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فيزيولوژی سلول 

)تقسيم بندی بخشهای مايع بدن، محيط داخلی بدن، هوموستاز و سيستم های کنترل فيدبکی بدن( مقدمه  -۱
)غشاء و ارگانل ها(ساختار سلول  -۲
)انتشار ساده، انتشار تسهيل شده، انتقال فعال اوليه و ثانويه(روشهای انتقال مواد از غشاء سلول  -۳
اسمز -۴
پتانسيل غشاء  -۵
)نحوه ايجاد پتانسيل استراحت، پتانسيل نرنست(پتانسيل استراحت غشاء سلولها  - 
نقش و اهميت پتانسيل عمل، فازهای آن ، نقش يونهای مختلف و (پتانسيل عمل سلولهای تحريک پذير  - 

)کانالهای يونی، انتشار پتانسيل عمل، سرعت انتشار پتانسيل عمل و نقش غالف ميلين
 
انواع عضالت -۶ 
)سارکولم، سارکوپالسم، پروتئين های انقباضی، مکانيسم مولکولی انقباض(عضله مخطط يا اسکلتی  - 
 
)انواع، نحوه انقباض، مقايسه انقباض عضله صاف با مخطط، کنترل انقباض عضله صاف(عضله صاف  -

عضله قلبی و نحوه انقباض آن - 
 

انقباض در عضله اسکلتی-عضالنی و زوج تحريک-هدايت عصبی -۷



۳

Physiology describes the vital functions of living organisms 
and their organs, cells and molecules.

Disease states are physiology “gone wrong”
(pathophysiology)

What is Physiology?
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Cells as the living units of the body
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Extracellular fluid 
(The internal environment)

Body fluids (60 % of BW)

Intracellular fluids (ICF)
Extracellular fluids (ECF)



THE INTERNAL 
ENVIRONMENT(ECF)
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Homeostasis?

Maintenance of static or constant conditions 
in the internal environment 
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Unicellular organism in the constant external 
environment of the primordial sea
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Different systems in the body

Heart and circulatory
Respiratory
Renal
Gastrointestinal
CNS
Reproduction
………

Regulation of body functions
Nervous system
Endocrine system
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Control systems of the body
Examples

Characteristics of control systems
Feedback control

- Negative feedback
- Positive feedback
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Positive feedback 

 Positive feedback can sometimes be useful
 Leads to instability and often death
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Transport of substances 
through the 

cell membrane



Fluid mosaic model for cell 
membranes
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Schematic diagram of the cell plasma 
membrane



Function of Plasma Membrane
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 Selective transport of molecules into and out of the cell *
 Cell recognition via cell surface antigens 
 Cell communication through neurotransmitter and hormone 

receptors and signal transduction pathways 
 Tissue organization, such as temporary and permanent cell 

junctions, as well as interaction with the extracellular 
matrix, through a variety of cell adhesion molecules 

 Enzymatic activity 
 Determination of cell shape by linking the cytoskeleton to 

the plasma membrane 



MECHANISMS OF MEMBRANE TRANSPORT 
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 TRANSPORT OF MOLECULES THROUGH 
MEMBRANES 
 Diffusion 
 Osmosis

 PROTEIN-MEDIATED MEMBRANE TRANSPORT 
 Facilitated Transport 
 Active Transport

 Primary active transport
 Secondary active transport 

 TRANSPORT ACROSS, BUT NOT THROUGH, 
MEMBRANES 
 Endocytosis
 Exocytosis
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Transport of substances through the 
cell membrane
1- Diffusion

- simple
- facilitated
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Simple diffusion

- Lipid-soluble through the bilayer
- Water & lipid-insoluble through protein channel
- Gating of protein channel: voltage gating, chemical gating
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Factors that affect net rate of diffusion

1- Effect of concentration difference (A)
2- Effect of membrane potential difference (B)
3- Effect of pressure difference (C)
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Difference between simple and facilitated diffusion
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Gating Water & lipid-insoluble through protein channel

 Gating of channel: voltage gating, chemical gating
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2- Active transport

Uses energy to pump molecules against a concentration gradient 

- Primary active transport : (Na-K pump)
- Secondary active transport: 

Uniport (co-transport): Glucose & AA with Na+ 
Antiport (counter-transport): Na+ and Ca++ / H+
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Osmosis

Process of net movement of water caused by a concentration 
difference of water is called osmosis.
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Osmotic pressure

The amount of pressure required exactly to stop osmosis is 
called the osmotic pressure. 
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Osmole:
 The concentration of osmotically active particles is usually 

expressed in osmoles

 Isoosmotic (or isosmotic). If the total osmotic pressures 
of two solutions are equal. 

