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ACTH suppression and adverse effects of cabergoline in horses with pituitary
pars intermedia dysfunction (PPID)
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Background: The diagnosis and management of pituitary pars intermedia dysfunction (PPID) in
horses is based on evaluating abnormal plasma concentrations of adrenocorticotrophic hormone
(ACTH). Treatment commonly includes the oral dopamine agonist pergolide mesylate, which
suppresses the pathologic overproduction of ACTH. Cabergoline is a commercially available
long-acting injectable dopamine agonist that may provide an alternative means of treating horses

with PPID by producing similar effects on plasma ACTH concentrations.

Objectives: To evaluate the effects of IM cabergoline administration on plasma ACTH

concentrations in horses with PPID

Study Design: Experimental study with multiple repeated measures

Methods: Twelve adult horses with PPID were randomly divided into treatment and control
groups. The treatment group was administered a 0.01 mg/kg dose of intramuscular cabergoline at
two time points, two weeks apart. Control horses received an intramuscular injection of sterile
saline at the same time points. Horses were monitored for adverse effects. Blood samples were

collected for endogenous ACTH concentration monitoring at serial time points.
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Results: Horses in the treatment group had a reduction in plasma ACTH concentration from a
mean of 153.35 pg/mL to 24.117pg/mL following the initial administration of cabergoline. Their
ACTH levels remained within the seasonally appropriate range until twelve days after the second
cabergoline injection. Horses in the control group never achieved appropriate ACTH
concentrations. The treated horses showed appetite suppression immediately following

cabergoline administration, but no significant weight loss when compared to the control horses.

Main Limitations: The study group was small, and data collection overlapped with the natural

fall rise in ACTH, which complicated interpretation of the results.

Conclusions: Injectable cabergoline appeared effective in reducing plasma ACTH
concentrations in the PPID horses to seasonally appropriate ranges. There appeared to be a
transient reduction in appetite following cabergoline injection, but not a significant loss of

weight in comparison to control horses.

Clinical Relevance:

e (abergoline appeared able to suppress plasma ACTH concentrations to within
appropriate ranges.

e The most notable adverse effect of cabergoline treatment is appetite suppression, which
appears to be transient and have minimal impact on weight loss.

e The observed ACTH suppression following treatment with cabergoline does not appear

have a cumulative effect with repeated dosing.
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Introduction

Equine pituitary pars intermedia dysfunction (PPID) remains the most common endocrine
disease in horses with a prevalence of 25% in horses over 15 years (McGowan et al. 2013;
Durham et al. 2015; Spelta 2015; Ireland & McGowen 2018). Since it was first described in
1932, continual research has been done regarding the pathophysiology, clinical signs, diagnosis
and treatment of equine PPID (Schott 2002; Spelta, 2015). Current treatment involves daily oral
administration of pergolide mesylate. Preventative management, including deworming,
vaccination, dentistry, and regular farrier work is vital to prevent or manage common
complications of equine PPID, which include new and recurrent infections and insulin
dysregulation leading to hyperinsulinemia-associated laminitis (Durham et al. 2014; Spelta 2015;
Kirkwood et al. 2022). The goal of treatment is to improve quality of life, as a treatment has yet
to be found that can slow or reverse the progression of PPID (Pease et al. 2011).

Normally, the equine pituitary gland produces adrenocorticotropic hormone (ACTH) via
the enzymatic conversion of proopiomelanocortin (POMC) produced by melanotrophs in the
pars intermedia. Function of the melanotrophs is directly controlled by the release of dopamine
from the hypothalamus which acts on the D2 dopamine receptors of the melanotrophs in the pars
intermedia. Binding of the D2 receptor inhibits the adenylate cyclase enzyme and activates
potassium channels, resulting in inhibition of cell proliferation and reduced transcription of
POMC (Huang, et al, 2022; Kirkwood et al. 2022). PPID is characterized as a micro- or
macroadenoma of the pars intermedia due to diminished dopaminergic inhibition from the
hypothalamus. Current research suggests two mechanisms that could be causing the degeneration
of hypothalamic dopaminergic neurons: an increase in local oxidative stress and an accumulation
of a-synuclein, a misfolded protein, at the dopaminergic nerve terminal (Pease et.al. 2011;

