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Seasonal influence on biochemical blood parameters
in males of Californian rabbit breed

Y.V. Duda', M.P. Prus?, R.S. Shevchik', L.V. Koreyba', R.V. Mylostyvyi', V. V. Samoiliuk’

" Dnipro State Agrarian and Economic University, 25, S. Efremov St, Dnipro, 49600, Ukraine,
2 National University of Life and Environmental Sciences of Ukraine, Kiev
Corresponding author E-mail: dudajulia1976@gmail.com
Received: 15.08.2020. Accepted 29.09.2020

Biochemical parameters of rabbit blood are important for the control of animal diseases and the impact on meat productivity
of diets and various supplements. The biochemical profile of blood changes under the influence of various factors, including
temperature and humidity, which are associated with seasonality. The aim of the study was to determine the influence of
seasonality on the biochemical analysis of blood of meat rabbits.The average annual temperature in the rabbitry was
15.9£1.10 °C during the observation period, with minimum values in winter +5.30 °C, maximum values in summer +27.70 °C
and an average relative humidity of 68.3+1.2%. The seasonal fluctuations (within physiological values) of some serum indicators
of protein-nitrogen metabolism in males of Californian rabbits breed have been established. In spring, we observed a significant
increase in the concentration of total protein by 7.0-12.0% and albumin - by 9.7-9.8%. At the same time, the lowest values of
urea, creatinine and uric acid were equal or less than the average annual physiological indicators. Deviations of temperature
from comfortable indicators in winter and summer led to the adaptive changes in rabbit organisms. We revealed the changes
in the creatinine econtent in summer, uric acid content in summer and winter and increased activity of ALAT enzyme in winter
and summer. We suggested that in case of rabbit keeping in rooms without artificial regulation of the microclimate, it is
necessary to consider the influence of seasonal temperatures on blood serum biochemical parameters.
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Introduction

Californian rabbit breed is very popular dmong the meat rabbit breeds of rabbits in Ukraine and was imported in the seventies
of last century (Skabal, 2014). Biochemical parameters of rabbit blood are important for determining the impact of commercial
diets, immunomodulators, biologically active substances and feed additives on rabbit growth, development and resistance to
diseases (Gumerov, 2015; Molina et al., 2017; Daader et al., 2018; Salisu et al., 2018; Habeeb et al., 2018). The basic values of
blood serum components are necessary for the study, development and testing of rabbit disease controls in veterinary
medicine (Gbore & Akele, 2010; Dontas et al. 2011; Freitas et al. 2011; Guo et al., 2017; Duda et al., 2018; Oohashi et al., 2019).
Physiological state and biochemical profile of rabbit blood are subject to change under external factors influence (Yaqubet al.,
2013). Some authors reported the fluctuations in rabbit blood biochemical parameters depending on their sex, breed and age
(Gattaniet al., 2016; Dailidenok, & Noreyko, 2014; Cetin et al., 2009; Shaobo et al., 2019); the others indicated the influence of
climate, seasonality, growing conditions and feeding ration (Al-Eissa, 2011; Molina et al., 2017; Okab et al., 2008; Ondruska et
al., 2018). Proper interpretation of animal biochemical profile contributes to effective control of rabbit health (Etim et al., 2014;
Duda, 2019). However, differences in regulatory values and the impact of external environmental factors complicate the use of
such indicators, so the scientists determined the baseline values for certain conditions. (Ozkan et al., 2012).

According to the State Statistics Service of Ukraine from 2015-2017, in Ukrainian households (private sector) about of 93.5%
from total number of rabbits were kept, whereas in the Zaporozhye region it was 100%. At the same time, according to the
traditional conditions of rabbit breeding, in the southern region of Ukraine more than 95% of rabbit farms do not have an
artificial microclimate regulation (Gonchar et al., 2020). Lack of information about the seasonal influence on the biochemical
profile fluctuations in the rabbit blood requires the relevant study.

Therefore, the aim of our study was to determine the influence of seasonality on blood biochemical parameters in male rabbits
of the California breed with dual keeping in the southern region of Ukraine.

