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1  |  INTRODUC TION

Non-steroidal anti-inflammatory drugs (NSAIDs) are arguably one of 
the most commonly administered classes of therapeutics in equine 
medicine. While there are several effective NSAIDs approved by the 
Food and Drug Administration for use in horses, many are associated 
with unwanted side effects such as gastric ulceration, inhibition of 
intestinal healing following ischemic injury, right dorsal colitis, renal 
toxicity and inhibition of bone and wound healing (Knych,  2017). 

These untoward effects are often attributed to inhibition of cycloo-
xygenase enzymes (COX), namely COX-1.

Grapiprant (Galliprant®), is a novel ‘non-traditional NSAID’, ap-
proved for the use in dogs (Sartini & Giorgi,  2021). In contrast to 
traditional NSAIDs that inhibit production of eicosanoids through 
COX inhibition, grapiprant blocks the binding of these mediators 
to receptors, specifically binding of Prostaglandin E2 (PGE2) to the 
EP4 receptor (Sartini & Giorgi,  2021). In addition to playing a role 
in certain homeostatic processes, PGE2 can also elicit inflammation, 
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Abstract
Grapiprant is a prostaglandin E2 receptor antagonist that has been found to be an 
effective anti-inflammatory in dogs and that is devoid of some of the adverse ef-
fects associated with traditional NSAIDs that elicit their effects through inhibition 
of PGE2 production. Previously published reports have described the pharmacoki-
netics of this drug in horses when administered at 2 mg/kg; however, pharmacody-
namic effects in this species have yet to be described. The objective of the current 
study was to describe the pharmacokinetics and pharmacodynamics of grapiprant at 
a higher dose. Eight horses received a single oral administration of 15 mg/kg. Plasma 
concentrations were determined for 96 h using liquid chromatography–tandem mass 
spectrometry. Non-compartmental analysis was used to determine pharmacokinetic 
parameters. Pharmacodynamic effects were assessed ex vivo by stimulating blood 
samples with PGE2 and determining TNF-ɑ concentrations. Maximum concentration, 
time to maximum concentration and area under the curve were 327.5 (188.4–663.0) 
ng/ml, 1 (0.75–2.0) hour and 831.8 (512.6–1421.6) h*ng/ml, respectively. The terminal 
half-life was 11.1 (8.27–21.2) hr. Significant stimulation of TNF alpha was noted for 
2–4 h post-drug administration. Results of this study suggest a short duration of EP4 
receptor engagement when administered at a dose of 15 mg/kg.
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sensitize sensory neurons and increase vasodilation and vascular 
permeability (Boyd et al., 2011; Chen et al., 2010; Lin et al., 2006; 
Nagahisa & Okumura, 2017; Nakao et al., 2007). The EP4 receptor 
serves as the primary mediator of the PGE2 mediated proinflamma-
tory pathway responsible for these effects (Sartini & Giorgi, 2021). 
Since grapiprant does not interfere with the production of PGE2, but 
instead acts as a receptor antagonist for the proinflammatory path-
way, it presumably inhibits the inflammatory effects of PGE2 while 
preserving its ability to participate in normal physiologic functions 
within the body (Rausch-Derra et al., 2016). Several EP4 antagonists 
have been described, and efficacy has been demonstrated in a vari-
ety of animal models of arthritis.

Grapiprant administration has been found to be an effective 
and well-tolerated method of pain management in dogs (Rausch-
Derra et al.,  2016) and could potentially be an effective anti-
inflammatory therapeutic in horses. Currently, there are only two 
studies describing the administration of grapiprant to horses (Cox 
et al., 2020; Knych et al., 2018). Both studies are pharmacokinetic 
studies that assessed the absorption and disposition of grapiprant 
following oral administration of the label dose for dogs (2  mg/
kg) (Cox et al.,  2020; Knych et al.,  2018). Although it is import-
ant to note that the clinical effects as well as therapeutic blood 
concentration for horses have yet to be determined, neither horse 
study (Cox et al.,  2020; Knych et al.,  2018) achieved concentra-
tions reported to be anti-inflammatory in the dog (114–164 ng/ml) 
(Nagahisa & Okumura, 2017). However, grapiprant administration 
was well tolerated in both equine studies and both sets of inves-
tigators concluded that the results were encouraging for further 
study, including assessment of higher and/or multiple doses (Cox 
et al., 2020; Knych et al., 2018).

