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INTRODUCTION

Recently considerable evidence has been
obtained indicating that the spontancous elec-
trical activity recorded from the surface of
the brain is largely if not exclusively den-
dritie in origin, These data have been derived
from electrophysiological and pharmacological
studies {((lare and Bishop 1955; Tasaki ef al.
1954 ; Purpura and Grundfest 1956b). [t has
been coneluded that the 15-20 msec. surface
negative wave evoked by direet or antidromie
activation of cortical neurons is a synaptie
potential of apical dendrites (Purpura and
Grundfest 1956b). In addition, it has been
shown that blockade of dendritie synapses by
d-tubocurarine in the unanesthetized (Pur-
pura and Grundfest 1956h) or nembutalized
cat (Ostow and Garcia 1949) is associated
with a transient abolition of the EEG. These
data, while supporting the hypothests for-
mulated by Eceles (1951) and Li and Jasper
(1953), that the spontancous rhythms of
the cerebral cortex represent synaptie po-
tentials, also suggest that these synaptie po-
tentials are generated in components of the
post-synaptiec  dendritic membrane that is
eleetrically inexeitable (Purpura and Grund-
fest 1956b). Further information relating to
the important role of dendritic activity in the
integration of complex nenronal patterns was
obtained in studies with the psychotomimetice
agent LSD (Purpura 1956 a. b). In the un-
anesthetized-succinyleholine paralyzed cat the
mechanism  of dendritic synaptic inhibition
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was reasonably accounted for on the basis of
LSD activation of inhibitory post-synaptic re-
ceptors on apical dendrites (Purpura 1957).
Becanse of the significance attached to den-
dritic activity, it was considered necessary to
examine the properties of human apical den-
drites with two major objectives in mind:

(1) To determine what differences if
any might exist in the physiological organiza-
tion of the pre- and post-synaptic components
gencrating the dendritie potential; and

(2) To obtain information on the speeial
pharmacology of human cortical synapses in
order to relate the actions of various psycho-
tominietic and  psychotherapeutie agents to
known physiological events.

With these aims in mind, studies were
initiated in four patients.

METHODS

Routine operative exposures were carried
out on 4 patients. Two patients subsequently
underwent psychosurgery  (bimedial frontal
lobotomy ) and 2 removal of neoplasm (astro-
evtoma, glioblastoma multiforme). In the
latter cases studies were carried out on grossly
normal appearing cortex distant from the
suspected neoplastie regions.  Following the
craniotomies  experimental procedures were
immediately instituted. These usually began
3 to 4 hours after the pre-anesthetic medica-
tion which consisted of Demerol and scopo-
lamine. Anesthesia was maintained with con-
trolled nitrous-oxide oxygen mixtures sap-
plemented  with  sueeinyleholine  ehloride-
saline infusions for muscular relaxation.

Stimulation of the cortical surface was
accomplished by a pair ot fine teflon® coated
silver wires (0.1 mm. diameter) held in a
micromanipulator which was clamped to the
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bone  margin. Stimulating  and recording
electrodes could be linearly adjusted for con-
duetion veloeity studies (fig. 2). Monopolar
recording was used throughout the investiga-
tion, the stigmatic lead consisting of a small
chlorided-silver ball-tipped  eleetrode.  The
reference (indifferent) cloctrode was clamp-
ed to the cut bone edge. Other details of the
stimulating  and recording  equipment have
been  deseribed elsewhere (Purpura 19564,

Purpura and Grundfest  1956h Purpura
1957).  Multiple sweep  registration of re-

Sponses was generally employed unless other-
wise stated to provide an sindication of the
degree of variability encountered.

In 3 of the 4 cases sueeessful penetration
of a small cortical artery supplying the area
of cortex under investigation was accomplish-
ed by means of a special No. 31 gauge needle.,
A polyethelene catheter connected the needle
to a three-way stockeock which  permitted
either normal saline or drugs to be locally
injected. The later consisted of either d-tubo-
curarine chloride (3 mg/ee) or A-lysergie
acid diethylamide — 25 (LSD) 1

