Changes in rectal temperature and hematologic,
biochemical, blood gas, and acid-base values
in healthy Labrador Retrievers before and after
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Objective—To measure changes in rectal tempera-
ture and hematologic, biochemical, blood gas, and
acid-hase values before and after exercise.

Animais—14 healthy adult Labrador Retrievers.

Procedure—Dogs exercised continugusly for 10 min-
utes by repeatedly retrieving a8 dummy thrown approx-
imately 40 to 50 yards on land. The ambient tempera-
ture during each exercise period was recorded. Rectal
temperature, pulse, and respiratory rate were mea-
sured; CBC and serum biochemical profile were deter-
mined; and arterial blood gas tensions, acid-base sta-
1us, and plasma lactate and pyruvate concentrations
were measured at rest and immediately after exer-
cise. Rectal temperature, pulse, respiratory rats, and
lactate and pyruvate concentrations were evaluated at
intervals up to 120 minutes after exercise.

Results—Immediately after exercise, rectal tempera-
ture increased markedly; ambient temperature did
not affect rectal temperature. Arterial blood pH and
Pao, were significantly increased after exercise, and
Paco; and bicarbonate concentration were signifi-
cantly decreased after exercise. Also, statistically, but
not clinically, significant increases were observed in
RBC, WBC, and segmented neutrophil counts; hemo-
globin, total protein, and serum sodiurn and potassi-
um concentrations; PCV: anion gap; and creatine
kinase activity. Plasma lactate and pyruvate concen-
trations increased significantly after exercise, hut
there was no change in the lactate-to-pyruvate ratio.

Conclusion and Clinical Relevance—Reference vak
ues for healthy Laborador Retrievers during a stan-
dardized exercise protocol were established to com-
pare data obtained from Laborador Retrievers with
exercise intolerance and collapse. Important charac-
teristics of lactate and pyruvate metabolism were
documented that will enable more precise evaluation
of exercise intolerance in this breed. (Am J Vet Res
1999;60:88-22)

l errcise intolerance is frequently encountered in
working labrador Retrievers, and is often initially

recognized during retrieving drills. A syndrome that
develops in young, adult, working Labrador Retrievers,
whereby affected dogs became ataxic and collapsed
after 5 to 15 minutes of strenuous exercise, with rectal
temperatures > 41.5 C and plasma lactate concentra-
tion between 8 and 10 mmol/L., has been reported.' The
dogs were clinically normal at rest and afier mild-10-
moderate activity. Extensive workups, including car-
diovascular and orthopedic evaluations, yielded nor-
mal results.' Rectal temperature and plasma lactate
concentration in affected Labrador Retrievers were
higher than those observed experimentally in mixed-
breed dogs exercised on a treadmill for similar dura-
tion, prompting speculation that muscle oxidative
metabolism may be abnormal in affected dogs.’
Exercise causes significant alterations in rectal temper-
ature, pulse, respiratory rate, blood-gas tensions, acid-
base status, and indicators of oxygen debt, including
lactate and pyruvate concentrations and the lactate-to-
pyruvate ratio (L/P). These changes vary with the type
and intensity of exercise performed. To assess the sig-
nificance of the findings in Labrador Retrievers with
exercise intolerance and collapse, it is necessary to
compare their data with reference values for dogs of
the same breed and age performing a standardized
exercise. The study reported here was done to measure
changes in rectal temperature and hematologic, bio-
chemical, blood-gas, and acid-base values in healthy
Labrador Retrievers before and after strenuous exer-
cise.

Materials and Methods

Dogs—Fourteen working Labrador Retrievers (6 males,
1 neutered male, & fernales, 1 spayed female), ranging in age
from 1 to 8 (mean, 3.4) years, were healthy on the basis of
history, results of physical examination (including orthope-
dic and neurologic examinations), CBC, serum biochemical
profile, and urine specific gravity. All dogs were competitive
field trial dogs with normal capacity for exercise.

