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1. Introduction

Thyrotropin-releasing hormone (TRH) stimulation
of adrenocorticotropic hormone (ACTH) has become
a common method for diagnosis of pituitary pars
intermedia dysfunction (PPID).1 When testing for
PPID, factors to consider include repeatability of
testing during the year,2 time requirements for cen-
trifugation after blood collection,3 effects of stress on
basal ACTH concentrations, the duration of efficacy
of thawed TRH after it has been frozen for storage,
and the stability of ACTH concentration after freez-
ing. All of these factors potentially may affect test
results and were investigated to aid practitioners to
obtain consistent reliable results when testing for
PPID in horses.

2. Duration of Effectiveness of Frozen/Thawed TRH
to Stimulate ACTH Release in Horses

Introduction

Many equine practitioners freeze single doses of
TRH following removal of a single dose from a mul-
tidose vial. Typically, prior to use, the TRH is
thawed and taken to the farm to be used when

testing a potential PPID 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 an optimum
and consistent response. The potency and stability
over time of TRH after one freeze/thaw cycle is un-
known. This study was designed to determine the
duration of effectiveness of TRH in horses following
one freeze/thaw cycle when stored at 5°C over time.

Materials and Methods

The TRH stimulation test used in each of these
studies was conducted as follows: blood was col-
lected into a purple top tubea for basal ACTH (T0-
ACTH) followed by IV administration of 1 mg TRHb

(1 mL). Blood was then collected exactly 10 min-
utes post-TRH administration (T10-ACTH). Blood
samples were centrifuged and plasma was frozen at
�80°C until ACTH analysis using a chemilumines-
cent immunoassay at the Animal Health Diagnostic
Laboratory, Cornell University, Ithaca, NY. Deter-
mination of positive, negative, and equivocal status
for PPID was according to the 2019 Equine Endocri-

AAEP PROCEEDINGS � Vol. 66 � 2020 303

MEDICINE: NON-INFECTIOUS DISEASES

NOTES



nology Group recommendations for the diagnosis
and treatment of PPID.

Ten horses (PPID� and PPID�) were enrolled,
mean age, 18.8 years (range, 12–25 years). Horses
were first paired by PPID status and randomized
into 2 groups of 5 horses (each group contained 4
PPID� and 1 PPID�). Thirty 1-mg/mL doses of
constituted TRH were frozen (�20°C) 28 days prior
to testing. Fourteen days prior to testing, ten doses
of TRH were thawed and kept at 5°C until admin-
istration. The remaining 20 doses of TRH were
thawed on the first day of testing (Day 0) and stored
at 5°C until administration. On Day 0, all horses
were TRH stimulation tested using TRH thawed
same day. The TRH stimulation procedure was re-
peated post-thaw on Days 14, 28, 42, and 56. In
order to avoid potential carryover effects of multiple
TRH stimulation procedures administered every 2
weeks, horses in Group 1 had the TRH stimulation
repeated on Days 14 and 42 (post-thaw TRH),
whereas Group 2 horses had the TRH stimulation
repeated on Days 28 and 56 (post-thaw TRH). All
T10-ACTH samples were centrifuged following col-
lection and plasma frozen (�80°C) 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 (T0-ACTH to T10-ACTH) 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, and
Bland-Altman plots were constructed to compare
T10-ACTH on Days 14, 28, 42, and 56 to the T10-
ACTH on Day 0.

Results

There was no effect of Group (P � .25), so when
appropriate, data were combined for analysis. There
was no effect of day post-thaw on T10-ACTH (P �
.13) or the percent increase of T0-ACTH to T10-
ACTH after TRH stimulation (P � .36). Pearson’s
correlation coefficients indicated strong relation-
ships between T10-ACTH on day 0 and all other
days (R � 0.98, P � .001). Bland-Altman plots
indicated an average day bias of 9.4 pg/mL in all
horses compared to day 0, with 95% limits of agree-
ment at �38.8 to 57.4 pg/mL.

Discussion

In this study, the TRH stimulation procedure pro-
duced repeatable ACTH concentrations in samples
collected 10 minutes after administration of TRH in
horses when using TRH that had been frozen,
thawed, and stored at 5°C for up to 56 days.

