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In the dairy cattle industry, dehorning is a common 
procedure for decreasing the risk of injury and inci-
dence of carcass wastage and for increasing animal 
welfare (4, 7). Various techniques are involved in the 
process of dehorning, such as amputation with dehorn-
ers, cauterization with hot tools, and application of 
chemical caustic pastes, such as those containing so-
dium hydroxide (4). All of these procedures, however, 
induce behavioral changes consistent with an acute 
stress response (20, 42).

Findings regarding alterations in the levels of fibri- 
nogen, serum amyloid A, α1-acid glycoprotein, and 
haptoglobin indicate elevated levels of inflammation, 
trauma, and pain (11, 12, 19). Ketoprofen, meloxicam, 
and flunixin meglumine are the most widely used 
nonsteroidal anti-inflammatory drugs (NSAIDs) in 
veterinary medicine. These drugs intercept the action of 
cyclooxygenase (COX) enzymes and diminish prosta-
glandin levels in the body as a whole (29). As a conse-
quence, pain, inflammation, and fever are reduced (17, 

22). Recently, there has been an increasing amount of 
literature on the effects of acute-phase proteins (APPs) 
in ruminants undergoing transportation (15, 44), infu-
sion of lipopolysaccharide (48), viral spp. infections 
(e.g. bovine viral diarrhea, respiratory syncytial) (18, 
21), and bacterial infections such as Pasteurella hae-
molytica, P. multocida (8, 24). The effects of some 
NSAIDs on APPs, plasma cortisol behavioral changes 
and pain management in dehorned calves have been 
well identified in some previous articles (14, 27, 30, 
38). However, the effects of NSAIDs on the dehorning-
induced increase in APPs in adult heifers remain unex-
amined, and limited literature is available on this topic. 
Furthermore, available data composed of calves with 
dehorning, whereas no relevant research is indicated 
within the current literature. This study hypothesizes 
that ketoprofen (KTP), flunixin meglumine (FLM), 
and meloxicam (MLX) have potential effects on some 
APPs (haptoglobin (Hp), serum amyloid A (SAA), and 
ceruloplasmin (Cp)) in the dehorning process, which 
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Summary

The purpose of this study was to evaluate the effects of ketoprofen (KTP), flunixin meglumine (FLM), and 
meloxicam (MLX) administration on acute-phase proteins after dehorning in Holstein heifers. A total of 21 
Holstein heifers were enrolled into three groups of equal size (n = 7) and administered ketoprofen, flunixin 
meglumine, or meloxicam, at doses of 2.2 mg/kg, 1.1 mg/kg, and 1 mg/kg body weight, respectively. Serum 
amyloid A, haptoglobin, and ceruloplasmin levels were determined before the administration of the three drugs 
(0 hrs) and at 6, 12, 24, 48, and 96 hours post-administration. The mean values (± SD) obtained revealed no 
significant alteration in APP levels at 0 hrs in any of the three groups. Time-dependent alterations, however, were 
significant in all groups. Group-time interactions were significant (P < 0.001) for ceruloplasmin concentrations, 
whereas results for serum amyloid A and haptoglobin levels were deemed non-significant. Inter-group interaction 
revealed no significant findings regarding serum amyloid A and ceruloplasmin levels, but haptoglobin levels 
showed a significant difference between the KTP and FLM groups at 48 hrs. It may therefore be reasonably 
suggested that KTP, FLM, and MLX could all be administered to effect slight changes in acute phase proteins.
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is a regular procedure performed on adult ruminants 
as part of animal welfare management.

To the authors’ knowledge, there is no available 
literature on changes in APP levels after the dehorning 
of Holstein heifers that received various NSAIDs. The 
primary aim of this paper, therefore, is to explore the 
relationship between alterations in positive APPs (Hp, 
SAA, and Cp) in dehorned heifers and KTP, FLM, and 
MLX administration.

