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RESEARCH ARTICLE

Formulation and evaluation of injectable in situ forming microparticles for
sustained delivery of lornoxicam

Soad Ali Yehia, Sally Adel Abdel-Halim and Mary Yosry Aziz

Department of Pharmaceutics and Industrial Pharmacy, Faculty of Pharmacy, Cairo University, Cairo, Egypt

ABSTRACT
The objective of this study is to formulate biodegradable in situ microparticles (ISM) containing lornoxicam
for post-operative and arthritic pain management. ISM emulsions were prepared according to 25 full fac-
torial experimental design to investigate the influence of formulation variables on the release profile of
the drug. The independent variables studied are the polymer type, polymer inherent viscosity, polymer
concentration, oil type and polymer:oil ratio. In vitro drug release, microscopical examination, particle size
determination and syringeability measurement were selected as dependent variables. The effect of c-steril-
ization on the prepared formulae was also examined. The prepared formulae showed extended drug
release over two weeks, and flow time below 5 s/ml. Scanning electron microscope revealed that the pre-
pared microparticles were spherical in shape, with diameter ranging from 3.45 to 22.78mm. In vivo pharma-
cokinetic evaluation of two selected optimum formulations in rabbits showed prolonged drug absorption
indicated by delayed Tmax and the extended mean residence time. In conclusion, the prepared injectable
ISM could be a promising approach for providing extended delivery of lornoxicam with low initial burst
effect.
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Introduction

The development of biodegradable injectable in situ forming poly-
meric controlled release system introduced a new interest in drug
administration. These systems are less complicated alternative to
conventional microparticles/implants1.

In situ implant systems are based on a drug-containing bio-
degradable polymer solution in a biocompatible organic solvent.
After injection in the body, the solvent diffuses into the aqueous
environment leading to polymer precipitation and the formation
of an implant inside the injection site. However, in situ implant
systems suffer from many disadvantages like the initial rapid
release and difficult injectability of highly concentrated polymer
solution due to high viscosity2.

As an alternative to in situ implants systems, in situ forming
microparticle (ISM) system has been developed. These systems are
consisting of an internal polymer phase of the drug and the bio-
degradable polymer dissolved in a biocompatible solvent such as
N-methyl-2-pyrrolidone (NMP) emulsified in an external oil phase
containing stabilizer. Once injected, NMP diffuses into the sur-
rounding tissue fluid leaving the drug loaded polymer precipitated
in the form of microparticles formed in situ3.

ISM-systems offer many advantages including low viscosity of
the emulsion and thus reduced pain during injection. Also, ISM-
systems show reduced initial rapid release because of the pres-
ence of an external oil phase. In addition, ISM are multiparticulates
and could thus minimize the variation of single unit implant
morphology and provide a more consistent and reproducible drug
release. ISM-systems can be prepared by two techniques; the first
is based on preformed emulsion, while the second is based on
emulsification directly prior to injection.

Lornoxicam is a nonsteroidal anti-inflammatory drug (NSAID) of
the oxicam class. It is considered a potent analgesic with excellent
anti-inflammatory properties in the range of painful and/or inflam-
matory conditions, including postoperative pain and rheumatoid
arthritis. It has short half life (3–5 h) that makes the development
of sustained release (SR) forms extremely advantageous4.

The objective of this study is to formulate biodegradable ISM
containing lornoxicam for post-operative and arthritic pain man-
agement in order to decrease dosing frequency and increase
patient compliance. The effect of different formulation parameters
on the release of lornoxicam from the ISM formulae was investi-
gated. A 25 full factorial experimental design was adopted to
investigate the influence of formulation variables on the release
profile of the drug.

Materials and methods

Materials

The following chemicals were used as received: Lornoxicam
(Glenmark Generics Ltd., Mumbai, India), Purasorb PDL02 (poly-DL-
lactide, 0.2 dl/g), Purasorb PDL04 (poly-DL-lactide, 0.4 dl/g),
Purasorb PDLG 5002A (50/50 DL-lactide/glycolide copolymer,
0.2 dl/g), Purasorb PDLG 5004A (50/50 DL-lactide/glycolide copoly-
mer, 0.4 dl/g) (Purac biomaterials Co., Gorinchem, Netherlands),
disodium hydrogen phosphate, potassium dihydrogen phosphate
(Winlab Co., Leicestershire, UK), XefoVR injection 8mg of lornoxicam
(Nycomed, Linz, Austria), Tenoxicam, aluminum mono stearate,
Pluronic F68, sesame oil, peanut oil, NMP, acetonitrile and metha-
nol HPLC grade (Sigma-Aldrich Co., St. Louis, MO). All other
reagents were analytical grade.

