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CHAPTER 1 —= Introduction

1.1 WInLTP Capabilities

WInLTP is a stimulation, data acquisition and on-line analysis program for studying Long-Term
Potentiation (LTP), Long-Term Depression (LTD) and other synaptic events such as epileptiform bursts.
WInLTP records synaptic activity in extracellular, current-clamp or voltage-clamp modes (at up to 40
KHz/channel). WinLTP is a multitasking program that can run up to three tasks simultaneously, 1)
repetitive Stimulation/Acquisition Sweeps (similar to the DOS LTP Program Anderson and Collingridge,
2001), and 2) Continuous Acquisition ‘tape recording’ (Fig. 1.1.1). In addition, the Stimulation/Acquisition
Sweeps task now has a Protocol Builder to produce complex protocols, changeable at run time.

WIinLTP runs on Windows PCI bus computers and uses National Instruments PCI/PCle M-or X-Series
boards and Axon Instruments' Digidata 1320A and 1322A data acquisition boards. Other software that
can use the X-Series and M-Series boards includes WaveMetrics' IGOR, National Instruments' LabView,
John Dempster's Strathclyde Electrophysiology Suite (WinWCP and WIinEDR), and Silver lab's Nclamp.

The basic design philosophy behind WInLTP is to provide ever more complex stimulation protocols using
the Protocol Builder, do sufficient online analysis to let you modify the experiment as it runs (such as
changing baselines or protocol flow), do simultaneous continuous acquisition, (eventually) do
simultaneous capture and analysis of spontaneous events, and use inexpensive but excellent data
acquisition boards (National Instruments M- and X-Series boards). WInLTP on/off-line analyses include
basic analyses of synaptic potentials ( Peak Amplitude, Latency, Slope, Area, Duration, Rise/Decay Time,
Coastline, PopSpike Amplitude and Latency, Average Amplitude), and also Cell Input Resistance (Rm),
and Patch Electrode Series Resistance (Rs). However, WIinLTP is not designed to do every possible
synaptic analysis, and instead is designed to work with other very good, and often inexpensive analysis
programs. For example, additional synaptic event analyses such as synaptic exponential decay time can
be done by separate analysis programs including Synaptosoft's MiniAnalysis and Christoph Schmidt-
Hieber's StimFit32, and spontaneous synaptic events in continuous acquisition gap-free abf files can be
analyzed by Bill Heitler's DataView, Synaptosoft's MiniAnalysis, Axograph Scientific's AxoGraphX and
Molecular Device's ClampkFit.

WinLTP was written with Borland C++ Builder using Win32 VCL components. The program is available at
low or no cost from www.winltp.com.

More complex WiInLTP functionality includes:
1. Multitasking
a. Repeat sweep stimulation, acquisition and analysis
b. Tape recorder (Continuous Acquisition of 2 AD channels down to 25 psec sampling interval,
saved to a gap-free Axon Binary File)
2. Protocol Builder for writing complex protocols.
3. Automated perfusion control for extracellular slice and patch-clamp experiments
3. Fast Repeat (LTD) Sweep Stimulation with no time between sweeps
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4. On and off-line calculation and plotting of several waveform parameters including:
DC Baseline
Peak Amplitude
Latency
Slope and Maximum Slope
Area
Duration
Rise Time
Decay Time
Coastline
PopSpike Amplitude
PopSpike Latency
Average Amplitude
. Cell Input Resistance (Rm)
Patch Electrode Series Resistance (Rs)
5. Analyze all SO- and S1-evoked postsynaptic responses in both AD channels in a sweep
6. Special analyses of trains including:
a. Analyze every pulse in train, but use the baseline of the first pulse as the baseline for each pulse
b. Analyze whole train by analyzing only first pulse in train but detecting whole train
c. Analyze train using baseline of the first pulse and response of the last pulse
7. Automatic blanking of stimulus artifacts to allow accurate determination of peaks and areas in a
train
8. Measurement of Patch Electrode Series Resistance (Rs) using Rs peak, or Rs single or double
exponential curve fitting

S3TATTSQ@Too0Te

Simpler WinLTP functionality includes:

WInLTP records synaptic activity in extracellular, intracellular or patch clamp modes

2 AD channel acquisition (down to 25 usec sample interval)

Two extracellular stimulation outputs (SO and S1)

Two simultaneous patch-clamp recordings using two analog outputs

Analog stimulation including analog trains and ramps (loop within loop stimulation)

Repetitive sweeps with simultaneous data acquisition (up to 1,000,000 samples and 100 sec) and

stimulation (using two extracellular pathway stimulation, SO and/or S1, and epoch-like digital and

intracellular analog stimulation).

5. The protocols for the basic LTP experiment are either slow single pathway SO stimulation, or slow

alternating dual pathway (SO then S1) stimulation.

The sweep data can be signal averaged and digitally filtered on-line and off-line

LTP induction can be produced by:

a. Single train

b. Repetitive train (theta burst stimulation)

c. Primed burst stimulation (limited implementation)

8. LTD stimulation and analysis can be performed using fast repetitive sweeps (at up to 10 Hz) with no
delay between sweeps, or a single sweep lasting several minutes for faster repetitive

9. Patch sealtest protocol implemented

10. Save an ADsweep graph as a Windows Enhanced Metafile

11. Save your Spreadsheet/ AmpFile data to an Excel XLS file

12. Reanalyze straight ASCII files (skip header)

13. Automatic data folder creation at start-up

14. WinLTP Reanalysis works on Macs with Intel processors

15. On-line acquisition runs in Windows XP, Vista and Windows 7 (M- and X-Series boards) and
Windows 2000 and XP (Digidata 132x boards)

oukwnE
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Fig. 1.1.1. WInLTP is a multitasking program that has three tasks - Stimulation/Acquisition Sweeps,
Continuous Acquisition, and Capturing Spontaneous Events. These three tasks are produced by six
processor threads — the Stim Sweep In and Continuous Out Threads produce the Stimulation/Acquisition
Sweeps, the Continuous In Thread produces Continuous Acquisition, and the Spont Event Thread
captures and analyzes Spontaneous Events. And for all tasks, the User Interface Thread captures user
input and outputs screen graphics, and the Digidata Thread drives the Digidata 132x board.

As a user, | strongly think that if a program is any good, you shouldn't have to read the manual, just start
using the program. On the other hand, as a programmer/manual writer, | know that when a user doesn't
read the manual they are unaware of a lot of the program functionality. Because | can see both sides of
the argument, | strongly recommend that you, at minimum, read the installation section Getting Started
(Chapter 2) and Limitations To WinLTP (APPENDIX B) because without reading these sections you could
be using the program incorrectly and giving you results that aren't what you think they are. Then scan the
rest of the manual and look at the figures to see the other capabilities of the program. Then look at the
Known Bugs in WIinLTP (APPENDIX A). Hopefully after this you'll carefully read the rest of the manual
(ha!).



1.2 Appropriate Equipment

1.2.1 Data Acquisition Boards

WINLTP currently uses the Axon Digidata 132x boards (the 1320A and 1322A), National Instruments M-
Series PCI, PCle (PClexpress) and USB 2.0 boards, and also the newer National Instruments X-Series
PCle and USB 2.0 boards.

Importantly, the M- and X-Series boards have a 0.5 sec keyboard response delay (compared to 5.0 sec
for the Digidata 132x boards).

If you are planning to use an National Instruments M- or X-Series board, see Section 2.3 for the
appropriate AD board, cable and connector box to buy.

NOTE: there is currently a problem with X-Series PCle and USB boards in that the MainProtocol
stops running after 1hr 29min. This is due to a mistake in NIDAQmx code in versions 9.4 and

earlier, and should be fixed shortly in version 9.5. In the meantime, there is a workaround solution
using Protocol Linking (see Section 8.4).

1.2.2 Computers

1.2.2.1 Computer Makes

If I had to recommend one motherboard maker it would be INTEL as they are the processor maker and
the ultimate decider on standards.

Basically, you should be able to use any Windows computer. The only current problem computers are
DELL Optiplex computers with RAID hard drives, which do not work correctly with WinLTP. However,

Dell Optiplex computers without RAID hard drives do work correctly. | would therefore recommend
staying away from computers using RAID hard drives.

1.2.2.2 Bus

For the National Instruments M-Series board, WIinLTP requires a computer with a PCI or PClexpress bus.
For the new National Instruments X-Series board, WinLTP requires a computer with a PCle bus.

The USB 2.0 bus can also be used for M- and X-Series USB boards (see Section 2.3.1).

For the Axon Digidata 132x board, WIinLTP requires a PCl bus computer or laptop computer (using a
SCSI card inserted into the PCM-CIA slot).



1.2.2.3 Processor and Speed

For National Instruments M- and X-Series boards, WinLTP requires at least a computer with a 2.8 GHz
Intel Pentium 4 or higher speed processor with HyperThreading, the faster the better. (Note: some 2.93
and 3.06 GHz Pentium 4 processors do not have HyperThreading, and will not work with the M- or X-
Series boards.)

For Axon Digidata 132x boards, WIinLTP prefers a computer with at least a 3 GHz or higher processor.
However, in contrast to the M- and X-Series boards, the Digidata 132x boards can work with somewhat
slower ca. 2 GHz computers (e.g. processors without HyperThreading), but this speed is really not
recommended.

Both the M- and X-Series boards or the Digidata 132x boards have been tested on the Intel dual-core
processors, and work well, and the M- and X-Series boards have been tested on the newer Intel quad-
core processors, and work well.

The WInLTP Reanalysis program worked fine on all Intel Pentium 4 processors and above and is not
limited to any minimum GHz processor speed.

1.2.2.4 RAM memory

When using either the M- or X-Series or Digidata board, at least 2048 MB of RAM memory is
recommended, although simple LTP experiments can probably be run on computers with a minimum of
1024 MB of RAM memory.

1.2.3 Monitors

WInLTP prefers monitors having 1280x1024 pixels or more, particularly if many AD channels are used, if
the Protocol Builder is used, and/or if capturing spontaneous events is used. 1024x768 pixels is how too
small — not all the perfusion channel information will be visible.

1.2.4 Operating Systems

For the M- and X-Series boards, WIinLTP requires the Windows XP, Windows Vista or Windows 7
operating system (which support HyperThreading and multi-core processors, Windows 2000 does not).
However, Windows Vista has largely been bypassed by most users and institutions, and in our WinLTP
tests, Windows 7 seems superior to Windows Vista. Windows Vista users should strongly consider
upgrading to Windows 7.

When running on Windows 7, make sure the computer does NOT GO TO SLEEP. This will cause
WinLTP to hang-up! To stop your computer from going to sleep change:

ControlPanel -> Smalllcons -> PowerOptions -> Balanced -> ChangePlanSettings
Put the computer to sleep  [30 minutes] changeto -> [Never]



Note that the automatic turning off of the display does NOT cause problems.

For the Axon Digidata 132x board, WInLTP requires the Windows 2000 or XP operating system. My
understanding is that Windows Vista and Windows 7 drivers are not available for the SCSI card used by
the Digidata 132x board, and therefore we have not tested WinLTP with the Digidata 132x board on Vista
or Windows 7. Apparently you can buy a very expensive SCSI card that will work with Windows Vista and
7, but we think you may as well buy a National Instruments M- or X-Series board instead. Therefore we
do not support the Digidata 132x board on Windows Vista or 7.

1.3 Overview of WINLTP — Basic LTP/LTD Experiment

The protocols of WIinLTP for running the basic LTP experiment consists of either repetitive slow single
extracellular pathway stimulation by one electrode (S0), or slow alternating dual extracellular pathway
stimulation by two electrodes (SO then S1). Single train, theta burst, or primed burst stimulation induces
LTP. Low frequency stimulation (e.g., 900 pulses at 1-2 Hz) induces LTD induction.

Fig. 1.3.1 shows the layout of the WIinLTP program showing Protocol and Detection fields (upper left
panel), Sweep Stimulation fields and graphs (lower left and right panels), Analysis graphs (one slope
graph) (top right panel), Sweep Acquisition (middle right panel), and the Spreadsheet and Run Buttons
(bottom panels).

Fig. 1.3.1 illustrates the basic LTP experiment of slow alternating dual pathway stimulation, in this case
using signal averaging. The right middle graph shows an extracellular synaptic response from the CA1l
region of the hippocampus, averaged from four sweeps, and produced by single extracellular SO stimulus
pulses, 10 ms from the start of the sweep. Superimposed on the synaptic waveform are red lines to show
where calculations were made for the SO slope. The slope ‘calculation lines' are color-coded and are
shown in red for an SO0-evoked fEPSP and magenta for an S1-evoked fEPSP. The right top graph in Fig.
1.3.1 shows calculations for slope produced by SO stimulation (red triangles) and S1 stimulation (magenta
squares).

In WInLTP, alternating dual pathway stimulation (SO then S1) of the experiment in Fig. 1.3.1 is achieved
by producing dual alternating sweeps (Pulse Sweep PO then Pulse Sweep P1) in which Pulse Sweep PO
has one pathway stimulation by one extracellular electrode, SO, and Pulse Sweep P1 has one pathway
stimulation by extracellular electrode S1. The SO and S1 stimulation outputs trigger stimulus isolation
units that are connected to extracellular stimulation electrodes SO and S1.

WInLTP is actually capable of generating four different sweep stimulations with different stimulation
capabilities on each. Two sweep stimulations are Pulse Sweeps PO and P1, and these are usually used
for single pulse stimulation, can be repeated at set time intervals, and the sweep data can be signal
averaged. The other two sweep stimulations are Train Sweeps TO and T1, and these are evoked as
single, nonrepetitive sweeps that are usually used for train stimulation.
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Fig. 1.3.1. WInLTP layout for a basic LTP/LTD experiment showing the Protocol fields (upper left panel),
analysis graphs (in this case only one slope graph, top right panel), Sweep Acquisition (middle right
panel), Sweep Stimulation fields and graphs (lower left and right panels), and the Spreadsheet and Run
Buttons (bottom panels). Detection fields to change synaptic potential detection values are hidden behind.

The MainProtocol panel shows the alternating POsweep every 30 sec, then P1lsweep every 30 sec, in
an AvglLoop of 4 to produce an average every 4 sweeps.

Pulse Sweep PO stimulation producing only one SO extracellular stimulation pulse (left lower panel and
the stimulation graph in the right lower panel). With this simple stimulation, rapid repeating of Pulse
Sweep PO at 1/sec produces rapid 900 pulse LTD SO stimulation at the same frequency.

The Sweep Acquisition graph shows a fEPSP evoked by SO stimulation (10 ms after the start of the
sweep, averaged from 4 sweeps) with a red line showing the slope. The slope graph shows calculations
of slope for S0-evoked fEPSPs (red triangles) and S1-evoked fEPSPs (magenta squares) caused by
alternating S0/S1 pathway stimulation produced by alternating PO/P1 sweeps. Calculations are normally
made on 4 averaged sweeps, but 20 averaged sweeps are used during LTD stimulation. Numerical
values for slope (“Slope”) are also shown on the spreadsheet panel below the graphs.

In the spreadsheet, “Time of Day” shows the time the sweep began, “Time m:s” shows the time of the
stimulus pulse from when analysis starts, “Sx” shows whether SO or S1 stimulation was used to evoke the
synaptic response, “Pul#’ shows the number of the SO or S1 pulse that evokes the synaptic response,
and “Slope” shows the calculated slope of the evoked response.
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The induction of LTP by SO stimulation (indicated by 'LTP' and up arrow below red triangles in the right
top panel of Fig 1.3.1) is produced by evoking by clicking the ‘Single TO’ Run Button which produces a
single Train Sweep of 100 SO pulses at 100 Hz (not shown). The induction of LTD by SO stimulation
(indicated by 'LTD' below red triangles in the top panel of Fig. 1.3.1) is initiated by clicking the 'Repeat PO’
Run Button which produces rapidly repeating Pulse PO Sweeps for a set number of times (900 here),
once a second here. Since the Pulse PO Sweep produces only 1 SO pulse per sweep, this generates 900
SO pulses at 1 Hz. (the LTD stimulation fields are actually shown in the Protocol Panel, EvokedEvents
tabsheet.

1.4 Technical Support

Technical support can be obtained by directly contacting the author at WinLTP Ltd.:

Dr. William W. Anderson
Email: support@winltp.com
Tel: 0117-331-1968 (from outside the UK dial +44-117-331-1968)

Alternatively, if | do not respond in 1 or 2 days, then please contact my WInLTP Ltd. colleague Steve
Fitzjohn at Fitzjohn_Stephen_NonLilly@Lilly.com.
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1.6 Conditions of Use

CONDITIONS FOR USING WiInLTP

At the sole discretion WIinLTP Ltd., academic users can freely run WinLTP Acquisition in the Basic Mode.
However, academic users must purchase an Advanced Mode license to run WIinLTP Acquisition in the
Advanced Mode after the initial Demotrial period. Commercial users must purchase an Advanced Mode
license to run WInLTP Acquisition in both the Basic and Advanced Modes. All users can freely run the
WInLTP Reanalysis program for all reanalysis functions. However, some Reanalysis program file
conversion functions will require a Advanced Mode license key.

WARRANTY AND LIMITATIONS FOR USING THIS SOFTWARE
1. Ownership of Software
a. WInLTP Ltd. and the University of Bristol have shared copyright ownership of this software. The
user is granted a nonexclusive license to use this software, but does not own it.

2. Warranty and Liability

a. There is NO WARRANTY implied concerning the fitness of this software or documentation for the
user's purpose. The software and documentation is supplied 'AS FOUND'.

b. This is experimental research software. As such it has been well tested in our research group and
many groups around the world, and is largely bug-free in these particular experiments. However,
it is solely up to the user to determine if this software is suitable for his or her purpose, to
determine if its limitations are acceptable, and to test that it is operating correctly.

c. In particular, WIinLTP Ltd. disclaims all liability for any direct, indirect, consequential or indirect
damages resulting from the use of the program, including the costs of rectifying incorrectly
obtained research results.

d. For users running WIinLTP Acquisition in the free Basic Mode or during the Demotrial Period, and
running the free WIinLTP Reanalysis reanalysis functions, the maximum liability to WIinLTP Ltd. is
zero.

3. Support
a. Although WiInLTP Ltd. will strenuously try to fix all bugs for the foreseeable future, it cannot
promise when they will be fixed (or whether they will actually be fixed, particularly if they occur
intermittently on a remote site computer).

4. Animal Research Guidelines and Human Subjects
a. This software can only be used in research that meets the Society for Neuroscience guidelines
for animal research.
b. It is forbidden to use this software on HUMAN subijects.

ADDITIONAL WARRANTY AND LIMITATIONS FOR USING THIS SOFTWARE IN THE ADVANCED
MODE
1. Warranty and Liability
a. For users running WIinLTP Acquisition in the Advanced Mode using a purchased Advanced Mode
license, the maximum liability to WIinLTP Ltd. is the cost of the WIinLTP Advanced Mode license
purchased.
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2. Sale of Advanced Mode License

a. At the sole discretion WIinLTP Ltd., academic users can freely run WIinLTP Acquisition in the
Basic Mode. However, academic users must purchase an Advanced Mode license to run
WInLTP Acquisition in the Advanced Mode after the initial Demotrial period. Commercial users
must purchase an Advanced Mode license to run WIinLTP Acquisition in both the Basic and
Advanced Modes. All users can freely run the WIinLTP Reanalysis program for all reanalysis
functions. However, some Reanalysis program file conversion functions will require a Advanced
Mode license key.

b. Currently, there are no plans for to charge in future versions of WinLTP for running in the Basic
Mode. However future changes to this policy cannot be eliminated.

3. Support
a. WinLTP Ltd. will provide continuing support on how to experimentally use the WinLTP program
for the foreseeable future. However, the promise of this experimental support by WinLTP Ltd. is
limited to 1 year after purchase.

4. Upgrade Policy
a. Minor upgrades and bug fixes for Advanced Mode functions will be free to the user. Whether to
charge for major upgrades of WinLTP will be up to WinLTP Ltd.

5. Restrictions on Use

a. You may not attempt in any way to overcome the copy protection mechanisms for the Advanced
Mode of WInLTP Acquisition, or the file conversion routines of WinLTP Reanalysis. You are not
allowed to:
1) Reverse engineer, debug or decompile WIinLTP or the License Key.
2) Clock back the computer date or reinstall the program in an attempt to overcome the copy

protection.

3) Distribute your License Key outside your lab group.

b. WIinLTP may not be resold or included with any other product without written permission from
WInLTP Ltd.

REQUESTS
1. If you are running WinLTP Acquisition in the Basic or Advanced Mode, | would appreciate it if you
would reference using this software by name (e.g. as WinLTP).

2. If you are running WinLTP Acquisition in the free Basic Mode, | would also appreciate it if you would
reference the WinLTP paper:

Anderson WW and Collingridge GL (2007) Capabilities of the WIinLTP data acquisition program
extending beyond basic LTP experimental functions. J. Neurosci. Meth., 162:346-356.

3. BUGS: | would appreciate it if you would let me know of any bugs you have found. If you don't tell
me, they won't get fixed!
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CHAPTER 2 - Getting Started

2.1 Upgrade notice

If you are upgrading from earlier versions of WinLTP, you may have to write new *.pro protocol files. The
newer WInLTP program will not load protocol files you made using a previous WinLTP if the protocol file
size has changed. However,

Note that the WIinLTP Reanalysis program can analyze the same ADsweep files make with all earlier
versions of WIinLTP and also the earlier DOS LTP Program.

2.2 Install WIinLTP

Install WIinLTP by running Install_WinLTP200.exe. By default, WIinLTP is installed in the folder
C:\WInLTP. Two Acquisition programs will be installed, one to run the Digidata 1322x boards (still
WinLTPd111.exe) and one to run the M- and X-Series boards (WinLTPm200.exe), and a Reanalysis
program (still WinLTPr111.exe) will be installed.

2.3 Install the National Instrument PCI M- or X-Series board

NOTE: The M- and X-Series PCI, PCle (PClexpress) and USB 2.0 boards have a 0.5 sec keyboard
response delay (compared to 5.0 sec for the Digidata 132x boards).

2.3.1 M- and X-Series Data Acquisition Boards

Bottom Line — what NI stuff should | buy?

The most common and cost effective configuration currently is:
1) AD board: PCle-6321
2) Cable: SHC68-68-EPM cable, 2 meters
3) Connector Box: BNC-2110

This assumes you:
1) Have a computer with a PCle slot available
2) Need only 2 output channels (that’s all WinLTP2.01 supports but will increase to 4 in future
WInLTP releases)
3) Need only 8 high-speed digital outputs (that’s all WinLTP 2.01 uses for now)
4) If you are using WInLTP for automated extracellular slice perfusion, the BNC-2110 connector
box does not have the P2.7 (PFI 15) digital output, so you can’t use channel 16 with the standard
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16-channel perfusion system system, or channel 8 with the pre-flush 8-channel system (see
Section 9.2.4). A BNC-2090A may be a better choice then.

Recently, National Instruments has introduced the X-Series of boards along side the M-Series boards.
The X-series boards are slightly higher performance than the M-Series boards. | thought the PCI and
PCle M-Series boards were/are great. The X-Series PCle boards may be even slightly better. Note that
the PCle bus is twice as fast as the PCI bus, so if your computer has a PCle slot (and most do), it is better
to buy a PCle board. More importantly, some computers are now down to only 1 PCI slot, and may soon
go down to none, so you will have to buy a PCle board. WiInLTP 2.01 also supports USB 2.0 M- and X-
Series boards. Athough the USB boards with BNC connectors are more expensive than the PCI/PCle
boards and BNC connector boxes, the portablility and ability to use with laptops may favor their purchase.
Also, the USB boards with screw teminals are close to comparable cost of the PCI/PCle boards and
connector boxes.

NOTE: There is currently a problem with X-Series PCle and USB board in that the MainProtocol stops
running after 1hr 29min. This is due to a mistake in NIDAQmx code in versions 9.4 and earlier, and
should be fixed shortly in version 9.5. In the meantime, there is a workaround solution using Protocol
Linking (see Section 8.4).

PCI boards to consider include these M-Series boards:

AD board Price* #AnaloginChs AnaloginSpeed #AnalogOutChs #HighSpeedDigOutChs
PCI-6221 $557 16** 250 kSamples/sec 2 8
PCI-6229 $746 32%* 250 kSamples/sec 4 32
PCI-6251 $971 16** 1 MSamples/sec 2 8
PCI-6259 $1304 32%* 1 MSamples/sec 4 32

PCle boards to consider include these X-Series boards.

AD board Price* #AnaloginChs AnaloginSpeed #AnalogOutChs #HighSpeedDigOutChs
PCle-6321 $557 16 250 kSamples/sec 2 8
PCle-6323 $746 32 250 kSamples/sec 4 32
PCle-6351 $971 16 1 MSamples/sec 2 8
PCle-6353 $1304 32 1 MSamples/sec 4 32

If you wish to buy a USB 2.0 board and want to have BNC connectivity you can purchase the relatively
pricey USB-6221-BNC or USB-6229-BNC M-Series boards, or for screw terminal connectivity the more
reasonably priced USB-6341 or USB-6343:

AD board Price* #AnaloginChs AnaloginSpeed #AnalogOutChs #HighSpeedDigOutChs
USB-6341 $1061 16** 500 kSamples/sec 2 8
USB-6343 $1394 32** 500 kSamples/sec 4 32
USB-6221-BNC $1574 gr** 250 kSamples/sec 2 8
USB-6229-BNC $1943 16%** 250 kSamples/sec 4 32

* Prices are for October, 2011, are in US dollars, and include a 10% academic discount in units of 1.
There is also a 25% academic discount if buying in units of 5.

** The #AnalogInChs are for Non-Referenced Single Ended (NRSE) or Referenced Single-Ended (RSE)
recording modes. For Differential recording mode divide this analog input channel number by two.

** Differential recording channels.
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Note that the current 2.01 version of WIinLTP samples at 200 kSamples/sec, so there is need to
necessarily buy 500 kSamples/sec or 1 MSamples/sec boards. Future versions of WinLTP may utilize 1
MSamples/second capability, but this is not guaranteed.

I do not recommend buying the PCI-6221 (37 pin) version because it has only 2 rather than 8 high speed
digital outputs, and is therefore only sufficient for SO and S1, but nothing else such as the 4 digital outputs
or the additional extracellular outputs in WIinLTP 2.01 for automated perfusion control.

Fig. 2.3.1.2 shows the total cost for National Instrument PCle data acquisition boards, cables and
connector boxes, and for USB boards for price comparison. Also incuded are CB-68LPR screw terminal
connector blocks for the absolute minimum cost of PCle-6221 and PCle-6223’s boards and connectors,
and for direct comparison with the USB-6341 and USB-6343 which use screw terminals.

Num Total cost of

High Cost of Cost of AD board,

Speed Num AD Cost of connector cable &
AD board DOs AOs board Cable cable Connector box box connector box
PCle-6321 8 2 $557 SHC68-68-EPM (2M)  $125 CB-68LPR (screw terminal block) $98 $780
PCle-6321 8 2 $557 SHC68-68-EPM (2M)  §$125 BHC-2110 (not rack mounted) $332 $1,014
PCle-6321 8 2 $557 SHC68-68-EPM (2M)  §$125 BHNC-2090A (rack mounted) $395 $1,077
PCle-6321 8 2 $557 SHCE8-68-EPM (2M)  $125 CA-1000 (9 BNC panels + CB-68LPR, 2 AOs) $595 $1,277
USB-6341 8 2 $1,061 $0 (includes screw terminals) $0 $1,061
USB6221 BNC & 2 $1,574 $0 (includes BNC connectors) $0 $1,574
PCle-6323 32 4 $746 2% SHC68-68-EPM (2M)  $250 2 x CB-68LPR (screw terminal blocks) $196 $1,193
PCle-6323 32 4 $746  2x SHCG68-68-EPM (2M)  $250 2 x BNC-2110 (not rack mounted) $664 $1,661
PCle-6323 32 4 $746 2% SHCG8-68-EPM (2M)  $250 2 x BNC-2090A (rack mounted) $790 $1,787
PCle-6323 32 4 $746  2x SHCG8-68-EPM (2M)  $250 CA-1000 (14 BNC panels + 2x CB-68LPR, 4 AQs) $693 $1,689
USB-6343 32 4 $1,394 $0 (includes screw terminals) $0 $1,394
USB-6229 BNC 32 4 §1,943 $0 (includes BNC connectors) $0 $1,943

Fig 2.3.1.2. Commonly used configurations of PCle data acquisiton boards, cables and connector boxes,
and two USB BNC boards for comparison. Prices include a 10% academic discount for units of 1. There
is also a 25% academic discount if buying in units of 5. Prices are for October 2011.

2.3.2. Cables

All PCI M- and X-Series boards SHC68-68-EPM cable. It is available in 1, 2 or 3 meter lengths.

2.3.3 Connector Boxes

All PCI M- and X-Series boards with 2 analog outputs such as the PCI-6221, PCI-6251, PCle-6321 and
PCle-6351 require using either the BNC-2110 or BNC-2120 for non-rack mounting, the BNC-2090A for
rack mounting, or the CA-1000 enclosure (with BNC panelettes and one CB-68LPR connector block).

All PCI M- and X-Series boards with 4 analog outputs such as the PCI-6229, PCI-6259, PCle-6323 and
PCle-6353 require either two BNC-2110’s, two BNC-2120’s, two BNC-2090A’s or using the CA-1000
enclosure (with BNC panelettes and two CB-68LPR connector blocks). (Note however that the four
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analog outputs and > 8 high-speed digital outputs are not supported with WinLTP111 but will be in
subsequent versions — so there is no need to buy the second cable and additional connections now.)

You could also use other connector boxes such as the SCB-68 Shielded Connector Box, but there is little
point, as it is about the same cost as the others, and only has screw terminal outputs.

NOTE: WInLTP110 and earlier was only set to run in the NRSE (Non-Referenced Single-Ended) mode.
WinLTP111 can now be set up in Differential and RSE (Referenced Single-Ended) modes as well as the
NRSE mode.

When using M- or X-Series board and connector boxes, the recording mode must be set on program
startup to either Differential, Non-Referenced Single-Ended (NRSE) or Referenced Single-Ended (RSE)
as described in Section 2.7. For certain boxes, such as the BNC-2110 and the BNC-2120, the preferred
recording mode (Differential in these cases) is already chosen. For other connector boxes such as the
BNC-2090A or the CA-1000 connector box with All Pins Available, you can choose Differential, NRSE or
RSE. If you wash to use the BNC-2110 or BNC-2120 in NRSE or RSE mode, choose the ‘Connector box
with All Pins Available’.

Also, for some connector boxes, such as the BNC-2110 and the BNC-2120, each channel in the
connector box can be set to record from Floating Source (FS) Signals such as battery powered biological
amplifiers NOT connected to mains ground, or from Ground Source (GS) Signals such as biological
amplifiers connected to mains ground to connector boxes.

For information on connecting Floating Source (FS) Signals and Ground Source (GS) Signal and using
Differential, NRSE or RSE recording modes, see Fig. 2.3.3.1. Also see the detailed discussion in Field
Wiring and Noise Considerations for Analog Signals — both from the National Instruments website.

NOTE: Even though the Resources tabsheet is specifically set up for BNC-2110, BNC-2120 and BNC-
2090A connector boxes, if you choose the “Connector Box with All Pins Available”, you can set up
connections in any recording mode to any connector box. This includes a USB M-Series board and box,
a CA-1000 box with your own custom connections, or even the BNC-2110, BNC-2120 boxes in any
recording mode.


http://zone.ni.com/devzone/conceptd.nsf/webmain/01F147E156A1BE15862568650057DF15?opendocument
http://zone.ni.com/devzone/conceptd.nsf/webmain/01F147E156A1BE15862568650057DF15?opendocument
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Signal Source Type

Floating Signal Source
(Not Connected to Grounded Signal Source
Building Ground)

Examples Examples
= Thermocouples # Plug-in Instruments with
Input = Signal Conditioning with Monisolated Inputs
Configuration Isolated Outputs

= Battery Devices

Differential
(DIFF)
AL GND
Two resistors (10 ke<R<100 k) -
provide return paths
to ground for bias currents
Al
Vi
Single-Ended - @— ALGNDS
Ground
Referanced
(RSE)
. Ground-loop losses, Vg,
are added to measured signal.
Al > Al T
Vi Tﬁ sense| | Vi |a1sEnSE| |
Single-Ended -

Monreferenced R i ®
(NRSE) AL GND AI GND

Fig. 2.3.3.1. Making measurements in Differential, Non-Referenced Single-Ended (NRSE), and
Referenced Single-Ended mode (RSE) modes. Use Differential, NRSE or RSE mode to connect a
Floating Signal (FS) Source such as a battery powered biological amplifier NOT connected to mains
ground. Usually use Differential or NRSE to connect a Grounded Signal (GS) Source such as a biological
amplifier connected to mains ground (Copyright National Instruments).

Use Differential, NRSE or RSE mode to connect a Floating Signal (FS) Source such as a battery powered
biological amplifier NOT connected to mains ground. Usually use Differential or NRSE to connect a
Grounded Signal (GS) Source such as a biological amplifier connected to mains ground (Copyright
National Instruments).
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2.3.3.1 BNC-2110 Connector Box

The BNC-2110 (Fig. 3.3.1.1) is the smallest and simplest connector box to install.

Analog Inputs 0 and 1 are used as normal (plugged into with a shielded BNC cable) and are recorded in
Differential mode (see Section 2.7 and Fig. 2.7.1). Thus for a signal from either a battery powered
biological amplifier or a mains powered and grounded biological amplifier, the center pin signal and the
BNC shield are recorded differentially. You do NOT have to connect anything to the Al SENSE or Al
GND pins.

For a Floating Signal (FS) Source such as a signal from a battery powered biological amplifier, switch the
FS/GS switch to FS. For a Ground Signal (GS) Source such as a signal from a mains powered and

grounded biological amplifier, switch the FS/GS switch to GS.

Analog Outputs 0 and 1 are used as normal (plugged into with a shielded BNC cable).

ANALOG IN - ANALOG OUT NATIONAL
Hasting Ground Rst INSTRUMENTS
Source (F5) Source (GS] BNC_z‘I 10
DIGITAL AND ING /O,
S @
e [ = Por
= Pos
= = Pos
= = Pos
s | =] = PO3
= =
=| e @
=] =
=] =
= =
= =
= =
= =
= &
=] Ao
®

TRIGGER/COUNTER
PAOIFLD PA1Z/P2.4

USER 1 USER 2

ectrostatie

‘‘‘‘‘‘‘‘ A
1 Analog Input/Analog Output BNC Connectors 5 Power Indicator Light

2 [FS/GS Switches 6 Trigger/Counter BNC Connectors

3 Terminal Block Retaining Screws 7 User-Defined Signals BNC Connectors
4

Digital and Timing I/0 Spring Terminal Blocks

Fig. 3.3.1.1. Photograph of the BNC-2110 (left), and the Al (Analogin), AO (AnalogOut), and Userl and
User2 BNC connectors, the FS/GS switches for each analog input channel, and the pin connections for 8
high-speed digitial outputs (P0.0 to P0.7) (right). For ease of use, a wire is connected from the P0.0 pin to
the Userl pin, and from P0.1 pin to the User2 pin so that the Stimulus Isolation Unit for signal SO can be
connected by a BNC cable to Userl, and the Stimulus Isolation Unit for signal S1 can be connected by a
BNC cable to User2. (Copyright National Instruments)
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To use the extracellular stimulation outputs, connect a wire from pin P0.0 to Userl (so that the Userl
BNC can be SO output), and connect a wire from pin P0.1 to User2 (so that the User2 BNC can be S1
output).

To use the four Digital Outputs (D2 to D5), directly connect wires to the P0.2 to P0.5, respectively.

2.3.3.2 BNC-2120 Connector Box

NOTE: In WIinLTP 1.10 and earlier, the BNC-2120 was used in NRSE recording mode and required
making connections to Al SENSE and Al GND pins. In WIinLTP 1.10 onward the default is now the
Differential recording mode, and no connections need to be made to Al SENSE or Al GND pins. If Al
SENSE s still connected to Al GND after upgrading from WIinLTP 1.11, this conntection need not be
removed. Al SENSE is not used in the Differential Mode. However, if your BNC shield is connected to Al
SENSE or Al GND, you should disconnect it to get a true differential recording between the cable center
pin and cable shield.

We actually now favour the BNC-2110 Connector Box over the similar BNC-2120 because it is smaller,
cheaper and slightly simpler.

For the BNC-2120, Analog Inputs 0 and 1 are used as normal (plugged into with a shielded BNC cable)
and are recorded in Differential mode (see Section 2.7 and Fig. 2.7.3). Thus for a signal from either a
battery powered biological amplifier or a mains powered and grounded biological amplifier, the center pin
signal and the BNC shield are recorded differentially.

For a Floating Signal (FS) Source such as a signal from a battery powered biological amplifier, switch the
FS/GS switch to FS. For a Ground Signal (GS) Source such as a signal from a mains powered and
grounded biological amplifier, switch the FS/GS switch to GS.

Analog Outputs 0 and 1 are used as normal (plugged into with a shielded BNC cable).

To use the extracellular stimulation outputs, connect a wire from pin P0.0 to Userl (so that the Userl
BNC can be SO output), and connect a wire from pin P0.1 to User2 (so that the User2 BNC can be S1
output).

To use the four Digital Outputs (D2 to D5), directly connect wires to the P0.2 to P0.5, respectively.

