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Abstract

Background: In metabolically stable horses, alpha-2-agonists suppress insulin

secretion with transient hyperglycemia and rebound hyperinsulinemia. In horses with

insulin dysregulation (ID), the effect of alpha-2-agonists has not been investigated;

however, both the alpha-2-agonist-induced suppression of insulin secretion and

rebound hyperinsulinemia could have clinical relevance.

Hypothesis/Objectives: In horses with ID, alpha-2-agonists will alter insulin and

glucose dynamics.

Animals: Seven horses with ID and 7 control horses.

Methods: In this randomized crossover study, xylazine hydrochloride (1.1 mg/kg) or

detomidine hydrochloride (30 μg/kg) were administered IV, and blood was collected for

glucose and insulin concentrations at 0, 15, 30, 45, 60, 90, 120, 150, 180, and 300 minutes

after administration. Horses received each drug in a random order with a 24-hour washout

period between drugs. Percent change in glucose and insulin concentrations was com-

pared between groups, drugs, and over time with P < .05 considered significant.

Results: A significant time-dependent effect of both alpha-2-agonists on glucose and

insulin concentrations in control and ID horses was identified (P = .01 for all compari-

sons). There was no significant effect of sedative selection and endocrine status on blood

glucose concentration in either group; however, in ID horses, xylazine administration

resulted in severe rebound hyperinsulinemia whereas detomidine administration did

not (P = .02).

Conclusions and Clinical Importance: Alpha-2-agonists have a significant effect on

glucose and insulin concentrations in horses. In ID horses, detomidine could minimize

hyperinsulinemia when compared to xylazine.
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1 | INTRODUCTION

Xylazine and detomidine are commonly used in horses, alone or in

combination with other sedatives or analgesics, for many types of pro-

cedures because they provide acceptable levels of both sedation and

analgesia.1,2 The choice between xylazine and detomidine in equine

practice mainly stems from clinician's preference and duration of the

procedure for which sedation is required, as detomidine induces a lon-

ger sedation.3

Although convenient to use in everyday practice, alpha-2-agonists

alter glucose and insulin dynamics.4 In metabolically stable animals,

alpha-2-agonist administration results in a decrease in insulin secretion

from the pancreatic beta cells and, to a much lesser extent, an increase

in glucagon secretion from pancreatic alpha cells.5 This causes a tran-

sient hyperglycemia and, as blood glucose is the main driver for insu-

lin secretion in horses, a compensatory hyperinsulinemic response

develops with blood glucose normalization.3,6 The duration and the

extent of each phase vary tremendously with the alpha-2-agonist

used with more pronounced effects with romifidine compared to

xylazine.4 In critically ill horses, hyperglycemia is associated with

complications and a poor outcome; however, in metabolically fragile

horses, alpha-2-agonist-induced perturbation of glucose and insulin

dynamics could have more dramatic effects than those described in

other equids.7

Horses with insulin dysregulation (ID), a key element of equine

metabolic syndrome, have blood glucose concentrations in the higher

values of reference ranges suggesting that an alpha-2-agonist-induced

hyperglycemia could be more pronounced in those horses.8 In addition,

some horses with ID are more prone to hyperinsulinemia suggesting

that, on 1 hand, alpha-2-agonists could help blunt a hyperinsulinemic

peak, whereas, on the other hand, the compensatory insulin response

could be more severe.9 Hyperinsulinemia is linked with the develop-

ment of laminitis; therefore, if alpha-2-agonist-induced sedation could

result in prolonged hyperinsulinemia, it could potentially contribute to

the development of a laminitic episode in horses with ID.10

Taken together, these data suggest that horses with ID could

experience different glucose and insulin responses after alpha-2-ago-

nist-induced sedation than control horses and that these responses

could increase their risk of laminitis. The aim of this study is therefore

to describe how horses with ID respond to alpha-2-agonists and to

evaluate the differential effects of the 2 most commonly used alpha-

2-agonists in equine practice, xylazine hydrochloride and detomidine

hydrochloride.

