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INTRODUCTION

Coetzee, J. F., Gehring, R., Bettenhausen, A. C., Lubbers, B. V., Toerber, S. E.,
Thomson, D. U., KuKanich, B., Apley, M. D. Attenuation of acute plasma
cortisol response in calves following intravenous sodium salicylate adminis-
tration prior to castration. J. vet. Pharmacol. Therap. 30, 305-313.

Pain associated with castration in cattle is an animal welfare concern in beef
production. This study examined the effect of oral aspirin and intravenous (i.v.)
sodium salicylate on acute plasma cortisol response following surgical
castration. Twenty bulls, randomly assigned to the following groups, (i)
uncastrated, untreated controls, (ii) castrated, untreated controls, (iii) 50 mg/
kg sodium salicylate i.v. precastration and (iv) 50 mg/kg aspirin (acetylsalicylic
acid) per os precastration, were blood sampled at 3, 10, 20, 30, 40, 50 min and
1, 1.5, 2, 4, 6, 8, 10 and 12 h postcastration. Samples were analyzed by
competitive chemiluminescent immunoassay and fluorescence polarization
immunoassay for cortisol and salicylate, respectively. Data were analyzed using
noncompartmental analysis, a simple cosine model, aNovAa and t-tests.
Intravenous salicylate Vg was 0.18 L/kg, Clz was 3.36 mL/min/kg and
t1/2, was 0.63 h. Plasma salicylate concentrations above 25 pg/mL coincided
with significant attenuation in peak cortisol concentrations (P = 0.029). Peak
salicylate concentrations following oral aspirin administration was <10 pg/mL
and failed to attenuate cortisol response. Once salicylate concentrations
decreased below 5 pg/mlL, cortisol response in the castrated groups was
significantly higher than uncastrated controls (P = 0.018). These findings
have implications for designing drug regimens to provide analgesia during
routine animal husbandry procedures.
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techniques for painless, humane castration is considered a
priority (AVMA, 2006).

Pain inflicted by routine animal husbandry procedures, such as
castration, is a major animal welfare concern in beef production
(Oltjen & Mitloehner, 2003). Pain is defined as an aversive
feeling or sensation associated with actual or potential tissue
damage, resulting in physiological, neuroendocrine, and beha-
vioral changes that indicate a ‘stress’ response (Broom, 2000;
Anderson & Muir, 2005). Castration of cattle destined for
slaughter in the USA is a common practice (Chase et al., 1995).
Based on the number of steers weighing >227 kg (500 lbs)
reported by the US Department of Agriculture National Agricul-
tural Statistics Service (USDA NASS, 2006), there are approxi-
mately 14.9 million bovine castrations performed in the USA
annually. The American Veterinary Medical Association
(AVMA) considers castration to be one of the most stressful
experiences for livestock. Research in developing improved
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Plasma cortisol response has been used to assess stress in
animals as the magnitude of response (as indicated by peak
height), duration and/or integrated response [as indicated by
area under the plasma cortisol concentration curve (AUCr)], is
reported to correspond with the predicted noxiousness of the
procedure (Mellor et al., 2000). Several studies have evaluated
acute cortisol response as a method to determine the extent and
duration of distress associated with castration in cattle (Chase
et al., 1995; Fisher et al., 1997, 2001; Earley & Crowe, 2002;
Stafford et al., 2002; Ting et al., 2003). However, the correlation
between plasma drug concentration and the associated mitiga-
tion in plasma cortisol response has not been concurrently
studied following castration.

Salicylic acid derivatives, which include sodium salicylate
and acetylsalicylic acid (aspirin), were the first nonsteroidal
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anti-inflammatory drugs (NSAIDs) to be used in modern
medicine and are still widely used as analgesic, antipyretic
and anti-inflammatory agents (Langston, 1993). Although
veterinary forms of aspirin are marketed with label indications
for pain relief, fever and inflammation, the drug has never been
formally approved by the United States Food and Drug
Administration Center for Veterinary Medicine (FDA-CVM) for
these purposes (USP Veterinary Pharmaceutical Information
Monographs, 2004). A dose of 50-100 mg aspirin/kg body-
weight is commonly used to provide analgesia in cattle
although the efficacy of this dose has not been conclusively
demonstrated in peer-reviewed studies (Gingerich et al., 1975;
Jenkins, 1987). The present study was conducted to evaluate
plasma salicylate concentrations following oral aspirin or the
intravenous (i.v.) sodium salicylate administration and to
correlate these with the plasma cortisol response following
surgical castration.

