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ABSTRACT

The objective of this study was to evaluate the effect 
of the nonsteroidal anti-inflammatory drug transdermal 
flunixin meglumine (Finadyne Transdermal) on plasma 
cortisol, average daily weight gain, and standing and 
lying behavior of calves, when given at the time of 
disbudding combined with local anesthesia. A sedative 
was not used to minimize pharmacological interactions. 
Seventy-one female Holstein Friesian calves aged 13 ± 
2 d, with an average weight of 48.9 ± 4.26 kg were 
enrolled in the study. All calves were randomly assigned 
to one of 3 treatment groups: (1) control group (CON, 
n = 27), (2) 1-flunixin group (1-FLU, n = 26) with 
a single administration of transdermal flunixin meglu-
mine at disbudding, and (3) 2-flunixin group (2-FLU, 
n = 24) with 2 administrations of transdermal flunixin 
meglumine, the first treatment at disbudding and the 
second 6 h after disbudding. Although the CON group 
received a placebo, 1-FLU and 2-FLU received flunixin 
meglumine transdermally. To account for plasma cor-
tisol changes due to manipulation and handling of the 
calves, a sham disbudding procedure was performed one 
week before disbudding took place. Sham disbudding 
was conducted by using a cold cautery dehorner applied 
to each horn bud for 10 s. Disbudding was performed in 
a similar way by using a hot cautery dehorner. Plasma 
samples were collected to measure the stress biomarker 
cortisol at 7 different time points. Body weights were 
measured 4 times in 2 wk. Standing and lying behavior 
was assessed via 3-dimensional accelerometer. During 
sham disbudding and disbudding mean plasma corti-
sol concentrations were 6.09 ± 2.5 ng/mL and 5.16 ± 
2.8 ng/mL, respectively. Treatment tended to have an 
effect on plasma cortisol concentrations during sham 
disbudding and had an effect on plasma cortisol concen-

trations during disbudding. Plasma cortisol concentra-
tions were affected by treatment 2 h after disbudding 
in comparison to CON group. Furthermore, there was 
a significant effect on plasma cortisol concentrations 
6 h after disbudding in contrast to CON. A return to 
baseline plasma cortisol levels (initial concentrations) 
was not achieved in CON during disbudding. There was 
no statistical difference between average daily weight 
gain and the treatment procedure. Total lying time was 
not affected by treatment after disbudding. In conclu-
sion, transdermal flunixin meglumine given at the time 
of disbudding combined with local anesthesia decreased 
concentrations of the stress biomarker cortisol, but a 
second dose 6 h after disbudding had no further effect 
on plasma cortisol levels.
Key words: disbudding, dairy calves, cortisol, flunixin 
meglumine, transdermal

INTRODUCTION

Disbudding dairy calves before 8 wk of age is a 
common practice in the dairy industry (Winder et al., 
2016). There are 2 main reasons why dairy calves are 
being disbudded: easier handling of cattle and reduced 
risk of injuries in staff and cattle. In about 81% of 
dairy herds in the European Union (EU; Cozzi et al., 
2015) and 94% in the United States (USDA, 2009), 
disbudding of dairy calves is conducted. In the United 
States, 32% of farmers use a hot-iron for disbudding 
procedure (FARM v. 4.0; https: / / nationaldairyfarm 
.com/ farm -animal -care -version -4 -0/ ). Disbudding leads 
to pain-related distress, which can be measured in 
behavioral and hormonal changes (Stafford and Mel-
lor, 2005). To control pain, medication should be used 
and calves should be disbudded prior 8 to wk of age 
(FARM v. 4.0). Stressful situations activate a hormonal 
cascade of the hypothalamic–pituitary–adrenocortical 
axis (Sylvester et al., 1998). As a result, an increased 
activity of the adrenal glands occurs, which leads to 
a higher release of glucocorticoids (i.e., cortisol) and 
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catecholamines (Axelrod and Reisine, 1984). Cortisol 
can be measured in different media such as blood or 
its metabolites can be measured in feces (Mormède et 
al., 2007; Palme, 2019). After disbudding, a rapid cor-
tisol release is observed and results in an initial peak 
of cortisol in plasma within 30 min after disbudding 
(Stafford and Mellor, 2005). A second plasma cortisol 
peak occurs between 3 to 8 h after disbudding if local 
anesthesia is used for prevention of pain (McMeekan 
et al., 1998; Sutherland et al., 2002; Milligan et al., 
2004; Stock et al., 2013). According to Heinrich et al. 
(2010), pain-associated behavioral changes varied dur-
ing 44 h with a peak at 6 h after disbudding, imply-
ing that calves may be discomforted during this time 
despite analgesia. Local anesthetic such as lidocaine 
decreased plasma cortisol levels after disbudding for 
approximately 2 h and caused a delayed rise of plasma 
cortisol lasting for 6 h (Sutherland et al., 2002; Stafford 
and Mellor, 2005). The use of the nonsteroidal anti-
inflammatory drug (NSAID) meloxicam can cause a 
significant reduction of plasma cortisol concentration 6 
h after disbudding (Heinrich et al., 2009).

In the United States and the EU, only 1.8% and 30 to 
40% of farmers reported the use of an analgesic treat-
ment before or after disbudding, respectively (Fulwider 
et al., 2008; Cozzi et al., 2015). This is due to economic 
reasons and a lack of training on how to perform dis-
budding properly including analgesia (Gottardo et al., 
2011).

In a randomized controlled trial, a single intravenous 
treatment using flunixin meglumine (2.2 mg/kg) at the 
time of disbudding reduced cortisol concentrations in 
blood plasma (Huber et al., 2013). A second intrave-
nous treatment with flunixin meglumine 3 h after dis-
budding led to a similar cortisol concentration up to 6 h 
after disbudding in comparison to the single treatment 
and the nondisbudded control group. Cortisol concen-
trations were higher in placebo-treated calves when 
compared with those in calves receiving 2 administra-
tions of flunixin meglumine 3 h apart and tended to be 
higher compared with those with a single administra-
tion (Huber et al., 2013). Calves treated with flunixin 
meglumine (once or twice) showed less head shakes and 
head rubs compared with a placebo-treated control 
group (Huber et al., 2013). The use of the transdermal 
flunixin meglumine solution as pain medication at the 
time of disbudding in dairy calves is currently neither 
approved in the EU, nor in the United States.

In the EU, flunixin transdermal solution (Finadyne 
Transdermal, MSD Animal Health; approval number 
835578) was licensed in 2014 for treatment of fever, 
pain, and lameness in cattle associated with respiratory 
diseases, acute mastitis and interdigital phlegmon. In 

the United States and Canada, it has been approved for 
the control of fever associated with bovine respiratory 
disease and for pain management in lame cattle (US 
Food and Drug Administration, 2017). This solution 
is administered across the back line of an animal and 
absorbed transdermally into the bloodstream, which 
allows a simple way of administration.

Flunixin meglumine is effective in the treatment of 
acute inflammation (Thiry et al., 2017) and chronic 
visceral pain (Cook and Blikslager, 2015). It also serves 
as a strong antiphlogistic and antipyretic drug. The 
transdermal solution has a longer half-life (6.42 h) com-
pared with the injectable solution (4.99 h; Kleinhenz 
et al., 2016). The bioavailability is, however, reduced 
compared with other administration routes.

