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WiE QI TAYFHRBEMEETREARN RS, RGN T E
W FHFB,CB) TN T ERERMAT SR, ERETHEBEAMNT FEY

SHLHA T EMBWAN T8, A4 A T B 7E 2 B K P A a7 AR e T It R T//

S AFNERR, BRI ERBITRRARM, R BN RIARE—ENE.

1.8 B FF % (Ex vivo Gene Therapy)

BT B WARE AT B, R R RERBIT BT AN AR —MEET A
R ABER ., ERENBITFSBHEBRMEAAN TS HEAREFSENE
DA 0 R e A R R R R R T Bk

1.1 HLH#

EFEFHABHEDHGEENAL . UE - BREAR.ZRAFLBRE Yy EETR
(GABA) Y EVERT Bk an p— pamERK IKHERK GRMEERK A R MR H R KA EE R 7
QU YR T 25 3R R T (BDNF) %5, 2007 35 2 0 (R AN 35 1 S Se 4R vk B A AR P, X 8
(U T4 EHBEAREPRHLREERREL B . ERZHUFEEG D T,
PR ELEER T BERESESE T, AR R MIURE O WXL, BERA R BUR
ML B RBRRUR, B AT 2B AHRMBIER, BRI R EZMBERARNZE
A0 RS AR RN B DR R A AR A

1.2 BRI

HYLHAIERFR LR, BRMBRBHESARBEE TIUER R EMA, TR
1 EA R R, AR . 1986 4F  Sagen K4 T IR EH RS
HE K Bk B F i B o B AR A AR T 40 5— TH A0 2 B b IR 2 LA S i Mk ik 56 B0
) I R VE YL VE R 51993 4 Winnie 28006 it 57 R 7 A F I IR, iR A L AR 8 4% 40 i A
AT RBEANSERMETE, #70%~80% WANKREIHEEM®E, B/
f55 1 R 2 . AR B T E PR BB A A B ST

1.3 RETHRAKBMH

i1 T W 4% 40 A ke UR A PR BRI B 2R eF 1) 4 Xk DA 3K B0 B A0 B ok B A B B LA R
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SO ANER S R TR BRIz M. R, BEE Y T A M N TR
AHH B2 58 3 5 1k DN 20 R 78 AR B s A1 SR U % A0 I R R T I R TR R 0 T
o RBAIERA B A F R SRR B ORI T 59 40 i bRl i R Sh T A6 9T IR i g ]
VA ik A 05 DR 4 240 Y -PERF X 2647 A 3 7 B DR A 40 T AR (PR A 28 T 72 40 i k) BB A
AW A BRI (R D,

F 1 HMTEBGTIHEBEK

YA By YL/ 53 W5 6 I 5% ik
At KR K BRI I IR R Sagen et al, 1986
wem KR K R A HamaSZiZ“S;ZiZ,w%

Camm AR AL Y A Sagen et al, 1993

T S KR L IR Sagen et al, 1092
RS KB R EE AR a8 Siegan and Sagen , 1997
2 KB KB b AR BE R Brewer and Yezierski, 1998
2T N 7K A= Ak W 5% 4 Y Eaton et al,1999

fi g A T AL 4 T 5% 40 A Buchser et al, 1996

i o A INCENS A Bes et al, 1998
AtT—20/hENK cells

Atk KR B—V\]MF/BK %ﬂﬁi'ﬂimi(/ Wu et al,1994

SR KR Ne””z‘f_f i Suitoh et al, 1005

MR KB~ RN46A—Bl4 4iffs/ 5—HT/BDNF Eaton et al,1997
2 9 xR 33GAD #iji / GABA Eaton et al,1999
P22 9 PN 33GAL #Hf/ HHEAK Eaton et al,1999
R KB P19/ hENK cells / p— PN HEfK Ishii et al, 2000
A KB 33BDNF 4iffi/ BDNF Cejas et al,2000
RS N KA/ F2 7K HE AL S % 4H I Eaton et al,2002
RPER KR B4R 4L / hENK cells / B B Bk Duplan et al, 2004
W25 KB IAST/GAL/ HPkk Tian YK et al,2005
=Y KE IAST/hPPE/ fiMEjk Tian YK et al,2005

