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Glutathione-related eAll~clne activities in human 

fetal adrenal，liver。and kidney~ 
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AⅡ讧：To llIld s切l tbe c．~ ecity of fetal蜘 al to 

ca舡l唧  1~ oi1 rno．abolites． 瑚哪 I(岫ls： 

SlIb0elIul丑r fl'~ ons were 岛口aIed by differ~tial 

am舡 雎：a妇 in f I a a1皿d live~． G1u劬  e 

(GSH)一Ii~ efase，劬 c扭se。and 匮jda昌e were 

m 塔IlIed． RESULTS：1he me锄 values( 加01· 
一  

／g 口加把in)of GSH-缸羽】sfl朗ase activities in 

a由：即al micTosome(112±34)，Ⅱ由DcbIm由ja(62± 

35)，and毋恤 l(191±89)wefe 373％ 。270％。 

皿d 167％，fe ，e1y{hi曲口 血粕 inⅡle 

nesp0|ldjng 丘ac愈0ns of fetal liver． A 删  

Ⅱ cIc瞎咖 a1( 缸郅 brase was positively exm~lated 

血 a( al miems~ al P-450 (，= 0．踞1．P < 

O．01)，皿d with a(岫 al皿ic∞scmal锄面n0I珂IiDe N- 

demethyl~se(，=0．829， P <0．01)． 1l GSH 

∞ I c~／ents(／~mol’mill ／g pI岫 )in adrenal 

mimcho~ (24±14)，皿d in (36±15)were 

a．hn~t 5 由nes bi l盱，。c眭 删 with 也at in five~． 

Sel咖 1衄 一deDen岫 t GSH l~mXidase was present in aⅡ 

Ⅱ1e adIena1． 120NaLIJs10N： Fetal adrenal。 【h 

咖 ~ fies血∞ e of five~in aeto~  
1~ oi1，may act as a击u}met曲 0】试 ng 0r n曲Ⅱj皿g 

development． 

The catalytic activities of monooxygenase d the 

extent of：~ obioticmetabolism in human ds es have 

been山e 0biect of considerable study，because it still 

sE2ms to be irnt~l'lant wj血 respect to (I1e ∞ ssjble 

toxicological sigmficance in humaⅡ fems~．1,2j
． We 

previously reported 山e e~steace of cmnD衄 ts of 

P-450 enzyme system andthe capacity ofthis system in 

metabolizing xenobiofiCS in fetalⅡverL0一 ．aIld the 
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active role ofglutathi~e(GSH)S．mmsferasein fetal 

hel~ c metabolism of toxic elec~ hilesL ． The fetal 

adrenalmoac~xygenase activtieswe even greater出舶  

that of fetal live? ． The GSH S．trtmsferase and 

other G跚 ．related enzyme activities (GSH reduetase 

andGSH l~mxidase)were involved in~．1oxitication 

of xenobioficsL ． GSH perc~dase may play an 

_堋p0岫 n rolein protective effect against cel1．mjury by 
lipidl~mxidaseinducedinl1] processes ofthe steroid 

hormone synthesis ．Thus，Ⅱ purpose ofⅡ1is snldy 

was to undars馅nd the ability and the scope of fetal 

a a1 to h~tldle metabolic 00山口0Ilnds． 

F帅 H~aan fetal 邛ec面蛳 B w哪 曲 龃iⅡcd by 

lh c 枷 ∞ 衄 d legal ab0咖 at 16 — 24 吐 of 

窖e咄 m ，ap 叭树 by 曲 Academic~ ttee衄 d曲 E幽  

C饵m 仕∞ of Hubei  ̂础 cal U ve嘶 ． Climcal d啦 8∞ 

T曲 1． 

Tab1． CIil．ical d日忸 ． 

$ubee~ fractiom  After sedimentation of 

the nuclearfraetien(200x gfor10rain)，suw．rnat~lt 

was spun at 9OOOx g for20rain to getⅡ b0nd血 ． 

The mitochondrial pellets Ie washed with wash 

buffer(edefic acid10 nmml·L_。，1．15％ KCI，pH 

7．4)，and spun again at9OOOx g for舶 rain．幻avoid 

山e o0nta血 nad0n ofmitoehonda'ia fl'~ Oll by soluble 

en mes． The pos~nitoehondria su la=lant(s9)was 
spun at 105 000 x g for 6(卜min 幻 get micmsomes． 
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1hemicrosomal pelletswefe suspendedin sucro~ 0．25 