Material and methods

The work was performed during 2015-2017 in a private farm in the Zaporizhye region with Californian rabbits, which used cage
keeping in compliance with all zoohygienic requirements and balanced diet. Laboratory tests were conducted in the test center
of the Zaporozhye Regional State Laboratory of the State Service for Food Safety and Consumer Protection, which is s accredited
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in accordance with the requirements ISO/IE 17025:2006, certificate of accreditation No 2H305, National Accreditation Agency
of Ukraine.

Considering that most of euthanized animals were males (females mostly are used to restore the parent flock), we selected the
male rabbits of the Californian breed for our research. Thefirst (I) group were formed from rabbits that were kept in the rabbitry
with a climate control system (CC+) during the year (temperature 16-20 °C, relative humidity 65-70%); the second (control, II,
510 ) group was kept in the rabbitry with natural ventilation (CC-). The biochemical profile of rabbit blood was determined in
different seasons: winter (W), spring (Sp), summer (Su) and autumn (A). We selected 25 healthy 2-month-old male rabbits
adapted after the weaning from mothers after 10 days. The animals were kept in the experiment for one month, after which
they were euthanized. According to the results of post-mortem veterinary and sanitary examination, the data of blood
biochemical parameters form animals with pathologies were removed from the experiment. Each month, the following
analogous groups of males from one parent herd were formed. Rabbits were kept in conventional cages made of wire mesh
and equipped with a feeder and a nipple drinker, controlled by 12L:12D (12 h light:12 h dark) lighting schedule with automatic
lighting.

Rabbits of both groups received the same diet throughout the seasons. The diet of rabbits was commercial granular feed
(PEDomashenko D.l.) was made according to the recipe No K-94-22 for fattening of young animals (alfalfa hay 35%, wheat 20%,
corn 12.5%, sunflower meal 10.5%, barley bran 10%, limestone 10.5% and premix 1.5%). The temperature and relative humidity
in the rooms were measured using an automatic thermohygrometer Walcom HT-350. The average daily temperature and
relative humidity were determined by daily maximum and minimum values, the monthly average values were calculated,
followed by the calculation of seasonal average.

Rabbit blood was sampled every two weeks in a state of calm from the jugular vein to test tubes. In total, more than 1.000
rabbits were used in our study for two years. Serum biochemical studies were performed using reagent kits from “Filisit-
Diagnostyka” (Ukraine, Dnipro). Benchtop 722(n) lab digital vis-spectrophotometer was used to determine the total protein
content by biuret method (Nowotny, 1979), albumins were determined with bromocresol green indicator (Doumas et al., 1972),
globulins (calculated index equal to the difference between the content of total protein and albumin) and globulin fractions -
by the precipitation (Vlizlo et al., 2012).

Protein ratio (calculated index) was calculated as the ratio of albumin to globulin, urea content - by the reaction with diacetyl
monooxime (Tietz, 1986), uric acid - by phosphorus-tungsten method (Kamyshnikov, 2003), creatinine - by Jaffe-Popper method
(Men'shikova, 1997); activity of alanine aminotransferases (ALAT) and aspartate aminotransferases (ASAT) - by the Reitman-
Frenkel method (Reitman& Frankel, 1957), and gamma-glutamyltranspeptidase (GGT) - by method with substrate y-L - (+) -
glutamyl-4-nitroanilide (Barnes et al., 2007). De Ritis index was calculated as the indicator equal to the ratio of ASAT and ALAT
activity.

Keeping, feeding, care and all animal manipulations were carried out in accordance with the requirements of the European
Convention for the Protection of Vertebrate Animals Used for Research and Other Scientific Purposes (Strasbourg, 18.03.1986),
"General ethical principles of animal experiments" approved at the First National Congress of Bioethics (Kyiv, September 20,
2001), Article 26 of the Law of Ukraine Ne5456-VI from 16.10.2012 "On the protection of animals against cruel treatment" and
EU Directive 86/609 / EEC of 24.11.1986. Results were obtained within two years; their seasonal averages were calculated using
Statistica v. 10 software (StatSoft Inc., USA). The reliability of the difference between the season parameters was evaluated by
Student's t-test. The numbers in tables and charts were presented like arithmetic means and standard errors.

