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General overview of lecture: This course is intended to give the students a basic  knowledge 

of  Renal physiology. students should be  know the functional anatomy of the kidneys,  its role 

in homeostasis, hemopoietic functions of the kidneysand endocrine functions glomerular 

filtration rates and factors affecting GFR, pressures determining filtrations, formation of urine 

and countercurrent mechanisms. 

Prerequisites: Students should be familiar with the concepts of  Renal system and its 

applications in clinical settings such as correcting dehydration formation of concentrated and 

dilute urine fluid and electrolyte replacements and the factors affecting it. 

 

Learning outcomes: At the completion of this course, students are expected to: 

i. To better understand the  importance of Renal  physiology as it relates to medicine 

ii. To better understand the mechanism of urine formation and tubular functions 
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iii. To understand the relationships between blood pressure and renin angiotensin system 

iv. To understand the importance of electrolyte in water reabsorption in all segments of the 

the nephrons 

 

v. To  understand  the roles of ADH , transport maximum and rearbsoption secretion and 

excretions of metabolites 

vi. To know the various transport proteins and channels in segments of the nephrons 

Assignments: We expect to have 5 individual homework assignments throughout the course 

in addition to a Mid-Term Test and a Final Exam. Home works are due at the beginning of the 

class on the due date. Home works are organized and structured as preparation for the 

midterm and final exam, and are meant to be a studying material for both exams. There will 

also be 7 groups in this class presenting term papers and seminars. 

Grading: We will assign 10% of this class grade to homeworks, 10% for papers presentations 

and seminars , 10% for the mid-term test and 70% for the final exam. The Final exam is 

comprehensive 

Textbook: The recommended textbook for this class are as stated: 

Title: textbook of Medical physiology 

Authors: Arthur C. Guyton, M.D.† 

Professor Emeritus 

Department of Physiology and Biophysics 

University of Mississippi Medical Center 

Jackson, Mississippi 

John E. Hall, Ph.D. 

Publisher: Elsevier and saunders 



ISBN 0-7216-0240-1 

 

Title: Ganong’s Review of Medical Physiology 

Twenty-Third Edition 

Authors: Kim E. Barrett, PhD 

                Susan M. Barman, 

Publisher: The McGraw-Hill Companies, Inc 

ISBN: ISBN: 978-0-07-160568-7 

 

MAIN LECTURE  

Introduction: definition of terms,functions of the kidneys and the functional unit of the 

kidneys,its role in homeostasis and hemostasis. 

Functional anatomy of the kidney: parts of the kidneys medulla and cortex, renal sinus, the 

anatomy of the Nephrons parts of the nephrons  such as bowsmans capsule proximal 

convuloted tubles loops of henle distal convuloted tubules and collecting ducts types of 

Nephrons, cortical nephrons and juxtaglomeri nephrons GFR, filtrtation and factors affecting 

filtration  

Endocrine function of the kidneys, secretion of Renin prostaglandins Epo and is role in 

regulation of blood pressure, roles of prostaglandins in sodium reabsorption. regulation of blood 

calcium levels. 

Tubular functions selective reabsorption mechanism of reabsorption routes of reapsorbtion 

sites of reabsorption regulation of rearpsorbtion. TM value ,reaarbsorption of importance 

substance, tubular secretion, threshold substances. 

Urine formation dilute and concentrated urine role of ADH counter current mechanism plasma 

renal autoregulation acid base balance. 
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RENAL PHYSIOLOGY 

Introduction 

In the kidneys, a fluid that resemble plasma is filtered through the glomerular capillaries into 

the renal tubules. 

This passes down the tubules, its volume is reduced and its composition altered by the process 

of tubular reabsorption and tubular excretions to form urine. 

The kidneys have myriad of functions such as maintaining hemeostasis. 

