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NOVEL PEPTIDES WHICH HAVE ANALGESIC EFFECTS AND WHICH 

INHIBIT ASIC CHANNELS 

 

DESCRIPTION 

 5 

Technical field 

 

The present invention relates to novel peptides whi ch 

induce analgesia and which inhibit ASIC channels (A cid 

Sensing Ion Channels), more particularly homomeric 10 

ASIC1a channels, homomeric ASIC1b channels and/or 

heteromeric channels containing at least one subuni t 

chosen from ASIC1a and ASIC1b, to the polynucleotid es 

encoding said peptides, and also to the pharmaceuti cal 

compositions, host cells and vectors contained ther ein. 15 

In particular, said peptides exhibit a minimum of 5 6% 

identity with the amino acid sequence SEQ ID No: 1 in 

the appended sequence listing. They are in particul ar 

the two 57-amino acid peptides ASICalgin-1 ( π-Dp1) and 

ASICalgin-2 ( π-Dp2) isolated from the venom of the 20 

snake Dendroaspis polylepis (black mamba), of sequences 

SEQ ID No: 2 and SEQ ID No: 3, respectively. 

 

The present invention also relates to the use there of 

for obtaining a diagnostic tool or a medicament, in  25 

particular an analgesic, and also for identifying 

analgesic molecules or molecules which inhibit ASIC  

channels. 

 

The present invention has in particular an applicat ion 30 

in the prevention or treatment of pain, in particul ar 

pain associated with the activation of ASIC channel s 

(for example inflammatory, neuropathic, cancer-rela ted, 

post-operative, musculoskeletal, visceral, etc., pa in), 

of central neurological diseases (for example, post -35 

traumatic stress, depression, anxiety, strokes, 

epilepsy, multiple sclerosis, cerebral inflammation s, 

neurodegenerative diseases, etc.), and of pathologi cal 
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conditions in which the involvement of ASIC channel s 

has been proposed (for example, inflammations, canc ers, 

fibromyalgia, irritable bowel syndrome, etc.). 

 

In the description below, the reference between squ are 5 

brackets ( []) refer to the list of references presented 

at the end of the text. 

 

State of the art 

 10 

The taking into account and treatment of pain are 

essential aspects of improving the quality of life of 

patients. Pain affects a considerable number of 

individuals, about 60 million in Europe each year, 

which represents an annual cost of 1 billion dollar s in 15 

analgesic medicaments for treating said pain. The 

amounts spent annually throughout the world on 

analgesic medicaments can be evaluated at approxima tely 

25 billion dollars, and should reach 42 billion in 

2010. Pain is divided up into two categories: acute  20 

pain and chronic pain. Acute pain corresponds to ra pid 

and brief pain which is limited over time. Converse ly, 

chronic pain is a persistent pain which can be link ed, 

for example, to hyperalgesia, and which constitutes  an 

enormous disease burden, affecting approximately 20 % of 25 

adults and 50% of the elderly population. 

 

The treatment of pain is based essentially on the 

prescription of anti-inflammatories, whether they a re 

nonsteroidal (NSAIDs) or steroidal (corticoids), an d of 30 

weak or strong opiates. NSAIDs form the therapeutic  

class most widely prescribed throughout the world, 

owing to their great efficacy both on inflammation and 

on pain itself. They are used in all types of 

inflammatory pain, whether acute or chronic [Bertin  and 35 

Vergne-Salle, 2007] [1]. When NSAIDs and/or cortico ids 

are not sufficient to relieve inflammatory pain, th e 

prescribing physician combines a non-anti-inflammat ory 
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analgesic, for example paracetamol, weak opioids 

(codeine, tramadol), and, if the pain continues to be 

resistant to the treatment, strong opioids (morphin e, 

oxycodone, fentanyl) [Gutstein & Akil, 2006] [2]. 

 5 

While NSAIDs are very effective, they nevertheless 

remain great purveyors of adverse side effects. Amo ng 

the most standard adverse side effects, digestive 

effects are very frequent and limit the use of NSAI Ds 

in many clinical situations. There are also renal, 10 

cutaneous, mucosal, allergic and respiratory, 

hematological, hepatic and, finally, neurosensory a nd 

psychological adverse side effects [Bertin and Verg ne-

Salle, 2007, mentioned above] [1]. In addition, NSA IDs 

are not effective in all types of pain. Opioids als o 15 

play a major role in combating pain, but can cause 

hallucinatory phenomena and cardiorespiratory 

depression. Analgesics can also be a source of 

dependence, for instance morphine, methadone, etc.,  

dependence. There are also cases of habituation to 20 

analgesics, that is to say the dose necessary to ob tain 

a constant effect must be increased. This habituati on 

increases over time and therefore leads to the need  to 

increase the doses and can lead to ineffectiveness of 

the medicament. Indeed, the dose necessary to relie ve 25 

pain can become greater than the toxic dose of said  

medicament. Finally, treatment with opioids can als o be 

associated with adverse effects such as severe 

constipation or hyperalgesia when the treatment is 

stopped (post-operative pain, for example) [Gutstei n & 30 

Akil, 2006, mentioned above; Bannister & Dickenson,  

2010] [2, 3]. 

 

Despite the diversity of the existing therapeutic 

arsenal, many types of pain remain relatively 35 

insensitive to the known analgesics, such as 

neuropathic pain following damage to the nervous sy stem 

(50% of patients experience no relief), chronic 
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visceral pain such as irritable bowel syndrome or 

chronic inflammatory bowel disease, fibromyalgia, p ain 

associated with cancers and bone metastases, etc. 

[Yennurajalingam et al., 2004; Mizoguchi et al., 20 09] 

[4, 5]. 5 

 

In this context, the discovery of novel analgesics 

compensating for these deficiencies and drawbacks 

and/or novel analgesic targets should therefore 

represent real progress. 10 

 

Research in the pharmaceutical industry on pain has  

over the past few years resulted only in a few limi ted 

developments. Mention may, for example, be made of 

triptans for migraine and certain novel medicaments  of 15 

which the use still remains limited, such as the 

combination of tetrahydrocannabinol and cannabidiol  for 

cancer-related and neuropathic pain. In fact, the 

progress made over the last two decades comes 

essentially from a better use and adjustments of th e 20 

dosage of the available analgesics. None of the maj or 

families of these analgesics has a benefit/risk rat io 

which is optimal, because of a limited efficacy and /or 

considerable side effects. 

 25 

Among the molecular targets identified over the pas t 

few years, ion channels hold a particularly importa nt 

place because they are directly involved in the 

detection and transmission of pain signals by senso ry 

and central neurons. ASIC channels (Acid Sensing Io n 30 

Channels) are cationic channels activated by 

acidification of the extracellular medium 

(extracellular acidosis) [Waldmann & Lazdunski, 199 8; 

Wemmie et al., 2006; Lingueglia et al., 2007] [6, 7 , 

8]. Thus far, four genes encoding at least seven 35 

subunits (ASIC1a, ASIC1b, ASIC1b2, ASIC2a, ASIC2b, 

ASIC3 and ASIC4) have been identified in mammals. 

Functional ASIC channels result from the associatio n of 
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various ASIC subunits as trimers [Jasti et al. 2007 ] 

[9] resulting in homomeric or heteromeric channels 

[Lingueglia et al., 1997; Benson et al., 2002; 

Hesselager et al., 2004] [10, 11, 12]. ASIC channel s 

are essentially expressed in nociceptive sensory 5 

neurons of the peripheral nervous system and in cen tral 

nervous system neurons [Waldmann et al., 1997a; 

Lingueglia et al, 2007, mentioned above; Noel et al ., 

2010] [13, 8, 14]. Although the ASIC1a and ASIC2 

isoforms are present in both the central nervous sy stem 10 

and the peripheral nervous system, the expression o f 

the ASIC1b and ASIC3 isoforms is restricted to sens ory 

neurons [Waldmann et al., 1997b; Bassler et al., 20 01; 

Chen et al., 1998] [15, 16, 17]. 

