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Osteoarthritis is a common, progressive joint ail-
ment that affects as many as 20% of dogs > 1 year 

of age.1,2 Although older, overweight, and large-breed 
dogs are most commonly affected, osteoarthritis can 
affect dogs of any age or breed. The associated inflam-
mation and cartilage damage can lead to consider-
able pain and disability. Because there is no cure for 
osteoarthritis, treatment typically is intended to slow 
disease progression and ameliorate clinical signs and 
involves interventions such as control of body weight, 
provision of proper nutrition, exercise, physical ther-
apy, and administration of drugs to control pain and 
inflammation.2

Prostaglandin E2 is the most abundant prostaglan-
din in synovia and plays a pivotal role in the devel-
opment of joint inflammation and pain.3 For many 
years, the mainstay for medical treatment of osteoar-
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OBJECTIVE
To investigate the safety of daily oral administration of grapiprant to dogs.

ANIMALS
Thirty-six 9-month-old Beagles of both sexes.

PROCEDURES
Dogs were randomly assigned to groups that received grapiprant via oral gavage 
at 0, 1, 6, or 50 mg/kg (total volume, 5 mL/kg), q 24 h for 9 months. Each group 
contained 4 dogs of each sex (ie, 8 dogs/group), except for the 50 mg/kg group, 
which included 4 additional dogs that were monitored for an additional 30 days 
after treatment concluded (recovery period).  All dogs received ophthalmologic, 
ECG, and laboratory evaluations before treatment began (baseline) and periodi-
cally afterward.  All dogs were observed daily. Dogs were euthanized at the end 
of the study for necropsy and histologic evaluation.

RESULTS
All dogs remained clinically normal during treatment, with no apparent chang-
es in appetite or demeanor. Emesis and soft or mucoid feces that occasionally 
contained blood were observed in all groups, although these findings were 
more common in dogs that received grapiprant. In general, clinicopathologic 
findings remained within baseline ranges. Drug-related changes in serum to-
tal protein and albumin concentrations were detected, but differences were 
small and resolved during recovery. No drug-related gross or microscopic 
pathological changes were detected in tissue samples except mild mucosal 
regeneration in the ileum of 1 dog in the 50 mg/kg group.

CONCLUSIONS AND CLINICAL RELEVANCE
Results suggested the safety of long-term oral administration of grapiprant to 
dogs. Efficacy of grapiprant in the treatment of dogs with osteoarthritis needs 
to be evaluated in other studies. (Am J Vet Res 2015;76:853–859)

thritis has been NSAIDs, which act by inhibiting the 
COX enzymes needed to produce prostaglandins 
and thromboxanes. The goal of COX inhibition is to 
reduce the amount of inflammatory mediators such 
as PGE2, which produce pain and inflammation by di-
lating blood vessels, potentiating chemical mediators 
of inflammation, and hypersensitizing central and pe-
ripheral nociceptors.1,4,5 However, NSAIDs used in the 
treatment of osteoarthritis in dogs inhibit the produc-
tion of other important prostaglandins as well.

Newer drugs primarily involved with COX-2 inhi-
bition are more selective than older drugs for inhibit-
ing the formation of prostaglandins induced by pain, 
inflammation, and fever.4,6 However, COX-2 is also con-
stitutively produced in other tissues such as brain and 
kidney, where it converts arachidonic acid to prosta-
glandins and prostacyclin, both of which play an im-
portant role in organ function.6

A more targeted approach for osteoarthritis treat-
ment would ideally be to block only the prostaglandin 
pathway primarily responsible for the pain and inflam-

ABBREVIATIONS
COX  Cyclooxygenase
PGE2  Prostaglandin E2
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mation of osteoarthritis, without impacting the other 
prostanoids produced by the COX enzymes. Such is 
the promise of grapiprant, a new compound in the 
piprant class of drugs that block specific prostaglan-
din receptors.7 Grapiprant is a potent and highly se-
lective antagonist of the PGE2 EP4 receptor.8 Of the 4 
receptors for PGE2 (ie, EP1, EP2, EP3, and EP4), EP4 has 
been identified as specifically involved in the media-
tion of pain caused by inflammation; blocking EP4 re-
sults in substantial pain reduction.5,8 The EP4 receptor 
has also been identified as being specifically involved 
in the pain and inflammation associated with experi-
mentally induced arthritis in rodents.3 The purpose of 
the study reported here was to assess the safety of and 
extent of systemic exposure to grapiprant when ad-
ministered orally, once per day, for a 9-month period 
to dogs.