CONTACT Mary Yosry Aziz mary.aziz@pharma.cu.edu.eg Department of Pharmaceutics and Industrial Pharmacy, Faculty of Pharmacy, Cairo University, Kasr El
Aini Street, 11562 Cairo, Egypt
� 2016 Informa UK Limited, trading as Taylor & Francis Group

DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY, 2017
VOL. 43, NO. 2, 319–328
http://dx.doi.org/10.1080/03639045.2016.1241259



Determination of equilibrium solubility of lornoxicam in
different media

The equilibrium solubility of lornoxicam in phosphate buffer saline
pH 7.4 and phosphate buffer saline pH 7.4 containing 0.5% Tween
was determined according to Tenjarla et al. method5. An excess
quantity of lornoxicam was added to 10ml of each of the above
mentioned solutions in screw capped glass vials. The vials were
placed a shaking water bath (Model 1083, GLF Corp., Burgwedel,
Germany) maintained at a speed of 100 strokes per minute at
37 �C until equilibrium. Then, the solutions were filtered and the
amount of drug dissolved in each medium was determined spec-
trophotometrically by means of UV spectroscopy (1601-PC Double
beam spectrometer, Shimadzu, Kyoto, Japan) at the predetermined
wavelength.

Compatibility of lornoxicam with additives used

Physical mixtures of lornoxicam with additives used; PDLG 5002A,
PDLG 5004A, PDL 02, PDL 04 were prepared by mixing in 1:1 w/w
ratio. The prepared mixtures were evaluated for the possible inter-
actions using differential scanning calorimetry (DSC). The absence
or the presence of interactions was further confirmed using
Fourier-transform infrared spectroscopy (FT-IR).

Differential scanning calorimetry

Samples of (3–4mg) were placed in aluminum pan and heated at
a rate of 10 �C/min, with indium in the reference pan, in an atmos-
phere of nitrogen to a temperature of 400 �C (Differential scanning
calorimeter, Shimadzu (DC-60), Kyoto, Japan). The DSC studies
were performed for the drug, the aforementioned additives and
for the drug-additives powder mixtures.

Fourier-transform infrared spectroscopy

FT-IR spectra between 4000 and 500 cm�1 of the drug, the addi-
tives and the drug-additives powder mixtures were determined
using the KBr disc technique (FT-IR spectrophotometer, Genesis II,
Mattson, Geneseo, NY).

The statistical design of the study

The ISM emulsions were prepared according to 25 full factorial
experimental design in order to investigate the influence of formu-
lation variables on the release profile of the drug. In this design,
polymer type (X1), polymer inherent viscosity (molecular weight)
(X2), polymer concentration (X3), oil type (X4) and polymer:oil ratio
(X5) were selected as independent variables whereas percentage
of lornoxicam released after 1 h (Y1), 24 h (Y2), one week (Y3) and
two weeks (Y4) were chosen as dependent variables. The levels of
the chosen independent variables are illustrated in Table 1. The
objective was to prepare lornoxicam injectable ISM with a SR

profile up to 14 days. So, the target was to obtain a release profile
having the minimum burst release in the first hour, 20–30%
released after 24 h, 55–65% of drug released after one week, and
>90% of drug released at two weeks. Table 2 shows the compos-
ition of lornoxicam ISM formulae (M1–M32).

All data were statistically analyzed using statviewVR software
(SAS Institute, Cary, NC), version 5.0 for personal computer. Means
for each response individually were compared by ANOVA-factorial.
Significance level was set at p< .05.

Preparation of the ISM formulae

The internal polymer phase was prepared by dissolving the pura-
sorb polymer, lornoxicam and pluronic F68 (25mg as surfactant)
in NMP using water bath sonicator (Model 275 T, Crest Ultrasonics
Corp., Trenton, NJ). The continuous oil phase was prepared by dis-
persing aluminum monostearate (2.5% w/w as stabilizer) in the
vegetable oil (peanut oil or sesame oil) under vortexing. The calcu-
lated weights of both phases according to the design were emulsi-
fied using probe sonicator for two minutes to form the ISM
emulsions (probe sonicator, Hielscher, Teltow, Germany). Non-
aqueous ISM emulsions were stabilized by the combination of the
biocompatible emulsifier (Pluronic F68) and the continuous phase
viscosity enhancer (aluminum monostearate). All batches were pre-
pared in triplicate.

Syringeability measurement

Syringeability was done using handmade equipment which
was modified from similar equipment previously used in
researches6–8. Sample (1ml) was filled into 5ml syringe with

Table 1. The levels of the chosen independent variables.

Factors (independent variables) Levels of variables

X1: polymer type PDLG–PDL
X2: polymer inherent viscosity

(molecular weight)
PPLG: 5002 a (low)–5004 a (high)
PDL: 02 (low)–04 (high)

X3: polymer concentration 5–15% (w/v)
X4: oil type Peanut–Sesame
X5: polymer phase:oil phase ratio 1:1 to 1:2

Table 2. The composition of lornoxicam in situ microparticles formulae.

