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Abstract 

The bioequivalence of two brands of 7 .5 mg meloxicam were demonstrated in healthy 
volunteers after a single oral dose in a randomized 2-period crossover study. The reference 
and the test formulation were administered to fasted male volunteers, thereafter, the blood 
samples were collected at specific time interval from 0-96 h. The washout period was 2 
weeks. The plasma meloxicam concentrations were determined by HPLC. The 
pharmacokinetic parameters obtained after non-compartmental analysis were statistically 
evaluated for bioequivalence using ANOV A. RESULT; The median T max (h) of the two 
products were similar ( 4.5 VS 4.0), however, the range of Tmax (h) for the reference product 
(2.0-10.0) was more variable than that of the test ( 4.0-10.0). Bioequivalence analysis showed 
that the Cmax and the AUC o-oo did not differ significantly. The point estimator (90%CI) for 

the ratio Test of log transformed data of the AUC 0.,,, and Cmax were 0.97 (0.90-1 .06) 
Reference 

and 0.95 (0.84-1.08), respectively. These values were within the bioequivalence range of 
0.80-1.25, thus our study demonstrated the bioequivalence of the test and the reference 
preparations. 
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Introduction 

Meloxicam is a nonsteroidal anti­
inflammatory drug (NSAID) useful for 
patients with rheumatoid arthritis and 
osteoa1thritis <1

•
2

> . .It is a partially selective 
cyclo-oxygenase-2 (COX-2) inhibitors, 
therefore, it is less likely to adversely 
affect the cytoprotective function of 
arachidonic acid metabolites formed by 
COX-1 in the gastric mucosa, or 
prostaglandin E2 (PGE2) in the kidney <

3
-
5>. 

Moreover, it has displayed a favourable 
gastrointestinal profile when compared to 
other NSAIDs e.g. piroxicam, naproxen 
and diclofenac<6>. Following oral 
administration, meloxicam is completely 
absorbed and its steady state level was 
achieved within 3-5 days(7). It is 
eliminated predominantly by metabolism 
with balanced excretion in the form of 
inactive metabolites occurring in urine and 
feces . An elimination half-life of about 
20 h makes meloxicam a suitable agent for 
once-daily do'sing<1> For the treatment of 
osteoa1thritis the recommended starting 
and maintenance dose is 7 .5 mg once 
daily, although some patients may receive 
additional benefit by increasing the dose to 
15 mg once daily <3>, 

The aim of this study was to 
investigate the bioequivalence of the 
generic meloxicam in order to assess any 
possible difference between the test and 
the reference due to manufacturing process. 

Materials and Methods 

Drug formulations 

Reference product : Mobic® 7.5 
mg tablet [OLIC (Thailand) Limited 
Ayudhaya, Thailand for Boehringer 
Ingelheim International GmbH lngelheim 
am Rhein, Germany]. Lot No. B. 1015, 
MFD 6/11/2001, EXP 6/11/2003. 

Test product : Melox® 7.5 mg 
tablet [The Siam Bheasach company, 
Bangkok, Thailand] LOT D22ME14, 
MFD 04/2002. 
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Volunteers 

Twelve healthy nonsmoking male 
volunteers, aged between 20-28 years old 
were enrolled in this study. All were 
deemed healthy based on medical history 
and physical examination. Routine blood 
test including CBC with differential, 
BUN, creatinine (Cr) and LFT were 
screened to exclude volunteer with 
abnormal hematology, liver or kidney 
functions. Volunteer with known 
contraindication or hypersensitivity to 
meloxicam was excluded as well as those 
with known history of peptic ulcer disease, 
dyspepsia, gastrointestinal disease, recent 
cigarette smoking, alcoholism or drug 
abuse. No other drug was allowed 1 
month before and during the study period 
to avoid the effects of inducing or 
inhibiting hepatic metabolizing enzyme 
and the risk of drug interactions. After 
given written informed consent, volunteers 
were enrolled to the study. 

