https://dergipark.org.tr/tr/pub/ataunivbd Research Article/Arastirma Makalesi
2021; 16(3): 298-305 DOI: 10.17094/ataunivbd.1051477

Atatiirk Universitesi Veteriner Bilimleri Dergisi

Atatlirk University Journal of Veterinary Sciences

The Effect of Age and Gender on Some Hematological Parameters and
Erythrocyte Osmotic Fragility in Kangal Shepherd Dogs

Mustafa KOCKAYA!?, Mehmet EKICI'*™, Engin GENCZ, Serkan CELIKGUN3d, Hacer
BASEKICI4¢

1. Sivas Cumhuriyet University, Faculty of Veterinary Medicine, Department of Physiology, Sivas, TURKEY.

2.Veterinarian of Kangal District Governor, Sivas, TURKEY.

3. Dokuz Eylul University, Institute of Health Sciences, Department of Public Health, Izmir, TURKEY.

4.Selguk University, Faculty of Veterinary Medicine, Department of Anatomy, Konya, TURKEY.

ORCID: 0000-0001-5173-08532, 0000-0002-2163-6214°, 0000-0001-5356-4844¢, 0000-0003-1825-3113¢, 0000-0003-1941-1830¢

Gelis Tarihi/Received Kabul Tarihi/Accepted Yayin Tarihi/Published
11.05.2021 09.11.2021 30.12.2021
Bu makaleye atifta bulunmak icin/To cite this article:
Kockaya M, Ekici M, Genc E, Celikgun S, Bas-Ekici H: The Effect of Age and Gender on Some Hematological Parameters
and Erythrocyte Osmotic Fragility in Kangal Shepherd Dogs. Atatiirk University J. Vet. Sci., 16(3): 298-305, 2021. DOI:
10.17094/ataunivbd.1051477

Abstract: This study was aimed to determine the effect of age and gender on physiological variations in some hematological
parameters and erythrocyte osmotic fragility in Kangal Shepherd dogs. A total of 32 clinically healthy Kangal Shepherd dogs
were taken into the study and divided into 4 groups in equal numbers (Adult male = 8, Adult female = 8, Senior male = 8,
Senior female = 8). Blood samples from the cephalic vein were taken into vacuum tubes containing EDTA by the technique
and values of erythrocyte osmotic fragility and complete blood count were determined. The main effect of age and gender
with age x gender interaction has no significant effect on hematological parameters (P>0.05). The main effect of age and age
x gender interaction of erythrocyte osmotic fragility was statistically significant and higher in the senior females at 0.7% and
0.9% (in addition gender) NaCl concentrations compared to the other groups (P<0.05). However, there was no statistical
difference between the adult female and adult male and senior male group at 0.7% and 0.9% NaCl concentrations (P>0.05).
The findings may be useful for veterinary clinical practice in establishing Kangal shepherd breed-specific reference ranges for
some important hematological parameters.

Keywords: Age, Erythrocyte osmotic fragility, Gender, Hematology, Kangal shepherd dogs.

