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Abstract

Background: 50-adenosine monophosphate-activated protein kinase (AMPK) agonists,

particularly resveratrol (RES), have not been extensively evaluated for their effect on

insulin dysregulation (ID) in horses.

Objectives: Evaluate the effects of treatment with RES (10 mg/kg PO q12h), metfor-

min (MET; 30 mg/kg PO q12h), and aspirin (ASP; 20 mg/kg PO q24h) on experimen-

tally induced ID.

Animals: Thirty-three healthy, adult, light-breed horses.

Methods: Unblinded, placebo-controlled, experimental trial evaluating effects of

AMPK agonists (RES, MET, and ASP) on experimentally induced ID. Horses were ran-

domly assigned to a treatment group (RES, MET/ASP, RES/ASP, RES/MET/ASP, or

placebo [CON]) after induction of ID with dexamethasone (0.08 mg/kg PO q24h for

7 days). Frequently sampled insulin-modified IV glucose tolerance tests (FSIGTT) and

oral sugar tests (OST) were performed at baseline, 7 days after ID, and ID plus 7 days

of treatment. Minimal model and OST variables were compared between (1-way

ANOVA) and within (1-way ANOVA for repeated measures) groups over time to

determine effects of treatment on ID.

Results: Administration of dexamethasone for 14 days resulted in significantly

altered insulin and glucose dynamics (SI, DI, basal [glucose], and [insulin]) and pro-

duced clinical signs of laminitis in 5 out of 33 (15%) of horses included in the study.

Combination therapy with RES, MET, and ASP did not significantly improve insulin

and glucose dynamics in horses with experimentally induced ID.

Conclusions and Clinical Importance: Metabolic testing before glucocorticoid admin-

istration should be considered in horses with clinical signs of metabolic syndrome.

Abbreviations: AIRg, acute insulin response to glucose; AMPK, 50-adenosine monophosphate-activated protein kinase; ASP, aspirin; AUC, area under the curve; CON, control; DI, disposition

index; FSIGTT, frequently sampled insulin-modified IV glucose tolerance tests; HAL, hyperinsulinemia-associated laminitis; ID, insulin dysregulation; MET, metformin; OST, oral sugar test;

RES, resveratrol; Sg, glucose effectiveness; SI, insulin sensitivity.
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1 | INTRODUCTION

Metabolic syndrome in horses (EMS) is a collection of clinical signs

including insulin dysregulation (ID), laminitis, and regional adiposity or

obesity.1 Hyperinsulinemia (a form of ID) is a risk factor for the most

common form of laminitis in horses, hyperinsulinemia-associated lami-

nitis (HAL).1-4 Medications such as metformin and aspirin are used

extra-label to improve insulin and glucose dynamics in horses with ID;

however, efficacy is variable, and metformin's low oral bioavailability

in this species likely contributes to this inconsistency.5-10 Therefore,

investigation into alternative pharmacotherapies to improve insulin

and glucose dynamics and prevent HAL in horses with ID, in addition

to diet and exercise interventions, is warranted.

50-adenosine monophosphate-activated protein kinase (AMPK) is

a well-conserved heterotrimeric protein that is activated during low

cellular energy states, resulting in activation of multiple downstream

catabolic pathways including glucose transport, catabolism of lipids

and proteins, regulation of cellular growth and proliferation, and regu-

lation of tissue insulin resistance.11-14 Therapeutics that target this

pathway (hereafter termed AMPK agonists) are used to treat condi-

tions such as obesity and type 2 diabetes in humans.10,11,15,16 In addi-

tion to the effects of AMPK on insulin and glucose dynamics, the

concentrations of phosphorylated (activated) AMPK (p-AMPK) are

lower in lamellar tissue after a high-carbohydrate feeding in healthy

ponies; given that AMPK also plays an important role in maintenance

of epithelial integrity, this attenuation of AMPK activation under

conditions that increase risk for HAL might be pathophysiologically

relevant.13,17 Therefore, AMPK agonists could be a therapeutic for

treatment and prevention of EMS and associated HAL. There are sev-

eral AMPK agonists that are used clinically in horses for improving

insulin and glucose dynamics and preventing development of HAL,

but the efficacy of these treatments has not been confirmed through

large-scale placebo-controlled clinical trials to date.

