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Tissue Analysis phase 1 and 2
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image2.png
Next step: restrict z movement by pressing a
coverslip on to the heart

Z- movement is greatly reduced
Stil too mmch XY movement to collect
Good images even at highest speed and
Small mumber of lines

Stil about 1+ field of view movement
at 10x

Requires pressing hard and we have
limited control over where on the heart
we image
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rat088

images started jumping around, uncovered and
found Rat was gasping and time was also up so
imaging stopped and animal was euthanized
Heart and liver were removed, rinsed, and sliced
forimaging

Bottomslice of the heart was mounted between
coverslip and slide using a silicone spacer
Forliver a small lobe was removed and mounted
as above (thicker gasket)

Same inverter setup as live was used (except
gain when it was too bright)
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Rat088 Dissected heart

‘Same setiings as ive Lowersettings

| £

Cutarea

Outer surface
(non-cutarea)
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Rat088 Dissected heart
e IMaged on several planes

Lowersstings than live

deepest
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Rat089

Imaged heart and liver while live and dissected tissue
Heart muscle was not wel imaged

Tried giving additional TMRM —did not help

Tried changing the fitter in front PMT — worse
Removed pericardium ~did not help

imaged the liver

imaged the lung

Dissected and imaged liver with new inverter with MP

head (same as live) and 543 with standard head and the
old inverter
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Rat089 heart time-lapse live
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Rat089 heart time-lapse live

Bestlooking one of this rat
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Rat089 heart roll through focus live

averaged
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Rat089 with 590LP filter

lung

fiver

I seethe same
images justdimmer

Rollthrough at end

Same area
asabove

Accumulate

9 average 3
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Rat089 lung

Hadtrouble setting up onthe lung, damageto area suctioned-
damage was evidentwhen ibidi removedto change organs
(bigbloody spot)
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Same heart imaged ex-vivo 10x
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Rat089 dissection

Heart and liver were removed, rinsed, and
sliced for imaging

For liver a small lobe was removed and
mounted as above (thicker gasket)

Same inverter setup as live was used
(except gain when it was too bright)

Tried additional imaging with other inverter
head and old inverter
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Rat089 Dissected liver

Same setings (gain 35) Lower seting (gain20)
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New inverter with OLD inverter with
standard head and 543 excitation
543 excitation
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Rat090

« Imaged heart, lung and liver while live

« Dissected and imaged heart, liver and
kidney with new inverter with MP head
(same as live) and 543 with standard head
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Rat090 heart time-lapse live
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Rat089 heart roll through focus live

Zoom of 25 view of the
bloodvessels collected
a128x128, rollthrough
offocus at start
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Rat090

heart her lung
Rollthrough at end Iseethesame
images justdimmer
Samearea
asabove
Accumulate

9average 3
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Rat090 liver

Collected on slow, kalman

Different
spotthan
Teft
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Switched to standard head on new
inverter 543 excitation

Rollthrough
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Rat090 lung

543laserexcitation, newinverter standardhead

‘Same areawith vent tumed off

after the few seconds.

‘damage to area suctioned - damage was evidentwhen bidi
removedto change organs (big bloody spot)~ happens each
time lung is imaged~—tissue s too delicate foribidi
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Same heart imaged ex-vivo 10x
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Rat 090 iCys

+ Lots of dye'in the kidneys relative to heart and liver—
Rescan at setting where kidney does not saturate

heart

Liver (2 slices) Kidney
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Rat090 Dissected heart

Lower setting (gain 20)for all

840 excitation (2 hrs later than
Tefl)

543 exciation

Non-cutedge of tissue
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Rat090 Dissected liver

Lower setting (gain 20)for all

840 excitation (2 hrs later than
Tef)

543 exciation

Non-cutedge of tissue
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Rat090 Dissected kidney

543 excitation 840 excitation (2 hrs later than
o lef)

Gain 0f20

Much Lowersetting
(gain 1) forall
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Rat090 Dissected kidney

