
Behavior Research Methods. Instruments. & Computers
1997.29 (3). 390-395

Factors affecting baseline nociceptive sensitivity
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and
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The present study examined factors with the potential to affect sensitivity of the tail flick measure
of thermal nociception in rats. The length of the habituation period before testing began, the appara
tus ramp speed, and the light:dark cycle were manipulated in a within-subjects design to determine
which factors minimize the variability between baseline trials. Factors had little effect on mean base
line latencies, but standard deviations were affected. Lowervariability occurred after 0-and 15-minha
bituation periods than after 60-minperiods, after a constant light cycle than after a light:dark cycle, and
after a higher temperature thermal apparatus than after a lower temperature. Althoughstatistically sig
nificant, these effects were modest in size. These results may be of some use to those comparing stud
ies that used very different parameters and to those designingstudies and trying to optimize conditions.

The researcher who seeks to design a study that max
imizes sensitivity to find existing treatment effects may
use several major tactics. The two most common proce
dures for increasing power are to increase sample size and
to use a research design that provides a more precise es
timate of treatment effects and smaller error effects. To
accomplish the latter, it is necessary to control response
variability within and across sessions.

The tail flick test, first described by D'Amour and Smith
(1941), is one of the most extensively used measures of
nociceptive sensitivity (see, e.g., Calcagnetti & Holtzman,
1992; Hole & Tjolsen, 1993; Meagher, Chen, Salinas, &
Grau, 1993; Robertson & Bodnar, 1993; Watkins, Wier
telak, Grisel, Silbert, & Maier, 1992). Although the tail
flick test is widely used, laboratories differ in their method
ology, which results in substantial variability in baseline
latencies. For example, Calcagnetti and Holtzman reported
mean baseline latencies of2 sec, whereas Meagher et al.
reported latencies of4.5 to 5 sec. For the researcher wish
ing to design protocols examining nociception as an end
point, it may be difficult to identify the optimal set ofpa
rameters to uncover existing effects.

The present study was, therefore, designed to explore
parameters that might alter baseline tail flick sensitivity
and response variability across trials. Ifa combination of
factors could be found in which subjects had less variable
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latencies over trials, this would decrease error variance,
and, consequently, increase the sensitivity of the proce
dure to differences in latency due to experimental treat
ments of interest to psychologists studying learning, be
havior, or pharmacology. Factors included in the present
experiments were light:dark cycle (constant light or
light:dark), tube restraint period before the trials began
("habituation"), and tail flick apparatus thermal test tem
perature.' Each subject received exposure to all combi
nations offactors in a within-subjects design. This design
maximizes the probability of finding existing effects be
cause variance due to subjects is reduced. Twoexperiments
were conducted.

GENERAL METHOD

Subjects
Six male Holtzman Sprague-Dawley rats, weighing 400--432 g,

were subjects in Experiment 1. Before this experiment, they had
learned to leverpress for a water reinforcer. They were initially
housed under 24 h oflight. The animals had been under the constant
light cycle for 3 months before testing began. At the beginning of
the third phase ofthe experiment, a 14:10-h light.dark cycle was insti
tuted with lights on at 0600 h. Subjects remained under the lightdark
cycle for I week before the third period of testing. Food and water
were freely available. All testing was conducted between 0900 and
1230 h, in the first halfof the light period.

Ten rats, weighing 551-671 g, were subjects in Experiment 2.
They, too, had formerly been trained to leverpress for water. Five
animals were housed in the 24-h constant light cycle for 2 weeks be
fore Phase I of the experiment, and 5 were housed in the 14:10-h
lightdark cycle. Following Phase I testing, animals were rehoused
and switched to the opposite lighting condition for 2 weeks before
Phase 2 testing.

Apparatus
Two opaque Plexiglas tubes were used to restrain the animals

lightly during testing. The tubes were 22 ern in length and had an in
ternal diameter of 6.8 em. They were raised 6.7 em off the ground
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and contained 22 ventilation holes (0.8 cm in diameter). The fronts
of the tubes were sealed by a sheet of opaque Plexiglas. The back
was closed by a sliding Plexiglas gate with a slit 2.8 em wide and
1.3 ern from the bottom of the tube through which the subject's tail
protruded.

