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Nocifensive reflex thresh-
olds in rats: measures of
David P. Archer MD FRCPC,* Central nervous SYStCm

Naaznin Samanani BSc,*

Sheldon H. Roth thp*! effects of barbiturates

Purpose: To charactenze the pharmacodynamic relationships between plasma pentobarbitone and thiopentone con-
centrations and nocifensive reflexes during emergence from anaesthesia.

Methods: Forty-nine rats were studied. Plasma barbiturate concentrations were measured with high performance
liquid chromatography. Nocifensive reflexes were assessed with the hindlimb withdrawal latency (WL) to heat and the
somatic motor response threshold (SMRT) to tail pressure. In Protocol |, SMRT, WL, sedation, and the presence of
paw-licking and the righting reflex were assessed in unrestrained rats before and every 0 min for two hours after an
intraperitoneal injection of pentobarbitone (30 mgkg '). Plasma pentobarbitone kinetics were determined in a sepa-
rate group of rats. In Protocol Il, SMRT and drug concentrations were measured concurrently in partially restrained
animals before and for 35 min after a computer-controlled iv bolus of thiopentone. In Protocol lll the SMRT-plasma
thiopentone refationship was determined during increasing and decreasing plasma thiopentone concentrations.
Results: Enhancement of both nocifensive reflexes was observed in the unrestrained animals. Enhancement of SMRT
was maximal [175% (153-197) of control values] at a mean plasma thiopentone concentration of | | (5—13) ugml .
The SMRT-plasma thiopentone curve showed a mean efflux-influx difference in plasma thiopentone concentration of
4(2.3-5.7y ugml-'.

Conclusion: Barbiturate-associated nocifensive reflex enhancement occurs in unrestraned animals with both ther-
mal and pressure stimuli. The SMRT- plasma thiopentone concentration relationship during emergence from anaes-
thesia was similar to that observed previously during induction. The thiopentone plasma concentration-SMRT piot
showed an equilibration delay similar to that previousty described by others for thiopentone at an electroencephalo-
graphic effect site.

Objectif : Préciser les relations pharmacodynamiques entre les concentrations de pentobarbitone et de thiopentone
et les réflexes nocifs de défense pendant le réveil anesthésique.

Méthodes : Quarante-neuf rats ont été étudiés. Les concentrations plasmatiques de barbituriques ont été mesurées
par chromatographie liquide a haute performance. Les réflexes nocifs de défense ont été évalués par la latence du
retrait (LR) du membre postérieur provoqué par la chaleur et par le seull de réponse motnce somatique (SRMS) au
serrement de la queue. Dans le protocole |, le SRMS, la LR, le degré de sédation et 'existence du léchage de la patte
et du réflexe de redressement ont été recherchés sur des rats sans contention avant et aux dix min pendant deux
heures aprés une injection intrapéritoméale de pentobarbitone (30 mg-kg ). La anétique plasmatique du pentobarbi-
tone a été déterminée chez un groupe séparé de rats. Dans le protocole I, le SRMS et les concentrations de thiopen-
tone ont été mesurés simultanément chez des rats sous contention partielle avant et 35 min aprés I'administration
contrélée par ordinateur d'un bolus de thiopentone. Dans le protocole lIl, la relation entre le SRMS et la concentra-
tion de thiopentone a été déterminée au moment de la croissance et la décroissance plasmatique du thiopentone.
Résultats : On a observé une facllitation des deux réflexes nocifs de défense chez les rats sans contention. La facili-
tation du SRMS était maximale [175% (153-197) des valeurs initiales] a la concentration plasmatique moyenne de
thiopentone de | | (9—13) u'ml '. La courbe SRMSghiopentone a révélé une différence efflux-influx de la concentra-
tion plasmatique de thiopentone de 4 (2,3-5.7) gml'.

