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FOREWORD

Dear Delegate,

We are very happy to welcome you to the fourth Global Equine Endocrine Symposium at Gut Ising

(Germany),

hosted by Boehringer Ingelheim.

As a community within the equine world, we are dedicated to raising awareness, to better

understanding and to developing a standard of care for horses suffering from EMS, PPID and

other misunderstood endocrinopathies to all equine stakeholders.

Our program this year will Focus on a number of areas:

Epidemiology of equine endocrine diseases;

Aetiopathogenesis of pituitary pars intermedia dysfunction (PPID) and equine
metabolic syndrome (EMS);

Diagnosis of endocrine diseases;

Treatment and monitoring of PPID,

Management of obesity and EMS, and

Endocrinopathic laminitis and insulin dysregulation.

We hope that the symposium will succeed at bringing the scientific community together and further

drive research and knowledge about endocrine diseases.

Finally yet importantly, we hope that you enjoy this symposium.

Sincerely,

Boehringer Ingelheim and the Scientific Committee

~\ Boehringer
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A cross-sectional study of horses diagnosed with pituitary pars intermedia dysfunction in the United
Kingdom: Demographics, management and healthcare

2Tatum R C, "McGowan C M and 'Treland J L

1University of Liverpool, Institute of Veterinary Science, Leahurst Campus, Neston, CH64 7TE; 2 Animal Health
Trust, Centre for Preventive Medicine, Newmarket, CB8 7UU.

Presenting author: Rebecca C Tatum, rebecca.tatum@liverpool.ac.uk

This study did not include animal participants, therefore international, national, or institutional guidelines for
humane animal treatment are not applicable. This study was granted institutional ethical approval from the
University of Liverpool. Return of a completed questionnaire was taken as informed owner consent.

This research has not been presented or published previously.
Word count: 500

Aim: To describe the demographics, management and preventive healthcare practices undertaken by owners of
horses with pituitary pars intermedia dysfunction (PPID) in the UK.

Methods: A cross-sectional questionnaire was distributed both online and via post to owners of horses
diagnosed with PPID in the UK. Information was gathered on management practices such as stabling/turnout
routine, feed, exercise, preventive healthcare and general health. Body condition score (BCS) was assessed
using a scale of 0-5 (very thin - very fat) with descriptions for each rating level.

Results: In total 377 completed questionnaires met inclusion criteria. The median age of the study population
was 23 years (range 7-40) and the median duration of ownership was 12 years (range 0.25-35). Geldings
comprised 54.7 % (n=205/375) and ponies (<147cm) 52.1% (n=195/374) of the population. Where reported,
nearly all horses received turnout (99.7%; n=327/328), of these 24% (n=80/328) had year round turnout while
the reminder had reduced turnout during autumn and winter months. Horses with a history of laminitis spent
significantly fewer hours turned out throughout the year compared to horses without a history of laminitis
(p=0.003). Turnout was generally at pasture (81.6% n=271/332) in a <1 acre paddock (43.4% n=145/334) with
at least one companion (75.0% n=252/336). The majority of owners restricted their horse’s access to grass
(77.0%; n=248/322) and the most frequently used method was strip grazing (22.0% n=83/322).

Over 95% of the study population received daily forage (n=318/334), which was most frequently dry hay
(49.7%; n=158/318) fed on an ad-lib basis (34.3%; n=109/318). The majority also received ‘concentrate’ feed
(94.6%; n=306/325), the most frequently reported feeds were chaff/chop (64.4%; n=197/306), balancers and
sugar/fibre beet (both 33.7%; n=103/306). Supplements most frequently fed were; joint supplements (41.3%;
n=88/213, multi-vitamins (39%; n=83/213) and turmeric (21.2%; n=45/213). Half of horses received some form
of regular exercise (50.8%; n=169/333), which was mainly low-intensity hacking/pleasure riding (91.7%;
n=155/169). Horses in work were significantly younger than those not it work (p<0.001). Horses were most
frequently reported to be in average body condition with an owner-reported BCS of 2 (60.0%; n=201/335).

Horses reportedly had >1 dental examinations per year (91.0% n=302/332) and were most frequently wormed
based on faecal egg counts (50.1%; n=170/339). Within the last 12 months, horses had received a median of 2
(IQR 1-3) routine veterinary visits and a median of 1 (IQR 0-2) non-routine visit. Non-routine veterinary visits
(48.5%; n=183/377) were most frequently reported for non-specific disorders (such as viruses/weight loss)
(31.1%; n=57/183), lameness and laminitis (both 26.8%; n=49/183). Over half (56.8%; n=214/377) of horses
were reported to have >1 concurrent health condition, the most frequently reported were osteoarthritis (38.3%;
n=82/214), equine metabolic syndrome (24.8%; n=53/214) and respiratory disorders (7.0%; n=15/214).

Conclusion: This study provides valuable information on the demographics, management and healthcare of
horses with PPID. These results will inform and improve management strategies where there are opportunities
for owner education or a need for increased veterinary involvement.

Acknowledgements: We gratefully acknowledged all participating horse owners. This project was generously
part funded by Boehringer Ingelheim Ltd.



Steroid hormone profiles of horses with PPID

H.C. Schott II,! M. Aleman,?> M. Chigerwe?, ].E. Madigan?, N. Dybdal?
"Michigan State University, East Lansing, MI; *University of California, Davis, CA; and *Genentech Inc., South San

Francisco, CA

PROCEEDINGS

Aims: To compare steroid hormone concentrations in peripheral blood of horses with pituitary pars intermedia
dysfunction (PPID) to those of normal horses.

Methods: Jugular venous blood concentrations of 31 steroid hormones were measured by liquid chromatography-
mass spectroscopy in jugular venous blood collected from 10 horses with PPID (pars intermedia [PI] necropsy
scores of 4-5/5) and 9 normal horses (PI necropsy scores of 1-2/5). Steroid hormone concentrations were described
as mean =+ standard deviation when normally distributed or as medians (95% CI) when not normal and analyzed with
non-paired t-tests and Mann-Whitney U tests, respectively.

Results: As detailed in the Table below, six of 31 steroid hormones were different between PPID and control
horses. Plasma cortisol and pregnenolone concentrations were lower while plasma 20-hydroxyprogesterone,
cortexone, androstanediol, and androstenediol concentrations were higher in PPID as compared to normal horses.

Neurosteroid Normally PPID (n=10) Control (n=9) P-value
distributed? mean £ SD mean £ SD
(yes or no) or median (95%CI) or median (95%CI)
cortisol yes 131 £58 196 £ 57 0.025
pregnenolone no 180 (50, 487) 547 (472, 718) <0.01
20-hydroxyprogesterone no 3.3(1.6,10.9) 1.1 (0.48, 1.6) <0.01
cortexone yes 0.17+0.072 0.10+0.06 0.04
androstanediol no 7.9 (4.3,16.4) 4.5(3.6,5.2) 0.013
androstenediol no 12.5 (9.3, 28) 3.2(2.1,4.5) <0.01

Conclusions: A lower cortisol concentration in PPID horses, despite increased activity of the hypothalamic-
pituitary-adrenal axis, could support more rapid metabolism and excretion of cortisol metabolites and/or altered
tissue regulation of cortisol by 11-B-hydroxysteroid dehydrogenase 1 or 2. Curiously, we had suspected that

pregnenolone, a potent neurosteroid, might be increased in PPID-affected horses and could contribute to their docile
attitude; however, our data did not support this hypothesis. Of interest, circulating pregnenolone concentrations are
also lower in humans with Parkinson’s Disease and there is some evidence that pregnenolone might have
neuroprotective effects. Reasons for differences in the remaining steroid hormone concentrations remains unknown.
Finally, PPID is likely a complex disorder with multiple neurohumoral imbalances and these preliminary data might
provoke interest in expanding mechanisms that might contribute to the clinical syndrome of PPID.

Acknowledgements: The authors thank the horse owners that donated their horses for this study.
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A Systematic Review and Meta-analysis on the diagnostic accuracy of baseline ACTH for the diagnosis
of PPID in adult horses and ponies.

James C Meyer DVM DACVIM, University of Oxford meyer.james@usa.net

Aims: The primary objective of this study was to determine the ability of endogenous ACTH
(adrenocorticotropic hormone) to differentiate horses with PPID (Pituitary pars intermedia dysfunction)
from those without PPID. A secondary objective was to determine the optimal role of endogenous ACTH
in the diagnostic approach to PPID.

Methods: A search of four databases (Medline, Scopus, CABI abstracts and Web of Science) for eligible
studies was completed. Citations from included studies were searched for eligible studies as well.
Inclusion criteria were English language articles which allowed the extraction of numbers of true and
false positive and negative results. The included studies measured endogenous ACTH by either radio or
chemiluminescence immunoassay. PPID was ascertained using different methods across studies. These
included histopathology (4 studies), clinical signs (3 studies) and dynamic endocrine testing (3 studies).
Studies were evaluated for methodologic quality using the QUADAS-2 checklist of signaling questions
relevant to diagnostic accuracy studies. Pooled sensitivity and specificity were calculated with a bivariate
generalized linear mixed model using the exact binomial distribution which accounts for the correlation
between sensitivity and specificity as well as the variability of these measures across studies. An SROC
(summary receiver operating characteristic) plot of sensitivity vs specificity was produced. Subgroup
analysis according to method of PPID ascertainment was performed.

