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Background: GastroGard, an omeprazole powder paste formulation, is considered the standard treatment for gastric

ulcers in horses and is highly effective. Gastrozol, an enteric-coated omeprazole formulation for horses, has recently

become available, but efficacy data are controversial and sparse.

Objectives: To investigate the efficacy of GastroGard and Gastrozol at labeled doses (4 and 1 mg of omeprazole per

kg bwt, respectively, PO q24h) in healing of gastric ulcers.

Animals: 40 horses; 9.5 � 4.6 years; 491 � 135 kg.

Methods: Prospective, randomized, blinded study. Horses with an ulcer score ≥1 (Equine Gastric Ulcer Council) were

randomly divided into 2 groups and treated for 2 weeks each with GastroGard followed by Gastrozol (A) or vice versa

(B). After 2 and 4 weeks, scoring was repeated and compared with baseline. Plasma omeprazole concentrations were

measured on the first day of treatment after administration of GastroGard (n = 5) or Gastrozol (n = 5).

Results: Compared with baseline (squamous score (A) 1.65 � 0.11, (B) 1.98 � 0.11), ulcer scores at 2 weeks ((A)

0.89 � 0.11, (B) 1.01 � 0.11) and 4 weeks ((A) 1.10 � 0.12, (B) 0.80 � 0.12) had significantly decreased in both groups

(P < .001), independent of treatment (P = .7). Plasma omeprazole concentrations were significantly higher after Gastro-

Gard compared with Gastrozol administration (AUCGG = 2856 (1405-4576) ng/mL 9 h, AUCGZ = 604 (430-1609) ng/

mL 9 h; P = .03). The bioavailability for Gastrozol was 1.26 (95% CI 0.56–2.81) times higher than for GastroGard.

Conclusions and Clinical Importance: Both Gastrozol and GastroGard, combined with appropriate environmental

changes, promote healing of gastric ulcers in horses. However, despite enteric coating of Gastrozol, plasma omeprazole

concentrations after single labeled doses were significantly higher with GastroGard.
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Gastric ulcers are highly prevalent in performance
horses and might be associated with attitude

changes, poor appetite, weight loss, reduced perfor-
mance, diarrhea, abdominal discomfort, or recurrent
episodes of colic.1,2 Prevalences are 90–100% for
Thoroughbred racehorses in training and during active
racing,3,4 93% in high-level endurance horses during
the competition season,5 and 44% in Standardbred
racehorses.6 Pleasure horses in Denmark and Poland
have a prevalence of 40–53%.7,8

Omeprazole is highly effective for the treatment of
gastric ulcers and the prevention of gastric ulcer
recurrence.9–11 GastroGarda (GG) contains omeprazole
as an acid-labile, crystalline powder, which is rapidly
degraded in the acid environment during its passage

through the stomach. The fraction of omeprazole that
remains intact is absorbed in the small intestine.
Subsequently, it is transported via the blood stream to
the basal side of the parietal cells where it exerts its
effect. Despite the lack of acid protection, numerous
studies have demonstrated that treatment of gastric
ulcers with GG at the recommended dose of 4 mg/kg
bwt is effective in healing of gastric ulcer lesions in
horses.10,12,13

Omeprazole is used in an enteric-coated, encapsu-
lated formulation in humans, which protects the agent
during the passage through the acidic environment in
the stomach. Once it reaches the alkaline environment
of the small intestine, the acid-stable coating is
degraded and the active ingredients are released.14
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Abbreviations:

AUC area under the curve

Cl drug clearance

Cmax maximum plasma omeprazole concentration

Comep plasma omeprazole concentration

D dose

EGUS equine gastric ulcer syndrome

F relative bioavailability

FUND dorsal fundus

GG GastroGard

GZ Gastrozol

GLAND glandular mucosa

LC lesser curvature

MPGC margo plicatus at the greater curvature

MPRT margo plicatus at the right site

PYL pylorus

Tmax time to maximal plasma omeprazole concentration
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Intragastric administration of enteric-coated omepra-
zole in an acetic acid solution at a dose of 1.5 mg/kg
bwt to Thoroughbred racehorses with naturally occur-
ring gastric ulcers resulted in complete ulcer healing in
all animals after a treatment over 21 days.14,15

Gastrozolb (GZ) is an Australian paste formulation
for horses, containing enteric-coated omeprazole labeled
for treatment of gastric ulcers at a dose of 1 mg/kg bwt.
There are only few studies investigating its efficacy in
horses. GZ at the labeled dose of 1 mg/kg bwt is effica-
cious in healing and prevention of squamous gastric
ulcers in Thoroughbred racehorses in training.c,d How-
ever, treatment with GZ does not result in a statistically
equivalent increase of gastric pH compared with treat-
ment with a powder paste formulation (Omoguard,e

4 mg/kg).16 So far, the efficacy of GZ has not been com-
pared with the efficacy of the well-established powder
paste formulation GG at labeled doses.