The objective of this study was to evaluate the ef-
fect of 2 treatments of transdermal flunixin meglumine 
combined with local anesthesia on blood cortisol con-
centrations after cautery disbudding in dairy calves. 
We hypothesize that (1) treatment with transdermal 
flunixin meglumine at the time of disbudding reduces 
plasma cortisol concentrations compared with the con-
trol group, and (2) a second treatment with transder-
mal flunixin meglumine 6 h after disbudding extends 
the effect on plasma cortisol concentrations.

MATERIALS AND METHODS

The reporting guidelines for randomized controlled 
trials in livestock and food safety by Sargeant et al. 
(2010) were used as reporting guideline for the manu-
script.

Dairy Farm, Animal Enrollment, and Housing

The study was conducted from February to August 
2020 on a commercial dairy farm in Northeast Germany. 
The study protocol was in accordance with the Insti-
tutional Animal Care and Use Committee of the Freie 
Universität Berlin (approval number: 2347–49–2019).

An a priori sample size calculation was performed 
using MedCalc software (version 15.6.1, MedCalc) con-
sidering cortisol concentrations from a previous study. 
According to Kleinhenz et al. (2017) the sample size 
calculation was conducted assuming a decrease in cor-
tisol concentration (±SD) to 6.4 ± 7.2 ng/mL between 
control and treatment group. Presuming 80% power 
and a confidence level of 95%, total number of 20 dairy 
calves were required per group. To account for follow-
up losses 17 additional calves were enrolled.

Calves were housed in individual calf hutches mea-
suring 2.05 × 1.15 × 1.35 m and bedded with straw. 
Further, each calf hutch had an individual paddock 
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with sand bedding (1.50 × 1.10 m). All calves were 
separated from their dams immediately after birth and 
placed into an individual calf hutch. Every calf received 
3.0 L of colostrum from their dam within 4 h after 
parturition using a nipple bottle. Colostrum was fed 
during the first 3 d of life using a teat bucket 3 times/d 
(4.5 L/d). Feeding took place at 0430, 1230, and 1930 
h.

A mixture (70:30) of milk replacer (MR; Sprayfo 
Vitesse 50, Trouw Nutrition Deutschland GmbH; with 
a concentration of 150 g of MR/L) and colostrum was 
fed 3 × 2.0 L/d from 4 d until 14 d. From 15 d until 35 
d the calves received twice daily 3.0 L of MR (Sprayfo 
Vitesse 50, Trouw Nutrition Deutschland GmbH; 175 g 
of MR/L). From 36 d until weaning the feed quantity 
was reduced to 2 × 2.3 L (4.6 L/d; 175 g of MR/L). 
Each calf had ad libitum access to water and starter 
grain from 4 d. The visual and tactile contact with 
adjoining calves was possible. Feeding took place at 
0430 and 1930 h.

Experimental Design and Drug Administration

Holstein Friesian dairy calves (n = 77) had to meet 
the following inclusion criteria: minimum 265 d of ges-
tation, female, eutocia, and singleton to be enrolled. 
Calves were randomly assigned to one of 3 groups: (1) 
control group (CON, n = 27), (2) 1-flunixin group 
(1-FLU, n = 26) with a single administration of 
transdermal flunixin meglumine at disbudding, and (3) 
2-flunixin group (2-FLU, n = 24) with 2 administra-
tions of transdermal flunixin meglumine, the first treat-
ment at disbudding and the second 6 h afterward. We 
administered a second dose at 6 h after disbudding to 
test the hypothesis that the analgesic effect of flunixin 
meglumine could be extended due to the half-life of 
6.42 h to 13.2 h (Wagner et al., 2021). The CON group 
received a placebo treatment, a mixture of 80% lubri-
cant (Gleitcreme Bengen, WDT e.G.) and 20% water.

The placebo and flunixin meglumine (Finadyne 
Transdermal, MSD Animal Health) were applied at 
the top line of the back using the dosage chamber of 
the bottle. The calculated doses of flunixin transdermal 
solution were based on actual BW measurements. A 
range of 3.21 to 3.84 mg/kg (mean 3.45 mg/kg) has 
been reported when the dosing chamber was used 
(Martin et al., 2020). To ensure that the solution was 
not accidentally removed during the disbudding proce-
dures, placebo or transdermal flunixin meglumine was 
applied directly after disbudding. The treatments were 
not blinded. A random number list was generated in 
Excel (Office 2010, Microsoft Deutschland Ltd.) before 
the initiation of the study to allocate all calves into one 
of the 3 groups.

Sham Disbudding and Disbudding

For both disbudding procedures the area for the local 
anesthesia was shaved and cleaned with an alcohol-
soaked gauze before administering local anesthesia. 
The local anesthesia was applied 10 to 15 min before 
sham disbudding or disbudding took place. The calf 
was restrained and a cornual nerve block was performed 
as described by Reedman et al. (2021) at each horn 
bud. Administered with an 18-gauge, 35-mm dispos-
able needle (B. Braun Melsungen AG) and disposable 
syringe (5 mL, Henry Schein). The puncture site was 
located halfway between the lateral corner of the eye 
and the horn bud of the corresponding site. The punc-
ture direction was perpendicular to the skin, below the 
palpable external frontal crista. The ramus cornualis 
of the trigeminal nerve was anesthetized with 5 mL of 
2% procaine (Procamidor 20 mg/mL, WDT e.G.) at a 
depth of approximately 1.5 cm.

A gas dehorner (Buddex, KERBL Corporation) was 
used for cautery disbudding. Before disbudding, the ef-
fect of the local anesthesia was verified by observing 
the reaction to 5 consecutive needle pricks into the horn 
bud and the surrounding skin area. Cautery disbud-
ding was performed, if an aversive reaction was absent. 
Otherwise, a second administration of the local anes-
thetic was performed. For sham disbudding, the cold 
gas dehorner was applied to each horn bud for 10 s. 
For disbudding, the gas dehorner was preheated for 
3 min to gain the recommended working temperature 
of 650°C and the same working procedure was used un-
til a cautery ring around the horn tissue was achieved. 
After sham disbudding and disbudding, the horn 
bud area was treated with a topical aluminum spray 
(Aluminum-Spray, Albrecht GmbH) and monitored for 
signs of infection the following 8 d. To determine the 
baseline cortisol concentration and to exclude bias due 
to manipulation and handling of the animal a sham 
disbudding procedure was performed before disbudding 
took place as done in previous studies (Stilwell et al., 
2007; Kleinhenz et al., 2017). Disbudding took place 
one week after sham disbudding. One week was consid-
ered as the washout period. Disbudding was performed 
in the morning hours between 0600 and 0900 h. For a 
given calf the time of sham disbudding matched with 
the time of disbudding.

