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Abstract

The hematological and blood clinical chemistry are essential for determine the physical health, diagnosis
and prognosis of the disease. However, they may vary with race, nutrition, age, sex, stress and disease. The aim
of the present study was to investigatethe effect of sex, age and strain on the hematology and blood clinical
chemistry. Canines (n=134)were divided into 5 groups depend on age, 2 groups depend on sex and 4 groups
depend on strain. The effect of age was found onmonocytes, neutrophils, hematocrit (Hct), plasma protein (PP)
and alanine aminotransferase (ALT) values whilethe effect of sex was found onmean corpuscular hemoglobin
concentration (MCHC) and ALT values. In addition, the effect of strain was found onmany parameters
including neutrophils, lymphocytes, hemoglobin (Hb), Hct, mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), MCHC, platelet (PIt), red cell distribution width (RDW), ALT and blood urea nitrogen
(BUN). In conclusion, hematological and blood clinical chemistry in canine which are essential for determine
the physical health and for further diagnosis as well as prognosis the disease are influenced by many parameters

studied such as sex, age and strain.
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Introduction

The hematological and blood clinical chemistry
are essential for determine the physical health, diagnosis
and prognosis of the disease. However, they may vary with
race, nutrition, age, sex, stress and disease (Dimopoullos,
1963). There are several reported about the effect of age
on hematological and blood clinical chemistry in canine
(Harper et al., 2003; Bulgin et al., 1970; Earl et al., 1973;
Lowseth et al., 1990). In addition, there are inborn
hematological and serum biochemical differences in
some breed such as microcytosis in Shibalnus (Gook in
et al., 1998), idiopathic macrothrom bocytopenia in
Cavalier King Charles Spaniels (Singh and Lamb, 2005),
hyperlipoproteinemia in miniature Schnauzers (Rogers
et al., 1975) and hypercholesterolemia in rough collie
dogs (Jeusette et al., 2004). In other countries, there are
many studies about the breed specific on hematological
and blood clinical chemistry such as Afghan hound,
saluki and whippet (Hilppo, 1986), beagle, German
shepherd and golden retriever (Michaelson et al., 1966;
Cramer et al., 1969; Lund et al., 2000), mongrel and
greyhound (Porter and Canaday, 1971; Watts, 2006;
Shiel et al., 2007) and adult Bernese mountain dogs
(Nielsen et al., 2009). In Thailand, Kaewsakorn et al.
studied the effect of strain in term of small, medium
and large in size on the hematology and blood clinical
chemistryin canine. However, little is known about the
effect of sex, age and strain on these parameters.
Hence, the aim of this study was to investigate the effect
of sex, age and strain on the hematology and blood

clinical chemistry in canine.

Materials and Methods

Sample collection

Whole blood was collected from 92 healthy
canines that visited Prasuarthon hospital and 42 canines
that lived in the shelter, namely "Salaya-love-dog".
The healthy canines were evaluated by veterinarian.

The evaluated parameters compose of normal hair coat,

normal hydration status, normal appetite, normal gait
and posture, pink mucous membrane, not emaciated
no nasal-ocular discharge, no fever, no vomit, no
diarrhea etc. Blood was collected from saphenous vein
by aseptically technique. The method of specimen
examination was performed according to the previous
reported (Jangsangthong and Buranasinsup, 2011).
For hematological analysis, blood was collected in
EDTA-tube while blood for clinical chemistry analysis
was collected in glass tube and let stand in room
temperature for clotting. After blood clot, the serum was
collected by centrifugation at 3,000 rpm for 5 minutes.
The serum which didn't analyze within day of collection

was kept at -20°C until analysis.

Classification of canines

Healthy canines were classified by age, sex and
strain.

For age, canines were divided into 5 groups:
Group 1 was the canine 1 - 6 months of age; Group 2 was
the canine over 6 months - 12 months of age; Group 3
was the canine over 1 year - 5 years of age; Group 4
was the canine over 5 years - 10 years of age and
Group 5 was the canine over 10 years of age.