Analgesic testing was conducted using two identical radiant heat
tail flick devices. A 375-W movie bulb (Sylvania, Type EBR) was
positioned above the tail. A condenser lens below the bulb focused
the light onto the approximate middle ofthe subject's tail. The same
site was used from trial to trial to prevent this from becoming a
source ofvariability in latency (Ness, Jones, & Gebhart, 1987). The
rat's tail rested horizontally on an aluminum block with a v-shaped
groove 7.2 em long, I cm wide, and 0.5 em deep cut into it. A photo
cell below the groove automatically terminated a trial when the sub
ject flicked its tail out ofthe groove at least 0.5 em. Trial length was
automatically timed to the nearest 0.0 I sec. At the beginning ofeach
day of testing, the tail flick apparatus was calibrated at two tempera
tures by adjusting the heights ofthe bulb and lens of the apparatus.
The high temperature produced a 26°C temperature increase in
IS sec, as measured by our glass mercury thermometer, and the low
temperature produced a 20.5°C temperature increase in IS sec. We
will refer to them below as the "hot" and "cool" apparatus temper
atures, respectively. A 12-sec tail flick cutoffwas used in all phases
of both experiments to prevent tissue damage.

EXPERIMENT 1

Method
This experiment consisted of three phases to examine (I) habit

uation period before tail flick testing, (2) lightdark cycle, and (3) tail
flick apparatus temperature. All sessions consisted ofthree baseline
latency trials at 2-min intervals. Before sessions began, subjects re
ceived 2 days ofpreexposure to the restraining tubes. Phase I lasted
8 days and was designed to look at the stability of latencies over
days. Subjects received four daily sessions with either 15- or 60-min
habituation periods before baseline tests and 4 days with the alter
nate habituation period before baseline tests. The thermal appara
tus was set to the hot apparatus temperature.

In Phase 2, subjects received tail flick testing after both 0- and
IS-min habituation periods within a single session on 2 successive
days. On the Ist day, the thermal apparatus was set to the cool ap
paratus temperature, and on the 2nd day, it was set to the hot appa
ratus temperature.

Before Phase 3 testing, subjects were shifted to the 14:10-h
lightdark cycle for I week. On 2 successive days oftesting, subjects
received the same 0- and IS-min habituation periods before testing
on the hot apparatus temperature (1st day) or cool apparatus tem
perature (2nd day).

Room temperature was 25.0° ± 1.2°C during Experiment I.

Results and Discussion
Both mean tail flick latencies and standard deviations

were analyzed for this experiment because it was not only
the actual latency that was a concern, but also the variabil
ity of that latency. In Phase 1, animals received 4 days of
baseline trials after a 60-min habituation period and 4 days
after a 15-min habituation period. There were no signif
icant differences in mean latency for habituation period
[F(l,5) = .0005], days [F(3,15) = 0.62], or their interac
tion [F(3, 15) = 0.05]. In the standard deviation analysis,
however, habituation period did have an effect [F(l,5) =
5.71, p < .01]. Standard deviations were lower after the
15-min habituation period than after the 60-min period.
This finding raised the question of whether variability
would be still smaller with no habituation period before
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trials; Phases 2 and 3 examined this question. Neither days
nor the interaction of habituation period X days had sig
nificant effects in the standarddeviationanalysis ofPhase 1
[F(3,15) = 1.14 for days, and F(3,15) = 1.87 for the
interaction] .