tool‘L cmr pondingto1 g ofadrenal or 2 goffiver 

(or kidney)per mL． The poslmicrosomal fttlction 

(cytoso1)was used for the determination of GSH 

S．tl~ rase． 

Assay tedllfiques GsH S-tl~ rase aciivity 

was assayedL ． Determination of( H Ie出lc se．in 

the l~lction s3，stem of 1 mL contained： oxidized 

glutatllioae(GSSG)1．0，NADPH 0．05，ed鲥c acid 

0．5．sodium phosphate bllffef 0．1 mmol·L (pH 

7．6) and a suitable ~ffllount of the GsH reductase 

sampleto give a change in absorbance of 0．05—0．3 

·min一1【 
． GSH peroxidase was measured 

~ trically． rIhe enzymalJt~reaction was 

initial~d by addition of0．1mL ofH2022mmol·L一 ． 

The conversion ofNADPH 协 NADlP 邺 followed by 

contimums recording ofthed m in absorbanee ofthe 

system at340咖 between 2 and 4rain afterinitiation 

ofthe r~tclJonLlOj
． nle concentration of p-45O was 

based on the use of the exlinction coefficient of 10S 

mmol·L一 ·cm 一 for reduced cytoehromeP-450 minlls 

oxidized eytoehro~ P-450． AmiIl0l N- 

demeflaylase WaS detemained by measuring the 

pit on of form~dehNe【 fusing 8 mmol·L一 for 

0．5一1．0 nag microsomal protein)． 
The enzyme activities in adrenal， liver， and／or 

kidneyweremeasuredin duOllcate and simultaneeusly． 

S乜 jsdcal anaty~s DataⅥfel 0r七 端sed as 

x± ． Di伍舶mce between two groups ofthe adrenal 

and liverfttlctions was detected,using the paired t test． 

Correlation WaS examined by linear r 0n 

analysis． 

The fetal adrenal bore the c~ tics with 

small tissue weight and higher microsomal recovery 

rate (by determination from the mopordon of the 

weighl of105 OCO×g pellet per gram of }gue)when 
comparedwithfetalliver and kidney (Tab 2)． 

GS~It ·臼 岫 ase The “aryl咖 sferase” 

sub~trate 1-chloro．2，4-dinitrobenzene (CDNB) 幡  

selected because exJ~Jnafionwaslimited by the small 

amount of adrenal gland available． In the present 

study， GSH S．t／it／1sfcrase activity was found in S9， 

and the mitochondaial， microsoma1． and eytosolic 

fttlctionsin adrenal， liver， andkidney． The higher 

Tab 2． Tisstle weight。 n五a呻0啊m l recovery- 1~-4S0 

eont~ t, 锄 d 删珂n0l珂d地 N -dm ethylm e activity in 

fetus． n=10fetuses． ±s． 

ac vities of l0ch0 al and II1jcrosomal GSH S． 

~dmferdses in adrenal about 270 ％ and 373 ％ ． 

respectively， of the cOrre叩蚰 di】瞎 activity in fiver 

(Tab3)． 

T日b 3． GStl ·协 岫 曲 湘 鼬 ac它M 坤 lm eelluht~盘ac s 

0￡hun田Ⅱ ￡etI珥． n=10 reti es． ±s 

Adrerml microsomal GSH S．~amferase w 

highly c~related wj血 adrenal micmsomal p-450 

content． However， in microsomal fraction of liver． 

DO0r relatio~ p exhibited be -een the rate ofCDNB 

catalyzation andp-450 co~erlt(̂ ：10，r：0． ，P 

>0．05)． Moreover，in a&enal micmsc~nes， 曲 

positive correlation was observed be n GSH ． 

n珈】s 黜 ac~vity and aⅡ1ino ，riIle N．demethylase 

activity．which was catalyzed via cv七。cbroⅡle p-450 

en (F 1)． 

Ⅱ l0Il 咖 cb如 ed GSH S一仃aIls触 se activity in 

devel0ping plIX~S$ of fetal fiver was proved by 

出耙加血Iadon using CDNB aS a subs自 ．adrenal GSH 

S：tramferase in mic~ mmes declined th adv蛐 dn窟 

fetal deve10 ∞ent丘伽 4— 6 months ( ： 10， 

，： 一0．66．P<0．05)． 

Glm ~ ne red1ldase (GSH redIlc忸靶 ) 

aIId ghI乜砌】i叫e pero菇出se(GS缸 咖 出se) 