Conclusion : Une facilitation du réflexe nocif de défense associée aux barbituriques survient chez des rats sans con-
tention stmulés par la chaleur ou la compression. La relation entre le SRMS et la concentration plasmatique du thiopen-
tone pendant le révell anesthésique est identique a celle qui a déja été observée a linduction. Le graphique
concentration-SRMS montre un délai d'équilibration identique a celui déja décrit par d'autres pour le thiopentone au
niveau d'un site effecteur électroencéphalographique.
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ECENT studies from our laboratory'™

have described the relationships between

withdrawal responses to noxious stimula-

tion (nocifensive reflexes) and plasma con-
centrations of a variety of anaesthetics. The influence
of anaesthetics on nocifensive reflexes is biphasic: at
subhypnotic concentrations nocifensive reflex thresh-
olds are reduced below control values. After loss of
consciousness is achieved, thresholds increase progres-
sively until, finally, the animal is unresponsive to the
noxious stimulus. Ebling and colleagues® have pro-
posed characteristics of a measure of drug action in
the central nervous system (CNS) which would be
advantageous for pharmacodynamic research. A useful
measure of drug action would 1) evaluate a direct
effect of the drug on the CNS: 2) be continuous
rather than quantal: 3) demonstrate a graded response
to drug dose or concentration.’ Nocifensive reflexes
are a direct measure of the CNS response to noxious
stimulation that are altered in a graded, concentra-
tion-dependent manner'* which remains constant
during clamping of plasma drug concentrations.?® To
be useful for separating the pharmacokinetic effects of
anaesthetics from their pharmacodynamic effects, it is
also necessary that the alterations in nocifensive reflex-
es be time independent.’ A corollary of this require-
ment is that reflex enhancement should occur similarly
during influx and efflux of the drug from the effect
site. Clinically, this corresponds to induction of and
emergence from anaesthesia. To complement our pre-
vious investigations performed during induction, the
three protocols in this report were designed to exam-
ine nocifensive reflex thresholds during emergence
from anaesthesia.

In the present studies we also wished to confirm our
previous observations! that the nociceptive effects of
anaesthetics were independent of the influence of par-
tial restraint used in our experimental model to allow
acute vascular cannulation for blood sampling,’
because certain forms of immobilization have been
used to produce stress-induced analgesia in the rat.®
Specifically, we wanted to test the hypothesis that the
reflex enhancement observed previously! during
induction of anaesthesia was due to reversal of stress-
related analgesia. In Protocol I (Pentobarbitone
Emergence) we tested this hypothesis by measuring
nocifensive reflexes during emergence from pentobar-
bitone anaesthesia in unrestrained animals. In this
group we also compared thermal with mechanical nox-
ious stimulation, because the mechanisms of descend-
ing modulation of the reflex pathways are thought to
be different for these two forms of sumuli.?

We studied pentobarbitone because it is commonly
used for “light” anaesthesia in animals on the erroneous
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assumption that these conditions have a minimal influ-
ence on nocifensive responses.!® Thiopentone was cho-
sen because of its common use in clinical anaesthetic
practice, the extensive literature characterizing the phar-
macokinetic and pharmacodynamic behaviour of this
drug in rats,>'*!3 and the pharmacokinetic profile of
the drug (entrance of thiopentone into brain is limited
only by blood flow).1*

Methods

These studies were approved by the Animal Care
Committee of the Faculty of Medicine, University of
Calgary and comply with the Ethical Guidelines of the
International Association for the Study of Pain and the
Canadian Council of Animal Care. Male Sprague-
Dawley rats (300-500g, Charles River) were housed
in the medical vivarium (light on 0600-1800) with
free access to food and water for at least one week
before testing. Testing was performed between 10:00
and 15:00 hr. Three drug administration protocols
were used (Table I).

Protocol I - Pentobarbitone Emergence

A total of 29 rats were used to evaluate behavioural
responses to noxious and non-noxious stimuli during
recovery from an injection of pentobarbitone anacs-
thesia (30 mg-kg!, #p). The study group was 11 unre-
strained rats without vascular catheters. Measurements
of nocifensive reflexes and behaviour were made
before and every 10 min after drug administration for
12 intervals (total study length 120 min). Eight unre-
strained rats injected with an equivalent volume of
saline zp subjected to the same behavioural assess-
ments served as controls.

The dose of pentobarbitone, dissolved in 1 ml nor-
mal saline, produced unconsciousness within two-
three minutes of injection followed by gradual emer-
gence to an alert state over the following 30—40 min.
We determined the plasma pentobarbitone kinetics in
a separate group of 10 partially restrained animals
injected with pentobarbitone 30 mg-kg™! 7p Arterial
samples for pentobarbitone assay were drawn from
these animals at times that corresponded to the peri-
ods of the behavioural measurements in the unre-
strained rats.

