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Research article
Ερευνητικό άρθρο

ABSTRACT: This study was conducted to investigate the changes in selected hematological parameters, lipid perox-
idation and osmotic fragility of erythrocytes in Angora cats depending on age and gender. For this purpose, the blood 
samples were collected from vena saphena medialis of 9 young and 14 adult cats which were also classified as male 
(n=12) and female (n=11). Following hematological analysis, samples were washed with PBS by centrifugation and 
10% hematocrit suspension was prepared from the erythrocytes pellet for the osmotic fragility test. The concentration 
of malondialdehyde (MDA) was also measured from lysed erythrocytes to determine lipid peroxidation level. Red 
blood cells (RBCs), hemoglobin, and hematocrit were significantly (P<0.001) high in adults while the mean corpuscu-
lar volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC) 
were significantly (P<0.05) high in young cats. Erythrocyte MDA level was also higher statistically (P<0.05) in adult 
cats than in young cats. There was no significance (P>0.05) in these parameters between male and female cats. Find-
ings of fragility tests showed that erythrocytes of young and male cats were statistically more susceptible to hypotonic 
NaCl solutions than those of adult and female cats, respectively (P<0.01, P<0.05). It was concluded that erythrocytes 
related parameters in Angora cats changed depending on age rather than gender except for stability of RBCs.
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INTRODUCTION

Angora cat is one of the kind cat breeds main-
ly originated from Ankara, Turkey. They have 

gold, blue or gold-blue colored eyes and generally 
white hairs. Researching Angora cats is vital as they 
are now an endangered species. Analysis of hemato-
logical parameters is the most common procedure in 
human and animal clinics for the diagnosis of many 
diseases. However, species-specific reference blood 
values can be affected by different factors such as age, 
breed, sex, environment and toxicants, and should be 
available to interpret the findings accurately (Spada 
et al., 2015; Şimşek et al., 2015; Turgut, 2000; Yiğit 
and Kabakçı, 2018). Therefore, it is very critical to 
investigate normal blood parameters of Angora cats 
from many perspectives. 

The erythrocyte osmotic fragility (OF) is a com-
monly used test to measure the membrane resistance 
of RBCs for the assessment of blood-related disorders 
such as anemia. Although the OF test is not routine-
ly used as a diagnostic hematological parameter by 
clinicians, it is known that erythrocyte is affected in 
some disease by increasing or decreasing fragility 
(Slappendel, 1998). Erythrocyte OF also provides 
information about the surface/volume ratio of RBCs, 
which may change in many pathological conditions 
(Beutler, 1990). This technique is based on the colori-
metric measurement of the hemoglobin (Hb) content 
released from the RBCs, exposed to the progressively 
hypotonic NaCl solution. The level of hemolysis is 
expressed as a percentage by comparing RBCs com-
pletely lysed in distilled water (Perk et al., 1964). It 
was previously well reviewed that OF could be affect-
ed by some extrinsic (temperature, pH, oxygenation, 
and drugs) and intrinsic (age, gender, breed, species, 
genotype and phenotype) factors (Igbokwe, 2018). It 
was shown that OF decreased aging in sheep (Asri 
et al., 2006) and cattle (Basarab et al., 1980). It was 
determined that the osmotic fragility of aged eryth-
rocytes in circulation decreased in elderly humans 
and bovine (Mosior and Gomułkiewicz, 1988). On 
the contrary, Rifkind et al. (1983) reported that OF 
increased in aged-erythrocytes of human. It was also 
found that osmotic fragility of erythrocytes was higher 
in male than female in cattle (Olayemi, 2007), fowls 
(Durotoye and Oyewale, 1988) and sheep (Durotoye, 
1987), while it was lower in male than female in dogs 
(Ogunyemi and Olayemi, 2016), goats (Habibu et al., 
2014), turkeys (Azeez et al., 2011) and humans (Olo-
runshola et al., 2012).

