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EFFECTS OF THE EXERCISE ON THE PERFORMANCE
AND THE PLASMA BIOCHEMICAL VALUES OF GERMAN
SHEPHERD DOGS FED WITH HIGH FAT DIET SUPPORTED

WITH L-CARNITINE

Abdiilkerim DENIZ! Hamdi UYSAL?
Serdar KARDES? Engin KIRMIZI®

Egzersizin L-karnitin katkily yiiksek yag diyeti ile beslenen Alman ¢coban
kopeklerinin performans: ve plazma biyokimyasal degerleri iizerine etkisi

Ozet: Bu calismada, yaz mevsiminin sicak gunlerinde yaptlan yiiriiyis
seklindeki egzersizin L-karnitin katkili yiiksek yag diyeti ile beslenen Alman ¢oban
kopeklerinin  performanst ve plazma biyokimyasal degerleri iizerine etkisi
aragtirildi. Bu amagla kopekler saatte 6,6 km hizla birinci hafta 7,5 km, ikinci
hafta 15 km, tgtinci hafta ise 38 km’lik mesafelerde 5 giin siireyle yiiriitiildiiler.
Kdopeklerin bir ve ikinci haftalardaki 7,5 ve 15 km’lik mesafeleri rahatlikla
yiiriimelerine ragmen, 16 adet kipekten 3 adedinin son 38 km’lik mesafe
yiriyiisini tamamlayamadiklare gozlendi. VYiiriyis egzersizlerinin dncesi ve
sonrasinda  yapilan  olgiimlerde  biyokimyasal kan parametreleri yoniinden

Jarkliiklar bulundu. 15 km’lik mesafede yapilan yiiriiyiis egzersizleri siiresince kan

trigliserid konsantrasyonunun L-karnitin (100 mg/kg canli agirlik) ile desteklenen
grupta digstiigii gozlendi. Bundan bagka diisiik egzersiz yogunluguna baglt olarak
gelisen kas hasart durumunda CK aktivitesinin AST ye gore daha duyarl oldugu
tespit edildi. 38 km mesafe yiiriyiisiiniin tgtincii giiniinde performans yetersizligi
gorilen ve yiiriiyiigi tamamlayamayan 3 adet kipekte hemokonsantrasyon, CK,
AST ve LDH’run artan aktiviteleri ile kirmuzi renkli kan plazmast (myoglobinemi)
gozlendi. Alman ¢oban kopekleri 7,5 ve 15 km’lik mesafeleri rahatlikla viiriirken,
38 km’lik mesafeyi yetersiz performanslart nedeniyle % 35 protein ve % 25 vag
iceren bir diyet ile beslenmelerine ragmen 5 giinden fazla yiiriiyemedikleri
saptandi. Sonug olarak onerilebilirki, hematokrit degeri ile laktat konsantrasyonu
ve CK, AST, LDH aktiviteleri uzun mesafe egzersizleri yapan kopeklerin genel
durumunu belirlemek i¢in iyi bir gisterge olabilir.

Anahtar kelimeler: Egzersiz, kan parametreleri, kiopek, L-karnitin,
performans

Summary: In this study, effects of the exercise on the performance and the
plasma biochemical values of German Shepherd dogs fed with high fat diet
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supported with and without L-carnitine was investigated at daily warm
temperatures of the summer season. The dogs were walked to 7.5 km, 15 km and
38 km distances for five days at a speed of 6.6 km/h in the first, the second, and the
third weeks of exercises programme respectively. They were completed to walk
succesfully at 7.5 and 15 km distances. However, dogs were started to fail in
walking to the last 38 km distance of exercising programme as three dogs were
dropped out of sixteen dogs.

Measurements of the biochemical parameters before and after exercises were
found to be different at all the distances of 7.5 km, 15 km and 38km. The
triglveeride concentrations of the blood during the exercises at a 15 km distance
were decreased in the group of dogs suplementated with L-carnitine (100mg/kg
body weight). Moreover, CK activity was found to be more sensitive than AST
activity for the low exercise-intencity induced muscle damage. In the third day of
the exercises at a 38 km distance, hemoconcentration, increased activities of CK,
AST and LDH and a red coloured blood plasma (myoglobinemia) were observed
in three retired dogs with performance failure. As a result, German Shepherd dogs
were able to walk happily at 7.5 and 15 km distances but, their body performance
was not enough to walk such 38 km distances at least for five days with a diet
containing 25 % of fat and 35 % of protein. Finally, it would be suggested that
measurements of hematocrit value, lactate concentration and CK, AST and LDH
activities can be useful markers for monitoring the general condition of exercising
dogs in long distances.
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that affect serum biochemical values (22,10,9).
Reports about the training of dogs pointed out
that strong training can causc the death and
dropped of dogs from training (9). Therc arc

