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ABSTRACT

This study tested the hypothesis that administration of deracoxib, a

cyclooxygenase-2 specific (COX-2) inhibitor, would result in lower gastric lesion scores

than administration of buffered aspirin and gastric lesion scores similar to placebo when

administered to healthy dogs for 28 days. Twenty-four, healthy, random source dogs

were divided into three groups. Group I received buffered aspirin, 23.6 mg/kg PO q 8h,

group II received deracoxib, 1.6 mg/kg PO q 24h and placebo twice daily PO q 8h after

deracoxib administration, and group III received placebo PO q 8h. Gastroscopy was

performed on days -7, 6, 14, and 28 of treatment. Four regions of the stomach (pylorus,

incisura, cardia, and body) were evaluated separately and lesions scored on a scale of 1

(mucosal hemorrhage) to 12 (perforating ulcer) by an observer unaware of which

treatments the dogs received. Dogs were observed every 8 hours for vomiting, diarrhea

and anorexia. Feces were scored from 1-5 (scores <4 were considered diarrhea).

Lesion scores for each group, at each location, and total scores, at each time

period, were evaluated for the effects of time and treatment using a Kruskal-Wallis test.

Total dog days of vomiting and dog days of diarrhea in each group were compared using

a Wilcoxon rank sums test. Significance was determined at p<0.05.

Significantly higher median total gastric lesion scores were found in the aspirin

group compared to the deracoxib or placebo groups on days 6, 14, and 28. There were no

significant differences in median total gastric lesion scores between the deracoxib or
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placebo groups at any time during the study. There was no location effect on gastric

lesion scores and there was no significant change in gastric lesion scores over time in any

of the groups during treatment. Significantly more dog-days of vomiting occurred in the

aspirin group as compared to the deracoxib group. No significant differences were found

between groups for dog-days of diarrhea.

In this study, the administration of deracoxib to healthy dogs resulted in

significantly lower gastric lesion scores compared to dogs receiving aspirin and lesion

scores similar to those receiving placebo.
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INTRODUCTION

The use of non-steroidal anti-inflammatory drugs (NSAIDs) in animals has

increased since the introduction of new products and identification of new indications for

their use.  NSAIDs are primarily recognized for their analgesic, anti-pyrexic, and anti-

inflammatory properties and are used extensively for postoperative pain management

(both orthopedic and selected soft tissue procedures).1 The most common indication for

the use of chronic NSAIDs in the canine patient remains the treatment of pain and

inflammation associated with osteoarthritis.2

Side effects recognized with the use of NSAIDs in the dog include gastrointestinal

(GI) bleeding/ulceration, nephrotoxicity, hepatotoxicity, and platelet dysfunction.1,3-5 In

the United States alone, the development of NSAID associated GI ulceration results in

the deaths of 5,000-16,500 people annually, and is comparable to the number of deaths

attributed to Acquired Immune Deficiency Syndrome.6 Non-steroidal anti-inflammatory

drugs control the inflammatory response by virtue of their inhibition of the

cyclooxygenase (COX) enzyme.2,7,8 Cyclooxygenase exists in two isoforms;

cyclooxygenase-1 (COX-1) and cyclooxygenase-2(COX-2). Cyclooxygenase-1 functions

to produce physiologically protective prostaglandins. Cyclooxygenase-2 is primarily

thought to be induced and functions to produce proinflammatory prostaglandins and other

mediators of inflammation. 2,7-11 Our hypothesis is that the use of a COX-2 selective

inhibitor will result in significantly less gastric injury than the use of a non-selective

NSAID (buffered aspirin). The objectives of this study were to: 1) document, score and

compare the endoscopically detectable gastric lesions caused by the administration of

deracoxib (a COX-2 selective inhibitor), buffered aspirin, or placebo, and 2) document
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and compare the occurrence of GI side effects (vomiting, anorexia, diarrhea) associated

with the administration of these drugs. This information will independently determine the

gastrointestinal safety of administration of a novel COX-2 selective inhibitor in healthy

dogs and its relative ability to produce endoscopically detectable gastric lesions as

compared to a non-selective COX inhibitor (aspirin) or placebo.
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 Chapter I: Literature Review

A. Anatomy and Physiology of Gastroprotection

Gastric Function

The dog’s stomach serves two primary functions: 1) it acts as a reservoir storing

food and controlling the delivery of ingesta to the small intestine and 2) it aids digestion

by mixing food with acid and digestive enzymes. Maintenance of gastric mucosal health

requires the presence of a physiologic barrier to prevent back-diffusion of caustic

substances from the lumen of the stomach while also preventing the loss of cellular

constituents into the lumen.

Gastric Microanatomy

The microstructure of the inner surface of the stomach consists of a monolayer of

columnar mucus secreting cells. This surface epithelium invaginates to form pits. These

pits further invaginate to form gastric glands, which vary in structure and function

according to their location within the stomach. The orad portion of the stomach consists

of the cardia, which is lined mostly by cardiac glands, which have the primary function of

mucus secretion. The cardiac glands contain mucous cells, undifferentiated cells and

endocrine cells.12 The fundus/body contains branched, tubular oxyntic glands which are

divided (starting closest to the lumen) into three regions: the isthmus, neck and base.13

These gastric glands contain parietal, chief, mucus neck and endocrine cells.12 The

parietal cells are responsible for the production of hydrochloric acid which breaks down

connective tissue in food, kills microorganisms, and activates pepsinogen to pepsin.

Pepsinogens are produced by the chief cells and partially hydrolyze ingested proteins.14

The aborad portion of the stomach consists of the pyloric antrum. The glands of the
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antrum (pyloric glands) are similar to the cardiac glands in that they contain few chief or

parietal cells15 but primarily contain mucus neck cells which produce mucus and

endocrine cells (G-cells) which produce gastrin.16

Gastric Mucosal Defense

The dog’s stomach has a host of defense mechanisms that protect the mucosa

from both mechanical and chemical damage (from hydrochloric acid). Damage to the

gastric mucosa develops when either the secretory mechanisms of the stomach

overwhelm the mucosal barrier, or when there is failure of the mucosal defense barrier

itself. The components of the gastric mucosal defense system include: secretory luminal

factors (i.e. acid, mucus, and bicarbonate), the gastric epithelium and its rapid cell

turnover, mucosal microcirculation, and the mucosal immune system.

Hydrochloric acid (HCl) is produced by the parietal cells of the oxyntic glands

and is needed for the conversion of pepsinogen to pepsin and maintenance of an acidic

environment, which prevents entry of infectious agents such as bacteria, viruses and

parasites into the gastrointestinal tract.14 Direct contact of the acidic luminal contents

with damaged mucosal epithelium is important for ulcer formation.14 Hypersecretory

conditions such as Zollinger-Ellison syndrome can overwhelm normal defensive forces

causing ulceration.17 A lack of gastric acid is also undesirable, as humans on acid-

inhibitory therapy can develop bacterial overgrowth of the stomach and small intestine,

potentially increasing the risk for gastric cancer and malabsorptive diseases. 18

Gastric mucus is an important component of cytoprotection in protecting the

gastric mucosa from the direct effects of acid and pepsin. It does this by providing both a

mechanical and chemical barrier. Two distinct layers of mucus exist; the superficial or
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“loosely adherent layer” which functions primarily as a lubricant, and the “firmly

adherent” layer which lies adjacent to the mucosa and maintains a neutral mucosal pH

gradient adjacent to the mucosa.19,20 This adherent layer forms a stable, unstirred layer

which provides gradations in acidity as the gastric mucosal epithelium is approached. As

the intraluminal contents of the stomach come into contact with mucus, the layers

become less acidic with progression toward the mucosa. Conversely, the concentration of

bicarbonate, which is secreted by the surface epithelial cells, is highest at the mucosal

surface and lowest as it approaches the luminal contents. This stratification ensures that

the highest concentration of bicarbonate becomes trapped at the mucosal surface,

neutralizing acid within the mucus. This unstirred layer allows intraluminal pH to be as

low as one while maintaining neutrality at the mucosal surface.20 The efficacy of the

adherent layer depends both on its thickness and its gel structure.21 Large, highly

hydrated, multimeric, mucin molecules interact non-covalently to form the continuous

mucus gel network.22 The continuous nature of the mucus barrier still allows for the rapid

secretion of acid and pepsin across the mucus barrier into the lumen. This secretion is

accomplished by flow through channels under pressure produced by the gastric glands.23

The gastric mucosal barrier is a term referring to the relative impermeability of

the gastric epithelium to passive movement of ions and the function of tight junctions and

apical membranes linking adjacent cells. This impermeability is enhanced by fixed

anionic charges (reducing cationic conductance)21 and hydrophobicity (imparted by a

layer of surface active phospholipids).24 It is responsible for the resistance to back-

diffusion of H+ ions through the epithelium.  In the event that H+ does diffuse into the

mucosal epithelial cells or lamina propria, a mechanism to rapidly eliminate it and
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prevent tissue acidosis exists.25 Intramucosal H+ has potent vasodilator effects, causing

increased blood flow to the area, thereby diluting and removing the excess H+. This

supernormal blood flow is critical to limiting the cell surface damage in response to

severe acidosis. 26

The GI epithelial barrier is maintained by the processes of proliferation and

restitution. Proliferation is the end result of mitosis and is time-dependent on the half-life

of the surface epithelial cells (1-2 days). Restitution (also termed re-epithelialization or

reconstruction), when compared to proliferation, is a more rapid process occurring over a

time span of minutes to hours.27Restitution is the result of cell migration across the basal

lamina causing rapid restoration of superficially denuded epithelium as occurs with daily

wear and tear.21

The last component of the gastric mucosal defense is that of the mucosal immune

system. Immunocytes such as macrophages and mast cells reside in the lamina propria

and act as sentinels in response to the entry of foreign materials (ie., antigens, endotoxin).

The mucosal immune system coordinates an inflammatory response by inducing

inflammatory mediators which modulate GI mucosal defense. These mediators include:

nitric oxide (NO), eicosanoids (prostaglandins, leukotrienes, thromboxanes),

neuropeptides, cytokines, and proteinases.28 Some of these mediators modulate

inflammation in a primarily protective way, while others have been implicated in ulcer

formation.

The role of NO as an inflammatory mediator is predominantly protective, while

some controversy remains regarding its potential damaging effects. The constitutive

forms of NO are important in normal GI function. Inducible nitric oxide synthase (iNOS)
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can contribute to mucosal injury and dysfunction. This has been characterized primarily

in models of colitis where NO reacts with superoxide anion forming a potent oxidant

which produces widespread colonic injury and inflammation.28 The constitutive forms of

NO inhibit neutrophil recruitment and neutrophil infiltration to sites of inflammation.

Nitric oxide also modulates mast cell reactivity.28 It has been demonstrated that gastric

mucosa is more susceptible to injury when NO synthesis is suppressed, and that

administration of NO donors can be protective.29 These findings have led to the

development of NO-releasing NSAIDs which cause less gastric ulceration and may even

speed ulcer healing.30 In addition to NO, the eicosanoids have been found to play an

important role in maintaining the gastric mucosal defense.

The eicosanoids which have received the greatest amount of attention regarding

gastric cytoprotection have been the prostaglandins (PGI2, PGE, PGE2, and PGF2α).

Prostaglandins are 20 carbon fatty acids produced by the interaction of the COX enzyme

with arachidonic acid (AA). They typically have short half-lives (seconds to minutes) and

act in a paracrine or autocrine manner.31 Prostaglandin’s cytoprotective mechanisms lie in

their ability to stimulate mucus and bicarbonate secretion, maintain mucosal blood flow,

inhibit leukocyte recruitment, and induce epithelial cell resistance to cytotoxic injury.

Prostaglandins also function to down regulate inflammatory responses. PGE2 suppresses

expression of TNF-α by macrophages32and inhibits release of platelet activating factor,

histamine and TNF-α from mucosal mast cells.33

The gastric mucosal defense may be altered by local irritants such NSAIDs.

Neuropeptides released form both extrinsic and intrinsic nerves mediate the hyperemic

response of the gastric mucosa to luminal irritants. This is one of the most important
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components of the mucosal defense.28 Calcitonin gene related peptide is released from

sensory afferent nerves, causing NO release from the endothelium resulting in dilation of

submucosal arterioles.34

The gastric mucosal defense system also includes other mediators. For example,

cytokines, primarily originating from inflammatory cells in the stomach, regulate the

mucosal immune system. Three cytokines have been studied extensively. Most

knowledge of cytokines and mucosal defense has been acquired by studying the

pathogenesis of inflammatory bowel disease. Interleukin (IL)-1 and tumor necrosis factor

(TNF)- α are pro-inflammatory cytokines while IL-10 is an anti-inflammatory cytokine.

Despite these generalities, IL-1 reduces the severity of gastric damage in some models,

possibly via the stimulation of prostaglandin synthesis and NO release. Interleukin-10 is

produced primarily by T-helper lymphocytes and down regulates the inflammatory

cascade by reducing the production of many pro-inflammatory cytokines while enhancing

the production of other anti-inflammatory cytokines.

B. Gastric Ulceration

Ulcer Development and Healing

The culmination of all of the cytoprotective factors is a gastric mucosa which is

highly resistant to injury. Unfortunately, when even one of these factors is disrupted

(mucosal defense failure) or overwhelmed by secretory factors (increased amounts of

acid and pepsin), erosions or ulcers can occur. A trophic ulcer results from mucosal

defense failure and a corrosive ulcer develops due to oversecretion.14 An ulcer is defined

as a mucosal defect extending through the muscularis mucosae into the submucosa or
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deeper. An erosion is a defect that does not penetrate the muscularis mucosae.14 In the

initial phase of ulcer development, some degree of tissue damage occurs. This damaged

tissue induces the release of vasoactive and inflammatory mediators. These mediators

increase the blood flow to the area and stimulate the growth of mucus cells and the rapid

replication, migration, and maturation of epithelial cells (restitution and proliferation). If

reparative processes cannot keep up with destructive processes, the lesion progresses and

forms an ulcer. Some of the important inflammatory mediators involved with ulcer

creation are derived from inflammatory cells and include leukotrienes, thromboxanes and

platelet activating factor.

Leukotrienes (LTs) are eicosanoids, which, similar to prostaglandins, are

synthesized from AA. Leukotrienes can be subdivided into two main groups: LT-B4 and

the peptide leukotrienes (LT-C4, LT-D4, and LT-E4).
28 Unlike prostaglandins, these

eicosanoids have primarily detrimental effects on the gastric epithelium. Leukotrienes are

mainly derived from inflammatory cells. Peptido-leukotrienes are primarily synthesized

by mast cells. They are potent stimulators of smooth muscle contraction and increase

vascular endothelial permeability, promote expression of adhesion molecules (P-

selectins) and activate mast cells. Leukotriene B4 is primarily synthesized by neutrophils

and mainly functions to recruit and activate more neutrophils. This upregulation of

inflammation by both forms of LTs has been suggested to contribute to NSAID induced

gastric damage.35,36

Thromboxane is the major AA metabolite which is produced by platelets.28 It has

potent vasoconstrictive properties, promotes platelet aggregation and has the general



10

effect of decreasing mucosal blood flow in the stomach, predisposing it to ischemic

injury.37

Platelet activating factor is derived from the action of phospholipases on the

phospholipid membrane on inflammatory cells. It modulates smooth muscle tone,

activates neutrophils and acts as a chemotaxin for eosinophils.28 It is thought to have

ulcerogenic properties.

