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Effects of meloxicam administration  
on physiological and performance responses of transported feeder cattle1
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*Oregon State University – Eastern Oregon Agricultural Research Center, Burns, OR 97720; and †Faculdade de Medicina 
Veterinária e Zootecnia, UNESP – Univ. Estadual Paulista, Campus de Botucatu, SP, Brazil, 18618-970

ABSTRACT: This experiment evaluated the effects 
of meloxicam administration on physiological and per-
formance responses of transported cattle during feedlot 
receiving. Eighty-four Angus × Hereford steers were 
ranked by BW on d –10 and assigned to 21 dry lot pens. 
From d –10 to 0, pens were fed alfalfa–grass hay ad libi-
tum and 2.4 kg/steer daily (DM basis) of a corn-based 
concentrate. On d 0, pens were randomly assigned to 
1) transport for 1,440 km in a livestock trailer and oral 
administration of meloxicam (1 mg/kg of BW) at load-
ing (d 0), unloading (d 1), and daily from d 2 to 7 of 
feedlot receiving (MEL; n = 7); 2) the same transporta-
tion and treatment schedule of MEL but oral administra-
tion of lactose monohydrate (1 mg/kg of BW) instead of 
meloxicam (TRANS; n = 7); or 3) no transport and oral 
administration of lactose monohydrate (1 mg/kg of BW) 
concurrently with treatment administration to MEL and 
TRANS (CON; n = 7). Upon arrival (d 1), MEL and 
TRANS steers returned to their pens for a 21-d feedlot 
receiving with the same diet offered from d –10 to 0. 
Treatments were administered to steers via oral drench 
on d 0 and 1 or mixed daily with the concentrate from 
d 2 to 7. Full BW was recorded before (d –2, –1, and 
0) treatment application and at the end of experiment 

(d 20, 21, and 22) for ADG calculation. Daily DMI was 
recorded from d 1 to 21. Blood samples were collected 
on d 0, 1, 3, 5, 7, 10, 14, and 21. During the initial 7 d 
of feedlot receiving, hay and total DMI were reduced 
(P ≤ 0.03) in TRANS vs. CON and MEL and similar 
between CON and MEL (P ≥ 0.26), whereas concentrate 
DMI did not differ (P = 0.16) among treatments. Mean 
ADG was reduced (P ≤ 0.03) in TRANS vs. MEL and 
CON but similar (P = 0.82) between MEL and CON. 
Moreover, TRANS had reduced G:F vs. CON (P = 0.01) 
and MEL (P = 0.05), whereas G:F was similar (P = 0.39) 
between CON and MEL. Serum NEFA concentrations 
were greater (P < 0.01) for TRANS and MEL vs. CON 
on d 1. Plasma haptoglobin concentrations were greater 
(P ≤ 0.03) for TRANS vs. CON and MEL on d 5 and 
greater (P ≤ 0.03) for CON vs. TRANS on d 10. Plasma 
ceruloplasmin concentrations were greater (P  ≤ 0.04) 
for TRANS vs. CON on d 3, 5, 7, 10, and 14, greater 
(P ≤ 0.03) for TRANS vs. MEL on d 5 and 7, and also 
greater (P = 0.05) for MEL vs. CON on d 3. In conclu-
sion, meloxicam administration to feeder steers modu-
lated the haptoglobin and ceruloplasmin responses and 
prevented the performance losses caused by long-dis-
tance transportation.
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INTRODUCTION

Road transport is one of the most stressful events 
encountered by feeder cattle during their productive 
lives (Arthington et al., 2003). Upon long-distance 
transportation and feedlot arrival, cattle experience 
inflammatory and acute-phase responses (Arthington 
et al., 2008; Cooke et al., 2011) that impact feedlot 
receiving performance by increasing basal metabo-
lism and tissue catabolism and by reducing DMI and 
G:F (Johnson, 1997). Hence, strategies that lessen the 
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acute-phase response during feedlot receiving, which 
can be monitored via acute-phase proteins such as hap-
toglobin and ceruloplasmin (Carroll and Forsberg, 2007), 
have been shown to improve productivity of transported 
cattle (Arthington et al., 2008).

Administration of flunixin meglumine, a nonsteroidal 
anti-inflammatory drug (NSAID), to steers before a 24-h 
road transport and at feedlot arrival alleviated the resul-
tant acute-phase response but did not improve feedlot re-
ceiving performance (Cooke et al., 2013a). Perhaps the 
elimination half-life of flunixin meglumine (<8 h; Hardee 
et al., 1985) was insufficient to modulate the transport-
elicited acute-phase response to an extent that resulted in 
enhanced cattle performance. Alternatively, meloxicam 
is another NSAID with an elimination half-life of 28 h 
(Coetzee et al., 2009) when orally administered to cat-
tle at 1 mg/kg. Van Engen et al. (2014) reported that a 
single oral administration of meloxicam to cattle before 
a 16-h road transport reduced transport-induced inflam-
matory reactions, although the authors did not evaluate 
feedlot receiving performance. Based on this rationale, 
we hypothesized that oral meloxicam administration be-
fore transport and during feedlot receiving alleviates the 
acute-phase response and improves performance of feed-
er cattle. Hence, this experiment evaluated the effects of 
oral meloxicam administration on circulating concentra-
tions of cortisol, NEFA, acute-phase proteins, and feedlot 
receiving performance of transported cattle.

MATERIALS AND METHODS

This experiment was conducted at the Oregon State 
University – Eastern Oregon Agricultural Research Center 
(Burns station) from October to November 2013. All 
animals used herein originated from the Eastern Oregon 
Agricultural Research Center (Burns station) research 
herd, born during the 2013 calving season and managed 
equally from birth until the beginning of the experiment. 
Moreover, all animals were cared for in accordance with 
acceptable practices and experimental protocols reviewed 
and approved by the Oregon State University Institutional 
Animal Care and Use Committee (number 4460).

