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AIM：To study the age-related ch~ges of at【0pine 

(A )，scopolamine(ScoJ，aniscdine(娼 )，and 

锄 9。d衄 j玎 (Ani) 皿 behaviors lind memot~ ． 

臌 咖 S： 卫1e behavioa．s and metnori~ 眦  

measured with open-field test and st~ through task． 

M-daolinergic reeepto~ were detea-mined by H J 

qI】-皿】d nyj be丑血吐e t[。H] 旧)． REs1II腮 ： 

Outing acqI】i se 0n(d1J tbe1 ，28_，and 38- 

d-oldmicel,retreatedwith An"，Sco，andA (0．02， 

0．2，2，Or∞ mg。 ～，训 ．m open-fieldtest showed 
illerease in w．1ld,,S c0Im俗 by 26 ％ 一 42 ％ ． trot 

deca'easein Ie耐Dg，粤咖 jng，and 癌c枷ing counts 

for50 ％ 一92 ％ ．67 ％ 一100 ％ ．and 75 ％ 一 100 

％，re~ vely． ()n recall se 0n(d2)d1ew．1ldr,g 

and Ie缸ing behaviors in the 18-and 28-d-old mice 

receiving An"，Sco，and AT3∞ d 1 hi曲日 山∞ 

those in the mice receiving saline． But a lowe~ 

掣Dom_m窑 behavior 加 d 2 糨 fotmd in the mice 

r~ ivi．gthe dmgs 011 d 1． On d 1 Ani 20 nag‘ 

reducedtheIe衄 behaviorby 50％ in1串d．oldmice 

and defecation by 33 ％ 一36 ％ in 1 and 28-d．old 

mice． AⅡ tlae 4 hIua【l0皿 a alk血 increased the 

nlmlb~ of avoidanee-~ e力璐 柚 d decreased the 

retenti~ lateneies ．m 出Ic 血 rusk． 口m  0f 

I~]QNB binding sites in tal d帜 and 
bippc 咀唧 s regiom inthe 3{ d．oldmiceincreased 7 

％ and 23 ％ w in the mice of 18 d of age． 

msp。击vely． CONQ．USION：1)The ef瞅魑 ofthe 

bella6otma alkaloids Oil behaviors and ∞ 望D0哐ies in 

adultmicewereweal~ than山0sein youngmice． 2) 

