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 Reabsorption is greatest along the nephron at the proximal tubule. About 70% of 
water is reabsorbed through the proximal tubule. Sodium is what water will follow.  

 Sodium is reabsorbed by active transport. Filtrate is similar to interstitial. The NA/K 
ATP-ase actively transports sodium. It is put on the basolateral membrane of the 
tubular epithelium. As Na is drawn across the membrane, and anions follow. The 
electrochemical gradient drives anion reabsorption.  

 By osmosis, water follows sodium. The concentration is diluted in the lumen, so 
water moves by osmosis following solute reabsorption.  

 Concentrations of other solutes increase as fluid volume in the lumen decreases. 
Permeable solutes are reabsorbed by diffusion.  

 By using sodium, we have the capacity to fine-tune levels of substance quantities.  

 Each nephron has two arterioles and two sets of capillaries associated with it. The 
capillaries receive everything that is reabsorbed.  

 Amino acids, glucose, sodium, and lactate actively reabsorb. A lot are transported by 
secondary active transport. Other things can ‘hitchhike’ on sodium’s drive.  

 Cotransporters transport things with sodium. The cotransporters do not use energy 
as they are going on sodium’s energy. Sodium moving down the electrochemical 
gradient using the SGLT protein pulls glucose into the cell against its concentration 
gradient. GLUT- glucose transporter is able to flow out of the proximal tubule cell 
into the interstitial fluid. Sodium is pumped out by ATP-ase. 

 Glucose appears in the diabetic’s urine because: we have a maximum amount we 
can transport, so in a diabetic at a point in time there will be saturation of the 
transporters, so won’t be able to reabsorb it all. It will come out in the urine.  

 Filtration of glucose is proportional to the plasma concentration. A transport 
maximum rate is at saturation level. Renal threshold is plasma concentration at 
which saturation occurs.  

 Sodium reabsorption- 80% of oxygen consumed by the kidney. It is tied to 
reabsorption of water, chloride, glucose, amino acids and urea. It is tied to secretion 
of potassium and hydrogen ions.  

 There is a sodium hydrogen exchanger, kicks hydrogen out into the lumen, picks up 
bicarbonate, and makes water and carbon dioxide. That water and carbon dioxide is 
then reabsorbed. To fine-tune acid-base balance, we have the capacity to control 
how much hydrogen ions is put into the lumen.  

 The kidney gets 20% of bloodflow at about 1L a minute. It gets so much blood as its 
main function is to filter blood. There is more oxygen than is needed for the kidney.  

 Sodium balance- input is 150mmol from the diet (food and drink), and output is 
140mmol through urine, 8mmol in faeces, and 2mmol in skin. You must excrete 
sodium as water follows sodium; if there was no sodium, there would be no urine. If 
we don’t excrete sodium, water will hang around with it.  

 We excrete sodium as much as we take in. If we increase our sodium intake, it takes 
a while for excretion to match the intake. When we have more sodium we take in, 
we will have a positive sodium balance. We will increase weight as we hold water. If 
we excrete more sodium than we take in, we will decrease weight by excreting more 
water. This will be negative balance of sodium, decreasing weight.  



 Infusion of 1L of normal saline will cause a change in blood volume of 0.25L. The 
body detects sodium balance by carotid baroreceptors, renal arterial pressure 
receptors, and cardiac atrial baroreceptors.  

 Renin-Angiotensin system- renin is released from granular cells, and is stimulated by 
volume depletion. There is a fall in pressure at preglomerular arteriole, reduction in 
sodium chloride delivery to macula densa, and sympathetic nerve activation.  

 RAA system- Angiotensin II restricts the efferent arteriole, braces the mesangium, 
causes salt reabsorption at the proximal tubule, and aldosterone causes sodium 
reabsorption at the distal end. Any sodium reabsorption will increase blood pressure 
by increasing blood volume.  

 The SNS is recruited when we have a change in mean arterial pressure. We have a 
dichotomous relationship where circulating noradrenaline comes in contact with the 
proximal end of tubule to trigger sodium reabsorption. It affects the afferent 
arteriole by constricting it. GFR will be further decreased. Hopefully this is balanced 
by the RAAS. This can be serious if both work together. You can have cortical tissue 
necrosis. 
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 RAAS and SNS influence sodium balance. Water follows sodium if we allow it to. We 
can stop water from following sodium by making a part of the tubule impermeable 
to water but permeable to sodium. We can regulate water balance independently 
from sodium balance. Sodium is in the ECF. Changing the amount of sodium we have 
in our body affects the ECF volume. It also directly affects blood volume, which 
ultimately affects MAP. Playing with sodium is how we regulate blood pressure. 
Therefore, there are different processes that balance sodium and water. 

 Angiotensin II causes sodium reabsorption in the proximal nephron. Aldosterone 
does this in the collecting duct. Noradrenaline also causes sodium reabsorption. 
They are anti-natriuretics. 