1. Formation urine 

2. Excretion of metabolic products from drugs, toxin. 

3. Acid base balance by balancing electrolyte such as Na K HCO3- 

4. Removal of urea creatinine uric Acid  

5. Regulation of Blood pressure 

6. It produces erythropoietin secreted  from the intestitial cells of the   proximal  

convonvuluted tubules 

7. Produces, 1, 2,5-Dilydroxy cholecalciferol  the active form of vitamin D activated by the 
enzyme 1 alpha  hydroxylase 
 

FUNCTIONAL ANATOMY 

The kidney is made up of 3 layers 

1. Cortex 

2. Inner medulla 

3. Renal sinus 

 

CORTEX 

This is dark and granular in appearance containing Renal corpuscles and convulsed tubular at 

intervals 

Cortical tissues penetrates the medulla in from of column called  Renal columns or column of 

bertini 85% of all nephrons are cortical nephrons. 



 In the cortex, the proximal and distal tubule as well as the initial segment of the 

collecting duct, are surrounded by a capillary network, and the intestitium is close t0 

300mosm/kg an isotonic environment. 

 Note that the first section of the collecting ducts are in the cortex. 

INNER MEDULLA 

 This contains both tubular and vascular structures which are arranged in parallel radial. 

 If contain the juxtamedullar nephrons which are about 15% of all nephrons. 

These nephrons consist of long loops of Henle and terminal regions of the collecting ducts. 

There is a capillary loops organized like the loops of Henle forming the vasa recta. 

The slow flow through this vasa recta maintains osmolar gradient of the instestitum. Hence PO2 

of the medulla is lower than that of the cortex hence more susceptible to ischaemia.  

 

RENAL SINUS 

Consist of 

1. Upper expanded part of the ureter called Renal pelvis. 

2. 2 or 3 major calyces and minor calyles which are subdivision of Renal pelvis. 

3. Branches of nerve, arteries and tributaries of veins 

4. Loose connective turnery and pain. 

The renal pelvis is a continuous part of the arteries each major calyles divides into minor 

calyces and each of this minor calyces is indented by  renal papilla. 

NEPHRONS 

The nephron are the functional unit of the kidney. 

Each kidney have about 1 million nephrons each 85% of this nephrons are cortical nephrons 

while 15% are juxtamedullar nephrons. 



The nephrons comprises of the Glomerulus, Bowmans capsule, proximal convoluted tubular, 

loops of hence and Distal convoluted tabules. 

GLOMERULUS 

It is a tuft of capillaries enclosed by the bowman capsules consisting of afferent arterioless and 

afferent arterioles. 

The diameter of the efferent arterioles is larger than that of the efferent arteriole. 

The afferent arterioles forms about 5 capillary which eventually leaves the bowman’s 

capsule forming efferent arteriole. 

The glomerulus is about 200um in diameter and is enclose in the bowman’s capsule 

Blood and glomerular filtrate in the bowman’s capsule is separated by 2 layers of cellular 

structure the capillary endothelium and the capsule endothelium. 

This endothelium is surrounded by specialized cells with numerous pseudopodia called 

podocyte. 

This pseudopodia interdigitate forming a filtration slits which are about 25nm closed by 

a thin membrane. 

The glomerular basement membrane does not have a pore but specializes cells (stellate) 

called mesengial cells. 

Bowman’s capsule 

This encloses  the glomerulus, both the glomerulus and the bowman’s capsule is called 

the renal corpuscles major function is filtration of blood. 

The Bowman’s capsule has 2 layers Inner visceral and outer parietal in between this 

layer is the cleftlike space which continues as the tabular portion of the nephrons its diameter is 

about 200um. 

The bowman’s capsule in made up of epithehal cells resting on basement membrane. 

The inner visceral layer fuse with the basement membrane though not complete . 



Each of the epithelial cells in connected to the basement membrane with a cytoplasmic 

extension called pedicles (pseudopodia). 

 They are arranged inter-digitating with one another forming slit pores. 

PROXIMAL CONVOLUTED TUBULES 

It is about 15mmlay and 55mm diameter located in the cortex. 

