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China makes an impressive breakthrough in avian influenza virus 
research — Discovering the "heart" of avian influenza virus

Yonggang Li1, Jifeng Wu2, Xun Li1,*

News

he successive appearance of strains of epizootic avian 
influenza A virus with the subtype H5N1 in China has 

attracted considerable concern from the public and Chinese 
authorities. According to the latest WHO estimates as of 
February 2, 2009, the number of H5N1 virus deaths in 
China totaled 25, second only to Indonesia and Viet Nam 
(http://www.who.int/csr/disease/avian_influenza/country/
cases_table_2009_02_02/en/index.html).
 The H5N1 virus is highly contagious among birds and 
is fatal when transmitted to humans, though the means by 
which this occurs is still unknown. Owing to the possible 
variation of the H5N1 prototype virus, together with the 
fact that it has the propensity to exchange genes with 
influenza viruses from other species, humans have no 
natural immunity to the virus. Despite years of efforts, 
the exact pathogenesis of H5N1 transmission to humans 
is still not completely clear, nor is potential human-to-
human transmission as could lead to an epidemic or 
even worldwide pandemic (Enserink M. Science. 2009; 
323:324). Unfortunately, current antiviral treatment 
and therapeutic measures cannot effectively overcome 
this virulent virus that causes highly pathogenic avian 
influenza (HPAI).
 Researchers from around the world are working to 
study the virology of influenza viruses, including their 
methods of infiltration, replication, and transcription, to 
elucidate the mechanisms of unremitting viral infection in 
terms of aspects such as the virus, host, and environment. 
These researchers are also working to identify potential 
molecular targets related to H5N1 for anti-influenza drug 
intervention.
 A recent H5N1-related study from China provides 
encouraging information. According to the People's Daily 
(Renmin Ribao), a newspaper out of Beijing, professor Liu 
Yingfang, academician Rao Zihe, and fellow researchers 
from more than 6 research centers, including the Institute 
of Biophysics Chinese Academy of Sciences, Nankai 
University, and Tsinghua University, have achieved 
exciting results in providing a detailed understanding of 
the mechanisms of action of the RNA polymerase PA 
subunit, the "heart" of the avian influenza virus, at the 
atomic level. They hope to provide clues to potential avian 
influenza therapy targets and a new platform for new 

drug discovery (http://202.123.110.5/jrzg/2009-02/06/
content_1222973.htm, available as of February 6, 2009).
 According to Liu et al., influenza viruses are 
enveloped, negatively stranded RNA viruses with a 
segmented genome (consisting of 8 RNA segments) 
that can encode 11 kinds of viral proteins. Among these 
proteins, the complex of influenza polymerase, consisting 
of PB1, PB2, and PA subunits, is regarded to be what gives 
life to influenza viruses because of its essential catalytic 
role in viral RNA replication and mRNA transcription 
in the nucleus of infected cells. Notwithstanding earlier 
virology studies on the influenza virus that elucidated the 
functions of PB1 and PB2, the exact function of PA is still 
not completely clear.
 The group resolved the crystal structure of the 
carboxyl-terminus of PA in complex with the amino-
terminus of PB1 peptides for the first time. This structure 
mode provides details for the interactions of PA and PB1, 
as well as the binding sites of PA and RNA. Results of the 
research, entitled the "Crystal structure of the polymerase 
PA(c)-CPB1(N) complex from an avian influenza H5N1 
virus," were published in the August 28th issue of the 
respected international scientific journal Nature (He X, 
Zhou J, Bartlam M, et al. Nature. 2008; 454:1123-1126).
 Further efforts by the group served to indicate the 
fine three-dimensional structure of the N-terminal of 
PA protein. They revealed that the PA subunit holds an 
endonuclease active site and that it, rather than the PB1 
subunit as was previously, plays a critical role in the 
endonuclease activity of influenza virus polymerase. In 
addition, PA's characteristics of being highly conserved 
and having little mutations make it an attractive target for 
anti-influenza therapeutics. Specifically, endonuclease can 
block the mRNA of host cells cached by the complex of 
polymerase, resulting in mRNA transcription.
 Results of the group's most recent research have been 
published in a recent February 4th issue of Nature (Yuan 
P, Bartlam M, Lou Z, et al. Nature. 2009; Epub ahead of 
print).

(1 School of Pharmaceutical Sciences, Shandong University, 
Ji'nan, China; 2 Ji'nan Public Security Bureau, Ji'nan, China; 
*e-mail: tjulx2004@sdu.edu.cn)
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Establishment of a new cell line for high-throughput evaluation 
of chemokine CCR5 receptor antagonists

Lili Ji1, Yuchen Sheng2, Li Chen3,*, Zhengtao Wang1,*

1 Key Laboratory of Standardization of Chinese Medicines of Ministry of Education, Shanghai Key Laboratory of Complex 
Prescription, Institute of Chinese Materia Medica, Shanghai University of Traditional Chinese Medicine, Shanghai, China;

2 The Department of Pharmacology, Shanghai Institute of Pharmaceutical Industry, Shanghai, China;
3 Shanghai Target Drug Pharmaceutical Co.,Ltd., Shanghai, China.

ABSTRACT: Chemokine receptors belong to 
a superfamily of proteins that signal through 
coupled heterotrimeric G proteins. Chemokine 
receptor CCR5 is the major co-receptor essential 
for HIV entry into host cells, and now chemokine 
CCR5 receptor has become an important target in 
searching for anti-HIV drugs. Here, we describe the 
establishment of a human embryonic kidney (HEK) 
293/CCR5-HA cell line stably expressing CCR5 
receptor with influenza hemagglutinin (HA) tag at 
the N termini on the membrane surface of HEK293 
cells. Plasmid pcDNA3.0-CCR5-HA was transfected 
into HEK293 cells, and monoclonal HEK293 cell 
lines expressing CCR5 receptor were generated 
under G418 selection. The expression of functional 
CCR5 receptor was tested by GTPγS assay, and 
the results showed about 5 monoclonal HEK293 
cell lines expressed functional CCR5 receptor, and 
of which No.7 monoclonal cell line is the best. The 
FACS analysis results further confirmed that CCR5 
receptor was positive in 96.89% of No.7 monoclonal 
HEK293/CCR5-HA cell line. Further results 
showed that RANTES significantly stimulated 
GTPγS binding in the dose-dependent manner, and 
CCR5 antagonist Sch-351125 inhibited RANTES-
stimulated GTPγS binding in the dose-dependent 
manner in No.7 monoclonal HEK293/CCR5-HA 
cell line. Our results suggest that the established 
HEK293/CCR5-HA cell line is suitable for high-

throughput screening and is feasible to identify 
CCR5 receptor antagonists.

Keywords: Chemokine, HEK293 cell, CCR5 receptor, 
Drug screening

1. Introduction

The incidence of acquired immune deficiency 
syndrome (AIDS) continues to increase in the world, 
and about 60 million people are estimated to have 
AIDS. In China, there are nearly 1 million people 
infected with human immunodeficiency virus (HIV), 
and this disease has been spreading aggressively 
ever since. An asymptomatic period precedes AIDS 
in which the immune system becomes progressively 
compromised and unable to fight opportunistic 
infections and certain cancers (1). The primary 
cell surface receptor for HIV infection is the CD4 
glycoprotein, but only CD4 is not sufficient for the 
infection of HIV. It is now clearly established that 
chemokine receptors can act in concert with CD4 to 
enable the entry of HIV and simian immunodeficiency 
virus (SIV) into target cells (2-5).

Chemokines, a family of structurally related 
low molecular mass cytokines, are crucial to the 
development of lymphoid tissues and the migration of 
leukocytes (6). Chemokines are distinguished based 
on the relative position of conserved residues into 
four subfamilies, designated CC, CXC, C and CX3C 
chemokines, and chemokines exert their biological 
effects by binding to chemokine receptors, which 
belong to the seven-transmembrane G protein coupled 
receptor family (7).

Chemokine CCR5 receptor has recently sparked 
substantial interests because of its role as the co-
receptor for the infection of M-tropic HIV strains 
(8). HIV binds to cellular membrane CD4 through 

2
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Dr. Zhengtao Wang, Key Laboratory of Standardization 
of Chinese Medicines of Ministry of Education, 
Shanghai Key Laboratory of Complex Prescription, 
Institute of Chinese Materia Medica, Shanghai 
University of Traditional Chinese Medicine, 1200 Cai 
Lun Road, Shanghai 201203, China;
e-mail: wangzht@hotmail.com
Dr. Li Chen, Shanghai Target Drug Pharmaceutical 
Co.,Ltd., Shanghai 200233, China;
e-mail: chenli8888@hotmail.com
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its envelope protein gp120. This binding induces a 
conformational change in gp120, and then exposes 
the binding sites of CCR5 receptor. This process 
leads to the formation of a hairpin configuration with 
the conformational change of another HIV protein 
gp41, and subsequently leads to the membrane fusion 
(9-11). One of the approaches to the blockade of this 
process is through interference with the binding to 
CCR5 receptor, therefore, its ligands such as regulated 
on activation normal T-cell expressed and secreted 
(RANTES), macrophage inflammatory protein 
(MIP)-1α, and MIP-1β are able to block infection 
of M-tropic HIV strains (12). Several NH2-terminal 
modifications of RANTES have also been described 
to block the infection by HIV-1 such as Met-
RANTES, aminooxypentane (AOP)-RANTES, etc 
(13,14). Recently the small molecule CCR5 receptor 
antagonists have been proved to be useful in blockade 
of the infection of HIV-1. There are many companies 
and institutes apply themselves to developing and 
searching the CCR5 receptor antagonists, and they 
get some progress in this field such as TAK-779 and 
its derivates, WO200066551 and its derivates, a serial 
of Sch-C derivates, etc (15-17). Therefore, CCR5 
receptor antagonists, the next therapeutic class for 
treatment of HIV infection (18), have the potential 
to significantly alter the landscape of HIV treatment 
by providing a new class of drug that targets a host 
cellular receptor rather than a viral enzyme.

The present study describes the establishment of 
a stable HEK293/CCR5-HA cell line, which would 
be an ideal system for high-throughput screening of 
CCR5 receptor antagonist.

2. Materials and Methods

2.1. Cells, chemicals, and plasmids

HEK293 cells were obtained from the American 
Type Culture Collection (ATCC) and maintained in 
MEM supplemented with 10% fetal bovine serum 
(FBS). Recombinant human RANTES was from BD 
Biosciences Pharmingen, San Jose, CA, USA. Mouse 
mAb 12CA5 against HA epitope was obtained from 
Boehringer Mannheim, and FITC-conjugated goat 
anti-mouse IgG was from Tago, Burlingame, CA, 
USA. A plasmid for expressing CCR5-HA fusion 
protein (pcDNA3-CCR5-HA) was kindly provided 
by Prof. Gang Pei, Shanghai Institutes for Biological 
Sciences, Chinese Academy of Sciences, China 
(19,20). Sch-351125 was gifts from Prof. Dawei Ma, 
Shanghai Institute of Organic Chemistry, Chinese 
Academy of Sciences, China. LipofectamineTM 2000 
was from Invitrogen, Carlsbad, CA, USA. [35S]GTPγS 
was from GE Healthcare Bio-Sciences, Piscataway, 
NJ, USA, and all other reagents unless indicated were 
from Sigma-Aldrich, St Louis, MO, USA.

2.2. Transfection and cell line establishment

HEK293 cells were transfected with the recombinant 
plasmid pcDNA3-CCR5-HA using LipofectamineTM 

2000 according to the manufacture's instructions. Forty-
eight hours post transfection transfected HEK293 cells 
were trypsinized and persistently cultured in MEM 
medium containing 0.5 mg/mL G418 for 2-3 weeks. 
Every resistant "cell island" was trypsinized and seeded 
to the 96-well plate by the limiting dilution in MEM 
medium containing G418 to generate signal cell clones. 
The G418 resistant monoclonal cell clones that grew 
well were selected for further analysis.

2.3. [35S]GTPγS binding assay

The assay was carried out as described (20). Cells were 
lysed in 5 mM Tris-HCl, pH 7.5, 5 mM EDTA, 5 mM 
EGTA at 4°C. The membrane pellet resulted from a 
30,000 × g centrifugation was resuspended, and aliquots 
containing 10 μg protein were incubated at 30°C for 
1 h in 50 mM Tris-HCl, pH 7.5, 1 mM EDTA, 5 mM 
MgCl2, 100 mM NaCl, 40 μM GDP, 0.5 nM [35S]GTPγS 
(1,200 Ci/mmol) in the presence or absence of the 
agonists in a total volume of 100 μL. The reaction was 
terminated by adding cold PBS and filtered through GF/
C filters, which were counted in a liquid scintillation 
spectrophotometer. Data were means of duplicate 
samples. Basal binding was determined in the absence 
of agonists, and nonspecific binding was obtained 
in the presence of 10 μM GTPγS. The percentage of 
stimulated [35S]GTPγS binding was calculated as 100 × 
(cpmsample – cpmnonspecific) / (cpmbasal – cpmnonspecific).

2.4. Flow Cytometry

Cells were incubated with 5 μg/mL anti-HA antibody in 
PBS containing 2% BSA at 4°C for 1 h. The presence 
of CCR5 chemokine receptors on the cell surface was 
detected by incubation with FITC-conjugated goat anti-
mouse IgG. The cells were analyzed on a FACSCalibur 
flow cytometer. Basal cell fluorescence intensity was 
determined with cells stained with the secondary 
antibody alone.

2.5. Statistical analysis

Data were presented as mean ± standard deviation 
and analyzed by the Student's t test using SigmaPlot 
8.0. P < 0.05 was considered statistically significant.

3. Results and Discussion

3.1. Establishment of stable cell lines expressing CCR5-
HA fusion protein

The application of stable and reliable in vitro cell model 
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positive in 96.89% of HEK293/CCR5-HA cells (No.7), 
while in 2.44% of HEK293 cell (Figure 1B). All these 
results indicate that No.7 monoclonal cell line stably 
expresses chemokine CCR5 receptor on HEK293 cell 
membrane surface.

3.2. Functional analysis in HEK293/CCR5-HA cell line

As shown in Figure 2A, CCR5 receptor agonist 
RANTES stimulated GTPγS binding in No.7 HEK293/
CCR5-HA cells in the dose-dependent manner. In 
contrast, CCR5 receptor specific antagonist Sch-351125 
inhibited RANTES-stimulated GTPγS binding in a 
dose-dependent manner (Figure 2B).

