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Abstract
The cold pressor test (CPT) is widely implemented and offers a simple, experimen-
tal acute pain model utilizing cold pain. Previous trials have frequently paired the 
CPT with opioids in order to investigate the mechanisms underlying pharmacologi-
cal analgesia, due to their known analgesic efficacy. However, opioid side effects 
may lead to unblinding and raise concerns about the safety of the experimental set-
ting. Despite the established clinical efficacy of dipyrone (metamizole), its efficacy, 
tolerability, and safety in cold pressor pain has not been systematically addressed 
to date. This pooled analysis included data of 260 healthy volunteers from three 
randomized, placebo- controlled, double- blind substudies using the CPT following 
a pre- test- post- test- design. These substudies allow for comparing a single dose of 
800 mg dipyrone with two different doses of the opioid tilidine/naloxone (50/4 mg 
and 100/8 mg, respectively). Outcomes included pain intensity ratings, pain tolerance, 
medication- attributed side effects, as well as changes of blood pressure and heart rate. 
We demonstrate that both opioid doses and dipyrone had a comparable, significant 
analgesic effect on cold pressor pain. However, dipyrone was associated with sig-
nificantly less self- reported adverse effects and these were not significantly different 
from those under placebo. These results indicate that the combination of dipyrone and 
the CPT provides a safe, tolerable, and effective experimental model for the study of 
pharmacological analgesia. In combination with a CPT, dipyrone may be useful as a 
positive control, or baseline medication for the study of analgesic modulation.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
The cold pressor test (CPT) has frequently been paired with opioids to investigate 
analgesia, but opioids are often associated with side effects. Although the pyrazalone 
derivate dipyrone (metamizole) is used for clinical analgesia, its efficacy, tolerability, 
and safety in experimental cold pain has not been systematically addressed to date.
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INTRODUCTION

The cold pressor test (CPT), which involves immersing 
one’s limb in cold water until the individual pain tolerance 
is reached, represents an established and widely used experi-
mental model for human pain or stress induction. Frequently 
used outcomes include time of onset of pain (i.e., pain thresh-
old), pain intensity ratings (continuous or retrospective), and 
time of hand withdrawal (pain tolerance).1– 4

Since then, the CPT has been used to test the analgesic 
efficacy of a variety of pharmacological agents in healthy 
volunteers. Although nonsteroidal anti- inflammatory drugs 
(NSAID),1,5 anticonvulsants (i.e., gabapentin6 and lamotrig-
ine7), and antidepressants (i.e., imipramine8) had little to no 
analgesic effects, opioids were repeatedly shown to effec-
tively reduce cold pressor pain.1,6,7,9,10 Opioids have therefore 
frequently been used as active controls in drug development 
trials using the CPT to test potentially novel analgesic com-
pounds.6,11,12 Another potential use of experimental para-
digms of analgesia, such as the CPT combined with opioids, 
represents the investigation of the modulatory effects of 
treatment context (e.g., open or hidden application of a drug, 
and patient- physician interaction), which have been shown to 
modulate treatment outcomes reviewed in refs. 13– 15.

However, most studies investigating opioid analgesia in a 
CPT model report significant side effects in healthy volun-
teers6,9,10 raising safety concerns for its use in experimental 
pain research in humans. Further, opioid side effects have 
been shown to jeopardize successful blinding, particularly 
when comparing against non- opioid control groups.16 The 
side effects of opioids may not be detrimental in all research 
contexts, for instance, when used as a positive control for 
comparators with comparable side- effect profile. However, 
for other research questions, undesired effects can be disad-
vantageous (e.g., when investing compounds with unknown 
or no side effects or in mechanistic approaches aiming to 
properly dissect the contribution of psychological and contex-
tual factors; e.g., expectation, prior experience) to analgesia. 
These shortcomings question the usefulness of combining 

CPT with opioid in studies of analgesic modulation in both 
healthy participants and patients, and underscore the need for 
a novel tolerable and safe pharmacological model of experi-
mental analgesia.