3. The Effect of Trailering and Dentistry on Resting
Adrenocorticotropic Hormone Concentration in Horses

Introduction

Several studies have concluded that pain, stress,
and concurrent illness were only likely to affect di-

agnostic usefulness of resting ACTH when severe.4

The objective of this study was to identify whether
trailering or teeth floating (common stressful situa-
tions/procedures) increase plasma ACTH levels in
horses that might interfere with testing for PPID.

Materials and Methods

Twelve PPID-negative horses were randomized into
3 groups of 4 horses per group. Each group was
randomly assigned to an initial treatment: den-
tistry (DN), trailered (TR), or stabled controls (CN).
Following initial treatment, each horse group was
randomly assigned to each of the two remaining
treatment groups; thereby, each horse group under-
went all three treatments. Plasma was collected
from all horses prior to each treatment and used as
the baseline basal ACTH. The DN horses were
placed in stocks, sedated with 0.1 to 0.3 mg/lb xyla-
zine IV, and following mouth speculum placement,
teeth were floatedc. The TR group was loaded on a
6-horse slant trailer and hauled for 40 minutes.
Immediately following the dental procedure and
trailer ride, post-procedure (P0) plasma samples
were collected. Plasma samples were then col-
lected from all horses at 15, 30, 60, and 120 minutes
post-procedure. Plasma P0 samples from the CN
horses were taken when the TR horses returned.
Plasma samples were frozen (�80°C) until analysis
at Cornell Animal Health Diagnostic Center. Data
were confirmed for normality using the Shapiro-
Wilk statistic, and then 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 � time as the repeated
effect. Statistical significance was designated at
P � .05. Data were summarized as mean 	 SE.

Results

No change occurred in ACTH over time in the CN
or DN horses (P � .14). ACTH was higher in TR
compared to CN (P � .026) and DN (P � .016)
horses. In TR horses, ACTH was higher than base-
line (PRE) immediately after trailering (T0; P �
.0003). By 30 minutes post-trailering, as a group,
there were no differences in mean basal ACTH com-
pared to PRE concentrations (P � .55). One horse
in the study maintained elevated ACTH concentra-
tions until the 120-minute time point.

No significant difference in resting ACTH concen-
trations over time was observed in horses undergo-
ing dentistry procedures compared to baseline.
A 40-minute trailer ride resulted in significantly
increased basal ACTH concentrations in horses up
to 30 minutes post-unloading.

Discussion

In these horses, collecting blood within 30 minutes
(in all horses) and up to 120 minutes (in one horse)
after trailering resulted in elevated resting ACTH
concentrations that could interfere with PPID test-
ing. Based on results of this study, blood should
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not be collected for resting ACTH concentration de-
termination for at least 30 minutes after trailering.

4. TRH Repeatability in PPID-Negative and
PPID-Positive Horses

Introduction

Even though TRH stimulation of ACTH has been
used as a diagnostic test for equine PPID, it is un-
known whether 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 deter-
mine the repeatability of the T10-ACTH, over time.

Materials and Methods

Twelve horses, 5 PPID positive (PPID�), 5 PPID
negative (PPID–), and 2 PPID equivocal with a mean
age of 18.8 years (range, 12 to 25 years) were en-
rolled. Basal ACTH concentration from blood col-
lected in January was used to identify PPID status
of each horse. The TRH stimulation procedure was
performed on day 0 (February 13) and repeated on
Days 28, 56, 84, and 112. The subsequent samples
were compared to the T10-ACTH samples collected
on Day 0. Data were confirmed for normality using
the Shapiro-Wilk statistic, and then 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 coeffi-
cients were used to examine relationships between
T10-ACTH on days 28, 56, 84, and 112 to T10-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

The mean basal ACTH in PPID– horses was 17.6 	
0.7 pg/mL and 61.4 	 9.2 pg/mL (T10-ACTH), with a
349 	 41% increase in T10-ACTH after TRH stim-
ulation. The mean basal ACTH in PPID� horses
was 43.5 	 3.6 pg/mL (basal) and 410 	 58 pg/mL
(T10-ACTH), with a 948 	 194% increase in T10-
ACTH after TRH stimulation. Repeated measures
analysis indicated no effect of day on T10-ACTH
(P � .40), or the percent increase of T10-ACTH after
TRH stimulation (P � .12). Pearson’s correlation
coefficients indicated strong relationships between
T10-ACTH on Day 0 and all other days (R � 0.70,
P � .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– (with 95%
limits of agreement at �101 to 122 pg/mL) and 43
pg/mL in PPID� (with 95% limits of agreement at
�493 to 581 pg/mL) horses. The Immulite intra-
assay CV was 9.3%, which accounts for most of the
observed day bias.

