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Hyperalgesia during
sedation: effects of
barbiturates and
propofol in the rat
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Subhypnotic doses of thiopentone are considered to possess
antianalgesic or hyperalgesic properties. In this study, we have
tested the hypothesis that the coincidence of sedation and hy-
Dperalgesia is a property of both barbiturate and non-barbiturate
anaesthetic agents. In a randomized, prospective, blinded study,
the effects of slow (20 min) iv infusions of thiopentone, pen-
tobarbitone, methohexitone or propofol on nociceptive thresh-
old were measured in rats by tail pressure analgesimetry and
compared with saline-infused control animals. Nociceptive
thresholds were correlated with measurements of plasma drug
concentrations and behavioural assessments. Comparison of
pre-infusion nociceptive threshold with the lowest threshold ob-
tained during drug infusion revealed decreases in all four treat-
ment groups. As a percentage of the pre-infusion values, the
decreases were: thiopentone: 42.5% (P < 0.001), pentobarbi-
tone: 278% (P = 0.014), methohexitone: 24.9% (P = 0.013),
propofol: 21.6% (P = 0.006). There were no changes in no-
ciceptive threshold in the control groups. The relationship be-
tween nociceptive threshold and plasma drug concentration was
usually characterized by an initial decline followed by a rise
in nociceptive threshold as the plasma concentration and degree
of sedation increased. The results support the hypothesis that
hyperalgesia is a property of different anaesthetic agents when
administered at sub-hynotic concentrations.
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On consideére que les doses sous-hypotiques de thiopentone pos-
sédent des propriétés antianalgésiques ou hyperalgésiques. Cette
étude vérifie lhypothése selon laquelle la coincidence de la séda-
tion avec I'hyperalgie constitue a la fois une propriété des agents
anesthésiques barbituriques et des non barbituriques. Au cours
dune étude randomisée, prospective et a l'aveugle, les réper-
cussions sur le seuil nociceptif dune perfusion lente (20 min)
de thiopentone, pentobarbitone, méthohexitone et de propofol
sont mesurées par analgésiométrie de compression sur la queue
du rat et comparées avec des animaux de contrble sous per-
Sfusion au soluté physiologique. Les seuils nociceptifs sont cor-
relés avec les mesures de concentration plasmatique des drogues
et par l'évaluation du comportement. La comparaison du seuil
nociceptif avant la perfusion avec le seuil le plus bas obtenu
pendant la perfusion révéle des diminutions dans tous les
groupes de traitement. En pourcentage des valeurs de pré-
infusion, les diminutions sont les suivantes: thiopentone: 42,5%
(P < 0.001), pentobarbitone: 27,8% (P = 0,014), méthohexi-
tone: 24.9% (P = 0,013), propofol: 21,6% (P = 0,006). I n’y
a pas de changement dans les groupes contréle au regard du
seuil nociceptif. La relation entre le seuil nociceptif et la concen-
tration plasmatique des drogues est ordinairement caractérisée
par une baisse initiale suivie par une augmentation du seuil
nociceptif @ mesure que la concentration plasmatique et le ni-
veau de sédation augmentent. Ces résultats supportent 'hy-
pothése selon laquelle Phyperalgie serait une propriété de plu-
sieurs anesthésiques quand ils sont administrés a des
concentrations sous-hypnotiques.

The belief that sub-hypnotic doses of barbiturate agents
enhance pain perception has been a tenet of anaesthetic
practice for >>30 yr. In 1960, Dundee' used tibial pressure
analgesimetry to demonstrate a reduction in nociceptive
threshold (NT) in humans following low doses of thio-
pentone or pentobarbitone. Since then, similar actions of
barbiturates have been demonstrated in both human? and
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animal® studies. Contradictory evidence, however, has
come from other studies which suggest that barbiturates
(and other iv anaesthetic agents) possess only antinoci-
ceptive properties.*?

The methodological differences among the preceding
studies are considerable. A recent editorial by Kitahata
and Saberski® cautioned against extrapolating the con-
clusions of in vitro studies to support observations in
the intact animal. Qualitative differences among such
things as the method of restraint or the type of nociceptive
stimuli militate against comparisons of different studies.’
Investigations of non-barbiturate anaesthetic agents, no-
tably propofol,* have generally failed to demonstrate hy-
peralgesia. In spite of the recent interest in the subject,
the question of barbiturate or non-barbiturate induced
hyperalgesia remains conjectural.