Study design—Dogs exercised continuously for 10 min-
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Table 1—Mean * SD rectal temperature, pulse, and repiratory rate before and immediately after exer-

cise in 14 Labrador Retrievers

Time in retation to exercise
After

Variable Before Immediately Bmin 10 min 15 min 30 min min 120 min
Rectal /405 1.8+03 418 03% 416 03* 411 £ 04*398 = 057 39.0 = 0.3* 388 = 04*
temperature
(C)
Puise
[beats/min} 99 + 16 150 + 20% 135 +16* 123201 112+1t 921 8315 95+ 15
Respiratory 82 = 12 183 + 4% 231+ 36" 220+ 35 218 +60% 16077 7953 53 + 401
rate (breaths/min)
*Significantly (£ < 0,01} different from pre-exercise value. tSignificantly (£ < 0,05} different from pre-exercise value.

utes by repeatedly retrieving a soft plastic tube (retrieving
dummy) thrown approximately 40 to 50 yards on land. This
consisted of short bursts of strenuous exercise interspersed
with brief (< 5 seconds) rest periods each time the dummy
was thrown. Dogs typically sprinted at fuli speed to retrieve
the dummy and returned to the handler, running at a slight-
ly slower pace. Ambient temperature during each exercise
period was recorded. Rectal temperature, pulse, respiratory
rate, results of CBC, serum biochemical profile, arterial
blecd-gas and acid-base status, and plasma lactate and pyru-
vate concentrations were measured at rest and immediately
(within 1 to 2 minutes) after exercise. Blood for measure-
ment of arterial gas tensions was taken 15 minutes after exer-
cise. Rectal temperature, pulse, and respiratory rate were
measured 5, 10, 15, 30, 60, and 120 minutes after exercise,
and venous blood was obtained for measurement of lactate
and pyruvate concentrations at 15, 30, 60 and 120 minutes
after exercise.

Measurement ol variables—Venous blood was collected
into plain and EDTA-containing tubes. Complete blood
counting was done within 30 minutes of sample collection.
Red and white blood cells and platelets were counted, and
hemoglobin concentration was measured, using an electron-
ic counter.” A blood smear was stained with Wright-Giemsa,
and a differential WBC count was obtained. Serum was sepa-
rated and frozen at —20 C for biochemical analysis, which
was done by use of an automated analyzer.” Blood from either
the femoral or dorsal metatarsal artery was collected into a
heparinized syringe and was analyzed immediately after col-
lection by use of an analyzer. Oxygen tension (Pao,}, carbon
dioxide tension (Paco,), and pH were measured and correct-
ed for rectal temperature, and bicarbonate concentration and
base deficit were calculated. Venous blood for lactate analy-
sis was collected into sodium flouride-containing tubes.
Plasma was separated within 30 minutes of collection, and
was {rozen and stored at =20 C until analyzed. Lactate con-
centration was determined by use of an immobilized enzyme
membrane system.! For pyruvate analysis, 1 ml of venous
blood was mixed with an equal volume of 10% perchloric
acid, then was centrifuged for 10 minutes. The supernatant
was removed and frozen at =20 C until analyzed. Pyruvate
concentration was quantified by enzymatic determination,
using lactate dehydrogenase, in a spectophotometric assay.”

Analysis of data—Paired t-tests were used to identify
significant differences between hematologic and serum bio-
chemical variables before and immediately after exercise.
Repeated measures ANOVA was used to compare values
before exercise with values at each interval after exercise for
temperature, pulse, respiratory rate, blood gas tensions, lac-
tate and pyruvate concentrations, and L/P' For dogs with rec-

Table 2—Mean = SD and range of arterial blood gas and acid-
base variables before and after exercise in 14 Labrador
Retrievers

