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ABSTRACT 

ASSESSING KETOPROFEN AND MELOXICAM WHEN MIXED WITH 

IRON DEXTRAN FOR USE IN THE CONTROL OF POST-OPERATIVE 

CASTRATION PAIN IN PIGLETS 

 

Kristen J. Reynolds     Advisors: 

University of Guelph, 2020    Dr. T. O’Sullivan & Dr. R. Johnson

 The work in this thesis examined the suitability of meloxicam and ketoprofen in nursing 

piglets, when these drugs were mixed with iron dextran (ID) prior to injection, to control post-

castration pain. Measurement of plasma drug levels of the S- and R- enantiomers of ketoprofen 

when injected alone or when mixed with ID and then injected allowed for pharmacokinetic 

analysis and determination of the relative bioavailability of these two formulations (Chapter 2). 

Observation of the time for piglets to move through a navigation chute post-castration when 

treated with meloxicam or ketoprofen alone vs. these drugs mixed with ID, was completed to 

determine if perceived analgesic efficacy was comparable (Chapter 3). Analgesic efficacy of 

these drugs alone vs. mixed with ID was also compared through observation of individual piglet 

behaviours and measures of social cohesion (Chapter 4).  

 There were no significant differences in the pharmacokinetic parameters for S- and R-

ketoprofen between piglets treated with ketoprofen alone vs. ketoprofen mixed with ID (Chapter 

2). Absolute differences in the numerical values of these parameters suggest potential small 

alterations in drug pharmacokinetics, but none sufficient to result in a significant difference 

between treatment groups. Analysis of chute navigation time suggested no difference in post-

castration pain mitigation between meloxicam or ketoprofen vs. these drugs mixed with ID 



(Chapter 3) over the entire study period. This was supported by the observation of several 

individual piglet behaviours after castration, demonstrating similar results (Chapter 4). A number 

of individual behaviours however were not useful in measuring pain in castrated pigs, noted by a 

lack of discrimination between piglets castrated without analgesia, and non-castrated control 

pigs. 

The overall results of this thesis work suggest that mixing ID with meloxicam and 

ketoprofen will not affect drug efficacy, despite any alterations to drug pharmacokinetics. 

Further work is required to determine if the mixing of these drugs with ID prior to injection 

results in violative drug residues in pork products, to ensure food safety.  
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CHAPTER 1: Introduction, Literature Review and Thesis 1 

Objectives 2 

 3 

1.1 Introduction 4 

It is common animal husbandry practice in commercial swine production in North 5 

America to surgically castrate nursing piglets. Castration is done in order to prevent the 6 

accumulation of androstenone and skatole in the fat of intact male pigs, that causes an 7 

unappealing flavour and odour in pork products (1,2). In the rest of North America, castration is 8 

routinely done without local or general anesthesia, but in Canada it is a requirement to provide at 9 

least analgesia if castration occurs in the first week of life and both anesthetic and analgesia if 10 

castration occurs at an older age. Castration is a piglet welfare concern due to the acute pain at 11 

the time of castration, as well as ongoing post-surgical pain that can be difficult to quantify (3,4). 12 

The welfare of food producing animals is recognized as important and the Canadian Code of 13 

Practice for the Care and Handling of Pigs was updated in June 2014 and states that post-14 

operative analgesia is required for piglets after painful procedures, of which surgical castration is 15 

included (5). 16 

 Consultations with Canadian swine producers highlight their concern for piglet health 17 

and welfare, and their opposition to animal neglect (6). They recognize procedures such as 18 

castration as painful, but also recognize the importance of processing procedures with regard to 19 

economics and pig management (6). In light of the requirements of the code of practice, while 20 

also taking into account optimization of labour and resources, the swine industry is interested in 21 

the practicality and prudence, including efficacy and safety, of combining non-steroidal  22 
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anti-inflammatory drugs (NSAIDs) with iron dextran (ID) that is also routinely given around the 23 

time of processing, in order to give a single injection to each piglet (7). 24 

 In Canada, current pharmaceutical products available to control post-operative pain from 25 

surgical castration in piglets is limited to injectable NSAIDs. These include meloxicam, with a 26 

label claim for controlling castration pain in swine (8), ketoprofen, with a label claim for control 27 

of fever and inflammation associated with swine respiratory disease (8), and flunixin meglumine, 28 

with a label claim for use to aid in reducing pyrexia associated with swine respiratory disease 29 

(8). The use of ketoprofen and flunixin meglumine to control post-surgical castration pain is 30 

considered extra-label drug use in Canada. 31 

The physical process of mixing medications such as ID and NSAID drugs together is 32 

considered a form of drug compounding. While this practice is currently legal in Canada when 33 

considered medically necessary, it is discouraged in food-producing animals for several reasons 34 

including concerns regarding the potential for violative drug residues in edible products intended 35 

for human consumption (9,10). There are potential benefits of mixing NSAIDs with ID prior to 36 

injection in terms of animal welfare. However, research is required to determine whether there 37 

are alterations in drug pharmacokinetics (PK) and bioavailability, and subsequent effects on 38 

analgesic efficacy for pain control following castration. 39 

1.2 Pharmacology of NSAIDs for castration pain in nursing pigs 40 

1.2.1 NSAIDs licensed for castration pain in swine 41 

A number of NSAIDs are licensed for use in swine, though the label claims differ by 42 

product, country, and the company that manufactures them. Three NSAIDs are labeled for use in 43 
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swine in Canada (meloxicam, ketoprofen, flunixin meglumine). Only one commercially 44 

available formulation of meloxicam has a label claim specifically for use in controlling 45 

castration-associated pain (8), while the other NSAIDs are utilized for this purpose in an extra-46 

label manner. Specifically, this means that these NSAIDs are labeled for use in swine for other 47 

indications, but they are given to control castration pain. The main mechanism of action of 48 

NSAIDs is through inhibition of cyclooxygenase (COX) enzymes (i.e. COX-1, COX-2) that 49 

produce prostaglandins that contribute to inflammation and nociception. PK and 50 

pharmacodynamic (PD) modeling in several species suggests that 80-90% inhibition of COX-2 51 

enzyme activity, and a maximum 10-20% inhibition of COX-1 enzyme activity, is required to 52 

mitigate adverse effects associated with COX-1 inhibition while maximizing the analgesic 53 

benefit of drug therapy (11). 54 

1.2.1.1 Meloxicam 55 

In Canada, meloxicam is commercially available for swine as several formulations (8). 56 

Metacam® for Swine (meloxicam 5 mg/mL, Boehringer Ingelheim (Canada) Ltd., Burlington, 57 

ON, Canada) is labeled for the relief of post-operative pain associated with minor soft tissue 58 

surgery such as castration. Two other formulations, Metacam® 20 mg/mL Solution for Injection 59 

(meloxicam 20 mg/mL, Boehringer Ingelheim (Canada) Ltd., Burlington, ON, Canada) and 60 

Meloxidyl® 20 mg/mL (meloxicam 20 mg/mL, Ceva Animal Health Inc., Cambridge, ON, 61 

Canada) are labeled for use in non-infectious locomotor disorders to reduce the symptoms of 62 

lameness and inflammation.  63 

The PK and PD of meloxicam in neonatal piglets have been described after both 64 

intravenous (IV) (12) and intramuscular (IM) (13) injection. Similar parameters are described 65 
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elsewhere for growing pigs (14) and mature pigs (15). Fosse et al. (12) examined COX-1 vs 66 

COX-2 inhibition in pigs of mean age 19.2 d and mean weight 5.5 kg and found results 67 

suggestive of predominant COX-2 inhibition, though still considerable inhibition of COX-1. 68 

There is concern for long-term use of this product in pigs due to potential side-effects caused by 69 

COX-1 enzyme inhibition, however COX-2 enzyme inhibition can also lead to negative side-70 

effects. Potential long-term side effects due to use of meloxicam were studied in pigs by 71 

Gorissen et al. (16), including lesions of the gastrointestinal system and kidney, bone and 72 

cartilage abnormalities, and growth plate abnormalities. Gorissen et al. (16) found that daily oral 73 

dosing of meloxicam at 0.4 mg/kg in growing pigs did not increase the risk of side-effects 74 

compared to control animals. An important finding presented by Fosse et al. (12) is that there are 75 

age differences in the PK of meloxicam in pigs.  Specifically, the clearance of meloxicam for 76 

piglets of mean age 19.2 d (5.5 kg) after IV injection (12) was found to be lower than what has 77 

been reported in pigs at older ages (45 kg) (14).  Additionally, Fosse et al. (12) reported a lower 78 

volume of distribution (VSS) for nursing pigs compared to what had been noted in pigs in the 79 

grower phase (45 kg) (14). A study of IM injection in nursing piglets (average 13.5 d old, 4.5 kg) 80 

found a rapid absorption half-life (T1/2) and increased area under the plasma drug concentration 81 

vs time curve (AUC) after IM injection as compared to IV injection (13). The same study 82 

calculated a tentative bioavailability of meloxicam after IM injection of 0.91 (13). 83 

The PD of meloxicam were studied by Fosse et al. (12,13).  Evaluation of PGE2 84 

inhibition using an inflammatory model suggests that the label dose of 0.4 mg/kg meloxicam is 85 

insufficient to result in a clinical reduction in inflammation (12). This agrees with the fact that no 86 

difference in joint swelling was seen between meloxicam treated castrates and non-analgesed 87 
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castrates (13). Evaluation of the pain response with mechanical nociceptive threshold testing 88 

between control pigs and meloxicam treated pigs indicated no significant difference, although 89 

there was a numerical trend of a higher pain threshold seen in the treated pigs 2 h post-castration 90 

(13). This suggests that meloxicam did not have an analgesic effect on piglets subject to a kaolin 91 

inflammatory model, other than perhaps briefly around 2 h after castration occurred. Although 92 

previous research using inflammatory models suggest limited benefit of IM or IV meloxicam for 93 

piglets to control inflammation, the results reported by Fosse et al. (13) may be specific to the 94 

inflammatory model used. Specifically, kaolin-injection in the foot may result in a different 95 

inflammation and pain response compared to castration or other painful processing procedures. It 96 

is possible that IV or IM meloxicam may provide a clinical benefit for treating other types of 97 

piglet pain. Recent work by Nixon et al. (17) compared levels of meloxicam in the plasma of 5 to 98 

7-d-old piglets to meloxicam levels in the interstitial fluid (ISF) of the same piglets. Their study 99 

showed a later time of peak plasma drug concentration (Tmax) around 2 h post-dosing and a 100 

longer T1/2 for meloxicam (still present at 48 h post-dosing) in ISF compared to plasma. As ISF 101 

more closely reflects the concentration of drug at the target site of action, this suggests that 102 

meloxicam remains present at the site of interest longer compared to what is suggested by 103 

plasma levels. This agrees with previous research noting that plasma concentrations of NSAIDs 104 

do not correlate well with PD effects, suggested to be a result of accumulation of NSAID at the 105 

target site, resulting in continued drug efficacy despite significantly decreased plasma NSAID 106 

levels (11,18). In addition, the work of Nixon et al. (17) suggests that optimal time of meloxicam 107 

dosing would occur 2 h prior to a painful procedure, to allow for peak drug concentrations at the 108 

time of the painful stimulus i.e. surgery. 109 
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1.2.1.2 Flunixin meglumine 110 

Flunixin meglumine (FM) is available in Canada for swine in two different formulations 111 

(8). Banamine® (50 mg/mL flunixin equivalent to 83 mg FM, Intervet Canada Corp., Kirkland, 112 

QC, Canada) and Flunazine® (50 mg/mL flunixin equivalent to 83 mg FM, Bimeda-MTC 113 

Animal Health Inc., Cambridge, ON, Canada) are both labeled for use to aid in reducing pyrexia 114 

associated with swine respiratory disease.  115 

The PK and PD of FM in piglets has been evaluated in previous research after IV 116 

injection (19). PK have also been recently evaluated in nursing pigs after IM injection (17). 117 

Research into PK and PD after IM injection of FM has been conducted in growing pigs (20) and 118 

mature pigs (21). Levionnois et al. (19) studied nursing piglets, mean age 10 d and mean 119 

bodyweight 4.4 kg, given FM IV at either the label dose of 2.2 mg/kg, or at 4.4 mg/kg. They 120 

found overall PK parameter values of FM in nursing pigs were similar to that demonstrated in 121 

mature swine (19,21). Although the PK values were similar between these age groups, 122 

Levionnois et al. advised this should be interpreted with caution as age-related differences have 123 

been seen with NSAIDs in swine for meloxicam. Nixon et al. (17) found comparable Tmax and 124 

T1/2 in 5-d-old piglets to that reported by previous research conducted in gilts (21). These values 125 

were both longer than what had been previously reported by Levionnois et al. (19) following IV 126 

administration in 10-d-old piglets, which is unsurprising giving the different routes of 127 

administration. 128 

The PD of FM in 10-d-old pigs was evaluated by Levionnois et al. (19), who used a 129 

kaolin-induced inflammatory model to measure the level of analgesia piglets received from FM. 130 

They found that FM significantly inhibited peripheral hyperalgesia at both 2.2 mg/kg (label dose) 131 
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and 4.4 mg/kg (high dose), with the pigs treated at 4.4 mg/kg seemingly more effectively 132 

analgesed and having a quicker recovery time (19). As suggested with meloxicam, it is possible 133 

the analgesia provided in the kaolin-induced inflammatory model may not translate into 134 

analgesic benefit for post-castration pain control. In addition, the PD modeling was conducted 135 

after IV dosing of FM, which is unlikely to be the route of drug administration in commercial 136 

piglets at the time of castration. As with meloxicam, research by Nixon et al. (17) showed a later 137 

Tmax and longer T1/2 for FM in ISF compared to plasma. This suggests greater analgesia may be 138 

achieved with FM with dosing prior to castration, as well as greater drug presence at the site of 139 

action even if no longer measurable in plasma (11,17,18). 140 

1.2.1.3 Ketoprofen 141 

Two formulations of ketoprofen are available for use in swine in Canada (8). Anafen® 142 

(ketoprofen 100 mg/mL, MERIAL Canada, Inc., Baie d’Urfé – QC, Canada [now distributed by 143 

Boehringer Ingelheim Canada Ltd., Burlington, ON, Canada) and Ketoprofen V® (ketoprofen 144 

100 mg/mL, Modern Veterinary Therapeutics, LLC, Miami, Florida, USA) are both labeled for 145 

the treatment of fever and inflammation associated with respiratory infections.  146 

Ketoprofen exists in two different enantiomeric forms, S-ketoprofen and R-ketoprofen, 147 

which are present in veterinary formulations as a racemic (50:50) mixture. S-ketoprofen 148 

demonstrates inhibition of COX enzymes at 2-3 orders of magnitude lower than R-ketoprofen, 149 

hence it is thought that the S- enantiomer may possess better analgesic pharmacological activity 150 

vs. the R- enantiomer (22,23). Fosse et al. (24) examined the PD of the two enantiomers and 151 

noted contributions of both R-ketoprofen and S-ketoprofen to analgesia. In particular, it was 152 

noted that R-ketoprofen appears to provide a more potent and initial analgesia, whereas  153 
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S-ketoprofen is less potent but the analgesic effect is more prolonged (24). The mechanism for 154 

analgesia with R-ketoprofen is reported to be other than COX inhibition, though the specific 155 

mechanisms remain unknown. As both enantiomers contribute to analgesia in castrated pigs, 156 

both warrant individual attention in studies of castration-associated pain. 157 

In nursing pigs, both the PK and PD of ketoprofen enantiomers after IM injection at 6 158 

mg/kg have been reported (24).  Differences in PK depend on piglet age when using an IV 159 

injection of ketoprofen at 6 mg/kg (25). Both of these studies (24, 25) utilize ketoprofen at an 160 

increase from the label dose of 3 mg/kg.  This was based on the authors’ previously conducted 161 

pilot study (unpublished data) suggesting that the label dose did not have significant effects on 162 

treatment endpoints measured. Research has demonstrated enantioselective PK of ketoprofen 163 

when administered to pigs. The IM injection of ketoprofen at 6 mg/kg showed the plasma drug 164 

concentration of S-ketoprofen to be higher at all timepoints than the concentration of R-165 

ketoprofen (24). S-ketoprofen displays a more prolonged T1/2 than R-ketoprofen, and R-166 

ketoprofen was not present at levels above the limit of quantitation (LOQ) after 4 h post-167 

injection (24). The relative plasma drug concentrations of the two enantiomers in nursing piglets 168 

given IM injections, as well as the differences in T1/2, were similar to what has been previously 169 

seen in 9 to 13-week-old pigs (26). Additionally, chiral inversion of R- to S-ketoprofen has been 170 

demonstrated after administration of R-ketoprofen in pigs with rapid inversion of up to 70% R-171 

ketoprofen to S-ketoprofen (27). This may account for the rapid disappearance of R-ketoprofen 172 

from the bloodstream, and may account for PK differences noted between enantiomers. In 173 

comparison of AUC values for IM vs IV injection, there was excellent bioavailability (near 174 

100%) for both R- and S-ketoprofen, which is in line with a high bioavailability following IM 175 
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injection in older growing pigs (28). Drug clearance after both IM and IV injection of ketoprofen 176 

indicated that R-ketoprofen has a much higher clearance than S-ketoprofen, which is thought to 177 

be associated with elimination differences between the two enantiomers (24,25). When 178 

comparing piglet age at the time of IV drug administration (6 d on average vs 21 d on average) 179 

of ketoprofen at 6 mg/kg, AUC and Cmax values were higher for 21 d piglets, corresponding to a 180 

higher volume of distribution in 6 d old pigs due to their larger extracellular volume (25). 181 

Unexpectedly, clearance in 6 d old piglets was higher than for 21 d old piglets, which the authors 182 

recognize as opposite from what is seen in other species (25).  183 

The PD of ketoprofen in piglets were studied by Fosse et al. (24) using a kaolin 184 

inflammation model. However, their study utilized a dose of 6 mg/kg, which is twice the label 185 

dose for pigs. They justified this decision by citing ineffectiveness at the 3 mg/kg dose in 186 

previous unpublished research (24). At a dose of 6 mg/kg administered IM, mechanical 187 

nociceptive threshold testing was significantly improved (longer) by the administration of 188 

ketoprofen compared to placebo treated pigs, however there appeared to be little to no anti-189 

inflammatory effect, as indicated by temperatures taken per rectum (anesthetic monitoring probe) 190 

and from the skin around the inflamed joint (infrared thermometer) (24). Similar to meloxicam 191 

and FM, the findings for ketoprofen by Nixon et al. (17) indicate a later Tmax and longer T1/2 for 192 

S-ketoprofen in ISF compared to plasma. Similar extrapolations are made for FM as for 193 

meloxicam, in particular that in order for drug to be present at the target site of action, early 194 

dosing is recommended (17). 195 
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1.2.2 Pharmaceutical compounding of NSAIDs with other medications 196 

The customization of any medication by a pharmacist or veterinarian is considered 197 

compounding, and can involve modification of a final drug formulation or creation of 198 

formulation from raw bulk drug (9). This definition applies to the mixing of any NSAID with ID 199 

prior to injection. The practice of compounding in food producing animals is discouraged by 200 

veterinary associations including the Ontario Veterinary Medical Association (29) and Canadian 201 

Veterinary Medical Association (10), as well as pork industry groups such as Ontario Pork (30) 202 

and Canadian Pork Council (31). The only caveat being that if a compounded medication is 203 

considered medically necessary, and decision tree analysis with cautions are provided by a 204 

veterinarian, the practice of compounding could be considered acceptable.  205 

The modifications of drug formulations other than what is indicated on the label is 206 

considered compounding, including the mixing of drug formulations together in the same bottle 207 

prior to injection (e.g. mixing of NSAID with ID) (9). While this practice may reduce the 208 

number of injections a piglet would receive, as well as minimize piglet handing, there is the 209 

potential for pharmaceutical interactions leading to alterations in PK and drug bioavailability, as 210 

well as possible adverse effects on animals, and the creation of human food safety concerns (32). 211 

Health Canada discourages the use of compounded products in food-producing animals, and 212 

notes that veterinarians are solely responsible for establishing and providing proper withdrawal 213 

times for compounded medications (9). Appropriate drug withdrawal times are essential to 214 

ensure that any products consumed from food-producing animals contain a safe level of drug 215 

residues (9). Veterinarians in Canada can consult the Canadian global Food Animal Residue 216 

Avoidance Databank (CgFARAD) for assistance to determine withdrawal times of drugs used in 217 
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an extra-label manner. However, CgFARAD will not provide advice on withdrawal periods for 218 

compounded drugs (9).   219 

If the compounding of a drug for use in food-producing animals is to be considered 220 

rational, PK data, and ideally food safety data, should be generated in the intended species. 221 

Previous PK evaluation of meloxicam (Metacam®, Boehringer Ingelheim Canada) and flunixin 222 

meglumine (Banamine®, Merck Animal Health) mixed with ID showed an overall decrease in 223 

the drug bioavailability of both NSAIDs (33). In a separate in vitro study of the potency of 224 

flunixin meglumine and meloxicam, when either was mixed fresh with ID in the same bottle and 225 

allowed to sit at room temperature, a significant and fairly rapid drop in drug levels measured by 226 

mass spectrometry over 24 h was noted (33). Additional research compared piglets administered 227 

meloxicam compounded with ID prior to castration compared to non-analgesed castrates, and 228 

found lower serum cortisol levels in piglets given meloxicam mixed with ID, suggesting reduced 229 

post-surgical pain (34). There has been previous success with the veterinary approval of the 230 

combination product of ID and toltrazuril (Baycox® Iron 36 mg/ml + 182 mg/ml suspension for 231 

injection for piglets, Bayer Animal Health GmbH, Leverkusen, Germany) indicated for the 232 

prevention of clinical anemia and coccidiosis in neonatal piglets (35). A similar veterinary 233 

approved combination product combining toltrazuril and ID (Forceris®, 30 mg/mL toltrazuril 234 

and 133.4 mg/mL iron, Ceva Santé Animale, Libourne, France) was shown to control 235 

experimental infection with Cystoisospora suis as effectively as toltrazuril and ID given 236 

separately (36). A field study evaluating the same product found that it effectively controlled 237 

natural Cystoisospora suis infection, by comparing body weight gains, diarrhea incidence, 238 

numbers of positive oocyte samples, and oocytes per gram of feces (37). While the results of this 239 
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field study (37) are encouraging, it is important to note that the product was not compared to 240 

toltrazuril given separately from ID, and thus any loss of effectiveness to combat natural 241 

infection is unknown. The above mentioned veterinary approved combination products show that 242 

combining drugs with ID can be efficacious and safe for their intended use, including 243 

maintaining human food safety with approved withdrawal times. However, if a veterinary 244 

approved NSAID is to be mixed with a veterinary approved ID product in the same bottle for use 245 

in piglets at the time of castration, the new final formulation would be considered compounded 246 

unless the original formulation labels allow for it.  If this practice is to be considered rational use 247 

of drugs, PK studies and drug depletion studies would be warranted in the intended species. 248 

1.3 Consumer interests and the importance of working towards practical 249 

on-farm solutions to mitigate castration pain 250 

When considering the use of analgesics for animal husbandry procedures that are painful, 251 

there are multiple considerations to keep in mind. Animal welfare is a priority, and the 252 

consideration and provision of appropriate analgesia, at any stage of swine production, must be 253 

implemented to minimize animal discomfort. Maximizing the economics and streamlining the 254 

logistics that are associated with food-animal production, for both stockpersons and 255 

veterinarians, is another reality.  Labour inputs such as animal handling, costs of medications, 256 

and time management need to be considered in order for a production system to operate 257 

optimally. In addition, the health and wellbeing of those working with animals, including mental 258 

health and safety, are also important. It is also of importance to consider societal norms and 259 

expectations when it comes to responsible food-animal production. Consumers and the public are 260 

more engaged in learning about where their food comes from and have greater access to various 261 
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forms of media related to animal production systems. Consumers have the ability to influence 262 

market trends through purchasing practices, and values that are important to them come into play 263 

when making purchasing decisions. 264 

The interest in improved food-animal welfare is not limited to North America, and 265 

welfare-related changes to policy regarding animal production practices have been implemented 266 

in various countries. Several European countries have banned physical castration in swine 267 

without anesthesia (Sweden, Norway, Switzerland), and the European Union made a declaration 268 

to end the practice of piglet surgical castration by 2018 (38). However, the EU phase-out target 269 

date was not met, as predicted by surveys of EU producers (39). Efforts to phase-out castration in 270 

the EU continue, and may help to serve as model for phase-out of surgical castration elsewhere 271 

in the world (39).  272 

 Several alternative solutions have been explored regarding castration without analgesia 273 

such as the use of anesthesia/analgesia at the time of castration (3,40,41,42), marketing of intact 274 

male pigs (3,43), immunocastration (3,44), and the possibility of genetic selection of male pigs 275 

with lower boar taint levels (45). The uptake of alternative castration practices in Canada has 276 

been slow. Many producers report that they are in favour of improving piglet welfare in regard to 277 

castration (6,39,46,47,48). However, there has been a slow uptake of alternative practices, with 278 

particular concerns associated with labour input and logistics, profitability, animal performance, 279 

effectiveness, and consumer acceptance (6,39,46,47,48). In particular, federally-inspected 280 

packing plants in Canada do not accept intact male pigs due to facility design as well as 281 

expectations from international export destinations, which limits the utility of many of these 282 

surgical castration alternatives (personal communication, Dr. Robert Friendship). In addition, the 283 
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economic impact of alternative castration practices differs with each practice. These impacts 284 

must be considered on a case-by-case basis to find an alternative solution that best fits each 285 

producer’s situation (49). Many of the concerns expressed by producers regarding adoption of 286 

new procedures can be alleviated through discussion, hands-on experience, and training 287 

(48,50,51). However, for new procedures resulting in an intact male pig, unless the packers and 288 

retailers accept intact males then discussion, hands-on experience and training is wasted. As it is 289 

unlikely that federally-inspected packing plants will change the type of pig they will accept in 290 

the near future, reliance on analgesic solutions to surgical castration will be required. 291 

Surveyed consumers also have demonstrated varied opinions towards the use of 292 

alternative practices regarding surgical piglet castration without analgesia and on the alternative 293 

options. In general, consumers find castration without pain relief to be unacceptable 294 

(52,53,54,55), though in some cases these attitudes varied between acceptable and unacceptable, 295 

resulting in a neutral acceptability average (56). Castration with anesthesia/analgesia was seen as 296 

mainly favourable and preferred above other alternatives (52,53,54). Immunocastration raises 297 

concerns for consumers surrounding topics such as potential for hormone residues, pricing, and 298 

meat taste (52,53,57). Some survey data have supported that in certain European countries, 299 

consumers were more accepting of immunocastration once they understood more about the 300 

practice and preferred it to physical castration without anesthesia (58,59). Gene modification to 301 

reduce boar taint has been met with both favourable attitudes regarding improved welfare, and 302 

concerns for presumed health hazards associated with genetic modification (60). Analgesia 303 

provided at castration appears to be the preferred method to deal with castration pain in the eyes 304 

of consumers. While these opinions may influence what is adopted by the industry, it is 305 
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important for veterinarians and researchers to continue to make evidence-based 306 

recommendations on the options available. 307 

Consumer willingness to purchase more expensive pork resulting from the added costs of 308 

production associated with alternatives to surgical castration has also been explored. While one 309 

study noted that consumers would not be willing to pay extra for piglets given 310 

anaesthesia/analgesia (54), a study in the EU noted that consumers on average would pay the 311 

most for meat from pigs castrated with anaesthesia and analgesia (2.17€/unit), slightly lower for 312 

intact boar meat (2.12€/unit), lower for meat from immunocastrated pigs (1.33€/unit) and the 313 

lowest amount for piglets castrated without pain relief (1.17€/unit) (61). In Canada, it has been 314 

shown that 77-100% of consumers (depending on their baseline level of trust) would pay 315 

premium prices for pork raised with a CQA® (on-farm accreditation) label if it were to be placed 316 

on products (62). Results such as these indicate an economic incentive to work towards efficient 317 

methods of delivering pain control to piglets at castration. 318 

While attitudes towards various aspects of animal husbandry may differ between 319 

producers, consumers and veterinarians (63), the merit of all opinions and experiences must be 320 

considered when evaluating the way food-producing animals are raised. The willingness to adopt 321 

post-procedural analgesic treatments by producers, the efficacy of analgesics to deal with 322 

castration pain, and the veterinary expertise of using such treatments should all be included in 323 

research efforts that evaluate methods of NSAID use to control castration pain. 324 
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1.4 Potential benefits and concerns for combining NSAIDs with ID 325 

There are benefits to the combination of injectable NSAIDs with ID prior to injection to 326 

control post-castration pain in piglets. A single injection as opposed to multiple, decreases the 327 

amount of time a piglet is handled, and decreases the number of times they experience the 328 

discomfort of an injection. It has been documented that when piglets are handled with no 329 

additional procedures conducted, that they are more likely to develop an increased heart rate and 330 

arrythmias indicative of a stress response compared to piglets during housing or transport 331 

situations (64). One research group studied varied handling practices, and their practices 332 

categorized as “unpleasant” or “inconsistent” were shown to result in decreased feed conversion 333 

(65) as well as decreased growth rates (65,66) when compared to “pleasant” or minimal 334 

handling. Furthermore, an elevation in serum cortisol, an analyte that is used to measure stress 335 

response, has been documented immediately after handling occurs (65,66). In addition, cortisol 336 

levels were elevated in piglets that had been handled “unpleasantly” after humans were 337 

introduced into their environment 14 weeks after their initial handling experience, suggesting 338 

both acute and chronic stress responses (65,66). This indicates that early experiences of piglets 339 

that cause them stress can continue to influence the stress response of these pigs later in life. 340 

Hence, minimizing handling stress early in life has the potential to reduce learned stress 341 

responses in later production stages, as well as positively affect production efficiency. 342 

A decrease in labour inputs resulting from the mixing of NSAIDs with ID as opposed to 343 

giving each as a separate injection has been of interest to producers (7). For large-scale 344 

production units, this has the capability to translate into an economic benefit, with regard to a 345 

decrease in staff needed to perform procedures, though to the author’s knowledge, research 346 
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directed at this aspect has yet to be completed.  Stockpersons can then devote time to other 347 

activities in the barn, which can increase the level of husbandry provided to other animals in the 348 

herd. As noted previously, consumers also reported an increased willingness to pay higher prices 349 

for pork if it is ensured that the pork comes from animals who receive analgesia (61,62).  350 

Many aspects need to be considered prior to the simple act of mixing two medications 351 

together. Most importantly the potential drug interactions, as well as potential alteration of the 352 

bioavailability and PK of the drug intended for use for analgesia (32). The degree to which these 353 

alterations may affect the level of analgesia the pig receives is uncertain, and also warrants study. 354 

If analgesia is lower than what would normally be provided without drug mixing, this is a 355 

concern for the welfare of the animals in question and is not compliant with the current Code of 356 

Practice (5). 357 

1.5 Assessing pain control efficacy of NSAIDs for castration pain in pigs 358 

1.5.1 The study of pain in pigs 359 

When studying pain, it is important to understand that pain is subjectively experienced by 360 

individual animals, and it is not possible to directly measure this (67). Measurement of pain 361 

should be valid, reliable and sensitive (68,69). This ensures an increased likelihood that pain is 362 

indeed what is being measured, as opposed to a related state (anxiety, fear, general sickness). 363 

Ensuring validity, reliability and sensitivity also ensures repeatability between and within 364 

observers, decreases bias, and ensures detection of pain at low levels, respectively (68). 365 

 Ideal pain assessment tools should specifically detect differences between a painful 366 

experience compared to an animal being handled or left undisturbed (68). In pigs, it has been 367 
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summarized that spontaneous pain related behaviours have the highest reliability to indicate pain 368 

(68). However, it is possible that some behaviours classified as pain-related are instead 369 

associated with things such as itch, stress, sedation, or motor impairment, and this can lead to 370 

misclassification bias (70,71). This would occur at a higher frequency if we are attempting to 371 

increase sensitivity to identifying any pain, such as using a composite scoring system that 372 

allowed for any one of several behaviours resulting in a positive pain assessment. This is also of 373 

concern if a particular behaviour has been classified as pain-related by previous research when it 374 

was not in fact measuring pain, and subsequent pain researchers then select this behaviour to 375 

observe for as an outcome measure, leading to misinterpreted study conclusions (70). That said, 376 

it has also been suggested that it may be helpful to know that an animal is experiencing 377 

“something” even if it is not pain specifically, after a potential adverse event (72). Some pain-378 

associated behaviours can happen too infrequently to be measured accurately, especially if the 379 

time periods selected to observe that behaviour are too short, infrequent, or are conducted at a 380 

time-period post-stimulus when that behaviour is unlikely to occur (68,70). Perceived post-381 

procedural pain associated with castration can be observed for up to 4-5 days depending on what 382 

behaviour is being observed (4). Research that observes minimal or selective behavioural 383 

outcomes could result in missed observations if combined with an inappropriate sampling 384 

regime. The employment of continuous subject (animal) monitoring is often too time consuming, 385 

or may require more resources than available, so behavioural outcome selection must also 386 

consider practicality of sampling (68,69). To add to the difficulties of using behaviour to 387 

determine pain, pigs have been shown to be susceptible to emotional contagion and may behave 388 

in a similar manner to pen-mates even though they are not experiencing the same subjective state 389 
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of pain (73,74). Age has also been suggested as a potential reason for differing presentations of 390 

pain behaviour, although Taylor et al. (75) found no differences in vocalization or pain 391 

behaviours associated with castration at 3, 10 or 14 d of age. Lastly, Hessing et al. (76) 392 

concluded that pigs have an individuality in how they deal with stressful situations and that this 393 

may alter how they respond to stressful situations, though this evidence has faced criticism by 394 

other researchers in the field (77).  395 

 It is recommended that the assessment of pain in animals including pigs should make use 396 

of multiple indices of pain in order to draw conclusions on the animals’ subjective experience 397 

(67,68).  Prunier et al. (72) noted that a combination of pain indicators increases the sensitivity 398 

and specificity of detecting pain as compared to a single behavioural indicator. Multiple discrete 399 

behaviours displayed by an organism that are catalogued together are referred to as an ethogram 400 

and have been used to study a variety of species (70). These behaviours can then be analyzed 401 

separately or combined to form a composite score. An example of a complex ethogram 402 

examining individual behaviours after castration in piglets was utilized by Hay et al. (4). 403 

Composite scoring of pain occurs when multiple behavioural outcomes are combined 404 

together to create a single overall score, as has been done in several studies of piglet castration 405 

(78,79,80,81). It is worth noting that a single combined score may increase or decrease the 406 

chance that a piglet is classified as experiencing pain, due to the potential for magnification or 407 

dilution of the significant effects of one behaviour by the non-significant effects of several others 408 

included in the same score. In this way, composite scoring can lead to misclassification bias in 409 

either direction (71) and thus a potential for over- or underestimation of pain. This type of bias 410 

was apparent in one study that evaluated a “painful behaviours” grouping (79); while one 411 
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behaviour (tail wagging) was significant on its own, none of the other behaviours showed any 412 

differences between castrated and sham handled piglets. In this case, the significance of tail 413 

wagging contributed to the significance of the composite score. 414 

The data generated by trained observers when studying pain in animals should be highly 415 

reliable. Demonstration of observer reliability within animal behaviour studies has in the past 416 

been found lacking, as described by Kaufman and Rosenthal (82), who found that only 4 out of 417 

100 studies in the journal “Animal Behaviour” had any mention of interobserver reliability. 418 

Calculation of observer reliability by researchers ensures that potential observer biases are 419 

accounted for, and that there is repeatability of the assessment tool used amongst observers. In 420 

regard to sensitivity, it has been noted that pain should be overestimated where possible, in order 421 

to give the observed animals the “benefit of the doubt” in regard to any discomfort they are 422 

feeling (67). While this allows us to account for any pain that may be present, this also raises the 423 

problem of inaccurately representing whether a condition is painful, or whether an animal is 424 

sufficiently analgesed. This is because more animals are classified as painful when they are in 425 

fact not. Sufficient observer training and experience can decrease misclassification and increase 426 

inter- and intra-observer reliability, helping to alleviate these concerns (67). 427 

1.5.2 Assessment of post-operative castration pain in pigs 428 

The pain associated with surgical castration in pigs is measured in numerous ways. The 429 

assessment tools used largely depends on whether the researcher is interested in the acute pain, 430 

i.e. the incision of the scrotum or transection of spermatic cords during the castration procedure 431 

(41,81,83,84), or the ongoing inflammatory pain, i.e. that which occurs after the castration 432 

procedure has concluded (4,41,80,81).  433 
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The most utilized pain assessment metrics used to study post-operative castration pain, 434 

are individual pain-associated behaviours (either on their own or as part of an overall scoring 435 

system), measures of social cohesion, activity scoring and physiologic measurements. 436 

Vocalization is also a regularly studied outcome in castration pain research, but most often in 437 

reference to controlling acute pain at the time of the castration procedure. Experimentally 438 

induced pain such as a kaolin-induced inflammation of distal limbs was also studied in 439 

assessments of the analgesic efficacies of medications such as NSAIDs using PD modeling 440 

(12,24). PD modeling in pigs is often used to extrapolate the ability of these drugs to control pain 441 

at other sites (e.g. castration site). 442 

1.5.2.1 Individual behaviours 443 

Individual behaviours are discrete behaviours performed by each individual piglet that 444 

are presumed to be linked to pain. When comparing castrated pigs to sham handled pigs, several 445 

individual behavioural differences have been explored. These behaviours include posture 446 

alteration such as a hunched back, spasms/tremors, trembling, rump scratch/scoot, tail wag, 447 

facial grimacing, and vocalization (Table 1.1). With regard to timing of presentation of the 448 

individual behaviours, several studies noted increased frequencies of behaviours immediately 449 

post-castration (4,85), though it is possible to see behavioural differences exhibited days after 450 

castration has occurred (4,85).  451 

 Postural alterations (i.e. hunched back) thought to be indicative of hind end pain was 452 

noted with increased frequency in piglets by McGlone et al. (86) in 1993. Hay et al. (4) 453 

described piglets standing motionless with their head lower than their shoulders, as a form of 454 