Material and methods
Animals and dehorning procedure. A total of twenty-

one (n = 21) healthy Holstein heifers from a local dairy farm, 
aged 9 to 12 months, were divided into three equal groups 
(n = 7) according to the type of NSAID administered (KTP, 
FLM, or MLX). This research was performed in agreement 
with the guidelines for animal experimentation (ADU Ethics 
Committee no: 64583101/2015/004).

A Barnes dehorner was used for dehorning. The heifers 
were sedated with xylasine administered intravenously 
(0.05 mg/kg). They were then given KTP, FLM, or MLX 
according to their grouping, 10 minutes before the dehorning 
procedure, at doses of 2.2 mg/kg, 1.1 mg/kg, and 1 mg/kg,  
respectively.

Blood sampling and laboratory (APPs) analyses. 
Blood samples were drawn from the 21 heifers prior to the 
application of sedation and NSAIDs and this was repeated 
at 6, 12, 24, 48, and 96 hrs after dehorning. In total, 8 ml of 
blood was drawn by venipuncture from the jugular vein of 
the heifers into tubes containing lithium heparin, for APP 
(including Hp, SAA, and Cp) analysis. Plasma samples 
were obtained by centrifuging the blood for 15 mins at 
3000 g. Following this, all plasma specimens were trans-
ferred to Eppendorf tubes and kept at –20°C until assays 
were performed. All plasma specimens were analyzed at 
the end of the study.

For measurement of haptoglobin and serum amyloid A 
levels, a commercial ELISA kit (Tridelta Development Ltd., 
Ireland) was used in accordance with the manufacturer’s 
recommendations. Ceruloplasmin levels were determined 
by measuring p-phenylenediamine oxidase activity with 
a spectrophotometer (UV-1601 UV-VIS Spectrophotometer, 
Shimadzu Corp., Japan).

Statistical analysis. The data on APP levels were de- 
scribed in terms of means, standard deviations, and maxi-

mum-minimum values, and then tabulated using descriptive 
statistics. After the logarithmic transformation process had 
been applied, the Kolmogorov-Smirnov test confirmed the 
parameters to be normally distributed. Statistical analyses 
were then performed with Repeated Measures of ANOVA, 
and the results were checked with a non-parametric Kruss-
kal Wallis test for time, group, and group-by-time interac-
tions. Significant group-by-time interactions were examined 
with Bonferroni multiple comparison tests and checked for 
pairwise interactions with a Krusskal Wallis test for each 
time period. Results were considered significant at a value 
of P < 0.05. The program SPSS 21.0 (Chicago USA) was 
used for all tests.

Results and discussion
In the present study, mean ± SD data on Hp, SAA, 

and Cp levels in Holstein heifers undergoing dehorning 
were analyzed and compared at different time points 
throughout the study, from 0 to 96 hrs. The data were 
comparatively evaluated before and after KTP, FLM 
and MLX administration at different time points. In 
light of the mean values (± SD) obtained, as shown 
in Table 1, no significant alterations in levels of APPs 
were found at 0 hrs in the groups. Time-depended 
alterations, however, were significant in all groups. 
Group-time interactions were significant (P < 0.001) 
regarding Cp concentrations, whereas the findings 
regarding SAA and Hp levels were non-significant. 
Inter-group interaction revealed no significant findings 
regarding SAA and Cp concentrations, but there was 
a significant difference in Hp levels between the KTP 
and FLM groups at 48 hrs (Tab. 1).

In recent years, the available data have stimulated 
an increased use of off-label NSAIDs (6). Given this 
off-label use of medications, such as phenylbutazone, 
residual problems have started to be seen in the dairy 
industry. Kopcha et al. (26) performed a study includ-
ing large-animal veterinarians, which showed that 93% 
(1.325/1.424) of vets surveyed used NSAIDs more than 
once a week. In another study, involving dairy veteri-
narians, it was revealed that NSAIDs are the second 
most commonly recommended class of medications 
after antibiotics (40). APPs have been classified as 

Tab. 1. Mean ± SD data of Hp, SAA, and Cp levels in Holstein heifers (n = 7 heifers/group) undergoing dehorning

