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a b s t r a c t 

Equine gastric ulcer syndrome (EGUS) is the most common disease of the stomach in horses and treat- 

ment is based on the oral administration of omeprazole for at least 28 days. Aim of this study was to 

compare the efficacy of two formulations of oral omeprazole—powder paste and gastro-enteric resistant 

granules—in the treatment of naturally occurring gastric ulcers in racehorses. Thirty-two adult racehorses, 

aged between 2 and 10 years old, with clinical signs of EGUS were included in this blinded, randomized 

clinical trial. Two gastroscopies were performed to evaluate gastric lesions in the squamous or glandular 

mucosa before and after 28 days of treatment. After the first gastroscopy, 2/32 horses were excluded be- 

cause affected by equine squamous gastric disease (ESGD) 1/4. The remaining horses were divided into 

4 groups, and were treated with 2 formulations of omeprazole (gastroenteric resistant granules, group 1, 

or powder paste, group 3) or with 2 placebo formulations (granules, group 2, or paste, group 4). Treat- 

ments were performed in the placebo horses affected by ESGD or equine glandular gastric disease after 

the T28 gastroscopy control. No differences were found between groups at T0. Differences were found 

between T0 vs. T28 for granular ( P = .002) and powder paste ( P = .01) formulations. No differences were 

detected between the two groups receiving omeprazole formulations at T28 (0.34) and between T0 vs. 

T28 for either of the groups receiving placebo treatments. For all the variables, the size of the effect was 

greater than 0.5, proving that the treatments had a considerable effect. Gastro-enteric resistant granules 

and powder paste omeprazole showed similar efficacy in the treatment of ESGD. The glandular mucosa 

responded poorly to treatment with omeprazole. 

© 2023 The Authors. Published by Elsevier Inc. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Equine gastric ulcer syndrome (EGUS) is the most common dis- 

ase of horse stomach particularly in sport horses, as well as in 

eisure horses, breeding mares and young horses [1–4] . There are 

wo main forms of the disease in adult horses, one related to 

he squamous mucosa (ESGD) and the other to the glandular mu- 

osa (equine glandular gastric disease [EGGD]) [3 , 4] . Prevalence for 

SGD is high in all categories of horses, with the highest levels in 

acehorses, where up to 100% of animals have shown endoscopic 

igns of gastric lesions. EGGD seems to be less present than ESGD, 

ut prevalence is still high in various horse populations [3 , 4] . 
nder the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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The main cause of gastric ulcers in horses is the exposure of the 

tomach lining to low pH. This is due to the physiological continu- 

us secretion of gastric acid during the day, which is not balanced 

y a continuous presence of feed in the stomach. Pathophysiology 

nd risk factors seem to be different for ESGD and EGGD, but in 

oth cases stress and poor management can reduce the amount of 

ime horses spend eating [5 , 6] . 

Exercise has also been implicated in the development of ESGD, 

specially in racehorses, where it is associated with increased 

ntra-abdominal pressure: this moves the acid content of the stom- 

ch toward areas of the squamous mucosa that are not normally 

xposed to low pH [6 , 7] . Clinical signs are usually unclear and non-

pecific (i.e., mild colic, exercise intolerance, weight loss, anorexia), 

ut many horses show no symptoms despite having endoscopic le- 

ions [3–5] . 

Treatment for both ESGD and EGGD is based on omeprazole (4 

g/kg PO once daily), with the addition of sucralfate in horses 

ith EGGD (12 mg/kg PO twice daily) [3 , 4] . Omeprazole is avail-

ble in different formulations registered for horses, for oral and 

arenteral administration, which have all proven to be safe and ef- 

ective [8–13] . Sucralfate, on the other hand, is not registered for 

orses, and its use is generally off label, using human preparations. 

Our aim was to compare the efficacy of two different omepra- 

ole formulations (powder paste and gastro-enteric resistant gran- 

les) in the treatment of ESGD and EGGD in a cohort of 32 adult 

orses. 