In studies conducted in humans, the effect of an EP4 receptor 
antagonist on engagement of the target receptor was determined by 
assessing TNF-ɑ concentrations in blood following treatment with 
the compound (Jin et al., 2018). The assay is based on the premise 
that EP4 receptor antagonists reverse the PGE2 inhibition of TNF-ɑ 
secretion by monocytes after induction by lipopolysaccharide. 
Based on this, measurement of the concentration of TNF-ɑ at mul-
tiple times post-administration, following ex vivo stimulation with 
LPS, can be used as a surrogate to describe the magnitude and du-
ration of grapiprant's pharmacodynamic effect. Significantly higher 
concentrations of TNF-ɑ in samples containing grapiprant compared 
with non-grapiprant containing samples is then suggestive of a sig-
nificant pharmacodynamic effect.

In the current study, we hypothesized that oral grapiprant ad-
ministration to horses, at doses higher than that studied previously, 
would achieve blood concentrations capable of eliciting a sustained 
pharmacodynamic effect with minimal side effects. To that end, the 
objectives of this study were to (1) to describe the pharmacokinet-
ics of grapiprant in horses following administration of a higher dose 
than previously reported and (2) determine the effective plasma 
concentration in horses using a previously described ex vivo model 
of EP4 receptor antagonism.

2  |  MATERIAL S AND METHODS

2.1  |  Horses

Eight healthy, University-owned, exercised, Thoroughbred horses (5 
mares and 3 geldings, 4–8 years of age) weighing 487–572 kg were 
studied. Prior to commencement of the study, horses were deter-
mined healthy based on physical examination, complete blood count 
and serum biochemistry panel. Blood analyses were performed 
by the Clinical Diagnostic Laboratories of the William R. Pritchard 
Veterinary Medical Teaching Hospital of the University of California, 
Davis, using their standard protocols. Horses did not receive any 
medications for a minimum of 2 weeks prior to the start of the study. 
The study was conducted in accordance with the Institutional Animal 
Care and Use Committee of the University of California, Davis.

2.2  |  Study design and drug administration

Prior to drug administration, an intravenous catheter was aseptically 
placed in one external jugular vein for sample collection. Horses 
were fasted for 12 h prior to, and 4  h post-drug administration. 
Animals received a single oral administration, of 15 mg/kg grapiprant 
(Galliprant®, Elanco). Tablets were crushed into a powder and added 
to 60 ml of water in a dosing syringe for administration. The dos-
ing suspension was administered within 1 h of preparation. The dose 
was determined using the simulation module of a pharmacokinetic 
modeling program (Phoenix Winnonlin, Certara), the assumption of 
linear pharmacokinetics, a target concentration of 114–164 ng/ml 
(effective concentration range in dogs (Nagahisa & Okumura, 2017) 
as this is as of yet unknown in the horse) and blood concentrations 
from a previously conducted study (Knych et al., 2018). Horses were 
monitored, and any visually observable adverse effects noted fol-
lowing each sample collection. This continued for the duration of 
the study.

2.3  |  Sample collection

Blood samples for drug concentration determination were collected 
at time 0 (prior to drug administration) and at 15, 30 and 45 minutes, 
and 1, 2, 3, 4, 5, 6, 8, 12, 18, 24, 30, 36, 48, 72 and 96 hours follow-
ing drug administration. Prior to drawing each sample of blood for 
analysis of drug concentrations, 10 ml of blood was aspirated from 
the catheter and T-Port extension set and discarded. The catheter 
was flushed with 10 ml of a dilute heparinized saline solution (10 IU/
ml) following each sampling. Catheters were removed following col-
lection of the 24-hour sample and the remaining samples collected 
by direct venipuncture into EDTA containing blood tubes. Samples 
were placed on ice until centrifugation (3000 × g). Following centrif-
ugation, the plasma was immediately transferred into storage cryo-
vials and stored at −20°C until analysis.
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Blood samples for the determination of TNF alpha concentra-
tions were collected prior to drug administration and at 0.5, 1, 2, 
3, 4, 5, 6, 8, 10, 12, 24, 36, 48 and 72 h post-drug administration 
as described for samples collected for drug concentration determi-
nation. Samples were collected into blood tubes containing heparin 
and placed on ice until processed (within 1 h of collection).

