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KEY CONCEPTS 

•	 Chronic pain that persists 
after an injury heals is 
often caused by overly 
excited pam-sensing neu­
rons that signal without 
an external stimulus. 

•	 Traditional pain drugs that 
target neural cells directly 
rarely quiet these abnor­
mal pain messages be­
cause the neurons' height­
ened sensitivity is driven 
by a different type of cell 
called glia. 

•	 Such cells monitor the 
activity of neurons and 
attempt to keep them 
healthy and functioning 
efficiently. But well-inten­
tioned glial reactions to 
intense pain can at times 
prolong that pain. 

-The Editors 
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Glia are nervous system caretakers whose nurturing 
can go too far. Taming them holds promise for alleviating 
pain that current medications cannot ease 

H elen's left foot slipped off the clutch on 
impact, twisting her ankle against the 
car's floorboard. It felt like a minor 

sprain at the time, she recalls, but the pain nev­
er subsided. Instead it intensified. Eventually, 
the sl ightest touch, even the gentle brush of bed 
linen, shot electric flames up her leg. "I was in 
so much pain I could not speak, yet inside I was 
screaming," wrote the young Englishwoman 
in an online journal of the mysterious condi­
tion that would torment her for the next three 
years. 

The chronic pain suffered by people like Hel­
en is different from the warning slap of acute 
pain. Acute pain is the body's most alarming, in­
tense sensation, whose purpose is to stop us from 
further injuring ourselves. This type of pain is 

BY R. DOUGLAS FIELDS 

also called pathological pain because an exter­
nal cause, such as tissue damage, produces the 
signals that travel the nervous system to the 
brain, where they are perceived as pain. But 
imagine if the gut-wrenching agony of a real in­
jury never stopped, even after the wound healed, 
or if everyday sensations became excruciating: 
"f was unable to shower ... the water felt like 
daggers," Helen remembers. "The vibrations in 
a car, someone walking across fJoorboa rds, peo­
ple talking, a gentle breeze ... would set off the 
uncontrollable pain. Common painkillers ... 
even morphine had no effect. It was like my 
mind was playing tricks on me." 

Unfortunately, Helen was right. Her chronic 
pain stemmed from a malfunction in the body's 
pain circuits, causing them to continually trig-
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After an injury, glia sensing that intensively firing neurons are in distress 
react to restore balance and promote healing. But these beneficial chang­
es, if prolonged, can lead to chronic neural hypersensitivity that causes 
pain to continue after the original injury has healed. Often such 
neuropathic pain begins with nerve damage, which triggers 
glial responses that further excite neurons. 

Astrocyte j~"";r 

GLiA ACTIVATION ~ 

An injury that damages nerve fibers produces a 
barrage of pain signaling in the dorsal horn of 
the spine, where peripheral sensory nerves 
meet spinal pain neurons. An intensively firing 
sensory neuron generates large amounts of 
neurotransmitters as well as other mole­
cules that glia interpret as signs of 
distress 0, sending the helper cells 
into a reactive state. Glia normally 
mop up excess neurotransmitters, but 
reactive glia reduce their neurotrans­
mitter uptake and begin producing 

",~y:" :~molecules intended to stabilize and 
heal the neurons 6. These glial factors 
act to either reduce inhibitory forces on 
neurons or to stimulate them, allowing the 
cells to fire more easily. Neural distress also 
causes the glia to release cytokines~, which .. 
induce inflammation, a healing response that "' 
also further sensitizes neurons. 

DISTRESS 
SIGNALS 

GLlA-SUSTAINING PAIN Glutamate, 
ATP, nitric oxide,Excitatorylinflammatory signaling by reactive glia can substance P,

activate neighboring glia, perpetuating and spreading fractalkines,
neural hypersensitivity in the spinal cord. Activated spinal potassium ions 
astroglia are visible below (bright green, left), filling the 
rightdorsal horn ofarat-where DRG and spinal neuronsmeet­
10 days after injury to the sciatic nerve in the animal's right 
leg. Glia on the left (image below right) are quiet. 

iJ"': Intense 
pain signal 

shown to possess many mecbanisms for detect­

ing electrical activity in neurons, including chan­

nels for sensing potassium and other ions re­

leased by neurons firing electrical impulses and 

surface receptors for sensing the same neu­

rotransmitters that neurons use to communicate 

across synapses. Glutamate, ATP and nitric ox­

ide are among the significant neurotransmitters 

released by neurons th.at are detected by glia, but 

many others exist. This array of sensors allows 

glia to survey electrical activity in neuronal cir­

cuits throughout the body and brain and to re­

spond to changing physiological conditions [see 

"The Other Half of the Brain," by R. Douglas 

Fields; SCIENTIFIC AMERICAN, April 2004]. 

