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Hematological parameters were analyzed in working police dogs. The analysis of hematological parameters in-
cluded three dog breeds: Belgian Shepherd dogs-Malinois (n = 27), Labrador Retriever (n = 54) and German She-
pherd (n = 55), fifteen months to 10 years old. Training excercises affects their hematological parameters distinctly
when comparing different dog breeds. Statistical analysis showed significant values for packed cell volume values (p
= 0.01), hemoglobin concentration (p = 0.00) and reticulocytes (p = 0.01) between compared breeds. In group from 2
to 7 years statistically significant differencies were obtained for packed cell volume (p = 0.00), hemoglobin concen-
tration (p = 0.00) and reticulocytes (p = 0.003). Similar hematological values between Malinois and Labrador Re-
triever were obtained, and it can be concluded that German Shepherd dog can conduct more intensive trainings than
Malinois or Labrador Retriever dogs. The obtained results enables the establishment of hematological and biochemi-
cal reference values in these three dogs blood breeds that will support clinical diagnosis and further research into
working police dog physiology.
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KOMITAPATUBHA AHAJIN3A HA XEMATOJIOIIKUTE TAPAMETPH
KAJ PABOTHH INOJINIUCKHU KYUHNIBA

AHaJIM3MpaHy ce XeMaTOJIOLIKUTE apaMeTpy Kaj CiIy)KOeHH MOJIMIUCKH KyuHiba. AHanM3aTa Ha XeMaToJIOLI-
KHTE TTapaMeTpH BKIIydyBallle TPU pac Ha Kydumba: OelrucKy opuap—MainnHoa (n = 27), mabpangop perpusep (n = 54)
U TepMaHCKH oBuap (n = 55), Ha Bo3pacT ox 15 mecenu 1o 10 roxuun. TpeHHH3HUTE 3HA4ajHO BIIMjaaT HA BPEIHOCTa
Ha XeMaTOJIOIIKATE MapaMeTpH INpH CHopenda Ha pa3sIMuHHTE pacy Ha Kyduma. CTaTHCTHYKaTa aHaIHM3a MOKaKa
3HaYajHU BPEIHOCTH 3a XxeMaTokpuror (p = 0,01), koHneHTpanujata Ha xemornoounot (p = 0,00) u BpenHOoCcTa Ha
peruxynouurure (p = 0,01) xaj pacure. Bo rpynara ox 2 10 7 roguHu BO3pacT, ce JOOHEHH CTATHCTHYKH 3HAYajHU
pa3nuku 3a BpenHocTa Ha xeMaTokputoT (p = 0,00), koHIeHTpauujaTta Ha Xxemoraoounort (p = 0,00) u BpenHOCTa Ha
perukynouutute (p = 0,003). Boouenu ce cnuyHM BpeIHOCTH HAa XEMATOJIOLIKUTE MapamMeTpu MoMery MaluHOa U
nabpanop peTpuBep, AOJAeKa TEPMAHCKHOT OBUYap Bp3 OCHOBA Ha aHAIM3UPAHUTE BPEIHOCTH MOXE 1A M3IPXKU
MOUHTEH3UBHU TPEHHUH3H BO cIlopenda co MpeTXoaHHUTe ABe pacH. JloOueHuTe pe3ynTaTd 0BO3MOXKYBaaT BOCIIOCTa-
ByBam€ Ha peepeHTHH BPEJHOCTH Ha XEMATOIOMIKUTE ¥ OMOXEMUCKHUTE ITapaMeTpH BO KpBTa Kaj OBHE TPU PacH, a
IITO € YIITe MT03HAYajHO, M 3a BOCIOCTaByBambe KIMHUYKA JMjarHO3a U WJHU HCTpaKyBama Ha (H3HOJOTHjaTa Ha
pabOTHUTE TTOMUIUCKU KydUba.

