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Does the Release of Potassium from Astrocyte 
Endfeet Regulate Cerebral Blood Flow? 

I a c a l  increases in  neuronal activity within the brain lead t o  dilation o f  blood vessels 
and to increased regiollal cerebral blood flow. Increases in extracellular potassium 
coilceiltratioll are  known t o  dilatc cerebral arterioles. Recent studies have suggested 
that  the potassium released by active neurons is transported through astrocytic glial 
cells and released f rom their endfeet o n t o  blood vessels. The  results o f  computer 
sinrulations o f  potassium dynamics in  the  brain indicate that  the release o f  potassium 
from astrocyte eildfeet raises perivascular potassium colicelitratioli much more rapidly 
and to higher levels than does d i f i ~ s i o n  o f  potassium through extracellular space, 
particularly wheli the site o f  a potassium ix~crease i\ sonre distallee fronr the vessel wall. 
011 the basis o f  this finciing, it is proposed that  the release o f  potassiux~~ from astrocyte 
eildfeet plays an important  role in regul~tixig regional cerebral blood flow i n  response 
t o  changes in llcuronal activity. 

VY A N D  SIII:KKINGTVN, I N  1890, 
suggested that "the brain posscsscs 

.an intrinsic mcch.lnism by \\.hich its 
\lasc~~l.lr supply can he v'lricd locally in cor- 
respondence with local \z,lri,ltions of func- 
tion.ll acti\,ityv (1, p. 105). Such .111 intrinsic 
homeostatic mechanism xvo~rld help to  
m,lintclin all .~dcqu.~tc supply of oxygen and 
nutrients to  the b r i n  despite nridcly v'lrying 
lcvcls of ncuron,ll '~ctivity. Althougll the 
cxistcncc of such '1 regulatory process has 
bccn cst,lhlishcd (2-5). the mcc11,lnism that 
links ncuronal activity and regional ~ c r c b r ~ l l  
blood flow (rCl<l:) remains unknown. Intcr- 
stitial concentrations of pot.lssium and 11y- 
drogen ions, cldcnosinc, .1nd sc\lcral ncuro- 
tr.lnsmittcrs vary with ncuron.11 activity. 
. * 1 hcsc substances ~ 1 1  causc changes in artcri- 
ole di,lmctcr ( 6 ,  7) .1nd Ila\'c bccn ii~iplic~ltcd 
in the rcg~l~ l t ion  of  rCl<F. Holvever, the 
rcl.ltivc import,lncc of c.lc11 of thcsc f.lctors is 
not known. 

Extraccllular I< ' concentration ([I< ' I , , )  
varies widely during periods of nc~rron~ll 
,~cti\'ity and can rise horn .I quiescent level of 
.~pproxim.ltcly 3 IIN to  a maximum Icvcl of 
more than 1 0  nut4 (8 ) .  (:crcbr.ll .~rtcrics and 

artcriolc? (but not c.lpillar~cs) arc cxtrcrn~l\~ 
scnsiti\,c to  ch,lngcs in I< + concciltration, 
increasing in dialnctcr as rn~lch '1s SO'% in 
response to  '1 ch~i lgc  in [ K  ' 1 ,  horn 3 to  1 0  
nuM (9, 10). 7'his sensitivity to  I< ' could he 
.In important Llctor in regulating r<:I<F. 
l'ocassium rclc.lscd bv activc ricurons co~lld 
ditiilsc through cstr.lccllular s p ~ c c  to the 
ablumcn.11 w ~ l l  of,lrtcriolcs and causc artcri- 
ole dil,ltion. The resulting dccrcasc in vascu- 
lar rcsist,lncc (11) would increase rCl<l:, 
thus bringing .I grcdtcr supply of oxygen to 
prccisclv the region \vhcrc it is rlccdcd, t o  
the ,~ctivatcd nortion of the brain. Honrc\rcr, 
.~rtcriolcs arc \\~ldcl\. \p.licd wlt111n the brun 
I thcv arc often ~ c p a r ~ l t c ~ i  h \ ~  illore tll~11 500 - .  
p1n (12) 1 and may not ncccssarily be nc.lr 
regions of activated tissue. Th~rs ,  tllc I< ' 
rclcascd bv activc neurons would ha\'c t o  
d i f i sc  tcrk or hundreds of micromctcrs 
bcforc reaching .lrtcriolcs .1nd effecting dild- 
tion. 
(3. I<. P.iulson, I)cp.lrtmc~~t of Ncurolop, St'itc Ynlvcr- 
sitv I-Iosp~t.il, Rlgthospitalct. I>K-2100 Copcnh.igcn, 
I)cnrn.lrk. 
E. A Ncwm.~n, Eve Rcsc.irch Institl~tc of Rctin'i 1:oun- 
datlon. 20 St.in~foi-d Strcct. Hoston, MI\ 021 14. 

