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lntrahippocampal infusion of interleukin．6 impairs avoidance learning in rats 
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AIM ：To study the effect of intrahiplmearnpal 

infiasion 0f interleukina8(tL-6)on active avoidanoe 
in rats and the possible involvement of nitric oxide 

(NO)． MEWItODS：Using a shuttle-box model， 

the effects 0fbilaterallymtreluppo~ palinfusionof 

IL，6 3．2， 16， and 80 rig as well as sodiutn 

nitmpmsside(SNP)4O0 ng ors active avoidance 

wel'e studied on d 8 after administration． n  

levels of nitrite as art index of NO in the 

hippocampus were detected using a fluoranetrie 

assay 24 h ter in_ff~ion of IL 3．2 or 80 tag． 

RESULTS： 6 16 and 80 ng impaired the 

acquisition performance of active avoidance by 

prolongingthe1atency 0f avoidanceintraining 。but 

not the retention performance in testing． IL6 80 

tag and SNP 400 tag a1s0 resulted in a marked 

im pairment in acquisition performances by 

decreasing the rate of avoidance， but not in 

retention performances． IL厂6 80 rIg rv~ kedly 

ele哪 ed the nitrite 1evel8fmm 10．6±0．7 inmntml 

rats协13．6±2．0(nmol／gwetwt)(P<0．01)． 
IL6 3．2 had rio effectoil activeavoidancenorors 

nitrite levels． CONCLUSIoN： Intrahippoeampal 

infi~ion of IL-6 impaired learaing acquisition of 

active avoidance in m把． 

【n*erleukin-6 (IL一6) is a muhifunctional 

cytokine produced by essentially every injured 

tissue ． 【L-6 leve[s 8ff'e elevated in and around the 

senile plaques in cortex and hippoeanlpus of 

Alzheimer‘s disease(AJ))patients( ，suggesting 

the patenfia[importance of IL一6 in AD pathology． 

There were no data concerning the effect of IL一6 on 

Iearning and memory in animals To provide some 

experimental evidence in this respect，the present 

study WaS carried 0ut 
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Chemicals Human recombinant intedeukin一6(IL-6 j 

a gift frc~n Chengdu ‘glO Pharmaceutical c。，Chinese 

Academy of Scienees 2，3-L％minon~ phtha[ene(DANj and 

sodiufit nitroprusside(SNP)wore purchased from Sigma 

Chemical( (USA) 1 other chernicak~were of 

II 一6 and SNP were dissolveel in 0．9 ％ pya'ogen—free saline— 

andI]AN was dis~ ved in HC1 0．62 mo]·L P and 

【 N solutiorL~were protected fmm light Doubte-deionized 

water was througlxout the nitrite assay 

Rats S口rag~e-Dawley rats(0，n 66，300±s 20 gj 

were obtained from the Experimental AnimaI Center 0J 

Shanghai，Chinese Academy of Sciences(dean，certificate 

number 005 1 The rats were individually housed in plastic 

cages after surgery and maintained at a rOOITt temperature of 

2O一22℃ with a 12 L：12 D cycle(1ight on at 08：00) 

Waterandm  chow werefed ad lib． 

Stmgery and intrahippocampal infusion Rats were 

anesthetized with sodium pentobarbital(50 mg·kg ，ip) 

and placed on a stereotaxlc apparatus with the jncimr bar set 

2．5 111111 befn、vtheinterauraliine Two holes wore drill甜 

through the skutt to a L Low injections into the hippocampus． 

The emrdinates of jnjection sitm were 6．5 ITU'12 posterior t0 

bregraa，5．0 lYLr~[ateral to the sagittat SUtltre，and 6．3 ITU'12 

ventral to the smface of the skuttL ． In Experiment 1，rats 

received bitateral infusion s of saline，IL-6 1．6，8，or 40 ng 

per side In Experiment 2．rats received bilatera【Lnjections 

of saline，IL 6 40 ng，or SNP 2Il0 ng． In Experiment 3， 

rats received saline，I 6 1．6 or 40 ng iniectior~． A 1-／*L 

micros3mtage~,vas used for the infusion of 0．5 p．L per side in 3 

m lfl 

Actium avoidance task On d 8 after surgery，active 

avoidance was texted 1n a 0n wav shuttle box(50 CTD×30 

crn× 15 crn essentially as dewrlbedt 
． Briefly．rainwere 

trained to cr0ssthe holefrom the shock sideintothe safe side 

within 10 5 of conditioned srimutus (Cs，40 W bulb)， 

otherwise they were punished with 5 s of unconditioned 

sdmutus(US．30V foots!x：ck) Each rat received 15triats 

dailyfor 4 oorusecutive da ． Onetrial eoltsisted of15 s of 

inlertria【interval fottowed byma ximum 15 s of Cs The【ast 

5 s of CS overlapped、 ththe US．if necessary Onlythe 

rats reaching the criterion of over 75 ％ avoidance in the la．st 

dayoftrainingwere usedi0rthe reten tionte．~ing com：lueted 2 

d following the comp[etion of training A dance[ateney or 

avoidance rate,~e-el0e measured 
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Histological Iocoiizatiom At the end of experiments， 