Materials and Methods

Animals, Housing, and Food
Thirty-six healthy Beagles were used in the study. 

All dogs were housed in individual wire-mesh meta-
bolic cages at an ambient temperature between 21° 
and 25°C. An 11- to 12-week acclimation period was 
provided prior to study initiation. Each dog was ap-
proximately 9 months old when the study began (day 
0; baseline). Mean body weight on day 1 (first day of 
dose administration) was approximately 8 kg.

Throughout the study, each dog was fed a com-
mercial diet in the afternoon at an initial rate of 275 
g/d, which was increased on day 105 to 300 g/d for all 
males when unexpected weight loss was noticed for 
some male dogs in the grapiprant and control groups. 
Water was provided ad libitum.

The study was conducted at Nagoya Laboratories 
of Pfizer Global Research and Development; it was 
conducted in compliance with good laboratory prac-
tice standards.9,10 All procedures were performed with 
the approval of the Animal Ethics Committee at the 
laboratory and in accordance with the laboratory ani-
mal welfare guidelines of that institutional animal care 
and use committee.

Treatment protocol
Grapiprant was stored at room temperature (ap-

prox 22°C) and tested for purity and stability prior to 
study initiation. Dogs were randomly assigned by use 
of a computer program according to body weight to 
receive grapipranta at a dose of 0 (placebo), 1, 6, or 
50 mg/kg, every 24 hours for 9 months. Each group 
contained 8 dogs (4 males and 4 females), except for 
the 50 mg/kg group, which included 4 additional dogs 
(2 males and 2 females) that were retained after treat-
ment concluded for 30 days of follow-up monitoring 
(recovery period). Dogs in the grapiprant groups re-
ceived grapiprant at the assigned dose in a 0.5% (wt/
vol) methylcellulose suspension administered once 
daily by oral gavage at a volume of 5 mL/kg. Dogs in 
the control group received only the methylcellulose 

suspension once daily via oral gavage at the same vol-
ume (5 mL/kg). Doses were selected on the basis of the 
needs of the drug development toxicology program 
for human medicine and without regard to whether 
such doses were efficacious in dogs.  Assigned treat-
ments were administered in the mornings, approxi-
mately 18 to 20 hours after the previous feeding (ie, 
the afternoon of the previous day), which allowed 
the dogs to be in an unfed state when treatment was  
administered.

Safety assessment
During the 9-month treatment period, dogs were 

observed for general appearance, gastrointestinal 
function, skin and coat condition, and urogenital func-
tion 2 to 3 times/d (before and after treatment admin-
istration and again at the end of the day). Daily food 
consumption was estimated by observation of the per-
centage of ration remaining each day. Fecal quality was 
evaluated 2 to 3 times/d by gross examination. Body 
weight was measured once per week.

