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SUMMARY

The study aimed to evaluate the usefulness of somatosensory evoked potentials (SEPs) in studying the response to
two types of experimentally induced stressors, the cold pressor test (CPT) and exercise. The subjects were 20 healthy
normotensive males, 25±35 yr old. SEPs were recorded at baseline, immediately after CPT, in the recovery period
after CPT and also immediately after exercise and in the recovery period after exercise. The CPT and exercise
produced no signi®cant alteration in the absolute latencies, interpeak latency and amplitude of N10 and N20
components of SEPs. CPT and exercise produced changes in the systolic, diastolic and mean arterial pressure
and the heart rate. It may be relevant to study the e�ect of stress on the later cortical components of the SEPs.
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Stress is an integral part of our daily life. It may
be physical, mental, social or emotional. Stress
modulates the autonomic nervous system and
central nervous system activities so that the body
copes with the challenge, the normal response
being one of sympathetic overactivity.1

Somatosensory evoked potentials (SEPs)
recorded from the scalp have proved to be a
valuable tool for assessing the integrity of spinal
and brainstem pathways and the initial activation
of primary sensorimotor cortical regions. The test
has been proved to be a valuable clinical and
experimental tool.2,3 A recent study4 has shown
a reduced sensory conduction during the cold
pressor test (CPT), whereas a previous report5

reported no signi®cant e�ect of CPT on motor
conduction. There is also reported to be an increase
in nerve conduction after exercise.6

In the present study, we aimed to investigate the
e�ect of two types of experimentally induced
stresses, CPT and exercise, on sensory conduction.
The potential usage of SEPs in the evaluation of
the stress response was also studied.

MATERIALS AND METHODS

The subjects were 20 healthy, normotensive males
between 25 and 35 years. The experimental details
were outlined and informed consent was obtained
from the subjects. Approval was obtained from the
Ethics Committee of the Institute and th Code of
Ethics of the World Medical Association (Declara-
tion of Helsinki, 1964 and Declaration of Tokyo,
1975) was followed. The recordings were carried
out in an air-conditioned laboratory with the
subjects lying in the supine position.

Short latency somatosensory evoked potentials
were recorded from the median nerve on the
Nicolet Compact IV Evoked Potential System.
The recordings were carried out baseline, during
CPT, immediately after exercise and in the recovery
phases following CPT and exercise. The SEP
recording of recovery phase was taken when the
heart rate and BP returned to basal levels. The
recording electrodes were silver±silver chloride disc
type attached with conducting paste. Electrode
impedance was kept below 7 kO. The recording
montages were FPz±Al and FPz±C4 (FPz:10±20
international system, Al connected to Erb's point,
C4 connected to C40 (2 cm posterior to C4)). The
stimulating electrode was placed over the left
median nerve on the wrist and ®xed in place by a
Velcro tape with the anode end towards the palm.
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The ground plate was placed over the forearm. The
stimulus consisted of square wave pulses of 100 ms
duration delivered at the rate of 5.1 pulses/sec.
The sweep time was 40 ms, the ®lter bandpass
5±1500 Hz. The stimulus intensity was determined
by gradually increasing the strength of the
stimulus; the intensity was ®xed at 1 mA above
the intensity which elicited a thumb twitch. Five
hundred responses were averaged and replicated.

The CPT was performed by immersion of the
right hand in a cold water bath maintained at
4.0+ 058C for 2 min.7 The subjects were instructed
to avoid isometric contraction and performance of
Valsalva maneuver or holding the breath during
the test. The BP was monitored baseline, at 1 min,
2 min post-immersion, immediately after CPT and
every 1 min till readings returned to normal, which
was taken as `recovery'. The HR was monitored
continuously but only the readings coinciding with
BP readings are reported.

Exercise was carried out by bicycle ergometery.8

The subjects were instructed to pedal at 50 rpm at a
load of 150 W. If the heart rate exceed 130 beats/
min, the load was considered to be adequate; if it
was slower, the power was increased by 50 W
increments to produce the desired increase in heart
rate. The exercise was carried out for 6 min. The BP
was recorded baseline, immediately before exercise,
immediately after exercise and every 1 min after
exercise until the readings returned to normal. The
HR was noted every 1 min. The mean value of the
®fth and sixth minute was taken as the heart rate
response to exercise. If the di�erence between the
last two pulse rates exceeded 5 beats/min, the
exercise time was prolonged by 1 or more min until
a constant level was reached.