Blood Sample Collection

Blood samples from the jugular vein were withdrawn 
via venipuncture 30 min before sham disbudding and 
disbudding (baseline), at sham disbudding and disbud-
ding (0 min) and 30 min, 2 h, 6 h, 12 h, and 24 h after 
disbudding into BD Vacutainer tubes spray-coated 
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with lithium heparin (BD Vacutainer). Due to a pos-
sible diurnal rhythm of cortisol concentrations (Hays 
et al., 1975), disbudding was always performed at the 
same time as sham disbudding. The blood collection 
times were the same for sham disbudding as for disbud-
ding. The blood samples were carefully inverted 5 times 
and cooled on ice until centrifugation (approximately 
30 to 60 min after sampling). The tubes were centri-
fuged for 6 min at 4,500 × g at room temperature. 
The obtained plasma was immediately pipetted into 
cryovials (Cryovial 2 mL, Simport Scientific Inc.) and 
stored at −18°C. One aliquot was sent on dry ice for 
the assessment of plasma cortisol concentration to the 
Unit of Physiology, Pathophysiology and Experimental 
Endocrinology of the University of Veterinary Medicine 
in Vienna. Cortisol concentrations in plasma following 
diethylether extraction (Schöffmann et al., 2009) were 
analyzed with a cortisol enzyme immunoassay (EIA) 
according to Palme et al. (1997). A detailed descrip-
tion of the EIA, including cross-reactions, is provided 
in Palme et al. (1997). The standard curve (80 to 20% 
relative binding) ranged from 1 to 30 pg/well, and the 
sensitivity of the EIA was 0.3 pg/well. Intra-assay (and 
interassay) coefficients of variation of high and low con-
centrated pooled samples were 9.2% (12.7%) and 12.8% 
(15.7%), respectively.

Daily Weight Gain, Lying, and Standing Behavior

The animals were weighed using an electronic scale 
(Load bars HD5T with wooden bottom panel, Patura 
KG) 24 h before and 24 h after both disbudding pro-
cedures. To calculate the ADG of each calf, the initial 
weight was subtracted from the last measured weight 
and divided by the difference in days.

Lying and standing behavior was recorded using a 
3-dimensional (3D) accelerometer (Hobo Pendant G 
data logger, Onset Computer Corp.) attached to the 
right hind leg of the calves. A randomized subset of 
38 calves (CON, n = 13; 1-FLU, n = 13; 2-FLU, n = 
12) was fitted with 3D accelerometers. The logger was 
mounted and activated 24 h before sham disbudding 
and left until 7 d after the disbudding procedure. It was 
fixed at the lateral side of the right hind leg above the 
metatarsophalangeal joint by using vet wrap bandage 
(Co-Flex, Andover Healthcare Inc.) and a hook-and-
loop tape. To avoid bruises, the logger was wrapped in 
gauze bandage (Rolta-Soft, Paul Hartmann AG) before 
fixation. Recording frequency was set to one reading per 
minute according to Bonk et al. (2013). The data were 
downloaded from the accelerometers using the manu-
facturer’s proprietary software and exported as one file 
per calf with comma-separated values. A custom-built 
script for data processing, written in the Python pro-

gramming language (van Rossum and Drake, 1995) and 
utilizing the data analysis and statistics library pandas 
(McKinney, 2011), was developed. Output was stored 
as an Excel XLSX file (Office 2010, Microsoft Deutsch-
land Ltd.) containing multiple tables with the aggre-
gated results and processing meta-data. The degree of 
vertical tilt (y-axis) was used to determine the lying 
position of the animal, such that readings ≥120° indi-
cated the calf standing, and readings <120° indicated 
the calf lying down according to Bonk et al. (2013). To 
verify and ensure accurate data processing of the script, 
PDF files with y-axis line graphs were generated per 
calf for visual inspection. Lying bout frequency, average 
lying bout length, and total lying time per observation 
period were calculated. Data of 1 h (n = 60) were sum-
marized to a 1-h observation period. The data were 
further processed in 6-h time periods (0000–0600 h; 
0600–1200 h; 1200–1800 h; and 1800–0000 h) until 4 d 
after sham disbudding and disbudding.

Statistical Analysis

To evaluate the effect of the 2 treatment protocols on 
plasma cortisol concentrations and on total lying time, 
number of lying bouts, and average lying bout length a 
generalized linear mixed model was constructed using 
the GENLINMIXED procedure of SPSS (version 22.0, 
SPSS Inc., IBM). The outcome variable was either 
concentration of plasma cortisol (ng/mL) or total ly-
ing time, number of lying bouts, or average lying bout 
length. Calf was the experimental unit.

The model for plasma cortisol concentration con-
tained the following explanatory variables as fixed ef-
fects: treatment procedure (CON, 1-FLU, and 2-FLU); 
sampling time (hours; continuous); and the interaction 
of treatment protocol and sampling time. The model 
for total lying time, number of lying bouts, and average 
lying bout length contained the following explanatory 
variables as fixed effects: treatment procedure (CON, 
1-FLU, and 2-FLU); time period (6-h section); and the 
interaction of treatment protocol and time period. A 
negative binomial model was chosen to analyze number 
of lying bouts, as it provided the lowest Akaike informa-
tion criterion value in the GENLINMIXED procedure 
of SPSS.

Two separate models were used for sham disbudding 
and disbudding, respectively. To account for multiple 
comparisons, the P-value was adjusted using a Bonfer-
roni correction. A significant difference was specified 
for variables between the levels of a classification when 
P < 0.05; a tendency was declared as differences be-
tween P ≥ 0.05 and P ≤ 0.10.

To evaluate significant differences between ADG of 
the 3 groups, a one-way ANOVA was performed using 
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SPSS. The dependent variable was ADG (kg/d; con-
tinuous), the independent variable was treatment pro-
cedure (CON, 1-FLU, and 2-FLU). Average, minima 
and maxima were determined using Excel (Office 2010, 
Microsoft Deutschland Ltd.).

RESULTS

Overall, 77 calves were enrolled in the study. Six 
animals were excluded because an adequate local anes-
thesia was not provided (CON, n = 4; 1-FLU, n = 2). 
In the final analysis, 71 animals aged 13 ± 2 d with an 
average weight of 48.9 kg were considered (CON, n = 
23; 1-FLU, n = 24; 2-FLU, n = 24).

Plasma Cortisol

The descriptive statistics for average plasma cortisol 
concentrations (ng/mL) for sham disbudding and dis-
budding are presented in Tables 1 and 2. Mean plasma 
cortisol concentrations during sham disbudding were 
6.09 ± 2.5 ng/mL with a range of minimum 0.4 ng/
mL up to maximum 29.6 ng/mL. Plasma cortisol was 
affected by time (P < 0.01). Treatment tended to have 

an effect on plasma cortisol concentration during sham 
disbudding (P = 0.08). The single treatment (1-FLU) 
showed a significant effect compared with CON (P = 
0.05; −0.97 ng/mL; 95% CI: −1.92 to −0.01), whereas 
a second treatment (2-FLU) tended to have an effect 
(P = 0.06; −0.93 ng/mL; 95% CI: −1.88 to 0.02) com-
pared with CON, respectively. The 2 treatment groups 
did not differ (P = 0.94; 0.04 ng/mL; 95% CI: −0.89 
to 0.97). During disbudding (0 h) the mean plasma 
cortisol concentration was 5.16 ± 2.8 ng/mL (range: 
0.2–26.4 ng/mL). Plasma cortisol concentration was af-
fected by treatment (P < 0.01) and sampling time (P 
< 0.01). There was no interaction between treatment 
and sampling time (P = 0.95). The single treatment (1-
FLU) showed a significant effect in comparison to CON 
(P < 0.01; −1.29 ng/mL; 95% CI −2.15 to −0.44), as 
well as a second treatment (2-FLU; P < 0.01; −1.29 
ng/mL; 95% CI: −2.14 to −0.43) compared with CON, 
respectively. The 2 treatment groups did not differ sig-
nificantly (P = 0.99; 0.01 ng/mL; 95% CI: −0.84 to 
0.85).