“prostration”. Hay et al. (4) found this behaviour was increased in the immediate post-castration 455 
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period in castrates compared to non-castrates, though no difference was seen for the subsequent 456 

4 days. Moya et al. (85) also found this hunched posture increased immediately post-castration, 457 

as did Gottardo et al. (71) who grouped this behaviour with 3 other pain-related behaviours. 458 

Lonardi et al. (87) described a combination of significantly higher incidence of castrated piglets 459 

with one or more hind limbs protracted forward as well as kyphosis (hunched back) compared to 460 

non-castrates. In contrast, one study by Sutherland et al. (81) used a posture that they termed 461 

“huddling” and these authors described huddling as standing with a hunched back. This is not to 462 

be confused with other papers that use the term huddling in pigs to mean the pigs are piled up in 463 

close proximity to one another. However, Sutherland et al. found that this “huddling” behaviour 464 

did not differ between castrates and non-castrates in the observation period 2.5 h post-castration 465 

(81). These differences in definitions of behaviours and how they are recorded for similar named 466 

outcome measures further confuses our ability to synthesize the findings present in the literature, 467 

especially when separate research findings regarding castration pain appear contradictory. 468 

 Spasms or tremors, which are described as quick sudden involuntary muscle movements 469 

seen under the skin (usually involving the legs), were described in a number of studies, though 470 

with limited usefulness. One study that grouped spasms/tremors with 3 other pain-related 471 

behaviours found an increase in those behaviours during the first 30 min following castration 472 

(80). Three other studies found no difference in these behaviours either in the first 3 h post-473 

castration (85), the first 8 h after castration (79) or over 4 d following castration (4). Hay et al. 474 

(4) also described a similar behaviour, “trembling” as “general shivering as if cold” and found 475 

this behaviour to be observed more frequently in castrates immediately post-castration. A similar 476 

study by Moya et al. (85) also observing piglets immediately post-castration found no difference. 477 
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These behaviours, while perhaps initially thought of as pain-related, may in fact be reflecting 478 

another sensation or stimulus in these animals, as support for their ability to identify pain is 479 

inconsistent. 480 

 The behaviour of a piglet dragging or itching their rump on the pen floor or against the 481 

sides/surfaces of the pen has been referred to in numerous ways, including “scratching”, “rump 482 

scratching” and “scooting”. Hay et al. (4) found this behaviour significantly increased in 483 

castrates compared to non-castrates at various timepoints during the first 3 d post-castration. 484 

They found the peak occurrence of this behaviour was around 24 h post-castration (4). Viscardi 485 

and Turner found no difference in this behaviour observed as a single measure in the 8 h post-486 

castration, or at 1 h of observation 24 h post-castration (79). Two other studies included this 487 

behaviour within a single composite measure of pain (80,81). Gottardo et al. (80) found a 488 

significant difference in the first 30 min post-castration (castrates performing this behaviour 489 

more than non-castrates), though not 60-90 min post-castration. In contrast, Sutherland et al. (81) 490 

found no difference in rump scratching in the first 2.5 h post-castration (81). Research results 491 

appear to conflict for support of this behaviour as a measure of post-castration pain, though as 492 

previously stated, if this behaviour is spontaneous, it may not be observed as easily during 493 

experimental study. This also highlights an example of the difficulty in comparing results among 494 

separate behavioural outcome studies, specifically with regard to differing methods regarding the 495 

selection of observation windows to observe a behaviour. 496 

 Tail wagging, as movements of the tail from side to side, was utilized in an ethogram of 497 

pain-related behaviours by Hay et al. (4). This study found this particular behaviour to be present 498 

with greater frequency in castrates compared to non-castrates at various timepoints  499 
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post-castration and up to 4 days after castration had occurred (4). Of a variety of pain-related 500 

behaviours studied by Viscardi et al. (79), only tail wagging was found to be significantly higher 501 

in castrates compared to non-castrates. In contrast, Gottardo et al. (80) used this behaviour as 502 

part of their composite behaviour score and found a significant difference in the first 30 min 503 

post-castration (80). While promising as a behaviour to study, it is uncertain whether this 504 

behaviour is indeed associated with pain, but perhaps rather with another sensation such as itch 505 

or irritation. 506 

A novel individual behaviour observation that has gained some attention, is the potential 507 

use of a piglet grimace scale (PGS) (Table 1.2). Grimace scales in other species such as rodents, 508 

rabbits, cats, horses and sheep (Table 1.2) have shown accuracy and reliability in determining 509 

pain through observation of changes in the eyes, cheeks, nose and mouth. The development of a 510 

PGS has shown conflicting results. While one study suggests it to be a useful tool (88), this pilot 511 

study examined only 3-5 animals in 8 different treatment groups. In addition, while this pilot 512 

study found a higher PGS correlated with pain-related behaviours, no treatment effect was found 513 

comparing castrated controls with piglets receiving NSAID or topical anesthetic cream (88).  An 514 

additional study by the same authors (79) concluded that PGS was higher in castrated piglets 515 

compared to non-castrated piglets. However, this was among four combined groups with varying 516 

treatments, and the difference between untreated castrates and sham castrates was not significant 517 

(79). Additionally, observers were not blinded to castration status when assessing discomfort, 518 

and thus control of observer bias was compromised (79). Di Giminiani et al. (89) evaluated the 519 

PGS as an assessment tool for pain and noted an absence of change in PGS following castration 520 

compared to non-castrated animals. This suggests that there is limited ability of the PGS to 521 
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identify pain in castrated piglets (45). Di Giminiani et al. did note that the “orbital tightening” 522 

component of the PGS did show agreement among observers, but only in their assessment of tail 523 

docking (89). Similar results were found by Gottardo et al. (80), showing agreement among 524 

observers for the scoring of orbital tightening, but no agreement for scoring of cheek tension or 525 

overall pain. Despite agreement between observers for the scoring of orbital tightening, no 526 

differences were found in this outcome between castrated pigs to sham handled pigs (80). 527 

Researchers studying the use of automated processes such as neural networks in both mice (92) 528 

and rats (94) have been able to reliably detect facial changes related to pain in these species. This 529 

technology could be a solution to overcoming concerns with observer reliability for the PGS in 530 

settings where this technology can be feasibly adopted (i.e. research facilities). It appears from 531 

the research published to date that the PGS, as it has currently been developed, is ineffective at 532 

classifying pain in castrated pigs. 533 

Vocalization as previously mentioned, is helpful to determine acute painful events, such 534 

as scrotal incision and cord tearing/cutting associated with piglet castration. Several studies 535 

found increased measures of vocalization in piglets undergoing surgical castration as compared 536 

to piglets undergoing sham castration (81,83). Additionally, the methods of castration and other 537 

processing procedures have been compared, and it was found that procedural combinations 538 

deemed more stressful (e.g. tearing of spermatic cords instead of cutting them) resulted in 539 

increased measures of vocalization (84). For this study, piglets were allocated to treatment 540 

groups receiving a combined measurement of “more stressful” versions of several procedures at 541 

once, including tail docking, ear identification, teeth trimming and iron administration (84). The 542 

specific nature of pain that vocalization identifies (i.e. acute procedural pain) can assist in the 543 
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study of interventions such as anesthetics designed to numb the surgical area during castration, 544 

though may be less useful as a tool to monitor post-procedural inflammatory pain. 545 

Some additional studies utilize outcome measures that evaluate how an animal behaves in 546 

response to a painful stimulus. When pressure was applied to the scrotum, a higher sensitivity to 547 

this pressure measured via algometer readings was seen in castrated piglets compared to non-548 

castrates (80). Another behavioural response, “resistance movements”, were evaluated during the 549 

surgical castration period and were noted to be higher in piglets castrated without anaesthesia 550 

compared to those given lidocaine before castration (41). It is important to consider that some 551 

behavioural reactions in response to a pain stimulus can be attributable to reflex or an 552 

avoidance/learned response (70) and should be interpreted with caution.  553 

1.5.2.2 Social cohesion 554 

Social cohesion refers to measures of relatedness, such as proximity or behavioural 555 

similarity, between individual animals and other conspecifics around them. In the case of piglets, 556 

this refers to whether piglets are situated far from other piglets (isolation), or whether they are 557 

performing behaviours different to other piglets around them at any given time 558 

(desynchronization) (4). 559 

When castrated piglets were compared to sham handled piglets, they were seen to be 560 

more frequently isolated in the first few hours after castration, and later on in the first day post-561 

castration they were more frequently desynchronized (4). Similar results were found by Moya et 562 

al. (85) in regard to the occurrence of isolation and desynchronization. Moya also found overall 563 

significantly higher desynchronization in castrated pigs compared to sham handled pigs (85). 564 
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Research by Gottardo et al. (80) found that isolation was higher in castrated piglets as compared 565 

to sham handled piglets within the first 30 min post-castration, and not observed during a second 566 

observation at 60-90 min post-castration. A conflicting study by Viscardi and Turner (79) noted 567 

that neither isolation nor desynchronization differed between castrated and sham handled piglets. 568 

While piglet isolation is often noted as proximity to other piglets, Sutherland et al. (81) explored 569 

isolation as a measure of whether piglets had contact with other piglets or the sow. Their study 570 

found that piglets had significantly less contact when castrated as compared to sham handled 571 

piglets (81). As previous research has indicated that measures of social cohesion may change 572 

when piglets are experiencing pain, it may be a useful behaviour to observe when comparing 573 

piglets given different treatments post-castration. 574 

1.5.2.3 Activity 575 

A piglet’s level of activity may reflect their subjective experience of pain. In the initial 576 

few hours after castration, castrated piglets showed a decrease in both udder massage and 577 

suckling frequency compared to non-castrates (4).  Additionally, the castrated piglets appeared to 578 

spend more time awake but inactive (4). These activity-level  differences were also noted in the 579 

initial hours post-castration by Gottardo et al. (80). McGlone et al. (86) also noted a decrease in 580 

suckling duration by castrates, similar to Hay et al. (4) who found a decreased percent of 581 

castrated piglets found suckling or massaging the udder compared to non-castrated piglets. In 582 

regard to nursing behaviour, a contrasting study by Moya et al. (85) noted increased udder 583 

massage in castrated piglets, though no difference in suckling behaviour. An increased latency-584 

to-move in castrates compared to non-castrates was found by Lonardi et al. (87). In addition, 585 

they found general “altered locomotion” in the first few hours post-castration (peak at 20 min 586 
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post-castration) in castrated piglets (87). Castrates compared to non-castrates also were shown to 587 

have decreased walking (85), as well as increased lying time (86). In contrast, Viscardi et al. (79) 588 

found no apparent difference in any activity level related behaviours (i.e. awake inactivity, 589 

suckling, standing, lying, nosing udder) (79). While there are some differences between studies, 590 

it is clear that in general, the level of activity and activities performed by piglets in the farrowing 591 

pen become altered after surgical castration. This makes these outcomes of interest for study in 592 

regard to measuring whether or not pain is controlled by analgesic interventions. 593 

1.5.2.4 Physiological measurements 594 

Physiological measurement can be done through either direct or indirect observation of 595 

variables that are attributable to normative functioning of body systems and subsystems (102). In 596 

regard to pain, as this is a subjective state of the animal, these measurements would be 597 

considered indirect observation of that state. While the tools and techniques employed for 598 

measurement can vary, all outcome observations are empirically based (102). These 599 

measurements can be things such as temperature, heart rate, blood analytes, or a variety of other 600 

more complicated tools of assessment. 601 

The study of the hypothalamic-pituitary-adrenal axis (HPA) response to stress by 602 

measurements of corticosterone, cortisol, or ACTH has been often employed in the past to 603 

measure stress in animal populations. Hay et al. (4) found no difference in urinary corticosteroids 604 

between castrated and non-castrated pigs. In contrast, a number of other studies have found 605 

cortisol to be elevated post-castration in castrates compared to sham handled piglets (Table 1.3). 606 

Studies measuring serum cortisol over time in castrated vs. non-castrated piglets have found 607 

differences between these groups at various time points ranging from 20 to 90 min  608 
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post-castration (81,86,103,104). Levels of ACTH were compared in castrated vs. non-castrated 609 

pigs also, and it was found that ACTH was significantly higher in castrates at 4 sampling times 610 

between 5- and 60-min post-castration, but not at sampling times past 60 min (104). While 611 

cortisol measurement is useful in studies of pain and distress, it has been shown that other factors 612 

may elevate levels in the blood, and results should be interpreted cautiously (105,106). Sources 613 

of variation in cortisol measurement include pulsatile secretion, diurnal and seasonal rhythms, 614 

recent feed intake, temperature and humidity, breed, age and physiological state (105,106). 615 

While some of these things may be able to be controlled for by blocking, measurement, or 616 

statistical modeling, it is unlikely that all factors may be controlled for. Other stress hormones 617 

evaluated include catecholamines, which when studied by Hay et al. (4) via urinary sampling, 618 

showed no difference between castrated and sham handled piglets. 619 

Metabolites such as glucose and lactate have also been studied in relation to castration, 620 

due to the increased release of these products after an increase in blood glycogen levels caused 621 

by catecholamines released during the stress response (104). Increases in glucose in castrated vs 622 

non-castrated piglets post-castration were noted in several studies (87,107). A number of other 623 

studies however did not demonstrate a difference in this parameter (83,104,108). Lactate levels 624 

were found to be significantly higher in castrated piglets compared to non-castrates at 5, 15- and 625 

30- min post-castration, though not at any other timepoints up to 180 min (104). 626 

Some studies have focused on biomarkers that are associated with tissue effects, that are 627 

thought to be an indirect measure of pain. Acute phase proteins (APPs) are studied in relation to 628 

their tendency to increase (positive APP) or decrease (negative APP) with inflammation. Several 629 

APPs have been studied in relation to piglet castration. C-reactive protein (CRP) has been found 630 
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in one study to trend to increase in castrates following the surgical castration procedure 631 

compared to non-castrates (81). However, another study found no difference between these 632 

groups for CRP (85). No differences in other APPs (serum amyloid A and haptoglobin) were 633 

found between castrates and non-castrates post-castration (85). Similarly, there were no 634 

differences noted in other markers of inflammation including inflammatory cytokines; 635 

particularly tumor necrosis factor-alpha (TNF-a) and interleukin-1beta (IL-1b) between non-636 

castrates and castrates post-castration (85). Aside from inflammation, creatine kinase (CK), a 637 

marker of tissue damage, has also been studied and found not to differ between castrates and 638 

non-castrates (83). 639 

Measurement of body temperature has been utilized as an outcome measure,  though 640 

there are differences between studies in the directionality of expected change and the location of 641 

temperature measurement. Internal body temperature increases can occur with extensive tissue 642 

damage. Lonardi et al. (87) found that there were higher rectal and eye temperatures recorded 3 h 643 

post-castration, in castrates vs. non-castrates. However, the authors of that study note that 644 

measurement of eye temperature requires several manipulations of each animal and a lengthy 645 

process to acquire data, which could affect outcome results (87). Other studies instead evaluate 646 

for a decrease in skin temperature, which is associated with blood redirection to essential organs 647 

during sympathetic nervous system activation (109). Bonastre et al. (107) found a significant 648 

decrease in skin temperate for castrates vs non-castrates immediately post-castration. This 649 

difference, however, was not present at 20 min post-castration (107). 650 
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1.5.2.5 Developing novel objective outcome measures for castration-associated pain in pigs 651 

Recent research has investigated new ways to assess pain associated with castration in 652 

swine. It is recognized that there is inherent subjectivity and observer bias present in observer 653 

scoring of behaviour, as well as a degree of non-specificity of physiological indirect measures of 654 

pain. While these measures are still useful and worth investigating, it is helpful to continue to 655 

investigate and implement new observational methods that may provide an objective measure 656 

about the subjective experiences of the animal. The investigation and validation of alternative 657 

methods of interpreting animal pain have been recommended in several reviews of pain 658 

assessment in pigs (68,69,70,72). This is also the case in research involving human pain, in that 659 

the subjective experience of pain would seem to have a gold standard of self-reporting, it is also 660 

prone to types of bias, and objective measures of pain assessment have been recommended 661 

(110). 662 

A composite acute pain scale for piglet pain was recently described by Luna et al. (111), 663 

which was developed in 38 d old piglets. This has the potential to be used as tool by 664 

stockpersons, researchers and veterinarians as an aid in the assessment of piglet pain and 665 

potential need for analgesic interventions. If such a scale could be validated for piglets within the 666 

first week of life, this could provide an alternative means of assessing post-castration pain in 667 

nursing piglets as opposed to single behaviour transcription. 668 

A novel tool for the study of castration pain in piglets is the timed navigation of a small 669 

chute leading back to the sow as described by Bilsborrow et al. (112). The time required to 670 

navigate down the chute and return to the sow is considered an indication of the piglet’s level of 671 

comfort to walk or run, including stepping over hurdles. This is an indirect indicator of pain that 672 
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the piglet may be experiencing post-castration. Piglets are timed for how long it takes for them to 673 

travel from the start of the chute, over 2 hurdles, and through the exit into their farrowing crate to 674 

reunite with their mother (112). This assessment tool allows a discrete objective measure (i.e. 675 

transit time) to assess pain for each piglet, rather than relying on a more subjective behaviour 676 

observation. Chute navigation time (NT) comparing castrated and non-castrated piglets has 677 

shown longer NTs for castrated piglets (112). This assessment tool has also been used to 678 

compare castrated piglets with or without analgesia, in particular the use of meloxicam (112) and 679 

sucrose (113) as analgesics. 680 

A more invasive technique to investigate castration pain, particularly the acute pain of the 681 

castration procedure, involves electroencephalographic measurement (EEG) while a piglet is 682 

castrated under anesthesia (114). These EEG spectrum changes are used as outcome measures of 683 

nociception by piglet’s the cerebral cortex. Similar brain imaging in humans has also been 684 

utilized and determined to be superior to human self-reporting of pain (115). Though this may 685 

assist in determining better pain control for the castration procedure, the cost and resources 686 

required may not be feasible for all study situations.  687 

As previously mentioned, assessments of temperature changes have been employed in the 688 

study of piglet castration-associated pain. In one study, infrared thermography was employed as 689 

a novel non-invasive technique to study this phenomenon in castrated piglets with and without 690 

analgesia (116). There has been previous interest in evaluating levels of substance-P, a 691 

neurotransmitter considered a physiological measurement, which was thought to play a role in 692 

the transmission of pain signals to the central nervous system. To date, a single study has 693 

evaluated this in piglets for castration-associated pain, and no difference was noted in castrates 694 
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vs. piglets subjected to sham-handling, when measured post-procedure (81). Substance-P has 695 

been investigated in other species and differences were noted in castrated cattle compared to 696 

sham-handled cattle, with castrated cattle having higher levels of substance-P post-castration 697 

(117). 698 

Lastly, while it has not apparently been employed to study castration-associated pain, 699 

there has been investigation into the feasibility of utilizing automated technology to detect 700 

behaviour changes. Automated technology provides a potential opportunity to monitor castration 701 

pain, as postural changes, sickness or social and aggressive behaviour, standing and lying 702 

patterns, or feeding pattern changes (118,119,120). Machine learning and automated processes 703 

present opportunities to aid in the monitoring of piglet welfare, which can allow stockpersons to 704 

focus time on other aspects of animal husbandry or maintenance in the barn. In research settings 705 

machine learning allows a way to provide observational analysis with less subjectivity; this must 706 

however be balanced with the cost of the technology (118). 707 

Moving forward in the field of pain research, innovation and new technology will be 708 

essential to improve upon the ways in which research is conducted. New advances in pain 709 

assessment in non-pig species including humans can provide ideas and opportunities for new 710 

pain assessment tools in swine research as well. 711 

1.5.3 Assessment of NSAIDs for the control of castration pain 712 

As previous literature has demonstrated the presence of castration-associated pain in pigs 713 

in a number of ways, determination of practical methods to manage both acute peri-surgical pain, 714 

as well as post-operative pain, is warranted. In order for an analgesic to be effective, for pain 715 
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relief as well as acceptance in industry, there must be an achieved combination of ease of 716 

administration as well as analgesia for the duration of pain experiences (121).  As previously 717 

mentioned, licensed products in Canada for use in swine to control pain is limited to NSAIDs, in 718 

particular; meloxicam, flunixin meglumine and ketoprofen. Research into the efficacy of these 719 

drugs to control castration pain in piglets is ongoing, as castration pain can present in a variety of 720 

ways and over a large time span post-castration. Currently, only meloxicam is labeled for the 721 

control of castration pain in nursing piglets (8). Veterinary NSAIDs approved for use in older 722 

pigs for conditions other than castration can be evaluated for efficacy for post-procedural 723 

castration in nursing piglets and used in an extra-label manner.  724 

1.5.3.1 Meloxicam 725 

The majority of the research examining NSAIDs for the control of castration pain in 726 

piglets has been conducted on meloxicam.  727 

When looking at individual behaviours, Hansson et al. (41) found that meloxicam-treated 728 

castrates compared to non-analgesed castrates have a decrease in rump scratching, huddling, 729 

spasms, stiffness and prostration. Keita et al. (78) used a composite “global behaviour score” 730 

(GBS) and found that non-analgesed piglets compared to piglets treated with meloxicam prior to 731 

castration did not differ in pain behaviours during the castration procedure. In addition, they 732 

found that there were significantly less painful behaviours noted in the meloxicam group 2 h and 733 

4 h post-castration (78). Gottardo et al. (80) noted that in comparison to non-analgesed castrates, 734 

piglets given meloxicam 10 min prior to castration had decreased scrotal pressure sensitivity, and 735 

less painful behaviours in the first 30 min after castration. After 30 min however, no significant 736 

differences were seen (80). Langhoff et al. (122) noted that the frequency of occurrence of tail 737 
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wagging, drooping the tail and changing positions were significantly reduced when meloxicam 738 

was injected before castration compared to non-analgesed castrates. Burkemper et al. (123) 739 

reported no difference in behaviour outcomes when comparing non-analgesed piglets that were 740 

castrated to piglets given oral meloxicam alone or combined with topical application of lidocaine 741 

to the scrotal region for surgery (NSAID treatment given immediately after castration). This trial, 742 

however, did not include a comparison to a group of sham handled pigs and subjected piglets to a 743 

number of other painful processing procedures, which confounds the ability to assess whether 744 

castration-associated pain truly caused the differences in behaviour. In addition, the PK and 745 

target drug levels, and therefore drug efficacy, with oral administration of meloxicam may differ 746 

from administration as an injection, and makes comparison to other literature difficult. Viscardi 747 

and Turner (79) found that meloxicam did not reduce painful behaviours in the 8 h post-748 

castration, nor during an additional 1 h of observation at 24 h post-castration. However, when a 749 

composite score of pain was used as an outcome, the only individual behaviour was tail wagging 750 

(79). Observers in this study were not blinded to castration status when assessing discomfort, and 751 

thus observer bias may have been introduced (79). 752 

Measures of social cohesion were evaluated as part of the GBS by Keita et al. (78), and 753 

this score was lower for piglets at 2 and 4 h post-castration if given meloxicam compared to non-754 

analgesed castrates. Isolation as an individual measure was evaluated by Gottardo et al. (80), 755 

who found that this behaviour was decreased in meloxicam treated castrates compared to non-756 

analgesed castrates.  757 

Nursing activity was studied in castrated piglets given meloxicam, a combination of 758 

ketamine/azaperone/meloxicam (KAM), or no treatment, with all treatments given 10 min before 759 
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castration (124). It was found that piglets that received KAM spent an increased time away from 760 

the teat area, as well as lost their preferred teat position, as compared to piglets receiving 761 

meloxicam only (124). This suggests some concern for the effect on nursing patterns with the 762 

addition of sedative/anesthetic medication to the treatments piglets received around the time of 763 

castration. 764 

A variety of physiological markers have been evaluated for determining the level of 765 

analgesia provided by meloxicam to castrated piglets. Cortisol levels in meloxicam treated 766 

castrates vs. non-analgesed castrates was found to be lower in several studies (78,80,122,125), 767 

while other studies did not find this effect (83,107). There was no effect of treating castrates with 768 

meloxicam compared to non-analgesed castrates on acute phase proteins (41,78), lactate (83), 769 

glucose (83) or CK (83). Lastly, when internal body temperature was evaluated with a digital 770 

infrared thermometer applied to the ear, castrates treated with meloxicam in combination with 771 

lidocaine had a reduced temperature on average compared to non-analgesed castrates, though no 772 

differences from either of these treatment groups was noted for castrates given meloxicam alone 773 

(41). Skin surface temperature decreases, measured in the scrotal region with an infrared 774 

thermometer, were prevented by administration of meloxicam to castrates in one study (116), 775 

though not prevented in others (41,107). 776 

Measures of growth were not different between non-analgesed castrates and meloxicam 777 

treated castrated in several studies.(78,83,107). In addition, several studies noted no difference in 778 

mortality between these same groups (81,107).   779 
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Bilsborrow et al. (112), noted that piglets given meloxicam prior to castration had 780 

significantly shorter NT compared to non-analgesed castrates at both 0- and 15- min post-781 

castration. The same study found no difference between meloxicam treated castrates and non-782 

analgesed castrates for stride length, measured as the distance between subsequent steps taken by 783 

the same foot (controlling for repeated measures in each piglet statistically) (112). However, 784 

strides were overall found to be short in length for all treatment groups (112). 785 

An alternate method of delivery of meloxicam to piglets is via the transmammary route. 786 

Piglets nursing from sows given meloxicam in the feed resulted in piglets with lower skin 787 

temperatures and lower cortisol levels compared to non-analgesed castrates (117). A separate 788 

sow-specific study that administered meloxicam to sows via IM injection noted no subsequent 789 

difference in piglet survival or growth (126). While this research is not related to controlling 790 

castration pain per se, it gives evidence toward piglet safety when meloxicam is given IM to 791 

sows, though the health and safety of sows receiving treatment must also be taken into 792 

consideration. 793 

Taken together, though there is some conflicting evidence on the efficacy of meloxicam 794 

to control castration pain, there does appear to be enough analgesic benefit to piglets when this 795 

NSAID is administered at the time of castration. The differences amongst study designs in the 796 

peer-reviewed literature were numerous, and these differences need to be considered when 797 

assessing the overall body of information. 798 
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1.5.3.2 Flunixin meglumine 799 

There is little literature investigating the use of FM to control castration pain in piglets. 800 

This may be due to the lack of a label claim for castration-associated pain with this drug, or due 801 

to potential infrequency of use in swine in comparison to other medications. 802 

Sutherland et al. (81) studied FM and carbon dioxide (CO2) either given as a single 803 

treatment, or given together as a combined treatment. They measured pain behaviours as a 804 

grouped composite variable including scooting, sitting, and lying or standing with a hunched 805 

back. The percent of time spent performing pain behaviours from 0 to 30 min post-castration was 806 

significantly greater in castrated piglets given CO2 alone compared to piglets given FM, 807 

FM+CO2, castrated without analgesia, or non-castrated control pigs. No other treatment groups 808 

differed during this time (81). From 30 to 90 min, and 120 to 150 min, no treatment group 809 

differences were found (81). The behaviour of lying down without contact, when evaluated alone 810 

(social isolation), was significantly lower in pigs given FM or FM+CO2 compared to pigs 811 

castrated without analgesia, though no difference was found between non-analgesed castrates 812 

and pigs given CO2 alone. From these results, it appears that FM provides analgesia post-813 

castration, though this is only measurable by observing a specific behaviour, and composite 814 

scoring failed to detect treatment group differences. Vocalization was also assessed in this study 815 

at the time of castration, and was found to be higher in FM and non-analgesed castrated piglets 816 

compared to treatment groups receiving CO2 anesthesia for the castration procedure (81). This 817 

suggests FM may not be useful for acute pain control at the time of castration. A different study 818 

by Langhoff et al. (122) found that tail wagging, tail drooping or changing positions were 819 

decreased in piglets given FM and castrated compared to non-analgesed castrates. This suggests 820 
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FM demonstrates some efficacy for mitigating inflammatory pain following castration. Two 821 

studies evaluated cortisol levels in piglets given FM around the time of castration. Langhoff et 822 

al. (122) found that FM given to piglets before castration decreased cortisol significantly at 30 823 

min, 1 h and 4 h post-castration. Sutherland et al. (81) however, found no cortisol differences 824 

between FM piglets and non-analgesed castrates. Additionally, neither substance-P nor CRP 825 

were found to be different between FM piglets and non-analgesed castrates (81). 826 

There seems to be evidence suggesting some benefit of FM to control post-castration 827 

pain, while in other cases no benefit is apparent. Therefore, further research assessing the 828 

efficacy of FM for pain control following castration is warranted. 829 

1.5.3.3 Ketoprofen 830 

Similar to flunixin meglumine, the research on ketoprofen to control castration pain is 831 

limited, and the literature is also conflicting. 832 

In regard to individual behaviour, Gottardo et al. (80) compared non-analgesed castrates 833 

to piglets given ketoprofen 10 min before castration. They found that piglets given ketoprofen 834 

had decreased scrotal sensitivity, and decreased pain behaviours 30 min after castration (80). 835 

Additional support for ketoprofen’s analgesia was reported by Courboulay et al. (127), who 836 

found huddling behaviour decreased in piglets given ketoprofen. Viscardi et al. (79) reports little 837 

benefit of ketoprofen to control pain behaviours, but as mentioned earlier, measured pain 838 

differently, and may have had bias concerns associated with lack of treatment blinding. 839 

 Both Gottardo et al. (80) and Courboulay et al. (127) found isolation to be decreased 840 

when ketoprofen was provided to castrates compared to non-analgesed castrates. In addition, 841 
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Courboulay et al. (127) evaluated desynchronization and found it to be decreased in ketoprofen 842 

treated piglets as well. This beneficial effect on social cohesion was not contradicted elsewhere. 843 

Additionally, suckling behaviour was also increased in ketoprofen treated piglets (127). 844 

Physiological measurement for ketoprofen treated castrates only included cortisol. 845 

Gottardo et al. (80) found that ketoprofen treated piglets had significantly lower cortisol levels 846 

60 min post-castration, which was similar to what they found in piglets treated with meloxicam, 847 

tetracaine 2 or 6%, and tolfenemic acid. On the other hand, Courboulay et al. (127) found 848 

castrated piglets treated with ketoprofen had lower cortisol compared to castrated piglets treated 849 

with lidocaine, but higher levels compared to sham-handled piglets. It is uncertain why 850 

ketoprofen compared differently to topical anesthetic products (i.e. tetracaine vs. lidocaine in 851 

another) in these two studies. It is also suggested that while there may be an analgesic benefit of 852 

ketoprofen for castration-associated pain, there is still some pain present, as indicated by lower 853 

cortisol in pigs handled but not castrated (127). 854 

Lastly, ketoprofen treatment before castration was not associated with any difference in 855 

weight at castration or weaning compared to non-analgesed castrates (128). While there may not 856 

be a benefit to production parameters, this does not negate the analgesic benefits that appear to 857 

be present. 858 

1.5.3.4 Other NSAIDs 859 

There are other studies that have evaluated NSAIDs not licensed for use in swine in 860 

Canada for the control of castration-associated pain. Tolfenemic acid given as an IM injection 861 

before castration was shown to decrease cortisol levels 60 min post-castration, decrease scrotal 862 
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pressure sensitivity, decrease isolation, and decrease pain behaviours within a continuously 863 

observed window from 0 to 30 min post-castration, though not during observation 60 to 90 min 864 

post-castration (80). Carprofen injected 15 to 30 min prior to castration reduced post-castration 865 

cortisol levels, although there were no significant reductions in pain-associated behaviours (122). 866 

Lastly, firocoxib given IM to sows 7 h (+/- 1 h) before castration demonstrated potential to 867 

improve piglet weaning weights depending on the dose given to sows, i.e. sows treated at 2.0 868 

mg/kg resulted in litters with higher weight gain from processing to weaning compared to sows 869 

treated at 0.5 or 1.0 mg/kg (129). However, the study evaluating firocoxib given to sows did not 870 

evaluate any outcomes related specifically to castration pain (129). There are a variety of 871 

NSAIDs licensed in Canada for use in pigs for conditions other than castration-associated pain 872 

that could be used in an extra label manner.  However, prudent drug use would have practitioners 873 

reaching first for drugs approved for castration-associated pain in pigs. 874 

1.6 Thesis overview and objectives 875 

The work presented in this thesis addresses several research objectives intended to assess 876 

the efficacy of pain control of meloxicam and ketoprofen, when compounded with ID, for use in 877 

nursing piglets at the time of castration. We believe from the body of existing research, that both 878 

meloxicam and ketoprofen provide analgesic benefit to piglets post-castration, and that on-farm 879 

practical solutions to pain-control are of interest to the swine industry. An initial understanding 880 

of ketoprofen PK in piglets when ketoprofen is injected after mixing with ID compared to 881 

ketoprofen given alone is required to understand what, if any, effects compounding may have on 882 

ketoprofen PK. Previous research evaluating meloxicam or FM mixed with ID in piglets (33) 883 

suggests that PK and bioavailability may be affected when NSAIDs are mixed with ID, and 884 
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therefore evaluation of ketoprofen is important. Once a more thorough understanding of the 885 

relative PK and bioavailability of ketoprofen mixed with ID is determined, the next research 886 

objective will be to evaluate the efficacy of pain control with meloxicam and ketoprofen 887 

administered alone vs. these NSAIDs administered mixed with ID. These NSAIDs are chosen for 888 

study based on anecdotal reports that they are more commonly used in Canadian swine 889 

production compared to flunixin meglumine. The second objective consists of two efficacy trials, 890 

with the first evaluating pain control by assessing behaviours known to be associated with pain 891 

in previous studies of piglets post-castration. The differences in these measures will be compared 892 

between piglets given NSAID alone vs NSAID compounded with ID. As it has been shown that 893 

recognizing post-castration pain in pigs can be difficult, it is also of interest to study mixed 894 

NSAID and ID formulations using a novel behaviour outcome that is potentially less affected by 895 

observer subjectivity. The use of a navigation chute will be utilized for the second efficacy trial, 896 

which measures the time it takes piglets in varying treatment groups to navigate an obstacle 897 

chute following castration, and the effects of  treatment with NSAIDs alone vs NSAIDs 898 

compounded with ID will be compared. The results of the studies described above will provide 899 

key information supporting the rational use of NSAIDs compounded with ID for pain control in 900 

piglets at the time of castration.  901 
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Table 1.1: Summary of references observing pain outcome measures of discrete individual behaviours in castrated vs. sham-handled 1261 
piglets 1262 
 1263 

Behavioural 

Outcome 

Reference 

Number 

Primary 

Author 

Year of 

Publication 

Title 

Postural 

Alteration/ Back 

Arching 

4 Hay, M 2003 Assessment of pain induced by castration in piglets, behavioural and 

physiological responses over the subsequent 5 days. 

80 Gottardo, F 2016 Pain alleviation during castration of piglets: a comparative study of 

different farm options. 

81 Sutherland, 

MA 

2012 The physiological and behavioral response of pigs castrated with and 

without anesthesia or analgesia. 

85 Moya, SL 2008 Effect of surgical castration on the behavioural and acute phase 

responses of 5-day-old piglets. 

86 McGlone, JJ 1993 The development of pain in young pigs associated with castration 

and attempts to prevent castration-induced behavioral changes. 

87 Lonardi, C 2015 Can novel methods be useful for pain assessment of castrated 

piglets? 

Spasms/Tremors 79 Viscardi, 

AV 

2018 Use of meloxicam or ketoprofen for piglet pain control following 

surgical castration. 

80 Gottardo, F 2016 Pain alleviation during castration of piglets: a comparative study of 

different farm options. 

85 Moya, SL 2008 Effect of surgical castration on the behavioural and acute phase 

responses of 5-day-old piglets. 

Trembling 4 Hay, M 2003 Assessment of pain induced by castration in piglets, behavioural and 

physiological responses over the subsequent 5 days. 

85 Moya, SL 2008 Effect of surgical castration on the behavioural and acute phase 

responses of 5-day-old piglets. 

Rump 

Scratch/Scoot 

4 Hay, M 2003 Assessment of pain induced by castration in piglets, behavioural and 

physiological responses over the subsequent 5 days. 

80 Gottardo, F 2016 Pain alleviation during castration of piglets: a comparative study of 

different farm options. 
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81 Sutherland, 

MA 

2012 The physiological and behavioral response of pigs castrated with and 

without anesthesia or analgesia. 

Tail Wag 4 Hay, M 2003 Assessment of pain induced by castration in piglets, behavioural and 

physiological responses over the subsequent 5 days. 

79 Viscardi, 

AV 

2018 Use of meloxicam or ketoprofen for piglet pain control following 

surgical castration. 

80 Gottardo, F 2016 Pain alleviation during castration of piglets: a comparative study of 

different farm options. 

Facial Grimacing 79 Viscardi, 

AV 

2018 Use of meloxicam or ketoprofen for piglet pain control following 

surgical castration. 

80 Gottardo, F 2016 Pain alleviation during castration of piglets: a comparative study of 

different farm options. 

88 Viscardi, 

AV 

2017 Development of a piglet grimace scale to evaluate piglet pain using 

facial expressions following castration and tail docking: A pilot 

study. 

89 Di 

Giminiani, P 

2016 The assessment of facial expressions in piglets undergoing tail 

docking and castration: toward the development of the piglet grimace 

scale. 

Vocalization 81 Sutherland, 

MA 

2012 The physiological and behavioral response of pigs castrated with and 

without anesthesia or analgesia. 

83 Kluivers-

Poodt, M 

2013 Pain behaviour after castration of piglets; effect of pain relief with 

lidocaine and/or meloxicam. 

84 Marchant-

Forde, JN 

2014 Postnatal piglet husbandry practices and well-being: The effects of 

alternative techniques delivered in combination. 