For sex, canines were divided into 2 groups:
male and female.

For strain, canines were divided into 4 groups
depend on dog breed standard and weight (trainpetdog.
com, 2012): Group 1 was the canine which was very
small in size; Group 2 was the canine which was small
in size; Group 3 was the canine which is medium in size

and Group 4 was the canine which was large in size.

Hematological and blood clinical chemistry analysis
Complete blood count (CBC) was analyzed
by hematology analyzer "Cell-Dyn 3700" (Abbott
Diagnostics, USA). The following parameters were
measured: total red blood cell count (RBC), hemoglobin
(Hb), hematocrit (Hct), mean corpuscular volume (MCV),

mean corpuscular hemoglobin (MCH), mean corpuscular
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hemoglobin concentration (MCHC), red cell distribution
width (RDW), total white blood cell count (WBC),
neutrophils, lymphocytes, monocytes, eosinophils,
basophils, total platelet count (PIt). The white blood
cell differential count was also performed by Modified
Wright-stained blood smears. Plasma protein (PP) was
measured by refractometer.

Blood clinical chemistry was analyzed by
chemistry analyzer "BS-300" (Mindray, China). The
measured parameters compose of alkaline phosphatase
(ALP), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), blood urea nitrogen (BUN),

creatinine (Crea) and total protein (TP).

Statistical analysis

Prior to analysis of variance (ANOVA), normal
distribution of all data in each parameter, were checked
by Kolmogorov-Smirnov test. The outlier data in each
parameter were excluded. All of data have normal
distribution except monocyte, eosinophil, basophil and
creatinine. Data which have normal distribution were
compared different in sex, age and strain by using
ANOVA test. Data processing and statistical analysis
were performed using Microsoft Excel 2010 and SPSS

version 18.0 (SPSS 18.0; SPSS Inc, Chicago, IL, USA).
Duncan's multiple-comparison test was used to assess
the statistical significance of differences among the
study groups. Monocyte, eosinophil, basophil and
creatinine were analyzed by Mann-Whitney U test for
study the difference in sex whereas Kruskal-Wallis H
test was used to study the difference in age and strain.
A level of P < 0.05 was accepted as statistically

significant.

Results

The average values of hematological and blood
clinical chemistry are shown in table 1. The effect of sex,
age and strain on hematological and blood clinical
chemistry values are shown in table 2. However, there are
some missing values in age, sex and strain then the
total number in table 2 did not equal to the total number
of samples size (n = 134). We found that age affect to
monocytes, neutrophils, Hct, PP and ALT values while
sex affect to MCHC and ALT values. The effect of
strain was also found onmany parameters including
neutrophils, lymphocytes, Hb, Hct, MCV, MCH,
MCHC, Plt, RDW, ALT and BUN.
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Table 1 Hematological and blood clinical chemistry values

29

Hematological and blood Number of Mean * SD Range Reference values
clinical chemistry samples