1.4 HFAERE

£ SR A 40 0 R LA 43 000 4% e 0 K AR oY R A 2 0 L BN T AR Y RS R o B
KX RO B AR & A T BREG , 0 O HLAA XS B 48 40 B9 5 58 HE 7 IR Dz s © 8 4 40 B 3L
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PR QB ENREN AR EN OrZHAMM PR T OFFRERIREE
W ©F EE & T ARBIESFRE,

2.HBBEE AT X (In vivo Gene Therapy)

B IERR G EE S ARAN R 5B E VRN EEY 5, LUGEE 5% 1 T HU R
WA AT R, R BNRIT BB . xR FEEAR W AIRIT 5 m, B L 8 P 5 B 5K 38 Cup
~-regulation antinociception) I F i 2§ 2 [H 8 % i (knockdown nociception) , H i % H
WEFE H 43 8 2, 0] BB LR 2R R BR T B B TR Y Tk

2.1 LR Pim A EERE

RIS S BRW — e b L 5 AR B 2 B 832 (88 (X 458 S0 U 5L DR 4 A 34K
JEEH, M ERSF. SAMESYHM,. EHIRERNRE. —BRARTIREAMNZE K
RS BE5 A 0P 22 4l R B N B 2 MAT T RIR T #E A

2. 1.1 #HAxmix#E

H A VR 2 G T 09 Bk 2 A 00 5 8 FUR 3 UK, BT & AL 45 8 DNA R Bk .
ERYURSFREEE, ERBEREAEGUTREAOZ LS, AR ORI BEHE
WO KBEHGE:OLREEME; ®X DNA E4H, HIERERELEEASARZLNOS
ABEM QR B K FEAEE; QLR EAK O S B ER. b THFAWERE
(1) B A R AR R R IR IT R R T A BRI I R R B R E N R W T 5.
g5 1 AR R TR T B A ZEH DNA RNA 5% 7% . 5 H 8 LLR %6 8 (Adenovirus) | R #H
Je 9% # (Adeno— associated virus) . i¥ §% %% 5 (Retrovirus) Fl B8 46 %1 2 f5 # (Herpes sim-
plex virus) ¥ 2 , LI E T R EHWRBRER EERELE 2,

x2 FHRSHEANIESH

AR ERE fm 7 FRAH S5 W R B G0 A 955 o
i B 4 M 4E DNA #gE DNA B4k RNA EE DNA
B R Kb 30—36kb 4.7—6kb 8—11kb 152kb
1l A SMIREE R K/ <7.5kb <4.7kb <5kb <35kb
| JE A YR 2O 4 pe 2 & v
¥ B H R K i & % BT
SMR A S %% (days— weeks) KA (month) KA (month—years) %% (days—weeks)
2.1.2 N H

TR R R R RR TR PR AR R 3.
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3 LFANBERARIESEEBNGT

SR SN BARA A PEIR Y EED TN
B—endorphin T o 3c3 ] Finegold et al,1999
POMC HEE RYETM Lu et al,2002
POMC MR R W2 Lin et al ,2002

Interleukin—2 B ITURL Y Yao et al, 2002
Interleukin—10 Wi 45 P 9 Milligan et al, 2002
BDNF JiR%FH K 3 B GEZY Eaton et al, 2002
NT—3 JoFE 5% 5 7 Ry Chattopadhyay et al,2002
pEnkA BB AR 9 B W Hao et al, 2003
MOR B A 26 %% B KU Xu etal ,2003
 NGF W 5 MZ%  Chattopadhyay et al»2003
POMC 2L PR Wu et al ,2004
GDNF JB%KE K 0 G EZ3 Hao et al, 2004
hPPE J AE 265 B Y Tian YK,et al,2005

#:POMC=M 4 LA R #/&; pEnkA=pi=ktk/R A; BDNF=FRBEH 2 EHETF;

GDNF=R /R REH 2 ERBF;MOR=p—F } £4k; NT—3=#2 %% B F—3; NGF=
et kRF

2.2 PHEEURER B RIX

PR ZRAENNERBUR S FHREFFTUAPERNER. BRTEREBT $
WP R A R BB B R (antisense oligonucleotides, ASO) fil RNA F#H & A
(RNA interference, RNAI),

