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Abstract 

H4415, also known chemically as HC-030031, is a xanthine derivative that acts as an experimental antagonist of the TRPA1 

(transient receptor potential ankyrin 1) channels, known to be involved in the transmission of pain signals, particularly in 

response to inflammatory stimuli. H4415 inhibits the entry of calcium ions into cells, inhibiting a crucial step in the pain 

signalling pathway. The compound has been studied for its potential in treating both inflammatory and neuropathic pain. This 

study aims to explore the efficacy of H4415 in reducing pain sensation by blocking TRPA1 channels. Various pain induction 

experiments such as tail flick, hot plate, cold plate, and pressure algesimetry tests were used, comparing the pain response at 

various doses of H4415 (0.4 mg/kg, 0.8 mg/kg, 1.2 mg/kg), dissolved in 5% glucose solution to controls. The results suggest 

that H4415 significantly alleviates pain across all tests, with notable decreases in pain response, mainly at lower doses. 

Statistical analysis of the results supports the compound's potential as a pain reliever, showing a marked increase in pain 

thresholds and a reduction in pain sensitivity, results that underscore the importance of TRPA1 channels in pain perception and 

position H4415 as a promising candidate for treating both inflammatory and neuropathic pain conditions. 

 

Rezumat 

H4415, cunoscut și sub denumirea chimică de HC-030031, este un derivat de xantină care acționează ca un antagonist 

experimental al canalelor TRPA1 (Transient Receptor Potential Ankyrin 1), cunoscute pentru implicarea lor în transmiterea 

semnalelor dureroase, în special ca răspuns la stimuli inflamatori. H4415 inhibă intrarea ionilor de calciu în celule, blocând 

astfel o etapa esențială în calea de semnalizare a durerii. Compusul a fost studiat pentru potențialul său în tratamentul durerii 

inflamatorii și neuropate. Acest studiu își propune să exploreze eficacitatea H4415 în reducerea senzației de durere prin blocarea 

canalelor TRPA1. Au fost utilizate diverse experimente de inducere a durerii, cum ar fi testul tail-flick, hot-plate, cold-plate și 

algezimetrie, comparând răspunsul la durere la diverse doze de H4415 (0,4 mg/kg, 0,8 mg/kg, 1,2 mg/kg), dizolvat în soluție 

de glucoză 5%, cu grupurile de control. Rezultatele sugerează că H4415 atenuează semnificativ durerea la toate testele, cu 

scăderi notabile ale răspunsului la durere, în special la dozele mai mici. Analiza statistică a rezultatelor susține potențialul 

compusului ca si analgezic, arătând o creștere semnificativă a pragurilor de durere și o reducere a sensibilității la durere, 

rezultate care subliniază importanța canalelor TRPA1 în percepția durerii și poziționează H4415 ca un candidat promițător 

pentru tratamentul condițiilor de durere inflamatorie și neuropată. 
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Introduction 

Pain is a major symptom for which patients seek medical 

attention. It can be divided into three classes. The role 

of pain is to prevent tissue injury secondary to noxious 

stimuli. Inflammatory pain occurs due to tissue 

infiltration with cells belonging to the immune system, 

causing hypersensitivity until the affected tissue heals. 

The third class of pain is pathological, caused by the 

alteration of the nervous system called neuropathy, 

or dysfunctional secondary to the functional alteration 

of the nervous system [1]. 

Effective and safe treatment of inflammatory and 

neuropathic pain remains a medical necessity [2]. 

Ion channels that have on their surface vanilloid 

receptors for ankyrin 1 (TRPA, transient receptor 

potential action ankyrin 1), present at the level of 

sensitive nerve endings, contribute to the amplification 

of transmission of pain signals due to inflammation 

[3]. Membrane receptor sensitivity depends on specialised 

receptor subtypes, which play a role in various noxious, 

mechanical, and/or chemical signal transduction. Among 

the membrane receptors involved in pain processing 

are the vanilloid receptors belonging to the voltage-

gated ion channels (TRP, transient receptor potential). 