Blood samples were collected via cephalic veni-
puncture from each dog at baseline (14 to 15 days be-
fore dose administration) and once per week during 
weeks 13, 26, and 39. For performance of CBCs, 1 mL 
of blood was collected into evacuated tubes contain-
ing dipotassium EDTA. For serum biochemical analy-
sis, 2 mL of blood was collected into serum-separator 
tubes. For coagulation testing, 1.8 mL of blood was col-
lected into evacuated tubes containing 0.2 mL of 3.8% 
sodium tricitrate solution. Urine samples for urinaly-
sis were collected from trays beneath individual dog 
cages on day 0 and during week 37 at 6 and 24 hours 
after dose administration. Ophthalmologic examina-
tions were performed on day 0, once during week 20, 
and again during week 38 by penlight inspection of 
the eyes, followed by installation of a mydriatic agent 
and examination of the eyes with slit-lamp and indirect 
ophthalmoscopes. In addition, ECGb was performed on 
day 0 and once during weeks 13, 26, and 38. For ECG, 
dogs were positioned upright in a hanging position in 
slings. An electrode was placed on the right forelimb 
(axilla to the elbow region), left forelimb (axilla to the 
elbow region), right hind limb (inguinal region to the 
knee; ground) and left hind limb (inguinal region to the 
knee) and at the right fifth intercostal space, and signals 
were monitored from leads I, II, aVR, aVL, and aVF and 
the chest lead. For each ECG analysis except QT inter-
val measurement, mean ± SD values were calculated for 
20 consecutive waveforms recorded via lead II. Mean ± 
SD QT interval was calculated for 20 consecutive wave-
forms recorded from the chest lead.

During the 30-day recovery period, each of the 4 
dogs retained from the 50 mg/kg group was observed 
once or twice daily as described. Daily food consump-
tion, fecal quality, and body weight were monitored as 
described for the treatment period. Urine samples for 
urinalysis were collected from each dog on 1 day dur-
ing week 3 or 4 of the recovery period. Blood samples 
for hematologic analysis were collected once during 
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week 4 or 5. Ophthalmologic examination and ECG 
were performed once per dog during week 4.

Clinical laboratory measurements
Analysis of collected blood samples included a 

CBC,c serum biochemical analysis,d and blood coag-
ulation testinge (prothrombin time, activated partial 
thromboplastin time, and fibrinogen concentration). 
Analysis of collected urine samples included visual ex-
amination of urine for color, clarity, and volume; use 
of a refractometer for measurement of urine specif-
ic gravity; and use of a urine chemistry analyzerf for 
measurement of urine pH and detection of protein, 
ketones, bilirubin, occult blood, urobilinogen, and glu-
cose. All analyses were performed at the study facil-
ity. Toxicokinetic analysis was also performed at an 
external laboratory,g and results have been reported 
elsewhere.h

Postmortem evaluation
At the conclusion of the treatment or recovery pe-

riods, dogs were euthanized by IV injection of an over-
dose of sodium pentobarbital. Complete necropsies of 
all dogs were performed, and organs were weighed and 
visually examined. Samples were collected from various 
tissues (ie, skin and adnexa, mammary gland, popliteal 
node, sternum, bone marrow, thymus, salivary glands, 
eyes, optic nerve, heart, liver, gall bladder, adrenal gland, 
kidneys, ureters, spleen, pancreas, mesenteric lymph 
node, stomach, duodenum, jejunum, gut-associated lym-
phoid tissue, ileum, cecum, colon, tongue, thyroid gland, 
parathyroid gland, trachea, esophagus, lung, aorta, testis, 
epididymis, prostate, urinary bladder, uterus, cervix, va-
gina, oviduct, ovary, peripheral nerve, skeletal muscle, 
brain, pituitary, and spinal cord) and used to prepare 
slides for histologic evaluation. Prepared slides were 
then shipped to an external research facilityi for exami-
nation by a veterinary pathologist, followed by review 
by another pathologist. Final histologic findings were 
made by consensus.

Statistical analysis
Selected data from the treatment phase (body 

weight, results of hematologic tests [CBC, serum bio-
chemical analysis, and blood coagulation testing] and 
urinalysis [urine volume, specific gravity, and pH], and 
absolute and relative organ weights) were compared 
among groups. All analyses were performed with sta-
tistical software.11,j Values of P < 0.05 were considered 
significant for all analyses.

Values of variables measured once during the 
treatment phase (ie, urinalysis values) were compared 
among groups by means of a mixed-model ANOVA 
that included treatment, sex, and a treatment-by-sex 
interaction term as fixed effects and baseline values 
as covariates. Least squares mean values, least squares 
mean differences from control values, and pairwise 
comparisons with control values were derived from 
each ANOVA model. When the treatment-by-sex inter-
action was not significant, the treatment effect was 

evaluated. When the treatment effect was significant, 
pairwise comparisons between grapiprant and control 
groups were performed as linear contrast statements. 
When the treatment-by-sex interaction was significant, 
analysis was performed for each sex separately.

