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Tetrandrine v s nicardipine in cerebral ischemia—reperfusion damages 

in gerbils 

SUN Feng．LIU Tian—Pei 

(Department of Pharmacolog~，Nanfing Medical University，Nanjing 210029，China) 

AIM ! T0 study the effects of tetrandrine 

(Tet) w nicardipine (Nic) on cerebral 

ischemia—reperfusion damages． M ETHODS： 

Cerebral ischemia was produced by 10一rain oc— 

clusion of bilateral carotid arteries followed by 

5-rain reperfusion in gerbils． The changes in 

electroencephalogram (EEG )， calcium and 

water contents．1ipid peroxide (LPO )content 

and ultrastructure in gerbil brains were corn— 

pared． 1IESULTS： Pretreatment with Tet 

(15 mg．kg ，iv)and Nic (0．25 mg．kg～ ， 

iv)enhanced the recovery of EEG amplitude， 

reduced the calcium (151．2土 1．1 and 155．3土 

2．4 mg／kg dry wt in Tet and Nic groups 735 

193土8 mg／kg dry wt in ischemia—reperfusion 

group，P< 0．05)and water contents，attenu— 

ated the inerease in LPO content(293土 29 and 

276土 23 txmol·kg wet wt in Tet and Nic 

groups w 427土 24 pmo1．kg～ wet wt in is— 

chemia—reperfusion group，P< 0．01)，and di— 

minished  the ultrastructural abnormalities of 

cortex and hippocampus in gerbil brain during 

ischemia and reperfusion． CONCLUSION ： 

Tet and Nic had protective effects against is— 

ehemia—reperfusion brain damages in gerbils． 

The effeCtS of Tet were similar to，hut less 

potent than those of Nic 

KEY W ORDS tetrandrine； nicardipine； 

cerebral ischemia；Gerbillinae；calcium ；lipid 

peroxides； electroencephalography； electron 

m icroscopy 

There has been an increasing interest in 

the pathophysiologic role played by calcium 
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and oxygen free radical--mediated lipid per-- 

oxidation in ischemia—reperfusion brain 

injury0,23． Calcium channel blockers are 

beneficial in cerebraIjschemia(”． 

Tetrandrine (Tet) is extracted from a 

Chinese medicinal herb Stephania tetrandra S 

M oore．W e have found that Tet had protec— 

tire effects against ischemic brain damage in 

the rat model of global cerebral ischem (to 

be published)．The M ongolian gerbil，which 

lacks a functional connection between the 

carotid and vertebrobasilar arterial circula- 

tion，offers advantages for the screening of 

com pounds as·protecttve agents again st brain 

isehemia ． In this paper．the effects of Tet 

on cerebral ischemia foBowed  by reperfusion 

in gerbils were studied by assessing the 

changes in electroencephalogram (EEG) ， 

brain tissue calcium and water content，lipid 

peroxide(LPO)content，and ultrastructure jn 

order to evaluate the therapeutic role of Tet in 

the acute phase of brain ischemia com pared 

with nicardipine(Nie)． 

M ETH oDS 

Cerebrsl Isek mia Mongolian gerbils of either 

sex ( 一 20)weighing 68士 10 g were anesthe~zed 

with ip a mixture of urethane (O．5 g·kg )and a— 

chloralose (5O mg·kg )． Bilateral conllnon cam tid 

arteries wefe occluded using atraumatle arterial clips
． 

Reperfusion following 10-min ischemla was perforreed 

by removing the clips for 5 min． Then the gerbil 

brains were taken Out rapidly．EEG was recorded on a 

polygraph connected to the needle electrodes inserted 

sc in the frontoparietal region．The gerbils were divid- 

ed into 4 groups：(1)sham—operation (controI)‘(Z) 

ischemia—reperfusion (1sc-Rep)； (3) Tet (15 rng  
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· kg )；(4)Nic(0．25 mg·kg )．The drugs were iv 