... -- 
*'l'o whom corrctponcicncc shol~ld be .~ddrcs\cd. 



'IIlc fate of the I< ' rclcdscd by ncurons 
into the intcrstiti.11 fluid is determined, in 
pirt, by astrocytcs. 'l'hc I< rcleclscd by 
neurons incrcascs 1 I< ' I,,, \\,hich in turn gen- 
crates ,I p.lssi\re influx of K ' current into 
'Istrocytes. l'hc I< ' influx dcpolarizcs thcsc 
cells 'ind c,luscs .I passive efflux of  current 

would diffi~sion of I< ' tlil-ough c~traccllul~lr tions (Fig. lA,  diffilsion and siphoning), the 
..

space. l h c  resulting dil'ltion of the .irtcriolc I I< ' ] risc was more rapid (peaking .it 6 0  
c\tould augment rCK1; to  ,I grc.itcr extent mscc) and \\Pas 6% l'irgcr in p c ~ k  m,lgnitudc. 
thdn otlier\~isc possible. 71'llc effect of I< ' siphoning \vas far greater 

We lia\'c c v ~ ~ l ~ ~ ~ ~ t c d  rllc cfkcti\.cncss of  I< ' when the imposcd incrcclsc in [I< ' 1 ,  oc-
siphoning in increasing I< ' ] .it the artcriolc curred at some distance from the .irtcriolc. 
w,lll with computer simulations. Mrc lia\'c When the imposcd IK'I,, incrcclsc began 

from other cell regions or fro111 ~ ~ s t r ~ c y t c s  incorpor.itcd the ti~llowing processes into just 50  Frn from the .irtcriolc \\1,111, the 
clcctric.illy coupled to them. Bccausc dstro- 
cytcs ,Ire ,~lrnost cxclusivcly pcrmcablc to  I< ' 
(13), this outward currcnt is carried by I< ' . 

The cndfcet of astrocytcs, \\~hich tcrmi- 
narc on blood vessels and on the pial surf,lce 
of the brain, h,l\?c '1 ti111ch greater I< ' con-
d ~ ~ c t ~ l n c cthan other regions of  the cell (14). 
FI hus, .I I<lclrgc fraction of the o~l tw~l rd  ' 
currcnt gcncratcd by I I< ' I,, incrcascs \vould 
flow out from ,lstrocytc cndfcet. ?'he ctf-lux 
of K current from the cndfcct of strocytcs + 

is tcrmcd "I<' siphoning" (15). 
C:crchral .irtcriolcs are completely sur-

rounded by the endfect of ,lstrocytcs. Th~ls ,  
during periods of ncuron.il .icti\riry, I< ' si-
p I ~ ) t i a i  from astroc!,tc cndfccr .ivould be 
deposited directly onto artcriolc \l.alls. This 
process could be important in tlic regulation 
of rCBF. 1'ot.issium siphoning could raise 
the I< ' concentratioti ( / I< ' I) at the ,~rtcriolc 
w,lll more r'lpidly , ~ n d  to '1 higher le\rcl than 