Results: A total of ten studies were eligible for meta-analysis. Study quality was quite variable with
more than half the studies at high risk of bias due to the method patient selection for the study. The main
risks were due to case control design or selection of patients based upon clinical characteristics. The
overall pooled estimates of sensitivity, specificity, positive likelihood ratio (PLR), and negative likelihood
ratio (NLR) of baseline ACTH against all reference standards (10 studies) were 68% (95% confidence
interval [CI], 57 to 77%), 86% (95% CI, 74 to 93%), 4.9 (95% CI, 2.5 t0 9.6), and 0.37 (95% CI, 0.27 to
0.51), respectively. The pooled sensitivity, specificity, PLR, and NLR of baseline ACTH against
histopathology (4 studies) were 56% (95% Cl, 45 to 67%), 89% (95% CI, 73 to 96%), 5.2 (95% CI, 1.9 to
13.7), and 0.49 (95% CI, 0.38 to 0.64), respectively. The SROC plot and prediction interval demonstrate
noticeable heterogeneity of included studies.

Conclusions: The high risk of bias in a number of studies as well as the apparent heterogeneity of studies
should lead to a cautious approach in applying the results of this meta-analysis to other equine
populations. However, the overall results and those in the reference standard subgroup of histopathology
suggest that the specificity of baseline ACTH for the diagnosis of PPID is good while the sensitivity is
marginal (lower CI 57%). This would corroborate the current recommendation that baseline ACTH be
used as a triage test for PPID with further diagnostics being recommended in patients that test negative.
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Temporally-specific diagnostic thresholds for plasma ACTH in the horse.

Andy Durham!, Brenton Clarke?, Julie Potier' and Robert Hammerstrand?

'The Liphook Equine Hospital, Liphook, Hampshire, GU30 7JG, UK; 2College of Science, Health, Engineering
and Education, Murdoch University, WA 6150, Australia.

Work conducted at both institutions

The work follows international, national, and/or institutional guidelines for humane animal treatment and
complies with relevant legislation in the country in which the study was conducted.

The abstract has not been presented previously
Aims

To derive temporally specific diagnostic thresholds for equine plasma ACTH concentration applicable throughout
the entire year and applicable to different clinical scenarios.

Methods

Laboratory submissions requesting ACTH analysis between 2012 and 2018 were screened to remove cases where
no history was given, where previous ACTH analysis had been performed or where cases were currently being
medicated for PPID. Natural logarithms of plasma ACTH concentrations from included cases were examined
using robust L, estimation of mixtures of two normal distributions to generate means and standard deviations of
2 separate populations (non-PPID and PPID). These were examined further in weekly categories and thresholds
were calculated dividing the two populations of subjects using two graphs-receiver operating characteristic (TG-
ROC) analysis yielding thresholds with high (95%) sensitivity, high (95%) specificity and balanced sensitivity
and specificity.

Results

A total of 75,892 cases were included with a mean (£sd) age of 18.6 (£6.0) years, comprising 50.5% pony and
miniature horse breeds, 47.4% horse breeds and 2.0% donkeys. Gender distribution comprised 49.7% geldings,
43% female and 7.3% stallions. The 3 diagnostic thresholds are illustrated in figure 1.
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Figure 1. Weekly exponentiated ACTH diagnostic threshold values (Black triangles: low threshold at sensitivity
of 0.95; Dashes: threshold where sensitivity and specificity are equal; Open circles: high threshold at specificity
0f 0.95).

Conclusions

Diagnostic thresholds for equine plasma ACTH vary through the year. It is especially important to consider the
temporally specific reference limit between June and December. Different thresholds can be used depending on
the circumstances of the case and whether a false positive or false negative diagnosis is deemed least desirable.

Acknowledgements

Referring veterinary surgeons who sent samples to the Liphook Equine Hospital Laboratory and the Laboratory
staff for performing the analyses.
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Seasonal variation in adrenocorticotropic hormone (ACTH) concentrations and dexamethasone
suppression tests in ponies and Andalusian horses compared with Standardbreds

NJ Bamford,* PA Harris,” SR Bailey*

aMelbourne Veterinary School, The University of Melbourne, Parkville, Victoria, Australia.
Equine Studies Group, WALTHAM Centre for Pet Nutrition, Melton Mowbray, Leicestershire, UK.

Presenting author: Simon Bailey; bais@unimelb.edu.au

Aims: This study aimed to determine the seasonal changes in adrenocorticotropic hormone (ACTH) and
responses to dexamethasone suppression tests in Andalusian horses (EMS-prone breed) compared with ponies
and Standardbred horses (control group).

Methods: The study involved healthy adult animals (5-15 years old) showing no signs of PPID. Six ponies
(mixed breed), six Andalusian horses and six Standardbred horses were sampled on 10 occasions over an 18
month period for ACTH analysis (EDTA blood samples placed on ice, centrifuged within 1 hour and plasma
stored at -80°C; measured by chemiluminescent immunoassay [Immulite 1000]). A standard 19hr overnight
low-dose dexamethasone suppression test (0.04 mg/kg dexamethasone IM) was performed in spring, summer
autumn and winter. Suppression of plasma cortisol to below 25 nmol/L was considered a normal result.

Results: Seasonal changes in ACTH were observed in all 3 groups, with the greatest changes observed in ponies
and Andalusian horses (autumnal median of 73.1 pg/mL for ponies [range 45.5-146] and 63.5 pg/mL in
Andalusians [range 38.7-84.8], compared to 35.8 pg/mL [29.4-67.6] in Standardbreds; P<0.05, ponies vs
Standardbreds). One normal pony had an ACTH of 146 pg/mL in March (autumn) and returned to 17.9 pg/mL
in May. Breed differences appeared to be most marked in the autumn sampling period. The results of the
dexamethasone tests suggested that dexamethasone failed to suppress cortisol to below 25 nmol/L in 3 out of 6
ponies and 5 out of 6 Andalusian horses during March (autumn), while all 6 Standardbreds suppressed normally.
All animals responded normally in the spring, summer and winter.

Conclusions: There may be breed differences in ACTH levels in normal animals and in the response to
dexamethasone suppression tests and these differences are more marked during the autumn. Care should be
taken when evaluating the results of ACTH tests in ponies and EMS-prone horse breeds in the autumn months,
and the dexamethasone suppression test may not be robust for diagnosing PPID particularly in these groups of
equids during the autumn.

Acknowledgements: Funded by the Australian Research Council and the WALTHAM Centre for Pet Nutrition.
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The Effect of Trailering and Dentistry on Resting Adrenocorticotropic Hormone
Concentration in Horses

!J.C. Haffner, 'R.M. Hoffman and S.T. Grubbs
'Middle Tennessee State University, Murfreesboro, TN,
2 Boehringer Ingelheim Animal Health USA, Inc., Duluth, GA

Aims:

Pituitary pars intermedia dysfunction (PPID) may affect >20% of horses aged >15 years. The measurement of
adrenocorticotropic hormone (ACTH) is the most commonly used diagnostic test used for the diagnosis of horses
with PPID. The diagnosis of PPID is supported by a plasma ACTH concentration greater than the seasonally
adjusted reference range. However, several studies have concluded that pain, stress and concurrent illness were only
likely to affect diagnostic usefulness of resting ACTH when severe. The objective of this study was to identify if
trailering or teeth floating (common stressful situations/procedures) increased plasma ACTH concentrations in
horses.

Methods:

Twelve horses were enrolled and randomized into 3 groups of 4 horses/group. Each horse group was randomly
assigned to the initial treatment group, dentistry (DN), trailered (TR) or stabled controls (CN). Following initial
treatment, each horse group was randomly assigned to each of the two remaining treatment groups; therefore, each
horse group underwent all 3 treatments. Plasma was collected from all horses prior to each treatment (baseline). The
DN horses were placed in stocks, sedated with 0.1 to 0.3 mg/lb xylazine IV and following mouth speculum
placement, teeth were floated with a PowerFloat®. The TR group was loaded on a six-horse slant trailer and hauled
for 40 minutes. Immediately following the dental procedure and trailer ride, post-procedure (PO) plasma samples
were collected. Plasma samples were then collected from all horses at 15, 30, 60 and 120 minutes post-procedure.
Plasma samples from the CN horses were taken when the trailered horses returned. Plasma samples were frozen (-
80C) until analysis at Cornell Animal Health Diagnostic Center. Data were analyzed using a mixed model with
repeated measures (i.e., each horse as its own control), with main effects of treatment (CN, DN, TR) and time, and
day x time as the repeated effect. Statistical significance was designated at P < 0.05, and 0.05 < P < 0.10 was
considered a trend. Data were summarized as mean + SE.

Results:

No change occurred in ACTH over time in the CN or DN horses (P = 0.14). ACTH was higher in TR compared to
CN (P =0.026) and DN (P = 0.016) horses. In TR horses, ACTH was higher than baseline (PRE) immediately after
(TO; P =0.0003) and tended to be higher (P = 0.066) at 15 min after trailering. By 30 min post-trailering, there were
no differences in mean resting ACTH compared to PRE concentrations (P = 0.55).