Regardless of the cause, site and species studied, the mechanisms of ulcer healing

are remarkably similar. The first step in ulcer healing occurs almost immediately and is

initiated by growth factor secretion by the ulcer margin and base. The growth factors

which are stimulated include: epidermal growth factor, fibroblast growth factor,

hepatocyte growth factor, transforming growth factors α and β, insulin-like growth

factor, and gastrin.38 These factors promote epithelial cell migration (restitution) and

proliferation (3-10 days post injury) leading to re-epithelialization of the ulcer crater (10-

20 days), then reconstruction and differentiation of the glands (20-40 days).39,40

Granulation tissue forms at the base of the crater retarding perforation. Angiogenesis in

the ulcer bed is critical to ulcer healing as it provides oxygen and facilitates nutrient

delivery. Gastric ulcers heal more slowly than ulcers located in any other part of the body

(oral, skin, lower GI tract) due to the persistent presence of caustic luminal substances.40

Concurrent NSAID use further slows the healing of pre-existing ulcers by decreasing

angiogenesis in the ulcer bed.41NSAIDS inhibit the transformation of the thick

granulation tissue at the base of the ulcer to a thinner scar. This granulation tissue

contains inflammatory cells and has a decreased number of microvessels.38 The lack of

oxygen and nutrient delivery slows healing.
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Gastric Ulceration in Dogs

The causes of gastric ulceration in dogs are many, including systemic diseases

such as liver disease, uremia, and mastocytosis42-44 which, along with many other

mechanisms cause decreased mucosal blood flow and impaired excretion/metabolism of

gastrin and histamine.45,46Primary GI diseases such as foreign bodies, neoplasia

(lymphoma, adenocarcinoma, etc.), and GI motility disorders also cause ulceration.

Helicobacter spp. Induced Gastric Injury

In humans, it is thought that Helicobacter pylori (H.pylori) and NSAIDs cause

increased apoptosis of gastric epithelial cells leading to mucosal damage and ulcer

formation.47 Although the information available often conflicts, evidence suggests that

individuals undergoing treatment to eradicate pre-existing H. pylori infections have a

lower incidence of ulcer complications associated with NSAID use.48 It is unknown if

eradication of pre-existing Helicobacter spp. infections would result in fewer NSAID

associated complications in dogs. The ubiquitous nature of the organism, even in healthy

dogs49 makes the role of Helicobacter spp. in gastritis and gastric ulceration in dogs

unclear.50

Stanton et al.42 retrospectively evaluated 43 cases of gastroduodenal ulceration in

dogs. Eighteen of the 43 dogs had a history of either corticosteroid or NSAID use and 14

of the dogs had evidence of hepatic disease. Hinton et al.51 reviewed 16 cases of

spontaneous gastroduodenal perforation in dogs and found that 50% had either NSAID or

corticosteroid treatment (or both) as predisposing factors. All dogs in this study had

concurrent disease; hepatic and primary gastroduodenal neoplasia being the most

common.
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Drug Induced Gastric Injury

Non-steroidal anti-inflammatory drug induced gastric ulceration is primarily due

to the lack of prostaglandin mediated gastroprotective mechanisms which result from

COX inhibition. Lack of prostaglandin synthesis leads to reduced gastric bloodflow,

reduced mucus and bicarbonate secretion, increased acid secretion, upregulation of TNF-

α, and increased neutrophil adherence.52 Non-prostaglandin mediated NSAID induced

damage to the GI tract is the result of direct cytotoxicity and impaired healingas occurs

with aspirin use. Direct cytotoxicity results from acidic NSAIDs becoming ionized within

epithelial cells resulting in “ion trapping” which causes osmotic movement of water into

the cell and lysis. Uncoupling of mitochondrial respiration and reduction of gastric mucus

gel layer hydrophobicity are additional means of direct cytotoxicity.52 Impaired healing is

primarily a function of reduced mucosal blood flow which fails to maintain a neutral pH

at the site of ulcer healing.52

Non-steroidal anti-inflammatory medications are a diverse, rapidly growing class

of medications which are used extensively in veterinary medicine for their anti-

inflammatory and analgesic properties. Less common therapeutic applications for

NSAIDs in veterinary patients utilize antipyretic, antithrombotic, and anti-neoplastic

properties.1,53,54Side effects recognized with the use of NSAIDs in dogs include

gastrointestinal bleeding/ulceration, nephrotoxicity, hepatotoxicity, platelet dysfunction

and keratoconjuncivitis sicca.1-3,5,55Dogs appear to be more sensitive to drug toxicity

associated with NSAIDs than humans. No definitive reason for this susceptibility has

been identified, but higher GI absorption rates56, more extensive enterohepatic

recirculation,57 and longer drug half-lives have been proposed.56 Regardless, as in



13

humans, the side effects observed are primarily associated with their therapeutic

mechanism of action.

Non-steroidal anti-inflammatory drugs exert their therapeutic and toxic effects by

inhibition of the COX enzyme and the subsequent reduction in prostaglandin synthesis.

Arachadonic acid is contained within the cellular membrane phospholipids. When any

cellular membrane is damaged AA is released by the enzyme phospholipase A2.

Arachadonic acid is converted to form eicosanoids. Different eicosanoids are produced

via two different pathways; the lipoxygenase pathway and the COX pathway. Along the

COX pathway, the enzymes COX-1 and COX-2 transform AA to unstable

endoperoxidases, prostaglandin G2 and H2. Prostaglandin H2 is transformed by various

enzymes to form thromboxanes or prostaglandins E2, F2_ and I2 (prostacyclin).58 Along

the lipoxygenase pathway, AA is transformed to 5-hydroperoxyeicosatretraenoic acid (5-

HPETE). Further metabolism of 5-HPETE results in the unstable intermediate LT-A4,

which then becomes the leukotrienes B4, C4, D4, and E4.
58The LTs are primarily involved

in inflammatory processes.

 Prostaglandins affect systemic regulatory functions via their modulation of

cAMP. They have significant effects in the cardiovascular, respiratory, urinary, nervous,

GI, reproductive and immune systems.31,58 Within the GI tract, prostaglandins improve

splanchnic blood flow, cause smooth muscle contraction, and affect GI secretions. PGE2

and PGI2 decrease acid secretion, while PGE and PGF2α stimulate water and electrolyte

secretion in the duodenum. PGF2α’s cytoprotective functions lie in its ability to stimulate

cellular repair, and the formation and secretion of bicarbonate and mucus from the gastric

mucus neck cells31,58
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The epidemiology of NSAID induced GI complications has been evaluated in

humans. The chronic use of NSAIDs in patients suffering from arthritis is very common

and GI associated “events” occur relatively frequently. Most of these events are minor,

but significant complications occur and currently cost billions of health resource dollars

in the United States.59,60 The incidence of gastric ulceration secondary to NSAID use is

unknown in veterinary medicine. Factors which could affect this incidence would include

the age of the patient, type, dose and duration of NSAID used and finally the possible

presence of concurrent disease.

Gastric ulceration in dogs has been reported secondary to the

administration/ingestion of NSAIDS such as indomethacin61, piroxicam62, flunixin

meglumine63, aspirin64,65, ibuprofen64,66,67  and naproxen.64,68,69 Common clinical signs

associated with NSAID induced gastric ulceration include vomiting, hematemesis,

abdominal pain, anorexia, melena, diarrhea, and sometimes peritonitis, sepsis and

collapse due to gastric perforation and shock.70 Gastrointestinal ulceration should be

suspected with the presence of the previously mentioned clinical signs, a history of

NSAID/steroid use or systemic illness, and supportive imaging studies (ultrasonography

or radiography),71 but can only be definitively diagnosed by contrast radiography,

endoscopy, surgery or necropsy.  Some studies do not report a propensity for ulcers

secondary to NSAID administration to occur in any specific gastric location,47,72,73 while

others have reported the pyloric antrum and fundus to be more susceptible.42,74-76 Several

anecdotal reports, case reports67 and case series42,51,64,77 have suggested the increased risk

of GI injury associated with the simultaneous use of NSAIDs and corticosteroids
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Corticosteroid-induced gastric injury is initiated by mechanisms similar to

NSAID induced gastric injury.78,79 Chronic corticosteroid administration increases gastric

acid secretion in dogs and leads to decreased/altered mucus production, decreased mitotic

activity of surface epithelial cells and increased exfoliation of surface cells. Many of

these alterations are the result of corticosteroid’s inhibition of AA synthesis.78,79 These

consequences weaken the mucosal defense mechanism and increase the likelihood of

injury.

Drugs such as digitalis, iodine, tetracyclines and heavy metal compounds77have

been reported to cause GI ulceration.80 These drugs can have the effects of reducing

gastric emptying time, increasing the contact time of corrosive materials or promoting

bile acid reflux causing ulceration of the mucosa.

Studies Demonstrating Gastric Injury due to Corticosteroid Use or Concurrent

Corticosteroid and NSAID Use in Dogs

Several endoscopic studies have been published demonstrating the effects of

NSAIDS and corticosteroids on the GI mucosa of dogs. Rohrer et al. evaluated the effect

of corticosteroids on the stomach and duodenum.81 Endoscopically detectable gastric

lesions were compared in a group of healthy dogs that received either a high dose of

methylprednisolone sodium succinate (MPSS), 30mg/kg IV, or placebo.  Hemorrhage

and gastric lesions were visible in all of the dogs receiving MPSS (severe in 9/10) while

no lesions were observed in the placebo group. This same protocol determined that

misoprostol at 4-6ug/kg PO q 8h did not prevent MPSS induced gastric lesions.82
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Gastric mucosal ulceration is a serious complication associated with intervertebral

disk disease in dogs.83 Sorjonen et al.84 studied the effects of corticosteroid therapy,

hypotension, hemilaminectomy, or a combination of these factors on the gastric mucosa.

Dexamethasone 2.2mg/kg SC q 12h for 8 days was associated with significantly worse

gastric lesions than placebo or hypotension itself. The lesions identified within the

hypotension/hemilaminectomy and dexamethasone group were not significantly different

from the lesions within the dexamethasone only group, suggesting that dexamethasone

was the primary factor producing gastric injury.

The high risk for GI complications secondary to concurrent NSAID and

corticosteroid use was demonstrated when 15 dogs were administered flunixin

meglumine 1.1 or 2.2 mg/kg IM q 12h or 1.1mg/kg IM q 12h of flunixin meglumine with

0.55mg/kg of prednisone PO q 12h.85 Dogs receiving prednisone with flunixin

meglumine developed the earliest and most severe gastric lesions, while a low dose of

flunixin meglumine was associated with the mildest lesions. Despite these observations,

significant differences were not detected between groups. The lack of significance was

likely due to an imprecise lesion score grading system which did not differentiate severity

of lesions more serious than multiple hemorrhages.85

Boston et al.74 recently compared the use of a COX-2 specific inhibitor,

meloxicam 0.1mg/kg PO q 24h alone to meloxicam plus dexamethasone 0.25mg/kg SC q

12h, or dexamethasone alone in 20 healthy dogs. The NSAID plus corticosteroid group

had significantly higher gastric lesion scores during gastroscopy than the dexamethasone

alone group, which had higher lesion scores than the meloxicam alone group, which was

not significantly different from placebo.
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C. Gastrointestinal Injury, NSAIDs and Cyclooxygenase

Cyclooxygenase One and Two

In the early 1990s, it was determined that dexamethasone inhibited the production

of lipopolysaccaride (LPS) induced COX in both human monocytes86and in mouse

macrophages,87 but had no effect on basal COX activity. This finding suggested that there

were two distinct forms of COX; an inducible form, COX-2, and a constitutively

expressed form, COX-1. Cyclooxygenase-1 is thought to be responsible for prostaglandin

production and basal homeostatic functions while COX-2 is induced and associated with

the inflammatory effects of prostaglandins. Both COX enzymes are structurally very

similar, their molecular weights are similar and their amino acid sequences are 60%

homologous.88 The COX enzyme is bifunctional in that it catalyzes the first two reactions

in the production of prostaglandins. The active site on the COX enzyme is similar for

both isoforms, consisting of a long, narrow, hydrophobic channel.89 The exact

mechanism of action of NSAIDS is not clear. They could block substrate access to the

channel either by changing the enzyme structure or by physically obstructing the

channel.90 The active site of COX-2 is larger than COX-1 allowing it to interact with a

larger variety of substances.91 This could account for some of the difference in COX-2

selectivity of NSAIDs.

Cyclooxygenase-1 is constitutively expressed by many tissues of the body

including the stomach, kidney, platelets and reproductive tract. In these tissues COX-1

catalyzes the production of prostaglandins for normal physiologic functions.

Cyclooxygenase-2 is primarily induced at sites of inflammation, but is constitutively
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expressed in some tissues such as the kidney and brain.92 Endothelial cells, smooth

muscle cells, chondrocytes, fibroblasts, monocytes, macrophages and synovial cells all

express COX-2.92,93 Cytokines and growth factors such as interleukin 1α, 1β, TNF-α,

platelet derived growth factor, epidermal growth factor and transforming growth factor

beta all rapidly induce COX-2 formation.92 Because COX-1 is associated with beneficial

maintenance functions and COX-2 is associated with inflammatory functions the idea

arose of producing an NSAID, which suppressed COX-2’s detrimental functions while

maintaining COX-1’s protective functions. This drug would maintain therapeutic effects

while minimizing toxic effects. Different NSAIDs have variable selectivity for COX-1

and COX-2. This can be expressed as a COX-1:COX-2 ratio. The inhibitory

concentration (IC50) (concentration of drug that inhibits an enzyme by 50%) can be used

to evaluate the COX-2 selectivity of a drug. The higher the COX-1:COX-2 ratio, the

more selective that drug is for inhibiting the COX-2 enzyme.94 It is difficult to compare

these ratios between studies as the assays used to determine inhibition can vary

considerably.8,94 Additionally, the values obtained do not always correlate with clinical

efficacy or toxicity. Inhibitory concentration ratios should be used as guidelines in

conjunction with consideration of bioavailability, metabolism and excretion of the drug in

question.

Studies Demonstrating Cyclooxygenase Activity in Cats, Dogs, and Horses

In vivo studies are necessary to determine the COX-1: COX-2 activity of NSAIDs

in animals. Variation exists between species and it is difficult to predict which of the

various in vitro and in vivo assay techniques best reflects in vivo activity. Additionally,

properties like protein binding in blood and variable tissue concentrations are not



19

represented with in-vitro testing. 95,96 Jones et al.97 demonstrated the COX-2 selectivity of

meloxicam using an in-vivo canine model. Dogs were divided into two groups, those

receiving meloxicam (0.2mg/kg PO, q24h), and those receiving aspirin (25mg/kg PO

q12h). Prostaglandin E2 levels were measured in blood, synovial fluid and gastric

mucosal specimens on days 0, 7, and 21. Thromboxane B2 (TXB2) was measured in

blood on days 0, 7 and 21. Results showed that aspirin significantly suppressed PGE2 and

TXB2 levels at all treatment times. Meloxicam did not suppress PGE2 in gastric mucosal

samples or TXB2 in blood, demonstrating meloxicam’s minimal effect on functions

mediated by COX-1.

These findings were supported by Mugford et al.98 utilizing a canine

monocyte/macropage cell line which constitutively expressed COX-1 but could be

induced to express COX-2.  In this in vitro model, meloxicam was shown to prevent

induction of COX-2 when incubated with LPS. The degree of COX-2 inhibition was

determined by measuring the inhibition of PGE2 synthesis.