  1264 
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Table 1.2: Summary of references evaluating facial expressions/facial grimace scoring in various species 1265 

Species 

Evaluated 

Reference 

Number 

Primary Author Year of 

Publication 

Title 

Pigs 79 Viscardi, A 2018 Use of meloxicam or ketoprofen for piglet pain control following 

surgical castration. 

Pigs 80 Gottardo, F 2016 Pain alleviation during castration of piglets: a comparative study of 

different farm options. 

Pigs 88 Viscardi, A 2017 Development of a piglet grimace scale to evaluate piglet pain using 

facial expressions following castration and tail docking: A pilot study. 

Pigs 89 Di Giminiani, P 2016 The assessment of facial expressions in piglets undergoing tail docking 

and castration: toward the development of the piglet grimace scale. 

Mice 90 Langford 2010 Coding of facial expressions of pain in the laboratory mouse. 

Mice 91 Miller 2015 Using the mouse grimace scale to asses pain associated with routine ear 

notching and the effect of analgesia in laboratory mice. 

Mice 92 Tuttle 2018 A deep neural network to assess spontaneous pain from mouse facial 

expressions. 

Mice 93 Leach 2012 The assessment of post-vasectomy pain in mice using behaviour and the 

Mouse Grimace Scale. 

Rats 94 Sotocinal 2011 The Rat Grimace Scale: a partially automated method for quantifying 

pain in the laboratory rat via facial expressions 

Rabbits 95 Keating 2012 Evaluation of EMLA cream for preventing pain during tattooing of 

rabbits: chnges in physiological, behavioural and facial expression 

responses. 

Cats 96 Holden 2014 Evaluation of facial expression in acute pain in cats. 

Cats 97 Evangelista 2019 Facial expressions of pain in cats: the development and validation of a 

Feline Grimace Scale. 

Cats 98 Watanabe 2020 Inter-rater reliability of the feline grimace scale in cats undergoing dental 

extractions. 

Horses 99 Dalla Costa 2014 Development of the Horse Grimace Scale (HGS) as a pain assessment 

tool in horses undergoing routine castration. 
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Sheep 100 McLennan 2016 Development of a facial expression scale using footrot and mastitis as 

models of pain in sheep. 

Sheep 101 Häger 2017 The Sheep Grimace Scale as an indicator of post-operative distress and 

pain in laboratory sheep. 
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Table 1.3: Summary of references observing cortisol levels to be elevated in castrated vs. sham-handled piglets 1267 
 1268 

Reference 

Number 

Primary Author Year of 

Publication 

Title 

80 Gottardo, F 2016 Pain alleviation during castration of piglets: a comparative study of different farm 

options. 

81 Sutherland, MA 2012 The physiological and behavioral response of pigs castrated with and without 

anesthesia or analgesia. 

83 Kluivers-Poodt, 

M 

2013 Pain behaviour after castration of piglets; effect of pain relief with lidocaine and/or 

meloxicam. 

85 Moya, SL 2008 Effect of surgical castration on the behavioural and acute phase responses of 5-day-

old piglets. 

87 Lonardi, C 2015 Can novel methods be useful for pain assessment of castrated piglets? 

103 Carroll, JA 2006 Hormonal profiles, behavioral responses, and short-term growth performance after 

castration of pigs at three, six, nine, or twelve days of age. 

104 Prunier, A 2005 Effects of castration, tooth resection, or tail docking on plasma metabolites and stress 

hormones in young pigs. 

125 Numberger, J 2016 Ear tagging in piglets: the cortisol response with and without analgesia in 

comparison with castration and tail docking. 

  1269 
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CHAPTER 2: Pharmacokinetics and bioavailability of ketoprofen 1270 

when compounded with iron dextran for use in nursing piglets 1271 

 1272 

2.1 Abstract 1273 

In Canada, piglets receive analgesia to control pain after surgical castration, as required 1274 

under the Code of Practice for the Care and Handling of Pigs. There is interest within the swine 1275 

industry regarding mixing non-steroidal anti-inflammatory drugs with iron dextran prior to 1276 

injection, to decrease piglet handling stress and labour. The objective of this study was to 1277 

compare pharmacokinetics and relative bioavailability between ketoprofen given alone vs. 1278 

ketoprofen mixed with iron dextran prior to injection in young piglets. Piglets were treated with 1279 

either ketoprofen (n=8), or ketoprofen mixed with iron dextran (n=8), using mass spectrometry 1280 

to measure plasma drug levels over time. Data analyzed with pharmacokinetic and statistical 1281 

software showed no differences in pharmacokinetic parameters or relative bioavailability for 1282 

either S- or R-ketoprofen enantiomers between treatment groups (P > 0.05). Pain control efficacy 1283 

and food safety studies of these formulations is warranted before this type of drug mixing is 1284 

recommended. 1285 

2.2 Introduction 1286 

Piglet processing, which includes procedures such as castration and tail docking, is 1287 

common husbandry practice in commercial swine production. These procedures can result in 1288 

both acute and chronic pain (1,2). The Canadian Code of Practice for Care and Handling of 1289 

Piglets states that, at any age, piglets undergoing castration or tail docking are to receive 1290 

analgesia to control post-procedural pain (3).   1291 
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Medications approved for analgesia in swine in Canada are limited to non-steroidal anti-1292 

inflammatory drugs (NSAIDs) and include ketoprofen, meloxicam and flunixin meglumine. In 1293 

Canada, meloxicam is currently the only NSAID labeled for use in piglets to control castration 1294 

pain, as well as to reduce inflammation and lameness. Ketoprofen at 3.0 mg/kg given 1295 

intramuscularly (IM) and flunixin meglumine at 2.2 mg/kg, also given IM, are both labeled in 1296 

Canada to aid in reducing pyrexia associated with swine respiratory disease (4).  1297 

Non-steroidal anti-inflammatory drugs act to control inflammation and the associated 1298 

pain which occurs following surgical castration. Non-surgical alternatives to castration such as 1299 

immunocastration, genetic selection of female piglets, or marketing of intact male pigs at 1300 

younger ages have been explored as options to physical castration (5). While immunocastration 1301 

is available in Canada, there is currently a lack of adoption of this technology by the industry. 1302 

Additionally, the Canadian pork processing system is structured around a particular size of 1303 

market animal, making the option of sending a pig to market earlier less feasible. The practice of 1304 

piglet surgical castration is likely to continue in Canada, and analgesic options will be necessary 1305 

moving forward, as well as exploration of practical methods with which to administer them.  1306 

Piglets receive iron dextran (ID) as a common practice in North America (200 mg/pig, 1307 

given as a single intramuscular injection) to prevent iron deficiency anemia. There is interest in 1308 

the industry about the possibility of mixing medications on farm to minimize labour inputs as 1309 

well as to minimize additional discomfort and handling stress on piglets; i.e. combining ID with 1310 

NSAIDs in the same bottle, which is subsequently given as a single injection at the time of 1311 

processing (6). The mixing of any NSAID with ID prior to injection is considered compounding, 1312 

which is formally defined as the customization of any prescription medication by a veterinarian 1313 
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or pharmacist (7). The customization in this case is the mixing of two separate solutions of 1314 

medication together in the same bottle, to form a combined solution to administer to piglets as a 1315 

single injection. This practice of mixing an NSAID with ID is intended to improve the ease of 1316 

administration by minimizing the number of injections and reduce animal handling (6).  1317 

The handling of piglets, alone without other procedures conducted, has been shown to 1318 

result in increased heart rates and arrythmias (8). Additionally, research evaluating “unpleasant” 1319 

(averse stimuli applied to the pig) or inconsistent handling practices has shown these to result in 1320 

decreased feed conversion efficiency (9) and growth rates (9,10) when compared to piglets 1321 

experiencing “pleasant” or minimal handling. Additionally, unpleasant handling experiences 1322 

have been documented to result in elevated cortisol immediately after handling, and levels also 1323 

remain elevated 14 weeks post-handling when re-introduced to a human presence (9,10). This 1324 

suggests both acute and chronic stress responses occur after unpleasant or inconsistent handling.  1325 

Hence, decreasing piglet handling may decrease the stress response of pigs in general.  1326 

Recent research examining the NSAID meloxicam mixed with ID and administered to 1327 

piglets prior to castration showed that piglets had lowered serum cortisol levels suggesting 1328 

reduced post-surgical pain (11). While there are benefits to mixing NSAIDs with ID in the same 1329 

bottle prior to injection of nursing piglets at the time of castration, there are concerns regarding 1330 

pharmaceutical interactions that may result in altered bioavailability and/or pharmacokinetics of 1331 

the drug intended to produce analgesia (12). The compounding of prescription drugs for use in 1332 

food-producing animals is discouraged.  For example, a position statement issued by the 1333 

Canadian Veterinary Medical Association (CVMA) on the topic discourages compounding. Such 1334 

position statements are issued due to concerns associated with altered drug withdrawal times and 1335 
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violative drug residues that may occur in edible products intended for human or animal 1336 

consumption (13).  1337 

Previous evaluation of the NSAIDs meloxicam and flunixin meglumine when mixed with 1338 

ID prior to injection in piglets showed a decreased relative bioavailability of both analgesics in 1339 

the compounded formulations compared to the NSAIDs alone (14). This raises possible concerns 1340 

of this practice decreasing the efficacy and level of analgesia provided to the piglet. Evaluation 1341 

of ketoprofen-specific pharmacokinetics and relative bioavailability when mixed with ID for 1342 

administration to piglets has not been investigated.  Ketoprofen products licensed for veterinary 1343 

use in Canada are formulated as a racemic mixture, existing as 50:50 mixture of two 1344 

enantiomers; i.e. the S- and R- isoforms. Some literature supports that the S-ketoprofen 1345 

enantiomer possesses the beneficial pharmacological activity i.e. pain control and possesses 1346 

cyclooxygenase inhibition at concentrations 2-3 orders of magnitude lower than is required by R-1347 

ketoprofen for a similar purpose (15, 16). In contrast, other research in piglets using a kaolin-1348 

induced inflammatory model and nociceptive threshold testing suggests that R-ketoprofen is a 1349 

more potent analgesic that results in initial analgesia, while a less potent, but more prolonged 1350 

sustained analgesia, occurs with S-ketoprofen (17). As it is likely that both enantiomers 1351 

contribute to analgesia in castrated pigs, both warrant inspection in studies of castration-1352 

associated pain. 1353 

The objective of this study was to compare the pharmacokinetics and relative 1354 

bioavailability in piglets of the S- and R- enantiomers of ketoprofen administered alone or in 1355 

combination with ID (compounded). 1356 
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2.3 Materials and Methods 1357 

2.3.1 Project approval 1358 

This project was conducted following the guidelines of the Canadian Council on Animal 1359 

Care, and the animal use protocol (AUP #3030) was reviewed and approved by the University of 1360 

Guelph Animal Care Committee prior to the trial being conducted. 1361 

2.3.2 Animals 1362 

Eighteen piglets (Landrace x Duroc x Yorkshire; 9 males, 9 females) sourced from a 1363 

commercial farm were selected for enrolment. Piglets arrived as two separate batches (n=9 for 1364 

each batch) at the research facility to begin trial at a mean (range) age of 4.4 (3-6) d, and a mean 1365 

(range) weight of 2.6 (2.3-2.9) kg. Piglets were acclimated to housing and individual feeding for 1366 

3 d prior to surgical jugular catheter placement. Treatment administration occurred 2 days after 1367 

jugular catheter placement. At the time of treatment, the mean (range) age of piglets was 9.4 (8-1368 

11) d, and the mean (range) of piglet weight was 3.1 (2.5-3.4) kg. Piglets were studied in 2 1369 

separate batches of 9 piglets/batch due to housing availability and logistics of sampling time 1370 

design and technical support. Sample size considerations used for this study were based upon 1371 

standard animal numbers used in pharmacokinetics studies (18). 1372 

At the source herd, litters with piglets of appropriate age were evaluated for general 1373 

health and appropriate weight range to ensure uniformity among treatment animals, as well as 1374 

robustness and ability to maintain ideal health over the trial period. To control for litter/sow 1375 

effect, one male and one female from each available litter was enrolled. Piglets were equally 1376 

dispersed by sex in each treatment group. 1377 
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2.3.3 Study facility and husbandry 1378 

After enrolment, piglets were transported to the University of Guelph Animal Bioscience 1379 

facility (5 d prior to injection of test article). Piglets were initially housed in pairs for the first 24 1380 

h upon arrival to mitigate the stress associated with weaning and a new environment.  1381 

Subsequently piglets were housed individually in adjacent pens with perforated pen dividers to 1382 

allow nose-to-nose contact with other piglets and continued socialization for their time on trial. 1383 

Room temperature was controlled and checked regularly by facility staff, and heat lamps were 1384 

provided for each piglet as a supplemental heat source. Pens were washed and disinfected prior 1385 

to the arrival of each batch of piglets to the facility. Piglets were trained to self-feed a 1386 

supplemental milk powder (Supp-Le-Milk®, Soppe Systems Inc., Manchester, IA, USA) mixed 1387 

with water from individual bowls and were fed 4 times daily. A 3-day acclimation period 1388 

between piglet arrival at the research facility and jugular catheter surgery was observed to allow 1389 

piglets time to acclimate to their new housing and feeding regimen. 1390 

 Monitoring of individual piglets throughout the trial was conducted by research group 1391 

team members at least four times a day, as well as twice daily and twice overnight by facility 1392 

staff. Body weight, body temperature, feed intake, general demeanor, health measures, and 1393 

catheter site assessment were evaluated once to twice daily. 1394 

2.3.4 Jugular vein catheterization 1395 

Indwelling jugular catheters were surgically placed under general anesthesia to facilitate 1396 

repeated blood collection during the study. Pre-made jugular catheters were placed in the right 1397 

side of the neck of each piglet and secured to the jugular vein via suture. Catheters were passed 1398 

subcutaneously, using a trocar, to exit on the piglet’s back for ease of blood sampling. Piglets 1399 
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were given buprenorphine hydrochloride (Temgesic® 0.3 mg/mL, Invidior, Slough, Berkshire, 1400 

UK) at 0.01 mg/kg by intramuscular (IM) injection for post-operative analgesia and allowed to 1401 

recover in their individual pens. A 2-day wash out period was observed between the surgical 1402 

catheter placement and test article administration, to allow for clearance of drugs associated with 1403 

the surgical procedure. Catheters were flushed 4 times daily with heparinized physiological 1404 

saline (10 IU/mL, Ontario Veterinary College Pharmacy) to ensure catheters remained patent.  1405 

Catheter sites were also regularly inspected for any damage or evidence of infection. 1406 

2.3.5 Treatment groups and test article administration 1407 

A random number generator (www.random.org) was used to allocate piglets into 1 of 3 1408 

treatment groups; (a) ketoprofen (K), (b) iron dextran (ID), or (c) ketoprofen mixed 1409 

(compounded) with iron dextran (K+ID). In total, eight piglets (4 males, 4 females) were 1410 

assigned to each of treatment K and K+ID groups, and 2 piglets (1 male 1, female) were 1411 

assigned, 1 per batch, to treatment ID as ID controls.  1412 

 In order to ensure that the administered dosage of ketoprofen in the compounded 1413 

formulation (K+ID) would be the same as the dosage of ketoprofen (K) administered alone to 1414 

piglets (i.e. 3.0 mg/kg), the compounded formulation was dosed on a mg/kg basis for the 1415 

ketoprofen component of the final compounded formulation.  The compounded formulation 1416 

containing ketoprofen (Anafen® 100 mg/mL, MERIAL Canada Inc, Baie d'Urfé – QC) and iron 1417 

dextran (Dexafer-200® 200 mg/mL, Vetoquinol N.A. Inc., Lavaltrie, QC) was prepared fresh 1418 

daily in a sterile 100 mL injection vial by adding 10.2 mL of Anafen® 100 mg/mL to 89.8 mL of 1419 

iron dextran. The final concentration of ketoprofen in the compounded formulation was based on 1420 

the administration of a maximum volume of 1.0 mL of the final compounded formulation via 1421 
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tuberculin syringe and 22-gauge needle to a 3.4 kg piglet, thereby ensuring more accurate dosing 1422 

of ketoprofen for the range of piglet weights (2.1-3.3 kg) being studied.  Piglets administered the 1423 

compounded formulation received varying amounts of ID based on animal weight based on this 1424 

dosing.  The iron dextran (ID) piglets were also dosed on a proportional weight basis using 1.0 1425 

mL of ID per 3.4 kg piglet, equaling the volume of injection received by piglets of the same size 1426 

in the K+ID group.  1427 

 Day 0 of the trial was considered the day the test article was administered to piglets. At 1428 

time = 0 h, individual piglets were injected with their assigned test article by IM injection on the 1429 

side of the neck contralateral to the site of jugular catheterization. 1430 

2.3.6 Blood collection 1431 

Blood sampling for plasma drug levels of ketoprofen in the K and K+ID piglets were 1432 

taken at pre-dosing, and at 10, 20, 30, and 45 min, and 1, 2, 4, 8, 12, 24, 36, 48 and 72 h after test 1433 

article administration. Blood for plasma ketoprofen determination from ID piglets were taken 1434 

pre-dosing and at 1 h after test article administration. 1435 

 Blood was collected for individual samples from the jugular catheter using a two-stage 1436 

drawing technique.  Prior to blood sampling at each time point, the dead space volume (0.6 mL) 1437 

in the catheter was withdrawn until fresh whole blood was obtained. A whole blood sample (1.5 1438 

mL) was then drawn using a new syringe and 22-gauge needle. The catheter was subsequently 1439 

flushed with heparinized saline (10 IU/mL) to the limit of the catheter dead space to ensure 1440 

patency of the catheter. Collected blood samples were immediately placed in heparinized tubes 1441 

and placed on ice.  Blood samples were centrifuged (Centra® CL3R; Thermo IEC, Waltham, 1442 
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MA, USA) for 20 min at 5oC and plasma obtained was aliquoted into 2.0 mL cryovials and 1443 

stored at -80oC until analysis.  On day 3, at the completion of the study, piglets were humanely 1444 

euthanized with sodium pentobarbital (Euthansol 340 mg/mL, Merck Animal Health Canada, 1445 

Kirkland, QC). 1446 

2.3.7 Quantitation of (S)-ketoprofen and (R)-ketoprofen using liquid chromatography-1447 
tandem mass spectrometry (LC-MS/MS) 1448 

A 0.5 mL aliquot of each plasma sample was extracted using Oasis Max SPE cartridges 1449 

(1 mL, 30 mg, Waters, Mississauga, ON). Prior to extraction, the cartridges were conditioned 1450 

with methanol and Nanopure water. An internal standard, ketoprofen-d4 (100 ng/mL), was added 1451 

and samples were treated with equal volumes of 4% ammonia solution, then passed through the 1452 

SPE cartridges. Cartridges were washed with 1 mL of 5% ammonia solution, 1 mL of methanol 1453 

and 1 mL of 2% formic acid in methanol/water (45:55, v:v). Ketoprofen was eluted with 1 mL of 1454 

2% formic acid in methanol/water (90:10, v:v). The elutes were then dried under a gentle stream 1455 

of nitrogen and reconstituted in 250 μL of mobile phase for LC–MS/MS analysis.  1456 

Liquid chromatography was performed with an Agilent 1100 LC system including an 1457 

Agilent 1200 autosampler (Agilent Technologies, Santa Clara, CA, USA). S-ketoprofen and R-1458 

ketoprofen enantiomers were separated at 35°C on an Astec Chirobiotic R chiral column (150 x 1459 

2.1 mm ID, 5μm, Supelco, Bellefonte, PA, USA), which was protected by a Phenomenex 1460 

Security Guard (C18, 4 x 2.0 mm, CA, USA). The mobile phase consisted of a 20 mM aqueous 1461 

ammonium acetate solution with methanol (70:30, v/v) and an isocratic flow rate set 0.2 ml/min. 1462 

The sample injection volume was 10 μL and the run time was 10 min.  S-ketoprofen and R-1463 

ketoprofen were eluted at 4.90-5.15 min and 5.60-5.75 min. A hybrid triple quadrupole/linear ion 1464 
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trap mass spectrometer (QTRAP 4000; AB Sciex, Concord, ON) equipped with a Turbo-Ion 1465 

Spray ion source was used for MS analysis. A positive electrospray ionization mode was applied 1466 

with curtain gas 25, Ion spray voltage 4500V, with temperature set at 350°C. The MS parameters 1467 

were optimized as: collision gas medium, interface heater on, DP -40, EP -10. Using MRM 1468 

mode, the target ion transitions monitored for ketoprofen and ketoprofen-d4 were m/z 253.0 to 1469 

m/z 208.9 and m/z 257.0 to m/z 213.0, respectively. Collision energy of 12 eV was optimized for 1470 

quantitation. Product ion of m/z 196.8 (collision energy 10eV) was also monitored for 1471 

ketoprofen as the confirming ion. Signal output was captured and processed with Analyst 1472 

software v1.6.3 (Sciex, Concord, ON). 1473 

2.3.8 Validation of quantitation method 1474 

Standard calibration curves were generated with racemic ketoprofen (Sigma Aldrich, 1475 

Oakville, ON). S-(+) ketoprofen (Sigma Aldrich) was used to identify the S-Ketoprofen peak and 1476 

confirm the concentration ratio (50:50) of this enantiomer. Ketoprofen-d4 was used as internal 1477 

standard (CDN Isotopes, Pointe-Claire, QC). Eight points standard calibration curves in blank 1478 

plasma matrix were generated on three separate days and were run at the beginning and end of 1479 

each sample batch. Following the US Environmental Protection Agency (EPA) guidelines, limit 1480 

of detection (LOD) was determined as 8 ng/mL, and the limit of quantitation (LOQ) was 25 1481 

ng/mL for both S- and R-ketoprofen (EPA 40 CFR Part 136, Appendix B Revision 1.11). For 1482 

each curve, the peak-area ratios of the analyte to the internal standard were calculated and plotted 1483 

against the analyte concentration. Calibration curves were generated by weighted (1/x) linear 1484 

regression analysis. The linear range was 25 ng/mL to 10,000 ng/mL for both S- and R-1485 

ketoprofen enantiomers, with R2 value >0.99 for all calibration curves. Coefficient of variation 1486 
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(CV) of inter-day precision were <15% for all standards. Accuracy ranged from 93.8% - 114.0% 1487 

for S-ketoprofen, and 89.8 – 111.0% for R-ketoprofen. 1488 

2.3.9 Pharmacokinetic analysis 1489 

A non-compartmental analysis of the plasma concentration-time profile for each piglet 1490 

was performed. The pharmacokinetic parameters evaluated for K and K+ID treatment groups for 1491 

each of S- and R-ketoprofen included peak plasma drug concentration (Cmax, ng/mL) and time of 1492 

peak plasma drug concentration (Tmax, h), both read directly from the data; slope of the terminal 1493 

phase (λ, 1/h) determined by linear regression of the data plotted on a log-linear scale; terminal 1494 

plasma half-life (T1/2, h) calculated as 
0.693

λ𝑧
; area under the concentration-time curve from time 0 1495 

to last measured concentration (AUC0-last, h*ng/mL) calculated using the trapezoidal rule (linear 1496 

up/log down); area under the curve extrapolated to infinity (AUC0-∞, h*ng/mL) calculated by 1497 

adding the term 
𝐶𝑙𝑎𝑠𝑡

λ𝑧
; the ratio of the area under the first moment curve (AUMC) and AUC, both 1498 

extrapolated to infinity, to calculate the mean residence time from time 0 to infinity (MRT, h); 1499 

total body clearance confounded by unknown absolute bioavailability (Cl/F, mL/h/kg) calculated 1500 

as 
𝐷𝑜𝑠𝑒

𝐴𝑈𝐶0−∞
 ; and the apparent volume of distribution confounded by unknown absolute 1501 

bioavailability (Vd/F, mL/kg) calculated as 
𝐷𝑜𝑠𝑒

𝐴𝑈𝐶0−∞ × λ𝑧 
 .  1502 

Pharmacokinetic analysis and generation of parameters was done using Phoenix® 1503 

WinNonlin® (Certara USA Inc., Princeton, NJ, USA). 1504 
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2.3.10 Statistical analysis 1505 

Comparisons of pharmacokinetic parameters between treatment groups were performed 1506 

using SAS software (Proc mixed, SAS 9.4, Cary, NC, USA). Assumptions of ANOVA were 1507 

assessed via residual analyses. Residuals were formally tested for normality (using four tests 1508 

offered by SAS; Shapiro-Wilk, Kolmogorov-Smirnov, Cramer-von Mises and Anderson-1509 

Darling).  In addition, residuals were plotted against predicted values to see if transformation of 1510 

the data was needed, any outliers, or unequal variance between treatments. Where necessary, the 1511 

data were transformed using either a log transform or reciprocal transform. In the case of normal 1512 

data where no transform was indicated, but unequal variance was suggested by visual inspection, 1513 

AIC values were used to decide if there was evidence of this that would necessitate 1514 

accommodation by the statistical software (Proc MIXED accommodates unequal variance when 1515 

conducting tests and computing estimates). Comparisons of parameters between treatment 1516 

groups were done using a 2-sample t-test, except when it was required to accommodate for 1517 

unequal variance in which case a t-test that accommodates for this was reported. 1518 

Relative bioavailability was determined by comparing the geometric means of treatment 1519 

groups for AUC0-last and AUC0-∞ by examining ratios of the compounded formulation (K+ID) to 1520 

the reference formulation (K); the significance of the ratio differences from 1.0 was determined 1521 

with 2-sample t-tests. 1522 

2.4 Results 1523 

Plasma drug concentrations over time were plotted for both S-ketoprofen and R-1524 

ketoprofen (Figure 2.1). Visual evaluation of the S-ketoprofen plots showed higher average 1525 

plasma drug concentrations over time in the K treatment group compared to the K+ID treatment 1526 
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group. No visible difference was apparent between treatment groups for the R-ketoprofen plots. 1527 

S-ketoprofen concentrations were higher than R-ketoprofen concentration at each timepoint. In 1528 

both treatment groups, R-ketoprofen was below the assay LOQ by 4 h post-injection, while S-1529 

ketoprofen remained above the assay LOQ for 12 h post-injection with the exception of 2 1530 

animals; 1 animal in each of the K and K+ID groups. By 24 h, 8 animals were <LOQ for S-1531 

ketoprofen; 3 animals in the K group and 5 animals in the K+ID group. 1532 

Statistical analysis of pharmacokinetic parameters for the S-ketoprofen enantiomer 1533 

showed no difference with Cmax , AUC0-last, AUC0-∞, λ, Tmax, T1/2, MRT, Vd/F, or Cl/F values 1534 

between K and K+ID treatment groups  (Table 2.1). Similarly, there were no differences in 1535 

pharmacokinetic parameters for R-ketoprofen between K and K+ID treatment groups (Table 1536 

2.2).  1537 

The relative bioavailability of the compounded formulation (K+ID) compared to the 1538 

reference formulation (K) for the parameters AUC0-last and AUC0-∞ for both the S- and R-1539 

ketoprofen enantiomers was not different (ratios not different from 1, P>0.05) (Table 2.3). All 1540 

baseline (pre-dosing) blood samples and blood samples taken from piglets in the ID group 1541 

recorded no detectable levels of ketoprofen. 1542 

2.5 Discussion 1543 

Results of this study showed no significant differences between pharmacokinetic 1544 

parameters or relative bioavailability for both S- and R- enantiomers of ketoprofen when racemic 1545 

ketoprofen was compounded with iron dextran (K+ID) compared to the administration of 1546 

racemic ketoprofen alone (K) to nursing piglets.  However, both the K+ID and K treatment 1547 
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groups showed enantioselective pharmacokinetics. This has been noted in other studies 1548 

conducted in nursing piglets receiving racemic ketoprofen (17,19,20). The S-ketoprofen 1549 

concentrations were higher than R-ketoprofen concentrations for both the K+ID and K treatment 1550 

groups at all sampling times, which is consistent with previous pharmacokinetic research with 1551 

ketoprofen in piglets of a similar age (17,19,20) and in the grower phase (9-13 weeks of age) 1552 

(21). The concentrations of R-ketoprofen for all piglets were below the assay LOQ by 4 h post-1553 

dosing, which is also consistent with previous studies conducted in nursing piglets (17,19,20). 1554 

Evaluation of piglets in the grower phase showed no R-ketoprofen levels above LOQ beyond 4 h 1555 

post-dosing for a majority of piglets, when ketoprofen was given by either the oral (PO) or 1556 

intramuscular (IM) routes (21). Differences in S- and R- enantiomers and their respective 1557 

pharmacokinetics may, in part, be the result of chiral inversion of the R-enantiomer to the S-1558 

enantiomer. The administration of the R-enantiomer of ketoprofen to 9-week old pigs resulted in 1559 

a predominance of S-ketoprofen versus R-ketoprofen by 1 h post-dosing that appeared to be due 1560 

to chiral inversion that occurred rapidly, reaching a maximum rate of 70% inversion (22).  1561 

The pharmacokinetic parameters of clearance not corrected for bioavailability (Cl/F), 1562 

time until maximum concentration (Tmax), apparent volume of distribution not corrected for 1563 

bioavailability (Vd/F), elimination half-life (T1/2), elimination rate constant (λ), mean residence 1564 

time (MRT), area under the curve from zero to last measured time point (AUC0-last), and area 1565 

under the curve from zero to infinity (AUC0-∞) were not different with respect to treatment 1566 

(P>0.10).  Although not significant, the differences in parameter values between K and K+ID 1567 

treatment groups suggest a possible effect of ID on ketoprofen pharmacokinetics. Previous 1568 

studies have shown that chiral inversion of R- to S-ketoprofen is responsible for at least some of 1569 
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the disappearance of R-ketoprofen from plasma (22). Stabilization and or inhibition of the chiral 1570 

inversion of R- to S-ketoprofen could result in a longer T1/2 of the former and a smaller AUC of 1571 

the latter as observed in the K+ID treatment group compared to the K treatment group in this 1572 

study, albeit not significant. A larger Cl/F value and shorter MRT for the K+ID treatment group 1573 

would coincide with the observed decrease in AUC, which affects these parameters 1574 

mathematically. While Cl/F and MRT may be affected by accelerated excretion in metabolism in 1575 

some cases, the pattern in pharmacokinetic parameters seen with S-ketoprofen are the opposite 1576 

compared to what was seen for R-ketoprofen in this study. In particular, R-ketoprofen for the 1577 

K+ID group had a longer T1/2, smaller Cl/F, longer MRT, and increased AUC values compared 1578 

to the K treatment group. These results combined with what was seen for S-ketoprofen suggests 1579 

that altered chiral inversion is a more feasible explanation for what was seen, i.e. as opposed to 1580 

alterations in drug metabolism or excretion. Injectable iron supplemented to pigs is combined 1581 

with dextran, a weakly negatively charged bacterial polysaccharide (23) It is possible that an 1582 

interaction between charges on ID and ketoprofen occurs when they are compounded. A 1583 

ketoprofen-dextran ester prodrug has been shown to be a viable option for colon site-specific 1584 

drug delivery after oral administration in pigs (24). This type of ester bonding may be occurring 1585 

when ID is mixed with ketoprofen resulting in alterations with chiral inversion, drug absorption, 1586 

clearance, or drug availability at the target site of action. Koncic et al (2009) demonstrated 1587 

significant in vitro iron chelation of ketoprofen by examining the activity of its hydroxamic acid 1588 

derivative (25), suggesting iron interactions with ketoprofen could also modify ketoprofen 1589 

pharmacokinetics.  1590 



 

 

74 

 

The direct comparison of pharmacokinetic parameters with ketoprofen (K) treated pigs in 1591 

the current study with previously published studies is challenging, owing to differences in dosing 1592 

regimens and age of pigs used for study.  However, in a recent study, piglets were evaluated at 1593 

the same age as the current study, receiving an IM injection of ketoprofen at a dose of 3 mg/kg 1594 

(20), which provides a basis for comparison with similar dosing. In other studies, piglets were 1595 

either given ketoprofen by the IV route (19), or at twice the dose used in our study (17). Other 1596 

studies have evaluated ketoprofen given IM at 3 mg/kg but were conducted in older pigs 9-13 1597 

weeks of age (21,26). It is notable that pharmacokinetic parameters obtained with ketoprofen (K) 1598 

in the current study are similar to those reported in other studies conducted in pigs (17,19,21), 1599 

including older growing pigs where age related changes in physiology could have altered 1600 

pharmacokinetics (19,27). 1601 

The Cmax values reported in the current study for S-ketoprofen and R-ketoprofen 1602 

enantiomers for piglets in the K treatment group are in line with those previously reported in 1603 

young piglets of the same age, and older piglets of 9-13 weeks, both receiving 3 mg/kg IM 1604 

(20,21), and in proportion to Cmax values reported in similar aged nursing piglets receiving 1605 

ketoprofen IM at 6 mg/kg (17).  Differences in Cmax values for S-ketoprofen were notably higher 1606 

for piglets in the K treatment group compared to K+ID treatment group, albeit not significantly 1607 

(P=0.054). This difference in Cmax reflects the peak amount of drug attained systemically 1608 

following extravascular administration, that will contribute to drug exposure over time and can 1609 

affect efficacy. The Cmax and Tmax values are dependent on the rate and extent of drug absorption 1610 

from the injection site, as well as the distribution and clearance of the drug. The absorption rate 1611 

was not calculated in the current study, however Tmax is an indicator of peak plasma 1612 
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concentrations occurring when the rate of absorption is equal to the rate of elimination. The Tmax 1613 

and Cmax values recorded are affected by the number of data points collected early in a study, 1614 

which can explain variations with these parameters across studies. Although the Cmax values 1615 

reported for S-ketoprofen and R-ketoprofen in older piglets (21) receiving ketoprofen are similar 1616 

to studies conducted in younger piglets (17,20), the Tmax values reported in the former study 1617 

appear delayed compared to studies in the younger piglets, which may be due, in part, to the lack 1618 

of early sampling time points in the older piglets. Although the Tmax values did not differ 1619 

between treatment groups in the current study, it is difficult to say whether absorption or 1620 

elimination processes are responsible for the Cmax differences seen. The mixing of ID and 1621 

ketoprofen may result in altered chiral inversion as previously discussed above, and the 1622 

stabilization of the R-enantiomer of ketoprofen would result in a decreased S-ketoprofen peak. It 1623 

is possible that drug-drug interactions between ID and ketoprofen discussed earlier could lead to 1624 

a proportion of the administered dose being rendered unabsorbable from the injection site. The 1625 

current study did not measure injection site ketoprofen drug levels.   1626 

 The area under the curve (AUC) provides a measure of total systemic exposure to 1627 

ketoprofen. A lack of significant difference with AUC values between K and K+ID treatment 1628 

groups suggests that piglets would receive similar systemic exposure to ketoprofen and possibly 1629 

similar efficacy. Interestingly, while most pharmacokinetic parameters reported in the current 1630 

study were very similar to those reported in similar aged nursing piglets also given ketoprofen at 1631 

3 mg/kg IM, AUC0-∞ and AUC0-last values for S-ketoprofen for the K treatment group in the 1632 

current study were about 60% of those reported in the other study (20). However, the AUC0-∞ 1633 
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values in the current study were in line with those reported in other studies using older piglets 1634 

(21) and in similar aged nursing piglets (26), both administered ketoprofen at 3 mg/kg IM. 1635 

One concern with the clinical use of a compounded formulation of ketoprofen and ID is 1636 

the potential for subtherapeutic ketoprofen levels and inadequate efficacy.  Previous 1637 

pharmacokinetic work done in 5 to 7-d-old piglets with meloxicam compounded with ID showed 1638 

a significant decrease in the AUC and Cmax values with the compounded formulation compared 1639 

to meloxicam administered alone (14).  Pharmacokinetic/pharmacodynamic (PK/PD) modeling 1640 

following IM administration of racemic ketoprofen at 6 mg/kg in young piglets subjected to 1641 

kaolin-induced inflammation revealed an ED50 of 2.5 mg/kg for racemic ketoprofen and median 1642 

IC50 values for the R-ketoprofen and S-ketoprofen enantiomers of 1.6 g/mL and 26.7 g/mL, 1643 

respectively (17).  In the current study, plasma concentrations of S-ketoprofen did not reach the 1644 

median IC50 value at any measured timepoint, though R-ketoprofen had some animals retain 1645 

plasma levels above the IC50 up to 45 min post-dosing. It is important to note however that the 1646 

pharmacodynamic modeling described above utilized an injection of kaolin in the palmar surface 1647 

of the metacarpus to produce an inflammatory response, with subsequent nociceptive threshold 1648 

testing (17). It is not certain that this model of pain would accurately predict the pain of other 1649 

procedures, such as castration. Interestingly, the plasma concentrations of NSAIDs do not 1650 

correlate well with pharmacodynamics effects, likely owing to the accumulation of the NSAID at 1651 

the target site and continued efficacy even though plasma NSAID levels have significantly 1652 

decreased (27, 28). Recently, it was demonstrated that in 6-d-old piglets given 3 mg/kg 1653 

ketoprofen IM, the T1/2 of ketoprofen in plasma was about 63% that of the T1/2 of ketoprofen in 1654 

interstitial fluid (20). Based on PK/PD modeling of various NSAIDs across several species, it has 1655 
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been suggested that inhibition of 80-90% of cyclooxygenase (COX)-2 enzyme activity and a 1656 

maximum of 10-20% of COX-1 activity maximizes beneficial analgesic effects, while mitigating 1657 

adverse effects associated with COX-1 inhibition (28). Ketoprofen has been shown to be one of 1658 

the most potent inhibitors of COX-1, with moderate inhibition of COX-2 activity (29). The 1659 