The membranes of RBCs consist of polyunsatu-

rated fatty acids, phospholipids and cholesterol which 
relate to membrane stability and functions (Sako et 
al., 1989). Also, erythrocytes are constantly exposed 
to oxidative stress by free radicals produced by he-
moglobin oxidation (Akila et al., 2007). Disruption 
of the redox activities of erythrocytes may result in 
membrane damage ( Ojo et al., 2006). Aging might be 
a potential process for irreversible alterations related 
to the bioaccumulation of such oxidative disturbance 
in the cell (Akila et al., 2007). Lipid peroxidation is 
a series reaction producing free radicals in cell mem-
branes and serves as an indicator of oxidative stress. 
It could be easily determined by the measurement of 
malondialdehyde (MDA), a product of lipid peroxi-
dation, for determining oxidative disturbance (Halli-
well, 1994; van Ginkel and Sevanian, 1994). 

In Turkey, there are only few cat houses where An-
gora cats are saved and maintenance, except individ-
ual Angora cats keeper. It is aimed to create reference 
information about these cats while ensuring the pro-
tection and reproduction of these endangered animals. 
There are several pieces of research (Atmaca et al., 
2014; Erat and Arikan, 2012; Simsek et al., 2015a; 
Şimşek et al., 2015) about Angora cats related to their 
physiological values. However, to the best of our 
knowledge, variations of the erythrocyte membrane 
resistance in Angora cats have not been defined de-
pending on the age and gender previously. Therefore, 
the purpose of the present study was to determine the 
age-and sex-related changes in selected hematologi-
cal parameters, lipid peroxidation and erythrocytes 
osmotic fragility of Turkish Angora cats.

MATERIAL AND METHODS
This study was carried out with nine young (less 

than 1 year old, 6.3±1.9 months) and fourteen adult (1-6 
year-old, 44.6±18.6 months) Turkish Angora cats all 
healthy, vaccinated, fed with standard commercial dry 
cat food, and housed in Kirikkale University in the same 
conditions throughout the investigation. We only used 
the cats in our center for this study in case of changes 
in blood parameters depending on housing and feeding 
conditions. They were also grouped as male (n=12) and 
female (n=11) to investigate the effects of gender. The 
study design was approved by the Local Ethical Com-
mittee of Kirikkale University (2019/3-21).

Blood was collected into the heparinized test tubes 
by puncturing of vena saphena medialis for hemato-
logical analysis and obtaining hemolysate.The blood 
samples were immediately transported to the labora-
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tory in the next building and analyzed for red blood 
cells (RBC), hemoglobin (Hb), hematocrit (PCV), 
mean corpuscular volume (MCV), mean corpuscular 
hemoglobin (MCH), and mean corpuscular hemo-
globin concentration (MCHC) by using an automatic 
blood analyzer (Abacus Junior Vet 5, Austria). 

The rest of the blood samples were centrifuged at 
1000 g for 10 min at 4 °C in the laboratory. The plas-
ma and buffy coat were removed, and erythrocytes 
were washed 3 times with phosphate buffered sodium 
chloride solution (PBS, 154 mM NaCl, 10 mM sodi-
um phosphate, pH 7.4). After the last centrifugation, 
a little part of the erythrocyte pellet was resuspended 
in PBS-NaCl to prepare 10% hematocrit to use the 
osmotic fragility test. The rest of erythrocyte pellet 
was hemolyzed with cold-deionized distilled wa-
ter and stored at -80 °C for further MDA analysis. 
The MDA levels of erythrocytes were analyzed as a 
classical method previously described by Buege and 
Aust (1978).The hemoglobin content of erythrocytes 
was determined by the cyanmethemoglobin method 
(Drabkin and Austin, 1932).

