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Introduction
Meloxicam (4-hydroxy-2-methyl-N-(5-methyl-2-thiazolyl)-2H, 

1, 2-benzothaizine-3-carboxamide-1, 1-dioxide) is one of the most 
commonly employed non-steroidal anti-inflammatory drugs (NSAID) 
in veterinary clinical practice as it preferentially inhibits COX-2,  its 
bioavailability is optimum and it has long elimination half-life.  These 
attributes make it an ideal and suitable NSAID for use in animals [1]. 
It is approved for use in cattle in European Union (EU) as adjunct 
therapy for acute respiratory disease, diarrhoea and acute mastitis 
along with other drugs [2]. 

Disposition kinetics of meloxicam has been investigated in horses 
[3-5], cattle [6], buffaloes [7], sheep and goats [8], dogs, mini-pigs,  rats 
and  baboons [1], piglets [9] human beings [10,11] and ferrets [12]. 
However, there is no information on disposition kinetics of meloxicam 
in yak (Poephagus grunniens L.), which is one of the best sustainable 
animal resource of highlanders (>3000 meters above mean sea level) 
of India, Peoples’ Republic of China, Mongolia and certain other 
countries.

Antibacterials and anti-inflammatory drugs are often used 
concomitantly both in human and veterinary clinical practice. 
Fluoroquinolones have been reported to interact with NSAIDs at 
pharmacokinetic and pharmacodynamic level [13]. On concurrent 
administration of quinolones with NSAID (fenbuten), serious 
convulsions have been reported in laboratory animals [14].  Alterations 
in PK determinants of ciprofloxacin due to aspirin in rabbits [15], 
meloxicam due to gatifloxacin in buffaloes [16] and meloxicam due to 
enrofloxacin in turkeys [17] have been reported. But diclofenac sodium 
failed to significantly alter PK profile of enrofloxacin in calves [18]. 
Ofloxacin, a broad spectrum second generation fluoroquinolone, can 

be used concomitantly with meloxicam in veterinary clinical practice. 
Therefore, target-species specific data on pharmacokinetic interaction 
between these two drugs is required for its rational use. Comparative 
study in yak and cattle will help in unraveling the species-dependent 
disposition kinetic differences between these two ruminant species 
which have certain anatomical, physiological or biochemical similarities 
and differences. Due to paucity of data on pharmacokinetics of various 
drugs in yak, dosage regimens are often extrapolated from cattle and 
buffaloes. Therefore, the present study was undertaken to generate 
species-specific data on disposition kinetics of meloxicam in yak and 
cattle following a single intravenous bolus dose and also to compare 
the respective data with that after concomitant administration of 
meloxicam and ofloxacin.   

Materials and Methods	
Experimental animals 

Five healthy adult male yak (Poephagus grunniens L.)  having an 
average body weight of 300 kg and five adult male cattle (Bos indicus) 
having an average body weight 250 kg were used in the present study. 
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Abstract
Present study describes the comparative pharmacokinetic (PK) profile of meloxicam (0.5 mg.kg-1) alone its 

concurrent administration with ofloxacin (7.5 mg.kg-1) by intravenous route in yak and cattle. Plasma concentration 
of meloxicam was determined by HPLC assay and pharmacokinetic parameters by compartmental method using 
“PHARMKIT” software. Following intravenous administration of meloxicam alone, t1/2α, t1/2β, AUC, Vdarea and ClB 
values were found to be 0.21+0.04 h, 4.65+0.40 h, 25.46+1.22 µg/ml.h, 1.97+0.11 L/kg and 0.35+0.02 L/h/kg, 
respectively in yak and all these values were almost comparable to those found in cattle. But the values of K12/K21, Vc, 
Vp and fc differed significantly between yak and cattle. Further,  no significant differences were observed in values of 
majority of the pharmacokinetic parameters between meloxicam alone or its concurrent administration with ofloxacin 
in yak and cattle except  the values of Vc, Vp and T/P which differed significantly between alone and concurrent 
administration in yak but not in cattle. Based on pharmacokinetic variables, the loading and maintenance doses of 
meloxicam were found to be 1.05 and 0.88 mg.kg-1 body weight for yak and 0.97 and 0.79 mg.kg-1 for cattle and be 
repeated at 12 h interval. Results of present study further suggest that important pharmacokinetic parameters do 
not significantly differ between yak and cattle and meloxicam can be used at same dose levels in both the species 
and adjustment in dosage regimen of meloxicam is not warranted in either of the species, if to be used concurrently 
with ofloxacin.
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Yaks were kept at Nyukmadung Farm of National Research Centre on 
Yak (ICAR), Dirang, Arunachal Pradesh, India at an altitude of 8,500 
ft. above msl and cattle were kept at the experimental farm of the same 
Institute at an altitude of 5000 ft. above msl. Animals were maintained 
on standard concentrate mixture, seasonal green fodder and paddy 
straw. Water was provided ad libitum. 

