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Simple Summary: This study was conducted to evaluate the effects of oral firocoxib on healthy
horses. The drug is a non-steroidal anti-inflammatory medication routinely used in veterinary
medicine. The study found that administering firocoxib to the horses did not cause any adverse
effects on the stomach mucosa. However, it did slightly reduce the blood's ability to clot, which was
unexpected since the drug was supposed to promote clotting. Overall, firocoxib was deemed safe
for horses and can be used to manage inflammation in these animals.

Abstract: Firocoxib is a non-steroidal anti-inflammatory drug specifically formulated for veterinary
medicine and selectively acts on inhibiting the cyclooxygenase 2 enzyme (COX-2). This study aimed
to evaluate the possible adverse effects of administering oral therapeutic firocoxib on gastric
mucosa, hematological parameters, coagulation cascade, and hepatic and renal biochemistry in
healthy horses. Nine clinically healthy Arabian horses, approximately nine years old, received
0.1mg/kg of oral firocoxib for 14 days. Before beginning treatment, a gastroscopic examination was
conducted, and venous blood samples were obtained for laboratory tests on DO0. Follow-up blood
samples and gastroscopic examinations were taken on D7 and D14 after starting treatment and one
week after completing treatment on D21. No changes were found in the gastroscopic and
hematological tests. Additionally, coagulation and serum biochemistry levels remain between
normal values for this particular species. However, the increased activated partial thromboplastin
time (aPTT) and prothrombin time (PT) indicate reduced blood coagulation capacity, which
contradicts the expected effect of treatment with selective COX-2 inhibitors, as these drugs
theoretically promote coagulation. Administering Firocoxib to horses is safe as it does not cause any
significant adverse reactions. Therefore, it is a suitable option for managing inflammatory
conditions in these animals.

Keywords: firocoxib; coagulation; gastroscopy; hematology; selective COX-2 Inhibitor; drug safety

1. Introduction

Among the diseases that affect the equines, musculoskeletal disorders occupy the leading
position. They are the diseases with the highest prevalence in the equine species, besides being the
most frequent cause of the termination of the sports career of these animals [1]. The training routine
may lead to the development of injuries that often require treatment with anti-inflammatory drugs.
Certain diseases, such as osteoarthritis and other chronic or difficult-to-control inflammatory
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conditions, necessitate extended treatments, potentially resulting in the emergence of adverse effects
due to the non-specific inhibition of cyclooxygenases.

Steroidal anti-inflammatory drugs and non-steroidal anti-inflammatory drugs (NSAIDs) can be
used to manage inflammatory processes, their mediators, and pain. Nonsteroidal anti-inflammatory
drugs (NSAIDs) are widely used drugs worldwide, both in human and veterinary medicine. They
exhibit diverse chemical structures, however, they share similar mechanisms of action, acting
through the inhibition of phosphodiesterase A2 and cyclooxygenases (COX), resulting in anti-
inflammatory effects. This action prevents the production of prostaglandins and thromboxanes [2].

Based on their ability to inhibit COX-1 or COX-2, NSAIDs can be classified into three groups:
non-selective inhibitors such as aspirin, phenylbutazone, ibuprofen, ketoprofen, preferential COX-2
inhibitors like meloxicam, carprofen, nimesulide, celecoxib, and selective COX-2 inhibitors such as
valdecoxib, rofecoxib, lumiracoxib and firocoxib [3]. Most NSAIDs used in veterinary therapeutics
act non-specifically on both COX-1 and COX-2, and their use is associated with the emergence of
adverse effects, as the inhibition of COX-1 interferes with various physiological processes. Selective
COX-2 inhibitors exhibit high anti-inflammatory potential and reduced toxic effects on organic
systems. However, the chronic use of selective inhibitors has been linked to the development of
cardiovascular disorders and blood coagulation disturbances [4], as well as alterations in renal
perfusion and glomerular filtration [5]. Even before the studies that accurately defined the distinct
isoforms of cyclooxygenase and their functions, the difference in gastrointestinal tract safety among
NSAIDs was already observed. With the advancement of further research, it became evident that the
NSAIDs causing the least impact on the gastrointestinal tract were those that predominantly inhibit
COX-2[6].