The objectives of this study were to investigate the
efficacy of GG and GZ at labeled doses in healing of
gastric ulcers in horses. Our hypothesis was that both
GZ at the recommended dose of 1 mg/kg bwt and GG
at the recommended dose of 4 mg/kg bwt are effective
for healing of gastric ulcers in horses.

Materials and Methods

Study Design

The study was designed as a prospective, randomized, blinded,

controlled clinical trial. The study was conducted in accordance

with the institutional animal welfare regulations and had been

approved by the district veterinary office of the Canton of

Zurich.

At the time of enrollment, a physical examination, gastroscopy,

a complete blood count, and a biochemistry profile were per-

formed. The same examinations were repeated on days 14 and 28.

Animals

Forty horses that were presented with gastric ulcers at the

Equine Department of the Vetsuisse Faculty, University of Zur-

ich, Switzerland were included in the study. All horses were cli-

ent-owned animals and written owners’ consent was obtained

before inclusion of horses in the study. Inclusion criteria were

age >1 year and a gastric ulcer score of ≥1/4 on a 5-point (0–4)
scoring system (Equine Gastric Ulcer Council score17,18). Exclu-

sion criteria were administration of antiulcer medication within

28 days before the commencement of the study.

Treatment

Horses were randomly allocated to group A or group B

(n = 20 each). Randomization was performed using computer

software.f Horses in group A were treated with the omeprazole

powder paste formulation (GG, 4 mg/kg bwt, PO, q24h) for

14 days first, immediately followed by treatment with the enteric-

coated omeprazole formulation (GZ, 1 mg/kg bwt, PO, q24h) for

an additional 14 days. Conversely, horses in group B were

treated with GZ for the first 14 days and with GG for the

following 14 days.

Veterinarians not involved in the diagnostic procedures and

follow-up examinations performed the allocation to treatment

groups, prepared and supplied the medication, and discussed the

treatment regimen with the owners. Treatment was initiated on

the day after the initial examination.

After examination and allocation to treatment groups, the

horses remained occasionally at the clinic for refeeding and were

then discharged from the clinic into the care of their owners

between examinations. The duration of hospitalization was

recorded for each time point. Treatment was started on the day

after gastroscopy. The owners were instructed to administer the

medication 30–60 minutes before the morning meal directly into

the mouth and to feed hay, straw, and carrots at their discretion,

but no concentrated carbohydrate-rich feed. If the horses were

emaciated, the owners were allowed to add an appropriate

amount of corn pellets (≤0.5 kg/100 kg bwt) or vegetable oil

(0.5 dL/100 kg bwt) to the meal. It was recommended that horses

not be in active training and to perform light exercise only during

the study period. Horses were allowed to be turned out on pas-

ture. The owners were instructed to keep a diary throughout the

study period where they recorded the general condition of the

horse, information on feeding (including exact amounts of the

different feed materials measured by scales), use and athletic per-

formance, and any concurrent medication on each day. Owners

were also asked about any technical difficulties they encountered

while administering the drugs.

