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Neuroprotective effects of dextromethorphan against 

transient cerebral ischemia／reperfusion injury in gerbils 

YING Sai—Xia，CHENG Jie—Shi。(National Laboratory of Medical Neurobiology，Department of 

Neurobiology，Shanghai Medical University，Shanghai 200032，China) 

M ： T0 study the neuroprotective effects of 

dextromethorphan against transient cerebral 

ischemia／reperfusion injury． METHODS： 

Transient cerebral ischemia／reperfusion injury 

in gerbils was produced by temporarily clamp— 

ing the common carotid arteries(CCA)for l0 

min． REsULTs： Intrahippocampal(ih)in一 

~eetion of 2．0 pL dextromethorphan(DM，100 

tLmol·L )5 min before ischemia quickened 

the recovery of EEG changes。the total power 

spectra of EEG．and the power of dom inant 

frequency following reperfusion． The total 

po wer of EEG was increased to 92士30(P< 

0·01)at 240 min following reperfusion． DM 

substantially rednced the severe jschemic neu— 

ronaI damage(SIND)after l0 min of cerebra】 

ischemia and 24 h of reperfus／on． CONCLU— 

SION ： DM  has neuropro tec tive effects 

against transient cerebraI ischemia and reper— 

fusion injury in gerbils． 

KEY W ORDS dextro methorphan；cerebral 

ischemia；electroencephalography；microinjec— 

tions}hippocampus；microscopy 

Considerable evidence showed that excita— 

tory amino acids， in particular glutamate， 

play an impo rtant role in med iating ischemic 

neuronal damage ～． Both in vitro and i月 

ischemia models demonstrate tha t antago- 

nists of the N-methyl—D-aspartate (NMDA) 

subclass of glutamate receptor have uenro— 

protective properties ’‘ ． 
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The antitussine dextromethorphan (DM ) 

is an opioid compo und with few narcotic prop- 

erties． Recently，DM has been shown to be a 

noncompe titive NM DA antagonist that at— 

tenuates glutamate toxicity，NM DA—induced 

dama ge and hypoxic injury in neuronal culture 

and prevents ischemic neuro naI damage in ani— 

maI models of focaI cereb1"aI schemia when 

administered before or after ischemia ·”． 

Orsl DM  in patients at risk for brain ischemia 

showed no clinical toxicity‘”． 

This study was to explore the neuro— 

protective effPcts of DM against transient 

cerebral ischemia in gerbils with elec trophysi— 

ological and histological tec hnics． 

M ATERIALS AND M ETHoDs 

ltatrahlppecampal imJecfloa Mongolian gerbils 

(0’ 一 20，wdghing 525：5 g，fromtheDeDt ofEx， 

perimentat Animal， Shanghai Institute of Biological 

P~ ucts)were anesthetized with ether． The gerbg 

was mounted on a stereotaxic apparatus． After open- 

ing a sinai1 area of the skulI on the Ieft side，the dura 

was incised ． A hole was drilled  through the skull 2 

响 posterior to the bregma and 2 mm 1eft t0 the mid 

line for intrahippoeampal inieetion of DM． A guide 

calmula (0’4 mva，lD)was inserted  through the hole 

into the hippocampus (2．2 nlm below dura)， and  

seated with a dummy injection eammta until the time 0f 

medication． Alter Z d，DM (2．0 L，100 01．L一‘) 

was injected into the CA1 sector in the left hippocam- 

pus thlOLlgh a delivery cannula inside the guide cannula 

5 min before ischemia． 

P叩 n t1．n Two days after the above opera— 

tion, the ge thl1 was anesthetized with cther again
．  

Both common carotid arteries (CCA )were expo sed 

through a midline cervical incision and- fe looped by 

silk sutures． Body temperature was maintained at 
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37 — 38 C with a heating blanket． Cerebral 

