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Introduction: Provision of analgesia (pain control) at the time of piglet castration is a requirement within the Canadian 
Code of Practice for the Care and Handling of Pigs. In an effort to reduce the number of injections given, labour costs 
and additional handling of piglets, some producers in Canada have adopted the practice of compounding (mixing) a non-
steroidal anti-inflammatory drug (NSAID) with iron dextran (ID) in order to give one injection at the time of castration. 
Pharmaceutical drug interactions can occur when multiple drugs are mixed and administered together in the same 
delivery system (i.e. same syringe) possibly resulting in the reduction of stability, bioavailability and/or efficacy of one or 
both of the combined drugs. Previous work by our team has investigated the pharmacokinetics (PK) and bioavailability of 
meloxicam (mel) and flunixin megulmine administered alone compared to compounded in ID, and documented that 
these NSAIDs have reduced bioavailability when compounded in ID. However, the analgesia efficacy of mel, regardless of 
the decrease in it’s bioavailability when compounded with ID, has not been examined.  Additionally, the bioavailability 
and subsequent efficacy of another common NSAID, ketoprofen (ket), has not been evaluated.  
Objectives: (original objectives from project proposal) 
The objectives of this research were to evaluate:  

1. The effects that compounding ID (Dexafer®) with ket (Anafen®) in the same iron dextran dispensing bottle has on 
systemic ket drug levels and piglet blood hemoglobin (Study 1), 

2. The effect on analgesic efficacy of ket when compounded with ID, compared to ket alone, following 
administration to piglets at the time of castration (Study 2), and; 

3. The effect on analgesic efficacy, of mel (Metacam®) when compounded with iron dextran when compared to 
mel alone, following administration to piglets at the time of castration (Study 2). 

Materials and Methods: 
Study 1:  VICH Industry GL 52: Blood Level Bioequivalence Study Guidelines used by Health Canada and USA Food and 
Drug Administration bioequivalence guidelines were used to assist with the study design to evaluate the bioavailability 
of ket when compounded in ID.  Plasma ket concentrations were evaluated over 72hrs in piglets (n=19) following 
injection of ket alone compared to the compounded formulation of ket in ID.  
Study 2: Piglets were randomized into 1 of 7 treatment groups.  Live-scan behaviour observations were conducted on 
piglets (n=525) at 4 time-points post-castration and pain-associated behaviours were measured.  Piglets (n=125) were 
compared using chute navigation time at different time-points post-castration to determine if there were any 
differences between the treatment groups.   
Results and Discussion: (results and discussion should address objectives or state why these objectives could not be met) 

The PK analyses results showed that bioavailability of ket was not statistically different in the piglets that received ket 
alone versus piglets that received ket+ID.  There was no difference in the occurrence of pain-associated behaviours and 
no difference in chute navigation times in the Ket alone versus Ket+ID groups. Similarly, there was no difference 
between the mel only group versus the mel+ID group for the live-scan observations and chute navigation times.    
Conclusions: 
The results of the PK analysis showed that blood (plasma) concentrations of ket measured over the dosing interval were 
not decreased when compounded in ID compared to results obtained when Ket was administered alone. The live-scan 
and chute navigation trials evaluating the efficacy of mel and ket when mixed in ID suggests that analgesia provided by 
the compounded formulation, when administered IM 1hr prior to castration, is not different than that provided by the 
NSAIDs administered alone to the piglets.   
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Introduction:  

The current standard for the rearing of pigs in Canada requires that analgesics be provided at the time of castration1.  

Piglet processing and castration typically occurs in the first few days of life and at this time, piglets receive an injection of 

iron dextran (ID) and an injection of a non-steroidal anti-inflammatory drug (NSAID).  In an effort to reduce the number 

of injections given, labour costs and additional handling of piglets, some producers in Canada have adopted the practice 

of compounding (mixing) the NSAID into the bottle of ID and in order to give one injection2.  Recent work conducted by 

our research team has evaluated the bioavailability i.e. systemic blood drug levels of commonly used NSAIDs (meloxicam 

and flunixin meglumine) when compounded with ID and administered at the label dose for the NSAID to piglets at the 

time of processing3.  These studies have shown that the bioavailability of these NSAIDs when compounded in ID versus 

the NSAID given alone may not be similar, raising the concern about sub-therapeutic drug levels, inadequate analgesia 

(i.e. inadequate efficacy of the NSAID when mixed in ID) and potential for decreased animal welfare3.  The bioavailability 

of ketoprofen (another commonly used NSAID) when mixed in ID, and the efficacy of the NSAIDs meloxicam and 

ketoprofen when compounded in ID have yet to be evaluated. 

