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Longitudinal changes in blood metabolites, amino acid profile, and oxidative stress
markers in American Foxhounds fed a nutrient-fortified diet

Alison N. Beloshapka,* Maria R. C. de Godoy,* Rebecca A. Carter,” Andrea J. Fascetti,*
Zengshou Yu,* Bridgett J. McIntosh,? Kelly S. Swanson,**! and Preston R. Buff*

*Department of Animal Sciences, University of Illinois, Urbana, IL 61801; "The Nutro Company, Franklin, TN
37067; *Department of Molecular Biosciences, School of Veterinary Medicine, University of California, Davis,
CA 95616; ‘Department of Animal Science, University of Tennessee, Knoxville, TN 37996; and #Division of
Nutritional Sciences, University of Illinois, Urbana, IL 61801

ABSTRACT: The objective of the present study
was to evaluate the changes in blood metabo-
lites, AA profile, and oxidative stress markers in
American Foxhound dogs fed a nutrient-fortified
endurance diet while undergoing unstructured
endurance exercise over several months. Thirty-six
adult American Foxhound dogs (mean age: 4.5,
range 2 to 10 yr and mean BW: 34.7, range: 23.1
to 46.9 kg) were selected to participate in the study.
Prior to the study, all dogs consumed a commercial
diet for 16 wk. After collecting baseline blood sam-
ples, dogs were assigned to a standard commercial
performance diet (control) or a nutrient-fortified
dog food (test). Dogs were balanced by gender, age,
body weight, and athletic performance between
diets. During the study, dogs underwent 78 bouts
of exercise, with approximately 22 km/bout. Blood

samples were collected after 40, 75, 138, and 201 d
on study (October 2012 to March 2013). All blood
metabolites were similar at baseline and serum
chemistry profile remained within normal ranges
throughout the study. Over time, plasma taurine
and vitamin E concentrations decreased (P < 0.05)
in dogs fed the control diet but were maintained
or increased (P < 0.05) in dogs fed the treatment
diet. Also, plasma creatinine and triglycerides were
lower (P < 0.05) and blood phosphorus and alka-
line phosphatase were higher (P < 0.05) in dogs fed
the treatment diet. Vitamin E and taurine status
of dogs appear to be affected by extended endur-
ance exercise. These data suggest dogs undergoing
endurance exercise may benefit from supplementa-
tion of vitamin E and taurine to minimize oxida-
tion and maintain taurine status.
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INTRODUCTION

Athletic dogs have unique dietary require-
ments to sustain bouts of repeated exercise (Hill,
1998; Wakshlag and Shmalberg, 2014). Repeated
bouts of exercise in the form of racing, hunting,
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or herding may contribute to oxidative stress,
nutrient depletion, and reduced muscle recovery.
Because exercise produces free radicals, contrib-
uting to oxidative stress of the body, there should
be special consideration for antioxidant inclusion
in the diet of working dogs (Davies et al., 1982;
Alessio, 1993; Baskin et al., 2000; Dunlap et al.,
2006). This oxidative stress may not only affect
the performance of the dog, increasing the poten-
tial for injuries during exercise, but can lead to
long-term damage or disease (Davies et al., 1982;
Slater, 1987; Bickford et al., 2000; Block et al.,
2002; Hou, 2003). Active dogs, such as working
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dogs, may benefit from supplemental vitamin E
and taurine. Feeding a balanced, highly digestible
diet fortified with antioxidants may improve the
health and longevity of exercising dogs (Piercy
et al., 2000).

In a recent short-term study, we evaluated the
acute response to unstructured mixed exercise when
American Foxhound dogs were fed a test diet con-
taining added zinc, taurine, lutein, and vitamins
C and E (de Godoy et al., 2014). Dogs were fed
either the test diet or a standard commercial diet
for approximately 80 d before they underwent 2
to 3 h of unstructured mixed exercise. Blood sam-
ples were collected at 0, 3, and 25 h postexercise.
Major findings included that dogs fed the test diet
had greater plasma taurine concentrations pre- and
post-acute-exercise and greater plasma branched-
chain AAs (BCAA):tryptophan ratio postexercise.
The purpose of the present study was to compare
changes in blood metabolites and oxidative stress
markers in American Foxhound dogs undergo-
ing unstructured endurance exercise over several
months when fed the same test diet compared to a
control diet. Prior to investigation, it was hypothe-
sized that dogs fed the test diet would have a lower
concentration of oxidative stress markers, improved
performance and distance run, and shorter recov-
ery time following strenuous exercise as compared
to the dogs fed the control diet.