Variables measured multiple times during the 
treatment period were analyzed by use of a mixed-
model, repeated-measures ANOVA. The model includ-
ed treatment, time, sex, and interaction terms as fixed 
effects and baseline values as covariates. Multiple co-
variance structures were tested, and the structure that 
provided the smallest value for the Akaike information 
criterion was used. When the 3-way interaction (treat-
ment by time by sex) was significant, model results 
were deemed inconclusive and only qualitative results 
were reported. When the treatment-by-sex interaction 
was significant, analysis was performed for each sex 
separately. When the treatment-by-time interaction 
was significant, each grapiprant group was compared 
with the control group at each measurement point.

For all models, residuals were evaluated by means 
of the Shapiro-Wilk test. Data with significant depar-
tures from normality were analyzed as ranked values.

Results

Clinical observations
Signs of gastrointestinal disturbance such as vom-

iting or loose (soft-formed), mucoid, or watery fe-
ces were observed in all groups of dogs during the 
9-month treatment period, including control dogs and 
those treated with grapiprant at 1, 6, or 50 mg/kg, PO, 
every 24 hours. The frequency with which these ef-
fects were observed was sometimes greater in the 
grapiprant groups than in the control group (Table 
1). Watery feces was observed least frequently, and no 
watery feces was noticed in any group prior to day 
111 of treatment. Most dogs, including those in the 
control group, had at least 1 instance of emesis. Emesis 
was observed most frequently in the 1 mg/kg group; 
however, this finding was primarily attributable to 1 
dog that was observed to vomit on 59 days, compared 
with a vomiting frequency of 11 or fewer days for the 
other dogs in this group. The frequency of emesis was 
also greater in the 50 mg/kg group than in the control 
group.

In most situations, signs of gastrointestinal distur-
bance were considered mild or slight and fairly infre-
quent given the long study duration. No signs were se-
vere enough to require treatment. Blood was observed 
in feces occasionally and was typically observed for 
individual dogs on < 7 days of the 273-day treatment 
period. However, for 3 dogs (1 in each of the 3 grap-
iprant groups), higher frequencies (16 to 27 days) of 
bloody, mucoid feces were recorded. Although bloody 
feces was an uncommon observation, the number of 
dogs with bloody feces at least once increased as the 
dose of grapiprant increased (Table 1). Neither treat-
ment nor gastrointestinal disturbance was associated 
with changes in appetite, appearance, or demeanor of 
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dogs. For the 4 dogs (2 males and 2 females) retained 
for monitoring after the treatment period, the only 
sign of gastrointestinal disturbance during the 4-week 
recovery period was sporadic loose feces, which was 
noticed for 1 female dog.

Other less common signs observed in the dogs 
included staining of the coat, small scrapes and abra-
sions, preputial discharge, and apparent estrus. How-
ever, these signs were not attributed to grapiprant ad-
ministration because they were sporadic in nature or 
natural findings for sexually intact, housed dogs. Loss 
of body condition was detected in 1 male in the con-
trol group and was corrected by increasing the food 
ration for that dog and the other male dogs in the 
study.

All ophthalmologic findings were unremarkable. 
Electrocardiographic findings were similarly unre-
markable, with all values for the grapiprant groups 
comparable to those for the control group.

Clinical laboratory measurement
In general, values for laboratory tests of blood 

and urine samples were within reference limits of 
the testing laboratory throughout the treatment pe-
riod for all dogs, including the 4 dogs retained for 
monitoring during the recovery period. Typical ex-
ceptions to this were mild changes that were not 
considered to be of clinical importance to the clini-
cal pathologists reporting the values. Some statisti-
cal models revealed significant effects of treatment 
on these variables, compared with effects for the 
control group, but values were usually within ref-
erence limits and lacked consistent, significant, or 

clinically important patterns. Few dose-response re-
lationships were observed (Table 2).