W ith one c雒e showing n0 detectable activity， GSH 

ie~ctase contentsintt】 other9 cases．were below 10 

gmol·min ／g protein in liver mitoch0ndda． GSH 
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1． C~ timm between GSII S-trar~  

activity and e~aehrome P．450 oantent(0 )．口 and 

arama~ ae -demethylase aedv~y 【● ) in fetal 

adre衄l n吐o 塔蛐 es． 

n咖 d匦seinliverS9wag almostinthe s咖 e range，but 

slightly gb than that in mitochondria． C[1tnpa脚  
with the corresponc~ g丘 dDn oflive*．higher colY~nt 

of GSH reductase was shown in adrenal mitochondria 

and s9 at 24 ± 14 mad 36 ± 15 vanol rain一 。g一 ． 

respectively． The interindividual variance of GSH 

ii~luctase was 4．5—6．4 fold in these two su~xellular 

fracfiolls(Fig2)． 

F姆 2． Di曲m_m∞ ot GSII redm  in 

adrenalmmId啪 dria(●)， (x)．and-m H,mr 

m．血吐嘲岫 f0)． (口)． 1l=9—10 fetuses． 

霉± ． <0．01 tt$曲皿翳p0曲dIng fl-ltelJo~l ofli他r． 

The activity of selenium-dependent GSH 

pexo~ddase wl~ch u~ z@d hyd~ ． peroxides as 

substratewas presentin adrenal adtcchondria and S9in 

aⅡ10 cases，at 482 ％ and 179 ％ ，respectively，of 

the corresponding fiaction of liver． Six out of 10 

cases showed110measurableGSH peroxidase activityin 

livermitochondria，thel~eoxonis unknown(Rg 3)． 

三 
E 

E 

{ 
暑 
暑 

2 
置 

0 

MItochondrta S。 

F 3． Di蚰曲 椭 of G~3-I pem in 

adrenalm；md~ lrm(●)，南(x)，and-m l 

m．血吐哪d凼 f0)． (口)． n=4—10 fetuses． 

霉±,ff． <0．05郴 00∞ 髓ld．咄 缸Ic ofl ． 

EvidcIlces suggest山at the level of expression of 

glutath~oae S一缸 se is a ct~ ial factor in 

determining the sensitivity of cellsto a broad sp~ alm 

of toxic chemicals mad that the biological control of 

glumflfione S-la'ansferaseis comglex ash exhibits 8．~X-． 

age-， tissue-， species—specific patterns of expres- 

sion ． HOW~VPA"．adrenal glandisthe organthathas 

not been extensively studied． 

M icrosomal GSH S—transferase． which is 如 

enzyme dis~nctfrom the eytosolicL ．1ocalized in the 

llle1Rbiane of the endoplasmic retieulum might play a 

special r0】e in drug metabolism，since the qTtcd1 

P450 svstem (which produces many of the凭舶 ve 

Ⅱ刷田 ediates of xenobiotic metabolism which can s朗 

as subswatesfortheGSH S—transferase)islocalizedin 

the s锄1emembrane． Suchmembrane-boundGsH — 

tramferasemay be advmaageom fortheinactivation of 

IP21CIJVe mctabolites fonm d within the microsomal 

membrane． which aIe lipoph~lic and， comequently， 

prefe~enfiaI1y remain within the membrane nnhef than 

diffusingiato the cytoplasm ． From the evidencethat 

芎 { 士 ．=王 n0-JJ￡ ．．西．1_三E ．IoEi＼0。暑0： 妻 z曲0 
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mic【0s0mal GSH S．tr'~ sferase is strongly enhanced by 