Introduction

Proper diet is among the morc important
considerations in health maintenance and is

cssential in thc management of body
performance. There arc various publications
about performance and scrum biochemical
changes in the dogs during long distance
training in a cold wcather. Thesc rcports
showed that fceding is very important in such
long distancc training of dogs (13). To
complcte such a long and heavy training, dogs
werc fed with high fat and protein diets to
intake requircd metabolizable encrgy (13), and
to increasc free fatty acids mobilisation and
utilization for thc production of cnergy (22).
Diets may also causc the pre- and postexercisc
changes on some scrum parameters (22,15,23).
Excrcisc-induced hematological and biochemical
changes wecre reported for many serum
paremeters (3,10,9,11). Thesc reports indicated
that the stress of prolonged and stroncuous
running may induce physiologic changes and

contradictory reports about the changes on the
blood paramcters of retired and died dogs
during long distance racc. In one study about
the training of dogs, strong training may cause
the death and dropped of dogs without any
changes on the blood biochemical values in the
long distance race of the dogs (9). However,
significant diffcrences were found betwecn
some biochemical valucs of sled dogs that
completed a long distance race and dogs that
did not completed in an other research (14).

L-carnitinc is a dcrivative of amino acids
(18), and it is an important compound required
for the transport of long chain fatty acids into
mitocondrial matrix for B-oxidation (4,19). The
cffects of L-carnitine on the serum biochemical
paramecters during cxercise are assertcd in such
increase of the aerobic capacity due to glycogen
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sparing cffect, delaying and onset of fatigue
and hypoglycemia and decreasing production of
lactic acid (20). The other reports also show
that L-carnitine causes better utilisation of
lipids in dogs during exercise (6). Most of the
exercise related rcscarches in dogs were
performed on Alaskan Husky dogs at temperature
below zero.

The purpose of this study reported herc
was to investigate the performance and changes
in plasma biochemical parameters in German
Shepherd dogs supported with- and without
L-carnitine during long distance walking
cxercises at warm temperatures of the summer
season. This study was necessary to performe
due 1o observed performance failure of German
Shepherd dogs used for several purposes, like
long patrolling along the boarders of Turkey for
tracing illegal movements, by the Turkish
army.

Materials and Methods

This study was performed at Gemlik
Military Dog Breeding and Training Centre in
Bursa/Turkey. Sixtecn German Shepherd dogs
were uscd in the study. These dogs were 17-24
months old and in equal scx dispersal. All dogs
were inspected clinically, hematologically and
biochemically in a veterinarian clinic. They
were all found to be healthy to performe this
study.

Feeding

The dogs werc fed with a commercial
extruded dog food. This dict contained 35% of
protein, 25% of fat, 22% of carbohydrate, 7.5%
moisture. Four weeks beforc the exercise
periods start, the dogs fed with this extrude dog
food for a adaptation and reaching a good
condition. L-carnitine and the exercisc was not
applied to the dogs during the adaptation time
of animals for the food. 100 mg L-carnitine /kg
body weight (Carniking, Charce No. 0000131;
Lonza AG, Basle) were mixturcd with a small
amount of feed to give 8 dogs (group 1) during
exercise pcriods. Therefore, L-carnitine was

provided separately from the daily diet of the
dogs. The food of other 8 dogs were not
supported with L-carnitine as control group
(group 2). The dogs were fed for 2 hours before
and after the exercise. Feeding time of the dogs
was 20 minutes in each add libitum feeding
period. Plenty of water was provided for the
dogs in each 40 minutes during exercise
periods.

\

Exercise programme of the dogs

In the first and the sccond weck of the
exercisc periods, the dogs were walked on a
plain ground from Monday to Friday for 5 days
at 7.5 and 15 km distances respectively. In the
third week of the cxercise period, the dogs were
walked on the same ground from Monday to
Wednesday for three days at 38 km. The dogs
were rested for five minutes in each 40 minutes
of exercise period. At the weekends of each
exercise programme of different distanccs, the
dogs were restcd without having L-carnitine in
the food.

Analysis of the blood

Blood samples were taken three times a
week from the cephalic vein at the beginning of
exercisc, and 40 minutes after the excrcise of
cach distance into tubes containing EDTA and
Lithium Heparin. The plasma samples for
biochemical measurements were collected from
the tubes containing blood mixed with Lithium
Heparin after centrifugation at 10000g for 15
minutes. The blood in EDTA tubecs was used
for the measurcments of the erytrocyte counts,
hematocrit values and hemoglobine concentrations.
The crytrocytes wcre counted manually, and
hematocrit values and hemoglobine concentration
were mcasured using by QBC-Vet autoreader
(idexx GmbH). The biochemical blood
parameters (aspartate aminotransferase, creatine
kinase, lactate dehydrogenase, alkaline
phosphotase activitics, glucose, urca, albumine,
triglycerides, total protein, creatinine, cholesterol,
and total bilirubine concentration) were
measured in plasma using an autoanalyzer
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Vettest 8008 (idexx GmbH). Lactate concentrations
were mcasured using an Accusport Lactat
Messer (Bochringer Mannheim) calibrated
before use in the whole blood collected dircctly
by a injection of a cephalic vein using an
injector. Daily temperature measurements were
performed cveryday during the exercise
periods.