Conclusions:

No significant difference in resting ACTH concentrations over time was observed in horses undergoing dentistry
procedure compared to baseline. A forty-minute trailer ride resulted in significantly increased resting ACTH
concentrations in horses up to 30 min post-unloading. Based on results of this study, collecting blood from horses
within 30 minutes from trailer unloading may result in elevated resting ACTH concentrations.

Acknowledgments:
The authors would like to acknowledge Boehringer Ingelheim Animal Health and Middle Tennessee State
University Horse Science Center for supporting this work.

Presenting author:

John C. Haffner DVM
314 W. Thompson Lane
Murfreesboro, TN. USA
email: jhaffner@mtsu.edu

This study was conducted at the Middle Tennessee State University Horse Science Center in Murfreesboro,
Tennessee USA. It was approved by the MTSU Institutional Animal Care and Use Committee under protocol #19-
2008.

This material has not been presented elsewhere.
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Comparison of autumnal adrenocorticotropic hormone (ACTH) concentrations between apparently
healthy horses and ponies

NJ Bamford,* FR Bertin,” CM El-Hage,* AJ Stewart,” SR Bailey®

*Melbourne Veterinary School, The University of Melbourne, Parkville, Victoria, Australia.
School of Veterinary Science, The University of Queensland, Gatton, Queensland, Australia.

Presenting author: Nicholas Bamford; n.bamford @unimelb.edu.au

Aims: This study aimed to determine whether there are differences in adrenocorticotropic hormone (ACTH)
concentrations between apparently healthy horses and ponies during autumn.

Methods: Properties inside a 100km radius of Melbourne, Australia, were visited within 2 weeks of the autumn
equinox. Inclusion criteria comprised: >10 years of age; any sex; no apparent clinical signs associated with
pituitary pars intermedia dysfunction (PPID); no concurrent illness, laminitis or drug administration; and no
historical administration of pergolide mesylate. Ponies were defined as any known pony breed (<14.2 hands)
excluding miniature breeds. Horses included only Thoroughbreds and Standardbreds (no cross-breeds or
warmbloods). Blood samples were collected into Vacutainer tubes containing EDTA, immediately chilled,
centrifuged within 4 hours, and stored at -80°C. ACTH concentrations were measured using a validated
chemiluminescent immunoassay (Immulite 1000).

Results: Results were obtained for 143 ponies (median age 14 years; range 10 — 32; 94 mares, 31 geldings, 18
stallions) and 121 horses (median age 15 years; range 10 — 30; 58 mares, 53 geldings, 10 stallions). ACTH
concentrations were significantly different between ponies (median 87.9 pg/ml; IQR 50.0-146 pg/ml) and
horses (median 42.6 pg/ml; IQR 33.3-64.3 pg/ml) at this time of year (P<0.001).

Conclusions: A clear difference in ACTH concentrations between apparently healthy horses and ponies during
autumn was demonstrated. Further work is required to determine breed-appropriate seasonally-adjusted

reference intervals and clinical cut-off values.

Acknowledgements: Supported by Early Career Researcher funding from the Melbourne Veterinary School.
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The effect of latitude and breed on circannual ACTH concentrations in the UK.

Julie Potier, Andy Durham
The Liphook Equine Hospital, Forest Mere, Portsmouth road, Liphook, Hampshire GU30 7JG, UK

Institution where the research was performed :
The Liphook Equine Hospital Laboratory, Forest Mere, Portsmouth road, Liphook, Hampshire GU30
7]G, UK

This work follows international guidelines for humane animal treatment and complies with relevant
legislation in the country in which the study was conducted.

The abstract has not been presented previously.

Aims :

To evaluate the effect of latitude and breed on equine plasma ACTH concentrations in the UK.
Methods :

Laboratory records were examined from all blood samples submitted to the Liphook Equine Hospital
Laboratory for plasma ACTH analysis between 2014 and 2018. Data were excluded from repeat tests
and individuals on treatment, as well as the ones with no clinical history declared. To evaluate the
latitude, samples were only included in the final analysis if the post code of the submitting practice
contacted the south coast of England (including Jersey) (comprising latitudes between 49.18 N and
51.34 N) and also where the post code of the submitting practice was in Scotland (comprising latitudes
between 55.00 and 58.68 N). To assess the breed effect, data was only included in the final analysis if
the breed was stated, and indicative of purebred horses, ponies and donkeys.

A Mann-Whitney test was performed to compare the monthly median ACTH between samples from
southern England and from Scotland. The median ACTH data was also plotted by month for each breed
and the Kruskall Wallace test with Dunn’s post-test comparison was used to compare across monthly
medians for each breed.

Results :

A total 0of 10,510 samples from southern England and 6,375 from Scotland were included and compared
(Figure 1). There was a slightly but significantly higher median ACTH in Scottish samples in July
(median [IQR] England 35.4 pg/mL [23.2-65.4], Scotland 37.3 pg/mL [24.4-88.1], P=0.034), and also
a significantly higher median ACTH in English samples in September (median [IQR] England 87.6
pg/mL [46.0-211], Scotland 72.0 pg/mL [39.8-177], P=0.002).
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Figure 1. Monthly median ACTH concentrations from southern England (red) and Scotland (dark blue)
(*P=0.034, **P=0.002).

There was a total of 43,092 samples in the breed analysis : 595 american horses, 4,489 warmbloods,
1,074 drafts horses, 453 baroque-type horses, 617 donkeys, 1,636 Arabs, 7,038 cobs, 4,342
thoroughbreds, 6,025 Shetlands, 1,347 Connemara, 613 Dartmoor, 663 Highland, 1,415 New-Forest
and 10,754 Welsh. The data was plotted monthly for each breed as presented in Figure 2.

In September median ACTH values were significantly higher for the donkeys (153 pg/mL [79.8-306])
and Shetlands (146 pg/mL [76.9-345]) compared to all other breeds except for each other. Also, the
median values for Welsh ponies (110 pg/mL [52.6-244]) were higher than all other breeds except
donkeys, Arabian and Dartmoor (Figure 3). The median values for Arabians (102 pg/mL [49.3-213])
were higher than all breeds except for New Forest, Welsh pony and Dartmoor (with a non significant
difference) and Shetlands and donkeys (where the Arabian values were significantly lower).

In May, the median ACTH concentrations for donkeys (median [IQR]: 38.5 pg/mL [25-70.3]) and
arabians (32 pg/mL [21.5-55.2]) were found to be significantly higher than all other breeds except for
each other (Figure 4).

ACTH pg/mL
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Figure 2. Monthly median ACTH distribution by breeds
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Figure 3. September ACTH distributions by breed Figure 4. May ACTH distributions by breed
Conclusion :

The differences in ACTH observed, especially in September, may be important to consider when
diagnosing horses with PPID in different latitudes within the UK as the autumnal peak of plasma ACTH

is lower in Scotland than in southern England.
Also, the difference between breeds in the autumn, should be taken in consideration when using ACTH

to diagnose PPID. Higher values are characteristic of donkeys, Shetland ponies, Welsh ponies and

Arabian horses.

Acknowledgements :

Referring veterinary surgeons who sent samples to the Liphook Equine Hospital Laboratory and the
Laboratory staff for performing the analyses.
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Previous presentation: The abstract has never been presented at a conference

Abstract:

Aims: Determine the effects of multiple freeze-thaw cycles on immunoreactive ACTH concentration in horses
with and without pituitary pars intermedia dysfunction (PPID) at baseline or following a thyrotropin-releasing
hormone (TRH) stimulation test.

Methods: Twenty-eight horses ranging from 10 to 27 years of age were divided into 4 groups: Group 1, PPID
negative, without TRH stimulation; Group 2, PPID negative, with TRH stimulation; Group 3, PPID positive,
without TRH stimulation and Group 4, PPID positive, with TRH stimulation. Whole blood was collected from
each horse at baseline or 30 min after TRH stimulation and immunoreactive ACTH concentration was
determined after plasma separation using a chemiluminescent assay. Samples were then frozen at —80°C for
over 24 h, thawed at 4°C and re-analysed for 5 cycles. Percentages of change in ACTH concentrations were
analysed using a linear mixed effect model.

Results: There were significant effects of freeze-thaw cycles and PPID status on ACTH concentration but no
significant effect of TRH stimulation. Freezing and thawing samples resulted in a significant decrease in
immunoreactive ACTH concentration in control horses after 3 cycles while in PPID horses, a significant effect
was detected after the first cycle.

Conclusions: ACTH concentration is altered by freeze-thaw cycles and the effect is observed sooner in PPID
horses. Multiple pre-analysis freezing-thawing cycles should be avoided when measuring ACTH.
Acknowledgements: The study was funded by Boehringer-Ingelheim Pty Ltd. and the School of Veterinary

Science, The University of Queensland (Master of Veterinary Science research project scheme).
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ACTH stability in frozen equine plasma

Heidi Banse!, Ann Chapmanl, Nicole Hazard?, Jon Fletcher'?
'Department of Veterinary Clinical Sciences, Louisiana State University
*Veterinary Endocrinology Laboratory, Louisiana Animal Disease Diagnostic Lab

Corresponding author: Heidi Banse, hbansel @Isu.edu

Aims: Although ACTH is commonly used in diagnosis of PPID, long term stability of ACTH in frozen equine
plasma remains unknown. The aim of this study was to evaluate ACTH stability in frozen plasma following long
term storage.