Protocol II - Thiopentone Emergence

For this protocol, 14 rats were instrumented with arte-
rial and venous catheters as previously described’->* and
outlined briefly below. The study group was seven rats
that received thiopentone from a computer-controlled
infusion pump programmed (STANPUMP program,
courtesy of Dr. § Shafer, Stanford University, Palo Alto,
CA, USA) set to achieve a target effect site concentra-
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TABLE I Drug Administration Protocols

Protocol Total Number Drug Administration Strategy Drug Sampling

I Pentobarbitone

Emergence 29 Intraperitoneal pentobarbitone, Timed sampling
30 mg-kg! (11 rats). Study during during recovery in a
recovery. Saline injected controls scparate group of 10
(8 rats). Instrumented rats.

I

Thiopentone

Emergence 14 Pscudosteady state thiopentone Timed sampling during
concentration established by recovery in the 7
computer-controlled infusion. thiopentone injected
Study during recovery (7 rats). animals.
Saline injected controls (7 rats)

11

Thiopentone

Influx-Efflux 6 Continuous infusion of thiopentone, Timed sampling

0.67 mg-kg™!-min~! for 12 min.
Studies continued for 50 min
after infusion terminated. Each

during induction and
recovery in each of

the 6 animals.

animal serves as own control.

tion of 20 pg-ml~.!? Once the computer estimated that
the effect site had equilibrated with the plasma at the
target concentration, the infusion was terminated.
Physiological variables (haematocrit, rectal temperature,
blood pressure, arterial blood gas tensions) were mea-
sured before and after the thiopentone infusion.
Outcome variables (SMRT, plasma thiopentone con-
centration) were measured before and 5, 7, 10, 15, 20,
25, 30 and 35 min after the termination of the infusion.
A separate group of seven rats injected with saline
served as controls.

Protocol 111 - Thiopentone Influx-Efflux

In this protocol, we measured nocifensive reflex
thresholds in six partially restrained rats during a 12
min continuous infusion of thiopentone, and during
the subsequent redistribution and elimination of the
drug (influx and efflux). The purpose of Protocol IIT
was to determine the delay in equilibration between
the plasma and the effect site for the nociceptive
effects of thiopentone. Measurements of plasma
thiopentone concentration and reflex threshold were
made during influx (before and at 2,4,8, and 12 min
after the beginning of the infusion) and efflux
(2,4,8,12,16,20 and 50 min after the infusion was
stopped) of thiopentone. Arterial blood gas tensions
were measured before and after 12 min of infusion.

Measures of nocifensive veflexes

In the unrestrained animals in Protocol I (11 pento-
barbitone-treated, eight saline controls) we assessed
thermal nociception with the radiant heat technique
first described by Hargreaves et /!5 The animal is
placed in an acrylic chamber (19 cm x 28 cm x 29 cm)

that is suspended 10 cm above the table top and fitted
with a glass floor. The radiant heat source is a projec-
tor lamp bulb (Radius® tungsten halogen lamp,
General Electric model EJY, 19 volts, 80 watts)
installed in a movable lamp housing 40 mm below the
glass floor and projecting through a 5 mm x 10 mm
aperture in the covering of the housing. The electron-
ic circuit consists of a switch, lamp, photocell and elec-
tronic timer. The photocell is located within the lamp
housing and is aimed at the aperture. After the animal
has acclimatized to the chamber and is resting quietly,
the aperture is positioned beneath the left hindpaw.
When the switch is closed, the lamp and the electron-
ic timer are activated untl the first movement of the
paw opens the circuit. Using this device, the with-
drawal latency can be determined automatically to the
nearest 0.1 sec. Withdrawal latency was measured with
a single trial at each time in the protocol.!®

