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Attenuation of scopolamine—induced deficits in navigational memory performance 

in rats by bis(7)-tacrine，a novel dimeric AChE inhibitor 
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ABSIRACT 

Am ：To sludy the effects of l，7-N—beptylene— 

bj8-9，9 一amino—l，2，3，4-tetrahydroacridine l bis 

(7)一tacrine l，a novel dimeric acetylcholine— 

stcrasc inhibitor(AChE1)derived from 9一amino— 

l，2．3 4一tetrahydroaminoacridine(tnerine)，on 

scopolamine—induced spatial memory impairment． 

METHOIlS：11le effects of bis(7)一tacrine were 

investigated on the 5一d performance of young 

adult rats in山e Morris water maze． The latency 

to find the pla[form in the ~aler ⅡIaze was 

measured to evaluate perfon~nce． Tacrine was 

used as a H e drug． I~qUL3PS ：Scopola— 

mine(0．3 mg’kg～，ip)resulted in an increase 

in lateney period (>100％ increase) as 

compared th saline treated controls． Both bis 

(7)一tacrine and tnerine lessened the increased 

latency indueed by scopolamine to lhe level of 

saline control group． 11Ie relative potency of bis 

(7)一tnerine(O．35 ttrnol’kg～，ig or ip)to 

shorten the escapo latency was 24 or 12 times of 

tacr／ne(8．52 ttmol。kg～ ig，4．26 l‘kg‘。 

ip)follo~qng ig or ip administration，respective— 

ly． There appeared t0 be an inverse bell—shape 

dose—dependent effect for bo山 compounds tested． 

00I USI()N：Bis(7)一tnerine is a mole 
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potent and orally active ACkE1 than tacrine，and 

has potential for the palliative treatment of 

A1zheime r disease． 

INTR0DUC．I10 

Alzheimer disease(AD)is a devastaling 

neurodegenerative disorder山at is characterized 

by global cognitive decline and dramatic 

personality changes． In developed nations AD 

has become the fourth leading cause of dealh in 

adults．and山e costs related to AD exceed those 

related to cancer and heart disea8eL ． Due to 

cultural factors，it is quite likely that at present 

AD is under-diagnosed in China． But as the 

ng pop~ation continues to grow in the 

country，a more accurate picture ofthe extent of 

the disease should emerge． Development of an 

effective thempy d therefore have treme ndOUS 

value from both scientific and economic 

standpoints． 

Pathologically AD could at least be 

characterized by the degeneration of the central 

cholinerglc system and the deposit of amyMd 

plagues in the brain ． Man)' possible 

approaches have been investigated in developing 

AD therapeutic dings， but to date only the 

choline c thempy has proven efficacy． A 

numberof cholinergie compoundshavebeen used 

to treat this diseas~，such as acetylcholinesterase 

inhibitors ChEI)and eholinergic agonists or 

precursors ’ ． Encouraging improveme nt of 

me mory has been reported with 9一amin~l，2，3， 

4-letrahydroaminoacridine(taerlne or Cogne~~' 
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marketed by Parke—Davis jI"1 1993)，a centrally 

