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Tetraethylammonium and 4-am inopyridine enhancement of 

5-lit3 receptor-mediated contraction of guinea pig ileum ／n v／fro 

YUAN Yu．Min，YANGHui—Hua，HU Guo-Yuan2 (StateKey Laboratory ofDrugResearch， 

虢嘞  Institute 0， 妣 砌 Medica，ChineseAcademy ofSciences，Shanghai 200031，China) 

KEY W ORDS serotonin rece~om； tetraethyl- 

ammonium compounds；4-antinopyridine；ilemn； 

myenteric plexus；c~bachol；semtonin agonists； 

serotonin antagonists；radioligand assay 

删 ：T0 study山e effects oftetraethylammonium 

(TEA)and 4．aminopyridine(4．AP)on 5-FITs 
receptor-mediated contractions of the iselated 

g~inea pig ileum longitudinal muscle-myenterie 

plexus strip preparations(GPI)． Ⅳ匝fI1}I('DS： 
GP1 contractions were reco~ed with a chart 

Iecorder through i8omemc 扛ansduce碍． The 

effect ofTEA and 4-AP on binding properties of 

5-HL receptors was assessed using 

l HlGR65630 binding assay in l~mbrSl'le 
preparation of rat entorhinal cortex． 

RESI】1 TS：(1)Both 1EA O．5 mmol·【『 and 

4_AP 5 umol·L- incYe~ed the spontaneous 

acfivity． and elicited contractions of GP1； 

atropine 10 wnol·【『 or the selective 5-HT3 

receptor antagonist MDL72222 100 tm~ol·L_。 

pmvented these effects． (2)Both rEA 0．O6— 

0．5 mmol·L～ and 4．AP 1—10 m ·L 

enhanced GPI contractions induced by the 

selecfive 5-HT3 mce~or agonist 2-methy1．5．Hr 

in concentration-dependent nlarlneIs． (3)Bom 

TEA O．5 mmol·L～ and 4．AP 5 wnol·L 

attenuated the inhibitory effects of the selective 

5-HT3 recep~r antagonists tropisetron 0．1 tanol· 

L and benesetron l tanol·L on 5-HT3 

receptor-mediated GPI contractions． (4) 

Neither TEAO．1—0．5 ·L-。nor4-AJP 5— 

10tanol·L一 affectedGPI contractions evoked by 

the selective M—ACh receptor agonist carbachol 1 

tunol·L～． (5)TEA O．5 rnmol·L一 and 4-AP 

10 tanol·L一 had no effect on the properties of 

binding of the selective 5-FITs receptor 
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radiofigand[ H]GR65630 to 5-HT3 receptors． 
CONCLUSION：The enhancement by TEA and 

4-AP of 5-FITs receptor-mediated GPI contractile 

responses was due to blocking K channels in 

prejunetional myenteric neurons． 

5．H receptors are cation-selective 

&annels with essentially e permeability to 

Na and K ． Activation of the receptors by 

5-Hr eficits a rapidly activating and desensitizing 

inward current that leads to fast depolarization of 

the neuronal membrane． The main hmcfion of 

5-FITs receptors in the peripheral and central 

nervous systems modulation of the rdease of 

neLu~ ‘transmitters， including ACh， GABA， 

d0口粕line， norepinephrine， cholecystokinin， 

e 
[1， 

． 

The isolated guinea pig ileum longitudinal 

muscle．myenteric plexus strip(GPI)provides the 
simplest model for studying the physiological and 

pharmacological properties of 5-HT3 receptors． 

5．Hr，depending upon the concentrations used， 

interacted with three types of 5．Hr receDl0Is in 

this preparation，ie，neuronal 5．FITs an d 5-HT4 

receptors．5．HT2 receptors located on the smooth 

muscletj，41
． The main component of 

contractions induced by 5-Hr O．1—10 tanol· 

L一 was inhibited by low concentration of Na 

channel blocker tetrodotoxin， or the M．ACh 

IeceDtor an tagomst atropine， thus was proposed 

t0 be mediated via activation of neuronal 5．HT3 

receptors that led to the release of ACh from the 

n e teric pl口ll8 neumns[ ， ． 

Tetmethylanamonium (Ⅱ1A)and 4．amino． 

pyridine (4-AP) enhflnoed neurotmusmitter 
release in various preparations via blockade of 