Endoscopic Examination and Gastric Ulcer Scoring

Before gastroscopy, food was withheld for at least 12 hours,

while water was offered ad libitum. One horse was fasted for

6 hours. This horse had been previously fasted after showing signs

of colic and was enrolled in the study after recurring colic during

refeeding of a small amount of hay. Horses were sedated with xyla-

zineg (0.5 mg/kg bwt IV) or detomidineh (10–20 lg/kg bwt IV) for

the endoscopic examination. Using a 3 m videoendoscopei (VQ-

8303, Olympus), the stomach was insufflated with air and feed

adhering to the wall of the stomach was removed using a water jet

pump attached to the biopsy port. A systematic examination of the

stomach was conducted by an operator blinded to group assign-

ment and treatment, following a standardized protocol. The exam-

ination included visualization of the margo plicatus at the greater

curvature (MPGC), the margo plicatus at the right site (MPRT),

the lesser curvature (LC), the dorsal fundus (FUND), the pylorus

(PYL), and the glandular region (GLAND). Still images and video

recordings of each region were digitally stored and all files were

coded for blinding. The recordings were then graded by 4 indepen-

dent, blinded observers using the Equine Gastric Ulcer Council

scoring system.17,18

The scores ranged from 0 to 4, corresponding to the following

findings: 0, intact epithelium; 1, intact mucosa, evidence of

hyperkeratosis or hyperemia; 2, small, single, or multifocal

lesions; 3, large, single or multifocal lesions or extensive superfi-

cial lesions; 4, extensive lesions with areas of apparent deep ulcer-

ation. An individual score was given to each segment of the

squamous (MPGC, MPRT, LC, FUND) and of the glandular

region (PYL, GLAND) of the stomach. The segmental scores

were then averaged to obtain a squamous score (mean of the 4

squamous segments), a glandular score (mean of the 2 glandular

segments), and a composite score (mean of all 6 segments). Fur-

thermore, the maximal squamous score and the maximal glandular

score were extracted for each horse at each time point, defined as

the maximal score assigned to the squamous and the glandular

region, respectively.

Measurement of Serum Omeprazole Concentrations

Five horses from each group were randomly selected to mea-

sure plasma omeprazole concentrations after oral administration
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of the respective omeprazole formulation at labeled doses on the

first day of treatment. Food was withheld for 12 hours before

omeprazole administration. Venous blood samples were collected

into lithium heparin tubes 5 minutes before and 30, 45, and

60 minutes after omeprazole administration. One hour after

treatment, the horses were fed hay and additional blood samples

were collected 2, 3, 4, 5, and 6 hours after omeprazole adminis-

tration. Samples were centrifuged at 1,228 9 g for 11 minutes,

and plasma was harvested and stored at �80°C until further

analysis. Plasma omeprazole concentrations were measured by

liquid chromatography—mass spectrometry/mass spectrometry in

a commercial laboratory.j

Statistical Analysis

Data were analyzed using commercial statistical software.k,l

The level of significance was set at P = .05 for all tests. Popula-

tion characteristics (age, weight, sex) were compared between

groups using unpaired t-tests and Fisher’s exact test. Days until

discharge from the clinic were compared between groups using

the Mann-Whitney rank sum test. Data on management and

feeding were compared between groups using Fisher’s exact test

and the Mann-Whitney rank sum test. Two-way repeated-mea-

sures (mixed model) ANOVA was used to assess the influence of

factors time (ie, baseline, 2-week follow-up, 4-week follow-up)

and group (ie, A, B) on mean squamous scores, mean glandular

scores, composite scores, maximum squamous scores, and maxi-

mum glandular scores. Also, two-way repeated-measures (two-

factor repetition) ANOVA was conducted on the pooled patient

population to assess the influence of time (ie, baseline, 2-week

follow-up, 4-week follow-up) and gastric regions (ie, squamous,

glandular) on mean and maximum scores. When the F-test indi-

cated significant differences, all pairwise comparison testing was

performed using the Holm-Sidak posthoc test. Homogeneity of

variances was assessed by graphical display of the data and valid-

ity of the normality assumption was confirmed by assessment of

normal probability plots of the residuals.

The proportion of horses in each group in which the mean

regional scores, composite scores, and maximum scores had

improved between baseline and follow-up examinations was com-

pared using Fisher’s exact test. Similarly, the proportional

improvement of squamous scores versus glandular scores between

baseline and follow-up examinations was compared.

Data for plasma omeprazole concentration (Comep) were not

normally distributed and displayed heterogeneous variance.

Therefore, data were log transformed and analyzed using a

two-way repeated-measures (mixed model) ANOVA to detect

differences between the two formulations (ie, GG versus GZ).

Furthermore, the area under the concentration-time curve

(AUC) was calculated for each treatment and maximal plasma

omeprazole concentration (Cmax) and time to maximal plasma

omeprazole concentration (Tmax) were extracted from the data.

The AUC, Cmax, and Tmax were compared between treatments

with a Mann-Whitney U-test. Finally, the relative bioavailabil-

ity (F) of GZ compared with GG was calculated, taking into

consideration the orally administered doses (DGZ, 1 mg/kg;

DGG, 4 mg/kg) and assuming that drug clearance (Cl) was

equal for both formulations. Since AUC = F 9 D/Cl,19 the

bioavailability ratio was calculated as FGZ/FGG = 4 9 AUCGZ/

AUCGG and reported as mean ratio and 95% confidence

interval (CI).