Drugs and chemicals

For preparation of standard curve, meloxicam was procured 
from the Sigma Aldrich, USA, and commercially available injectable 
formulation of meloxicam (Melonex, INTAS Pharmaceutical Ltd) 
was used for administration in animals. Technical grade ofloxacin 
was procured from Ranbaxy for standardization of HPLC method and 
10% ofloxacin solution (pH7.5-8.0) was prepared in laboratory for 
administration. 

Experimental design

Study was undertaken in two phases; in phase I, meloxicam alone 
was administered while in phase II, meloxicam and ofloxacin were 
administered concurrently to the same animals after a wash out period 
of 21 days. 

Dosing and sampling

Meloxicam was administered at the dose rate of 0.5 mg.kg-1 body 
weight and ofloxacin at 7.5 mg.kg-1 body weight by intravenous route. 
For concomitant administration of these two drugs, same route and 
same doses of both the drugs were used but both were administered 
into contra-lateral jugular veins. Blood samples were collected by 
jugular venipuncture into heparinised tubes at 0 (prior to drug 
administration) and at 2.5, 5, 10, 20, 30, 45 min and 1, 2, 3, 4, 6, 8, 
10, 12, 24, 36, 48, 72 and 96 h post-drug administration. Plasma was 
harvested by centrifugation at 3000 revolution min-1 for 15 min and 
stored at -20°C till analyzed.

Assay method

Plasma proteins were precipitated using 70% perchloric acid and 
acetonitrile mixture (1:1 v/v). Supernatant was filtered through a 0.22 
µm membrane filter and transferred to another tube. A 20 µl of aliquot 
was injected into the HPLC system. Meloxicam concentrations in 
plasma at different time intervals were determined by modified HPLC 
method [19]. The mobile phase used was consisted of 60% of buffer 
(170 mmol of sodium acetate buffer adjusted to pH 3.3 with glacial 
acetic acid) and 40% acetonitrile. The flow rate of mobile phase was 1 
ml.min-1 and the eluent was monitored with dual λ absorbance detector 
with the wavelength setting at 355 nm. 

Standard curve of meloxicam was prepared in the concentration 
range of 0.01 to 100 µg/ml. Working plasma standards were prepared 
from stock solutions of meloxicam after diluting with pooled plasma 
from untreated animals. The standards so prepared were processed and 
analyzed. The standard curve was found to be linear and reproducible 
with the correlation coefficient (r^2) value of 0.9914 and mean inter-
day coefficient of variance of 6.59 per cent. The mean recovery of 
meloxicam from yak and cattle plasma was more than 90%. Blank 
plasma did not produce any endogenous interference on retention time 
of meloxicam.

Pharmacokinetic analysis 

Plasma concentrations versus time data of meloxicam were 

subjected to pharmacokinetic analysis with an interative least square 
non-linear regression programme using “PHARMKIT” software 
and other parameters were determined using the standard equations 
[20,21].

Statistical analysis of data

The data generated in the present studies were subjected to 
statistical analysis by employing Student′s t-test [22]. 

