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Chlorpromazine inhibits hepatocyte apoptosis caused by 

withdrawal of phenobarbital in mice1 

HE Pin ，YAN n—Lin，WU Meng—Chao，LI Lin-Fang，GUO Ya-Jtm 

(EaMern Institute ofHepatobiliary Surgery，SecondMilitaryMedical University，Shanghai2OO438，China) 

Ⅺ疆 w0ltDs chl0q “ ； 。r叩 1； 曲面 ； INTRODUCTION

phenobarbital；~ver；apoptosis；cell division DNA ； 

AIM ：To study the inhibitory effect of ehloiprom~ine 

(O11)，vempamil，and蛐 on hq~ yte apoptosis 

induced by the cessation of phenobarbital ‘Phe) 

treatn~ntinmice ． 劓哐T】田】I，s：LiverDNA content， 

ratio ofliverweight／bodyweight，DNAfragmentation， 

DNA elecl~phoresis，the end-labeling test(TUNEL)， 

andthemorphologic cb2ngas oflivercells asindices of 

liver iilass and hepatocyte apoptosisⅥ applied to 

investigate (1) the kinetic 0∞ss of hepa~cyte 

pmlifer~ on induced bY Phe 75 rag’ -。ip and the 

regression of hypeq~lasficliver Ca1．1,~d by withdrawal of 

Phe in mice，‘2)the effect of Chl 25 rag‘ -。， 

verat~ 50 rag‘kg or aspirin 60 rag’ ip on 

mo[is~hepatocy~apoptosis，and‘3)the time course of 

effects of Chl ollthe regression ofliver size and DNA 

fragmentation  content a ef withdrawal of F'he 

RESULTS：The process of hepatocy~ proUferation 

and regressioninduced bY adminisWalion andwithdrawal 

of Phe in mice consisted of 4 phi~ses：proliferation， 

plateau，rapid regression；and slow regression phases． 

In the rapid regression phase， the typic changes of 

hepatocy~ apoptosis were found，which was prevented 

in early peri0d bytheCa2 calmodulinantagonistChl， 

but not by verapmnil or aspirin． CONCLUSION： 

The Ca2 ．calmed ulin played an important role in the 

hepatecy~apoptosis call~ by withdrawal ofPhe． 
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Hepatocy~ txoliferafion and apop tesis share 

common regllhl~'y pathways to maintain the liver 

homcx~msis ’ ． Fragmea~ ．a granular serine prote— 

a∞ that mediates the cytotoxic T-cel1．induced 

apop msis．activatestlle kimsethat regulatesthe 

passage of cgUs into mi tosisL ． Sevo'al germs that a∞ 

involved in thecell cycle andcellular proliferation，eg， 

c-／un，c-los， and c-myc， ate also involved in 

apop tosis ’ ． Therefore．itis necessarytodevelopan 

in vivo model to study both hq,atecy~ proliferation and 

almptesis． Phenobarbital(PI】e)wasfirst considered as 

a caiKlida~ to establish the mode1．beclduse a non．toxic 

d0 of Phe slJlnlllated the normal fiver growth in 

various mammalian and after cessation of Phe 

lieatlr~ t， the hypeiplasia partially regi~ssod and 

excessive hepatocytes H∞ e1imina ed by apopt~is ． 
The present study vcas to investigate the inhibition of 

chiorpromazine( ，a Ca2 一calrnedulin aⅡta{；0nist)， 

Vel'apall~ (a Ca2 channel blocker)，and aspirin(a 

cyclonxidase inhibitor)on the hepatocy~ apoptosis 

induced by the withdrawal ofPile in mi ce ． 

M ATERIAI．s AND n衄  m S 

Reagents Trypsin ，RNase，and bovine thymus 

DNA Ⅵ Te ptt~hased from Sigraa Chemi cal Co． 

'IUNEL kit was obtained from Boehrin~er Mannheim 

Biochenficals． Chl was produced by Shaaghai Tmn． 

feng Pharmaceutical Co， and ／：'he was 0roduc~ by 

Shanghai New Asia PIla埘删 Co． Al1 other chemicals 

were of ana|v 吼l reagant 

Mice Kunm~ strdin 0 mice(age 4—6 wk， 

n=302，weight(∞ ±s 2)g，GradeⅡ，certificate 

number OO5) w ob(ained from the Shanghai 

Exverimental Animal Center． Chinese Academy of 

Sciences． AⅡmice weIe aa~ ed for 1—2 wk to a 
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mom withlights off from 2o：00【08：00．卸dfoodwas 