Recently, using tail pressure analgesimetry in rats, we
demonstrated that sub-hypnotic doses of thiopentone were
associated with a reduction in NT which we believe re-
flected a hyperalgesic action of this drug.® We speculated
that both barbiturate and non-barbiturate anaesthetic
agents would cause hyperalgesia at plasma concentrations
which caused sedation. To test the hypothesis, we per-
formed this prospective, blinded study in two parts. In
the first part of the investigation, we used the technique
of tail pressure analgesimetry in rats to study the effects
of slowly increasing plasma concentrations of thiopen-
tone, methohexitone or pentobarbitone on NT, and to
correlate these effects with assessments of the animals’
behaviour.

In the second part of the study, we used the same
measure of nociception, in a similar study design, to com-
pare the effects on NT of sedative concentrations of pro-
pofol and thiopentone.

Methods

The study protocols were approved by the University of
Calgary Animal Care Committee. A total of 55 male
Sprague-Dawley rats, each weighing between 250-325 g,
were studied.

Animal model

The investigations were performed with animals re-
strained in a manner similar to that previously described
for autoradiographic studies in the rat.® After weighing,
each animal was anaesthetized with 29% halothane in oxy-
gen. Femoral arterial and venous catheters were inserted
under direct vision. The animal was partially restrained
by wrapping it from ankles to midthorax in a plaster
cast which prevented escape whilst permitting free move-
ment of the head and forelimbs. It was then taped to
a wooden block and placed under a warming lamp for
two hours to allow elimination of halothane. Before in-
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clusion in the study, the physiological status of each an-
imal was evaluated. Mean arterial pressure was measured
by an electromanometer (model 33-260, Baxter Health-
care Corp., Irvine, CA., US.A)). A sample of arterial
blood was withdrawn for measurement of arterial oxy-
gen tension, carbon dioxide tension, pH and haematocrit.
We sought to confirm, for each animal, that these meas-
urements lay within the normal limits for our laboratory
(Pa0, > 65 mmHg, PaCO, 30-45 mmHg, pH 7.30-7.45
and haematocrit 35-55 vol%). Rectal temperature was
maintained between 36°C and 38°C with a warming
lamp. This was confirmed, at the beginning and end of
the experiments, with a thermistor probe thermometer
(model 43 TD, Yellow Springs Instruments, Yellow
Springs, OH., U.S.A.). Each sample of blood withdrawn
during the experiment was replaced immediately with an
equivalent volume of normal saline.

Measurement of nociceptive threshold
The thresholds for responses to noxious mechanical stim-
uli were measured by tail pressure analgesimetry, a mod-
ification of the Randall and Selitto paw pressure test. !0
Nociceptive threshold was defined as the weight (in
grams), applied to the tail, which caused a brisk with-
drawal response. The stimulus was applied by an
Analgesy-Meter (Ugo-Basile, Milan, Italy).!' Using this
device, the tail was supported on a plinth while pressure
was exerted by means of one or two weights via a cone-
shaped pusher at a rate which increased linearly by 32
g-sec™! from zero to 250 g when one weight was used,
or by 64 g-sec™! from zero to 500 g when two weights
were used. We stimulated the distal 4 cm of the tail,
avoiding, as much as possible, repetitive use of the same
pressure point. The measurement scale on the Analgesy-
Meter was hidden from the observer by a screen; an as-
sistant recorded each end point. The NT was calculated
as the mean of three consecutive measurements. Prior
to each infusion, baseline measurements of NT were per-
formed in the manner described above. In both parts
of the study, NT measurements were repeated at 4, 8,
12, 16, and 20 min after the start of the infusion. In
part 1 of the study, additional measurements were made
at two and six minutes. | :
Arterial blood samples (250 pl) were withdrawn at the
corresponding times for analyses of plasma barbiturate
or propofol concentrations.