2.3.3.3 BNC-2090A Connector Box

NOTE: In WInLTP 1.10 and earlier, the BNC-2090A was used in NRSE recording mode and required
setting the SE/DIFF switches to S, and the RSE/NRSE to NRSE (Non-Referenced Single Ended). In
WiInLTP 1.11 onward the recording mode can now be Differential, NRSE or RSE depending what is
chosen in the Choose Recording Mode radiobutton group (Fig. 2.7.4).

Analog Inputs 0 and 1 (ACHO and ACH1) are used as normal (plugged into with a shielded BNC cable).

For recording in the Differential mode (Fig. 2.7.4, top), set the SE/DIFF switch to DIFF. It does not
matter what the RSE/NRSE switch is set to because it is not used. Thus for a signal from either a battery
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powered biological amplifier or a mains powered and grounded biological amplifier, the center pin signal
and the BNC shield are recorded differentially.

There is no Floating Signal (FS) Source / Ground Signal (GS) Source FS/GS switch in the BNC-2090A. If
you are recording in Differential mode from a Floating Signal Source you will have to have a 10-100 kQ
resistor to Al GND on one input if DC-coupled, or both inputs if AC-coupled (see the BNC-29090A User
Manual for more information).

If you are recording in Differential mode from a Ground Signal Source you do not have to make any
special connections — just use the factory default configuration (see the BNC-29090A User Manual for
more information).

When recording in Single-Ended mode from a Floating Signal Source, configure the BNC-2090A to
supply a ground reference by placing the device in Referenced Single-Ended (RSE) mode. For
recording in the Referenced Single-Ended (RSE) mode (Fig. 2.7.4, lower right), set the SE/DIFF switch
to SE, and set the RSE/NRSE switch to RSE.

When recording in Single-Ended mode from a Ground Signal Source, the external signal supplies its
own reference ground point and the BNC-2090A should not supply one. Therefore, configure the BNC-
2090A in the Non-Referenced Single-Ended (NRSE) mode (see the BNC-29090A User Manual for more
information). For recording in the Non-Referenced Single-Ended (NRSE) mode (Fig. 2.7.4, lower left),
set the SE/DIFF switch to SE, and set the RSE/NRSE switch to NRSE.

Analog Outputs 0 and 1 (DACO and DACL1) are used as nhormal (plugged into with a shielded BNC cable).

To use the extracellular stimulation outputs, connect a wire from pin DIOO to Userl (so that the Userl
BNC can be SO output), and connect a wire from pin DIO1 to User2 (so that the User2 BNC can be S1
output).

To use the four Digital Outputs (D2 to D5), directly connect wires to DIO2 to DIO5, respectively.

2.3.3.4 CA-1000 Connector Box

For the current WIinLTP program (version 2.01) using 2 analog inputs, 2 analog outputs, and 6 high-speed
digital outputs, it makes little sense to put together a custom CA-1000 enclosure with a CB-68LPR
connector block and wire up the BNC panelettes. This is particularly true since they recently doubled the
cost of the BNC panelettes, making a wired up CA-1000 box not nearly as cost effective as it was several
years ago (see Fig. 2.3.1.2).

However, future versions of WinLTP will include at least 5 analog inputs, 4 analog outputs, 8 to 24 high-
speed digital outputs, and maybe 8 low-speed digitial outputs. For this you can use either two BNC-
2110’s, two BNC-2120’s, two BNC-2090A’s or using the CA-1000 enclosure (with BNC panelettes and
two CB-68LPR connector blocks). So wiring up a CA-1000 is not completely unreasonable.

Installation is pretty easy and requires only a supplied screwdriver. Install 9 panelettes in front, and the
CB-68LPR connector block in the back left or right position. Connect the wires as shown using the PCI-
62xx data sheet pinout information.
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If you are recording in Differential mode (Fig. 2.7.5, top), then you can:
1) connect the central pin of the Analoginput 0 BNC to AIO (pin 68), and
2) connect the shield wire of the BNC to Al8 (pin 34)
and so forth.

If you are recording in Non-Referenced Single-Ended (NRSE) mode (Fig. 2.7.5, lower left) (which was
the recording mode of WinLTP110 and earlier), you can:
1) connect the central pin of the Analoginput 0 BNC to AlO (pin 68).
Then you can either:
2a) connect the shield wire of the BNC to Al SENSE (pin J62). This is to remove any ground loops and
is theoretically the better way, or,
2b) connect Al GND (say pin J29) to Al SENSE (pin J62). Then connect the shield wire of the BNC to
an Al GND pin (say J67). You may have to disconnect the grounded shield of the Analog Input O
coaxial cable from the Analog Input 0 BNC ground to prevent a ground loop — alternatively in this
situation leave the shield wire of the BNC unconnected).

2.3.4. Install NI-DAQmx 9.x

You first have to install NI-DAQmx from the CD included with your M- or X-Series board. For these
boards, version 8.8 or higher must be used because of the code added to support USB M- and X-Series
boards. If you need to upgrade, you might as well download and use the latest Version 9.4 from
www.ni.com. NOTE: the NI-DAQmx driver file is over 1 GB, and can take over 2 hrs to download.

Because of the current problem with X-Series PCle and USB board in that the MainProtocol stops running
after 1hr 29min, which is due to a mistake in NIDAQmx code in versions 9.4 and earlier, if using an X-
Series board, you should upgrade to 9.5 when it becomes available.

Follow the installation instructions. Although you can use the installation defaults, only the NI-DAQmMXx
and NI Measurement and Automation Explorer must be installed, the Microsoft Visual C Support, the OPC
Support, and the VI Logger are not required.

Then restart the computer and the Found New Hardware wizard will run. When asked about Windows
connecting to Windows Update, respond
(*) No not at this time
Then choose
{*} Install the software automatically (recommended)
And the wizard should say that it has finished installing the software for the PCI-62xx board.

2.3.5. Run the Measurement and Automation Explorer (MAX) and test the
board

Click on ‘Devices and Interfaces’, then click on ‘NI-DAQmx Devices’ and your M- or X-Series PCI or PCle
board should appear (such as ‘NI PCI-6221 “Dev1” or ‘NI PCle-6321 “Dev1™).
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If the name of the device is not the default “Dev1”, perform a right mouse click and Rename the device to
“‘Dev1”. ltis essential that this device is called “Dev1”.

Then perform a right mouse click and run the Self-Test.

Then click on the Test Panels. (Make sure AOO is connected to Al0.) Set Analog Output mode to
Sinewave Generator, Transfer Mechanism to DMA, and click Start. Set Analog Input Mode to Continuous
and Configuration to NRSE, and click Start. A sinewave should appear in the graph.

NOTE: If there is a problem, first try moving the PCI M-Series board to another PCI slot (I know this
from experience!). Otherwise contact National Instruments support. Nothing in MAX depends on
WIiInLTP, and WIinLTP will not work if the testing in MAX doesn’t work.

2.3.6 Run more than one M- or X-Series board in one computer

In WinLTP111, we have added the capability of simultaneously running more than one M- or X-Series
board in one computer. As far as WInLTP is concerned, you can theoretically install up to 9 National
Instrument boards into one computer (‘Dev1” to “Dev9”), and have up to 9 boards operating
simultaneously. However, we have only tested simultaneously running up to 3 boards for now. The
number of boards you can simultaneously run depends on the speed of your computer (it should at least
be a dual-core), and the rate at which you run and save sweeps during an experiment (be sure to test
beforehand).

To install a second M- or X-Series board in your computer perform the following steps:
1) Make sure the WinLTP program that uses the “Dev1” board is not running.

2) Install a second National Instruments M- or X-Series board into your computer. Run National
Instruments Measurement and Automation Explorer program (MAX) and make sure that this second
board is called “Dev2”. If it is not, then rename it in MAX.

3) Copy the contents of the \WInLTP folder into a second folder and rename the folder, say to
\WInLTP_Dev2
You do not need to copy any of the subfolders of \WInLTP.

4) Make a shortcut for the WinLTPm111.exe file in the \WInLTP_Dev2 folder, put it on the Desktop, and
give it a new title of say,
WInLTP M, Xseries Dev2

5) Then run the WInLTP program that is to use the “Dev2” board. Once it has started up, use the menu
commands (Fig. 3.2.4):

Option -> Set M, X-Series Board Device Number...
to call up the Set M,X-Series Board Device Number dialog box (Fig. 2.3.6.1).

The current M,X-Series board and Device Number is presented at the top of the dialog box. - in the
example in Fig. 2.3.6.1 it is:
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PCI-6221, “Dev1”

Then you set the second M,X-Series board to the desired Device Number that is found in MAX, which in
Fig. 2.3.6.1 is:

PCle-6321, “Dev2”

so you would enter 2 into the “Dev ” field box.

Then you click the ‘OK’ button. This will automatically save the new Device Number (in Fig. 2.3.6.1 it is
“‘Dev2”) to a “Mseries_DeviceNUmber.ini” file in the \WInLPT folder, and then WinLTP will automatically
exit. Then you have to manually restart WinLTP. During startup, WinLTP will read the new Device
Number from the “Mseries_DeviceNumber.ini” file, and use this Device Number to initialize WIinLTP for
the correct second board found in MAX (in the example in Fig. 2.3.6.1 its PCle 6321).

WInLTP has to be manually restarted because WinLTP will only correctly initialize the new Device
Number and board during startup.

Set M,x-Series Board Device Number X

Current b.==Series board and Device Mumber: PCFE221, "Diew"

Set the M. ¥-5eries board's Device Number
et the Device Mumber of the additional board wou wish this WinlLTF program to use,
(such as "Dew2" in the Measurement and Autormation Eplarer exarmple below ta run the
FCle-6321 board). This Mumber is usually from "DewvE" to "Dewd”,

g Devices and Interfaces
@ NIPCI-6221 "Devl"
= B PCIe-5321 "Dey2"

III:]Ev 2 mn

When the OK button is clicked.
the abowve Device MMumber (such as "Devz2") will be saved, and WinL TF will automatically
exit. Thenyou restat WinlL TF, and it will read that Device Number and uge itto run the

carresponding M.=-Series board in the Measurement and Automation Explorer, e.g.
FCle-6321 "Dewz"

Cancel | Help |

Fig 2.3.6.1. The Set M,X-Series Board Device Number dialog box used to set the Device Number of an
additional M- or X-Series board.
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2.4 Install the Axon Digidata 1320A or 1322A board

NOTE: If you are installing just the WinLTP Reanalysis program, you do not have to first install AxoScope
or pClamp, inotherwords (e.g., you can skip steps 2.4.1, 2.4.2 and 2.4.3).

Put the SCSI card into the computer and connect the Digidata 1320A or 1322A board to the SCSI card
according to the instructions from Axon Instruments included with the board. Do not power up the board,
but turn on the computer to see that the SCSI card is recognized.

2.4.1 Install AxoScope 9 (or pClamp 9)

Axon Instruments' AxoScope 9 (or pClamp 9) must be installed before WIinLTP can be run because the
WInLTP acquisition program uses one library file included only in AxoScope 9 (or pClamp 9) to run the
Digidata 132x board (axdd132x.dll). AxoScope 9 is included with the Digidata 1322A board. If you have
an older version of Axoscope obtained with the Digidata 1320A, contact Molecular Devices at
www.moleculardevices.com. Molecular Devices has not given me permission to distribute this file with
the WIinLTP package.

NOTE: you must use axdd132x.dll from AxoScope (or pClamp)
verision 9, NOT AxoScope (or pClamp) version 10 - axdd132x.dll
from version 10 WILL NOT WORK!!!

2.4.2 Check that AxoScope 9 (or pClamp 9) is running correctly

It is advisable, although not required, that you check that AxoScope 9 (or pClamp 9) are running correctly.
Turn off the computer. Turn on the Digidata 132x board. Then turn on the computer. NOTE: Always turn
on the Digidata board before turning on the computer.

Test that AxoScope (or pClamp) recognizes the Digidata 132x board, and test that it is basically working
correctly. Then exit AxoScope or pClamp.

2.4.3 Make the required Axon library file (axdd132x.dll) accessible to
WinLTP

Copy the Axon axdd132x.dll library file from your AxoScope 9 (or pClamp 9) folder to the WinLTP folder.
(Axon will not let me distribute this file with my WIinLTP program, but this will not be a problem provided
you have AxoScope 9 or pClamp 9.)

DO NOT INSTALLL axdd132x.dll from pClamp 10 or AxoScope 10 (or higher). It is guaranteed NOT TO
WORK!! WiInLTP should issue a warning message if you try to do this.
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2.5 Start WInLTP

Start WIinLTP acquisition by clicking on either the ‘WinLTP Digidata’ icon to run the Digidata 132x board,
or the ‘WinLTP M,X-Series’ to run the M- or X-Series board (Fig 2.5.1). You may as well delete the
acquisition program icon you are not using.

714

WlinL TF
Digidata

Fig 2.5.1.

When WInLTP starts up, the initial ‘splash screen’ comes up almost immediately indicating that the
program in “Loading...”, which takes at least 15 seconds. After this period the “Loading...” message goes
away and the initial Data Root Folder is shown (Fig. 2.6.1).

NOTE: There may be a video related BUG with early versions of Windows XP. If WIinLTP hangs up
during start-up (start-up can take at least 15 seconds!), try changing your video to Classic (Windows
2000) mode.

NOTE: If you are trying to run an M or X-Series board, and you get an ERROR message saying that
“dynamic link library NICAIU.DLL" has not been found
this means that you either haven't installed NI-DAQmx on your computer.

If you get an error like:
WiInLTPm111.exe — Entry Point Not Found
The procedure entry point DAQmMxGetAlUsbXferReqSize could not be located in the dynamic link
library NICAIU.DLL
this means that you have an NI-DAQmXx version earlier than 8.8 installed. You must install version 8.8 or
later because of the code added to support USB M- and X-Series boards. You might as well download
and use the latest Version 9.4 from www.ni.com. NOTE: the NI-DAQmXx driver file is over 1 GB, and can
take over 2 hrs to download (see Section 2.3.4).

2.6 Automatic Data Folder Creation at Start-up

The Data Root Folder is the folder off of which all subsequent data folders will be created. In Fig. 2.6.1,
the data drive folder is C: and the data root folder is the folder containing the WinLTP program, \WinLTP.
The WInLTP program folder C:\WInLTP is the default data root folder that is presented upon initial start-
up. Therefore if today was June 24, 2010, then the data folder into which the *.P0O sweep and *.AMP files
would be written would be C:\WInLTP\100624, and this data folder would be automatically created. The
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first two characters of the data folder denote decade and year, the second two characters denote month
and the third two characters denote day of the month. With this method, folders are automatically sorted
year/month/day when viewed with the Windows Explorer.

To change the Data Root Folder either type in a new one in the edit box, or click on the change button to
bring up the Change Data Folder Dialog box (Fig. 2.6.2), and either choose a different existing Data Root
Folder, or make a new one by clicking on the ‘Make a New Folder’ button. Once you click on the Accept
button, the final Data Root Folder and the Data Read/Write Folder (which is the Data Root Folder plus a
subfolder with today’s data where data will be written) are created as shown in Fig. 2.6.3. You can also
change the Data Read/Write Folder while running an experiment (Section 4.14).

Yer 2.01

Copyright (c) WinLTP Ltd. and The University of Bristol 1991-2012. All rights reserved.

On-Line Acquisition - Create New Data Folder

Data Root Folder: [CAnLTPY . Change

WInLTP is now in the Demotrial Period with 60 days left. ending August 23. 2012

“Y'ou are currently running in the Advanced Mode

Fig. 2.6.1. ‘Splash screen’ showing the initial Data Root Folder. This ‘splash screen’ is the one shown if
running in the Demotrial Period showing the number of days left, the ending date, and the fact that you
can currently run WIinLTP in the Advanced Mode.
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Change Data Root 2] %]

Mowve to, or create a new Data Roaok Folder

(&} Desktop -
= ) My Documents

) Adobe

2 fip

o S

) Misc

j My MLISIc

2 My Pictures

) MySetups LI

Make Mew Folder | (0] 4 I Cancel |
Y

Fig. 2.6.2 The Change Data Root Folder dialog box.

H FH H

FH #

Yer 2.01

Copyright (c) WinLTP Ltd. and The University of Bristol 1991-2012. All rights reserved.

On-Line Acquisition - Create New Data Folder

Data Root Folder: [CAWInLTPY 1 Change
Data ReadMrite Folder: |C:\,WinLTP’\,1 20624,

WInLTP is now in the Demotrial Period with 60 days left. ending August 23. 2012

Y'ou are currently running in the Advanced Mode

Fig. 2.6.3. ‘Splash screen’ showing the final Data Root Folder, and the Data Read/Write Folder into which
data will be written during acquisition and analysis.
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2.7 Choose the Connector Box and Recording Mode for M- X-
Series boards

If this is the first time WInLTP has been run on this M or X-Series board, an ‘Edit Protocol (Set M- or X-
Series Connector Box and Recording Mode, first time program run)’ dialog box will appear (Fig. 2.7.1).

Edit Protocol (Set M- or X-Series Connector Box and Recording Mode, first tim x|
Fesources |

- or¥-Series Board: PCle-6259, "Devl”

Choose Connector Box
BMNC-2111] =l

r Choose Recording Mode

| Differential recarding
Cl Nan-Peferenced Single-Ended (NRSE) recarding
' Beferenced Single-Ended (REE] recording

PCle-6259 connected to a BNC-2110 box, recording in Differential mode

This requires no additional settings or pin connections {(except connecting
P0.0 to Userl and P0.1 to User? for ease of use).

0]% | Cancell Help |

Fig. 2.7.1. The Resources tabsheet in the Edit Protocol (Set M- or X-Series Connector Box and
Recording Mode, first time program run)’ dialog box showing the choice of a BNC-2110 Connector Box.

The top line of the Resources tabsheet of this dialog box shows the National Instruments data aquistion
board you have installed, in this case a PCle-6259.

The section below that requests you choose from a drop-down list a Connector Box that is connected to
this data acquisition board (Fig. 2.7.2). The current Connector Boxes to choose from include the BNC-
2110, BNC-2120, BNC-2090A and a connector box that has all input/output pins available.

NOTE: Choose the Connector Box you installed in Section 2.3.3.

This is then followed by a ‘Choose Recording Mode’ radiobutton group which is either set to a particular
appropriate value for a particular Connector Box (for example Differential recording from the BNC-2110
Connector Box (Fig. 2.7.1), or the BNC-2210 Connector Box (Fig. 2.7.3). Or for certain Connector Boxes
(such as the BNC-2090A, Fig. 2.7.4) or a connector box that has all input/output pins available (Fig.
2.7.5)) you can choose Differential, Non-Referenced Single-Ended (NRSE), or Referenced Single-Ended
(RSE) recording mode.

Below the ‘Choose Recording Mode’ radiobutton group is an Information Panel. The top line shows the
data acquisition board, connector box and recording mode. The middle lines show any additional switch
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settings or pin-to-pin wire connections that need to be made. The bottom lines (if any) give a WARNING
(in yellow) for any setting need be changed when upgrading from WinLTP 1.10 or earlier.

NOTE: After you have chosen the Connector Box you installed in Section 2.3.3 and have chosen the
Recording Mode, set any switches mentioned in the Information Panel, and any pin-to-pin wire
connections required. This is particularly true if the bottom lines give a WARNING (in yellow) for any
setting need be changed when upgrading from WinLTP 1.10 or earlier.

Edit Protocol (Set M- or X-Series Connector Box and PRecording Mode, first tim x|

Fesources |

- or®-Series Board: PCle-6254, "Deswl"

Choose Connector Box

BMNC-2110

BMNC-20904
Connector box with all ping available (e.g. CA-1000/CB-65LFR box or USE board)
UTNonReferenced Single-Ended NESE]  recarding

) Eeferenced Single-Ended (RSE) recording

PCle-6259 connected to a BNC-2110 box, recording in Differential mode

This requires no additional settings or pin connections (except connecting
P0.0 to Userl and P0.1 to User2 for ease of use).

(0] | Cancell Help |

Fig. 2.7.2. The Resources tabsheet in the Edit Protocol (Set M- or X-Series Connector Box and
Recording Mode, first time program run) dialog box showing the choices Connector Boxes: BNC-2110,
BNC-2120, BNC-2090A and a Connector Box that has all input/output pins available such as the CA-1000
enclosure with a CB-68LPR connector block. You would also choose ‘Connector box with all pins
available’ to use a USB board.

Edit Protocol x|

Fesaurces | Pragram Mode | Acguisition/Stimulation Parameters |

Wi~ or®-Series Board: USB-6259, "Dewl"

Choose Connector Box
B ()

r Choose Recording Mode
& Differential recarding
! on-Referenced Single-Ended (NRSE) recarding
) Eeferenced Single-Ended (RSE) recording

USB-6259 connected to a BNC-2120 box, recording in Differential mode

This requires no additional settings or pin connections {(except connecting
P0.0 to Userl and P0.1 to User2 for ease of use).

NOTE: If you are upgrading from WinLTP 1.10 or earlier. connections from
BNC shield to Al GND or Al SENSE should be removed. Connection
between Al GND and Al SENSE is no longer used. but can be leftin.

(0] | Cancell Help |

Fig. 2.7.3. The Resources tabsheet in the Edit Protocol (Set M- or X-Series Connector Box and
Recording Mode, first time program run)’ dialog box showing the choice of a BNC-2120 Connector Box.
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Edit Protocol (Set M- or X-Series Connector Box and Recording Mode, first tirr x|
Fesources |
M- or#-Series Board: PCle-6259, "Dewl"
Choose Connectar Box
r Choose Recording hMode
' Differential recording
" Non-Referenced Single-Ended (NRSE) recarding
" Referenced Single-Ended (RSE) recarding
PCle-6259 connected to a BNC-2090A box, recording in Differential mode
Please set the SE/DIFF switch to DIFF.
The RSE/NRSE switch is not used and can be set to either setting.
WARNING: If you are upgrading from WinLTP 1.10 or earlier (which records
in NRSE mode). you will need to change the SEfDIFF switch.
0]8 | Cancel Help |
M- or®¥-Seties Board: PCle-6269, "Dewvl" M- or %-Series Board: PCle-6254, "Devl"
Choose Connector Box Choose Connector Box
BNC-2090A =] BNC-20904 =]
- Choose Recording Mode ~ Choose Recording Mode
" Differantial recording " Differantial recarding
* Non-Referenced Single-Ended (MRSE) recording  Man-Referanced Single-Ended (MRSE) recarding
" Referenced Single-Ended (RSE) recording ! Reterenced Single-Ended (RSE) recarding
PCle-6259 connected to a BNC-2090A box. recording in NRSE mode PCle-6259 connected to a BNC-2090A box. recording in RSE mode
Please set the SE/DIFF switch to SE. and the RSE/NRSE switch to NRSE. Please set the SE/DIFF switch to SE. and the RSE/NRSE switch to RSE.
NOTE: If you are upgrading from WinLTP 1.10 or earlier {which records
in NRSE mode). you will NOT need to change the SE{DIFF or WARNING: If you are upgrading from WinLTP 1.10 or earlier (which records
RSE/NRSE switches. in NRSE mode). you will need to change the RSE/NRSE switch.

Fig. 2.7.4. The Resources tabsheet in the Edit Protocol (Set M- or X-Series Connector Box and
Recording Mode, first time program run)’ dialog box showing the choice of a BNC-2090A Connector Box.
With the BNC-2090A you can choose between Differential recording mode (top panel) , Non-Referenced
Single-Ended (NRSE) mode (lower left panel), and Referenced Single-Ended (RSE) mode (lower right

panel).
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Edit Protocol (Set M- or X-Series Connector Box and Recording Mode, first x|
Fesources |
M- or#-Series Board: PCle-6259, "Dewl"
Choose Connectar Box
r |JSE board)
r Choose Recording hMode
' Differential recording
" Non-Referenced Single-Ended (NRSE) recarding
" Referenced Single-Ended (RSE) recarding
PCle-6259 connected to a box with all inputfoutput pins available,
recording in Differential mode
WARNING: If you are upgrading from WinLTP 1.10 or earlier (which records
in NRSE mode). you will need to change your pin connections.
0]8 | Cancel Help |
M- or®¥-Seties Board: PCle-6269, "Dewvl" b= or #-Series Board: PCle-6254, "Dew"
Choose Connector Box Choose Connector Box
Connector boxwith all pins available (g.g. CA-1000/CE-68LPR box or USE board) d IConnectDr hox with all pins available (e.g. CA-1000/CB-6ELFR hox or USB board) d
- Choose Recording Mode ~ Choose Recording Mode
" Differantial recording " Differential recarding
* Non-Referenced Single-Ended (MRSE) recording " Maon-Referenced Single-Ended (MRSE) recarding
" Referenced Single-Ended (RSE) recording i+ Referenced Single-Ended (RSE) recarding
PCle-6259 connected to a box with all input{output pins available, PCle-6259 connected to a box with all inputfoutput pins available,
recording in NRSE mode recording in RSE mode
NOTE: if you are upgrading from WinL TP 1.10 or earlier (which records in WARNING: If you are upgrading from WinLTP 1.10 or earlier (which records
NRSE mode). you will NOT need to change your pin connections. in NRSE mode). you may need to change your pin connections.

Fig. 2.7.5. The Resources tabsheet in the Edit Protocol (Set M- or X-Series Connector Box and
Recording Mode, first time program run)’ dialog box showing the choice of a connector box with all pins
available such as the CA-1000 enclosure with a CB-68LPR connector block. With the connector box with
all pins available, you can choose between Differential recording mode (top panel) , Non-Referenced
Single-Ended (NRSE) mode (lower left panel), and Referenced Single-Ended (RSE) mode (lower right
panel.

2.8 Calibrate Data Acquisition Board When Running the First Time

If this is the first time WiInLTP has been run on this M or X-Series board or this Digidata 132x board, a
‘Calibrate M- or X-Series board’ or ‘Calibrate Digidata 132x’ dialog box will appear. Make sure to remove
the connections to the Analog Outputs before calibrating. To calibrate, simply click on the ‘Calibrate...’
button. Figs. 2.8.1 and 2.8.2 show the calibration results for M or X-Series and Digidata 132x boards after
the ‘Calibrate...” button has been pressed and calibration has successfully concluded.
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For M or X-Series boards, National Instruments recommends that the computer and board have warmed
up for at least 15 minutes. Also, National Instruments recommends that you periodically self-calibrate the
board by clicking on:

Options -> Recalibrate Data Acquisition Board

Calibrate M- or X-Series board (First time p x|
k- or =-5Series Board PCHE221 Last Calibration: June 26, 2010 16:49
Serial Mumber = 20348283 . .
NI-DAQH Version = 9.1 Calibrate. .. | Calibrated

WARNING: National Instruments recomends that to accurately calibrate this
board. it and the computer should warm up for at least 15 minutes,
and all Analog Outputs and Inputs should be disconnected.

AnalogOut O Offset = 13 Analogln 0 Offset =0
AnalogOut 1 Offset = -5 #nalogln 1 Offset =0
AnalogOut 1 Offset
AnalogCut 3 Offset

Camcel Help

Fig. 2.8.1. The Calibrate M-Series dialog box after calibration has successfully concluded.

Calibrate Digidata 132X (First time program ru

Digidata 1322

SCslD=0 Calibrate. . | Calibrated

Serial Mumber= 110230
Firmmware = 3.3.00.00

WARNING: Axon Instruments recomends that to accurately calibrate the Digidata
board. and to prevent possible damage to attached equipment,
remove the BNC cables from the Analog Outputs before calibrating

AnalogQut 0 Offset = -83 Analogln Offset =0
AnalogQut 1 Offset = -92 Analogln Gain Ratio = 1
AnalogQut 0 Gain Ratio = 1087646484375

AnalogQut 1 Gain Ratio = 1.0892333384375

Cancel | Help |

Fig. 2.8.2. The Calibrate Digidata 132x dialog box after calibration has successfully concluded.

2.9 Connect the amplifier and stimulus isolation unitsto the data
acquisition board

To connect the amplifier(s) analog inputs and outputs, and the stimulus isolation units (SIUs) use the main
menu command
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Help -> Electrode / Data Acquisition Board Connections...
to call up the Electrode <-> Acquisiton Board Connections dialog box (Fig. 2.9.1).

Electrode < - Acquisition Board Co x|
Electrode Digidata 132x Board

Extracellular Stimulation =0 DigitalCOut 0
Extracellular Stimulation 51 Digital Cut 1

Intracellular Stimulation 120 AnalogOut 0
Digital Output £ DigitalOut 2
Digital Output 3 DigitalCut 3
Digital Output 4 Digital Ot 4
Digital Output & DigitalCut &
Extracellularntracellular Recording AD0O Analogln 0

Extracellularintracellular Fecording AD1 Analogin 1

Fig. 2.9.1. Electrode <-> Acquisition Board Connections dialog box to connect the extracellular
stimulation SIUs, recording amplifier analog inputs and outputs, and digital outputs to the Digidata 132x
data acquisition board.

This dialog shows where to connect the extracellular SO/S1 stimulation SIUs, intracellular ICO analog
stimulation, digital output stimulation and extracellular/intracellular ADO/AD1 recording to the Digidata
132x data acquisition board.

2.10 WInLTP is running in either the Basic or Advanced Mode

When WINLTP is started it is running in either the Basic or Advanced Mode. Whether it is running in
Basic or Advanced Mode is dependent on several factors.

2.10.1 DemoTrial Period - Advanced Mode

If WINLTP is running in the 2 month DemoTrial Period, it is running by default in the Advanced Mode, and
the Advanced Mode capabilities can be freely used (Fig. 2.6.1).
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2.10.2 Post-DemoTrial Period - Basic Mode

If no Temporary or Permanent License Key file is installed, after this 2 month DemoTrial Period, WinLTP

will automatically run in the Basic Mode. When WInLTP is started at this time, the ‘splash screen’ will
display the following message saying when the DemoTrial Period ended and that WinLTP is running in
the Basic Mode (Fig. 2.10.2.1).

Running WInLTP in the post-DemoTrial Period in the Basic Mode is free and has no time
constraints. However, in order to protect against running WinLTP in the Advanced Mode and saving
data after the Demotrial Period without purchasing a Permanent License Key, copy protection has been
added. You are not allowed to:

1) Reverse engineer, debug or decompile WIinLTP or the License Key.

1) Clock back the computer date or reinstall the program in an attempt to overcome the copy protection.
3) Distribute your Permanent License Key outside your lab group

WinLTF is now past the Demotrial Feriod ending May 9, 2012.

“You are running in the Basic Mode.

Fig. 2.10.2.1. If the 2 month DemoTrial Period is past, this ‘splash screen’ says when the DemoTrial
Period ended and that WinLTP is running in the Basic Mode.

2.10.3 Temporary License Key — Advanced Mode

However, beginning with WIinLTP 1.00, a Temporary or a purchased Permanent License Key file is
required to run WIinLTP in the Advanced Mode. If there is a reason, WInLTP Ltd. can send you a time-
limited Temporary License Key file which you put into the \WIinLTP program folder to allow you to run
WIinLTP temporarily in the Advanced mode. If you are using a Temporary License Key file, you will see
the following message at the bottom of the beginning ‘splash screen’ (Fig. 2.10.3.1).

A valid Temporary Key has been detected.
WinLTP is now in the Temporary Period with 99 days left. ending October 1. 2012.

“You are currently running in the Advanced Mode.

Fig. 2.10.3.1. Partial ‘splash screen’ information when a Temporary Key is placed in the \WinLTP folder
to temporarily use WinLTP in the Advanced Mode. It shows the number of days left, the ending date, and
the fact that you can temporarily run WinLTP in the Advanced Mode.

2.10.4 Permanent License Key — Advanced Mode

As mentioned above, beginning with WIinLTP 1.00, a Temporary or a purchased Permanent License Key
file is required to run WIinLTP in the Advanced Mode.
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To purchase a Permanent License Key see WInLTP’s webpage (www.winltp.com). Put your purchased
Permanent License Key file into the \WIinLTP program folder to allow you to run WinLTP in the Advanced
mode. When using a Permanent License Key file, you will see the following message at the bottom of the
beginning ‘splash screen’ (Fig. 2.10.4.1). This tells you that the key is permanent (i.e. time-unlimited),
and that you can permanently run WinLTP in the Advanced Mode.

Usually this purchased Permanent License key allows you to run up to 5 copies on 5 computers

simultaneously. If you plan to run more than 5 copies on 5 computers, please purchase additional 5
licenses.

Yer 2.01

Copyright (c) WinLTP Ltd. and The University of Bristol 1991-2012. All rights reserved.

On-Line Acquisition - Create New Data Folder

Data Root Folder: [CAnLTPY . Change
Data ReadMrite Folder: |C:\,WinLTP’\,1 206014

A wvalid License Key has been detected.
One of 5 copies licensed to Dr. Stephen Fitziohn. Universitv of Bristol.

“Y'ou are permanently running in the Advanced Mode.

Fig. 2.10.4.1. ‘Splash screen’ showing that a Permanent License Key file has been detected in the
\WInLTP program folder, that it was licensed to run up to 5 copies on up to 5 computers simultaneously,
who and where it was licensed to, and that you are permanently running WinLTP in the Advanced Mode.


http://www.winltp.com/
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2.11 Basic and Advanced Mode Capabilities

When you enter the WIinLTP program for the first time in the DemoTrial period you are running in the
Advanced Mode with a fully functioning Protocol builder (Fig. 2.11.1, left). In this mode you can write any
number of advanced protocols including this automated perfusion protocol using ‘Slow0’ and ‘Slow1
Perfuse’ events. All the Protocol Builder events can be used and are shown in green, including the ‘Run’,
‘ElseRun’, ‘AvgLoop’, and ‘Loop’ events, the ‘SlowQ’, ‘Slow1’, ‘Fast0’ and ‘Fast1’ Perfuse events, the PO,
P1, TO and T1lsweep events, and the Delay event. The Advanced Mode in general is required to:

1) have a fully functional Protocol Builder

2) run fully Automated Perfusion Control (which uses the Perfuse events Protocol Builder)

3) for Full Multitasking, to save Continuous Acquisition files while running the Main Protocol

4) save the Experimental Log file

5) convert WinLTP ADsweep files to Axon Binary (*.abf) files

If you have ordered an Advanced Mode license you will continue with the fully functional Protocol Builder
(Fig. 2.11.1, left).

Alternatively, if you have not ordered an Advanced Mode license, at the end of the 2 month DemoTrial
period you will automatically enter the Basic Mode partially functional Protocol Builder (Fig. 2.11.1, right).
Only the green Insert Event buttons can be used and still save ADsweep data. These include ‘AvgLoop’,
‘Loop’, ‘POsweep’ and P1sweep events. If you use the yellow Insert Event buttons, the ‘Run’, ‘ElseRun’,
‘Tosweep’ ‘T1sweep’ and ‘Delay’ events, your protocol will run perfectly OK, except that the
ADsweep data will not be saved. This allows you to easily test the Advanced Mode functions to see if it
is worthwhile upgrading to the Advanced Version.

Even with the Basic Mode, partially functional Protocol Builder, you can run basic LTP experiments. By
clicking the ‘Init’ Protocol button (top panel), you can immediately do repetitive POsweeps, by clicking
on the Init ‘Avg Protocols’ button (bottom panel)or you could do repetitive POsweeps with Signal
Averaging.

You can also get alternating PO/P1sweeps you press down the LeftMouseButton to click on the ‘P1sweep’
Insert button, hold the LeftMouseButton down to drag the P1sweep down to just below the POsweep in
the MainProtocol script, and then release the LeftMouseButton to insert the Plsweep just below the
POsweep.

And by clicking on the Evoked ‘Single’ and ‘Repetitive Sweeps’ buttons while the MainProtocol is
running, you can evoke Single or Repetitive PO, P1, TO and T1 sweeps, which allows you to run basic
LTP type experiments.

For now just click on the ‘Init’ Protocol button (Fig. 2.11.1, right top panel), to be
able to run repetitive POsweeps.
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DemoTrial, _
Advanced Mode, Basic Mode,
Fully Functional =2 Partially Functional

Perfuse MainPratocol lEvoked] PIDUSa\xe] Perfuse MainPratocol lEvoked] F’ID]‘,-"Save]
Start with bain Protocol Start with kain Protocol
v Continuous Acquisition [ Continuous Acquisition
[” Capture Spontaneous Events [ Capture Spontaneous Events
Run | Else = Awg Loop | Slowd 1 Fastd 1 Fun | Else | Awg Loop  Slow0| 1| Fastd |1
FO | Plsweep T0 | Tlsweep Delay PO | Plsweep T0 | Tlsweep Delay
tainProtocol tainProtocol
[v Slowl Perfuse 1 ACSF [v Loop 93999
[v Loop 99999 [v Plsweep 108
[v Plsweep 155 EndLoop
EndLoop EndPraotocol
[v Slowl Peduse 2 APS
v Delay Bills Delete Awg Pratocols
v Loop 5 Enable Sweep Functions
v Plsweep 158 Fulse Train Spont
EndlLoop . Stimulus Arifact Blanking
v Tosweep 15 [ [ [~ Low-Pass Filtering
[v Loop i or
[+ Plsweep 158
EndLoop Perfuse MainFrotocol ]Evoked] PIDUSa\xe]
[w Slowd Perfuse 1 ACEF Start with Main Protocol
v Lemg P [ Continuous Acquisition
[ Capture Spontaneous Events
[v Flsweep 158
EndLoop Fun | Else | Awg Loop  Slowl| 1| Fastl |1
EndProtocal PO | Flasweep = T0 | Tlsweep Delay
tainFrotocaol
v L 99999
Delete Init | Awg Protocals I Loy
[v Awgloop 4
Enable Sweep Functions [v Plsweep 10s
Fulse Train Spont EndLoop
[ [ Stimulus Artifact Blanking
[ [ [ Low-Pass Filtering Bt e
EndProtocol
Delete Init

Enable Sweep Functions
Pulse Train Spont
[ I Stirnulus Arifact Blanking
[ [~ T LowPass Filtering

Fig. 2.11.1. Left) When you enter the WinLTP program for the first time in the DemoTrial period you are
running in the Advanced Mode with a fully functioning Protocol builder. All the Insert Event buttons can
be used and are marked in green. Right) In the Basic Mode, the Protocol Builder is partially function and
only the green Insert Events can be used, not those in yellow. Clicking on the ‘Init’ button writes a
continuous loop script containing one POsweep. Clicking on the ‘Avg Protocols’ button writes an
averaging loop script containing one POsweep.
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Set the AD Gain, DataType, Sample Interval and Other

2.12.1 Set the AD Gain, Data Type, and Sample Interval in the Edit Protocol

dialog box

Once in the Edit Protocol dialog box, click on the Acquisition/Stimulation Parameters tabsheet (Fig.