Much Lower setting (gain 1)for all
840 excitation (2 hrs later than

Outer edge
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Same heart imaged ex-vivo 10x

Cross section zoom 1 Zoom 4 cross section
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Same heart imaged e
1
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More ideas: try to restrict xy movement by affixing
the heart to a coverglass

Ideas attempted:

Heart sling: nylon net beneath the heart attached to fixed points —
impractical and ineffective

Mechanical barrier (rubber gaskef)- did not stop much movement

Supergiue — potentially tosic to mitochondria, came loose

New ideas:
Slow down the heart? -drugs, cold probe
Suction the heart on to the glass
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Affixing the heart with suction

Main difficulty: finding a way to apply suction and
- not obstruct the objective

- stll allow movement of thefield of view

~doesnot damage the heart

-Allows theuse of standard abjectives with short working distances

Idess:
Drill holes in coverslp bottom dish and attach fubing fo holes to suck the heart to
the coverglass —impractical to construct and probably to fragile touse (not tried)

Coverslip bottom dish with add on suction device made from silicone gasketand
fubing—not enough suction and did not hold togetherwell

Ibidi flow chamber hooked up to vacuum with holes dilled in the bottom of it —
provided sufficient suction to reduce the movement to less than one field of view,
‘butnot enough working distance for abjective and the air gap of channel reduces
image quality
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Imaging of Mitochondrial
Membrane Potential in Cardiac
Tissue

05/19/09 presentation to Amgen
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Review of imaging set up

Rat are injected with TMRM through the
tail vein

Intubated

Chest cavity opened to expose the heart
Rat is moved quickly to the stage
Ventilator applied

Ibidi device is attached
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Review of imaging set up

« Ibidi device is lowered on to the heart so
that the heart is pressing against it

* Vacuum is applied through the channels of
the ibidi to reduce the movement of the
heart

* Heart is imaged
with the confocal
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Animal Physiology
improvements

+ Heated water pad under rat set at 37C
+ Tracheotomy tube for ventilation
— Sutured in place

— Problems with lungs over inflating and getting
too close to suction
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Pressure control on ibidi

* Glycerin filled pressure gauge installed on

in line suction

— Range 0 to —30 inches Hg (0 to —100 kPa)

— In Hg reported in file names

— Observed range when ibidi device in useis —1
to—25 in Hg

— Some difficulty in finding the balance pressure
when keeping pressure low
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Is blood flowing through vessels?

+ White blood cells are visible by their bright
TMRM signal

+ Most WBC stationary

+ Some WBC ping-ponging in blood vessels

* Intermittent flow observed in some cases
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Ibidi modification

Ibidi chambers are optical qualiy, non-fluorescent plastic
Bottom of the chamber is the equivalent of a £1.5 coverslip
Plastic can be dilled and machined with conventionaltools

15 modification —thin the top of the chamber to allow the.
objective get closer to the coverslip and machine out small
Area over the channel and sealthe channel with super ghue
So that blood and PBS are suctioned to the sides

Results:
Movement reduced substantiallybut .. .

Super glue failed resulting in air being suckedfrom thetopand

the bottom and allowing blood to endup on objective.

Super glue clouded the plastic andmade a fluorescentfilm

Estremely restricted movement — because edge of objective colides with
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Ibidi modification #1

128 x128 512364

512x512
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Ibidi modification #1

RH123 applied 128 x128
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Ibidi modification #2

Machine out the top of the ibidi and use it inverted.
Suction tubes fit down between the rat’s anmpits

Results: The best sofarl
Xy movement reduced dramatically

No objective ibidi collision problems to restrict field of view
Reasonable size arca s available for imaging

Minimal apparent damage to heart
Objective is protected from blood

Ideal optics (no air gaps from channel, no thick plastic requiring
Extra long working distance objectives)

Imaging with higher magnification, higher NA, and
Water or oil immersion objectives should be possible
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Ibidi Modification #2 movies

