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Neuroprotective effects of poly(ADP-ribose) 
transient focal cerebral ischemia of rats 

SUN An—Yah ，CHENG Jie—Ski 

(№砌wf￡4 删D 删̂ fc口f心“ f0 y，Shanghai University，Shanghai200t232，China) 

injurj；NAD ADP-rilx~ltransfetase；3-aminobanz- 

amide； Naclnamida； NAD(P) 一邮 ADP- 

fibosyltransferase；phyton adio~  

AIM ：To explore the role of poly(ADP-坷)ose) 

polymerase(PARP)in focal cerebral iscbemia with 

n du商0n证如fy． METHODS： 吼e Wmtar rats 

undca'wan t 3．5．h of temporary middle celv．bral altery 

occlusion by in地dI吐曲m 鲺】n ． h血Ic吐0n vokmae 

was showed with 2，3，,5-~phonyltetrazofittm chloride 

(TrC)~ainlng and quantitated by image~ lysis 

system ．neurologic 日feswereda tm ninedwith a0—5 

罩adjng scale． RESULTS：3．Amjn吐alz蛐jde(3一 

AB)10 mg·l【窖 or nicolinamida (Nic)at 20 

nag·l【g一 showed posit n目m】pIot。cdve effectswithin 

0—6 h．neta'ologic deficitswell~ 巴Inl删 ． Withthe 

incz dose of PARP inhibitors，beneficial e】 临  

well~c(舶邛蛐 ised，pa坩ai ，administration ofNic 

60 mg·l【g at lhe cmset of repe面l 0n drastically 

ac疆 师血d brain damage． 时忉meII ， a 

selectiveinhibitor ofinono(ADP-fibosy1)mmsferase， 

had little effect oi1 infa~ on volume． O0NCLU- 

SION： Tr~sient h3con iplete inhibition  of  PARP 

pm~ides a 联m舶pIm∞dve e 。c扭 against cecebral 

ischemia-~effusion i牺 ，with a relatively wide 
th~ tpo．1fic window．whereas se n  inhibition  of  this 

enzyme， especially in repe u面0n phase， is 

dealmema1． 

Poly(ADP-fibose)polymerase(PARP，EC2．4． 

2．3O)is an abundant nuclear enzymethat catalyzesthe 

咖 s断 of ADP-fibose moiety of NAD to form a 

polymer of ADP-fibose chain on nuclear acceptor 

proteins such as histon e， mpoisomera~ ， and 

predominantly ∞ itself． PAR]? Call influence cell 

n删 st,nx~ d by删 I Sfmisuy ofI~blk Health ofOfina． 
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survival in a ntmaber of ways． Unmodified R RP 

bind fi~fly to DNA breaks． 0nce activated by 

extensive DNA damage．auto-poly(ADP-fibosy1)ation 

ofprotein callsesits release and allows accessforDNA 

repair enzymes ，thusmay play a rolein maintenance 

of DNA integrity． 0n the othcT hand， excessive 

PARP activation following DNA damage udder many 

oxidative sⅡess conditions callses rapid depletion of 

NAD，ATP， and thiol pools， which could lead to 

metabolic cell danth． ．Ihe recent discovery of 

proteolytie cleavage ofPARP by caspase indicates that 

it could beinvolvedin cell apopto~  J． 

／n v／tro syst~l／1．inhibition of PARP had vad叫 s 

eff~ts衄 diffel~ilt cel1 types． inhibitots had 

been showed to reduce cell death causal by oxida tive 

s ss in lymphocytes， endothelial cells， fibroblasts， 

PC12 cell，andintestinal epithelial celllineL ，but not 

in he0atocytes or Chines~ hamster ovary ceItsL ． In 

isolatedheart and skeletalmuscle．inhibition ofPARP 

reduced isehemia—rep汀fIlsi0n mjury ． PARP 
ac6va had also beenim Uca ed as amediatorofthe 