An analgesic drug, which has not been systematically 
tested in the context of experimental CPT models is dipy-
rone (metamizole). As a pyrazolone derivate, it is frequently 
used to treat postoperative pain, colic pain, cancer pain, and 
migraine.17,18 Although it is a popular nonopioid first- line 
analgesic in many parts of the word, some countries, includ-
ing the United States, United Kingdom, Sweden, and India, 
advise against its use because of the potential risk of agran-
ulocytosis.19 However, a recent meta- analysis of 79 trials on 
short- term use of dipyrone in almost 4000 patients found 
fewer adverse events for dipyrone than for opioids and no 
case of agranulocytosis.20

Here, we present a pooled analysis of three randomized 
controlled substudies in which we used a two- step approach. 
First, we compare the analgesic effect of two different 
doses of an opioid agonist/antagonist- combination, tilidine/
naloxone (50/4  mg and 100/8  mg, respectively) and dipy-
rone (800 mg) to placebo treatment on CPT (pain intensity 
and pain tolerance), side effects, blood pressure, and heart 
rate. Second, we performed a pooled analysis of the active 
treatment groups (dipyrone, 50/4 mg tilidine/naloxone, and 
100/8 mg tilidine/naloxone) to directly compare the effect of 
the three analgesic treatments on these outcomes.

METHODS

Participants

This pooled analysis included 264 healthy volunteers from 3 
separate substudies (substudy 1: N = 93, substudy 2: N = 90; 
and substudy 3: N = 81, see Study design). All substudies 
investigated healthy volunteers aged greater than or equal 
to 18 years (i.e., inclusion criteria). Exclusion criteria com-
prised: acute and/or chronic illness or infection, use of any 

WHAT QUESTION DID THIS STUDY ADDRESS?
Which efficacy, tolerability, and safety provide 800 mg dipyrone compared to 50/4 mg 
and 100/8 mg tilidine/naloxone in a cold pain experiment?
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Both opioid doses and dipyrone had a comparable analgesic effect on cold pain. 
Importantly, dipyrone was associated with less adverse effects.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
Combining dipyrone with the CPT offers an effective and safe model of pharmaco-
logical analgesia and might be of particular interest to explore contextual modulations 
of analgesia.
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analgesic medication in the last 7 days (e.g., NSAID), alcohol 
and drug abuse, alcohol use 24 h prior to participation, history 
of allergic reaction to one of the substances used, participa-
tion in a clinical trial during the past 6 months prior to inclu-
sion, general anesthesia in the past 6 months, and insufficient 
knowledge of the German language in writing and speaking. 
Pregnant or breast- feeding women were excluded from par-
ticipation. Each substudy was performed in accordance to 
the Declaration of Helsinki and approved by the local ethics 
committee (17– 7918- BO, 17- 7918_1- BO, 17- 7918_2- BO; 
medical faculty of the University of Duisburg- Essen). 
Voluntary written informed consent was obtained from all 
participants. Participants received a monetary compensation 
of 75 €. Because this study is a pooled post hoc analysis of 
three separate studies, it was not registered in a clinical trial 
register.

Study design

Each substudy followed a randomized, double- blind, paral-
lel group, pre- test- post- test design (for details, see Figure 1). 
Randomization was carried out on the basis of an a priori cre-
ated randomization list (RStudio version 1.1.463, RStudio, 
Inc.) allowing fully random group allocation. Substudies 
1 and 2 were part of a larger project investigating context 
modulations of pain perception (reported separately): sub- 
study 1 aimed to recruit 150 healthy volunteers following a 
2:2:1- balanced randomization into three groups: beyond a 
control group (N = 30), which received purified water, two 
experimental groups (each N = 60) each received 100/8 mg 
tilidine/naloxone (i.e., high- dose opioid). Notably, the opioid 
administration of one group was associated with a context 
modulation (in the form of an additional sublingual placebo 
treatment). This aforementioned group was not included 
into this analysis. In substudy 2, again, 150 healthy subjects 
were recruited and randomly assigned to 3 experimental 
groups. All group structures were identical to substudy 1, 
except for the fact that a reduced opioid dose (i.e., 50/4 mg 

tilidine/naloxone; i.e., low- dose opioid) replaced the high- 
dose opioid. Similarly, the context modulation group was not 
included into this analysis. Substudy 3, a proof- of- principle 
study, aimed to recruit 80 healthy volunteers following a 
1:1- balanced randomization in 2 groups: the first group 
(N = 40) received 800 mg dipyrone (dipyrone group) and the 
second purified aqua (N = 40, control group). All substud-
ies followed identical testing protocol (see section Testing 
schedule) and were performed by blinded examiners (J.K. in 
substudy 1, F.B. in substudy 2, and J.W. in substudy 3). A 
priori power calculations were performed per study to test 
hypotheses outside the scope of this pooled analysis. Thus, 
sample sizes used for this post hoc analysis depended on the 
data available (Figure 1).