Fig. 1. Sim~11.1tionof tllc 
[K'] buildup dt the cstcr- 
na1 \v,111 of an ~rtct.iolc df- 
tcr an i~nposed, i~~st'~nt,l- 
ncous rue in 1 I(-I,, from 3 
to 10 IIUM u'ith~n the 
brain. Tra~~sportof I i t  
horn the rcgion of I I i  ' I,, 
incrcdsc to the drtcriolc 
occurrcci cithcr by dial-
sion thr-o~~gll cxtr~ccllula~-
spdcc (ciilfi~sion cut-\,cs)or 
by both Ii' siphoning 
through .1strocvtch rid - -
ditfilsion (difli~si;)n and si- s-phoiling curves). (A) ?'he E 

=i~ilposc'd ( I<+ I,, itlcrc'~se s 3 -

our model: (i) an imposcd, instant,lnco~~s incrcasc in 1 I< ' 1 . ~ t  the arteriole ctuc to  
risc in I I< ' I,, from 3.0 to 10.0 nlM in the difi~sion alone was delayed sc\~crcly, p c ~ k -  
intcrstiti,ll sp,lcc of the brain (simul,lting the ing at 2520 mscc (Fig. 113, diii'i~sion). This 
rclcasc of I< ' fro111 neurons), (ii) d i h s i o n  
of I< ' through extr,lccllular spacc, (iii) the 
transfcr of I< '  by current flow thro~lgh 
.istrocytcs (I<' siphoning), , ~ n d  (iv) p.issivc 
uptake of I< ' into a cellular distribution 
spice (16). I)ctc~ilsof  the model arc given in 

(17). 
'IIlc I< ' concentration .it the .irtcriole wall 

was calculated '1s a f~lnction of time after the 
itnposcd incrcclsc in 1 I< ' I,,. When the I I< ' I,, 
incrcasc was distributed uniformly through- 

but significant cstcnt (Fig. 1A). When dri\r- 
cn solely by diffilsion (Fig. 1 A, diffi~sion), 
[K'I rose ~ ' i t l l  a slight dcl,~y, peaking with a 
latency of 324 mscc. When both diffi~sion 
and siphoning were included in the calcula- 

Arteriole , ~ n d f ~ ~ tAstracyte 

delay was ,~lmost complctcly climjncltcd 
when siphoning currents wcrc included in 
the ccllcul.itions; [I< ' ] .it the artcriolc pcakcd 
at 66 lnscc (Fig. IH, diffi~sion , ~ n d  siphon- 
ing). In addition, the maximal [I< ' ] ,~tt,lincd 
was tnorc than double (109% I.irgcr) in the 
latter c.isc. 

Sitnul,ltion results wcrc insensitive to  vari- 
.itions in many system par,lmctcrs including 
changes in the magnitude of  the imposcd 
I<' increase, the volume of the I< ' distribu-
tion spa", the absolute v.iluc of astrocytc 
mcmbr'inc conductance, 'lnd the pcrccnt.igc 
of astrocytc membrane conductance loc,ll- 
izcd to  -the cndfoot. 1,'lrgc ch.ingcs in thcsc 
par~."tnctcrsl~adlittle ctfcct o n  the comp.ira- 
tivc cfcctivcncss of I< ' siphoning .ind difii- 
sion in transferring I< + to  the arteriole \\i,~ll. 

