
HC-030031 Efficacy in AITC-Induced Flinch in Rats

FLIPRTETRA calcium influx assays. Cells (Stable human or rat HEK-TRPA1) were plated for 24 hrs or 48 hrs for rat
or human TRPA1, respectively. Cells were loaded with Calcium-6 dye for 60 minutes with compound samples
added to the cells to observe agonist properties. The compounds were incubated on the cells for 15 minutes prior to
the addition of EC80 cinnamaldehyde (CA) to identify antagonists. Read time 2 minutes, % inhibition measured
maximum – minimum fluorescence.

Manual patch-clamp assay. Whole-cell patch-clamp recordings were performed at room temperature using an
EPC10 amplifier and Patchmaster v2x90.3 acquisition software (HEKA). Cells were cultured on 12mm round
coverslips and during experiments were continually superfused with an external bath solution (mM): 145 NaCl, 4.5
KCl, 1 MgCl2, 5 EGTA, 10 HEPES, 10 Glucose, pH 7.4. Internal (pipette) solution (mM): 122 CsCl, 1 MgCl2, 10
HEPES, 10 EGTA, 10 Cs-BAPTA, 5 Na-ATP pH 7.2. Solutions were superfused and changed using a Biologic MEV-
9/EVH-9 rapid perfusion system. A ramp protocol was used from a holding potential of 0 mV. TRPA1 currents were
activated with CA (150 µM human TRPA1 and 75 µM rat TRPA1) and antagonist applied in the presence of CA.

Sophion Qube automated patch-clamp assay. 384 parallel and independent whole-cell patch-clamp recordings
were performed on the Qube platform (Sophion Bioscience) utilizing the single-hole QChip. External solution (mM):
145 NaCl, 4.5 KCl, 1 MgCl2, 10 HEPES, 5 EGTA, pH 7.4. Internal solution (mM): 120 CsF, 5 CsCl, 10 HEPES, 10
EGTA, 10 Cs-BAPTA, 5 Na-ATP, pH 7.2. Human TRPA1 currents were activated by application of 150 µM CA and
antagonist applied in the presence of CA

Pharmacokinetic Study. HC-030031 and AMG0902, formulated in 0.5% methylcellulose in water, were
administered to malesSprague Dawley rats (CD rats, Charles River, Sulzfeld, Germany) as a single oral gavage
dose at 10 and 100 mg/kg respectively. Blood samples were obtained via the jugular vein, from three animals per
dose route, at 8 time-points over 8 hours (collected into tubes containing K2 EDTA). Collected blood samples were
centrifuged (3220g for 10 minutes) to yield plasma. A parallel group of animals were sacrificed after 2 hours of
dosing for brain harvesting following terminal anaesthesia with isoflurane. All samples were frozen prior to analysis.

Pharmacokinetic Analysis. Brain samples were homogenized (Precellys homogeniser) in 2 volumes
(weight/volume) of 0.1M phosphate buffered saline. Following solvent protein precipitation of plasma and brain
homogenate, samples were centrifuged, and supernatant removed for analysis. Concentrations of test compound
from the pharmacokinetic and AITC-Induced Flinch study samples were determined by liquid chromatography and
tandem mass spectrometry (Waters), All samples were quantified against a matrix matched calibration line and
linearity of MS response and limits of detection/quantification were established for each compound prior to analysis.