RBC (x10" cells/L) 131 6.58 £ 0.90 5.68-7.48 55-8.5"
Hb (g/dl) 131 1556 £2.24 13.32-17.8 12-19°
Hct (%) 131 44.38 £6.08 38.3-50.46 43 - 57¢
MCYV (fl) 131 67.32+4.19 63.13-71.51 66 - 77°
MCH (pg) 131 23.59 £1.30 22.29 - 24.89 19.5 - 24.5¢
MCHC (g/dl) 131 35.09 + 1.59 33.5-36.68 32 - 36°
RDW (%) 131 17.38 £2.16 15.22-19.54 12 -15°
WBC (x10° cells/L) 131 11.84 £4.12 7.72 - 15.96 6-17°
Neutrophil (%) 131 70.44 £ 13.99 56.45 - 84.43 60 - 77°
Lymphocyte (%) 131 22.38 £ 10.06 12.32-32.44 12 - 30°
Monocyte (%) 131 1.44 +1.68 0-3.12 3-10°
Eosinophil (%) 131 4.18 £4.33 0-8.51 2-10°
Basophil (%) 131 0.11£1.22 0-1.33 Rare®
PLT (x10° cells/L) 131 271.92 £ 137.80 134.12 - 409.72 200 - 500°
Plasma protein (g/dl) 134 9.16 £0.92 8.24 - 10.08 6-7.5°
ALP (U/L) 117 62.68 £ 33.61 29.07 - 96.29 1-114°
ALT (U/L) 120 38.13 £ 15.09 23.04 - 53.22 10 - 109°
AST (U/L) 124 33.19 £ 10.16 23.03 - 43.35 13-15°
BUN (mg/dl) 130 15.84+£6.71 9.13-22.55 8 -28°
Creatinine (mg/dl) 131 1.03 £0.23 0.8-1.26 0.5-1.7°
Total protein (g/dl) 130 7.41+1.23 6.18 - 8.64 54-7.5°

“Data from Salakij (2005)
"Data from Latimer er al. (2003)
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Table 2 Effect of sex, age and strain on hematological and blood clinical chemistry values

Parameters Factors Levels Number Mean = SD p-value
RBC (x10" cells/L) Age 1-6 Mo 3 7.47 £ 0.67 0.090
over 6 Mo - 12 Mo 5 6.94 £ 0.55
overl1 Y-5Y 52 6.63 £ 0.80
over5Y-10Y 29 6.26 £ 1.01
over 10Y 6 6.69 £ 0.82
Sex Male 48 6.42 £ 0.94 0.060
Female 54 6.74 £ 0.76
Strain Very small 22 6.88 £ 0.65 0.194
Small 15 6.61 £0.82
Medium 48 6.39 £ 0.98
Large 9 6.53 £0.75
Hb (g/dl) Age 1-6Mo 3 18.00 £ 1.49 0.052
over 6 Mo - 12 Mo 5 16.36 £2.07
over1 Y-5Y 52 15.51 £2.07
over5Y-10Y 29 14.65 £2.31
over 10Y 6 16.05 + 1.80
Sex Male 48 15.08 £2.33 0.056
Female 54 15.90 £ 1.99
Strain Very small 22 16.74 £ 1.62 0.000
Small 15 15.83 £1.95
Medium 48 14.51 £2.20
Large 9 15.7+1.35
Hct (%) Age 1-6Mo 3 52.07 £ 4.44 0.015
over 6 Mo - 12 Mo 5 47.76 £ 4.84
overl Y-5Y 52 4428 £5.51
over5Y-10Y 29 41.97 £6.29
over 10Y 6 46.52 £5.11
Sex Male 48 43.57+£6.46
Female 54 45.08 £5.27
Strain Very small 22 47.85+4.24 0.000
Small 15 46.01 £5.23
Medium 48 41.16 £5.60
Large 9 46.72 £ 4.16
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Table 2 Effect of sex, age and strain on hematological and blood clinical chemistry values (cont.)