COX-2 activity of ketoprofen is primarily due to the S-enantiomer (16,30). However, 1660 

ketoprofen’s efficacy is dependent on contributions from both S-ketoprofen and R-ketoprofen 1661 

enantioselective pharmacodynamics, with the latter providing analgesia by mechanisms other 1662 

than COX inhibition that are as yet unknown in pigs (17). The results of the current study 1663 

showed no significant difference in pharmacokinetics or relative bioavailability between the K 1664 

and K+ID treatment groups, suggesting equivalent analgesia may be attained with the two 1665 

formulations in piglets subjected to castration or other painful procedures.    1666 

The compounding of drugs for use in food producing animals in Canada is discouraged 1667 

by regulatory authorities and the Canadian Veterinary Medical Association. Potency and shelf-1668 

life of drugs compounded for therapeutic use are amongst the greatest concerns. Additionally, 1669 

their use in food-producing animals raises significant concerns with increased risks of violative 1670 

drug residues that can affect human food safety. The results of this study, at the dosages used for 1671 

the compounded ketoprofen formulation and ketoprofen administered alone, showed similar 1672 

pharmacokinetics suggesting minimal risks of violative residues with our compounded 1673 

formulation. However, depletion data with the compounded ketoprofen formulation would 1674 

provide the most convincing data. Use of differing combinations of ketoprofen and ID or 1675 

differing dosage regimens may yield differing results warranting caution. 1676 
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In conclusion, this study demonstrated that the pharmacokinetics and relative 1677 

bioavailability of ketoprofen is not significantly altered when compounded with ID and 1678 

administered as a single IM injection in piglets. A larger study would be needed to test the 1679 

hypothesis that iron dextran decreases the R- to S-ketoprofen conversion. This study has not 1680 

addressed the overall analgesic efficacy and food safety of this practice, and future study is 1681 

necessary prior to use in animals intended for human consumption.  1682 
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Table 2.1: Comparison of pharmacokinetic parameters of S-ketoprofen in piglet plasma from 1770 
pigletsa treated with ketoprofen (K) vs. ketoprofen mixed with iron dextran (K+ID) prior to 1771 
injection 1772 
 1773 

Parameterb (Units) Treatmentc Averaged 90% Confidence Interval P-valuee 

LL UL 

Cmax (ng/mL) K 

K+ID 

7631.25f 

6665.00f 

7058.21 

6091.96 

8204.29 

7328.04 

0.054 

AUC0-last (h*ng/mL) K 

K+ID 

32119.01g 

24773.48g 

25360.66 

19560.75     

40678.39 

31375.36     

0.196 

AUC0-∞ (h*ng/mL) K 

K+ID 

32659.91g 

25307.20g         

25873.54  

20048.64     

41226.27 

31945.02   

0.194 

λ (1/h) K 

K+ID 

0.22h  

0.28h       

0.19 

0.23     

0.27 

0.35     

0.206 

T1/2 (h) K 

K+ID 

3.10f 

2.52f 

2.55 

1.96     

3.66 

3.07     

0.206 

Tmax (h) K 

K+ID 

0.51f 

0.40f 

0.38 

0.28 

0.64 

0.53 

0.320 

MRT0-∞ (h) K 

K+ID 

4.46f  

3.73f        

3.64  

2.91     

5.27 

4.54   

0.281 

Vd/F (mL/kg) K 

K+ID 

191.74h  

207.27h        

177.31 

190.51     

208.72 

227.26     

0.271 

Cl/F (mL/hr/kg) K 

K+ID 

45.93g 

59.27g 

 36.38 

46.96     

57.97 

74.82    

0.194 

aPiglets: n=8 per treatment group (4 male, 4 female) 1774 
bCmax – maximal concentration, AUC – area under the curve, λ – elimination rate constant, T1/2 – elimination half-life, MRT – 1775 
mean residence time, Vd/F –  apparent volume of distribution, Cl/F - clearance 1776 
cTreatments: K = ketoprofen, K+ID = ketoprofen + iron dextran 1777 
dCalculation of averages for each parameter based on optimal normality and variance equality 1778 
eBased on a standard 2-sample t-test 1779 
fArithmetic Mean  1780 
gGeometric Mean 1781 
hHarmonic Mean   1782 
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Table 2.2: Comparison of pharmacokinetic parameters of R-ketoprofen in piglet plasma from 1783 
pigletsa treated with ketoprofen (K) vs. ketoprofen mixed with iron dextran (K+ID) prior to 1784 
injection 1785 
 1786 

Parameterb (Units) Treatmentc Averaged 90% Confidence Interval P-valuee 

LL UL 

Cmax (ng/mL) K 

K+ID 

3966.25f 

3738.75f         

3602.64    

3375.14     

4329.86 

4102.36 

0.449 

AUC0-last (h*ng/mL) K 

K+ID 

2298.16g 

2457.85g         

1966.43 

2103.07     

2685.86 

2872.49     

0.600 

AUC0-∞ (h*ng/mL) K 

K+ID 

2577.23g   

2694.82g      

2217.37 

2318.54     

2995.49 

3132.16     

0.717 

λ (1/h) K 

K+ID 

1.78h   

1.48h 

1.44 

1.24     

2.31 

1.84     

0.304 

T1/2 (h) K 

K+ID 

0.34h 

0.43h       

0.29 

0.35     

0.42 

0.57     

0.198 

Tmax (h) K 

K+ID 

0.16i 

0.16i 

--- 

--- 

--- 

--- 

--- 

 

MRT0-∞ (h) K 

K+ID 

0.65f 

0.73f        

0.55 

0.62     

0.75 

0.83    

0.366 

Vd/F (mL/kg) K 

K+ID 

299.51h 

353.92h         

266.66 

308.94     

341.60 

414.22    

0.143 

Cl/F (mL/hr/kg) K 

K+ID 

582.02g 

556.62g         
500.75 

478.90     

676.48 

646.96     

0.884 

aPiglets: n=8 per treatment group (4 male, 4 female) 1787 
bCmax – maximal concentration, AUC – area under the curve, λ – elimination rate constant, T1/2 – elimination half-life, MRT – 1788 
mean residence time, Vd/F – apparent volume of distribution, Cl/F - clearance 1789 
cTreatments: K = ketoprofen, K+ID = ketoprofen + iron dextran 1790 
dCalculation of averages for each parameter based on optimal normality and variance equality 1791 
eBased on a standard 2-sample t-test 1792 
fArithmetic Mean 1793 
gGeometric Mean 1794 
hHarmonic Mean 1795 
iTmax values for all study subjects were the same (Tmax=0.16 h) regardless of treatment; group averages were unable to be  1796 
compared statistically due to lack of variance  1797 
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Table 2.3: Relative bioavailability of S-ketoprofen and R-ketoprofen in pigletsa treated with ketoprofen (K) vs. ketoprofen mixed with 1798 
iron dextran (K+ID) prior to injection 1799 
 1800 

S-ketoprofen 1801 

Parameterb Units Kc K+IDc Relative Bioavailability 

   90% CI  90% CI  90% CI 

  Averaged LL UL Averaged LL UL Ratio 

(K+ID/K) 

LL UL 

AUC0-last h*ng/mL 32119.01   25360.66 40678.39 24773.48       19560.75     31375.36     0.77 0.55 1.08 

AUC0-∞ h*ng/mL 32659.91 25873.54  41226.27 25307.20          20048.64     31945.02   0.77 0.56 1.08 
aPiglets: n=8 per treatment group (4 males, 4 females) 1802 
bAUC – area under the curve 1803 
cInjectable Treatments: K = ketoprofen, K+ID = ketoprofen + iron dextran 1804 
dTreatment group averages are the estimate of the geometric mean (log transformed data) based on best fit of the data for normality and equal variance 1805 

 1806 
R-ketoprofen 1807 

Parameterb Units Kc K+IDc Relative Bioavailability 

   90% CI  90% CI  90% CI 

  Averaged LL UL Averaged LL UL Ratio 

(K+ID/K) 

LL UL 

AUC0-last h*ng/mL 2298.16 1966.43 2685.86 2457.85         2103.07     2872.49 1.07 0.86 1.33 

AUC0-∞ h*ng/mL 2577.23   2217.37 2995.49 2694.82      2318.54     3132.16     1.06 0.85 1.29 
aPiglets: n=8 per treatment group (4 males, 4 females) 1808 
bAUC – area under the curve 1809 
cInjectable Treatments: K = ketoprofen, K+ID = ketoprofen + iron dextran 1810 
dTreatment group averages are the estimate of the geometric mean (log transformed data) based on best fit of the data for normality and equal variance  1811 
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Figure 2.1: Plasma drug concentration (+/- standard error) vs. time curve for S- and R-

ketoprofen enantiomers evaluated for pigs treated with either ketoprofen alone, or ketoprofen 

mixed with iron dextran prior to injection.  
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CHAPTER 3: Assessing pain control efficacy of meloxicam and 

ketoprofen when compounded with iron dextran in nursing 

piglets using a navigation chute 

Published: Reynolds, K.; Johnson, R.; Brown, J.; Friendship, R.; O’Sullivan, T.L. Assessing pain 

control efficacy of meloxicam and ketoprofen when compounded with iron dextran in nursing 

piglets using a navigation chute. Animals 2020, 10(7), 1237. 

https://doi.org/10.3390/ani10071237 

 

3.1 Simple Summary 

Post-procedural castration pain control in piglets in Canada is managed with non-

steroidal anti-inflammatory drugs (NSAIDs) such as meloxicam and ketoprofen. While 

combining NSAIDs with iron dextran (ID) reduces piglet injections and handling, it is unknown 

if this will affect NSAID pain control efficacy. This study evaluated the time it takes a pig to 

navigate an obstacle chute after surgical castration as an objective measure of pain control. The 

differences in navigation time of pigs given NSAIDs alone or mixed with ID prior to castration 

were compared. The results indicate that castrated piglets given either NSAIDs alone or mixed 

with ID navigated the chute as fast as non-castrated piglets, and faster than castrated piglets not 

given NSAIDs. This provides evidence that when NSAIDs are combined with iron and 

administered as a single injection, the NSAIDs remain effective at controlling castration pain. 

3.2 Abstract 

The efficacy of analgesics such as meloxicam and ketoprofen to control pain in piglets 

when mixed with iron dextran (ID) before injection is unknown. The purpose of this study was to 

compare perceived pain in castrated piglets treated 1 h before castration with either of these 

drugs alone, or when mixed with ID, by observing the time it takes for piglets to navigate a 
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chute. Piglets were divided into seven treatment groups (n=25 piglets per treatment group); 

including castration with analgesia (meloxicam or ketoprofen), castration with analgesic plus ID, 

castration without analgesic or ID, sham handled and given ID and sham handled alone. Piglets 

were placed in a short chute and their time to navigate the chute was recorded at 4 timepoints 

following castration. Piglets given meloxicam or ketoprofen, with or without ID did not differ 

from each other in their chute navigation times. Additionally, these piglets did not differ from 

treatment groups that were not castrated. Piglets castrated without analgesia had significantly 

longer navigation times. These results indicate that meloxicam or ketoprofen, whether mixed 

with ID prior to injection or not, provide similar analgesic efficacy. 

3.3 Introduction 

The surgical castration of piglets in swine production is currently a routine procedure in 

Canada and the United States. In Canada specifically, the Code of Practice for the Care and 

Handling of Pigs [1] states that piglets are to be given analgesia for painful procedures such as 

surgical castration. Previous research has shown castration in nursing piglets to be both acutely 

and chronically painful [2,3]. Drugs licensed for use in Canada for the control of pain in swine are 

currently limited to non-steroidal anti-inflammatory drugs (NSAIDs); such as meloxicam, 

ketoprofen and flunixin meglumine. Given as a single injection prior to castration, meloxicam [2, 

4-7] and ketoprofen [8, 9] have been shown to provide post-castration pain relief to piglets. The 

labelled doses of meloxicam and ketoprofen (0.4 mg/kg and 3 mg/kg, respectively) are for older 

pigs. However, studies have evaluated and documented the efficacy of these label doses in smaller 

(nursing) piglets [2, 4-9]. 
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There has been interest within the Canadian swine industry to explore the efficacy of 

mixing NSAIDs and other medications with iron dextran, prior to injection [10]. The mixing of 

iron dextran and NSAIDs together is a form of compounding, and is formally defined as the 

customization of any prescription medication by a veterinarian or pharmacist [11]. It is important 

that the reader be familiar with the laws and regulations specific to the legality of the practice of 

compounding drugs for use in food-producing animals, as it varies by country/region. While the 

practice of drug mixing in this manner has potential benefits with regard to increasing production 

efficiency and decreasing animal handling and stress, the efficacy of the compounded formulations 

has not been investigated. The mixing of drugs can cause alterations of drug pharmacokinetics and 

bioavailability and [12], and this may in turn limit drug efficacy. Recent work has shown that when 

meloxicam is compounded with iron dextran prior to administration in piglets before castration, 

those piglets have lower levels of serum cortisol compared to piglets not receiving analgesia prior 

to castration. [13]. This suggests that pigs receiving the compounded medications experience 

reduced pain following castration. 

Chute navigation time has been utilized as a pain assessment tool to objectively compare 

piglets castrated with or without analgesia and has been used to investigate meloxicam [14] and 

sucrose [15] as analgesics. The time required for a piglet to navigate a chute is recorded, and is 

subject to less misclassification bias than other subjective scoring outcomes. We were interested 

in applying this assessment tool to our research question. 

The objective of this study was to evaluate differences in pain control, as measured by 

chute navigation time, in piglets administered NSAIDS alone and castrated versus piglets 

administered NSAIDs compounded with iron dextran and castrated.  Specifically, the objectives 
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were to compare chute navigation times of piglets given meloxicam or ketoprofen as a single 

injection, to the same NSAIDs administered when compounded (mixed together) with iron dextran 

(ID). The working null hypothesis was that no differences in navigation times (NT) of piglets given 

NSAIDs alone vs. piglets given NSAIDs compounded with iron dextran would be found. 

3.4 Materials and Methods 

3.4.1 Animals 

This study was conducted at the University of Guelph Swine Research facility (Arkell, 

Ontario, Canada). The study was reviewed and approved by the University of Guelph Animal 

Care Committee (AUP#3744) following the guidelines outlined by the Canadian Council on 

Animal Care. A total of 175 crossbred male Yorkshire x Landrace x Duroc piglets were enrolled 

in the study and assigned to one of seven treatment groups resulting in 25 piglets per treatment. 

Sample size considerations were calculated based on observed differences in chute navigation 

time from work done by Bilsborrow et al. [14]. Litters at the study facility were born in a 4-

week, batch-farrowing schedule. Piglets were selected as they were born and according to the 

availability of male piglets. Enrolment was conducted with the goal of 7 male piglets per litter to 

have one male piglet per treatment. When 7 male piglets per litter were not born naturally, males 

from other litters, born within 24 h of a target litter, were cross-fostered onto a litter that required 

additional male piglets. Where possible, an additional eighth male was enrolled in each litter as a 

potential replacement piglet, should one of the original 7 males be censored from the study. 

Reasons for censoring piglets included injury, smaller than average size, or death. Piglets were 

assigned a number from 1-7, and this number was marked on their backs using a marker pen 

(SharpieTM, Newell Office Brands, Atlanta, Georgia) and marks were reapplied as needed to 
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ensure visibility. Piglet overall health, body condition, and castration site (if applicable) was 

monitored and recorded daily by the research team. Any health concerns observed were treated 

according to standard operating procedures of the facility and piglets were censored from study 

as needed. Additionally, barn staff conducted daily routine health observations. 

3.4.2 Chute Training and Back Testing 

The day prior to treatment administration, piglets were trained to negotiate a straight 

navigation chute with two hurdles spaced along the length of the chute. The chute was placed 

across the back end of the farrowing crate behind the sow. The chute was portable and could be 

transferred between crates as needed. The wooden navigation chute (painted for ease of cleaning) 

was designed according to specifications described by Bilsborrow et al. [14] (width 0.18 m, 

height 0.33 m, and 0.10 m hurdles) with the minor modification of an additional 0.30 m added 

lengthwise to result in a total length of 2.07 m (Figure 1). This additional length added to the 

chute acted as a “starting area” for each piglet, with a line demarcating this area from the rest of 

the chute. 

Piglets were exposed to the navigation chute on 4 occasions over the course of 30 h to 

train the piglets to return to their crate and reunite with the dam and littermates. A back-test was 

also applied to each piglet immediately preceding chute training, and the number of escape 

attempts made by piglets was quantified and given a score (0-2, with 0 indicating no escape 

attempts made) as previously described by Hessing et al. [16]. The back-test score is a potential 

indicator of an individual piglet’s coping style in regard to stressful situations, and the score was 

evaluated as a potential covariate in modeling chute navigation time. Observers performing the 

back-test were trained and practiced prior to applying this test on trial piglets. Results were 
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compared for the back-test observers over the training period and resulted in 100% agreement on 

multiple practice litters. 

3.4.3 Treatment Groups and Allocation Concealment 

Treatment group allocation was conducted by manually drawing a randomized list of 

treatment groups A-G from an envelope which were then assigned to piglets. A separate 

researcher conducted the individual randomizations (www.random.org) for the piglets’ treatment 

randomization, and the master list was placed in a sealed envelope. Another researcher who was 

blind to the treatment allocations gave piglets their randomized allocation on treatment day. 

The 7 treatments administered to piglets were: (1) meloxicam 0.4 mg/kg IM (Metacam® 

20 mg/mL, Boehringer Ingelheim (Canada) Ltd, Burlington, ON, Canada) and castrated (M); (2) 

ketoprofen 3 mg/kg IM (Anafen® 100 mg/mL, MERIAL Canada Inc, Baie d'Urfé – QC, Canada) 

and castrated (K); (3)  meloxicam 0.4 mg/kg compounded with iron dextran IM (Dexafer-200® 

200 mg/mL, Vetoquinol N.A. Inc., Lavaltrie, QC, Canada)  and castrated (M+ID); (4) ketoprofen 

3 mg/kg compounded with iron dextran IM and castrated (K+ID); (5) iron dextran IM and 

castrated (C+ID); (6) iron dextran IM and not castrated/sham-handled (ID-C); and (7) no 

injection and not castrated/sham-handled (SH). Piglets that were sham-handled were restrained 

for the same amount of time as other piglets, and handled as if they were castrated, though no 

castration was performed. The doses of meloxicam and ketoprofen were based on the label doses 

for meloxicam and ketoprofen.  These doses have been documented to be effective at reducing 

post-surgical pain in nursing piglets in similar studies evaluating castration pain [2, 4-9]. 
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3.4.4 Treatment Preparation and Administration 

On the day of treatment and castration, researchers involved in treatment administration 

(“injection team”) prepared new bottles of the two compounded formulations used (M+ID and 

K+ID). A new bottle was made each day litters were to be treated and any mixture left over after 

treatment was discarded. Injectable formulations were pipetted into sterile glass vials. The M+ID 

formulation combined 0.68 mL of meloxicam (Metacam® 20 mg/mL) with 9.32 mL iron dextran 

(Dexafer-200® 200 mg/mL) to achieve 1.36 mg meloxicam/mL of compounded formulation. 

This resulted in a 1.0 mL injection of compounded formulation per 3.4 kg pig which was the 

expected maximum weight of piglets at the time of castration. This ensured that a maximum of 

1.0 mL of compounded formulation in a tuberculin syringe and needle would be administered for 

dosing accuracy. The K+ID formulation combined 1.02 mL of ketoprofen (Anafen® 100 

mg/mL) with 8.98 mL of iron dextran (to result in 1.0 mL per 3.4 kg pig as previously noted). 

Both compounded formulations were agitated by hand after combining to ensure adequate 

mixing. From these formulations, pigs received either 0.4 mg/kg meloxicam, or 3 mg/kg 

ketoprofen, if they were allocated to one of these treatment groups (M+ID or K+ID, 

respectively). This ensured that the NSAID component of the compounded formulation was 

being dosed at the same rate as the NSAID given alone (i.e. M and K groups). 

Piglets received their allocated treatment at 3-5 days of age, 1 h prior to castration (time = 

-1 h), organized and timed by multiple calibrated clocks, to ensure consistent intervals between 

the injection team, the barn staff doing castrations (“castration team”), and the researchers 

performing outcome observations (“observation team”). The injection team gathered piglets 

minutes before treatment; each piglet’s treatment day weight was recorded, and their injectable 
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formulation (if applicable) was drawn up accordingly. Injections were given intramuscularly in 

the right side of the neck. Piglets were returned to their farrowing crate following injection. The 

injection team was timed and organized to perform treatments by litter in rooms where piglets 

were not being observed for chute navigation time, to not startle or interfere with nearby litters of 

piglets performing chute navigation data collection. 

3.4.5 Piglet Castration 

Piglets were surgically castrated with a single horizontal incision with a scalpel, 

following  facility standard operating protocols by trained barn staff. Time of castration was 

coordinated with the same calibrated clocks and pre-determined schedules by litter (time = 0). 

The castration team removed all study subject piglets from their farrowing crate 5 min prior to 

castration, and they were taken to a separate nearby room where the castration procedure would 

not interfere with the observation team and piglet chute navigation. Piglets were either castrated 

or sham-handled according to a list, given to the castration team by the injection team, generated 

by the treatment allocations that were determined earlier that morning. Piglets were castrated in 

order of their number (1-7). Piglets were returned to their farrowing crate immediately after 

castration. No additional processing procedures (i.e. tail docking, ear notching, teeth clipping or 

additional injections) were performed. 

3.4.6 Chute Navigation 

The observation team placed the navigation chute at the back end of the farrowing crate 

and collected study piglets into a temporary holding container prior to the scheduled chute 

observation time (Figure 1). An additional littermate that was not on trial but from the same litter 

was placed in the same container, so that the last piglet exposed to the chute was not isolated 
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before being placed into the chute. Navigation runs were done at seven timepoints; once prior to 

castration (time = -0.25 h), and 6 additional timepoints after castration (time = 0.25 h, 0.5 h, 1.0 

h, 4.0 h, 24.0 h, 30.0 h). At each timepoint, piglets were placed individually in the starting area 

of the chute, in order of piglet number (1-7). The chute navigation time started when a piglet’s 

first forefoot left the starting area and ended when one of the piglet’s forefeet touched the 

flooring of the farrowing crate outside of the chute. The navigation time was recorded to the 

nearest second by an observer with a handheld stopwatch. Once one piglet reached the farrowing 

crate (finish) and the navigation time was recorded, the next piglet was placed in the chute start 

area within 30 seconds. The time to conduct the chute navigation ranged from 2-10 min per litter. 

After the final chute navigation run, piglets were considered off-trial, except for piglets whose 

hemoglobin levels were evaluated as part of a separate study. 

3.4.7 Cortisol Sampling 

Serum samples were collected from all piglets to assess their cortisol levels at 1 h post-

castration. Cortisol, as a primary stress hormone, is a common physiological measure observed 

in studies of pain. We chose to include this outcome in our study to assist with the interpretation 

of our chute navigation results, as well as for comparison with previous literature. Following the 

1.0 h chute navigation timepoint, blood was collected from the orbital sinus of each piglet as 

previously described by Huhn et al. [17] using an 18-gauge hypodermic needle (MonojectTM, 

CovidienTM, Dublin, Ireland), into sterile tubes (BD Vacutainer® Serum Blood Collection Tubes 

– 4 mL, Beckton, Dickinson and Company, New Jersey, USA). A subset of piglets also had 

blood collected for hemoglobin analysis at the same time from the same route (as well as 3 

weeks post-castration) as part of a separate study (Reynolds et al., 2020 unpublished). Serum 



 

 

95 

 

cortisol in piglets has been shown to peak at 30 min post-castration [18]. Due to the design of our 

navigation timepoints a 30-min post-castration blood sample was not feasible and given that 

blood results have been shown to still be elevated at the 1.0 h mark [18], the 1.0 h timepoint was 

selected. Blood was allowed to clot and kept refrigerated until centrifugation. Samples were 

centrifuged at 1400 rpm for 20 min, at a temperature of 4° C (IEC Centra® CL3R, Thermo 

Electron Corporation, Massachusetts, USA). Extracted sera were placed in labeled cryovials and 

stored at -20oC until the time of analysis of cortisol levels (chemiluminescence, Animal Health 

Laboratory, University of Guelph, Guelph, ON, Canada). 

3.4.8 Statistical Analysis 

Modeling of chute navigation time was evaluated two different ways: as overall mean chute 

navigation time and by individual timepoint.  Overall mean chute navigation time by treatment 

group (model 1) examined all observations at all time points collectively, using mixed effects 

linear regression with a restricted maximum likelihood estimation approach, and an autoregressive 

correlation structure to account for the time between repeated measurements (StataIC 14, Statacorp 

LP, College Station, Texas, USA). Univariable associations of treatment and other potential 

covariates and confounders with overall navigation time were initially investigated. Variables 

significant at the p < 0.10 level were considered for further modeling. Significant univariable 

associations were added to the model in a forward stepwise fashion as fixed effects or as random 

intercepts to account for repeated measures. Observation time was evaluated as a random slope, as 

well as for quadratic effect and these were not significant. For covariates with multiple categories, 

likelihood ratio tests were performed to assess the significance of the overall variable in the model. 

These steps were performed until an optimal value for Akaike’s information criterion and Bayesian 
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information criterion were achieved. Postestimation diagnostics were performed. Standardized 

residuals indicated some minor deviations with normality and homoscedasticity, however 

transformations of the data (i.e. log transformation) did not improve fit and hence the data were 

interpreted untransformed. Best linear unbiased predictors were evaluated for the pig level of 

clustering used in the model, and while there was some mild fanning of higher fitted values, log 

transformation did not improve fit. Modeling of mean chute navigation time at individual 

timepoints was conducted as a separate model from overall navigation time (model 2). Individual 

timepoint models for the 6 observation times thus each account for 1/6 of the overall observations. 

This model was created separately, as the fixed effects of timepoint for example did not differ 

among observations, and thus was not required to be controlled for in the model. In addition, 

different covariates were important when timepoints were analyzed on their own as opposed to 

evaluating them together for overall effect of treatment (i.e effect of treatment over the entire 

observation period). Individual timepoint modeling was completed using simple linear regression, 

controlling for covariates and interactions as described above.  

Modeling of serum cortisol for treatment group (model 3) was completed using a linear 

mixed model, accounting for clustering at the litter level, and controlling for the covariates of 

treatment day weight (per 100 g difference in weight), and effect of individual castrator. Similarly, 

univariable associations of treatment as well as other potential covariates/confounders were 

initially investigated, and variables significant at the p < 0.10 level were included in further 

modeling. Stepwise addition and subtraction of significant univariable associations was performed 

until an optimal value for Akaike’s information criterion and the Bayesian information criterion 

were achieved. Postestimation of standardized residuals was unremarkable. 
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3.5 Results 

3.5.1 Descriptive Statistics 

Descriptive statistics by treatment for the 175 enrolled piglets are presented in Table 3.1. 

Mean birth weight and mean treatment day weights between treatment group means were not 

different nor was age at time of treatment (p > 0.05). There were some minor differences in 

average sow parity between treatment groups, but this was not significant in the final model 

(model 1). The M treatment group had a lower percentage of cross-fostering than other treatment 

groups but whether a pig was cross-fostered or not was not associated with chute navigation time 

in the final model (model 1, model 2). 

When evaluating observations done by batch, the number of litters enroled varied from 3-

6 litters. This occurred due to differing available male pigs per batch. One piglet in the second 

batch was excluded from the final 3 chute runs due to health concerns. 

3.5.2 Chute Navigation Time (model 1, model 2) 

Overall navigation time was modeled controlling for time as a fixed-effect, as well as 

accounting for a covariance structure of time between repeated measures. Other covariates that 

were controlled for included back test score, batch of observation, and baseline run time (the 

final recorded training run time). Overall navigation time did not differ between piglets treated 

with NSAID mixed with ID, and their respective NSAID given alone (model 1, Table 3.2 and 

3.3). Overall navigation time (model 1, Table 3.4, Figure 3.2) was longer in C+ID piglets, as 

compared to all other treatment groups (p < 0.001). There were no significant differences 

between any other treatment groups for overall navigation time (p > 0.05) (model 1, see Tables 

3.2, 3.3, and 3.4). Analysis at the individual timepoints (model 2) showed that C+ID piglets had 
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significantly longer navigation time than all other treatment groups at time = 0.25 h (p < 0.001). 

A significant difference between C+ID and all other groups was not found at any other 

timepoint. There were a few sporadic differences between individual treatment groups and C+ID 

(e.g. K+ID at 0.5 h, and 1 h), though no difference in non-castrated control groups (Appendix II, 

S.Figures 3.1-3.6). No other differences existed between the other treatment groups of interest 

for our research question at any specific timepoint (p > 0.05). 

3.5.3 Cortisol (model 3) 

The C+ID treatment group had significantly higher levels of cortisol (nmol/L) 1 h post-

castration compared to all other treatment groups (Table 3.7), when controlling for significant 

covariates of treatment day weight, castrator, and clustering at the litter level. There were no 

differences between M and M+ID groups (Table 3.5), nor were there differences between K and 

K+ID groups (Table 3.6). Groups that were castrated and given an NSAID in any form had 

similar cortisol levels compared to piglets that did not undergo castration, with the exception of 

M and M+ID piglets, where serum cortisol was higher (45.67 nmol/L , P = 0.027; and 45.45 

nmol/L, P = 0.028; respectively) than the ID-C group. No cortisol differences were found 

between M and M+ID groups and the other non-castrated SH group. There were no other 

differences between treatment groups. One outlier with a very large standardized residual value 

was removed from analysis; it was noted that this pig was the only pig on trial euthanized due to 

health complications. 

3.6 Discussion 

The results of chute overall navigation time (model 1) showed no difference in average 

chute navigation times when piglets were given meloxicam or ketoprofen compounded with ID 
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compared to meloxicam or ketoprofen alone. These results also showed no difference in overall 

navigation time between piglets that were castrated and given either NSAID and the non-

castrated control piglets (ID-C, SH). There was, however, a difference between piglets castrated 

without analgesia and all other treatment groups, in that piglets castrated without analgesia took 

significantly longer to navigate the chute. The lack of difference among M, M+ID, K, and K+ID 

to ID-C and SH groups suggests that piglets given analgesia prior to castration, regardless of 

inclusion of ID in the formulation, had sufficient analgesia to navigate the chute in a comparable 

manner to piglets that were not castrated. In addition, the results provide evidence that the 

compounded formulations (M+ID and K+ID) retained pain control efficacy of the NSAIDs after 

being mixed with ID. The results are similar to Bilsborrow et al. [14], where piglets that were 

handled without castration, or castrated with meloxicam (4 mg/kg or 2 mg/kg) showed no 

difference in navigation time immediately post-castration. In addition, Bilsborrow et al. found 

that both treatment groups given analgesia were significantly faster than piglets castrated without 

analgesia. One study evaluated ketoprofen and meloxicam using behaviour scoring as their 

outcome measure and found these NSAIDs to be ineffective to control castration pain [19]. 

However, these researchers made use of periodic video behaviour scans and a piglet grimace 

scale (PGS) as the outcomes of interest [19]. The difference in results between our study and 

those of the study by Viscardi and Turner are likely due to methodological differences in how the 

studies were conducted [19]. In addition, recent research evaluating the PGS as an assessment 

tool noted no differences in average observer score between castrated and non-castrated pigs 

[20]. This suggests  potential confounds with other stressors, which may indicate limited 

usefulness of the PGS for pain assessment in pigs. 
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Individual timepoint analysis of our data indicated a difference in C+ID from other 

treatment groups at the timepoint 0.25 h post-castration, and not at any other timepoint. This lack 

of difference in chute navigation at later timepoints may be due to a decreased pain sensation 

over time, decreased ability for to measure pain with chute navigation at later timepoints, or a 

potential loss of NSAID effectiveness over time. Bilsborrow et al. [14] found similar results, 

documenting that piglets castrated with either a full or half-dose of meloxicam navigated the 

chute comparably to non-castrated piglets at 15 min post-castration. However, no differences 

were seen between any treatment groups past 15 min, measured four times between 30 min and 

480 min post-castration [14].  

Our statistical analysis differed from that of Bilsborrow et al. [14], as we analyzed all 

time points together in a single model, accounting for time as a fixed effect, as well as for 

individual pig random effects. This allowed us to determine if there was a difference in treatment 

over the entire observation period independent of the effect of time and individual pig, which 

simple linear regression models at each timepoint do not account for. This highlights the 

importance of how we analyze pain outcome data, and the importance of controlling for other 

variables within our statistical model. 

Another important observation in our study is that at later timepoints there were no 

differences between non-analgesed castrates and non-castrated controls. This was also seen by 

Bilsborrow et al [14]. This suggests that chute navigation is unable to quantify differences in 

pain at timepoints after an initial window post-castration, as we would expect non-castrated and 

castrated pigs to be significantly different. 
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It is unclear whether a lack of difference between treatment groups at individual 

timepoints past 15 min suggest a short duration of analgesia. Recent work by Nixon et al. [21] 

examined interstitial fluid (ISF) concentrations of both meloxicam and ketoprofen in 6 d old 

piglets. They found that while plasma concentrations rapidly decrease for these NSAIDs, ISF 

concentrations remain above the limit of quantitation up to 48 h post-dosing [21]. This suggests 

that these NSAIDs would be available at the target site of action during the entire 30 h 

observation period in our study, and thus piglets given NSAIDs would likely have some level of 

analgesia at all timepoints. This supports that a lack of difference between treatment groups at 

timepoints past 15 min are likely due to the reduced ability to measure pain using the chute at 

those timepoints. 

The administration of pain control 1 h prior to castration is not generally practical on-

farm. The labour required on a large-scale swine operation to inject all pigs at a specific time 

interval before castration may not be feasible, and it is more likely that on commercial farms 

analgesic injection would occur at the same time as castration (as well as other processing 

procedures). The objective of this study was to identify differences between pigs given NSAIDs 

alone compared to pigs given NSAIDs compounded with ID, and not to assess specific timing of 

injection effects on analgesia. In order to assess differences in analgesia that may be present, it 

was an important study design consideration that animals that received NSAIDs were given 

enough time for the NSAIDs to be absorbed systemically prior to castration. That said, 

observation of preliminary pharmacokinetic data [22 and Reynolds et al. (2020 unpublished)] 

indicates that the times to maximum serum concentration (Tmax) of meloxicam and ketoprofen 

compounded with ID, occur within 2 h and 10 min, respectively. While the meloxicam 
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compounded formulation showed a later Tmax compared to ketoprofen, exposure of the body to 

the NSAID indicated by the area under the curve (AUC) during the drug absorption phase (time 

= 0 h until Tmax), may have been enough to provide analgesia. The results of these 

pharmacokinetic studies support that the NSAID drugs used may be available to the piglet at the 

target site, and available to provide analgesia shortly after castration, even if the injections are 

given within a short time frame of the castration procedure. Previous work has also shown that 

piglets given pre-emptive meloxicam 30 min prior to castration benefitted from post-operative 

analgesia [5, 6]. Additional work by Nixon et al. in 6-day old piglets evaluating both meloxicam 

and ketoprofen suggest that optimal dosing may be around 2 h prior to castration for these 

NSAIDs, as this correlates to peak ISF, which more closely represents analgesia at the target site 

[21]. As it is uncertain when the optimal time to administer NSAIDs would be, it would be worth 

exploring the optimal timing of NSAID injection prior to castration. 

The results of cortisol analysis (model 3) support those of the chute navigation time 

analysis. Specifically, piglets in all castration treatment groups that received analgesia (M, 

M+ID, K, K+ID), and in non-castrated treatment groups (ID-C, SH) had significantly lower 

cortisol levels than C+ID pigs, suggesting that they may have experienced a reduced stress 

response. In addition, no differences were found between piglets given a specific NSAID, vs. 

that NSAID compounded with ID. This supports that the NSAIDs meloxicam and ketoprofen, 

when compounded with ID, do not differ in the level of analgesia provided compared to the 

NSAID given alone, and that both formulations provide significant benefit to piglets compared to 

castration without analgesia. As noted previously, it is important to interpret these findings in 

relation to the timing of NSAID injection. A study by Sutherland et al. (2012) on biomarkers 
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after castration showed no difference in serum cortisol between flunixin meglumine treated 

piglets and untreated piglets [23], however these piglets were treated immediately prior to 

castration. Another study evaluating cortisol differences in piglets castrated with and without 

meloxicam also noted no change in post-castration cortisol [24], however these piglets were not 

given meloxicam until after castration, and cortisol was measured at 20 min post-castration 

which is before the ideal sampling period [18]. In addition, the pre-castration blood sample was 

taken 20 min prior to castration and may have elevated the post-castration sample [18]. It may be 

that the differences in cortisol found in our study are due to the injecting of NSAIDs 1 h prior to 

castration. Reductions in cortisol levels in pigs castrated with analgesia compared to animals 

castrated without analgesia have been found in other studies which provided analgesia some time 

before castration, such as Tenbergen et al. [6] where meloxicam was provided 30 min before 

castration, and Gottardo et al. [9] where meloxicam or ketoprofen was injected 10 minutes 

before castration. The cortisol differences between M and M+ID piglets to the ID-C group do not 

appear to show associated differences in chute navigation, and it is possible these treatment 

group differences were not associated with differing levels of analgesia. While cortisol 

measurement is useful in studies of pain and distress, it has been shown that other factors may 

elevate levels in the blood, and results should be interpreted with caution [25,26]. 

The mixing of K or M with ID did not reduce the level of analgesia the piglets received. 

This information is helpful when working towards solutions for post-procedural pain control, 

while considering labour inputs and animal handling. While NSAIDs act to control post-

procedural pain, it is important to recognize this does not address the acute pain associated with 
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spermatic cord transection. Additional solutions need to be studied and incorporated into barn 

protocols to address this concern, such as varying modes of anesthesia. 

3.7 Conclusion 

When looking at pain control as assessed by chute navigation time and serum cortisol 

levels, meloxicam and ketoprofen provided equivalent analgesia alone and when mixed with iron 

dextran. It appears that mixing these NSAIDs with iron dextran does not reduce analgesic 

efficacy. The compounded formulations could provide an added benefit of decreased labour, 

materials and animal handling, as well as comparable pain relief to current recommended 

medications. As compounding of veterinary licensed NSAIDs with ID is a novel practice, further 

work to investigate tissue drug depletion is required to ensure human food safety, prior to this 

practice being fully recommended.  
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Table 3.1: Descriptive statistics of piglets (n=25 per group) on trial by treatment group. 