The osmotic fragility of erythrocytes was evaluat-
ed in 2.5 mL of PBS containing gradually increased 
concentrations of NaCl from 0 to 0.85 in 13 tubes 
as previously defined by Tritschler et al. (2016) with 
some modification. Ten microliters of 10% hematocrit 
suspension were mixed with 2.5 mL of each PBS-Na-
Cl dilutions and distilled water in different glass tubes 
and incubated for 30 min at laboratory temperature. 
Afterwards, all samples were centrifuged at 1000 g for 
10 min, and the optical density of the supernatants was 
read with a spectrophotometer (Multiskan Go, Ther-
mo Scientific, Finland) at 540 nm. The percentage of 
hemolysis in each tube containing different concentra-
tions of NaCl was calculated by comparison with that 
of distilled water which was assumed 100 % hemoly-
sis by using formula; % hemolysis = (absorbance of 
test tubes/absorbance of 0% NaCl dilution tube) x 100.
The results were expressed as % hemolysis.

The threshold of P-value is considered 0.3 instead 
of 0.05 to obtain more accurate results of sample dis-
tribution tests for determining of reference interval (RI) 
in veterinary species that have a smaller population, 
according to guideline developed by the American So-
ciety of Veterinary Clinical Pathology (ASVCP) (Frie-
drichs et al., 2012).The Gaussian distribution of sam-
ples was determined by the Shapiro-Wilks test and the 
RI calculation of Gaussian and non-Gaussian samples 
were performed with parametric and robust methods us-

ing MedCalc Software Version 20 (Ostend, Belgium), 
respectively. Further statistical analysis of the data ob-
tained from two groups (young and adult or male and 
female) was performed with SPSS 18.0 package pro-
gram by using Student’s T-test and Mann Whitney U 
test for parametric and non-parametric data, respective-
ly. P<0.05 was considered statistically significant. It is 
also recommended when the number of between 20 and 
40 reference samples are available, a table of ascending 
values along with a histogram and mean or median val-
ues should be reported (Friedrichs et al., 2012).

RESULTS
The histograms in Figure 1 show the population 

distributions of selected blood parameters while the 
histograms in Figure 2 represent the population dis-
tributions of erythrocyte MDA levels and hemolysis 
degrees of RBCs in different % NaCl concentrations.

Selected hematological parameters of young, adult, 
male, and female Angora cats, and reference ranges of 
them for domestic cats were shown in Table 1.There 
were significant differences between erythrocyte relat-
ed values of young and adult cats while there were n 
o significant differences between the same parameters 
of male and female cats. According to these findings, 
RBC, Hb, and PCV were higher in adults, while MCV, 
MCH, and MCHC were lower than in young cats.

Table 2 represents the effects of age and gender 
on the MDA level of cats’ erythrocytes. Malondialde-
hyde levels of adult cats were significantly (P<0.05) 
higher than that of young cats. However, the erythro-
cyte MDA levels of males or females were not differ-
ent statistically (P>0.05).

Table 2 also shows the % NaCl concentrations of 
10% and 90% hemolysis which are accepted initial and 
complete hemolysis, of erythrocytes in young, adult, 
male, and female cats. The erythrocytes OF curve of 
young and adult cats, and male and female cats rep-
resented in Figure 3 and Figure 4, respectively, show 
% hemolysis of RBCs in different dilutions of NaCl. 
Paired comparisons were made only at the NaCl con-
centrations range from initial hemolysis to complete 
hemolysis of RBCs. While erythrocytes of young cats 
were significantly more fragile than the adults at 0.50, 
0.55, and 0.60 % of NaCl concentrations (P< 0.01, P< 
0.001, P< 0.001 respectively), according to Figure 1, 
the erythrocytes fragility of male cats was significantly 
higher than that of females at 0.55 % (P<0.01) and 0.60 
% (P<0.05) of NaCl concentrations (Figure 2).
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Table 1. Changes in erythrocytes related values of Angora Cats depending on the age and gender

