vidual items and their validity as a group
increases.

The principle which we have pointed
out in connection with the nutritional
example applies whenever the concept
of standard or normal human beings is
used. Does not a substantial amount of
our scientific thinking involve this ques-
tionable concept?

Rocer J. WiLLiaMs
Department of Chemistry,
University of Texas, Austin
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Membrane Time Constant
of Motoneurons

New information about motoneuron
membranes has been obtained in recent
experiments in which intracellular elec-
trodes were used for both stimulation and
recording at the motoneuron soma (1-6).
Unexpectedly low membrane time-con-
stant values have been inferred from the
subthreshold transients of membrane po-
tential observed when constant current
was applied across the soma membrane
(2-4). It is shown in this report, how-
ever, that these experimental transients
are theoretically consistent with signifi-
cantly larger membrane time-constant
values, provided that the cablelike prop-
erties of dendrites are taken into account.
This correction removes the apparent dis-
crepancy (3—9) between the soma mem-
brane time constant and the time con-
stant of synaptic potential decay and thus
removes the need for special explana-
tions, such as a hypothetical prolonga-
tion of synaptic depolarizing activity (4,
6), or a prolongation of soma synaptic
potential by electrotonic spread from a
larger and slower synaptic potential pos-
tulated to occur in the dendrites (5).

The membrane time constant T is de-
fined as the product of passive membrane
resistance and capacitance. The assump-
tion (2-4, 6) that the experimentally ob-
served membrane transients may be re-
garded as exponential curves having this
time constant t would be valid only if
constant current were applied uniformly
to the entire membrane surface. For the
experiments in question, this could be
true only for the hypothetical case of
a soma without dendrites. The lower
dashed curve in Fig. 1 illustrates the ex-
ponential time course of membrane po-
tential change V, relative to its final
steady value V, for this hypothetical
case.
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Since the motoneurons are known to
possess several large dendrites, a signifi-
cant portion of the current applied to
the soma must spread (electrotonically)
along these several dendrites. This will
change the time course of soma mem-
brane potential. For example, as the size
and number of dentrites is increased
relative to soma size, there is a limiting
case, dendrites without soma. This case
is illustrated by the upper dashed curve
in Fig. 1, on the assumption that these
dendrites have the same membrane time
constant T and that they may be repre-
sented as cylinders of infinite length.
This time course can be precisely ex-
pressed as

V/Vs=erfVit/t

for the membrane potential at the point
(soma) where constant current is ap-
plied across the membrane of each den-
drite. It is the same as that obtained in
the more familiar problem of electro-
tonic potential beneath an electrode
(x=0), when constant current is applied
between external electrodes placed far
apart on a cylindrical axon (7). This
curve is not a simple exponential: the
time required to reach half of the steady
value V is one-third of the time required
in the lower dashed curve, while the
time required to reach 90 percent of V
is about three-fifths of that required in
the lower dashed curve.

The middle curve in Fig. 1 corre-
sponds to an intermediate relation be-
tween dendrites and soma (8). It has
been assumed that soma and dendrite
membranes have the same membrane
time constant and that the membrane
potential at any moment is uniform over
the soma surface (9), up to and includ-
ing the origins of the dendrites. The den-
drites can be treated either as cylinders
of infinite length or as structures which
taper and branch exponentially.

This intermediate curve was calcu-
lated with a value of 5 for the ratio be-
tween the steady-state membrane cur-
rent drawn by the dendrites and the
steady-state current drawn by the soma
membrane. This value is theoretically
consistent with the specific example of a
soma with six cylindrical dendrites (used
in I and 6, as well as in 3), provided
that a value of about 2000 ohm cm? is
used for the membrane resistivity. Since
this example probably underestimates
the size and number of dendrites (I, p.
322), it is predicted that the time course
of soma membrane potential change,
when constant current is applied to the
soma," will lie between the two upper
curves in Fig. 1, for many motoneurons.

On the basis of this theoretical pre-
diction, the membrane time constant can
be-estimated as being the time required
for the experimental transients to reach
about 82 percent of the final steady
value. Since, however, the experimental
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Fig. 1. Membrane potential transients at
the neuron soma and origins of dendrites,
when constant current is applied across
the soma membrane.

error permits exponential curves to be
fitted to the experimental transients
(2—4), it should be noted that the time
constants of such curves can be expected
to be smaller than the actual membrane
time constant, by a factor of about 2. It
appears, therefore, that these experimen-
tal transients do not conflict significantly
with the earlier estimate (10), of about
4 msec for the membrane time constant
of cat motoneurons, which was based on
the decay time constant of synaptic po-
tentials (10) and of monosynaptic facili-
tation (I1).

This is consistent with the simple no-
tion of synaptic potential decay as a
purely passive process, having the same
characteristics on both soma and den-
drites (12).

Wirrrip RaLL
Biophysics Division, Naval
Medical Research Institute,
Bethesda, Maryland
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