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ABSTRACT. In two separate experiments, fit and unfit horses were fed isocaloric
amounts (4.1 Mcal DE)} of corn or alfalfa 2 hours prior to a submaximal standard
exercise test. Horses that began the exercise test with high blood glucose and insulin
levels (corn) showed dramatic declines in both glucose and insulin at the start of
submaximal exercise (cantering at heart rates of 130150 bpm). Horses with lower
glucose and insulin levels (alfalfa) at the start of exercise showed smaller declines in
both giucose and insulin throughout exercise. Corn fed horses showed a greater
and/for longer post-exercise rebound than alfalfa fed horses. Cortisol increased
during exercise but was unaffected by diet. Both fit and unfit horses showed the

same generaj responses.
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INTRODUCTION

The composition of a meal ingested prior to
exercise may affect athletic performance by
altering the blood and tissue concentrations
of energy pathway metabolites. Blood glu-
cose Jevels are regulated by insulin and corti-
sol as well as other hormones. Research on
the glycemic effects of different feeds in rest-
ing!’ and exercising"'® horses has indicated
that blood glucose levels may be altered by
diet. As glucose is an important metabolic
fuel during exercise, it would be of benefit to
choose rations that would provide optimum
glucose levels for athletic performance. The
first step towards determining which feeds
best enhance performance is to understand
how diet, exercise and level of fitness of the
horse affect the dynamics of glucose regula-
tion,

MATERIALS AND METHODS

Two experiments were conducted to exam-
ine the effects of 2 diets and a standard exer-
cise test (SET) on blood concentrations of
glucose, insulin and cortisol in fit and unfit

horses. In the first experiment, 2-year-old
Quarter Horse geldings (500 kg} that had
been started under saddle only 45 days prior
to the experiment were used as unfit horses.
The second experiment utilized mature Ara-
bian geldings (500 kg) that were lesson
lrorses in an equitation program. These
hiorses were considered to be fit compared to
the Z-year-old Quarter Horses, although
their conditioning consisted only of relative-
ly low intensity work (irotting and canter-
ing).

Both experiments utilized 4 horses on 4
separate test days when the horses were fed
either corn or alfalfa prior to a submaximal
SET. These feeds have produced high and
low levels of glycemia in previous studies.'?
The diets were pelleted and an amount cal-
culated to provide 25% of the maintenance
digestible energy requirement (4.1 Mcal)'?
was offered to each horse 2 hours prior to
SET. The diets were randomly assigned and
each horse ate each dict on 2 of the 4 test
days.

On three occasions, unfit horses fed alfalfa
refused more than 50% of the feed offered.
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In unfit horses fed corn, however, only one
horse refused more than 10% of the offered
amount at any time. Among the fit horses,
one horse refused about 70% of the offered
corn on one occasion At all other times
horses ate all of the offered feed within the |
hour feeding period.

The test days were spaced several days
apart so that there would be no “carry-over”™
effect of dietary treatment from one test day
to the next Between test days, the unfit
horses were fed a basal diet of chopped alfal-
fa and oat hays and a corn-based conceniraie
pellet while the fit horses were fed alfalfa
hay. The horses were fasted from the morm-
ing basal meai of the previous day untii the
experimental meal on test days.

Feeding times were staggered by 1 hour so
that all horses could be exercised with the
same tack and heart rate (HR) meter 2 hours
after eating. The horses were ridden ina SET
which consisted of 5 min of walking, 5 min
oftrotting and three 10 min bouts of canter-
ing. All horses were ridden in an arena by
riders of similar skill and weight. HR was
monitored using a telemetric HR meter.
Horses were walked and trotted at the speed
they chose bui were not asked to extend
themselves during this warm-up period. Rid-
ers attempted to maintain HR between 130
and 150 bpm during the cantering. Oncee the
SET began, horses were stopped only long
enough to draw a blood sample, usually less
than {1 min.

