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An I．T0 develop a sensitive method for measuring the 

putative endocannabinoid 2-arachidonylglycerol(2-AG) 

in the peripheral and central nel'VOHS system． 

M匮TH0DS-A method using a~nospheric pressure 

chemical ionization (APCI)liquid chromatography／ 

mass spec~ometry (LC ) WaS developed to 

determine the 1evels of2·AG in methanol extracts of the 

rat lumbar spinal cord，dorsal root ganglion(DRG)， 

and sciatic nerve． RESUIJTS-2·AG was detected 

吐l Mgh sensitivity and minimal s锄 pie p唧 卸a廿。l1 

．n1elevelsinthetissues~ yzed were ≤pmol／mgwet 

weight． Similar levels were found in the spinal cord 

and the DRG， whereas approximately 7-fold lower 

1evels啪 observed in the sciatic nerve． C0J ：LU- 

S10N-2-AG is present in the veripber~ n~ ous 
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system，and the levels a∞ markedly gber cell 

b(xiiesthanthosein axoⅡs． 

1t cloning ofthe G．protein coupled cannabinoid 

receptors．CB1 andCB2_J,2J+andthe demonstration of 

their abundant dismbution in nettral and nol1．neural 

tissues 3一BJ sDa d research into the identity and 

filllctioI]of this endogenous cannabinold system． 2· 

Arachidonylglyceml(2-AG)[ · 。]and anandamide 。J 

were ide ntified aS putative ende cannabinoids． 2·AG 

binds to aBl and ( 2 carmabinoid receptorsC9,10J
． 

inhibits ade nyhte cyclase activity，ptodUCP~ cannabimi· 

meric effects suchas antinociception，hyr~ ermia，and 

catalepsyt．gj
． and inhibits long．term potentiation in the 

hi 0c r1pusL ． Hence，2-AG may be a eompotmd 

ofimportance ，and the determination of its levels in 

different biological tissues may offer insi#ts into the 
functions of the endogenous cannabinoid system ． 

Although its presence in the brain has been deter- 

mined~ ， 0一 一 
． there have been no reports of its 

levels in the spinal O0rd 0I"the veripher~ rlervotlS 

system． Herein．we report a new．improved method 

for measuring 2-AG using liquid chroma tography／nlass 
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sp∞吐l丌 Ⅱy(LC／MS)，which permitted de钯舶血l 