'F;	 Spinal pain 
neuron 

;., 

.. "' 

Once scientists recognized the breadth of 

glial responses to neural activity, attention re­

turned to the support cells' suspicious behavior 

at pain-relay points. If glia were monitoring 

neural pain transmissions, were they affecting 

them, too? Exactly 100 years after Nissl's ob­

servation of glia responding to nerve injury, a 

simple experiment first tested the hypothesis 

that glia might participate in the development 

of chronic pain. In 1994 Stephen T. Meller and 

his colleagues at the University of Iowa injected 

rats with a toxin that selectively kills astro­

cytes, then assessed whether the animals' sen­

sitivity to painful stimulation was reduced. 

It was not, showing that astrocytes have no ob­
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c> in hnJi"U" 'iny ,pl",'.«ni>ccldod m j"Ql" tin· 

A""P. ro"", <y""',,ne. ,ek...d /,""" «11. 
donug«l br ...... .p,n,'" hrdmn ,m"",ne .y......, 
«II, f"'",'h< hIood ..", lymph '" ",110 w ..... fin· 

ge"ip '0 "ght ;,,1<-<"00 .,,<1 i ••i"'1< ,.~a". Tocr 
.100"",",,, ch,nl\« 'n ,he '''''''' .nd 10<,1 I>I<,.! 
on",l, ,hit co.. ,he ""'"' of immune .dls ."d 
prum_ ... lrog bu' 'ho' """I, ,n ,ed.....r><I 
,w<lh,,~. I'll. c-ollcct"'o df"", of cy,ok,ne "g' 
""linS ' ..c,lled inllan.,n.''''''_ 

A ,pi,,,,.. rkmon", h"", off",,,,,,, cy'o 
k,,'e' • ..., "' '"'I:<',n, ,mn, II. t<>. """.d. 
bm 'Y<ll ",mo imprell"" is ho"" I" ",lui. 'my 
spIin..t ca" be_,1>< 1"'" i, i" "'" r.>f prop"" 
"on to ,lit m,"u>,,~I, ' ''''''' d,m.s< 'offe'ed. 
'iooo """ ,I>< "e. w,....und,:>g ,he ,plim... be· 
<omc' '''''011<" .,>J pa",fully "'''''Ii'', .1,nooAh 
,....... n.'si'I><:>,,,,~ ,k,n cell, w." o"h.""",J. 
Tb< p.o,n ",,,ouod,nK.n .nlury ..au"",, "" .n· 
0<1= .e"... o. infl.mm.tory cy,ok,,,,,,, 'her 
g,,,,lr ."v1 il\' 'he ,,,,,,,,,',,yo{ p"" lil><... Su' 
f1C'..n''''''ng p...n ",noo" ......" Jll,Uty i, ,"" 
body'....... of m.l .... "' lea,.. ,he Wtt .Ione ... 
,I.., "",,10<.1.

1\'",,,,,., " • '"k, >t, no< ,I.<: 00'"'' (Ifq. 