Resveratrol (RES) is a 3,5,40-trihydroxystilbene naturally occur-

ring in peanuts, grapes, and red wine.18 RES is an AMPK agonist and

inhibits mechanistic target of rapamycin (mTOR) signaling, which is

upregulated in lamellar tissue from experimental models of all 3 forms

of laminitis (sepsis-associated laminitis, HAL, and supporting limb lami-

nitis).19,20 RES could be an attractive therapeutic target for HAL, as it

targets pathways associated with development of laminitis of diverse

forms.

The purpose of this study was to evaluate the effects of a novel

treatment with 3 AMPK agonists (RES [10 mg/kg PO q12h], metfor-

min [MET; 30 mg/kg PO q12h], and aspirin [ASP; 20 mg/kg PO q24h])

on experimentally induced ID. We hypothesized that experimentally

induced ID (administration of dexamethasone at 0.08 mg/kg PO

every 24 hours for 7 days) would significantly alter insulin and

glucose dynamics in healthy adult light-breed horses, as in previous

studies.21-23 Additionally, we hypothesized that administration of

AMPK agonists would improve facets of insulin and glucose dynamics

and attenuate experimentally induced ID in horses.

2 | MATERIALS AND METHODS

2.1 | Experimental animals

Thirty-five healthy, university-owned, light-breed horses were enrolled.

All horses included in the study were 4-18 years of age and were

screened for pituitary pars intermedia dysfunction through measurement

of basal endogenous adrenocorticotropic hormone (ACTH) concentra-

tion before the study. Three horses that were initially included in the

study were subsequently removed because of colic, respiratory disease,

and laminitis (Obel grade 2), leaving 33 horses whose complete data sets

were evaluated in this study. All horses received ad libitum grass hay

and water during the study period except when feed was withheld

before ID testing. Additionally, all horses received twice daily physical

examinations and were monitored daily by a veterinarian. All horses

were treated according to a protocol approved by the Institutional

Animal Care and Use Committee (IACUC) protocol 2020A00000026

in accordance with the guidelines outlined in the NIH Guide for the Care

and Use of Laboratory Animals.

2.2 | Sample collection

The study was an unblinded, placebo-controlled, experimental trial.

Horses arrived at The Ohio State University Veterinary Medical

Center on Day 1 and were acclimated for 96 hours before testing.

Feed was withheld from all horses for 6 hours before testing time

points by application of a muzzle. On Days 5 and 6, an oral sugar test

(OST; OST1) and frequently sampled insulin-modified intravenous (IV)

glucose tolerance test (FSIGTT; FSIGTT1) were performed, respec-

tively, to determine baseline values. On Day 5, a 14 ga 5.2500 catheter

(Abbocath-T 14 G x 5.5", Abbott Animal Health, Chicago IL) was

placed in the left external jugular vein following clipping and aseptic

preparation for blood collection. The OST was performed as previ-

ously described.24 All blood samples were collected at the described

time points in ethylenediaminetetraacetic acid (EDTA) and silicone-

coated tubes (K2-EDTA BD Vacutainer tubes, Franklin Lakes, NJ).

Blood was collected at Time 0 before administration of an enteral car-

bohydrate (Karo Light Corn Syrup, ACH Food Companies, Inc., Oak-

brook, IL), which was then administered by mouth once. Plasma and

serum samples were then collected from the IV catheter after a mini-

mum collection of 10 mL of waste blood at time points: 30, 60,

90, 120, 180, 240, 300, and 360 minutes. Blood glucose values were
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measured stall-side at each time point (including baseline [Time 0])

