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INTR()I)I'('TION wan r.asomd)ly a(.VOlllllP(| for on tile basin of
Recently considerable evi(lem.e has been I,St) art|vat|on of inhibitory post-synaptic re-

obtained indicating that the spol|talleOllS elec- _.el)tors .n api_.al (h,ndrites (l'urpura 1957).
trical activity ret.orded from the surface of lh,vausv of tilt* si,,znifivan¢4, attached to don-
the brain is lar_rely if not exelnsively den- dritiv a_.tivity, it was [.onsidered necessary to
drilieinori_in. These data have been derived cxamitw tlw properties of human apical den-
from eh,_.trol_hysiolog.i[,al aml pharmacolo,,..ival drih,s with lwo major ot@.etives in mind:
studies (('lave and llishop 1955; Tasaki el al. (1) To deh'rmine what differences if
1954; l'urpura a_.l (;rundfest |!156b). It has any rajah! exist in the l_hysioh)_ieal organiza-
been _,oneluded that tho 13-20 msee. snrfa.e liolJ .f the pre- and post-synaptie components
ne,..,ative wave ovokod by dire_,t or anlidromie gellorating the dendritic potential; and
a¢,tivation of ¢.orti[.al neurons is a synaptie 12) "l'o obtain information on the speeial
potential of apical dendrites (l'nrpura aml IdlaVma¢.olo,,.,y of hnman ¢.ortical synapses in
(;rundfi.st 1!1561)). In add|lion, it has lw.,n .yd.,' to rolatl, lhe actions of various psyeho-
sh.wn that bhwkade of domh'itiv synapses by tominleti, and I_syt'llotheral_eutie a_ents to
d-tubo_.urarine in the unam'sthetized (l'ur- knowll l_hysiolo_rival events.

lmra and (;rundfest 1956b) or nomlmtalized With lhes. aims in mind, studies were
eat ((_stow and (;areia 1!149) is assoeiah,d initiat.d in f-ur patients.

with a transient abolition of the EE(;. These METIIOI)S
data. while supportin,,z the hypothesis for-
mulated by Ee_.h,s (1931) and Li and Jasper l{outim, operative exposures were earried
(1953), that the SpOlltall('OllS rhythms of till| on 4 patients. Two patients subsequently

nnlh,rwent psyehosur_rery (bimedial frontalthe ('erebral ('ortex represent Syllaptie po-
tentials, also su,,..gest that these synaptie po- lohot.my) and 2 removal of neoplasm (astro-
tontia]s art, generated in components of the _.yloma. _zlioblastoma multiforme), hi the
posl-synaptie dendritic membrane that is latter [.asosstudies were _'arried out on .,rrossly
eh4'trieally inext.itabh, (l'urpura and Grund- normal appearin_z cortex distant from the
fest l.q56b). Further information relatin_z to SUSlW_'ted neOlflastic regions. Following the
the important role of dendritic activity in tho _.raniotomies exllerimental procedures were
integration of eomph,x neuronal patterns was immediately instituted. These usually began
obtained in studies with the l_4yvhotomimetie 3 to 4 hours after the pro-anesthetic mediea-
a,,..ent l,,ql) (Purlnlra 1!t3_; a. b). In the uu- lion whivh consisted of Demerol and scopo-
am'sthetized-su[,,.inyh,holino paralyzed 4,at the lain|no. Anesthesia was maintained with eon-
Ineehanism of demh'iliv synapliq, inhibition trolled nitrous-oxide oxygen mixtures sup-

ph'mented with suceinyleholine ehloride-

1 Presented in part at the nwetinlz of the Eastern saJille illfllsiOl|s for IllllSelllar relaxation.
Association of Eleetroeneephalo_'rapher_. llartford, N,tin_lllatioll of the eortieal sllrfaee was

Connecticut, Septendwr 1956. This work was gen- avvOlllplished by a pair ot lille tefloll _ eoated
erouMy supporh,d hy the Donner Foundation.

