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中国人群 Ⅳ．乙酰转移酶多态性的基因分析 

崖熊 ， ，刘志海 ，曹 文，郭联庆， 

卓海通，凌树森，陈亚利 ，赵 权 ，王卫萍 ， 

李芳奉 (金陵医院临床药理科， 分子生物学实验室 

南京 210002，中国) 

关键词 盐 堕堑堑 ；垒查丝(遗传学)； 
基因型；中国人；等位基因；聚合酶链反应 

目的：研究中国人群 乙酰转移酶(NAT2)多态性 

的基因基础． 方法：对 120名汉族健康志愿者进 

行基因型分析 ． NAT2基因型的检测应用等位基 

因 PCR技术 ． 结果：NAT2基因的野生型及 M1， 

M2，M3突变等位基因在 120人 中的发生率 (WT= 

0．625，M1=0．0458．M2=0．188，M3=0．142)存在 

显著差异(P<0．01)，由它们组合而成 的各种基因 

型在人群中的分布符合 Hardy-Weinberg平衡(x = 

7．27，v=8，0．7>P>0．5)． 经过基因型分析可 

将受试者分为野生型纯台子、杂台子及突变纯台 

子 ，其 比例为 50：50：20． 结论：与高加索人比较， 

中国人的 M1突变基因的发生率较低 ，说明了中国 

人慢乙酰化者比例较低的原因． 
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Effects of vitamin C on myocardial mitochondrial function 

and ATP content in hypoxic rats 

LUO Gallgl，XIE Zeng-丑uJ2，LIU Fu．Yu，ZHANG Guo．Bin 
(Ins~ute of魄  Altitude Medicine， Mitlt,~yMedical University，C~ qmg 4O0O38，Ch／na) 

KEY W ORDS ascorbic acid；anoxia； heart 

mitochondria； adenosine triphosphate； blocd 

flow velocity； blood gas analysis； blood 

pressui~； membrane fluidity； Na ·K - 

exchanging ATPase；myocardium 

AIM ：To observe the effects of lar e dose of 

vitamin C ( )on myocardlal mltochondrial 

function，ATP content，and myocardlal structure 

in acute and chronic hypo~c rats． 

M ETHODS：Rats were exposed to a sirmdated 

alfitude 4OOO m (barometric Dn lure=43 kPa) 

for 3 and 30 d． (O．75 g·妇 ·dI1)was 
iniected ip． The hean mitochondrial respiratory 

fun~on were detemained by Clark—type O2 
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electrode； mitochondrial me mb rane fluidity 

(瑚 1) were assayed tt~．gh fluo~ nee 
polarizative method；the contents ofATP．ADP． 

and AMP in myocardial tissue were measured 

witIl HPLC． REs1】1 【s：After admiuistration 

0fVo．the A1P contentwasincreasedfrom 35± 

3mg。gI1 to 53±3 mg。g一 in acute hypoxic 

rats(P<0．01)，from 42±4mg·g一 to 48±3 

mg。gI1 in chronic hypoxic rats(P<0．01)； 
P 0 wasincreasedfrom 7．2±1．4 kPato9．5± 

1．2 kpa in acute hypoxic rats (P <0．01)； 

mitoehondrial respiratory control rate(RCR)was 
increased from 2．1±0．6 to 4．7±0．5 in acute 

hypoxic rats(P<0．O1)，andfrom 3．3±0．7 to 

4。5±0．6 in chronic hypoxlc rats(P<0．01)； 
MMF wasincreased in acute an d chronic h~voxic 

rats(P <0．05)；the degree 0f my ocardial 

ilecrosis in vitamin C preventive rats was 

attenuated as compared with those of acute 
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hypoxie rats． CONCLUSION：V。is effective 

onimproving myc~．ardial energy metabolism and 

protecting against myocardial structural injury in 
hypoxic rats． 

Myocardial energy metabolism failure 

caused by hypoxia is associated with the cellular 

Ca2 overload， oxygen free mdical， and the 

decgease of Na ／K ．A rPase activity j-4j
．  

Mitoehondria which is sensitive to injury caused 
by free radicals phyed an important role in 