Analysis of variance by repeated measures

was performed to determine the effects of

test day, individual horse variation, diet and
sampling time on the measured parameters
within each experiment.” When significant F
ratios were abtained, /-tests were used to test
for individual treatment differences at the
0.05 level,

RESULTS
Unfit horses
Test day variation affected only the serum

cortisol parameter. The mean cortisol con-
centration was higher on the first test day (15

ug dlI~Y) than on subsequent test days (7 ug
di-"y. Averaged across all test days and
horses, cortisol concentrations were higher
when the horses were fed alfalfa than when
the horses were fed corn, primarily due to
the much greater cortisol responses on the
first test day. Cortisol concentrations rose
significantly when cantering began and re-
mained elevated {(above pre-feeding levels)
for approximately 1 hour after the cessation
of exercise {(Fig. 1). Cortisol concentrations
approximately doubled during exercise in
both the corn and alfalfa fed horses.

Individual horse variation affected only
the insulin data One horse showed a higher
mean insulin concentration (25 pU mi~")
than the other 3 horses (10, 14, and 18 pU
mi=).

Sampling time (repeated measures) had a
highly significant effect (p<0.01) on all of
the measured parameters in both experi-
ments.

Although not significant, corn fed horses
tended to have higher mean glucose and in-
sulin concentrations than alfalfa fed horses
(p<0.12 and p<0.15 for glucose and insulin,
respectively). For both glucose and insulin,
however, the interaction of diet and sam-
pling time was highly significant (p<0.01).

During the 30 min pre-feeding period, the
glucose concentration for all horses averaged
102 mg d1~! with no difference between the
horses fed corn or alfalfa (Fig 1). After the
meal was offered, glucose levels began to
rise, reaching levels greater than pre-feeding
within 45 min. Peak glucose concentrations
were observed 90 min after feeding, with
corn fed horses showing a larger peak value
(133 mg di~") than alfalfa fed horses (113 mg
di—h.

At the start of the SET, horses fed corn
had higher glucose levels than horses fed al-
falfa (123 vs 110 mg dl~"). However, glucose
values began to decline as exercise pro-
gressed and by the end of 10 min of cantering
both groups of horses had dropped to their
lowest levels. At the end of the first bout (10
min) of cantering, glucose concentration in
the corn fed horses (87 md di~') was lower
than the alfalfa fed horses (106 mg dl™h).
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At the end of the cantering period, the
glucose concentration of the alfaifa fed
horses was still greater (121 mg dl~%) than
the corn fed horses (105 mg dl~"). Glucose
levels rebounded quickly after cantering
ceased, peaking 10 min after the end of can-
tering in the alfalfa fed horses (124 mg di™")
and 70 min after the end of cantering in the
corn fed horses (121 mg di~')

Within 30 min of the exercise being com-
pleted, the glucose levels in the alfalfa fed
horses had returned to values not greater
than pre-feeding In the corn fed horses,
however, glucose concentrations remained
elevated above pre-feeding for 2 hours,

The insulin responses followed closely the
glucose responses in the two diets. Pre-feed-
ing insulin concentrations averaged 7 pl
ml~! for the horses fed corn and 10 pU ml™!
for the horses fed alfalfa (Fig. 1). After the
meal was offered, insulin levels began to rise,
reaching levels greater than pre-feeding with-
in 30 to 45 min. Peak insulin concentrations
were observed 90 min after feeding, with
comn fed horses showing a larger peak value
(35 pU ml~1) than alfal{a fed horses (17 pU
mi=h.

Insulin values declined as exercise began,
reaching lowest levels by the end of 20 min
of cantering in the alfalfa fed horses and 30
min of cantering in the corn fed horses. In
both groups, the lowest insulin values were
about 6 nU mi~'. Similarly both groups had
very rapid rebounds in insulin concentra-
tion, reaching levels greater than pre-feeding
by 10 min after the cessation of exercise and

peak levels within 25 min after the end of

cantering. Peak rebound insulin levels were
greater in the horses fed corn (29 pU mi~")
than in the alfalfa fed horses (24 pU mi~').
Elevated insulin levels were maintained
throughout the sampling day in corn fed
horses while in horses fed alfalfa, insulin lev-
els had declined to near pre-feeding levels by
I hour after SET.

Fit horses
Test day variation did not significantly af-
fect any of the measured parameters and

individual horse variation affected only the
insulin data, as 2 horses showed higher mean
insulin concentrations (43 and 46 pU ml~")
than the other 2 horses (24 and 30 pU mi™").