".qpecial Roseareh Fell.w, National Institute of silver wires (ILl ram. diameter) hehl in a

Neurological Dim,ases and Blindness, I'.,q.P.}I.S. nlivron|alliplllator which was elalnped to tile
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belle Ilun'gin. Stinu/latinlz and recording h,ss Imrk;;rmlnd variatdlity was detectable
electrodes Col+hi be linearly adjltsled for COil- during the oxyg_.n run, little or no effeet was

din,lion velocity studies (fig. 2). Monopolar <d_s_,rved on d_qldritic r_.spOllSiVcl.'Ss, l'aralh,I
rcrording was llsed lhl'ollghollt tile investiga- Sllldies carri_.d out on laboratory animals have
lion. the stigmatic lead consisting of a ._lnall rt,v<,ahql essentially similar results (un-
t.hlorided-silver Ilall-lippt,d eh,clrode. The ilultlished data).
l'¢['el'elwe (indifferent) clet.trude was chlllq)-

ed to the cut |lOll(' edge. (Itlwr de,tails of ttl<_ A Bstilnulating and recordill¢ equipmelll have
bet,n described elsewhere (l'ltrpura 1!)56a;
Purpura and Grundfest l.qSIib; Purpura
]957). Multiple sweep registration of re-
sptmses was generally enlphl)',,d u,less other-

wise stated to provide an.indication of the _.
degree of variability encmmtcred.

In 3 of the 4 cases sl_eccssful penetration
or a small cortical artery supplyiug the area
of cortex under investi_zatiun was accomplish- I I I I

eab.,- ofa sp,.cialX,,.:. ,l,.e,,e. 20 m S e c
A. polyethelene eathet(,r conl.,ch,d the needle
to a three-way stock,+o(.k which l)erndtte(] Fig. l
either normal saline or (]rllgS to be lo<+ally l)(,n,h'itir potentials evoked by stimulation of cortical
injected. The later consisted of either d-ill|)()- surf:.+_,. Fix-,,vm_sc,-utiw, sup_,rinqlosed tracings. In
(*uraril_e chh)ride (3 lllg/rc.) or (]-]vsergic Htis :rod all subsequent records negtttivity at the• recordit,g _.h't'trode is signified hy all upward deflec-
acid diethylamide -- 25 (LSI)). t ti.n. Exl.l_Htation in tt,xt. A: 8+_ per cent N20.

B: loo i.,r cent (),,.
RESUI,TS

A. Effect of Nitt'm+s O.ridc. B. I'rr- aml ]'o._'t-Nylmptic Compot+el+t of
While it is ch,arly r(.,o,,.,niz_,d that the I)vl,dritic .lctirit!t.

pre-anesthetic m_+di(.ation Cl_ll)h)y_,d rotltinely ,'-;tiululation of the vortical surface evokes

to insure a safe anesthl,ti<, ('oln'se might con- surfac,, negatiw, resl)ouses which can be de-
tribute signifi_.a,ltly in alh.rin.,., the normal h,,.tt,d as far away as 5 ram. (Adrian 1936;
responsiveness of <hq_driti<. synal)s.s, it in qlf ('hang 1951 ) to 10 Illlll. [l'onl. the site of stim-
ilm.rest to not_, that no dt.tt.rtal)h, difft,rem.e uhttiuu (lint'us 195(I. 1951; Roseublueth attd
ill den(]ritic resl.lnsivl'n_'ss could lw attri- ('almOn 1942). Tilt,St, observations ]lave been

but_.d t. the. nitr<ms-t_xid_, am,sth,,sia era- inh'l'llr_'ted as illdicalilllZ lhal Sllrfil(,e Stilll-

ploy_.(l. This was t_,stcd hy roc<,rdill,e den- .hltio. t,xcites llre-synaptie _,lenlents in the
drill(, pot<,ntials ev.k_.d hy a surfa,.,, stimulus l.oh,,.uhlr hlyt,r of tht, t.ortex whi,.ll transfer
2.0 hill. from th<. r_,<.,irdin,....h,t.lrodt,, A_; ,.x,.ilalion t,, apit.al drndrites along the extent
shown in fi,,..llr++1, a .ol.litioldn,,.. +,l.l h,sting of the h.rizontal eh'nlenls {Eech,s 19:)1; Pur-
stinn_h,s was _ttiliz+'d, tilt, lath,r t'olhlwin,.., l)lll'a ;lllll (ll'lllldt'Pst 1!|5(i). .";imilar studies
till c+mdiliOldlt,.., sliltlllhls hy I;I) inset. ]11 ,.al'l'i,,d ,_111till the hlllllall t.Ol'lcx art. ex-

fi,...nr. IA ronsid-rnbh, variation in Ill. gen- ,'Ulldil'i,'d ill t'igure 2. The diagram illustrates
,,ral tmck,...rou.d of activity ,'al_ I., .bs_,rvt,d the t,h,vtrudc arrangemcl_t whi_.h consisted of
whih. 1t., imlienl was brt,alhil_ a ,...asinixlln't" "2 nt.llOl_ohu' i't.cordiug electrodes placed at
o|" HI) i)t,r Celll N2(l - 20 I.'r ,.,nt (I.,. 'rile, 4.5 rain. and It.It itllll, fl'l)lll tilt, stilnll)atillg