MATERIAL AND METHODS

Animals and Diets

Forty adult American Foxhound dogs (32 intact
males, 1 neutered male, and 7 spayed females) were
used in the present experiment. Dogs were studied
from October 2012 to March 2013. Power analysis
was performed to determine the necessary num-
ber of dogs per treatment, using a power of 0.8
and alpha of 0.05. According to values reported
by Dunlap et al. (2006) for plasma creatine kinase
(CK), an SD two times greater than the observed by
these authors was assumed for the determination
of minimum sample size in the present study. The
power analysis indicated a sample size of twenty
dogs per treatment was desired. Four dogs were
removed from the project for reasons unrelated to
the study. Therefore, 36 adult American Foxhound
dogs (29 intact males, 7 spayed females) with aver-
age age £ SD of 4.5 = 2.7 yr of age (range: 2 to 10
yr) and average BW + SD of 34.7 + 5.3 kg (range:
23.1—46.9 kg) completed the study. Dogs were
group housed throughout the trial, separated by

dietary treatment and sex. During the day, all dogs
were allowed 8 h in a play yard. Minimum dimen-
sions for the yard were 18 m X 21 m. The outdoor
runs contained trees for shade, or covered, raised
platforms. All dogs had 60 min of human interac-
tion as social enrichment daily as a group. At night,
and in inclement weather, all dogs were housed in a
lodge which allowed access to the outdoors should
the dog prefer it. Suspended platforms and beds
were available for animals in the lodge area. The
indoor facility had natural and artificial lighting
and was equipped with a fan that was utilized at
temperatures over 32 °C. An artificial light:dark
cycle of 12:12 h was used to allow early morning
feeding (0500 h) and handling of the animals until
later in the evening (1700 h). The animal facility
and play yard were cleaned daily. The facility and
all experimental methods were approved by the
Waltham Centre for Pet Nutrition Animal Ethics
and Welfare Committee, and an informed consent
was received by the owner of the kennel and dogs
prior to commencement of the study.

Prior to the study, all dogs consumed a commer-
cial diet (NUTRO NATURAL CHOICE Chicken,
Whole Brown Rice, and Oatmeal Adult Dog Food;
The Nutro Company, Franklin, TN) for 16 wk. After
collecting baseline blood samples, dogs were assigned
to one of two groups: a standard commercial per-
formance diet (control diet; n = 18; Sportmix High
Energy; Midwestern Pet Foods, Inc., Evansville, IN)
oratestdiet (7 =18; NUTRO NATURAL CHOICE
High Endurance Dog Food; The Nutro Company)
formulated with increased concentrations of zinc,
taurine, lutein, and vitamins C and E. The test diet
provided 73.6 g of protein and 52.9 g of fat/4184
kJ metabolizable energy (1 kcal = 4.184 kJ) and
had a metabolizable energy of 18.7 klJ/g, calculated
based on National Research Council (NRC, 2006)
recommendations. The control diet provided 65.7 g
protein and 51.0 g of fat/4184 kJ, and a metaboliz-
able energy of 17.9 kJ/g, calculated based on NRC
(2006). Ingredient and chemical composition and
guaranteed analysis information for the control and
test diets are summarized in Table 1.

Animals were systematically allotted between
the two groups to match for age, sex, BW, and past
performance (good = quickly catches and keeps
on a scent; moderate = remains in the middle of
the group, catches a scent, but does not maintain;
poor = strays from the group often, does not catch
scent; and unknown = usually young, inexperi-
enced dogs) to ensure an even distribution across
both groups. Unfortunately, physiological data per-
taining to physical conditioning were not available
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Table 1. Ingredient and chemical composition and
guaranteed analysis of control performance diet
and high endurance dog food (test)

Item Control! Test?
DM, % 94.10 92.23
% DM basis

Crude protein, % 28.06 32.85
Acid hydrolyzed fat, % 21.79 23.64
Crude fiber, % 2.42 2.15
Metabolizable energy?, kcal/kg 4,268.86  4,466.01
Lysine, % 1.43 2.16
Methionine, % 0.51 0.87
Cystine, % 0.35 0.36
Leucine, % 2.04 2.32
Isoleucine, % 1.07 1.37
Valine, % 1.39 1.55
Arginine, % 1.72 2.20
Histidine, % 0.64 0.79
Phenylalanine, % 1.09 1.32
Threonine, % 1.13 1.38
Tryptophan, % 0.26 0.35
Linoleic acid (18:1, %) 3.90 441
Zinc, mg/kg 146.65 338.28
Vitamin E (tocopherols), [U/kg 86.40  1,507.10
Vitamin C (L-ascorbyl-2-phosphate), mg/100g 2.25 35.13
Lutein, pg/g 1.38 5.85
Taurine, % 0.07 0.34