2.2.1 RXFBEHEREAR

RXERERBARK SRERF I M /N FEZFR DNAY 18—20 M
) AN, 5 mRNA 455,813 OBMREE H (%% (RNase H degradation) ; @ ¥ &%
7 (translational blockade) F1Q) By ¥ #k (splicing arrest) . J& PiRP AL &8 3 SRR 0 2 6] )
#il (steric inhibition) ,

M XBEBRTREARRAEOSERENAYIGTHE,ASO RARENFRE:OmMA%E
BB THRITHERUENIES. QRS S5HEERAMLL, ASO 8N4 [ LIAZ
5 I8 TR 40 R B PR ] T 2% 50 SR B 2 F BB SE T DASO RAR/NDHRERME O ST 4 %
EHEENFREES;OMETRABBER QASOARLSBEER EMMEREY DNA
HOHBR T RBERATRATEENE. BR ASOMHIE DNAWHFEELFA$, HE2

— 4



2005 4 P AR PR oA o 4 [H BRI 2 K AR 2 R R U

ASO s A p SR ERES L, SEREFELFEOSEEREREKEN
WM QF EEB RN FERM 52 5 OASO 454 N HAx mRNAs R 1R 2%
OARBER BN AR QF RN (B AEREG EOMEHSEAE B R . ZH8E
PR AL 1 M B2 70 A B R MA BT 5 i /N AR U 20 iE S B0OR BE A A TR RE S AR E R T S )

2.2.2 RNA Fi#tHEAR

RVMEﬁE¢ik@@%m&im%W#&u%Rmummm%A%mmwm
it T EBEEMMNTIER RNA EFURE &% (RISC) , # T # RISC & i 5 2 Bic X
B mRNA B RA LR B siRNA3 I 12 MR A AL B E 1% mRNA, /v 5[5 I
J¥%5| mRNA BRe SR, AT F BRI L . B RNAI TR EERE L EH
F K B LA R e R e B U (PTGS)

RNAI BEAUTEBERE:- OSSR ORMME;OKERRM; Ok HE;©
ATP R#iTE. BT RNA THREARRGERIEM B RS EEXHASCR B AR SR L.
il Z 0 R PRIT R M EE T H ., 2004 4 Dornt™) fl 2005 4 Tan™ %5 f] f RNAI £
Ao e X SRR T B R P2X,; ERPS 3Z{AF NMDA 324k 2B WHEAE TR R 3
P52 B B S . 4R IESE RNAI e ASO B4 7% /6 B A 3.

4 RNA FHERMAFAA - EM, MmO - LR HNK AR BFERA I RNA T
P BE 17 s @dsRNA Fr 31 g ¥ A 6] 7] fe 2 BN [F A9 39 1 3R, 3 B R BB AE S B F 7 51
W OEMWMI Y HiER RNA THRLHUE 21 PS4 B siRNA, T H M BORA
WMEREEY T ; ORNA FIRMBRE FEREIWELZAMBHRBEAS; OFRERE K
VL M 5 B 45 B fft LA % 40 B B8 B R A %%

2.2.3 M

HAE ASO ft RNAI AR TEAERMAMREAL , MLLETE 4,

§4M%OWRNME%F§E:F¢MEm

ASO/RNAI BrEH KRAER iy References
ASO c—fos KRR KK Hou et al,1997
ASO WAL 1 Zik P33 KK Hua et al ,1998

NMDA ik
S & G t al, 2000
ASO NR1,NR2C.NR2D 3 BtER AR, aty e
ASO HAEEFREF—3 i KR White DM, 2000
RYEFR Honore ,et al,2002
, BER
ASO PZX, BRIZHE 25 R Barclay et al,2002
ASO ] KB AN GURPE 4 E Navl. 8 WEm N Lai et al,2002
KRR Fundytus et al2002
. . =
ASO REDEEMZH A AR Sharif et al, 2002
ASO B— Arrestin b 23] KE Przewlocka et al, 2002
ASO E B Cy 2 PN} Luo AL, et al,2005
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RNAI P2X, Es 2 (K M2Em K Dorn G et al, 2004
RNA1 NMDA 2 & R ] KK Tan PH et al,2005
NR2B Wi
) Christoph T
RNAi FEZE—1 P 22 5% N

