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1  |  INTRODUC TION

Maropitant citrate is a synthetic neurokinin-1 (NK-1) receptor an-
tagonist developed as an antiemetic for use in dogs (Benchaoui 
et al., 2007). The drug prevents emesis by selectively inhibiting the 

effect of substance P, a potent NK1 receptor agonist that is widely 
distributed both centrally and peripherally in the gastrointestinal 
tract (Diemunsch & Grélot, 2000; O'Connor et al., 2004; Sedlacek 
et al.,  2008). The NK-1 receptor antagonists are the standard of 
care in human cancer patients to prevent emesis associated with 
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Abstract
Maropitant citrate is a synthetic neurokinin-1 receptor antagonist and substance P 
inhibitor used for control of emesis in dogs in cats. Maropitant citrate is used empiri-
cally in birds, despite a lack of pharmacokinetic data in avian species. The objective of 
this study was to determine the pharmacokinetic profile of a single dose of maropitant 
citrate 1 and 2 mg/kg subcutaneously (SC) in eight Rhode Island Red hens (Gallus gal-
lus domesticus). A crossover study design was used with 1-week washout between 
trials. Blood samples were collected over 36 h after drug administration. Plasma 
concentrations were measured using liquid chromatography–tandem mass spec-
trometry and pharmacokinetic parameters were determined via non-compartmental 
analysis. The mean maximum plasma concentration, time to maximum concentration, 
and elimination half-life following 1 and 2 mg/kg SC were 915.6 ± 312.8 ng/ml and 
1195.2 ± 320.2 ng/ml, 0.49 ± 0.21 h and 1.6 ± 2.6 h, and 8.47 ± 2.24 h and 8.58 ± 2.6 h, 
respectively. Pharmacokinetic data suggests doses of 1 or 2 mg/kg SC may be admin-
istered every 12–24 h to maintain above target plasma concentration similar to dogs 
(90 ng/ml). These data provide a basis for further investigation of maropitant citrate 
pharmacokinetics and pharmacodynamics in birds.
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chemotherapy, and maropitant citrate is commonly administered 
clinically at 1 mg/kg intravenously (IV) or subcutaneously (SC) once 
daily for a broad range of emetic stimuli in dogs and cats (Benchaoui 
et al., 2007; De la Puente-Redondo et al., 2007; Hickman et al., 2008; 
Kraus,  2013; Martin-Flores et al.,  2016; Ramsey et al.,  2008; Rau 
et al., 2010; Trepanier, 2015; Vail et al., 2007). Maropitant citrate has 
also been investigated for anti-inflammatory, analgesic, and inhalant 
anesthesia sparing effects, related to the involvement of substance 
P in several other physiologic pathways (Boscan et al., 2011; Kinobe 
& Miyake, 2020; Niyom et al., 2013).

Regurgitation or vomiting is a common nonspecific clinical 
presentation for avian patients with proventriculitis/ventricu-
litis, coelomitis, gastrointestinal obstruction, neoplasia, toxin 
exposure, and other systemic diseases (Girling, 2004). Substance P-
immunoreactive nerve components have been demonstrated within 
the central nervous system of the pigeon, a commonly used emeto-
genic animal model (Tanihata et al., 2003). Vofopitant (GR205171), 
an NK-1 receptor antagonist used in human medicine, has been 
shown to reduce the emetic response to cisplatin administered to 
pigeons, suggesting that NK-1 receptor antagonists may be useful as 
an antiemetic for avian patients (Tanihata et al., 2003).

Although maropitant citrate has been used empirically in birds 
at doses of 1 mg/kg SC and IM (Hawkins et al., 2017), there are no 
pharmacokinetic studies to support its use. The goal of this study 
was to determine the pharmacokinetic profile of maropitant citrate 
following a single subcutaneous dose in Rhode Island Red hens, a 
commonly kept breed of chicken in backyard flocks.