 Brideau et al.99, Streppa et al.96 and Ricketts et al.100 have conducted similar

experiments evaluating COX selectivity of NSAIDS in dogs, cats and horses. Brideau et

al. evaluated in vitro COX selectivity of NSAIDs in dogs, cats and horses using platelets

as a source of COX-1 and monocytes as a source of COX-2. Five COX-2 selective

inhibitors were evaluated (meloxicam, celecoxib and three experimental drugs) along

with carprofen, indomethacin, diclofenac, ketoprofen, and phenylbutazone. Results

demonstrated higher COX-2 selectivity within the COX-2 selective group of medications

and varying degrees within the non-selective group.99 Streppa et al. compared COX

selectivity of several NSAIDS in canine blood and found ketoprofen, aspirin, and
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etodolac to be COX-1 selective, while piroxicam, meloxicam, and carprofen were found

to be COX-2 selective. Inconsistencies between previous reports of piroxicam’s,

etodolac’s and carprofen’s COX selectivity are likely due to variations in test species and

experimental methodology. Ricketts et al. used a similar methodology with canine

platelets and monocytes and again demonstrated that carprofen consistently demonstrates

COX-2 preferential inhibition.100 While actual COX-1: COX-2 ratios vary from study to

study the general ranks in selectivity tend to be consistent and correlate with in vivo

activity.8

The ability to determine the COX-1 and COX-2 selectivity of NSAIDs has

necessitated the development of nomenclature to identify groups of drugs based on their

COX inhibition. Non-selective NSAIDs typically include drugs such as aspirin,

piroxicam and indomethacin which inhibit COX-1 equally if not more than COX-2.

Cyclooxygenase-2 preferential or specific drugs such as meloxicam, etodolac and

carprofen inhibit COX-2 more than COX-1 but still exhibit some COX-1 inhibition.

Lastly, the COX-2 selective drugs such as the coxibs, deracoxib, celecoxib, and rofecoxib

inhibit COX-2 almost exclusively with minimal COX-1 inhibition.94

Aspirin as the Prototypical COX-1 Inhibitor

Although aspirin is not approved by the Federal Drug Association for use in dogs,

due to low cost, availability, and longevity on the market it is still a commonly used

NSAID. Aspirin selectively acetylates the hydroxyl group of one serine residue (ser 530)

on the COX enzyme causing irreversible inhibition, thereby preventing the conversion of

AA to PGG2 and results in decreased prostaglandin synthesis.101Aspirin selects

preferentially for COX-1 as demonstrated by its COX-1:COX-2 ratio of <0.3.8 This
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suppression of COX-1 has classically been blamed for the relatively high incidence of GI

side effects this drug induces.

Aspirin causes gastric mucosal damage by two mechanisms: 1) direct cytotoxic

damage to the gastric epithelium, and 2) indirect damage due to a mucosal prostaglandin

deficiency.65,102 The direct mucosal damage caused by aspirin is due to pH mediated

effects on mucosal hydrophobicity. Aspirin is a weak organic acid and becomes mostly

non-ionized and lipid soluble in the acidic environment of the stomach (pH 2.5) due to its

low dissociation constant (pKa of 3.5).65,103 Aspirin freely diffuses into the cell where it

becomes ionized in the neutral intracellular environment (pH 7.0) and trapped as an

ionized salt. This increases membrane permeability, ultimately leading to an influx of H+

ions from the gastric lumen and decreased ion transport from the cell.65,104 This back-

diffusion of acid results in histamine release which incites inflammatory mechanisms,

causes vasoconstriction, mucosal edema and damage to the tight junction structure.105 If

this process overwhelms the mucosal defense mechanisms, hemorrhage, erosion and

ulceration can result. These direct cytotoxic properties are shared by all of the acidic

NSAIDs (ex. aspirin, ibuprofen, ketoprofen). Aspirin’s indirect damage is mediated via

inhibition of COX-1 and subsequent reduction of mucosal prostaglandin production.

Therapeutic serum salicylate concentrations are reported to range between 5-

30mg/dl.106,107 The recommended oral dosage to reach these levels in dogs ranges from

10mg/kg q 12h to 25mg/kg q8h.106  Lipowitz et al.108 compared serum salicylate levels in

dogs receiving plain aspirin at 10mg/kg PO q 8h to dogs receiving either plain, buffered,

or enteric coated aspirin at 25mg/kg PO q 8h and placebo. Dogs receiving plain or

buffered aspirin at the higher dosage reached therapeutic serum levels within 2 hours.
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Dogs receiving the lower dosage of plain aspirin did not attain therapeutic levels until 50

hours and they were maintained at that level for only 4 hours after each dose. The enteric

coated preparation took 4 hours to reach therapeutic levels. Three dogs each from each

group had gastroscopic examinations and lesions were only identified in the plain aspirin

group dosed at 25mg/kg PO q 8h. As these dogs only received aspirin for seven

treatments (56 hours) the toxicity results should be interpreted cautiously. Buffered and

enteric-coated aspirin tablets have been designed to protect the gastric mucosa from the

local effects of aspirin, but do not prevent prostaglandin inhibition and gastric

ulceration.108

Studies Utilizing Aspirin Induced Gastric Injury in Dogs

Aspirin reliably causes gastrointestinal bleeding at an oral dose of 25-35mg/kg

PO q 8h in dogs.72,73,108-112 Cimetidine, a drug which blocks histamine-induced gastric

acid secretion, has been shown to be ineffective for the treatment or prevention of

aspirin-induced gastric hemorrhage in two studies in dogs.109,110 Dogs given aspirin at

35mg/kg/day PO had similar endoscopically detectable gastric lesions when compared to

dogs treated with the same dose of aspirin plus cimetidine at 7.5mg/kg PO q 8h.109

Similarly, cimetidine at 10mg/kg q 8h had no significant effect on ulcer healing in

mechanically created gastric ulcers and aspirin-induced gastritis (aspirin dosed at

25mg/kg once daily).110 Omeprazole, a drug which inhibits the gastric proton pump

which produces acid, at 0.7mg/kg PO q 24h also failed to improve ulcer healing or

gastritis scores in this same study.110

Misoprostol, a synthetic prostaglandin, has demonstrated efficacy in the

prevention of aspirin-induced hemorrhage in dogs. Bowersox et. al.113 administered
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aspirin to dogs orally at 35mg/kg PO q 8h and compared endoscopically detectable

gastric lesions in dogs receiving misoprostol 7.5 ug/kg PO q 8h to those not receiving

misoprostol. Misoprostol was effective in significantly reducing the proportion of dogs

with gastric lesions as compared to the aspirin only group. Johnston et al.72 gave aspirin

35mg/kg PO q 8h and administered misoprostol at the lower dosage of 3ug/kg PO q 8h to

a group of dogs. In this study, misoprostol resulted in significantly lower gastric and

duodenal endoscopic lesion scores than aspirin alone, but did not completely prevent

aspirin-induced damage. Murtaugh et al.111 had similar findings in a group of pet dogs

with arthritis. Gastric and duodenal lesions were induced by aspirin 25mg/kg PO q 8h

and misoprostol at 2-5ug/kg PO q 8h was successful in reducing gastric injury but did not

prevent it.  Ward et al.73 studied prevention of aspirin induced hemorrhage in dogs

administered misoprostol every twelve hours with aspirin 25mg/kg PO q 8h. A twice

daily dosing schedule of misoprostol at 3ug/kg PO reduced aspirin-induced gastric injury.

This demonstrates that reduction of prostaglandin synthesis is one of the mechanisms of

action of aspirin induced GI toxicity.

 Humans receiving long term aspirin therapy experience a phenomenon of

adaptation in which the gastric mucosa becomes more resistant to the effects of aspirin

administration.114 Adaptation appears in two phases: an initial stabilization phase when

further gastric injury stops, and a later phase in which healing occurs despite further

aspirin administration.114 The mechanisms causing this tolerance have not been well

defined, but increased epithelial proliferation seems to play a part.114 This process has

been observed in some canine models,115,116 but not in others.73,117 The duration of
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treatment and the dosage affect the degree of adaptation, possibly accounting for the

differences found between studies.

Cyclooxygenase-2 Selective Inhibitors

Due to the concerns about GI toxicity associated with the inhibition of COX-1,

COX-2 selective inhibitors were created as potentially safer alternatives that still provide

relief from pain associated with inflammation. Before the structure of COX-1 and COX-2

were known, drugs were screened for their COX-2 selectivity with the hope of finding

safer alternatives. The COX-2 selective drugs rofecoxib and celecoxib were discovered in

this fortuitous manner.118 Subsequent determination of the three-dimensional structure of

the isoenzymes demonstrated how homologous they were and how fortuitous this finding

really was.89 COX-2 was determined to have a substrate binding channel which was

slightly larger (now termed the COX-2 pocket) and could accommodate a bigger drug.

The binding channels in both forms of COX are identical except for two sites. Isoleucene

in COX-1 is exchanged for valine in COX-2 at positions 434 and 523. The smaller size of

Valine 523 allows a larger inhibitor (COX-2 specific inhibitors) access to the “side

pocket”.91  COX-2 selective drugs are too bulky to bind at the COX-1 site, therefore

creating their selectivity.119 Two groups of drugs have been determined to be COX-2

selective. One group is the coxibs which include rofecoxib, celecoxib and deracoxib.

These are tri-cyclic drugs belonging to the diarylheterocyclic family which access the

COX-2 pocket. They are referred to as slow, time-dependent, irreversible inhibitors of

COX-2. The other structurally dissimilar group consists of previously used NSAIDs that

have retrospectively been found to be moderately COX-2 selective. Drugs within this
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group include etodolac, meloxicam and nimesulide and do not contain a

phenylsulphonamide side-chain.120

Because of the relatively low incidence of GI side effects with the use of COX-2

selective inhibitors, it was imperative that human clinical trials enroll a large number of

patients that were studied for long periods. This led to two large, randomized, double-

blind clinical trials: the Vioxx Gastrointestinal Outcomes Research (VIGOR) 121 trial and

the Celecoxib Long-term Arthritis Safety Study (CLASS).122

The VIGOR trial compared the GI safety profile of rofecoxib and a traditional

NSAID, naproxen in 8,076 patients. The rates of clinically important upper GI events,

complicated upper GI events, and GI bleeding were found to be significantly lower in the

group treated with rofecoxib at twice the recommended maximum dosage compared with

treatment with naproxen at the standard dosage.121 The CLASS study compared the

safety of celecoxib to ibuprofen, a traditional NSAID and diclofenac, a NSAID with

more COX-2 selectivity, in 8,059 patients. This study demonstrated celecoxib at 2-4

times the recommended dosage caused a significantly lower incidence of ulcer

complications/symptomatic ulcers as compared to ibuprofen but not

diclofenac.122Although the studies were similar in design, there were some major

differences potentially making direct comparisons misleading.123 The VIGOR study only

included rheumatoid arthritis patients while CLASS included patients with both

rheumatoid arthritis and osteoarthritis. Patients in the CLASS study were allowed aspirin

therapy for cardioprotection, while patients receiving aspirin were excluded from the

VIGOR study. Endpoint definitions and methods of recording events, such as bleeding,

were more broadly defined and patients only had endoscopic examinations if deemed



26

necessary in the VIGOR trial. In the CLASS trial endoscopic procedures were

encouraged, possibly allowing for the detection of more clinically silent bleeding. 123

Since publication of these studies, new concerns have arisen regarding the

increased risk of myocardial infarction and stroke in patients taking COX-2 selective

inhibitors.124 The predominant COX present in vascular endothelium is COX-2. It

functions to inhibit platelet aggregation, cause vasodilation, and prevent proliferation of

smooth muscle. Current theory suggests that when these processes are suppressed by a

COX-2 inhibitor, then platelet derived thromboxane A2, promotes aggregation,

vasoconstriction and cellular proliferation unopposed, thereby increasing the risk for

myocardial infarction or stroke.124 This risk has not been ascertained for the other COX-2

selective inhibitors, and the risk to our veterinary patients, which seldom suffer from

coronary artery disease, remains undetermined.

Studies Evaluating Cyclooxygenase-2 Preferential Inhibitors in Dogs

Large studies reporting the incidence of adverse effects associated with NSAIDs

in pet dogs have not been commonly performed. Hanson et al.125 evaluated 575 dogs

treated with NSAIDS for 30 days. Preliminary results demonstrated a significantly lower

incidence of “treatment related health events” (ie. diarrhea and melena) in dogs treated

with firocoxib (a COX-2 selective inhibitor) as compared to the less selective NSAIDS,

carprofen and etodolac.

Until more, large field studies evaluating the safety of the newer COX-2 selective

or preferential medications are performed it is unlikely that some of the less common side

effects associated with their use will be detected. Multiple endoscopic studies have been



27

performed in order to assess the short term GI safety of this class of drugs in a relatively

small number of healthy dogs.

Forsyth et al.75administered either ketoprofen,1mg/kg PO q 24h, copper

indomethacin, 0.2mg/kg PO q 12h, 1mg prednisolone plus 200mg cinchophen per 20kg

PO q 12h, aspirin, 15mg/kg PO q 12h or placebo to 30 healthy dogs for 7 days.

Gastroduodenoscopy was performed after seven days of treatment. At day seven, 22/30

dogs had small ulcerations and hemorrhages in the stomach. There were no significant

differences between lesions in the ketoprofen, copper-indomethacin, or prednisolone-

cinchophen groups. The placebo group had significantly lower gastric lesions scores than

all treatment groups. The aspirin group had significantly higher gastric lesion scores than

all other groups. None of the dogs demonstrated clinical signs associated with NSAID

toxicity (vomiting, diarrhea, inappetence etc.).

Johnston et al.4 administered either piroxicam, 0.3mg/kg PO q 24h, piroxicam

plus misoprostol, 3ug/kg PO q 8h, misoprostol only, or placebo to 24 healthy dogs for 28

days. Gastroduodenal endoscopy was performed on days 0, 5, 14, and 28. Mild

gastroduodenal lesions were observed in all dogs with no statistical difference detected

between any of the groups. In this study piroxicam failed to produce gastric lesions

significantly different from controls, making evaluation of misoprostol’s efficacy

difficult.

Forsyth et al.126 administered either ketoprofen, 1mg/kg PO q 24h, carprofen,

2mg/kg PO q 12h, meloxicam suspension, 0.2mg/kg q 24h or placebo to 24 healthy dogs

for 28 days. Gastroduodenal endoscopy was performed on days -7, 7, and 28.

Gastroduodenal lesions were observed in 17/24 dogs. All observed lesions were mild to
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moderate. There were no significant differences between lesion scores observed in any of

the groups including placebo. There were trends toward fewer dogs developing lesions

after carprofen and meloxicam administration compared to ketoprofen. One dog within

the meloxicam group developed moderately severe gastric damage.

Reimer et al.117 compared administration of either buffered aspirin 16.5 mg/kg PO

q 12h, carprofen, 2.2mg/kg PO q 12h, etodolac, 12.8mg/kg PO q 24h or placebo to 24

healthy dogs for 28 days. Gastroduodenal endoscopy was performed on days -9, 0, 5, 14,

and 28. There were no significant differences in lesions scores detected between the

carprofen, etodolac and placebo groups. The aspirin group had significantly more gastric

lesions than any other group. No adverse clinical signs were observed in any of the dogs

during the study.

Nishihara et al.112 administered either etodolac, 15mg/kg PO q 24h, aspirin,

25mg/kg PO q 12h or placebo to 15 healthy dogs for 28 days. Gastroscopy was

performed on days 0, 3, 7, 10, 14, 17, 21, 24, and 28. No gastric lesions were detected

within the placebo or etodolac groups during the study. The aspirin group had

significantly higher gastric lesion scores after 17 days of treatment than the other two

groups. No adverse clinical signs were evident in any of the dogs.