Some grapiprant groups differed from the control 
group with respect to WBC count, neutrophil count, 
monocyte count, or γ-glutamyltransferase activity, 
but the differences were attributed to typical physi-
ologic variation. In those situations, no dose-response 
relationships were evident and all values were with-
in respective reference limits. Significant (but not 
clinically important) differences were also detected 
among groups at baseline. Differences in RBC count, 
reticulocyte count, hemoglobin concentration, Hct, 
and serum chloride concentration were attributed to 
typical physiologic variation because individual values 
remained within or near reference limits. There were 
also significant (but not clinically important) differ-
ences among some groups at baseline with respect 
to these variables. For mean corpuscular hemoglobin, 
significant differences were identified between the 6 
mg/kg group and the control group, but these differ-
ences were considered typical physiologic variation 
because the means were clinically similar at each mea-
surement point and all individual values were within 
respective reference limits.

Statistical modeling revealed a significant treat-
ment-by-sex interaction for serum calcium concen-
tration, with significant differences between some 
groups and control dogs by sex (Table 2). Serum cal-
cium concentration in all groups, including the con-
trol group, decreased with time, and this decrease 
may have been related to diet or low serum protein 
concentration. When serum calcium concentration 

Variable 0 mg/kg 1 mg/kg 8 mg/kg 50 mg/kg

Loose (soft-formed) feces    
  No. of dogs affected 7 7 8 11
  Mean No. of days affected/dog 10.7 23.6 22.3 37.7
  Range for No. of days affected 1–29 3–88 1–59 5–129

Mucoid feces    
  No. of dogs affected 7 8 7 12
  Mean No. of days affected/dog 12.4 20.3 33.6 26.3
  Range for No. of days affected 1–44 3–123 1–118 2–72

Watery feces    
  No. of dogs affected 1 1 4 8
  Mean No. of days affected/dog 1.0 1.0 1.8 2.9
  Range for No. of days affected 1 1 1–3 1–12

Blood in feces    
  No. of dogs affected 2 5 5 12
  Mean No. of days affected/dog 1.5 7.8 6.4 3.8
  Range for No. of days affected 1–2 1–27 1–16 1–16

Emesis    
  No. of dogs affected 6 8 7 11
  Mean No. of days affected/dog 3.5 10.4 4.1 6.4
  Range for No. of days affected 2–8 1–59 1–10 1–27

*Dogs were observed multiple times per day, but results are reported as number of days in which gastroin-
testinal signs were observed, not total number of observations. 

Table 1—Summary of gastrointestinal effects detected during treatment of 36 healthy Beagles for 
9 months with grapiprant administered once per day via oral gavage at doses of 0 mg/kg (n = 8), 1 
mg/kg (8), 6 mg/kg (8), and 50 mg/kg (12).
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 Grapiprant dose

Variable Reference limits† 0 mg/kg 1 mg/kg 6 mg/kg 50 mg/kg P value

WBC count (X 103 WBCs/µL) 4.88–13.0 — — — — —
  Least squares mean — 7.86 9.80 8.32 10.08 0.007
  Difference from control value — — 1.94 0.46 2.22 —
  P value for pairwise comparisons with control value — — 0.02 0.54 0.003 —

Neutrophil count (cells/µL) 1,742.05–8,650.68 — — — — —
  Least squares mean — 4,560.0 6,012.3 4,763.9 6,211.2 0.006
  Difference from control value — — 1,452.2 203.87 1,651.2 —
  P value for pairwise comparisons with control value — — 0.018 0.72 0.003 —

Monocyte count (cells/µL) 111.31–853.66 — — — — —
  Least squares mean — 323.24 465.08 373.85 455.22 0.04
  Difference from control value — — 141.83 50.61 131.97 —
  P value for pairwise comparisons with control value — — 0.02 0.38 0.02 —