Results
The average annual temperature values in the cages with group | (CC+) and group Il (CC-) were 18.6+0.04 and
16.9+0.25 °C, average annual relative humidity - 67.8+0.06% and 69.0+0.4% respectively during the period of observation
(Table 1).

Table 1. Average seasonal temperature and relative humidity in rabbitry (n=730)

| group (CC+) Il group (CC-)

Parameters Winter Spring Summer Autumn Winter Spring Summer Autumn

(@) (b) (©) (d) (e) () @® (h)
Temperature, °C
Mean 18.1 18.8 19.4 18.3 11.9°2 16.7° 23.3¢ 15.7¢
Range 1 SZ 17.5-19.8 17.9-20 16-19.9 5.3-14.3 13.0-21.1 19.7-27.7 8.5-23.4
Cv (%) 4.42 2.76 2.54 4.95 13.05 11.74 8.63 25.78
SE 0.08 0.05 0.06 0.09 0.16 0.21 0.21 0.42
Relative
humidity, %:
Mean 67.8 67.8 67.4 68.3 76.3% 67.7 61.6¢ 70.3
Range 65.8-70.0 65.0-70.0 62.7-69.9 66.3-70.0 68.9-84.1 55.1-80.7 50.3-71.4 58.3-84.1
Cv (%) 1.54 1.70 1.81 1.36 5.35 8.73 7.01 9.88
SE 0.11 0.12 0.13 0.10 0.43 0.21 0.45 0.73

Cv (%) - coefficient of variation; SE - standard error, ' - significant (p<0.05) difference with the specified group, 2 ¢ _sjgnificant
(p<0.01) difference with the specified group, 22 e ff.8e¢_ sjgnificant (p<0.001), difference with the specified group
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We collected the results of microclimate monitoring (temperature-humidity regime) in rabbitry towards the seasons with and
without a climate control system (Table 1). The lowest average winter air temperature in the room for keeping Il group rabbits
was +5.3 °C, the highest summer temperature was +27.7 °C, whereas in spring-autumn the temperature was more moderate
without sharp deviations from comfortable values (+16.7 and +15.7 °C respectively). The average relative humidity in the
rabbitry of group Il (CC-) ranged from 50.3 to 84.1% during the year. At the same time, the average values were the lowest in
summer: 61.6% and the largest were in winter - 76.3%. In spring and autumn, the average values of relative humidity in the

room had a small difference (67.7 and 70.3%).

Comparisons of microclimate in rabbitry of groups | and Il show that the average temperature differed (p<0.001) in all four
seasons. The relative humidity had a significant difference between the groups only in winter and summer seasons (p<0.001).
Therefore, we identified a significant difference in temperature and relative humidity in winter and summer for the rabbits
withand without the microclimate control. Our results indicated the probable changes in some biochemical parameters of
rabbit serum blood from group | (CC+) and group Il (CC-) in different seasons (Table 2). Seasonal fluctuations in serum
parameters concentrations were within the physiological limits (Makarova & Makarova, 2013; Vlizlo et al., 2012; Melillo, 2007;
Suckow et al., 2002; Gumerov, 2015).

Table 2. Seasonal distribution of protein metabolism parameters in rabbits (n=1010)