IleuIot0五dtvof in1~i．c oxide(N0)in a n~lLro1)mdture 

syst~nL 
．
As excessive pIDdB~on of NO has been 

demonstrated to be an important mechanima of brain 

injury foUowing ischemic stroke，the above studies 

raise the possibility of developing PARP inhibitors as 

neuroprotective agents． Inthis study，we exploredthe 

roles of PARP activity in ischemic brain hiury in 

vivo． 

Focal cerebral isdaemla model Adult鲁 Wist盯 rats 

(cle越 肿 dc，certifica／~№ 02—22-2)weiglSng 287± 21 g 

were anesthetized with 8 ％ chloral hydrate 35O rag’kg～ ip． 

DLⅡj]cIg and 船 Ⅻ罾咖 procedures，【啪 妇 啊粕 was 

ccatroll~ Bndgr 25—28 ℃ ．and rat body um3penttta~ Was 

mahltain~ at 36．5— 37．5 ℃ wifl~a hem ~g lamp d晡IIg 

an~thesia m  left c0m carotid a唧 (CCA)was 

posod，two bf 曲 oftheleft㈣ I c删 d artery( )， 

虹 把[加 1．mgI1丑l atte~ andmaxillary a唧 ，惭 协msac位d． 

ex廿aa柚ial branch of interaal carotid aaery(ICA)，恤 
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ptery~,opatatine arm y．wasligated closetoits origin with 4—0 

silk 8uttll~ A 4—0 nylon sutllre of 4 an in length wi1h a 

y en1a增ed arId TDuIKbd 卸 w拈 fn1InE in k呻  

solution(6∞O kU‘L一 )，吐舶 plac0d at room 峙m 胁  删  

． 
1he meaeed s咖 w拈 in虹0血∞d into the BCA 船  

mpcnmy cli (X2A arId ，arId silk sutllre 0IlI-d 

theBCA snⅡnp w tightened to prevent bleeding． 1he nyle~ 

sI血聪 w拈 advaI州  BcAinto u sSght resistarIce 

籼 Fdt 1he血 MfI】rca妇 ofaCA to 曲 of 

s山lⅡ was about 22mm Pilot Do Inam n study L,~dicated tha=【 

吐】e邮 of日螗 reached the I seg~mt of the a呲晡 

ee~bral咖 (ACA)， bI删  of~ddle 

cerelxal army(MCA)，wilh~ 1．dlng all s Ⅱ∞ ofbloodflow 

吼 ，ACA，arId p0st日i Ie lm ． 艋 3．5 h of 

M 【二A 0cc1 0fI． the sutllre was slowly wi廿1[ for 

q 】盯fI1 0fI． 

e眦0】0gic deficit臼阻 耐i衄 1he珊删 0粤 deficit 

曲船 of each雠 w evaluated耻 2,4 h船 ~lrgery by曲 se懈  

blindM to the 畦鼬m姐b．Gradc 0． no observable Ⅸ蜘d0 c 

deficit；Gradc1，蠡 to extendtheleflfbre口aw fully：Gradc 

2． inten~ttent circling； Gradc 3． suslalned circling wi1ll0II【 

Ⅲ州ingforward；Gradc 4，unable towa1k 印 曲IIe叫 y wi1h a 

d耳 ：ssed level of c∞sd吼1知ess (usually indica船 diffuse 

corticalinf ∞ exis~1)：Grade 5．d巴虬h． 

M肌pl螂血 m t 0f iⅡ缸rc岫 硼】lmle 

F~y-eight hoLⅡs船  ĥ a，ratsw e docapi衄蝴 ，arId吐曲  

h面nwere removed arIdwa with蜘 ，the砌  on of 

吼̂ w拈 visually c0n丘Ⅱn。d． I sedjDⅡs of 2 r叫 thick 

were dlssected wiⅡ1 a hain sⅡc Then． slices were 

immersed in saline c0 Ⅱi口g 2％ 2，3，5_ pI螂 te雠IzoliuⅢ 

de(TT℃)arId嘲 at 37℃ in dark妇 30 n吐n． 1he 

stained slices 酬 with10％ 妇maliⅡand pb 喀删 ． 

T1 infarction area of each slicewas仕a∞d arId c 删 u衄  

an_蛐age analysi~system (T·9o)，m  b曲 direct and rm血嘣 

mea盟】 加eII【S． 11~ilect加cl|列 sfollowed afbmⅡ血 toI廿ir 1血  

the．m 脚 of edema：d出  叩 c删 一nar~Nrcled 

糊 of left h s衄  Ia地叫 to i窜：heIIlia． Telal infh on 

v~lumefor each brainwas calculated by日Ⅱnm ∞ Ofinfarction 

areas of 卯bs IIf slices(total糊 x~ckness) 