 

Parameter (units) Ma M+ID K K+ID C+ID ID-C SH 

Mean age at 

treatment (d) 

(min-max) 

3.3 

(2-4) 

3.4 

(3-4) 

3.3 

(3-5) 

3.4 

(3-4) 

3.4 

(3-5) 

3.3 

(3-4) 

3.4 

(3-4) 

Mean birth weight 

(kg) 

(min-max) 

1.64 

(1.12-

2.49) 

1.65 

(1.17-

2.19) 

1.58 

(0.97-

2.41) 

1.61 

(1.03-

2.26) 

1.65 

(1.13-

2.34) 

1.65 

(1.04-

2.34) 

1.75 

(1.02-

2.32) 

Mean treatment day 

weight (kg) 

(min-max) 

2.14 

(1.28-

3.08) 

2.09 

(1.48-

2.84) 

2.00 

(1.10-

3.06) 

1.96 

(1.34-

3.04) 

2.10 

(1.22-

3.11) 

2.16 

(1.22-

3.26) 

2.27 

(1.14-

3.10) 

Mean sow parity 

(min-max) 

3.8 

(1-7) 

4.0 

(1-8) 

3.7 

(1-7) 

3.5 

(1-7) 

3.6 

(1-7) 

3.6 

(1-7) 

4.0 

(1-7) 

 % cross fosteredb 15.8 21.1 31.6 31.6 26.3 31.6 31.6 
aTreatment Group (M = meloxicam and castrated, M+ID = meloxicam + iron dextran and castrated, K = ketoprofen 

and castrated, K+ID = ketoprofen + iron dextran and castrated, C+ID = castration only + iron dextran, ID-C = iron 

dextran without castration, SH = sham handled only).  
bCalculated as (piglets cross fostered in treatment group)/(all piglets in treatment group)  
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Table 3.2: Final full model* (model 1) of overall navigation time (sec) by treatment group 

using meloxicam and iron dextran (M+ID) treatment group as the referent category. 

Variable Coefficient SEa z P>|z| 
95% Confidence 

Interval 

FIXED EFFECTS 

Treatmentb 

M+ID 

M 

K 

K+ID 

C+ID 

ID-C 

SH 

 

Referent 

0.11 

0.87 

-2.10 

8.02 

1.54 

-0.23 

 

--- 

2.62 

2.63 

2.57 

2.59 

2.55 

2.61 

 

--- 

0.04 

0.33 

-0.82 

3.09 

0.60 

-0.09 

 

--- 

0.967 

0.742 

0.415 

0.002 

0.547 

0.929 

 

--- 

-5.02   -    5.23 

-4.28   -    6.01 

-7.13   -    2.94 

2.94   -   13.10 

-3.45   -   6.53 

-5.35   -    4.88 

Chute Run Time 

Post-Castration (h) 
-0.26 0.04 -7.03 <0.001 -0.33   -   -0.19 

Baseline Navigation 

Time (sec) 0.26 0.06 4.14 <0.001 0.14   -   0.38 

Batch 

Mid-June 

Mid-July 

Early August 

Late August 

Late September 

 

Referent 

-5.52 

-6.65 

-7.15 

-5.58 

 

--- 

2.49 

2.49 

2.49 

2.41 

 

--- 

-2.22 

-2.67 

-2.87 

-2.32 

 

--- 

0.026 

0.008 

0.004 

0.020 

 

--- 

-10.40  -   -0.65 

-11.53  -   -1.78 

-12.04  -   -2.26 

-10.30   -   -0.87 

Back Test Score 

0 

1 

2  

 

Referent 

-2.81 

-4.16 

 

--- 

1.67 

1.82 

 

--- 

-1.68 

-2.29 

 

--- 

0.093 

0.022 

 

--- 

-6.08   -    0.47 

-7.73   -   -0.60 

(Constant) 20.70 2.95 7.01 <0.001 14.91   -   26.49 

RANDOM EFFECTS 

Variable 
Variance 

Estimate 
SEa   

95% Confidence 

Interval 

Individual Pig 8.35 20.65   0.07   -   1063.93 

Residual: AR1 180.92 21.54   143.262   -   228.48 

*Mixed effects linear regression; estimated with restricted maximum likelihood estimation. aStandard Error 
bTreatment Groups: M = castration + meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration 

+ ketoprofen, K+ID = castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron dextran, 

ID-C = iron dextran without castration, SH = sham handling without castration or injection.  



 

 

110 

 

Table 3.3: Final full model* (model 1) of overall navigation time (sec) by treatment group 

using ketoprofen and iron dextran (K+ID) treatment group as the referent category. 

Variable Coefficient SEa z P>|z| 
95% Confidence 

Interval 

FIXED EFFECTS 

Treatmentb 

K+ID 

M 

M+ID 

K 

C+ID 

ID-C 

SH 

 

Referent 

2.20 

2.10 

2.96 

10.12 

3.63 

1.86 

 

--- 

2.60 

2.57 

2.61 

2.58 

2.59 

2.61 

 

--- 

0.85 

0.82 

1.13 

3.92 

1.40 

0.71 

 

--- 

0.396 

0.415 

0.256 

<0.001 

0.160 

0.475 

 

--- 

-2.88   -    7.30 

-2.94   -    7.14 

-2.15   -   8.08 

5.06   -   15.18 

-1.44   -   8.70 

-3.25   -   6.98 

Chute Run Time 

Post-Castration (h) 
-0.26 0.04 -7.03 <0.001 -0.33   -   -0.19 

Baseline Navigation 

Time (sec) 0.26 0.06 4.14 <0.001 0.14   -   0.38 

Batch 

Mid-June 

Mid-July 

Early August 

Late August 

Late September 

 

Referent 

-5.52 

-6.65 

-7.15 

-5.58 

 

--- 

2.49 

2.49 

2.49 

2.41 

 

--- 

-2.22 

-2.67 

-2.87 

-2.32 

 

--- 

0.026 

0.008 

0.004 

0.020 

 

--- 

-10.40  -   -0.65 

-11.53  -   -1.78 

-12.04  -   -2.26 

-10.30   -   -0.87 

Back Test Score 

0 

1 

2  

 

Referent 

-2.81 

-4.16 

 

--- 

1.67 

1.82 

 

--- 

-1.68 

-2.29 

 

--- 

0.093 

0.022 

 

--- 

-6.08   -    0.47 

-7.73   -   -0.60 

(Constant) 18.61 3.12 5.95 <0.001 12.48   -   24.73 

RANDOM EFFECTS 

Variable 
Variance 

Estimate 
SEa   

95% Confidence 

Interval 

Individual Pig 8.35 20.65   0.07   -   1063.93 

Residual: AR1 180.92 21.54   143.262   -   228.48 

*Mixed effects linear regression; estimated with restricted maximum likelihood estimation. aStandard Error 
bTreatment Groups: M = castration + meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration 

+ ketoprofen, K+ID = castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron dextran, 

ID-C = iron dextran without castration, SH = sham handling without castration or injection.  
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Table 3.4: Final full model* (model 1) of overall navigation time (sec) by treatment group 

using castration without analgesia and iron dextran (C+ID) treatment group as the referent 

category 

Variable Coefficient SEa z P>|z| 
95% Confidence 

Interval 

FIXED EFFECTS 

Treatmentb 

C+ID 

M 

M+ID 

K 

K+ID 

ID-C 

SH 

 

Referent 

-7.91 

-8.02 

-7.15 

-10.12 

-6.48 

-8.26 

 

--- 

2.61 

2.59 

2.65 

2.58 

2.60 

2.63 

 

--- 

-3.03 

-3.09 

-2.70 

-3.92 

-2.49 

-3.14 

 

--- 

0.002 

0.002 

0.007 

0.000 

0.013 

0.002 

 

--- 

-13.04   -    -2.79 

-13.10   -    -2.94 

-12.35   -    -1.97 

-15.18    -    -5.06 

-11.58    -    -1.39 

-13.42    -    -3.10 

Chute Run Time 

Post-Castration (h) 

-0.26 0.04 -7.03 <0.001 -0.33     -    -0.19 

Baseline Navigation 

Time (sec) 0.26 0.06 4.14 <0.001 0.14     -    0.38 

Batch 

Mid-June 

Mid-July 

Early August 

Late August 

Late September 

 

Referent 

-5.52 

-6.65 

-7.15 

-5.58 

 

--- 

2.49 

2.49 

2.49 

2.41 

 

--- 

-2.22 

-2.67 

-2.87 

-2.32 

 

--- 

0.026 

0.008 

0.004 

0.020 

 

--- 

-10.40  -   -0.65 

-11.53  -   -1.78 

-12.04  -   -2.26 

-10.30   -   -0.87 

Back Test Score 

0 

1 

2  

 

Referent 

-2.81 

-4.16 

 

--- 

1.67 

1.82 

 

--- 

-1.68 

-2.29 

 

--- 

0.093 

0.022 

 

--- 

-6.08   -    0.47 

-7.73   -   -0.60 

(Constant) 28.72 3.06 9.39 <0.001 22.73   -   34.72 

RANDOM EFFECTS 

Variable 
Variance 

Estimate 
SEa   

95% Confidence 

Interval 

Individual Pig 8.35 20.65   0.07   -   1063.93 

Residual: AR1 180.92 21.54   143.262   -   228.48 
*Mixed effects linear regression; estimated with restricted maximum likelihood estimation. aStandard Error 
bTreatment Groups: M = castration + meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + 

ketoprofen, K+ID = castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron dextran, ID-

C = iron dextran without castration, SH = sham handling without castration or injection.  
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Table 3.5: Final full model* (model 3) of cortisol (nmol/L) 1-h post-castration by treatment 

group using meloxicam and iron dextran (M+ID) treatment group as the referent category. 

Variable Coefficient SEa z P>|z| 
95% Confidence 

Interval 

FIXED EFFECTS 

Treatmentb 

M+ID 

M 

K 

K+ID 

C+ID 

ID-C 

SH 

 

Referent 

0.27 

-27.24 

-23.08 

77.82 

-45.40 

-28.02 

 

--- 

20.69 

20.72 

20.76 

20.92 

20.71 

20.84 

 

--- 

0.01 

-1.31 

-1.11 

3.72 

-2.19 

-1.34 

 

--- 

0.989 

0.189 

0.266 

<0.001 

0.028 

0.179 

 

--- 

-40.29   -   40.83 

-67.85   -   13.37 

-63.77   -   17.60 

36.81    -  118.83 

-85.98   -   -4.81 

-68.86   -   12.83 

Treatment Day 

Weight (per 100g) -5.59 1.40 -4.00 <0.001 -8.33   -   -2.85 

Castrator 

A 

B 

C 

D 

 

Referent 

-124.57 

-116.05 

-163.30 

 

--- 

36.36 

38.61 

48.04 

 

--- 

-3.43 

-3.01 

-3.40 

 

--- 

0.001 

0.003 

0.001 

 

--- 

-195.83  -  -53.31 

-191.72  -  -40.39 

-257.47  -  -69.14 

(Constant) 433.39 46.24 9.37 <0.001 342.77   -  524.01 

RANDOM EFFECTS 

Variable 
Variance 

Estimate 
SEa   

95% Confidence 

Interval 

Litter 1544.32c 678.76   652.55   -  3654.74 
*Linear Mixed model, accounting for clustering at the litter level, and controlling for covariates of treatment day 

weight (dg), and individual castrator effect aStandard Error bTreatment Groups: M = castration + meloxicam, M+ID 

= castration + meloxicam + iron dextran, K = castration + ketoprofen, K+ID = castration + ketoprofen + iron 

dextran, C+ID = castration without analgesia + iron dextran, ID-C = iron dextran without castration, SH = sham 

handling without castration or injection. cVariance Partition Coefficient of Litter = 0.224.  
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Table 3.6: Final full model* (model 3) of cortisol (nmol/L) 1-hr post-castration by treatment 

group using ketoprofen and iron dextran (K+ID) treatment group as the referent category. 

Variable Coefficient SEa z P>|z| 
95% Confidence 

Interval 

FIXED EFFECTS 

Treatmentb 

K+ID 

M 

M+ID 

K 

C+ID 

ID-C 

SH 

 

Referent 

23.36 

23.08 

-4.16 

100.90 

-22.31 

-4.93 

 

--- 

20.83 

20.76 

20.69 

21.04 

20.87 

21.13 

 

--- 

1.12 

1.11 

-0.20 

4.80 

-1.07 

-0.23 

 

--- 

0.262 

0.266 

0.841 

<0.001 

0.285 

0.815 

 

--- 

-17.47   -   64.18 

-17.60   -   63.77 

-44.71   -   36.39 

59.66   -  142.15 

-63.22   -   18.60 

-46.35   -   36.49 

Treatment Day 

Weight (per 100g) -5.59 1.40 -4.00 <0.001 -8.33   -   -2.85 

Castrator 

A 

B 

C 

D 

 

Referent 

-124.57 

-116.05 

-163.30 

 

--- 

36.36 

38.61 

48.04 

 

--- 

-3.43 

-3.01 

-3.40 

 

--- 

0.001 

0.003 

0.001 

 

--- 

-195.83  -  -53.31 

-191.72  -  -40.39 

-257.47  -  -69.14 

(Constant) 433.39 46.24 9.37 <0.001 342.77   -  524.01 

RANDOM EFFECTS 

Variable 
Variance 

Estimate 
SEa   

95% Confidence 

Interval 

Litter 1544.32c 678.76   652.55   -  3654.74 

*Linear Mixed model, accounting for clustering at the litter level, and controlling for covariates of treatment day 

weight (dg), and individual castrator effect aStandard Error bTreatment Groups: M = castration + meloxicam, 

M+ID = castration + meloxicam + iron dextran, K = castration + ketoprofen, K+ID = castration + ketoprofen + 

iron dextran, C+ID = castration without analgesia + iron dextran, ID-C = iron dextran without castration, SH = 

sham handling without castration or injection. cVariance Partition Coefficient of Litter = 0.224.  
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Table 3.7: Final full model* (model 3) of cortisol (nmol/L) 1-h post-castration by treatment 

group using castration without analgesia and iron dextran (C+ID) treatment group as the 

referent category 

Variable Coefficient SEa z P>|z| 
95% Confidence 

Interval 

FIXED EFFECTS 

Treatmentb 

C+ID 

M 

M+ID 

K 

K+ID 

ID-C 

SH 

 

Referent 

-77.55 

-77.82 

-105.06 

-100.90 

-123.22 

-105.84 

 

--- 

20.92 

20.92 

20.99 

21.04 

20.93 

21.02 

 

--- 

-3.71 

-3.72 

-5.01 

-4.80 

-5.89 

-5.03 

 

--- 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

 

--- 

-118.55  -  -36.54 

-118.83  -  -36.81 

-146.20  -  -63.92 

-142.15  -  -59.66 

-164.23  -  -82.20 

-147.04  -  -64.64 

Treatment Day 

Weight (per 100g) -5.59 1.40 -4.00 <0.001 -8.33   -   -2.85 

Castrator 

A 

B 

C 

D 

 

Referent 

-124.57 

-116.05 

-163.30 

 

--- 

36.36 

38.61 

48.04 

 

--- 

-3.43 

-3.01 

-3.40 

 

--- 

0.001 

0.003 

0.001 

 

--- 

-195.83  -  -53.31 

-191.72  -  -40.39 

-257.47  -  -69.14 

(Constant) 433.39 46.24 9.37 <0.001 342.77   -  524.01 

RANDOM EFFECTS 

Variable Variance 

Estimate 

SEa   95% Confidence 

Interval 

Litter 1544.32c 678.76   652.55   -  3654.74 

*Linear Mixed model, accounting for clustering at the litter level, and controlling for covariates of treatment 

day weight (dg), and individual castrator effect aStandard Error bTreatment Groups: M = castration + 

meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + ketoprofen, K+ID = castration + 

ketoprofen + iron dextran, C+ID = castration without analgesia + iron dextran, ID-C = iron dextran without 

castration, SH = sham handling without castration or injection. cVariance Partition Coefficient of Litter = 

0.224 
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Figure 3.1: A picture of the navigation chute placed at the back end of the farrowing crate. The blue 

container at top left is a holding container for piglets prior to placement in the chute. Piglets are placed to 

start chute navigation in the section closest to this container. Two hurdles visible along the length of the 

chute, which piglets step over in order to exit the chute. At bottom right is the opening where piglets exit 

back into the farrowing crate.  
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Figure 3.2: Comparison of overall navigation time (sec) between treatment groups using mixed effects 

linear regression, controlling for fixed effects of navigation timepoint, baseline navigation time, back test 

score and batch, and the random effects of individual pig. aTreatment Groups: M = castration + 

meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + ketoprofen, K+ID = 

castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron dextran, ID-C = iron 

dextran without castration, SH = sham handling without castration or injection. bIndicates a significant 

difference (p<0.05) of treatment group from the referent category (C+ID). c0 is equivalent to the average 

navigation time of the referent category (C+ID); error bars on the graph representative of a 95% 

confidence interval.  
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CHAPTER 4: Efficacy of meloxicam and ketoprofen when mixed 

with iron dextran for control of castration-associated pain in 

nursing piglets assessed using live scan behaviour observations  

 

4.1 Abstract 

The analgesic efficacy of meloxicam and ketoprofen when mixed with iron dextran (ID) 

before injection to control pain associated with castration in piglets is unknown. This study 

compares individual pig behavioural measures of pain, as well as measures of social cohesion 

associated with pain, in piglets given either of these analgesics alone or when mixed with ID. 

Piglets (n=75 per treatment group) were injected 1 h before castration with 1 of the 4 treatment 

combinations. These piglets were compared to piglets castrated without analgesia, piglets given 

ID alone and not castrated, and to sham handled piglets. Piglets were observed at 4 timepoints 

following castration for differences in behaviour. Behaviours of piglets given meloxicam or 

ketoprofen alone, or when mixed with ID did not differ for most of the behavioural outcomes. 

Where differences were noted, there was no clear indication from the control group that pain was 

accurately being compared. 

4.2 Introduction 

In commercial swine production, piglet castration is done routinely for the control of 

undesirable odor and flavor in pork products referred to as boar taint. In Canada, it is a 

requirement for piglets to be given analgesia to control for the pain associated with castration 

and tail docking as per the Code of Practice for the Care and Handling of Pigs (1). Surgical 

castration of nursing piglets causes both acute and chronic pain (2,3). In Canada, the non-

steroidal anti-inflammatory drugs (NSAIDs) meloxicam, ketoprofen and flunixin meglumine are 
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licensed for use in swine. Of these, meloxicam is labeled for use to control pain associated with 

castration. Ketoprofen is labeled for use to control fever and inflammation associated with 

respiratory disease in pigs, and flunixin meglumine is labeled to aid in reducing pyrexia 

associated with swine respiratory disease (4). However, in Canada, ketoprofen and flunixin 

meglumine can be used in an extra-label manner for pain associated with processing procedures 

when prescribed by a licensed veterinarian. Previous clinical trials have shown that meloxicam 

(2,5-8) and ketoprofen (9,10) provided analgesia in nursing piglets post-castration, either when 

administered alone or in combination with anaesthetics such as lidocaine or carbon dioxide. 

The practice of mixing of NSAIDs with iron dextran (ID) in the same bottle prior to 

injection has been of interest within the swine industry in order to minimize labour and decrease 

animal handling and stress (11) by reducing the number of injections administered to each pig. 

However, it is unknown how the mixing will affect the analgesic efficacy of the NSAID. The 

mixing of these two drug types is considered a form of drug compounding. The formal definition 

of compounding of veterinary drugs refers to the customization of prescription medications by a 

veterinarian or pharmacist, e.g. combining two or more drugs to create a new drug or drug 

combination (12). Compounded formulations can result in alterations of drug bioavailability and 

pharmacokinetics of one or both of the individual drug types (13), and raises the concern as to 

whether each drug is available systemically once administered to the animal. For the purposes of 

this document, “mixing” or “mixed” will be the terms used to refer to the way in which NSAIDs 

were compounded (i.e. mixed) with ID. 

Pain induced by surgical castration in nursing piglets has been studied by examining a 

variety of different behavioural outcomes in the past. These outcomes can include vocalization 
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frequency or intensity, activity-level scoring, measures of social cohesion, or individual-animal 

behaviours considered associated with pain (14). Each outcome assessment type attempts to 

measure the subjective experience of the animal. Conclusions drawn from pain-associated 

behaviour outcomes vary depending on the time, frequency, and method in which the outcome 

was measured (14). Multiple behaviours and outcomes are recommended to be observed in order 

to optimally assess pain in animals (15). Outcome evaluations are improved with observer 

training and experience (15), and it is important to assess observer reliability as part of a 

behavioural study (16). Previous research noted that pain associated with castration can result in 

changes in individual piglet behaviours and measures of social cohesion for up to 4 days post-

procedure (3). Piglets given meloxicam mixed with ID have been shown to have lower levels of 

serum cortisol after castration compared to piglets castrated without analgesia, suggesting 

retained analgesic benefit of the NSAID after mixing (17). It is likely in this case, that the mixed 

formulations will result in measurable differences in piglet behavior that can be studied as well 

compared to piglets castrated without the benefit of analgesic medication. The time period when 

differences in piglet pain behaviors can best be observed varies depending on the specific 

behavior. Meloxicam and ketoprofen act to control post-procedural inflammatory pain, and thus 

it is important to select behavioural measures of pain that have been shown to occur post-

castration (i.e. as opposed to measures of acute incisional pain). These should be observed for an 

adequate time period following castration to capture potential important differences in treatment 

effect. 

The objective of this study was to determine any differences in pain control, as measured 

by observation of multiple piglet behaviours, in piglets administered NSAIDs and castrated 
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versus piglets administered NSAIDs mixed with ID and castrated. The NSAIDs of interest for 

this study were meloxicam and ketoprofen. Each of these drugs was given by injection, either 

alone or mixed with ID. The null hypothesis was that no differences in the odds of performing 

individual behaviours or measures of social cohesion would be seen between NSAIDs given 

alone vs. NSAIDs mixed with ID prior to injection, when administered 1 h prior to surgical 

castration. 

4.3 Materials and Methods 

4.3.1 Animal use 

This study was conducted at the University of Guelph Swine Research facility (Arkell, 

Ontario, Canada); a farrow-to-grow facility. The study was reviewed and approved by the 

University of Guelph Animal Care Committee (AUP#3744) following animal care guidelines as 

outlined by the Canadian Council on Animal Care. A total of 525 crossbred Yorkshire x Landrace 

x Duroc piglets were enrolled at birth and assigned to 1 of 7 treatment groups resulting in 75 

piglets per treatment group. This sample size was calculated using numbers published for a similar 

ethogram used by Keita et al. (6) to allow for a minimum power of 80% to detect a statistical 

difference if one exists amongst our 7 treatment groups for the selected behavioural outcomes. 

Litters at the study facility were born in a batch farrowing schedule every 4 weeks; piglets were 

observed over 6 subsequent batches. As piglets were born, males were selected based on 

availability. Enrolment targeted the inclusion of 7 male piglets for each litter, to ensure 1 male 

piglet for each treatment group in each litter. Male piglets from other litters were cross-fostered 

onto study litters when 7 male piglets per litter were not born naturally. Additional “replacement 

pig” males were kept or cross-fostered onto study litters in case 1 of the original 7 selected piglets 
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was censored from the study (e.g. mortality due to crushing). All extra piglets were subjected to 

similar study conditions as the original 7 males. Piglets were assigned a number from 1-7, marked 

on their backs using a permanent marker (SharpieTM, Newell Office Brands, Atlanta, Georgia), 

reapplied as-needed to ensure visibility. Piglet overall health, body condition, and castration site (if 

applicable) were monitored and recorded daily by the research team. Daily observations of piglet 

health were performed, and any health concerns were treated according to standard operating 

procedures of the facility and piglets were censored from study if necessary. 

4.3.2 Treatment groups and allocation concealment 

The assigned treatments and the corresponding group characteristics are presented in Table 

4.1. The 7 treatments administered to piglets were as follows: [1] meloxicam 0.4 mg/kg IM 

(Metacam® 20 mg/mL, Boehringer Ingelheim (Canada) Ltd, Burlington, ON, Canada) and 

castrated (M); [2] ketoprofen 3 mg/kg IM (Anafen® 100 mg/mL, MERIAL Canada Inc, Baie 

d'Urfé – QC, Canada) and castrated (K); [3]  meloxicam 0.4 mg/kg compounded with iron dextran 

IM (Dexafer-200® 200 mg/mL, Vetoquinol N.A. Inc., Lavaltrie, QC, Canada) and castrated 

(M+ID); [4] ketoprofen 3 mg/kg compounded with iron dextran IM and castrated (K+ID); [5] iron 

dextran IM and castrated (C+ID); [6] iron dextran IM and not castrated/sham-handled (ID-C); and 

[7] no injection and not castrated/sham-handled (SH). Piglets that were sham handled were 

restrained for the same amount of time as other piglets, and handled as if they were castrated, 

though no castration was performed. 

Allocation of piglets into treatment groups was conducted by a member of the research 

team not involved in treatment administration. Each of the seven treatment groups was assigned a 

letter from A-G a priori. Electronic randomizations (www.random.org) of the letters A-G were 
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generated 75 times, corresponding to the 75 litters to be observed for this trial. These 

randomizations were printed on small slips of paper and placed within a sealed master envelope. 

On the day of treatment, a researcher who was to administer treatments drew one of these pieces of 

paper from the master envelope for each litter to be treated that day. The numbers 1-7 were written 

in numerical order beside the randomized letters on the slip of paper, allocating a different letter 

(treatment) to each of the piglets in that litter. 

4.3.3 Ethogram development 

An ethogram was developed for the behaviours of interest (Table 4.2). The ethogram was 

modeled after behaviours and their descriptions from previous research evaluating castration pain 

in piglets. Behaviours measured individually for each piglet included: back arching (BA) (Ellis et 

al, unpublished), rump scratching (RS) (3), leg scratching (LS) (6), tail wagging (TW) (3,6), orbital 

tightening (OT) (18) and ear drooping (ED) (Ellis et al, unpublished). Measures of social cohesion 

for each piglet were: isolation (ISO) (3) and desynchronization (DES) (3). Initially, individual 

behaviours, with the exception of LS, were assessed on an ordinal scale as shown in the ethogram. 

However, a post-hoc decision to make these outcomes binary (yes/no) was made. The designation 

of scores 1 vs. 2 was somewhat ambiguous, and too few observations were categorized as score 2 

for the outcome to be a meaningful assessment on an ordinal scale. Additionally, each piglet’s 

activity level at the time of observations was scored (Table 4.2), and these measures were 

evaluated for potential confounding effect on the outcome measures of individual behaviour and 

social cohesion. 
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4.3.4 Observer training and inter-observer reliability 

Observer training was conducted two weeks prior to the start of the study in order to align 

observer scoring (2 designated people) for individual piglet behaviours and measures of social 

cohesion. Once the ethogram (Table 4.2) was established, both observers engaged in practice 

observations and then discussed findings.  This process was repeated until observers were 

confident that they had achieved reasonable agreement regarding the scoring system. A final on-

farm practice observation session was conducted with observers blinded to each other’s results, but 

conducted on same litters at the same time. Inter-observer reliability was subsequently determined 

between the two designated observers. Percent agreement averaged 91.3% for behaviour measures 

(81.3-97.0%). Percent agreement was the preferred metric to measure inter-observer reliability, as 

it is easily interpretable, and observers were well-trained and had the ability to score a behaviour as 

“unable to observe” in order to eliminate guessing on scores (19). It is recommended that 

researchers calculate both percent agreement and kappa, though if raters are well trained and there 

is likely to be little guessing in regard to the outcome measures, researchers can more safely rely 

on percent agreement to estimate observer reliability (19). Observer differences were also 

evaluated for any statistical differences in the outcome measures at the time of statistical analysis. 

4.3.5 Piglet back test 

The day prior to treatment administration, a “back test” was applied to each piglet. Escape 

attempts made by piglets were quantified and were given a score as has been previously described 

by Hessing et al (20). This was conducted to control for differences in piglet’s individual response 

to stress. Inter-observer reliability and training for back test scoring was conducted as described 

above. 
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4.3.6 Drug mixing 

On the day of treatment and castration, researchers involved in treatment administration, 

named the injection team, initially prepared new bottles of the two mixed formulations: M+ID and 

K+ID. A new bottle was made each day that litters were to be treated and any leftover mixture 

following treatment was discarded. Injectable formulations were combined in sterile glass vials 

using pipettes adjustable to 100 uL. The M+ID formulation combined 0.68 mL of meloxicam 

(Metacam® 20 mg/mL) with 9.32 mL iron dextran (Dexafer-200® 200 mg/mL) to achieve 1.36 

mg meloxicam/mL of mixed formulation. This resulted in a 1.0 mL injectable solution per 3.4 kg 

pig which was the expected maximum weight of piglets at the time of castration. This ensured that 

a maximum of 1.0 mL of compounded formulation in a tuberculin syringe and needle would be 

administered for dosing accuracy. The K+ID formulation combined 1.02 mL of ketoprofen 

(Anafen® 100 mg/mL) with 8.98 mL of ID also resulting in 1.0 mL per 3.4 kg (to result in 1.0 mL 

per 3.4 kg pig as previously noted).  Both mixed formulations were agitated by hand after 

combination to ensure adequate mixing. Using these formulations, piglets either received 0.4 

mg/kg meloxicam, or 3 mg/kg ketoprofen, if allocated to one of the corresponding treatment 

groups (M+ID or K+ID, respectively). This was to ensure that the NSAID component of the mixed 

formulation was being dosed at the same rate as the NSAID when given alone (i.e. the M and K 

treatment groups). 

4.3.7 Treatment administration 

Piglets received their allocated treatment 1 h prior to castration (trial time = -1 h), 

organized and timed by calibrated clocks to ensure consistent intervals between the injection team, 

barn staff doing castrations (castration team), and researchers performing outcome observations 



 

 

125 

 

(observation team). Piglets were gathered together by the injection team 5 min before treatment 

administration. Individual piglet body weight (kg) was recorded on the treatment day, and their 

injectable formulation based on treatment assignment, was drawn up according to a dosage chart 

(mg/kg dose of NSAID) that was prepared specifically for the study. Injections were given by 

intramuscular (IM) injection in the right side of the neck using an 18-gauge hypodermic needle 

(Monoject™, Covidien™, Dublin, Ireland) and piglets were returned to their farrowing crate 

following injection. The injection team was timed and organized to do treatments by litter in rooms 

where other study litters were not concurrently being observed to avoid disturbing or interfering 

with behavioural observations. 

4.3.8 Piglet castration 

Piglets were castrated according to the facility standard operating protocol by trained barn 

staff. Time of castration was coordinated with calibrated clocks and pre-determined schedules by 

litter (study time = 0 h). The castration team gathered all study piglets 5 min prior to castration, and 

they were taken to a separate nearby room to not interfere with the observation team and 

behavioural observations. Piglets were either castrated or sham-handled according to their random 

assignments and then returned to their farrowing crate immediately after castration. No additional 

processing procedures (i.e. tail docking, ear notching, teeth clipping or additional injections) were 

performed. 

4.3.9 Behavioural observation 

Piglet behaviour was recorded using live observations. Observation periods for individual 

behavior outcomes and measures of social cohesion occurred at 4 timepoints after castration: study 

time = 0.5 h, 4 h, 24 h, 30 h. Five min prior to each observation timepoint, one of the trained 
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observers would position themselves quietly at the back end of the farrowing crate, near the hind 

end of the sow, to minimize disturbance of the litter about to be observed. The observer waited 

quietly until the start of the observation timepoint.  This wait time was conducted to allow the 

piglets and sow to settle and readjust to their regular pattern of behaviour. At the start of the 

observation timepoint, using a handheld stopwatch (MWDST083000 Marathon Digital Stopwatch, 

Adanac 3000, Marathon Watch Company, Vaughn, ON, Canada), the observer watched 1 piglet 

for 1 min and recorded findings. This process was repeated for all 7 study piglets in the litter in 

order of piglet 1-7. 

4.3.10 Statistical analysis 

Each individual behaviour outcome and measure of social cohesion, as defined in Table 

4.2, was initially modeled to explore for univariable associations of individual behaviour outcome 

(yes/no) with treatment using logistic regression (StataIC 14, Statacorp LP, College Station, Texas, 

USA). (S. Table 4.1, Appendix III). Univariable associations of behaviour outcome with treatment, 

as well as other potential covariates: batch, activity level, sow parity, back test score, cross-

fostering, piglet source litter (if a piglet was taken from another litter as a replacement; yes/no), 

birth weight, treatment day weight, castrator, observer and observation time, were initially 

investigated (S Table 4.2, Appendix III). Using a liberal p-value of <0.2, variables were considered 

for further modeling using a forward stepwise modeling approach, until an optimal value for 

Akaike’s information criterion and the Bayesian information criterion were achieved. Any 

variables that had p-values close to the P=0.05 cutoff up to P=0.10 were evaluated by comparing 

nested models with and without those variables for significance (P<0.05) with likelihood ratio 

testing. Interactions thought to be biologically relevant were assessed for significance. Square 
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terms were assessed for significance. Post-estimation diagnostics were performed to assess the 

model residuals for normality and homoscedasticity. For mixed models, residuals were assessed by 

inspecting best linear unbiased predictors, and to evaluate any outliers. Final models were 

interpreted using treatment group referents C+ID, M+ID and K+ID, in order to assess contrasts of 

treatment groups relevant to our research question and hypothesis. Individual behavior outcomes 

were also modeled for each timepoint using simple logistic regression, controlling for covariates 

and interactions as described above. 

4.4 Results 

4.4.1 Descriptive statistics 

Descriptive statistics for the 525 piglets enrolled in the study are presented in Table 4.1. 

When evaluating observations by batch, the number of litters enrolled varied from 6-15 litters as 

a result of the availability of litters. Batch was evaluated as a covariate for all models and 

included when significant at P<0.05. 

4.4.2 Individual behaviours (models 1-6) 

4.4.2.1 Model 1 dependent variable: back arching (BA) 

After controlling for the fixed effects of observation time, activity level, weight, 

interaction terms, and random effects of litter and piglet, there were no differences (all P>0.05) 

in the odds of BA in piglets treated with either NSAID alone (M, K) as compared to piglets 

treated with the same NSAID that had been mixed with ID (M+ID, K+ID) (Table 4.5). The M, K 

and K+ID treatment groups had lower odds (OR=0.12, P=0.007; OR=0.30, P=0.016; and 

OR=0.14, P<0.001, respectively) of overall BA as compared to C+ID piglets, and M+ID piglets 

did not have significantly different results (Table 4.3). Additionally, when contrasting SH piglets 
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to C+ID piglets, the SH piglets had lower odds of BA compared to C+ID piglets (OR=0.30, 

P=0.015). The other control group, ID-C piglets, was not significantly different from the C+ID 

group (Table 4.3).  

When evaluated by timepoint there were no differences (P0.05) in BA at 30 min post-

castration regardless of treatment group. At 4 h post-castration, C+ID and ID-C piglets had 

higher odds of BA than K+ID piglets (OR=5.19, P=0.011 and OR=4.98, P=0.024, respectively). 

At 24 h post-castration, M piglets had lower odds of BA when compared to M+ID piglets 

(OR=0.33, P=0.043) or C+ID piglets (OR=0.28, P=0.021). At 30 h post-castration, M, K and 

K+ID piglets all had lower odds of BA as compared to C+ID piglets (OR=0.30, P=0.028; 

OR=0.32, P=0.043 and OR=0.29, P=0.025, respectively). 

4.4.2.2 Model 2 dependent variable: tail wagging (TW) 

After controlling for the fixed effects of activity level, back test score, observation time, 

and random effects at the litter and pig level, there were no differences (all P >0.05) in the odds 

of overall TW between piglets treated with either NSAID (M, K) as compared to piglets treated 

with either M+ID or K+ID (Table 4.4). The M+ID, K, K+ID and C+ID groups had higher 

overall odds of TW than both the ID-C (OR=1.95, P=0.007; OR=1.94, P=0.007; OR=2.01, 

P=0.005; OR=2.35, P=0.001, respectively) and SH groups (OR=1.82, P=0.013; OR=1.81, 

P=0.013; OR=1.88, P=0.009; and OR=2.20, P=0.001, respectively) (Table 4.4). The M 

treatment group did not differ from ID-C or SH groups (P>0.200 and P>0.300, respectively). 

The M, ID-C and SH groups all had lower odds of overall TW when compared to the C+ID 

group. The M+ID, K and K+ID groups were not different (P>0.05).  
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At 30 min post-castration, ID-C piglets had lower odds of TW compared to K+ID piglets 

(OR=0.32, P=0.019). At 4 h post-castration, both the ID-C and SH piglets had lower odds of TW 

compared to M+ID piglets (OR=0.27, P=0.005 and OR=0.22, P=0.001). Similarly, SH piglets 

had lower odds of TW compared to K+ID piglets (OR=0.32, P=0.016), while ID-C piglets had a 

trend of lower odds of TW compared to K+ID piglets (OR=0.39, P=0.053). When evaluating 

C+ID piglets at 4 h post-castration, the K, K+ID, ID-C and SH piglets all had lower odds of TW 

(OR=0.032, P=0.004; OR=0.044, P=0.049; OR=0.017, P<0.001 and OR=0.014, P<0.001, 

respectively) with M piglets having lower odds of TW trending towards significance (OR=0.46, 

P=0.054). At 24 h post-castration, SH piglets had lower odds compared to K+ID (OR=0.39, 

P=0.024) and C+ID piglets (OR=0.40, P=0.024). At 30 h post-castration, K piglets had higher 

odds of TW compared to both M+ID (OR=2.24, P=0.032) and K+ID (OR=2.21, P=0.038) 

piglets. 