Inconsistencies in the Cyclooxygenase 1 and 2 Theory

While clear cut definitions for COX-1 and COX-2 are convenient, it is likely that

their functions are not necessarily so independent. Langenbach et al.127evaluated COX-1

deficient mice and found decreased inflammatory reactions, suggesting that COX-1 had

some function during the early stage of inflammation. The use of a selective COX-1

inhibitor has been compared to that of a selective COX-2 inhibitor.128 Both drugs equally
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suppressed peripheral prostaglandin concentrations, but the COX-1 inhibitor had no

effect on hyperalgesia or edema while the COX-2 inhibitor suppressed it completely.

This indicates that COX-2 inhibitors’ anti-inflammatory properties are at least partially

controlled by a centrally mediated neurologic component of inflammatory pain. COX-2

deficient mice have demonstrated prolonged inflammatory responses indicating that

COX-2 may be involved in moderating existing inflammation .9 These studies support the

currently evolving theory that both COX-1 and COX-2 have some crossover function in

that COX-1 plays a role in inflammation and COX-2 has some protective, homeostatic

functions.129 This is particularly true in the GI tract where it has been demonstrated that

in rats, suppression of both COX-1 and COX-2 was necessary to produce gastric

ulceration, and that inhibition of COX-1 causes up-regulation of COX-2, possibly

counteracting the deleterious effects of simultaneous suppression.129

Other concerns have arisen about the safety of COX-2 inhibitors.7 Mice that have

been genetically engineered to be COX-2 deficient develop a severe nephropathy.130,131

Traditionally, inhibition of COX-1 causing decreased renal prostaglandin synthesis and a

subsequent reduction in renal blood flow and glomerular filtration rate has been

implicated in NSAID induced renal failure. But, unlike most other organs, the kidney

constitutively secretes COX-2. Concerns have arisen that the use of COX-2 specific

inhibitors may have a deleterious effect on kidney function. Especially in patients with

diabetic nephropathy and other renal conditions which rely on the presence of renal

COX-2 to maintain normal function. 132The deleterious effects of non-selective NSAIDS

on ulcer healing have also been documented.40,133 Selective inhibition of COX-2 delays

gastric ulcer healing (but not duodenal ulcer healing) to the same extent as treatment with
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non-selective inhibitors.38,134 Prostaglandin synthesis is increased at ulcer margins. This

elevation in prostaglandin synthesis is likely mediated by COX-2, as COX-2, not COX-1

is over expressed at healing ulcer margins.10,135 It is possible that ulcer healing is

dependent on the removal of necrotic tissue and production of cytokines that can

stimulate angiogenesis which occurs during inflammation.

The direct cytotoxic effects of aspirin on the gastric mucosa have been well

described,65,102,103 but the role of direct cytotoxicity of other NSAIDs has only recently

been studied. Tomisato et al.136 demonstrated the induction of mucosal apoptosis and

necrosis by both non-selective and COX-2 selective inhibitors regardless of prostaglandin

inhibition. This study suggests that COX-2 selective inhibitors can cause NSAID-induced

gastroduodenal injury by other means than prostaglandin suppression.

Deracoxib

Structure and Function

Deracoxib (Deramaxx®) is a non-narcotic, non-steroidal anti-inflammatory of the

coxib class.  The chemical structure of deracoxib is 4-[5-(3-difluoro-4-methoxyphenyl)-

(difluromethyl)-1H-pyrazole-1-y] benzenesulfonamide, categorizing it as a

diarylheterocycle.137 These drugs exert a pseudo-irreversible inhibition of COX-2 which

is time dependent.138 Pharmacokinetic data in dogs determined that the plasma terminal

elimination half-life at 3 hours has a much longer effective clinical duration allowing for

dosing once daily.137 Non-linear elimination has been demonstrated at doses >

8mg/kg/day at which point deracoxib loses its COX-2 selectivity and begins to inhibit

COX-1.137 Extreme dosages (>25mg/kg/day) are associated with COX-1 inhibition as
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evidenced by gastrointestinal signs, including vomiting and melena.137 Deracoxib’s route

of elimination is through hepatic biotransformation which produces four major

metabolites. Most of the ingested drug is excreted in the feces as parent drug or

metabolite, only a small amount of metabolite is excreted in the urine.137 When dosed

orally at 2mg/kg over 90% of the drug is bioavailable; maximal bioavailability occurs

when taken with food. Over 90% of the drug is protein bound.137 Deracoxib is

contraindicated in dogs with hepatic, cardiovascular or renal impairment. Overdosages of

deracoxib at 25, 50 and 100mg/kg led to serious adverse events such as weight loss,

vomiting, melena and GI ulceration.137 No specific drug interactions have been

determined other than avoidance of concurrent NSAIDs, corticosteroids or nephrotoxic

medications.

Deracoxib: Efficacy and Safety Studies

Multiple safety studies have been sponsored by Novartis Animal Health in

preparation for FDA approval of this drug. A safety study evaluated 40 dogs divided into

groups receiving either 0, 4, 6, 8, or 10mg/kg/day of deracoxib. No adverse drug events

were reported. Clinical chemistry results showed a significant dose dependent trend

toward elevations in BUN, an indication of renal disease. Histologic evaluation of renal

biopsies showed trace amounts of tubular degeneration/regeneration in all groups

including placebo. Conclusions were that deracoxib administered to healthy dogs did not

produce toxicity at doses less than or equal to 8mg/kg/day for 21 days.137

An additional study was conducted to evaluate the subchronic toxicity of

deracoxib, to evaluate the reversibility of any toxic effects following a 4-week recovery

period. Forty-eight dogs were administered either 0, 2, 4, or 8mg/kg/day of deracoxib for
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13 weeks. All dogs except one remained in good health. The exception was a dog that

received 8mg/kg/day of deracoxib and developed a renal abscess and died of

septicemia137

In order to determine a dosing structure, a study was performed to evaluate the

drug’s effectiveness in a surgical model of cranial cruciate repair. The number of dogs

was not identified in this study. Dogs were given either placebo or deracoxib 30 minutes

prior to surgery and were assigned to a group provided 0, 2, 4, or 6mg /kg once daily.

Pain and lameness assessment were evaluated in each dog prior to surgery and at 13

assessment times post-operatively. Significant improvement was seen within the

deracoxib treated dogs from 18 hours to 7 days after surgery. Significant improvement

was seen in the dogs treated with 4mg/kg/day within the first post-operative day, leading

to the 2-4mg/kg/day postoperative dosage recommendation.137

A multi-center field study was conducted to determine the effectiveness of

derocoxib for control of postoperative pain after cranial cruciate ligament repair. A

dosage of 3-4 mg/kg/day was administered for 7 days. Two-hundred and seven pet dogs

were enrolled and half were given placebo and half were given deracoxib. Four dogs

within the deracoxib group and five within the placebo group were removed for adverse

events, including vomiting, diarrhea and insufficient analgesia. Differences between

mean values for hepatic or renal laboratory indices were insignificant. The most common

adverse events seen in both the placebo and deracoxib groups were vomiting and

diarrhea. (11 dogs vomited in deracoxib group, 6 in placebo).137

 A second multi-center clinical study was conducted to determine the effect of

deracoxib on chronic pain in dogs with osteoarthritis. Two-hundred and nine dogs were
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enrolled in the study. Forty-one breeds were represented with a mean age of 7.6 (±3.4)

years. Approximately half of the dogs received deracoxib at 1-2mg/kg/day for 42 days

and the other half received placebo. Dogs were evaluated on days -7, 0, 14, 28, and 42.

Post-treatment evaluations consisted of force plate evaluations, and subjective

assessments by owners and veterinarians. Hematology, serum chemistries and buccal

mucoal bleeding times were evaluated on days -7 and 42. Results demonstrated

significant improvement by force plate analysis and owner evaluation within the

deracoxib group. No significant changes were identified between treatment groups for

any hematologic value or buccal mucosal bleeding time. Mean BUN concentrations

increased in the deracoxib group, but remained within normal laboratory reference

ranges. The frequencies of adverse events were equally distributed between the deracoxib

and placebo groups. Most were mild and transient with vomiting being reported most

frequently (3 dogs in deracoxib group, 4 in placebo.) Conclusions of the study were that

deracoxib provided relief of clinical signs in dogs with osteoarthritis and there were no

differences with placebo in drug related side effects when administered over a 42 day

period.139

McCann et al.140 compared the COX selectivity of a new COX-2 selective

inhibitor, ML-1,785, 713 to carprofen and deracoxib. The IC50 ratio determined for

deracoxib was 12 as compared to 7 for carprofen and 384 for ML-1,785,713 (a COX-2

selective inhibitor). COX-1 inhibition was determined by assessing the ability to inhibit

clot-induced thromboxane B2 production in blood obtained from beagles. COX-2

inhibition was determined by inhibition of LPS induced prostaglandin E2 production.

These findings are in contrast to another report evaluating the selective inhibition of
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cloned canine COX-1 and -2.  In this study deracoxib and carprofen’s IC50 ratios were

determined to be 1,279 and 65 respectively.141 These findings demonstrate the significant

interassay variation and the need for careful interpretation of COX-1:COX-2 ratios.

Millis et al.142 administered either placebo, deracoxib, 0.3, 1, 3, or 10mg/kg PO

once, or carprofen, 2.2mg/kg PO once to 24 beagles. Treatment with deracoxib at the

high and intermediate dosages was effective in reducing pain associated with chemically

induced synovitis. No significant adverse events were observed in any of the groups.

Deracoxib was initially approved in August of 2002 at a 3-4mg/kg PO q 24h

dosage for postoperative orthopedic pain for a maximum of 7 days. In February 2003

deracoxib was approved for dogs over four pounds at a lower dosage of 1-2mg/kg PO

once daily for chronic administration.143 This drug should not be used in dogs under 4

months of age, breeding dogs, or pregnant or lactating bitches, as safety in these groups

has not been evaluated. 137Adverse drug events are defined as undesired effects or lack of

desired effects for claimed indications. Over the first eight months since FDA approval of

this product the FDA Center for Veterinary Medicine has processed 390 adverse drug

events in association with deracoxib use.144
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Chapter II: RESULTS

Chapter II: Comparison of the Effects of Deracoxib, Buffered Aspirin, and
Placebo on the Gastric Mucosa of Healthy Dogs

K.A. Sennello and M.S. Leib
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Non-steroidal anti-inflammatory drugs (NSAIDs) have analgesic, anti-pyretic,

and anti-inflammatory properties and are used frequently for pain management in acute

and chronic inflammatory conditions. Additionally, unique applications as anti-

neoplastic53 and anti-thrombotic agents are becoming more common.54  Side effects

reported with NSAID use in dogs include gastrointestinal (GI) bleeding/ulceration 42,64,

nephrotoxicity,145,146 hepatotoxicity,5 and platelet dysfunction.147,148

Non-steroidal anti-inflammatory drugs modify the inflammatory response by

inhibition of the cyclooxygenase (COX) enzyme. Cyclooxygenase is an enzyme needed

for the synthesis of prostaglandin from arachadonic acid (AA).149  Cyclooxygenase exists

in two isoforms. COX-1 is present and constitutively expressed in many cells and tissues

including platelets, kidneys, synovium, and gastric mucosa.  It functions to produce

physiologically protective prostaglandins.  Cyclooxygenase-2 is primarily thought to be

induced and functions to produce pro-inflammatory prostaglandins and other mediators

of inflammation. 149,150

A new generation of NSAIDS has been developed which selectively inhibits

COX-2 while maintaining the homeostatic functions of COX-1. Deracoxib (Deramaxx®a)

is a new member of the coxib class of non-narcotic, non-steroidal, COX-2 inhibiting anti-

inflammatory drugs.151 Deracoxib was originally licensed in dogs for postoperative

orthopedic pain management at a dosage of 3-4mg/kg PO q24h for no longer than 7 days.

Subsequent FDA approval was granted for chronic administration at a dosage of 1-

2mg/kg/day.137 Data suggests that deracoxib inhibits the production of PGE and 6-keto

PGF1 by its inhibitory effects on prostaglandin biosynthesis.137 In vitro studies using

cloned canine COX have shown that the 4mg/kg/day dosage does not inhibit COX-1.



37

Extreme dosages (>25mg/kg/day) are associated with COX-1 inhibition and cause

vomiting and melena.137

The GI effects of several NSAIDs, which demonstrate preferential COX-2

inhibition, such as meloxicam, carprofen, and etodolac, have been endoscopically

evaluated in dogs. Meloxicam has been demonstrated to produce significantly milder

gastric lesions than dexamethasone.  When meloxicam was used in conjunction with

dexamethasone, however, significantly more severe gastric injury resulted as compared to

either drug when used alone.74,126Similarly, etodolac, meloxicam and carprofen have been

shown to produce milder gastric lesions than aspirin, a non-selective COX inhibitor, but

similar gastric injury to placebo.112,117,126

The purpose of this study was to compare the endoscopically detectable gastric

lesions in dogs receiving a new COX-2 selective inhibitor, deracoxib, to the lesions in

dogs receiving placebo, and buffered aspirin during a 28-day treatment period.
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Materials and methods

Twenty-four, young, random source dogs (10 male, 14 female) with a mean

weight of 19.1kg (range 12.2-27.1) were acclimated for a total of 4 weeks. The dogs were

then entered into this study on the basis of a normal physical examination, complete

blood count (CBC), serum biochemistry panel, and urinalysis. Ivermectin (200µg/kg SC

once) and fenbendazole (50mg/kg PO q24h for 3 consecutive days and repeated in 2

weeks) were administered to 14 dogs. Dogs with an appearance suggesting a herding-

type genetic background (8 dogs) were not treated with ivermectin in order to avoid any

potential sensitivity reactions.152 All dogs had a negative zinc sulfate fecal flotation

performed prior to the first gastroscopy. This study was approved by the Animal Care

Committee, Virginia Polytechnic Institute and State University.

Dogs were observed every 8 hours, starting two weeks prior to initiation of the

treatment period and throughout treatment. The number of bowel movements was

recorded and the presence or absence of melena, hematochezia or mucus was noted.

Feces were graded from 1-5 using a previously described scale,72 with a score of 1

representing liquid stool with no form, and a score of 5 representing a firm, cylindrical

stool. A score of 3 indicated a stool too soft to retain its cylindrical shape. Scores <4 were

considered diarrhea. Vomiting episodes and the presence of hematemesis were recorded.

A dog-day of diarrhea or vomiting represented any day during which one or more

episodes of diarrhea or vomiting occurred in a dog. Dogs were fed a maintenance cereal

based dog food once daily based on manufacturers guidelines.b Appetite was scored from



39

1-3; 1 was assigned when all food was consumed, 2 for decreased appetite, and 3

indicated anorexia.

 Dogs were anesthetized for gastroscopy, photography and lesion scoring 7 days

prior to drug administration, and 6, 14, and 28 days after initiation of drug administration.