Kangal Coban Kopeklerinde Yas ve Cinsiyetin Bazi Hematolojik Parametreler

ve Eritrosit Ozmotik Kirilganlik Uzerine Etkisi

0z: Bu calismada, Kangal coban kdpeklerinde yas ve cinsiyetin bazi hematolojik parametrelerdeki fizyolojik varyasyonlar ve
eritrosit ozmotik kirilganhk tGzerindeki etkisinin belirlenmesi amaglanmistir. Calismaya klinik olarak saglikli toplam 32 Kangal
¢oban kopegi alinmis ve Kangal coban kdpekleri esit sayida 4 gruba ayrilmistir (Yetiskin erkek Kangal ¢oban kopekleri = 8,
Yetiskin disi Kangal ¢oban kopekleri= 8, Yash erkek Kangal goban kopekleri = 8, Yasl disi Kangal coban képekleri = 8). Sefalik
venden kan 6rnekleri, teknigine uygun olarak EDTA iceren vakum tiplerine alindi ve eritrosit ozmotik kirilganlk ile tam kan
sayimi degerleri belirlendi. Hematolojik parametreler izerine yas ve cinsiyetin ana etkisi ile yas x cinsiyet etkilesiminin anlamli
bir etkisi yoktu (P>0.05). Eritrosit ozmotik kirilganliginda yas x cinsiyet etkilesimi ile yasin ana etkisi, diger gruplara kiyasla
%0.7 ve %0.9 (ek olarak cinsiyet) NaCl konsantrasyonlarinda yash disilerde istatistiksel olarak anlamli ve daha yiiksekti
(P<0.05). Bununla birlikte, yetiskin disi kopekler ve yetiskin erkek képekler ile yasl erkek kopek grubu arasinda %0.7 ve %0.9
NaCl konsantrasyonlarda istatistiksel olarak bir fark bulunmadi (P>0.05). Elde edilen bulgular, bazi 6nemli hematolojik
parametreler icin Kangal coban kopek irkina spesifik referans araliklari olusturmada veteriner klinik uygulamalara yararh
olabilecektir.

Anahtar Kelimeler: Cinsiyet, Eritrosit ozmotik kirilganlik, Hematoloji, Kangal ¢oban kdpekleri, Yas.
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INTRODUCTION

K

world for the purpose of either protecting livestock

(2).

parameters of this dog breed is

angal Shepherd dog breed is kept in Turkey
and many other countries throughout the
or as watchdogs Information about the
physiological
becoming increasingly important (2). In particular,
hematological parameters are important indicators
the

conditions of animals (3). Mean values of adult male

of physiological and physiopathological
and female Kangal Shepherd dogs in hemogram

analysis, respectively, have been revealed in
different studies (4,5). The blood analysis values in
animals may vary according to age, sex, climate, and
environmental conditions (6,7).

Erythrocyte osmotic fragility refers to the
sensitivity of the change in different osmotic
pressures to which an erythrocyte is exposed and it
may change in different conditions (8). Hemolysis is
often recognized by the presence of free hemoglobin
suspended in a medium originating from the rupture
of red blood cells. Erythrocyte osmotic fragility (EOF)
test is used to determine hemolysis caused by
osmotic stress of red blood cells. The extent of
osmotic stress depends on red blood cell volume,
surface area and functional integrity of the cell
membrane (9). Low osmotic resistance may lead to
intravascular hemolysis, which can reduce the
number of erythrocytes and cause anemia if not
treated (10). For this reason, the EOF test is
frequently used to diagnose hemolytic anemia and
diagnose oxidative damage due to extensive
destruction of RBCs (11). Osmotic fragility in animals
tends to be affected by different factors. These
include sheltering conditions, temperature, and
season of the year (12). Erythrocyte osmotic fragility
has been used as an indicator of oxidative stress in
animals (13). The relationship between aging and
osmotic fragility differs (14). In some studies,

performed on elderly human and bovine

erythrocytes, it has been shown that the osmotic

fragility decreases as the erythrocyte in the
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circulation ages (15). However, Rifkind et al. (16) and
Mosior and Gomulkiewicz (17) reported that osmotic
fragility increases as human erythrocytes age in
circulation.

Measurement of the hematological values can
provide objective information about an animal's
condition at the time of sampling and provides
information about nutritional status, disease status
or stress to which it is subjected (18). Specific
reference ranges should be established for each
animal species to compare hematological values and
to ensure if the results are properly interpreted (19).
Reference ranges that are defined as values of
particular parameters in a healthy population,
provide the baseline on which these measurements
are interpreted. Well-structured reference intervals
are a prerequisite for either screening or diagnostic
tests to evaluate the health and disease in a
particular population.

In the literature, we could not find any study
comparing the hematological parameters and
erythrocyte osmotic fragility in adult and senior
Kangal shepherd dogs of different sex. The aim of this
study is to investigate some hematological
parameters and erythrocyte osmotic fragility values
in different sexes of the adult and senior Kangal

shepherd dogs.

