Transport of solutes requires movement across/through what structures?

1. Tubular epithelium 
2. Vascular endothelium 
3. Interstitial Fluid 


The rate of transport differs between the renal cortex and medulla. Which has faster rate of transport overall?    

1. Cortex

What is the major structural component that facilitates this increased rate of transport?
1. Fenestrated vascular endothelium which, along with basement membrane, provides no resistance to passive movement of water and small solutes.


What is the difference in the governing forces of solute transport in the cortex and medulla?
1. Rate of solute transport in the cortex is governed only by event in the tubular epithelium (not vascular endothelium). In the medulla only some regions are fenestrated to evens in both the tubular epithelium and vascular endothelium govern transport. 

What is the difference in the plasma osmolality of the cortical and medullary insterstitium relative to the plasma?
1. Medullary interstitium is NOT like plasma, while cortical insterstitium is (with regard to solute concentration as well).  

[bookmark: _GoBack]What are the two routes that a solute can take to cross the tubular epithelium? Which predominates?
1. Transcellular (predominates) 
2. Paracellular (through tight junctions)


If a solute is leaving the renal tubule (reabsorption) which cell membrane does it cross first? 
1. Apical 

If a solute is leaving the blood stream (secretion) which cell membrane dose it cross first?
2. Basolateral 

Which tight junction proteins are responsible for selectivity of tight junctions/paracellular movement?
1. Claudins 


The driving force for diffusion is….
1. Concentration gradient 
2. Potential gradient 

Which types of substances can diffuse directly across the lipid bilayer?
1. Small neutral molecules. 

Which types of transport occur mainly by diffusion (across which barriers)?
1. Capillary endothelium 
2. Paracellular route

What are the two major categories of integral membrane proteins facilitating transport of solutes? How do they work? 
1. Channels (depending on structure, allow water and solutes to passively diffuse through – no energy required)
2. Transporters 

How do channels control permeability?
1. Flutter open and closed so permeability of a membrane containing many channels is proportional to number of channels and probability of them being open. 
2. Gated : probability that the channel is opened can be increased or decreased (ligand, voltage or stretch gated) 
3. Phosphorylation allows it to be shut or gated
4. Movement back and forth between membrane and intracellular vesicles 
5. Genomic expression regulation 

Provide examples of the following types of transporters:
1. Uniporter: GLUT transporters (glucose), UT transporters (urea) 
2. Multiporter, Synporter/ co transporter: SGLT (sodium, glucose), Na-K-2Cl, NBC (sodium, bicarb) 
3. Multiporter, Antiporter/exchanger: NHE (sodium, hydrogen exchanger), chloride/bicarb 

What is he driving force for movement through a uniporter? Multiporter?
1. Uniporter: facilitated diffusion (gradient driven) 
2. Multiporter: active transport (the movement of one solute down its concentration gradient drives the movement of another solute up its concentration gradient (can be primary active transport utilizing hydrolysis of ATP, or secondary active transport) 

Give examples of transporters using primary active transport:
1. Na-K-ATPase, H-ATPase,Ca-ATPase, MDR proteins


Solutes dissolved in water (osmoles) displace water and lower the concentration of water > water diffuses from high concentration to low concentration (osmosis) 

What is the difference between osmolality and osmolarity?
1. Osmolarity = number of osmoles per liter of solution 
2. Osmolality = concentration of osmoles per kg of water (1 liter solution = 1 kg water so values are about the same) 

How would you calculate plasma osmolality?
Calculated plasma osmolality = 2(Na+) + (BUN / 2.8) + (glucose / 18) 

Why is sodium multiplied by 2? 
· To include the chloride and bicarbonate ions that are present to maintain electroneutrality

What is the osmolarity (calculated) of 0.9% NaCl?
1. 154 + 154 = 308 mOsm/L 

The measures osmolality of 0.9% NaCl is actually 287 mOsm/kg. Why the difference?
1. Solutes interact with one another in ways which frequently decrease the osmolality relative to calculated amount. Not ideal solution (all particles not equal, not always fully osmotically active.) 

Calculate the numeric value for osmotic pressure given an osmolality of 1mOsm/kg? 
1. Osmotic pressure = osmolality x 19.3 
2. From van’t Hoff equation (π = RTC) 
3. So osmolality difference of 1 mOsm/kg H2O = 19.3 mmHg driving pressure 


Is the renal tubular epithelium more permeable to solutes or water? 
1. Water thus water is transported by following osmoles. 