Study medication

In substudies 1 and 2, a tilidine/naloxone combination 
(Tilidin comp. STADA 50  mg/4  mg per 0.72  ml, Stada 
Arzneimittel AG) was used based on previous studies with 
cold pressor pain reviewed in ref. 16. To prevent accidental 
unblinding, the bitter taste of the tilidine/naloxone combina-
tion required concealment. The tilidine/naloxone solution 
was therefore encapsulated in two taste- neutral capsules 
(bovine gelatin- capsules size “00,” Nagamil). In sub- study 
1, each capsule contained 0.7 ml tilidine/naloxone solution 
(equaling 50/4 mg tilidine/naloxone), whereas in substudy 2, 
one capsule was filled with 0.7 ml tilidine/naloxone solution 
and a second with 0.7 ml purified water.

In substudy 3, a dipyrone (metamizole) solution 
(Novaminsulfon- ratiopharm 500  mg/ml, Ratiopharm) was 
used. In order to prevent any unblinding caused by smell, 
taste and color, the study medication was encapsulated com-
parably to substudies 1 and 2. Here, each capsule contained 
0.8  ml dipyrone solution (in total 1.6  ml equaling 800  mg 
dipyrone).

Participants allocated to the control groups of all sub-
studies received purified water. Similar to the treatment 

F I G U R E  1  Combined study design of all substudies— after a baseline assessment using the cold pressor test (CPT) with a 6°C cold water 
bath (see section cold pressor test), the randomization (R) followed. All study medications (tilidine/naloxone, dipyrone, purified aqua) were 
encapsulated in white tasteless capsules to prevent unblinding through color, taste, or smell. After medication intake, a test phase was performed 
identically to the baseline assessment
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groups, purified water was encapsulated in the same capsules 
to ensure blinding. Each capsule contained 0.8 ml purified 
water (2 capsules in total).

Testing schedule

All substudies followed the same testing schedule taking 
place at the University Hospital Essen, Germany. Eligibility 
was screened via telephone prior to the study day. At the 
beginning of each study session, participants were, again, 
screened for eligibility and voluntary, written, informed 
consent was obtained. Participants were then introduced to 
the CPT and visual analog scale (VAS) rating procedures 
according to a standardized protocol. A first CPT was per-
formed as a pretreatment baseline measure. Then, depending 
on the substudy, either 100/8 mg tilidine/naloxone (substudy 
1), or 50/4  mg tilidine/naloxone (substudy 2), or 800  mg 
dipyrone solution (substudy 3) or purified water (control 
group, all substudies) was administered orally. Subsequently, 
all participants filled questionnaires for a resting period of 
35 min. The aim of this waiting period was to reach the peak 
analgesic effect and to allow the participants’ hand to recover 
from pre- testing CPT. After the waiting period, the post- 
treatment CPT was performed. Last, participants were asked 
for treatment side effects using a systematic inventory21 and 
discharged. Participants of (opioid) substudies 1 and 2 had 
to remain at the laboratory for an additional 4 h of medical 
surveillance to ensure participant safety.

Cold pressor test

A refrigerated laboratory water bath was used (WCR- 
P22, Witeg, Germany, volume 22  L, temperature preci-
sion: ±0.2°C) and water was constantly circulated at a rate 
of 15 L/min to avoid the formation of a warm- water layer 
around the skin. The pre-  and post- treatment CPT was per-
formed at 6.0 ± 0.2°C. A laptop equipped with an external 
screen, Matlab 2015b (MathWorks), and the Psychtoolbox 
(version 3)22 was used to record participant’s ratings and 
to log experimental timings. Participants received CPT in-
structions following a standardized, partly computerized 
protocol. Participants were instructed to immerse their non-
dominant, open hand into the water- bath up to wrist level 
and to provide continuous pain ratings during CPT, using 
a mechanical slider (11  cm, custom construction, sam-
pling rate: 10  Hz), linked to an un- ticked 101- point VAS 
shown on screen (end points: 0 = “no pain,” 100 = “un-
bearable pain”). Participants were advised to retract their 
hand from the water- bath and to provide the maximum 
VAS pain rating of 100 points if the pain became unbear-
able. Participants were informed about a time- limit for the 

test without knowledge of the maximum duration. Upon 
hand immersion, the experimenter logged the start of CPT 
and enabled continuous VAS ratings using a computerized 
trigger. Voluntary extraction of the hand from the water 
bath was logged by the experimenter through a second trig-
ger and ended all CPT recordings. Alternatively, CPT was 
ended upon reaching the 180 s maximum time- limit; in this 
case, recordings automatically stopped, and participants 
were asked to withdraw their hands.