512x 64

256 256
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An example: Rat 012

+ Two suction areas

+ Each area 5 locations imaged
— Tmaging for 150 frames (17 sec)

— Processed using a moving average of 4 frames
to create movies

— Histogram of the average ofall images were
graphed (blood vessels are included)
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Movies Spot A
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Movies Spot B
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Rat 012 Averaged image spot A
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Rat 012 averaged i 1mage spot B





image26.png
Rat 12 spots A and B
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Potential improvements

Modify ibidi to reduce pressure on blood vessels
Exclude blood vessels from image analysis

Use rate of bleaching analysis to deal with
potential differences in dose of TMRM in the
heart

Use imaging of slices on confocal to verify iCys
data

Adjust dose/timing of TMRM
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Preparation of samples for iCys

Animal is euthanized
Heart is removed and placed in buffer

Gentle squeezes are applied to empty the
chambers of blood

Heart is placed in zivic slicer with side that was up
in the animal facing up

Razor blades inserted every 2 mm (slots are every
1 mm)

Slices are placed in 24 well plate (try to preserve
of the slices orientation) in small amount of buffer
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Preparation of samples for iC
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Analysis with iCys

Orange (TMRM), green (autofluorescence) and
scatter image

Phantom contours applied
Data is 12 bit range

Variations in signal intensity between animals
Orange/green ratio seems to be bestmarker so far

(autofluorescence constant but TMRM varies with
potential?)
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Variations in data

Time to iCys imaging

Conditions - Temperature, oxygen

Viability of tissue

— Rat 06 with nicked blood vessel

Tail vein injection variability

— Rat 13 problems finding vein and partial clotted
at base of tail
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iCys Data

Orange channel (TMRM) rat 12
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iCys Data

Rat 12

Green intensity
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iCys Data

Green intensity
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High R/G vs low R/G

No TMRM
High R/G (gate 7) Low R/G (heart area but NOT gate7)
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High R/G vs low R/G

Rat 12
High R/G (gate 7) Low R/G (heart area but NOT gate7)
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High R/G vs low R/G

Rat 10
High R/G (gate 7) Low RG (!mﬂ area but NOT gate7)
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Rat 10 slice 2b
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Examination of heart slices with confocal

Slices were placed on a glass bottom dish and imaged at 10x and 60x
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Examination of heart slices with confocal

10x with Purkinjie fiber?
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Examination of heart slices with confocal
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Examination of heart slices with confocal

Slices were placed on a glass bottom dish and imaged at 10x and 60x

60x 60x
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Examination of heart slices with confocal

Slices were placed on a glass bottom dish and imaged at 10x and 60x

60x 60x
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Major Changes and Additions

* Catheter

+ Tracheotomy

+ Syringe pump

+ Rate of TMRM bleaching
* Heart rate/ECG monitor

+ Improved surgical techniques
+ Ventilation with oxygen
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Control Studies to Establish
Normal HR Values in our K-X
Anesthetized Rat Model
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Preparation for surgery

Rat is anesthetized using ketamine/xylazine
Shave neck, chest and lower body
‘Warming pad is placed under rat

Second warming pad is placed on THM100
board to preheat it
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Surgical procedure

« Blunt dissection to expose trachea

+ Trach tube is inserted and secured with suture

« Ventilator tubing is attached to trach tube

+ Ventilator has been flushed with O2 prior to
attachment (if applicable)

Open chest rats

« Chest cavity opened by cutting along both sets of
tibs with scissors to expose the heart

+ Cauterization of blood vessels is performed as the
chest is being opened to minimize blood loss

+ Flap is retracted with hemostats to expose the
heart
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Pre-stage steps

Rat is moved from the bench to the cart

02 cart, ventilator, and rat are all
moved to next to the confocal

Ventilator on UPS power during move|
Cart is plugged in by confocal
Electrode gel is applied

Limbs are taped to the HREECG
‘monitor
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THM100

