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Anticholinesterase effects of huperzine A 。E2020，and tacrine in rats 

WANG Hong，TANG Xi-Can1(State Key Laboratory ofDrug Research， 

ChineseAcademy ofSciences．Shanghai200031，a ) 

KEY W ORDS cholinesmra~ inhibitors；eholinester- 

ase8；h】pe商 neA ；呦 ；tacrine 

AⅡ讧： To c0哪 Ie the antichoUnest~'ase effects of 

lmperzi~ A (Hup A)，E2029，and tacrine in rats． 

匝 H0DS： St：ectrophotometry was used to 

detelmi~ AChE activity in brain and Bu( E activity 

in sealm1． RESUI rS： Follo~n_g il]tragssUic 

garage，lhlp A，呦 ，and tacrine all produced 

d0se-d目x tinhibitions ofbrainAChE． OralHup 

A exhibited ahig inhibitionthanE2020 andtacrine． 

Taefinewas咖  曲 dvein inh'biang咖 B1 |E 

cotlv／ated with se峨 peripheral advea~e effects． The 

B 电 activity was less af话曲。d by Hup A and 

E2020． After a $ill~le oral dose of Hap A， a 

relatively study state of AchE '加l1m Dn produced． 

which was longer than that after E2∞ 0 and lacrine． 

No cban∞ inthe cholinestem~ inhibitionw嚣 s0∞ fbr 

the 3 drugs foUow~ng Iepe勘ed ig i~ ons． 

C0NCÎ ，S10N： lhIp A ig exhibited a h ler 

瓶 cacv， a longer 0n of action， and a m0 

selectiveinhibition onAchE thanE2020 andtacrine． 

Since cholinergic hy~ function in h{ ：咖 pus 

and col'~x where age．related decline jrl acetylcholine 

(ACh) release and degenerative losses due to 

Alzheimer's disease (AD) has been found⋯ ，the 

cholinesteraseinhibitots(0lEI)have been the most 

promising app／'~  ． An increase in the available 

ACh because of delayed hydrolysis can affect behavior 

through a cholinergic mechanism． Phys~tigmine．a 

classical C}lEI， improved some memory in AD 

patients 。and tac e，approved by Ⅱ }A in 1993， 

also加 劬 lced arI excellent improvement jtl several AD 

~tientsL 
．
However，the short duration of action， 

thelow bioavailability。and thefrequem side effects of 

physostigmine limited its clinical valueL ：and tacrine 

caused dose-dependent hepatotoxieity ⋯ ． Therefore． 

itis desirabletolookfor new C旧 that possess gi'P,t~ f 
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t~ upeutic Window， longer duration of action， and 

significant wer side effects． 

Hupemine A (Hup A )，an alkaloid extracted 

from Chinese herb Huperda selT"al~l(Thunb)Trey，is 

a potent and selective acetylcholinesterase (AchE) 

inhibitor． In controlled clinical trials， Hup A 

impmv~ the memory of AD patients without 

significant side effectsL ． E猢 ． orle of the 

Diperidine derivatives． is a new chEI under clinical 

investigation for AD in Japan and USA ． Bo血 

Hup A and E2020 show definite advanta s as 

comparedtothefast generation of C}lEI． 

Inthe present stlldywe comparedHupA ．＆ ∞ 0． 

andtacl"lne to e’'alu龇e the clinical potentiality of the 

new generation ofC Ⅱ． 

NH2 

Huperzine A Tacrine 

Mmedals H呷 A (colodes~p0wder，purity >粥 ％) 

was lxepated by DeF哪恤州 of 1％~chemimy in Shanghai 

hlstitute ofMateria M醐ca E2020(colorless powder，p 口 

>粥 ％)was1~rovided by 咖 m ofSynthetica n岫 in 

this Im~tme Tacrme was pLlrchased n Sigma Chemical Co． 

Otherdaenucals reac t 

脯 Spmgae一 崎 rats( ：22O，H嘲 岵 25O± 

35 g)of either sex sII ，li。d by Shanghai Expeamema 

Animal Center，Chinese Academy ofSciences(clean，Certificate 

№ 005)． 

M edication In a口Jte expetill~lltthe ratsw∽ deca0i盥删  

30 rnm afterigⅡ ipChE1． In sebacute expenlr~nttheratsw∞  

givenig，once daffy(x 8 d)．and killed 30曲 after妇 8th 
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dose ratsh 姗 v ofthe dt~-adon of action wefe killed at 