The belladom a alkaloids-induced amnesia On ∞ s 

avoidanee-~ in st~-,llrough w∞ nxlIe sensitive 

O 伽ding nllthor． 

Ptm：86-1~ ． Fax 86-10-6421—3841 

P,e,M ved 1996-11一嚣 A。。E删 1997-10-04 

than behavioral ch日日 and amnesia 011 open-field． 

3)Ac∞m to the lowest effective doses which 

_加sI】J唧 the behavic~s Ormenaotie~in yUlmgmice，Seo 

was about10，100，and 1000limes蛳 pc咖 tthan 

Air，AT3，andAni，re~ etlvely． 

Thebelladonna alkaloids a埠 widely distributed in 

natlL~． espeei~ y in the Solanaceae plants． n e 

nightshade yields mainly the alkaloid atropine(Atr)． 

卫1e alkaloid scopolamine(sco)isfound chieflyinthe 

shrub Hyoscyamusniger and Scopola carniolica． 卫1e 

alkaloid affasodine(AT3)and anisodamine(AIli)were 

firstisolated from a Tibetan waditional herb Scopolia 

tangutica in Ctf~na． These alkaloids can antagon~  

the muscalinic actions of aeetylcholme． They are 

therefore called antimuscadnic agents． which are 

wi出 ly used in medical practice and extensively studied 

in experimental aninla]s． They are well I~own tO 

produce memory deficits in humans[1．2J and 

anima]s[3，4] or behavioral changesIs· 
． n eir 

ther'apeutic doses， especially Sco， Call calls~ 

drowsiness，euphoria，fatigue，dlTeal~ess sleep， and 

amnesia． Howevel"， the same doses occasionally 

CaUS~ excitement， restle~ rtess， hallucinations， Or 

delirium instead． In experimental aaimals， the 

hydrolysis of phosphoinositides elicited by stimulation 

of cholinergic mus~iinic l~C,eptoP3 was raigller in 

neollalal rats than in adult rats， and in hippocampus 

and eerebral cortex the response was higher than in 

cerebellum 0r ha stemL“． 

1hepenelrafion ofAniinto central nervous sysl~a'n 

(cNs)istootledifficult． There was130 retx~onthe 

anmesia pr~luced by Ani，and the relationship between 

amnesia and behavioral change~eficited by belladonna 

alkaloids． The pil1]pOSe of the present st．ay was to 

c~ lpare the behavioral and armaesic effects of the 4 

belladorma alkaloids， and M -cholinergic receptors in 

various brain regionsinimmature andmaturemice． 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


BIBL1D：ISSN 0253-9756 Acta 珊 -：I：出 Sinica 中目药理学报 l9％ Mat；19(2) ·113 

I二 ◎ I fH0c —-一 ＼一 CH广cH—C CH20H —  

R=H Atropine 

0H Anisodmnine 

O I } 。 —◎  佣 f眦 — 
、cH— cH— c ~H20H 

R =H Sc 目¨锄 i地  

r-Ⅱ  ^ ^-* ～  

Mi∞ were18 d(wdg 唱11—14 g)一，嚣 d( Dg21 
— 24 g)一，and 38 d( Dg 31—34 g)一d-old 0 Ini∞ of 

K~mrninE sⅡajII and supplied bya1iIla Academy of Traditional 

0】i_．eseMedicine． Theyw豇el10u∞d 8to a ca at 20—21℃ 

and1 0n 7：00协 19：00． 啪 l andIⅨ 

q 唧 船 were rl~ned O眦 b创N，een8：O0 and 12：00． 

Ihq sco was Ⅱ吐la辨d台∞ E k ，D趾髓越诎 ． 

AT3Ⅵ氍 丘伍nIn 眦 ofMl~!tialVI~ a．Chinese Academy of 

Medical Sciences． 船 and Anl w b l出 丘∞ Bdjing 

nⅢmaceI1捌 Factory． H]QNB，幅 1 TBq‘mol～，was 

p|lrd】as州  Amersham ，UI【． Sco，Air， ATa， and Ani 

we 胛  nredinm~'mal s出口e andip10mL’ l5 befc~ 

the acquisitioa sessioa(d1)in open-fieldtest． 

OD自 fjeld test Each n】ou辩 wastestedfh 3 daily 

for2 1cc ve daysin a 32 皿 ×21 cm x15 cm opca-field 

曲 岫 ，which was t0 ly unfamiliar Walking，re Dg， 

00血ng，and defecatioa in both ao d0n session(d 1)and 

recall sessioa(d 2)w豇e recca~d mating behaviorwas 

indicated bythe scar．di哨 0n hindlimbswith sav~hedback． 

DI血  wa1虹D窖w a~amafic,ally cc棚edwith粕 A vitv 

Meter． groom~ behaviors included I ng face and 

licking body 0r paws． defe~ tms w豇e i础 洲 bythe 

n nbef ofboklse$&-posited daring a 3-血 pe~od 

S峰 曲mugh task 1 shock avoidance apparatus 

caasist~ of a perspex box of 2 ee~ am'aneats dark 

canparmlentwas a grid float which couM be electrified． But 

thu'ewas not electrifiedin出 safefo0m ． Each如0llsewasput 

inthe safe compartment． Attet stepped nthe safe rtx：tm to 

the darkI_0ornIn嘴 received afootshock(5OV，50Hz)，alha" 