A member of this family is the receptor for ankyrin1, 

TRPA1 (transient action potential receptor ankyrin 1), 

which is activated by the action of heat and acidic pH 
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and is involved in the detection of hypersensitivity 

to cold and capsaicin [4, 5]. The activation of this 

channel causes an influx of sodium and calcium, 

generating an action potential that will propagate 

further towards the central nervous system. At the 

level of the dorsal horn, TRPA1 amplifies the release 

of glutamate [6]. Non-neuronal cells that express this 

receptor include keratinocytes, vascular endothelium 

[7] and astrocytes [8]. The TRPA1 channel is a homo-

tetramer composed of six transmembrane helical sub-

units (TM1-TM6), ankyrin repeat regions, and intra-

cellular amino and carboxyl termini [9]. The amino 

portion (NH2) represents more than half of the 

composition of the receptor protein. It is the one that 

holds an elongated repetitive domain of ankyrin, 

having the role of controlling protein interactions 

and the membrane insertion of the ion channel [10]. 

The endogenous activators of TRPA1 are represented 

by the oxidative stress given by different compounds, 

such as nitric oxide [11], zinc [12] and hydrogen 

peroxide [13]. The best-known agonists of TRPA1 

are oleocanthal, acrolein, allyl isocyanate, nicotine, 

thymol, 4-hydroxy-noneal, prostaglandin A2, crotyl 

aldehyde, methyl isocyanate, dibutyl phthalate, methyl-

glyoxal, cinnamaldehyde, acetaldehyde, flufenamic 

acid, isoflurane, hydrogen peroxide, formalin, zinc, 

eugenol, cinnamon, methyl salicylate, icilin, allicin, 

lidocaine, propofol, nitric oxide, thymol, clotrimazole, 

nifedipine and diclofenac [14]. 

H4415 (HC 030031) is a xanthine derivative [15] 

experimental antagonist of TRPA1 channels that 

blocks the intracellular penetration of calcium determined 

by the action of formalin [16]. This compound could 

have a role in neuropathic and inflammatory pain. 

Research results suggest its potential for pain treatment 

in current medical practice. In 2008, Eid et al. orally 

administered H4415 to mice and provided information 

on relieving mechanical and inflammatory pain secondary 

to Freund's adjuvant and spinal nerve ligation [2]. 

 

Materials and Methods 

The algesiology experimental models were carried 

out in the Advanced Centre for Research and 

Development in Experimental Medicine, Prof. Ostin 

C. Mungiu", CEMEX, from the “Grigore T. Popa” 

University of Medicine and Pharmacy, Iași, Romania. 

Substances administered 

The compound H4415 (HC-030031), chemical 

formula C18H21N5O3 (Sigma Aldrich®), with a 

molecular weight of 355.39 g/mol, was dispersed in 

a 5% glucose solution. H4415 is a substance that has 

not been used extensively in research, and its mention 

in the literature is quite rare. According to previous 

studies, we have selected a series of more closely 

probable doses to generate effects in an experimental 

setting [17-20]. An average dosage has been chosen: 

0.4 mg/kg bw, 0.8 mg/kg bw, 1.2 mg/kg bw. All 

references mention low water solubility, needing the 

administration of DMSO. However, not wanting to 

introduce a well-known experimental bias due to 

DMSO, which has effects on neurotransmission and 

ion channel activity [21, 22]. We used 5% glucose 

saline, in which the mentioned doses of H4415 

dissolved after 10 minutes of gentle stirring and 

heating at 37 C. 

Animals 

Experimental animals were purchased from the 

“Cantacuzino” Institute, Bucharest, Romania. Adult 

male Wistar rats weighing 200.00 - 400.00 g and at 

least 14 weeks of age were grouped into five animals 

for each of the three doses mentioned, plus a control 

group treated with 5% glucose solution. Before 

beginning the algesiology experiments, the animals 

were housed in a quarantine room, which ensures a 

constant ambient temperature of 21.00 ± 2°C, with 

caloric and water intake ad libitum, placed two 

animals in a cage, with bedding changed every two 

days. At the end of the experiments, the animals were 

euthanised with an overdose of anaesthetic. The 

presence of neurological deficits and motor or tail 

lesions were exclusion criteria from the experiments. 