Atropine sulfate (0.05mg/kg IM) and acepromazine (0.1mg/kg IM) were used as

premedications. An intravenous catheter was placed and anesthesia was induced with

sodium thiopental (10mg/kg IV to effect). Dogs were intubated and maintained on

isoflurane, placed in left lateral recumbency and intravenous 0.9% NaCl solution was

administered at 10ml/kg/hr. Routine gastroscopy was performed as previously described

in a manner not to create iatrogenic lesions.72,73,117

Upon entry into the stomach, air was insufflated and the endoscope advanced

along the greater curvature and it was examined to the level of the pyloric antrum. After

examination of the antrum and pylorus, the angularis incisura extending along the lesser

curvature was examined by partially retroflexing the endoscope’s tip. Retroflexion

allowed visualization of the cardia, extending from the greater curvature to the portion of

the lesser curvature not included in the region of the angularis incisura. The tip of the

endoscope was straightened and advanced to enable visualization of the entire gastric

body. Brush cytology samples were obtained at this location to identify spiral bacteria

(day -7 only). Each region of the stomach (pyloric antrum, angularis incisura, cardia,

gastric body) was photographed using a still video recorderc and gastric lesions were

scored by an experienced observer unaware of the treatment groups (ML). Scores were

assigned (1-12) (Table 1) to each region based on a previously utilized adaptation of the
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Lanza scale.72,73,117 Mucosal hemorrhage was defined as small, reddened hemorrhagic

areas with an intact mucosa

(Figure 1). Erosions had defects of the mucosal epithelium (Figure 2). An ulcer

had wide defects of the mucosa with a central defect and a raised margin (Figure 3). Each

region was scored based on the most severe lesion(s) present.

Cytology samples from day -7 were transferred to a glass microscope slide,

stained with Dip Quick stain solution®d and reviewed at 100X for the presence of spiral

bacteria. 153,154

On day zero, 24 dogs were randomly divided into three groups of 8. Stratification

based on Helicobacter spp. status was unnecessary as all dogs evaluated were positive for

the presence of spiral bacteria on cytologic evaluation. The aspirin group (4 female, 4

male) was administered buffered aspirin at approximately 25mg/kg PO (rounded to the

nearest 0.25 of a 325mg tablet) q 8h. The deracoxib group (5 females, 3 males) received

deracoxib at approximately 1.5 mg/kg PO (rounded to the nearest 0.5 of a 25mg tablet)

once daily and placebo (a deracoxib blank) PO q 12h. The placebo group (5 females, 3

males) was administered a deracoxib blank PO q 8h. Deracoxib blanks contained the

same inactive ingredients (desicated pork liver, soy and sucrose) as Deramaxx®

chewable tablets minus the active ingredient (deracoxib).e Medications were given for the

next 28 days. Dogs were weighed and dosages were recalculated weekly.
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Statistical analysis

Total lesion scores were determined by adding the lesion scores from each region

from each dog during each gastroscopy. Lesion scores for each group, at each location,

and total scores, at each time period, were evaluated for the effects of time for each

treatment and the effects of treatment at each time period using a Kruskal-Wallis rank

sum test with a Monte Carlo approximation.f Post hoc pairwise comparisons were made

using a multiple comparisons test based on the Kruskal-Wallis rank sums.155 The number

of dog days of vomiting, diarrhea and reduced appetite were compared between groups

using the same analyses. Lesion scores for the antrum, angularis incisura, cardia, and

gastric body within groups at each time period were compared similarly. Changes in body

weight over time were evaluated within each treatment group using a RMANOVA. A p

value <0.05 was considered significant for all statistical tests.
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Results

The mean dosage of buffered aspirin administered was 23.6mg/kg PO q 8h (range

22.6-25). The mean dosage of deracoxib administered was 1.6mg/kg PO q 24h (range

1.3-1.9). Changes in weight among dogs were minimal, making it unnecessary to adjust

the dosage of medication given in order to maintain a static mg/kg dosage. There were no

differences among groups in body weight changes during the course of the study.

Significant differences in total and regional lesion scores were not found between

any of the treatment groups prior to the initiation of therapy (day -7). On days 6, 14 and

28 the total lesion scores for the aspirin group were significantly greater than the placebo

and deracoxib groups (Figure 4).  Total lesion scores for the deracoxib and placebo

groups were not significantly different at any time.

Median lesion scores for the aspirin group were significantly greater than the

placebo and deracoxib groups at the antrum (days 6, 14, 28), angularis incisura (days 6,

14, 28), cardia (days 6, 28), and gastric body (days 14, 28). In addition, on day 6, scores

at the gastric body for the aspirin group (1,7,9,8,6,4,1,8) were significantly higher than

those of the placebo group (1,1,1,4,1,1,1,1), but not the deracoxib group (1,1,1,4,1,1,6,1).

On day 14 lesion scores within the aspirin group, at the cardia (3,7,8,8,1,1,7,8), were

significantly higher than that of the placebo group (1,1,1,1,1,2,1,1,), but not the deracoxib

group (1,1,1,4,1,1,1,1). Significant differences were not observed between the deracoxib

and placebo groups at any location during the study.

The most severe lesion observed was in the body of the stomach on day 14 in the

aspirin group (lesion score of 10; 2 ulcers). No ulcers were seen in the deracoxib or
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placebo groups. The highest lesion score observed in these groups (7-multiple erosions)

was within the placebo group on day 14.

The change in total lesion scores over time was not significant within groups

during treatment (days 6, 14, and 28) (Figure 5). A significant increase in total lesion

scores occurred in the aspirin group between pretreatment (day -7) and days 6, 14, and

28, this change was not present within the placebo or deracoxib groups (Figure 5). Within

the aspirin group, antral lesion scores were significantly greater on days 6, 14, and 28

compared to day -7, and lesion scores for the angularis incisura and cardia on day 6 were

significantly greater than prior to the initiation of treatment (day -7) (Appendix 2). Within

this same group, scores for the body on days 14 and 28 were significantly greater than

pretreatment lesion scores (day -7) (Appendix 2).

Lesion scores for each location (antrum, angularis incisura, cardia, gastric body)

were compared at each endoscopy within groups. Lesion scores in the deracoxib and

placebo group were not significantly different between locations during the study (days -

7, 6, 14, or 28) (Appendix 2). Lesion scores within the aspirin group were not

significantly different between locations except for day 14, at which time lesion scores in

the body (10,8,6,9,8,4,8,8)were significantly greater than the incisura (1,6,3,6,3,4,8,2)

(Appendix 2).

There were 31 dog-days of vomiting (median 1; range 0-13) for the eight dogs in

the aspirin group, which was significantly greater than the deracoxib group (0 dog-days

of vomiting), but not significantly different from the one dog-day (median 0; range 0-1)

of vomiting in the placebo group (Appendix 5).  The number of dog-days of vomiting in

the deracoxib and placebo groups was not significantly different. Two dogs in the aspirin



44

group were responsible for 26 out of 31 of the dog-days of vomiting. Vomiting did not

result in detectable dehydration, lethargy, or anorexia and ceased after discontinuation of

aspirin at the end of the study. No hematemesis was noted.

There were no differences between groups for the number of dog-days of

diarrhea; aspirin 16 days (median 2; range 0-6 days), deracoxib 31 days (median 2.5;

range 0-16), and placebo 1 day (median 0; range 0-1) (Appendix 5). One dog in the

deracoxib group was responsible for 16 of the 31 dog-days of diarrhea. Detectable

dehydration, lethargy or decreased appetite was not noted. The median grade of the

diarrhea in this dog was 3. Hematochezia or melena was not observed. Diarrhea resolved

within 4 days of cessation of deracoxib in this dog.

Anorexia was not observed in any of the dogs. Two dog-days of reduced appetite

(scores of 2) occurred in the aspirin group (median 0 days of reduced appetite; range 0-2

days), 4 dog-days in the deracoxib group (median 0 days of reduced appetite; range 0-4

days) and one dog-day in the placebo group (median 0 days of reduced appetite; range 0-

1 days).
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Discussion

On days 6, 14 and 28, the aspirin group had significantly higher total lesion scores

and lesion scores at all locations (antrum, angularis incisura, cardia, gastric body) than

both the deracoxib and placebo groups. Total lesion scores and lesion scores at all gastric

locations in the deracoxib group were not different from those in the placebo group at any

time during the study. These findings are consistent with previous studies evaluating the

gastroduodenal effects of NSAIDS with favorable COX-1/COX-2 selectivity such as

meloxicam, carprofen and etodolac .112,117,126 Results from this study showed that

deracoxib at 1.6 mg/kg PO q 24h for 28 days did not produce more gastric lesions than

placebo when given to healthy dogs. It is not possible to predict the gastric effects of

deracoxib on the gastric mucosa for longer treatment duration or in the treatment of older

dogs with concurrent medical problems.

The gastroprotective effects of COX-2 selective inhibition are thought to be due

to the sparing of COX-1 which results in the maintenance of the cytoprotective

prostaglandin-mediated effects in the stomach. These include: preepithelial (stimulation

of mucosal bicarbonate and mucus secretion), epithelial (surface epithelial cell continuity

and migration), and postepithelial (increased mucosal blood flow)

mechanisms.156Without these cytoprotective effects of gastric prostaglandins, the gastric

mucosa is prone to damage from normal digestive chemical and mechanical functions.

The inhibitory concentration (IC50) (concentration of drug that inhibits an enzyme

by 50%) can be used to evaluate the COX-2 selectivity of a drug. The higher the COX-

1:COX-2 ratio the more selective that drug is for inhibiting the COX-2 enzyme.157 The
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IC50 ratio for deracoxib is 1,275, demonstrating its high selectivity for inhibition of COX-

2.143 Buffered aspirin, which primarily has COX-1 activity (IC50 ratio of <0.3)8, has been

shown to cause significantly more gastric lesions in dogs than either carprofen or

etodolac, both preferential COX-2 inhibitors.112,117 Meloxicam, a COX-2 selective

NSAID with an IC50 ratio of 3.0,8 has demonstrated less GI toxicity when compared to

dexamethasone in dogs74 and similar lesions when compared to placebo, etodolac and

ketoprofen in dogs.126

Large, long-term endoscopic studies conducted in humans evaluating the safety of

COX-2 selective inhibitors have similarly demonstrated favorable results.158,159 Incidence

rates of 3-5% (rates similar to placebo) have been identified for endoscopic

gastroduodenal ulceration as compared to traditional NSAIDs which have incidence rates

of 20-40%3

In order to provide information on the incidence of serious GI adverse events

associated with the use of COX-2 selective inhibitors in humans, two large, randomized,

double-blind clinical trials have been conducted. The Vioxx Gastrointestinal Outcomes

Research (VIGOR) trial 121 compared the GI safety profile of rofecoxib and a traditional

NSAID, naproxen in 8,076 patients. The rates of clinically important upper GI events,

complicated upper GI events, and GI bleeding were found to be significantly lower in the

group treated with rofecoxib at twice the recommended maximum dose compared with

treatment with naproxen at the standard dose. The Celcoxib Long-term Arthritis Safety

Study (CLASS)122compared the safety of celecoxib to ibuprofen, a traditional NSAID

and diclofenac, a NSAID with COX-2 preferential activity in 8,059 patients. This study

demonstrated celecoxib at a dose 2-4 times the recommended dose to cause a



47

significantly lower incidence of ulcer complications/symptomatic ulcers as compared to

ibuprofen but not diclofenac.

Large field studies reporting the incidence of adverse effects associated with

NSAIDs have not been commonly performed in veterinary medicine. Hanson et al.

evaluated 575 dogs treated with NSAIDS for 30 days. Preliminary results demonstrated a

significantly lower incidence of “treatment related health events” (ie. diarrhea and

melena) in dogs treated with firocoxib (a COX-2 selective inhibitor) as compared to the

less selective NSAIDS, carprofen and etodolac.125

All 24 dogs of the current study were positive for Helicobacter spp. on gastric

cytology. This was not unexpected as spiral bacteria are a common finding in laboratory

and shelter dogs.50,73,117In humans, it is thought that infection with H. pylori and

administration of NSAIDs cause increased apoptosis of gastric epithelial cells leading to

mucosal damage and ulcer formation.47 It is unknown if eradication of pre-existing

Helicobacter spp. infections would have resulted in lower gastric lesion scores in the

aspirin group. However, because all dogs were Helicobacter spp. positive, it is likely that

any potentially deleterious effects of infection affected all groups equally.

Aspirin dosages of 10-35mg/kg two to three times per day have been used in

previous endoscopic studies of dogs. 72,73,75,108,109,111-113,117 The higher dosage may be

associated with increased morbidity 72 and the lower dosage can result in less predictable

gastric lesion production. A dosage of 25mg/kg PO q 8hwas selected for this study in

order to minimize morbidity yet reliably produce gastrointestinal lesions to serve as a

positive control group, as has been demonstrated in previous studies.73,108,111Aspirin is a

non-selective COX inhibitor and can cause gastric mucosal lesions via two mechanisms:
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1) direct damage to the gastric epithelial cell and 2) indirect damage as a result of reduced

mucosal prostaglandin concentrations.105,149In order to reduce the direct cytotoxic effects,

buffered aspirin tablets were utilized.

In humans receiving long term aspirin therapy, a phenomenon of adaptation

occurs in which the gastric mucosa becomes more resistant to the cytotoxic effects of

aspirin administration.114 This process has been observed in some canine models,115,116

but not in others.73,117  The duration of treatment and the dosage used have both  been

reported to affect the degree of adaptation, possibly accounting for the differences found

between studies. The day 6 endoscopy was performed to identify acute gastric lesions,

which had potential to improve by 14 or 28 days. In the present study, median total

gastric lesion scores did not significantly change over time within the aspirin group, and

there was no evidence of adaptation within the aspirin group.

A predilection site for gastric lesion formation was not identified in this study. In

several reports, the pylorus was the region most prone to NSAID-induced gastric mucosal

damage,74-76 but others have not detected any differences between locations.72,73,109 The

duodenum was not evaluated in this study for three reasons: 1) previous endoscopic

studies have not found significant duodenal lesions when other NSAIDS were evaluated,

75,82,117 2) it is possible to create iatrogenic gastric lesions when attempting entry into the

duodenum, so the entire stomach would have to be evaluated and scored prior to

duodenal intubation and 3)gastric distension and endoscopic manipulation would increase

pyloric sphincter tone making duodenal intubation more difficult and time consuming in

some dogs.160 This could lead to variation in anesthetic time between individuals.

Increased anesthetic time increases the potential for the development of hypotension
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which could result in decreased mucosal blood flow, causing gastric mucosal lesions.

Blood pressure was not monitored during anesthesia in this study, but intravenous fluids

were administered and the average anesthetic time was approximately 10-15 minutes,

making sustained hypotension very unlikely.84

Dogs within the aspirin group vomited more frequently than dogs in the deracoxib

group. Two dogs within the aspirin group were responsible for the majority of the

vomiting days (26 out of 31 days). These two dogs also had the highest total gastric

lesion scores. There were dogs with similar gastric lesion scores in the aspirin group that

did not vomit. These findings indicate that in dogs, as in people, the severity of gastric

mucosal lesions does not always correlate with the severity of clinical signs.102

There were no significant differences between the numbers of days of diarrhea

observed between any of the groups. The incidence of diarrhea in dogs associated with

NSAID use is relatively low (etodolac 4%, carprofen 6.1%) and is reported to be lower

with the use of a COX-2 selective inhibitor (firocoxib 1.0%).125 Non-steroidal anti-

inflammatory medications can cause diffuse small and large intestinal lesions.161-163The

mechanism of intestinal mucosal injury is likely similar to that in the stomach and

duodenum, consisting of direct and systemic effects which cause cellular damage.  One

dog in the deracoxib group was responsible for 16 of the 31 days of diarrhea. This dog’s

gastric lesions scores were similar to scores assigned to other dogs of the deracoxib and

placebo groups. The diarrhea in this dog resolved within 4 days of discontinuation of

deracoxib therapy, suggesting that the diarrhea was caused by deracoxib. A larger field

study of pet dogs needs to be evaluated to determine the incidence of diarrhea associated

with the use of deracoxib.
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In summary, our results demonstrated that dogs receiving deracoxib at 1.6 mg/kg

PO q 24h had significantly lower gastric lesion scores than dogs receiving aspirin at 23.6

mg/kg PO q 8h for 28 days. No significant difference in gastric lesion scores was

detected between dogs receiving deracoxib and those receiving placebo. Deracoxib

resulted in significantly fewer dog-days of vomiting than aspirin, and did not cause more

dog-days of diarrhea than either the aspirin or placebo groups. Further evaluation is

necessary to determine the effects of longer treatment and the use in pet dogs, older dogs,

and dogs with concurrent disease.
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Chapter III: CONCLUSIONS

This study demonstrated that healthy dogs receiving a COX-2 selective inhibitor,

deracoxib, at a mean dosage of 1.6 mg/kg PO q 24h developed less severe endoscopically

detectable gastric lesions than dogs receiving buffered aspirin at a mean dose of 23.6

mg/kg PO q8h on days 6, 14, and 28 of therapy. There was no significant difference

between the gastric lesion scores of dogs receiving deracoxib and placebo. Similarly,

dogs receiving deracoxib had significantly fewer dog-days of vomiting than those

receiving buffered aspirin. There was not a significant difference between dog-days of

vomiting between the deracoxib and placebo groups.