Formula Oiltype
Polymer
type

Polymer
inherent

viscosity (dl/g)
Polymer

concentration %
Polymer:oil

ratio

M1 Peanut PDLG 0.2 5 1:1
M2 Peanut PDLG 0.2 15 1:1
M3 Peanut PDLG 0.2 5 1:2
M4 Peanut PDLG 0.2 15 1:2
M5 Peanut PDL 0.2 5 1:1
M6 Peanut PDL 0.2 15 1:1
M7 Peanut PDL 0.2 5 1:2
M8 Peanut PDL 0.2 15 1:2
M9 Peanut PDLG 0.4 5 1:1
M10 Peanut PDLG 0.4 15 1:1
M11 Peanut PDLG 0.4 5 1:2
M12 Peanut PDLG 0.4 15 1:2
M13 Peanut PDL 0.4 5 1:1
M14 Peanut PDL 0.4 15 1:1
M15 Peanut PDL 0.4 5 1:2
M16 Peanut PDL 0.4 15 1:2
M17 Sesame PDLG 0.2 5 1:1
M18 Sesame PDLG 0.2 15 1:1
M19 Sesame PDLG 0.2 5 1:2
M20 Sesame PDLG 0.2 15 1:2
M21 Sesame PDL 0.2 5 1:1
M22 Sesame PDL 0.2 15 1:1
M23 Sesame PDL 0.2 5 1:2
M24 Sesame PDL 0.2 15 1:2
M25 Sesame PDLG 0.4 5 1:1
M26 Sesame PDLG 0.4 15 1:1
M27 Sesame PDLG 0.4 5 1:2
M28 Sesame PDLG 0.4 15 1:2
M29 Sesame PDL 0.4 5 1:1
M30 Sesame PDL 0.4 15 1:1
M31 Sesame PDL 0.4 5 1:2
M32 Sesame PDL 0.4 15 1:2
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attached 19 gauge needle. The syringe was connected to rubber
tube ended with air pump. Pressure exerted on the solution sur-
face, by the forced air, was measured in mmHg unit by sphyg-
mometer. The presence of valve allowed maintaining constant
pressure (70mmHg). The time taken to eject 1ml of each formula
was recorded. The values of flow rate (ml/min) were calculated to
give an indication for the injectability9.

In vitro release

The prepared emulsions were transferred using 21 gauge needle
into overnight soaked dialysis bag (MW 12,400, Sigma-Aldrich, St.
Louis, MO) containing 1.5ml phosphate buffer saline (PBS – pH 7.4
containing 0.5% Tween 80)10. The dialysis bag was immersed in
100ml PBS (pH 7.4 containing 0.5% Tween 80), contained in stop-
pered glass bottles, at 37 �C for 14 days in horizontal shaker oper-
ated at 100 rpm11. The medium (100ml) was withdrawn and
replaced every sampling time with fresh one. Sampling times were
0.25, 0.5, 1, 2, 4, 6, 8, 24, 48, 72, 168 and 336 h. Samples were
assayed spectrophotometrically for drug content at the predeter-
mined wavelength. The obtained results were the mean of three
runs.

Kinetic analysis of the release data

In order to determine the release model, the in vitro release data
were analyzed according to zero order, first order and diffusion
controlled mechanism according to simplified Higuchi model12.

Rheological measurement

Six milliliters of each formula was used to measure its rheological
properties using Brookfield Viscometer (Middleboro, MA) using
small sample adapter. Percentage torque values were recorded at
speed values ranged from 0.3 to 60 rpm. Results were recorded
only when the torque was within the acceptable range
(10–90%)13. Several models were used to analyze the rheological
behavior of the prepared formulae.

Photomicroscopic analysis and particle size determination

Particle size and morphology of the ISM were evaluated by dis-
persing 0.5ml of the ISM emulsion into 50ml phosphate buffer
saline (PBS – pH 7.4 containing 0.5% Tween 80). For particles hard-
ening, ISM were stirred for approximately 1 h.

Photomicroscopic analysis of the filtered in situ formed micro-
particles was examined microscopically at magnification of 20�
and 40� using "Leica Image Analyzer" (Leica DM2500 P, Buffalo
Grove, IL) which consists of binocular microscope equipped with
computerized digital camera. The particle size of the ISM was
determined by averaging the diameter of 50 particles with image
analysis software.

Scanning electron microscope imaging

The emulsions of the selected optimum formulae were injected
into 100ml PBS containing 0.5% Tween 80 (dissolution medium)
contained in glass bottle at 37 �C for 2 h in horizontal shaker oper-
ated at 100 rpm. These samples were filtered and coated with
gold then imaged with scanning electron microscope (SEM Model
Philips XL 30 attached with EDX Unit, with accelerating voltage

30 kV, magnification 10� up to 400,000� and resolution for W
(3.5 nm), Eindhoven, Netherlands)14.

Effect of sterilization by gamma radiation

Samples of the selected optimum lornoxicam ISM formulae were
sterilized using gamma radiation (c-irradiator, Gammacell 1000;
BEST Theratronics, Ontario, Canada). First, they were packed in dry
ice inside a polyurethane container and then sterilized. After steril-
ization process, the formulations were evaluated for their physical
characters and in vitro drug release. Similarity factor (f2) was calcu-
lated in order to compare the release profiles of the sterilized and
non-sterilized formulae.