,n~,...... ,n ,'"__••1"' -6"....,"',,<1;uoc 
•• "y'n~"...,. con ,n,~. , ne.,.. ""d."S' .~•. 
,,,,,nding , lplintcr in f{It" tingemp hrp,,,,,,,,, 
""". ,he cy,oIc, ... "Ie,,,",, by gJi. ,n ,I.. <ron.1 
conf ,n ....""".. '" ,n,,,,,,,,.. ,...n oq:n>"nA co" 
,p.c.d ,,, w'rulr><lillfl """'" fihrl'$ .nd m.ke 
,1><", ~yp<tK"";'C" .....11. A ,ydc ''')' bq;ln 0( 

""'....."" "I'd n," '''''' Ii .Illfl w, Idly, wh><h "",,1$ 
al.. ioto ...OCI.... W"'. rn which '10<) P"'" ou' 
,,..,.., "'n,,,,,,ng f""tOft.nd errol",.. ,~.n ... 
,.mpt ,,, "·1 ..",, [he ,,,,,,ro~.' di""", hu, ,,'" up 
",.«.d prt)IOIWng i,. Wh,'n ,h" """"", p.1i" 
<.on "'lll""« ".hin ,he '1"",,1 conll.",,, "crY< 

lih<r:o 'ho' a" ""' d,,=i)' .nlured_ 
1'1>< tn,' 1.,1 "'ponset "f gli. to ", "'I"'y 1fe 

,,",..lici.1 f", he.1ins. h,,' if 'hey .... ''''' i"ten.. 
or "",,"nroe ,Oft """& unwopp.oble ",,,,,,., p.1'" 

" .........,k. $cvtr:>.1 ..... rch IJ"'.'" t.a,..,docu· 
"',,"cd ,J;e Iw!back I""l>' 'hOI om C>1l\<·gli. ro 

p'oIoo.X ,h... ~.,'" "I tl>< ""''''''''J I.ctor< 
.nd inlUm,n.,,,,y "in.lt", ,hOI It.J'IO ........... 
pOlhic p.o,n .•nd man1 '-e <xl""''''''"''''K "-,,h 
u-'y, '" ""·"K't.os., p<G<e<"". n", u<>rl It" 
<wn I,d '0 w.y. of md,ull: tl>< n."",.,,, used i" 
''''''",a<'''' I"IIn _ off",i,... 

Stopping Pain at Its Source 
I".ho p.".•11 ""'01""1 !<>r oh,,,,, .. I"'" h,,'. 
httn dir«'td 'ov..oo d'n,peni~ 'h, '<r""Y 01 
neu",,,,, bu' ,II< po,n annoT .,"" ••f ,t.. """. 
"nue 10 It"'''" 'll< ne."" cell •. In~Aht! 'n«> how 
JIi. con .,11 i"l0 ,""it vic.,,,, "","<-le",.,izing 

ef< It '''' Iood' '" ro .......""""'"he• ., ,. rget, ''I' 

d"u"""' ......1gl" on ,he hop< of"<>!l''''3' f.o· 
del 'nenul "",reo of ne"'<>pa,hK: p' n. [xpcrr. 
",,01.1 .fI,,.,, rn ,'"" 'lO",""""h,,, p."" by ",,,,I 

"1'''"5 Ah. Ole 6.,.10« focu.. ,'11 on qu"",,S 
gl .. ,hrn"",,,n. blo<k'D3 'nlbmnuo::>ry '''"''' 
""'ecJ'b .nd "S"I, .nd <1<1, .."og.." ~nO.m­
m,'","y ..s,.. '" 

In .",,,,,lapcrr"""" .. for in....IC.,JorC< II 
0.1.«>."", ho' "",Ik'll"'" or D.. ,,,,,,u,h _'IN;' 
c.1 $<oh",,1 h....hown ,h", ""c"",,1 c.11ed 
p,opentolj'II"'·"Wo'''·'·'''''''r,.·c'i,..t,,", 
.nd ,,,,,,,hy ch...."ic po",. The .n"hooIic mioo' 

erelin. pro,""n" both ne"'""••nd ,Ii. f""" 
m.kinA ,,,fl.mm,,o,y <yroli.......n<! n"fie nx· 
;.1" .. w<1I OS ""I"<log 'h' ''''gm'''''' 0' mlCru' 
glia '''''-Old in,my ,,,... ,ull$.",ng ,h. d,"g 
c""ld ~"'" gl;.l hyp<..Cllv;mon_ 

Arcl1ltd .pprooeh een'<T>OII 1'"II~,ke"",.p' 