MATERIALS and METHODS

The study was conducted with the permission
of the Cumhuriyet
Experiments  Ethics
number:65202830-050.04.04-506). This study was
carried out in Kangal District Governorate Dog
Breeding Farm (Altitude: 1533, Latitude: 39.233334,
Longitude: 37.383331) in Kangal District of Sivas

Province, in March 2021. Animals used in the study

Sivas University  Animal

Committee  (confirmation

were housed in the same care and feeding
conditions. All the animals included in the study were
clinically healthy. The age range of the dogs used in

the study were chosen with a bodyweight between
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41.8-62.2+2 kg and classified as adults as adults aged
3-5 years, aged 6-7 years, geriatric > 8 years old
according to the literature (20).

The groups in the study are as follows:

1. Group 1 (Adult Male): 3-5 years old male Kangal
Shepherd dogs (n=8)

2. Group 2 (Adult Female): Female Kangal Shepherd
dogs between the ages of 3-5 (n = 8)

3. Group 3 (Senior Male): Male Kangal Shepherd dogs
between the ages of 6-7 (n = 8)

4. Group 4 (Senior Female): 6-7 years old female
Kangal Shepherd dogs (n = 8)

Blood samples were taken from the cephalic
vein at the same time intervals (10.00-12.00)
throughout the study and collected into Vacutainer
tubes EDTA for

containing anticoagulant

hematological analysis and osmotic fragility.
Hematological parameters in blood samples taken
into tubes containing EDTA were analyzed with an
automatic complete blood counting device (Mindray
BC-2800). Hematological parameters included in the
study were as follows: white blood cell (WBC),
lymphocyte count (Lymph), monocyte count (Mon),
count  (Gran), of

granulocyte percentage

lymphocytes (Lymph%), monocyte percentage
(Mon%), granulocyte percentage (Gran%), red blood
cell (RBC), hemoglobin (Hb), hematocrit (Hct), mean
red blood cell volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC), red cell distribution width
(RDW), platelet (PLT), mean platelet volume (MPV),
platelet distribution width (PDW), plateletcrit (PCT)
and eosinophil percentage (Eos%). Osmotic fragility
test was performed in different concentrations of

NaCl (Merck, Germany) solutions, modified from the
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one previously described by Oyewale et al. (2009)
(21). Briefly, varying concentrations of 1 mL of each
NaCl test solution (0.0%, 0.1%, 0.3%, 0.5%, 0.7%,
0.9%) were prepared in each set of 6 centrifuge tubes
with distilled water. 0.02 mL of blood was added to
the test solution to each tube. Contents mixed and
incubated for 30 minutes at room temperature. It
was then centrifuged for 10 minutes at 3000 g. The
obtained supernatants were placed on the empty
ELISA plate and the hemoglobin content of the
supernatant was determined spectrophotometrically
at a wavelength of 540 nm in the ELISA reader.
Distilled water was used blank. By taking the

maximum hemolyzed tube value as 100%,

percentage of hemolysis in each different NaCl added

solutions were measured and the result was

evaluated.

Statistical Analysis

Data were analyzed by two-way ANOVA in
terms of the effects of age and gender. When age-by-
gender interaction is significant, post-hoc multiple
comparisons were made by Tukey’s test with
adjusted P values in GraphPad Prism 8.0.1. software
(Graph Pad Software Inc.,, San Diego, CA, USA).
Results were given as mean * standard error. P<0.05

was considered significant.

RESULTS

Analyzed results of hematological parameters
are shown in Table 1. The main effects of age and
gender and age-by-gender interaction are not

significant for the selected hematological
Mon, Gran,
Lymph%, Mon%, Gran%, RBC, Hb, Hct, MCV, MCH,
MCHC, RDW, PLT, MPV, PDW, PCT, and Eos%

(P>0.05).

parameters, which were Lymph,
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Table 1. Change in total blood count results with age and gender in Kangal Shepherd dogs.
Tablo 1. Kangal Coban kdpeklerinde yas ve cinsiyete gére toplam kan sayimi sonuglarindaki degisim.