2.4  |  Sample analysis for determination of drug 
concentrations

The concentration of grapiprant was be measured in plasma by liquid 
chromatography tandem mass spectrometry using a previously vali-
dated method for horses (Knych et al., 2018).

2.5  |  Determination of 
pharmacokinetic parameters

Pharmacokinetic modelling was performed using commercially 
available software (Phoenix WinNonlin v8.1 Certara) and non-
compartmental analysis. The maximum plasma concentration (Cmax) 
and time of maximum plasma concentration (Tmax) were determined 
based on visual inspection of the plasma concentration data. The 
area under the curve was calculated using the log up-linear down 
trapezoidal method and extrapolation to infinity using the last 
measured plamsa concentration divided by the terminal slope 
(λz). The terminal phase half-life was calculated using the formula 
t1/2 = 0.693/λz.

2.6  |  TNF alpha ex vivo assay

The effect of grapiprant on TNF-ɑ release was determined using a 
previously described ex vivo model (Jin et al., 2018). Prostaglandin 
E2 was added to 1  ml of whole blood (final concentration of 
10  nM) and samples incubated for 30 min at 37°C and 5% CO2. 
Lipopolysaccharide was then added (final concentration of 10 μg/
ml) and the samples incubated for 24 hours at the conditions de-
scribed above. The reaction was terminated by chilling the samples. 
The samples were subsequently centrifuged, and plasma collected. 
Concentrations of TNF-ɑ were determined using a previously vali-
dated equine TNF-ɑ immunoassay (R & D Systems).

2.7  |  Statistical analyses

Commercially available software (Stata/BE 17.0, StataCorp) was 
used to assess significant differences in TNF-ɑ concentrations be-
tween baseline and each time point. Data were analyzed using a 
mixed effects analysis of variance, with the individual horse as the 
random effect, and time as the fixed effect. Post hoc comparisons 
were performed with a Bonferroni multiple-comparison adjustment 
to preserve a nominal significance level of 0.05. Following genera-
tion of the statistical model, standardized residuals were calculated 
and examined for departures from normality using a normal prob-
ability plot.

3  |  RESULTS

No adverse effects were noted at any time post-drug administration. 
The instrument response for the analytical method used to deter-
mine grapiprant concentrations was linear with a correlation coef-
ficient of 0.99. The intra-day and inter-day precision and accuracy 
of the assay were determined by assaying quality control samples in 
replicates (n = 6). Accuracy was reported as percent nominal concen-
tration and precision as percent relative standard deviation (Table 1). 
The technique was optimized to provide a limit of quantitation of 

TA B L E  1  Accuracy and precision values for LC–MS/MS analysis of grapiprant in equine plasma

Concentration (ng/mL)
Intra-day Accuracy 
(% nominal conc)

Intra-day Precision 
(% relative SD)

Inter-day Accuracy 
(% nominal conc)

Inter-day Precision 
(% relative SD)

0.03 90.0 20.0 101 17.0

10 107 10.0 104 7.0

50 113 2.0 111 4.0

500 110 6.0 106 5.0

F I G U R E  1  Grapiprant plasma concentrations (mean ± SD) with 
respect to time curve following a single oral administration of 
15 mg/kg to 8 horses
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0.01 ng/ml and a limit of detection of approximately 0.005 ng/ml for 
grapiprant.

The concentrations of grapiprant at 2  h post-administration 
ranged from 81.1–497.1  ng/ml and at 4  h from 20.5–80.1  ng/ml. 
Plasma concentrations of grapiprant in the current study reached 
and stayed above the effective concentration for dogs (114–164 ng/
ml) for 2–3 h post-administration (Figure 1). The geometric mean and 
range for Cmax, Tmax and the AUCinf were 327.5 (188.4–663.0) ng/
ml, 1 (0.75–2.0) hour and 831.8 (512.6–1421.6) h*ng/ml, respectively 
(Table  2). The terminal half-life (harmonic mean [range]) was 11.1 
(8.27–21.2) hour (Table 2).