"'" (1 LIl.". ""Ix< pro""" on ~I"I ",II, ,h., 
""'OV'''' «rI.in indICO"''' of cell, In distr"tiS 
.nd prod Air. '0 Iqpn ..","i08 <1'01 ''''''. un­
d. R W.,k,n, (If the Un"'<....'Y ofCoklfsJu .. 
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"'...'up ~1I" """""<1 -''''Jj' ""'.. "'l' """'fX 
OJ '{"""'u "" """I' ,,,;,nb,,'j OJ"'" pl'. ~,M

•-IlO.l" -UJI<I>IO'I"II"' (,ud,,><,1 ~'>I" P"'-»'>

I ~"'" '''I''''Ipnb,,,.d ~"'lq nl ,,,,.,,.,, J,'<po 

p".....,............ JO........,.j "fI ·Cp"'''''''''Jun 
"1 I'Ll'" 

..~ I"<Q<" ,,,,,,-eo, .qI ~""fI'u,w I P...qI .."'" 

'''''' pm, I,old,-juo"" LJO'l""'''''''W})~'' 

...,~._ "'l "'l'<l~ ..nlq ''''ti'''W '''''''':){xO 
,,~'''' ""100"" ")Or"'''' pun ,umJ" 'OIOJ>q 

'1'-1 "J""" IO"'<W>' ~" .. Slo"" ..I.,.."" '~'" 
".Dj"'" 11'''' A"OW ,,~, ,,,,,X> '~l OJ ',,,,,>JoJd 

~"I'"P''' '" A"" >J' 'NIX>p ''''l ·"...,u~ 
"""~u,,,,1 ,t1.,.... "...w~, ~"O,"." '~'~'['''I' 

a~lItlelI llU!JOISBll 

'",..."". "11 J<''1<' "'I' ,,' ,...., "",fWd",. 
.ju,,~lNl~!14'.." "W", .. ~m 'G l"',or, ",..I ~Ul 

"'1<'P"""tl<l olI....t ......w"""'"' Aq1l.I,""'...... 
"'" IIMV '''II ·,,'0; ''''I' 2''''''1>.0 I)lHurlllqul 
.U;X> ,._" II ~AV ,_... 0'" ~ 'fnw "'l' 110 >I''+'" 
,"Ii~d lOill ,0 "~Olop 'I'~' 1""'1'." AI'''"" 

."" ",,,,,,..l u,n1'"" p>."""fI "'I"'''rv 0' Ir", 
Y Ii'd_r Ii' .~lU" ,oJ ''',",U'':ll' ,,,,,,wu, 'UUl 
."•• Ii...P"~ AP"'I"" ,-"~"' '1IMY lUI 
'1"1"''' ·1.~t<I.",M,jo uO 'J<FI U<I u,,,<! >OJ 'I' 
.","<UI~~ !'U',......... ri"'p ""'l'JO""J '" 

"I''''''u. J~ ,,,,d, "'I' 'Ii "'1J;tlW 
",!'OI~' l'111"'~OVll 01_ ..Il''....,.....,.,...' lIUU,.,pp.lq ''1>'','' '''V, OCI '"' "'J olN ~"I"d 
'UJn>U P><JOA>J""I \dno,~ ~"U\.. 1'>1"" 
.........""".,.~ 'OJ ·'U ~"pwJ 0' 'II" SIi",,!" 

.""" Ml 'M~'<''''''.U·· '''l'~''' ~""I'll MY""" 
...,"~.bo,....J '.~,up~1i''''X> ,,""i '!I'U1' ct. OJ 

" .." ",~,<d<l",,,u ""F'll'l$ u~, 'l'll 1"" OJ ''''l 
""1'010' " ~>'"' "')u"T""~ ,,,o"o,,,,.~ur_"u, 

SOJPI" '.~I P-""""""'>P ,.... "'n<)JilIUO,',. 
"I~U~" 'JGJ<IOW'U" ~o,w"'" 0' "",,,!,p. 
"! ''1>1'''''' 1""10 <'" ~,<4 ~~ ltd"''''''' i"'J'Iil"-' 
....1. $.~ '1P''1u;I1 ld"J:'''~'o P" 1"""')1) ""U, 
.~ ..., .. ~_'....".pIW .."',.."0"U",.....1I0, 

