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Effects of synthetic(一)一huperzine A Oll cholinesterase activities 
and n加哪喀e waterm ze performance 
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KEY W ORDS cholinesterase inhibitors； 

cholinesterases； huperzine A： cerebral cortex； 

ecth~ m  membrane； scopolamine； memory； 

mazelearning 

A皿d：To compare the effects of synthetic and 

ilatlll~ (一)一huperzine A (Hup A)on eholin— 
esterase and rrmuse water nlaze performance． 

M Ⅱ I(IDS： Spectrophotometry was used to 

determine cholinesterase activity． Mouse water 

nlaze was used to evaluate nootropic effect． 

REsI】I IS： The IC帅 of synthetic Hup A for 

acetylcholinesterase(AChE)of rat cort~~and rat 
erythroeyte membrane determined ／n v／tro w盯e 

64．7(52．6—79．5)and 53．9(43．6—66．6) 

nmol·L_。，respectivdy，and for butylyl&olin— 

estemse of rat~lalm was 53．6 (44．9—63．8) 

vmol·L一 ． Synthetic Hup A 0．12—0．48 nag· 

ig produced a dese-dependent inhibition of 

brainACllEinmice． SyntheticHupA 0．05 nag 

· 一 ig attenuated  0】arrIille—ind uced impair- 

ment of 8pa~ l m∞∞ry． Ihe 幽 cat3y of 

synthetic HupA wasthe same as nat111~ HupA． 

00NCLUS10N：SyntheticHupA yielded all／n 

v／tro and ／n v／vo ra~nm cological profile of 

activities similartothat of naturalHupA． 

n efioliner~e hypothesis of AJ吐eime，s 
disease(AD)was proposed after the consistent 
findings ofthe severe depletion ofthe cholinergic 

special enzymes， and the good correhtion 

betwain the extent of the chohnergic neuronal 

los$and the impairment of cognitive functionL 
．  

1'Ie9efindings resulted in a number of strategies 

designed to improve eholinergie fll／l~ on． 1'Ie 

use of cholinesterase inhibitors(c}lEI)in the 
lxeatment of AD has been the most 

encoul~ illgL ． However，the short duration of 

action，the low bioavailability，and the fl~luent 
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side eff ects of the first generation C}lEI limited 

the clinical values J． (一)一Huperzine A (Hup 
A)i8 a novd alkaloid isolated from Huperzhz 

se (Thtmb) Trey， a cIlinese folk 
medicineL 

． Preclinical and clinical studie8 

demonstrated that natural Hup A was the drug of 

choice for the treatment of AD，due to its hi 

selective inhibition toward AChE，longer duration 

of action， high oral bioavilability， and fewer 

side—eff ectsL’，6 Th ree research groups have 

reported the total synthesis of (一)一Hup A 
successfullyL 一10J．but there was r data about 

the phammeologieal activity of synthetic(一)一Hup 
A uD to date． Recently Hup A was synthesized 

by the authom． In this paper， the effects of 

synthetic Hup A on ChE activities and 

seo~ lamine-induced memory deficits were 

studied ． 

CH3 

NH2 

0 

M ATI弧 IALS AND 皿阴[1 )DS 

Animals Kumuing strain nfice【n=nO， 

(28．5-4-s 2．O)g]and Sl~rague—Dawley rats[ 
= 30， (250-4-s 5)g l of either sex were 
supplied by Shanghai Experimental Animal 

Centre，Chinese Academy of Sciences (Grade 
Clean．Celtificate No O05)． 

Materials Synthetic Hup A {l d J = 
一 173．0 (c： 1．O4，CHCk)，nap (229— 

231)℃，purity >98％}was pI即 ed by the 
authom． Natural Hup A (purity>98 ％ )was 
prepared by Deparmaent ofPhytochemistry in this 

institute． Acetyhhiochohne iodide (8-ACh)， 
sodium dedecyl sulfate(SD8)，and Coomassie 
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bfilliant blue(G250)were purchasedfrom nuka 

Chemic． S—butyrylthiocholine iodide (s- 

BuChE)，5．5．．dithio—bis(2一nitrobenzoic acid) 

(rrt~S)，and tetraisopmpyl pyrophosphoramide 
(is00MPA)were purchased from Sigma Chemical 