available from 9：00 【0 14：00 with ~inking water ad 

肋 ． 

1[~nedcs of hepat0cy proliferation and 

“ 0Ⅱ 128UI~  by a m-哪isnad0n and 

withdrawal of■ -e in l ce Mice were randomly 

divided into 11 groups，11— 12 in each． The mice 

givenipPhe 75 nag’ 。d— for 7 d． Themice 

were decapitated and liver was stored at一2O℃ f_0r l 

一 2 wk before processing ． Other sp。ci offresh 

liverwere fixed in formalin and embedded in paraplast 

Sections(5 m)were s诅i【1ed with hematoxylin and 

e吣 in． 

FAfect of Chl，vl强al增衄 ，柚 d ；p曲 伽  

hq蛤t0qrte ap0l osis induced by wi~ ra,a,'al of 

lPhe Mice、vere randomly divided into 6 groups(10 

in each) Five groups、 injectedip0．5％ Phe 75 

mg‘ 斯 5 d，while one group was垂Veil equal 
~mollrlt of0．9 ％ NaC1． Afterthewitt~trawal ofPhe． 

4 gmN~s wetle m~：ted Chl 25 rag。kg 。d-。， 

aspirin 60 mg。 ’d一 ，verap~fil 50 mg。 -。 

d～，Or equal amountof0．9％ NaC1 q8h Themice 

ofnegative control groupwere decapitatedin~nediately． 

Exactly at 36 h after stopping Phe tl'e,~iment．吐lelivers 

Werf~taken． TheNstologic ch~ages． ratioofliver／ 

b0dyweight(LW／BW)，the content of h印atic DNA 
fragmentation【 

．

DNA elecm~phoresis[ 
． and the end- 

labeling test(Tgr-mediated X—dUTP nick end labeling， 

TI"唧 ．)、 re dele盯nined 

TiⅡ．e ccIurse 0f effects of cIll 0虹 the 

re essi∞ of fiver size and DNA 缸 m忸 

c0岫 吐 ~dterw dr wal oflPhe in mice Mice 

、 re randomly divided into 14 groups(8 in each) 

E螗hl 0I】pswere_mjeetedip 0．5％Phe 75 nag‘ I1 

for 5d and 2 groups as㈣ a1 contmlwere give~eqllal 

amount of 0 9 ％ NaCI． Four groups as negative 

control、 continuously givenip 0．5 ％ Phe 75mg’ 