'"~ ~"'" .....',!""b......,."'w.W u, 8u,'POW 
.~j, ~ 'r<JO.>d ll<l'~ .." ''''''I'''"''''>dXl 

.", Z\1:) I"I~ "'" i"""" ... u,.J l"""""OJ I""" 
:oq ".,''''I' ri." I'ju,""nd .ll'now:l<. >J' " od 
.""", 1""""'XlW<<td ""'N 'POI" :>lS>8j "P'A 
·o.od '" A"u,,,,. ll.,~, u, 'I"""~'uuu >-I(lW ",n, 
·d""u' ~,,,',, "1,u"'l"' ..... 'II" "'-I' "~l ui>< • 
'",<"'>U' o'lio""" uo",,>d.>,... (11:) I"-""I"'''u 
'~"od",,,-,,,I' olOd .'U"'~ ••• ,,~, pOIiOI ...~ 

'"P''''' '''''''11 'S"'I«llt< .l1O,,,,,wr~n, ""'l' 
"nl»' 'll"-' "'l' " "",b.", <~::> l"I80,~", '" 
1'''''1 'I''''u,~"u<, ""'-1.:1\ '''I~ "0"" "roJn", 

'J a'N '''If> ....,_~ _"I'u "~"oed JOjIO!*>JII>U )OJ '''-P _ ... 0' ""O'I<l, I" 
........J)liort»ll~ "'''I''''' "'l' kw '""""~_."'"0<11 j><~' ,,1/<1 '''''OJ''' 0) ""OP 

!5oJ.,.."" ......" lJ>ljCI ......,I/<I "'"l5oP.ofld to '160141 a., 10 'l..... -..~ 
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><op 6<op ""I"'fI "4""'IIi'"""'l ""41 "'"'l"" ''''Ii>"'lIlO'IIl _ """'1>1 "IOJI\OU .",,'"', ~ OIl" I~' 'lOP'! ~IO I"J' """IIOl,(' I"'lOuJl"'~" I""P"''''' 
'.w.Iu' .........,'" '1' ......... ..,..... i50J""'I¥l<>6>q"..,~ ~"'Ii 'm'll' 

~J '11'1 u<l'<i ,'On Jjl "4' ,,,,muOOll<41 ",,""", I"'I! I"""", ~,; pm rw<" """II 
."..1' __",rqoldfM-..'" '-P"'-")l'Il' J'OJ'J)_ _OO; 
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",O<! "0 J.>del""", "'",'ulod »,'''1'' '"~, ",>d" 
.", l'Q';) "~I 'AN''I'n&I>lI ·OUU'J<w,., ""'IP 
,,, ,,'.<"p"~ "'1' oo,'"p''' .M,d.",J Ia:) ~"".., 

."" "'1>Ij"' 'PI'" u'N ,iluuq.ocOO:>:»J Z¥:> "'I' 
~"""'."V '!""''''''') J'I>J'JJ'P ",.~ '''IJ.',W) 
"". Ill:> ,...""""'1 .......1<,""".... p"'u,,~ "'I' 
u, J"~)O ,,,,,1>= I""""i'"" ", j" ""I" ""1, 

·""""w.u,,, I'~ IOJ"'" "''1nW", 

1"" """1i>U 100""""'''' ''''JJJ> >l "" 'f-"'IM 
"p"'" q'"u." 1»11"' "'o"l "'l' P"....,...,."" 
10Jlll" "'"!''' ""'Id •••nh"", '~I"' 'J'''<'' 
.q"" ·.".It""",U' "'" "',""!"''" >OJ ~q<S>J 

<=>q ..~ '1"''1-'''••""hJOw" '1' 'i >J~1O "'",,, 
..... " I""" 0... ,.~, ~"o"'ln. 1.'."I",·",od 
,u.'>U' '" P"'i'''' 'SnJp Su"""" ';'I'ouV 

''''''''OlIl'N ·OJn,.. 1'><101"'''1' AII"J """OJ .RO 'U"'"IOU 
,.~, " ..., r>"."OJ<JUlOP'<~ ""'I"~ '''''''•.1Il 
.,., t )11 I. '" ",...,.."" I"IR '~"'4 ""I" '''''''' 
""" """"'1'1" u, ."."'" '" ""'lJ' "'I' "nl'] 