et al, unpublished data

3. E51E

T P P8 B9 5 DRGSR JUAFR 42 BORE &, BRAE M AL T S5 0 s B ST B B a0 T o ke 47
F 1) O DR R 1o T i Sk DA 2 S 25— B 9 4R 1Y 6 o) B (EL B A VD E 20 T
A K- | o 22 398 R B 12 30 3 5 22 1 AT PO R AE WL B R BT IR AL T AR 3 7
AN RERIEI 16 TT B 3 A A UMl B 1 PR 3R L T M LR BRI I TR T
P4 AT

4 A Y- TEPe B i fe Sh 1 A
£ # £ & FCAMU

Eklﬁ&%ﬁ@ﬁﬁﬁ%ﬁi%ﬁ%%ﬁﬁﬁﬁ%ﬁ%%%ﬁ¥ﬂ%WMﬁ%ﬁ%
TR S0 ARG T A AR HEIE . 5 — 7 T I K L 0P A T U TR R
JH LA O B 7 5 0 4 PR SR Z5 P . T O M 428 1 0 R 5 1 At R A
I RS #3900 B 1 T WU 2 D 0 B 07 DR 49 36 7 26 £ 68 JF o A 22 50 6 0
IS LA 0 ) S AP S8 A DL AR 40 T S RN Bk . AN AL R 8
Yo 1 2 TAY TR ML 7 2 R IR 5 M 9 . 6 S LR 10 B 05 PR 34 97 Bl 9 4
CHEAR DS 11 B A e 200608 0 W 5 A K 3

S AE SR PN — BLROUL N — P W 2 TR, A0 B R B 2 0 2490 X 2 PR
SRARAF o SR AL 7 26 7 B A A i, FEL WA P 0 A A O 9 22 (R AR M A2 AR AT . B3 o
/R A LIRS A UK 19 £ AR 222 36 AR RE W61 48 86 COX —2 YRk, R R WAk 50 I 6
B 759 PG £ A0S0 0 SRR BB ot R 40 M B A 4552 R £ AR
ft St ol BRI T 4 00 66, X T I RIS AT TR 98 9 8 50, S 8 R 51 T ok i %
FAIRH

1L—18 A TNFa /238 J7 9 JebE GIBE T, £ 518 463 40 SR - 0 5 349 T B Al
RS A I AR U X SRR AT 4 R, O B MR 5. RGO
M1 T~ 1B 08 B BT LG B 2o (L2 ARG L o 1 1L — 18 K56 6 B0 8 MO B0 56
SO i U R TR R A 0 1L — 18 5 S5 0 Bt ORUBR B 5 36 0t B . TR AT
A A e 1L — 1 AE AR A A% 5 o 0 Tl JR NG K B 55 1 7 0 B R . Ay TL—
1p X F B A BRI IR E2 B H0 B0 W (2 BROE T2 » COX— 2 WL ING 7 15 4
%&w%&%%%%%*m%%%j\
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(Cocaine)

Molecular Pharmacology of Sodium
Channels and Local Anesthetics

Prof. Jhi-Joung Wang, MD, PhD
Chi-Mei Medical Center, Tainan, Taiwan

Cocaine
1860 Purification and naming by Niemann (Germany)
1884 First clinical use, topical, by Koller (Germany)
First clinical use, nerve block, by Halsted (USA)

Mepivacaine
1956 Synthesis by Ekenstam and Egner
1957 Clinical introduction (Dhunér)
Bupivacaine

P:‘;O“:‘“Se i e | 1957 Synthesis by Ekenstam
ynthesis by orm (Germany L | Wi Teli
1905 Clinical introduction by Braun (Germany) EI::3 Cliicalimipoduction by Widman sad Telivoo
Amethocaine (Pontocaine, Tetracaine) 1971 Sy: thesis by T

