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M odulation by nicotine on binding of cerebral m uscarinic receptors with 

m uscarinic agonist and antagonist 

W ANG Hai，CUI W en—Yu，LIU Chuan—Hut 

(1~tstltute Pharrnacology and Toxicology，Beijing I66856，China) 

KEY W ORDS nicotine； nicotinic receptors 

musca rinic recepto rs；cerebral cortex；oxot remor 

ine；quinuclidinyl benzilate 

AIM ：To study the modulatory effects of nicotine 

on the bindina of b rain muscarinic receptors． 

M 叽 H0DS： Tne binding ot brain muscarinic 

recepto rs with the agonist H J oxotremorine—M or 

the antagonist I-L H j 0NB was determined jn the 

presence／absence of nicotine RESUI TS： Pre— 

incubation ol the  membrane traction derived Irom 

rat cerebral cortex with nicotine 1 0 pmo L ’Ied 

to a decrease in lhe dissociation constant LK )̂for 

l H Joxotremorine—M binding to muscarinic recep— 

tors，while the maximal binding value(B )was 

unchanged The Kd value for binding of the 

muscarinic antagonist t一 H J0NB was conce ntra- 

tion-dependently increased by preincubation with 

nicotine 0 1 nmol‘L～ 一 10 0 m0卜L～ ，with日 ax 

unchanged The effecl of nicotine on the K d for 

f—l H JQNB binding was p revented by mecamyl— 

amine 10 nmol·L一。． but was enhance d by 

dithiothreitoI 10 llmo1．L一0．which by itself was 

also capable of increasing the Kd value 

C0NCLUSION：Nicotine increases the affinity of 

b rain muscarinic rece pto rs for musca rinic agonist． 

but decreases the  aftinity of brain musca rlnic 

receptors for muscarinic antagonist． 

Nicotine is a highly selective ligand for nicotinic 

cholinergic receptors M uch sttention has been paid 

tf the effects 0f nicotine on the {unctions of 

cholinergic ne~-ous system． Acute and chronic 

tolerance to nicotinic effects carl be devebped，and 

the brain nicotinic receptors can be desensitized by 

repeated administrati。ns f f nicotine 

The structure． {unction． and distribution of 

PM ecl suplx~rted by 

China 390707923 

Rcceived l996．03—18 

the National Nall‘ l 3_~．ience Foundation 0 

brain nicotinic and mu~arinic receptors differ 

distinctively， but their endogenous agonist 

e．cetylch0line is the sanle． It is rea~nable to 

a,~sunle that there exists a close relationship between 

the two types of receptors ， although this 

relationship remains obscure Recently we found 

that the sensitivity of brain muscarinic receptors for 

muscarinic agonists was increased，and that of brain 

nicotinic receptors to nico tinic agonists was 

decreased by repeated administrations of nicotine． 

h vitro the 出ilitv of the 1PAuseB．1'lnic agonists 

areco line and oxotremorine to displace the binding of 

the muscarinic antagonist t一
．  H]QNB with brain 

musearinie receptors was enhanced by nicotine 1．0 

vmol-I This suggested that the affinity D{ 

brain muscarinie receptors for their agonists might 

be tnerea~d and／or the affinity of brain muscarinic 

receptors for their antagonists might be 

deereased(6 S。 fhe effects 。f cotine 。n the 

binding of cerebral musearinlc receptors to an 

agonist and an antagonist were studied in thcse 

experiments 

M ATERIALS AND METHODS 

Materials (一)Nicotine hydrogen (+)tartrate， 

mecarnylamine hydroehloride，quinuclidinyl benzilate(QNB)， 

atropine methyl bromide and dithiothrdtel gvete purchased 

from Sigma c。 [ H]QNB(1．6 PBq·mo] )was from 

Amersham Co Methyl-『 H Joxot rentorltie M acetate (3 2 

lJBq ·n J w from DuPont ( I、he 49 type I】d 

W hat 】GF／C t1{glaxs fiber{dters e from Hong-guang 

Co 【Shanghai．Chinaj and W hatman Cn．re．．pectively． 

H Oxotremorin~~M binding W istar rat was 

decapitated and the cerebraI ∞ rrex 、 as di~ected and 

homogenized in 10 volunle~ (w／v) of ice—cold Tris buffer 

(Tris 50．CaCI2 2．MgCl2 l，KCI 5，NaCI 120 mmol·L ． 

ascorbic acid 0 1％ ． pH 7．4)． The homogenate was 

centrifugal 1000 g at 4℃ for 5 rain． and [he 

supernatant gvas recentrifuged twice at 50 000 g for l5 

min [he pellet vgas suspended in the Tris buffer P ein 

determined using bovine NeFLI~I albumin a standard ’ 

rhe membrane fraction(0 l mg of protein)Ⅵ incubated at 
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35℃ for 3O mln Ln a final 0．5 mL of the Tris buffer 

containing H]oxotremorine-bl(0 I】2 l0 nrnol-L ) 

