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AIM ： To study the 朗xl0g朗10Ils inhibitor of NO 

Ⅱlhase ， ．dimc~ l-arginine (DMA) in the 

diabe廿c rat sE舯蚰 ． M ETHODS： In slre口t0 n． 

induced dian e rats． the 】m DMA level and 

endothelitma-depondent vasorelaxation to acetytcholine 

(ACh)we∞ determined． RESULTS：The sE 】m 

DM A con centration  was ineleased in the diab c rats 

comparedwith their ag~-matched eonlrols(5．4±1．0 

坩 0．7±0．3 umol·L一 ，P <0．01)． The sE!n蚰  

PTUj te【l by NationalNatural Science In m of0 ． 
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malondialdehyde(MDA)level was also incaeased in 

the diabedc rats comparedwith controls(2．5±0．3， 

1．5± 0．1 tanol·L一 ． P < 0．01)． Vasodilat~ 

re印吼 se to ACh WiLS i玎 面Ied in diabetic thomeic 

aortas， WiLS imtrmved bv preincubation with 

L．argin~ 1 mmol·L～ ． CONCLUSION：I-lyper- 

~ycemia elevated the endogenous DMA content， 

which contributed to aUenanted endothelitma-dependent 

vasorelaxationin stl~ltozocin-induced diabetic rats． 

N_itric ox]de(NO)，besides regulating vascular 

tone，possesses a protective effect oii endothelial cells 

and an  inhibitory modulation of vascular smooth 

muscle cell proliferation~川． NO is synthesized from 

L-al~giiline by NO synthase in endothelial cells．and L． 

arginine an alogues such as ．J -dimethyl-at,ginlne 

(DMA)．which is present in blood ofboth human and 
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animals．CgB inhibit NO synthesis ／n vivo and fH 

vitro~ ， Serum levels of 0．monomethy1．L． 

alginine (L．NMMA) and DMA， which ale 

endogenous inhibitors of NO synth~e，are increased in 

hypertensive humans Or atherosclerotic a|limals J．and 

the NO synn1ase substrate， L—arginine， has been 

shownto be beneficial to the vessel in atherosclerosis 

andto reduceblood pressurein h-vl~a'tension 一 ． 

Decreases in endo thelium-dependent vasodilation 

were found in diabefic ani~ s and patientsL ， ． 

Hyperglycemia suppresses the arginine-NO pathway ， 

but it remains unclear whether endogenous inhibitors of 

NO svnn1asc ale involved in this defective relaxation in 

diabetic blood vessels． In this study， we exmnined 

the簧㈣ DMA levd in streptozocin-induced diabetic 

rats． 

M ATERIAIS AND ^Ⅱ珀1I(m S 

Reagents Strel~zc~in，ⅣG，̂ ·di】堆吐州af2 血 ，L- 

argiltil~， pt~enyleplarine， and acetykhollne (Aa1) 

ptmzhzsedfrom Sigma． Thiobatbituric acid was obtained from 

Fluka 

Rats Sprague-Dawley 0 fats( =30，210± l8 g) 