Animals and Diets

Eighty-four Angus × Hereford steers, weaned 40  d 
before the beginning of the experiment (d –10), were 
used. On d –10, steers were ranked by BW (252 ± 3 kg; 
initial age of 214 ± 2 d) and randomly allocated to 21 dry 
lot pens (4 steers/pen; 7 by 15 m) in a manner in which 
all pens had equivalent average BW. From d –10 to 0, all 
pens were fed alfalfa–grass hay ad libitum and 2.4 kg/
steer daily (DM basis) of a concentrate containing (as-
fed basis) 84% cracked corn, 14% soybean meal, and 2% 

mineral mix, which was offered separately from hay at 
0800 h. On d 0, pens were randomly assigned to 1 of 3 
treatments: 1) transport for 1,440 km in a commercial 
livestock trailer and oral administration of meloxicam 
(1 mg/kg of BW; Carlsbad Technologies, Inc., Carlsbad, 
CA) at loading (d 0), unloading (d 1), and daily from d 2 
to 7 of feedlot receiving (MEL; n = 7 pens/treatment); 2) 
transport for 1,440 km in a commercial livestock trailer 
and oral administration of lactose monohydrate (1 mg/kg 
of BW; excipient used in the manufacture of meloxicam 
tablets; Avantor Performance Materials, Center Valley, 
PA) at loading (d 0), unloading (d 1), and daily from d 2 to 
7 of feedlot receiving (TRANS; n = 7 pens/treatment); or 
3) no transport and oral administration of lactose mono-
hydrate (1 mg/kg of BW; Avantor Performance Materials) 
concurrently with treatment administration to MEL and 
TRANS steers (CON; n = 7 pens/treatment).

On d 0 of the experiment, MEL and TRANS steers 
were commingled and transported at the same time and 
in the same double-deck commercial livestock trailer 
(Legend 50′ Cattle Liner; Barrett LLC., Purcell, OK), 
while CON steers remained in their respective drylot 
pens with ad libitum access to alfalfa–grass hay and 
2.4 kg/steer (DM basis) of the aforementioned concen-
trate. Within the livestock trailer, MEL and TRANS 
steers were randomly accommodated into two 2.1 by 
7.2 m compartments to allow a minimum space of 1 m2 
per steer. During transport, the driver stopped every 6 h 
to rest for 60 min but cattle remained in the truck at all 
times, and total transport time was 24 h. Transport length 
and duration were selected to elicit the stress challenges 
of a long haul (Arthington et al., 2008). Minimum, max-
imum, and average environmental temperatures during 
transport were –3, 16, and 7°C, respectively, whereas 
average humidity was 56% and no precipitation was ob-
served. Upon arrival (d 1), MEL and TRANS steers re-
turned to their original pens for a 21-d feedlot receiving. 
All pens were fed alfalfa–grass hay ad libitum and 2.4 kg/
steer daily (DM basis) of the aforementioned corn-based 
concentrate during the receiving period, which was of-
fered separately from hay at 0800 h. Water was offered 
for ad libitum consumption from d –10 to 28, except to 
MEL and TRANS cattle during transport.

The meloxicam dose adopted herein was based on 
the oral administration used by Coetzee et al. (2012) and 
Repenning et al. (2013) to weaned beef cattle and the 
same dose used by Van Engen et al. (2014) for transport-
ed feeder steers. Meloxicam was originally presented in 
15 mg tablets, which were ground daily using a commer-
cial food processor (Soho Food Processor; West Bend 
Housewares, West Bend, WI) to ensure that MEL steers 
received their exact dose. Lactose monohydrate was ad-
ministered to TRANS and CON steers to account for po-
tential placebo effects, whereas the CON treatment was 
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included as a nontransport positive control for physi-
ological and performance measurements. On d 0 and 1, 
meloxicam or lactose monohydrate was manually mixed 
with 50 mL of 0.9% saline and administered individually 
to steers via oral drench during handling of MEL and 
TRANS steers for truck loading (d 0) or feedlot arrival 
(d 1). Treatments were mixed with saline within 30 s be-
fore administration in 60 mL sterile syringes (Monoject 
Covidien Animal Health, Mansfield, MA), and 1 syringe 
was used per animal. From d 2 to 7, treatments were 
manually mixed daily with the corn-based concentrate 
according to the total BW of each pen.

Samples of hay and concentrate ingredients were col-
lected weekly, pooled across all weeks, and analyzed for 
nutrient content by a commercial laboratory (Dairy One 
Forage Laboratory, Ithaca, NY). All samples were ana-
lyzed by wet chemistry procedures for concentrations of 
CP (method 984.13; AOAC, 2006), ADF (method 973.18 
modified for use in an Ankom 200 fiber analyzer; Ankom 
Technology Corp., Fairport, NY; AOAC, 2006), and NDF 
(Van Soest et al., 1991; modified for use in an Ankom 200 
fiber analyzer; Ankom Technology Corp.). Calculations 
for TDN used the equation proposed by Weiss et al. 
(1992), whereas NEm and NEg were calculated with the 
equations proposed by the NRC (1996). Hay nutritional 
profile was (DM basis) 60% TDN, 39% NDF, 28% ADF, 
1.27 Mcal/kg of NEm, 0.70 Mcal/kg of NEg, and 19.0% 
CP. Based on the nutritional analysis of ingredients, con-
centrate nutritional profile was (DM basis) 85% TDN, 
9.0% NDF, 4.6% ADF, 2.12 Mcal/kg of NEm, 1.46 Mcal/
kg of NEg, and 14.5% CP. The mineral mix (Cattleman’s 
Choice; Performix Nutrition Systems, Nampa, ID), con-
tained 14% Ca, 10% P, 16% NaCl, 1.5% Mg, 3,200 mg/
kg of Cu, 65 mg/kg of I, 900 mg/kg of Mn, 140 mg/kg 
of Se, 6,000 mg/kg of Zn, 136,000 IU/kg of vitamin A, 
13,000 IU/kg of vitamin D3, and 50 IU/kg of vitamin E.