MATERIALS AND METHODS

This protocol was approved by the Institutional Animal Care and
Use Committee (IACUC) at Kansas State University (KSU)
(Protocol # 2472).

Experimental cattle

Twenty Angus crossbred bulls aged approximately 4—6 months
and weighing between 215 and 275 kg were acquired from a
livestock commission company in Kansas in June 2006. Upon
arrival the calves received an eight-way clostridial vaccine
(Covexin 8; Schering Plough, Union, NJ, USA), a single injection
of tulathromycin at 2.5 mg/kg bodyweight (Draxxin; Pfizer, New
York, NY, USA), and doramectin administered topically at
500 pg/kg bodyweight (Dectomax Pour-on; Pfizer).

Housing and husbandry

Study animals were acclimated for approximately 2 weeks prior
to study commencement. During this time, they were housed in
typical dry lot confinement facilities at KSU. Throughout the
experiment, the cattle were fed a typical High Plains receiving
diet composed of whole corn, wheat middlings, dry distiller’s
grain, soybean hull pellets, cottonseed hulls, molasses and a
protein/vitamin/mineral supplement. Feed and water were
offered ad libitum. Bulls were moved to individual 13.40 m?
indoor stalls in the KSU Veterinary Teaching Hospital within
24 h of study commencement. Each stall was fitted with a head
gate to allow individual animal restraint. During the individual
housing period concentrate feed was withheld prior to study
commencement but bulls had free access to water and grass hay.

Jugular catheterization

Bulls were individually restrained in head gates and fitted with
rope halters approximately 12 h prior to study commencement.

Following restraint, the area over the jugular vein was clipped
and disinfected using 70% isopropyl alcohol and povidone iodine
swabs. The catheter site was infiltrated with 2% lidocaine
injection (Hospira Inc., Lake Forest, IL, USA) prior to performing
a small skin incision to facilitate placement of a 14 G X 130 mm
MILACATH® extended use catheter (MILA International, Flor-
ence, KY, USA) which was sutured to the skin using #3 nylon
Suture (Burns Veterinary Supply, Inc., Westbury, NY, USA) for
the duration of the study. Catheter patency was maintained
using a heparin saline flush containing three USP units heparin
sodium/mL saline (Heparin Sodium Injection; Baxter Healthcare,
Deerfield, IL, USA).

Group assignment and randomization procedures

The study was conducted in two treatment phases (n = 10
bulls per phase) to allow individual animal housing. Study
animals were blocked by bodyweight determined within 24 h
prior to study commencement. Bulls were randomly assigned to
one of four groups (n =5 animals/group) as follows: (i)
uncastrated controls (CONT), (ii) castrated without analgesia
(CAST), (iii) castration immediately following i.v. administra-
tion of sodium salicylate at 50 mg/kg bodyweight (SAL) and
(iv) castration immediately following oral administration of
acetylsalicylic acid (aspirin) at approximately 50 mg/kg body-
weight (ASP). Designation to treatment within a group
occurred by assigning random numbers using computer
software (Microsoft Excel® 2003: Microsoft Corporation,
Redmond, WA, USA).

Sodium salicylate treatment (SAL)

A 20% w/v solution of sodium salicylate was prepared with
sodium salicylate USP standard (Sigma Laboratories, St Louis,
MO, USA) that was reconstituted with sterile water for
injection (Hospira Inc.) immediately prior to administration.
Bodyweights obtained within 24 h prior to castration were
used to calculate the administered dose for each animal. Bulls
in the SAL group received 50 mg sodium salicylate per
kilogram bodyweight as a single i.v. bolus injection immedi-
ately (<30 sec) prior to castration. The jugular catheter was
flushed with 5 mL of heparinized, physiologic saline after
administration.

Acetylsalicylic acid (aspirin) treatment (ASP)

Aspirin tablets (60 grain) (Sparhawk Laboratories, Lenexa, KS,
USA) were administered orally to the ASP group within 1 min
prior to castration at a nominal dose of 50 mg/kg. A conversion
factor of 1 grain equal to 64.8 mg aspirin was used in
conjunction with bodyweights obtained within 24 h prior to
castration to calculate the required dose for each animal. The
required dose was rounded to the nearest whole tablet resulting
in actual administered doses ranging from 44.63 to 54.02 mg/
kg. Subsequent pharmacokinetic modeling was based on the
actual dose administered.
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Castration procedure

Both phases of the study commenced at approximately 07:00 h
Central Time (US and Canada) with castration or simulated
castration occurring at 3 min intervals. The castration proce-
dures during each phase of the study were completed by 07:40 h
Central Time. All castrations were performed by the same
experienced veterinarian.