SUl,.riuq.,s,.d r<.<.<.'<lsi. I'igllr,, 111wt,rc ulad_, wir.s. TI., differel.._, i. lime belween tilt'

aft+'r lilt, pali_.nl had t.,.n Iit'.alllin,,.. l(l(I iwr m_s.l of I1.' at'livily at I; +,rid A is slightly
,',,Ill oxy,,.,+,t_h,r I0 tllin. Whil<' it allp_,al'S that und,,r :} lllStq.. +is sho++Vll fly tilt' 'flit)l) c set'.

,'lllihralion. This indicates a t,olldllclion ve-

_<;,.n,._',,uslySUl,l,li,.dby Snnd,_zI',,. hi_'ity ill' I).,-) |11 /Stq °, +lsSi_llallh. to tilt + horizoll-
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tal 1)re-symq)tie fibers ill the human eortex, uneomlitioned as reported in the eat (Clare
What is of eonsiderabh, interest, however, is and Bisho I) 1955). Another distinguishing
the observation that 1(1 msee. were required feature was the variat)ility in the depressed
for activity to arrive at electrode A, 4.5 ram. period of activity which commenced during
distant from tim stimulating eh, ctrodes. It is Ill,, latter phase of the dendritic response. In
inferred therefore that the additional 1.0 the psyehotiv patients depression of the test
msee. is avvounted for t)y synaptie delay which
agrees with that calculated from (!hang's A B
(1951) data in the monkey.

STIM. A B

g/lllllllllllllll?lllllllllllillll.a

;4mm T 30o v Pig. 3 IOmse¢

L6.0 mm--J Activity cycle of :q,it'al dendrites recorded from
frontnl cortex of first psychotic patient prior to
])svcllo._llr.gerv A, ('Ollditiollillg responses; B, testing
I'('S])(tILNi'S; (', nltl, rations i)f si'i'ond reslmllse :it varying
time_ .fter conditioning shock. Note in C inhibition

of second resp'onse 30-4[_ mst,c. :=t'tt,r conditioning
shot.k, mid eomph,t(, recovery at 45-511 reset. Five
superimposed tracings throughout. I)istmu.e between
stimuhtting and recording eh'etrodcs 2 tlllli.

re._l)onse was al)l)areut up to 40 msee. after
th(, first _tinlulus in Olle (.ase (fig. 3), but
I)er._istt,d for 100 msee. in the other (fig. 4).
Litth' or no depressed phases were detectable
in the tumor patients after the end of the

h B

Fig. 2

1)iagr:im illustr:=tt,s recording and ._timulating posi-
tions Rt'n])onst, A recorded 4.5 lllnI, front stil|tuhltillg
silt, ;tltd ]_ recorded 6.0 IIllll. fron! s;lll|o site. Ftlrt|ler
details in h,xt. (':tlibration ll)O0 e/see.

('. Activit!t ('!lch's of Dendrites. G

Examples of the variability encountered
in studies from I)atient to l)atient are shown

• i i !
in t'n_ures 3-5. 1,2 three eases examined in 20m$o¢
detail differem.es were noted in the re-

Fig. 4

s|),)llsivel,ess to eon(litioning-testing stimuli. Aetivit.v e.vch.._ recorded from frontal cortex of second

Whereas SUlnlnatioll of responses was clearly p,syehoti,, patient prior to surgery. A, conditioning;
evident at stitnuhls intervals less than 10-12 B, testing responses, lit (', note marked inhibition of

testing respon.se. Three superimposed tracings through-
IllS,','., ill no instance was the second response Ollt. Distance })et',veen still|lnlatillg find recording elee-
of greater nlagnitude than tile same response trodes "2ram.
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conditioning response. Some of the factors true with regard to the action of the psycho-
involved ill these variations will be discussed togenic agent LS1). Slow infusion of LSD
below, into a cortical artery resulted in a depression

of evoked dendritic synaptic activity similar
D. Response to Locally Injected to that described ill the cat (Purpura 1957).

