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L-Pyroglutamic acid protects rat cortical neurons 

against sodium glutamate-induced injury 
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AⅡⅡ：To evaluate the effects of L—pymglutamic acid 

(L—PGA． L一5-oxo-2一pylrdiidinecamxylic acid) on 

SO~IMI1 glutamate．induced neurotoxicity in rat cortical 

neurons． M哐T舯 DS-In primary'cortical cultures 

from 16-d old fetal mt．neuronal viability and contents 

0f Tli廿iteinthe bath~ Ⅱ um aftertrailsient exposure 

t0 sodium glutamate(Glu)were measured；with Fura 

2 AM as an intmcellular calcium indicator．AR．avI一 

ÎⅡC cation me~sufemetu system was used to exantine 

cytosolic free calcium ([Ca'-' ]．)． RESULTS： 

￡一PGA l0—80 tzmol-L～ ．inhibited Glu(50O tLmol· 

L‘。)一induced neuronal lOSS in a concentration— 

dependent manller vAth IC value of(41±9)tLmol’ 

L (95 ％ confidence limits：30 3—54 7 ~．mol- 

L )． ￡一PGA also attenuated Glu induced NO 

release． L—PGA 1，3．1O，30．and lO0 ffmol-L 

depressed Gl caused l c J．elevation by 20 5％． 

．4％ ，47．7％ ，70．6 ％ ．aI1d80．4％ ，respective— 

Iv． C0NCLUS10N： L—PGA protects cortJcal 

neurons against Glu—induced neurotexitv which may be 

related [0 inhibition of NO formation or suppression of 

the rise jn C ，． 

INTR0DUCTl0N 

amounts of evidence implicate endogenous 

excitatory mnino acids，especially glutamic acid，in a 

number of neurological diseases． Ovemctivation of 
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glutamate receptors is involved in the pathogenesis of 

either acute neuronal injury such as stroke or chronic 

nem'odegenerative disorders including Al~eimer's 

disease， Huntington’s disease． and Parkinson’s 

disease ,2j
．
Excitetoxic damage is mediated in lar 

part by uncontrolled Ca2 influx msulfing in sustained 

elevation of[Ca2 J leadingtothe activation of c 一 
dependent pmtease，kinase，and lipase，cell damage， 

and eventually cell dealll1 Excessive production of 

NO has been shown to underlie at least in part 

glutamate-mediated neuronal toxicity in cultures of 

conical neurons：a3
．  

L-Pyroglutamic acid (L·PGA， L一~oxo-2一 

pyrrolidinecaroxylic acid)is a cyclic derivative of 

glutamic acid and presents in a free form ilq the 

Ⅱlal硼 alian braln，plasma， and cerebrospinal fluids 

L—PGA is one of the active components in several 

traditional Chinese medicines such as Panax ginseng 

and Ophiopogon japonicus L—PGA improved 

learningandmemory capacityin aged ratsL ，increased 

the bloodflow andfacilitatedthe uptakeand utRization 

of glucose by brain tissue ． exerted all anxiolytic 

actMy ．antagonized the sodium gh~amate(G1u)一 

induced seizures in mice~93 

the ability to block 

Furthermom， L—PGA and 

It seems that L．PGA *has 

glutamate receptors[。_ 
． 

its derivatives ma y also be 

used as potential drug carriers whichfacilitate diflusion 

of drug across the bloed -brain—barrier and enhance the 

rate of entry into the central nervous systeml 

However，it has not been reported  whether L．PGA has 

neuropmtective effects and the molecular mechanisms 

involved have been pharmacologically limited by the 

possible effects of systemic metabolism or blood flow 

Ⅱlat ghtcomplicatethe studies／n vivo 

The present studywasto de~nninewhether L．PGA 

could pmtect cortical neuron ag．inst Glu insults． nle 

release of NO and neuronal intracellular calcinm levels 

were measured to explore its mechanism ofaction 
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M ATER 虹S ND 匝lTH0DS 