active，mversible AChEI that has beell used to 

treat patients with AD【 
． However．taefine is 

not all ideal drug for clinical use beCallS~of its 

low bioavailability，IlalTOW therapeutic window， 

and hepatotoxieilvI - ． Therefore much 

research has been directed towa rds 山e 

development of more potent and selective tacrine 

analogs． 

Computer-aided rational drug design led to 

the syaathesis and evaluation of heptylene—linked 

bis—taerine，heneeforth bis(7)一tacrine，which 

offers remarkable increases in AChE inhibition 

potency and selectivity
．

compared to tacrine 

itself"7j
． 

H一 (CH 2) 一 NH 

Bis{7)一tacrine 

Subsequent 8vn山esis and evaluation of 

short—tether homologs of bis(7)一tacrine confirmed 

山at a seven—methylene tether optimized b0山 

Ac}lE p0teney and selectivi 8。
．  e 0bserved 

150一fold increase in AC}lE potency was proposed 

to be due to simultaneous binding of the two 

tacrine units of bis(7)一tacrine to the catalytic site 

and the computer-detennined low—a nity 

peripheral site neal the opening of the active site 

gorge． Prelimilmry ／n AC}lE inhibition 

studies have also demonstrated superior efficacy 

and selectivity of bis(7)．tacrine relative to 

tacrine ． 1b ftlEther elarify the therapeutic 

potential of bis(7)一tacrine for treatment of AD， 

this study was designed to compare effects of bis 

f7)一tacrine with tacrine f0r their abilities to 

revel'se the scopolamine—induced amnesia in 

Morris water m  ． 

MATERIAI S AND Ⅱ明[1 DDs 

Rats Sprague—Dawley rats(0，Weighing 

24O g±s 2O g)were supplied by Animal Care 

Facility of 1 e Hong Kong University of Science 

＆ Technology． I1le rats were housed 

individually in a climatically controlled loom in a 

12一h b dark cycle． Rats were allowed all 

accesstowaterandfood ad1／b． 

Drugs Bis(7)一tacfine( s-hydrechloride 

salt)was prepared according to the litemture 

me thodL ． and recystallized from 10％ 

me thanol—water． Eleme ntal analysis matched山e 

dihydrate and HPLC analysis indicated greater 

than 99．5 ％ purity． k rine (hydrochloride 

salt) was purchased from Sigma． I1lese 

compounds weFe all dissolved in saline and 

administered ig or ip in a volume of l mL‘kg 

body weight，respectively 30 min before daily 

training． Scopolamine hydmbmmide (Sigma 

Chemical C0) dissolved in saline Ⅵ also 

administered ip 30 min before daily training in a 

volume of 1 mL·kg body weid1t． 

Aplmratus ewaterilkqze apparatus was 

a circular．black painted stainless steel tank wi山 

wh ite symbols such as triangles，circles，waves， 

and rectangles on the wal1． It was 150 cm in 

diameter，60 cm deep，and filled to height of 35 

cm with water at iX)phi teml~mtttre(20±1)℃ 

to cover allinvisible black platform (diameter10 

cm)． I1le tank was divided jnto four eUuIal 

quadrants． e p~tform  w'as submerged 

approxima tely 15 mill below the surface of the 

water and remained jn one location for山e entire 

training period． I1le starting locations werc 

called north， east，south and west．and they 

were arbitrarily at equal distances on the pool 

rim． Swimming activitv of each rat w'as 
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monitored by a~ideo canlera』inked to a computer 

through an image analyzer． 

Procedure Each rat reeeived 2 trials per 

d for4 consecutive days． Atrial started when 

a rat，held facing the pool wall，was immer~ in 

the water． The rat was then allowed 60 s to 

searchforthe platform；ifthe ratfailedto escape 

within this time，it was placed on the platform． 

Regardless of Maether the rat found the platform 

ot not，it remained therefor 10 s． Therewas a 

30·s recovery
．

period between trials． 1rhe two 

trials l~Jere started from the two points located 

farthest from the platform respectively． 11he 

probe trial( thout platform)was assessed on 

the 矗f【h day of behavioral testing (orle 

experiment)，and the time spent in the quadrant 

where the escape platform had been set during 

training was recorded． 

Stafisfics Beeause beth latency and swiIll 

distance data revealed similar group differences， 

only latency data were presented in the ted． 

rI11etwo—way ANOVAwith repeated measI]l*~swas 

used to analyze latency values which were 

calculated as the IYtean latencv periods for each 

anima1． The one-way AN0VA f0uowed by 

Dulqcan multiple group comparison WaS used to 

m~lyze group differences of the data collected 

during probe trials． 

REsl】I 

EffecIs ofblsI7)-taerine Spatial memory 

of rats treated with saline (contro1)， 

scopolamine，or a combination of bis(7)一tacrine 

and scopolamine was tested in the Morris water 

rnaze． rhe latency lo find the Dlad rm in the 

waterinBze was usedto evaluate performance． It 

was observed that scopolamine(O．3 mg‘kg‘。， 

ip)significantly increased escape latencies in 

swinwning compared with both saline ig+ip l， 

(1，7)：49．6，P<0．01 J and saline ip alone 

【F(1，8)：12．0，P<0．叭J treated group． 
Analysis of the lateucies in training trials with ig 

and ip administrations of his(7)一taerine revealed 

significant overall group effects l F(4，28)：3．9 

ig administration，F(4，32)=3．7 f0r ip 

administration，all P<0．05]． Bis(7)一taerine 
significandy shortened the escape lateneies 

prolonged by scopolamine with ig doses from 0．18 

to O．35tzrnol‘kg。。[0．18 p．mol。kg～：，(1，7) 
： 6．1，P<0．05；0．35 m1．kg～：F(1，7) 