Co． Other chemicals weIe reagent grade． 

Chollnesterase preparation Rat frontal 

cortex homogenate was used as AChE  s0uroe． 

To prepare brain AChE ，mt cortex was dissected 

on ice and homogenized in sodium phosphate 

buffer0．75 mmol·L～ ．and kept at一30℃ ． 

Ra t ecthl~ yte membFalle and ~rl／131 were 

used as the SOlli~es of AalE and BualE． 

respectively． To prepare erythroeyte AChE ．甩t 

blood was collected in a heoafinized tube and 

centrifuged at 3O0ox g for15min． |I1le 01asma 

w鹊 dlluted 1：4 with sodium phosphate buff er 5 

mmol·L一 ． pH 7．4． containing NaC1 0．15 

mmol·L～ ． |I1le erythrecytes were washed 3 

times in saline followed by lysis in 50-fold 

volum es of sodium  phosphate buff er 8．45 nmaol· 

L～ ．pH 8．0． After 2-h sfi=ing． the lysed 

cells were centrifuged at 12 O0o x g at 4 oC for 

15 min． |I11e ecth~ vte membranes were 

washed 3 times and then diluted with Tris—HCl 

buff er 10 mmol·L～ ， pH 7．4． Serum and 

ecth~ yte n'~mbranes were stored at 一30℃ 

f0r ChE assays． 

0IE activity assay AChE  and BualE 

activities were m
，

eas
、

ured by the spectro— 

photometric methodLllj：s-ACh(0．3 mmol·L ) 

or s-BuCh (0．4 mmol·L )were used 8s 
specific substrates for the assay of AalE and 

BualE．repe ctively． e mixture was incubated 

乱 37℃ in atotal volume of4mLfor 8minL J
．  

The reaction wasterminated by adaing 3％ SDS 

1 mL．then 0．2 ％ m 1 mL was added to 

produce the yellow 5一thio一2-rfitrobenznie acid． 

which wBs ne_asured at =440 Iun for 30 mi n 

after initiation． All samples were assayed in 

duplicate． 

Prep毗咖 I of samples Mice were 

decapitated 30 min after ig synthetic or naumd 

Hup A． Co ntrol mice were given 8aline． |I1le 

brains were dissected on ice into frontal cortex 

and one hemisphere． Each brain ~gio． was 

homogenized in 50(wt／vo1)vol1lilts of ice cold 

sodium phosphate buffer(75 nu'nol·L～，pH 
7．0)． e blood was collected from t}le orbital 

venous p】e】(us of rmde mice． Ihe sel31trl was 

obtained after eentrifugation(3OOO×g，for 10 
min)and dilutedwith ice cold$odinln phosphate 

buffer(1：12)． 

Protein assay Protein concentration 'was 

measured by the Coomassie blue pmtein-binding 

methodL 3J using bovine ~111111 albumin as 

standard． 

Behavioral test The plastic water maze 

(80 cm x 50 cm x 20 cm．Fig 1)was used to 

assay peIf0rrrlarIce． Mice 【n=l34，wei 
(22．0± 1．5)gJ were kept in a 12-h light— 
dark cycleandgivenfoodandwater 瞄 ． 111e 
lllOllSe was placed on the water maze，with the 

Il08e towards the wall of the starting point and 

trained to find tl1e platform． Following the 

period of 2-d habituation，each mous~received 3 

training SessioFls daily for 7 d． Mi ce were 

trained to a criterion of finding the platform 

within 20 min and <2 elTors of entering non- 

exit． Once a lnollse reached the criterion， 

training was reduced to one session daily until all 

mice reached the criterion． Synthetic and 

naturalHupA were dissolved in saline． rrained 

mi ce were randomly assigned to suhsro~ps ． 

Synthetican d natullllHupA were administeredig 

45 min and scopolamine was injected ip 30 min 
before behavioral testing． |I1le number of errors 

andthetime ofreaching platform were recorded ． 

Statistical am ly~ Data were expressed 

as ％ inhibition (∞ saline contro1) 土 ． 
Statisfical analysis was performed with t-test

．  

Data of behavior test were expressed a8 i ± 5． 

ANOVA followed by D1．1ncan *smultiple．1ltr~ete啦 

was usedfor comparison betweenthe groups． 

RESUI腮  

Inhibitory effects on AChE and BuChE 
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v／tro 311e anti．ChE activity of synthetic Itup 

A was comparedwith naturalHupA by．smg rat 

cortex hornogenate， rat em hrocyte membrane， 

and rat Serum． SyntheticHupA wastested over 

a concentration range from 10．3 nmol·L～ 一517 

舢 1·L一 ． IC )rAChE andBuChEinhibition 

revealed that synthetic Hup A showed the same 

anti．AChE activity potency comp~ a with rlatIlIal 

Hup A． 1'l inhibited BuChE at much higher 

concentrationthan neededforinhibition ofAChE 

(T曲 1) 

Tab1． 坷帅 卸 0f sra~ ae(·】-mlpA mtlnl 

脚 A 011thaltnpmtea-me删 nti∞ 咖 ． 

月=1 h【卸哪胃柚南e 哪 30 r蝻  ipIl∞ a 蛐 ． 
功 [ IE=h由．r】 曲。陆es n辩 (r啦 鞠砌 )． A(】-E fc)= 

挑——曲d 瞄 m辨 (r啦 删 虹 h【卸。罨p 】． Aa缸 (e】= 

a睫臼kh— 髑舡 【哪 a 曲 加 b雌 J． 

>0．惦  m h_憎In m A． 

C∞／nm【-L。 

(．)．HupA (95％ co d∞cel-蚰岫) 

