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1. Synthesis of the neurotransmitter. This can take place in the 55 |Threshold

cell body, in the axon, or in the axon terminal.

2. Storage of the neurotransmitter in storage granules or
vesicles in the axon terminal.

3. Calcium enters the axon terminal during an action potential,
causing release of the neurotransmitter into the synaptic cleft.

4. After its release, the transmitter binds to and activates a
receptor in the postsynaptic membrane.

5. Deactivation of the is
either destroyed enzymatically, or taken back into the terminal
from which it came, where it can be reused, or degraded and
removed.
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Reproduced from Cohen M. S. and Bookheimer S. Y., Trends Neurosci 17(7), 268-77 (1994).
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Optical imaging (e.g.. two photon microscopy):

shallow imaging depth due to diffraction limit (< 1mm),

to have sufficient

MUSiC

{MRI: only provide contrast based on
blood oxygen-level dependent (BOLD) signals

PET: low temporal resolution (> 40min)

X=[x% x]

Optical absorber

+ Equation of state
-> Temperature T, density p, pressure p
(In fluid with homogeneous thermodynamic property)
»_1op, poT
o pk ot kot
- mass density [kg/m®]
k, sisothermal compressibility [AV V]
B volume thermal expansivity of the fluid [AV /(V - K)]

Heat source

. He;'[ equation H(K)\ .
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7+ Thermal conductivity [W/(m - K)]
C,: Heat capacity at constant volume [J/(kg - K)]

H(x): Absorbed energy density [J/m*]

f (t): temporal pulse shape function with unit integral [/s]
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« Objective: real-time, transcranial photoacoustic (PA) sensing of
electrophysiological brain activity at deep rat brain in vivo

 Voltage-sensing mechanism using near-infrared cyanine dye

Cyanine VS|
(IR780 perchlorate)

Non-fluorescent
aggregates

Polarized cell state
o, T oL
+ Cyanine dye with positive polarity is attracted into cell membrane

« The aggregation of VSD leads to fluorescence (FL) quenching,
which increases PA generation efficiency

Zhang, H. K. et al. J. Biomed. Opt. 22, 045006 (2017).

« Obijective: real-time, transcranial photoacoustic (PA) sensing of
electrophysiological brain activity at deep rat brain in vivo

« Voltage-sensing mechanism using near-infrared cyanine dye

Cyanine VSD
(IR780 perchlorate)
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« Dispersion of VSD gives
high FL efficiency

Zhang, H. K. etal. J. Biomed. Opt. 22, 045006 (2017)

« Artificial membrane diffusion potential model{*
. In vitro VSD characterization (6uM). (A)
" Absorbance and fluorescence emission spectrum of
Depolarized 2 " nearinfrared VSD. (B) Photoacoustic spectrum and
IR780  intensity change at the 790 nm of peak absorbance.
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Gross, E., et al. Biophys. J. 67, 208-216 (1994)
T Zhang, H. K. etal. J. Biomed. Opt. 22, 045006 (2017).
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Male Sprague Dawley rats (275-390g)
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Fractional PA amplitude change
PA amplitude at 790 nm
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Time point completing
exposure of prostate capsuled
> with periprostatic fascia

Suture of the 8-10 min
dorsal venous complex

Preservation of neurovascular

bundles during left sided dissection

MUSIiC
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Pr: prostate; Pn: penis; RCN: right cavernous nerve; RCC: right corpus cavernosum 22
ICP: intracavernos pressure
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Validation of erectile stimulation

Electrical Cannula
stimulating for ICP
d measurement

Intracavernosal
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Time-averaged F/F, trace

Bipolar

Fluorescence White light

RCN: right cavernous
nerve;

MPG: major pelvic
ganglion
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White light Fluorescence
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Preliminary in vivo results on
nerve localization on rat
prostate:

(A) White light and FL images;

(B) Evolution of FL intensity during
stimulation. The gradual
decrease is due to photo-
bleaching;

(C) Subtracted images between
indicators, and its fusion on FL
images.
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« Confirmed direct staining procedures can deliver VSD > 2-
mm deep in prostate

White-light Fluorescence Superimposed

1 100 pm

* We presented the preliminary results of real-time nerve
guidance using dual-modal VSD and intra-operative FL
imaging

« Our further works will be focused on
« Developing pulsed laser-based dual-modal intra-operative guidance

Dual-axis Scanning
Galvo-mirror
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* We presented the preliminary results of real-time nerve
guidance using dual-modal VSD and intra-operative FL
imaging

« Our further works will be focused on
« Developing pulsed laser-based dual-modal intra-operative guidance
« Integrating non-invasive ultrasound neuromodulation

28




* We presented preliminary results of real-time nerve
guidance using dual-modal VSD and intra-operative FL
imaging

« Our further works will be focused on
 Developing pulsed laser-based dual-modal intra-operative guidance
* Integrating non-invasive ultrasound neuromodulation
« Constructing control group with CN block

Nerve block,

* We presented the preliminary results of real-time nerve
guidance using dual-modal VSD and intra-operative FL
imaging

« Our further works will be focused on
« Developing pulsed laser-based dual-modal intra-operative guidance
* Integrating non-invasive ultrasound neural stimulation
« Constructing control group with CN block
« Evaluating nerve trauma with VSD sensing
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» Normalized neuro-activity index (projected during 2-10 min)
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X=[x% x]

Optical absorber

+ Equation of state
-> Temperature T, density p, pressure p
(In fluid with homogeneous thermodynamic property)
»_1op, poT
o pk ot kot
- mass density [kg/m®]
k; :isothermal compressibility [AV /V]
B volume thermal expansivity of the fluid [AV /(V - K)]

. : Heat source
He;t equation HO\ o
a__ o
£C, m VT +HX)F (1) e Adecen

7+ Thermal conductivity [W/(m - K)]
C,: Heat capacity at constant volume [J/(kg - K)]

H(x): Absorbed energy density [J/m*]

f (t): temporal pulse shape function with unit integral [/s]
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X=[x% x]
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Ocular imaging

R — e e y 'k-» Cardiovascular system

Gastrointestinal tract } .

Breast cancer

Ovarian / Prostate cancers

Bone/joint disease

Reproduced from Zackrisson, S., et al., Cancer Research, 74(4), 979-1004 (2014) 35

EEG confirmation of seizure induction using PTZ administration
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Evolution of EEG signal in the in vivo protocol identical to ial PA imaging: (A) ive EEG traces

recorded from rat motor cortex before and during induction of status epilepticus using chemoconvulsant PTZ. (B) EEG
spectral quantitation of the EEG recording done doe every 10 sec epoch during the EEG showed the expected progressive
rise in EEG power associated with evolution of the PTZ induced status epilepticus.
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« Pharmacological treatment for BBB opening

+ Blood-brain barrier (BBB): semipermeable membrane barrier separating
the circulating blood from the brain in the central nervous system (CNS)[

» Regadenoson (i.e., Lexiscan™) can modulate adenosine receptor signaling
to enhance the permeability of VSD through BBB™#

|

Fractional change of
photoacoustic intensity

vsD V8D + regadenoson
=5% more PA intensity have observed at motor
cortex with the systemically injected Lexiscan and
VSD. (N = 2 for each case)

+ Obermeier B., et al. Nat. Med. Rev. 19, 1584-1596 (2013)
t Carman A. J., etal. J. Neurosci. 31(37), 13272-80 (2011), 37
9 Bynoe, M. S., et al., Fluids Barriers CNS 12(20) (2015)
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* Robustness on VSD interference on neuro-activity
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