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Equine gastric mucosa 

Squamous mucosa   Glandular mucosa 



Squamous mucosa 

•  Simple stratified 
epithelium 

•  No secretion or 
absorption 

•  Susceptible to acid/
peptic injury 

•  Good healing capacity 



Glandular mucosa 
•  Many secretory cell 

types 
•  Mast cells and entero-

chromafin-like cells 
  -> histamine 

•  Gastric G cells -> gastrin 
•  Parietal cells -> HCl acid 
•  Chief cells -> pepsinogen 

-> pepsin 
•  Mucus neck cells -> mucus 

barrier + HCO3 



Acid Production – Glandular 
Mucosa 

•  Gastrin production by G cell 
stimulated by: 
•  Vagal stimulation 

•  Histamine production by ECL cell is 
stimulated by: 
•  Gastrin 
•  A Choline 

•  Acid production by Parietal cell 
stimulated by: 
•  Histamine 
•  Gastrin 
•  Vagal tone (A Ch) 

•  Acid is secreted by “proton pumps” 
located on parietal cells 

Pepsinogen production by Chief cell 
stimulated by acid, Gastrin, 
Histamine, A Ch 



Gastric ulceration in the 
racing Tb: Definition 

•  Primary squamous mucosa ulcer disease 
•  Adjacent to margo plicatus (greater & lesser 

curvature) 

NOT 
•  Secondary outflow obstruction ulcer disease 

(pyloric/duodenal stricture) 
•  Neonatal gastroduodenal ulcer disease 
•  NSAIDs induced ulcer disease 
•  Glandular mucosa ulcer disease 



No evidence of 
physical or 
functional 
obstruction of 
gastric outflow 

Definition 



Homeostasis 

Ulcerogenic factors 
•  Hydrochloric acid 
•  Pepsin 
•  Bile acids 
•  VFAs 
•  Lactic acid 

» LEADING TO ACID 
INJURY TO THE 
STOMACH MUCOSA 

Protective factors 
•  Mucosal blood flow 
•  Mucus production 
•  Bicarbonate secretion 
•  Apical surface 

membrane transport 



Homeostasis 

•  Gradient of pH in stomach 
•  In-flow and Out-flow 
•  Fibrous “raft” floating in lumen 



Squamous 

Glandular 

Duodenum 

HIGH DENSITY LIQUID 
pH 1-2 

LOW DENSITY 
MAT; pH 6-7 

MEDIUM DENSITY 
MAT; pH 4-5 

pH > 4 



Aetiology of ulcers 
•  Disruption to homeostatic balance 

•  Prolonged periods of low gastric pH 
(pH<4.0) 

•  “Splash” injury to squamous mucosa 

•  Currently little evidence for Helicobacter 
pylori involvement 



Risk factors 
•  Intensive training 

activity 
•  Controlled irregular 

feeding 
•  Feed deprivation 

(intermittent during day) 
•  Prolonged extreme 

agitation 
•  Crib biting 
•  Periods of withdrawal of 

water 

•  High grain diet 
•  Low roughage diet 
•  Large high starch diets 

empty slowly from 
stomach allowing 
increased VFA and lactic 
acid production (>2 g/kg 
starch/day) 

•  Absence of forage other 
than straw 

•  Forage feeding interval > 
6 hours 



Protective factors 

•  Alfalfa as forage 
source 

•  Grazing 

•  Turnout with other 
horses 



Risk factors 
ü  Intensive training 

activity 
ü  Controlled irregular 

feeding 
ü  Feed deprivation 

(intermittent during day) 
•  Prolonged extreme 

agitation 
•  Crib biting 
ü  Periods of withdrawal of 

water 

ü High grain diet 
ü  Low roughage diet 
ü  Large high starch diets 

empty slowly from 
stomach allowing 
increased VFA and lactic 
acid production (>2 g/kg 
starch/day) 