4.4.2.3 Model 3 dependent variable: leg scratching (LS) 

After controlling for the fixed effects of activity level, batch and birth weight, there were 

no differences (P>0.05) in the overall odds of LS between piglets treated with either NSAID (M, 

K) as compared to piglets treated with M+ID or K+ID. The ID-C group had higher odds of 

overall LS than the C+ID group (OR=3.28, P=0.028), and the M+ID, K, K+ID and SH groups 

were all trending towards higher odds of LS than the C+ID group (OR=2.86, P=0.052; OR=2.48, 

P=0.096; OR=2.71, P=0.066; and OR=2.89, P=0.052, respectively). The M group was not 

significantly different from the M+ID group (Table 4.5).  LS by timepoint was not assessed as 

the model did not converge. 
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4.4.2.4 Model 4 dependent variable: ear drooping (ED) 

A large amount of variance occurred at the piglet level for ED:  estimate of 

Variance=20.84, 95% (CI 12.56 – 34.58). The M group had lower odds of ED than the C+ID 

group; OR=0.16, P=0.032).  Otherwise, there was no effect of treatment for overall ED.  The 

only differences noted for ED was at 4 h post-castration, where M and SH piglets had lower odds 

of ED compared to C+ID piglets (OR=0.39, P=0.028 and OR=0.41, P=0.038, respectively). 

4.4.2.5 Model 5 dependent variable: rump scratching (RS) 

The ID-C group had lower odds of performing this behaviour as compared to the M+ID 

and C+ID groups (OR=0.31, P=0.049; and OR=0.30, P=0.049, respectively). There were no 

other treatment differences observed. RS by timepoint was not assessed as the model did not 

converge. 

4.4.2.6 Model 6 dependent variable: orbital tightening (OT) 

There were no overall differences by treatment in OT. When evaluating by timepoint, 

there were higher odds of OT in ID-C compared to K+ID piglets (OR=4.27, P=0.022) at 4 h 

post-castration. 

4.4.3 Social cohesion (models 7-8) 

4.4.3.1 Model 7 dependent variable: isolation (ISO) 

There were no differences by treatment group in overall ISO or by timepoint. 

4.4.3.2 Model 8 dependent variable: desynchronization (DES) 

There were no differences by treatment in overall DES. The ID-C group had lower odds 

of DES at 30 min post-castration compared to K+ID piglets (OR=0.27, P=0.040), and higher 
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odds of DES at 4 h post-castration compared to M+ID piglets (OR=4.10, P=0.017). No other 

treatment differences were observed. 

4.5 Discussion 

Several measures of behaviour evaluated in this study point towards differences in the 

level of analgesia that was experienced by piglets. However, the suggested differences in 

analgesia between treatment groups were inconsistent between the behaviour outcomes 

measured. The three outcomes, BA, TW, and LS provided the most statistical support for 

differences between treatment groups regarding the analgesia of post-procedural castration pain 

and the findings of each of these behaviours will be discussed separately. Additively, there is 

difficulty combining these behaviours, based on differences in how they measure the subjective 

state of the piglet, which is also discussed. 

The interpretation of the overall measure of back arching (BA) suggests that piglets 

receiving M, K and K+ID were less likely to exhibit this behaviour. Interestingly, piglets in the 

M+ID group were not. The non-castrated control groups, ID-C & SH, that were hypothesized 

less likely to perform this behaviour, also had inconsistent results in the measured outcomes.  

Specifically, the ID-C group was not different from C+ID, and the SH group had lower odds of 

performing this behaviour compared to C+ID. This could be attributed to pain associated with 

the injection of ID, while piglets simply sham handled did not experience discomfort that was 

enough to result in an increased likelihood of BA. This is, however, doubtful, given that the pain 

of castration is conceivably greater than that of an IM injection. Previous research by Lonardi et 

al (21), reported a significant difference between castrated and sham handled piglets for BA 

(castrated piglets were more likely to perform BA compared to sham handled piglets), although 
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they did not compare to a group of IM injection alone. The observers in our study were trained 

and utilized pictures of BA utilizing a 3-point score that was previously described (Ellis et al, 

unpublished). The trained observers in our study anecdotally reported that the curvature of the 

back was difficult to interpret using a 3-point scoring system.  However, given that the observers 

had an 84% agreement for this behaviour suggests that good inter-observer agreement was 

achieved for this outcome measure. 

 Tail wagging (TW) has previously been associated with pain in piglets (3,6,22).  

However, the differences reported in our study suggest that piglets administered NSAIDs, 

whether mixed with ID or not, did not differ in the odds of exhibiting TW compared to castrated 

piglets without analgesia. No difference was however noted for M piglets from any other 

treatment groups.  Furthermore, the non-castrated control groups (ID-C, SH) performed TW less 

than the other treatment groups, with the exception of piglets in the M group. There are several 

potential explanations for this observation. If TW is indeed a behaviour that is associated with 

pain, then it is possible that a higher level of analgesia is required than what was provided on a 

mg/kg label basis to minimize this behaviour (i.e. a low level of pain from castration remains, 

regardless of administered analgesia). It is also possible that this behaviour is not solely 

associated with pain. Perhaps TW is also associated with local irritation (incision) and/or a tail 

reflex that occurs in response to castration, and this behaviour has been misclassified as a pain 

response. Tail wagging was reported to occur in response to castration by Hay et al (3), however, 

this was compared to sham castrates or undisturbed (not handled) non-castrated piglets and was 

not compared to piglets given any form of analgesia. Other researchers observed tail movements 

as part of evaluating meloxicam for analgesia of castration pain and combined these results into a 
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global behaviour score, rather than evaluate this behaviour on its own (6). Viscardi and Turner 

(22) compared tail wagging by scoring continuously for 15 min at the beginning of every hour 

for 8 h after castration, as well continuously for 15 min starting 24 h after castration. Viscardi 

and Turner (22) reported similar results to our study, in that piglets castrated without analgesia, 

with meloxicam, and with ketoprofen all performed tail wagging significantly more than control 

groups that were sham handled, or non-castrated with a placebo (saline injection). Their paper 

attributed this difference to differing levels in pain and did not discuss the potential for this to be 

in relation to another undetermined effect of castration (22). It is unclear whether our results are 

indicating a difference in analgesia between treatment groups, or another castration-associated 

phenomenon, but regardless of what is being measured the mixing of the NSAIDs meloxicam or 

ketoprofen with ID did not affect the outcome. 

 The third behaviour of interest from this study was leg scratching (LS), and an overall 

association of LS with treatment group was not found. This study noted that both control piglets 

and piglets receiving NSAID (mixed with ID or not) had an increase in this behaviour compared 

to piglets castrated without analgesia at the univariable level (P<0.05) (S Table 4.1, Appendix 

III). However, these differences were noted only as trends in the full model. It is possible that the 

confounding effect of activity level, unmeasured additional variables, or the low frequency at 

which this behaviour occurs, may have affected the outcomes observed. In regard to the change 

in the direction of effect from what was originally hypothesized, it is possible that this behaviour, 

as we observed and measured it, was actually a behaviour reflective of an itch or other 

discomfort. It could be that when the animal is not analgesed after castration, the pain of the 

castration site prevents this behaviour from occurring. The fact that both SH and ID-C piglets 
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had higher odds of performing this behaviour also suggests that the reason for LS may not be 

castration site irritation, or injection site irritation, but perhaps general skin irritation, flies, dust, 

or something else in the environment causing this behaviour. The lack of difference between 

NSAID treated piglets with and without ID suggests that any level of analgesia indicated by LS 

is not altered by drug mixing, though the expression of this behaviour is different than initially 

expected. Hind leg movement has previously been studied through inclusion as part of an overall 

global behaviour score (6), but individually there was no difference in this score between piglets 

given meloxicam vs. a placebo 30 min prior to castration when evaluated in that same study 

individually. Herskin et al. (23) studied LS as a measure of tail docking pain in non-analgesed 

piglets compared to piglets given meloxicam and found no difference in this behaviour. Herskin 

et al. (23) had listed LS as associated with pain, and thus we expected to see either a decrease in 

LS with piglets either free of pain stimulus or analgesed, as compared to C+ID piglets. 

 The other individual behaviours and measures of social cohesion observed did not 

provide any insight as to whether our M+ID or K+ID piglets were analgesed similarly to M and 

K pigs respectively. While NSAID groups mixed with ID did not differ from their NSAID alone 

counterparts, there were also no measured differences between C+ID piglets or ID-C/SH piglets 

in most cases, which suggests that pain was not accurately being measured. There are a number 

of reasons why these measures of behaviour may not have yielded results that allowed us to 

compare levels of analgesia, that differ depending on what we were trying to measure. 

Overall, ear drooping (ED) in piglets was not indicative of differences in castrated piglets 

with or without NSAID treatment, but there were also no differences between non-castrated 

control piglets from other groups including piglets castrated without analgesia. This calls into 
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question the reliability of this measure as a pain-associated behaviour in general. There was a 

high amount of variance at the individual pig level, suggesting that perhaps the observation of 

ED had more to do with the animal itself than with the perception of pain. The barn where the 

study was conducted uses pooled semen, including that of breeds that are known for more 

droopy ears (e.g. Duroc), and it is possible that different phenotypic presentations of piglet 

genetics accounted for much of the measured differences. Ellis et al. (unpublished) reported ED 

to be a good measure of piglet discomfort.  It is possible that the observers in our study did not 

observe and measure the behaviour in the same manner and hence, and measures of ear 

positioning captured were different compared to Ellis et al. This suggests high subjectivity of 

this type of observational scoring. 

 The overall differences seen in rump scratching (RS) behaviour did not reliably support 

that NSAID treated castrated piglets or non-castrated piglets performed this behaviour less than 

piglets castrated without analgesia. It is possible that the small differences seen indicate that ID-

C piglets were more analgesed than C+ID or M+ID piglets, however this is counterintuitive as 

the ID-C piglets were not subjected to a painful procedure. Out of the potential 2100 observation 

windows, only 753 were considered successful RS observations and of 300 observation windows 

per treatment group, the number of outcomes ranged from 7-19. The low frequency at which this 

behaviour was observed suggests that this may require a different sampling frame, larger sample 

size, or longer observation window(s) to capture treatment differences. Hay et al. (3) noted that 

RS peaked at 24 h post-castration, and continued up to day 4 of observation, which is longer than 

the duration of overall observations for this study. Hannson et al. (2) found an increase in RS the 

day of, and day after castration, however this was based on instantaneous sampling at 10 min 
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intervals for 70 min immediately following castration, and measurements repeated during a 

similar repeated the following day. In contrast, Sutherland et al. (24), found that pain-related 

behaviours, including RS, did not differ between castrated piglets given flunixin meglumine and 

piglets castrated without at analgesia over three 2 h observation intervals. The Sutherland et al. 

(24) study however evaluated the use of a different NSAID compared to this study, and 

combined measures of perceived pain into a composite score. Herskin et al. (23) measured RS 

(referred to as “scooting”) as a measure of pain to evaluate the use of meloxicam vs lidocaine for 

piglets that were tail-docked and found no difference between these treatment groups and piglets 

docked without analgesia. While tail-docking is also considered a painful procedure, it may be 

that RS is induced by a different stimulus or source of pain. Another possibility as to why RS 

was not different between treatment groups in our study could be that the area is too painful from 

castration to scratch. A study by Gottardo et al. (10) however, found that both ketoprofen and 

meloxicam given 30 min prior to castration decreases scrotal pressure sensitivity after castration 

compared to piglets castrated without analgesia. 

 Orbital tightening (OT) did not differ between piglets, whether castrated without 

analgesia, castrated with analgesia, or not castrated. This suggests that OT is not a reliable 

measure of pain in piglets. Viscardi and Turner (22) made use of the piglet grimace scale (PGS), 

which includes OT as one of the outcomes in the scale. Viscardi and Turner (22) noted no 

difference in PGS between castrated piglets given ketoprofen or meloxicam and piglets castrated 

without analgesia, and furthermore, these groups showed more grimacing than non-castrated 

control piglets. Their study would suggest that ketoprofen and meloxicam were ineffective in 

controlling castration pain, as measured by this outcome. Differences in the observation period 
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used by Viscardi and Turner (22), as well as the lack of blinding to treatment may explain the 

differences found by these researchers compared to the current study. Another research group 

that utilized the PGS found that piglets only differed in the levels of OT out of all PGS measures 

when evaluating tail docking pain and reported no differences in PGS measures associated with 

castration pain (18). Additionally, Gottardo et al. (10) found no difference in 3 measured types of 

facial expressions (including OT) when comparing castrated piglets given meloxicam or 

ketoprofen to piglets castrated and not given an analgesic medication. Gottardo et al. (10) also 

compared several pain-related behaviours and scrotal pressure sensitivity, and for those 

measures, reported that piglets given meloxicam and ketoprofen were effectively less painful 

than castrated piglets not given an analgesic.  

 Measures of social cohesion, either overall desynchronization (DES) or overall isolation 

(ISO), did not appear to differ between any treatment groups, and thus also appear not to reliably 

measure pain in this study. This is unexpected, as ISO and DES have been linked in several 

studies to suspected states of pain caused by castration compared to non-castrated controls 

(3,25). Other studies have stated that NSAIDs result in a decrease in ISO and DES after 

castration, such as flunixin meglumine given immediately after castration (24). Previous research 

has used more intensive sampling (3,10,24,25) and the sampling times and durations used for 

this study may not have been adequate to capture a difference in these measures of social 

cohesion.  

 The evaluation of outcomes at the different timepoints was not rewarding with some 

suggestion that certain analgesics provided different levels of analgesia at different timepoints. 

However, there was no consistency in these differences between piglets castrated without 
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analgesia and the non-castrated piglets. In addition, a large number of observation windows with  

missing data and the confounding effect of activity level on the ability to observe a particular 

behaviour at a given observation window, resulted in decreased sample size. As has been 

reported in the literature, each pain-associated behaviour has different times post-castration 

where significant differences between treatment groups can be observed. This was extensively 

described and supported by Hay et al. (3) who reported on a large number of piglet behaviours 

after castration for intensive sampling periods over 5 days. Moya et al. (25) stated that 

differences in pain-related behaviours occur mostly immediately post-castration. However, 

differences in the Moya et al. (25) study design compared to Hay et al. (3) and this study likely 

explain the reported differences.  

 The analysis of the data in this study modeled piglet activity as a covariate. Often, level 

of activity is measured as a dependent variable in its own right.  Piglet activity was decided a 

priori to potentially confound other behavioural measures and hence was modeled as a fixed 

effect. For example, if a piglet had engaged in play with a littermate during the period of 

observation, the piglet may be less likely perform a leg scratching behaviour due to being 

distracted by play. It is also possible that tail wagging just happens to occur less during sleep or 

nursing than it would during any other activity level, and thus measurements of this behaviour 

during sleep may confound the effect of treatment group. Other studies have reported that there 

is an increase in nursing (3,25), awake inactivity (3), and differences in ambulation (3,21,25) 

amongst piglets with and without suspected pain. However, these studies modeled activity level 

as an outcome. 
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 Sample size considerations for this study were initially informed by a study by Keita et 

al. (6) that had a similar study design to this study. However, a noted difference is that the Keita 

et al. (6) study evaluated a “Global Behaviour Score” (GBS) that gave a combined score for all 

behaviours measured at each timepoint, whereas this study evaluated each behaviour separately. 

Additionally, piglets were censored in this study if a particular behaviour was not observable, 

e.g. the piglet was sleeping, and the tail was not in view for assessment of TW.  Increasing either 

the frequency of observation windows or increasing the length of the observation windows may 

have helped increase the number of observations that could have been compared, and thus 

increase the sensitivity of the behavioural outcomes measured. This study also utilized live 

observations to assess pain behaviours, which is highly efficient compared to the transcription of 

video recorded material. While video recordings may allow for increased monitoring, the time 

and resources needed to do this were prohibitive. Live scoring done at specific timepoints were 

therefore utilized, and though efficient, produced a limited data set, and did not result in 

significant or consistent findings related to the research question. 

 Molony and Kent (15) recommend multiple indices to assess pain, and although this does 

not necessarily mean the use of a composite score (e.g. GBS), they stress the need to 

“overestimate pain where possible” to ensure the animal gets the benefit of the doubt when it 

comes to deciding whether pain is present or not. There have also been recent developments with 

regard to how researchers can measure pain, specifically exploring outcome measures that are 

more objective for measuring castration pain in piglets. Different measures explored include 

timed chute navigation (26), electroencephalographic measurement (27), substance-P analysis 

(24). Machine learning to observe for abnormal movement and behavioural patterns have also 
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been explored in pigs, though not specifically tested in regard to castration pain (28,29,30). In 

addition, the development of a validated composite acute pain scale has been created for 38 d old 

piglets (31), and such a scale in young nursing piglets could aid stockpersons, researchers and 

veterinarians in measuring castration-associated pain in these animals. Previous literature 

predominantly relies on the subjective measurement of observable behaviours to quantify pain. 

With each additional contribution to pain research, it is prudent to reevaluate how accurately 

these observable behaviours are measuring that subjective state.  

4.6 Conclusion 

Measures of piglet behaviour captured in this study e.g. back arching, tail wagging and 

leg scratching suggest that piglets administered meloxicam or ketoprofen either given alone, or 

mixed with iron dextran, experience similar levels of analgesia. However, these results were not 

consistent amongst all of the reported measures of pain-associated behaviours. It is possible that 

the behaviours selected for observation were inadequate to detect differences in analgesia where 

it existed, or, were not observed in a manner that allowed for adequate treatment group 

comparison. The methods of observer training, the selection of timepoints and duration of 

observation at each timepoint, all contribute to whether an observed behaviour can be used to 

determine if differences exist between treatment groups. Additionally, regardless of observer 

training, observer subjectivity remains. Other more objective measures of pain are needed to 

more accurately measure treatment differences. Future research in combination with the findings 

presented in this study will determine whether the use of an NSAID mixed with ID is able to 

provide similar analgesia to NSAIDs alone. Further studies are also required to assess for drug 
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tissue residues when using mixed formulations. This must be done to ensure human food safety 

prior to recommending these formulations for use in the swine industry.  
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Table 4.1: Treatment group characteristics and descriptive statistics of treatment groups 1 
 2 

 Treatment Groups 

M M+ID K K+ID C+ID ID SH 

Treatment Group 

Characteristics 

NSAID administered 

 

Iron Dextranab 

Surgical Castration 

 

 

Meloxicamc 

0.4 mg/kg 

Meloxicamc 

0.4 mg/kg 

Ketoprofend 

3 mg/kg 

Ketoprofend 

3 mg/kg 

--- --- --- 

No Yes No Yes Yes Yes No 

Yes Yes Yes Yes Yes Noe Noe 

Descriptive Statistics 

n 

Mean age at treatment (d) 

Mean birth weight (kg) 

Mean treatment day weight (kg) 

Mean sow parity 

Cross fostered (%)f 

       

75 75 75 75 75 75 75 

3.5† 3.4† 3.4† 3.4† 3.4† 3.4† 3.4† 

1.71† 1.77Ø 1.72†Ø 1.70† 1.68† 1.71† 1.68† 

2.24† 2.26† 2.25† 2.18† 2.20† 2.24† 2.19† 

3.9† 3.7† 3.8† 3.7† 3.8† 3.8† 3.7† 

18.7† 17.3†Ø 12.0Ø 16.0†Ø 18.7† 18.7† 18.7† 
aIron dextran mixed with NSAID prior to administration (if NSAID given to that group) or given alone if no NSAID indicated 3 
bDexafer-200® 200 mg/mL, Vetoquinol N.A. Inc., Lavaltrie, QC, Canada    ; 1 mL per pig if given alone, for combined dosing see S. Table# Appendix # 4 
c0.4 mg/kg IM (Metacam® 20 mg/mL, Boehringer Ingelheim (Canada) Ltd, Burlington, ON, Canada 5 
d3 mg/kg IM Anafen® 100 mg/mL, MERIAL Canada Inc, Baie d'Urfé – QC, Canada  6 
ePiglets were not castrated, but subjected to “sham handling” to mimic the motions and handling of surgical castration 7 
fCalculated as (piglets cross fostered in treatment group)/(all piglets in treatment group) 8 
†Ø Differing symbols in horizontal columns denote significant differences between treatment groups (P<0.05); univariable logistic regression 9 
  10 
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Table 4.2: Ethogram of observed piglet behaviours post-castration 11 
 12 

Behaviour Definition Score Quantification of Score 

Individual Behavioursa 

Back Arching There is curvature of the back from the neck to the 

tail base 

0 Not arching back 

1 Slight arch to back 

2 Moderate to pronounced arch to back 

Tail Wagging Tail wagging back and forth for > 2 seconds (=1 

bout) 

0 No tail wagging 

1 1-2 bouts of tail wagging in 60 sec 

2 >2 bouts of tail wagging in 60 sec 

Rump Scratching Scratching the rump by rubbing it against the floor or 

the pen walls 

0 No rump scratching 

1 Rump scratched 1-2 times in 60 sec 

2 Rump scratched >2 times in 60 sec 

Orbital Tightening The eye aperture decreased with eyelid semi-closed 

(1) to substantially and completely closed (2) 

0 Eyes open 

1 Eyes semi-closed 

2 Eyes substantially/completely closed 

Ear Drooping The degree to which ears are pulled back towards the 

base of the skull 

0 Ears upright 

1 Ears slightly or partially drooping away 

from base of skull 

2 Ears fully drooping 

Leg Scratching The hind leg is used to scratch at another part of the 

piglet’s body 

0 Leg scratching not seen 

1 Leg scratching seen 

Social Cohesion 

Isolation Aside from other piglets, alone, or with one pen-mate 

at most. A distance of at least 40 cm (about the width 

of 2 piglets) separates the animals from the closest 

group of littermates 

0 Isolated 0-30 sec 

1 Isolated 30-60 sec 

Desynchronization Activity different from that of most (at least 75%) 

littermates (e.g. sleeps while most other littermates 

suckle) 

0 Desynchronized 0-30 sec 

1 Desynchronized 30-60 sec 
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Activity Level* 

Sleeping Piglet has eyes closed, is recumbent and appears to 

be asleep 

0 Not at this level of activity 

1 At this level of activity 

Awake Not Active Piglet is awake, but is not performing any activity 

and remains stationary in either a lying, sitting or 

standing posture 

0 Not at this level of activity 

1 At this level of activity 

Awake Mildly Active Piglet is awake, and is performing slow or minimal 

movements (rooting, walking, etc.) 

0 Not at this level of activity 

1 At this level of activity 

Awake Moderately 

Active 

Piglet is awake, and is walking at a moderate pace or 

running, or performing rambunctious movements 

including play or fighting 

0 Not at this level of activity 

1 At this level of activity 

Nursing Piglet is present at the udder of the sow and latched 

to the sow’s nipple, and can be seen actively nursing 

0 Not at this level of activity 

1 At this level of activity 

aIndividual behaviours were initially developed with an ordinal scoring system from 0-2 (with the exception of leg scratching behaviour), however these 13 
outcomes were analyzed as binary, where categories 1 and 2 were combined and both listed as “1”. 14 
bCategory levels of activity are mutually exclusive; only one level scored as “1”, all others scored as “0”. Category selected based on which activity level is 15 
characteristic of this piglet for a majority of the time (>30 seconds of the 60 second observation period  16 
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Table 4.3: Associationa between back arching (yes/no) and treatment categoryb in piglets 17 

following castration using castration + iron dextran (C+ID) as the referent category  18 

Variable 
Odds 

Ratio 
SEc z P>|z| 95% Confidence Interval 

FIXED EFFECTS 

Treatmentb 

C+ID 

M 

M+ID 

K 

K+ID 

ID-C 

SH 

 

Referent 

0.25 

0.55 

0.30 

0.14 

0.49 

0.30 

 

--- 

0.13 

0.27 

0.15 

0.07 

0.25 

0.15 

 

--- 

-2.72 

-1.23 

-2.40 

-3.73 

-1.39 

-2.43 

 

--- 

0.007 

0.220 

0.016 

<0.001 

0.166 

0.015 

 

--- 

0.09   -    0.68 

0.21   -    1.43 

0.11   -    0.80 

0.05   -   0.39 

0.18   -   1.34 

0.11   -    0.79 

Activity Leveld 

Awake, not active 

Awake, mild activity 

Awake, mod. activity 

Nursing 

 

Referent 

0.19 

0.03 

0.02 

 

--- 

0.08 

0.02 

0.01 

 

--- 

-3.81 

-5.24 

-6.45 

 

--- 

<0.001 

<0.001 

<0.001 

 

--- 

0.08   -   0.44 

0.01   -   0.10 

0.01   -   0.08 

Observation Time 

30 min 

4 h 

24 h 

30 h 

 

Referent 

0.25 

0.19 

0.15 

 

--- 

0.09 

0.07 

0.05 

 

--- 

-4.04 

-4.83 

-5.44 

 

--- 

<0.001 

<0.001 

<0.001 

 

--- 

0.13   -    0.49 

0.10   -   0.37 

0.08   -   0.30 

Treatment Day Weight 

(kg) 
0.002 <0.01 -3.05 0.002 <0.0001  -   0.10 

Treatment Day Weight 

x Treatment Day 

Weight (kg x kg) 

3.04 1.34 2.53 0.011 1.29   -   7.19 

RANDOM EFFECTS 

Variable 
Variance 

Estimate 
SEc   95% Confidence Interval 

Litter 1.06 0.47   0.44   -   2.54 

Piglet 2.70 0.88   1.43   -   5.11 
aMixed effects logistic regression 19 
bSee Table 4.1 20 
cStandard Error 21 
dRefer to ethogram Table 4.2  22 
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Table 4.4: Associationa between tail wagging (yes/no) and treatment categoryb in piglets 23 
following castration using castration + iron dextran (C+ID) as the referent category 24 

Variable 
Odds 

Ratio 
SEc z P>|z| 

95% Confidence 

Interval 

FIXED EFFECTS 

Treatmentb 

C+ID 

M 

M+ID 

K 

K+ID 

ID-C 

SH 

 

Referent 

0.58 

0.82 

0.82 

0.85 

0.42 

0.45 

 

--- 

0.13 

0.19 

0.19 

0.20 

0.11 

0.11 

 

--- 

-2.29 

-0.81 

-0.85 

-0.68 

-3.44 

-3.26 

 

--- 

0.022 

0.417 

0.398 

0.495 

0.001 

0.001 

 

--- 

0.37   -    0.92 

0.52   -    1.31 

0.52   -    1.29 

0.54   -   1.35 

0.26   -   0.69 

0.28   -    0.73 

Activity Leveld 

Sleep 

Awake, not active 

Awake, mild activity 

Awake, mod. activity 

Nursing 

 

Referent 

1.40 

5.35 

7.09 

1.03 

 

--- 

0.33 

0.87 

2.19 

0.19 

 

--- 

1.42 

10.34 

6.34 

0.15 

 

--- 

0.156 

<0.001 

<0.001 

0.879 

 

--- 

0.88   -   2.22 

3.89   -   7.36 

3.87   -   12.98 

0.71   -   1.48 

Back Test Score 

0 

1 

2  

 

Referent 

0.63 

0.85 

 

--- 

0.10 

0.14 

 

--- 

-2.84 

-0.98 

 

--- 

0.005 

0.325 

 

--- 

0.45   -    0.87 

0.61   -   1.17 

Observation Time (h) 1.01 <0.01 2.92 0.003 1.004  -  1.023 

RANDOM EFFECTS 

Variable 
Variance 

Estimate 
SEc   

95% Confidence 

Interval 

Litter 0.30 0.11   0.15   -   0.61 

Piglet 0.36 0.17   0.15   -   0.90 
aMixed effects logistic regression 25 
bSee Table 4.1 26 
cStandard Error 27 
dRefer to ethogram Table 4  28 
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Table 4.5: Associationa between leg scratching (yes/no) and treatment categoryb in piglets 29 
following castration using castration + iron dextran (C+ID) as the referent category   30 

Variable 
Odds 

Ratio 
SEc Z P>|z| 95% Confidence Interval 

FIXED EFFECTS 

Treatmentb 

C+ID 

M 

M+ID 

K 

K+ID 

ID-C 

SH 

 

Referent 

1.83 

2.86 

2.48 

2.71 

3.28 

2.89 

 

--- 

1.03 

1.54 

1.36 

1.47 

1.77 

1.58 

 

--- 

1.07 

1.95 

1.66 

1.84 

2.20 

1.94 

 

--- 

0.284 

0.052 

0.096 

0.066 

0.028 

0.052 

 

--- 

0.61   -    5.53 

0.99   -    8.21 

0.85   -    7.25 

0.94   -   7.84 

1.14   -   9.45 

0.99   -    8.45 

Activity Leveld 

Awake, not active 

Awake, mild activity 

Awake, mod. activity 

Nursing 

 

Referent 

3.84 

5.43 

0.26 

 

--- 

1.69 

2.89 

0.17 

 

--- 

3.06 

3.17 

-2.06 

 

--- 

0.002 

0.002 

0.040 

 

--- 

1.62   -   9.10 

1.91   -  15.43 

0.07   -   0.94 

Batch 

1 

2 

3 

4 

5 

6  

 

Referent 

3.23 

2.69 

2.19 

5.89 

7.11 

 

--- 

2.48 

2.10 

1.74 

4.50 

5.36 

 

--- 

1.52 

1.27 

0.99 

2.32 

2.60 

 

--- 

0.127 

0.204 

0.323 

0.020 

0.009 

 

--- 

0.72   -  14.59 

0.58   -  12.44 

0.46   -  10.37 

1.32   -  26.34 

1.63   -  31.12 

Birth Weight (kg) 2.59 0.84 2.92 0.003 1.37  -   4.91 
aSimple logistic regression 31 
bSee Table 4.1 32 
cStandard Error 33 
dRefer to ethogram Table 4.234 
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CHAPTER 5: Summary of research and conclusions 35 

 36 

5.1 Research objectives and rationale 37 

The overall objective of the research presented in this thesis was to compare the 38 

pharmacokinetics (PK), bioavailability, and post-castration analgesic efficacy of two non-39 

steroidal anti-inflammatory drugs (NSAIDs), meloxicam and ketoprofen, in piglets when given 40 

alone vs. these drugs given after mixing with iron dextran (ID). This work was prompted by 41 

interest within the swine industry to find practical methods to administer analgesic medication to 42 

castrated pigs that could be incorporated with already existing processing procedures (1). As it is 43 

recognized that surgical castration results in both acute and chronic pain (2,3), the Canadian 44 

Code of Practice for the Care and Handling of Pigs (4) states that piglets be given medication to 45 

control post-procedural pain. The analgesic drugs licensed for use in swine in Canada include 46 

meloxicam, ketoprofen and flunixin meglumine (5). The first two of these drugs were chosen for 47 

use as they are anecdotally more likely to be used in Canadian swine production systems. 48 

 The work presented in this thesis includes a study evaluating the PK and bioavailability 49 

of ketoprofen (K) vs. ketoprofen + ID (K+ID). Specifically, this study compared plasma drug 50 

levels of the S- and R- enantiomers of ketoprofen over 72 h in nursing pigs given either K or 51 

K+ID as an intramuscular (IM) injection.  Previous work had already compared the PK of 52 

meloxicam and flunixin meglumine administered alone to piglets vs. those NSAIDs mixed with 53 

ID (6). A similar evaluation of ketoprofen was warranted.  The compounding of drugs, which 54 

includes the mixing of NSAIDs with ID, can lead to pharmaceutical interactions, typically 55 
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resulting in reduced potency that can alter drug PK and bioavailability (7). In order for the 56 

practice of mixing ketoprofen with ID prior to administration to piglets at the time of castration 57 

to be considered rational, evaluation of PK and bioavailability was prudent, and is presented in 58 

Chapter 2.   59 

Previous research has noted that plasma drug levels of NSAIDs do not correlate well with 60 

pharmacodynamic effects (i.e. analgesia) (8,9).  Therefore, the evaluation of castration-61 

associated pain control when NSAIDs are compounded with ID was also warranted. Chapters 3 62 

and 4 describe two clinical trials used for this evaluation, which differed in the way post-63 

castration pain was quantified. 64 

Chapter 3 describes the use of a novel outcome measure, chute navigation time, to 65 

measure castration-associated pain. In addition, piglet serum cortisol levels at 1 h post-castration 66 

were measured. Both chute navigation time and serum cortisol concentration are objective 67 

measures of pain. The navigation chute has been used in previous research to explore the 68 

efficacy of both meloxicam and sucrose for the control of castration-associated pain (10,11). 69 

Cortisol has been evaluated in a number of different studies pertaining to castration pain (See 70 

Chapter 1 - Table 1.2), however it is important to note that cortisol levels are not specific to 71 

castration-associated pain, but rather an indirect measurement associated with the pain response 72 

and should be interpreted with caution (12,13). 73 

Chapter 4 describes the use of behavioural observations previously validated within past 74 

literature for the measurement of post-castration pain, to evaluate pain-control efficacy of 75 

meloxicam and ketoprofen when mixed with ID. Research on castration-associated pain has 76 
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demonstrated that changes in pain-related behaviours can occur up to 5 d post-castration (3). The 77 

use of selected behaviours provided an additional way to compare the analgesic efficacy of 78 

NSAIDs administered alone compared to NSAIDs mixed with ID. While these behaviours are 79 

helpful to shed light on the subjective experience of the animal with regard to pain, there are 80 

concerns regarding observer subjectivity and the ambiguity of scoring systems in general. This 81 

study allows us to apply the same treatments and study conditions applied to pigs that we used in 82 

Chapter 3, and to compare results between the two assessment methods. 83 

5.2 Summary and interpretation of key research findings 84 

Comparison of PK parameters and relative bioavailability between K and K+ID in 85 

Chapter 2 found no significant differences for the S- or R- enantiomers of ketoprofen between 86 

the two treatment groups. Similar to the results of Chapter 2, enantioselective PK of ketoprofen 87 

in piglets have been noted in other studies (14,15,16). While the results of Chapter 2 did not 88 

show significant differences between treatment groups, differences in PK parameters in K vs 89 

K+ID treatment groups do suggest a possible effect of ID on ketoprofen PK. In particular, K+ID 90 

resulted in a lower area under the plasma concentration vs. time curve (AUC), as well as a lower 91 

peak plasma concentration (Cmax) for S-ketoprofen compared to K. Conversely, K+ID resulted in 92 

higher AUC for R-ketoprofen compared to K, while the Cmax for R-ketoprofen was higher in K 93 

vs. K+ID.  It is possible that these differences can be attributed to a decrease in chiral inversion 94 

of R- to S-ketoprofen that has been documented in pigs (17). Additional studies to investigate 95 

rates and extent of chiral inversion of R- to S-enantiomers would be required to determine 96 

whether this is occurring in response to the mixing of ketoprofen with ID. Examples of such 97 

investigations would be an in vitro study evaluating enantiomers recovered at different points 98 
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after mixing racemic ketoprofen or the R-enantiomer with ID, or a similar in vivo PK study 99 

administering the R-enantiomer mixed with ID to piglets. Taken together, the lack of significant 100 

differences with PK parameters and relative bioavailability between treatment groups supports 101 

efficacy of the mixed formulation being comparable to the ketoprofen administered alone. 102 

However, target tissue drug levels were not assessed and may provide different findings.     103 

In Chapter 3, there appeared to be equivalent analgesia in pigs given meloxicam (M) vs. 104 

meloxicam mixed with ID (M+ID) or K vs K+ID, as measured by chute navigation time and 105 

serum cortisol levels. In addition, all four of these treatment groups demonstrated significantly 106 

greater analgesia than pigs castrated and given only ID (C+ID), and their level of analgesia was 107 

comparable to non-castrated control pigs given iron (ID-C) or piglets that were sham-handled 108 

only (SH). The evaluation of chute navigation broken down by timepoint showed significant 109 

difference at 15 min post-castration, however differences in the subsets of observations at 110 

timepoints past 15 min were not consistent. The results of Chapter 3 provide evidence that the 111 

mixing of meloxicam or ketoprofen with ID prior to injection does not significantly affect the 112 

analgesic efficacy of these drugs when used in piglets at the time of castration. Shorter chute 113 

navigation times in piglets given NSAIDs compared to castrated piglets given ID piglets suggest 114 

that NSAID treated piglets, regardless of the presence of ID in the formulation, resulted in the 115 

piglet being more comfortable to ambulate through the chute and negotiate hurdles. This would 116 

likely translate to an overall increased comfort level in the piglets post-castration stage, which is 117 

supported by the cortisol levels reported at 1 h post-castration. For pigs in the two groups treated 118 

with ketoprofen, the lack of difference in chute navigation time when analyzing of all chute 119 

timepoints together agrees with the lack of significant difference in PK parameters between these 120 



 

 

155 

 

groups found in Chapter 2. However, the observed analgesia for K and K+ID compared to C+ID 121 

in Chapter 3 does not agree with the findings in Chapter 2, where at no timepoint were levels for 122 

S-ketoprofen, and at no timepoint past 45 min for levels of R-ketoprofen, for either treatment 123 

group above the IC50 for pain control in piglets reported by Fosse et al. (14). However, this could 124 

be explained by research findings from Nixon et al. (16) noting a longer T1/2 and a later Tmax for 125 

ketoprofen in piglet ISF compared to piglet plasma. An important distinction in Chapter 3 is the 126 

analysis of overall results compared to individual timepoints. While detection of differences in 127 

chute navigation time after 15 min post-castration may become more difficult when analyzing 128 

timepoints individually, analyzing results together with more comprehensive statistical modeling 129 

allowed for control of the effect of individual pig results (repeated measures) and the effect of 130 

time. 131 

In Chapter 4, three of the observed pain-associated behaviours (i.e. back arching, tail 132 

wagging and leg scratching) suggest that during the overall observation period, similar analgesia 133 

is provided to pigs given M vs M+ID or K vs K+ID. This supports the work in Chapter 3, which 134 

found similar analgesia between these groups using chute navigation. The results of analyses of 135 

other pain-associated behaviours in the overall observation period, however, were inconsistent. 136 

