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Fig. S1. Intraindividual reproducibility and overall variability. Every panel reflects one of
the 48 subjects. Each panel holds the pain ratings for three injections with room temperature
(black) and three heated (red) injections of visit 1 for all subjects. The panels are sorted from the
smallest to largest mean heat response. The pain AUCs of the three heated injections had 29%
deviation (median, interquartile range 20-46%) from the intraindividual mean of the pain AUCs.
For the heated injections without lidocaine, females had median AUC pain rating of 983, males
of 1608 (p = 0.027, U-test). However, this should not be interpreted, as 32 experiments were
performed by a male experimenter, and 16 by a female experimenter (42, 43), and the trial was
not designed to detect sex differences.
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Fig. S2. Comparison of heat pain inhibition based on different temperature ranges. Heat
pain inhibition by lidocaine 2 mM was calculated over the full temperature range (23-52°C) or
for the range 50-52°C (~last 25 s). Note there is about 70% inhibition with both measures. Error
bars are 95% confidence intervals of the median.
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Fig. S3. Pain ratings of visit 2. Each panel shows the distribution of pain ratings over time

during increasingly hot control injections up to 52°C in visit 2 obtained from 24 subjects. These

pain ratings, plotted against temperature, ader depicted in Figure 2. (A) Pain ratings without
antagonists. The median of these results serves as a reference in the other panels (dotted red
line). (B-P) TRPAI1 inhibitor A-967079 10 uM is present in panels of columns 2 and 4 and can

be compared to the panels left to it. TRPV1 inhibitor BCTC 1 uM is present in columns 3 and 4.
Similarly, TRPM3 inhibitor naringenin 20 uM is present in rows 2 and 4 and can be compared to

the panels above it. ANO1 inhibitor Ani9 10 uM is present in rows 3 and 4. Note that due to
study design all subjects received either control or all four substances together, but not both of
these experimental arms (panel A vs P).
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Fig. S4. Heat pain inhibitionso-s2 in control injections vs. the combination of all four
inhibitors of TRPV1, TRPA1, TRPM3 and ANOI1. The panel shows the estimated mean
+95% CI for the 24 subjects who had one injection without the substances vs. the other 24
subjects which had one injection with all four substances combined. Right scale indicates the
contrast with 95% CI. According to the predefined protocol, this primary endpoint analysis uses
HPIs0-52 as outcome variable.
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Fig. S5. Heat pain rating time course with and without inhibitors of TRPV1, TRPAI,
TRPM3 and ANO1. Each panel shows the distribution of pain ratings over time during
increasingly hot control injections up to 52°C in visit 2 obtained from 24 subjects. (A) Pain
ratings of all injections without and (B) with BCTC 1 uM. The effect of BCTC was not different
by sex of the subject (P = 0.50). (C) Pain ratings of all injections without and (D) with A-967079
10 uM. (E) Pain ratings of all injections without and (F) with naringenin 20 pM. (G) Pain
ratings of all injections without and (H) with Ani9 10 uM.



K 2 2 K
< < < <
c c c c
2 8 8 2
e 2 = o
= = = =
£ £ £ £
£ £ £ £
@ (] @ @
[=5 a [=8 a
© © © ©
@ 4] o 80 i
I I I - + I
A-967079 Naringenin