Statistical analysis

Significance of differences between pre-
and poslexcrcisc was determincd using by
Wilcoxon Matched-Paires Signed-Ranks test.
The mean values of the biochemical parameters
in cach pre-and postexercises between threc
exercise periods were compared with one-way
ANOVA, and in the prcsence of cxisted
significance, duncan- test was used to identify
spesific differences between three excreise
periods. Comparison of mean values of total
protein, cholesterol, alkaline phosphatase,
creatinine, and total bilirubine concentrations
between 15 and 38 km ¢xercises in each groups
supported with and without L-carnitine was
performed using  Mann-Whitney U-Wilcoxon
Rank Sum W Test.

Results

The daily temperatures were between 20 -
26 °C during exercisc periods of this study.
Dogs were completed the excrcise at an average
speed of 6.6 km/h. They werc found to be
successful in completing the 7.5 and 15 km
excrcise periods for five days in a week.
Although all dogs were completcd 38 km
exercise period successfully first two days of
the week, thirtceen dogs were only managed to
completc 38 km cxercisc period in the third day
of the week. A dog (the dict was supported with
no L-carnitine, Dog No. 5) retired at the 29th
km of the last 38 km exercise period. The other
two dogs (the dict was supported without no
L-carnitine (Dog No. 15), and supported with
L-Carnitine (Dog No. 3) were also retired at the
26th km of the last 38 km cxercise period.
These 3 dogs that retired from last exercise of
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38 km showed high body temperatures (41-42
°C) with certain clinical signs such as polypnoe
and limping due to possible myopathy. Appetile
of the Dogs were decrcased markedly (70% in
comparison to sedentary period) during the last
exercise days of 38 km. The water requircments
of the dogs were also decreased in the last two -
three days of the 38 km excrcise period.

Results of the analysis of the plasma for
the biochemical parameters during the long
distance cxerciscs of the dogs are presentcd in
tables 1-4. Significant changes were obscrved
in the postexercise CK, LDH and urca values
amongst 7.5, 15 and 38 km excrcise periods.
Postexercise CK values of 38 km distance was
found to be increased (P<0.01) in comparison
to the 7.5 and 15 km excrcise distances in both
groups 1 and 2 (see tables 1, 2 and 3).
Postexercise ~LDH  activities of  first
experimental group at 38 km distance were
higher (P<0.05) than 7.5 and 15 km distances.
However, postexercise urea values were found
to be lower (P<0.001) in the first group when
the cxercise distances are increased cach week
(see tables 1, 2 and 3). ALP and total protein
values of groups 1 and 2 after the 38 km
distance exercises were found to be
significantly ~ decreascd ~ (P<0.05)  when
compared with 15 km distancc exercises (sce
tables 2 and 3). The plasma biochemical
parameters of dogs rctired from training during
last 38 km exercise were given in tablc 4.

Unfortunately, statistical comparison of the
results of the dogs retired from the exercises
with other exercise completed dogs at the last
38 km was not possiblc as their number (n=3)
was not enough. As seen in table 4, the
postexercise triglyceride concentrations (1.19 to
1.75 fold) of these dogs were high. Triglyceride
concentration in all dogs was tended to
decrease during the 15 km (significant in group
1) and 38 km exercises (not significant).
However, plasma triglyceride concentrations of
thesc three dogs tented to increase markedly at
the time when they retired. The postexercisc
erytrocyte caunt, hemoglobin concentration and
hematocrit value of these three dogs were found
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Table . A comparison of pre- and postexercise hematological and biochemical values
(mean+SE, minimum and maximum values) of dogs in the L-carnitine supplemented (group 1)
and non L-carnitine supplemented (group 2) groups during
7.5 km cxcrcise period.

Tablo 1. 7.5 km’lik egzersiz periyodunda L-karnitin ile beslenen (grup 1) ve
beslenmeyen (grup 2) kopeklerin egzersiz oncesi ve sonrasindaki hematolojik ve
biyokimyasal degerlerinin (ortalama + standart sapma, minumum ve maksimum degerler) kargilagtinlmas.