chemical compounds tx~atment，it has been suggested 

that the potentiation ofmicrosomal GSH S．transferase 

activity might be all adaptive mechanism in．easing 

GSH S．nansI_e哺se aetivity when it is neededL J． It is 

not clear whether this is true in fetal development． 

however， this speculation may explain the higher 

concentration of GSH S．transferase in fetal adrenals 

than in fetal fiver．Forit is虬 p0rted by the evidence 

thatfetal ad~nal hasII101~ active P-450 systemL and 

the correlation analysisofGSH S．1a"~sferase andp-450 

coQtent，and aminopyriae N—demethylase(Fig 1)． 

ItWItS speculatedthatinterorganGSH 17edox cycle 

may be operative wherein fiver is the central to the 

ili on of GSSG ̈ J． In 0Ⅲ tesulIs． both GSH 

ieductase and GSH peroxidase哪 inol~ abundantin 

fetal ada'enalthanthat offiver． Thisis suggestive of 

greater capacity of adrenalthan that ofliverto l"edllc~ 

GSSG． 1is obselwation indicated that ad~nal~land 

might play aD imporlant role in the maintaining the 

17edox ofGSH in the gestation Oeliod． Lower levels of 

GSH reductase／GSH peroxidaseinfetalliver suggested 

the possibility ofliver beingmore susceptibletotoxic 

Ie叩0Ilse to decttophilic comt~ that require~the 

GSH redox svstem fortheir detoxitication． 

Onthewhole，the present obselwations underline 

0Ⅲ l~ vious suggestion ．that ada'enal glan~ not only 

synthesize gestatiom l stemid hol'mOlle~．but al90 se 

as iltlporLant drag-metabolizing organ in the fetus． 

However， these facts call for the attention to the 

possibility that there migbt be inleractions and 

interference’s between xenobiotic．and steroid-metabo． 

1izi~g activitiesLl~J
． 

1 R A． 蚰 ing铀姐 S．Ask B． LadoM MG 0 s蚰 of 

h珊 fi~tal c and adrmal 忉曲I铷 P activities with 

唧  幽 叫 sterN~ 曲 恤 砷 m 

J Smmid Bi~hem M0l Biol l992；43：335—41． 

2 跏 T．N 瑚 H，0口玎 S，K蜘咀幽 K． 血岫 T．Rjld 

T， ． ∞ 眦 0f P伽 IeI矗ed to P伽 胁  

甑hab cds孵 ofhⅡ凹nf酗lB 绷d its 0衄nib tom abo 

∞ of Ⅱn s № “ l ；3lo：73—7 

3 吨 RX．YaDⅪ ， m ．Li Qx， 阱 ， P 

衄paci of如 g珂矗abc崎 in(H ne fetalⅡv盯：I Prese~ e of 

I 曲 me em． A a Pa=j右c J Pl~ macol l9∞ ；4：173—8 

4 Rx．Ld SB，‰ P 

1be a咖 of如 g m№h崎  (Yaale~ livers：Ⅱ． 

Metaboli~ of l咖 叩 ne，缸曲∞ lle删 锄 ．山n 