Dietary treatments significantly affected
glucose and insulin concentrations, but had
no effect on cortisol levels. In all horses,
cortisol levels began to rise after the warm-
up walk and trot and remained clevated
throughout the SET and for 1 (alfalfa fed) or
2 (com fed) hours after the SET (Fig. 2).
Peak concentrations were reached at the end
of the SET and in early recovery at levels
approximately 2.5 times greater than the
pre-feeding concentrations.

Pre-feeding glucose concentrations aver-
aged 86 mg di~' with no difference between
the horses fed corn or alfalfa {(Fig.2). After
the meal was offered, glucose levels began to
rise, reaching levels greater than pre-feeding
within 30 min and peaking 105 min after
feeding. Peak glucose concentrations were
greater in horses fed corn (140 mg dl~') than
horses fed alfaifa (110 mg di~').

Like the unfit horses, glucose values de-
clined rapidly once exercise bepan. Both
groups showed lowest glucose concentra-
tions after 20 min of cantering Comn fed
horses again showed a lower value (66 mg
di~"y than alfalfa fed horses (72 mg dI=).

Glucose levels began to rise after 20 min
of cantering, reaching peak rebound levels of
122 and 102 mg dl~!, respectively, for the
corn and alfalfa fed horses approximately |
hour after the SET.

Within 30 min after the exercise was com-
pleted, the glucose levels in the alfalfa fed
horses had returned to values not greater
than pre-feeding In the corn fed horses,
however, glucose concentrations remained
¢levated above pre-feeding for 2 hours.

Pre-feeding insulin concentrations aver-
aged 9 uU ml~' for both groups of horses
(Fig. 2). Insulin levels rose to levels greater
than pre-feeding by 30 min after the meal
was offered and peak concentrations were
observed 135 and 105 min after feeding, re-
spectively, for the corn (100 pU mi~") and
the alfalfa fed horses (47 pU mi™h).
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Insulin concentrations dechned during
the SET, reaching lowest values (25 pU ml™!
for corn and 10 pU ml~! for alfalfa) after 30
min of cantering and rebounded during re-
covery. The fit horses appeared to show a
greater insulin response to the diet and
maintained higher insulin values during the
entire test day than the unfit horses.

DISCUSSION

In the unfit horses, mean cortisol concentra-
tion was higher on the first test day than on
subsequent test days. This was not unexpect-
ed as the 2-year-olds used in this study were
generally inexperienced and were unaccus-
tomed to the catheterization, blood sampling
and SET procedures, especially on the first
test day The elevated cortisol concenira-
tions of the horses fed alfalfa were due pri-
marily to the greater cortisol levels in the 2
horses fed alfalfa on the first test day al-
though the reason for this is unknown. Nei-
ther test day nor diet had an effect on corti-
sol concentrations in the fit horses.

Both fit and unfit horses showed elevated
cortisol concentrations during exercise and
for § hour after exercise, The timing of this
cortisol peak is in close agreement with other
studies.> > The unfit horses appeared to
have higher cortisol levels than the fit horses,
but as the assays were run separately and
under somewhat different conditions, it is
hard to draw conclusions based on these
data. Previous work>!? has shown no differ-
ences in peak cortisol levels in trained and
untrained horses after a standardized exer-
cise bout.

Peak glucose concenirations were ob-
served 90 to 120 min after the meal was
offered The timing and magnitude of the
glucose peaks in this study are in agreement
with previous work'!? in which the same
feeds and amounts were fed to 2-year-old
horses. Post-prandial insulin peaks have
been reported to occur in horses between 90
min and 4 hours after a meal. "% In the
present study, insulin concentrations peaked
90 to 135 min after the meal was offered.

The insuiin response curves for the two diets
closely followed the glucose response curves.
Glucose directly stimulates the release of in-
sulin from the pancreas within 30 to 60 sec-
onds after administration both in vivo and in
vitro.'! Insulin levels are known to mirror
glucose levels in all species. "'

Statistical comparisons between the two
experiments were not made because the
blood samples were analyzed in separate
batches, with no common samples for com-
parison. Baseline and peak post-prandial
glucose levels were similar in both experi-
ments, but peak post-prandial insulin con-
centrations were approximately threc times
greater in the fit horses than in the unfit
horses. The reason for this discrepancy is not
known, although post-prandial insulin val-
ues in both the 20 to 30 and 80 to 100 U
mi~' ranges have been previously report-
ed ®1® A large individual variation among
horses in insulin responses has been report-
ed.'® This variation was found in the present
study as well.

