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Abstract: The main idea of this topic is to assess the effect of light intensity upon selected elements  

of animals’ blood (brown rat) as the influence of day and night cycles, or any other variations in light 

intensity affecting an organism have been proven by several studies. Three groups of animals have been 

observed in terms of an impact of varying light intensity (increased intensity, natural intensity  

and darkness). Obtained blood samples served for determining the amount of erythrocytes  

and hemoglobin, share of hematocrit and the number of leukocytes. Regarding erythrocytes,  

no significant increase that could be caused by heightened light intensity has been noticed. On the other 

hand, zero intensity has reduced the amount of erythrocytes down to 7.09 T · l-1 (compared to 8.29  

T · l-1 when the intensity level got higher). The highest hemoglobin levels (172.68 g · l-1) as well as the 

amount of leukocytes (9.7 g · l-1) have been observed upon the control group. Heightened light intensity 

has not taken any effect on increased levels of blood parameters, although all observed parameters went 

down as a result of total lack of light (i.e. darkness). 
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INTRODUCTION 

Haematological examination enables to discover malfunctions of haematological system  

and equally, this analysis can prove useful when determining health prognoses and particular diseases 

or their diagnoses. Therefore, not only can haematological analysis give evidence of inner environment 

disorders, but also of welfare, physical shape and performance of animals. It is furthermore influenced 

by age, sex, breed and physical strain (Padalino et al. 2014, Roland et al. 2014). 

Results of an experiment conducted at boar insemination station provide a direct impact of light 

intensity on semen as far as its quality is concerned. The results allow us to deduce a hypothesis for light 

intensity affecting hormone level in blood and potential effect on blood components (erythrocytes, 

leukocytes, haemoglobin, hematocrit) (Pecinova 2014). 

A number of scientific studies mention a clear effect of light on food intake, sense of direction, 

increased enzyme activity, control of sexual cycle, and even metabolic rate, e.g. the one of animals living 

in a cave is much slower (Dominoni et al. 2013, Barker et al. 2010). The purpose of this study was to 

discover if light also takes part in affecting parameters of blood components in brown rats with regard 

to hematology. 

Light is perceived by visual perception. This perception is transferred into the brain – or 

hypophysis to be more concrete, which consequently produces sex hormones. Such process influences 

a human’s ethology as well as their psychology. A significant hormone melatonin produced by epiphysis 

is regulated by means of visual perception when sensing light conditions within external environment. 

Melatonin produced in the dark can actually be considered a night form of serotonin. Melatonin enables 

an organism to calm down and rest and once its production is limited, the organism asks for regeneration. 

On the contrary, heightened light intensity cheers up and inhibits production of melatonin. However, the 

intensity getting too high can result in a stressful situation (Barker et al. 2010, Pinel et al. 1994, Pum et 

al. 2008). 
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As the impact of ongoing day and night cycles has been confirmed by a great deal of studies,  

the experiment was to observe varying intensity affecting particular elements in animals’ blood  

and in their behaviour respectively. 

MATERIAL AND METHODS 

A laboratory rat (Rattus norvergicus var. Alba) belonging to the Wistar tribe was selected for this 

experiment and groups of sexually mature male rats, aged two months were made. 

The animals were divided into three groups, each having different light intensity. Each group 

contained 8 pieces. The first group (Variant 1) was kept under laboratory conditions with increased light 

intensity up to 400 lx for the period of 12 hours a day. Control group (Variant 2) was kept under 

conditions with natural lighting that changed, depending on cycles of day and night. The last group 

(Variant 3) was kept under conditions with reduced light intensity 0 lx, i.e. darkness. 

The groups were kept in special boxes meant for breeding of laboratory rodents. Feeding, 

consisting of complete feed composition and water ad. lib., took place every day. As for bedding, ground 

pieces of corn cob were made use of. Surrounding temperature was 22°C on average. 

The experiment took 40 days. After total anesthesia, blood samples were taken, which provided 

data for a statistical comparison of hematologic test results in relation to breeding conditions  

of a particular group. Levels of erythrocytes, leukocytes, hemoglobin and hematocrit were evaluated 

within each group. 

Erythrocytes were determined by means of Hayem’s solution. To determine leukocytes, we used 

Turk’s solution first and then we counted them in Burker’s chamber. Hemoglobin was determined 

photometrically, with the use of Drabkin’s solution and a device called Spekol. For the determination 

of hematocrit, we centrifuged full capillary blood. 

All data was processed in Statistica 12 software, using ANOVA data analysis and evidential 

differences were consequently determined by means of the Scheffe’s method with level  

of conclusiveness P>0.05. 

Table 1 Average values of observed parameters regarding brown rat (Rattus norvegicus) according  

to Vasku (2007) 

Observed parameter Average value 

Erythrocytes 5.5–10 T · l-1 

Hematocrit 0.46 l · l-1 

Hemoglobin 130–150 g · l-1 

Leukocytes 12.5 G · l-1 

RESULTS AND DISCUSSION 

Erythrocytes 

From the viewpoint of monitoring the influence of light intensity on the level of experimental 

animals’ blood erythrocytes, its effect being the cause of the increase of erythrocytes has not been 

directly proved. The group which was kept in the dark (Variant 3) showed statistically and conclusively 

the lowest amount of erythrocytes (7.09 T·l-1) as opposed to the control group (8.93 T·l-1) and the group 

having higher light intensity (8.29 T·l-1). Established difference between Variant 1 and 2 was not 

statistically evidential (see Table 2). Registered levels of erythrocytes did not exceed normal average 

levels for brown rats, according to Vasku (2007). 