The working protocols of this study are carried out 

in accordance with the International Association for 

the Study of Pain (IASP) guidelines for the care of 

laboratory animals and European Union legislation 

(directive 2010/63/EU, the experiments were performed 

according to the approval of the Commission for the 

Ethics of Research of the Grigore T. Popa University 

of Medicine and Pharmacy. 

The study compound was administered intraperitoneally, 

using single-use syringes with a volume of 1 mL 

with a 25 - 27 G needle, the administration being 

carried out in a volume of 0.2 mL/100g animal. This 

route of administration is preferred for isotonic 

solutions and provides an absorption rate of ½- 1/4 

compared to intravenous absorption. Without sedation, 

one rat at a time was immobilised in a transparent 

polyethylene device with spaces for injection manoeuvres. 

Later, it was positioned in a supinen position, with 

the trunk lower than the cephalic extremity, thus 

pushing the internal organs caudally to avoid the risk 

of accidental puncture. The administration was made 

in a single dose, followed by the testing. 

Algesiology Tests 

The tail flick test 

The tail flick test is part of the tests that provide 

information on the transmission of pain in the spinal 

pathways [23]. The Tail Flick 37360© Ugo Basile 

device was used for testing.  The test refers to the 

placement of a radiant heat source with the intensity 

set at 90 at the level of the distal third of the tail of 

the experimental animal [24], which will cause it to 

move its tail in a flipping motion when it feels pain. 

The intensity value of the radiant heat source of the 

beam was adjusted according to the baseline with values 
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between 3 and 6 seconds [25]. The duration of time from 

applying the painful stimulus to the movement of the 

tail is noted in seconds, and the timer automatically stops 

[26]. The maximum (cut-off) time allowed for a 

determination was 12 seconds [26]. Recordings were 

performed at time zero (T0), 15 minutes (T1), 30 

minutes (T2), 45 minutes (T3) and 60 minutes (T4). 

The hot plate test 

This test evaluates the transmission of pain through 

a central mechanism from the spinal and supraspinal 

pathways [23]. The Hot Plate 7280 (Ugo Basile) 

apparatus was used for testing. The testing involved 

placing the rat on a plate heated to 54 ± 2°C and 

observing the behaviour denoting the presence of 

pain, such as shaking the hind paws, jumping from 

the heat source, and vocalisation [27]. The cut-off 

time was set to 30 seconds. Recordings were made 

at time zero (T0), 15 minutes (T1), 30 minutes (T2), 

45 minutes (T3) and 60 minutes (T4). 

Cold plate test 

The cold plate test used the Hot/Cold Plate 35100 

apparatus (Ugo Basile). This test was carried out by 

passing an experimental animal on a plate cooled to 

5°C for 3 minutes (180 seconds). The number of lifts 

of the right posterior limb was quantified [28, 29]. 

Recordings were performed at time zero (T0), 10 

minutes (T1), 20 minutes. 

Algesimetric test with pressure stimulus 

The analgesimeter 35100 apparatus (Ugo Basile) was 

employed for this test. A mechanical force measured 

in gram force was placed at the level of the right hind 

limb [30]. Rats with baseline measurements above 

80 gF were excluded from the determinations [31]. 

Recordings were made at time zero (T0), 15 minutes 

(T1), 30 minutes (T2), 45 minutes (T3) and 60 

minutes (T4) [32, 33]. 

Statistical analysis 

To determine the maximum percentage inhibition, 

the calculation formula (Lx-LB)/(CO-LB) x 100 was 

used, with LX representing the latency at a time “x”, 

LB the baseline latency, CO and the time of cut-off. 

By normalising the recorded values, T0 became 0%, 

plotting the means of percentage inhibitions (MIP) ± 

standard error of the mean (SD). All data were 

compared with control groups and with values obtained 

at T0. The potential antinociceptive effect was considered 

when there was a statistically significant increase in 

response latency after applying the painful stimulus. 

The statistical analysis was done using GraphPad 

Prism software© 1992 - 2021 Software, LLC, Version 

9.30 (463) Windows 64-bit. The tail flick, hot plate, 

cold plate, and algesimetry tests performed following 

the administration of the three doses of the H4415 

compound have results graphs that include the mean 

percentage inhibitions (MIP) ± the standard error 

(SEM) of the mean from each determination (T0- T4) 

of each test batch of animals. 