E司 rim目抽 plc0咖 l Each rat w ra I呦 】y assigned 

to 0IIeofthef-Nk~ing 0tJps：Groupl，岫 heⅡlia c∞廿d treated 

wiⅡ1 saline；Group 2 and 3，I~eated wilIl ip 3 n 0b口IzmT de 

(3_AB)10 mg‘l曙～，30 mg‘l曙～ respectively，just beS：~e 

d1eⅡlia；( 4 and5，meaeedwiⅡ1ip nie~ namide20 arId 61) 

mg‘l曙～ respectively，just before Ⅱlia． Tnthe seeo~l part 

of唧  ，3_AB10 mg‘ i噼 蜘 3，6，arId12 h 

a船 i9ch既 a In the 恤 rd part of e xdm叫 ． ee~blN 

i窜：heⅡlia ratswere协相俐 wiⅡ13-AB30mg·妇 ，mee~namide 

6o mg’l曙 pb m删 ∞e 20 mg‘l曙～，just a 

q 】erfI1 ∞ ． 

Chelmatls 3_AB was 玳 ased r咖 Sigma， arId 

di嚣 v。d_n saljm  15 mm betide use． N namj血 w拈 the 

cc of mgIIai2ndReagemFacl~y． TIC w theproduct 

of E Merck． All these agents were p【U【ec删 fr0m “gII【 

Phy a曲 ∞ was product of ∞ l Pharmaceutical 

ct： r 

S随ds时cs AN( VA w I-sed to test di伍 知ces 

between control 鲫d PARP inl~bltor m 加删  ． F研 

d】f reI】ces between PARP inl~bitors-盯iec日  肛inP iscbemia 0f 

q 面∞ phase，卜testwas usext The ratios of p0s_山 B讯  

s'tai~ g between groupswas卸ab刊 by e删  obabdi临  

Effects 0f P jrI1．jbit叫s 01l focal 

cerebral~：hemm All control rats after 3．5．h 

ischemia with reperfusion developed visible infarction 

under"ITC—staining The majority had a gⅡia衄I 

infarctic~a． aIId 2 rats also bad a cordeal inf~ on． 

M0st of ratsinthis group exl~bited circling(Tab1)． 

Tab1． Ne叫删 c oIlt咖 e．m m谯24 h aJ_恤 middle 

c eb删 a咖  0ccIIlgi帆 (3．5 h】衄d re I商叩 萱n 

clllltrol，3-卸m 10b印丘 de(3-AB。ip)0 n．c0lj1珊 ide 

(Njc。ip) aIl ． 

>0．05．1P <0．05， <0．01掰 o0n州 ． 

After 虹I釉 e丌t wi山 3-AB 10 rag ·kg-。
， 山e 

infarction volumesw drastically reduced．4／10 rats 

in tl1is group had I】0 visible in1'删 ．and the aI咄 at 

risk had a pink"ITC staining．suggestingthat selective 

rlellil~ deatl1 replacedthe刚 infarction(Tab 2)． 

Inmoremildischem~amodel(isehemiafor 3 h)． 

the neIⅡ0pIDtec吐ve effects of 3．AB were mole 

帅 in Trea~nent witll 3-AB 30 rag ·kj： 

showed a trend of aggravating ili on
． Similarly， 

treatltte~twith brtc 20 rag‘ showed aneur~ mtec- 

tive effect，whereas 60 rag·kg showed detrimental 

effects，worsened the ~eumlogic deficit and enlarged 

theinfarction volume，even deatl1in 1 rat
．  

1"heral~eutie wjlIdaw of sirlgle dose 0f 3．AB 

3一AB 10 nag‘ WaS injected 3 h afterMCA 
occlusion，similar neuroproteetion WaS found，2／7 rals 
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Tab 2． E 0f 3-AB- andlgie-ip∞ illfar~oll morphemetricmeasl】∞m朋t 
vohma~ 0f TIC·s衄 ng brain slices．Rats ilUllderwl~lt 

3．5 la 0f temOoIm'y ilfiddlle eea'ela~l artery occlusion DISCUSSION 

followed with 加pedI商皿 ，the h!gi皿 img 0f ： 曲  
Ⅷ used∞ a referellee rantfori e 0n m  

