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Electrophysiologic Mechanism of Tail Flick Reflex in Rats
Sang Ah Seoh* and Jun Kim

Department of Physiology, College of Medicine, Seoul* and Kyungsang National University

Although tail flick reflex (TFR) in rats has been used as a classic model of the nociceptive test to
evaluate the action of analgesics, there have been few studies on the origin of the latent period of TFR.
Present study was performed to elucidate the mechanism of increase in latency of TFR by morphine
in anesthetized rats.

Tail skin and dorsolateral tail nerve were stimulated electrically and EMG activities were recorded
from abductor caudae dorsalis muscle participating in tail flick reflex. In the case of noxious radiant
heat stimulation to tail, the tail flick tension was recorded before and after administration of morphine.
Then changes in latency and conduction velocity of peripheral nerve were evaluated.

The results obtained were as follows:

1) The latencies of TFR evoked by the electrical stimulation of tail skin and dorsolateral tail nerve
were all within 40 ms and were elongated by several milliseconds from control after the administration
of morphine. Peripheral conduction velocities of tail flick afferent nerve were within the range of 10-25
m/s.

2) The conduction velocity of peripheral nerve was significantly reduced after morphine administra-
tion, therefore the afferent time (utilization time+conduction time to spinal cord) was significantly
increased. But the time for central delay and efferent time was not affected by morphine.

3) The conduction velocity under room temperature (20-25°C) was significantly reduced after
morphine while that under vasodilation state (40~42°C) increased, 30 min and 45 min after morphine.
The conduction velocity under vasodilation state without treatment of morphine increased continuous-
ly.

4) The latency in tension response of TFR evoked by electrical stimulation was elongated by several
milliseconds from control while the latency evoked by noxious radiant heat was elongated by several
seconds compared with that of control.

From the above results, it could be concluded that: 1) the increased latency of TFR evoked by
electrical stimulation of tfle tail after morphine administration was due to the reducton in conduction
velocity of peripheral nerve, which was the secondry effect of morphine on the peripheral vasomotion
and 2) increased latency of TFR evoked by noxious radiant heat was also due to the same effect of
morphine and the increase in cutaneous insulation to the noxious heat.
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Fig. 1. Tail flick responses to electrical stimulation of

tail skin (TS) and dorsolateral tail nerve
(DLTN). EMG activities recorded from the left
abductor caudae dorsalis muscle which were
evoked by electrical stimulation of the tail skin
(a) and the dorsolateral tail nerve (b). Com-
pound action potential was also recorded from
peripheral nerve after stimulation of the tail skin.
Note that all the responses appeared within 40
ms after stimulation (left column) and no
response was followed after these components
(right column). Arrows indicate stimulations.
Horizontal bars indicate time scales.
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Fig. 2. Effects of morphine (2 mg/kg, i.v.) on the tail
flick latency evoked by electrical stimulation of
the dorsolateral tail nerve (a) and the tail skin
(b). The latencies of TFR at 30 minutes after
administration of morphine (middle trace) were
longer than control (upper trace) by 4ms (a) and
9ms (b) and the latencies in both were recoverd
15 minutes after administration of naloxone
(lower trace). MOR 30 : 30 min after morphine,
NLX 15 : 15 min after naloxone.
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Fig. 3. Changes in the latency of TFR evoked by electri-

cal stimulation of dorsolateral tail nerve (open
circle, n=>5) and tail skin (filled circle, n=32)
before and afier administration of morphine and
naloxone. Arrows indicate the time injecting
morphine and naloxone. The latencies were
maximally elongated 30 minutes after morphine
and recovered 15 minutes after naloxone.
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Fig. 4. A schematic diagram of the method for deter-
mining the conduction velocity (CV) of periph-
eral nerve (a). Two stimulation-sites were
selected in proximal 1/3 and distal 1/3 of the
tail, and recording site was the same in the
abductor caudae dorsalis muscle as in other
figures. A typical experiment was shown in (b).
The CV was calculated before and after mor-
phine and naloxone. CV (24 m/s) was shortened
to 13.3m/s at 30 minutes after injection of
morphine.
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Fig. 5. (a) Changes in conduction velocity (CV) through
peripheral nerve before and after morphine and
naloxone {n==8). Vertical bar indicates the stan-
dard error of mean. MOR 30 : 30 min after
morphine. NLX 5 : 5 min after naloxone. The
CV at 30 minutes after morphine was reduced
significantly. (b) The afferent time (utilization
time+ conduction time to spinal cord, open
circle) and the time for central delay and efferent
time (filled circle) were estimated before and
after morphine. The afferent time was signifi-
cantly increased while the central delay and
efferent time was not affected by morphine.
Vertical bar indicates the standard error of
mean. .
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Fig. 6. A comparison of latencies of TFR evoked by
electrical stimulation of the tail skin under room
temperature (20~25°C, a) with those under
vasodilation state (40~42°C, b) before and after
morphine. At 30 minutes after morphine the
latencies were elongated by 4 ms (a), 2 ms (b)
from those of control, respectively. The latency
under vasodiation state was affected less by
morphine than that under room temperature.
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Fig. 7. Changes in conduction velocities (CV) through

dorsolateral tail nerves under the states of room
temperature (n=28, open circle) and vasodilation
(n=6, filled circle), before and after morphine
and that of vasodilation without morphine (n=
3, open triangle). Note that the CV at room
temperature was reduced significantly after
morphine but the CV under vasodilation with
morphine was reduced slightly at 15 minutes,
following the increase at 30~45 min after mor-
phine and that under vasodilation without
morphine increased continueously.
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Fig. 8. Comparison of changes in latencies of TFR

evoked by electrical stimulation (a) with noxious
heat (b) before and after morphine. Note that
the latency of TFR evoked by electrical stimula-
tion was elongated from 40 ms to 43 ms at 30 min
after morphine but that by noxius heat was
elongated from 2.5 s to 6.2 s. Injection of nalox-
one recovered the latencies in both to control (41
ms, 2.4 s, respectively).
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