0' "xliS",I' '->U"""I"' 'AI~'Hj"'';1U1 ·.'-'lOU 
.....,. ,~, 0' >!I.....p ........, p->W""" '"~, ...d 

",~,.<loJ.". P;><J>A>-.J P'''' 1""«1' '4' '" 'II" I" 
'!I'iI "" ',",,1'1.1 .•H'q'" "HiJOln~lJ"" 'l"-'lq
'" 1',,""',,>0, In"uHJ)(j" u" ~".\ll'~J q.... 
,., '" 0""'''' ""'~ "",S<>II"-' J"'l po, "1'1'''11 
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''''', I..n"" th., th,y w;lllo< ,u'p<'<,ro ofd,.I· 
mg mh<, th.n prc"1ibinll$o<t. I.rge q...nm,u 
0/ "om"ICS, '''oh"" fut,.d '" lim" 1"''''''''TO 
d"..W" ,h,ll Of' no l<lOFt dl«,;v. in ..1.....t"3 
'II<t<08""'1_ Wmc p,n.",."""" '0""'" ,,,ot>. 
'.'" ,1q.,1 ~nl""'"',0"",,,tI... t ,,,,ok,,bk 
I",i", ' fc,.' tu,n '" .""i,k "',nd tllto, .uff.. i'\lj, 
An''''' lioo,"R" ,II< i"''''''''",,, u. p.o,n "Ii</". 
,I...nd drug oJJ"''''n it. <VHIt"•• ,hot glt..... 
"""",,"ble f<>r ''''''og ,ole...,,« to lotn:>i" ,nd 
mOfph'..... 

~"'p..oon••1>0>0, ~h.1 1n""1"""..... ," "."",. 
'" ,,,kf.,oc. ~'" a"'~ w"h 'OC ot-<von"" 'hOI 
j"O!" wh.".n odd", q"". betu,n '"",Id 'u'_ 
ker: p.o",,,"dtp",,,h,, "" IUn:or"'l"mkilkn 
w"o "up 'h<" ""doc.,,,,,, .udcI<nly ..,fl., d ..• 
'" p,,"lul ..-"I"h.w,l.y",p",n". Th< p.o""'" 
I.nd be"'''' • .1.1 ....) l>«:on>< hyl"''"'""''''''' '0 
.o<h on .~'",m, th.t ...." norm,1 _nd and 
lisht b«om' ,x",,,,..,,,,gly painful, Tlot '"m­
I.",y of ,hu, "''''1''00'' ro ,I>< hYI"'"O!hes" 
""'" '0 Ilnlrop.o'h.. peo in "'w"ro tho pOs,ibil· 
',y "I • """'moo ••u"'_ 

In lOOI PHI" Song.nd Zhi.Qi Zhaoo' ,I>< 
SI';>t1l>h" In"""" 0/ Phys,ology ""ro w ....h« 
,I>< .1...1"""",,,,' 01 tol<..,,« '0 morph i", ,,,­
"01,-«181,._ Wh,n 'bt "''''''''h<n ""'" r.I< ,, ­
",.".1 do=oI mo<pIl, ... ,h")' ..w toc ""mb<, 
01 '."""., ."""'y... ,,' ,he .pi".1 ron/ ' ........,. 
Th. ,b."g•• ,n glt. CI"..d by to,,,,.fM mot 
ph'lI< In;.c"on w,ro mll••11O 'hos< >een ,n 

the ,p,n,1 <Otd .fter ." '"1"'1 or "'lot,, ","f,,· 
pa,h" I",n dr>TIopo. Th' "''''ntl... 'hrn eli",i. 
".",1 ."''''',.,... with ,0. "",. "'-""'" thac 
.\1.11.. ""d 'n d.,,,p<tI 'he d",.lnpmc"t 01 
ch,,,,,,. poin In " M",po,"c ,,,1,,,,><. In 
,1><...",,,,,10 h"plt, rcdu<td, ,ndio.tLng 
110., ~'" '" """'. ""l' o,m'nhu« '0 ~_ 

I>,;,,,y "",.rm 1"'"1" 10 '. "oc,,,,1td hIQdc. 