Objectives (original objectives from project proposal):  
The objectives of this research were to evaluate:  
  

1. The effects that compounding iron dextran (Dexafer 200®) with ketoprofen (Anafen®) in the same dispensing 
bottle has on systemic ketoprofen drug levels and piglet blood hemoglobin (Study 1), 

2. The effect on analgesic efficacy, of ketoprofen when compounded in iron dextran, compared to ketoprofen 
alone, following administration to piglets at the time of castration (Study 2), and; 

3. The effect on analgesic efficacy, of meloxicam (Metacam®) when compounded in iron dextran when compared 
to meloxicam alone, following administration to piglets at the time of castration (Study 2). 

 
This project was reviewed and approved by the University of Guelph Animal Care Committee (AUP#3744). 
 



Materials and Methods:    
 
Study #1:  Pharmacokinetics and bioavailability of ketoprofen when compounded in iron dextran 
 

Eighteen commercial piglets (9 male, 9 female), 2-3 days of age, were enrolled, individually housed, fed and monitored 

at the University of Guelph.  Piglets were administered 1 of 3 treatments via intramuscular (IM) injection i) ketoprofen 

(Ket), ii) Ket mixed with ID, or iii) ID alone.   Fifteen serial blood samples were collected via surgically-placed indwelling 

jugular catheters and the plasma collected was analyzed for S- and R-ketoprofen enantiomer levels by mass 

spectrometry at the Animal Health Laboratory (AHL).  Pharmacokinetic parameters were calculated using Phoenix 

WinNonlinÒ (Certara Inc, NJ, USA) software.  T-tests were used for comparisons of parameter means between treatment 

groups (Ket and Ket+ID) for both R- and S-ketoprofen enantiomers using Sigma PlotÒ.  Study design was, in part, based 

on VICH Industry GL52: Blood Level Bioequivalence Study Guidelines4 used by Health Canada and USA Food and Drug 

Administration to compare relative bioavailability between blood drug levels obtained using ket alone versus ket 

compounded in ID.   

Study #2:  Efficacy of ketoprofen and meloxicam when compounded in iron dextran and administered at the time of 
castration 
 

A total of 525 and 125 piglets (1-d-old) were enrolled in the live-scan behaviour and chute navigation trials, respectively. 

Cross-fostering was employed to ensure sufficient males per litter in order to balance treatment assignments as well as 

observations per litter.  All piglets were subjected to a back-test that was used as a proxy for piglet temperament5.  

Piglets were individually identified and randomly assigned to one of the following treatment groups at 2-3d of age with 

n=75/treatment group for live-scan and, n= 25/treatment group for chute navigation.  The test article was administered 

via an IM injection 1hr prior to castration: 

Treatment groups: 

1. Meloxicam (Mel) only and castrated  
2. Meloxicam compounded with Iron dextran (Mel-ID) and castrated 
3. Ketoprofen (Ket) only and castrated 
4. Ketoprofen compounded with iron dextran (Ket-ID) and castrated 
5. Iron dextran (ID-cast) and castrated 
6. Iron dextran and not castrated (ID-no cast) 
7. Sham handled – no injection and not castrated (sham) 

 
 

 



Chute navigation: 

Piglets (n=125) were individually placed in a chute at 4 separate time-points post-castration and were timed for the 

navigation of the chute and small hurdles.  The hypothesis being, piglets experiencing more discomfort due to the pain 

associated with castration would take longer to navigate the chute6.  Navigation time started when the piglet crossed a 

start line at the beginning of the chute, and ended when their nose crossed an end line located at the end of the chute. 

Times were recorded by a trained observer with a stopwatch and piglet training runs were conducted prior to 

administration of test article.  Chute navigation times were analyzed using linear regression and treatment group 

comparisons were made (Stata 14 ©StataCorp LP) with the time-point and back-test variables modelled as fixed effects.  

Piglets (n=125) enrolled in the chute navigation trial for Study #2 had whole blood samples taken at 21d of age to access 

hemoglobin levels across the treatment groups (Study #1 objective). Hemoglobin values were compared across 

treatment groups using multivariable linear regression. 

Behaviour live-scan observations: 

Piglets (n=525) were observed at 4 different time-points post-castration by 1 of 2 observers who were blinded to 

treatment assignments and back-test result.  Inter-rater agreement between the observers was established prior to 

onset of observations. The observed behaviours that were recorded included:  back arching, tail wagging, rump 

scratching, orbital (eyelid) tightening, and ear position/posture.  The performance of each behaviour has been reported 

as being associated with an increased discomfort associated with castration pain5,7.   Piglet activity level (i.e. sleeping, 

awake, active) was also recorded at each observation time-point.  Each behavior/piglet (as an outcome) were 

categorized as present or absent (yes/no) and were analyzed individually using logistic regression (Stata 14 ©StataCorp 

LP) with time-point, back-test score, and activity level modelled as fixed effects. 