Parameters Reference 
ranges* Groups n Mean SD Median Min Max Reference 

Interval
CI 90% of 

LRL
CI 90% of 

URL P value

RBC (×106/μL) 5 - 10

Young 9 6.69 1.24 6.56 5.18 8.95 4.65-8.73 3.55-5.75 7.63-9.83
<0.001

Adult 14 9.72 1.29 9.62 8.36 12.97 7.10-11.87 5.91-8.45 10.56-13.18
Male 12 8.62 1.73 8.78 5.18 10.45 5.83-12.29 3.97-7.51 10.80-13.42 NSFemale 11 7.89 2.24 7.17 5.52 12.97 3.03-11.92 1.12-5.05 9.10-14.10

Hb (g/dL) 8 - 15

Young 9 11.30 0.92 11.40 10.10 12.80 9.78-12.81 8.97-10.60 11.99-13.62 <0.001Adult 14 13.01 0.69 13.01 11.30 13.90 11.88-14.42 11.21-12.51 1.68-14.92
Male 12 12.33 1.23 12.85 10.10 13.70 10.39-15.32 9.04-11.69 14.00-15.88 NSFemale 11 12.05 1.16 12.10 10.60 13.90 10.14-13.94 9.12-11.17 12.92-14.97

PCV (%) 24 - 45

Young 9 30.54 4.02 29.21 24.67 37.10 23.93-37.14 20.36-27.44 33.58-40.71 <0.001Adult 14 42.21 3.82 43.06 34.21 48.76 35.92-48.49 32.68-39.16 45.26-51.73
Male 12 38.35 7.17 41.04 24.67 45.45 25.93-54.66 19.52-34.53 48.17-60.63 NSFemale 11 34.75 6.81 34.21 27.55 48.76 21.27-47.37 13.28-26.25 39.15-53.57

MCV (fL) 39 - 45

Young 9 46.00 3.22 46.00 41.00 51.00 40.69-51.30 37.83-43.55 48.44-54.16 <0.05Adult 14 42.58 4.12 42.50 36.00 50.00 35.80-49.36 32.31-39.29 45.87-52.85
Male 12 44.50 2.88 44.50 41.00 50.00 38.93-49.83 35.44-40.62 46.88-51.91 NSFemale 11 43.91 5.15 45.00 36.00 51.00 35.44-52.37 30.87-40.00 47.80-56.94

MCH (pg) 12.5 - 17.5

Young 9 17.19 1.99 16.88 14.30 20.65 13.92-20.46 12.16-15.68 18.70-22.22 <0.001Adult 14 13.55 1.30 13.51 10.70 15.38 11.40-15.69 10.30-12.50 14.59-16.80
Male 12 14.66 2.11 14.00 12.46 19.50 11.20-18.17 9.41-12.98 16.34-19.91 NSFemale 11 15.98 2.75 16.46 10.70 20.65 11.45-20.50 9.01-13.89 1806-22.04

MCHC (g/dL) 30 - 36

Young 9 37.24 2.28 36.97 34.40 40.94 33.48-40.99 31.45-35.50 38.98-43.02 <0.001Adult 14 30.99 2.71 30.07 28.40 37.10 24.66-35.03 23.04-28.20 31.60-38.12
Male 12 32.79 4.05 30.47 28.56 40.94 22.08-39.62 20.14-27.08 34.90-43.38 NSFemale 11 35.27 3.75 35.86 28.40 40.76 29.10-41.44 25.78-32.43 38.12-44.78

SD: Standard deviation, CI: Confidence interval, LRL: Lower reference limits, URL: Upper reference limits, NS: Non-significant. 
* Reference ranges of selected blood parameters for domestic cats (Blood and Studdert, 1988; Schalm et al., 1975).