RESULTS

A. Effect of Nitrous O.ride.

While it iy clearly recognized that the
pre-anesthetic medication employed routinely
to insure a safe anesthetic conrse might con-
tribute si;:nifivantly in altering the normal
responsiveness of dendritic SVnapses, it is of
interest to note that no detectable diffepence
in dendritic responsiveness conld  be
buted to the nitrous-oxide anesthesia  em-
ployed. This was tested by recording den-
dritic potentials evoked by a surface stimulus
20 mm. from the recording electrode.  As
shown in figure 1. a conditioning and testing
stimulns  wag utilized, the latter
the conditioning  stimnlus by 60 msee. In
fizure 1A considerable variation in the gen-
eral background of activity

attri-

following

‘- be observed
while the patient was hreathing o Zas mixture
of B0 per cont N2O - 20 per cont 0. The
superimposed records in figure 18 were made
after the patient had heen hreathing 100 per
cent oxygen for 10 min, While it appears that

1 Gienerously supplicd by Sandaz Co,
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less backgronnd viriability was detectable
during the oxygen run, little or no effeet was
observed on dendritic responsiveness, Paralle]
studies carried out on laboratory animals have
revealed  essentially  similar results  (un-
published data),

20msec

Fig. 1
Dendritiec potentials evoked by stimulation of cortical
surface, Five consceutive superimposed tracings. In
this and a4l subscquent  records negativity at the
recording eleetrode is signified by an upward deflec-
tion.  Explanation in fext.  A: 80 per cent X.0.
B: 100 per cent (0%

B. Pre- and Post-Synaptic
Dendritie Adetivity,

Component of

Stimulation of the cortical surface evokes
surface negative responses which can be de-
teeted as far away as 5 mm. (Adrian 1936;
Chang 19511 to 10 mm, from the site of stim-
nlation (Burns 1950, 1951 Rosenblueth and
Cannon 1942), These observations have been
mterpreted as indicating that surface stim-
ulation exeites pre-synaptic elements in the
molecular layer of the cortex which transfer
eXeitation to apical dendrites along the extent
of the horizontal elements (Keeles 1951; Pur-
pura and Grundfest 1956). Similar studies
carried out oy the human cortex arpe eX-
emplified in figape 2. The diagram illustrates
the clectrode arrangement which consisted of
2 monopolar recording clectrodes placed at
415 mm. and 6.0 mm. from the stimulating
wires. The difference i time between the
onset of the activity at B and A is slightly
under 3 msee. as shown by the 1000 ¢ see.
calibration. This indicates a conduetion ve-
locity of 0.5 m ‘s, assignable to the horizon-
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tal pre-synaptic fibers in the human cortex.
What is of considerable interest, however, is
the observation that 10 msee. were required
for activity to arrive at eleetrode A, 4.5 mm.
distant from the stimulating electrodes. Tt is
inferred therefore that the additional 1.0
msee. is accounted for by synaptie delay which
agrees with that caleulated from Chang’s
(1951) data in the monkey.

sTm. A B

45mm1_I
6.0mm

CORTEX

]

Fig. 2
Diagram illustrates recording and stimulating posi-

tions. Response A recorded 4.5 mm. from stimulating
site and B recorded 6.0 mm. from same site. Further
details in text. Calibration 1000 ¢/scee.

Co o Aetivity Cyeles of Dendrites.

Examples of the variability encountered
in studies from patient to patient are shown
in figures 3-5. In three cases examined in
detail differences were noted in the re-
sponsiveness to conditioning-testing stimuli.
Whereas summation of responses was clearly
evident at stimulus intervals less than 10-12
msec., in no instance was the second response
of greater magnitude than the same response

455

unconditioned as reported in the cat (Clare
and Bishop 1955). Another distinguishing
feature was the variability in the depressed
period of activity which commenced during
the latter phase of the dendritie response. In
the psychotic patients depression of the test

A B

—~
c ‘

BCOpV - I10msec

Fig. 3

Aectivity eyele of apical dendrites recorded from
frontal cortex of first psychotic patient prior to
psychosurgery. A, conditioning responses; B, testing
responses; ) alterations of seeond response at varying
times after conditioning shock. Note in C inhibition
of sccond response 30-40 msec. after conditioning
shock, amd complete recovery at 45-50 msee. Five
superimposed tracings throughout. Distance between
stimulating and recording eleetrodes 2 mm.

response was apparent up to 40 msee. after
the first stimulus in one case (fig. 3), but
persisted for 100 msee. in the other (fig. 4).
Little or no depressed phases were deteetable
in the tumor patients after the end of the

A B
m‘ “.

