Network of Pinsky-Rinzel Two-Chamber Neurons
Program: prnnet
Source: prnnet.c

Build script: bld_prnnet

Compiler: gcc

Operating System: Linux
Obsolete, will be updated
Command line

prnnet [{<switch> [<value>]}. .] 
	switch
	value
or format
	unit
	default
	Other nominal values
	

	-nn
	integer
	
	10
	
	Number of neurons.

	-pr
	none
	
	
	
	Simulate Pinsky-Rinzel single neuron. (see below). No yet implemented.

	-ef
	(see below)
	
	
	
	Applied electric field.

	-nr
	none
	
	
	
	No resistive lattice.

	-area
	float
	cm2
	6 ×10-6
	
	Membrane surface area.

	-ap
	float, ≤ 1.0
	
	0.5
	
	Area proportion for soma

	-gc
	float
	mS/cm2
	2.1
	1.5-2.1
	Dendrite-to-soma conductance.

	-gnmda
	float
	mS/cm2
	0.005
	0.0
	NMDA conductance.

	-gampa
	float
	mS/cm2
	0.025
	0.0
	AMPA conductance.

	-vl
	float
	mV
	0.0
	0.1
	Leakage potential

	-isoma
	float
	μA/cm2
	0.0
	
	Steady injected current at soma

	-idend
	float
	μA/cm2
	0.0
	0.7
	Steady injected current at dendrite

	-ko
	float
	mM
	3.50
	8.50
	Extracellular [K+]  (see below).

	-ca
	float
	mM
	0.2
	
	Intracellular [Ca++] .

	-snmda
	float
	
	0.6
	0.3
	Initial value for NMDA synaptic weight

	-wampa
	float
	
	0.5
	0.2
	Initial value for AMPA synaptic weight

	-vsoma
	float
	mV
	-4.6
	-4.5±0.4
	Initial Vm for soma

	-vdend
	float
	mV
	-4.5
	-4.5±0.4
	Initial Vm for dendrite

	-rand
	vs,vd,gc
	5% max
	
	
	Randomize one or more of vs, vd and gc..

	-dur
	float
	seconds
	12.5
	
	Duration of run (not working)

	-ip
	(see below)
	
	
	
	Injected current pulses.

	-p
	(see below)
	
	
	
	Analyze spike propagation.

	-o
	(see below)
	
	
	
	Write output to these files.

	-dir
	text string
	
	
	
	Create and write to output file directory.

	-nfs
	none
	
	
	
	No file suffix.

	-fts
	
	
	
	
	Add timestamp to file name

	-fn
	
	
	
	
	Add note to file name

	-log
	none
	
	
	
	Write messages to file.

	-trace
	none
	
	
	
	Log intermediate results.

	-help
	
	
	
	
	or –h. Usage display,.


-pr 
Reproduce Pinsky-Rinzel single neuron model

This option is equivalent to the command:

./prnnet –nn 1 –nr –gnmda 0 –gampa 0 –ko 8.5 –idend 0.7
which reproduces the Pinsky-Rinzel model (1994). It has no resistive grids, no synaptic currents, no injected current pulses and no applied fields. As long as NMDA and AMPA conductances are zero, the synaptic potential will has no effect. A steady current of 0.7 μA/cm2 is injected at the dendrite.
e.g. Simulate the Pinsky-Rinzel model to compute somatic and dendritic potentials, and calcium concentration:

./prnnet –pr –o vs,vd,ca

-p <time1>:<spike1>,<time2>:<spike2>. . . 
Analyze spike propagation

This option tracks one or more spikes that originate from the neuron that receives the current injections, as specified by a spike number after a certain time. Each pair of parameters specifies a time when the program starts count the spikes at the first neuron, where current would be injected. The program can track a maximum of 128 spikes.
	
	
	
	default 
	

	time<n>
	float double
	seconds
	none
	Time after which spike is counted at the initiating neuron.

	spike<n>
	integer
	
	none
	The occurrence count of a spike whose propagation is to be tracked.


e.g. Track the first, fifth and twentieth spike after onset of electric field. Also track the fourth spike after the eighth second.
./prnnet –nn 10 –ef 5,300 –p 5:5,5:10,5:20,8:4 –o vs,vd

-ip <neurons>,<chamber>,<magnitude>,<duration>,<onset times>


where
<neurons> := all | <neuron> | <neuronA>-<neuronB>


where
<onset_time> := <time1>:<time2>:<time3>. . .
Injected current pulses

One or more pulses of current are injected at the This option specifies the magnitude of the injected current pulse and its onset times. If this options is not specified, no current is injected.
	
	
	
	default 
	

	chamber
	s |  d
	
	none
	  S
for soma

  d
for dendrite.

	magnitude
	float double
	μA/cm2
	none
	

	time<n>
	float double
	seconds
	none
	Maximum of 64 onset times.


e.g. ./prnnet –nn 2 –ip 5,2.0;5.0:8.0 –o vs

-ef <time>,<initial>:<increment>:<final>

Electric field pulses

	
	
	
	default
	

	time
	float double
	seconds
	none
	Field onset time

	initial
	float double
	mV/cm
	none
	Initial field value

	increment
	
	mV/cm
	one field
	Incremental value

	final
	
	mV/cm
	one field
	Final field value


e.g. ./prnnet –nn 10 –ef 5,300,0.50,500 –o vs,vd
-o <output type>

Write time series output

The first line is a description that starts with the character ‘#’ (it is ignored by gnuplot). Except for the sp option, the spike output file, all files has the time in seconds listed in the first column; the other columns are relevant values for neurons 1 to n. The spike output file has  the spike number listed in the first column and spike onset times for neurons 1 to n in other columns. See the output file section the name of these output files.

	vs
	Somatic transmembrane potential

	vd
	Dendritic transmembrane potential

	is
	Somatic transmembrane current

	id
	Dendritic transmembrane current

	ca
	Intracellular calcium concentration at the dendritic chamber.

	ii
	Intracellular current from dendrite to soma.

	vo
	Extracellular potential different between the dendrite and the soma.

	ix
	Synaptic current from the soma of one neuron to dendrite the connect neuron. In this mode, it is the sum of NMDA and AMPA current.