The e�ect of CPT and exercise on abso-
lute latency (AL), interpeak latency (IPL) and

amplitude of the SEP components was evaluated
by one-way analysis of variance within subjects.
The data were analysed by regression analysis to
study the relationship of absolute latency (AL),
interpeak latency (IPL) and amplitude of the SEP
with BP and heart rate.

RESULTS

As shown in Table 1, there was no signi®cant e�ect
of CPT on the AL, IPL and amplitude of the SEPs.
There was also no signi®cant e�ect of the exercise
test on the SEPs (Table 2). One-way analysis of
variance showed no signi®cant di�erence in values
of SEP between baseline, after CPT and exercise
test and in the recovery states.

CPT and exercise produced signi®cant changes
in BP and HR. Table 3 shows the e�ect of CPT on
the cardiovascular responses. An increase in
systolic and diastolic BP (SBP, DBP) and mean
arterial pressure (MAP) was recorded at 1 min and
2 min after the beginning of the CPT, which
returned towards baseline values in the recovery
period. The HR did not register any signi®cant
change during CPT. Table 4 shows the response to
exercise. An increase in SBP, DBP, MAP and HR
was found immediately after the exercise test, the
values returning towards baseline in the recovery
period. There was no relationship between SBP,
DBP, MAP and HR and AL, IPL and amplitude of
the SEP component.

DISCUSSION

The study was undertaken to assess the usefulness
of SEPs in studying the `stress' response, especially

Table 1 Ð E�ect of cold pressor test on latencies and amplitudes of the median nerve
somatosensory evoked potentials (N� 20) (values are mean+SD)

Baseline After CPT Recovery

AL (EP) (ms) 10.17+ 1.39 10.16+ 1.34 10.20+ 1.40
AL (Ctx) (ms) 19.02+ 0.69 19.04+ 0.65 18.84+ 0.61
IPL (ms) 8.84+ 1.25 8.77+ 1.34 8.64+ 1.58
A1 (EP) (mV) 3.39 � 1.51 3.81 � 2.56 3.53 � 1.61
A2 (EP) (mV) 2.91 � 1.04 3.08 � 1.81 2.14 � 1.25
A1 (Ctx) (mV) 1.61 � 0.98 1.33 � 0.66 1.06 � 0.81
A2 (Ctx) (mV) 1.93 � 1.47 1.81 � 1.11 1.54 � 1.00

AL (EP), absolute latency of N10 at Erb's point; AL (Ctx), absolute latency of N20 at the
somatosensory cortext; IPL, interpeak latency; A1, A2, amplitudes of the waves (as shown in
Figs 1 and 2).
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when applied to defence troops, where it may be a
screening test not only at the recruitment stage but,
more importantly, for the performance of speci®c
tasks.

Cold pressor test and exercise experimentally
induced stressors evoke an increase in sympathetic
activity. `Stress' alters sensory conduction. High
altitude hypoxic stress causes changes in absolute
and interpeak latencies of the auditory and visual

evoked potentials.9 Taste responses are known to be
altered by hypoxic stress at high altitude.10,11 Thus,
it was thought worthwhile to study the e�ect of two
di�erent experimentally induced stressors on sen-
sory conduction. However, the CPT and exercise
tests used to evoke the stress reaction did not
signi®cantly alter the median nerve short latency
SEPs. No correlation was found between BP and
HR and the latencies and amplitude of SEPs.

Fig. 1 Ð E�ect of cold pressor test on somatosensory evoked
potentials. Note lack of any signi®cant change in recordings at
baseline, during CPT and in the recovery period

Fig. 2 Ð E�ect of exercise on somatosensory evoked potentials.
Note lack of any signi®cant change in recordings at baseline,
during CPT and in the recovery period

Table 2 Ð E�ect of exercise on latencies and amplitudes of the median nerve
somatosensory evoked potentials (N� 20) (values are mean+SD)

Baseline After exercise Recovery

AL (EP) (ms) 10.17+ 1.39 9.5+ 0.53 9.88+ 0.90
AL (Ctx) (ms) 19.02+ 0.69 18.92+ 0.78 18.86+ 0.69
IPL (ms) 8.84+ 1.25 9.33+ 0.47 8.89+ 1.27
A1 (EP) (mV) 3.39 � 1.51 3.06 � 2.2 3.56 � 2.08
A2 (EP) (mV) 2.91 � 1.04 3.06 � 2.2 2.84 � 1.23
A1 (Ctx) (mV) 1.617 0.98 1.12 � 0.50 0.86 � 0.50
A2 (Ctx) (mV) 1.93 � 1.47 1.63 � 0.81 1.20 � 0.92