ü Absence of forage other 
than straw 

ü  Forage feeding interval > 
6 hours 



Clinical signs 

•  Vague and non-
specific 

•  Poor appetite 
•  Failure to finish 

grain/concentrates 
•  Reluctance to train 
•  Poor/reduced 

performance or loss 
of performance 

•  Poor body condition 
•  Weight loss 
•  Rough hair coat 
•  Low-grade colic 
•  Girthing pain 
•  Cribbing/windsucking 
•  Attitude/behaviour 

changes 



Prevalence in Thoroughbred 
•  Ireland racing Tb 60% of 40 had EGUS (Leadon 2000) 

•  Hong Kong post mortem survey noted gastric ulcers 
found in 66% of 195 racehorses (Hammond 1986)  

•  Newmarket racing Tb 71% of 72 had EGUS (McGladdery 2000) 

•  Newmarket  endoscopic survey of racehorses 78% 
incidence (McGladdery 1997) 

•  USA racing Tb 81% of 185 (Vatistas 1994 & 1999) 
 

•  New Zealand racehorses in training 88.3% of 171 (Bell 2007) 

•  USA Tb racehorses 90% of 565 had EGUS (Johnson 2001) 



Prevalence in Standardbred 
•  Standardbred 72-88% of 48 (Roy 2005) 

•  Standardbred in USA 87% of 224 (Rabuffo 
2002) 

 
•  Standardbred in Italy 93.6% of 63 showed 

EGUS (Ferrucci 2003) 



Prevalence in other horses 
•  Western performance horses 40% of 156 

(Bertone 2000) 

•  Show horses 58% of 50 US show horses had 
EGUS (McClure 1999) 

•  Dressage horses 63% of 134 were affected 
with EGUS (Mitchell 2001) 

•  Endurance horses 67% (Nieto 2004) 



Effect of exercise 

•  Increasing intensity of exercise is 
associated with an increasing prevalence 
of gastric ulcers 



Effect of exercise 

Hypothesis 

•  Increased intra-abdominal pressure 
during exercise causes gastric 
compression, pushing highly acidic 
contents of glandular portion of stomach 
into squamous portion of stomach 



PRESSURE BALLOON IN PROXIMAL STOMACH 



(N=3) 

Lorenzo-Figueras and Merritt. AJVR 2002;63:1481 

Effect of exercise 



pH ELECTRODE IN PROXIMAL STOMACH 
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Effect of exercise 



Squamous 

Glandular 

Duodenum 

HIGH DENSITY LIQUID 
pH 1-2 

LOW DENSITY 
MAT; pH 6-7 

MEDIUM DENSITY 
MAT; pH 4-5 

VFA’s 

Lactic Acid 



Squamous 

Glandular 

Duodenum 

HIGH DENSITY LIQUID 
pH 1-2 



Aetiology 

•  Suggested that the  primary cause is 
excessive exposure of the squamous mucosa 
to acidic gastric contents that are pushed up 
into the proximal stomach by the increased 
intra-abdominal pressure associated with 
gaits faster than a walk or any other 
situation where the horse may tense its 
abdominal muscles for extended lengths of 
time over a given day (“stressful” stall 
environment? cribbing?) 



“Splash” injury 
Fed       Starved 



Ulcer location 



Diagnosis 

Endoscopic 
examination of 
the squamous 
mucosa 

•  Requires 
•  Feed/water 

withdrawal 
•  Sedation 

Grade 1 

Grade 0 

Grade 2 

Grade 3 Grade 4 



Equine gastroscopy 



Equine gastroscopy 



Equine gastroscopy 



Equine gastroscopy 



Equine gastroscopy 



Endoscopic scoring 
Various scoring systems proposed 

•  Grade 0  Normal intact mucosa 
•  Grade 1  Mild reddening or 

      
 hyperkeratosis 

•  Grade 2  Small   single or small 
      multifocal lesions 

•  Grade 3  Large single or multifocal 
     lesions or extensive 
      multifocal lesions 

•  Grade 4  Extensive (often coalescing) 
     lesions with areas of deep 
     ulceration 



Diagnosis 

Sugar permeability 
tests 

•  Measure sucrose 
concentrations in 
plasma and urine 

•  Assay for sucrose is 
not readily available 



Diagnosis 

Faecal occult blood 
tests 

•  Testing for 
•  Haemoglobin 

•  Haemoglobin 
•  Albumin 



Diagnosis 

Serum alpha-1 antitrypsin assay (Taharaguchi et al. 
2007) 