Results
Plasma levels and pharmacokinetic determinants of 
meloxicam following administration of a single intravenous 
bolus dose 

Following single intravenous bolus dose @0.5mg.kg-1 in yak, plasma 
concentrations of meloxicam (mean ± SE) versus time data of yak are 
depicted in Figure 1. Mean peak plasma meloxicam level was found to 
be 5.60 ± 0.24 µg.ml-1 at 2.5 min, which declined to 1.82 ± 0.03 µg.ml-1 at 
4 h, and thereafter gradually to 0.21 ± 0.05 µg.ml-1 at 24 h. Plasma levels 
versus time data of meloxicam was best fitted to a two-compartment 
open model and adequately described by the biexponential equation:

CP = Ae-αt + Be-βt   

Where, Cp is the plasma concentration of meloxicam at time t; A 
and B are the zero time intercepts of distribution (α) and elimination 
(β) phases, respectively; and “e” is the base of natural logarithm. 
Pharmacokinetic parameters determined and derived from the above 
determinants following IV administration of meloxicam in yak are 
summarized in Table 1.

Following single intravenous dose of meloxicam (0.5 mg.kg-1), 
plasma concentrations of meloxicam in cattle are depicted in Figure 2.  
Mean peak plasma meloxicam level at 2.5 min was found to be slightly 
higher (6.41 ± 0.12 µg.ml-1) than in yak and it declined to 3.24 ± 0.04 
µg.ml-1 within 1h, and thereafter, gradually to 0.15 ± 0.02 µg.ml-1 at 24 h. 
Figure 3 depicts the comparative mean plasma meloxicam levels in yak 
and cattle following IV administration and it is evident from the data 
that plasma level of test drug did not differ significantly between yak 
and cattle. Disposition of meloxicam in cattle too was best described 
by two-compartment open model as in yak. Different disposition 
kinetic determinants describing the distribution and elimination 
characteristics of meloxicam in yak and cattle are summarized in Table 
1.

Plasma levels and pharmacokinetics of meloxicam following 
concurrent intravenous administration of meloxicam (0.5 
mg.kg-1) and ofloxacin (7.5 mg.kg-1)

Mean plasma levels of meloxicam following concurrent intravenous 
administration of meloxicam and ofloxacin as function of time in yak 
and cattle are depicted in Figures 1 and 2, respectively. Peak plasma 
meloxicam level was found to be 6.26 ± 0.17 µg.ml-1 at 2.5 min, which 
rapidly declined to 3.95 ± 0.02 µg.ml-1 within 45 min and thereafter, 
gradually to 0.13 ± 0.01 µg.ml-1 at 24 h in yak (Figure 1). Figure 2 
depicts the mean plasma levels of meloxicam in cattle following 
concurrent intravenous administration of meloxicam and ofloxacin. 
Perusal of data revealed plasma meloxicam level of 6.41 ± 0.05 µg.ml-1 
at 2.5 min which gradually declined to 0.14 ± 0.04 µg.ml-1 at 24 h. After 
concurrent administration of the two-drugs also, meloxicam could be 
detected in plasma of both yak and cattle up to 24 h.

Comparison of mean plasma levels of meloxicam following its 
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alone administration with those after concurrent administration 
with ofloxacin revealed that plasma meloxicam levels did not differ 
significantly between alone versus concurrent administration in yak 
(Figure 1) and cattle (Figure 2) except that the plasma level was found 
to be significantly (P<0.05) lower (0.39 ± 0.02 µg.ml-1) in cattle at 12 h 

after concurrent administration compared to that of meloxicam alone 
(0.52 ± 0.01 µg.ml-1). 

Plasma meloxicam levels as a function of time were best fitted 
to a two-compartment open model and adequately described by 

Figure 1: Semi logarithmic plot of comparative meloxicam levels following a single intravenous administration of meloxicam (0.5 mg/kg) alone and concurrent 
administration of meloxicam (0.5 mg/kg) and ofloxacin (7.5 mg/kg) in yak.  Data presented are mean ± SE of five animals.

Pharmacokinetic parameters 
(Units)

Yak Cattle
Meloxicam   Meloxicam+Ofloxacin Meloxicam Meloxicam+Ofloxacin 

A (µg.ml-1) 2.88 ± 0.46 2.73 ± 0.15 3.16 ± 0.09 2.99 ± 0.15
B (µg.ml-1) 3.72 ± 0.21 3.96 ± 0.14 3.54 ± 0.18 3.72 ± 0.19