. Materials and Methods 

.1. Animals 

This was a randomized double-blind placebo-controlled study. 

 cohort of 32 athlete horses with clinical signs of ESGD/EGGD 

ere investigated endoscopically for the presence of gastric le- 

ions. The clinical symptoms observed were poor body condi- 

ion score, dysorexia after racing, occasional diarrhea, poor perfor- 

ance, and recurrent mild colic. The study was approved by the 

talian Ministry of Health (D.Lgs 116/1992), and owner written/oral 

onsent was obtained. 

The inclusion criteria were a diagnosis of ESGD with a score of 

t least 2/4, racehorses in race training and expected to remain in 

ork, but not racing for the next four weeks, not receiving any 

edical treatment for EGUS or other diseases (i.e., NSAIDs) for at 

east three weeks before the inclusion and otherwise considered to 

e free of any other significant disease. Horses that presented any 

igns of systemic disease during any phase of the study were ex- 

luded. Both male and female horses were enrolled and were Thor- 

ughbred and Trotters. The age ranged between 2 and 10 years, the 

ody weight 300 to 600 kg and the BCS ranged between 3/9 and 

/9 [14] . 

.2. Gastroscopy 

Gastroscopy was performed before treatment (T0) and 28 days 

T28) after the beginning of the omeprazole administration. The 

ay before the first gastroscopy and after T28 gastroscopy, a clini- 

al examination and routine blood work were performed on all the 

orses enrolled. The animals were then housed in 4 × 4 m boxes 

5 hours before gastroscopy. Food was withheld 15 h and water 6h 

efore the examination, respectively [15] . 

The examination was performed under sedation with detomi- 

ine (Domosedan, Vetquinol Italia) 40 to 80 μg/kg intravenously 

njected 15 minutes prior to the exam. Gastroscopy was performed 

sing a processor (EPM-3300, Pentax Medical Italia) with a light 

enon 300 Watt and a 250 cm long scope (VBS-2900, Pentax 

edical Italia) [16] . The gastroscope was passed into the stomach, 
2 
hich was insufflated with air through an air-flow system attached 

o the biopsy channel of the endoscope until the internal stomach 

olds appeared flattened. Feed material adherent to the nonglan- 

ular mucosa was flushed away with sterile water in order to vi- 

ualize the entire nonglandular portion of the stomach, including 

he greater curvature, the lesser curvature, and the dorsal fundus. 

he images were digitally recorded for subsequent revaluation and 

torage. 

The lesions were graded and described in accordance with 

he ECEIM Consensus Statement guidelines [3] . ESGD lesions were 

cored using the scale in the Consensus Statement, while EGGD 

as qualitatively described as present or absent. Horse were con- 

idered positive for EGGD when they presented any kind of alter- 

tions of the mucosa, from reddening to erosions to ulcerations: 

ocalization and dimension of the lesions were recorded for each 

nimal, but statistical analysis was performed considering only 

resence/absence of the disease [3] . The squamous and glandular 

ucosa were assessed separately for each horse. At T28, horses 

ere considered responsive to treatment when they showed an 

mprovement of the severity of ESGD of at least 1 point on the 

cale used [10] . The EGGD lesion response to treatment was de- 

ned as return of the mucosa to the normal appearance. 

.3. Treatment 

After the T0 gastroscopy, of the 32 horses investigated, two sub- 

ects were excluded because they were affected by ESGD 1/4. The 

0 horses affected by ESGD 2-4 were included in the study, 10 

f these horses were also affected by EGGD. Once enrolled in the 

tudy, the horses were randomly allocated to a treatment group by 

ulling out the name from a hat. One investigator was responsi- 

le for randomization, while the remaining investigators remained 

linded to the group allocation until scoring was completed and 

ecorded. The owners were blinded to the treatment vs. placebo 

dministration. The study protocol allowed for randomization to be 

roken in the event of an adverse event. 

All the horses underwent similar feed, training, and manage- 

ent, and were fed twice daily with hay and grain: the morning 

eed was given within 2 hours of completing exercise, and the af- 

ernoon feed approximately 12 to 14 hours before exercising. 

The horses were divided into four groups and treated as fol- 

ows: 

– Group 1 ( n = 7 horses): gastro-resistant granules of omeprazole 

were orally administered with a small amount of meal after 12 

hours of fasting overnight at a dose of 4 mg/kg bw every 24 

hour for 28 consecutive days. 