•  Released by damaged gastric tissue 

•  Higher concentrations found in foals with 
gastric ulcers compared to healthy foals 

•  Validation needed in adult horses with 
EGUS 



Aims of treatment/prevention 

Keep the pH > 4.0 in squamous 
area 
1. Raise the intra-gastric pH 

2. Maintain the pH gradient 

3. Prevent “splashing” 

4. Provide local protectants 
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Histamine receptor 
antagonists 

•  Cimetidine  25 mg/kg PO q 6-8 hours 
•  Ranitidine  6.6 mg/kg PO q 8 hours 
•  Famotidine 

•  Block parietal cell histamine receptors 

•  Only ranitidine shown to be effective in 
healing ulcers in horses 



 Intra-gastric pH: Adult Horse 
(electrode probe via naso-gastric route) 

R = ranitidine; 6.6 mg/kg PO 

Murray and Schusser. Eq Vet J 1993 



Proton pump inhibitors 
Omeprazole (Gastrogard) 
Pantoprazole (Protonics IV) 

•  Potent inhibition of HCl secretion by parietal 
cells 

•  Increases pH in glandular portion of stomach 

•  4 mg/kg PO q 24 hour for ulcer treatment 
•  1-2 mg/kg PO q 24 hour for ulcer prevention 



Non-glandular 
or 

Squamous 

Glandular 

Duodenum 

HIGH DENSITY LIQUID 
pH 1-2 

LOW DENSITY 
MAT; pH 6-7 

revised from Schummer et al., 1979 

MEDIUM DENSITY 
MAT; pH 4-5 



Hours Post-Treatment 

Exercise 
here 

Omeprazole: Effect on gastric pH 

N = 6 



Omeprazole studies 

Healed = score 0 
 
Improved = score 
reduced by at least 
1 grade 
 
 
McGladdery (2003) 
Tb’s in UK & Eire 



Omeprazole studies 
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Omeprazole studies 

•  Complete healing of squamous ulcers in up 
to 80% of Thoroughbreds in training with 
a 28 day course of omeprazole 
(Gastrogard) 

Day 0     Day 14 



Proton pump inhibitors 

•  Omeprazole (GastroGard™) demonstrated 
greater efficacy than H2-antagonists in 
reducing incidence of primary squamous 
ulceration in athletically active horses 

 

•  Neito JE, Spier SJ, van Hoogmoed L, Pipers F, Timmerman B, Snyder JR. 
Comparison of omeprazole and cimetidine in healing of gastric ulcers and 
prevention of recurrence in horses. Eq Vet Educ 2001;13:334-338. 

•  Orsini JA, Haddock M, Stine L, Sullivan EK, Rabuffo TS, Smith G. Odds of 
moderate or severe gastric ulceration in racehorses receiving antiulcer 
medications. JAVMA 2003;122:336-339. 



Long term use of proton pump 
inhibitors 

•  Cost 
•  Side effects 

•  (Delayed) Acute interstitial nephritis 
•  Toxic epidermal necrolysis 
•  Hypersensitivity reactions 
•  Rhabdomyolysis and hyponatraemic delirium 
•  Hypomagnesaemia 
•  Suppressed bone mineralisation (rats) 
•  Osteoporosis  



Long term use of proton pump 
inhibitors 

•  Cost 
•  Side effects 

•  (Delayed) Acute interstitial nephritis 
•  Toxic epidermal necrolysis 
•  Hypersensitivity reactions 
•  Rhabdomyolysis and hyponatraemic delirium 
•  Hypomagnesaemia 
•  Suppressed bone mineralisation (rats) 
•  Osteoporosis (hip fractures n=13,556) 

•  AOR 1.44 with 1 year PPI tx 
•  AOR increased with each year of PPI tx (up to 1.6) 
•  AOR increased with long-term high dose PPI tx (2.65) 



Omeprazole 

•  Gastrogard vs other formulations 
•  Formulation of omeprazole is vital for efficacy 

•  Generic omeprazole formulations 
•  Variable acid tolerance 
•  Low bioavailability – 16% 