Table 2. Changes in lipid peroxidation level and hemolytic range of erythrocytes of Angora cats depending on the age and gender

Parameters Groups n Mean SD Median Min Max Reference 
Interval

CI 90% of 
LRL

CI 90% of 
URL P value

MDA nmol/mL

Young 9 29.31 9.69 32.69 16.67 43.59 11.51-50.63 4.72-21.73 37.42-56.09 <0.05Adult 14 38.97 10.69 39.10 21.79 57.69 21.39-56.55 13.34-29.44 48.50-64.60
Male 12 34.01 8.28 34.61 19.23 53.20 20.39-47.63 14.36-26.42 41.60-53.66 NS

Female 11 36.28 15.17 38.46 16.67 57.69 6.48-66.32 5.80-21.90 52.64-72.74

Initial Hemolysis 
 (%NaCl) 

Young 9 0.65 0.05 0.65 0.60 0.75 0.55-0.73 0.51-0.57 0.70-0.78 NSAdult 14 0.65 0.05 0.65 0.60 0.75 0.56-0.76 0.54-0.59 0.73-0.79
Male 12 0.65 0.04 0.65 0.60 0.75 0.57-0.74 0.55-0.60 0.71-0.77 NSFemale 11 0.65 0.05 0.60 0.60 0.75 0.55-0.73 0.50-0.60 0.67-0.78

Complete Hemolysis 
 (%NaCl) 

Young 9 0.50 0.06 0.50 0.40 0.55 0.35-0.57 0.31-0.40 0.53-0.61 NSAdult 14 0.45 0.04 0.40 0.40 0.50 0.38-0.49 0.34-0.40 0.46-0.52
Male 12 0.45 0.05 0.40 0.40 0.55 0.35-0.53 0.31-0.39 0.49-0.57 NSFemale 11 0.45 0.04 0.45 0.40 0.50 0.39-0.50 0.36-0.43 0.47-0.54

SD: Standard deviation, CI: Confidence interval, LRL: Lower reference limits, URL: Upper reference limits, NS: Non-significant.
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Figure 1. Histograms showing the 6 tested analyte population distributions: (A) RBC: Red blood cells, (B) Hb: Hemoglobin, (C) PCV: 
Package cell volume, (D) MCV: Mean corpuscular volume, (E) MCH: Mean corpuscular hemoglobin, (F) MCHC: Mean corpuscular 
hemoglobin concentration

Figure 2. Histograms showing the 13 tested analyte population distributions: (A) MDA levels of erythrocytes, (B-M), hemolysis de-
grees of erythrocytes in different NaCl dilutions
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Figure 3. Erythrocyte osmotic fragility curve of young and adult 
Angora cats. The data expressed as mean plus standard error 
mean. Asterisk represents the statistically significance, **:P<0.01, 
***:P<0.001
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Figure 4. Erythrocyte osmotic fragility curve of male and female 
Angora cats. The data expressed as mean plus standard error 
mean. Asterisk represents the statistically significance, *:P<0.05, 
**:P<0.01
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DISCUSSION
The blood parameters are determined not only 

for the diagnosis of diseases but also for evaluating 
the health status of living organisms since they are 
supplied much specific knowledge on the metabolic 
events in the body (Theml et al., 2004). In this study, 
we investigated some hematological parameters, lipid 
peroxidation level, and osmotic resistance of RBCs in 
healthy Angora cats in terms of age and gender. This 
study could be criticized for using a small sample 
size. However, we should note that Angora cat is an 
important and special cat breed belonging to Turkey, 
and well-known throughout the world. Unfortunate-
ly, it is an endangered breed (Erat and Arikan, 2012).
Although, in guidelines the Clinical and Laboratory 
Standards Institute (CLSI), it is recommended min-
imum 120 samples for the preparation of reference 
limits (CLSI, 2010), it is difficult to find enough num-
ber of cats that are available, because there are only 
two centers which tries to protect and maintenance of 
Angora cats in our country. One of these centers is 
in our Faculty at Kırıkkale University where 25 cats 
are housed. The other Angora Cat House belongs to 
Ankara Pursaklar Municipality, where 40 cats have 
been saved and maintain here since 2017 (İnal, 2019). 
We did not want to include them, because their hous-
ing, feeding, and drinking conditions were different. 
In addition, two cats in our faciality were excluded 
from the study because they are too older (13- and 
14-years-old). Therefore, the present study was car-
ried out total of 23 cats, and both classification and 
grouping of them were performed as previously de-
scribed by Olayemi et al. (2009).

