
Dendritic Spikes versus 

Cable Properties 

As their major evidence for propa- 
gated dendritic spikes, Llinas et al. (1) 
utilize the shift in latency of a field 
potential peak with distance down the 
dendritic trees of cerebellar cortical 
neurons. Several authors have suggested, 
however, that such field potential 
latency shifts could be merely due to 
the passive cable properties of the 
dendrites (2). Since the peak of a 
passively spreading postsynaptic po- 
tential (PSP) occurs later as one re- 
cords further away from the synapse, 
it would seem reasonable first to elim- 
inate this passive peak shift as the 
source of the phenomena before as- 
suming propagated dendritic spikes. 
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Fig. 1. Delay in the peak of simulated 
postsynaptic potentials (PSP). (Top) The 
PSP shape at various distances (0.5, 1.0, 
1.5, and 2.0 X) from a synapse is seen to 
exhibit the following characteristics: delay 
in peak, delay in foot, decrease in peak 
height, and increase in half-width. (Bot- 
tom) Plotting the time (in time constants 
r) at which the PSP peak occurs against 
the distance (in space constants X) from 
the synapse leads to the illusion that the 
PSP is actively propagated (using com- 
pound action potential reasoning) at the 
rate of 2 to 4 space constants per time 
constant. Values of X = 0.5 mm and 
r = 5.0 msec yield rates in the 20 to 40 
cm/sec range, the same as the "conduc- 
tion velocities" measured by Llina's et al. 
(1) and assumed to represent propagated 
dendritic spikes. These results were simu- 
lated on a passive cable with 0.5 X com- 
partments, with a conductance change at 
the origin lasting 0.2 r. 
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In the experiment of Llinais et al., 
the extracellular potential should obey 
the cable equation (3) because of the 
geometry of cerebellar cortex (4). 
Since the synapses in their experiments 
are on the distal tips of the dendritic 
tree, and since the conductance change 
associated with synaptic activity is usu- 
ally much briefer than the membrane 
time constant, we can represent the 
PSP by the impulse response of the 
cable equation (5): 

V(X,T) = ?/27~r-/2T-/l2e-Te-x 4T 

where X = x/X is the axial distance in 
space constants (X) from the synapse, 
and T = t/r is the time in time con- 
stants (T) since the instantaneous con- 
ductance change. If we set OV/OT 
equal to zero, the location of the PSP 
peak with time is found (6): 

Xmax = (4T2 + 2T) 

Thus the peak will be 2.45 X\ from 
the synapse after 1 r. Values of ,\ = 
0.5 mm and r = 5 msec yield an ap- 
parent propagation rate of about 25 
cm/sec, although the peak will travel 
somewhat faster nearer the synapse 
(Fig. 1). Since the conduction veloci- 
ties of Llinfas et al. are in the 10 to 40 
cm/sec range, the passive peak shifts 
are of the correct order of magnitude 
to account for this feature of their 
results (7). 

Other characteristics of passively 
spreading PSP's with distance from the 
synapse are (i) a delay in the foot of the 
PSP, (ii) prolongation of the half- 
width, and (iii) decrease in peak height. 
Although interactions between biphasic 
components of field potentials can com- 

plicate their interpretation, it is signifi- 
cant that the late negative peak in fig- 
ure 1C of Llinfas et al. (1) from which 
conduction velocities were measured, 
demonstrates all of these passive char- 
acteristics. It is interesting to note that 
if their synaptic input had been widely 
diffused throughout the depth of the 
dendritic tree (instead of being neatly 
restricted to a narrow beam at the 
distal 100 microns of the dendritic 
tree), such passive characteristics 
would be obscured (although temporal 
dispersion of the synaptic inputs could 
mimic them). 

For these reasons then, we conclude 
that passive spread cannot be elimi- 
nated as a source of the peak shift phe- 
nomenon. Since all dendrites should 
exhibit such passive peak shifts, whether 
they also have spikes or not, we believe 
that the parsimonious explanation of 
such field potential data is passive 

spread, rather than propagated den- 
dritic spikes. 

As further evidence for an all-or- 
nothing process, Llinas et al. use inhi- 
bition of the second response in a 
paired-stimulus experiment and occa- 
sional observations of spikes in super- 
ficial layers. Although such results are 
consistent with-but not unique to- 
active dendritic events, they cannot 
distinguish between active and passive 
propagation for such a dendritic spike. 
Since a passively spreading spike will 
also cause a passive peak shift in the 
same manner as a PSP will (8), peak 
shifts alone cannot be used to establish 
active propagation even if dendritic 
spikes themselves are more firmly 
established. 

While dendritic spikes may exist, the 
present evidence of Llinas et al. does 
not appear to establish the spike hy- 
pothesis-much less the propagated 
spike hypothesis-as preferable to 
other well-known explanations for such 
data. 
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different depths are compared to find the depth 
with the largest response. Llinas et al, how- 
ever, ask when does the largest response occur 
at each depth and then compare these peak 
latencies between depths. To calculate this 
temporal maximum, we set a V/OT - 0. 

7. For longer conductance changes, the rate is 
not significantly altered. In figure 1, for ex- 
ample, we use a square conductance change 
of 0.2 r duration. 

