Department of Biomedical
Systems

Physicist
Physician




Integration of macro-, micro- and
nanotechnologies
for biomedical engineering

Sergey Selishchev




Macro — micro — nano.
“bottom-up

top-down”




Macro-micro-nano scales
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Integration of macro-,micro and
nanotechnologies for diagnostics and
treatment of cardiovascular diseases

What challenge
for physicists
from physicians?




Challenges
-

e Fibrillation — Defibrillation
e Atherosclerosis
e Artificial heart



Macro scale of the heart
«__ ]

Heart of the adult |~ 100 mm Length: 120 -130 mm
Width: 70 — 80 mm

DNA ~ 10 mm Length in unwrapped
conditions
aorta 10 — 30 mm |Internal diameter

arteries 0,5-5mm |Internal diameters




Micro scale of the heart (1)
-

arterioles 25— 100 um |Internal diameter
capillaries 3—-10 um Internal diameter
bacteria 1—-10 um

chromosome O um Human chromosome




Micro scale of the heart ( 2)
-

Myocyte Cylindrical Length — 100 pm
form Diameter — 10 um

White blood cell | Spherical form |8-15 um

Red blood cell Disk form Diameter — 8 um
Thickness — 1,5 pm

Platelet Spherical form |3 pm




Nano scale of the heart
«__ 7

Virus 20 — 200 nm
Protein 7 —50 nm
Membrane thickness 7 nm

DNA (The cross-section size) 2 nNm

Molecular of water 0,3 nm

Atom of hydrogen 0,1 nm
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¢ CNeuvansHas CyMKa

External
Defibrillators

(20 A, 10 ms)

up to 200 — 500 J

« ADMP-02 YOM3 ocHoBaH Ha 6unonsipHoii dopmMe uMnyAbca. Mpubop nossepKuBaeT u
BbIABET 3TAAOHHYIO dopmy BM-MMNYAbCa, HE3EBUCMMO OT COMPOTUBABHWS FPYAHOIA
KABTKW NauueHTa

|
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a.Canazitar Dischorge 5. Descending Ramp

d.Cemped Sinuseid e Reclongulgr f. Truncatad Eapengatial
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Eeponen=ial

Figure 1. Waveforms that have been wsed M defibrillation research Include decaying
expunential (a); descending ramps (h); sinusnids {¢): demped sionsoids (d); rectangular fe);
fruncated exponentials (F); biphasic (runcated exponentials (g); biphasic frem RLC networks
{hi; and triphasic {i}.



Wearable
cardioverter/defibrillator



Implantable cardiostimulator-
defibrillator
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IMPLANTELD
CDEFIBRILLATOR

PALEMAKER circultry emits a 1-1oS-voltimpulseIfihe skgnal processor
senses thatthe heart's pulse Istoo slow, stoppedoruncoordinated. An
acceleramerartells the unlt to quicken the hearth eatIf b senses
physicalactvity, & technlelan can retrieve Informatlon from the
MEMmary UsINg 3 Magnet|cwan d that commun leates through the
=kInvla radlo-frequency slgnals toan antenna. Implanab e
cardiove reer de fiorlllarors [fnser] correct quivering [Abrillaclon]
by the atrla or vertricles, which can
rause cardlac arrest, by shocking
the heartwith 20 joules or
more of energy, reserting the
hearr's canductlo nSystem.
The UnlTCan also ste pa racing
heartbear [achycardia) and provide
pacemaker functlons.

Transformear

Capacirs

STAIDARD pacemaker may have oneoriwoleadsto speed up
a slow heartbear. Special units with athird lead [nor shawn|
10 the left ventricle can synchronize un coordinated wentrcle
contractions, which plague some peaple wh o have weak
nriamaged hearts.

TIFofawire ead IsFied Inta heart tssue

and dellvers a small e lectrical Impulse

thar £3u se s conduetion cells o fire. The
wire alsosenses hearthear, racked by
the pacemnaker. Areservolr of sterold s
slowly released for several months afer
Implantation, minlmizing Inflammation
andthe chance of refection.

