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Original Research Article 

Haematological Alterations in Heat-Stressed Male Wistar rats 

 
ABSTRACT 
 
Background 
Heat stress (HS) occurs due to the global rising temperatures and the exposure of certain 
industrial workers to hot ambient temperatures. Physiological adaptability to heat stress involves 
long-term hemorheological modifications.  
 
Objectives 
The present study evaluated the effect of heat stress on haematological profile using heat-
stressed Wistar rat models.  
 
Materials and Methods 
The study involved using twenty (20) male apparently healthy Wistar rats, with a weight range of 
200-250g and an age range of 12-16 weeks. Before the study, the rats were acclimated for two 
weeks under standard animal husbandry conditions. To simulate heat stress (HS), a heating 
chamber was utilized and maintained at a temperature of 38±1˚C. The animals were randomly 
grouped into five (5), comprising five (5) animals per group. Group 1 served as the control and 
was not exposed to HS, while Groups 2, 3 and 4 were exposed to HS inside the heating chamber, 
regulated at  38±1˚C for 2, 4 and 8 hours respectively for thirty 30 days. Animals were 
anaesthetized by cervical dislocation and blood was collected by cardiac puncture for 
haematological analysis: packed cell volume (PCV), haemoglobin concentration (Hb),  red blood 
cell (RBC), white blood cell (WBC), MID cells percentage (MID), lymphocytes, neutrophil and 
platelet counts were determined using a haematology auto-analyzer. Other haematological 
indices: mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), mean 
corpuscular haemoglobin concentration (MCHC), neutrophil-lymphocyte ratio (NLR), platelet-
lymphocyte ratio (PLR), total lymphocyte count (TLC), plateletcrit (PCT), mean platelet volume 
(MPV), platelet distribution width (PDW) and platelet large ratio (PCLR) were determined in 
line with standard formulae.  
 
Results 
Data from the study indicated a significantly raised PCV, RBC, Hb, NLR and PLR among the 
heat-exposed groups compared to the control (p<0.05). Also, mean values of WBC, TLC, 
lymphocytes and MPV decreased compared to the control (p<0.05).  
 
Conclusion 
Long-term hemorheological changes are involved in the physiological adaptation to heat stress. 
According to the information from the current study, it appears that HS caused a rise in the PVC, 
Hb RBC, NLR, and PLR levels and a decrease in WBC, TLC, lymphocytes, and MPV. The data 
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points to HS as a potential cause of increased blood viscosity, inflammation, and tissue damage, 
as well as immune system suppression and disruption of platelet synthesis and activation. 
 

Keywords: heat stress, haematology, red blood cell, white blood cell, mean platelet volume 
 

 
 
INTRODUCTION 
In the past century, the earth's temperature has been gradually rising with strong evidence linking 
it to human activity, particularly the burning of fossil fuels such as coal, oil, and gas [1, 2]. The 
impact of global warming and rising temperature on human physiology has continued to gain 
traction as the world continues to experience rising temperatures due to climate change [3, 4]. 
Heat is a natural as well as an occupational hazard as it affects workers in various industries, 
particularly those who work outdoors or in hot environments [5, 6].  With the human capacity to 
adapt to varied climates and environmental conditions in physiological and behavioural terms, 
there are clear and absolute limits to the amount of heat exposure an individual can tolerate [7, 
8].  
Heat stress results when a change in body temperature exceeds the upper critical limits, 
producing a strain in the biological systems and overwhelming heat conservation/dissipation 
mechanisms, and affecting productivity and metabolic rate [9]. Homeothermic creatures regulate 
their body temperature within a narrow range and hence when heat is generated in the course of 
metabolic activity, a steady state is maintained by activating a heat loss mechanism to dissipate 
the excess heat [10, 11]. Physiological adaptability to heat stress involves behavioural or 
metabolic modifications in response to heat to increase the dissipation of excess body heat to the 
environment to negate heat load in the body [12, 13]. Thermoregulation involves a  neural 
process that integrates external and internal information from the thermal environment to an 
appropriate efferent response, allowing the organism to maintain a stable internal environment 
relative to a variable external environment [9, 14, 15]. The general homeostatic responses to HS 
stress include increased core body temperature, respiration rate, water consumption and 
peripheral vasoconstriction  [16, 17]. These responses are divided into two phases (acute and 
chronic) which correspond to the two stages of adaptation to heat stress. The acute response 
involves the activation of thermal receptors of the skin and hypothalamus which activates the 
autonomic nervous system leading to the release of glucocorticoids and catecholamines which 
modify metabolism. On the other hand, the chronic response is driven by continuous exposure to 
the HS causing changes in the homeorhetic and endocrine systems. 
 