In summary, this established HEK293/CCR5-HA 
cell line would be most valuable as a tool for high-
throughput screening the antagonists of chemokine 
CCR5 receptor and in vitro evaluation of therapeutic 
potential in the anti-HIV therapy.
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is a prerequisite for the successful start of screening the 
CCR5 receptor antagonists. Since CCR5 receptor has no 
specific ligand, and since the ligands for CCR5 such as 
RANTES, MIP-1α, and MIP-1β are also the ligands for 
CCR1, CCR3, etc., the establishment of the particular 
CCR5 expression cell lines is of most importance. 
To establish cell lines stably expressing CCR5-HA 
fusion protein, HEK293 cells were transfected with the 
plasmid pcDNA3-CCR5-HA and colonies were selected 
in the presence of G418 sulfate and formed some 
visually distinct "cell islands". Independent and G418-
resistant cell islands were trypsinized and cloned by 
limiting dilution. After selection, eight G418 resistant 
clones were obtained in HEK293 cells transfected with 
pcDNA3-CCR5-HA. The [35S]GTPγS binding assay has 
been widely applied to determine the agonist-dependent 
of PTX-sensitive Gi/o proteins mediated by G-protein 
coupled receptors (GPCRs) (21). It has been reported 
that CCR5 receptor functionally couples to membrane-
associated inhibitory G proteins (20), therefore, in this 
study we use [35S]GTPγS binding assay to fast observe 
whether the selected monoclonal cell lines express the 
functional CCR5 receptor. As shown in Figure 1A, there 
were five monoclonal cell lines expressing functional 
CCR5 receptor, and of which No.7 is the best. We 
further used FACS analysis to confirm the membrane 
surface expression of CCR5-HA in No.7 HEK293/
CCR5-HA cells. The results showed that CCR5 was 

Figure 1. Establishment of the monoclonal HEK293/CCR5-HA 
cell line. (A) RANTES (10 nM) stimulated GTPγS binding in the non-
selected polyclonal (poly) and selected monoclonal cell lines (m1, 
m2, m4, m5, m6, m7, m8, m9). Data were mean ± SD performed in 
duplicate. * p < 0.05, ** p < 0.01 compared with absence of RANTES. 
(B) FACS analysis of the expression of CCR5-HA on the membrane 
surface of No.7 monoclonal cell line. Cells were incubated with anti-
HA antibody fi rst, and then stained with FITC-conjugated secondary 
antibody and detected with a FACS scan analyzer.

Figure 2. Functional analysis of monoclonal No.7 HEK293/CCR5-
HA cells. (A) RANTES stimulated [35S]GTPγS binding. Data were 
mean ± SD of two experiments performed in duplicate. * p < 0.05 
compared with absence of RANTES. (B) CCR5 receptor antagonist 
Sch-351125 inhibited RANTES-stimulated [35S]GTPγS binding in 
No.7 HEK293/CC5 cells. Data were mean ± SD of two experiments 
performed in duplicate.
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ABSTRACT: The purpose of the present study 
was to develop ophthalmic gel formulations of 
fluconazole. Intraocular delivery of topically 
applied drugs such as fluconazole is hampered by 
elimination of the solution due to tear turnover, so 
an in situ gelling thermoreversible mucoadhesive gel 
was formulated. Thermoreversible mucoadhesive 
gels were prepared using the cold method along 
with poloxamer 407 and different mucoadhesive 
polymers such as hydroxy ethyl cellulose (HEC), 
hydroxy propyl methyl cellulose (HPMC) K4M, 
and polyvinyl pyrrolidone (PVP) K30. Gels were 
evaluated for physical parameters like appearance, 
gelation temperature, pH, spreadability, drug 
content, gel strength, bioadhesion, and in vitro 
permeation. A modified device (modified K-C 
diffusion cell with a sheep's eye corneal membrane 
as a diffusion membrane) was used for evaluation 
of drug permeation through a sheep's corneal 
membrane. The formulated gels were transparent, 
uniform in consistency, and had spreadability with 
a pH range of 6.8 to 7.3. Satisfactory bioadhesion 
on the sheep's corneal surface and good gel 
strength were also observed. Diffusion studies have 
shown that a matrix is the best-fit model. As the 
concentration of mucoadhesive agent increases, the 
rate of permeation decreases. The order of drug 
permeation through the membrane was HEC > 
PVP K30 > HPMC K4M. This study found that 
a thermoreversible polymer and mucoadhesive 
polymers can be effectively used to prolong 
residence time.

Keywords:  Ophthalmic gels ,  Poloxamer 407, 
Mucoadhesive polymers, In situ gelling

1. Introduction

In the field of pharmaceutical research, ophthalmic 
delivery is extremely interesting and highly challenging 
(1,2). Topical ocular infections and especially fungal 
infections can be effectively treated with ocular 
delivery itself rather than using an oral delivery of 
drugs. Popular treatments such as eye drops and 
suspensions are available for topical administration 
of ophthalmicaly active drugs to tissues around the 
ocular cavity. These suffer from a drawback in that 
the active constituent becomes diluted in tear film 
as the preparation is instilled into the cul-de-sac and 
is rapidly drained away from pre-corneal cavity by 
constant tear flow and lacrimo-nasal drainage. As a 
result, only a small fraction of the dose is absorbed by 
ocular tissues. Hence, frequent administration and use 
of concentrated solutions serve to provide the desired 
therapeutic effect (3). Candidal endophthalmitis is a 
sight-threatening ocular infection that most frequently 
occurs as a complication of candidemia. Fluconazole 
is a fluorinated bis-triazole derivative that has been 
reported to be effective against Candida albicans 
in various experimental animal models and clinical 
settings (4).

Thermoreversible gels made of poloxamer 407 have 
in situ gelling behavior (5). In situ gels formulated 
using poloxamer 407 can be conveniently applied to 
the conjunctival sac, where they undergo transition 
from a sol to a gel. Prolongation of residence time due 
to these in situ gelling systems will help to deliver 
a drug continuously in a controlled manner to the 
anterior chamber of eye, eliminating the need for 
frequent administration of drug and thus resulting in 
better patient compliance and prolonged action. This 
will result in a dose reduction, helping to minimize 
local and systemic side effects (6). In the present study, 
mucoadhesive polymers such as hydroxy propyl methyl 
cellulose (HPMC) K4M, hydroxy ethyl cellulose 
(HEC), and polyvinyl pyrrolidone (PVP) K30 were 
used to prolong the residence time of the gels and may 
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have helped to provide an additional advantage to gels 
containing poloxamer 407 alone.

2. Materials and Methods

2.1. Materials

Fluconazole was donated by Glenmark Pharmaceuticals 
(Mumbai, India), poloxamer 407 was donated by BASF 
India (Mumbai, India), and HEC, HPMC K4M, and 
PVP K30 were supplied by Cipla (Mumbai, India). All 
other chemicals used were of analytical grade.

2.2. Methods

Thermoreversible mucoadhesive gels of fluconazole 
were prepared using the cold method (7). Accurately 
weighed quantities of fluconazole and mucoadhesive 
polymer (Table 1) were dissolved in sterile water. To 
these solutions the required amount of poloxamer 407 
was added. Weight was adjusted with distilled water to 
reach a final concentration of fluconazole of 0.2% (w/w). 
The solution was mixed well and stored at 4°C for 12 h. 
All solutions were adjusted to a pH in the range of 6.8 
to 7.3 with the help of 2 M NaOH. All gel formulations 
were evaluated for physical appearance, consistency and 
spreadability.

2.3. Measurement of gelation temperature

Gelation temperatures of the gels were measured 
according to the method described by Gilbert et al. (8). 
Two mL aliquots of the gel were transferred in a test 
tube sealed with a parafilm and immersed in a water 
bath at 4°C. The temperature of the bath was increased 
in increments of 1°C and left to equilibrate for 15 min 
at each new setting. The samples were examined for 
gelation, which is considered to have occurred when 
the meniscus would no longer move when tilted more 
than 90°C. All measurements were performed in 
triplicate (n = 3).

2.4. Content uniformity

All prepared gel formulations were tested for content 
uniformity.

2.5. In vitro bioadhesion evaluations

The bioadhesive force of all of the batches was 
determined by the method described by Choi et al. 
(9). A sheep's corneal membrane was cut from the eye 
of a sheep and instantly fixed with the mucosal side 
outwards onto a glass vial using a rubber band. Vials 
with the corneal membrane were stored at 37°C for 5 
min. Then, the next vial with a section of membrane 
was connected to a balance in an inverted position 
while the first vial was placed on a height adjustable 
pan. The gel was placed onto the corneal membrane of 
the first vial. Then, the height of the second vial was 
adjusted so that the membrane surfaces of both vials 
came in close contact. A ten minute contact time was 
chosen. Then, the weight was allowed to increase in 
the pan until the vials had detached. The bioadhesive 
force was the minimum weight required to detach two 
vials. The corneal membrane was replaced for each 
measurement (n = 3).

2.6. Measurement of gel strength

A sample of 50 g of gel was placed in a 100 mL 
graduated cylinder and gelled in a thermostat at 37°C. 
The apparatus for measuring gel strength as described 
by Choi et al. (9) was allowed to penetrate the gel. Gel 
strength, i.e. the viscosity of the gels at physiological 
temperature, was determined by the time (in seconds) 
taken by the apparatus to sink down 5 cm through the 
prepared gel. All measurements were performed in 
triplicate (n = 3).

2.7. Permeation studies across a sheep's corneal 
membrane

A modified device (modified K-C diffusion cell 
with a sheep's eye corneal membrane as a diffusion 
membrane) was used for evaluation of drug permeation 
through a sheep's corneal membrane. This membrane 
was tied to a specifically designed glass cylinder 
(open at both ends). Simulated tear fluid (NaHCO3 
0.218 g, NaCl 0.678 g, CaCl2•2H2O 0.0084 g, and KCl 
0.138 g in 100 mL of water) was used as the diffusion 
medium. The formulation to be tested was added to 
the donor chamber with the help of a micropipette. 

Table 1. Formulation design of thermoreversible mucoadhesive gels of fl uconazole

Fluconazole
Poloxamer  407
HEC
HPMC K4M
PVP
2M NaOH
Sterile water

F1
0.2
18
0.5

q.s.
q.s.

F2
0.2
18
1

q.s.
q.s.

F3
0.2
18
1.5

q.s.
q.s.

F4
0.2
18

0.5

q.s.
q.s.

F5
0.2
18

1

q.s.
q.s.

F6
0.2
18

1.5

q.s.
q.s.

F7
0.2
18

0.5
q.s.
q.s.

F8
0.2
18

1
q.s.
q.s.

F9
0.2
18

1.5
q.s.
q.s.

Formulation contents (% w/w)
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of the mucoadhesive polymers used from 0.5 to 1.5% 
produced a gradual decrease in the gelation temperature 
of the corresponding solutions. Action to lower gelation 
temperature for the gels prepared using mucoadhesive 
polymers was, in order, HEC > PVP K30 > HPMC 
K4M. The results of gelation temperatures of different 
formulations are indicated in Table 2.

3.2. In vitro permeation studies

In vitro  permeation across the sheep's corneal 
membrane was fit to various kinetic models of release 
(Figure 2). All batches indicated that a matrix model 
of permeation kinetics was the best-fit model. A faster 
release initially indicates that the drug in the solution 
in the space outside the gel matrix initially diffuses 
quickly. The release of drug within the gel is controlled 
by both the nature and concentration of polymer 

The donor surface of the membrane was constantly in 
contact with the simulated tear fluid. A temperature 
of 37 ± 0.5°C was maintained throughout the study. 
A magnetic stirrer to the cell provided continuous 
agitation. At regular time intervals, 1 mL of sample was 
withdrawn and replaced by fresh simulated tear fluid 
in order to maintain sinking conditions. The samples 
were appropriately diluted and the absorbance was 
measured at 261.5 nm using a Shimadzu 1700UV-VIS 
spectrophotometer.

3. Results and Discussion

The prepared ophthalmic gel formulations exhibited 
optimum physical properties. Gels were transparent, 
uniform in consistency, and had spreadability with a pH 
range of 6.8 to 7.3.

3.1. Measurement of gelation temperature

As the concentration of mucoadhesive polymers 
increased, the gelation temperature of gel decreased 
(Figure 1). This ability of mucoadhesive polymers to 
lower gelation temperature may be due to increased 
viscosity after dissolution of polymers. The ability of 
mucoadhesive polymers to lower gelation temperature 
could be explained by their ability to bind to the 
polyoxyethylene chains present in the poloxamer 
407 molecules. This would promote dehydration, 
causing an increase in entanglement of adjacent 
molecules and extensively increasing intermolecular 
hydrogen bonding, thus leading to gelation at lower 
temperature (10). Increasing the concentration of any 

Table 2. Results of various evaluation parameters
  Formulation

F1
F2
F3
F4
F5
F6
F7
F8
F9

Gelation temperature (°C)

36.66 ± 0.32
35.16 ± 0.40
33.93 ± 0.65
35.36 ± 0.55
33.10 ± 0.55
31.86 ± 0.45
31.56 ± 0.20
29.10 ± 0.69
27.63 ± 0.30

Content uniformity (%)

  100.5 ± 0.15
  100.2 ± 0.05
  99.90 ± 0.20
    99.8 ± 0.15
  100.2 ± 0.10
100.16 ± 0.05
  101.1 ± 0.08
  100.2 ± 0.06
  100.1 ± 0.18

Bioadhesion potential (dynes/cm2)

3,438.00 ± 6.04
    4,039.5 ± 11.78
    4,288.8 ± 16.18
4,464.06 ± 8.28
5,055.66 ± 10.1

  4,953.03 ± 20.99
  5,134.41 ± 11.22
5,376.41 ± 6.69
5,423.07 ± 9.44

Gel strength (sec)

105.33 ± 0.57
111.66 ± 0.57
117.66 ± 1.52
123.33 ± 0.55
  129.3 ± 1.52
131.66 ± 0.57
135.33 ± 0.57
137.33 ± 0.57
137.66 ± 1.52

Table 3. Permeation kinetics of various formulation batches

Formulation

F1
F2
F3
F4
F5
F6
F7
F8
F9

Zero order
kinetics (R2)

0.8293
0.7909
0.8141
0.8068
0.7828
0.7929
0.8489
0.8607
0.8459

First order
kinetics (R2)

0.8310
0.7929
0.8159
0.8087
0.7847
0.7998
0.8504
0.8623
0.8474

Matrix model (R2)

0.9902
0.9840
0.9866
0.9864
0.9789
0.9832
0.9887
0.9908
0.9778

Peppas model (R2)

0.9806
0.9801
0.9734
0.9775
0.9593
0.9692
0.9674
0.9717
0.9342

Hixon-Crowell
model (R2)

0.8304
0.7923
0.8153
0.8081
0.7841
0.7992
0.8499
0.8618
0.8469

Korsmeyer-Peppas
kinetics release exponent (n)

0.4361
0.3890
0.4292
0.4158
0.4129
0.4229
0.5003
0.4820
0.5117

Figure 1. Effect of concentration of mucoadhesive polymer on 
gelation temperature.
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used. Drug permeation through the cornea with a 
thermoreversible gel containing various mucoadhesive 
polymers occurred in the order of HEC > PVP K30 
> HPMC K4M. 'n' values (Table 3) greater than 0.5 
indicate non- Fickian release whereas those less than 0.5 
indicate Fickian release.

4. Conclusion

In this study, an in situ gelling thermoreversible 
ophthalmic gel of fluconazole was developed using 
poloxamer 407 and various mucoadhesive polymers. 
These in situ gelling formulations were free-flowing, 
transparent, had uniform consistency, and had 
spreadability at room temperature. A satisfactory 
gelation temperature and bioadhesion were observed in 
these gels. In vitro permeation studies across corneal 
mucosa showed both Fickian and non-Fickian release. 
Therefore, these gels represent a viable alternative 
to conventional eye drops. This study demonstrated 
that a thermoreversible polymer and mucoadhesive 

polymer can effectively be used to prolong residence 
time.
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Figure 2. Permeation profile of in situ gelling thermoreversible 
gels of fl uconazole.
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ABSTRACT: The proton transfer between two 
nitrogen atoms (N1 and N3) in a molecule of phenyl 
urea is an important process in the synthesis of 
1-phenylimidazolidine-2,4-dione. Three pathways 
of the proton transfer have been investigated using 
Density Functional Theory (DFT). With negative N1 
phenyl urea, the transformed double bond of N1-C2 
connects N1, C2, and N3 into a benzene conjugate 
system, making the structure more stable than 
negative N3 phenyl urea. Intermolecular proton 
transfer was found to be the primary manner of 
protein transfer at 300 K. Both negative N1 and 
negative N3 exist and the former is primal. The 
proton transfer is very fast, and the diluted solution 
may slow down the rate but produce much more 
negative N1 as well.