Somatic motor response to tail pressure(SMRT) was
measured using an Analgesy-Meter (Ugo Basile,
Stoelting Instruments, Chicago, Ill., USA) as previously
described.?2 The partial restraint commonly used with
the Randall Selitto technique was avoided by gently cov-
ering the unrestrained rat (Protocol I - Pentobarbitone
Emergence) with a small towel. After two to three min-
utes, the rat acclimatized to this environment, and the
tail was gently withdrawn from beneath the cloth and
placed on the plinth of the Analgesy-Meter®. The indi-
vidual determining the endpoint was blinded to the
reading on the scale of the device. The SMRT was cal-
culated as the average of three trials at each measure-
ment time. In Protocols IT and III, SMRT was measured
in the same fashion except that the animals were partial-
ly restrained with hindlimb restraint as described above.
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Paw-licking, sedation, and righting reflex assessment
At the tme of each measurement of nocifensive reflexes,
the unrestrained rats (Protocol I) were assessed for three
measures of behaviour: level of sedation, the presence of
paw licking in response to the thermal stimulus, and the
presence or absence of the righting reflex. The righting
reflex was judged to be present if, within one minute of
being placed supine, the rat made any attempt to turn
into the prone position. The level of sedation was
defined by a score: 0 - alert, actively exploring the envi-
ronment, 1 - drowsy, responds readily to light stimula-
tion of the face or vibrissae, 2 - very drowsy, responds to
vigorous stimulation of the face or the vibrissae, 3 -
unresponsive to facial or vibrissal stimulation. Partially
restrained rats (Protocols II and III) were only assessed
for SMRT.

Drug assay and data analysis

Plasma sampling and intravenous thiopentone admin-
istration were facilitated with arterial and venous can-
nulation respectively.” Under general anaesthesia with
halothane 2-3% in oxygen, 1 cm lengths of polyeth-
lyene tubing (inside diameter 0.58 mm) were inserted
into the femoral artery and vein. A plaster cast was
applied from the ankles to the mid-abdomen to pro-
vide hindlimb restraint and the animals were observed
for two hours under a warming light to eliminate the
halothane.? Plasma concentrations of barbiturate were
measured by high performance liquid chromatogra-
phy (HPLC) as previously described!? Shed blood
was replaced with normal saline in a ratio of three vol-
umes saline: one volume blood. Cannulae were also
inserted into all of the animals in Protocols IT and III.

For the pentobarbitone assay, the limit of detection
was I ng-ml™, the accuracy = 3% and the coefficient of
variation + 3.5%. For thiopentone, the limit of detec-
tion was 0.3 pg-ml™, the accuracy + 4.5% and the
coefficient of variation +5%.

Parametric variables were characterized by mean val-
ues = 95% confidence intervals (CI). The measurements
of nocifensive reflexes were normalized by expressing the
value obtained at each measurement time as a percent of
the pre-injecion measurement in that animal. The means
and standard errors for these percentages of control mea-
surements were calculated for the study groups receiving
cither drug or saline and compared by two way repeated
measures ANOVA. Differences between drug-treated
and control groups at specific measurement times were
isolated with the Student Newman Keuls test. We fitted
relationships to the pharmacodynamic data (nocifensive
effect vs plasma barbiturate concentration) by progressive
polynomial regression analysis from zero to third order.
The “best fit” was sclected as the lowest order polyno-
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mial that produced a marked improvement in predictive
ability, as judged from the incremental F value. The
incremental F value was calculated as: F=incremental
variation from the dependent variable mean/residual
variation about the regression curve. Statistical signifi-
cance was inferred when P < 0.05. Stadstical analyses,
curve fitting and graphics were performed using
SigmaStat™ and SigmaPlot™ software (Jandel Scientific,
San Rafael, CA, USA).

In Protocol II - Thiopentone Emergence, the phar-
macodynamic descriptors of the relationship between
SMRT and plasma thiopentone concentrations were
derived as described by Stanski.!é To facilitate compari-
son with previously published models of anaesthetic
EEG effects, we transformed the normalized SMRT
data with the function (1/SMRT x 100) to yield a func-
tion that would indicate increased responsiveness at low
thiopentone concentrations, followed by inhibition of
the nocifensive response. The activated portion of the
drug concentration-response curve for each individual
animal was described by the maximum observed (per-
centage of transformed SMRT control value) and the
corresponding plasma thiopentone concentration
(Cp,py)- Mean values and 95% CI for the maxima and
the Cp . were calculated. From data obtained from
previous studies in our laboratory,!?* we identified a
group of animals studied under a similar range of
thiopentone concentrations. However, these latter
results were obtained during induction of anaesthesia
with thiopentone. Approximately 78% of these animals
demonstrated maxima in their transformed SMRT val-
ues (Table IIT). These maxima and Cp,___data were ana-
lyzed to provide a comparison of the activation curve
during induction!?* with the results obtained during
emergence (present study).