A a 吐石cIPl~ macol1990；5：13—8 

5 SB，№ g RX． sub。d“ 丑r血 Ⅱ 曲 D of Il l山i衄e S一 

岫  ln( e∞ fetalliver 

Ada Pl~ macol Sin l9∞ ：11：3田 一9l 

6 RX，waⅡgYS，Lei sB．FIl Ls， m ，Li Qx． o／ 

Cbm ckdz of moncoxyge~ e m雠 in Chinese fetal a由 

一aⅡd A血 Pa曲 c J Pb衄Da删 l9 ；9：l95一∞O 

7 WangH．P Rx，W angRK，‰ ngR c g of 抽 m 

fm llate衄 the ch I窖es of hepa c [Ⅸid vE fLmdi∞ i~ ueed by 

酣 Ia口0Iinmice Ac【a Pl帅 Sin ：32：51l一4 

8 M M ．0轴唧 m RY，Yc~aimuraS．W社an K 

皿Ⅱ向∞ za妇 of ghI【日出i衄争p’l x (G PO)in m龃 

a山 daⅡd—— LK s oⅡa击 n0 fd ad目K咄 associated砌  

i如 d0 即湘i辄 删 0Ⅱb．哪 nd腓 ． 

Tol~i J ain 1995：20：89—97 

9 S山 sJ．AI-眦 WA，A c皿 ． 

G】m鲥1ic S-位IⅡdera罂 and muta血i0∞ ∞dI】ctase 6嚣 in 

c and n c d目 offea~lem ∞ afL ∞ of age 

B 曲咖 H1缸∞a僦 眦 ：31：2113—6 

10 n  T．s劬曲 T， K． K． ta waH 

mrba of h 血 曲mm．衄 level 出 |I妇 耐 

∞ ~ ivities bynpe砷ed adr onof缸曲∞ 嘧  胁  

I旋 Sd l9啦 ：3l：2655—65． 

11 Hayes】D，PI1If硎 阱 ． 1he E蹦 one S- r q 目∞c 

缸 my： 山妇 ofG and 。0I bL】【i。D of theisoe~,ymes to 

曲n0日 曲即 】rc删 0n and dn s【ance 

(Ⅻ R Bi~hem ／viol 1995：30：445—60O 

12 剐 吼 T，I呲 H． Possible re lI幽 m i蛐 of皿  

sepal ghm曲∞e - m activityinm liver 

B_帕曲咖 Pl~ macol 19嘶 ：35：435—8． 

1,3 Q皿Ⅲ丑nd目ⅡJM，stij~ 凹 ， 枷搬Il血 NE z and 

ⅡaⅡ印0n systems 删 in 山e 妯 m and di 0 ∞ of 

咖  ∞咖 辩 s l 1995；47：271一 ． 

14 PImB NS． Is廿-日B柚 ．m【eI o g蛆 glIl m o吐 r。d阻 cycle? 

l幽 I Bi咖 lti~ hys1991：嚣 ：496—8． 

15 Pat enM ．Pdk 鼬 O Hl血 aⅡ a0目I m0蜥 c绷d n日D 

m an 。雌 龆叫yaed by 幻cIIrome 50， 脚 血 

hydI_1【a and 衄e S-岫n出nsc activities 删  r 

ali∞ psbma衄Ⅱ ~ ette蚰出 ng 

c1一 一  

人胎肾上腺 、肝和肾内谷胱甘肽相关酶活性 

生 ， 王玉山，傅柳松，丁 虹 
， (湖北医科大学药理教研室

， 武汉市 舢 7l，中国) 

l 

关键词 谷胱甘J}5j转移酶类；谷胱甘肽还原酶类： 

谷胱甘肽过氧化物酶类；肾上腺；肝 ；肾；胎儿 ； 

微粒体 ；线粒体 

目的：通过测定谷胱甘肽相关酶活性及其在亚细 

胞分布，了解胎肾上腺在发育期间对 活性代谢产 
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物的解毒处理能力． 方法：制各肾上腺、肝亚细 

胞组分． 测定谷胱甘肽转移酶(GST)、还原酶、 

过氧化物酶 ． 结果：GST在胎肾上腺微粒体、线 

粒体、胞浆 中含量分别是肝各 亚细胞 组分 中的 

373％、270％和 167％． 肾上腺微粒体 GST活 

性与细胞色素 P-450、与氮基 比林脱 甲基酶活性 

皆呈正相关 ． 肾上腺线粒体谷胱甘肽还原酶、过 

氧化物酶分别是肝线粒体 中的 506％和 482％． 

结论 ：胎 肾上腺有比胎肝更大的解毒能力 ． 提示 

胎肾上腺兼有药物代谢器官的功能． 
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Dual effects of 5-ll= Ir0】 n a埘Iine on stable analogue of thromboxane 
A2．induced aggregation and release reaction in rabbit platelets 