2.12.1.1).

The Data Type Units determines whether an acquisition channel is in extracellular or intracellular current
clamp mode, or in patch clamp voltage clamp mode.
DataType Unit

Mode
Extracellular

Intracellular current clamp

mV
mV
Patch clamp voltage clamp mode pA

Edit Protocol x|
Resources Availablel Fesources Used  Acquisition/Stimulation Parameters |
r Analog Input Channels Analog Cutput Channels
DataType DiataT ype
Label Uriits Gair Uriits #% v # Ui Label Uriits Gain Uriits /%
AD0D ADDO  pA 10000000000 100 pAf Y my fpA | IC0 20 my 50 20 miiy
AD1 ADT my 1000 1 mviiy 1000 my fmy | IC1 IC7 my 50 20 mviiy
[ Acguisition Sample Intervals
Pulse Sweeps: 50 us
Train Sweeps: 50 us
Continuous Acquisition: B0 us
Spontaneous Sweeps: us
(0]:4 | Cancel | Help |
Fig. 2.12.1.1. Edit Protocol dialog box showing the Acquisition/Stimulation Parameters tabsheet. Note

the new addition of the Analog Input Channels mV/Unit fields.
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First, set the channel ADO DataType to "mV".

Second, change the ADO Gain to be equal to the total amplification gain from the electrode to the AD
board connection. For example, if an Axon Instruments AxoClamp is used in current clamp mode with an
internal x10 output gain, which then goes into an external x100 amplifier and then into channel ADO, the
ADO Gain would be 1000.

Alternatively if an Axon Instruments AxoPatch 1D or 200B is used in whole cell voltage clamp mode (with
a CV-04 1/100 headstage where beta = 1), with an output gain of alpha = 10, and with the output going
channel ADO, the channel ADO Gain would be the following:

Vout Beta * Alpha mV 1*10*10°
ADO Gain = = = = 10*° = 10000000000
lin pA 102

(Yes that's 10 0's!) If the output gain is changed to = 20, the ADO Gain increases to 20000000000. Then
set the channel ADO DataType to "pA".

Alternatively, the gain can be changed by entering it in Units/V (Fig. 2.12.1). While maybe it is clearer to
just type an AD Gain of 1000 for an extracellular or intracellular experiment in "mV", with a patch clamp
experiment in "pA" with enormous gain, a AD Units/V of 100 pA/V is much clearer than an AD Gain of
10000000000.

Furthermore, there is now also a mV/Unit field which as been added so that the patch-clamp gain can
now be set as mV/pA. This is to improve clarity of setting patch-clamp gain in mV/Unit (as in 10 mV/pA)
because many patch-clamps set gain in mV/pA. This gain is included with the normal strait gain (as in
Gain = 10000000000) and gain in Units/V (as in 100 pA/V).

Third, set the Train and PulseSweep Acquisition Sample Intervals to what you want, say 50 psec (Fig.
2.12.1).

2.12.2 Set the Digital-to-Analog Output

Don’t worry about this for now. (Setting Digital-to-Analog output discussed in Section 4.6.1.)

2.12.3 Set the PulseSweep PO Stimulation Values

Don’t worry about setting POsweep stimulation values in the Sweep Stimulation Panel for now, just keep
the default values which are for single SO pulse stimulation. (Setting sweep stimulation is discussed in
Section 4.7.1.)
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2.13 Analog Filtering of the Signal Before Digitization

The waveform signal data should be filtered before being digitized with an analog filter set to half or less
of the digitization frequency. For example, if you are acquiring an AD sample at 50 psec intervals (e.g. at
20 KHz sampling frequency), the analog filter should be set to at maximum 10 kHz (1/2 the sampling
frequency), or preferably to 5 kHz or lower (except if doing an Rs exponential fit, then keep it at 10 KHz).
If the analog filter is set to higher than half the sampling frequency (for example to 20 kHz in the above
example), mysterious things can begin to happen due to anti-aliasing such as loosing the capacitative
transients (e.g. the Rs measurement) that occur during the voltage clamp pulse when patch clamping.

2.14  Click the *MainProtocol’ Button to Start Stimulating and
Acquiring Data

In WInLTP, protocols are initiated either by clicking a Button, pressing a Function Key or by using the
RunMenu menu commands. To start the Main Protocol either click the ‘MainProtocol’ button or press the
F1 key, or pull down the Run menu and click on MainProtocol.

NOTE: If you want to change something (like the number of stimulus pulses, the Sweep Period, Delay
time etc, you have to do it at least 5 sec before the event starts. This is because in this version there is
substantial stimulus output buffering (3 sec in the Digidata board, and 2 sec in the WIinLTP program. You
have to plan ahead a bit. (Eventually | would like to get it down to 2-3 seconds for the Digidata 132x
board, and 0.5-1 second for another board | have my eye on.) But this delay allows me to do multitasking
Continuous Acquisition and Capturing Spontaneous Events (not implemented yet), so | think its worth it.

2.15 Check that the Data Acquisition and Stimulation are Working
Correctly

Put in known amplitude and duration signals to check that WIinLTP acquisition is working correctly,
and record WiIinLTP output on an oscilloscope to make sure the WinLTP stimulation is working correctly.

2.16 Use the Windows Task Manager to check CPU and Memory
Usage

In order to get an idea of how WiInLTP is using your computer’s resources, primarily CPU usage and
memory usage you can use the Windows Task Manager. Press Citrl-Alt-Del key combination to run the
Windows Task Manager.

Click on the Process tab (Fig. 2.16.1). Then use the menu command:
View -> Update Speed -> High
to update CPU usage as quick as possible.
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Then use the menu command:

View -> Select Columns...
to call up the Select Columns dialog box and then select CPU Usage, Memory Usage, Peak Memory
Usage and any other you want such as, in this example, Base Priority and the number of Threads.

Fig. 2.16.1 shows a relatively low CPU usage of about 9% when running WinLTP with a Digidata 1322A
board on a 3.2 GHz computer (2AD channels at 50us sampling interval, Repeat Sweeps of 1 sec duration
with no delay between them, and Continuous Acquisition, with plotting on screen).

£ Windows Task Manager —|Of x|

File Options “iew ShutDown  Help

fpplications  Processes |F‘erF-:nrmanl:e I Metworking I Users I

Image Marme | ZPLI | Mem Lsage | Peak Mem Usage | Base Pri | Threads | -
WinLTP201 .exe o9 92,276 K 95,816 K High 5

=)

™ show processes from all users End Process |

Processes: 40 |CPU Usage: 11%  Commit Charge: 631M / 24610 |

Fig. 2.16.1. Windows Task Manager showing CPU usage and Memory Usage, Peak Memory Usage
(and in this example also Base Priority and the number of Threads WInLTP is using). Note: all the other
processes have be ‘whited out’ for clarity.

CPU usage can also be seen graphically by clicking on the Performance tab (Fig. 2.16.2). Then use the
menu command:

View -> CPU History -> One Graph, All CPUs
to make sure the CPU Usage history graphs is one graph (with Windows XP, Vista or Windows 7, a
Pentium CPU with HyperThreading can appear as two CPUSs, but it is in fact one CPU).

Fig. 2.16.2 shows CPU usage increase when the Main Protocol is started and reaches a relatively high
CPU usage of about 50% when running WIinLTP with a Digidata 1322A board on a 3.2 GHz computer
(2AD channels at 50us sampling interval, Repeat Sweeps of longer 5 sec duration with no delay between
them, and Continuous Acquisition, with plotting on screen).
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Also note the small green CPU Usage Graph on the right of the Task Bar which concisely shows CPU
usage as a % full usage. This can be kept on screen all the time to show CPU usage (with the Task
Manager minimized).

£ Windows Task Manager = 0] x|

File Options “iew ShutDown Help

Applications I Processes Petformance Ir'-.lel:w':urking I Isers I

T CPUsage — ) [ CPU Usage Histary

~PF Usage —Pane File Usage History

— Totals —Physical Memary (k)
Handles G215 Tokal 1047272
Threads 433 Auvailable 554164
Processes 42 System Cache 635600
—Commik Charge (K) ——— 1 [ Kernel Memary (k)
Tokal T14752 Tokal 55376
Lirnik 25205804 Paged 45772
Peak, 34160 Monpaged 12604

|F'r|:u:esaes: 40 |CF'LJ Lzage: S0% |C|:|mmit Charge: 655M /24

| = windows ... BEWinLTP | [«m™ 1440

Fig. 2.16.2. Windows Task Manager showing CPU usage graphically after the MainProtocol was started.
Note the small green CPU Usage Graph on the right of the Task Bar.

Alternatively, CPU usage can also be seen graphically by clicking on the Performance tab (Fig. 2.16.2)
and then use the menu command:

View -> CPU History -> One Graph per CPU
to view how each CPU of a multicore processor is being used (again, Windows XP, Vista or Windows 7, a
Pentium CPU with HyperThreading will appear as two CPUS).

Fig. 2.16.3 shows CPU usage increase when the Main Protocol is started and reaches a moderately low
total CPU usage of about 15% when running WIinLTP with a PCI M-Series board on a 2.4 GHz dual-core
computer (2AD channels at 50us sampling interval, Repeat Sweeps of 0.1 sec duration with no delay
between them, and Continuous Acquisition, with plotting on screen). Note the substantially smaller CPU
usage compared to Fig. 2.16.2.

If a quad-core processor was used, the CPU Usage History would contain 4 panels, one for each CPU.
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£ windows Task Manager =|Of x|

File Options “iew ShutDown  Help

—Page File Usage History

~Tokals —Phrysical Memarsy (k)
Handles 12319 Tokal 3405536
Threads AZ5 Hevailable 2404065
Processes 54 System Cache 1689676
—Commit Charge () —————— [ Kernel Memory (k)
Takal 1324784 Takal 104040
Lirvit S345584 Paged FrAgE
Peak. 1325136 Monpaged 26052

|F'ru:n:eaaea: 54 |CF'LJ Usage: 15% |C|:|mmit Charge: 1293M /8~

Fig. 2.16.3. Windows Task Manager showing usage of 2 CPUs in a dual-core processor graphically after
the MainProtocol was started.

2.17 Ways to speed up WInLTP on slower computers

There are a few ways of speeding up WInLTP on slower computers without buying a new computer.
Basically, do a dry run of your experimental protocol including all stimulation and saving data to disk
before actually running the experiment. This is particularly important if you are using capabilities of
WIinLTP that are particularly taxing to the computer: a) if you are doing LTD type experiments where
ADsweeps are saved rapidly, and there is no delay between sweeps, or b) if you are analyzing a large
number of synaptic potentials suing fast repetitive sweeps.

1. Make sure you are running only those capabilities of WinLTP that you need. Only plot and/or save
Continuously Acquired data if you need to! Continuous Acquisition plotting generally takes more CPU
power than saving to disk. Only sample at the frequency you need, which may be less than the default 20
KHz sampling rate. Only plot and save those AD channels you need.

2. When you analyze a large number of synaptic potentials (say over 100) using fast repetitive sweeps
on-line, this is particularly taxing for the computer. So, perhaps, analyze only the first synaptic
potential while on-line, and then later reanalyze all the synaptic potentials off-line.

3. Unhook your Ethernet cable connecting your computer to the network, and then temporarily disable
the On-Access capability of your anti-virus program. If you look at CPU usage by different processes
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(e.g. Fig. 2.16.1), you may find that your anti-virus program may be using half the CPU power to check
that the WInLTP files being saved (*.ABF and *.PO etc. files) do not contain a virus. The chances that
they do are practically nil, particularly for the ASCII *.PO etc. files. If disabling your anti-virus program
makes a difference, you can re-enable the On-Access capability of your anti-virus program, but exclude
anti-virus scanning of specific file types ABF and PO etc. with your anti-virus program.

4. If you have only 512 MB of RAM memory, try increasing RAM memory to 2 or even 4 GB.

Basically, | determine if a computer is minimally fast enough by seeing if it can keep up with Continuous
Acquisition on, 2AD channels used, and at 20 KHz, and with Repeat Sweeps on using fast 1 Hz Repeat
Sweeps of 1 sec duration so there is no delay between sweeps, 2 AD channels used, and at 20 KHz,
with 1 pulse stimulation and analysis. This is basically the default.pro protocol, but with the PO sweep
period decreased to 1 sec. You may need quite a bit less.

A further speed test | now use to determine if the computer is substantially fast enough is by seeing if it
can keep up with Continuous Acquisition on, 2AD channels used, and at 20 KHz, and with Repeat
Sweeps on using very fast 10 Hz Repeat Sweeps of 0.1 sec duration so there is no delay between
sweeps, 2 AD channels used, and at 20 KHz, with 1 pulse stimulation and analysis.



CHAPTER 3 - Organization of WinLTP

3.1 Tabsheet and Panel Areas

WinLTP is organized in multiple tabsheets and panels.
panel layout for a basic LTP experiment. Win LTP is divided into seven areas, the Menu area (top), the
Protocol/Detection tabsheet area (upper left), the MainPg/AnalysisPg tabsheet area (upper right), the
Sweep Field Stimulation area (middle left), the Spreadsheet area (below the Sweep Field Stimulation and
MainPg/AnalysisPg areas), the Run Panel/Button area (below the Spreadsheet area), and the Status Bar

area (bottom)
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Fig. 3.1.1 shows the basic WIinLTP tabsheet and

v WInLTP

File SweepFile AmpFile OCptions ‘Yiew Run Help

Link. PthDCD'l Lag |Dete|:ti0n|
Frotocol

tainPg |Analysing|

(=1

Perfuse MainFrotocol |Ev0ked| PIDUSave' 1.4
Start with Main Protocol 1.2
v Continuous Acquisition *
[ Capture Spontaneous Events Slopel il et T g 4 ]
1.3 P al
0.8 + |
Run | Else | Ay |L00p| SIDWD|1 | Fastd |1 | mivéns . P b dastditae ™ Ll PO
Inv 06 LTD - e
PO | Plsweep | T0 | T1sweep | Delay | B A e L LICLELEEL LT s LT PTPY TT LT PN
" . .
kdainFrotocal w * - LD _.-"'
[v Loop 99999 02 LTF .-
1] 100 200
v Avgloop 4 200 min ToSavehs: B0240002AMP
[v' Phsweep 155 PO Stimul
[v Plaweep 155 05
EndAwgloop .
EndLoop .
EndFrotocal
AD0O
25 -
Delete Init | Awg Protocols =y 09
=z gl
Enahle Sweep Functions q ope
Fulse Train Spont
rr Stimulus Artifact Blanking
T ' I LowPFassFilering 1.5
Sweep Stirmulation 0 25 50
Pl |P‘I | TDl = | S0 ms Savedts: B0240261.4P0
Stimulation
PO Sweep Duration 100 ms imulation
s0 | s1ico|ict |
30 Delayl Pulsesl Offz
Pulse Dur (ms) 0.1
Pulse Intrval (ms) 20 ] so
Mumber Pulses 1 o z2 &l
S0 ms
# Filename Time of Day Time AD|Sx | Pul# [Unit| Slope =
m:s unit/ ms
258(60240260.4P1 | "17:15:09.8" |197:15.01 01 1 my -0.371 _|
259|60240261 AP0 | "17:16:54.8" |199:00.01 0o 1 my -0.661 -

MainProtocol

Waiting for next sweep (last sweep PO avg 4 of 4)

13:57:49.8 319102
10.2

Mam Protocol

Stop |

Cant | Spant i Re eatPl| P1
H S|lr:1)%|e = Smgle T P | |
Stop | Stop

Stop

Repeat T0| T1

Itp2.pro

| 1717:05

Fig. 3.1.1. Basic WIinLTP tabsheet and panel layout (in a basic LTP experiment).
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3.1.1 MainPg/AnalysisPg Tabsheet Area

The upper right corner of the program shows the MainPg and AnalysisPg tabsheets (Fig. 3.1.1.1). The
MainPg tabsheet consists of three areas, the Analysis Graphs panel (top here, but can also be placed on
the right) containing (currently) one to four Analysis graphs, the Acquisition area (middle) showing here
only one (P0O) Stimulus Sweep Acquisition, although it can also show Continuous Acquisition,
Spontaneous Sweep Acquisition, and some or all the other stimulation sweeps (P1, TO and T1 sweeps),
and the graph of the stimulation in the sweep (bottom).

MainPg | AnalysisPg I

Analysis Graphs
14
Slopel PO L s P l-
13 -* f" I:
-0.84 *
i A 1
PO T e Sl L LS
o LTD . .+° b MY
-0.54 - -
T T i i ...ll..l......lllll.lll. ...‘....l..l.l.lll.ll...........
L] I.. e
-0.44 * =" LTD an®
a2 LT "
100 200
200 mir ToSaveds: 60240002 AMF
Fi Stimulus Sweep Acquisition
0.5
|:|.
AD0
258 -0.54
i
AL
Slope
14
-1.54
1] 25 50
50 iz Savedds: 0240261 AP0

50

ep Stimulation

25

1]
B0 ms

Fig. 3.1.1.1. The MainPg/AnalysisPg tabsheet area. The MainPg contains Analysis graphs (top here,
although the can be on the right), Stimulus Sweep Acquisition graphs (middle), and Sweep Stimulation
graphs (bottom).
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The AnalysisPg contains one or two columns of Analysis graphs with one to four Analysis graphs in each
column (however, in this version the AnalysisPg is not implemented).

3.1.2 Link/Protocol/Log/Detection Tabsheet Area

The upper left corner of the program shows the Link/Protocol/Log/Detection tabsheet area containing the
Link tabsheet (Fig. 8.1.1), the Protocol tabsheet (Fig. 3.1.2.1), the Log tabsheet (Fig. 10.1.1), and the
Detection tabsheet (Fig. 3.1.2.3).

Link  Frotocol | Log | Deten::tin:nnl Link  Protocol | Log | Deten:tin:nnl
Frotocaol Frotocaol
Perfuse MainProtocal |Evuked| F"IDt-“Savel Perfuse MainProtocol |Evuked| P|DT,-"SEWEI
atart with hain Protocol otart with hain Protocol
v Continuous Acquisition v Continuous Acquisition
[T Capture Spontaneous Events [7 Capture Spontaneous Events
Fun | Elze | A |L|:u:|p| SIDWEI|1 | Fast[l|1 | Fun | Elzse | Ang |L|:u:|p| SIDWEI|1 | Fast[l|1 |
Fa | Flsweep | Ta | Tlsweep | Delay | FO | Flsweep | Ta | Tlsweep | Delay |
hainFrotocal bainFrotocal
[v Loop 599999 [v Loop 599999
[v Awvgloop 4 v Awgloop 4
v Plsweep 155 v Plsweep 165
[v Plaweep 155 [v Ploweep 155
EndLoop EndLoop
EndLoop EndLoop
EndFrotocal EndFrotocol
Delete Init | Awg Frotocols | | Delete Init | Awg Protocols
Enahle Sweep Functions Enahle Sweep Functions
Fulse Train Spont Fulse Train Spont
I Stimulus Arifact Blanking I Stimulus Arifact Blanking
I~ I I LowPassFiltering I~ I I LowPassFiltering

Fig. 3.1.2.1. The Protocol tabsheet in the Advanced Mode (including DemoTrial period) fully functional
‘Protocol Builder’ (left), and (with the same protocol) in the Basic Mode partially functional ‘Protocol
Builder’ (right).

The Link tabsheet is discussed in Chapter 8.
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The Protocol tabsheet then has four ‘sub’ tabsheets consisting of the Perfuse tabsheet (Fig. 9.2.7.2), the
MainProtocol tabsheet (Fig. 3.1.2.1), the Evoked Events tabsheet (Fig. 3.1.2.2, left), and the Plot/Save
tabsheet (Fig. 3.1.2.2, right).

The MainProtocol tabsheet then has three panels the ‘Start with Main Protocol’ panel (top), the
‘Protocol Builder’ panel (middle), and the ‘Enable Sweep Functions’ panel (bottom).

The Protocol Builder panel in turn contains Insert Buttons (top), the Script area (middle) and a
Delete/lnit buttons panel at the bottom. In this bottom panel, clicking on an Init Protocols button
initializes the Protocol Builder script to continuous non-averaging loops, and clicking on an Init Avg
Protocols button initializes the script to continuous averaging loops (as shown in Fig. 3.1.2.1). Note that
the Protocol Builder can appear in two modes, the fully functional Protocol Builder with green Insert
buttons in the Advanced Mode (including during the DemoTrial period) (Fig. 3.1.2.1, left), and a partially
functional Protocol Builder with green and yellow Insert buttons in the Basic Mode (Fig. 3.1.2.1, right).

Link  Protocal | Log | Deten:tin:nnl Link  Frotocal | Log | Deten:tin:nnl
Frotocol Frotocol
Perfusel bMainProtocol  Evoked |PI|:|1;.fSave| Perfusel MainPrDtDcull Ewoked FlotfSave |
Enable Evoked Events AL Channels to Plot and Sawve
Single Pulse or Train Sweep Flat Sawve Ta Disk
¥ Plsweep Cont  Spont  Stim Cont  Spant  Stim
=5 sweep Aoguiz Sweep Sweep Aoouiz Sweep Sweep
W TOsweep ADD T ¥ rr ¥
" Tlsweep ADT T I I N N

MumSwpz Add

Fast Repeat Pulse Sweeps (LTD) aug todvg Delay Sawve Sweeps To Disk
MPOD 900x 1s=15m P/loo20 v Pulse Train Spont
Pl 900%x  1s=15m r ¥ W ¥ [ RawSweeps
| A I Averaged Sweeps
Fast Fepeat Train Sweeps (Theta) Dielay I ' Stimulus Blanked Sweeps
[T TOsweep 10x 05s=5Hs v I [ I LowPassFiltered Sweeps
[T Tlsweep  10x 05s=5s v

Fig. 3.1.2.2. The EvokedEvents ‘sub’ tabsheet (left), and the Plot/Save ‘sub’ tabsheet (right) of the
Protocol tabsheet. Note that in the Basic Mode, the ‘Cont Acquis’ ‘Save To Disk’ checkboxes are marked
in yellow indicating that Continuous Acqusition data cannot be saved in the Basic Mode. In the Advanced
Mode, , the ‘Cont Acquis’ ‘Save To Disk’ checkboxes are colored normally.

The EvokedEvents ‘sub’ tabsheet has three panels, the enable Single Train or Pulse Sweep panel
(top), the Fast Repeat Pulse Sweeps panel for evoking LTD stimulation (middle), and the Fast Repeat
Train Sweeps panel for evoking theta burst stimulation.
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The Plot/Save ‘sub’ tabsheet has two panels, which AD Channels to Plot and Save panel (top) and a
Save Sweeps to Disk panel (bottom). The AD Channels to Plot and Save panel determines which AD
channels (ADO and/or AD1) and for which modes (Continuous Acquisition, Spontaneous Sweep and/or
Stimulation/Acquisition Sweep) for either Plotting and/or Saving To Disk. The Save Sweeps to Disk panel
determines for Pulse/Train Stimulation/Acquisition sweeps whether to save Raw, Averaged, Stimulus
Blanked and/or Low-Pass Filtered Sweeps. For Spontaneous Sweeps it determines whether to save Raw
and/or Low-Pass Filtered Sweeps.

The Detection tabsheet (Fig. 3.1.2.3) has two ‘sub’ tabsheets, the ADO and AD1 tabsheets. The ADO
and AD1 tabsheets are divided into SO and S1 areas for detecting stimulation on channels ADO and AD1
for SO and S1 extracellular stimulation pulses. These can include Baseline, Peak and Slope lines shown
in Fig. 3.1.2.3, but can also include Duration, Coastline, PopSpike, and Average Amplitude lines (see also
Section 4.9).

Lirk: IF"ru:ntu:n:u:uII Log  Detection

Waneform Detection

ADD | 401 |

AD0OS0
Baselne: & to 2 msbefore pulse
FPeak: Auto 3 to 15 ms after pulse
Slope: 24 to 42  ms after pulse

AL
Baselne: & to 2 msbefore pulse
FPeak: Auto 3 to 15 ms after pulse
slope: 27 to 47 ms after pulse

Fig. 3.1.2.3.. Detection tabsheet containing both the ADO and AD1 ‘sub’ tabsheets.

3.1.3 Sweep Stimulation Field Area

The middle left area of the program shows the Sweep Stimulation field area, the area where value fields
that control stimulation values for each sweep, PO, P1, TO and T1, are located. For instance, Fig. 3.1.3.1
shows PO Sweep Stimulation that includes Sweep Duration and SO Pulse Duration, Interval and Number
in the SO ‘sub’ tabsheet. In addition to the SO ‘sub’ tabsheet, there is the S1 and ICO (IntraCellular Ch 0)
‘sub’ tabsheet stimulations.



Sweep Stimulation

PO |P1] TO| T |
PO Sweep Duration
s0 | &1 | ico |

=0

Fulse Dur (ms)
Fulse Intrval (ms=)
Mumber Fulses

50 ms

Delay A Fulses B
0.1

10 R0

1

off C
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Fig. 3.1.3.1. Sweep Stimulation Field Area showing SO pulse stimulation in a POsweep.

A different example of ICO stimulation (not related to the Fig. 3.1.1 example) is shown in Fig. 3.1.3.2.

PO [P | To| 71
FO Sweep Duration

50 ms

so | =1 IC0 |
(] Step A RsRBmB
Dwration (ms) el a0
Arnplitude () 0 -5
Digital D2-»>D5 0000 1000

1

Fig. 3.1.3.2. ICO stimulation fields.

off C

Note that the Field Sweep Stimulation area is functionally coupled with the Graph Stimulation area, so
that when you click on the PO tabsheet in the Field Sweep Stimulation area, the PO Sweep Stimulation

graph comes up (F

ig. 3.1.3.3).

area, the TO Sweep Stimulation graph comes up, and so forth.

Sweep Stimulation

PO |P1| T 71|
PO Sweep Duration 50 ms
50 | s | ico |
S0 Delayw s PulsesB  OfC
Pulse Dur (ms) 0.1
Fulse Intreal (ms) 10 50

MNumber Fulses

1

And when you click on the TO tabsheet in the Field Sweep Stimulation

FO Sweep Stimulation

50ms

25 50

Fig. 3.1.3.3. Field and Graph Sweep Stimulation Areas are coupled.
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The Spreadsheet contains from zero number of lines to the maximum number of lines that can be visible

(Fig. 3.1.4.1).
# Filename Time of Day Time AD|Sx | Pul# |Unit| Slope -
m:s unit/ ms
179|0M27011 4.4 "14:40:251" 148:15.01 01 1 my -0.298
180(0M270115.4F0 | "14:42:131" | 150:00.01 o0 1 my -0.413 -

Fig. 3.1.4.1. Spreadsheet. Only the Slope analysis column is shown.

The columns include
a) Calculation Number

b) Filename of the ADsweep data file

c) Time Of Day (in hr:min:sec) where hr increases to 25 after 24, not O

d) Time on the Analysis graph the data point was taken (in Min:Sec.UpToTenthsOfMsec)
e) AD channel number (0 or 1)

f) Extracellular Stimulation SO or S1 (0 or 1)
g) Pulse Number (starting with 1)

h) Unit or DataType (mV or pA) for those analyses using units
g) Analyses (from none to all the following columns)

1)
2)
3)
4)
5)
6)
7
8)
9)

13) Patch Electrode Series Resistance "Rs Mohm"

DC Baseline "DC"

Peak Amplitude "PkAmp"

Latency "Latency ms"
Area "Area unit * ms"
Duration "Dur ms”

Rise Time "RiseTm ms”
Decay Time "DecTm ms"

Coastline "CoastLn"
PopSpike Amplitude "PSamp"
10) PopSpike Latency "PSlat ms"
11) Slope "Slope unit/ms"
12) Average Amplitude "AvgAmp"

14) Membrane or Input Resistance "Rm Mohm"

3.1.5 Run Panel / Run Button Area

Acquisition activity can be started by either clicking on different Run Buttons on the Run Panel (Fig.
3.1.5.1). Click on 1) the ‘Main Protocol’ Run Button to start the Main Protocol with Stimulation/Acquisition
2) click on the ‘Cont’ Run Button to start Continuous
Acquisition only, or 3) click on a ‘Single PO, ‘P1’, ‘Single TO’ or ‘T1’ Run Button to immediately acquire a
single sweep for viewing with no analyzing or saving to disk. Once the Main Protocol has started, clicking
a ‘Single PO, ‘P1’, ‘Single TO’ or ‘T1’ Run Button now evokes the sweep, but also may analyze it and save
it to disk. Once the Main Protocol has been started, clicking on a ‘Repeat PO’, ‘P1’, ‘Repeat TO’, ‘T1’ Run

sweeps with or without Continuous Acquisition,

Button now evokes repeating sweeps that also may be analyzed and saved to disk.
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Once the Main Protocol is started, the “Protocol STOPPED” top Run Line changes to “Main Protocol”
followed by the Time of Day the protocol was started (in hr:min:sec:tenthsec) followed by the time the
protocol was running (in hr:min:sec:tenthsec). The bottom Run Line shows “Waiting for next sweep”,
followed by the last sweep taken and possibly how many sweeps out of how many total sweeps were
averaged if in an averaging loop, followed by the time after the last sweep (in hr:min:sec:tenthsec) on
the right side of the lower Run Line.

MainProtocol 1212131 2:30:26 6 [ e e e el cetit B oo| singie| | Pepeat Po| P1| RepeatTo| T1]
Waiting for next sweep (last sweep PO avg 4 of 4) Stop | Stop | Stop Fa TO I Stap

Fig. 3.1.5.1. Run Panel (left) and Run Buttons (right).

3.1.6 Status Bar

The Status Bar area (Fig. 3.1.6.1) is divided into three regions: 1) the left Status or Message Line
(Green means successful operation message, Yellow means warning message, Red means error
message), 2) the protocol file name running (*.pro), and 3) the Time of Day.

ERROR: Sweep duration must be <= 2000 msec, check MainProtocol and FastRepeat sweep periods Itp.pra | 13:03:20

Fig. 3.1.6.1. Status Bar.

3.2 Menus

Win LTP uses the following Menus:
1) Protocol File Menu (Fig. 3.2.1)
2) SweepFile Menu for loading, saving and printing individual ADsweep files (Fig. 3.2.2)
3) Amplitude or AmpFile Menu for performing sweep analysis and reanalysis (Fig. 3.2.3)
4) Options Menu (Fig. 3.2.4)
5) View Menu (Fig. 3.2.5)
5) Run Menu - an alternative to running protocols by pushing function keys (Fig. 3.2.6)
6) Help Menu (Fig. 3.2.7)
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lﬁ SweepFile AmpFile Options  Wiew Eun  Help
Open Protocal File. .
Save Protocol File
Save Protocol File As...
Edit Protocal File. ..

AutoCreate New Data Folder Cir+F

5o to SealTest ADO

Use Default Protocol for Mext Program Start
Exit

Fig. 3.2.1. Protocol File Menu

File | SweepFile &mpFile Options  View Run Help
Set aDsweep File Types...

Conwert WInLTP ADsweep Files to Axon ABF Files...
Set ABF File Type and Conversion Period...

Fig. 3.2.2. SweepFile Menu.

File SweepFile | AmpFile Options  View Run  Help
Clear Analysis Graphs, Start Mew AmpFile

analyses o Do..,

Slope Calculation Method...

PopSpike Calculation Method...

Series and Input Resistance Caloulation Methods. ..
Train analysis...

Spreadshest/ampFile Cptions. ..
Save Spreadsheet to ASCII and/or Excel AmpFile

Fig. 3.2.3. Amplitude File Menu.

File SweepFile AmpFile | Options “iew Run  Help
Recalibrate Data Acquisition Board...
Set M, ¥-Series Board Device NMurmber...

Fig. 3.2.4. Options Menu (The Set M,X-Series Board Device Number only appears when running the M-
or X-Series National Instruments boars).



File SweepFile AmpFile OCptions | Wiew Run Help

Restore previous zoom Cir+z2

Lnzoarm Cirl+L

Location of Analysis Graphs on MainPg. ..

YWhich Stimulus Acquistion Sweeps...

HMumber of Columns on AnalysisPg. ..

Infa Banner. ..

Debug Info

Fig. 3.2.5. View Menu.
File SweepFile AmpFile Options “iew | Run  Help

Main Protocal F1
Stop Main Protocal F4
Continuous Acquisition
Capiure Spontecus Events
Single PO Sweep Stimulation  FS
Single P1 Sweep Stimulation  F&
Repeat PO Sweep Stimuwlation CEl+ES
Repeat P1 Sween Stimuwlation Ciel+FES
Single TO Sweep Stimulation  Cir+F9
Single T1 Sweep Stimulation  Cirl+F10

Repeat T Swesp Stimulation
Repeat T1 Sweep Stimulation

Fig. 3.2.6. Run Menu.

File SweepFile AmpFile Options VYiew Run | Help

Electrode / Data Acquisition Board Connections...

Ahout,,.

Fig. 3.2.7. Help Menu.
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3.3 Running Protocols using Run Buttons, Function Keys and Run

Menus

Protocols can be started by either clicking a Run Button, pressing a Function Key, or by choosing the
correct line in the Run menu (Fig. 3.2.6). The Run menu gives a description of the protocol on the left side

of the line, and the shortcut Function Key that can be alternatively pressed to start that protocol.
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3.4 Fields — Changing Values

Fields can be selected by Tabbing or Shift-Tabbing (reverse) into them, and are indicated selected by
turning dark blue. Selected field values can be changed by:
1) Entering values using the keyboard and pressing the Enter key
2) Pressing the Left Mouse Button to increment a value, and pressing the Right Mouse Button to
decrement a value.
3) Moving the Mouse Thumbwheel forward to increment a value, and moving the Mouse
Thumbwheel backwards to decrement a value.
4) Also, the amount of increment and decrement caused by pressing the Left or Right Mouse Button,
or moving the Mouse Thumbwheel forward or backward can be:
a) Increased by also simultaneously pressing the Shift key, and
b) Decreased by also simultaneously pressing the Ctrl key

3.5 Graphs — Changing Axis Values, Dragging, Zooming

It is important to briefly discuss how the AZ/DC field in the ADsweep graphs operates. When the field is
AZ, or AutoZeroed, the waveform is not high pass filtered, but the first 20th of the waveform (or the first
100 msec, whichever is shorter) is displayed at 0 mV or 0 pA. This produces an ersatz 'AC coupling' or
AutoZeroing of the waveform, and allows small signals with large slow voltage fluctuations to be displayed
in the graph, but the waveform is not at all distorted by high pass filtering and is plotted DC ('Direct
Coupled") except for the superimposed offset. When the field is DC, no offsets are imposed on the display
of the waveform. The AZ/DC field only affects the display of the data and does not affect the data values
saved in the ADsweep (*.TO, *.T1, *.PO, *.P1, *.APO or *.AP1) files, which are saved as DC values.

In addition to changing the X and Y coordinate values on the graphs by changing the associated field
values, the graph X, Y coordinates can be changed by using the mouse:
1) Click on the graph data window with the Left Mouse Button, hold it down, and drag the graph
vertically up or down.
2) Click on the graph data window with the Right Mouse Button, hold it down, and drag the graph
horizontally left or right.

Furthermore, ADsweep and Analysis graphs can be Zoomed and Unzoomed.

1) To Zoom, first hold the Ctrl key down, then click on the graph data window with the Left Mouse
Button, hold it down, drag it across the graph horizontally to the right and vertically down, and
then release it to zoom in on a section of the graph. The graph goes from an initial Non-Zoomed
state with no red label in the lower left axis region (Fig 3.5.1a) to a Zoomed state as indicated by
the red “Zoomed” label in the lower left axis region (Fig. 3.5.1b). This zooming by mouse can be
repeated any number of times to zoom further in on the area of interest. And you can further refine
the X and Y coordinate values on the graphs by changing the associated field values.