Results and Discussion (results and discussion should address objectives or state why these objectives could not be met) 
 

Study #1:  Pharmacokinetics and bioavailability of ketoprofen when compounded with iron dextran 
 
Statistical analysis of pharmacokinetic (PK) parameter means for the S-ketoprofen enantiomer showed that there was no 

significant difference between the Ket and Ket+ID treatment groups for the following parameters, when compared using 

T-tests: Cmax (P = 0.051), AUClast (P = 0.15) or AUC0-infinity (P = 0.14). Similarly, there was no differences between 

treatment groups for Tmax (P = 0.32), T1/2 (P = 0.10) or Cl (P = 0.25). Lastly, there was no difference in volume of 

distribution (Vd) between treatment groups using Mann Whitney test for non-parametric data (P = 0.33).  Analysis of the 



pharmacokinetic parameter means (and median where applicable) for R-ketoprofen were not statistically different 

between Ket and Ket+ID treatment groups (all P > 0.05). The bioavailability of ketoprofen in the Ket+ID treatment group 

was not different compared to the Ket treatment group based on the findings of similar systemic blood levels of ket as 

measured by AUClast and AUC0-infinity.  These findings show that the bioavailability of ketoprofen is not altered when 

compounded (mixed) with ID.  However, given the absolute value of the significance level associated with Cmax (i.e. P 

=0.051) results, and to ensure adequate analgesia is provided, behaviour studies investigating the efficacy of ketoprofen 

when compounded with ID remained justified.  

Study #2:  Efficacy of ketoprofen and meloxicam when compounded in iron dextran and administered at the time of 
castration 
 
Chute navigation: 

After controlling for the effect of observation time-point and back-test score, there was no significant different in chute 

navigation time between the Mel and Mel+ID (P<0.05) groups and between the Ket and Ket+ID groups (P<0.05).   After 

controlling for the effect of observation time-point, all treatment groups receiving an NSAID had significantly shorter (i.e. 

faster) chute navigation times than piglets castrated without pain control (P < 0.01). These results of the chute 

navigation times support that the mixing of ID with ketoprofen or meloxicam (administered IM 1hr prior to castration) 

did not decrease the analgesic effect of the NSAID in comparison to when the NSAIDs were given alone (i.e. when not 

mixed with ID). There was no difference among the treatment group in hemoglobin values at 21d of age (all, P>0.05).  

This indicates that the compounding of Ket with ID did not interfere with the absorption of ID.   

Behaviour live-scan observations: 

After controlling for time-point, back-test, and activity score, there was no difference in behaviour observations 

between the Mel alone and Mel+ID groups: back arching (OR=1.69, P=0.06), tail wagging (OR=1.38, P=0.11), rump 

scratching (OR= 1.02, P=0.96), orbital tightening (OR=1.12, P=0.67), and ear posture (OR=1.46, P=0.06).  Similarly, after 

controlling for time-point, back-test, and activity score, there was no difference in behaviour observations between the 

Ket alone and Ket+ID groups: back arching (OR=0.77, P=0.37), tail wagging (OR=1.03, P=0.86) rump scratching (OR= 0.51, 

P=0.11), orbital tightening (OR=0.88, P=0.63), and ear posture (OR=1.14, P=0.51). These results support that providing 

pain relief by compounding meloxicam or ketoprofen in ID did not result in a decreased efficacy of the NSAIDs, as 

measured by the expression these pain-associated behaviours.  



Conclusions: 

The bioavailability of ketoprofen was not reduced when mixed with ID in the same bottle and administered via IM 

injection in piglets at the time of castration.  Additionally, the blood hemoglobin levels of the piglets were not different 

between the treatment groups (Ket vs Ket+ID).   Therefore, the practice of compounding ketoprofen with iron dextran, 

under the conditions of the current study design do not yield reduced bioavailability of ketoprofen compared to 

ketoprofen administered alone.  Taking the results of both the live-scan and chute navigation trials into consideration, 

the efficacy of ketoprofen or meloxicam when compounded with ID and administered as a single IM injection to piglets 

was not different compared to efficacy results obtained using ketoprofen or meloxicam alone.  Hence, under the 

conditions of this study, these results have provided the scientific data necessary to substantiate that, the practice of 

mixing ketoprofen or meloxicam in ID, given by IM injection 1hr prior to castration, provides sufficient analgesia for 

piglets.  Should this practice of compounding these NSAIDs with ID continue, it is prudent that the swine industry 

understand and evaluate any potential food safety concerns associated with compounding NSAIDs and ID and the 

potential for violative NSAID tissue residues. The results of this study have been shared with veterinarians, producers, 

academics, and industry at:  The Conference of Research Workers in Animal Diseases 2017, Ontario Association of Swine 

Veterinarians Fall Conference 2017, Ontario Swine Research Network – UofG Swine Research Day 2017, National Pork 

Board - Swine Welfare Forum 2017, International Pig Vet Society Congress 2018, and the upcoming International 

Symposium of Veterinary Epidemiology and Economics in Nov 2018. 
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