Discussion

The TRH stimulation procedure produced repeat-
able ACTH concentrations in samples collected 10
minutes after administration of TRH in horses col-
lected at 4-week intervals over 112 days from Feb-
ruary through June. Observed variation of T10
ACTH over the duration of the study resulted in 2/5
PPID negative horses classified as positive, once and
twice, respectively. Additionally, the T10 ACTH
in 1/5 PPID positive horses tested equivocal at one
time point. The results of this study stress the
importance of using the combination of owner his-
tory, clinical signs, and laboratory data when deter-
mining the proper diagnosis of PPID.

5. Effect of Delayed Plasma Centrifugation on Equine
ACTH Concentration

Introduction

If stored at room temperature (21°C), ACTH level
in blood decreased soon after collection.6 Multiple
recommendations exist for the timing of centrifuga-
tion of chilled samples from sample collection. In
the United States, a discordance exists between lab-
oratory recommendations concerning centrifugation
time from sample collection. Realistically, many
equine ambulatory practitioners do not have the
ability to centrifuge the sample within 2 to 4 hours.
This study was conducted in order to determine the
length of time whole blood can be stored refrigerated
prior to centrifugation and maintain accurate ACTH
concentration.

Materials and Methods

On day 0, 5 mL of whole blood from each of 10 horse
(Five PPID positive and 5 PPID negative) was col-
lected into each of 6 ethylenediaminetetraacetic acid
(EDTA) tubes and immediately placed in a refriger-
ator at 7°C. One tube from each horse was centri-
fuged within 15 minutes of collection, followed by
centrifugation of one tube from each horse at 4, 8,
12, 24, and 36 hours following collection. At each
time, centrifuged plasma was pipetted into 1.5 mL
polypropylene tubes and stored at –80°C. None of
the plasma samples were turbid, hemolyzed, or ic-
teric. Plasma was shipped frozen with cold packs
overnight to the Animal Health Diagnostic Center of
Cornell University in Ithaca, NY for analysis.
The percent change from baseline (PCFB) was re-
ported to standardize the data given that baseline
values differed.

Results

The absolute changes over time revealed no pattern
of variation. The mean PCFB was 2.8% 	 7.96%
(95% CI,: –2.9%, 7.0%). There was no evidence of
significant time effect from the repeated measures
model with a P-value of .5056. There was no evi-
dence of significant time effect on the level of ACTH
in PPID positive or PPID negative horses. Three of
10 enrolled horses exhibited variation in ACTH

AAEP PROCEEDINGS � Vol. 66 � 2020 305

MEDICINE: NON-INFECTIOUS DISEASES



concentration at 1 time point that changed the
diagnostic interpretation of PPID status from PPID
negative to equivocal, PPID positive to equivocal
and PPID negative to equivocal, respectively. In 2
of the 3 horses, the variation was less than the
intra-assay variability (9.3%) whereas the ACTH
was increased 16.7% in the third horse.

Discussion

This work demonstrated that refrigeration (4°C) of
whole blood for up to 36 hours prior to centrifuga-
tion and freezing did not significantly affect plasma
ACTH concentrations. Laboratory diagnostic re-
sults alone should not be utilized to classify a horse
as PPID positive or negative. The history and clin-
ical signs in conjunction with laboratory diagnostic
results should always be utilized for the diagnosis of
PPID.

6. Effect of Various Freezing Protocols on ACTH
Plasma Concentration

Introduction

ACTH has been reportedly understood to be fragile
in whole blood samples and is affected by heat and
time spent on erythrocytes prior to centrifugation.7,8

Equine ACTH has been shown to be stable without
centrifugation for up to 8 hours stored at 21°C or
4°C6 and was stable in plasma stored at �20°C and
�80°C for 30 days.6 If plasma samples cannot be
shipped the day of collection to the respective labo-
ratory, plasma should be frozen until shipment.
It is imperative for the veterinarians to understand
if freezing plasma has any negative effects on the
stability of equine basal ACTH concentration. The
objective of the study was to determine the stability
of ACTH in plasma after freezing for different
lengths of time prior to determination of basal
ACTH concentration.