Outcome assessment

Pain intensity: Percent area under the pain curve

Pain intensity was assessed as percent area under the pain 
curve (%AUPC) according to Koltzenburg et al.9 The 
%AUPC corresponds to the averaging pain rating given over 
the full duration of the CPT, divided by the highest possi-
ble AUPC value (= 100 VAS units * 180 s), whereas the 
maximum VAS rating (100 units) is carried forward to 180 s 
for participants who terminated testing early.9 Thus, a higher 
%AUPC denotes higher individual pain sensitivity, with 0% 
AUPC denoting complete pain insensitivity for the full test-
ing duration and 100% AUPC denoting the immediate termi-
nation of testing due to pain intolerance, or, equivalently, a 
constant VAS rating of 100 for 180 s. The AUPC has been 
shown to be a reliable marker for pain intensity in both 
healthy participants and patients,23– 25 and to be sensitive for 
detecting opioid analgesia.9

Pain tolerance

The pain tolerance is defined as the time to hand withdrawal 
from the water bath in seconds2 during CPT. For safety rea-
sons the maximum immersion time was limited to 180 s to 
avoid any injury from the cold.4

Safety: Blood pressure and heart rate

Blood pressure and heart rate were measured using a mul-
tiparametric monitoring system (Infinity Delta, Drägerwerk 
AG & Co. KGaA) equipped with a noninvasive blood pres-
sure cuff and an oximeter using transmission spectrophotom-
etry (OxiSure SpO2, Drägerwerk AG & Co. KGaA). Prior to 
baseline, the blood pressure cuff was placed on the dominant 
upper arm. The heart rate was derived from the oximeter as 
implemented parameter of the monitor. Both blood pressure 
and heart rate were recorded after arrival at the laboratory, 
prior to the baseline and the test phase (35 min after the medi-
cation intake).
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Tolerability: Side effects

Side effects were assessed by the General Assessment of 
Side Effects (GASE),21 a 36- item (symptom descriptions) 
standardized questionnaire. These symptoms could be rated 
as “not present,” “mild,” “moderate,” or “severe.” After rat-
ing the presence and severity of a symptom, participants de-
cided whether the symptom was related to the current study 
medication, leading to a symptom and medication- attributed 
symptom count. Participants were asked to fill the GASE at 
the end of the testing session.

Statistics

Analyses were performed with Matlab 2017b, the Statistics 
and Machine Learning toolbox, and RStudio (RStudio ver-
sion 1.1.463, RStudio, Inc.). Individual pain sensitivity was 
measured as %AUPC (see above). Pain tolerance, heart rate, 
blood pressure, and side effects were assessed as additional 
outcomes. The post- treatment timepoints for all outcomes 
were tested for differences between the levels (high- dose 
opioid vs. control, low- dose opioid vs. control, dipyrone vs. 
control, dipyrone vs. high- dose opioid, dipyrone vs. low- dose 
opioid; between- group) of the factor group using a general 
linear model (GLM). Pretreatment CPT baseline values were 
controlled for as a covariate. The room temperature has been 
identified as systematically different between substudies. 
Therefore, all outcome models were additionally corrected for 
room temperature. When applicable, nonsignificant results 
have been tested for noninferiority via the one- sided test pro-
cedure using mean deltas (Δtest– baseline), SD, and Cohen’s 
d as test parameters.26 Therefore, equivalence bounds have 
been calculated to achieve 90% power. Statistical testing was 
performed at alpha less than 0.05. Unstandardized (b) esti-
mates ± SEs are provided. Descriptive results are provided 
as means ± SD.

RESULTS

Dose- dependent analgesic effects, safety, and 
tolerability of tilidine/naloxone versus control

In a first step, we aimed at estimating the dose- dependent 
effects of tilidine/naloxone on the %AUPC, pain tolerance, 
blood pressure, heart rate, and side effects. After inclusion 
of 177 participants (low- dose opioid  =  60, high- dose opi-
oid = 59, pooled control group = 58; for a participant flow 
chart see Figure S1). For baseline characteristics and timings 
of the study groups, see Table 1, Tables S1– S2.