The adverse impact of heat has been fairly documented. As many intracellular molecular 
structures function on relatively weak interactions for stabilization, heat stress can cause 
significant damage cellular alterations and damage, impairing protein, DNA and RNA synthesis 
[18, 19]. Also, heat stress increases oxidative stress by damaging the mitochondria and 
increasing intracellular reactive oxygen species (ROS) leading to protein and DNA damage as 
well increased lipid peroxidation [20-23]. Long-term exposure to heat stress can lead to 
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endocrine responses involved in the release of stress hormones which can depress the thyroid 
hormones and hence affect energy utilization and lipid metabolism [24, 25]. Furthermore, heat 
increases the level of plasma cortisol which down-regulates the activity of neutrophils, 
depressing immunity [26]. Despite the various studies on the impact of heat stress, there is a 
paucity of data regarding the effect of heat stress on haematological parameters. Available data 
show varying and conflicting results. The present study, therefore, aims to evaluate the effect of 
heat stress on haematological profile using heat-stressed Wistar rat models.  

MATERIALS AND METHODS 

Research Animals 
Twenty (20) apparently healthy male Wistar rats (200-250g, 12- 16 weeks) were sourced from 
the animal house of the Department of Human Physiology, University of Port Harcourt and used 
for the study. The animals were allowed to acclimatize for two (2) weeks before the start of the 
study. The animals were housed under standard animal husbandry conditions in well-ventilated, 
clean wooden cages with optimal conditions: 12 hr day/night cycle, temperature 28 - 30ºC, 
humidity 45 – 50%. The animals had access to standard rat chow and water ad libitum.  
 
Heat Chamber 
Heat stress (HS) was simulated using a perforated heated wooden chamber (30cm x 50cm x 
25cm). The chamber was heated using a non-light heat emitter ceramic bulb (Simple Duluth xe, 
China), fitted with a digital thermometer (Shenzhen Brav Electronic Technologies Co., Ltd, 
China) and regulated using a heat switch (Popu Electric, China). The chamber was maintained at 
38±1˚C. 
 
Research Design and Heating Protocol 
Twenty (20) male Wistar rats were weighed and randomly divided into four (4) groups of five 
(5) animals each. The animals in Group 1 served as the control and were not exposed to heat but 
were housed inside a heating chamber without food or water for the duration of the experiment. 
Groups 2, 3 and 4 served as the study groups and were exposed to HS inside the heating chamber 
with the temperature regulated at 38±1˚C for 2, 4 and 8 hours respectively. After each heating 
session, the animals were removed from the heating chamber and allowed free access to rat chow 
and water while they cooled passively at an ambient temperature of 26 –30°C. Daily controlled 
heat exposure lasted for thirty (30) days. 
 
Laboratory Analysis 
Animals were anaesthetized by cervical dislocation and blood was collected by cardiac puncture 
and transferred into an EDTA sample bottle for haematological assay. The packed cell volume 
(PCV, haemoglobin concentration (Hb),  red blood cell (RBC), white blood cell (WBC), MID 
cells percentage (MID), lymphocytes, neutrophil and platelet counts were determined using a 
using a haematology auto-analyzer (Automatic Haematology Analyzer, Mindray, China). Other 
haematological indices: mean corpuscular volume (MCV), mean corpuscular haemoglobin 
(MCH), mean corpuscular haemoglobin concentration (MCHC), neutrophil-lymphocyte ratio 
(NLR), platelet-lymphocyte ratio (PLR), total lymphocyte count (TLC), plateletcrit (PCT), mean 
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platelet volume (MPV), platelet distribution width (PDW) and platelet large ratio (PCLR) were 
calculated in line with standard formulae [27-31]. 
 
Animals used for the study were housed and handled in compliance with standard guidelines and 
care of the experimental use of laboratory animals [30, 31].  
 