the rats were anesthetized with 。0dlum pentobarbital and 

decapitated． The brain was fLxed in 10 ok fornl aldehyde 

Fme．en coronal sections 40／*na thick were stained with cresyl 

vteln 

Hippocampal nitrite assay 

decapitated 24 h after nledicaticm 

In Experiment 3．rats v,~ere 

Bilateral hippoemnpi~．vere 

dissected on ice， weighed ， and placed in plastic tubes 

containing0．8mLofice-cordTris(50mmol-L一，pH7 4) 

Tissu~ homogenatm wwe spun at 25 000×g for 30mi n at 

417 Superaatants x&rere kept at～4012 forthe rfte~sure— 

Tne~tt of Jthrlte 

Detemaination of nitrite w拈 dccte Briefly．samples 

were diluted with water and nitrite standards at 7 

concentrations 0．05— 1 0
．
umol·L kept on lc：e． One 

milliliter of nD1甍 or nitrite standards 哪 s mixed with 100 

L。ffreshlypreparedDAN(0．05 g·L ) After。】O-min 

jncubation at 20℃ ，the reactkm was terminated with 50 gL 

of NaOH 2．8 itx3【．L Formation of 2．3一diaminona— 

phthotriazole was measured using a Fluorescence 

Specttoohotometer【Hitachi G50—10 S)at 365 tma and 

450 nrn． The detection 1imit was 10 nmol·L～ 

a1砖ticaI蛐 Iysjs Data were expressed as王 ± 

Differences between groups wege evaluated by —test． 

RESULTS 

．

Latency of active avoidance IL．6 16 and 8O 

ng resulted in marked pmlongat on~in the latency of 

a~idance in d 3—4 training and in d 2—4 training， 

but no effect on the latency in the t~ting， II．．-6 

3．2 ng had no effect on the latency throughout 

training a嘣 testl’n~g(Tab I)． 

Rate of active avoidance IL一6 80职 and SNP 

400 ng decreased the rate of avoidance throughout 
、  

tr3i ng and testing，but a sign__ffic~_n_t redumion in 

the ratewas seen onlyin d 3 training bothforI L-6 

and for SNP(Tab 2)． 

The needle tips were histologically located 

correctly withiri the h pp。_晡n1pus aeo。rding to the ’ 

atlas㈨
． 

Levels of nitrite in vivo IL．6 80 ng ‘ 

significantly elevated the level of nitrite(nmol／g 

wetwt)ln the hippocampus from i0．6士0．7 in — 

control ratsto 13．6±2．0( ：8．P<0．O1)，but 

IL广6 3．2 ng had no effect on the leve1．which w&s ． 

11．3±1．2 in IL-6 3．2 ng rats． 

DI9口U 10N 

The present results have shown that 

ifl L姐}1ipp蛐 mpal1 1』11tlS～l Z)ll ofIL一6 eu3dSNP LJJ!l-- ~Ilc-uJ 

acquisition of active avoldanee in rats and this IL．6 

adminlstral：ion elevated the Ieve[of nitrite as an 

；ndex of NO in the hip~ pus． Therefore．it 

may be postulated that overproduction of NO in the 

hippocampus probably mediates the impairmem of 

active avoldanee produced by IL-6 Moreover， 

present studies further ethopharmamlugically 

support the hytx~thesis that II，6 involves the 

patho Iogy ofAD． 

Some studies have demonstrated the impairing 

effect of NO synthase(NOS)inhihitors on sereral 

Tab1· Effect ofintrahlppocampalinfusion ofIL-6 onthe amidance latency(s)in rats． 

7， ±s． >0．05，中 <0，05惯 contro1． 

_rab 2-Em 0f．mt憎lIi alinfusion ofIL-6entheavoidance rate(％)in ra拄． 7， ± ． >0．05，bp<0
． 05 、 

eonlwo1． 
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forms 【]f behavi0ral tasks( and the memory Acta Phammcol Sin 1991；I2：40卜 6 

enhancin吕effect of SNP，a NO dom r，at moderate b
．
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、
skoTP,Sehi[1i【lgIg ,S ea㈣m M w ：MGl 

doses on an inhibhory avoidance task~⋯ ， ggestlng m 1。1∞ And Bioehem 1993；214：1 1 6 

the beneficial effect of NO on learning and nlenlory· 6 Paxi G Wa【㈣ C The ra1 brain in stcreotaxic coordinates 