whichtheIna】seR 皿 edtothe safe rtx：tm and avoidedm eting 

the dark compartment． n IIg a"aining(d1)testthe nralb~ 

avc~kace-resOonse d 嘛 indicated 出 timesthe md研 entered 

the dark chamber to ll~eive footslrr~ in a 3-nfin r,mod 

∞ testwog ven 24 h ~ owing the ining te st If a 

malse did not enter darkfocalwithin 3曲 ．them l∞ w雒 

assigned a some of180 s 

Determinationof nnu a枷 c reeelma-s t,,fice of18 

and 38 d cff agew豇e decapitated． fxtmml col'~x．sttiat1]l~， 

bipl sI aim mi were taken in a dish 衄 ice 

Tissues 10 mice were pooled for1】∞ at each age 

tissups were }I讲n曜锄i删 in 20 volun~s of 50 mmol·L 

曲啊血 buffer，pH 7 4，andthen at4℃ at15 0o0x g 

f 10ⅡliⅡ． pelletwas 璐D既州 andwapit itwicewith 

20Ⅶ l嘲 ofh船 to remove endogenousligands． final 

peIlelwas resus~nded砒 a 砌 l cc啦棚响 of about100 

g·L_。andfrozea at一20℃ until抽ld【ng assay tissues 

in100—150 ggi~ ~~in／mbew incuba~d in1mL of buffer 

coIlfai Ilg 6 cmcem~ as(0．02—2 mno1)of【3H]QNB． 

PamUeltubes com曲血培 am啦 (1 tanol‘L )w豇e usedto 

determine noi18po~ c抽ld【ng． Afterincubatioa 砒 37℃ f 

1 h，the samplesw豇efilteredlbIc嘞 glassfilte~ withⅦcIⅡ皿 

and dHId蒯 at80℃ Radi0actj砷IyⅡa印ed onthefilte~ was 

de缸mined by a li叮咖  衄 cotaget(Beckman 5801 )at a 

counting efficiency of 印 ％ ． 印。ci bil出  was 

cakuflami as total ml肌 nonsl~ c n Promu 

conlemtsⅥ m d嘟 面 ned using Folin phead r~gentwith bovi~ 

s口砌  晒umin as a或蛆da ⋯． 

Da忸a．al~s affinity(as )and den豇ly(勰 

嚣一 )of[啊]QNB bird 嘧 w calcuhted from the 

Scatchard polts． A1lthe a 豇im衄乜l resultsw 0叩卵ss。d as 

± and c饵唧 叫 usingthe“ E悯 t-test 

Behaviorsin open-field test 

Walking behavior Ie lowest effective doses of 

船 to increase the locomotion bv 24 ％ 一 52 ％ on 

both d1 aad d2帆 2 aad 20 nag·虹 I1for18-aad 

2 d，old mj∞ ． respectively． Ie minimal effective 

doses of Sco for~me．asing locomotion (26 ％ 一 

64％) 0．02 aad 0．2mg·k _。for18-aad 28，d， 

oldmice，respectively． However，An 20mg‘kg 

and Sco 0．2 mg·kg一 incleased the l0 叮l嘶∞ by 

2O ％ 一27 ％ only on d 1．not oD d 2．in the 38， 

old枷∞． 2 mg‘kg inc㈣ sed the ambulation 

bv23 ％ 一3l ％ Ol3 d 1 in the mice ofthe 3 ages． 

On d2 the 28，d—oldmicewhich receoved r口2 or20 

mg·kg一 still showed a hi 1er locomotion vs o~ntrol 

group(P<0．05 orP<0．01)． Aai didnot alterthe 

locomotor activity in all the mice． ．I11e ntrmber of 

ope~-fieldmlbulationin youngmicewereless(26％) 

thanthosein adultmice(P<0．05)． ．Il oven-field 

mnbulation in the 18-aad 28-d-old mice on d 2 was 

reduced bv 28 ％ 一 52 ％ Ⅷ Ol3 d 1 in the con~ol 

mice (P<0．05 or P<0．01)． 

Rearing beh br When themjoe ofl8 or28 d 
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old Ⅵ replaced in the olden-field chamber 013 d 2． 