2  |  MATERIAL S AND METHODS

2.1  |  Animal use statement

A pilot study was performed in four Rhode Island Red hens to collect 
preliminary data for design of the main study, consisting of eight ad-
ditional Rhode Island Red chickens. All chickens were maintained in 
an indoor research flock at North Carolina State University College of 
Veterinary Medicine's Laboratory Animal Resources Facility. Hens for 
the pilot study (n = 4) averaged 2.21 kg (range 1.9–2.65 kg). Hens for 
the main study (n = 8) averaged 2.03 kg (range 1.7–2.45 kg). This proto-
col was approved by the North Carolina State University Institutional 
Animal Care and Use Committee (NC State IACUC #21–152).

2.2  |  Animal care

All hens were 2.5 years old and deemed healthy based on a physi-
cal examination, packed cell volume/total solids, and a plasma bi-
ochemistry panel (VetScan Avian/Reptile Profile Plus, Abaxis, Inc, 
Union City, CA, USA) within 3 months prior to the start of the study. 
Individual plastic bands were placed around one pelvic limb on each 
bird for identification purposes. Birds were housed individually in 
155 cm × 92 cm × 173 cm floor pens in a temperature-controlled 

room (75–78 °F) on a 12-h light–dark cycle. Pens contained wood 
shaving litter and free choice access to water via bell poultry wa-
terers. A fount feeder containing a pelleted maintenance layer diet 
(Purina Layena Pellets, Purina Animal Nutrition, Gray Summit, MO, 
USA) was placed in each pen 2 h after drug dosing and provided ad 
libitum between trials.

2.3  |  Drug administration

Hens were weighed on the morning of the study and drug doses 
were calculated. At time 0 h, chickens in the pilot study re-
ceived maropitant citrate (10 mg/ml, Cerenia, Zoetis, Kalamazoo, 
MI, USA; C38H50N2O; (2 s, 3 s)-2-benzhydryl-N-(5-tert-butyl-2-
methoxybenzyl)quinuclidin-3-amine; Chemical Abstracts Service 
147,116–67-4) 2 or 10 mg/kg SC (n = 2 per dose). For the main study, 
randomization software (QuickCalcs 2018, GraphPad Software Inc., 
CA, USA) was used to assign chickens to receive maropitant citrate 
at 1 or 2 mg/kg SC.Maropitant citrate was administered SC over the 
right or left lateral thigh. A 25-gauge needle (3/8 inch) was directed 
beneath the skin and placement was confirmed by negative aspira-
tion prior to drug administration. A skin marker was used to encir-
cle the injection site for future monitoring of any potential injection 
site reactions (Skin-Skribe, HMS-Hospital Marketing Services, 
Naugatuck, CT, USA). Injection sites were visually evaluated at 24 h 
and 7 days post-injection. Following a 7-days washout period, each 
chicken received the opposite treatment. Investigators were not 
blinded to the treatment each chicken had received.

2.4  |  Sample collection

Blood samples (0.3–0.6 ml) were collected from the metatarsal, ulnar, 
or jugular veins immediately before (time 0) and at predetermined 
time intervals after drug administration. Blank plasma was harvested 
from a separate population of Rhode Island Red chickens for gen-
eration of calibration curves and quality control samples. Samples 
for the pilot study were collected over a 48 h period (5, 10, 15, 30, 
and 45 min, and 1, 2, 4, 8, 12, 24, and 48 h). Based on the results of 
the pilot study blood samples for the main study were collected up 
to 36 h post-maropitant administration (10, 15, 30, 45 min and 1, 2, 
4, 8, 12, 24, and 36 h). Blood samples were immediately transferred 
to a lithium heparin tube (BD Microtainer, Thermo Fisher Scientific 
Inc., Waltham, MA, USA) after collection and placed on ice. Over the 
course of the pilot and main study, the volume of blood removed 
from each chicken was less than 1% of the birds' total body weight, 
in accordance with the IACUC regulations.

