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Effect of Acute Hypotension on the Mechanical Response
of the Rat C-Polymodal Nociceptors
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ABSTRACT. Mechanical response of the rat C-Polymodal nociceptors
(C-PMNs) to repeated controlled forces (10-100 mN) was studied before,
during and after acute severe reducion in the blood pressure (hypotension).
Von Frey pressure thresholds of these units were not affected by the
hypotensive conditons. However, the mechanical response of the C-PMN
units to repeated controlled mechanical forces was markedly decreased in 9
units (out of 10 units) during and after hypotension compared to their normal
response before hypotension. The reduction in the excitability of the rat
C-PMNs to strong mechanical stimulation under the conditions of acute
hypotension is probably due to the decrease in the amount of oxygen supply
with the subsequent accumulation of metabolites nearby their nerve
terminals.

The mechano-heat sensitive C-fiber receptors group (C-polymodal nociceptors) is the
largest of sensory fiber receptors which form 50-75% of the total afferent
unmyelinated C-fibers in cutaneous nerves (Lynn and Carpenter 1982, Chad et al.
1983, Fleischer et a/. 1983, Lynn 1984, Shea and Perl 1985 and Carter and Lisney
1987). This group of nerve fibers respond to a variety of moderately intense and
potentially damaging thermal, mechanical and chemical stimuli (Torebjork 1974,
Croze et al- 1976, Beitel and Dubner 1976, Shea and Perl 1985 and Campbell et aj.
1988). The normal discharge pattern of these units in response to various stimuli has
been extensively studied during repeated noxious heat stimuli (Handwerker and
Neher 1976, Lynn 1979, Fitzgerald 1979, Lynn and Carpenter 1982, Lamotte et al-
1983, Campbell and Meyer 1983 and Adriaensen et al. 1984), mechanical forces
(Shakhanbeh and Lynn 1992) and chemical treatment (Kenins 1982, Szolcsanyi 1987,
Szolcsanyi et al- 1988, He et al. 1988, Lang et al. 1990, Belmonte et al. 1991 and Pozo
et al.1992). Moreover, under certain abnormal experimentally induced pathological
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conditions, such as acute inflammation, the nociceptive primary afferent function
(Russell et al. 1987, Kocher et al. 1987 and Kirchhoff et al. 1988) and efferent
response (Shakhanbeh unpublished data) of the C-PMNs have been markedly
enhanced. The effect of acute reduction in blood pressure has not,however,so far,
been studied on the mechanical response of the C-fiber nociceptors. The aim of this
study was to examine the excitability of the C-PMNs in the rat skin to repeated
controlled mechanical forces under the conditions of acute severe reduction in the
blood pressure.

Materials and Methods

Animal preparation

Male Sprague-Dawley rats weighing 200-550 g, were initially anesthetized by the
intraperitoneal injection of 50 mg/kg of Sodium pentobarbitone (Sagatal, May and
Baker). To maintain deep level of anesthesia, additional doses (20 mg™" kg/ hr) were
intravenously administered through the cannulated external jugular vein. A tracheal
cannula was inserted, and rectal temperature was kept around 37°C by a heating pad
under the animal. Arterial blood pressure was monitored continuously from a cannula
inserted in the left common carotid artery.

Single unit isolation and stimulation

The saphenous nerve was exposed, cut in the upper thigh, and covered with a pool
of liquid paraffin made from skin flaps stitched around a brass ring. For isolation of
single units, a pair of stimulating platinum electrodes were placed under the nerve at a
point just above the knee. Electrical stimulation for the C-fibers was done at 1 to 5
milliamperes (mA), 0.5 millisecond (ms) pulse duration and at 1 Hz frequency.
Recording was made from fine filaments dissected from the proximal cut end of the
nerve using watchmakers forceps and a small mirror as a platform. C-ploymodal
nociceptors (C-PMNs) were characterized by their response to form moderate to
strong pressure as well as to heat stimuli. Conduction velocities of these units were
0.51-1.03 m—"s. Receptive fields were carefully mapped and mechanical thresholds
were determined in millinewtons (mN) using calibrated von Frey bristles. Controlled
mechanical forces (10-100 mN) were applied to the receptive fields of the units for 4.5/
seconds at 1-2 minutes intervals using a motorized stimulator (Fitzgerald and Lynn
1977) with 0.8/ mm probe diameter. Mechanical response of these units was assessed
by the number of impulses evoked during the period of application of the above
repeated forces. Eight to fifteen stimuli were applied before hypotension (normal
blood pressure), 9-21 stimuli during hypotension (severe reduction in blood pressure),
and 10-26 stimuli applied after hypotension (restoring the normal blood pressure).
The number of stimuli was selected in order to establish a reliable level of discharge to
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the repeated stimuli. The discharge evoked by these units was monitored on a digital
storage oscilloscope (Tektronix 2230) and plotted by a chart recorder (Dash 1V,
Astro, Med, Inc.) alongside with the blood pressure signal.

Acute hypotension

The normal systolic blood pressure of these rats was 120-140 mm Hg (131.0 mm Hg
+ 2.5, n = 10).Severe acute reduction in the blood pressure (hypotension) was
induced by withdrawing about 3.5-4.0 ml of blood through the cannula in the common
carotid artery using a syringe containing 1 ml of heparinized saline (150 units™' ml).
This procedure caused immediate decrease in the systolic pressure to only 40-60 mm
Hg (51.2 mm Hg + 2.3, n = 10). Ten to sixty minutes later, the whole blood was
returned to the animal through the same cannula raising the blood pressure to its
normal level of 140-160 mm Hg (142.8 mm Hg * 4.6, n = 10). Data were expressed
as means = standard error of the mean (S.E.M.)