All cattle were vaccinated against clostridial dis-
eases (Clostrishield 7; Novartis Animal Health, Bucyrus, 
KS) and bovine virus diarrhea complex (Virashield 6 + 
Somnus; Novartis Animal Health) at approximately 30 
d of age. At weaning (d –40), cattle were vaccinated 
against clostridial diseases and Mannheimia haemo-
lytica (One Shot Ultra 7; Zoetis, Florham Park, NJ), 
infectious bovine rhinotracheitis, bovine viral diarrhea 
complex, and pneumonia (Bovi-Shield Gold 5 and TSV-
2; Zoetis) and administered an anthelmintic (Dectomax; 
Zoetis). No incidences of mortality or morbidity were 
observed during the entire experiment.

Sampling

Individual full BW was recorded and averaged over 
3 consecutive days before treatment application (d –2, 
–1, and 0) and at the end of experiment (d 20, 21, and 22) 

for ADG calculation. Furthermore, BW was collected 
before concentrate and hay feeding of the day. Average 
BW of d –2, –1, and 0 was used to determine meloxicam 
and lactose monohydrate doses. Individual BW was also 
collected on d 1, immediately before treatment applica-
tion, to evaluate BW shrink as percentage change from 
the average BW recorded on d –2, –1, and 0. Concentrate, 
hay, and total DMI were evaluated daily from d –10 to 21 
from each pen by collecting and weighing refusals daily. 
Feed intake on d 0 was not included into DMI evalua-
tion given that only CON steers were fed. Samples of 
the offered and nonconsumed feed were collected daily 
from each pen and dried for 96 h at 50°C in forced-air 
ovens for DM calculation. Hay, concentrate, and total 
daily DMI of each pen were divided by the number of 
steers within each pen and expressed as kilograms per 
steer per day. Total BW gain and DMI of each pen from 
d 1 to 21 were used for feedlot receiving G:F calculation.

Blood samples were collected on d 0 and 1 immedi-
ately before treatment application and on d 3, 5, 7, 10, 14, 
and 21 via jugular venipuncture into commercial blood 
collection tubes (Vacutainer, 10 mL; Becton Dickinson, 
Franklin Lakes, NJ) with or without 158 United States 
Pharmacopeia units of freeze-dried sodium heparin for 
plasma and serum collection, respectively. Blood samples 
were collected before concentrate and hay feeding, except 
for d 0 when MEL and TRANS cattle were transported 
after blood collection. All blood samples were placed im-
mediately on ice, centrifuged (2,500 × g for 30 min at 4°C) 
for plasma or serum harvest, and stored at –80°C on the 
same day of collection. Plasma concentrations of cortisol 
were determined using a chemiluminescent enzyme im-
munoassay (Immulite 1000; Siemens Medical Solutions 
Diagnostics, Los Angeles, CA). Plasma concentrations 
of ceruloplasmin and haptoglobin were determined ac-
cording to colorimetric procedures previously described 
(Demetriou et al., 1974; Cooke and Arthington, 2013). 
Serum concentrations of NEFA were determined in sam-
ples collected from d 0 to 7 using a colorimetric com-
mercial kit (HR Series NEFA–2; Wako Pure Chemical 
Industries Ltd. USA, Richmond, VA) with the modifica-
tions described by Pescara et al. (2010). Serum NEFA con-
centrations were only evaluated in samples collected from 
d 0 to 7 because NEFA returns to pretransport levels with-
in 7 d following the transportation model adopted herein 
(Francisco et al., 2012; Marques et al., 2012; Cooke et al., 
2013a). The intra- and interassay CV were, respectively, 
3.8 and 3.4% for cortisol, 4.3 and 6.5% for NEFA, 9.1 and 
9.0% for ceruloplasmin, and 6.9 and 7.9% for haptoglobin.

Statistical Analyses

Data were analyzed using pen as the experimental unit 
with the PROC MIXED procedure of SAS (SAS Inst., Inc., 
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Cary, NC) and Satterthwaite approximation to determine 
the denominator degrees of freedom for the tests of fixed 
effects. The model statement used for BW shrink from d 0 
to 1 and ADG contained the effect of treatment. Data were 
analyzed using pen(treatment) and steer(pen) as random 
variables. The model statement used for DMI and G:F 
contained the effects of treatment, in addition to day, the 
treatment × day interaction, and average feed intake from 
d –10 to –1 as covariate for DMI only. Data were ana-
lyzed using pen(treatment) as the random variable because 
DMI was recorded for each pen. Moreover, DMI was also 
analyzed within each week of the experiment (d 1 to 7, d 
8 to 14, and d 15 to 21) using the previously described 
model, given that DMI is mainly impacted by transport 
and feed yard entry during the first week of feedlot receiv-
ing (Hutcheson and Cole, 1986; Araujo et al., 2010). The 
model statement used for blood variables contained the 
effects of treatment, day, the treatment × day interaction, 
and values obtained on d 0 as covariate. Data were ana-
lyzed using steer(pen) and pen(treatment) as random vari-
ables. The specified term for the repeated statements was 
day, with pen(treatment) or steer(pen) as subject for DMI 
or blood variables, respectively. The covariance structure 
used was first-order autoregressive, which provided the 
smallest Akaike information criterion and hence the best 
fit for all variables analyzed. Results are reported as least 
square means as well as covariately adjusted least square 
means for DMI and blood variables and were separated 
using PDIFF. Significance was set at P ≤ 0.05 and tenden-
cies were determined if P > 0.05 and P ≤ 0.10. Results 
are reported according to main treatment effect if no inter-
actions were significant or according to the highest-order 
interaction detected that contained the effect of treatment.

