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Abstract
Pigs are at risk of vomiting from medical conditions as well as the emetic side effects 
of drugs administered for peri-operative manipulations, but there is a lack of pharma-
cokinetic data for potential anti-emetic therapies, such as maropitant, in this species. 
The main objective of this study was to estimate plasma pharmacokinetic parameters 
for maropitant in pigs after a single intramuscular (IM) administration dosed at 1.0 mg/
kg. A secondary objective was to estimate pilot pharmacokinetic parameters in pigs 
after oral (PO) administration at 2.0 mg/kg. Maropitant was administered to six com-
mercial pigs at a dose of 1.0 mg/kg IM. Plasma samples were collected over 72 h. After 
a 7-day washout period, two pigs were administered maropitant at a dose of 2.0 mg/
kg PO. Maropitant concentrations were measured via liquid chromatography/mass 
spectrometry (LC–MS/MS). A non-compartmental analysis was used to derive phar-
macokinetics parameters. No adverse events were noted in any of the study pigs after 
administration. Following single IM administration, maximum plasma concentration 
was estimated at 412.7 ± 132.0 ng/mL and time to maximum concentration ranged 
from 0.083 to 1.0 h. Elimination half-life was estimated at 6.7 ± 1.28 h, and mean resi-
dence time was 6.1 ± 1.2 h. Volume of distribution after IM administration was 15.9 L/
kg. Area under the curve was 1336 ± 132.0 h*ng/mL. The relative bioavailability of PO 
administration was noted to be 15.5% and 27.2% in the two pilot pigs. The maximum 
systemic concentration observed in the study pigs after IM administration was higher 
than what was observed after subcutaneous administration in dogs, cats, or rabbits. 
The achieved maximum concentration exceeded the concentrations for anti-emetic 
purposes in dogs and cats; however, a specific anti-emetic concentration is currently 
not known for pigs. Further research is needed into the pharmacodynamics of maro-
pitant in pigs to determine specific therapeutic strategies for this drug.
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1  |  INTRODUC TION

Maropitant (IUPAC name: (2 S,3 S)-2-benzhydryl-N-[(5-tert-butyl-
2-methoxyphenyl)methyl]-1-azabicyclo[2.2.2]octan-3-amine; 
Molecular formula: C32H40N2O) is a synthetic neurokinin type-1 
receptor antagonist which inhibits the central effect of the neu-
rotransmitter Substance P. In veterinary medicine, maropitant is 
widely used in dogs for its anti-emetic activity (Benchaoui, Cox, 
et al., 2007). Specific conditions associated with emesis that can be 
prevented or managed by maropitant in dogs include chemotherapy 
(Benchaoui, Cox, et al., 2007), medical gastro-enteritis (de la Puente-
Redondo et al.,  2007), and motion sickness (Benchaoui, Siedek, 
et al.,  2007), in addition to its use for prevention of peri-surgical 
emesis. Recently, maropitant has also been investigated for use in 
cats (Hay Kraus, 2017), rabbits (Ozawa et al., 2019), chickens (Mones 
et al., 2022), as well as horses (Berryhill et al., 2019, 2020).

Production and miniature companion pigs undergo many surgical 
procedures where inhibition of emesis would be beneficial for patient 
management (Anderson & Mulon,  2019; Smith & Seddighi,  2022). 
Miniature companion pigs are increasing in popularity as pets 
(Curnutte,  2014) and as such, will undergo anesthesia for routine 
procedures such as ovariohysterectomies (Cypher et al.,  2017), 
tusk and hoof maintenance (Smith, Griffin, et al.,  2022; Smith & 
Seddighi, 2022), as well as non-routine procedures such as gastro-
intestinal (Cain et al., 2020; Ehrle et al., 2019), urinary (Needleman 
& Videla, 2019), or orthopedic surgeries (Høy-Petersen et al., 2020; 
Smith et al., 2017). In addition, pigs will occasionally present to vet-
erinarians for vomiting, and a paucity of information regarding the 
use of maropitant in pigs, including pharmacokinetics, currently ex-
ists. Descriptions of the use of maropitant in pigs are limited to case 
reports (Hobbs et al., 2021; Wheeler et al., 2020) and general rec-
ommendations (Mitek, 2017), with no data from prospective studies. 
The goal of this study was to report the pharmacokinetics (PK) of a 
single intramuscular dose of maropitant in pigs, as well as to perform 
a pilot evaluation of the PK of orally administered maropitant in pigs.