Design, dosage and drug 
administration 

The study was conducted as an 
open-label, randomized, single dose, two­
period crossover design with a two-week 
washout period. Equal numbers of 
volunteers were randomly assigned to one 
of the two sequence groups and each 
volunteer received a single 7 .5 mg dose of 
each of the two preparations under fasting 
condition with 240 ml water. Volunteers 
remained upright and fasted for 2 h after 
drug administration. Water and lunch were 
served at 2 h and 4 h, respectively. An 
intravenous catheter connected to an 
injection plug was used for serial blood 
sample collections. Venous blood samples 
(10 ml) were collected into heparin tubes 
before and at l, 2, 3, 4, 5, 6, 7, 8, 9, 10,15, 
24, 36, 48, 72, 84, and 96 h after dose 
administration. The blood samples were 
centrifuged for l 0 minutes at 3,000 rpm to 
separate the plasma. Thereafter, the 
plasma samples were immediately kept 
at -20°C until assay. 
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Determination of the plasma 
meloxicam concentrations 

Plasma concentrations of 
meloxicam were measured by using a 
high-performance liquid chromatography 
(HPLC) after solid phase extraction· 

~ ) 

(Strata 50 µm Cl8-E 100 mg/ml, 
Phenomenex, USA). The HPLC system 
consisted of an isocratical pump (LC-
1 OAS), degasser (DUG-3A), UV detector 
(SPD-1 OA), integrator communication bus 
module (CMB-1 OA), column oven (CT0-
1 OA) and auto i1tjector (SIL-I OAi). 
Separation was performed at 50°C on an 
analytical column (Inersil ODS-2, 5 µm 
4.6xl50 mm, GL Sciences, Japan) coupled 
with a guard column (Inersil ODS-2, 5 µm 
4.6xl 0 mm, GL Sciences, Japan). The 
mobile phase was a mixture of 10 mM 
potassium dihydrogen phosphate (pH 
4.4)/methanol/acetonitrile (5/4/1 , v/v/v). 
This method was modified from 
Velpandian et al <9> using piroxicam as an 
internal standard (IS). The retention time 
for meloxicam and internal standard were 
approximately 8.8 and 6.5 mm, 
respectively. The linear regression 
analysis between meloxicam concentration 
with the peak height ratios of meloxicam 
and IS over the determination range 
between I 0-2,000 ng/ml gave the 
correlation coefficients of 0.999 or better. 
Samples containing drug concentrations in 
excess of 2,000 ng/ml were analyzed after 
dilution with drug free plasma. Within-run 
accuracy and precision was determined 
using 5 aliquots of each 3 levels control 
sample and single calibration curve-run 
concurrently. Tl)e data of 5 different days 
in the same manner sh1dy were calculated 
for between-run assay validation. The 
precis ion (CV,%) of within-run and 
between-run were 3.81 and 3.94, 
respectively. The mean recovery of 
meloxicam and IS were 97.83% and 
I 03.30%, respectively. 

Pharmacokinetic analysis 

Maximal plasma concentration 
(Cmax, ng/ml) and time to reach the peak 
concentration (Tmax, h) were obtained 
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directly by visual inspection of each 
volunteer's plasma concentration-time 
profile. The area under the plasma 
concentration-time curve (AUC) from 
time 0-infinity (AUC0""', ngxh/ml) and 
half-life (t112, h) were determined by non­
compartmental analysis. The slope of the 
terminal log-linear po11ion of the 
concentration-time profile were determined 
by least-squares regression analysis and 
used as the elimination rate constant (Ke). 
The elimination half-life were calculated 
as 0.693/ Ke. The AUC0.1 from time zero to 
the last quantifiable point (Ct) were 
calculated using the trapezoidal rule. 
Extrapolated AUC from Ct to infinity 
(AUC1-«>) were determined as Ct/Ke. Total 
AUCo-oo was the sum of AUC0_1 + AUC1_"" 

