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Introduction
Haematology and serum chemistry are becom-
ing increasingly important diagnostic tools in vet-
erinary medicine. Blood parameters in rabbits are 
used as an aid for the clinical diagnosis of organic, 
infectious and several parasitic diseases and to as-
sess the metabolic condition of animals. 
A variety of factors can affect the haematological 
and biochemical parameters in animals, including 

the breed, gender, age, reproductive status and sea-
sonal variations (Osage, 2001; Wells et al., 1999; 
Gill & Wanska, 1978; Mira & Mathias, 1994).   
Haematological data for several particular rabbit 
breeds, as well as for rabbits in general, are avail-
able (Shalom et al., 1974; Karakılçık et al., 2002; 
Hewitt et al., 1989; Bartolotti et al., 1989; Barlet, 
1980), but no data have been published for the An-
gora Rabbits. 
The aim of the current study was to determine some 
haematological and biochemical values and the in-
fluence of sex, season and pregnancy on these pa-
rameters in Angora rabbits. 
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Summary
This study was undertaken to investigate the effect of sex, season and pregnancy on some blood parameters 
in Angora rabbits. A total of 45 Angora rabbits (15 males, 15 females and 15 pregnant rabbits), weighing 
3.6- 5.3 kg were used in this study. Blood samples were collected from female rabbits in January, April, July 
and October, and male and pregnant rabbits in January. 
Erythrocyte counts and haemoglobin concentrations of pregnant rabbits were lower (p<0.05) than those of 
normal non-pregnant rabbits, while mean corpuscular volume in pregnant rabbits was higher (p<0.05) than 
those of non-pregnant rabbits. Total leukocyte counts and lymphocyte ratios in pregnant females were lower 
(p<0.05) than those of normal non-pregnant rabbits. There were no significant differences (p>0.05) in the 
other haematological values between pregnant and non-pregnant rabbits. Total protein, albumin triglycer-
ide, cholesterol, calcium, and (Inorganic) phosphorus were significantly lower (p<0.05) in pregnant rabbits 
than the other females, while the mean glucose level was significantly higher (p<0.05). It was determined 
that male rabbits had higher erythrocyte, haemoglobin and glucose values and lower total cholesterol level 
than females (p<0.05). Erythrocyte count, haemoglobin concentration, mean corpuscular haemoglobin and 
mean corpuscular haemoglobin concentration of female rabbits were lower (p<0.05) in July, whereas he-
matocrit level and mean corpuscular volume were higher (p<0.05) in the same month. Leukocyte count and 
lymphocyte ratio were significantly lower (p<0.05) in July and October. Albumin level was significantly 
higher (p<0.05) in July. Sex and pregnancy as well as season variously affected most haematology and 
serum biochemistry variables. 
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Materials and Methods
Animals
In all, 45 French Angora Rabbits, 15 males, 15 fe-
males (non-pregnant) and 15 pregnant rabbits on 
day 22 to 25 gestation, were examined. The study 
was carried out at the Angora Rabbits Farms in 
Kayseri, Turkey. The animals weighed between 3.6 
and 5.3 kg and were 2-2.5 years old. The rabbits 
housed in individual stainless cages (60 x 80 x 50 
cm high) received water and a standard pellet diet 
(C.P. Feed, Ankara, Turkey) ad libitum. The diet 
contained 18 % crude protein and 2400 kcal/kg me-
tabolisable energy. Bedding material was not used. 
The photoperiod (light: dark), and temperature 
(minimum-maximum) at the sampling days were 
as follows: winter (January: 11 L: 13 D, 15-25 ºC), 
spring (April: 12 L: 12 D, 15-24 ºC), summer (July: 
13 L: 11 D, 24-29 ºC) and autumn (October: 11 L: 
13 D, 15-24 ºC). The humidity ranged between 40 
and 60 %. 
Blood samples were collected from the female rab-
bits in January (representing winter), April (rep-
resenting spring), July (representing summer) and 
October (representing autumn). Blood samples of 
male and pregnant rabbits were collected in January. 
Blood was sampled from the marginal ear vein, two 
samples of blood from each rabbit: a 2-ml sample 
for haematology and a 4-ml sample for biochemi-
cal analyses. The study was approved by the local 
ethics committee and was performed in accordance 
with “Guide for the care and use of Laboratory Ani-
mals (National Research Council, 1996)”. 
Blood samples for haematological analyses were 
delivered to the laboratory within 4 h of collection 
and promptly assayed. 