using a handheld glucometer previously evaluated with equine sam-

ples (AlphaTrak2, Zoetis Services LLC, Parsippany, NJ) immediately

after collection of the blood sample.25,26 Muzzles that had been

placed for withholding feed pre-testing were removed at the

120-minute time point. The IV catheter in the left jugular vein

remained in place overnight, with heparinized saline flushes adminis-

tered every 6 hours to maintain patency. The FSIGTT was performed

the following day after a 6-hour period of withholding feed, imple-

mented in the same fashion as for the OST. A second 14 ga 200 IV

catheter was placed in the right external jugular vein on the morning

of the FSIGTT after clipping and aseptic preparation of the site for

administration of dextrose and insulin. The FSIGTT was performed as

previously described.27 Baseline blood samples (collected as described

for the OST) were obtained at 10, 5, and 1 minute(s) before the

administration of dextrose. One dose of 50% dextrose (VetOne,

MWI Animal Health, Boise, ID); 150 mg/kg) was administered IV

in the right jugular vein at Time 0, followed by 0.1 IU/kg regular

insulin IV (Humulin-R U-100, Eli Lilly and Company, Indianapolis, IN)

20 minutes later. The IV catheters were assigned to be used for either

blood collection or administration of insulin and dextrose and were

not used interchangeably; if the IV catheters were inadvertently

removed during the study period, they were replaced aseptically

as described above. Blood was collected at 1, 2, 3, 4, 5, 6, 7, 8, 10, 12,

14, 16, 19, 22, 23, 24, 25, 27, 30, 35, 40, 50, 60, 70, 80, 90, 100, 120,

150, and 180 minutes after dextrose administration. Plasma and

serum samples were collected at each time point following collection

of 10 mL of waste blood, and blood glucose was measured stall-side

using a glucometer as described for the OST. Plasma and serum sam-

ples were processed within 3 hours after testing for the OST and

FSIGTT at all study time points. All blood samples were centrifuged at

3000 rpm for 15 minutes and stored at �80�C until further testing. On

Days 7-24, all horses received 0.08 mg/kg dexamethasone (VetOne,

MWI Animal Health, Boise, ID) by mouth every 24 hours to induce and

maintain systemic ID. On Days 15 and 16, OST (OST2) and FSIGTT

(FSIGTT2) testing was performed again as described previously. Horses

were then randomly assigned to 1 of 5 treatment groups: control (CON;

n = 5), resveratrol (RES; n = 7), resveratrol and aspirin (RES/ASP; n = 7),

metformin and aspirin (MET/ASP; n = 7), and resveratrol, metformin,

and aspirin (RES/MET/ASP; n = 7). MET (Metformin; Cardinal Health,

Inc., Dublin, OH) was administered at 30 mg/kg PO every 12 hours, ASP

(Aspirin)j was administered at 20 mg/kg by mouth every 24 hours, RES

(Metabarol®; Equithrive, Thrive Animal Health, Lexington, KY) was

administered at 10 mg/kg by mouth every 12 hours, and water (CON)

was administered at 20 mLs by mouth every 12 hours, as indicated for

each respective treatment group listed above. Each horse additionally

received 0.08 mg/kg dexamethasone by mouth every 24 hours as

described previously to maintain ID during the treatment phase of the

study. On Days 23-24, OST (OST3) and FSIGTT (FSIGTT3) testing was

performed as described. Figure 1 describes the experimental design and

testing time points. Horses were monitored daily for complications,

including signs of laminitis and thrombophlebitis, throughout the entire

study period; all horses received physical examinations twice daily.

2.3 | Insulin and glucose measurements

Blood glucose concentrations were measured and recorded at every

blood collection time point during FSIGTT and OST testing. Plasma

insulin concentrations were measured using a commercially available

Insulin ELISA (MP Biomedicals, Solon, OH) previously validated for

use with equine samples28; plasma [insulin] was measured at baseline,

at every time point during the FSIGTT, and times 0-240 minute time

points for the OST. Minimal Model parameters (MINMOD

F IGURE 1 Experimental design from Day 1 to 24; control (CON),
resveratrol (RES), resveratrol/aspirin (RES/ASP), metformin/aspirin
(MET/ASP), resveratrol/metformin/aspirin (RES/MET/ASP).

TABLE 1 Description of parameters derived from Minimal Model analysis of FSIGTT data.

