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AbsI 叠ct 

AnI： To observe the effect of pulse trm~cranial magnetic stimIllation 

(PIMS)on the cerebral cortex epileptiform discharges(CCED)induced by 

penicillin 8o~iuln in rats and to investigate its possible mechsnisin8． 

M ETHODS： Epileptic rat models were established in 48 W istar rats by 

pe nicillin， in which the frequency an d amplitude of the epileptiform dis- 

ck哪 ∞ were used asindexesto a88e∞ the effects of PTMS ofthe unilateral 

cerebral cortexan d cerebellar vermis on CCED． 

RE UI ：After PTMS of the unilateral cerebral cortex， CCED frequency 

w舶significantly decreased by(36 4-lO)％ (f=3．873，P <0．01)，with 

the amplitude decreased by(21±8)％ (t=2．984，P<0．05)． last— 

ing time ofinhihitory effect produced bv 1IMS ofthe cereho llar vermis was 

longer than that generated by stimulation of the unilateral cerebral cortex． 

Thirty minutes afterthe termination ofPTMS，the CCED fxequency decreased 

hy(63±7)％ (t=一3．497，P <0．0o1)． inhibitory effect produced 

bv P were partially reversed by naloxone injected into the lateral ven- 

tricles． 

CONCLUSION： PTMS of the cerebral cortex an d cerebellar vermis may 

have si~niflcantinhibitory effects on CCED． 

D rRoDU● 口‘'N 

Approximately25％ of theepilepticpatientsdonotrespondtodrugsor 

sufferunaccepteple side effects to result in discontinuation ofmedi． 

cations．A8 epilepay is associated with the imbalance between the ex- 

citation an d inhibition of the central nervous system at the cortical 

level, an d external direct current fields may modulate and suppress 

low-calcium activity by direcdy po l~ ng CA1 pyramidal cells⋯ ． 

Transcranialmagnetic stimulation ( ÏS)provides anoninvasive e- 

valuation of separate excitatory an d inhibitory functions of．the cerebral 

cortex．In addition, repetitive transcranial magnetic stimulation 

( 瑚 S)canmodulatethe excitabilityofcorticalnetworks[ ．Electrical 

stimulation of the cerebe llar cortex can inhibit paleocerebellum re- 

fractory epilepsy，an d a mallet outside the cerebral dura ma ter of 

the cerebral cortex can also inhibit epileptic seizures； noninvasive 

impulse magnetic stimulation of the unilateral cerebenar cortex or 

tw o magnets on the cephalic and caudal of the rat head respectively 

to generate constant~ eticfield has provedto significantlyinhibit 

cerebral cortex epileptiform discharges (CCED)in e#eptic rat 
model induced by penicillin．It has been found that low-frequency 

(0．5 Hz)r1MS effectively prevented the development or status 

epileptics of pentylenetetrazol—induced  seizures．TMS prolonged 

cortical silent period in pa tients tlI un treated  idiopa thic general— 

ized epilepsy ．In this study．we observed the effects of pulse 

tranacranial ma~etic stimulation (Pr̂IS)of unilateral cerebral 

co rtex  an d cerebe llar vermis on CCED in epileptic rat models in- 

duced by pe nicillin sodilIm an d to investigate the possible mecha- 

MrATER LI AND M TⅡ0DS 

Mater／~  

F0rty·eight Wistar mts weighing 200 to 300 g were provided by the 

Experimental Animal Center． Medical College of Wuhan Univemi- 

ty．Penicillin sodiuln was manufactured by Huabei Pharmaceutical 

Co，aid naloxone hydrochloride by Beijing Sihuan Pharmaceutical 
C0_HP 1 pulse~ etic stimulator was designed an d assembled by 