2.5  |  Sample processing

Samples were centrifuged at 3000 g for 5 min within an hour of col-
lection. Plasma was harvested and frozen at −80°C in 2.0 ml cryovials 
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(CryoClear, Globe Scientific Inc, Mahwah, NJ, USA) until analysis of 
maropitant citrate concentrations.

2.6  |  Determination of maropitant citrate 
concentrations

Plasma calibrators were prepared by dilution of the maropitant 
citrate working standard solutions (Toronto Research Chemicals, 
Toronto, ON, USA) with drug free chicken plasma to concentrations 
ranging from 0.1 to 5000 ng/ml. Calibration curves and negative 
control samples were prepared fresh for each quantitative assay. 
In addition, quality control samples (chicken plasma fortified with 
analyte at three concentrations within the standard curve) were in-
cluded with each sample set as an additional check of accuracy.

Prior to analysis, 100 μl of plasma was diluted with 300 μl of 
acetonitrile (ACN):1 M acetic acid (9,1, v:v) containing 100 ng/ml of 
d4-buprenorphine internal standard (Cerilliant (Round Rock, TX), 
to precipitate proteins. The samples were vortexed on a Glas-Col 
Multi-Pulse Vortexer (Terre Haute, IN) for 1.5 min to mix, refriger-
ated for 20 min, vortexed for an additional 1 min, centrifuged in a 
Sorvall ST 40R centrifuge (Thermo Scientific, San Jose, CA, USA) 
at 4300 rpm/3830 g for 10 min at 4°C and 30 μl was injected into 
the liquid chromatography tandem mass spectrometry (LC–MS/MS) 
system.

The concentration of maropitant citrate was measured in plasma 
by LC–MS/MS. Quantitative analysis of plasma was performed 
on a TSQ Vantage triple quadrupole mass spectrometer (Thermo 
Scientific) having an 1100 series liquid chromatography system 
(Agilent Technologies, Palo Alto, CA). The system was operated 
using positive electrospray ionization [ESI (+)]. The spray voltage was 
set at 3500 V, sheath gas and auxillary gas were 45 and 30, respec-
tively (arbitrary units), vaporizer temperature was 320°C, and capil-
lary temperature was 300°C. Product masses and collision energies 
were optimized by infusing the standards into the mass spectrome-
ter. Chromatography employed an ACE 3 C18 10 cm × 2.1 mm 3 μm 
column (Mac-Mod Analytical, Chadds Ford, PA, USA) and a linear 
gradient of acetonitrile (ACN) in water, with 0.2% formic acid, at a 
flow rate of 0.35 ml/min. The initial ACN concentration was held at 
5% for 0.33 min, ramped to 99% over 5.5 min and held at that con-
centration for 0.33 min, before re-equilibrating for 3.75 min at initial 
conditions.

Detection and quantification was conducted using selective 
reaction monitoring (SRM) of initial precursor ion for maropitant 
citrate (mass to charge ratio [m/z] 469.3) and the internal standard 
d4-buprenorphine ([m/z] 472.3). The response for the product ions 
for maropitant citrate (m/z 167.1) and the internal standard d4-
burprenorphine (m/z 101.1, 187) were plotted and peaks at the 
proper retention time were integrated using Quanbrowser software 
(Thermo Scientific). Quanbrowser software was used to generate 
calibration curves and quantitate analytes in all samples by linear 
regression analysis. A weighting factor of 1/X was used for all cali-
bration curves.

The response for maropitant citrate was linear and gave a cor-
relation coefficient of >0.99. Accuracy was reported as percent 
nominal concentration and precision was reported as percent rela-
tive standard deviation. For maropitant citrate, accuracy was 114% 
for 0.3 ng/ml, 110% for 20 ng/ml, and 115% for 600 ng/ml. Precision 
was 6% for 0.3 ng/ml, 3% for 20 ng/ml, and 5% for 600 ng/ml. The 
technique was optimized to provide a limit of quantitation of 0.1 ng/
ml and a limit of detection of approximately 0.05 ng/ml for maropi-
tant citrate.

