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ical formulations. A heuristic model, attempting to show the relationship
between synaptic input and postsynaptic interval distributions, has been
proposed by Braitenberg (57, 78).

Not included in these tables are models in which the basic assumptions
are primarily of a mathematical rather than a physiological nature, such as
the model of Smith & Smith (59) describing the irregular bursting properties
of cortical neurons, the model by Siebert (82) of primary auditory neuronal
activity, and a model of ten Hoopen et al. (83, 84) which is applicable to
problems of retinal unit excitation.

TABLE 1

NEUrRON MoODELS wiTH RANDOM INTRINSIC PROCESSES

Authors

Post-spike membrane potential

Post-spike threshold

Buller et al. (48) (Muscle spindle)

Constant with added Gaussian noise.

Constant

Hagiwara (22) (Muscle spindle)

Coldberg et al.»® (19) (Superior
olive)

Weiss® (31) (Auditory n. fibers)

Proportional to stimulus intensity
with added Gaussian noise.

Exponential decay

Viernstein & Grossman®b (56)
(Cochlear nucleus, trigeminal
nucleus, etc.)

Exponential depolarization from un-
dershoot to asymptotic value which
is proportional to stimulus intensity;
Gaussian noise added.

Constant

ten Hoopen® (79) [Muscle spindle
data(22)}

Proportional to stimulus intensity.

Exponential decay with added
Gaussian nolse.

Buller®® (72) (Muscle spindle)

Proportional to stimulus intensity.

Hyperbolic decay to a fixed value
after which held constant. Gaus-
sian noise added.

Verveen & Derksen (73) (Muscle

Exponential decay from undershoot

Constant with added Gaussian

spindle, chemoreceptor data, to asymptotic potential. noise.
etc.)
Junge & Moore* (62) (Aplysia Exponential decay to asymptotic Constant

pacemakers)

value drawn from normal distribu-
tion at beginning of each interval.

Geisler et al®»b (80) (Superior
olive, etc.)

{1) Proportional to stimulus intensity
with added Gaussian noise.

(2) Undershoots to level which de-
pends on pre-spike membrane poten-
tial; exponential decay to asymptotic
value determined by stimulus inten-
sity. Gaussian noisc added.

(1) Exponential decay

(2) Exponential decay

* Absolute refractory period included in modcl.
b Modcls in which cffective bandpass of the noisc is variable.

Some of the models are ad hoc insofar as they weie developed to explain
particular experimental observations. Some of the later authors have recog-
nized the ability of their models (many of which are even equivalent to earlier
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NEURON MODELS WITH RANDOM SYNAPTIC PROCESSES

MOORE, PERKEL & SEGUNDO
TABLE I

Author

Input sources®

Firing require-
ments (Thresh-
old/EPSP
amplitude ratio)

Gerstein (21, 75)
(Auditory system)

Nondecaying EPSP’s' and
IPSP’s of constant equal am-
plitude; variable relative rates
of arrival.

32:1

Amassian et al.b (52)
(Cuneate nucleus)

n excitatory channels, 2<n
<6), each with independent
periodic arrival times, con-
stant equal amplitude; expo-
nential decay.

Fetz & Gerstein (76)

Excitatory and inhibitory
PSP’s, each with independent
Poisson arrival rates; constant
equal amplitudes; exponential
decay.

Variable

- Stein® (74)

Excitatory and inhibitory
PSP’s with independent Pois-
son arrival rate; EPSP and
IPSP amplitude constant but
unequal; exponential decay.

Variable
(2-20:1)

Perkel® (65, 66)
(A plysia visceral
ganglion)

# channels (#<350) of
EPSP’s and IPSP’s each with
normally distributed ampli-
tude. Exponential decay of
PSP. Poisson, gamma, or nor-
mally distributed arrival times
for each channel.

Variable

Bishop et al. (42)
(Lateral geniculate)

(1). » cxcitatory channels each
with identical gamma distrib-
uted arrival times, all produce
EPSP’s of equal size.

(2). Single excitatory channel
with gamma distributed ar-
rivals. One “inhibitory” chan-
nel with Poisson arrivals.
Fach “inhibitory” pulse blocks
next arriving excitatory pulse.

ten Hoopen (77)
[Lateral geniculate
data (42)]

Single excitatory channel with
Poisson or Gaussian distrib-
uted arrival times. “Inhibi-
tory” source with Poisson
or Gaussian distribution - of
arrivals blocks next excitatory
arrival,

P i
potential threshold
Resct to resting Constant
level.
Hyperpolarized  Constant
by negative pulse
with exponential
decay.
Reset to resting Constant
level.
Reset to resting Constant
level.
Exponential de- Exponential decay
cay from under- toward normally
shoot towards distributed asymp-
resting potential. totic value.
C C
Constant Constant
Constant Constant

* In none of these models is the PSP amplitude dependent on membrane potential.
b Absolute refractory period included in model.

fT> N
CJt