Compared to control, both the low-  and high- dose opi-
oid significantly reduced the %AUPC and increased the pain 

tolerance over the curse of time (for detailed results see Table 2 
and Figure 2). In direct comparison, participants allocated to 
the high- dose opioid group showed a significantly stronger 
reduction of %AUPC (−8.8  ±  2.5%AUPC, t(172)  =  −2.3, 
p = 0.021, d = −0.35) and a higher increase in pain tolerance 
(19.4 ± 12.9 s, t(80) = 2.2, p = 0.030, d = 0.48) than those 
in the low- dose opioid group, indicating a dose- dependent 
effect of tilidine/naloxone on both parameters. Both opioid 
groups showed significantly higher medication- attributed 
symptoms after opioid intake without significant difference 
between the low-  and high- dose groups. Notably, in the high- 
dose opioid group, two severe adverse events occurred: one 
participant needed intravenous antiemetic treatment due to 
severe nausea and another participant needed intravenous 
fluid to treat orthostatic dysregulation. In both groups, re-
ported medication- attributed symptoms included dizziness, 
nausea, and vomiting. There were no changes in blood pres-
sure and heart rate from baseline to test phase (see Table S3).

Analgesic effects, safety, and tolerability of 
dipyrone versus control

For substudy 3, we estimated the analgesic effects of a sin-
gle 800 mg dipyrone dose on the change of the previously 
stated outcomes. After inclusion of 81 participants (dipyrone 
group = 40, control group = 41; see Table 1). Analysis of the 
group receiving a single dose 800 mg dipyrone compared to 
the control group revealed significant lower %AUPC ratings 
and higher pain tolerance, indicating a sufficient analgesic 
effect of dipyrone on experimentally induced cold pres-
sor pain (see Figure  3 and Table  2). We observed no sta-
tistically significant differences of the reported side effects. 
Furthermore, blood pressure as well as heart rate changes did 
not significantly differ between the verum and control group 
(see Table S3).

Pooled analysis: comparison of dipyrone with 
low-  and high- dose tilidine/naloxone

The third, pooled analysis aimed at directly comparing the 
three pharmacologic agents across substudies. We included 
159 participants (low- dose opioid; [i.e., 50/4 mg tilidine/na-
loxone] = 60, high- dose opioid [i.e., 100/8 mg tilidine/nalox-
one] = 59, and dipyrone group = 40) from all substudies (for 
details see Figure S1). When comparing participants receiving 
dipyrone with those receiving low- dose and high- dose tilidine/
naloxone, we observed no statistically significant differences 
in %AUPC ratings and pain tolerance. Additionally performed 
equivalence tests revealed noninferiority of dipyrone com-
pared to low- dose tilidine regarding %AUPC (equivalence, 
t(39)  =  2.56, p  =  0.007) and pain tolerance (equivalence, 
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t(21)  =  −1.90, p  =  .041). Compared to high- dose tilidine, 
we found significant equivalence regarding pain tolerance 
(t(21)  =  2.11, p = 0.023). Regarding the %AUPC as out-
come, the noninferiority test of dipyrone compared to high- 
dose tilidine revealed inconclusive results because neither the 
equivalence nor the null hypothesis test reached significance. 
Notably, analyses of the reported side effects revealed sig-
nificantly lower medication- attributed symptom counts in the 
dipyrone group compared to both the low- dose and high- dose 
tilidine/naloxone groups (for details see Figure 4, Table 2).

DISCUSSION

This analysis of three randomized, controlled substudies re-
vealed the following findings. First, both a single 50/4 mg and 
100/8 mg tilidine/naloxone combination, and 800 mg dipyrone 
were effective in reducing experimentally induced cold pain in a 
CPT. Second, we found significant dosage- independent opioid- 
associated side effects. Third, the analgesic effect of a single 
800  mg dipyrone dose did not differ from 50/4  mg tilidine/
naloxone (statistical noninferiority). Fourth, participants in the 
dipyrone substudy showed significantly fewer side effects com-
pared to participants in the opioid substudies and no statistically 
significant difference between the dipyrone and placebo control 
group. These results highlight the usability of dipyrone in a safe, 
tolerable, and effective experimental model of pharmacological 
analgesia compared to models using opioids.