2 | MATERIALS AND METHODS

2.1 | Horses

The study population consisted of adult horses that had been

donated to either institution for problems unrelated to their gas-

trointestinal or endocrine systems. Horses were divided into

2 groups depending on the results of an oral glucose test (OGT) or

oral sugar test (OST) and a 2-step insulin sensitivity test as previ-

ously described.11-14 Briefly, for the OGT, horses were fasted

overnight for 10 hours, 0.75 g/kg of D-glucose was administered

through a nasogastric tube, and blood samples were collected at

0 and 120 minutes to measure serum insulin.11 For the OST,

horses received 15 mL/100 kg of concentrated light corn syrup

(equivalent to 158 mg/kg of glucose) PO after a 10-hour fast, and

blood was collected 0 and 90 minutes after corn syrup administra-

tion.12 For the 2-step insulin sensitivity test, horses were adminis-

tered 0.1 IU/kg of regular insulin IV, and blood samples were

collected at 0 and 30 minutes to measure blood glucose.13 A diag-

nosis of ID was made when a horse had both hyperinsulinemia as

per the OGT or OST (serum insulin >80 μIU/mL or > 60 μIU/mL,

respectively) and peripheral tissue insulin resistance as per the

2-step insulin sensitivity test (decrease in blood glucose <50%).15

Horses having both hyperinsulinemia and peripheral tissue

insulin resistance were included in the ID group, horses having nei-

ther hyperinsulinemia nor peripheral tissue insulin resistance were

included in the control group and horses having only 1 positive

test were excluded. All the horses were determined to be healthy

by physical examination and none had clinical signs consistent with

pituitary pars intermedia dysfunction, although endogenous ACTH

concentrations were not measured.

2.2 | Procedures

After acclimatization, an IV catheter was placed in the left jugular vein of

each horse. Sixty minutes after catheter placement, horses were admin-

istered xylazine hydrochloride (Rompun [100 mg/mL], Bayer HealthCare

LLC, Animal Health Division, Shawnee Mission, Shawnee, Kansas,

1.1 mg/kg) or detomidine hydrochlorideb (Dormosedan [10 mg/mL],

Zoetis Inc, Parsippany, Troy Hills, New Jersy, 30 μg/kg) by IV injections

in the right jugular vein. The alpha-2-agonist administered was randomly

selected (coin toss). Blood samples were then collected through the IV

catheter at 0, 15, 30, 45, 60, 90, 120, 150, 180, and 300 minutes

after alpha-2-agonist injection and placed in either an

ethylenediaminetetraacetic acid (EDTA) containing tube (Institution 1) or

in a plain tube (Institution 2). Plasma was collected immediately, whereas

blood was allowed to clot for 45 minutes at room temperature, cen-

trifuged, and serum was extracted. Depending on the institution, insulin

was measured using a radioimmunoassay (Institution 1) or a chemilumi-

nescent assay (Institution 2) previously validated in horses.16,17 Blood

glucose was measured using a glucohexokinase colorimetric assay as

previously described.14 A 24-hour washout period was observed before

the same procedure was followed with the other alpha-2-agonist.

In order to limit variability, all the procedures were performed in

summer (July-August for Institution 1 and December-January for Insti-

tution 2). Horses were kept in stalls and had access to a mixed alfalfa

and grass and water ad libitum before and after the experiments; how-

ever, they only had access to water during the experimental proce-

dures. All the procedures were approved by both institutional Animal

Ethics Committees.
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2.3 | Data analysis

Horses were grouped by insulin regulation status and by alpha-

2-agonist administered (control or ID and xylazine or detomidine,

respectively) and compared with P < .05 considered statistically signifi-

cant. Normal distribution was determined by the Shapiro-Wilk test.

Means ± SDs were reported for normally distributed data, and medians

(range) were reported for data that did not follow normal distribution.

Baseline glucose and insulin concentrations were compared between

groups and between experiments using an unpaired or paired t test, or

a Mann-Whitney U test or a Wilcoxon signed-rank test depending on

comparison of interest and distribution. As different insulin assays were

used between institutions, percent change in insulin and glucose con-

centrations induced by alpha-2-agonist administration were calculated

using baseline as reference. Percent change was then compared by

means of a 2-way repeated-measures analysis of variance and a Tukey

post hoc test when relevant. Statistical analysis was performed using

commercially available statistical software (Prism, GraphPad Software

Inc, La Jolla, California).

3 | RESULTS

3.1 | Horses

Fourteen horses met the inclusion criteria, including 8 mares and

6 geldings, 9 from Institution 1 and 5 from Institution 2. The mean

age was 16 ± 4 years, the mean body weight was 490 ± 100 kg, and

F IGURE 1 Mean (±SD) glucose
concentration (percentage of baseline)
after IV administration of xylazine
hydrochloride (open circles) and
detomidine hydrochloride (black squares)
in 7 control horses (solid line, panel A) and
7 insulin dysregulated horses (dashed line,
panel B). *P < .05 versus baseline
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the median body condition score was 5 ranging from 4 to 8 on a

9-point scale. Seven horses were included in the ID group and

7 horses were included in the control group (Table S1). There was

no significant difference regarding sex distribution (P = .59), age

(P = .67), body weight (P = .93), or body condition score (P = .10)

between groups. There was no significant difference in baseline

glucose concentrations between the control group and the ID

group (5.5 ± 0.1 versus 5.7 ± 0.2 mmol/L, respectively, P = .34);

however, baseline insulin concentration (obtained by radioimmuno-

assay or chemiluminescent assay depending on institution) in

the ID group was significantly higher than in the control group

(26.94 μIU/mL [1.4-138.0] versus 10.14 μIU/mL [1.4-28.2],

respectively, P = .01).