Blanks wc Tc determined in the presence of atropine I．()gmol 

-】 mp]es ＼~ere filtered through t~rhatman GF／C 

filters The radioactM ty was determ ined by E Beckm an I215 

ltquid~cinti[1ation spectrometer at an efficiency of 36％ 

f．[ H：QNB binding⋯ Rat cerebral cortex was 

homogenized in 10 vo]umes(v~-，v)of ice cold sucrose 0 32 

mol·L Fhe homogenace I 5 centrifuged at 1000 x g at 

4℃ for l0 min．and the supernatant v,,as reeentNfuged at 

20 000x g for 30 min． The pallet( ) as suspended in 

Na phosphate buffer 5O m mo[。L ， pH 7 4 The P2 

fraction of brain membranes(0 1 mg protein)was incubated 

ac 35℃ for 30 rnin in I．0 ml 0f the buffer eontainins 

[ H QNB 0．02 2．0 nmol·L Specific binding v,-as 

calculated as the total binding minus that occurring in the 

presence of 1-QNB 10 ,urnol。I Samples were filtered 

through 49 type glass fiber filters． ('granting as as outlined 

above． 

Data analysis The saturation binding param eters~vere 

determined by the linear regression analysis of the Scatchard 

plots． Statistical evaluation of the data was examined by test 

RESULTS AND DISCUSSIO 

Effects of nicotine on the binding of brain 

muscarinic receptors with musrarinic agonist The 

K value for H oxotremorine—M saturation 

binding was decreased in the presence of nicotine 

1．0
,

umol·L ． But the B⋯ value was unaltered． 

This indieated that the affinity of brain musearinic 

receptors for the muscarinie agonist was increased， 

while the amount of receptors was unchanged in the 

presence of nicotine 1．0 vmol‘L (Tab 1)． 

Tab 1． Effects of nico tine on the binding of rat cerebra l 

m~scarinic receptors with[ H]oxotremorine-M． 
n =4． 土 s． > 0．05．bp < 0．05 contro1． 

The occupation of brain muscarinic receptors by 

muscarinic agonists can initiate m uscarinic 

responses，and the muscarinlc receptor binding with 

its agonists can bc affected either by the receptor 

isomerization or by the functionaI status of its 

effectorsE 5 ： On the 0ther hand
． the oecuPati。n 

of brain muscarinic receptors by their antagonists 

can not initiate muscarinic responses， and the 

m uscarinic receptor binding with its antagonists call 

be affected by the receptor isomerization rather than 

bv the functiona1 status of its effectors So the 

effects of nicotine on the saturation binding of brain 

muscarinic receptors with the antagonist 

一 ： H~QNB were further observed in order to study 

the allosteric regulation of nicotine toward brain 

muscarinic receptors． 

Effects of nicotine on the binding of brain 

m uscarinic receptors with muscarinic antagonist 

The Kd values of￡一 H]QNB saturation binding 

were increased， while the B— values were 

unchanged in the presence of nicotine 1．0 nmo[·L 

(Tab 2) 

Tab 2． Ef~cU of nicotine on the profiles of I-[ H：QNB 

binding with rat cerebral musearinic receptors- n number 

of sam ples derived from 20 rats and determined  in duplicate， 

x ± ． _P>0．05， he < 0
．05， P < 0．0l co ntm l； 

ap >O．05． P< 0．05． P < 0．O1 dithiothreitol l0 Fmol 

L一 ：zp >O．05．。P < 0．01 nicotine 1．0 FLmOI‘1 

The relationship between the concentrations of 

nicotine(1gmol·L。。)and Kd values(nmol·L 。) 

0f l H]QNB binding was linear，r= 0．9933， 

P< 0．001 It lndicated that affinitY of cerebraI 

muscarinie receptors to the muscarinic antagonist 

was decreased by the presence of nicotine with a 
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concentration—dependent manner in vitro receptors』Pharmaml Exp Ther 1985；235：619 28 