Infusion strategy

The infusion rates for the different barbiturates were cho-
sen with the knowledge of their respective potencies and
on the basis of our previous observations of the animals’
behaviours during thiopentone infusions. Over the course
of a 20 min infusion, we attempted to produce a spectrum
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of behaviour proceeding from an awake animal to one
that was unresponsive to non-noxious stimuli. After the
two-hour recovery period, and following confirmation of
acceptable physiological variables, each animal was ran-
domly allocated to receive an intraveous infusion of one
of the following solutions:

1 Thiopentone  (STP group) 650 pg-kg~'  min~!
2 Pentobarbitone (PB group) 375 ug-kg~!-min—!
3 Methohexitone (MTX group) 335 pg-kg~' - min—!
4 Normal saline (NS group)

The solutions were infused at a rate of 0.15 ml- min-!
by a syringe driver (Sage, model 351, Orion Research
Inc., Boston, MA,, US.A)

Our hypothesis, and evidence from preliminary studies
(results not shown), suggested that, if propofol causes hy-
peralgesia, then this would be likely to be demonstrated
in our model at plasma propofol concentrations which
cause sedation, i.e., between 0-2 pg- mi~!. During pre-
liminary studies of continuous infusions, we observed that
the pharmacokinetic properties of propofol differed mark-
edly from those of thiopentone. In most animals, plasma
propofol concentrations reached a plateau after approx-
imately eight minutes of infusion, whereas thiopentone
did not reach a steady-state until after 20 min of infusion.
Consequently, we estimated that at least two different
infusion rates would be required to span the plasma con-
centration range needed to reproduce the behavioural ef-
fects observed during the thiopentone infusion used in
part 1 of this investigation. By trial and error, we de-
termined that appropriate infusion rates for propofol were
340 and 680 ug-kg~':-min~!. Thus, each animal was
randomly allocated to receive an infusion of one of the
following solutions:

1 Thiopentone (STP group) 650 ug-kg=!: min-!

2 Propofol (PROP1 340 ug-kg~!- min~!
group)

3 Propofol (PROP2 680 pg-kg~!- min-!
group)

4 Normal saline (NS group)

The infusion rate was again (.15 ml - min—, The opac-
ity of the propofol emulsion required that the syringe
and tubing be shielded from view in order to meet the
requirement that the observer be blinded to the group
allocation for each animal.

After 20 min, the infusions were stopped. Arterial
blood gas tensions, pH, haematocrit, mean arterial pres-
sure and rectal temperature were again measured.

Sedation scores

The level of sedation of each animal was assessed prior
to each NT measurement by observation of spontaneous
behaviour, and by testing the animal’s responses to pas-
sive movement of the head and stimulation of the vi-
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brissae. A sedation score was assigned as follows:

0 Awake: actively exploring, brisk head response.

1 Slightly drowsy: not actively exploring, easily stimu-
lated by manipulating head or vibrissae.

2 Drowsy: responds only to vigorous manipulation of
head or vibrissae.

3 Unresponsive to head manipulation.

Determination of plasma barbiturate concentrations
Barbiturate concentrations in plasma were measured by
high-performance liquid chromatography (HPLC). 12

The limit of detection was 0.3 ug- ml-! for thiopen-
tone and 1 pg - ml~! (when 60 ul of plasma was extracted)
for pentobarbitone and methohexitone. The coefficient of
variation was 12.2%, 13.5%, and 16.5% for thiopen-
tone, pentobarbitone, and methohexitone, respectively (1
SD/100 X mean value), determined for the highest value
on the standard curve (30 pg-ml~! for thiopentone: 20
pg - ml~! for both pentobarbitone and methohexitone).
The accuracy of the method, determined from standard
curves, was 2% for thiopentone, +3% for pentobar-
bitone and 16.5% for methohexitone.

Determination of plasma propofol concentrations
Propofol was measured in plasma samples by HPLC. "
For extraction, 35 ul acetonitrile was added to an equal
volume of plasma. The mixture was vortexed and then
centrifuged at 15,000 rpm for five minutes. A 50 pl ali-
quot of the supernatant was injected directly on to a
Perkin-Elmer Cg (3 pm, 3.3 cm) stainless steel column
equipped with a Series 4 pump (Perkin-Elmer Corp.,
Norwalk, CT,, US.A)) and an LC-electrochemical de-
tector (Bioanalytical Systems Inc., West Lafayatte, IN,,
U.S.A.). The flow rate of the mobile phase (60% methanol
and 40% 0.05M phosphate buffer), was 1.4 mi- min—".
The potential of the electrochemical detector was set at
0.78 V in reference to a Ag/ AgCl electrode.