These findings support the theory that selective inhibition of COX-2 improves the

gastrointestinal safety profile of NSAIDs. Further studies involving geriatric dogs or dogs

with concurrent disease treated for a longer period of time are necessary to determine the

safety of this class of drugs in pets. Additionally, the impact of the inhibition of COX-2

on ulcer healing in dogs merits further investigation.

As with any new medication (or class of medications), epidemiologic data needs

to be collected on a large number of patients to detect any possible unforeseen

complications associated with selective inhibition of COX-2.
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Footnotes

a Deramaxx, Novartis Animal Health, Greensboro, NC

b Science Diet Maintenance, Hills Pet Nutrition Inc. Topeka, KS

c Sony Promavica Still Video Recorder , Model MVR5300, Sony Corporation, Japan

d Dip Quick Stain Solution, Jorgenson Laboratories, Loveland, CO

e Deramaxx blanks supplied by Novartis Animal Health, Greensboro, NC

f The SAS system, Version 9.12, SAS Institute Inc. Cary, NC 27513



53

1.  Mathews KA. Nonsteroidal anti-inflammatory analgesics. Indications and
contraindications for pain management in dogs and cats. Vet Clin North Am Small Anim
Pract 2000;30:783-804, vi-vii.

2.  Johnston SA, Fox SM. Mechanisms of action of anti-inflammatory medications used
for the treatment of osteoarthritis. J Am Vet Med Assoc 1997;210:1486-1492.

3.  Cryer B. Mucosal defense and repair. Role of prostaglandins in the stomach and
duodenum. Gastroenterol Clin North Am 2001;30:877-894.

4.  Johnston SA, Leib MS, Marini M, et al. Endoscopic evaluation of the stomach and
duodenum after administration of piroxicam to dogs (abstract). J Vet Intern Med
1997;11:117.

5.  MacPhail CM, Lappin MR, Meyer DJ, et al. Hepatocellular toxicosis associated with
administration of carprofen in 21 dogs. J Am Vet Med Assoc 1998;212:1895-1901.

6.  Hawkey CJ. NSAID toxicity: where are we and how do we go forward? J Rheumatol
2002;29:650-652.

7.  Cryer B, Dubois A. The advent of highly selective inhibitors of cyclooxygenase--a
review. Prostaglandins Other Lipid Mediat 1998;56:341-361.

8.  Livingston A. Mechanism of action of nonsteroidal anti-inflammatory drugs. Vet Clin
North Am Small Anim Pract 2000;30:773-781.

9.  Wallace JL, Bak A, McKnight W, et al. Cyclooxygenase 1 contributes to
inflammatory responses in rats and mice: implications for gastrointestinal toxicity.
Gastroenterology 1998;115:101-109.

10.  Mizuno H, Sakamoto C, Matsuda K, et al. Induction of cyclooxygenase 2 in gastric
mucosal lesions and its inhibition by the specific antagonist delays healing in mice.
Gastroenterology 1997;112:387-397.

11.  Verburg KM, Maziasz TJ, Weiner E, et al. Cox-2-specific inhibitors: definition of a
new therapeutic concept. Am J Ther 2001;8:49-64.

12.  Kent Lloyd KC, Debas HT. Peripheral regulation of gastric acid secretion. In:
Johnson LR, ed. Physiology of the gastrointestinal tract, 3rd ed. New York: Raven Press,
Ltd.; 1994:1185-1227.

13.  Hogben CA, Kent TH, Woodward PA, et al. Quantitative histology of the gastric
mucosa: man, dog, cat, guinea pig, and frog. Gastroenterology 1974;67:1143-1154.



54

14.  Moreland K. Ulcer disease of the upper gastrointestinal tract in small animals:
pathophysiology, diagnosis, and management. Compend Contin Educ Pract Vet
1988;10:1265-1279.

15.  Tominaga K. Distribution of parietal cells in the antral mucosa of human stomachs.
Gastroenterology 1975;69:1201-1207.

16.  Greider MH, Steinberg V, McGuigan JE. Electron microscopic identification of the
gastrin cell of the human antral mucosa by means of immunocytochemistry.
Gastroenterology 1972;63:572-583.

17.  Green RA, Gartrell CL. Gastrinoma: a retrospective study of four cases (1985-1995).
J Am Anim Hosp Assoc 1997;33:524-527.

18.  Williams C. Occurrence and significance of gastric colonization during acid-
inhibitory therapy. Best Pract Res Clin Gastroenterol 2001;15:511-521.

19.  Atuma C, Strugala V, Allen A, et al. The adherent gastrointestinal mucus gel layer:
thickness and physical state in vivo. Am J Physiol Gastrointest Liver Physiol
2001;280:G922-929.

20.  Phillipson M, Atuma C, Henriksnas J, et al. The importance of mucus layers and
bicarbonate transport in preservation of gastric juxtamucosal pH. Am J Physiol
Gastrointest Liver Physiol 2002;282:G211-219.

21.  Allen A, Flemstrom G, Garner A, et al. Gastroduodenal mucosal protection. Physiol
Rev 1993;73:823-857.

22.  Allen A, Flemstrom G. Gastroduodenal mucus bicarbonate barrier: protection against
acid and pepsin. Am J Physiol Cell Physiol 2005;288:C1-C19.

23.  Johansson M, Synnerstad I, Holm L. Acid transport through channels in the mucous
layer of rat stomach. Gastroenterology 2000;119:1297-1304.

24.  Ethell MT, Hodgson DR, Hills BA. Ultrastructure of the hydrophobic gastric
surfactant barrier in the dog. Aust Vet J 1999;77:240-244.

25.  Abdel-Salam OM, Czimmer J, Debreceni A, et al. Gastric mucosal integrity: gastric
mucosal blood flow and microcirculation. An overview. J Physiol Paris 2001;95:105-127.

26.  Sullivan TR, Jr., Dempsey DT, Milner R, et al. Effect of local acid-base status on
gastric mucosal blood flow and surface cell injury by bile acid. J Surg Res 1994;56:112-
116.

27.  Silen W, Ito S. Mechanisms for rapid re-epithelialization of the gastric mucosal
surface. Annu Rev Physiol 1985;47:217-229.



55

28.  Wallace JL, Ma L. Inflammatory mediators in gastrointestinal defense and injury.
Exp Biol Med (Maywood) 2001;226:1003-1015.

29.  Wallace JL, Reuter B, Cicala C, et al. Novel nonsteroidal anti-inflammatory drug
derivatives with markedly reduced ulcerogenic properties in the rat. Gastroenterology
1994;107:173-179.

30.  Elliott SN, McKnight W, Cirino G, et al. A nitric oxide-releasing nonsteroidal anti-
inflammatory drug accelerates gastric ulcer healing in rats. Gastroenterology
1995;109:524-530.

31.  Bell TG, Smith WL, Oxender WD, et al. Biologic interaction of prostaglandins,
thromboxane, and prostacyclin: potential nonreproductive veterinary clinical
applications. J Am Vet Med Assoc 1980;176:1195-1200.

32.  Kunkel SL, Wiggins RC, Chensue SW, et al. Regulation of macrophage tumor
necrosis factor production by prostaglandin E2. Biochem Biophys Res Commun
1986;137:404-410.

33.  Hogaboam CM, Bissonnette EY, Chin BC, et al. Prostaglandins inhibit inflammatory
mediator release from rat mast cells. Gastroenterology 1993;104:122-129.

34.  Holzer P, Livingston EH, Saria A, et al. Sensory neurons mediate protective
vasodilatation in rat gastric mucosa. Am J Physiol 1991;260:G363-370.

35.  Wallace JL, McKnight GW, Keenan CM, et al. Effects of leukotrienes on
susceptibility of the rat stomach to damage and investigation of the mechanism of action.
Gastroenterology 1990;98:1178-1186.

36.  Hudson N, Balsitis M, Everitt S, et al. Enhanced gastric mucosal leukotriene B4
synthesis in patients taking non-steroidal anti-inflammatory drugs. Gut 1993;34:742-747.

37.  Whittle BJ, Kauffman GL, Moncada S. Vasoconstriction with thromboxane A2
induces ulceration of the gastric mucosa. Nature 1981;292:472-474.

38.  Schmassmann A. Mechanisms of ulcer healing and effects of nonsteroidal anti-
inflammatory drugs. Am J Med 1998;104:43S-51S.

39.  Wright NA, Pike C, Elia G. Induction of a novel epidermal growth factor-secreting
cell lineage by mucosal ulceration in human gastrointestinal stem cells. Nature
1990;343:82-85.

40.  Schmassmann A, Tarnawski A, Gerber HA, et al. Antacid provides better restoration
of glandular structures within the gastric ulcer scar than omeprazole. Gut 1994;35:896-
904.



56

41.  Hudson N, Balsitis M, Everitt S, et al. Angiogenesis in gastric ulcers: impaired in
patients taking non-steroidal anti-inflammatory drugs. Gut 1995;37:191-194.

42.  Stanton ME, Bright RM. Gastroduodenal ulceration in dogs. Retrospective study of
43 cases and literature review. J Vet Intern Med 1989;3:238-244.

43.  Howard EB, Sawa TR, Nielsen SW, et al. Mastocytoma and gastroduodenal
ulceration. Gastric and duodenal ulcers in dogs with mastocytoma. Pathol Vet
1969;6:146-158.

44.  O'Keefe DA, Couto CG, Burke-Schwartz C, et al. Systemic mastocytosis in 16 dogs.
J Vet Intern Med 1987;1:75-80.

45.  Twedt DC. Cirrhosis: a consequence of chronic liver disease. Vet Clin North Am
Small Anim Pract 1985;15:151-176.

46.  Cheville NF. Uremic gastropathy in the dog. Vet Pathol 1979;16:292-309.

47.  Jones NL, Shannon PT, Cutz E, et al. Increase in proliferation and apoptosis of
gastric epithelial cells early in the natural history of Helicobacter pylori infection. Am J
Pathol 1997;151:1695-1703.

48.  Sung JJ. Should we eradicate Helicobacter pylori in non-steroidal anti-inflammatory
drug users? Aliment Pharmacol Ther 2004;20 Suppl 2:65-70.

49.  Cattoli G, van Vugt R, Zanoni RG, et al. Occurrence and characterization of gastric
Helicobacter spp. in naturally infected dogs. Vet Microbiol 1999;70:239-250.

50.  Eaton KA, Dewhirst FE, Paster BJ, et al. Prevalence and varieties of Helicobacter
species in dogs from random sources and pet dogs: animal and public health implications.
J Clin Microbiol 1996;34:3165-3170.

51.  Hinton LE, McLoughlin MA, Johnson SE, et al. Spontaneous gastroduodenal
perforation in 16 dogs and seven cats (1982-1999). J Am Anim Hosp Assoc 2002;38:176-
187.

52.  Wallace JL. Pathogenesis of NSAID-induced gastroduodenal mucosal injury. Best
Pract Res Clin Gastroenterol 2001;15:691-703.

53.  Knapp DW, Richardson RC, Bottoms GD, et al. Phase I trial of piroxicam in 62 dogs
bearing naturally occurring tumors. Cancer Chemother Pharmacol 1992;29:214-218.

54.  Grauer GF, Greco DS, Getzy DM, et al. Effects of enalapril versus placebo as a
treatment for canine idiopathic glomerulonephritis. J Vet Intern Med 2000;14:526-533.



57

55.  Arrioja A. Etodolac? In: Compendium of Veterinary Products, Sixth edition ed. Port
Huron, MI: North American Compendiums, Ltd.; 2001:1430.

56.  Jones RD, Baynes RE, Nimitz CT. Nonsteroidal anti-inflammatory drug toxicosis in
dogs and cats: 240 cases (1989-1990). J Am Vet Med Assoc 1992;201:475-477.

57.  Frey HH, Rieh B. Pharmacokinetics of naproxen in the dog. Am J Vet Res
1981;42:1615-1617.

58.  Merton Boothe D. Prostaglandins: Physiology and Clinical Implications. Compend
Contin Educ Pract Vet 1984;6:1010-1021.

59.  Straus WL, Ofman JJ. Gastrointestinal toxicity associated with nonsteroidal anti-
inflammatory drugs. Epidemiologic and economic issues. Gastroenterol Clin North Am
2001;30:895-920.

60.  Singh G, Triadafilopoulos G. Epidemiology of NSAID induced gastrointestinal
complications. J Rheumatol Suppl 1999;56:18-24.

61.  Ewing GO. Indomethacin-associated gastrointestinal hemorrhage in a dog. J Am Vet
Med Assoc 1972;161:1665-1668.

62.  Thomas N. Piroxicam-associated gastric ulceration in a dog. Compend Contin Educ
Pract Vet 1987;9:1004-1007.

63.  Vonderhaar MA, Salisbury SK. Gastroduodenal ulceration associated with flunixin
meglumine administration in three dogs. J Am Vet Med Assoc 1993;203:92-95.

64.  Wallace MS, Zawie DA, Garvey MS. Gastric ulceration in the dog secondary to the
use of nonteroidal antiinflammatory drugs. J Am Anim Hosp Assoc 1990;26:467-472.

65.  Shaw N, Burrows CF, King RR. Massive gastric hemorrhage induced by buffered
aspirin in a greyhound. J Am Anim Hosp Assoc 1997;33:215-219.

66.  Codner EC, Leib MS. Endoscopy case of the month: Chronic vomiting with acute
hematemesis in a dog. Vet Med 1992:1074-1078.

67.  Godshalk CP, Roush JK, Fingland RB, et al. Gastric perforation associated with
administration of ibuprofen in a dog. J Am Vet Med Assoc 1992;201:1734-1736.

68.  Gfeller RW, Sandors AD. Naproxen-associated duodenal ulcer complicated by
perforation and bacteria- and barium sulfate-induced peritonitis in a dog. J Am Vet Med
Assoc 1991;198:644-646.

69.  Gilmour MA, Walshaw R. Naproxen-induced toxicosis in a dog. J Am Vet Med
Assoc 1987;191:1431-1432.



58

70.  Murray M, Robinson PB, McKeating FJ, et al. Peptic ulceration in the dog: a clinico-
pathological study. Vet Rec 1972;91:441-447.

71.  Barber DL. Radiographic aspects of gastric ulcers in dogs. Vet Rad 1982;23:109-
116.

72.  Johnston SA, Leib MS, Forrester SD, et al. The effect of misoprostol on aspirin-
induced gastroduodenal lesions in dogs. J Vet Intern Med 1995;9:32-38.