1 5 m  prior to ischemia 

Determinafion of brain calcium and water con 

tents After reperhislon the gerbils were decapitat 

ed and the brain hemispheres were taken out quick【Y， 

washed with 0．9 NaC【， then placed in a ceram ic 

crucible． weighed， dTied at 105 C for 48 h and 

reweighed to determine the water content(wet wt— 

drywtj The drytissue was heated at 550 C for 4 h 

】13．a muffle oven． The ash was dlssotved in HNO 

0．75 mo卜 L～ containing 0．5 LaCt ． The calcium 

concentration of ashed samples was determined by an 

atomic absorption spectrophotom ete r ( Varian 

AA —l475，Australia)at 422．7 nm． 

Estimation of LPO After reperhision the brain 

was weighed，mixed with double redistilled water (10 

l，voi／wt)and then homogen~ed． The homogenate 

was centrifuged at 1073×g for 10 rain．LPO in the su— 

pernatant was collected and LPo was determined with 

thiobarb】turic acid (TBA) ．The TBAⅧe ction sub— 

stance was m easured by a spectrophotometer at 532 

nm． 1，1t3，3 Tetramethoxypropane(Fluka Lid)was 

used as an externa【standard_and the 【eve【of LPO 

was expressed as nmo【of malondialdehyde(M DA)． 

Exam ination of brain ultrastructure Tbe cortex 

and hippocampus were fixed in 5 glutara[dehyde at 

4 C overnight， and trimmed into pieces (1 mrn )， 

which were placed in 5 ghitaraldehyde at 4 C for 2 

h， washed with phosphate bu rfef， post—fixed with 

1 OsO。for 2 ht dehydrated  in graded ethanol，and 

embedded in Epon 618．The epoxy blocks weTe sliced 

(0 06 btm)on a LKB V uhratome．The u【trathin sec 

lions were stained with uraDyl acetate and lcad cjtrate． 

and examined under a Philips EM 450 transmission 

etectron microscope． 

RESULTS 

The EEG amplitude was drastically re 

duced immediately after occlusion of hilateral 

carotid arteries and became isoelectric quickly 

in al1 groups (Fig 1】．After reperfusion the 

EEG amplitude recovered graduallv
． At the 

end of 5-min reperfusion，the EEG amplitude 

was greater in Tet and Nic groups than that in 

Isc—Rep group (54± 17 and 50+ 1 9 w 11 

± 4 of control，P< 0．O1)． 

[ 。。。。‘。 。。‘。。。。。。。。。‘。i。。s。。c。h。。e‘。m。。。 [。!‘‘ 。。。。。。。。。。。。。。。。。。。。。。[。。。。R。。。e。。p。。e。。。r。f。。u。。s。。i。o。。n。——[ 
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Fig 1 EEG amplitude during lschemia and reperfu— 

sJon in Isc—Rep(0)，Tet(● ，15 mg·kg ，Iv)，and 

Nic(× ，0．25 mg·kg～ t iv)groups． =5， ±j． 

P< 0-0l its Isc—Rep group． 

During ischemia and reperfusion the brain 

calcium and water contents in gerbils were 

higher in Isc—Rep group vs control(Tab 1)， 

but lower in Tet and Nic groups s the Isc— 

Rep group． These results showed that there 

was an increase in accumulation of calcium and 

water in the brain during ischemia and reper— 

fusion，while depressed by Tet and Nic． 

Tab 1． Effects of Tel (15 mg-kg ，iv)and Nic 

(O．25 mg-kg～ ，iv)on brain calcium ．mai ondtalde— 

hyde (M DA) and water content in gerbils = 5， 

：j- P< O．05t P< O-Ol y Isc·Rep group． 

P< O．O1， $sham —operation group． 

Calcium ， MDA ， H，0G 
roups mg／kg d y wr nmDl／g wet wt。‘菇 

During ischemia and reperfusion the brain 

M DA content was higher in Isc—Rep group 

than that in control，indicating a higher level 

一凸】 0u； 鬟 ＼ n1I1 E-0 
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of lipid peroxidation．The brain MDA content 

