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Abstract - The use of telemetry sensors for physiological measurements has once again established the role of 
Electronics in the field of Biology. This study presents radiotelemetry as a ‘State of the art’ technology that 
could perform measurements in the conditions that have been previously made possible only with the help of 
rectal probes that work on the principle of thermocouple thermo junction. Different animal models have been 
developed to examine endurance promotion and stress tolerance of substances of various origins. Cold-Hypoxia-
Restraint multiple stress animal model (CHR) has been designed and developed in our own laboratory that uses 
fall in core body temperature from 37C to 22C as a measure of endurance towards multiple stresses. Herbal 
formulation which is to be tested for its adaptogenic activity   is orally administered to the animal prior CHR 
exposure. With the improvisation of CHR using radiotelemetry we could circumvent the use of tethered animals. 
Radiotelemetry came as a savior for the existing system, as the results are  found to be more precise, 
reproducible and useful in cross-over studies where the use of animals are ethically restricted. Radiotelemetry 
system can also be employed for measuring blood pressures and ECG under CHR conditions. These parameters 
would strengthen the physiological aspects of the studies and would further aid in developing herbal formulation 
as a pharmaceutical. 
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I. INTRODUCTION 
 
The working capacity of a human being deteriorates 
with time and age, both being natural and inevitable 
factors. He is always under mental distress of 
circumstances and sometimes environmental 
adversity adds to it. The later may be due to high and 
low environmental temperatures, atmospheric 
pressure such as in high mountains and deep sea, 
absence of gravity and oxygen in space, radiations, 
noise etc. But as human beings have learnt the 
concept of ‘survival of the Fittest’ so enhancement of 
physical and mental performance has been his 
considerable desire since time immemorial. For this 
purpose several animal models have been developed 
to examine stress tolerance. These models are 
primarily physical, psychological or a combination of 
both and include cold, heat, restraint, immobilization 
(a more severe form of restraint), foot shock or tail 
shock, insulin- induced hypoglycemia, forced run or 
swim, emotional stressors (e.g. exposing a rat to a 
cat) and different social stressors that are based on 
housing (e.g. isolation stress) [1].  Animal Elevated 
Plus Maze models have found support in stress 
studies  [2]. Numerous animal models of depression 
have been advanced, each having multiple attributes  
and depends on the type of stressor used [3]. Besides, 
other tests have also been reported for stress studies 
like Anoxia stress Tolerance Test in mice [4] ; 
Swimming Endurance Test in Rats Mice [5]; Cold 
Restraint Stress in Rats [6] and Gravitational Stress in 

rats [7]. Originally, stress was considered to be a non-
specific phenomenon, but it is now clear that different 
types of stressors elicit specific responses [1]. 
Stress at high altitude has long been considered 
important because large populations of people live at 
high altitude, and many others like to visit for 
trekking and climbing or athletic training as well as 
even sleep apnea of hypoxia [8]. Cold and hypoxia 
have always sought man’s attention. Along with these 
two factors the restraint also became important 
especially for the sojourns/soldiers. Our laboratory 
has always been in pursuit of the measures that can 
resolve these issues and make the life of the soliders 
at some ease at such harshest of the environment 
conditions. During 1990s our own laboratory had 
developed a passive experimental model [Cold-
Hypoxia-Restraint multiple stress animal model 
(CHR)] to study the consequences of cold, hypoxia 
and restraint stresses and also to evaluate adaptogenic 
potential of herbs that might become responsible for 
alleviating such stresses [9]. We have several 
publications authenticating our findings [10]. In this 
model core body temperature of the rat was recorded 
continuously using rectal probes. Core body 
temperature is a basic physiological parameter, which 
is often measured in awaken rodents by rectal probe 
thermometry [11]. However handling of animals 
results in physiological variabilities [12].  
Radiotelemetry reduces the use of number of animals 
rendering this technology the most humane method of 
monitoring physiological parameters in laboratory 
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animals [13].  This study reports for the first time the 
use of radiotelemetry system for the core body 
temperature measurements under cold and hypoxic 
conditions. To further validate the improvised system, 
adaptogenic potential of known adaptogen is 
evaluated using both rectal probes and radiotelemetry 
system. 
 