BuChE ACI~(e) Ael~(e) 

嗡 ● 岬 舭 ∞ A0lE and Bu0 lE 

西l m Inhibifion of 0lE activity at 30 min jn 

the whole brain．cortex，and sIⅡⅢ was tested 

folloMng ig ~ mnistration with 3 doses of 

synthetic ttup A． ⅡleIe Waft a dose-dependent 

inlfibi~on of 0lE bv syntl~fie and natll~ Hup 

A． n inhibitory effects of synthetic and 

natll~ HupA on cortexA0lE strongertlIan 

those on whde brain AChE． 皿le results 

indieau~t that synthetic and Ilanlr￡d Hup A 

exhibited the same activity on 0lE inhibition 

(Tab 2)． 
卫韪bcts衄 懿叼 棚岫．Ⅱ 砌 ll∞d Ⅱ n删ry 

嘲 d船 Miee injected sc0D0l8mil1e(4．5 nag· 

I 一 ip)s} wed increased e】 of entering non- 
exit and prolonged the Dat}I to find the plaffonn 

(P<0．01 eontrol group)． Sy~ etie Hup A 

(0．05 and 0．1 nag’kg ig)and mtlwal ttup A 

(0．05 and 0．1 nag·kg ig)all at[enuated the 

scopolamine．induced deficit(Fig 2)． 

Tab2． Am 山0li叫神er麟  b出 昭删 c卜)·n Aand 

Ⅱnh_憎 I n m A 缸 坷 。e． Vah】嚣 哪 昭pI酬 越 ％ 

．岫 K吐0n(佑 翻Ⅱne咖  】± ． h瑚 I鞠 咖  v矗h瞄 

咖 l踟 ± 。and跏 ± l帅 A 

啊-珊s，gpr0 lm，H哪 旺iv畦yf̂ =14，7血 】． B嘲 l翻皿ne 
伽吐 d 岫 e 0f鞠n蛐 惴 1443± l3B A WI 口H岫  

( =12 )． 《0．惦． 《0．01憎 聊  

喜∞80 
4O 

jg"2。0 

0  

i 
li抽 儿-· !苎垒堕 璺! !：!堕 箜 ! ! 
+ Hltl啪d №p  ̂ SyntbetleIhI口  ̂

阻 ll№ scopol曲 in_ 

2． ‰ 0f昭删．d玉c(．)-珏 A 瑚删 珏 A 

m ∞呻Ⅺh加 e_-Ihl删 嗣用吐 口目血盯m D∞ d匝 曲 缸 the 

帕 鼬 岍 山衄e。A)the衄 to叫 the p-瞳r锄 ，B) 
the皿旺■盯 0f a 叠n唯 商 t． 月 = 12 皿妇 ． ± ． 

《0．眦 憎 + ( =12出 )． 《0．惦． 

0_P‘0．眦 憎锺Ih +蝌 hnh f月：26 n血e)． 

D CUSs】0N 

Recently(-)．HupA was synthesized b、tthe 
all[hol~ by Ⅱ aTls of a~ netric DaUadim _ 

ea~lyzed bieyel~mnulafion of B．ket0 eBter with 2． 

methylene-1。 3-propanediol diace~ in the 

n蚝玛ence of&ira ligands 1t8 the key step． In 

eontr~ttothe reportsjn山e1iteralureL 7一l ．our 

synthetic appr~eh j8 nloi~practical in respect of 

the themical vield and optical vield． It lille 
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possible to provide enough quanuties of the 

compound to cant out pharmacological studies． 

The iesults D0rted in this paper demonstrated 

that synthetic and natural(．)．Hup A exerted the 
same efficacy on cholinestemse inhibition and 

improving scopolamine-indueed menlory deficit． 

111e nattm~y occurring (．) Hup A has been 
showedto be a promising agent for the palliative 

treatment of patients with AD ， ．The vie1d of 

natmal Hup A is low． and the success~ll 

synthesis of(．)．Hup A would pmvide one more 
waytomeettherequirement of clinical use． 

Hetetocyele~19卯 ：46：27—30， 

10 KBI~ o S，YoshinoT，KatohT，Terashima S． 

A novel enamioselectlve 田Ⅱ础 ofthe key kltemlediate 0f 

(一)-hu0erzine A ernpl。yi g酗 nm曲 pa／ladlum-catalrzed 

l~ 'doannulation． 
Tetrahedron：Asynnnel~ l9昕 ：8：829—32． 

11 EUmmaGL，CouitneyKD，A V Jr，Feather~ neRM． 

A | w and d colorlme~c detem inatlon 0f acayt— 

cholinesteca~ ． 

Bi~hem Phannacol1961；7：88—95． 

12 W angYE．-yl1eDx．TangXC． 
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