the rearingtimeswt~re decreased 50 ％ 一75 ％ w Oil 

dIin control group(P<0．01)． Micewhichmedi— 

catedI5minlniortothe acquisidon Sl~sion(dI)in 

the Ol~l-field test showed the decrease(on d 1)or 

increase(011 d 2)in rearing behavior． On d 1 the 

minimal effective doses ofAtr，Sco，A1 ，andAnifor 

inhibiting the rearing behavior by 67 ％，63％， 

64 ％ 。and50 ％ inthemioe ofI8 dofagewere0．2， 

0．02，2，and 20nag’kg_。，respectively． Tbe lowest 

do~eswhichinhibitedthe rearing behavior bv 42 ％ 一 

73％ On d1 inthe 28-and 38-day-oldmioewereAtr 

2 nag‘ ～，Seo0．02 or 2 nag‘kg～，and 2 nag‘ 

(P<0．05 or P<0．O1)． On d 2 a bigIIer 

rearing behavior was notl~d in the 18-and 28--day--old 

mioewhich receivedAtrorSco On d1(P<0．05 orP 

<0．OI)． But Sco 20 nag· reducedthe rearing 

011 d 2inthemice of38 d old(P<0．o5)． 

Grooming bohavior 1c grooming behaviorin 

1 d_old mloe VC'd~ much more than that in 38一d-Old 

mloe．paraettlar]y in the recall session (P<0．O1)． 

On d 2 the eontto1 mioe(18．and 28-d-old)spent 

muchmore time tO groom 坩 d I(P<0．05 or P < 

0．O1)． Tbemice prelreatedwithAtr，Seo or A1 on 

d 1 showed alower behavior ofwashing face，licking 

body and paws(P<0．05 OrP<0．OI)． Thelowest 

do~es ofAtrforinfluencing the grooming behavior 011 

d1 were 2o，2o，and 2 nag‘kg for 18-，28-，and 

3＆d_old mioe． respectively． But the minimal 

effective doses of Sco which inhibited the groom bv 

63％ ，8o％ ，and 75％ On d 1 were0．02，0．2，and 

20 nag ’ ～ for 18-， 28-， and 38-d-old mioe， 

respectively． On d1llaelowest effectivedose ofA 

inhibitingthe groom in the mioe ofthe 3 ages was 2 

nag· _。． Tbe 18-d—old mioe received Atr 20 

nag’kg～，Seo 20 nag。 _。，and AT3 2 or 20 

nag’kg Oil d r showed a lower groom on d 2 w 

control(P<0．05 or P<0．01)． Alower grooming 

bellaviorOil d 2 was also found in the 28．d-old mioe 

which was administered Seo or A1 Oll d 1 (P < 

0．05)． 

Defeeatin~ bebllViOl" 1c ntmaber of the 

boluses deposited On d2 was higherthan those On d I 

_m aUthemice(P<0．05 orP <0．O1)． The4 drugs 

_mjected∞ d 1 inhabited the defecation ∞ ％ 一 
100 ％ 011 d 1． but did not alter the defecating 

behavior Oil d2． Thelowest effective dose ofA for 

inhibiting defecationwas 2 nag‘kg in authemioe． 

Theminimal effective doses of Sco Wel'~0．02，O．2， 

and 2 nag‘kg_。for 18-，28-，and 38-d—old mioe， 

respectivdy 刁 effective dose ofA弓 andAniwas 

20 nag · k2 in both 18- and 28-d_old mioe． 

However， the lowest effective dose of A1 which 

reduced boluseswas2mg· ～ inthe 38-d-oldmioe． 

Avoidance·~ 13se in step-throu~ task 
Afterthe open-field test，mloewereimmediately 

put in the ~ p-through task each clay． 1c 

premedicated mioe 011 d 1 showed a do~-dmendent 

inlpllinnellt of avoidance-responseleamillg(increasein 

the ntmaber of footshoek in training)and IneI∞Iy 

(decrease in the la~ncies of receiving footshock in 

retention)． ．n1c lowest effective do~es for inhibiting 

the avoidance-l~ixmsein allthemioewereAir0．2nag 

’ kg～，AT3 2 mg‘ ～，and Ani 20 nag’kg～． 
However，theminimal do~es of Seo for disrupting the 