Parameters Factors Levels Number Mean = SD p-value
MCYV (fl) Age 1-6Mo 3 69.4 +0.69 0.510
over 6 Mo - 12 Mo 5 68.56 £2.99
overl Y-5Y 52 66.88 +4.67
over5Y-10Y 29 66.98 + 4.38
over 10Y 6 69.62 £ 4.20
Sex Male 48 67.8 £4.15 0.238
Female 54 66.79 £ 4.45
Strain Very small 22 69.46 £ 2.86 0.000
Small 15 69.51 £2.44
Medium 48 64.67 £ 4.04
Large 9 71.11 £ 4.28
MCH (pg) Age 1-6Mo 3 24.07£0.91 0.552
over 6 Mo - 12 Mo 5 23.74 £ 1.49
overl1 Y-5Y 52 23.38+1.40
over 5Y-10Y 29 2329 £ 1.04
over 10Y 6 24.1+1 .37
Sex Male 48 2347 £1.07 0.882
Female 54 23.51 £ 1.46
Strain Very small 22 243 £1.02 0.000
Small 15 2393+ 1.31
Medium 48 22.75+0.99
Large 9 23.83+1.18
MCHC (g/dl) Age 1-6Mo 3 344 £1.06 0.788
over 6 Mo - 12 Mo 5 3442 +1.01
over 1l Y-5Y 52 35.06 £ 1.71
over5Y-10Y 29 34.88 £ 1.38
over 10Y 6 34.52+£0.93
Sex Male 48 34.63 £1.34 0.039
Female 54 3527+ 1.72
Strain Very small 22 3496 +1.42 0.024
Small 15 3437+ 1.32
Medium 48 35.24 £ 1.65
Large 9 33.76 £0.51
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Table 2 Effect of sex, age and strain on hematological and blood clinical chemistry values (cont.)

Parameters Factors Levels Number Mean = SD p-value
RDW (%) Age 1-6Mo 3 15.77+£1.19 0.098
over 6 Mo - 12 Mo 5 15.42£3.23
overl1 Y-5Y 52 17.46 + 2.54
over5Y-10Y 29 1791 £ 1.95
over 10Y 6 16.08 £2.29
Sex Male 48 17.04 £ 1.76 0.090
Female 54 17.79 £2.55
Strain Very small 22 16.39 £ 1.61 0.001
Small 15 16.85+1.75
Medium 48 18.27 £2.59
Large 9 15.78 £2.52
WBC (x10° cells/L) Age 1-6 Mo 3 11.77 £ 1.61 0.866
over 6 Mo - 12 Mo 5 12.05 £4.33
over1 Y-5Y 52 12.07 +4.18
over5Y-10Y 29 10.99 + 4.85
over 10Y 6 11.21 £3.39
Sex Male 48 11.59 £4.03 0.698
Female 54 11.93 +4.56
Strain Very small 22 11.55+3.46 0.765
Small 15 11.43+£2.32
Medium 48 12.13+5.13
Large 9 10.59 + 3.81
Neutrophil (%) Age 1-6Mo 3 61.67 £24.17 0.026
over 6 Mo - 12 Mo 5 76.80 £7.79
overl Y-5Y 52 66.00 £ 15.38
over5Y-10Y 29 72.93 £ 13.61
over 10Y 6 82.5+8.12
Sex Male 48 69.75 £ 14.95 0.868
Female 54 69.29 £ 14.68
Strain Very small 22 74.64 £ 6.64 0.004
Small 15 78.60 £9.23
Medium 48 65.23 £ 15.16
Large 9 64.44 +26.09
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Table 2 Effect of sex, age and strain on hematological and blood clinical chemistry values (cont.)

Parameters Factors Levels Number Mean + SD p-value
Lymphocyte (%) Age 1-6Mo 3 25.67+12.10 0.067
over 6 Mo - 12 Mo 5 18.80 + 8.12
over1 Y-5Y 52 24.85 £ 10.60
over5Y-10Y 29 21.76 £ 9.81
over 10Y 6 13.00 + 6.54
Sex Male 48 21.83+9.10 0.367
Female 54 23.69 £ 11.26
Strain Very small 22 19.36 + 5.87 0.001
Small 15 17.93 £8.15
Medium 48 27.02 £11.39
Large 9 18.33+9.29
Monocyte (%) Age 1-6 Mo 3 3.00 + 3.00 0.011°
over 6 Mo - 12 Mo 5 0.00 = 0.00
over1 Y-5Y 52 1.83 £ 1.75
over5Y-10Y 29 0.97+1.24
over 10 Y 6 0.67 £ 1.63
Sex Male 48 1.29 + 1.68 0.174
Female 54 1.76 £ 1.81
Strain Very small 22 1.45%1.53 0.684°
Small 15 1.13+£ 1.46
Medium 48 1.63 £ 1.86
Large 9 1.00+£1.41
Eosinophil (%) Age 1-6Mo 3 3.00 + 1.00 0.112°
over 6 Mo - 12 Mo 5 4.40+£5.03
overl Y-5Y 52 4.96 £4.99
over5Y-10Y 29 2.62 £ 3.00
over 10 Y 6 3.83+4.62
Sex Male 48 45+4.64 0.636*
Female 54 3.93 £4.07
Strain Very small 22 4.55%3.35 0.154°
Small 15 220+ 1.82
Medium 48 423+4.71
Large 9 5.11+£7.36

