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Biological Frameworks
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& Class Organization

e HW/ due today

e Final Exam
— Take-nome format

— Turn in paper copy
e Prof. Sniadecki’s office (MEB 318)
e Due on Wed 12/11.
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The Heart
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A Mechanical Pump?@¢

‘Mechanical Heart’ by Nicola Hawes
Cover of Nature Review Molecular Cell Biology January 2009
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Anatromy

a.

Q . :

— * Two pumps in series X t 1

o — Right vs. left side

g e Chambers

2 — Atrium vs. ventricle .
o I'-._ _ veins
=~ ° Check valves

i — Tricuspid and mitral

Q valves

m — Pulmonary and aortic

-

Q valves .

3 ¢ Contraction cycle

3 — Systole= Contraction

- . . Inferior

7 — Diastole = Relaxation vena cava
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e Contractile units

— Half of cell'is
contractile proteins

— A quarter to a third is
mitochondria
e Calcium spike

causes systole

Troponin C - Troponin | 2
Tropomyosin 2 Myosin
binding - Cross-bridge
formation

 Vascular pressure
causes diastole

Myocyte

Atrial:
10 um dia.
20 um long

Ventricular:
25 um dia.
140 ym long
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Systole




Heart Beat

s Myocyte W

° Trigger: i \r082+ onrs J\ T-tubule

. . ] exchange\ pump
— Electrical excitation

causes small influx of
calcium ions at

FRE

 Amplification:

— Calcium influx causes
release of large

Sarcoplasmic
Reticulum

0
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g surface of T-tubules Myocyte
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amounts of calcium
from storage

— Ca2+ stored in

sarcoplasmic
reticulum (SR)
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Calcium Handling

Burst valve:
— Ryanodine
receptor (RyR)
Vacuums:

— Sarcoendoplasmic
reticulum Ca?*-
ATPase (SERCA)

— Nao+/Ca2+
exchanger

Ca2+ exit Ca®*

Ca2* entry
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) ‘w)bf Contraction cycle
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Q ey
3 ?Si:c):atri:ial ﬁ\r})ove:tricular
‘D node node
Right atrium Left atrium
g Internodal Left branch
= pathway of bundle
x of His
Z:' Right ventricle Left ventricle
o i ranc
N orbunde Purkinje
m of His
=5 EI;ctrocardio ram (ECG)
Q :
- |
8 e Nodes (SA and AV) are natural pacemakers
v« Purkinje fibers conduct the electrical signal
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Electrocardiogram

Left
~ . B
atrium -

i
Left /\Q

Heart sounds

Second _ '
Right \,U

atrium [

Aortic m
Right
ventricle \ -
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110
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_—~ End-diastolic

;m [ ventricle
E ATRIAL
© 50 |- ] CONTRACTION
?
? I
&-’ VENTRICULAR FILLING
Left ventricular
0 / M
-l

130 volume
Q E ISOVOLUMETRIC ISOVOLUMETRIC
5’ 2 VENTRICULAR VENTRICULAR VENTRICULAR
= CONTRACTION EJECTION RELAXATION
D 0 65 End-systolic N 2 3 4
s volume T
()] = || EEEH (SYSTOLE)
— £ OPEN AV VALVES
m § OPEN Aortic and pulmonary valves
= 1 2| 3 |a 1
-
DIASTOLE | SYSTOLE DIASTOLE 1 UNIYERSITY OF
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Cardiac Cycle

The Lewis or Wiggers Cycle

Slow filling (diastasis) (g & f) Maximal ejection (c)
Atrial systole or booster (a) Relaxation and reduced ejection (d)
Isovolumic contraction (b) Isovolumic relaxation (e)
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Frank-Starling Law

Sysfolic stroke volume increases with volume
of blood in heart chamber at end of diastole
— Force-length relationship for sarcomeres

— Ensures fluid does not accumulate in pulmunary or
systemic circulation
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. Beta-Adrenergic Stimulation

e Causes increased
heat rate and
perfusion rate

e Agonists
— Epinephrine

(adrenaline)
— Norepinephine
(stress hormone)

e Improves calcium

opening at T-tubule

[-Adrenergic Agonist

receptor GTP

cAMP

via protein kinase A

1~

Metabolism |
S
Glycolysis \
Lipolysis AKAP
Citrate cycle ';l
ADP+Pi :
I
>N
ATP (4 Trc.pc-n inC I
Myosin -'l
ATPase @ CAMP h
ADP+Pi \(F via Tnl p
i cAMP
Increased | A
@ Rate of ccnlracncm '#. L™
Feak force
ﬁ @ ——Control

@ Rate of relaxation

Pattern of Contraction/Relaxation



Replacement Parts

e Heart Valves — 100,000/ yr

Biological valve Mechanical valve
{(human or porcine)

Mechanical
valve
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Replacement Parts
e | eft-Ventricle Assistive Device

Vent adapter
and vent filter gere

Inflow-valve "
4 housing

controller
A Skin line
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Replacement Parts

e Total Artificial Heart

Skin exit sites

Cardiest Synardia

I

Pulmonary
artery

FFFFFFFFFFF

WASH INFTDN



' f) »y
si9auibug Joj s>l Iomawn.i |o:>!%of\b§§

Replacement Parts

e Cardiac Stem / Progenitor Cells (CPC)

Healthy normal heart with
truncated ellipsoid shape
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Questions?

g&o@mnc_ Frameworks for Engineers

UNMIYVERSITY OF
cﬁ_Tr\h'ASI [INGTON