Group | Group 2
(n=8) (n=8)
Preexercise Postexercise P Precexercise Postexercise P
Value Value
RBC 6.13 (.26 6.38 +().37 >0.05 5.72+0.16 5.97 £ 0.19 >0.05
x 10%/ul (4.93-7.06) (5.08-7.92) (5.2-6.28) (5.3-6.68)
HMG 15.71 + .48 15.62 + 0.41 >0.05 15.22 #0.51 15.02 +0.49 >0.05
g/dl (13.4-18.1) (13.5-17.5) (13.2-16.8) (12.8-16.5)
Hematocrit 49.38 + 1.46 4837+ 1.14 >(.05 46.63 + 1.38 45.67 = 1.48 >0.05
% (41.7-55.4) (41.9 -55.4) (40.2-50.8) (38.3-50.4)
AST 28.77 £ 3.97 3113 £ 2.09 >0.05 27.03 £2.42 32.75 £ 4.07 >(.05
[U/L (13-47) (22.3-39.6) (17.3-41.3) (16.6-45.0)
CK 92.28 +2.87 129.33 + 10.94 0.0117 103.7 + 15.33 139.08 +24.4 0.0117
TU/L (79.3-107.3) (86.66-183.0) (59.66-196.3) (70-252.7)
LDH 155.0+5.03 170.30 £ 7.43 0.0173 156.22 + 7.60 165.83 £ 9.68 >(1.05
TU/L. (141.6-181) (148.6-205) (107-178.6) (131.3-224.6)
Urea 20.33 +0.86 22.50 £ 1.02 >0.05 21.76 + 1.30 2228 £ 1.36 >(0.05
mg/dl (16.8-24.1) (19.1-22.9) (16-28.2) (16.8-28.1)
Albumin 3.17 £ 0.05 3.12+0.05 >0.05 3.12+0.04 3.13+0.04 >().05
g/dl (2.98-3.36) (2.98-3.35) (2.96-3.3) (2.93-3.27)
} Glucose 107.53 £ 2.01 102.03 £ 1.94 =0.05 104.41 + 2.09 99.18 +2.58 0.0117
| mg/dl 99.2-117.1) (94.3-107.9) (94.7-112.5) (88.1-109.2)
Lactate 2.37+0.14 1.93+0.12 0.0117 2.12+0.09 1.83 +0.09 0.0117
mmol/] (1.9-2.96) (1.33-2.36) (1.76-2.46) (1.33-2.13)
TRGL 4198 +4.06 45.27 + 3.01 >(.05 3772+ 3.46 41,88 + 3,14 >(.05
mg/dl (29.4-59.6) (36.3-62.5) (27.6-51.1) (28.3-55.3)

Abbreviations: RBC: red blood cells count, HMG: hemoglobin concentration, AST: aspartate aminotrasferase, CK: creatine
kinase, LDH: lactatec dchydrogenase, TRGL: triglyceride concentration,
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ological and biochemical values (mean+SE, minimum and maximum

Table 2. A comparison of pre- and postexercise hemat
2) groups during 15 km

values) of dogs in the L- carnitine supplemented (group 1) and non L-carnitine supplemented (group
exercisc period.

Tablo 2. 15 km'lik cgzersiz periyodunda L-karnitin ile beslenen (grup 1) ve beslenmeyen (grup 2) kopeklerin egzersiz.
m ve maksimum

sncesi ve sonrasindaki hematolojik ve biyokimyasal degerlerinin (ortalama + standart sapma, minumu

degcrler) kargilagtirilmas.

Group 1 Group 2
(n=8) (n=8)
Precxercisc Postexercise P Preexercise Postexercise P
Valuc Value
RBC 6.09 + (.19 6.25£0.27 >0.05 5.88 +0.24 6.00x1.18 >(.05
x10°/ul (5.02-6.7) (5.03-7.4) (5.03-7.08) (5.23-6.8)
HGM 15.11 £0.43 15.18 £ 0.41 >0.05 15.23 £0.29 15.15 +0.37 >().05
g/dl (12.7-16.6) (12.9-16.4) (13.7-16) (12.9-16.4)
Hematocrit 47.57+£1.25 4732+1.13 >(.05 46.47 +0.99 45.68 = 1.17 >0.05
% (40-51) (40-49.7) (4().2-49.3) (38.9-50.1)
AST 22.13 =+ 1.81 30.90 £ 2.76 0.0117 28.31 £ 8.39 41.70+12.78 >().05
IV (17-31.6) (20-40) (8-70.6) (18.6-127.6)
CK 92.20 + 4.28 13345 £ 11.11 0.0117 81.33+5.87 119.74 £ 6.71 0.0117
IU/L (79.3-114) (89.7-167.7) (56-115.7) (83-142)
LDH 162.05 £ 129 172.30 + 6.94 >0.05 180.56 + 22.14 175.50 = 14.60 >0.05
IU/L (119.3-226.6) (146-202) (133-331) (143-272)
ALP 36.0+1.83 35.12+1.77§ >().05 42.75+5.52 47.62+6.19 0.0425
IU/L (29-43) (31-46) (19-63) (19-64)
Urca 18.48 + 0.94 18.88 + 1.07 >0.05 21.27 = 1.51] 2228 +1.13 >().05>
mg/dl (12.5-21.2) (13.7-22.3) (15.3-27.7) (17.4-27.9)
Albumin 3.13£0.05 3.17£0.05 >0.05 3.07 £0.05 3.12+£0.05 >0.05
G/dl (2.93-3.25) (3.02-3.23) (2.73-3.27) (2.9-3.31)
Glucose 110.86 + 1.12 102.62 £ 1.09 0.0117 108.12 + 1.89 99.96 + 2.64 0.0117
mg/dl (105.2-114.2) (98.1-106.8) (103.2-116.2) (85.5-110.6)
Lactate 2.35+0.12 1.80 +0.09 0.0117 2.18+0.12 1.80 £ 0.09 0.0117
mmol/L (1.93-3.0) (1.56-2.26) (1.53-2.63) (1.46-2.16)
TRGL 58.35 +5.60 46.21 +4.15 =0.05 46.30 + 4.81 39.88 +4.07 >0.05
mg/dl (34.1-78.3) (33.4-70.8) (27.7-67.2) (23.6-57.2)
Cholesterol 206.6 + 11.28 180.0+9.5 >0.05 21250+ 9.74 211.62 + 843 >0.035
mg/dl (177-261) (177-268) (183-254) (183-239)
Tot. Protein 6.41 +(0.93 6.39 x0.13 >().05 6.52 +0.20 6.48 + (.17 >().05
g/dl (6.1-6.8) 6.3-7.1) (6.1-7.1) (5.6-7.0)
Tot.Bilirub. 0.04 = 0.007 0.05 £ 0.09 >0.05 0.06 = 0.01 0.06 + 0.01 >().05
mg/dl (0.03-0.13) (0.01-0.09) (0.02-0.08) (0.02-0.08)
Creatinine 1.35 £ 0.65 1.35+0.84 >0.05 1.39 + (.03 1.46 = 0.07 >0.05
mg/dl (1.12-1.68) (1.06-1.75) (1.25-1.54) (1.21-1.75)
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Table 3. A comparison of pre- and postexercisc hematological and biochemical values (inean*SE. minimum and maximum
values) of dogs in the L-carnitine supplemented (group 1) and non L-carnitine supplemented (group 2) groups during 38 km
exercise period.