With this assay technique, the limit of detection of pro-
pofol was 0.1 pg-ml~! with a coefficient of variation
of £0.8% (1 SD/mean value X 100), determined for the
highest value on the standard curve, 4.3 pg- ml~'. The
accuracy of the method, determined from the standard
curves, was 13.6%.

Statistical analyses
All analyses were performed using Sigmastat software
(Jandel Scientific, San Rafael, CA., USA).

Physiological data that met the criteria of equal var-
iance were compared at the beginning and end of each
infusion by unpaired t test. Data that failed the equal
variance test were compared using the Mann-Whitney
U test.

In both parts of the study, for each NS (control) group,
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linear regression analysis was performed with NT as the
dependent variable and time as the independent variable.

In both parts of the study, values of NT prior to in-
fusion were compared among the three treatment groups
by one way ANOVA.

For each of the treatment groups, we attempted to
characterize the relationship between NT and plasma bar-
biturate or propofol concentration by submitting the data
to polynomial regression analysis. Data that either could
not be characterized thus, or data that obviously dem-
onstrated a linear relationship, were submitted to linear
regression analysis.

In addition, for each agent, we compared, using a
paired t test, the mean pre-infusion NT value with the
lowest mean NT during the infusion.

Results
A total of 55 animals were studied, 29 in part 1 of the
study, and 26 in part 2.

Physiological data - thiopentone, pentobarbitone, and
methohexitone

In each of the four groups, mean haematocrit decreased
during testing. The mean arterial blood pH showed a
small decline in the pentobarbitone and methohexitone
groups. In all four groups, the mean values of the phy-
siological data were within the normal limits for our lab-
oratory.

Plasma barbiturate concentrations and nociceptive
threshold

The mean plasma concentrations of pentobarbitone,
methohexitone and thiopentone increased, in a non-linear
fashion, during each infusion (Figure 1). Observation of
the data from the methohexitone group suggested that
an equilibrium plasma concentration was attained before
the end of the infusion.

Table I summarizes the results of the measurement
of NT during the infusions in the four groups. Linear
regression analysis revealed no relationship between NT
and time in the NS group (r2 =0.003, P = 0.697). Among
the four groups, mean pre-infusion NT was greater in
the methohexitone group than in the thiopentone group
(P = 0.034, one-way ANOVA).

The relationships between NT and plasma barbiturate
concentration are demonstrated for thiopentone (Figure
2) and pentobarbitone (Figure 3). For both of these drugs,
polynomial regression analysis of the data showed a sig-
nificant fit to a third order polynomial equation. For pen-
tobarbitone, the equation had a P value of 0.008; for
thiopentone, the equation had a P value of 0.039. In the
case of methohexitone, third-order polynomial regression
analysis failed to demonstrate a relationship between NT
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FIGURE 1 Barbiturate pharmacokinetics. Relationship between

mean plasma thiopentone (closed squares), pentobarbitone (closed
circles) and methohexitone (closed triangles) concentrations and time
during the infusions. Values are means 3 SD.

TABLE1 Nociceptive threshold versus duration of infusion

STP PB MTX NS
Group n=6 n=9 n=7 n=7
Infusion
{min) Nociceptive threshold (g)
0 198 £43* 221+43 264336 23031
2 185+30 205+44 278167 211%13
4 183+36 18168 214%+44 209135
6 149t+44 173160 198132 209+47
8 127+35 160+51 225%x56 207135
2 13140 17145 20989 206 +37
16 156+39 170+45 20065 23022
20 16158 179+32 212+95 220%25

Groups are: thiopentone (STP), pentobarbitone (PB), methohexitone
(MTX) and normal saline (NS).

Values are means 3 standard deviations.

*Pre-infusion value in STP group significantly less compared with
MTX group (P = (.034, one way ANOVA).

and plasma methohexitone concentration. However, lin-
ear regression analysis showed an inverse relationship be-
tween NT (dependent variable) and plasma methohex-
itone concentration (independent variable) (P = 0.046).
The regression line (Figure 4) fitted the equation:
NT = 251.06 — 11.96[MTX] jz50ma-

The shaded areas in each of the preceding three figures
indicate the range of plasma barbiturate concentrations
associated with the onset of drowsy behaviour (sedation
score = 1).
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FIGURE 2 Nociceptive threshold versus plasma thiopentone
concentration. Solid line shows third order polynomial relationship
(P = 0.039) between mean values of nociceptive threshold (solid
squares) and plasma thiopentone concentrations in six animals.
Dashed lines indicate 95% confidence limits for the relationship.
Shaded area indicates range of plasma thiopentone concentrations
associated with the onset of sedation.