RESULTS AND DISCUSSION

A treatment effect was detected (P < 0.01) for BW 
shrink from d 0 to 1. As expected, BW shrink was greater 
(P < 0.01) for both TRANS and MEL compared with CON 
steers and similar (P = 0.14) between TRANS and MEL 
steers (Table 1). Accordingly, previous research from our 
group reported equivalent BW shrink in feeder cattle ex-
posed to the same transportation schedule adopted herein 
(Marques et al., 2012; Cooke et al., 2013a,b). No treat-
ment effects were detected (P ≥ 0.13) on hay, concentrate, 
and total DMI during the 21-d feedlot receiving (Table 
1). When DMI was analyzed within each week of the ex-
periment, TRANS had reduced hay and total DMI during 
the initial week of feedlot receiving compared with CON 
(P ≤ 0.03) and MEL (P ≤ 0.01) steers (Table 2), which 
were similar between MEL and CON steers (P ≥ 0.26). 
No treatment effects were detected for concentrate intake 
during the initial week of feedlot receiving (P = 0.15) as 
well as hay, concentrate, and total DMI during the second 

(P ≥ 0.42) and third (P ≥ 0.28) weeks of feedlot receiving 
(Table 2). These results indicate that all pens readily con-
sumed their daily concentrate allocation and hence their 
designed meloxicam and lactose monohydrate dose dur-
ing the initial 7 d of feedlot receiving. These results also 
suggest that oral meloxicam administration prevented 
the decrease in feed intake often observed in transported 
cattle during the first week of feedlot receiving, which di-
rectly impairs initial receiving ADG (Hutcheson and Cole, 
1986; Araujo et al., 2010).

A treatment effect was detected (P = 0.03) for ADG 
during the 21-d feedlot receiving (Table 1). Steers as-
signed to TRANS had reduced ADG compared with 
MEL (P = 0.03) and CON (P = 0.01) steers, whereas 
ADG was similar between (P = 0.82) CON and MEL 
steers. However, treatment effects detected on ADG were 
not sufficient to impact (P = 0.78) cattle BW at the end 
of the 21-d feedlot receiving (Table 1). Nevertheless, a 
treatment effect was detected (P = 0.03) for G:F during 

Table 1. Feedlot receiving performance (21 d) of steers 
transported for 1,440 km and receiving meloxicam (MEL; 
1 mg/kg of BW daily; n = 7) or lactose monohydrate 
(TRANS; 1 mg/kg of BW daily; n = 7) at loading (d 0), 
unloading (d 1), and daily from d 2 to 7 of feedlot receiv-
ing or nontransported steers that concurrently received 
lactose monohydrate (CON; 1 mg/kg of BW daily; n = 7)1

Item CON MEL TRANS SEM P-value
BW,2 kg

Initial 259.9 260.4 260.3 4.9 0.99
Final 291.5 292.9 287.7 5.5 0.78
Shrink,3 % –0.71a 9.07b 9.83b 0.35 <0.01
ADG,4 kg/d 1.50a 1.48a 1.26b 0.07 0.03

DMI,5 kg/d
Hay 5.90 5.98 5.75 0.09 0.19
Concentrate 2.39 2.38 2.38 0.01 0.18
Total 8.33 8.34 8.10 0.09 0.13
G:F,6 g/kg 185a 177a 153b 8 0.03

a,bWithin rows, values with different superscripts differ (P ≤ 0.05).
1Steers assigned to MEL and TRANS were transported at the same time 

and in the same double-deck commercial livestock trailer (Legend 50′ Cattle 
Liner; Barrett LLC., Purcell, OK), while CON steers remained in drylot pens 
(4 steers/pen; 7 by 15 m) with access to feed and water. At loading (d 0) and 
unloading (d 1), meloxicam and lactose monohydrate were diluted in 50 mL 
of 0.9% saline and administered individually to steers via oral drench during 
handling of MEL and TRANS for truck loading or feedlot arrival. From d 2 
to 7 of the experiment, meloxicam and lactose monohydrate were manually 
mixed with a corn-based concentrate.

2Initial BW = average of BW recorded on d –2, –1, and 0; final BW = aver-
age of BW recorded on d 20, 21, and 22.

3Based on BW loss from d 1 to initial BW.
4Calculated using initial and final BW.
5Calculated from each pen but divided by the number of steers within each 

pen and expressed as kilograms per steer per day. Average hay, concentrate, 
and total DMI from d –10 to –1 of the experiment served as covariate for each 
respective analysis.

6Calculated using total DMI and BW gain of each pen d 0 to d 21.
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the 21-d feedlot receiving because TRANS had reduced 
G:F compared with MEL (P = 0.05) and CON steers (P = 
0.01), whereas G:F was similar (P = 0.39) between MEL 
and CON steers (Table 1). Hence, feedlot receiving per-
formance of MEL was similar to CON and greater than 
TRANS steers, indicating that oral meloxicam administra-
tion prevented the performance losses typically observed 
in cattle transported for long distances (Hutcheson and 
Cole, 1986; Marques et al., 2012; Cooke et al., 2013b)

No treatment effect was detected (P = 0.89) for plas-
ma cortisol concentrations during the 21-d feedlot re-
ceiving (21.1, 20.6, and 20.4 ng/mL for CON, MEL, and 
TRANS, respectively; SEM = 1.0). The impact of long-
distance transportation on cortisol has been variable, with 
research studies reporting increased (Crookshank et al., 
1979; Tarrant et al., 1992; Knowles et al., 1999) or unal-
tered (Cole et al., 1988; Arthington et al., 2003; Van Engen 
et al., 2014) circulating cortisol concentrations following 
transport. However, previous research from our group 
reported increased plasma cortisol concentrations during 
feedlot receiving in cattle exposed to the same transporta-

tion schedule adopted herein (Marques et al., 2012; Cooke 
et al., 2013a,b). Hence, the lack of treatment effects on 
plasma cortisol in the present experiment, particularly be-
tween CON and TRANS steers, was unexpected and may 
have hindered proper assessment of meloxicam effects on 
transport-induced plasma cortisol response. Nevertheless, 
Van Engen et al. (2014) also did not detect significant dif-
ferences in plasma cortisol concentrations during feedlot 
receiving between steers transported for 16 h and orally 
administered meloxicam or a whey protein placebo before 
transport.