Uncastrated controls (CONT)

Prior to simulated castration, bulls in the CONT were restrained
in a head gate as conducted during the acclimation period and a
blood sample was collected for baseline plasma cortisol deter-
mination. Thereafter, the scrotum was washed with dilute
chlorhexidine disinfectant and prepared similar to surgical
castration. Following manipulation of the testicles, blood samples
were collected as described in the Blood sample collection section.

Surgical castration (CAST, ASP and SAL)

Calves in the castration groups were similarly restrained and the
scrotum was cleaned in the same way as the uncastrated control
calves. Thereafter, the scrotum was incised using a sharp,
disinfected Newberry knife. The testes and spermatic cords were
then exteriorized by blunt dissection and the scrotal fascia was
stripped from each exteriorized testicle. A Henderson castration
tool (Stone Manufacturing & Supply Company, Kansas City, MO,
USA) attached toa 6.0 V cordless variable-speed hand drill (Black &
Decker Inc., Towson, MD, USA) with a 3/8” chuck was clamped
across the entire spermatic cord just proximal to the testicle.
The drill was then powered to rotate the clamped spermatic cord at
a slow to moderate speed in a clockwise direction with increasing
drill speed after the initial five to six turns according to the manu-
facturer’s instructions until the testicle twisted off after approxi-
mately 20 turns of the tool. The tightly coiled sealed segment of the
cord then retracted into the abdomen. The same procedure was
used to remove the second testicle. Following castration, blood
samples were collected as detailed in the next section.

Blood sample collection

Blood samples for cortisol and salicylate determination were
collected in syringes using the preplaced jugular catheter prior to
castration or simulated castration; immediately following castra-
tion and again at 10, 20, 30,40, 50 minand 1, 1.5, 2,4, 6, 8, 10
and 12 h thereafter. Blood was immediately transferred to 6 mL
K5 EDTA and lithium heparin vacutainer tubes (BD Diagnostics,
Franklin Lakes, NJ, USA) and stored on ice prior to centrifugation
for 15 min at 1500 g within 30 min of collection. Plasma was
then pipetted to cryovials and frozen at —70 °C prior to analysis.

Sample analysis

Plasma cortisol concentrations were determined using a solid-
phase competitive chemiluminescent enzyme immunoassay
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(Immulite® 1000 Cortisol; DPS, Los Angeles, CA, USA). Sample
analysts were masked to the identity of treatment groups.
A minimum sample volume of 100 uL. was used in each assay
well. The calibration range for the assay was 28—-1380 nmol/L
and the analytical sensitivity was 5.5 nmol/L. The precision of
the assay was determined by the manufacturer to be <10%
coefficient of variation. The reported accuracy by recovery at
concentrations of 109, 215 and 349 pg/dL was between 102%
and 117%.

Plasma salicylate concentrations were determined using
a fluorescence polarization immunoassay kit (TDx®/TDxFLx®;
Abbott Laboratories, Abbott Park, IL, USA). A minimum sample
volume of 50 pL was used in each assay well. The TDx® and
TDxFLx® software calculated a calibration curve using a best-fit
curve equation determined using six calibration points with a
detection concentration range between 5 and 800 pg/mlL.
The concentration of salicylate in unknown samples was
calculated from this curve using polarization values generated
for each sample. The sensitivity of the assay is defined by
the manufacturer as the lowest measurable concentration
which can be distinguished from zero with 95% confidence,
was 5 pg/mL. The precision of the assay was determined by the
manufacturer to be <8% coefficient of variation. The reported
accuracy by recovery at concentrations of 50, 100, 200, 400
and 800 pg/mL was between 98.3% and 102.5%.