In vivo pharmacokinetics study in rabbits

Study design
Nine male white New Zealand rabbits (each �2 kg) were divided
into three groups. The rabbits were housed in an air-conditioned
room and fed a standard pellet diet and water ad libitum.
Alternate night and day cycles, 12 h each, was provided with artifi-
cial fluorescent light. Group I was injected intramuscularly with
market product immediate release XefoVR injection. Groups II and
III were injected intramuscularly with the selected sterilized most
optimum formulae M7 (ISM formula containing 5% PDL02:peanut
oil 1:2) and M22 (ISM formula containing 15% PDL02:sesame oil
1:1), respectively. IM administration was performed in the semi-
membranous muscle (caudal muscle mass of the hind leg). The
protocol of the studies (PI 232) was approved by the Research
Ethics Committee in the Faculty of Pharmacy, Cairo University
(REC-FOPCU), Egypt.

Venous blood samples (2ml) from eye vein were collected into
heparinized tubes at the following time points: 0 (predose), 0.5, 1,
2, 2.5, 3, 3.5, 4, 6, 8 h and (1, 2, 3, 7, 10 and 14 days) after adminis-
tration of each treatment. Plasma was immediately separated from
the blood cells by centrifugation at 3500 rpm for 10min
(Centrifuge, Centurion Scientific Ltd., West Sussex, UK) and stored
frozen at �20 �C until required for analysis.

HPLC analysis of lornoxicam in rabbit plasma
A modified method of Radhofer-Welte and Dittrich15 was adopted.
Tenoxicam was adopted as an internal standard (IS). The thawed
plasma samples were spiked with tenoxicam, mixed (0.20ml) with
acetonitrile (0.20ml) and vortexed for one minute and centrifuged
at 5000 rpm for 5min. Portions of the supernatants were trans-
ferred to HPLC tubes and a volume of 20 ml was injected onto the
HPLC column. HPLC apparatus consisting of: Isocratic pump LC-10
AD and a UV/VIS detector SPD-10A connected to a C-R6A chroma-
topac integrator; all from Shimadzu, Kyoto, Japan. The analytical
column was SupelcosilTM LC-18-TY, particle size 3mm, 150mm
�4.6mm, bonded phase; Supelco-Analytical, Sigma-Aldrich Co., St.
Louis, MO. The mobile phase consisted of 0.1 M sodium dihydro-
gen phosphate buffer (pH ¼6):methanol (50:50, v/v) at a flow rate
of 1.5ml/min. The mobile phase solution was filtered and
degassed. All assays were performed at ambient temperature and
the UV detection wavelength was 385 nm.

Pharmacokinetic analysis
Pharmacokinetic characteristics of plasma data following adminis-
tration of the specified treatment were estimated for each rabbit
using KineticaTM 2000 computer program, adopting non-
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compartmental analysis. The maximum lornoxicam concentration
in the rabbit plasma (Cmax, mg/ml), the time to reach Cmax (Tmax, h)
as well as the mean residence time (MRT, h) were calculated from
the individual plasma concentration–time curves. The trapezoidal
rule method was adopted to calculate the area under curve
(AUC0–336, mg.h/ml). The area under the curve extrapolated to
infinity (AUC0–1) was calculated as AUC0–tþ Ct/Lz, where Ct is the
last measurable concentration.

Statistical analysis
A one-way analysis of variance (ANOVA) was applied in order to
investigate the statistical significance of the effect of formulation
on the pharmacokinetic parameters of the tested formulations and
XefoVR injection. Non-parametric Kruskal–Wallis test was employed
for the evaluation of the Tmax and MRT. The one-way ANOVA and
the Kruskal–Wallis test were carried out using the software SPSS
17.0VR (SPSS Inc., Chicago, IL). A p value<.05 was considered statis-
tically significant.

Results and discussion

Solubility studies

The mean equilibrium solubility of lornoxicam in phosphate buffer
saline pH 7.4 and phosphate buffer saline pH 7.4 containing 0.5%
Tween was found to be 220.7 ± 2.25 mg/ml and 512.6 ± 3.054mg/ml,
respectively. The addition of 0.5% Tween 80 to the release media
significantly increased the solubility of lornoxicam so it is used to
maintain sink conditions during the in vitro release study. Tween
80 is recommended for enhancing the solubility and dissolution
rate of lornoxicam16,17. Lornoxicam is a poorly soluble class II drug
according to Biopharmaceutics Classification System (BCS). It has
pH dependent solubility because it is acid in nature18.

Differential scanning calorimetry

DSC was performed for lornoxicam, PDLG 5002A, PDLG 5004A,
PDL 02, PDL04, and the physical mixture of the drug and each
polymer at the ratio of 1:1 (drug/polymer (w/w)). As shown in
Figure 1, the DSC thermogram of lornoxicam was typical of
a crystalline substance, exhibiting a sharp exothermic peak
at 221 �C corresponding to its melting and decomposition19.
The thermograms of the physical mixtures of lornoxicam with the

used polymers showed the existence of the drug exothermic peak
which could indicate the absence of interaction between lornoxi-
cam and the used polymers. However, the reduction in lornoxicam
peak intensity in some thermograms is probably due to dilution
effect of the mixing process.