Tablo 3. 38 km'lik cgzersiz periyodunda L-karnitin 1le beslenen (grup 1) ve beslenmeyen (grup 2) kopeklerin cgzersiz.
oncesi ve sonrasidaki hematolojik ve biyokimyasal degerlerinin (ortalama #+ standart sapma, minumum ve maksimum

degerler) karsilagtinlmasi.

Group 1 Group 2
(n=8) (n=8)
Preexercise Postexercisc P Preexcrcisc Postexercisc P
Value Value
RBC 6.34 £ 0.51 6.42 + (.30 >0.05 6.22 £ 0.41 6.14 +0.20 >().03
x 107/l (4.23-9.15) (5.0-7.87) (5.33-8.85) (5.54-7.12)
HGM 15.46 £ .46 15.20 £ 0.73 >().05 15.57 £ (.23 15.27 £ 0.49 >(1.05
g/dl (12.8-16.9) (11.6-18.5) (14.9-18.2) (13.5-18.2)
Hematocrit 47.86 £ 1.35 46.76 +2.27 >0.05 47,12 £ (.68 46.62 £ 1.42 >().05
% (39.4-52) (35-55.9) (44.9-49.6) (41.1-54.5)
AST 26.00 £ 7.32 86.68 = 33.31 0.0117 22,56 + 494 52.62 + 10.33 0.0117
1U/L (6.5-70.5) (25.5-311.5) (1-41.5) (4-84.5)
CK 146.6 + 52.86 484.8 + 145.79 0.0117 98.93 + 15.06 837.81 = 245.68 0.0117
IU/L (51.5-508.5) (95-1135.5) (57-188) (116-3418)
LDH 166.18 £ 7.07 3978+ 11644 0.0117 156.81 + 14.38 | 484.81+ 188.96 0.0117
TU/L (138-204) (171.5-1158.5) (80-223.%) (201-1786)
ALP 33.25+2.24 23.87 +2.48 0.0117 35.37 +4.04 29.75 + 3.35 >().05
1U/L (25-43) (18-40) (18-53) (19-45)
Urca 1510+ 1.03 15.78 £ 0.67 >().05 17.48 + 1.55 19.66 + 1.42 =0.05
mg/dl (9.6-22.2) (13.6-18.6) (8.7-21.9) (12.1-23.9)
Albumin 3.25+0.11 3.16£0.11 0.0180 3.38+0.72 3.10+£0.85 0.0180
g/di (3.2-4.0) (2.9-3.6) (3.1-3.7) (2.7-3.7)
Glucose 119.66 £ 1.92 102.23 £ 3.05 0.0117 117.72£2.74 96.006 + 5.54 0.0117
mg/dl (113-130.1) (87.4-114.3) (106.6-130.3) (69.3-116.7)
Lactate 2.08 =091 1.83+£0.13 >().05 198 +().11 1.76 £ 0.132 >().05
mmol/L (1.6-2.4) (1.3-2.35) (1.6-2.45) (2.45-2.6)
TRGL 44.40) + 4.56 4196 +7.13 >().05 41.06 + 3.64 35.77 £ 3.01 >0.05
mg/di (30.7-65.9) (22.6-1134) (30.6-58) (27.2-51.10)
Cholesterol 206.75 £ 154 17475 £ 14.75 0.0117 205.37 £ 9.64 172.12 + 8.28 0.0117
mg/di (168-303) (137-193) (169-244) (143-207)
Tot. Protcin 6.10+0.93 5.10+0.13 0.0117 6.19 +0.10 5.20+x0.17 0.0117
g/dl (5.7-6.4) (4.6-5.4) (5.6-6.5) (4.5-6.1)
Tot. Bilirub. 0.07 20.02 0.06 = 0.02 >(1.05 0.09 = 0.01 0.06 +0.02 >0.05
mg/d] (0.0-0.1) (0.0-0.1) (0.0-0.1) (0.0-0.1)
Crcalinine 1.23 +0.32 1.16 £ 0.42 >().05 1.24 + 0.05 1.28+0.13 >().05
mg/dl (1.1-1.3) (1.0-1.3) (1.0-1.4) (1.1-2.1)
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period.

