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Effects of 7-nitroindazole on long-term potentiation 

induced by Z-clausenamide and high-frequency stimulation 

in rat hippocampus in riot 

ZHAO Ming—Rui．ZHANG Jun-Tian。(DeparOnent ofPharmacology，Institute ofMateria Medica 

ChineseAcademy ofMedical Sciences＆Peking UnionMedic'atCollege．Belting]00050．China) 

KEY W ORDS indazoles； nitric—oxide synthage： 

clausenmnide； long—term potentiation： neuronal 

plagticily；hippocampus；dentate gyms；arginine 

A皿 ． study the antagonistic effect of selective 

neuronal nitric—oxide svn【hage (raNOS) inhibitor 7一 

nitroindazole on the long．term potentiation ( ) 

induced by t-clausenamide tClaj in rat hippocampus in 

vi~'o． M匝TH加 S：Population spike(PS)of evoked 

potentials was determined by extracellular reo3rding 

technique in the hippocamp,al de ntate gyms(DG) 0f 

anesthetized rots． RESI II S：7．Nitroindazole 2 nmo1 

icv blocked the induction of elicited by high． 

frequency(1IxI Hz)stimulation or Cla 5 nlnOl icv【P 

<0．01)．and L—arNnine 225 nag‘ ip prevented 

the action of 7-nitroindazole(P<0．01)． C0NCLU· 

SION：Nitric oxide produced by nNOS plays a role in 

the induction of Cla—induced in hippue~npus 

TR叫 UCT10N 

The synaptic plasticity including long—term  

potenti~ion【 )，long—term depression【UD)，and 

metaplagficity was the cellular basis of learning and 

memory 。 Since Bliss and lJSmo found the 

phenomenon of in 1973．the exact cellular and 

molecular mec "hanism of synaptic plasticity is sill1 

unkno'~31． A recent hypothesis wasthatthe retrograde 
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messengers such as niIrlc oxide(NO)were involved in 

the synaptic plasticity 。 】 For elucidating the possible 

role of NO in the synaptic plagticity，many nitric—oxide 

synthase (NOS) inhibitors were used in cultured 

neurons，hippocamp,al slices．and anesthetized，freely' 

mo~qng of gene-knockout animus ． There were 

some paradox results in those experiments． and one 

reason for this was that they used different NoS 

innbitops． 

Clansenmnide is one of the components iSolated 

from C t／sena ／ansium (tour) Skeels f-C1ause． 

namide(Cla)．fast synthesized in our institute，had 

been shown to facilitate learning and memory and to 

improve amnesia impaired by NaN0 and anisodine in 

mice _。一 Our laboratory found that Cla induced _n 

the dentate gyms of anesthefized rats ‘J
． The present 

study aimed to observe whether the activation of nNOS 

was responsible to the Cla．induced 

o 

I·Clausenamide 

【ATERIAIS AND Ⅱ江H0DS 

Rats Male Sprague—Dawley rats(n=48．2OO一 

30O g，GradeⅡ，Certificate№ 07，the Administrative 

Commission of Medical Experimental ANimals of 

Beijing，from the Center of Experimental Animals． 
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NationalIr~stitutefofthe Contro1 of Pharmaceutical and 

Biological Products)、 re fed 1ab chow and w'~eT ad 

fib and housed (19—23 oC)under a 12一h light／dark 

cycle． 

Dn增s Cla，provided by Pref HUANG Liang 

(Deparlment of Medicinal Synthetic Chemistry)was 

~ssolved with Me2SO (Sigaa，USA)to give a stock 

solution of 0．5 mo1．L_。．and diluted with 0．9 ％ 

N l solution．7-Nitroindazole(7-NI，Sigma．USA) 
was dissolved in M~SO (0．1 mo卜L一。)and diluted to 