3-5 years of age

6-9 years of age

n=8 n=8
Mean + S.E.M Mean + S.E.M

Haematological Unit Adult Adult Senior Senior P P P value
parameters Female Dog  Male Dog Female Dog Male Dog (age) (sex) (interaction)
WBC x10°/L  12.77+1.72 12.95+1.27 14.13+0.30 14.20+0.80 0.319 0.925 0.966
Lenf x10%/L  2.750.49 3.50+0.61 3.73+0.67 4.20+0.99 0.277 0.426 0.851
Mon x10°/L  0.57+0.06 0.60+0.07 0.67+0.09 0.68+0.05 0.239 0.808 0.903
Gran x10°/L  9.45+1.31 8.85%£1.10 9.73+1.05 9.33+0.59 0.728 0.644 0.930
Lenf% % 21.38+2.26 27.13+3.89 26.47+45.21 29.0745.55 0.437 0.359 0.726
Mon% % 4.48+0.38 4.70£0.36 4.97+0.78 4.8210.21 0.486 0.924 0.677
Gran% % 74.15+2.36 68.18+3.73 68.57+5.93 66.10+5.64 0.414 0.370 0.705
Eos% % 1.92+0.22 2.32+0.90 1.53+0.58 1.47+0.21 0.294 0.768 0.692
RBC x10%2/L  8.14%0.35 8.00£0.21 8.6410.18 7.8910.48 0.581 0.234 0.396
Hb g/dl 18.80+0.70 18.77+0.69 19.90+0.35 18.58+1.15 0.601 0.436 0.453
Hct % 67.42+2.35 65.57+1.23 67.77+0.95 65.02+3.12 0.964 0.331 0.847
MCV fL 83.08+1.81 82.02+0.95 78.53+2.13 82.65+1.47 0.245 0.357 0.134
MCH pg 23.07+0.16 23.40+0.39 22.97+0.76 23.47+0.40 0.970 0.354 0.835
MCHC g/dl 27.85+0.58 28.55+0.61 29.30+0.15 28.45+0.43 0.217 0.887 0.161
RDW % 11.85+0.39 12.03+0.35 12.23+0.23 11.0740.33 0.435 0.188 0.083
PLT x10%/L  343.25+48.80 276.50+48.31 380.00+33.08  403.25+54.47 0.668 0.126 0.381
MPV fL 9.10+0.31 9.05+0.18 9.36+0.03 8.97+0.29 0.712 0.402 0.514
PDW % 15.92+0.08 16.37+0.16 16.10+0.15 16.67+0.39 0.346 0.057 0.800
PCT % 0.31+0.04 0.2540.05 0.36+0.03 0.35+0.04 0.077 0.482  0.455

WBC: White Blood Cell, Lenf: Lymphocyte, Mon: Monocyte, Gran: Granulocyte, Lenf%: Lymphocyte percentage, Mon%: Monocyte percentage, Gran%: Granulocyte percentage, RBC: Red
Blood Cell, Hb: Hemoglobin, Hct: Haematocrit, MCV: Mean Corpuscular Volume, MCH: Mean Corpuscular Hemoglobin, MCHC: Mean Corpuscular Hemoglobin Concentration, RDW: Red
Blood Cell Distribution, PLT: Plateles, MPV: Mean Platelet Volume, PDW: Platelet Distribution Width, PCT: Plateletcrits, Eos%: Eosinophil percentage, L: Liter, g/dL: gram/deciliter, %:

percentage, fL: femtoliter, pg: picogram.