Kityunu 360poBu: pabOTHHU Ky4nba; XeMATOJIOLIKU TapaMeTPpH; MaJIMHOA; TePMaHCKU OBYap; JIabpagop peTpusep

INTRODUCTION pending on the types of physical excercises. The
importance of dog sports increase scientific re-
It is known that full-training can provoke dif- searches and reports about hematological para-

ferent physiological and biochemical changes, de- meters in training or working dogs. Knowledge
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about specific breed changes, it is important for
defining individual training protocols, different
diet, reduce training and other related disorders
such as exhaustion, dehydration and heat stroke
(Rovira et al. [1]). Athletic and working dogs usu-
ally perform activities and tasks with consumption
high quantities of energy, more than average en-
ergy demand. Certain dog breeds are known for
their ability to perform physical activities with
minimal metabolic requrements. Working dogs
have different metabolic requirements, compared
with pet dogs. The heart rate increases to 115-240
beats per minute during training (Angle et al. [2]).
Initial training can induce stress reactions. Meta-
bolic stress changes can cause hyperglycemia, but
hematological profile includes lymphopenia and
eosinopenia, as well as neutronphilia and monoci-
tosis (Otto et al. [3]). Cardiac rhythm is considered
as a significant indicator of a relative cardiovascu-
lar activity and is used for monitoring training in-
tensity and indicator of subclinical disease and
pain (Foreman et al. [4]). The most important bio-
chemical intermediate parameters during exercise
is lactate, as indicator of fatigue (Cannon et al.
[5]). Biochemical and hematological parameters
are very important for the assessment of health and
nutrition in dogs. There are numerous literature
reports for reference values of blood parameters
(Jensen et al. [6]).

The aim of this study was to analyze hema-
tological parameters in different breeds of working
police dogs after intensive training.

EXPERIMENTAL SECTION

Hematological analyses are usual for clinical-
ly healthy working police dogs, every year as a
routine control of their health status. Three dogs
breeds (males) were included in the research: Ger-
man Shepherd dog (n = 55), Labrador Retriever (n
= 54) and Malinois (n = 27) dogs, with ages form
15 months to 10 years old. All animals were
treated in accordance with the “Declaration on the
Rights of Animals” (UNESCO, 1978) and “Uni-
versal Declaration on Animal Welfare* (WSPA,
2000). Blood samples were collected from v.
cephalica antebrachi externa and immediately
placed EDTA tube. The values of hematological
parameters were performed in the laboratory at
internal diseases on the Veterinary Faculty in Sara-
jevo. Hematological analysis were done by an
autoanalyzer VetLab Station LaserCyte, IDEXX
(Netherlands). Obatined results were processed

by descriptive and analytical statistics. Results
were analyzed by using SPSS Version 17.0. soft-
ware for estimation: mean values of different he-
matological parameters and statistically significant
difference in all above mentioned parameters with
regard to factors supposed to cause variation.
About 95% confidence interval and 5% absolute
percision were used through the research. PostHoc
multiple tests (Tukey HSD) were also done, for the
detection of pairs of groups between which the dif-
ferences are significant. Hematological parameters
included packed cell volume (PCV, %), hemoglo-
bin concentration (Hb, g/l), mean corpuscular he-
moglobin concentration (MCHC, g/dl) and white
blood cells (WBC, 10°/1). Differential blood count
included absolute number of neutrophils (NEU,
10°/1), eosinophils (EOS, 10%1) and lymphocytes
(LYM, 10%/1). Relative number of reticulocytes
(RET, %), platelets (PLT, 10°/) were also ob-
tained.

RESULTS AND DISCUSSION

Results are presented in Table 1. Mean values
of hemoglobin concentration, neutrophils, eosino-
phils, platelet and reticulocytes show variations
between compared dog breeds.