Results from Protocol III - Thiopentone Influx-
Efflux were analyzed as described by Hull ez 2/.}7 and
Fuseau and Sheiner.!® Over the full range of anaes-
thetic concentrations, the nocifensive effect — plasma
thiopentone plot is biphasic? and therefore unsuitable
for analysis by the constant effect method of Hull.'”
However, within the limited range of plasma concen-
trations used (0-20 pg-ml™), the nocifensive effect -
plasma thiopentone concentration relationship is lin-
ear,>* (sce also Figure 4B), and therefore monotonic,
allowing analysis at constant effect. Accordingly, we
selected discrete values of nocifensive effect on the
influx and efflux limbs of the CNS effect-plasma
thiopentone concentration plot (Figure 5). For each
value of nocifensive effect the equilibration error was
calculated as one half of the difference between the
plasma thiopentone concentration on the influx limb
and the corresponding thiopentone concentration on
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the efflux limb of the plot. This strategy is similar to
the technique used by Fuseau and Sheiner!® to derive
the pharmacokinetic parameters of the effect site by
superposition of the influx and efflux limbs of the
effect-concentration curve. From these data we calcu-
lated the mean equilibration error and 95% confidence
interval.

Results

Pharmacokinetic profiles and physiological effects
The plasma barbiturate concentrations during each of
the three protocols are shown in FigurelA and 1B and
Figure 5A. The computer controlled infusion program
predicted equilibrium between plasma and the “CNS
effect site” two minutes after the initial bolus and infu-
sion. Approximately 24 mg.kg! thiopentone were
given with this strategy. The measured peak plasma
thiopentone concentration was consistantly less than
the target concentration of 20 pg-ml™! (Figure 1B).
For all three protocols, values of arterial blood gas
tension, haecmatocrit, rectal temperature and mean
arterial pressure remained within normal limits for our
laboratory values for awake rats.

Protocol I - Pentobarbitone emergence

The behavioural effects of pentobarbitone are summa-
rized in Table II. Rats were unresponsive to non-nox-
ious stimulation of the vibrissae and face (sedation
score 3) within two minutes after the injection, and
the majority (7/11) lost their righting reflex. Before
the pentobarbitone injection, six rats demonstrated
paw licking in response to the radiant heat stimulus.
This behaviour disappeared with the drug injection
and was not observed again (in 4/11 animals) until
the animals were awake or only lightly sedated (seda-
tion scores 0-1). Behaviour did not change in the
saline injected animals.

Nocifensive reflexes

In the saline-treated rats there was a small, but signifi-
cant decrease in withdrawal latency with repeated testing
(Figure 2). When subjected to regression analysis, the
withdrawal latency was shown to decrease 0.17% per
minute (P = 0.018) for a total decrease during the exper-
iment from 13.3 (9.9-16.7) sec (control) to 10.5
(7.3-13.9) sec (120 min).

After pentobarbitone injection, WL rapidly decreased
from 15.6 (14.1-17.1) sec (control) to a minimum of
9.1 (7.6-10.6) sec (P < 0.001, Figure 2A). The nadir of
the withdrawal latency was observed 40 min after injec-
tion of pentobarbitone. This decrease in latency was
greater than the maximal decrease observed in the saline
treated animals (two-way analysis of wvariance.
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FIGURE 1 Plasma barbiturate concentrations (mean values
SEM) after A. intraperitoneal injection of 30 mg-kg™' pentobarbi-
tone (Protocol I - Pentobarbitone Emergence, 10 rats) and B.
computer controlled infusion of thiopentone (Protocol II,
Thiopentone Emergence, 7 rats).