K channels in the presynaptic terminalsL 一 ． 

Ⅱ 5-H receptors in the myenteric D1 us 

neurons do mediate the main component of GPI 

contmcfile ie~ponses，the responses should also 

be affected by the K ch~nDel blockers． For 

address this issue．the interacfion between the 
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K eharmel blockers and 5一HT3 receptor— 

mediated GPI contractile responses wel'e 

examinedinthe present study． 

MA．I脚 AI5 AND Ⅳ睡 【c ls 

Cllemicals 2一Methyl-5一HI'． benesetron． 

and TEA (Research Biochemicals International， 

UsA)； 5．Hr，carbachol，4-AP，and recto- 

clopmmide(Sigma)；l HJGR65630 (DuP0nt 
NEN．USA)；tropisetron(synthesized and sift~ 
by Pr0f删 You—Cheng。Shanghai Institute of 

Materia Medica．Chin~ Academy of Sciences)． 
M easurement of contractions of GPI 

Experiments w re performed on strips of 

longitudinal muscle with adherent myenteric 

plexus from gLlinea pjg (0，30o一4OO g， 
Certificate№ 117)ileum mounted in organ baths 

(5 mL) containing Ty~xte 80lution， which 
consisted of： Naa 137．0． CaCI2 1．8． KCl 

2．7，M~C12 1．05， lHCo3¨．9，Na／-I2PO4 
0．4．glucose 5．6 mmol·L～ ．and gassed with 

95％ o'+5％ CO2 at 37℃ LluJ． Contractions 

were recorded with a chart recorder via isometric 

transducers． Non—eunmlativc concentration— 

response curvesWGTe established with andwithout 

TEA or4．AP a~ lied  5 mill before each addition 

of the agonist． Expe~ ts with the san1e 

protocol were repeated with tropisetron or 

banesetron addcd 10 min before agonist 

application． The Deak amplitude ofthe respo nse 

to each concentration of agonistwas expressed as 

a％ ofthat ofthe response to carbachol 10 wnol 
· L一1

． 

＆ Idi 鲫 d b~ding assay Crude 

membrane preparation was made from the 

entorhinal cortex of Sprague-Dawley rats(0， 
200—250 g ) “J． For binding assay， 

l’HIGR65630 100 (2286．6 TBq·mol_。， 

final concentration of 0．3 nmol· )．membrane 

preparation 100 (0．3—0．4I protein)，and 
5-HT3 receptor agonists or antagonists 100 gL 

(different concentrations)w mixed at 4℃． 
and addedwith icc．coldHEP_ES buffer(50mmol 
· L一 ， pH 7．4)to a volume of l mL． 

mixture wilts incubated at 37 ℃ for 30 min and 

thcn subjected to a rapid vacuuHl filtration 
thro~h Whatman GF／B filters using a Brandel 

CeⅡ Harvester． TlIe Nters were washed  

i~ atdy with 3 mL ice-cold riffs·HCl buffer 

(50 rnn~l·L_。，pH 7．4)for three times． 
Radioacfivity was assa剥 with a Beckman 

D00LL scintillam eter(efliciency=47％ )． 
Nonspecific binding was determined by the 

inclusion of 5一HT3 receptor antagonist meto- 

clopramide 100 ttmol·L～ ， which inhibited 

50％ 一6o％ of total binding of l’HJGR6563o 
0．3 nmol·LI1 in the washed chide memb rane 

preparation． All individual assays were carried  

outin re0licates ofthree． 

Data analysis 【c∞ vflucswere calculated 

using computer software ‘GraphPad InPlot．’ 

