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Aim: The potential for topical delivery of meloxicam was investigated by examining its pharmacokinetic profiles in plasma and synovial
fluid following oral and transdermal administration in Beagle dogs.

Methods: The experiment was a two-period, crossover design using 6 Beagle dogs. Meloxicam tablets were administered orally at a
dose of 0.31 mg/kg, and meloxicam gel was administered transdermally at a dose of 1.25 mg/kg. Drug concentrations in plasma and
synovial fluid were determined by liquid chromatography-tandem mass spectrometry (LC/MS/MS). The pharmacokinetic parameters
were calculated using the Topfit 2.0 program.

Results: The pharmacokinetic results showed that AUC,_, (23.9+8.26 ugh-mL™) in plasma after oral administration was significantly
higher than after transdermal delivery (1.00+0.43 ugh-mL™). In contrast, the ratio of the average concentration in synovial fluid to that
in plasma following transdermal administration was higher than that for an oral delivery. The synovial fluid concentration in the treated
leg was much higher than that in the untreated leg, whereas the synovial fluid concentration in the untreated leg was similar to the
plasma concentration.

Conclusion: The high concentration ratio of synovial fluid to plasma indicates direct penetration of meloxicam following topical adminis-
tration to the target tissue. This finding is further supported by the differences observed in meloxicam concentrations in synovial fluid
in the treated and untreated joints at the same time point. Our results suggest that transdermal delivery of meloxicam is a promising
method for decreasing its adverse systemic effects.
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Introduction

Meloxicam is a potent non-steroidal anti-inflammatory drug
(NSAID) of the enolic acid class of oxicam derivatives. Its
mode of action is via preferential inhibition of cyclo-oxyge-
nase-2 (COX-2) activity and prostaglandin synthesis. Meloxi-
cam has proven efficacy in treating rheumatoid arthritis,
osteoarthritis, and many other joint diseases!. Although it
has a good gastrointestinal tolerability compared with other
NSAIDs, stomach upset and indigestion are common side
effects. In addition, cardiac side effects are also suspectedm.
Consequently, meloxicam is not suitable for the treatment of
rheumatological patients who also present with gastric ulcer®.
In order to avoid irritation of the gastrointestinal tract and to
minimize systemic toxicity, a topical transdermal formulation
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of meloxicam has been developed! .

The mechanism of the topical delivery of NSAIDs is still
unclear. It is believed that local accumulation of the drug in
target tissues could occur either by direct penetration or via
redistribution through systemic circulation'®”. It has been
suggested that drugs passing through the stratum corneum,
epidermis, and dermis can be effectively removed by cutane-
ous microcirculation, which can act as a “sink”®l. However,
recent developments have now shown that local, targeted,
subcutaneous drug delivery might be possible and effectivel’.

In this study, the mechanism of the topical delivery of
meloxicam was investigated by examining the pharmacoki-
netic profiles of meloxicam in the plasma and synovial fluid
(SF) of Beagle dogs following oral and topical administration
of the drug.

Materials and methods
Chemicals and reagents
Meloxicam (99% purity) and piroxicam (internal standard,



99% purity) were supplied by Taiyang Pharmaceutical Co,
Ltd (Beijing, China). HPLC-grade methanol and acetonitrile
were purchased from Kangkede Technology Co (Tianjin,
China). Other reagents used were of analytical grade and
were obtained commercially. Distilled water, prepared from
demineralized water, was used throughout the study. Com-
mercially available 7.5 mg doses of meloxicam tablets (Mobic,
Boehringer Ingelheim Ltd, Shanghai, China) were chosen as a
reference. The formulation of meloxicam gel, containing 1%
meloxicam in carbopol 940, was prepared in our laboratory.

Preparation of the meloxicam gel

Carbopol 940 (1.0 g) was dissolved in 40 mL of water, and
the pH 7.5-8.0 of the gel was adjusted using adequate trietha-
nolamine. A 1.0 g quantity of meloxicam was dissolved in a
minimal volume of a propylene glycol, alcohol and diethyl-
eneglycol monoethyl ether (transcutol) mixture. The meloxi-
cam solution was then added to the carbopol solution under
vigorous stirring, and water was added to a final volume of
100 mL.