P =0.022). In saline treated animals the control WL was
13.3 (9.9-16.7) sec. The SMRT decreased 18% after
pentobarbitone injection, reaching a statistically signifi-
cant difference from control 40 min after injecton
(P < 0.001) (Figure 2B). In the control rats SMRT did
not change [initial value - 186 (173-199) g].
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FIGURE 2 Protocol I - Pentobarbitone Emergence A.
Withdrawal latency (WL), expressed as % of control (pre-injection)
values (+ SEM) after the injection of pentobarbitone 30 mg-kg™!
(filled circles, 11 animals) or saline (empty ciicles, 8 animals).
Asterisks signify difference from the value at the corresponding mea-
surement time in the saline treated animals. *P < 0.01, **P < 0.05

B. Somatic motor response threshold(SMRT), expressed as % of con-
trol {pre-injection) values (+ SEM) after the injection of pentobarbi-
tone 30 mg-kg™ (filled circles, 11 animals) or saline (empty circles, 8
animals). The asterisk signifies a difference from the value at the corre-
sponding measurement time in the saline treated animals. *P < 0.001.

Figure 3 shows the relationship between the plasma
pentobarbitone concentrations [Pb] determined in
partially restrained rats and withdrawal latency in the
unrestrained animals. For the effect of pentobarbitone
on WL, best fit was obtained with

Withdrawal latency (sec) = 16 — 0.98[Pb] + 0.05[Pb]2 - 0.001[Pb}®
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FIGURE 3 Protocol I - Pentobarbitone Emergence

Relationships between nocifensive reflexes and plasma pentobarbitone
concentrations for withdrawal latency (WL) from a radiant thermal
stimulus (A.) and for somatic motor response to tail pressure(SMRT)
(B.) The heavy lines represent the best fit polynomial regression rela-
tionships (P < 0.001 for WL, P = 0.003 for SMRTY), the finer lines
represent the 95% confidence intervals for these relationships.

where [Pb] represents the plasma pentobarbitone
concentration(analysis of variance F=36.71, DF=12,
P < 0.001).

For SMRT, the best fit was obtained with
SMRT (g) = 191.3 + 6.34[Pb] — 1.23[Pb]? + 0.043 [Pb]?
(Figure 4 B, analysis of variance F=10.66, DF=12, P=0.003).
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TABLE I1 Effects of pentobarbitone injection on behavioral variables.

Time (min) Sedation Scove Presence of Bebaviour
0 1 3 Paw Licking Righting Reflex

0 11 0 0 0 6 11
10 0 0 0 11 0 4
20 0 0 3 8 0 5
30 0 1 3 7 0 10
40 0 3 7 0 0 11
50 0 4 7 0 0 11
60 1 10 0 0 0 11
70 1 10 0 0 0 11
80 6 5 0 0 1 11
90 9 2 0 0 2 11
100 10 1 0 0 4 11
110 11 0 0 0 4 11
120 11 0 0 0 3 11

Number of animals within cach behavior category before and at 10 minute intervals after intraperitoneal injection of pentobarbitone, 30
mg-kg!l. Sedation was scored as : 0 - awake; 1 - drowsy, responds to light stimulation of head or vibrissae; 2 - very drowsy, responds to
vigorous stimulation of head or vibrissae; 3 - unresponsive to head or vibrissal stimulation.

Protocol II - Thiopentone Emergence

Thiopentone reduced the SMRT by approximately
30% of pre-injection values (P < 0.001), and this
reduction was maintained throughout the experimen-
tal period (Figure 4A). Similar to previous findings®*
in the concentration range 0-20 pg-ml!, there was a
linear relationship between normalized SMRT and
plasma thiopentone concentration:

SMRT(% of control) = 100 — 2.plasma thiopentone concentration
(Figurc 4 B, ANOVA F=34.9, P < 0.001).

In the saline-treated rats SMRT increased by 0.4% of
control values per minute (P = 0.003).

Peak responsiveness for tail withdrawal during
emergence from anaesthesia (results of present study)
was of similar magnitude and occurred at plasma
thiopentone concentrations similar to those reported
previously!%* during induction (Table IIT).