RBC count (X 106 RBCs/µL) 5.67–8.18 — — — — —
  Least squares mean — 7.28 7.19 6.80 7.05 0.03
  Difference from control value — — –0.08 –0.48 –0.23 —
  P value for pairwise comparisons with control value — — 0.62 0.007 0.13 —

Hemoglobin (g/dL) 13.02–18.74 — — — — —
  Least squares mean — 17.26 16.78 15.62 16.51 < 0.001
  Difference from control value — — –0.48 –1.63 –0.75 —
  P value for pairwise comparisons with control value — — 0.29 0.001 0.07 —

Hct (%) 37.95–54.39 — — — — —
  Least squares mean — 49.50 48.22 45.25 47.71 0.01
  Difference from control value — — –1.28 –4.25 –1.79 —
  P value for pairwise comparisons with control value — — 0.30 0.002 0.11 —

Mean corpuscular hemoglobin (pg) 21.43–24.45 — — — — —
  Least squares mean — 23.67 23.40 23.01 23.40 0.01
  Difference from control value — — -0.27 -0.66 -0.27 —
  P value for pairwise comparisons with control value — — 0.16 0.001 0.10 —

Reticulocyte count (X 103 reticulocytes/µL) 2.74–90.56 — — — — —
  Least squares mean — 43.94 57.88 43.52 38.45 0.04
  Difference from control value — — 13.94 –0.42 –5.48 —
  P value for pairwise comparisons with control value — — 0.06 0.95 0.37 —

Prothrombin time (s) 6.77–8.12 — — — — —
  Least squares mean — 7.63 7.42 7.37 7.23 0.001
  Difference from control value — — –0.21 –0.27 –0.41 —
  P value for pairwise comparisons with control value — — 0.04 0.01 < 0.001 —

Active partial thromboplastin time (s) 14.0–27.50 — — — — —
  Least squares mean — 21.04 19.15 20.11 18.89 0.004
  Difference from control value — — –1.88 –0.92 –2.14 —
  P value for pairwise comparisons with control value — — 0.006 0.15 < 0.001 —

Alanine aminotransferase (U/L) 14.86–48.35 — — — — —
  Least squares mean — 34.62 30.62 35.66 27.19 0.01
  Difference from control value — — –4.00 1.04 –7.43 
  P value for pairwise comparisons with control value — — 0.17 0.72 0.009 —

γ-Glutamyltransferase (U/L) 1.47–4.89 — — — — —
  Least squares mean — 4.31 4.17 4.31 3.14 0.009
  Difference from control value — — –0.14 –0.00 –1.18 —
  P value for pairwise comparisons with control value — — 0.74 1.00 0.004 —

Total protein (g/dL) 5.33–6.75 — — — — —
  Least squares mean — 6.32 6.16 6.01 5.66 0.046
  Difference from control value — — –0.16 –0.32 –0.66 —
  P value for pairwise comparisons with control value — — 0.53 0.23 0.009 —

Albumin (g/dL) 2.84–3.75 — — — — —
  Least squares mean — 3.35 3.11 3.10 2.89 0.02
  Difference from control value — — –0.24 –0.25 –0.46 —
  P value for pairwise comparisons with control value — — 0.11 0.10 0.002 —

Chloride (mmol/L) 107.62–116.32 — — — — —
  Least squares mean — 111.83 112.32 111.93 113.86 0.050
  Difference from control value — — 0.50 0.11 2.04 —
  P value for pairwise comparisons with control value — — 0.59 0.91 0.02 —

Calcium (mg/dL)‡      
  Males 10.09–11.56 — — — — —
   Least squares mean — 10.28 10.36 9.66 9.76 0.02
   Difference from control value — — 0.080 –0.62 –0.52 —
   P value for pairwise comparisons with control value — — 0.76 0.02 0.04 —
  Females 10.23–11.56 — — — — —
   Least squares mean — 10.60 10.10 10.61 9.95 0.03
   Difference from control value — — –0.50 0.01 –0.65 —
   P value for pairwise comparisons with control value — — 0.07 0.96 0.02 —

Urine pH (males only) 5.77–8.91 — — — — —
  Least squares mean — 7.23 8.00 8.70 7.10 < 0.001
  Difference from control value — — 0.78 1.47 –0.13 —
  P value for pairwise comparisons with control value —  0.05 < 0.001 0.70 —

*Includes only variables that differed significantly (P < 0.05) among treatment groups. †Reference limits were based on historical values from male and female control 
dogs housed at the test facility. ‡A significant (P = 0.035) interaction was detected between treatment and sex.