Animals and treatment

Beagle dogs (1=6, both female and male, body weight 12+2 kg)
were supplied by the Lab Animal Center of Shenyang Kang-
ping Institution (Certificate No SYXK 2003-0006). An open
randomized two-way crossover study with a wash-out period
of 5 weeks was conducted. The dogs were randomly assigned
into two groups, a single po dose of 0.31 mg/kg meloxicam
was given to one group, and the other group was given a
single dose of 1.25 mg/kg meloxicam applied as a topical gel.
All dogs were fed a standard laboratory chow with water and
were fasted overnight before the experiment.

Oral administration

The dogs in this group were given a single dose of 0.31 mg/kg
meloxicam, fed at 4 h post-dosing, and water was available
from 2 h post-dosing onward. Approximately 0.5 mL of blood
was withdrawn through the small saphenous vein of the hind
leg prior to dosing and then again at 0.5, 1, 2, 4, 8, 12, 24, 36,
48, 72, and 96 h after the oral administration. Plasma was
separated by centrifugation at 3 000xg for 10 min and stored at
-20 °C until analysis.

After general anesthesia with thiopentone sodium, the dogs
were placed in dorsal recumbency and the skin over the joints
was aseptically prepared with 30% ethanol. The stifle joints
were flexed maximally to tense the joint capsule and digital
pressure was applied to the caudal aspect of the joint opposite
the point of syringe entry. A 20 gauge, 1.5 inch needle on a
1 mL tuberculin syringe was inserted midway between the
patella and the patellar ligament. The needle was advanced
until no resistance could be felt, which indicated successful
entry into the joint space. An SF sample of 50 pL was collected
from the stifle joints of the left and right hind legs, respec-
tively, at O (predose), 4, 8, 12, 24, 48, 72, and 96 h post dose.
The SF samples were stored at -20 °C until analysis.
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Topical administration
Following the protocol used for a previous study""”, one day
prior to the experiment, the elbow and stifle joints of hind

[10]

legs were carefully shaved. No visible signs of damage to
the skin surface were observed. On the following day, a dose
(1.25 mg/kg meloxicam) of 1% meloxicam gel was uniformly
applied over the shaved shin area (7 cmx10 cm) of the right
hind leg joint and covered with a plastic film secured with
adhesive tape. Eight hours after transdermal administration,
the gel was removed from the joint and the skin was washed
clean with 30% ethanol, followed by washing with soap solu-
tion and water. A blood sample of 0.5 mL was obtained at 0
(predose), 2, 4, 8, 12, 24, 36, 48, 72, and 96 h after topical dos-
ing. An SF sample of 50 uL was collected in the same way as
described in the “Oral administration” section at 0 (predose),
8,12,24, 48,72, and 96 h, respectively. All of the samples were
stored at —20°C until analysis.

Analytical method
In this study, meloxicam concentrations in plasma and syn-
ovial fluid were determined with a modified LC/MS/MS
method based on our previous report™ using piroxicam
as an internal standard (IS). Protein was precipitated from
the samples by mixing a 25 pL aliquot of plasma or SF, 25
pL of methanol (to maintain the same volume values as the
calibration curves), 25 pL of internal standard, and 75 puL of
methanol. The mixture was vortex-mixed for 30 s, followed
by centrifugation for 10 min at 3000xg. The supernatant was
processed to dryness under a stream of nitrogen, and the resi-
due was reconstituted in 100 pL of the mobile phase. A 20 pL
aliquot was injected into the LC/MS/MS system for analysis.
Separation was performed on a Zorbax SB Cjs column (150
mmx4.6 mm ID, 5 pm, Agilent, USA), with a Security Guard
Cys guard column (4 mmx3.0 mm ID, Phenomenex, Torrance,
CA, USA), using a mobile phase of acetonitrile-water—formic
acid (80:20:0.2, v/v/v) at a flow rate of 0.5 mL/min at room
temperature. Meloxicam and the piroxicam IS were detected
using a Thermo Finnigan TSQ Quantum Ultra triple-quadru-
pole mass spectrometer (San Jose, CA, USA) equipped with an
electrospray ionization (ESI) source.

Pharmacokinetic analysis
Meloxicam plasma concentration data for individual dogs
were analyzed by non-compartmental analysis using the
TopFit 2.0 software package (Thomae GmbH, Germany).
The area under the curve (AUC,_,) was calculated using the
linear-trapezoidal rule, with extrapolation to infinity (AUC,_..)
from the last detectable concentration. The relative bioavail-
ability (F) was determined as F=(AUCy; (ransderman*3.75)/
(AUC ) (oran*15)x100%, using mean AUC,, values for the
transdermal dose and oral dose. Differences in pharmacoki-
netic parameters were assessed using Student’s t-test with
P<0.05 being taken as significant.