Protocol I1I - Thiopentone Influx-Efflux

The plasma thiopentone-nocifensive effect relation-
ship during infusion and redistribution of thiopentone
is summarized in Figure 5B. Analysis of the degree of
hysteresis between the influx and efflux limbs showed
that at a constant level of nocifensive eftect (n=5, four
measures on the efflux limb, one measure on the
influx limb) the mean difference in plasma thiopen-
tone concentration between the influx and efflux
limbs was 4 (2.3-5.7) pg-ml™! (paired t test, P =
0.003) If we assume that the kinetics of influx and
efflux are similar, the resultant error due to the non-
steady-state design of the infusion is estimated at + 2
(1.2-2.8) pg:ml™! thiopentone (nonsteady-state plas-
ma concentration greater than pseudosteady-state
concentration). Using a three compartment pharma-
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FIGURE 4 Protocol II - Thiopentone Emergence

A. Mean values + SEM of SMRT after a computer-controlled infu-
sion programmed (STANPUMP) to achieve an effect site concentra-
ton of 20 pg-mi™!. Filled circles represent thiopentone injected
animals (7 rats); empty circles represent the 7 rats injected with
saline. Comparisons made between these two groups at the corre-
sponding times - * and ** signify P < 0.05 and P < 0.01 respectively.
B. The relationship between SMRT and plasma thiopentone con-
centration in Protocol II. Within the thiopentone concentration
range in this protocol, the relationship was linear (P < 0.001).

cokinetic model for the rat (STANPUMP simulation
programme)!? to simulate conditions during the
efflux limb of the present thiopentone emergence
study, we estimated that the error was +1.3 (0.8-2.1)
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TABLE III Pharmacodynamic descriptors for SMR enhancement by thiopentone. Comparison of induction with emergence

Maxima, % of Control Cp . tgmb!
Induction Emergence Induction Emergence
188 (156-218) 175 (153-197) 11 (9-13) 11 (8.5-13.5)

P 0.510

0.931

Mean values (95% CI). Cp ., is the plasma thiopentone concentration observed at the time of maximal enhancement of the somatic motor
response (SMR) to tail pressure. Data for induction were obtained from previous studies!?# (14 rats). Data for emergence are from Protocol 11
(7 rats). Pis the significance level for an unpaired Student’s t test. Power of tests to detect a 30% difference was 0.05 (=0.05).

pg-ml™!. This model assumes an effect site rate con-
stant of 0.58-min~!. Thus, within the errors of mea-
surement inherent in these studies, the kinetic
behaviour of thiopentone at the nocifensive effect sites
was similar (unpaired t test, P= 0.121) to that seen at
EEG effect sites.>!¢

Discussion

The results show that for low (subanaesthetic) doses of
barbiturates, nocifensive reflex threshold measurements
are modified by the barbiturates in a concentration-
dependent, non-monotonic pattern. The SMRT was
enhanced in a graded fashion to a similar degree during
induction and emergence from anaesthesia (Table III).
Direct comparison of thiopentone pharmacodynamics
during influx and efflux showed counterclockwise hys-
teresis typical of effect site equilibration delay'? (Figure
5B). The magnitude of the equilibration delay observed
experimentally was very similar to that predicted by the
simulation model for the EEG effect site proposed by
Stanski'® for pharmacodynamic modeling of the CNS
effects of thiopentone. These results support our
hypothesis that enhancement of nocifensive reflexes by
subanaesthetic concentrations of barbiturates in the rat is
a concentration-dependent, time-independent phenom-
enon. Further study comparing nocifensive reflexes with
EEG measures of CNS effects would allow direct evalu-
ation of the pharmacodynamics of thiopental for these
two measures.

The results from Protocol I — Pentobarbitone
Emergence — show enhancement of both nocifensive
reflexes in unrestrained animals during emergence
from anaesthesia. Therefore, we feel that it is unlikely
that the enhancement of reflex responses observed
previously in partially restrained animals'™* can be
explained by reversal of stress-induced analgesia. The
results of the present study support previous findings!
that the influence of hindlimb partial restraint on
SMRT (if present in this experimental model) is small,
despite the theoretical possibility of immobilization
stress and consequent analgesia.®