Statistical Analysis 
Data obtained from laboratory investigations were analyzed using  IBM Statistical Product and 
Service Solutions (SPSS version 25). The mean and standard error of the mean of each parameter 
was calculated for each research group. The mean values obtained for study groups (2,3 & 4) 
were compared to the control (Group 1) using the analysis of variance (ANOVA) followed by a 
least significant difference (LSD) post hoc analysis (ANOVA). A p-value less than 0.05 (p<0.05) 
was considered statistically significant. 
 
RESULTS 
 
Table 1: Effect of Heat Stress on packed cell volume, haemoglobin concentration, red blood cell 
count and red cell indices of male Wistar rats 

 
Parameters 

Control 
(n=5) 

2 hr HS 
(n=5) 

4 hr HS 
(n=5) 

8 hr HS 
(n=5) 

Packed cell volume (%) 44.30±0.63 49.66*±1.68 48.32*±1.26 51.08*±1.11 
Haemoglobin concentration (g/dl)  12.94±0.21 13.68±0.16 13.92*±0.29 14.46*±0.33 
Red blood cell (x1012/L) 7.05±0.09 8.38*±0.77 7.67±0.18 7.86±0.10 
Mean corpuscular volume (fL) 62.81±0.80 60.35±3.27 62.10±0.64 64.93±0.64 
Mean corpuscular haemoglobin (pg) 18.34±0.23 16.80±1.32 18.16±0.26 18.38±0.19 
Mean corpuscular haemoglobin concentration  (g/dL) 29.22±0.36 27.69±1.05 28.83±0.22 28.31±0.17 

Result is given as mean±standard error of mean;*significantly different compared to control   (p<0.05) 
 
The effects of heat stress on the PVC, Hb, RBC, MCV and MCHC of male Wistar rats are shown 
in table 1 above. There was a significant increase in the PCV, Hb and RBC among the HS 
animals compared to the control (p<0.05). 
 
 
Table 2: Effect of Heat Stress on total white blood cell count, white cell differential count and 
some haematological indices of male Wistar rats 

Parameters Control 
(n=5) 

2 hr HS 
(n=5) 

4 hr HS 
(n=5) 

8 hr HS 
(n=5) 

While blood cells (x109/L) 4.00±0.64 1.62*±0.27 4.12±0.80 4.04±0.98 
Lymphocytes (x109/L) 3.20±0.50 1.56*±0.42 2.58±0.45 3.22±0.73 
Neutrophil (x109/L) 0.36±0.10 0.22±0.02 0.28±0.07 0.52±0.12 
MID cells percentage (x109/L) 0.24±0.07 0.10±0.03 0.20±0.04 0.30±0.10 
Neutrophil-Lymphocyte ratio 2.7±0.58 12.15*±4.26 4.16±0.86 4.88±1.51 
Platelet-Lymphocyte ratio 232.53±36.95 573.02*±173.04 277.33±49.60 245.93±44.01 
Total Lymphocyte Count 339.59±51.36 134.28*±25.29 351.68±76.57 322.77±72.77 
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Result is given as mean±standard error of mean;*significantly different compared to control   (p<0.05) 
 

Table 2 shows the effect of HS on the WBC, lymphocyte, neutrophil, MID cell percentage, NLR, 
PLR and TLC of male Wistar rats. There was a significant reduction in WBC, lymphocytes, and 
TLC among the HS rats compared to the control (p<0.05). Conversely, the HS rats had a 
significantly increased NLR and PLR  compared to the control (p<0.05). 

 

Table 3: Effect of Heat Stress on platelet count and other platelet parameters of male Wistar rats 
Parameters Control 

(n=5) 
2 hr HS 
(n=5) 

4 hr HS 
(n=5) 

8 hr HS 
(n=5) 

Platelets (x109/L) 676.80±35.17 668.80±55.49 636.80±47.26 667.20±48.57 
Plateletcrit (%) 0.58±0.24 0.74±0.24 0.51±0.04 0.54±0.04 
Mean platelet volume (fL) 8.66±0.20 8.34±0.25 8.06*±0.21 8.14±0.06 
Platelet distribution width (%) 12.32±0.75 11.78±0.98 10.54±0.66 11.04±0.26 
Platelet large ratio 19.86±1.91 17.60±2.18 15.48±1.59 15.680.53 

Result is given as mean±standard error of mean;*significantly different compared to control   (p<0.05) 
 

The effect of HS on PLT and other platelet indices is shown in table 3 above. Although the PLT, 
PCT, PDW and PCLR all showed a marginal decrease among the HS animals when compared to 
the control (p>0.05), only the MPV showed a significant reduction for 4 hr HS animals 
compared to the control (p<0.05). 