ischeraia was produced by damping the CCA with 

small aneurysmal clips for 10 min． Reperfusion was 

started by removing the clips． 

Gerbils were randomized into sham-operatlon， 

controI(saline)，and DM treatment groups． Saline 

(2．0 止 )or dextromethorphan IDM 一2．0 L— 100 

~*mol·L一 )was slowly injected into hippocampus 5 

rain before ischemia． In sham-operation groups，get— 

bils_陀re subjected to the same proeed ul'~s except for 

the 0cdusion of CCA． 

EEG recoc~ ngs_nd sa alysc# After surgery—the 

gerbil head was immobilized in a stercotactic frame， 

and the skull was exposed． In the center of the right 

side of parietal bone，a 0’5 m1ll dim eter silver elec— 

trode comaecting to a sJ-42B muhichannel physiologic 

recording system was inserted down to the external 

surface of dura materto recordthe EEG． The rder— 

ence electrode was placed to the raidline of the oc— 

ciput． EEG W衄 recorded for 2 rainbefore and  O，15， 

30．60．120，240 min after iscbe mia，and stoz~ l on a 

magnetic tape (RM G一5304， Nihon Kohden)． The 

EEG power spectra were analyzed by an lBM —PC 

equippe d with an analng ／d taI converter． Linear 

spectra of co nsecutive  EEG data sections(at 4-s pe ri— 

nd s， 200 Hz 蚰mpling rate) were co mputed  using  a 

fast Fourier trartsformation systera． |ntegrated  EEG 

po wer was calculated for selected  frequency bands±8 

1．0— 3．5 Hz，日 3．5— 7．5 Hz，n 7．5— 13 Hz．and 

日l3— 3OHz． 

Ststlsltcal sa alyr~m Data were analyzed by l test． 

Histoiq y The gerbi1 was deem anesthetized 

with an overdose of sodium pentobarbital (50 mg 

·kg～ 。ip．)24 h after reps rfusion． Transcardiai pe r— 

fusion·。was pe rformed  with 50 mL of nornml saline 

(Ns)followed by100mL of 4 paraformaldehydein 

phosphate buffer(PB，pH 7．4，0．1 mol·L一 )． The 

pe rfused  brainswei'~postfixed _Dthe saD3eftxative  at 

4 C for 24 h． The brain wits th町．sectioned  se rially 

in coror~l plane，embedded in para岫n． Sections were 

Inade at 8Ⅱm thickness and stained wi th bematoxylin 

and ec~in (}Ⅱ：)． Sections were chosen for examina— 

tion und er a light microscope ． 

RESULTS 

EEG changes During cerebral ischemia， 

the amplitude of EEG was severely inhibited， 

e~ren became flattened and the totaI power 

spectra of EEG were decreased． After reper— 

fusion．the recovery of EEG was very slow． 

The ih injection of 2．0 L DM (100 pmol 

· L一‘) 5 min before ischemia remarkably 

quickened the recovery of EEG changes，the 

totaI power．and the power of 8士0 dominant 

frequency of EEG (Fig 1，and Tab 1)- 
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1． Effect of d,atl (1ajeetml late 

Idppecampm  Smla before Isckemla )H  EgG -I cede- 

lscbemla H d repeat=aloeIIp rl~l=． 

There were no significant EEG changes in 

sham-operation groups． 

PIthO10窖jdd cha ges of _e硼啪 嚣 

Twenty—four hours after 10 min cerebral 

isehemia， severe ischemic neuronal damage 

(SIND)was confined ma inly to CA1 sector in 

the hippocampus． Ischemic neuronal changes 

such as edema， degenerative chang es and 

necrosis(manifested as vacuolation，shrunken 

and dark triangular nucleus．and decrease in 

nuclear size and increase in basophilia of nu— 

clena )were seen． Neurona s in CA3，CA4， 

and dentate gyrus were almost intact． The Ih 

injection of 2．0 止 DM (100 mol·L ) 

substantially attenuated the SIN D_ In sham— 

ope ration groups，the morphology of neurones 

in hippocampus was normal(Fig 2，Plate 2)． 
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Tab 1． Effe啦 of deltro_岫 0rpḧ (DM．2．O ．100邮 o|·L～·J=jected 5 m|n before l~．heml=)Ⅱ EEG-- 

ter曲rIl Ischem~IsIreperlruslom gerbils． ‘P>O．o5，。P<O．OS， P<O·O1 lsehemia+NS growp- 

‘P> ．．05， < O．05． P< o．O1 ，5 pre-lsebem is． 

DISCUSS10N 

M ongolian gerbil is extensively used as a 

model for cerebral ischemia because of its un— 

usual cerebral circulation which lacks inter 

communications be tween the carotid and ver— 

tebro be silar circulations． Bilateral caro tid oc— 

clusion causes complete forebrain ischemia， 

and transient carotid occlusion for 10 min in- 

duce s delayed neuro nal degeneration in the 

hippocampal CAI sector of this animal。’ ． 

According to previous reports。the pyramidal 

neurons in the CA1 sector receive rich gluta— 

matergie innervations ， namely the Sehaffer 

collaterals from the CA3 sector，the eommls— 

sural fibe rs from the cOntralateral hippocam— 

pus，and the perforant path fibers fro m the 

entorhinal cortex ”． Thus。 glutamate ap- 

pears to be abundantly released in this region 

and to exert a toxic effect on the CAl neu— 

ions． 

The EEG change is a simple，direct，and 

immediate index for evaluating the brain con— 

ditions in cerebral ischemia． In cerebral is— 

chemia the first change is a decrease of EEG 

activity，and the po wer spe ctrum of EEG ，es- 

pecially the power of dom inant frequency in 

EEG。is well correlated with the degree of 

cerebral damage ． 

DM ， a lipo philic compo und． can easily 

pass through the blood—brain barrier and can 

be administered systemically． It is not incon— 

ceivable that the effects of DM when admims— 

tered systemically are due simply to its 

metabolism to dextro rphan after 0一demethyla- 

tion in the liver． The dextrorphan also pus - 

sesses neuroproteetive prope rty ． In our 

experiments，the EBG changes and the histo- 

logic findings have sho’rn direct and strong 

evidences that focal administration of DM has 

an independent neuro protective effects on 

transient cerebraIischemia． 

It is attractive to postulate that the neu— 

ropro teetive effects of DM are produced  by the 
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