were randomly divided imo diabe~c~roup and~onll~ Diabetes 

was induced by ip s口q 础 60 nag。 dissolved in citrate 

buffer0 o5mol-L。(pH 4．5)【 ． Citrate bufferwas iajectcd 

ip in control rats． Blood glucose wag mcasufed l wk after 

streptqJc．ccm ip to verify hypcrglyccmm Diab~dc and control 

rats．wer~housedfor2months withfreefood and water． 

Vascular reactivity Al~cr 2 months． rats we 

anesthetized with ip sodittm pemobarbital 30 nag。 -。
．

Blood 

samples coilected from the carotid arteryfor biochemical 

assay． 11q~acic ao[tas w Cacedin 4℃ Krebs’bicarbonate 

bllffer． The R~rt．ic se舭 rILs carefdly cutintoflags of 3 

I刀m long． Rings were suspendedin 10mL tissue baths aerated 

wiⅡ1％ ％ +5％ C at 37℃． b [ t~sion wag 

recorded bY fcax：e-d~splacemem transducer and a grapI1 

recorder． After equilibration for 90 rrgn under 2 g resting 

tensiont tings wm  contracted bY phenyleplwJne l omol。L。 ． 

and relaxation responses to cum~ ve concerltratlons of 

acetylcholine tested． Relaxati∞ responsesto A w 

calculated and expressed 丑s ％ of contraction elicited bv 

~-．yleCarine 
To studythe effect of L-argiltil~，a plx~tumor ofNO，on 

diabetes-induced endothelial曲sfunatiom， some nngs from 

diabetic rats were incal~ted with L．ar蛐 e l mmol·L fbr 3O 

rain after~ urement ofvasodilat~ rt~poflsestoA0．．andthen 

again c衄 打ac 0dwiⅡ1 phenyleplwlnefollowed by addition ofA0· 

inthe p fIce of af2 Ile． 

Biodletrdeal assays Plasma ll(：0se was meagared by 

g／uc~ oxidase-l~roxidesetr~thod wi~lill 1 h Thethiob,m'N· 

Uric acid reactioll substance inflecting ~piti peroxide was 

exam~icd bY a印∞ⅡonL10∞rr ter and expressed asthe~JBotlnt of 

malondialdehyde~ 

Serum l 0 mL was pil 嘣 into a tube coataimag 5- 

sulfosaUcylic acid 20 nag．andthemixture wasleftinice妇 10 

rain Thel~cipitated pfm由 was removed by cen~ifugation at 

2500 gfor舶 rain(4℃)，and岫 supematant wag usedfor 

me~ rement of DMA with m曲一pe血耵岫ce sqmti 

c 魄州 】y(m c) ⋯． m c wag carried out using a 

S岫TIa( LC-6A liquid chromatograph m Shimadgu SCL-6A 

system corltroller and Shimadzu SIC-6A amosampler． 

。一Pm~ aladehyde adders of methylated 2nRno acids and 

internal standard DMA 删 by pre-coinnm mixing w 

monitored using amodel RF 53Ofluc~scence detector 8~t at 

338 nrn and 425tml Oll a resolve Cm coluran Samfles 

elw．txl from the cohmm using a liI gradient containing mo~ile 

phase A com ma of sodium acetate-methanol-tetr~hydm：rfiaran 

(81：18：l vol：vol：vo1)0 o5 mo1．L (pH 6．8)and mobile 

phase B composed of sodium acetare-methanol-tetrahydrofman 

(22：77：1 vol：vol：vo1)O．05mot·L一 m aflow-rate of1．0mL 

·min一1
．  

Statistical anaty~  data presented as贾± ． 

Stat~tical analysis was performed with llr ai删 ttest of pa州  

ttest 

Body weight After 8 wk． mrs treated witIl 

streptozocinweighed less than the control mts(2O3± 

24 vs 327±23 g，n：10，P<0．O1)． 

Blood analysis Plasma glucose levels of 

diabetic rats increased co12'1~81"edwith controlmrs． 

Ⅱ1e semm DMA andⅣDA concentrations in diabetic 

mtswel'e alsomarkedly raised comparedwith controls 

(Tab1)． 

Tab 1． Plasma 珊 e，韩n_n ⅣG，̂ ，c llI=山昭i曲* 

(DMA)，删 maona~ e (MDA) in sb唧帅z0d 
．  

indue~ diabetic and age-mate．bed eantr~ rats． 

月=10． ±s． cp<0．ol contro1． 

Vasodilator responses Tension developments 

in response to phenylephrine in diabetic aort~ not 

significantly changed compared with controls(1．2± 

0．3 w 1．2±0．3 g，n=10，P>0．05)，and there 
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was no significant diffei~ilce between the tension 

developments in response to phenylephrme in the 

absence or presence of L·iLrginine in diabetic rings 

(1 3±0．4 v 1．2 4-0．4，n=5，P>0．05)． 

Vasodilator responses to ACh were markedly 

attenuated in diabetic rings． Preincubation with L— 

arginine 1 mnlol·L一 mduced a肚enuaDed vasodilator 

responsesin diabetic rings(Fig1)． 

＼  
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o 
：  

墨 
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Acetylcholine／一Ig tool。L— 