Results

Forty horses were included in the study. The 20
horses assigned to group A had a mean (SD) age of

9.6 years (� 4.6 years) and a body weight of 511 kg
(� 116 kg). The group was composed of 7 females and
13 castrated males of various breeds (13 Warmblood
horses, 1 Freiberger horse, 1 Shetland pony, 1 Icelan-
dic horse, 2 Thoroughbred horses, 1 Standardbred
horse, 1 Quarter horse). Clinical signs included single
episodes of mild colic (7), recurrent colic (10), weight
loss (5), poor performance (4), depression (3), pro-
longed episodes spent in sternal or lateral recumbency
(6), teeth grinding (3), and yawning (5). The 20 horses
assigned to group B had a mean (SD) age of 9.4 years
(� 4.8 years) and a body weight of 474 kg (� 151 kg).
The group was composed of 6 females, 12 castrated
males, and 2 males of various breeds (9 Warmblood
horses, 2 Freiberger horses, 2 Shetland ponies, 1 Ice-
landic horse, 1 Standardbred horse, 1 Arabian horse, 1
Friesian horse, 1 Haflinger horse, 1 Dartmoor pony, 1
Shire horse/Trakehner mix). Clinical signs included
single episodes of mild colic (7), recurrent colic (9),
weight loss (1), poor performance (2), depression (4),
prolonged episodes spent in sternal or lateral recum-
bency (4), teeth grinding (1), and yawning (4). Ran-
domization was considered successful as there were no
differences in age (P = .89), body weight (P = .39),
and sex (P = 1.0) between groups. The mean duration
until discharge of the horses from the hospital was not
different between the groups (Table S1).

In none of the horses and at neither of the time
points abnormalities were detected on physical examin-
ations. Because of insufficient owner compliance, the
first follow-up examination was conducted on day 15
(instead of day 14) in 2 horses and on day 16 in 1
horse. The second follow-up examination (scheduled
on day 28) was conducted on day 26 in 1 horse, on
day 30 in 1 horse, and on day 31 in 3 horses. Two
horses (5%) did not complete the study period, includ-
ing 1 horse in group A and 1 horse in group B. One of
the horses was not presented to the second follow-up
examination for an unknown reason and the other
horse underwent diagnostic laparotomy because of
recurrent colic. These horses were included in only the
statistical analysis of the first 14 days.

Questionnaires were completed for 39/40 (97.5%)
horses. One horse had been treated once with omepra-
zole 3 days before the beginning of the study. Because
the questionnaires were returned after completion of the
study, this horse was not excluded. With the exception
of 1 horse (group B), all horses were taken out of active
training and performed only light exercise during the
study period. In general, the diet was predominantly
roughage with supplemental corn pellets or (rarely) veg-
etable oil added to the diet as dictated by the horses’
level of activity and body condition and by the owners’
preference. The majority of horses had access to pasture
during the study period. No differences were identified
in the feeding regimen between horses in group A and
group B (Table 1). Fourteen of the 40 horse owners
(35%) complained about difficulties with handling of
the paste applicator and administration of either GG (7
complaints) or GZ (7 complaints).
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Mean regional, mean composite, and maximal ulcer
scores at baseline and during follow-up examinations
are summarized in Table 2. All scores were signifi-
cantly lower both at the first and second follow-up
examination, compared with baseline. Scores did not
significantly change between the first and second fol-
low-up examination and scores were not significantly
different between groups (F-test: P value for factor
“group” ranging from .3 to .7). Maximum scores
(but not mean scores) were significantly higher in the
squamous compared with the glandular mucosa at all
time points (P = .001). Both squamous and glandular

scores improved significantly between baseline and fol-
low-up examinations.

The proportions of improvement versus no change
or worsening between examinations of the mean
squamous, glandular, composite, maximum squamous,
and maximum glandular scores (Table 3) did not
significantly differ between treatment groups, with the
exception of a significantly higher proportion of
improvement in composite score between baseline and
the 4-week follow-up examination in group B
compared with group A.

There was a greater proportion of improvement ver-
sus no change or worsening of mean squamous scores
when compared with mean glandular scores (baseline
versus 2-week, P = .05; baseline versus 4-week, P =
.006). However, no significant differences were found
between gastric regions for proportions of improve-
ment in maximal scores (baseline versus 2-week, P =
.13; baseline versus 4-week, P = .1).