Fourier-transform infrared spectroscopy

FTIR spectra of pure Lornoxicam and physical mixtures of the dif-
ferent polymers of the study are reported in Figure 2. FTIR spectra
of pure lornoxicam show characteristic peak around 3066 cm�1

(–NH group), sharp peak at 1647 cm�1 (primary amide), 1595,
1548, 1537 (secondary amide), 1145, 1327, 1382 cm�1 (stretching
vibrations of –SO2 group), 829 cm�1 (–C–H aromatic bending) and
791 cm�1 (C–Cl group)20. FTIR spectra of pure drug and its (1:1)
physical mixtures showed no interaction between the lornoxicam
and any of the used biodegradable polymers. So, the drug and
polymers are compatible.

Syringeability evaluation

Upon measuring the flow time and flow rate for the prepared ISM
formulations, it was observed that all of them had a flow time
lower than five seconds and consequently had high flow rate
higher than 12ml/min which indicates good syringeability. Better
injectability and more patient tolerability would be also predicted
during administering the dosage form.

In vitro release

Upon injecting the ISM formulations into the buffer media, NMP
diffused from the polymer solution droplets into the aqueous buf-
fer environment through the oil, leading to polymer precipitation
and formation of microparticles in situ which solidify by time giv-
ing a SR profile21.

As shown in Table 3, the percent drug released after 1 h (which
indicates the burst release) from all the prepared formulae were
markedly low, ranging from 5.6% to 11.86%. It is worthy to say
that ISM systems were shown to reduce the initial drug release
compared to in situ implants as concluded from the study of
Kranz and Bodmeier22. Due to the external oil phase, the polymer
precipitation from ISM-emulsions was significantly slower com-
pared to in situ implants. The percent released after 24 h ranged
from 23.37% to 52.5%, after one week ranged from 44.63% to
81.24% and after two weeks ranged from 59.63% to 100%.

The wide range of difference between the percent drug
released from the prepared formulae of this factorial design at this
time intervals indicates the effectiveness of the factors (variables)
selected in this design.

According to Table 4 which indicates the p values from the
ANOVA analysis of the factorial design, the effect of studied varia-
bles had different significance on the selected release times.

Analysis of the factorial design demonstrated that the polymer
type showed significant effect on the burst release and percentage
of lornoxicam released after two weeks. The formulae containing
PDL showed statistically significant slower and more sustained
drug release rates than those based on PDLG of the same molecu-
lar weight. A possible explanation is that PDLG is more hydrophilic
than PDL due the glycolic acid content in the PDLG polymer
which leads to rapid water intake by the PDLG microparticles sur-
face region after the formation of the ISM, which in turn results in
swelling of chains close to the surface and drastically increases the
diffusion of the drug molecules23. Also, presence of methyl side

Figure 1. The DSC of: (A) lornoxicam; (B) PDLG 5002 A and lornoxicam; (C) PDLG
5004 A and lornoxicam; (D) PDL 02 and lornoxicam; (E) PDL 04 and lornoxicam.
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groups in PDL makes it more hydrophobic24. The used drug, lornox-
icam, is also hydrophobic in nature25. So, lornoxicam may be more
efficiently incorporated in the internal polymer phase in the formu-
lations containing PDL, consequently, slowly diffused and released.
In addition, the polymer degradation rate is faster for PDLG than

for PDL of the same molecular weight leading to increased diffusion
rates of the drug from the in situ formed microparticles.

The effect of the molecular weight of the polymer appeared
significantly on the percent drug released after two weeks. PDLG
5004A and PDL 04 have a relatively high inherent viscosity and

Figure 2. The FTIR spectra of: (A) lornoxicam; (B) PDLG 5002 A and lornoxicam; (C) PDLG 5004 A and lornoxicam; (D) PDL 02 and lornoxicam; (E) PDL 04 and
lornoxicam.
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molecular weight than the PDLG 5002A and PDL 02 grade. Also, it
may be due to that PDLG 5004A and PDL 04 undergo relatively
slow hydrolytic degradation, thereby exhibiting a relatively lower
release rate as compared to PDLG 5002A and PDL 0226. So, PDLG
5004A was more efficient than PDLG 5002A and PDL 04 increased
drug sustainment than PDL02. This is may be due to the low vis-
cosity of formulae prepared with lower molecular weight polymers
that facilitated entering of water inside of the formulation which
was necessary for solidification, leading to more rapid drug release
pattern and less sustainment.

There was a significant impact of the polymer concentration on
the percent of drug released after 24 h, one week and two weeks.
The high concentration of the polymer 15% was more effective
than 5% in retarding the release rate. A higher polymer concentra-
tion led to a more viscous solution, which delayed the polymer pre-
cipitation relatively and resulted in less porous microparticles with a
slower drug release. This was in accordance with the results
obtained by Luan and Bodmeier in their study on leuprolide acetate
as they showed that the polymer concentration played an import-
ant role in the sustaining drug release from in situ forming systems2.