the required concentration with 0．9 ％ NaC1 solution． 

The corresponding dose of MeeSO was dissolved in 

0．9 ％ NaC1 solution for vehicle contro1． Drug or 

vehicle inj0ct wgl'e delivered via a c．anrlllla inserted 
through the outer guide cannula that was placed in the 

lateral cerebral ven~cle． After n asurin叠the baseline 

for 25 min from the dentate gyrus of the saJTle 

hemisphere，the c．anrlllla was 1eft in place for 5．mill 

"after each injection． The drugs 0r vehicle were 

injectedin a 5『』L volmr~over a 5-min periodthrou 

a Hamilton  syringe． 

Drug doseswere calculated Ollthe b~sisthatthese 

drugs would theoretically achieved the brain 

concentrationmqmred，assumingthe brain volumeto be 

approxunately 2 mLL ． Estlirmted final brain 

concenWation of Cla 2．5“mol-L_。and 7一NI 1“m0l- 

L～was used． 111e veincle or 7一NJ was injected into 

the1ateml cerebral ventricle at15min beforethe use of 

|Ⅱ：S or Cla． L—Argithne 225mg‘ 。。ipwas百Ven 5 

rainbefore application of 7．Nl 

Electrophysiological recording 11le rats 

were anesthetized with methane 1．5旦·kg。。I口In the 

duration of all experiments． Surgical preparation and 

electrophysiological recording were performed as 

described ． 

Data co,action and analysis Each time point 

which averaged 5 records of evoked responds was 

measured every 5 or15min 11lemean baseline was 

obtained by avemging the PS mnplitude of 5 time points 

~4thJn 25 rain before drug a~rainistratiou or us 

The data were expressed as mean percentage of mean 

baseline±j and compared with t-test． 

RESUI rS 

Basic synaptic 乜 岫蛐 ission Population 

spike(PS)was elicited at the~ntrol test frequency of 

0．O33Hzfor105一minto determ ine effects of 7一NI and 

the vehicleon the baseline of PS amplitude(Fig1)． 

[下二二] f 
7-NI j I ▲ I 

盹 1． Effects of vehicle and 7．NI on b昌 恤坨 PS 

amplitude in DG of hippocampus． A)The vehicle 
didnot affectthe baseline Psm~plitude significantly 

over the dla"afion 0f the exDe 蜘 b { = 6． 

>0．05I．B)The 7．NI《2maol，icy】didmt affect 
the bi惦eljI-e PS amplitude significantly over the 

duration ofthe芑印erjn哪 b {n=6。乎 >0．05】． 

The amplitude of the PS did not change signi— 

ficantly after the vehicle over l05．min recording 

pedod． For exmnple，the PS mnplitude at l0，30， 

60， and 105 min after the vehicle administration 

measured 96 ％ ± 10 ％ ，105 ％ ± 6 ％ ．107％ ± 

l2％ ，lo6％ ± 7％，respectively (n =6，P > 

0．05)． 11le change of PS amplitude was not obvious 

after 7一NI(2 nmo1，icv)． They measurrA 107％ ± 

5％ ，96 ％ ±6％ ，99 ％ ±7％ ．and 99 ％ ±9％ 

at l0，30，60，andl05 mill，respectively． Th ere was 

1113 significant difference between two groups(n=6， 

P>0．05)．(Fig1)． 

I，1P induced by IⅡ 7．NI inhibited the 

induction ofU induced bv}Ⅱ (100 Hz)after 15- 

mill application of vehicle． The values of PS 

amplitude were 234 ％ ± 13 ％ ． 190 ％ ± 15 ％ ． 

185 ％ ±15％ ，and l船 ％ ± 15％ at 10．30．60． 

and 90 min after tetanic slimuli(n=6)． s U 

was prevented by 7一Nl(n：6．P<0 01)． 11le PS 

如 ∞ " 卯 鲫 ∞ 卯 

u々 j-ll g 日∞ 
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amplitudemeasured 93 ％ ±6％ at10rain．109 ％ ± 