Keywords: Proton transfer, Synthesis, DFT, B3LYP, 
Phenyl urea

1. Introduction

1-Phenylimidazolidine-2,4-dione is an important 
immediate used in the medical and chemical industries 
(1). It can be synthesized through phenyl urea and 
ethyl chloroacetate with the deprotonation of NaH. The 
proton transfer of phenyl urea is an important process 
in this synthesis. As this proton transfer can form two 
kinds of negative N phenyl urea as depicted in Scheme 
1, there are always several co-products when this 
transfer actually occurs.
 Based on actual performance, a hydrogen can be 
released during the reaction after the formation of the 
negative phenyl urea. There are three proton transfers 
involving negative phenyl urea: proton translocation 
between the hydrogen and phenyl urea anion, 
intramolecular proton translocation, and intermolecular 

proton translocation. This study sought to investigate 
the theoretical mechanisms of these proton transfers 
using Density Functional Theory and to provide 
theoretical suggestions for more effective synthesis.

2. Materials and Methods

Computations were carried out using the Gaussian 
98 program (2). The initial structures of reagents, 
products, and transition states were optimized using 
density functional theory (DFT) at the B3LYP/6-31G* 
level (3-5). To confirm the transition states, pathways 
were identified by intrinsic reaction coordinate (IRC) 
calculation (6). The frequencies of these optimized 
structures were also calculated to obtain the enthalpy 
energy and the Gibbs' free energies (G). All data and 
structures mentioned below are related to the same 
level.

3. Results and Discussion

Three possible proton transfers relating to the negative 
nitrogen ion are shown in Figures 1-3. The relative 
atomic charge distributions of all states are calculated 
and given in Table 1. Table 2 lists the parameters for 
the three reaction pathways. Figure 4 shows the relative 
energy changes.
 Following NaH deprotonation, one H2 molecule 
must be produced. The proton transfer between H2 
and a phenyl urea anion is shown in Figure 1. The 
computed N1-C2 distances are 1.46, 1.41, and 1.35 Å 
in state A, TS1, and state B, respectively, and the bond 
lengths of C2-N3 are 1.32, 1.36, and 1.43 Å in state A, 

Original Article

Scheme 1. Synthesis of 1-phenylimidazolidine-2,4-dione.
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N1
C2
N3
O4
N1'
C2'
N3'
O4'

     A

-0.774
 0.876
-0.969
-0.697

  TS1

-0.508
 0.715
-0.798
-0.597

     B

-0.535
 0.694
-0.861
-0.562

    C

-0.723
 0.843
-1.066
-0.690

  TS2

-0.565
 0.722
-0.840
-0.614

    D

-0.706
 0.748
-0.848
-0.605

   E

-0.300
 0.723
-0.775
-0.595
-0.687
 0.823
-0.720
-0.681

  TS3

-1.007
 0.957
-0.935
-0.645
-0.649
 0.835
-0.949
-0.634

    F

-0.498
 0.767
-0.888
-0.642
-0.272
 0.611
-0.641
-0.579

Charges in e.

Table 1. The relative atomic charge distributions of all states calculated at B3LYP/6-31G*

Pathway

A-B
C-D
E-F

ΔHreagent-product 
(kJ/mol)

-18.84
-23.41
  -3.57

a K = 6.2125*E[12 - ΔG*1000/(8.314*298.15)].

Table 2. Energy changes and reaction equilibrium constants of three proton transfer pathways
ΔGreagent-product 

(kJ/mol)

-15.94
-22.34
  -1.75

ΔGforward 
(kJ/mol)

  95.60
140.61
  13.79

Kforward
a

(1/S)

1.11E - 04
1.44E - 12
 2.38E + 10

ΔGreverse 
(kJ/mol)

  79.66
118.27
  12.04

Kreverse
a 

(1/S)

6.86E - 02
1.18E - 08
4.83E + 10

Figure 1. Proton transfer between H2 and a phenyl urea anion and the B3LYP/6-31G* optimized structures of A, TS1, and B. Distances in Å.

Figure 2. Intramolecular proton transfer and the B3LYP/6-31G* optimized structures of C, TS2, and D. Distances are in Å.

Figure 3. Intermolecular proton transfer and the B3LYP/6-31G* optimized structures of E, TS3, and F. Distances are in Å.
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interesting finding with regard to TS3 is that all of the 
atomic charges have obviously risen in comparison to 
TS1 and TS2. This suggests that the dipolarity of the 
whole system is enhanced and that conjugation weakens 
in TS3.
 According to Table 2, all proton transfers are 
exothermic reactions. The pathway E to F has a 
lower energy barrier (Figure 4) of 13.79 kJ/mol and 
is the main proton transfer at 300 K. The equilibrium 
proportion of structures E and F is 1:2. Thus, both 
the negative N1 and negative N3 structures can exist 
together. Theoretically, there are two negative phenyl 
urea formed, N1 (as expected) and N3. The rate 
of the transfer between N1 and N3 is very fast. As 
indicated by the current study, the concentrated solution 
facilitates formation of an intermolecular complex to 
allow proton transfer between molecules and it also 
allows the formation of negative N3 phenyl urea. 
A diluted solution was chosen to keep the molecule 
simple. Although this slows down the reaction rate, a 
much more stable negative N1 phenyl urea is produced 
in the solution.
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TS1, and state B, respectively. Since the bond of N1-C2 
is converted from a single bond to a double bond, the 
conjugate effect between urea and the benzene ring is 
enhanced. As the result, the charge values of N1, C2, 
and N3 decrease while the charge value for the benzene 
ring increases (Table 1). The charge distribution of the 
whole molecule becomes more uniform. Inversely, 
the double bond of C2-N3 becomes a single bond. In 
transition state 1, a planar hexatomic ring consisting of 
N1, C2, N3, H5, H6, and H7 connects to the conjugate 
area of the benzene ring.
 With H5 transferred from N1 to N3, as displayed 
in Figure 2, intramolecular proton transfer is complete. 
Except for hydrogen, state C is similar to state A in 
terms of structure and charge distribution, while D is 
similar to B. In transition state 2 (TS2), N1, C2, N3, 
and H5 make up of a planar four-membered ring. For 
the bond of N1-C2 to become a double bond, the four-
membered ring is conjugated with the benzene ring.
 Intermolecular proton transfer is displayed in Figure 
3 with the proton H5 shifting between N1 and N3'. The 
structures of negative molecules in states E and F are 
similar to those in states C and D, respectively. One can 
consider state C to transform into state D with the help 
of a phenyl urea molecule, which serves as an H-bond 
donator. In transition state 3 (TS3), two molecules are 
in different planes. N1 and N3' share H5 in a straight 
line. The distances of N1-H5, and N3'-H5 are 1.29 and 
1.30 Å, respectively.
 As shown in Table 1, the intermolecular H-bond can 
change the electric charge distribution. In state E, the 
related atoms of the negative molecule (N1', C2', N3', 
and O4') have lower charges than those in states A and 
C. This is similar to state F, where the related atomic 
charges of the negative molecule (N1, C2, N3, and 
O4) are lower than those in states B and D. Thus, the 
conjugate effect is stronger and the charge distribution 
becomes more uniform. There is a substantial 
correlative change between the charge and bond. An 

Figure 4. The relative energy changes of all pathways according 
to the optimized structures calculated at B3LYP/6-31G*.

A, 0

TS1, 95.6

B, –15.94
C, 0

TS2, 138

D, –19.73
E, 0

TS3, 13.79

F, –1.75

-40

-20

0

20

40

60

80

100

120

140

160
R

el
at

ed
 e

ne
rg

y 
(k

J/
m

ol
)

A, 0

TS1, 95.6

B, –15.94
C, 0

TS2, 138

D, –19.73
E, 0

TS3, 13.79

F, –1.75

-40

-20

0

20

40

60

80

100

120

140

160
R

el
at

ed
 e

ne
rg

y 
(k

J/
m

ol
)



www.ddtjournal.com

Drug Discov Ther. 2009; 3(1):13-17. 13
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ABSTRACT: Liposomal  encapsulat ions  o f 
oxytetracycline (OTC) and doxycycline (DC) with 
various lipid compositions and hydrating solutions 
have been studied in order to develop a new 
liposomal formulation to treat bacterial infections. 
Encapsulation efficiencies as a function of pH (pH 
4.0-8.0) in ionic (phosphate buffers) and non-ionic 
(mannitol or glucose) hydrating solutions with various 
lipid compositions (lecithin or α-L-dipalmitoyl-
phosphatidylcholine, with or without cholesterol) 
were determined and compared to the character of 
lipid vesicles. Based on our encapsulation efficiency 
studies and on the drug stability considerations it can 
be concluded that for OTC/DC encapsulation the use 
of non-ionic solutions is the most promising.

Keywords: Liposomal antibiotics, Oxytetracycline, 
Doxycycline, Encapsulation efficiency, Nano-delivery 
systems

1. Introduction

Oxytetracycline (OTC) and doxycycline (DC) are 
bacteriostatic agents exhibiting broad spectra of activity 
against many different aerobic and anaerobic bacteria 
(Figure 1). Despite of their broad antibacterial spectra, 
resistance of many bacterial groups has been reported 
with both of them (1). Furthermore, under abnormal 
conditions (heat, pH, humidity), tetracyclines undergo 

reversible epimerisation at positions C4 and C6 (2-5). 
The degradation products have very low antibiotic 
activity; in addition, some of them can be toxic. OTC 
is commonly used against external bacterial infections 
of the eye, such as keratoconjunctivitis, neonatal 
conjunctivitis, ocular rosacea or trachoma (6-10). In the 
ophthalmologic practice the so-called "oxytetracycline-
eye-drop" is a frequently prescribed drug, prepared in 
pharmacies ex tempore with a short half life of only 
3 days (11). The half-life of OTC in water was found 
to be 34 hours (12), thus hindering the safe use of the 
antibiotic preparations (13). To overcome the problems 
of bacterial resistance and chemical instability, 
liposomal formulations are being developed. The 
advantages of liposome entrapped drugs have been well 
documented (14). Liposomal carriers of encapsulated 
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OTC or DC also offer the potential for greater 
penetration and prolonged release of the delivered 
tetracycline derivatives. In addition, lipid vesicles may 
provide advantages of chemical stability, similarly as 
observed for the reverse micelles (12). Improvement 
in OTC stability can be attained with reverse micellar 
systems. Dissolving OTC in reverse micelles, its half-
life increases to 2,402 hours (12). There are no data on 
liposomal OTC formulations; however, encapsulation 
rates with some selected lipid compositions for 
DC have been examined (15). It was found that 
encapsulation efficiency for DC was higher with all 
examined types of liposomes than for tetracycline. 
The highest encapsulation rates for DC were achieved 
using cationic or neutral liposomes (15). Although 
pH is an important factor from the aspect of OTC/DC 
stability, in the literature there are no data reporting on 
the effect of pH or the type of hydrating solution on the 
encapsulation efficiency of tetracycline derivatives.
 Present studies report results on the encapsulation 
efficiency of two tetracycline derivatives – OTC and DC 
– in liposomes with various lipid compositions including 
lecithin (LEC), α-L-dipalmitoyl-phosphatidylcholine 
(DPPC) and cholesterol (CHOL). The effects of pH 
(pH 4.0-8.0), liposomal cholesterol content and type 
of hydrating medium (phosphate buffer, glucose or 
mannitol solution) on the encapsulation rate of OTC 
and DC are also discussed. Encapsulation efficiencies 
for OTC and DC are compared to each other.

2. Materials and Methods

2.1. Preparation of liposomes

Multilamellar vesicles (MLVs) were prepared using the 
thin-film hydration method. Two milligrams of α-L-
dipalmitoyl-phosphatidylcholine (DPPC) or lecithin 
(LEC) alone, or with cholesterol (CHOL) (70/30, 
mol/mol) were dissolved in absolute ethanol. The 
mixture was dried to thin-film under nitrogen stream, 
and any remaining solvent was removed from the 
lipid film in vacuum. The samples were stored in a 
desiccator overnight. Thin lipid films were hydrated 
above the main-transition temperature of DPPC, at 
~50°C. One mL of the solution of oxytetracycline 
hydrochloride (OTC) (MP Biomedicals Inc.) or 
doxycycline hydrochloride (DC) (MP Biomedicals 
Inc.) at a concentration of 0.1354 mg/mL was used 
for thin film hydration. The final lipid concentration 
was 2 mg/mL. The tested hydrating solutions, such as 
isotonic phosphate buffers (pH 6.0, 7.0, and 8.0) or 
glucose solutions (GLU) (5% m/m; pH 4.0, 6.0, 7.0, 
and 8.0) or mannitol solutions (MAN) (5% m/m; pH 4.0, 
6.0, 7.0, and 8.0) were always freshly prepared. The 
isotonic phosphate buffer was prepared from Na2HPO4 
and KH2PO4 and NaCl (Mallinckrodt Baker Inc.). The 
osmolarity of the solutions were measured by Osmomat 

030-D osmometer (Medizintechnik Matel GmbH., 
Austria). The pH values of the GLU and MAN solutions 
were adjusted with diluted solutions of NaOH or HCl. 
The lipid/drug molar ratio for liposomes encapsulating 
OTC or DC was approximately 10:1. Control liposomes 
were hydrated with the appropriate solution without 
drug molecules. All lipid and cholesterol components 
were used without purification. All reagents were 
purchased from Sigma-Aldrich (St Louis, MO, USA) 
unless otherwise indicated.

2.2. Measurement of encapsulation efficiency

Freshly prepared OTC-, or DC-liposomes (400 μL) were 
centrifuged with a Galaxy 16 DH eppendorf centrifuge 
(2 × 10 min, 13,000 × g) through Nanosep 10K Omega 
Centrifugal Filter Devices (PALL Life Science Inc.) 
with a cut-off value of 10 kDa. The concentrations of 
OTC or DC in the filtrate, -representing the amounts 
of OTC or DC not encapsulated within the liposomes-, 
were determined by spectrophotometry (Genesys 
10UV, Thermo Electron Corporation, NY, USA). 
(Wavelenghs: 354 nm for solutions with a pH between 
4.0 and 6.0; 361 nm for solutions with a pH of 7.0; 
and  369 nm for solutions with a pH of 8.0 for OTC 
and 347 nm for solutions with a pH between 4.0 and 
6.0; 348 nm for solutions with a pH of 7.0 and 8.0 for 
DC). The absorbance values for  hydrating solutions 
containing OTC or DC (0.1354 mg/mL) served as 
100% for the encapsulation efficiency determinations. 
Each liposomal samples were measured at least in 3 
replicates, and mean and standard deviation (S.D.) 
values were calculated. For data analysis statistical t-test 
were used with a significance level of 0.05.

2.3. Zeta-potential measurements

The zeta-potentials of liposomes were determined at 
a lipid concentration of 0.5 mg/mL. Samples were 
diluted with the appropriate freshly filtrated (0.2 μm 
pore size, Corning, Corning Incorporated, Germany) 
solution before the measurement. The measurements 
were carried out with a Zetasizer 3000 HSA (Malvern 
Instruments, UK).