Omeprazole was absorbed rapidly after oral adminis-
tration, with the peak plasma concentration measured
approximately 1 hour after administration (Tmax) inde-
pendent of the formulation used (Fig 1; Table 4). The
plasma omeprazole concentrations were highly variable
and Cmax was not significantly different between
formulations. However, plasma omeprazole concentra-
tions over time and the AUC of the concentration–
time curve were significantly higher when the powder
paste formulation (GG) was administered at labeled
doses (4 mg/kg) compared with the enteric-coated
omeprazole formulation (GZ) administered at labeled
doses (1 mg/kg). The relative bioavailability of GZ
compared to GG, expressed as the mean FGZ/FGG

ratio, was 1.26 (95% CI 0.56–2.81).

Table 1. Data on management and feeding provided
by owner survey.

Variable Unit

Group A

n

Median

(Min–Max)

Group B

nc

Median

(Min–Max) P Value

Hay 20/20 19/19 1.00a

g/kg/d 12.3 (8.5–32.5) 13.6 (5.1–25.1) .88b

Straw 15/20 15/19 1.00a

g/kg/d 2.1 (0–9.4) 2.0 (0–4.5) .66b

Carrots 19/20 18/19 1.00a

g/kg/d 0.82 (0–2.5) 0.79 (0–3.1) .78b

Corn Pellets 7/20 5/19 .73a

g/kg/d 0 (0–6.2) 0 (0–1.9) .42b

Oil 2/20 0/19 .49a

mL/kg 0.5 n/a n/a

Pasture 17/20 17/19 1.00a

min/d 35 (0–464) 42 (0–1234) .47b

aFisher’s Exact Test.
bMann-Whitney Rank Sum Test.
cMissing response (n = 1, Group B).

Table 2. Ulcer scores (mean � SD) at admission and on the first and second follow-up examination. Groups
A and B are listed separately, although no statistically significant differences were identified between groups
(P = .3 to .7).

Variables

Baseline at

Admission

2-week

Follow-up

4-week

Follow-up

P Value (All Pairwise Multiple

Comparisons Between Examinations,

Holm-Sidak Posthoc Test)

Squamous Score

Group A 1.65 � 0.11 0.89 � 0.11 1.10 � 0.12 Baseline versus 2 weeks: P < .001

Baseline versus 4 weeks: P < .001

2 weeks versus 4 weeks: P = .98

Group B 1.98 � 0.11 1.01 � 0.11 0.80 � 0.12

Glandular Score

Group A 1.63 � 0.13 1.25 � 0.13 1.14 � 0.13 Baseline versus 2 weeks: P < .001

Baseline versus 4 weeks: P < .001

2 weeks versus 4 weeks: P = .96

Group B 1.46 � 0.13 0.86 � 0.13 0.98 � 0.13

Composite Score

Group A 1.66 � 0.09 1.02 � 0.09 1.13 � 0.09 Baseline versus 2 weeks: P < .001

Baseline versus 4 weeks: P < .001

2 weeks versus 4 weeks: P = .99

Group B 1.81 � 0.09 0.98 � 0.09 0.86 � 0.09

Max. Squamous Score

Group A 2.84 � 0.14 1.76 � 0.14 1.91 � 0.15 Baseline versus 2 weeks: P < .001

Baseline versus 4 weeks: P < .001

2 weeks versus 4 weeks: P = .30

Group B 2.81 � 0.14 1.85 � 0.14 1.40 � 0.15

Max. Glandular Score

Group A 2.16 � 0.17 1.61 � 0.17 1.41 � 0.17 Baseline versus 2 weeks: P < .001

Baseline versus 4 weeks: P < .001

2 weeks versus 4 weeks: P = .63

Group B 1.96 � 0.17 1.26 � 0.17 1.30 � 0.17
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Discussion

The results showed that both omeprazole as an
enteric-coated formulation (GZ) at the labeled dose of
1 mg/kg PO q24h and omeprazole as powder paste
formulation (GG) at the labeled dose of 4 mg/kg PO
q24h promoted healing of gastric ulcers in the setting

of this clinical study. However, the results also indi-
cated that, at labeled doses, plasma omeprazole
concentrations were significantly lower after adminis-
tration of GZ compared with GG on the first day of
treatment.

Administration of enteric-coated omeprazole pro-
motes healing of gastric ulcers in horses. However,
results so far have been inconsistent, the protective effi-
cacy of the enteric coating against degradation of the
active ingredient is unknown, and the doses equivalent
to those used for the powder paste formulations have
not been well established.14,15,20,21 Also, the efficacy of
the commercially available enteric-coated formulation
GZ has never been compared with that of the well-
established powder paste formulation GG.