— = Not applicable.

Table 2—Least squares mean values of selected* hematologic and urinalysis variables for the 36 dogs in Table 1.
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was adjusted for low serum total protein concentra-
tion, differences were no longer significant and cal-
cium values were within reference limits. Two dogs 
with an abnormal serum calcium concentration were 
among the 4 included in the recovery period, and val-
ues for both dogs returned to within baseline ranges 
and corresponded with a restoration of serum protein  
concentration.

Decreases in serum total protein and albumin 
concentrations appeared to be related to grapiprant 
treatment. Several dogs treated with grapiprant had 
serum total protein and albumin concentrations that 
were less than respective lower reference limits, but 
these values were only mildly low and were not asso-
ciated with clinical signs.

Urinalysis results were unremarkable except for a 
significant but mild increase from baseline in urine pH 
for male dogs (but not female dogs) during the treat-
ment period. However, this increase was not associat-
ed with a dose-response relationship with grapiprant 
and lacked clinical relevance. During the treatment 
period, microspheres were observed in the urine sedi-
ment of 4 females within the 50 mg/kg group. These 
microspheres were considered precipitation of grap-
iprant in urine. However, the toxicological relevance 
of this finding was unclear given no evidence of clini-
cal or histologic renal abnormalities.

Postmortem evaluation
Necropsies performed after the treatment pe-

riod (32 dogs) and recovery period (4 dogs) con-
cluded revealed no grossly apparent changes of the 
examined organs that could be attributed to drug 
administration. Statistical modeling revealed sig-
nificant effects of treatment on splenic weight, but 
none of the grapiprant groups differed significantly 
from the control group with respect to this variable, 
and there was no evidence of a relationship be-
tween grapiprant dose and splenic weight. Results 
of histologic evaluation of splenic tissue specimens 
were unremarkable.

Other histologic findings were also unremark-
able with the exception of the findings for 1 dog in 
the 50 mg/kg group (necropsy performed when the 
treatment period concluded), in which evidence 
of mild regeneration of mucosal epithelium within 
ileal specimens was detected. During the 9-month 
treatment period, this dog occasionally had loose 
or mucoid feces, but no other histologic changes 
were detected in tissue specimens collected from 
other portions of the gastrointestinal tract or in 
specimens from any other organ system. Histologic 
appearance of the gastrointestinal tract was unre-
markable in tissue specimens collected from all oth-
er dogs, including dogs in which loose or mucoid 
feces had been common. No stomach ulcerations 
were identified in any dog. No gross or microscopic 
pathological changes related to treatment were de-
tected within the kidneys or liver of any dog, nor 
was any evidence of ulceration detected within the 
gastrointestinal tract, including the stomach.

Discussion
Findings in the present study suggested that long-

term (9-month) daily oral administration of grapiprant 
at a dose of up to 50 mg/kg was safe in healthy dogs. 
Grapiprant administration resulted in a few minor tox-
ic effects, with no noticeable effects on body weight, 
demeanor, food consumption, ophthalmologic or ECG 
findings, hematologic or urinalysis values, or organ 
weights and without grossly apparent pathological 
changes. Only mild signs of gastrointestinal distur-
bance, such as occasional vomiting and soft or mucoid 
feces that occasionally contained blood, were identi-
fied in dogs that received grapiprant. Control dogs also 
had these signs, albeit to a lesser extent than did the 
treated dogs. No dogs developed ulcers of the gastro-
intestinal mucosa, which has been identified in some 
dogs treated with COX inhibitors.12