α (h-1) 3.36 ± 0.29 3.59 ± 0.75 3.82 ± 0.97 3.97 ± 0.90
β (h-1) 0.15 ± 0.02 0.16 ± 0.01 0.14 ± 0.01 0.15 ± 0.01
t½α (h) 0.21 ± 0.04 0.22 ± 0.03 0.24 ± 0.06 0.21 ± 0.04
t½β (h) 4.65 ± 0.40 4.27 ± 0.21 5.04 ± 0.35 4.86 ± 0.39

AUC (µg.ml-1h) 25.46 ± 1.22 25.12 ± 0.66 26.53 ± 0.94 26.57 ± 0.82
AUMC (µg.ml-1h2) 167.60 ± 21.11 150.41 ± 10.15 186.47 ± 17.76 181.38 ± 19.60

MRT (h) 6.50 ± 0.59 5.96 ± 0.27 6.97 ± 0.43 6.77 ± 0.50
Vdarea ( L.kg-1) 1.97 ± 0.11 1.84 ± 0.05 2.05 ± 0.09 1.97 ± 0.09
Vdss (L.kg-1) 2.13 ± 0.44 1.96 ± 0.37 2.20 ± 0.43 2.13 ± 0.42

ClB (L.h-1.kg-1) 0.35 ± 0.02 0.31 ± 0.01 0.29 ± 0.01 0.30 ± 0.02
Kel (h

-1) 0.50 ± 0.22 0.49 ± 0.22 0.48 ± 0.23 0.48 ± 0.23
K12 (h

-1) 1.97 ± 0.11 1.45 ± 0.28 1.78 ± 0.35 1.79 ± 0.32
K21 (h

-1) 2.13 ± 0.44 1.98 ± 0.62 2.00 ± 0.66 2.15 ± 0.63
K12/K21 (h

-1) 0.35A ± 0.02 0.53 ± 0.06 0.67B ± 0.09 0.63 ± 0.10
Vc (L.kg-1) 0.33aA ± 0.22 1.47b ± 0.04 1.47B ± 0.03 1.47 ± 0.02
Vp (L.kg-1) 1.97aA ± 0.11 1.07b ± 0.23 1.32B ± 0.20 1.24 ± 0.21
T/P (ratio) 2.13aA ± 0.44 0.61b ± 0.11 0.59B ± 0.36 0.51 ± 0.07
fc (ratio) 0.35A ± 0.02 0.57 ± 0.07 0.73B ± 0.11 0.68 ± 0.11

Data presented are Mean ± SE of five animals. Different capital superscripts in a row indicate significant difference (P<0.05) between yak and cattle.Different small 
superscripts in a row indicate significant difference (P<0.05) in yak and cattle between single versus concurrent administration. A-zero time intercept of the distribution 
phase; B-zero time intercept of the elimination phase; t1/2α distribution half-life; t1/2β-elimination half-life; α-distribution rate constant; β-elimination rate constant; AUC - total 
area under the plasma drug concentration time curve; AUMC-total area under the first moment of plasma drug concentration time curve; Kel-the elimination rate constant 
of the drug from central compartment; K21 - the rate constant of transfer of drug from tissues to the central compartment; K12-the rate constant of transfer of drug from 
the central to tissue compartment; fc - fraction of drug present in the central compartment; Vdarea - the volume of distribution of drug based on area; Vc - the volume of 
distribution of drug in central compartment; Vp-the volume of distribution of drug in peripheral compartment; Vdss-the volume of distribution of drug at steady state; ClB-the 
total body clearance of drug; T/P - ratio of the drug concentration between peripheral and the central compartment; MRT - mean residence time.

Table 1: Comparative disposition kinetic parameters (mean ± SE) of meloxicam following a single intravenous bolus dose administration of meloxicam alone (0.5 mg.kg-1) 
and after concurrent administration with ofloxacin (7.5 mg.kg-1) in yak and cattle.
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biexponential equation both in yak and cattle following concurrent 
administration with ofloxacin also as described earlier for its alone 
administration and different pharmacokinetic parameters have been 
summarized in Table 1. 

Discussion
Following single intravenous administration of meloxicam (0.5 

mg.kg-1) in yak and cattle, its pharmacokinetics was best described by 
two-compartment open model as in sheep and goats [8], horses [3], 
duck and turkeys [23] and piglets [9], but has been described by non-
compartment model in cattle [6]. 