’ d-。． AfEer the witl~trawal of Pile，4 groups 

Werf~ ectedipChl and山e other 4 groups as positive 

control admirfisteredip0．9 ％ NaCI． At24，：36，48， 

and 72 h after the witl~rawal of Phe．111e liversⅥ 

taken and content of t~ atic DNA 如培m∞ 

was measuredIrJ
．  

Kinetks of heI搬t0c 口e prolifeI薯 and 

H!gr蚂si蛐  caused by aI|玎墒lIist枷 蛐  and 

wi~ ,a,'al of Phe in mice AfEer administered jD 

Pheinmice．tl1e size ofliver grew rapidly and reached 

thefl~ llIll in 3—5 d．Ⅵ 山e content of hepaac 

DNA increased by盟 ．4 ％ and lJW／J3W incIeased by 

船 ．1％ Thereafter，althoughPhewas Veil continu． 

o~sly． fiver size kept stable． "l~enty-向Ilr hours 

after cessation of Phe 呦 nnent the involmi~ size 

declined raNdly urlfil 48 h when吐le involutioo liver 

chaⅡ业0d into sl w tegessi~ ． n computer CUINe 

imitation of DNA contemt-tir~ relationship was mllde 

by Marquardt’S method． The theoretical e【 Iati0Ⅱ： 

Al-t +A2一。 +A3一 ， =0
．6110， · ／2= 

l 12 d，Q=0．3900，a’TI／2=2．45 d，p=0．0173，口。 

T1，2=船．肋 d(Fig 1)． 

耋 
至 

0．7 
A 

／ ＼
． 

0 3 6 9 12 15 18 

TIme／d 

啦 !． Effet-t 0f Phe协阻血眦 皿d Phe lh血a 

∞ l如er 硼dfIN&。耵 蛐t．m 。e． A) ，删 ； 

B)he Idc DNA ∞Ⅱ自ent， ● 垃豳怔d 。e，0 

controls． ^ w“h面啊wal 0f Pl-en嘲 岫 t． 

st砌s晒 l am 】ysis Data were expressed as j 

± ，and compared using Dmmett’s f test for multiple Effect of 12111，veea~ tl，Ⅻ d ；p ∞  

di侬 Ⅱces hq柏加q， ap川 Ds缸 induced by w-th．h羽帽d of 

0 0 

∞} 弓0 _． g 蛊 蔷0。 hI自 若 目 lI 
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PIle e regression of liver size．山e increasing of 