Statistical analysis 

An analysis of variance (ANOV A) 
was used to determine the statistical 
differences of pharmacokinetic parameters 
(T max, Cmax and AUC) which represented 
the rate and extent of drug absorption. 
The variability between subjects, 
treatment groups, study periods, and 
formulations were determined and the two 
one-sided test procedure was performed. 
This procedure is referred to as the 
confidence interval (CI) approach <10•11 >, 
The AUC and Cmax were transformed to 
logarithmic values (In) before calculation 
by using ANOV A appropriated for the 
design. The 90% CI of the Test/Reference 
for AUC and Cmax ratios were analysed by 
the following formula <

11
•
12>. - - w 

90% CI (pr - J.IR) = •( x r x R) ± I VO. I v--;;-- n-

Where X r, X R are the observed means of 
the In transformed 1)arameters (either C max 
or AUC) for the test product (T) and the 
reference (R), S2 is the error variance 
obtained from the ANOV A, n is the 
number of subjects, tvo.1 is the tabulated 
two-tail I value for 90% CI and v is the 
number of degrees of freedom of the error 
mean square from the ANOV A. The 
antilogarithm of the CI (µr - µR) will 
express the bioequivalence as a ratio of the 
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test product and the reference product. The 
bioequivalence intervals of 0.80 - 1.25 for 

Test ratios of the AUC0 "" and the 
Reference 

Cmax are accepted by the Thai FDA <
12>. 

An analysis ofTmax difference [Tmax Test -
T max Reference] was expressed as 
untransformed data. The bioequivalence 
range of the difference is ± 20 % of the 
median T max of the reference formulation. 

Result and Discussion 

Single dose administration of 7.5 
mg meloxicam in healthy male volunteers 
under fasting condition was well tolerated 
and all volunteers completed the study 
without any adverse effects. Table I and 2 
showed meloxicam plasma concentrations 
versus time as well as their mean ± S.D., 
while table 3 and 4 showed their 
calculated pharmacokinetic parameters for 
the test and the reference, respectively. 
The pharmacokinetic parameters were 
compared and showed in table 5. The 
mean plasma concentration-time profiles 
after oral administration of the test and the 
reference was depicted in figure 1. After 
oral administration, the rates of 
meloxicam absorption from the two 
products were relatively variable (%CV = 
43% and 48% for the test and the 
reference, respectively). The range of time 
to reach the maximal concentration (Tmax) 
for the test (median 4.5 h, range 2.0-10.0 
h) was more variable than the reference 
(median 4.0 h, range 4.0-10.0 b) (table 2). 
Although the point estimate of the Tmax 
difference (0.67 h) was within the 
acceptable range of± 1.03 h (less than ± 
20% of the mean Tmax of the reference), 
the upper and the lower confidence limit 
of the Tmax difference [(-1.09) - 2.42 h)] 
were outside the acceptable range (Table 
6). However, this statistical difference 
was not considered to affect the efficacy 
and safety of the two products, since 
meloxicam is recommended for used as 
chronic therapy and Tmax at steady-state 
(T max-ss ) is clinically a more relevant 
value. The mean plasma concentration­
time curves of the test and the reference 
products were relatively comparable 
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although the Cmax and AUC0 "" of the 
reference (846.24 ng/ml and 34, l 06.26 
ng.h/ml) was slightly higher than those of 
the test (798.6 ng/ml and 32, 771.02 
ng.h/ml). Despite of this, there were no 
statistically significant difference of these 
parameters between the two formulations 
and the relative bioavailability (Frei) 
calculated from Cmax and AUC0 ""' of the 
Test I Reference was 97.64% and 98.57%, 
respectively. Furthermore, the 
bioequivalence analysis after Jn 
transformed data of the AUC0 .,,, and Cmax 
showed that the mean (90% CI) of ratios 
for Test/ Reference were 0.97 (0.90-1.06) 
and 0.95 (0.84-1 .08), respectively. These 
values fell within the bioequivalence 
criteria of 0.80-1.25 as shown in table 6. 
From the ANOV A, the inter-volunteers 
variability in the AUC0~""' and Cmax were 
significantly high (p=0.0007 and 
p=O.O 154, respectively). These findings 
were expected since meloxicam is a drug 
with high first-pass metabolism and some 
volunteers may exhibit either extremely 
high or extremely low AUC0 ""' and Cmax 
concentrations. The intra-volunteer 
coefficient of variation (%CV) estimated 
from S2 obtained from the ANOV A after 
logarithmic transformed, for the AUC0 .,,,, 