It is made up of cuboidal epithelial cells with hailike .projections directed towards the lumen of 

the proximal tubules called brushborders. These cells interdigitate with one another limited by 

apical junctions. 

LOOPS OF HENLE 

This consist of 

1. Descending Limb 

2. Hairpin bend. 

3. Ascending Limb 

Descending Limb 

There portion of the loop is made up of thin permeable cells. 

It comprises of 

1. Thick descending Segment 

2. Thin Descending segment 

The nephron with glomeruli in the Renal cortex have short loops. While these in the 

juxtamedullary region of the cortex have long loops, which extent down into the pyramid 

(medulla). 

THICK DESCENDNG LIMB 

It is a direct continuation of the PCT descending into the medulla with a length of 6mm 

and a diameter of 55um. It is formed by brush border cuboidal epithelial cells. 

THIN DECENDING 



It is formed by epithelial cells (flattened) without brush border and continue as hair pin bend of 

the loop. 

The hairpin Segment doesn’t contain brush border but formed by flattened epithelial cells. 

ASCENDING LIMB 

The thin ascending segment is continuation of the hairrpin bend with same cells and no 

brush border. 

The total length thin descending segment hairpin bend, ascending segment of henle 

loop is 10mm to 15mm and diameter 15um. 

Thin ascending segment continued  as the thick ascending segment which  is about 9mm long 

and a diameter of 30um. 

This is lined by cuboidal epithelial cells without brush border. 

 The terminal portion of the thick ascending segment run in between the afferent and 

efferent arterioles of the same nephrons forming the marcula densa. 

The macular densa; lacis cells and the rennin secretory granular cells in the afferent 

arterioles form the juxta glomeruli apparatus. 

The Distal convolutes tubules tubules begin at the macular densa  and about 5mm long 

with a few microvilli present, there is no distinct brush border. 

This coalesce forming the collecting duct that are about 20mm long and passes through 

the renal cortex and medulla to empty into the pelvis of the kidneys. 

The epithelium of the collecting duct is made up of principal cells and intercalates cells. 

The p cells are taller more numerous and helps in Nat reabsorption and vaso preson 

stimulated water reabsoprbtion. 

The I cells are shorter with more microvilli cytoplasmic vesicles and mitochondria helps 

in renal acid secretion and HC03- transport. 

The total length of the nephrons is about 45mm to 65mm. 



The cells in the kidney that have secretary function are called Renal medullary intestitial cells 

and is a major site of Cox-2 and prostaglandins synthase expression. 

Aids in salt and water hemostasis PGE2 is secreted by RMICS, macula densa and cells in the 

collecting duct while prostacyclin is secreted by arterioles and glomeruli  

FUNCTION OF THE NEPHRONS 

There are basic 4 basic Renal process filtration, reabsorption, secretion and excretion 

Filtration 

Blood is filtered by nephrons, the functional unit of the kidneys. 

Each nephrons begin in a renal corpuscle which is compose of a glomerulus encloses in a 

bowman’s capsule. 

An ultra filtrate resembling plasma enters the bowman’s space filtration is driven by starling 

force. 

The ultra filtrate then passes through the PCT, LOOP OF henle DCT and a series of collecting 

duct forming urine. 

Filtration rate or filtered load is the amount of substance that is filtered at the glomeruli in a 

minute. This is known as GFR. 

This can be measured using non toxic substances in the plasma 

This substances should not be reabsorbed nor secreted in the tubule, neither should it be toxic 

inulin, mannitol polymer of fructose meets this criteria Renal plasma clearance is the volume of 

plasma from which a substance is completely removed by the kidney in a given amount of time 

(usually minute). 

Clearance of creatinine can also be determines GFR, PAH > creatinine > Inulin>urea>glucose 

NORMAL GFR 

The GFR in a healthy adult of average size is approximately 125ml/min. 



Its magnitude correlates fairly well with surface area, but values in woman are 10% 

lower than those in men. 

125ml/min is 2.5L/h or 180 l/d 

REABSORPTION 

Tubular reabsorption is the process by which solutes and water are removes from tubular fluid 

that was formed in bowman’s space and transported into the blood. 