Tilidine/naloxone is effective in cold pressor 
pain but likely to induce side effects

In the analyses of substudies 1 and 2, we demonstrate that 
both a low- dose and a high- dose (50/4  mg; 100/8  mg, re-
spectively) tilidine/naloxone combination significantly re-
duce perceived pain intensity (as indexed by the %AUPC) 
and significantly increase CPT pain tolerance. These find-
ings are in line with previous studies demonstrating analge-
sic efficacy of opioids in CPT- induced pain, albeit in smaller 
samples.1,10,27– 29 Thus, our study in a large sample size con-
firms the analgesic efficacy of opioids in CPT- induced pain.

However, any assessment of the suitability of an analge-
sic model for experimental purposes also needs to consider 
side effects of the drug, which not only affect participant 
safety but can also lead to premature unblinding. Opioids, 
such as tilidine/naloxone, have been shown to induce side 
effects, such as nausea, vomiting, or dizziness, at a signif-
icant rate.6,9,10 In line with previous reports, our data show 
side effects of large effect sizes in both opioid groups com-
pared to the control group. About 80% of all participants 
who received an opioid in our study, reported at least one 
side effect. Although we did not observe significant changes 
in blood pressure or heart rate, we found two cases of ad-
verse events, which demanded on- site medical treatment. In 
sum, these results demonstrate that tilidine/naloxone is ef-
fective in cold pressor pain, but frequent occurrence of side 
effects has to be considered.

T A B L E  1  Baseline characteristics of the substudies’ treatment and control groups

Characteristic

Substudies 1 and 2 Substudy 3

Low- dose opioid 
group

High- dose opioid 
group

Pooled control 
group

Dipyrone 
group

Control 
group

N 60 59 58 40 41

Female (%) 34 (56.7) 25 (42.4) 27 (46.6) 21 (52.5) 19 (46.3)

Age (in years) 24.3 ± 3.8 23.9 ± 2.8 24.5 ± 3.3 23.5 ± 3.4 23.1 ± 3.6

Body mass index (in kg/m2) 23.3 ± 3.5 23.8 ± 2.9 24.0 ± 2.8 23.2 ± 3.1 23.0 ± 3.2

Right- handed (%) 59 (98.3) 50 (86.2) 54 (93.1) 34 (85.0) 34 (82.9)

%AUPC (in %) 71.1 ± 22.4 57.7 ± 22.7 62.6 ± 24.6 59.7 ± 26.0 62.1 ± 24.7

Pain tolerance (in seconds) 100.5 ± 63.7 142.7 ± 58.8 122.1 ± 65.5 125.9 ± 56.5 114.5 ± 66.2

Room temperature (in °C) 23.9 ± 1.4 21.6 ± 1.1 22.7 ± 1.7 22.9 ± 0.7 22.9 ± 0.6

Skin temperature (in °C) 35.2 ± 1.2 34.9 ± 1.1 35.1 ± 1.2 33.7 ± 1.2 34.0 ± 0.9

Depression screening (CES- D 
score)

6.6 ± 5.1 6.5 ± 4.8 8.4 ± 5.1 5.2 ± 3.3 6.2 ± 3.9

State anxiety (STAI- S score) 36.4 ± 6.1 35.7 ± 6.4 35.7 ± 6.6 34.3 ± 5.0 37.4 ± 5.6

Trait anxiety (STAI- T score) 36.8 ± 9.3 34.5 ± 7.1 35.7 ± 7.9 33.7 ± 6.3 35.7 ± 6.3

Sleep quality screening (PSQI 
score)

4.8 ± 2.3 5.3 ± 2.5 5.7 ± 2.9 5.4 ± 2.6 5.7 ± 2.0

Note: Provided are means ± SD. Please note, that the maximum pain tolerance was limited to 180 s.
Abbreviations: %AUPC, percent area under the pain curve; CES- D, Center for Epidemiologic Studies Depression Scale; STAI- S and STAI- T, State Trait Anxiety 
Inventory, S(tate) and T(rait) version; PSQI, Pittsburgh Sleep Quality Index.
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Dipyrone leads to significant analgesia in cold 
pressor pain with high tolerability