 If solution A has greater osmotic pressure than solution B, 
A is said to be hyperosmotic with respect to B.

 If solution A has less total osmotic pressure than solution 
B, A is said to be hypoosmotic with respect to B.



Effective osmotic pressure: Tonicity
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 Related to the effect of the solution on the volume of a cell. 
 Isotonic  solutions: do not change the volume of a cell.
 Hypotonic solution causes a cell to swell, 
 Hypertonic solution causes a cell to shrink.



 Osmolality is determined by the total concentration 
of all the solutes present.

 Tonicity is determined by the concentrations of only 
those solutes that do not enter (“penetrate”) the 
cell.

Osmolality and Tonicity
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Membrane potentials 
and action potentials
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Membrane Potential

There is an electrical potential across all cell membranes
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Membrane potential caused by diffusion

Concentration difference of ions across a selectively 
permeable membrane can, under appropriate conditions 
create a membrane potential
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Relation of the diffusion potential to the concentration 
difference –The Nernst equation
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Calculation of the diffusion potential when the 
membrane is permeable to several different ions
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Resting membrane potential of nerves

- The sodium-potassium pump
- Leak channels

OutsideInside

142 mEq/L14 mEq/LNa+

4 mEq/L140 mEq/LK+
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Origin of normal resting membrane potential

- Contribution of potassium diffusion potential
- Contribution of sodium diffusion through the 
nerve membrane

- Contribution of the Na-K pump
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Types of plasma membrane ion channels

Passive, or leakage, channels – always open
Voltage-gated channels – open and close in response to 
membrane potential
Chemically gated channels – open with binding of a specific 
neurotransmitter
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Passive, or leakage, channels
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Voltage-gated channels
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Chemically gated channels
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 When gated channels are open:

 Ions move quickly across the membrane 
 Movement is along their electrochemical gradients = diffusion
 Membrane potential changes

Gated Channels
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- Rapid and temporary changes
in the membrane potential that 
spread rapidly  along the nerve fiber 

Nerve Action Potentials (APs)

- Usually initiated in the cell body 

- Travels in one direction normally 
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Phases of action potential

1- Resting phase
2- Depolarization phase
3- Repolarization phase
4- Hyperpolarization 
phase

(positive afterpotential)
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 Voltage gated Na+ and K+ channels are closed

 Leakage accounts for small movements of Na+ and K+

 Each Na+ channel has two voltage-regulated gates 
 Activation gates – closed in the resting state 
 Inactivation gates – open in the resting state

Action Potential: Resting State
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 Na permeability increases; membrane potential reverses
 Na gates are opened; K gates are closed
 Threshold – a critical level of depolarization (-55 to -50 mV)
 At threshold, depolarization becomes self-generating

Action Potential: Depolarization Phase
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 Sodium inactivation gates close
 Membrane permeability to Na+ declines to resting levels
 As sodium gates close, voltage-sensitive K+ gates open
 K+ exits the cell and internal negativity of the resting neuron 

is restored

Action Potential: Repolarization Phase
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Propagation of action potential
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Propagation of an Action Potential (Time = 0 ms)
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Propagation of an Action Potential (Time = 1 ms)
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Propagation of an Action Potential (Time = 2 ms)
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 Threshold – membrane is depolarized by 15 to 20 mV
 Weak (subthreshold) stimuli are not relayed into action potentials
 Strong (threshold) stimuli are relayed into action potentials
 All-or-none phenomenon – action potentials either happen 

completely, or not at all

Threshold and Action Potentials



Refractory periods
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 Produced by Schwann cells in the peripheral nervous 
system and oligodendrogliocytes in the central nervous 
system 

 Multiple layers of lipid membranes are wrapped around 
the nerve 

 Gaps are left every few millimeters: called Nodes of 
Ranvier

Myelinated and unmyelinated nerve fiber
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Action potential conduction 

1- Saltatory

2- Continuous
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Conduction velocity for ordinary nerve = ~1 meter/sec (depends upon diameter) 

Conduction velocity for myelinated nerve = ~100 meters/sec

Velocity of conduction in nerve fibers
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Louis-Antoine Ranvier (1835-1922)
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