
f口‘一 

BIIt~I)：刚 C~253-9756 Aeta Pt ，： ： 曲 Simea 中国药理学扭 l998 N ；19(6) 。509 

加m啦血曲 l 0f卸 e|8I n0画。e 棚 in the c吐． 

№ |Ⅱ啦ci Len 1994； 45：23． 

9 BlJllinE． E印陀s 0f c．J_瑚．hke pI岫 船 B瑚Bl for 

r uf叩 vi竹 U l oIB 瑚 ∞ in tlIe IaI． 

J c0唧 N 1990~296：517—30． 

10 P蛔ley I1W， l r D， I肌 JD， Baab 】ln AI． 
S c m pIIi呻 飘币pl曲日葛 0us 日妇 dIl}ev0ked F衄 

Dt hke 如叫n∞EBc vi竹 in the皿  n8l ． 

J№ l 1990；10：323一 ． 

11 ID， s日I．d J， H T， M毗 A， 

ziⅢmH∞ n M． 

P吐目Ⅱia d自 堋 0f F呻 口r0 n in tl mI Ⅱ丑l 

H啊 bi I既BI n∞ 坞 嘎血lne0IlB址 ∞ ． 

Neu∞ 1992：48：525—32． 

12 硼 皿i啪 S．E啪 GI． ． 

aⅡ Dg p8 l璐 of叫'嘣 i oII．n spil18l mI瑚  
如U0win Ⅱ Im臼l anⅢ】e0IlB或 rⅢ in the IaI． 

—dⅡ0Bd 1990；36：73—81． 

13 WillisWD，c0盥 曲 丑1lRE． 

S日l80叮 mechm 锄 B ofthe ∞rd．2nd ed． 

New Yod【：P1衄I衄 ；1991． p575—9． 

14 s日 l l J，T~eierAC，血 XG，oI 皿 I吕M． 

The 凹【 髓 oI1 0f c．J_瑚 pIo n in 出 al h0nl 

珊Ⅲ咖  嘣 南Il by l棚皆啪 cII目呻e8 in 
x 日岫 ． Nemo~cienee1996；73：657—66． 

NMDA受体介导皮下注射福尔马林诱发的 

大鼠脊髓 F悄 蛋白的表 

陶元祥 ，赵志奇 
币雷雨 I '研究所，上海21)0031，中国) 

关键词 Ⅳ-甲基-D一 查氢墼曼签；坦 k 
原癌基因蛋白 c-fo,；脊髓 ；甲醛 ；免疫组织化学 

目的：研究 NNDA和非 NNI)A受 体在疼痛刺激诱 

发脊髓 F0B表达中的作用 ． 方法：大鼠单侧 后足 

跖部皮下注射 2％福尔马林 ，免疫组化显示 Fl嗍的 

表达． 结果 ：注射福尔马林 2 h后，Fl嗍 阳性神经 

元集中分布在同侧脊髓背角 I层的内倒和 Ⅱ层的 

浅部 ． 脊髓鞘内给予 NNI)A受体拮抗剂 r(1O 

IlL，0．Ol，0．1，1 g·LI1)剂量依赖性引起福尔马林 

诱发的背角 F 阳性细胞数量减少(P<0．O1)；非 

NNI)A受体拮抗剂 DNQX对 Fl嗍表达无 明显影响． 

结论：NNI)A受体介导福尔马林致痛诱导的脊髓 

F嗍表达 ． 
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EHbcts of alⅧ咀．岫瑚吡 pO 哪 sulfate佃 le~nmg，memo眄 ， 

and d10蚯哪eI1苫ic目，s in nIioel 

WUYing-Hong，ZHOU Zlmng-Ni ，XIONGYu-]-an，WAI~IGY锄-Li，SIN Jj蚰-Hui ( D， 
eMa~'／a肘 ∞，‰ 』4删如 o／Trad／clona／‰ e Med／d~，＆ 珥100700，China) 

LIAO Hong-Bi~ ，LUO Xmn-De 

( Na~ionM J枷  o， 删  浏 Research D 删 ，舐  100062，c} ) 