Results also revealed that oil type had pronounced effect on
the percent drug released after 1 h, one week and two weeks.
Peanut oil was more efficient in retarding drug release than ses-
ame oil. This may be explained by that peanut oil has slightly
higher viscosity than sesame oil which may act as more effective
cover around the internal polymer phase slowing the diffusion of
the water miscible solvent NMP during formation of the ISM then
retarding the release of the drug from the formed microparticles
over time. Also, the higher chemical affinity between NMP and
external continuous phase leads to faster diffusion. The diffusion
rate of NMP from polymer/NMP solution into external continuous
phases is faster through sesame oil than peanut oil. Upon contact
with aqueous solution, polymer/NMP solution precipitated rapidly.
On the contrary, slow diffusion in the case of peanut oil led to
slow polymer precipitation and resulted in less porous micropar-
ticles and more SR pattern. Some formulations containing peanut
oil showed very slow release profiles indicated mainly by the rela-
tively low percentage of drug released during two weeks as in for-
mula M12 and M16 from which less than 65% of the drug
released till two weeks which was too slow.

The polymer phase:oil phase ratio showed statistically signifi-
cant effect on the release profile. Results revealed that changing
the polymer phase:oil phase ratio from 1:1 to 1:2 (w/w) led to
extremely significant decrease in percent drug released after 24 h,
one week and two weeks. This may be due to that increasing the
relative amount of the oil caused a reduction in the direct contact
area between the inner drug–polymer phase and the release
medium and increased the diffusion pathway of the drug/droplets
to the oil/release medium interface, thus resulting in a lower per-
cent drug released2. The external oil phase acts as a barrier for the
solvent resulting in slower solvent diffusion. This result is with
accordance with Ahmed et al. in their study on haloperidol where

Table 4. p Values for different variables from the ANOVA table of the 25 factor-
ial design.

p Values

Factor 1 h 24 h One week Two weeks

Polymer type .0176a .4572 .891 .001a

Polymer inherent viscosity .5868 .2959 .2285 <.0001a

Polymer conc. .7094 .0003a <.0001a <.0001a

Oil type .0477a .1616 .013a <.0001a

Oil ratio .2534 <.0001a <.0001a <.0001a

aSignificant at p< .05.

Table 3. Cumulative percentage drug released at different release times from
ISM formulae.

% lornoxicam released (mean ±SD) after

Formula 1 h (Y1) 24 h (Y2) 168 h (Y3) 336 h (Y4)

M1 7.2 ± 2.98 52.5 ± 2.05 81.242 ± 3.59 94.08 ± 2.59
M2 7.59 ± 2.06 28.91 ± 2.98 57.209 ± 3.45 89.48 ± 3.59
M3 9.69 ± 1.98 37.85 ± 3.78 63.1 ± 3.21 71.8 ± 1.59
M4 11.865 ± 0.97 32.318 ± 2.25 52.37 ± 3.46 65.33 ± 2.55
M5 7.056 ± 1.55 29.69 ± 2.55 62.42 ± 4.05 80.07 ± 3.89
M6 8.23 ± 2.84 33.76 ± 4.03 60.368 ± 2.87 67.62 ± 3.06
M7 8.23 ± 2.97 31.458 ± 2.56 64.865 ± 2.99 92.757 ± 3.49
M8 8.183 ± 1.36 31.507 ± 3.59 58.85 ± 1.59 73.598 ± 2.97
M9 8.232 ± 1.23 31.262 ± 3.69 60.073 ± 3.81 72.813 ± 2.89
M10 10.09 ± 1.43 47.6 ± 1.76 59.9 ± 1.2 69.58 ± 3.55
M11 6.7 ± 2.05 36.7 ± 2.48 66.89 ± 1.87 71.22 ± 3.59
M12 6.517 ± 1.48 24.598 ± 3.69 44.63 ± 1.39 59.633 ± 3.77
M13 11.417 ± 3.09 39.2 ± 3.69 61.936 ± 3.85 82.565 ± 2.64
M14 6.909 ± 1.94 33.418 ± 3.94 67.13 ± 3.31 83.594 ± 3.48
M15 6.419 ± 2.39 29.155 ± 1.28 64.19 ± 2.49 87.416 ± 3.11
M16 7.742 ± 3.64 23.863 ± 2.89 48.363 ± 2.69 62.426 ± 3.97
M17 10.417 ± 0.87 28.91 ± 2.71 65.317 ± 2.97 93.78 ± 3.87
M18 11.025 ± 1.98 34.006 ± 2.46 68.89 ± 3.05 96.873 ± 3.25
M19 10.633 ± 2.01 27.538 ± 2.58 62.132 ± 4.05 83.98 ± 3.83
M20 9.016 ± 2.51 30.527 ± 1.89 61.44 ± 3.59 100 ± 1.57
M21 8.232 ± 2.33 38.661 ± 1.35 63.847 ± 2.98 86.73 ± 3.05
M22 5.635 ± 1.29 30.037 ± 3.59 55.027 ± 1.25 92.795 ± 3.69
M23 11.27 ± 3.36 38.563 ± 2.36 65.17 ± 1.69 82.761 ± 2.54
M24 7.595 ± 3.36 23.373 ± 2.36 51.893 ± 2.565 63.063 ± 1.99
M25 10.976 ± 2.03 29.841 ± 2.36 57.134 ± 2.36 79.67 ± 3.09
M26 11.613 ± 1.69 41.601 ± 2.98 71.447 ± 1.69 88.95 ± 2.91
M27 7.791 ± 2.36 26.411 ± 3.25 61.921 ± 2.12 84.36 ± 3.33
M28 9.849 ± 1.98 29.351 ± 3.02 57.379 ± 3.98 73.157 ± 3.02
M29 10.388 ± 0.98 41.74 ± 1.97 70.51 ± 2.99 89.571 ± 3.69
M30 9.163 ± 2.14 38.171 ± 1.25 58.604 ± 1.54 74.382 ± 1.69
M31 6.566 ± 3.33 39.396 ± 1.69 64.435 ± 1.97 81.683 ± 3.08
M32 7.35 ± 1.12 28.371 ± 2.99 69.237 ± 2.64 89.67 ± 3.54