was lower in Tet and Nic groups than t}mt in 

Isc—Rep group (Tab 1) ，suggesting that Tet 

and Nic suppressed the rise in brain M DA 

content during ischemia and reperfusion． 

The cortical and hippocampa1 neurons ap— 

peared to he normal in the control gerbils(Fig 

2A ．Plate 3)．The cortical neurons in Isc—Rep 

group revealed ischemie alterations： the 

shrinkage of nuclear membrane，swelling of 

mitochondria，and slight distension of endo— 

plasmic reticulum． The ischemic changes in 

hippocampal neurons were severer than those 

in eortical neurons． The nuclear membrane 

was loose and partially indiscernible， the 

chromatin was marglnated，the mitochondria 

became enlarged and vacuolated，and the en— 

doplasmic reticula were distended (Fig 2B)． 

In contrast．the cortical and hippocampal neu— 

rons showed no significant abnormalities in 

Tet and Nic groups (Fig ZC，D )，ie， there 

was no significant difference between the con- 

trol and the grOUpS pretreated with Tet and 

Nic． 

DISCUSS10N 

The increase of total brain calcium con— 

tent during reperfusion after transient cerebral 

ischemia was found in gerbils and rats‘。 ”． 

In comparison with other published values in 

gerbils the brain calcium content in this 

study is similar to that in contro1．hut lower 

in Isc—Rep group，which may be related to the 

shorter period of reperfusion in this mode1． 

The brain M DA content in eontro1 is sire— 

ilar to that of other ．Tet and Nic induced a 

reduction in brain calcium content accompa— 

nied by a decrease in brain M DA content sug— 

gesting that Tet and Nic prevented Ca。 from 

entering into the neurons， thereby reducing 

the production of oxygen free radical， and 

consequently the level of lipid peroxidation． 

The recovery of the brain electrical activities 

expressed as EEG amplitude during reperfu— 

si0n has been shown to be correlated well with 

the reduction of cortica1 intracellular free Ca 

concentration([ca ]．)⋯．The favorable ef— 

fect of Tet and Nic on the recovery of EEG 

amplitude may be related to their ability of 

reducing the calcium content in ischemic 

neurons． 

After reperfusion following ischemia 

there were significant ischemic damages in 

brain tissue uhrastructure， especially in the 

hippocampus． a vulnerable region ． The 

protective effects of Tet and。Nic on ischemic 

neurons might be related to their ability of at— 

tenuating the increase of intraneuronal calcium 

content during ischemia and reperfusion． 

In general，Tet exerts protective effects 

against ischemic and reperfusion damages in 

the modeI of global cerebraI ischemia，which 

are sim ilar to，but less potent than
．

those of 

N ． 
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． 尺 ‘ 
耳的：比较粉防己碱 (Tet)和 尼卡地平 (Nic) 

对沙土鼠脑缺血再灌注损伤的影响． 方法：沙 

土 鼠双侧 颈总 动脉结 扎 10 min后 再 灌注 5 

min，造成脑缺血再灌注损伤．观察 Tet和 Nic 

对沙土鼠脑电图 (EEG)，脑组织钙 、水和脂质 

过氧化物(LPO)含量以及脑组织超微结构 的 

影响． 结果：Tet(15 mg·kg～，iv)和 Nic 

(0．25 mg·kg～．iv)促进脑缺血再灌注沙土鼠 

EEG 幅度的恢复；减轻脑水肿和 脑组织钙累 

积}降低脑组织 LPO 含量·改善脑组织超微 

结构． 结论：Tet对缺血再灌注脑组织损伤有 

明显拮抗作用，其作用与 Nic类似 ，但较弱． 

关t调 粉 防 己 碱；尼 卡 地 平 脑 缺 血； 

抄土鼠科；钙 }脂质过氧化物l脑电描记术 
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