 

DISCUSSION  
Heat stress occurs due to rising global temperatures and the exposure of certain industrial 
workers to hot ambient temperatures [9, 14]. Physiological adaptability to heat stress involves 
long-term metabolic and hemorheological modifications [9, 12, 15]. The present study evaluated 
the effect of a 30 days-controlled HS on the haematological profile of Wistar rats. 
Haematological parameters serve as vital indicators of the overall health status and the functional 
state of the body. They also serve as physiological gauges to changes in environmental 
temperature, stress and diseases [32, 33]. The plasma fluid serves as a thermoregulatory medium 
to reduce hyperthermia with alterations in erythrocytic, leucocytic and immunologic variables 
[26, 34].  
 
Data from the present study showed that animals exposed to HS had significantly raised PCV, 
Hb and RBC compared to the non-heat exposed control (p<0.05) (Table 1). The packed cell 
volume (PCV) is a measure of the proportion of blood cells (majorly RBCs) in whole blood 
relative to the plasma. Heat stress can cause dehydration which shrinks the size of the plasma, 
thereby elevating the PCV [35]. Furthermore, when exposed to high temperatures, the body may 
experience heat-induced polycythemia, a condition where the number of red blood cells (RBCs) 
increases as a response to heat stress [36]. Since RBCs are responsible for transporting oxygen to 
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the body's tissues, the body may produce more RBCs to meet the elevated demand caused by 
heat. Also, exposure to HS leads to the activation of the sympathetic nervous system and the 
subsequent release of catecholamines such as epinephrine and norepinephrine. These hormones 
trigger the contraction of the spleen, resulting in the release of stored red blood cells into the 
bloodstream. As a result, there is an increase in packed cell volume (PVC), red blood cell count, 
and haemoglobin concentration [35, 37]. It has also been hypothesized that the increase in PVC 
and Hb in response to elevated high temperature could be due to an increase in the availability of 
nutrients required for haemoglobin synthesis as the animals may have consumed more food due 
to HS [35, 38]. This increase in PCV, RBC and Hb is similar to earlier findings [33, 39, 40]. 
However, Srikandakumar et al. and Sivakumar et al. [41, 42] observed a decrease in PCV RBC 
and Hb concentration in heat-stressed goats and sheep respectively.   
 
The study observed a significantly reduced WBC, TLC and lymphocytes among the 2 hours HS 
animals compared to the non-exposed control group (p<0.05) (Table 2). WBCs are very 
significant components of the immune system which help the body to fight against infections and 
other foreign bodies [32, 43]. Exposure to HS may have suppressed either the production of 
white blood cells (WBCs) in the bone marrow or their survival in circulation. This can lead to a 
reduction in the number of available WBCs to combat infections [40]. Furthermore, HS can lead 
to the activation of the hypothalamic-pituitary-adrenal (HPA) axis, which leads to the release of 
cortisol. Cortisol is a stress hormone that can suppress the immune system, leading to a decrease 
in the number of lymphocytes [26, 33, 34, 44]. Data from the study also indicate a significantly 
increased neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR) among HS 
animals compared to the control (p<0.05). NLR is employed as an easy and reliable marker of 
immune response to various infectious and non-infectious stimuli as it incorporates the innate 
immune response mainly due to neutrophils and adaptive immunity supported by lymphocytes 
[45, 46]. Elevated NLR suggests systemic inflammatory response (SIRS) due to bacterial 
infection, cancer, stroke, severe trauma and tissue damage [47]. HS has been shown to cause 
tissue damage characterized by elevated serum malondialdehyde (MDA) [13, 48]. The platelet-
lymphocyte ratio (PLR) is a novel inflammatory biomarker used in the prediction of 
inflammation and mortality with higher values suggesting systemic inflammation, atherosclerosis 
and platelet activation  [30, 49]. The present study hypothesizes that HS may have depressed 
immunity and increased systemic inflammation.  
 