=S一12．霉 ±s． 

>0．05．b／,<0．0s．cP<0．毗 懈 咖 rh01． 

蛆x岬捌 no mamlle i~arcCfion； when given 6 h after 

MCA occlusion，neIⅡoDI删 d册 was~educed in sc 

mts．but g曲 signific~ t in s0lne 0tber mts． 3一AB 

given 12 h after isellemia 埘wed n0 n目丑u唧  册  

(1曲 2)． 

IⅡgh dose of mic0旧枷 ide ma曲cally 
~eelm ted the b髓 出 啪 ge fonawing 

re d商 ∞ Injecti~ ofNic 60mg’ (ip)at 

tbe be~nning of l,eperf~ion was extremely 

detrimenta1．mts usually exhibited hemip~ alm 

deIⅡessed c0nscjaIls曲ess 1— 2 h after Nic 缸e岫 enI． 

，7mts diedwithin12 h． Besides stri~talinf~ or1． 

di舶 se “mature” infaretkm in i瑚童k岫 l c 

occurred early as revealed by 皿me te D0 nl0nem 

TIC staining． inffll~ on volume of this 娜  

was 217~69Ⅱ1l (n=7，P<O．01)． on of 

3-AB 30mg‘ -1 at恤 begj',nlng of嘲胁  also 

enlargedtbei~ Orl voltmle(166±33衄  ．n=5． 

P<0．01)，buttoless degree as。0r叩删 withNic． 

No effect0lⅡil旺a 亡t叠0lⅡvolumeby selective 

illlIibi由0r of m哪 (A DjP_dbosy1)咖 塔fera辨 3． 

AB alld Nic inhibited mo13~(ADP-ff~osy1)tr~sferase 

no~ ecifically， paIdcIlIady 0v盯 20 mg’ -1
． 

Ph n髓础 衄e，a sele~iveinhibitor of n埘的(ADP． 

dbosy1)n锄s缸ase，was eeted(20 nag‘kg～， ) 

just aftern那ed si∞．血e hd ∞ vohmaeis 61)±16 

Ⅻ (n=6，P>0．05)． Thus，phymmenadione had 

little effect 册 tbe in丘 0n volume． Neumlogic 

ex锄血 蚵 ∞ showed the results consistent with 

Our results suggest that PARP inhibimrs．only at 

low d0se． had ner ve effects． On tbe 

contrary，at relatively higber doses，山ey e~arge or 

accelerate jsdl髓nia．Ie神 sion brain 砷 ． The 

latter deu'imet~al effect was nm due to tbe cytot~ icity 

oftbe drug．asNIc atthe氍叮1ehighdose did not cmlse 

brain infarction in the n0ImaI subjects． Thus． 

Ⅱ】jnjIIlal PARP activity is required for brain to lil~t 

iscbefn 凭pe面lsi锄  uIy，aIld the th~ tic indcx 

0fPARPinhibitorsfor cerebralir,chemiamightbe quite 

low ． 

PARP can iIlⅡuence cell survival in dj l唧 1 

ways．both enhm：lcem~t of s~mAwl Or nlediad册 of 

oeu 出a血 had reportedin cell cultures ori~lated 

organs，and its physiological role is拙 l a sI蛔ect of 
mll【m debate． Early DNA 虹IaI following cerebral 

ir~aemia．1'eperf~ionWaSfound[7, 
．
thenwas expected 

to cause excessive activation of PARP．tbe la曲既 翻n 

rapi~y deplete energy stores． Transientinhibition of 

PAl 吐Iawed p咖 t皿 Ⅱ0IⅫDtecdve effects， which 

can be O啪瑚)r嘎 sed bymalti~le c啊毽簋埘 ve doses at 

intervals of 3 h． 3．AB l0 nag·k卫-。is es血n砷ed to 

l~xtuce a plasmic c0n咖  on of about l 

删 1．L-。． On theOlh hand，3．AB only havelow 

penetration of bl0od brain ba in normal subjects． 

aTld its h面n concentration is about 1／10 — 1／30 of 

peripheral血glles ，al山0II曲 its permeabilitymightbe 

c1lh}m∞d in isd1 nia．IE=p响  0n brain． So， tbe 

estimated effective 咖 1cen缸a 册 of 3．AB in this 

咖  lmvis close to Or below thatin nallDI1 cul~ e 

sys n(100 n01·L ) ． 111is c0no 吐鲥册 may 
c叫se ineomplete inl~bition of 8ugnll~ PARP 

aetivityin ：hen血 brain tissue，as 3一AB has an 

0f 33 姗 l·L一 fbr PARP in 6bf0b 10]
． Our 

strokemodel of3．5 hischemia only 蛆x岬 d nKdcr锄e 

brain juIy，with infarction volumes much smltll~r 

血蛐 血0se砖p删 in literamre，．哪dj ng that MCA 

occlusion 嘁 怔曲 is．mcc ．the r~ del 

imder our o0ndi廿0ns might be m0Ie close to 

penumbra”m0 ，thLls allows ner ve agents 

to show greater effects． 

Two chemically dislJnct inl~bitors of PARP reduce 

isc岫 1ic bt丑in．mjuIy atlow d0se，s gesdl】gthat tbe 
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no31Dptot~ ve effeos observed aIe mainly due to 