'The simul.itions indic'ltc t h ~ t  I< ' siphon-
ing signifiwntly .iugmcnts diffi~sion in in- 
creasing [ K  ' ) , ~ t  arterioles. l'ot,lssium si-
phoning is cffccti\sc for two redsons. (i) The 
trdnsfcr of I< ' by the siphoning proccss, 
unlike that by diffi~sion, occurs almost in- 
st,lntancously (15). ( I t  is mcdi.itcd b!, cur-
rent flow and is slowed down only b!, the 
time constant of astrocytes.) (ii) * l l ~ e  spacc 
between astrocytc cndfcet and arterioles is 
extrei~icly narrow 1 the width of  the basal 
lamina, apt-'roxiniatcly 20  nm (18)1. Thus, 
even a small efflux of I< ' fioni the endfoot 
will i~~crcasc I I< ' / rapidly within this nar- 
row spacc. 

1 ~ we con- <)n the basis of  our sim~llations, 
clude that I< + rclcasc from dstrocytc cndfect 
could be an iniportant mechanism tbr rais- 
ing 1 K i  I at the arteriole \\fall, particularly 
when the sitc of  the initial I I< ' I,, incrcasc is 
some distance from the artcriolc. Undoubt- 
edly, many mechanisnis play an i~nportant 

in the regulation of cerebral blood flow 
under various physiological conciitio~ls. Wc 
propox t l ~ a t  I< ' siphoning onto arteriole 
walls is ,111iniportant tnechanisni for iiiodu- 
lating rCBF in response to  local \lariations in 
ncuronal activity. 
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gdn 'I ~ l i s t ~ ~ t i ~ cof 50 plii 
from the ,lrtcrlolc. Insets 
~llustratc tllc gcomctly of 
the mocicl system ,lnd thc 
initi~l distribution of the 
imposed I li ' I,, i nc r~~~sc  
(sllClded region). In both 
(A) dnd (13)  / Ii '  1 at tile 
.trtcriolc incrcascd more 
rc~pidl\atid to a higher Icv 
el \\lllcn difti~sion n.as aug-

)Endfoot 'Astrocytemented by K ' siphoning. 

/[K] Increase 

I ~ I I I I I I ~ I I ~ I I I I ~ 1 I 1 I 1 1 1 1 1 1 1 
0 1 .O 2.0 
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114); 1.. IIcnrikscn, 0. I{. I '~iulu~n,N. A. I..is\cn. 

611r.J .  N14d 1Clr.d. 6, 487 (1981) 1,by 11 1% during 

epllcpric sci/,ilt-'\ in 1ium.uns (3 ) .  mil b\. 2hO'X) 

dusing sci/.i~scs In cxpc~.irncnt.ll .mim.lls IF. l'lum. J 

F. I'osncr. 13. 'I'n)\z, /iir/i. Nr.nvol. 18, 1 ( l968) l .  
Srlcli rCl13F incrc.lscs occur r.1pidly / witliin \cconds; 
E. 1,cnigcr-l:ollcst. J .  (,'r7*t0. Rlood l~loii, ililctab. 4 ,  
150 (1984)],  .~ l tho~~gI i  their prccisr. tlmc c(x~rsc is 
not knu\vn. 
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9. 	M'. Kr~\chinskp.M. M'.lhl, 0.Ik~ssc, K. 'l'liur,ru. 
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10. J. Mc<:ulloch. I.. I:,civi~issoii. 1'. Watt, I~ l z~ t~qr .nA~.cL~ .  
393. 95 (1982). 

11. 1). I). Stsomhcrg . ~ n d  J R .  F m ,  (:iiz-. I(r.s. 31, 229 
(1972). 