McFarlane 2011; Spelta 2015). This leads to a proliferation of POMC-derived peptides such as
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ACTH, a-melanocyte-stimulating hormone (a-MSH), B-endorphin, and corticotrophin-like
intermediate peptide. The clinical signs associated with PPID are historically thought to be due
to the increase in ACTH and a-MSH (Schott 2002; McFarlane 2011; Spelta 2015; Kirkwood
et.al. 2022), although horses with PPID do not necessarily have cortisol increases commensurate
with the elevations in ACTH concentrations. There are hypotheses that the ACTH produced in
PPID horses is less biologically active, and that there are tissue-specific alterations in cortisol
metabolism that activate the hypothalamic-pituitary-adrenal (HPA) axis. Subsequent clinical
signs may be secondary to HPA activity, along with alterations in steroid concentrations within
target tissues (Morgan, et al. 2018).

Daily oral pergolide mesylate remains the primary treatment choice for equine PPID.
Pergolide is a synthetic, ergot alkaloid-derived oral medication that is a D1 but primarily D2
dopamine receptor agonist. Its action results in decreased POMC production by pituitary pars
intermedia melanotrophs (Herbert et al. 2013; Horn et al. 2019a; Rendle et al. 2019; Fortin et al.
2020). Daily oral pergolide has been shown successful in decreasing clinical signs in 76% of
treated horses and decreasing plasma ACTH concentrations in 44-74% (Tatum et al., 2020).
Reported adverse effects of pergolide include inappetence, colic, sweating, diarrhoea, and
behavioral changes including lethargy and neurological signs (Spelta 2015; Rendle et al. 2019;
Tatum et al., 2020). Due to its rapid absorption and bioavailability, pergolide decreases the
ACTH concentration within hours of administration (Tatum et al., 2020). Despite its
effectiveness in reducing plasma ACTH and clinical signs, owner compliance has been shown to
be as low as 17% in horses over the age of 26 years. It is suggested that this is due to the lifelong
requirement of daily oral dosing and poor palatability (Hague et.al. 2011; Menzies-Gow et al.

2023).
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Cabergoline is an injectable synthetic ergot alkaloid-derived dopamine receptor agonist
that also has a strong affinity for the D2 dopamine receptor. It is a first line treatment for
pituitary adenomas, specifically prolactinomas, in humans (Tritos, Miller 2023). Early research
in healthy horses demonstrates that cabergoline is effective in suppressing prolactin for up to 10
days (Hebert et.al. 2013). A recently published retrospective study indicated that cabergoline was
associated with improvement in clinical signs of PPID and a reduction in ACTH concentration
when administered once weekly at low (0.005mg/kg) or high (0.01mg/kg) dose, using an
extended release cabergoline (Smg/ml, BOVA Aus). This reduction in plasma ACTH
concentration occurs rapidly following cabergoline administration and remains reduced for 5-8
days (Sundra et.al. 2024). Like pergolide mesylate, however, there appeared to be variable
ACTH responses in the patient population evaluated, with around half of the treated horses
maintaining ACTH concentrations above the seasonal reference ranges. Anorexia was identified
as the most common adverse event associated with cabergoline administration and was reported
in 30% of horses receiving the low dose, and 60% of horses treated with high dose. Clinical
improvement was reported by owners in 78.3% of the horses in the low dose group, and 100% of
the high dose (Sundra et.al. 2024).

This study utilized an injectable cabergoline product that is on the commercial market in
the United States. It is a 5 mg/ml long-acting formulation for intra-muscular injection that is
concentrated in a Biorelease vehicle just prior to administration and recommended for use on a
14-day dosing interval. This injectable PPID treatment could be a reasonable alternative to oral
pergolide and improve owner compliance. The aim of this study is two-fold: a) Evaluate the
ACTH suppression effects of cabergoline in horses compared to placebo in horses with PPID. B)

Monitor adverse effects and changes in clinical signs during the treatment period for those horses
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being treated with cabergoline compared to controls. Due to the pharmacological similarities
between pergolide and cabergoline, it is predicted that cabergoline will demonstrate suppression
of ACTH concentrations as well as a similar set of clinical effects.