Ⅺ 弭 W ORDS al~,_inmn；almn 唧 lIlds； 

AF64A； ~dridines； mu c0【 l0lmd8； 

meI∞Iy； avoi&mee learning； a( 叫_d1ohe； 
el'reline eeetyltmmfer~e 

删 ： To the reLafion~ p be 

al~,_inmn po~ imna sulfate(A】Ps)arld mer ry 
deficits ofmice． METHODS：30，60，Or 90 d 

afterthemicew∞e given dmly A】Psig，the step- 

出砌l latency(STL)was dI el瑚ined a 
l~ Sive a~idanee task． muminum (m ) 

‘ Selene ∞ 0Iina． 

№ ，9 ． 

2 c0帆 叩∞ ∞ k 时 ZltOU 棚酽Mi 
．
Phn 86-10-6401-4411．叫  

2％ 1- h x睢 IO-64。1·，996． B D咀d聃 @曲l口Ⅱ．_眦ic岫 扯 ．肌 

ved 1997415-04 ∞̂ 】998—婚 15 

COntents in brain and blood weIe a 泊ved with 

atomic ab~rpdon specⅡ哪lb 时 ． Aee~yl- 

ehdkne(ACh)content iII brain was detemfin~ 
wi山 cherrIihn rIe8ce眦 n砣t}10d and ~ollne 

矧vl rase(C )aetivity w舾 mlNtSilt~ 

Iadi0cI1emicaⅡy． R瞰 】I腮 ：APS l g·妇 
increased blood．m only ffter 30 d． After60 d． 

s】[L，AQI content alld C acfly decreased 

by 46．4％，8．5％，alld 22．6％，resl~etive- 
ly． Tlle∞ pa I8 decreased 50％ ， 

l1．1％ ， and 27．8％ ， respectively， with 

inerea~ m iII blood and brain。 after 90 d． 

APS O．25 g·kg_。had no effects on mice pt 
blood．m ． In ethyleholine mustard ~irldltun 

ehlofide(A H A)~eated mice，A】Ps l g· 
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only increased blood and brain-A1． CONCLU- 

SION：The intake of APS 1 g·kg一 ·d一。for 60 

d induced learning and memory deficits in mice． 

Although the eallse of Alzbe imer’8 disease 

(AD) renmins lulkl3o~ ， there is a l0t 0f 
evidence 

。 、

implicating aluminum as a 

neurotox．in⋯ ． Aluminum  has been found in 

increased concentrations in all AD-~ected 

tissues J
． 
rhe toxicity of aluminum  depends on 

its chemi cal state。the route of administration， 

and the species of animalsL ． In traditional 

ChiitleSl~medicine．aluIn l>99％ ofits essential 

components is (So4)2’12 O，aluminum  
potassium  sulfate(APs)J and solne kinds of 
llerbs processed with aluln contain aluminum． 

In this study． APs was tested for its 

neurotoxicity 64 ． ethylcholine mustard 

aziridium chlofide，was used for disruption of 

me mory mtenfion in this study． s compound 

wus selected because of its close chemical 

structural similarity to choline an d the presence 

in the molecule of a cytotoxic aziridium mo iety． 

Itis a presynaptic chemi cal neurotoxin，car,able 

of inducing a persistent deficiency in central 

cholinergic transmi ssion． 

矾 一 一  
Clt：Cll2oll C Cl~OH 

i~lz．ir i iu
yi
m chlor d e ／~'6 4Al a l IA l 

￡R aⅥa)NHcaOlH( ( pH。兰 2pH0m7la4 
c~ cl[[z—H —__——l_— ———l_一  

CRzCH=OO~CHa 

。 AF64A 

M_ATERIAIS AND 伍 H0DS 

APS (Beijing Chemical Factory)； 
acetylethylcholine mustard HC1．(acety1．AF64． 
chemi cally pure．wus synthesized bv Dr U_AO 

ttong-Biao and Dr LUO Xuan-De， Nafional 

Institutes of Pharmaceutical Research and 

Development)；luminol(Sigma)；horseradish 
pemxidase (5000 U． Sigma)； acetylcholine． 

sterase (1000 U， Fluka)； choline oxidase 

(100 U，Boehringer nannheim)：Triton X-100 

(Special pure。Carl Roth KG ChelIlische Fabrik 

Karlsmhe)； acetyl coenzym A， sodium  salt 

(Sigma)；acetyl choline chloride (Sigma)； 
heptanone(GC，Sigma)；sodium  tetraphenyl— 

homn(Sigma)；PPo(Sigma)；l HI—acetylCoA 
(1abelled byProfWU De．Zhu．ChinaInstitute of 