3. Results and Discussion

According to the special requirements for the 
ophthalmic and parenteral formulations, our liposomal 
dosage forms satisfy the criteria of osmolarity and pH 
as previously described (16). The pH of the GLU and 
MAN solutions were adjusted to the required value (pH 
4.0, 6.0, 7.0, and 8.0) after addition of OTC or DC. The 
presence of lipids does not have a significant impact on 
the pH value of the hydrating solution. The osmolarity 
of the samples hydrated with phosphate buffer (pH 
6.0, 7.0, and 8.0) were approximately 310 mmol/L. 
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but also the amount of drug molecules that is more 
or less immersed into the liposomal bilayer(s) or 
weakly bounded to it. Excluding the special molecular 
interactions between lipids and OTC/DC, the amount 
of encapsulated OTC/DC would be proportional to the 
internal volume of the MLVs. According to our earlier 
electron paramagnetic resonance (EPR) spectroscopy 
measurements with MLVs (lipid concentration of 2 
mg/mL), the inner/encapsulated volume of liposomes 
is approximately 2% of the total sample volume (19). 
The encapsulation efficiency data for the OTC- and 
DC-liposomes (data varying between 7.8% and 52.5%) 
(Tables 1-4) proved the accumulation of OTC/DC in 
the liposomes: a) in the lipid bilayer, b) attached to the 
liposomal surface with weak molecular interactions or c) 
in the inner aqueous volume.
 The presence of CHOL has only a slight impact on 
the encapsulation rate determined for OTC containing 
LEC liposomes (Table 1). The results with the mixed 
liposomes (DPPC/CHOL 70/30 and LEC/CHOL 70/30) 
can be explained by the recognized feature of CHOL 
making the fluid bilayers more rigid and the rigid 
membranes (such as DPPC) more fluid. It is expected 
that the presence of CHOL in DPPC in 30% (mol/mol) 
concentration – at room temperature that is below the 
phase transition temperature of DPPC – makes the 
DPPC bilayer more fluid, similarly to the fluidity of 
LEC liposomes with unsaturated chains. Therefore, 
the addition of CHOL to DPPC results in a liposomal 
membrane that is more similar to the LEC liposomal 
membrane from the aspect of membrane fluidity and 
encapsulation efficiency, too.
 For DC in phosphate buffers LEC showed higher 
encapsulation efficiencies than DPPC – at each pH 
value examined (Table 2). It can be supposed that the 
fluid structure of LEC allows DC to immerse (deeper) 
to the liposomal membrane.

The GLU and MAN solutions are widely used and 
accepted in pharmaceutical formulations and both are 
well tolerated by the patients. The concentration of the 
antibiotics, OTC or DC, in our liposomal formulations 
(0.1354 mg/mL), was within the recommended range 
used in the antimicrobial therapy. For the sake of 
comparison, the marketed product ("Doxycycline for 
Injection USP" supplied as a sterile lyophilized powder) 
must be diluted with the given solvent(s) in order to 
provide a final DC concentration between 0.1 to 1.0 
mg/mL (17).
 Although for intravenous applications small 
unilamellar vesicles (SUVs) (diameter < 100 nm) are 
recommended, for these studies only multilamellar 
vesicles (MLVs) were prepared and evaluated. Our 
preliminary experiments with MLVs and SUVs showed 
only a slight (1-5%) difference in the encapsulation 
rates for the same drug molecule under identical 
conditions. Thus, on the basis of the data determined 
for MLVs one can have expectations how to formulate 
SUVs for the purpose of intravenous applications with 
relative high encapsulation efficiency.
 There was no pH-dependent difference in the 
encapsulation efficiencies for OTC in phosphate buffer 
in both liposomal types (LEC, DPPC) when determined 
at pH 6.0 and 7.0 (Table 1). However, at pH 8.0 the 
encapsulation efficiencies were significantly different 
(p < 0.05), from that measured at lower pH values (pH 
6.0 and 7.0) for the same liposomal composition. This 
finding is consistent with the reported pKa values of 
3.6, 7.5, and 9.4 for OTC (18). On the basis of these 
pKa values, OTC molecules are positively charged at 
pH values below 3.6, they are present in zwitterionic 
form in the pH range of 3.6 to 7.5, and they bear one 
negative charge in the pH range of 7.5 to 9.4, while they 
have two negative charges at higher pH values than 
9.4. At the pH-values examined in our study OTC is 
in zwitterionic form at pH 6.0 and 7.0, while it bears a 
negative charge at pH 8.0. The encapsulation efficiency 
seems to depend on the molecular form of the OTC. 
Interestingly, LEC encapsulates more, while DPPC 
less from the negative form of OTC than from the 
zwitterionic OTC molecules. It is important to remark, 
that according to our surface potential measurements 
the surface charge of OTC-free LEC and OTC-free 
DPPC liposomes in phosphate buffer is neutral or 
slightly positive (~0-4 mV). The value of the surface 
potential measured does not significantly depend on the 
pH value of the hydrating phosphate buffer (19). Thus, 
the difference observed between the encapsulation rates 
at higher (pH 8.0) and lower pH-values (pH 6.0 and 7.0) 
may be explained with the different membrane rigidities 
observed for LEC and DPPC. The membrane rigidity 
is an important factor: according to our measuring 
method, the term and value of the encapsulation 
efficiency reflect not only the amount of drug enclosed 
into the inner aqueous volume of liposomal vesicles 

 OTC encapsulation effi ciency (%) (mean ± S.D.)
pH

6.0
7.0
8.0

LEC

14.94 ± 3.34
14.46 ± 2.10
20.12 ± 0.42

Table 1. Encapsulation efficiency values for OTC in 
phosphate buffers with various lipid composition and 
various pH values (pH 6.0, 7.0, and 8.0)

DPPC

23.23 ± 1.19
24.10 ± 2.67
12.97 ± 2.48

LEC/CHOL
70/30

12.40 ± 2.25
13.27 ± 0.50
21.26 ± 1.71

DPPC/CHOL
70/30

  8.68 ± 4.52
  7.77 ± 5.15
16.83 ± 3.29

 DC encapsulation effi ciency (%) (mean ± S.D.)
pH

6.0
7.0
8.0

Table 2. Encapsulation efficiency values for DC in 
phosphate buffers with various lipid composition and 
various pH values (pH 6.0, 7.0, and 8.0)

LEC

24.30 ± 2.12
17.88 ± 3.16
31.96 ± 3.07

DPPC

15.98 ± 2.64
16.18 ± 2.63
16.29 ± 1.53
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 OTC and DC differ in their chemical structures only 
by a hydroxyl group (Figure 1), thus OTC possesses 
more hydrophilic character than DC. According to 
our earlier experience, small changes in the chemical 
structure (e.g. the introduction of a methoxy group, 
similarly to the introduction of a hydroxyl group in 
our case) can result in pronounced alterations in the 
molecular interactions between the drug and liposomal 
membranes, thus influencing the encapsulation rates 
(20). It can give explanation to the fact, that DC can be 
more successfully encapsulated into LEC liposomes 
at each examined pH value. Similarly, as observed for 
OTC, in LEC at pH 8.0 the encapsulation efficiency for 
DC is higher than at pH 6.0 and 7.0. It is in coincidence 
with the pKa values of 3.4, 7.7, and 9.3 determined for 
DC (21).
 Evaluating the effects of the hydrating buffers 
on the encapsulation efficiency it can be concluded, 
that the use of non-ionic hydrating solutions (GLU or 
MAN) results in higher encapsulation efficiencies than 
the use of ionic phosphate buffers. In phosphate buffer 
the highest encapsulation efficiencies of 24.10 ± 2.67% 
and 31.96 ± 3.07%, while in the non-ionic solutions 
the encapsulation efficiency values of 38.72 ± 0.78% 
and 52.47 ± 6.45% for OTC and DC were achieved, 
respectively (Tables 1-4). It was also observed that 
employing the non-ionic hydrating solutions, (GLU or 
MAN), instead of the ionic phosphate buffer can lead 
to a significant increase in the OTC/DC encapsulation 
efficiency. When GLU or MAN is used instead of 
phosphate buffer, the encapsulation efficiency can be 
enhanced by approximately two to three times in case 
of the LEC and DPPC liposomes (Tables 1-4). The 

ions of the phosphate buffer and the non-dissociated 
molecules of the non-ionic hydrating solutions (e.g. 
GLU or MAN) behave in different ways in the 
environment of liposomal membranes, thus influencing 
the molecular interactions between drugs and lipids in 
a different manner. While the charged ions can "cover" 
and "mask" the original charge/surface potential of 
liposomal membranes, the GLU or MAN molecules do 
not have a significant impact on it. The ionic hydrating 
solutions do not allow to manifest the original surface 
charge of the bilayers and can influence the molecular 
interactions between the drug and lipid molecules. 
However, in GLU and MAN the original surface 
charge of the MLVs – through weak electrostatic 
interactions – can have a contribution to the relative 
high encapsulation efficiency for OTC/DC (19).
 When comparing the encapsulation rates for OTC 
and DC in non-ionic hydrating solutions, it can be 
stated that DC can be encapsulated more effectively 
than OTC (Tables 3 and 4). The observation is possibly 
due to the difference in the chemical structures of the 
two antibiotics (Figure 1) as explained above.
 On the basis of the results it can be stated that LEC 
encapsulates more – or at least not significantly less- 
DC than does DPPC at all pH values examined, and in 
all kinds of hydrating solutions used (phosphate buffer, 
GLU or MAN) (Tables 2 and 4). When considering 
the LEC liposomes, a wide variety of fatty acid chains 
(saturated and unsaturated, with various chain lengths) 
can ensure the encapsulation of DC molecules, leading 
to higher encapsulation rates. These data demonstrate 
that the liposomal encapsulation of DC requires LEC as 
the optimal lipid constituent.
 When designing the parameters for encapsulating 
the drugs OTC/DC, care must be taken to choose 
the right pH value. It is known that the tetracyclines 
(such as OTC and DC) are more stable in the acidic 
pH range than at higher pH values (2-5). Thus a lower 
(acidic) pH seems to be the optimal choice. Taking both 
aspects (high encapsulation efficiency and higher drug 
stability at lower pH) into consideration, the liposomal 
compositions denoted with shadow in Tables 1-4 are 
recommended for the preparation of an optimal OTC/
DC containing liposomal dosage form.

4. Conclusion

Based on our encapsulation efficiency studies and on 
the drug stability considerations it can be concluded 
that for OTC/DC encapsulation the use of non-ionic 
solutions (e.g. GLU) is the most promising. However, 
the use of GLU or MAN for hydration may increase 
the possibility of microbiological contamination of 
the liposomal preparations during storage. Therefore, 
it is necessary to lyophilize the liposomal samples 
for storage, and to rehydrate the samples before their 
therapeutic use. In consistence with the different 
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pH

4.0
6.0
7.0
8.0

DPPC
MAN

24.09 ± 0.65
10.45 ± 4.32
17.94 ± 2.76
12.99 ± 5.05

LEC
MAN

16.27 ± 0.10
10.45 ± 4.32
16.19 ± 3.44
15.43 ± 1.54

DPPC
GLU

20.99 ± 2.98
16.98 ± 1.44
  8.06 ± 0.36
38.72 ± 0.78

LEC
GLU

11.38 ± 1.12
13.78 ± 5.88
10.23 ± 1.62
38.18 ± 3.31

OTC encapsulation effi ciency (%) (mean ± S.D.)

Table 3. Encapsulation effi ciency values for OTC in glucose 
5% m/m (GLU) and mannitol 5% m/m (MAN) solutions 
into LEC and DPPC liposomes at various pH values (pH 4.0, 
6.0, 7.0, and 8.0)

pH

4.0
6.0
7.0
8.0

LEC
GLU

46.16 ± 2.06
42.10 ± 2.10
38.21 ± 6.89
42.84 ± 1.14

DPPC
GLU

23.85 ± 6.17
24.28 ± 0.30
28.31 ± 4.79
21.20 ± 3.95

LEC
MAN

52.18 ± 0.38
48.72 ± 3.81
38.20 ± 8.27
44.83 ± 2.93

DPPC
MAN

44.54 ± 1.06
39.47 ± 7.27
30.36 ± 1.92
52.47 ± 6.45

OTC encapsulation effi ciency (%) (mean ± S.D.)

Table 4. Encapsulation effi ciency values for DC in glucose 
5% m/m (GLU) and mannitol 5% m/m (MAN) solutions 
into LEC and DPPC liposomes at various pH values (pH 4.0, 
6.0, 7.0, and 8.0)
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membrane rigidity values for LEC vs. DPPC the rate of 
the drug release for OTC and DC is also expected to be 
different in case of LEC and DPPC (22,23).
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ABSTRACT: Gabapentin, a drug used to treat 
neuropathic pain, was evaluated in models of acute 
nociceptive pain, in instances of haloperidol-induced 
catalepsy, carrageenan-induced paw edema, gastric 
lesions caused by indomethacin or ethanol, and 
gastric acid secretion in rats. Reaction time in a hot 
plate assay was delayed by gabapentin. The anti-
nociceptive effect of the drug was produced with a 
dose of 12.5 mg/kg and a maximal increase in hot 
plate latency of 68% 1 h after drug administration 
was produced at 100 mg/kg. Gabapentin (25, 50 
or 100 mg/kg) caused a significant rise in current 
threshold in a tail electrical stimulation test in 
mice, resulting in values of 20, 30, and 60.5% vs. 
control values, 1 h post-dosing. With the agent, 
the duration of paw licking following intraplantar 
capsaicin injection decreased in a dose-dependent 
manner. In contrast, gabapentin failed to have 
antinociceptive action in a mouse acetic-acid-
induced writhing assay. The drug (12.5-50 mg/kg) 
increased the duration of catalepsy induced by 
haloperidol by 33.5, 47.4, and 53.2%, respectively. 
It had an anti-inflammatory effect at doses of 25 
or 50 mg/kg. Gabapentin (12.5-50 mg/kg) reduced 
the number and severity of gastric mucosal lesions 
induced by subcutaneous indomethacin (20 mg/kg) 
or intragastric 96% ethanol, but at doses of 50 and 
100 mg/kg it increased gastric acid secretion. In 
conclusion, gabapentin decreased thermal, electrical, 
and chemogenic pain but not visceral pain and had 
a gastric protective effect.

Keywords: Gabapentin, Pain, Gastric lesions, Mice, Rat

1. Introduction

Gabapentin, 1-(aminomethyl)cyclohexane acetic 

acid, is a structural analog of γ-aminobutyric acid 
(GABA), which was initially introduced in 1994 as 
an antiepileptic drug used especially to treat partial 
seizures. Despite the fact that gabapentin is structurally 
related to the neurotransmitter GABA, there is no 
conclusive evidence yet that gabapentin blocks GABA 
uptake or metabolism, that it binds to GABAA or 
GABAB receptors, or that it has any GABA-mimetic 
action (1,2).
 In experimental animal models of mechanical 
hyperalgesia and mechanical/thermal allodynia, 
gabapentin has been reported to have a potent 
inhibitory effect (3-7). For example, the drug decreased 
tactile hypersensitivity and mechanical and cold 
hypersensitivity due to spinal cord compression in rats 
or due to paclitaxel- and vincristine-administration 
(8-10), it attenuated the second phase of nociceptive 
responses in a formalin test (11), it lessened mechanical 
hypersensitivity induced by intraplantar capsaicin (12), 
and it reduced mechanical hypersensitivity in a model 
of varicella zoster virus-associated hypersensitivity 
(13).
 In humans, gabapentin has become increasingly 
popular as a treatment for chronic neuropathic pain. 
Clinical studies have shown that gabapentin is an 
effective analgesic in different types of neuropathic 
pain syndromes such as diabetic neuropathy (14), 
postherpetic neuralgia (15), trigeminal neuralgia (16), 
painful neuropathy resulting from HIV infection (17), 
cancer pain (18), fibromyalgia (19), pain following a 
burn injury (20), and complex regional pain syndromes 
(21). Although the exact molecular mechanism of action 
by which gabapentin reduces pain is not yet known, 
evidence suggests that the α2δ1 auxilliary subunit of 
voltage-gated calcium channels are the target for this 
drug's actions (22).
 The aim of the present study was to investigate the 
effect of gabapentin on acute nociception and acute 
inflammation induced in rats by subplantar carrageenan 
injection. In addition, the effects of the compound on 
haloperidol-induced catalepsy, gastric acid secretion, 
and gastric mucosal damage caused by indomethacin or 
ethanol were evaluated.