Two hours after disbudding, plasma cortisol was 
reduced by a single treatment (1-FLU, P = 0.01) com-
pared with CON as well as 6 h after disbudding (P 

Röder et al.: EVALUATING DIFFERENT ANALGESIA TREATMENTS

Table 1. Descriptive statistics for average plasma cortisol concentration1 (ng/mL) during sham disbudding of calves (n = 71) at different 
sampling times

Group2

Time relative to disbudding, h

−0.5 0 0.5 2 6 12 24

CON 5.42 ± 0.81 10.65 ± 1.23 8.92 ± 1.02 3.8 ± 0.69 6.08 ± 0.91 7.89 ± 0.99 4.23 ± 0.70
(3.83–7.01) (8.23–13.07) (6.91–10.91) (2.47–5.16) (4.30–7.87) (5.94–9.83) (2.99–5.64)

1-FLU 4.01 ± 0.79 10.29 ± 1.18 9.22 ± 0.95 2.76 ± 0.66 4.19 ± 0.87 6.51 ± 0.95 3.30 ± 0.67
(2.45–5.57) (7.97–12.60) (7.31–11.13) (1.47–4.05) (2.48–5.90) (4.65–8.37) (1.98–4.61)

2-FLU 3.91 ± 0.78 8.94 ± 1.18 8.19 ± 0.95 2.97 ± 0.66 5.45 ± 0.87 7.50 ± 0.95 3.57 ± 0.67
(2.39–5.44) (6.63–11.26) (6.28–10.11) (1.68–4.26) (3.74–7.15) (5.64–9.36) (2.25–4.88)

1Values are given as mean ± SE (95% CI).
2Control group (CON, n = 23), 1-flunixin group (1-FLU, n = 24) with a single administration of transdermal flunixin meglumine (3.33 mg/kg) 
at sham disbudding, and 2-flunixin group (2-FLU, n = 24) with 2 administrations of transdermal flunixin meglumine (3.33 mg/kg), the first 
treatment at disbudding and the second 6 h after sham disbudding.

Table 2. Descriptive statistics for average plasma cortisol concentration1 (ng/mL) during disbudding of calves (n = 71) at different sampling 
time points

Group2

Time relative to disbudding, h

−0.5 0 0.5 2 6 12 24

CON 3.86 ± 0.65 8.82 ± 1.20 8.98 ± 1.01 4.30 ± 0.50 6.02 ± 0.67 5.58 ± 0.74 4.59 ± 0.80
(2.59–5.13) (6.47–11.17) (6.99–10.97) (3.32–5.83) (4.71–7.32) (4.11–7.04) (3.01–6.15)

1-FLU 3.41 ± 0.63 8.61 ± 1.17 7.07 ± 0.99 2.48 ± 0.49 3.69 ± 0.65 4.67 ± 0.71 3.17 ± 0.76
(2.17–4.65) (6.31–10.91) (5.12–9.02) (1.52–3.44) (2.42–4.97) (3.27–6.07) (1.67–4.68)

2-FLU 2.75 ± 0.63 8.29 ± 1.17 6.44 ± 0.99 2.89 ± 0.49 4.18 ± 0.65 5.38 ± 0.71 3.21 ± 0.76
(1.50–4.00) (5.99–10.59) (4.49–8.39) (1.93–3.90) (2.90–5.45) (3.98–6.78) (1.70–4.70)

1Values are given as mean ± SE (95% CI).
2Control group (CON, n = 23), 1-flunixin group (1-FLU, n = 24) with a single administration of transdermal flunixin meglumine (3.33 mg/kg) 
at disbudding, and 2-flunixin group (2-FLU, n = 24) with 2 administrations of transdermal flunixin meglumine (3.33 mg/kg), the first treatment 
at disbudding and the second 6 h after disbudding.



3473

Journal of Dairy Science Vol. 105 No. 4, 2022

= 0.01). The plasma cortisol concentration was also 
affected and reduced by a double treatment 2 h after 
disbudding (2-FLU, P = 0.05) compared with CON as 
well as 6 h after disbudding (2-FLU, P = 0.05). Dur-
ing disbudding, the mean plasma cortisol concentration 
maxima from different sampling times were 8.98 ng/mL 
in CON (0.5 h), 8.61 ng/mL in 1-FLU (0 h), and 8.29 
ng/mL in 2-FLU (0 h), respectively (Table 2).

After the initial peak during disbudding procedure (0 
h) the plasma cortisol concentrations reached baseline 
levels 2 h after sham disbudding and disbudding in 
all groups except for control calves after disbudding 
(Figures 1 and 2). After another increase of plasma 
cortisol concentrations 2 h after disbudding a second 
peak occurred 12 h after disbudding except for CON 
in disbudding. For control calves during disbudding the 
second peak was observed 6 h after disbudding (Figures 
1 and 2).

Daily Weight Gain, Lying, and Standing Behavior

As one calf of the control group had to be excluded 
from the data set of daily weight gain due to implau-
sible data, 70 calves were included in the statistics for 
ADG (CON, n = 22; 1-FLU, n = 24; 2-FLU, n = 24).

Mean (±SD) BW was 52.7 ± 4.10 kg for CON calves, 
51.1 ± 4.50 kg for 1-FLU calves, and 52.1 ± 3.81 kg for 2-FLU calves. There was no statistical difference 

between ADG and treatment (P = 0.74; Table 3).
For the lying and standing behavior, a total of 38 

animals were analyzed (CON, n = 13; 1-FLU, n = 13; 
2-FLU, n = 12). In total, 608 time periods (CON, 208 
time periods; 1-FLU, 208 time periods; and 2-FLU, 192 
time periods) of measurement were collected. Due to 
the high number of collected data on lying and standing 
behavior per calf, there was enough power to perform 
the statistical analysis without the need of a Hobo Log-
ger for each calf. Therefore, 38 calves were randomly 
selected by using Excel and the loggers were distrib-
uted among the 3 experimental groups. Treatment 
after sham disbudding had an effect on total lying time 
(P = 0.01). Calves that received a double treatment 
with flunixin meglumine (281.8 ± 2.2 min/6 h) had 
increased lying time compared with CON (273.7 ± 2.1 
min/6 h; P = 0.01) and 1-FLU (273.4 ± 2.1 min/6 h; P 
= 0.01). Treatment also had an effect on average lying 
bout length in calves (P = 0.01) after sham disbudding. 
The average lying bout length of calves that received 
a double treatment with flunixin meglumine (57.1 ± 
2.3 min/6 h) increased compared with CON (46.6 ± 
2.2 min/6 h; P = 0.01) and 1-FLU (52.2 ± 1.8 min/6 
h; P = 0.02). Treatment had an effect on number of 
lying bouts (P = 0.02). Calves that received a double 
treatment of flunixin meglumine (6.3 ± 0.2 observa-
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Figure 2. Plasma cortisol concentrations (mean ± SE) after dis-
budding for control group (a, CON, n = 23), 1-flunixin group (b, 
1-FLU, n = 24) with a single administration of transdermal flunix-
in meglumine (3.33 mg/kg) at disbudding, and 2-flunixin group (c, 
2-FLU, n = 24) with 2 administrations of transdermal flunixin meglu-
mine (3.33 mg/kg), the first treatment at disbudding and the second 
6 h after disbudding. Plasma cortisol concentrations were affected by 
treatment procedures (P < 0.01) (letters b, c) and sampling time (P < 
0.01) (letters b, c). There was no interaction between both (P = 0.95).