A treatment × day interaction was detected for serum 
NEFA (P < 0.01; Fig. 1), given that NEFA concentrations 
were greater (P < 0.01) for TRANS and MEL compared 
with CON steers on d 1 of feedlot receiving. These re-
sults corroborate that stress due to long-distance transport 
stimulates fat tissue mobilization and increases circulat-
ing NEFA concentration in cattle (Earley and O’Riordan, 
2006; Marques et al., 2012), whereas oral meloxicam ad-
ministration did not alleviate this outcome. To the best of 
our knowledge, Newby et al. (2013) is the only research 
study available in the literature that evaluated circulating 
NEFA in cattle following meloxicam administration. These 
authors administered meloxicam (0.5 mg/kg of BW) sub-
cutaneously to Holstein cows approximately 24 h after par-
turition and reported that serum NEFA concentrations dur-
ing the initial 12 d of lactation were similar compared with 
cohorts receiving saline. Hence, meloxicam administration 
appears not to modulate lipid mobilization and metabolism 
in cattle on stress and nutritional challenges.

Table 2. Intake parameters (kg/d) within each week of 
feedlot receiving (21 d) in steers transported for 1,440 
km and receiving meloxicam (MEL; 1 mg/kg of BW 
daily; n = 7) or lactose monohydrate (TRANS; 1 mg/
kg of BW daily; n = 7) at loading (d 0), unloading (d 1), 
and daily from d 2 to 7 of feedlot receiving or nontrans-
ported steers that concurrently received lactose monohy-
drate (CON; 1 mg/kg of BW daily; n = 7)1,2

Item CON MEL TRANS SEM P-value
First week (d 1 to7)

Hay 5.43a 5.35a 5.05b 0.09 0.02
Concentrate 2.38 2.37 2.37 0.01 0.15
Total 7.85a 7.70a 7.39b 0.09 0.01

Second week (d 8 to 14)
Hay 5.71 5.74 5.55 0.11 0.44
Concentrate 2.40 2.39 2.38 0.01 0.56
Total 8.12 8.12 7.93 0.11 0.42

Third week (d 15 to 21)
Hay 6.55 6.83 6.63 0.12 0.28
Concentrate 2.39 2.39 2.39 0.01 0.76
Total 9.00 9.20 9.01 0.12 0.35

a,bWithin rows, values with different superscripts differ (P ≤ 0.05).
1Steers assigned to MEL and TRANS were transported at the same time 

and in the same double-deck commercial livestock trailer (Legend 50′ Cattle 
Liner; Barrett LLC., Purcell, OK), while CON steers remained in drylot pens 
(4 steers/pen; 7 by 15 m) with access to feed and water. At loading (d 0) and 
unloading (d 1), meloxicam and lactose monohydrate were diluted in 50 mL 
of 0.9% saline and administered individually to steers via oral drench during 
handling of MEL and TRANS for truck loading or feedlot arrival. From d 2 
to 7 of the experiment, meloxicam and lactose monohydrate were manually 
mixed with a corn-based concentrate.

2Calculated from each pen, but divided by the number of steers within each 
pen and expressed as kilograms per steer per day. Average hay, concentrate, 
and total DMI from d –10 to –1 of the experiment served as covariate for each 
respective analysis.

Figure 1. Serum NEFA concentration in steers transported for 1,440 km 
and receiving meloxicam (MEL; 1 mg/kg of BW daily; n = 7) or lactose mono-
hydrate (TRANS; 1 mg/kg of BW daily; n = 7) at loading (d 0), unloading (d 
1), and daily from d 2 to 7 of feedlot receiving or nontransported steers that 
concurrently received lactose monohydrate (CON; 1 mg/kg of BW daily; n = 
7). At loading (d 0) and unloading (d 1), meloxicam and lactose monohydrate 
were diluted in 50 mL of 0.9% saline and administered individually to steers via 
oral drench during handling of MEL and TRANS for truck loading or feedlot 
arrival. From d 2 to 7 of the experiment, meloxicam and lactose monohydrate 
were manually mixed with a corn-based concentrate. Values obtained before 
treatment application (d 0) served as covariate (P < 0.01) but did not differ 
(P = 0.47) among treatments (0.204, 0.229, and 0.215 µEq/L for CON, MEL, 
and TRANS, respectively; SEM = 0.014). A treatment × day interaction was 
detected (P < 0.01). Within days, letters indicate the following treatment dif-
ferences: a = TRANS vs. CON (P < 0.01) and b = MEL vs. CON (P < 0.01).
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A treatment × day interaction was detected for plas-
ma haptoglobin (P < 0.01; Fig. 2), whereas a tendency 
(P = 0.09; Fig. 3) for the same interaction was detected 
for plasma ceruloplasmin. Plasma haptoglobin concen-
trations were greater (P ≤ 0.03) for TRANS compared 
with CON and MEL steers on d 5 and greater (P ≤ 0.03) 
for CON compared with TRANS steers on d 10. Plasma 
ceruloplasmin concentrations were greater (P ≤ 0.04) for 
TRANS compared with CON steers on d 3, 5, 7, 10, and 
14, greater (P ≤ 0.03) for TRANS compared with MEL 
steers on d 5 and 7, and also greater (P = 0.05) for MEL 
compared with CON steers on d 3. Corroborating the 
ADG, DMI, G:F, and physiological differences detected 
between TRANS and CON steers, previous research 
from our group also reported that 24-h road transport 
elicited an acute-phase response that reduced feedlot re-
ceiving performance of feeder cattle (Cooke et al., 2012, 
2013b; Marques et al., 2012). Accordingly, circulating 
concentrations of acute-phase proteins in transported 
cattle have been negatively associated with receiving 
ADG (Berry et al., 2004; Qiu et al., 2007; Araujo et al., 
2010), and such outcome can be attributed to altered 
basal metabolism, increased tissue catabolism, and re-
duced feed intake and efficiency during an acute-phase 
response (Johnson, 1997). The reason why plasma hap-
toglobin concentrations increased on d 10 of feedlot re-
ceiving in CON but not MEL and TRANS steers is un-
known. A similar response was not detected for plasma 
ceruloplasmin, whereas circulating concentrations of 
acute-phase proteins are typically correlated (Cooke et 

al., 2009; Araujo et al., 2010). Haptoglobin is also posi-
tively associated with morbidity in feeder cattle (Carter 
et al., 2002; Berry et al., 2004; Petersen et al., 2004), but 
no incidence of morbidity or mortality was detected dur-
ing feedlot receiving. In addition, hay, concentrate, and 
total DMI of CON were similar (P ≥ 0.42) compared 
with MEL and TRANS steers during the second week 
of feedlot receiving, whereas an inflammatory-induced 
haptoglobin response is usually accompanied by re-
duced feed intake (Johnson, 1997; Araujo et al., 2010).