Distribution half life of meloxicam after IV administration was 
0.21 ± 0.04 h in yak and 0.24 ± 0.06 h in cattle, thus suggesting rapid 
distribution of meloxicam both in yak and cattle and these values did 
not differ significantly between these two species. Compared to yak and 
cattle, longer distribution half lives of 0.42 ± 0.08 and 0.37 ± 0.10 h, 
respectively in sheep and goats [8] and 0.70 h in piglets [9] have been 
reported which suggest that distribution of meloxicam was faster in yak 
and cattle compared to the other studied species and these differences 
may be attributed to species-dependent anatomical, physiological and/
or biochemical variations between different species. 

Elimination half-life of meloxicam in the present study in yak 

Figure 2: Semi logarithmic plot of comparative meloxicam levels following a single intravenous administration of meloxicam (0.5 mg/kg) alone and after concurrent 
administration of meloxicam (0.5 mg/kg) and ofloxacin (7.5 mg/kg) in cattle.  Data presented are mean ± SE of five animals.

Figure 3: Semi logarithmic plot of comparative meloxicam levels following a single intravenous administration of meloxicam (0.5 mg/kg) in yak and cattle.  Data 
presented are mean ± SE of five animals.
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(4.65 ± 0.40 h) and cattle (5.04 ± 0.35 h) were almost comparable and 
did not differ significantly from each other. But it was much shorter 
compared to 10.85 h in sheep and 6.73 h in goats [8], 37.88 h in buffalo 
calves [7]  and 24 h in dogs [1]. But on the contrary, comparatively 
much shorter elimination half-life of 2.7 ± 0.3 h in piglets [9] and 2.7 
± 0.44 h in equines [3] has been reported. Thus, these values suggest 
that compared to yak and cattle, elimination of meloxicam is slower in 
sheep, goats, buffaloes and dogs and faster in piglets and equines.   

The AUC value of meloxicam between yak (25.46 ± 1.22 µg.ml-1.h) 
and cattle (26.53 ± 0.94 µg.ml-1.h) did not differ from each other and 
were almost comparable to that in dogs (22.9 µg.ml-1.h); [1] but lower 
than the value in sheep (31.88 ± 2.97 µg.ml-1); [8] and higher than in 
goats (19.23 ± 2.23 µg.ml-1); [8], equines (14.53 ± 0.8 µg.ml-1); [3] and 
piglets (8.03 ± 1.08); [9]. Mean residence time (MRT) of meloxicam 
following IV administration in yak (6.50 ± 0.59 h) and cattle (6.97 ± 
0.43 h) were almost comparable but were much shorter compared to 
the MRT values of 15.13 ± 1.67 h in sheep and 9.37 ± 0.83 h in goat 
[8], 34.8 h in dog [1] and longer than in piglets (3.5h ± 0.3); [9] and 
the MRT values corroborated well with the observed and reported 
elimination half life values of this drug in different species of animals. 

Apparent volume of distribution (Vdarea) of meloxicam in yak 
(1.97 ± 0.11 L.kg-1) and cattle (2.05 ± 0.09 L.kg-1) were several folds 
higher compared to that in sheep and goat (0.25 ± 0.02 and 0.26 ± 
0.01, respectively); [8] and equines (0.16 ± 0.002 L.kg-1 and 0.25 L.kg-

1); [3,5]. Therefore, results of the present study suggest that compared 
to the limited penetration of meloxicam in sheep, goat and equines, 
meloxicam seems to be very widely distributed into different body 
tissues and fluids of yak and cattle as the Vdarea value of >1.0 L/kg 
indicate excellent tissue penetration ability of meloxicam in yak and 
cattle and, therefore, it may be of great clinical utility in treatment of 
almost all systemic inflammatory conditions in both the test species. 

Values of fc, Vc and T/P in yak were 0.35 ± 0.02, 0.33 ± 0.22L.kg-1 
and 2.13 ± 0.44 while the corresponding values in cattle were 0.73 ± 
0.11, 1.47 ± 0.03 L.kg-1 and 0.59 ± 0.36, respectively, and these values 
differed significantly between yak and cattle. These attributes suggest 
that meloxicam stays less in the central compartment and more in 
the peripheral compartment in yak while there was an opposite trend 
in cattle. In view of the almost similar values of distribution and 
elimination half-lives, apparent volume of distribution and mean 
residence time in yak and cattle, it is difficult to offer any logical 
explanation for significant differences in the values of fc, Vc and T/P. 