In our study, severity of ulcerations, both in the
squamous and the glandular region of the stomach, as
assessed by maximum and mean ulcer scores,
improved significantly after 2 and 4 weeks of treat-
ment compared with admission findings, independent
of treatment course (Table 2). In the majority of
horses, ulcer scores had improved 2 and 4 weeks after
initiation of treatment, but—with 1 exception—the
proportion of improved versus unchanged/worsened
scores between examinations did not differ significantly
between treatment groups (Table 3). Considering the
family-wise error rate introduced when conducting
multiple separate tests, the significant difference in pro-
portions of improvement in the composite score
between baseline and 4-week follow-up was not con-
sidered relevant.

Assessment of the changes in ulcer severity occurring
between the first and the second follow-up examination
is difficult, because the influence of residual drug effects
from the first 2-week treatment course cannot be
judged and remains unknown. However, during the
first 2 weeks of the treatment course, all horses were
treated with only one of the 2 formulations, allowing
direct comparison of their efficacy during this time per-
iod. No significant differences were detected between
treatments. Furthermore, there was no significant
change in ulcer severity during the second 2 weeks of

Table 3. Ratio of the number of horses that showed
improvement versus the number of horses that showed
no change or worsening in their ulcer scores between
baseline (admission), first and second follow-up exami-
nation in group A and group B.

Variables Baseline–2 weeks Baseline–4 weeks 2–4 weeks

Squamous Score

Group A 18/2 15/4 9/10

Group B 17/3 19/0 11/8

P value 1.0 0.11 0.75

Glandular Score

Group A 10/8 10/7 7/9

Group B 15/4 12/7 6/12

P value 0.08 1.0 0.73

Composite Score

Group A 17/3 14/5 9/10

Group B 18/2 19/0 12/7

P value 1.0 0.046* 0.52

Max. Squamous Score

Group A 17/3 16/3 7/12

Group B 16/4 17/2 11/9

P value 1.0 1.0 0.52

Max. Glandular Score

Group A 12/8 14/5 7/12

Group B 14/6 12/7 7/12

P value 0.74 0.73 1.0

*Significant difference between groups in the proportion of

horses in which scores had improved.

Figure 1. Plasma omeprazole concentrations after single oral

administration of the omeprazole powder paste formulation

(Gastrogard, 4 mg/kg bwt, gray boxes) and the enteric-coated

omeprazole formulation (Gastrozol, 1 mg/kg bwt, white boxes),

respectively, to 5 horses each. The box-and-whisker plots repre-

sent the median, the 25th and 75th percentile (box), and the low-

est and highest measured concentrations (whiskers). The asterisks

indicate significant differences between the 2 formulations at the

respective time points.

Table 4. Pharmacokinetic variables obtained after
single oral administration of the omeprazole powder
paste formulation (GastroGard, 4 mg/kg bwt) and the
enteric-coated omeprazole formulation (Gastrozol,
1 mg/kg bwt) to 5 horses each.

Variables

Powder

Paste

Formulation

(Gastrogard)

Enteric-

Coated

Formulation

(Gastrozol)

P Value

(Mann-

Whitney

U-test)

Cmax (ng/mL) 1238 (785–2468) 375 (120–1428) .06

Tmax (min) 60 (45–60) 60 (60–120) .19

AUC (ng/mL 9 h) 2856 (1405–4576) 604.4 (430–1609) .03

Data are presented as median (range).

Cmax, maximum plasma omeprazole concentration; Tmax, time

at which Cmax was observed; AUC, area under the concentra-

tion-time curve.
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treatment in either group (ie, no further improvement
nor worsening with either of the formulations).

The effect size (ie, the actually observed differences
in mean scores between groups) was low and ranged
between 0.03 and 0.51. Considering the fact that the
scoring system only allows integer scores, changes in
scores of less than 1 might neither be clinically relevant
nor applicable to an individual horse. Overall, the data
suggest that both formulations used at labeled doses
and combined with appropriate changes in manage-
ment and feeding promote the healing of mild-to-
moderate gastric ulcers in this clinical study setting.