Materials and Methods

Horses: This study was conducted using a total of 12 systemically healthy, light performance
horses, consisting of four geldings and eight mares, ranging in age from 16-25 years. The horses
ranged from 367-534kg in weight. Two horses were in light work as part of a therapeutic riding
program; the remainder of the study horses were retired from work. The horses were housed
individually, visible to other horses, in sixteen x sixteen foot outdoor paddocks at the Colorado
State University Equine Teaching and Research Center. The horses had free access to water
provided by automatic waterers. Each horse received grass hay at approximately seven am and
four pm that corresponded to one percent of their body weight. The amounts per feeding varied
from 3.6kg to 5.3kg. Paddocks were cleaned once daily, around nine am. All procedures related

to animal care were conducted under the CSU Institutional Animal Care and Use Committee.

All horses enrolled in the study were previously diagnosed with PPID via thyroid releasing
hormone (TRH) stimulation test or evaluation of endogenous plasma ACTH concentration. Five
of the twelve horses were receiving oral pergolide, which was discontinued 30 days prior to the

start of this study.

A complete blood count (CBC), serum biochemistry panel (SBP), and physical examination

including neurological parameters were performed on all horses prior to their enrollment to
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ensure that all horses were systemically and neurologically healthy. Body weights were

measured prior to the first treatment and following the last treatment.

Drug administration: Horses were randomly divided into treatment and control groups. Control

horses received intramuscular saline injections at a volume equivalent to a 0.01mg/kg dose of
cabergoline, and treatment horses received intramuscular cabergoline (5mg/mL) injections at
0.01mg/kg on days 0 and 14. Intramuscular injections were performed using 1.5 inch 20-gauge

hypodermic needles.

Adverse event monitoring: After each injection, injection sites were monitored daily for any

changes and graded on a scale of zero to three, with zero indicating no inflammation and three
indicating severe inflammation. Basic vital parameters (temperature, heart rate, respiratory rate),
faecal output, neurological status, attitude, and appetite were monitored twice daily for three
days following each injection. Appetite was scored based on the estimated percentage of forage
consumed approximately two hours after feeding, an approach similar to the appetite monitoring
system used in trials for the pergolide mesylate tablets, Prascend® (Boehringer Ingelheim
Vetmedica, Inc., 2011). Faecal scores were assigned according to a seven-point equine faecal
scoring system (Table 1) that was created based an established faecal scoring system for dogs
(Purina Faecal Scoring Chart). The horses’ attitude, including behaviour and mentation, were
scored on a one to six point scale (Table 2). Clinical signs of PPID (hyperhidrosis, muscle
wasting, polyuria/polydipsia, abnormal fat distribution, and laminitis) were monitored

throughout the study period.

Sample collection and storage: Blood samples for ACTH evaluation were collected in 10-mL

syringes with one inch 20-gauge needles (Monoject) from the jugular vein of each horse at eight

am and transferred to 12-millilitre potassium EDTA blood collection tubes. Whole blood was
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centrifuged for 15 minutes at 2000rpm. A two millilitre aliquot of plasma was removed, pipetted
into cryovials, and stored at -17°C. Endogenous ACTH was measured on days 0, 3, 6, 9, 12, 15,
18, 21, 24, 27, 30, 35, 40, 45, and 50. EDTA plasma was measured at the Cornell Animal Health
Diagnostic Center using the Siemens IMMULITE 2000 test, a chemiluminescence assay. Blood
samples for haematologic analysis and serum biochemical profiles were collected on days 0, 14,
30, and 50, using the same technique, and transferred into a three milliletre heparin-containing
blood collection tube as well as an additional two millilitre potassium EDTA tube. These
samples were kept refrigerated and transported to the Colorado State University Veterinary
Clinical Pathology Laboratory for haematologic analysis [Advia 21201 analyser with manual

differential] and biochemistry [Cobas c501 analyser].