Fig. S6. Heat pain inhibition with and without inhibitors of TRPV1, TRPA1, TRPM3 and
ANOL. Each panel shows the estimated mean for all injections with and without the substances.
Right scales indicate the contrast with 95% CI. (A) For each of the 48 subjects, there were four
injections without and four with BCTC 1 uM. When considering all experimental injections
administered during visit 2 without using BCTC, including all injections with and without the
other inhibitors, there was no evidence for heat inhibition (p = 0.065). A habituation to the test
situation could explain a tendency towards lower pain ratings at visit 2 without BCTC compared
to the hot injections at visit 1. (B) Heat pain inhibition was not different for the four injections
with A-967079 10 uM, (C) naringenin 20 uM and (D) Ani9 10 uM compared to the four
injections without the respective substance. Per protocol, these main effects analyzed the heat
pain inhibition over the full temperature range. Note that half of the injections used to estimate
the heat pain inhibition for A-967079, naringenin and Ani9 include BCTC. Therefore, these heat
pain inhibition estimates are different from O.
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Fig. S7. Modeled probability to distinguish heated and room temperature injections. The
model used the individual three injections at room temperature. This was modeled in presence
and absence of the respective antagonists. (A-D) In addition to Figure 4, the panels additionally
visualize the 95% confidence intervals for the injections without the antagonist (light red).
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Fig. S8. Heat stimulation by passing fluid over a heat block. (A) An aluminum alloy block
was fixed on a heating block. The temperature was measured with a thermocouple in the room
(black) and at the corner of the aluminum alloy block (red). After activating the heater, set at a
constant temperature of 71 °C, it takes about 90 minutes for equilibration of the surface of the
aluminum alloy block to 59°C. (B) Magnified view of the dashed rectangle from panel a. All
experiments started at least 95 minutes after activating the heater, as indicated by the dashed line.
(C) For the used pump rates of 15-33 ml/h, the temperature at the end of the heat contact remains
within a narrow range. At higher pump rates, the contact period would become too short for full
thermal equilibration and the heat block contact would need to be increased. Data from three
independent measurements were fitted by a quadratic polynomial.






Figure S9. Skin temperature distribution in the infusion-based heat pain model. From the
thermal camera video of a heat stimulation shown in video S1, images were taken every 5
seconds. There area of interest was magnified and contrasted for the montage. The heat 150 s
application period is indicated by the horizontal red bar.
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Fig. S10. Pre-specified sequences. Sixteen pre-defined sequences for visit 2. Both sequences A-
H and sequences A’ to H’ are balanced Williams designs, however sequences A’ to H’ are
inverted concerning whether a substance is used or not. Every subject received eight injections in
the order 1-8. Within sets of 16 subjects, a sequence was randomly chosen and removed. As a
compromise in favor of factorial design, no subject had —/—/—/— and +/+/+/+.
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Fig. S11. Blood count of Ani9 injected mice. As defined by the EMA ICH guideline M3 (R2),
parameters were analyzed after 24 hours and 14 days. There were 20 animals each, either
injected with a control solution or Ani9 156 pg/kg (~1000-fold of human dosing, subcutaneous),
analyzed after 24 hours. Further, there were 10 animals subcutaneous injected with Ani9 156
ug/kg with analysis after 14 days, showing significant changes in some of the red blood cell
indices (Kruskal-Wallis test, Dunn’s post-hoc correction).
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Fig. S12. Blood count of Ani9 injected mice. This was determined in an independent
experiment following the experiment presented in extended data figure 9, as some values were
different for Ani9 14 days after the injection. This required investigation with 14 d control
animals, which are not part of the EMA ICH guideline M3 (R2). Spaghetti plots were chosen due
to repeated measurements in the same animals. Filled symbols represent the least squares mean
of the indicated group after 14 d, corrected for interindividual differences at 0 d. Open circles
represent the estimated difference between groups at 14 d. Error bars are 95% confidence
intervals. Addition of these controls again showed a time-dependent change in some parameters,
but independent of the Ani9 treatment.
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Fig. S13. Clinical chemistry of Ani9 injected mice. As defined by the EMA ICH guideline M3
(R2), parameters were analyzed after 24 hours and 14 days. There were 20 animals each, either
injected with a control solution or Ani9 156 pg/kg (~1000-fold of human dosing, subcutaneous),
analyzed after 24 hours. Further, there were 10 animals subcutaneous injected with Ani9 156

ug/kg with analysis after 14 days. No relevant changes were observed (Kruskal-Wallis test,
Dunn’s post-hoc correction).