D-Tubocurari_e and LSD. As ill the d-tllboeurarine injections control
It has been demonstrated that in the cat studies were also mm utilizing rapid injee-

intravenous administration of 3 mg/kg, d- tions of normal saline in order to deliberately
tuboenrarine reversibly abolishes the dendri- hlam.h the _,orti(.al area under observation.
tic response evoked by direct stinmlation of The ._equem'e of events illustrated in figure 7
the cerebral or cerebellar surface or anti- _,onsists of the l)re-injcction conditioning and
dromic excitation of cortical m.urotls (l'ur- testing response in isolation (fig. 7A, B)
pura and Grundfest 1956b). Considerably aml the depression of the second response
less sensitivity to d-tuboeurarine blockade was when it falls 40 msee. after the first stimulus

noted for human cortical synapses. In figure (fig. 7('). It should be pointed out that
6, the effect of 3 rag. (total) of d-tubo- inttrothwtion of the No. 31 gauge needle into

h B

C D E F G

Fig. 5

Activity cw.le of api(.al demlrit_,s recorded from grossly nornml cortex of
patient" with _ul..ortic.al m.ol,la_m. A, conditioning and l_, tcsting re-
sponges. ('. both stimuli al,l,lied togetl,.r; D -- G, varying intervals. Inhibi-
tion not dete_'t:tbh. :_qPm_e_', after fir._t shock (1)). Five superimposed
tracings throughout, l)i_tan,.e I,etwe,'n stinnulating aml recording electrodes
2 rnm.

curarise injected intra-arterially is shown, the _.orti_,al artery l)reeeded the recording of
]n this in._tance the cortical artery injected the _.ontrol rcsl)OUses (fig. 7A-C). During the
supplied the major part of the area in- regi._tration of these potentials enough normal
vestigated. Whereas the rapid injection of ._alim, was inlet.ted into the cortical vessel to

normal saline as a _ontrol (fig. (iB) caused iH._ure i)atem.y of the needle. Sudden pres-
some re(hwtion in _,xcitability whi_.b was as- sure on the syringe resulted in blanching of
s,,(.iated with obvious Iflamdfitlg of the eor- the _.orti(.al area with concomitant reduction

tit.a] ar,a, slow b,fl,sion of d-tulu..urarim, inl both resl)On._es (fig. 71)) and recovery a
pr(,du(.ed a 30 lmr een,t realm.lion in re- few se_.omls later (fig. 7El. It is of interest

•_l,_J,siv,m.ss (fig. 6(',) with re_.overy I,,- to q.Omlwre the effect of acute llypoxemia
,,.,im,i,g 5 ram. later (fig. 61)). Alllmugh lh,, I)r(,ha'ed in this mamwr with the effect of
s-,,_ilivity ,f d_,indrilie symq)s,,s t'.r d-tulm- 5() /_g. I,SI) inlet.ted slowly ill order 'not to
,.urarim. bh,,.kade was fou,,I to Iw _'onsideu'- blam.h lhe _.ortex. Whereas botll responses
ably I,ss i, man than i,, ti,,, _.at, lifts was n.t w_'re (h,pressed (fig. 7F), the first response
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I)ecame less sharply peaked and durin_ the under the head|nil of "species specific dif-
lt'sling response a delay was detectahh, prior ferem,es".
to lit(, risin_ phase, which persisted fur Consideration of the fore,,.,oin,,,, factors
minutes after tit(* injection (fi_. 7G). It is may reasonably account for some of the dif-
not clear why tin* positive eompom,nt of the ferem.es in results that have been ohtained
second reslmuse prominent ill 7(' was ohlit- in this preliminary investitzation and which
crated after LSI) (fig. 7G). art* at variam,e with results derived from

animal experiments. Thus the relative in-
sensitivity of human den(lritic synapses to

A B G O d-tuhocurarim, blockade immediately invites
attention to these quantitative differenees in
synaptie i)harmacolo_zy. It shouhl be pointed

A B G

IOOcps

PiK. (;
Effect (_f hwal in,iecthm of 3 tntZ, d-tt_hocnr_rhw on D E 1¢ G
dendritic synapses iltto cortic:d artery after trial run
with saline. A, control prior to rapid s:dint, injection;
B, during )wiRht of s:tlilw ilJfllsi+_+: (', 30 scr. :trier

:_ lllg. (|-tllltot,.lll'tll'ille HIId |)! l'el+ovtq'v ,_ Illill. later,

I/IS('USSI()N .....
20reset

Physiolo_zical mechanisms such as art, in-
volved in excitation and conduction of activity Pig.