various I following ig． Corm-ol rats fe画ven saline． 

Prepara tion of samples 胁  re decapitated．the 

blo~1 was collected．and the h w ssected oi]ice into 

0 ~oll~x， M 明Ⅱ ̂  ， c p雌 striatum ， anti one 

h日nis瞳雌  Each brain re#o．was h~ ogenized in 50，50， 
250．and 40 volumes ofi∞ cold sodium t~ phate buffer(75 

mmol‘L～，pH 7 0)，respectively deWJmm~on 0f 

珂 c lrse of bu ch0“nes把 趾 cBuChE)activity after 0ral 

dose．the blo0d岍 怕kenfrom the orbital ve~oLLs plexus Tl 

se咖 was obtained after cemdfi】g 0n(35OO g，f研lO )． 

ChE assay brain homoggnate was 妇 5 

rain with rais0俐 I 哪 舢 ide(0 04 mind‘LI1)，a 

selectiveinhiNtor of Bm  F【百 assay of AchE 僵 ＆ 

activity．a reaction mixture of 4 mL containing acetylthi0chdiI 

i砌 出 0 3 mmol‘LI1 bu棚 叫埘 0c 0．4 mmol‘ 

L～，sodiuml~ hate bufl~(0ltonal‘L一，pH 7 4j lmL， 
and hcm 眦 0r sen舡T1 0．1 mL wasincubated at 37℃ 妇 8 

rain rcacd(m was na脚 by adding lmL 3 ％ sa~ura 

lauryl sulfate，then l mL 0 2％ 5．5'-di~o-bis(2-nim~enzoic 

add)toⅡf0ch．·∞ the ye]low anic~of 5-fl~ie-2，nitro-benzoic acid． 

Tt rate of color production was nr_~,llred ∞ 0【 y 

aL 4∞ n ⋯． A“ sam were嬲sa州 in 由删 c如 ． 0】E 

activity ％ measur~ as ab aI1‘=c (A) ⅦIu g protein． 

B =|II三activity 由 fII onlyia t rats 

Proteinass盹 Protein con~ 'tlralion wasmeasured wjth 

the Coormssie blue p~ eia-binding method ’ using bovine 

serttm bumin as stfllK~ffd 

8tmisfical ana~ysls Data expressed as ％ 

inhibitic~( saline contro1)± and c【ⅡrIpa向 with t-test 

曰Es￡正 巧  

Acute experiment Changes in ChE activity at 

30 rain in the 3 b~~ii1删 0ns and serum xAq~re tested 

followingig with several doses ofHupA，E2020，and 

tacdne． There was a dose·depen~nt inhibition of 

ChE by all 30 lEI． 111emostsensitive regionwasthe 

cortex，sinceA0lE inhibition (尸 <0．Ol contro1) 

was s。eI1wim HupA 0．5—2．0／ann·kg_。．E202012 

— 16 pmol‘kg-。．an d ta嘶 ne 90一l2O pmol‘kg-。． 

AChE activity was also inhibited in hi-- us and 

strialum． However， correlated to this， only E2020 

andtacrine producedBuChEinhibition upto 30％ (P 

<0．05，尸<0．Ol contro1)in seRilll(T曲 1)． 

Compared with the results following ig，Hup A 

(1．0／~mol‘kg ) iaje~ a ip exol~d similar 

aI1Ⅱch0ⅡIles rase effects in rats， while tacrine (60 

／ann‘kg )rean]t~iin a辨 如r efficacy not only on 

A0lE_m 3 brain regions(P<0．O1 ig route)，but 

als0 oilBu0lEin semm (P<0．05 ig rcote)，and 

Tab 1． Anfieholinesterase effects of huperzine AI 

E2020．and 缸x 'e in m b ． 

《O．05． <O．01 soXme group． 

<0．05I tp<O．01 acute experhne~t( 】 

ChEW A0lB 晰 。n，％ 
％ 

( 

mg-k g-~ 
) c0nex Hip poca

6

m

)