Table 5. Kinetic parameters of the release of lornoxicam from ISM formulations.

r2

Formula Zero First Diffusion Mech. t50% (h)

M1 .891 .959 .990 Diffusion 25.39
M2 .811 .893 .961 Diffusion 105.88
M3 .900 .957 .990 Diffusion 47.10
M4 .735 .817 .920 Diffusion 118.38
M5 .844 .924 .983 Diffusion 90.06
M6 .803 .890 .966 Diffusion 90.93
M7 .848 .931 .983 Diffusion 74.49
M8 .769 .840 .949 Diffusion 88.40
M9 .793 .868 .962 Diffusion 87.06
M10 .711 .783 .906 Diffusion 20.55
M11 .964 .984 .991 Diffusion 45.58
M12 .790 .877 .956 Diffusion 193.48
M13 .734 .838 .924 Diffusion 77.15
M14 .834 .927 .980 Diffusion 75.11
M15 .860 .939 .988 Diffusion 87.23
M16 .843 .924 .984 Diffusion 181.23
M17 .848 .929 .980 Diffusion 79.87
M18 .807 .920 .957 Diffusion 70.22
M19 .859 .938 .981 Diffusion 93.83
M20 .791 .871 .959 Diffusion 83.19
M21 .798 .893 .949 Diffusion 83.06
M22 .823 .893 .964 Diffusion 115.19
M23 .817 .912 .955 Diffusion 80.89
M24 .867 .934 .985 Diffusion 176.16
M25 .803 .887 .958 Diffusion 103.99
M26 .858 .933 .971 Diffusion 37.78
M27 .856 .928 .984 Diffusion 92.36
M28 .792 .854 .959 Diffusion 95.04
M29 .759 .854 .933 Diffusion 44.47
M30 .751 .842 .922 Diffusion 94.28
M31 .722 .802 .921 Diffusion 69.45
M32 .880 .947 .983 Diffusion 75.83
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the release of the drug decreased by increasing the oil content of
the formula relative to the polymer content27.

A theoretical drug release profile was set to represent the tar-
get drug released percentages after certain time points as follows:
10 ± 5% after 1 h, 30 ± 5% after 24 h, 60 ± 5% after one week and
>90% after two weeks. This would be a suitable SR profile giving
relatively suitable initial release of the drug sufficient to provide a
therapeutic dose soon after administration and then gradual
release over two weeks. The drug release profiles of formulae M7,
M17, M20 and M22 fulfilled these limiting criteria. M7 was the
only peanut oil formula which complied with the hypothetical
release profile. M22 was selected from sesame oil formulae rather
than M17 and M20 as it showed the least burst release and in the
same time based on PDL which was more efficient statistically. So,
the two formulae M7 and M22, representing two types of oil, were
selected for further evaluation and in vivo studies.

Kinetic analysis of the release data

It was found that the release of all formulae (M1–M32) followed
diffusion controlled mechanism as indicated from the highest
coefficient of determination (r2) as shown in Table 5. In general,

diffusion, erosion and degradation are the most important mecha-
nisms for solute transport from polymeric matrices28. The t50% of
the formulations ranged from 20.55 h to 193.48 h indicating the
influence of the different formulation variables in sustaining the
release of the drug.

Rheological measurement

The viscosity of the selected ISM emulsions decreased when the
shear rate was increased. As shown in Figure 3, the flow index val-
ues of M7 and M22 were 0.5378 and 0.6029, respectively, which
were smaller than and far away from one. Thus the selected for-
mulae follow non-Newtonian and shear thinning behavior accord-
ing to power law equation. The handling of the ISM emulsion
could benefit from shear thinning, if the stability-enhancing viscos-
ity increase (low shear) does not compromise the injection of the
emulsions (high shear).

Photomicroscopic analysis and particle size determination

The particle size of the microparticles formed in situ after injecting
the prepared formulae in the buffer system ranged from 3.45 mm

y = 2.9204x0.6029
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Figure 3. Rheograms of the selected ISM formulae M7 and M22.