Total body clearance (ClB) values of meloxicam in yak (0.35 ± 0.02 
L.h-1kg-1) and cattle (0.29 ± 0.01 L.h-1kg-1) were almost comparable 
in both the species but were comparatively higher than the values 
reported in sheep (0.016 ± 0.002 L.kg-1h-1) and goats (0.03 ± 0.01 L.kg-

1h-1 ) [8]  and 0.061 ± 0.008 L.kg-1h-1 in piglets [9]. The ClB values also 
substantiate rapid elimination of meloxicam in yak and cattle and thus 
shorter elimination half life of meloxicam in yak and cattle compared 
to the other ruminant species. 

Following concurrent administration of meloxicam and ofloxacin 
in yak and cattle,  plasma meloxicam levels and  its pharmacokinetic 
determinants describing the major distribution and elimination 
characteristics were found to be almost comparable to those 
observed after single IV bolus dose  and  did not differ significantly 
from each other except significantly lower values of T/P (0.61 ± 
0.11) and Vp (1.07 ± 0.23 L/kg) and higher value of Vc (1.47 ± 0.04 
L/kg) after  concurrent administration of meloxicam and ofloxacin 
compared to the corresponding values of 2.13 ± 0.44, 1.97 ± 0.11 L/

kg and 0.33 ± 0.22 L/kg, respectively in yak after single intravenous 
bolus dose administration while no such differences were observed in 
cattle. Significant differences between some of the attributes between 
meloxicam alone and its concurrent administration with ofloxacin 
in yak suggest possibility of some pharmacokinetic interaction but it 
requires further detailed studies to unravel the plausible explanation. 
Our findings in yak are in agreement with the observations on altered 
PK variables in goats [24,25]. But are contrary to our observations in 
goats when meloxicam was administered concurrently with ofloxacin 
[24]. 

Dosage regimens

Effective plasma concentration of meloxicam has been reported to 
be 0.73 µg.ml-1 in horses [4]. In another study using human whole blood, 
meloxicam has been reported to inhibit 50% of COX-1 activity (IC50) at 
1.15 µg.ml-1

, while the IC50 for COX-2 was 0.088 µg.ml-1 in human blood 
[26]. Following single IV bolus dose of meloxicam (0.5 mg.kg-1) in the 
present study, mean plasma concentrations were found to be 5.60 
µg.ml-1 and 6.26 µg.ml-1 at 2.5 min and 0.21 µg.ml-1 and 0.15 µg.ml-1 at 24 
h, respectively in yak and cattle; thus revealing presence of meloxicam 
in blood of treated animals much above the IC50 value against COX-2 
for more than 24 h. Taking into considerations the effective plasma 
concentration of 0.088 µg.ml-1 [26]  and pharmacokinetic determinants 
of meloxicam in yak and cattle, loading and maintenance doses of 
meloxicam were calculated and found to be 1.05 and 0.88 mg.kg-1 
body weight for yak and 0.97 and 0.79 mg.kg-1 body weight for cattle 
and be repeated at 12h interval in both the species and these values 
can be rounded off to 1.0 and 0.8 mg/kg body weight. Concurrent 
intravenous administration of meloxicam with ofloxacin did not reveal 
any significant pharmacokinetic interaction between the two drugs 
both in yak and cattle, thus any adjustment in the dosage regimens of 
meloxicam are not required. 

Conclusion
Based on the results of present disposition kinetic studies of 

meloxicam in yak and cattle and interaction studies between meloxicam 
and ofloxacin, it may be inferred that different pharmacokinetic 
parameters do not differ significantly between yak and cattle except K12/
K21, fc and Vc values which were significantly lower and the values of Vp 
and T/P were significantly higher in yak compared to those in cattle. 
Except for significant alterations in values of Vc, Vp and T/P in yak but 
not in cattle, ofloxacin did not significantly alter the pharmacokinetic 
determinants of meloxicam which are important for computation 
of dosage. Therefore, adjustment in dosage regimen of meloxicam is 
not warranted in either of the species, if to be used concurrently with 
ofloxacin. 
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