2) To Unzooom, you can either:

a) first hold the Ctrl key down, then click on the graph data window with the Left Mouse Button, hold it
down, drag it across the graph horizontally to the left and vertically up, and then release it. This
will restore the graph X and Y coordinates to what they were before the zooming took place. The
graph will now be in an Unzoomed state as as indicated by the black “Unzoomed” label in the
lower left axis region (Fig. 3.5.1c).
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b) Or, more simply, for ADsweep graphs you can press the Ctrl-U key, or click the View -> Unzoom
menu item. You cannot do this for Analysis graphs.

3) For ADsweep graphs you can also toggle back and forth between the Zoomed and Unzoomed
states by pressing either the Ctrl-Z key (or the View -> Restore Previous Zoom menu item) to
enter the Zoomed state, or press the Ctrl-U key (or the View -> Unzoom menu item) to enter the
Unzoomed state.

For the ADsweep, the zoomed and unzoomed states will be kept even when new ADsweeps are obtained
Online by acquisition, or in Reanalysis by loading in a new ADsweep file. The ContinuousAcquisition
graphs cannot be zoomed.
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200

AD0
800

oC

-400,

500 ms Loaded: 59220102.F0

ADD
250

DC

-150

-200
120 180
Zoomed 100ms Loaded: 53220102.P0

200

ADO
800

D

-400

o 250 500
Unzoomed 500 ms Loaded: 53220102 PO

Fig. 3.5.1. ADsweep graph Zooming and Unzooming. a) Non-Zoomed state. There is no “Unzoomed”
label on the lower left axis. The mouse cursor has been dragged from the upper-left to the lower right
around the first EPSC (but not released) and this ADsweep graph is about to be zoomed. b) Zoomed
state. There is a red “Zoomed” label on the lower left axis. The mouse cursor has been dragged from the
lower-right to the upper-left right around nothing (but not realeased), and this ADsweep graph is about to
be unzoomed. c) Unzoomed state. There is a black “Unzoomed” label on the lower left axis.
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3.6 Coding of Synaptic Waveform Detection

Different colors are chosen in the program depending on whether a synaptic potential was stimulated by
SO0 or S1 stimulation.

Red denotes extracellular electrode SO stimulation in the Train and Pulse Sweep Stimulation panels (Fig.
3.1.3.1). Red marks the superimposed DC Baseline, Peak Amplitude, Slope etc superimposed
calculation lines for the first SO stimulation in the Pulse ADsweep graphs in the Pulse Detection panel
(Fig. 3.1.2.3) and MainPg ADsweep graphs (Fig. 3.1.1.1, middle panel). Red also denotes the SO DC
Baseline, Peak Amplitude, Slope etc. calculations in the points plotted in the Amplitude/Calculation graphs
(Fig. 3.1.1.1, top panel), and in the Spreadsheet (Fig. 3.1.4.1).

Magenta denotes extracellular electrode S1 stimulation in the Stimulation Panels, Detection Panels,
ADsweep graphs, Analysis graphs and Spreadsheet.

Black denotes intracellular electrode stimulation for measurements of membrane or cell input resistance
(Rm) and patch electrode series resistance (Rs) in the Stimulation Panels, Detection Panel, ADsweep
graphs, Analysis graphs and Spreadsheet.
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CHAPTER 4 — Running a Basic LTP Experiment

In the Getting Started section (Chapter 2) an initial configuration of the program has been performed. This
includes:

1) Installing WinLTP

2) Installing the data acquisition board.

3) Starting WinLTP

4) Making the appropriate connections to the data acquisition hardware from the recording amplifier

and stimulus isolation units (SIUs).
5) Setting up data acquisition and stimulation parameters
6) Acquiring a sweep of data

4.1 Automatic and Manual Loading of the Protocol (*.pro) File from
Disk

If you have already developed custom protocols to run your particular experiment, the last protocol file
used will be the one automatically loaded when the program is later restarted. However, if there was
never any protocol file saved, then only the integral default values will be initially operating (as indicated
by the default.pro name in the Status Bar.

Alternatively, if you wish to load a different protocol file, use the menu command
File -> Open
to open the Protocol File Dialog Box (Fig. 4.1.1).

Open protocol file 2| x|
Look in: | (2 WinLtp0ds =

DecreaseStim.pro LTPZ.pro
Delay.pro LTPLTCdepol.pro
DelayLoop.pro

Kindling.pra

LTD_LowFregstim. pro

=|LTPL.pro
File name: | TR - Open
Files of type: | Protocal files [*.pro) | Cancel

Help

]

Fig. 4.1.1. The Open Protocol File dialog box.
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If a custom Protocol File to run your particular experiment has not yet been developed, the following
procedures should be performed to fully implement the protocol. Essentially this involves:

1) Choose whether or not to use Continuous Acquisition

2) Writing the script in the Protocol Builder, often to just continuous looping or continuous looping with
Signal Averaging

3) Setting up the data acquisition values.

4) Choosing the Stimulation Protocols.

5) Setting Train and Pulse stimulation values.

6) Choosing what synaptic response calculations to do (e.g. DC Baseline, Peak Amplitude, Peak
Latency, Area, Duration, Rise Time, Decay Time, Coastline, PopSpike Amplitude, PopSpike
Latency, Slope, Average Amplitude), and what Rm and Rs calculations to do.

7) Setting the synaptic potential and Rs detection criteria.

8) Saving this new protocol file.

9) Running the experiment.

10) Saving Spreadsheet / Analysis graph data at the end of the experiment.

Note that after the initial 2 month DemoTrial Period, an Advanced Mode License Key must be purchased
from WInLTP Ltd. to the Protocol Builder in the fully functional Advanced Mode (see Section 2.11).

4.3 Choosing Continuous Acquisition

Next, you have to choose whether to run Continuous Acquisition and Capturing Spontaneous Events (not
implemented in this version) along with the Main Protocol as simultaneous tasks. To do this go to the
Main Protocol ‘sub’ tabsheet in the Protocol tabsheet and to the ‘Start with Main Protocol’ panel and either
check or uncheck the Continuous Acquisition and/or Capturing Spontaneous Events check boxes (Fig.
4.3.1, see also Fig. 3.1.2.1). The Capturing Spontaneous Events is not currently available.

kainFrotocol

=tart with kain Frotocol
v Continuous Acguisition
[ Capture Spontaneous Events

Fig. 4.3.1. Start with Main Protocol panel in the MainProtocol tabsheet.

4.4 Writing a Simple Script in the Protocol Builder — Scripting 101

As discussed in Section 2.11, when you enter the WInLTP program for the first time in the DemoTrial
period you are running in the Advanced Mode with a fully functioning Protocol builder. In this mode you
can write any number of advanced protocols using all the Protocol Builder events (marked in green)
including the ‘Run’, ‘ElseRun’, ‘AvgLoop’, and ‘Loop’ events, the ‘SlowQ’, ‘Slow1’, ‘Fast0’ and ‘Fast?’
Perfuse events, the PO, P1, TO and T1lsweep events, and the Delay event.

Alternatively, if you have not ordered an Advanced Mode license, at the end of the 2 month DemoTrial
period you will automatically enter the Basic Mode patrtially functional Protocol Builder. Only the green
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Insert Event buttons can be used and still save ADsweep data. These include ‘AvglLoop’, ‘Loop’,
‘POsweep’ and P1sweep events. If you use the yellow Insert Event buttons, the ‘Run’, ‘ElseRun’,
‘Tosweep’ ‘T1sweep’ and ‘Delay’ events, your protocol will run perfectly OK, except that the
ADsweep data will not be saved. This allows you to easily test the Advanced Mode functions to
see if it is worthwhile upgrading to the Advanced Version.

4.4.1 Slow Repetitive Pulse Sweeps with and without Signal Averaging

Even with the Basic Mode, partially functional Protocol Builder, you can run basic LTP experiments. In
basic LTP experiments, a POsweep normally generates SO pulse stimulation only, and P1sweep normally
generates S1 pulse stimulation only. Therefore, slow repetitive POsweeps produces slow repetitive SO
pulse stimulation, and alternating PO and P1sweeps produces alternating SO and S1 pulse stimulation.

If you:

1) click on the ‘Init’ Protocol button
you immediately write a continuous loop containing one POsweep which produces continuous, repetitive
POsweeps (with no signal averaging) (Fig. 4.4.1.1A, top). The loop is continuous because it loops for
99999 times which is essentially longer than the experiment.

If you want to produce repetitively alternating PO/P1sweeps, you:
1) press down the LeftMouseButton to click on the ‘P1sweep’ Insert button,
2) hold the LeftMouseButton down to drag the Plsweep down to just below the POsweep in the
MainProtocol script, and then
3) release the LeftMouseButton to insert the P1lsweep just below the POsweep (see red line/arrow in
Fig. 4.4.1.1A, bottom).

If you want to signal average, you:

1) click on the Init ‘Avg Protocols’ button
to write a continuous outer loop containing an AvgLoop of 4, which in turn contains one POsweep (Fig.
4.4.1.1B, top). This is a standard protocol for signal averaging every 4 POsweeps, while continuously
repeating this averaging.

However, rather than clicking the Init ‘Avg Protocols’ button (Fig. 4.4.1.1B, top) to write the basic signal
averaging protocol, you could:
1) click on the ‘Init’ Protocol button to get the basic continuous loop protocol (Fig. 4.4.1.1A, top),
2) click on the POsweep in the loop with the LeftMouseButton, drag it down to the delete box, and
release the LeftMouseButton to remove the POsweep from the continuous loop,
3) click on the ‘Avg’Loop Insert button, drag it down between the Loop and EndLoop events, and
release the LeftMouse button to insert an AvgLoop in the continuous Loop, and finally
4) click on the ‘PO’sweep Insert button, drag it down between the AvgLoop and EndLoop events and
release it to insert a POsweep in the AvgLoop.
After you do this you have the protocol in Fig. 4.4.1.1B (top) that was alternatively achieved by clicking the
Init Avg Protocols’ button. This shows that even running just a basic LTP experiment protocol is actually
just using a simple Protocol Builder script. Hopefully, it has also demonstrated that writing Protocol
Builder scripts is incredibly simple, or as the British say, “Bloody Obvious”.
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A Run Eie | Avg Loop Stows 1 Faso 1 B Run [ Eke | Ava Loop Siow0 1 Festo 1
(PO Plsweep  TO Tiswsep = Delyy = PO Plsweep | T0 | Tisweep = Delay |

N

(Pun Else | Avg Loop| Slowd 1| Fastd 1
(PO Plswesp  TO | Tisweep = Delay

Fig. 4.4.1.1. Writing simple Protocol Builder scripts to do A ) slow Repetitive PO Pulse Sweeps once
every 10 sec (top) and repetitive alternating PO then Plsweeps every 20 sec. B) Slow Repetitive
POsweeps with signal averaging, and repetitive alternating PO then P1 sweeps, one averaged POsweep
also every 80 sec. Obviously you would change the period times to something more suitable — 10 sec is

the initial sweep period value.
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Finally, if you want to produce repetitively alternating PO/P1sweeps with signal averaging, again you
1) press down the LeftMouseButton to click on the ‘P1sweep’ Insert button,
2) hold the LeftMouseButton down to drag the Plsweep down to just below the POsweep in the
MainProtocol script, and then
3) release the LeftMouseButton to insert the P1sweep just below the POsweep (see red line/arrow in
Fig. 4.4.1.1B, bottom).

Furthermore, by clicking on the Evoked ‘Single’ and ‘Repetitive Sweeps’ buttons while the
MainProtocol is running, you can evoke Single or Repetitive PO, P1, TO and T1 sweeps, which allows you
to run basic LTP type experiments.

For more information on how to write more advanced scripts in the Protocol Builder, see Chapter 6,
Chapter 7 and Chapter 9.

For now just click on the ‘Init’ Protocol button (Fig. 2.11.1, right top panel), to be
able to run repetitive POsweeps.

4.4.2 Evoked Sweep Stimulation

The EvokedEvents tabsheet (Fig. 4.4.2.1, see also Fig. 3.1.2.2) controls the enabling of evoked single
and repetitive sweep stimulation as well as setting the values of evoked repetitive sweep stimulation.

Perfusel MainProtocol Ewoked |Plot-"8ave|
Enakle Evoked Events

Single Pulse or Train Sweep
[~ Plsweep
I~ Plsweep
W TOsweep
™ Tlsweep

Fast Repeat Pulse Sweeps (LTD) Avg%?gﬂgs [},qgad},

IV PO 900% 15=15m 72T
TPl 800x 1s=15m I v
Fast Repeat Train Sweeps (Theta) [J)Ajad}.
[" TOsweep 10x 055=5s ¥
[~ Tlawaep 1= 0hs=5s =

RepeatPO| P1| Repeai o] T
Stop

P1

Single
TO i

MainProtocol 10:19:11.7 92 IMain Protocol I Cont || Spatit Sirige
Waiting for NextSweep (LastSweep was P0) 3.7 Stop | Stap | Stap Fl

Fig. 4.4.2.1. EvokedEvents tabsheet showing which Single Sweeps and which Repeat Sweeps are
enabled by checking the checkbox on the left. In this example, the Single TOsweep and Repeat
POsweeps are enabled and only the ‘Single TO’ and ‘Repeat PO’ Run Buttons at the bottom are enabled
and ready to be clicked on.
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4.4.2.1 Enabling Evoked Single Sweep Stimulation

The check boxes in the ‘Single Train or Pulse Sweep’ panel in Fig. 4.4.2.1 (top of top panel) determine
whether these single sweeps can be evoked by clicking single Run Buttons, Function Keys or Run Menu
items (Sections 3.1.5 and 3.3, and Figs. 3.1.5.1 and 3.2.6). Fig. 4.4.2.1 shows a Single TOsweep is
enabled and only the ‘Single TO’ button of all the Single Sweep Run Buttons in the bottom panel is
enabled and ready to be clicked on.

4.4.2.2 Fast Repetitive Pulse Sweep (LTD) Stimulation

The check boxes in the ‘Fast Repeat Pulse Sweeps (LTD) panel in Fig. 4.4.2.1 (middle of the top panel)
determine whether these repeat pulse sweeps (PO and P1) can be evoked by clicking single Run Buttons,
Function Keys or Run Menu items (Sections 3.1.5 and 3.3, and Figs. 3.1.5.1 and 3.2.6). Fig. 4.4.2.1
shows Repeat PO Sweeps is enabled and only the ‘Repeat PO’ button of all the Repeat Sweeps Run
Buttons in the bottom panel is enabled and ready to be clicked on.

The first field to the right of the check box determines the number of times a sweep is repeated. The next
field to the right is the period of the sweep (in seconds). The text following the equal sign is the total time
of the sweep in min:sec.

Next, the ‘Avg’ check box determines whether the Pulse Sweeps are to be signal averaged. If the ‘Avg’
check box is checked, then another field on the right, the ‘NumSweeps to Avg’ field comes into view.

Finally, on the right, if the ‘Add Delay’ check box is checked, an additional delay period (equal to the
preceding normal slow repeat sweep period) between the end of the LTD stimulation and the resumption
of the normal slow repeat sweep stimulation (Fig.4.4.2.2.1). Otherwise there will be no added delay, and
it is possible that the first normal sweep will occur immediately after the LTD stimulation without any
obvious gap.
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Fig. 4.4.2.2.1. Add one extra Delay period after an LTD stimulation. A) LTD stimulation with no extra
Delay period. At the arrow, the ‘Repeat PO’ sweep button was clicked and a 20 pulse LTD stimulation (1
pulse/sweep) started after the last AvgLoop was exited. The 1% post-LTD pulse looked like 21st pulse of
LTD stimulation. B) LTD stimulation with one extra Delay period. At the arrow, the ‘Repeat PO’ sweep
button was clicked and a 20 pulse LTD stimulation started after the last AvgLoop was exited. The 1%
post-LTD pulse was now clearly separated from the 20" pulse of the LTD stimulation.

If a single pulse is in ‘Pulse’ sweeps, repetitive pulse sweeps will produce LTD (Long-Term Depression)
stimulation.

In normal LTP experiments, a Pulse PO Sweep generates SO pulse stimulation only, and Fast Slow
Repetitive PO Sweeps produces fast repetitive SO pulse LTD stimulation. Similarly, a Pulse P1 Sweep
generates S1 pulse stimulation only, Fast Slow Repetitive P1 Sweeps produces fast repetitive S1 pulse
LTD stimulation.

4.4.2.3 Fast Repetitive Train Sweep (Theta) Stimulation

The check boxes in the ‘Fast Repeat Train Sweeps (Theta) panel in Fig. 4.4.2.1 (bottom of top panel)
determine whether these repeat train sweeps (TO and T1) can be evoked by clicking single Run Buttons,
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Function Keys or Run Menu items ((Sections 3.1.5 and 3.3, and Figs. 3.1.5.1 and 3.2.6). These enabling
check boxes work the same way as those for the Repeat PO Sweeps.

The first field to the right of the check box determines the number of times a sweep is repeated. The next
field to the right is the period of the sweep (in seconds). Finally, the text following the equal sign is the
total time of the sweep in min:sec.

Again, on the right, if the ‘Add Delay’ check box is checked, an additional delay period (equal to the
preceding normal slow repeat sweep period) between the end of the theta stimulation and the
resumption of the normal slow repeat sweep stimulation. Otherwise there will be no added delay, and it is
possible that the first normal sweep will occur immediately after the theta stimulation without any obvious

gap.
If single trains are in ‘Train’ sweeps, repetitive sweeps of trains will then produce a theta stimulation.

In normal LTP experiments, a Train TO Sweep generates many (say 100) SO pulse stimulations, and a
eliciting a single Train TO Sweep would deliver an SO train stimulation to the preparation. Similarly, a
Train T1 Sweep generates many S1 pulse stimulations, and a eliciting a single Train T1 Sweep would
deliver an S1 train stimulation to the preparation.

As described in Section 4.7.1, the stimulations in Pulse PO and P1 Sweeps and Train TO and T1 Sweeps
can be quite varied. For instance, a Train or Pulse Sweep can generate repetitive trains (theta burst) and
primed burst stimulation. In fact, a Pulse Sweep can generate train stimulation, and a Train Sweep can
generate single pulse stimulation.

4.4.2.4 Evoked Single and Repeat PulseSweeps cannot occur in an Average Loop

In the previous versions of WInLTP from WinLTP090 to WinLTP094, evoked Single and Repeat
PulseSweeps could occur in an Average Loop. This would cause a serious error in the calculation of
averaged PulseSweep values such as Peak Amplitude because in an Averaging Loop the POsweeps and
the P1lsweeps are being averaged by adding to an array in each pulse sweep that sums all the sweeps
and then is divided by the number of loops. If Single or Repeat PO or P1 sweeps are evoked, this adds to
the sum array but does not change the number of loops — hence the average would have been wrong!

This bug was fixed in WinLTP095 changing WInLTP so that when Single and Repeat PulseSweeps are
evoked during an Average Loop, they will not be run during the Average Loop, but only after it is finished.
This is shown in Fig. 4.4.2.4.1, where LTD stimulation was evoked by cliking the ‘Repeat PO’ sweep Run
Button during an Average Loop, but the actual LTD stimulation was delayed until after 2nd Average Loop
was exited.
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Fig. 4.4.2.4.1. Evoked Repeat PulseSweeps can not occur in an Average Loop. At arrow, the ‘Repeat
PO’ sweep button was clicked evoking the LTD stimulation which only started after 2nd Average Loop
exited. Also note that For LTD stimulation with averaging, the current and total number of sweeps evoked
is now written on the RunLine.

However, evoking Single or Repeat TO or T1 sweeps in an Averaging Loop is fine because these do not
have a sum array and averaging is never done on them. And if you are using the Protocol Builder, only
one POsweep and only one Plsweep is allowed in an AverageLoop — e.g. this possible bug has been
prohibited in the Protocol Builder.

4.4.3 Signal Averaging, Stimulus Artifact Blanking and Low-Pass Digital
Filtering

In addition to capturing and analyzing raw sweeps, the WiIinLTP can also do on- and off-line signal
averaging of these sweeps, blank out the stimulus artifacts if required, and low-pass filter the sweeps.

Section 4.4.1 and Fig. 4.4.1.1B have already shown you how to do signal averaging in WinLTP.

The ‘Enable Sweep Functions’ panel in the MainProtocol tabsheet (Fig. 4.4.3.1A, also see Fig. 3.1.2.1) is
used to set the stimulus artifact blanking and digital filtering options:

1) Stimulus Artifact Blanking enables the stimulus artifacts to be removed on either the Pulse and/or
Train Sweeps, and occurs after averaging. Stimulus Artifact Blanking cannot be performed on
Spontaneous Sweeps.

2) Low-Pass Filtering enables digital filtering on either the Pulse, Train and/or Spontaneous Sweeps,
and occurs after averaging and stimulus artifact blanking.



69

A Enakle Sweep Functions B =ave Sweeps To Disk
Fulse Train Spont Fulse Train Spant
I Stimulus Anifact Blanking W W I RawSweeps
I [ I LowPass Filtering I Averaged Sweeps
I Stimulus Blanked Sweeps
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Fig. 4.4.3.1. A) Enable Sweep Functions panel in the MainProtocol tabsheet. B) Save Sweeps To Disk
panel in the Plot/Save tabsheet.

Single raw sweeps can either be (i) low-pass filtered, (ii) stimulus artifact blanked, or (iii) stimulus artifact
blanked and then filtered (Fig. 4.4.3.2a) (but not first filtered and then stimulus artifact blanked). The
insets in Fig. 4.4.3.2a show a patch-clamp recording of an EPSC from one raw sweep (left trace) showing
substantial noise and a large stimulus artifact at the left of the trace, the sweep that has been digitally
filtered to reduce the noise (note the large filtered artifact, right top trace), the sweep with the stimulus
artifact removed (middle trace), and the stimulus artifact blanked sweep that has then been filtered (right
bottom trace).

Alternatively, raw sweeps can first be (i) signal averaged, then this signal averaged sweep can either be
(i) low-pass filtered, (iii) stimulus artifact blanked, or (iv) stimulus artifact blanked and then filtered (Fig.
4.4.3.2b) (but not first filtered and then stimulus artifact blanked). The insets in Fig. 4.4.3.2b show EPSCs
from two raw sweeps showing substantial noise and a large stimulus artifact (left traces), the signal
averaged sweep also with a large stimulus artifact (2™ trace) obtained from the two raw sweeps, the
signal averaged sweep that has been digitally filtered (right top trace), the signal averaged sweep with the
stimulus artifact removed (3" trace), and the averaged, stimulus artifact blanked sweep that that has been
filtered (right bottom trace).

All these traces can be shown on the screen and saved to a data file. Calculations of slopes and peaks
are made on the latest processed sweep. For example, if signal averaging, stimulus artifact blanking and
digital filtering are being used, then the averaged, blanked and filtered sweep is the one that will be
analyzed.
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Fig. 4.4.3.2. Raw sweeps can be signal averaged, stimulus artifact blanked, and/or low-pass digitally
filtered. a) Raw sweeps (with no signal averaging) can be digitally low-pass filtered, stimulus artifact
blanked, or stimulus artifact blanked first and then filtered. The insets show the raw sweep (left trace), the
filtered sweep (right top trace), the stimulus artifact blanked sweep (middle trace), and the blanked and
filtered sweep (right bottom trace). b) Raw sweeps can also be signal averaged, then low-pass filtered,
stimulus artifact blanked, or stimulus artifact blanked first and then filtered. The insets show two raw
sweeps (left traces), the signal averaged sweep obtained from the two raw sweeps (2™ trace), the
averaged and filtered sweep (right top trace), the averaged and stimulus artifact blanked sweep (3"
trace), and the averaged, blanked and filtered sweep (right bottom trace).



71

4.4.3.1 Signal Averaging

If Signal Averaging is used, each sweep is first acquired and plotted in Gray, then the average of the
sweeps is then plotted in LightBlue. The setting for the number of sweeps to average for the Slow Repeat
Sweeps is set by the AvgLoop number of loops field - see Fig. 3.1.2.1 for a simple averaging protocol,
and Figs. 6.4.1.1, 6.4.9.1 and 6.4.10.1 for more complex averaging protocols.

You can also signal average during Fast Repetitive Pulse Sweep (LTD) Stimulation which is set by the
NumSweeps to Avg field (Fig. 4.4.2.1).

4.4.3.2 Stimulus Artifact Blanking

Fig 4.4.3.2.1 and Fig 4.11.2.1 show the effect of stimulus artifact blanking. If Stimulus Artifact Blanking
is chosen, stimulus artifact blanking is enabled, and a SO or S1 Blank field appears on the Detection
page (see Fig. 4.4.3.2.1). Beginning at the time of the start of the SO or S1 pulse to the time set in the SO
or S1 Blank field (1 ms in Fig. 4.4.3.2.1), the stimulus artifact data in the ADsweep array is (sometimes)
set to the Average of the 1 data point value just before blanking begins, and one point value just after
blanking ceases (Fig. 4.4.3.2.1a). If the time in the SO or S1 Blank field is set too short, then the stimulus
artifact is not entirely blanked, if it is set too long (but not ridiculously long) generally there aren't any
problems as long as the peak amplitude is not clipped.

WInLTP can take the Average of the point just before blanking begins and the point just after blanking
ceases (Fig. 4.4.3.2.1a). However, WIinLTP can also take the Slope between the point just before
blanking begins and the point just after blanking ceases (Fig. 4.4.3.2.1b), and can also take the point just
before blanking begins and then Hold that voltage until to the point just after blanking ceases (Fig.
4.4.3.2.1c). Setting the Average, Slope or Hold blanking method is accomplished by entering A, S or H
into the Average/Slope/Hold field next to Blank.

Stimulus artifact blanking is useful for determining the peak amplitudes of individual EPSPs when the
stimulus artifacts are riding on top of the previous EPSP, or when trying to determine the area or peak
amplitude of a whole train which could be seriously distorted by the stimulus artifact (Fig 4.11.2.1).

Stimulus artifact blanking has also turned out to be useful when trying to fit exponential curves to the
decay phase of closely spaced EPSCs when the artifact for the next EPSC occurs during this decay
phase. This approach has been used for exponential curve fitting of synaptic trains by the Synaptosoft
MiniAnalysis Program (www.synaptosoft.com). It's interesting how removal of stimulus artifacts allows
EPSPs and EPSCs to be analyzed as spontaneous events. The Slope method has proved particularly
useful for fitting exponential curves to synaptic potentials by having a smoother decay phase; in fact it is
almost impossible to see where the stimulus artifact was.

The Hold method has proved useful for blanking stimulus artifacts where the point just after blanking
ceases varies widely (such as blanking the stimulation in extracellular CA3 recording where the ntidromic
spike occurs right after the stimulus artifact).


http://www.synaptosoft.com/
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Fig. 4.4.3.2.1. The a) Average, b) Slope and c) Hold methods of blocking stimulus artifacts.
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4.4.3.3 Low-Pass Digital Filtering

Low-pass digital filtering is done using a Gaussian digital filter (Colquhoun D, and Sigworth, FJ, Fitting
and statistical analysis of single channel records. In B. Sakmann and E. Neher editors. Single Channel
Recording. Plenum Press, London, 191-263, 1983).

If Low-Pass Filtering is chosen, each sweep is first acquired and plotted in Gray, and then digitally
filtered at an appropriate frequency and plotted in LightBlue. The setting for digital filtering frequency is set
by the Filter cut-off frequency field (-3 dB) in the Pulse Detection panel (Figure 4.4.3.3). Note in Fig
4.4.3.3 and in the filtered traces in Fig. 4.4.3.2 how filtering the stimulus artifact can really distort the
waveform around the stimulus artifact, and that blanking the stimulus artifact removes the distortion
around the artifact.

Digital Filtering can be very useful for reanalyzing Peak Amplitude because the algorithm to measure
peak amplitude merely picks out the most positive or negative ADsample. Therefore, if there is a lot of
noise, the Peak Amplitude measurement will be artificially increased by the extraneous noise. Appropriate
levels of digital filtering can reduce this noise and give a more accurate Peak Amplitude measurement.

Digital filtering shouldn’t be necessary for analyzing the Slope since the slope is a linear regression line
(least squares fit) through the data points. Interestingly, digital filtering can reduce the sweep-to-sweep
jitter in the slope data points, possibly because the digital filtering effectively extends the time over which
the slope is calculated by including sample points before and after the time at which the slope is
calculated.

When digital filtering is on, the amplitude/slope calculation analysis is done on the filtered ADsweeps only.

ADO |

0
AD0 LowPass Filter; 500 Hz

ADO

iy 0z
]

-0.4

0.6

] 125 25
2ams Loaded: ¥0100048.4P0

Fig. 4.4.3.3. Digitally filtering an ADsweep waveform at the Filter cut-off freq of 500Hz (-3dB cut-off
frequency) in the Pulse Waveform Detection Panel. The raw, unfiltered ADsweep is shown in Gray and
the filtered data is shown in LightBlue.
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4.4.4 Setting Which Sweeps to Save to disk

The ‘Save Sweeps To Disk’ panel (Fig. 4.4.4.1) in the Plot/Save tabsheet (Fig. 4.4.3.1B, also see Fig.
3.1.2.2, right) sets which sweeps will be saved:
1) Raw Sweeps enables saving raw Pulse, Train or Spontaneous Sweeps to disk
2) Averaged Sweeps enables saving only averaged Pulse Sweeps to disk (Trains Sweeps, because
they cannot be averaged, cannot be saved as averaged sweeps).
3) Stimulus Artifact Blanked Sweeps enables saving stimulus artifact blanked Pulse and/or Train
Sweeps to disk
4) Low-Pass Filtered Sweeps enables saving digitally filtered Pulse and/or Train Sweeps to disk.

Sawve oweeps To Disk
Fulse Train Spont
W W I RawSweeps
I Awveraged Sweeps
[ Stimulus Blanked Sweeps
I I LowPassFiltered Sweeps

Fig. 4.4.4.1. Set which sweeps to save to disk. Saving Spontaneous sweeps is disabled for now.

The file extensions of the saved sweep files are as follows:

Pulse Train

Raw * PO, *P1 *TO, *T1
Blanked *BPO, *.BP1  *.BTO, *.BT1
Filtered * FPO, *.FP1 *FTO, *.FT1
Blanked & Filtered * FPO, *.FP1 * FTO, *.FT1
Averaged * APO,*.AP1

averaged & blLanked *LPO, *.LP1

averaged & flltered *IPO, *.IP1

averaged, blanked & flitered  *.IP0O, *.IP1

4.5 Set Which AD Channels to Plot and Save, and Which Sweeps
to Save
Win LTP can acquire data on one channel (ADO or AD1), or on two channels (ADO + AD1). To set which

AD channels will be plotted and saved go to the AD Channels to Plot and Save panel (Fig. 4.5.1 and Fig.
3.1.2.2, right).
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Fig. 4.5.1. AD Channels to Plot and Save Panel.

Then check which AD channels you want to plot for Continuous Acquisition and Stimulation Sweeps, and
which AD channels you want to save to disk for Continuous Acquisition and Stimulation Sweeps. Note
that Plotting and saving to Spontaneous Sweeps is currently disabled.

4.6 Setthe Data Acquisition Values

Setting Analog Input values has already been discussed in Section 2.12.1.

4.6.1 Setting Analog Output Values

The lower left panel of the Edit Protocol dialog box and the Acquisition/Stimulation Parameters tabsheet is
the Analog Output Channels panel (see Fig. 2.12.1.1).

This currently sets ICO output (IC1 not implemented yet). The output can either be in straight volts ‘V’, in
‘mV’ for patch clamp voltage-clamp mode, or ‘nA’ or ‘pA’ for current-clamp mode. It is set in the
DataTypeUnits field.

If the output is in volts, the DataTypeUnit is set to ‘V’, the Gain field is set to ‘1’, and the Units/V field
becomes ‘1 V/V'.

For patch clamp voltage-clamping, the DataTypeUnit is set to ‘mV’, and the Gain and Units/V fields
depend on the output gain of the patch clamp amplifier. For example, with Axon Instruments patch clamp
amplifier 200B, the sensitivity is 20 mV cell voltage to 1 volt input voltage, or 20 mV/V, and the Units/V
field is therefore set to 20 mV/V’. The Gain field then becomes ‘50°. This is in fact the default setting.

For current clamping, the DataTypeUnit is set to either ‘nA’ or ‘pA’, and we will set it to ‘nA’ in this
example. For the Axon 200B, the output to the cell in nA is (2/B) nA per volt input, and where = 1, this
becomes 2 nA/V, and the Units/V field is therefore set to ‘2 nA/V'. The Gain field then becomes
‘600000000'.
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4.7 Choosing Pulse/Train Sweep Stimulation Protocols and
Setting Stimulation Values

The complete stimulation output of WIinLTP is a combination of the output of the PO, P1, TO and
T1lsweeps in the Protocol Builder (Chapters 6, 7 and 9) plus the Evoked Single and Repeat Sweeps.

4.7.1 Choosing the Sweep Stimulation Protocol

The extracellular, intracellular and digital stimulation in each sweep is controlled by the fields in the PO,
P1, TO or T1 tabsheet in the Sweep Stimulation area (Fig. 4.7.1.1, also see Section 3.1.3 and Figs.
3.1.3.1,3.1.3.2 and 3.1.3.3).

The stimulations that can be controlled by the Sweep Stimulation area include:
1) Sweep Duration
2) SO and S1 extracellular stimulation (organized in terms of pulses and trains)
3) IntraCellular (IC) Analog Output stimulation organized as epochs (e.g. up to 6 sequential pulses,
PulseA to PulseE)
4) Four Digital Outputs that can also be produced during the Intracellular (IC) epochs.

To set the sweep stimulation protocol, first choose the desired sweep by clicking on the PO, P1, TO or T1
tabsheet in the Sweep Stimulation area.

Sweep Stimulation Pl Sweep Stimulation

PO |pP1| To| T1] 50 ! 1
PO Sweep Duration 500 ms ?310 e m——
st | = | ico | o
S0 Delay A PulsesB  OfG v o
Pulse Dur (ms) 0.1 50
Fulse Intrwal (ms) 70 120 D2 |
Number Pulses 2 N =
D&
0 250 500
500 g
s 8 | e | s0 | s1 Ico
51 DelayA TrainsB  OffC Lo} Step A StepB  StepC StepD StepE RsBmF
Pulse Dur (ms) 0.1 Duration {ms) 50 100 20 100 130 50
Fulse Intrval (ms) 40 10 Amplitude (m') 0 45 a -20 0 A
MNurnber Fulses 5 DigitalDz->D5 0000 S100 0010 00710 0000 0000
Train Period (ms) 120
Mumber Trains 2

Fig. 4.7.1.1. POsweep stimulation consisting of two SO pulses (left side of top panel), two S1 trains (left
bottom panel), and IntraCellular analog output channel 0 (IC0), Digital Sync output (see the ‘S’ in DO2),
and Digital Out step output (see the ‘1’s in DO3 and DO4) (right bottom panel).

As discussed in Section 3.1.3, the Field Sweep Stimulation area is functionally coupled with the Graph
Stimulation area, so that, for example, when you click on the PO tabsheet in the Field Sweep Stimulation
area, the PO Sweep Stimulation graph comes up (Fig. 3.1.3.3).
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Then choose whether you want to change SO extracellular stimulation, S1 extracellular stimulation or
Intracellular analog channel O (and possibly digital) stimulation by clicking on the SO, S1 or ICO tabsheet.

S0 and S1 stimulation can be either ‘Off’ or ‘On’ as set by the pop-up menu that pops up when the mouse
cursor is clicked on the SO or S1 Label/Button in the SO or S1 tabsheet (Fig. 4.7.1.2).

oweepn Stimulation
PO [P | To| 71
FO Sweep Duration 500 ms
s0 | =1 | ico |

|SI:I it

v Off
“|

Fig. 4.7.1.2. Setting SO pulses ‘Off’ or ‘On’ by clicking on the SO Label/Button that raises up when the
mouse cursor is moved over it.

If SO or S1 extracellular stimulation is ‘On’, the output for PO, P1, TO, or T1 Sweeps can be either:
1) Pulses
2) Trains

which is set by changing EochB to PulsesB or TrainsB (Fig. 4.7.1.3).

Note that in this version, the DOS LTP Program Dual Trains is not supported, so stimulations such as
prime burst stimulation cannot be generated by only one extracellular output. However, this will be
supplanted by up to 14 more Pulses/Trains (‘PulsesO/TrainsQ’) with one level of looping among the
pulses/trains, so this will easily include prime burst stimulation.

Note that there does not need to be any SO or S1 pulse stimulation in a sweep, nor does there need to be
any IC analog or digital output. So actually, there needs to be no stimulation in a sweep.
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Fig. 4.7.1.3. Setting SO output to ‘Pulses’ or ‘Trains’ by clicking on the Pulses/TrainsB Label/Button that
raises up when the mouse cursor is moved over it.

ICO stimulation can be either ‘Off’, ‘Amplitude’ On, or ‘Amplitude + Digital Out’ On as set by the pop-up
menu that pops up when the mouse cursor is clicked on the SO or S1 Label/Button in the SO or S1
tabsheet (Fig. 4.7.1.4).

cweepn Stimulation

PO [P | To| 71
FO Sweep Duration 500 ms
s | =1 o |
[0 O

v Off
Amplitude
amplitude + Digital Ot

Fig. 4.7.1.4. Setting Intracellular Epoch output to ‘Off, Analog Out ‘Amplitude’ On, or Analog Out
‘Amplitude + Digital Out’ On, by clicking on the ICO Label/Button that raises up when the mouse cursor is
moved over it.