Data analysis and statistics

Data were entered into a spreadsheet (Microsoft Excel® 2003;
Microsoft Corporation) for subsequent calculation and manipu-
lation. The mean * SEM (standard error of the mean) were
calculated for cortisol and salicylate concentrations at each time
point. Salicylate and cortisol plasma concentrations were also
modeled mathematically as detailed below. Hypothesis tests were
conducted using JMP analytical software (SAS Institute Inc.,
Cary, NC, USA). The analysis of variance approach to repeated
measures data (Manova) was used to analyze plasma cortisol
levels based on a review by Everitt (1995). Within group
interactions and evidence of time X group interactions were
evaluated using the Wilk's lambda test. This test uses a
likelihood ratio statistic for testing that a multivariate contrast
is zero, assuming multivariate normality and further assuming
the equality of covariance matrices across groups (Everitt &
Dunn, 2001).

Group differences between animals were analyzed using ANova
and Student’s t-tests for normally distributed data and Kruskal—
Wallis anova on ranks for data that were not normally
distributed. Statistical significance was designated a priori as a
P-value < 0.05. Model parameter values were summarized as
mean * standard error (normally distributed) or median and
range (not normally distributed).

Salicylate pharmacokinetic analysis

Noncompartmental analysis (based on statistical moment the-
ory) of the i.v. salicylate time—concentration data was performed
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using the commercially available software program (WinNon-
lin®; Pharsight Corporation, Cary, NC, USA). This program
estimates the initial concentration (Cg) for an i.v. bolus dose by
back-extrapolating from the first two time—concentration points
to the y-axis. The extrapolated data point is then used to
calculate the area under the time—concentration curve (AUC) by
the trapezoidal rule. The AUC is then extrapolated to infinity
using Eqn 1.

AUCy_o, = AUCy_, + C;"‘“ , (1)
Z
where Cy. is the last observed plasma concentration; AUCy_,
and AUC_.. are the area under the time—concentration curve up
to the last sampling point and extrapolated to infinity, respect-
ively; and 4, is the first-order rate constant associated with the
terminal (log-linear) portion of the curve that is estimated by
linear regression of the semi-logarithmic time—concentration
curve. Data points were weighted by the inverse of their value
squared (i.e. 1/y°) to improve the fit of the extrapolated line.
Other calculated parameters are the mean residence time
(MRT), apparent volume of distribution at steady-state (Vyss))
and total body clearance (Cly) (Eqns 2 — 5).

MRTy_, = %é\fi, (2)
where AUMC is the area under the first moment curve.
MRT, . = MRTy_, + % = (3)
by 2
where t, is the time of the last observation.
- oo g
Vass) = MRTo_o0 X Clg. (5)

Cortisol model

To account for the circadian variation in plasma cortisol
concentrations, a model incorporating a simple cosine function
was fitted to the plasma cortisol concentration—time data (Kong
et al., 1989) (Eqns 6 and 7).

Rcurt = Rm + Rb X COS(T) (6)
T=(t+X) G—D (7)

where R, is the circadian concentration of cortisol, R,,, is the
mean cortisol concentration, R, is the amplitude of the variation
of cortisol concentration, t is the clock time within the 24-h
cycle, T is the time converted to radians by the numeric ratio in
Eqn 7 and X is the peak time of the circadian function. This
analysis was implemented using the commercially available
software program (WinNonlin®; Pharsight Corporation). Param-
eter values for each individual animal were estimated by fitting
the model to the data using the Gauss—Newton algorithm.
Assessment of the goodness-of-fit was based on the variability of
the parameter estimates, graphs of predicted vs. observed plasma
cortisol concentrations and residual plots.

The maximum plasma cortisol concentration (C.ormax) and
the time at which this occurred (t.ormax) Were observed directly
from the data. The area under the plasma cortisol concentra-
tion—time curve (AUC..) Was calculated using the trapezoidal
method.

RESULTS

Salicylate pharmacokinetic analysis

Following i.v. sodium salicylate administration, plasma salicylate
concentrations declined rapidly to levels below the limit of
quantification (LOQ) of the assay (5 pg/mL) by 240 min (4 h)
postadministration. The V) was 0.18 L/kg, Cly was 3.36 mL/
min/kg and elimination half-life (t;,5;) was 0.63 h. The
pharmacokinetic parameters for salicylate following i.v. admin-
istration are summarized in Table 1 and the average plasma
time—concentration curve is illustrated in Fig. 1. Salicylate
concentrations above the LOQ of the assay were evident in only
three of the five animals receiving oral aspirin. For one animal
this occurred between 1.5 and 3 h and for the other two animals
this occurred at 2 h postadministration. In all cases, plasma
salicylate concentrations following oral aspirin administration
remained below 10 pg/mL for the duration of the study.