Cell culture Corfical neuronal cultures were 

prepared from fetal Sprague—Dawley rats(16 d after 

gestation)neocortice~ ． After removal of meninges． 

the tissues pooled from 12 fetal邮 Ⅵ minc．~l and 

digested by trypsin 0 25 g’L at 37℃ f研 20 rain． 

111e digestion was terminated by adding DuIbex：co’s 

modified Eagle’s medium (DMEM ． Gibco) 

supplemented with 10 ％ heated-inactivated fetal bovine 

SeBJlnfFBS)． 111e dispersed cellswe,re seededinto15 

mm-multiwell plate fNUNC)at the density of 1．5× 

】矿 cells per we]】． CuJtotes Wel'~jncubated at 37℃ 

containing 5％ o ． 111e culture medium was 

renewed twice aweek． T0 preventthe proliferation of 

nonneuronal cells，cytosine ambinoside 10 l~mol·L一 

was added d 7 for 48 h Cultures wefe selected for 

stody 14—16 d after seeding． 

Exlmriments with Glu and 工一PGA nIe 

attachedcells werewashed twice with PBS． Afterthe 

cellswel'ejncubated with Lock’s solutionwithoutM 

(NaC1 l铒 ，KCI 5．6，CaC12 2．3，NaHC03 3．6，and 

HEPES 5 0mmol·L～。pH 7．4)for 30min，thenGlu 

5O0 l~mol·L_。was added Thmy min later， the 

reaction was terminated bv washing the monohyer cells 

twice with the Lock’s solution and then cultures were 

kept at 37℃ for 24 h． Forpreincubationwith L—PGA 

(donated by Kunnung Institute of Botany，Chil~se 

Academy of Sciences)，the medium was removed and 

afterwashing，differentcollcelllratiolls of L—PGA were 

addedandincubated at 37℃ for20min beforeG】uwas 

added． 

Tryl~mblau staining． M rr colorimetric 

assay and NO efflux assay The dead cells were 

stained by l 5％ trypanblau，and viability ratewasthe 

percentage of unstained cells to tota／cells． Active 

mitochondria of living cells can cleave 3-f4，5-dirne— 

thylthiazoyb2一y1)一2，5-diphenyltetrazolium bromide 

f~丌T，Fluka)and produce formazam，the all3otlnt of 

which is directly proportional to the cell number． 

MTTwas added【o allweIIS(final concentration0．5 g· 

L )andthe cultureswereincubated at 37℃ for 4 h． 

Thell acid-isopropanol was added to the welIs and 

mixed thorou曲ly to dissolve dark bllie crystals． 

Enzyme-linked inununosorbent assay was read at 570 

nrn ． Nitrite production by the nclJiolls was 

me asured by Griess assay Briefly，an equal volume 

of Griess reagent(sulfanilamide 1％ ．naphthylethylene 

diamine 0．【]1％， 3％ )was added to the 

conditioned media (without DhenolsulfonDhthalein)， 

andthe reactionwas allowed to proceed at 22℃ for1O 

min before the absorbance at 540 nm was measured． 

The concentration of nitdte(1 NO9一j)was calculated 
by sodium nitrite as a standard( · 

M easurement of neuronal intracellular 

calcitan Rat cortical cells were dissociated and 

preparedL。nJ
．  
Cells weIe suspended in HEPl ．Hanks 

(NaC1 137，CaC12 l 3，MgSo4 0 4，MgCI2 0 5，KCI 

5．0， KH21~ 4 0．4， NaaHPO~ 0．6， NaHCO~ 3．0， 

glUCOSC 5．6，旺 P S 2f】 0 rrmml·L_’，pH 7 4，and 

loaded with Fura 2 AM (Signm)at 37℃ for 45 min 

and collected by celltrifugation at lO00 x g for 5 min． 

111e loaded cellswere washed tw ice and suspended in 

Mg free KRH solution． 1tle Ca2 ．was detel-- 
minedfrom themtio offluorescence emission usingtwo 

excitation wavelengths(350 nrn and 38O hil1)with AR— 

CM_̂皿C cation illeasUl~tnell[system f Spox Industries 

Inc．USA)． 1tle sysmm was callbr'at~l accordingto： 

[Ca2 ] =虬 [(R—R )／( 一 一R) (FD／Fs)． 

The — and I1l】n were determined by calcimycin and 

egtazm acid，respectavely· 

Statistics AIl data were presented as j± and 

compared by t-test 

Efleets of L．pGA on Glu-induced nettro— 

toxicity and NO release Twenty four hours after 

cultureswere expo sedto G1u，the neuronal viability rate 

by trypanblau staining and the absorbance at 570 nm 

Am )by 丌 assay were mmkedly decreased， 

indicatingthe ~ 3arent loss ofliving cells． In con— 

Ixas1．／~llrOllS in cultures ex~ ed to the Sal20e amount 

ofGlu in the piesence of L·PGA appeared remarkably 

preserved and cleaved ～r丌  L PGA l0一。o,umol· 

L_。 inhibited Glu induced neAlronal 1oss in a 

concentration-dependent mann盯 with 1C50 (41± 9) 