Swrak
Teservair HAIN CASE of a pacemaker
or ICO IS Implanted In the
chest, andleads arethreaded

through velns o the hearr.



TMP problem

transmembrane potential (mV)
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TMP measurement
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Optical fluorescent imaging of
transmembrane potential
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TMP measurement
at the electrical stimulation




Spatio-temporal distributions
of the TMP
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TMP measurement in atrium
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TMP measurement in cells

| 10 Viem







Cell of heart
«__ 0
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CellScience ~ Gap Junctions — From Cell To Molecule

Bruce J. Nicholson
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Normal cell

Treated cell

RNA
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DNA with
fluorescent tags
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The tagged DNA Is washed over a micro-
array that has single-stranded DNA fixed to fts
surface in known locations. This DNA represents
important genes or parts of genes. If agene has
been expressed in acel|, it will bind to acopy of

itself onthe array; thosewith nocomplementa-

Microarray (DNA attached)

rysiteon the array will wash off.

Alight source scans the array, causing the
dyes fo fluoresce, The glow [s pickedupby a ser
sar, and a computer interprets the pattern of
spots, Indicating for each cell which genes are
active and the relat/ve abundance of the RNA.

Hybridized DNA
with tags

Fluorescing

tags
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In situ fabrication
using photolithography




Atherosclerosis (1-3 stages )
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Atherosclerosis (4-5 stages)
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CUTAWAY VIEW OF
ARTERY AFFLICTED BY
ATHEROSCLERDSIS
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LDL, HDL
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Detection of Biomolecules Using In,O; Nanowires

Chao Li, Daihua Zhang, Bo Lei, and Chongwu Zhou
Dept. of Electrical Engineering - Electrophysics
Liniversity of Southern California
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Figure 1. Scherme for modecular absorption on an by, nanowine .
device and a SEM image of the device, which clearly showed a Time [s}
nanowyine bridgimg dram and source electrode,
Figure 3. Time domain measurement for the device afler
exposure to pure ethanol twice and then L1 in ethangl,



Photodynamic therapy

The fibar

produces red
light, actiwvating
the porphyrir.

Owerthe

course ofa
few days, the
parphurin destrous
unwanted plagues.

Here, i an
expenmental

therapy, an optical

fibarhas been
threaded inta an
artery inwhich a
porphyrin has
accumulated in
atheroscleratic
plagues.

Atherosclerotic
plague containing

a parphyrin [green




Self-sufficient micro-robot




Swimming Surgical Micro-Robot
Jon Edd'?, Sé&bastien Paven'”, Boris Rubinsky', Marshall L. Stoller., and Metin Sicti?

"Drepartment of Mechanical Engincering, University of California, Berkeley, (A 94720
Department of Urology. University of California, San Francisco, CMA 94143
Dept. of Mechanical Eng. and Robotics Institute, Carmegie Mellon University, PAa 15213
{jomnedd, spaven, rmubinsky | @& me_ berkeley edu, mstoller @ urol acsi.edu, sittl & crmu.edu
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DETC2004
ASME Design Engineering Technical Conferences

28th Biennial Mechanisms and Robotics Conference
Salt Lake City, Utah, USA, September 28 to October 2, 2004

NANOROBOTICS CONTROL DESIGN: A PRACTICAL APPROACH TUTORILAL

Adrianc Cavalcanti, Robert A. Freitas Jr.”, Luiz C. Kretly’

‘Electrical and Computer Enginesring School, Unicamp, Campinas SP 12083-970 Brazil
“Institute for Molecular Manufacturing, Palo Alto CA Q4022 LS8
adrianocawvalcantiicé@iese. org, rfreitas@rfraeitas. com, kretly@dmo. fee unicamp. br
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Nanorobots
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Artificial heart
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