Original Article
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2. Materials and Methods

2.1. Animals

Sprague-Dawley strain rats weighing 120-130 g or Swiss 
albino mice weighing 20-25 g of body weight were used 
and housed under standardized conditions at the National 
Research Centre, Cairo, Egypt with free access to food 
and water.  Experiments were performed between 900 
and 1,500 h. All animal procedures were performed in 
accordance with the Ethics Committee of the National 
Research Centre and followed the recommendations 
for the proper care and use of laboratory animals (NIH 
publication No. 85-23, revised 1985). Equal-sized 
groups of 6 rats or 6 mice were used in all experiments. 
Gabapentin doses in this study were based upon human 
doses after converting to those for rats according to Paget 
and Barnes conversion tables (23).

2.2. Drugs and reagents

Gabapentin (Delta Pharma, Cairo, Egypt), carrageenan, 
capsaicin (Sigma-Aldrich, St Louis, MO, USA), 
indomethacin, and haloperidol (Kahira Pharm & Chem. 
IND Co., Cairo, Egypt) were used. Stock solutions of 
capsaicin (10 mg/mL) contained 10% ethanol, 10% 
Tween 80, and 80% saline solution. Analytical-grade 
glacial acetic acid (Sigma-Aldrich) was diluted with 
pyrogen-free saline to provide a 0.6% solution for i.p. 
injection. All drugs were dissolved in isotonic (0.9% 
NaCl) saline solution immediately before use, except 
for indomethacin, which was dissolved in a 5% solution 
of sodium bicarbonate.

2.3. Hot-plate assay

A hot-plate test was performed using an electronically 
controlled hotplate (Ugo Basile, Comerio, Italy) 
heated to 53°C (± 0.1°C). Each mouse was placed 
unrestrained on the hot plate for baseline measurement 
just prior to saline or drug administration. Different 
groups of mice (n = 6/group) were given gabapentin 
(12.5, 25, 50 or 100 mg/kg, 0.2 mL, intraperitoneally) 
or saline (control). Measurements were then taken 
30 and 60 min after drug administration. The 
experimenter was blind to doses. Latency to licking a 
hind paw or jumping from the apparatus was recorded 
for the control and drug-treated groups. The cut-off 
time was 30 sec.

2.4. Tail electric stimulation test

Groups of mice (n = 6/group) were given gabapentin 
(12.5, 25, 50 or 100 mg/kg, i.p.) or saline (control). The 
minimum current required to elicit vocalization upon 
electrical stimulation of the tail was determined for the 
control and drug-treated groups 2 h post-treatment (24). 

Electrical stimulation of the tail was applied by means 
of the Pulse generator 57800-001 (Eugo Basil EXT 
Unit) (Frequency 50 pulse/sec, shock duration 2 sec).

2.5. Capsaicin-induced hind paw licking

Gabapentin (12.5, 25, 50 or 100 mg/kg, i.p.) or saline 
was administered 60 min before injection of capsaicin 
(1.6 μg/paw; 25 μL) under the skin of the dorsal 
surface of the right hind paw. Observation started after 
capsaicin injection and lasted for 5 min. The time the 
animal spent licking the injected paw was determined 
using a stopwatch (25).

2.6. Acetic acid-induced writhing

Separate groups of 6 mice each were administered 
a vehicle (saline) or gabapentin 12.5, 25, 50 or 100 
mg/kg; 0.2 mL, orally or intraperitoneally (i.p.). 
After 60 min of oral administration or 30 min of i.p. 
administration of gabapentin, mice received an i.p. 
injection of 0.6% acetic acid (0.2 mL) (26). The number 
of abdominal constrictions over 30 min following 
acetic acid injection was noted for the control and drug-
treated groups.

2.7. Carrageenan-induced paw edema

Paw edema was induced by sub-plantar injection of 
100 μL of 1% sterile λ-carrageenan in saline into the 
right hind paw of rats (27). The contralateral paw 
received an equal volume of saline. Paw volume 
was determined immediately before carrageenan 
injection and at selected times thereafter using a 
plethysmometer (Ugo Basile). The edema component 
of inflammation was quantified by measuring the 
paw volume (mL) at zero time (before carrageenan 
injection) and at 1, 2, 3, and 4 h after carrageenan 
injection; this value was then compared to the pre-
injection value for each animal. Edema was expressed 
as a percentage change from control (pre-drug, zero 
time) values. The effect of systemic administration 
of gabapentin (25, 50 or 100 mg/kg, s.c., 0.2 mL, 
n = 6/group) given 30 min. before induction of 
inflammation by subplantar carrageenan was studied. 
The control group of carrageenan-treated rats received 
an equal volume of saline 30 min. before subplantar 
carrageenan injection (n = 6 each).
 I n  a d d i t i o n ,  t h e  e f f e c t  o f  c o n c o m i t a n t l y 
administered gabapentin and indomethacin on edema 
formation was investigated. Different groups of rats (n 
= 6 each) were administered indomethacin (20 mg/kg, 
s.c.) alone or concomitantly administered gabapentin 
(100 or 200 mg/kg, i.p.) 30 min before subplantar 
carrageenan. The control group of carrageenan-treated 
rats received an equal volume of saline (0.2 mL) 
before subplantar carrageenan injection (n = 6).



www.ddtjournal.com

Drug Discov Ther. 2009; 3(1):18-26. 20

after indomethacin or 1 h after ethanol administration. 
Their stomachs were removed and opened along the 
greater curvature; the stomachs were then rinsed with 
saline, extended on a plastic board, and examined for 
mucosal lesions. The number and severity of mucosal 
lesions were noted and lesions were scaled as described 
by Mózsik et al. (30).

2.12. Gastric acid secretion studies

Investigations were carried out in a pylorus-ligated 
rat model. Pylorus ligation was done under light ether 
anesthesia in rats that had fasted for 18 h with access to 
water ad libitum. Care was taken so as not to interfere 
with the blood supply to the stomach or duodenum. The 
abdominal wall was closed in layers with silk sutures. 
Rats then received either saline (0.2 mL/rat, s.c., n = 
6) (control) or different doses of gabapentin (50, 100, 
or 200 mg/kg, 0.2 mL/rat, s.c., n = 6/group). Rats were 
sacrificed 4 h later. Gastric acid output was determined 
by titration to pH 7.0 with 0.01 N NaOH and H+ output 
expressed as μEq/4 h.

2.13. Statistical analysis

Data are expressed as mean ± SE. Data were analyzed 
by one-way analysis of variance, followed by a Tukey's 
multiple range test for post hoc comparison of group 
means. When there were only two groups, a two-tailed 
Student's t test was used. For all tests, effects with a 
probability of p < 0.05 were considered to be significant.

3. Results

3.1. Anti-nociceptive effects of gabapentin

3.1.1. Hot-plate assay

The reaction time on the hot plate was delayed by 
gabapentin. Gabapentin at doses of 12.5-100 mg/kg 
significantly increased hot-plate latency in the mouse 
hot plate test. The anti-nociceptive effect of the drug 
was produced with a 12.5 mg/kg and a maximal 
increase in hot-plate latency of 68% was noted 1 h after 
drug administration (Figure 1, Table 1).

3.1.2. Tail electric stimulation test

Gabapentin (25, 50 or 100 mg/kg) produced a 
significant rise in electrical current threshold in the tail 
stimulation test in rats; this rise was 20, 30, and 60.5% 
vs. control values, 1 h post-drug (Table 2).

3.1.3. Capsaicin-induced hind paw licking

The duration of paw licking following intraplantar 
capsaicin injection was reduced by gabapentin in 

2.8. Rotarod testing

Motor performance in mice was measured as the 
latency to falling from an accelerating rotarod located 
over plates connected to an automatic counter (Ugo 
Basile). Mice were trained to remain on a rotating rod 
for 2 min as the rod rotated toward the animal. After 
the 2-min training period, the mice were administered 
a vehicle (saline) or gabapentin (50 or 100 mg/kg, 
i.p.) and 30 min later placed on the rotating rod as 
it accelerated from 4 to 40 rpm over 5 min; the time  
they were able to remain on the accelerating rod was 
noted (28). The cutoff time was 600 sec. The time was 
measured from the start of the acceleration period. The 
test was repeated 2 h after vehicle or drug injection. Six 
animals were used per dose and for the controls.

2.9. Haloperidol-induced catalepsy

Catalepsy, defined as a reduced ability to initiate 
movement and a failure to correct posture, was 
measured with a bar test. Mice were positioned so that 
their hindquarters were on the bench and their forelimbs 
rested on a 1 cm diameter horizontal bar 4 cm above 
the bench. The length of time the mouse maintained 
this position was recorded with a stopwatch for a 
maximum of 180 sec. This procedure was performed 
30 min after haloperidol (2 mg/kg, i.p.) administration 
(29). Gabapentin (12.5, 25 or 50 mg/kg, i.p.) was 
concomitantly administered with haloperidol. Mice 
were judged to be cataleptic if they maintained this 
position for 30 sec or more.

2.10. Haloperidol-induced locomotor impairement

Mice were administered saline, haloperidol (2 mg/kg, 
i.p.), or haloperidol + gabapentin (25, 50 or 100 mg/
kg, i.p.). Thirty min after treatment with drugs or the 
vehicle, mice were individually placed into a 40 cm3 
activity monitor equipped with photoelectric detectors 
and the total number of horizontal beam interruptions 
(spontaneous locomotor activity) was counted over a 6 
min period for each animal.

2.11. Gastric ulcerogenic studies

Gastric mucosal damage was induced in rats by 
administration of indomethacin (20 mg/kg, 0.2 mL, 
s.c.). The effect of gabapentin (12.5, 25 or 50 mg/kg, 
i.p.) administered at the time of indomethacin injection 
was studied. Food and water were provided ad libitum. 
In other experiments, the effect of gabapentin (12.5, 25 
or 50 mg/kg, i.p.) on gastric damage caused by ethanol 
was evaluated. Rats fasted for 18 h but were allowed 
water ad libitum. They were administered either saline 
(control) or different doses of gabapentin 30 min prior 
to ethanol (96%, 1 mL, p.o.). Rats were sacrificed 24 h 
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a dose-dependent manner (by 17.8, 26.9, 37.4, and 
40.8% after 12.5, 25, 50, and 100 mg/kg gabapentin, 
respectively) (Figure 2).

3.1.4. Acetic acid-induced writhing test

Viscera l  nocicept ive  behavior  fo l lowing i .p . 
administration of dilute acetic acid in mice was 
unaffec ted  fo l lowing ora l  or  i .p .  gabapent in 
administration (Table 3).

3.2. Anti-inflammatory effects of gabapentin

The administration of gabapentin inhibited carrageenin-
induced paw edema (two-way ANOVA; treatment effect: 
F3,80 = 57.1; p < 0.001; time effect: F3,80 = 42.6; p < 
0.001). Edema was significantly inhibited by all doses 
of gabapentin at all measured times (-26.2, -42.6, -34.6, 
and -34.9% for 25 mg/kg gabapentin vs. -26.2, -41.1, 
-36.6, and -35.6% for 50 mg/kg gabapentin and -16.7, 
-25, -22.1, and -22.2% for 100 mg/kg gabapentin at 1, 2, 
3, and 4 h post-carrageenan, respectively) (Figure 3).
 The group treated with the lower dose of the drug 
(25 mg/kg) exhibited significant suppression of edema 
compared to the group treated with 50 mg/kg 2 h post-
carrageenan and compared to the group treated with 
100 mg/kg at 2 h and 3 h after carrageenan injection, 
respectively (Figure 3). Therefore, the effect of 
concomitantly administered gabapentin at high doses 
of 100 or 200 mg/kg and indomethacin was examined 
for a possible modulating effect on indomethacin's anti-
inflammatory effect.
 Concomitant administration of gabapentin with 
indomethacin suppressed paw edema at all measured 
times (-36.7, -42.4, -43.7, and -44.4% for indomethacin 
vs. -33.4, -32.3, -38.4, and -37.6% for indomethacin + 
100 mg/kg gabapentin and -35.5, -39.2, -39, and -36.1% 
for indomethacin + 200 mg/kg gabapentin at 1, 2, 3, 
and 4 h, respectively) (Figure 4). Two-way ANOVA 
revealed a significant main effect of treatment (F3,80 
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           Number of abdominal constrictions/30 min
      Oral            Intraperitoneal

Drugs

Saline
Gabapentin
    12.5 mg/kg
    25 mg/kg
    50 mg/kg
  100 mg/kg

63.5 ± 3.7

54.8 ± 2.6
50.0 ± 3.7
49.5 ± 4.2
67.0 ± 4.3

70.3 ± 6.2

81.0 ± 7.6
77.0 ± 7.2
82.0 ± 6.7
78.9 ± 5.1

Table 3. Effect of gabapentin on the number of writhes in 
the acetic acid test in mice

Data are expressed as means ± SE (n = 6/group).
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Figure 2. Effect of gabapentin on the duration of licking response 
to capsaicin injection in mice. Data represent mean values (± SE) 
and percent inhibition (%) compared to the control animals. Statistical 
differences vs. the control group are indicated by asterisks.

Shown are control and drug-induced changes for the nociceptive 
reaction. Data are expressed as means ± SE. (n = 6/group). * Signifi cant 
rise in electrical current threshold (μA) (p < 0.05) compared to the 
saline control group (One-way ANOVA, Duncan test).

             Electric current threshold (μA)         % changeDrugs

Saline
Gabapentin
    12.5 mg/kg
    25 mg/kg
    50 mg/kg
  100 mg/kg

200.0 ± 6.0

221.3 ± 18.3
240.3 ± 16.1*

260.0 ± 21.0*

320.0 ± 20.0**

10.6
20.2
30.0
60.0

Table 2. Anti-nociceptive activity of gabapentin in the tail 
electric stimulation test in mice

       Latencies (sec) for nociceptive             % change                     reaction after
     0 min            30 min            1 h             30 min   1 h
  (baseline) 

     Drugs

Saline
Gabapentin
   12.5 mg/kg
   25 mg/kg
   50 mg/kg
 100 mg/kg

11.2 ± 0.66

10.6 ± 0.90
10.4 ± 0.59
10.5 ± 0.65
11.1 ± 0.8

12.65 ± 0.61

  13.0 ± 0.8*

  13.1 ± 0.91*

  13.9 ± 1.1**

17.15 ± 1.2**

  12.7 ± 1.2

  13.8 ± 1.0**

  15.8 ± 1.1**

16.35 ± 1.0**

18.65 ± 1.0**

22.6
26.0
32.0
54.5

30.2
51.9
55.7
68.0

Table 1. Anti-nociceptive activity of gabapentin in the hot-
plate test in mice

Shown are baseline (0 time) and drug-induced (30 min and 1 h 
measurements) latencies (in seconds) for the nociceptive reaction. 
Data are expressed as means and S.E.M. (n = 6/group). Asterisks 
indicate a significant increase in nociceptive latencies (* p < 0.05, 
** p < 0.01) compared to the baseline level of nociceptive reaction 
(Student's t test).
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Figure 1. Basal (pre-drug, open column), 30 min (gray column) 
and 1 h (closed column) values of hot-plate latency (seconds) 
of saline (control) and gabapentin-treated mice. Each column 
represents mean ± SE of 6 mice/group. * p < 0.05, ** p < 0.01 compared 
to the basal value.
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= 81.3; p < 0.001) and time (F3,80 = 37.6; p < 0.001). 
Post hoc comparisons showed significant inhibition of 
edema formation by indomethacin or indomethacin + 
gabapentin at all measured times.