According to the study, the platelet counts and other platelet indices exhibited a slight decrease, 
but the reduction was not statistically significant. There was a significant reduction in the mean 
platelet volume (MPV) in animals subjected to 4 hours of HS compared to the control group 
(p<0.05). Mean platelet volume (MPV) is a measure of the average size of platelets in the blood. 
Platelets play a crucial role in blood clotting and inflammation. Dehydration and changes in 
blood viscosity can affect platelet size and function [50]. The MPV have been investigated in 
connection with inflammation and platelet activation [51, 52]. Also, HS can trigger SIRS with 
inflammatory mediators such as interleukin-6 (IL-6) and C-reactive protein (CRP) changing the 
size and shape of platelets, promoting platelet destruction or even interfering with platelet 
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production [53, 54]. This suggests that HS may be associated with increased SIRS and platelet 
dysfunction.  
 
 
CONCLUSION 
Physiological adaptability to heat stress involves long-term hemorheological modifications. 
Based on the available data from the present study, it appears that HS led to elevated levels of 
PVC, RBC, NLR, and PLR and a reduction in WBC, TLC, lymphocytes and MPV. The evidence 
suggests that HS could be responsible for increasing blood viscosity, inflammation and tissue 
damage, depressing immune function and disrupting the production and activation of platelets. 

Ethical Approval 
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Ethics committee. 

 

REFERENCES 

1. Soeder DJ, Soeder DJ. Fossil fuels and climate change. Fracking and the Environment: A 
scientific assessment of the environmental risks from hydraulic fracturing and fossil fuels. 
2021:155-85. 

2. Letcher TM. Why do we have global warming? Managing global warming: Elsevier; 
2019:3-15. 

3. Amoo LM, Fagbenle RL. Climate change in developing nations of the world. Applications 
of Heat, Mass and Fluid Boundary Layers: Elsevier; 2020:437-71. 

4. Dincer I. Renewable energy and sustainable development: a crucial review. Renewable and 
sustainable energy reviews. 2000;4(2):157-75. 

5. Spector JT, Masuda YJ, Wolff NH, Calkins M, Seixas N. Heat exposure and occupational 
injuries: review of the literature and implications. Current environmental health reports. 
2019;6:286-96. 

6. Ioannou LG, Foster J, Morris NB, Piil JF, Havenith G, Mekjavic IB, et al. Occupational heat 
strain in outdoor workers: A comprehensive review and meta-analysis. Temperature. 
2022;9(1):67-102. 

7. Kovats RS, Hajat S. Heat stress and public health: a critical review. Annu. Rev. Public 
Health. 2008;29:41-55. 

8. Addo-Bediako A, Chown SL, Gaston KJ. Thermal tolerance, climatic variability and 
latitude. Proceedings of the Royal Society of London. Series B: Biological Sciences. 
2000;267(1445):739-45. 

9. Collier RJ, Baumgard LH, Zimbelman RB, Xiao Y. Heat stress: physiology of acclimation 
and adaptation. Animal Frontiers. 2019;9(1):12-9. 

10. Cheung SS, McLellan TM, Tenaglia S. The thermophysiology of uncompensable heat 
stress. Sports Medicine. 2000;29(5):329-59. 

11. Gonzalez-Rivas PA, Chauhan SS, Ha M, Fegan N, Dunshea FR, Warner RD. Effects of heat 
stress on animal physiology, metabolism, and meat quality: A review. Meat Science. 
2020;162:108025. 



 

8 
 

12. Rashamol VP, Sejian V, Bagath M, Krishnan G, Archana PR, Bhatta R. Physiological 
adaptability of livestock to heat stress: an updated review. Journal of Animal Behaviour and 
Biometeorology. 2020;6(3):62-71. 

13. Chinko BC, Umeh OU. Alterations in Lipid Profile and Oxidative Stress Markers Following 
Heat Stress on Wistar Rats: Ameliorating Role of Vitamin C. Biomedical Sciences. 
2023;9(1):12-7. 