Haematological Evaluation 
Haematologicall analyses were determined on the 
same day after the blood samples were taken from 
the rabbits. Total erythrocyte counts were counted 
using a Thoma chamber under a light microscope 
at 40 x 10 magnification. Blood samples were 
diluted to 200 times by Hayem’s reagent before 
counting. Blood haemoglobin concentration was 

determined using a Shale hemometer. Micro Win-
trobe hematocrit tubes and hematocrit centrifuge 
were used to determine the (PCV). Total leuco-
cyte counts were detected using a Thoma chamber 
under a light microscope at 10 x 10 magnifica-
tion after diluting blood samples to 10 times with 
Türk’s solution. The percentage of various forms 
of leukocytes was determined by the method of 
Pappenheim (Konuk, 1981). Mean erythrocyte 
volume (MCV), mean corpuscular haemoglobin 
(MCH) and mean corpuscular haemoglobin con-
centration (MCHC) for particular blood samples 
were also calculated.

Biochemical Evaluation
Serum samples were obtained by centrifugation of 
blood at 1300 x g for 15 min, and were divided into 
eppendorf tubes. Isolated sera were stored at -20oC 
until used for analyses. Total protein, albumin, to-
tal cholesterol (TC), triglyceride, glucose, calcium, 
phosphorus and magnesium levels were measured 
spectrophotometrically (Shimatzu, UV-1700) in se-
rum using Chema commercial kits.

Statistics
Data were analyzed using the SPSS for Windows 
software, Version 10.0 (SPSS Inc., Chicago, IL, 
USA). The significant differences in particular 
blood indices between seasons in both sexes were 
determined by analyses of variance (ANOVA). 
When the differences were significant, the Tukey 
HDS test was performed. Statistical significances 
between males and females and between pregnant 
and non-pregnant animals were determined by Stu-
dent’s t-test. A p value less than 0.05 was consid-
ered significant.

Results
The mean haematological and biochemical values 
of male, female and pregnant rabbits examined are 
presented in Table 1 and Table 2. Tables 3 and 4 lists 
the values of all investigated haematological and 
biochemical indices for female rabbits in relation 
to the seasons. 
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Sex influence
Male rabbits had significant higher (p<0.05) RBC 
counts, haemoglobin and glucose values, and lower 
total cholesterol level than female rabbits.

Pregnancy influence
RBC and WBC counts, lymphocyte ratios and 
haemoglobin concentrations of pregnant rabbits 
were significantly decreased (p<0.05) when com-

pared with those of non-pregnant rabbits. The 
MCV value of pregnant rabbits was significantly 
increased (p<0.05) in comparison with that of 
non-pregnant rabbits. There were no significant 
differences (p>0.05) in the other haematological 
indices between pregnant and non-pregnant. Total 
protein, albumin triglyceride, cholesterol, calcium, 
and phosphorus were significantly lower (p<0.05) 
in pregnant rabbits than the female. Mean glucose 

 3

Table 1. The haematological values of male, female and pregnant Angora Rabbits.

Parameter Female Pregnant Male

Erythrocyte (x106/mm3) 6.20 ± 0.36 4.52 ±0.11* 8.05 ± 0.51a

Haemoglobin (g/100 ml) 9.75 ± 0.18 8.16 ± 0.13* 10.20 ± 0.33

Hematocrit (%) 34.90 ± 0.85 32.51 ± 0.78 38.66 ± 0.85a

MCV(fl) 57.20 ± 3.75 67.83 ± 1.74* 56.94 ± 3.27

MCH (pg) 15.72 ± 0.90 17.70 ± 0.42 15.17 ± 0.80

MCHC (g/dl) 27.16 ± 0.60 26.91 ± 0.85 26.03 ± 1.29

Leukocyte (x103/mm3) 6.44 ± 0.73 4.90 ± 0.49* 9.55 ± 0.58a

Lymphocyte (%) 66.80 ± 3.04 57.90 ± 2.72* 59.80 ± 4.14

Heterophil (%) 26.80 ± 2.88 36.90 ± 2.10 34.30 ± 3.83

Monocyte (%) 3.50 ± 0.74 5.00 ± 0.44 3.40 ± 0.65

Eosinophil (%) 1.90 ± 0.64 0.80 ± 0.32 1.50 ± 0.54

Basophil (%) 1.20 ± 0.44 0.10 ± 0.10 1.00 ± 0.44

Data are expressed as means ± SEM. Significantly different from female: * a: p<0.05. 