!Chicken by-product meal, ground yellow corn, meat meal, ground
wheat, chicken fat (preserved with mixed tocopherols), dried beet
pulp, fish meal, flaxseed, salt, vitamin A supplement, vitamin D, sup-
plement, choline chloride, vitamin B,, supplement, folic acid, thia-
mine mononitrate, pyridoxine hydrochloride, biotin, calcium iodate,
copper sulfate, ferrous sulfate, manganous oxide, zinc oxide, magne-
sium oxide.

2Chicken meal, whole brown rice, rice bran, chicken fat (preserved
with mixed tocopherols), whole grain oatmeal, pea protein, brewers rice,
chicken, dried plain beet pulp, natural flavor, fish oil (preserved with
mixed tocopherols), potassium chloride, salt, choline chloride, vitamin
E supplement, sunflower oil (preserved with mixed tocopherols), soy-
bean oil (preserved with mixed tocopherols), taurine, DL-methionine,
zinc sulfate, L-ascorbyl-2-polyphosphate (source of vitamin C), biotin,
niacin supplement, calcium pantothenate, riboflavin supplement (vita-
min B,), pyridoxine hydrochloride (vitamin B,), copper proteinate, iron
proteinate, selenium yeast, vitamin B, supplement, L-carnitine, man-
ganese proteinate, potassium iodide, vitamin A supplement, thiamine
mononitrate (vitamin B,), vitamin D, supplement, folic acid, rosemary
extract, decaffeinated green tea extract, spearmint extract.

SNRC (2006).

in this population. Dogs were group fed once a day
from a stainless steel trough, which was large enough
to accommodate all dogs. Ration was adjusted as
needed throughout the study to maintain baseline
BW. Target BW was based on the previous feeding
records, breed standards, and BCS using a nine-
point scale (Laflamme, 1997). Water was accessible
ad libitum. Treats (NUTRO Crunchy Treats with
Real Mixed Berries, The Nutro Company) were

provided at a maximum of 10% of daily caloric
intake.

Blood Collection, Handling, and Analyses

Venous blood samples (20 mL) were collected
via jugular venipuncture into sodium heparin- or
serum-separating tube-vacutainer blood tubes
(Becton Dickson, Franklin Lakes, NJ). If neces-
sary, an additional 0.5 mL of blood was collected
via jugular venipuncture using 1 mL syringes for
the analysis of blood glucose. One drop of blood
from syringes was immediately used to meas-
ure glucose concentration using a portable kit
validated for use in dogs (AlphaTRAK 2 Blood
Glucose Monitoring System, Abbott Laboratories,
Abbott Park, IL). Heparin-vacutainer tubes were
placed on ice for approximately 30 min. Heparin
and serum tubes were centrifuged at 1,240 X g for
10 min at 4 °C. Serum, plasma, and blood sam-
ples were stored at —80 °C for plasma AA and
malondialdehyde (MDA) analyses and —20 °C for
serum chemistry and CK determination. Blood
and plasma taurine concentrations and a com-
plete AA profile were analyzed within 15 d of
blood collection, using a norleucine standard and
an automated AA analyzer (HPLC, Biochrom 30,
Biochrom Ltd, Cambridge, UK) at the Amino
Acid Laboratory, School of Veterinary Medicine
at the University of California—Davis (Davis, CA)
according to Delaney et al. (2003). Half a milliliter
of 6% sulphosalicylic acid was added to 0.5 mL
of plasma to precipitate the plasma proteins. All
AA results were reported as nmol/mL of plasma
or whole blood. Plasma MDA concentrations were
determined within 1 mo of blood collection using
a commercial kit (SafTest ALDESAFE, product
no. 07KTAC1010, MP Biomedicals, Santa Ana,
CA) developed based on the method by Hamilton
and Rossell (1986). Serum tubes were kept at room
temperature. Serum chemistry (creatinine, blood
urea nitrogen, total protein, albumin, calcium,
potassium, chloride, corticosteroid-induced alka-
line phosphatase, alkaline phosphatase, alanine
aminotransferase, gamma-glutamyl transpepti-
dase, total bilirubin, cholesterol, triglycerides,
CO,, and glucose) and CK were determined using
a Hitachi 911 clinical chemistry analyzer (Roche
Diagnostics, Indianapolis, IN) at the University
of Illinois Veterinary Medicine Diagnostics
Laboratory (Urbana, IL). EDTA-vacutainer tubes
were kept on ice for a minimum of 30 min after col-
lection, then processed in a light-protected room
and stored for vitamin C (ascorbic acid) and E
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analyses. Values of vitamin C were determined at
the Diagnostic Center for Population and Animal
Health (Michigan State University, East Lansing,
MI) by oxidation of ascorbic acid to di-hydro
ascorbic acid, followed by a colorimetric reac-
tion to quantify via plate reader as described by
Marshall et al. (2002). Vitamin E analysis involved
a lipid-lipid extraction to remove the fat-soluble
vitamins from the plasma samples, and then sam-
ples were analyzed via HPLC (Diagnostic Center
for Population and Animal Health, Michigan State
University, East Lansing, MI).