Table 1. The pharmacokinetic parameters for salicylate based on noncompartmental analysis of the salicylate time—concentration following

intravenous administration of sodium salicylate (20% w/v) at 50 mg/kg

Animal

Parameter Units 12 13 34 36 40 Mean SD SE

AUCj¢ h-pg/mL 286.80 216.26 217.33 195.94 180.18 219.30 40.76 18.23
AUMCinp h-h-pg/mL 318.92 187.83 184.91 150.06 154.61 199.27 69.05 30.88
Cl mL/min/kg 2.51 3.32 3.31 3.70 3.99 3.36 0.55 0.25
t1/2, h 0.79 0.57 0.60 0.54 0.61 0.63 0.10 0.04
A Per hour 0.87 1.16 1.15 1.28 1.14 1.12 0.15 0.07
MRTip¢ h 1.11 0.87 0.85 0.77 0.86 0.89 0.13 0.06
Vass) L/kg 0.17 0.17 0.17 0.17 0.21 0.18 0.02 0.01
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Fig. 1. Semilogarithmic plot of plasma salicylate concentrations follow-
ing intravenous administration of sodium salicylate (20% w/v) at
50 mg/kg prior to castration.

Observed plasma cortisol concentrations

In all analyses, the Wilk’s lambda test was not significant
(P = 0.24). This suggests that cortisol response following
castration was essentially parallel over time. Prior to castration,
the baseline mean plasma cortisol concentration (£SEM) for the
different treatment groups ranged from 137.60 £ 15.38 to
145.64 £ 25.74 nmol/L (Fig. 2). Immediately following castra-
tion, mean plasma cortisol response increased in all groups
except the SAL group where there was a decrease to
131.64 + 24.30 nmol/L. An observed peak mean cortisol
concentration of 227.80 £ 17.40 nmol/L in the ASP group
and 188.60 = 26.27 nmol/L in the CAST group occurred at
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20 min postcastration. At this time point, the mean plasma
cortisol concentration in the SAL group was similar to baseline
levels and significantly lower than the ASP group (P < 0.016).
Statistically significant differences between the SAL and ASP
groups were also evident at 40 and 90 min postcastration
(P < 0.05). Observed mean peak cortisol responses of 157.96 *
26.45 nmol/L in the SAL group and 182.60 £ 10.41 nmol/L in
the CONT group were recorded at 30 min postcastration.

Cortisol concentrations decreased from peak levels to
precastration levels in the SAL, CONT and CAST groups
within 60 min postcastration. However, the mean cortisol
concentration in the ASP group remained above baseline
levels for 120 min after castration. From 240 min postcastra-
tion to the end of the study plasma cortisol levels in the three
castration groups were similar. However, animals in the CONT
group had lower mean cortisol responses that were signifi-
cantly less than castrated cattle at 360 min after castration
(P = 0.018).

Cortisol model

The calculated cortisol parameters are summarized in Table 2.
There were no statistically significant differences between
treatment groups based on ANova of the cortisol parameters
calculated using the noncompartmental model. However, the
mean (xSEM) AUC, ranged from 42.75 % 4.14 to
63.97 £ 4.86 ymol'min/L. in the CONT and ASP groups,
respectively, which was significantly different based on Student’s
t-tests (P = 0.026). Furthermore, the mean (£SEM) Ciortmax
ranged from 168 * 22.61 nmol/L in the SAL group to
235 + 18.01 nmol/L in the ASP group which was also signi-
ficantly different based on t-tests (P = 0.029). The tiortmax
ranged from 20 min (range 10-130 min) in the CONT group to
40 min (range 0—70 min) in the SAL group.

R i A
S+

Baseline 0 10 20 30 40 50

60 90 120 240 360 480 600 720

Time after castration (min)

—o— castrated control O i.v. salicylate

—— oral aspirin - +- uncastrated control

Fig. 2. Mean observed plasma cortisol concentrations over time in bulls randomly assigned to be uncastrated controls, castrated without analgesia or to
receive intravenous sodium salicylate or oral aspirin administered at 50 mg/kg prior to castration. *Student’s t-test P < 0.05.
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Table 2. Plasma cortisol concentrations based on noncompartmental analysis of cortisol time—concentration measurements

Castrated control Intravenous salicylate Oral aspirin

Uncastrated control

Parameter Units Mean SEM or range Mean SEM or range Mean SEM or range Mean SEM or range
AUCcort pmol'min/L 54.34 8.22 50.90 6.58 63.97° 4.86 42.75% 4.14
Ceortmax nmol/L 190.60 24.88 168.80% 22.61 235.00° 18.01 192.00 8.69
teortmax min 30 2040 40 0-70 30 30-50 20 10-130

Entries with different superscript letters are significantly different based on Student’s t-test (P < 0.05).