Parameters Norm | group (CC+) Il group (CC)
Winter(a) Spring(b) Summer(c) Autumn(d) Winter(e) Spring(f) Summer (g) Autumn (h)
Total protein, 30-822 65.11+£1.30 65.71+£1.24 59.44+2.13 59.86+1.99 61.77£3.01 66.44+£1.19 60.80+1.95f 58.46+2.22
g/L 54-753
Albumin, g/L 15-56.67 35.87+0.72 36.47+0.60 33.8410.56 33.6610.55 33.17+0.89°° 36.76+0.58 36.24+0.65 33.18+0.5588
27-503
Globulin, g/L 9.3-41.0% 29.24+£1.13 29.32+1.17 26.61+£2.10 26.20+1.98 28.60+£2.39 29.68+£1.19 24.55+1.83f 25.28+2.23
15-273
Protein ratio 1.4-1.62 1.23+0.08 1.24+0.08 1.27+£0.13 1.29+0.12 1.16+0.13 1.24+0.08 1.48+0.18 1.31+£0.14
1-3.33
Urea, mmol/L 10.0" 6.69+0.30 5.98+0.31 6.56+0.58 6.73+0.53 7.44+0.48 5.60+0.27¢¢ 6.69+0.71 7.80+0.61"
2.2-4.9?
3.3-7.5%
Uric acid, 59.5-255.8° 107.92+11.53 103.21+11.97 118.00+9.75 108.81+£7.26 174.19415.4032 103.42+12.21¢ 171.11+10.07 102.92+8.15¢%
pmol/L 888
Creatinine, 44-223? 85.63+£10.18 87.40+£10.48 96.22+10.40 96.85+10.04 89.05+13.81 80.54+10.64 152.03+14.2¢ ff 111.23+9.02" 8e8
pmol/L
36-592
ALT, U/L 45-803 41.59+4.86 43.17+3.81 42.96+3.82 42.66+3.21 59.90+4.54% 41.59+4.86 57.87+2.88 34.04+3.90
25-60°
22-80?
AST, U/L 35-130° 26.68+3.04 25.99+2.77 25.39+2.08 24.82+1.89 23.1213.61 26.69%3.06 26.30+1.83 25.33+2.04
5-316
;hdeex de Rithis 4 5 0.64£0.05  0.59£0.05 0.59£0.06 0.5840.05 0.39£0.04 0.64£0.07 0.45£0.05 0.74£0.08
GGT.UL ;:;?2 12.79+0.60 12.94+0.71 12.64+1.05 12.84+0.99 10.42+0.79°2 14.21+0.80%¢ 7.86+1.08f 12.72+1.038

af _ significant (p<0.05) difference with the specified group, 2 ¢ ffige_significant (p<0.01) difference with the specified group, 23 ¢ee . gg8_ significant (p<0.001)

difference with the specified group, "Makarova & Makarova (2013), ?Vlizlo et al. (2012), 3Veterinary Manual https://www.msdvetmanual.com/special-
subjects/reference-guides/serum-biochemical-reference-ranges, *Melillo (2007), °Suckow et al. (2002), ®Gumerov (2015).

Significant seasonal dynamics of the biochemical profile was determined in rabbits kept indoors and with significant
temperature fluctuations. During the observation period, the content of total protein in the blood of rabbits was within the
above average physiological values for two groups (Vlizlo et al., 2012). The total protein in the blood of rabbits of both groups
increased in spring by 7.03-12.01% and only in group Il the difference was determined between spring and summer (p<0.05),
as well as spring and autumn seasons (p<0.01). The growth of this indicator in spring was caused by an increase in the content
of albumin and globulin fractions (36.76+0.58 and 29.68+1.19 g/l). The concentration of serum albumin in rabbits of group Il
was higher by 6.6% (p<0.01) in summer and less by 7.5% (p<0.01) in winter than in rabbits of group I. The highest values of
globulin fraction in rabbit blood from both groups weree observed in winter and spring. In summer and autumn this indicator
gradually decreases. However, the content of albumin and globulin in rabbit blood was in the average regulatory range for both
groups (Vlizlo et al., 2012). The protein coefficient in group Il rabbits was highest in summer (1.48) due to a decrease in the
globulin fraction and the lowest - in winter (1.16) due to increase in globulins, whereas in group | the protein coefficient had
minimal seasonal fluctuations (1.23-1.29). Thus, the seasonal fluctuations of total protein, albumin and globulin in the blood of
rabbits were periodicals. Important indicators of nitrogen metabolism, such as urea, uric acid and creatinine in both groups of
rabbits were at physiological levels during the observation period (Makarova & Makarova, 2013; Vlizlo et al., 2012; Suckow et
al., 2002), except for the value of urea, which in our studies exceeded some norms (Vlizlo et al., 2012).
There was no significant difference between rabbits from groups | and Il in the content of blood urea in same season. Thus, in
the Il group, the maximum values of this indicator was noted in autumn-winter (7.80+0.61 and 7.44+0.48 mmol/I, respectively),
and the minimum was in spring (5.60+0.27 mmol/l) and summer (6.69+0.71 mmol/l). In the rabbit blood from group Il we found
a certain (p<0.001) increase for uric acid in winter (by 38%) and in summer (by 31%) and for creatinine by 36.7% in summer
compared with group | (Fig. 1). Uric acid in the blood of animals without the correction of temperature and humidity had high
concentrations in winter and summer, which was almost 40% more than in spring and autumn seasons: in winter and summer-
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174.19+15.40 and 171.11+£10.07 pmol/l, respectively, in spring and autumn- 103.41+12.21 and 102.92+8.15 pmol/l. In the blood
of rabbits, there was a significant increase in creatinine (by 27-47%) in the summer. In autumn, winter and spring, this indicator
decreased by 1.37 times (p<0.001), 1.25 and 1.11 times, respectively. Therefore, the main peaks in creatinine and uric acid
occurred in summer. In addition, the maximum values of uric acid were recorded in winter, whereas the minimum values of
both indicators were detected in spring.
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Fig. 1. Seasonal fluctuations of uric acid, creatinine and ALT in the blood of group Il rabbits