2  |  MATERIAL S AND METHODS

2.1  |  Animals

Six healthy (5 gilts; 1 barrow) commercial breed-cross (Landrace x 
Yorkshire) pigs, 98–99 days of age and weighing 45.9 ± 2.5 kg, were 
evaluated. Pigs were housed in a climate-controlled facility with 
variable humidity and in individual pens. Pigs were fed a commer-
cial swine feed (Co-op 16% Pig Grower Pellet, Tennessee Farmers 
Cooperative) twice a day and had ad libitum access to water. The 
diet met or exceeded the National Research Council recommen-
dations for pigs. Prior to the implementation of the study, the pigs 
were examined for any clinical signs of disease or ill health and were 
excluded if noted. This project was approved by the University of 
Tennessee Institutional Animal Care and Use Committee (Protocol 
# 2897-0322).

2.2  |  Sample collection

Maropitant citrate (Cerenia®, Zoetis Inc., Kalamazoo, MI, US) dosed 
at 1.0 mg/kg was injected in the left neck in accordance with Pork 
Quality Assurance guidelines with an 18 G 1.5-inch needle. Samples 
were collected from a previously implanted single lumen 20-cm 16 G 
catheter (LA1620-A; MILACATH, MILA International. Kentucky, 
US) that was surgically placed in the right jugular vein under general 
anesthesia. Catheter patency was maintained by daily flushing with 
6 mL of NaCl 0.9% and locking with heparinized solution (100 IU/
mL). Samples were collected at: 0 (prior to administration), 5, 10, 
15, 30, and 45 min as well as 1, 1.5, 2, 4, 6, 8, 12, 18, 24, 30, 36, 
48, and 72 h after administration. For collection, the catheter was 
flushed with normal (0.9%) saline, and the push-pull technique (Hess 
& Decker, 2017) was utilized for blood collection, and the line was 
flushed with 10 mL heparinized saline afterwards. Once collected, 
the blood was immediately placed on ice and then centrifuged at 
1500 g for 10 min. After centrifugation, the sample plasma was pi-
petted into individual cryovials. The plasma was stored at −80°C for 
analysis.

After a 7-day washout period, two pigs were used for pilot inves-
tigation of the PK parameters of oral maropitant. Pigs were dosed at 
2.0 mg/kg, rounded up to the nearest half-tablet (Cerenia® Tablets, 
Zoetis Inc., Kalamazoo, MI, US) of the veterinary canine tablet for-
mulation. The tablets were administered with peanut butter (not as 
a component of the offered pig feed) prior to morning feeding, with 
the amount of maropitant added to the peanut butter providing an 
internal exposure dose of 2  mg/kg. Sample collection time points 
were 0 (prior to administration), 15, and 30 min as well as 1, 1.5, 
2, 4, 8, 12, 18, 24, 31, 48, and 72 h after administration. Pigs were 
monitored regularly for 72 h after administration for any adverse ef-
fect, as well as twice daily for an additional 96 h after the 72-h study 
period.

2.3  |  Analytical chemistry

Sample extraction and concentration determination were conducted 
using a previously published method for equine plasma (Berryhill 
et al., 2019, 2020). Analysis was performed with a TSQ Vantage tri-
ple quadrupole mass spectrometer (MS) equipped with an ESI source 
(Thermo Scientific, San Jose, CA) (Berryhill et al., 2019). That was 
coupled with an 1100 LC system (Agilent Technologies, Palo Alto, 
CA) (Berryhill et al.,  2019). After extraction, samples (30 μL) were 
separated on a C18 column (ACE C18, 2.1 × 00 mm, 3 μ ps; Mac-Mod 
Analytical, Chadds Ford, PA) and kept at 30°C (Berryhill et al., 2019). 
For this analysis, gradient mobile phase consisted of component A: 
water and 0.2% formic acid and B: 0.1% formic acid in acetonitrile 
at a flow rate of 0.35 mL/min (Berryhill et al., 2019). As previously 
reported for horses, in the MS/MS analysis, protonated molecu-
lar ions were isolated and fragmented using helium gas collision in 
the Q2 region with collision energy of 45 eV (maropitant) and 30 eV 
(d4-buprenorphine) (Berryhill et al., 2019). As previously developed 
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    |  3SMITH et al.