Analysis of hematological parameters shows
the greatest similarities between Labrador Re-
triever and Malinois dogs. Packed cell volume
(PCV) showed wide range of individual values.
The highest concentration of hemoglobin was ob-
served in German Shepherd dog (193 g/1), while
the lowest concentration was noticed in Labrador
Retriever dogs (111 g/1). Statistical analysis
showed significant differencies for values of PCV
(» = 0.01), hemoglobin concentration (p = 0.00)
and reticulocytes (p = 0.01) between compared
breeds using ANOVA. PostHoc test for significant
hematological parameters (PCV, Hb and RET)
showed differencies between Labrador Retriever
and Malinois, as well as Malinois and German
Shepherd dogs.

Breeds were divided in three groups by their
age (1-2 years, 2—7 years and more than 7 years).
Values of hematological analysis for these groups
of dogs are presented in Table 2.

The bigest number of dogs were covered in
group 2—7 years. The most hematological para-
meters were in reference range, except eosinophils
and reticulocytes. White blood cells and neutron-
phils decreases in three breeds by aging. Values for
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platelets number is the highest during adolescence
in Malinois and German Shepherd dogs, while

lymphocytes number was the highest in Labrador
Retriever and German Shepherd puppy dogs.

Table 1
Means £SD and range of some hematological parameters in dogs
Breed PCV Hb MCHC W]?C NF;U E(gS LYgM PI;T RET
(%) (&) (g/dl) (10°/1)  (10°/)  (10°/)  (10°/)) (10°/1) (%)
-;‘?; g 3 Mean 44+4" 150.05+13.59" 33.64+1.14 11.58+3.35 8.26+3.81 1.32+0.57 2.61+1.15 360.51£126.7 0.56+0.34"
gg’ L Range 33-52 111.00-175.0 29.30-36.2 5.90-19.80 4.00-24.8 0.50-3.20 1.40-6.50 55.00-652.0  0.20-1.80
5 Mean 46+3° 155.25+13.21° 33.6141.31 11.5143.30 8.18+3.14 1.39+0.64 2.39+1.04 346.55+149.2 0.45+0.19°
: Range 39-53 126.00-181.0 31.30-36.4 6.00-18.60 3.30-16.3 0.60-2.50 1.20-6.50 14.00-627 0.20-0.80

German Malinois
n

E v Mean 47+£5% 163.07+18.40" 34.14+1.53 10.87+£2.62 7.11+2.25 2.20+3.08 2.26+£0.83 336.85£109.9 0.34+0.13"
g L Range 37-57 111.00-193.0 28.60-36.8 5.30-16.60 2.80-13.3 0.60-22.0 0.60-4.90 20.00-642.0 0.20-0.70
Reference range 37-55 120-180 30-37.5  5.50-16.90 2-12 0.10-1.49 0.50-4.90 175-500 0.01-0.11
ANOVA Sig. 0.01" 0.00" 0.09 0.44 0.12 0.15 0.19 0.61 0.017"
"Statistically significant difference between dog breeds.
® Values in the same column for the same parameter which does not contain common letter mark have present statistical differencies.
Table 2
Means £SD of hematological parameters in different age groups of dogs
'§ Age PVC Hb MCHC W]EC NF;U EOQS LY9M PLgT RET
£ (%) (g/) (g/dl) (10°/1) 1’m  ao’ny - 10°0) (10°/1) (%)
5 12 45£2 155.00+£7.81 34.30+0.56 10.90+1.78 7.57+3.41 - 3.33+1.88 331.00+£57.66 -
:ﬁ 2-7  4445% 148.91+14.75* 33.42+1.16 11.76+£3.29 8.72+4.27 1.46+0.62 2.51+0.84 366.26+125.53 0.70+0.40°
— >7 45+4 151.47+12.57 33.99+1.14 11.34+£3.89 7.46+£2.97 0.98+0.31 2.71£1.58 354.24+145.06 0.39+0.18