Dipyrone, also known as metamizole, has previously been 
shown to be efficient in pressure- evoked pain30 in experi-
mental settings. To our knowledge, we present the first sys-
tematic investigation of dipyrone in cold pressor pain. Our 

data show a significant reduction of %AUPC and increase of 
pain tolerance after a single dose of 800 mg dipyrone com-
pared to the control group with a medium analgesic effect 
size. This finding is remarkable, as most of the previous stud-
ies reported incoherent efficacy of non- opioids, particularly 
NSAIDs, on cold pain.1,5,31 In addition, there were no sig-
nificant differences between the dipyrone and control group 

Estimates 
(b) df t P d

%AUPC (in %)

High- dose opioid versus pooled 
control group

−10.3 ± 2.6 172 −4.0 <0.001 −0.67

Low- dose opioid versus pooled 
control group

−6.1 ± 2.6 172 −2.3 0.021 −0.32

Dipyrone (metamizole) versus 
control group

−7.8 ± 2.8 77 −2.8 0.006 −0.63

Dipyrone (metamizole) versus 
high- dose opioid group

4.6 ± 3.2 154 1.4 0.157 0.22

Dipyrone (metamizole) versus 
low- dose opioid group

−2.2 ± 3.2 154 −0.7 0.482 −0.01

Pain tolerancea  (in seconds)

High- dose opioid versus pooled 
control group

55.7 ± 15.6 80 3.6 <0.001 0.87

Low- dose opioid versus pooled 
control group

27.7 ± 11.9 80 2.3 0.023 0.52

Dipyrone (metamizole) versus 
control group

41.8 ± 12.1 41 3.4 0.001 1.1

Dipyrone (metamizole) versus 
high- dose opioid group

−22.1 ± 17.9 75 −1.2 0.221 −0.20

Dipyrone (metamizole) versus 
low- dose opioid group

17.7 ± 14.7 75 1.2 0.233 0.23

Side effects (GASE symptom count)

High- dose opioid versus pooled 
control group

3.5 ± 0.6 173 5.4 <0.001 0.84

Low- dose opioid versus pooled 
control group

2.5 ± 0.6 173 4.0 <0.001 0.87

Dipyrone (metamizole) versus 
control group

0.2 ± 0.1 78 1.2 0.229 0.25

Dipyrone (metamizole) versus 
high- dose opioid group

−4.1 ± 0.8 155 −5.5 <0.001 −1.13

Dipyrone (metamizole) versus 
low- dose opioid group

−2.7 ± 0.7 155 −3.7 <0.001 −1.02

Presented are mean, unstandardized GLM estimates (b) ± standard error of group differences. Baseline 
measurements of %AUPC and pain tolerance were included as covariates into the respective models (no 
baseline measurements of side effects were obtained). Room temperature was included as a covariate into 
all models. Analysis of blood pressure and heartrate revealed no statistically significant differences between 
groups (data not shown). %AUPC, percent area under the pain curve; GASE, General Assessment of Side 
Effects questionnaire; GLM, general linear model. For complete result tables (including covariates) see 
Supplementary Material (for substudy 1: Tables S4– S6, for substudy 2: Tables S13– S15, for substudy 3: 
Tables S16– S18).
aTo avoid ceiling effects, the analysis of pain tolerance included only participants who did not reach the 180 s 
limit at baseline.

T A B L E  2  Main results
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with respect to side effects (20% vs. 12.2%, respectively, 
reported at least one side effect), blood pressure, and heart 
rate. These data suggest that dipyrone might be an efficient, 
safe, and tolerable alternative for pharmacomodulation of the 
CPT. Comparing dipyrone with low-  and high- dose tilidine/
naloxone.

In addition to the single comparisons with control, we also 
directly compared pain intensity, pain tolerance, side effects, 
as well as changes of blood pressure and heart rate among the 

three substudies. Treatment allocation to opioid versus was 
not randomized, therefore any direct comparison has to be in-
terpreted with caution, as systematic differences between the 
substudies may confound comparisons. The present work is a 
secondary analysis across three separate studies that aimed to 
investigate different objectives. The three (sub)studies were 
fully comparable in many aspects (i.e., performed with iden-
tical sample definition), in the same laboratory, with iden-
tical protocols, comparable time- schedules, and identical 

F I G U R E  2  Dose- dependent analgesic effects, safety, and tolerability of tilidine versus control. Illustrated are changes of the percent area 
under the pain curve (%AUPC) (a) and the pain tolerance (b) as measures of pain intensity. Self- reported side effects are illustrated as medication- 
attributed symptom count (GASE) (c). Filled dots show means ± SD for each group separately. Light dots show individual participant data