Physiological data - thiopentone and propofol

Although the mean values for nearly all of the indices
fell within the normal range for our laboratory, there were
a number of differences from control values noted at the
end of the infusions. The mean arterial pressure in all
three treatment groups decreased. The magnitude of the
decrease was greatest (17.5% of control value) in the
PROP2 group.

Plasma thiopentone and propafol concentrations and
nociceptive threshold

The mean plasma propofol concentrations in the PROP1
group appeared to reach equilibrium after eight minutes
of infusion. In the other two groups, the plasma con-
centrations of the respective anaesthetic agents gradually
increased over the 20 min (Figure 5).

Table II summarizes the nociceptive threshold data in
the four groups. Linear regression analysis of NT versus
time in the NS group did not reveal any relationship
(r2=0.617, P = 0.064).

The relationships between NT and plasma drug con-
centrations are shown for thiopentone (Figure 6) and pro-
pofol (Figure 7). For the purpose of this analysis, the
data from the PROP1 and PROP2 groups were com-
bined. The data in each of the resulting two groups (thio-
pentone and propofol) were treated with regression anal-
ysis to determine the relationship between NT and plasma

FIGURE 3 Nociceptive threshold versus plasma pentobarbitone
concentration. Solid line shows third order polynomial relationship
(P = 0.005) between mean values of nociceptive threshold (solid
squares) and plasma pentobarbitone concentrations in nine animals.
Dashed lines indicate 95% confidence limits for the relationship.
Shaded area indicates range of plasma pentobarbitone concentrations
associated with the onset of sedation.

drug concentration. In the thiopentone group, observation
of the data suggested a linear relationship between NT
and plasma thiopentone concentration. Linear regression
analysis of NT (dependent variable) versus plasma thio-
pentone concentration (independent variable) demon-
strated a decrease in NT as plasma thiopentone concen-
tration increased from zero to 15 ug-mil~! (r2 = 0.961,
P <0.001). The regression line had the following equa-
tion: NT = 205.84 — 5.70[STP] jusma-

The relationship between NT and plasma propofol con-
centration (PROP1 and PROP2 groups combined) could
be characterized by a third-order polynomial (P < 0.001).
In both figures, the shaded areas again illustrate the range
of plasma drug concentrations at which the onset of drow-
siness occurred (sedation score = 1).

In all groups, the lowest mean NT values were com-
pared with the mean control (pre-infusion) values using
paired t tests, The maximum decrease in NT in each
of the treatment groups in Part 1 of the study was as
follows: thiopentone 35.9% (P = 0.002), pentobarbitone
27.8% (P = 0.014), methohexitone 24.9% (P = 0.013).
In the thiopentone group in Part 2, NT decreased by
42.5% (P < 0.001) after 20 min. In the combined pro-
pofol groups, the nadir occurred at 12 min. Since this
value was derived from animals in the PROPI group
only, we decided that the relevant comparison should be
with the mean control value from the PROPI1 animals
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FIGURE 4 Nociceptive threshold versus plasma methohexitone
concentration. Solid line indicates linear relationship (P = 0.046)
between mean values of nociceptive threshold (solid triangles) and
plasma methohexitone concentrations in seven animals. Dashed lines
indicate 95% confidence limits for the relationship. Shaded area
indicates range of plasma methohexitone concentrations associated
with the onset of sedation,
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FIGURE 5 Thiopentone and propofol pharmacokinetics.
Relationship between mean plasma concentrations of thiopentone
(closed squares), propofol - low infusion rate (open squares) and
propofol - high infusion rate (open triangles) and time during the
infusions. Values are means £+ SD.

only. The resultant decrease in NT was 21.6% of control.
On this basis, the maximum decrease in NT was greater
in the thiopentone group than in the propofol groups (2-
way repeated measures ANOVA, F = 9.465, dof = 11,
P < 0.001).
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TABLE II Nociceptive threshold versus duration of infusion

STP PROPI PROP2 NS
Group n=7 n=6 n=35 n=§
Infusion
{min) Nociceptive threshold (g)
0 20714 213118 261+27 217432
4 165132 19012 206120 225+45
8 153+£32 18519 25074 213X42
12 125+32 167+26 268+33 199124
16 129+36 178+33 319+61 194119
20 119+28 178+21 304113 204+ 24

Groups are; thiopentone (STP), propofol (PROP1 and PROP2) and
normal saline (NS).
Values are means =t standard deviations.