t~mol·L_。(95 ％ confidence limits：30．3—54．7 

t~mol·L一 (Tab1)． 

Cortical cell cultures exposure to GIu 500 ,umol· 

L一 increased the formation of nitrite 2 times that of 

control group． When the cultures we pretreated with 

L．PGA． (31u—induced increment of nitrite was 

attenuated(Fig1)． 
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Tab1． Protective effects of L-PEA 珊1 utamate 500 

p．mol·L 【Glu】-induced neui'otoiddty in primal,rat 

cortical neIuⅧ s． n=4 culture wells per conditio~． 

± ． >0．05， <O．05． <0．叭 郴 Glu group 

Ef￡ects of L．PGA on Glu．induced[Caz 】{ 

elevation The resting c J．of rat conical cells 

wag【l02±22)llmo1．L in M 一free KRH 

containing calciure 2 0 ITlnlO1．L～ ． G1utamate 100 

,umo]·L incre~ed C ．about 110 ％ The 

incubatiOil with L-pGA attenuated l C elevation 

caused by Glu( b 2)． 

DISCUSSION 

“Sheng Mai San’’has been extensively used in 

ischemic／hypoxic cardiovascular or cerebrovascular 

disea_~s． The content of L．PGA in“Sheng Mai San 

injection iS about 300 mg-L We suspected that 

L—PGA was one of bioactive constituents of “Sheng 

Mai San”． The present study confirmed and extended 

the fundanaental observations that L．PGA antagonized 

Glu receptors{ ’ 。一 With the cell culture as a m~tel 

GlUtamate 

Fig1． Effects of L-PGA on NO release in prinla~- 

cortical neurons with GIu 5O0 p．mol·L一 only or 

pretr~ted wi廿I different concentrations( m0l·L ) 

0fL-PGA or -niW~L．ar~nmefL．NNA1． 

n=4 culturewells per~ondition． ±s． 

<0．0S．叩 <0．O1 郴 Glu group． 

system for quantitatively characterizing pharmaco logy of 

neLI／'onal injury，our results demonstratedthat 24 h after 

trailsient cxposure of conical cultures to G1u， most 

neurons progressively degenerated and were replaced by 

debris wi山 significant loss of neurites(under pl-~se— 

contrast microscopy)and reduction of neuronal number 

山al衄 ed to cleaveⅣ【1T． Pretreatment with L—PGA 

improved neuronal surviva1．indicating its protection 

against Glu insult The measurement of resting 

【Caz J jn coltical ng：tlFons was consistent with the 

previous obse~'afionl12 J
． Glutamate triggered a 

marked elevation of【Ca2 J．and NO release， which 

Tab 2．Effects ofL-PGA珊1 GIu《100 p．mol，L。】-induced[Caz ]．elevatio~ain rat corticaltlellrolls 
n=6 experiments． ±s． bp<0

．05．cp <0．01郴 contro1． 
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were largely attenuated by preincubation with L—PGA． 

Theref0 ． we spec~mM that the suppression of 

intracelluktr calcium accumulation and blockade of N0 

effltL'~ might be related to the neumpmtection of 

，J—PGA． 

Taken to~ ther， our studies supported the 

h)q~othesis that by' blocking Glu receptor-mediated 

inwacellular calcium overload and 山e following 
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工-焦谷氨酸对抗谷氨酸钠诱发的 

大鼠皮层神经元损伤 

， 旦型 
(中国药科大学药理教研室 

R号7 

南京2100(D，中国) 
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刁 i，壹 ／ 目的
： 在大鼠皮层神经元研究 E 吡咯烷酮羧酸 

(L．PGA)对谷氨酸钠(Glu)诱发神经毒性的拮抗作 

用．方法：原代培养的皮层神经元取自16 d龄的 

胎鼠，与Glu作用30分钟，24小时后测定神经元 

的存活及培养介质中亚硝酸盐的浓度；以 Fum 2 

AIVl为细胞内 Ca2 ]．荧光探针，AR．CM．MIC阳离 

子测定系统测定：Ca2 ]．． 结果：L—PGA 10一踟 

tool·L 浓度依赖地抑制 Glu 5OO mol·L 引起 

的神经损伤，其ICs0为(41±9)Mmol—L ，95％可 

信区问：(30．3—54．7),,zmol·L～． L—PGA也能浓 

度依赖地降低 Glu引起的NO释放 L．PGA 1．3， 

10．30，100“mol·L 对 Glu 100“m01·L 引起的 

：Ca2 ：，升高的抑制率分别为2(】5％．34．4％． 

47．7％，70 6％．8o．4％．结论：L—PGA可能通 

过抑制 NO形成或细胞内Ca2 浓度的升高而拮抗 

Glu的神经毒性． (责任编辑 刘傻娥) 
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