Rolul canalului de sodiu Na 1.8 in
detectia frigului intens la mamifere
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Traducerea senzoriala

-raspunsul specific al neuronilor senzitivi la
stimuli nocivi (mecanici sau termici)

-nociceptorii §i termoreceptorii au terminatii
mici si inaccesibile (de tip C sau AJ)...

Spinal cord

[ A& (lightly myelinated)

Peptidergic C-fibre
{unmyelinated)

Mon-peptidergic C-fibre
(unmyelinated)

AP (thickly myelinated)



Solutie partiala: folosirea somei ca model al terminatiei

Invivo....

Soma neuronilor sintetizeaza canale....
i

...care sunt
transportate de-a
lungul axonului

Kandel et al. “Principles of Neural Science” 3rd ed. (1991)



Solutie partiala: folosirea somei ca model al terminatiei

In culturd. ...

Soma neuronilor sintetizeaza canale....

&

Nu exista axon, astfel incat ele apar in
membrana somei

Aspecte utile: Probleme:

© Soma este accesibila, deci: @ Amestec de canale din soma,

.. . axon si terminatii
© Se poate folosi imagistica de ’ ;

Ca’* ® Modificarea fenotipului celular

: in cultura
© Se pot aplica toate

configuratiile de patch-clamp



Traducere si Conductie in Nociceptori si Termoreceptori
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Nociceptorii exprima diferite subunitati o ale canalelor de
sodiu dependente de voltaj

TTXIC,,

—————[Nay1.1] <10nM
Nay1.2] <10nm
Mayld| <10nMm
May1.7] <10nm
MNayld4 <10nm
Mayl 6| <10nm

Mayls| ~1-2puM
May1.B| ~60um

MNayl 8] ~40um
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Canalele de sodiu si durerea

Na, 1.7 — mutatii tip “gain of function” — primary
erythermalgia, paroxismal extreme pain disorder



Cerol are Na 1.8?

-fenotipul animalelor Na, 1.8 -/- a fost dezamagitor

“small deficits in noxious thermoreception”
(Akopian et al., 1999, Nat Neurosci 2(6):541)



Tehnica ‘“‘skin-nerve”’

_ ““Reeh 1986




Observatia “accidentala” care a initiat acest studiu



C C57BL/6, CM-fiber, 0.4 m/s, 11.4 mN
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Zimmermann et al., Nature, 2007



Absenta Na, 1.8 la nivelul somei



voltage, mV

stim., pA

Neuronii din ganglionii spinali nu pot f1 excitati la
temperaturi scazute decat in prezenta canalului Na, 1.8

80 WT 80 Na,1.8-/-
w0 ] 30°C w0 ] 30°C
0 0
40 -40
80 | e - € g
- NPV N q;
-T]
8
80 _ S 80 _
10°C > 10°C
40 40 )
0 0 1 WT Navl.s
40, 0 - .m‘t 2 | 1
[« 3
%0 -80 ] g 300
< ' 3 o
600 o S 600 ; 200- =
o ‘c
—E— g : 100.- :
n o ] °
=
0 0 -IE 0.

30°C 10°C  30°C 10°C

Zimmermann et al., Nature, 2007



Scaderea temperaturii are efecte diferite asupra curentilor de

sodiu sensibili si insensibili la TTX

TTXs - DRG TTXr - DRG

30°C =
‘:\! ll“l‘
N 1 nA (it
‘ | 1 nA

10 ms
\ 10 ms
10°C
1 nA 1 nA
10 ms 10 ms
+20 mV
P Zimmermann et al., Nature, 2007
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Inactivarea lenta a canalelor TTXr (Na,1.8)
este rezistenta la racire (spre deosebire de cea
a canalelor TTXs)

Slow inactivation

Fraction of Current
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Inactivarea lenta a canalelor Na 1.8 (dar nu
si Na 1.7) in celule HEK293 transfectate
este rezistenta la racire

Fraction of Current
Fraction of Current
(«)}
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Absenta Nav1.8 la nivelul terminatiilor nervoase



Nociceptorii sensibili la frig si mentol au un raspuns
masiv diminuat la frig dureros in absenta canalului Na 1.8
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Spikes /s
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Nociceptorii au un raspuns diminuat la stimulare
mecanica la scaderea temperaturii, care

aproape dispare la Nay1.8 -/-

Constant Pressure (3x von FreyT) 22 - Constant Pressure (3x von FreyT)
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Zimmermann et al., Nature, 2007



Absenta Na, 1.8 la nivelul organismului



Painless freezing Na, 1.8 knockout
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Zimmermann et al., Nature, 2007



Terminatiile nervoase ale nociceptorilor exprima canale implicate In
traducerea frigului (TRPMS)
dar si generatoare de potentiale de actiune sensibile si insensibile la TTX




A 803467 este un blocant selectiv al canalului Na 1.8
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Jarvis et al., Proc. Natl. Acad. Sci. USA, 2007



Fain model EDsp Effect. %0

e A803467 este un analgezic
Hat acute therm »100 00 eficace intr-un model animal de

leflammatory pain alodinie la frig In urma lezarii
Formaln-finching =100 9 +11 ° ° ° ° ° '
Capsaicin, mech allodymia 100 454 4° nervului prin constrictie cronica
CARFE, therm. hyvperalgesia 100 544 10"

_FA, therm. hyperalgesia Day 2 41 64 + 8"
CFA, therm hyperalgesia Davy <t 38 71 1+ 10™
ZFA, mech. allodynia Day 2 =100 244 15"
ZFA, mech. allodsynia Day 4 =100 424 15"

MNewropathic pain

SHL., mech. allodynia 47 qo+12"

CCL mech allodynia 85 sg+ 10"

CCL cold allodynia 70 g1x11" < 2T, cold allodsmia o &1+ 11"
Winecristine, mech. allodynia =100 a5

Postoperabive pain
Skin mcision at 2 h =100 14 £ 2
Skin incision at 24 h =100 z2 4 g™

Wisceral pain

Idecuse writhing assaw (s.c.) =100 =4 4 5"

Cyclophospharmide, cwstitis =100 010

Colonic distension (IIETY 100 254 5™
Idotor eﬁects+

Locomotor activity =300 1212

F.otored performance =300 o=xn0

Edgze balance =300 0=x=n0

Percent analgesic effect assessed at 100 mgilkg, 1.4 Jarvis et al., Proc. Natl. Acad. Sci. USA, 2007
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