o 122 4551 148.80+7.79 33.24%134 11.80+3.44 8.2443.54 1.7320.68 2.18+0.31 403.40+132.47 -
'7% 2-7 4744 157.71£15.67° 33.81£1.44 12.00£3.46 8.54+3.31 1.35+0.68 2.58+1.26 322.00£166.07 0.43£0.22°
Z o7 46:] 153408321 3332£0.82 9.56:230 690229 1.13£0.40 1.98:045 373.20896.96  0.60+0.14
om 1-2 484 158.00£11.25 3323031 1333167 7.70+1.00 2.70+0.89 2.93+0.28 388.50+56.04 -
g% 2-7  49+5% 166.82+19.00° 34.18£1.70 10.97+2.62 7.21+2.45 1.69+0.70 2.27+0.78 343.85+10422 0.35+0.15°
CG 7 4584 15411£13.06 34214120 10.194223 6.5742.03 4.56£7.73 228106 307.44+122.98 0.33£0.12
< 122 0.333 0.398 0.292 0.501 0.940 0.063 0.256 0.614 -

é 2-7 (%0 0.000"  0.000 0.093 0.286 0.137 0.219 0.392 0.478 0.003"
< 7 0.715 0.852 0.363 0.490 0.701 0.285 0.500 0.606 0.591

" Statistically significant difference between dog breeds and age.

# Values in the same column for the same parameter which does not contain common letter mark have present statistical differencies.

significance difference of packed cell volume (p =
0.00), hemoglobin concentration (p = 0.00) and

The highest average concentration of hemo-
globin was observed in German Shepherd dog

(166.82 = 19.00 g/l) during 2—7 years age. Statis-
tical analysis (ANOVA) of compared parameteres
between age groups, from 2 to 7 years, showed

Maced. J. Anim. Sci., 6 (1) 65-70 (2016)

reticulocytes (p = 0.003). PostHoc test showed sta-
tistically significant differencies for PCV, hemo-
globin concentration and reticulocytes only for
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dogs from 2 to 7 years between Malinois and Ger-
man Shepherd and between Labrador Retriever and
Malinois dogs.

Stress reactions, including physical exercise,
can cause changes in behavior and cardiovascular
and endocrine system. This physiological systems
are involved in the stress responses: sympathetic
adrenal medullary axis (SAM) which stimulates
adrenal medulla to secrete adrenaline and noradre-
naline in small dose during psychological stress.
Experimental-induced activation of SAM system
in dogs causes increased level of catecholamines
(Engeland et al. [7]), antidiuretic response (Koepke
et al. [8]), and cardiovascular changes. Any
changes, as stress or training, can provoke mecha-
nisms of physiological adaptations, especiallly en-
ergy-depended aerobic adaptation. Intensive dogs
training, certainly causes increased energy re-
quirements, which can cause changes in number of
red blood cells and hemoglobin concentration. One
study reported higher number of red blood cells,
values of packed cell volume and hemoglobin con-
centration in male training dogs, but others reports
observed no differences between the sexes (Harper
et al. [9]). The analysis of hematological parame-
ters in our research showed individual variations
between different breeds and all parameters were
in reference ranges. The analysis of hematological
and biochemical parameters are used for determi-
nation of this changes and their values, if they are
in correlation with intensity of metabolic reactions
in organism. Hematological parameters can give
informations about energetic changes and meta-
bolic requirements of organism, as well as infor-
mations about patological conditions. Training ex-
ercises increases energetic demands which affects
the number of red blood cells and hemoglobin con-
centration, while pathological changes can lead the
changes in number of white blood cells. All hema-
tological results were obtained in the reference
range, but some differenes were noticed during
analyzing individual values of hematological para-
meters. The largest number of analyzed dogs were
between 2 and 7 years old. Statistical significant
differencies were obtained for packed cell volume
values, hemoglobin concentration and reticulo-
cytes. Reticulocytes suggest the production rate
and maturation of red blood cells and the number
was associated with increased aerobic demands. In
this case, increased values of red blood cells would
be present as well. Changes in hemoglobin concen-
tration are in correlation with the changes of red
blood cells values and PCV. The highest concen-
trations of hemoglobin are obtained in German