•  Gastrogard 
•  Very predictable and consistent response 
•  Curative in Tb in training 



Mucosal protectants 
•  Combination of aluminium hydroxide and 

octasulfate (sucralfate) 
•  Adheres to ulcerated mucosa 
•  Forms proteinaceous layer 
•  Stimulates prostaglandin E1 synthesis 
•  Stimulates  mucus production 
•  Inactivates pepsin + absorbs bile acids 

•  20-40 mg/kg PO q 8 hours 

•  Similar efficacy in one study to corn oil 



Feed supplements 



Neigh-Lox/Rite Trac 
•  Antacid 
•  Mixture of Aluminium and 

Magnesium hydroxide 
•  Acid neutralisation 

But 
•  Acid secretion and gastric 

emptying are continuous 
•  Require high dosing frequency 

– increases gastric pH for 2 
hours 

 



Neigh-Lox/Rite Trac 
Feed supplement antacids 

shown to  
•  Reduce or prevent clinical signs 

in youngsters 
•  cribbing 

•  Ulcers may heal, but do not 
worsen 

•  Useful close to competition/
race day 

Wilson (2002) 



Equitop Pronutrin 

•  Combination of pectin, 
glycerine and lecithin 

•  Pectin – reduces gastric acidity and 
stabilises the protective mucus layer 

•  Glycerine/lecithin - enhances the 
water repellant protective layer 

•  250-300g/day mixed in feed 



Equitop Pronutrin 
Combination of pectin, glycerine and lecithin 

Clinical studies 
•  Stb and sport horses 
•  10 day - significant 

improvement  in ulcer score 
•  30 day – significant  

improvement in ulcer score 
and some healing 

•  glandular > squamous 
 
Ferrucci (2003) Venner (1999) 



Effect of feeding corn oil on equine gastric acid output 

Corn oil 



Forage 
•  Alfalfa - may help prevention 

•  Short chop fibre - maintains raft/mat and pH gradient 

•   Feed small quantity prior to exercise 

•  Multiple types/multiple locations 
•  Stimulate foraging activity and salivation 

•  Always present – forage feeding interval  > 6 hours is a 
risk factor 



Treatment guidelines 

•  Omeprazole 4 mg/kg 
PO  every 24 hours 

or 
•  Ranitidine 6.6 mg/kg 

PO every 8 hours 

•  Sucralfate 20-40 mg/
kg PO every 8 hours 

•  Rite Trac every 2-4 
hours 

•  Equitop Pronutrin 
•  250-300g daily in feed 

 
•  Start prevention 

management 



Management guidelines 
•  Grazing 
•  Forage 

•  Available at all times 
•  Alfalfa 
•  Multiple sources/types 
•  Short chop fibre with 

each feed  (esp prior 
to exercise) 

•  Not solely straw 
•  Concentrate feeds at 

<2.5 kg q 6 hours 

•  Water available at all 
times 

•  Corn oil <500g daily 
•  Avoid feed or water 

deprivation 
•  Avoid hypertonic 

electrolyte pastes 
•  1-2 mg/kg omeprazole 

PO q 24 hr 
•  Equitop Pronutrin 



Welfare implications 

•  High prevalence of ulcers 

•  What is “normal” mucosal status for a 
horse in training? 

•  Is treatment or management  
 needed? 

•  Welfare implications for horses used in 
sport? 



Performance implications 

Association between presence of 
gastric ulcers and reduced 
performance 

•  4 Tb NH horses 
•  History poor performance 
•  Treadmill exam normal 
•  Significant gastric ulceration 
•  28 day Gastrogard 
•  Improved treadmill 

performance 
•  Improved raceform rating 
 
Franklin (2008) 

Treadmill expt study 
•  56 days treadmill exercise 
•  +/- omeprazole 
•  Ulceration associated with 

•  Reduced aerobic 
development 

•  Earlier fatigue 
•  Less increase in stride 

length 
 
Nieto (2009) 



Gastric ulcers in (race)horses 

Drugs may treat ulcers 

but 

Management prevents and controls ulcers 



Equine gastroscopy 




