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Puerarin inhibits tetrodotoxin-resistant sodium current in 

rat dorsal root ganglion neurons 

jI Hong—Long ，WANG Tian You2(t~)ingNeurosurgical Institute，BeOing 100050，China) 

KEY W ORDS puerarin；sodium channels；tetro- 

dotoxin；spinal gang lia；patch—clamp techniques 

AIM：To test if puerarin(Pue)affects slow sodium 

cllcDent in dorsaI root gang lion (DRG) neuxons． 

METHODS：Tetrodotoxin resistant(TTXr)sodium 

current was recorded with whole eell patch clamp 

technique on DRG neklrons of young  ed ult rats． 

RESULTS： P．e 0．0l 一 2 mmo|·LI1 inhibited 

TTXr sodium current by 9．5 ％ 一 83．2 ％ ． The 

inhibition was concentration—depo ndent and partially 

reversible。but was not use·depo ndent nor voltage- 

dependent． Pue did not affect the inactivation but 

changed the potentiaI for half maximal conductance 

from 一26 mV to 一16 mV ．stqggesting the activa— 

tion proc ess was inhibited ． CONCLUSION： Pue 

moderately inhibits TTXr sodium current of rat 

DRG neurons． 

Sodium ion influx via slow sodium chan nels 

may be related to hypoxic and ischemic damages in 

heart and brain，while sodium  channel blockers may 

have protectire actions~ 
． P0erarin(Pue)，an 

isofhvone compound isolated from Pueraria lobata 

(Willd)，has been used for the treatment of cardio． 

vascular diseases dueto its hypotensive action，anti． 

myocardial ischemia and anti—arrhythmia effec ts by 

lowering  myocardial excitability ‘73
． Therefore， 

the protective etfects D{Pue may be a result of Na 

chan nel bloc king  and．if so。mayalsobe  usedinthe 

protection of brain T0 test this possibility． we 

have chosen dorsal root ganglion(DRG)cells as a 

neuronal nlodel of slow sodium currL~t because DRG 

neurons &re endowed with tetrodotoxin．resistant 

(TTXr) sodium channels with a characteristic 

kinetics of slow ina ctivation【 一 
． 

M ATERIALS AND METIiODS 

Isolation 0fDRG neUl~lU Yotmg adult 0 Wistar rats 

‘Now in Imtituu ofOccupatioaalMedicine，CAiae~ Academy of 

nM l Medicine，Bellingj0r删 ，Chi．a 

Corresptmdet~ce to prof WANG Tian-You 

Recei,~-od 1995．03—07 Acce~ted 1995-06-13 

(weight 83±21 g)were killed by stunnirlg mad cervical dislo— 

cation． Dissected ganglia w minced and incubated at 

37℃ in a solution of eollagenase(Sigma)1．2 g L and 

trypsin(type IIl，S~ma)1 g·I in Caz 一and Mg2 一free 
phosphate buttered sa1h for 50 — 60 min． Newborn c f 