12 'I' R.lr, In C:ereDl,nl ~Mirfucircirlatlori n?zd Alctnl~oli~w~, 

illto .111 ints'iccllul.ii distsihutio~i \p.iic occup\,in# 
80'K) of rhc tissuc, ~ v ~ t l i  scco~rd\a time con\t.uit ~ 1 ' 5  
(16). (11i) 'lhcrc e.is n o  .l<tivc utitake (iv) 'l'llc 
e~tr.~ccllul.ir\olumc fi-.letion \\,.IS ZOU%, within the 
tissuc I<:. Nichc~lson .~nd I .  M. I'liillil~s,1. I'/~yio/. 
(Lo~ldon)32 1. 1 2 5  ( 19x1)1. 'tnd 0.02% at the 
c~dk)ot-.TI-tcsiI,lcintcrt.lcc (slmul.lting the rr.liro\v 
sp.lcc her\vccn cndlkct ,~nci .~stcriolcs) ( v )  'l'hc 'irtcsl~ 
<,lc \v.111 w.1~ .issl~~n<d t<,I< . (vi)to  hc i~i~l)csmc~lhlc ' 
,I lie .lst~c~c!.t' cstcndcd t l i s~~ugl io i~ t  the c~ltirc tis\uc 
(300 p.111 I . . I ~ I L I \ ) .  01'111 ( ~ i i )  b'if~y p e s e ~ ~ ~ t  tlic 
.lstsorytc mcmhr,inc c o ~ i d ~ c t ~ i ~ i ~  to1v.1~ loe.ili/.cci 

t!~pically illitiate thc bcha\~ior hy b~ting rc- 
peatally into sc\,er;ll adjacent branches of  ,I 
leaf' micirib, inducing larcs cnrissio~~\zit11 
cL1ch bite (Fig. 1, A, 13, 411dG).  '1'11cy tllen 
move distL1l to  the cuts and, commencing ar 
the edge of the Ic,~f, consume the area of leaf 
blade delimited by the incisions (liig. 1, <: 
and 1)). As they fceci, tl1ct.c is ~ i o\~isiblclatcx 
e~nission fi-om the tissuc being eaten. l3v 

thc endhot .  (\iii) I'hc conduct:ilrcc 01. the ~ i o ~ l c ~ i d ~  
'h o t  sul-fie of tlic .lstn,iytc \\,.is 0.31 5 . ern 

jh.lscd u n  .111 .i\t~ocytc Input e u n d u < t ~ ~ ~ i c c  xof  25 
lo- '  S pcs cell (1.f) .ind .I cell ilcns~ty US 25 z: 10" 
cells pcr cuhlc ccntimctcr; A.  I'opc, in i,~,iiii~iiit 
l'vo/itriz~,~lf(;linl (;rils3 1;. Scliotfc~~icls. C;. 1:r~liick. I ,, 
lIcrt/., I>. 13. '1'<1\ver, k,cis. ( l ~ c s p ~ ~ ~ i o i i .  Ywk,Ncn 
1978), pp. 13-20). ( is)  In tlic c!.liiidrically \yriliiict 
~ I Cmodel, c~iliillas~cs ucsc .lssumcci to  Ilc in .I rcl:r~l.lr 
.irr.~y,,111 par.lllcl t o  c.i(-h other. 'I'lic cicnsitv (specific 
lcnitli) of capill,lr~cs\\..IS 'issun~cci to lie. 8 h 10.' 
c ~ i i.c111 ' 1'1'. 13'1r.A~l~~ (,'dl Ijiol. 59.ATIRLL J ~ I ~ I ? ~ O /  
1 (1980) 1. ~ ' I I L I S .  c'icli c.~p~ll,lr\z 1.11, .lt tlic ccntcr of .i 
cylindricdl dom,iin of r.i<iiu\ 20  ~111. 'l'hc Inorc 
sp.lt.;cl\' sp.iccci .irtcriolcs \vctc .issumcci to  lie . ~ t  the 
center ~J'cylincirical dom.lins ol ' r . id~l~\ 300 Fnl. 

severance of veilis, 1,nbiu'on.rera c\/icientlv 
rciider leaf tissuc dist,ll to  the cut!, rclati\icly 
latex-ficc and block fiirthcr latex flo\v to  the 
site. Espcr in~c~~ra l  ~.cylication of the procc- 
durc coilfirn~s this process. Altlio~igh initi,ll 
vein transcctions in\.ariabl!. indi~cc latcx out- 
flow,subsetl~lcnt transcctions ~r i~ lde  distal t o  
the first result in little or no cni iss io~~(liig. 
I J ) .  