– Group 2 ( n = 7 horses): placebo consisting of excipients present 

in the gastro-resistant granules of omeprazole was orally ad- 

ministered with a small amount of meal after 12 hours of fast- 

ing overnight, every 24 h for 28 consecutive days. 

– Group 3 ( n = 8 horses): an omeprazole powder paste formula- 

tion was orally administered after 12 hours of fasting overnight 

directly in the mouth at a dose of 4 mg/kg bw every 24 hour 

for 28 consecutive days. 

– Group 4 ( n = 8 horses): placebo consisting of excipients present 

in the omeprazole powder paste formulation was administered 

after 12 hours of fasting overnight per os directly in the mouth 

every 24 h for 28 consecutive days. 

Sucralfate was not included in the treatment plan for horses 

ith EGGD. 

Immediately after the T28 gastroscopy, horses still suffering 

SGD and/or EGGD were treated with omeprazole and, if neces- 

ary, sucralfate, at the recommended doses. 
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Table 1 

Results on the equine squamous gastric disease (ESGD) scores and equine glan- 

dular gastric disease (EGGD) presence (“yes”) or absence (“no”) before (T0) and 

after (T28) treatment in the four groups of horses enrolled in the study. 

ESGD EGGD 

T0 T28 T0 T28 

Group 1 ( n = 7) 3 0 Yes No 

4 2 No No 

4 1 No No 

4 0 Yes No 

2 0 No No 

2 0 No No 

4 1 No No 

Group 2 ( n = 7) 4 1 No No 

3 4 Yes No 

4 0 No No 

4 2 No No 

4 3 No No 

2 4 No No 

4 0 No No 

Group 3 ( n = 8) 3 0 No No 

2 0 Yes No 

4 4 Yes Yes 

4 4 Yes No 

4 2 No Yes 

3 0 No No 

4 4 No No 

3 NE Yes NE 

Group 4 ( n = 8) 4 4 No No 

4 3 No No 

4 4 Yes No 

4 4 Yes No 

4 4 Yes No 

4 4 No No 

4 4 No Yes 

4 4 No No 

Abbreviations: EGGD, equine glandular gastric disease; ESGD, equine squamous 

gastric disease; NE, not evaluated. 
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.4. Statistical Analysis 

Data on the effect of treatment on EGGD were evaluated with 

 logistic regression, as they were expressed in binary (yes or no) 

orms [17] . Logistic regression is a statistical model that in its basic 

orm uses a logistic function to model a binary dependent variable, 

lthough many more complex extensions exist. Mathematically, a 

inary logistic model has a dependent variable with two possible 

alues, such as pass/fail which is represented by an indicator vari- 

ble, where the two values are labeled "0 ′′ and "1. ′′ 
On the other hand, the ESGD data were assessed for distribu- 

ion using a Shapiro-Wilk test. Since the data were not normally 

istributed, the results were expressed as median, minimum, and 

aximum values. For the same reason, the Mann-Whitney test was 

sed to verify differences between groups at T0andat T28 between 

reated vs. the corresponding placebo group and between the two 

meprazole treated groups. 

Significance was determined at P < .05. Statistical analysis was 

erformed using commercial software (JMP Software, SAS Institute 

nc, Cary, NC). 

. Results 

The gastroscopy was performed in all the horses enrolled at T0 

nd in 29/30 horses at T28; all the videos recorded were consid- 

red acceptable for assessing the gastric lesions. Table 1 shows the 

esults of the ESGD scoring (30/30 at T0 and 29/30 at T28) and 

he presence/absence of EGGD in all the animals included, while 

ig. 1 reports the median score, with minimum and maximum val- 

es for ESGD for each group, both at T0 and T28. The response to 

reatment of ESGD and EGGD in the treated groups was 78.6% and 
3

5.7%, respectively. ESGD was present as various degrees of sever- 

ty, from small erosions to large ulcers, with similar mean severity 

ll groups at T0. Horses with EGGD presented, at inclusion, vari- 

us degrees of reddening of the mucosa, without evidence of ero- 

ions or ulcers in any part of the glandular lining. After treatment, 

ealed horses showed normal squamous mucosa or only mild hy- 

erkeratosis, with disappearance of the hyperemia in the glandu- 

ar one, while animals responding only partially, presented small 

uperficial erosions, especially along the lesser curvature. Horses 

ot responding to treatment or administered placebo, showed no 

hanges in the appearance of either glandular or squamous lining. 