The elevated K va1ues nf 一『3H]QNB bindiilg s。k 。vsky M，c。h曲A珊0n M，Eg0z Y，G 州 D，H朗 

m th prese“ e 。t atcot “e were prevented bY 
lheir inte州 ⋯ Tmrids Phammcol Sci 1986，7 Supp1：39 43 

iTlecaiTlylam ine 10 nmol’L ‘， which tseⅡ had no 6 w
ang H Modul~tory effects of nimti⋯  ini acety1 

effects oil 【 HjQNB binding parameters． In ㈣ho]ine ptor and its mol cula cchattiml 

addition，the l-[ H]QNB binding was seilsitire to Pro8 Pbysiol Sei 1994；25：240—2 

dithiothreitol，and Kd values were also increased by 7 Wang H，Cui WYt Liu CG The~peated admJnistrati~ of 

the Dresence of dithiothreitol 10 “mo1．L ． After m ~electi ely enhances the I㈣ity o1 

the m em b ne prep t “ waS preincubated Ⅵnth 
eds icol bas f mdM dual一 [1州 t。 psycho㈣  c 

dithiothreitol 10 gmol‘L at 35℃ for 30 min， d
rugs EdJnbu ：Gr 锄 Press，l994：l44I 8 

nicotine 1．0 gmol·L further increase the Kd 8 Wang H
， Liu CG lnPreased ~ sitivity o1 brain uscan i 

values f Tab 2) These data indicated that the receptor to its ngonists a t repmted nicotine 

effects of nimtine on K values of 一[ HlQNB pretreatmentin rab r mJoe and rabbits In：Adlkofer F，Thurau 
binding could be prevented by the blockade of the K’ 均 “ec ∞ “biol~g ㈣yst 

mem bra“e “ c0tⅡ1 re eptors bY m c m ylam ne， 9 W
ess J．B0 TI D e F．B— MR Delln t f 

and after the dlsulphate bound ol muscat ntc scarird p咐 dorrIaI11s cx)~errlng selectivity。f c。 pling t0 

receptors was broken by dithiothreitol，the effect of guaⅡi【 nud∞tide binding pm i⋯ d㈣ d me e11 r 

nicotine still existed． Mol Phammcol 1990；08：517 23 

In summary，the mcdu1at0ry effects nf nicotine 7 7一峰j)尸 
0n the binding nf brain musearlnlc receptorS with 烟碱对大脑皮层毒蕈碱型受体与其激动剂和拮抗 

the agonjst and ant删 njst we studied i it加．、 剂结合的调节 

o。“ ed 恤  a

．

ffinity of “ “ ln
，

t。 

汪 海，崔文 刘传缋 
receDtors tor m usearm le agontst． decreased the —— ～ — ———一  

a船二tv f0r muscarinjc ant nIsl， and had n0 (军事医学科学院毒物药物研究所，北京100850,中la1) 

。±±ec协。± h。 m。““ 。 m“scaⅢuc re。。ptorS。 lhe 关键词 烟碱 ；烟碱受体 毒荤碱受体 ；大膻 廛 

te? eff．ects of nieotine c0md b．e p．reve“ted b y 垦；复 奎纽定二苯瘟 一
the nleotm lc antagonlst m eeam ylam lne w hich ． 一 一  一 。’ 

ugg。 d h he。±t 。 ot“ o。 m w。 。md‘re ， 目的 ：研 究 烟 碱对 脑 M 受 体 结 合 性 能 的调 节 作 

h 。ugh 肌 ““ 。 删。receptors． 用 方 法 ：测 定烟 碱 对 脑 M 受 体 与 其 激 动 剂 

REFERENCES [0H]氧颤莫林．M和拮抗剂 t．[ H]奎纽定二苯羟乙 

⋯  酸(ONB)结 合的影响 结果 ：大鼠大脑皮 层膜标 

from b⋯ and he ⋯ d曲 fo ubt f 本经烟碱预处理后，M受体与[。H]氧颤莫林·M特 

r~eptor Eur J Pharnuacol 1984；101：10l一11 异性结合 的平衡解离常数降低 ，最大结合量 不变 ： 

Reb c。M， Ac J D㈣ se se晌 y佃 c。“ M受体与 ／-[~H]ONB特异性结台的平衡解离常数 

long喵k印 nd sh。 eep删  Al 侧 8； ：55—61． 
增高 ，最 大 结 合 量 也 不 变 烟 碱 对 M 受 体 与 

3 LowryOH，R~bmnghNI，F rAL，Rand,aft P,J f．[ H]QNB特 异 性 结 台 的 影 响具 有 浓 度 依 赖性 ， 

㈣ 踟删 he ph eag衄 并为 N拮 抗 剂美 加 明对 抗 ，为 二硫 苏 糖醇 增强 
J B c m ；193：265 -

。

75． 

～  
结论 ：烟碱 可增 强 脑 受 体 与 其 激 动剂 的 亲 和 

． ．  

r|s ∞ ofthe ～  ⋯  ⋯  ⋯ M4 Ma
rksMJ Stitzd JA Co[1i AC Time study ofthe ⋯ ⋯ ⋯ ⋯ 、 0 

eIfec☆。f chronic ni~tine infusi⋯ n drug船p。一 and brain 力 ，降低与 其拮抗剂的 亲和力 
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