of 2-AG levels in tissues of the peripJ酬 nervOllS 

system andthe spinal cord． 

Tis le e薯臼滗Lc咖 M Sl~ague-Dawley rats 

(330—400 g)were anesthetized with urethane(1．25 

jp)． In separate anim出 ( ：1O)，thcj sciatic 

ilerve at II】id．廿Ii level， the dorsal mot gangli~  

(DRG)atthelumbar spinalleve1．orthelumbar spinal 

cord uaaer~ying the T13 veItehra WaS excised． The 

tissue was dissected free of surrounding connective 

tissue O11ice andweighed． Ioe-eoldmethanol(50o止  

for DRG and sciatic nerve，10 volumes血su weight 

for spinal COrd ) and a small amount of 

[ Janandami~ (Cayman Chemical Company，Ann 

AIb0r．MI)were aged to the tissue． The mixtul~ 

was homogenized on ice for 50 S using a Bdnbm丑rI凸 

(Westlx~ NY)Polytmn． ，rbe homogengte WaS 

mict~entfifugexl for 3 mil1．a耐 the sll煳 啪 t was 

immediately analyzed by atmospheric Dr髓目Ⅱe chemical 

ionization (APCI) liquid d1I。Inatog叫Ihy／】m 

spe 衄 (LC／MS)． 1hetime eentbe startof 

tissue disse~ en and appli~tion to lbe LC／MS was 

(20．8±6．9)rain(x±j)． 

Lc aInlys．塔 0f吐酿le samples Each 

samplewas analyzedfor 2一AG using aHewlet~Packard 

(Palo Alto CA)1100 series LC／MS． S~aNes were 

dⅡ讲nat01 apb。d Oil a pair of 50 lrml Zofoax Ecli!~e 

瑚 ．C．18 reversed 曲ase HPLC (4．6 iron id，1 

mL／min) ∞ll加 ls witb isc ra虹c 85％ methanol， 

~nn'mnium acetate 1 rrm~l·L_。and 0．05 ％ c 

acid． M S conditions， previously optimized using 

direct flow jnioction analysis of synthetic 2-AG (RBI， 

Natick MA)， as follc~s：selected ion menitoting 

(SM ) m／z 379．3； 劬gmen 0r voltage 70 V； 

v~ ．er馏叫脚 l 475℃；drying gas岫nI嘲姗  

2OO℃；drying gasfl 眦 7 L／rain；㈣ a current8 

．
Extraction efficiency．esfima~lbythe amountof 

[。 ]anandⅢj畦 recovered in the samples，ranged 

from 42 ％ 一92％ ． Standard solutiens of synthetic 2- 

AG were analyzed for calibration． 

Data a||刁 Area counts were 0btainedfrom 

peaks at the aF up ate retention time according to 

synthetic staI1daIds with the aid of蛐哪 !dnst砒j_0Ⅱ 

s0fnvare(Hewlet~．Packard)． Recovery efficiency WaS 

used to correct each sample． Peak a l锄 were 

~nverted to 2一AG levels according to linear reg睫ssi肌  

of synthetic standards． Statistical analysis comparing 

the eoncentraticns(per milligrm~ Wet weight)wefe 

conducted with analysis of variance(BMDP Statistical 

Software，L0s Angles，CA)fo／lowed by c0rn口a s∞s 

of means using the Newm~-Keuls(NK)post hoc test． 

Withthe method developed here．underthe same 

eor~idom used to analyze the tissue extracts， 2-AG 

(Fig 1)was~ etable at concea~rations as low as 20 
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№ 1． 懈 spe曲nⅢ1 0f 2．AG 0b悟iI-ed b APcI-Lc／ 

懈 ． Tbe廿把t ．d。k b咖 d竹eIo d fDr m扣 

seI塔i廿 p∞ dlloes 蚰曲I砌 矗a{尹】e虹叫 an． T}№ 

r 啷 k centered att 2 379．3(themolecularion 0f 

2．AG． M ) ll晒 the predicted bt旧0n 0f the 

瑾m蛆 U occI删：ing isotolles of 2·AG． The peak at 

381．3isidenticalton帕1ec-|Iarweight 0f2·AG M ’血 IIus 

w岫 ． The蝴 -dl踟删 p朗 01葛目、redatm／z 287．3 

isidenticaltothe n ec妇 w 0f 2·AG M  m．吣  
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fmolwith all approximate signal—to-noise ratio of 2：l 

(Fig 2A)． The peak [eas exhibited linear increases 

with increasing concentrations of standards over the 

con0日 ol1 range found in the tissue extracts f，= 

O．998．Fig 2B)． 
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Fig 2． (A】Chromatogram in selected ion mocdtor~g 

nmde at m／z 379．3 showh~ the elulion of 20 finol 

syntheUc 2-AG with a 蛐 l to ne~se ratio of 

p1 d舶a 2：1．【B)Thea啪 伽呱 Ⅱn 凹2．AG 
peaks atthe cmtce~Uafion r卸噼 foundinthe ex'u'act 

smnples showed a high degree of tinearity with a 

cerrelafi~ coefficient of r=0．998． 

2-AG wss detected in aⅡthree tissu (Fig 3)． 

As pc_ned previouslyl ，two chromatographic peal=s 

with similar nlass spectra occun-ed approximately 0．9 

min al~lrt， The Deak with the shorter retention time 

corresponded to 2·AG ‘ 硎 iJlg to synthetic 

standards)，and山elater peak corresponded to the 2． 

” 一  

： 1 

Fig 3． Ctmmmt~gt'alm in selectedm∞妇 蛔gl∞ de 

at n z 370．3 d目n啊lshadn曙the coelution of a 1．5 

2-AG $tlmlds~1 with extracts h n the lm l~a" 