In some cases, behavioural outcomes were not different between piglets castrated without 137 

analgesia and piglets that were not castrated. For some behaviours, the effect of individual piglet 138 

on the measured outcome, i.e. odds of performing that behaviour relative to other treatment 139 

groups, was high. The evaluation of behavioural outcomes at individual observation times 140 

showed inconsistent results, confounded by piglet activity level and missing data due to an 141 

inability to observe those behaviours during designated observation windows. The evaluation of 142 
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pain-associated behaviours in Chapter 4 highlights several important points. While some 143 

behaviours suggested comparable analgesia between all treatment groups given NSAIDs, other 144 

observable behaviours did not support this distinction. However, when comparing all treatment 145 

groups including non-castrated controls, it appears that these behaviours, as measured, may not 146 

in fact be assessing pain adequately. It is also possible that these behaviours are instead 147 

measuring an experience of the pigs related to castration that is not associated with post-surgical 148 

inflammatory pain. Another possibility is that differences in some pain-associated behaviours but 149 

not others, indicate that these NSAIDs are providing analgesia, but some low level of pain is still 150 

present that is only reflected in some behaviours. The ability to detect differences in analgesia by 151 

measuring these observational behaviours largely depends on the methods used to perform the 152 

observations, observer training, and observer subjectivity. This is highlighted by the fact that 153 

observations in Chapter 4 tend to be inconsistent among treatment groups especially in regard to 154 

discerning between castrated and non-castrated pigs, whereas a clearer distinction is seen 155 

between groups in Chapter 3. While missing data at observation timepoints in Chapter 4 speak to 156 

a potential need for more intensive observation, the time-consuming nature of performing certain 157 

behavioural observations can be prohibitive with regard to which behaviours are selected and 158 

how piglet pain is quantified. There is an overall difficulty with assessing pain in piglets, which 159 

is in accordance with inconsistencies noted in previous literature. Piglets at such a young age are 160 

limited in the types of behaviours that they perform, and will often have behaviours synchronous 161 

with littermates. Luna et al. (18) has recently described the validation of a composite acute pain 162 

scale for piglet pain in 38 d old piglets. The validation of a scale such as this in piglets within the 163 

first week of life would be a useful tool for researchers, veterinarians and stockpersons to use in 164 
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assessing piglet pain, and determining the need for analgesic interventions. Regarding 165 

ketoprofen, it is difficult to compare the results of Chapter 4 to those of Chapter 2, as observed 166 

behaviours show many inconsistent results. While the odds of back arching, leg scratching and 167 

tail wagging for K and K+ID are similar, and thus in agreement with comparable PK for these 168 

two groups, a comparison with other behaviour outcomes is difficult. In particular, if we are 169 

unsure that other observed behaviours are adequately quantifying pain, comparison of these 170 

results to PK parameters is of no use.   171 

The results of this thesis work suggest that the mixing of meloxicam or ketoprofen with 172 

ID, at the levels of NSAIDs used in each formulation, and the dosing regimens employed for 173 

study does not significantly affect analgesic efficacy when administered to piglets prior to 174 

castration. Despite potential differences with some PK parameters between treatment groups, this 175 

does not appear to translate into differences in analgesia produced by these drugs. 176 

5.3 Practical considerations and future research 177 

While the efficacy of meloxicam and ketoprofen to control pain may be maintained after 178 

mixing with ID, there are several considerations of importance for on-farm application of this 179 

practice. This includes the technical challenges of mixing drugs on-farm to produce the 180 

compounded formulations, storage of the compounded formulations to ensure potency and shelf-181 

life, timing of injections relative to castration, as well as potential for violative drug residues in 182 

pork products when using a compounded drug formulation. 183 

The current studies used precise and consistent mixing of NSAIDs in ID and dosing of 184 

piglets, in order to ensure the same amount of each NSAID, i.e. mg/kg of body weight, was 185 
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administered to each piglet in each treatment group, i.e. NSAID administered alone vs. NSAID 186 

mixed in ID. This was necessary in order to properly evaluate the PK and efficacy of each 187 

NSAID compounded in ID compared to each NSAID alone. The equipment and time required to 188 

accurately accomplish this on-farm would likely be prohibitive in a commercial swine operation. 189 

It is likely that a fixed volume of the injectable NSAID and ID would be mixed together in the 190 

same bottle when applied in a commercial setting, and that a fixed volume of the final mixed 191 

formulation would be administered to all piglets, rather than dosing each on a mg/kg of body 192 

weight basis for the NSAID component of the formulation, resulting in dosing inaccuracies. 193 

Other studies have utilized dosing ranges when studying the application of meloxicam (2,19) and 194 

ketoprofen (19,20) to control castration-associated pain in piglets, and have reported analgesic 195 

efficacy within those ranges. Field studies evaluating a fixed volume of injectable NSAIDs 196 

mixed with ID in the same bottle followed by dosing based on a fixed volume per piglet would 197 

be needed to confirm adequate analgesia for castration-associated pain.  198 

In the current studies, NSAIDs were mixed with ID in the same bottle fresh each day of 199 

study, then discarded as opposed to storing for future use.  Therefore, the results and conclusions 200 

of the current studies are based on mixing NSAIDs and ID fresh each day. One of the main 201 

concerns with the use of compounded products in veterinary medicine is the loss of drug potency 202 

during storage that can result in subtherapeutic drug levels or the production of toxic metabolites 203 

that may result in adverse effects. In vitro drug stability testing would help to determine shelf-life 204 

of compounded formulations. In lieu of supporting stability data, it would be recommended to 205 

make fresh appropriate-sized batches of mixed formulation immediately prior to use, and not to 206 

store unused mixed product for future use.  207 



 

 

159 

 

The time of injection of NSAID relative to castration is important. Ideally, drugs should 208 

be present at the target tissue prior to the onset of clinical pain associated with castration, i.e. pre-209 

emptive analgesia. Nixon et al. (16) has noted that it may require 2 h for meloxicam, ketoprofen 210 

and flunixin meglumine to reach peak concentrations at the target tissue in nursing piglets. At 211 

present, most piglets receive their injection of iron concurrently with castration, instead of 1-2 h 212 

before castration, in order to limit the amount of pig handling. While this may be more practical 213 

in terms of labour and minimizing handling stress, it does not allow the NSAID to achieve 214 

adequate levels at the intended site of action. Research aimed at optimizing the timing of NSAID 215 

administration and maximal analgesia associated with castration in piglets is warranted, if drug 216 

use is to be rational.  217 

Prior to the practice of mixing NSAIDs with ID in the same bottle being recommended, it 218 

is necessary to evaluate the potential for violative tissue drug residues in edible pork products. 219 

Violative drug residues i.e. tissue drug levels above the maximum allowable residue limit, in 220 

pork products are not permitted by the Canadian Food Inspection Agency, as they pose a 221 

potential risk to human health if these products are consumed. The withdrawal times of 222 

meloxicam and ketoprofen when administered according to label directions in swine are 5 and 7 223 

d, respectively (5). The PK for ketoprofen compounded with ID suggests that the ketoprofen 224 

component of the compounded formulation would be eliminated from the body in the same time 225 

frame as ketoprofen administered alone. In addition, piglets given a compounded formulation 226 

prior to castration would receive these drugs in the first week of life, and it is unlikely that 227 

violative drug residues would be present when these animals are sent to market. In Chapter 2, the 228 

half-lives of S- or R-ketoprofen, either from a formulation mixed with ID or an NSAID 229 
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formulation given alone, are 3.1 h or less. Approximately 10 half-lives are required for a drug to 230 

be cleared from the body, suggesting the current label withdrawal time of at least 7 d after last 231 

dosing with ketoprofen should be adequate to avoid violative residues. However, if the practice 232 

of compounding NSAIDs with ID is to be rational, drug depletion studies would be required to 233 

verify edible products are safe for human consumption. 234 

5.4 Concluding remarks and recommendations 235 

The surgical castration of nursing piglets in the Canadian swine industry is likely to 236 

continue, owing to the ease of the procedure, current hesitancy to adopt new technologies such as 237 

immunocastration, research pending on genetic selection, and the impracticality of marketing 238 

intact male pigs. As such, practical evidence-based solutions are required to provide piglets with 239 

analgesia for castration-associated pain. 240 

The mixing of meloxicam or ketoprofen with ID appears to provide adequate analgesia in 241 

castrated piglets, despite significant alterations to the PK of meloxicam (6). Full recommendation 242 

for rational use of the compounded formulations on-farm must include a disclaimer that results 243 

and conclusions presented in this thesis are limited to the use of the specific formulations of each 244 

NSAID and ID studied, and that varying the concentration of either NSAID in the final 245 

formulation or changing the dosing regimen could result in significantly different results, 246 

including adverse effects.  Additionally, the risk for violative NSAID residues in edible tissues 247 

must be evaluated when using compounded formulations to ensure human food safety.  Finally, 248 

as NSAIDs were mixed with ID immediately before use in each study, NSAID stability in ID 249 

over time is unknown.  250 
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Appendix I: Supplementary Materials for Chapter 2 308 

 309 

S. Table 2.1: Piglet feeding chart for Supp-Le-Milk® milk replacer* used in ketoprofen 310 

pharmacokinetic trial 311 

Recommended Minimum Feeding Per Day  312 

 313 

Trial Day Age of Pig 

(days) 

Weight 

(kg) 

Formula 

(L) 

Powder 

(4 oz/L) 

0 3 3.0 0.9 3.60 

1 4 3.2 0.96 3.84 

2 5 3.4 1.02 4.08 

3 6 3.6 1.08 4.32 

4 7 3.8 1.14 4.56 

5 8 4.0 1.20 4.80 

6 9 4.2 1.26 5.04 

7 10 4.4 1.32 5.28 

8 11 4.6 1.38 5.52 
* Supp-Le-Milk®, Soppe Systems Inc., Manchester, IA, USA  314 
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S. Table 2.2: Piglet individual monitoring and assessment form for ketoprofen pharmacokinetic trial 
 

Piglet ID: _____________   Start Weight: ________________   Group Assignment: ______________  Pen: _______________ 
Date of Trial Body 

Tempa (oC) 
Body 
Weighta 

(kg) 

Appetiteb General 
demeanorc 

Surgery or Treament Notesd Catheter 
sitee 

Other 
observationsf 

Disease 
concernsg 

Assessment to 
continue on trialh 

Day 0 
Date: 
AM: 

      
X 

   

 

Day 0 
Date: 
PM: 

 
X 

 
X 

    
X 

   

 

Day 1 
Date: 
AM: 

      
X 

   

 

Day 1 
Date: 
PM: 

 
X 

 
X 

    
X 

   

 

Day 2 
Date: 
AM: 

      
X 

   

 

Day 2 
Date: 
PM: 

 
X 

 
X 

    
X 

   

 

Day 3 
Date: 
AM: 

  DO NOT FEED: 
FAST for SURGERY 

      

 

Day 3 
Date: 
PM: 

         

 

Day 4 
Date: 
AM: 
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a. Each pig to be weight daily to estimate milk replacer volume to be fed and to have temperature taken daily. Any pig with Temp < 36.5 oC or > 40.5 oC to have intensified observations and 

contact 2 or 3 

b. Note appetite of each pig – e.g. Ate all (>75%) formula readily = excellent. Ate most (50-75%) of formula readily = good. Ate some of formula (25-50% = adequate. Ate little (<25%) formula = 

poor appetite. Any pig with an adequate or poor appetite to have intensified observations i.e. weight, temp measurements – contact 2 or 3 

c. Note general demeanor: BAR (normal) = bright, alert, responsive. QAR (normal) = Quiet, alert, responsive. S (normal) = sleeping but easily stimulated. Dull = mild lack of energy not easily 

stimulated. Any pig with dull demeanor to have intensified observations i.e. weight, temp measurements – contact 2 or 3 

d. Please note anything regarding surgery for catheter placement e.g. sternal, walking after general anesthetic, or anesthetic concerns noted – or note any treatment response(s) 

e. Note catheter site: normal, inflammation, patency. If infected – contact 1, 2 or 3 – note treatment(s) 

f. Any pig in moribund state, ataxic, or having seizures to be humanely euthanized – contact 1, 2 or 3 

g. Any pig with a disease concern to be examined by attending veterinarian and assessed for continuation on trial – contact 1 or 2 

h. Each pig assessed daily by veterinarian for continuation on trial – contact 1 or 2 

  

Date of Trial Body 
Tempa (oC) 

Body 
Weighta 

(kg) 

Appetiteb General 
demeanorc 

Surgery or 
Treament Notesd 

Catheter 
sitee 

Other 
observationsf 

Disease 
concernsg 

Assessment 
to continue 
on trialh 

Day 4 
Date: 
PM: 

 
X 

 
X 

    
 

   

 

Day 5 
Date: 
AM: 

      
 

   

 

Day 5 
Date: 
PM: 

 
X 

 
X 

    
 

   

 

Day 6 
Date: 
AM: 

 
 

 
 

    
 

   

 

Day 6 
Date: 
PM: 

 
X 

 
X 

    
 

   

 

Day 7 
Date: 
AM: 

 
 

 
 

    
 

   

 

Day 7 
Date: 
PM: 

 
X 

 
X 

       

 

Day 8 
Date: 
AM: 

   
 

     End of Trial 
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S. Table 2.3: Drug dosing chart for ketoprofen and ketoprofen mixed with iron dextran 

 

Treatment Groups:  A (ketoprofen at (3) mg/kg; 100 mg/mL   CATHETER DEAD SPACE: ___(0.4)___ mLs 

   B (ketoprofen + iron dextran); comp’d at (10.2) mg/mL (1.0 mL for a 3.4 kg pig); 10.2 ketoprofen into 89.8 ID 

   C (iron dextran at 1.0 mL per 3.4 kg pig) 

 

For Treatment B; _____ mL compounded formulations will be made for each new batch of pigs. 

All study “Test Article” injections to be given intramuscular in the left side of the neck (injection site demarcated by marker) 

Animal Weight (kg) Ketoprofen (A); mLs Ketoprofen + ID (B); mLs ID (C); mLs 

2.1 0.063 0.6176 0.6176 

2.2 0.066 0.6471 0.6471 

2.3 0.069 0.6765 0.6764 

2.4 0.072 0.7059 0.7059 

2.5 0.075 0.7353 0.7353 

2.6 0.078 0.7647 0.7647 

2.7 0.081 0.7941 0.7941 

2.8 0.084 0.8235 0.8235 

2.9 0.087 0.8530 0.8529 

3.0 0.090 0.8824 0.8824 

3.1 0.093 0.9118 0.9118 

3.2 0.096 0.9412 0.9412 

3.3 0.099 0.9706 0.9706 

3.4 0.102 1.00 1.00 

3.5 0.105 1.0294 1.0294 

3.6 0.108 1.0588 1.0588 

3.7 0.111 1.0882 1.0882 

3.8 0.114 1.1176 1.1176 

3.9 0.117 1.1471 1.1471 

4.0 0.120 1.1765 1.1765 
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S Table 2.4: Blood sampling collection and monitoring sheet for ketoprofen pharmacokinetic trial 

 

Blood Sample Schedule 

Study Date: _______________________ 

 

Sample Coordinator: __________________________       Collector: ____________________________   Animal Holder: 

_____________________________ 

 

Pig ID: ___________________  Gender (circle one):    Male     Female        Body weight (kg): ______________ Treatment Group:  

_________________* 

 

Dose mg/kg: __N/A__ Dose (mL): _____________________*       Dosing Time: ________________ (circle one):   AM     PM    Circled 

injection site: ______ 

 

Day Blood Sample Time (hrs) Temp/Pulse/Respiration Rate [Drug] Platelet Comments 

Sample Nominal Actual 

5 Predose   T (oC):           P (bpm):             RR:    

5 0.17 (10 

min) 

      

5 0.33 (20 

min) 

      

5 0.50 (30 

min) 

      

5 0.75 (45 

min) 

      

5 1.0       

5 2.0       

5 4.0       

5 6.0       

5 8.0       

5 12.0       

6 24.0   T (oC):           P (bpm):             RR:    
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6 36.0       

7 48.0   T (oC):           P (bpm):             RR:    

8 72.0   T (oC):           P (bpm):             RR:    

 

• *Treatment group (A, B, C) and dose (mLs) will be found on the “treatment randomization schedule” for each animal 

• Shading indicates no sample needed 

• All Tx Group C animals will get blood drug samples taken at predose, 6 hr, and 24 hours only 

• On the day of dosing; dose Tx group C animals are dosed first 

• Teams for blood sampling:   _________________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 
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Appendix II: Supplementary Materials for Chapter 3 

 

S. Table 3.1: Univariable associations of treatment groups with overall chute navigation time 

(sec), accounting for repeated measures by piglet* 

 

Treatment Group 

and Referentab 

Coefficientc P>|t| 

M+ID (Referent) 

M 

K 

K+ID 

C+ID 

ID-C 

SH 

--- 

3.07 

2.49 

-1.69 

8.52 

1.97 

2.29 

--- 

0.326 

0.426 

0.588 

0.007 

0.528 

0.465 

K+ID (Referent) 

M 

M+ID 

K 

C+ID 

ID-C 

SH 

--- 

4.77 

1.69 

4.18 

10.21 

3.67 

3.98 

--- 

0.127 

0.588 

0.181 

0.001 

0.241 

0.202 

C+ID (Referent) 

M 

M+ID 

K 

K+ID 

ID-C 

SH 

--- 

-5.44 

-8.52 

-6.03 

-10.21 

-6.54 

-6.23 

--- 

0.082 

0.007 

0.054 

0.001 

0.037 

0.047 
*Mixed effects linear regression, variance estimate of individual pig = 98.1 (standard error 13.9) 
aThe three referent comparisons listed were those which helped answer our primary research question 
bTreatment Groups: M = castration + meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + 

ketoprofen, K+ID = castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron dextran, ID-

C = iron dextran without castration, SH = sham handling without castration or injection 
cRepresenting chute navigation time (sec) 
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S. Table 3.2: Univariable associations of covariates with overall chute navigation time (sec) at 

P<0.10, accounting for repeated measures by piglet* 

 

Covariate Coefficienta P>|t| 

Batch 

     1 (Referent) 

     2 

     3 

     4 

     5 

 

--- 

-5.87 

-4.22 

-7.45 

-7.17 

 

--- 

0.057 

0.157 

0.016 

0.016 

Back Test Score 

     0 (Referent) 

     1 

     2 

 

--- 

-2.91 

-4.82 

 

--- 

0.131 

0.021 

Baseline Navigation Time 

(sec, continuous)b 

 

0.19 

 

0.002 

Replacementc 

     No (Referent) 

     Yes 

 

--- 

7.77 

 

--- 

0.075 

Observation Time  

(h, continuous) 

 

-0.28 

 

<0.001 

Observation Time  

(h, categorical) 

     15 min (Referent) 

     30 min 

     1 h 

     4 h 

     24 hours 

     30 hours 

 

 

--- 

-2.94 

-3.01 

-5.57 

-9.73 

-9.93 

 

 

--- 

0.015 

0.013 

<0.001 

<0.001 

<0.001 
*Mixed effects linear regression 
aRepresenting chute navigation time (sec) 
bThe time it took a piglet to navigate the chute on their final training run the day prior to treatment 
cA replacement pig was an extra male in the litter, used as a test piglet if one of the original 7 pigs in the litter  
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S. Figure 3.1. Comparison of navigation time (sec) at 15 min post-castration between 

treatment groups using simple linear regression, controlling for fixed effects of navigation 

timepoint, baseline navigation time, back test score and batch. aTreatment Groups: M = 

castration + meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + 

ketoprofen, K+ID = castration + ketoprofen + iron dextran, C+ID = castration without 

analgesia + iron dextran, ID-C = iron dextran without castration, SH = sham handling without 

castration or injection. bIndicates a significant difference (P<0.05) of treatment group from 

the referent category (C+ID). c0 is equivalent to the average navigation time of the referent 

category (C+ID); error bars on the graph representative of a 95% confidence interval. 
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S. Figure 3.2: Comparison of navigation time (sec) at 30 min post-castration between 

treatment groups using simple linear regression, controlling for fixed effects of navigation 

timepoint, baseline navigation time, back test score and batch. aTreatment Groups: M = 

castration + meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + 

ketoprofen, K+ID = castration + ketoprofen + iron dextran, C+ID = castration without 

analgesia + iron dextran, ID-C = iron dextran without castration, SH = sham handling without 

castration or injection. bIndicates a trend in difference (P=0.05-0.10) of treatment group from 

the referent category (C+ID). cIndicates a significant difference (P<0.05) of treatment group 

from the referent category (C+ID). d0 is equivalent to the average navigation time of the 

referent category (C+ID); error bars on the graph representative of a 95% confidence interval. 



 

 

173 

 

 
S. Figure 3.3: Comparison of navigation time (sec) at 1 h post-castration between treatment 

groups using simple linear regression, controlling for fixed effects of navigation timepoint, 

baseline navigation time, back test score and batch. aTreatment Groups: M = castration + 

meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + ketoprofen, 

K+ID = castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron 

dextran, ID-C = iron dextran without castration, SH = sham handling without castration or 

injection. bIndicates a trend in difference (P=0.05-0.10) of treatment group from the referent 

category (C+ID). cIndicates a significant difference (P<0.05) of treatment group from the 

referent category (C+ID). d0 is equivalent to the average navigation time of the referent 

category (C+ID); error bars on the graph representative of a 95% confidence interval. 
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S. Figure 3.4: Comparison of navigation time (sec) at 4 h post-castration between treatment 

groups using simple linear regression, controlling for fixed effects of navigation timepoint, 

baseline navigation time, back test score and batch. aTreatment Groups: M = castration + 

meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + ketoprofen, 

K+ID = castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron 

dextran, ID-C = iron dextran without castration, SH = sham handling without castration or 

injection. b0 is equivalent to the average navigation time of the referent category (C+ID); error 

bars on the graph representative of a 95% confidence interval. 
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S. Figure 3.5: Comparison of navigation time (sec) at 24 h post-castration between treatment 

groups using simple linear regression, controlling for fixed effects of navigation timepoint, 

baseline navigation time, back test score and batch. aTreatment Groups: M = castration + 

meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + ketoprofen, 

K+ID = castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron 

dextran, ID-C = iron dextran without castration, SH = sham handling without castration or 

injection. b0 is equivalent to the average navigation time of the referent category (C+ID); error 

bars on the graph representative of a 95% confidence interval. 
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S. Figure 3.6: Comparison of navigation time (sec) at 30 h post-castration between 

treatment groups using simple linear regression, controlling for fixed effects of navigation 

timepoint, baseline navigation time, back test score and batch. aTreatment Groups: M = 

castration + meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + 

ketoprofen, K+ID = castration + ketoprofen + iron dextran, C+ID = castration without 

analgesia + iron dextran, ID-C = iron dextran without castration, SH = sham handling 

without castration or injection. b0 is equivalent to the average navigation time of the referent 

category (C+ID); error bars on the graph representative of a 95% confidence interval. 
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Appendix III: Supplementary Materials for Chapter 4 

S. Table 4.1 - Univariable associations of treatment groups for each overall behavioural outcome 

variable analyzed, accounting for repeated measures by piglet where indicated as significant* 

 

Behavioural 

Outcome 

Treatment Group 

and Referentab 

Odds Ratio P>|z| 

Back Arching 

(BA)* 

M+ID (Referent) 

M 

K 

K+ID 

C+ID 

ID-C 

SH 

--- 

0.51 

0.56 

0.34 

1.42 

0.93 

0.71 

--- 

0.101 

0.152 

0.012 

0.389 

0.852 

0.397 

K+ID (Referent) 

M 

M+ID 

K 

C+ID 

ID-C 

SH 

--- 

1.48 

2.90 

1.62 

4.11 

2.69 

2.06 

--- 

0.359 

0.012 

0.251 

0.001 

0.002 

0.085 

C+ID (Referent) 

M 

M+ID 

K 

K+ID 

ID-C 

SH 

--- 

0.36 

0.70 

0.39 

0.24 

0.65 

0.50 

--- 

0.015 

0.389 

0.025 

0.001 

0.307 

0.093 

Tail Wagging 

(TW)* 

M+ID 

M 

K 

K+ID 

C+ID 

ID-C 

SH 

--- 

0.74 

0.96 

0.91 

1.09 

0.53 

0.57 

--- 

0.180 

0.850 

0.677 

0.692 

0.008 

0.017 

K+ID 

M 

M+ID 

K 

C+ID 

ID-C 

SH 

--- 

0.81 

1.10 

1..05 

1.20 

0.59 

0.63 

--- 

0.351 

0.677 

0.818 

0.414 

0.024 

0.046 

C+ID 

M 

--- 

0.67 

--- 

0.082 
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M+ID 

K 

K+ID 

ID-C 

SH 

0.91 

0.88 

0.83 

0.49 

0.52 

0.692 

0.555 

0.414 

0.002 

0.005 

Leg Scratching 

(LS) 

M+ID 

M 

K 

K+ID 

C+ID 

ID-C 

SH 

--- 

0.60 

0.83 

0.88 

0.27 

1.01 

0.89 

--- 

0.187 

0.605 

0.724 

0.010 

0.983 

0.747 

K+ID 

M 

M+ID 

K 

C+ID 

ID-C 

SH 

--- 

0.68 

1.13 

0.94 

0.30 

1.14 

1.01 

--- 

0.327 

0.724 

0.869 

0.021 

0.709 

0.977 

C+ID 

M 

M+ID 

K 

K+ID 

ID-C 

SH 

--- 

2.25 

3.77 

3.13 

3.32 

3.79 

3.36 

--- 

0.138 

0.010 

0.029 

0.021 

0.009 

0.020 

Ear Drooping 

(ED)* 

M+ID 

M 

K 

K+ID 

C+ID 

ID-C 

SH 

--- 

0.27 

0.98 

1.48 

1.62 

0.79 

0.50 

--- 

0.066 

0.988 

0.575 

0.498 

0.750 

0.321 

K+ID 

M 

M+ID 

K 

C+ID 

ID-C 

SH 

--- 

0.19 

0.68 

0.67 

1.09 

0.54 

0.34 

--- 

0.020 

0.575 

0.567 

0.901 

0.399 

0.128 

C+ID 

M 

M+ID 

K 

--- 

0.17 

0.62 

0.61 

--- 

0.016 

0.498 

0.491 
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K+ID 

ID-C 

SH 

0.92 

0.49 

0.31 

0.901 

0.341 

0.105 

Rump Scratching 

(RS)* 

M+ID 

M 

K 

K+ID 

C+ID 

ID-C 

SH 

--- 

0.98 

1.59 

0.75 

1.10 

0.29 

0.48 

--- 

0.966 

0.317 

0.566 

0.853 

0.055 

0.178 

K+ID 

M 

M+ID 

K 

C+ID 

ID-C 

SH 

--- 

1.30 

1.33 

2.11 

1.46 

0.38 

0.63 

--- 

0.594 

0.566 

0.118 

0.456 

0.146 

0.419 

C+ID 

M 

M+ID 

K 

K+ID 

ID-C 

SH 

--- 

0.89 

0.91 

1.45 

0.69 

0.26 

0.44 

--- 

0.820 

0.853 

0.422 

0.456 

0.043 

0.138 

Orbital Tightening 

(OT)* 

M+ID 

M 

K 

K+ID 

C+ID 

ID-C 

SH 

--- 

0.84 

0.92 

0.69 

1.03 

1.11 

0.44 

--- 

0.725 

0.866 

0.455 

0.960 

0.827 

0.104 

K+ID 

M 

M+ID 

K 

C+ID 

ID-C 

SH 

--- 

1.22 

1.45 

1.33 

1.49 

1.62 

0.64 

--- 

0.685 

0.455 

0.565 

0.436 

0.330 

0.368 

C+ID 

M 

M+ID 

K 

K+ID 

ID-C 

--- 

0.82 

0.97 

0.90 

0.67 

1.09 

--- 

0.693 

0.960 

0.829 

0.436 

0.871 
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SH 0.43 0.101 

Isolation (ISO)* M+ID 

M 

K 

K+ID 

C+ID 

ID-C 

SH 

--- 

1.24 

1.54 

1.19 

1.36 

1.49 

1.25 

--- 

0.456 

0.126 

0.551 

0.287 

0.157 

0.441 

K+ID 

M 

M+ID 

K 

C+ID 

ID-C 

SH 

--- 

1.04 

0.84 

1.29 

1.14 

1.25 

1.05 

--- 

0.881 

0.551 

0.346 

0.637 

0.408 

0.860 

C+ID 

M 

M+ID 

K 

K+ID 

ID-C 

SH 

--- 

0.92 

0.74 

1.13 

0.88 

1.10 

0.92 

--- 

0.748 

0.287 

0.636 

0.637 

0.721 

0.768 

Desynchronization 

(DES) 

M+ID 

M 

K 

K+ID 

C+ID 

ID-C 

SH 

--- 

0.87 

0.99 

1.12 

0.98 

1.15 

1.07 

--- 

0.596 

0.976 

0.646 

0.952 

0.563 

0.792 

K+ID 

M 

M+ID 

K 

C+ID 

ID-C 

SH 

--- 

0.78 

0.89 

0.89 

0.88 

1.03 

0.95 

--- 

0.323 

0.646 

0.623 

0.602 

0.905 

0.845 

C+ID 

M 

M+ID 

K 

K+ID 

ID-C 

SH 

--- 

0.89 

1.02 

1.01 

1.14 

1.17 

1.08 

--- 

0.638 

0.952 

0.976 

0.602 

0.521 

0.745 
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*If clustering at the pig level was significant (P>0.05) as a random effect for a dependent variable when evaluating 

the univariable effect of treatment, this effect was added to the univariable analysis for all independent variables for 

that behavioural outcome. Where this occurred, “*” appears beside the behavioural outcome name. 
aThe three referent comparisons listed where those which helped answer our primary research question 
bTreatment Groups: M = castration + meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + 

ketoprofen, K+ID = castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron dextran, ID-

C = iron dextran without castration, SH = sham handling without castration or injection. 
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S Table 4.2 - Univariable associations of significant (P<0.05) covariates for each overall 

behavioural outcome variable analyzed, accounting for repeated measures by piglet where 

indicated as significant* 

 

Behavioural 

Outcome 

Covariate Odds Ratio P>|z| 

Back Arching 

(BA)* 

Batch 

     1 (Referent) 

     2 

     3 

     4 

     5 

     6 

 

--- 

2.61 

2.22 

1.47 

1.10 

1.93 

 

--- 

0.033 

0.074 

0.389 

0.843 

0.147 

Activity Levela 

     Sleeping (Referent) 

     Awake Not Active 

     Awake Mildly Active 

     Awake Moderately Active 

     Nursing 

 

--- 

3.19 

0.54 

0.10 

0.09 

 

--- 

0.253 

0.511 

0.025 

0.014 

Treatment Day Weight (kg) 0.41 <0.001 

Observation Time  

(h, continuous) 

0.97 <0.001 

Observation Time  

(h, categorical) 

     30 m (Referent) 

     4 h 

     24 h 

     30 h 

 

 

--- 

0.30 

0.28 

0.18 

 

 

--- 

<0.001 

<0.001 

<0.001 

Tail Wagging 

(TW)* 

Activity Levela 

     Sleeping (Referent) 

     Awake Not Active 

     Awake Mildly Active 

     Awake Moderately Active 

     Nursing 

 

--- 

1.50 

5.53 

8.40 

1.06 

 

--- 

0.081 

<0.001 

<0.001 

0.749 

Back Test Score 

     0 (Referent) 

     1 

     2 

 

--- 

0.72 

0.92 

 

--- 

0.028 

0.589 

Treatment Day Weight (kg) 1.38 0.010 

Castrator 

     C1 (Referent) 

     C2 

     C3 

 

--- 

1.88 

1.78 

 

--- 

0.019 

0.058 

Observer   
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     O1 (Referent) 

     O2 

--- 

0.57 

--- 

<0.001 

Observation Time (h, 

continuous) 

1.02 <0.001 

Observation Time  

(h, categorical) 

     30 min (Referent) 

     4 h 

     24 h 

     30 h 

 

 

--- 

1.19 

2.21 

1.67 

 

 

--- 

0.278 

<0.001 

0.001 

Leg Scratching 

(LS) 

Batch 

     1 (Referent) 

     2 

     3 

     4 

     5 

     6 

 

--- 

3.93 

3.09 

3.07 

6.16 

6.17 

 

--- 

0.068 

0.139 

0.140 

0.014 

0.014 

Activity Level 

     Sleeping (Referent) 

     Awake Not Active 

     Awake Mildly Active 

     Awake Moderately Active 

     Nursing 

 

--- 

5.14 

22.45 

31.66 

1.61 

 

--- 

0.007 

<0.001 

<0.001 

0.478 

Birth Weight (kg) 1.92 0.020 

Observer 

     O1 (Referent) 

     O2 

 

--- 

1.69 

 

--- 

0.025 

Ear Drooping 

(ED)* 

Batch 

     1 (Referent) 

     2 

     3 

     4 

     5 

     6 

 

--- 

0.17 

0.09 

0.12 

0.09 

0.12 

 

--- 

0.025 

<0.001 

0.001 

<0.001 

0.001 

Activity Levelb ---b ---b 

Back Test Score 

     0 (Referent) 

     1 

     2 

 

--- 

0.82 

4.51 

 

--- 

0.665 

0.003 

Birth Weight (kg) 11.94 <0.001 

Observer 

     O1 (Referent) 

     O2 

 

--- 

0.11 

 

--- 

<0.001 

Rump Scratching Activity Levelb ---b ---b 
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*If clustering at the pig level was significant (P>0.05) as a random effect for a dependent variable when evaluating 

(RS)* Piglet Cross-Fostered 

    No (Referent) 

    Yes 

 

--- 

0.025 

 

--- 

0.007 

Orbital Tightening 

(OT)* 

Activity Level 

     Sleeping (Referent) 

     Awake Not Active 

     Awake Mildly Active 

     Awake Moderately Active 

     Nursing 

 

--- 

2.67 

1.09 

0.84 

1.37 

 

--- 

0.087 

0.872 

0.781 

0.593 

Castrator 

     C1 (Referent) 

     C2 

     C3 

 

--- 

0.44 

1.36 

 

--- 

0.111 

0.609 

Observer 

     O1 (Referent) 

     O2 

 

--- 

2.55 

 

--- 

0.005 

Observation Time (h, 

continuous) 

0.98 0.005 

Observation Time  

(h, categorical) 

     30 min (Referent) 

     4 h 

     24 h 

     30 h 

 

 

--- 

0.76 

0.51 

0.49 

 

 

--- 

0.360 

0.023 

0.014 

Isolation (ISO)* Activity Levela 

     Sleeping (Referent) 

     Awake Not Active 

     Awake Mildly Active 

     Awake Moderately Active 

     Nursing 

 

--- 

4.01 

3.58 

3.54 

0.79 

 

--- 

<0.001 

<0.001 

<0.001 

0.363 

Desynchronization 

(DES) 

Activity Levela 

     Sleeping (Referent) 

     Awake Not Active 

     Awake Mildly Active 

     Awake Moderately Active 

     Nursing 

 

--- 

27.90 

6.18 

6.79 

2.89 

--- 

<0.001 

<0.001 

<0.001 

<0.001 

Piglet Cross-Fostered 

     No (Referent) 

     Yes  

 

--- 

0.65 

 

--- 

0.031 

Castrator 

     C1 (Referent) 

     C2 

     C3 

 

--- 

0.69 

1.24 

 

--- 

0.135 

0.428 
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the univariable effect of treatment, this effect was added to the univariable analysis for all independent variables for 

that behavioural outcome. Where this occurred, “*” appears beside the behavioural outcome name. 
aIndicated a confounding effect (>20% change in log odds of one or more coefficients of treatment effect categories) 

when this variable is placed in a model using treatment and that variables as the independent variables, and the 

random effect of individual pig, if indicated 
bActivity Level as a categorical univariable would not converge, so this variable was evaluated in the stepwise 

process of determining the final mixed logistic regression model 
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S. Table 4.3: Final model* of ear drooping by treatment group using meloxicam and iron 

dextran (M+ID) treatment group as the referent category 

Variable 
Odds 

Ratio 
SEa z P>|z| 

95% Confidence 

Interval 

FIXED EFFECTS 

Treatmentb 

M+ID 

M 

K 

K+ID 

C+ID 

ID-C 

SH 

 

Referent 

0.38 

1.20 

1.94 

2.42 

0.88 

0.79 

 

--- 

0.32 

0.98 

1.62 

2.02 

0.74 

0.65 

 

--- 

-1.15 

0.22 

0.79 

1.06 

-0.15 

-0.29 

 

--- 

0.249 

0.825 

0.429 

0.291 

0.878 

0.773 

 

--- 

0.08   -    1.94 

0.24   -    5.93 

0.38   -    9.97 

0.47   -  12.44 

0.17   -   4.59 

0.16   -    3.97 

Activity Level 

Sleep 

Awake, not active 

Awake, mild activity 

Awake, mod. activity 

Nursing 

 

Referent 

9.99 

16.48 

10.94 

4.09 

 

--- 

4.52 

6.18 

7.11 

1.58 

 

--- 

5.09 

7.48 

3.68 

3.65 

 

--- 

<0.001 

<0.001 

<0.001 

<0.001 

 

--- 

4.11   -  24.26 

7.91   -  34.35 

3.06   -  39.11 

1.92   -   8.72 

Birth Weight (kg) 11.74 8.98 3.22 0.001 2.62   -  52.61 

Back Test Score 

0 

1 

2  

 

Referent 

1.05 

3.02 

 

--- 

0.60 

1.83 

 

--- 

0.09 

1.82 

 

--- 

0.926 

0.068 

 

--- 

0.35   -    3.21 

0.92   -   9.88 

Observer 

O1 

O2 

 

Referent 

0.12 

 

--- 

0.10 

 