111e data were presented as孟土 an d conlpa~  

with Student’s t-test． 

REsI】I 

GI，I contractions elicited by TEA and 4- 

AP Addition of TEA 0．5 mme l·LI1 into the 

0】c鼬t1 bath c部Jsed a substantial increa$~ in the 

spo ntaneous activity，an d elicited contractions of 

Gn ． Pretreatment of GP1 with atropine 10Ⅱ · 

LI1 prevented 眦 ．induced GH contractions． 

Pretreatment of GP1 with the selective 5-HT3 

receDtorantagonistMDL72222 l0o vmol·LI1 not 

only blocked TEA—induced GPI contractions．but 

also suppressed the spontaneous activity of GH 

(Fig1)． Similar effects reeL：a-~observed when 4- 

AP 5 tmaol·L一 was tested ． 

1． A 呷  丑nd M IL T"2~ blocked TEA-h 

GH 哪— 瞳t；叭 ． The ld't：1EA 0．5 mind ·L一 dⅡ∞d 

GPI 伐岫h叠 10n． The lnk]kt~： the 0Ⅲtn 由n 髓  

d烈l by曲c呷h砷加 ．-nd·LI1 orMⅢ 盟 100岬d · 

L．1叩硼耐 l0 be 日dd TEA． o蛐  
O瞳 瑚唰 k chart kn 抛 ．the H∞O kr硼 d啊嘲 dovm 

bet嗍 tbe血Ⅱgqlp血圳 ． The喇 ：the伽 舶出岫 
叫删 妇 喇  柚 0rM I扎 ．^=8 

呻  8 蛔 pI ． 

Effects 0f TEA aim 4-AP on $-HT3 

receptor-mediated GPI contraction TEA 

L 

§ ≥ 
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0．05—0．5 nmd ·L一 and 4-AP 1—10 tmml· 

L enhanced 5-FITs receptor-mediated GPI 

contractions in concentration·dependent nlaJlBer$． 

Increasing concentrations of TEA or 4-AP 

produced progressive enhancement of GPI 

contraction induced by the selective 5-I-ITs 

receptor agonist 2-methyl-5-HT (Fig 2)． 

150 

120 

90 

60 

0 L 2
-Methy1．5_HT 

5,5 
一  

4． 0

． 
2-Methyl-5-HT 

2-M ethy1．5_IⅡ - tool· 

2． TE^ mid 4-AP 蛐h岫 d 2．珊 曲  & Hr__叫 h 哪  

GPl咖 ad王an． ：5岬 ． ， ± ． Contort-rot 

Ⅻ  shown船 2-m 姆  日T18,l|瑚 -。L 
whh姗 研坩螂皿 瞰 of4-AP． 

‘P《0．蝤 ．cp 《O．01 w mtr0I． 

With TEA 1 rranol·L一 or 4-AP 20 tanol· 

L～ in the organ baths， the spontaneous 

contractions became extremely intense， 8o that 

the effect of 2-metI1yl-5-HT could not be tested． 

Similar results eIe obtained when 5一HT 

0．1—10gmol·L一 was used a8 agonis1． 

TEA and 4-AP 驯【t唧mated[he h~ibitory 

effe~~ofh哪Di 咖 andb臼le鼬妇Ⅷ on5．1iT． 
evoked GI．I ~(mmaction GPI contractions 

／nduced by high concentrations of 5-HT (≥0．1 
tanol·L一 、have been shown to be mediated 

mainly via 5-FITs ~ceptorsL]2J． The8e 

contractile responses wel'e competitively inhibited 

by the selective 5-FITs receptor antagonists 

tmpisetmn and beneaetmn． When TEA 0．5 

mind‘L一 or 4_AP 5 wnol·L～ w88 added．the 

inhibitory effects of tropisetron and beIleBe缸on 0皿 

GPI conlracfionsinduced by5-HT0．1—5wnol‘ 

L were reversed(Fig 3)． 

TEA 0．5mmo]- ’ 4
- AP5 p~mo1．L-1 

7 6 S 

5-HTt—Ig tool- ’ 

5 

3． TEA耐 4-AP attamtmxlthe¨d岫 岫  

血呷鼬 m (Tim)O．1 I ·1．1 Of bI蛆瞄吐mn(B蚰)1 

lImd·L-1m the 5_HT 由lced GlPl 咖嘣n c廿∞ ． ：3 

strt~ ． ± ．ip>O．惦 ． 《0．惦 ，‘P 《0．01 l曹伽 n州 ． 

E胁 of TEA and 4-AP on earllaeho1． 

evoked GH contraction Ⅱ (O．1 and 0．5 

rmnol·L )or 4．-AP (5 and 10 ml·L ) 

which enha玎ced 5-FITs receptor-mediated GPI 

contractions(Fig 2)，had no delectable effects 
on GH contractions induced by the selective M- 