Reabsorption rate is the amount (in mg) that is reabsorbed from the ultra filtrate in a min. 

SECRETION 

Tubular secretion is the transfer of material from the peritubular capillaries to the renal tubular 

lumen. 

This is primarily the result of active transport. 

Usually, only few substances are secreted many drugs are eliminated by tubular secretion. 

Secretion rate is the amount (in mg) that is secreted into the ultra filtrate in a minute. 

EXCRETION 

Substance that are in the urine are excreted. A substance that is filtered and not completely 

reabsorbed is excreted in the urine. 

A substance that is filtered and then secreted is excreted in large amount in the urine because 

it  from two places In the nephron. 

 Excretion  rate is the amount that is excreted in the urine in a minute. 

Excretion Rate CER= (ER = (Filtration rate – reabsorption rate) + secretion rate 

 

 

 

 



 



 

1. filtration 

2. reabsorption 

3. secretion 

4. excretion 

 

 

 

 

TRANSPORT PROTEINS 



Site  Apical Transporter  Functions 

Proximal Na/glucose CT   Na+ uptake, glucose uptake 

Tulule Na / P1 CT    Nat uptake P1 update 

  Nat amino acid CT  Nat update, Amino and uptake  

 Nat Lactate acid CT  Nat update, Lactate and uptake 

  Na/H Exchanger    Nat update, H+ extrusion 

  CL/base Exchanger   Cl uptake 

Thick Ascending Limb  Na-k-2cl CT Nat uptake, Cl uptake  K+ update 

    Na/H Exchanger Nat uptake, H+ extrusion 

    K+ channels K+ Extrusion (recycling) 

DCT    NacuT  Na+ uptake, CT uptake 

CD    Na+ Channel  (ENac)  Na+ uptake 

BLOOD FLOW 

Renal artery      Arcuate artery     afferent artenole     glomerular Capillaria 

         Efferent artenole      peristobular capillaries        vasarecta      

arcuate vens      Renal veins. 

RENAL AUTOREGULATION 

The kidneys are very effective in autoregulating Blood flow. 

This is primarily due to changes in the resistance of afferent arterioles for which 2 mechanism is 

involved. 

1. Myogenic Response 

The intrinsic properly of smooth muscles is to contract when stretched. 

2. Tubulo glomerular feedback 

increase in mean Arterial pressure leads to increase in RBF and GFR. 

High delivery of sodium ions….. to the macula densa            adenosine and ATP 

secretion       vaso construction of the afferent arteriole       Renal blood flow and GFR.   



decreased delivery of the sodium to the macula densa dilate the arteriole and leads to an 

increase in renal blood flow and GFR. 

Hence this feedback keeps load delivery to the distal tubule constant. 

  

 

CONTROL OF GFR 

GFR = KF [(PGC – Pr) – (πgc –πr) ] 

The factors affecting GFR includes 

1. Size of the capillary bed  

2. Peameability of capillaries 

3. Hydrostatic 

4. Osmotic pressure gradients 

5. Changes in RBF 

6. Charges in plasma protein concentration 

7. arteriolar construction 

In the above equation for each nephrons is a product of glomerular capillary wall hydraulic 

condirectivity (i.e its peneability) and effective fil;tration area surface. 

PT is the mean hydrostatic pressure in the bowman’s space. 

πGc is the oncotic pressure of the plasma in the capillaries where πT is the oncolic pressure of the 

filtrate in the tubule (bowman’s space). 

Permeability 

The permeability of the glomenular capillaries is about 50 times that of capillaries in the skeletal 

muscles. 

Natural substances of less than 4nm are freely filtered and those above 8nm cannot be filtered. 

Hence filtration is inversely proportional to diameter. 

Sialoprotein found in the glomeruli capillary walls are negatively charge Hence they repel 

negatively charged substances in the blood. 

This explain while protein are filtered except in disease condition Albuminuria can occur as seen 

in nephritis when this sialoproteins are dissipated. 