Exercise Regimen and GPS Measurements

Dogs underwent a total of 78 unstructured
bouts of exercise throughout duration of the study
(average number of outings/dog £ SD: 24.5 + 6.5).
Dogs were acclimated to wearing GPS collars (DC
40, Garmin Ltd, Olathe, KS) prior to data collection
days. Activity data were collected using Astro 320
Global Positioning System (Garmin Ltd). Because
GPS coordinates were provided every 15 s, distance
traveled and the time required were obtained and
used to calculate total miles run and speeds per dog.
The maximum speed was based on the intermittent
measurements of distance obtained in a set length
of time (e.g., every 15 s). Maximum average speed
was considered to be the point of 80% of maximum
speed.

Statistical Analysis

Data were analyzed as repeated measures
using the MIXED procedure of SAS (version
9.3, SAS Institute Inc., Cary, NC). The statisti-
cal model included the fixed effect of diet, month,
and their interaction and random effects of ani-
mal. Means were separated using a protected least
squares difference, compared to each other, and a
Tukey adjustment was used to control for experi-
ment-wise error. Data normality was checked using
the UNIVARIATE procedure of SAS to produce
a normal probability plot based on residual data
and visual inspection of the raw data. Outlier data
were defined as data points 3 or more standard
deviations from the mean and were removed from
analysis. A probability of P < 0.05 was accepted as
being statistically significant. Data are presented as
means with their standard errors.

RESULTS

Blood Metabolites and AA Profile

Plasma vitamin E, vitamin C, MDA, and glu-
cose concentrations are summarized in Table 2.
There was a significant diet by month interac-
tion, in which dogs fed the control diet had lower
(P < 0.0001) plasma vitamin E concentrations
postbaseline and throughout the study. There was

Table 2. Average plasma vitamin E, vitamin C, malondialdehyde, and glucose concentrations of dogs fed
either a control performance diet or high endurance dog food (test) over several months

Month P value
Item August! October November January March SEM? Diet Month Diet X month
Vitamin E, pg/mL 1.3 <0.01 <0.01 <0.01
Control 26.25 14.6% 14.7Ax 15.44x 13,14
Test 25.6M 30.9% 26.14 27.3% 25.6%
Vitamin C, mg/dL 0.1 0.003  <0.01 0.07
Control 33 33 3.7 3.5 2.93
Test 3.1 3.1 3.1 2.9 2.7
Malondialdehyde, nmol/mL 0.6 0.21 <0.01 0.33
Control 7.4 10.0° 7.3 6.2 7.2
Test 7.8 11.5° 6.9 7.2 7.0
Glucose (glucometer), mg/dL 2.3 0.02 0.47 0.88
Control n/a* 114.6 116.3 115.4 116.1
Test n/a 108.6 112.7 108.9 110.4

'All dogs were fed the same diet prior to baseline (August) sample collection. Then, all dogs were randomly assigned to the control performance

diet or high endurance test diet groups.
*Pooled SEM.

3Means in the same row not sharing a common superscript differ (P < 0.05) due to month.

“n/a = not available.

ABCMeans in the same row not sharing a common superscript differ (P < 0.05) due to a diet X month interaction.

“Means in the same column not sharing a common superscript differ (P < 0.05) due to a diet X month interaction.
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no significant diet by month interaction for plasma
vitamin C, MDA, or glucose values obtained from
the glucometer. However, there was a significant
main effect of diet and month for plasma vita-
min C, in which dogs fed the test diet had lower
(P = 0.003) concentrations when compared to the
control fed dogs and plasma vitamin C concen-
trations were lower (P < 0.0001) when collected
in March. There was a significant main effect of
month for plasma MDA, in which concentrations
were higher (P < 0.0001) when collected in October.
Dogs fed the test diet had lower (P = 0.02) blood
glucose concentrations when compared to the con-
trol fed dogs throughout the study.