process ofavoidance-responselearningintheI8-，28-， 

and 38-d-oldmioe Were 0．02，0．2，and2 nag’ _。， 

respectively． Butthe do~es of Seowhich blockedthe 

avoidance-response pI'OC~S were0．02，0．02， 

and 2 nag‘ _。for the mioe of18，28，and 38 d of 

age，respectively(Tab1)． 

M usearini~ receptors The densitv of 

muscarinic receptorsinfrontal cOrtex and hi-- pus 

legionsin 38-d-old rnloewas greaterthanthatin l8-d_ 

0ld mioe． There were no signific．a／lt age-related 

di岱m Ices in the 1 0H1QNB binding sites in striamm 

and mldbrain regions． ．n1c affinity constants of 

l HJQNB for M-eholinel,gic receptors were not 

differentin all brain regionsinboth ages(1 b 2)． 

W hen placed into a nOVel or imf"amili~ff 

environment，mioe appe~ several different behavioml 

expressions． The rank order of the potencies of 

belladonna alkaloids for disrupting behaviors in open- 

field were Sco>Atr> A1 >Ani． The rank 0rder of 

the suscepdbilides ofthe behaviors on the belladonna 

alkaloids Were rear> locomotion>defecation>groom ． 

W hen replaced intothe 0Den．field chamber after24 h， 

the18-and 28一d．oldmioe exhibited a reducedmotilitv 

arid rearing， but the grooming and defecation were 

enhanced． These resultslllJ~ht be duetothememory 
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"lab1． 【-m-皿叫 effective ，瞄 (rng·l《I1j 0fbelladmum aRmloids-ind|Icedbd埘vi伽aI 硼 mid 8in18-， 

28-．mid 38-d-old mice． The behaviors mad删DiIi日n睁 r驾p0璐e 氍!tested with OlXm-fidd mid 啪  恤 0q曲 ， 

respectively． D唧 (0．02，0．2，2，∞ 20 n】g·kg 】we∞ gi~naip15millbef0retheteBt ond1． Ond2thewallcln~ 
madm iring bd哪  inthe controlm icewem dea'eased，butthe groin ingmidd 州曲 唔betmvio~ 骶 hlerea~ d 

w on d1． № rece~ belladomm alkaloids曲 hlereaseinw曲 bI fon d1mid d 2】mad ar g 

b曲龃vi肌 (on d2】，butdecreasein rntrmg(ond1】， 口旺l-il (ond1 madd2】，maddereeatU~ (∞ d1】bdH ． 

The．m 随 0fthe4 onm klam~-response曲 the 皿阻seinthetimes 0f~otshocksin 蛐 ng锄 

d1】middecreaseinthelate~ies 0f receivingfoot,hockin reUmli~a∞ (d2】． 

"lab2． [ H]QNB bj皿曲唱 inh血 r~iom in18- 

38-d-old血 0e． n=10mioe， ± s． 

-p >O．05， ‘O．05， ‘0．01 w  18．d-oldm ice． 

Brain H]QNB d ~ ametem 
Bm ，pmol／g p 岛 ，ranol-L 

flJld／or aaaptation of mice Oll this chamber． This 

memory was easy acquisition and decline．and was not 

easily blocked by drugs passive-avoidam~ memory 

in step-through~ 
． During recall session(d 2)lhe 

open-field behaviors in lhe mice 0retreat~ will1 Atr． 

Sco，or A on d 1 w similar的 rhos~ 0n d 1 in 

o0n 1 mice． These indicated thal 血e Ⅱ n帕rv or 

lal 蚰 ofmice 0n op∞ ．field chamberwas blocked 

bythe belladonna alkaloids．Atr，Sco，∞d 砒the 

doses that completely djsrupted the mcmo~ in step- 

t~oush task affecU~ all 血e h 。 in open．field 

test． But 血e dose of Ani which nDaired the 

avoidance-msp 瑚eln0 did not influc~tce the open． 

field ~haviors， excepting lhe defecation， Ⅲ1d 

memoly． Thence lhe amnesic O1"Alzheimer's disease 

mc~lel elicited by Ani in step-through task may be 

better than that by other belladonna alkaloids， 
-  

especially Sco． 

1be densivy of曲01iner ic加吡sc越nic rec 岫 

wasincreased in brain during develol~ entⅢ1d o~zehed 

adult levels in the rat about posla~tal 30 dL ． And 

the receptors in the medulla Wel'~ pl~sent in higher 

nlLrnbel~砒 birth and re．bed adult valuesmolefaDidlv 

than those in cerebral CO1．~xt12J
． oI】r results indicated 

that the number of H]QNB binding sites in fi'ontal 
cortex and bippocampusinfilemice at 38 d of agewcrc 
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greaterthanthosein themice at18 d of age． 1tlese 