Osmotic fragility test results are shown in Table
2. The effect of age (P<0.05), but not gender (P>0.05),
on osmotic fragility was significant at 0.7% NaCl
concentration. In addition, a significant (P<0.05)
interaction between age and gender was found for
the same NaCl concentration. The post-hoc test for
the main effect of age indicated that osmotic fragility
at 0.7% NaCl concentration was significant between
adult and senior female Kangal Shepherd dogs
(P<0.05). Interestingly, there was no statistical
difference between adult and senior females and
adult and senior males at 0.7% NaCl concentration

(P>0.05). The main effect of age and gender on
osmotic fragility was significant at 0.9% NaCl
concentration (P<0.05). Moreover, there was a
significant interaction between age and gender at
0.9% NaCl concentration (P<0.05). Multiple
comparisons revealed that osmotic fragility was
significant at 0.9% NaCl concentration between
senior females and other Kangal Shepherd dogs

(P<0.05).

There was

no

significant difference

between the groups for other NaCl concentrations

(P>0.05).

Table 2. Changes in erythrocyte osmotic fragility with age and gender in Kangal Shepherd dogs.
Tablo 2. Kangal Coban Kopeklerinde yas ve cinsiyet ile eritrosit ozmotik kirilganligindaki degisiklikler.

NaCl concentrations

Groups 0.0% 0.1%
n=8 n=8

MeantS.E.M MeantS.E.M

Adult Female Dog 100+0.00 97.89+1.10

Adult Male Dog 100+0.00 97.53+1.58

Senior Female Dog 100£0.00 98.98+0.50

Senior Male Dog 100+0.00 98.63+0.54

P value (age) - 0.312

P value (sex) - 0.738

P value (interaction) - 0.999

03% 05% 0.7% 09%
n=8 n=8 n=8 n=8
MeantS.E.M MeantS.E.M MeantS.E.M MeantS.E.M
94.85+0.89 27.3614.71 1.72+0.142 1.75+0.552
95.35+1.48 31.96+5.40 1.99+0.323b 1.58+0.182
95.52+1.26 42.33+£11.30 4.01+0.58b 4.48+0.76b
94.92+0.96 25.28+1.40 2.08+0.672b 1.51+0.38?
0.920 0.549 0.030 0.023
0.967 0.373 0.110 0.010
0.651 0.133 0.040 0.018

2b:pifferent letters in the column show the statistical difference between groups.
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DISCUSSION and CONCLUSION

The need to improve pet dogs' well-being is an
important aspect in the development of aging
research. For this reason, it is necessary to develop
and increase the perspective on the biological effects
of aging in screening analyzes, which are generally
carried out in the veterinary field. For this reason, in
the present study, we aimed to define whole blood
and osmotic fragility biomarkers, among the
hematological parameters affected during the aging
process, in male and female Kangal shepherd dogs of
different ages. Aging is known as a continuous
ontogenetic process that begins at birth and ends
with the death of the individual (22). Numerous
cellular and molecular parameters have been
reported in mammals, including altered intercellular
communication associated with aging, genomic
imbalance, mitochondrial dysfunction, and
epigenetic changes (23). Age classification in dogs is
well established in the field of veterinary research
(20). Detection of physiological changes in dogs with
aging by
biochemistry profiles has greater specificity and

complete blood count and serum
objectivity than routine physical exams (24). That is
why it is common to use blood tests to identify a
specific aging-related disease in older dogs. Changes
in some hematological parameters, together with
age and sex, have been previously reported in
different dog breeds (25,26). A retrospective study by
Lawrence et al. (26) investigated the effects of age
and gender on hematological parameters in more
than 6000 dogs in 75 different breeds. WBC and
monocyte concentrations were lowest in the 4-6
years old age group, while they reported an increase
in older and geriatric dogs. Lymphocyte
concentrations gradually decreased with age, then
increased marginally after 12 years of age. They
reported that eosinophil concentrations peaked
between 1 and 2 years of age and then decreased
with age, reaching a value lower than the eosinophil
They

reported that platelet concentrations gradually

concentration value of 1-year-old dogs.