Statistical analysis:

Continuous data was evaluated for normality assumption using Shapiro-Wilk test. If normality
was met, a multiple linear mixed regression model was used to evaluate interaction between the
group and time. Horse ID was used as a random effect in the mixed model. When data did not
meet normality assumption, the data was log transformed for analysis. A p-value of 0.05 was
used to evaluate statistical significance. SAS v9.4 (SAS Institute Inc., Cary, NC) was used for all

statistical analyses.

Results:

ACTH concentrations

Due to the number of data collection points, the time points of the study were combined into
categories. Administration of the first dose of treatment/placebo was on July 8th, described as

Baseline 1 (BL1). The 14-day period following the initial injection was categorized as post-BL1;
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blood was collected, and ACTH concentration was measured every three days within this period.
The second dose of treatment/placebo was administered on July 23", described as Baseline 2
(BL2). Post-BL2 includes the 14-day period following the second injection. The END period
described the final 30-day period of the study. (Figure 1).

The mean plasma concentrations of ACTH in both the control group (229.85pg/mL +/-250.447)
and treated horses (153.35 +/- 233.114) at BL1 were elevated relative to the seasonally
appropriate normal ranges, per the Equine Endocrinology Group guidelines (EEG 2023).

Mean plasma ACTH concentration within the control group decreased from BL1; the lowest
mean ACTH concentration reached within the control group was 97.767pg/ml (+/-146.624),
which was within the post-BL1 period. ACTH then increased to a mean of 123.317pg/mL at BL2
and continued to rise throughout the post-BL2 and END periods. The final measured ACTH
concentration in the control group was a mean of 350.983pg/m (+/-350.428).

There was a gradual increase in the mean ACTH concentration of the control group throughout
the study period; the END period was significantly higher than both the post-BL1 and post-BL2
periods.

Mean ACTH concentrations for the treatment group rapidly decreased following cabergoline
administration, from 153.350pg/mL (+/- 233.114) to 24.117pg/mL (+/- 6.039) and remained
within the seasonally appropriate range throughout post-BL1 and into post-BL2. The mean
ACTH concentration at the final timepoint within the post-BL2 period was again above normal,
although the mean at this timepoint was skewed by an ACTH value of 1058.0 pg/ml in a single
treated horse. The mean ACTH concentration of the treated horses was significantly lower within
the post-BL1 and post-BL2 periods than in the END period. (Figure 2)

Adverse effects
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Horses in the treatment group showed a reduction in appetite immediately following
administration of cabergoline. Appetite scores were at their lowest at the first timepoint within
post-BL1. Scores increased throughout the post-BL1 period, then decreased again following the
second cabergoline administration at BL2. Appetite scores in the END period continued to
increase. Appetite scores for the control horses showed no decrease following the first placebo
injection and remained higher than the treatment horses for the majority of the study period,
although not statistically significant. (Figure 3)

The appetite scores within post-BL1 were significantly lower than post-BL2 and the END period
in both the treatment and control groups. Horses in both groups were weighed at the beginning
and end of the study. The mean weight of both groups decreased overall, although there was no
significant difference between the control and treatment groups in terms of weight loss, and the
change in mean weight was not significant within either group.

One horse within the treatment group developed a mild injection site reaction within 24 hours of
the second cabergoline injection (Figure 4). It was graded as one on a scale from zero to four and
had resolved by the following day. Two horses in each of the treatment and control groups had
transient episodes of looser manure within the post-BL1 period. None of the study horses
showed clinical signs of laminitis.