73.  Ward DM, Leib MS, Johnston SA, et al. The effect of dosing interval on the efficacy
of misoprostol in the prevention of aspirin-induced gastric injury. J Vet Intern Med
2003;17:282-290.

74.  Boston SE, Moens NM, Kruth SA, et al. Endoscopic evaluation of the
gastroduodenal mucosa to determine the safety of short-term concurrent administration of
meloxicam and dexamethasone in healthy dogs. Am J Vet Res 2003;64:1369-1375.

75.  Forsyth SF, Guilford WG, Lawoko CRO. Endoscopic evaluation of the
gstroduodenal mucosa following non-steroidal anti-inflammatory drug administration in
the dog. North Am Vet Journ 1996;44:179-181.

76.  Neiger R, Gaschen F, Jaggy A. Gastric mucosal lesions in dogs with acute
intervertebral disc disease: characterization and effects of omeprazole or misoprostol. J
Vet Intern Med 2000;14:33-36.

77.  Cosenza S. Drug-induced gastroduodenal ulceration in dogs. Mod Vet Pract
1984:923-925.

78.  Menguy R, Masters YF. Effect of cortisone on mucoprotein secretion by gastric
antrum of dogs: pathogenesis of steroid ulcer. Surgery 1963;54:19-28.

79.  Fenster LF. The ulcerogenic potential of glucocorticoids and possible prophylactic
measures. Med Clin North Am 1973;57:1289-1294.

80.  Gieger TL, Correa SS, Taboada J, et al. Phenol poisoning in three dogs. J Am Anim
Hosp Assoc 2000;36:317-321.

81.  Rohrer CR, Hill RC, Fischer A, et al. Gastric hemorrhage in dogs given high doses of
methylprednisolone sodium succinate. Am J Vet Res 1999;60:977-981.

82.  Rohrer CR, Hill RC, Fischer A, et al. Efficacy of misoprostol in prevention of gastric
hemorrhage in dogs treated with high doses of methylprednisolone sodium succinate. Am
J Vet Res 1999;60:982-985.



59

83.  Dowdle SM, Joubert KE, Lambrechts NE, et al. The prevalence of subclinical
gastroduodenal ulceration in Dachshunds with intervertebral disc prolapse. J S Afr Vet
Assoc 2003;74:77-81.

84.  Sorjonen DC, Dillon AR, Powers RD, et al. Effects of dexamethasone and surgical
hypotension on the stomach of dogs: clinical, endoscopic, and pathologic evaluations.
Am J Vet Res 1983;44:1233-1237.

85.  Dow SW, Rosychuk RA, McChesney AE, et al. Effects of flunixin and flunixin plus
prednisone on the gastrointestinal tract of dogs. Am J Vet Res 1990;51:1131-1138.

86.  Fu JY, Masferrer JL, Seibert K, et al. The induction and suppression of prostaglandin
H2 synthase (cyclooxygenase) in human monocytes. J Biol Chem 1990;265:16737-
16740.

87.  Masferrer JL, Zweifel BS, Seibert K, et al. Selective regulation of cellular
cyclooxygenase by dexamethasone and endotoxin in mice. J Clin Invest 1990;86:1375-
1379.

88.  Simmons DL, Botting RM, Hla T. Cyclooxygenase isozymes: the biology of
prostaglandin synthesis and inhibition. Pharmacol Rev 2004;56:387-437.

89.  Picot D, Loll PJ, Garavito RM. The X-ray crystal structure of the membrane protein
prostaglandin H2 synthase-1. Nature 1994;367:243-249.

90.  Jones CJ, Budsberg SC. Physiologic characteristics and clinical importance of the
cyclooxygenase isoforms in dogs and cats. J Am Vet Med Assoc 2000;217:721-729.

91.  Vane JR, Bakhle YS, Botting RM. Cyclooxygenases 1 and 2. Annu Rev Pharmacol
Toxicol 1998;38:97-120.

92.  Smith TJ. Cyclooxygenases as the principal targets for the actions of NSAIDs.
Rheum Dis Clin North Am 1998;24:501-523.

93.  Masferrer JL, Isakson PC, Seibert K. Cyclooxygenase-2 inhibitors: a new class of
anti-inflammatory agents that spare the gastrointestinal tract. Gastroenterol Clin North
Am 1996;25:363-372.

94.  Pairet M, van Ryn J. Experimental models used to investigate the differential
inhibition of cyclooxygenase-1 and cyclooxygenase-2 by non-steroidal anti-inflammatory
drugs. Inflamm Res 1998;47 Suppl 2:S93-101.

95.  Cryer B, Feldman M. Cyclooxygenase-1 and cyclooxygenase-2 selectivity of widely
used nonsteroidal anti-inflammatory drugs. Am J Med 1998;104:413-421.



60

96.  Streppa HK, Jones CJ, Budsberg SC. Cyclooxygenase selectivity of non-steroidal
anti-inflammatory drugs in canine blood. Am J Vet Res 2002;63:91-91.

97.  Jones CJ, Streppa HK, Harmon BG, et al. In vivo effects of meloxicam and aspirin
on blood, gastric mucosal, and synovial fluid prostanoid synthesis in dogs. Am J Vet Res
2002;63:1527-1531.

98.  Kay-Mugford P, Benn SJ, LaMarre J, et al. In vitro effects of nonsteroidal anti-
inflammatory drugs on cyclooxygenase activity in dogs. Am J Vet Res 2000;61:802-810.

99.  Brideau C, Van Staden C, Chan CC. In vitro effects of cyclooxygenase inhibitors in
whole blood of horses, dogs, and cats. Am J Vet Res 2001;62:1755-1760.

100.  Ricketts AP, Lundy KM, Seibel SB. Evaluation of selective inhibition of canine
cyclooxygenase 1 and 2 by carprofen and other nonsteroidal anti-inflammatory drugs.
Am J Vet Res 1998;59:1441-1446.

101.  Vane JR, Botting RM. The mechanism of action of aspirin. Thromb Res
2003;110:255-258.

102.  Butt JH, Barthel JS, Moore RA. Clinical spectrum of the upper gastrointestinal
effects of nonsteroidal anti-inflammatory drugs. Natural history, symptomatology, and
significance. Am J Med 1988;84:5-14.

103.  Ivey KJ. Mechanisms of nonsteroidal anti-inflammatory drug-induced gastric
damage. Actions of therapeutic agents. Am J Med 1988;84:41-48.

104.  Kuo YJ, Shanbour LL. Mechanism of action of aspirin on canine gastric mucosa.
Am J Physiol 1976;230:762-767.

105.  Meyer RA, McGinley D, Posalaky Z. Effects of aspirin on tight junction structure
of the canine gastric mucosa. Gastroenterology 1986;91:351-359.

106.  Yeary RA, Brant RJ. Aspirin dosages for the dog. J Am Vet Med Assoc
1975;167:63-64.

107.  Davis LE. Clinical pharmacology of salicylates. J Am Vet Med Assoc 1980;176:65-
66.

108.  Lipowitz AJ, Boulay JP, Klausner JS. Serum salicylate concentrations and
endoscopic evaluation of the gastric mucosa in dogs after oral administration of aspirin-
containing products. Am J Vet Res 1986;47:1586-1589.

109.  Boulay JP, Lipowitz AJ, Klausner JS. Effect of cimetidine on aspirin-induced
gastric hemorrhage in dogs. Am J Vet Res 1986;47:1744-1746.



61

110.  Jenkins CC, DeNovo RC, Patton CS, et al. Comparison of effects of cimetidine and
omeprazole on mechanically created gastric ulceration and on aspirin-induced gastritis in
dogs. Am J Vet Res 1991;52:658-661.

111.  Murtaugh RJ, Matz ME, Labato MA, et al. Use of synthetic prostaglandin E1
(misoprostol) for prevention of aspirin-induced gastroduodenal ulceration in arthritic
dogs. J Am Vet Med Assoc 1993;202:251-256.

112.  Nishihara K, Kikuchi H, Kanno T, et al. Comparison of the upper gastrointestinal
effects of etodolac and aspirin in healthy dogs. J Vet Med Sci 2001;63:1131-1133.

113.  Bowersox TS, Lipowitz AJ, Hardy RM, et al. The use of a synthetic prostaglandin
E1 analog as a gastric protectant against aspirin-induced hemorrhage in the dog. J Am
Anim Hosp Assoc 1996;32:401-407.

114.  Graham DY, Smith JL, Spjut HJ, et al. Gastric adaptation. Studies in humans during
continuous aspirin administration. Gastroenterology 1988;95:327-333.

115.  Hurley JW, Crandall LA, Jr. The effect of salicylates upon the stomachs of dogs.
Gastroenterology 1964;46:36-43.

116.  Taylor LA, Crawford LM. Aspirin-induced gastrointestinal lesions in dogs. J Am
Vet Med Assoc 1968;152:617-619.

117.  Reimer ME, Johnston SA, Leib MS, et al. The gastroduodenal effects of buffered
aspirin, carprofen, and etodolac in healthy dogs. J Vet Intern Med 1999;13:472-477.

118.  Hawkey CJ. COX-2 inhibitors. Lancet 1999;353:307-314.

119.  Hawkey CJ. COX-1 and COX-2 inhibitors. Best Pract Res Clin Gastroenterol
2001;15:801-820.

120.  Hawkey CJ, Jones JI. Gastrointestinal safety of COX-2 specific inhibitors.
Gastroenterol Clin North Am 2001;30:921-936.

121.  Bombardier C, Laine L, Reicin A, et al. Comparison of upper gastrointestinal
toxicity of rofecoxib and naproxen in patients with rheumatoid arthritis. VIGOR Study
Group. N Engl J Med 2000;343:1520-1528.

122.  Silverstein FE, Faich G, Goldstein JL, et al. Gastrointestinal toxicity with celecoxib
vs nonsteroidal anti-inflammatory drugs for osteoarthritis and rheumatoid arthritis: the
CLASS study: A randomized controlled trial. Celecoxib Long-term Arthritis Safety
Study. JAMA 2000;284:1247-1255.

123.  Bombardier C. An evidence-based evaluation of the gastrointestinal safety of
coxibs. Am J Cardiol 2002;89:3D-9D.



62

124.  Topol EJ. Failing the public health--rofecoxib, Merck, and the FDA. N Engl J Med
2004;351:1707-1709.

125.  Hanson PD, Romano D, Fleishman C, et al. Health Events Recorded From 575
Dogs Treated for Osteoarthritis with Firocoxib, Carprofen, or Etodolac (abstract). J Vet
Intern Med 2004;13:427.

126.  Forsyth SF, Guilford WG, Haslett SJ, et al. Endoscopy of the gastroduodenal
mucosa after carprofen, meloxicam and ketoprofen administration in dogs. J Small Anim
Pract 1998;39:421-424.

127.  Langenbach R, Morham SG, Tiano HF, et al. Prostaglandin synthase 1 gene
disruption in mice reduces arachidonic acid-induced inflammation and indomethacin-
induced gastric ulceration. Cell 1995;83:483-492.

128.  Smith CJ, Zhang Y, Koboldt CM, et al. Pharmacological analysis of
cyclooxygenase-1 in inflammation. Proc Natl Acad Sci U S A 1998;95:13313-13318.

129.  Tanaka A, Araki H, Komoike Y, et al. Inhibition of both COX-1 and COX-2 is
required for development of gastric damage in response to nonsteroidal antiinflammatory
drugs. J Physiol Paris 2001;95:21-27.

130.  Dinchuk JE, Car BD, Focht RJ, et al. Renal abnormalities and an altered
inflammatory response in mice lacking cyclooxygenase II. Nature 1995;378:406-409.

131.  Morham SG, Langenbach R, Loftin CD, et al. Prostaglandin synthase 2 gene
disruption causes severe renal pathology in the mouse. Cell 1995;83:473-482.

132.  Kramer BK, Kammerl MC, Komhoff M. Renal cyclooxygenase-2 (COX-2).
Physiological, pathophysiological, and clinical implications. Kidney Blood Press Res
2004;27:43-62.

133.  Levi S, Goodlad RA, Lee CY, et al. Inhibitory effect of non-steroidal anti-
inflammatory drugs on mucosal cell proliferation associated with gastric ulcer healing.
Lancet 1990;336:840-843.

134.  Araki H, Komoike Y, Matsumoto M, et al. Healing of duodenal ulcers is not
impaired by indomethacin or rofecoxib, the selective COX-2 inhibitor, in rats. Digestion
2002;66:145-153.

135.  Arakawa T, Higuchi K, Fukuda T, et al. Prostaglandins in the stomach: an update. J
Clin Gastroenterol 1998;27 Suppl 1:S1-11.

136.  Tomisato W, Tsutsumi S, Hoshino T, et al. Role of direct cytotoxic effects of
NSAIDs in the induction of gastric lesions. Biochem Pharmacol 2004;67:575-585.



63

137.  Deramaxx Chewable Tablets (deracoxib). In: FDA Freedom of Information
Summary February 2003. Available through the FDA.

138.  Walker MC, Kurumbail RG, Kiefer JR, et al. A three-step kinetic mechanism for
selective inhibition of cyclo-oxygenase-2 by diarylheterocyclic inhibitors. Biochem J
2001;357:709-718.

139.  Johnston SA, Conzemius MG, Cross A. A multicenter clinical study of the effects
of deracoxib, a COX-2 selective drug, on chronic pain in dogs with osteoarthritis
(abstract). Vet Surg 2002;31:475.

140.  McCann ME, Andersen DR, Zhang D, et al. In vitro effects and in vivo efficacy of
a novel cyclooxygenase-2 inhibitor in dogs with experimentally induced synovitis. Am J
Vet Res 2004;65:503-512.

141.  Gierse JK, Staten NR, Casperson GF, et al. Cloning, expression, and selective
inhibition of canine cyclooxygenase-1 and cyclooxygenase-2. Vet Ther 2002;3:270-280.

142.  Millis DL, Weigel JP, Moyers T, et al. Effect of deracoxib, a new COX-2 inhibitor,
on the prevention of lameness induced by chemical synovitis in dogs. Vet Ther
2002;3:453-464.

143.  Smith SA. Deracoxib. Compend Contin Educ Pract Vet 2003:452.

144.  Hampshire VA, Doddy FM, Post LO, et al. Adverse drug event reports at the
United States Food And Drug Administration Center for Veterinary Medicine. J Am Vet
Med Assoc 2004;225:533-536.

145.  Kore AM. Toxicology of nonsteroidal antiinflammatory drugs. Vet Clin North Am
Small Anim Pract 1990;20:419-430.

146.  Poortinga EW, Hungerford LL. A case-control study of acute ibuprofen toxicity in
dogs. Prev Vet Med 1998;35:115-124.

147.  Hickford FH, Barr SC, Erb HN. Effect of carprofen on hemostatic variables in dogs.
Am J Vet Res 2001;62:1642-1646.

148.  Lemke KA, Runyon CL, Horney BS. Effects of preoperative administration of
ketoprofen on whole blood platelet aggregation, buccal mucosal bleeding time, and
hematologic indices in dogs undergoing elective ovariohysterectomy. J Am Vet Med
Assoc 2002;220:1818-1822.

149.  Vane JR. Inhibition of prostaglandin synthesis as a mechanism of action for aspirin-
like drugs. Nat New Biol 1971;231:232-235.



64

150.  Xie W CJ, Robertson DL, et al. Expression of a mitogen-responsive gene encoding
prostaglandin synthase is regulated by mRNA splicing. Proc Natl Acad Sci USA
1991;88:2692-2696.

