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1 The pain relieving properties of imipramine (100 mg orally), tramadol (150 mg
orally), and anpirtoline (60 mg orally) were compared in 16 healthy subjects in a
cross-over, double-blind, randomized, and placebo-controlled study. Anpirtoline
exhibits analgesia which is possibly mediated via serotoninergic pathways, where-
as tramadol exerts its effects at opioid receptors. The pain-relieving effect of the
tricyclic antidepressant imipramine may involve both serotoninergic and opioid
mechanisms.

2 Chemo-somatosensory event-related potentials (CSSERP) were recorded after
painful stimulation of the nasal mucosa with carbon dioxide. Subjects rated the
perceived intensity of the stimuli by means of a visual analogue scale. In addition,
acoustically evoked responses were recorded, the spontaneous EEG was analyzed
in the frequency domain, the subjects' vigilance was assessed in a tracking task,
and side effects of the drugs were monitored.

3 Anpirtoline and tramadol produced a decrease of both CSSERP amplitudes and
subjective estimates of pain, the effects of the former compound being greater. In
contrast, after administration of imipramine no change of CSSERP amplitudes
could be detected, whereas the subjective estimate of pain intensity decreased
significantly. This was accompanied by a significant decrease of arousal indicating
that pain relief produced by acute administration of imipramine was primarily
related to its sedation action.

4 The analgesic properties of anpirtoline were demonstrated in man. Tramadol was
characterized as a weak opioid analgesic. In contrast, imipramine appeared to
produce its pain-relieving effects predominantly by non-specific actions. It is
hypothesized that different analgesics may change ERP sources in a drug-specific
manner.
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Introduction

Anpirtoline is a novel 5-HTI receptor agonist with pramine. In the 'electrostimulated pain test' anpirto-
antidepressant/antinociceptive-like effects [1, 2]. Its line increased the pain threshold in a dose-dependent
affinity for 5-HTIB receptors in rat brain is approxi- manner an effect which was abolished by pretreat-
mately five times as high as that for 5-HT1A receptors ment with cyproheptadine or propranolol [2]. Engel
[2]. Anpirtoline reversed isolation-induced impair- et al. [3] showed that anpirtoline exhibits non-
ments in mice (social behaviour deficit test). In addi- significant affinities for mu, delta and kappa opioid
tion, it increased the swimming time in the forced receptors. It was effective in the tooth pulp stimula-
swimming test similarly to imipramine and desi- tion test in dogs, the mouse hot plate and the mouse
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'electrostimulated pain test'. Its analgesic effects
were not blocked by naloxone [3]. Anpirtoline was
not self-administered by codeine-dependent rhesus
monkeys. It did not produce weight loss upon with-
drawal after chronic administration in rats [3]. Swed-
berg et al. [4] reported that the effects of anpirtoline
could not be substituted by the opioid agonists
codeine, pentazocine, and tramadol, and they were
not antagonized by the opioid antagonist naltrexone.
Engel et al. [3] also showed that anpirtoline produced
no antipyretic or anti-inflammatory effects in rats.

Thus, anpirtoline appears to possess a strong anal-
gesic action which may be mediated via 5-HTI re-
ceptors in the central nervous system [5-8]. To
investigate its potential analgesic action in man we
have used a technique involving measurement of
chemo-somatosensory event-related potentials (CSSERP)
after painful stimulation of the nasal mucosa with
carbon dioxide [9]. These chemical stimuli are con-
sidered to be natural, specific stimuli for the ex-
citation of the trigeminal nociceptive system [10-13].
The late nearfield event-related potentials [14]
elicited in the EEG are highly correlated with sub-
jective pain ratings [15]. Moreover, one of the
sources of these responses has been localized in
the somatosensory area SII [16] which is assumed to
be a primary projection area for nociceptive afferents
[17]. This model has been employed successfully to
measure the action of various analgesics [18-20].
As control drugs we have used tramadol and

imipramine. Compared with other opioids tramadol is
considered to be a weak analgesic suitable for the
treatment of acute and chronic pain [21-25]. Its
major advantages appear to be a low risk of res-
piratory depression [26] and a low risk of dependence
[27, 28]. In contrast, the tricyclic antidepressant
imipramine is primarily used in chronic pain states
[29-31], although there are studies indicating the
efficacy of tricyclics in acute experimental pain
[32, 33]. The analgesic properties of tricyclics are
believed to arise from blockade of catecholamine re-
uptake and activation of the opioid system [33-36].
The three drugs were also compared with respect

to vigilance and arousal (frequency analysis of spon-
taneous EEG, acoustic event-related potentials). Thus,
it was hoped to discriminate non-specific effects from
the nociceptive actions of the drugs.

