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Key Points 

 COX-1 derived prostanoids are critical for mucosal repair 
 Mucosal repair in certain regions of the gastrointestinal tract is permitted by use of a 

COX-2 selective NSAID or treatment with systemic lidocaine 
 Intestinal contents, from nutrients to the microbiome may play important roles in 

reestablishing mucosal integrity after injury 
 

There are several steps involved in restoring the continuity, integrity and function of the 
epithelium after injury. The final step is closure of the intercellular tight junctions and 
paracellular space. It is this process, rather than villus contraction or restitution, which is 
frequently the rate limiting step. This is achieved by recruiting the tight junction proteins ZO-1 
and occludin, and closing the paracellular space. Prostaglandins play a key role in this process 
through their effects on electrolyte transport. Specifically, they stimulate Cl- secretion in the 
crypt which drains the intercellular space of water and collapses the paracellular space. 
Prostaglandins also inhibit the absorption of Na+ on the villous tip, which prevents water from 
being pulled in through the intercellular space, allowing the tight junction to close. Certain drugs 
that we use in horses with colic can influence this critical step, as we will discuss. 
 
NSAIDs 
 Non-steroidal anti-inflammatory drugs (NSAIDs) are administered as analgesics and anti-
endotoxic drugs in horses with colic. NSAIDs inhibit the cyclooxygenase (COX) enzyme and 
prevent the production of prostanoids from arachidonic acid.  There are at least 2 isoforms of 
COX, COX-1 and COX-2, with a splice variant of COX-1 being termed COX-3. The most 
commonly used NSAIDs in horses, phenylbutazone and flunixin meglumine prevent 
inflammation by inhibiting COX-2, but they also have side effects due to their inhibition of 
constitutive COX-1. The effect of different NSAIDs on mucosal recovery has been assessed by 
several investigators using a model of temporary intestinal ischemia followed by 18 hours of 
reperfusion. Such studies have shown that treatment with flunixin meglumine inhibits recovery 
of the jejunal mucosal barrier after ischemic injury, as indicated by a lower transepithelial 
resistance (TER) and increased permeability to mannitol and LPS. This is likely due to inhibition 
of COX-1 by flunixin meglumine and hence a critical reduction in the prostaglandins which are 
required for closure of the paracellular space. However, flunixin meglumine did not have an 
inhibitory effect on repair in the pelvic flexure, suggesting that repair mechanisms are not 
uniform throughout the gastrointestinal tract. Treatment with a COX-2 selective drug to provide 
analgesia and anti-inflammatory effects while allowing the production of prostaglandins required 
for repair may therefore be preferable in horses recovering from ischemic intestinal injury. 
Firocoxib has been shown to be COX-2 selective in horses and the intravenous formulation  
permitted recovery of mucosal barrier function after ischemic injury as evidenced by a higher 
TER and reduced permeability to fluorescent labeled LPS. However, in an experimental in vivo 
model of endotoxemia, flunixin meglumine was significantly better than firocoxib at mitigating 
endotoxin induced changes in behavior, heart rate and temperature. These findings should be 
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considered when selecting an NSAID for use in horses with colic that are at risk of endotoxemia, 
such as the postoperative large colon volvulus case. 
 
Misoprostol 
 Misoprostol is a synthetic prostaglandin (PG)E1 analog that binds to E-prostanol (EP) 
receptors mimicking the actions of PGE2. In human medicine, misoprostol is used as an antiulcer 
agent in people at risk for NSAID induced gastric ulcers. Because it acts on fewer types of EP 
receptors than PGE2, its use is associated with fewer side effects. Addition of PGE2 or 
misoprostol to ischemic-injured porcine ileum in Ussing chambers significantly increased TER. 
This effect has also been evaluated in ischemic-injured equine jejunum. In this study, addition of 
misoprostol to Ussing chambers containing flunixin-treated ischemic mucosa resulted in a 
significant increase in TER. Therefore misoprostol could be administered to overcome the 
adverse effects of NSAIDs on injured intestine. It is already used by many clinicians for 
treatment of right dorsal colitis or NSAID induced gastric ulcers in foals at a dose of 2.5-5�g/Kg 
PO every12 hours. Its widespread use has been avoided because of side effects such as 
abdominal cramps, diarrhea and abortion in pregnant mares. However, a recent study determined 
that a 5 days course of oral misoprostol did not disrupt mid-gestation pregnancy in horses. 
Further studies on its clinical efficacy in horses with ischemic-injured gastrointestinal mucosa 
appear warranted. 
 