 15 

It has been postulated that the ASIC channels expre ssed 

by sensory neurons, and in particular the ASIC3 

channel, are capable of detecting extracellular 

acidifications that may develop during ischemia, 

inflammation, a hematoma, a fracture, a lesion, a 20 

surgical procedure (post-operative pain), or the 

development of certain tumors [Reeh and Steen, 1996 ] 

[18]. As it happens, it has been known for several 

years now that extracellular acidosis causes pain 

[Steen et al., 1995a; Issberner et al., 1996] [19, 20], 25 

and experiments carried out on healthy human volunt eers 

[Ugawa et al., 2002; Jones et al., 2004] [21, 22] h ave 

shown the involvement of ASIC channels in acidic sk in 

pain by means of amiloride and certain NSAIDs, whic h 

are nonspecific inhibitors of ASIC channels [Waldma nn 30 

et al., 1997a, mentioned above; Voilley et al., 200 1] 

[13, 23]. The important role of certain ASIC channe ls 

expressed in central nervous system neurons in neur onal 

activity (synaptic plasticity of the hippocampus, o f 

the amygdala) and the neuromodulation of the 35 

transmission of pain information (ASIC1a channels) by 

spinal cord neurons has also been demonstrated [Noe l et 

al., 2010] [14]. 
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Until recently, the repertoire of active ligands 

capable of inhibiting ASIC channels was mainly limi ted 

to amiloride, to certain NSAIDs and to the compound  

A-317567 [Dubé et al., 2005] [24]. However, none of  5 

these molecules is absolutely specific for ASIC 

channels or for a particular ASIC subunit. With the  aim 

of identifying effectors specific for ASIC channels , a 

very large number of scorpion, bee, spider, snake o r 

sea anemone venoms have been screened. Recently, tw o 10 

animal peptide toxins, PcTx1 and APETx2, have been 

identified which inhibit homomeric ASIC1a channels and 

the channels containing the ASIC3 subunit, respecti vely 

[Escoubas et al., 2000; Diochot et al., 2004] [25, 26]. 

The peripheral (subcutaneous) injection of APETx2 15 

induces an analgesic effect on inflammatory and aci dic 

pain in rats [Deval et al., 2008] [27] and on post-

operative pain in rats after intra-operative 

application of APETx2 [Deval et al., J. Neurosci., 

31(16): 6059-6066, 2011] [36], while the central 20 

injection of PcTx1 induces a powerful analgesic eff ect 

in mice [Mazzuca et al., 2007] [28]. The analgesic 

effects of these two toxins have made it possible t o 

demonstrate the involvement in ASIC channels in the  

perception and transmission of pain information. 25 

 

There is therefore a real need to identify other 

effectors specific for ASIC channels or for a 

particular ASIC subunit, capable of exhibiting an 

analgesic effect while at the same time compensatin g 30 

for the deficiencies, drawbacks and obstacles of th e 

prior art analgesics. 

 

Description of the invention 

 35 

The inventors have now discovered and identified, f rom 

the venom of the snake Dendroaspis polylepis (black 

mamba), novel peptides which induce analgesia and w hich 
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inhibit ASIC channels (Acid Sensing Ion Channels), more 

specifically homomeric ASIC1a channels, homomeric 

ASIC1b channels, heteromeric ASIC1a+2a channels and  

heteromeric ASIC1a+1b channels. 

 5 

They are in particular the peptides ASICalgin-1 ( π-Dp1) 

and ASICalgin-2 ( π-Dp2) which, after central (intra-

thecal and intracerebroventricular) injection in vivo 

in mice, exhibit a powerful analgesic effect on 

different pain modes (chemical, thermal, inflammato ry), 10 

which is comparable to that of morphine but largely  

independent of opiate receptor activation. In addit ion, 

these peptides do not exhibit neurotoxic effects wh en 

they are injected centrally. When administered by s ub-

cutaneous peripheral injection, these peptides also  15 

exert an analgesic effect with reversion of 

inflammatory hyperalgesia. These two peptides are t he 

first peptides extracted from the venom of Dendroaspis 

polylepis (black mamba) to exhibit an analgesic effect. 

 20 

Without being limited by this explanation, the most  

probable mechanism of action of these peptides appe ars 

to result from the inhibition of ASIC ion channels 

which play an important role in the perception, 

transmission and modulation of pain information. 25 

Indeed, these peptides efficaciously inhibit homome ric 

ASIC1a channels, homomeric ASIC1b channels and/or 

heteromeric channels containing an ASIC1a and/or AS IC1b 

subunit of rats and humans. These two peptides are in 

particular the first known inhibitors of homomeric 30 

ASIC1b and ASIC1a channels and heteromeric 

ASIC1a+ASIC1b and ASIC1a+ASIC2a channels. 

 

The ASICalgin-1 ( π-Dp1) and ASICalgin-2 ( π-Dp2) 

peptides also inhibit the native ASIC currents pres ent 35 

in sensory neurons and in central neurons. They hav e no 

effect on the TRPV1 current activated by capsaicin and 

by heat and which is itself also involved in pain 
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perception. They do not modify the electrical 

properties of neurons in the basal state, but reduc e 

neuronal excitability in response to an extracellul ar 

acidification capable of activating ASIC channels. 

 5 

The ASICalgin-1 ( π-Dp1) and ASICalgin-2 ( π-Dp2) 

peptides therefore have, in rodents, powerful analg esic 

properties comparable to those of morphine, which 

continue to be observed when the opiate receptors a re 

blocked, and which can be explained by their capaci ty 10 

to specifically inhibit certain rodent and human AS IC 

channels. The central injection of said peptides 

induces no toxicity (neurotoxicity, convulsions, et c.), 

nor any effect on motor activity (accelerating rota rod 

test). 15 

 

The ASICalgin-1 ( π-Dp1) and ASICalgin-2 ( π-Dp2) 

peptides can therefore be envisioned as novel molec ules 

having a therapeutic potential against pain (for 

example, cancer-related pain, neuropathic pain, pos t-20 

operative pain, etc.) in humans. 

 

A subject of the present invention is therefore a 

peptide comprising: 

(i) the amino acid sequence 25 

LKCX4QHGKVVTCHRDMKFCYHNTGMPFRNLKLILQGCSSSCSETENNKCCSTDR

CNK (SEQ ID No: 1) 

wherein X 4 represents any amino acid; 

or 

(ii) a natural or synthetic sequence exhibiting an 30 

identity of at least 56% with the sequence SEQ ID N o: 

1, preferably of at least 70%, preferentially of at  

least 80%, most preferentially of at least 98%, and  

retaining the biological properties of the peptides  

comprising the sequence SEQ ID No: 1 as described 35 

above, namely which induce analgesia and which inhi bit 

at least one ASIC channel containing at least one 

subunit chosen from the group consisting of the ASI C1a 
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and ASIC1b subunits. 

 

Said peptides according to the invention operate mo re 

particularly as a blocker of homomeric ASIC1a chann els, 

homomeric ASIC1b channels and/or heteromeric ASIC 5 

channels containing at least one subunit chosen fro m 

the group consisting of the ASIC1a and ASIC1b subun its, 

in particular heteromeric ASIC1a+ASIC1b channels an d/or 

heteromeric ASIC1a+ASIC2a channels. 

 10 

For the purpose of the present invention, the term 

“blocker” is intended to mean a peptide capable of 

inhibiting in a concentration-dependent manner the 

current produced by the abovementioned channels. Fo r 

example, it is a peptide which, like PcTx1 [Escouba s et 15 

al., 2000, mentioned above] [25], is capable of 

inhibiting, at a concentration of 1 nM, 50% of the 

current produced by the homomeric ASIC1a channels, or 

which, like APETx2 [Diochot et al., 2004, mentioned  

above] [26], is capable of inhibiting, at a 20 

concentration of 2 µM, 50% of the current produced by 

the rat heteromeric ASIC1a+ASIC3 channels. 

 

Preferably, said peptides according to the inventio n 

are extracted from the venom of the snake Dendroaspis 25 

polylepis. For example, they are isolated from the 

venom by sequential fractionation by means of a 

reverse-phase-polarity high performance liquid 

chromatograph (RP-HPLC). Said peptides can also be 

prepared by DNA recombination methods or by chemica l 30 

synthesis. 

 

Preferably, said peptides according to the inventio n 

comprise the ASICalgin-1 ( π-Dp1) or ASICalgin-2 ( π-Dp2) 

peptide having the sequence SEQ ID No: 1 wherein X 4 35 

represents Y or F, respectively (SEQ ID No: 2 and 3 , 

respectively). 
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A subject of the present invention is also a poly-

nucleotide comprising a nucleotide sequence encodin g a 

peptide according to the invention. 

