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INTRODUCTION

Microvascularture: Blood vessels < 150 uM

Longitudinally arranged single layer of
surrounded by perpendicular arrangement
of one or many layers of

Role of Microcirculation:
Regulate blood flow
Tissue perfusion

Regulates blood pressure and responses
to inflammation
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SIGNIFICANCE

High blood pressure: in US. 1

Almost that experience their first heart attack or
stroke are hypertensive. p

Peripheral vascular resistance is increased in virtually all models of
hypertension and altered arteriolar tone can

Prevalence of Hypertension, 2011 [2] 3
U.S. Adults Ages 20 and Older (Percentage) Hh /D ertension [ ]
e 66.9 million (30.4 %)
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| o Controlled Uncontrolled
N ‘,\' 31.1 million (46.5 %) 35.8 million (53.5 %)
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i Unaware Aware but untreated Aware and treated
. | 14.1 million (39.4 %) 5.7 million (15.8 %) 16.0 million (44.8 %)
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Complex mechanisms at the molecular, cellular levels participate in
the regulation of vascular resistance and hence the vessel tone.

Ca?* and V,, dynamics that regulate vascular resistance, blood
flow and pressure in health and in hypertension

In particular: Quantification and role localized Ca?* signals via TRPV4
channels and localized NO signaling in vessel tone modulation
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METHODS

STEP 1: lon Channels

Fitting of current-voltage data for the individual channel
provides a mathematical description for each channel
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METHODS

STEP 2:Single Cell Models

Incorporates major channels, pumps and accounts for balance of Ca?*, Na*, K*,

Cl, and IP,
/ e NSC VOCC SOC Cl,, NCX NaKCl BK. NaK \

2+ Na™-K*-2CI 3Na®
/ SMC |
Na* __{] -
E{ E’ m +| 2K [CI]
PM(:pé:D [Cl'li [Na“],
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T i [Ca™]o
: Kieak "9:_ [Ca*7];
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METHODS

EC MODEL SET OF ODEs

dv 1
= =__(|soc + INsc + IVRAC + ICaCC + IKir + ||KCa + ISKCa + INaK + Ich + IPMCA)
dt C,
dca. —_ ISOC,Ca B 2|ch + ICaP + INSC,Ca + ISERCA,Sl B IIeak,Sl — | ipar T ISERCA,SZ B ICICR B Ileak,sz
dt 2-F-vol,
dCas, __ lipar = Isercast + lieak.st
dt 2-F -volg, i
| | | 11 Nonlinear ODE
dCas, — leicr = lsercase t lieak s2
e 5 F vol ~ 60 Model parameters
s2 .
d(;? B, Ca (B, —Ca,)—kB., -Ca Values acquired from RMA-EC, other EC, other cell types
dNai _ ISOC,Na +3INCX + INSC,Na +3INaK _0'5|NaKCI7CI
dt F -vol, \
dK; __ lskca * Tikea + Tr + Tsc.x =21 nak —0-51 NaKCl _Cl [CH,
dt F -vol, i Na)o
dCl, __ Ivaker et  lvrac + lcace KT,
dt ~1-F -vol. £ [ca®],
dIP, 7
d_t3 = Qaips —Kpips - 1P

\EC V. A K SK¢, IKo,NSC SOC VRACCaCC NaK  PMCA /

dQG|P3 — QGIP3,SS _QGIP3
dt Tip,

dpo,Cacc (t) _ Po,Cacc,ss - Po,Cacc (t)
dt Tcacc
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MICROPROPJECTIONS

SMC =
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METHODS

STEP 3: FINITE ELEMENT EC-SMC MODEL

50 },I.I'I'l 50 um E } _"I'_;; -|
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- S0m m — 1 Ro=kia®Cin
e |
Allow to examine spatiotemporal I
P P COMSOL Multiphysics

changes in Ca?* and V,,, dynamics.

To incorporate exact geometries

of microdomain structures like o o
: ) . di | Electro-diffusion for ionic

mlco_rprOJecjuon_s and implement « _ &.y o oo oo transport

spatial localization of cellular Diffusion for second :@

components messenger |

Membrane Currents
implemented as bgundary
conditions ~™: =, 25
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RESULTS

TRPV4 SPARKLET ACTIVITY
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RESULTS
NO DIFFUSION DURING SMC STIMULATION
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SUMMARY

The developed models serves as a tool for assisting
investigations on the regulation of vascular tone in
health and disease, and development of rationale
therapeutic strategies for disease like hypertension.

Allows quantification and better understanding of Ca?*
dynamics regulation. R > s

Hyperpolarization

Activation of single TRPV4 channel can result

- - V\ 1. TRPV4
Ca?* concentrations Iocallz which may result é

in _ of SMC and vesse
relaxation.’ b - —
_ in the vicinity of MP may result in VA e, T
NO mediated feedback during SMC stimulation (i.e. | ‘
PE, NE) e,
Smooth Muscle .
JIE/IhoduIation of NO biovailability by Hba is enhanced by <!l vasoilation
e
RBC perfusion will decrease the ability of Hba to
modulate NO levels and are

required for a significant modulation of SMC NO

availability @
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