3.3. Rotarod testing

Gabapentin did not produce any significant changes 
in mice with regard to rotarod performance (data not 
shown).

3.4. Effect of gabapentin on the duration of haloperidol-
induced catalepsy

Haloperidol administered i.p. at a dose of 2 mg/kg 
produced a significant cataleptic response. The duration 
of haloperidol-induced catalepsy significantly increased 
33.5, 47.4, and 53.2% as a result of 12.5, 25, and 50 
mg/kg of gabapentin, respectively (Figure 5).

3.5. Effect of gabapentin on haloperidol-induced 
locomotor impairment

Spontaneous motor activity was markedly and 
significantly reduced in haloperidol-treated mice. 
Treatment with gabapentin resulted in a further 
reduction in motor activity (Figure 6).

3.6. Effect of gabapentin on gastric mucosal lesions 
caused by indomethacin or ethanol

Gabapentin (12.5-100 mg/kg) administered at the time 
of indomethacin injection or 30 min prior to ethanol 
(96%) prevented the development of gastric lesions 
caused by either ulcerogen in a dose-dependent manner 
(Figures. 7-10).

3.7. Effect of gabapentin on gastric acid secretion

Gabapentin (50-200 mg/kg) administered at the time 
of pylorus ligation increased gastric acid secretion; this 
effect was most marked with doses of 50 and 100 mg/
kg (Table 4).
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Figure 3. Effect of different doses of gabapentin on rat paw edema 
induced by carrageenan. Results are expressed as a percentage 
change from control (pre-drug) values, with each point representing the 
mean ± SE of 6 rats/group. Asterisks indicate a signifi cant change from 
the control group at the corresponding time.

Figure 4. Effect of gabapentin on the antiedemic effect of 
indomethacin in the carrageenan paw edema assay in the rat. 
Results are expressed as a percentage change from control (pre-drug) 
values, with each point representing the mean ± SE of 6 rats/group. 
Asterisks indicate a signifi cant change from the control group at the 
corresponding time.
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Figure 5. Effect of gabapetin on haloperidol-induced catalepsy 
in mice. Data represent mean values (± SE) of 6 mice per group and 
percent increase (%) compared to the control animals. Statistical 
differences vs. the control group are indicated by asterisks.

Figure 6. Effect of gabapetin on haloperidol-induced motor 
impairement in mice. Data represent mean values (± SE) of 6 mice 
per group and percent inhibition (%) compared to the control animals. 
Statistical differences vs. the control group are indicated by asterisks.
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4. Discussion

Studies  have demonstrated the analgesic  and 
antiallodynic effects of gabapentin in models involving 
neuronal sensitization and nerve injury. The aim of the 
present study was to investigate the effect of gabapentin 
on acute nociceptive pain. Data from the present study 
indicates that the systemic administration of gabapentin 
resulted in antinociceptive effects in different acute pain 
models. The drug increased the nociceptive threshold 

to thermal or electrical stimuli. In addition, chemogenic 
pain behavior induced by capsaicin injection in mice 
was markedly reduced by gabapentin. Other researchers 
have noted a reduction in mechanical hypersensitivity 
induced by intraplantar capsaicin with gabapentin (31). 
At doses that caused effective anti-nociception, the drug 
did not impair mouse performance as evaluated by the 
rotarod test, thus ruling out the confounding influence 
of a possible sedative effect. In the writhing test in 
mice, a widely used model of visceral inflammatory 
pain that involves the local release of prostacyclin (32), 
gabapentin administered via oral or systemic routes 
failed to alter the number of abdominal constrictions 
induced by acetic acid injection into the peritoneal 
cavity. Gabapentin (56 mg/kg) also had no effect on 
cyclophosphamide-induced cystitis in mice, a model of 
visceral pain (33). Other investigators, however, have 
reported a reduction in the number of writhes as a result 
of gabapentin (10-70 mg/kg, p.o.) (34).
 Gabapentin is thought to act at supraspinal and 
intraspinal sites to induce antinociceptive responses 
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Data are expressed as means ± SE (n = 6/group). * p < 0.05 vs. saline-
treated group.

                     Gastric volume               Gastric acid
                            (mL)                    secretion (μEq/4 h)Drugs

Saline
Gabapentin
      50 mg/kg
    100 mg/kg
    200 mg/kg

2.65 ± 0.3

3.38 ± 0.6
  3.0 ± 0.4
  2.8 ± 0.4

142.5 ± 8.2

242.5 ± 13.6*

300.0 ± 17.4*

153.8 ± 6.9

Table 4. Effect of gabapentin on gastric acid secretion in 
pylorus-ligated rat

Figure 7. Effect of gabapentin on the number and severity of 
gastric lesions induced by indomethacin (IND) in rats. Results 
are expressed as mean values of 6 observations (± SE) and percent 
inhibition (%) compared to the control group. * p < 0.05 compared to 
the IND control.

Figure 8. Effect of gabapentin on the number and severity of 
gastric lesions induced by ethanol in rats. Results are expressed 
as mean values of 6 observations (± SE) and percent inhibition (%) 
compared to the control group. * p < 0.05 compared to the ethanol 
control.

Figure 9. Gross appearance of rat gastric mucosa after treatment 
with indomethacin (upper) or indomethacin + gabapentin 100 mg/
kg (lower).

Figure 10. Gross appearance of rat gastric mucosa exposed to 96% 
ethanol (upper) or ethanol + gabapentin 100 mg/kg (lower).
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(35,36). Gabapentin has been shown to modulate 
brain c-Fos expression in surgical paw incision and to 
attenuate acute morphine-induced c-Fos expression 
in the rat striatum (37,38). The activation of brain 
areas involved in nociceptive processing indicates a 
supraspinal site of action for gabapentin (36). In the 
present study, the drug increased latency in hotplate 
tests, which are reported to detect antinociception 
mediated primarily by supraspinal mechanisms (39). 
The mechanism of the analgesic action of gabapentin is 
not known, but evidence suggest that the α2δ1 auxilliary 
subunit of voltage-gated calcium channels serves the 
target for the drug's actions (22), but acute inhibition 
of calcium currents by the drug is either very minor 
or absent (40). The analgesic effects of gabapentin 
might also involve inhibition of spinal release of 
substance P and CGRP (41) or of glutamate (42). There 
is also evidence to suggest that the antihyperalgesic 
and antiallodynic effects of gabapentin are mediated 
substantially by the descending noradrenergic system, 
resulting in the activation of spinal α2-adrenergic 
receptors (35).
 In the present study, gabapentin also reduced the 
inflammatory edematogenic response to subplantar 
carrageenan injection, with the lower doses of 25 and 
50 mg/kg being more effective than the higher dose of 
100 mg/kg. The effect of gabapentin was less than that 
of indomethacin. Gabapentin at high doses, however, is 
unlikely to affect the anti-inflammatory effect of non-
steroidal anti-inflammatory drugs e.g., indomethacin.
 Catalepsy occurs following high dopamine 
D2 receptor blockade by a typical antipsychotic 
drug like haloperidol (29). Haloperidol-induced 
catalepsy is a behavioral predictor of susceptibility 
to extrapyramidal symptoms (43). In the present 
study, gabapentin increased the duration of catalepsy 
in a dose-related manner. In patients with advanced 
Parkinsonism, improvement (though non-significant) 
of rigidity, bradykinesia, and tremors was noted 
(44). Other researchers have found that gabapentin 
improved Parkinsonian symptoms and motor response 
following levodopa, although this improvement was 
not reflected in the daily motor status of patients. 
Levodopa-induced dyskinesias remained unchanged 
(45). Improvement in antipsychotic-induced akathisia 
upon treatment with gabapentin has also been 
reported (46). In patients on gabapentin treatment, 
somnolence and dizziness are observed side effects 
(47), but there are recent reports of dyskinesia (48) or 
even hemichorea (49) caused by gabapentin, and this 
issue warrants further study. Since there is no clear 
evidence that gabapentin has GABA-mimetic action 
(1,2), gabapentin's effects on extrapyramidal motor 
symptoms are unlikely to be mediated via the GABA 
neurotransmitter system. Spinal cholinergic activation 
was reported after oral administration of gabapentin 
in rats (50). Since muscarinic acetylcholine receptor 

antagonists may contribute to the reduction of catalepsy 
(43), gabapentin's effect on striatal cholinergic or 
other neurotransmitter systems may account for 
the accentuation of haloperidol catalepsy following 
gabapentin in the present study.
 Findings of the present study also indicate that 
gabapentin has a gastric protective effect. Acute gastric 
mucosal lesions induced by indomethacin or ethanol 
in the rat decreased in a dose-dependent manner as 
a result of concomitant administration. Gabapentin 
increased gastric acid secretion in pylorus-ligated rats, 
indicating that its gastric mucosal protective properties 
are unlikely to include an effect on gastric acid.
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ABSTRACT: The aim of the present study was 
to improve the dissolution, and therefore the 
bioavailability, of poorly water-soluble tenoxicam. 
Solid dispersions consisting of tenoxicam with two 
different types of polymers were prepared. The 
first type were PVP30 and β-cyclodextrin and the 
second type were two superdisintegrants, explotab 
and croscarmellose sodium. A solid dispersion 
with an explotab ratio of 1:1 (F8) had the best 
dissolution profile compared to all of the prepared 
solid dispersions as well as the pure drug, which 
was then formulated into tablets (T2F8). T2F8 had 
far better dissolution than commercial tablets, 
releasing only 28.3% of the drug, while T2F8 
exhibited 96.5% drug release in 20 min. T2F8 
was subjected to analytical validation as well as 
stability studies. The formulation was found to be 
stable after storage at 40°C for one month, 40°C 
and 75% relative humidity (40°C/75% RH) for one 
month, and 60°C for 15 days; this was confirmed 
by the absence of degraded product prepared in the 
laboratory by refluxing the drug with 1 N NaOH for 
15 min. Infrared (IR) spectroscopy and differential 
scanning calorimetry (DSC) were performed on T2F8 
to identify physicochemical interactions between the 
drug and carrier, hence its effect on dissolution. A 
simple and rapid HPLC method was also developed 
to determine tenoxicam in human plasma and was 
then used in a pharmacokinetic study. Plasma 
samples were analyzed on a C18 column with a 
mobile phase of 0.02 M sodium acetate:acetonitrile:
methanol (7:2.5:0.5, v/v/v) and UV detection at 375 
nm. The linear range of the plasma concentration 
was 1-16 μg/mL with a detection limit of 158 ng/mL. 
Within-day and between-day precision expressed 
as the relative standard deviation was less than 

2%. The proposed method was successfully used in 
a bioequivalence study in healthy volunteers and 
mean pharmacokinetic parameters were calculated.

K e y w o r d s :  Te n o x i c a m ,  S u p e r d i s i n t e g r a n t , 
Pharmacokinetic, Solid dispersion, Dissolution 
enhancement

1. Introduction

Tenoxicam (4-hydroxy-2-methyl-N-(pyridine-2-yl)-2H-
thieno-1,2-thiazine-3-carboxamide-1,1-dioxide) (1) is 
a nonsteroidal anti-inflammatory drug (NSAID) from 
the oxicam group that also has analgesic and antipyretic 
properties as a result of inhibiting prostaglandin 
synthesis (2). Like other oxicam derivatives, tenoxicam 
has been found to be about 99% protein-bound (3). Due 
to its accentuated hydrophilic character in comparison 
to other oxicams, tenoxicam is characterized by 
less penetration into tissues, explaining its lower 
incidence of adverse reactions (4). Tenoxicam has 
recently been studied using IR spectroscopy (5) and 
spectrophotometric (6-9), chromatographic (10-12), 
polarographic (13), and pharmacokinetic analysis (14).
 Tenoxicam is a poorly water-soluble drug; for 
such drugs, dissolution plays an important role in 
their absorption (15). Although it has excellent oral 
bioavailability, its poor aqueous solubility limits its 
absorption dissolution rate and thus delays its onset of 
action. In order to enhance drug solubility in water and 
in biological fluids, many approaches have recently 
been devised and include salt formation, solubilization, 
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particle size reduction, solid dispersion (SD), self-
dispersing liquid formulations (16), and the use of 
inclusion compounds based on cyclodextrin (17). Of 
these methods, solid dispersion is the most efficient. 
The technique provides a disposition of the drug on the 
surface of certain materials that can alter the dissolution 
properties of the drug. Once the solid dispersion is 
exposed to aqueous media and the carrier is dissolved, 
the drug is released as very fine colloidal particles 
(18-20). This results in a greatly enhanced surface area, 
thus prompting expectations of a high dissolution rate 
and level of bioavailability for poorly water-soluble 
drugs (21).
 The aim of the present study was to formulate 
tenoxicam solid dispersions in order to improve 
dissolution and aqueous solubility to facilitate faster 
onset of action. Two groups of dissolution enhancers 
were used in the preparation of solid dispersions, the 
first group being PVP30 and β-cyclodextrin and the 
second group being two superdisintegrants, explotab 
and croscarmellose sodium. Solid dispersions with 
an improved dissolution profile were characterized 
using differential scanning calorimetry (DSC) and 
infra red spectroscopy (IR), and the one with the 
best dissolution profile was compressed into tablets. 
A simple and rapid method for the determination of 
tenoxicam in human plasma as well as in formulated 
tablets was developed and validated. Linearity 
range, limits of detection and quantitation, accuracy, 
precision, and specificity were determined in order 
to gauge the suitability of the method and confirm 
results. This method was used successfully in a 
pharmacokinetic study, revealing bioequivalence 
between tenoxicam tablets (T2F8) and commercial 
tablets.

2. Materials and Methods

2.1. Materials

Pure tenoxicam (TN) (purity 99.98%), explotab, 
and croscarmellose sodium (CS) were generously 
supplied by the Egyptian International Pharmaceutical 
Company (EIPICO; Tenth of Ramadan City, Egypt). 
β-Cyclodextrin was obtained from Fluka Chemical 
Corp., Buchs, Switzerland. Polyvinyl pyrolidone (PVP 
K30) was generously supplied by El-Nile Pharmaceutical 
Co., Cairo, Egypt and Starch 1500 was from Colorcon, 
Shizuoka, Japan. HPLC-grade acetonitrile and methanol 
were purchased from Fisher Scientific, Pittsburgh, PA, 
USA. Sodium acetate and acetic acid were from El-
Nasr, Kalubia, Egypt. Tenoxil tablets were obtained 
commercially.