 

Preferably, said polynucleotide according to the 5 

invention comprises a nucleotide sequence: 

atgaaaactctgctgctgaccttgctggtggtgacaatcgtgtgcctagac ttag

gatactccctgaaatgt 73txx75caacatggtaaagttgtgacttgtcatcgaga

tatgaagttttgctatcataacactggcatgccttttcgaaatctcaagct catc

ctacagggatgttcttcttcgtgcagtgaaacagaaaacaataagtgttgc tcaa10 

cagacagatgcaacaaatag (SEQ ID No: 4); 

or 

ctgaaatgt 10txx12caacatggtaaagttgtgacttgtcatcgagatatgaagt

tttgctatcataacactggcatgccttttcgaaatctcaagctcatcctac aggg

atgttcttcttcgtgcagtgaaacagaaaacaataagtgttgctcaacaga caga15 

tgcaacaaatag (SEQ ID No: 22); 

wherein 73txx 75 and 10txx 12 represent tac, tat, ttt or 

ttc. 

 

Preferably, said polynucleotide according to the 20 

invention comprises a nucleotide sequence such that  it 

can hybridize under stringent conditions with the 

nucleotide sequence SEQ ID No: 4 or SEQ ID No: 22, or a 

sequence complementary thereto. For example, it is a 

polynucleotide which comprises a natural or synthet ic 25 

sequence exhibiting an identity of at least 76% wit h 

the sequence SEQ ID No: 4 or the sequence SEQ ID No : 

22, preferably of at least 80%, most preferentially  of 

at least 98%. 

 30 

A subject of the present invention is also a vector  

comprising a polynucleotide according to the invent ion. 

 

Preferably, said vector according to the invention is 

an expression vector. 35 

 

A subject of the present invention is also a host c ell 

comprising one or more peptides according to the 
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invention, polynucleotides according to the inventi on 

or vectors according to the invention. 

 

A subject of the present invention is also a 

pharmaceutical composition comprising one or more 5 

peptides according to the invention, polynucleotide s 

according to the invention, vectors according to th e 

invention or host cells according to the invention.  A 

pharmaceutical composition according to the inventi on 

may also comprise one or more pharmaceutically 10 

acceptable vehicles (calcium carbonate, starch, tal c, 

lactose, magnesium stearate, acacia gum, etc.) and be 

in the form of a solution, suspension, paste, gel 

capsule, tablet, capsule, powder, granule, 

lyophilisate, controlled-release system, microparti cle, 15 

micro- or nanosphere, liposome, etc. A pharmaceutic al 

composition according to the invention can be 

administered orally, intramuscularly, intravenously , 

subcutaneously, topically, via the pulmonary route,  

intranasally, buccally, rectally, sublingually, 20 

intradermally, intraperitoneally, intrathecally, et c. 

The effective amount of active ingredient (peptide,  

polynucleotide, vector or host cell according to th e 

invention), in a pharmaceutical composition accordi ng 

to the invention, can vary such that an effective d ose 25 

is obtained and that an analgesic amount is 

administered to a mammal. The dosage administered t o a 

particular mammal depends on several factors: the r oute 

of administration, the duration of treatment, the s ize 

and physical condition of the mammal, the potency o f 30 

the active ingredient and the response of the mamma l to 

said active ingredient. For example, an effective 

analgesic amount of active ingredient administered 

intrathecally generally ranges from approximately 

5 ng/kg to 500 µg/kg of bodyweight of the mammal, 35 

preferably from approximately 50 ng/kg to 50 µg/kg of 

bodyweight of the mammal, most preferentially from 

approximately 500 ng/kg to 5 µg/kg of bodyweight of  the 
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mammal. The effective amounts of active ingredient can 

vary when other routes of administration are used. An 

effective analgesic amount can be estimated by test ing 

the active ingredient in one or more pain tests 

mentioned hereinafter at a dose which can vary 5 

according to one or more criteria cited above, in o rder 

to determine the effective amount of active ingredi ent 

to be administered to a mammal. 

 

A subject of the present invention is also a substa nce 10 

chosen from a peptide according to the invention, a  

polynucleotide according to the invention, a vector  

according to the invention, a host cell according t o 

the invention or a pharmaceutical composition accor ding 

to the invention, for application thereof as a 15 

medicament. 

 

Preferably, said medicament is an analgesic, for 

example intended for the prevention or treatment of  

pain involving the activation of ASIC channels, in 20 

particular ASIC channels containing at least one 

subunit chosen from the group consisting of the ASI C1a 

and ASIC1b subunits, most particularly of the homom eric 

ASIC1a channels, homomeric ASIC1b channels, heterom eric 

ASIC1a+ASIC1b channels and/or heteromeric ASIC1a+AS IC2a 25 

channels. For example, the pain may (i) result from  the 

activation of central or peripheral ASIC channels o r 

(ii) induce activation thereof. For example, the pa in 

is pain, in particular pain associated with ASIC 

channel activation, chosen from the group comprisin g 30 

inflammatory, neuropathic, cancer-related, post-

operative, musculoskeletal, visceral, etc., pain. 

 

Preferably, said medicament is intended for the 

prevention or treatment of a pathological condition  35 

involving the activation of ASIC channels, in 

particular of ASIC channels containing at least one  

subunit chosen from the group consisting of the ASI C1a 
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and ASIC1b subunits, most particularly the homomeri c 

ASIC1a channels, homomeric ASIC1b channels, heterom eric 

ASIC1a+ASIC1b channels and/or heteromeric ASIC1a+AS IC2a 

channels. For example, it involves pathological 

conditions chosen from the group comprising 5 

inflammations, cancers, fibromyalgia, irritable bow el 

syndrome, etc. 

 

Preferably, said medicament is intended for the 

prevention or treatment of a central neurological 10 

disease, for example chosen from the group comprisi ng 

post-traumatic stress, depression, anxiety, strokes , 

epilepsy, central inflammations, multiple sclerosis , 

neurodegenerative diseases, etc. 

 15 

Preferably, said medicament is administered 

parenterally, namely locoregionally or centrally 

(intraperitoneally, peridurally, intrathecally, int ra-

cerebroventricularly, intradermally, etc.) and 

systemically (intramuscularly, intravenously, 20 

subcutaneously, etc.), orally, locally (trans-

cutaneously, etc.) or via the respiratory route 

(inhalation, instillation, etc.). Most preferential ly, 

said medicament is administered intrathecally, 

peridurally, intracerebroventricularly, intra-25 

peritoneally or subcutaneously. 

 

A subject of the present invention is also a substa nce 

chosen from a peptide according to the invention, a  

polynucleotide according to the invention, a vector  30 

according to the invention, a host cell according t o 

the invention or a pharmaceutical composition accor ding 

to the invention, for use thereof as a diagnostic t ool. 

 

A subject of the present invention is also a method  for 35 

identifying a compound which mimics the analgesic 

activity of a peptide according to the invention, 

comprising the following steps: 
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 a) determining the analgesic activity of a peptide  

according to the invention; 

 b) determining the analgesic activity of a 

candidate compound; 5 

 c) comparing the analgesic activities obtained in 

steps a) and b); 

 d) selecting the candidate compound which has an 

analgesic activity equivalent to or greater 

than that of a peptide according to the 10 

invention. 

 

A subject of the present invention is also a method  for 

identifying a compound which mimics the analgesic 

activity of a peptide according to the invention, 15 

comprising the following steps: 

 

 a) bringing a peptide according to the invention 

into contact with a sample, and measuring the 

binding of said peptide with said sample; 20 

 b) adding a candidate compound, and evaluating the  

effect of said compound on the binding of said 

peptide with said sample; 

 c) selecting the candidate compound capable of 

modulating the binder of said peptide with said 25 

sample. 