DNA fragmentation， and al~ptotic bodies， which 

0cdJrredintb ∞sidve c0n mice afterwithdrawal of 

Pile Bs showninTabl andFig 2．wefe notfoundintl1e 

mice n瑚删 wi吐1 Ch1，and a negative result of11INEI． 

assay WaS presented． However． in tbe mice given 

verapmnil and aspirin山eliver sizemarkealy regressed． 

DNA fragmentation incre．ased and the alx~mdc bodies 

wim alx~itive reaction ofTUNEL assay werefound 

In our experimentsⅡ DNA sample extractedfilJm file 

liver of positive control mice did not demonstrate the 

characteristicladder pattern Oil gel elecff~ heresis(Fig 

3)，which w眵considered as a nlarker of吐le ap0pt0 c 

mode of cell d鼬 ． 

呦 1． Ef of chl， ，andasp ∞ 晰  

slon of li,~er sjze蛐 d姗 咖 of heJHdc I)NA a n田唿 ． 

af r hdn of in oe． n =10。霉± s． 

《O．05． <0．01 掰 new ,ire咖 叫  

T 】e c01艘 of effects of Chl 0n llIe 

re s DⅡ0fliver ze a-1dIII~IA flagmelmtt~n 

c0帕tI afterwi1血drm IofPbe As．m 吐lekirefic 

studies of hyl~plasfic fiver regression．tm~il 24 h af 

cessation ofl~aeⅡea廿nenttheliver size did not regress． 

At 36 h the content of l1eDadc DNA fragn~ tafion 

increased by 109．8 ％ and LW ／BW declined bv 

ll 8 ％ inthemice as口osid control，but did n0tiIl 

the mice 订鼬肥d wi血 Ch1． However．at 48 h tIle 

content ofhe~ icDNA 丘群删 tati蚰 mseto164,．7％ 

of negative control value andtheliver size re 删 by 

7．4 ％ in the mice 蜘Batod wi吐1 Ch1． At 72 h tIle 

inhibi啪 ofad on 山e regression ofliver size andtI1e 

increasing of DNA 丘 妇曲l6衄 content dissj 咄。d 

(1铀 2)． 

DI‘K=L『sSl0N 

We found that tbe kinetic pmcess of h。p剐ocyte 

proliferation and regression c剐删 bv administgation 

and witl~lrawal of Pile in mice co~isted of4~lases： 

pmliferafion， plateau， rapid regression， and slow 

regression phases； and Ⅱ rapid regression of 

hyperplastic liver involved I'~ ameyte邓qm)sis，which 

w船 pf 啪 划 by ca抖 一c出  卸崛g0f凼t ， 

but not by Caz channel blocker ve“ 哪  l and 

cycl~ xidase i bit0r aspirin． 

1betirae oc investigation of effects ofCh1衄  

吐le regressi~ of liver size and DNA ment出衄  

con／／gTlt showed血at only．m tIle early per of rdpjd 

regression phase，cflIWaS availablefbrthe dI1gof 

hype~lasfic liver regression． and Ⅱ s effect w∞ 

different from that of Pile c、．pl啪黜 ， m I】s of 

l~ amcyte proliferation． In 胁 administered Pile to 

replace cypmtem~e，血e size of hyp盯p cliver kept 

stable and n0 regr~ on~curred J． 1be re．~lltsiIIIpIy 

thatthe effect ofCh1is to prevent 曲D 忙 叩0l 

induced by withdrawal of Pile rather吐I蚰 to mlla 

锄D 忙 pmliferation． Ch1 and verme il pf l吲  

b2．1 鲫【Ⅱ靶 cb-effects椰 r喀略商蚰 五v廿 s and埘蛆 缸咖 锄 岫 伽啦眦 l ·g一 在踊 】af断  

m 嘲  ofn in n血 e． n=8I譬±s． 《O．05，【P《0．01 掰 耻 窖嘣 ve袖 口1． 
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Fig 2． Fad．1abelingtest 0fIⅢ fivertissue． (A J positive reaction showninpositive control group x 400；(B 

negative reaction inOalgroup x200． 狐 st ． 

the increase of nuclear Caz and DNA fragmentation 

and nearly abolished biochemical evidence of toxic 

hepatocm  death induced by acetamiunphen’ ． 

Nicotera etⅡf【 also found that Ca2 was actively 

transported into hepatocy~ nucleus by a callilodglin— 

dependentpumpthat utilizedATP asthe e|le曜 soul'ce． 

These findings support the hypothesis that the loss of 

Caz -regulation is the finaI co[1ltnorl pathway to cell 

death and Chl exeits ils hepatoprotective effect by 

antagonizing Ca2 calmodulin
． 

Why Ca2 channel 

blocker verapamil protects bepatunytes from the toxicity 

of acet{HrIin0ph∞ but does not inhibit the hepatocy~ 

apoptosis c．allS~bythewithdrawal ofPileis not known 

【0IlS yet． Cyclon xidase inhibitor aspirin prevenlsthe 

synthesis of prostaglandins， the sigm l transducer of 

bepatocy~growth factor(HGF) However，aspirin 

did not effect the bepatoem  a10optosis induced by 

withdrawal of Pile， suggesting that the association 

between hepatocy~ growth and apoptosis WaS 

complicated． 
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In the present experiments，the m~ logic 
changes of hepatocyte 珥帕p s we shown after 

cessation of Phe ⅡeanTm t． but agamse gel 

eleetr~horesis did reveal a ladd目 of DNA 

na唧 ∞ The corm-．,Kli~ cr衄 be explained by 

the 血 din￡ that the n 龇 duration of the Nstologic 

stages of a~pmsis was found to be about 3 h．and 

withinthe d山 0ntherewas a relativelylow incidence 

of cell ap叩 【璐is 0J． 

As raenfioned ab e．I bemode c瓤 be appliedto 

study hep~ocge pmliferafien and atx~ sis．|皿d the 

C calmedulin pa plays a signi~cant rolein the 

hepatocyte al~pmsisinduced by wi~ trawal ofPhe 
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关键词 氯丙嗪；维拉帕米；阿司匹林 ；苯巴比 

妥；肝；细胞凋亡；细胞分裂；DNA 
一 一 — —  

"  ， 

目的：研究氯丙嗪(cm)、维拉帕米和阿斯匹林对 

撤除苯巴比妥钠(Phe)引起的小鼠肝细胞凋亡有无 

抑制作用及其时效关系．方法：以肝 DNA含量、 

肝／体重 比、DNA片段含量、DNA电泳、原位 

DNA末端标记试验 (TUNEL)及形态学改变为指 

标，研究 Phe 75 g· I1·d ip诱导小鼠肝细胞 

增殖及撤药后增殖肝回落的动态过程，并观察 abl 

25 mg- ～、维拉帕米 5o mg- I1或阿司匹林 60 

mg· ip对小鼠肝细胞凋亡的影响及其时程效 

应+ 结果：Phe诱导小鼠肝细胞增殖及停药后增 

殖肝的回落由增殖期、平台期、快速回落期和缓 

慢回落期四个时相组成，快速回落期是一个典型 

的凋亡过程，其早期能被钙调蛋白拮抗剂 abl阻 

断．结论：钙调蛋白在撤除 HIe引起的小鼠肝细 

胞凋亡中起重要作用． 

(责任编辑 朱倩蓉) 
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