If ICO Analog Out ‘Amplitude’ or ‘Amplitude + Digital Out’ stimulation is On, the output for each EpochO to
Epoch19 in PO, P1, TO, or T1 Sweeps can be either:

1) Off

2) Step

3) RsRm Step

4) Ramp

5) Begin Loop

6) End Loop
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which is set by changing Eoch1 through Epoch18 (Fig. 4.7.1.5). The RsRm Step is the step where patch
electrode series resistance and cell input resistance are measured relative to the previous step.

Note that EpochO only can go to ‘Off’, ‘Step’ or ‘Begin Loop’, not ‘RsRm Step’, ‘Ramp’ or ‘EndLoop’
because there is no previous step with which to use in the Rs/Rm measurements, you need a Step before
a Ramp to set the initial amplitude, and a loop cannot begin on an EndLoop.

PO | P | To| T
FO Sweep Duration 600 ms
so| &1 100 |ic | ez | ica |

[0 otepld  RsRml  Step? Begloop Stepd Rampbh  Stepb  |Endloop |
Curatian (ms) 50 50 100 X 20 50 20 Off
Armplitude (m) 0 -5 0 -20 -5 50 Step
DigitalD2-»>D5 1000 0000 0000 gooo ooo00 05040 RsRm Step
‘| | Rarnp
Beqgin Loop
v End Loop

Fig. 4.7.1.5. Setting ICO Epoch output to ‘Off’, ‘Step’, ‘RsRm Step’, ‘Ramp’, ‘Begin Loop’ or ‘End Loop’ by
clicking on the Off/Step/RsRm/Ramp/BegLoop/EndLoop Epoch Label/Button that raises up when the
mouse cursor is moved over it.

Analog stimulation also has the capability of producing ramps, and generating analog sequential single
trains using BeginLoop/EndLoop constructs (Fig. 4.7.2.5) and analog sequential multiple trains using
Loops within Loops constructs (Fig. 4.7.2.6).

4.7.2 Examples of Sweep Stimulation

In addition to the full stimulation capability of this current version shown in Fig. 4.7.1.1, the following
examples show many simpler but useful sweep stimulation examples.

Fig. 4.7.2.1 shows that pathway independence can be tested by comparing heterosynaptic paired pulse
stimulation with one pulse on SO and one pulse on S1 with the effects of homosynaptic paired pulse
stimulation (see SO trace in Fig. 4.7.1.1). Fig. 4.7.2.1 is produced by Pulses on both SO and S1, and
Intracellular and Digital Out Off.
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Sweep Stimulation
PO |p1| 7o) 71|
Pl Sweep Duration 100 ms
so | st | o |

=11

=] DelayA PulsesB OffC

Fulse Dur (rms) 01

Pulse Intrval (ms) 20 50

MNurmber Pulses 1 1

100ms

0 S| o |

=1 Celay A PulsesB  Off C
Fulse Dur (rms) 01
Fulse Intrval {ms) 70 50
MNumber Pulses 1

Fig. 4.7.2.1. Heterosynaptic paired-pulse stimulation can help test for pathway independence.

Theta burst stimulation in a single sweep. Fig. 4.7.2.2 shows a theta burst stimulation in a single
sweep (rather than single trains in repeating sweeps) capable of inducing LTP. SO Epoch B is set to
Trains, and the NumTrains is set to greater than 1 to get repetitive train stimulation.

Sweep Stimulation PO Sweep Stimulation

PO |p1|To| T |
Pl Sweep Duration 1000 ms

st | = | oo |

=] Delaya  TransB  OfC

Fulse Dur (ms) 01

Pulse Intrval (ms) 100 10

Murnber Fulses 5 50

Train Feriod (ms) 200

MNumber Trains 4 L 1000ms Bl D

Fig. 4.7.2.2. Theta burst stimulation for LTP induction consisting of repeating trains in a single sweep.

Primed burst stimulation. Fig. 4.7.2.3 shows primed burst stimulation capable of inducing LTP.
However, since SO or S1 is capable of producing only pulse, trains, or repeating trains, the version of
WIinLTP can only produce primed burst stimulation by outputting two extracellular pathways. It could be a
single pulse on S1 and a single train on SO, but if S1 is also being used, it has to be a Digital Out pulse
(on D2 here) and a single train on SO.

Then the two digital outputs SO and D2 have to go into the same Stimulus Isolation Unit either by adding
an OR chip before it, or using two diodes to stop current flow in the wrong direction (this is what we do).
Check with your Stimulus Isolation Unit seller on how to do this.
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Sweep Stimulation Fi Sweep Stimulation

PO |p1|To| T

Fi Sweep Duration 1000 ms 19600 |||||
ICO

=0 l st | o | 200 -mgi I
=] Delaya  TransB  OfC

Pulse Dur {ms) 0.1 L I

Pulse Intrval (ms) 500 10 L3

MNumber Pulses 5 s

Train Period {ms) 200 L

MNumber Trains 1 L 1000ms el 1

Fig. 4.7.2.3. Primed burst stimulation for LTP induction consisting of a single pulse on one digital output
(D2), and a single train on another digital output (S0) which then go to trigger the same Stimulus Isolation
Unit by using an OR chip or two diodes.

Fig. 4.7.2.4 shows how intracellular stimulation can be coincident with extracellular pulse and train
stimulation. In this example SO, S1 and Intracellular with RsSRm stimulation are On. In this example an
intracellular depolarization occurs during the one priming SO pulse, and hyperpolarization occurs during
the S1 train. Intracellular voltage changes could have interesting effects on the ability of extracellular
pulses and trains to induce LTP or LTD.

Sweep Stimulation

Fl Swaep Stimulation

PO |P1| To| T1]
PO Sweep Duration 1000 ms 30
s0 | st | oico | 51 I
S0 Delay & FPulsesB  OfC o el
Pulse Dur (ms) 0.1 -
Pulse Intrval (rms) 200 10 oy o E—
Mumber Fulses 1
A0
1] 500 1000
1000 ms
so St o | =0 | st oo |
31 DelayA  TransB  OffC ICO StepA StepB StepC StepD RsBmE Off F
Pulse Dur (ms) 0.1 Duration (ms) 100 200 200 300 100
Pulse Intrval (ms) 400 10 Amplitude (m') 1] 40 =20 0 -5
Mumber Fulses b
Train Period (ms) 200

Mumber Trains

1

Fig. 4.7.2.4. Extracellular heterosynaptic primed burst stimulation (SO single pulse, S1 train) and
coincident intracellular (IC) depolarization and hyperpolarization stimulation with an RsRm test pulse.

It is important to understand that what you see in the Train and Pulse Stimulation graphs is what stimulus
pulses you will generate. If not all of your stimulus pulses fit' in the stimulation graphs, they will not be
generated and no error message will be produced to tell you that. It is up to you to see that this does not
occur.

Analog stimulation now has the capability of producing ramps that were generated within Trainl Loop
(Fig. 4.7.2.5).
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Analog stimulation also now has the capability of generating analog sequential single trains using
BeginLoop/EndLoop constructs (Fig. 4.7.2.5) and analog sequential multiple trains using Loops within
Loops constructs (Fig. 4.7.2.6).

PO Sweep Stimulation

50

50
ICO
100
i 0

1} 500 1000
1000 ms

Sweep Stirmulation

Po|P1|To| T

PO Sweep Duration 1000 ms
20| 81 100 |ict | icz | ica |
Lo} Stepl Begloop Step2 Stepd Endloop  Steph Begloop Step?  Ramp8  StepY  Endloop  Offi
Dwration (ms) 100 Ix 10 30 110 3x 40 50 10
Amplitude (') 0 40 0 0 =il'g R 40
< | ~
|rmmmmmmmem Train0 Loop -====---mq | |- e Train1 Loop —==—m==mmmemm-- |

Fig. 4.7.2.5. Sequential Single Trains using BegLoop/EndLoop contructs for TrainO Loop and Trainl
Loop. Also note that ramps are generated within the Trainl Loop.

[ || ]

1000 ms

=

PO [P T0| 71|
FO Sweep Duration 1000 ms
so| 51 1C0 |ier |ice | ic3 |

ICO Stepll  Begloop Begloop Step3 Stepd  EndlLoop Stepf Begloop Stepd Step9 Endloop Stepll Endloop  Off13
Duration (ms) 100 Ix 2x 10 10 [511] 4% 5 20 100
Amplitude (m') 1] 20 0 0 50 -10 0
«| | i
|------- Train0 Inner Loop | | Train1 Inner Loop -—---- |
| Outer Loop |

Fig. 4.7.2.6. Sequential Multiple Trains using multiple TrainO and Trainl Inner Loops within an Outer
Loop.
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4.8 Choosing the Analyses To Do

After setting the sweep stimulations, you have to decide which calculations you want to do. To do this call
up the Amplitude/Slope Analyses To Do Dialog Box (Fig. 4.8.1A).

On the right the dialog box shows which calculations can be done: DC Baseline before of each Stimulus
Pulse, the Peak Amplitude, Latency, Area, Duration, Rise Time, Decay Time, Coastline, PopSpike
Amplitude, PopSpike Latency, Slope and/or Average Amplitude of synaptic potentials produced by SO and
S1 stimulation, and if the Rm pulse is On, patch pipette series resistance (Rs) and membrane or cell input
resistance (Rm).

A x|
alls's |
A00 AD1
MainPy AnalysisPyg  MainPg AnalysisPg
S0+51 S0+51 S0+51  S0+51
I I3 I Il DC Baseline
i3 I r Il Peak Amplitude
I i I I Latency
I v I I Areg
[ v [ [ Duratian
r r r r Fise Time
I v I I Decay Time
I I I I Coastline
Il r I Il PopSpike Amplitude
Il r r Il PopSpike Latency
[ v [ [ Slope
I v I I Average Amplitude
v r r r Fis (if Rs/Rm pulse on)
v r r r Fm (if Rs/Fm pulse on)
B MeinPg | AnalysisPg | — — C MeinPg An:"iyslspgl

oco
o 00 El

-

500: .. Phémp0

ADD -100;
1000

200

-400; | 2 g

500

Amd awo{e . * Areal Avghrpd
i . . 20000 : Cel. 140
Mo 301 pams . [

500 Nor P

100 al,e .

= & 5 1 5 1
o o B CESHEE 10min ToSaveAs: SNOBROISKLS 10min ToSaveAs NOBROTEXLS 10min

Fig. 4.8.1. A) Amplitude/Slope Analyses To Do dialog box. In this example only analyses on channel ADO
were chosen , and B) four were placed on the MainPg, and C) eight on the AnalysisPg.
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The top line in the dialog box shows whether the Analysis To Do will be performed on channel ADO and
/or AD1 (only ADO in this example). The next line shows where these calculations will be plotted or
displayed, either on the MainPg or the AnalysisPg. More than four MainPg calculations checked will not
be accepted. More than eight AnalysisPg calculations checked will not be accepted. If an Analysis To
Do is chosen, say Slope, then Slope will also appear as one of the columns in the spreadsheet, and will
also be saved to the Amplitude analysis (*.Amp) file. WInLTP can analyze all SO- and S1-evoked synaptic
responses in all channels in both Pulse and Train sweeps (see Section 4.10).

Adding the four Analysis Graphs on the MainPg with the eight Analysis Graphs on the Analysis Page
gives a total of twelve Analysis Graphs that can be viewed during online acquisition and reanalysis.

4.9 Setting the Calculation Detection Criteria

The fields that set the ranges for detecting the various calculations are set in the Pulse Waveform
Detection Panel (Fig. 3.1.2.3). However, only if at least one of the MainPg or AnalysisPg check boxes is
chosen for a particular waveform calculation row in the Amp/Slope Analyses To Do dialog box (Fig. 4.8.1)
will the particular calculation be plotted and saved to the Amplitude/Calculation file as a non-zero value.

49.1 DC Baseline

If DC Baseline, Peak Amplitude, Peak Latency, Area, Duration, Rise Time, Decay Time, Average
Amplitude, or Slope (for Low% -> High% Peak Amplitude) is chosen, then the DC Baseline value will be
calculated.

The

BaselineSO: _ to __ ms before pulse
time fields shown in the Pulse Detection Panel in Fig. 4.9.2.1 set the pre-stimulus pulse baseline to be
between these two ‘Baseline’ time values, and both are relative to the stimulus pulse.

4.9.2 Peak Amplitude

The Peak Amplitude is the difference between the DC Baseline value and the calculated peak. The peak
will be measured between the time fields in

Peak: Auto/Pos/Neg to ms after pulse
and is shown by the PkAmp solid line of the Pulse Detection Panel in Fig. 4.9.2.1. The first ‘Peak’ time
value must be before the Peak Amplitude, and the second ‘Peak’ time value must be after the Peak
Amplitude, and both are relative to the stimulus pulse.
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AD;

ADOS0

Baselne: & to 2 msbefore pulse
Feak: Auto 2 fto 12 ms after pulse
Slope: 23 to 3.4 ms after pulse
patul}

ADDSST as
Baselne: 8§ to 2 msbefore pulse i
Feak: Auta 0 to 15 msafterpulse Fovd

Slope: -2 to 2 msafter pulse

50 ms Loaded: 70100048.AP0

Fig. 4.9.2.1. Detection of extracellular synaptic waveform parameters (DC Baseline, Peak Amplitude and
Slope).

The Auto/Pos/Neg field determines whether the peak will be Automatically (Auto) determined to be
positive or negative, forced to be Positive (Pos), or forced to be Negative (Neg). The normal value is A,
automatic. Automatic calculates whether the average of the points between the Peak:  to _ ms after
pulse time fields is more positive than the baseline average value. If so, the peak is positive; otherwise the
peak is negative.

4.9.3 Latency

Latency is now measured only at 100% of Peak, and is therefore Peak Latency. Peak Latency is the time
between the occurrence of stimulus pulse and the peak. In later versions, Latency will be able to be
determined as a % of peak.

4.9.4 Slope

The Slope is calculated by taking all the waveform voltage/current points from the slope beginning time
point to the slope end time point, and using these points to calculate a linear regression line (least
squares fit) through the data.

When analyzing the Slope of the EPSP/EPSC there are several ways to determining the slope beginning
time point and the slope end time point. These Slope Calculation Methods are chosen by using the menu
commands:

AmpgFile -> Slope calculation method...

to bring up the Slope Calculation Methods dialog box with the following choices (Fig. 4.9.4.1).
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Slope Calculation Method x|

— Slope Calculation Method
AD0D AD
= & paximum Slope
T Begin-* End Times
= Low% -> High% of Peak Amplitude

K Cancel Help

Fig. 4.9.4.1. Slope Calculation Method Dialog Box.

Often there is no one best method of measuring slope, and using two methods is better. For example,
when there are large latency shifts in the synaptic potential, and the amplitude of the synaptic potential
sometimes goes to zero (ie with synaptic failures), a combination of Maximum Slope measurement (with
no low pass filtering) to measure the large amplitude synaptic potential slopes, and Begin -> End Times
slope measurement to measure the zero and very low amplitude potential slopes will give the best slope
measurement.

4.9.4.1 Maximum Slope (with no Low Pass Digital Filtering)

The first method, the Maximum Slope method (with no low-pass filtering), was added as a more reliable
way of measuring slope for conditions where the latency shifts in the synaptic potential and the slope of
the synaptic potential is small (close to noise level). The problem of this method is when there is no
synaptic potential (ie synaptic failure), the slope still measures the maximum slope of the noise and is
therefore never zero.

To use the MaximumSlope measurement (Fig. 4.9.4.1.1), set the MaxSlope time field ("1 ms" in this
figure, marked by a red slope line) so that it is within the larger BegTime/EndTime range ("2 to 8 ms after
pulse" in this example, marked by solid vertical lines on the trace).

MaxSlope: ms, to ms after pulse

In this example, the MaxSlope algorhythm will start at 2 ms after the pulse and calculate the value of a 1
ms slope every 0.1 ms until the EndTime point is reached at a slope between 7 and 8 ms after the
pulse. The absolute largest positive or negative slope will be the one chosen and plotted using the
red slope line).

This is the easiest method to use on-line and is therefore the default method.
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Wawveform Detection FReanalyzed Sweep

AD0

ADO/S0 05
MaxSlope: 1 ms. 2 to 8 msafterpulse

0.5
ADD

[ 10 20
Zoomed 20ms Loaded: 06110013.F0

Fig. 4.9.4.1.1. The Maximum Slope Method using no low-pass digital filtering.

4.9.4.2 Maximum Slope (using Low Pass Digital Filtering)

Although the Slope fits a straight line to the “straight” part of the rising phase of the EPSP/EPSC, the
rising phase is usually not a straight line, and is more accurately measured by getting the maximum slope
of a shorter straight line. But there is a tradeoff between getting the correct maximum slope using a short
straight line, and measuring a slope of noise. To help get a more correct maximum slope measurement
using a short straight line, the trace should be low-pass digitally filtered (Section 4.4.3.3) to an empirically
determined level such that the peak amplitude is not attenuated.

This is probably best used during Reanalyis when different levels of low-pass digital filtering and different
levels of MaxSlope time can be empirically tried. And then compare these results to Maximum Slope
(with no Low Pass Digital Filtering) and slope measured with Beg -> End Times. To my surprise, when
analyzing synaptic potentials the results using longer Maximum Slope (using Low Pass Digital Filtering)
were about identical with the shorter Maximum Slope (using Low Pass Digital Filtering).

4.9.4.3 Begin -> End Times

The third method, the Begin -> End Times, merely sets the slope beginning time point and the slope end
time points. This method is a much more reliable way of measuring slope when the amplitude of the
synaptic potential can be zero (synaptic failures) and there are no latency shifts in the synaptic potential.

If this method is chosen, the Pulse Detection Panel appears as in Fig. 4.9.2.1. The slope beginning and
end time points are the time fields:
Slope: _ to __ ms after pulse
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4.9.44 Low% -> High% of Peak Amplitude

The fourth method, the Low% -> High% Peak Amplitude calculates the slope beginning time point by
using the time where the voltage/amperage was say 20% of the Low% Peak Amplitude value. It
calculates the slope end time point by using the time where the voltage/amperage was say 80% of the
High% Peak Amplitude value. If this method is chosen, the Pulse Detection Panel appears with the
following fields:

Slope: _ to % peak amplitude
where the first % field is the Low% field and the second % field is the High% field.

All methods have their advantages, but in general the Maximum Slope method is best (with or without
low-pass filtering). If the latency between the stimulus pulse and the slope shifts with time, the Maximum
Slope (with or without low-pass filtering) or the Low% -> High% Peak Amplitude methods are best.
However, when the EPSP/EPSC amplitude approaches 0, the Low% -> High% method begins to
calculate slopes made of noise and therefore gives spurious result. In contrast, the Begin -> End
Times method continues to accurately measure the slope when the EPSP/EPSC amplitude
approaches 0. This problem does not occur as much with the Maximum Slope method.

With the proper amount of low-pass digital filtering, a short Maximum Slope will yield the most accurate
measurement of the maximum slope, and will best deal with shifts in EPSP/EPSC latency and very low
EPSP/EPSC amplitudes.

Slope detections in our group are usually of 0.6 to 2.0 msec duration. When sampling every 100 usec, this
is 7 to 21 AD samples, respectively. Without low-pass digital filtering, the longer the slope duration the
better, provided the slope still remains on the (somewhat) ‘straight’ part of the EPSP/EPSC. On-line signal
averaging will also decrease slope error measurement.

495 Area

Area calculates the area of the peak more negative or positive than the pre-pulse DC Baseline and is
measured in mV*ms or pA*ms. The Area is measured between the

Peak: Auto/Pos/Neg to ms after pulse
time fields shown by the solid horizontal Area line of the Pulse Detection Panel in Fig. 4.9.5.1. Just as with
the Peak Amplitude measurement, the Auto/Pos/Neg field determines whether the peak will be
Automatically (Auto) determined to be positive or negative, forced to be Positive (Pos), or forced to be
Negative (Neg).

Notice, that when the waveform goes to the opposite polarity of the peak, those values are not calculated
in the area (for example, in Fig. 4.9.5.1, when the waveform goes positive after 16 ms, the area is only
between the first ‘Peak’ time field and up to 16 ms after the pulse.
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Fig. 4.9.5.1. Detection of Area of the peak more negative than the pre-pulse baseline. The Area is
measured in the range of 2 and 18 ms after the stimulus pulse (solid horizontal line). However, because
the waveform goes positive at 16 ms, the area is only measured between 2 and 16 ms after the pulse.

4.9.6 Duration

Duration calculates the duration of the peak or peaks measured between the

Peak: Auto/Pos/Neg to ms after pulse
time fields shown by the dotted horizontal peak line in the Pulse Detection Panel (Fig. 4.9.6.1). Just as
with the Peak Amplitude measurement, the Auto/Pos/Neg field determines whether the peak will be
Automatically (Auto) determined to be positive or negative, forced to be Positive (Pos), or forced to be
Negative (Neg).

The Duration is measured at a certain percentage of the amplitude between the DC baseline and peak
Dur: % of peak

Duration can measure the duration of bursts (multiple spikes or peaks), and is therefore particularly useful

in epilepsy studies for measuring the duration of epileptiform bursts and electrographic seizures.

AD0 | 3
ADO/SD 25
ADOS1

Baszeline: 8 to 2 msbefore pulse
Peak: Auto 4 to 25 s after pulse

Durgtion: 35 %% of peak AD0

35
s

M
\/

il

04

1] 25 50
A0ms Savedas: 8R280178.4P1

Fig. 4.9.6.1. Detection of Duration in the range of 4 and 25 ms after the stimulus pulse (dotted line). The
Duration is measured at 35% of the peak amplitude and is between the arrows (solid line).
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4.9.7 Rise Time and Decay Time

Rise Time calculates the time between 10% and 90% of DC baseline to peak on the rising phase of the
peak and is shown by + ‘s. Decay Time calculates the time between 10% and 90% of DC baseline to
peak for the falling phase of the peak and is also shown by + ‘s. Therefore the Rise Time and Decay Time
depend on DC baseline settings. The Rise Time and Decay Time is measured between the
Peak: Auto/Pos/Neg to ms after pulse

time fields shown by the dotted horizontal peak line in the Pulse Detection Panel in Fig. 4.9.7.1. Just as
with the Peak Amplitude measurement, the Auto/Pos/Neg field determines whether the peak will be
Automatically (Auto) determined to be positive or negative, forced to be Positive (Pos), or forced to be
Negative (Neg).

ADD | -100

ADOS
Baseline: 8§ to 2 msbefore pulse
FPeak: Auto 2 to 70 ms after pulse

-110

-120

AD0O

&0

ndh 130
(5]

-140

-150

-160
140 150 200
100 ms Savedds: ¥9110200.4P0

Fig. 4.9.7.1. Detection of 10-90% Rise Time and 10-90% Decay Time. The 10% and 90% Rise Times are
denoted by the first and second + ‘s. The 10% and 90% Decay Times are denoted by the third and fourth
+ ‘s. The range for detecting the Rise and Decay Times (shown by the dotted line) was setto 2 to 70 ms
after the stimulus pulse.

4.9.8 Coastline

Coastline calculates the amount of vertical deflection between the

CoastLn: _ to __ ms after pulse
time fields and is shown to occur between the left and right brackets on the waveform (Fig. 4.9.8.1).
(Alternatively, if Peak Amplitude is also being calculated, Peak: Auto/Pos/Neg to ms after pulse

indicates the time fields). The Coastline is measured in mV or pA. Coastline does not depend upon DC
baseline.

For example, the coastline of an EPSP of 1 mV amplitude would be 2mV. Coastline is indicative of, and
sensitive to, the addition of extra population spikes in an epileptiform burst and can therefore be useful in
epilepsy studies.
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However, coastline will also increase with extraneous high frequency noise and you should be sure that
sufficient external low-pass analog (Section 2.13) or internal low-pass digital filtering (Section 4.4.3.3) is
applied to the waveform when the Coastline measurement is made.

A00
ADOSS0 2
ADOMST
Coastline: 1 to 30 ms after pulse i
0
ano

i

50 ms Savedfs: BR280178.4P1

Fig. 4.9.8.1. Detection of Coastline. The Coastline is measured between the left and right bracket located
on the waveform.

4.9.9 PopSpike Amplitude and Latency

The PopSpike Amplitude is calculated as the amplitude from the PopSpike peak to the intersection with
an interpolated tangent dotted line drawn between the pre-PopSpike peak to the post-PopSpike peak
(shown be the solid vertical line in Fig. 4.9.9.1). PopSpike Latency is calculated as the time between the
occurrence of stimulus pulse and the PopSpike peak. PopSpike Amplitude and PopSpike Latency do not
depend upon DC baseline or Peak Amplitude.

In order to use this tangent autodetection method correctly you must first set the PopSpike to be
positive or negative by setting the Pos/Neg field in
PSamp: Pos/Neg to ms after pulse

If Peak Amplitude is also to be calculated then the above line is just
PSamp: Pos/Neg

Next, you must set the time range the PopSpike will be detected over by the "__to__ms after pulse” fields
above. (If Peak Amplitude it to be calculated then use the time fields in the "Peak: Auto/Pos/Neg __ to
ms after pulse) This time range is shown between the left and right bracket located on the waveform in
Fig. 4.9.9.1.
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Fig. 4.9.9.1. Detection of Population Spike Amplitude and Population Spike Latency. Detection occurs
between the left and right brackets on the waveform. The solid vertical line is the PopSpike Amplitude,
and the time between the stimulus pulse and the solid vertical line is the PopSpike Latency.

4.9.10 Average Amplitude

The Average Amplitude is the difference between the DC Baseline value and the averaged values
between the

AvgAmp:  to __ ms after pulse
time fields and is shown in the AvgAmp solid line of the Pulse Detection Panel (see Fig. 4.9.10.1).

ADI | 100

ADDS0
Baseline: 8 to 2 msbefore pulse
Avgamp: 200 1o 26 ms after pulse

1104,

-120

AD0
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né, -130
(0]

140

150

-180
140 150 200
100 mz Loaded: 79110200.4P0

Fig. 4.9.10.1. Detection of Average Amplitude between 23 and 27 ms after the stimulus pulse (solid line)
relative to the pre-pulse baseline (dotted line).
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4.9.11 Patch Electrode Series Resistance (Rs)

The patch electrode series resistance (Rs) can either be calculated from the 1) peak of the capacitative
transient, 2) the extrapolated peak of the capacitative transient fitted by a single exponential, or 3) the
extrapolated peak of the capacitative transient fitted by a double exponential. | would like to thank Dr.
Tim Benke for the single and double exponential fitting code, and for many discussions about measuring
Rs.

For a discussion on the correct measurement of series resistance with and without using exponential
curve fitting, and cell input resistance measurement see Ogden and Stanfield (Patch clamp techniques for
single channel and whole-cell recording, In: Microelectrode Techniques, The Plymouth Workshop
Handbook, Second Edition, Ed. D. Ogden, The Company of Biologists Ltd., Cambridge, 1994).

Series and Input Resistance (Rs, Rm) x|

— Measure Rs and Rm from Mormal or Unfilkered Trace

an0 - AD1
= MNormal frace (Raw, Averaged, Blanked and/or Filtered)

¥ v Unfiltered race {default, Raw and/or Averaged)

— Rs Calculation Method

ADD ADL
& & Peak (default Cnline fit) ™ Show fit values
¢ Single Exponential Fit (default off)

¢ Double Exponential Fit (Hefault Reanalysis fit)

— Extrapolation

AD0 ADL
¢ v Exfrapolate back to TimeZero (start of Rs/Rm pulse, default)

 Estrapolate between TimeZero and Rs peak
U Mo exfrapolation, use Rs peak

— Rs and Rm Measurement Results

AD0D AD1
& Inpasor mis (using Rs and Rm amplitudes; calc B using ¥ /1)

& & InMohms {using ICx AnalogOut stimulation, default)
& InMohms {using external amplifier's setfgated stimulation’

AD0 -2 mi
AD1 -2 m

Cance| Help

Fig. 4.9.11.1. Series and Input Resistance Calculation Methods Dialog Box. Series Resistance and Input
Resistance, Rm can now be made from Channel ADO and/or AD1.
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Furthermore, Rs can now be measured from the Peak of the capacitative transient or with single or
double exponential curve fitting.irst, for Rs to be measured you have to :

1) set ADx DataType to pA (see Section 2.12.1)

2) setICx to mV (see Section 4.6.1.)

3) have an RsRm step in sweep stimulation (see Section 4.7.1.)

Next, the method of determining how patch electrode series resistance (Rs) is calculated is chosen by
using the menu commands:

AmpgFile -> Series and Input Resistance Calculation Methods...
to bring up the Series and Input Resistance Dialog Box (Fig. 4.9.11.1).

The first choice you have to make, using the Measure Rs and Rm from Normal or Unfiltered Trace
radiobuttons in Fig. 4.9.11.1, is whether to make Rs and Rm measurements from the Normal trace which
may or may not be internally low-pass digitally filtered, or the Unfiltered trace, which is always unfiltered,
and can be either a Raw or Averaged trace. The reason for this choice is that often (particularly
during online analysis) you want to low-pass filter the trace in order to measure Peak Amplitude
well, but you do not want to filter the peak capacitative transient in order to get good Rs
measurement.

Fig. 4.9.11.2 shows what | think is the best way of making Rs and PkAmp measurements online. The Rs
measurement made from the capacitative transient peak to a step voltage pulse from an Unfiltered trace
(using the Unfiltered trace selection) (see the ‘Rs’ black line on the negative transient peak of the gray
unfiltered trace), whereas the PkAmp measurement is made from the filtered trace with the digital
filtering turned on (see the red lines on the blue filtered trace).

100+

50+

&00
350

DC

-1004

-1504

-2004

Rs —

0 180 360
360 ms Loaded: 63251613.FO
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Fig. 4.9.11.2. The best way to measure Rs and PkAmp online. Rs measurement was made from the
capacitative peak transient from the unfiltered trace so as to not attenuate the transient peak (20 KHz
sampling, 10 KHz external filtering). PkAmp measurement was made from filtered trace so as to not
measure the superimposed excess noise (20 KHz sampling, 10 KHz external filtering, 500 Hz internal
filtering). The Rs and Rm measurements were made from the gray 10 KHz unfiltered trace, whereas the
EPSCs would be measured from the blue internal 500 Hz filtered trace.

The second choice, using the Rs Calculation Method radiobuttons in Fig. 4.9.11.1, sets whether you
want to calculate Rs from the peak of the capacitative transient (Figs. 4.9.11.2 and 4.9.11.4D), an
extrapolated peak fitted by a single exponential fit to the capacitative transient, or an extrapolated peak
fitted by a double exponential fit to the capacitative transient.

In order to accurately measure Rs from the Peak of the capacitative transient, the pipette capacitance
must have been cancelled out. WIinLTP has a maximum sampling rate of 40 KHz insuring that the
Peak capacitative transient will be captured pretty well (even at 20 KHz). Because the peak of the
capacitative transient is the most trouble-free method, it is the default online method.

Fig. 4.9.11.3 shows double and single exponential fits to capacitative transients in hippocampal
neurons extrapolated back to TimeZero peak to measure Rs. The exponential curve fit is from the
beginning to the end of the Rs/Rm pulse. Note that in these hippocampal neurons, the double
exponential fit gives a ‘good’, ‘correct’ fit with an Rs of ~25 Mohms, whereas the single exponential fit
gives a ‘bad’, ‘incorrect’ fit with an Rs of ~63 Mohms.
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Single Exponential Fit (incorrect)

1} 0
-600 i l l -50 l ll’
-100 -100
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250 260
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-200 -200
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1} 50 100 50 100
Zoomed 100 ms Loaded: 63251618.P0 Zoomed 100 ms Loaded: 63251618.P0
1} 0
i) A0
-100 -100
ADO AD0
250 260
pA A
DC DC
-150 -150
200 2110
250 250
195 20 225 195 20 225
Zoomed Sms Loaded: 69251618.P0 Zoomed Sms Loaded: 69251618.P0
# Filename Time of Day Time AD|Sx | Puld |Unit Rs Rm # Filename Time of Day Time AD|Sx | Puld# | Unit B Rm
m:s Mohm kohm m:g hdohm kohm
1[69251618.P0 "1701:16.58" "60000:30.0101" 0 0 1 pA 24893 B40.072 1/69251618.P0 "17:01:165" |"60000:30.0101" 0 | 0 1 pA 63109 501.857

Fig. 4.9.11.3. Measuring patch-electrode series resistance Rs in a hippocampal neuron recording using
double exponential curve fitting (left traces) at low (top) and high (bottom) sweep magnification, and single
exponential curve fitting (left traces) at low (top) and high (bottom) sweep magnification.
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A Extrapolate Back to TimeZero
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1/69251618.P0 "17:01:16.58" "BO000:30.0101" 0 0 1 pA 24893 540.072

B Extrapolate Back 0.05ms from Rs/Rm Pulse Start

AD0 | g
ADD RsExtrapolation: 0.05 ms from Rs start
ADD RsExpFit. $5Baseling =-50.2pA Mumlter = 100
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Fig. 4.9.11.4. The effect of different extrapolation times toward TimeZero on Rs measurements. All fits
were double exponential and on the same cell as in Fig 4.9.11.3. A) Extrapolate back to start of the
Rs/Rm pulse, TimeZero; Rs = ~25 Mohm. B) Extrapolate back to 0.05ms after start of the Rs/Rm pulse;
Rs = ~28 Mohm. C) No extrapolation back from Rs peak time; Rs = ~31 Mohm. D) Rs measurement
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taken from the Rs Peak; Rs = ~29 Mohm. This is NOT the same as the double exponential fit at Rs peak
time in C.

The third choice, the Show Fit Values checkbox in Fig. 4.9.11.1, determines whether the fit values
(baseline, coefficients and taus) of the single or double exponential fit are shown, as shown in the upper
left part of Fig. 4.9.11.4B. The default is off.

The fourth choice, from the Extrapolation radiobuttons in Fig. 4.9.11.1, determines whether the peak of
the single or double exponential fit to the capacitative transient: 1) Extrapolates back to TimeZero, eg to
the start of the RsRm pulse (and this is the default) (Fig. 4.9.11.4A), 2) Extrapolates back to a time
between TimeZero and the Rs peak (Fig. 4.9.11.4B), and 3) No extrapolation, just use the time to the Rs
peak (Fig. 4.9.11.4C).

Because of lag in the patch clamp amplifier stimulation, the correct time to take the peak will be
somewhere between TimeZero and the Rs peak time. One way to get an estimate of the correct
extrapolation time is to take a model cell, and see how much shift from TimeZero gives the best Rs
measurement for the model cell.

Using the peak extrapolated back to TimeZero will give a slight underestimate of Rs (~25 Mohms in Fig
4.9.11.4A). But using the Rs peak time will give a slight overestimate of Rs (~31 Mohms in Fig
4.9.11.4C). However, changes in Rs, which many researchers are most concerned about, will be picked
up using any of these Rs analyses.

The fifth choice you have to make, from the Rs and Rm Measurement Results radiobuttons in Fig.
4.9.11.1, is whether to get the Rs and Rm measurements: 1) directly in pA or mV (from you have to
convert to resistance by RS = Vpyse / lpeak aNd RM = (Vpyise / Iseadystate) — RS), 2) in Mohms using the 1CO or
IC1 analog out stimulation (in mV for voltage-clamping and nA or pA for current clamping) (the default), or
3) in Mohm using a gated stimulation pulse set on the patch clamp amplifier (in mV, nA or pA) and
entered into the fields below. For choices 2) and 3), Rs is calculated from the equation:

Rs = VPuIse / IPeak

where V,use is the amplitude of the RsRm voltage clamp test pulse relative to the baseline of the
preceding epoch, and lpeax is the amplitude of the peak capacitative transient current (extrapolated back
toward the start of the Vpyse if measured using exponential curve fitting).

4.9.12 Cell Input Resistance (Rm)

Membrane or cell input resistance (Rm) detection occurs automatically. The Rm measurement is the
difference between the averaged PreRmBaseline and the averaged RmPulse (see Fig. 4.9.11.2). That
part of the Rm measurement taken during the RmPulse is an average taken between 80% and 100% of
the RmPulse if no low-pass digital filtering (or 70% and 90% of the RmPulse if digitally filtered). That part
of the Rm measurement taken during the PreRmBaseline is taken between 10% and 100% of that period,
or a maximum duration of the time equal to 80-100% of the RmPulse if no digital filtering (or 10% and
90% of that period, or a maximum duration of the time equal to 70-90% of the RmPulse with filtering).
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The cell input resistance Rm is calculated as:
Rm = VPuIse/ ISteadyState -Rs

where Vpuse is the amplitude of the RsRm voltage clamp test pulse relative to basline of the preceding
epoch, Iseagysiate IS the amplitude of the current measured between the baseline and 70% and 90% of the
pulse when the current has reached steady state, and Rs is the patch electrode series resistance. (See
Appendix D for an Rm calculation error in WinLTP094 and earlier.)

In WIinLTP, Rs is almost always measured during patch clamp voltage clamping (assuming you click the
AnalysesToDo Rs check box), but is not measured during patch clamp current clamping, and therefore Rs
= 0 in this case, and Rm = Vpyse / Isweadysae. FUrthermore, during whole cell single electrode voltage
clamping, where series resistance is theoretically zero, you would not measure Rs and it would therefore
be set to Rs = 0, and Rm = Vpyise / Isteadysiate-  FOr intracellular current clamping using a bridge circuit, Rs
would also not be measured and would therefore be setto Rs = 0, and Rm = Vpyse / Isteadystate-

4.10 Analyzing All SO- and S1-Evoked Postsynaptic Responses in
Both AD channels in a Sweep

WInLTP is capable of acquiring data from 2 channels and analysing all SO- and S1 evoked synaptic
responses on both acquisition channels. Fig. 4.10.1 illustrates this with one acquisition channel
extracellularly recording the CA1l dendritic layer of the hippocampal slice, and the other acquisition
channel extracellularly recording the CA1 cell body layer (panels ADO and AD1 respectively in Fig. 4.10.1,
middle traces).