= 6．6，P<O．05]，and at ip dose of 0．35 

n1nJ·kg [F(1，8)．=19．6，P<O_01](Fig 
1)． The dose—respon,se eurges were bell—shaped 

with the maximal improvement at O．35 *~mol’ 

kg ig and ip for bis(7)一tacrine． It was 

apparent that bis(7)一tacrine whether given ig ot 
iP had almostthe equivalentimproving effects on 

scopolamine-induced memory impairments in 

water maze． 

Effects oftacrine Behavioral experiments 

of tacrine were perforated similarly as that of bis 

(7 )一tacrine． 11he latencies were also 

significantlyincreased by scopolamine(O．3 ‘ 

kg～，ip)compa~d with both saline ig plus ip 

l，【l，7)=l8．9，P<0．叭】and s aljneip alone 

l，【l，8)=12．4，P<0．0l J，respectively． 1n 

the analysis of escape latencies， significant 

overall group effectswere observed with igandip 

administration of tacrine l F(4，28)=4．0 for ig， 

P<0．05；F(4，32)=7．5 for ip，P<0．叭J 

Ihe escape latencies were sigrtificantly shortened 

bv the trealment of oral tacrine 8．52— 17．04 

I肿l‘kg [8．52 tmaol‘kg‘。：F(1，7)=6．8， 

P<0．05；17．04 panel‘k～：F(1，7)=41．9， 

P<0．01]ortacrine 4．26 pmol‘kg‘。ip【，(1． 

8)= l3．2， P < 0．01 l compared th 

administration of scopolamine tFig 1)． rnle 

leg-shaped d response ClLrVes were alsofound 

for tacrine with the most effective dose at 4．26 

tmaol‘kg ip and 8．52／unol‘kg～ ig． In 

contrast to bis(7)一taerine． tacrine required 

higher doses when administered ig than 

administered ip to achieve similar attenuations of 

the scopolamine—induced memory deficits． 
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Training day 

Fig 1． Effects of ip or ig his《7)．1acrine and lacrin~on scopolamine《0．3 mg’kg～， )_induced 
perfonnam~ deficits． Two trials were given during each tra~ ng day． ： number of rats in each 

group． x± · 

Probetrials Ihe percentage(％)ofthe 

total distance swum inthetraining quadrantwas 

used to estimate the performance in probe trials． 

The group effects i13． the probe test were 

significant for bis(7)．tacrine l F(4，35)=2．7 

for ig；F(4，40)=3．7 for ip，all P<0．05j 

and tacrine[F(4，33)=2．7 f0r ig；F(4 40) 
= 3．7 for ip，all P<0．05j．(Fig 2) 

Th e scopolamine treated groups exerted 

significantly lower pementage in the tIai 

quadrant than the values of salhm groups． 111e 

percentagewasincreased significantly bythelwo 

AChEI at the dsses of O．35 ⅢIl0l·kg一 ig or 

O．35一O．71 tmaol·kg一 ip for bis(7)-tacrine 

and 8．52 vmol·kg一 ig or 4．26 ranol·kg一 ip 

fortacfine．(Fig 2) 