Aa I． A ： Effect of hyperg]yom~ ∞ vasodi]ator 

r‘哼p叽瞄 to ACh -m diabetic rats(● )m1d match 

control rats(0)cn=10)．B：Effect ofL．卸 曲 1 

mmol·L一 on inhibidou of vasodilator~sponses to 

AaI by hypergtyce~da in the absen4~ (0 )or 

presence(● )of L·衄 曲 (n =5)． 2 ± s． 
bp‘0

．o5．cp‘0．o1 match control珀_乜 雎 the 

ringsmUreatedwith L·a 吐njne． 

DISCUSS10N 

Ttle present study ~~)nfirrns previous observations 

that hyperglycemia attenuates endor．helium·dependent 

vasorelaxation to ACh， which is impmv~ by 

preincubafion ll1 L·gl~ ine．a precursor ofNoL ． 

and demonstratesforthefirsttimethatthe serum level 

of endogenous DMA is raised i171 stmptozocin-induced 

diabedc rats． Endogenous or exogenous inhibitors of 

NO synthase attenuated endothelium-dependent 

vasorelaxafion 一．and trea~ ．nt with L一舡画 ∞ in 

vivo or in vitro improved endotbelitma-dependem 

vasorelaxation in diabetic or hyperc~ lesterolemic 

animals ， ． These results．together with previous 

studies that eadothelium-dependent relaxation to A0l 

in hylxa~holesterolemic vessels was attenuated．while 

the serum level ofen dogen ousDMA wasincreas芒d in 

hypercholestemlecnic rabbits “ ． suggest that 

endogenousDMA may be a conmbutor to aaenue ted 

endothelium—dependent vasorelaxation in diabetic rats． 

The m。chanism for the iIlcrease of DMA in the 

serum of diabetic rats is not clear． Several possible 

m~harliSlllS have been considered． Ftrst， blood 

c~ ntrafions ofDMA increased in Dati with 

chronic renalfailure．which was ascribed to l'~klction 

in excretion of DMA J． Kidney danla~e was shown 

in $~ zocin．induced diabetic rats． "Iherefore，the 

possibility that[educ~on in excretion of DMA was 

considered in diabetic rats． However．all K 翟se in 

sertlin levels ofDMA may be dueto the stimulation of 

DMA production n~lerthan them血 衄 in excretion 

ofDMA in hypercholesterolemic rabbitsL ． 

Second，it is weⅡestablished that n ldl1ase 

C (PKC)activation plays all important 1"ole in the 

development of vascular disease in diabetesL ． 

Activation of眦 can directly cruise changes in the 

actions of vario~ enzymesin additionto altering 岫  

expression at the e血 level ． Dimethylarginine 

dimethylamin~ydrolase (DDAH ) metabolizes 

methytazgimnesto citmlline，andit has been$11ggP．,stgd 

that decreased activity of DDAH leads to local 

accumulation ofDMA andinhibitionof No synthase． 

effects that would be reversed by L．a“dnineL14J． 

VitaminE preventedthe activation ofPKC induced by 

hyperglycemiat 
．  Our recelat smdy showed that 

supplemem with vitamin E decreased DMA conterlt in 

hypercholestemlemic rabbits ． These血 diI1gs allow 

us to suppose that the increase of DMA ma y be  

secondary to the inhibition of DDAH activity v／a the 

H pathway． However,如Ill1既 studies meas~ ng 

activ 0f DDAH and H need to be done to 

establish this hypothesis for the relatiomhip betweeu 

the level ofDMA and眦 activation． 

Third，we ha ve recently shown that the se 

ofDMA is related to the elevation oflipid pe~xides， 

because the increase of DMA is accompanied by an 
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elevation of malondialdehyde (m A) 1evel and 

sup01ement with antioxidam vitamin E decreases lipid 

pemxides concomitantly withthe reduction ofDMA in 

the serum content in hyperlipidemic rabbitsL ． 

Oxygen free radicals and lipid peroxide pLay all 

important role in the development of diabetic 

complications such as athewsclerosis． In the present 

studythe concentration ofDMA wasincreased with all 

elevation ofm A content in diab~ c rats． However． 

the relationship between lipid peroxide and DMA 1evel 

in diabefic rat serulTl is a ixoblem for further 

elucidation． 

In stmlmary，this study demonstrated forthe first 

time that the semm level of endogenous DMA was 

increasedinthe streptozocin-induced diabeticmt． Tbe 

presellt results also suggestthat eIld0geⅡ0usDMA may 

be a con~butor to attenuated end0山elium．dependent 

vasorelaxmionin diabetic rats． 
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目的：测定糖尿病大鼠血中内源性 NO合酶抑制 

物二甲基精氨酸(DMA)的含量．方法：在链佐星 

诱发的糖尿病大鼠测定血清 DMA的含量和乙酰 

胆碱(ACh)诱导血管内皮依赖性舒张． 结果：与 

对照组相比，糖尿病大鼠DMA血清浓度显著增加 

(5．4±1．0 w 0．7±0．3 urnol·L一，P<0．01)：丙 

二醛含量也高 于对照组 (2．5±0．3Ⅷ 1．5±0．1 

~rnol·L～，P<0．叭)；糖尿病大鼠ACh舒血管效 

应减弱，其作用可被左旋精氨酸所改善． 结论： 

链佐星诱发糖尿病大鼠高血糖症引起内源性DMA 

含量升高，同时血管内皮依赖性舒张功能被削弱． 
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