3.2 | Glucose

In the control group, there was a significant effect of alpha-2-agonist

administration on glucose concentration (P = .01); however, there was

no significant effect of the type of alpha-2-agonist administered

(P = .47). Administration of alpha-2-agonists induced an increase in

glucose concentration significantly above baseline from 30 minutes

post-injection up to 60 minutes for xylazine hydrochloride and up to

150 minutes for detomidine hydrochloride (Figure 1A).

In the ID group, there was a significant effect of alpha-2-agonist

administration on glucose concentration (P = .01); however, there was

no significant effect of the type of alpha-2-agonist administered

(P = .74) Administration of alpha-2-agonists induced an increase in

F IGURE 2 Mean (± SD) insulin
concentration (percentage of baseline)
after IV administration of xylazine
hydrochloride (open circles) and
detomidine hydrochloride (black squares)
in 7 control horses (solid line, panel A) and
7 insulin dysregulated horses (dashed line,
panel B). *P < .05 versus baseline;
†P < .05 xylazine versus detomidine
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glucose concentration significantly above baseline from 30 minutes

postinjection up to 120 minutes for xylazine hydrochloride and up to

180 minutes for detomidine hydrochloride (Figure 1B).

When comparing control and ID horses, no significant effect of

endocrine status on xylazine hydrochloride-induced or detomidine hydro-

chloride-induced changes in glucose concentration was identified.

3.3 | Insulin

In the control group, both alpha-2-agonists affected insulin con-

centration (P = .01), but there was no difference on insulin release

between drugs (P = .40). Administration of alpha-2-agonists

induced an initial decrease in insulin concentration below baseline;

however, this effect did not reach statistical significance. This ini-

tial decrease was followed by an increase in insulin concentration

for both alpha-2-agonists; however, this increase was only signifi-

cantly above baseline for xylazine hydrochloride at 120 minutes

(P = .03, Figure 2A).

In the ID group, there was a significant effect of alpha-2-agonist

administration on insulin concentration (P = .01) and a significant

effect of the type of alpha-2-agonists administered (P = .02). Xylazine

hydrochloride administration induced an initial decrease in insulin con-

centration; however, this effect did not reach statistical significance.

This initial decrease was followed by a marked increase, significantly

above baseline at 120 and 180 minutes (P = .01 for both compari-

sons). Administration of detomidine hydrochloride induced a decrease

in insulin concentration, below baseline with no subsequent increase

F IGURE 3 Mean (±SD) insulin
concentration (percentage of baseline)
after IV administration of xylazine
hydrochloride (open circles, panel A) and
detomidine hydrochloride (black squares,
panel B) in 7 control horses (solid line) and
7 insulin dysregulated horses (dashed
line). *P < .05 versus baseline. To facilitate
the reader's evaluation, insulin data are
presented per group (Figure 2) and drug
(Figure 3)
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above baseline; however, none of these effects did reach statistical

significance (Figure 2B).

When comparing control and ID horses, no significant effect of

endocrine status on xylazine hydrochloride-induced (P = .34, Figure 3A)

or detomidine hydrochloride-induced (P = .08, Figure 3B) changes in

insulin concentration was identified.

4 | DISCUSSION

The main results of this study are (a) administration of alpha-2-agonists

results in a significant increase in blood glucose concentration in both

control and ID horses; and (b) administration of alpha-2-agonists results

in the suppression of insulin secretion in both control and ID horses; how-

ever, in horses administered xylazine hydrochloride, this initial decrease is

followed by a marked and significant increase in insulin secretion.

In this study, alpha-2-agonists induced hyperglycemia in both groups

regardless of the alpha-2-agonist used. Although the magnitude of the

increase was similar in all conditions with glucose concentrations reaching

on average 150% of baseline, the effect was more prolonged in horses

from the ID groups. This prolonged hyperglycemia could be explained by

the presence of peripheral tissue insulin resistance in ID horses.18 Never-

theless, considering that there was no significant difference in baseline

glucose between groups, these increases of similar magnitude suggest a

saturable mechanism present in both control and ID horses.