Figure 1. Plasma cortisol concentrations (mean ± SE) after sham 
disbudding for control group (CON, n = 23), 1-flunixin group (1-FLU, 
n = 24) with a single administration of transdermal flunixin meglu-
mine (3.33 mg/kg) at sham disbudding, and 2-flunixin group (2-FLU, 
n = 24) with 2 administrations of transdermal flunixin meglumine 
(3.33 mg/kg), the first treatment at sham disbudding and the second 
6 h after sham disbudding. The treatment procedures tended to have 
an effect on plasma cortisol concentrations (P = 0.08). Plasma cortisol 
concentrations were affected by sampling time (P < 0.01). There was 
no interaction between treatment and sampling time (P = 0.99).



Journal of Dairy Science Vol. 105 No. 4, 2022

3474

tions/6 h) showed a decreased number of lying bouts 
compared with CON (6.8 ± 0.2 observations/6 h; P = 
0.02). There was a difference between CON and 1-FLU 
(P = 0.02) but not for 1-FLU and 2-FLU (P = 0.85).

After disbudding, treatment had no effect on total 
lying time (P = 0.31). The average total lying time was 
273.7 ± 2.5 min/6 h for CON, 274.1 ± 2.7 min/6 h for 
1-FLU, and 278.8 ± 2.7 min/6 h for 2-FLU. Treatment 
also had no effect on average lying bout length in calves 
(P = 0.41) after disbudding. The average lying bout 
length was 51.7 ± 2.6 min/6 h for CON, 54.3 ± 2.3 
min/6 h for 1-FLU, and 56.8 ± 2.9 min/6 h for 2-FLU. 
Moreover, treatment also had no effect on number of 
lying bouts (P = 0.28). Lying behavior was affected by 
time during sham disbudding (P < 0.01) and disbud-
ding (P < 0.01) for all groups.

DISCUSSION

The increase in plasma cortisol concentrations after 
sham disbudding might be related to a novel experi-
ence, unknown personnel, the restraining for drug 
administration, or the sham disbudding procedure 
(Vickers et al., 2005; Heinrich et al., 2009; Huber et al., 
2013). A cortisol response in blood could be seen after 
several minutes after ACTH administration (Negrão et 
al., 2004) and after restraining and handling (Huber 
et al., 2013). In our study the plasma cortisol samples 
(0 h) were collected immediately after sham disbud-
ding or disbudding and sampling took less than 3 min. 
Therefore, we conclude that the time-zero samples 
mainly reflected the stress associated with restraining 
and drug administration, rather than with the disbud-
ding process itself. Nevertheless, the results showed 
that even during sham disbudding, the administration 
of transdermal flunixin meglumine tended to have an 
effect on plasma cortisol (P = 0.08). Heinrich et al. 
(2009) recorded similar results with the use of meloxi-

cam, which decreased heart rates in combination with 
local anesthesia during sham disbudding.

After disbudding, peak plasma cortisol concentrations 
were measured in 1-FLU and 2-FLU at 0 h, whereas in 
control calves, the peak plasma cortisol concentration 
was measured at 0.5 h after cautery disbudding. This is 
consistent with a previous study (Huber et al., 2013), 
in which cortisol concentrations (7.6 ng/mL) in a pla-
cebo-treated group peaked 0.5 h after the disbudding 
procedure. Thirty to 60 min after procaine injection, 
the anesthetic effect wears off (Skade et al., 2021) and 
sensitivity returns (Stafford and Mellor, 2005; Stock et 
al., 2013), which can explain the increase in plasma 
cortisol concentrations 0.5 h after disbudding in CON.

Two and 6 h after disbudding, the plasma cortisol 
concentrations were affected by treatment for 1-FLU 
and 2-FLU calves. And a return to baseline plasma 
cortisol concentrations occurred in 1-FLU and 2-FLU 
after 2 h. According to Wagner et al. (2021) the maxi-
mum concentration of transdermal flunixin meglumine 
occurred 1.66 to 2.14 h (Tmax-concentration) after 
administration. This timing might have influenced the 
return of plasma cortisol concentrations to baseline 
levels in 1-FLU and 2-FLU 2 h after disbudding in our 
study. Due to a delay between the drug administration 
and the full effect of transdermal flunixin meglumine, 
Kleinhenz et al. (2017) suggested an administration 2 h 
before disbudding.

Because of the half-life of 6.42 to 13.2 h (Wagner et 
al., 2021), we administered a second dose at 6 h post-
disbudding to test the hypothesis that the analgesic 
effect of flunixin meglumine could be extended. Inflam-
mation induced prostaglandin E2 production peaks 24 
h as well as 48 h postdisbudding (Allen et al., 2013; 
Stock et al., 2015). According to Thiry et al. (2017) the 
inflammation-inhibiting effect of transdermal flunixin 
meglumine persisted for up to 48 h. However, the sec-
ond treatment 6 h postdisbudding did not have an ad-
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Table 3. Descriptive statistics for average BW (kg) and ADG (kg) of 70 female Holstein dairy calves during sham disbudding and disbudding 
distributed in 3 groups

Group 1  Parameter2 n Mean SD Minimum Maximum

CON  Weight 1 (before sham disbudding) 22 49.5 4.97 39.0 57.0
 Weight 2 (after disbudding) 22 55.3 3.90 48.0 64.0
 ADG 22 0.57 0.30 −0.05 1.11

1-FLU  Weight 1 (before sham disbudding) 24 48.0 3.80 39.6 56.5
 Weight 2 (after disbudding) 24 53.8 4.89 46.5 68.0
 ADG 24 0.64 0.31 0.36 1.28

2-FLU  Weight 1 (before sham disbudding) 24 49.1 3.80 41.5 54.5
 Weight 2 (after disbudding) 24 54.7 3.67 47.5 61.0
 ADG 24 0.62 0.27 0.61 1.06

1Control group (CON; n = 22), 1 treatment with transdermal flunixin meglumine at disbudding (1-FLU; n = 24), and 2 treatments with trans-
dermal flunixin meglumine at disbudding and 6 h after disbudding (2-FLU; n = 24).
2Weight was recorded 24 h before sham disbudding and 24 h after disbudding.
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ditional effect on the cortisol concentrations compared 
with a single treatment.