II. EXPERIMENTAL DETAILS  
 
Extract preparation 
For the details of the plants and their extract 
preparation refer Sharma et al; 2014 [14].  
 
Experimental animals 
Sprague–Dawley inbred male rats, from the 
experimental animal facility of the Institute were used 
for the study. The study was approved by the Animal 
Ethical Committee of our institute in accordance with 
Committee for the Purpose of Control and 
Supervision on Experiments on Animals (CPCSEA) 
of the government of India. 
 
Experimental model 
The study was conducted in two parts using CHR 
animal model (Fig.1A). In one part of the study, 
rectal probes (RP) were used for core temperature 
measurements whereas in other part implantable 
telemetry sensors (ITS) were used. For RP study, the 
rats kept in restrainers were exposed to cold (5°C) 
and hypoxia (428 mmHg) equivalent to an altitude of 
4572 m. The air flow was 2 l/min. The rectal probe 
(Fig.1B) was inserted 2 cm pass the rectum and 
retained there with the help of adhesive plaster. The 
rectal temperature (Trec) of the rats was monitored 
throughout the experiment after an interval of one 
minute, by using a 16-channel Iso-thermex 
Temperature Recorder (Columbus Instrument, 
Columbus, USA) (Fig.1C). For ITS study TA10TA-
P40 (Fig.2) sensor  was implanted inside the 
abdominal cavity of the rats to measure core body 
temperature .The procedures recommended by DSI 
were strictly followed throughout the experimental 
protocol. 
 

 
Fig.1A. Cold-Hypoxia Restraint Animal model. 

 
1B. Rectal probe [size of the probe inserted . 

 

 
1C. Restrainers and Iso-thermex. 

 

 
Fig.2. TA10TA-F40 implant 

 
III. RESULTS AND  DISCUSSION 
 
With the advent of high-quality telemetry systems 
consisting of implantable transmitters, receivers and 
data acquisition and analysis hardware and software, 
experiments based on physiological parameters have 
become more authentic and accurate as compared to 
conventional methods of measurement. Telemetry 
signifies the use of data collection from a freely 
moving and conscious animal [15-16] in their own 
familiar environment.  
Daily record of each animal for their weight, water 
and food consumption was obtained for the entire 
period, until they were sacrificed.  The weight of the 
animal reduced abruptly for the first five days after 
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surgery followed by gradual increase and then 
maintaining at certain level for almost 3 days. The 
average consumption of food and water were 20 
g/day and 24.75ml/day respectively for the entire 
period. The fall in core temperature under CHR stress 
took 78 minutes until it reached to 22±1°C.  Thus it 
was observed that there was a delay of 13% in time 
taken to attain Trec22±1°C using telemetry system as 
compared to rectal probes (Fig.3).  
When the restraint stress was removed or in a freely 
moving state it was observed that the rats were able to 
maintain their core body temperature around 34°C 
even after two hours of continuous exposure in cold 
and hypoxia. The activity of the rats was also 
recorded under stressful conditions and it was found 
out that animal remained active during the first 20 
minutes and after that the activity declined. A known 
herbal adaptogen was evaluated using both 
conventional method of rectal probe and novel 
technique of radiotelemetry to validate our new 
method. The results were comparable using both the 
systems which indicate that radiotelemetry is good 
technique for carrying out adaptogenic based 
research. 
 

 
Fig.3. Mean effects of Cold-Hypoxia and Cold-Hypoxia- 
Restraint stress on core and rectal temperature of rats. 

 
CONCLUSIONS 
 
With the improvisation of the CHR animal model 
using radiotelemetry  it was possible to reduce or 
eliminate discomfort caused to the animals due to 
restraint and rectal probes. Hence activity of the 
freely moving animal could also be recorded. It could 
also be concluded that restraint is a major stress for 
the animal as in telemetry system it is possible to 
remove this stress and study the activity of the 
animals under cold and hypoxic stress. Studies are 

under progress where radiotelemetry system is being 
employed for measuring ECG and Blood Pressure of 
the animals. 
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