14. Nakamura K, Morrison SF. A thermosensory pathway that controls body temperature. 
Nature neuroscience. 2008;11(1):62-71. 

15. Seebacher F, Franklin CE. Physiological mechanisms of thermoregulation in reptiles: a 
review. Journal of Comparative Physiology B. 2005;175:533-41. 

16. Mortola JP, Frappell PB. Ventilatory responses to changes in temperature in mammals and 
other vertebrates. Annual Review of Physiology. 2000;62(1):847-74. 

17. Sarangi S. Adaptability of goats to heat stress: A review. The Pharma Innovation Journal. 
2018;7(4):1114-26. 

18. Caspani M, Savioli M, Crotti S, Bruzzone P, Gattinoni L. Heat stress: characteristics, 
pathophysiology and avoidable mistakes. Minerva anestesiologica. 2004;70(7-8):617-24. 

19. Roti Roti JL. Cellular responses to hyperthermia (40–46 C): Cell killing and molecular 
events. International Journal of hyperthermia. 2008;24(1):3-15. 

20. Halliwell B, Cross CE. Oxygen-derived species: their relation to human disease and 
environmental stress. Environmental health perspectives. 1994;102(suppl 10):5-12. 

21. Storey KB. Oxidative stress: animal adaptations in nature. Brazilian journal of medical and 
biological research. 1996;29:1715-33. 

22. Lin H, Du R, Zhang Z. Peroxide status in tissues of heat-stressed broilers. Asian-
Australasian Journal of Animal Sciences. 2000;13(10):1373-6. 

23. Yanay O, Gilad E. Heat Injury. Pediatric Critical Care: Elsevier; 2011:1472-6. 
24. Mantha L, Palacios E, Deshaies Y. Modulation of triglyceride metabolism by 

glucocorticoids in diet-induced obesity. American Journal of Physiology-Regulatory, 
Integrative and Comparative Physiology. 1999;277(2):R455-R64. 

25. Wen X, Wu W, Fang W, Tang S, Xin H, Xie J, et al. Effects of long-term heat exposure on 
cholesterol metabolism and immune responses in growing pigs. Livestock Science. 
2019;230:103857. 

26. Habeeb A, El-Tarabany A, Gad A, Atta M. Negative effects of heat stress on physiological 
and immunity responses of farm animals. Change. 2018;16(2.0):0-2. 

27. Bain BJ, Bates I, Laffan MA. Dacie and lewis practical haematology e-book: Elsevier 
Health Sciences; 2016. 

28. Rozenberg G. Microscopic Haematology: a practical guide for the laboratory: Elsevier 
Australia; 2011. 

29. Faria SS, Fernandes Jr PC, Silva MJB, Lima VC, Fontes W, Freitas-Junior R, et al. The 
neutrophil-to-lymphocyte ratio: a narrative review. ecancermedicalscience. 2016;10. 

30. Balta S, Ozturk C. The platelet-lymphocyte ratio: a simple, inexpensive and rapid 
prognostic marker for cardiovascular events. Platelets. 2015;26(7):680-1. 

31. Kwon H-C, Kim SH, Oh SY, Lee S, Lee JH, Choi H-J, et al. Clinical significance of 
preoperative neutrophil-lymphocyte versus platelet-lymphocyte ratio in patients with 
operable colorectal cancer. Biomarkers. 2012;17(3):216-22. 



 

9 
 

32. Chinko BC, Pughikumo DT. Haematological and Hepatorenal Alterations Induced by 
Potash (Akanwu) on Male Wistar Rats. International Blood Research & Reviews. 
2023;14(1):38-46. 

33. Ocheja OB, Ayo JO, Aluwong T, Minka NS. Ameliorative effects of L-glutamine on 
haematological parameters in heat-stressed Red Sokoto goats. Journal of Thermal Biology. 
2020;90:102571. 

34. Okoruwa MI. Effect of heat stress on thermoregulatory, live bodyweight and physiological 
responses of dwarf goats in southern Nigeria. European Scientific Journal. 2014;10(27):255-
64. 

35. Al-Dawood A. Towards heat stress management in small ruminants-a review. Annals of 
Animal Science. 2017;17(1):59-88. 