+ Temperature controlled board
~ Resistors under body provide heat
~ Temperature for pad/animal can be set
* Heart rate monitor
~ Displays HR on LED display
~ Voltage output for HR and ECG logging
- Adjustable threshold
— Beep on pulse
+ ECG

- 3 frequencies of low pass fiters to reduce noise (100
Hz used)
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On the stage setup

+ Rat and monitor are transferred to the stage
by lifting frame over ibidi XYZ control

* Cables are attached

+ THM100 temperature control and HR
‘monitor turned on
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Data collection

Heart rate displayed is logged manually every
five minutes

ECG and HR voltage signals recorded using
Labview Signal express at selected timepoints

After each time point is recorded the animal’s
sedation level is checked by pinching the foot

Additional boluses of ketamine/ylazine are
injected as needed

02 flow rate is checked

Visual observation of the animal and the
appearance of the heart
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Heart rate and ECG data

Data s recorded in LabView Signal express format

Signal Express software will export this data to Excel
(cach ra's at i exported to 1 workbook, for each i poit thceare 2
‘worksheets (HR. & ECG channels), 2 columas (time, voltage) and an 11 fine
‘header for each worksheet)

Excel files are used to create graphs of ECG and HR
data

Excel data can be converted in a batch to “EMKA
compatible” text files by a script I wrote

‘These text files can be converted to iox format by
EMKA's “Text to iox ” software module (currently
courtesy conversion by Josh Burton)
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Current Procedure

As established by recent control studies and imaging
studies using the previous surgical procedure
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Preparation for surgery

Rat s anesthetized using ketamine-xylazine
Shave neck, chest and lower body

Warming pad is placed under rat

Second warming padis placed on THM100 board
to preheat it

Catheter is placed in the tail vein, secured with
tape

Rat s injected with TMRM through the catheter
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Surgical procedure

Blunt dissection to expose trachea
Trach tub s inserted and secured with suture
Ventilator tubing is attached to trach tube

Ventilator has been flushed with O2 prior to
attachment

Chest cavity opened by cutting along both sets of
1ibs with scissors

Cauterization of blood vessels is performed as the
chest is being opened to minimize blood loss

Flap is retracted with hemostats to expose the heart
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On the stage setup for imaging

Rat and monitor are transferred to the stage
by lifting frame over ibidi holder XYZ
control

Cables are attached

THM100 temperature control and HR
‘monitor turned on

Signal output cables of THM100 are
attached to data logger
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Syringe pump setup

Ensure the line is completely filled with drug
solution

Flush catheter
Attach catheter to syringe pump
Setup to deliver 1 m/hr
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Ibidi device setup

Move the modified ibidi slide into contact with
the heart

Turn on suction

Adjust vacuum

~ Desired pressure 2-5in Hg
~ agood “balance” pressure is found

~ the pressure generally remains constant

~ problems with pressure are rare now

~ As long as pressure has not gone up to a high level,

damage from suction appears (by eye) to be only on
edges of area where vacuum was applied
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Prior to to imaging

Find a good area using arc lamp (ueas with arge or
mumerous blood vesselsareavoided because they havea smaller area
vaiable for TMRM calelatons)

Correlate the beat and the beep
Adjust threshold setting on HR monitor if
necessary

Adjust confocal focus/settings
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Collect pre-infusion data

* One 550 frame time-lapse confocal data set
prior to injection

* Heart rate recording on data logger

* Collect ECG
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Analysis of Rate of TMRM

Bleaching

Blood vessels are excluded by filtering in
frequency domain

Rate of change of TMRM signal in the remaining
area is calculated

A higher bleaching rate would indicate a reduction
in membrane potential

Rate of bleaching analysis to deals with potential
differences in dose of TMRM in the heart
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Current Imaging issues