Minimal Model parameters Units Definition Reference values (95% CI)

Insulin sensitivity (SI) (L•min�1•mU�1) Ability of insulin to promote glucose disposal and

prevent glucose production endogenously

0.16-5.88 (SI � 104)

Glucose effectiveness (Sg) (min�1) Ability of glucose to control its own disposal 0.12-2.95 (Sg � 102)

Disposition index (DI) … Ability of beta islet cell to secrete insulin normalized to

the degree of insulin resistance

39.3-1675 (DI � 104)

Acute insulin response to glucose (AIRg) [μL�1.min] First phase of insulin response to glucose 67-805

Note: Minimal Model parameters evaluated after frequently sampled intravenous glucose tolerance test (FSIGTT), definitions, and normal equine values.40
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MILLENIUM Minimal Model Software, MINMOD, Inc., Los Angeles,

CA) were calculated from the FSIGTT data. These parameters included

the acute insulin response to glucose (AIRg), glucose effectiveness (Sg),

insulin sensitivity (SI), and disposition index (DI; Table 1). Area under

the curve (AUC) of insulin and glucose concentrations were calculated

by the trapezoidal method from the OST data.

2.4 | Statistical analysis

Statistical analyses were performed using a commercially available

software program (GraphPad Prism v 9.4, GraphPad Software, La

Jolla, CA). Normality was determined for all data using the Shapiro-

Wilk, D'Agostino, and Pearson omnibus normality tests. Area under

the curve (time 0-360 minutes) of [glucose] (AUCglu) and area under

the curve (time 0-240 minutes) of [insulin] (AUCins) were calculated

from OST data. A 1-way ANOVA for repeated measures or paired

t tests were performed to compare the calculated OST and FSIGTT

variables within treatment groups or between baseline and ID

values, respectively. A 1-way ANOVA (or Friedman test for non-

normal data sets) was also used to compare variables derived from

the OST and FSIGTT tests between treatment groups. Statistical

significance was accepted at P < .05.

3 | RESULTS

A total of 33 horses were included (17 geldings and 16 mares). Various

breeds were represented, including American Quarter Horse (n = 12),

Warmblood (n = 7), Thoroughbred (n = 7), Standardbred (n = 3), mixed

breed/grade (n = 2), Arabian (n = 1), and Appaloosa (n = 1). The endog-

enous plasma [ACTH] was within normal seasonal reference ranges for

all horses, with a median concentration of 19.2 with a range of

10.7-35.0 pg/mL. The median age was 15 with a range of 5-18 years,

and median body weight was 539.8 with a range of 387.8-675.4 kg.

3.1 | Dexamethasone significantly alters insulin
and glucose dynamics

There was a significant decrease in SI and DI from FSIGTT2 (ID)

compared with those values derived from FSIGTT1 (baseline; P < .0001;

Figure 2). Additionally, there was a significant increase in basal plasma

[glucose] and [insulin] between baseline and ID (P < .001; Figure 2).

There were no significant differences in AIRg or Sg between the baseline

and ID time points.

3.2 | Minimal Model parameters

Minimal Model parameters (defined in Table 1) were calculated from

the FSIGTT and compared among treatment groups. There were no

significant effects of treatment on any parameter (AIRg, SI, DI, or Sg)

between treatment groups compared to CON (Figures 3 and 4).

F IGURE 2 After 7 days of dexamethasone administration
(0.08 mg/kg PO q24h), significant decreases in insulin sensitivity (SI;
P < .001) and disposition index (DI; P < .001), as well as significant
increases in basal [insulin] and [glucose] (P < .001) were observed when
comparing baseline and ID time point values for all horses. After 14 days
of dexamethasone, there were significant increases in basal [insulin] and
basal [glucose] in CON group compared to baseline (P = .01). Asterisk (*)
indicates P < .05; error bars represent mean plus 95% confidence interval.
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3.3 | Peak post-prandial [glucose] and [insulin]