for horses, the resulting mass spectra were acquired using selec-
tive reaction monitoring mode, m/z 469.3 → 119.1 (maropitant) and 
m/z 472.3 → 101.1, 187 (d4-buprenorphine) (Berryhill et al., 2019). 
Calibration curves were generated with Quanbrowser software 
(Thermo Scientific, San Jose, CA), which was also used to generate 
quantitate analytes in samples by linear regression analysis (Berryhill 
et al., 2019). For the calibration curves, a weighting factor of 1/X was 
utilized. A partial validation was performed with pig plasma.

2.4  |  Pharmacokinetic analysis

A non-compartmental approach for extravascular administration 
of maropitant in plasma was performed for each pig using commer-
cially available pharmacokinetic software (PKanalix, Monolix Suite 
2021R1, Lixoft, France). Maximum concentration (Cmax) and time to 
maximum concentration (Tmax) were taken directly from observation 
of the data. Analysis utilized the raw data, with expression based on 
statistical moments theory, and standard formulas for extravascular 
injection as follows:

1.	 Area under the maropitant concentration–time curve, extrap-
olated to infinity, AUCinf.

2.	 Area under the moment curve, AUMCinf.
3.	 Maropitant mean residence time, MRT = AUMCinf/AUCinf.
4.	 Maropitant elimination rate, λz.
5.	 Maropitant terminal half-life, T1/2 (λz) = ln (2)/λz.
6.	 Volume of distribution accounting for bioavailability, VZ/F.

The linear/trapezoidal linear/log rule was used for data analysis 
to estimate the areas under the maropitant time-curves. Summary 
statistics were performed thereafter to derive the geometric mean 
and (min–max) range of the individual pharmacokinetic parameters. 
The pilot oral administration was reported as described above with 
reporting done for the individual animal. Additionally, relative bio-
availability (FR) was determined on two pigs by the following formula:

3  |  RESULTS

3.1  |  Animals

No adverse effects were observed in any study animals, and the in-
jection appeared well-tolerated by the pigs that were being fed dur-
ing administration. One pig's catheter lost patency prior to the 48-h 
sampling timepoint (note: catheters were placed in the opposite side 
of the neck from where the IM injection was administered, and this 
loss of patency is likely unrelated to the injection). These two time-
points (48 and 72 h) were excluded from the pharmacokinetic analy-
sis for this pig. Similarly, no adverse effects were noted in the two 
pigs administered the oral tablets of maropitant.

3.2  |  Analytical chemistry

The response for maropitant was linear, with correlation coefficients 
of 0.99. The method was fully validated in a previous study includ-
ing assessment of susceptibility to interference, specificity, accuracy, 
precision, limit of detection, and limit of quantification. As the method 
was validated previously for equine samples, a partial validation, in-
cluding determination of intra-day precision and accuracy and the limit 
of detection and quantification, was conducted. Precision and accu-
racy of the assay were determined by assaying quality control sam-
ples (0.3, 20, and 600 ng/mL) in replicates (n = 6). Accuracy was 100%, 
111%, and 99% for 0.3, 20, and 600 ng/mL, respectively. Precision was 
14%, 7%, and 8% for 0.3, 20, and 600 ng/mL, respectively. The limit of 
quantitation was 0.1 ng/mL and the limit of detection was 0.05 ng/mL.