Clinical response

Although there were no significant weight losses in either the treatment or control group, there
were notable changes to the clinical presentation of several horses within the treatment group.
Three of the horses that began the study with long, seasonally inappropriate haircoats began
shedding within the post-BL1 period (Figure 5). All the control horses lost weight, dropping

from an average of 466kg to 445kg. The average weights of the treated horses dropped from
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462kg to 445kg; one horse in the treatment group maintained the same weight, and one horse
gained 2kg. The treated horse that gained weight also lost a cheek tooth during the post-BL2
period. The body composition of the treated horses changed over the course of the study, using
the Henneke body condition scoring system (Henneke, et al., 1983). One notable horse entered
the study with a body condition score of seven out of nine with regional adiposity; she lost 22kg
and ended the study at a six out of nine, without the fat deposits on her crest and tailhead that
were initially present (Figure 6).

Discussion

Horses in both the treatment and control groups started the study with an elevated ACTH showed
a reduction in plasma ACTH concentrations, although only the cabergoline-treated horses
dropped to seasonally appropriate levels. All horses had been moved into the study housing
several days prior to blood sampling, but it is possible that the stress associated with the move
contributed to higher-than-normal ACTH concentrations, even for horses with PPID. The
subsequent drop in plasma ACTH following the initial injection in the control group may
represent a return to the “normal” uncontrolled ACTH. The mean ACTH concentration within
the control group decreased from BL1, but remained consistently higher than normal, non-PPID

levels throughout the post-BL1, BL2, post-BL2, and END periods.

The response to cabergoline injection in the treatment group was a rapid reduction in plasma
ACTH to values within the non-PPID range. Mean ACTH remained within the normal range for
the 14 days of the post-BL1 period, and nearly through the end of the post-BL2 period, following
the second injection. The ACTH response in the treatment group suggests that cabergoline can
suppress ACTH concentrations in horses with PPID and maintain concentrations within the

range consistent with non-PPID horses. The impact of cabergoline on plasma ACTH appeared to
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last for the entire 14-day post-BL1 period, which supports the recommended 14-day dosing
protocol. There was a breakthrough elevation in ACTH concentration in the treatment group
twelve days into the post-BL2 period, although the increase in the mean ACTH can largely be
attributed to a significant ACTH increase in a single horse. Mean ACTH in the treatment group
showed a steady increase through the END period, at a rate comparable to the control group.
There did not appear to be a cumulative effect with the second cabergoline injection, however,
the timing of the study coincided with the natural fall rise in ACTH concentrations, so it is
possible that the seasonal impact outweighed any cumulative effects that may have been present.
Additional studies during alternative seasons would be necessary to demonstrate or disprove the

possibility of cabergoline having a cumulative effect on controlling plasma ACTH.

One of the consistently reported adverse effects with both pergolide and cabergoline is the
impact that treatment has on appetite. In the treatment group, there was a statistically significant
reduction in appetite at BL1 compared to BL2, post-BL2, and the END phases. Appetite scores
were at their lowest in the treatment group within the 5-day period following the first cabergoline
dose, then began to increase. The control group had its lowest appetite scores at BL1 and showed
a relatively steady increase throughout the remainder of the study period. Notably, although the
treatment group showed a transient reduction in appetite scores and maintained an average
appetite score that was consistently lower than the control group, there was no significant weight
loss in the treatment group when compared to the control group. Both groups showed some
weight loss, with a mean reduction from 466.8kg to 445.5kg in the control group, and 462.2kg to
445kg in the treatment group. This suggests that the transient appetite suppression seen following
the initiation of cabergoline treatment is unlikely to have a profound effect on weight loss. Aside

from appetite suppression, there were few adverse effects seen in the treated horses. One was a
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single injection site reaction, which resolved without intervention within 24 hours. There were
sessions of loose manure seen in multiple of the treated horses, but similar episodes were also
observed in the control group — factors beyond the cabergoline injection, such as the transition to
a different hay source or stress associated with relocation to the study housing, may have also

contributed to the change in manure composition.