--- 

-2.65 

 

--- 

0.008 

 

--- 

0.03   -   0.58 

Observation Time (h) 0.98 <0.01 -1.86 0.063 0.97  -   1.00 

RANDOM EFFECTS 

Variable 
Variance 

Estimate 
SEa   

95% Confidence 

Interval 

Litter 6.22 1.90   3.43   -  11.31 

Piglet 20.84 5.38   12.56  -  34.58 
*Mixed effects logistic regression 
aStandard Error 
bTreatment Groups: M = castration + meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + 

ketoprofen, K+ID = castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron dextran, ID-

C = iron dextran without castration, SH = sham handling without castration or injection. 
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S. Table 4.4: Final model* of ear drooping by treatment group using ketoprofen and iron 

dextran (K+ID) treatment group as the referent category 

Variable 
Odds 

Ratio 
SEa z P>|z| 

95% Confidence 

Interval 

FIXED EFFECTS 

Treatmentb 

K+ID 

M 

M+ID 

K 

C+ID 

ID-C 

SH 

 

Referent 

0.20 

0.52 

0.62 

1.25 

0.45 

0.41 

 

--- 

0.17 

0.43 

0.52 

1.05 

0.39 

0.34 

 

--- 

-1.90 

-0.79 

-0.57 

0.26 

-0.91 

-1.07 

 

--- 

0.058 

0.429 

0.566 

0.793 

0.361 

0.287 

 

--- 

0.04   -    1.06 

0.10   -    2.66 

0.12   -    3.19 

0.24   -   6.54 

0.08   -   2.47 

0.08   -    2.13 

Activity Level 

Sleep 

Awake, not active 

Awake, mild activity 

Awake, mod. activity 

Nursing 

 

Referent 

9.99 

16.48 

10.94 

4.09 

 

--- 

4.52 

6.18 

7.11 

1.58 

 

--- 

5.09 

7.48 

3.68 

3.65 

 

--- 

<0.001 

<0.001 

<0.001 

<0.001 

 

--- 

4.11   -  24.26 

7.91   -  34.35 

3.06   -  39.11 

1.92   -   8.72 

Birth Weight (kg) 11.74 8.98 3.22 0.001 2.62   -  52.61 

Back Test Score 

0 

1 

2  

 

Referent 

1.05 

3.02 

 

--- 

0.60 

1.83 

 

--- 

0.09 

1.82 

 

--- 

0.926 

0.068 

 

--- 

0.35   -    3.21 

0.92   -   9.88 

Observer 

O1 

O2 

 

Referent 

0.12 

 

--- 

0.10 

 

--- 

-2.65 

 

--- 

0.008 

 

--- 

0.03   -   0.58 

Observation Time (h) 0.98 <0.01 -1.86 0.063 0.97  -   1.00 

RANDOM EFFECTS 

Variable 
Variance 

Estimate 
SEa   

95% Confidence 

Interval 

Litter 6.22 1.90   3.43   -  11.31 

Piglet 20.84 5.38   12.56  -  34.58 
*Mixed effects logistic regression 
aStandard Error 
bTreatment Groups: M = castration + meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + 

ketoprofen, K+ID = castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron dextran, ID-

C = iron dextran without castration, SH = sham handling without castration or injection. 
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S. Table 4.5: Final model* of ear drooping by treatment group using castration without 

analgesia and iron dextran (C+ID) treatment group as the referent category 

Variable Odds Ratio SEa z P>|z| 
95% Confidence 

Interval 

FIXED EFFECTS 

Treatmentb 

C+ID 

M 

M+ID 

K 

K+ID 

ID-C 

SH 

 

Referent 

0.16 

0.41 

0.50 

0.80 

0.36 

0.33 

 

--- 

0.14 

0.35 

0.41 

0.68 

0.31 

0.27 

 

--- 

-2.15 

-1.06 

-0.84 

-0.26 

-1.17 

-1.33 

 

--- 

0.032 

0.291 

0.398 

0.793 

0.240 

0.183 

 

--- 

0.03   -    0.85 

0.08   -    2.13 

0.10   -    2.53 

0.15   -   4.20 

0.07   -   1.97 

0.06   -    1.70 

Activity Level 

Sleep 

Awake, not active 

Awake, mild activity 

Awake, mod. activity 

Nursing 

 

Referent 

9.99 

16.48 

10.94 

4.09 

 

--- 

4.52 

6.18 

7.11 

1.58 

 

--- 

5.09 

7.48 

3.68 

3.65 

 

--- 

<0.001 

<0.001 

<0.001 

<0.001 

 

--- 

4.11   -  24.26 

7.91   -  34.35 

3.06   -  39.11 

1.92   -   8.72 

Birth Weight (kg) 11.74 8.98 3.22 0.001 2.62   -  52.61 

Back Test Score 

0 

1 

2  

 

Referent 

1.05 

3.02 

 

--- 

0.60 

1.83 

 

--- 

0.09 

1.82 

 

--- 

0.926 

0.068 

 

--- 

0.35   -    3.21 

0.92   -   9.88 

Observer 

O1 

O2 

 

Referent 

0.12 

 

--- 

0.10 

 

--- 

-2.65 

 

--- 

0.008 

 

--- 

0.03   -   0.58 

Observation Time (h) 0.98 <0.01 -1.86 0.063 0.97  -   1.00 

RANDOM EFFECTS 

Variable 
Variance 

Estimate 
SEa   

95% Confidence 

Interval 

Litter 6.22 1.90   3.43   -  11.31 

Piglet 20.84 5.38   12.56  -  34.58 
*Mixed effects logistic regression 
aStandard Error 
bTreatment Groups: M = castration + meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + 

ketoprofen, K+ID = castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron dextran, ID-

C = iron dextran without castration, SH = sham handling without castration or injection. 
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S. Table 4.6: Final model* of rump scratching by treatment group using meloxicam and iron 

dextran (M+ID) treatment group as the referent category 

Variable 
Odds 

Ratio 
SEa Z P>|z| 

95% Confidence 

Interval 

FIXED EFFECTS 

Treatmentb 

M+ID 

M 

K 

K+ID 

C+ID 

ID-C 

SH 

 

Referent 

1.02 

1.54 

0.70 

1.02 

0.31 

0.53 

 

--- 

0.43 

0.60 

0.31 

0.44 

0.18 

0.26 

 

--- 

0.06 

1.10 

-0.80 

0.05 

-1.97 

-1.30 

 

--- 

0.954 

0.273 

0.423 

0.960 

0.049 

0.194 

 

--- 

0.45   -    2.35 

0.71   -    3.32 

0.29   -    1.68 

0.44   -   2.38 

0.10   -   0.99 

0.20   -   1.39 

Activity Level 

Awake, not active 

Awake, mild activity 

Awake, mod. activity 

 

Referent 

2.81 

6.99 

 

--- 

1.51 

4.14 

 

--- 

1.92 

3.29 

 

--- 

0.055 

0.001 

 

--- 

0.98   -   8.05 

2.19   -  22.29 

Piglet Cross-Fostered 

No 

Yes 

 

Referent 

0.25 

 

--- 

0.13 

 

--- 

-2.61 

 

--- 

0.009 

 

--- 

0.09  -   0.71 
*Simple logistic regression 
aStandard Error 
bTreatment Groups: M = castration + meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + 

ketoprofen, K+ID = castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron dextran, ID-

C = iron dextran without castration, SH = sham handling without castration or injection. 
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S. Table 4.7: Final model* of rump scratching by treatment group using ketoprofen and iron 

dextran (K+ID) treatment group as the referent category 

Variable 
Odds 

Ratio 
SEa z P>|z| 

95% Confidence 

Interval 

FIXED EFFECTS 

Treatmentb 

K+ID 

M 

M+ID 

K 

C+ID 

ID-C 

SH 

 

Referent 

1.47 

1.43 

2.20 

1.46 

0.45 

0.75 

 

--- 

0.67 

0.64 

0.94 

0.68 

0.27 

0.39 

 

--- 

0.84 

0.80 

1.84 

0.82 

-1.31 

-0.54 

 

--- 

0.399 

0.423 

0.065 

0.411 

0.189 

0.586 

 

--- 

0.60   -    3.57 

0.60   -    3.44 

0.95   -    5.09 

0.59   -   3.62 

0.13   -   1.49 

0.27   -   2.09 

Activity Level 

Awake, not active 

Awake, mild activity 

Awake, mod. activity 

 

Referent 

2.81 

6.99 

 

--- 

1.51 

4.14 

 

--- 

1.92 

3.29 

 

--- 

0.055 

0.001 

 

--- 

0.98   -   8.05 

2.19   -  22.29 

Piglet Cross-Fostered 

No 

Yes 

 

Referent 

0.25 

 

--- 

0.13 

 

--- 

-2.61 

 

--- 

0.009 

 

--- 

0.09  -   0.71 
*Simple logistic regression 
aStandard Error 
bTreatment Groups: M = castration + meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + 

ketoprofen, K+ID = castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron dextran, ID-

C = iron dextran without castration, SH = sham handling without castration or injection. 
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S. Table 4.8: Final model* of rump scratching by treatment group using castration without 

analgesia and iron dextran (C+ID) treatment group as the referent category 

Variable 
Odds 

Ratio 
SEa Z P>|z| 

95% Confidence 

Interval 

FIXED EFFECTS 

Treatmentb 

C+ID 

M 

M+ID 

K 

K+ID 

ID-C 

SH 

 

Referent 

1.00 

0.98 

1.51 

0.68 

0.30 

0.51 

 

--- 

0.43 

0.42 

0.62 

0.32 

0.18 

0.26 

 

--- 

0.01 

-0.05 

1.00 

-0.82 

-1.97 

-1.31 

 

--- 

0.995 

0.960 

0.318 

0.411 

0.049 

0.191 

 

--- 

0.42   -    2.36 

0.42   -    2.28 

0.67   -    3.36 

0.28   -   1.69 

0.09   -   1.00 

0.19   -   1.39 

Activity Level 

Awake, not active 

Awake, mild activity 

Awake, mod. activity 

 

Referent 

2.81 

6.99 

 

--- 

1.51 

4.14 

 

--- 

1.92 

3.29 

 

--- 

0.055 

0.001 

 

--- 

0.98   -   8.05 

2.19   -  22.29 

Piglet Cross-Fostered 

No 

Yes 

 

Referent 

0.25 

 

--- 

0.13 

 

--- 

-2.61 

 

--- 

0.009 

 

--- 

0.09  -   0.71 
*Simple logistic regression 
aStandard Error 
bTreatment Groups: M = castration + meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + 

ketoprofen, K+ID = castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron dextran, ID-

C = iron dextran without castration, SH = sham handling without castration or injection. 
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S. Table 4.9: Final model* of orbital tightening by treatment group using meloxicam and 

iron dextran (M+ID) treatment group as the referent category 

Variable 
Odds 

Ratio 
SEa z P>|z| 

95% Confidence 

Interval 

FIXED EFFECTS 

Treatmentb 

M+ID 

M 

K 

K+ID 

C+ID 

ID-C 

SH 

 

Referent 

1.00 

0.93 

0.88 

1.14 

1.55 

0.50 

 

--- 

0.46 

0.44 

0.41 

0.56 

0.73 

0.24 

 

--- 

-0.00 

-0.15 

-0.26 

0.27 

0.93 

-1.40 

 

--- 

0.996 

0.882 

0.793 

0.786 

0.351 

0.160 

 

--- 

0.40   -    2.48 

0.37   -    2.34 

0.35   -    2.22 

0.44   -   2.97 

0.62   -   3.90 

0.20   -   1.31 

Activity Level 

Awake, not active 

Awake, mild activity 

Awake, mod. activity 

 

Referent 

0.40 

0.28 

 

--- 

0.11 

0.13 

 

--- 

-3.39 

-2.82 

 

--- 

0.001 

0.005 

 

--- 

0.24   -   0.68 

0.12   -   0.68 

Castrator 

C1 

C2 

C3 

 

Referent 

0.63 

2.37 

 

--- 

0.43 

1.95 

 

--- 

-0.67 

1.05 

 

--- 

0.502 

0.292 

 

--- 

0.16   -    2.43 

0.48   -   11.84 

Observer 

O1 

O2 

 

Referent 

2.62 

 

--- 

1.14 

 

--- 

2.23 

 

--- 

0.026 

 

--- 

1.12   -   6.13 

Observation Time (h) 0.98 0.01 -2.06 0.039 0.21  -   6.21 

RANDOM EFFECTS 

Variable 
Variance 

Estimate 
SEa   

95% Confidence 

Interval 

Litter 1.08 0.44   0.48   -  2.41 

Piglet 2.24 0.75   1.17  -  4.32 
*Mixed effects logistic regression 
aStandard Error 
bTreatment Groups: M = castration + meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + 

ketoprofen, K+ID = castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron dextran, ID-

C = iron dextran without castration, SH = sham handling without castration or injection. 
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S. Table 4.10: Final model* of orbital tightening by treatment group using ketoprofen and iron 

dextran (K+ID) treatment group as the referent category 

Variable 
Odds 

Ratio 
SEa z P>|z| 

95% Confidence 

Interval 

FIXED EFFECTS 

Treatmentb 

K+ID 

M 

M+ID 

K 

C+ID 

ID-C 

SH 

 

Referent 

1.12 

1.13 

1.05 

1.29 

1.75 

0.58 

 

--- 

0.52 

0.53 

0.49 

0.62 

0.81 

0.27 

 

--- 

0.26 

0.26 

0.11 

0.53 

1.21 

-1.17 

 

--- 

0.792 

0.793 

0.908 

0.595 

0.225 

0.243 

 

--- 

0.46   -    2.76 

0.45   -    2.83 

0.43   -    2.61 

0.50   -   3.31 

0.71   -   4.34 

0.23   -   1.45 

Activity Level 

Awake, not active 

Awake, mild activity 

Awake, mod. activity 

 

Referent 

0.40 

0.28 

 

--- 

0.11 

0.13 

 

--- 

-3.39 

-2.82 

 

--- 

0.001 

0.005 

 

--- 

0.24   -   0.68 

0.12   -   0.68 

Castrator 

C1 

C2 

C3 

 

Referent 

0.63 

2.37 

 

--- 

0.43 

1.95 

 

--- 

-0.67 

1.05 

 

--- 

0.502 

0.292 

 

--- 

0.16   -    2.43 

0.48   -   11.84 

Observer 

O1 

O2 

 

Referent 

2.62 

 

--- 

1.14 

 

--- 

2.23 

 

--- 

0.026 

 

--- 

1.12   -   6.13 

Observation Time (h) 0.98 0.01 -2.06 0.039 0.21  -   6.21 

RANDOM EFFECTS 

Variable 
Variance 

Estimate 
SEa   

95% Confidence 

Interval 

Litter 1.08 0.44   0.48   -  2.41 

Piglet 2.24 0.75   1.17  -  4.32 
*Mixed effects logistic regression 
aStandard Error 
bTreatment Groups: M = castration + meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + 

ketoprofen, K+ID = castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron dextran, ID-

C = iron dextran without castration, SH = sham handling without castration or injection. 
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S. Table 4.11: Final model* of orbital tightening by treatment group using castration 

without analgesia and iron dextran (C+ID) treatment group as the referent category 

Variable 
Odds 

Ratio 
SEa z P>|z| 

95% Confidence 

Interval 

FIXED EFFECTS 

Treatmentb 

C+ID 

M 

M+ID 

K 

K+ID 

ID-C 

SH 

 

Referent 

0.87 

0.87 

0.82 

0.77 

1.36 

0.45 

 

--- 

0.42 

0.43 

0.39 

0.37 

0.65 

0.22 

 

--- 

-0.28 

-0.27 

-0.42 

-0.53 

0.63 

-1.65 

 

--- 

0.777 

0.786 

0.675 

0.595 

0.525 

0.099 

 

--- 

0.34   -    2.23 

0.34   -    2.28 

0.32   -    2.10 

0.30   -   1.96 

0.53   -   3.49 

0.17   -   1.16 

Activity Level 

Awake, not active 

Awake, mild activity 

Awake, mod. activity 

 

Referent 

0.40 

0.28 

 

--- 

0.11 

0.13 

 

--- 

-3.39 

-2.82 

 

--- 

0.001 

0.005 

 

--- 

0.24   -   0.68 

0.12   -   0.68 

Castrator 

C1 

C2 

C3 

 

Referent 

0.63 

2.37 

 

--- 

0.43 

1.95 

 

--- 

-0.67 

1.05 

 

--- 

0.502 

0.292 

 

--- 

0.16   -    2.43 

0.48   -   11.84 

Observer 

O1 

O2 

 

Referent 

2.62 

 

--- 

1.14 

 

--- 

2.23 

 

--- 

0.026 

 

--- 

1.12   -   6.13 

Observation Time (h) 0.98 0.01 -2.06 0.039 0.21  -   6.21 

RANDOM EFFECTS 

Variable 
Variance 

Estimate 
SEa   

95% Confidence 

Interval 

Litter 1.08 0.44   0.48   -  2.41 

Piglet 2.24 0.75   1.17  -  4.32 
*Mixed effects logistic regression 
aStandard Error 
bTreatment Groups: M = castration + meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + 

ketoprofen, K+ID = castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron dextran, ID-

C = iron dextran without castration, SH = sham handling without castration or injection. 
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S. Table 4.12: Final model* of isolation by treatment group using meloxicam and iron 

dextran (M+ID) treatment group as the referent category 

Variable 
Odds 

Ratio 
SEa z P>|z| 

95% Confidence 

Interval 

FIXED EFFECTS 

Treatmentb 

M+ID 

M 

K 

K+ID 

C+ID 

ID-C 

SH 

 

Referent 

1.23 

1.55 

1.22 

1.48 

1.52 

1.24 

 

--- 

0.35 

0.42 

0.34 

0.41 

0.42 

0.35 

 

--- 

0.73 

1.62 

0.70 

1.42 

1.52 

0.77 

 

--- 

0.463 

0.106 

0.485 

0.156 

0.128 

0.440 

 

--- 

0.71   -    2.13 

0.91   -    2.65 

0.70   -    2.12 

0.86   -   2.56 

0.89   -   2.60 

0.72   -   2.16 

Activity Level 

Sleeping 

Awake, not active 

Awake, mild activity 

Awake, mod. activity 

Nursing 

 

Referent 

4.60 

4.08 

3.32 

0.92 

 

--- 

1.11 

0.78 

1.21 

0.25 

 

--- 

6.31 

7.36 

3.31 

-0.32 

 

--- 

<0.001 

<0.001 

0.001 

0.751 

 

--- 

2.86   -   7.38 

2.80   -   5.93 

1.63   -   6.76 

0.54   -   1.56 

Observation Time (h) 0.99 0.01 -11.06 0.031 0.98  -   1.00 

RANDOM EFFECTS 

Variable 
Variance 

Estimate 
SEa   

95% Confidence 

Interval 

Litter 0.54 0.17   0.29   -  1.00 
*Mixed effects logistic regression 
aStandard Error 
bTreatment Groups: M = castration + meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + 

ketoprofen, K+ID = castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron dextran, ID-

C = iron dextran without castration, SH = sham handling without castration or injection. 
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S. Table 4.13: Final model* of isolation by treatment group using ketoprofen and iron 

dextran (K+ID) treatment group as the referent category 

Variable 
Odds 

Ratio 
SEa z P>|z| 

95% Confidence 

Interval 

FIXED EFFECTS 

Treatmentb 

K+ID 

M 

M+ID 

K 

C+ID 

ID-C 

SH 

 

Referent 

1.01 

0.82 

1.28 

1.22 

1.25 

1.02 

 

--- 

0.27 

0.23 

0.33 

0.33 

0.33 

0.28 

 

--- 

0.03 

-0.70 

0.93 

0.74 

0.84 

0.07 

 

--- 

0.972 

0.485 

0.354 

0.462 

0.403 

0.940 

 

--- 

0.59   -    1.72 

0.47   -    1.43 

0.76   -    2.13 

0.72   -   2.06 

0.74   -   2.09 

0.60   -   1.74 

Activity Level 

Sleeping 

Awake, not active 

Awake, mild activity 

Awake, mod. activity 

Nursing 

 

Referent 

4.60 

4.08 

3.32 

0.92 

 

--- 

1.11 

0.78 

1.21 

0.25 

 

--- 

6.31 

7.36 

3.31 

-0.32 

 

--- 

<0.001 

<0.001 

0.001 

0.751 

 

--- 

2.86   -   7.38 

2.80   -   5.93 

1.63   -   6.76 

0.54   -   1.56 

Observation Time (h) 0.99 0.01 -11.06 0.031 0.98  -   1.00 

RANDOM EFFECTS 

Variable 
Variance 

Estimate 
SEa   

95% Confidence 

Interval 

Litter 0.54 0.17   0.29   -  1.00 
*Mixed effects logistic regression 
aStandard Error 
bTreatment Groups: M = castration + meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + 

ketoprofen, K+ID = castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron dextran, ID-

C = iron dextran without castration, SH = sham handling without castration or injection. 
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S. Table 4.14: Final model* of isolation by treatment group using castration without 

analgesia and iron dextran (C+ID) treatment group as the referent category 

Variable 
Odds 

Ratio 
SEa z P>|z| 

95% Confidence 

Interval 

FIXED EFFECTS 

Treatmentb 

C+ID 

M 

M+ID 

K 

K+ID 

ID-C 

SH 

 

Referent 

0.83 

0.67 

1.05 

0.82 

1.02 

0.84 

 

--- 

0.22 

0.19 

0.27 

0.22 

0.27 

0.22 

 

--- 

-0.70 

-1.42 

0.18 

-0.74 

0.09 

-0.66 

 

--- 

0.482 

0.156 

0.857 

0.462 

0.926 

0.509 

 

--- 

0.49   -    1.40 

0.39   -    1.16 

0.63   -    1.74 

0.49   -   1.39 

0.62   -   1.70 

0.50   -   1.41 

Activity Level 

Sleeping 

Awake, not active 

Awake, mild activity 

Awake, mod. activity 

Nursing 

 

Referent 

4.60 

4.08 

3.32 

0.92 

 

--- 

1.11 

0.78 

1.21 

0.25 

 

--- 

6.31 

7.36 

3.31 

-0.32 

 

--- 

<0.001 

<0.001 

0.001 

0.751 

 

--- 

2.86   -   7.38 

2.80   -   5.93 

1.63   -   6.76 

0.54   -   1.56 

Observation Time (h) 0.99 0.01 -11.06 0.031 0.98  -   1.00 

RANDOM EFFECTS 

Variable 
Variance 

Estimate 
SEa   

95% Confidence 

Interval 

Litter 0.54 0.17   0.29   -   1.00 
*Mixed effects logistic regression 
aStandard Error 
bTreatment Groups: M = castration + meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + 

ketoprofen, K+ID = castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron dextran, ID-

C = iron dextran without castration, SH = sham handling without castration or injection. 
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S. Table 4.15: Final model* of desynchronization by treatment group using meloxicam and 

iron dextran (M+ID) treatment group as the referent category 

Variable 
Odds 

Ratio 
SEa z P>|z| 

95% Confidence 

Interval 

FIXED EFFECTS 

Treatmentb 

M+ID 

M 

K 

K+ID 

C+ID 

ID-C 

SH 

 

Referent 

0.81 

0.92 

1.16 

1.06 

1.07 

1.04 

 

--- 

0.23 

0.26 

0.32 

0.30 

0.30 

0.39 

 

--- 

-0.72 

-0.29 

0.55 

0.23 

0.25 

0.13 

 

--- 

0.471 

0.770 

0.582 

0.817 

0.801 

0.894 

 

--- 

0.46   -    1.43 

0.53   -    1.60 

0.68   -    1.99 

0.62   -   1.85 

0.62   -   1.85 

0.60   -   1.79 

Activity Level 

Sleeping 

Awake, not active 

Awake, mild activity 

Awake, mod. activity 

Nursing 

 

Referent 

45.06 

8.50 

6.28 

3.43 

 

--- 

12.68 

2.15 

2.50 

0.98 

 

--- 

13.54 

8.47 

4.61 

4.31 

 

--- 

<0.001 

<0.001 

<0.001 

<0.001 

 

--- 

25.97  -  78.21 

5.18   -   13.94 

2.88   -   13.72 

1.96   -    6.01 

Castrator 

C1 

C2 

C3 

 

Referent 

0.69 

2.32 

 

--- 

0.27 

1.03 

 

--- 

-0.95 

1.89 

 

--- 

0.341 

0.059 

 

--- 

0.32  -   1.49 

0.97   -   5.55 

RANDOM EFFECTS 

Variable 
Variance 

Estimate 
SEa   

95% Confidence 

Interval 

Litter 0.34 0.14   0.15   -   0.75 
*Mixed effects logistic regression 
aStandard Error 
bTreatment Groups: M = castration + meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + 

ketoprofen, K+ID = castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron dextran, ID-

C = iron dextran without castration, SH = sham handling without castration or injection. 
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S. Table 4.16: Final model* of desynchronization by treatment group using ketoprofen and 

iron dextran (K+ID) treatment group as the referent category 

Variable 
Odds 

Ratio 
SEa z P>|z| 

95% Confidence 

Interval 

FIXED EFFECTS 

Treatmentb 

K+ID 

M 

M+ID 

K 

C+ID 

ID-C 

SH 

 

Referent 

0.70 

0.86 

0.79 

0.92 

0.92 

0.89 

 

--- 

0.20 

0.24 

0.22 

0.25 

0.25 

0.24 

 

--- 

-1.27 

-0.55 

-0.84 

-0.31 

-0.30 

-0.42 

 

--- 

0.204 

0.582 

0.399 

0.754 

0.765 

0.677 

 

--- 

0.40   -    1.21 

0.50   -    1.47 

0.46   -    1.36 

0.53   -   1.57 

0.54   -   1.57 

0.52   -   1.53 

Activity Level 

Sleeping 

Awake, not active 

Awake, mild activity 

Awake, mod. activity 

Nursing 

 

Referent 

45.06 

8.50 

6.28 

3.43 

 

--- 

12.6

8 

2.15 

2.50 

0.98 

 

--- 

13.54 

8.47 

4.61 

4.31 

 

--- 

<0.001 

<0.001 

<0.001 

<0.001 

 

--- 

25.97  -  78.21 

5.18   -   13.94 

2.88   -   13.72 

1.96   -    6.01 

Castrator 

C1 

C2 

C3 

 

Referent 

0.69 

2.32 

 

--- 

0.27 

1.03 

 

--- 

-0.95 

1.89 

 

--- 

0.341 

0.059 

 

--- 

0.32  -   1.49 

0.97   -   5.55 

RANDOM EFFECTS 

Variable 
Variance 

Estimate 
SEa   

95% Confidence 

Interval 

Litter 0.34 0.14   0.15   -   0.75 
*Mixed effects logistic regression 
aStandard Error 
bTreatment Groups: M = castration + meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + 

ketoprofen, K+ID = castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron dextran, ID-

C = iron dextran without castration, SH = sham handling without castration or injection. 
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S. Table 4.17: Final model* of desynchronization by treatment group using castration 

without analgesia and iron dextran (C+ID) treatment group as the referent category 

Variable 
Odds 

Ratio 
SEa z P>|z| 

95% Confidence 

Interval 

FIXED EFFECTS 

Treatmentb 

C+ID 

M 

M+ID 

K 

K+ID 

ID-C 

SH 

 

Referent 

0.76 

0.94 

0.86 

1.09 

1.00 

0.97 

 

--- 

0.22 

0.26 

0.24 

0.30 

0.28 

0.27 

 

--- 

-0.94 

-0.23 

-0.52 

0.31 

0.02 

-0.10 

 

--- 

0.346 

0.817 

0.603 

0.754 

0.986 

0.921 

 

--- 

0.43   -    1.34 

0.54   -    1.62 

0.50   -    1.50 

0.64   -   1.87 

0.58   -   1.73 

0.56   -   1.68 

Activity Level 

Sleeping 

Awake, not active 

Awake, mild activity 

Awake, mod. activity 

Nursing 

 

Referent 

45.06 

8.50 

6.28 

3.43 

 

--- 

12.6

8 

2.15 

2.50 

0.98 

 

--- 

13.54 

8.47 

4.61 

4.31 

 

--- 

<0.001 

<0.001 

<0.001 

<0.001 

 

--- 

25.97  -  78.21 

5.18   -   13.94 

2.88   -   13.72 

1.96   -    6.01 

Castrator 

C1 

C2 

C3 

 

Referent 

0.69 

2.32 

 

--- 

0.27 

1.03 

 

--- 

-0.95 

1.89 

 

--- 

0.341 

0.059 

 

--- 

0.32  -   1.49 

0.97   -   5.55 

RANDOM EFFECTS 

Variable 
Variance 

Estimate 
SEa   

95% Confidence 

Interval 

Litter 0.34 0.14   0.15   -   0.75 
*Mixed effects logistic regression 
aStandard Error 
bTreatment Groups: M = castration + meloxicam, M+ID = castration + meloxicam + iron dextran, K = castration + 

ketoprofen, K+ID = castration + ketoprofen + iron dextran, C+ID = castration without analgesia + iron dextran, ID-

C = iron dextran without castration, SH = sham handling without castration or injection. 
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Appendix IV: Supplementary Materials for Chapters 3 & 4 

S. Table 5.1: Piglet back testing ethogram 

Description: 

All trial piglets will be subjected to a back test (see Hessing et al, 2003), and given a score of either 0, 1, 

or 2, based on the number of escape attempts seen when they are placed and held on their back by a 

trained observer. When a group of piglets is subjected to this test, it is expected that while there will be a 

normal distribution (most piglets having few escape attempts), there will be outliers that have no escape 

attempts, or many escape attempts, and outliers may also have a tendency to act differently in terms of 

other behavioural measures. We will utilize the back test score to evaluate it as a confounder of our trial 

data results. All piglets will be back-tested once, on the day before they are to be castrated. 

 

Ethogram: 

Back-Test Score: Meaning: 

Resistant (R, or “2”) More than 2 escape attempts** 

Intermediate (I, or “1”) 2 escape attempts 

Non-Resistant (NR, or “0”) Less than 2 escape attempts 
 

** An “Escape Attempt” is: 

• observer places piglet put on its back, and restrained in the supine position for 60 seconds, while 

1 hand is placed loosely over the head; once the piglet is initially settled in the trough and a hand 

is placed loosely over the head, the 60 second timer will start on the stopwatch 

• An “Escape Attempt” is any bout of the piglet moving its head/body to right itself from the 

supine position; if this occurs, the observer will quickly settle the piglet back into starting 

position, and once it is settled will return to the “hand loosely over the head” holding pattern. 

This will be repeated for every Escape Attempt until 60 seconds it up. The amount of Escape 

Attempts will be recorded, and the piglet will be given a Back-Test score based on the above 

ethogram. 

 

 
Reference: 

Hessing, MJC; Hagelsø, AM; van Beek, JAM; Wiepkema, RP; Schouten, WGP and Krukow, R.  1993. Individual behaviour 

characteristics in pigs. Applied Animal Behaviour Science. 37(4):285-295. 
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S. Table 5.2: Piglet individual variables list 

Description: 

Piglets in the trial will have additional data collected about their origins, weight, treatment, etc., in 

addition to the desired behavioural observations of this study. This list is to describe what will be 

observed for those variables. Some of these variables will be repeated on data collection sheets (e.g. piglet 

number and litter number) so as to combine all variables for that piglet for analysis. 

OTHER MEASUREMENTS/Variables: 

 

Variable Measurement Notes 

Litter Sow # 6 piglets from each litter to be observed 

Piglet # piglet to have individual marking on his back with 

marker; categories for sow # in tables also 

Treatment Letter  One of 6 treatment groups (represented by a letter 

from A-F); behavioural observer to be blinded to 

this 

Dose mL If an injection is given, mL of solution to be 

recorded for this piglet. Separate sheets will be 

available stating mg/kg of NSAID delivered, if 

applicable. 

Euthanasia Date Date If euthanized due to illness or for drug depletion 

study, date to be recorded 

#Cross-Fostered # If piglets have been cross-fostered into this litter, 

the number of piglets cross-fostered into it 

denoted. Similarly, if piglets have been removed 

from this litter and cross fostered elsewhere, a 

note on this can be added to “notes” 

Original Litter # # If the piglet has been cross-fostered itself, the 

original Sow/Litter # to be recorded here 

Sow Parity # Parity of the Sow 

Birthdate Date Piglet date of birth (of their original litter) 

Castration Date Date Date that individual piglet is castrated 

Weaning Date Date Date that individual piglet is weaned 

Weight #, units kg to 0.1 Weights to be taken at (1) Enrolment – date when 

piglet is selected/cross-fostered, ideally within 24 

hours of birth, and (2) Weaning. If decided upon, 

piglet may also be weighed on castration date, or 

when found deceased or euthanized. 

Morbidity Information, date To be written in the Notes section, date noticed 

Mortality Information, date To be written in the notes section with date and 

suspected cause. 
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S. Table 5.3: Drug dosing chart for meloxicam and ketoprofen alone or mixed with iron dextran 

 
Groups:   A.  Meloxicam only at 0.4 mg/kg; 20 mg/ml; and castrated 

B.  ID + Meloxicam comp’d at 1.36 mg/mL (1.0 mL for a 3.4 kg pig); 6.8 ml Meloxicam into 93.2 ml ID and castrated 

C.  Ketoprofen only at (3) mg/kg; 100 mg/ml; and castrated 

D.  ID + Ketoprofen comp’d at 10.2 mg/mL (1.0 mL for a 3.4 kg pig); 10.2ml Ketoprofen into 89.8 ml ID and castrated 

E.  ID only and castrated  

  F.  Sham procedure (NOT castrated) and ID only injection 

  G.  Sham handled and sham procedure – no injection, picked up but NOT castrated    

   

A new bottle of compounded formulations will be mixed for each test administration day, the morning that the solution is to be injected. 

All injections are to be given intramuscular in the left side of the neck, using a 20 gauge/0.5” needle. 

 

Animal Weight 

(kg) 

Volume of Test Article to be Administered (mL) 

Group A Group B Group C Group D Group E Group F Group G 

2.1 0.042 0.6176 0.063 0.6176 0.6176 0.6176 - 

2.2 0.044 0.6471 0.066 0.6471 0.6471 0.6471 - 

2.3 0.046 0.6764 0.069 0.6765 0.6764 0.6764 - 

2.4 0.048 0.7059 0.072 0.7059 0.7059 0.7059 - 

2.5 0.050 0.7353 0.075 0.7353 0.7353 0.7353 - 

2.6 0.052 0.7647 0.078 0.7647 0.7647 0.7647 - 

2.7 0.054 0.7941 0.081 0.7941 0.7941 0.7941 - 

2.8 0.056 0.8235 0.084 0.8235 0.8235 0.8235 - 

2.9 0.058 0.8529 0.087 0.8530 0.8529 0.8529 - 

3.0 0.060 0.8824 0.090 0.8824 0.8824 0.8824 - 

3.1 0.062 0.9118 0.093 0.9118 0.9118 0.9118 - 

3.2 0.064 0.9412 0.096 0.9412 0.9412 0.9412 - 

3.3 0.066 0.9706 0.099 0.9706 0.9706 0.9706 - 

3.4 0.068 1.00 0.102 1.00 1.00 1.00 - 

3.5 0.070 1.0294 0.105 1.0294 1.0294 1.0294 - 

3.6 0.072 1.0588 0.108 1.0588 1.0588 1.0588 - 

3.7 0.074 1.0882 0.111 1.0882 1.0882 1.0882 - 

3.8 0.076 1.1176 0.114 1.1176 1.1176 0.076 - 

3.9 0.078 1.1471 0.117 1.1471 1.1471 0.078 - 

4.0 0.080 1.1765 0.120 1.1765 1.1765 0.080 - 
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S. Table 5.4: Piglet (by litter) monitoring and assessment form – AUP 3744* 

Litter ID_________________   Room: _________________________ Crate:  ____________________ 

Start date of trial: ______________ 

 

  

Pig 
ID 

Weight 
#1 (kg) 

Cross 
Fostered 

On  
(Y/N) 

Day General 
Demeanora, 
Disease Concernsb, 
Castration Sitec or 
Other 
Observationsd 

Treatment Assessment 
to continue 
on trial (Y/N) 

End date 
of trial or 

date 
removed 
from trial 

a b c d 

1   1        

2       

3       

4       

5       

6       

7       

2   1        

2       

3       

4       

5       

6       

7       

3   1        

2       

3       

4       

5       

6       

7       

4   1        

2       

3       

4       

5       

6       

7       
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Pig 
ID 

Weight 
#1 (kg) 

Cross 
Fostered 

On  
(Y/N) 

Day General Demeanora, 
Disease Concernsb, 
Castration Sitec or Other 
Observationsd 

Treatment Assessment 
to continue 
on trial (Y/N) 

End date 
of trial or 

date 
removed 
from trial 

a b c d 

5   1        

2       

3       

4       

5       

6       

7       

6   1        

2       

3       

4       

5       

6       

7       

7   1        

2       

3       

4       

5       

6       

7       

*Contact phone numbers removed for inclusion within thesis 

a. Note general demeanor:   BAR (normal) = bright, alert, responsive.  QAR (normal) = Quiet, alert, 

responsive.  S (normal) = Sleeping but easily stimulated.  Dull = mild lack of energy, not easily 

stimulated.  Any pig will a dull demeanor -  contact 1, 2, or 3 

b. Any pig with a disease concern to be examined by attending veterinarian and assessed for continuation 

on trial.  Note treatment(s) – contact 1, 2, or 3 

c. Note castration site:  normal, inflammation, bleeding.  If noted - contact 1, 2, or 3 – note treatment(s) 

d. Any pig in severe moribund state to be humanely euthanized – contact 1, 2, or 3 

e. Each pig assessed daily by researchers.  If concerns contact veterinarian – contact 1, 2 or 3 

*NB = “Day” = Day from enrolment on trial 