Methods: This study was approved by the Institutional Animal Care and Use Committee at Louisiana State
University. Fifty-one equids were included in the study. Breeds represented included Quarter Horse (n=16),
Thoroughbred (n=15), Shetland ponies (n=12), Tennessee Walking Horses (n=4), and one each of Pony of America,
Standardbred, Missouri Foxtrotter, and unknown. Age of included equids ranged from 15-26 years with 35 mares,
15 geldings, and 1 stallion. Blood samples were collected from four cohorts of horses between June 11 and August
20. Plasma samples were batch analyzed based upon date of collection using an Immulite 1000 on the day of
collection, frozen at -80 C, and analyzed at 6 and 12 months after collection.

Results: Based upon an initial TRH stimulation test cut-off value of >200 pg/ml, 17 equids had concentrations above
the reference interval. Based upon a resting ACTH concentration of 50 pg/ml, twelve equids were above the
reference interval. Concentrations were compared over time among all TO and T10 (post TRH) samples using a
Friedman test, and then further divided into groups based upon concentrations considered to be normal or above the
reference interval. Overall, there were no significant differences over time in TO samples (p=0.07) but ACTH
concentrations did decrease over time in T10 samples (p<0.0001) between baseline and 6 months (p=0.0002) and
baseline and twelve months (p<0.0001). When dividing results between horses with values above the reference
interval or within the reference interval, those horses with values above the reference interval had TO differences
between 6 months and 12 months (p=0.04) and T10 differences between baseline and 12 months (p<0.0001) and 6
months and 12 months (p=0.04). However, there were no differences over time in control horses from baseline to
12 months in TO samples (p=0.68) or T10 samples (p=0.2).

Conclusions: These findings suggest that measured ACTH is not stable over time in frozen plasma from horses with
ACTH above the reference interval (both resting and stimulated), which may impact diagnosis of PPID in borderline
cases.

Acknowledgments: This study was funded by Boehringer Ingelheim Animal Health. This data has not been
previously presented.
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Development and Evaluation of a Clinical Sign Scoring System
For Pituitary Pars Intermedia Dysfunction in Horses

'Grubbs S.T, 'Neal D.L., and *Keefe T.]J.
1. Boehringer Ingelheim Animal Health USA Inc., Duluth, GA
2. Colorado State University, Fort Collins, CO

Aims:

Pituitary pars intermedia dysfunction (PPID) has been described as the most common endocrinologic disorder of
aged horses. The diagnosis consists of information obtained from current history, a physical examination to
document clinical signs associated with PPID, and then to confirm these findings, diagnostically evaluate
adrenocorticotropic hormone (ACTH). In many horses with reported PPID associated signs, results of ACTH
evaluation were within normal reference range. It is possible that veterinarians were testing horses without clinical
signs or with very subtle PPID-associated signs. In addition, certain PPID-associated signs, by themselves, may not
be predictive of disease. Based on this dilemma, the purpose of this study was to obtain epidemiological information
from a large population of horses, and then develop a clinical sign score (CSS) based on odds ratios.

Methods:

In all, 2,989 horses exhibiting one or more of the typical signs of PPID were enrolled in the study. At initial visit, a
physical examination was conducted and blood drawn for basal adrenocorticotropic hormone (ACTH), insulin, and
glucose. All samples were centrifuged, plasma shipped overnight and analyzed for ACTH, insulin, and glucose by
the Animal Health Diagnostic Center, Cornell University, Ithaca, NY. The association between PPID status, based
on ACTH results, and each of the demographic variables and test results for insulin and glucose were statistically
evaluated individually using the Pearson chi-square test and collectively using multiple logistic regression analysis
of PPID to provide odds ratios for PPID associated with the clinical signs. The CSS is the product of the odds ratios
for PPID vs. all clinical signs collectively. Based on statistical analyses of the CSS data, a value of 1.5 for the CSS
was selected as a cut-off for predicting PPID status. The higher the CSS the more likely a horse was PPID".

Results:

Clinical sign scores ranged from 0.60 to 5.51, with an overall geometric mean of 1.59. Using this model in the non-
fall months, the CSS score with an ACTH cut-off of 35 pg/mL (or 50pg/dL) had a sensitivity of 68.3% (70.9%) and
a specificity of 58.5% (52.6%). During the fall months using an ACTH cut-off of 100 pg/mL, the CSS had a 69.4%
sensitivity and a 62.3% specificity. Based on this population of horses, delayed shedding and abnormal sweating
were significant predictors of PPID" status. Although pot-belly/weight gain, regional adiposity, excessive thirst and
recurrent infections are considered to be associated with PPID, odds ratios for each were <1.0.

Conclusions:

The CSS may be a viable option for veterinary practitioners to utilize to determine if evaluation of ACTH in a
particular horse is necessary. For example, based on the results of this study, if only one of the following clinical
signs are present: potbelly/weight gain, regional adiposity, excessive thirst or recurrent infections; evaluation of
ACTH for PPID is not recommended. Additional field-based studies are essential to further evaluate the sensitivity
and specificity of the CSS for PPID in horses.

Acknowledgments:

The authors would like to acknowledge Boehringer Ingelheim Animal Health, Duluth, GA for supporting this work.
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Comparison of muscle mass and skeletal muscle proteolysis in aged horses with and

without PPID

Heidi Bansel, Ashley Whiteheadz, Dianne McFarlaneS, Prasanth Chelikani’

'Department of Veterinary Clinical Sciences, Louisiana State University; hbansel @lsu.edu
*Faculty of Veterinary Medicine, University of Calgary

*Department of Physiological Sciences, Oklahoma State University

Aims: Muscle atrophy is a common clinical sign of PPID. To date, mechanisms contributing to muscle atrophy in
horses with PPID remain poorly understood. The aim of this study was to identify mechanisms of skeletal muscle
proteolysis that contribute to PPID-associated muscle atrophy.

Methods: This study was approved by the Animal Care and Use Committee at the University of Calgary. Twelve
PPID horses and seven aged (=15 years) control horses were included in this study. ACTH response to TRH
stimulation, insulin response to an oral sugar test, and body condition score were evaluated. Ultrasound was used to
measure epaxial muscle and gluteal fat thickness. Epaxial muscle biopsies were evaluated for expression of
transcriptional regulators of skeletal muscle proteolysis, including regulators of the ubiquitin-proteasome system
(Muscle RING Finger-1, MuRF-1; atrogin-1), and the lysosome-autophagy system (Bcl2/adenovirus EIV 19kD
interacting protein 3; BNIP3 and microtubule-associated light chain 3, LC3), and muscle biopsy lean and fat mass
(using LF110® Bruker NMR). Gene expression and hormone concentrations were log transformed for analysis, and
data were analyzed using a Mann-Whitney U test (body condition score) or Student’s t-test.

Results: PPID horses were similar in age to control horses (p=0.051). As expected, ACTH (p=0.01) and ACTH
response to TRH (p=0.0025) were increased in horses with PPID compared to aged control horses. Body condition
score (p=0.45),and insulin before (p=0.81) and after (p=0.40) an oral sugar test did not differ between groups. PPID
horses had decreased epaxial muscle thickness (p=0.04) compared to aged control horses. There was no difference
in gluteal fat thickness (p=0.34), or biopsy lean (p=0.07) or fat mass (p=0.08) between groups. MuRF-1 (p=0.04)
was upregulated with PPID, but there were no differences between groups in atrogin-1 (p=0.08), Bnip (p=0.46) or
LC3 (p=0.12).

Conclusions: These findings support that PPID-associated skeletal muscle atrophy may in part be due to
upregulation of the ubiquitin-proteasome system.

Acknowledgments: This study was funded in part by Boehringer-Ingelheim Animal Health and in part by the
University of Calgary. This data has not been previously presented.
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Abstract:

Aims: Determine the repeatability of the thyrotropin-releasing hormone (TRH) stimulation test in horses with
and without pituitary pars intermedia dysfunction (PPID).

Methods: Fifteen horses ranging from 11 to 25 years of age (10 controls and 5 PPID horses), underwent two
TRH stimulation tests. The first test was performed 3 days before the winter solstice (week 1) and the second
test 6 days later (week 2). Blood was collected at baseline and 30 minutes post-TRH stimulation.
Adrenocorticotropic hormone (ACTH) concentration was determined using a chemiluminescent assay. Data
were compared by 2-way repeated measures ANOVA. Coefficients of variation were calculated for each group
at both times of testing and Bland-Altman plots were generated to visualize agreement between tests.

Results: In controls, there was a significant TRH stimulation effect on ACTH concentration; however, this
effect was not detected in PPID horses. In controls, there was a significant week effect on ACTH concentration
with significantly lower values recorded post-TRH stimulation on week 2; however, this effect was not detected
in PPID horses. The coefficients of variation [95% confidence intervals] were 9.0 [1.4-29.3]% for baseline in
controls, 21.5 [3.1-37.6]% for post-TRH stimulation in controls, 11.3 [4.4-85.3]% for baseline in PPID horses
and 18.1 [6.6-83.0]% for post-TRH stimulation in PPID horses. Bland-Altman plots supported the limited
repeatability of the test.

