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Abstract: The dairy industry needs evidence-based solutions to mitigate painful procedures and
conditions in dairy cattle. The objective of this study was to compare the pharmacokinetic properties
of orally versus subcutaneously administered meloxicam in early-lactation dairy cattle. The study was
conducted at a commercial dairy herd in southwestern Ontario, Canada. Twelve postpartum cows were
enrolled in the study, receiving either subcutaneous meloxicam (MET) at 0.5 mg/kg body weight (n = 6)
or oral meloxicam (MOS) at a higher dose of 1.0 mg/kg body weight (n = 6) immediately following
parturition. The predicted half-life (12.5 ± 2.0 vs. 28.5 ± 2.0 h), Cmax (1.59 ± 0.15 vs. 1.95 ± 0.16 µg/mL),
Tmax (5.33 vs. 11.7 h), and AUC0→∞ (39.6 ± 7.4 vs. 115.6 ± 19 h * µg/mL) differed significantly between
MET and MOS cows, respectively. After controlling for the treatment group, first lactation cows had a
significantly higher half-life (4.1 ± 2.1 h), Cmax (0.56 ± 0.2 µg/mL), and AUC0→∞ (21.6 ± h * µg/mL)
relative to second lactation or greater cows, respectively. Administration of meloxicam through the
subcutaneous or oral route results in appreciable, dose-dependent systemic levels.

Keywords: dairy cow; meloxicam; pharmacokinetics; non-steroidal anti-inflammatory; early lactation

1. Introduction

As the dairy industry looks to ensure its long-term sustainability, animal welfare considerations
need to be addressed to maintain and improve consumer support [1]. As an understanding of how
pain is experienced in animals evolves, there are several common conditions and procedures in the
dairy industry where pain has historically not been adequately controlled [2]. The dairy industry
needs evidence-based solutions to mitigate painful procedures and conditions.

Meloxicam is a selective cox-2 non-steroidal anti-inflammatory (NSAID) drug approved for the
treatment of inflammatory and/or painful conditions in a variety of species [3]. In cattle, meloxicam
has shown efficacy treating the pain and inflammation associated with many conditions, namely
castration [4], dehorning [5,6], surgery [7], mastitis [8], dystocia [9,10], and diarrhea [11].

The pharmacokinetics of oral meloxicam in dairy cattle have been studied [12–14]; however, there
have been no published reports evaluating the pharmacokinetics of a novel oral meloxicam product,
meloxicam oral solution (MOS, 15 mg/mL, Alberta Veterinary Laboratories, Calgary, Canada). MOS
is approved as a single oral administration in Canada for the alleviation of pain and inflammation
following surgical and band castration in cattle. To date, there is no published literature evaluating
the pharmacokinetic properties of meloxicam in this liquid form in mature cattle. Pharmacokinetics
human meloxicam pills administered to lactating dairy cattle has been reported [15]. Further, although
the pharmacokinetics of subcutaneously administered meloxicam have been studied in goats [16],
the authors are not aware of published data in cattle. Metacam (MET, 20 mg meloxicam/mL solution,
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Mean Therapeutic Duration
Injectable Meloxicam (MET) 13.5 hrs (0.7 ug/ml) 45.8 hrs (0.2 ug/mL)

Meloxicam Oral Suspension (MOS) 30.3 hrs (0.7 ug/mL) 93.0 hrs (0.2 ug/mL)
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Abstract

Parturition is a painful event experienced by cows at the onset of lactation. This pain could

lead to a reduced feed intake, altered metabolic and immunological status, and a host of

other diseases that could seriously limit her productive herd lifespan. The objective of the

current study was to assess the effect of administration of a single dose of oral meloxicam, a

non-steroidal anti-inflammatory drug (NSAID), on the production and health status of cows

during their lactation. A total of 2,653 (1,009 meloxicam-treated and 1,644 untreated control)

cows were enrolled across 20 herds in the provinces of Ontario and Quebec, Canada. Rela-

tive to untreated controls, meloxicam-treated cows produced 0.64 kg/day (SE = 0.29. P =

0.03) more milk over the first 3 test days (90–120 days in lactation), had 0.75 times the odds

of subclinical mastitis at first test (SE = 0.08, P = 0.01), and were culled or died at 0.46 times

the rate (SE = 0.16, P = 0.03) before 60 days in milk. These results are consistent with previ-

ous research and lend support to the hypothesis that parturition is a painful event in cattle.