AUC.q, area under the plasma cortisol concentration—time curve; Ceormax, Maximum plasma cortisol concentration; t.otmax, time at which this

occurred.

Table 3. Optimized parameter estimates for the plasma cortisol model based on a simple cosine function to approximate the temporal profile of plasma

cortisol concentrations

Castrated control Intravenous salicylate Oral aspirin

Uncastrated control

Parameter Units Mean SE Mean SE Mean SE Mean SE

R, nmol/L 109.03 14.21 104.59 17.86 124.00 8.49 105.76 4.89
Ry nmol/L 74.82 9.07 69.05 19.53 87.32 10.66 94.79 5.05
X h -3.04 0.40 -2.69 0.68 -2.10 0.65 -3.26 0.30

R,,, mean cortisol concentration; R;, amplitude of the variation of cortisol concentration; X, peak time of the circadian function.

The optimized parameter estimates for the plasma cortisol
model are summarized in Table 3 and the average simulated
time—concentration curves for the different study groups are
compared with the experimental data in Fig. 3. There were no
statistically significant group differences between treatments for
mean plasma cortisol levels (R,,), amplitude of the variation of
cortisol concentration (R;) and peak time of the cortisol circadian
function (X) based on anova. The R,, ranged from
104.59

+ 17.86 nmol/L in animals receiving i.v. salicylate to
123.76 £ 8.49 nmol/L in the group receiving oral aspirin. The

Cortisol concentration (nmol/L)

R, ranged from 69.05 £ 19.53 nmol/L in the SAL group to
94.80 £ 5.06 nmol/L. in the uncastrated control animals.
Finally, the peak time of X ranged from —2.10 £ 0.65 h in the
group receiving oral aspirin to —3.26 £ 0.30 h in CONT.

DISCUSSION

The results of the present study demonstrate that i.v. sodium
salicylate administered at 50 mg/kg immediately prior to surgical

0 100 200 300

400 500 600 700 800

Time (min)

Castrated control
i.v. salicylate

Oral aspirin
Uncastrated control

=== Ayerage simulated castrated control
— — Average simulated i.v. salicylate
Average simulated oral aspirin

- - - Average simulated uncastrated control

+>en

Fig. 3. Observed plasma cortisol concentrations over time fitted to a cosine model to simulate average circadian cortisol response in castrated,

uncastrated and salicylate-treated cattle.
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castration attenuates acute plasma cortisol response in cattle
following castration. To the best of our knowledge, this is the first
study demonstrating this effect while concurrently evaluating
plasma cortisol and drug concentrations postcastration. Our
study also found that aspirin administered per os at 50 mg/kg
failed to achieve plasma salicylate concentrations above 10 pg/
mL and failed to mitigate an acute effect on acute cortisol
response. In fact, plasma cortisol concentrations in the ASP group
were significantly higher than the SAL group at 20, 40 and 90
min postcastration. It is also noteworthy that once plasma
salicylate concentrations fell below the LOQ at 4 h post i.v.
administration, plasma cortisol concentrations in the SAL group
were similar to the other castrated animals and significantly
higher than the CONT group at the next sampling time point.
These findings have important implications for designing effective
analgesic regimens to aid in alleviating the stress response
associated with a noxious stimulus during routine animal
husbandry procedures.

Cortisol is widely used to quantify a stress response associated
with nociception as its response magnitude, duration and/or
integrated response is reported to correspond with the predicted
noxiousness of different animal husbandry procedures (Chase
et al., 1995; Fisher et al., 1997; Mellor et al., 2000; Fisher et al.,
2001; Earley & Crowe, 2002; Stafford et al., 2002; Ting et al.,
2003). The results of the present study concur with studies
reviewed by Stafford and Mellor (2005) that showed that peak
cortisol concentrations occur within 30 min of surgical castra-
tion. However, peak and baseline cortisol responses in previous
reports were much lower and remained above baseline concen-
trations for longer than reported herein (Stafford & Mellor,
2005). Our study also found considerable variation in cortisol
response between individual animals. This is consistent with
earlier reports that found plasma cortisol concentrations vary
greatly between animals in terms of the extent to which a
particular stressor elicits a sympatho-adrenal response (Ingram
et al., 1980; Stafford et al., 2002). This variability reduced the
power of the statistical tests we performed and contributed to a
lack of statistically significant difference between treatment
groups.