No adverse effects of either of the omeprazole formulations 

ere observed, nor were signs of systemic diseases diagnosed, thus 

one of the horses enrolled were excluded during the study period. 

No statistically significant differences were found between any 

f the groups at T0, thus highlighting that the groups were homo- 

eneous in terms of gastric lesions at the beginning of the study. 

For ESGD, significant differences ( P = .002) in lesion scores 

ere found between T0 and T28 in the granular formulation 

group 1). Also, the powder paste formulation (group 3), signifi- 

antly improved lesion score between T0 and T28 ( P = .01). The 

wo placebo formulations were not significantly different in fi- 

al lesion scores. Moreover, twenty-eight days of exposure to the 

lacebo formulations did not result in a significant difference of 

esion scores (group 2, P = .06 and group 4, P = .32). 

Clinical signs of gastric ulcers were present in all horses at the 

eginning of the study, and resolved in all horses treated with 

meprazole, while they were still present in the placebo groups. 

. Discussion 

Our aim was to compare the efficacy of two different gastro- 

esistant omeprazole formulations in the treatment of ESGD and 

GGD in a cohort of adult racehorses. In our study population, 

oth omeprazole formulations allowed for a resolution of lesions 

n 78.6% of ESGD affected horses and 35.7% of EGGD affected ani- 

als. Specifically, in the enteric coated group, 100% of ESGD lesions 

mproved or healed, while in the powder paste group, 71% of an- 

mals showed improvement or healing of ESGD, but in this group, 

 animal could not be evaluated after treatment. In the placebo 

ormulation groups, no difference in scores was found between T0 

nd T28. 

Omeprazole is currently the most effective agent for the treat- 

ent of gastric ulceration in horses [3 , 4] . Omeprazole is a sub- 

tituted benzimidazole which suppresses gastric acid secretion by 

rreversibly binding to and inhibiting the H + /K + ATPase enzyme 

t the luminal secretory surface of the gastric parietal cell [18] . 

he H + /K + ATPase or proton-pump is the final step in gastric 

cid secretion, and once omeprazole is bound it blocks acid secre- 

ion regardless of stimuli. The omeprazole powder paste contains 

meprazole as an acid-labile, crystalline powder, which is rapidly 

egraded in the acid environment as it passes through the stom- 

ch. For this reason omeprazole requires some form of protection 

ecause exposure to gastric acid followed by alkalinization in the 

mall intestine makes the drug inactive before absorption can oc- 

ur [19] . The fraction of the omeprazole that remains intact is ab- 

orbed in the small intestine, and then transported via the blood 

tream to the basal side of the parietal cells where it exerts its ef- 

ect. Despite acid degradation, the fraction of drug that reaches the 

mall intestine is still effective in healing of gastric ulcers lesions 

n horses at the recommended dose of 4 mg/kg bwt [13] . 

The enteric-coated formulations (encapsulated for humans, in 

aste or in granules for horses) are stable in the acid environment 

f the stomach, thus protecting the omeprazole from degradation. 

n the small intestine, the coating is degraded, and the active drug 

s released [13] . The formulation of omeprazole in gastro-resistant 
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Fig. 1. ESGD scores before (T0) and after treatment (T28) in the 4 groups of treatment. EGGD, equine glandular gastric disease. 
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ranules administered at 4 mg/kg bwt has been reported as being 

afe and well tolerated by horses [11 , 20 , 21] . A few studies have

nvestigated the use of lower doses of gastro-resistant formula- 

ions of omeprazole [20–23] , mainly considering pharmacokinetic 

nd pharmacodynamic variables. Lower doses were as effective as 

igher ones for the treatment of ESGD, while response of EGGD 

as not as satisfactory as ESGD, irrespective of the dose admin- 

stered [21 , 22] . Both higher and lower doses were able to achieve

ood acid suppression when evaluating gastric pH [23 , 24] , but the 

ormulations used in the papers are different, so a comparison of 

he results is not completely possible. Current recommendations, 

hough, are to administer omeprazole 4 mg/kg bwg, irrespective of 

he formulation used [3 , 4] . 

