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Ⅳ 硝基一L一精氧酸对大鼠八臂进宫工作记忆 
的作用 

理室，上海ZOO031 r中国) 

l且的 研究一氧化氮合成酶抑制荆 N一硝基一 

。 L精氨酸(NNA)对大鼠空间工作记忆的作用． 

方法：采用八臂迷宫延迟插板的程序． 结果 ： 

腹腔注射 NNA 100 mg kg 对大 鼠八臂迷宫 

选择的准确性没有显著影响，只能增加反应的 

潜伏期． 东莨菪碱0．Z5 mg kg 使大 鼠延迟 

后的错误选择显著增 加， 脑室 内注射 NNA 

(10，50，100 nmoI／1 L)没有 影响 准确性． 

结论：急性 NNA给予对大 鼠空间工作记忆的 

形成和使用没有显著影响． 
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Protection of m ethylflavonolamine against acute cerebral ischemia 

reperfusion injury in rats 

FENG Gui—Long，TANG Yun—Zhao，DUN W en，W ANG Zhi—Ping 

(Department of Pharraacology，Shanxi Medical College，Ta,yuan 030001，Chi 口) 

AIM ：To examine the possible beneficial ac 

tion of methylflavonolamine(MFA)on cere— 

bral ischemia／reperfusion injury． METH— 

ODS：Acute cerebraJ ischemia—reperfusion in— 

jury was produced by 4-vesse1 occlusion and 

subsequent 1-h release． M FA ，20 mg kg ， 

was injected intravenously 5 min before occlu— 

sion and again before release． RESULTS： 

The brain water content in the reperfusion 

group (Rep)was eIevated (82．7 ± 1．1 

vd$contro1 79．7 士 0．5 ，P< 0．01)，while 

M FA alleviated the brain edema (80．9 

士 0-9 "05Rep，P<70．01)． TheCK level of 
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brain tissue in Rep decreased (4．7± 1．4 w 

control 8．4± 1．z U／mg protein。P< 0．01)． 

but MFA restored it(7．2±1．1 U／mg protein 

gr$Rep，P < 0．01)． Reperfusion CaUSed the 

rise of lipid peroxides (2．3± 0．5 controJ 

1．5± 0-4 nmo1／rag protein，P< 0．01)and 

weakened the superoxide dismutase (SOD ) 

(3．1±1．6／25 contro1 10．5士3．9 U／mg protein 

P<O．O1)，MFA reduced the rise of Jipid per— 

oxides(1·6士 0．4 nmol／mg protein w Rep． 

P< 0．05)and protected the activity of SOD 

(7-95_1-6U／rag protein"usRep，P< 0．01)in 

brain． CONCLUSION ：M FA has the protec— 

tire effects on cerebral ischemia／reperfusion． 
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and these effects are relative to scavenging 

free radicals and anti—lipid peroxidation． 

KEY W ORDS methylflavonolamine； cere— 

bral ischemia；reperfusion injury；brain ede一 

1Tta；creatine kinase；free radicals；superoxide 

dismutase；lipid peroxides 

Methylflavonolamine[C-methyl一7一(2一h 
droxy一3-isopropylaminopropoxy)一flavone hy— 

drochloride．MFA]protects ischemia—reperfu— 

sion injury in heart ”．prevents arrhythmia ． 

has the effect of calcium antagonist ”．and the 

effect of anti—lipid peroxidation ． Similarly。 

postischemic brain damage is closely associat— 

ed with lipid peroxidation“一”． The drugs 

with anti--lipid peroxidation effect such as 21-- 

aminostero试s and ginsenosides， have also 

protec tive effect on cerebral ischemia．．reperfu．． 

aion injury“ ． The present investigation is 

to examine the possible beneficiaI action of 

M FA on postischemic brain damage． 

M ATERIALS AND M El"HODS 

M FA was a white powder which was odorless， 

bitterlsh．and soluble in water，alcoho1．ethyl ether， 

and M e,SO． M FA was provided bv Shanghai Insti— 

tute of Ph rmaeeutleal Industry， and its solutlon 

(0．8 )was prepared in distilled water immediately 

before use． CK—NAC kits were from Zhongsheng 

Corporation，Biophysical Institute，Chinese Academy 

of Sciences． 

cH Hc 

CHs／ ‘占H ‘ 

0 

M ethylflavonolamide． 367 

The 4-versel occlusio~a was made on W istar rats 

( 21)of either sex，weighing 230士 30 g． Rats 

were anesthetized with urethane(1 g kg一，ip)and 
b0th common carotid arteries(CCA)were seps rated． 

h order to find the ala【foramina of the矗Tst cervieal 

vertebrat the head was po sitioned on stereotactlc ear 

bars and tilted at approximately 30 to the borir．ontal 

line，while it5 tall was anchored to stretch the spine 

gently ”． The initial electroencephalogram (EEG ) 