Effect of local injection of LSD on dendritic synapses.
along horizontal fibers in the molecular layer, A, totalities|rig; B, testing responses; C, together.
generation and form of the dendritic synaptie Note augmentation of surfaee positive component
potential, all(| estimati(Hl of synaptic (|(,lays, .f second response. 1), reduction of both responses

dtlring"rapid saline infusion nm| immediate recovery;
et('., are l)redietable on the basis of exper- I.], F, 30 st,(., after 50 ug. LSI) am| G, 5 rain. later.
|mental observations oil laboratory prepara- The developnwnt of a detectaifle delay and abolition
tions. This is not trite with respect to studies of the positive component (F, G) as well as a reduc-tion of the negativd ('omlJont+nts (VJ is _qqmrent.
i//volvi/lff the orb;atlizatiol| of contplex sy/l- Three superimposed tracings throughout this series.
aptic systems at the physiological and phar-
maeolo,,.,ieal h*vels. In these instances con- out that although d-tuboeurarine is sur-
siderabh, cart(ion must be exercised in trans- prisingly impotent as a synaptic blocking
latin,,., results a<,ross spe(.ies h<mndarh+s, a,,z<,nt in the human cortex, relatively less d-
Animal experimentation desitzt,ed to explore tuboeurarine in,ieeted into the unanesthetized
cortical synaptic or+zanization can only pro- ('at was previously fomnl to reversibly abolish
vide werkin,,., hypt_theses re:luirin,,., suitabh, all central synaptie activity (l'urpura and
verifica ion in human physiolo,..,ieal studies Grumlfest 1956b). Interestintzly enoutzh,
similar to those described above. Abumlaut however, quantitative differem.es in sensitiv-
evidence ix already at hand indicatin,,., a wide it x- to d-tub(wurarine hie(katie was also ex-
rantze of resl>onsivem,ss of different synapses hibite<l by different central synapses (Bern-
in the same and different species to identit.al hard r/ <H. 1951 : Purpura and (;rurttifest
pharmaet>lo+zieal a,,.,ents (Grumifest |957). 1!)56 a, b). Similar results have been ob-
it is inferred front this that both qualitative tained in cats with l,SI) which have been
and quantitative differem,es in hiol>hysieal confirmed, in part, for the hunmn cortex. The
processes n,.ay he operatintz to account fur inhibition of hunmn demlritic synapses by Io-
these results which have been _eneralized tally perfused LSI) sl|ggests that the in-
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hilfitory l)roee_ operates in a fundanmntaily ily ill a mariner similar to that observed in the
similar manner ill (,at and man. In the former ('at.

the inlfibitory effeet has been ascribed to 4. Variations in activity cycles of apical

an a(.tivation of inhibitory post-synat)tie re- (len(lritl,s art, believed to be accounted for by

_'el)tors im dendrites (l'urpura 1957) which the intera(,tion of opposing excitatory and in-

are also available to i,dfit)itory afferents hil)iiory synaptil: processes which determine
either (lirectly or through cortical inhibitory overall (h'ndritie responsiveness.

interneurons troll the ascending brain stem 5. l)iseussion has focused on the signifi-
r,,ti_,ular system (Purpura 1956 c, d). eanee of the suggestive differences in the

The l)hysiologieal counterpart of these l)harma,oh)gical and physiological organiza-

pharnmvoh)gieal differences is exemplified tly lion of ('ortical synapses in man and eat as

variations which havl, been found i. the they relate to hypotheses of drug actions de-

at'tivity cycles of Innmu'l al)i<.al dendrites to t.rmined solely in the latter species.
conditioning-testing shovks. Whih, only de-

pressed activity, whi(.h I)crsisted for abol|t The :mthors wish to express their thanks to Mr.