Methods

Sixteen healthy subjects (eight male, eight female,
21-36 years of age) participated in the study after
they had provided written informed consent. The Ethics
Committee of the University of Erlangen-Niirnberg
approved the study, which was performed in accor-
dance with the Declaration of Helsinki/Hong Kong.

Study design

A double-blind, randomized, controlled, four fold
cross-over study design was chosen. Prior to a stan-
dard breakfast taken immediately before the begin-
ning of each experiment the subjects fasted for 8 h.

Each experiment consisted of two testing sessions
one of which took place before administration of the
medication and the second 140 min thereafter. This
protocol was used because peak plasma concentra-
tions of all three drugs are reported to occur at about
2 h after administration [37-39]. The drugs were
given orally together with 200 ml water (placebo,
60 mg anpirtoline, 150 mg tramadol, and 100 mg imi-
pramine in identical brown capsules). Each session
lasted for approximately 30 min. During this time, 32
painful carbon dioxide stimuli at two concentrations
were applied to the subject's nasal mucosa.

In an additional training session prior to the actual
experiments subjects were acquainted with the ex-
perimental procedures, and, specifically, with a breath-
ing technique (velopharyngeal closure [15]), whereby
respiratory flow inside the nasal cavity during stimu-
lation is avoided. During this session they were also
trained to perform both the tracking task and the esti-
mates of pain intensity.

During the experiments the subjects were seated
comfortably in an air-conditioned room with con-
venient temperature. White noise of approximately
50 dB SPL was used to mask the switching clicks of
the stimulator.

Painful stimulation of the nasal mucosa

The painful carbon dioxide stimulus was applied
under conditions that did not simultaneously activate
mechano- or thermosensors in the nasal mucosa (for
further details see [9, 19]). The stimulus duration was
250 ms, and intervals between stimuli varied ran-
domly between 40 and 50 s. Painful stimulation
with two C02 concentrations (55 and 66% v/v) was
applied to the left nostril in a randomized sequence.
Since it was demonstrated previously that stimulation
using concentrations well above threshold produced
more reliable results [19, 20, 40], only responses
to the stronger stimuli were subjected to statistical
analysis.

Estimates ofpain intensity

After application of each painful stimulus, the sub-
jects estimated the perceived pain intensity in relation
to a standard stimulus (66% v/v C02) which had been
applied at the beginning of the first session. The in-
tensity of this standard was defined as 100 estimation
units (EU). The pain intensity was rated using a
visual analogue scale [41] displayed on a computer
monitor. The length of a red bar representing the
intensity of the actual stimulus was adjusted by
means of a joystick in relation to the length of a fixed
blue bar representing the intensity of the standard
stimulus. If the actually perceived intensity was less
than the intensity of the standard, the subjects re-
duced the length of the red bar accordingly. In case
no pain was perceived, subjects were instructed to
let the red bar disappear (0 EU). In case the actual
stimulus was perceived as stronger than the standard
stimulus the red bar was increased in comparison
with the blue bar. All estimates obtained during one
session were averaged for statistical evaluation.
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Pain-related chemo-somatosensory event-related
potentials (CSSERP)

The EEG was recorded from 4 positions (F3, F4, P3,
and P4) of the 10/20 system referenced to linked ear-
lobes (Al + A2). Blink artifacts were monitored from
an additional site (Fp2/Al + A2). The sampling fre-
quency of the stimulus linked EEG-segments of 2048
ms was 250 Hz (bandpass 0.2 to 30 Hz; pre-stimulus
period 500 ms). After analogue-to-digital conversion
(CED 1401, Cambridge Electronic Devices, UK), the
EEG-segments were stored on an IBM compatible
computer. These data were evaluated off-line using an
averaging technique which yielded late nearfield event-
related potentials (for review see [14]). All single
responses contaminated by eye blinks or eye move-
ments were discarded from the average, and average
responses with a blink artifact larger than 40 gV in
the Fp2-lead were excluded from further analyses.
The latencies T-N1, and T-P2 of the CSSERP were
measured in relation to stimulus onset. In addition,
the peak-to-peak amplitude NiP2 was evaluated [20].