Peak plasma [glucose] was extracted from the OST data comparing

OST1 (baseline), OST2 (ID), and OST3 (ID plus treatment)

within treatment groups. Post-prandial peak [glucose] during OST

was significantly decreased in response to treatment within the

RES/MET/ASP treatment group ([95% CI: 152.9-223.6 mg/dL] com-

pared to ID [95% CI: 205.9-262.4 mg/dL]; P = .002; Figure 4). There
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F IGURE 3 Minimal Model
parameters AIRg (acute insulin response
to glucose) for each treatment group with
mean plus 95% confidence intervals;
resveratrol/metformin/aspirin (RES/MET/
ASP), resveratrol (RES), resveratrol/aspirin
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F IGURE 4 There is a significant
increase in post-prandial peak glucose
within control (CON) group from baseline
(oral sugar test [OST]; OST1) to ID (OST2)
and ID plus treatment (OST3). There is a
significant decrease in post-prandial peak
[glucose] evaluated by the OST 3 in the
resveratrol/metformin/aspirin (RES/MET/
ASP) from insulin dysregulation (ID;
7 days of oral dexamethasone treatment)
compared to ID plus 7 days of treatment
with mean plus 95% confidence intervals;
asterisks (*) indicate significant differences
between time points (P < .05). There were
no significant differences in post-prandial
peak [glucose] in response to treatment in
any group [resveratrol (RES), resveratrol/
aspirin (RES/ASP), metformin/aspirin
(MET/ASP), control (CON), RES/MET/
ASP] when compared between treatment
groups at OST3. Additionally, there was
no significant decrease in post-prandial
peak [insulin] after treatment measured
at OST3.
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frequently sampled intravenous glucose
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F IGURE 6 Area under the curve
(AUC) of glucose (AUC[glucose] measured
during the OST) and insulin
concentrations (AUC[insulin] measured
during the FSIGTT) at baseline for all
horses and after 1 week of insulin
dysregulation (ID; administration of
dexamethasone by mouth for 7 days) and
the effect of 7 days of treatment on
AUC[glucose] and AUC[insulin] measured at
OST3 and FSIGTT3, respectively. Error
bars represent mean plus 95% confidence
interval; resveratrol (RES), resveratrol/
aspirin (RES/ASP), metformin/aspirin
(MET/ASP), resveratrol/metformin/aspirin
(RES/MET/ASP), and control (CON).
There was a significant increase in
AUC[glucose] and AUC[insulin] after 7 days of
dexamethasone compared to baseline
measured by the OST and FSIGTT,
respectively. There were no significant
differences in AUC[glucose] or AUC[insulin]

between treatment groups. Asterisks (*)
indicates significant difference (P < .05).
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was a significant increase in [glucose] when comparing OST1 (base-

line) to OST2 (ID) in all treatment groups, and a significant increase in

[glucose] when comparing OST1 to OST3 in the control and

MET/ASP treatment groups (Figure 4). There were no significant

differences in peak post-prandial [insulin] or [glucose] measured

between treatment groups (Figure 4).

3.4 | Basal [insulin] and [glucose]

Basal plasma [insulin] and whole blood [glucose] were determined at

FSIGTT3 (ID plus treatment). There were no significant differences

between treatment groups observed after 7 days of treatment (Figure 5).

3.5 | AUC[insulin] and AUC[glucose]

AUC[insulin] was significantly increased comparing OST2 (ID) and OST3

(ID plus treatment) to OST1 (baseline) (P < .05). There was no signifi-

cant effect of treatment (OST3) on ID (OST2) AUC[insulin] (Figure 6).

AUC[insulin] was significantly increased comparing OST1 to OST2

(ID) and OST3 for all treatment groups, except for RES/MET/ASP and

CON, in which there was no significant increase in [glucose].