Attempts to ameliorate such pain with analgesics is associated with a variety of positive

health and production outcomes.

Introduction

The modern, high-producing commercial dairy cow faces tremendous physiological pressures

associated with parturition and subsequent onset of lactation [1]. Specifically, cows transition-

ing into lactation experience a multitude of interrelated challenges: a reduction in dry matter

intake and associated negative energy balance, calcium homeorhesis, stress, various environ-

mental and management challenges, immunosuppression, and pain associated with lactation

and calving. Any factor that hinders the cow’s ability to cope with these challenges is associated
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other diseases that could seriously limit her productive herd lifespan. The objective of the

current study was to assess the effect of administration of a single dose of oral meloxicam, a

non-steroidal anti-inflammatory drug (NSAID), on the production and health status of cows

during their lactation. A total of 2,653 (1,009 meloxicam-treated and 1,644 untreated control)

cows were enrolled across 20 herds in the provinces of Ontario and Quebec, Canada. Rela-

tive to untreated controls, meloxicam-treated cows produced 0.64 kg/day (SE = 0.29. P =

0.03) more milk over the first 3 test days (90–120 days in lactation), had 0.75 times the odds

of subclinical mastitis at first test (SE = 0.08, P = 0.01), and were culled or died at 0.46 times

the rate (SE = 0.16, P = 0.03) before 60 days in milk. These results are consistent with previ-

ous research and lend support to the hypothesis that parturition is a painful event in cattle.

Attempts to ameliorate such pain with analgesics is associated with a variety of positive

health and production outcomes.

Introduction

The modern, high-producing commercial dairy cow faces tremendous physiological pressures

associated with parturition and subsequent onset of lactation [1]. Specifically, cows transition-

ing into lactation experience a multitude of interrelated challenges: a reduction in dry matter

intake and associated negative energy balance, calcium homeorhesis, stress, various environ-

mental and management challenges, immunosuppression, and pain associated with lactation

and calving. Any factor that hinders the cow’s ability to cope with these challenges is associated
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Physiology: Behaviour: Inflammation:
Reduced Heart Rate Increased pen movement Reduced scrotal swelling
Reduced Plasma Cortisol Less time lying
Reduced Substance P Decreased VAS
 (VAS=Visual indicators of pain)
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Easy, Long Lasting, Proven Pain Relief.
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Efficacy of MOS for control of Pain and Inflammation following Castration - Cortisol (nMol/L)
Band - Surgical -

Control MOS Control MOS

Day -1 13.2 14.2 18.7 16.4
Day 0 36.1 23.9* 58.0 39.6
Day 1 38.4 29.6* 18.2 14.1
Day 2 33.6 33.4 13.7 9.3
Day 3 28.7 27.6 19.6 14.9

Efficacy of MOS for control of Pain and Inflammation following Castration - Heart Rate (beats/min)
Band - Surgical -

Control MOS Control MOS

2-4 hrs 141.2 119.3* 116.6 100.2*
6-8 hrs 131.3 112.9* 122.9 98.4*
8-10 hrs 134.8 113.3* 119.0 103.2*

Efficacy of MOS for control of Pain and Inflammation following Castration - Motion Index
Band - Surgical -

Control MOS Control MOS
Day -1 to 0 6835 6563 4510 5066
Day 0 to 1 4778 6041* 3836 5786*
Day 1 to 2 3001 4255* 4114 6639*
Day 2 to 3 3769 5030* 3748 4985*

Efficacy of MOS for control of Pain and Inflammation following Castration - Visual Analog Score
Band - Surgical -

Control MOS Control MOS
Day 0 41.07 21.97 27.64 12.7
Day 1 34.17 17.05 15.92 7.67
Day 2 26.61 17.25 14.69 7.2
Day 3 16.44 10.61 6.04 3.73
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Efficacy of oral meloxicam suspension for
prevention of pain and inflammation
following band and surgical castration in
calves
M. E. Olson1*, Brenda Ralston2, Les Burwash2, Heather Matheson-Bird3 and Nick D. Allan4

Abstract

Background: Castration is one of the most common procedures performed on beef and dairy cattle.
The objective of the study was to determine the efficacy of meloxicam oral suspension in reducing pain
and inflammation in calves following band or surgical castration.