The ACTH response to cabergoline in PPID horses is encouraging, and supports the data
reported by Sundra, et al (2024). There was considerable variation among the individual horses’
ACTH concentrations, within both treatment and control groups. The variable response to PPID
treatment has been reported when horses are treated with pergolide, as well as previous
cabergoline studies (Sundra, et al 2024). The pathophysiology of PPID itself varies widely
among different horses, which likely contributes to the wide range of clinical manifestations of
the disease. The lack of clinical response to dopamine agonists in some horses has been
suggested that dysregulation of the dopamine receptors themselves contributes to the disease
process (Huang, et al, 2022). ACTH secretion in both healthy and PPID-affected horses vary
over time, within a single day as well as throughout the year. That the horses in this study
showed significant variation in ACTH concentrations is therefore not dissimilar to what is likely
to be seen in any population of horses with PPID. Mean ACTH concentrations were calculated
and utilized to demonstrate the trends within treatment and control groups, but the standard

deviations at each time point were large, due to the individual variations.

The results of this study are promising and provide some support for the clinical use of
cabergoline in horses with PPID. There are significant limitations to the design and execution of
this study, however. The numbers of horses with confirmed PPID that were available for use

were small, which limited the sample size of treated horses, to provide a control group.
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Orchestrating the logistics of a clinical study within the academic environment tends to restrict
the study timeline to a period when suitable housing is available, which is often during the
summer. In this case, the timeline for initiation of the study meant that data collection was still
ongoing when the horses entered the fall season, which coincides with a natural increase in
plasma ACTH in in horses with and without PPID. Mean plasma ACTH concentrations in both
control and treatment groups showed increases, particularly in the END period. It is possible that
performing this study in a different season would show a more — or less — significant impact of

cabergoline on plasma ACTH.

In the future, a direct comparison of the effects of cabergoline and pergolide may provide data
that can be used to direct the clinical management of horses with PPID. With any treatment,
however, the individual clinical responses can be widely variable and may not correlate with
significant changes in plasma ACTH concentrations (Tatum et al., 2020). Studies that compare
how an individual horse responds to each treatment may help guide future decisions on how to
select the ideal treatment protocol for each horse. Additional evaluation of the pharmacokinetic
and pharmacodynamic properties of cabergoline — if there are bioactive metabolites or signaling
cascades that can be used to predict the magnitude of clinical response — would be invaluable
insight in the management of PPID. Ultimately, PPID remains an enigmatic, somewhat

unpredictable disease that can prove challenging to manage.
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Tables

Faecal Score

Description

firm, dry fecal balls

firm, formed fecal balls

soft, formed fecal balls

soft, unformed feces

“cow pie” very loose unformed pile of feces

mostly liquid with some fibrous material

NN N [BR|W|N =

liquid

Table 1. Faecal scoring chart

Attitude Grading | Description
1. Alert alert and normally responsive to environment
2. Lethargic | responsive to environment but not alert
3. Obtunded | withdrawn but responsive
4. Stuporous | unresponsive except to painful stimuli
5. Comatose | completely unresponsive
6. Delirious | abnormally responsive

Table 2. Attitude grading chart




Figures

8-Jul BL 1
12-Jul
15-Jul
18-Jul
21-Jul
23-Jul BL 2
27-Jul
30-Jul
2-Aug
5-Aug
8-Aug
13-Aug
18-Aug END
23-Aug
28-Aug

POSTBL 1

POST BL 2

Figure 1. Study timeline. Blood was collected at each listed date. Administration of
intramuscular cabergoline or saline occurred at BL1 and BL2.
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Figure 2. Mean ACTH concentration (pg/mL) versus time in treatment and control groups.
Baseline 1 (BL1) and baseline 2 (BL2) are the time points when cabergoline or saline injections
were administered.
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Figure 3. Mean appetite score versus time in treatment and control groups, from BL1 through the
post-BL1, BL2, and post-BL2 study periods.



Figure 4. Injection site reaction observed 24 hours following the second intramuscular
cabergoline injection.
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Figure 5. Three horses in the treatment group had long, seasonally inappropriate haircoats and
began shedding during the post-BL1 period.



Figure 6. One of the horses in the treatment group demonstrated a change in body composition.
She began the study at BCS 7/9, with significant regional adiposity (A), and ended the study with
an improved BCS of 6/9 and less regional adiposity (B).



