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去甲 肾上 腺 素；节 后 交 感 神经 纤 维 

受体 ；高压液相色谱法 

组 胺 Ĥ 

A 目的：观察组胺H3受体介导抑制心交感神经末稍 

释放去甲肾上腙素(NE) 方法：采用 HPLC—ECD 

法检测电场刺激(50 mA，5 ms)诱发交感神经末稍 

释放 NE 结果 ：*甲基组胺浓度依赖性抑制电场 

刺激诱发的 NE释放 H，， ，c(2，p2受体拮抗剂 

不能拮抗 一甲基组胺的作用． Thioperamide浓度 

依赖 性 拮 抗 a一甲基 组 胺 的 作用 单 独 应 用 

thioperamide可促进 NE释放 结论 ：突触前组胺 

Ĥ 受体参与介导抑制心交感神经末稍释放 NE 
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Effects of HI·6 on muscle acetyIcholine receptor： 

analysis on minimal reaction model 
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AÎ ：To study the action of 1一(2-hydroxyimino- 

methyl-1-pyridino)-3一(4-carbamoyl一1一pyridino)-2一 

oxapropane dichloride (HI-6) Oll skelecal muscle 

acetyIcholine receptor(Nz hR)． M翻瑚咖 S： 

hb r was expressed _n Xenopus taevis oec yte 

after injection with mRNA extracted from 

de nervated  rat leg muscles  The inward 

membrane oJttents induce d by various 

conce ntrations of carbamylchOline  and effects of 

H Or d．tubec urarine orl the  oJttents were 

measured  with voltage clamp technique by fast Ce ll 

flow of agents． 1e actions of HI-6 and d． 

tubec urarine on N2．ChR were analyzedbyus ingthe  

minjmal reaction mode1． RESUI ：K of 40 05， 

156．00，and 334．67 IJmo1．L_。for HI-6 ． K of 

0 O2，O 10，and 0．18#rno1．L for d-tubocurarine 

were obtained  by using the  competing for single 

acetyIch。line (AOh)-b Jnding site model， the 

compe ting for two AO binding sites mode1．and 

the  noncompetitive inhibition mode1．res pectively． 

0ONCLUSⅡ)N：Hl-6 and d-tubocurarine competed 

for tw o AC biriding sites  of N2-(2hR with equaI 

affinity to antagon ize lhe  effects of the  agonist on  

N2 The -(2hR inhibition by HI．6 is ch 
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weaker than that by d—tob ocurarine  

OximeN aeetylcholinesterase re．activators such as 

1一(2-hydroxyimino-methyl·1一pyridino)一3一(4-earba- 

moybl—pyridino)．2-oxapmpane dichloride (HI．6) 

and 1，1 一[Oxybis(methylene)]bis-[(4-hydro- 
xyimino)methyl_[一pyridinium dichloride(obidoxime 

chloride)together with certain cholinergic blockers 

have been used effectively to antagonize organo- 

phosphorus agent(oP)一poisoning． However，the 
aeetylcholinesterase reactivation mechanism Mone is 

not sufficient to explain the an tidotal effect of 

oximen against OP—induced toxicity⋯ ． Some other 

mechan ism s such as antimuscarinic． ganglion— 

blocking ， neuromuscular—blocking properties， and 

acetylcholineNterase-like activity may aim contribute 

to their antidotaI effeet The effects of oximeN 

reactivators on Nz—ChR is quite complicated， 

including  curarineqike inhibitionL ．noncompetitive 

antagonism  of N2一ChR and excitatory actions of 

— ChR[3) 

zOCH Hz 2 r )／卜 NH2 
2Cf 

l·(2-Hydroxyimino-methyl一1 p)Tidino)一3一(4-carb∞l0y 
1-p

．vrldtno)·2-oxalmopane dichlcctde(HI-6) 
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In the present study，the effects of HI一6 and 

d—tubocurarine on N2一ChR expressed in Xenopus 

taevis oocytes were investigated to reveal the 

mechanism of their action on N2一ChR 

MATERIALS ANI1)M ETHODS 

Expfession of N2·ChR N2一ChR mI~NA was extracted 

from denervated gr r digitorum longra~ and ∞ Ⅲ  

musc]e~of adutt Wistar rat (Laboratory Center of this 

University) ． The ooeytes were prepared fran早 x ' 

／aev／s(Institute[)f Developmenta[Biot~y，Chine．~Academy 

0{Sciences}andin5啦 ed wlth 20 50 nL mRNA(O．8— 

1．0 g‘L )： J and incubated in Bath~．solution containing 

streptomycin 50 rag‘L ， penicillin 100 kU ·L_。， an d 

0．6％ horse seⅢ at13一l8℃ for 3 10 d 

k日目Ⅱ Ⅱ_nt of ⅡMmbralle mm -ent The jrlw~,-d 

membrane currenta evoked 岛r~arbarnylcholine i measured 

according to Rd 6 、 th dight modification：the agents were 

adminim~ed th a U—tube vdth∞e hale(200 m  in 

diameter) 