Acoustic event-related potentials (AERP)

Twenty acoustic stimuli (1 kHz bursts, 55 dB HL,
duration 100 ms; Zeissberg, FRG) were applied ran-
domly to the right ear duying intervals between pain-
ful stimulation. The analysis of event-related EEG
segments was performed as described for the CSSERP.

Spontaneous EEG

To determine background EEG activity just prior to
the onset of painful stimulation, pre-stimulus EEG
segments of 4096 ms were recorded (sampling fre-
quency 125 Hz). After examination for eye blinks and
artifacts produced by muscle activity, the segments
were submitted to frequency analysis (Fast Fourier
Transformation). The resulting power spectra were
averaged. The integrated power of the 6 frequency
bands delta (0.9-3.4 Hz), theta (3.6-7.0 Hz), alphal
(7.3-10.0 Hz), alpha2 (10.2-12.9 Hz), betal (13.1-
18.0 Hz), and beta2 (18.3-20.9 Hz) was used for
further statistical evaluation [20].

Tracking performance

To detect changes in vigilance and/or motor coordina-
tion, the subjects were requested to perform a track-
ing task on a video screen [19]. They had to keep a
small square, which could be controlled by a joystick,
inside a larger one, which moved around unpre-
dictably. Performance was measured by counting how
often and for how long the subjects lost track of the
randomly moving square. The data were averaged for
each session.

Cardiovascular parameters

Both systolic and diastolic blood pressure (Riva-

and after administration of the drugs, prior to the
second session of the experiment.

Adverse reactions

After the second session (i.e., 170 min after drug in-
take) the subjects were asked to report all subjective
effects of the medication. Their reports were recorded
verbatim and categorized off-line under headings
such as 'elation in mood' according to the WHO
Adverse Reaction Terminology [42]. In addition, the
subjects were requested to estimate the degree of
four selected adverse reactions using visual analogue
scales ('tiredness', 'drowsiness', 'vertigo', and 'sick-
ness') where the left hand score (0) was defined as
'no such symptom' and the right hand score (100)
was 'symptom experienced at maximum'.

Statistical analysis

The differences between data obtained after and be-
fore administration of the drugs were calculated and
subjected to analysis of variance (1-way ANOVA,
repeated measurement design, with 'drug' as the
within-subject factor). In the case of the electro-
encephalographic measures (CSSERP, AERP, fre-
quency analyses of spontaneous EEG) 2-way ANOVAs
were performed (within-subject factors 'drug' and
'recording position') separately for the two frontal,
and the two parietal recording sites. Differences be-
tween the effects of placebo and drug were assessed
by t-tests when the ANOVA yielded significant
results (P < 0.05). In these cases, 95% confidence
intervals (CI) were also computed.

Results

Means and standard deviations of the measured vari-
ables are shown in Table 1. One subject dropped out
of the study because of side effects (hyperventilation,
nausea, drowsiness, hypotension) after administration
of imipramine which lasted for approximately 30
min. However, since these effects began 5 min after
drug intake they may not have been drug-related.
To illustrate the shape of the CSSERP response

and changes in relation to administration of the drugs,
Figure 1 shows responses in a representative subject.

Pain intensity estimates

Estimates of the intensity of pain decreased after
administration of imipramine, tramadol, and anpir-
toline but increased after placebo (Figure 2). Thus,
analysis of variance revealed a significant effect
(factor 'drug', F = 2.90, P < 0.05) for anpirtoline
(P < 0.05) and imipramine (P < 0.05) but not for
tramadol (P < 0.1) (95% CI: placebo -6.49 to 16.54;
anpirtoline -19.53 to -5.19; tramadol -19.59 to 2.82;

Rocchi) were recorded in the sitting subjects before imipramine -21.89 to 0.58).
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Table 1 Means and standard deviations (s.d.) of chemo-somatosensory event-related potentials,
acoustic event-related potentials, and the frequency analyses of the spontaneous EEG at all recording
positions. The results are represented as differences between data obtained after administration of the
medication and baseline measures

Placebo Imipramine Tramadol Anpirtoline
Mean s.d. Mean s.d. Mean s.d. Mean s.d.