ACh receptor agonist carbachol1 wnol·L一 (n= 

5 strips)． nle carbacho1．induced contractions 

in presence of Ⅱ O．1 and 0．5mmol·L l(74 

±14)％，(73±8)％J or4-AP 5 and10tnnol 
· L一 l(72±9)％，(67±17)％J had no 
significant difference with those induced by 

earbachol alone I(71±l1)％f． 
Effect of TEA and 4-AP on 5-I-ITs 

recel~m"biml~g TEA O．5 mmol·L一 and 4- 

AP 10 gmol·L neither inhibited the total 

bir ding of the selective 5．FITs receptor 

radioligand I HJGR6563O O．3 nmol·L～ to 5． 
FITs receD【c 芎in rat entothinal cortex nor affected 

the IC5。of 5-HT，2-methyl-5-tit， tropisetron， 

and benesetron in【’HJGR65630 0．3 nmol·LI1 
binding(．I曲 1)． 11le8e results suggested that 
Ⅱ and 4-AP had no direct effect on the 

pmperlies of binding of l HJGR65630 to 5．FITs 

舯 ∞ 柏 帅 矾 船 舱 

，u0 BJ苫0U 

●■■■●●●●●●●●●● 

． 一 
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Tab 1． 口 l咄 0f 1EA 叫 4-AP ∞ bil岫i 0f 

[slt1]GR65跏 0．3嘲 I·L’‘协5-11"1"s rioters． = 3 
m印由船 hm岫群嘶 瞳 5哪 日ltl ．mm 酬 懈 ． ± ． 

Jp>0．[15 caatrol 

D CUS圈ION 

11 present study demonstrated that low 

concentrations of TEA (<0．5 mmol·L )or 

AP (<10 gmol·L )exerted two effects on 

GH preparations：(1)increasedthe spontaneous 
activity and elicited contractions ；(2)enhanced 
the 5．Iri s receptor-Inediated GPI contracdle 

responses． The Ⅱ 1̂． and 4-AP_induced GH 

contractions wel'~bl~ked by atropine． Neither 

TEA nor 4-AP affected the earbacho1 induced 

GH contractile responses． Furthermore． tIle 

concentrations of Ⅱ A and 4-AP needed to exert 

difeet excimmu effects on smooth rrmsc1e cells 

were at least one magnitude higherL ’13j thI龃 

those used in the present study． Therefore ，the 

action ofthelow concentrations of1EAand4一AP 

should be confined to the pmjunetional myenterie 
plexus 12eul'ons 

The effects of rIEA or 4一AP seemed not to 

be duetodlan inthe 5-FITs receptors per 5e， 

at least tIldr property ofbindingto the speeific 

ligand． Therefore， the revel~e by the K 

channel blockers of the inhibitory effect of 

tropisetron or benesetron on the 5．FITs receptor． 

mediated GH eontractile responses should be 

attributed to a certain type of functional 

antagonism． Furthermore， the fact that the 

selective 5-FITs receptor antagonist MDII72222 

suppressed the spontaneous activity of GH (Fig 

1)suggested the existence of tonic activation of 

5·HT3 receptom inmyenterie plextl~II~L!I'Ons ． 

In gninea-pig cerebral cortical syrmptosomo  

preparation， 4-AP has been demo nstrated to 

elevate the eytosolie free Ca2 concentration and 

to evoke utarrIate release by blocking the 

presynaptie K channc ls responsible for 

stabilizing the membrane potential，and eliciting 

repetitive firing  ． In cultured bovine adrenal 

chtomaffin cells．TEA stimulated carecholamine 

secretion through similar mecha sm ． 皿le 

8~llle would oceul-in myenterie plexus nelll'Ons 

where TEA and 4一AP inc reased the re|ea,~ of 

ACh evoked by activation of 5-HT3 receptors． 

Our re8u1ts demonstrated that 80me functional 

intemctions existed between 5一HT3 leceptors and 

several type8 of K channels．including K ． 

sensitive K channels、12j． in prejunctional 
myentefie plexu$ neurons of GPI． hl 

eleetrophysiolog％al studies 5-HT3 receptor- 

mediated current responses have been shown a 

rapid desensitizationu,2j． Since the activity of 

K ehannels in vim ismodulated by a v~ ety of 

endogenous substances through protein 

phosphorylation and dephosphorylation，or direct 

jnteraction witIl activated G proteinsL 4， ．the 

interaction between 5-HT3 Teceu【0rs and K 

chan／lels may underlie a mechanism that could 

c0哪Ⅱ)ensate for desensitization of 5一Iri s 

receptors． 
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四乙铵和 4-氨基吡啶增强 5-HT3受体介导的 