The Gaussian distribution of the data was checked 

using the Kolmogorov-Smirnov normality test, and 

then the analysis of multiple variants ANOVA was 

performed, in which the differences in time and the 

efficiency of pain inhibition were compared. Furthermore, 

differences between doses and between determination 

times (T0 - T4) were subjected to Dunnett's post hoc 

multiple comparisons test. The threshold of statistical 

significance was considered for a p < 0.05. 

For data without a Gaussian distribution, the Kruskall-

Wallis test was performed, followed by Dunn's post 

hoc test for multiple comparisons. 

The graphs indicate the moment when significant 

statistical differences between the determination times 

(T0 - T4) appeared with an asterisk (*). 

 

Results and Discussion 

Testing for antinociceptive potential produced the 

following data (Figure 1). 

In the hot plate test, H4415 causes analgesia at all 

three doses (0.4 mg/kg bw, 0.8 mg/kg bw and 1.2 

mg/kg bw). The minimum dose, 0.4 mg/kg bw, at T2, 

has the most significant analgesic effect, compared 

to 0.8 mg/kg bw and 1.2 mg/kg bw compared to T0 

(38.57 ± 7.98% at T2). 

In algesimetry, 0.4 mg/kg bw H4415 is obvious from 

T1 with a strong analgesic effect, which amplifies at 

T3 and T4 (96.67 ± 3.33% at T3 and 93.33 ± 6.67% at 

T4). The differences in T3 and T4 of 0.4 mg/kg bw 

and 0.8 mg/kg bw are relatively small, but the 

nociceptive effect registers a slight decrease at T4 for 

0.8 mg/kg bw. 

In the cold plate test, H4415 had a global anti-

nociceptive effect, but the most important was seen 

at 0.4 mg/kg bw at T3 and T4 compared to T0 (90.32 

± 1.51% at T3 and 98.4 ± 1.6% at T4). 

In the tail-flick test, the used doses of the compound 

H4415 determined an antinociceptive effect but did 

not exceed the statistical significance threshold below 

5%. 

The experimental evaluation of pain in the present 

study uses behavioural algesiology models such as 

tail flick, hot plate, cold plate and algesimetry to test 

the antinociceptive properties of H4415. Their use is 

widespread because they provide information regarding 

the animal's behaviour when experiencing acute pain.  
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Figure 1. 

Results were obtained using compound H4415 in the hot plate (top left - a), algesimetry (top middle - b), cold 

plate (top right - c), and tail flick (bottom middle - d) assays. The obtained graphs represent the analgesic effect 

obtained for the doses used: 0.4 mg/kg (green), 0.8 mg/kg (blue), and 1.2 mg/kg (pink), compared to the control 

group (black, glucose solution). T0 - determinations performed before H4415 administration. T1 - determinations 

at 15 minutes, T2 - determinations at 30 minutes, T3 - determinations at 45 minutes, T4 - determinations at 60 

minutes for tail flick, hot plate and algesimetry. In the cold plate test, T1 - at 10 minutes, T2 - at 20 minutes. 

 

When it was first discovered in 2003, the TRPA1 

receptor was incriminated to be related to detecting 

temperatures at a threshold of 17.00°C [34]. Later, 

in the literature, TRPA1 was described as a sensor 

for cold [25, 36], a statement supported by other 

studies [37-40]. Despite these publications, it has not 

been established with certainty that TRPA1 senses 

cold temperature. What can be said is that there are 

other receptors involved, e.g. TRPM8.  

In this study, we demonstrated pain inhibition by 

antagonising TRPA1 receptors. To our knowledge, 

this study is the first to evaluate the antinociceptive 

effect of H4415 in the rat using the tail flick, hot 

plate, cold plate and pressure algesimetric tests. 