The treatment with transdermal flunixin meglumine 
in combination with local anesthesia reduced plasma 
cortisol after cautery disbudding in 1-FLU and 2-FLU 
group compared with the placebo-treated CON group. 
Our results showed that a local anesthetic in combi-
nation with a NSAID was more effective in reducing 
the stress response after cautery disbudding in calves 
compared with a local anesthetic alone.

Standing and lying behavior in the present study 
was monitored using a 3D accelerometer according to 
Bonk et al. (2013). Due to individual variation in lying 
and standing time, Coetzee et al. (2012) compared the 
behavior of each calf before and after the disbudding 
procedure. Discomfort after disbudding or castration 
was associated with decreased lying time (Heinrich et 
al., 2010; Theurer et al., 2012). After sham disbudding 
treatment increased total lying time by 10 min in 6 h. 
This effect was rather small and can be considered as 
irrelevant. After disbudding, treatment had no effect on 
total lying time (P = 0.31), average lying bout length 
in calves (P = 0.60) and number of lying bouts (P = 
0.49). Total lying time was similar for all presented 
groups and was not affected by treatment. This is not 
in accordance to a previous study (Sutherland et al., 
2018) in which meloxicam affected lying behavior 2 
h after disbudding. Furthermore, calves treated with 
meloxicam had up to 10% greater lying time on the first 
4 d postdisbudding compared with a nontreated control 
group (Theurer et al., 2012). Therefore, we presume 
that flunixin meglumine is less effective in reducing dis-
comfort after disbudding than meloxicam as measured 
by lying behavior. Further research is warranted.

Study Limitations

In the present study, there was no difference in 
ADG among the treatment groups. This result was 
likely confounded by the restrictive feeding program 
(maximum of 6.0 L/d) of the dairy farm and the short 
interval (2 wk) between the 2 weight assessments. The 
milk amount of the feeding protocol and ADG of our 
study calves was lower than recommended (Khan et 
al., 2011).

CONCLUSIONS

In this study, we demonstrated that transdermal 
flunixin meglumine decreased plasma cortisol concen-
trations following cautery disbudding of calves. Further 
research is warranted to evaluate analgesic effects 
compared with other NSAID medications. To ensure 
adequate pain relief more research is warranted to ex-

plore the effect of a second dose of flunixin meglumine 
administered at different times after disbudding. How-
ever, a second dose of transdermal flunixin meglumine 
6 h after disbudding had no additional effect on plasma 
cortisol concentrations. Average daily gain and total 
lying time were not affected.

ACKNOWLEDGMENTS

We gratefully thank the participating dairy farm for 
their collaboration, and Edith Klobetz-Rassam (Unit 
of Physiology, Pathophysiology, and Experimental En-
docrinology, University of Veterinary Medicine Vienna, 
Veterinärplatz, Vienna, Austria) for cortisol analysis. 
Mareike Röder was funded in part by Tiergyn e. V. 
(Berlin, Germany). The authors have not stated any 
conflicts of interest.

REFERENCES

Allen, K. A., J. F. Coetzee, L. N. Edwards-Callaway, H. Glynn, J. 
Dockweiler, B. KuKanich, H. Lin, C. Wang, E. Fraccaro, M. Jones, 
and L. Bergamasco. 2013. The effect of timing of oral meloxicam 
administration on physiological responses in calves after cautery 
dehorning with local anesthesia. J. Dairy Sci. 96:5194–5205. https: 
/ / doi .org/ 10 .3168/ jds .2012 -6251.

Axelrod, J., and T. D. Reisine. 1984. Stress hormones: Their inter-
action and regulation. Science 224:452–459. https: / / doi .org/ 10 
.1126/ science .6143403.

Bonk, S., O. Burfeind, V. S. Suthar, and W. Heuwieser. 2013. Techni-
cal note: Evaluation of data loggers for measuring lying behav-
ior in dairy calves. J. Dairy Sci. 96:3265–3271. https: / / doi .org/ 10 
.3168/ jds .2012 -6003.

Coetzee, J. F., R. A. Mosher, B. KuKanich, R. Gehring, B. Robert, J. 
Reinbold, and B. J. White. 2012. Pharmacokinetics and effect of 
intravenous meloxicam in weaned Holstein calves following scoop 
dehorning without local anesthesia. BMC Vet. Res. 8:153. https: / 
/ doi .org/ 10 .1186/ 1746 -6148 -8 -153.

Cook, V. L., and A. T. Blikslager. 2015. The use of nonsteroidal anti-
inflammatory drugs in critically ill horses. J. Vet. Emerg. Crit. 
Care 25:76–88. https: / / doi .org/ 10 .1111/ vec .12271.

Cozzi, G., F. Gottardo, M. Brscic, B. Contiero, N. Irrgang, U. Knier-
im, O. Pentelescu, J. J. Windig, L. Mirabito, F. Kling Eveillard, A. 
C. Dockes, I. Veissier, A. Velarde, C. Fuentes, A. Dalmau, and C. 
Winckler. 2015. Dehorning of cattle in the EU Member States: A 
quantitative survey of the current practices. Livest. Sci. 179:4–11. 
https: / / doi .org/ 10 .1016/ j .livsci .2015 .05 .011.

Fulwider, W. K., T. Grandin, B. E. Rollin, T. E. Engle, N. L. Dalsted, 
and W. D. Lamm. 2008. Survey of dairy management practices on 
one hundred thirteen north central and northeastern United States 
dairies. J. Dairy Sci. 91:1686–1692. https: / / doi .org/ 10 .3168/ jds 
.2007 -0631.

Gottardo, F., E. Nalon, B. Contiero, S. Normando, P. Dalvit, and G. 
Cozzi. 2011. The dehorning of dairy calves: Practices and opin-
ions of 639 farmers. J. Dairy Sci. 94:5724–5734. https: / / doi .org/ 10 
.3168/ jds .2011 -4443.

Hays, F. L., H. Armbruster, W. Vetter, and W. Bianca. 1975. Plasma 
cortisol in cattle: Circadian rhythm and exposure to a simulated 
high altitude of 5,000 m. Int. J. Biometeorol. 19:127–135. https: / / 
doi .org/ 10 .1007/ BF01463869.

Heinrich, A., T. F. Duffield, K. D. Lissemore, and S. T. Millman. 2010. 
The effect of meloxicam on behavior and pain sensitivity of dairy 
calves following cautery dehorning with a local anesthetic. J. Dairy 
Sci. 93:2450–2457. https: / / doi .org/ 10 .3168/ jds .2009 -2813.

Röder et al.: EVALUATING DIFFERENT ANALGESIA TREATMENTS

https://doi.org/10.3168/jds.2012-6251
https://doi.org/10.3168/jds.2012-6251
https://doi.org/10.1126/science.6143403
https://doi.org/10.1126/science.6143403
https://doi.org/10.3168/jds.2012-6003
https://doi.org/10.3168/jds.2012-6003
https://doi.org/10.1186/1746-6148-8-153
https://doi.org/10.1186/1746-6148-8-153
https://doi.org/10.1111/vec.12271
https://doi.org/10.1016/j.livsci.2015.05.011
https://doi.org/10.3168/jds.2007-0631
https://doi.org/10.3168/jds.2007-0631
https://doi.org/10.3168/jds.2011-4443
https://doi.org/10.3168/jds.2011-4443
https://doi.org/10.1007/BF01463869
https://doi.org/10.1007/BF01463869
https://doi.org/10.3168/jds.2009-2813


Journal of Dairy Science Vol. 105 No. 4, 2022

3476

Heinrich, A., T. F. Duffield, K. D. Lissemore, E. J. Squires, and S. T. 
Millman. 2009. The impact of meloxicam on postsurgical stress as-
sociated with cautery dehorning. J. Dairy Sci. 92:540–547. https: / 
/ doi .org/ 10 .3168/ jds .2008 -1424.