A

Macroscopic findings

Submandibular glands P

24h Ctrl. F—r—
24h Anig F——
14d Anig ———=
Parotid glands

24h Ctrl. VF—=
24h Anid /F———
14d Ani9 ———
Kidneys

24h Ctrl. l———
24h Anio lle——
14d Ani9 m——
Adrenal glands
24h Ctrl. /———
24h Ani9 I——
14d Ani9 /——

Ovaries

24h Ctrl. E——=
24h Ani9 F——
14d Anid ——
Testes

24h Ctrl. ——
24h Ani9 m—
14d Ani ——
Epididymides

24h Ctrl. m—
24h Ani9 m——
14d Anig —F———
Lungs

24h Ctrl. =
24h Ani9 F—=
14d Ani9 ———
Injection site

24h Ctrl. I ———
24hAniol_______
14dAnio [
Thyroid gland

24h Ctrl. —_————
24hAni9
14dAnio
Lymph nodes
24hCtrl. I
24hAnio M
14dAni9

T
0 20 40 60

Proportion of

0.80

1.00

n.a.

n.a.

1.00

1.00

abnormal specimens

Abdominal cavity
24h Ctrl.
PEUPN ] —
14dAnio [
Stomach

24h Ctrl. B
24hAnio
14dAnio

Pancreas

24hCtrl.
24hAnio
14dAnio
Urinary bladder
24hctl. I
24hAni9
14dAni9
Uterus

24h Cirl.
24h Anic I
14d Anio I

Prostate

24hCtrl.
24hAnio
14dAnio
Cecal appendix
24hCtrl, C———
24hAni9
14dAnio [
Liver

24h Ctrl. NN
24hAnio
14dAniOM
Thymus

24hCtrl. I
24hAnio
14dAnio [
Heart

24hCtrl.
24hAni9 [
14dAni9
Caput

24dh Ctrl. M
24hAnio
14dAni9

T T
0 20 40 60

Proportion of

P

0.60

0.80

0.22

n.a.

n.a.

1.00

abnormal specimens

Microscopic findings

Submandibular glands

24h Ctrl. l——
24h Anio I——
14d Anio IlE—
Parotid glands

24h Ctrl. V=
24h Anig I——
14d Ani9 ———x
Kidneys

24h Ctrl. VFV———
24h Anig I——
14d Ani9 —F——=
Adrenal glands
24h Ctrl. /———
24h Ani9 I———
14d Ani9 /———

Ovaries

24h Ctrl. =
24h Anif F——=
14d Ani ——
Testes

24h Ctrl. ——
24h Anig m——
14d Ani9 ——
Epididymides

24h Ctrl. =
24h Ani9 F——
14d Anig VFVF—+
Lungs

24h Ctrl. =
24h Anio IiI——
14d Anig BVFVF—x
Injection site

24h Ctrl. I
24hAniomM______
14d Anio
Thyroid gland

24h Ctrl.
24hAni9
14dAni9
Lymph nodes
24hCtrl.
PLOUTEY —
14d Ani9
Uterine tube

24h Ctrl.
24hAni9
14dAnio
Bulbus oculi
24hCtrl.
24hAnio
14dAnO

T
0 20 40 60
Proportion of

P

0.73

1.00

0.58

n.a.

n.a.

0.35

0.55

n.a.

n.a.

n.a.

abnormal specimens

Spleen

b1 o —
PZL VNN —
14dAnio

Stomach
24hCtrl.

24h Ani9 —
14d Ani9

Pancreas

24hCtrl.
24h Ani9
14dAnio
Urinary bladder
24hCtrl. Il
24hAni9
14d Ani9 I
Uterus

24h Ctrl. NN
24h Ani9 I
14d Anio I

Prostate

P21 N0 N —
24hAniI9
14dAn9
Cecal appendix
24hCtrl. I
24dhAnio
14dAnio
Liver

24h Ctrl. NN
24hAnio
14d Anio I
Thymus

24hCtrl.
24hAniO
14dAni9
Heart

24hCtrl. I
24hAniol_____
14dAnio
Larynx

24hCtrl.
24hAni9
14dAni9
Esophagus

24h Ctrl.
24hAni9
14dAni9
Gallbladder

24h Ctrl,
24h Anig Il
14dAni9
Brain

24hCtrl.
24hAni9
14dAnio

[ e e o
0 20 40 60

Proporticn of

0.59

0.68

n.a.