Time in relation fo exercise
After

Variable Before Immadiatsly 15 min
pH 7391 £ 0023 7600 = 0.081*  7.464 = 0.062*

{7.35-7.42} (7.42-7.68) (7.33-7.58)
Paco; (mm Hg) 337 =386 147 = 49 245 + 5.8%

{27.5-40.1} {5.2-24.2} (13.9-33.0
Pao, {(mm Hg) 1020 + 65 1403 = 17.8* 1016 + 170

191.6-113.1) {124.0-182.9} 1271223}
Bicarbonate (mmolfl] 196 = 1.8 130+ 3.2 163 = 29*

[16.7-21.4) 60-18.2) {10.5-20.8)
*Significantly (P < 0.01) different from pre-exercise value.

tal temperature above the upper limit of the thermometer
(42.0 C), a value of 42.0 C was used for statistical analysis.
For dogs with plasma pyruvate concentration less than the
lowest detectable value of 0.05 mmol/L, this concentration
was used for statistical analysis. Linear regression and corre-
lation analysis were used to evaluate the effect of ambient
temperature on plasma lactate concentration and rectal tem-
perature immediately after exercise. For all hypothesis tests,
values of P < 0.05 were considered significant.

Results

QOver the 10-minute exercise pericd, each dog
retrieved the dummy 43.6 + 4.9 (mean + SD) times,
with a range of 36 to 51 times. Dogs were noticeably
tired at the end of the exercise period and panted heav-
ily, but all indicated eagerness to continue retrieving.

The effects of exercise on rectal temperature, pulse,
and respiratory rate were determined (Table 1). Pulse
and respiratory rate increased immediately after exer-
cise, as would be expected. Immediately after exercise,
all dogs had rectal temperature > 41.1 C; 7 of the 14
dogs had temperature > 42.0 C. Rectal temperature had
returned to nearly baseline within 30 minutes, but was
still significantly (P < 0.01) increased. Rectal tempera-
ture 60 and 120 minutes after exercise was significant-
ly lower than baseline values (P < 0.01). Ambient tem-
perature during the exercise periods ranged from 11 to
28 C, with a mean value of 16.7 C. In these dogs, there
was no significant effect of ambient temperature during
exercise on rectal temperature measurements immedi-
ately after exercise.
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Arterial blood pH and Pao, were significantly (P <
0.01) increased after exercise, and Paco, and bicarbon-
ate concentration were significantdy (P < 0.01)
decreased after exercise (Table 2). Fifteen minutes
after exercise, Pao, had returned to baseline. Arterial
pH, Paco,, and bicarbonate concentration were mov-
ing toward baseline at 15 minutes after exercise, but
were still significantly (P < 0.01) different from pre-
exercise values. There were significant increases in
RBC, WBC, and segmented neutrophil counts, PCV,
hemoglobin and serum sodium and potassium concen-
trations, anion gap (P < 0.01}, total protein concentra-
tion, and creatine kinase activity (P < 0.05) after exer-
cise (Table 3).

The effect of exercise on plasma lactate and pyru-
vate concentrations was determined (Table 4). Plasma
lactate concentration ranged from 0.53 to 3.07 mmol/L
before exercise and from 0.80 to 9.86 mmol/L immedi-
ately after exercise. Plasma lactate concentration
returned to baseline by 60 minutes after exercise. At
120 minutes after exercise, plasma lactate concentra-
tion was significantly (P < 0.01) lower than baseline

Table 3—Mean + SD hematologic and biochemical values
before and immediately after exercise in 14 Labrador Retrievers

