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Abstract 
 
The environmental temperature exceeding either the inferior or the superior limit of the thermo-neutrality zone may 
lead to thermal stress, due to the cold or the heat. This study was conducted in order to determine the changes in 
hematological and biochemical parameters of dogs exposed to thermal stress. A total of 20 dogs were randomly divided 
into two groups (10 per group). Group 1 (control group) was exposed to an environmental temperature of 15±1ºC, 
while the second group to 40±2ºC, to induce thermal stress caused by the heat. Blood samples were collected and 
subjected to investigations. This study showed that the blood sugar level significantly increased in group 2. However, 
PCV, Hb, and also cholesterol, triglycerides, total protein, and albumin levels were significantly decreased in the 
experimental group. At the same time, MCH, MCHC, WBC and the globulin levels did not show any significant changes 
from the control group. It was concluded that thermal stress in dogs could negatively affect the mechanism of thermal 
regulation in dissipating excess body temperature, so their general condition may change considerably. 
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INTRODUCTION 
 
During the last 50-100 years there was a 
tendency for climate extremes in many parts of 
the world (Heim, 2015). Global climate change 
represents one of the most significant challenge 
that is threatening public health; both antropo-
genic (industrial activities) and natural factors 
(volcanoes, solar variations) are increasing the 
temperature and the amount of precipitations 
(Easterling et al., 2016). It was reported that the 
world is experiencing fewer cold days and 
nights. This trend is due to the increasing 
number of warm days and nights (Heim, 2015). 
Animals have a range of functional systems 
controlling body temperature, nutritional state, 
social interaction which allow the individuals 
to control its interactions with its environment 
and hence to keep each aspect of its state within 
a tolerable range (Broom, 1996). Maintaining 
the internal temperature within certain 
boundaries, even if the surrounding tempera-
ture is very different, is a process called 
thermoregulation (Codreanu, 2018). Heat 
balance occurs through the actions of heat gain 
and dissipation mechanism (Mazzaferro, 2009). 
Besides the growth, milk production, 
pregnancy and activity components, the 

exchange of heat between animals and the 
environment is also an important component of 
metabolic heat production (Berman, 2003). The 
environmental temperature exceeding either the 
inferior or superior limit of the therm-neutrality 
zone may lead to thermal stress, due to the cold 
or the heat (Cotor et al., 2014). Each species 
has optimal temperature limits, allowing the 
physiological processes to run properly; other-
wise, it appears the stressful state (Barton, 
2002; Cocan et al., 2018). The temperature can 
affect the growth rate, feed efficiency, animal 
behaviour and also reproductive efficiency 
(Bogdan, 1999; Vasile et al., 2012). The sensi-
tive and psychic stress agents can hurt the 
animals and degrade their welfare. In this situa-
tion, the physiological, metabolic, and hemato-
logic parameters are modified and the deterio-
ration of the animal welfare degree might be 
valued (Paraschivescu & Paraschivescu, 2012). 
Dogs are part of the category of domestic 
animals used by humans for thousands of years 
in their lives for many purposes, such as 
hunting, detecting drugs, searching for missing 
people, guarding, or guiding blind people 
(Culea et al., 1998). Even if the average 
temperature of dogs is 37.9-38.9ºC and they 
regulate it by the nervous system, the thermal 
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stress is very common in dogs (Cunningham, 
1992). Multivariable analysis identified signifi-
cant risk factors including geriatric age, sex, 
breed (brachycephalic anatomy), obesity, an 
active playful character (Labrador and Golden 
retrievers), utility (military and police working 
dogs) (Bruchim et al., 2017; Hall et al., 2020; 
Niedermeyer et al., 2020; Moon et al., 2021). 
Results from studies conducted in other species 
revealed that the lack of hair and its density 
caused a predisposition to thermal stress 
(Araứz, 2017; Pena et al., 2020). Also, heat 
dissipation can be affected by the use of certain 
drugs (diuretics, phenothiazines, negative 
inotropic drugs) (Romanucci & Della Salda, 
2013). This study was realized to determine the 
changes in hematological and biochemical 
parameters of dogs exposed to thermal stress. 
 
MATERIALS AND METHODS 
 
This study was conducted in August 2020, 
when it was a prolonged hot period. A total of 
20 clinically healthy dogs (females and males), 
raging between 1-3 years old and with approxi-
mately equal body weights were used. The 
dogs were randomly divided into two groups, 
with 10 dogs per group. They were placed into 
a room with AC installation. The dogs from 
group 1 (control group) were exposed to an 
environmental temperature of 15±1ºC, while 
the group 2 to a higher temperature, to induce 
thermal stress caused by the heat. For this to be 
done, the dogs from the second group were 
exposed to an environmental temperature of 
40±2ºC for 3 h/day, 7 days. 
Blood samples were collected by puncturing 
the cephalic vein puncture and subjected for 
investigations. The samples were transferred 
into 2 ml EDTA vacutainers (for hematological 
tests) and into 3 ml Clot activator vacutainers 
(for the biochemical profile) and transported 
under refrigeration conditions (+2ºC) to the 
laboratory. 
The hematological parameters that were taken 
under consideration were: red blood cells, 
hemoglobin, packed cell volume, mean corpus-
cular volume, mean corpuscular hemoglobin, 
mean corpuscular hemoglobin concentration, 
white blood cells. The following biochemical 
parameters were investigated: blood sugar, total 
protein, albumin, globulin, cholesterol and 

triglycerides. Hematological parameters were 
determined by using IDEXX VetAutoreadTM 
Hematology Analyzer. Serum biochemistry 
parameters’ analysis was performed with 
IDEXX VetTest 8008. The obtained results 
were compared with the reference values and 
for the statistical interpretation of the obtained 
data was performed Student's t-test. The data 
are expressed as means ± SD. Differences were 
compared for statistical significance at the  
p-level less than 0.05 (P<0.05). Tables and 
charts were designed in Word and Excel, 
Microsoft Office 2010. 
 