Plasma taurine, whole blood taurine, and
blood essential AA concentrations for both groups
of dogs were within normal ranges and are sum-
marized in Table 3 (nonessential and other blood
AA concentrations can be found in Supplementary
Table 1). A significant diet by month interac-
tion was observed for most of the AA analyzed
in a similar pattern, except for whole blood tau-
rine (P = 0.17), leucine (P = 0.11), methionine
(P = 0.26), phenylalanine (P = 0.42), tryptophan
(P = 0.14), glutamic acid (P = 0.10), glutamine
(P = 0.56), tyrosine (P = 0.08), cystathionine
(P =10.93), cysteine (P = 0.08), and 3-methyl-L-his-
tidine (P = 0.37). There was a significant diet by
month interaction, in which dogs fed the test
diet had higher (P < 0.0001) plasma taurine con-
centrations during October, January, and March
compared to baseline. Additionally, dogs fed the
control diet had lower (P < 0.0001) plasma taurine
concentrations when compared to the dogs fed the
test diet postbaseline and throughout the study.
Some essential AA concentrations were increased
in dogs fed the test diet post baseline (during
months October, November, January, and March),
including arginine (P = 0.01), histidine (P = 0.01),
isoleucine (P < 0.0001) when compared to baseline
samples (August). A similar pattern was observed
in the control fed dogs. Lysine concentrations
were higher (P < 0.0001) in dogs fed the test diet
when compared to dogs fed the control diet. There
was a significant main effect of month for leucine
(P < 0.0001), methionine (P = 0.0001), phenyla-
lanine (P < 0.0001), and tryptophan (P = 0.0003),
during which dogs had higher concentrations of
these essential AA postbaseline. There was a sig-
nificant main effect of diet for whole blood tau-
rine and methionine concentrations. Whole blood
taurine concentrations were higher (P < 0.0001)
in dogs fed the test diet (478.0 nmol/mL) com-
pared to dogs fed the control diet (363.5 nmol/mL)

throughout the study. Methionine concentrations
were higher (P = 0.003) in dogs fed the control diet
compared to the dogs fed the test diet throughout
the study.

Serum metabolite concentrations are sum-
marized in Table 4. Mean serum metabolite
concentrations were within reference limits for
healthy dogs (Kahn, 2005). There was a signif-
icant diet by month interaction for creatinine
(P < 0.0001), blood urea nitrogen (P < 0.0001),
calcium (P < 0.0001), GGT (P = 0.01), triglyc-
erides (P < 0.0001), and bicarbonate (P = 0.02).
Creatinine, blood urea nitrogen, and triglyceride
concentrations were higher (P < 0.0001) in dogs
fed the control diet during January when com-
pared to the test fed dogs during that collection
period. Bicarbonate concentrations were higher
(P = 0.02) in dogs fed the control diet when col-
lected in November, January, and March when
compared to baseline. There was a significant main
effect of month for total protein (P < 0.0001),
albumin (P < 0.0001), sodium (P = 0.0001), potas-
sium (P < 0.0001), chloride (P < 0.0001), alkaline
phosphatase (P < 0.0001), corticosteroid-alkaline
phosphatase (P < 0.0001), alanine aminotrans-
ferase (P = 0.003), and cholesterol (P < 0.0001).
Serum CK was lower (P < 0.0001) during October,
November, January, and March when compared
to baseline. There was a significant main effect of
diet for phosphorus, alkaline phosphatase, and
cholesterol concentrations. Dogs fed the test diet
had higher (P = 0.004 and P = 0.01, respectively)
phosphorus and alkaline phosphatase concentra-
tions, but lower (P = 0.03) cholesterol than dogs
fed the control diet throughout the study.

Athletic Performance

Dogs underwent variable speed exercise over
extended periods of time throughout the study
(Figures 1-3). There was no significant diet X
month interaction for any of the tested variables,
including average speed, maximum speed, and dis-
tance traveled per exercise event. There was no sig-
nificant effect of diet for average speed (P = 0.47;
control: 8.2 km/h, test: 8.4 km/h), maximum speed
(P = 0.24; control: 34.9 km/h, test: 36.4 km/h),
and distance traveled per exercise event (P = 0.23;
control: 21.9 km, test: 23.1 km). Average speed
was lower (P < 0.0001) during September than
during October, November, December, January,
February, or March. Maximum speed was lower
(P = 0.0031) during January than during October
or March.
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Table 3. Average plasma taurine, whole blood taurine, and essential blood AA concentrations of dogs fed
either a control performance diet or high endurance dog food (test) over several months