l0％ al 30 min． 107％ ± l1％ at 60 mil1． and 

101％ ±7％ aI 90mil1．(开￡2) 

m  induced by Cla 7一NI inhibited the 

inducfion of induced by Cla． A r 15 min of 

administration ofvehicle，Cla(5 nmol，icy)resulted in 

all enhancement of synapfic transmission 147％ -I- 

7 ％ ，l67％ ±9％ ，178％ ±11％ 。and l96 ％ ± 

l4％ at 10， 30，60， and 90 min， respectively， 

indicating that UrP vcas induced． 7-Nl(2 mno1．icy) 

15 rain before Cla inhibited the sylla[)tic enhancement 

(n=6，P<0．Olj． e PS amplitude changed to 

U0 ％ ±14％ ，115％ ±9 ％ ．112％ ±6 ％ ．and 

l】3％ ±l(1％ at10，∞ ，60，and 90mill，respective． 

1v．(Fig 2) 

工．~pginine reversed the acdoil of 7．NI oil 

the L inducdOil L-Arginine 225 mg·kg iP 

was injected 5 min before 7-NI In the HFS-groups． 

the PS amplitude measured 166 ％ ±8 ％ ．152 ％ -1- 

9 ％ ．149 ％ ±12％ ．and 147％ ±6％ aI l0．．加 ． 

60，and 90 mill(Fig 3A，rt=6j． s synaptic 

transmission increased significantly compared with the 

一 NI+}Ⅱ=S group(n=6。P<0 O1)but decreased w 

lhe vehicle+HI group( =6，P<0．01) In the 

Cla(5 nmol，icv)groups，the PS amplitude of rats 

injected with L-ar e(225 rT ’ ～．ipj and 7-NI 

(2 nmol，icyJ was higherthanthat of ratsmjected with 

only 7-NI(n=6，P <0．01)during the recording 

pedod，and recovered the level to that of the vehicte 

group at10，15，75，and 90 mill(n=6．P<0．05) 

(Fig 3B) 

DISCUSS卫ON 

1tle present re~ulIs showed  clearly that 7-NI 

preventedtheinduction ofU 甲 induced bv HljS Ol"Cla． 

and L-ai~ininereversedthose effects． Becagse 7一NIis 

a potent nNoS selective inhibitorand L—arginine is the 

substrate used bv NoS for No production．it is clear 

tllatNo synthesized by OS wasinvolved ii"1the Cla- 

induced synaptic enh anceme nt 

Tbe possibility that No may be a retrograde 

me ssenger in synaptic plasticity has excited considerable 

interest． Being a membrane permanent retrograde 

signa1．No produced by the post-synaptic neuron may 

back to the presynaF)tic neuron and is abSol-bed by the 

haem group of an NO-sensitive guanylate cyclase． 

Production of cGMP then evokes an ii1CTease in release 

．40 -20 0 20 40 60 80 100 

Time／min 

Fig 2． Effects of vehicle and 7-NI∞ induction ofLaPinDG of hippocampus．A)LaP induced byHFS c1COHz) 

afterthe vehicle e on． B)I胛 inducedbyCla c5Ⅲ邶d，icy)afterthe vehicleinjection．C)LaP induced by 

HFS(1∞ )was blocked bythe 7-NI c2 nmo1．icy)cn：6． <O．01)．D)I胛 induced byCla(5mna1．icy)was 

blocked bythe 7．NI c2 nmo1．icy)(n=6，tp<O．01)． 
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Fig3． L．山-霉 ∞e at妊ml砷 the ac 0￡7-NI蛆 

induction ofLIIP．A】L-A珥inine f225 lng‘l‘g。。一ip】 

W目 Ilted tl1e eff-~~'t of 7-NI(2 nmol】on雠 LTP 

indtmed bv I矾 f n = 6， <0．01】． The Ps 
amplitude dld not reach the level of veldde +HFs 

grmrp《n=6， P<0．O1】． B】L·Ar nine f225 lng’ 

kg。。。ip】lx~entedthe effect of 7-N1 c2 rm~ol—i ) 