The activity of enzymes ASAT and ALAT, which participate in the synthesis of amino acids, carry out their decomposition into
keto acids and serve as an indicator system of liver functional was within the average physiological values in rabbit blood from
both groups (Vlizlo et al., 2012; Gumerov, 2015). No significant difference in ASAT activity was found between groups | and Il in
same season. The ALAT activity in rabbit blood of group Il increased by 24.44% (p<0.001) in comparison with group | in summer,
reaching the upper physiological range of 57.87 U/I. In rabbits of both groups, the calculated ASAT-ALAT ratio did not correspond
the normative interval and was less than one (0.39-0.74) for the entire observation period.

The value of gamma-glutamyltranspeptidase activity in the blood of rabbits from both groups was in the upper limits above
physiological values during the observation period (Vlizlo et al., 2012). The CGT activity in rabbit blood from group Il was
significantly higher in spring and autumn months (14.21+0.80 and 12.72+1.03 U/I respectively) compared with its activity in
winter (10.42+0.79 U/l) and summer (7.86+1.08 U/I).

Table 3. Seasonal distribution of blood protein globulin fractions in rabbits (%)

| group Il group
Parameters Norm Winter Spring Summer Autumn Winter Spring Summer Autumn
(a) (b) (c) (d) (e) U) (8 (h)
. 50-692 55.65+1.14 56.27+1.16  60.21 59.39£1.70 54.71+2.23 56.02¢1.18  61.18+2.20f 60.23+£1.91
Albumin, % 1179
Globulin, % 31-502 43.35+1.14 43.73£1.15 39.79 40.61£1.70  45.29+2.23 43.98+1.18 38.82+2.20f 39.77+1.91
+£1.79
o4-globulins 4.89+0.53  4.68+0.81 1101 38 4.78+0.37  6.51£0.64* 4.76+0.40 6.67+0.67¢ 3.70£0.37%8
7-132 o
op-globulins 7.78£0.73  7.58%0.71 508;11 6.02£0.40  8.12+0.93  8.20£0.72 7.63+0.82 5.52+0.40%f8
. 7-142 5.17 #
B-globulins 5.30£0.77  5.76%0.45 10.64 5.62+0.61 8.98+1.27%  4.68+0.48%¢ 7.54+0.75 5.61+0.63
. 17-232 24.62 .
y-globulins 25.35¢1.59 25.69+1.59 1156 24.22+1.52  21.65£1.32 26.31+1.60  16.99+1.35““™ 24.93+1.5788

a.efe_ significant (p<0.05) difference with the specified group, < ee .88 - significant (p<0.01) difference with the specified group, < fff- significant
(p<0.001) difference with the specified group, 2 - Vlizlo et al. (2012)