Chemo-somatosensory event-related potentials (n = 15)
AMPL. N1P2 Pos. F3 1.20 4.31 -0.55 3.10
(,uV) Pos. F4 0.33 3.29 -2.67 4.64

Pos. P3 -1.74 5.81 -0.66 6.42
Pos. P4 -2.07 5.52 -0.14 6.19

Lat. NI
(ms)

Lat. P2
(ms)

Pos. F3 -25
Pos. F4 -10
Pos. P3 7
Pos. P4 -7

72
57
59
56

Pos. F3 2 93
Pos. F4 -11 69
Pos. P3 32 97
Pos. P4 2 104

Acoustic event-related potentials (n = 15)
Ampl. N1P2 Pos. F3 -3.50 3.94
(,uV) Pos. F4 -3.58 4.70

Pos. P3 -1.28 4.04
Pos. P4 -2.20 3.72

Lat. NI
(ms)

Lat. P2
(ins)

Pos. F3
Pos. F4
Pos. P3
Pos. P4

Pos. F3
Pos. F4
Pos. P3
Pos. P4

10
8
0

-5

-16
-15
-20
-19

22
27
18
20

43
33
53
76

1 94
-3 72
18 80
15 89

69 103
46 140
101 163
46 165

-6.54 6.29
-6.05 7.41
-2.50 4.18
-1.64 5.55

9 28
3 37

23 30
1 43

-35 85
-16 67
-21 72
-50 79

-3.27 3.37
-4.11 6.30
-2.97 7.21
-2.69 6.05

34 107
21 96
25 98
36 90

58 148
-29 140
57 138
47 100

-1.90 4.08
4.18 4.08

-0.53 5.62
-1.51 5.36

-13 32
-7 29

-16 29
-10 30

-20 72
-30 73
-34 54
-8 68

Frequency analyses of the spontaneous EEG (n = 15; in [(tV2 s 1)0.5])
delta-band Pos. F3 15 31 66 105 1 45

Pos. F4 2 36 48 111 -16 57
Pos. P3 1 36 53 76 6 37
Pos. P4 -12 44 63 81 4 43

theta-band Pos. F3 27 35 55 65 13 30
Pos. F4 19 25 57 88 3 37
Pos. P3 22 37 37 73 22 25
Pos. P4 10 30 53 83 15 32

alphai-band Pos. F3 23 29 56 64 32 33
Pos. F4 22 28 65 95 30 43
Pos. P3 32 43 58 65 52 56
Pos. P4 7 33 73 82 58 69

alpha2-band Pos. F3 11 20 31 27 20 30
Pos. F4 10 23 33 46 14 24
Pos. P3 11 27 42 50 35 49
Pos. P4 14 28 57 57 34 64

betai-band Pos. F3 13 51 41 57 50 73
Pos. F4 17 32 42 69 48 55
Pos. P3 13 27 25 46 27 31
Pos. P4 7 21 25 45 31 41

beta2-band Pos. F3 1 50 29 49 43 65
Pos. F4 9 25 36 70 41 53
Pos.P3 3 20 16 31 16 22
Pos.P4 7 16 13 31 15 32

-3.58
-5.29
-4.62
-4.87

21
11
26
26

34
39
2

11

-4.40
-4.74
-6.80
-4.51

S
4

-7
10

-17
-22
-22
-18

3.95
5.49
5.91
5.34

83
90
76
60

76
86
56
95

6.18
5.15
3.76
4.68

25
23
34
23

46
64
58
56

-2
-12
-13
-35

0
3
2

-20

13
10
22
14

7
3
8

-5

3
1

16
-20

-2
-5
2

-12

75
49
44
53

29
36
36
61

20
33
46
67

15
17
24
45

24
40
30
97

15
35
24
47
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Placebo Imipramine Tramadol Anpirtoline
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Figure 1 Chemo-somatosensory event-related potentials (CSSERP) at recording position F4 (referenced against Al +
A2) in a representative subject before (bold lines) and 140 min after administration (thin lines) of imipramine, tramadol,
and anpirtoline. A schematic drawing of CSSERP peaks N1 and P2 is shown in the inset.
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Figure 2 Mean and s.e. mean of the pain-related parameters, intensity estimates and chemo-somatosensory event-related
potentials (CSSERP), in relation to baseline measures (differences between measures obtained 140 min after drug
administration and baseline). Estimates of pain intensity are expressed as estimation units, i.e., using a visual analogue
scale the subjects estimated the perceived pain intensity in relation to a standard stimulus (66% v/v C02) the intensity of
which was defined as 100 estimation units (EU).
Intensity estimates decreased after administration of all three drugs when compared with placebo. However, a significant
decrease of the CSSERP amplitudes was observed only after tramadol and anpirtoline. placebo, <3 imipramine,
H7 tramadol, 1 anpirtoline.