The disparity between our results and those reported previ-
ously is most likely attributable to the amount of time cattle
spent in the research facilities prior to study commencement.
Previous researchers typically examined changes in cortisol
response in bulls that were acclimated in the research facilities
for a period of at least 7 days. In contrast, animals in the present
study were moved to the research facilities within 24 h prior to
study commencement in an effort to simulate the conditions
encountered in typical production settings. This abbreviated
acclimation period could explain the higher overall plasma
cortisol concentrations measured in both castrated and uncas-
trated cattle as a result of handling and restraint. It is
conceivable that the higher precastration cortisol levels in the
present study could mask subtle differences in cortisol response
following castration. This is supported by our observation that
the mean plasma cortisol in the castrated and uncastrated
control groups was essentially identical up to 240 min postcas-
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tration. It is also noteworthy that the cortisol response in the
ASP group was significantly higher than the SAL group at 20,
40 and 90 min postcastration and remained above baseline
nearly twice as long as the other groups. We attribute this to
additional stress associated with oral dosing. Taken together,
these results suggest that cortisol measurement in conditions
equating to a typical practice environment is not a specific
indicator of pain associated with castration in cattle.

Although peak cortisol response is reported to correlate with
the noxiousness of a procedure, interpretation at each end of the
response range are less predictive (Mellor et al., 2000; Toscano
et al., 2003). At the lower end of the cortisol response, studies
have shown that tail docking with a ring and tail docking with a
docking iron cause similar cortisol responses to control handling
in older lambs (Lester et al., 1991, 1996). At the upper end of
the range, there are several studies, including the present report,
that fail to demonstrate an increase in cortisol response that is
proportional to the severity of a procedure as might be expected
(Lester et al., 1991; Molony & Kent, 1997). This is especially
evident when baseline cortisol levels are high which suggest a
‘ceiling effect’ on plasma cortisol responses that may be reached
through the stress of handling alone and not necessarily
castration (Molony & Kent, 1997). This phenomenon may also
limit the utility of plasma cortisol as a pharmacodynamic
indicator of a pain response.

Despite these limitations, Fisher et al. (1996) used reduction in
acute cortisol response to demonstrate an analgesic effect of
lidocaine local anesthesia administered prior to surgical or
burdizzo castration in calves. Cortisol suppression lasted 90 min
which coincides with the period of local anesthesia (Lemke &
Dawson, 2000; Spoormakers et al., 2004). It has also been
shown that ketoprofen reduces the acute plasma cortisol
response in cattle when administered at the time of castration
(Earley & Crowe, 2002; Stafford et al., 2002; Ting et al., 2003).
In fact, ketoprofen more effectively attenuated plasma cortisol
response following burdizzo castration than a local anesthetic or
an epidural (Ting et al., 2003). These data support the use of
plasma cortisol as a pharmacodynamic indicator of stress
augmented by pain associated with castration (Stafford & Mellor,
2005).

The pharmacodynamic analysis of plasma cortisol concentra-
tions as a marker of response to stress can be confounded by the
diurnal rhythm of cortisol release (Mellor et al., 2000).
To overcome this effect, we used a simple cosine function to
approximate the temporal profile of plasma cortisol concentra-
tions (Kong et al., 1989). When applied to this model, mean
plasma cortisol levels (R,,) in animals receiving oral aspirin were
higher than the R,, in the SAL group. This finding supports our
earlier observation that cortisol response in the ASP group was
higher presumably due to additional handling and unmitigated
as plasma salicylate concentrations remained below 10 pg/mL
throughout the study.

Similarly differences in R, indicate that the amplitude of the
variation of cortisol concentration was greater in the CONT
group than the SAL group. This could be attributed to cortisol
concentrations in the SAL group remaining similar to baseline
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levels during the period in which salicylate concentrations were
above 25 pg/mlL after which they adopted the same profile as
animals in other castration groups. In contrast, the cortisol
response profile in the castrated group resembled the uncastrated
group during the first 120 min after which levels in the control
group were significantly lower resulting in greater amplitude of
variation. Although variations in peak time of the cortisol
circadian function (X) were observed using this model, the
significance of these differences is not known. We believe that X
may provide information regarding the profile of the cortisol
response although further studies to collect data at later time
points are required to make this model more robust.