was rec0rded by a physiological recorder(SJ一42．Chi— 

ha)with a silver eleetrode on the skull 1 cm left to the 

midline in front of coronary suture and another one on 

the midline over the frontal sinus． The first alar 

foramina were cauterized until the perimeter of the 

{oramen and the little bone bridge underrmath it wel[~ 

seen． After 24 h， both CCA were clamped wi th 

atraumatic arterlal clamps． The EEG was recorded 

again when the rat calmed down． The amplitude of 

EEG should be decreased to 25 。 and  the righting 

reflex should be loat， but the spontaneous breath 

should be maintained． After 45 min of jsehemia．the 

clamps were removed to reperfuse for l h． 

Rats ( = 21) were randomly divided into 3 

groups￡L)Sh m operation#2)Isehemia for 45 min 

and reperfusion for 1 h}3)Reperfusion+ M FA 2O mg 

kg～ ，iv 5 min b ore OCClUSiOn and again be fore reper— 

fusion． After reperfosion，rats were killed by eervical 

dislocation and the brain was stored nt 一 30 ℃ ． 

About 0-1 g forebrain tissue was put into distilled wa— 

ter 1-9 mL to ma ke a 5 homogena te，whieh was 

centrifuged at 3500X g for 15 rain． CK was deter- 

mined by CK—NAC kits，S0D by pyrogMlol autoxida— 

tion“ ， lipid peroxides by thiobarbiturle acid f∞c— 

tion⋯ ，and protein by co [orimetrie method ． The 

water content of the brain was estimated according to 

dry—wet weight method“ ． 

The statisticaI significance of the results was 

determined by ANOVA and the water contents were 

analyzed after transformation of square root nnd 

inverse sine． 

REsULTS 

The hraIn water content in the reperfu 

slou group WaS elevated 5 controI， while 

M FA suppressed its increase． though it was 

still higher than that in control group (Tab 

1)． 

The CK IeveI of brain tissue in reperfu． 

sion group decreased (Tab 1)，but MFA re． 

stored it． ． 

During isehemia／reperfusion the SOD 

activity was weakened while M DA content 

increased greatly． MFA enhanced the SOD 

activity while reduced the rise of MDA and 

made them close to that in the control group． 
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Tab l Effects of methylflavonolamine(MFA，40 IIlg kg～．iv)0n brain injury． 一7t x~s 

< 0．Ol sham—operation； P< 0．05， < 0．Ol i reperfusion． 

DISCUSSIoN 

Effects of M FA on brain were studied for 

the first time in this experiment though there 

are many studies on heart 一 ． 

4一Vessel occlusion 1n rat had proven to be 

a highly reproducible method to achieve re— 

versible but neartotal forebrain ischem ia -”． 

In fact， the key was to find the first alar 

foramina and cauterize the artery through it 

thoroughly． Besides that the details such as 

tilting the head must be noticed，we found the 

criteria of ischemia was usually met when the 

little bridge below the first foramen was seen． 

The high mortality was the shortcoming 

of this method ，which was higher than 50 

in our experiment． In order to decrease mor—， 

tality，we adopted this model by 2 d to avofd 

the effect of anesthetic And when the rats 

were awake，the righting reflex was also easy 

to be observed． 

In our study，the changed of brain edema 

and CK release were significant，which reflect 

ed the brain damage in reperfusion group，and 

this was similar to other's reports ． W hile 

M FA suppressed these changes， indicating 

that M FA had protected the brain tissue dur— 

ing ischemia／reperfusion． 

M eanwhile，the decrease of SOD activitv 

and increase of MDA during reperfusion in our 

study confirmed the view that the free radicals 

played an important role in reperfusion in— 

jury ． MFA protected SOD and prevented 

the lipid peroxidation， suggested the above 

protection was relative to suppressing free 

radicals． 

Under our present circumstances， CK 

type was not measured in our study． How— 

ever the CK that we measured was directly 

taken from forebrain tissue and mainly reflect— 

ed the CK level of forebrain tissue． Certain— 

ly，it would be more convincible to measure 

the CKBB． 

M FA is also a typical calcium antago— 

nist ”． Calcium overloading is another impor— 

rant role besides free radicals in reperfusion in- 

jury，and these are mutually promoting ⋯． 

Then，the above protection of MFA may also 

associate with calcium antagonism ． hut it is 

not clarified which is the main factor． 

Taken altogether， our results suggest 

that M FA has the protective effects on cere— 

bral isehemia／reperfusion，and these effeCtS 

are relative to scavenging free radicals and 

anti—lipid peroxidation． 
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脑缺血再灌损伤．MFA在缺血和再灌前 5 rain 

分别 iv 20 mg kg～． 结果 ：再灌组的脑水份 

含量 显著 增 高 (82．7 士 1．1 对 照组 

79．7％士0．5 ；P<0．01)，MFA能抑制这 

一 水 肿 (8O．9 士 0．9 ，口s再 灌 组 P 

<0．01)． 再灌组 的 CK 含量 下降明显 (4．7 

士 1．4-05对 照 组 8．4土 1．2 U／mg protein，尸 

<SO．01)，MFA 能减少这下降 (7．2士1．1 U／ 

mg protein 再灌组 尸<0．01)． 再灌组能引 

起脂质过氧化物 MDA含量的增加 (2．3士0．5 

口s对照组1．5士0．4 nmo1／mg protein，P<S0．01 

和 SOD的减少(3．1士1．6 5对照组 1(3．54：3．9 

U／mg protein尸< 0．01)，而 MFA 则 抑 制 

MDA的升高 (1．6士0．4 nmol／mg protein 

再 灌组 P<S0．05)，同时保护了 SOD 的活性 

(7．9±1．6 U／mg protein口 再灌组 P<S O．O1)． 

结论 ：MFA 能保护急性 瞄缺血再灌损伤 ，而 

此作用可能与保护内源性 自由基清除系统、抑 

制脂质过氧化有关． 

关键词 甲基董酮醇胺；脑缺血 再灌注损伤； 

脑水肿 ；肌酸激酶；自由基；超氧化物歧化酶； 

过氧化脂质类 
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