Table 2 .The biochemical values of male, female and pregnant Angora Rabbits.

Parameter Female Pregnant Male

Total Protein (g/dl) 4.49 ± 6.84 4.27 ± 1.26* 4.39 ± 1.42

Albumin (g/dl) 3.7 ± 0.16 2.8 ± 0.24* 2.9 ± 0.14

Triglyceride (mg/dl) 158.76 ± 5.74 133.20 ± 2.99* 149.56 ± 2.94

Cholesterol (mg/dl) 126.07 ± 6.03 53.18 ± 0.82* 99.38 ± 8.02a

Glucose (mg/dl) 104.24 ± 3.25 115.09 ± 1.38* 115.30 ± 1.88a

Calcium (mg/dl) 15.57 ± 0.36 13.06 ± 0.24* 14.66 ± 0.36

Magnesium (mg/dl) 2.03 ± 0.01 2.07 ± 0.02 2.16 ± 0.06

Phophorus (mg/dl) 5.15 ± 0.20 4.02 ± 0.21* 5.50 ± 0.38

Data are expressed as means ± SEM. Significantly different from female: * a: p<0.05. 
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level was significantly higher (p<0.05) in pregnant 
rabbits compared with female.

Season influence
Erythrocyte count, haemoglobin concentration, 

mean corpuscular haemoglobin and mean corpus-
cular haemoglobin concentration of female rabbits 
were lower (p<0.05) in July, whereas hematocrit 
level and mean corpuscular volume were higher 
(p<0.05) in the same month. Leukocyte count and 

Table 3. The effect of seasons on the haematological values of female Angora Rabbits.

Parameter January April July October

Erythrocyte (x106/mm3) 7.05 ± 0.51a 6.95 ± 0.17a 6.05 ± 0.12b 6.57 ± 0.23 ab

Haemoglobin (g/dl) 10.90 ± 0.33a 10.86 ± 0.21a 9.23 ± 0.12b 10.21 ± 0.23ab

Hematocrit (%) 37.66 ± 0.85a 38.25 ± 1.11a 42. 43 ± 0.81b 37.12 ± 0.32ab

MCV (fl) 56.94 ± 3.27a 57.11 ± 0.37a 62.32 ± 0.53b 58.12 ± 0.74ab

MCH (pg) 17.17 ± 0.80a 16.75 ± 0.19a 15.64 ± 0.65b 16.20 ± 0.54ab

MCHC (g/dl) 29.03 ± 1.29a 28.46 ± 0.30a 26.43 ± 1.21b 27.63 ± 1.13ab

Leukocyte (x103/mm3) 11.85 ± 0.58a 10.98 ± 1.34a 8.71 ± 0.53b 9.42 ± 1.06b

Lymphocyte 59.80 ± 4.14a 58.10 ± 0.58a 54.10 ± 0.45b 55.52 ± 0.45b

Heterophil (%) 34.30 ± 3.83 35.20 ± 0.97 36.95 ± 0.54 36.15 ± 0.54

Monocyte (%) 3.40 ± 0.65 4.30 ± 0.55 5.90 ± 0.74 4.95 ± 0.74

Eosinophil (%) 1.50 ± 0.54 1.70 ± 0.15 1.85 ± 0.11 1.98 ± 0.11

Basophil (%) 1.00 ± 0.44 0.70 ± 0.15 1.20 ± 0.16 1.40 ± 0.16

Data are expressed as means ± SEM. 
a,b: Mean values with different superscripts in the line are significantly different (p< 0.05).

Table 4. The effect of seasons on the biochemical values of female Angora Rabbits.