Conclusions: The TRH stimulation test has a limited repeatability when performed 6 days apart, around the
winter solstice. Careful interpretation of post-TRH stimulation ACTH concentration is warranted when
following aged horses.

Acknowledgements: The study was funded by the John and Mary Kibble Trust fund.
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The Thyrotropin Releasing Hormone Procedure Produces Repeatable ACTH Concentrations
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Aims:

Pituitary Pars Intermedia Dysfunction (PPID) has been considered the most common endocrine disease of horses.
One of the major limitations of diagnostic testing for PPID is the sensitivity of available diagnostic assays. Resting
ACTH has been shown to have a decreased sensitivity in horses with early PPID compared to advanced PPID.
Thyrotropin-releasing hormone (TRH) test procedure has been shown to have an increased sensitivity of detecting
horses with early PPID compared to resting ACTH. Even though TRH stimulation of ACTH has been used as a
diagnostic test for equine PPID, it is unknown if the T10-ACTH response to TRH is repeatable in individual horses.
The purpose of this study was to conduct TRH stimulation tests at 4-week intervals, beginning in February and
ending in June, in horses with and without PPID to determine the repeatability of the T10-ACTH, over time.

Methods:

Twelve grade horses (PPID* and PPID’) were enrolled, mean age of 18.8 yrs (range 12 to 25 yrs) and blood
collected on Day -45 to analyze resting ACTH concentration for determination of PPID status for each horse. On
Day 0, all horses had blood collected for resting ACTH followed by administration of Img TRH IV. Blood was then
collected exactly 10 min post-TRH administration (T10-ACTH). The TRH stimulation procedure was repeated on
Days 28, 56, 84 and 112. These subsequent samples were compared to the T10-ACTH samples collected on Day 0.
All blood samples were centrifuged following collection and plasma was frozen (-80C) until analysis at Animal
Health Diagnostic Laboratory, Cornell University, Ithaca, NY. Data were analyzed using a mixed model with
repeated measures to compare T10-ACTH and the percent increase of ACTH after TRH stimulation, using horse as
the subject and day as the repeated effect. Pearson’s correlation coefficients were used to examine relationships
between T10-ACTH on Days 28, 56, 84 and 112 to the TI0-ACTH on Day 0. Bland-Altman plots were constructed
to compare T10-ACTH on Days 28, 56, 84 and 112 to the T10-ACTH on Day 0.

Results:

Of the 12 horses, the TRH stimulation indicated 5 negative and 5 positive for PPID, with 2 horses equivocal. There
was no effect of Day on T10-ACTH (P = 0.40) or the percent increase of ACTH after TRH stimulation (P = 0.12).
Pearson’s correlation coefficients indicated strong relationships between T10-ACTH on Day 0 and all other days (R
> 0.70, P < 0.01). Bland-Altman plots indicated an average Day bias of 27 pg/mL in all horses compared to Day 0,
with a Day bias of 10 pg/mL in PPID-negative and 43 pg/mL in PPID-positive horses.

Conclusions:

The Thyrotropin Releasing Hormone stimulation procedure produces repeatable ACTH concentrations in samples
collected 10 min after administration of TRH in horses collected at 4-week intervals over 112 days.

Acknowledgments:

The authors would like to acknowledge Boehringer Ingelheim Animal Health USA, Inc. and Middle Tennessee State
University Horse Science Center for supporting this work.
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This study was conducted at the Middle Tennessee State University Horse Science Center in Murfreesboro,
Tennessee USA. It was approved by the MTSU Institutional Animal Care and Use Committee under protocol #19-
2004.

This material has not been presented elsewhere.
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Evaluation of Different Doses of Thyrotropin Releasing Hormone in Miniature Horses
Alfredo Sanchez-Londoﬁol, Nicholas Frankz, Steve Grubbs3, Pilar Hermidaz, Erik Hofmeister*

Aims:

The aim of this study was to evaluate adrenocorticotropin hormone (ACTH) responses following the administration
of three different doses (1.0mg, 0.5mg and 0.25mg) of thyrotropin releasing hormone (TRH) to Miniature horses
with and without pituitary pars intermedia dysfunction (PPID).

Methods:

A total of 20 client-owned Miniature horses were enrolled in the study. Group 1 (non-PPID control horses) consisted
of 10 horses less than 10 years of age with no clinical evidence of PPID and/or a normal basal ACTH
concentrations. Group 2 consisted of 10 horses over 15 years of age with clinical evidence of PPID and/or an
increased (> 35 pg/mL) basal ACTH concentration A complete physical examination, baseline blood draw for
measuring ACTH concentrations and questionnaire regarding health questions were completed on the first visit. On
Days 0, 14, and 21, both groups of horses underwent TRH stimulation tests using three different doses of TRH given
intravenously on different calendar days at least 2 weeks apart. Testing was performed in the months of February
and June. Three doses of TRH were evaluated: 1.0mg, 0.5mg, and 0.25mg. On the day of testing, approximately 5
mL blood was drawn into each EDTA tube via jugular vein venipuncture and blood was collected before and 2, 5,
10, and 20 minutes after TRH administration. Blood and anticoagulant were mixed by gently inverting tubes several
times and then tubes were chilled immediately in either an ice bath or refrigerator. Tubes were centrifuged within 4
hours of collection and plasma was separated and transferred to cryovials for storage at — 20C. Frozen plasma was
shipped with ice packs via overnight courier service. Plasma ACTH concentrations were measured using a solid-
phase, two-site sequential, chemiluminescent immunoassay designed for IMMULITE® at Cornell University Animal
Health Diagnostic Center. Receiver operator characteristic (ROC) curves were plotted for each time point with each
TRH dose and Younden’s value was calculated and used to determine the best cutoff point for diagnosis. Analyses
were performed using a statistical software package (GraphPad Prism v.8) and P <0.05 was considered significant.

Results:

The ROC analysis results were examined to determine diagnostic performance, the 1.0mg TRH dose and 10-minute
time point had 100% sensitivity and 90% specificity with a cutoff value of 130 pg/mL, compared to the 0.5mg TRH
dose at 10 minutes which had 100% sensitivity and 80% specificity with a cutoff value of 121 pg/mL. In contrast,
the 0.25mg TRH dosage had 90% sensitivity and 80% specificity with a cutoff value of 104.3 pg/mL at 20 minutes
post injection. All other combinations had lower sensitivity and specificity values.

Conclusions:

Thyrotropin-releasing hormone dosages of 0.5mg and 1.0mg have the best sensitivity and specificity at 10 minutes
post-injection for consistent identification and diagnosis of miniature horses with PPID. A larger group of horses
should be examined in the future to determine whether a lower TRH dose can be used for this diagnostic test.

Acknowledgements:
Financial support was received from a 2017 Cummings Research Seed Grant and from Boehringer Ingelheim
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COMPARISON OF TWO TRH DOSES IN PPID PATIENTS
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Aims:

The TRH-Stimulation Test for detecting PPID usually is performed by injecting 1mg/TRH per horse (2ug/kg per
500 kg equid). To the knowledge of the authors, no dose-effect studies have been done in PPID patients. Due to
costs and unwanted, however short termed and self-limited symptoms after iv TRH, this study was aimed at
comparing ACTH releases in PPID affected horses and ponies after administration of 1ug/kg or 2ug/kg TRH.

Methods:

Six warmbloods and 5 ponies (24.3 £ 3.65 years) were included in this controlled, randomized cross over study.
Inclusion criteria were clinical signs of PPID and increased basal ACTH concentrations. On the first and third
day of the study, all probands received either 1ug/kg or 2ug/kg TRH (TRH Ferring, Kiel/Germany) in a
randomized order. Six probands additionally received saline (placebo) at day 2.

ACTH was measured directly before and 5, 10, 15, 30, 60, 90 and 120 minutes after TRH or placebo injection.
For statistics, two-way ANOVAs in modification for cross-over-studies were used to detect differences between
TRH-doses and order of TRH-application, e.g. for areas under ACTH curves and ACTH peaks. One-way
ANOV As followed by Dunett-tests were performed to detect differences between ACTH AUCs after TRH and
placebo. Adverse effects were documented and scored. For statistical analysis, a Wilcoxon signed-rank test was
used.

Results:

There was no statistical difference between ACTH AUCs after administration of 1ug/kg or 2ug/kg TRH
(p=0,72). However, ACTH responses at day 1 tended to be higher (p=0.05) than at day 3; regardless of dosage.
ACTH AUC:s after TRH were significantly (p>0.01) higher compared to placebo.

All TRH injections led to some teeth grinding. Lip licking, flehmen, coughing and other symptoms were seen
within the first 10 minutes after TRH and no such signs were noticed after placebo. The score points were not
statistically different between TRH dosages.

