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Demethylation capacity of human fetal adrenal 

mitochrondrial cytochrome P．450 in vitro 1 
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KEY W ORDS cytochrome P-450；adrenal glands 

fetus； mitochondria； troleandomycin； erythromycin 

benzphetamine；almnopyrine；nllarosolne$；polyacryl 

amide gel electrophoresis 

删 ：T0 explore the capacity and characteristics of 

adrenal mitochondria to metabolize xenobiotics in vitro 

in human fetus． M哐 }10DS：Subeellularfractionsof 

ta1 adrenal were prepared by differenfial centrifuga— 

fion ． Mitoehondrial P-45O system was proved by 

spectral allalyses and SDS—PlAGE． 耵1e formaldehyde 

formation contellls were measured with Nash reagent． 

RESUI S． 耵1e erythromycin N deme thylation 

linearly increased in the prorein concentration 【1—4 

mg)·and incubation time(10—30 rain)·dependent 

inanners A typical concentration-effect relationship 

aopear~ with er3ethromycin0．067一l mmol·L-。and a 

ix~sitive correlation (r=0．641．P <0．05)existed 

between erythromycin N—demethylation and gestation 

months． nle N deme thylation values 【nmol·s-。／卫 

protein)of erythromycin(2 7±0 8)，benzfetamine 

(1．1±0．5)，and aminophenazone(0．9±0．4)in 

mitochondria惭 89％ 【P>0．05)．162％ 【P < 

0．01)，and 62％ (P<0 01)，respectively，ofthose 

in microsomes． There was correlation between 

mitoehondfia andmicmsomes in the N-demethylation of 

erythromycin(r=0 708，P<0．O5)and benzfetamine 

(r=0 707，P<0．05) Troleandomycin stimulated 

erythromycin N demethylation in adrenal mitochon dria 

as wel1 as in adrenal and fiver micD0翻 nes in vitro ． 
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CONCLUSION： Fetal adrenal mitochondiia， with 

multiple P-450 isoforms and greater capacity of 

demethylation，play a role in drug—metabolism during 

fetal development． 

1be multiple forms of P-450 existed in many 

extrahepatic organs Adrenal and contains P-450 

elizyllles which ale mainly involved in the 

stemidogenesis ． We previously demonstrated the 

existence and higher activities of aniline hydroxylase 

and ammophenazone N—demethylaso in adrenal 

mierosome s of human fetus in comparison with liver 

microsome s( 
． In吐Iis paper．we studied the chalac 

teristics and the demethylation capacity of adrenal 

mitochondrial P-45o system in vitro in hmnan fetus．to 

further understand the bioWansformation function of 

adrenal gland． 

Biological samples Human fetal specimens 

were obtained from therapeutic abortions and le叫  

abo rtions during 23—38 wk of gestation．approved by 

the Academic Committee and the E吐dcs Committee of 

HubeiMedical University 

O lemieals Erythromycin．beadetamine，amino一 

~ fflazolte， isocitric acid， and isocitric acid 

dehydrogenase were from Sigma． All other chemicals 

and reagenIswere ofAR． 

Subcellular fractions The isolation procedure 

of subcellular fractions was described in detailL ． In 

brief，adremd and fiverhomogenates were spun at9OOO 

× g for 20 min to get mitochondrial pene~． The 

p0sⅡI 幻ch呻dria supematanls (S9) were spun at 

105 OOO× g for 60 rain to get microsomes The 
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mitochondrial and microsomal pellets suspended in 

SUCl~se 0．25mol。L correspondingtol g of adrenal 

DermLand stored at一3O℃ 

Enzynle assays The total P-450 content． 

spectral analysis and NADPH—cytochrome (Cyt) C 

redu~ activity were assayed as described ~ fomL 

with a Shimadzu(UV一3O0o)recording speclrophoto— 

m eter 

Deme~yhfion was determined using erythro— 

mycin， benzfe~ nme， and 卸mh岫 enazof忙 as sub． 

sU'ates． 1he assay mixture(pH 7．4，37℃)contained 

Tlis·HC1 50 rnr~ l·L_。．MgCI2 10 mmol·L-。．KC1 

150 mmol·L一 and all NADPH-generating system 

【including NADlP O．4 mmol·L-’． isocitric acid 10 

mmol·L-’． and isocitric acid dehydrogermse 0．6 

units) Erythromycin 0．4 mmol·L-’，benzfetamine 2 

mm01·L ． or ammophenazone 8 mm0l·L一‘was 

added The reaction was initiated with the NADPH 

generatir~ system． nle superrmtantwasincubatedwith 

theNash reagent at 60℃ f0r 2Omin andthe colorwas 

measured at 415 nn3 in a Shimadzu(uv．120)spectro． 

photometer． 

rI1】e formaldehyde founation rates from et'y~ o— 

mycm， benzfetamine， and ammophenazone were 

defmed under the above selected incubation conditions． 

Tbe effects of troleandomycin on the folmaldehyde 

formation were determined at 0—200 “n 1-L一 by 

preincubation with the mitochondrla(of microsome) 