	
	(all variables)

	ef
	Applied electrical field. (?)

	sp
	Time of spike for each neuron. 


e.g.. Write time-series output for membrane potential of soma and dendrite, calcium concentration and synaptic current; also write spike occurrence:

./prnnet –nn 10 –ef 5,300,0.50,500 –o vs,vd,ca,ix,sp

Output files

	file name
	turns on by
	

	pr_spike<efield><timestamp>.txt
	-o sp
	(future)

	pr_vsoma<efield><timestamp>.txt
	-o vs
	

	pr_vdend<efield><timestamp>.txt
	-o vd
	

	pr_isoma<efield><timestamp>.txt
	-o is
	

	pr_idend<efield><timestamp>.txt
	-o id
	

	pr_conca<efield><timestamp>.txt
	-o ca
	

	pr_isynp<efield><timestamp>.txt
	-o ix
	Synaptic current

	pr_id2si<efield><timestamp>.txt
	-o ii
	Internal dendrite to soma current

	pr_vd2so<efield><timestamp>.txt
	-o vo
	External dendrite-soma potential

	pr_field<efield><timestamp>.txt
	-o ef
	

	pr_sprop<efield><timestamp>.txt
	-p ..
	Spike propagation.

	pr_trace<efield><timestamp>.txt
	-trace
	Intermediate data log such as matrices.

	Pr_mslog<efield><timestamp>.txt
	-log
	Message log

	pr_param<efield><timestamp>.txt
	always
	Simulation parameters


	efield
	[-|n]nnnnnnn
	8 digits in mV/cm. The right-most character is either the most significant digit or a negative sign.

	timestamp
	YYMMDDHHMMSS
	All digits. Specifies year, month, day of month, hour, minute and second.


Parameter Consistency

Duration – 

Onset times must be less than duration.

Pinsky-Rinzel Model

Parameters:

	
	
	PRNeuron01.cpp

(gc11.cpp)
	prnnet.c
	PRNeuron.c

(PR_Rev2.cpp)
	ODE
	Pinksy-Rinzel

	Area
	
	0.000006
	0.000006
	
	
	

	P
	
	0.5
	0.5
	
	0.5
	

	Cm
	
	3.0
	3.0
	
	3.0
	3.00

	K-out
	
	
	
	
	
	

	gc
	
	2.1
	2.1
	
	2.1
	2.10

	gL
	
	0.0
	0.1
	
	0.0
	0.10

	gNa
	
	30.0
	30.0
	
	30.0
	30.00

	gKDR
	
	15.0
	15.0
	
	15.0
	15.00

	gCa
	
	10.0
	10.0
	
	10.0
	10.00

	gKAHP
	
	0.8
	0.8
	
	0.8
	

	gKCa
	
	15.0
	15.0
	
	15.0
	

	gNMDA
	
	
	0.0
	
	
	

	gAMPA
	
	
	0.0
	
	
	

	sNMDA
	
	0.6
	0.6
	
	
	

	sAMPA
	
	0.5
	0.5
	
	
	

	vNa
	
	120.0
	120.0
	
	120.0
	120.00

	vCa
	
	140.0
	140.0
	
	140.0
	140.00

	vK*
	
	-15.0

-38.56
	-15.0

-38.56
	
	-15.0
	-15.00

	vL
	
	0.0
	0.0
	
	0.0
	0.0

	vsyn
	
	60.0
	60.0
	
	60.0
	

	vsoma
	mV
	-4.6
	-4.6
	
	-4.6
	

	vdend
	
	-4.5
	-4.5
	
	-4.5
	

	isoma
	
	0.0
	0.0
	2.0
	
	-0.50

	idend
	
	0.0
	0.0
	0.0
	0.7
	0.00


Variables - Initial Values
	
	
	PRNeuron01.cpp

(gc11.cpp)
	prnnet.c
	PRNeuron.c

(PR_Rev2.cpp)
	ODE
	Pinksy-Rinzel

	h
	
	
	
	
	
	

	n
	
	
	
	
	
	

	s
	
	
	
	
	
	

	c
	
	
	
	
	
	

	q
	
	
	
	
	
	

	[Ca]
	
	0.2
	
	
	
	

	ss - NMDA
	
	
	
	
	
	

	ws -AMPA
	
	
	
	
	
	

	vsoma
	
	-4.6
	-4.6
	-4.6
	-4.6
	

	vdend
	
	-4.5
	-4.5
	
	-4.5
	


Change

· Removed Fortran-style matrix “physical dimensions” indexing.

· Replaced matrix representation with 2-dimemsional arrays.

· Modified fourth order Runge-Kutta function for matrix, rk4m().

· Added data structures for model parameters.

· Added command line options for selecting simulation parameters.

· Organized output files; output to specified directory.

Problems with gc11.cpp

· derivs() – “S and W synaptic derives” should be V-soma, not V-dendrite.

· derivs() – DYDT for soma and dendrite, divide by p, 1-p?

· rinf – hard-coded vsyn. (minor)

· randomization - hard-coded for 10 neurons

· spiking – hard-coded for <5 neurons

Findings

· Resistive lattice causes slight difference between neurons (through vdsout term).

Future

· Improve simulation loop – add propagation and multiple current pulses.
· .

Questions

References
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