2.7  |  Pharmacokinetic analysis

The peak concentration (Cmax) and time to peak plasma concentration 
(Tmax) were determined by visual inspection of the concentration-
time data. Non-compartmental analysis and a commercially available 
computer software program (Phoenix Winnonlin v8.0, Princeton, 
NJ) were used for determination of pharmacokinetic parameters. 
The area under the plasma concentration curve (AUC), slope of the 
terminal portion of the concentration time curve (lambda z), and ter-
minal half-life (half-life lambda z) were determined. The area under 
curve (AUC) from time 0 to infinity (AUC0→∞) was determined using 
the linear up-log down trapezoidal rule.

3  |  RESULTS

No adverse effects were observed following maropitant citrate 2 or 
10 mg/kg SC during the pilot study. The Cmax and Tmax following 2 
and 10 mg/kg SC were 1402.97 ng/ml at 1 h and 3680.52 ng/ml at 
0.25 h respectively. Results of the pilot study were used to refine the 
dose administration strategy for the main study. Mean ± SD plasma 
concentration-time curves for maropitant citrate in chickens follow-
ing subcutaneous administration of 1 and 2 mg/kg are depicted in 
Figure 1. Mean ± SD pharmacokinetic parameters for 1 and 2 mg/kg 
are presented in Table 1.

In the main study, 24 h following the 1 mg/kg SC dose, mild er-
ythema was observed at 3/8 injection sites and moderate bruising 
was observed at 1/8 injection sites. Following administration of the 
2 mg/kg SC dose, mild erythema was observed at 5/8 injection sites 
and moderate bruising was observed at 1/8 injection sites. At 7 days 
post injection, all injection site reactions had resolved aside from 
mild bruising in one 2 mg/kg SC dose. No other clinically appreciable 
abnormalities were present for the duration of the study.

4  |  DISCUSSION

Results from this study indicate maropitant citrate 1 and 2 mg/kg 
SC were rapidly absorbed in chickens. The mean ± standard devia-
tion Tmax in chickens that received 1 mg/kg SC was 0.49 ± 0.21 h. This 
was faster than the Tmax observed for the same dose in dogs (0.75 h), 
cats (0.5–2 h), and rabbits (1.25 h) (Benchaoui et al., 2007; Hickman 
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et al., 2008; Ozawa et al., 2019). The mean ± standard deviation Tmax 
in chickens following 2 mg/kg SC was 1.6 ± 2.6 h, which was more 
consistent with observations in cats and rabbits that received 1 mg/
kg SC (Hickman et al., 2008, Ozawa et al., 2019). Rapid drug absorp-
tion following subcutaneous injections in birds is a common finding 
and may be attributed to a lack of substantial subcutaneous adi-
pose tissue which allows more direct access to vascular absorption 
(Gleeson et al., 2018; Guzman et al., 2017).

The Cmax following 1 and 2 mg/kg SC were 915.6 and 1195.2 ng/
ml, respectively. The Cmax following 1 mg/kg was nearly 10 times 
higher than dogs (92 ng/ml) and 3.4 times higher than cats (269 ng/
mL) when administered the same dose (Benchaoui et al.,  2007; 
Hickman et al., 2008). Additionally, the observed Cmax at the 1 mg/kg 
SC dose in chickens was over 60-fold that observed in a study of the 
same dose in rabbits (14.4 ng/ml), and four-fold the observed Cmax 
for rabbits receiving 10 mg/kg SC (231.7 ng/ml) (Ozawa et al., 2019; 
Sadar et al., 2022). This was an unexpected finding, as many other 
drugs generally require higher dosing in avian species as a result of in-
creases in metabolic rate compared to mammals (Dorrestein, 1991). 