Thus, the blood of rabbits showed the highest content of total protein, against the background of low levels of urea, uric acid
and creatinine in spring. There was a decrease in total protein due to a decrease in globulin content and a sharp increase in
uric acid and creatinine in summer, which propably caused by high temperatures. These indicators do not change significantly
in winter compared to autumn, except for uric acid. Analyzing the fractional spectrum of globulins in the serum of rabbits, we
found that the percentage of globulins throughout the year was within physiological norms (Vlizlo et al., 2012). We observed
the alternate seasonal changes in the content of a1-globulins and B-globulins (Fig. 2). At the same time, their rises were observed
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in winter and summer and their declines - in spring and autumn. The percentage of y-globulins, in contrast, decreased in winter
and summer, and increased in autumn and spring

The lowest percentage of as-globulins and op-globulins in group Il rabbits was found in autumn; it was 3.70+0.37% and
5.52+0.40%, respectively, which was differed from other seasons.

Discussion

In our studies, the average annual temperature and humidity (15.9+1.1 °C and 68.3+1.2%) of the microclimate in the room for
rabbits were close to the indicators (16 °C, 72.5%) identified as the most favorable (Habeeb et al., 2018). Therefore, comfortable
mean values of temperature and relative humidity in the rabbitry were observed in spring (+15.3+£0.19 °C and 68.2+0.61%) and
autumn (+14.1£0.05 °C and 71.3+1.31%). In hot and cold periods of the year we registered significant deviations from the
optimum temperature: summer (+27.7 °C) and winter (+5.3 °C).Temperature from +27 to + 28 °Cis characterized by researchers
as critical with the effects of heat stress and reduced growth in rabbits(Okab et al., 2008). In contrast, Habeeb et al. (2018)
reported that the heat stress in rabbits was absent at a temperature less than + 27.8 °C and moderate heat stress was observed
in the temperature range of 27.8-28.9 °C.

The average values of total protein in the blood of Californian rabbits in our studies ranged from 58.46 to 66.44 g/|, which is
less than the values established by Dailidenok & Noreyko (2014). We found an increase in protein metabolism in rabbits in
spring compared to summer and autumn, as evidenced by a significant increase in total protein (p<0.05 and p<0.01,
respectively), albumin compared with autumn (p<0.001) and globulins (p<0.005) compared with summer.Comparison of similar
in the most optimal temperature indicators of the spring and autumn shows an increase in the concentration of total protein
(p<0.01) and albumin (p<0.001) in the spring. Changes in serum albumin concentration as one of the indicators of liver function
(Meineriet al., 2017) indicate an increase in the protein-synthesizing ability of the liver in the spring and a decrease in the
autumn. We found that decrease of total protein (p<0.05) and globulin (p<0.05) in the blood of rabbits in summer coincides
with the data of scientists who explain this decrease in feed intake in the hot season (Marai et al., 2008). In contrast, the increase
of total protein, albumin, and globulin in rabbits blood in summer compared to spring, some researchers explained by the
reaction of rabbits to heat stress and maintenance of osmotic pressure by blood proteins and fluid flow control between blood
and tissues (Okab et al., 2008; Cetin et al., 2009; Ondruska et al., 2011).

We did not find significant changes in the protein coefficient due to the increase in total protein in albumin and globulin fractions
in spring, while Okab et al. (2008) recorded an increase in total protein in summer due to corresponding decrease in the protein
ratio.

Nitrogen metabolism products, urea, uric acid and creatinine in spring-autumn were within the physiological norms with slight
fluctuations. Compared with other seasons, an increase in uric acid in summer (p<0.001) and winter (p<0.01) was found, but its
levels remained within the physiological limits. Probably, it was explained by temperature stress factors: temperature decrease
to the minimum value of + 5.3 °C in winter, and increase to + 27.7 °C in the summer. Plank et al. (2017) confirmed an increase
of uric acid (the final compound of purine catabolism) in the blood of newborn rabbits under the action of stress factor. The
concentration of creatinine in the blood significantly increased in summer (p<0.001 and p<0.01), which coincides with the
research of Maraiet et al. (2005), who shows a significant increase in creatinine in the blood of Californian rabbits in the hot
period due to dehydration. In contrast, Okab et al. (2008) had noted a slight increase in creatinine in the blood of New Zealand
rabbits regardless of the season. Certain seasonal patterns in urea content fluctuations in the rabbit blood corresponded to
the normal range were not detected.