Month P value
Diet x
Item August! October November January March SEM? Diet Month month
nmol/mL
Plasma taurine 6.6 <0.01 <0.01 <0.01
Control 126.2% 88.18x 61.84 89.98x 87.6%
Test 126.14x 175.4% 149.4A8y 155.88¢ 174.18¢
Whole blood taurine 17.3 <0.01 0.10 0.17
Control n/a’ 344.8 355.4 379.3 374.5
Test n/a 476.5 473.3 462.8 499.6
Essential AAs
Arginine 6.1 0.48 <0.01 0.01
Control 103.44x 139.38x 137.6% 145.28 152.78
Test 9414 150.48~ 156.78 152.98 147.58x
Histidine 2.2 0.30 <0.01 0.01
Control 78.4% 83.0ABx 82.0ABx 88.78x 82.7ABx
Test 73.74% 77.4A8x 85.2¢ 81.88Cx 84.48¢x
Isoleucine 2.1 0.002 0.01 <0.01
Control 65.65 59.7A8Bx 56.64 64.78 65.28x
Test 62.74% 67.9A8x 71.2% 72.65 71.28x
Leucine 3.6 0.22 <0.01 0.11
Control 117.7 141.6> 131.6° 152.9¢ 144.8<
Test 112.3 136.9 135.8° 142.44 139.5¢
Lysine 5.6 <0.01 <0.01 <0.01
Control 89.7A 108.98¢x 105.148x 123.4¢ 119.88¢x
Test 86.34 151.38 146.08 158.98¢ 170.4%
Methionine 3.5 0.003 0.0001 0.26
Control 74.2¢ 77.4¢ 81.4° 82.3° 83.9°
Test 59.92 60.4¢ 74.1° 73.6° 80.4°
Phenylalanine 1.6 0.86 <0.01 0.42
Control 54.12 58.7° 53.48 56.5° 58.8°
Test 52.2¢ 56.3° 53.6° 59.3° 58.7°
Threonine 11.7 0.95 <0.01 0.02
Control 219.14x 238.0Ax 24654~ 238.6M 283.78
Test 207.54« 255.08 25428 242 58 262.38x
Tryptophan 34 0.07 0.0003 0.14
Control 75.2¢ 81.4® 69.7¢ 75.9 82.3°
Test 70.0° 67.8% 67.6 67.1¢ 76.1°
Valine 5.5 0.13 <0.01 <0.01
Control 189.64* 189.04x 178.14x 216.8% 237.3%
Test 179.54« 197.7A8 199.0A8x 187.0A8x 204.18

'All dogs were fed the same diet prior to baseline (August) sample collection. Then, all dogs were randomly assigned to the control performance

diet or high endurance test diet groups.
2Pooled SEM.
n/a = not available.

ABCMeans in the same row not sharing a common superscript differ (P < 0.05) due to a diet X month interaction.

“Means in the same column not sharing a common superscript differ (P < 0.05) due to a diet X month interaction.

aedMeans in the same row not sharing a common superscript differ (P < 0.05) due to month.

DISCUSSION

The exercise regimen of American Foxhounds
differs from that of other athletic dogs, such as
Greyhounds or sled dogs. Although other athletic
dogs may consistently practice structured exercise

regimens, American Foxhounds undergo bouts of
unstructured exercise at variable speeds throughout
a given activity. They are most active during 5 mo of
the year (October to March) and may exercise for 2
to 5 h/exercise bout. Given the changes in regimen,
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the physiological changes may be observed over the
course of several months.

The present study evaluated the longitudi-
nal response to unstructured bouts of exercise in
American Foxhounds fed a nutrient-fortified diet
over a period of several months on blood metab-
olites, plasma indirect oxidative stress markers,
and athletic performance. Although some metab-
olites changed over the course of the study, serum
chemistry results indicated that all dogs were

healthy throughout the study. Plasma AA con-
centrations were within the normal range for all
dogs. However, once a requirement is met, plasma
AA concentrations are not reflective of the degree
deficiency or excess and may not be the best indi-
cator for the status of the animal (Zimmerman
and Scott, 1965; Larsen et al., 2010). Although it
is unlikely to observe plasma AA concentrations
outside of the normal range when a dog is fed a
commercial diet, it can be beneficial to look for

Table 4. Average serum chemistry profile of dogs fed either a control performance diet or high endurance

dog food (test) over several months

Month P value

Item August! October November January March SEM? Diet Month Diet X month

Creatinine, mg/dL 0.03 0.01 0.004 <0.01
Control 1.0B 1.0B 0.94% 1.1% 1.0ABx
Test 1.05 0.9A8x 0.9A8 0.84 0.98