inhibition of Pf IuP．and in vivo activation of Pf RP 

con~butes to neuronal damage following transient 

c刷 bra1 isehemia．though we have not measured in 

vivo R IuP activity ~rectly． In addition， possible 

sfimulafi~ ofDNA repairbylow dose 3一ABmight be 

anothermecbaniml of nelⅡDD 山州 蚰 ． High dose of 

R I inbibitors lose beneficial effects， even 

aggravated ischemic brain injmy， whe∞as phyto 

m(~ one． a selective inhibitor of u~ono(ADP_ 

fibosy1)岫 sfc Ll0J．had little effect on il]f&r~tion 

volume．suggestingthatthe dea'imental effect ofPAI 

inhibitors at hj曲 dose might be 佗1a刚 to excessive 

inhibition of PARP aaivity． but not due to their 

nonsl~ ific inhibition of 1110110(ADP-ribosy1)仃aIls— 

femse ． Thus．even small residual activity of Pf I is 

iIl邛0m nt for neuroml recovery from Ie d 

insult． On the other hand，above results also in y 

that even excellent selective PAI inhibitor developed 

in future &x：rn unable to devoid of this unw~ted 

出咖 _倒 njn譬． Combination of verylow dose ofPARP 

inhibitor wi山 other ne~aptotec6ve agents (such as 

free radical scavengers)wifi become an al咖 adve 

s~ tegy． In consistent with in vivo findings． 

v／tro study sbow~l that 3 AB (1 i?fl~mo1．L )could 

ca lse a mpid death of HL6o cells in serum-flee 

cultmeL ．and another potent Pf RP inhibitor 1，5一 

dihydroxyisequinoline at hi曲 concentration (1 

rmI l_L一 ) ly~vented the recovery of C3H1mn／2 

cells from oxidative stressL12 J
． Nic at bigh dose is 

rⅡ0Ie deaimental than 3-AB．which c柚 be explained 

by additional effects for∞ elevation of inlracellular 

NADlevel and aggravated oxidative_mjmybyNic ． 

It was reported that different besal NAD levels 

determine beneficial or deu'imental ef ：ts of PAI 

inhibitors on H 0， induced cell d~ _hLlCJ． It is 

inteIe鲥n譬to 9eewhether activity isinvolved in 

the neIlrop10 0n of neurotrophins a叩噼ssed 

following focal cerebra／ischemia． 
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多聚 ADP．核糖多聚酶抑制剂对大鼠暂时性局灶 

脑映血具有神经保护作用 足7 
， ， 

塞f目 ，堡尘主 (上悔医科大学医学神经生物学国家 
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关键词 脑缺血；再灌注损伤；多聚 ADP-核糖多 

聚酶 ；3-氨基苯甲酰胺 ；尼克酰胺 ；单 ADP-核糖 

酰转移酶；维生素K1 {叩 ，I母l 
_ ● 

目的：研究多聚 ADP-核糖多聚酶 (PARP)在局灶 

性脑缺 血 再灌 注损 伤 中的作用 ． 方 法：雄 性 

wistar太鼠用插丝法阻塞大脑中动脉 3．5 h后再灌 

注，梗塞灶用 TIC染色显示，图象分析测量；神 

经功能缺损 采用 0—5级评分 ． 结果：低剂 量 

PARP抑制剂 3一氨基苯 甲酰胺 (10 mg·kg )或尼 

克酰胺(20 mg·kg )具有 明显的神 经保护作用 ， 

治疗窗近 6 h；高剂量反而加重脑损伤 ，特别是尼 

克酰胺在再灌注起始给药 ． 选择性单 ADP-核糖 

酰转移酶抑制剂对脑梗塞无明显作用． 结论 ：暂 

时非完全性抑制 PARP对脑缺血再灌注损伤产生 

神经保护作用，然而完全抑制该酶(尤其是在再灌 

注期)则产生损害作用 ． 
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Enhandng effects of p-endorphm on glutamate ne唧 t∞ ity1 

zttu Ⅱ ，GAO JiIlg，Wu Juan，Zt-IAO Xiao-Ni~ ，ZHANG 一Xua 

(& Df ofMedicine，m咖 Univers ，m咖 210093，China) 
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Alzheimer's disease． and Huntington's dis芒ases、 ’引． 

Our previouswork showed thatmor01gne enhancedtI】e 

glutamate neI】 咖d由 (GNT) ，suggested that 
mor0Nne-like substances might ~ duce nellr~  
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