Phases 2 and 3 of the experiment, conducted under a
24-h constant light cycle and a 14:10-h lightdark cycle,
respectively, were combined to examine the effect of
cycle on mean latency and standard deviation, in addition
to habituation period and tail flick apparatus tempera
ture. To increase the sensitivity of the analysis, prelimi
nary tests were made of the interaction terms involving
subjects, and, if they proved nonsignificant, they were re
moved from the model and pooled to increase the degrees
of freedom (df) for the error term (Kirk, 1982; Winer,
1962). These preliminary tests were conducted at the p =
.25 level to minimize the chance of a Type II error (re
jecting a component that actually exists in the population).
Table 1 shows the expected mean square components
contained in each source of variation. When an error mean
square containing all the expected mean square com
ponents to test an effect was not available, it was some
times necessary to create quasi-F ratios that did contain
all components, using Cochran's (1951) method.

For mean latency, shown in Figure 1, preliminary tests
on the three-way subject interactions indicated that only
the subjects X habituation period X temperature interac
tion could by pooled into the four-way subjects X habitua
tion period X temperature X cycle interaction [F(5,5) =
0.69]. The pooled mean square error term gave 10 djfor
testing effects. Table 2 reports the Ftests performed and
their results. No main effects or interactions ofthe mean
latency data were significant.

Figure 1 also presents the standard deviation data. Pre
liminary tests indicated that all three-way interaction
terms with subjects had significant effects [for subjects
X temperature X cycle,F(5,5) = 18.86,p<.01;forsub
jects X habituation period X cycle, F(5,5) = 12.50, p <
.01; and for subjects X habituation period X tempera
ture,F(5,5) = 7.73,p< .05]. These and the other tests of
sources ofvariation are presented in Table 3. There were

Table 1
Expected Mean Square Components

Source of Variation Expected Mean Square

H E SHTC HTC SHC SHT CH HT SH H
S(H) E SHTC SHC SHT SH
T E SHTC HTC STC SHT CT HT ST T
SeT) E SHTC STC SHT ST
HXT E SHTC HTC SHT HT
C E SHTC HTC STC SHC CT CH SC C
seC) E SHTC STC SHC SC
CXH E SHTC HTC SHC CH
CXT E SHTC HTC STC CT
HXTxC E SHTC HTC
SXHXT E SHTC SHT
SxHXC E SHTC SHC
SXTxC E SHTC STC
SxHXTXC E SHTC

Note-H, habituation period; T. tail flick temperature; C. light:dark
cycle; S, subjects; E, error.
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Figure 1. Means and standard deviations of nociceptive latency for subjects in Experiment I,
Phases 2 and 3 (n = 6). Error bars are standard deviations.

no significant effects of habituation period, apparatus
temperature, cycle, or any two-way interactions between
these factors. Only the three-way interaction ofhabitua
tion period X temperature X cycle reached significance
[F(l,5) = 9.77, P < .05]. Follow-up tests revealed that
certain combinations of factors (e.g., O-min habituation
period, hot apparatus, and constant light) were signifi
cantly different from others (e.g., O-minhabituation, cool
apparatus, 14:10-h lightdark cycle). However, the size
ofthe interaction was small, accounting for a mere 1.06%
of the variation of the standard deviations (m2 ) .

Taken together, the mean latency data from Experi
ment 1 reveal that habituation period, thermal apparatus
temperature, and lightdark cycle are not major influences
on mean baseline tail flick latency. The standard deviation
data are more complex. Although Phase 1 revealed that a
60-min habituation period produced greater variability
than did a IS-min habituation period, no influence was
found in Phases 2 and 3 when 15- and O-minhabituation
periods were compared. Some combinations offactors led
to lowerstandard deviations than did others, but no simple
hypotheses were capable of accounting for the data, and
the effect size ofthis three-way interaction was very small.

Table 2
Analysis of Mean Latencies in Experiment I

Source of
Variation df F test F ratio p

HI,S H/SH 2.05 n.s.
S(H) 5,5 SH/SHC 0.68 n.s.
T 1,3 (T+Residual)/(ST + CT) 4.89 n.s.
S(T) 5,10 ST/STC 0.68 n.s.
H x T 1,10 HT/Residual 3.2 n.s.
C 1,6 (C+Residual)/(SC+CT) 0.78 n.s.
S(C) 5,9 (SC+Residual)/(STC+SHC) 1.97 p < .25
C x HI,S CH/SHC 1.5 n.s.
C X T 1,5 CT/STC 3.36 n.s.
H X T X C 1,10 HTC/Residual 1.39 n.s.
S X H X C 5,5 SHC/SHTC 3.32 P < .25
S X T X C 5,5 STC/SHTC 6.2 p < .05

Note-H, habituation period; T, tail flick temperature; C, light:dark
cycle; S, subjects.