 

For the purpose of the present invention, the 

expression “compound which mimics the analgesic 

activity of a peptide according to the invention” i s 30 

intended to mean a candidate compound capable of 

inducing analgesia and of binding the ASIC channels  to 

which the peptides according to the invention bind or 

else of acting in a physiological manner identical or 

similar to that of the peptides according to the 35 

invention, namely modulating (inhibiting or 

stimulating), reversibly and in a concentration-

dependent manner, the current produced by at least one 
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channel containing at least one subunit chosen from  the 

group consisting of the ASIC1a and ASIC1b subunits,  in 

particular by homomeric ASIC1a channels, homomeric 

ASIC1b channels, heteromeric ASIC1a+ASIC1b channels  

and/or heteromeric ASIC1a+ASIC2 channels. For examp le, 5 

it involves a peptide which, like PcTx1 [Escoubas e t 

al., 2000, mentioned above] [25], is capable of 

inhibiting, at a concentration of 1 nM, 50% of the 

current produced by the homomeric ASIC1a channels, or 

which, like APETx2 [Diochot et al., 2004, mentioned  10 

above] [26], is capable of inhibiting, at a 

concentration of 2 µM, 50% of the current produced by 

rat heteromeric ASIC1a+ASIC3 channels. 

 

For the purpose of the present invention, the term 15 

“sample” is intended to mean cells or tissue isolat ed 

beforehand from the whole organism or from immortal ized 

cell lines, of insects or mammals. 

 

The term “analgesic activity” refers to the capacit y of 20 

a peptide according to the invention to treat pain in a 

mammal, or to reduce pain, as demonstrated by one o r 

more conventional laboratory models for testing pai n or 

evaluating analgesia, such as those described 

hereinafter. Thus, the analgesic activity of a pept ide 25 

according to the invention can be determined, for 

example, by means of one or more of the following in 

vivo tests: i) tail/paw withdrawal latency (measurement  

of thermal nociception) [Abott et al., 1982; Cridla nd 

and Henry, 1992] [29, 30], ii) hot/cold plate thres hold 30 

(measurement of thermal nociception) [Woolfe and 

Macdonald, 1944, Ankier, 1974] [31, 32], iii) von F rey 

filament threshold or Randall-Selitto test or 

instrumented pincher test (mechanical nociceptive 

activity measurement) [Kim et al., 1993] [33], iv) 35 

dynamic weight distribution test (measurement of 

nociceptive activity linked to posture), v) measure ment 

of spontaneous nociceptive behavior, and/or of one or 
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more in vitro tests: for example, screening of 

candidate compounds by competition in which a pepti de 

according to the invention which has been labeled ( for 

example, with a radiolabel such as C 14, H 3 or I 125 , an 

enzyme such as peroxidase or alkaline or acid 5 

phosphatase, a fluorescent label such as FITC or 

rhodamine, an antibody, an antigen, biotin, a 

paramagnetic ion, a latex particle, etc.) is brough t 

into contact with a sample under conditions which a llow 

it to bind to said sample, and the binding of said 10 

labeled peptide bound to the sample is measured, an d in 

which the compounds which mimic the activity of sai d 

labeled peptide compete with said peptide for bindi ng 

to the sites on the receptor (ASIC channels contain ing 

at least one subunit chosen from the group consisti ng 15 

of the ASIC1a and ASIC1b subunits). Thus, a lower 

amount of detectable labeling is measured when the test 

compounds mimic the activity of said peptide by bin ding 

to the receptor than when the test compounds do not  

mimic the activity of said peptide and do not bind the 20 

receptor, or bind with less affinity. As an 

alternative, the competition screening can be carri ed 

out with labeling of the candidate compound instead  of 

labeling of the peptide according to the invention.  

Thus, a higher amount of detectable labeling will b e 25 

measured when the test compounds mimic the activity  of 

said peptide by binding to the receptor than when t he 

test compounds do not mimic the activity of said 

peptide and do not bind the receptor, or bind with less 

affinity. 30 

 

Examples of methods for identifying compounds which  

mimic the analgesic activity of peptides are descri bed 

(without being limited by this description), for 

example in patent US 5 877 026 [34]. 35 

 

Other advantages may become further apparent to tho se 

skilled in the art on reading the examples below, 
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illustrated by the appended figures, which are give n by 

way of illustration. 

 

Brief description of the figures 

 5 

 - Figure 1 represents (A) the amino acid sequence 

of the ASICalgin-1 ( π-Dp1) and ASICalgin-2 ( π-Dp2) 

peptides isolated from the venom of the snake 

Dendroaspis polylepis (SEQ ID No: 2 and 3, 

respectively), (B) the nucleotide sequence of the 10 

complementary DNA (cDNA) encoding ASICalgin-1 (SEQ ID 

No: 5). The signal sequence (in italics) and the fi nal 

peptide (in bold) (cf. SEQ ID No: 6), and the stop 

codon ( * ) are indicated. The sequence of the 5’ 

noncoding end is not represented (corresponding to SEQ 15 

ID No: 9). 

 

 - Figure 2 represents the analgesic effect of the 

ASICalgin-1 ( π-Dp1) and ASICalgin-2 ( π-Dp2) peptides in 

vivo after intrathecal injection in mice. Chemical pain  20 

(formol):  (A) kinetics of spontaneous pain behavior 

measured in intervals of 5 minutes, (B) total durat ion 

of phase I (0-10 minutes) of acute pain and of phas e II 

(10-45 minutes) of inflammatory pain. Acute thermal  

pain:  (C) kinetics of tail withdrawal latency, (D) mean 25 

of the areas under the curve (AUC) measured for eac h 

animal. Inflammatory hyperalgesia:  (E) kinetics of paw 

withdrawal latency. Significance of hyperalgesia 

relative to the control value: #, p<0.05; ##, p<0.0 1; 

###, p<0.001; by ANOVA test followed by a Newman Ke uls 30 

multiple comparison. (F) mean of the areas under th e 

curve (AUC) measured for each animal, from the 

hyperalgesic level (T-7 min). The mean values ± sem 

(standard error of the mean) are represented and th e 

number (n) of animals tested is mentioned in the 35 

legends. Significance relative to the injection of the 

vehicle ± naxolone (NAL) or else according to where 

indicated on the figure by a line: not significant ns, 
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p>0.05; * , p<0.05; ** , p<0.01; *** , p<0.001; by ANOVA 

test followed by a Newman Keuls multiple comparison . 

 

 - Figure 3 represents the analgesic effect of the 

ASICalgin-1 ( π-Dp1) peptide in vivo after intracerebro-5 

ventricular injection in mice in the acute thermal pain  

test: (A) kinetics of tail withdrawal latency, (B) mean 

of the areas under the curve (AUC) measured for eac h 

animal. The mean values ± sem (standard error of the 

mean) are represented. The number (n) of animals te sted 10 

is mentioned in the legends. Significance relative to 

the injection of the vehicle or else according to w here 

indicated on the figure with a line: not significan t 

ns, p>0.05; * , p<0.05; ** , p<0.01; *** , p<0.001; by ANOVA 

followed by a Newman Keuls multiple comparison. 15 

 

 - Figure 4 represents the analgesic effect of the 

ASICalgin-1 ( π-Dp1) peptide in vivo after subcutaneous 

injection in the inflammatory hyperalgesia  test: (A) 

kinetics of paw withdrawal latency. The ASICalgin-1  20 

peptide is injected subcutaneously into the left re ar 

paw at the same time as the carrageenan ( □) then again 

two hours later (times 0 or T0, □). A similar procedure 

is carried out, but with injection of the ASICalgin -1 

peptide only at T0, i.e. after the appearance of th e 25 

inflammatory hyperalgesia ( ■). (B) Mean of the areas 

under the curve (AUC) estimated for each animal, fr om 

the value at T-7 min. The mean values ± sem are 

represented. The number (n) of animals tested is 

mentioned in the legends. Significance relative to the 30 

injection of the vehicle: * , p<0.05; ** , p<0.01; *** , 

p<0.001; by ANOVA test followed by a Newman Keuls 

multiple comparison. Significance relative to the 

control value before the injection of carrageenan: #, 

p<0.05; ##, p<0.01; ###, p<0.001; by paired T-test.  35 

 

 - Figure 5 represents the inhibition, by the 

ASICalgin-1 ( π-Dp1) and ASICalgin-2 ( π-Dp2) peptides, 
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of the currents generated by the ASIC channels 

heterologously expressed in COS cells. Dose-respons e 

curve of the inhibition by ASICalgin-1 ( π-Dp1) of the 

rat homomeric ASIC1a current, IC 50 = 49 nM (A), of the 

human homomeric ASIC1a current, IC 50 = 127 nM (B), of 5 

the rat homomeric ASIC1b current, IC 50 = 650 nM (C), of 

the rat heteromeric ASIC1a+ASIC1b (ratio 1:1) curre nt, 

IC 50 = 223 nM (D), and of the rat heteromeric 

ASIC1a+ASICa (2:1 ratio) current, IC 50 = 308 nM (E). The 

mean values ± sem are indicated, with n from 4 to 15 10 

experiments. Original plots of currents inhibited b y 

ASICalgin-1 ( π-Dp1, 674 nM) and ASICalgin-2 ( π-Dp2, 

852 nM) are shown in miniature. (F) Original plots of 

current showing the inhibition of the human heterom eric 

ASIC1a+ASIC2a (2:1 ratio) current by ASICalgin-1 ( π-15 

Dp1, 674 nM). Resting potential: -60 mV, white bars : 

drop in pH from 7.4 to 5.5, black bars: application  of 

the peptide. 