In contrast． SNP at higher doses impaired the NewYork：Acad∞1c Press，1982 

retention Derforman雌 olrl passive avoidance ⋯ ， 7 Esta]l LB．Grant s『·CiealaGA Inhil~tionof nitric oxide(NO】 

suggestinR the amneslc effeet． It seems that NO prod“ m ec ‘ y㈣P’rs 钮 ng nd m m 

may have a d“ l e1{ t on l arning and mow 8 B
ah㈨ GA ⅡC．Lm Ⅻ M ，Reihaud M ，Pim O，Stum nn 

depending on the levels· l he present stud es J M
． 

Ahered svnaptic plasticity and m日删 fommtion in 

provide the first evidence that IL-6 and SNP ni”i oxide s th inhibi∞r_treated rats 

impaired behavior of active avoidance Ptc<Natl Pwad sa USA 1993；90：9191 4 

Recent1v．nitrlte has been report。d to be a main 9 Ohno M· Yamamoto T， Watanabe S Deficits rklng 
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be use d as a measurement ol _、u produced tO Ba
⋯ i CM ，Kopf SR 

vivo ． To explore the effect of central A nItⅢ xlde tha inhibitorimpai m 1。ry 0ra inml∞ 

administration of IL一6 on the fommtion of nitrite in Neumbiol Leant Mem 1996；65：197—20t 

the hippocampus．"vve detected the nitrite levels． 1 t Huang AM，Lee EHY 

The fact that the acquisition—impairing dose of IL 6 Rol ot ppacamp nitric。 ㈣ mernory retell ‘。力 。 

IncTe 划  the n tnte c0ntent， whereas the n0n_ 【2 
Buder AR，FI帅  FW ，WillI帆 DLH 

amnes ic dose 0t 11 一6 had no eltect on it'suggest a NO
．

Ⅲtro~diurn ions，nitmxide ions， mtrosotl~ots and iroll_ 

possible positive relation of high levels of NO to the nitrtxsyls in biolngy：a chemi ，s per5peetive 

ILlo amnesia． Also， the ability of intrahip一
⋯ J 

Pha mmc*ol Sei1995~16：18—22 

poeampal int"usion of SNP to impair the acquisition f 叫  ) 

performance further supported the above Illent ned 海马内输注白细胞介素一6损害 譬应学习 
suggestion． As for the mechanism by which IL6 

． 

f、，，I 

increased the NO forumti()n，we have fou d in the 墨 ，墨墨垦 
i 口ivo microdialvsis stL dv that the n[trite (中国科学院上海药物研究所药理室，上海 200031，中国) 

increments are produced through an inducible effect 

of IL一6 on the NOS in the hippoeampus (not 

published data) Collectively，the present results 

suggest that intrahippoeampal injection of IL一6 

impaired learning acquisition of active avoidance in 

rats and this IL-6 amnesia could be mediated by 

overproduction of NO in the hlppocam pus． 
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关键词 白细胞介素一6；一氧化氨；躲避学习； 

海马；硝普盐 

目的：研究海马内输注白细胞介素-6(It,-6)对大 

鼠主动躲避反应的影响和一氧化氨参与该过程的 

可能机制．方法：使用穿棱箱模型，在海马内输 

注IL-6和硝普钠(SNP)后 d 8开始进行行为实验． 

使用荧光测定方法，检测海马内输注IL-6后24 h 

时海马的亚硝酸盐水平．结果：IL-6 3．2 ng对获 

得和保留均无影响． IL-6 16 ng和 80 ng显著延 

长了训练躲避潜伏期，从而损害了主动躲避反应 

的获得，但对其保留无影响．SNP400 ng和IL-6 

80 ng通过减少躲避反应率也损害了主动躲避反应 

的获得，而对保留无影响， IL-6 80 ng显著升高 

了海马亚硝酸盐水平，而 IL-6 3．2 ng对之无影 

响， 结论；IL-6海马内输注损害大鼠主动躲避反 

应 ． 
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