Table 4. Hematological and biochemical values of the dogs that retired from the last 38 km distance exercisc
Tablo 4. Son 38 km mesafclik egzersiz periyodunu tamamlayamayan kopeklerdeki hematolojik ve biyokimyasal dcgerler

Retired Dog Retired Dog (No.5) Retired Dog (No. 15)
(No. 3) supported supported without supported without
with L-Carnitine L-Carnitinc L-Carnitine
Precexercise Postexercise Precxercise Postexercisc Preexcrcise Postexercise
RBC 7.60 12.2 8.02 11.20 5.38 5.90
x10%ul
HGM 17.3 219 18 209 14.3 15.0
g/di
Hematocrit 51 64.9 53 61.5 439 48.2
%
AST 93 589 64 155 16 52
[u/n
CK 927 2036 104 3418 79 677
[U/L
LDH 138 2098 209 3432 153 401
IU/L
ALP 25 20 4] 37 18 19
IU/L
Urea 7.6 16.7 13.8 22.1 4.9 11.9
mg/dl
Albumin 3.7 34 3.6 3.5 34 3.0
g/dl
Glucosc 147.4 106.2 122.7 37.9 134.6 124.1
mg/dl
Lactate 1.8 3.7 1.8 35 1.9 2.1
mmol/L
TRGL 64.9 1134 41.6 50.8 449 534
mg/dl
Cholesterol 184 156 187 166 222 184
mg/di
Tot. Protein 6.0 5.2 6.5 6.1 6.4 5.4
g/dl
Tot. Bilirub. 0.1 0.1 0.1 0.1 0.1 0.1
mg/dl
Crcatinine 1.2 1.3 1.3 1.4 1.1 1.0
mg/d]

Abbreviations: RBC: red blood cells count, HMG: hemoglobin concentration, AST: aspartaic aminotrasferase,

CK: creatine kinase, LDH: lactate dehydrogenase, ALP: alkaline phosphatase. TRGL: triglyceride concentration, Tot.Protein:
total protein concentration, Tot.Bilirub: total bilirubine concentration
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1o be high at the last 38 km (table 4). Moreover,
there was no significant changes in erytrocyte
counts, hemoglobin  concentration  and
hematocrit values during all exercise periods of
all dogs (tables 1, 2, 3). Intcrestingly, two of the
dogs retired at the last 38 km after postexercise
werc shown higher amounts of hematocrit
values seen in tablc 4. It was also noted that the
color of plasma in these three retired dogs was
rather red in comparison to the normal colored
plasmas of the other thirteen dogs completed
the 38 km distance exercises.

Discussion

In this study, cffects of heavy training on
the performance and the plasma biochemical
paremcters of dogs fed with high fat diet
supported with and without L-carnitine was
investigated at daily warm temperatures. Used
food for fceding the dogs contained 25% of fat,
35% of protein and 22% of corbohytrate.
These ingredicnts of the food were also used
for long distance training of the dogs by other
researchers (13,21). The proportion of the fat
and carbohydrates used differs markedly
between traincd and untrained individuals. In
trained individuals, fat is the primary fuel, and
muscle and hepatic glycogen depletion arc
slower than in untrained individuals (8).

The dogs were walked to 7.5 km, 15 km
and 38 km distances in the first, the second and
the third weeks of exercise programme
respectively. Clinically and hcmatologically,
there was no performance failure in the dogs in
the first and second weck of the cxercise
programme as they walked totally 113 km at 23
°C in average. However, three dogs were
retired at the 26" and 29% km of the last 38 km
exercises. Two retired dogs had a high
postexercise erytrocyte count (11.2-12.2
10%/ul), hemoglobine concentration (20.9 - 21.9
g/dl) and hematocrit values (61.5 - 64.9%)
(tablc 4), which werc not appered so
dramaticaly in other dogs during all three week
cxcrcises (tables 1, 2, 3, 4). Therefore, the
hemaconcentration was not formed in thirtcen
dogs during all cxercise periods apart from

three retired dogs. Hinchcliff et al. (10)
reported that erytrocyte count in sled dogs
during 575 miles exercisc at -7 to —30 °C was
were also not changed. However, other
researchers were indicated the dccreased
erytrocyte counts during a 300 miles cxcrcise at
—-10 to =35 °C (11). In our study, the cxcrcise
distance was shorter than other reported studies,
but the daily temparature in our study was quitc
higher than other studies. It could be

speculated that the higher body temparatures
(41-42 °C) measured in retired dogs may be
result of the higher ambient tempcratures
during the cxercises. For the thermoregulation
of body temperature, loss of water in thesc dogs
via respiratory, renal or saliva may cause the
declined plasma volume. Dogs loosc water
through expired air and saliva during exercisc
(2). In addition, the running dogs for thcir large
metabolizable cnergy rerquiremcnts and due to
their great water turnover may loose their
water through respiratory and renal ways (12).