The drug concentrations in SF and plasma at different time
points for the six dogs were averaged to evaluate the S/P ratio
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Table 1. Pharmacokinetic parameters of meloxicam in Beagle dogs after
an oral administration at 0.31 mg/kg. n=6. Mean£SD.

for meloxicam.

Results
Method validation Parameter Oral administration . .
The assay was linear up to a concentration of 1000 ng/mL, Plasma Synovial fluid
with a lower limit of quantification at 0.5 ng/ ij. The accu- ts (h) 17545.43 17.246.67
racy was expressed by (mean observed concentration)/ (spiked t () 4.0+0.0 6.742.0
concentration)x100% and the precision by relative standard Corax (ng/ML) 780+136 648+163
deviation (RSD). Both were within the acceptable range AUC,, (ughmL?) 23.9+8.26 22.0+7.31
required by the FDA Guidance for Bioanalytical Method Vali- AUC,., (ughmL?) 24.8+8.56 22.8+8.11
dation. MRT (h) 24.41+6.6 24.7£5.90
CL/F (mLmin“kg?) 0.21+0.10
Pharmacokinetic parameters V/F (L/kg) 0.32+0.10

The mean concentration-time profiles of meloxicam in plasma
and SF after oral and transdermal administration are shown in
Figures 1 and 2. The corresponding pharmacokinetic param-
eters are listed in Tables 1 and 2. The dose-normalized phar-
macokinetic parameters of meloxicam in Beagle dogs are listed
in Table 3.

The pharmacokinetic parameters of meloxicam listed in
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Figure 1. Mean concentration-time profiles of meloxicam in synovial fluid
and plasma after an oral administration to Beagle dogs at 0.31 mg/kg
(n=6).
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Figure 2. Mean concentration-time profiles of meloxicam in synovial fluid
of the treated leg and in plasma after a transdermal administration to
Beagle dogs at 1.25 mg/kg (n=6).
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Table 2. Pharmacokinetic parameters of meloxicam in Beagle dogs after
a transdermal administration at 1.25 mg/kg. n=6. MeanzSD.

Transdermal administration

Parameter Plasma Synovial fluid
ty () 36.6+6.96 37.9420.9
trax () 11.3+1.63 14.0+£4.90
Crnax (Ng/ML) 25.3+9.06 202+93.0
AUC,, (ughmL™) 1.00+0.43 6.93+3.54
AUC,., (ughmL™) 1.1940.51 8.19+3.51
MRT (h) 36.1+4.17 34.7+2.60
CL/F (mLmin™kg") 19.247.51
V/F (L/kg) 62.7+33.7

Tables 1 and 2 show that the AUC,_, and C,,,, values were
much lower in plasma after transdermal administration com-
pared with those obtained after oral administration, with C,,,
of 25.3+9.1 ng/mL vs 780£136 ng/mL, and AUC,_ of 1.00+0.43
pgh mL™ vs 23.9 + 8.26 pg h mL™ (P<0.05).

As shown in Figures 1 and 2, the SF concentrations of
meloxicam were about 20% lower than the plasma concentra-
tions after an oral dose, whereas the SF concentrations were
about 8-fold higher than those in plasma after topical delivery.

SF concentrations of meloxicam in the treated (right) and
untreated (left) joint of hind legs at different time points after
transdermal administration are listed in Table 4. The SF con-
centration in the right leg was significantly higher than that in
the left leg (P<0.01). The concentration ratios of SF to plasma
(S/P) after oral and transdermal administration were calcu-
lated and are shown in Figure 3.

Discussion
The relative bioavailability of meloxicam in the topical gel
was 1.05% of the oral drug administration. The lower plasma
concentration and drug exposure indicated that topical for-
mulation could be used to avoid gastrointestinal irritation and
decrease adverse systemic effects.

Although the systemic absorption was much lower, the T,
and MRT after transdermal administration were more pro-
longed than after oral administration in both plasma and SF.
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Table 3. The dose-normalized pharmacokinetic parameters of meloxicam in Beagle dogs after an oral dose of 0.31 mg/kg or a transdermal dose of 1.25

mg/kg. n=6. MeanzSD.