 

 - Figure 6 represents the inhibition, by the 20 

ASICalgin-1 ( π-Dp1) and ASICalgin-2 ( π-Dp2) peptides, 

of the native ASIC currents of murine sensory and 

central neurons in culture. (A) Mean inhibition of the 

ASIC current of sensory neurons of rat (n = 34) by 

ASICalgin-2 ( π-Dp2, 852 nM, □) and ASICalgin-1 ( π-Dp1, 25 

674 nM, ■). On the right, examples of original currents 

recorded at the resting potential of -50 mV and 

activated with a drop in pH of from 7.4 to 6 (white  

bar). In the sensory neurons, the total ASIC curren t 

results from a mixture of homomeric ASIC1a current,  of 30 

current of ASIC1b type and of current of ASIC3 type . 

(B) Mean inhibition of the ASIC current of dorsal c ord 

neurons of mice (n = 18) by ASICalgin-2 ( π-Dp2, 852 nM, 

□) and ASICalgin-1 ( π-Dp1, 674 nM, ■). On the right, 

example of original currents recorded at the restin g 35 

potential of -50 mV and activated with a drop in pH  of 

from 7.4 to 6 (white bar). (C) Mean inhibition of t he 

ASIC current of hippocampal neurons of mice (n = 26 ) by 
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ASICalgin-2 ( π-Dp2, 293 nM, 852 nM and 2.9 µM, □) and 

ASICalgin-1 ( π-Dp1, 224 nM and 2.2 µM, ■). On the 

right, example of original currents recorded at the  

resting potential of -50 mV and activated with a dr op 

in pH of from 7.4 to 5.5 (white bar). In the centra l 5 

neurons (mouse cord and hippocampus), the total ASI C 

current results from a mixture of homomeric ASIC1a 

current and of heteromeric ASIC1a+ASIC2a current. T he 

mean values ± sem are indicated. 

 10 

 - Figure 7 represents the effect of the 

ASICalgin-1 ( π-Dp1) and ASICalgin-2 ( π-Dp2) peptides on 

the membrane potential of mouse dorsal spinal cord 

neurons. (A) Membrane potential of a neuron where t he 

spontaneous action potentials reflect synaptic acti vity 15 

(dashed line: 0 mV). The activation of the ASIC cur rent 

by a drop in pH of from 7.4 to 6 induces a 

depolarization of which the peak triggers an action  

potential (enlargement). The application of the 

ASICalgin-1 peptide ( π-Dp1, 674 nM) does not modify the 20 

resting potential of the neuron nor the spontaneous  

activity. On the other hand, the depolarization ind uced 

by the acid pH drop is reduced and no longer induce s an 

action potential. (B) Action potential evoked by an  

electric stimulation (square-wave currents represen ted 25 

above). Four responses are superimposed (left-hand 

panel): two subliminal depolarizations and two othe rs 

triggering an action potential (dashed line: 0 mV).  The 

application of ASICalgin-2 ( π-Dp2, 852 nM, right-hand 

panel) does not modify the excitability of the neur on. 30 
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EXAMPLES 

 

EXAMPLE 1: ISOLATION OF TWO PEPTIDES, ASICALGIN-1 

( π-Dp1) AND ASICALGIN-2 ( π-Dp2), FROM THE VENOM OF THE 

SNAKE DENDROASPIS POLYLEPIS 5 

 

Venom and purification of the peptide toxins 

 

The lyophilized venom comes from the company Latoxa n 

(Valence, France). The venom was diluted in acetic acid 10 

(1%) and fractionated by passing it over a column 

containing a Sephadex G50 resin. The peptide fracti on 

was recovered and subsequently fractionated on a Hi gh 

Performance Liquid Chromatography (HPLC) system: 1)  The 

peptide fraction was loaded onto and eluted from a 15 

cation exchange column with a pH gradient with the 

solvents 1% acetic acid, pH 3.0, and 1M ammonium 

acetate, pH 6.8. The fraction containing the ASICal gins 

was eluted starting from 60% ammonium acetate. 2) T his 

peptide fraction was loaded onto a C18 reverse-phas e 20 

column and the constituents thereof were eluted wit h a 

hydrophobicity gradient between the solvents water- 0.1% 

TFA and acetonitrile-0.1% TFA. The ASICalgin-1 and 

ASICalgin-2 peptides were eluted pure at 26% and 27 % of 

acetonitrile, respectively. 25 

 

Peptide characterization 

 

Amino acid analysis  

 30 

ASICalgin-1 and ASICalgin-2 are two basic isopeptid es 

which have a sequence of 57 amino acids containing 8 

cysteines forming 4 disulfide bridges (figure 1A, S EQ 

ID No: 2 and 3, respectively), and which is precede d by 

a signal sequence of 21 amino acids (figure 1B, cf.  SEQ 35 

ID No: 6). They differ from one another only by vir tue 

of an amino acid in position 4 of SEQ ID No: 1, 2 o r 3 

(position 25 of SEQ ID No: 6).  
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Determination of the amino acid sequence by cloning  

 

The complete sequence (figure 1B) of ASICalgin-1 wa s 

determined by cloning the cDNA by PCR, from the 5 

messenger RNA (mRNA) present in trace amounts in th e 

crude venom. 25 mg of the venom of the snake 

Dendroaspis polylepis (Sigma) were resuspended in lysis 

buffer: 500 mM LiCl, 10 mM EDTA, 1% (w/v) LiDS, and  

5 mM dithiothreitol in 100 mM of tris-HCl buffer, p H 10 

7.5. The messenger RNA was captured by means of 

magnetic beads grafted with dT25 oligonucleotides 

(Dynal, UK). These oligonucleotides were directly u sed 

as primers for carrying out the reverse transcripti on 

of the mRNA to cDNA with the PrimeScript TM reverse 15 

transcriptase (TaKaRa Bio Inc., Japan). The resulti ng 

solid-phase cDNA library was used to carry out a 

degenerate PCR with the sense (TGITTYCARCAYGGIAARGT , 

SEQ ID No: 7) and antisense (YTTIARRTTICGRAAIGGCAT,  SEQ 

ID No: 8) oligonucleotides defined from the partial  20 

protein sequence of the toxin determined by direct 

N-terminal sequencing. In order to exclude any erro r 

due to the polymerase, three independent PCRs were 

carried out, which produced fragments at the hoped for 

size (89 base pairs), that were subsequently subclo ned 25 

into the pGEMTeasy vector (Promega) and sequenced. By 

virtue of these sequences, a specific sense oligo-

nucleotide with an added EcoRI restriction site was  

synthesized (ACAC(GAATTC)GCTATCATAACACTGGCATG, SEQ ID 

NO: 9), as was a nonspecific poly-dT30 antisense ol igo-30 

nucleotide, also with an added EcoRI site 

(ACAC(GAATTC)dT30, SEQ ID No: 10). These two oligo-

nucleotides made it possible to amplify by PCR the 

entire 3’-coding and 3’-noncoding end for 

identification purposes. Three independent PCRs 35 

generated a band of approximately 400 base pairs an d 

the subcloning thereof into the pGEMTeasy vector at  the 
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EcoRI restriction site made it possible to sequence  it 

while excluding any error generated by the polymera se. 

 

On the basis of the 3’- and 5’-noncoding sequences,  a 

sense oligonucleotide (ACAC(GAATTC)TCCAGAGAAGATCGCAAGATG, 5 

SEQ ID No: 11) and an antisense oligonucleotide 

(ACAC(GAATTC)ATTTAGCCACTCGTAGAGCTA, SEQ ID No: 12) 

framing the coding sequence were synthesized. Four 

independent PCRs were carried out on the solid-phas e 

cDNA library and the PCR products were again subclo ned 10 

into the pGEMTeasy vector so as to obtain the compl ete 

nucleotide sequence of the ASICalgin-1 toxin precur sor. 