Following grapiprant administration, the concentration of TNF-ɑ 
was increased 65.3% (mean) at 1 h and 47.2% at 2 h, relative to base-
line, with a decrease observed in all horses at 4 h (−32.4%) (Figure 2). 
A significant (p < .05) increase in concentrations was noted at 1 and 
2 h post-grapiprant administration with concentrations decreasing 
thereafter.

4  |  DISCUSSION

The current study adds to and expands upon existing information de-
scribing the pharmacokinetics of grapiprant in horses. In agreement 
with previous studies in horses (Knych et al., 2018) and other species 
(Lebkowska-Wieruszewska et al.,  2017; Łebkowska-Wieruszewska 
et al.,  2017; Rausch-Derra et al.,  2016), blood concentrations and 
PK parameters vary greatly between individual animals within the 
same study, suggesting variability with respect to absorption and 
distribution.

Two previously published reports describe administration of the 
labelled dose for dogs to horses; however, concentrations described 
as being therapeutic in dogs were not achieved (Cox et al.,  2020; 
Knych et al., 2018). In the current study, a much higher dose (15 mg/
kg) was administered and while concentrations deemed therapeutic 
for dogs were achieved, levels were only maintained for 2–3 hours 
post-administration. The dose for the current study (15 mg/kg) was 
determined using concentrations from a previously conducted study 
(2  mg/kg dose) (Knych et al.,  2018) and the assumption of linear 

kinetics. Comparison of the AUC from the previously conducted 
study (Knych et al., 2018) and the AUC determined in the current 
study supports linear kinetics between doses of 2 and 15 mg/kg in 
horses. This is in contrast to studies in dogs, whereby a non-linear 
increase in AUC, and bioavailability was reported following oral 
administration of 1, 3 and 10 mg/kg (Nagahisa & Okumura, 2017). 
Similarly, in a second study in dogs, a greater than dose-dependent 
change in AUC was reported at doses of 1 and 50 mg/kg (Rausch-
Derra et al.,  2016). In both studies, investigators suggested this 
may be due to saturation of efflux transporters and/or metabolic 
enzymes.

While the AUC appeared to increase in a linear fashion between 
doses of 2 and 15 mg/kg, the elimination of grapiprant does not ap-
pear to be linear within the same dose range in horses. In the current 
study, the terminal half-life was prolonged (11.1 ± 2.71 h) compared 
with the previous report (5.86 ± 2.46 h), whereby the lower dose 
of 2  mg/kg was administered. A possible explanation for non-
linear elimination in the horse is saturation of metabolic processes. 
Although the specific enzymes have yet to be identified, grapiprant 
is known to undergo hepatic metabolism in other species and there-
fore saturation of metabolic enzymes may also explain the increase 
in the terminal half-life at higher doses.

While the dose used in the current study was based on tar-
get concentrations known to be efficacious in dogs, the effective 
concentration for horses has yet to be determined. Therefore, a 
secondary goal of the current study was to determine a concen-
tration that would lead to inhibition of the EP4 receptor in this 
species. To that end, an ex vivo model of EP4 receptor antagonism 
that has been utilized in previously published studies describing 
the target engagement of other EP4 receptor antagonists was 
utilized (Jin et al., 2018; Murase et al., 2008). With this assay, an 
increase in TNF-ɑ concentrations following treatment with a EP4 
receptor antagonist is indicative of inhibition of PGE2 binding by 
the antagonist. Following oral administration of a 15 mg/kg dose 
of grapiprant, an increase in TNF-ɑ concentrations was observed, 
although the duration of inhibition was short (2–4 h). Stimulation 
of TNF-ɑ was observed in all animals at 2  h, corresponding to 
grapiprant concentrations ranging from 81.1–497.1 ng/ml. By 4 h, 

Parameter

Mean

Median RangeGeometric Arithmetic

Cmax (ng/ml) 327.5 355.8 317.3 188.4–663.0

Tmax (h) 1.10 1.22 1.0 0.75–2.0

Lambdaz(1/h) 0.061 0.063 0.064 0.033–0.084

HL Lambdaz (h)* --- 11.0* 10.9 8.27–21.2

AUCinf (h*ng/ml) 832 880 790 513–1422

AUC extrap (%) 0.16 0.21 0.14 0.04–0.54

Note: Values are reported as geometric mean and range and were generated using non-
compartmental analysis.
Abbreviations: *, harmonic mean; AUCextrap, extrapolated portion of the AUC; AUCinf, area under 
the curve extrapolated to infinity; Cmax, maximum measured concentration; HL Lambdaz, terminal 
half-life; Lambdaz, terminal slope; Tmax, time of maximum concentration.