COXs can be found in all mammalian tissues [7]. Both isoforms exhibit highly similar molecular
structure and molecular weight, with approximately 60% amino acid homology [8]. The expression
of COX-1 and COX-2 varies among different cells in the organism, as well as the functions of the PGs
derived from the breakdown of AA by each of them.

In humans, the chronic use of selective COX-2 inhibitors is associated with an increased risk of
cardiovascular disorders such as arterial hypertension and cerebral thrombosis [4,9,10]. These
inhibitors prevent the production of PGI2, specifically in the cells lining the blood vessels, the
vascular endothelium, without reducing the production of TXA2 by platelets, leading to an imbalance
in vasodilation/vasoconstriction mechanisms and coagulation. This effect is not as pronounced with
preferential COX-2 inhibitors, as these drugs also maintain some level of COX-1 blockade, although
at lower levels than COX-2 inhibition, allowing for the maintenance of the PGI2/TXA2 balance. The
analysis of coagulation factors can be a helpful tool to evaluate the emergence of adverse effects from
the administration of selective COX-2 inhibitors and other non-steroidal anti-inflammatory drugs.

Firocoxib is a nonsteroidal anti-inflammatory drug (NSAID) specifically indicated for veterinary
use, designed to target COX-2 enzymes associated with inflammation. In contrast to other
medications that also interfere with COX-1, Firocoxib exerts minimal impact on this enzyme, thereby
reducing the risk of adverse side effects [11]. This drug acts as a potent and highly selective inhibitor
of the COX-2 isoform. In an in vitro study using whole blood from dogs, firocoxib demonstrated
selectivity 350 to 430 times greater for COX-2 than for COX-1 [12]. Moreover, firocoxib exhibits a long
half-life, allowing for once-daily administration, making it favored for treating horse pain [13]. It
finds common usage in equine clinics to address various types of inflammation, regardless of whether
they are systemic or localized [11,14].

The dosage of firocoxib used will depend on the species being treated. According to FDA
recommendations [15], the dosage for dogs is 5mg/kg every 24 hours, and for horses, it is 0.1mg/kg.
Firocoxib is metabolized in the liver and excreted by the kidneys, and it is administered orally in
horses. Following oral administration, the drug reaches absolute plasma bioavailability after 3.9
hours, where it strongly binds to plasma proteins. The long half-life of firocoxib (30 hours) allows for
once-daily administration, which is considered sufficient to maintain effective plasma levels for pain
control [7].
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Among the most common adverse effects observed with the administration of non-selective
NSAIDs in horses, delayed healing of the enteric mucosa is a prominent concern when compared to
selective COX-2 inhibitors [16-18]. Inhibiting COX-2 can help prevent pain and inflammation, while
also promoting the repair of mucosal tissue by allowing COX-1 to function properly [19]. Studies
suggest that the use of NSAIDs leads to delayed healing of gastric ulcers [20] since both angiogenesis
and cell proliferation are involved in this process [21].

Gastroscopy is considered the safest method to evaluate the presence of gastric lesions [22].
Hematological evaluation allows for detecting changes in red blood cell count, hemoglobin
concentration, and hematocrit, usually seen as decreased count levels, resulting from any
gastrointestinal lesions that may occur during therapy with such medication [23]. Coagulation tests
such as Prothrombin Time (PT) and Activated Partial Thromboplastin Time (APTT) and the
measurement of fibrinogen can be useful in detecting alterations in hemostasis mechanisms [24].
Serum biochemical evaluation allows access to alterations related to hepatic and renal metabolism
that may result from therapy with anti-inflammatory drugs.

Although selective COX-2 inhibitors appear to cause fewer adverse effects than traditional anti-
inflammatory drugs, safety studies are necessary to establish the best treatment regimens with these
new drugs. Similarly, to COX-1, COX-2 is also expressed constitutively in tissues, and its
pharmacological suppression can lead to alterations

Regarding firocoxib, there is a lack of literature data supporting hypotheses on the minimization
of toxicity resulting from its use, especially in the equine species. In this context, it is possible to utilize
clinical and laboratory tools to observe the responses to treatment with NSAIDs. Being a treatment
option for non-infectious joint diseases in horses, the therapy with firocoxib aims to mitigate the
adverse reactions commonly observed with the use of non-selective inhibitors. This study aimed to
evaluate the safety of administering firocoxib orally to healthy horses for a period of 14 days.