Conclusion:

The results suggest that the 48h wash-out time between TRH stimulations might have been too short.
Nevertheless, half of the usual TRH provoced the same ACTH reactions as the usual dose. Due to this (and no
reduction in adverse effects too) it might be possible to reduce TRH dosages further. Our results so far indicate,
that 1pg/kg TRH might be sufficient for diagnosing PPID by ACTH release.
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Duration of Effectiveness of Frozen/Thawed Thyrotropin Releasing
Hormone to Stimulate ACTH Release in Horses

!J.C. Haffner, 'R.M. Hoffman, K. A. Jones, and *S.T. Grubbs
"Middle Tennessee State University, Murfreesboro, TN,
2Around the Bend Veterinary Services, Bend, OR,
3Boehringer Ingelheim Animal Health USA, Inc., Duluth, GA

Aims:

The TRH stimulation of ACTH due to the increased sensitivity compared to measurement of resting ACTH has
increasingly been used as a diagnostic test for pituitary pars intermedia dysfunction (PPID). Many equine
practitioners will freeze doses of TRH, then thaw them, and drive to the farm to examine the horse. If the horse
owner declines testing, the veterinarian has TRH that has been frozen and thawed. Anecdotally, TRH can only be
frozen and thawed once for optimum and consistent response. The potency and stability over time of TRH after one
freeze thaw cycle is unknown. It would be useful for veterinarians to understand if thawed TRH stored at
refrigerated temperature can produce accurate results when administered to a horse at a later date. This study was
designed to determine the duration of effectiveness of TRH following one freeze/thaw cycle when stored at 5°C over
time in horses.

Methods:

Ten horses (PPID* and PPID") were enrolled, mean age 18.8 yrs. (range 12 to 25 yrs.). Horses were first paired by
PPID status and randomized into 2 groups of 5 horses each prior to —Day 14. Thirty, 1 mg/ml doses of constituted
TRH were frozen at -20°C on —Day 28. On —Day 14, ten doses of TRH were thawed at 5°C followed by thawing of
the remaining (20 doses) TRH on Day 0. Thawed TRH was stored at 5°C until administration. On Day 0, all horses
had blood collected for baseline ACTH followed by administration of 1mg TRH IV. Blood was then collected
exactly 10 minutes post-TRH administration (T10-ACTH). The TRH stimulation procedure was repeated with the
thawed TRH on Days 14, 28, 42 and 56. In order to avoid potential carryover effects of multiple TRH stimulation
procedures administered every two weeks, horses in Group 1 had the TRH stimulation repeated on Days 14 and 42
whereas Group 2 horses had the TRH stimulation repeated on Days 28 and 56 days TRH post-thaw. All samples
were centrifuged following collection and plasma was frozen (-80C) until analysis at Cornell Animal Health
Diagnostic Center. Data were analyzed using a mixed model with repeated measures to compare T10-ACTH and the
percent increase of ACTH after TRH stimulation, using horse as the subject and day as the repeated effect.
Pearson’s correlation coefficients were used to examine relationships between T10-ACTH on Days 14, 28, 42, 56 to
the T10-ACTH on Day 0.

Results:

There was no effect of Group (P > 0.25), so when appropriate, data were combined for analysis. There was no effect
of Day post-thaw on T10-ACTH (P = 0.13) or the percent increase of ACTH after TRH stimulation (P = 0.36).
Pearson’s correlation coefficients indicated strong relationships between T10-ACTH on Day 0 and all other days
(R>0.98,P <0.001).

Conclusions:

The Thyrotropin Releasing Hormone stimulation procedure produces repeatable ACTH concentrations in samples
collected 10 min after administration of TRH in horses when using TRH that has been thawed and stored at 5°C for
up to 56 days.

Acknowledgments:

The authors would like to acknowledge Boehringer Ingelheim Animal Health USA Inc., Duluth, GA and Middle
Tennessee State University Horse Science Center for supporting this work.

Presenting author:
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Is there merit in utilising the TRH stimulation test in horses with an equivocal ACTH concentration?
Gough, S.", Duz, M. and Rendle, D.'

'Rainbow Equine Lab, Malton, North Yorkshire, YO17 6SG. 2Faculty of Medicine & Health Sciences, School
of Veterinary Medicine and Science, Sutton Bonington, Leicestershire, LE12 SRD.

Aims: Guidelines were issued recently over the use of plasma adrenocorticotrophic hormone (ACTH)
concentration and the use of the thyrotropin releasing hormone (TRH) stimulation test in the diagnosis of
pituitary pars intermedia dysfunction (PPID) however there is a lack of evidence to inform when different tests
may be necessary. Objectives: To determine whether performing a TRH stimulation test in a horse with an
equivocal ACTH concentration influences clinical decision making. Methods: A retrospective analytical cohort
study was performed. Results of basal ACTH (bACTH) and TRH stimulation tests performed at Rainbow
Equine Laboratory for the diagnosis of PPID between 2016 and 2018 in 438 horses were analysed. bACTH
concentration was defined as negative, equivocal or positive and was adjusted seasonally [1]. ACTH
concentration following TRH (tACTH) was classified as a binary outcome (negative or positive with positive
>200pg/mL non-Autumn and > 500pg/mL in Autumn) and logistic regression was performed to investigate
relationships between bACTH and tACTH. Where 2 bACTH measurements had been performed on different
dates these were also compared (previous result pACTH). Results: Overall there was no relationship between a
pACTH and tACTH, regardless of seasonality (p = 0.5). With increasing bACTH concentration a positive
tACTH result was more likely; the OR for every 1 unit increase in bACTH in the Autumn was 1.02 (95%Cls:
1.01-1.03, p<0.001) and non-Autumn period was 1.05 (95%CIs: 1.03-1.07, p<0.001). Conclusions: In horses
with an equivocal diagnosis of PPID, the correlation between basal ACTH concentration and tACTH is poor.
Performing a TRH stimulation test frequently alters clinical decision making supporting the use of this test in
practice.

Ethical Animal Research Statement: The study was approved by The University of Nottingham Animal Welfare
and Ethical Review Body. The work follows National guidelines for humane animal treatment and complies
with relevant legislation in the United Kingdom.

References:

1. Schott, H., Andrews, F., Durham, H., Frank, N., Hart, K., Kritchevsky, J., McFarlane, D. & Tadros, L.
Recommendations for the Diagnosis and Treatment of Pituitary Pars Intermedia Dysfunction (PPID).
2017.12.
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Effect of sample handling on adrenocorticotropic hormone (ACTH) concentrations following
thyrotropin-releasing hormone (TRH) stimulation in horses

Stewart AJ, Yuen, KY, Hinrichsen S, Horn R, Dryburgh E, Bertin FR
School of Veterinary Science, The University of Queensland

Aim: Although endogenous ACTH and ACTH post thyrotropin-releasing hormone (TRH) stimulation concentrations
are used to diagnose PPID; the stability of ACTH after TRH stimulation has not been evaluated.

Methods: Fifteen horses >10 years of age, including 6 horses that underwent a TRH stimulation test 30 min before
blood collection, were included. Blood samples were collected in EDTA tubes and stored for 2, 4, 8, 12, 24 or 48
hours at 4°C, 20°C or 30°C as whole blood or after plasma separation by centrifugation or gravity. Immunoreactive
ACTH concentrations were measured using a chemiluminescent assay. Using the 2-hour, 4°C centrifuged sample as
a reference, percentage change in immunoreactive ACTH concentrations were compared with a linear mixed effect
model, with P < 0.05 considered significant.

Results: An overall effect of separation method, temperature, time and hemolysis (P < 0.01) was observed but there
was no significant effect of TRH stimulation (P = 0.58). Centrifuged samples remained stable up to 48 hours at 4°C,
while centrifuged samples kept at 20°C and 30°C were stable for less than 24 hours. Gravity separated samples and
samples stored as whole blood affected immunoreactive ACTH concentrations. Overall, immunoreactive ACTH
concentrations decreased with time and suboptimal sample handling; however, in 37% of samples, spurious increases
in immunoreactive ACTH concentrations were observed.

Conclusions: TRH stimulation did not impact the stability of immunoreactive ACTH. Improper sample handling

decreases immunoreactive ACTH concentrations, but unpredictable increases can be observed and lead to false
positive diagnoses of PPID in some horses.

Acknowledgements: Funding provided by Boehringer Ingelheim Animal Health Australia Pty. Ltd.

Presenting Author: Allison Jean Stewart, Building 8114, The University of Queensland, School of Veterinary
Science, Gatton Campus, Gatton, Queensland, Australia, 4343 allison.stewart@uq.edu.au

The research was performed at:
! School of Veterinary Science, The University of Queensland, Gatton, Queensland, Australia
2Boehringer Ingelheim Animal Health Australia Pty. Ltd. Macquarie Park, New South Wales, Australia

The work followed institutional guidelines for humane treatment and complied with relevant Australian legislation.
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Presenting author
E.J.Knowles: The Royal Veterinary College, Hawkshead lane, Herts, UK
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Elution of endogenous CLIP from an ACTH assay capture antibody.
Knowles, E.J., Hyde, C. B., Harris, P.A., Elliott, J. and Menzies-Gow, N.J.
Aims

Pituitary pars intermedia dysfunction (PPID) is often diagnosed using a chemiluminescent adrenocorticotrophic
hormone (ACTH) sandwich immunoassay (Immulite ACTH, Siemens). The assay capture antibody is raised to
human corticotropin-like intermediate lobe peptide (CLIP, ACTH 18-39). Previously, this assay showed
seasonally dependent autumn cross-reactivity. Synthetic human CLIP showed significant (17.5%) cross-
reactivity and endogenous CLIP is a candidate in vivo cross-reactant.

