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INTRODUCTION 

The hot plate test is a supraspinally organised response to 

noxious thermal stimulus in animals.1,2 It is a behavioural 

model of nociception, where the animals escape from the 

hot plate following a noxious thermal stimulus. Licking is 

a rapid response and a direct indicator of the nociceptive 

threshold. Whereas escaping is an in-depth response, with 

a latency, and has an emotional component of escaping.3 

Hot plate nociception is commonly used to verify for acute 

CNS analgesia; this test is selective in detecting the 

analgesic action of morphine like drugs.4 However, they 

fail to yield significant results for the analgesia caused by 

non-steroidal anti-inflammatory drugs. 

Traditionally analgesic activity of a test compound is 

reported as a percentage increase of reaction time in 

comparison with the baseline scores of controls group. 

This analysis does not consider baseline score in of the test 

group and does not account for baseline variations in 

reaction times between two groups. One of the reasons for 

not taking baseline reading in the trial group is that the rats 

might learn escape response to the hot plate setting.5 

In this present study, we explore whether baseline readings 

will affect the anti-nociceptive data of aspirin by using 
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Eddy’s hot plate induced hyperalgesia model and 

compared with control. Additionally, we have used a 

repeated measures design to evaluate whether the escape 

behavior calculated by change from baseline can be used 

as indirect marker of analgesic effect. 

METHODS 

This Study was originally designed to assess the analgesic 

activity of natural compounds in our department. Male 

Wister strain albino rats, weighing between 150-200mg 

were used for assessment of hot-plate induced 

hyperalgesia.2 Institutional ethics committee for animal 

safety approved this study protocol. We only analysed the 

analgesic activity of aspirin (100 mg/Kg) and compared 

with animals receiving saline. Each group consisted of six 

animals. Drugs were administered 1hr orally before the 

commencement of the experiment, the temperature of the 

hot plate was set at 56±10C, with the help of thermostat. 

Animals were placed on the hot plate with the paws 

touching the plate only for 15sec to prevent the injury to 

the animal. The reaction time was recorded at every 30 min 

up to 6hrs.  

We calculated the percentage inhibition in the reaction 

time an index of analgesic activity by using the formula 

(100 X RTa-RTs/ RTs) Where ‘RTs’ represents reaction 

times of saline at a time point and ‘RTa’ represents reaction 

time of test drugs at a time point. Additionally, we also 

calculated the absolute change from baseline to illustrate 

escape behaviour of rats to a thermal stimulus.  

Statistical analysis 

Data were described as mean, absolute numbers and 

percentages. Statistical analysis was performed using 

Microsoft Excel-2007 and graphs were drawn using Sigma 

Graph pad prism version-4 USA. 

 

RESULTS 

It was observed that the onset of action, peak action and 

duration of analgesic activity of aspirin was at 0.5, 2.0 and 

5.0 hours respectively (Table 1). Peak inhibition of 

reaction time was seen at 2 hours with a magnitude of 

474%. Theoretically, it is well known that animal’s 

exhibits avoidance reflex/ escape behaviour to repeated 

exposure to the thermal stimulus. However, analysis of 

Table 1 does not show this effect. 

The duration of action of aspirin is 5.0 hours (Table 1), 

however after application of change from baseline- the 

duration of action of aspirin was 4.0 hours instead of 5.0 

(Table 2). Escape behaviour can be appreciated by 

observing the negative values in absolute change. Escape 

behaviour of rats treated with aspirin was noticed after 

fading of drug response at 4 hrs. This reaction seems to be 

a hyperalgesia rebound effect. Animals treated with saline 

demonstrated early escape behaviour (0.5hr) from the hot 

plate and continued throughout the rest of the experiment. 

DISCUSSION 

Hot plate is the widely used animal model in identifying 

novel analgesics. The pain reaction time of a test 

compound is compared to a baseline taken from the 

controls. It was explored the learning activities and escape 

behaviour of rats on repeated exposure to hot plate by 

calculating the change from baseline of reaction times. 

In the study, it was found that the maximum analgesic 

activity of aspirin is 474%. We also noticed the baseline 

variation between two groups was 58%. It can be 

concluded that any effect below this threshold cannot be 

counted for the analgesic activity of aspirin. 

Many of the studies report the analgesic activity of the 

drug as percentage inhibition/increase in reaction times. 

Such an interpretation is an easily understandable way to 

the researchers, who are not statisticians.

Table 1: Traditional analysis showing analgesic activity of aspirin on repeated measures. 