LI Bai．yan2，ZHOU You-Cai，LIW en-I-I~ 

(D ，，lI哪 ofPham~co／ogy，HarbinMedical Unive~ity，Harbin150086，China) 

l∞  WORDS plslelet ag ； ad∞商 ne 

倒 均印岫 te；翻】c m ；9ero岫 ；山mmbc口【aDe A2 

心 I：To咖由 啦 d＆of 5-畸血蕊y口yDlm (5． 

ttT)∞ stable~mlogue of血∞妇l瑚De A2(sI )一 

曲 0ed pl~elel 印e， ag 蛳0n， and rele~e 

Ieac ． METHODS： Pl~elet I印e ch蚰 and 

a邑罂eg蚰彻 weffe 咖m丘ed by the light位m蛐 ss．啪 

血r。u曲 platelel-ri~ pI跚 a(PRP)． Rel朗seIeac虹0Ⅱ 

was evaluated by the 珊n lnt of ATP in 也e Ⅱ d．衄  

and cv幻 丘ee C wasⅡ a飘Ired by fluorescent 

imEIging． REsIⅡ嬲 ：(1)sI O．3—3 mD】·L_。一 

indu∞d sha 出删I窖e缸Uowed by a邑罂e 廿0n． When 

l盯 3 ·L was addedt0 PRP，山e releasB 

laclj衄 was oecurled． PlE姐e蚰 em of PRP with 5- 

ItT 3 m0】‘L_。， 山e 血叩e 曲 ∞ ge by SI was 

曲 0】 andthe a罢 by STA20．3 ·L- 

was即h蛐耐 (P<0．01)， l盯 3 ·L～． 

ind~ed娉 e雩廊 was not affected，hltthe Iease 

Iea 0nwas pamal1y鲫pp (P<O．O1)． (2) 

A2O．3 啪 l·L_。一'm 【C ]i w硒 

丘删[h ．m嘲 sed by 5一ttT 口re虹曩山nent， hlt 山e 

lC Ji m曲iliza吐咄 by sI 3 m0l‘LI1 was 

decIe日sedby 5-I-IT，especially the peak leve1． (3) 
The 落re 0Ⅱwi血叽 t IeaseIeac妇 was jnae昌Is耐  

‘n啦 t ppmed by№ Pbs【d Rc u ∞ (1993— 
19％ ) 

P ＆ —667—1354 Fax 86．451—232—7091． 

E-mail 1如 @锄 s． b皿 1． 

Re~ived 19974)1-~ A唧 ed】9 瑚  

丘咖 3．4±2．1 t025．6±1．8％ (P<0．01)袖 l0 

sinterval and the a 】an0础 m was dec】jned w洫 the 

pf0】伽 姐 of山e intervals． The a邑罂 eg w洫  

把I黜 Ieac妇 was n0t affected by d姐n ng 妇  

intervals．but血e龙 地∞ 缡c妇 was de嘲 sedin 山e 

s蛐 雠 a呦 t． C0I (=I 瑁10N：-Il1e dual ef[bct＆ 

。f 5-ItT 0Ⅱ sI 一ind~ed aggre咖 and release 
代 i0Ⅱ and the mcleeul~ Ⅱ峙d1如ism of this bct 

wastrml~blytb∞ the regulative acti~ of5-I-IT 

【C ]im。bm枷 0ⅡbysI ． 

Ble d pla~elet plays an inlp0r【aIlt role direcUy 

thr。u its fimetic~s or indirectly due协 soIne active 

substances Or cymldnes released during pla~elet 

activation， for example， aden~ le dipb0sD11ate 

(ADP)，5-hydmx扣 t揶nj]De(5-Hr)，calci~ ion 

(c )，pk她 activating factor(PAF)，and s0咖 

enzymes． n addition， the Dla eI iS the most 

imtx~allt store of5-Hr，asalocal circulating re目】】a时  

it can be released丘伽 dense 锄1lles ofplatelets up∞  

suitable m 虹0n，and髑ha∞ed凼B ag ega虹蚰s by 
ADP and epinephrineL卜 副 but the effects of 5-HT On 

release reac石∞ are still uncleared． In the present 

research，a stable analogue ofll】IoII】b‘臻aneA2(STy％) 
was selected since it ~aused both aggregation and 

rd∞se teaetic~，which relied On the coT1∞n扛ad0n of 

STA2． Ft~ aore， the effects of 5-HT Oil s11A。． 

induced platelet shape enrage，agge~ on and release 

n~tction Ⅵ observed separately．and cymsofic-flee 

甜  (t甜  ] )_Ivas also evaluated in washed single 
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