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Common Causes of Traumatic Brain Injury Ischemic Stroke Subtypes

Falls

Thrombotic Embolic
A blood clot forms A blood clot formed in
locally in the brain  the body travels through

consequently blocking the bloodstream until it
the blood flow reaches the brain, where

it blocks the artery

Unintentional trauma

Assaults

Neves, L. T., et al. (2024). "Environmental Enrichment in Stroke Research: an
Update." Translational Stroke Research 15(2): 339-351.

Vehicle crashes
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Core cooling methods

r

Neuroprotection

Surface cooling methods

1. Excitotoxicity

Precooled surface

gl °C reduction
Water-circulatin — -
surface cooling ;g)ad = 23 Normal Core 2 . Antl-l nﬂam matory
=9/ <=Temperature
Z36 | (3770 effects
Th =357 3. Inhibition of
erageutic I = 32-35 °C Mild '
r. :er:;fj:ermla E_ " Hypothermia apoptOSIS
intravenous-lllo E - 4 OXIdatIVG StreSS
! E_ |_30-32 °C Moderate red uctlon
= Hypothermia
* leeowso:c 5. Blood-brain barrier
Severe Hypothermia (BBB) stabilization

Cold saline

| Catheter-based endovascular device inserted in the femoral vein

Holzer, M. (2010). "Targeted temperature management for comatose survivors of cardiac arrest." N
Engl J Med 363(13): 1256-1264.
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Binding of vanilloids such as capsaicin
activates TRPV1, and triggers an
increase in intracellular Ca?

What is the Transient Receptor Vanilloid Potential
Vanilloid 1 (TRPV1) Receptor?

Thermoreceptor. lon channel.

Activated by heat (> 43°C), acidity, and ligands (e.g.,
capsaicin, endocannabinoids).

Thermoregulation, pain perception, and inflammation.

Non-pungent TRPV1 agonists (below) activate TRPV1
without causing pain or inflammation, inducing
hypothermia without external cooling, and serving as
pharmacological agents for therapeutic hypothermia®.

o o)
N e " OH X H/\©iOH
Arvanil Olvanil

o (0]
wo O\ N O\
H
OH OH

Dihydrocapsiate

o
= N O\
H
OH

Rinvanil

Palvanil

* Hurley, J. D., Akers, A. T., Friedman, J. R., Nolan, N. A, Brown, K. C., & Dasgupta, P. (2017). Non-pungent long chain capsaicin-analogs arvanil and olvanil display better

anti-invasive activity than capsaicin in human small cell lung cancers. Cell adhesion & migration, 11(1), 80-97. https://doi.org/10.1080/19336918.2016.1187368 4
*Chu, K. M., Ngan, M. P., Wai, M. K, Yeung, C. K., Andrews, P. L., Percie du Sert, N., & Rudd, J. A. (2010). Olvanil: a non-pungent TRPV1 activator has anti-emetic properties

in the ferret. Neuropharmacology, 58(2), 383—391. https://doi.org/10.1016/j.neuropharm.2009.10.002
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Bypasses blood-brain barrier Non-invasive
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Add dropwise, while X 'zl ¢
sonicating vigorously o ©
Migration of Drug
Molecules

Drug solution in a

good solvent 2 '
(ethanol) 6

g p

Poor solvent
(water)

Nucleation

°§

Formation of Single
Nanoparticles

Reprecipitation Method (bottom-up synthesis)

@

DLS
. Characterization | <

TEM -

_ Characterization |

: 'MTS Assay |

Calcium
Influx Assay
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Conditions: 4 °C, for 3.8 months.
Properties noted day of synthesis

Nanoarvanil 2175 0.225+ 0.1 -35.6 £ 0.92
Nanodihydrocapsiate 111 +5.5 0.206 £ 0.02 -25.5+1.7
Nanoolvanil 114 £1.7 0.155+0.03 -18.13+6
Nanopalvanil 993 + 207 0.993 + 0.01 0.2+0.15
Nanorinvanil 194 + 16 0.238 £ 0.14 -21.03+3

American LY . .
heart tability of vanilloid nanodrugs
Association. )
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Time (days)

Il Nanoarvanil 100 yM
Il Nanoolvanil 100 uM

3 Nanorinvanil 100 uM
[ Nanopalvanil 100 pM

Il Nanodihydrocapsiate 100 uM




S

@ =2 Stability of nanoolvanil at 72 mM L3 MO Ao
150 1.0
> - Size

£ 100- \45\\////«\\‘\\\‘¥—03
O

100 200 300 365
Time (days)
Conditions: 4 °C, for 12 months.