Time 

(hr) 

Reaction Time 

Aspirin (S) 

Reaction Time 

Saline (S) 

% Inhibition Formula 

100 * ( RTa –RTs)/ RTs 
% Inhibition 

0 1.58 1.38 100*(1.58-1.38)/1.38 58.00% 

0.5 4.56 1.34 100*(4.56-1.34)/1.34 356.00% 

1 5.14 1.32 100*(5.14-1.32)/1.32 414.00% 

1.5 5.68 1.27 100*(5.68-1.27)/1.27 468.00% 

2 5.74 1.26 100*(5.74-1.26)/1.26 474.00% 

2.5 4.25 1.28 100*(4.25-1.28)/1.28 325.00% 

3 3.23 1.27 100*(3.23-1.27)/1.27 223.00% 

3.5 2.71 1.24 100*(2.71-1.24)/1.24 171.00% 

4 2.32 1.19 100*(2.32-1.19)/1.19 132.00% 

4.5 1.99 1.2 100*(1.99-1.20)/1.20 99.00% 

5 1.64 1.18 100*(1.64-1.18)/1.18 64.00% 

5.5 1.45 1.14 100*(1.45-1.14)/1.14 45.00% 

6 1.33 1.12 100*(1.33-1.12)/1.12 33.00% 
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Table 2: Absolute change from baseline showing escape reflex in rats. 

Time  

(hours) 

Reaction Time (S) Absolute Change from Baseline in Reaction Times (S) 

Aspirin Saline Formula* Aspirin Saline 

0 1.58 1.38 - - - 

0.5 4.56 1.34 RT (0.5Hr) -RT (0Hr) aspirin 1.98 -0.04 

1 5.14 1.32 RT (1.0Hr) -RT (0Hr)  aspirin 2.56 -0.05 

1.5 5.68 1.27 RT (1.5Hr) -RT (0Hr) aspirin 3.10 -0.06 

2 5.74 1.26 RT (2.0Hr) -RT (0Hr)  aspirin 3.16 -0.12 

2.5 4.25 1.28 RT (2.5Hr) -RT (0Hr)  aspirin 1.67 -0.10 

3 3.23 1.27 RT (3.0Hr) -RT (0Hr)  aspirin 0.65 -0.11 

3.5 2.71 1.24 RT (3.5Hr) -RT (0Hr)  aspirin 0.13 -0.14 

4 2.32 1.19 RT (4.0Hr) -RT (0Hr)  aspirin -0.27 -0.19 

4.5 1.99 1.2 RT (4.5Hr) -RT (0Hr)  aspirin -0.60 -0.18 

5 1.64 1.18 RT (5.0Hr) -RT (0Hr)  aspirin -0.94 -0.20 

5.5 1.45 1.14 RT (5.5Hr) -RT (0Hr)  aspirin -1.13 -0.24 

6 1.33 1.12 RT (6.0Hr) -RT (0Hr)  aspirin -1.25 -0.26 

The negative sign indicates an early escape from the hot plate and vice-versa. *Similarly, absolute change for the 

control group was also calculated. 

From the researcher point of view the drug effects would 

be better evaluated in single tests rather than repeated 

measures.6 From a statistical perspective, the percentage 

change is independent of the unit of measurement and is 

the only advantages.7 On the contrary, the percentage 

change is a ratio of two variables, its distribution is 

uncertain, and the standard deviation of percentage change 

has no stable relationship with the baseline score.8 

Furthermore, such a type of analysis may not characterise 

the escaping behaviour of the animal which is an indirect 

measure of drug activity. The passive avoidance task is a 

fear-aggravated test used to evaluate learning and memory 

in rodent models of CNS disorders.9,10  

We explored the learning activities and escape behaviour 

after repeated exposure to hot plate experimentation by 

employing a statistical procedure called the change from 

baseline. To systemically illustrate the escape behaviour 

(jumping off) of the animal, the reaction times at various 

time points were subtracted from the group baseline 

reaction times. We showed that animals treated even with 

aspirin also exhibit escape behaviour after fading of drug 

response and animals treated with saline demonstrated 

early escape behaviour from the hot plate and continued 

throughout the rest of the experiment. The avoidance 

reflex shown by the animals treated with aspirin seems to 

be a hyperalgesic rebound effect. Escape reflex provides a 

unique method for measuring the relationship between the 

affective/motivational and sensory dimensions of pain 

processing.11,12 One study had shown that only escaping 

behaviour would be preserved when the animal was 

repeatedly exposed to hot plate experimentation, while 

another study reported that, modifications in avoidance 

reactions occur on repeated exposure to the hot plate.13 

These modifications could be linked to procedural 

memory when animals were exposed to various amnesia-

inducing treatments.14 One more study, says that escape 

behaviour as a quantitative measure of nociception which 

works well for morphine on the hot plate but not with 

NSAIDs.5 

Many randomised pain studies measure a continuous 

outcome at baseline and several times after treatment using 

a design called repeated measures. They use an absolute 

change of outcome at two points, among them one being 

baseline. Change from baseline has adequate power when 

the correlations between baseline and post-treatment 

scores are high and will create a bias towards the group 

with poorer baseline scores.15,16 

Most of the time, the choice of statistical analysis depends 

more on the research work and the researcher's own 

experience. However, while choosing any method, 

consider baseline variations since variations in reaction 

times at baseline are as high as 58%.  

CONCLUSION 

In a repeated measures design, change from the baseline 

analysis acts as a complement to the percentage inhibition 

which is used to report anti-nociceptive activity on hot 

plate method. 
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