 Atrial natriuretic peptide- natriuretic means excreting sodium. The more ANP we 
have, the more sodium we are excreting. It is responding to the increase of blood 
volume. Its goal is to reduce blood volume. More sodium remaining in the lumen of 
the tubule means more water will remain as well. We need to excrete the salt and 
thus the water to reduce blood volume.  

 Water balance- input is by diet (food and drink) 2200mL, metabolism 300mL, and 
output is 1500mL urine, 500mL in lungs, 400mL in skin, and 100mL in faeces. 
Osmolality will increase with dehydration.  

 When we give water by IV, we need 5% dextrose for tonicity. By diluting the plasma 
so much, the intracellular space of blood cells would explode due to the 
hypotonicity.  

 Changing sodium levels will affect ECF. If we lose water, osmolality in the ECF will 
rise. We put sensors in our body to look for this.  

 Detecting changes in osmolality- osmoreceptor cells. They are in the anterior 
hypothalamus, and respond to changes in cell size. Cells expand and contract 
depending on the osmolality around them. As the cell expands and contracts, it will 
report to the body changes in osmolality. The hypothalamus works with the pituitary 
to release things into the blood.  



 A negative water balance will normally result in concentrated urine because we want 
to reabsorb as much water as we can.  

 We need vasopressin (antidiuretic hormone) to produce concentrated urine. 
Vasopressin is regulated specifically and primarily by osmolality. We have a set point 
at 300mo; as osmolality increases, we have increased vasopressin release. 
Antidiuretic means less excretion of water.  

 Osmolality increases, meaning we now have a negative water balance. Vasopressin 
makes us ‘keep water’.  

 Another thing that can influence vasopressin release is ECF volume if it falls below a 
critical volume. This is only kicking in if things are getting critical.  

 Blood pressure will decrease due to less blood volume. Vasopressin will ‘press the 
vasos’. It will cause constriction of blood vessels and thus increase TPR.  

 Water and the nephron- proximal tubule is where bulk absorption occurs (70%). 
20% of absorption occurs in the Loop of Henle, including dilution of filtrate. There is 
fine-tuning according to needs in the collecting ducts.  

 ANP in the collecting ducts- More levels of ANP means more will be excreted, and 
we will keep less in the collecting ducts. Lower levels of ANP mean we are going to 
reabsorb sodium through the collecting duct. It regulates epithelial sodium channels 
in the collecting duct that enables sodium to go across the membrane. If it increases, 
ANP takes things off the membrane so sodium can’t get out and won’t be 
reabsorbed.  

 We have aquaporin in membranes so water moves through. Regulating aquaporin 
will determine how much water moves out of cells.  

 Urine osmolality- ranges from 3-1200mOsm/kgH2O. We must excrete 600mOsm of 
solute per day. We must excrete at least 500mL of water per day. This is to excrete 
toxicity from the body. 

 Tubular fluid leaving the loop of Henle is normally dilute. Solutes are recovered by 
the loop of Henle. Coming out of proximal tubule, the fluid is mainly isotonic. It 
reaches the descending limb of the loop of Henle. The deeper into the medulla we 
travel, the outside environment becomes more and more concentrated. If we allow 
water to move out of the descending limb of the loop of Henle, the outside becomes 
more and more concentrated with solute. Water will move out into the ECF as the 
ECF becomes more and more concentrated in the medulla. 

 As we go up the loop of Henle, we don’t allow water to get out. The cells on the 
outside are really thick, and are a barrier to water. They have channels that allow 
sodium and ions to get out. The solutes reabsorbing will dilute the remaining fluid in 
the ascending loop of Henle.  

 Blood vessels take up water reabsorbed from the descending loop of Henle. Blood 
receives what is given off by the nephron. Concentration in the blood vessel 
increases as it picks up ions from the ascending loop of Henle. As it passes the 
descending loop of Henle, it will pick up the water given off. It is a countercurrent.  

 We have control in the distal tubule over whether or not water is permeable. This is 
where we do fine tuning, where water and sodium reabsorption is controlled. It is 
regulated by hormones.  

 The medullary concentration gradient is mostly the result of sodium and urea. We 
pull out urea from the loop of Henle to maintain concentration in the medulla. 



 Solutes reabsorb in the ascending loop of Henle to dilute urine. It uses the energy of 
the sodium potassium pump. Concentration increases if we inhibit the pump.  

 To produce concentrated urine, we need Na/K/2Cl co-transporter, aquaporin 2, and 
cAMP. 

 In the collecting duct, the final approach toward the bladder, vasopressin binds to 
membrane receptor on the basolateral side. It has a secondary messenger signal 
through cAMP. Cell inserts AQP2 water pores into apical membrane. Now water is 
absorbed by osmosis into the blood.  

 In the absence of vasopressin, the collecting duct is impermeable to water and the 
urine is dilute.  
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 Gametogenesis- male is quiescent until puberty (mitosis stage)- 4 sperm per germ 
cell. Female has development in the embryo (start of meiosis)- born with all primary 
oocytes. 1 egg per germ cell.  