TA B L E  2  Pharmacokinetic parameters 
for grapiprant following a single oral 
administration of 15 mg/kg to adult horses
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the point at which the TNF-ɑ stimulation was no longer observed, 
grapiprant concentrations ranged from 20.5–80.1  ng/ml. Based 
on these findings, it is likely that grapiprant concentrations above 
80 ng/ml are necessary for effective EP4 receptor antagonism. It 
is important to note, however, that concentrations of TNF-ɑ were 
not assessed between 2 and 4 h; so, it is not possible to ascertain 
if grapiprant concentrations during that period of time are capa-
ble of inhibiting PGE2 binding to the EP4 receptor. Unexpectedly, 
concentrations of TNF-ɑ were significantly decreased, relative to 
pre-treatment levels, starting at 4  h post-administration. This is 
in contrast to a previous report, whereby TNF-ɑ concentrations 
eventually declined to pre-treatment values, but were not signifi-
cantly less (Jin et al., 2018). It is also important to note the large 
degree of variability in TNF-ɑ concentrations at each time point. In 
a previously reported study, one group of investigators reported 
that differences in sample handling and processing as well as inter-
individual subject variability could impact TNF-ɑ concentrations 
(van der Linden et al., 1998). In the current study, all samples were 
processed immediately and handled similarly, making the most 
likely explanation for the large variability in TNF-ɑ concentrations 
a result of subject differences with respect to production of the 
cytokine. Variability in TNF-ɑ concentrations between study sub-
jects has been described in other studies and has been suggested 
to be a limitation of the TNF-ɑ ex vivo assay with respect to defin-
ing the dose–response relationship (Jin et al., 2018).

Although it is not possible to directly compare the pharmaco-
dynamic effect in the current study (EP4 receptor antagonism) to 
effects assessed in previously published reports in dogs (signs of 
osteoarthritis), because the clinically observable effects in dogs 
are presumably related to EP4 receptor antagonism, the results pre-
sented here suggest a higher dose is necessary to achieve a thera-
peutic effect in horses compared with dogs. Although the 15 mg/kg 
dose is much higher than that reported for alleviation of clinical signs 
of osteoarthritis, it is lower than that reported for necessary for the 

treatment of inflammation in rats (Nakao et al.,  2007; Okumura 
et al.,  2008). While notably, plasma concentrations, which are im-
portant in comparing of pharmacodynamic effects, were not deter-
mined in these studies, oral doses of 19 mg/kg and 29 mg/kg (q12 
hours) were found to be effective in rats with experimentally in-
duced chronic inflammatory pain and arthritis (Nakao et al., 2007; 
Okumura et al., 2008).

To the best of our knowledge, there are currently no published 
studies correlating the EP4 receptor assay with clinical effects in any 
species; however, assuming a correlation, the short duration of EP4 
receptor antagonism observed in the current study is not likely to be 
clinically beneficial in horses. Administration of a higher dose, than 
that studied here will likely result in a more sustained pharmaco-
dynamic effect, however, from a practical standpoint this would be 
difficult. Currently, available formulations (60 and 100 mg tablets) 
would require many tablets be administered which is likely not fea-
sible, at least not suspended in water and using an oral dosing sy-
ringe. Furthermore, at this time, administration of higher doses may 
be cost prohibitive.

Results of the current study demonstrate that oral administra-
tion of 15 mg/kg of grapiprant could achieve and maintain concen-
trations above the effective concentration reported for dogs, for 
2–3 h. Results of the ex vivo target activation model suggest that 
the minimum effective blood concentration is greater than 80 ng/ml, 
which correlates with significant antagonism of the EP4 receptor, as 
evidenced by TNF alpha stimulation, for between 2 and 4 h.
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