The Cmax reached at both doses tested in the main study exceeded 
target concentrations in dogs for 12–24 h (90 ng/ml), although phar-
macodynamic effects of maropitant in avian species have not yet 
been evaluated and the clinical significance of these results is un-
known (Benchaoui et al., 2007; Boscan et al., 2011).

The plasma elimination half-life (t1/2) in chickens receiving 1 and 
2 mg/kg SC (8.47 h and 8.58 h, respectively) was longer than dogs 
(7.75 h), but shorter than cats (13–17 h) and rabbits (13.1 h) that re-
ceived the same dose (Benchaoui et al., 2007; Hickman et al., 2008; 
Ozawa et al., 2019). The prolonged t1/2 observed in chickens com-
pared to dogs was unexpected, as most drugs have shorter half-lives 
in birds compared to mammals (Dorrestein,  1991). Extrapolation 
of doses between mammalian and avian species is complicated by 
several physiological and anatomical differences, including the avian 
renal portal system and a paucity of information regarding avian 
cytochrome P450 activity in avian drug metabolism (Hunter, 2010). 
In the avian renal portal system, venous blood from the gastroin-
testinal tract and pelvic region enters a ring of portal vessels and 
then either passes into the renal parenchyma and renal veins, and/
or bypasses the kidney and returns to systemic venous circulation 
through the liver (Smith et al.,  2000). Although renal elimination 
of maropitant in mammals is considered to generally be negligible 
with primary hepatic elimination, drugs injected in the caudofem-
oral region may be carried through the renal portal system, and a 
fraction of drug may be affected by renal excretion without reaching 
systemic circulation, or may bypass the kidneys and be influenced 
directly by hepatic circulation (Bello et al., 2022; Frazier et al., 1995). 
As a result, it is possible that SC injection over the thigh in this study 
may have influenced volume of distribution (Benchaoui et al., 2007). 
Additionally, the observed differences in plasma elimination half-life 
in this study may also be related to the extrapolation method re-
quired to calculate the terminal elimination rate constant (λz) at the 
36 h time point.

In comparing pharmacokinetic parameters between 1 and 2 mg/
kg SC doses in chickens, absorption and elimination appear to follow 
first order (linear) kinetics in this dose range. This is similar to the 
pharmacokinetics of maropitant in this dose range in cats, while the 
drug follows dose-dependent pharmacokinetics at higher dosages 

F I G U R E  1  Plasma concentration (mean ± standard deviation) 
time curve of maropitant citrate in Rhode Island Red hens (Gallus 
gallus domesticus) (n = 8) following SC administration of 1 and 2 mg/
kg doses

Parameter Units

1 mg/kg SC 2 mg/kg SC

Mean
Standard 
deviation Mean

Standard 
deviation

λz 1/h 0.08 0.02 0.08 0.02

t1/2λz h 8.47 2.24 8.58 2.6

AUC0→∞ h*ng/ml 8861.7 4524.9 15687.4 10713.7

%AUCextrap % 6.6 6.0 7.1 4.7

Tmax h 0.49 0.21 1.6 2.6

Cmax ng/ml 915.6 312.8 1195.2 320.2

Abbreviations: λz, terminal phase elimination rate constant; t1/2λz, terminal half life; AUC0→∞, area-
under-the-curve from time 0 to infinity; %AUCextrap, percent of area under the curve extrapolated 
to infinity; Cmax, peak concentration; Tmax, time to peak concentration.

