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ABSTRACT 

 Ambient temperature associated variations in 

metabolic responses of adult healthy German Shepherd 

dogs were investigated. Blood samples were collected 

during moderate, hot and cold ambient temperature 

periods to harvest sera. Metabolic responses in the serum 

included cholesterol, triglycerides, glucose, total proteins, 

urea and creatinine. They were determined by using the 

standard techniques. During hot ambience the mean 

values of serum urea and creatinine were significantly 

(p≤0.05) higher and mean values of cholesterol, 

triglycerides, glucose and total proteins were significantly 

(p≤0.05) lower in comparison to moderate ambience. 

During cold ambience the mean values of serum 

cholesterol, glucose, urea and creatinine were 

significantly (p≤0.05) higher and mean values of 

triglycerides, and total proteins were significantly 

(p≤0.05) lower in comparison to moderate ambience. 

Mean values of cholesterol, triglycerides, glucose and 

total proteins were significantly (p≤0.05) higher and mean 

values of urea and creatinine were significantly (p≤0.05) 

lower during cold ambience in comparison to hot 

ambience. Magnitude of percent variation was maximum 

for serum creatinine in both hot and cold ambiences. It 

was concluded that extreme hot and cold ambient 

temperatures affected the dogs which was evident in the 

form of variations in the metabolic responses to combat 

the environmental challenges. 

 

Keywords: Ambient temperature, cold, German shepherd 

dog, hot, metabolic responses. 

 

INTRODUCTION 

 Metabolism is affected by many factors 

including physiological and environmental factors. 

Physiological variations have been reported by 

researchers in dogs in certain biochemical parameters like 

gucose, proteins etc. warranting age specific reference 

intervals [1]. The usefulness of biochemical parameters as 

markers of metabolic disorders is coming up in 

companion animals. Ambient temperature may cause 

enormous impact over energy metabolism. Upholding of 

equilibrium between the heat production and heat loss is a 

must for thermoregulation. Change of thermo-neutral 

environment to adverse conditions causes stress to 

animals. This can be observed in the form of modulations 

in the physiological mechanisms. Synergistic approach of 

various body systems is required for maintenance of 

health during harsh climate. Metabolic adjustments are a 

part of mechanisms used by body to handle effect of 

varying environmental temperatures. Environmental 
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factors and stress are known to affect biochemical 

parameters [2].  

 Variation of metabolic responses in 

thermoregulation of an animal may impose great risk to 

health. An understanding of the extent of changes in 

metabolic responses is essential to formulate the health 

strategies. Changes in ambient temperature influence 

maintenance energy requirement of dog. Metabolic 

responses are good indicators of energy metabolism. 

Climate is an important determinant of the basal 

metabolic rate. Therefore the scientific community has 

shown attention about the thermal comfort of animals. 

Blood is an important medium in assessing the health 

status of animals. It is helpful in evaluating physiological 

and pathological conditions [3]. Therefore, routine blood 

examinations can help the clinician in evaluating the 

variations in the parameters to assess health status and 

timely detection of stress, if any. Importance of German 

shepherd breed is well known as family pet. Though work 

has been done to establish base line values of biochemical 

parameters but there is paucity of literature on metabolic 

responses with changing ambient temperatures. Further 

the values obtained from one breed cannot be extrapolated 

to others. Therefore the present investigation was 

launched to determine metabolic responses during 

extreme hot and cold ambiences. The data generated will 

help in healthy management of German shepherd dogs 

along with contribution to future research. 

 

MATERIALS AND METHODS 

To find out variations in metabolic responses 

associated with environmental temperatures, 10 adult 

German shepherd dogs of either sex were screened. Blood 

samples were collected from saphenous vein to harvest 

the serum in clean and dry test tubes during moderate 

(mean maximum ambient temperature 29.20± 0.001), hot 

(mean maximum ambient temperature 45.82 ± 0.001) and 

cold (mean minimum ambient temperature 3.11 ± 0.001) 

ambiences. All the animals belonged to private owners 

and were managed in similar conditions. In each 

ambience blood samples were collected during morning 

hours from the same animals.   Metabolic responses 

in the serum included cholesterol, triglycerides, glucose, 

total proteins, urea and creatinine. They were determined 

by using the standard techniques i.e. cholesterol by 

Sackett method [4] , triglycerides by GPO-PAP method of 

kit (Wipro), glucose by Folin-Wu method [5], total 

proteins by colorimetric method [6], urea by the method 

of Natelson [4] and creatinine by the method of Bonsnes 

and Taussky [4]. Statistical significance for individual 

parameter between moderate and extreme ambiences was 

analysed [7]. Mean value during moderate ambience for 

each parameter was considered as control. 

 

RESULTS 

Mean ± SEM values of all metabolic responses 

in serum viz. cholesterol, triglycerides, glucose, total 

proteins, urea and creatinine and percent change in hot 

and cold ambiences for each parameter in comparison to 

moderate ambience are presented in table 1. 