energy metabolism． e decrease in 

mitochandrlal membrane fluidity caused by 

mitochondrial membrane injmy may reduce the 
mitoche ndrial function andtheactivity ofenzyme 

inlayinginmembrane J．VitaminC(V )is an 
oxygen defived free radicals scavenger ，and 

has beell successfldly used to prevent 

mitochondrial injmy in ischemie—reperfused 
myacardinmL ,8J

．  111e level of blood lipid 

pemxidate(t20)yea8 decreasedin highaltirade 
hemorrhagic shock goats treated with V ． 

However， it is litile known whether V can 

protect the mitochondrial memb rarle structure 

and function， and improve myocardial energy 

metabolism during hypoxia． e aim of this 

stu was to observe the effects of V on 

myocardial mitochondrial function and A，rP 

content during hypoxia，andto asses8whetherV。 

could prevem ~ inst hypoxic my ocardial 

structural injury． 

M A I1E IAI S AND 唧 II)DS 

Agents So~tlin glut~ e (Huzhou 

Biochemical Reagem Plant，China)；Sodill／n d／一 
malate(Shanghai No 2 Chemical Reagent Plant． 
S}lan曲ai， CIlina)； 1，6-dipheny1．1，2，3一 
hexatriene (Sigma)； 8．a~lino．1-naphthalene- 
sulfonic(ANS)fluorescence pmhe (F1uka)； 
ADP(Sigma)； (Sigma)． 

Rats Wistar ratsof elther ( =50)． 

weighing 22D±30 g(~im lGrade I．standard 
nu／l~ r：24303015．from Ex~ rimental Animal 

Center of q'hird Military Medical Ulliversity ) 

were randomized into 5 groul~~ (1) normal 

contrd group in normoxic surrounding；(2) 
acute hypoxia (AH)in a hypobaric chamber 

simulated altirade of彻 mfor 72 h；(3)AH 
+V groupⅧ exposedin a hypobaric chamber 

simulated high altitude of 4O0O m for 72 h 

f decompression condition wa$the salne as that of 

group 2，these rats received Vc 0．75 g’ks ‘ 

d f0r 3 d，ip)；(4)chronic hypoxia(cH) 
group in a hypobaric chan~ r exposed to a 

simulated high altitude of 4OOO m for 30 d 

(decompression condition wa$the 8a／ne as that of 

group 2；(5)CH+ groupⅧ exposed to a 
simulated high altitude of 4000 m for 30 d 

(decompression conditionwasthe 8a／neas thatof 

group 2，these rats received 0．75 g‘ks ‘ 
d f0r 30 d．ip)． 

I／eraoaym mie and blood gas n砖a嗣lI-e- 

meBt Rats were al2esthetized with pentobarbital 

sodium 30 mg· ～，ip． A catheter wa$ 
placed in right ventlicle and the fight ventricle 

systolic pressure(RVSP)Ⅷ measured with 8一 

channel physiologic recorder(RM一6OOO，Nihon 

Kohden，Japan)． Another catheter was placed 
in the left carotid artery for blood gas analysis． 

Heart tissue(0．2 g)was preserved into liquid 
nitrogen for measuring the A，rP content． 