73.97 £ 8.9 0.214 £ 0.05 -27.69 £ 5.6 8
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TEM allows us to see the actual shape and morphology of our
nanodrugs, which is important for confirming their structure,
shape, and size.

Nanodrug Uniformity: This helps assess how uniform they
are.

Size: Smaller than DLS measures hydrodynamic radius, not

TEM actual dry size.
Characterization

Nanoolvanil Nanopalvanil

Nanodihydrocapsciate

Nanorinvanil Nanoarvanil
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The MTS assay is a colorimetric method used to assess cell viability and
proliferation after treating the cells with nanodrugs for 24 hours.

@ MTS Assay

E
%
—

*
—

[ [ [ [ [

-

A

o
]

100

HEK-TRPV1* Cell Proliferation (%)

50=-
0
Nanoarvanil Nanodihydrocapsiate Nanoolvanil Nanopalvanil Nanorinvanil
[ Untreated B 5y B 1ouyM HHE 20 uM
A two-way ANOVA was performed to analyze the data, with results reported as the Relative Standard 10

Deviation (RSD) of N = 9 replicates. Results are non-significant unless stated otherwise.
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» Excipients enhance solubility, stability, nasal absorption, and brain delivery, while prolonging
retention and minimizing side effects.

Excipient ___________JFuncon _______________|Pupose _______

Tween20 Surfactant, solubilizer, permeation Improve solubility, stability,

enhancer and enhance absorption
Tween80 Surfactant, solubilizer, permeation Improve solubility, stability,

enhancer and enhance absorption
Dodecyl Maltoside Surfactant, solubilizer, permeation Improve solubility, stability,

enhancer and enhance absorption
2-HP- Cyclodextrin Solubilizer Increase drug solubility
Trehalose Stabilizer, cryoprotectant Increase drug stability
Low Molecular Weight Mucoadhesive Prolong drug retention
Chitosan

Oleic Acid Stabilizer, permeation enhancer Enhance absorption

11
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Transepithelial Electrical
B / \ Resistance (TEER)
0.4 o & e

» A technique used to measure the
integrity of epithelial barriers by
assessing the electrical resistance
across cell layers.

0 MILLIVOLTS

Epithelial Volt/Ohm
(TEER) Meter

R INPUT

« Evaluate how the chosen excipients

Apical Side affect the nasal epithelial barrier.

RPMI2650 Human
Nasal Epithelial Cells

* Increased TEER: may potentially

. reduce drug permeation.
Basal Side - Decreased TEER: may potentially
g I ﬂ ﬂ increase drug permeation.

T
Treatment [ Untreated [] Tween80 1% [ Trehalose 1% &1 LMW Chitosan 1%
9 N;nrg:r\e/anil 20uM B Nanoolvanil 20 uM Il Tween20 1% 3 2-HP-B-CD 1% Il Oleic Acid 1%

TEER (2 x cm?) = [(measured resistance, Q) — (blank resistance, Q)] x (surface area cm?) 12



z .
ﬁ Epithelial Integrity Studies

1 J MILLER SCHOOL

ETTTE of MEDICINE
Treatment for 2 hours Treatment for 5 minutes
40—
60= *
L 35=-
T ~ 30—
40 *E 25—
G 20—
14 — = —
20 H 15
- 10-
5—
0 0 I
Treatment 1] Untreated 3 Tween801% [ Trehalose 1% E LMW Chitosan 1%
[ Untreated [ Nanorinvanil 20 uM Bl Tween20 1% 1 2-HP-B-CD 1% HH Oleic Acid 1%

B Nanoarvanil 20 uM B Nanoolvanil 20 uM

A two-way ANOVA was performed to analyze the data, with results
reported as the Relative Standard Deviation (RSD) of N =3
replicates. Results are significant P<0.0001 for all excipients

A two-way ANOVA was performed to analyze the data, with results
reported as the Relative Standard Deviation (RSD) of N = 3
replicates. Results are non-significant unless noted otherwise.
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@ Calcium

Influx Assay

*Fluo-4 Dye: Fluoresces upon
binding to intracellular calcium.

00000000

< 1509 lonomycin: Positive control to

3 1254 induce calcium influx.