serum (10％)wBs added as a trypsin in}libit and ineubated 

for15 min Cellswere harvested with trituration mad plated 

on g ss eoverslips coated with poiy-L—lysine(Sigma)．cu1． 

1ured in Duibecco’s modified Eagle’8 med ium supplemented 

诵th newborncalf serLffn(10％)at 37℃，andwere usedfor 

patch clamping after 9 36 h of incuhation． 

g]ectrophysiolagical r~ ordlng Sodium curm ts were 

recorded  with whole．oell p~tch clamp teehnique【1D]
． 1k  

pipette solution omantined：CsF 110．Mgcl2 5，egtazic add 

(EGTA)11，NaCl 10，N-(2-hydroxyethy1)piperazine-N ． 

(2．ethanesulfonie acid)(HEPES)10 mmol·L一． The pH 

wss adjusted to 7．2 by tris(hydroxymethy1)aminometbane 

(Tr The exterlval solution contained：Naa 6o，CoC1 5。 

choline chloride 50．terraed'Mammonium(TEA) 20． 

KCl 5， CaCI2 0．01． MgCI2 5， gIu∞5e 5． HEPES 5， 

Na-HEPES 5 mmol·L_。． T pH w拈 7．4∞· 
， Theolt~． 

trode resistances 1 Ivln一3 MQ An Ag-~ Cl pellet． 

internaI solution-agar hridg~wg8 used a8 the refetwmce elec． 

Ⅱode． Themerehrane cⅢ 珊 ts recorded 旧 I1g叽 Ax． 

opatch 200A amplifier (Axon Instruments． USA )． 

pCLAM P 5．51 program was used to prc~luce signa1s，collect 

mad process daca The iunctlcax potential was mrreeted and 

series t~sistance was compensated  by T~O1"e than 70 ％ ． The 

leak c-l~'rents were subtracted dlgltally uhiess otherwise stated 

All experiments weI"~pe rformed at 2l ℃ 一 24 ℃ The 

ba thing cba mbe~， mntaining 0．7 mL soluti~-i．was p u5ed 

with the complete change of solution within 5 rain 

Dl 擎 Pue wss supplied by the Institute of Materia 

Medica~ Chinese Academy of Medie．al Sciences (purity 

>95 ％ ) TTX wa5 purchased from Sigma Co 

AⅡ．1，s of d嘲 Results a expressed as ±s． Sta． 

tistical signifieanees we analv ed by￡噼 t． 

RESULTS 

Isolation of T玎 鲫dInm current Among 

132 DRG neurons teated in the presence of TTX 2 

~tmol·L ln the bath solution．102 cells with the 

diameter of 20．5±2．7／xm were found to have in- 

ward current with the holding  po tentiaI of一50 mV 

and a steo depolarization to 0 mV ． This current 
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disappeared， or even the direction of current 

reversed when extracellular Na was completely re— 

placed by choline(Fig 1A)． These features are in 

accordance with the TTXr sodium current described 

in the Iiterature,r ， 

A 

B 

Fig1． 珊 sodlOlU current． A)Identifl神 the coin- 

p~ molt of inward current when perfused with the standard 

external solution and the Na’-free externml soletlon (盯 - 

row)． currents were recordedInthe prefence ofTIx 2 

Ïm’oI·L—l。mnd the potential was stepped from 一5O mV to 

0 mV for 50 ms． B)Before and after (arrow)addition of 

Pile 1 inll~ ·L～ ． Tlle Inhibltlon of Pile 0n th is cell w昭  

49 ％ 

Effect of Pae on sodium turre t Upon the 

addition of Pue(1 mrDo卜L。。)to the bath，the in 

ward current declined to 60±23 ％ ( =7．P< 

0．05)with a delay of 1—2 min。and reached steady 

state within 5—8 min fFig IB) The time to peak 

0f TTXr sodium cu rrent was 12．3± 0．8 and 13．5 

±0．8 ms( =5)before and after the addition of 

Pue。respectively． In 7 out of 12 cells，the peak of 

TTXr sodium current retrieved from 38．9 ％ t0 

71．3 ％ (P < 0．01) of their original amplitude 

when Pue was washed out． 

Current-voltage relationship The current- 

voltage relationship of TTXr sodium current in 5 

celg before and after the addition of Pue 1 mmoI 

， L was shown in Fig 2． The membrane was 

held at一50 mV and inward current was evoked  by 

step depolarization to va~ous 1evels once every 60 s． 

The maxima1 activation of TTXr sodium current 

3 

5 

一 1． ’ 

_ ．rr 
脚 2． RelalJonship between peak amplitude of l['rxr Na’ 

current(evoked by 5O ● depolarization to varlees levels 

from ahe ldlng potential of 一5O mV)and cow po ten- 

tlm1． ^=5． ±$．‘P<O．05 坩 een~rof． 

0 ConWo1．● Pne1 mmol_L～． 

appeared at 一10 mV for~ntroI and 0 mV for Pue 

applicated ． TTXr sodium cur rent was decreased by 

Pue at the membrane potentials from 一20 mV to 

30 133V ． The activation threshold po tentials were 

一 40mV for contro1．and 一30 mV for Pue． The 

meanreversal po tentials were about 54 mV in bo th 

conditions 

The shift of the current—vohage relationship 

was seen more clearly when the sodium conductance 

(g)was plotted as a function of membrane potential 

(Fig 3)accordingto：g：I／(V—V )，where V 

is the reversal po tentia1． The maximaI sodlurfl oon— 

ductance was not significantly affected by Pue，but 

the potential which elicited half ma ximal c~nduc— 

tahoewas estima tedtobe 一26mV before and 一16 

mV after the addition of Pue 1 n3Fflol·LI ． 

Steady-state sodium current Inactivation The 

steady—state inactivation(h )curves of TTXr sodi— 

um current were measured with a 1000 ms pre—Du 

in the range of 一50 to 40 mV (conditioning po ten— 

dad．f01lowed by a 50 ms test pulse to 0 mV (Fig 

4】． Tbese CU／Te／IttLwere notleak．subtracted． The 

half-inactivation potential(Vh)，and the slope fac· 

for of the h curve(Kh)，were determined wlth 

inactivation equation： 

I ／I ：I／{1+exp[V—Vh)／Kb]I 

In control condition( =3)，Vb and Kh were 
一 36．8±1．8mV and 4．0±0．4．respectively． In 