AL (EP); absolute latency of N10 at Erb's point; AL (Ctx), absolute latency of N20 at the
somatosensory cortext; IPL, interpeak latency; A1, A2, amplitudes of the waves (as shown in
Figs 1 and 2).
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The stimulation of the median nerve activates the
motor Ia and sensory type II ®bres. The impulses
from the latter ascend from the median nerve
through the brachial plexus, dorsal ganglia of the
spinal nerves, dorsal columns, cuneate nucleus,
medial lemniscus, relay in the contralateral
thalamus and through the thalamocortical ®bres
project to the cortex.12 The ®rst peak in our study is
generated from the brachial plexus. The second
peak originates in the cortex on the posterior
surface of the central sulcus, area 3b.13 This latter
peak may involve multiple cortical generators
located within pre and post Rolandic areas, the
initial component originating in area 3, followed
within milliseconds by the activation of areas 1, 2
and 4. These components re¯ect the depolarization
of lamina 4 stellate cells and subsequent activation
of adjacent pyramidal cells in laminae 3 and 5.14

The lack of any correlation between BP and
latencies of SEPs in the present study is in line
with earlier studies reporting only DBP above 110
mmHg a�ects the nerve conduction.15 Another
study by Krishnamurthy et al.5 showed no e�ect of
CPT on the distal motor latency of the median
nerve. A recent study4 reporting reduced sensory
conduction during CPT (carried out at a lower

temperature of 2.0+ 0.58C) o�ered no valid
explanation for the ®ndings, the results having
been attributed to the lowered skin temperature in
the contralateral limb. The di�erence in the
protocol of the mentioned study and the present
work may explain the di�erent ®ndings.

The blood supply to the nerve is important in the
maintenance of its function.6 In the present study,
during CPT, there may be no signi®cant alteration
in the blood ¯ow of the contralateral nerve from
where the recordings were obtained. For the same
reason, after exercise, there is an increase in nerve
conduction.6 However, the increase in blood ¯ow
during exercise is mainly to the exercising muscles.
In the present study, bicycle ergometry would
increase the blood ¯ow mainly to the leg muscles,
whereas the median nerve blood ¯ow might not
be altered much. This might contribute to the lack
of any signi®cant e�ect upon the median nerve
responses.

There was a marked acceleration of cardiovas-
cular responses following CPT and exercise. CPT,
used to evoke an increase in BP, involves a sym-
pathetically mediated cardiovascular reaction.16,17

The procedure is not only used to raise BP in
patients having cardiovascular disorders18,19 but

Table 3 Ð Responses to cold pressor test (values are mean+SD)

Blood pressure (mmHg) Heart rate
(beats/min)

SBP DBP MAP

Baseline 116.00+ 10.55 80.00+ 4.72 92.00+ 13.22 73.00+ 8.81

CPT
1 min ***135.40+ 16.42 ***92.27+ 11.63 ***106.60+ 19.34 76.22+ 8.92
2 min ***134.87+ 12.78 **90.00+ 9.13 ***105.00+ 16.28 73.56+ 9.74

Recovery 119.13+ 9.23 80.53+ 7.31 93.40+ 10.69 71.86+ 8.22

SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure.
**p5 0.01; ***p5 0.001.

Table 4 Ð Responses to exercise test (values are mean+ SD)

Blood pressure (mmHg) Heart rate
(beats/min)

SBP DBP MAP

Baseline 111.13+ 14.23 73.13+ 4.82 85.80+ 19.39 74.86+ 12.26

Exercise ***131.50+ 15.70 ***84.38+ 7.92 ***100.08+ 9.53 ***161.79+ 11.68

Recovery *119.13+ 13.36 76.75+ 5.75 90.09+ 16.54 **87.00+ 11.72

SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure.
*p5 0.05; **p5 0.01; ***p5 0.001.
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has also been found useful in the evaluation of
cosmonaut candidates,20 acclimatization to high
altitude21 and in studying cold adaptation.22

The increase in cardiovascular responses during
CPT is in agreement with previous studies.23,24 The
lack of any apparent change in HR during CPT is
in agreement with a previous study.25 The peak rise
in HR is believed to be during the ®rst 30 seconds,
after which it starts decreasing.25,26 Hence, when
recording at 1 min or 2 min, the response may have
already diminished.

It may be relevant to study the e�ect of the stress
response on the later cortical components of the
SEPs. These components represent the composite
of activity distributed across multiple cortical
laminae and the interaction of overlapping excit-
atory and inhibitory events.27
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