250
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=
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FIGURE 6 Nociceptive threshold versus plasma thiopentone
concentration. Solid line indicates linear relationship (£ < 0.001)
between mean values of nociceptive threshold (solid squares) and
plasma concentrations in seven animals. Dashed lines indicate 95%
confidence limits for the relationship. Shaded area indicates range of
plasma thiopentone concentrations associated with the onset of
sedation.

Discussion

The results of this study substantiate previous evidence®
that subanaesthetic plasma concentrations of thiopentone
are associated with hyperalgesia, as defined by a decrease
in NT. In addition, we have demonstrated that this effect
is shared by two other intravenous barbiturate anaesthetic
agents, pentobarbitone and methohexitone, when admin-
istered in subanaesthetic doses. Given the structural and
pharmacodynamic similarities among the three drugs, the
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FIGURE 7 Nociceptive threshold versus plasma propofol
concentration, Solid line shows third order polynomial relationship

(P < 0.001) between mean values of nociceptive threshold (open
squares and open triangles) and plasma propofol concentrations in 13
animals (PROP1 and PROP?2 groups combined). Dashed lines indicate
95% confidence limits for the relationship. Shaded area indicates range
of plasma propofol concentrations associated with the onset of
sedation.

results are not surprising. Qualitatively similar results
were obtained by Neal,? using an electrical stimulus in
mice, following intraperitoneal administration of the same
three barbiturates.

We have also demonstrated that propofol, at subhyp-
notic plasma concentrations, produces hyperalgesia of a
magnitude similar to the barbiturates. Propofol, although
structurally quite different from the barbiturates, has been
shown to occupy a binding site within the same GABA ,
receptor/chloride channel complex as the barbiturates. !
The results of part 2 of the study demonstrate that hy-
peralgesia is a feature of both barbiturate and non-
barbiturate anaesthetic agents at plasma concentrations
which cause sedation.

Part 2 of the study was designed to compare the effects
of thiopentone and propofol on NT directly. We observed
a difference between the two agents. The maximum de-
crease in NT during thipentone infusions was nearly twice
as great as that observed with propofol (42.5% versus
21.6%, respectively). However, simple interpretation of
this result as a measure of relative potencies is hindered
by a number of factors. Firstly, under non steady-state
conditions, the nadir of NT in the propofol group oc-
curred at 12 min whereas the minimum value for NT
in the thiopentone group occurred at the end of the in-
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fusion. A linear relationship was demonstrated between
plasma thiopentone concentration and NT which may
have continued beyond 20 min raising the possibility of
a greater decrease in NT which was not detected because
measurements were stopped. Secondly, the difficulties of
quantifying the animals’ behaviour call into question the
comparability of the behavioural state of the animals in
both groups at the plasma concentrations associated with
the maximum decrease in NT. Thirdly, the intermittent
nature of the NT measurements allows the possibility that
we may have missed observing the nadir of NT in either
of the two groups.

This investigation is open to a number of criticisms,
some that are common to all behavioural studies of this
type, and others that pertain only to this study. We have
addressed, in a previous report,’ several of the limitations
applicable to all studies of nociception in animals. These
include the inherent difficulty of inferring pain sensation
from a reflex measure such as tail withdrawal. Tail pres-
sure is a more complex stimulus than the thermal stimulus
used in the tail flick reflex. It produces a correspondingly
more complex response which is considered to be me-
diated at both spinal and supraspinal sites.' It results
in both noxious and non-noxious stimuli to which the
rat can respond, but between which we cannot distinguish
in this model. Neither can we confidently relate the mag-
nitude of the response to the intensity of the stimulus.
Tail pressure analgesimetry provides, at best, an indirect
measure of pain.