Different studies have produced varied re-
ports on the changes in blood glucase con-
centrations during exercise. Maximal exer-
cise has been shown to increase plasma glu-
cose!” while submaximai exercise generally
causes decreases in glucose levels *'2 It is
generally accepted that the decline in blood
glucose during exercise is due to an increased
uptake and utilization of glucose by the
working muscles. Studies in dogs have indj-
cated that exercise itself increases glucose
permeability of the muscle cell, even in the
absence of insulin.’ This information helps
explain the decline in glucose concentrations
during exercise in the present study even in
the face of concomitant insulin declines.

Pre-exercise glucose ingestion in humans
has a marked effect on blood glucose levels
and muscle glycogen usage during exer-
cise. 12 [ngestion of glucose 45 min before a
30 min bout of bicycling caused a signifi-
cantly greater exercise glucose decline than
fructose or placebo ingestion and stimulated
greater muscle glycogen utilization during
exercise than a placebo. Pre-exercise glucose
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ingestion was concluded (o be deleterious to
athletic performance as it decreased muscle
glycogen stores. '’

Glucose ingestion by humans 15 min prior
to exercise raised both blood glucose and
insulin levels immediately before exercise.
In a manner similar to the present study,
glucose and insulin concentrations declined
to basal levels within approximately 10 min
after the start of exercise and also showed
both glucose and insulin rebounds after exer-
cise.? It was proposed that the pre-exercise
insulin level lowered biood glucose levels
during exercise because the insulin kad al-
ready been bound to the muscte cell mem-
brane when c¢xercise began.

Post-exercise hyperglycemia has been do-
cumented in horses® 2! and rats.'® The ele-
vated cortisol levels of the horses during and
after exercise indicate that hepatic glucose
production was ongoing during and after ex-
ercise, as cortisol is known to promote he-
patic gluconcogenesis.” Blood glucose levels
reflect both hepatic glucose production and
glucose uptake by the muscle.'® When rats
performed exercise of moderate intensity,
glucose production remained above basal
levels longer after exercise than glucose
clearance (muscle uptake) resulting in a re-
bound increase in plasma glucose after the
cessation of exercise. In the present study,
glucose uptake by the muscles probably de-
chined sharply when exercise stopped, but
hepatic glucose production continued, as ev-
idenced by the elevated cortisol levels for
approximately | hour after the SET was
completed. The dietary effects on the post-
exercise glucose rebound are not entirely
clear. Hepatic glucose production in the corn
fed horses may have been greater than in the
alfalfa fed horses due to higher blood glucose
levels and presumably larger glucose deposi-
tion into the liver, prior to exercise.

The decline in serum insulin levels during
exercise is most probably due to the effects
of increased sympathetic innervation during
exercise which inkibited the release of insu-
lin from the pancreas.™? Post-exercise hy-
perinsulinemia has been documented in

man.” The insulin rebound has been attrib-
uted to the sudden withdrawal of sympathet-
ic inhibition of the pancreas. Insulin levels
would also be expected to increase concur-
rently with the post-exercise rebound hyper-
glycemia. This may partially explain the di-
etary influence on the post-exercise insulin
levels,

In conclusion, it appears that corn and
alfalfa, offered 2 hours before the SET, pro-
duced markedly different effects on blood
glucose and insulin. Level of fitness did not
appear to influence the responses to the di-
ets, aithough the actual differences in fitness
between the two groups of horses may not
have been very great. Whether the practice
of feeding high glycemia-inducing feeds pri-
or {o exercise has a deleterious effect on per-
formance remains to be seen. The large de-
cline in blood glucose during exercise after
corn feeding may indicate a lack of glucose
availability for work. However, the effects of
duration and intensity of exercise and the
timing of the meal before exercise must be
investigated before conclusions can  be
drawn as to the values of various feeds for
promoting or diminishing athletic perfor-
mance. The effect of various diets on perfor-
mance as well as the physiological effects
need to be studied.
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