Endogenous ACTH and CLIP may interact differently with assay antibodies compared with synthetic peptides.

The present study aimed to determine whether synthetic human CLIP and endogenous equine CLIP bind to the
capture antibody of the chemiluminescent ACTH assay and can be detected following elution.

Methods

Liquid chromatography — mass spectrometry (LCMS) methods were optimised to identify selected ions for
LCMS detection from synthetic human ACTH, a-melanocyte stimulating hormone (a-MSH, ACTH 1-17) and
CLIP.

Interactions between synthetic peptide solutions and the capture antibody were determined by analysis of
solutions of each peptide in distilled water at supra-physiological concentrations (60ng/ml) prior to and
following incubation with the antibody bound beads and following washing and elution of the peptide from the
beads.

Each solution was incubated with 5 antibody bound beads in a syringe barrel for 30 minutes on an orbital shaker.
The solution was removed under vacuum. The beads were washed twice with distilled water. Finally an elution
solution of 1% formic acid in water: acetonitrile (1:1) was added and the syringe was mixed for a further 30
minutes on an orbital shaker. The resulting solution was transferred to a tube, dried under nitrogen and
reconstituted in distilled water prior to analysis by LCMS.

Pools of residual EDTA plasma with high and low measured ACTH concentrations were created following
routine ACTH analysis of samples from non-laminitic ponies in the autumn (September 2018). Incubation,
elution and LCMS detection of equine endogenous ACTH and CLIP was compared with charcoal stripped
equine serum spiked with synthetic ACTH and CLIP.

Results

The most readily detectable ions are shown in table 1. The solutions of synthetic peptides in distilled water
overloaded the beads. After incubation with the bead, most of the peptide remained in solution but there was a
reduction in the peaks for CLIP and ACTH but not a-MSH.

The high and low pools of plasma yielded ACTH results of 232pg/ml and 25.7pg/ml respectively LCMS SIM
analysis identified endogenous CLIP (Figure 1) and ACTH in eluted solutions created from both pools, with
higher concentrations of both analytes in the high pool. Unfortunately these analytes could not yet be quantified
accurately.
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Conclusions

Synthetic and endogenous equine ACTH and CLIP can be eluted from the capture antibody of the

chemiluminescent immunoassay for LCMS detection. Endogenous CLIP is present in plasma collected from

ponies in the autumn supporting but not proving the hypothesis that CLIP cross-reactivity affects measured
ACTH concentrations.

The extent to which CLIP affects measured ACTH in health and disease requires further study.

Acknowledgements

Petplan Charitable Trust, WALTHAM Centre for Pet Nutrition and the Mellon Trust.

Peptide m/z Dwell time Q3 bias (V)
(msec)
ACTH 909.1 100 -26
757.5 100 -38
649.7 100 -32
CLIP 822.6 10
1233.3 10
o-MSH 555.7 10
833 10

Table 1: mass/charge (m/z), dwell time and Q3 bias for the most readily detectable ions from synthetic peptides.
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-= ‘high pool’ ACTH = 232pg/ml CL
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Figure 1: Equine CLIP selected ion monitoring from equine plasma spiked with synthetic CLIP and low and

high pools of endogenous plasma following elution from the chemiluminescent (CL) assay capture antibody.
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Circannual pattern of ACTH, insulin and glucose concentrations in horses and ponies.

Julie Potier, Andy Durham
The Liphook Equine Hospital, Forest Mere, Portsmouth road, Liphook, Hampshire GU30 7JG, UK

Institution where the research was performed :
The Liphook Equine Hospital Laboratory, Forest Mere, Portsmouth road, Liphook, Hampshire GU30
7JG, UK

This work follows international guidelines for humane animal treatment and complies with relevant
legislation in the country in which the study was conducted.

The abstract has not been presented previously.
Aims :

To evaluate, in greater detail than previous studies, the circannual pattern in ACTH, insulin and
glucose in horses.

Methods :

Laboratory records were examined from all blood samples submitted to the Liphook Equine Hospital
Laboratory for plasma ACTH analysis between 2014 and 2018. Many submissions were also analysed
for serum insulin and plasma glucose and these were also examined as part of the study. Data were
excluded from repeat tests and individuals on treatment, as well as those with no clinical history
submitted. The ACTH data was plotted by week and by month, while the insulin and glucose
concentrations were plotted by month and by season only due to lower numbers (Winter= December,
January February; Spring=March, April, May; Summer=June, July, August; Autumn=September,
October, November).

The Kruskal-Wallis test was used to compare across monthly and seasonal medians with Dunn’s
Multiple Comparison Test used to compare all pairings of monthly and seasonal medians.

Results :

There was a total of 43,059 samples included. Examination of weekly ACTH data indicated a peak
concentration in weeks 38 and 39 (17"-30" September) (w38: 84.6 pg/mL; w39: 84.2 pg/mL) with a
nadir in weeks 16 to 18 (16™ April-6" May) (w16: 21.5pg/mL; w17: 21.4 pg/mL; w18: 21.2 pg/mL)
(figure 1). Examination of monthly ACTH concentrations revealed that ACTH concentrations in the
months of April and May were significantly lower than in all other months (P<0.001), and that ACTH
concentrations in August, September and October were significantly higher than in all other months
(P<0.001).

Analysis of insulin concentrations revealed that January had significantly higher median insulin
concentrations than all months except February, September, November and December (p<.05);
February had significantly higher median insulin concentrations than all months except January,
September, November and December (P<0.05) (figure 2). When insulin concentrations were
compared by season, winter was found to be significantly higher than all other months and summer
was found to be significantly lower than in all other months (median [IQR] Winter 24.1 mU/L [8.0-
85.5]; Spring 15.7 mU/L [4.9-55.3]; Summer 11.6 mU/L [4.4-40.9]; Autumn 14.6 mU/L [4.5-68.2]).
Analysis of glucose concentrations revealed a similar pattern to insulin with highest median values in
the winter and lowest in the summer (figure 3).
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Figure 1. Weekly median ACTH concentrations.
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Figure 2. Monthly insulin distribution Figure 3. Monthly glucose distribution

Conclusion :

Additional detail of the circannual variability in ACTH was provided with novel evidence of a nadir
in the spring (April and May). Both insulin and glucose had a different seasonal pattern to ACTH with
highest values in the winter and lowest in the summer. This is suggestive of seasonal insulin
resistance in the winter and greatest insulin sensitivity in the summer, which might reflect an
historical survival advantage.

Aknowledgements :

Referring veterinary surgeons who sent samples to the Liphook Equine Hospital Laboratory and the
Laboratory staff for performing the analyses.
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Investigating the epidemiology of pituitary pars intermedia dysfunction in horses/ponies enrolled in a
laminitis cohort study in Great Britain

D. Pollardl’z, C.E. Wylie“, K.L.P. Verheyenz, J.R. Newton'.

'Animal Health Trust, Lanwades Park, Kentford, Newmarket, UK; 2Royal Veterinary College, Hatfield,
Hertfordshire, UK, Rossdales Equine Hospital, Exning, Newmarket, UK, 4University of Sydney, Camperdown,
Sydney, Australia.

Presenting author: Danica Pollard; danica.pollard@aht.org.uk

Aims: To estimate the prevalence of owner-reported pituitary pars intermedia dysfunction (PPID) and factors
associated with PPID in a cohort of horses/ponies enrolled in an epidemiological study of equine laminitis in
Great Britain.

Methods: Self-selected horse/pony owners enrolled in a web-based laminitis epidemiological study (August
2014 to December 2016) completed questionnaires detailing their animals’ signalment, management and
previous and current health. The proportion of horses/ponies tested for PPID, the diagnostic testing used,
reasons for testing and use of medication were described and the prevalence (95% confidence interval [CI]) of
PPID was estimated. Random effects multivariable logistic regression modelling identified factors associated
with higher odds of having PPID (P<0.05) while adjusting for owner-level clustering.

Results: Baseline questionnaires from 1,799 horses/ponies were available. The median age and height of
enrolled horses/ponies was 14 (interquartile range [IQR] 9 to 19; range 1 to 38) years and 147.3 (IQR 137.2 to
157.5) cm. The main breeds included native ponies (23.9%; n=414), Welsh (21.9%; n=394) and Thoroughbred
(10.2%; n=184) breeds and their crosses. The median number of horses/ponies enrolled was 2 (range 1 to 18
horses). A total of 509/1,796 horses/ponies (28.3%) were tested for PPID using diagnostic laboratory tests,
46.8% (n=238) of which were diagnosed as positive. The most common diagnostic test reported was the plasma
adrenocorticotropic hormone test (52.8%; n=269). However, 219 (43.0%) of owners could not name the test
used. The main reasons owners had their horses/ponies tested for PPID were recurrent laminitis episodes
(36.3%; 185/509), increasing age (32.5%; 179/509), regional adiposity (31.2%; 159/509) and lethargy (19.8%;
101/509). Twenty-nine horses/ponies were diagnosed with PPID based on clinical signs alone. The overall
prevalence of PPID was 14.8% (95% CI 13.3, 16.6%; n=267/1,799). Of 256 horses/ponies with PPID, 69.5%
(n=178) were currently receiving pergolide. The odds of PPID increased by 1.2 (95% CI 1.2, 1.3) with each
increasing year of age. Arabians and their crosses had higher odds (2.8; 95% CI 1.2, 6.2) and cobs and their
crosses lower odds (0.2; 95% CI 0.1, 0.8) compared to other breeds combined (excluding Thoroughbreds and
natives). Horses/ponies with PPID were more likely to have a history of laminitis, have equine metabolic
syndrome (EMS), be tested for presence of tapeworm via the ELISA blood test, be lame or footsore after
shoeing/trimming and be shod with specialised horse shoes as opposed to regular or no shoes. Regarding
management, horses/ponies with PPID were more likely to have restricted access to grass, receive bucket feed,
receive supplements marketed to regulate hormones, receive feed balancers and not be fed straw.