The pharmacokinetics and dosage of aspirin in adult dairy
cows has been described by Gingerich et al. (1975). These
authors reported a mean elimination half-life of 0.54 h following
i.v. administration of a 20% w/v solution of sodium salicylate at
50 mg/kg which is similar to the 0.63 h reported herein.
However, the apparent specific volume of distribution of 0.24 L/
kg reported previously is slightly higher than the Vy.s of
0.18 L/kg reported here. This could be attributed to differences
in the method of calculation or possibly due to high protein
binding. Plasma clearance of salicylate in the present study was
3.36 mL/min/kg, which is less than 5.13 mL/min/kg reported
previously. Inconsistencies between these two reports could be
attributed to differences in analytical technique, method of
calculation, drug formulation and physiological maturity or
rumen development between beef calves and adult dairy cows.
This earlier report also examined the pharmacokinetics of
aspirin administered orally to adult dairy cows at 50 and
100 mg/kg. The peak plasma concentration achieved with the
50 mg/kg oral dose was approximately 20 pg/mL and the
bioavailability of salicylate was reported to be 70%. These data
conflict with our findings which demonstrate plasma salicylate
concentrations below 10 pg/mL for the duration of the study.
This observation requires further evaluation but suggests that
oral aspirin may have a lower bioavailability than previously
believed.

It is noteworthy that mean plasma cortisol concentrations in
the animals receiving i.v. sodium salicylate were lower than
other groups for at least 120 min postcastration although this
difference was not statistically significant at every time-point.
Attenuation of cortisol response in this group coincided with
plasma salicylate concentrations above 25 pg/mL. By 240 min
postcastration, plasma salicylate concentrations were below the
LOQ of 5 pg/mL. This corresponded with higher mean plasma
cortisol concentrations in the castrated groups than uncastrated
controls. At the next time point, plasma cortisol concentrations
in the SAL, CAST and ASP groups were significantly higher than
the CONT group. For the ASP group, plasma salicylate
concentrations above 10 pg/ml were not observed and acute
cortisol response following castration was not attenuated. These
results support the conclusion that attenuation of peak cortisol
response was related to plasma salicylate concentrations and
that the maximal effect was observed when concentrations
remained above 25 pg/mL. These results also provide support to
previous studies that have suggested a serum salicylate concen-

tration of 30 pg/mL as an effective therapeutic goal in cattle
based on the therapeutic minimum concentration in humans
(Gingerich et al., 1975).

The reason why mean plasma cortisol response in the SAL
group remained below the CONT group is not known. Aspirin
inhibits prostaglandin (PG) synthesis by irreversibly blocking
both cyclooxygenase (COX) 1 and 2 isoforms. Turnbull and
Rivier (1996) determined the plasma adrenocorticotropic hor-
mone (ACTH) and corticosterone responses of rats to acute local
inflammation induced by intramuscular injection of turpentine.
These researchers concluded that ACTH response and the
associated rise in plasma cortisol were mediated by PG and that
inhibition of PG synthesis with an NSAID attenuated this
response. If restraint of the uncastrated animals resulted in PG
release, this might offer an explanation why the cortisol response
in the SAL group was lower than the uncastrated control
animals for the first 120 min. However, research examining
cortisol responses in uncastrated animals receiving i.v. salicylate
are required to investigate this explanation.

In conclusion, the results of the present study provide evidence
that sodium salicylate administered at 50 mg/kg i.v. at the time
of castration (SAL) attenuates peak cortisol response while
plasma drug concentrations remain above 25 pg/mL. In con-
trast, oral aspirin administered at 50 mg/kg (ASP) was poorly
absorbed as evidenced by plasma salicylate concentrations that
remained below 10 pg/mL for the duration of the study. Plasma
cortisol concentrations in the ASP group were higher than
untreated castrated and uncastrated animals presumably due to
the additional stress of handling associated with oral drug
administration. These findings suggest that oral aspirin doses in
excess of 50 mg/kg would be required to attenuate the cortisol
response associated with castration in bulls weighing over
200 kg. Furthermore, salicylic acid derivatives may need to be
administered more frequently than every 12 h as currently
recommended. Further research using larger groups of animals,
higher doses of aspirin and more sampling time-points around
the time where plasma drug concentration are decreasing, are
required to elucidate this effect further.
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