Time in relation to exercise
Yariable Before Immediately after
RBC 10"} 714 + 054 761 = 0.57
Hemoglabin {g/L} 172+ 1 183 + 11*
PCV (L/L} 0.47 = 0.03 0.51 = 0.03*
WBC {10%L) 9.51 =185 10.29 = 1.92%
Neutrophils {10%L) 5.80 = 132 6.77 = 1.74%
Eosinophils {10%1) 077 + 0.44 0.58 = 0.3
Lymphocytes (10°1) 223+ 078 247 £ 1409
Monaeytes {109L) 0.59 + 0.23 0.45 + .23
Sodium (mmol/L) 152+2 154 +
Potassium {mmol/L) 48 + 03 50 + 0.3*
Chloride (mmal/L) 122+ 22 123 =11
Calcium {mmol/L} 265 + 0.13 283 +013
Urga {mmol/L} 73+22 6.9+ 21
Glucose {mmol/L) 54 + 05 60+ 17
ALP (U/L) a0 % + 22
ALT {U) 64 =43 B6 = 41
Anion gap {mmolfL) 18+3 p2 o of
CK{u/L} 105 + 29 143 + B2t
Total protein (g/L} 61+3 * 4t

*Significantly (P < 0.01} different from pre-exercise value. 1Significantly
{P < 0.05) different from pre-exercise value.
Seq = segmentad; ALP = alkaline phosphatase; ALT = alanine transami-

nase; CK = creatine kinase,

values, There was no significant effect of ambient tem-
perature during exercise on plasma lactate concentra-
tion immediately after exercise. Plasma pyruvate con-
centration ranged from 0.05 to 0.12 mmol/L before
exercise and from 0.05 to 0.32 mmol/L immediately
after exercise. Serum pyruvate concentration returned
to baseline within 60 minutes. There was no significant
difference in the L/P value at any interval after exercise,
compared with the pre-exercise value.

Discussion

We identified changes in rectal temperature, pulse,
respiratory rate, acid-base and blood gas values, and
plasma lactate and pyruvate concentrations after exer-
cise in healthy Labrador Retrievers. We established ref-
erence values for Labrador Retrievers during a stan-
dardized exercise protocol to compare data with those
obtained from Labrador Retrievers with exercise intol-
erance and collapse. To assess the significance of the
findings in affected Labrador Retrievers, reference
ranges for Labrador Retrievers after a similar period of
strenuous exercise were needed. To evaluate sporting
dogs for exercise intolerance, control values for each
type of exercise are necessary because response varies
with the type, duration, and intensity of exercise per-
formed.*” Differences may also exist among dogs of
various breeds or body types, but this has not been crit-
ically evaluated.

Working Labrador Retrievers will voluntarily exer-
cise strenuously to the point of exhaustion because of
their drive to retrieve. Exercise intolerance in these
dogs is most often recognized during retrieving drills;
therefore, a standardized exercise regimen similar to
that used in intensive field training was developed for
this study. Retrieving handthrown dummies on land
provided a clinically relevant way to strenuously exer-
cise Labrador Retrievers that could be readily repro-
duced for evaluation of clinical patients. This type of
exercise was preferable to use of a treadmill because it
would be difficult, using a treadmill, to mimic the
repeated short bursts of intense exercise characteristic
of retrieving,

After 10 minutes of strenuous exercise, all of our
dogs had a marked increase in rectal temperature, indi-
cating that an increase of up to 3 C is normal for
healthy, strenucusly exercising Labrador Retrievers.
Rectal temperature increases after exercise because a
portion of nutrient energy is converted to heat during

Table 4—Mean = SD lactate and pyruvate concentrations and the lactate-to-pyruvate ratio before and

