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Red Blood Cell Aggregation and
Endothelial Function
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Endothelial function

Permeability barrier

Production, secretion and metabolization of
niochemical substances

Migration, remodeling, proliferation,
apoptosis
Regulation of vascular smooth muscle tonus
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ood Pressure
Normal Stress
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Endothelial function

Permeability barrier

Production, secretion and metabolization of
niochemical substances

Migration, remodeling, proliferation,
apoptosis
Regulation of vascular smooth muscle tonus
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Static condition

L aminar flow

.9 | - o ————

Chien, S.Am J F;hysiol Heart Circ Physiol 292: H1209-H1224 2007.
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Effect of Blood Flow on NO
synthesis mechanisms

| O o dynesicm?
4 B 4 dynes/cm?
1 M 25 dynes/cm®

Relative Fluorescence Intensity

Exp.1 Exp.2 Exp. 3
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Ranjan V et al., Am. J. Physiol. 269: H550, 1995.



Effect of Blood Flow on NO
synthesis mechanisms

Control

Dilatation (%)

SR T I L. T
' 100 200 300 400

Flow (ul/min)
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Effect of Blood Flow on NO
synthesis mechanisms

NOS activity
(pmol / min / mg protein)

NOS activity
(pmol / min / mg protein)

Control Exercise Control Exercise

KIDNEY LUNG
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Miyauchi T et al., J. Appl. Physiol. 94: 60, 2003.
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eNOS activation

Thrambin, TNFea., 0xLDL, etc
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Yang Z and Ming XF, Clin. Med. Res. 4: 53, 2008.




Wall shear stress

WSS= viscosity X velocity/diameter

Shear stress
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Wall shear stress

X velocity/diameter

Shear stress
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Wall shear stress

X velocity/diameter

’ Shear stress

*Plasma viscosity
*Hematocrit value (local)
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Shear Rate =17 sec”
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Wall shear stress

X velocity/diameter

Shear stress

*Plasma viscosity

1

RBC Aggregation
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Aggregation vs vasomotor control

o Effect on vascular control mechanisms
Baskurt et al., Am. J. Physiol. 286: H222, 2004.

— Rat, chronically enhanced RBC aggregation
— Exchange transfusions with Pluronic-coated RBC

— Flow-mediated dilation and eNOS expression

o F68 = F98

Before After 1st day 2nd day  3rd day 4th day
exchange exchange
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Chronically enhanced red cell aggregation
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Armstrong J et al., Biorheology 38: 239, 2001.




Chronically enhanced red cell aggregation

Coated RBC RatPlazma
9’

F98 or F68 .

40%
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Chronically enhanced red cell aggregation

F98

Before exchange After exchange
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) i e
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F68
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Baskurt OK et al., Am. J. Physiol. 286: H222, 2004.




Chronically enhanced red cell aggregation

Microscopic Aggregation Indexes

Before After 1st day 2nd day  3rd day 4th day

exchange exchange
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Baskurt OK et al., Am. J. Physiol. 286: H222, 2004.
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Vascular studies

Arteriograph

O,

37 °C

Thermocirculator
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Acetylcholine-induced dilation
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Acetylcholine Concentration (log M)
Baskurt OK et al., Am. J. Physiol. 286: H222, 2004.




Acetylcholine-induced dilation
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Acetylcholine Concentration (log M)
Baskurt OK et al., Am. J. Physiol. 286: H222, 2004.
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Flow-mediated dilation

10 15 20 25 30

Flow (microliter/minute)
Baskurt OK et al., Am. J. Physiol. 286: H222, 2004.
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Flow-mediated dilation

15 20 25 30

Flow (microliter/minute)
Baskurt OK et al., Am. J. Physiol. 286: H222, 2004.
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eNOS expression

Control

40
eNOS/GAPDH ratio (%)
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Baskurt OK et al., Am. J. Physiol. 286: H222, 2004.