2. Materials and Methods

2.1. Ethics in the Use of Animals

All procedures performed followed the Ethical Principles in Animal Experimentation adopted
by National Council for Control in Animal Experimentation (CONCEA). The protocol was reviewed
and approved by the institutional Ethics Committee for the Use of Animals (CEUA, UNESP,
Jaboticabal, Brazil) and registered under the Protocol no. 015002/10.

2.2. Animals

Nine horses, four of which were castrated males, and five non-pregnant females, with an average
body mass of 405+31 kg and an average age of 11+3 years, belonging to the experimental herd of the
Laboratory of Equine Pharmacology and Physiology (LAFEQ) at the Faculty of Agricultural and
Veterinary Sciences - UNESP, Jaboticabal Campus. During the experimental period, the animals were
kept in paddocks and received a balanced diet, Tifton hay, and ad libitum water. They were
considered healthy based on clinical and laboratory evaluations; all animals underwent deworming,
vaccination, and ectoparasite control programs before the beginning of the experimental period.

2.3. Procedures

The horses received once-daily oral administration of 0.1mg/kg of firocoxib for 14 days. The
tablets were crushed using a mortar and pestle and weighed on a precision balance to obtain the exact
amount of drug for each animal. The administration was performed by adding 10mL of corn syrup
to the drug, and the resulting paste was provided to the animals orally using a 20mL syringe with
the tip cut off. Gastric endoscopy was performed on all animals 1 day before the start of the treatment
(DO0) and two days after the last data collection (D23). Blood samples were collected for laboratory
tests on the following days: D1, before the start of the treatment; D7, 7 days after the start of the
treatment; D14, 14 days after the start of the treatment, and D21, 1 week after the end of the treatment.
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Daily observations were made regarding the general health status of the animals, including the
appearance of discomfort, decreased appetite, and diarrhea.

2.4. Gastroscopy

The animals were fasted for four hours before each evaluation as part of the experimental
procedure, followed by gastric emptying through nasogastric intubation, water infusion, and
siphoning of the content. After this procedure, the animals were sedated with detomidine
hydrochloride at a dose of 0.015 mg/kg administered intravenously. The animals were restrained in
a stock. The gastroscopies were conducted using a video gastroscope with a length of 300 cm and a
diameter of 0.8 cm, coupled to a xenon light source. The probe's tip was lubricated with lidocaine gel,
introduced through the nostril, and directed to reach the stomach. Air was insufflated to distend the
gastric cavity for better visualization of the structures. The aglandular mucosa, margo plicatus, and
visible portion of the glandular mucosa were observed to detect possible ulcers and other clinically
relevant gastric alterations. The classification of observed lesions was performed according to
McAllister [22]: 0 = no lesion, 1 = inflammation only (intact mucosa), 2 = superficial lesions (mucosal
rupture only), 3 =moderate lesion (involvement of deeper tissue), 4 = deeper tissue involvement with
evident hemorrhage, and 5 = close to perforation. After the evaluation, the endoscope was gently
withdrawn while the insufflated air in the stomach was released.

2.5. Hematological Evaluation

Blood samples of 5 mL were collected from a vein using tubes with negative pressure containing
ethylenediaminetetraacetic acid (EDTA). The global counts of red blood cells and white blood cells,
hemoglobin concentration, hematocrit, and platelet count were performed using a veterinary
hematology analyzer. The differential white blood cell count was conducted through a blood smear.

2.6. Coagulation Evaluation

After collecting 5 mL of blood in tubes with 3.8% sodium citrate, it was promptly centrifuged.
The resulting plasma was utilized for coagulation tests, which included measuring prothrombin time,
activated partial thromboplastin time, and fibrinogen concentration. These tests were conducted
using the methodology specified for the commercial reagents used in a coagulometer, activated
partial thromboplastin time, and fibrinogen concentration according to the methodology determined
for commercial reagents used in a coagulometer.