after exercise in 14 Labrador Retrievers

Time in relation to exercise
After
Variable Betore immediately 15 min 30 min 60 min 120 min
Lactate 131 = 061 357 + 2.02% 331 z1.50% 204 = 0BT+ 108 + 0.35 080 + 0.37*
{mmolfL}
Pyruvats 0082 * 0.022  0.192 + 0.081*  0.172 + 0.049™ 0013 = 0.047% 0074 £ 00285 0.073 = 0.031
{mmol/L)
Lactate/ 170 = 82 205 =58 202x57 206 =52 157 = 3.2§ 121+ 43
Pyruvate
*Significantly (P < 0.01) ditferent from pre-exercise value. tMeasurements available from 12 dogs. $Significantly
[P < 0,05} diffarent from pre-exercise vaiue. §Measurements available from 13 dogs.
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cellular metabolism.” Rectal temperature in our
Labrador Retrievers after this exercise regimen was
higher than that observed in mixed-breed dogs run-
ning on a treadmill for approximately 45 minutes or in
Greyhounds racing for 48 seconds (40.1 + 0.5 C and
40.6 + 0.3 C, respectively).” Temperature of our dogs
was similar to that documented in mixed-breed dogs
run to exhaustion on a treadmill, defined as inability to
keep pace with the treadmill, evidenced by stumbling
and collapse (mean duration of run to exhaustion was
57 + 8 minutes; mean rectal temperature after exercise
was 41.8 + 0.2 C).” In contrast, the Labrador Retrievers
of this study tired and panted heavily after strenuous
exercise, but did not have difficulty completing the
exercise period; they had ounly a slight decrease in
speed, and all dogs were eager and willing 1o continue
the exercise.

Concurrent respiratory alkalosis and metabolic
acidosis reflected hyperventilation and strenuous
anaerobic activity in these dogs. A similar metabolic
pattern in Greyhounds immediately after racing was
reported,’® although the respiratory alkalosis was more
marked and the metabolic acidosis was less pro-
nounced in our Labrador Retrievers, compared with
the racing Greyhounds. Because hydrogen ions gener-
ated in association with the production of lactate are
buffered principally by bicarbonate, lactate accumula-
tion results in decreased bicarbonate concentration
and metabolic acidosis. Hyperventilation caused
increased Pao,, decreased Paco,, and respiratory alka-
losis. The magnitude of this change was striking; 1 of
our dogs had Paco, of 5.2 mm Hg and pH of 7.68. In
dogs performing mild to moderate exercise on a tread-
mill, hyperventilation, hypocapnia, and increased pH
occurred almost immediately, suggesting that hyper-
ventilation was not simply a consequence of metabolic
acidosis.* The degree of hypocapnia and hyperventila-
tion did not change even as the dogs worked toward
maximal exercise with increasing lactic acid and
decreasing pH values.* Possible explanations for the
hyperventilation include response to increased O,
demand, response to increased body temperature, con-
current transmission of neurologic impulses to con-
tracting muscles and the respiratery center, and stimu-
lation of the respiratory center by neurologic impulses
from joint proprioceptors.’®

Significant increases in many hematologic and
serum biochemical variables were observed in these
Labrador Retrievers, similar to those reported in racing
Greyhounds.* Although the changes were significant,
none of the values in the dogs of this study were
increased outside of the reference ranges and, thus, are
of limited clinical relevance.

After 10 minutes of strenuous exercise, plasma lac-
tate concentration increased markedly in the clinically
normal Labrador Retrievers of this study. Increased
plasma lactate concentration after exercise has tradi-
tionally been attributed to anaerobic muscle metabo-
lism as portions of muscie become hypoxic during
intense exercise.” To generate ATP for energy during
exercise, glucose is converted to pyruvate, which
enters the Kreb’s cycle and undergoes oxidative metab-
olism, liberating ATP. Oxygen is required for this path-

way of pyruvate metabolism. If oxygen demand is
greater than the oxygen supply to muscle, anaerobic
conversion of pyruvate to lactate occurs (anaerobic
glycolysis).*"" The dogs of our study had increased
plasma lactate concentration, but were not hypoxemic
and actually had increased Pao,. It is likely that arteri-
al oxygen tension does not accurately reflect intracel-
lular oxygen content. Intracellular oxygen concentra-
tion was not measured because the procedure is tech-
nically difficult and has limited availability.* The role
of oxygen in lactate metabolism is controversial, and
factors other than inadequate mitochondrial oxygen
may be responsible for increased lactate concentration
during exercise. Muscle fiber type, f-adrenergic stimu-
lation, muscle contraction pattern, duration of muscle
contraction, and substrate availability have been impli-
cated.""*