《口、目 B h)( 
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Flg 3． condnctan0 V h雷e relationship [or TlXr flodillm 

cmnrent beforz and~'ttr the application of Pue 1 mmol·L～ ． 

The cmaductance wef'e calculated from the datm in Fig 2． 

月：5． O Contro1．● Pue． 

Conditioning poteutial／mV 

Fig4， Effect of Pue 1 lmmOl，L叫 加 steady-state inKtiva· 

fion for TYXr sod~ram current． m  relative peak am plRude 

of rI sodlmtt current daring a step depolarlzatmn wilt 

plotted 鲢 _ fnnetJen of  the eontBtionlng potentia1． Two 

olrv~，fltted with the Iu etlvation equiti~ ( text)．over· 

lapped almmsl com~ tety· 3- 4-5· 

0 Control，● INte． 

the presence of Pue 1 mmol·L ( =3)．these pa- 

rameters did not chan~：e significantly，being 一37．0 

±1．8 mV for Vh and 4．0±0．4forK h． 

Conom tratioa-response relationships TTXr 

sodium current was evoked by a 50．ms step depo lar- 

ization to 0 mV from a 11olding potential of 一 50 

mV． The％ of m0dif；ed sodium currents by Pue at 

0．O1，0．1，0．2，1，and 2 mmo1．L were 9±7， 

15±6，35±21，60±23，and 83±30，respectively 

(Fig 5)． 

PueratJn／——lg tool·L 

Fig 5． Concentration-dependent effect of Pue oil'rl'Xl-Na’ 

currents evoked by _ S0-ms depolarization to 0 mV from a 

holding potential of—s0mV (O )or一帅 mV (●)． 

4— 7．j ± ． P < 0．05， 

Use-dependent and voltag~dependent relation· 

ship TTXr sodium currents were measured at the 

stimulating frequencies of 1， 5， and 10 Hz before 

and after the addition of Puel ． The relative cur． 

rents(J№ at each stimulation compared with that of 

the initial one)were not significantly decreased with 

the application of Pue，sOg．gesting that the effect of 

Pue was not uNe—or frequency-dependent． W ith 

Pue 1 mmol，L一 ．the modified  sod~um cutrent pe r． 

centageswere 62．4±2．7％ ( ：4)atthe holding 

potential of一80 mV (Fig 5) 60±23％ at一50 

mV (P>0．05)，indicating that the inhibition of 

Pue on TTXr sodium current was not voltage- 

dependent 

DISCUSS10N 

OLIr results have shown that Pue inhibits TTXr 

sodium current in rat DRG neurons． Since 1)TTX 

sodium channels were blocked mmpletely with 2 

Hmol，L TTX，2)the TTXr current was abol— 

ished in the Na 一free external solution，and 3)F， 

M ， and egtazlc acid were used in the internal 

and／or external solution which were known to abol— 

ish Ca currents， the possibility that the inward 

current in this study might be  the compo nents of 

TTX．sensitive sodium current or Ca current can 

be excludedc · 

In DRG neurons． Pue attenuated  the peak 

＼_N 苫 
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amplitude of TTXr sodium current dose—dependent一 7 

【Y It did not affect the kinetics of inactivation but 

changed the potential for ha lf maximal conductance 

and the activation CUll'Ve toward the depo larization 

direction，suggesting that the activation process was 

partially{nhm{ted． 

TTXr Na current．with similar characteristics 9 

in electrophysiology and pharmacology， has been 

found to be presented in cardiac cells，sensory gan一 

glEon neurons， hippocampal and striatal neu一 

rons
[ ·。· ”

． Several cardiovascular drugs known to 

modulate Na channels，such as lidocaine，pheny— 

toin and mexiletine， prevent neuronal damage in 11 

models of brain ischemia[。一 12,13)
． Evidently．in． 

creased Na influx contributes to ischemic damage 

via a large entry of Caa res ulting  from Na ．Caz 
1， 

exchange ． Based on the findings of this study，it 

appears that the effect of Pue on myocardial is· 

chemia may be  due to inhibition of TTXr sodi~·m 13 

current． Since Pue has been used in the treatment 

of retinal ischem~_l4 ，the possibility that Pue may 
． 

have neuroprotect~ve acdon ag ainst hrain hypo x{a 

and ischemia merEts further invesdgation． 

A Tb PI FAN Li—Li for 

her suggestions and supply of puerarin 
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葛根素抑制大鼠背根神经节细胞 

河豚毒素不敏感性钠电流 P7／ 
吉宏龙。王 天佑 
J _  。 _ 。 一 ●  ’  ’ 一  

(北京市神经补 研究所，北京 100050，中国) 

关键词 葛根索；钠通道 ；河豚毒 素；脊神经节； 

膜片荸技术 飚耐卿 
目的 ’测定葛根素(Pue)对大鼠背根神经节(DRG) 

细胞河豚毒素不敏感性 (r兀 xr)钠 电流 的作用． 

方法：采用垒细胞钳制技术，记录成年 Wistar大 

鼠DRG神经元中 TTXr钠电流． 结果：Pue在 

0．01—2mmo|-L。浓度范围内，对 TTXr钠电流 

的抑制率为 9。5％ 一83．2％． 该抑制作用为浓 

度依赖性，可部分洗脱，但非频率依赖性或电压 

依赖性 ． Pue不影响失活曲线，但使 1／2最大激 

活电压由 一26 mV升至 一16 mv，说 明抑制了激 

活过程． 结论 ：Pue抑制大鼠 DRG细胞中 TTXr 

钠电流 ． 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com