(a) (b) (c)

F I G U R E  3  Analgesic effects, safety, 
and tolerability of dipyrone versus control. 
Illustrated are changes of the percent area 
under the pain curve (%AUPC) (a) and the 
pain tolerance (b) as parameters of pain 
intensity. Self- reported side effects did not 
significantly differ between groups (data 
not shown). Filled dots show means ± SD 
for each group separately. Light dots show 
individual participant data

(a) (b)
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experimental setup. Still, all comparisons between high- dose 
opioids and low- dose opioids, as well as opioids and met-
amizole are also comparisons between substudies and there-
fore vulnerable to systematic bias. Notably, time- effects (e.g., 
seasonal effects) and investigator- specific contextual effects 
(sub- \studies were executed by three different investigators 
J.W., J.K., and F.B.) may have biased the cross- medication 
comparisons described here.

Our pooled analysis showed that participants in the dipy-
rone group did not significantly differ from either those in the 
low-  or high- dose tilidine/naloxone groups regarding changes 
in %AUPC and pain tolerance. The three groups showed 
moderate (high- dose opioid) or small (dipyrone and low- 
dose opioid) analgesic effect sizes. Moreover, participants 
in the dipyrone group showed a significant lower side effect 
count compared with the opioid groups (percentage of par-
ticipants reporting any side effects per group; dipyrone: 20%, 
low- dose tilidine: 78.3%, high- dose tilidine: 79,7%). None 
of the groups showed significant changes in blood pressure 
and heart rate, indicating sufficient safety of both dipyrone 
and tilidine/naloxone in our sample. Together, these findings 
indicate that dipyrone was comparable to the combination of 
tilidine/naloxone with respect to analgesic efficacy but was 
significantly better tolerated.

Of note, in order to maintain a high level of comparability, in 
all substudies, the CPT phase measurement was performed 35 
min after the compound’s intake. However, the times to max-
imum plasma concentrations (Tmax) differ between the active 

metabolites of soluble tilidine (nortilidine, Tmax = 0.7 ± 0.33 
SD h32) and soluble dipyrone (4- methyl- amino- antipyrine 
[MAA)] Tmax = 1.2 ± 0.5 SD h33). Consequently, the max-
imum plasma concentration of MAA might not have been 
reached in our studies, resulting in potential underestimation 
of the analgesic effect of dipyrone in CPT.

Although dipyrone is frequently used as a first- line anal-
gesic drug,17,18 its availability is restricted in some countries, 
due to a reported risk of agranulocytosis. Despite the evi-
dence that the risk of severe adverse events (i.e., agranulocy-
tosis) might have been overestimated in the past, especially 
with reference to the temporary restricted application in acute 
pain,20 this lack of availability of dipyrone in some countries 
likely affect its use in experimental settings.

CONCLUSION

In this pooled analysis, we investigated the efficacy and tol-
erability of two pharmacological substances for cold pres-
sor pain. Our data show that all substances (50/4  mg and 
100/8 mg tilidine/naloxone, as well as 800 mg dipyrone) led 
to significant reduction in pain intensity and increase of pain 
tolerance compared to a placebo control without significant 
differences between the substances. Safety parameters, such 
as blood pressure and heart rate changes, did not significantly 
differ among groups, but side effect reports indicated that 
dipyrone was better tolerated than both doses of opioids.

F I G U R E  4  Direct comparison of analgesic effects, safety, and tolerability of dipyrone, low-  and high- dose tilidine substudies. Illustrated are 
changes of the percent area under the pain curve (%AUPC) (a) and the pain tolerance (b) as measures of pain intensity. Self- reported side effects 
are illustrated as medication- attributed symptom count (c). Filled dots show means ± SD for each group separately. Light dots show individual 
participant data

(a) (b) (c)



2006 |   KLEINE- BORGMANN Et AL.

In sum, our results suggest that dipyrone in combination 
with CPT might offer an effective and safe pharmacologic 
experimental paradigm of analgesia for experimental pain 
research. The analgesic noninferiority of dipyrone in com-
parison to low- dose (50/4 mg) tilidine/naloxone indicates that 
dipyrone may be used as a positive control condition in com-
bination with cold pressor pain. Finally, the paradigm may 
be of interest to psychopharmacological research exploring 
context modulation of analgesia (e.g., social learning, expec-
tation modulation, and placebo interventions), where a mini-
mal level of side effects is desirable.
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