2.7. Biochemical Evaluation

With the help of negative-pressure tubes containing a clot activator, 10 mLs of blood was
collected and kept at room temperature for 15 minutes, then centrifuged for 10 minutes at 1300G. The
separated serum was pipetted and used for serum biochemical evaluation. Serum activities of ALP,
ALT, AST, LDH, GGT, CK, and serum concentrations of urea, creatinine, and TP were evaluated. We
conducted the analyses by utilizing a spectrophotometer that is semi-automatic and commercial
colorimetric reagents. All blood samples were obtained through jugular venipuncture.

2.8. Statistical methods

Statistical analysis was conducted on Sigma Plot® 11.0 program. First, the data were tested for
normal distribution using the Shapiro-Wilk test and then compared using repeated measures analysis
of variance (ANOVA). The rejected hypotheses were subjected to the Tukey test. All tests were
conducted at a significance level of 5%.
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3. Results

3.1. Gastroscopic Evaluation

During the initial gastroscopic evaluation (D0), all animals were classified with a score of 0 and
showed no notable changes. After 14 days of treatment, none of the animals displayed any alterations
such as mucosal inflammation or ulcerative lesions (Figure 1). The post-treatment examination also
resulted in a score of 0, indicating no difference between the evaluations. Therefore, there was no
need for statistical analysis since the score of 0 was maintained.

Figure 1. Gastroscopic image showing the aglandular gastric mucosa (A), the glandular mucosa (B),

and the plicatus margin (C).

3.2. Complete blood count (CBC)

In the hematological evaluation, only the leukocyte count and hemoglobin concentration had
differences in the comparison of means between the evaluated time points throughout the
experimental period (P<0.05), as observed in Table 1. The leukocyte count decreased at D14
compared to D1 and returned to baseline values at D21, which is 7 days after the end of treatment.
The hemoglobin concentration increased at D14 and D21 compared to D1. All hematological variables
remained within the reference values for the species [25].

Table 1. The means and standard deviations for the hematological variables were determined at
times D1, D7, D14, and D21. Different letters represent differences in the comparison of means.

Moments of evaluation (days)

Variable D1 D7 D14 D21
Red blood cells 7.45+1.14 7.78+1.140 7.78+1.06 7.51+1.09
(millions/mm3)

Hemoglobin (g/dL) 11.38+1.28¢ 12.02+1.30° 12.61+1.170 12.67+1.03%
Hematocrit (%) 36.54+5.53 37,36:+4.29 37,39+3.94 37.61+4.75
Leukocites (mm3) 8.39+11.40° 7.70+1.35% 7.28+1.18 8.27+1.30°
Segmented Neutrofils (%) 56.44+5.39 59.1143.18 58.0+4.722 60.56+4.33
Neutrofils Band(%) 1.78+0.83 1.89+0.93 2.040.71 1.67+0.87
Lymphocytes (%) 36.22+5.61 33.0+35 33.67+5.77 32.67+3.04
Monocytes (%) 3.11+1.54 2.67+1.15 3.78+1.39 2.89+1.17

Eosinophils (%) 2.44+1.42 3.78+0.97 2.11+1.62 2.22+0.83
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3.3. Coagulation Evaulation

In the coagulation study, all analyzed variables showed significant alterations (P<0.05), as shown
in Figure 2. The activated partial thromboplastin time (APTT) increased at D7, D14, and D21 when
comparing the means to the mean of D1 Prothrombin time (PT) showed an increase at D7, D14, and
D21 compared to D1. Plasma fibrinogen concentration increased at D21 compared to D7 and D14.
Platelet count decreased at D7, D14, and D21 compared to the D1 time point.
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Figure 2. Means =+ standard error of activated partial thromboplastin time (APTT) (A), prothrombin
time (PT) (B), fibrinogen concentration (C), and platelet count (D). Different letters indicate significant
differences in mean comparisons.

3.4. Biochemistry Values

In the evaluation of serum biochemistry, all researched variables remained within the reference
values for equine species [26]. There was an increase in AST activity at D14 compared to D1 (Figure
3A). GGT activity decreased at D21 compared to D14. However, there was no decrease compared to
D1 and D7 (Figure 3B). ALP activity increased at D7 and D14 compared to D1 and returned to
baseline values at D21 (Figure 3E). Serum activities of ALT, PT, LDH, and CK did not undergo
significant changes during the experiment.