our department．with the diameter ofthe coils be ing 28衄 ． 

Methods 

CCED rat model 

emtswere anesthetizedwith 100 g／L ethylurethane(10mL／kg。 

i．P)and atracheal cannulationwas performed．A holewas drilled 3 

mm posterior to the an terior fontanelle an d 3 rain on the left to the 

~ ttal suture to e 'o∞ the recording舢 (2衄 ×2衄 )on the 

cerebral cortex．A piece of gelatin spo ng e immersed in pe nicillin 

sodium solution (200 U／ram )was applied on the surface of the 

unilateral cerebral cortex to induce CCED．Once the epileptiform 

discharge frequency an d am plitude were stabilized， the gelatin 

sponge was removed  an d wsxlffl saline tampon was used to cover the 

woun d．Recording of the electric activities of the am phicerebe llar 

cortex was pe rform ed using  silver-bell electrode and LMS一2B 

two-channel physiological recorder,monitoredat thefalsetimewith 

SR12 oscilloscope ． 

Noninvasive PTMS technique 

The pulsemagnetic stimulation generated byHP．1 im pulsemagnetic 

stimulator with the stimulation am plitude of 10 000 G 

(approximately 1 T)，frequency of10Hz，plateautime of0．5 Inswas 

imposed at the site 0．2 to 0．3 cm from the left cerebral or cerebellar 

vermis for 30 mil1． 

Naloxone (1 g／L，20 )were slowly injected into the lateral 

ventricle within 2 min，an d at the end ofthe experiment，2 L blue 

ink was ~ected to verify the position of the syringe． 

Statistical analysis： The differences bdc' n the groups were 

anaIyzed with paired t test by SAS software，and all data were exo 

pressed as Mean±SD． 

RESUL rS 

Effects对 PTMs on norl~ el~trical口c咖谴船 in the unilateral 

cerebral cortex and cerebdlar vermis(n=5J 

After Pr̂ISof the unilateral cerebral cortexand cerebellar vermisfor 

30 rain， the frequency an d am plitude of electroencephalogram 

(EEG)in rat exhibited no significant changes． 

Epil~ rat modd induced pen 溉nt n=6) 

Two or three minutes after the appfication of the penicillin sodium 

solution—immersed gelatin spong e on the seusorimotor area of the 

cerebral cortex． paroxysmal CCED occurred in the unilateral or bi． 

1ateral ofcerebralcortex，with thefrequencyan dam plitudeincreased 

th time and stabiliz~ at about 30 min．When the gelatin spo ng e 

was removed  30minlater,thefrequency ofCCED was 34±15／miIl 

砌 I tlIe锄 plihlde of0．2 to 2．0 mV． 0ftlIe CCED were rep- 

堪eIlted in 8l岬 wa=1res， 8pike w8=’re8 and川】ike．8l0w wave8 or 0th． 
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erwise，and steady CCED could last for 5 to 6 h(Figure 1) 

b 

a：Normal cerebral cortexEEG 

b：CCED on the left side 30 rain after penicillin application 

c：CCED onthe right side 30 rain after penicillin application 

r栩瞻 o，用 D，胁tunilateralcerebralcortexonCCED(n=X3) 
5 rain after the札art of删 S of the cerebral cortex with penicillin 

treatment．the frequency of CCED decreased by(36±10)％ (t= 

3．873，P <0．O1)and the m plitude reduced by(21±8)％ (t= 

2．984。t<0．05)．At 15 rain，the frequency decreased by(12± 

5l％ but recovered to the control level at 25 rain． 

Effects P1．Ms the cerebdlar vermis on CCED I n=9) 
At 5 rain during TIMS of the co rebeIIar vermis。 the frequency of 

CCED decreased by (15±9)％ (t=2．649，P <0．05)and the 

咖 plitude was also decreased significantly．At 30 min，the fi~luency 

had decreased by (32±9)％ (t=2．649，P <0．05)andfurther 

reduced bY(63±7)％ (t=一3．497，P <0．O1)even at 30 rain 

afterthe termlnation of删 S．showing no tendencyfor recovery． 

Effec~ofnaloxone(I g， i．c．v)+PIMs unilateral c@re- 

bral cotte．x on ccED (n=5) 

A~ger intracerebroventricular injection of naloxone and删 S of the 

unilatexal cerebral co rtexfor 5 min,thefrequency ofCCED only de- 

crea~ by(2±4)％。andhad recoveredthecontrollevelby15rain． 

Effects oftMdoxoft~ II g，L，i．c．v)+PTMS ofcerebellar P@r- 
m oIl ccEDt n=zo) 

After intracerebroventricular iniection of naloxone and PTMS of the 

corebellar vermis for 5 min．the frequency of CCED did not decrease 

but increased by(25±4)％ (t=4．019，P <0．05)instead and by 

(72±3)％ (t=3．128。P <0．O1)at 30 min．Thirty minutes after 

the termination of PTMS。the frequency of CCED showed  the ten- 

dencyto decrease butwas still(52±6)％ (t=2．986。P<0．O1) 

higherthanthe conh,ollevel(Figure 2)． 、 
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Effects ofPIMS ofthe unilateral cerebral cortex 

Eff ects of PIMS 0fthe cerebeUar vermis 
Eff ects ofnaloxone+TIMS ofthe unilateral cerebral cortex 