Other illsects t h ~ t  feed 011 ~nilkwccds 
sllow sinlilar ingcsti\,c strategy. l 'hc  ccsam- 

.. 

bycici bcctlc 'li.&wpes te~rwphthal~~rlls charac 
teristically bitcs repeatedly into the midrib 
bcfijrc feeding ~t the leaf tip (Fig. I,  E and 
F), whereas catcrpill~lrs ot' cert.1i11 moths 
(Efschaetes t$c and (,;w.r~ia t ene~a)  and but-
terHies (1)anazss pilippfss and 1)a~jafss,tplexip-
pw) tirst treat leaves by clrcwing fi~rroals 
across the ~nidritr o r  the petiole itself (Fig. 
IN) .  Iu Ilnnafw plt:lci,tq~~s such hellavior had 
pre\liously b c e ~ ~  noted (4). Yonng catcrpil- 
1'u-s of l l~ t~zausgilipp~.rcut a circnlal- trench 
(Fig. I I) and then fccd o n  l c ~ ftissuc within 
the trench. In all thcsc car;cs we notcd that 
latcx o ~ ~ t t l o w  \\.as profilsc only i~r  conjunc- 
tion with the initial vein sc\,er,urccs and a 3 d a  

rnininlal fi-omt tissuc hcing suhscclucntl!! i~t-.  
gestcd. 

Lcaftissuc distal to vein cuts is irot .~lwdys 
co~nplctcly corlsunlcd by n~ilk\vced insccts. 
Such tissue nwy be exploited secondarily hy 
other Insects, including gcner~ l  fccdcrs t h ~ t  
ordinarily ~gnorc  iililk\vecd Ica\rcs. Wc ob-
sctvcd one such generalist, a J , ~ p ~ n c s ct,cetlc 
(Popillilr japo~azm), feeding distal t o  \.ciii cuts 
scciningly produced i>y 1.ahido~nevn.'I'his Icd 
us to  compare tlic acccpt'lhilitv to  both 

\\reed Ic;i~es with either intact or csperirnc~~- 
tallv transectcd \,ei~rs. 

'l'he hcrbivorcs iiicl~tdcd tllrec ~nilkwced 
spcci,llists (I,. ilivicolli~~, 7'. tet~o/~ht/yakc~~.r,  
d~id1)arrrflts plt*.lcij,i,rr.r) and four generalists 
not orc1i11,irily fi)und 0 1 1  ~nilk\vcecis ( j ~ p a -  
ncsc hcctlcs, Popillirt . j qo~~ica;  \voolly hc'lr- 
catcrpill,lrs, I'~iiw.J~ul-~.tict sol~tlicrnzs~xl~ella; ar-

with a single Ilvc tnilk\\~ced Ic,lf' (A. .yjzlc~z) 
'lnd allo\vcd to fceci for ,I scr pcr~od ( 5 ) ;it 

J .  <:cr\os-N.i\,.lrrc~ .ind E. l+itsclila, I-:cis. (K'ivcn, 
NCLV Ywk, 1981). pp. 1. 8.  

13. 	K. K. Ork.lncl, i ~ r  H~zndhuoh r~f'l'/~?stolr;q\~, section 1, 
7 b r  Ncriow Sil~tcn~,  \wI. I ,  C:eNidni. Niol(g[\, 1fiZrr11- 
mus, E. I<. Kd~idcl, Ed. (Arilcr~c.ui l 'hys~oIog~c~l  
Society, Hctllcsci.1, MI), 1977). pp. 8 5 5  875. 