Hemoglobin 

Received readings of hemoglobin showed following differences: Variant 2 had statistically  

and conclusively the highest hemoglobin level in blood (172.68 g · l-1). The amount of hemoglobin  

in Variants 1 and 3 was conclusively lower, Variant 3 reaching the lowest level 154.93 g · l-1. No 

statistically evident difference was found between Variants 1 and 3 (see Table 2). Levels of hemoglobin 

were higher in comparison to the standard of Variant 2. The levels were exceeded by 15% and in Variant 

3, we registered boundary value. Variant 1 exceeded the standard by 7%, according to Vasku (2007). 
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Hematocrit 

In reference to the determination of hematocrit, no statistically evident difference was found, 

except for Variant 3 showing slightly lower level (see Table 2). Measured values of hematocrit did not 

exceed common values, according to Vasku (2007). 

Leukocytes 

Received readings of leukocytes reached the highest level in Variant 2 (9.7 G·l-1), which was 

statistically and conclusively higher than in Variants 1 and 3. The lowest amount was found in Variant 

3 (7.2 G·l-1). The difference between Variant 1 and 3 was not proved (see Table 2). Value variance  

of leukocytes was lower, according to Vasku (2007). With respect to approximate values provided  

in a chart for the Faculty of Medicine, Charles University in Prague, the amounts of leukocytes are lower 

in Variants 1 and 3. The reading in Variant 2 ranged within given boundaries (8–14 G·l-1). 

Table 2 Results of hematological examination of the observed animal groups 

Group Erythrocytes (T·l-1) Hemoglobin (g·l-1) Hematocrit (l·l-1) Leukocytes (G·l-1) 

Variant 1 8.29 a 161.58 a 0.478 a 7.5 a 

Variant 2 8.93 a 172.68 b 0.478 a 9.7 b 

Variant 3 7.09 b 154.93 a 0.439 a 7.2 a 
Statistically evident differences are indicated by different letters. 

The results of Ji et al. (2014) make clear that blood composition, as well as the entire organism, 

are not only affected by intensity and time of exposure to light, but also its wavelength. Higher light 

intensity causes evident rise in blood volume in mice, however lower intensity can damage cells, 

although it may have a positive influence on blood circulation. 

According to Barker et al. (2010), brown rats do not comply with higher light intensity conditions, 

which makes the animals much more timid. A more natural behavior was registered under lower light 

intensity. 

Another experiment confirmed defensive behavior of the rats when being displayed to high light 

intensity (Godsil, Fanselow 2004). 

Heightened light intensity caused increased serotonin secretion in brown rats. This effect was not 

affirmed in the case of dopamine (Pum et al. 2008). 

Length of the light day affected concentration of luteinizing hormone in little sows, when longer 

day (16 light : 8 dark) made the concentration higher (Hälli 2006). 

CONCLUSION 

Heightened light intensity did not influence the parameters of hematological evaluation.  

As for erythrocytes, there was no significant increase in the amount caused by higher light intensity.  

On the other hand, zero intensity made the erythrocytes quantity go down. The highest hemoglobin 

readings were observed in control group, within which natural variations of light intensity took place. 

The lowest hemoglobin amount was registered in the group kept in the dark. The lowest hematocrit level 

was determined in the group kept in the dark and this particular value matched given average values. 

Quantity of leukocytes was the last observed parameter, which proved by the highest value in the control 

group. On the contrary, the lowest amount was in the group with zero light intensity. Because  

of the experiment results, it is convenient that further monitoring focusing on levels of the selected 

hormones be carried out. 

ACKNOWLEDGEMENT 

The research was prepared under the support from Grant IGA TP 2/2015: Effect of selenium  

on the quality of plant and animal production from the perspective of health safety. 

REFERENCES 

Barker D. J., Sanabria F., Lasswell A., Thrailkill E. A., Pawlak A. P. & Killeen P. R. 2010. Brief light 

as a practical aversive stimulus for the albino rat. Behavioural Brain Research [online].  



 

MENDELNET 2015 
 

483 | P a g e  

 

214(2): 402–408. [2015-08-22]. Available from: http://www.sciencedirect.com/science/article/pii 

/S016643281000464X 

Dominoni D. M., Carmona-Wagner E. O., Hofmann M., Kranstauber B. & Partecke J. 2013. Individual-

based measurements of light intensity provide new insights into the effects of artificial light at night  

on daily rhythms of urban-dwelling songbirds. Journal of Animal Ecology [online].  