1928 Synthesis by Eisleb e ;

1932 Clinical introduction Rl 9712 (cI:i:cal Ao g L
Lignocaine (Lidocaine) e

1957 Synthesis by Ekenstam

1943 Synthesis by LOfgren and Lundqvist 1997 Clinical introduction

1947 Clinical introduction (Gordh)

. . . Aromtic group Intermedi hain Amine group
Chemical Structures of Local Anesthetics Amides | (ipophilicy | mermedatee (hydrophilic)
Aromatic Group  Intermediate Bond  Tertiary Amine Lidocaine ch ti _Nf«ﬁ‘s
B bdoy o
. o Prilocain CHy O CHy
Lidocaine f — ¢ (oS _m,_l!_i_ —
—NH—C—CH,——N, L \ad
— Mepivacaine o —nn—i— _(NE
CHy Hy
Ropivacaine & 2 0
. & |l i
i —u—o—- — -—N/_ ivacai £ —fj
Procaine MO— CH—CHy \__ Bupivacaine q; _mj_ E‘H_
CHy
Etidocaine q; _m_i_rj_m —0{”
Ll A
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= Aromatic group Amine group
Edocs (lipophilic) Intea o chain (hydrophilic)
Cocaine E

= R
Procaine

2-Chloroprocaine

5186 &0
"

. Dorsal Root

, Ganglion

' Senscry Neuron(Unipoisr) z
N . @ Serecey Recepior

e [ e (Mube)

et riouron
W tipotan |

B Eneus cd Vessal

\
ey

Ay

c Scrwann Ced Cyopasm

Nacus

! Node of Ranyee

and ity Group of
Non-Myclinated Axons

Intageal Protain

lhd

Festaanghcns Adorom ¢ Newon
1l p
2 . . | syroanate
\ - /| Ganghon
rt
Tetracaine _1_0_“‘._‘:",_ P Vidtpoayy  TMONORNE Adionceni Newrn N
Newro s {
CHy | o ||
Beuzocaue i
—0—CyHy _—
Myala Aven Neurotrarsmifter Neurctransmitter
m&f' ER

Cxiraceliular sgnal O POMONE  Nyiuy mpuise O hrmone

Extraceilslar

) ' »
.-
' e 210k 0 Ba0ogars
pET D Pal et A0
O
neoteine
ATP & PO
L \ » .
Prakein hinanen = | « Prowenst
Py phosphatases
ADP -
' Phosproprcteins

RESPONSE

Physiology of
Nerve
Conduction Ea (wv)

* Na-K ATPase pumps
* Nernst equation

En =~ Ei= (-RT/F) In ([K+ |1 /] K+ Jo)

—- Ex=-867mV
= Epg=+80 mV 3 = . e
* Positive feedback of  wazem® '
depolarizing phase ~400( Y%
= Refractory phase -s00}
¢ T lﬂ‘l(m 3
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Actions of Local
Anesthetics
electrophysiology

¢ Tonic inhibition
— Dose dependent
40 mM (1%)
lidocaine >
totally abolished

xStim
Use-dependent ¥
Block g -
In Vitro B
Phasic Inhibition w
§
i
B1 B2
*HaN I v *H3N

* Phasic inhibition
— Use dependent block
— Subclinical dose

— During the onset &
recovery period

Sodium Channel

NHy* NHy’
\Jn P"“WF 1 H
i voh-.nu-u ‘ 1
A ‘ i n
i 0 o
I mi,
o7
(VAR H\/, | !
\ Pors | 4 1
[1-subunit ‘ Q : \// l::‘m'
#1A-subunil / |
13-subunt s ’f‘f“.ml'vl&m”) §2-subunt

(Baker and Wood, Trends Pharmacol Sei 22: 27-31, 2001)

Extracelular  (on Channel

- Lipid Bilayer

Cytoplasmic
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Structure of Na* channels
(a-subunit)

Structure of Na* channels

\ ‘ bottom view
selectivity filter
"DEKA"

P

1Sebute A Ll ) Anacsth ¥9. 52-61, 2002)
(Schole A. L ) Anacsth 8Y; 32-41, 2002)