Conclusions: This study has revealed interesting insight into owner knowledge and management of PPID as
well as providing important epidemiological data on the condition. The indication that Arabians had highest and
cobs lowest risk of having PPID is a novel finding. Laminitis and EMS are important co-morbidities in
horses/ponies with PPID, as reflected by their management. Although 70% of horses/ponies were medicated,
there may be high reliance on unproven supplements to help manage PPID.

Acknowledgements: Many thanks to the funders and all participating horse/pony owners.

Sources of funding
The project was supported by funding from World Horse Welfare, the Margaret Giffen Charitable Trust, the
Horserace Betting Levy Board (HBLB), Racehorse Owners Association (ROA) and Thoroughbred Breeders’
Association (TBA).

Ethical approval

This study was granted institutional ethical approval from the Animal Health Trust (AHT01-2014) and the
Royal Veterinary College (2014 0105H). Animal use not applicable. Explicit informed consent was sought from
owners at enrolment.
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Presenting author: Nichola Steel BVM&S MSc CertAVP (EM) MRCVS FHEA
Email: nicsteel@liverpool.ac.uk
Institution where the research was performed: University of Liverpool

The work involved in the following audit follows international, national, and/or institutional guidelines for
humane animal treatment and complies with relevant legislation in the country in which the study was
conducted

Management of equine pituitary pars intermedia dysfunction in veterinary practice: A clinical audit

Nichola Louise Steel, Joanne Lesley Ireland, Catherine Marie McGowan

Institute of Veterinary Science, Faculty of Health and Life Sciences, the University of Liverpool, Leahurst,
Cheshire, UK.

Aims

To compare current treatment and monitoring of PPID cases in veterinary practice against evidence-based
clinical guidelines (Table 1)

Methods

Case data and basal plasma adrenocorticotropic hormone (ACTH) concentrations from all equids tested for
PPID between 2012 and 2016 from a single veterinary practice were obtained. Clinical records were reviewed
and information on treatment and monitoring over the subsequent 2-6 years was extracted and compared with
current evidence-based clinical guidelines (Table 1).

Criterion Target level | Exceptions

Horses diagnosed with PPID, based on 100% Cases that died or were subject to euthanasia
elevated ACTH, treated with pergolide following diagnosis without commencing
mesylate treatment

The starting dose of pergolide mesylate 100% None

is recorded in clinical records

Starting dose of oral pergolide 100% As accurate bodyweight not always recorded,

mesylate should be 2pg/kg once daily estimated starting dose of 1.5-2.5ug/kg
considered compliant with criterion

Horses receive follow-up endocrine 100% Cases that died or were subject to euthanasia

(ACTH) testing 1-3 months following within 1-3 months of commencing treatment

diagnosis and initiation of treatment

Table 1: Criteria based on currently available clinical recommendations used to evaluate processes for
treatment and monitoring of PPID cases in a clinical audit of 480 horses/ponies/donkeys in a first opinion
equine practice in the United Kingdom.
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Results

A total of 536 horses were recorded as tested for PPID, after exclusions, the final audit population was 480
animals. Of these, 51.7% (n=248) animals were classified as positive, 37.1% (n=178) as negative and 11.3%
(n=54) classified as borderline for PPID, based on seasonally adjusted reference ranges for basal ACTH.
Clinical records were available for 459 individuals; of which medical treatment with pergolide was initiated in
78.7% (n=185/235) of positive cases, 19.2% (n=10/52) of borderline cases and 6.4% (n=11/172) of cases
initially classified as negative (Fig.1). Overall, 87.2% (n=129/148) of cases were initially treated as per current
clinical guidelines. Only 77.7% (n=160/206) of pergolide-treated animals were monitored and of these, only
48.1% (n=77/160) had follow up testing by means of basal ACTH in the first 1-3 months following diagnosis.

Conclusions

The findings confirm that management of clinical cases of PPID in veterinary practice falls below current
expected evidence-based clinical guidelines, especially for initial monitoring.

Acknowledgements

The authors gratefully acknowledge Fyrnwy Equine Clinics for their assistance with this study.
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Figure 1: Diagnosis, treatment and management of a population of horses tested for PPID by basal ACTH
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Authors: Hague N .,l Durham A.E.,2 and Menzies-Gow N.J.!
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*Liphook Equine Hospital, Liphook, Hampshire GU30 7JG, UK.

Aims: To determine the effect of pergolide dosing compliance on the laboratory control of equine pituitary pars
intermedia dysfunction (PPID).

Methods: The clinical records from two first opinion equine veterinary practices were searched to identify
animals with PPID that were being treated with pergolide between 2016 and 2019. Animals were defined as
having PPID if they had 21 clinical sign suggestive of PPID and a basal adrenocorticotrophic hormone (ACTH)
concentration above the seasonally adjusted reference range at presentation. These animals were then included
in the study if the amount of pergolide being prescribed was apparent in the clinical record and follow up
measurements of basal ACTH concentration were recorded. The age, breed and sex of each animal was noted
and appropriate breed and age categories created. The dose of pergolide each animal received was calculated
(amount of pergolide dispensed/by the time period between each dispensing) and animals were classified as
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being compliant (receiving an average dose of pergolide consistent with that recommended by the attending
veterinarian) or non-compliant (receiving an average dose of pergolide below that recommended). Animals were
also classified as controlled if their follow-up basal ACTH concentrations were within the seasonally adjusted
reference range or not controlled. The data was compared between groups using contingency table analysis.
Significance was accepted at p<0.05.

Results: In total, 110 animals were included in the study. The majority (85%) of animals were aged 216 years
(median [IQR] 20 [17, 22] years); the most common breeds were Cob (18%), Thoroughbred (16%) and Welsh
(15%); and 37% were female and 63% male. Overall, 53/110 (48%) were considered compliant and 57/110
(52%) non-compliant. There was no significant effect of compliance on the return of basal ACTH
concentrations to within the seasonally adjusted reference range. Of those that were compliant, 74% were
controlled and 26% were not controlled; of those that were non-compliant, 67% were controlled and 33% were
not controlled. There was a significant (p<0.001) effect of age (figure 1 and 3) and breed (figure 2 and 4) on
both compliance and control.

Conclusions: In the population studied, only half of animals were receiving an adequate dose of pergolide;
however this did not appear to have an effect on whether basal ACTH concentrations returned to within the
reference range. Compliance was worst in the oldest age group of animals and in Shetlands. This may be due to
older animals and smaller breed being less likely to be used for athletic purposes. Laboratory control was
similarly worst in Shetlands, which may be due to a higher autumnal peak in ACTH in this breed, and best in
animals aged 12-15 years.

Acknowledgements: None

Figure 1: Effect of age on pergolide compliance in animals with PPID
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Figure 2: Effect of breed on pergolide compliance in animals with PPID
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Figure 3: Effect of age on laboratory control of PPID in animals treated with pergolide
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Figure 4: Effect of breed on laboratory control of PPID in animals treated with pergolide
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A cross-sectional study of horses diagnosed with pituitary pars intermedia dysfunction in the United
Kingdom: Treatment practices and factors associated with quality of life
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This study did not include animal participants, therefore international, national, or institutional guidelines for
humane animal treatment are not applicable. This study was granted institutional ethical approval from the
University of Liverpool. Return of a completed questionnaire was taken as informed owner consent.

This research has not been presented or published previously.
Word count: 500

Aim: To describe owner treatment practices and perceptions of quality of life (QoL) in horses with pituitary
pars intermedia dysfunction (PPID) as well as identifying clinical and treatment factors associated with QoL.

Methods: A cross-sectional questionnaire was distributed both online and via post to owners of horses
diagnosed with PPID in the UK. Information on treatment and clinical signs were gathered. Likert-style
questions were used to gather owner perceived ratings of QoL on a scale of 1-10 (could not be worse - could not
better).

Results: In total 377 completed questionnaires met inclusion criteria. The vast majority of horses had received
pergolide treatment after PPID diagnosis (94.1%; n=352/374), while 86.9% (n=325/374) were currently treated
with pergolide. Seventeen percent (n=65/374) currently received an alternative treatment (e.g. Vitex agnus
castus) and of these 70.8% (n=46/65) also received pergolide