SIZE OF THE CAPILLARY 



Glomeruli ultra filtration coefficient (Kr) can be altered by mesengial cells when it contracts 

producing a decrease in Kf that is largely due to a reduction in the area available for filtration. 

When  contraction occurs at the point of bifurcation of the capillary loops this shift flow away 

from some loops, hence mesengial cells distort and encroach into the capillary lumen. 

Angiotensin II is an important regulation substance in regulating the activity of mesengial 

action,  Endothelin, Angiotensin II, Vasopressin, norepinephrine platelet Activating factor (PAF). 

Thromboxane A2 PGF, leukotriene c4 and D4 1 Histamines aids in contraction of mesengial 

cells. 

Some research shows that mesengial cells produces renin. 

 

HYDROSTATIC AND OSMOTIC PRESSURE 

The pressure in the glomeruli capillaries is higher than that in other capillary beds because the 

afferent arterioles are short, straight branches of the interlobal arteries. 

The efferent arterioles, have a relatively high resistance. 

The capillary hydrostatic pressure is opposed by the hydrostatic pressure in the bowman’s 

capsule. 

 

FILTRATION FRACTION 

This is the ratio of GFR to RPF, the filtration fraction is normally 0.16-0.20. 

The GFR varies less than the RPF. 

When there is a fall in systemic blood pressure the GFR falls less than the RPF because of 

efferent arteriolar constriction and consequently filtration fraction rises. 

FR = GFR          120ML/mm  =   0.20 0R 20% 

         RPF  60ml/mm 

 
 

 

 

FACTORS DETERMIMING FILTRATION 

1. Hydrostatic pressure of glomerular capillaries is the only force that promotes filtration 

under normal conditions, this is the main factor that determines GFR   

it is about 45 mmhg. 



2. Oncotic pressure of plasma 

The oncotic pressure of plasma varies with concentration of plasma protein. 

Because fluid is filtered but not protein  oncotic pressure when opposes filtration, 

increases from the beginning to the end of the glomerular capillaries 

its about 24 mmhg. 

3. Hydrostatic pressure in Bowman’s space the hydrostatic pressure in bowman’s capsule 

opposes filtration  usually8mmhg. 

Normally, it is low and fairly constant and does not affect the rate of filtration. However, 

it increases and reduces filtration when ever there is an obstruction downs stream, such 

as blocked urethra. 

4. Protein or oncotic pressure in Bowman’s space very little or non of any protein is present 

hence its value is zero. 

5. Net filtration pressure 45 -24-8 = 13mmmity 

RPF = Renal plasma flow. 

In summary 

Glomeruli capillaries have high hydrostatic pressure hence filtrations occur here.  

Increasing The glomeruli hydrostatic pressure leads to increased GFR 

Reducing the The glomeruli hydrostatic pressure   reduces GFR 

Oncotic pressure opposes GFR            increased Plasma protein hence increased          

Oncotic pressure       and reduced  GFR 

Reduced Plasma protein reduced  Oncotic Pressure        and increased    GFR 

SOLUTE TRANSPORT REABORPTION & SECRETION. 

SOLUTE TRANSPORT 

Transport proteins in the cell membranes of the nephrons mediate the reabsorption and 

secretion of solutes and water transport in the kidneys. 



 this transport proteins help acts as carriers of drugs and other substances 

TRANSPORT MECHANISM 

Simple diffusion 

Movement of molecules or ion from a region of high concentration or down their electrical 

gradient. This doesn’t require energy. 

 

 

Facilitated Diffusion (facilitated transport) 

 A molecule or ion’ moving a cross a membrane down its  concentration gradient attached to a 

specific membrance – bound protein and Doesn’t require energy. 

ACTIVE TRANSPORT 

A Protein – mediated transport that uses ATP as a source of energy to move a molecule or ion 

against its electrochemical gradient. 

DYNAMICS OF PROTEIN- MEDIATED TRANSPORT 

Uniport: 

Transport more a single molecule or ion as in the uptake of glucose into skeletal muscles or 

adipose tissue. 