and Cmax were 11 % and 17%, respectively. 
The higher CV value of Cmax attributed to 
the fact that Cmax is a single concentration 
value and is dependent on the discrete 
sampling scheme therefore tends to show 
higher variability than AUC0 -<.0 which is an 
integrated parameter. According to the 
nomograms and tables of Diletti <

13
> the 

power of tests obtained from this study for 
AUC0 ""' and Cmax were 90% and 70%, 
respectively. To attain the test power of 
greater than 80% for the C111ax, the sample 
size should be 16 volunteers. Concerning 
the duration of sampling time, it should be 
sufficient to ensure that the area 
extrapolated beyond the last sample time 
was less than 20%. Since the guidelines 
recommend that sampling should be 
continued for at least 3 times the terminal 
half-life of drug (t112 approximately 20 h), 
the sampling time in this study was 
continue until 96 h. The AUC analysis in 
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this study showed that the sampling time 
was adequate and the calculated AUC­
extrapolation was Jess than 20%, except in 
one volunteer (Volunteer No 3) whose 
elimination t112 was significantly longer 
than other volunteers (t112 = 39.3 h and 
42.8 h) and the AUC-extrapolation was 
19.6 1% and 20.84% for the test and the 
reference, respectively. 

Conclusion 

We have conducted the bioequi-
valence study of 7.5 mg oral 
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preparations of meloxicam manufactured 
by the Siam Bheasach Company, 
Bangkok, Thailand in comparison with the 
irmovator in 12 healthy Thai male volunteers. 
The result demonstrated that the mean (90% 
CI) of the AUC o..,, and Cmax ratios for 
[Test/Reference] were U.97 (0.90-1.06) 
and 0.95 (0.84-1 .08), respectively. Since 
the mean Test/ Reference ratio of the two 
parameters was close to 1 and its 90% CI 
were fell within the bioequivalence range 
of 0.80 - 1.25, the result concluded the 
bioequivalence of the two products. 

60 80 100 

Tlmo(hr) 

Figure 1 Mean plasma concentration-time profiles after single oral administration of7.5 mg 

Meloxicam [Ref (-0-) and Test (-+-)]. 



Table 1 Plasma meloxicam concentrations (ng/ml) after oral administrations of 7.5 mg of the test. 

Subject 
Plasma meloxicam concentration ( ng/ml ) 

No 

Time~ 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 15.0 24.0 36.0 48.0 72.0 

I 0.00 268.08 762.39 824.53 866.34 837.30 710. 71 758.60 772.42 736.42 624.52 653.95 472.76 405.54 305.00 184.33 

2 0.00 137.94 343.25 351.49 376.77 389.44 357.41 381.98 383.66 394.72 389.76 371.16 384.39 295.92 189.12 109.75 

3 0.00 255.84 559.61 831.49 881.68 885.83 906.85 842.16 834.96 827.78 756.61 771.39 741.14 630.05 467.37 288.73 

4 0.00 255.84 425.77 594.71 880.94 708.83 671.69 663.34 645.78 549.82 594.75 530.92 392.53 282.57 212.24 85.55 

5 0.00 56.90 440.44 545.25 572.50 521.64 634.69 593.66 593.68 580.27 644.22 560.54 501.47 427.33 303.22 169.78 

6 0.00 64.60 300.70 492.76 610.44 599.25 552.30 534.60 508.38 496.71 510.61 472.65 366.79 204.46 128.47 57.26 