Parameter January April July October

Total Protein (g/dl) 4.94 ± 1.42 4.30 ± 2.27 4.35 ± 3.21 4.31 ± 2.54

Albumin (mg/dl) 2.80 ± 0.21a 2.90 ± 0.25a 4.70 ± 0.34b 3.10 ± 0.54a

Triglyceride (mg/dl) 143.16 ± 4.54 145.20 ± 2.12 149.15 ± 2.24 146.21 ± 2.15

Cholesterol (mg/dl) 84.38 ± 8.02 75.69 ± 2.08 78.54 ± 8.02 89.38 ± 8.02

Glucose (mg/dl) 119.30 ± 1.88 117.90 ± 0.45 116.90 ± 0.35 117.10 ± 0.41

Calcium (mg/dl) 15,92 ± 0.52 16,97 ± 0.64 16.54 ± 0.51 15.45 ± 0.21

Phosphorus (mg/dl) 6,07 ± 0.21 6,36 ± 0.45 5.84 ± 0.10 6.13 ± 0.25

Magnesium (mg/dl) 2,11 ± 0.02 2,35 ± 0.04 1,99 ± 0.03 2.41 ± 0.05

Data are expressed as means ± SEM. 
a,b: Mean values with different superscripts in the line are significantly different
 (p< 0.05).
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lymphocyte ratio were significantly lower (p<0.05) 
in July and October. On the other hand, the highest 
value of albumin level was observed in July.

Discussion 
The sex and pregnancy of a rabbit, as well as the 
season, variously affected most haematology and 
serum biochemistry variables in this study.
The reduction in erythrocyte count and haemo-
globin values observed in pregnant Angora rab-
bits were in accordance with previously reported 
values in New Zealand rabbits (Kim et al., 2002; 
Wells et al., 1999). Unlike the results of Wells et 
al. (1999), a significant reduction in the hematocrit 
value was not recorded in this study. The reduction 
in the erythrocyte count and haemoglobin values 
in pregnant animals may be related to the physi-
ological anaemia occurring due to hemodilution 
(Ozegbe, 2001; Nuwayhid, 1979). Additionally, a 
shorter erythrocyte life span within the circulation 
during gestation with respect to non-pregnants was 
reported to be another cause of the reduction in the 
erythrocyte count (Brecher and Stohlman, 1961).  
Similarly, a reduction in erythrocyte count, haemo-
globin and hematocrit values and mean haemoglo-
bin concentration in pregnant rats near delivery has 
been reported (LaBorde et al., 1999).
The reduction in erythrocyte count and haemo-
globin value detected in pregnant Angora rabbits 
in this study was in accordance with the results of 
Kabata et al. (1991). On the other hand, it was re-
ported that the haematological parameters in New 
Zealand rabbits were not influenced by sexuality 
(Schalm et al., 1975) and gestation (Bortolotti et 
al., 1989). We observed that leukocyte count and 
lymphocyte ratios in pregnant animals were lower 
than in non-pregnant rabbits. These findings were 
similar to those reported by Kim et al. (2002). On 
the contrary, Bortolotti et al. (1989) found no sig-
nificant difference between adult and pregnant hae-
matological profiles. This difference may originate 
from the gestation period and the race. The increase 
detected in the mean corpuscular volume (MCV) 
value of pregnant animals in this study was not con-