Shepherd dogs which confirms the way that they
are properly trained. German Shepherd dog has a
very high value of certain biochemical parameters,
such as glucose, cholesterol and triglycerides, indi-
cating a higher metabolic rate than other two
breeds. German Shepherds analysis of hematologi-
cal parameters revealed no significant difference in
RBC, WBC, Hb, MCV, MCH, MCHC and differ-
ential leukocytes counts between adults and juve-
niles (Shadia [10]). Increased metabolic rate can be
correlated with oxidative metabolism. The PCV,
Hb and WBC did not differ significantly between
German Shepherd and local stray dogs in research
reported by Ariyibi et al. [11]. The values of pa-
rameters obtained in this study, were consistent
with earlier reports for tropical dogs (Awah & Not-
tidge [12]), but slightly lower than values reported
for temperate dogs (Bush [13]). Comparing our
hematological parameters with other breeds, is un-
derstandable why hemoglobin concentration and
packed cell volume were higher than the other two
breeds. Comparing hematological parameters be-
tween Malinois and Labrador Retriever, there were
similarity of results between them. These varia-
tions could be results of genetic predisposition and
other exogen and endogen factors, such as duration
of training, metabolism level and general physical
condition. Variations in biochemical parameters
are also described by Swanson et al. [14] who re-
ported that these parameters depends by nutrition.
Equable values of hemoglobin concentration and
MCHC indicates well trained dogs, while the
variation of white blood cells may be associated
with processes such as training, hormone level,
metabolism, stress and diet. Decreased number of
lymphocytes by aging was reported and this data
was lower compared with other researches (Khan
et al. [15]). The changes in hematological parame-
ters as well as significant differences in hemo-
globin concentration and reticulocyte number are
the result of aerobic demands due to intense train-
ing.

Hemoglobin concentrations in Labrador Re-
triever dogs were lower, while the lymphocytes,
neutrophils and eosinophils were very high com-
pared with data of Kayar et al. [16]. Intense work
increases energetic metabolism and due to that fact
it is expected that the number of red blood cells,
and consequently the concentration of haemoglo-
bin, will be increased. Evaluation of sporting dogs
for exercise intolerance can be performed by ana-
lyzing hematological parameters and their values
for each type of exercise. Responses of the dog
organism can varies according type and duration of
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performed excercise (Jari et al. [17]). Higher val-
ues of leukocytes and lower values of hemoglobin
compared into dogs breeds exposed to hard train-
ing were also evident in Labrador Retriever dogs,
reported by Matwichuk et al. [18]. Intense physical
training induce increase aerobic metabolism rate.
The significant high values of hemoglobin concen-
tration and red blood cells after the breed were ob-
tained in beagle dogs (Lund ef al. [19]). Inadequate
energy intake may contribute to reduced weight
with changing endocrine homeostasis (McKenzie
et al. [20]). Tukey test showed that the differences
were evident in hematological values, determined
in two dogs breeds (Labrador Retriever and Ger-
man Shepherd).

It is observed that different dog breeds achie-
ve stabile aerobic metabolism after precise evalua-
tion. Well trained dogs do not show significant de-
viation of hematological parameters in comparisi-
on to dogs who are not exposed to intensive train-
ing. Optimal age for intensive trainings is from two
to seven years. Hemoglobin concentration, values
of MCHC and number of reticulocytes can be con-
sider as physical conditional and fitness. These
three parameters show that German Shepherd dog
can perform very intensive training compared to
Malinois or Labrador Retriever.
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NEU — Neutrophils,
EOS — Eosinophils,
LYM — Lymphocytes,
RET — Reticulocytes,
PLT — Platelets,

Sig. — Significance.

List of abbreviations:

EDTA - Ethylenediaminetetraacetic acid,

PCV — Packed cell volume,

Hb — Hemoglobin,

MCHC - Mean corpuscular hemoglobin concentration,
WBC - Leukocytes,
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