The stimulation during the sweep consists of paired-pulse SO stimulation (red trace) followed by paired-
pulse S1 stimulation (magenta trace) (Fig. 4.10.1, bottom traces).

Both SO and S1 stimulations evoke fEPSPs in the CA1 dendritic layer (ADO) and fEPSPs with overriding
population spikes in the CAL cell body layer (AD1). All SO-evoked synaptic responses are analysed and
shown by red lines in ADO and AD1, and all S1-evoked synaptic responses are analysed and shown by
magenta lines (Fig. 4.10.1, middle traces).

The values of the peak amplitude calculations for ADO are shown in PkKAmpO (red triangles for SO evoked
responses, and magenta squares for S1-evoked responses; Fig. 4.10.1, top traces). The values of the
population spike amplitude calculations for AD1 are shown in PSampl (red triangles for SO evoked
responses, and magenta squares for S1-evoked responses).

When the LTP Program performs an on- or off-line analysis of one or more acquisition sweeps, it puts the
results into the Spreadsheet (Fig. 4.10.1, bottom panel). “TimeOfDay” shows the time the sweep began.
“Time m:s” shows the time of the stimulus pulse from when analysis starts (in this case simply the
beginning of this sweep since this was the only sweep analyzed). “AD” shows the AD channel from
which the synaptic response was obtained (channel ADO is calculated first). “Sx” shows whether SO or
S1 stimulation was used to evoke the synaptic response (SO-evoked responses are calculated first).
“Pul#” shows the number of the SO or S1 pulse that evokes the synaptic response (pulse number is
calculated sequentially). “PkAmp” shows peak amplitude values of the SO- and S1-evoked fEPSPs in
channel ADO. “PSamp” shows the population spike amplitude values of the SO- and Sl-evoked
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responses in channel AD1. When the PkAmp or PSamp values are not calculated (e.g. PkKAmp values for
AD1 and PSamp values for ADO), they are set to 0.

The Spreadsheet can then be saved to an ASCII text file (the *.AMP file) or saved to an Excel file (an
* XLS file). These *.AMP and *.XLS files can be loaded into a spreadsheet program and the columns can
be sorted as desired.
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Analysis Graphs
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Fig. 4.10.1. Two channel acquisition and analysis all SO- and Sl-evoked synaptic responses in both
acquisition channels. Analysis Graphs: Top two graphs show calculated values for the peak amplitude
of the synaptic responses in ADO (PkAmp0), and the pop-spike amplitude from the responses in AD1
(PSampl). PO Stimulus Sweep Acquisition: The middle two graphs show channel ADO (a recording of
fEPSPs from the CAL dendritic layer), and channel AD1 (a recording of population spikes from the CAl
cell body layer). The peak and pop-spike amplitude calculations of paired SO-evoked synaptic responses
are shown in red, and of paired S1-evoked synaptic responses in magenta. PO Sweep Stimulation: SO
paired-pulse stimulation (red top trace) and S1 paired-pulse stimulation (magenta bottom trace).
Spreadsheet: Showing analysis of EPSPs and PopSpikes from the analysis of the sweep above. The
‘Time m:s’ field shows the time of the stimulus pulse from when analysis starts (in this case simply the
beginning of this sweep). Channel ADO is calculated first, SO-evoked EPSPs are calculated first, and
pulse number is calculated sequentially. When the PkAmp values (for AD1) or the PSamp values (for
ADO) are not calculated, they are set to “”. This Spreadsheet can then be saved to an *.AMP text file
and/or to an Excel *.XLS file.
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4.11 Special Analyses of Trains

Sometimes the experimenter is interested in examining each postsynaptic response evoked by a stimulus
pulse in a train, in which case the baseline and synaptic response of each pulse is analyzed (as with the
‘two pulse trains’ in Fig. 4.10.1). Alternatively, the synaptic responses evoked by train stimulation can be
treated as a whole train object in a special manner by WIinLTP as described below.

To determine how to analyze trains use the menu commands:
AmpFile -> Train Analysis...
to call up the Analysis of Pulses in Trains dialog box (Fig. 4.11.1).

Analysis of Pulses in Trains x|

Flsweep Flsweep TOsweep Tlsweep

S0 =1 =0 =1 S0 =1 =0 =1

o o o 7 Analyze no pulses in Train

IO IO = & % Analyze first pulse in Train

o o o 0 Analyze firstlast pulse in Train

S o o 7 Analyze every pulse in Train

o o o 7 Analyze every pulse in Train using bhaseline of first pulse
F ¥ | F ¥ ¥ 7 Analyze each pulse of Pulses

Cancel Help

Fig. 4.11.1. Analysis of Pulses in Trains dialog box.

For extracellular electrode stimulation SO and S1, for Sweeps PO, P1, TO and T1, it allows five choices to
be made:

1) Analyze no pulses in Train

2) Analyze the first pulse in Train, and then extend the detection over the whole train thereby
analyzing the whole train (Section 4.11.2)

3) Analyze the first/last pulse in the train by using the baseline of the first pulse in the train with the
response of the last pulse in the train (Section 4.11.3)

4) Analyze every pulse in train (Section 4.11.4)

5) Analyze every pulse but use the baseline of the 1st pulse as the baseline of all the pulses
(Section 4.11.5)

The check box to analyze, or not analyze, each pulse of Pulses is not yet implemented.
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4.11.1 Analyze no pulses in train

With this radiobutton selected, no analysis of the pulses in the train occurs (this is also not yet
implemented).

4.11.2 Analyze whole train by analyzing only first pulse in train but detecting
whole train

Second, trains can also be analyzed as a single entity. If the baseline and response of only the first train
pulse is used, all stimulus artifacts are blocked, and the time of measurement is set sufficiently long to
encompass the whole train, then the synaptic response of the entire train will be measured (Fig. 4.11.2.1).
With this analysis, the peak amplitude of the largest EPSP in the train and the area of the synaptic
response of the entire train can be obtained. Removal of stimulus artifacts is necessary to permit
accurate calculation of area and peak amplitude without contamination by stimulus artifacts occurring
near the fEPSP peak. Note the one measurement in the spreadsheet, one for the first pulse, e.g. the
whole train.

ADDl
SR L bt oo dp b
AD0/S0 Blank: 1 ms. Awvg 2 Ve
Baseline: 10 to 2  ms hefore pulse Baseline of
) 1st Pulse
Peak: Auto 3 to BB msafterpulse 21
ADOD
0.5 Area of Response to 15t Pulse
Y 22
[l
2.3
\ Feak Amplitude 'Response to 1st Pulse’
2.4
30 50 100
100 g Savedts 00230247.P0
# Filenarme Tirne of Day Time AD Sx | Pul# |Unit| Pkamp | Area
m:s unit* ms
100230247 F0 "17:38:34.6" 0:00.05 0D 0 1 my -0.353 B.728

Fig 4.11.2.1. Analysis of trains as a single entity by using the baseline and response of only the first pulse
in the train, but with the time of measurement set to a sufficiently long duration after the first stimulus
pulse (3 to 55 ms here) to encompass the whole train. This measures the peak amplitude of the largest
fEPSP in the train and the area of the entire synaptic response of the train. Accurate calculation of area
requires removal of stimulus artifacts.

4.11.3 Analyze train using baseline of the first pulse and response of the
last pulse

Third, trains can also be analyzed by using the baseline of the first pulse and response of the last pulse
(Fig. 4.11.3.1). This measures the response at the end of the train regardless of the length of the train. In
addition to measuring the last synaptic response of a train, this is useful for measuring responses that
only occur after the train has ended, such as post-inhibitory rebound.
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Fig. 4.11.3.1. Analysis of a train using baseline of the first pulse and response of the last pulse.

4.11.4 Analyze every pulse in the train

Fig. 4.11.4.1 shows the analysis of every pulse in the train. Note that to achieve the best measurement of
peak amplitude the baseline of the pulse is actually shifted to the right of the pulse (by entering negative
values) to get to the most positive part of the last EPSP before the next EPSP begins.

ADDl
ADO/S0 -2 Baseline of 2nd Pulse
Baseline: 1.7 to -26 s before pulse -
Feak: Auto 45 to & msafter pulse 21 H
ADOD
0.5
[ 22
oC
23
FPeak Amplitude of 2nd Pulse/
24
30 50 100
100 ms Savedds 00230247.P0
# Filename Time of Day Time AD|[Sx | Ful# |Unit| PkAmp
8]
1|00230247 F0 "17:38:346"  0:00.05 ] 1 mv 017
200230247 FO "17:38:346"  0:00.06 ] 2my -0.269
300230247 FO "17:38:346"  0:0007 ] 3 m -0.197
4|00230247 F0 "17:38:346"  0:0008 ] 4 0173

Fig. 4.11.4.1. Analysis of every pulse in the train.

4.11.5 Analyze every pulse in train using the baseline of first pulse as the
baseline for each pulse

First, the synaptic responses to each train pulse may be analyzed relative to the baseline of the first pulse
in the train. Fig. 4.11.5.1 shows the peak amplitude measurement of each fEPSP in a 4 pulse train
relative to the prestimulus baseline of the first pulse. Note the four measurements in the spreadsheet,
one for each pulse.
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Fig 4.11.5.1. Analysis of every EPSP using the baseline of the first pulse.

4.12 Saving the Protocol File to Disk

After changing any of the values in the program that determine the type of protocol, the stimulation or
acquisition parameters, the graph axes values, etc., these values can then be saved to disk by using the

menu commands:
File -> Save As

To open the Protocol File SaveAs Dialog Box (Fig. 4.12.1). If the protocol file is to be saved under a
different name, and then enter the filename - any filename ending in pro, such as "sigavg.pro".

Save present protocol As a ne

Save in: I ) WinLTP

~| = & ck E

2 x

= kindling.pro
lth2.pro
Itp.pra
[tltd. pro
minis.pro

File name:

I miniz.

=l

Save az type: I Pratacal files [*.pra)

Cancel

]

Save

Help

Fig. 4.12.1. Protocol File SaveAs Dialog Box.
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If the file is just to be updated, save it by using the menu commands:
Eile -> Save

Updating the protocol file is very useful in resuming the experiment where you left off if a crash or power
outage has occurred (see Section 4.18).

4.13 Run the Experiment

4.13.1 Evoking Single Sweeps when Main Protocol is Not Running

Click on the ‘Single P0O’, {(Single) P1’, ‘Single TO’ or ‘(Single) T1’ Run Buttons (see Fig. 3.1.5.1).

Alternatively, use the Run Menu to evoke the single sweeps when Main Protocol is not running (see Fig.
3.2.6)

Run -> Single PO Sweep Stimulation F5

Run -> Single P1 Sweep Stimulation F6

Run -> Single TO Sweep Stimulation Ctrl+F9

Run -> Single T1 Sweep Stimulation Ctrl+F10

Or finally, you can press the Run Function Keys to evoke the single sweeps when the Main Protocol is not

running.
Press To Run
F5 Single PO Sweep Stimulation
F6 Single P1 Sweep Stimulation
Ctrl+F9 Single TO Sweep Stimulation
Ctrl+F10 Single T1 Sweep Stimulation

Note that the ‘Repeat PQ’, ‘(Repeat) P1’, ‘Repeat TO’ and ‘(Repeat) T1’ Run Buttons, Run Menu Item, and
Function Keys are disabled until the Main Protocol starts because they cannot run without the Main
Protocol running.

4.13.2 Running Continuous Acquisition when Main Protocol is Not Running

Click on the ‘Cont’ Run Button (see Fig. 3.1.5.1) to start Continuous Acquisition without the Main Protocol
running.

Alternatively, use the Run Menu to evoke the single sweeps when Main Protocol is not running (see Fig.
3.2.6)
Run -> Continuous Acquisition

There is no Run Function Key to press to start Continuous Acquisition when the Main Protocol is not
running.
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4.13.3. Running Capture Spontaneous Events when Main Protocol is Not
Running

Capturing Spontaneous Events is not enabled in this version

4.13.4 Running and Stopping the Main Protocol

Click on the ‘Main Protocol’ Run Button (see Fig. 3.1.5.1) to start the Main Protocol. Click on the ‘Stop’
Main Protocol Run Button to stop the Main Protocol.

Alternatively, use the Run Menu to start the Main Protocol (see Fig. 3.2.6)
Run -> Main Protocol F1

and
Run -> Stop Main Protocol F4

to stop the Main Protocol.

Or finally, you can press the Run Function Keys to start and stop the Main Protocol.

Press To
F1 Start the Main Protocol
F4 Stop the Main Protocol

4.13.5. Evoking Single Sweeps when Main Protocol is Running

This is the same as discussed in Section 4.13.1.

When you are running a basic LTP experiment with alternating PO/P1 sweeps, evoking a single TOsweep
containing an SO train, the output looks like that in Fig. 4.13.5.1 (at arrow). Note that the TO/SO0 train has
run in place of the next P0O/SO0 single pulse and has delayed all PO and P1 sweeps by the TOsweep period
(which happens to be 15 sec, just like the PO and P1 sweeps).

Note: beginning with WinLTPQ95, it is now impossible to evoke a Single Pulse PO or P1 Sweep while in
an Averaging Loop (which would disrupt the ongoing signal averaging).
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Fig. 4.13.5.1. Standard LTP stimulus train induction when running a basic LTP experiment. The ‘Single
TOsweep’ stimulation button was clicked at the arrow to produce an SO train. Not that the PO and P1
sweeps are delayed by the TOsweep period (15 seconds in this case). Setup: ADO records SO pulses,
and AD1 records S1 pulses. POsweep has SO single pulse stimulation, P1sweep has S1 single pulse
stimulation, and TOsweep has SO train stimulation.

4.13.6. Evoking and Stopping Repetitive Sweeps when Main Protocol is
Running (LTD and Theta Burst Stimulation)

To evoke Repeat Sweeps episode when Main Protocol is running, click on the ‘Repeat PQ’, ‘(Repeat) P1’,
‘Repeat TO’ or ‘(Repeat) T1’ Run Button (see Fig. 3.1.5.1).

Alternatively, use the Run Menu to evoke the single sweeps when Main Protocol is running (see Fig.
3.2.6).

Run -> Repeat PO Sweep Stimulation Ctrl+F5

Run -> Repeat P1 Sweep Stimulation Cctrl+F6

Run -> Repeat TO Sweep Stimulation

Run -> Repeat T1 Sweep Stimulation

Or finally, you can press the Run Function Keys to evoke the single sweeps when the Main Protocol is not

running.
Press To Run
Ctrl+F5 Repetitive PO Sweep Stimulation
Ctrl+F6 Repetitive P1 Sweep Stimulation

There are no Run Function Keys to run Repetitive TO Sweep Stimulation and Repetitive T1 Sweep
Stimulation.

The ‘Repeat P0O’, ‘(Repeat) P1’, ‘Repeat TO’ and ‘(Repeat) T1’ Run Buttons, Run Menu Item, and Function
Keys can be run when the Main Protocol is running.

Note: beginning with WIinLTP095, it is now impossible to evoke a Repeat Pulse PO or P1 Sweep while in
an Averaging Loop (which would disrupt the ongoing signal averaging).
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4.14 AutoCreate a new Data Folder (using CTL-F) while running an
experiment

The Data Read/Write Folder is automatically created at the startup of WinLTP (Section 2.6). However, if
you wish to change the Data Read/Write Folder during an experiment or before the next experiment (say
for a different cell, etc), you can AutoCreate a new Data Folder. This can be accomplished by choosing
“‘AutoCreate new data Folder” in the File menu (Fig. 4.14.1). Alternatively, you can quickly AutoCreate a
new data folder ‘on-the-fly’ (e.g. while saving ADsweeps) just by pressing the CTL-F hotkey.

Iﬁ SweepFile AmpFile Options  ¥iew Eun Help
Open Protocol File...
Save Protocol File
Save Protocol File As...
Edit Protocol File...

AutoCreate MNew Data Eolder

Use Default Protocol for Next Prograrm Start
Exit

Fig 4.14.1. The File menu showing the “AutoCreate new data Folder CTL-F” selection.

When this is done, the data folder is changed from C:\WIinLTP\051014\ to the newly created data folder
C:\WInLTP\051014B (Fig. 4.14.2). Up to 26 data folders (e.g. up to C:\WiInLTP\051014Z) can be
AutoCreated in this manner.

New Read/Write Data folder is CA\Documents and Settings\Billk\My DocumentsiL TFdata\051014B4
Fig. 4.14.2. After AutoCreating new data Folder using CTL-F.

4.15 Saving AMP and XLS Analysis Files After an Experiment

The Spreadsheet data can be saved to either an ASCIl AMP file, or an Excel XLS file, or both, in three
ways:
1) By Menu command
AmpFile -> Save Spreadsheet to ASCII and/or Excel AmpFile

2) When the Spreadsheet and Analysis Graphs are Cleared by the Menu command
AmpgFile -> Clear Analysis Graphs, Start New AmpFile

3) When WINLTP is exited
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The Menu command
AmpFile -> Save Spreadsheet to ASCIl and/or Excel AmpFile
saves the Spreadsheet no matter what, unless there is nothing in the Spreadsheet.

When the Spreadsheet and Analysis Graphs are Cleared by the Menu command

AmpFile -> Clear Analysis Graphs, Start New AmpFile,
the Spreadsheet data will be saved to an ASCII AMP file or an Excel XLS file if the AutoSave AmpFile
when Analysis radiobutton is On. This AutoSave AmpFile when Analysis radiobutton is set by calling
up the Spreadsheet/Ampfile Options dialog box by using the Menu command:

AmpFile -> Spreadsheet/Ampfile Options...
And then clicking on the AutoSave AmpFile tab (Fig. 4.15.1).

Spreadsheet /AmpFile Option: x|
AutoSave AmpFile | ampFile Type | Empty Cells I

AutoSave AmpFile when Analysis Cleared
~ 0on

" Off {Program will ASK whether to save AmpFile
when Analysis Cleared or Program Exited)

Cancel Help

Fig. 4.15.1. The Spreadsheet/AmpFile Options dialog box with the AutoSave AmpFile tab chosen.

When the AutoSave AmpFile when Analysis Cleared is Off, the Spreadsheet data will not be saved if
the Analysis Grahps and the Spreadsheet are cleared. However, when the AutoSave AmpFile when
Analysis Cleared is Off, the WIinLTP will ask whether you want the Spreadsheet data saved when you
exit WinLTP.

See also Automatically Clear Current Reanalysis at Start of Next Reanalysis (Section 14.8).

When the Spreadsheet data is saved, it can either be saved to an ASCII text file (*.amp), an XLS file that

can be loaded directly into an Excel spreadsheet, or both can be chosen simultaneously. This AmpFile

Type is set by calling up the Spreadsheet/Ampfile Options dialog box by using the Menu command:
AmpFile -> Spreadsheet/Ampfile Options...

And then clicking on the AmpFile Type tab (Fig. 4.15.2). Then click the checkbox to save it to and ASCII

test file (*.amp) and/or an Excel file (*.xIs).
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Spreadsheet /AmpFile Options x|
AutnSave AmpFile  AmpRile Type | Empty Cells I

AutoSawve AmpFile as an
I~ ASCII text file (*.amp)

Chooge atleastone
¥ Excel file (*.xls) ( )

Carncel Help

Fig. 4.15.2. The Spreadsheet/AmpFile Options dialog box with the AmpFile Type tab chosen.

4.15.1 AMP Text and XLS File Structure

When the Spreadsheet data is saved to an ASCII text AmpFile, the structure of an AMP text file will be
similar to the example shown in Fig. 4.15.1.1. In this example the DC, PkAmp, Rs and Rm analyses were
calculated, but the Lat, Dur, RiseTm, DecTm, Area, CoastLn, PSamp, PSlat, Slope and AvgAmp analyses

“wy

were not, and column place was kept by putting in a double quote “".

Note that DC, PkAmp, CoastLn, PSamp and AvgAmp are in Units (either pA here, or mV or V); Lat, Dur,
RiseTm, DecTm and PSlat are in ms; Area is in unit*rms; Slope is in unit/ms; and Rs and Rm are either in
Mohm (or Units of pA where they have to be converted to Mohms; see Sections 4.9.11 and 4.9.12).

Alternatively, the Spreadsheet data can be saved to an XLS file that can be directly loaded into Excel (Fig.
4.15.1.2). Since only the DC, PkAmp, Rs and Rm analyses were calculated in this example, only they are
printed. The Lat, Dur, RiseTm, DecTm, Area, CoastLn, PSamp, PSlat, Slope and AvgAmp columns are
not put into the XLS file.

8924R021.AMP Filename TimeOfDay Time min Time_sec Time m:s AD Sx Pul# Unit DC PkAmp
1 89240217.P0 "12:48:35.6" 0.003333 0.2000 "0:00.2" 0 0 1 pA -166.626 -23.499
2 89240218.P1 "12:48:45.6" 0.170000 10.2000 "0:10.2" o 1 1 PA -148.315 -309.448
3 89240219.P0 "12:48:55.6" 0.336667 20.2000 "0:20.2" 0 0 1 pA -153.503 -26.855
4 89240220.P1 Til2s49805.6" 0,503333 30.2000 "0:30.2" 0 1 1 pPA -144.958 -372.620
74
A
Lat _ms Dur_ms RiseTm ms DecTm ms Area unit*ms CoastLn PSamp PSlat ms Slope_unit/ms AvgAmp Rs_Mohm Rm_Mohm
" " " " 8.739 268.661
8.960 258.184
8.659 250.398
9.137 265.063

Fig. 4.15.1.1. The first four sweeps (taken 10 sec apart) of an Amp file ASCII text file. This is the full 24
columns wide AMP file, but it had to be separated into two sections to fit on this page. Only DC, PkAmp,
Rs and Rm were calculated, the other values were not calculated and were set to “” (empty).
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E2 Microsoft Excel - 8924R001.%LS
@ File Edit Yiew Insert Format Tools Data  Window Help  Mitro POF

DEEHASE SGRY tBR-<C v -o- & -3 a@uws -B, sl 10 - B

= -

A - P

A | 8 | ¢ | Db | E [FIG| H 1] J [ w [ L | ™M |

| 1 |Filename TirmeOfDay  Time_min Tirme_sec Tirne_m:s AD Sy Pul# Unit DC PkAmp Rs_Mohm Rm_Mohm
| 2 |BE240217.PO0 "12:48:35.6" 0.003333 0.2"0:00.2" oo 1 p& | -1BBB2E . -23.459 8738 263661
| 3 |89240218.P1 "12:458:45.6" 0.7 102 "0:10.2" oo 1 pd& | -148.315 -309.445 895 2551584
| 4 |89240219.P0 "12:45:55.6" 0.338867 20.2"0:20.2" o a 1 p& | -153.503 -26.855 8658 250395
| 5 |§9240220.M1 "12:49:05.68" 0.503333 30.2"0:30.2" o1 1 p& | 144958 -372.62 9137 265.063

Fig. 4.15.1.2. The first four sweeps (taken 10 sec apart) of an XLS file viewed in Excel which is the same
data saved in Fig. 4.15.1.1. Note that only the columns filled with data are saved to the XLS file (DC,
PkAMp, Rs, Rm) and not the full 24 columns.

When saving data to the spreadsheet, the cells can either be blank, or filled with double quotes “". For the
ASCII AMP file it is important to have to double quotes to hold column position when printed from an
ASCII test editor such as NotePad.exe, or when imported into Excel as an ASCII file. However, plan to
save the Spreadsheet data as an Excel *.XLS file, you could choose to have the empty cells contain
Blanks, not double quotes by choosing Blanks in the Empty Cells tabsheet. This Empty Cells tab is set
by calling up the Spreadsheet/Ampfile Options dialog box by using the Menu command:
AmpFile -> Spreadsheet/Ampfile Options...

And then clicking on the Empty Cells tab (Fig. 4.15.1.3). Then click either Blanks or Empty double
guotes (which is the default).

Spreadsheet /AmpFile Options X|
AutnSave ArmpFile | AmpFile Type Empty Cells

Fill Ernpty Cells in Spreadshest and AmpFile with —
" Blanks
% Ermpty double quotes " (default, for AmpFiley

Cancel Help

Fig. 4.15.1.3. The Spreadsheet/AmpFile Options dialog box with the Empty Cells tab chosen.
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4.16 Getting a quick printout of your Analysis Graphs using a
PrintScreen program

The PrintSceen capability in Windows is rather crude. The whole screen must be printed, not just the
important section of it that you are interested in. However, certain PrintScreen programs such as the
Gadwin PrintScreen program (freely downloadable from www.gadwin.com) can make quick printing of
your Analysis Graphs extremely easy.

With Gadwin PrintScreen:

1) When the ‘PrtScn’ button is pressed, a cursor appears on the screen, and you manually select with
the mouse the subsection of the screen containing the Analysis Graphs you want to print. Press
enter to capture this screen subsection.

2) Then you can either:

a) direct the output to the Clipboard where you can then insert it into an imaging program like Paint
(a fairly laborious procedure), and/or you can

b) direct the output to a printer and immediately print out the Analysis Graphs screen subsection
(fast if you have an online or networked printer), and/or you can

c) direct it to an automatically named *.TIF file for later printing.

| think that Gadwin PrintScreen program is a brilliant piece of software that does the job brilliantly! You
can also support Gadwin Systems by purchasing a Professional version if you wish to further annotate
your printscreens.

4.17 Compress Data Files at the End of an Experiment?

There are no longer any strong reasons to zip data your data files at the end of an experiment. Although
in the old LTP Program it may have made sense to zip up your data, this was primarily because the many
ASCII ADsweep files saved in an experiment was an inefficient use of disk space — causing at least a 10-
fold decrease in saving efficiency.

However, with 1000GB hard disks and cheap 4.7 GB DVDs, there is no longer any reason to zip up your
ADsweep files.

In contrast with Windows 98, Windows 2000, XP, Vista and 7 can easily take at least 10,000 ADsweep
files per folder without any perceptible decrease in Read/Write speed.

WinLTP will now also directly reanalyze data directly from the read-only CDs and DVDs (while writing the
new *AMP, * XLS and reaveraged/filtered/blanked ADsweep files to the hard disk). If these CDs and
DVDs contained zipped files, they would first have to be copied to the hard disk, unzipped, and then
reanalyzed.

Also, WInLTP automatically creates a new data folder at the beginning of each experiment, and it is easy
to create additional directories 'on-the-fly' during the experiment. This makes data organization much
easier.


http://www.gadwin.com/
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The only key to backing up data is to always have your data saved in at least two permanent places.

4.18 Recovering from a Non-Fatal Bug or a Crash

4.18.1 Please Write Down All Error Messages Verbatim — and Email Me

If a non-fatal or fatal bug occurs in WIinLTP, please write down verbatim any error messages (include all
correct punctuation and upper/lower cases) and any other possibly useful information that might indicate
how the program non-fatal bug or crash occurred.

The error messages are of two types:

1) An Internal Error message written by me when code has been reached that should not have been
reached. They start with “INTERR: and then my message”

2) An error message generated by the Borland compiler

Please email Bill Anderson (support@winltp.com) about the bug so that | can fix it. It you don’t
email me about the bug and just complain to your co-workers about the bugs in WinLTP, then that bug
won'’t get fixed!

4.18.2 Recovering from a Non-Fatal Bug

A non-fatal bug is a problem that causes faulty operation of WinLTP, for instance, incorrect showing of
panels, graphs or field, but does not cause WiIinLTP to hang-up or crash. If a non-fatal bug occurs in
WInLTP, there are several steps to restore correct operation, in order severity.
1) Try reloading the current (last saved) protocol file using the menu command File -> Open.
2) Exit WIinLTP using the menu command File -> Exit and then restart WinLTP and automatically
use the last saved protocol file.

3) Use the menu command File -> Use Default protocol for Next Program Start (to start WinLTP in
default protocol mode when restarted), exit WIinLTP using File -> EXxit, then restart WIinLTP in
default protocol mode, and finally remake the protocol file. (This assumes that the protocol file has
been is corrupted.)

Note that when there is no protacol.ini file, WIinLTP starts with a 'clean slate' default protocol values only.
All that File -> Use Default Protocol for Next Program Start actually does is to easily delete protacol.ini
from the \WiIinLTP folder.


mailto:support@winltp.com
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4.18.3 Recovering from a Crash

If a fatal bug has caused WiInLTP to hang-up or crash, there are several steps to correct the situation, in

order of severity.

1) Exit WInLTP using the Windows Task Manager (Section 4.18.4), and then restart WinLTP
automatically using the last saved protocol file.

2) Exit program using the Windows Task Manager, then delete the protacol.ini in \WinLTP folder, then
restart WinLTP, and finally remake protocol file. (This assumes that the protocol file has been corrupted.)

4.18.4 How to Exit WinLTP using the Window Task Manager

After a program bug occurs, WinLTP can sometimes be exited just by using the menu command
File -> Exit

However, if the program has truly crashed and doesn’t respond to keyboard or mouse input, press Ctrl-
Alt-Del to bring up Windows Task Manager, then click on the Applications tab (Fig 4.18.4.1).

End WInLTP by clicking on the “End Task” button. Then when the End Program dialog box comes up,
click on the “EndNow” button. Repeat this until WinLTP is removed as a task.

And if that doesn’'t work!, click on the Processes tab, right mouse click on the “WinLTPm11l.exe”
filename to bring up the pop-up menu, and left mouse click on the End Process Tree menu item. That
definitely will terminate the WinLTP program — no questions asked!!!
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2 Windows Task Manager =3l
File OCptiohs Yiew ‘Windows Shut Down  Help
Applications IPrDcesses I Petformance I Mebwaorking | Users |
- Task, | Status
End Program - WinLTP x| WARLTR Running
The spatem cannot end thiz program because it is waiting
BL‘ for a responze from pou.
To return bo Windows and check the status of the
program, click Cancel.
If pou choose to end the program immediately, you will lose *
any unzaved data. To end the program now, click End
T o,
Cancel |
J | 2]
End Task | Switch To | Mew Task... |
|PrDcesses: 42 |CPU Usage: 0% |CDmmit Charge: 674 /24 2

Fig. 4.18.4.1. Using the Windows Task Manager to exit WinLTP that had crashed. Highlight the program
to be terminated (WinLTP) in the Windows Task Manager dialog box and click on the “End Task” button.

Then click on the “End Now” button in the End Program dialog box.
terminated.

£ Windows Task Manager

File Options ‘iew ShutDown  Help

=8| x|

Repeat this until WInLTP is

&pplications ~ Processes |F‘erFDrmance I Metworking I Users I

Image Mame | P | Mem Usage | Peak Mem Usage | Base Pri | Threads | -
woaudt, exe an 7,032 K 7,044 K Marmal a
wpckrl exe an 6,676 K 6,763 K Marmal 1
WINWORD,EXE oo 139,872 K 145,080 K Marmal 4
WinLTPm=01.e ] High 7
winlogon, exe End Process 10,744 K High 10
wdfmgr.exe End Pron 1,954 K Mormal 4
wabskmagr, exe 3,624 K Marmal 14
UpdaterUl exe Debug 4,844 K Mormal 5
tbrmon. exe o 6 K 2,696 K Marmal z
taskmar. exe Set Priority ¥ Erek 5,316 K High 3
kagsry.exe Set Affinity... 75 K 2,540 K Marmal 33
System Idle Process 28K ok MIA z
Syskem oo 236 K 4,108 K Marmal 95
sychost, exe an 4,783 K 4,504 K Marmal 14
sychost, exe an 4,052 K 4,184 K Marmal 5
sychost, exe an 35,496 K 103,060 K Marmal 77
sychost, exe an 4,700 K 4,728 K Marmal f
sychost, exe an 4,840 K 4,560 K Marmal 10
svchost.exe oo 5,400 K 5,544 K Mormal 19 ;I
[~ show processes from all users End Process |

Processes: 53 [CPUUsage: 0%  (Commit Charge: 1270M / 81500 |

4

Fig. 4.18.4.2. A more drastic way to definitely end the WinLTPm201.exe program by right mouse clicking
on the “WinLTPm201” filename to bring the pop-up menu up, and then left mouse click on the End

Process tree menu item.
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4.18.5 Data will not be Lost

This program is designed to recover 'gracefully' from a crash or a power failure. (Whether your
preparation recovers from a power failure is another story). When sweep data is written to a file, the
ADsweep file is opened, immediately written to, and then immediately closed. Sweep data files are not
left open until the program is exited. Therefore, only the latest ADsweep file could be corrupted if it was
being written to when the failure occurred. All the other ADsweep files will be fine.

The Spreadsheet data is only saved to the *.AMP and *.XLS files when manually requested by calling
AmpFile -> Save Spreadsheet to ASCIl and/or Excel AmpFile

or when a new Spreadsheet is started, or when the program is exited. Therefore, if the program crashes,

the data in the Spreadsheet that has not been save will be temporarily lost. However, since all the

ADsweep files have be saved (except for possibly the last one), the Spreadsheet data can be

reconstructed from reanalysis of the saved ADsweep files, and then saved to an *. AMP or *. XLS file.

4.18.6 What Happens when WInLTP is Restarted

After a crash or power failure, restart the program as normal. WinLTP will automatically load the last
protocol file saved. Therefore, it is very useful to save the most recent field and dialog box values every
time you change them by resaving the present protocol file (by using File -> Save as described in Section
4.12). Remember, these will be the values in the program when the program is restarted after a crash.

When WInLTP restarts it checks the last ADsweep files (*.TO, *.T1, *.PO, *.P1, *.APO, * AP1), Amplitude
files (*.AMP and *.XLS files) saved. When saving the next ADsweep or Amplitude file, it will check to see
if it already exists, and if so it will not write over this file, but will instead increment the file number and
try writing again until a file number is found where the file doesn't exist, and then it will be saved.
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CHAPTER 5 - Patch-Clamp Sealtest Protocol

A patch-clamp Sealtest Protocol has been implemented for making easier patch-clamp gigohm seal
whole-cell recordings, in particular reading out pipette resistance (Rpipette) when the electrode is in the
bath, seal resistance (Rseal), when forming the seal, and series resistance (Rs), the input resistance
(Rm) and the steady state DC current (Idc) when going/gone whole-cell.

With WiIinLTP in the Normal Mode, go to Patch-Clamp SealTest Mode by clicking on the "SealTest AD0O"

or "AD1" button. In order for these SealTest buttons to appear, ADO and/or AD1 datatype must be in
"pA" (set by the Edit Protocol dialog box, see Fig. 2.12.1.1).

5.1 Electrode in Bath

Put the patch electrode in the bath. To record the patch electrode or pipette resistance in the bath, click
the Electrode in Bath "Start (F5)" button (or press F5) in the Patch-Clamp SealTest Mode / Electrode in

L=

File AmpFile View Run Help

Test | kainPy | Feturn to kain Protocal |

Electrode / Seal /WholeCell Test Analysis Graphs

ADDACD |

Electrode in Bath
Fulse Amp: 1 my

Rpipette: 2.8 Mohm

Start (F5)

Form Seal

Start- Low Pulse Amp  (FB) 1 mY

Start- High Fulse Amp  (F7) 20 my'
Rseal: 0 Gohm

AD0 Acquisition - Electrode in Bath

Go Whole-Cell
Fulse Amp: 5 mY
ADO

Rs: 0 Mohms 1000 200

Rm: 0 Mohms [ﬂ;‘é n P
Idc: 0 pA
[V Plot and Print Rs/Fim Values
g -400
[~ Sawve RsFim Sweeps to Disk g T 5
500 ms 500 ms Sweep not saved 14:20:21.1

Start (F8) 400

Sweep Duration:

IC0 Stirulation - Electrode in Bath

Stop (F4)

IC0 | |

10 5] |

m 0 250 500

500 ms
# Filenarme Tirme of Day Time AD[Sx | Pul# |Unit Rirn =
m:s kohm

1 -
SealTest Protocol 14:18:11.6 2:09.6
Test Sweep 0.5

| | PoolSavedBeforeSealtestpne | 14:20:21

Fig. 5.1.1. Patch-Clamp Sealtest Protocol / Electrode in Bath after the patch pipette or electrode has
been placed in bath and the “Start (F5)” button (or F5) has been clicked. Rpipette reads out the electrode
resistance in Mohms.
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Bath section (Fig. 5.1.1, top left). The electrode or pipette resistance is read out as Rpipette in Mohms.
Set the appropriate test pulse amplitude by changing the value in the Pulse Amp edit field.

The Sweep Duration can be set between 10 and 1000 msec, and repeat between 10 Hz and 1 Hz (Fig.
5.1.1, bottom left). The test stimulation can be stopped by pressing the “Stop (F4)” button (or pressing
F4) (Fig. 5.1.1, bottom left).

5.2 Forming a Seal

Once the electrode is on the cell surface, click the "Start - Low Pulse Amp (F6)" button (or press F6) to
output the low pulse amplitude pulse to approximately measure the seal resistance, Rseal, in the Patch-
Clamp SealTest Mode / Form Seal section (Fig. 5.2.1, middle left). Once the seal is coming into the
Gohm range, click the "Start - High Pulse Amp (F7)" button (or press F7) to output the high pulse
amplitude to accurately measure the seal resistance, Rseal. Set the appropriate low and high pulse
amplitudes in the neighboring pulse amplitude edit fields.