“Data was analyzed by Mann-Whitney U test
"Data was analyzed by Kruskal-Wallis H test
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Table 2 Effect of sex, age and strain on hematological and blood clinical chemistry values (cont.)

Parameters Factors Levels Number Mean + SD p-value
Basophil (%) Age 1-6Mo 3 0.00 £ 0.00 0.935°
over 6 Mo - 12 Mo 5 0.00 £ 0.00
over1 Y-5Y 52 0.02+0.14
over5Y-10Y 29 0.00 £ 0.00
over 10Y 6 0.00 £ 0.00
Sex Male 48 0.02+0.14 0.289¢
Female 54 0.00 £ 0.00
Strain Very small 22 0.00 £0.00 0.811°
Small 15 0.00 £ 0.00
Medium 48 0.02+0.14
Large 9 0.00 = 0.00
PLT (x10° cells/L) Age 1-6Mo 3 256.67 £ 51.81 0.159
over 6 Mo - 12 Mo 5 304.20 £ 94.72
overl Y-5Y 52 237.99 +131.99
over5Y-10Y 29 262.45 £ 157.71
over 10 Y 6 389.00 + 183.87
Sex Male 48 242.51 £113.30 0.162
Female 54 281.71 £ 160.16
Strain Very small 22 358.14 £ 154.11 0.000
Small 15 344.40 + 138.88
Medium 48 187.47 + 106.75
Large 9 247.22 £65.05
Plasma protein (g/dl) Age 1-6 Mo 4 9.70 £ 1.01 0.016
over 6 Mo - 12 Mo 6 8.87+£0.78
overl Y-5Y 53 8.96 £ 0.88
over5Y-10Y 29 9.57+0.73
over 10Y 6 9.47 £+ 1.09
Sex Male 49 9.21 +£0.88 0.334
Female 56 9.04 £ 0.94
Strain Very small 24 9.18 £ 0.81 0.634
Small 15 9.45 £ 0.88
Medium 49 9.17 £0.96
Large 9 9.00 £ 0.80

“Data was analyzed by Mann-Whitney U test
*Data was analyzed by Kruskal-Wallis H test
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Table 2 Effect of sex, age and strain on hematological and blood clinical chemistry values (cont.)

35

Parameters Factors Levels Number Mean = SD p-value
ALP (U/L) Age 1-6Mo 5 82.80 £ 40.09 0.182
over 6 Mo - 12 Mo 5 88.20 £ 45.22
overl Y-5Y 51 59.08 + 31.41
over5Y-10Y 27 61.11 £35.54
over 10Y 3 83.00 £ 9.64
Sex Male 47 65.00 £ 35.43 0.494
Female 50 60.28 £ 32.27
Strain Very small 21 59.43 £31.31 0.630
Small 15 73.53 £ 38.95
Medium 46 61.43 £32.40
Large 9 60.67 +45.48
ALT (U/L) Age 1-6Mo 5 33.20 £9.96 0.031
over 6 Mo - 12 Mo 6 32.17 £ 11.05
over 1 Y-5Y 48 32.69 £ 11.95
over5Y-10Y 24 41.04 £ 19.18
over 10Y 5 50.60 = 16.74
Sex Male 45 39.96 £ 16.68 0.013
Female 48 3248 £11.42
Strain Very small 23 38.48 £ 12.04 0.002
Small 11 4191 £ 1643
Medium 41 29.78 £ 14.19
Large 11 46.18 £ 15.02
AST (U/L) Age 1-6Mo 5 31.80£5.59 0.863
over 6 Mo - 12 Mo 5 31.00 £ 3.67
overlY-5Y 52 3271 £ 11.55
over5Y-10Y 28 30.18 £ 7.61
over 10Y 5 30.20 + 13.18
Sex Male 47 33.47 +£10.81 0.238
Female 53 31.04 £ 9.64
Strain Very small 23 31.83+10.34 0.202
Small 15 33.00 £9.51
Medium 48 30.15 +£9.80
Large 9 37.67£9.98
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Table 2 Effect of sex, age and strain on hematological and blood clinical chemistry values (cont.)