Theseare examples of imagesfrom 40 minand 120 minfromonerat. The primary issue

removal of vessel fluorescence s shown onthe previcusside. A key issuenow isto
increasethe efficiency of fluoresence excitation and detection as discussed. This
Should give s dramatic increases in fuorescence signalto noise.
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Optimization: 1. Excitation

e r—

Currentlywe have.
Toused8Baswe
Donothave the
Abilitytodo2P
With our present
Inverter

This isthespectrum
Thatwe wouldget
Ifwewereat
Optimal wavelergth
And optimal power
(we cancurrentyon
exciteataverylow
powerats&3nm
much lessthanwe
need)
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Current proposal toimprove system:

1. Improvefluorescence exciation efficiency
This wouid be achieved by moving to a more compatible vavelength fo the
‘excitation of TMRM. We arecurrently exiting 3t 488nm which isabout 7%
‘efficient because we cannot excitewith our 2P laser LSing the current setup
2. Improvedetectioneficiency
We would use our non-descanned detectors instead of the current detectors.

Basicallythis satest oniy of the optica!system improvement which we believe
willresultinsignificant increase in sgnaito noise. There are other
improvement that may well be possble, but thisproposal would focuson
just desling withthis ssue. I thisworks, we can dealwith other issuesto
Improvethesistem more witha separate continuation agreement.




image73.png
New Setup

* New inverter with external PMT

+ Enhanced transmission of multi-photon
laser wavelengths
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Electronics for PMT

Movable support rod
To suspend cectronics

PMT

Adapter

Tnverter

Shovn with light blocking
fabric removed
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Setup with stage moved
Down and inverter
Perpendicular for clarity
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Challenges with new setup - light

+ Using external detectors requires blocking of all
external Tight (hich et n to the obective oranother part ofthe
system (ike beneath thecarouseD)
~ Ttis not easy to light proof arat
~ Covering the rat up to block extemal light makes it
‘more difficult to detect problems with the animal
(anesthesia wearing off, twitching, trach fube coming
out, ect)

~ Covering makes it difficult to navigate the xy stage so it
is not hard to endup off the central part of the ibidi
while searching since you can't see the position of the
objective on the ibidi

— When the covering is placed on, adjusted or removed it
is very casy to accidentally move something and hard to
notice that you have done this because it is covered up
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Challenges with new setup —
navigating blind
+ All visible light (including any visible
fluorescence emitted) is sent toward the
external PMT by the dichroic in the inverter

so nothing can be seen through the
eyepieces
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Challenges with new setup — moving

+ When the stage is moved the covering can
move the objective as well

+ The external PMT and inverter are quite
heavy and the focus motor does not move a
repeatable distance because of the weight
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Initial idea: image using a
dipping lens

XY movement —1-3fields of view at 10x

Z movement —1-3 mm
Conclusion: far too much z-movement and too much xy
PUCL
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Rat 85
New inverter with external PMT
Searched many z positions and xy location

Only object I could find was this
(presumably pericardvm with elstin Fibers visile)

NOTE s s e s i
Pt )

Switched inverters and used visible
excitation

(not same location becanse I have

to move everything to change the

inverter)
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Rat 86

Could not find mmch of anything

Old setup
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Rat 87

External PMT
Could only see pericardium  signal

Switched to other inverter
Signal/structures were visible but did not
ook at all normal

(1 had sucked a small lobe of the hing up
With the inverter)

Blood flow visible in hig (sight and dow
From center)
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Different wavelengths for MP
excitation
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Rat088

« Imaged heart and liver while live and
dissected tissue

* Heart muscle was not well imaged

* LSC on heart slices did look dimmer than
typical so maybe there was a problem with
the catheter or the rat was gasping at the

end and maybe tissue hypoxic before |
even started the slicing
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Rat088 heart time-lapse live

Leftto right Streaks are from bright cells —these PUTs have alongerrecovery time
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Rat088 heart single images live
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Rat088 liver time-lapse live

Outer layer
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Rat088 liver single images live

Outer layer
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Rat088 Dissected liver

‘Same setiings aslive