Mitochondria was isolated fr6m heart tissue． 

Another part yeas freed in 10 ％ formalin． 

Measurements for nol3nB1 control group were 

done at sealeve1．whereasthe remaining groups 

were done at a simulated high altitude of 

40oOm． 

Mitoehondria isolationL and respira- 

tory fllllgliOlll assay “J e substrat~ were 

sodium  ．malate and t~dim  glutamate． 

A3I~ase activjt’r andANSfluorescence 

measurementt12J e total reaction volum e 

was 500 止 ， and 25 止 mitachondria were 
added ． 

／Viitochoad rial nKnIbram fluidity 

assay 1，6-Diphenyl-1，2，3-hexatriene was 

used as a fluorescence pmbe． 

Contenl of mymmrdhtm adenine nudeo- 

tides measurement 13J nle HPLC system 

(Gflsen， France)， UV speetmphotomoter 
(Gilson，France)． 254 nn1．sensitivity 0．01 

AUFs．1iq~d phase PBS 2 mmo l·L-1(pH 

5．5)，加 L myc~rdium tissue． 
M orphology After solidified  tll 10 ％ 

formalin， heart tissue was s~ ned with 

hematoxylin basicfuchsin piericacid． 

Statistical analy~s Data were expressed 

as ±5，comparedwith one．wayANOVA(Dda． 
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2)using F—protected least significant difference 
test(FtSD)． 

RESULTs 

Blood gas parameters and RVSP 

Pa．0， ． RVsP wa8
2 

P CO2 were decreased and 

increasedin acute and ehrorile hypoxle groups a8 

comoared witII control group． Vo increased 

P a．n in acute hyl~ ie rats and decreased tIIe 

RVSPin acute andthrottle hypoxie rats． There 

W'd8 no si~ qcant difference in pH between 5 
groups(T日b 1)． 

M yocardial mitochondrial fUllldiOIl 

Mitoehondrial llI state o2 consumption(sT3)， 
respiratory control rate(RCR)andADP／Owere 
apparently decreased and Ⅳ state o2 

consumption (ST4) increased in acute and 
chronic hypoxie groups ∞ control group． V 

improved all above mentioned parameterfl 

( 胁 1)． 
M yocardial mitedaotldrial AT№  

aetlvity and ANS Fl-ATPase，Na ／K - 

ATPase activity，and ANS fluorescence intensity 

were significantly deeteasedin acute andthrottle 

hypoxia group． All abovementioned parameterfl 

were improved obviously after treated with Vc 

(T曲 1)． 
Myocardial mitedlotldrial ilnembl'alle 

fluidity Myocardial mitochondrial polarization 

degree and anisotropyin in acute and chronic 

hypoxic groups wereincreased lJ$control group， 

after treatment with vc， though mitochondrial 

polarization degree and anisotropy were 

decreased， they did not retlll31 to the control 

level(Tab 1)． 
M yocardial adenine nudeolides The 

myocardialATP contentW'd8 decreased and~daile 

ADP and AMP contents were in eased in all 

hypoxie rats． Aftertreatmentwith、 ，theATP 

content was inereased ~daile 仰 P and AM 

contents were decreased(T日b 1)． 
M yocardial slrueture 111e myocardial 

fil~r of the nl~21'ofles dyed red． Wllereas the 

normal myocardium dyed yellow． A lot of the 

distinet foeal necl'oSefl in the myocardium 

occurred in all hypoxie rats． Sometime a pieee 

0ffusioml necro∞swa8§e∞ inthe endoeardium 

(Fig 1)． 11．1e fbcal nl~21'ofles i1'1 the myoeardium 
wa8 attenuated in the acute hypoxic rats treated 

withV ． 

DⅡ IJ 江oN 

We proved that Pa
，

02 W'd8 apparently 

reduced and RVSP wa8 progressively inereased 

i1'1 b0th hypoJde rats． After administration of 

Vc，Ⅱ1e Pa
．
n wasincreased obviously andRVSP 

was apparently dec BasedinAH rats． RVSPjs 

Tab 1． Ⅱ l 时 oll biDd啦 面  Ire 'm in ers缸 砌 —gtlu—mUtl~． ± ． 

<0．惦 I P <0．Ol 惯 c0曲  ； <0．惦 ， <0．Ol ao．1lte p0Ⅱ．盥；h／,<O．惦 I P<O．Ol-冒曲 r0n暑cbylC~fia． 
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啦 !- vemrkular咖ma岫 from rats exposedto 4000lift 3d． HBIrP stain．x100． 
A)Myocardial呻|柚ibrn如d呲 l畔 r帼瞄惴 slm,mlwith an仰 ． B】n吼tedwith词扭血 C 0．75 g-l喀一 ·d‘ for3 d 