 

Peptide sequencing  

 15 

The sequence was confirmed up to amino acid Asp40 b y 

direct N-terminal sequencing of the reduced and 

alkylated peptides on an automatic sequencer (LC491 , 

Applied Biosystems, USA). 

 20 

Enzymatic cleavage  

 

In order to confirm the sequences, the peptides wer e 

subjected to the following enzymatic treatments: (a ) V8 

protease with separation of the digested peptides o n a 25 

C18 reverse phase HPLC column. The cleavage in posi tion 

D15 and E43 and the separation on HPLC of two pepti des 

of molecular weight 1786.9 Da (peptide 1-15), entir ely 

resequenced, and 3194.5 Da (peptide 16-43), partial  

sequence, make it possible to confirm the N-termina l 30 

sequence. (b) Trypsin digestion with direct analysi s by 

mass spectrometry. The tryptic fragments also confi rm 

the N-terminal sequence and also other parts of the  

peptide sequence of the ASICalgins. The tryptic 

peptides detected and sequenced by MS/MS analysis a re 35 

given in table 1 below. 
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Table 1  

 

 

Position Peptide sequence Mw (Da) 

3-8 CFQHGK (SEQ ID No: 13) 775.27 

3-8 CYQHGK (SEQ ID No: 14) 791.27 

3-14 CFQHGKVVTCHR (SEQ ID No: 15) 1527.58 

3-14 CYQHGKVVTCHR (SEQ ID No: 16) ND 

9-14 VVTCHR (SEQ ID No: 17) 770.31 

15-28 DMKFCYHNTGMPFR (SEQ ID No: 18) 1803.57 

32-48 LILQGCSSSCSETENNK (SEQ ID No: 19) 1925.63 

49-54 CCSTDR (SEQ ID No: 20) 797.24 

32-54 LILQGCSSSCSETENNKCCSTDR (SEQ ID No: 21) 2705. 78 

 

Mass spectrometry (MALDI-TOF)  5 

 

In all cases, the mass spectrometry analysis was 

carried out on a 4800 MALDI-TOF-TOF spectrometer 

(Applied Biosystems, USA). 

 10 

The native proteins were analyzed in positive ion 

linear mode with a sinapinic acid matrix (Sigma 

Aldrich, USA) using an internal calibration with a 

mixture of proteins of known molecular weight. 

 15 

The molecular weight measured is 6554.8 Da for 

ASICalgin-1 and 6538.4 for ASICalgin-2. It is in 

perfect agreement with the molecular weights calcul ated 

via the sequence, 6554.58 Da and 6538.58 Da, 

respectively, on the GPMAW protein analysis softwar e. 20 

These results suggest a free carboxylic acid C-term inal 

end. The molecular absorbance calculated at 280 nm is ε 

= 3040 (for ASICalgin-1) and ε = 1760 (for ASICalgin-

2). 

 25 
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Database search for homologues  

 

ASICalgin-1 and ASICalgin-2 do not appear in the 

databases and do not exhibit any total sequence 

identity with other already known peptides or toxin s. 5 

 

The BLAST sequence alignment program shows that 

ASICalgin-1 and ASICalgin-2 nevertheless exhibit 47 % to 

55% sequence identity (63% to 66% sequence homology ) 

with the peptides CM-1b, CM-3 and CM-2a purified fr om 10 

the venoms of various species of cobra snakes (Naja  and 

Ringhals), and also with an α-neurotoxin, OH-26, 

present in the venom of the king cobra Ophiophagus 

hannah. However, these CM and OH-26 neurotoxins are not 

described as acting on ASIC channels nor as exhibit ing 15 

analgesic effects in vivo, but rather as exhibiting 

cytotoxic effects. It therefore appears that, below  55% 

sequence identity with ASICalgin-1 or ASICalgin-2, the 

biological properties exhibited by the peptides of the 

invention are lost. On the other hand, it is known from 20 

the art that isoform and/or orthologous toxins exhi bit 

a preserved activity despite some differences in th eir 

protein sequences resulting in a sequence identity of 

about 70%. It therefore appears that isoform and/or  

orthologous toxins which exhibit a sequence identit y of 25 

at least 56% to 70% with ASICalgin-1 or ASICalgin-2  

will retain the properties of said peptides of the 

invention. 

 

EXAMPLE 2: ANALGESIC EFFECT OF THE ASICALGIN-1 ( π-Dp1) 30 

AND ASICALGIN-2 ( π-Dp2) PEPTIDES IN VIVO AFTER 

INTRATHECAL INJECTION 

 

The pain behavior of mice (C57B16J, 7- to 11-week-o ld 

males) was evaluated after intrathecal (IT) injecti on 35 

of the peptides between the L5 and L6 vertebrae, 

according to the protocol of Hylden and Wilcox [198 0] 

[35]. The effects of an IT injection of 10 µl of 
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solution containing 34 µM of ASICalgin-1 (0.34 nmol ) or 

20 µM of ASICalgin-2 (0.2 nmol) were compared with the 

effects of an IT injection of 10 µl of solution 

containing 3.1 mM of morphine (31 nmol) or of 10 µl  of 

saline solution vehicle (145 mM NaCl, 5 mM KCl, 2 m M 5 

CaCl 2, 10 mM HEPES, pH 7.4, 0.05% bovine serum 

albumin). In certain series of experiments, naxolon e, 

an inhibitor of opioid receptors (especially of µ 

type), was injected subcutaneously at 2 mg/kg in 50  µl 

of 0.9% NaCl, ten minutes before the IT injection o f 10 

the ASICalgin peptide. 

 

Toxicity 

 

The intrathecal injection of the ASICalgin-1 and 15 

ASICalgin-2 peptides induces no modification of 

behavior of motor problem, balance problem, apathy,  

paralysis or convulsion type, nor any deaths, in mi ce. 

 

Acute chemical pain and inflammatory pain 20 

 

The subcutaneous injection of formol (15 µl at 2% i n a 

0.9% NaCl solution) into the arch of the hind paw o f a 

mouse induces pain exhibiting two phases: a phase I  of 

acute chemical pain for 10 minutes and a phase II o f 25 

inflammatory pain for 15 to 45 minutes (figure 2A).  

 

The pain is measured by observing the spontaneous p ain 

behavior of the animal, i.e. by counting the time 

during which the mouse raises the injected paw, lic ks 30 

it, chews at it or shakes it (integrated voluntary 

behavior). 

 

The IT injection of ASICalgin-1 significantly reduc es 

the phase I pain by 40% and the phase II pain by 70 %. 35 

This analgesic effect is similar to that of morphin e 

(figure 2B). 
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The IT injection of ASICalgin-2 produces an effect 

identical to ASICalgin-1. 

 

The pretreatment with naxolone, an opiate receptor 

inhibitor, has no effect on the analgesic effect of  5 

ASICalgin-1, whether it be on either of the two pai n 

phases I and II (figure 2B). 

 

The ASICalgin-1 and ASICalgin-2 peptides are the fi rst 

analgesic peptides extracted from the venom of 10 

Dendroaspis polylepis. 

 

Acute thermal pain 

 

The thermal pain was studied in mice by measuring t he 15 

latency of withdrawal of the tail immersed in water  at 

46°C (reflex movement, the animal is braced), with a 

limiting duration of 30 s. 

 

The ASICalgin-1 peptide induces an analgesic effect  20 

which is as powerful as that of morphine (7 minutes  

after the IT injection), but which is more transien t at 

the concentration used (figure 2C). 

 

The analgesic effect of ASICalgin-1 is not 25 

significantly inhibited by a pretreatment with naxo lone 

(figure 2D). 

 

Inflammatory hyperalgesia 

 30 

The subcutaneous injection of 2% carrageenan into t he 

arch of the hind paw of the mice leads to the devel op-

ment of a tissue inflammation and of hyperalgesia, 

measured by the latency of withdrawal of the hind p aw 

immersed in water at 46°C (integrated voluntary 35 

movement, the animal is braced) with a limiting 

duration of 30 s, two hours after the injection of 

carrageenan (figure 2E, #). 
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The IT injection of ASICalgin-1 leads to rapid 

analgesia, comparable to that of morphine and 

persisting throughout the duration of the experimen t 

(67 minutes, figure 2E). 5 

 

The analgesic effect of ASICalgin-1 is only slightl y 

inhibited by 20% by a pretreatment with naxolone 

(figure 2F). 