SI=I

File ampFile Yiew FRun Help

Test | hdainPg | Feturn to kain Protocal |

Electrode { Seal { WholeCell Test

ADDAICO |

Electrode in Bath
Fulse Amp: 1 my

Rpipette: 2.8 Mohm

Start (F5)

Form Seal
Start - Low Pulse Amp  (FB) | 1 my
Start- High Pulse Amp  (F7) 20 mb

Rseal: 4.1 Gohm

AD0O Acquisition - Form Seal, High Pulse Amplitude

Go Whole-Cell Start (F& 200
Fulse Amp: 5 mb ant (F9)
ADO 100
Rs: 0 Mohms 450
Rm: 0 Mohms B R R L S
Idc: 0 pA i
¥ Flat and Print Rg/Rm Yalues
[~ Sava RsRm Sweeps to Disk 200
1] 250 500
Swesp Duration: 500 ms 500 mz Sweep not zaved 14:35:56.6
St - IC0 Stimulation - Form Seal, High Pulse Amplitude
op (F4) ICo % [ |
10 5 |
m 0 250 500
500 s
# Filename Time of Day Time AD[Sx | Pul# | Unit Firn =
m:s Mohm
1 -
SealTest Protocol 14:18:11.6 17:45.2
Test Sweep 0.5

| | PcolSavedBeforeSealtestpee | 14:35:56

Fig. 5.2.1. Patch-Clamp Sealtest Protocol / Form Seal after a gigaohm seal has been formed and the
“Start — High Pulse Amp (F7)” button (or F7) has been clicked. Rseal reads out the seal resistance in

Gohms.
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After the gigaohm seal has been formed and you are ready to go whole cell, click the Go Whole Cell
"Start (F8) " button (or press F8) to record the seal resistance (Rs, in Mohms), the input resistance (Rm,
in Mohms) and the steady state DC current (Idc, in pA) in the Patch-Clamp SealTest Mode / Go Whole-
Cell section (Fig. 5.3.1, bottom left). Set the appropriate pulse amplitude in the Pulse Amp edit field.

Also when going whole cell, you can plot the Rs and Rm values and them the spreadsheet by checking
the “Plot and Print Rs/Rm Values” checkbox, and you can save the Rs/Rm sweep files to disk by checking
the “Save RsRm Sweeps to Disk” checkbox. Note that in Fig. 5.3.1, the “Plot and Print Rs/Rm Values”
checkbox is checked, and so Rs and Rm are plotted before and after going whole-cell (see Fig. 5.3.1, top
right), and the Rs and Rm values are put into the spreadsheet (see Fig. 5.3.1, bottom).

Return to the Normal Mode Protocol by clicking "Return to Protocol” button.

L7 WinLTP

File AmpFile View Run Help

=10l x|

Feturn to Main Protocol |

Test | MainPg I
Electrode / Se
ADOACD *
/ | Rl 300y St
-
Electrode in Bath = = MSEhD 200
Fulse Amp: T my tart (F5) rjmm 100
Rpipette: 2.8 Mohm 0 .
Rl 40001, «» *s
Form Seal 5000 -
ok
Start- Low Pulse Amp (FE) 1 mv N°mm Ay
Start- High Pulse Amp (F7) 20 my D18 155 13
1 mir Mo AmpFile To Save
Rseal: 4.1 Gohm T T
AD0 Acquisition - Go Whaole-Cell
Go Whole-Cell - -~
Pulse Amp: 5 my v 4B 400
Rs: 8.6 Mohms 1600
1}
Rm: 410 Mohms s
Ide: -55 pA <0
¥ Flot and Print Rs/Fim Walues
[~ Sawve RsRm Sweeps to Disk 0 250 500
R00 mz Sweep not zaved 14:37:18.6
Sweep Duration: 500 ms e : = =
1C0 Stimulation - Go Whole-Cell
Stop (F4) | '1580 S |
m 4
1] 250 500
500 ms
# Filename Time of Day Time AD|Sx | Puli# [Unit Rs Rm =
m:s kohm kohm
143|MaFile "14:3718.1" "19:.06.55" 0 "™ G596 411507 -
SealTest Protocol 14:18:11.6 19:07.2
Test Sweep 0.5

| PcolSavedBeforeSealtestpee | 14:37:18

Fig. 5.3.1. Patch-Clamp Sealtest Protocol / Going Whole-Cell.

When going from on-cell gigaohm seal to

a whole-cell recording click the “Start — High Pulse Amp (F7)” button (or press F7) to read out the series
resistance (Rs, in Mohms), the cell input resistance (Rm, in Mohms) and the steady-state holding current
(Idc, in pA).
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CHAPTER 6 — Protocol Builder — Circular Scripting

The Protocol Builder enables complicated protocols to be built using ‘building blocks’ pulled down from
User Interface buttons. These building blocks include Loops, Delays, Runs and Sweeps (with various
stimulations).

WinLTP protocol flow of execution can be easily changed during runtime by checking and unchecking the
check boxes beside the Run, Loop, Delay and Sweep lines, and by changing the number of loops.
Furthermore, Sweep and Delay Periods can be changed during runtime, as can all sweep stimulation
values.

There has been some confusion and hesitancy about the use of the ‘scripting’ in the Protocol Builder.
The Protocol Builder works by pulling down ‘building blocks’ from the User Interface Insert buttons, and
then certain check boxes and numerical fields in the Loop, Delay, Run and Sweeps lines can be edited.
This is somewhat similar to the Protocol Editor ‘scripting’ in HEKA’s PatchMaster. WIinLTP’s ‘scripting’ is
very different from another type of ‘scripting’ that involves using a text editor to essentially write out
programming code and have it interpreted and then run, such as with Cambridge Electronic Design’s
Signal.

Protocol Builder scripting has been touched on before concerning its capabilities in the Basic versus
Advanced Modes (Section 2.11 and Fig. 2.11.1), and how to write simple scripts for basic LTP
experiments with and without signal averaging which essentially involves clicking on an Initialize Button
(Section 4.4 and Fig. 4.4.1.1).

Chapter 6 deals with circular scripting with the Protocol Builder in contrast to sequential scripting (Chapter
7). Circular scripting means that the outermost Loop in the MainProtocol has an extremely large number
of loops (usually presented as 99999), and that the outermost loop will continue looping as long as the
MainProtocol is running (Fig 6.1.1). The program flow is circular, always going back to the first line after
the outermost loop. This means that stimulations (usually inclosed in the Run event) can be evoked at
essentially any time. Circular scripting is valuable when you don’t know at the beginning of the
experiment what stimulation you will need and when. It is best used for exploratory, ‘freewheeling’
experiments. Once you know when you will be stimulating and changing perfusion solutions, switching to
sequential scripting is best because non-exploratory experiments are sequential.

6.1 The Protocol Builder in Basic and Advanced Modes

As already discussed in Section 2.11, when you enter the WIinLTP program for the first time in the
DemoTrial period you are running in the Advanced Mode with a fully functioning Protocol builder (Fig.
6.1.1, left). In this mode you can write any number of advanced protocols including this automated
perfusion protocol using ‘Slow0’ and ‘Slow1 Perfuse’ events. All the Protocol Builder events can be used
and are shown in green, including the ‘Run’, ‘ElseRun’, ‘AvgLoop’, and ‘Loop’ events, the ‘Slow0’, ‘Slow1’,
‘Fast0’ and ‘Fast1’ Perfuse events, the PO, P1, TO and T1sweep events, and the Delay event. If you have
ordered an Advanced Mode license you will continue with the fully functional Protocol Builder (Fig. 6.1.1,
left).
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Alternatively, if you have not ordered an Advanced Mode license, at the end of the 2 month DemoTrial
period you will automatically enter the Basic Mode partially functional Protocol Builder (Fig. 6.1.1, right).
Only the green Insert Event buttons can be used and still save ADsweep data. These include ‘AvglLoop’,
‘Loop’, ‘POsweep’ and P1sweep events. If you use the yellow Insert Event buttons, the ‘Run’, ‘ElseRun’,
‘Tosweep’ ‘T1sweep’ and ‘Delay’ events, your protocol will run perfectly OK, except that the
ADsweep data will not be saved. This allows you to easily test the Advanced Mode functions to
see if it is worthwhile upgrading to the Advanced Version.

In Chapter 6 we will focus on using the fully functional Protocol Builder of the DemoTrial and Advanced
Mode.

You can ‘write’ a simple repetitive POsweep protocol, by clicking the ‘Init’ Protocol button (see Fig.
4.4.1.1, left top panel). Or you can ‘write’ a repetitive POsweep with signal averaging protocol by clicking
on the Init ‘Avg Protocols’ button (Fig. 6.1.1).

Fun | Elze | A |L|:u:||::|| SIDWEI|1 | Fastl |1 | Fun | Else | A |L|:u:|p| SIDWD|1 | Fastl |1 |
Fi | F1sweep | Ta | T1sweep | Delay | F | F1sweep | Ta | T1sweep | Dielay |
tainFrotacal bainFrotocol
[v Loop 59999 [v Loop 49999
[v Avgloop 4 [v Awvgloop 4
[v Plsweep 155 [V Plsweep 165
[v Plaweep 158 [v Plsweep 16 g
EndLoop EndLaop
EndLoop EndlLoop
EndFratocol EndFrotocal
Delete Init | Awg Frotocols | | Delete Init | Awg Frotocols

Fig 6.1.1. The Protocol Builder panel. The top green buttons are Insert buttons where Run, ElseRun,
AvgLoop, Loop, Delay, POsweep, P1lsweep, TOsweep, and Tlsweep lines can be dragged down into the
script area. Drag the Run, RunElse, AvgLoop, Loop, Delay and Sweep lines to the Delete button to
remove them from the protocol.

6.2 Inserting and Deleting Protocol Lines

To insert a Run, RunElse, AvgLoop, Loop, Delay, POsweep, P1sweep, TOsweep, or Tlsweep line, click
on the appropriate User Interface Insert button by pressing the left mouse button and drag it into the
script area between two exiting lines and release the left mouse button (see also Fig. 4.4.1.1, bottom
panels).
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To delete a Run, RunElse, AvgLoop, Loop, Delay, POsweep, P1sweep, TOsweep, or Tlsweep line, click
on the line by pressing the left mouse button and drag it into the Delete button and release the left mouse
button.

6.3 Rules of Protocol Building

There are a few rules on how the scripts operate.

1) If the large check box on the left is checked, the Run, Loop, AvgLoop, Delay and Sweep will be run;
otherwise they wont.
a) By unclicking the large check box on the Loop or AvgLoop, the Loop will run to the bottom and
exit.
b) Unclicking the large check box for the Run, Delay and Sweep will not cause them to be
prematurely terminated but they will not be run next time through.

2) The edit field on the right is for NumberOfLoops for Loop and AvgLoop, and for Seconds for Sweep
and Delay.

3) Changes to the Run/Loop/Sweep/Delay large check box, the NumberOfLoops edit field or the
Sweeps/Delay Seconds edit field must be made at least 5 seconds before the action is to take
place for the Digidata 132x boards, and at least 0.5 seconds before with the National Instruments
M or X-Series boards. This is because of the large 5 second output buffer in the Digidata 132x (3
seconds) and in WInLTP itself (2 seconds), and a 0.5 sec output buffer in the NI M or X-Series
boards. For the Digidata boards, you have to plan ahead a bit.

4) Changing the NumberOfLoops edit field causes an immediate change in the number of loops that
will be run. If the new number of loops is greater than the number of loops already run, the loops
will continue up to the new number of loops. If the new number of loops is less than the number of
loops already run, the loop structure will be exited after the last line in the loop has been run.

5) Changing the Seconds edit field for Sweeps and Delay while in the Sweeps/Delay period will not
cause an immediate change in the Sweep or Delay period, but the change will occur when the

next Sweep or Delay period is entered. If you want to immediately change the Sweep or Delay
period, put a Delay Period in a Loop (see Fig. 6.4.2.1).

6.4 Examples of Circular Scripting

The figures in this section show some protocol building ideas.



124

In most examples ADO records SO output and AD1 records S1 output. (This is because SO is
DigitalOutO and is plugged into AnalogIn0O, S1 is DigitalOutl and is plugged into Analoginl. POsweep
usually has SO single pulse stimulation, P1sweep usually has S1 single pulse stimulation, TOsweep
usually as SO train stimulation, and T1sweep usually as S1 train stimulation.)

6.4.1 Minimal LTP Stimulation Using a Delay

Fig. 6.4.1.1 is the Reymann Magdeburg protocol for minimal LTP stimulation simply adding a Delay to the
normal LTP AvgLoop. You can change the delay time 5 sec (or 0.5 sec) or more before it starts (see
arrow).

bainPratocal 10
[v Loop 999549

[v Awgloop 4 ‘ ‘ ‘

[v Plsweep
EndlLoop

[v Delay

155

His

1
A

EndLoop

EndPraotocal 0 500 1200
1200 zec Savedas: 50260058, abf 15553

Fig. 6.4.1.1. Minimal LTP stimulation protocol using the Delay line. The Delay value was changed from
180 to 60 sec at arrow, but it only changed for the next Delay period.

6.4.2 Immediately Change Delay and Sweep Period by Putting a Delay in a
Loop

If you want to change the Delay (or Sweep) Period while you are in it, just put a smaller Delay time in a
Loop and change the number of loops (Fig. 6.4.2.1).

hainPratocal 10
[v Loop 99399
v #wgloop 4

[v Plsweep 158 H‘ HH

o

ADD
EndLoop 20 i

¥ Loap i
[v Delay GOs
EndlLoop
EndlLoop

EndFrotocol i] 500 1200
1200 sec Savedhs: BN020175. abf 15:57.4

L A0
A

Fig. 6.4.2.1. Minimal LTP stimulation protocol using a Delay line within a Loop. This allows the Delay to
be almost immediately changed rather than waiting for the next Delay. At the arrow, the Loop value was
changed from 3 loops to 1 loop, effectively immediately decreasing the Delay to 60 seconds.
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6.4.3 Evoking Sweeps at the Beginning of a Delay Period

In WIinLTP095 we added the capability that Single or Repeating Evoked Sweeps could be run at the
beginning of a Delay Period, but using the delay’s period (Fig. 6.4.3.1, 6.4.3.2).

However, if an Single or Repeating Evoked Sweeps is of longer duration than the delay’s period, the
period will be extended by a multiple of the Delay Period until sufficient to contain all the Single or
Repeating Evoked sweeps.

hainProtocol a
[+ Loop 53999
5
v Avgloop 2
v Plsweep 10 A;;D .
[v Plsweep bs !
[v Delay bs 5
EndAwglLoop
EndLoop A0
EndProtocal 10
5
20 1]
i *
45
10
1] 50 100

100 sec Savedds: 60200251, abf 1159

Fig. 6.4.3.1. Evoked sweep can occur at the beginning of a Delay Period. Evoking a single sweep just
before a Delay period. At the arrow, the ‘Single T1’ sweep button clicked. T1sweep occurred when the
Delay period was to start.

If the Delay is inserted within a Loop, then Single or Evoked Repeating Sweeps can be run at the start of
the next Delay Period at any time during the Loop (Fig 6.4.3.2).

hainProtocol a
v Loop 99999
5
|7 Avgloop 2
[v Plsweep 5g A;;D .
[v Plsweep Bs s *
EndAwglLoop 5
|7 Loop 4
v Delay 5s 0
10
EndLoop
EndLoop 5
EndProtacal A5 ‘ ‘ ‘ ‘ ‘ ‘
20 1]
i
45
-10
1] 50 100

100 sec Savedds: 60200261, abf 1:38.7

Fig. 6.4.3.2. Evoking a single sweep in a delay loop. At the arrow, the ‘Single TO’ sweep button clicked.
TOsweep occurred when Delay period was to start.
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6.4.4 Single/Multiple Stimulations using Run with the Once Box checked or
unchecked

With version WIinLTP095 the Once check box was added to the Run event. First, if the Run Once check
box is checked, then when the large check box on the left of the Run line is checked, the code within the
Run construct run once, and the large check box is unchecked just after entering the Run construct (Fig.
6.4.4.1).

kainFProtocal 10
v Loop 99999
&
|7 Flsweep 10s
v Plsweep 10s HID
20 1]
| Run Oneel i *
|7 TOsweep 10s 5
EndFun
EndLoop a0
10
EndProtocal
5
20 1]
i
45
-10

0 50 100
100 sec Savedds: 72010080.abf 1:26.8

Fig. 6.4.4.1 Single Stimulation using a Run event with the Once Box checked At the up arrow, the large
check box on the Run line is checked. Because the Once Box is checked, the TOsweep within the Run
construct runs only once.

Second, if the Run Once box is not checked, then when the large check box on the left of the Run line is
checked, then the code within the Run construct run for as long as the large check box is checked. To
get a single stimulation as in Fig. 6.4.4.1 but with the Once Box unchecked, the large check box on the
Run line has to be unchecked after the code in the Run construct has started (Fig. 6.4.4.2). (This is the
way the Run atement worked in WinLTP versions 0.90 to 0.94.)



MainProtocol
v Loop 99999
v Flsweep 10s

v Plsweep 10s Azl:;D
: Fun Oncel™ iy
|7 TOsweep 10s
EndFun
EndLoop
EndProtocol
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-10

10

100 sec

50

Savedds: 72010050.abf

1:25.8

100

Fig. 6.4.4.2. Single Stimulation using a Run event with the Once Box unchecked. At the up arrow, the
large check box on the Run line is checked, but at the down arrow, the large check box must be
unchecked if only one TOsweep stimulation is to occur.

Third, if the Run Once box is not checked, then when the large check box on the left of the Run line is
checked, the code within the Run construct will repetitively run for as long as the large check box is

checked (Fig 6.4.4.3).

tainPratocal
v Loop 99993
v Plsweep 10

v Plsweep 10s AD0
 Fun Oncel™ nzqef
[v TOsweep 10s
EndRun
EndLoop
EndProtacal

A

20
i

10

10

100 sec

50

Savedds: 72010060.abf

1:38.1

100

Fig. 6.4.4.3. Multiple Stimulations using a Run event with the Once Box unchecked. At the up arrow, the
large check box on the Run line is checked, and after two TOsweep stimulations the large check box is

unchecked at the down arrow to stop the TOsweep stimulation.
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6.4.5 LTP/LTD Stimulation with Steady Depolarization using the Run Once
event

If the sweeps have a steady depolarization continuing throughout the sweep, and the Sweep Duration is
equal to the Sweep Period (e.g. there is no time between sweeps), then steady intracellular voltage
changes can accompany the extracellular stimulation

The LTP/LTD stimulation shown in Fig. 6.4.5.1 shows such steady depolarization when repetitive 0.5 Hz
TOsweeps depolarized to 70 mV to produce LTP, and this was immediately followed by repetitive 1 Hz T1
sweeps depolarized to 40 mV to produce LTD. This stimulation was started by clicking the large check
box on the Run line (up arrow). Initially there is a slow 9 sec depolarizing ramp in P1sweep. Because the
Run Once check box was checked, once the code within the Run construct began to run the large check
box automatically became unchecked, and the code in the Run construct ran only once.

hainProtocol 10
[+ Loop 99999

v Plswee, 18 5
P

ADD

[+ Run Once ™ 20 ‘ ‘H ‘H ""HHH‘HHHHHHHHH
1}

[ Delay 95 o A LTP LTD
[ ElseRun Oncel”
|7 Flsweep 9g
[v Loop 20 10
v TOsweep 2s gy
EndlLoop Bl
|7 Loop J411] D1
v Tlewesp 1s 100
W
EndlLoop EC 20
|7 Delay 10s
EndElseRun
EndLoop -201

40

1] 100 200
EndProtocol 200 sec Savedds: 82060317 abf 3186

Fig 6.4.5.1. LTP/LTD Stimulation with Associated Steady Depolarization when the Run Once checkbox is
checked. LTP/LTD stimulation was started by clicking the large check box on the Run line (up arrow) and
ran only once. Initially there is a slow 9 sec depolarizing ramp in Plsweep. SO is recorded in ADO and
intracellular stimulation voltages (AnalogOut0) is recorded in AD1. PO/TO/T1 sweeps have SO single
pulse stimulation. TOsweep has steady 70 mV depolarization and Tlsweep has steady 40 mV
depolarization.

6.4.6 Continuing Low Frequency Stimulation During Rapid LTD Stimulation
using Run Once

Fig 6.4.6.1 shows a protocol where when the large check box on the Run line is checked, this produces
an SO train to induce LTP followed by rapid S1 1Hz LTD stimulation but with continuing SO low frequency
(1/30sec) stimulation. PO sweep contains one SO pulse, Plsweep contains one S1 pulse, TOsweep
contains a 2 sec SO train, and T1sweep contains both a single SO pulse and a single S1 pulse.

Because the Run Once box was checked, the code within the Run construct ran only once, and the large
check box automatically became unchecked one the code within the Run construct started.



tainProtacal
[ Loop 99339
[v Plaweep 15%
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Fig. 6.4.6.1. LTP train stimulation followed by S1 LTD stimulation with continuing slow SO stimulation.
Stimulation was started by clicking the Run check box (Up arrow), and then unclicking it (Down arrow).

6.4.7
Continuous Loop

Decreasing Pathway Stimulation by Checking and Unchecking a

Fig. 6.4.7.1 is an example of how by checking and unchecking a Continuous Loop, you can keep the
frequency of one pathway (S0) constant while reducing the stimulation frequency of another pathway

(S1).

MainPratocal
v Loop 99599
[v Plsweep 10s
[v Plsweep 10s

99949
[ Loop 3
[v Plsweep 10s
[v Delay 105
EndLoop

[v Plsweep 105
[v Plsweep 10s
EndlLoop
EndLoop
EndProtocol

AD0

20
i

A01

20
i

-10

10

300 E00

E00 sec Savedis BM0202E3, abf 9583
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Fig 6.4.7.1. Lower stimulation frequency of one pathway (S1) versus another pathway (S0). The lower
frequency S1 stimulation (at one-fourth the SO frequency, Loop=3) was started by checking the inner
Loop [99999] at the up arrow and stopped by unchecking this Loop at the down arrow.

6.4.8 Decreasing Pathway Stimulation using a Run Once Event and Loops

Alternatively by putting the ‘Continuous Inner Loop [99999] into a Run line and set the loop to some
reasonable non-contiguous number a set number of low frequency stimulations can be produced (Fig.
6.4.8.1). The large check box on the Run line was checked at up arrow to start the lower frequency S1
stimulation lasting 5 periods (Loop = 5) and at one-fourth the frequency (Loop = 3). Because the Run
Once check box was checked, the code in the Run construct ran only once, and the large check box on
the Run line automatically became unchecked.

hMainPratacol 10
[v Loop 99949
[v Plsweep 105 >
o 2 N
[~ Bun Oncelv i
v Loop 5 5
v Loop 3
[+ Plsweep 105 -10
|7 Delay 10s 10
EndLoop 5
e IR T N I
v Plsweep 10s a0 0
EndLoop ity *
EndRun 5
EndLoop
EndProtocal 10

a 300 EO0
ED0 sec Savedds: BO260185. abf 9:57.0

Fig. 6.4.8.1. Lower stimulation frequency of one pathway (S1) versus another pathway (SO) for a set
number of times. The Run line was checked at the up arrow, and the Run code ran only once.

6.4.9 Alternative LTP Stimulation #1 using the Run Once Event

While running the normal basic LTP experiment, evoking a single TO train sweep inserts the train when
the next PO or P1 sweep would have come, and delays the next PO/P1 sweeps by the TOsweep period
(see Fig. 4.13.5.1). This is what happens with LTP stimulus train induction without writing any scripts.

However, some researchers may not want SO or S1 shifted (as in Fig. 4.13.5.1). One approach is to write
a protocol shown in Fig. 6.4.9.1. In this example there is normal alternating PO/P1 sweeps (containing
one SO or S1 pulse, respectively) in an AvgLoop to average every four sweeps — which is the normal
basic alternating/averaging LTP experiment.

But when the large check box on the Run line is checked (at Up arrow), then a TOsweep followed by a
T1lsweep is then run. Because TO sweep has 100 SO pulses and Tlsweep has 1 S1 pulse, 100 SO
pulses appear where a single SO pulse would normally appear, and the S1 pulse frequency is not
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disrupted. Also, importantly, the TOsweep SO train and the T1sweep single S1 pulse would not be put into
the PO/SO and P1/S1 pulse averaging.

Because the Run Once box has been checked, the TOsweep/T1sweep code in the Run construct will run
only once, and the large check box on the Run line will automatically become unchecked once the

TOsweep code has started to run.

tainProtocol 10
[+ Loop 33999
[v Awvgloop 4 2%0 0 ‘ | ‘ ‘ I ‘ ‘ ‘ | ‘
[+ POsweep 155 it
[v Plsweep 158
EndlLoop 13
[~ Fun Oncel+
[v Tosweep 158 AD1 | ‘ ‘ ‘ | ‘ ‘ ‘ ‘ ‘
[v Tisweep 155 I_iﬂ. 0 *
EndRun
EndLoop A0
EnciProtacal ’ M0ses = Sovedis ENZUISA bl 4507

Fig. 6.4.9.1. One type of LTP induction using code in a Run line that does not disrupt the single pulse
P0O/SO and P1/S1 pulses. At the up arrow, the large check box on the Run line is checked to run the

TO/T1 sweep code once.

If the same protocol is used as in Fig. 6.4.9.1, but instead of TOsweep having 100 SO pulses and
Tl1lsweep having one S1 pulse, if TO sweep has 1 SO pulse and Tlsweep has 100 S1 pulses, then
clicking on the large check box of the Run line runs a single SO pulse followed by an S1 train, but again

P0/S0 and P1/S1 pulses are not disrupted (Fig. 6.4.9.2).

MainPratocal 10
[+ Laop 59593
S T Y N (N N N O
v #wgloop 4 20 0
[v Plsweep 155 iy’
[v Plswaep 155
-10
EndLoop 10
[~ Run Oneelv
v Swee [ A01
T I R A A R A
20 1]
[v Tisweep 15% oy’ *
EndFun
EndLaop 10

] 150 200
EndFrotocal 300 sec Savedhs SNOZ0133.abi 4531

Fig. 6.4.9.2. The same type of LTP induction as in Fig. 6.4.9.1 using code in a Run line that does not
disrupt the single pulse P0/SO and P1/S1 pulses, except TO sweep has 1 SO pulse and T1lsweep has 100
S1 pulses. At the up arrow, the large check box on the Run line is checked to run the TO/T1 sweep code

once.



132

6.4.10 Alternative LTP Stimulation #2 using the Run/ElseRun Construct

A different type of LTP train stimulation during signal averaging is shown in Fig. 6.4.10.1 where the
POsweep/SO and P1lsweep/S1 pulse output is not disrupted, but a TOsweep with SO train is run half way
between the last S1 pulse of a 3 pulse average and the next SO pulse of the next 3 pulse average.
However, the SO train need not be run half way between the S1 and SO pulses, any fraction is possible.

Initially the large check box of the Run line containing the TOsweep is unchecked and the large check
box of the ElseRun line containing the Delay is checked. At the up arrow the large check box on the Run
line was checked, and the large check box on the ElseRun line is automatically unchecked. Since the
Run line Once check box was checked, only one TOsweep was produced when Delay period was to start,
and this did not delay onset of next POsweep.

hainProtocol a
v Loop 99999
v Avgloop 3 g
[v Plsweep 105 A;;D . ‘ ‘ I ‘ ‘
[v Plsweep 5sg ! *
: Bun Oncel+ 5
v TOsweep 5s
[v ElseRun Oncel™ A0
v Delay bs 10
EndElzeRun 5
Endawvgloop D1 ‘ ‘ ‘ ‘ ‘
EndLoop a0 0

EndPFratocal Y

1] 50 100
100 sec Savedas: 72010132 abf 1:37.9

Fig. 6.4.10.1. Producing an LTP stimulation train half way between the last S1 pulse of a 3 pulse average
and the next SO pulse of the next 3 pulse average. At the up arrow the large check box on the Run line
was checked. One TOsweep/SO train was produced when Delay period was to start, but did not delay
onset of next POsweep/S0 pulse.

6.4.11 In-Vitro Kindling

Fig. 6.4.11.1 is an example of “in-vitro kindling” like | use to do. To start the 4 train stimulation code (see
the Loop of 4), with 2 interspersed single pulse POsweeps (see the Loop of 2), click on the large check
box of the Run line (at arrow). Because the Run Once box has been checked, the kindling code in the
Run construct was run only once.
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hainProtocal 10
v Loop 99399
v Plsweep 5s
[~ Run Once v
v Loop 4
v Thsweep 5s
v Loop 2
v Plsweep 5s A2DDD n
EndLoop it *
EndLoop
EndFiun

EndLoop 5
EndProtocol

100 zec Savedds: 72020316, abf 1:38.3

Fig. 6.4.11.1 An in-vitro kindling protocol using the Run line. At the up arrow the Run large check box
was checked, and once inside the Run code (when the first train went off), the Run large check box was
unchecked (down arrow).

Fig. 6.4.11.2 is a more realistic example of in-vitro kindling protocol in with the Run/ElseRun construct
allows the POsweep in the outer loop containing the baseline non-kindling code to be turned on or off, and
the POsweep in the inner loop of the kindling code to also be turned on or off.

At the left up arrow, the large check box of the Run line was checked to beginning running the 4 stimulus
train kindling one time through.

At the middle up arrow the Large check box of the Run line of the inner Run/ElseRun construct was
checked to stop POsweep stimulation during the kindling stimulation by substituting a Delay Period.

At the right up arrow the Large check box of the Run line of the outer Run/ElseRun construct was
checked to stop POsweep stimulation after the kindling stimulation had finished by substituting a Delay
Period.
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Fig. 6.4.11.2. An in-vitro kindling protocol using the Run line, and the Run/ElseRun constructs to turn on
or off POsweep stimulation.
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CHAPTER 7 — Protocol Builder — Sequential Scripting

7.1 Circular Scripting to Sequential Scripting

In all the previous Protocol Builder examples in Chapter 6, the code in the MainProtocol/EndProtocol
construct a circular script consisting of a Continuous Loop construct, eg:

MainProtocol
M Loop [99999] ‘ Continuous loop because of the 99999 loop humber
............ “ Any events in the Continuous Loop
EndLoop
EndProtocol

In circular scripting, a repeating POsweep or alternating repetitive POsweep/Plsweep event was used to
provide baseline stimulation and regular stimulation throughout the experiment and in the washout. Then
intermittent stimulation was provided every once in awhile by evoking it by clicking on ‘Single PXsweep’
or ‘Repeat PXsweep’ Run Buttons, or by producing stimulation by clicking on the large check boxes of
Run lines, Run/ElseRun constructs, Loop and/or AvgLoop lines

In contrast, sequential scripts follow a linear, not circular, order of events. This is what experiments really
are - a linear order of events. Sequential scripts usually start with a repeating POsweep or alternating
repetitive POsweep/Plsweep events to provide baseline stimulation, and then intermittent stimulation
was provided every once in awhile by evoking it by clicking on ‘Single PXsweep’ or ‘Repeat PXsweep’
Run Buttons, or by producing stimulation by clicking on the large check boxes of Run lines, Run/ElseRun
constructs, Loop and/or AvgLoop lines

In sequential scripting, scripts follow a linear, not circular, order of events, which is what experiments
really are, a linear order of events. Usage of sequential scripting coupled with automated perfusion
control allows the Automated Experiments discussed in Chapter 9.

To get a better idea of how circular scripting relates to sequential scripting, look at Fig. 7.1.1. Fig. 7.1.1
shows three different protocols that can produce a simple LTP experiment: 1) A baseline of repetitive
single SO pulses (one SO pulse in a POsweep), 2) the first LTP induction stimulation by a train of SO
pulses in a TOsweep, 3) more repetitive SO pulses, 4) a second LTP induction stimulation by delivering
the train of SO pulses in the TOsweep, and 5) ending with the final repetitive SO pulses.

For researchers that use WIinLTP in the Basic Mode to do a basic LTP experiment, the Continuous [9999]
Loop contains one POsweep (with one SO pulse) that is output every 2 seconds in this example. The two
single SO trains for LTP induction are output by clicking the ‘Single TO’ sweep button twice at the
appropriate times (Fig. 7.1.1A). The researcher has to be present each time to click the ‘Single T0’
sweep button.

Fig 7.1.1B shows how this protocol can be produced using the Protocol Builder in the WinLTP Advanced
Mode by checking the check box of the Run statement each time a single TOsweep is to be elicited. The
researcher has to be present each time to check to Run box. Normally the statements located
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between the Run and EndRun statements enable more complex stimulations than just the single
TOsweep here.
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A Circular Protocol using Evoked Events
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C Sequential Protocol without Perfusion Changes
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D Sequential Protocol with Perfusion Changes
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Fig. 7.1.1. Evolution from circular scipting to sequential scripting with perfusion changes. This protocol shows a
series of non-averaging POsweeps (containing a single SO pulse) separated by two TOsweeps (containing an LTP
induction train of SO pulses) A) A circular script for a basic LTP experiment in the Basic Mode. Two single
TOsweeps are evoked by clicking the ‘Single TO' sweep buttons. B) A Circular script made using the Advanced
Mode Protocol Builder. The two single TOsweeps are evoked by checking the Run statement checkbox (red
arrows). C) A sequential script made using the Advanced Mode Protocol Builder. The entire stimulation sequence
is started by unchecking the Continuous [99999] Loop checkbox (red arrow), and the researcher can leave at this
time if there are no perfusion changes to do. D) A sequential script including Perfuse events to change perfusion
solution between sweeps. The entire stimulation sequence is also started by unchecking the Continuous [99999]
Loop checkbox (red arrow), and the researcher can leave at this time. The bottom tace records Bitl of Portl to
indicate switching from Ch 1 to Ch 2 and back to Ch1 solutions.
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7.2 Sequential Scripting

Fig 7.1.1C shows how this protocol can be produced using a Sequential Script in the Advanced Mode
Protocol Builder. First, the baseline section contains a Continuous [99999] Loop that contains one
POsweep (which outputs 1 SO pulse). At the start of the experiment (eg at the start of the MainProtocol),
the checkbox of this Loop statement is checked. Second, when this Loop checkbox is unchecked
(pointed to by the red arrow), this continuous loop is exited, and the next statement in the Protocol
Builder script is run, a single TOsweep (to output a train of SO pulses). Third, after this TOsweep, a hon-
continuous loop of only 9 loops is run, each loop containing the POsweep (to output repetitive SO pulses).
Fourth, then after the 9 POsweeps are run, the second TO sweep is run to produce a second SO pulse
train. And fifth, after this second TOsweep, another non-continuous loop of only 6 loops is run to finish up
the experiment by outputting 6 more repetitive SO pulses.

For this protocol, the researcher only has to be present to uncheck to Run statement box (when baseline
stability has been reached) to set the rest of the stimulation going automatically. The researcher can
leave if no perfusion changes need to be made.

The following annotated script more clearly explains what is going on in the sequential script of Fig.
7.1.1C.

MainProtocol
‘ Baseline, continuous SO stimulation

M Loop [99999] ‘ Exit baseline looping by unchecking Loop large check box
M POsweep [ 2]s ‘ Single SO pulse
EndLoop
M TOsweep [ 5]s ‘ The first LTP stimulation, SO train
M Loop [ 9] ‘ Post first LTP SO0 stimulation
M POsweep [ 2]s
EndLoop
M TOsweep [ 5]s ‘ The second LTP stimulation, SO train
M Loop [ 6] ‘ Post second LTP S0 Stimulation
M P1sweep [ 2]s
EndLoop

EndProtocol
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7.3 Sequential Scripting with Perfusion Changes

Although sequential scripting is useful when delivering automated electrical stimulation, a major strength
becomes apparent is when the automated delivery of electrical stimulation is coupled with the automated
change of perfusion solutions during the experiment. Fig. 7.1.1D shows an example of switching from
Chl ACSF perfusion fluid to Ch 2 100uM APS5, delivering a LTP induction train in AP5, switching back
from Ch2 APS5 to Ch 2 ACSF wash, and delivering a second LTP induction train. The whole stimulation /
perfusion change sequence is started by exiting the baseline loop by unchecking the Loop event. The
researcher can leave at this time.

Many more examples of Sequential Scripting with perfusion changes are presented in Chapter 9 (see
Figs. 9.3.1.2.3,9.3.1.3.1,9.3.2.1,9.4.1.4 and 9.4.2.4).
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CHAPTER 8 — Protocol Linking

8.1 Using Protocol Linking to extend Circular and Sequential
Scripting

We have developed Protocol Linking to extend MainProtocol scripting and to fix three current limiations of
MainProtocol scripting:

1) There are not enough different PxSweep stimulations available in one MainProtocol run.

This is a particular problem for using Automated Perfusion Control Using Single-Line Fast Switching
Perfusion (Section 9.3). In WIinLTP 2.01 there are only four different PxSweep stimulations in each
MainProtocol run, and this means that only four different perfusion solutions can be delivered during
each MainProtocol run. However, patch-clamp automated single-line perfusion changes can
realistically involve delivering at least 16 different perfusion solutions. With Protocol Linking, once a
protocol has finished, WIinLTP can now load and start a second protocol containing 4 more different
solution changes, and then load and start a third protocol containing 4 further different solution
changes, and WInLTP can do this, ad infinitum using Protocol Linking.