Figure 4. Photomicroscopic images of the ISM after injecting the formula (A) M7 and (B) M22 in PBS (pH¼ 7.4) containing 0.5% Tween 80.
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to 36.89mm in diameter. They have spherical shape. The photomi-
croscopic images of the selected optimum formulae (M7 and M22)
are illustrated in Figure 4.

Scanning electron microscope imaging

As shown in Figure 5, the in situ formed microparticles of the
selected formulae M7 and M22 have a spherical shape with
slightly irregular surface. The structure of the ISM was strongly
dependent on the polymer:oil phase ratio. Increasing the amount
of the oil phase is recommended to form microparticles with less
porous particle surface3.

Effect of c-sterilization

There were no physical changes in the formulae M7 and M22
before and after sterilization. As shown in Figure 6, the percen-
tages of drug released from M7 at 1 h, 24 h, one week and two

weeks before sterilization were 9.521%, 29.487%, 69.723% and
91.229%, respectively and after sterilization they were 9.240%,
31.881%, 71.298% and 93.045%, respectively. On the other hand,
the percentages of drug released from M22 at 1 h, 24 h, one week
and two weeks before sterilization were 6.212%, 30.037%, 55.027%
and 92.795%, respectively and after sterilization they were 9.685%,
34.225%, 62.597% and 90.258%, respectively. The release profiles
of the sterilized and non-sterilized M7 and M22 formulae were
similar with f2 value of 71 and 66, respectively.

Pharmacokinetic study of lornoxicam in the rabbit plasma

The drug pharmacokinetics in the plasma following Intramuscular
injection of XefoVR and ISM formulae (M7 and M22) were evaluated
in rabbits. The plasma concentration–time profiles of lornoxicam
clearly indicate the ability of the ISM to control the drug release
rate upon intramuscular injection (Figure 7). The mean Cmax values

Figure 5. SEM of the ISM after injecting the formula M7 in PBS (pH ¼7.4) containing 0.5% Tween 80.
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Figure 6. In vitro release of lornoxicam from M7 and M22 before and after c-sterilization.
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representing XefoVR , M7 and M22 were 5.15 ± 0.18, 1.85 ± 0.05 and
1.67 ± 0.20mg/ml, respectively. There was significant difference
(p< .05) between the Cmax values obtained from the tested treat-
ments and subsequent Tukey HSD showed that Cmax values of the
SR formulae M7 and M22 were significantly different from that of
XefoVR . The mean time to peak plasma concentration (Tmax) of lor-
noxicam following the administration of XefoVR was 0.5 h. On the
other hand, the mean Tmax of lornoxicam following the administra-
tion of M7 and M22 was increased to 6± 0.00 and 5.33 ± 1.15 h,
respectively. The mean value of MRT of lornoxicam following the
administration of XefoVR , M7 and M22 was 13.61 ± 0.65,
135.02 ± 6.74 and 162.49 ± 8.12, respectively. Tmax and MRT values
obtained from the three treatments were statistically analyzed
using non-parametric Kruskal–Wallis test to declare the signifi-
cance of difference at p� .05. The results showed that they were
significantly different from each other. It is clear that the Tmax of
lornoxicam was delayed and MRT was prolonged in case of M7
and M22 compared to the market product XefoVR , indicating the
controlled release characteristics of the selected ISM formulae M7
and M22. The mean area under the curve (AUC0–336) of lornoxicam
after the administration of XefoVR , M7 and M22 was 17.45 ± 2.39,
81.93 ± 7.17 and 63.32 ± 7.72mg.h/ml, respectively, whereas the
AUC0–1 was 19.6 ± 2.61, 92.15 ± 9.73 and 76.78 ± 6.46 mg.h/ml,
respectively. One-way ANOVA revealed that there was a significant
difference between the SR formulae and XefoVR . This pharmacoki-
netic investigation demonstrates that in situ forming microparticle
systems using either peanut oil or sesame oil can sustain lornoxi-
cam delivery for a prolonged period.

Conclusion

This study showed the effect of different formulation parameters
on the release of lornoxicam from the ISM formulations.
Changing the polymer type from PDLG to PDL resulted in marked
decrease in the percent of drug released. PDLG 5004a was more
efficient than PDLG 5002a and PDL 04 increased drug sustainment

than PDL02. Increasing the polymer concentration from 5% to
15% leads to significantly slower release patterns. Peanut oil was
more efficient in retarding drug release than sesame oil. Finally,
increasing the oil content of the formulations leads to more SR
pattern. It was found that all formulae had good syringeability
and followed diffusion controlled release mechanism. The in situ
formed microparticles were spherical in shape. The in vivo study
concluded that the SR formulations M7 and M22 achieved pro-
longed drug absorption as indicated by the delayed Tmax and the
extended MRT values in addition to the increased drug bioavail-
ability as indicated by the values of AUC which was found to be
statistically significant from the compared market product.
Injectable biodegradable in situ forming microparticles containing
lornoxicam for post-operative and arthritic pain management
would be a promising approach for providing extended delivery
of lornoxicam with low initial burst.
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