Reduction of nocifensive reflex thresholds was seen
with both pressure and thermal stimulation. The

experimental design in Protocol I attempted to pro-
vide a direct comparison of thermal and mechanical
nociceptive effects of thiopentone. We compared
these two forms of nociception because the putative
mechanisms for tonic descending inhibition of nocif-
ensive reflexes are proposed to differ for these two
forms of noxious stimulation.®-?° The results show that
for SMRT there was a biphasic response - enhance-
ment of response at estimated pentobarbitone con-
centrations between 5 and 15 pg-ml™ and inhibition
at pentobarbitone concentrations >15 pg-ml™. These
results are consistant with previous findings showing
inhibition of the SMRT response at plasma pento-
barabitone concentrations above 10 pg-ml2* The
present study did not reveal any increase in WL, sug-
gesting that the highest concentrations of pentobarbi-
tone achieved were insufficient to produce inhibition
of this response. Unfortunately, the present study did
not compare the two stimuli on the same extremity
(foot vs tail), and did not use methods of comparable
sensitivity and accuracy for assessing nocifensive
reflexes.!S Consequently, we cannot determine from
the present study whether these results are due to a
physiological difference between the response to pres-
sure and thermal stimulation or relate to the measure-
ment techniques.

The mechanism(s) of nocifensive reflex enhance-
ment by anaesthetic and hypnotic drugs is unknown.
The nocifensive reflex is an elegant pathway for senso-
rimotor transformation in the mammalian spinal
cord.?! Changes in nocifensive reflex characteristics
probably reflect primarily activity in spinal neurons
rather than activity in ascending nociceptive path-
ways.?? Withdrawal of the rat hindlimb in response to
a noxious stimulus results from the reflex activation
and inhibition of a combination of muscles.?>:23
Schouenborg and colleagues?? have proposed that the
nocifensive reflex is functionally organized into
numerous modules. Each module is composed of a
cutancous receptive field which is linked to specific
“withdrawal” muscle by interneurons encoding spatial
input-output features of the noxious stimulus. These
neurons encoding reflex gain from the entire receptive
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FIGURE 5 Protocol III - Thiopentone Influx-Efflux

A. Pharmacokinetics of thiopentone resulting from the infusion
strategy for Protoco! III. Symbols represent mean values + SEM
for six rats observed during influx (filled circles) and efflux(empty
circles) of thiopentone respectively.

B. Pharmacodynamic relationship between 1/SMRT and plasma
thiopentone concentrations (filled circles influx, empty circles
efflux). The figure shows counterclockwise hysteresis characteris-
tic of equilibration delay during a nonsteady state infusion strate-
gy. At constant values of 1 /SMRT, the mean difference in
thiopentone concentration between the influx and efflux limbs of
the infusion was 4 (2.3-5.7) pg-ml! (P = 0.003).

field are proposed to project to alpha motoneurons in
the ventral horn of the spinal cord to produce activa-
tion of a flexor muscle and inhibition of the corre-
sponding extensor. Separate reflex pathways are
proposed to exist for each of the non-antigravity mus-
cles and, for each pathway, the cutaneous receptive

Receptive
Field

Sensorimotor Transformation

Nociceptors ones Muscle

Superficial Dorsal Hom  Deep Dorsal Hom  Ventral Hom

FIGURE 6 Model of the organization of a nocifensive reflex as
proposed by Schouenborg and colleagues.?? The figure shows the
receptive and withdrawal fields for a single reflex module com-
posed of nociceptors, interneurons encoding reflex gain, and
motoneurons activating a single withdrawal muscle. The size of
the withdrawal response produced by this module corresponds to
the reflex gain encoded in the receptive field, indicated by the
three levels of shading. Madified from the original?? with permis-
sion from the author.

field is located in a “mirror image” position to the
limb surface most efficiently withdrawn by the muscle
involved in that specific reflex arc (Figure 6).23

Reduction of WL or SMRT may therefore be due to
many different effects of anaesthesia, including increased
sensitivity of nociceptors to cutaneous stimulation,
enlargement of receptive fields with or without increased
convergence on reflex interneurons, modulation of
activity in reflex interneurons, and increased sensitivity
of motoneurons. Despite the diversity and complexity of
the neural network, the results from the present and pre-
vious'* studies suggest that nocifensive reflex thresholds
offer a consistent measure of the spinal effects of anaes-
thetic drugs. More detailed study of the nocifensive
reflex is warranted to examine how anaesthetics alter the
specialized characteristics of the nociceptive signal (loca-
tion, intensity, physical characteristics). This information
may help us to understand the characteristics of the
functional interaction of anaesthetics with nocifensive
reflex pathways and sensorimotor transformation in the
spinal cord.
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