ins v.un", .'~n,l. b<c " """""' .nd gl .. 
(fo, <>l.mp!<, hy ",..t",,""g 'f"'<,l;o <yt"k,,,,, 
,~"""" gl;;,I,,,d ''''''figwhrc .... ,,_ph,... 
,,,10,,...., '••11«t,d, To" " ... tdl sho.... ,h., 
l>loxklOg ,"n.",,,.. ,ory sign,l. ,o.nd irom gil. 

d"" ''''t~ln& '0 .1", """1',,1 ","ro 1'''" ........ 
toon•. hu, " 'ho bloc......... ,n",,·trd 'ns<,t..t 
..·"h mo<ph,,", lowr<oo...nf morpl"""r< (t. 
qu,rcd '0 .m;.", ,lot ,.t"< r<1i</" ~nd ,he duro­
'ion nl pa'" ",lid I. dnubled, Th«C' find",g. 
'''''''Sly ioo"""ed th., glt. w,'" """"l<rx,,"& 
'ho poi I>- ,eI i<v' ns .If«-t 01 mot ph, I"'. 

GJ...·• •w""o ,n ""dc,,,,,,,, 'ho< PO'''''''' <Jf 
morplll""." '" ....ping with 'ho< ."nd.n"""" I 
81;.1 j.... of m.,,"""mg b.I....<'d .c'm,y In 

"'u,,1 ,iKtl,,,. A, n.n"""'; 1,1"", ,t.. _"".... 

•••.ld."Wid ",.tt<a".,om 

,Oo o<livi'1 01 91" and"-~bffiII ",,«IS~"".I "'"',.......__ ;I>own '0 ~


.. PO"o",' """..,."" lot """OIlathO' """ '" lot ll\e ,<'d",,,on of opio,.1OIH......nd 
w1lhdt.....I, (A,t<n<l,-. dnJgs ,fr.,"y """Wodloro'Mo' u'",,1 
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ity of p.'" <i ""i", "I .. "'l"'"d by ,..lo,,'''g 
n.~,w,,'v< ,,,b,,.,,,,,. ,lu, In" "<"",,,al 
"<,,.biJify '" ,,«Oft 'ho< """""I I.of """-
IlY ," ,,,,,,,,,1 <I"'U'I<, 0,·" ,,"... ~1t.1 ,nfl""",. 
t>t<h", "I' ,h.....""i.I'y 0' 1''''' no.""", and 
...1><" ,he 'h,nn"gdl"", <on p.o'" <i,..o;" p<»<oJ. 
ed by b.,.",,, Of nar<otl< p.'" ,",Jica""". '. 
>Udd<nlo 1'<"",,«1 b,· ..pod "",t.1 ...w.1 'tum tl>< 

.I,,,~, "<"!'OR> 6... ""o"",ly, ..""nl••"""'n,i ­
n..,y .,><1 I"ml"I ..·"t.1..",,1 "'m"",","_ I" ox· 
p<"m,nc.1 .""n.1, p.oinl,,] w;tild ......I!rom 
morphln, .dJ",,''''' can he rN,,«d d..m"....I· 
ly by dnq« bk><k,og gl,.1 fl>P""ON, 
Mod"u,,~ 'b, oct;v"y nf ~I,.> 'h,n, .oold 

pro.... '0 1><.1«y "'" "" Iy '0 .fI"'a,,"I ,b",,"c 
p.o,n 'w ,I"" '" r«luo:Ing'hr hkdibood ,b.. r«>­
1'''",,1<.1 wi,h ".n:or.. pamk;ll<" ,,',lIl><com< 
add>etcd. Wb", " I""", gl...-<a'V'<dd,,,1(S "",uld 

"" I<Jr thooc "'bI'> 0"'0 )0, 'l; ""'Sh' '0 ,nm ,01 ,"" 
,"ch """" "'""'" 01 h"m." '"'><l)" and trO!' 
d1' Yet tl>< ,"""«,,,,,,. "O,n"S ...."",•• p.o,n 
.nd od<l~ lion <1"dod ••",,,,"',, in the 1"" who 
if'n<>rtd II" .itol 1'''''''''' 01 ""'''''''.-gl,. • 
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