and NADPH-generating system at 37℃ for 30 min 

before adding sub strate． 

Sodiura dodecyl sulfate·polyaerylanfide gel 

electrophoresis(SDS．PAGE) 1he SDS．PAGE of 

adrenal mitochonddal and micro~mal protein was 

performed on a 10％一acrylamide~ ting ge1． 1be 

sample(30鹇 protein)was loaded onto each of gel 

1aries for the detection of total p-450． Standard 

proteins and their molecular weights(M )included 

lysozyme{14 400)，carbonic anhydmse (31 000)， 

ovalbtanin(42 700)，bovine setlln3 albumin(66 20O)， 

and phosphorylase b(97 40O)． 

Data analysis Data were exlr~essed as j±j 

Difference betwo~n two gloups of the adrenal 

mitocbo ndrial and micr~somal fractious was detected 

usingthe paired comparison of rtest 

RESULTs 

P-450 When dithionite．reduced differeace spectral 

analyses were employed ， most of the adrenal 

mitochondria (13／15 fealses． 87％ ) yielded a 

maximal absorption of P-450 at 448 nnl and the ratio 

between the highest and lowest mitoc~ndrial p-450 

contentwas about 7．0-fold． Demonstrabletendency of 

P-~kS0 levels to increase as a function of fetal age was 

observed (r：0．773，P<0．01)． 耵le rate-limiting 

enzyme— NADlPH．Cyt C reductase activity in adrenal 

mitochondfia was also detected
． No marked sex 

differencewas observed in P-450coM~altandNADPH． 

Cyt C reductase activity． (Tl曲 1) 

Tab1． The total CytP-450 content and NA】Dm Cyt C 

reduetase activity in adrenal ndtochan dria 0￡htan an 

fetus． 露±s． 

Tbe e~stence of adrenal mitochonddal p-46O was 

also shown using SDS—PAGE(Fig 1) 

97 400—  

66 200—  

42 700—  

31 000—  

14 400一  

誊 

Fig 1． SDS-PAGE electrophoresis on a 10％- 

acrylamlde separa血1g geI_ ]Aine 1 and 4，30 Pg of 

adrenal mltochondrial lnetetn of 2 htan an feteses． 

IAine 2 and 5．30 Dg 0f adrenal ndcms哪 llnetetnof 2 

hmm n feteses． ]Aine 3，20 Pg of st~ dard~ otehls． 
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Taken山e adrenalInicros0mal protein asthep-450 

positive contlol，two mitochondrial protein bands of M 

about 47 x1 and 54 200．andthreemicrosomal protein 

bands of M about 45 lo0，48 7o0，and 52 3o0 were 

detected oil the 10％ 一acrylamide tiIIg ge1． In 

山e range of P450 molecular weights． the t0ta】 

cr0s0mal P-450 Deak area was nearly2 times ofthose 

0f tochondria by thin layer chromatography． 

Mitoch0ndrial deanethylation le forma1． 

de．hyde foITilatioil ratesfrom erythromycin catalyzed by 

adremdmitochondliawerefoundto belinearwith 1—4 

mg of mitochendrial protein and 10 — 30 rain of 

incubation time． which meant 山at the calxtcity of 

mitochondiial demethylafion in vitro hicreased in the 

protein concentration- and reaction time-dependent 

maIIners 1he relationship of demethylation velocity 

and substrme concen／a'ation Was observed and a 

relationship appeared over the range 

of erythromycm 0．067一l mmol·L (Fig 2) 

2．4 

l_6 

0 

0．0l 0．1 1 

Concentration／mmol·L‘ (in lg scale 

Fig 2． Effect 0f erytlⅡm N-demethylati~a by 

htmmn 乜1 adrenal mitechondria． Two mg of 

mitochandrlal protein was incubated with 

er I邛咖 缸 at 37℃ for 30 mil1． =2 fetuses． 

1he highest formaldehyde formation wits adFeilal 

mitochondrial demethylation level of erythromychi．and 

the lowest wits that of mninophenazone I 一 

thromychi， benzfetamine， and aminor~anazone N- 

demethylafions hi adrenal mitochondria were 89 ％ (P 

>0．O5)，l62％ (P<0．01)，62％ (P<0．01)， 

respectively， of the corresponding ones in adrenal 

mi~ mes．(Tab 2) 