2.2. Instrumentation

For  HPLC, the  Agi lent-1100 ser ies  LC/DAD 

(Agilent Technologies, Böblingen, Germany) was 
used. For spectrophotometry, the Jasco FTIR-5300 
spectrophotometer (Jasco Co., Tokyo, Japan) was 
used. A Shimadzu thermal analyzer (Shimadzu, 
Kyoto, Japan) was used Along with a United States 
Pharmacopeia (USP)-standard dissolution apparatus 
(Model DA-6D) (Veego, Bombay, India). Tabletting 
was done using an EK:O tabletting machine (Erweka, 
Frankfurt, Germany).

2.3. Preparation of tenoxicam physical mixtures and 
solid dispersions

Solid dispersions of the drug with hydrophilic carriers 
were prepared in ratios of 1:2, 1:1, and 2:1 of drug:
carrier. Two techniques used for preparation were 
either solvent evaporation or co-grinding. For solvent 
evaporation, an accurate weighed quantity of tenoxicam 
was dissolved in a minimum amount of ethanol in 
which PVP, explotab, and croscarmellose sodium 
were suspended, the suspension was transferred to 
a petri dish, the solvent was allowed to evaporate at 
room temperature for one hour, and the result was then 
dried in a hot air oven. The mass obtained in each case 
was crushed, pulverized, and sifted through 80 mesh. 
For co-grinding, ground mixtures of tenoxicam with 
β-cyclodextrin were prepared by grinding in a mortar 
for one minute.
 Physical mixtures were formulated for comparison 
by mixing the drug and carriers in geometric 
proportions using a spatula without applying pressure. 
All solid dispersions were stored over anhydrous 
calcium chloride in a desiccator until further evaluation. 
The selected formulae are shown in Table 1.

Codes

PD
F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11
F12
F13
F14
F15
F16
F17
F18
F19
F20
F21
F22
F23
F24

Component

Pure drug
TN/PVP30
TN/PVP30
TN/PVP30
TN/β-CD
TN/β-CD
TN/β-CD
TN/Explotab
TN/Explotab
TN/Explotab
TN/CS
TN/CS
TN/CS
TN/PVP30
TN/PVP30
TN/PVP30
TN/β-CD
TN/β-CD
TN/β-CD
TN/Explotab
TN/Explotab
TN/Explotab
TN/CS
TN/CS
TN/CS

Ratio

  –
1:2
1:1
2:1
1:2
1:1
2:1
1:2
1:1
2:1
1:2
1:1
2:1
1:2
1:1
2:1
1:2
1:1
2:1
1:2
1:1
2:1
1:2
1:1
2:1

        Method

             –
SD/Co-evaporation
SD/Co-evaporation
SD/Co-evaporation
SD/Co-grinding
SD/Co-grinding
SD/Co-grinding
SD/Co-evaporation
SD/Co-evaporation
SD/Co-evaporation
SD/Co-evaporation
SD/Co-evaporation
SD/Co-evaporation
Physical  mixture
Physical  mixture
Physical  mixture
Physical  mixture
Physical  mixture
Physical  mixture
Physical  mixture
Physical  mixture
Physical  mixture
Physical  mixture
Physical  mixture
Physical  mixture

Table 1. Composition of different tenoxicam formulations
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2.7. Stability study of tablet

In order to determine any changes in the in vitro drug 
release profile as a result of storage, a stability study of 
T2F8 tablets containing tenoxicam/explotab, which had the 
maximum dissolution release, was conducted at 40°C for 
one month, 40°C and 75% relative humidity (40°C/75% 
RH) for one month, and 60°C for 15 days.

2.8. Validation of the HPLC method

Tenoxicam was subjected to analytical validation 
in human plasma using an HPLC method according 
to USP guidelines, from which the recovery of the 
prepared T2F8 can be calculated.

2.8.1. Preparation of standard solutions

Different aliquots (0.01-0.16 mg) of the standard 
tenoxicam in methanol, 0.1 mg/mL were introduced 
into a series of 10-mL volumetric flasks and adjusted 
to volume with methanol. One mL of each solution was 
transferred to a series of 5-mL centrifuge tubes, each 
containing 1 mL blank plasma. Zero point three mL of 
acetonitrile/perchloric acid mixture (2:1) were added to 
each tube, vortexed for 30 sec, and then centrifuged at 
5,000 rpm for 10 min.

2.8.2. Linearity

The linearity of the method was evaluated using 
a calibration curve in the range of 1-16 μg/mL 
tenoxicam. Twenty μL injections were made in 
triplicate for each concentration and chromatographed 
on a C18 column at ambient temperature using a mobile 
phase of 0.02 M sodium acetate (pH 2.7)-acetonitrile- 
methanol (70:25:5, v/v/v) at a flow rate of 1 mL/min 
and UV detection at 375 nm. The calibration curve 
was obtained by plotting the peak area as a function of 
drug concentration and the regression parameters were 
determined.

2.8.3. Accuracy and precision

The intraday and interday accuracy and precision 
were determined by replicate analysis of three sets of 
samples spiked with three different concentrations of 
tenoxicam (2, 8, and 16 μg/mL) within one day or on 
three consecutive days.

2.8.4. Recovery

Absolute recovery of tenoxicam was determined in 
triplicate by extracting blank human plasma samples 
spiked with tenoxicam; the mean peak area was 
compared to that obtained from the standard drug with 
the same concentration.

2.4. Characterization of solid dispersions

Solid dispersions were characterized by Fourier 
transform infrared (FTIR) spectroscopy; the scanning 
range was 400 to 4,000 cm-1 with a resolution of 2 
cm-1 and differential scanning calorimetry (DSC) was 
performed at a rate of 5°C per min over the range of 
30-300.

2.5. In vitro dissolution studies

Dissolution rate studies were performed in 900 mL of 
0.1 N HCl (pH 1.2) at 37 ± 0.5°C, using a dissolution 
apparatus with paddles rotating at 50 rpm. Solid 
products, solid dispersions of the drug and carriers, and 
their physical mixtures containing 20 mg tenoxicam 
were subjected to dissolution; these results were 
then compared to those for the pure drug. At fixed 
time intervals, samples were withdrawn, filtered, and 
spectrophotometrically assayed for drug content at 
375 nm. Dissolution efficiency (DE) was calculated 
from the area under the dissolution curve at time t and 
expressed as percentage of the area of the rectangle 
described by 100% dissolution in the same time (22).

2.6. Tablet preparation

Solid dispersions containing tenoxicam with explotab 
(1:1), croscarmellose sodium (1:2), and PVP30 (2:1) 
had the maximum in vitro dissolution of all prepared 
formulations, and this is why they were mixed 
with talc (2%), sodium lauryl sulphate (1%), and 
magnesium stearate (1%) and then compressed into 
tablets. The average weight of the tablets was adjusted 
to 250 mg using Avicel 102, and tablets were coded 
T1F3, T1F8, and T1F10 for tenoxicam/PVP30, tenoxicam/
explotab, and tenoxicam/CS, respectively, as shown in 
Table 2. Starch 1500 was added to the aforementioned 
formulations as a disintegrating agent and the result 
was compressed into tablets (T2F3, T2F8 and T2F10 
in Table 2) to determine whether the presence or 
absence of a disintegrant would affect the dissolution 
of the prepared tablets. All ingredients were mixed 
and compressed in a tabletting machine using flat-tip 
punches and dies with an 8-mm diameter via a direct 
compression technique. In vitro dissolution studies 
for the prepared tablets and commercial tablets were 
conducted using 900 mL 0.1 N HCl as a dissolution 
medium at 50 rpm.

Table 2. Composition of tenoxicam tablets
Tablets code

T1F3
T1F8
T1F10
T2F3
T2F8
T2F10

Component

TN/PVP30
TN/Explotab
TN/CS
TN/PVP30
TN/Explotab
TN/CS

Starch 1500

–
–
–

5%
5%
5%
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2.8.5. Specificity

The proposed method successfully quantitated 
tenoxicam even in the presence of degradation 
products. Forced degradation of the pure drug was 
performed in the laboratory where 10 mg of tenoxicam 
were transferred to a 100-mL conical flask. Twenty 
mL of 1 M NaOH were added and refluxed for 20 min. 
After cooling, 5 M HCl was added to the drug solution 
until the pH was adjusted to 8. The solution was then 
evaporated under a vacuum, extracted three times with 
20 mL methanol, filtered into a 100-mL volumetric 
flask, and brought to volume with methanol. The 
obtained solution was labeled as contain degradates 
derived from 0.1 mg/mL tenoxicam. Laboratory-
prepared mixtures containing different ratios of pure 
and degraded drug were analyzed using the proposed 
HPLC method.

2.8.6. Analysis of tenoxicam in T2F8 tablets

Ten prepared T2F8 tablets were weighed, finely ground, 
and mixed. The amount of fine powder equivalent to 
10 mg tenoxicam was sonicated with 70 mL methanol 
for 15 min, filtered into a 100-mL volumetric flask, 
and brought to volume with methanol. The obtained 
solution was labeled as containing 0.1 mg/mL and 
analyzed after spiking by the proposed HPLC method, 
as described previously in the section on linearity.

2.9. Bioavailability study

The selected tablet formula T2F8 with the maximum 
dissolution profile (with a tenoxicam/explotab ratio of 
1:1) and commercial tablets were subjected to a single-
dose relative pharmacokinetic study. The study was a 
crossover bioavailability design that was performed 
using 6 healthy adult male volunteers between the 
ages of 22 and 30 years and weighing between 60 and 
85 kg. The volunteers were prevented from taking 
any alcohol or drugs for 2 days prior to experiment 
and during the study. The volunteers fasted for 8 h 
before drug administration. Each subject ingested 
2 compressed tablets of the two products (test and 
reference). An interval of 14 days was allowed prior to 
the next treatment. Whole blood samples were taken 
from a forearm vein pre-dose and at 1, 2, 3, 4, 5, 6, 
and 8 h post-dosing. The blood was centrifuged at 
5,000 rpm for 10 min, and the plasma obtained was 
stored at -20°C until analysis. To compare the rate 
and extent of absorption of tenoxicam, the following 
pharmacokinetic variables were calculated for each 
volunteer using actual blood sampling times. The 
maximum plasma concentration (Cmax) and the time 
required to reach this concentration (Tmax) were read 
directly from the arithmetic plot of time vs. plasma 
concentration for tenoxicam. The overall elimination 

rate constant (ke) was calculated from the slope of 
the terminal elimination phase of a semilogarithmic 
plot of concentration vs. time after subjecting it to 
linear regression analysis. The elimination half-
life (t1/2) was obtained by dividing 0.693 by ke. The 
absorption rate constant (ka) was calculated using the 
method of residuals (23). The area under the plasma 
tenoxicam concentration vs. time curve (AUC0-∞) was 
determined by means of the trapezoidal rule. The 
relative bioavailability of tenoxicam from matrix tablets 
in comparison to a reference formulation (commercial 
tablets) was calculated by dividing its AUC0-∞ by that of 
the commercial tablet dosage form.

3. Results and Discussion

3.1. Characterization of solid dispersions

3.1.1. Differential scanning calorimetry

Thermograms were carried out separately with the 
drug and carriers as shown in Figure 1. The DSC 
curve for tenoxicam had one endothermic peak at 
about 225°C, corresponding to its melting point, while 
crospovidone, explotab, and PVP had broad peaks 
at 80.8, 78.4, and 72.7°C, respectively. On the other 
hand, thermograms for all physical mixtures indicate 
that there was no appreciable shift in the melting peak 
of tenoxicam with all carriers. This was also true for 

30

Figure 1. DSC thermogram of tenoxicam, carriers, their physical 
mixtures, and corresponding solid dispersions.
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solid dispersions of the drug with croscarmellose and 
explotab, indicating the absence of strong interactions 
between the components.  The increase in the 
dissolution rate was thus attributed to an increase in 
the available surface area of the drug due to improved 
wettability provided by the superdisintegrants. In the 
case of drug/PVP solid dispersion, the peak shifted 
slightly to a lower temperature (203°C); this may be 
due to a low carrier ratio in the solid dispersion, but 
a notable decrease in peak intensity is evidence of its 
formation.

3.1.2. Fourier transform infrared (FTIR) spectroscopy

Figure 2 shows the IR spectra for tenoxicam in 
physical mixtures and solid dispersions with different 
carriers. The IR spectrum of the plain drug had 
an absorption band at 3,395 cm-1 due to an O–H 
stretching vibration; the broadness of this band is 
indicative of hydrogen bonding. The strong band 
observed at 1,636 cm-1 is attributed to the carbonyl 
stretching vibration in the secondary amide group 
(CO–NH). The band located at 1,597 cm-1 is due to 
the stretching vibration of pyridyl nitrogen (C=N). 
Addition of the carriers studied to pure tenoxicam 
resulted in no shifting for any of these characteristic 
bands, indicating no chemical interaction between the 
drug and the polymers used.

3.2. In vitro dissolution studies

Dissolution profiles of the pure drug and drug-carrier 
binary systems are represented in Figures 3-6. As is 
apparent, the solid dispersion technique improved the 
dissolution rate of tenoxicam to a great extent. This is 
clearly evident from the % of drug dissolved in 20 min 
(DP20) and dissolution efficiency at 60 min (DE60) for 
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Figure 2. IR spectra of tenoxicam, physical mixtures, and 
corresponding solid dispersions for the chosen formulations.

Figure 3. % drug released from solid dispersions (A) and physical 
mixtures (B) prepared with PVP30 in different ratios.