7 0.00 40.76 66.30 102.50 313.79 552.54 635.89 649.24 667.19 653.33 673.40 545.50 453.65 367.92 257.39 116.42 

8 0.00 99.02 433.82 822.60 1071.75 872.27 847.10 788.90 758.11 710.95 753.05 653.10 546.88 381.43 262.02 113.17 

9 0.00 187.98 249.03 321.67 603.69 679.30 670.90 743.82 732.08 714.22 627.39 486.37 399.31 294.08 222.11 107.50 

10 0.00 53.13 375.18 706.80 901.78 799.83 782.90 721.70 715.55 712.01 721.61 705.95 518.72 360.22 223.13 107.69 

11 0.00 106.57 643.33 872.09 906.59 846.58 827.76 833.61 804.34 822.37 746.02 682.53 601.29 444.06 284.76 142.59 

12 0.00 186.80 505.97 740.46 982.30 871.33 874.03 746.77 764.65 650.44 637.43 572.74 465.75 417.67 224.89 122.10 

Mean 0.00 142.79 425.48 600.53 747.38 713.68 706.02 688.20 681.73 654.09 639.95 583.90 487.06 375.94 256.64 133.74 

S.D. 0.00 85.51 183.58 244.94 244.01 165.77 155.74 133.49 131.87 129.28 107.55 113.45 106.94 107.04 83.13 59.49 
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Table 2 Plasma meloxicam concentrations (ng/ml) after oral administrations of 7 .5 mg of the reference. 

Subject Plasma meloxicam concentration ( ng/ml ) 
No 

Time~ 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 lS.0 24.0 36.0 48.0 72.0 84.0 96.0 

1 0.00 210.06 468.67 484.07 607.77 638.95 661.62 640.4S 602.9S S69.32 616.61 S43.78 430.97 367.34 241.43 114.50 90.09 S8.80 

2 0.00 33.62 204.82 490.62 S06.86 s 11.53 504.41 467.50 464.83 455.23 432.50 436.70 439.86 396.71 247.64 128.87 102.15 80.87 

3 0.00 551.96 781.77 801.45 1143.91 1027.84 989.72 956.68 930.17 843.69 823.08 876.51 902.83 722.56 576.62 4Sl.17 362.75 252.43 

4 0.00 116.30 145.58 156.36 344.19 597.32 562.92 644.09 660.26 631.19 672.82 473.26 444.33 413.36 222.63 134.52 81.83 52.61 

5 0.00 44.65 72.98 172.08 479.63 575.69 594.33 604.47 618.43 643.35 691.06 606.57 514.67 404.15 271.41 119.30 89.92 69.37 

6 0.00 57.46 272.28 526.96 637.09 641.31 590.12 S67.33 S73.08 487.06 SOS.IS 487.84 365.15 233.69 151.07 70.27 44.00 27.36 

7 0.00 569.0S 1219.97 1084.64 1075.87 898.06 839.00 786.73 691.51 668.13 701.03 626.68 521.03 401.60 210.79 127.63 97.14 62.26 

8 0.00 211.17 292.38 512.19 1101.01 IOS6.27 926.33 946.51 935.07 855.84 863.17 828.78 S3S.07 342.49 236.94 133.76 86.18 66.07 

9 0.00 197.74 250.52 333.69 S90.60 739.93 667.69 640.45 605.S7 622.47 668.36 507.01 396.74 314.91 234.98 106.97 91.11 73.00 

10 0.00 317.79 605.08 708.46 761.72 650.24 578.36 597.03 S82.33 597.43 637.87 S83.58 402.63 267.79 160.42 87.44 74.S9 48.38 

JI 0.00 146.32 686.82 1013.03 1156.41 1053.86 1044.87 971.62 924.54 875.43 805.31 760.89 580.10 464.45 318.58 170.62 120.36 82.64 

12 0.00 326.03 745.67 8S3.53 842.02 734.46 643.19 681.00 691.48 707.29 671.53 661.34 413.51 379.54 213.26 102.17 55.00 45.78 ""ti 
§ 

Mean 0.00 231.85 478.88 594.76 770.59 760.4S 716.88 708.66 690.02 663.04 674.04 616.08 495.57 392.38 257.15 145.60 107.93 76.63 
3 
"' § 

S.D. 0.00 180.89 337.36 303.18 287.39 197.47 183.61 167.61 156.51 137.24 123.49 142.54 143.8S 122.43 110.02 99.53 82.75 57.54 ;:a 
:::: 
:: 
~ -. 
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Table 3 Pharmacokinetic parameters of meloxicam after a single oral dose of7.5 mg 

of the test. 