The urea concentration decreased at D14 compared to D1. Creatinine remained stable during
the treatment period. However, at D21, it decreased compared to D1, D7, and D14. Total protein
values did not show significant differences.
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Figure 3. Serum concentrations of AST (A), GGT (B), ALT (C), CK (D), ALP (E) , and LDH (F)
enzymes. Different letters indicate significant changes in mean comparisons. Values are expressed as
mean * standard error.

4. Discussion

Gastrointestinal toxicity is an extremely important limiting factor in NSAID therapy. Non-
selective traditional NSAIDs impact the gastrointestinal tract by blocking COX-1 and, consequently,
hindering the formation of gastroprotective PGs responsible for regulating HCI synthesis, adequate
gastric mucosa perfusion, and mucous and bicarbonate production [27]. Caution is necessary when
using selective COX-2 inhibitors in animals with pre-existing gastric ulcers because COX-2 seems to
participate in an adaptive cytoprotective mechanism that is established in the presence of gastric
ulcers and has the function of accelerating the healing process [20].
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The gastrointestinal evaluation did not reveal any significant alterations. This finding reinforces
that selective COX-2 inhibitors cause less damage to the gastrointestinal tract (GIT) than non-selective
NSAIDs [19]. In a study with mules comparing the impact of three non-selective NSAIDs on the GIT,
the observed alterations in treated animals included hyperemia, erosion, and ulceration in the gastric
mucosa [28]. However, firocoxib did not produce gastric lesions in dogs treated for 90 days [22]. In a
study conducted with horses, administering firocoxib at a dose of 0.1 mg/kg in an oral paste
formulation caused oral ulcers. The healing process of pre-existing oral ulcers during treatment was
carried out for 42 days [29].

When using non-selective NSAIDs in therapy, it is common to observe a decrease in red blood
cell count, hemoglobin concentration, and hematocrit [28,30]. Mainly due to how the GIT responds
to COX-1 inhibition. A reduction in gastroprotective prostaglandin production. Additionally, the
anticoagulant action of COX-1 inhibitors can facilitate gastrointestinal bleeding, especially in the
presence of ulcers, as they prevent the formation of TXA2, which is involved in hemostasis [31].
However, these alterations were not observed in the present study, suggesting that firocoxib did not
cause injuries capable of reducing the red blood cell count. This finding is consistent with another
experiment comparing the efficiency of firocoxib with phenylbutazone in animals with lameness,
where the mean hematological indices remained within the reference values for both drug-treated
groups [15].

Leukocytosis can be developed in response to treatment with NSAIDs [23]. The occurrence of
leukopenia, however, is a rare finding in humans, occurring in only 0.25% of patients treated with
celecoxib [32]. Celecoxib also causes leukopenia in dogs treated for 20 days [33]. The reduction in the
overall leukocyte count in our study did not represent a significant alteration in the differential count,
similar to the findings in a study conducted by the FDA in 2010 [15] where horses treated with
firocoxib for 14 days had a decrease in total leukocyte and neutrophil counts. The group treated with
phenylbutazone also showed increased basophils during treatment.

The inhibition of COX-2 combined with the maintenance of COX-1 activity can cause an
imbalance in the proportions of PGI2/TXA2, promoting increased blood coagulation and favoring the
formation of blood clots [34]. APTT measures the activity of the intrinsic coagulation pathway [35].
PT evaluates the activity of the extrinsic coagulation pathway. Together, the increase in APTT and
PT may suggest hepatic problems in the formation of coagulation factors, as well as fibrinogen
deficiency [25]. Studies conducted with dogs treated with meloxicam [36] and celecoxib [26] showed
no increase in APTT and PT. In the present study, the increase in APTT and PT indicates a reduced
capacity for blood coagulation, which goes against the expected response to treatment with selective
COX-2 inhibitors since these drugs theoretically favor coagulation [34]. Plasma obtained using citrate
tubes with an increased APTT and PT was reported due to storage time, [37]. The reduction in platelet
count may have caused a decrease in thromboplastin concentration, leading to an increase in APTT.