Urea nitrogen, mg/dL 0.9 0.11 <0.01 <0.01
Control 18.14x 20.04Ax 19.0Ax 23.7% 2478
Test 16.24x 19.78¢ 19.98¢ 18.148x 23.0%

Total protein, g/dL 0.1 0.35 <0.01 0.92
Control 6.6 6.9° 6.8° 6.6 6.9°
Test 6.8% 7.1° 7.0° 6.7* 7.1°

Albumin, g/dL 0.05 0.80 <0.01 0.18
Control 2.7° 2.8° 2.8° 2,72 2.7
Test 2.6 2.9° 2.9° 2,72 2,72

Calcium, mg/dL 0.2 0.88 0.01 <0.01
Control 10.0ABx 10.38 10.38 10.04x 10.38
Test 10.44x 10.24x 10.24x 10.04x 10.0Ax

Phosphorus, mg/dL 0.2 0.004 0.08 0.30
Control 4.8 4.7 4.6 43 4.2
Test 5.1 5.0 5.1 4.9 5.2

Sodium, mmol/L 0.4 0.22 0.0001 0.08
Control 144 4z 143.0* 144.2b¢ 143.7 144.6¢
Test 143.9%¢ 144.0* 145.0 1443 145.1¢

Potassium, mmol/L 0.1 0.97 <0.01 0.99
Control 4.6° 4.3 4.3 4.4° 4.4°
Test 4.4° 4.3 4.3 4.5° 4.5°

Chloride, mmol/L 0.5 0.11 <0.01 0.13
Control 110.4° 108.72 109.8° 108.3* 110.2°
Test 110.2° 109.72 110.5° 109.72 111.4°

Alk Phos®, U/L 4.2 0.01 <0.01 0.15
Control 57.7° 31.3¢ 33.98 3419 32.3¢
Test 71.8° 51.6° 42.7° 49.7° 47.42

C-Alk Phos, U/L 3.7 0.36 <0.01 0.35
Control 3.1° 2.90 1.6 3.9° 3.8°
Test 5.7° 5.2° 3.48 5.6° 5.4°

ALT, U/L 3.7 0.40 0.003 0.45
Control 36.3° 30.02 34.6® 33.7° 33.1®
Test 37.6° 30.6° 35.7%® 41.0° 37.8®

GGT, U/L 0.2 0.34 <0.01 0.01
Control .34 2,18 1.67Bx 1.5ABCx 2.2¢x
Test 1.6ABx 2.18x 114 1.44% 1.67Bx

Total bilirubin, mg/dL 0.01 0.12 0.35 0.07
Control 0.2 0.2 0.1 0.2 0.2
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Table 4. Continued
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Month P value

Item August' October November January March SEM? Diet Month Diet X month
Test 0.1 0.1 0.1 0.1 0.1

Cholesterol, mg/dL 6.1 0.03 <0.01 0.29
Control 190.92¢ 175.06¢ 169.61° 165.94: 155.48¢
Test 175.39¢ 162.61¢ 149.72° 141.06® 139.67¢

Triglycerides, mg/dL 49 0.0006 <0.01 <0.01
Control 68.18% 49.84% 56.7AB 92.0 65.28%
Test 58.54 43.4% 45.84% 44,74 50.44

Bicarbonate, mmol/L 0.7 0.03 <0.01 0.02
Control 22.24x 23.3ABx 27.1% 26.18¢x 28.4%
Test 22.84 2324 24 .44 24.6M 25.4M

Creatine kinase, U/L 18.6 0.81 <0.01 0.46
Control 279.8¢ 187.1° 127.6 147.1® 114.2¢
Test 266.1¢ 180.9° 134.8¢ 138.0% 155.0¢

'All dogs were fed the same diet prior to baseline (August) sample collection. Then, all dogs were randomly assigned to the control performance

diet or high endurance test diet groups.
*Pooled SEM.

3Alk Phos, alkaline phosphatase; C-Alk Phos, corticosteroid-alkaline phosphatase; ALT, alanine aminotransferase; GGT, gamma-glutamyl

transpeptidase.

ABCMeans in the same row not sharing a common superscript differ (P < 0.05) due to a diet X month interaction.