151.  Deramaxx. Product Information: Deramaxx (deracoxib). Greensboro, NC, Novartis
Animal Health 2002.

152.  Mealey KL, Bentjen SA, Gay JM, et al. Ivermectin sensitivity in collies is
associated with a deletion mutation of the mdr1 gene. Pharmacogenetics 2001;11:727-
733.

153.  Happonen I, Linden J, Saari S, et al. Detection and effects of helicobacters in
healthy dogs and dogs with signs of gastritis. J Am Vet Med Assoc 1998;213:1767-1774.

154.  Happonen I, Saari S, Castren L, et al. Comparison of diagnostic methods for
detecting gastric Helicobacter-like organisms in dogs and cats. J Comp Pathol
1996;115:117-127.

155.  Hollander M, Wolf D. Nonparametric Statistical MethodsJohn Wiley and Sons,
New York; 1973.

156.  Soll AH, Weinstein WM, Kurata J, et al. Nonsteroidal anti-inflammatory drugs and
peptic ulcer disease. Ann Intern Med 1991;114:307-319.

157.  Kulkarni SK, Jain NK, Singh A. Cyclooxygenase isoenzymes and newer
therapeutic potential for selective COX-2 inhibitors. Methods Find Exp Clin Pharmacol
2000;22:291-298.

158.  Laine L, Harper S, Simon T, et al. A randomized trial comparing the effect of
rofecoxib, a cyclooxygenase 2-specific inhibitor, with that of ibuprofen on the
gastroduodenal mucosa of patients with osteoarthritis. Report of the Rofecoxib
Osteoarthritis Endoscopy Study Group. Gastroenterology 1999;117:776-783.

159.  Simon LS, Weaver AL, Graham DY, et al. Anti-inflammatory and upper
gastrointestinal effects of celecoxib in rheumatoid arthritis: a randomized controlled trial.
JAMA 1999;282:1921-1928.

160.  Zoran DL. Gastroduodenoscopy in the dog and cat. Vet Clin North Am Small Anim
Pract 2001;31:631-656, vii-viii.

161.  Davies NM. Review article: non-steroidal anti-inflammatory drug-induced
gastrointestinal permeability. Aliment Pharmacol Ther 1998;12:303-320.

162.  Faucheron JL, Parc R. Non-steroidal anti-inflammatory drug-induced colitis. Int J
Colorectal Dis 1996;11:99-101.



65

163.  Price AB. Pathology of drug-associated gastrointestinal disease. Br J Clin
Pharmacol 2003;56:477-482.



66

Table 1. Gastric Lesion Scalea

a Criteria previously published by Reimer et al.117

Score Description

1 Normal

2 1 Submucosal hemorrhage

3 2-5 Submucosal hemorrhages

4 >5 Submucosal hemorrhages

5 Diffuse Submucosal hemorrhages

6 1-2 erosions

7 3-5 erosions

8 >5 erosions

9 1 ulcer

10 2 ulcers

11 ≥ 3 ulcers

12 Perforating ulcer



67

Figure 1. Submucosal hemorrhages

Small pinpoint hemorrhages (black arrow) in the cardia of a dog receiving buffered
aspirin. This area received a gastric lesion score of 4.

The endoscope can be seen entering the cardia in this retroflexed view (light arrow)
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Figure 2: Gastric erosions

Endoscopic appearance of multiple erosions (arrows) in the pyloric
antrum, defined as superficial defects in the mucosal epithelium. This area
received a gastric lesion score of seven. The other lesions were mucosal
hemorrhages.
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Figure 3. Gastric ulcer

Endoscopic appearance of an ulcer in a dog receiving aspirin. The defect in the
mucosa has an observable depth, width and a raised margin. This area received a
score 9.
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Figure 4: Total median gastric lesion scores at each 
endoscopy day
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Error bars represent the range of gastric lesion scores

On day -7 there were no significant differences between total median gastric lesion scores
in any of the groups

On days 6, 14, and 28 the aspirin group had significantly higher median gastric lesion
scores than both the deracoxib and placebo groups

On all days there was no significant difference between median gastric lesion scores of
the placebo and deracoxib groups

Median total gastric lesion scores within the aspirin, deraxocib and placebo groups on
days –7, 6, 14, and 28 respectively were:
Aspirin group: 4, 23.5, 22.5, 30.5
Deracoxib group: 4, 4.5, 5, 5.5
Placebo group: 4, 4, 4.5, 5.5
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Figure 5. Median total gastric lesion scores over time

*Buffered Aspirin: 23.6 mg/kg PO TID
**Deracoxib: 1.6 mg/kg PO q 24hours; Placebo PO BID
***Placebo: PO TID
‡Significant increase in median total gastric lesion scores within aspirin group from day -7 to day 6

Error bars represent the range of gastric lesion scores.

No significant differences between median total gastric lesion scores between days
-7, 6, 14, or 28 within the deracoxib or placebo groups.

No significant differences between median total gastric lesion scores between days
6, 14 and 28 within the aspirin group.

0

5

10

15

20

25

30

35

40

Day -7 Day 6 Day 14 Day 28

Day

L
es

io
n

 s
co

re

Aspirin*

Deracoxib**

Placebo***

‡



72

APPENDICES

Appendix 1: Addendum on additional methods

Appendix 2: Regional and total gastric lesions for all dogs

A. Day –7

B. Day 6

C. Day 14

D. Day 28

Appendix 3: Serum salicylate levels/mean aspirin dosages

Appendix 4: Plasma deracoxib levels/mean deracoxib dosages

Appendix 5: Dog-days of vomiting, diarrhea and anorexia

Appendix 6: Zinc sulfate fecal flotation results



73

Appendix 1. Addendum on additional methods

Twenty-nine dogs were originally evaluated for this study. During a two-week

acclimatization period physical examinations were performed and three dogs were

excluded. One dog was excluded because of mucopurulent nasal and ocular discharge

and was immediately isolated from the other dogs. Another dog had severe grade 1

diarrhea despite negative fecal examinations and empirical deworming. The other three

dogs were excluded after the initial pre-treatment endoscopy due to the presence of pre-

existing mild gastric lesions or excess fecal material in the stomach. One dog had a small

erosion in the cardia and received a total gastric lesion score of 5, one dog had several

small mucosal hemorrhages in the pylorus and received a total gastric lesion score of 7,

the third dog had fecal material in the stomach. The presence of fecal material (from

copraphagia) obscures portions of the gastric mucosa preventing complete examination.

Twenty-nine dogs had zinc sulfate fecal flotations performed (appendix 6). Dogs

with a positive flotation (seven dogs) were dewormed and demonstrated a negative fecal

examination prior to the initial endoscopy (day -7). Capillaria spp. ova were identified on

fecal examination of one dog. This dog was treated with fenbendazole, 50mg/kg PO daily

for 10 days.

Plasma deracoxib levels were measured in all dogs. Serum salicylate levels were

measured only in dogs receiving aspirin. Venous blood samples were collected on day

14, 4-6 hours after administration of medications. Serum samples for salicylate levels

were allowed to clot then spun down immediately and frozen at -70°C. Samples were

delivered to the laboratory (Montgomery Regional Hospital, Blacksburg, VA) for

salicylate quantitation using a colorometric technique (Dimension® clinical chemistry



74

system, Dade Behring Inc., Newark, DE). All dogs receiving aspirin had serum salicylate

levels within the therapeutic range (appendix 3). Plasma samples from all dogs were spun

down immediately after collection and frozen at -70°C. Deracoxib concentrations were

determined by Novartis Animal Health through another laboratory (CEDRA Corporation,

Austin TX). Deracoxib concentrations were measured using a high performance liquid

chromatography technique ( SCIEX API 3000 LC-MS-MS equipped with an HPLC

column). All dogs receiving deracoxib had measurable deracoxib level, all dogs receiving

aspirin or placebo had undetectable deracoxib levels (appendix 4).
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Appendix 2. Regional and total gastric lesions for all dogs

 A. Regional and total gastric lesion scores for dogs receiving buffered
aspirin, deracoxib, or placebo on day -7

Treatment-dog
number

Pyloric
Antrum

Angularis
Incisura

Cardia Body Total

Aspirin*
756 1 1 1 1 4
797 1 1 1 1 4
774 1 1 1 1 4
761 1 1 1 1 4
787 1 1 1 1 4
785 1 1 1 1 4
769 1 1 1 1 4
772 1 1 1 1 4

Deracoxib§

779 1 1 1 1 4
786 1 1 1 1 4
755 1 1 1 1 4
749 1 1 1 1 4
791 1 1 1 1 4
795 1 1 1 1 4
788 1 1 1 1 4
725 1 1 1 1 4

Placebo‡

782 1 1 1 1 4
759 1 1 1 1 4
757 1 1 1 1 4
789 1 1 1 1 4
773 1 1 1 1 4
746 1 1 1 1 4
770 1 1 1 1 4
776 1 1 1 1 4

* Buffered Aspirin: 23.6 mg/kg PO TID
§ Deracoxib: 1.6 mg/kg PO q 24hours; Placebo PO BID

 ‡ Placebo: PO TID

No statistical differences were noted among treatment groups at any of the sites viewed
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B. Regional and total gastric lesion scores for dogs receiving buffered
aspirin, deracoxib, or placebo on day 6

Treatment-dog
number

Pyloric
Antrum

Angularis
Incisura

Cardia Body Total

Aspirin*
756 8 7 7 1 23
797 6 3 8 7 24
774 3 4 6 9 22
761 8 8 8 8 32
787 7 6 8 6 27
785 4 4 3 4 15
769 4 3 1 1 9
772 6 2 8 8 24

Deracoxib§

779 1 1 1 1 4
786 1 1 6 1 9
755 1 1 1 1 4
749 1 1 2 4 8
791 1 1 1 1 4
795 1 1 2 1 5
788 1 1 1 6 9
725 1 1 1 1 4

Placebo‡

782 1 1 1 1 4
759 1 1 1 1 4
757 1 1 1 1 4
789 4 4 1 4 13
773 1 1 1 1 4
746 1 1 3 1 6
770 1 1 1 1 4
776 1 1 1 1 4

* Buffered Aspirin: 23.6 mg/kg PO TID
§ Deracoxib: 1.6 mg/kg PO q 24hours; Placebo PO BID

 ‡ Placebo: PO TID

Scores in the aspirin group are significantly higher than scores in the placebo and
deracoxib groups

An exception to this is at location body where lesion scores were not significantly
different between the aspirin and deracoxib groups
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C. Regional and total gastric lesion scores for dogs receiving buffered
aspirin, deracoxib, or placebo on day 14

Treatment-dog
number

Pyloric
Antrum

Angularis
Incisura

Cardia Body Total

Aspirin*
756 7 1 3 10 21
797 7 6 7 8 28
774 6 3 8 6 23
761 8 6 8 9 31
787 8 3 1 8 20
785 4 4 1 4 13
769 7 8 7 8 30
772 4 2 8 8 22

Deracoxib§

779 1 1 1 6 9
786 1 1 1 4 7
755 3 1 1 1 6
749 1 1 4 4 10
791 1 1 1 1 4
795 1 1 1 1 4
788 1 1 1 1 4
725 4 1 1 1 7

Placebo‡

782 1 1 1 1 4
759 1 1 1 1 4
757 1 1 1 1 4
789 1 1 1 7 10
773 1 1 1 4 7
746 1 1 2 1 5
770 1 1 1 1 4
776 4 1 1 1 7

* Buffered Aspirin: 23.6 mg/kg PO TID
§ Deracoxib: 1.6 mg/kg PO q 24hours; Placebo PO BID
‡ Placebo: PO TID

Scores in the aspirin group are significantly higher than scores in the placebo and
deracoxib groups

An exception to this is at location cardia where scores in the aspirin group were not
significantly different from lesions in the deracoxib group
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D. Regional and total gastric lesion scores for individual dogs receiving
buffered aspirin, deracoxib, or placebo on day 28

Treatment-dog
number

Pyloric
Antrum

Angularis
Incisura

Cardia Body Total

Aspirin*
756 7 1 9 1 18
797 7 7 7 8 29
774 9 4 6 8 27
761 8 8 8 8 32
787 8 9 8 10 35
785 6 6 4 7 23
769 10 10 7 8 35
772 8 8 8 8 32

Deracoxib§

779 1 1 1 1 4
786 1 1 3 4 9
755 6 1 1 1 9
749 1 1 3 4 9
791 1 1 1 4 7
795 1 1 1 1 4
788 1 1 1 1 4
725 1 1 1 1 4

Placebo‡

782 4 1 1 1 7
759 1 1 1 1 4
757 1 1 1 6 9
789 1 1 1 1 4
773 1 1 1 1 4
746 1 6 1 1 9
770 1 1 1 1 4
776 4 1 1 1 7

* Buffered Aspirin: 23.6 mg/kg PO TID
§ Deracoxib: 1.6 mg/kg PO q 24hours; Placebo PO BID
‡ Placebo: PO TID

Scores in the aspirin group are significantly higher than scores in the placebo and
deracoxib groups



79

Appendix 3: Serum salicylate levels and mean aspirin dosages

Dog
Number

Salicylate
level(mg/dl)†

mg/kg
dosage

756 16.3 24.86
761 17.4 23.04
769 22.2 22.57
772 11.5 24.46
774 13.6 22.62
785 16.2 23.30
787 18.7 22.80
797 13.3 25.10

†Levels measured 4-6 hours post administration
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Appendix 4: Serum deracoxib levels and mean deracoxib dosages

Dog
Number

Deracoxib
level(µg/ml)†

mg/kg dosage

779 0.370 1.55
786 0.473 1.89
755 0.504 1.74
749 0.229 1.30
791 0.238 1.27
795 0.542 1.72
788 0.384 1.79
725 0.406 1.59

†Levels measured 4-6 hours post administration
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Appendix 5. Dog-days of vomiting, diarrhea and anorexia

Dog
Number/Treatment

Vomiting Diarrhea Anorexia

Aspirin
756 0 0 0
797 1 3 0
774 2 2 0
761 13 0 0
787 1 2 2
785 0 1 0
769 1 2 0
772 13 6 0

Deracoxib
779 0 0 0
786 0 2 0
755 0 7 0
749 0 16 0
791 0 0 0
795 0 0 4
788 0 3 0
725 0 3 0

Placebo
782 1 0 1
759 0 0 0
757 0 0 0
789 0 0 0
773 0 1 0
746 0 0 0
770 0 0 0
776 0 0 0

Dog days of vomiting in the aspirin group were significantly greater than in the deracoxib
group but not the placebo group

There was no significant difference in dog-days of diarrhea between groups

There was no significant difference in anorexia between groups
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Appendix 6. Zinc sulfate fecal flotation results for individual dogs

Dog Number Fecal one Fecal two Fecal three
756 Negative Negative
797 Negative Negative
774 Negative Negative
761 Negative Negative
787 Ancyclostoma spp. Negative Negative
785 Negative Negative
769 Negative Negative
772 Ancyclostoma spp. Negative Negative
779 Negative Negative
786 Negative Negative
755 Negative Negative
749 Trichuris spp. Negative Negative
791 Ancyclostoma spp. Negative Negative
795 Negative Negative
788 Negative Negative
725 Negative Negative
782 Negative Negative
759 Negative Negative
757 Negative Negative

789
Capillaria spp.

Ancyclostoma spp.
Negative Negative

773 Negative Negative
746 Ancyclostoma spp. Negative Negative
770 Negative Negative
776 Negative Negative
783* Negative Negative
780* Negative Negative
768* Ancyclostoma spp. Negative Negative
762* Negative Negative

*Denotes dogs eventually excluded from the study
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