—as
20 msec
Fig. 4
Activity eyeles recorded from frontal cortex of second
psyehotie patient prior to surgery. A, eonditioning:
B, testing responses. In () note marked inhibition of
testing response. Three superimposed tracings through-

out. Distanee hetween stimulating and recording elee-
trodes 2 mm.
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conditioning response. Some of the factors
involved in these variations will be discussed
below.

D. Response to Locally Injected
D-Tubocurarine and LSD.

It has been demonstrated that in the cat
intravenous administration of 3 mg/kg. d-
tubocurarine reversibly abolishes the dendri-
tic response evoked by direct stimulation of
the cerebral or cerebellar surface or anti-
dromic excitation of cortical neurons (Pur-
pura and Grundfest 1956b). Considerably
less sensitivity to d-tuboeurarine blockade was
noted for human cortical synapses. In figure
6, the effect of 3 mg. (total) of d-tubo-
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true with regard to the action of the psycho-
togenic¢ agent LSD. Slow infusion of LSD
into a cortical artery resulted in a depression
of evoked dendritic synaptic activity similar
to that described in the cat (Purpura 1957).
As in the d-tubocurarine injections control
studies were also run utilizing rapid injee-
tions of normal saline in order to deliberately
blanch the cortical area under observation.
The sequence of events illustrated in figure 7
consists of the pre-injection conditioning and
testing response in isolation (fig. TA, B)
and the depression of the second response
when it falls 40 msec. after the first stimulus
(fig. 7("). It should be pointed out that
introduction of the No. 31 gauge needle into

20msec
Fig. 5

Activity eyele of apieal dendrites recorded from grossly normal cortex of

patient with subeortical neoplasm,

A, conditioning and B, testing re-

sponses. . both stimuli applied together; D — G, varying intervals. Inhibi-

tion not deteetable 200 msee. after first shoek (D).

Five superimposed

tracings throughout. Distance between stimulating and recording electrodes

2 mm.

curarine injected intra-arterially is shown.
In this instance the cortical artery injected
supplied the major part of the area in-
vestigated. Whereas the rapid injection of
normal saline as a control (fig. 6B) caused
some reduction in excitability which was as-
sociated with obvious blanching of the cor-
tical area, slow infusion of d-tubocurarine
produced a 30 per cent reduetion in re-
sponsiveness  (fig. 60C) with recovery be-
ginning 5 min. later (fig. 61)). Although the
sensitivity of dendritie synapses for d-tubo-
curarine blockade was found to be consider-
ably less in man than in the cat, this was not

the cortical artery preceded the recording of
the control responses (fig. TA-C). During the
registration of these potentials enough normal
saline was injected into the cortical vessel to
insure pateney of the needle. Sudden pres-
sure on the syringe resulted in blanching of
the cortical area with concomitant reduction
in both responses (fig. 7D) and recovery a
few seconds later (fig. TE). It is of interest
to compare the effeet of acute hypoxemia
produced in this manner with the effeet of
A e LSD injected slowly in order mot to
blanch the cortex. Whereas both responses
were depressed (fig. 71, the first response
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became less sharply peaked and during the
testing response a delay was detectable prior

to the rising phase, which persisted  for

minutes after the injection (fig. 7G). It is
not elear why the positive component of the
second response prominent in 7C was oblit-
erated after LSD (fig. 7G).

A 8 c D

100 ¢cps
Fig. 6

Effect of loeal injection of 3 mg. d-tubocurarine on
dendritic synapses into cortical artery after trinl run
with saline. A, control prior to rapid saline injection;
B, during height of saline infusion: ( B0 see. after
3 mg. d-tubocurarine and D, recovery B min. later.

DISCUSSION

Physiological mechanisms such as are in-
volved in excitation and conduction of aetivity
along horizontal fibers in the molecular layer,
generation and form of the dendritic synaptice
potential, and estimation of synaptic delays,
ete., are predictable on the basis of exper-
imental observations on laboratory prepara-
tions. This is not true with respect to studies
involving the organization of complex syn-
aptic systems at the physiological and phar-
macological levels. In these instances con-
siderable caution must be exercised in trans-
lating results across species boundaries.
Animal experimentation designed to explore
cortical synaptic organization can only pro-
vide working hypotheses rejuiring suitable
verifics jon in human physiological studies
similar to those deseribed above. Abundant
evidence is already at hand indicating a wide
range of responsiveness of different synapses
in the same and different species to identical
pharmacological agents (Grundfest  1957).
It is inferred from this that both qualitative
and quantitative differences in biophysical
processes may be operating to account for
these results which have been  generalized
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under the heading of *‘species specific dif-
ferences’’.