The total plasma protein concentrations in
dogs decreasc during long distance cxercises in
temperatures below 0 °C (6,8,18). This is
presented by the increased urea concentration in
plasma as result of amino acid oxidation during
exercise (10). The dogs docs not becomc
dehydrated during the long distance race as
they have decrcased total plasma protcin and
creatinine concentrations, and not changed
erytrocyte count (10). In our study, the plasma
total protein and albumine concentrations were
decreased significantly (p<0.05) in the group 1
and group 2 during 38 km cxcrcises, however
the creatinine concentration was not changed
significantly (table 3). That may bc a result of
protcins used for energy during 38 km
exercises. Generally, the results obtaincd from
the three weck cxercise programme explained
that the dogs have not shown hemacon-
centration except two retired dogs. Study in
horscs during excrcisc training revealed an
exercise induced hypervolamia (17). Morcover,
a long distance running in horses results in
hemaconcentration presented by increascd
erytrocyte counts and plasma total protein
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concentration  (24).  Although  creatinine
concentration was not changed in the plasma,
the total protein concentration showed a
decrcasing tendency in thrce dogs retired
during the last 38 km distance excrcises, In
spite of thesc results, incrcased erytrocyte
counts and hematocrit values of thesc dogs
pointed out the hemaconcentration. The total
protein concentration may not have bcen
increased because of the consumption of
protein fractions such as albuminc and
globuline for cnergy rcquirements (11).
Surprisingly, concentrations of urea in the
postexcrcise measurements of 7.5 km, 15 km
and 38 km excrcises in group 1 were found to
be decrcased significantly (p<0.001). This may
be cxplained by that L-carnitine promotes the
cxcretion of urea via urination. Hinchcliff et al.
(12) rcported that dogs had a great watcr
wrnover during long distance training. This
may be a reason for urea excretion via
increased urination.

The concentration of plasma triglyceride
was nol changed significantly during the 7.5
km and 38 km excrcisc periods. Significant
(p<0.05) decrease of plasma triglyccride
concentration was only found in postexercise
measurcment in the group 1| during 15 km
exercise period, however, there was no
significant change in the group 2 as control.
These results may indicate that L-carnitine in
the group 1 promotes the oxidation of long
chain fatty acids. The plasma frce carniline
levels in German Shepherd dogs were found to
bc decreased after four hours of intensive
training (3). Therefore, the decreasc of plasma
tryglyceride concentration during 15 km
exercisc period may be explained by improved
B-oxidation of long chain fatty acids duc to
effect of L-carnitine supplementation. Triglicerides
arc important as a fuel of muscular activity. It is
rcquired lor the replenisment of intramuscular
triglycerides  after training (26). Scrum
triglycerides concentrations were found to be
decrcased after a long distancc training by
others (10). Thcre was no given an exact
cxplanation for the useage of scrum

triglycerides, as it was asscrted  that
triglycerides may have been decreased because
of the longer time betwecn the recent mcal and
the sampling time or the cffcet of the cxercise
induced increase in triglycerides oxidation (10).
In an other research (22), pre- to poslcxercise
plasma triglycerides was not changed in the
dogs fed with high fat diets (60% fav). That was
explained by the exercise induced increase of
lipoprotcin lipase activity rcesterificated free fat
yacids (22). Our results explained that the
dropped dogs from the training had an
increasing tendency for postexercise plasma
triglyceride  concentration  (1.19-1.75 fold).
Therec was no significant differences between
pre-to postexercise trigliceride concentrations
of other dogs during 38 km cxcrcise period.
This was a possible result of the increased
lipoprotcin lipase activity or no uscage of
triglycerides in muscular activity. In agrcecment
with our results, a rcport in dogs rctired and
finished from a long distance sled dog race
revcaled the higher plasma triglyceride
concentrations in the retired dogs than the
finished dogs (9).

There were no  significant differences in
the glucose concentrations between the group |
and thc group 2 pre- and postexercises. This
was revcaled that glucose was used in the same
rate by two groups. The preexercisc plasma
glucose concentration of dogs at 7.5 and 15 km
excrcises did not show a significant diffcrences,
but the precxercise glucose concentration of 38
km period was significantly (p<0.001) higher
than those of 7.5 and 15 km cxercises. These
increascd preexercise glucosc concentration of
38 km excrcisec may pointed out the beginning
of gluconeogenesis, and the mobilisation of
glycogen in the muscle and the liver cells.