Atomic Energy，S~ijing)． 
NIH lIlice (n=24O)weighing 22．5 g± 

1．5 g were obtained from the Experimental 

Aninml Center of the Academy of Traditional 

Chinese Medicine． (Grade lI，Ce~,qcate No 

O1—1073)． 

Pa ve avoidancetask A plastic boxwas 

divided into 2 chambers： dark and light． 

Copper ds(3O V)were put on the floor． The 
lmeney of lIlice staying in light box(s1=L)was 

recordered 4J． APs(intap water)wus givenig 

at 0．25 or 1 g·妇 ·d f0r 3O，60，and 90 d． 
Water wus given to control lIlice． Sohfion of 

AR；4A should be prepared wit}l 

acetylethylcholine mustard HQ (acetyl—AR弭 ) 

immediately prior to surgery． Acetyl-Atr34 is a 

white．hygroscopic solid． An aqueous solution 

ofacety1．AF64 wus treated with NaOH (10 mo l· 

L )at pH l1．5 fbr 20 min to conve~the ester 

t0 AFMA． rhe pH was adjusted to 7．4 with 
concentrated H0 (Fig 1)L5 J． Under light 

anesthesia with ether， A 65 ml (25血 

per lIlice)wus injected into~iOlt yentrich to 
impairthe lnelDory． AR；4A was injected icv to 
3 groups of mi ce 。in which 1 groupⅧ control 

and the other 2 groups were given APS for 30 d． 
Determination of AI I1le Al content in 

blood and brain were detennined by atomic 

absorption spectlvpbe tometr7L0· ． 

1)~ rminatiaa of a娌勃 由oI如 (AChl 
and choline tmetyl~ erase(a1AT) The 
ACh content in brain was determined witIl 

chelIliluminescentmethod． TiSSlle 20to 100 rng 

was extracted in 0．5 to 1 mL of trichloroacetic 

acid(1'CA)． Ihe1'CAwus removed by four or 
illOl'e etherwas1liIl器 until a pH of4was reached ． 

The sample(100止 )wastreatedwith 10止 0f 
O 5 ％ potassium  iodate'． Dose-response curve 

solutionwus preparedwith acetylcholine chloride 

in the range of 10 to 100 nmol·L L ． 

ChAT activity was assayed with 

radiochemical me thod． Homo genates of brain 

were prepared in 20 times of triton X．100． 

啊 mi nlater，itwus homo genized againwith 2 

l-伽 
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times of0．2 fnol·L pho 皿te buffer，pH7．4． 
The supematant after eentrifugation at 8000 g 

for 10 min was used to determine C} activi~ 

with radiochemical method ． 

As $001'1 a8 tlle of mice wl~re 

determined．tlle mice wl~re decapitated and the 

braim wl~re frozen at 一70 ℃ antil the A1， 

ACh．and C} ’assays． 

REsI】I腮  

Memory Not at the end of 30 d，but at 

the end of60 and 90 d aftertlle mice 1,471~re given 

ig APS 1 g’ks～ ，their STL wt~re shortened by 

46．4 ％ and 50％ ， respectively， while nO 

obvious effects of APS 0．25 g·k Oil STL 

(Tab 1)． 
Alulmimmlinbloodandbrain The blood 

and brain A1 contents increased along with the 

increase of dose of and the time of 

administration(P<0．O1)． Al contents of 
micewhich receivedAPS1 g·ks一 ·d一 for90 d 

werethe highest，whereas rio chans~ofblood and 

brain A1 contents waft foand in the mice giwn 

O．25 g·kg ·d ( I 1)． 

A0I content O．25 g·kg ·d 
exerted no influence on ACh content，while 1 g‘ 

kg ·d～ decreased ACh by 8．5％ and 

l1．1％ after 60 and 90 d． respectively 

(1曲 1)． 

aclivity APs O．25 g·l【g ·d 
showed nO obvious effect on C} T activity of 

mice．but 1 g·kg ·d 0f decreased C} ’ 

activib"by 22．6％ and 27．8％ after60 and 90 

d．respectively(T小 1)． 

E髓哪 on AI A-miee Injecting icv 
AF64A indueed memory disruption of mice along 

tlltlle changes of STL，ACh，and C} T( I b 
4)． did not aggravate memory defttits of 