Two potential mechanisms responsible for this saturable effect

are urinary spilling and rebound insulin secretion, both maintaining

glucose concentrations within a narrow range. The urinary spilling

threshold in horses is estimated to be between 8.9 and 10.0 mmol/

L.19 Assessment of glycosuria was beyond the scope of this study;

however, considering that the mean blood glucose concentration was

above 8.5 mmol/L at the hyperglycemic peak, urinary spilling is a likely

cause of the saturable effect observed. Another possible mechanism

for glucose regulation in a narrow range is rebound insulin secretion.

Blood glucose is responsible for about 70% of insulin secretion in

horses.6 In both groups, alpha-2-agonists initially induced a mild

decrease in serum insulin followed by an increase of variable ampli-

tude. Although there was no obvious parallelism between the glucose

and the insulin curves, the presence of hyperglycemia followed by

hyperinsulinemia could suggest a delayed yet adequate overall pan-

creatic beta cell response.20 In ID horses, after xylazine hydrochloride

injection, after a mild decrease, insulin concentration showed a

steady increase, doubling baseline value by 120 minutes whereas

after detomidine hydrochloride injection, insulin concentration slowly

returned to baseline at 150 minutes without exceeding baseline. The

different amplitudes between the glucose and the insulin curves in

horses with ID could suggest an erratic pancreatic response to alpha-

2-agonists or a more complex regulation mechanism of pancreatic beta

cell alpha-2-adrenergic receptors such as a greater role of pancreatic

alpha cell alpha-2-adrenergic receptors in those horses, as documented

in rats.5 Determination of glucagon concentrations was beyond the

scope of this study; however, this dual effect of alpha-2-agonists on pan-

creatic alpha and beta cells would require further investigation. These

data also confirm the results of other studies regarding glucose being a

poorly sensitive and poorly repeatable marker when investigating ID in

horses.6,18

The second main finding of this study is the different insulin

response observed in ID horses receiving detomidine compared to

xylazine. As mentioned above, after xylazine hydrochloride administra-

tion, insulin concentration in ID horses more than doubled, whereas after

detomidine hydrochloride administration, insulin concentration did not

rebound. The observed difference between xylazine and detomidine

could be explained by a different affinity for alpha-2-adrenergic recep-

tors. Detomidine has a 100-fold higher affinity for alpha 2-adrenergic

receptors compared to xylazine, suggesting that, as observed in this

study, a better binding between detomidine and pancreatic beta cells

alpha-2-adrenergic receptors could be expected resulting in a longer inhi-

bition of insulin secretion and an absence of insulin rebound.21

The immediate consequence of these results could be that careful

selection of alpha-2-agonists might be warranted in horses with ID as

using detomidine might limit the degree of hyperinsulinemia. This

could be beneficial in some specific cases and limit the risk of poten-

tial iatrogenic lamellar damage and associated laminitis.10

Another possible consequence of these results could be that alpha-

2-agonists, and especially detomidine, could be investigated as potential

targets to decrease insulin secretion in horses with ID. In dogs and

humans with type-2 diabetes, alpha-2-antagonists have been investi-

gated as potential targets to stimulate insulin secretion from pancreatic

beta cell islets.22 That being said, alpha-2-agonists also have significant

influence over many functions such as the cardiovascular system, and

as such, their use must be carefully deliberated upon when considering

administration to patients.23 Inhibition of insulin secretion via stimula-

tion of alpha-2 receptors on pancreatic beta cells might provide a means

of controlling insulin secretion; however, further research is required to

document the appropriateness of alpha-2-agonist treatment.

Only 1 dosage of each drug was tested, and the amounts given are

the label dosages in horses for each product. Because alpha-2-agonists

have dose-dependent effects, it is possible that insulin response to higher

or lower dosages would have been different and that at doses commonly

used in practice, xylazine and detomidine would have had similar effects.1

Another limitation of this study was the use of different assays to mea-

sure insulin concentration. It has been well described that, as most insulin

assays are immunoassays, the amount of immunoreactive insulin detected

by each assay can vary and that a simple correction factor cannot be used

to easily compare concentrations obtained with 1 assay with concentra-

tions obtained with another assay.17,24 Therefore, this limitation was

addressed by using the percent change in insulin concentration rather

than the actual measured insulin concentration. An additional limitation

was the use of a 24-hour washout period between alpha-2-agonist test-

ing periods. Because of the long-acting detomidine, a longer washout

period between measurements might have been better for increased

accuracy. A final limitation of the study was the number of horses

included; with a higher number of horses, some of the changes might

have become statistically significant.

In summary, this study indicates that administration of alpha-

2-agonists results in an initial decrease in blood insulin in both control

KRITCHEVSKY ET AL. 907



and ID horses; followed by a marked increase in insulin secretion with

xylazine. Further research is required to investigate the repeatability of

these findings and the potential clinical application of alpha-2-agonists

to ameliorate hyperinsulinemia in horses with ID.
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