Chemo-somatosensory event-related potentials
(CSSERP)

Anpirtoline caused the largest decrease of CSSERP
amplitudes indicating a strong analgesic effect
(Figure 2). This was significant (P < 0.01) at the
frontal but not the parietal recording positions. Admin-

istration of tramadol changed the CSSERP in a com-

parable manner (P < 0.05), whereas effects induced
by imipramine were similar to placebo (95% CI
at position F3: placebo -0.98 to 3.38; anpirtoline
-5.58 to -1.58; tramadol -4.98 to -1.56; imipramine
-2.12 to 1.02; 95% CI at position F4: placebo -1.34
to 2.0; anpirtoline -8.07 to -2.51; tramadol -7.3 to
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-0.92; imipramine -5.02 to -0.32). In contrast to
CSSERP amplitudes, statistical analyses of the laten-
cies showed no significant effects of the drugs.

Acoustic event-related potentials (AERP)

Neither amplitudes nor latencies of the acoustic
event-related potentials were affected significantly by
the drugs.

Frequency analysis of the spontaneous EEG

Analysis of the spontaneous EEG obtained at the
frontal and parietal recording positions revealed sig-
nificant effects (P < 0.05) of imipramine for all fre-
quency bands with the exception of the betal-band,
but no significant effects of tramadol and anpirtoline
(95% CI delta band: placebo -0.7 to 30.7; imi-
pramine 12.7 to 119.1; 95% CI theta band: placebo
9.3 to 44.7; imipramine 22.1 to 87.9; 95% CI alphai
band: placebo 8.3 to 37.7; imipramine 23.6 to 88.4;
95% CI alpha2 band: placebo 0.9 to 21.1; imipramine
17.3 to 44.7; 95% CI beta2 band: placebo -24.3 to
26.3; imipramine 4.2 to 53.8).

Tracking performance

The tracking performance increased after placebo and
anpirtoline. This indicated, that both drugs did not
interfere with the learning process of the typical sub-
ject who tends to improve his performance during the
course of a single experiment [19, 20]. In contrast, it

was significantly worse following administration of
imipramine (P < 0.01) and tramadol (P < 0.05). This
decrease of the subjects' performance indicated the
presence of sedative drug actions (95% CI: placebo
1.2 to 5.2; anpirtoline 0.0 to 6.4; tramadol -14.7 to
1.7; imipramine -12.9 to -3.5).

Cardiovascular parameters

Neither systolic nor diastolic blood pressure changed
significantly after administration of the drugs. Imi-
pramine increased the heart rate (P < 0.05) compared
with placebo.

Adverse reactions

Imipramine significantly increased 'tiredness' (Figure
3) (P < 0.01) (95% CI: placebo -5.06 to 11.7;
anpirtoline -9.0 to 23.8; tramadol -7.45 to 21.9;
imipramine 15.7 to 39.8). Other symptoms were un-
changed by the drugs. Spontaneously reported side
effects occurred rarely (Table 2). None of them
required medical treatment.

Discussion

The results of the present investigation clearly
demonstrated the analgesic properties of anpirtoline.
This was indicated by the significant decreases in
both subjective rating of the painful stimuli and in

Table 2 Numbers of spontaneously reported adverse reactions

Placebo Imipramine Tramadol Anpirtoline

Vomiting 0 1 2 1
Debility 0 2 2 0
Trembling inside 0 2 1 0
Dry mouth 0 2 1 2
Blurred vision 0 2 0 1
Flushing 0 1 1 1
Emotional lability 0 1 0 0
Inappropriate elation 0 0 2 0
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Figure 3 Mean and s.e. mean of parameters related to vigilance (adverse reactions, tracking performance, frequency
analyses of the spontaneous EEG) after drug administration. EU = Estimation units. O placebo, 2C imipramine,
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the amplitude of the event-related potentials (ERP).
These findings confirm those of Schlicker et al. [2]
who observed an increase in the nociceptive threshold
in experimental animals after administration of anpir-
toline. Concerning mean intensity estimates of pain,
anpirtoline tended to exhibit a stronger analgesic
effect than the opioid tramadol at the doses used. In
addition, the mean decrease of CSSERP amplitudes
was greatest after anpirtoline.
No significant changes were detected for anpir-

toline in the spontaneous EEG nor in the acoustic
event-related potentials, indicating the absence of de-
pressant effects which might have contributed to
the observed CSSERP changes. Furthermore, perfor-
mance in the video task actually increased after
administration of anpirtoline, indicating the absence
of sedative drug actions [19, 20] which is consistent
with findings of Swedberg et al. [4] in the rat. Anpir-
toline was well tolerated by most of the subjects,
although vomiting occurred in one subject and two
complained of dry mouth.