pus 

val~,swc佗 expressed as％ inhibition(w saline conU'ol1± s． 
Basal saline c观lnd values of c啊钒 ． hippocampus． mdm啪  

w∽ 1 36O±70，1 54O±]50．9390±880 A v~aes／g protein． 

respectively(n=l4) Basal saline control value of sorttm w&s 

船 ±5 A val~s／g protein(n= )． 

E2020(8~raol‘kg )acted like ta Ile．but change 

only showed in hippocampos (尸<0．05 ig Foute) 

(Tab 1)． These data suggest that the e~cacy of 

E2020 an dtacrinewith igmute afelowerthanthat of 

Hup A． 

Time coIlrse of ChE activity after ig 
medication M 【imal AChE inhibition In whole 

brain reached at60 rainforHupA(1．5~anol· ) 

E2020(16 t~mol‘ I1)，and tacrine(120 m0】． 

-。)． PeakinhibitioninCOFt8xandseBlm帆 s。eI1 

al 30—60 min for the 3 ChEI Inhibition of AChE 
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activity ii1 the cortex exceeding 1O ％ maintained 

bgft~veell l5 and 240 min for Hup A．but from l5 to 

18o minfor E_腿 0an dtacrine． 

Peakinhibition ofB 口lE variedinmagnitudefor 

the 3 inhibitors， and the inhibition  ve'as 印[eatef for 

tacrine(65 ％ )，moderate for E2020 34 ％)and 

Hup A (39 ％)． In ease of Hup A，the BualE 

activity recovered to control le-vels at 36O rain， 

whereas．stiI】∞ ％ and 46 ％ ofinhibifion existed for 

E2020 and tacnne，respectively(Fig 1)． 

Time ofmedication，h 

啦 !． T o0urse of伽 inhibition咖 仇vjl oral 

d出 stm咖 0f Hup A (I．5 imml—l 一 J，EZ020 

(16 I,mml·kg )-卸d tai~'t．ne (120 I,u~ol·l昭I1)．m 
∞ r虹 ． whole b ． 锄 d 翻 啪 in m  ． Vahms 

were eapm~ed as％ inhi~don c博 岛 如Ie control J． 

1r／= 4 — 6， ChE w书 D_蝈suDed as A values／g 

pm teln， Basal saline contro l values of cortex and 

b l缸 w氍 1 230±60aad 1 840±120 f =6】． Basal 

受Iljm  control values of 哪 wQs18±3【3I瑚 螺 】． 

Subacute experiment The subacutetreatment 

(ig once daily for 8 d) with Hup A (1．0 

tanol‘ )，E2020(16 ‘kg )，and tacrine 

(90 ’ 。。)showed no significant d'ffference as 

comparedtothatof acutetreatment(P>0．05 vs acute 

treatment)(Tab 1)． These results indicated that no 

toleranceto drugs occured． 

Side effects Side effects were mostsevere for 

~ Thie and 1east severe for Hup A ． 111e oolrtlllOlleSt 

side effect，seen after al1 3 drugs，was fasciculations 

With tacfine (120 ~tmol‘kg )，side effects were 

clearly visible at 5 min following medication，reached  

maximum at 30—60rain．and 1asted for atleast 4 h． 

Other chacacteristic symptoms of cholinergic 

hyperactivity such as tremor，salivation，sp】ay of hind 
limbs．and sedation also appeared． But all the rats 