离体豚鼠回肠收缩 ⋯ ， 
寸 —舒 K 7 

， 扬惠华，塑．区 逍三(中国科学院上海药物 7 
研究所新药研究国家重点实验室，上海 200031，中国) 

关键词 血清素星 ；咀 造化合物；4-量茎：：：!：兰 
吡啶；凰 肠肌丛；卡巴胆碱；血清素激动药； 
血清素拮抗药 ；放射配体试验 ～ 

目的：研究 四乙铵(ⅡTA)、4．氨基 吡啶(4一AP)对 

5．H 受体介导的豚鼠回肠收缩 的影响． 方法：等 

长换能器记录回肠收缩；[ H]GR65630结合试验 

测定 5．HTa受体结合特性． 结果 ：TEA、4-AP引 

起 回肠 收 缩 并 增 强 自发 活 动 ，被 阿 托 品 或 

MDL72222阻断 ． TEA、4．AP增强 2．甲基．5．FIT和 

5一FIT引起的收缩；逆转托烷司琼或 Bemesetl~on的抑 

制作 用；不影 响 卡 巴胆碱 引起 的收缩 ． TEA、 

4-AP不影 响 5-HT3受体 结合配 体． 结论：TEA、 

4-AP可能通过阻断突触前神经元钾通道增强 5-HT3 

受体介导的回肠收缩 ． 

BIBLID：ISSN 0253-9756 Acta P’ l一 s 德 中田药理学报 I998 s甲；19(5】：455—458 

L-type calcium channel blockade mechanisms of pmmxadiol sapordns 

against anoxic danlage of cerebral cortical nellrons isolated from rats 

KAI Li ，WANG Zhong-Fengz，XIAO Jia-Si (Department ofPharmacology， 

D印∞} ∞ ofPhysiology，Third删 池 Medical University，Chongqing 400038，China) 

KEY W ORI~ patch-clamp techniques； 

ne1lmns； ion channels； calcium； anoxia； 

ginseng；saponin8；cerebral cortex 

A玎讧：To identify the chan s of L-type C 

channel on cerebral cortical neurons of mts 

during anoxia and the pmtectlve mechanisms of 

panaxadiol sapenins (H)s) against anoxic 
iI1iury． ^伍 啦 DS：Patch．clamp technique of 

cell-attached configuration and l rn cerebral 

anoxlc modle built with aetuely isolated cortical 

ms of Wistar rats． REsIⅡ IS：The open time 

Df L-type C channel of cortical nellroD．$ 

increased significantly from (2．85±0．21)ms to 

ccⅡ∞ 0de_1。etoDr圳 『j． Phn g6-23&875-22~2 
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(9．1 4-1．O)ins(P<0．01)under anoxia． n 
particular chall was a long-lastlng open，which 

wo$15qoI,~ than 20 Ins in ~otne cases． At the 

8alTietime．the cl0setime decreasedfrom (38 4- 

8)insto(104-3)Im (P<0．O1)andthe open- 
state probability raised from (0．047 4-0．008)to 

(O．165 4-0．025)(P<0．01)． PDS(1．5 g· 
L ) inhibited the activity of L-type Caz 

channel both in normal and anoxic condition 

lopentimefrom(2．23 4-0．47)Im and(9．1 4- 

1．O)Im to(1．03 4-0．25)ins and(2．1 4-0．4) 

m ；closetimefrom(38 4-lO)IlIs and(104-3) 
Im to(74 4-16)ms and(46 4-10 Im)；open- 

state pmbabiliff fmm (0．043 4-0．006)and 
(0．165 4-0．025)to (0．012 4-0．OO4)and 

(O．021 4-0．OO9)，respectively。P all<0．O1 1． 
The results of PDS weI'~ 8imi~ to thoR of 
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