Because subjects spent just 1 week in the light:dark
cycle, it may be that they were not yet fully adapted to
the cycle. Because the tail flick test is a measure ofther
mal responsiveness, findings on circadian rhythmicity in
body temperature may be relevant to this issue. In the rat,
body temperature fluctuations are related to the light:dark
cycle, with a stable body temperature occurring during
the light phase, when the animal is typically at rest, and
an increase during the middle of the dark portion of the
cycle, when the animal is typically most active (Gordon,
1990). Fioretti, Riccardi, Menconi, and Martini (1974)
reported that when the cycle was changed, 9-13 days were
required for the body temperature to adapt to the new
schedule. On the basis of these data, it might be argued
that subjects in Experiment 1 were not fully adapted to
the new cycle, and that their tail flick latencies were not
stable. To address this concern, Experiment 2 allowed at
least 2 weeks ofexposure to each cycle before testing be
gan. Halfofthe subjects received the constant light:cycle
first, and half received the light:dark cycle first.

EXPERIMENT 2

Method
All subjects received two exposures to the restraining tubes be

fore the first tail flick session of Phase I. Subjects were tested with
the cool temperature tail flick apparatus on the I st day of the first
block of trials and the hot temperature apparatus on the 2nd day.
The first D-min habituation period trial began immediately upon
placement in the tubes. Animals received three tail flick trials at
2-min intervals. They received a second set of three trials after 15
min habituation in the tubes.

In Phase 2 of the study, animals were rehoused in the alternate
light:dark cycle for 14 days before testing. On the 1st day of test
ing, they received the hot thermal apparatus temperature and on the
2nd day, they received the cool temperature; otherwise the proce
dure was the same as that in Phase I.

Room temperature was 25.3° ± .3°C in Experiment 2.

Results and Discussion
The data analysis for Experiment 2 was similar to that

for Phases 2 and 3 of Experiment 1, except an additional



Table 3
Analysis of Standard Deviations of Latency in Experiment 1

Source of
Variation df F test F ratio p

H 1,5 H/SH 2.13 n.s.
S(H) 7,9 (SH+Residual)l(SHT+SHC) 0.32 n.s.
T 1,5 T/S(T) 1.1 n.s.
S(T) 5,9 (ST+Residual)l(STC+SHT) 0.89 n.s,
H X T 1,3 (HT+Residual)/(SHT+HTC) 0.56 n.s.
C I, I C/SC 0.27 n.s.
S(C) 5,10 (SC+Residual)/(SHC+STC) 0.91 n.s.
C X H 1,1 CH/HTC 4.79 n.s.
C X T 1,1 CT/HTC 5.77 n.s,
H X T X C 1,5 HTC/Residual 9.77 p < .05
S X H X T 5,5 SHT/SHTC 7.73 p < .05
S X H XC 5,5 SHC/SHTC 12.5 P < .01
S X T X C 5,5 STC/SHTC 18.86 P < .01

Note-H, habituation period; T, tail flick temperature; C, light:dark
cycle; S, subjects.

blocking factor existed: which cycle the animals received
first, constant light or lightdark. This blocking factor was
tested for significance in the mean latency and standard
deviation analyses and found to have no effect on laten
cies [F(l,8) = 3.03 for blocks in the mean latency data and
F(l,8) = 0.08 for blocks in the standard deviation data].
Therefore, the blocking factor was removed from both
models, and analyses were conducted as in Phases 2 and
3 of Experiment 1.

Tables 4 and 5 present the F tests and ratios for the
mean latencies and standard deviations, respectively.