Huber, J., T. Arnholdt, E. Möstl, C.-C. Gelfert, and M. Drillich. 2013. 
Pain management with flunixin meglumine at dehorning of calves. 
J. Dairy Sci. 96:132–140. https: / / doi .org/ 10 .3168/ jds .2012 -5483.

Khan, M. A., D. M. Weary, and M. A. G. von Keyserlingk. 2011. 
Invited review: Effects of milk ration on solid feed intake, wean-
ing, and performance in dairy heifers. J. Dairy Sci. 94:1071–1081. 
https: / / doi .org/ 10 .3168/ jds .2010 -3733.

Kleinhenz, M. D., N. K. van Engen, P. J. Gorden, J. Ji, P. Walsh, and 
J. F. Coetzee. 2017. Effects of transdermal flunixin meglumine on 
pain biomarkers at dehorning in calves. J. Anim. Sci. 95:1993–
2000. https: / / doi .org/ 10 .2527/ jas2016 .1138.

Kleinhenz, M. D., N. K. van Engen, P. J. Gorden, B. KuKanich, S. M. 
Rajewski, P. Walsh, and J. F. Coetzee. 2016. The pharmacokinet-
ics of transdermal flunixin meglumine in Holstein calves. J. Vet. 
Pharmacol. Ther. 39:612–615. https: / / doi .org/ 10 .1111/ jvp .12314.

Martin, M., M. Kleinhenz, K. Kleinhenz, E. Reppert, D. Blasi, T. 
Parks, A. Baysinger, J. Hutcheson, and J. Coetzee. 2020. Com-
parison of the effect of tildipirosin administered alone or in com-
bination with transdermal flunixin on the performance, health, 
activity, and well-being of transported feedlot calves on arrival 
at the feedlot. Transl. Anim. Sci. 4:452–459. https: / / doi .org/ 10 
.1093/ tas/ txaa005.

McKinney, W. 2011. Pandas: A foundational Python library for data 
analysis and statistics. Python for High Performance and Scien-
tific. Computing 14:1–9.

McMeekan, C. M., D. J. Mellor, K. J. Stafford, R. A. Bruce, R. N. 
Ward, and N. G. Gregory. 1998. Effects of local anaesthesia of 4 to 
8 hours’ duration on the acute cortisol response to scoop dehorning 
in calves. Aust. Vet. J. 76:281–285. https: / / doi .org/ 10 .1111/ j .1751 
-0813 .1998 .tb10160 .x.

Milligan, B. N., T. Duffield, and K. Lissemore. 2004. The utility of 
ketoprofen for alleviating pain following dehorning in young dairy 
calves. Aust. Vet. J. 82:578–578. https: / / doi .org/ 10 .1111/ j .1751 
-0813 .2004 .tb11211 .x.

Mormède, P., S. Andanson, B. Aupérin, B. Beerda, D. Guémené, J. 
Malmkvist, X. Manteca, G. Manteuffel, P. Prunet, C. G. van Re-
enen, S. Richard, and I. Veissier. 2007. Exploration of the hypo-
thalamic-pituitary-adrenal function as a tool to evaluate animal 
welfare. Physiol. Behav. 92:317–339. https: / / doi .org/ 10 .1016/ j 
.physbeh .2006 .12 .003.

Negrão, J. A., M. A. Porcionato, A. M. de Passillé, and J. Rushen. 
2004. Cortisol in saliva and plasma of cattle after ACTH adminis-
tration and milking. J. Dairy Sci. 87:1713–1718. https: / / doi .org/ 
10 .3168/ jds .S0022 -0302(04)73324 -X.

Palme, R. 2019. Non-invasive measurement of glucocorticoids: Ad-
vances and problems. Physiol. Behav. 199:229–243. https: / / doi 
.org/ 10 .1016/ j .physbeh .2018 .11 .021.

Palme, R., E. Möstl, G. Brem, K. Schellander, and E. Bamberg. 1997. 
Faecal metabolites of infused 14 C-progesterone in domestic live-
stock. Reprod. Domest. Anim. 32:199–206. https: / / doi .org/ 10 
.1111/ j .1439 -0531 .1997 .tb01282 .x.

Reedman, C. N., T. F. Duffield, T. J. DeVries, K. D. Lissemore, I. 
J. Duncan, and C. B. Winder. 2021. Randomized controlled trial 
assessing the effects of xylazine sedation in 2- to 6-week-old dairy 
calves disbudded with a cautery iron. J. Dairy Sci. 104:5881–5897. 
https: / / doi .org/ 10 .3168/ jds .2020 -19689.

Sargeant, J. M., A. M. O’Connor, I. A. Gardner, J. S. Dickson, M. E. 
Torrence, I. R. Dohoo, S. L. Lefebvre, P. S. Morley, A. Ramirez, 
and K. Snedeker. 2010. The REFLECT statement: Reporting 
guidelines for randomized controlled trials in livestock and food 
safety: explanation and elaboration. J. Food Prot. 73:579–603. 
https: / / doi .org/ 10 .4315/ 0362 -028X -73 .3 .579.

Schöffmann, G., P. Winter, R. Palme, A. Pollak, G. Trittenwein, and 
J. Golej. 2009. Haemodynamic changes and stress responses of pig-

lets to surgery during total intravenous anaesthesia with propofol 
and fentanyl. Lab. Anim. 43:243–248. https: / / doi .org/ 10 .1258/ la 
.2008 .0080026.

Skade, L., C. S. Kristensen, M. B. F. Nielsen, and L. H. Diness. 2021. 
Effect of two methods and two anaesthetics for local anaesthesia of 
piglets during castration. Acta Vet. Scand. 63:1. https: / / doi .org/ 
10 .1186/ s13028 -020 -00566 -8.

Stafford, K. J., and D. J. Mellor. 2005. Dehorning and disbudding 
distress and its alleviation in calves. Vet. J. 169:337–349. https: / / 
doi .org/ 10 .1016/ j .tvjl .2004 .02 .005.

Stilwell, G., M.S. Lima, and D.M. Broom. 2007. Comparing the effect 
of three different disbudding methods on behavior and plasma 
cortisol of calves. Rev. Port. Cienc. Vet. 102:281–288.

Stock, M. L., S. L. Baldridge, D. Griffin, and J. F. Coetzee. 2013. 
Bovine dehorning: Assessing pain and providing analgesic manage-
ment. Vet. Clin. North Am. Food Anim. Pract. 29:103–133. https: 
/ / doi .org/ 10 .1016/ j .cvfa .2012 .11 .001.