3) Extend the running time of the MainProtocol

Currently there is a 14 hr, 54 minute limitation running a MainProtocol with National Instruments M-
series boards.

2) Save the gap-free Continuous Acqusition ABF files in smaller, reasonable lengths

By either a) loading and starting a subsequent protocol and so forth, or b) restarting the
MainProtocol, Continuous Acqusisiton files can be acquired and saved in say 1 hour segments
rather than the whole MainProtocol run of say 6 hrs.

The Protocol Linking panel is located on the Link tabsheet (Fig. 8.1.1). This Protocol Linking panel adds
three capabilities to WIinLTP:

1) After the current MainProtocol has self-terminated, iif the Load/Run check box is checked, link to
another protocol file (in this case ‘FastPerfusion2.pro’) to load it, and automatically start it if the
AutoStart checkbox is checked, or

2) Automatically repeat and restart the MainProtocol after it has self-terminated if the ‘AutoRepeat’
checkbox is checked, or you can

3) Immediately load the protocol file in the Load/Run edit field by clicking the ‘Load ProtocolFile.pro’
button, and automatically start this new protocol if the Immediate AutoStart checkbox is checked.

Also, before the loading of a new linked protocol file or restarting the auto-repeating MainProtocol, you
can automatically save the AmpFile and clear the spredsheet if the ‘AutoSave AmpFlle, Clear
Spreadsheet’ checkbox is checked.
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And if you decide to AutoRepeat the MainProtocol file, you can change the number of times the current
protocol will repeat. This is helpful if you want to en essence extend the time the MainPrrotocol is
running. For example, a current limitation of the National Instruments M-series boards is that a
MainProtocol cannot run longer than 14 hrs and 54 min. Using Load/Run the next protocol file with
AutoStart, or using AutoRepeat gets around this limitation (Section 8.3).

Link lPrDtDCD|] Log ]Deteminn

Frotocol Linking

If tdainProtocol has Selt-Terminated AutoStan
Load/Fun FastPerusion? pra

| | AutoRepeat MainPratocal 1 times

and

[ AutoSave AmpFile, Clear Spreadsheet

Cr immediately Autostart
Load FastPerdusion?.pro [

Fig. 8.1.1. The Protocol Linking tabsheet.

8.2 Linking to the Next Protocol File

There are many reasons to want to link to a subsequent protocol file. The experiment script may be
clearer if it is subdivided into different protocol files. There is a ca 70 line limit to Protocol Builder scripts.
One of the major problems in WIinLTP 2.01 is that there are only four different PxSweep stimulations in
each MainProtocol run. This is a particular problem for using Automated Perfusion Control Using Single-
Line Fast Switching Perfusion (Section 9.3), this means that only four different perfusion solutions can be
delivered during each MainProtocol run. However, patch-clamp automated single-line perfusion changes
can realistically involve delivering at least 16 different perfusion solutions. With Protocol Linking, once a
protocol has finished, WIinLTP can now load and start a second protocol containing 4 more different
solution changes, and then load and start a third protocol containing 4 further different solution changes,
and WInLTP can do this, ad infinitum using Protocol Linking.

Ultimately we plan to put in 8 PulseSweeps and 8 TrainSweeps for a total of 16 different sweeps.
However, even if with 16 different PxSweeps stimulations for applying 16 different solutions, it is very
conceivable that a researcher would want to deliver 32 different solutions and therefore would have to use
Protocol Linking anyways.

An example of Protocol Linking for Automated Patch-Clamp Experiments using Fast Switching with Single
Line Perfusion is presented in Section 9.3.2.
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8.3 Saving the Continuous Acqusition Files in Reasonable
Durations

Using the AutoRepeat feature as described in Section 8.3 can also be used to save the gap-free
Continuous Acquisition ABF file in smaller, more reasonable durations.

This is because there is one Continuous Acquisition file for each MainProtocol run. When the AutoRepeat
is set to > 1 times, this will then divide the Continuous Acquisition gap-free ABF file into more reasonably
sized chunks. By doing this you could have a new Continuous Acqusition file every hour rather than
having one Continuous Acqusition file for the whole duration of the MainProtocol run.

For example, if you are using the normal circular protocols when performing a basic LTP exeriment you
can use the AutoRepeat MainProtocol capability shown in Fig. 8.3.1.. In this case a bog standard
protocol has been chosen to produce the MainProtocol in the right of Fig. 1. The protocol is set to
produce one POsweep every 60 sec or 1 minute. However, rather than looping for 99999 times, ie
‘continuously' or almost ‘forever, it only loops for 60 times, ie for 60 x 1 min or for 1hr. After this time the
MainProtocol stops or self-terminates. When the MainProtocol self-terminates, the Continuous
Acquisition file is closed.

However, since the AutoRepeat MainProtocol checkbox in the left of Fig. 1 has been checked, when the
MainProtocol self-terminates after 1 hr, the MainProtocol then restarts, ie AutoRepeats. When the
MainProtocol starts again, another Continuous Acquisition file is created to begin acquiring more data.
Since the number of times is set to 6, the 1 hr long MainProtocol will repeat 6 times, the experiment will
last for6 hrs, and 6 x1 hour long Continuous Acqusition files will be created.

At any time during the running of these MainProtocols, single or repeat sweep stimulations can be evoked
as usual. This same idea can be used when using Sequential Scripts in the Protocol Builder.

Link IPrDtDCDI] Log l Detection Perfuse MainProtocal lEvuked] F"Il:ut-"Save]

Start with Main FProtocol

v Continuous Acguisition
f MainFrotocal has Self-Terminated AutoStart [ Capture Spontaneous Events

| | Load/Run »
AutoRepeat MainFrotocol b times

Protocol Linking

Fun | Else | Awg Loop | SlowD| 1 Fastl |1
Fl | Flsweep T0 | Tlsweep Delay

and
[ AutoSave AmpFile, Clear Spreadsheet tainFrotocal
_ _ v Loop &0
Or immediately AutoStart v | Plsweep B0 s
Mo file to Load |
EndLoop
EndFrotacal

Fig. 8.3.1.. AutoRepeat MainProtocol 6 times to save another Continuous Acquisition file once every
hour for 6 hours. The Left figure shows the Protocol Linking tabsheet with the AutoRepeat MainProtocol
checked to repeat for 6 times. The right figure shows a protocol which produces a sweep every 60 sec or
1 min, and loops for 60 times to give a total duration for a single MainProtocol of 1 hr.
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8.4 Extending the Run-Time of the MainProtocol

A third reason you might want to use Protocol Linking is to extend the running of the MainProtocol. For
M-series boards, there is currently a limitation of running the MainProtocol more than 14 hrs and 54 min
(Appendix B.2). This is due to an overflow of a 32-bit signed integer which should be a 64-bit integer, and
there is a fix scheduled, but it is definitely not immediate.

For X-series boards, there is an even worse limitation that is not present in M-Series boards — this bug
limits the running the MainProtocol to 1 hrs, 29 min. This is due to an overflow of another 32-bit signed

integer that should be a 64-bit integer, and the fix is scheduled for the next NI-DAQmx version, 9.5.

An solution analgous to the one in Fig. 8.3.1. will solve the problem.
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CHAPTER 9 — Automated Experiments using Automated Perfusion
Control

Note: we have recently published a paper on using WinLTP for Automated Perfusion experiments in the
Journal of Neuroscience Methods:
Anderson WW, Fitzjohn SM and Collingridge GL (2012) Automated Multi-Slice Extracellular
and Patch-Clamp Experiments using the WIinLTP Data Acquisition System with Automated
Perfusion Control, J Neurosci. Methods, in press.
This paper should be a good, quick synopsis of using automated perfusion in WinLTP.

9.1 Automated Perfusion Control

Although Sequential Protocol Scripting (already available in WiIinLTP versions 1.11b and earlier) can
generate all the stimulation pulses needed for the typical LTP experiment after a stable baseline has been
achieved, manual changing of bath perfusion fluids is still required. The big advance in WinLTP 2.00 and
2.01 is automated perfusion control by adding the Perfuse statement to sequential protocol scripting (Fig.
9.2.7.2B).

This means that once baseline stability has been achieved, for extracellularly recorded experiments, you
don’t have to stay around watching the experiment in order to change solutions — because unlike patch-
clamping, you can’t do much to rectify an extracellular electrode recording problem anyways. You can go
read a paper in peace, reanalyse yesterday’s experiment in peace, run another slice, or go to the pub.
You don’t have to stay around ‘watching paint dry’.

WIinLTP can control up to four perfusion lines. Slow0 Perfusion Change can control one perfusion line by
making only ‘slow’ changes BETWEEN PxSweeps. The same holds for Slow1 Perfusion Change.
However, Fast0 Perfusion Change can control one perfusion line by making ‘fast’ changes DURING
sweeps AS WELL AS BETWEEN sweeps. The same holds for Fastl Perfusion Change. Also, FastO
and/or Fastl Perfusion change can control piezo steppers between sweeps, but this is discussed in
automated perfusion control for patch-clamping.

Normally WIinLTP would be using Slow0 Perfusion Change for controlling one perfusion line to one
extracellular slice chamber, and that is how extracellular experiments will be dealt with here. However, all
four perfusion line controls (Slow0, Slow1, FastO and Fastl) can be used for extracellular slice and patch
clamp experiments.

9.2 Automated Multi-Slice Extracellular Experiments

Note: the automated perfusion control is currently only supported by National Instruments M- or X-Series
board - the Digidata 132x boards should be supported in the not too distant future.
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There are three basic concepts for WinLTP Automated Multi-Slice experiments:

1) Sequential Protocol Scripts
+ Automated Perfusion Control
+ Running many WIinLTP programs at once = Automated Multi-Slice Experiments

2) 1 WInLTP / ADboard controls = 1 Perfusion Controller controlling solution in
- 1 ‘Chamber which can contain
- 1 or more ‘Wells’, each well containing 1 Slice

3) We favour : 1 Slice from 1 animal per experimentis N =1

Before we get into detailed discussion of using WIinLTP for multi-slice experiments, we would like to note
that there are several commercial, fully integrated systems for doing multi-slice experiments. These
include:

1) SliceMaster from Scientifica which comes in 4 and 8 slice systems and uses conventional
extracellular recording.

2) SynchroSlice from Lohman Research which comes as a 4 slice system and uses conventional
extracellular recording.

3) MultiChannel Systems has developed a system that can record from brain slices using a planar 32
channel multielectrode array system, and can include their LTP-Director software to perform the
usual LTP experimental protocols and analyses. Several of these systems could be employed
together to produce a similarly priced multi-slice system.

9.2.1 What is your N?

The first, most important, consideration in designing your multi-slice experimental setup is: What will your
N be?

In academic research, most researchers we know think that an N of 1 is for 1 slice from 1 animal exposed
to 1 experimental protocol (including both stimulation and perfusion solutions).

So if 1 slice each was obtained from 2 animals, and these two slices were exposed to the SAME
stimulation protocol and the SAME perfusion solutions, this would be a ‘Strict’ N of 2.

And if 2 slices were obtained from 1 animal, and these two slices were exposed to the DIFFERENT
stimulation protocols and DIFFERENT perfusion solutions, this would also be a ‘Strict’ N of 2.

Furthermore, if 2 slices were obtained from 1 animal, and these two slices were exposed to the SAME
stimulation and DIFFERENT perfusion solutions (say different concentrations of antagonists), this would
also be a ‘Strict’ N of 2.

However, if 2 slices were obtained from 1 animal, and these two slices were exposed to the SAME
stimulation protocol and the SAME perfusion solutions, some would consider this to be an N of 2, and
others would consider it a ‘Strict’ N of 1.

In general we at WinLTP Ltd. do not favor exposing multiple slices obtained from 1 animal to the SAME
stimulation protocol and the SAME perfusion solutions, and WIinLTP was not designed for this approach.
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WInLTP was designed to provide, if necessary, completely DIFFERENT stimulation protocols and
perfusion solutions. Four instances of WinLTP can be run on one computer, and each of these WinLTPs
can control completely separate stimulation and perfusion solutions. And taking 4 slices from 1 animal
and exposing them to DIFFERENT stimulation and perfusion solutions is clearly more difficult to do than
taking 4 slices from 1 animal and exposing them to the SAME stimulation and perfusion solutions.

That said, if your experiment includes testing DIFFERENT concentrations of agonist or antagonist, then
running several slices obtained from 1 animal and exposing these slices to the SAME stimulation protocol
but DIFFERENT perfusion solutions, this would be an easy way to run many slices side by side, have N
equal to the number of slices tested, and yet change all the solutions easily and manually without
requiring automated perfusion control.

WInLTP just tries to provide the tools for all situations, including completely independent control of
stimulation and perfusion solutions.

9.2.3 Automated Perfusion Problems — Dead Volume in Extracellular Slice
Experiments

Before we go into setting up the automated perfusion control, it is important to discuss what we see as
potentially the main problem of automatic perfusion control in extracellular slice experiments, namely
dead volume.

For extracellular slice experiments, when aerated physiological saline has stayed in polyethylene or tygon
tubing for a ‘long’ period of time before being perfused on slices, oxygen can diffuse across the tubing
wall. In addition this loss of oxygen/carbon dioxide, can also cause changes in pH if a standard
bicarbonate buffer is used to perfuse the slice.

We honestly don’t know how bad this lack of oxygen and pH change is, but it depends on the thickness of
the tubing wall, what the tubing is made of, the volume of the solution that just ‘sits’ there before being
perfused onto the slice (the dead volume), and how long it ‘sits’ there. More on how to reduce this dead
volume is presented below.

For extracellular slice experiments, the important dead volume for the standard perfusion system is
between the aerated perfusion bottle and the manifold (shown in red in Fig 9.2.4.1A), and for the pre-flush
perfusion system between the valve and the manifold (shown in red in Fig 9.2.4.1B).

Estimates of dead volume for 1.32” and 1.00mm inner diameter tubing for the pre-flush system (only
between the T-fitting, in the valve, and to the manifold) for 9cm (for a 4 channel system, and 16cm (for an
8-channel system) are shown below. The 1/32” tubing volume (0.05 to 0.08 ml) is pretty small for a larger
1 ml chamber, but maybe a bit too substantial for a 0.3 ml chamber.

9 cm of 1/32" tubing has a DeadVolume = 0.05 ml
16 cm of 1/32" tubing has a DeadVolume = 0.08 ml

9 cm of 1.0mm tubing has a DeadVolume = 0.07 ml
16 cm of 1.0mm tubing has a DeadVolume = 0.13 ml
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9.2.4 Setting up Standard and Pre-Flush Extracellular Slice Automated
Perfusion Systems

To use automated perfusion control for extracellular slice experiments, you have to next decide whether
you want to use a the standard perfusion system with 1 valve/line, or a pre-flush system like AutoMate
Scientific’s AutoPrime system, with 2 valves/line, and you have to choose the number of perfusion
channels you need (see below for further discussion of standard and pre-flush perfusion systems).

WinLTP 2.01 Slow0 Perfusion Changes offers the following choices for standard versus pre-flush
systems, and number of perfusion channels (see also Fig. 9.2.7.1):

1) 4-channel, PreFlush, 2 valves/line system (low-speed digital Portl)

2) 8-channel, PreFlush, 2 valves/line system (low-speed digital Portl and Port2)

3) 8-channel, Standard, 1 valve/line system (low-speed digital Port1)

4) 16-channel, Standard, 1 valve/line system (low-speed digital Portl and Port2)

5) 15-channel, Standard, 1 valve/line system (binary 4-bits on low-speed Portl)

6) 16-channel, Standard, 1 valve/line system (binary 4-bits on low-speed Portl)

For Slow0 Perfusion Change control of extracellular slice perfusion systems, the National Instruments M-
or X-Series boards use 8 or 16 digital outputs for 1 digital output controlling 1 valve. We used this control
first to be able to turn on more than one valve at a time — which is necessary for implementing the pre-
flushing systems. Slow0 and Slowl Perfusion Change also support digitial control of 15 or 16 channels
using 4-bit binary output, but these outputs do not allow for more than one valve to be on at a time.

The 1 digital output controlling 1 valve method should be able to control the following perfusion systems:
1) AutoMate Scientific’s
ValveLink8.2® 4-channel Pinch Valve Perfusion System
ValveLink8.2® 8-channel Pinch Valve Perfusion System
ValveLink®16 16-channel Pinch Valve Perfusion System
2) BioscienceTools’
8-channel PinchValve System (one PC-16 and one PS-V8)
16-channel PinchValve System (one PC-16 and two PS-V8s)
3) Warner’s
VC-8P 8-channel Complete Perfusion System
4) ALA Scientific’s
VC3-4PG 4-channel perfusion system
VC3-8PG 8-channel perfusion system
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Connect up the digital output from your National Instruments M- or X-Series board to your perfusion

system as follows:
1) For the 4-channel pre-flush system (2 valves/line), use these Portl outputs:

2) For the 8-channel pre-flush system (2 valves/line), use Portl and Port2 outputs:

3) For the 8-channel standard system (1 valve/line), use these Portl outputs:

4) For the 16-channel standard (system (1 valve/line), use Portl and Port2 outputs:

Portl, Bit0 P1.0 PFI O
Portl, Bitl P1.1 PFI 1
Portl, Bit2 P1.2 PFI 2
Portl, Bit3 P1.3 PFI 3
Portl, Bit4 P1.4 PFI 4
Portl, Bit5 P1.5 PFI'5
Portl, Bit6 P1.6 PFI 6
Portl, Bit7 P1.7 PFI 7
Portl, BitO P1.0 PFI O
Portl, Bitl P1.1 PFI 1
Portl, Bit2 P1.2 PFI 2
Portl, Bit3 P1.3 PFI 3
Portl, Bit4 P1.4 PFI 4
Portl, Bit5 P1.5 PFI' 5
Portl, Bit6 P1.6 PFI 6
Portl, Bit7 P1.7 PFI 7
Port2, Bit0 P2.0 PFI 8
Port2, Bitl P2.1 PFI 9
Port2, Bit2 P2.2 PFI 10
Port2, Bit3 P2.3 PFI 11
Port2, Bit4 P2.4 PFI 12
Port2, Bit5 P2.5 PFI 13
Port2, Bit6 P2.6 PFI 14
Port2, Bit7 P2.7 PFI 15
Portl, Bit0 P1.0 PFI O
Portl, Bitl P1.1 PFI 1
Portl, Bit2 P1.2 PFI 2
Portl, Bit3 P1.3 PFI 3
Portl, Bit4 P1.4 PFl 4
Portl, Bit5 P1.5 PFI 5
Portl, Bit6 P1.6 PFI 6
Portl, Bit7 P1.7 PFI 7
Portl, BitO P1.0 PFI O
Portl, Bitl P1.1 PFI 1
Portl, Bit2 P1.2 PFI 2
Portl, Bit3 P1.3 PFI 3
Portl, Bit4 P1.4 PFl 4
Portl, Bit5 P1.5 PFI 5
Portl, Bit6 P1.6 PFI 6
Portl, Bit7 P1.7 PFI 7
Port2, Bit0 P2.0 PFI 8
Port2, Bitl P2.1 PFI 9
Port2, Bit2 P2.2 PFI 10
Port2, Bit3 P2.3 PFI 11
Port2, Bit4 P2.4 PFI 12
Port2, Bit5 P2.5 PFI 13
Port2, Bit6 P2.6 PFI 14
Port2, Bit7 P2.7 PFI 15

P1.0 and PFI O are two different ways National Instruments names Port1, Bit 0 and so forth.

Chamber Valve, Ch 1
Chamber Valve, Ch 2
Chamber Valve, Ch 3
Chamber Valve, Ch 4
Flush Valve, Ch 1
Flush Valve, Ch 2
Flush Valve, Ch 3
Flush Valve, Ch 4

Chamber Valve, Ch 1
Chamber Valve, Ch 2
Chamber Valve, Ch 3
Chamber Valve, Ch 4
Chamber Valve, Ch 5
Chamber Valve, Ch 6
Chamber Valve, Ch 7
Chamber Valve, Ch 8

Flush Valve, Ch 1
Flush Valve, Ch 2
Flush Valve, Ch 3
Flush Valve, Ch 4
Flush Valve, Ch 5
Flush Valve, Ch 6
Flush Valve, Ch 7
Flush Valve, Ch 8

Chamber Valve, Ch 1
Chamber Valve, Ch 2
Chamber Valve, Ch 3
Chamber Valve, Ch 4
Chamber Valve, Ch 5
Chamber Valve, Ch 6
Chamber Valve, Ch 7
Chamber Valve, Ch 8

Chamber Valve, Ch 1
Chamber Valve, Ch 2
Chamber Valve, Ch 3
Chamber Valve, Ch 4
Chamber Valve, Ch 5
Chamber Valve, Ch 6
Chamber Valve, Ch 7
Chamber Valve, Ch 8

Chamber Valve, Ch 9

Chamber Valve, Ch 10
Chamber Valve, Ch 11
Chamber Valve, Ch 12
Chamber Valve, Ch 13
Chamber Valve, Ch 14
Chamber Valve, Ch 15
Chamber Valve, Ch 16
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For further details see below including information on particular connector boxes, see below.

Perfusion Channel System Port PCI6221 CB-68LPR
Standard8 Standardl6 PreFlush4 PreFlush8 Bit# Pin# (CA1000) SCB-68 BNC-2090A BNC-2110 BNC-2120 USB-6221 BNC
l-chamber 1-chamber 1l1-chamber 1-chamber P1.0 11 PFIO 11 PFIO PFIO PFIO/P1.0 P1.0/PFIO P1.0/PFIO
2-chamber 2-chamber 2-chamber 2-chamber Pl1.1 10 PFIl 10 PFI1 PFI1 PFI1/Pl.1 P1.1/PFI1 P1.1/PFI1
3-chamber 3-chamber 3-chamber 3-chamber P1.2 43 PFI2 43 PFI2 PFI2 PFI2/P1.2 P1.2/PFI2 P1.2/PFI2
4-chamber 4-chamber 4-chamber 4-chamber P1.3 42 PFI3 42 PFI3 PFI3 PFI3/P1.3 P1.3/PFI3 P1.3/PFI3
5-chamber 5-chamber 1-flush 5-chamber P1.4 41 PFI4 41 PFI4 PFI4 PFI4/Pl.4 P1.4/PFI4 P1.4/PFI4
6-chamber 6-chamber 2-flush 6-chamber P1.5 6 PFIS 6 PFI5 PFI5 PFI5/P1.5 P1.5/PFI5 P1.5/PFI5
7-chamber 7-chamber 3-flush 7-chamber P1.6 5 PFI6 5 PFI6 PFI6 PFI6/P1.6 P1.6/PFI6 P1.6/PFI6
8-chamber 8-chamber 4-flush 8-chamber P1.7 38 PFI7 38 PFI7 PFI7 PFI7/P1.7 P1.7/PFI7 P1.7/PFI7
9-chamber 1-flush P2.0 37 PFI8 37 PFI8 PFI8 PFI8/P2.0 P1.0/PFI8 P2.0/PFI8
10-chamber 2-flush P2.1 3 PFI9 3 PFI9 PFI9 PFI9/P2.1 P1.1/PFI9 P2.1/PFI9
ll-chamber 3-flush P2.2 45 PFI10 45 EXT STROBE PFI10 EXTSTRB or PF10/P2.2 . P2.2/PFI10
12-chamber 4-flush P2.3 46 PFI1l 46 AI HOLD COMP PFI11l AI HOLD or PF11/P2.3 . P2.3/PFI1ll
13-chamber 5-flush p2.4 2 PFI12 2 CTR 0 OUT PFI12 CTR 0 OUT or PF12/P2.4 P1.4/PFI12 ©P2.4/PFI12
l4-chamber 6-flush P2.5 40 PFI13 40 CTR 1 OUT PFI13 CTR 1 OUT or PF13/P2.5 P1.5/PFI13 P2.5/PFI13
15-chamber 7-flush P2.6 1 PFIl4 1 FREQ OUT PFI1l4 F OUT or PF14/P2.6 Pl1.6/PFI14 P2.6/PFIl4
16-chamber 8-flush P2.7 39 PFI15 39 P2.7,not DGND PFI15 NA NA P2.7/PFI15
1) In the SCB-68, sometimes Pin39 is labelled DGND rather than the correct P2.7
2) There is no P2.7 output with the BNC-2110
3) There are no P2.2, P2.3 or P2.7 outputs with the BNC-2120
4) The SCB-68, BNC-2090A, USB-6221 BNC, and the CB-68LPR (for the CA-1000 enclosure) do have all Portl and Port2 pinouts

Note that there is no P2.7 (PFI 15) output with the BNC-2110, so you can’t use channel 16 with the
standard 16-channel system, or channel 8 with the pre-flush 8-channel system.

There are also no P2.2, P2.3 or P2.7 outputs with the BNC-2120, so you can’t use channels 11, 12 or 16
with the standard 16-channel system, or channels 3, 4 or 8 with the pre-flush 8-channel system, so the
BNC-2120 is not a good choice for an Automatic Perfusion System.

Use the SCB-68, BNC-2090A, USB-6221 BNC, or the CB-68LPR (for the CA-1000 enclosure) if you need
to use all outputs from Portl and Port2.

Then build your perfusion system according to the instructions of the manufacturer. Basically, for the
standard perfusion system with 1 valve/line, run the tubing from the reservoir through the pinch valve to
the manifold and onto the chamber as shown in Fig 9.2.4.1A. For the pre-flush perfusion system with 2
valves/line (such as the AutoPrime system from AutoMate Scientific), run the tubing from the reservoir to
a T-fitting, and run tubing through the Chamber pinch valve to the manifold and onto the chamber, and
run the other tubing through the Flush pinch valve and onto the waste receptacle as shown in Fig
9.2.4.1B.

For extracellular slice experiments, all perfusion controllers can control the more inexpensive pinch-
valves. The faster Lee-valves etc. are not necessary and are more expensive and difficult to clean and
maintain.
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Fig 9.2.4.1. Standard, pre-flush and continuous-to-waste slice perfusion systems. A) The slice standard
perfusion system with 1 valve/line. B) The slice pre-flush perfusion system with 2 valves/line for a four
line perfusion system. (The Flush Valve has been turned on for a sufficient time to clear the perfusion line
from the reservoir to the T-fitting, but the Chamber Valve has not yet been turned on). The dead volumes
for the two system lines are indicated in red. Basically the pre-flush system has a dead volume from the
T-fitting to the manifold, which could be approximately 10 cm or less. The dead volume of the standard
perfusion system could be anywhere from almost 0 cm to 1 meter depending on your configuration. C) A
slice continuous-to-waste perfusion system using a Normally Open (NO) — Normally Closed (NC) pinch
valve to flush the tubing between the reservoir and the valve. The pinch valve controlling the solution flow
between the ‘Y’ connector and the manifold is Normally Closed, and between the Y’ connector and waste
is Normally Open, and the tubing between the reservoir and the Y’ connector is aerated. When the
perfusion channel is turned on, the continuous flow to waste stops, and aerated solution flows from the Y’
connector to the manifold.
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The digital output switching that causes the switching from Ch 1 to Ch 2 for a standard 1 valve/line
perfusion system and for a pre-flush 2 valves/line perfusion system are shown in Fig. 9.2.4.2A and B,
respectively.

The standard system starts out with Ch1 on (and Port1, Bit O = logical 1), and Ch 2 off (and Port 1 Bit 1 =
logical 0). When Ch 1 is switched off, and Ch 2 switched on, Portl, Bit O switches to logical 0 and Port1,
Bit 1 switches to logical 1.

The 4-channel pre-flush digital outputs for the Chamber Valves are similar to the standard system.
However, before switching Ch 1 off, and Ch 2 on, the C2 Flush Valve turns on (by switching Port 1, Bit 5
to logical 1) for a period of time sufficient to put aerated perfusion fluid in the line between the reservoir

and the T-fitting.

Switch
(a) (Ch10n) Ch 1 Off
(Ch 2 Off) Ch20n
PerfusionCh 2 1 ‘LCh 20n
ChamberValve  Port1, Bit1  (Ch 20ff) |
Perfusion Ch 1 e 1on Vv
ChamberValve  Portt, Bit0 | ch1off
(b) Switch
(Ch10n) Ch 1 Off
(Ch 2 Off) Begin to flush Ch 2 Ch2z 0On
Perfusion Ch 2 ] ‘b ‘L
Flush Valve Portt, Bit5 | | |
. ‘LCh 2 0n
ChamberValve Port1, Bit 1 0 (Ch 2 Off) |
Perfusion Ch 1
Flush Valve Port1, Bit 4 :}
{Ch 10n) ‘L
ChamberValve Port1, Bit0 | ch 108

Fig. 9.2.4.2. Switching from Ch 1 to Ch 2 using a Perfusion Controller set up (a) in a standard 8-channel
configuration, and (b) in a pre-flush 4-channel configuration. Note how the Ch2 Flush Valve (Bit 5) turns
on before the switch from Ch1l to Ch2 and then turns off at the switchover.
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9.2.5 Some solutions for reducing Dead Volume

Some solutions for reducing this dead volume could be:

1)

2)

Keep the dead volume as small as possible by using as small diameter tubing and as short a length
of tubing as possible for the tubing where the dead volume occurs. And whether the dead volume is
a problem also depends on how big the bath volume is.

Automatically pre-flush much of the dead volume tubing before switching (as with AutoMate
Scientific’s AutoPrime system).

Whether you need to use the pre-flush system that requires twice as many valves as the standard
system depends on your perfusion requirements. If you are using small ca 60 ml syringe re servoirs
without reservoir heating or with reservoir heating (for example using AutoMate Scientific’'s
BubbleStop Syringe Heater) that maybe extends the dead volume from 10 to 15 cm in a standard
system, a pre-flush system would not be particularly advantageous. However, if you are using
larger 250 and 500 ml bottles as reservoirs (perfusing for hours at 2-5 ml/min) and with pre-heating
using a water bath that maybe extends the dead volume from 10 cm to 1 meter in a standard
system, a pre-flush system would be advantageous in this situation. Obviously, its up to you to
decide. WInLTP just tries to provide the tools.

3) Use clear Teflon tubing where the dead volume occurs.

4)

Clear Teflon tubing is less permeable to oxygen diffusion of oxygen across the tubing wall than
polyethylene or tygon tubing, but we don’t know if this decreased permeability makes any real-world
difference in a standard system and if it would negate needing a pre-flush system.

Possibly re-bubble (re-oxygenate) the perfusion fluid between the reservoir and the chamber. Some
researchers at Bristol have a perfusion line break by dripping into a syringe near the chamber, and
some bubble the contents of this syringe.

5) Whatever you do, we would strongly suggest empirically testing it. After normal ACSF dead volume

less-oxygenated perfusion fluid has ‘sat’ in the tubing a ‘long’ time, try switching from normal ACSF
fully-oxygenated perfusion fluid to the dead volume less-oxygenated perfusion fluid. And then a) at
minimum, see if field EPSP amplitude or slope changes, and (hopefully) b) measure changes in
oxygen and/or changes in pH.

9.2.6 Alternatives to using Pre-Flush for Extracellular Slice Experiments

The necessity of using 95% O,/ 5% CO, prohibits running a perfusion line directly from solution reservoir
to chamber (as with the Single-Line (Section 9.3) and Double- or Triple-Line/Stepper (Section 9.4)
perfusion systems). In Sections 9.2.4 and 9.2.5 we have discussed using a Pre-Flush or AutoPrime
system. However, using 2 pinch-valves is a costly solution.

In certain situations, a single valve can be used to.keep the tubing between the reservoir and the pinch
valve filled with aerated solution of the correct pH. Note that with these systems, there is still a short
length of tubing between the pinch valve and the manifold that is not aerated.
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The first method is to use a Continuous Flow To Waste system. With some systems that use three way,
normally open — normally closed, pinch valves such as those from ALA Scientific and Warner, the tubing
between the reservoir and the manifold is placed in the Normally Closed slot of the pinch valve and only
opens when that perfusion channel is turned on. The tubing flowing to waste is connected by a ‘Y’
connector between the reservoir and the pinch valve is placed in the Normally Open slot of the pinch
valve and aerated solution normally flows to waste until that perfusion channels is turned on and the
Normally Open line is shut (Fig 9.2.4.1C). With the three way Normally Open — Normally Closed pinch
valve, either the Normally Open OR the Normally closed line so that only one is open at one time.
Provided that the flow in the Normally Open Continuous Flow To Waste line is (just) sufficient to provide
aerated solution at the Y’ connector, and that the solution you are perfusing is relatively inexpensive, this
can be a good substitute for the 2 valve pre-flush system.

Sometimes, a combination can be used. For example, for an 8 valve system which normally would
normally deliver 4 solutions using pre-flush (2 valves/line), you could have three perfusion lines with
expensive solutions using pre-flush 2 valves/line, and two perfusion lines with inexpensive solutions using
the Continuous Flow To Waste 1 valve/line system.

The second method to get around using an expensive 2 valve/line pre-flush system is to mount the
syringe reservoir directly on top of the pinch valve, as with Automate systems. This makes the
perfusion line from the reservoir to the pinch-valve as short as possible. This can be done if the reservoir
(a syringe) is mounted right on top of the pinch valve, as with Automate systems. However, unless you
are perfusing room temperature solution, the solution has to be directly warmed by a heater directly
surrounding the syringe, such as Automate’s BubbleStop heater.

9.2.7 Setting up WInLTP to use your Automated Perfusion System

To use automated perfusion control for extracellular slice experiments in WinLTP, first check the Slow0
Automated Perfusion check box. Then set whether you want to use the standard perfusion system with 1
valve/line, or the pre-flush system with 2 valves/line, and set the number of perfusion channels you need.

You do this by going to the Edit Protocol dialog box (using File -> Edit menus), click on the Resources
Used tab and then enter the Digitally Controlled Perfusion System dialog box selection (Fig. 9.2.7.1).
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Fiesources Available Resources Used l Acquisition/Stimulation Parameters l

Use AOT For
" Fastl or Fastl perfusion

" Intrecellular stimulation or other use

Automated Perfusion
v Slowl I Slowl I Fasil I Fastl

Slowl Perfusion Change (BETWEEN Sweeps)
" d-channel, preflush (2 valves/ling) (low-speed digital Port 1)
" g-channel, pre-flush (2 walves/ling) (Pors 1 and 2)
@ 8-channel, standard (1 valve/ling) (Port1)
" 1B-channel, standard (1 vakse/fling) (Parts 1 and 2)
" 16-channel, standard (1 vaka/ling) (hinary 4 bits on Fart 1)
" 16-channel, standard (1 waksefling) (binary 4 bits an Port 1)

Slowl Perfusion Change (BETWEEN Sweeps)
O dchannel pre-fush (2 valvesiline) (low-speed digital Part2)
1 Brchannel, standard (1 valve/line)) (Pt
O GB-channel standard (1 valve/line) (hinan: 4 kits on Port 2)
O E-channel standard (1 walzefing) (hinar: 4 bits onPott2)

Fastl Perfusion (Change DURING and BETWEEN Sweeps)
1 Achannel (4 bitson high-speed|digital Port O)
C HEchannel (binan4lbits on Port )
O B-chiannel (lhinany4 its on Part i)
H

Fastl Perfusion Change (DURING and BETWEEN Sweeps)
1 Brchannel (snalogOul)
CHE-channel (AnalaoEut i
O E-channel (Analog@otand 2]
r

QK | Cancel | Help |

Fig. 9.2.7.1. Choosing the standard perfusion system (1 valve/line), or a pre-flush system (2 valves/line),
and choose the number of perfusion channels you need. If you choose the standard 8 channel perfusion
system, the Perfuse tabsheet (next to the MainProtocol tabsheet) looks like Fig. 9.2.7.2A.

Next you have to set up the Perfusion Channel labels. In the ‘Perfuse’ tabsheet next to the ‘MainProtocol’
tabsheet type in a label next to each perfusion channel to be used, such as ‘Normal ACSF’ next to
channel ‘1’ (Fig. 9.2.7.2A).

Also change the perfusion ‘Ch’ number you want to be on when the MainProtocol is Off and click the
‘Apply’ button to load it in (Fig. 9.2.7.2A).

And if you are using the pre-flush system, change the ‘Flush Time’ to a value sufficient for the tubing from
the reservoir to the T-fitting completely change from stale, dead volume less-oxygenated fluid to new,
freshly oxygenated fluid (Fig 9.2.7.2.A2).
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Fig. 9.2.7.2. A) Setting the Perfusion Channel Labels for those channels that will be used. Note that A2
contains a FlushTime edit (in seconds) to change the duration of pre-flushing the new perfusion line. B)
Using the Perfuse Statement in the Sequential Protocol Script (left), and the digital output of the SO pulses
in ADO, and the P1.1 channel 2 digital output in AD1 that comes On when the ‘Perfuse [ 2] 100 uM AP5%’

statement is reached.

See SequentialPerfusion.pro.

AnalogIn0 (AlO or ADQ), and DigitalOut P1.1 to Analoginl (All or AD1).

To use connect DigitalOut0 (P0.0 or S0) to

E00
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The experimental log output for the protocol running in Fig. 9.2.7.2 is shown in Fig. 9.2.7.3. Each
perfusion change is clearly shown by time, channel number and channel label (eg “Ch2 100um AP5”),
and by then next sweep following the perfusion change.
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The experimental log output for the protocol running in Fig. 9.2.7.2.
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