Figure 2 shows the mean latency for all conditions. In
the mean latency analysis, preliminary tests of the inter
actions with subjects indicated that the subjects X ha
bituation period X temperature factor was not significant
[F(9,9) = 1.27, P > .25] and could be removed from the
model and pooled with the error mean square. There were
significant effects at the p = .25 level for both the sub
jects X habituation period X cycle interaction and the
subjects X temperature X cycle interaction, so these could
not be pooled. The only other significant source ofvari
ation was the three-way interaction ofhabituation period
X temperature X cycle. Some combinations of factors
were significantly different from others, but the pattern
was complex. Calculation of w2 indicated that the effect
size of this interaction was small, accounting for only
1.76% of the variance of mean latency.

The data on standard deviations are also plotted in
Figure 2. Preliminary tests for interactions with subjects
indicated that the subjects X habituation period X tem
perature interaction [F(9,9) = 0.545] and the subjects X
temperature X cycle interaction [F(9,9) = °1.02] could
be deleted from the model and pooled with error to give
27 df for tests of some factors. The subjects X habitua
tion period X cycle interaction, however, was significant
at the p = .25 level. Table 5, containing the tests of this
three-way interaction and the other sources of variation
within the model, shows that both temperature and cycle
had significant effects [F(1 ,9) = 7.59,p < .05 for temper
ature and F(I,9) = 5.71, P < .05 for cycle]. When sub-
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jects were tested under the hot thermal apparatus tem
perature, they generally had less variable latencies than
when they were tested under the cool temperature appa
ratus. The cycle factor had a significant effect because
animals generally had less variable baselines under the 24
h light cycle than under the lightdark cycle. Finally, the
habituation period X temperature interaction reached
significance [F(l,27) = 4.75,p < .05] because in the 15
min habituation period, baselines were less variable when
tested with the hot temperature apparatus than with the
cool temperature apparatus, but no difference in standard
deviation based on apparatus temperature occurred in the
O-min habituation period. Calculation ofw2 for these data
indicated that apparatus temperature accounted for 5.41%,
cycle accounted for 4.63%, and the interaction of habit
uation and apparatus temperature accounted for 2.07% of
the variance in the standard deviation scores.

The results of this second replication indicate that the
mean baseline latencies of subjects were not affected by
habituation period, thermal apparatus temperature, or
lightdark cycle factors alone. Some combinations ofthe
three factors produced longer baselines than did other
combinations, but it is difficult to explain the meaning of
the interaction, and it accounts for a small amount of the
variance in latency.

Table 4
Analysis of Mean Latencies in Experiment 2

Source of
Variation df F test F ratio p

H 1,9 H/SH 0.51 n.s.
S(H) 9,9 SH/SHC 1.29 n.s,
T 1,9 T/ST 0.006 n.s.
S(T) 9,9 ST/STC 2.44 n.s.
H X T 1,1 HT/HTC 0.27 n.s.
C 1,9 C/SC 0.91 n.s.
S(C) 11,16 (SC+Residual)l(STC+SHC) 1.66 n.s.
C X H 2,1 (CH+Residual)/(SHC+HTC) 0.415 n.s.
C X T 2,2 (CT+Residual)/(STC+HTC) 0.29 n.s.
H X T X C 1,18 HTC/Residual 10 p < .01
S X H X C 9,9 SHC/SHTC 1.97 P < .25
S X T X C 9,9 STC/SHTC 4.5 P < .05

Note-H, habituation period; T, tail flick temperature; C, light:dark
cycle; S, subjects.

