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Composicao Ionica

(a) A célula e a solugdo estdo elétrica e quimicamente em equilibrio
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-

e (b) A célula e a solugédo estdo em desequilibrio quimico e elétrico.
E usada energia para bombear um cétion para fora da célula,
deixando uma carga resultante de -1 na célula e +1 fora dela.

\\
\ I

Table 2.6: Concentration of Electrolytes in Body Liquids [meq/L] is lon Concentration

Cations, meq/L Anions, meg/L
Plasma Intracellular Plasma Intracellular

Nat 142 10 [ar 103 7|
Kt 4 1401 HCO3F 24 10
Ca™ 5 0= Protein™ 16 36
Mgt 2 30 HPOZI + 507 + 10 130
HY (pH=7.4) 4x107% 4%107° organic acids _ o _
Sum 153 180 Sum 153 180 Silverthorn, D. U. Fisiologia Humana

Milliequivalents [mmol x valency 2] per liter, and 0.9% NaCl is 154 mmol. Grimnes, S.; Martinsen, O. G. Bioimpedance and Bioelectricity Basics



Potencial de Repouso

Um eletrodo de registro é

colocado dentro da célula. O voltimetro mede a

diferencga de cargas
elétricas entre o interior de
uma célula e a solugdo que
a circunda. Este valor é a
diferenca de potencial da
membrana, ou Vp.
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Potencial de Acao
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Caracteristicas Eletricas da Membrana IEB(UFSC

Grimnes, S.; Martinsen, O. G. Bioimpedance and Bioelectricity Basics



Caracteristicas Eletricas da Membrana IEB(UFSC

%ntmcellular



Caracteristicas Eletricas da Membrana |E@SC

extracellular
Equacao de Goldman-Hodgkin-Katz:
| £ __RT | PdKy+ PylNa‘], + Po[CH
+ m-
R, —— _F 7 PAK + Py[Na'] + PolCH,
CHF
I

}intmcellular C= Aj"

\

Linear e sem informacao de canais ibnicos
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Fundamentals of Computational Neuroscience



Caracteristicas Eletricas da Membrana IEB(UFSC

A. Electric circuit of basic synapse B. Time course of variables
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Modelo Hodgkin-Huxley

IEB(UFSC

Extracelular
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Intracelular

Fig. 2.8 A circuit representation of the
Hodgkin—Huxley model. This circuit
includes a capacitor on which the mem-
brane potential can be measured and
three resistors with their own batter-
ies, modelling the ion channels; two are
voltage-dependent and one is static.

I/ Na — Gwa m’ *h-@—lﬁ,ﬂ)
1 =Gont (1)
[, =G, - ﬂ)

Condutancia maxima (parametro)

Adimensionais f(v,t) (0 < n,m,h < 1):
n: Ativacao Canal Potassio [K+]

m: Ativacao Canal Sodio [Na+]

h: Inativacdo Canal Sodio [Na+]

Concentracao idnica (parametro)

Quantitative description of membrane current and its
application to conduction and excitation in nerve(1952)



Modelo Hodgkin-Huxley ,E{@SC
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Quantitative description of membrane current and its
application to conduction and excitation in nerve(1952)
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Figure 5.6. Schematic diagram of
the method used to determine
membrane currents in a squid
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Sodium conductance (m.mho/cm?)

2 Parametros: Ativacao (m) e inativacao (h) canal
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Modelo Hodgkin-Huxley

Extracelular

* | vna Vk VL
Intracelular
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Quantitative description of membrane current and its
application to conduction and excitation in nerve(1952)
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Modelo Hodgkin-Huxley

Stimulus

Squid axon

A [

Quantitative description of membrane current and its
application to conduction and excitation in nerve(1952)
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Membrane potential (mV)
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Hodgkin

Tektronix 502A

A brief historical perspective: Hodgkin |ge Brisich scientists, A L. Hodghin and 4 B Husley,
and Huxley mﬁk“‘mmd’w“ G



Hodgkin and Huxley 1939

Instituto de Engenharia Biomédica

Tentacle

Giant
axon

Copyright © 2009 Pearson Education, Inc.

ACTioN POTENTIAL RECORDED BETWEEXN INSIDE AND
OUTSIDE OF Axox. TIME MAREER, 500 oycLeEs/sEcC.
THE VERTICAL SCALE INDICATES THE POTENTIAL OF
THE INTERNAL ELECTRODE IN MILLIVOLTS, THE SEA
WATER OUTSIDE BEINGO TAKEN AT ZERO FPOTENTIAL.