HUVEC Culture

=
(&)
L0
N
—
=
&)
—
o
©

Collagenase

S1S049]95043Y1y pue ABojopidi Jo A18190S ural0M 9yl JO 92Ua43 U0D 1JIUBINS Bulads [enuuy







RBC Suspensions
(Hematocrit: 30%)

 Normal RBC + Normal plasma

» F98 coated RBC + Normal plasma &

SN

 Normal RBC + Plasma containing 0.5%
Dextran 500

2
[72]
o
—

=
[8]
(72]
o
ju-
(b}

e
=)

<

e
C
©
)
(@)

=
o

=
=

-

Y
o
>
)

i
(&}
o

wn
=
(48]
(b}
—
o

XY
(5}

=
+—

Y
o
(b}
(8]
=
—
(5}

Y—
c
o

O
(&S]

=

)
c

=
O

(9p)
(@]

=
—
Q.

wn
©
>
c
C
<




Time (minute)

(ww) uoneuawWIPas

S1S049]05048U1y pue ABojopidi Jo A18100S UBa10M ay] JO 82Ua4a9 U0 JIuUsIdS Bulids fenuuy




Difference from Control : ** p<0.001
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Perfusion

« Wall shear stress (nominal): 15 dyn/cm?
e Mean pressure: 40 mmHg
e 37 °C; 30 minutes
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Nitrite/nitrate

nM/10° cell

Control NF Control

Flow

Difference from Control NF: f p<0.05; f f p<0.001

Difference from Control  : **p<0.001
Difference from F98 : T p<0.01
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Difference from Control NF: f p<0.05; f f p<0.001

Difference from Control  : **p<0.001
Difference from F98 : T p<0.01

8D
[72]
o
—
=
[8]
(72]
o
ju-
(b}
e
=)
<
e
C
©
)
(@)
=
o
=
=
-
Y
o
>
)
i
(&}
o
wn
=
(48]
(b}
—
o
XY
(5}
=
+—
Y
o
(b}
(8]
=
—
(5}
Y—
c
o
O
(&S]
=
)
c
=
O
(9p)
(@]
=
—
Q.
wn
©
>
c
C
<




eNQOS protein
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eNOS activation

Thrambin, TNFea., 0xLDL, etc

Insulin, Shear stress, eNOS
VEGF, Estrogen,
Statins, etc

Gene Expression

Subcellular targeting \ G894T Polymorphisim
vl;_“.k p

o
v | elNOS Akt, PKA,

NOSIP Enzyme Activity | Sert177 [«+— AMPK }

Interacting

proteins = Thrd495 | ¢= PKC
Hspy0, Dynamin-2
Cah

Substrate (L-arginine) { Co-factors (BH4, NADH, FAD)
ADMA fed

uoneioydsoyd

NO
Bioavailability

Oxidative Stress
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Yang Z and Ming XF, Clin. Med. Res. 4: 53, 2008.




Serine 1177 phosphorylated eNOS

1

Control NF Control D500

eNOS (P serin 1177) /

Flow

Difference from Control NF: 7 f p<0.001

Difference from Control  : ** p<0.001
Difference from F98 ;1 p<0.01
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Endothelial cell
Smooth muscle cell

S1S049]95043Y1y pue ABojopidi Jo A18190S ural0M 9yl JO 92Ua43 U0D 1JIUBINS Bulads [enuuy




Smooth muscle cell
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Wall shear stress = Fluid velocity x
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Smooth muscle cell

Endothelial cell
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Hemodynamic Shear Stress

I
” Physiologic Arterial Low Arterial
‘D Magnitude Magnitude
S (rs=15 dyne/cm?) [vs~ = 0-4 dyne/cm?)
Endaothelial call morghology Fusiform aligned Folvgonal unalignad
i Endothelial call function
= Vasoactive agents
_<c‘§ Vasoconstrictors
= ET-1W/ECE® Low High
> ACES Low High
= Vasodilators S
S NO/MNO syntase™ #A183 High Low
5 PGlL/PGl, synthases High Low
kS CMPes High Low
*q_z," Adrenomedullire” High Low
<] Anticxidant erzymes
2 COX-1, 286 High Low
o Mn SOCFE High Low
v, CLW/Zn SO0 High Low
2 Growth regulators
= Growth factor
< PDGF-B™ Low High
= PDGF-A®
3 Growth inhibitor
= TGF-p= High Low
9, Inflammatory mediators
e MCP- 1
)
S Adhesion molecules
2 VCAM-1 100,101,103 Low High
= Thrombosisfbrinolysis
g_ tPABRm High Lo
n ThED Loy High
g Endothelial proliferation™ Loy High
Z Endothelial apoptosis™

Malek AM et al., JAMA 282: 2035, 1999.
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