survived ． Wn E2020(16,tanol—kg )，side effects 

were1eSS frequent an d 1ess severe than with tacrine． 

But fasciculations or other cholinergic signs did not 

occurwith HupA (2 gmol’ )ii1 rats． Subacute 

tr~tm eut 、 th 3 01EIinduced 1ess sev目e side effects 

than that ofacute treatm ent． 

11 present data showedthatHupA．E砷2O．an d 

tacrine ali produced a dose—dependent inhibilion of 

AChE activity following a single ig medication． 

Hup A exerted significant AchE inhibition in three 

brain regions， the relative inhibition 13otency of oral 

Hup A was found to be 11 an d 8o tunes as potent as 

F2020 and tael'ine based on the dosage of molecular 

weight Theinhibitory po~ cy ofAChE induced by 

Hup A was almost similar following ig and Jp， 

I-~ ve[． E202o and tacrine giveil ip showed much 

higher efficacy than those given ig． It had been 

reported that in theinhibition ofAChE in vitro L11 of 

icv injectionL ．the relative potency of E2O20 was 

stronger than tba t of H叩 A． The different potency 

ind uced by different mul~g ofadministration ofHup A． 

E2O20．an d tacrine wits also found in the mt radial 

maze tasks．Hup A improved  AIg~ A-induced working 

memory di丘cib at 1owet oral dose than that of E20'20 

an d t~ 'hie These results indicated that Hup A 

hadtI er efficacy wi th ig route and stronger potency 

to penetrate the blo~l brain barrier than E2O20 and 

tacrine did． 

『u0蓄 一uu L10《 『uo暑 王uI 6 《 『uo雪 王ul 3n∞ 
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Tac曲 e wBs mole potent as all inhibitor of serum ：B №  l99l p 4一 

BuChE than that of brain AChE The apparent 9 Ellnm 吼 ，Couml~ KD，AndreV Jr F-lm／hetmme RM A 

inhibition constant(K，value)forAChEisinthe nmol aml r叩I c。1 ’ of acetylcholinestexase activiq 

range 毗 [11]
， indi~ g that tacrine has 10 

high affinity for the enzyme． The higher dose of A r d and sensitive me出od for the qualltiration of microgram 

tacrine used ig might be explained by low quantities of prot~ i]~zing r ple of pmtem~ye岫 · 

bioavailability and／or rapid metabolism The illO1~ Am]Biocbem 1976；72：248—54 

peripheral adverse effectsinduced by tacrine may relate 11 01 阴 ·Pen H·Tang xc· 删  At vd 
r - -r " 

【0its noll—selectiveinhibition∞ chE vity11 ． 12 0lace ty[~h
DH

olim

．
st et'a~ ? ． ；0r8：脚97- 101．A． 

Our results m~ ted that tolerance didn t occur 伽
．
and IIe 0n ~ ．qcqiol- and dlolin H activities 

after ∞ ns∞udve treatment with ChEI even Plmmaacol Biochem B~lla~1998；61： press 

accompanied by the longer inhibition duration． This 13 yo~hiham Y．Himo O．Takashi K．Shin A，Yoshio St Kiycrm Y 

finding accordedwith earlier results~”， s]and suggested 砒 i呻 action ofE2(~20，a novel acciylcho~ ~hlbitar·∞ 

that chronic adnlinistmtion 0f low doses of AChE cho~ ：0 with olhcr hlhibitaps h：Nagatsu T· 

inhibitors in AD might not attenuate the therapeutic 盎 
efficacy· NewYork

：HⅫ Ⅱn；l991 D 409一l3 

The results 0btained with Hup A suggested that 14 Iagani~ S． J． XC
． W 'dlfertE，I．t．minI 

the disadvantages of AChE inhibitors． such as short ACllte and cl~0nic~ldies with nE dloh口 a茁 h．1：,~rzi．e A： 

duration of action． 1ow bioavailability aad severe effect central system cholir~ parmm,xs 

pedp】1e珀l side effects． might be overcotl~ by Neur~ togy 99 ； ： 一0 

．mg cNs selectivity． e耐bre，H．p A fits 篙 t．a． cri ae a n d i~ra t brain：． 
morc closely with the established criteria for all idea1

．  N~ ogy l ；28：199—296 ／ 

cholinesterase inhibitor to be used in clinical studies． 7 }。 
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