The use of a series of drugs, such as heparin, certain alkaloids, penicillin, sulfonamides, diuretics,
anticonvulsants, and NSAIDs [38] can cause thrombocytopenia and it occurs due to the binding of
drug-dependent antibodies to receptors present on the surface of platelets, leading to their
destruction. However, this mechanism still needs to be clearly described, as it is an idiosyncratic
reaction and only affects a small fraction of patients under therapy with sensitizing drugs [39].
Therefore, the decrease in platelet count observed in the present study does not corroborate with
what is reported in the literature [6].

Fibrinogen is a soluble hepatic glycoprotein involved in the final stage of coagulation [34]. It also
acts as an acute-phase protein, with its increase being associated with the onset of inflammatory
processes [40] or the nutritional status of horses [41]. In our study, the increase in fibrinogen seems
to have no clinical relevance as the values remained within the reference range for the equine species
[42], and considering that the animals were untreated for seven days, it is improbable that the increase
is related to the administration of firocoxib. In studies conducted using firocoxib [33,36], the treatment
did not cause alterations in fibrinogen concentration. Another study conducted with horses
comparing the administration of firocoxib and flunixin meglumine showed fibrinogen results within
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the reference values for the species throughout the experimental period. However, there was a
significant increase in fibrinogen values when comparing groups during and after treatment [37].

The use of NSAIDs can cause hepatic injuries. While the exact cause is unknown, higher levels
of the drug in the liver can create harmful byproducts and damage the mitochondria [43]. The
increase in serum activity of AST and ALT indicates hepatocellular damage. A study conducted on
dogs treated with firocoxib for 28 days found that there was an increase in ALT levels [44]. However,
this increase was still within the normal range for the species. In the present study, an increase in
AST was observed at the end of the treatment period. However, caution is needed when evaluating
AST alone, as it is not a specific hepatic enzyme [45].

When the mitochondrial membrane becomes more permeable, it causes the plasma activities of
AST and CK to increase [46]. These markers are better indicators of muscle injury than LDH. The
assessment of muscle injury resulting from the use of NSAIDs is more relevant in the case of drugs
whose primary route of administration is intramuscular, as in this case, an increase in CK can occur
in response to muscle necrosis at the injection site [47]. In the present study, CK remained unchanged
throughout the experimental period, suggesting that no injury was significant enough to increase its
serum concentration.

Cholestasis has been reported in human patients treated with celecoxib [48,49]. The increase in
ALP and GGT values observed in the present study does not indicate cholestasis, as even the
variables that showed significant changes remained within the reference values for the equine species
[25,26] and the GGT values found in cholestatic conditions in horses are generally about 15 times
higher than average [50].

Research has shown that selective COX-2 inhibitors do not offer any advantage in reducing the
risk of renal toxicity compared to traditional NSAIDs, as both COX isoforms are present in healthy
renal tissue, as confirmed by literature [5]. The reduction in plasma urea and creatinine levels has no
clinical significance, as they do not reach the minimum limits for the equine species and are not
accompanied by significant changes in liver enzymes. In dogs with osteoarthritis, treatment with
firocoxib for 90 days did not change urea and creatinine concentrations or urine density [29]. Horses
treated with firocoxib for 14 days did not show alterations in renal function [51]. However, when
horses were treated with both phenylbutazone and firocoxib for ten consecutive days, there was a
notable rise in their serum creatinine levels, according to the literature [51].

During the treatment, there were no changes in the serum concentration of PT, which
particularly reinforces the absence of hepatotoxicity. This result is similar to the one found in a study
with Wistar rats, where even with treatment doses five times higher than the suggested dosage for
the species, no increase in PT was observed [30].

The lipophilic nature of firocoxib justifies its extensive distribution throughout organic tissues,
including penetration into synovial fluid [7]. Thus, this drug is indicated for the treatment of joint-
related conditions in horses. In a study involving horses naturally affected by osteoarthritis, they
demonstrated the efficacy of firocoxib, showing that its anti-inflammatory potential is comparable to
phenylbutazone [53]. The possibility of using the drug in horses for an extended period without
observing toxic effects [54] supports its use in controlling chronic conditions, especially those of joint
origin, which often require prolonged treatments.

5. Conclusions

Based on the findings of the study, when administering the recommended FDA dose of
firocoxib, no significant alterations were observed in the analyzed variables. These results suggest
that the drug is well-tolerated and does not cause any notable physiological changes under these
conditions in equine subjects.
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