This is an example of facilitates diffusion 

SYMPORT (COTRANSPORT) 

A couples protein transport of 2 or more solutes in the same direction as in Na-glucose, Na –

glucose, Na Amino acid transporters. 

Antiport (Counter transport) 

A coupled protein transport of two or more solutes in the opposite direction. 

Generally, protein carries transport substances that cannot readily diffuse across a membrane. 

There are no transporters for gases and most lipid – soluble substances because those 

substance readily a cross membranes by simple diffusion. 

 

Characteristics common to all –protein mediates transport 

A substance is transported more rapid than it would be by diffusion, because the membrane is 

not usually permeable to any substance for which there is transport protein. 



Saturation kinetics 

As concentration of the substances initially increases on one side the membrane, the transport 

rate increases. 

Once transporters becomes saturated, transport rate is maximal (TM = transport maximum). 

Rate of transport is dependent upon 

- Concentration of solute 

- Number of functioning transporters, the only way to increase TM is to add more proteins 

carriers to the membrane. 

Once all the protein carriers are saturates the solute are transported across the membrane at a 

constant rate. 

This constant rate is TM 

There is no TM in simple diffusion 

 

 

CHEMICAL SPECIFICITY 

To be transported, the substance must have a certain chemical structure. 

Generally, only the natural isomers is transported (e.g D. glucose not L-glucose) 

COMPETITION FOR CARRIERS 

Substances of similar chemical structure may complete for the same transporter for e.g. glucose 

and galactose generally compete for the same transport protein. 

PRIMARY AND SECONDARY TRANSPORT 

ATP is consumed directly by the transporting protein (e.g. the Nalk –Atpase pump) or calcium 

dependent AT pase of sarcoplasinic Reticulum. 



In secondary active transport depends indirectly on ATP as a source energy, as in the 

cotransport of Na –glucose in the proximal tubule. This process depends in ATP utilized by Na/k 

– AT pas pump 

Gluscose moves up a concentration gradient via secondary active transport. 

Diagram 

The above diagram represent a renal proximal tubular cells the Na/k-APTpase pump maintain a 

low intracellular sodium concentration, which create a large gradient across the cell membrane. 

It is this sodium gradient across the lumal membrane that driven secondary active transport of 

glucose. 

Another example of secondary active transport is the counter transport Na-H+ also in the 

proximal tubule 

Diagram 

CLEARANCE 

This refer to a theoretical volume of plasma from which a substance is removed over a period 

of time. 

Factors that determine clearance are 

1. Plasma concentration 

2. Excretion rate 

 

Clearance x = Excretion rate of x 
PX 
 

                        =    μχ    x   V 

      pX 

The plasma concentration of the substance and its urine concentration must be in the same unit 

which then cancel. 

Urine flow (1) is a colume / unit time and the units of V becomes the units of clearance. 



Clearance is a volume of plasma cleared of a substance / unit time, ML/min or L/day. 

V=  2ml/min 

μ𝒳 =2y/ml    P𝒳 = 2my /ml 

μ𝒳 = omy/ml py = 13.6 my/ml 

 μ2   = 0.5mg /ml   p2 = 13.6 my/ml 

Calculate the respective clearance 

TM TUBULAR REABSORPTION 

 

 



 

 

 

 

 

 

 



Transport maximum reabsorption of glucose 

At low plasma levels, the filtration and reabsorption rates of glucose are equal thus glucose 

does not appear in the urine and the clearance is zero. 

TM is the maximal reabsorption rate of glucose when all glucose carrier are saturated. TM can 

be used as an index of number of functioning nephrons. 

The rounding of the reabsorption curve into the plateau is called splay. 

Splay occurs because some nephrons reach TM before others. 

Thus TM for the entire kidney is not reached until after the region of splay plasma Renal 

thresold is the plasma glucose concentration at which glucose must appears in the urine. 