36. Sawka MN, Gonzalez RR, Young AJ, Muza SR, Pandolf KB, Latzka WA, et al. 
Polycythemia and hydration: effects on thermoregulation and blood volume during exercise-
heat stress. American Journal of Physiology-Regulatory, Integrative and Comparative 
Physiology. 1988;255(3):R456-R63. 

37. Stewart IB, McKenzie DC. The human spleen during physiological stress. Sports Medicine. 
2002;32:361-9. 

38. Rana MS, Hashem MA, Sakib MN, Kumar A. Effect of heat stress on blood parameters in 
indigenous sheep. Journal of the Bangladesh Agricultural University. 2014;12(1):91-4. 

39. Alam MM, Hashem MA, Rahman MM, Hossain MM, Haque MR, Sobhan Z, et al. Effect of 
heat stress on behavior, physiological and blood parameters of goat. Progressive 
Agriculture. 2011;22(1-2):37-45. 

40. Odo RI, Onoja SO, Osuagwu CO. Impact of Heat Stress on Blood and Serum Biochemistry 
Parameters in Rats. Notulae Scientia Biologicae. 2019;11(3):347. 

41. Srikandakumar A, Johnson EH, Mahgoub O. Effect of heat stress on respiratory rate, rectal 
temperature and blood chemistry in Omani and Australian Merino sheep. Small Ruminant 
Research. 2003;49(2):193-8. 

42. Sivakumar AVN, Singh G, Varshney VP. Antioxidants supplementation on acid base 
balance during heat stress in goats. Asian-Australasian Journal of Animal Sciences. 
2010;23(11):1462-8. 

43. Chinko BC, Amah-Tariah FS, Ekenna IC. Evaluation of the effects of calabash chalk on the 
haematological profile of Wistar rats. Notulae Scientia Biologicae. 2022;14(3):11281-. 

44. Inbaraj S, Sejian V, Bagath M, Bhatta R. Impact of Heat Stress on Immune Responses of 
Livestock: A Review. Pertanika Journal of Tropical Agricultural Science. 2016;39(4). 

45. Zahorec R. Neutrophil-to-lymphocyte ratio, past, present and future perspectives. 
Bratislavske lekarske listy. 2021;122(7):474-88. 

46. Song M, Graubard BI, Rabkin CS, Engels EA. Neutrophil-to-lymphocyte ratio and mortality 
in the United States general population. Scientific Reports. 2021;11(1):464. 

47. Buonacera A, Stancanelli B, Colaci M, Malatino L. Neutrophil to lymphocyte ratio: an 
emerging marker of the relationships between the immune system and diseases. 
International journal of molecular sciences. 2022;23(7):3636. 

48. Malyar RM, Li H, Liu D, Abdulrahim Y, Farid RA, Gan F, et al. Selenium/Zinc-Enriched 
probiotics improve serum enzyme activity, antioxidant ability, inflammatory factors and 
related gene expression of Wistar rats inflated under heat stress. Life Sciences. 
2020;248:117464. 



 

10 
 

49. Gunaldi M, Goksu S, Erdem D, Gunduz S, Okuturlar Y, Tiken E, et al. Prognostic impact of 
platelet/lymphocyte and neutrophil/lymphocyte ratios in patients with gastric cancer: a 
multicenter study. International journal of clinical and experimental medicine. 
2015;8(4):5937. 

50. Sloop GD, De Mast Q, Pop G, Weidman JJ, Cyr JAS. The role of blood viscosity in 
infectious diseases. Cureus. 2020;12(2). 

51. Yuri Gasparyan A, Ayvazyan L, P Mikhailidis D, D Kitas G. Mean platelet volume: a link 
between thrombosis and inflammation? Current pharmaceutical design. 2011;17(1):47-58. 

52. Park Y, Schoene N, Harris W. Mean platelet volume as an indicator of platelet activation: 
methodological issues. Platelets. 2002;13(5-6):301-6. 

53. Schmoeller D, Picarelli MM, Paz Munhoz T, Poli de Figueiredo CE, Staub HL. Mean 
platelet volume and immature platelet fraction in autoimmune disorders. Frontiers in 
medicine. 2017;4:146. 

54. Lippi G, Franchini M. Platelets and immunity: the interplay of mean platelet volume in 
health and disease. Taylor & Francis; 2015:555-7. 

 

 


