
Skin 
- Part of the integumentary system  
- Overall around 2m^2 
- 7-16% of total body weight 
- Ranges from 0.5mm thin skin (eyelids) to 4mm thick skin (palms and soles of feet) 

 
Primary Functions 
➔ Thermoregulation 

- Sweat evaporates out of sweat glands to cool the boyd  
- Use of altering blood vessel width, vessles vasodilate (get wider) to increase 

blood flow and increase heat loss, vessels vasoconstrict (get smaller)  to 
reduce blood flow and contain heat.  

➔ Blood reservoir 
- Holds 8-10% of total blood volume in blood vessles of the dermis  

➔ Protection/barrier 
- Chemicals 
- Environment 
- Pathogens, microbes, pollutants 
- Heat 
- UV 
- Water and blood loss 

➔ Provides sensory information about the surrounding environment 
- Touch/pressure, pain, temperature 

➔ Vitamin D synthesis 
- Vitamin D precursor requires isomerization by UV before active form can be 

made in the liver metabolically 
- Calcitriol is the most active form of vitamin D 
- Enhances phagocytic activity and promotes calcium absorption in the gut 

 
Human skin structure  
Epidermis - Superficial thinner portion of 
skin composed of epithelial tissue 
 
Dermis - Deeper, thicker composed of 
connective tissue 
 
Subcutaneous layer/hypodermis - Is not 
considered part of the cutaneous 
membrane but attaches the dermis to 
underlying fascia  
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➔ The molecular organisation of the membrane results in allowing some substances to 
cross but excludes others due to the way the molecules interact with the hydrophobic 
region. This establishes the electrochemical gradient. 

➔ Permeable to: 
- Non-polar, uncharged molecules e.g. O2, N2, benzene 
- Lipid soluble molecules e.g. steroids, fatty acids, some vitamins 
- Small uncharged polar molecules e.g. water, urea, glycerol, CO2 

➔ Impermeable to: 
- Large uncharged polar molecules e.g. glucose, amino acids 
- Ions because they are charged so are repelled by the non-polar hydrophobic 

core e.g. Na+, K+, Cl-, Ca2+, H+ 
Membrane proteins mediate the transport of these substances across the membrane when 
they are required because they cannot permeate the hydrophobic core of the lipid bilayer. 
 
Principles that govern diffusion 
➔ Random mixing of particles in a solution as a result of the particle’s kinetic energy 
➔ Net diffusion from high concentration to low concentration until equilibrium has been 

reached 
➔ Rules 

- The greater the difference in concentration, the faster the rate of diffusion 
- The higher the temperature, the faster the rate of diffusion 
- The larger the size of the diffusing substances, decreases the rate of diffusion 
- Increase in surface area, increase in rate of diffusion 
- Increasing diffusion distance, decreasing rate of diffusion 

 
Physical aspects of diffusion 
➔ The rate of diffusion sets a limit on the size of molecules around 20μm (micrometers) 

so it will only take microseconds not days 
➔ To increase diffusion a cell can increase the membrane area available for exchange 

(diffusion) of a substance 
➔ Membrane thickness: The thicker the membrane, the slower the rate of diffusion 

 
Electrochemical gradient across the cell membrane  

- Non-charged molecules will always move down their concentration gradient via 
passive diffusion 

- Charged molecules also consider their membrane potential (electrical gradient) as 
well as the concentration gradient 

- Electrical and chemical gradients can be the same or opposing so molecule 
movement is determined by the net  (sum) direction 

 
Primary active transport mechanisms that establish ion gradients 
➔ Membrane potential is established by the electrochemical gradient 
➔ Lipid bilayer acts as a capacitor separating and storing charge (the thinner the gap 

the higher the capacitance), therefore, if ions can just naturally flow across the lipid 
bilayer they will generate an electrical charge 
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➔ When R domain is phosphorylated ATP binds to the NBD 
(nucleotide binding domains)  

➔ R domain move out of the pore opening it and Cl ions 
passively diffuse down the electrochemical gradient 