The results of the hematologic parameters were 
within the reference ranges and highly similar to sug-
gested standard values for cats (Blood and Studdert, 
1988; Schalm et al., 1975). While erythrocyte related 
values were significantly different between young and 
adult cats, they did not differ between male and female 
cats. According to our study, RBC, Hb, and PCV val-
ues were higher in adults than in young cats whereas 
MCV, MCH, and MCHC were higher in young than 
in adults. Similarly, Simsek et al. (2015a) reported 
that RBC, PCV, and Hb values in adult Angora cats 
were higher than in 1.5-3 month-old kittens. Authors 
also showed that MCHC was higher in adults than in 
1.5-3 month-old kittens, while MCV and MCH values 
were statistically the same in both groups. These find-
ings were also in agreement with the reports on dogs 
(Olayemi et al., 2009) and goats (Elitok, 2012), in 
which RBC, Hb and PCV were significantly higher in 

adults than in the young. Whereas Yiğit et al. (2002) 
showed the same parameters were higher in young 
sheep compared to adults. Elitok (2012) showed that 
high level of MCV, MCH, MCHC in young goats sig-
nificantly decreased with age which was parallel with 
our results. We suggest the differences between young 
and adult cats could be related to the life span or high-
er oxygen transport capacity of RBCs.

Our findings on RBC, PCV, Hb, MCV, MCH, and 
MCHC in female cats shown in Table 1 were fairly 
compatible with a previous study in which report-
ed erythrocytes-related hematological parameters 
in 1-3-year-old female Angora cats (Şimşek et al., 
2015). Olayemi et al. (2009) also did not find signif-
icant differences in RBC, PCV, Hb, MCV, MCH and 
MCHC in male and female Nigerian indigenous dogs. 
Furthermore, in a study carried out on Van cats, the 
PCV and Hb values did not differ according to age 
and gender (Sönmez and Ağaoğlu, 2010). However, 
Özkan et al. (2016) reported that PCV and Hb values 
of Van cats were significantly increased with the age, 
and in male cats. These different reports may be ex-
plained by the effects of other factors such as season 
or breed on blood parameters.

In this present study, lipid peroxidation level in 
erythrocytes was measured by MDA concentration 
and was significantly increased by age but there was 
no difference between male and female cats. Similar-
ly, Simsek et al. (2015b) showed that healthy adult 
Angora goats had higher MDA levels in erythro-
cytes than that of young goats. Our results also sup-
port the findings of previous studies carried out on 
dogs (Gaál et al., 1996), mares (Aydilek and Şimşek, 
2006), sheep (Salar-Amoli and Baghbanzadeh, 2010) 
and humans (Akila et al., 2007) which reported MDA 
concentration was affected by aging, but not gender. 
Denaturation of lipids, proteins and nucleic acids, 
and production of free radicals are normal process of 
cellular metabolism and are balanced by antioxidant 
mechanisms. Inadequate neutralization of free radi-
cals emerging with ageing, leads to oxidation of cel-
lular lipids, proteins, and carbohydrates (Matsubara 
and Machado, 1991). High MDA levels in adult cats 
may be associated with cellular membrane damage 
because of aging.