D塔CUssION 

In order to evaluate tIle effec~ of new 

compounds Oil learning and memory
．
， many 

experimental amnesia models have been used． 

One ofthemost~idely employed paradigms to 
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№ 2， 嗽 ts of ip or jg f7)．啪  aIId忸cI 叫 al bias f％ of蛐 l distance sw岫 in the 

quadrant d_|血-g印晌 Ip be埘 1．TheplatformWgS removed， ±s．bP<0，05，cp<0·O1 

saline contro1． <0．05． P<0．01 scopolamine． 

assesslearning and memory
．

iI"1 rodents is tIle 

Morris water maze spatial navigational task ． 

It is well known that scopolamine， Kn ACh 

musearinie receptor antagonist， reduces the 

memorr'-eognitive function in animals and 

h叫 哪 s⋯ J
．
The impaired acquisition of water 

IIlazetaskin animals pretreatedwith scopolamine 

is consistent th a large body of research 

supporting a role for cholinergic mechanisms in 

the performance in tasks assessing spatial 

leaming and memory~12,13j
． It is also confirmed 

in the present study that scopolamine-treated 

animals have a disruption of their behavioral 

strategy since the∞ r'a|s circled more around the 

pool whereas saline—treated rats swaoa mole 

direeflyto reachthe platforminthelatertraining 

days． Scopolamine resulted in a highly 

significant increase in latency period(more than 

100％ increase)as compared to saline treated 

contrals． 

Hnw er．when ei山eF bis(7)一tacfine or 

tacfine were coneurrendy administered with 

，s lq基 ；ds 
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scopolamine． significant attenuation of tlle 

scopolamine．induced decrement was observed． 

Latencies of aniumls treated with both 

scopolam ine and bis(7)一tacrine or tacrlne were 

shorter than scopolmnine-treated subjects but 

longer thml saline controls，with nil inverted U- 

shape dose—response pattern， which 1,~as 

characteristic of many psychopharmaeologieal 

studies of men-tot-v[14 J
． 

e Dresent experiments 

also indicated that a lower dose of bis(7)．tacrine 

than of tacrine was required to am eliorate the 

memory deftcits． The relative potency of bis 

(7)一taerine to shorten the escape latency was 24 

or 12 times of tacrine following oral or 

intraperitoneal administration， respectively． 

Furthermore，the efficacy of bis(7)一tacrine was 

quite similar 舶 these two administration 

routes，while tacrine administered orally showed 

much lower efficacy than that given 

intraperitoneally． Parallel results have also 

been obtained for the inhibition of rat brain 

AChE ii1 0Ltr Drevi0us snJdies【8,9 J
． These 

findings indicated that，in addition to its highly 

potent，selective ACl1E inhibition，bis(7)一 

tacrine had improved bioavailabili~ mad ability 

to pass through the blood brain balTier than 

tacriile． 

De te the fact that the neurodegeneration 

found in AD is likely to be a mulrifactorial 

process involving neurochemieal and generic 

factors： _0 ．cholinesterase inhibition remains 

the otdy therapeutic approach to demonstrate 

clinical efficacy in patients suffering from AD【 J 

Thus a novel AChE1 which is orally active， 

penetrable to reach the synaptic area． and 

egicacious continues to be a goal to successfully 

treat AD patients。 Previous findings and the 

present Yesults indicate that bis(7)一tacrine 

distinguishes itself from tacrine based on its 

biochemical， pharmacological and behavioral 

profiles， and may be advantageous in the 

symptoma tic treatment of AD 
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关键词 胆碱酯酶抑制到；他克林；双(7) 他克 

林；记忆；Morris水迷宫；、末蔓菪磁；阿尔采末病 

飞姆 乏 
目的：研究他克林的双体衍生物双(7)一他克林对 

东莨菪碱引起的大鼠记忆障碍的影响 方法：采 

用大鼠Morris水迷宫固定平台的程序研究空间记 

忆．以他克林为对照药． 结果：东莨菪碱(O．3 

mg·kg ，ip)使大鼠到达平台的潜伏期明显长于 

生理盐水对照组 ． 双(7)一他克林 (0．35 · 
～

， ig或 ip)和他克林(8．52 tnnol‘ks ig；4．26 

1oJ．kg|1 ip)均可对抗东莨菪碱导致的空问记忆 

障碍；在灌胃及腹腔注射途径下，双(7)一他克林 

的效价．分别强于他克林 24及 12倍．结论：双 

(7)．他克林明显改善东莨菪碱导致的空问记忆障 

碍，其作用强于他克林． 
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