Potentials Recorded from Inside a Nerve Fibre (1939)
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The Nobel Prize in Bext Sekman
. N . Editors

Physiology or Medicine

1991

Single-Channel
Recording

SECOND EDITION

MRV LU

Erwin Neher Bert Sakmann
Prize share: 1/2 Prize share: 1/2




Registros Eletrofisiologicos

Instituto de Engenharia Biomédica
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Instrumentacao

~nA/ ~mV
Amplifier
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Headstage

Bath electrode

Inverted Microscope Solution Qutflow



Instrumentacao

curremt

Oxidacao, Dissociacao..
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Micropipeta

Image A (40x mag.) 1.0 x 0.5 thick walled glass (BF100-50-10)
~0.5um Tip, 4-5mm taper, one line program with 3 loops

—————

—

1.5mm x 0.86mm thick walled glass, ~2um Tip, 3-4mm taper (400X mag)

Medium/Large Holding Pipette (400x mag.)
Scored and cut with clean break using a ceramic tile,
then fire-polished. 15um ID x 80 um OD

®
SUTTER INSTRUMENT co




Tipos de Registros IEB(UFSC

Figure 4.6. Diagram to show the
difference in sign of action

+ /\ potentials recorded by

intracellular and by extracellular
electrodes. Extracellular records

______ ‘ Intracellular
( +++"++ + O recording are in fact frequently shown with

negative potentials upwards,

i Extracellular i
( +++++ recording i

The physiology of excitable cells



Medicao Intracelular
Circuito Equivalente

IEB(UFSC
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Figure 2.14 Equivalent circuit for an intracellular recording configuration. In addition to

Patch Clamping



Medicao Intracelular
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Patch Clamp @sc
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Patch Clamp
Circuito Equivalente

output

probe

patch
pipette

Figure 2.24 Equivalent circuit for the cell-attached patch configuration

Patch Clamping



Duplos Eletrodos

IEB(UFSC

current
injecting
pipette

probe
bath _L
electrode ~

voltage
measuring
pipette

cell

Patch Clamping



Requisitos - Curiosidade IE@SC

ground source manipulator

U
[RIIN

Faraday cage
JI [ -
instrument rack

ground
distributor

superfusion microscope
device

Patch Clamping



Canais i0nicos como alvos terapéuticos
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Neuron Firing in Health and Disease:

Decreased frequency of
action potential firing

15mVY ~’
30 ms ‘

Therapeutic targets

Normal neuronal action potential firing

"

/
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30 ms

ML

CNS depression, neuronal-
conduction disorders

(for example, multiple

sclerosis) and cognition disorders

Increased frequency of
action potential firing

15mV~ ‘WWWWV\’

30 ms ‘

CNS hyperexcitability.
seizures, pain, ADHD,
anxiety, bipolar disease
and schizophrenia

Nature Reviews | Drug Discovery
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Membrana Celular através da aplicacao

Modelo da Abertura de Poros na
Ab = |E{@sc
de campos Eletricos (Eletroporagao) \

Tissue




Modelo em nivel de membrana ,E@SC

T T i
T mn% L

pore radius

Reversible electrical breakdown of lipid bilayers: formation and evolution of pores (1988)



Modelo em nivel de membrana
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Fig. 6. Expenmental determunation of the rate of pore crea-
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Reversible electrical breakdown of lipid bilayers: formation and evolution of pores (1988)



Modelo em nivel de membrana IEB(UFSC
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Reversible electrical breakdown of lipid bilayers: formation and evolution of pores (1988)



Modelo em nivel de membrana IEB(UFSC

—1 "

= Se linear:
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:..:: 16"} tempo de aplicacao.
I
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voltage [V]
Fig. 9. Relanonship between membrane current and voltage
immediately after pulses of 1.6 V and a duration of 0.1 ms {a),
0.2 ms {O), and 0.5 ms (C) (expenmental data). The experi-
ment was performed as demonsirated in Fig. 7. . fitted
according to Egn. 10. Parameters drawn from the fit see night
column of Tabkle

Reversible electrical breakdown of lipid bilayers: formation and evolution of pores (1988)



Modelo em nivel celular e tecido
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Estudo da condutividade elétrica de suspensdes de eritrécitos de ratos durante aplicacao
de campos elétricos intensos: teoria, modelagem e experimentacao



Modelo em nivel celular e tecido
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Modelo em nivel de tecido
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Use of conductive gels for electric field homogenization
increases the antitumor efficacy of electroporation therapies
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Eletroguimioterapia no tratamento de cancer: campos elétricos,
eletrodos e modelos de tecidos (ex vivo, in vivo e in silico)



Modelo em nivel de tecido

UFSC

Estudo In Silico Do Uso De Modelo Tridimensional Realista Via Tomografia
Computadorizada Da Eletroquimioterapia No Tratamento De Tumor Oral
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Leveduras
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Leveduras
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