We have found wave-like seasonal fluctuations in the levels of globulin fractions. The lowest percentages of as-, a, -globulins
were observed in autumn, and B-globulins - in spring. At the same time, in the critical temperature seasons, winter and summer,
thereis anincrease in as-globulins and B-globulins in the blood of rabbits against the background of a decrease in these seasons
of y-globulins, which indicates a negative temperature effect on rabbit immune system. The increase in the percentage of vy-
globulins obtained by us in spring and autumn coincides with the report on these in spring by Gromadzka-Ostrowska &
Zalewska (1985).

Biochemical profile of blood, such as the level of total protein, the activity of serum transferases: ASAT, amd ALAT, has diagnostic
value in various diseases and represent the state of protein metabolism (Hristev et al., 2008; Prasad, 2008). An increase in ALAT
activity with values close to the upper physiological limits was observed in winter (p<0.05) and summer (p<0.01; p<0.001). At
the same time, no significant changes in seasonal ASAT activity were found, which coincides with the report of Okab et al. (2008).
The increase in serum ALAT levels in summer and winter registered in our experiments corresponds to the data of Nakyinsige
et al. (2013) and the tendency to increase ALAT levels in winter in humans as an adaptive response to cold stress (Miyake et al.,
2009). The decrease in ALAT activity in autumn (p<0.05; p<0.001) in our experiment coincides with a decrease of total protein
and albuminin the same season which may indicate a decrease in protein-synthesizing function of the liver.

The ASAT-ALAT ratio (de Ritis index) is recommended as valuable prognostic and diagnostic information (Botros & Sikaris, 2013).
In our studies the de Ritis index for all seasons was lower than one, which does not coincide with the normative indicators (Vlizlo
etal.,2012). Botros and Sikari (2013) reported the lack of generally accepted reference intervals of de Ritis index and the difficulty
in determining its physiological limits due to the need to take into account relatively large individual variations.

In our studies, the serum GGT levels in spring and autumn reached the upper physiological limits, which was also defined by
Vlizlo et al. (2012) and exceeded the regulatory intervals indicated in Veterinary Manual. BySusank. Fielder). However, the
obtained values of GGT concentration in rabbit blood (from 127.43 to 236.43 nmol/(s*l)) were lower than in Ozkan et al. (2012),
who established GGT levels in the range of 150-516.7 nmol/(s¢l) in healthy male rabbit. Therefore, due to the different regulatory
ranges of CGT concentration, we can not testify the deviation of our data from physiological limits. In our opinion, more detailed
researches are necessary for the establishment of seasonal fluctuations in enzymatic activity of rabbit blood.
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Conclusions

The seasonal fluctuations in serum indicators of protein-nitrogen metabolism in male rabbits of the Californian breed were
established and ranged within the physiological values. There was a significant increase in the concentration of total protein by
7.0-12.0% and albumin by 9.7-9.8% in spring. At the same time, the lowest values of urea, creatinine and uric acid were annyaly
less than the average physiological interval.

The total protein in the blood of males from Californian rabbit breed was set by us at a level slightly higher than the average
physiological values: from 58.46+2.22 to 66.44+1.19 g/l. Deviations of temperature from comfortable indicators in winter and
summer led to adaptive changes in rabbit organisms. As a result, there were the jumps in the values of creatinine in summer,
uric acid: in summer and winter. We also registered increased activity of ALAT enzyme in winter and summer.

Our resuts can be useful for veterinarians, producers, and researchers. In case of keeping rabbits in rooms without artificial
thermoregulation, it is necessary to consider the effect of uncomfortable temperatures on blood serum biochemical profile.
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