Tab 2． N．Demethylafio~s cnmol·s一 ·g一 】0f exythro· 

mycin，benzfetamlne，mid 卸 n0】 E啦啪 Ile in adrenal 

mitechondrhamid mlcrosmnes of htanan fems． =10 

fetu螂 ． ± s． 叩 >0．05． <0．01 ns tire corre- 

spondingmicrosomalgroup 

Correlation analyses There was a positive 

correlation between mitochondlial erythromycin N— 

demethylmion and gestation months( =0．641． P < 

0．05)． Meanwhile．a correlation also existed between 

mitochondrial P-450 content and benzfetamine N— 

demethylation(r=0．744，P<0．01)． 1rhe good 

positive correlation occurred be．~ntv~il adrenal mito． 

chondrial and microsomal demethylation (ei3／~fffo- 

mycin： r= 0．708， P < 0．05：benzfemmine： r= 

0．7O7．P<0．05)． 

Efleet of Vroleandomycin on human fetal 

demethylafion { t 帅 Tmleandomycin was 

initially einoloyed  to idenfify involvement of P450 3A4 

in mitochondlial demethyl撕oil． However． erythro． 

mycin， benzfetmrtine， and aminoghenazoile N- 

demethylation were unexpectedly enhanced by 

prehicubation of woleandomycin 25—200 l· 一 
．
Loi／o L 

with adrenal mitc~．．hondria at 37℃ for 30 rain． 

maximal stimulation of erythromycin， ben2ffetamine， 

and amino0henazone N-dernethylatioo by troleando- 

mycin was 1．2S— 1．26．1．37一l0．58．and 1．37一 

1．82·fold，respectively，of control(Tab 3)． 

Tab 3． Effects 0ftroleanam ~,cln ∞ N-demethylatJon 

cto ol·s一 ·g一 )by adrenal mitodamdria of htmmn 

fetus． =2 fetuses． 0f duplicates 

Th e stimulation oftroleandomycin was alsofound 

in adrenal and fiver microsomes，where the inereasing 

f- -I々E u， 0；BI 暑 暑 【1．』v 
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velocities of erythrornycin N-deme~yNfion were 1．08 

一 1．33 and 1 15一1．33 fold．respectively．ofcontro1． 

(Tab 4) 

Tab 4．Effects oftrol~ oR et-ythrmnycinf0．4 

mmol-L l N-deauethylations{nmol·s。 ·g。 )in liver 
and adrenaI ndaH培0rn ofhumanfetus． n=2fetuses． 

2 of duplicates 

ND =no deten~ nation 

DISCUSS10N 

The demethylation is all important catalyzing 

function of P．450 monoxygenase system Our results 

showed that the a(1Ⅻ 1al mitochondrial P-450 contents 

were almost at the sl堋 e range of the adrelial 

microsomal ones zj
．  Meanwhile． the adrelialⅡⅡto- 

chondria catalyzed  N—demethylation of erythromycin， 

benzfetamine．and aminophenazone． The demethyh- 

tion showed a sub~trate—dependent itlalLrler and the 

capacity was comparable with that of adrenal 

microsome． Furthermore， the demethylation was 

enhanced by pretrealment witb tmleandomycin． Benz— 

fetamme and erythromycin N-demethylation 

catalyzed by P450 2B and 3A4，respectively，in 

human and anhnal liver micmsomas 5j． Our results 

suggested the eMstence of muldple P-450 isofosm s in 

adenalmitochrondria of human fetus． P4劬 3A4 is 

the most abundant isoform of human heDanc P．450 

ellZyil~ and capable of o~ zing many ialportant 

drugs ． In our study．eryth~mycin N—demethylation 

WaS alsothemost potent amongthe 3co~ ds． 

Troleandomycin as a potent andmechanism-based 

P~I50 3A4 inhibitor has been applied hi drug- 

metabolism ／n vitro L J for the fractional inhibition of a 

reaction in microsome(or another crude preparation) 

expressedthe extenttowhich a particularP-450(or set 

ofP．460)is responsible for a reaction ． However． 

Ollr results showed the enhanced demethytafion of 

adranal mitochondria catalyzed by tmleandomycin 

vitro，andfur0aer proved similar effectsin adrenal and 

liver microsomas ． Trolcandomycin is the single 

inducer of hepatic microsomal P．450 3A and can 

stimulate hepatic erythromycin N-deme thylase in vivo 

in mt LgJ
．
T~here．the diffemn~ is from has not been 

eventually ascertained and Ileg．ds fe~her investigating． 

In a word．the matter of P-45o 3A4 requires special 

attention since its active site has sorfle Hnusual 

features[83 

The p~ ent study in~cated the highercapacib'of 

mitochondrial deme thylation and possible e~stence of 

mitochondrial multiple p-450 isoforms iii fetal adrenal 

gland．which supported our previous conclusionl。’。J that 

adrenal gland served as an important drug-metabolizing 

organ during fetal developme nt． 
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关键词 型盟壹·蠢￡： ； 0 = 璺； 毽丝』奎 
醋竹桃霉素；红霉素；苄非他明；氨基比林； 

目的：了解胎肾上腺线粒体代谢外源性化台物的 

能力和特征．方法：制备亚细胞组分． 酶学检测 

脱甲基反应代谢产物一 甲醛的含量．结果：在光 

谱分析和SDS—PAGE证实线粒体存在P-460的基础 

上，进一步证明线粒体 P-450具有脱 甲基功能． 

其脱甲基作用呈蛋白浓度(1—4 l )和反应时间 

(1O一30 min)依赖性增加，与底物浓度间有良好的 

量教关系，井与胎龄呈正比． 线粒体中红霉素、 

苄非他明和氨基比林的脱甲基反应分别为微粒体 

中的89％，162％和62％．醋竹桃霉素增强肾上 

腺的红霉素脱甲基反应．．结论：胎肾上腺线粒体 

有较强的脱甲基功能． 提示胎儿肾上腺线粒体兼 

有药物代谢功能． 

(责任编辑 杨如华) 
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