According to the findings of the present study, the 
concentration of NaCl lead to initial (10%) hemolysis 
was 0.65 % in all groups, and NaCl dilution lead to 
complete (90%) hemolysis was 0.50 % and 0.45 % in 
young cats and the others, respectively. These results 
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were in accordance with standard values of domestic 
cats as described by Schalm et al. (1975), in which 
minimum hemolysis was shown at 75% NaCl solu-
tion while maximum hemolysis was shown at lower 
50% NaCl solution. Kohn et al. (2000) also reported 
that the initial and complete hemolysis of erythro-
cytes in non-anemic healthy (Abyssinian and Somali) 
cats were seen at 0.55 % and 0.45 % NaCl dilutions, 
respectively. Erythrocytes of young and male cats 
in the current study were more susceptible to hypo-
tonic NaCl solutions than those of adult and female 
cats. In some previous reports, the erythrocytes OF in 
younger sheep (Asri et al., 2006), cattle (Basarab et 
al., 1980), and turkey (Azeez et al., 2011) were high-
er than that of older animals, which were compati-
ble with the findings of the present study. This may 
be related to the short life span of RBCs in young as 
well as high MCV since it is considered to increase 
macrocytes (immature erythrocytes) count in blood. 
Macrocytes may have been easily broken in capil-
laries during circulation, which resulted in increased 
fragility when comparing in young and adult animals. 
Moreover, lower erythrocyte OF in adult cats may be 
associated with increased stability of cell membrane 
by aging as previously described by Grinna (1977). 
According to his report, cholesterol, phospholipids, 
and saturated fatty acid concentrations of erythro-
cyte’s membrane increased during aging. However, 
this situation may lead to increased oxidative stress 
markers such as MDA, GSH, CAT in elderly/geriatric 
people (Akila et al., 2007). This agrees with the find-
ings of the current study on MDA level (lipid peroxi-
dation) in adult cats which was a higher concentration 
than that of young cats. It is well known that erythro-
cytes are more vulnerable to rupture because of the 
increased oxidative stress by the age, especially in old 
animals (Tyan, 1982). Contrary to expectations, high-
er MDA levels in adults did not cause lower OF in 
erythrocytes compared to young cats. Therefore, it is 
suggested that increased MDA level in adult Angora 
cats is not yet enough to increase OF in erythrocytes 
because they were not senior cats. 

Erythrocytes OF in male Angora cats were high-
er than those in females especially at 0.55 and 0.60 
% concentrations of NaCl solution. There are many 
incompatible reports on variations of erythrocyte OF 
according to gender in the literature. As compatible 

with the current study, RBCs of male cattle (Olayemi, 
2007), sheep ( Durotoye, 1987), and fowls (Durotoye 
and Oyewale, 1988) were more fragile to hypotonic 
NaCl solution compared to females. The authors have 
suggested that this may be related to the stabilizing ef-
fect of estrogen. However, erythrocytes OF in female 
Nigerian Indigenous dogs were higher than that of 
males (Olayemi et al., 2009) while there were no sig-
nificant differences in erythrocytes OF between male 
and female horses (Andriichuk et al., 2014) and Ger-
man Shepherd dogs (Ogunyemi and Olayemi, 2016). 
Unfortunately, the effects of gender on erythrocytes 
OF are still unclear.

CONCLUSION
In conclusion, the results of this study showed that 

erythrocytes related values of Angora cats may have 
variations depending on age and gender. Total RBCs, 
Hb, and PCV values were high in adults while MCV, 
MCH, and MCHC were high in young cats. These 
parameters were not altered according to gender. 
Malondialdehyde level, an indicator of lipid peroxi-
dation was also higher in adults compared to young 
cats, but statistically the same in males and females. 
Osmotic fragility of erythrocytes decreased by age 
and male Angora cats have higher OF than females. 
It is suggested that the life span of RBCs may play a 
role in these age-related differences. However, no dif-
ference between genders in these values may be due 
to low levels of sex steroids in females during long 
anestrus periods. It was concluded that not only the 
age and gender difference affect the RBC related val-
ues, but also breed, season, and hormonal fluctuation 
might be responsible for these variations. In addition, 
although this is a small-scale qualitative study related 
to some blood parameters of Angora cats, these data 
may be useful for veterinarians, and seen as an oppor-
tunity to generate further hypotheses for researchers.
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