 10 

Motor activity 

 

The effects of the ASICalgin-1 peptide on motor 

activity were evaluated by means of the acceleratin g 

rotarod test. The mice were placed on an axle rotat ing 15 

at four rotations per minute (rpm) which undergoes a 

constant acceleration of 5 rpm per minute up to 40 rpm. 

The latency to fall is measured, with a maximum lim it 

of 300 s. 

 20 

The IT injection of the ASICalgin-1 peptide does no t 

induce any significant effect (ANOVA test) on the 

performance levels of the mice with regard to motor  

activity compared with an injection of vehicle 

solution. 25 

 

EXAMPLE 3: ANALGESIC EFFECT OF THE ASICALGIN-1 PEPTIDE 

( π-Dp1) IN VIVO AFTER INTRACEREBROVENTRICULAR INJECTION 

 

The intracerebroventricular (ICV) injection of the 30 

ASICalgin-1 peptide was carried out in the third 

ventricle of the brain of mice (C57B16J, 7- to 11-w eek-

old males) anesthetized with isoflurane (1.5%) usin g 

the following stereotaxic coordinates: -2.4 mm unde r 

the cortical surface, -0.5 mm in the anterior-poste rior 35 

axis and +1.6 mm in the mediolateral axis relative to 

the bregma. The effects of an ICV injection of 5 µl  of 

solution containing 34 µm of ASICalgin-1 (0.34 nmol ) 
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were compared with the effects of 5 µl of saline 

solution vehicle (145 mM NaCl, 5 mM KCl, 2 mM CaCl 2, 

10 mM HEPES, pH 7.4, 0.05% bovine serum albumin). 

naxolone, an inhibitor of opioid receptors (especia lly 

µ-type), was injected subcutaneously at 2 mg/kg in 5 

50 µl of 0.9% NaCl, ten minutes before the ICV 

injection of the ASICalgin-1 peptide. 

 

Toxicity 

 10 

The ICV injection of the ASICalgin-1 peptide induce s no 

modification of behavior of motor problem, balance 

problem, apathy, paralysis or convulsion type, nor any 

deaths in the mice, even after 3 days. 

 15 

Acute thermal pain 

 

The thermal pain was studied in mice by measuring t he 

latency of withdrawal of the tail immersed in water  at 

46°C (reflex movement, the animal is braced) with a  20 

limiting duration of 30 s. 

 

The ICV injection of the ASICalgin-1 peptide induce s a 

powerful analgesic effect which is maintained 

throughout the duration of the experiment (67 min, 25 

figure 3), which effect is not modified by a 

pretreatment with naloxone. The analgesic effect 

persists for several hours before the value of the tail 

withdrawal latency returns to its control value.  

 30 

EXAMPLE 4: ANALGESIC EFFECT OF THE ASICALGIN-1 PEPTIDE 

( π-Dp1) IN VIVO AFTER SUBCUTANEOUS INJECTION 

 

The effect of a subcutaneous (SC) injection of the 

ASICalgin-1 peptide was tested on carrageenan-induc ed 35 

inflammatory hyperalgesia. 
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The SC injection of 2% carrageenan into the arch of  the 

hind paw of the mice (C57B16J, 7- to 11-week-old ma les) 

leads to the development of a tissue inflammation a nd 

of hyperalgesia, measured by the latency of withdra wal 

of the hind paw immersed in water at 46°C (integrat ed 5 

voluntary movement, the animal is braced) with a 

limiting duration of 30 s, two hours after the 

injection of carrageenan. 

 

When the ASICalgin-1 peptide (10 µl of solution 10 

containing 34 µM of ASICalgin-1 (0.34 nmol) in 0.9%  

NaCl, 0.05% bovine serum albumin) is coinjected wit h 

the carrageenan, no thermal inflammatory hyperalges ia 

is observed (figure 4, □). Under these conditions, a 

second SC injection of the ASICalgin-1 peptide two 15 

hours later produces no additional significant effe ct 

(figure 4, □). 

 

If the ASICalgin-1 peptide was not coinjected with the 

carrageenan, the SC injection of said peptide when the 20 

inflammation is already established, two hours afte r 

the injection of carrageenan alone, reverses the 

inflammatory hyperalgesia and furthermore produces 

significant analgesia compared with the control 

condition, before the injection of carrageenan (fig ure 25 

4, ■ and #). 

 

EXAMPLE 5: ACTIVITY OF THE ASICALGIN-1 ( π-Dp1)  AND 

ASICALGIN-2 ( π-Dp2) PEPTIDES ON THE ASIC CURRENTS 

 30 

The ASICalgin-1 and ASICalgin-2 peptides inhibit th e 

currents generated by the ASIC channels heterologou sly 

expressed in the COS cell line and recorded using t he 

patch-clamp technique in “whole cell” configuration  

(“applied potential” mode). 35 

 

The peptides are applied at pH 7.4, 30 seconds befo re 

the extracellular pH drop from 7.4 to 6 or 5.5. 
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The ASICalgin-1 and ASICalgin-2 peptides have the s ame 

effect, and inhibit the current generated by the ra t 

homomeric ASIC1a channels with a concentration that  

produces 50% inhibition (IC 50) of 49 nM (figure 5A), and 5 

the current generated by the human homomeric ASIC1a  

channels with an IC 50 of 127 nM (figure 5B). The current 

generated by the rat homomeric ASIC1b channels is 

inhibited with an IC 50 of 650 nM (figure 5C), the rat 

and human heteromeric ASIC1a+ASIC2a channels with a n 10 

IC 50 of 308 nM (figure 5E), and the rat heteromeric 

ASIC1a+ASIC1b channels with an IC 50 of 223 nM (figure 

5D) (the ASIC1b channel was not described in humans ). 

 

The ASICalgin-1 and ASICalgin-2 peptides do not inh ibit 15 

the rat and human homomeric ASIC2a and ASIC3 channe ls, 

nor the rat heteromeric ASIC1a+ASIC3 and ASIC1b+ASI C3 

channels. 

 

The effects of the ASICalgin-1 and ASICalgin-2 pept ides 20 

are reversible once the application of the peptides  is 

stopped (figure 5). 

 

The ASICalgin-1 and ASICalgin-2 peptides are the on ly 

peptides described today that are capable of inhibi ting 25 

the homomeric ASIC1b channels and the heteromeric 

ASIC1a+ASIC1b and ASIC1a+ASIC2a channels. 

 

On the other hand, the ASICalgin-1 peptide (2 µM) d oes 

not inhibit the current produced by rat TRPV1 chann els 30 

activated with capsaicin (1 µM), which are channels  

also involved in the transduction of pain by sensor y 

nerve endings. 

 

Without being limited to this explanation, the 35 

analgesic effects of the ASICalgin-1 and ASICalgin- 2 

peptides appear to involve the inhibition of the 

homomeric ASIC1a channels and heteromeric ASIC1a+AS IC2a 
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channels in central nervous system neurons (IT and ICV 

injections), and the inhibition of the homomeric AS IC1a 

and ASIC1b channels and heteromeric ASIC1a+ASIC1b 

channels in sensory neurons (subcutaneous injection , IT 

injection with the proviso that homomeric ASIC1a an d 5 

ASIC1b and heteromeric ASIC1a+ASIC1b are present in  the 

central endings of the sensory neurons at the level  of 

the dorsal horn of the spinal cord). 