Previous studies confirmed that intragastric adminis-
tration of enteric-coated omeprazole formulations at a
dose of 1.5 mg/kg bwt promoted the healing of gastric
ulcers and inhibited basal and pentagastrin-stimulated
acid output by 53% and 57%, respectively.12,13 In
addition, intragastric administration of enteric-coated
omeprazole at doses of 0.7 mg/kg and 1.4 mg/kg
inhibited basal acid output by 69 and 72%, respec-
tively.20,21 Inhibition of basal acid output even
increased up to 92% if enteric-coated omeprazole was
administered intragastrically at a dose of 5 mg/kg
bwt.14 There was no statistically significant difference
in inhibition of basal and pentagastrin-stimulated
acid output between horses that received a prototype
paste formulation containing either enteric-coated
omeprazole at a dose of 1.5 mg/kg bwt or omeprazole
powder at a dose of 3 mg/kg bwt for 5 days.14,15 In
contrast to these results, a single dose of an enteric-
coated omeprazole formulation (GZ, 1 mg/kg) did not
result in a statistically equivalent increase in gastric pH
compared to treatment with an omeprazole powder
paste formulation (Omoguarde 4 mg/kg).16 However,
administration of enteric-coated omeprazole at a
higher dose (GZ, 4 mg/kg) led to a statistically
equivalent increase of gastric pH. All these findings
support that omeprazole has a dose-dependent effect
on gastric acid suppression that can be enhanced by
the enteric coating of the active ingredient.

Comparison of treatment effects on squamous versus
glandular mucosa revealed a slightly higher proportion
of horses with improved mean (but not maximum)
scores in the squamous gastric region when compared
with the glandular region, although both squamous
and glandular scores improved significantly from base-
line to follow-up examinations. In agreement with our
results, a previous study showed that the response of
glandular gastric ulcers to administration of GZ at
various doses (1 mg/kg, 2 mg/kg, and 4 mg/kg bwt)
was inferior to the response of squamous gastric
ulcers.d In addition, they could not detect a
statistically significant change in mean glandular ulcer
scores after treatment with GZ at the various doses
over 28 days, which stands in contrast to our results.d

Overall, the results of our study confirm a statistically
significant effect of both omeprazole formulations on
healing of gastric ulcers in both squamous and
glandular gastric ulcers. However, they do not allow
any definitive conclusions on preferential effects of
omeprazole on either gastric region in horses.

Plasma omeprazole concentrations after administra-
tion of the omeprazole powder paste formulation were
slightly lower, maximal concentrations occurred
slightly later, but AUC was similar in this study
compared with a previous study, in which the same
formulation was administered to healthy horses at the
same dose and in a similar setting.13 However, omep-
razole concentrations over time and the AUC after
oral administration of the omeprazole powder paste
formulation were significantly higher than after admin-
istration of the enteric-coated omeprazole formulation
(Fig 1; Table 4).

The AUC reflects the body’s exposure to a drug after
administration of a single dose. Assuming linear kinet-
ics, it is directly proportional to the amount of drug
reaching the circulation (which is a function of oral drug
dosage and bioavailability) and inversely proportional
to drug clearance.19 Therefore, the difference in AUC is
most likely related to the different doses used for the 2
formulations. This would, however, mean that
the enteric coating may not be very effective. In fact, the
results indicate that the oral bioavailability of GZ is on
average only 1.26 (95% CI 0.56–2.81) higher than that
of GG, suggesting that the protective effect of the
enteric coating is weak at best.

In 2 studies using the same horses, plasma
omeprazole concentrations were measured in 8 horses
after administration of enteric-coated omeprazole gran-
ules in gelatin capsules via nasogastric tube at a dose of
0.7 and 1.4 mg/kg bwt, respectively, once daily for
5 days. In both studies, the oral bioavailability of the
enteric-coated omeprazole was low and ranged between
6 and 14%. Plasma omeprazole concentrations were
very low both on day 1 and day 5 of the treatment
course, with an AUC lower than the AUC found for
the enteric-coated formulation in this study. With a
reported terminal half-life between 0.5 and 8 hoursm