Supporting our hypothesis, meloxicam administra-
tion modulated the acute-phase protein response elic-
ited by 24-h transport based on differences detected for 
plasma haptoglobin and ceruloplasmin between TRANS 
and MEL steers. Meloxicam inhibits cyclooxygenase, an 
enzyme that regulates synthesis of inflammatory eico-
sanoids associated with the acute-phase response such as 
PGE2 (Lees et al., 2004). Accordingly, Van Engen et al. 
(2014) administered a single oral dose of meloxicam or a 
whey protein placebo at approximately 1 mg/kg of BW to 
steers before a 16-h road transport. These authors report-
ed that steers receiving meloxicam had reduced circulat-
ing concentrations of biomarkers of stress and inflamma-
tion compared with cohorts receiving placebo, including 
stress-induced neutrophilia as well as monocyte and 
lymphocyte counts. However, Van Engen et al. (2014) 
did not evaluate production parameters to determine if 
the immunological benefits of oral meloxicam admin-
istration to transported cattle would result in enhanced 

Figure 2. Plasma haptoglobin concentration in steers transported for 
1,440 km and receiving meloxicam (MEL; 1 mg/kg of BW daily; n = 7) or 
lactose monohydrate (TRANS; 1 mg/kg of BW daily; n = 7) at loading (d 
0), unloading (d 1), and daily from d 2 to 7 of feedlot receiving, or nontrans-
ported steers that concurrently received lactose monohydrate (CON; 1 mg/
kg of BW daily; n = 7). At loading (d 0) and unloading (d 1), meloxicam and 
lactose monohydrate were diluted in 50 mL of 0.9% saline and administered 
individually to steers via oral drench during handling of MEL and TRANS for 
truck loading or feedlot arrival. From d 2 to 7 of the experiment, meloxicam 
and lactose monohydrate were manually mixed with a corn-based concen-
trate. Values obtained before treatment application (d 0) were not significant 
covariates (P = 0.43) and hence did not differ (P = 0.14) among treatments 
(274, 254, and 190 µg/mL for CON, MEL, and TRANS, respectively; SEM = 
30). A treatment × day interaction was detected (P < 0.01). Within days, let-
ters indicate the following treatment differences: a = TRANS vs. CON (P ≤ 
0.03) and b = TRANS vs. MEL (P = 0.03).

Figure 3. Plasma ceruloplasmin concentration in steers transported for 
1,440 km and receiving meloxicam (MEL; 1 mg/kg of BW daily; n = 7) or 
lactose monohydrate (TRANS; 1 mg/kg of BW daily; n = 7) at loading (d 0), 
unloading (d 1), and daily from d 2 to 7 of feedlot receiving or nontransported 
steers that concurrently received lactose monohydrate (CON; 1 mg/kg of BW 
daily; n = 7). At loading (d 0) and unloading (d 1), meloxicam and lactose 
monohydrate were diluted in 50 mL of 0.9% saline and administered individ-
ually to steers via oral drench during handling of MEL and TRANS for truck 
loading or feedlot arrival. From d 2 to 7 of the experiment, meloxicam and 
lactose monohydrate were manually mixed with a corn-based concentrate. 
Values obtained before treatment application (d 0) were significant covariates 
(P < 0.01) but did not differ (P = 0.70) among treatments (35.2, 35.7, and 33.7 
mg/dL for CON, MEL, and TRANS, respectively; SEM = 1.8). A tendency 
for treatment × day interaction was detected (P = 0.09). Within days, letters 
indicate the following treatment differences: a = TRANS vs. CON (P ≤ 0.04), 
b = TRANS vs. MEL (P ≤ 0.03), and c = MEL vs. CON (P = 0.05).
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feedlot receiving performance. In the present experiment, 
feedlot receiving performance of MEL steers was similar 
compared with CON and greater compared with TRANS. 
These results indicate that oral meloxicam administration 
effectively prevented the performance losses caused by 
road transport, likely by inhibiting the changes in me-
tabolism and feed intake regulated by inflammatory eico-
sanoids during an acute-phase response (Johnson, 1997; 
Klasing and Korver, 1997; Lees et al., 2004).

It is important to note that meloxicam was admin-
istered on d 0 with the purpose of modulating stress-
induced inflammatory reactions elicited during road 
transport (Cooke et al., 2012; Marques et al., 2012) 
and administered from d 1 to 7 of feedlot receiving to 
modulate residual and novel inflammatory reactions elic-
ited by unloading and feedlot entry (Duff and Galyean, 
2007). Given the substantial half-life and bioavailability 
of meloxicam (Coetzee et al., 2009, 2011), which may 
remain in circulation for several days following a single 
oral administration (Van Engen et al., 2014), perhaps 
meloxicam can be administered to transported cattle with 
less frequency or dosage as used herein while maintain-
ing the same physiological and performance benefits. In 
addition, steer morbidity or mortality was not detected in 
the present experiment. The magnitude of the transport-
elicited acute-phase reaction, including the plasma hap-
toglobin response, has been positively associated with 
health issues in feeder cattle (Carter et al., 2002; Berry et 
al., 2004). Hence, additional research is warranted to de-
termine if the immune benefits of meloxicam administra-
tion reported herein translate into decreased incidence of 
sickness during feedlot receiving (Snowder et al., 2006).