Table 5
Analysis of Standard Deviations of Latency in Experiment 2

Source of
Variation df F test F ratio p

H 1,9 H/SH 0 n.s.
S(H) 9,9 SH/SHC 0.43 n.s.
T 1,9 T/ST 7.59 P < .05
S(T) 9,27 ST/Residual 1.46 n.s.
H X T 1,27 HT/Residual 4.75 p < .05
C 1,9 C/SC 5.71 P < .05
S(C) 9,9 SC/SHC 0.84 n.s.
C X H 1,9 CH/SHC 0.43 n.s.
C X T 1,27 CT/Residual 0.09 n.s.
H X T X C 1,27 HTC/Residual 0.85 n.s.
S X H X C 9,9 SHC/SHTC 2.23 P < .25

Note-H, habituation period; T, tail flick temperature; C, light:dark
cycle; S, subjects.
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Figure 2. Means and standard deviations of nociceptive latency for subjects in Experiment 2 (n = 10). Error
bars are standard deviations.

In contrast, the baseline variability was more affected
by these variables. Subjects had less variable baselines
when the hot apparatus temperature was used and when
they had been housed on the 24-h light cycle. Although
habituation period did not have an effect of its own on
baseline variability, it did enter into an interaction with
thermal apparatus temperature. Subjects tested after a
IS-min habituation period had less variable baseline la
tencies with the hot apparatus temperature than with the
cool apparatus temperature. Apparatus temperature did
not affect baseline variability of animals after a O-min
habituation period. These factors have a small but per
haps important effect on baseline variability.

This second replication was a stronger experiment than
the first in several respects. Subjects were counterbalanced
on which cycle they received first, and they spent more
time in each cycle condition than did those tested in the
first replication. Because ofthese procedural differences,
we can lend greater credence to the results of the second
replication in guiding future work. Using the hot appara
tus temperature and the constant light cycle may produce
a modest decrease in baseline variability.

GENERAL DISCUSSION

Factors affecting baseline nociceptive latency were ex
pected to affect sensitivity to shock-induced hypoalgesia
also, and the present experiments were designed to im
prove procedural sensitivity by examining such factors.
o'Callaghan and Holtzman (1975) reported that manip
ulating temperatures of the hot plate test of thermal no
ciception affected its sensitivity to drug effects. Lower
temperatures produced longer latencies and were more
sensitive to the analgesic effect ofnarcotics. The tail flick
test of thermal nociception used here was expected to be
affected by apparatus temperature also. Indeed, recent
studies have indicated that apparatus temperature deter
mines the neurological components of the tail flick re
sponse. Although the tail flick response is a spinal reflex

(Jensen & Yaksh, 1986a; Schmauss & Yaksh, 1984), it
also contains a supraspinal component when apparatus
temperature is reduced to produce a longer tail flick la
tency, as in the present study (4-6 vs. 2-3 sec). Jensen
and Yaksh (1986b) reported that spinal transsection abol
ishes the tail flick response induced by a lower tempera
ture apparatus, whereas the tail flick response induced by
a higher temperature apparatus remained intact.

However, the results indicated that thermal apparatus
temperature, habituation period, and light cycle had less
effect on mean baseline latency than on variability be
tween trials. Smaller standard deviations occurred for ani
mals tested with (1) the warmer temperature thermal ap
paratus than with the cooler apparatus, (2) 0- and IS-min
habituation periods than with 60-min periods, and (3) the
constant light cycle than with the 14:IO-hlightdark cycle.
The finding that the warmer apparatus temperature was
associated with smaller standard deviations is consistent
with Jensen and Yaksh's (1986b) finding that there is less
ofa supraspinal component to the tail flick response when
the apparatus temperature is raised. None of the factors
examined in the present study was a major controller of
variance. This finding may be of some use to those trying
to make comparisons across experiments in which the fac
tors studied are at different levels or to those planning ex
periments and trying to select conditions.
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NOTE

I. 1. W. Grau (personal communication, March 1990) suggested that
the apparatus ramp speed and habituation period may have important ef
fects on latency. At the time this experiment was designed, a timer ca
pable of regulating the lights in the animal colony room was installed,
leading the experimenter to examine the effects of this factor as well.
Since body temperature does fluctuate with light:dark cycles (Gordon,
1990) and has been correlated with latency to move the tail from a ther
mal stimulus (see Hole & Tjolsen's 1993 review), this variable appeared
potentially capable of influencing latency.
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