Tramadol produced only a small decrease in the
subjective estimates of pain intensity (P < 0.01) but
revealed analgesic properties with regard to the de-
crease of the CSSERP amplitude. Thus, the view that
tramadol is a weak opioid analgesic [21, 22, 24, 43,
44] is supported by our data. Other than anpirtoline,
tramadol also produced a significant decrease in
tracking performance indicating a sedative action.
This finding is also supported by the increase of
power densities within the alpha-band of the spon-
taneous EEG [45]. However, there were no significant
changes in the ratings of adverse reactions with
respect to 'tiredness' or 'drowsiness'. Thus, sedative
properties do not appear to be a prominent feature of
tramadol [21, 25, 45].

In contrast to tramadol and anpirtoline, imipramine
did not change CSSERP amplitudes. However, it did
cause a significant decrease in subjective pain rating
(P < 0.05). This discrepancy may be explained by the
non-specific effects of the tricyclic antidepressant.
Administration of imipramine resulted in an increase
in 'tiredness', a decrease of the tracking performance,
and an increase in the power density of the spon-
taneous EEG, which was most pronounced in the
delta- and the alpha-band. Taken together, these re-
sults emphasize the sedative properties of the drug [46].

Thus, in terms of anti-nociceptive effects it appears
that subjective estimates of pain intensity are less re-
liable than CSSERP data. As with sleep or distraction
[47, 48], the sedative actions of imipramine may lead
to pain-relief, but mostly this is not produced
by specific anti-nociceptive effects. CSSERP reflect
changes in the perception of painful stimuli in a more
specific manner [15, 20]. That is, CSSERP reflect cer-
tain, limited aspects of the processing of nociceptive
information in man and experimental animals [12,
49]. On the other hand, it appears that CSSERP do
not reflect pain-relief mediated by unspecific path-

by imipramine. This specificity of the CSSERP is
also supported by preliminary results obtained in 10
subjects [50] which indicate that CSSERP are not
susceptible to the sedative effects of diazepam (10
mg orally) or tetrazepam (50 mg orally). In addition,
Thurauf et al. (unpublished observations in 18 sub-
jects) reported that there was no significant change of
CSSERP amplitudes after intravenous administration
of 0.065 mg kg-' and 0.13 mg kg-' diazepam. Thus,
the present results support the view that the evalua-
tion of both subjective estimates of pain intensities
and pain-related ERPs in combination with the moni-
toring of non-specific drug effects produces a much
more complete picture of analgesic effects than the
sole analysis of the subjects' responses.

In contrast to the present results, Bromm et al. [22]
reported that imipramine (100 mg, orally) signifi-
cantly reduced both subjective pain rating and ERP
amplitude in response to electrical stimulation of skin
[51]. Although they did not monitor side effects or

changes in vigilance, they did analyze the spon-
taneous EEG. Imipramine was found to produce both
a decrease in alpha activity and an increase of theta
and delta activity. This may be interpreted in terms of
a decreased state of arousal which is in keeping not
only with the present results but also with a large
body of literature [47]. Therefore, and because elec-
trical stimuli are not ideally suited for the investi-
gation of pain-related ERP in the presence of non-

specific drug effects [52-54], the findings of Bromm
et al. [22] on ERP may have to be reconsidered.
A significant finding of the present study was that

analgesic effects of the drugs were only apparent in
CSSERP recorded at frontal sites. Previously, Kobal
et al. [19] observed that both acetylsalicylic acid and
the opioid pentazocine produced a significant de-
crease of the CSSERP at frontal recording positions,
while only pentazocine reduced ERP amplitudes at
central and parietal sites. From this it may be hypo-
thesized that the cortical generators of the CSSERP
[16] are changed by analgesics in a specific manner

which alters the topographical distribution of the
CSSERP.

In conclusion, we have demonstrated the analgesic
properties of anpirtoline, a novel 5-HTIA and SHTIB-
receptor agonist, in man. Tramadol was characterized
as a weak opioid anlagesic. In contrast, imipramine
appeared to produce its pain-relieving effects pre-
dominantly by non-specific actions which could be
characterized by the combined evaluation of pain-
related ERP, subjective pain intensity ratings and the
monitoring of arousal. It is hypothesized that dif-
ferent analgesics may change ERP sources in a drug-
specific manner.
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