In conclusion, meloxicam administration to feeder 
steers before road transport, at feedlot arrival, and dur-
ing the initial week of feedlot receiving (1 mg/kg of BW 
per administration) modulated the haptoglobin and ceru-
loplasmin responses and increased ADG, DMI, and G:F 
during feedlot receiving. Hence, meloxicam administra-
tion may be a viable strategy to mitigate inflammatory re-
actions and performance losses elicited by long-distance 
transportation. Nevertheless, research is still warranted to 
properly determine optimal dosage and length of meloxi-
cam administration and assess additional health and per-
formance responses of transported cattle.

LITERATURE CITED
AOAC. 2006. Official methods of analysis. 18th ed. AOAC Int., 

Arlington, VA.
Araujo, D. B., R. F. Cooke, G. R. Hansen, C. R. Staples, and J. D. 

Arthington. 2010. Effects of rumen-protected polyunsaturated 
fatty acid supplementation on performance and physiological 
responses of growing cattle following transportation and feedlot 
entry. J. Anim. Sci. 87:4125–4132.

Arthington, J. D., S. D. Eicher, W. E. Kunkle, and F. G. Martin. 2003. 
Effect of transportation and commingling on the acute-phase 
protein response, growth, and feed intake of newly weaned beef 
calves. J. Anim. Sci. 81:1120–1125.

Arthington, J. D., X. Qiu, R. F. Cooke, J. M. B. Vendramini, D. B. 
Araujo, C. C. Chase Jr., and S. W. Coleman. 2008. Effects of pre-
shipping management on measures of stress and performance of 
beef steers during feedlot receiving. J. Anim. Sci. 86:2016–2023.

Berry, B. A., A. W. Confer, C. R. Krehbiel, D. R. Gill, R. A. Smith, 
and M. Montelongo. 2004. Effects of dietary energy and starch 
concentrations for newly received feedlot calves: II. Acute-
phase protein response. J. Anim. Sci. 82:845–850.

Carroll, J. A., and N. E. Forsberg. 2007. Influence of stress and nutri-
tion on cattle immunity. Vet. Clin. North Am. Food Anim. Pract. 
23:105–149.

Carter, J. N., G. L. Meredith, M. Montelongo, D. R. Gill, C. R. 
Krehbiel, M. E. Payton, and A. W. Confer. 2002. Relationship 
of vitamin E supplementation and antimicrobial treatment with 
acute-phase protein responses in cattle affected by naturally ac-
quired respiratory tract disease. Am. J. Vet. Res. 63:1111–1117.

Coetzee, J. F., L. N. Edwards, R. A. Mosher, N. M. Bello, A. M. 
O’Connor, B. Wang, B. KuKanich, and D. A. Blasi. 2012. Effect of 
oral meloxicam on health and performance of beef steers relative to 
bulls castrated on arrival at the feedlot. J. Anim. Sci. 90:1026–1039.

Coetzee, J. F., B. KuKanich, R. Mosher, and P. S. Allen. 2009. 
Pharmacokinetics of intravenous and oral meloxicam in rumi-
nant calves. Vet. Ther. 10:E1–E8.

Coetzee, J. F., R. A. Mosher, L. E. Kohake, C. A. Cull, L. L. Kelly, S. 
L. Mueting, and B. KuKanich. 2011. Pharmacokinetics of oral 
gabapentin alone or co-administered with meloxicam in rumi-
nant beef calves. Vet. J. 190:98–102.

Cole, N. A., T. H. Camp, L. D. Rowe, D. G. Stevens, and D. P. 
Hutcheson. 1988. Effect of transport on feeder calves. Am. J. 
Vet. Res. 49:178–183.

Cooke, R. F., and J. D. Arthington. 2013. Concentrations of hapto-
globin in bovine plasma determined by ELISA or a colorimetric 
method based on peroxidase activity. J. Anim. Physiol. Anim. 
Nutr. 97:531–536.

Cooke, R. F., J. D. Arthington, B. R. Austin, and J. V. Yelich. 2009. 
Effects of acclimation to handling on performance, reproduc-
tive, and physiological responses of Brahman-crossbred heifers. 
J. Anim. Sci. 87:3403–3412.

Cooke, R. F., D. W. Bohnert, P. Moriel, B. W. Hess, and R. R. Mills. 
2011. Effects of polyunsaturated fatty acid supplementation on 
ruminal in situ forage degradability, performance, and physi-
ological responses of feeder cattle. J. Anim. Sci. 89:3677–3689.

Cooke, R. F., B. I. Cappellozza, T. A. Guarnieri Filho, and D. W. 
Bohnert. 2013a. Effects of flunixin meglumine administration 
on acute-phase and performance responses of transported feeder 
cattle. J. Anim. Sci. 91:5500–5506.

Cooke, R. F., J. A. Carroll, J. Dailey, B. I. Cappellozza, and D. W. 
Bohnert. 2012. Bovine acute-phase response following differ-
ent doses of corticotrophin-release hormone challenge. J. Anim. 
Sci. 90:2337–2344.

Cooke, R. F., T. A. Guarnieri Filho, B. I. Cappellozza, and D. W. 
Bohnert. 2013b. Rest stops during road transport: Impacts on 
performance and acute-phase protein responses of feeder cattle. 
J. Anim. Sci. 91:5448–5454.

Crookshank, H. R., M. H. Elissalde, R. G. White, D. C. Clanton, and H. 
E. Smalley. 1979. Effect of transportation and handling of calves 
upon blood serum composition. J. Anim. Sci. 48:430–435.

 at Oregon State University Library Serials on September 2, 2014www.journalofanimalscience.orgDownloaded from 

http://www.journalofanimalscience.org/


Guarnieri Filho et al.4144

Demetriou, J. A., P. A. Drewes, and J. B. Gin. 1974. Ceruloplasmin 
In: R. J. Henry, D. C. Cannon, and J. W. Winkleman, editors, 
Clinical chemistry: Principles and techniques. 2nd ed. Harper 
and Row, Hagerstown, MD. p. 857–846.