 

EXAMPLE 6: ACTIVITY OF THE ASICALGIN-1 ( π-Dp1) AND 10 

ASICALGIN-2 ( π-Dp2) PEPTIDES ON THE NATIVE ASIC 

CURRENTS OF CENTRAL NEURONS AND OF SENSORY NEURONS 

 

The ASICalgin-1 and ASICalgin-2 peptides reversibly  

inhibit the ASIC currents recorded using the patch-15 

clamp technique in “whole cell” configuration (“app lied 

potential” mode) in neurons in primary culture isol ated 

from adult rat spinal ganglia (figure 6A), from mou se 

embryo dorsal spinal cord (figure 6B), and from new born 

mouse (2 days) hippocampus (figure 6C). 20 

 

The partial inhibitory effect of the ASICalgin-1 an d 

ASICalgin-2 peptides on the total ASIC current of 

sensory neurons is explained by the large proportio n of 

current of ASIC3 type (not inhibited by the ASICalg in-1 25 

and ASICalgin-2 peptides) in sensory neurons, where as 

the central (hippocampus and spinal cord) ASIC curr ents 

are composed of a mixture of homomeric ASIC1a and 

heteromeric ASIC1a+ASIC2a currents (both inhibited by 

the ASICalgin-1 and ASICalgin-2 peptides). 30 

 

EXAMPLE 7: ACTIVITY OF THE ASICALGIN-1 ( π-Dp1) AND 

ASICALGIN-2 ( π-Dp2) PEPTIDES ON NEURONS 

 

The ASICalgin-1 and ASICalgin-2 peptides applied to  35 

spinal neurons in culture do not induce any 

modification of the basal current level, nor any 

variations in resting potential (figure 7A) recorde d 
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using the patch-clamp technique in “whole cell” 

configuration. 

 

The application of the ASICalgin-1 and ASICalgin-2 

peptides does not modify the spontaneous synaptic 5 

electrical activity of spinal neurons in culture, n or 

the shape or the threshold of action potentials evo ked 

by an electrical stimulation (“applied current” mod e of 

the patch clamp) (figure 7B). 

 10 

The results show that the ASICalgin-1 and ASICalgin -2 

peptides have no effect on the intrinsic excitabili ty 

properties of neurons, on synaptic function or on 

potential-dependent currents involved in the genera tion 

(Na + channels) or repolarization (K + channels) of action 15 

potentials. 

 

On the other hand, the specific inhibition of ASIC 

channels by the ASICalgin-1 and ASICalgin-2 peptide s 

reduces the excitability of neurons in response to an 20 

acidic pH drop (from 7.4 to 6.0), the depolarizatio n 

produced by the ASIC current then not being suffici ent 

to trigger an action potential (figure 7A). 
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CLAIMS 

 

1. A peptide comprising the amino acid sequence 

 

LKCX4QHGKVVTCHRDMKFCYHNTGMPFRNLKLILQGCSSSCSETENNKCCSTDR5 

CNK (SEQ ID No: 1) 

wherein X 4 represents any amino acid; or a sequence 

exhibiting an identity of at least 56% with the 

sequence SEQ ID No: 1 and retaining the biological 

properties of said peptide comprising the sequence SEQ 10 

ID No: 1. 

 

2. The peptide as claimed in claim 1, wherein said 

peptide is a blocker of at least one ASIC channel 

containing at least one subunit chosen from the gro up 15 

consisting of the ASIC1a and ASIC1b subunits. 

 

3. The peptide as claimed in claim 2, wherein said 

peptide is a blocker of the homomeric ASIC1a channe l, 

homomeric ASIC1b channel, heteromeric ASIC1a+ASIC1b  20 

channel and/or heteromeric ASIC1a+ASIC2a channel. 

 

4. The peptide as claimed in any one of claims 1 to  

3, wherein X 4 represents Y or F in the sequence SEQ ID 

No: 1. 25 

 

5. A polynucleotide comprising a nucleotide sequenc e 

encoding a peptide as defined in any one of claims 1 to 

4. 

 30 

6. The polynucleotide as claimed in claim 5, 

comprising the nucleotide sequence: 

atgaaaactctgctgctgaccttgctggtggtgacaatcgtgtgcctagac ttag

gatactccctgaaatgt 73txx75caacatggtaaagttgtgacttgtcatcgaga

tatgaagttttgctatcataacactggcatgccttttcgaaatctcaagct catc35 

ctacagggatgttcttcttcgtgcagtgaaacagaaaacaataagtgttgc tcaa

cagacagatgcaacaaatag (SEQ ID No: 4); or 

ctgaaatgt 10txx12caacatggtaaagttgtgacttgtcatcgagatatgaagt
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tttgctatcataacactggcatgccttttcgaaatctcaagctcatcctac aggg

atgttcttcttcgtgcagtgaaacagaaaacaataagtgttgctcaacaga caga

tgcaacaaatag (SEQ ID No: 22); 

wherein 73txx 75 and 10txx 12 represent tac, tat, ttt or 

ttc. 5 

 

7. The polynucleotide as claimed in claim 5, wherei n 

said polynucleotide hybridizes under stringent 

conditions with the nucleotide sequence SEQ ID No: 4 or 

SEQ ID No: 22, or a sequence complementary thereto.  10 

 

8. The polynucleotide as claimed in claim 5 or 7, 

wherein said polynucleotide comprises a natural or 

synthetic sequence exhibiting an identity of at lea st 

76% with the sequence SEQ ID No: 4 or the sequence SEQ 15 

ID No: 22. 

 

9. A vector comprising a polynucleotide as defined in 

any one of claims 5 to 8. 

 20 

10. The vector as claimed in claim 9, wherein said 

vector is an expression vector. 

 

11. A host cell comprising one or more peptides as 

defined in any one of claims 1 to 4, polynucleotide s as 25 

defined in any one of claims 5 to 8, or vectors as 

defined in either one of claims 9 and 10. 

 

12. A pharmaceutical composition comprising one or 

more peptides as defined in any one of claims 1 to 4, 30 

polynucleotides as defined in any one of claims 5 t o 8, 

vectors as defined in either one of claims 9 and 10 , or 

host cells as defined in claim 11. 

 

13. A substance chosen from: 35 

 

- a peptide as defined in any one of claims 1 to 4;  



WO 2012/022894 PCT/FR2011/051800 

- 39 - 

- a polynucleotide as defined in any one of claims 5 

to 8; 

- a vector as defined in either one of claims 9 and  

10; or 

- a host cell as defined in claim 11; 5 

- a pharmaceutical composition as claimed in claim 

12; 

for use thereof as a medicament. 

 

14. The substance as claimed in claim 13, wherein s aid 10 

medicament is an analgesic. 

 

15. The substance as claimed in claim 14, wherein t he 

analgesic is intended for the prevention or treatme nt 

of pain or of a pathological condition involving th e 15 

activation of ASIC channels. 

 

16. The substance as claimed in claim 15, wherein t he 

pain and the pathological condition involving the 

activation of ASIC channels are chosen from the gro up 20 

comprising inflammatory, neuropathic, cancer-relate d, 

post-operative, musculoskeletal and visceral pain, 

inflammations, cancers, fibromyalgia and irritable 

bowel syndrome. 

 25 

17. The substance as claimed in claim 13, wherein s aid 

medicament is intended for the prevention or treatm ent 

of a central neurological disease chosen from the g roup 

comprising depression, anxiety, strokes, epilepsy, 

central inflammations and neurodegenerative disease s. 30 

 

18. The substance as claimed in any one of claims 1 3 

to 17, wherein said medicament is administered 

centrally, subcutaneously, transcutaneously, 

systemically, orally or via the respiratory route. 35 

 

19. A substance chosen from: 
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- a peptide as defined in any one of claims 1 to 4;  

- a polynucleotide as defined in any one of claims 5 

to 8; 

- a vector as defined in either one of claims 9 and  

10; or 5 

- a host cell as defined in claim 11; 

- a pharmaceutical composition as claimed in claim 

12; 

for use thereof as a diagnostic tool. 

 10 

20. A method for identifying a compound which mimic s 

the analgesic activity of a peptide as defined in a ny 

one of claims 1 to 4, comprising the following step s: 

 

a. determining the analgesic activity of a peptide as 15 

defined in any one of claims 1 to 4; 

b. determining the analgesic activity of a candidat e 

compound; 

c. comparing the analgesic activities obtained in 

steps a. and b.; 20 

d. selecting the candidate compound which has an 

analgesic activity equivalent to or greater than 

that of said peptide. 

 

21. A method for identifying a compound which mimic s 25 

the analgesic activity of a peptide as defined in a ny 

one of claims 1 to 4, comprising the following step s: 

 

a) bringing a peptide as defined in any one of clai ms 

1 to 4 into contact with a sample, and measuring 30 

the binding of said peptide with said sample; 

b) adding a candidate compound, and evaluating the 

effect of said compound on the binding of said 

peptide with said sample; 

c) selecting the candidate compound capable of 35 

modulating the binding of said peptide with said 

sample. 