100 reset., was reported after a conditioning <;i,hm F. (;estring for his vahmble technical assistance.

rcspl)nse in the lightly anesthetized eat REFERENCES

(('lare and l{ishlq) 1955), the favt that _.Otl- Am..xx. E. Ii. The sprend of activity in the cerebral
sith.rabh, variations in cxvital)ility have bct, n _.ortt.x.J. Ph!lsiol., 1936, 5'5': 127-161.

deterred ill hlllllall eorl,,,x .%llg_l,s|s, lhal. I)olh I;E:_XHARI).('. (;., TAVERNER, It. and WIDEN', L. Dif-
fer_.m.t.s in thc notion of d-tuboeurarine and

excitatory alld inhibit<try syllal)ses Oil dl.'ll- str.vchnim, on tho spinal reflex excitability of
drites art, aetivah,d by the v<mditimlinl_Z shovk tl,. e:tt. B,'it. J. I'harm. ('hrmo., 1951, 6: 551-559.

and that i|le illteravlion of ol)l)osin,, do- ]WItN>;. lk II. S.mc i,rol,.rties of ¢hv cat's isolated
<._.rvl,rnl vortex. ,I. l'hy.uiol., 1950, 3: 5.-68.

p<)larizing and hYl)l,rl)olarizing lYlws of l:trxs, I i. I). Some i)rol,erties of isolated cerel)ral
eh'elro!zenesis will (hql,rlnilw ()VOl'ill] I'OS.[)Oll- vortex in the unanesthetized c.t. J. l'hysiol.,

1951. /1/: 156-175.

siveliess. That this inlle.iI al}l)c_ll._ to I)t, lilt. I'll_,xt;, II. T. l)en.lritie potentinls of cortical neurons
t.ase has already bcoll [h'ln(mSll'ah,d ill a:lilna] l,r.,h.,c,I I,v direct t.lectricnl stimulation of the

oxl)ol'hlll'llt+'; ((_rlllld|'e>;t illld iJlll'llilr,I 1!)*_1;; rt.rt.hr, I vortex..I..Vr*troldql._iol. , 1951, I4: 1-21.
¢'t xl:t.:. M. 11. :rod lilsHov. (;. 1t. Prol}ertit's of den-

l)llrl)llv'a alid in! ll|'osl 1!)5i; ;I. }): ])llrplll'a ,h'ih,s: :q,h.:tl dt,mlrites of the cnt cortex. EEG
t/ ,/. 1956). V+'h,'lh,'v' or Iiol ;+lily xi,.znifi,;im.o ('1,,,..\,,,',,l,h/I._lol. 1955. ;': SS-gS.
('all })t' altaviie<l to the ob>.t.rvatioll that ill- I.N','l.v>.. A. i'. I.t,'vprvt:lti.n of :..tion potentials

rxokt,,I ill tilt' c¢'rt'hl':tl cortex. EP.'(; (+1i.. Ncuro-
hi|)itory Xyllal)tiv a('tivily wax I)i'l}lnillolll in I,h,._,,I. 1951, d: 449-464.
th,, cov'h,x l}l" psyvh.ti<, ltaliOlll_ bill llol ill lilt' I;RrNI}}}:ST. l[.:,v,d l't'rvt+r.x. It. P. l'ost-synaptic

l.)h..ti:d_ .f c:lt r'Jrtic:d dt.mh'ites. Prm'. XXth
tum+)r patients, as .vilhq.,t,d Ily tl.. dill I,t,,.,,. I'h:j._ioL ('o.g., 11)56. p. 374.
fi'l'l'll('l*N ill al'livity (.yt.h,,+. l't'lll;lills; lit })t' tlt'- (;]fI'NII}ES.T. II. 4h,nt,ral ltroldtqn,,+ of drug ;it,(loll

ll'rlllilllql fly ]'lltllrl. illvesligalioll>+, on l,i,_.h,t.trit, ldlt,vtonlt.n:l..I,,. _V. Y. A<'ttd. ?;ci..
1957. +;+,: Art. 3. 537-591.

NI'+MMAIiY 1,I. ('. I.. ;m,l .IXSVEi¢. II. Microeh'etrode studies of
tin' t,h'etriv. I activity of the cerebral cortex in

I. Stimulation of lilt, t,Xl)<)s,.d hlllllHll lltc t.:tt. J. l'hy.+iol., i95& I:I: 117-140.
col'reX ovokes a 15-20 nlm,V. _ltl'I'+it.e lle_alix'e t)s'l't)w. M. :t]ttl (;.Xli('l.x. F. ]_:t'i+'t,t.tuf t+nrtlre oncorth'n] rt.slmnse ('yoked by afferent stilnulation.
r:-.,q_onse whi_'h is i,h'vlli,.al t,, tilt, syluq)tiv J..\,,rophy.+iol., 1949. l._: ......... t
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