 For each parameter, mean value obtained during 

moderate ambience was considered as control and 

variations during hot and cold ambiences were considered 

after comparing each value, respectively. During hot 

ambience the mean values of serum urea and creatinine 

were significantly (p≤0.05) higher and mean values of 

cholesterol, triglycerides, glucose and total proteins were 

significantly (p≤0.05) lower in comparison to moderate 

ambience, respectively.  

 During cold ambience the mean values of serum 

cholesterol, glucose, urea and creatinine were 

significantly (p≤0.05) higher and mean values of 

triglycerides, and total proteins were significantly 

(p≤0.05) lower in comparison to moderate ambience.  

Mean values of cholesterol, triglycerides, 

glucose and total proteins were significantly (p≤0.05) 

higher and mean values of urea and creatinine were 

significantly (p≤0.05) lower during cold ambience in 

comparison to hot ambience.  

Magnitude of percent variation was maximum 

for serum creatinine in both hot and cold ambiences. 

Magnitude of percent variation was minimum for serum 

total proteins in hot ambience and for urea in cold 

ambience. As compared to moderate ambience the extent 

of variation for each parameter was comparatively greater 

in hot ambience than in cold ambience. 

 

Table 1. Mean ± SEM values of metabolic responses in dogs (n=10) 

Metabolic responses 

Mean ± SEM values % change 

Moderate 

ambience 

Hot 

ambience 
Cold ambience 

Hot 

ambience 
Cold ambience 

Cholesterol, m mol L
-1

 4.55±0.01
 b
 3.80±0.01

 b
 4. 90±0.01

b
 -16.48 7.69 

Triglycerides, m mol L
-1

 1.30±0.01
 b
 0.80±0.01

b
 1.00±0.01

b
 -38.46 -23.07 

Glucose, m mol L
-1

 5.00±0.002
 b
 4.30±0.002

b
 5.31±0.001

b
 -14.00 6.2 

Total proteins, g L
-1

 75.00±0.02
 b
 68.50±0.02

 b
 70.00±0.01

 b
 -8.66 -6.66 

Urea, m mol L
-1

 5.88±0.05
 b
 8.00±0.02

b
 6.00±0.03

b
 36.05 2.04 

Creatinine, µmol L
-1

 80.00±1.00
 b
 130.00±1.00

 b
 100.00±1.00

 b
 62.50 25.50 

b
 = significant differences among mean values of a parameter during varying ambiences 
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DISCUSSION AND CONCLUSION 

An increase in cholesterol can be attributed to 

the physiological alteration of endocrine function. Role of 

increased thyroid activity in cold ambience is associated 

with increased cholesterol [8]. An enhanced ability to 

mobilize body fat should confer an advantage in a dog 

subjected to prolonged stress in which fatty acid oxidation 

accounts for most of the oxygen consumption [9]. 

Research in the field of clinical medicine links the 

cholesterol with oxidative stress [10]. Changes in 

triglyceride level indicated the extreme ambience 

associated modulations in metabolism [11]. In human 

medicine triglycerides has been correlated with oxidative 

stress [12]. Blood glucose concentration my also reflect 

the effect of haemoconcentration or haemodilution [13]. 

Changes in glucose levels during hot and cold ambiences 

can also be mediated through increased glucocorticoid 

secretions [14] or variation in thyroid hormones [15]. 

Decrease in food intake due to heat stress can contribute 

in lowering of blood glucose. Glucose-derived oxidative 

stress may play a central role linking together many 

physio-pathogenetic mechanisms [16]. Researchers have 

correlated glucose level and reactive oxygen species [17].  

Earlier research has correlated the urea with the 

parameters of oxidative stress [18]. This is probably based 

on the fact that as a part of oxidative stress mediated 

solute-signaling pathway in tissues, urea increases 

expression of the oxidative stress-responsive transcription 

factor and therefore can be related with oxidative stress. 

Higher serum urea during extreme hot and cold conditions 

showed the increased activity of urea cycle [19]. 

Environmental stress can result into higher serum 

creatinine concentration due to higher metabolic activity 

in liver and muscle mediated by cortisol [20]. In human 

patients higher serum creatinine levels have been 

correlated with oxidative stress [21]. Due to paucity of 

such studies in animals, it is very important to link 

creatinine as one of the important diagnostic parameters 

of environment related oxidative stress. Extreme 

ambiences stimulate free radical formation which can 

modulate metabolism of fuel molecules. Heat stress is 

known to mobilise proteins causing variations in value 

[15]. Stress conditions may produce oxidative changes in 

proteins leading to high turnover in blood [22]. It can be 

surmised that total serum proteins can also serve as 

marker of environment related stress.  

It can be concluded that extreme hot and cold 

ambiences influenced the metabolism which was evident 

by the variations in the mean values of metabolic 

responses. Modulation in metabolic responses was greater 

in hot ambience than cold ambience. This showed that 

impact of hot ambience was greater on metabolism than 

cold ambience. Perhaps variations in the metabolic 

responses signified metabolic adaptations to combat 

environmental challenges. The data generated in the 

present investigation could help in the future research in 

the field of metabolic stress responses.  
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