equal to or slightly higher than pulmonary artery 

systolic pressure 刃 refore may dilate 

pulmonary artery and improve pulmonary 

ventilation-perfusion ratio which was benefitial to 

increase of Pa
．

o-in AH rats． A long-term 

hypoxia caused pulmonary blood vessel 

remodeling which led to the restriction of 

pulmonary blood vessel diastolic functiont14J
．  

The RVsP was dighfly decreased in CH rats．,so 

the variations ot PⅡ
，
。-18 not apparent． 

11le myocardial mitochondrial roF1-ATPase 

activity and ANS fluorescence intensity weIe 

obviously decreased which related to the decrease 

in mitochondrial membrane fluidity of both 

hypoxic rats． After admJnistrafion of ， all 

above mentioned parameters l~COYered 

respectively． n1e increase of free radical 

production caused by ischemia and hyr~ a i8 

probably the most important mechanism in 

mitochondrial membrane injury J． As a result 
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of an radical se,~tvenger．Vc is able to protect the 

rnitochondrial$truetllre and maintain the activity 

of enzyme inl “g in membrane． 

Hypoxia caused the decrease in and arl 

increase i13．ST4，which led to the decrease in 

RCR and ADP／0．the rc$tdts were similar to that 

reported by Castals J
． The decrease of s1 is 

related to the decrease ofPa
．

o-，which led to the 

slow of electron transportation on respiratory 

chain． n1e increase in ST4 is due to the 

increase in ineffective oxygen consumption call~  

by mitochondrial membrane injurv． After 
prevented wi which not only partly rceov~r 

the P 
．
u|but also protect the mitochondrial 

membrane in AH rats， tIl∞ the wa8 

irlcreased and ST4 WaS decreased leading to the 

recovery of RCR．ADP／0．and production． 

Onthe other hand，duetotheVc did not rc8tdtin 

any significant change of Pa
．
o-，bⅡt only could 

increase MM ． 80 the iilcrcasc i13．RCR and 

ADⅣ O 0f CH rat8 is mainly dependent on tIle 

decrease in ST4 rather than tIle inero_~lse in sr3． 

In flumrruary．Vc is an effective agent to 

improve mitoehondrial energy metabolism， and 

prevent against hypoxic myocardial structural 

injury 
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维生素 C对映氧太鼠心肌线粒体功能 

和册 含量的影 J牛 广 
V I 一 ， [ ， 

—  

， 煎 量 ，刘福玉，张国斌 
(第三军医大学高原医学研究室，重庆4t~ff38，中国) 

关键词 抗坏血酸；缺氧症；心脏线粒体；腺苷三 ，叫 f 

磷酸；血流速度；血气分析；血压；膜流动性i 丁P 

№ 一K ．交换 ATP酶；心肌 

目的：观察太剂量维生素 C(Vo)对缺氧太鼠心肌 

线粒 体功 能、 ATP含 量 及 心 肌 结 构 的影 响． 

方法：41X)0 m高原停 留 3、30 d，Vo(0．75 g· 
·d )腹腔注射． 线粒体呼吸功能测定采用 Clark 

氧 电极 法；荧 光 偏振 法 测 定 线 粒体 膜 流动 性 

(MNF)，高效液相色谱测定心肌组织 ATP含量． 

结果 ：应用 后，急、慢性缺氧组 ATP含量、线 

粒体呼吸控制率显著增加(P<0．01)；Ⅶ 明显 

恢复(P<0．05)；其中，急性缺氧组 P 明显上升 

(P<0．01)；心肌损伤程度降低． 结论： 可有效 

改善缺氧太鼠心肌能量代谢，对抗缺氧心肌损伤． 
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