APPs Group
Time (hour) Statistical 

0. hrs 6. hrs 12. hrs 24. hrs 48. hrs 96. hrs P value

SAA (mg/dL)

KTP 35.68 ± 28.38  51.91 ± 27.75  77.65 ± 38.20 125.69 ± 37.51 159.81 ± 9.89_ 112.70 ± 45.20 Group 0.634

FLM 84.07 ± 108.09 102.13 ± 97.92 134.06 ± 96.07 159.44 ± 51.09 127.48 ± 43.60  61.41 ± 45.72 Time 0.000

MLX 49.49 ± 31.00  86.90 ± 15.37 129.69 ± 30.18 134.81 ± 26.18 148.81 ± 31.83 108.87 ± 42.58 Group*time 0.082

Hp (mg/dL)

KTP 0.25 ± 0.07  0.41 ± 0.18  0.31 ± 0.11  0.38 ± 0.26  1.19 ± 0.37  0.88 ± 0.88 Group 0.031

FLM 0.35 ± 0.35  0.54 ± 0.36  0.19 ± 0.09  0.22 ± 0.12  0.23 ± 0.08  0.20 ± 0.13 Time 0.004

MLX 0.2195 ± 0.08  0.52 ± 0.19  0.34 ± 0.25  0.30 ± 0.16  0.91 ± 0.75  0.61 ± 0.63 Group*time 0.147

Cp (mg/dL)

KTP 13.17 ± 4.65 12.22 ± 4.82 11.14 ± 3.73 13.20 ± 5.63 11.92 ± 3.30 11.51 ± 3.47 Group 0.606

FLM 17.78 ± 10.06 16.15 ± 9.71  12.63 ± 11.24  14.66 ± 10.72  14.15 ± 10.98  19.67 ± 13.97 Time 0.015

MLX 16.39 ± 2.22 11.24 ± 3.95 11.85 ± 2.90 12.02 ± 3.45 15.91 ± 4.97 14.02 ± 7.36 Group*time 0.073
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plasmatic proteins whose circulatory levels alter after 
inflammation or surgical trauma, such as the dehorning 
procedure performed in this study (11, 44). This might 
be proposed as the nature of interaction explaining the 
relationship among dehorned calves and altered APPs.

MLX, grouped within the oxicam class of NSAIDs, 
has long been used and approved as an adjunct treat-
ment option for diarrhea, mastitis, acute respiratory 
disorders, and – pertinent to the subject matter of the 
present study – as an analgesic for relieving pain after 
dehorning (5, 22, 39). Given the favorable pharmaco-
logical features of this drug, it is likely to provide prac-
tical analgesia in cattle, as indicated by the vast major-
ity of researchers, who found it used in this “mixed” 
way (39). KTP, an NSAID belonging to the propionic 
acid class, has been approved in some countries for 
use against inflammatory conditions, fever, and pain 
(46). Given its short half-life in relation to its quick 
metabolism and elimination, anti-analgesic application 
of KTP is likely to require multiple doses (39). Several 
studies have determined the analgesic properties of 
KTP (9, 14, 30, 32, 41). FLM is a nicotinic acid by-
product of anthranilic acid and has been approved by 
the FDA for use in the US dairy industry (36). This 
drug is usually used for managing fever related to 
endotoxemia in diseases involving infection, such as 
mastitis and respiratory disease. In the present study, 
the authors comparatively evaluated time-dependent 
and group effects of these three NSAIDs (MLX, KTP, 
and FLM) on Hp, SAA, and Cp (positive APPs) in 
heifers undergoing dehorning.

Several methods are used for dehorning cattle in 
practice, such as amputation with a scoop dehorner 
(Barnes or Keystone), saw, or wire, and caustic or 
hot-iron cauterization. Almost all such procedures are 
known to produce an acute-phase response, regard-
less of the method used (20, 42). Researchers have 
attempted to evaluate the use of different drugs (an-
algesic and anaesthetic) in the dehorning process in 
calves and have pointed out the effects of dehorning on 
cortisol concentrations, stress levels, pain, and animal 
welfare (37). The American Association of Bovine 
Practitioners (AABP) has ranked the dehorning process 
as more painful than castration when administered to 
calves over six months of age (13).