Oral administration

Transdermal administration

Parameter Plasma Synovial fluid Plasma Synovial fluid
Crnaxe NEMLY/(Mgkg™) 2516+439 2090+526 20.2+7.2 161.6+74.4
AUC,_,, ughmL"/(mgkg") 77.1+26.6 71.0+23.6 0.80+0.34 5.54+2.83
AUC,_., ughmLY/(mgkg™) 80.0+27.6 73.5+26.2 0.95+0.41 6.55+2.81

87 O oral
M Transdermal
o 6
=1
©
c
o
=
c 4r
s
f
[0}
[$]
s
S 2r

12

24 48 72 96

Time (h)

Figure 3. The concentration ratios of synovial fluid to plasma after oral
and transdermal administrations for the treated leg to Beagle dogs (n=6).

This may be due to the barrier properties of the skin, which
may have resulted in the accumulation of the drug in the skin
followed by sustained and controlled drug release. However,
we observed one drawback of transdermal delivery, which
was that the variability was larger than that for oral adminis-
tration (Figures 1 and 2).

This result indicated the advantage of topical administration
and also illustrated that the meloxicam concentration in SF
following transdermal administration might serve as a better
indicator than plasma concentration of the drug’s therapeutic
efficiency. The reported dose effects for meloxicam in horses
corresponded to a plasma concentration between 130 ng/mL
and 195 ng/ mL™. Our results of SF concentrations higher
than 100 ng/mL by transdermal administration should be
adequate to meet therapeutic needs. On the other hand, trans-
dermal administration is not suitable for rheumatoid arthritis
in multiple joints, because the SF concentration of meloxicam
in the untreated leg was much lower than the effective concen-
tration (Table 4).

As shown in Figure 3, our experiment demonstrated that the
S/P ratios of topical administration were significantly higher
than those of oral doses over the investigated period. This
suggests the possibility of targeting drugs to local synovial
tissues by topical delivery. These results are consistent with a
previous study in which McNeill" et al measured the muscle
tissue-plasma concentration ratios of piroxicam following iv
and topical administration in rats.

Our results indicated that accumulation of the drug in the
SF of the untreated site occurred primarily by redistribution

Table 4. Plasma concentration and synovial fluid concentration of
meloxicam in the treated and untreated joints of hind legs of Beagle dogs
after transdermal administration of 1.25 mg/kg meloxicam to the right
hind leg. n=6. Mean+SD.

Synovial fluid concentration (ng/mL) Plasma
Time (h) Treated Untreated concentration
hind leg hind leg (ng/mL)
8 78.4+19.8 18.7+11.7 20.1+9.33
12 167+60.2 20.6+12.3 21.8410.1
24 124+113 16.5+8.29 16.8+8.32
48 62.2+25.7 10.1+4.90 9.22+4.85
72 37.61£16.5 6.64+3.70 6.24+2.90
96 22.3+6.61 3.35+0.98 4.24+2.38

from the systemic circulation. In contrast, most of the drug
found in the SF of the treated site had been delivered by direct
penetration from the dosage site, with only a small portion
delivered by the systemic circulation. Similar conclusions can
be found elsewhere!® ", All of these observations imply that
cutaneous circulation is not always an infinite “sink,” and that
a drug may not be completely removed from the stratum cor-
neum, epidermis, and dermis.

The results of this study indicate that meloxicam at thera-
peutic dosages can be delivered through a transdermal route.
One major advantage of this method of delivery over tradi-
tional oral methods is that meloxicam applied topically could
achieve desirable concentrations in the SF while maintaining a
low plasma concentration. This low systemic exposure could
provide numerous potential benefits to patients, including the
avoidance of gastrointestinal tract irritation and reduced risk
of serious adverse cardiovascular effects. Moreover, drug tar-
geting to the SF was significantly improved with topical appli-
cation to the affected joint region. Finally, the prolonged MRT
indicated that transdermal administration resulted in con-
trolled drug delivery over a longer period as the skin served
as a drug reservoir.

In conclusion, we demonstrated that low systemic absorp-
tion and significant accumulation of meloxicam in the SF can
be achieved through transdermal delivery. The use of trans-
dermal delivery of meloxicam for the treatment of rheumatoid
arthritis and other topical inflammatory conditions is therefore
feasible, given that a desirable accumulation of meloxicam in
the SF occurs via direct penetration from the drug treatment site.

Acta Pharmacologica Sinica
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