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Aim of the study

This project was performed to: (1) evaluate the use of the adrenocorticotropic hormone (ACTH) stimulation test
as a tool for diagnosis of Equine Squamous Gastric Disease (ESGD) and Equine Glandular Gastric Disease
(EGGD) by determining the best time point and cut-off to maximise sensitivity and specificity of salivary cortisol
values after ACTH injection; (2) determine risk factors for ESGD and EGGD,; (3) compare the adrenal response
to external ACTH of elite and amateur sport horses of different disciplines and to investigate the effect of differ-
ent breeds, demographic, management and personality traits; (4) establish liquid chromatography tandem
mass spectrometry (LC-MS/MS) for determination of equine plasma and saliva cortisol; (5) establish total and
free cortisol as well as CBG measurements in equine plasma in order to better characterise the exaggerated
response in stress-susceptible individuals.

Material and methods

(1) Twenty-six endurance and eventing horses without clinical complaints and an independent population of 62
patients were grouped by gastroscopic findings (no/mild vs. moderate/severe EGGD, grade 0/1 vs. 2-4 ESGD,
respectively) and underwent an ACTH stimulation test. Salivary cortisol was analyzed before and 30, 60, 90,
120 and 150 minutes after intravenous injection of exogenous ACTH. Receiver-operating-characteristic (ROC)
analyses of all time points were performed.

(2) A total of 23 clinically healthy horses and 50 horses with clinical signs underwent a gastroscopy and a per-
son who was familiar with the horse completed a questionnaire about demographic, management and person-
ality traits. Independent masked reviewers placed the horses into one of three groups based on the clinical
signs and history: 1) healthy; 2) acute colic; 3) recurrent colic; 4) other disorders. A risk factor analysis was per-
formed using multivariable logistic regression modelling.



(3) A total of 149 healthy elite (n=94) and amateur (n=54) sport horses underwent an ACTH stimulation test and
a person who was familiar with the horse completed the same questionnaire as in (2). Linear models were cal-
culated to assess associations between the questionnaire data and salivary cortisol 60 and 90 minutes after
ACTH stimulation.

(4) Plasma: Eleven clinically healthy horses underwent an ACTH stimulation test. The plasma samples at 0
minutes before and 60 minutes after stimulation were analyzed for their content of several steroids using LC-
MS/MS. Saliva: Nine clinically healthy horses underwent an ACTH stimulation test and salivary cortisol was as-
sessed before and 60 minutes after stimulation by means of an immunoassay and LC-MS/MS for method com-
parison.

(5) Two different methods were investigated for determination of free cortisol before and after ACTH stimula-
tion: An indirect ligand-binding ultrafiltration method and equilibrium dialysis, coupled to LC-MS/MS. CBG was
analyzed with an immunoassay.

Results and significance

(1) Salivary cortisol 60 minutes after ACTH injection showed best agreement with moderate/severe EGGD. Ac-
cordingly, the initial release of cortisol rather than its peak or total increase appeared to be relevant regarding
EGGD. There were, however, no significant associations with ESGD. The result may improve the understand-
ing of the pathophysiology of EGGD and its relation to stress.

(2) The frequency of feeding, stereotypies and clinical signs before gastroscopy were identified as risk factors
for ESGD. The findings of this study, as well as the results of (1), support the hypothesis that ESGD and EGGD
should be considered as different entities.

(3) There was no difference between the adrenal response to ACTH of elite and amateur sport horses. The
competition discipline and personality traits had no effect either. However, the breed and several management
factors, such as 'the number of riders', 'the time spent outside' or 'group housing' affected the adrenal respon-
siveness. This suggested that optimizing husbandry conditions may be more important for improving equine
welfare than changing the horses' use.

(4) Plasma: LC-MS/MS represented a viable method to evaluate multiple steroid metabolites, including cortisol
in equine plasma samples. Eleven-deoxycorticosterone, 11-deoxycortisol, and corticosterone showed a more
pronounced response to ACTH when compared to cortisol. Accordingly, these three metabolites may serve as
new, potentially more sensitive biomarkers for stress assessment in horses than cortisol. Saliva: Comparison of
immunoassay and LC-MS/MS measurements for salivary cortisol values before stimulation showed poor agree-
ment between both methods. Sixty minutes after stimulation, immunoassay measurements led to higher out-
come values than LC-MS/MS, but the results were reasonably correlated. In agreement with the literature, LC-
MS/MS may provide more accurate outcome measures, particularly for baseline cortisol concentrations close to
the limit of detection of the ELISA.

(5) Both methods worked to demonstrate elevated free cortisol concentrations following ACTH administration.
Compared to the ligand-binding ultrafiltration method, the use of equilibrium dialysis in combination with LC-
MS/MS is new in horses and allows direct rather than indirect assessment of free cortisol. Interestingly, CBG
concentrations remained the same before and after ACTH stimulation. A decrease in CBG concentrations,
which was expected with the increasing proportion of free cortisol, may have only occurred after the sampling
period of the study. This remains to be further investigated.
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