sistent with the reports of Bortolotti et al. (1989).  
The increase in MCV suggests an increase in the 
number of immature erythrocytes, which would be 
in accordance with findings in pregnant rabbits and 
in women (Kim et al., 2002; Lurie, 1993). 
In our study there were fewer leukocytes in pregnant 
animals than in non-pregnants, which corresponded 
with the results obtained by Wells et al. (1999) and 
Kim et al. (2002). The reduction detected in lym-
phocyte rates was consistent with the findings of 
various researchers (Bortolotti et al., 1989, Kim et 
al., 2002; Kuhnert et al., 1998). Similarly, the re-
duction of lymphocyte rates was also reported in 
pregnant rats (Kim et al., 2000). However, in con-
trast to our results, an increase leukocyte count was 
not detected in pregnant women by Kuhnert et al. 
(1998). This difference may originate from the dif-
ference in species. 
Reduction in the levels of triglyceride, cholesterol, 
total protein, albumin, calcium and phosphate and 
increase in the glucose level, observed in pregnant 
animals during our study was concurrent with the 
results of Wells et al. (1999). Conversely the reduc-
tion they observed in the level of glucose in preg-
nant rats was not concurrent with our results; how-
ever, the reduction in the total protein, albumin and 
calcium seen by LaBorde et al. (1989) were concur-
rent with our results. On the other hand, similar to 
our results Verma et al. (1984) emphasized that the 
cholesterol level decreased in cows. Similar to our 
results, in various investigations on pregnant rab-
bits (Wells et al., 1999; Barlet, 1980) calcium and 
phosphorus levels were reported to be lower than 
that of non-pregnants. 
The season was show to have a significantly effect 
on the haematological parameters in this study. 
Though the erythrocyte, haemoglobin, MCH and 
MCHC values reached the highest point during 
winter months, they descend to the lowest levels 
in the summer, conversely hematocrit amount and 
MCV increased during summer months and de-
creased during winter and spring months. These 
results were consistent with the results obtained 
in chinchillas by Jacubov et al. (1984). In various 
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studies, erythrocyte, haemoglobin and hematocrit 
values were reported to reach the highest values 
during winter months in different rodents (Rewk-
iewiccz-Dziarska, 1975); conversely these values 
were reported to be at the lowest level during winter 
months in large animals such as horses (Gill and 
Wanska, 1978) and cows (Rusoff et al., 1954). This 
difference may originate from the different adap-
tation skills of animal species against temperature 
changes.  
On the other hand, Scelza and Knoll (1982) reported 
that in desert rodents erythrocyte count was at the 
highest level during summer months whereas it pro-
gressed to lower levels during winter months. The 
summer season may decrease the oxygen-carrying 
capacity of blood by changing erythrocyte count 
and haemoglobin concentration. Cold weather, on 
the other hand, displays an effect providing a better 
blood circulation. Increase in the amount of haemo-
globin during winter months may be considered as a 
method of increasing the oxygen-carrying capacity.  
Additionally, changes in the environment tempera-
ture and photoperiod are the most important factors 
affecting the erythrocyte count, haemoglobin and 
hematocrit values (Rewkiewiccz-Dziarska, 1975). 
On the other hand, others found the erythrocyte 
count to be higher in summer but haemoglobin and 
hematocrit values to remain the same both in sum-
mer and winter (Rietkerk et al., 1994).  
Finding Mean MCH and MCHC values to be higher 
in winter may be a sign of an increase in erythro-
poietic activity of the rabbits. Additionally factors 
such as activity, diet, environment temperature and 
sex may also affect erythropoietic activity. In this 
study, leukocyte count and lymphocyte rate were 
lower during summer and autumn months than in 
winter months. These findings were in agreement 
with the results obtained in chinchillas by Jakubov 
et al. (1984). According to Barkova et al. (1992), 
in rats there was an increase in leukocyte and lym-
phocyte counts in spring, in eosinophil count in 
autumn and in neutrophile and monocyte count in 
winter. Seasonal differences observed in lympho-
cyte counts and types may be due to photoperiod. In 

field mice, a long-term photoperiod was reported to 
stimulate hemopoiesis, whereas constant light was 
reported to suppress hemopoiesis (Dobrowolska 
and Gromadzka-Ostrowska,1983).
Albumin values obtained in our study increased 
in summer in accordance with previous reports in 
house mice (Mira and Mathias, 1994) and chinchil-
las (Gromadzka-Ostrowska and Zalewska, 1985). 
On the contrary, in field mice the lowest values of 
albumin were observed in summer (Dobrowolska 
and Gromadzka-Ostrowska, 1983). This difference 
may be related to animal species and the effect of 
the photoperiod. The reason for the increase of 
albumin amount during summer months is due to 
the increase in the osmotic pressure exerted by al-
bumin, which is responsible for the osmotic pres-
sure of the blood to a great extent, so preventing 
the discharge of water from the blood vessels. Total 
protein and glucose values in laboratory rats were 
found to be at a maximum in May and at minimum 
in February (Mikeska and Petrasek, 1977). Whereas 
cholesterol, triglyceride, calcium, magnesium and 
phosphorus levels were not influenced by seasons. 
In the study carried out on mice, although choles-
terol level decreased during winter months, no dif-
ference was detected in glucose levels (Berezkin et 
al., 1987). On the other hand, Gündüz et al. (2000) 
and O’Kelly (1972) reported that serum cholesterol 
level was at the highest level in cows during winter 
months. In a study carried out on reindeer (Larsen 
et al., 1985), it was found that the glucose level was 
low in November-February and high but variable in 
March-October; conversely triacylglycerols, total 
and HDL-bound cholesterol were all low in No-
vember-March, but increasing in April and reach-
ing a peak in August-September. These differences 
may originate from animal, species, environment 
temperature, age, sex, hormonal changes and the 
seasonal changes in food intake.
In conclusion, we have demonstrated the effect of 
sex, pregnancy and seasons on some haematologi-
cal and biochemical parameters in Angora Rabbits, 
and have compared our findings with those reported 
in other species. We hope that our findings will be 
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helpful when interpreting laboratory results in An-
gora Rabbits.
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