83(3): 681–692 [2015-08-22]. Available from: http://onlinelibrary.wiley.com/doi/10.1111/1365-

2656.12150/pdf 

Godsil B. P.,  Fanselow M. S. 2004. Light stimulus change evokes an activity response in the rat. Animal 

Learning & Behavior [online]. 32(3): 299–310. Available from: http://www.scopus.com/record 

/display.url?eid=2-s2.0-10944263709&origin=resultslist&sort=plff&cite=2s2.010944263709&src 

=s&imp=t&sid=591F642B0698800D97BD772EDD325826.euC1gMODexYlPkQec4u1Q%3a800&so

t=cite&sdt=a&sl=0 

Hälli O., Peltoniemi O. A. T., Tast A., Virolainen J. V., Munsterhjelm C., Valros A. & Heinonen M. 

2008. Photoperiod and luteinizing hormone secretion in domestic and wild pigs. Animal Reproduction 

Science [online]. Available from: http://www.sciencedirect.com/science/article/pii/S03784320060 

05380 

Ji L., Zhao Z., Shen L. & Zhang J. 2014 Influence on mice micro circulation and blood serum spectrum 

characteristic induced by light sources of different type and power. Optik - International Journal  

for Light and Electron Optics [online]. 125(1): 477–481. [2015-08-23]. Available from: http://www. 

sciencedirect.com/science/article/pii/S0030402613009741 

Padalino B., Rubino G., Lacinio R., & Petazzi F. 2014. Observations on the Hematology of Standardbred 

Horses in Training and Racing in Southern Italy. Journal of Equine Veterinary Science [online].  

34(3): 398–402 [2015-08-21]. Available from: http://www.j-evs.com/article/S0737-0806 

%2813%2900475-9/abstract 

Pecinova H., 2014. Hodnocení parametrů osvětlení na inseminační stanici kanců. Diplomová práce, 

Mendelova univerzita v Brně. 

Pinel J. P., Mumby D. G., Dastur F. N., Pinel J. G. 1994. Rat (Rattus norvegicus) defensive behavior  

in total darkness: risk-assessment function of defensive burying. Journal of Comparative Psychology 

108: 140–147. Available from: http://psycnet.apa.org/index.cfm?fa=buy.optionToBuy&uid=1994-

36148-001 

Pum M. E., Huston J. P., De Souza Silva M. A. & Müller C. P. 2008. Visual sensory-motor gating by 

serotonin activation in the medial prefrontal and occipital, but not in the rhinal, cortices in rats. 

Neuroscience [online]. 153(2): 361–372 [2015-08-22]. Available from: http://www. 

sciencedirect.com/science/article/pii/S0306452208003059 

Roland L., Drillich M., Fidlschuster B., Schwendenwein I. & Iwersen M. 2014. Short communication: 

Evaluation of an automated in-house hematology analyzer for bovine blood. Journal of Dairy Science 

[online]. 97(9): 5580–5586 [2015-08-21]. Available from: http://www.sciencedirect.com/ 

science/article/pii/S0022030214004627 

Vasku J. B., et al., 2007. Praktikum z patologické fyziologie, kolektiv pracovníků Ústavu patologické 

fyziologie LF MU [online]. 92 [2015-08-21]. Available from: http://is.muni.cz/elportal 

/estud/lf/ps06/3050988/Praktikum_z_patologicke_fyziologie.pdf 

Vybrané fyziologické parametry dospělého člověka a potkana. Orientační hodnoty. Studijní materiály 

lékařské fakuty university Karlovy v Praze [online]. [2015-08-21]. Available from: http://fyziolo 

gie.lf1.cuni.cz/file/5644/tabulka-clovekxpotkan.pdf 

 

 

http://www.sciencedirect.com/science/article/pii/S016643281000464X
http://www.sciencedirect.com/science/article/pii/S016643281000464X
http://onlinelibrary.wiley.com/doi/10.1111/1365-2656.12150/pdf
http://onlinelibrary.wiley.com/doi/10.1111/1365-2656.12150/pdf
http://www.scopus.com/record/display.url?eid=2-s2.0-10944263709&origin=resultslist&sort=plff&cite=2s2.010944263709&src=s&imp=t&sid=591F642B0698800D97BD772EDD325826.euC1gMODexYlPkQec4u1Q%3a800&sot=cite&sdt=a&sl=0
http://www.scopus.com/record/display.url?eid=2-s2.0-10944263709&origin=resultslist&sort=plff&cite=2s2.010944263709&src=s&imp=t&sid=591F642B0698800D97BD772EDD325826.euC1gMODexYlPkQec4u1Q%3a800&sot=cite&sdt=a&sl=0
http://www.scopus.com/record/display.url?eid=2-s2.0-10944263709&origin=resultslist&sort=plff&cite=2s2.010944263709&src=s&imp=t&sid=591F642B0698800D97BD772EDD325826.euC1gMODexYlPkQec4u1Q%3a800&sot=cite&sdt=a&sl=0
http://www.scopus.com/record/display.url?eid=2-s2.0-10944263709&origin=resultslist&sort=plff&cite=2s2.010944263709&src=s&imp=t&sid=591F642B0698800D97BD772EDD325826.euC1gMODexYlPkQec4u1Q%3a800&sot=cite&sdt=a&sl=0