Lactatc is produced from pyruvate by
skeletal muscle and crytrocytes in anaerobic
glycolysis (25). Plasma lactate concentration
were decreased in postexercise mcasurements
of 7.5 and 15 km cxercise periods in both
groups. Similar results were obtaincd by Biagi
et al. (3) after a long distance training of
German Shepherd dogs. This may explain that
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pyruvate was oxidazed acrobicly in the citric
acid cycle and did not converted into lactate
because of enough oxygen supplied into muscie
cells. Another explanation for the decrease of
lactate is converled into glucose in liver by cori
cycle (25). In contrast, lactate concentration did
not change significantly during 38 km distance
cxercise period. This may be the result of
increascd lactlate concentration in a tcndency
due (o pyruvale converled into lactate in an
inadequete oxygene supply in the citric acid
cycle. Therc was no significant differences
between blood lactate concentration of group 1
and group 2, howcver, opposite results were
reported by Pelletier (20) and Grandjean et al.
(6). These reports showed that receiving
supplecments  of L-carnitine reduced blood
lactate concentration and regulated
gluconeogenesis. These contradictory reports
may be the result of the different L-carnitine
supplementation. L-carnitine did not effect the
blood lactate concentration reported in
exercising human (7). Increased (1.11-2.1 fold)
lactatc concentration was detected in dropped
dogs from last 38 km exercisc. In contrary,
there was no elevated lactate concentration in
other dogs during all exercises. Postexercise
incrcased laclate concentrations in the dogs
retired during 38 km distancc cxcrciscs were
likely the yicld of anacrobic glycolysis.

Muscle damage causcs an increase in the
plasma CK activity in dogs and CK activity has
a specivity of 98% for skclet muscle diseases in
dogs (1). Several studics reported an increased
CK activity in dogs with skcletal muscle
damage induced by long distance training
(14,16). Significant high CK activity in
poslexercise  measurements  were  detected
during 38 km exercise period in comparison to
7.5 and 15 km distance cxerciscs. The increased
CK activity found in postexercise mcasurcments
in given exercisc distances may indicate thc
different levels of the muscle damage. This
may bc a good indicator as a sign of
myopathies in the dogs in the diffcrent exercise
intencities.

Plasma AST activity incrcases also during
the long distance training (10,14). Hence, it
also indicates thc musculer damage particulary
at 38 km cxercise distance togcther with the
increcased CK activity. AST activity was not
changed significantly (p>0.05) during 7.5 km
cxercise period, but the slight incrcasc in CK
aclivity may present at thc low exercisc
intencity-induced myopathy better than plasma
AST actlivity. Dramatic increasc of AST
activity may be the sign of a serious aclion in
muscle. 38 km cxercise period showed to
inducc a dramatic increase in CK and AST
activity in dogs, this was also reported in dogs
retired from a long distance racc (14). In
another study, therc was no significant
difference in CK activities bctween {inished
and retired dogs from a long distance sled dogs
race (9). However, there is an other report that
showed significant differcnce between finished
and rctired dogs from heavy training (14).
Exercisc induced rhabdomyolysis as a muscle
disease in Greyhounds (16,5) and sled dogs
(14) is a serious causc of death in these dogs.
The dogs that retircd during last 38 km cxcrcise
programme were expressed a dramatic increasc
in CK, AST, and LDH activities in postcxercise
mecasurcments.  But, such result was not
obtained in other thirteen dogs that completed
the exercises at 38 km. It may be speculated
that these dogs might have had performance
failurc duc to rhabdomyolysis. Morcover, the
colour of the plasma was rather red that might
be the result of a myoglobinemia in these dogs.
A typical muscle sorecness was also easly
visualised in rctired dogs at 38 km than the
other thirteen dogs that completed the cxcercise.
Similarly, muscle soreness and myoglobunuria
werc rccognized by Gannon (5) in the
hyperacute and acute forms of rhabdomyolysis
in Greyhounds.

Excrcise induced decreasc in  plasma
cholesterol  concentrations  were  recognised
during the 38 km exercise pcriod in both
groups. These decreasing tendency was likely
in dogs that rctired from exercisc at 38 km
distance. Cholesterol is eliminatcd by liver as




234

bile salts, and it is a componcnt of all
eucaryotic plasma mambranes and most
required for synthesis of steroids (25). Decrease
of cholesterol concentration was noticed by
Hincheliff et al. (10) after a long distance
exercise, but explanation for that was not given
by these rescarchers. High metabolic rate in
exerciscd dogs might cause the elimination of
plasma cholesterol in its increased rate by liver,
or it may havc used for various metabolic
functions. Reports on racing sled dogs showed
that dogs need a high mctabolisable energy
(45000 kj/day) for supporting the large
metabolic rate (13), which is induced by great
water turnover (12), physical and metabolic
changes and thcrmoregulatory effort (13). In
conclusion, these results showed that German
Shepherd dogs fed with high fat diet at daily
warm temperatures are able to walk 7.5 to 15
km in a day for at least five days without
pathological changes such as muscle injury and
hemaconcentration. 100 mg/kg L-Carnitinc
supplementation of the food for feeding the
dogs may help to improve the energy
production in their requirements during middle
distance (about 15 km) training. However, if
the dogs have to walk 38 km distances after
they walked over 100 km distance in 10 days,
the performance of the dogs may be forced to
end up with the hemaconcentration, muscle
injury, and performance failurc. Hence, it
would finally suggested that measurements of
the hematocrit value, lactate concentration and
CK, AST and LDH activities can be useful
markers for monitoring the general condition of
the dogs exercising at long distances.
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