0.61

1.00

n.a.

n.a.

n.a.

abnormal specimens



Fig. S14. Macroscopy and histopathology of Ani9 injected mice. (A) Macroscopic and (B)
histopathologic results. Each subpanel shows the proportion of abnormal specimens within each
group as horizontal bars. For paired organs, two bars are shown. Next to each bar, the plotted
proportion is given as a number. The P-value refers to the hypothesis that the proportion of
abnormal specimens differs between the three groups. In case there was no pathology in all
groups, no P-value can be calculated (not applicable n.a.).
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Fig. S15. Antagonist specificity regarding human TRPA1, TRPV1 and TRPM3. (A)
HEK293t cells expressing human TRPA1 did not respond to solvent controls, but to TRPA1
agonist JTO10 0.1 uM. This was fully inhibited by A-967079 2 uM. Further addition of BCTC
0.2 pM, naringenin 50 uM and Ani9 10 pM did not alter the inhibition by A-967079, nor did the
other three antagonists alter the response to AITC. (B) Similar capsaicin 0.2 uM activation of
expressed human TRPV1 was fully inhibited by BCTC 0.2 uM, this inhibition was not different
in the presence of the other three agonists, and the latter did not affect the response to capsaicin.
(C) CIM0216 2.1 uM and pregnenolone sulfate 2.1 uM were combined to activate human
TRPM3. As previously reported, this generates a supra-additive effect, which could be partially
inhibited by the naringenin 50 pM. Again, this inhibition was not different in the presence of the
other three agonists, and the latter did not significantly affect the response to the agonist
combination. Data are mean + SD of at least three independent measurements.



A E %_\ B E ﬁ _ Heat block

1|

1307 BCTC 1uM 1304
. B e
- o) T W
100 L i o
70- 70
1307 A-967079 10uM 1304 o=
c . C .
8 . ! e
S 100 @ T (1 SEV-US—————
o] -1 o -
2 _ 0\0_0_,40-——0 t_ﬂ -
T 70- T 70-
=) =
o - S
« 1309 Naringenin 20uM w1307
o - 5] i
S . = 4
100G eeemseeenes OmaseOuassQpane OO0 100+
70- 70-
1307 Ani9 10uM 1304
i ] e
100 g orsmmrmarm s 100 @R ommemarm s Ospyzzar— =0
70 70
Original googoon Original ~ Adjusted 0000
solution 1T 1 solution solution 1 1
0 1 2 0 1 2
Time (min) Time (min)

Fig. S16. Quantification of injected antagonists. (A) High-performance liquid chromatography
was used to quantify the substances from the outlet of the setup used for the human subjects.
Substance losses might occur due to adsorption or lack of heat stability. First, pre-specified
concentrations were generated and handled identical to the psychophysical experiments,
including contact to syringe and tubing, and being heated before collection of the solution from
the needle tip. The absence of a unidirectional trend in the heated measurements argues in favor
of heat stability. (B) Based on the results, the concentrations were adjusted, and in a subsequent
measurement, they were within narrow margins of the target concentrations.
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Fig. S17. Thermal stability of antagonists by high-performance liquid chromatography. (A)
The absorbance at 280 nm of the antagonists was determined in four independent runs. The four
antagonists were mixed and analyzed (light blue), or after exposure to 72°C for 10 min (black).
The respective absorption peaks were similar to the separate runs with only one substance;
Naringenin (red), A-967079 (green), BCTC (yellow), Ani9 (blue). No additional peaks,
indicating adducts or fission products, were detected, indicating that there is no chemical change
due to compounding of the antagonists. (B) Recovery of the combined antagonists after 3
minutes of heat exposure for 3 minutes.
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Insertion pain

Fig. S18. Relationship between insertion pain and of heat-induced pain. There is a positive
correlation (Spearman p = 0.322, p <0.001) between cannula insertion pain and heat-induced
pain. As both cannula insertion pain and heat-induced pain might be associated with local nerve
fiber density, a positive correlation was expected and therefore the insertion pain considered as

covariate in the preplanned analysis. The result supports the consideration of insertion pain also
in future studies.