3.3  |  Pharmacokinetics

The time versus concentration curve for maropitant after intramus-
cular injection is displayed in Figure 1. The PK parameters for ma-
ropitant after intramuscular injection are presented in Table 1. All 
pigs had detectable plasma concentrations of maropitant, including 
at the last sampling time point. The individual time versus concentra-
tion curves for the two pigs administered maropitant orally, as well 
as their individual concentration curves after intramuscular admin-
istration are presented in Figure 2. The individual PK parameters for 
these pigs after oral administration are presented in Table  2. The 
relative bioavailability of PO to IM administration in each pig was 
estimated at 15.5% (pig 1) and 27.2% (pig 2).

4  |  DISCUSSION

In this study, the PK of maropitant citrate (1 mg/kg, IM) after sin-
gle administration was determined for pigs. Although empirical use 

F(Relative) =
AUC(PO)

AUC(IM)
∗
Dose(IM)

Dose(PO)

F I G U R E  1  Mean plasma maropitant concentration (logarithmic 
scale) vs time (hr) profile for pigs (n = 6) administered a single dose 
(1.0 mg/kg) of maropitant via intramuscular injection. Mean is 
represented by an open circle with error bars.
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4  |    SMITH et al.

of the drug has been described in clinical practice, to the author's 
knowledge no prospective studies in pigs currently exist for the PK 
of this drug in swine.

Vomiting in swine differs from other species in that it is com-
monly associated with infectious disease such as Transmissible 
Gastroenteritis, Porcine Epidemic Diarrhea virus, as well as toxins 
such as deoxynivalenol (Prelusky & Trenholm, 1993). The pathophys-
iology of vomiting in pigs is thought to be more responsive to action 
on serotonin (5HT3) receptors via antagonists, than action on 5HT2 
receptors (Prelusky & Trenholm, 1993). Antihistamine and antidopa-
minergic antiemetics were shown in that same study to not be effec-
tive in swine. Maropitant antagonizes neurokinin-1 receptors in the 
emetic center of the brain, known as the nucleus tractus solitarius 
(Riviere & Papich, 2018). Maropitant is considered a “broad spectrum” 
antiemetic because it blocks input from multiple sources via its action 
at this center, as opposed to other anti-emetic drugs which act on spe-
cific sources that provide input to the center (Riviere & Papich, 2018).

The maximum concentration (Cmax) observed in the study pigs 
after intramuscular administration (412 ng/mL) was higher than ob-
served after subcutaneous administration (1 mg/kg) in dogs, cats, or 
rabbits (Benchaoui, Cox, et al., 2007; Hickman et al., 2008; Ozawa 
et al., 2019). While an effective anti-emetic concentration for pigs is 
not known, this level exceeded the concentrations that are thought 
to be clinically effective in dogs (Benchaoui, Cox, et al., 2007; Hay 
Kraus, 2017). The time to maximum concentration (Tmax) after intra-
muscular injection in the study pigs (0.2 h) was faster than observed 
for subcutaneous injection in dogs, cats, or rabbits (Benchaoui, 
Cox, et al., 2007; Hickman et al., 2008; Ozawa et al., 2019). This is 
expected as the more perfused nature of muscle typically allows 
for more rapid absorption than subcutaneous injections. Total ex-
posure to maropitant after intramuscular injection, described as 
area under the curve extrapolated to infinity (AUCinf), was greater 
than observed values in dogs, cats, or rabbits after subcutaneous 

Parameter Unit Mean (±SD) Minimum Maximum

Cmax ng/mL 412.7 ± 1.42 283.3 597.3

Tmax h 0.2 ± 2.52 0.083 1.0

AUCinf h*ng/mL 1336 ± 1.11 1090.0 1524.0

AUMCinf h2*ng/mL 9847 ± 1.4 6667 17,321

MRT h 6.1 ± 1.2 5.3 7.15

λz 1/h 0.047 ± 0.028 0.077 0.15

T1/2 λza h 6.6 ± 1.3 4.7 9.0

Cl/F L/h/kg 0.75 ± 0.00002 0.67 0.84

VZ/F L/kg 15.9 ± 2.88 6.0 81.4

Abbreviations: AUCinf, Area under the curve extrapolated to infinity; AUMCinf, Area under the 
moments curve extrapolated to infinity; Cmax, Maximum plasma concentration; MRT, Mean 
residence time; T1/2 λz, Elimination half-life; Tmax, Time to maximum plasma concentration; VZ/F, 
(Apparent) Volume of distribution for extravascular administration; λz, Elimination rate.
aHarmonic mean.