14. E. A. Ne\vm.in, Srier~ce233, 453 (1986). 
15. ....-, I). 11.Frailh.~cli,1 .. I.. Oclcttc. bid. 225, 

1174 (1984). 
16. 	11. I<. <;.irdncr-Mccl\vin, J .  I'lrniui. (l~unduii)335, 

393 (1983) 
17. C i ) i ~ i ~ > ~ ~ t . ~ t i o ~ t s  \t7crc b.lscd on the K t  dyn.lniics 

nx,dcl of E. A. Nc\vm.ln .uid I,. I.. Odcttc U. 
Ne111*lp1~~sio~.51, I64  (1984)] ,  \vlth the fi)llo\vln~ 
ch,ingcs. (i) Cyli~idrlcal symmetry ,irolrnd .it1 .irtcrl-
ole \\,.is dss~~~ilcci. p.lss~\.c I< cipt.lkc(11)'1'11cre \\.IS ' 

18. 	M. Br.lclbur!, ' l ' l~c (.'ui~cepl r~f'rz Rlood-IJrniii Ilai?.iri. 
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Vein-Cutting Behavior: Insect Counterploy to the 
Latex Defense of Plants 

Many mandibulate insects that feed on milkweeds, or other latex-produciilg plants, cut 
leaf veins before feeding distal to the cuts. Vein cutting blocks latex flow to i~ltei~ded 
feeding sites and can be viewed as an insect ctrunteradaptation to the plant's defensive 
secretion. Experinlental vein severance renders inilkweed leaves ediblc to geiicralist 
herbivores that do not show vein-cutting behavic9rs and ordinarily ignore nlilkweeds in 
nature. 

WHEN INJUREl),  MANY I'IAN'TS b:X-

~ t d c  latcx, a viscous, often milky 
secretion. 'Ihc suggestion, ad-

v,~nccd ,I c c n t ~ ~ r y  go, that the illrid is defeit- 
sivc ( I )  early s ~ ~ p p o r t  received from the 
pioneering cxperi~ncnts of ICnicp (2).Work-
ing with Euphorbinccae, I<iiiep sho\verl tllat 
if such plants werc drained of I,ltex by 
rcpe,ltcd puncturing of their lea\~cs, they 
werc rcndcrcd cdiblc to  slugs. Untreated 
pl,lnts kept as controls remained uneaten. 

We I t ~ v c  found that ICniep's experiment is 
performed as a niattcr of dietary routine hy ,I 
diversity of insects that feed on 1,ltcs-pro-
ducing (Iaticifcro~~s) plants. These insects 
first tre,lt their hosts by inflicting loc'llizcd 
bitcs, thereby inducing latex dr,linage and 
blockage of  latex Ao\v to intended feeding 
sites. Mrc vic\v this behavior, whicli appears 

to  have evolved indcpcndcntly in a n~uiiher 
of pl~ylctic lineages, AS a major adaptation 
enabling insect hcrbivorcs to  circurn\rcnt the 
latex dcknscs of plaitts. We no\\. dcscril,c 
vein-cutting beh'l\~io~. h r  a number of in-
sects and provide cxt~crimciital cvidcttcc for 
its f~~nc t ion .  

In many of the niajor I.lticifcrous plants, 
includi~rg n~ilku'eeds (Asclcpiad,lccac), l ~ t c x  
is stored pressure clongatc,~ ~ n d c r  within 
cellular t~tbcs (Iaticifcr-s) r l i ~ t  follo\v the vc-- 
nation,ll system ot' thc Ica\rcs ( 3 ) .'llius, to  
sever l,iticiters dnd ir~ducc latex emission, 'I 

herbivore need only cut inro the veins of its 
host. M'c lirst observed vein-cuttings ~ ~ c l i  
bclia\rior in I,abz/Zon~eva [~livi[~ull~s, ;I ch~!!so-
mclid beetle colnmonly foulid on field ~liilk- 
tireed, Asclepias .yvinca. La11i~h)rneva adults 
(Fig. 1,  A t o  1)) anci lat-vac (1;ig. IC;) 
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