RESULTS AND DISCUSSIONS 
 
The hematological analyses presented in Table 
1 showed significant decreases (p˂0.05) of 
packed cell volume (PCV) and hemoglobin 
(Hb) in group 2, in comparison to group 1. 
However, the red blood cell count (RBC), mean 
corpuscular volume (MCV), mean corpuscular 
hemoglobin (MCH), mean corpuscular 
hemoglobin concentration (MCHC) and white 
blood cells (WBC) did not show significant 
changes (p˃0.05) in group 2 from the control 
group (Figure 1). 
 

Table 1. Hematological data of dogs  
from group 1 and group 2 

Hematological parameters Group 1 Group 2 
RBC (1×106/mm3) 6.32±0.28 5.25±0.23* 
Hb (g/dl) 14.87±0.27 10.13±0.27**↓ 
PCV (%) 43.75±0.33 32.97±0.33**↓ 
MCV (μ3) 69.31±2.69 62.41±2.83* 
MCH (pg) 23.52±0.80 19.27±0.48* 
MCHC (%) 34.04±0.63 30.69±0.73* 
WBC (1×103/mm3) 9.68±0.16 10.13±0.15* 

(Mean ± Standard Deviation) 
*p˃0.05 - statistically non-significant differences; 
**p˂0.05 - statistically significant differences 
 

 
Figure 1. Variation of hematological parameters of dogs 

in group 1 and group 2 
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The biochemical profile and the effect of 
different environmental temperatures on it are 
presented in Table 2, Figure 2a, and Figure 2b. 
The blood sugar level increased significantly 
(p˂0.05) in group 2 from the first group. On the 
other side, the levels of total protein, albumin, 
cholesterol and triglycerides showed significant 
decreases (p˂0.05) in group 2 from the control 
group. The globulin level of group 2 shows a 
statistically non-significant increase (p˃0.05) 
from group 1. 

 
Table 2. Biochemical data of dogs from group 1 and 

group 2 

Biochemical parameters Group 1 Group 2 

Total protein (g/dl) 6.12±0.23 4.92±0.35**↓ 

Albumin (g/dl) 3.91±0.23 1.97±0.17**↓ 

Globulins (g/dl) 2.21±0.14 2.95±0.21* 

Blood sugar (mg/dl) 82.17±0.23 96.1±0.39**↑ 

Cholesterol (mg/dl) 143.25±0.49 90.38±0.37**↓ 

Triglycerides (mg/dl) 61.9±0.37 35.6±0.63**↓ 

(Mean ± Standard Deviation) 
*p˃0.05 - statistically non-significant differences; 
**p˂0.05 - statistically significant differences 
 

 
Figure 2a. Variation of proteic profile of dogs  

in group 1 and group 2 
 

 
Figure 2b. Variation of energetic profile of dogs  

in group 1 and group 2 

Blood is the most efficient stress indicator 
(Hattingh, 1977; Marin et al., 2015; Simide et 
al., 2016). The environment may have a 
significant impact upon the hematological 
parameters in mammalian and non-mammalian 
vertebrates (Gabriel et al., 2004).  
The caloric needs of working or stressed dogs 
may exceed the levels of a maintenance diet, 
depending on the animal and the extent of work 
performed. Most diets designed for work or 
stress have increased levels of animal fats, with 
the other nutrients appropriately balanced to the 
increased  energy density (The Merck 
Veterinary Manual). Hyperthermia leads to an 
increased metabolic state and oxygen 
consumption that raise both caloric and water 
requirements by approximately 7% for each 
0,6ºC above accepted normal values (Miller, 
2009). In addition, hyperthermia leads to 
suppression of the appetite center in the 
hypothalamus, causing a decrease in feed 
consumption (Miller, 2009; Wojtas et al., 
2014). Studies conducted by Taha (1998) and 
Alkam (1999) explained that exposure of dogs 
(group 2) to high environmental temperature 
led to malabsorption of essential elements for 
red blood cells formation like iron and cobalt. 
The reduction of packed cell volume (PCV) 
and hemoglobin (Hb) could be considered as a 
result of RBC reduction (Al-Shammari et al., 
2019). 
Regarding the protein profile, the significant 
decrease in the average concentrations of total 
blood protein and albumin levels in group 2 can 
be due to the thermal injury and increased 
cellular metabolic demand and oxygen 
consumption; the thermal injury may cause 
widespread cellular necrosis through protein 
denaturation (Flournoy et al., 2003). 
According to Patriche et al. (2011) and Suljević 
et al. (2015), a stress indicator valuable 
biomarker is the level of glycemia. The 
significant decreases in cholesterol and 
triglycerides levels observed in group 2 may be 
resulted from the lower metabolic rate, due to 
the lower thyroxin (T4) concentration, as 
Chandra et al. (2009) observed. 
 
CONCLUSIONS 
 
It was concluded that exposing dogs to an 
environmental temperature of 40±2º C leads to 
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an increased metabolic state and oxygen 
consumption. 
The physiological response to the thermal 
stress factors is manifested by significant 
variations of cortisol and blood glucose. 
The glycemia in dogs exposed to an 
environmental temperature of 40±2ºC (for           
3 h/day, 7 days) was significantly increased in 
thermal stress conditions, explained by highly 
increased cortisol secretion by the adrenal 
gland. 
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