TA B L E  1  Pharmacokinetic parameters 
(mean ± SD; geometric unless indicated 
otherwise) in pigs following a single 
intramuscular injection of 1.0 mg/kg 
maropitant (n = 6).

F I G U R E  2  Plasma maropitant concentrations (logarithmic scale) 
vs time (hr) profile for individual pigs (n = 2) administered a single 
dose (2.0 mg/kg) of maropitant orally. For this pilot investigation, 
pig 1 is identified with smokey gray circles and pig 2 is identified 
with volunteer orange squares.

TA B L E  2  Pilot pharmacokinetic parameters (individual values) in 
pigs following a single oral administration of 2.0 mg/kg maropitant 
(n = 2).

Parameter Unit Pig 1 Pig 2

Cmax ng/mL 36.7 53.3

Tmax h 4 8

AUCinf h*ng/mL 417.4 676.4

AUMCinf h2*ng/mL 4635.3 7994.8

MRT h 9.8 11.8

λz 1/h 0.14 0.12

T1/2 λz h 5.06 5.92

VZ/F L/kg 31.7 25.8

FR % 15.5 27.2

Abbreviations: AUCinf, Area under the curve extrapolated to infinity; 
AUMCinf, Area under the moments curve extrapolated to infinity; Cmax, 
Maximum plasma concentration; FR, Relative bioavailability; T1/2 λz, 
Elimination half-life; MRT, Mean residence time; Tmax, Time to maximum 
plasma concentration; VZ/F, (Apparent) Volume of distribution for 
extravascular administration; λz, Elimination rate.
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    |  5SMITH et al.

injection (Benchaoui, Cox, et al., 2007; Hickman et al., 2008; Ozawa 
et al., 2019). Due to the differences in administration, it is uncertain 
at this time whether these differences in PK are due to species bio-
availability. However, due to the lack of a true SC space in pigs, IM 
administration was chosen for the purpose of practicality. Volume 
of distribution after extravascular administration (VZ/F) was high 
(15.9 L/kg) compared with reported values after IV administration 
in horses (6.54 L/kg) (Berryhill et al., 2019) and rabbits (3.5) (Ozawa 
et al.,  2019); Table  3 displays comparative PK of maropitant after 
extravascular injection in multiple domestic species.

The maximum concentrations achieved after oral administration 
in the two pilot pigs (36.7 and 53.3 ng/mL) were less than the max-
imum concentrations observed in horses after oral administration 
(73.5 ng/mL) (Berryhill et al., 2020), although that study utilized a 
4 mg/kg dose, and these values would be similar after dose correc-
tion. The terminal elimination half-life observed in the two pigs ad-
ministered oral maropitant in this study was of 4.7 and 9 h, which was 
shorter than the 11.6 h reported in horses (Berryhill et al., 2020), but 
similar to reported in dogs (4.03 h after PO administration at 2.0 mg/
kg; Benchaoui, Cox, et al., 2007). While our study evaluated the rel-
ative bioavailability (FR) of PO administration when compared to IM, 
it should be noted that absolute bioavailability values (comparison of 
SC extravascular administration to IV administration; F) observed in 
dogs (23.7%) are also low, although these were less than the F (50%) 
noted in cats (Hickman et al., 2008). As the oral administration re-
sults we present are pilot data based on 2 pigs, the oral parameters 
of maropitant in pigs should be interpreted with caution until more 
studies are conducted.

Common adverse reactions to maropitant administration in 
other species include injection site reactions and excitation (Ozawa 
et al.,  2019). These were not observed in our sample of pigs. It is 
possible that the lack of notable injection site reactions was due to 
the length of the needle used (1.5 inches to insure administration in 
muscle). Given the apparent absence of injection site reactions after 
IM injection in the studied pigs, this route could be considered in 
other species, such as rabbits where reactions were observed after 
subcutaneous administration (Ozawa et al., 2019). No feed refusal 
was noted at any point of the study period.