cordI theDRGI mad a 四ment offire s~qtJc 

nerve． The identical reteafica~times coupled with 

fire n幽 selectivity ofthe instrtmtent provide n断  

certainty that the compotmd berg detected is 
endogenous 2-AG． ▲ A peak with similar n 瞄 

spectrato2-AG was present，Uket
．
v o0n pDDdil to 

the 2-AG i踟t榭 ．1-AG． 

AG isoi'flel"， 1-AG． Analysis revealed significant 

differences in 2一AG levels in the three tissues(F2 

6．28，P<0 o5．Tab 1)． Whilethe concentrations of 

2一AG inthelmnbar spinal segments andin theDRG did 

not differ si卸访canfly． markedly lower levels were 

observed in the sciatic nerve c。lI11)ared wi山 either of the 

ott~l"tissues(NK：P(0．O5)． 

Tab1． Levels of 2．a∞dljd0 嘣m (2-AG)．m rat 

tissues c~mol／mg wet we~at)． <0．05 (№ 

Keulsl t levels inthe sciatic ner ． 

● ● ● ● ● ● ● ● ●  
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DISCUSSION 

The presentmethodfortheIneas珊踟 enf of 2．AG 

has several advantages over other existing methods 

wkich employed gas chromatography／mass spec协m 

(GC／MS)． i)No sampie derivatization is necessary， 

0bviatiI1 the problem of struct~al rearrangement of 2． 

AG when it iS derivatized to the his trimethylsilylether 

for 0C／MS armly血  ． 2)The Lc／MS analysis is 

rapid．requiring approximately 30 rain per sample． 3) 

Tbe low detection limit of the present method allows 

reliable quantification of the amounts l~．sent in sub- 

milligra~ samples of neulItl tissues． 

Previous work suggested the possibility that 

another ell~ Oid． anaadaraide， WaS formed 

post mor[em or by extrac~on m0cedu陀sL ‘ ． m S 

question has not been add~ssed systematically for 

2-AG． Although the possibility of a Sillli~ problem 

wi血 2．AG c~nnot be excluded entirely．it iS unlikely 

thatthe 2．AG measuredhereWaS generated postmortem 

or ex-vivo since the tissues were taken directly from 

a11esthetized animals with D n．衄 1 time delay fmm 

dissection to analysis and wi血 nO sample cl耐va zadon． 

The detection of 2-AG inthelumbar s口iI皿 cord． 

the DRG．and the sciatic nerve is COILSjstent wit【l t【Ie 

presence ofeannal~ oid receptorn —∞rs-nthese卸掷 ． 

Dense CB1 receptor immurlolabelingL ‘ and (ml 

receptor mRNA were found ~lIDllgllOllt the DRG． 

and lower levels of mmmnolabeling were observed in 

the sciatic n~rge， the dotsal root， and the spinal 

gray㈣  

Inlight ofthe 7-fold higher concentration of2-AG 

in the DRG compared witll peripheral ller~e， it 

x郴 that theⅡ1aiI1$ollrc~of 2-AG iS in cell bodies 

lather than in axons．a possibility not contradicted by 

the similarly Iligher levels found in the spinal cord 

which contams axons．somata．and synapses． n 

detection of similar levels of 2-AG in the DRG which 

containsfew synapses．andthe spir~I cordwhichis rich 

in synaptic complexity，suggests that teiminal boutons 

are notthemajorNNlrce of 2-AG． 

The conclliI'e~ of hi血 levels of endocanna- 

binoids，the lack of synapses，and the Iligh litx~hilici 

of 2-AG(which mj曲f~rrrdt it co flass吐Ⅱou曲 the 

glial sheaths surrounding DRG cells) suggests the 

possibility of lion．synaptic intercellular c~nmunication 

in the DRG． Alternati,~ely，the endocannabinoid may 

act 0D CB1 receptors witt~ the melllbPalle of the cell 

tIlat synthesizes it． ErId0cam曲fm0id binding to CBl 

receptors rrmy affect出eN-ty~ calcium channels and／ 

or the delayed-rectifying potassium cb．armels that are 

found on DRG cell b~1ttiesL 一 and known to be 

m~lulated byCB1 receptors( -2I J 
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