increased after two years of age. In addition, the
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same study group reported that gender has no effect
but that
leukocyte and subtypes and platelet concentrations

on erythrocyte related parameters,

vary according to gender in female dogs lower mean
WBC,

concentrations have been reported than male dogs,

neutrophil, monocyte, and eosinophil
but mean platelet concentrations were reported to
be higher. Contrary to these findings, no difference
was found between adult and senior male and
female Kangal shepherd dogs in hematological
parameters in our study. Consistent with the result
we obtained in our study, Lee et al. (27) reported that
most of the parameters were within normal limits in
the results of complete blood count, and there was
no significant difference between large breed young
and old dogs for all parameters. When the effects of
age and gender on hematological parameters in dogs
of different breeds are evaluated, we estimated that
environmental conditions affect hematological
parameters in Kangal shepherd dogs.

There are studies in the literature that report
the osmotic fragility of erythrocytes in animals is
affected by physiological and pathological factors
and shows differences between animal species
(28,29). These reports show that the relationship
between aging and osmotic fragility differs (30).
Aging in animals changes physiological variables, and
it is reported that the lipid composition of the
erythrocyte membranes changes as the aging
progresses and this condition affects the erythrocyte
membrane fluidity (31). Increasing fragility in animals
with age causes damage to the erythrocyte
membrane by free oxygen radicals in the form of lipid
peroxidation and protein degradation. However, the
reduction of endogenous antioxidants with the
disruption of the oxidant-antioxidant balance affects
the erythrocyte membrane integrity and makes the
erythrocytes more fragile and more vulnerable to
damage (31,32). On the other hand, some authors
have reported that the osmotic fragility of the
erythrocyte that increases with aging is associated
with a decrease in the number and activity of
in the

calcium-mediated potassium channels
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erythrocyte membrane (33). Also, it has been
reported that erythrocyte osmotic fragility increases
with aging in humans (16, 17, 32). Again, in poultry,
the osmotic fragility of erythrocytes increases with
age (34), but decreases with age in cattle (35) and
ducks (36).

In the present study, osmotic fragility increased
with aging in female Kangal shepherd dogs. This
result is consistent with the results of the study
conducted by Olayemi et al. (21). There are studies
revealing the effects of gender on erythrocyte
osmotic fragility. It has been reported that in cattle
(37), birds (8,34) and sheep (38) erythrocyte osmotic
fragility is higher in males than in females, and this
may be related to the possible stabilizing effect of
estrogen. Erythrocytes in dogs (21), African giant rats
(39), Red Sokoto goats (40), and turkeys (30) are
more fragile in females than in males. The effect of
gender difference on erythrocyte osmotic fragility is
thought to be caused by sex hormones. It has been
reported that estrogen increases erythrocyte
osmotic fragility, but androgens have no effect on
osmotic membrane stability (35). Estrogen also
causes changes in the cholesterol-phospholipid
molar ratio in the membranes of erythrocytes (14).
This indicates that estrogen also has the capacity to
affect the physicochemical composition of cell
membranes. In our study, both the effect of age and
gender on erythrocyte osmotic fragility in Kangal
shepherd dogs were examined for the first time so
that the fragility of erythrocytes increased with aging
in female Kangal shepherd dogs, and there was no
change in erythrocyte fragility with aging in male
Kangal shepherd dogs. This result is similar to the
osmotic fragility findings obtained in Nigerian native
dogs by Olayemi et al. (21). The results in our study
showed that the effect of gender on the erythrocyte
osmotic fragility might be depended on the
in the

variability of sex hormone receptors

erythrocytes, so erythrocyte osmotic fragility

changes depending on the presence and the

continuity of the sex hormone effect.
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As a result, this study examined the effect of age

and gender on complete blood count and
erythrocyte osmotic fragility in Kangal Shepherd
dogs. No difference in complete blood count
between adult and senior and between male and
female dogs. However, with aging, osmotic fragility
increased in senior female dogs. In conclusion,
findings in the present study may advance the
veterinary clinical practice to have and to use some
breed-specific reference ranges for a number of

important hematological parameters.
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