Duff, G. C., and M. L. Galyean. 2007. Board-invited review: Recent 
advances in management of highly stressed, newly received 
feedlot cattle. J. Anim. Sci. 85:823–840.

Earley, B., and E. G. O’Riordan. 2006. Effects on transporting bulls 
at different space allowances on physiological, haematological 
and immunological responses to a 12-h journey by road. Ir. J. 
Agric. Food Res. 45:39–50.

Francisco, C. L., R. F. Cooke, R. S. Marques, R. R. Mills, and D. W. 
Bohnert. 2012. Effects of temperament and acclimation to handling 
on feedlot performance of Bos taurus feeder cattle originated from 
a rangeland-based cow-calf system. J. Anim. Sci. 90:5067–5077.

Hardee, G. E., J. A. Smith, and S. J. Harris. 1985. Pharmacokinetics 
of flunixin meglumine in the cow. Res. Vet. Sci. 39:110–112.

Hutcheson, D. P., and N. A. Cole. 1986. Management of transit-stress 
syndrome in cattle: Nutritional and environmental effects. J. 
Anim. Sci. 62:555–560.

Johnson, R. W. 1997. Inhibition of growth by pro-inflammatory cyto-
kines: An integrated view. J. Anim. Sci. 75:1244–1255.

Klasing, K. C., and D. R. Korver. 1997. Leukocytic cytokines regu-
late growth rate and composition following activation of the im-
mune system. J. Anim. Sci. 75:58–67.

Knowles, T. G., P. D. Warriss, S. N. Brown, and J. E. Edwards. 1999. 
Effects on cattle of transportation by road for up to 31 hours. 
Vet. Rec. 145:575–582.

Lees, P., M. F. Landoni, J. Giraudel, and P. L. Toutain. 2004. 
Pharmacodynamics and pharmacokinetics of nonsteroidal an-
ti-inflammatory drugs in species of veterinary interest. J. Vet. 
Pharmacol. Ther. 27:479–490.

Marques, R. S., R. F. Cooke, C. L. Francisco, and D. W. Bohnert. 
2012. Effects of 24-h transport or 24-h feed and water depriva-
tion on physiologic and performance responses of feeder cattle. 
J. Anim. Sci. 90:5040–5046.

Newby, N. C., D. L. Pearl, S. J. LeBlanc, K. E. Leslie, M. A. G. von 
Keyserlingk, and T. F. Duffield. 2013. Effects of meloxicam on 
milk production, behavior, and feed intake in dairy cows fol-
lowing assisted calving. J. Dairy Sci. 96:3682–3688.

NRC. 1996. Nutrient requirements of beef cattle. 7th rev. ed. National 
Academy Press, Washington, DC.

Pescara, J. B., J. A. A. Pires, and R. R. Grummer. 2010. Antilipolytic and 
lipolytic effects of administering free or ruminally protected nicotin-
ic acid to feed-restricted Holstein cows. J. Dairy Sci. 93:5385–5396.

Petersen, H. H., J. P. Nielsen, and P. M. H. Heegaard. 2004. 
Application of acute phase protein measurements in veterinary 
clinical chemistry. Vet. Res. 35:163–187.

Qiu, X., J. D. Arthington, D. G. Riley, C. C. Chase Jr., W. A. Phillips, 
S. W. Coleman, and T. A. Olson. 2007. Genetic effects on acute 
phase protein response to the stresses of weaning and transpor-
tation in beef calves. J. Anim. Sci. 85:2367–2374.

Repenning, P. E., J. K. Ahola, R. J. Callan, J. T. French, R. L. Giles, B. J. 
Bigler, J. F. Coetzee, L. W. Wulf, R. K. Peel, J. C. Whittier, J. T. Fox, 
and T. E. Engle. 2013. Impact of oral meloxicam administration be-
fore and after band castration on feedlot performance and behavioral 
response in weanling beef bulls. J. Anim. Sci. 91:4965–4974.

Snowder, G. D., L. D. Van Vleck, L. V. Cundiff, and G. L. Bennett. 
2006. Bovine respiratory disease in feedlot cattle: Environmental, 
genetic, and economic factors. J. Anim. Sci. 84:1999–2008. 

Tarrant, P. V., F. J. Kenny, D. Harrington, and M. Murphy. 1992. 
Long distance transportation of steers to slaughter, effect of 
stocking density on physiology, behaviour and carcass quality. 
Livest. Prod. Sci. 30:223–238.

Van Engen, N. K., M. L. Stock, T. Engelken, R. C. Vann, L. W. Wulf, 
L. A. Karriker, W. D. Busby, J. Lakritz, A. J. Carpenter, B. J. 
Bradford, W. H. Hsu, C. Wang, and J. F. Coetzee. 2014. Impact 
of oral meloxicam on circulating physiological biomarkers of 
stress and inflammation in beef steers after long-distance trans-
portation. J. Anim. Sci. 92:498–510.

Van Soest, P. J., J. B. Robertson, and B. A. Lewis. 1991. Methods for 
dietary fiber, neutral detergent fiber, and nonstarch polysaccha-
rides in relation to animal nutrition. J. Dairy Sci. 74:3583–3597.

Weiss, W. P., H. R. Conrad, and N. R. St. Pierre. 1992. A theoretical-
ly-based model for predicting total digestible nutrient values of 
forages and concentrates. Anim. Feed Sci. Technol. 39:95–110.

 at Oregon State University Library Serials on September 2, 2014www.journalofanimalscience.orgDownloaded from 

http://www.journalofanimalscience.org/


References
http://www.journalofanimalscience.org/content/92/9/4137#BIBL
This article cites 37 articles, 21 of which you can access for free at: 

 at Oregon State University Library Serials on September 2, 2014www.journalofanimalscience.orgDownloaded from 

http://www.journalofanimalscience.org/content/92/9/4137#BIBL
http://www.journalofanimalscience.org/