Consideration of the foregoing factors
may reasonably account for some of the dif-
forences in results that have been obtained
in this preliminary investigation and which
are at variance with results derived from
animal experiments. Thus the relative in-
sensitivity of human dendritic synapses to
d-tubocurarine blockade immediately invites
attention to these quantitative differences in
synaptic pharmacology. It should be pointed

A

—_——
20 msec

Fig. 7
Effeet of local injection of LSD on dendritic synapses.
A, conditioning; B, testing responses; C, together.
Note augmentation of surface positive component
of second response. D, reduction of both responses
during rapid saline infusion and immediate recovery;
E, F, 30 see. after 50 ug. LSD and G, 5 min. later,
The development of a deteetable delay and abolition
of the positive component (F, G) as well as a redue-
tion of the negativé components (F) is apparent.
Three superimposed tracings throughout this series.

out that although d-tubocurarine is sur-
prisingly impotent as a synaptiec blocking
agent in the human cortex, relatively less d-
tubocurarine injected into the unanesthetized
¢at was previously found to reversibly abolish
all central synaptic activity (Purpura and
Grundfest  1936b).  Tuterestingly  enough,
however, quantitative differences in sensitiv-
ity to d-tubocurarine blockade was also ex-
hibited by different central synapses (Bern-
hard ef al. 1951; Purpura and Grundfest
1956 a. b). Similar results have been ob-
tained in cats with LSD which have been
confirmed. in pari, for the human cortex. The
inhibition of human dendritic synapses by lo-
cally perfused LSID  suggests that the in-
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hibitory process operates in a fundamentally
similar manner in cat and man. In the former
the inhibitory effect has been ascribed to
an activation of inhibitory post-synaptie re-
ceptors on dendrites (Purpura 1957) which
are also available to inhibitory afferents
either direetly or through cortical inhibitory
interneurons from the ascending brain stem
reticular system (Purpura 1956 ¢, d).

The physiological counterpart of these
pharmacological differences is exemplified by
variations which have been found in the
activity eyeles of human apical dendrites to
conditioning-testing shocks.  While only de-
pressed activity, which persisted for about
100 msee., was reported after a conditioning
response in  the lightly anesthetized cat
(Clare and Bishop 1955), the fact that con-
siderable variations in excitability have been
detected in human cortex suggests that both
excitatory and inhibitory synapses on den-
drites are activated by the conditioning shock

and that the interaction of opposing de-
polarizing and hyperpolarizing  tyvpes  of

electrogenesis will determine overall respon-
siveness, That this indeed appears to he the
case has already been demonstrated in animal
experiments (Grundfest and Purpara 1956
Purpura and Gruudfest 1956 a. b Purpura
b al 1956). Whether or not any significance
can be attached to the observation that in-
hibitory synaptic activity was prominent in
the cortex of psychotic patients but ot in the
tumor patients, as evidenced by the (if-
ferences in activity eveles, remains to be de-
termined by future investigations.

SUMMARY

1. Stimulation of the exposed  human
cortex evokes a 15-20 msee, surface negative
response which s identical to the synaptic
potential of apical dendrites as recorded in
the cat,

2. The conduction velocity of horizontal
fibers in the molecular layer is 0.3 m/see. A
central synaptic delay of 1 msee. is determin-
ed from  conduction  velocity with
paired recording leads.

studies

3. Whereas human  dendritie  synapses
are relatively resistant 1o locally  injected
d-tuboceurarine, LSD inhibits dendritie activ-
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ity in a manner similar to that observed in the
cat. ..

4. Variations in activity cyecles of apical
dendrites are believed to be accounted for by
the interaction of opposing excitatory and in-
hibitory synaptic processes which determine
overall dendritic responsiveness.

5. Discussion has focused on the signifi-
cance of the suggestive differences in the
pharmacological and physiological organiza-
tion of cortical synapses in man and cat as
they relate to hypotheses of drug actions de-
termined solely in the latter species.

The authors wish to express their thanks to Mr.
tidon F. Gestring for his valuable technical assistance.
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