AITC-induced flinch. Male Sprague Dawley rats (176-225 g, CD rats, Charles River, Sulzfeld, Germany), were
used in the study. The animals were brought into the test room about 30 min prior to TA/vehicle administrations.
Rats received an oral gavage of the TA/vehicle, at a chosen time point prior to AITC injections. At 30 min before
AITC injection time, the animals were placed into Plexiglas observation chambers (Ugo Basile, Germany). In the
chambers, animals did not have a visual contact to each other, in order to avoid any external stimuli that might
affect the rat behavior. HC-030031 and AMG0902 or vehicle (0.5% methylcellulose) has been administered
intraperitoneally (5 ml/kg) at 2 h before AITC dosing. AITC (0.5%, 25 µL) was delivered into the medial plantar
surface of left hindlimb. Immediately after the AITC injection, the animal was placed back into the test chamber,
along with starting the video recording. Duration of the flinches was recorded by both recording with a video
camera, and real-time, by the tester using a stop-watch. Two phases were separately observed: (1) The first 1 min;
(2) 2-5 minutes. These were later added to obtain the (3) cumulative duration of the flinch-behaviors throughout the
whole observation time 1-5 minutes. The following responses were accounted as “flinch behavior”: Paw shaking,
Paw licking, Face washing, Keeping the paw up, Paw clenching (avoidance of bearing weight on the paw). Only
pain responses longer than 3 seconds were counted (Letho et al., 2016).

Endpoint, Blood Samples and Tissue Processing after AITC-Induced Flinch
Within 5 min after the end of flinch observation period, rats from HC-030031 and AMG0902 groups were terminally
anesthetized with pentobarbital (Mebunat, 60 mg/kg, Orion Pharma). Whole blood was collected via cardiac
punctures into K2 EDTA tubes. One plasma sample (200 µL or as much as possible) was collected by immediate
centrifugation at 2000 x g for 10 min. Subsequently, the brains were removed, dipped in saline to flush the excess
blood, and snap-frozen. Samples were stored in -80°C until PK analysis.

HC-030031, TRPA1 Antagonist, Produced Efficacy in AITC-induced Pain 
Despite Low Theoretical  Receptor Occupancy 

1 INTRODUCTION
Effective treatment of chronic pain remains an unmet medical need. Growing evidence supports the role of the
transient receptor potential cation channel, sub-family A, member 1 (TRPA1) in the pathophysiology of
neuroinflammatory and neuropathic pain. TRPA1 is highly expressed in primary nociceptive neurons of the
trigeminal ganglion, and dorsal root ganglia, and is activated by noxious cold and natural irritants such as allyl
isothiocyanate (AITC). HC-030031, a widely used TRPA1 antagonist, has demonstrated efficacy in acute and
neuropathic pain models such as chemotherapy-induced polyneuropathy, spinal nerve ligation, Complete Freud
Adjuvant-induced pain and AITC-induced flinch in mice and rats.

In the current study we set out to characterize the pharmacological performance of HC-030031 and another
antagonist, AMG0902, against human and rat TRPA1 using robust in vitro screening assays. This data was used
alongside plasma and brain concentrations to determine the theoretical receptor occupancy (%RO) required for an
efficacious response in the AITC-induced flinch pain model.

2 MATERIALS AND METHODS

3 RESULTS

4
• AMG0902 was found to be more potent against TRPA1 compared to HC-

030031 when measured using the FLIPRTETRA, manual and automated patch-
clamp assays. AMG0902 displayed equal potency against human and rat
TRPA1, whereas HC-30031 was found to be less potent against rat TRPA1.

• AMG0902 in vivo efficacy in AITC-induced flinch in rats is in line with the
theoretical TRPA1 receptor occupancy data based on the free plasma
concentration. AMG0902 at 10 and 30 mg/kg displayed efficacy in ATIC-
induced flinch at 80% and 96% systemic theoretical receptor occupancy,
respectively. Non-efficacious dose of 3 mg/kg showed 16% of theoretical
receptor occupancy.

• HC-030031 theoretical TRPA1 receptor occupancy data based on the free
plasma concentration suggests that the in vivo efficacy in the AITC-induced
flinch in rats cannot be fully explained by the TRPA1 inhibitory effect in isolation.
HC-030031 at 10, 30, 100 and 300 mg/kg displayed efficacy in ATIC- induced
flinch despite ≤3% systemic and central theoretical receptor occupancy. The
mode of action including a possible off-target mechanisms for HC-030031
efficacy remains to be investigated.