叫 the LIIP．mdtmed b c】a f 5 nmol，icv)c n=6， 

’P<0．01)． It dl明 d tl】e PS amplitude to the level 

of veldde+ Cla group at 10，15，75，and 90 JIIin 

( >0．05， <0．05)． 

supported tIle view that selective nNoS ir~bitor 

blocked 山e induction of U  in vivo． In Otlr 

experiment．action of L—arginine oil U1e inhibition of 

7．NI provided an explanation 山aI 7-Nl inhibited NO 

production and 山en N'evented the induction of 

Cla was found to improve learning and n1廿n0ry in the 

amnesia anima1． It also enhanced the basic synaptic 

transmission and the magnitude of U  induced by 

HFSL0，“． In the present study，7-N1 was found to 

blocktheinduction ofL11P bvCla．which supportsthe 

previous results and suggeststhat oile ofthe nootropic 

mechanism ofCl丑is affecting the retrograde messenger 

NO in 山e brain and then resulting in the synaptic 

transmission efficacy e harIcernem． 

In conclusion． NO especially pr~ uced by 

nPAlronal nitric-oxide synthase contributed to 山e Cla． 

inducedm ． 

To Df UU Sha~-LIn．Df 

ZHANG Qing-2／au，Dr GONG Yue—Song，and Mr QU 

Zhi-Wei for their helps in tI1e ext ent． 

2 

of neuro~ansmitter or other synaptic activities ． 

There are three forills of NOS in tI brain including 

endo~elial NOS(eNOS)，inducible NOS(iNOS)， 4 

andilg~l,oiialNOS(nNOS) 7一NIis apotentiahibitor 

of NOS which exhib缸 selectiv f0r the nNOS wi吐1out 

increasing blood pressure ‘ There are differencesin 

the sensi6vity of different hil：~ campal pathways to 

NOS inhibi~ors eveB with the same bcain region and ‘ 

there is different neumchemieal mechanism in different 

hippocamp~ region[“。‘ J Although the NOS 

inhibitors blocked the induction of m  m many studies 

n vi ，some NOS inhibitor was failed to block the 

UnP in vivo． L．Ⅳ ．Nitroagin~e me~yl ester 

derivative(L．NAME)had 11o effect，but Ciara~Doyle 

et al found mat 7-NI 30 mg‘kg～ ，ip could prevent 

the I induction in CAl in vivo’ ’14 
． The present 8 

study found the same result in DG in vivo，which 
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7．硝基吲唑对在体大鼠海马 Z．黄皮酰胺和 

高频电刺激诱发长时程增强的影响 ； 

(中国医学科学院 中国协和医科大学药物研究所 

药理研究室，北京 100050，中国) 

关键词 吲唑类；一氧化氮合酶；黄皮酰胺；长时 

程增强； 葫  丽 齿疾面 ～ 
’ _ ‘ _ 一  ‘

’ 一  

目的：研究选择性 nNOS抑制剂7．硝基吲唑(7．NI) 

在 f．黄皮酰胺所致在体大 鼠海马 长时程增强 

(LTP)中的拮抗作用． 方法：用细胞外记录技术 

记录麻醉大鼠齿状回中诱发动作电位的群峰电位 

(PS) 结果：7．硝基吲唑(7．NI 2 nmol，icy)阻断高 

频电刺激(100 1-1z)和 f一黄皮酰胺t5 nmol，icy)诱导 

的u『P(n=6，P<O．01)，L一精氨酸(225mg‘kg～， 

|口)能逆转7．NI的这种作用( =6，P<0．01)． 结 

论：nNOS产生的NO参与了 f．黄皮酰胺所致海马 

LTP的诱导过程． 

(责任编辑 李 颖) 
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