“Means in the same column not sharing a common superscript differ (P < 0.05) due to a diet X month interaction.

wedMeans in the same row not sharing a common superscript differ (P < 0.05) due to month.
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Figure 1. Mean average speed (km/h) traveled per exercise event of dogs fed either a control performance diet (blue) or a test diet (red) over

several months.

shifts in these values to evaluate changes in the
health of the animal due to diet. Furthermore, it
is likely that the greater plasma taurine concen-
tration of dogs fed the test diet was a result of
increased dietary taurine content. Taurine status
is important for maintenance of cardiac function
(Delaney et al., 2003), and deficiency of dietary
taurine may cause dilated cardiomyopathy (DCM)
in large dogs (Buchanan, 1995; Freeman et al.,
1996; Sisson et al., 1999; Sanderson et al., 2001).
Ko et al. (2007) compared the taurine synthetic
ability of large and small dogs. These research-
ers controlled the intake of the diet to maintain

ideal body condition and to provide similar diet-
ary sulfur AA intake based on the dogs’ meta-
bolic body weight. Ko et al. (2007) concluded that
large-breed dogs are at a greater risk of devel-
oping DCM than small-breed dogs because they
have a lower ability to synthesize taurine when
precursor sulfur AAs are not in excess or when
fed a low, but nutritionally adequate protein diet.
Therefore, it is important to supply adequate tau-
rine in the diet for large, exercising dogs, such as
the American Foxhound. In the present study, all
dogs had plasma and whole blood taurine concen-
trations above low critical values (concentrations
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Figure 2. Mean maximum speed (km/h) traveled per exercise event of dogs fed either a control performance diet (blue) or a test diet (red) over

several months.
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Figure 3. Mean distance (km) traveled per exercise event of dogs fed either a control performance diet (blue) or a test diet (red) over several

months.

considered near to cause a nutrient deficiency)
reported in the literature for healthy, adult dogs
(40 and 150 nmol/mL, respectively; Scott et al.,
2001). However, one dog in the control group
did develop plasma taurine concentrations close
to the critical range (40 nmol/mL). Similarly to
increased plasma taurine, the greater plasma vita-
min E concentration of dogs fed the test diet was
likely due to increased vitamin E in the diet. Scott
et al. (2001), who evaluated the effects of feeding
a vitamin E supplement to Greyhounds before
and after undergoing a sprint race, also observed
higher serum vitamin E concentrations following
administration of supplemental vitamin E (680
units of alpha-tocopherol/d). Although the exer-
cise regimen in the current study differs from that
in Scott et al. (2001) both studies exhibit that vita-
min E is reduced in the body of dogs undergoing
an exercise regimen and increasing dietary vita-
min E in the diet of these dogs may be beneficial.

Although several changes were observed in the
current study, it is possible that the duration, fre-
quency, and/or intensity of the exercise regimen
were not strenuous enough to impact oxidative
stress measurements. For example, plasma MDA,

an indirect marker of oxidative stress and lipid
peroxidation, was not greatly affected over time.
A previous study by the current authors, evaluat-
ing acute response to bouts of unstructured exer-
cise in these same dogs, also observed no changes
in plasma MDA concentrations (de Godoy et al.,
2014). Given that the current project was a field
study, many factors contribute to the final results.
Although food intake would have been less var-
iable if the dogs were fed individually, the aim
of the current study was to evaluate this group
of dogs in their natural environment. Therefore,
to keep the regimen similar to what is common
for these dogs, the dogs in the current study were
group housed and group fed. Therefore, it is pos-
sible that some dogs consumed more food than
others, but no deficiency or adverse results were
observed. Additionally, the dogs had free access
to outdoors at all times, allowing for the poten-
tial consumption of unknown insects, prey, or
other natural inhabitants to the environment.
Finally, the exercise regimens were unstructured
and were not identical each time. Although there
are some factors that may negatively impact a
study of this nature, the benefit is that this study is
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representative of the exercise regimen and habitat
of exercising American Foxhounds. To account
for some of the variation, age, sex, BW, and past
performance were considered when allotting to
test groups.

In conclusion, vitamin E and taurine status
of dogs appear to be affected by variable speed
exercise over extended periods of time. However,
MDA concentration, a marker of oxidative stress,
was not statistically different between treatment
groups. Therefore, it can be concluded that both
diets provided sufficient antioxidants to protect
the dogs from oxidative stress that was expected
from this type of exercise. Dogs undergoing vari-
able speed exercise over extended periods of time
may benefit from supplementation of vitamin E
and taurine. Both diets supplied adequate concen-
trations of AAs, as supported by blood analysis.
No decline was observed over time, which is indic-
ative that protein concentrations were sufficient
to avoid potential AA depletion due to intense
exercise.

SUPPLEMENTARY DATA

Supplementary data are available at Journal of
Animal Science online.
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