and a dosing interval of 24 hours, the calculated accu-
mulation ratio for omeprazole ranges between 1.0 and
1.14,22 supporting the finding of the above studies that
considerable accumulation of omeprazole in plasma
after repeated oral dosing does not occur. However, in
both studies, cumulative antisecretory effects were
observed and significant suppression of acid output was
found on day 5 of the study period (ie, at the time when
maximum gastric acid suppression is expected), despite
low plasma drug concentrations.20,21 Omeprazole’s
mechanism of action through irreversible binding to the
H+/K+-ATPase enzyme system predicts that it might
accumulate at the site of action and that therefore the
plasma concentrations at steady state are not directly
related to the amount of omeprazole that is bound to
the enzyme.m Therefore, one could argue that high con-
centrations such as those found after single oral admin-
istration of GG in this study might not actually be
necessary for successful treatment of mild-to-moderate
gastric ulcers in horses, calling into question the use of
a 4 mg/kg dose in affected horses.20,21,23 Similarly, it
would explain the apparent efficacy of the enteric-
coated formulation, despite the lower dosage leading to
lower plasma concentrations.
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To minimize bias, the study was designed as a ran-
domized, blinded clinical trial.24 Randomization
resulted in treatment groups that were balanced in
regard to sex, age, severity of ulcer scores at the
time of enrollment, and potential confounding effects,
such as feeding, housing, and training during the
study. However, because of the lack of a placebo
control group, clear separation of drug effects from
the influence of concurrent feeding and management
changes in healing of gastric ulcers was not possible.
Lack of a placebo control group must be considered
the major limitation of this study. Horses included in
the study were presented with clinical signs that were
at least, in part, attributed to the presence of gastric
ulcers. Reported risk factors for the development or
recurrence of gastric ulcers in horses are intense or
long-duration training,3,4,25–30 stall confinement,31

intermittent feeding regimens,32–35 and diets high in
grain concentration.31,36 It has been previously shown
that horses suffering from gastric ulcers that are
treated with placebo failed to improve or showed
signs of disease progression.37,38 But it has been
shown as well that feeding an alfalfa hay-grain diet
led to a significant decrease of number and severity
of nonglandular squamous gastric lesions compared
with horses fed a bromegrass hay diet.39 Therefore,
it is recommended that the treatment of gastric ulcers
in horses should be commenced immediately with
effective pharmacologic agents, combined with
preventative strategies aiming at a reduction of ulcer
recurrence primarily involving environmental and
nutritional management.40,41 Because the study was
conducted within the standard animal care guidelines
of our hospital and had to be approved by the
governmental animal welfare committee, ethical
considerations and current clinical practice required
that all horses included in the study were treated
with antiulcer medication in addition to implement-
ing appropriate management changes. GG, which has
been extensively studied and is widely accepted as
the antiulcer treatment of choice in horses, was con-
sidered an appropriate active control treatment.
Because the efficacy of the enteric-coated omeprazole
formulation GZ at labeled doses was largely
unknown at the time of patient enrollment, all horses
included in the study also had to be treated with
GG for at least part of the study duration.
Therefore, the study was designed as a crossover
study without a washout period in between treatment
courses. Nota bene, it was not a classical crossover
design that allowed the effects of a treatment to wear
off during a washout period,42 because recurrence of
gastric ulcers would not have been expected in all
horses (considering the accompanying management
changes) and was not desired with regard to the
patient care guidelines and the ethical study
approval. Because carry-over effects from the initial
treatment had to be expected during the second
2-week treatment period, direct comparison of drug
effects must be largely based on the initial 2-week

treatment period (see above), while potential carry-
over effects should be considered in the interpretation
of the results of second treatment period.

Another limitation of the study was the fact that
mostly mildly to moderately affected horses with aver-
age maximum squamous scores of 2.8 and relatively
low mean regional and composite scores could be
enrolled. However, the results must still be considered
relevant because this corresponds to the average
patient population seen in our hospital.

Finally, several deviations from the study protocol
occurred after initial examination, randomization,
and enrollment of the horses into the study. One
horse was not taken out of training and a second
horse was later reported to have been treated with
one dose of omeprazole 3 days before inclusion into
the study. Two horses did not complete the study
period and were only included for the initial 14-day
treatment period (for one of them, the questionnaire
was not completed). However, applying the inten-
tion-to-treat principle to maintain prognostic balance
generated from the original random treatment alloca-
tion, these horses were not removed from analy-
ses.43,44

In conclusion, both omeprazole formulations used in
this study, administered at the recommended oral
doses of 4 mg/kg (GG) and 1 mg/kg (GZ) once daily
and combined with appropriate changes in manage-
ment and feeding, promote healing of mild-to-moder-
ate gastric ulcers in horses. However, plasma
omeprazole concentrations and AUC are significantly
higher after GG administration. Further studies are
needed, to compare the efficacy of both omeprazole
formulations at different dosages and in horses with
more severe gastric ulcerations, also taking into con-
sideration the potential effects of management and
feeding. Pharmacologic studies for comparison of the
pharmacokinetic and pharmacodynamic properties of
both formulations over a treatment course of several
days would be of additional benefit.
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Table S1. Days until discharge from the hospital
after gastroscopy.
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