O

N

£ 100 Vanilloid Nanodrugs: Tested for

- L TRPV1 activation by measuring

5 T calcium entry.

£ 507

§ 25 *Result: Higher fluorescence =

3 : increased calcium influx, indicating
1

1 J TRPV1 activation.

Il Nanodihydrocapsaicin 1 yM [ Nanopalvanil 1 uM
Bl Nanoolvanil 1 uM [ Nanorinvanil 1 uM

1 lonomycin 5 uM
Bl Nanoarvanil 1 yM

A two-way ANOVA was performed to analyze the data, with results reported as the Relative Standard 14
Deviation (RSD) of N = 3 replicates. Results are non-significant unless noted otherwise.
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¢1.4mm ¢ 4.0 mm Head Temperature
> « v | l PN Catheter for
< = Drug %=>" Body Temperature
Formulation ®

/

Wireless
Transmitter

- <«— Air| Intranasal
g . Nozzle Delivery
Aerosolized (Side View) Nozzle

Drug Rat

\. J
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Preliminary data for successful cooling induced by nanoolvanil

w
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T \ \ > [l N >
e WA 1 W 3 2
7 (]
= | @ T 35- @ 35-
e
DS SRS SR @SS S S S S S S L N N A
Time (min) Time (min) Time (min) Time (min)

Mean head (A, C) and body (B, D) temperatures of 6 rats following nanoolvanil (red/brown; N = 3) or
vehicle control (blue; N = 3) administration via the device (5 mg/kg (A, C) or 10 mg/kg (B, D) per nostril).

5-10 mg/kg intranasal nanoolvanil induced rapid cooling withing 20 min and sustained for 100 min.
Vehicle had no significant decrease in temperature overall (p < 0.0001)
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Key Takeaways
Using the INS device, nanoolvanil at 5–10 mg/kg induced rapid (within 20 min) and sustained (~100 min) brain cooling. Vehicle had no effect (p < 0.0001).
Intranasal nanoolvanil was effective at 3–5 mg/kg, significantly lower than the 12 mg/kg intravenous dose required for olvanil in previous studies.
Results support improved brain targeting and dose efficiency via intranasal nanodrug delivery.
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Nanodrug permeation

Middle Cerebral Artery Occlusion (MCAOQO)
@ Anesthesia @

X farction £ Lo~ Middle
\ area L cerebral
\ g artery
L VG e
Q .E ~ ) Surgicalf% ~~Carotid
o Q clamp arery
—
\e \

x— Expiratory line (waste)

Clamping

1 T Inspiratory line (gas anesthesia)

I
(@)

Nose cone

Inhalation anesthetic LY @ Ischemia

vaporizer
Surgically prepared
rodent
« Infarction L p—Middle
v ——Warming pad area e cerebral
V4 6 P e artery
| Ny
Thermometer Rectal S VIQ&-‘Y S Sr—
urgical aroi
probe clamp artery

quantified by UPLC-MS/MS

Basolateral

Fluid Percussion Injury (FPI)
FPI

1|
&reen TRF, Carey SD, Mannino G, Craig JA, Rowe RK, Zielinski MR. Sleep, inflammation,

and hemodynamics in rodent models of traumatic brain injury. Front Neurosci. 2024 Feb
15;18:1361014. doi: 10.3389/fnins.2024.1361014. PMID: 38426017; PMCID: PMC10903352.

—
Pragsune transdser I
H Seline i Penadulum
W - Irjury shalt b

2,3,5-Triphenyltetrazolium chloride (TTC)

Infarction:;

~

" Infarction ™

S

-

Rotarod
(motor coordination)

TTC staining at 48h

Yang, C., et al. (2023). "Therapeutic Benefits of Adropin in Aged
Mice After Transient Ischemic Stroke via Reduction of Blood-Brain
Barrier Damage." Stroke 54(1): 234-244.

Blood Sampling: After administration, samples will be

collected at specific
time points (1h, 6h, 24h, 48h, 72h).

Liver Function Tests: Measure alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and bilirubin.

Kidney Function Tests: Measure blood urea nitrogen
(BUN) and creatinine levels.

éd
%

Histopathology: Organs will be stained (H&E) and
examined under a microscope for signs of toxicity (e.g.,
inflammation, necrosis).

Behavioral Tests for Rats

X
imEEE Y
T T

i

Grip strength
(behavioral test)

Nanodrug Biodistribution
Tracking by UPLC-MS/MS
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