Figure 1. (A) Representative manual patch-clamp traces showing inhibition of cinnamaldehyde activated human TRPA1
currents by 1 μM HC-030031. (B) Concentration-response curves for HC-030031 and AMG0902 obtained on the Sophion
Qube using cinnamadehyde stimulated human TRPA1 currents. Data displayed as mean percentage inhibition ± SD, n = 3-9
recordings.

FLIPRTETRA

IC50 (µM)
Manual patch-clamp

IC50 (µM)

Qube automated patch-
clamp 

IC50 (µM)

Human 
TRPA1

Rat 
TRPA1

Human 
TRPV1

Human 
TRPV4

Human 
TRPM8

Human 
TRPA1

Rat 
TRPA1

Human 
TRPA1

HC-030031 5.16 11.60 > 30 > 30 > 30 1.61 5.80 5.40

AMG0902 0.13 0.19 > 30 > 30 > 30 0.10 0.12 0.20

Table 1. Summary of HC-030031 and AMG0902 potency data obtained from FLIPRTETRA, manual patch-clamp and Qube
automated patch-clamp assays.

HC-030031 and AMG0902 In vitro inhibition of human and rat TRPA1 using 
manual patch-clamp,  Sophion Qube and FLIPR assays 

HC-030031 and AMG0902 Pharmacokinetic data

Figure 3. HC-030031 efficacy in AITC-induced flinch assay in rat at low doses (A-C) and high does (D-F). Dose of 3 mg/kg did
not showed efficacy in the assay, whereas doses between 10-300 decreased flinch time, but did not show dose response
profile. *p<0.05, ** p<0.01, ***p<0.001 as compared to Vehicle group; One-way ANOVA, followed by Tukey’s multiple
comparisons. N=12/group

Figure 4. AMG0902efficacy in AITC-induced flinch assay in rat (A-C). Dose of 3 mg/kg did not show efficacy in the
assay, whereas doses between of 10 and 30m mg/kg decreased flinch time in dose dependent manner. *p<0.05, **
p<0.01, ***p<0.001 as compared to Vehicle group; One-way ANOVA, followed by Tukey’s multiple comparisons.
N=12/group
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PK parameters HC-030031 AMG0209

Cmax (ng/mL) 4635 278

Tmax (hours) 2 0.5 - 1.5

AUC 0-∞(ng/mL*h) 19919 815

Elimination half-life 2.2 1.2

Brain:Plasma ratio 0.5 0.02

In Vitro Data HC-030031 AMG0209

Rat Plasma Protein Binding (% unbound) 7 20

Rat Brain Tissue Binding (% unbound) 9 9
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Table 2. PK parameters generated for HC-030031 and 
AMG0209. Table 3. In Vitro Data for HC-030031 and  AMG0209. % theoretical receptor occupancy = (free tissue conc^Hill Slope/(free tissue conc^Hill Slope + rTRPA1 IC50^Hill

Slope))*100
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HC-030031

3 5 <1 4.0 <1 0.7 0.9

10 23 <1 18 <1 0.6 0.8

30 82 <1 63 <1 0.6 0.8

100 199 1 191 1 0.7 1.0

300 410 3 416 3 0.8 1.0

AMG0902

3 27 16 0.66 <1 0.1 0.1

10 110 80 6.8 ≤1 0.1 0.1

30 242 96 23 12 0.2 0.2

Figure 2.  Total and unbound (free) concentrations following A.100 mg/kg HC030031, B: 10 mg/kg AGM0209 single oral 
gavage administration to male Sprague Dawley rats (CD rats, Charles River). Plotted against the respective FLIPR Rat IC50.

Table 4.  HC-030031 and AMG0902 systemic and brain theoretical receptor occupancy calculated based on the 
rTRPA1 IC50 FLIPR data. Plasma and brain samples were been collected within 5 minutes of the completion of the 
AITC-induced flinch assessment.