Overall, in our study both formulations of omeprazole were ef- 

ective for healing or amelioration of ESGD. The effect on EGGD 

ealing was difficult to evaluate with the current trial design. In 

act, glandular mucosa improved also in both placebo groups. In 

act, gastric healing was significant after four weeks of treatment 

ompared with admission lesions for ESGD, irrespectively of the 

reatment used. Considering both the prevalence of gastric ulcers 

n our population and the response to treatment, our results are in 

ine with previous studies [8 , 19–22 , 25 , 26] . 

For the glandular mucosa, it needs to be considered, that af- 

er treatment, most of the affected horses showed normal lin- 

ng, but some of the healthy ones appeared to have developed le- 

ions even with the treatment. The lower response in horses with 

GGD may be related to the duration of the intra-day acid sup- 

ression required for healing [10 , 22 , 25] . In vitro experiments have

emonstrated that protracted exposure of the equine nonglandular 

astric mucosa to pH ≤4.0 induces functional damage manifested 

y decreased sodium transport and histologic evidence of cellular 

welling [27–30] . In human medicine, studies on gastroesophageal 

eflux (GERD), which is similar to ESGD, found that good heal- 

ng rate can be achieved when during a day, the intragastric pH 

s over 4 for more than 66% of the time. For practical purposes, 
4 
 benchmark is set that glandular healing is promoted when in- 

ragastric pH is more than 3 for at least 66% of the time [10 , 31] .

he acid-suppression reached after a monotherapy with omepra- 

ole given once a day may be inadequate for healing to occur for 

GGD [4 , 10] . Moreover, the duration of acid suppression achieved 

ith once-daily administration of omeprazole may be as short as 

2 hours, even if gastric pH increases above 4 within 1 h of oral 

dministration [19] . Current recommendations state that sucralfate 

hould be used in combination with omeprazole in EGGD [4 , 32] : 

n this study, though, because the aim was to evaluate the effi- 

acy of two omeprazole formulations, it was decided not to in- 

lude a second drug, to avoid risk of confounding factors. Imme- 

iately after the end of the study, all EGGD affected horses were 

urther treated with a combination of omeprazole and sucralfate 

or at least 4 weeks. In the placebo groups, some horses showed 

ealing of the glandular mucosa, even without the administration 

f the active drug. This could be related to an inherent ability 

f the gastric lining to repair itself, especially when the lesions 

re superficial and covered by a mucoid cap [33] . In this popu- 

ation, the horses, despite in active training, did not compete dur- 

ng the study period, and this could reduce the risk of develop- 

ng gastric ulcers, related to the travel and the stress of the race 

tself [3 , 4 , 6 , 32] . 

Comparing the two formulations, our results revealed a similar 

fficacy of the enteric-coated granules and the powder pasta in the 

ealing of gastric ulcers. Our findings are in line with our previous 

tudy [13] which assessed the efficacy of different formulations of 

meprazole administered in a single dose of 4 mg/kg. In our previ- 

us study, there were no differences in endoscopic findings using 

he coated granule formulation vs. buffered formulation at a dose 

f 4 mg/kg PO. The administration of enteric-coated omeprazole at 

 dose of 4 mg/kg led to a statistical increase in gastric pH, thus 

ighlighting that omeprazole has a dose-dependent effect on gas- 

ric acid suppression, which can be enhanced by the enteric coat- 

ng of the active ingredient [13] . 
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. Conclusions 

In conclusion, our study suggests that both formulations of 

meprazole used are effective in the treatment of ESGD as already 

eported by others [13 , 21 , 22] . On the other hand, the efficacy of

meprazole alone, in both formulations, for the treatment of EGGD 

s poor and it may be necessary to supplement treatment with 

ther drugs. 
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