The TRPA1 channel is involved in sensing various 

external and internal stimuli, such as different chemical 

agonists, possibly temperature and calcium ions. In 

2007, the hypothesis emerged that TRPA1 receptors 

are activated when intracellular action potentials reach 

a high positive level [39, 41, 42]. Voltage-gated ion 

channels, such as K+ and Na+, are activated by the 

movement of positively charged ions. Compared to 

other channels in the TRP family, the electrical 

activation of TRPA1 is weak, approximately 0.4 (1). 

The -COOH terminus seems more plausible to act as 

a voltage sensor via two positively charged residues, 

R975 and K989 [43]. Other acidic residues influencing 

electrical charge are K969, T1078, K1071, K1009, 

R1009 and E1077 [43, 44]. Possessing a small number 

of electrical charges, the TRPA1 receptor-bound ion 

channel opens at physiological action potentials only 

in the presence of an agonist [42]. Separate from the 

activation at high action potentials, the literature 

mentions that inactivation is also given by high 

values of the intracellular action potential [42, 45]. 

Considering this information, it can be hypothesised 

that these channels are both voltage-dependent and 

independent. Studies have shown that pharmacological 

inhibitors of TRPA1 are effective in attenuating 

mechanical hyperalgesia associated with neuropathic 

pain conditions. Additionally, TRPA1 is required for 

normal mechanosensation and is modulated by algesic 

stimuli. Pharmacological inhibitors of TRPA1 are 

effective in attenuating mechanical hyperalgesia 

associated with neuropathic pain conditions. Additionally, 

TRPA1-deficient mice develop normal mechanical 

hyperalgesia, indicating that TRPA1 is not essential 

for developing mechanical hyperalgesia but is required 

for sensitising nociceptors in response to injury and 

inflammation [46]. The channel is also known to be 

activated by direct calcium ions and is involved in 

the sensation of inflammatory pain. Pharmacological 

inhibitors of TRPA1 are effective in attenuating 

mechanical hyperalgesia associated with neuropathic 
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pain conditions. Additionally, TRPA1-deficient mice 

develop normal mechanical hyperalgesia, indicating 

that TRPA1 is not essential for developing mechanical 

hyperalgesia, but is required for sensitising nociceptors 

in response to injury and inflammation [47]. 

Clinical interest in TRPA1 receptors has increased 

recently due to their expression in nociceptive neurons. 

Their sensitivity to reactive oxygen and carbonyl 

species incriminates them as having a role in diabetic 

neuropathy [48] or that secondary to chemotherapy 

[49]. Prolonged exposure to low doses of atmospheric 

or food pollutants causes agonist-induced sensitisation 

to painful stimuli [50, 51]. This mechanism could be 

useful in the management of chronic pain conditions. 

Heat-induced pain was suppressed at all three doses 

(0.4 mg/kg bw, 0.8 mg/kg bw and 1.2 mg/kg bw). 

The antinociceptive effect obtained in the hot plate 

test is an inverse-response type. The same effect was 

also observed in algesimetry, where a mechanical 

stimulus was tolerated longer after the intraperitoneal 

administration of 0.4 mg/kg H4415.  It is possible 

that the coupling of H4415 on the TRPV would not 

act as a perfect antagonist. Still, its binding might 

reduce the affinity further binding, thus inhibiting its 

biological response at higher doses. Such an effect 

might shift the dose-response curve to the left, 

indicating a decrease in the potency of the substances. 

This type of response is particularly relevant when 

the receptor is constitutively active, thus having a 

basal activity that does not need to be inhibited or 

stimulated. This can be particularly important in 

cases where the channel is spontaneously open, and 

the blockage will counteract its activity. Although the 

hypothesis that thermal and chemical stimuli activate 

TRPA1 receptors is unanimously accepted, mechano-

nociception is rarely described in the literature with 

the TRP vanilloid receptor family, of which the TRPA1 

receptor is also a part [51]. 

 

Conclusions 

In conclusion, we can state that inhibition of TRPA1 

receptors improves tolerance to painful mechanical 

and thermal stimuli, including high and low temperatures. 

The increase in pain threshold secondary to systemic 

administration of H4415 indicates that TRPA1 inhibition 

represents a potential alternative for pain treatment. 

New studies are needed to fully characterise the molecular 

mechanisms underlying the analgesic effects of H4415. 
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