Materials and Methods

Twelve horses (5 mares, 6 geldings, and 1 stallion)
ranging in age from 14 to 29 years from the Middle
Tennessee State University herd were screened for
ACTH in May with levels found to range from 12.4
pg/mL to 62.0 pg/mL (10 horses � 30 pg/mL � neg-
ative, �2 horses 50 pg/mL � positive). In Septem-
ber, 1.0 mg of TRHa suspended in 1 mL of saline was
administered intravenously to the same 12 horses.
Ten minutes later, blood samples were collected in
EDTA tubes and refrigerated at 5°C until centri-
fuged at 1000�g for 10 minutes within 2 hours of
collection. Plasma was stored in microcentrifuge
tubes and frozen for variable lengths of time and
conditions. Basal ACTH concentrations were mea-
sured at day 0. Plasma samples were stored at
�80°C for 3, 7, 30, 60, and 90 days, or stored at
�20°C for 3, 7, 30, and 60 days, or stored between ice
packs in a freezer to mitigate fluctuation of temper-
ature due to opening and closing of the freezer door
at �20°C for 3 and 7 days prior to determination of

basal ACTH concentration. Plasma was shipped
frozen with cold packs overnight to the Animal
Health Diagnostic Center, Cornell University, Ithaca,
NY. Samples were batch analyzed for plasma
ACTH concentration determined by chemilumines-
cent immunoassay previously validated for horses.
ACTH concentrations were compared to baseline
(non-frozen day 0 plasma) for each storage method
using a mixed model with repeated measures in
which each horse served as its own control and day
was the repeated effect. Statistical significance
was set at P � .05.

Results
Mean basal ACTH concentration on day 0 for
plasma stored at �80°C was 392.2 pg/mL that de-
clined 6.9% to a low of 365.0 pg/mL by day 90 (P �
.047). Through day 60, the PCFB never varied
more than 2% and was not different (P � .62) from
day 0. On day 90, the PCFB was �6.9% and dif-
ferent from baseline (P � .030). Across the 90-day
storage, overall degradation was observed (P �
.034).

Mean basal ACTH concentration on day 0 for
plasma stored at �20°C was 392.2 pg/mL that de-
clined 5.3% to 371.4 pg/mL by day 60. The ACTH
concentrations at day 0 and day 60 were not differ-
ent (P � .18). The PCFB was lower by day 60 (P �
.035). Across the 60-day storage, degradation was
observed at �20°C (P � .004).

Mean basal ACTH concentration at day 0 for
plasma stored between ice packs at �20°C was
392.2 pg/mL that declined 1.1% to 387.9 pg/mL by
day 7. No degradation of basal ACTH was observed
by day 7 in either the ACTH concentrations (P � .36)
or the PCFB (P � .24).

Discussion
In a practice situation, it is unlikely that samples
would be held for more than just a few days. This
work shows that keeping frozen plasma stored in
an ordinary household refrigerator freezer without
keeping it between ice packs to reduce temperature
fluctuation is sufficient to preserve testing reliabil-
ity. For research or epidemiologic purposes, it
should be considered that after 60 days ACTH levels
declined when stored at �80°C.

7. Conclusions

TRH that has been frozen and thawed (once) was
effective for at least 56 days when TRH was kept
refrigerated after thawing. Trailering horses for 40
minutes increased basal ACTH for at least 30 min-
utes (and up to 120 minutes in one horse) post traile-
ring. Results of T10 ACTH from TRH stimulation
testing was repeatable from January through early
June in the United States (Latitude 35° 50
 44”
North). Basal ACTH concentration determination
is reliable from whole blood that has been refriger-
ated for up to 36 hours prior to centrifugation.
Plasma samples for ACTH determination can be
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frozen in a refrigerator freezer at �20°C, for up to
30 days or up to 60 days at �80°C with no decrease
in ACTH concentration.
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