 The nerves of the hypothalamus form the posterior part of the pituitary gland. The 
anterior is endocrine, and the posterior is neural tissue. The anterior hypothalamus 
produces follicle stimulating hormone and luteinizing hormone. It also releases a 
gonadotropin releasing hormone. This then prompts the release of FSH and LH. We 
can inhibit GnRH and shut the system down, or we can inhibit FSH or LH.  

 LH interacts with endocrine cells that end up releasing steroid and peptide 
hormones. FSH is generally responsible for gamete production. 

 Androgens- major gonad hormones (including testosterone)- dominant in males; 
oestrogens (dominant in females), progesterone (on females; ‘pro-gestation’- 
maintains and builds uterine lining), and inhibin (negative feedback). 

 Spermatogenesis- inside the testis are seminiferous tubules. In the lumen is where 
the sperm will live. Spermatogonia are cells that undergo mitotic divisions. There are 
Sertoli cells, which nourish and foster the development of spermatogonia. Outside 
the tubules, there are Leydig cells. They produce testosterone. Some testosterone 
must remain in the testes to help develop sperm. They are also circulated around the 
body.  

 Sperm are stored in the epididymis, and travel up the vas deferens during 
ejaculation. Emission phase involves loading up the urethra with various secretions 
and the sperm, and the expulsion phase is the ejaculation through smooth muscle 
contractions in the pelvic floor.  

 GnRH leads to the production of FSH and LH. LH stimulates Leydig cells to produce 
testosterone. Testosterone has a negative feedback loop with GnRH. FSH interacts 
with the Sertoli cells and encourages them to build cell products that will enhance 
sperm development. They also produce inhibin that will have a negative feedback 
effect on FSH to maintain constant levels of activation. They also produce androgen 
binding protein (ASP) that binds to testosterone and sequesters it in the testes for 
local use.  

 Within the ovary, there are primary follicles where eggs are stored. Through a 
selection process each month, one or a couple are selected to develop. The follicles 
develop and mature; ultimately only one matures. Within the walls of the follicle, we 
have a variety of different cells: the granulosa cells on the inner wall, and theca cells. 



These cells in the follicles of cells release all the hormones for the entire ovarian and 
uterine cycle.  

 After ovulation occurs, the ruptured follicle becomes the corpus luteum, which takes 
on an entirely different role until it regresses (unless conception occurs).  

 Ovarian and uterine cycles- upon ovulation, there is a jump in body temperature 
(36.4-36.7 degrees). The rise in temperature occurs after ovulation. The beginning of 
the menstrual cycle is the shedding of the uterine lining. At ovulation, there is 
positive feedback that greatly increases FSH and LH levels.  

 The primary hormones involved in these cycles are GnRH from the hypothalamus, 
FSH and LH from the anterior pituitary, and estrogen, progesterone, and inhibin from 
the ovary.  

 Early to mid follicular phase- GnRH is released from the hypothalamus, causing FSH 
and LH to be released. They stimulate cells within the follicle (LH stimulates thecal 
cells to release androgens, which are converted into estrogen by granulosa cells and 
aromatase. At low and medium levels, estrogen has negative feedback effect on LH, 
FSH and GnRH. It also has a positive feedback loop on itself locally. This is in the 
selected follicle. 

 The way follicular selection occurs is that FSH stimulates a small group of follicles to 
start developing. That small group of follicles start releasing anti-Mullerian hormone 
(AMH). AMH makes all the other follicles in the ovary less sensitive to FSH. This 
prevents too many follicles from being selected for development. AMH is what is 
tested for in a case of polycystic ovarian syndrome. The negative feedback loop of 
estrogen also inhibits FSH. 

 Around the time of menstruation ends, we go into the late follicular phase and 
ovulation. The granulosa cells begin to release inhibin and small amounts of 
progesterone. This builds up the uterine lining again. At low or moderate levels, 
estrogen has a negative feedback loop on pituitary processes, but when they hit a 
certain, higher level, it switches from negative feedback to positive feedback. This 
develops a positive feedback loop between estrogen and the hypothalamus and 
pituitary hormones. That causes a surge in LH. It is positive feedback mostly on 
GnRH, but inhibin blocks FSH from surging as much. The LH surge is responsible for 
causing ovulation. 

 Around the time of ovulation, the wall of the follicle releases prostaglandins and 
collagenase. They start breaking down the cells in the wall of the follicle. This 
breakdown of tissues creates an immune response so that immune cells start 
attacking the follicle. They release a chemical that causes a smooth muscle 
contraction to eject the egg from the follicle.  

 Early to mid luteal phase- once the egg is released from the follicle, the follicle 
transforms into the corpus luteum. It releases all related hormones, but mainly 
releases progesterone. This prepares the body for conception. If the egg does not 
get fertilised, the corpus luteum dies off and the hormone levels go back down to 
normal. The death of the corpus luteum causes progesterone to decrease 
production, causing the shedding of the menstrual lining.  

 Testosterone increases around ovulation to increase sex drive in the female.  
 