This work has the potential for multiple future applications. 
Studies investigating the pharmacodynamics, the complete PK of 

single and multiple dosing of the oral formulation, and IV adminis-
tered maropitant will aid clinicians in better clinical use of this drug. 
In dogs, one trial evaluated the administration of maropitant or mor-
phine prior to surgery, and in that study maropitant-administrated 
animals were significantly more likely to eat 3  h postoperatively 
(Marquez et al., 2015) compared with dogs treated with morphine 
pre-anesthetically, and this resumption of appetite could be utilized 
for both production and companion pigs undergoing anesthetic pro-
cedures. Similarly, maropitant led to improved anesthetic recoveries 
in dogs (Ramsey et al.,  2014). Therefore, future studies should in-
vestigate the effects on the peri-anesthetic period in pigs, including 
effect of the route of administration on the clinical timeline to res-
olution of anti-emetic activity. As pigs of all types are a major food 
animal species in the United States (Smith, Merkatoris, et al., 2022), 
future studies should investigate the tissue depletion of maropitant 
in pigs to determine withdrawal recommendations. Non-linear mixed 
effect (NLME) analysis could be utilized in future studies to capture 
population variability of maropitant in pigs (Bon et al., 2018). Future 
studies could also investigate the PK of maropitant in miniature com-
panion pig breeds, as it is currently unknown whether PK properties 
are conserved when compared to production pig breeds, as investi-
gated in this study. Finally, the effects of multiple drug administra-
tion should be investigated to determine any drug–drug interactions 
from maropitant concurrent administration with anesthetic agents.

Limitations of this study include the small sample size and fairly 
homogenous patient population. While study populations of 4–6 an-
imals are generally considered adequate for veterinary PK studies 
(Riviere & Chittenden, 2011), a sample size of this number is not ad-
equate to capture all of the variability within a population. Another 
limitation is the loss of patency of one catheter at the later stages 
of sample collection in one pig. Comparison of PK parameters from 
other species is meant to be interpreted in a descriptive fashion, as 
robust statistical comparison of parameters cannot be done as the 
methods for each study vary in timelines as well as laboratories per-
forming analytical chemistry analysis.

In conclusion, intramuscular maropitant citrate administered 
at 1.0  mg/kg to pigs achieves higher concentrations in a shorter 
period of time than observed for subcutaneous injection in dogs, 
cats, or rabbits. Intramuscular injections seemed well tolerated 
by the subject pigs without clinically noticeable side effects. Pilot 

TA B L E  3  Comparative pharmacokinetics of maropitant citrate after extravascular injection in several domestic species.

Species
Dose 
(mg/kg) Route

Cmax 
(ng/mL) Tmax (h)

Elimination 
half-life (h) AUC (ng*h/mL) References

Dogs 1.0 SC 92 0.75 7.75 860 Benchaoui, Cox, 
et al. (2007); 
Benchaoui, Siedek, 
et al. (2007)

Cats 1.0 SC 269 0.5–2.0 (range) 17.1 Not reported Hickman et al. (2008)

Rabbits 1.0 SC 14.4 1.25 13.1 208.5 Ozawa et al. (2019)

Pigs 1.0 IM 412.7 0.2 6.6 1336 Present Study

Abbreviations: AUC, Area under the curve; Cmax, Maximum plasma concentration; IM, Intramuscular administration; SC, Subcutaneous 
administration; Tmax, Time to maximum plasma concentration.

 13652885, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jvp.13120 by U

niversity O
f T

ennessee, K
noxville, W

iley O
nline L

ibrary on [06/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



6  |    SMITH et al.

investigation of orally administered maropitant demonstrated lower 
maximum concentrations and a lower relative bioavailability com-
pared with the intramuscular route. Future research is warranted in 
the pharmacodynamics of maropitant to allow for precision use for 
clinical situations where an anti-emetic would be ideal in porcine 
patients.
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