8. The apparent propagation rate for a passively 
spreading spike will be faster than for a PSP. 
For example, a biphasic current stimulus which 
produces a spike of 0.2 r duration at the origin 
will spread with an apparent propagation rate 
about twice as fast as a PSP caused by a 
monophasic pulse. 
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Calvin and Hellerstein claim that the 
negativities observed at the molecular 
layer of the alligator cerebellum after 
parallel fiber activation are generated 
by the synaptic current as the synaptic 
potentials are decrementally conducted 
toward the soma of the Purkinje cells. 
They state a well-known set of equa- 
tions for the electrotonic decrement of 
amplitude and change of time course 
for the intracellularly recorded synaptic 
potentials, but these are not directly 
applicable to the case in question. 

The spatial orientation of the Purkinje 
cells is of the open-field type (1) so that 
it permits a simplification of the den- 
dritic trees to a series of vertical core 
conductors (2). This particular organi- 
zation resembles closely a muscle-nerve 
preparation, where the only region in 
which an excitatory synaptic current 
generates a negative extracellular field 
is in the vicinity of the synaptic region 
(3). The inward current across the 
postsynaptic-subsynaptic membrane is 
simultaneously accompanied by an out- 
wardly directed current which generates 
the postsynaptic potentials and which 
produces in the extracellular media a 
positive field as the external longitudi- 
nal current moves toward the synaptic 
sink. This type of field is, in fact, the 
most commonly observed in other ver- 
tebrate cerebella (4, 5). Our findings, 
however, relate to a negative field re- 
corded extracellularly, that is, a sink 
which moves in time from its origin at 
the surface of the molecular layer to 
the layer of Purkinje cell somas. Fur- 
thermore, their argument is faulty, even 
if it were to be applied to an extra- 
cellular positivity. The extracellular. field 
potentials are generated by transmem- 
brane currents and not by transmem- 
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versal current density along the cable 
(6). The results would have reminded 
them that there is a marked phase shift 
between the transmembrane potential 
and the transmembrane current and 
thus that the time course of an electro- 
tonically conducted EPSP does not re- 
flect directly the time course of the 
extracellular field potential. 

The aforementioned negativity is 
blocked by a preceding stimulus to the 
surface of the cerebellar cortex. This 
stimulus generates large inhibitory syn- 
aptic potentials in alligator Purkinje 
cells (5) similar to those observed in 
other species (4). Excitatory synaptic 
currents are increased, not blocked, by 
membrane hyperpolarization since the 
electromotive force is larger under such 
conditions than at the normal resting 
potential level. Since our negative fields 
are blocked by a preceding parallel fiber 
stimulation which does not have any 
presynaptic action on the test EPSP (7), 
the large dendritic negativity cannot be 
ascribed to synaptic currents. 

As shown in figures 1, B and C,. and 
2A of our paper (8), the amplitude of 
the negativity does not reach its maxi- 
mum value at the region of synaptic 
impingement but at an appreciable dis- 
tance from this site; thus it cannot be 
generated by decrementally conducted 
potentials, given that, in such a situa- 
tion, the maximum amplitude of the 
potential should correspond to the locus 
of synaptic input. 

For the reasons cited in the first para- 
graph, if the negativity recorded at the 
molecular layer were generated by syn- 
aptic currents, a reversal to a positive 
field should be evident as the micro- 
electrode moves away from the site of 
synaptic impingement along the length 
of the cell. Such reversal was never ob- 
served. A reversal from a negative field 
at the surface of the molecular layer 
to a positive field at 100 ,u and all levels 
below this depth was shown, however, 
for the synaptic currents generating the 
dendritic spikes after these spikes were 
blocked by a preceding local stimula- 
tion (Fig. 2B). 

Finally, the presence of large all-or- 
none negativities at the level of the 
Purkinje cell dendrites (8, figure 2, E 
to I) and their inhibition by a preceding 
local stimulation is, in fact, a direct 
demonstration of dendritic spikes in 
Purkinje cells. The other neuronal ele- 
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late cells, display a very different be- 
havior following paired Loc stimulation 
(9). 
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Calvin and Hellerstein as truly perti- 
nent to the question of dendritic spikes, 
and we feel that our data can best be 
explained by the presence of propa- 
gating dendritic spikes in Purkinje cells. 
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23 October 1968 

Educational Status and Risk of 

Coronary Heart Disease 

Hinkle et al. (1) have investigated 
the occurrence of death and disability 
from coronary heart disease (CHD) in 
relation to occupational and educa- 
tional status. Their sample includes few 
men with angina pectoris as the only 
manifestation of CHD because angina 
often does not result in prolonged ab- 
sence from work. Thus, their observa- 
tions have direct relevance primarily 
for the epidemiology of myocardial 
infarction and sudden death, the other 
two major clinical forms of CHD. 
However, Hinkle et al. generalize their 
results to risk of CHD without qualifi- 
cation. They seem to overlook the 
possibility that angina pectoris may be 
related to the antecedent conditions in 
a different manner than is myocardial 
infarction and sudden death. 

Previous investigations (2) have 
shown that a factor can be related to 
one clinical form of CHD but not 
another. Excess body weight in the 
Framingham study bears little relation 
to risk of myocardial infarction, al- 
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Previous investigations (2) have 
shown that a factor can be related to 
one clinical form of CHD but not 
another. Excess body weight in the 
Framingham study bears little relation 
to risk of myocardial infarction, al- 
though it is associated with occurrence 
of angina pectoris and sudden death. 
Cigarette smoking is related to increased 
risk of myocardial infarction but is 
unrelated to risk of angina pectoris. 
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