Results

Mechanical thresholds of the rat C-PMNs were compared before, during and after
acute hypotension (Fig.1). The mean von Frey pressure thresholds of these units
before hypotension (9.7 mN * 2.2 mN, n = 10) was not significantly different from
the mean of pressure during and after acute hypotension (12.0 mN £ 2.3 mN,
n = 10), P> 0.1, t-test. On the other hand, the mechanical response of the C-PMNs
to repeated controlled mechanical forces (10-100 mN) was reduced in 9 units (out of
10 units) during and after acute hypotension (Fig. 2). A typical response of one
C-PMN unit to repeated 55 mN force applied before, during and after hypotension is
shown in Fig. 3. The discharge of this unit to the above force was not fully recovered
to its normal level even after 15 minutes of restoring the normal blood pressure (Fig.
4). The discharge of 9 C-PMN units to the repeated controlled forces was reduced
during and after acute hypotension compared to their normal response of
pre-hypotension level. The mean number of spikes evoked by these units to
mechancial stimulation before hypotension (15.16 spikes * 1.71, n=09) is
significantly higher than that during (9.97 spikes + 1.32, n = 9), or after hypotension
(10.44 spikes £ 1.47,n = 9), P< 0.025, Mann-Whitney test. The overall reduction
in the mechanical response (Fig. 5) was 65.6% * 3.3% (n = 9) during hypotension,
and to 68.8% =* 3.1% (n = 9) after hypotension, P< 0.025, t-test. However, the
mechanical response of only one C-PMN unit, out of the 10 units, was not affected by
the reduction in blood pressure.




160 Jumah Shakhanbeh

| ‘l-
12 |
10 -l-
-
E 8-
o]
[<]
£
[72]
Q 6 -
£
©
K]
5 4
<
Q
7]
=
2 -
0
Before During and After
hypotension hypotension

Fig. 1. Histogram of mean mechanical thresholds (mN) of the rat C-polymodal nociceptors (C-PMNs)
before, during and after acute hypotension. Mechanical thresholds were determined using
calibrated von Frey bristles. Error bars represent =Standard Error of Mean (S.E.M.).

Discussion

The present study has examined the effect of acute hypotension on the mechanical
response of the rat C-PMNs.During Severe reduction in blood pressure, the discharge
of these units to repeated controlled mechanical forces was reduced compared to their
response of pre-hypotension level, However, the heat response of these units in the
rabbit were not affected by the local changes in the blood flow (Lynn 1979). Similarly,
under the conditions of opiate drug treatment in the cat,the pattern of discharge of
these units was consistent with repeated heating (Senami et a/. 1986) and with strong
mechanical stimulation in the rat (Shakhanbeh and Lynn, 1992). The discrepancy in
the findings between the mechanical response of the rat C-PMNs in the present study
and the heat response of similar units described in the rabbit (Lynn 1979) might
indicate that, although these two modalities of stimuli are mediated by the same
nociceptive nerve fibers, yet different membrane mechanisms are probably involved.
This is in agreement with the findings on ionic mechanisms of excitation of primary
afferent units (Szolcsanyi 1987, Sato et al. 1989, Lang et al. 1990 and Belmonte er al.
1991). Alternatively, the excitability of the C-PMNs by mechanical stimulation might
require more energy than that needed for heat stimulation.
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Fig. 2. Effect of acute hypotension on the discharge of C-PMNs in the rat skin to repeated controlled forces
(10-100 mN). Each point represents the mean of 8-15 responses before hypotension, 9-21 responses
during hypotension and 10-26 responses after hypotension.
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The decrease in the discharge of the rat C-PMNs to repeated mechanical forces
caused by the hypotension might be due to the resulting anoxia and to the changes in
the local environment near the endings of these nerve fibers as a result of
accumulation of metabolites. Since the reduction in oxygen supply is known to be
associated with hyperpolarization of the membrane potential of nerve cells (Hansen et
al. 1982, Fujiwara et /. 1987, Krnjevic and Leblond 1989, Leblond and krnjevic 1989,
and Cowan and Martin 1992). The present results demonstrated the inability of
C-PMNs to recover normal mechanical responses even after one hour of restoring
normal blood pressure. This might be due to an irreversible short term inhibition
evoked on the mechanical excitability of these units by severe reduction in blood
pressure. Moreover, only the nociceptive mechanical response has been affected but
not the von Frey pressure thresholds. This might suggest that the whole process of
mechanical excitability could be related to the amount of energy of stimulation acting
through different mechanical transduction mechanisms.Thisis supported by the recent
findings of White and Levine (1993) which showed that only sustained subthreshold
but not high force of stimulation induced sensitization of the rat C-PMNs. The present
results might indicate that the response of the rat C-PMNs to strong repeated
mechanical forces is markedly affected by the changes in their peripheral vascular
conditions resulting from the reduction in oxygensupply together with the consequent
accumulation of metabolites.
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Fig 3. Typical response of one C-PMN unit to repeated 55 mN force applied before (c), during (b) and after
(a) acute hypotension. Upper trace in each figure represents the discharge evoked by the unit, middle
trace represents the force profile and lower trace represents the systolic blood pressure (mm Hg).
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Fig 4. Response of one C-PMN unit to repeated 55 mN force applied before, during and after acute

hypotension. Upper trace represents the number of impulses evoked by the unit. Lower trace shows
the systolic blood pressure (mm Hg).
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Fig 5. Histogram of mean mechanical response of 9 C-PMNs (expressed as percentage of their response of
pre-hypotension level) to repeated controlled forces (10-100 mN) applied during and after acute
hypotension. Error bars represent +S.E.M.
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