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METHODS
Pharmacokinetics

• Experimental groups and drug dosages are outlined in Table 1. 

• Blood was collected pre-dose, 0.5, 1, 2, 4, 8, 12, 24, 48, 72, and 96 hours post-dose.

• TD-Buprenorphine levels were compared to injectable extended-release Buprenorphine 

(Bup ER) analyzed in K2EDTA plasma samples. 

Pain Assessment and Dual VAP with Castration Surgery

• All animals received carprofen (4 mg/kg SQ) and TD buprenorphine (2-2.5 mg/kg).

• Scores were completed at baseline and twice daily for 3 days after surgery. The pain 

scale used is described in Table 2.

• Training was performed for all staff completing pain scale assessments.

• Multiple observers completed assessments.

• 19 Yucatan miniature swine underwent a dual VAP placement and castration. 

INTRODUCTION
• Buprenorphine is a semisynthetic, partial μ-opioid receptor agonist, widely used for 

analgesia in laboratory animals. 

• Long-acting buprenorphine injectable formulations are available that provide prolonged 

analgesia.

• Disadvantages of injectable formulations in swine:

- No approved product for swine.

- Pharmaceutical-grade product requires large volumes for swine and is costly.

- Other products are non-pharmaceutical, compounded, and are not readily available.

• Transdermal (TD) long-acting buprenorphine Zorbium® is approved to provide up to 4 

days of analgesia in cats.

• Advantages of long-acting transdermal formulation of buprenorphine in swine

• Disadvantages

- Limited amount of historical data showing PK values.

- No available pain studies proving efficacy.

• Vascular Access Port (VAP) implantation is a common surgical procedure in swine 

requiring analgesia.

Hypothesis: By including pain scoring with PK data, we can show the long-term efficacy of 

using transdermal buprenorphine in swine following surgery.
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RESULTS

Group Test Material Dosing Phase Day Dose Level (mg/kg) Dose Route Animalsb

1 Bup ER 1 0.24 SC Yucatan (n=2/sex)

2 Zorbium® 

1
1

Topicala

Yucatan 

Hanford

Göttingen

Sinclair Nanopig

(n=2/sex/strain)
15 2.5

3 Zorbium® 1 2.5 Topicala
Göttingen

Sinclair Nanopig

(n=3/sex/strain)

aTopical administration was performed on the dorsal surface where the pinna joins the head, and there is minimal 

interference with hair. For animals dosed at 2.5 mg/kg, the amount was split evenly between both locations to 

accommodate larger volumes.
bAnimals ranged from 5-21 months of age & 19.4-62.7 kg based on availability. 

Cage Side Assessment

Posture

(0) Normal (any position, apparent comfort, relaxed muscles)

(1) Changes posture, with discomfort

(2) Changes posture, with discomfort, and protects the affected area

(3) Quiet, tense, and back arched 

Activity

(0) Moves normally 

(1) Moves with less frequency

(2) Moves constantly, restless

(3) Reluctant to move or does not move 

Appetite
(0) Normal appetite

(1) Ate less than half of ration from last feeding

(2) Appears no food consumed since last feeding

Miscellaneous Behaviors

A. Wags tail continuously and intensely

B. Excessively bites the bars or non-enrichment items (e.g., shoes)

C. Lowered head posture (below the line of the shoulder) 

D. Excessive vocalization

In Pen Assessment

Interaction and Interest in 

the Surroundings

(0) Interacts with other animals and/or staff; interested in the surroundings

(1) Minimal interactions with surroundings/staff. 

(2) Occasionally moves away from the other animals and/or staff. Shows little interest in 

surroundings

(3) Flees or moves away from other animals and/or staff; does not allow you to approach

Attention to the Affected 

Area

A. Weight shifting

B. Scratches or rubs the painful area 

C. Moves and/or jumps after touching surgical area two inches away from incision (score 

only if reaction is greater than touching an unaffected area)

D. Sits and/or lays down with difficulty

(0) All the above behaviors are absent

(1) Presence of one of the above behaviors

(2) Presence of two of the above behaviors

(3) Presence of three or all the above behaviors

Table 2. Acute Post-Operative Pain Ethogram

Pain scoring criteria used to assess analgesic efficacy post-operatively. Numerical criteria were used to 

calculate the total score at each time point. Criteria denoted with a letter defined the behaviors used to score 

the respective section. The ethogram was adapted from the UNESP-Botucatu composite Pain Scale from Luna 

SPL et al. (2020. PLoS ONE. 2020; 15(6): e0233552). 

Figure 1. Mean plasma buprenorphine concentration per group and dose level. Arrow = target 

therapeutic level. Note: Group 2 was dosed on Day 15 at 2.5 mg/kg following a wash-out period from the 

initial dose administered on Day 1 (1 mg/kg). Predose concentrations were not below the limit of quantitation 

following the wash-out period. T1/2, CL/F, and Vz/F were not reportable due to the lack of a distinct 

elimination phase.

Baseline Day 1 AM Day 1 PM Day 2 AM Day 2 PM Day 3 AM Day 3 PM

Mean 0.95 1.11 0.42 0.11 0.05 0.16 0.11

Minimum 0 0 0 0 0 0 0

Maximum 3 5 3 1 1 3 1

StdDev 0.71 0.86 0.45 0.19 0.13 0.40 0.19

Table 3. Acute Post-Operative Pain Scores

Summary of pain scoring data using the Acute Post-Operative Pain Ethogram (Table 2). StdDev = standard deviation.

Table 1. Experimental Design – Pharmacokinetics

Figure 2. Pain score assessments for select pigs. The three selected pigs had surgeries performed on the same day 

and had the same observers across the time points. The maximum possible score was 17.
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CONCLUSIONS

• 2.5 mg/kg of TD-Bup provides comparable plasma concentrations to Buprenorphine ER 

and reaches published therapeutic levels (0.1 ng/ml) for analgesic efficacy for swine. 

• The analgesic efficacy of TD-Bup was confirmed to provide sufficient pain control in dual 

VAP/castrations in Yucatan MS as part of a multimodal protocol. 

• Several animals had elevated pain scores at baseline.

– Pain scoring results were affected by intra-observer differences, with some observers 

scoring consistently higher than others.

– Elevated scores may not be a direct reflection of pain, but rather an individual 

animal’s standard behavior or stress. 

• TD-Bup is a promising analgesic alternative for swine to provide long-lasting pain control. 

• Future pain scoring could include more baseline data to better acclimate animals to which 

may provide a more accurate measurement.
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- No injection stress

- Ease of administration 

- Cost-effective

- Readily available

- Pharmaceutical grade

- Prolonged analgesia 
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