A

B

Pure drug
PVP 1:1
PVP 1:2
PVP 2:1

Pure drug
PVP 1:1
PVP 1:2
PVP 2:1

A

B

Pure drug
PVP 1:1
PVP 1:2
PVP 2:1

Pure drug
PVP 1:1
PVP 1:2
PVP 2:1

A

B

Pure drug
PVP 1:1
PVP 1:2
PVP 2:1

Pure drug
PVP 1:1
PVP 1:2
PVP 2:1

Pure drug
PVP 1:1
PVP 1:2
PVP 2:1

Pure drug
PVP 1:1
PVP 1:2
PVP 2:1

A

B

Pure drug
β-CD 1:1
β-CD 1:2
β-CD 2:1

Pure drug
β-CD 1:1
β-CD 1:2
β-CD 2:1

A

B

Pure drug
β-CD 1:1
β-CD 1:2
β-CD 2:1

Pure drug
β-CD 1:1
β-CD 1:2
β-CD 2:1

A

B

Pure drug
β-CD 1:1
β-CD 1:2
β-CD 2:1

Pure drug
β-CD 1:1
β-CD 1:2
β-CD 2:1

Pure drug
β-CD 1:1
β-CD 1:2
β-CD 2:1

Pure drug
β-CD 1:1
β-CD 1:2
β-CD 2:1

Figure 4. % drug released from solid dispersions (A) and physical 
mixtures (B) prepared with β-CD in different ratios.
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A

B

Pure drug
CS 1:1
CS 1:2
CS 2:1

Pure drug
CS 1:1
CS 1:2
CS 2:1

A

B

Pure drug
CS 1:1
CS 1:2
CS 2:1

Pure drug
CS 1:1
CS 1:2
CS 2:1

A

B

Pure drug
CS 1:1
CS 1:2
CS 2:1

Pure drug
CS 1:1
CS 1:2
CS 2:1

Pure drug
CS 1:1
CS 1:2
CS 2:1

Pure drug
CS 1:1
CS 1:2
CS 2:1

A

B

Pure drug
Pxp 1:1
Pxp 1:2
Pxp 2:1

Pure drug
Pxp 1:1
Pxp 1:2
Pxp 2:1

A

B

Pure drug
Pxp 1:1
Pxp 1:2
Pxp 2:1

Pure drug
Pxp 1:1
Pxp 1:2
Pxp 2:1

A

B

Pure drug
Pxp 1:1
Pxp 1:2
Pxp 2:1

Pure drug
Pxp 1:1
Pxp 1:2
Pxp 2:1

Pure drug
Pxp 1:1
Pxp 1:2
Pxp 2:1

Pure drug
Pxp 1:1
Pxp 1:2
Pxp 2:1

the pure drug and its binary systems with carriers, as 
presented in Table 3. Solid dispersions formulated with 
a drug/PVP ratio of 2:1 had a DP20 and DE60 of 95.4% 
and 91.1%, respectively, in comparison to 18.5% for 
pure drug powder. Decreased crystallinity and increased 
wetting of the particles may be considered major 
contributors to the enhanced dissolution of tenoxicam 
from a solid dispersion system containing PVP (24). 
Solid dispersions with β-cyclodextrin as a carrier had 
an increase in drug release in comparison to the pure 

drug, as shown in Figure 4. Table 3 represents DP20 and 
DE60 of 77.7% and 82.49%, respectively, for TN/β-CD 
(2:1-SD). This enhancement can be attributed to the 
greater hydrophilic character of the systems due to the 
presence of the carrier, which can reduce interfacial 
tension between a poorly water-soluble drug and 
dissolution medium (25).
 Moreover, in the case of β-cyclodextrin the carrier 
dissolves more rapidly than the drug in the early stage 
of the dissolution process. Hence, it can act on the 
hydrodynamic layer surrounding the drug particles, 
resulting in an in situ inclusion process that improves 
the dissolution of the drug. In fact, systems containing 
a larger amount of β-cyclodextrin had faster drug 
dissolution. The addition of the two superdisintegrants 
markedly improved the dissolution rate of the 
formulated solid dispersions in comparison to the pure 
drug; even their physical mixtures displayed an increase 
in drug release, as shown in Table 3 and Figures 5 and 
6. Formulations prepared with explotab had a great 
increase in dissolution behavior as noted from DP20 
values; a formulation with a 1:1 ratio had the highest 
DP20 value (99.80%) and a DE60 of 91.52%. Explotab 
was expected to absorb a large amount of water when 
exposed to dissolution medium and swell, thus resulting 
in the wetting of small drug particulates deposited 
on the surface of explotab. The carrier swelling 
would cause deaggregation of clusters of small drug 
particles and facilitate their dissolution. The improved 
dissolution in formulations with croscarmellose (Figure 
6) could also be due to a reduction in the particle size of 
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Figure 5. % drug released from solid dispersions (A) and physical 
mixtures (B) prepared with explotab in different ratios.

Figure 6. % drug released from solid dispersions (A) and physical 
mixtures (B) prepared with croscarmellose in different ratios.

SSD codes

PD
F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11
F12
F13
F14
F15
F16
F17
F18
F19
F20
F21
F22
F23
F24

Component

Pure drug
TN/PVP30
TN/PVP30
TN/PVP30
TN/β-CD
TN/β-CD
TN/β-CD
TN/Explotab
TN/Explotab
TN/Explotab
TN/CS
TN/CS
TN/CS
TN/PVP30
TN/PVP30
TN/PVP30
TN/β-CD
TN/β-CD
TN/β-CD
TN/Explotab
TN/Explotab
TN/Explotab
TN/CS
TN/CS
TN/CS

Ratio

  –
1:2
1:1
2:1
1:2
1:1
2:1
1:2
1:1
2:1
1:2
1:1
2:1
1:2
1:1
2:1
1:2
1:1
2:1
1:2
1:1
2:1
1:2
1:1
2:1

DP20 (%)*

18.5 ± 1.04
88.0 ± 3.50
83.2 ± 0.45
95.4 ± 2.06
73.9 ± 1.34
72.3 ± 1.67
77.7 ± 1.55
73.3 ± 3.09
99.8 ± 2.44
83.7 ± 2.98
84.3 ± 2.76
56.7 ± 2.44
49.9 ± 1.34
40.8 ± 1.32
49.4 ± 1.98
34.0 ± 1.22
47.9 ± 1.55
55.0 ± 2.49
42.7 ± 1.27
54.2 ± 3.22
31.4 ± 1.87
26.3 ± 1.54
51.9 ± 1.76
24.1 ± 1.23
29.3 ± 2.55

DE60 (%)**

29.67
88.80
82.16
91.10
79.90
73.26
82.49
69.70
91.52
82.95
86.15
68.60
58.70
50.68
57.18
45.39
58.84
64.72
54.06
59.77
40.61
38.89
59.49
32.43
36.53

Table 3. Dissolution parameters for different tenoxicam 
formulations

* DP20: Percent drug dissolved in 20 min. ** DE60: Dissolution effi ciency 
at t = 60 min. (calculated from the area under the dissolution curve at t 
= 60 min and expressed as a % of the area of the rectangle described by 
100% dissolution in the same time). Each value is the average of three 
determinations.
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the drug, its deposition on the surface of the carrier, and 
improved hydrophilicity. Figure 7 shows the superior 
drug release rate for each carrier used. A PVP30 ratio of 
1:2, a β-CD ratio of 2:1, an explotab ratio of 1:1, and a 
croscarmellose ratio of 1:2 resulted in maximum drug 
release in comparison to other formulations as well as 
the pure drug.

3.3. In vitro dissolution studies for tablets

Based on in vitro dissolution performance, solid 
dispersions with a PVP30 ratio of 2:1, explotab ratio of 
1:1, and croscarmellose ratio of 1:2 were selected for 
compression into tablets since they had superior drug 
release rates. Table 4 shows a comparison of the percent 
drug released in 20 min (DP20) as well as dissolution 
efficiency at 60 min (DE60) in tablets prepared from the 
selected solid dispersions with different carriers and that 
of commercial tablets. As is apparent from the table, 
T2F3, T2F8, and T2F10 had a DP20 of 53.4, 96.5, and 
86.6%, respectively, while they had a DE60 of 74.23, 
93.77, and 86.7%, respectively. They also had a higher 
drug release than tablets without disintegrant (T1F3, 
T1F8, and T1F10) in which the disintegration step was 
not enhanced. Figure 8 shows a delay in the release 
of the drug from tablets in comparison to their solid 
dispersions due to the time taken (several minutes) by 
the disintegration step in tablets.

3.4. Stability study of tablets

In order to determine any changes in the in vitro drug 

release profile as a result of storage, a stability study 
of tablets containing tenoxicam/explotab, which had 
the maximum dissolution release, was conducted at 
40°C for one month, 40°C and 75% relative humidity 
(40°C/75%RH) for one month, and 60°C for 15 
days. As shown in Figure 9, under these conditions 
no significant changes in the tenoxicam release profile 
from T2F8 tablets were observed. This similarity in drug 
release was confirmed by data obtained from values for the 
difference factor (f1), and similarity factor (f2). These factors 
help to assure similarity in product performance according to 
the US Food and Drug Administration's guides for industry 
(26). Generally f1 values up to 15 (0-15) and f2 values greater 
than 50 (50-100) ensure sameness or equivalence of the two 
curves (27,28). Table 5 shows values for f1 and f2 obtained 
from in vitro dissolution data for tenoxicam-explotab tablets 
after storage for the aforementioned times. All values were 
within the accepted range, indicating the similarity of all 
tablets at all storage times.
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Figure 8. % drug released from commercial tablets and 
formulated tablets with and without disintegrant, for tablets 
prepared with PVP30 (A), tablets prepared with Explotab (B) 
and tablets prepared with croscarmellose (C) in comparison to 
commercial tablets.

Figure 7. % drug released from solid dispersions exhibiting 
maximum release in comparison to the pure drug.

Pure drug
PVP 1:2

CS 1:2
Exp 1:1

β-CD 2:1

Pure drug
PVP 1:2

CS 1:2
Exp 1:1

β-CD 2:1

Pure drug
PVP 1:2

CS 1:2
Exp 1:1

β-CD 2:1

* DP20: Percent drug dissolved in 20 min. ** DE60: Dissolution effi ciency 
at t = 60 min. (calculated from the area under the dissolution curve at t 
= 60 min and expressed as a % of the area of the area of the rectangle 
described by 100% dissolution in the same time). Each value is the 
average of three determinations.

Table 4. Dissolution parameters for tenoxicam tablets
Tablets code

Commercial
T1F3
T1F8
T1F10
T2F3
T2F8
T2F10

DP20 (%)*

28.3
32.8
86.8
63.0
53.4
96.5
86.6

DE60 (%)**

42.82
49.59
84.53
72.65
74.23
93.77
86.70

A

B

C

market
T1F3
T2F3

market
T1F8
T2F8

market
T1F10
T2F10

A

B

C

market
T1F3
T2F3

market
T1F8
T2F8

market
T1F10
T2F10
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3.5. Validation data

3.5.1. Optimization of chromatographic conditions

Different chromatographic conditions affecting the 
separation process were studied and optimized. 
Different compositions of the mobile phase, flow 
rates, and wavelengths were tried. Tenoxicam's peak 
was resolved by using a reversed-phase Nucleosil 
C18 column (particle size: 5 μm, 250 mm × 4.6 mm), 
a mobile phase of 0.02 M sodium acetate (pH 2.7) 
acetonitrile-methanol (70:25:5, v/v/v) at a flow rate of 
1 mL/min, and UV detection at 375 nm. Under these 
conditions, the drug exhibited a sharply resolved peak 
at 8.2 min. A chromatogram of human blank plasma 
and blank plasma spiked with tenoxicam is shown in 
Figure 10.

3.5.2. Linearity

According to peak area-response at 375 nm, Beer's law 
was obeyed over the range of 1-16 μg/mL of tenoxicam, 
with a high correlation coefficient (0.9998). The limit 
of quantitation (LOD) was assessed using the slope of 
calibration curve and standard deviation of the blank 
and was found to be 526 ng/mL, as shown in Table 6.

3.5.3. Accuracy and precision

Inter- and intraday accuracy and precision of the 
proposed procedure were calculated. Inter- and intraday 
accuracy (expressed as R%) ranged from 97.1 to 98.3 
and from 98.5 to 98.9, respectively. However, precision 
(expressed as RSD%) ranged from 0.21 to 0.95 and 
from 0.84 to 1.32, respectively, as shown in Table 6.

3.5.4. Absolute recovery

Using the proposed HPLC method, absolute recovery 
of the drug ± SD was 86.98 ± 0.75% (Table 7).

3.5.5. Specificity

The pure drug was selectively determined using the 
proposed HPLC method in the presence of up to 95% 
of its alkaline induced degradation product with a mean 
recovery of 99.92 ± 1.01%. Peaks at 2.4 and 3.4 min for 
degradates were well resolved from the intact tenoxicam 
peak at 8.2 min (Figure 11). A suggested degradation 
pathway was proposed (Scheme 1) and verified by the 
IR spectra of both the drug and degradates.
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Figure 9. % drug release of (T2F8) tablet after different storage 
times.

Table 5. Results of similarity factors obtained after 
different storage times

Factors

ƒ1
ƒ2

T2F8 
(15 days)

  3
71

T2F8 (30 days)
(40°C/75% RH)

  8
68

T2F8 (30 days)
(40°C)

10
64

Recovery (%)

86.5
88.2
86.6
87.2
86.4

86.98 ± 0.75

Taken conc. (μg/mL)

  2
  6
10
14
16

Mean ± SD%

Table 7. Absolute recovery of tenoxicam from spiked 
human plasma

Found conc. (μg/mL)

  1.73
  5.29
  8.66
12.21
13.83

–

Parameter

Linearity range (μg/mL)
λmax
LOD (ng/mL)
LOQ (ng/mL)
Regression parameters
      Slope ± SD (Sb)
      Intersept ± SD (Sa)
      SD of residual (Sxy)
      Correlation coeffi cient (r2)
Accuracy (R%)
      Interday
      Intraday
Precision (RSD%)*

      Interday
      Intraday

HPLC procedure

1-16
375 nm

158
526

    9,842 ± 33.9 
-108.6 ± 279.9

413.6
0.9998

97.1 - 98.3
98.5 - 98.9

0.21 - 0.95
0.84 - 1.32

*n = 9.

Table 6. Selected spectral data for the determination of 
spiked tenoxicam by the proposed HPLC procedure

Figure 10. Chromatogram of human blank plasma (A) and blank 
plasma spiked with tenoxicam (B).



www.ddtjournal.com

Drug Discov Ther. 2009; 3(1):27-36. 

 Appearance of a single peak at 8.3 min in the 
chromatogram of the prepared T2F8 tablets proved the 
successful evaluation of tenoxicam in the prepared 
tablets without interference from additives with a mean 
recovery of 97.23 ± 0.69%. This was then compared 
statistically to the results of a conventional method (6); 
no significant differences were found between the two 
methods at a probability of 95% (Table 8).

3.6. Bioavailability studies

The mean tenoxicam plasma concentration vs . 
time profiles is shown in Figure 12. The mean 

pharmacokinet ic  parameters  ca lcula ted  f rom 
individual plasma tenoxicam concentrations vs. time 
profiles are summarized in Table 9.
 Mean values for the two preparations were close 
together. Based on statistical data, pharmacokinetic 
parameters  of  the two preparat ions indicated 
bioequivalence. The relative bioavailability of 
tenoxicam tablet was found to be 108.54 %.

4. Conclusion

Based on the current study, improvement in the 
dissolution of the water-insoluble drug tenoxicam 
was achieved through sol id  dispers ion using 
different carriers, the best of which was explotab, 
which exhibited complete drug release in 20 min.  
A tenoxicam/explotab solid dispersion was then 
compressed into tablets but its enhanced dissolution 
profile was maintained. Moreover, a sensitive 
and rapid method was provided for the analysis 
of tenoxicam in human plasma either in bulk or 
in pharmaceutical formulations. Validation of the 
proposed method was carried out according to USP 
guidelines; results were precise and accurate. The 
short duration of the assay and its specificity allowed 
for the use of the method in routine analysis and in a 
pharmacokinetic study, where the formulated tablet 
was found to be bioequivalent to commercial tablets 
when taken by human volunteers.
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AUC (0-24)
AUC0-∞ (μg/mL/h)
t1/2 (h)
ka (h

-1)
Tmax (h)
Cmax (μg/mL)
Relative bioavailability (%)

Table 9. Mean pharmacokinetic parameters for tenoxicam 
after oral administration of T2F8 tablets in human volunteers

  25.62
  90.71
    0.653782
    1.059986
    2.5
    3.72
108.54

26.05
83.56
  0.867316
  0.799017
  3.0
  3.87
    –

T2F8 tablets      Commercial tablets
Pharmacokinetic parameters

Volunteers orally administered

Figure 12. Mean plasma concentration of tenoxicam after oral 
administration of T2F8 tablets in comparison to commercial 
tablets.

Parameter

n
Mean recovery%
SD
Variance
t*

F*

Table 8. Statistical analysis of the results obtained by the 
proposed procedure for the determination of tenoxicam in 
the prepared T2F8 tablets in comparison to those from a 
conventional method

Proposed HPLC 
procedure

5
97.23
  0.69
  0.47

0.552 (2.262)
1.83 (5.19)

Conventional 
method (6)

6
99.3

    0.51
    0.26

–
–

* Values in parentheses are the theoretical t and F values at P = 0.05.

Scheme 1. Degradation pathway of tenoxicam.

Figure 11. HPLC chromatogram of a mixture of tenoxicam and 
its degradates.
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