3.6 | Glucocorticoid-induced laminitis

A total of 5/33 (15%) of the horses included in the study developed

clinical signs of laminitis during the study or in close temporal associa-

tion with the conclusion of the study (RES n = 1, RES/ASP n = 2,

RES/MET/ASP n = 1, CON n = 1). One horse that was excluded from

the study because of severe laminitis is not included in this total; how-

ever, this animal became laminitic after 12 days of dexamethasone

administration (which was considered a complication of the study pro-

tocol) and was subsequently euthanized because of progressive dis-

ease. Clinical signs of laminitis of the horses that remained in this

study included increased digital pulses (n = 2) and Obel grade 1-2 in

the forelimbs in all (n = 5). Additionally, 1/5 of the affected horses

were euthanized because of progressive clinical signs after the conclu-

sion of the study. The other 4/5 affected horses showed clinical

improvement within 3-14 days of detection of initial signs and

responded well to medical management (Figure S3). The dose

and length of treatment of dexamethasone administered is commonly

used in equine medicine, and therefore, the high percentage of lamini-

tis as a complication was not expected. This finding warrants further

investigation into the dose of dexamethasone administered in horses

for the purpose of experimentally induced ID and for clinical use.

4 | DISCUSSION

The results of this study confirm, in support of previous work, that

dexamethasone administration significantly alters many facets of

insulin and glucose dynamics in light-breed horses, and a large per-

centage (15%) of horses exposed to this treatment developed clinical

signs of laminitis after 14 days of dexamethasone administration

PO.21 Although treatment with RES/MET/ASP significantly decreased

post-prandial [glucose] in horses with experimentally induced ID, it

did not significantly or consistently improve other insulin and glucose

variables. Similarly, insulin and glucose dynamics were not significantly

altered by the other treatment groups indicating that treatment with

AMPK agonists in combination did not significantly improve experi-

mentally induced ID in this model.

Insulin and glucose dynamics were significantly altered, indicating

evidence of ID in all treatment groups when comparing baseline to ID

values.21 Both SI and DI calculated from the FSIGTT (which evaluate

systemic insulin sensitivity and the ability of the pancreatic β-cells to

secrete insulin, respectively) were significantly lower after 7 days of

dexamethasone administration. Additionally, basal plasma [insulin] and

blood [glucose] were significantly higher after 7 days of dexametha-

sone administration. Although other variables related to insulin and

glucose dynamics were significantly affected, there was no difference

in AIRg when comparing baseline to ID. When comparing insulin and

glucose dynamics after 14 days of dexamethasone administration in

the CON group, there were no statistically significant differences

in some parameters (AIRg, basal [insulin], basal [glucose], AUC[insulin],

or AUC[glucose]) between baseline, ID, or ID and treatment, indicating

the model of dexamethasone may not have been sufficient to induce

14 days of ID. However, all horses in the CON group were considered

ID after 14 days of dexamethasone according to the OST ([insulin]

greater than 60 μIU/mL at 60 minutes; Figure S1). These results

confirm that the dose of dexamethasone administered in this study

effectively induces many facets of ID after 7 days and maintains ID

after 14 days according to the OST. Of all the horses in the study,

15% showed clinical signs of laminitis; additionally, 1 excluded horse

was removed from the study because of progressive laminitis. This

horse was a 12-year-old large pony mare with an increased body con-

dition score (7/9) and therefore could have been predisposed to lami-

nitis and ID before dexamethasone administration. Other studies

demonstrate that dexamethasone induces equine ID and HAL in

horses.21,23,29 Careful consideration of these effects on systemic insu-

lin and glucose dynamics associated with dexamethasone administra-

tion should be given before use of this drug in horses, particularly

in breeds with known or suspected predisposition to ID, such as

Arabians, American Saddlebreds, Tennessee Walking Horses, Welsh

ponies, and Morgans (among others).30,31 Additionally, evaluation of

insulin and glucose dynamics before, during, and after the administra-

tion of glucocorticoids is warranted in horses at risk of HAL. Based on

the magnitude of alteration of insulin and glucose dynamics noted in

this study and the development of laminitis in some horses, the

induced severity of ID in this case might have influenced some results

of the AMPK agonists; further investigation with naturally occurring-

ID or experimental controls inducing less severe ID (ie, with a lower

dexamethasone dose) might be warranted.