Subject No. T max C max AUC T112 
(h) ( ng/ml) ( ngxh/ml.) (h) 

I 4.0 866.34 36,195.32 27.3 
2 9.0 394.72 22,920.08 25.0 
3 6.0 906.85 59,781.46 39.3 
4 4.0 880.94 25,725.64 20.9 
5 10.0 644.22 35,931.62 31.1 
6 4.0 610.44 20,238.32 20.2 
7 10.0 673.40 28,692.28 24.3 
8 4.0 1,071.75 33,225.55 22.1 
9 7.0 743.82 28,190.03 27.9 
10 4.0 901.78 31,556.15 21.8 
11 4.0 906.59 37,448.91 23.8 
12 4.0 982.30 33,346.92 30.5 
Mean 5.83 798.60 32,771.02 26.18 
S.D. 2.52 189.45 10,074.92 5.47 
%C.V. 43 .14 23.72 30.74 20.90 
Median 4.00 873.64 32,390.85 24.65 
Maximum 10.00 1,071.75 59,781.46 39.30 
Minimum 4.00 394.72 20,238.32 20.20 
Max - Min 6.00 677.03 39,543.14 19.10 

Table 4 Pharmacokinetic parameters of meloxicam after a single oral dose of 7 .5mg 
of the reference . 

Subject No. T max C max AUC T112 
(h) ( ng/ml) { ngxillml} (h) 

I 6.0 661.62 29,471.07 25.4 
2 5.0 511.53 28,945.17 26.4 
3 4.0 1,143.91 74,722.28 42.8 
4 10.0 672.82 28,168.64 21.4 
5 10.0 691.06 31,395.00 24.9 
6 5.0 641.31 21,374.57 19.7 
7 2.0 1,219.97 34,424.25 24.3 
8 4.0 1,101.01 35,244.64 22.9 
9 5.0 739.93 28,684.29 27.1 
10 4.0 761.72 26,113.33 23.3 
11 4.0 l,156.41 41,074.69 25.6 
12 3.0 853.53 29,657.20 19.4 
Mean 5.17 846.24 34,106.26 25.27 
S.D. 2.48 243.12 13,703.09 6.05 
%C.V. 48.00 28.73 40.18 23.96 
Median 4.50 750.82 29,564.14 24.60 
Maximum 10.00 1,219.97 74,722.28 42.80 
Minimum 2.00 511.53 21,374.57 19.40 
Max-Min 8.00 708.44 53,347.71 23.40 
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Table 5 Comparison of meloxicam pharmacokinetic parameters following oral 
administration of the Reference and the Test. 

Parameters Test Reference 

Cmu (nglml) 798.60 ± 189.45 846.24 ± 243.12 

T mu (median,h) 4.00 4.50 

AUC0..,, (ngxh/ml) 32,771.02 ± 10,074.92 34,106.26 ± 13,703.09 

tin (h) 26.18 ± 5.47 25.27 ± 6.05 

Frei. Cmu (T/R, %) 97.64 ± 23.19 
Frei. AUC (T/R, %) 98.57 ± 15.44 

Table 6 The means and 90% CI of ratios Test/Reference of AUCo-«> and Cmax and 
the 90% CI .of the difference in Tmax· 

Pharmacokinetic parameters 

AUCo.... (Test®/Reference®) 

Cmu (Test®/Reference®) 

Tmu (Test®- Reference®) 
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