To study the df~ta of HI一6 (Academy of Military 

Medical Sdence，China)and d—tubmtrarine (Sigma)on 

carbarnylcho line an d minimize desensltization  of N2-ChR 

caused by th∞ ． both were apptied with carbarnylcho line 

(Si r】a)simultaneously 

nata anaI The responses induced hy various 

mncenwations of cavbamylche [ine were usually nomaalized to 

those at 5mmol L The r~ulta were analysed according 

to the minimal reacticcl mM ett 0：： in the absence 。f 

antagonist． the relationship bcu~ rl the peak cLln。∞ t 

amplitude( and )evoked by agonist and L (1igand 

concentration)was百yen by Eq 1 and Bq 2 The value of 

143 nA for IM尺Mw∞ obtained by ac,-mmaing the vMue of P0 

as 0．7 at 5Inn10I·L of carbarnylcholine 

f= 1 2K OL K2 (1) L ( +西)+ + 西 、 

=而  一 ·丽KRL 1 2KOL K20 K L (2) (+西)+ 
R+ 

=1+L／KR (3) 

Competitiveinhibition model：(1)Competing for single 

ACh-blnding site model： In the presence of mrnl~xitive 

antagonist(B)a~c6uimed"to bind ode of the two ACh-binding 

sites、 th equal affinity．characterized by dissodation  constant 

Kc，the relationship between and L 惴  v饥 by Eq 4 

— — — — — — — — — — —  兰—————————一J 
c=L2(1+西)+2KOL+K20+(KOL+K20)·B／Kr 

． —  旦_I 

KR+L 

= l+ B
·  

KO L + K面2 0 

(2)Competing for two ACh-binding 

pr~,ence of the antagonist a,,~sureed to compe te／or two ACh 

binding with equal allinity． characterized by the 

dissociation constam K2c．the relationship between 』an d L 

was givert by Bq 6 

k 面 txl Rm l．2 
面 

． 

(6 K口+L u 

ll』： 尘 ．—旦_ 
，2f 。L (1+西)+2KOL+K2西 K2 

+L而1 2K K‘(意K) (7) (+西)+ 乱+ 西 ， 。 
Nonmmpetitive inhibition n10de【：The antagonist was 

*s．~umed to bind a oonooctlpet Jrive site distinct from the 

regulatory ACh-binding site， which X~'SS characterized by 

dissociation constant K ． Bq 8 was the expression for ／or 

this mechanism 

k = 面IMR ML2
丽  面  ‘ (8) 

／1．,r=1+B／KNC f9) 

REsIⅡ IS 

Dns~dependence of respot~e to carbamylcho- 

line At low earbamylcholine concentrations(L《 

KR≤1 mmol‘L一’)，d1e regulatory inhibition effect 

could be neglected． K and vatue obtained from 

thelinearfit of datainFig 2 accordingtoEq1 w船 

397．O0 Ⅱl01‘L an d 0．38，respectively KR 

calculated hy using Eq 3 an d suhstituting known 

values of K and was 118．98 mmol·L～ ． The 

dose—response curve(Fig 2 a)fitted hy using Eq 2 

d．Tubocurarine／umo[·L 

HI一6／mmol-L一 

(4) Figi- Eff喇s 0r d·tub (0)mad ttl-6(● )0n 

membrane eurt~t(J)imlue~l by carbamyleholine1 

(5) mmol‘L一· a and ewerelinearfitsofdata(0)aIld(●)， 

res0ectively． b mad d the bestfits of血忸 (0)and 

esm0dd：In the (●)re甲e附 y协 Eq 7． =6 cells． 
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was similar to that of ACh obtained from torpedo 