Lidocaine 

Lidocaine has become widely used in equine hospitals, not only as a treatment for 
postoperative ileus but for its novel anti-inflammatory properties in ischemic injured intestine.   
It has been thought that the beneficial effects of lidocaine are due to direct inhibition of 
neutrophil activation and migration. Influx of neutrophils occurs after ischemic intestinal injury 
and worsens ischemic damage by physical disruption of the epithelial barrier, and by releasing 
reactive oxygen metabolites. Studies have documented an increase in mucosal neutrophil counts 
in ischemic jejunum from horses treated with NSAIDs, even the COX-2 selective drug 
meloxicam. Mucosal neutrophil counts in horses treated with lidocaine were lower than in horses 
treated with flunixin, and this effect was sustained when the two treatments were combined. 
Therefore it appears that lidocaine ameliorates the negative effects of flunixin meglumine by 
reducing mucosal neutrophil influx after ischemia and hence reducing mucosal inflammation. 
However, this benefit is unlikely due to a direct inhibitory effect of lidocaine as no effect of 
treatment was detected on migration or adhesion of equine neutrophils in vitro. Instead it appears 
that treatment with lidocaine reduces the degree of mucosal injury, possibly through down 
regulation of COX-2 and the associated production of prostaglandin E2 metabolites, and hence 
reduces the chemotactic stimulus for neutrophil migration which subsequently improves mucosal 
repair. 
 
Early Enteral Feeding 
 Enterocytes are highly metabolically active cells and enteral nutrients play a vital role in 
maintaining the integrity of the mucosal barrier. Early enteral nutrition is defined as feeding 
within 48 hours of surgery or hospital admission. In people lumenal nutrients have been shown 
to increase blood flow to the small intestine for several hours after a meal. This increase in blood 
flow may help to preserve mucosal integrity, however it may also increase the metabolic 
demands of the enterocytes and worsen intestinal damage. Some pharmaconutrients that have 
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been evaluated in ischemia/ reperfusion injury in lab animals are arginine and glutamine. 
Arginine is a substrate for the production of nitric oxide which is frequently depleted in ischemic 
gut. Supplementation with arginine could theoretically cause local vasodilation and improve 
mucosal blood flow. Glutamine is an essential amino acid that is the preferred substrate for 
enterocytes and supplementation replenishes enterocyte ATP. In people, glutamine 
supplementation has been shown to reduce duration of hospitalization and mortality in critically 
ill patients. Although specific pharmaconutrients are rarely used in horses, early refeeding after 
colic surgery is advocated by some of our colleagues and their success with this may be related 
to maintaining mucosal integrity. 
  
Microbiome 

An essential component of gastrointestinal function is the microbiome. Gut commensal 
bacteria maintain the mucosal barrier and the intestinal immune system. Ischemia reperfusion 
injury in the colon of rats resulted in changes in gut flora after 1 hour of reperfusion and an 
increase in bacterial diversity. This dysbiosis is likely to be attenuated in horses with colic due to 
the use of antibiotics, and colon lavage via a pelvic flexure enterotomy. Dysbiosis of the gut 
microbiota is widely recognized by clinicians in the increased risk of horses with colic shedding 
Salmonella. Certain strains of Lactobacillus have been shown to improve mucosal barrier 
function in rats. This occurs due to their effect to promote occludin and ZO-1 to the tight 
junctions which results in a reduction in paracellular permeability. However in horses, increased 
numbers of Lactobacilli have been identified in the cecum of horses with the carbohydrate 
overload model of laminitis. This increase in Lactobacilli and lactate production is thought to be 
responsible for luminal acidosis and increased permeability in the cecum triggering laminitis. 
Specific species of Lactobacilli such as the ones investigated in people and rodents may however 
be beneficial. An alternative approach which is proving popular in human medicine is fecal 
transplantation based on restoring the diversity of the microbiome rather than just one specific 
species of bacteria as attempted with probiotics. Further work in this area is certainly justified.  
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