Table 1. Voltage-gated Na' channcl a-subunits of scnsory ncurones*
Channel  Previous  Gene Chromosome  Pharmacology § concent of R Na
PR symbal b 2-5 times higher than blocking TTX-S ones
Nall Type |  SCNIA 2424 TTX+ A
2
Nall  Typell  SCN2A 2q23-24 TIXs Jo %) g
Natd  Typelll  SCN3A 2q24 TTX5 i Yii ™
V4] W e Wi 18
Nald  SkM SCN4A 1792328 TTX- { “
—

5 e 208 3 »
Nu 1.5 Cardine  SCNSA 3q21 TrX-r w1t et et 10’ imeny
Nalé  NaCh6  SCNSA 12q13 TTX-5 8 € bdocaine
Na L7 PNI SCNIA 2424 TIXs 1 -

P
Nal#  SNS/PN3  SCNI0A 3q2124 TXer 3
1 e 1o o
Nal9  NaN SCNLIA 3q21-24 TTX-r j o
Na, NaG SCNGASCNTA  2q21-23 ? s
*Abbreviationy: DRG, dorval root ganglia; KO, TTX-4, 0ot et 10t 10" e
TTXor, tetrodotoxin-resisant R
(Dhadar and Womnl, Tremde Pharmmcot Ses 22 2731, 2001) ichods o al, ) Newopdirsel ™ 17461254 I8

Subtypes of VGSC Subtypes of VGSC
Tissue Jocal, L Putauve l p P
P ¢ Tomue Jocal Putative ) rate
e
Na, 1.4 Skelotal muscle Fast Skeletal muscle contractlity
P, L) Prodomnantly w the CNS;  Last 1rasn type sodium chanoel; primary
akso found 1 DRG and alferent and motor newron eonductivity,
WOLE DeLrons mutations segregate with generalszed
cpilepey with febrile sctzures in humans Na, 1.5 Heart; embryonic DRO Slow Candiac function
Na L6 DRG und motor newons,  Fast Mutation in mice results 1 phenotype
Na, 12 Prodominuntly in the CNS  Fust Braun type sodium channel, null mutation also found in CNS that extubits multipic neurological and
s lethal newromuscular dysfunction
Ne 1.3 Lanbryonic nervous Fast Lrain type sodium channel,
wystens, adult ONS, may contnbule W ectopse discharge n
Injasd DRO wiosiiaed peciphonlen Na, 1.7 Reedominanty i DRG;,  Fast Peripberl vodium chanoe] sublype
also fourd in CNS
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Subtypes of VGSC

Nomenclature T Joculization Inuctuvabion T'utative functon/null phenotvpe

rale

Na |

N 1.9

X DROHU%S sisall dianeser,  Slow

2% larpe dlamectes |

Contributes o scton potential
cloctrogenesss but 1ol to setig
nocioeptive sensory thresholds (modenate
hypoalgesin i null mutant may be due to
Na, | 7 upregulsteon t, rodistributon
aloay intsct axons uiler

DRGE small dameter ) Slow May modulate resung potential of DRG
ks Lol W anmd respone 10 subtimesbold stunuli
[ ——

TTX Resistance Na Channel

Na, 1.8 v.s. neuropathic pain

* Na, 1.8 null mutant mice
- Moderate hypoalgesia to noxious thermal & mechanical stimuli
« L5/L6 spinal nerve, sciatic nerve ligation injury

~ Down-regulated Na, 1.8 channel protein in injured L5 DRG cell
boaies, normal expression in L4 DRG cell budies

- Upregulation in sciatic nerve 2 days after injury
» Antisense oligonucleotides
— ‘Knock-down' of Na, 1.8 channel protein
— Effectively reverses neuropathic pain in rat model

— Unique coding sequence -» do not alter the expression of Na,
1.6, Na,1.7

tetrodotoxin I IHES
saxitoxin IR HUES
J-conotoxin

- gl

d-conotoxin

d- Tl

a-scorpion toxins a-#y il A
B8 1~ ity 4

i di A I

B-scorpion toxins

sea anemone || toxin

goniopara coral toxin rei £ LA o A
DDT Feath|
N-alkylamides Zeakh |
pyrethroids Audiho
dihydropyrazoles Faatt

batrachotoxin [ 1EHES
aconitine Lo
grayanotoxin QINAS i #:

The guarded receptor hypothesis

receptor is protected in the pore

drug molecules have to pass through the lipid membrane
channel noeds to be open before It can be blocked
charged form acts on the receptor

e

(Mo & 1. HANDDOOK, ol LOCAL ANESTHITICS 4% FI% 1997)

Neurotoxin and Insecticide Binding Sites
on the Voltage-Gated Sodium Channels

site  neurotoxin physiological effect

1 tetrodotoxin(TTX, 2)  inhibition of transport
saxitoxin(STX, 3)
H-CONOTOXIN

2 batrachotoxin(BTX, 4) persistent activation
veratridine(6)
aconitine(8)
grayanotoxin(7)
N-alkylamides
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Neurotoxin and Insecticide Binding Sites on Neurotoxin and Insecticide Binding Sites on
the Voltage-Gated Sodium Channels the Voltage-Gated Sodium Channels
site  neurotoxin physiological effect
= = = > 6 d-conotoxins(d-TxVIA) inhibition of activation
site neurotoxin physiological effect
¢ SeOpimis (nkiton of anvadon 7 DDTandanalogues inhibition of activation
sea( Aam'rx ﬁn)c Il toxin ;numvaﬁm t of persistent pyrethroids shifting of voitage dependence
d-atracotoxins slow sodium current 8 goniopora coral toxin inhibition of activation
inactivation conus stratius toxin
4 B-scorpion toxins shifting of voltage o il s b
5 brevewxins(9) repetitive firing anticonvulsants inhibition of ion transport
ciguatoxins(10) shifting of ;zlwge dihpiropyraziles
. . 2+
Actions of Local Anesthetics Voltage-dependent Ca2* channel
other targets

* Calcium channels
- Synaptic transmission, muscle contraction (E-C coupling)

1. Structure : (Kandel et al., 2000)

- L-type > N-, T-type Ca’'channel
- Potency
« dibucaine > > bup >> pi = |
= ICy 5-15X of Na channel
~ Interactions
+ Ca channel agonist ion & potency of bupi
* Nifedipine, nicardipine i d effects of bup
. § 3
Voltage-dependent Ca** channel Actions of Local Anesthetics
2. Currents Types : other ta;gets
high-voltage-activated Ca2+ currents (L-, N-, Q- and P-types) * Potassium channels
low-voltage-activated Ca2+ current (T-type) - Voltage-gated
+ 4-8X lower for bupivacaine, 10-80X lower for lidocaine
3. Location (human peripheral nerves) : (Quasthoff et al., 1995) « Broadening of the action potential
central ends of the fibres in the dorsal horn
some in () ores o <L SR
4. Function : ' — ATP-sensitive K channel, heart muscle cell
synaptic transmission and muscle cells — Ca-activated large conductance K channel (BK,) activated

at 20-80 mM ethanol
+ Reduce action potential duration, firing rate
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Voltage-dependent K* channel

{haodal <f al., PRINCIPLES OF NEURAL SCIENCE ppl 19, 2000)

NH

A Different classes of K channels

15T S R o

COOH NH3-

COOH MNH, '

2. G-protein-coupled receptors

Local anesthetics

1. Ion channels

1) TTX-S Na’ channel

2) TTX-R Na' channel

3) voltage-dependent K* channel

4) voltage-independent K* channel

5) ATP-sensitive K* channel

6) Ca’*-activated large conductance K* cannel

7) G-protein-gated inwardly rectifying K* channels
8) Ca’* channels

1) Thromboxane A2
2) M1 muscarinic
3) M2 muscarinic

A Voltage gated Na and Ca®'channels

T T T

oy

(x4) 1 @
nZiSQ‘Jm

NH, COOH

B. Voltage gated K~ channel

81 Bl

NH2 " COOH

Actions of Local Anesthetics
other targets

+ G-protein & G-protein related channel
~ Recombinant M1 muscarinic receptors

* Expressed in oocytes
. ive &

— G-protein-gated inwardly rectifying K channel
— Buplvacaine mobilizes mracellula Ca ion

+ via inositol trisphosphate (IP3) signaling
cascade in sensory neurons

Inwurdly rectifying K* channe