The majority of reabsorption occurs in which part of the nephron?
1. Proximal tubule 

What does iso-osmotic reabsorption refer to?
1. The sum total of solutes (osmoles) reabsorbed in the proximal tubule is proportional to the water reabsorbed. 

What solute accounts for nearly half of total solute load in glomerular filtrates?
1. Sodium 

Using the example of Na transport in the proximal tubules, describe how Na helps to drive water reabsorption:
1. Na-K-ATPase drives Na out of cell to interstitium 
2. Na concentration cell is low > Na diffuses into cell (NA-H antiporter)
3. Anions follow Na to maintain electroneutrality (chloride, bicarbonate) 
4. Osmotic flow of water from lumen to interstitium 


Name the two type of limitations on transport systems. Are solutes in these two types o system generally reabsorbed completely or incompletely? 
1. Tubular maximum limited – solutes reabsorbed completely 
2. Gradient limited – solutes never reabsorbed completely


Osmolality questions:
A patient has an osmolality of 300 mOsm/kg. Removing 100 mmol solute via iso-osmotic reabsorption from the proximal tubule leads to reabsorption of how much water? 
1. 333 mL  because 100 = 1/3 of a kg of water (1000 mL H20 = 333 mL) 

What is the major route by which waste/foreign substances enter the urine? (Filtration, Reabsorption, Secretion)
1. Secretion (most are protein bound and do not enter by filtration) 

Most organic solutes are transported only in which part of the nephron?
1. Proximal tubule

Which solute/transported serves as the basis for transport of all other solutes?
1. Na, Na-K-ATPase

Neutral or negatively charged solutions enter by symporters/uniporters/antiporters?
1. Symporters with Na

Positively charged solutes enter by symporters/uniporters/antiporters?
1. Uniporters driven by negative membrane potential 

Most organic nutrients are freely filtered and reabsorbed in what part of the nephron?
1. Proximal tubule 

Why is it important that the in the late proximal tubule the sodium glucose symporter has a stoichiometry of 2 sodium ions per glucose as opposed to the early proximal tubule where a transporter of the same family has a stoichiometry of 1 sodium per glucose transported?
1. Because in the late proximal tubule the majority of glucose has already ben reabsorbed and therefore the tubular concentration is low and does not favor further reabsorption. The additional energy from the extra sodium is used to move glucose up its concentration gradient. 

The tubular maximum of sodium-glucose symporters is reached at what concentration of glucose? 
1. 200 mg/dL

How are filtered proteins reabsorbed? 
1. They are enzymatically degraded into amino acids and then returned to the blood. Proteins bind receptors > endocytosed  (rate of vesicle formation dictates Tm) > lysosomes

What transporter sets up the gradient for removal of organic cations? 
1. Na-K-ATPase (establishes potassium concentration gradient and negative membrane potential) 

What are some examples of cations that are secreted? 
Acetylcholine, creatinine, dopamine, epinephrine, histamine, serotonin, norepinephrine, thiamine, atropine, morphine, Cimetidine

In order to exit into the tubular lumen, the cations must be exchanged for what? 
1. A proton (H+)

Many organic anions use what molecule as a tool for secretion? 
1. Alpha keto glutarate which is actively taken up by the sodium- alpha KG symporter (3 NA per one alpha KG) raising the cellular level of alpha KG and then via an antiporter goes back across the membrane in exchange for an anion to be secreted. 

Give some examples of organic anions secreted by the proximal tubule
1. Bile salts, fatty acids, oxalate, prostaglandins, urate, furosemide, penicillin, salicylates, sulfonamides
 
What percent of the filtered load of urate is excreted?
1. 10%

Urate is taken up by an antiporter in exchange for….
1. An anion that was taken up by a Na-anion transporter 

For a weak acid in tubular fluid, urinary acidification will increase/decrease reabsorption?
1. Acidification converts to neutral (acid) form, increases permeability > favors reabsorption

For a weak base in tubular fluid, urinary acidification will increase/decrease reabsorption?
1. Decrease. Acidification leads to protonated cation form trapping them in the lumen. 

About ½ of the usual osmotic content of urine is composed of what solute?
1. Urea 

By what route is urea reabsorbed?
1. Paracellular route – there are no transport mechanisms in the proximal tubule 

Briefly describe urea handling:
1. Freely filtered > ½ reabsorbed in proximal tubule > same amount secreted in LOH > ½ reabsorbed in medullary collecting duct > so ½ filtered load reabsorbed and ½ excreted (its all about the concentration gradient) 