TA B L E  1  Non-compartmental 
pharmacokinetic parameters 
(mean ± standard deviation) of maropitant 
citrate in Rhode Island Red hens (Gallus 
gallus domesticus) (n = 8) following SC 
administration of 1 and 2 mg/kg doses
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in dogs (Benchaoui et al., 2007; Hickman et al., 2008). Pilot data for 
hens that received 10 mg/kg maropitant citrate SC showed a Cmax of 
3469.42 ng/ml, which was approximately 3.7 times higher than the 
Cmax observed in hens that received a 1 mg/kg dose. This was simi-
lar to dose-dependent pharmacokinetic observations in dogs, where 
doses of 1 and 8 mg/kg IV showed an increase in Cmax of approxi-
mately 2.7 fold at the higher dose. (Benchaoui et al., 2007). Further 
evaluation of pharmacokinetic parameters of maropitant citrate in 
chickens and other avian species are required to develop a better 
understanding of absorption and elimination within different dose 
ranges in birds.

Injection site reactions ranging in severity from mild erythema 
to moderate bruising were observed within 24 h in 10/16 injections 
administered during the main study. Localized reactions at the sub-
cutaneous injection site have also been reported in rabbits and dogs 
(Ozawa et al., 2019; Vail et al., 2007). Maropitant is known to cause 
discomfort and transient pain on injection in various mammalian spe-
cies (De la Puente-Redondo et al., 2007; Martin-Flores et al., 2016). 
The discomfort associated with maropitant injection has been shown 
to be temperature dependent, and current recommendations are to 
keep maropitant cold (4°C refrigerated rather than 37°C room tem-
perature) and inject it immediately to decrease the potential for in-
jection pain and site reaction (Narishetty et al.,  2009). Maropitant 
for this study was kept on ice until immediately prior to injection 
and chickens did not exhibit aversive behavior during subcutaneous 
drug administration, so the injections did not appear to cause im-
mediate discomfort. It is possible that the high core body tempera-
ture of avian species may have resulted in rapid warming of the drug 
following the injection and subsequent inflammation and erythema 
or bruising at the injection site, although inflammatory effects of 
maropitant citrate have not previously been described (Nascimento 
et al., 2012). The temperature of maropitant citrate immediately prior 
to administration was not measured in this study, and the opposite 
possibility of the drug being colder than 4°C prior to injection could 
have contributed to the observed injection site reactions. No other 
adverse effects were observed, even following administration of 
10 mg/kg SC doses to two hens during the pilot study. Additionally, 
the observed localized injection site reactions in this study resolved 
within 7 days for all but one injection site and no other appreciable 
negative clinical impacts occurred following drug administration.

This study provides the first pharmacokinetic analysis of an anti-
emetic medication in any avian species. This data supports anec-
dotal use of maropitant citrate 1 or 2 mg/kg SC in birds with a dosing 
frequency of every 12–24 h in Rhode Island Red hens. As with other 
medications, the potential exits for differences in drug absorption 
and similar pharmacokinetics should not be assumed across avian 
species or even between breeds of chickens (Souza et al., 2021).

Limitations of this study include a small sample size, use of only 
female chickens, evaluation of a single subcutaneous dosing route, 
and a limited course of time point sampling of only 36 h. Additionally, 
bioavailability and clearance of maropitant citrate could not be 
evaluated as an intravenous dose was not included in the study, 
and significant drug concentrations were still apparent at the 36 h 

time point. Single dose administration also precludes evaluation of 
drug accumulation and toxicity, and the effects of repeated dosing 
remain unknown. Further studies investigating the pharmacokinet-
ics of this medication in other species, evaluating other routes of 
administration (e.g. oral, intravenous), and performance of pharma-
codynamic studies evaluating the potential for use as an anti-emetic, 
anti-inflammatory, analgesic, and minimum-alveolar-concentration 
sparing drug in birds are warranted.

5  |  CONCLUSION

In conclusion, maropitant citrate 1 mg/kg SC every 12 h in Rhode 
Island Red hens achieves comparable plasma concentrations effec-
tive for prevention of emesis in dogs. Adverse effects were limited 
to mild to moderate transient injection site reactions. This is the 
first pharmacokinetic analysis of an antiemetic medication in birds, 
and provides data for further investigations of pharmacokinetic and 
pharmacodynamic studies of maropitant citrate in this, and other 
avian, species.
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