N2一ChR【 ． 

Carbamylcholine／[g mmol·L 

2 

啦 2． Anta 姆6c In眦IeIs f d-tulle'm-amine and HI-6 

tnduced carlamyld~linej11theabsence【0)and pr~mee 

(●) mt~onlas，analysis仰 the mi reaction 

model(a)，m~lrsls仰 0啊nD曲 I嵋 for 2 A bindi sites 

model(b)，f盯 sidle ACh-bind~ng蚵temodel【c)，and仰 

the T哪 哪 叩e旺廿vejnlfil~tm'y n砷dd 【d)． a=6—8 cells． 

Meelmnism of N，-(=IIR inhibition by HI．6 

(1)Competing for single ACh—binding site model： 

Kr for d．tubocurarine and HI．6 were 0．02 and 

40．05 m0l’L-。， respectively， which were 

obrained by using the linear fit equations in Fig 1 

(a)(I／I．r=1+5．60613)and (e) (I／IH=1 

+2．988B)and e口5 in which the expression had 

been reduced to the eq I／1c=1+0．121B／Kc by 

substituting  known values of K ． ． and L 

(1㈣ 卜L_。)． 1_he ealculat。d concentration． 

response ~uive8 for carbamylcholine in the presence 

of d．tobocurarine 0．2~rnol-L (Fig 2 I c)or HI．6 

0．2 mmol‘L (Fig 211 e)obtained by using Eq 4 

and  substituting values ofK ， ，KR，andKcwere 

similar t0 curve a and the effects Wel'e diminisbed． 

Both curves were below data sets(Fig 2 I ＆ 1I 

●)at low carbamylehollne concentrations (<20 

1111110卜L )。respectively． 

(2)Competing for two ACh-binding sites 

model：The curvesin Fig1(b)and(d)represent 

the best fit of the data to Eq 7 (in which the 

expression had been redue。d to the equation： 

I／I2c=1+0．241B／K2c+ 0．034(B／K2c) by 

substituting known values of K， ．and L (1 

rr~aol·L_‘)，where K，rf0T d—tubocurarine and HI一 

6 was 0．10 an d 156．00 “mDI．L一 。respectively． 

The calculated mncentration-response curves for 

carbamyleholine in 山e presence of d—mbocurarine 

0．2~rnol·LI1(Fig 2 I b)and HI一6 0．2 mmol·LI1 

(Fig 2 1I b)were obtained by using Eq 6 and 
substituting known valuesofK ， ，KR，andK2c． 

Twosetsofdata (Fig2I＆ Ⅱ ●)feIlonthetwo 

ClIFVes ，respectively． 

(3)Noncompetitive inhlbition model：The 

KNc for d—tuboeurarine an d HI一6 obtained by ng 

thelinear equations in Fig 1(a)and (c)and Eq 9 

was 0．18 an d 334．67 ~rnol·L-。．respectively 

The calculated concentration—response cllrves for 

carbamyleholine in the pre~ence of d—tubocurarine 

0．2 tmaol·L (Fig 2 t d】and Hl一6 0．2 mmol·LI1 

(Fig 2 1I d)were obtained by using Eq 8 and 
substituting known values of K ， ， KR， an d 

KNr． Neither ofthe data sets fell onthe cul'ves． 

D碍CUssIoN 

In this paper，N2一chR expressed in cccytes 

was used to probe the effects of HI一6 an d d— 

tubocurarine． The results that the eoncentration- 

dependences to carharaylcholine n the presence of 

HI一6 or d．tubocurarine are similar and  parallel shift 

to rlghtfrom thc~ein the absence ofthem suggest 

tha t both are the competitive antagonists of 

N2一( R． The good fit of the experimental data to 

the equa tion for eompeting for two ACh-binding  

sites mod el rather tha n the other two models 

indicates tha t both HI．6 and d．tubocurarine bind 

two competitive ACh-binding  sites of N2-chR with 

e口llal affinity to antagonize the effect of 

earbamyleholine on N2-CLhR． The much smaller K 

for d—tubocurarine than that for HI．6 indicares that 

the mmpe titive inhibition of HI-6 on N2-ChR is 

much weaker than d．tubocurarine 

1 SuCT，Wang PH．Lju RF，Shih JH，MaC．LiraCH． o2 

言_ 叶● ●卅 砉_●叶●叶●卅 J  
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一  I 
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PflUgersArch1984；401：84—90 510515，中国) 
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8 T~keyasuK． 。n0 S，Ud 【1 JB，Fujita N，Hess GP． 
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关键词 HI-6； ； 墅 ；1墼  
非洲爪蟾；卵母细胞 

n目的：研究 1．(2-hydroxyiminomethyl 1 pyridino) 

3-f 4-cagoarnoyl-1-pyridino)-2-oxapropane dichloride 

(HI-6)拮抗骨骼肌烟碱受体(N，-ChR)的机制 方 

法：将去神经大鼠小腿骨骼肌 N，-ChR的 mRNA注 

射入非洲爪蟾 卵母细胞 。表达出功能性 N，-ChR 

以全细胞电压钳和快速全细胞灌流法测定不同浓 

度氨甲酰胆碱激动 N2．OhR产生的内向跨膜电流． 

以及 H1．6和筒箭毒碱对 其作用的影响 以最小 

反应模型分析 H1．6和筒箭毒碱抗 N， OhFl的机制． 

结果：分别以竞争双乙酰胆碱结台位点模型，竞 

争单乙酰胆碱结台位点模型和非竞争性抑制模型 

分析 H1．6所 得 K 值 分 别 为 156 00．40 05和 

334 67 pmol·L ，筒箭毒碱 的 K值分别为 0 10， 

0 02和 0 18 pmol·L～ 实验所得数据与各模型 

的配台程度，以竞争双乙酰胆碱结台位点模型最 

好，而非竞争性抑制模型最差 结论 ：H1．6与筒 

箭毒碱属竞争性拮抗作用 ，尤以竞争双 乙酰胆碱 

结台位点机制更台适 ，但前者的拮抗作用远较后 

者弱． 
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