Eff ects 0f naloxone+TIMS ofthe cerebellar vermis 

F~ re2 黔 o／PTMSofthecerebralcortexandcerebellar onCCED 

DIs 田s：sloN 

Magnetic stimulation is noninvasive due to the homogeneous distri． 

bution of the magnetic permeability in the tissues that enables the 

magnetic field to easily penetrate the skin an d skuU to reach the 

deephyers oftheti~ues ．11le coll 9Orainindiameter generates 1．4 

Tmagnetic flax at 5衄 wuderthe coils and 1．1 T at the axial core． 

11le specific resistance of epicran ium an d skull are large an d in- 

versely proportional to the inductive current that can be generated ， 

therdore magnetic stimulation provides better safety．It was repo rted  

that slngle-pulseTMSusedto examinethemotor conduction pathway 

did not elicit seizlll~ in any ofthe 35 eDileptic patients[ 一 ． 

TMS has significant inh~hitory effects of seizu_r~ in both human 

and a—nim—al subjects~’·“．and chronic cerebellar stimulation can re_ 

duce refractory seizures by activating Purkime ceils．Our previous 

study demonstrated that删 S of the cerebellum cortex or constant 

magnetic field generated by two magnets fixed on the cephalic and 

caudal of the rat head significan tly inhibited  CCED in peIli- 

cillin．induced epileptic rat models． 

Perilcillln can induce epilepciform activity by blocking the 

-amlnohutyrlc acid(GABA)一mediated inhibitory pathway⋯．In the 

event of epileptic seizllre onset， the epileptic focus may produces a 

rapidly cha~ins magnetic field，which can be  significan tly inhibited 

by the印phcation of a constant external magnetic field outside the 

cerebral cortex．Acute exposttre of electrically kindled rats to 

low．intensity magnetic fields (60 Hz)might reduce the electric 

discharge frequency， possibly through the mechanism of activating 

endogenic opiate．1ike substances．PTMS of both the cerebral co rtex 

and cerebellar vermis produces inhibitory effects on CCED， with 

more obvious inhibitory effects by the stimulation of the lat- 

ter．Intracerehroventricular injection of naloxone，an opiate receptor 

antagonist．may reverse the effects of删 S of the cerebral cortex 

an d cerebe llar vermis， with long er time needed  for reversing the 

effectby stimulation ofthe cerebellar vermis．Thesefindingsindicate 

that删 S of the cerebral cortex and cerebe llar vermis can inhibit 

the am plitude an d frequency of penicillin-induced CCED an d this 

eff ect may be related to endogenic opiate pepfide in the central 

nervous system．As for the different inhibitory effects ofPTMS of the 

cerebral cortex an d cerebe llar vermis．it need flultller research． 

REFERENCES 

1 Tassinad CA，Cincotta M，Zacc~a G'et a1．Transcmnial maI 枷c stimulation and 

epilepsy．C／／n Neurophys f 2003；ll4(5)：777—98 
2 Ghai lts．B|keon M．Dmand DM．Effects of applied elecuicfields on1ow-calcium 

epileptiform activity in the CAl r~ion of rat hippocampal slices．J Nem~ophysiol 

2000；84(1)：274—80 
3 Akamatsu N．Fueta Y，Endo Y，et aL Decreased susceptibility to pentylenetetra- 

zol-induced seizures afterlow-frequency mmLmetic stimulationin rata．Neurosci 

200l：310(2—3)：153—6 
4 M~donell RA，KiIlgMA，NewtonMR，et ．Prolong~l corfical silent peri0d after 

transcranialmagnetic stimulation in genemIL,~d epilepsy．Nearo／ogy 2001；57(4)： 
7O6—8 

5 UuHG，Zhou L。W angY，e‘a／．An appli~atinn ofnonin,maivema~ etic stimulation 

technique to nerve center．Zhongguo ŝ咖  l‘e ZazA／2000；16(1)：68—72 
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经内分泌的研 究。 

摘要 
目的：观察无刨伤经颅脉冲磁刺激 (PIMs)对青霉素所致大脑皮质瘸样 
放电 (ccED)的作用，进一步探讨 PrMs作用于大脑皮质及小脑蚓部 

后 ，对 ccED作用的可能机制。 
方法：选用 Wistar大鼠48只，以 ccED频率和幅度为指标，观察 PIMs一 

侧大鼠大脑皮质、小脑蚓部对青霉索所致 ccED的影响。 
结果：PIMs一侧大脑，ccED频率明显降低了(36±lO)％(I=3．873，P< 

O．O1)，其幅度也平均降低了(2l±8)％(I=2．984，P <O．o5)；PIMs小脑 

蚓部的抑制效应持续的时间较 PTMs大脑皮质的作用时间长，停止 PIMs 

小脑蚓部 3Omin后，ccED频率仍降低了 (63±7)％ (f=一3．497，P< 
O．0o1)；侧脑室注射纳洛酮可部分翻转 PIMs的抑制作用。 

结论 ：PIMs大脑皮质和小脑蚓部可明显抑镧 ccED频率和幅度。 

主曩词：经颅脉冲磁刺激；纳洛酮 ；大脑皮质 
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