Parameters Factors Levels Number Mean + SD p-value
BUN (mg/dl) Age 1-6Mo 5 16.76 £ 3.11 0.915
over 6 Mo - 12 Mo 5 16.58 £ 6.63
over1 Y-5Y 56 15.54 +7.07
over5Y-10Y 29 15.27 £4.52
over 10Y 5 17.96 + 12.37
Sex Male 50 1548 £6.23 0.955
Female 57 15.55£7.05
Strain Very small 24 18.10 £ 6.90 0.000
Small 15 19.94 £ 8.53
Medium 51 12.80 +4.28
Large 10 18.70 £ 5.92
Creatinine (mg/dl) Age 1-6 Mo 5 0.92+£0.16 0.125°
over 6 Mo - 12 Mo 6 1.23+£0.22
over1 Y-5Y 56 1.00 £0.20
over5Y-10Y 30 1.00 £ 0.24
over 10Y 6 1.02+0.23
Sex Male 53 1.02+0.23 0.808*
Female 57 1.00 £0.22
Strain Very small 24 0.98 £0.21 0.078°
Small 15 0.89 £0.18
Medium 52 1.02£0.18
Large 11 1.16 £ 0.34
Total protein (g/dl) Age 1 -6 Mo 5 6.60 £ 1.57 0.953
over 6 Mo - 12 Mo 5 7.14 £ 091
overl Y-5Y 56 8.58 £8.87
over5Y-10Y 28 8.01+1.18
over 10Y 5 7.28 £1.27
Sex Male 49 8.9+9.44 0.209
Female 57 7.30 £ 1.28
Strain Very small 23 9.64 £13.83 0.684
Small 15 7.35+1.44
Medium 51 7.90 £ 1.34
Large 10 7.48 £1.28

“Data was analyzed by Mann-Whitney U test
"Data was analyzed by Kruskal-Wallis H test
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Discussion

In this study, we compared the range of
hematological parameters with the reference values from
Salakij (2005) while we compared the range of blood
clinical chemistry parameters with the reference values
from Latimer et al. (2003). In the present results, some
of the hematological and blood clinical chemistry
parameters are similar in that of reference values from
Salakij (2005) and Latimer et al. (2003) except Hct,
MCYV, monocyte, Plt, RDW, PP, AST and TP. For Hct,
MCYV, monocyte and PIt, the values are lower than that
of reference values from Salakij (2005) whereas RDW,
PP, AST and TP are higher than that of reference values
from Salakij (2005) and Latimer ez al. (2003). In addition,
ALP, ALT and creatinine in the present study are
narrower of range than that of reference values of
Latimer et al. (2003). This might be due to the differences
in the population of studies in term of age, sex and strain,
environmental, lifestyle, and nutrition. However, one can
use the present results in tandem with the reference
values of Salakij and Latimer et al. to evaluate the

physical health, diagnosis and prognosis disease in canine.

Conclusions
Hematological and blood clinical chemistry in
canine which are essential for determine the physical
health and for further diagnosis as well as prognosis the
diseaseare influenced by many parameters studied such

as sex, age and strain.
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