After only a brief period of strenuous voluntary
exercise, the healthy Labrador Retrievers of this study
generated plasma lactate concentration similar to that
of dogs forced to underge maximal or exhaustive exer-
cise on a treadmill. Plasma lactate concentration in fox-
hounds after maximal exercise (defined as no further
increase in heart rate and cardiac output with increas-
ing work intensities) was 2.71 + 0.4 mmol/L."
Maximal lactate concentration of 9.86 mmol/L
observed in 1 of our clinically normal Labrador
Retrievers was approaching 11.7 + 0.7 mmol/L, the
reported concentration in dogs run to exhaustion
{maximal heart rate and animal beginning to falter} on
a treadmill® These concentrations are higher than
mean arterial lactate concentration < 2 mmol/L in
mixed-breed dogs exercising moderately on a treadmill
for 4 to 6 minutes,’ but are lower than the plasma lac-
tate concentration of 2893 + 2.99 mmol/L in
Greyhounds immediately after racing for 48 seconds in
another report.” It is clear that lactate concentration
varies in dogs depending on the duration and intensity
of exercise performed. Lactate concentration that
exceeds the concentration in clinically normal dogs
performing exercise of the same duration and intensity
may be evidence of an underlying disorder of metabo-
lism."** Defects of oxidative metabolism, including
deficiency of pyruvate dehydrogenase or pyruvate car-
boxylase, and defects of the Kreb’s cycle or the mito-
chondrial respiratory chain will result in increased
blood lactate concentration.'*”

Alteration in the L/P is determined to help localize
the enzymatic defect in human beings with pathologic
lactic acidemia.” Increase in lactate and pyruvate con-
centrations with normal L/P suggests a defect in pyru-
vate dehydrogenase or gluconeogenic enzymes, where-
as increased L/P is consistent with a defect in the elec-
tron transport chain, pyruvate carboxylase deficiency,
or mitochondrial myopathy.” In healthy human
beings, the L/P increases during exercise because of a
marked and more rapid increase in lactate than pyru-
vate concentration.” Within 5 minutes after exercise,
the L/P begins to decrease, as lactate concentration
rapidly decreases, but pyruvate concentration still
increases slowly.™ Because there was no significant dif-
ference between L/P before exercise, compared with
any point evaluated after exercise, in our clinically nor-

a1
L=



mal Labrador Retrievers, direct correlations with alter-
ations in the L/P in human beings with pathologic lac-
tic acidemia are not possible.

Although the precise explanation for the lack of
increase in L/P afier exercise in the clinically normal
Labrador Retrievers is not known, it may be explained
by the difference in muscle fiber types between dogs
and people. Human skeletal muscle is composed of 4
fiber types: type 1 (slow-twitch, oxidative, fatigue-resis-
tant), type lIA (fast-twitch, oxidative/glycolytic,
fatigue-resistant), and type 1IB (fast-twitch, glycolytic
fatiguing); type-1IC fibers are rare.’ There is greater
lactate concentration in type-IIB fibers than in type-1
fibers, owing 1o their predominantly glycolytic activi-
ty."* There are no classic type-11B fibers in canine skele-
tal muscle; thus, it is highly oxidative, compared with
human muscle.” Because of the high oxidative capaci-
ty and the absence of the highly glycolytic type-IIB
fibers, lower lactate concentration and less difference
between lactate and pyruvate values (resulting in unal-
tered L/P} may be expected in exercising dogs, com-
pared with people.

In conclusion, significant changes in temperature,
blood gas tensions, and acid-base status occur in
healthy Labrador Retrievers after they perform strenu-
ous exercise for 10 minutes. The magnitude of change
that developed in these healthy Labrador Retrievers, in
conjunction with the wide variation in values reported
from other studies, underscores the necessity for using
a standardized exercise protocol and appropriate con-
trol values when evaluating dogs with exercise intoler-
ance. In addition, important characteristics of lactate
and pyruvate metabolism were documented that will
enable more precise evaluation of exercise intolerance
in this breed.
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