The loose (soft-formed) feces and emesis detect-
ed in all groups of dogs, including the control group, 
may have been attributable, at least in part, to general 
stresses associated with kenneling, daily handling for 
gavage, and periodic testing. However, some of the 
fecal changes may have been the result of gastroin-
testinal effects associated with antagonism of the 
PGE2 EP4 receptor. The EP4 receptor component of 
the PGE2 pathway is involved in colonic protection, 
inhibition of small intestinal contraction, and (along 
with the EP3 receptor component) stimulation of 
mucus secretion.13,14 The mechanism underlying the 
increased incidence of mucoid feces for the dogs of 
the present study was unclear, given that EP4 receptor 
antagonism could theoretically lead to a decrease in 
mucus production. Because the EP3 receptor compo-
nent of the PGE2 pathway is not affected by treatment 
with grapiprant,8 it may be that the EP3 receptor plays 
a larger role in mucus production in dogs than does 
the EP4 receptor.

Blood in the feces was more common for dogs 
that received higher versus lower doses of grapiprant 
but was a fairly uncommon finding overall and was 
associated with no other clinically apparent changes. 
Some of that blood could have been attributable to 
female dogs entering estrus during the study, which 
might have led to blood spots of estral rather than co-
lonic origin.

One dog in the group that received grapiprant at 
a dose of 50 mg/kg had mild regeneration of ileal mu-
cosal epithelium. Although that dog occasionally had 
loose and mucoid feces, it was not among the dogs 
with the most frequent fecal abnormalities in that 
group nor in the entire population of dogs used in the 
study. Dogs with more frequently detected loose or 
mucoid feces had no apparent gross or histopatholog-
ic changes in the intestinal tract. The loose or mucoid 
feces may have been related to a lack of inhibition of 
small-intestinal contraction caused by blockade of the 
PGE2 EP4 receptor. The underlying cause of the mild 
epithelial regeneration was unknown.

Grapiprant administration was associated with 
mild and reversible decreases in serum total protein 
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and albumin concentrations with time. Interestingly, 
analyses for individual dogs did not consistently yield 
an association between fecal abnormalities and de-
creases in serum protein concentrations, indicating 
that the 2 phenomena may have been unrelated or 
that higher doses of grapiprant or a longer duration of 
administration may have been required for a relation-
ship to be detected.

Effects of grapiprant administration on the gas-
trointestinal tract were mild, even at daily doses of 
50 mg/kg. This dose was approximately 25-fold as 
high as the therapeutic dose of 2 mg/kg identified 
in efficacy studies involving client-owned dogs with 
osteoarthritis that were conducted in support of FDA 
submission for drug approval (unpublished data). It 
should be noted that those efficacy studies involved 
use of a tablet formulation of grapiprant, whereas the 
present safety study involved a methylcellulose sus-
pension of the drug; therefore, the amount of drug ex-
posure in treated dogs might have differed between 
studies. In addition, despite the high grapiprant dose 
and long administration period in the present study, 
no significant changes in liver, kidney, or coagulation 
function were evident. Gross and histologic findings 
for the liver, kidney, and stomach were similarly un-
remarkable. Furthermore, despite prolonged adminis-
tration of a high dose of grapiprant, no adverse effect 
was serious enough to require withdrawal of dogs 
from the study. This lack of toxic effects was not sur-
prising given that grapiprant targets only the PGE2 
EP4 receptor, without appreciable effects on the pro-
duction or expression of other prostanoids, other EP 
receptors, or other types of prostanoid receptors. A 
treatment that targets only the appropriate molecu-
lar pathway has been a long-sought goal of arthritis 
management.15

Some findings identified as significant from a sta-
tistical perspective in the present study might have 
been chance events related to the large numbers of 
statistical tests performed. Some results may similarly 
have reflected idiosyncrasies of individual dogs, such 
as the high frequency of emesis in a dog in the 1 mg/
kg group. The small numbers of dogs within the study 
precluded the drawing of conclusions about rare or 
idiosyncratic adverse effects, which would become 
evident only during pharmacosurveillance of larger 
numbers of treated dogs.
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