Similarly, our ability to quantify the behaviour of the
animals was limited by the imprecision of the scoring
system that we employed. This problem was accentuated
by the fact that, in the treatment groups, we observed
animals under non steady-state conditions in which the
variable being measured (sedation) continued to change
during the measurement process.

Other limitations, pertinent to behavioural models of
this type, include the possible influences on NT of stress-
induced analgesia'® or hyperalgesia,!” or alterations in
the response caused by peripheral mechanisms such as
injury to the tail.'* We believe that comparison with the
NS (control) groups, in which NT did not change with
time, allow us to discount stress as a possible confounding
factor. With regard to the latter concern, we attempted
to minimize the possibility of tail damage by moving the
site of stimulation with each measurement, and by lim-
iting the maximum weight on the tail to 500 g. Again,
however, there was no evidence of a peripheral effect on
NT in the control animals which were subjected to the
same measurements,

Of the criticisms that are specific to this study, perhaps
the most important is the potential for observer bias re-
sulting from the difficulty of adequate blinding. Because
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one of the measurements being made was an assessment
of sedation, the observer soon became aware whether
or not an anaesthetic agent was being administered.
Shielding the rest of the animal from the observer meas-
uring the tail response was not considered a practical
proposition and would have blunted the definition of the
end-point. However, inspection of the relationship be-
tween NT and the onset of sedation in the treatment
groups (Figures 2, 3, 4, 6 and 7) shows that a decrease
in NT usually preceded the onset of sedation and, by
implication, revelation of allocation to a treatment group.

Another criticism, specific to this study, relates to the
handling of the data for the two propofol groups (PROP1
and PROP2) in part 2 of the study. Although the re-
lationship between NT and plasma propofol concentra-
tion (Figure 7) mirrors that for thiopentone (Figure 2),
it must be remembered that the propofol data are drawn
from two groups in which the animals received propofol
at different rates and in which the control values for NT
were different. Although this method of data handling
was imposed by the difficulties of producing the required
behavioural changes with a single infusion rate, our con-
clusions, drawn on the basis of this analysis, require cau-
tious interpretation.

Notwithstanding these limitations, we believe that the
hyperalgesic action of these anaesthetic drugs can be con-
sistently demonstrated using this animal model. Although
behavioural models of this type do not allow identification
of the predominant site(s) within the central nervous sys-
tem responsible for either the anaesthetic or hyperalgesic
actions of drugs, of the available strategies, they provide
the closest representation of the human behavioural re-
sponse to anaesthetic drugs. We believe that we have
strengthened the argument that the hyperalgesia demon-
strated in human studies' is a feature of low concen-
trations of all drugs which share the property of facil-
itation of choride flux at the GABA, receptor/chloride
channel complex.

One possible mechanism for GABA-induced hyperal-
gesia’ is inhibition, by GABA, agonist drugs, of me-
dullary serotonergic neurones that normally inhibit in-
terneurones in the superficial layers of the dorsal horn.
The resulting loss of descending inhibition could result
in an exaggerated response of dorsal horn neurones to
input from peripheral nociceptors.?® Although this is an
attractive explanation, further evidence, involving, at the
very least, the use of specific GABA antagonists, would
be required to confirm or disprove this hypothesis.

It should be noted our results do not necessarily refute
the conclusions of other investigators who have failed to
demonstrate an electrophysiological basis for barbiturate
or non-barbiturate induced hyperalgesia.> Rather, a be-
havioural approach should be regarded as complementary
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to other experimental designs in an effort to consolidate,
from the mass of evidence, a consistent explanation for
the contradictory effects of anaesthetic drugs in the intact
animal. In a recent review,?' Tanelian et al. speculated
that different anaesthetic drugs may have different affin-
ities for GABA , receptor subtypes within the CNS which
can result in agent-specific behavioural effects at low con-
centrations, but more homogeneous effects at higher con-
centrations when receptor specificity is lost. The same hy-
pothesis, albeit with scanty evidence of a site of action,
could be advanced to explain the perplexing coincidence
of sedation and hyperalgesia.

In conclusion, we have demonstrated, in an animal
model of previously established utility, that sub-hypnotic
plasma concentrations of three different barbiturates
(thiopentone, methohexitone and pentobarbitone), as well
as a non-barbiturate anaesthetic agent (propofol), produce
a behavioural state characterized by an increased response
to noxious stimulation. This may represent a hyperalgesic
effect of these drugs.
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