Methods: Two identical trials with the exception of the method of castration (Band Castration Study 1 and Surgical
Castration Study 2) were conducted. Sixty (60) healthy Holstein calves 4 to 5 months of age (138–202 Kg) were
used. Animals received either Meloxicam Oral Suspension at a dose of 1 mg/kg BW (n = 15 Study 1 and 15 Study 2)
or Saline (n = 15 Study 1 and 15 Study 2) 2 h before castration. Physiological (Heart Rate, Plasma Cortisol and
Plasma Substance P) and Behavioral (Visual Analog Scale (VAS), Accelerometers and tail Pedometers) evaluations
were conducted before (day -1) and after Castration (Day 0, 1, 2, 3). Inflammation was evaluated daily by providing
an individual animal score (Study1) or with a measurement of scrotal thickness (Study 2).

Results: Heart rates were significantly greater in control animals following band and surgical castration. Plasma
cortisol and substance P were significantly reduced in animals receiving Meloxicam Oral Suspension. Control
animals had significantly greater VAS scores. Accelerometers showed that meloxicam treated animals had a
significantly greater motion index and number of steps as well as less % time lying and number of lying bouts.
The scrotal inflammation (based on scrotal swelling) was significantly decreased in the meloxicam treated animals
compared to the control animals on day 1, day 2 and 3.

Conclusion: Meloxicam Oral Suspension was able to significantly reduce the display of painful behaviors and
physiological responses to pain in band castrated and surgical castrated calves for up to 72 h following a single
oral treatment of 1 mg/kg body weight. Meloxicam Oral Suspension was able to significantly reduce scrotal
inflammation in band castrated and surgical castrated calves.
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Abstract 
The non-steroidal anti-inflammatory drug meloxicam is commonly used as 
adjunct therapy for neonatal calf diarrhea to control pain and inflammation. 
The objective of this study was to compare the pharmacokinetics of melox-
icam in diarrheic pre-ruminant dairy calves dosed either orally or subcuta-
neously. Twelve pre-ruminant male dairy calves with mild to moderate di-
arrhea were randomly assigned to receive one of four treatments (three per 
group): subcutaneous meloxicam (SM, 0.5 mg/kg body weight); an oral bolus 
meloxicam suspension (OM, 1 mg/kg body weight); an oral meloxicam sus-
pension added to a feeding of oral electrolytes (EM, 1 mg/kg body weight); 
and an oral meloxicam suspension added to a feeding of milk replacer (MM, 
1 mg/kg body weight). The predicted pharmacokinetic parameters for OM, 
MM, EM, and SM groups were: half-life (56.8 ± 21.7 vs. 136.0 ± 26.6 vs. 85.2 
± 21.7 vs. 36.3 ± 21.7 h), Cmax (4.3 ± 0.4 vs. 3.7 ± 0.4 vs. 3.9 ± 0.4 vs. 2.1 ± 0.4 
µg/mL), Tmax (13.3 ± 4.0 vs. 10.7 ± 4.0 vs. 13.3 ± 4.0 vs. 2.7 ± 4.0 h), and 
AUC0-∞ (383.4 ± 126.8 vs. 877.8 ± 155.3 vs. 457.1 ± 126.8 vs. 126.4 ± 126.8 h * 
µg/mL). Oral meloxicam, especially MM, had extended elimination phases 
relative to SM. All meloxicam therapies provided effective therapeutic levels 
but all oral therapies (1 mg/kg) provided longer durations of activity than in-
jectable meloxicam (0.5 mg/kg). 
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1. Introduction 

Diarrhea is one of the most prevalent disease challenges facing dairy calves, af-
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meloxi-careTM oral suspension
• Pain can affect productivity and reproductive performance.
• Control of pain and inflamation are necessary components of good animal welfare.
• meloxi-careTM oral suspension provides longer duration of activity than meloxicam inj.

- Only one treatment is recommended. 
• meloxi-careTM oral suspension has proven herd benefits.
• Benefits of meloxi-careTM oral suspension are not affected by method of delivery

1.  Improved Animal Welfare 2.  Reduced Risk of Mastitis

3.  Reduced Risk of Culling
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