Combination treatment with the AMPK agonists RES/MET/ASP

significantly increased the AIRg in treated horses between the
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FSIGTT2 and FSIGTT3 time points. This variable is a measure of

the acute pancreatic response to glucose, and ideally, should be

minimized with treatment in horses with ID, as hyperinsulinemia is a

well-known and consistent risk factor for laminitis.1,32,33 This finding

indicates that this combination treatment might not be sufficient in

reducing the risk of HAL in horses with ID. However, since there

was no significant difference in the AIRg when comparing baseline to

ID after administration of dexamethasone, this result is difficult to

interpret. Although there were no significant effects of any treatment

on insulin and glucose dynamics, these treatments might be worth

evaluating in larger groups of horses, those with less severe ID (ie,

naturally occurring disease), and after a longer course of treatment

because significant improvement in insulin and glucose dynamics in

humans with metabolic syndrome occurs after 4 weeks to 3 months

of resveratrol therapy.34-36 Resveratrol improves systemic insulin

resistance in other models, enhances glucose uptake and metabolism,

preserves β-cells within the pancreatic islets, and prevents diabetic

complications in humans and other species when administered for

30 days or longer.37,38 Resveratrol has also been evaluated in horses;

there was significantly lower serum insulin concentrations after an

OST in horses treated with resveratrol and leucine for 6 weeks.39

The RES/MET/ASP group was the only treatment group that

showed significantly decreased post-prandial peak [glucose] measured

during the OST. Metformin significantly decreases peak post-prandial

glucose concentration, area under the glucose curve, and insulin

concentration in both healthy and horses with experimentally induced

ID when administered at 30 mg/kg 1 hour before enteral dextrose

administration.7 Metformin was not evaluated as monotherapy in this

study; however, metformin in combination with aspirin did not signifi-

cantly alter post-prandial glucose concentration in this study when

compared to placebo. Resveratrol lowers basal [glucose] in humans

with type-2 diabetes mellitus.35 The combination of RES/MET/ASP

significantly decreases post-prandial peak glucose concentrations after

enteral carbohydrate challenge. However, when the treatment groups

were compared to the CON group following 7 days of treatment,

there was no significant decrease in glucose or insulin concentrations,

indicating this result might have limited clinical relevance.

Limitations of this study included the small number of horses

per treatment group; originally, 35 horses were to be included and

because of development of laminitis and other complications (colic,

respiratory disease) we were limited to inclusion of 33 total horses.

Due to the limited number of horses, evaluation of significant differ-

ences between breeds was not able to be performed. Various breeds

were included, and therefore, risk of pre-existing ID was possible in

some horses. Further consideration of breeds and evaluation of meta-

bolic status before inclusion in the study should be performed in

future studies. Additionally, these treatments were not evaluated

in naturally occurring ID, and so extrapolation of these results to ani-

mals with EMS may not be appropriate. However, the administration

of dexamethasone did consistently induce ID; given that this drug is

frequently administered for therapeutic purposes in equine veterinary

practice, these results could be useful for mitigating risks associated

with that treatment particularly in horses with breed or other pre-

existing predispositions to ID. An additional limitation was the

limited duration of treatment (7 days) that was used to evaluate the

effects of AMPK combination therapy on dexamethasone-induced

ID. In studies in other species, resveratrol can have significant benefi-

cial effects on insulin and glucose dynamics and prevent complications

when administered for a longer period of time (6-10 weeks).37 There-

fore, a longer duration of treatment with this novel combination ther-

apy (RES/MET/ASP) should be evaluated in horses with naturally

occurring ID.

In conclusion, dexamethasone significantly altered insulin and

glucose dynamics in horses after treatment for 7 days, and ID

was maintained for the duration of administration (14 days). Addi-

tionally, administration of dexamethasone at the dose used in this

study resulted in clinical signs of laminitis in 15% of horses.

Novel combination therapy with RES/MET/ASP might be useful to

decrease plasma glucose concentrations after an oral carbohydrate

load; however, there was limited evidence that this combination

therapy significantly improved insulin and glucose dynamics in

experimentally induced ID. There was a lack of significant improve-

ment in ID after various treatments with RES, MET, and ASP in

combination therapy. A more robust evaluation of combination

AMPK agonist therapy in future studies should ideally be per-

formed using cases of naturally occurring equine ID for a time

course greater than 7 days.
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