A prior research aimed to determine corporeal effects 
and blood analyte responses after surgical emasculation 
and/or dehorning, as well as the impact of analgesics 
and anaesthetics in 90-day-old calves. In that study, 
treatment × time interactions (P < 0.05) regarding 
cortisol and Hp levels were evident. Dehorning caused 
a more pronounced (P < 0.05) cortisol response than 
castration did. Hp levels were increased on day 1 fol-
lowing castration (P < 0.01) (1). In the present study, 
Hp concentration reached its peak levels at 48 hrs in 
the KTP- and MLX-administered groups, and at 6 hrs 
in the FLM group, showing statistical significance 
between the groups (P < 0.05). Time-dependent sig-

nificant changes in Hp (P < 0.01) were evident in all 
groups at different time points. Regarding SAA con-
centrations, there was no significant difference found 
between the groups or in group-by-time interactions. 
However, time-dependent changes were found to be 
significant (P < 0.01) for SAA. In all groups, the most 
striking levels were detected at 24 hrs and 48 hrs, 
compared with the baseline values at 0 hrs. Cp values 
showed similar changes to those in SAA, and striking 
alterations were also evident at 12 hrs.

Increased levels of Hp (group and group-time), SAA 
(time), and Cp (time) detected in this research might 
be related to probable inflammation, tissue injury, or 
psychological stress due to dehorning, similar to the 
effects described for castration (28, 34, 42, 45, 47). 
APPs, including SAA and Hp, are recognized as sig-
nificant biomarkers for detecting acute inflammatory 
changes in cattle (23).

Haptoglobin has long been recognized as a potential 
replacement biomarker for serum cortisol in determin-
ing the severity of tissue damage and the effects of 
analgesic drugs in calves (10). According to the results 
of the current investigation, significant differences in 
Hp levels were associated with FLM and MLX admin-
istration. There was no statistical difference between 
KTP and MLX administration in this regard. As is 
well known, Hp levels can rise due to the inflamma-
tory response. It may be safely speculated that differ-
ences in age and surgical procedure might impact Hp 
levels (31). On the other hand, preoperative analgesic 
interventions, such as the administration of NSAIDs, 
might prevent inflammatory injuries (35). Therefore, 
the preoperative use of NSAIDs, prior to tissue trauma 
and inflammatory mediator release, could prove more 
effective than using these drugs after hyperalgesia has 
begun (2). In the current study, NSAIDs were used 
once, prior to dehorning, but the three compounds have 
different half-lifes and therefore influence APP levels 
differently (39).

In research aimed at improving animal health and 
welfare, ceruloplasmin might be useful (44). Previous 
studies have reported Cp to be a significant source of 
data in determining mastitis (3), subclinical mastitis 
(43), and endometritis (25) in cows. In a prior study 
on the influence of orchiectomy and dehorning on se-
rum APP levels, sera samples were drawn from seven 
goats before and after the procedure. The results re-
vealed that the levels of APPs, such as Cp, Hp, α1-acid 
glycoprotein, and α1-antitrypsin, were continuously 
elevated to over 403% when compared to before the 
procedure (33). In contrast to the current study, there 
was a decrease in Cp levels in all groups until 12 hrs 
post-procedure, with irregular changes until the end of 
the study period, and with no statistical significance 
between the groups. This might be explained by the 
administration of all three types of anti-inflammatory 
drug in this study, which might have modulated Cp 
levels, as reported by Filho et al. (16).
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In conclusion, based on different timeline points to 
those of NSAIDs selected in this study could all be ef-
fect slight changes in the levels of acute-phase proteins 
in dehorned cattle. The results of this study might be 
useful in drug selection by field veterinarians before 
a dehorning procedure. Further studies, involving 
larger cattle populations, are recommended to extend 
the present findings.
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