Ethics vote for N =32 + 4

v

Completion of internal pilot N = 16

.

Simulations based on variances and covariances
of internal pilot

'

Sample size:

N =32 N =48

Primary endpoint: 68.7 % 85.7 %
3-way interaction: 17.3 % 245 %
2-way interaction: 51.0% 65.0 %
Main effects: 97.0 % >99.0 %

'

Amendment of ethics vote for N =48 + 4

|

51 included subjects

|

51 subjects completed visit 1

|

48 subjects completed visit 2

Fig. S19. Study flow chart. The study was planned for an internal pilot after 16 subjects, as
multiple of 16 represent completion of Williams squares for sequence permutation. To allow
extension to 32 subjects, the latter had been pre-approved with four subjects surplus accounting
for a dropout rate of 10%. The simulations based on the internal pilot showed that with N = 32
the study was underpowered for the primary hypothesis as well as for interaction terms.
Therefore, the study protocol was amended for 48 complete subjects to have >80% power for the
primary endpoint. In total, 51 subjects were included, as 2 did not attend the second visit due to
time limitations, and in one subject loss of a (blinded) syringe did not allow the completion of
the protocol.



Age between 18 and 70 years

Inclusion
criteria
Full legal capacity
Participant of another study, ongoing or within the last 4 weeks
Exclusion
criteria

Medication intake (except contraception) or drug abuse

Female subjects: Positive pregnancy test or breastfeeding

Body temperature above 38°C, diagnostically verified

Known allergic diseases, in particular asthmatic disorders and skin
diseases,
known allergic reactions to citrus fruits

Sensory deficit, skin disease
or hematoma of unknown origin in physical examination of the test site

Symptoms of a respiratory tract infection (Covid-19 related criterion)

Table S1. Inclusion and exclusion criteria



Effect Numerator | Denominator F p
degrees of degrees of
freedom freedom
Period 7 265 095 | 047
log(cannula_insertion_pain) 1 280 1.65 0.20
TRPV1 antagonist 1 283 17.46 | <.0001
TRPA1 antagonist 1 283 0.16 0.69
TRPM3_antagonist 1 283 1.26 | 0.26
ANOI _antagonist 1 285 0.04 | 0.84
TRPV1 antagonist*TRPA1 antagonis 1 285 0.02 | 0.89
t
TRPV1 antagonist*TRPM3 antagoni 1 285 0.00 | 0.96
st
TRPV1 antagonist*ANO]1_antagonist 1 283 093 | 035
TRPA1 antagonist*TRPM3 antagoni 1 285 0.03 | 0.86
st
TRPA1 antagonist*ANO]1_antagonist 1 283 0.04 | 0.84
TRPM3 antagonist*ANO]1_antagonist 1 284 0.62 | 043
TRPV1 antagonist*TRPAI1 antagonis 1 283 2.00 | 0.16
t*TRPM3_antagonist
TRPV1 antagonist*TRPAI1 antagonis 1 459 0.56 | 0.46
t*ANOI1_antagonist
TRPV1 antagonist*TRPM3 antagoni 1 285 0.13 0.72
st*ANO1_antagonist
TRPA1 antagonist*TRPM3 antagoni 1 285 0.13 0.72
st* ANO1_antagonist

Table S2. Type 3 tests of fixed effects: Heat pain inhibition. Table provides for main effects,
two-way and three-way interactions, the degrees of freedom in the numerator and denominator,
as well as the respective F and p values.



Video S1. Time course of the skin surface temperature. The scale bar at the left indicates how
the 256 gray levels correspond to the temperature range 30-48°C. Pixels below 30°C
temperature above are blue, pixels above 48°C red, the latter includes the heat block. The video
is 9 seconds long has been sped up 30 times from the original 270 seconds and is otherwise
unaltered. Heat stimulation occurs in the accelerated video from second 2-6, the increasing pump
speed as well as the analog can be heard in the audio channel. The winged infusion set serves as
a scaling reference. Images of the area of interest every 5 s are depicted in figure S9.
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