AF64A-mice after 30 d． Only 1 g·kg · 

d increased blood and brain A1(P<0．O1)， 
but nO obvious effects On memory，ACh content． 

and C} T activity wt~re舢 (Tab 2)． 

DlSCUssⅢ0N 

Alum． whose essent／al component is KAI 

(SO4)2·12H20，is a traditional Chinl~se medicine 

Tab1． ElI_咄 otA赆 onAI．AClhl l IH I S'rL ． n=30 ． ± ． cp《0．吡  。0咖 I． 

2． Ell_咄 0f A赆 on A】．ACIh．ChAT． S'rL 0f堋 A_血 钟 船 1-砌 m。di删 0n． =30 ． ± ． 

cp《0．0l坶 霸Ih砷 icv． tp 《0．吡 坶 ．4,N~4A 
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and it is also a kind of food additive in China． 

W1lether aluinlnulll related to Alzhei／Tier’s disease 

is a problem to be resolved． Make $tll~ the 

safetyof alunlisimportantto us al1． 

I1le experimental results showed that high 

dose(1 g-kgI1·d )and long-term(aI least60 
d)jntak~of APS could induce the learning and 
memory deficits in mice． C}LAT activity and 

ACh content ofthe mi ce weIe decreased．which 

were related closely to learning and memory． It 

is indicated that the neuretoxic effect ofAPsw舾 

an the cholinergic system． Butthis dosewas 40 

times over that of humans’． W1lile no effects 

was found on the behavior of mi ce at 0．25 g· 
· d of (10 times as humans’)． 

W1Iether there were ~oY／le other biochemical 

changes ofmi ce adnfinisteredwithAPS shouldbe 

studied ． 

We also studied  the effect of aluminum on 

AF64A—induced disruption of me mory retention 

aninml roo de1． After administration of A】Ps for 

30 d，no obvious effects on ha haviom．1 deficits 

and choline marker changes was observed ． We 

should research if the administration of APs for 

longer time  could mltk~the me mory retention of 

A IrIjce Ⅱ10re serious． We can know 

whether AF64A—induced 】ea瑚j玎g and memory 

deficits lead to increased brain affinity to 

aluminum ． Furthermore．we can discoverifthe 

increased concentrationof aluminum inAD brain 

w衄 the result of A affection or AD was the 

result of altlmlnlUll acciJmulntJon． 
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赢酸铝钾对小鼠学习、记忆殛胆碱能系统的影响 

， } ‘ ．1 h}6 

堡望塾，周笪堕 ，熊玉兰，王彦扎，孙建辉 (中国 
中医研究院中药研究所，北京 100700，中国)；廖宏标 ， 

罗宣德 (国家医药研究开发中心，北京 100062．中国) 

关键词 拙 钽丝盒堑； 

化合物；里坚；回避兰 ； 
转移酶 

A附 A；氮丙 啶；芥 子 

乙酰胆碱 ；胆碱 乙酰基 

目的 ：研究硫酸铝钾中的铝对正常及 A~64A小鼠 

学习、记忆的影响 ． 方法 ：被动回避反射仪测避 

暗潜伏期 (sⅡ．)；原子吸收分 光光度法测血、脑 

铝；化学发光法测脑乙酰胆碱(ACh)；放射化学法 

测脑胆碱己酰基转移酶(CHAT)． 结果 ：1 g· I1 

组 30日时，血 脑铝 升 高；砷 日伴 吼 、ACh、 

ChAT分 别下 降46．4％，8．5％，22．6％：90 日 

sII 、ACh、Cb_~T分 别下 降 5o．O％，n．1％ 和 

27．8％． O．25 g·kg。。只有血铝升高． 1 g·kg 使 

AF64A模型小鼠血、脑铝升高，其他无改变 ． 结 

论：硫酸铝钾 l g·k异 ·d 60日使 小鼠学 习、记 

忆障碍及胆碱能系统改变． 
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