data suggested thatthe rate ofthe development ofthe 

maua'afion of M-cholinergie nx D【or density was 

differentin different brain areal~． Becausl~the central 

~ icholinergie effects of nnlscad皿|c antagonists are 

related to the ntmaber of mu．~arimc receptors in 

brain~i3,i4j
， and the cholinergic transmission in cortex 

and hilrpocampus a朗 plays 锄 essential role in 

m emory 口工( essesL J
．
Inthe present study，thelower 

muscarinie receptor densities in frontal ool'tex and 

hippocampusinimmaturemicemight，atleastin part， 

explain their high response to belladonna alkaloids- 

induced im~iralent of open-field and avoidance- 

IesI)c memory，and open-field behaviors． 

In $11namary， the belladonna alkaloids induced 

behavioral changes and amnc$ia in young mice were 

lnOIe sensitive than those in adult mice． 1tle minimal 

effective doses required to disrupt behaviors and open- 

field memory wl~re target than avoidance-response 

memory． 1he lowest doses of these drugs for 

disruptin~ open-field behaviors were lower than those 

for bloeldag open-field memory． 【 H]QNB binding 
sitesin coltex and hippocampusin themice at18 d of 

agewl~relowerthan thoseinthemice at 38 d of age． 

1 Rusted叫 ，W ~txiltoll ． 1he慨 of scopolamine。Ⅱ ng 

m目IH y iu k al血y y 加g w Ⅱc皤 s． 

p q m _Ⅻ 0霉r 1~118；96：145—52 

2 B P，PI锄 nGc， M，脚 P1m P，waldC，SNalsM 

M。dd1 de岫 ： 酏 of 唧 0l ∞ mer ry and 

甜 ． №uI叩 出岫 1~118；26：685—700 

3 Di皿 del Gu~ te MA．C虹 M 叫 es sE，P_心 Alcala RA Time- 

出pe出  慨 of el：olinergic bl0cl ofthe a咖 。Ⅱmer ry 

Neum~ Lettl991：1盟 ：79一啦 

4 Ⅱl O，BdbⅡisⅡ．B嘲 I． 丘豇即糊  f of吐 iI州 c 

bkd ∞ 口d如蜘眦 of inthewater诎  w a ∞ 诅吐 姐d 

in a ra击 懈 n1B2 BehvNeum~ l∞ 6；l00：476一艟 

S 血监时 FP，}kd山 I． 幽 IC，sll删 脏 ． c： -口dve 

beh 0叫 岫d n ∞凸衄 i龆l 6档 of d i c aDta nis【s in 

IHI衄 啪 l E叩  19孵 ；267：16—24 
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莨菪类生物碱对 18，28及 38日龄小鼠 

的行为和记忆障碍作用 

潘思源 ，韩怡凡 徐秋萍，刘名彦，R、77 

马慧珍，丁委静，朱仁良 

(北京 中医药大学药理教研室，北京 101X~9，中国； 

2香港科技大学生物化学系 ，香港九龙清水湾，香港) 

品； ；塑 脑；受体；阿托 
：莨菪类生物碱 

目的：比较阿托品(A )，东莨菪碱(Sco)，樟柳碱 

(AB)和山莨菪碱(Anj)对小鼠行为及记忆损伤作 

用 ． 方法：行为和记忆 实验 用开阔和 回避反应 

法．脑 M受体用[0H]QN~测定． 结果： ，Sco 

和 A 增加小 鼠走动行为 26％ 一42％，降低站 

立 ，修饰，排便行为 50％一1∞ ％，并抑制开阔记 

忆 ． 4个药物均能妨碍回避反应 ． 小鼠 l8日龄 

额叶皮层和海马[0H]QN~结合位点数少于 鞠 日龄 

7％一23％． 结论 ：1)莨菪类生物碱对小 鼠行为 

和记忆障碍的作用随其 日龄增加而减弱． 2)Sco 

对幼年小鼠的行为及记忆 障碍作用的最小有效量 

分别是 A口，AT3和 Ani的 1／10．1／100和 1／1000． 

维普资讯 http://www.cqvip.com 
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