 
Gated ion channel however hydrolyses ATP to open so is an 
exception 
 
Defective CFTR resulting in excess chloride secretion 

 
Normal: A balance between secretion and absorption keeps the lung surface moist 
but prevents excessive fluid build up 
➔ Layer of mucous on the surface of the lung cells which contains enhaled 

bacteria 
➔ Cilia beats to move the mucous so you can remove the bacteria and have 

clear airways 
 

CF patient: Defective Cl- channel prevents isotonic fluid secretion into lungs but also 
enhances Na+ absorption to give a dry lung surface  
➔ Dry environment causes the mucous to stick to the cells creating an 

environment where bacteria can proliferate 
➔ Causes infection and the immune system attacks the lung cells resulting in 

decreased surface area of lungs for gas exchange (fatal) 
 
Lung pathology of Cl- blocked secretion 

1. CFTR gene defect  
2. Defective ion transport 
3. Airway surface liquid depletion (causing the mucous to become clogged and 

stick to the cells) 
4. Defective mucocillary clearance  
5. Mucuos obstruction -> infection -> inflammation  -> mucous obstruction 

 
Therefore rather than treating the symptoms most effective method is gene therapy 
of the CFTR gene to replace with a functional copy 
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Muscle 
 
Skeletal muscle 
➔ Under voluntary control  
➔ Striated 
➔ Single long cylindrical cells that are continuous down the length 

of your arm, leg etc 
➔ Multiple peripheral  nuclei 
➔ Electrically isolated, motor fibers cannot spread action potentials 

they only get excited via innervation 
➔ Action potentials lasts around 1ms 

 
Cardiac muscle 
➔ Involuntary control 
➔ Located only in the heart 
➔ Striated 
➔ Short, branched cells (sort of z shaped) with 1-3 central nuclei 
➔ Electrically coupled: Connected via intercalated discs which allows 

electrical activity to conduct through all the cells and allow them to 
move together 

➔ Action potential lasts around 100ms 
 
Smooth muscle 
➔ Involuntary control 
➔ Found in the wall of internal organs (gut, blood vessels, iris) 
➔ Non striated (defining feature) but still contain thick and thin 

filaments  
➔ Spindle shaped (fatter nucleus, thinner at the ends) 
➔ Uninucleated 

 
Skeletal muscle 
 
Structure 
➔ Muscles extend between bones via tendons for attachment 
➔ Muscle fibres (cells) up to 35cm length and 0.1mm width 
➔ Muscle fibre (cells) are composed of myofibrils containing 

organised thick and thin filaments in sarcomeres for 
contraction of the cell 

 
Myofibril: 
Thick filaments composed of myosin 
Thin filaments composed of actin 
Z disc: Coin shaped sheet of proteins that anchors the thin filaments 
between sarcomeres that connects myofibrils. Connected to the M line 
via titin 
I band: Composed of solely thin filaments 
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➔ The effects of ACh are short lasting and membrane potential quickly returns to 
resting as acetylcholinesterase rapidly breaks down ACh into acetate and choline 

Excitation contraction coupling 
➔ Action potential travels along the T-tubule and triggers the voltage sensor on the 

membrane due to depolarization  
➔ Voltage sensor is directly linked to the Ca2+ channel inside the sarcoplasmic 

reticulum due to the triad connection 
➔ Ca2+ channels open and enter into the sarcoplasm as they move down their 

concentration gradient 
➔ Once Ca2+ is at critical threshold concentration sufficient binding with troponin 

occurs to shift the tropomyosin and expose the myosin binding sites  
➔ Cross bridge cycle: Cross bridge formation, power stroke, detachment, energization 

of myosin head 
 
Once action potentials are no longer propagated along the T-tubules the voltage gated and 
calcium channels close and ATPase actively pumps Ca2+ back into the SR, troponin moves 
back and covers the myosin binding site. Muscle relaxes 
 
Muscle metabolism  
➔ As we exercise we use many different sources of energy 

 
Creatine phosphate: 
➔ Acts as the ATP store for brief periods <15s 
➔ Creatine phosphate releases phosphate when it breaks down to creatine 
➔ Phosphate binds to ADP to form ATP energy for muscle contraction 
➔ Anaerobic process: Does not require oxygen 

 

 
 
Anaerobic glycolysis: 
➔ Dominant system for 10-30seconds of high intensity exercise 

 
Glycogen -> Glucose -> glycolysis produces 2x ATP 
 
➔ Fast but inefficient production of energy 
➔ Uses carbohydrates for glucose as small and easy to break down 
➔ Maximum duration of 120s because there is a build up of lactate and H+ which 

changes the pH of the body causing us to feel a ‘burn’ 
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