Stock, M. L., S. T. Millman, L. A. Barth, N. K. van Engen, W. H. Hsu, 
C. Wang, R. Gehring, R. L. Parsons, and J. F. Coetzee. 2015. The 
effects of firocoxib on cautery disbudding pain and stress responses 
in preweaned dairy calves. J. Dairy Sci. 98:6058–6069. https: / / doi 
.org/ 10 .3168/ jds .2014 -8877.

Sutherland, M. A., G. L. Lowe, F. J. Huddart, J. R. Waas, and M. 
Stewart. 2018. Measurement of dairy calf behavior prior to onset 
of clinical disease and in response to disbudding using automated 
calf feeders and accelerometers. J. Dairy Sci. 101:8208–8216. https: 
/ / doi .org/ 10 .3168/ jds .2017 -14207.

Sutherland, M. A., D. J. Mellor, K. J. Stafford, N. G. Gregory, R. A. 
Bruce, and R. N. Ward. 2002. Effect of local anaesthetic combined 
with wound cauterisation on the cortisol response to dehorning in 
calves. Aust. Vet. J. 80:165–167. https: / / doi .org/ 10 .1111/ j .1751 
-0813 .2002 .tb11385 .x.

Sylvester, S. P., K. J. Stafford, D. J. Mellor, R. A. Bruce, and R. N. 
Ward. 1998. Acute cortisol responses of calves to four methods of 
dehorning by amputation. Aust. Vet. J. 76:123–126. https: / / doi 
.org/ 10 .1111/ j .1751 -0813 .1998 .tb14544 .x.

Theurer, M. E., B. J. White, J. F. Coetzee, L. N. Edwards, R. A. 
Mosher, and C. A. Cull. 2012. Assessment of behavioral changes 
associated with oral meloxicam administration at time of dehorn-
ing in calves using a remote triangulation device and accelerome-
ters. BMC Vet. Res. 8:48. https: / / doi .org/ 10 .1186/ 1746 -6148 -8 -48.

Thiry, J., R. Fournier, O. Roy, and M. Catala. 2017. Evaluation of 
flunixin meglumine pour-on administration on prostaglandin E2 
concentration in inflammatory exudate after induction of inflam-
mation in cattle. Res. Vet. Sci. 114:294–296. https: / / doi .org/ 10 
.1016/ j .rvsc .2017 .04 .010.

USDA. 2009. Dairy 2007: Part V: Changes in Dairy Cattle Health and 
Management Practices in the United States, 1996–2007. USDA, 
Animal and Plant Health Inspection Service, Veterinary Services, 
and National Animal Health Monitoring System.

US Food and Drug Administration. 2017. Freedom of information 
summary original new animal drug application Banamine Trans-
dermal: NADA 141–450. USDA.

van Rossum, G., and F. L. Drake Jr. 1995. Python tutorial. Centrum 
voor Wiskunde en Informatica Amsterdam.

Vickers, K. J., L. Niel, L. M. Kiehlbauch, and D. M. Weary. 2005. 
Calf response to caustic paste and hot-iron dehorning using seda-
tion with and without local anesthetic. J. Dairy Sci. 88:1454–1459. 
https: / / doi .org/ 10 .3168/ jds .S0022 -0302(05)72813 -7.

Wagner, B. K., E. Nixon, I. Robles, R. E. Baynes, J. F. Coetzee, and 
M. D. Pairis-Garcia. 2021. Non-steroidal anti-inflammatory drugs: 
Pharmacokinetics and mitigation of procedural-pain in cattle. Ani-
mals (Basel) 11:282. https: / / doi .org/ 10 .3390/ ani11020282.

Winder, C. B., S. J. LeBlanc, D. B. Haley, K. D. Lissemore, M. A. 
Godkin, and T. F. Duffield. 2016. Practices for the disbudding and 
dehorning of dairy calves by veterinarians and dairy producers in 
Ontario, Canada. J. Dairy Sci. 99:10161–10173. https: / / doi .org/ 10 
.3168/ jds .2016 -11270.

Röder et al.: EVALUATING DIFFERENT ANALGESIA TREATMENTS

https://doi.org/10.3168/jds.2008-1424
https://doi.org/10.3168/jds.2008-1424
https://doi.org/10.3168/jds.2012-5483
https://doi.org/10.3168/jds.2010-3733
https://doi.org/10.2527/jas2016.1138
https://doi.org/10.1111/jvp.12314
https://doi.org/10.1093/tas/txaa005
https://doi.org/10.1093/tas/txaa005
https://doi.org/10.1111/j.1751-0813.1998.tb10160.x
https://doi.org/10.1111/j.1751-0813.1998.tb10160.x
https://doi.org/10.1111/j.1751-0813.2004.tb11211.x
https://doi.org/10.1111/j.1751-0813.2004.tb11211.x
https://doi.org/10.1016/j.physbeh.2006.12.003
https://doi.org/10.1016/j.physbeh.2006.12.003
https://doi.org/10.3168/jds.S0022-0302(04)73324-X
https://doi.org/10.3168/jds.S0022-0302(04)73324-X
https://doi.org/10.1016/j.physbeh.2018.11.021
https://doi.org/10.1016/j.physbeh.2018.11.021
https://doi.org/10.1111/j.1439-0531.1997.tb01282.x
https://doi.org/10.1111/j.1439-0531.1997.tb01282.x
https://doi.org/10.3168/jds.2020-19689
https://doi.org/10.4315/0362-028X-73.3.579
https://doi.org/10.1258/la.2008.0080026
https://doi.org/10.1258/la.2008.0080026
https://doi.org/10.1186/s13028-020-00566-8
https://doi.org/10.1186/s13028-020-00566-8
https://doi.org/10.1016/j.tvjl.2004.02.005
https://doi.org/10.1016/j.tvjl.2004.02.005
https://doi.org/10.1016/j.cvfa.2012.11.001
https://doi.org/10.1016/j.cvfa.2012.11.001
https://doi.org/10.3168/jds.2014-8877
https://doi.org/10.3168/jds.2014-8877
https://doi.org/10.3168/jds.2017-14207
https://doi.org/10.3168/jds.2017-14207
https://doi.org/10.1111/j.1751-0813.2002.tb11385.x
https://doi.org/10.1111/j.1751-0813.2002.tb11385.x
https://doi.org/10.1111/j.1751-0813.1998.tb14544.x
https://doi.org/10.1111/j.1751-0813.1998.tb14544.x
https://doi.org/10.1186/1746-6148-8-48
https://doi.org/10.1016/j.rvsc.2017.04.010
https://doi.org/10.1016/j.rvsc.2017.04.010
https://doi.org/10.3168/jds.S0022-0302(05)72813-7
https://doi.org/10.3390/ani11020282
https://doi.org/10.3168/jds.2016-11270
https://doi.org/10.3168/jds.2016-11270

	The effect of transdermal flunixin meglumine on blood cortisol levels in dairy calves after cautery disbudding with local anesthesia
	INTRODUCTION
	MATERIALS AND METHODS
	Dairy Farm, Animal Enrollment, and Housing
	Experimental Design and Drug Administration
	Sham Disbudding and Disbudding
	Blood Sample Collection
	Daily Weight Gain, Lying, and Standing Behavior
	Statistical Analysis

	RESULTS
	Plasma Cortisol
	Daily Weight Gain, Lying, and Standing Behavior

	DISCUSSION
	Study Limitations

	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES


