is difficult to
achieve continuous therapeutic effect after intra-articular injection,
because a fast and almost complete absorption of Lornoxicam from
the joints into the systemic circulation, so it often needs to be repeated
several times.’

Poly (lactide-co-glycolide acid) (PLGA) microspheres are efficient
delivery systems for controlled release of low molecular weight
drugs,® and its drug release considers both drug dissolution and the
diffusion of dissolved active principle through the polymeric matrix.’
PLGA microspheres have been proved to have good therapeutic effect
in the treatment of osteoarthritis.'®'> For instance, the SFN-PLGA
microspheres system devised in this study that can be used for treating
osteoarthritis, which indicates that SFN-PLGA microspheres delayed
the progression of surgically-induced osteoarthritis in rats.'* The intra-
articular delivery of Lnxc loaded chitosan microspheres can minimize
associated side-effect after prolonged oral administration. Compared

to Lornoxicam solution, chitosan microspheres of Lnxc showed long-
term anti-inflammatory effect after injected intra-articular, with the
advantages of alleviating histological, inflammatory and biochemical
parameters of osteoarthritis.'*

Relevant studies showed that the amount of drugs inside the
microspheres sharply decreased with time."S If there is a sudden
drug release in the body after injection, leading to the initial drug
concentration increased suddenly in the blood, which would result
in a various of adverse reactions or even reach the poisoning drug
concentration. Study on pharmacokinetics results of this experiment
have shown that the much of drug leakage to plasma at 0.5 h after
intra-articular injection of Lornoxicam loaded PLGA microspheres
(Lnxc-PLGA-MS), which demonstrates that a certain burst release
in vivo. Moderate sudden release of microspheres could improve the
therapeutic effect; however, excessive drugs would lead to side-effect
when leaks to the systemic circulation. Local injection of temperature-
sensitive hydro-gels containing drugs'®!” or other materials has been
widely studied as a sustained controlled release formulations of
intra-articular injection, and has a preferable prospect of application.
Intra-articular administrated chitosan temperature-sensitive hydro-
gels combined with alginate microspheres and hydrogels as a drug
delivery system for promoting the anti-inflammation effect. Compared
to solution group, drugs loaded hydro-gels released delayed 5 d. The
potential drug delivery system for improving the therapeutic effect of
diclofenac sodium and suggested an important technology platform
for intra-articular administration.'®

Our group has developed a sustained release microspheres for Lnxc,
which was intra-articular delivery system with the goal of localizing
Lnxc in joint cavity over a few days. In our previous study, Lnxc
loaded PLGA microspheres were developed, characterized and joint
cavity leakage in rabbits and drug retention in the synovial fluid in rats
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were evaluated, which verified the controlled effect in local site by
reducing the leakage of drugs from joint cavity to blood circulation."
Lnxc loaded PLGA microspheres or blank microspheres were injected
into the articular cavity, there was no accumulation of filtration liquid,
no proliferation of blood vessel and fiber were detected within 30
d, which showed that they had good biocompatibility. At the same
time, Lnxc PLGA microspheres can also repair the articular cartilage
damaged by papain.?® Furthermore, chitosan/B-glycerophosphate
(CS/B-GP)-temperature-sensitive ~ gelatine ~ were  preparation
successfully, and has the characteristics of physiological neutrality.
The gels underwent a gelation to form semisolid state at a specific
site after administrated into the body, responded to temperature at
37°C within Smin. The (CS/B-GP)-temperature-sensitive gelatine was
used as a drug carrier for intra-articular injection, with ideal gelling
temperature and better sustained release effect.?! On the basic of our
previous work, in this study, the aim was to study the treatment of
osteoarthritis with (CS/B-GP)-temperature-sensitive, gelatine loaded
Lnxc-PLGA-MS (Lnxc-PLGA-MS-gels). Compared to Lnxc-PLGA-
MS, Lnxc-PLGA-MS-gels could reduce the initial burst effectively
within 8h, and drug concentration was higher than it in targeted site
on the overall trend, which demonstrates that the delivery system of
temperature-sensitive gels loaded Lnxc-PLGA-MS can achieve better
therapeutic effect. The drug delivery system could reduce the burst
release, and achieve a better sustained release effect.

Materials and methods
Materials

Lnxc was purchased from Hubei Yuanchengsaichuang Technology
co. Ltd Hubei, China. Poly (D,L-lactic-co-glycolic) (PLGA 75:25
Av, MW:15,000, 25 kDa) was purchased from Advanced Polymer
Materials Inc. Polyvinyl alcohol (PVA, MW: 13,000~23,000,
87%~89% part of partial alcoholysis type ) was provided by Sigma
Chemical Co. Ltd. Chitosan was purchased from Sigma-aldrichl Inc,
China. B-Glycerophosphate was purchased from Shanghai Hengfei
Biological Technology co. Ltd, Shanghai, China. Sodium azide was
purchased from Shanghai Shanjing Molecular biotechnology co, Ltd.
Tween-80 was purchased from Laiyang Economic development zone
factory, China. The other chemicals were of analytical reagent grade
or higher.

Animal: Female Wistar rats (200+20g, were provided by the Medical
Animals Test Center of Shandong University) were used for the in vivo
pharmacokinetics and drug retention studies. The animal experiment
protocol was reviewed and approved by the Institutional Animal Care
and Use Committee of Shandong University.

Preparation

Preparation of dried PLGA microspheres loaded with Lnxc: Ln-
xc-PLGA-MS were prepared by a process involving solid-in-oil-in-
-water (S/O/W) multiemulsion as per the previous research results of
our research group.'** A sample of 400ul water including 4mg Lnxc
was suspended in 2ml of 4% PLGA (W/V) solution dissolved in di-
chloromethane. After stirring at high speed (10,000rpm) for 1min, the
resulting primary emulsion was injected to 10ml 1% PVA solution
to form emulsion, meanwhile, stirring at high speed (5,000rpm) for
1.5min. The multi emulsion was continuously stirred for 3h at room
temperature (25°C) under ambient pressure until all the dichlorome-
thane had evaporated. The solidified microspheres were recovered by
centrifugation and washed three times with distilled water. Finally,
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the microspheres were dispersed evenly with appropriate amount of
distilled water, using 2% mannitol as a protective agent, then the dried
microspheres were prepared by freeze drying method (pre-freezing
12h under -80°C, then placed in the freeze dryer under -50°C, freeze-
-drying for 24 hours), and dried in a freeze-drier.

Preparation of temperature-sensitive gels containing Lnxc-PL-
GA-MS: Temperature-sensitive gels were successfully prepared as
per the previous research results of our research group.'” The proper
amount of chitosan was placed in acetic acid solution of Iml 0.1%
mol/L, which is fully dissolved under the action of magnetic stirring.
In an ice bath (10°C), the amount of B-GP solution was slowly dro-
pped into chitosan acetate solution, and the blank CS/B-GP tempe-
rature-sensitive gels were prepared after stirring for 30min, then the
prepared blank temperature-sensitive gels were stored at 4°C. The
temperature-sensitive gels containing Lnxc-PLGA-MS was prepared
by mixing the Lnxc-PLGA-MS and blank temperature sensitive gels.

Properties and characteristics

Thermal Pproperties of microspheres: DSC (CDR-4P) was perfor-
med on free Lnxc, mixture of Lnxc and accessories, blank micros-
pheres and Lnxc-PLGA-MS to determine the thermal behavior. Using
the differential thermal analyzer to take Al O, as reference, sample A:
(Lnxc); Sample B: (mixture of Inxc and excipients); Sample C: (ac-
cessories); Sample D: (Lnxc-PLGA-MS) 6mg, respectively. Samples
were heated from 40°C to 400°C at 10°C/min, to verify the formation
of Lnxc-PLGA-MS.

Appearance shape and particle size analysis of microspheres:
Taking proper amount of microspheres into the penicillin bottle, then
observe the state of the microspheres before and after freeze-dried, in-
cluding fresh-prepared Lnxc-PLGA-MS, the Lnxc-PLGA-MS freeze-
-dried power and the suspension of Lnxc-PLGA-MS powder (disper-
sed with distilled water), respectively. Taking proper amount of fresh-
-prepared Lnxc-PLGA-MS and freeze-dried powder, respectively. Put
them on the glass slide, and add a drop of deionized waterand tar to
disperse the microspheres, then observe the morphology of the mi-
crospheres under the optical microscope. In addition, the morphology
of Lnxc-PLGA-MS was characterized by scanning electron microsco-
pe. Particle size distributions were determined by laser light scattering
(Mastersizer 2000). The proper amount of PLGA microspheres were
dispersed in distilled water. All size distributions were presented in
the volume-weighted mode and the particle size distribution.

Release of drugs in vitro and in vivo

In vitro drug release: The drug release of Lnxc-PLGA-MS and chi-
tosan temperature-sensitive gels containing Lnxc-PLGA-MS was
studied by dynamic membrane dialysis.?>** The Lnxc-Sol, Lnxc-PL-
GA-MS and Lnxc-PLGA-MS-gels were kept in a dialysis membrane
(MD34, 8,000-14,000), which concentrations were 1mg/ml and all
the volume is 2ml. The dialysis bag containing Lnxc-PLGA-MS-gels
was placed in constant temperature water bath at 37°C for Smin to
make the drug temperature sensitive gels to the state of gels. Then,
all systems were immersed in 28ml of pH 7.4 buffer solution, respec-
tively. All the vials kept at 37°C under continuous magnetic stirring
of 100rpm. At a regular interval of time, Sml of receiver solution was
withdrawing and same volume of fresh medium was placed. The con-
centration of Lnxc in the release medium was measured by UV-Visib-
le spectrophotometer at 387nm. The mean calculated values were ob-
tained from 3 replicates. In order to determine the release mechanism
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of Lnxc from PLGA microspheres and the Lnxc-PLGA-MS-gels, the
release data were analyzed by model-dependent methods.

Determination of targeting efficiency: Female Wistar rats (200+20g,
were provided by the Medical Animal Test Center of Shandong Uni-
versity) were used for the joint cavity leakage and drug retention stu-
dies in the joint cavity. The animal experiment protocol was reviewed
and approved by the Institutional Animal Care and Use Committee of
Shandong University. Eighty-Seven Wistar rats were randomly divi-
ded into three groups and every group has three rats as the same level:

a. Lnxc solution groups.
b. Lnxc-PLGA-MS suspension groups.

c. Lnxc-PLGA-MS-gels groups. All the concentration of Lnxc
was Smg/ml, the dosage was 4mg/kg.

The rats were anaesthetized with ether, three different preparations
of 0.2ml of left articular cavity were injected in each group. After the
administration, blood was taken from the jugular vein sinus at 0.5, 2,
4,6, 8, 12, 24, 48, 96, 146 and 336h. For each preparation and each
sampling time point, three rats were treated with a single dose of 4mg/
kg after intra-articular injection administration of Lnxc-Sol, Lnxc-
PLGA-MS and Lnxc-PLGA-MS-gels. 0.2ml acetonitrile and 0.1ml
methanol-sodium acetate (3:2) were added to an aliquot (0.2ml) of
each plasma sample and mixed for 3min by vortex to extract Lnxc.
Following centrifugal at 12,000rpm for 10min, the supernatant was
filtered by 0.22pm organic filter, then 20pl solution was injected into
the HPLC column and the content of Lnxc in plasma was measured.
The treatment of joint tissue and synovial fluid is same as above.
The concentration of Lnxc was measured by the method of reversed-
phase HPLC with the column, InertSustain®-C18 column (4.6mm %
250mm). Lnxc was monitored wavelength of 376 nm. The mobile
phase was composed of methanol and 0.05mol/L Sodium acetate
(60:40, v/v), the flow rate was 1.0 ml/min. The number of theoretical
plates is not less than 4,000. All chromatography was performed at
room temperature.

Results and discussions
Preparation

Preparation of dried PLGA microspheres loaded with Lnxc: En-
capsulation efficiency was defied as the Lnxc found in the microsphe-
res as a percentage of input one. The repeatability test showed good
results. An average entrapment efficiency of (81.53+1.10) % and an
average drug loading of (5.05+0.10) % were achieved in the Lnxc-
-PLGA-MS.

Preparation of temperature-sensitive gels combined with Lnxc-
-PLGA-MS: This paper prepared temperature-sensitive gels con-
taining Lnxc-PLGA-MS by CS/B-GP temperature-sensitive materials,
to optimize the prescription and process by evaluation index of gelati-
ne temperature, gelatine time and the nature of needle. The best pres-
cription of the temperature-sensitive gels containing Lnxc-PLGA-MS
was pH 7.2, 3% CS, 60% B-GP. Considering the gels would too sticky
to injection, 20mg/ml of Lnxc-PLGA-MS was chosen to be the final
formation. It was found that gels containing microspheres were neu-
tral solutions at room temperature and could quickly turn into semi-
-solid gels state within Smin at 37°C, the states we could see it clearly
in Figure 1. Meanwhile, the characteristics of gels were stabilization
and suitable for joint injection, which might be a probable consequen-
ce of increased viscosity and intensity of the complex formation cau-
sed by the interaction between Lnxc-PLGA-MS, CS and B-GP.
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Properties and characteristics

Thermal Properties of Microspheres: The change of sample tem-
perature is mainly caused by heat absorption or heat effect in DSC
test. In general, phase transition, dehydrogenation reduction and some
decomposition reactions produce endothermic effects; the crystalliza-
tion, oxidation and some decomposition reactions produce exother-
mic effect. The Figure 2 shows the following results. Thermogram of
Lnxc showed a sharp endothermic peak at 222.3°C, and an obvious
endothermic peak of excipients at 315°C (A and B). While there was
no peak corresponding to Lnxc in the DSC curve of Lnxc-PLGA-
-MS (C and D), which shows that the drug are amorphous molecular
existed in the microspheres rather than adsorbed on the surface of the
microspheres.

Appearance shape and Particle size analysis of microspheres: The
photographs of fresh-prepared Lnxc-PLGA-MS.

a. The freeze-dried powder of Lnxc-PLGA-MS.
b. The suspension of Lnxc-PLGA-MS powder.

c. Dispersed with distilled water are shown in Figure 3.

Figure | The appearance of Lnxc-PLGA-MS loaded gels at different
temperature (A:25°C ; B:37°C).

| | 1
300 400 500
Figure 2 A: The DSC results of Lnxc; B: Mixture of Inxc and excipients; C:
Accessories; D: Lnxc-PLGA-MS.
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The photograph of A was suspension uniformly. The photographs
of B were loosely yellow powder, displayed good dispensability with
distilled water. The morphology of Lnxc-PLGA-MS was observed by
optical microscopy, the observation results were displayed in Figure 4
and Figure 5. The image shows that most microspheres have smooth
surface of spherical particles with approximate size and uniform
dispersion, besides, there is no adhesion among the microspheres. The
particle size distribution of Lnxc-PLGA-MS was determined by laser
particle size analyzer. Figure 6 displayed the particle size distribution
pattern typically for two kinds. Table 1 has shown that the mean
particle size of the microspheres was 6.65pum and 6.88um, which
was fresh-prepared and freeze-dried microspheres, respectively. The
particle size was in normal distribution of both kinds of microspheres.
The average particle size and particle size distribution of Lnxc-PLGA-
MS before and after freeze-dried showed little difference, indicating
that the effect of freeze-dried on the particle size of microspheres was
small, and did not appear adhesive bond among the microspheres.

Figure 3 A: Photographs of Lnxc-PLGA-MS: Fresh-prepared; B: Freeze-dried
powder; C:The suspension of freeze-dried powder
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Figure 4 Optical microscopy photograph of fresh-prepared Lnxc-PLGA-MS.
A: Deionized water; B: Cedar oil
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Figure 5 Optical microscopy photograph of freeze-dried Lnxc-PLGA-MS: A:
Deionized water; B: Cedar oil
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Figure 6 Size distribution of A: Lnxc-PLGA-MS Fresh-prepared microspheres;
B: Freeze-dried microspheres.

Table | Mean size of Lnxc-PLGA-MS

Average
Sample 1 2 3 +SD
Fresh-Prepared Microspheres (um)  6.63 6.59 6.74 6.65+0.06
Freeze-Dried Microspheres (um) 6.84 6.92 6.87 6.88+0.03

Release of drugs in vitro and in vivo

In vitro drug release: To determine in vitro drug release of Lnxc
from Lnxc-PLGA-MS with or without temperature-sensitive hydro-
-gels, the cumulative release (%) of Lnxc was measured at certain
time. The release of Lnxc from Lnxc-Sol, Lnxc-PLGA-MS and Lnx-
c-PLGA-MS-gels were in accordance with the Weibull equation, the
regression equation is shown in Table 2. The equation can be applied
to forecast release amount of Lnxc at different time, or calculate the
time to release a certain amount of Lnxc, which could predict the sta-
tus in practical applications. Figure 7 shows the cumulative release
of Lnxc from the Lnxc-Sol has a quick release, which was released
(81.40+0.66) % within 8h. The results show that the cumulative re-
lease of Lnxc from Lnxc-PLGA-MS was (30.29+0.66) % in 1h, and
there is a certain burst release. The reason may be that some drugs are
spread to the aqueous phase with the solvent during the volatilization
of organic solvents, then the free drugs is adhered to the surface of the
microspheres or dispersed between the matrix of PLGA microspheres,
and the rapid diffusion of the free drugs in the early release of the drug
that showing a sudden release. However, the cumulative release of
Lnxc from Lnxc-PLGA-MS-gels was (20.40+0.35) % in 1h, and the
reason of this slow release action is that the temperature-sensitive gels
formed a skeleton structure with gaps after forming a semi-solid gel.
The drug needs to go through two steps before entering the release
medium, including drug is released from the microspheres slowly and
then go through the interstitial skeleton of the gels, and the gels has a
certain viscosity, all of which were delayed the release of the drug. In
last stage, the release rate of the drugs from the microspheres loaded
gels group and the microspheres group tend to be consistent, as the
skeleton of the temperature-sensitive gels is eroded constantly, then
its effect of delaying release is decreased gradually.

Joint cavity leakage in rats after intra-articular injection admi-
nistration: The plasma drug concentration of the solution group in
0.5-96 h was significantly higher than that in the microspheres group
and the Lnxc-PLGA-MS-gels group. Especially in the first 8h, the
concentration of Lnxc in the plasma of the microspheres group was
higher than that Lnxc-PLGA-MS-gels, the concentration differen-
ces of those was larger. Meanwhile, the sudden release effect of the
microspheres would increase the drug concentration suddenly in the
plasma, resulting in the blood concentration of microspheres group
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was higher than that in the Lnxc-PLGA-MS-gels group at the former
8h. A linear relationship between Lnxc concentration in plasma and
ratios of peak areas of Lnxc over the internal standard was obtained in
the concentration range of 60-3,000ng/ml (0.999) by the HPLC assay.
The plasma samples of different time points were measured, using a
plasma standard solution of 750ng/ml as the control, the concentration
of Lnxc in plasma at various time points was calculated, the results are
shown in Figure 8. After the targeted injection of the joint cavity, the
smaller the drug concentration that enters the blood circulation, the
more the amount of drugs retard in the joint cavity. The drug is absor-
bed into the systematic circulation from the joint cavity rapidly after
the joint cavity injection of Lnxc solution, so the drug concentration in
the plasma is relatively high, comparing with Lnxc-PLGA-MS groups
and Lnxc-PLGA-MS-gels groups both have lower plasma concentra-
tion. Figure 8 shows that the Lnxc-PLGA-MS-gels significantly redu-
ces the leakage of drugs to the blood, increases the drug concentration
of the joint cavity, and significantly reduces the sudden release effect
of Lnxc-PLGA-MS.

Drug retention in the articular tissues and synovial of rats after
intra-articular injection administration: To evaluate whether Ln-
xc-PLGA-MS-gels were release drugs more slowly, and reduce the
sudden burst of the Lnxc-PLGA-MS in the joint, articular tissues and
synovial of rats were collected and handled for further analysis. From
Figure 9 and Figure 10, we could seen that there were significant dif-
ferences between three groups. Lnxc-Sol groups and Lnxc-PLGA-MS
groups were decreased faster than the Lnxc-PLGA-MS-gels groups,
and the Lnxc-PLGA-MS-gels has relatively higher drug concentration
than the other two groups constantly. As shown in Figure 9 and Figure
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10, Lnxc-Sol groups were decreased quickly and drug concentration
cannot be found until at 8h whether in articular tissues or synovial,
however, the Lnxc-PLGA-MS groups and the Lnxc-PLGA-MS-gels
groups were decreased slowly with date till 13.5 d. After injection
with Lnxc-PLGA-MS-gels at 0.5h, the concentration of Lnxc in ar-
ticular cavity was lower than Lnxc-PLGA-MS which was due to the
reduction of the burst release. The drug released from the Lnxc-PL-
GA-MS and the Lnxc-PLGA-MS-gels was absorbed into the blood
quickly, so the Lnxc-PLGA-MS-gels has a better sustained effect by
contrast, meanwhile, gels could reduce the initial burst at the start of
intra-articular injection.

The pharmacokinetic parameters are summarized in Table 3. The
area under the curve (AUC) of Lnxc-PLGA-MS-gels group is 1.29
times more than the Lnxc-PLGA-MS group, the drug mean retention
time (MRT0-0) of Lnxc-PLGA-MS-gels group and Lnxc-PLGA-MS
group is 34.72 times and 33.31 times than the Lnxc solution group,
respectively. That all indicated that Lnxc-PLGA-MS-gels group and
Lnxc-PLGA-MS group has less drugs leaked to the systemic cycle of
rats from the articular cavity, and then Lnxc-PLGA-MS-gels group
could reduce the sudden burst and maintained a relatively high level
in targeted site. Many attempts have been made to reduce the initial
burst drug release associated with temperature-sensitive gels systems
due to slow in vivo sol-gel transition.”* According to the data analysis
in vitro and in vivo, the chitosan temperature-sensitive gels has prepa-
red not only reduced the burst release of Lnxc-PLGA-MS but prolon-
ged retention time of Lnxc in the joint cavity, which could improve
the efficiency of Lnxc and decrease the side effects.

Table 2 The regression equation of Lnxc-Sol/Lnxc-PLGA-MS/Lnxc-PLGA-MS-gels release in vitro

Model Equation R
Lnxc-PLGA-MS Zero-Order Kinetics Q=0.21t+28.995 0.897
First-Order Kinetics In(100-Q)=-0.0051t+4.27 0.965
Higuchi Equation Q=4.06t'+18.23 0.974
Weibull Equation InIn(1/(1-Q/100)=0.40Int-1.78 0.994
Pep Ritger-pas Equation InQ=0.30Int+2.80 0.988
Lnxc-Sol Zero-Order Kinetics Q=4.06t+47.09 0.78
First-Order kKinetics In(100-Q)=-0.12t+3.95 0.94
Higuchi Equation Q=19.38t"2+27.86 0.948
Weibull Equation InIn(1/(1-Q/100)=0.55Int-0.56 0.997
Pep Ritger-pas Equation InQ=0.34Int+3.75 0.961
Lnxc-PLGA-MS-gels Zero-Order Kinetics Q=0.24t+20.7 0.922
First-Order Kinetics In(100-Q)=-0.0050t+4.4 0.976
Higuchi Equation Q=4.56t'7+8.83 0.987
Weibull Equation InIn(1/(1-Q/100)=0.5Int+2.23 0.995
Pep Ritger-pas Equation InQ=0.40Int+2.23 0.988
Table 3 The pharmacokinetic parameters of Lnxc in the articular
Analytical method Parameters Lnxc-MS-PLGA-gels Lnxc-PLGA-MS Lnxc-sol
Two Chamber Model ()} 3.04 5.01 0.53
t,5(h) 67.58 64.37 2.33
V,(Likg) 0.17 0.21 0.97
CL (L/h/kg) 0.004 0.005 0.45
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Table Continued..
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Analytical method Parameters Lnxc-MS-PLGA-gels Lnxc-PLGA-MS Lnxc-sol
AUC 0- 974708.41 754274.16 8922.31
(Hg/L*h)
Statistical Moment MRT 0-(h) 83.67 80.27 24|
C... (ug/h) 19947.69 17904.76 2627.7
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Figure 7 In vitro release of Lnxc, Lnxc-PLGA-MS and Lnxc-PLGA-MS-gels.
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Figure 9 Mean residual concentration-time curves of Lnxc in the articular
tissues.
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Figure 10 Mean residual concentration-time curves of Lnxc in the articular
synovial

Conclusion and outlook

In this study, an intra-articular drug delivery system was prepared
based on CS/B-GP-temperature-sensitive gels that can spontaneously
form a “drug depot” in the articular after injection and increase the
retention time of drugs.'®* Hydrogels are macromolecular networks,
which can absorb large amounts of water while maintaining a
distinct three-dimensional structure. Hydrogels of chitosan are
currently receiving much attention for medical and pharmaceutical
applications, as chitosan is biocompatible, biodegradable, non-toxic
and easily available.?**” Loaded with Lnxc-PLGA-MS, the combined
gels showed increased viscosity and reinforced intensity, and had
sustained drug releasing for 13.5 d in vitro studies. The results of
determination of targeting efficiency revealed that the gels containing
microspheres delivery system seemed to effectively reduce the
leakage to the systematic circulation and had superior retention effect
than microspheres. The present study demonstrate that intra-articular
administration of temperature-sensitive gels reduce the release burst
effect of Lnxc-PLGA-MS and enhance drug targeting in joint cavity
due to the prolonged stagnation time of drug in the joint, meanwhile,
this drug sustained-releasing system reduced systemic adverse
reactions and had superior anti-inflammation effects than drug
solution, achieving a novel drug delivery system. As for the treatment
strategies by this combination system, there are still needs for further
long-term studies.
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