This occurs at the beginning of splay before splay, all glucose that is filtered is reabsorption and 

Excretion rate is zero. 

TM TUBULAR SECRETION 

B-amino hippuric Acid (PAH) secretion. 

PAH is secreted from the peri tubular capillary into the proximal tubule is an example of a 

transport maximum system. 

As a TM system, it has a general characteristics drive reabsorption of gluscose except for the 

direction of transport. 

 

 

 

 



 

All the PAH entering the kidney is excreta in the urine, it is all clears from the plasma when you 

look at the renal vein there will be no PAH. 



When the PAH concentration is below the transport maximum, we can use cleare of PAH to 

calculate RPF. 

However if concentrates of PAH entering the kidney is high you wouldn’t be able to secrete it 

because the carries are all saturates. 

Renal blood flow = renal plasma flow 
1 –HCT 

RPR = 1200ML/MIN 
PAH is transported by a fairly non specific organic anion transporter (OAT). 

Many compounds compete for the carriers some of those compounds include 

1. Penicillin 

2. Furosemide 

3. Acetazolamide 

REGIONAL TRANSPORT 

Proximal Tubule 

The fluid entering the PT in Isotonic ultra filtrate (300m /kg). 

 

The concentration of a freely filtered substance in this fluid equals its plasma concentration. 

SODIUM 

Approximately 2/3 of filtered sodium is reabsorbed in the PT. 

The basolateral Na+ - k+ ATpase creates the gradient for Na entry into the cell and its removal 

from the cell back into the blood stream. 

PT captures 2/3 of filtered sodium known as glomerulo tubular balance. 

Catecholamine and angiotensin II stimulate the basolateral ATpase and this enhance the 

fraction of sodium reabsorbed in the PT. 

Water and Electrolyte. 

About 2/3 of filtered H2 O, K+ almost two-third of the filtered Cl follow Na. Hence osmolality 

remain at 300mosm/kg (282). 

This means at the end of PCT, osmolality and lane of Nat K+ will not charge from the plasma. 

 

METABOLITES 



Normally all of the filtered glucose is reabsorbed in the PT via secondary active transport linked 

to sodium (sodium glucose glucose-link transporter (SGCT) and type-2 (SGLT -2) is the among 

forum in the kidney. 

All protein, peptides, Amino acids, ketone bodies are reabsorbed here via secondary active 

transport. 

Hence the concentration of the above should be zero in the tubular fluid leaving the PT. 

BICARBONATE 

About 80% of filtrate bicarbonate is reabsorbed here 

HC03 combines with free H+ in the lumen and is converted to CO2 and H20 which  is catalyzed 

by carbonic Anhydrase (CA) 

H+ is pumped into the lumen in exchange with sodium (H+ -ATpase). 

Co2 IS very soluble cross luminal membrane where it combine with water to reform H+ and 

bicarbonate. 

The H+ is then pumped back into the lumen while bicarbonate exits the basocateral membrane 

to complete its reabsorption,. 

Hence bicarbonate reabsorption is dependent on H+ secretion and the activity of CA. 

H+ and Bicarbonate reabsorption is increases during acidosis and decrease with alkalosis 

Angiotensin II stimulate the Na_H+ antiport. Thus in volume deplated states, the amount of 

bicarbonate reabsorption in the PT increase. This is thought to be the mechanism preventing 

bicarbonate loss when a patient develops a contraction alkalosis. 

URIC ACID 

The details of Renal handlings of urate are too complex for scope of this lectures. 

However, urate is formed by breakdown of nucleotides xanthine oxidase is the enzyme that 

catalyzes the spinal reaction to form urate. 

About 90% of the filtered urate is reabsorbed by the proximal tubule. 



When luminal PH is low and urate is high enough more of urine acid exit precipitating forming 

kidney stones. 

 

SECRETION 

The PT is where many organic anions and caution are secreted and cleared from the circulation 

including PAH, penicillin, atropine and morphine. 

It is worthy of note that all the activities that occurs in the PT are powered the Na/k = ATpase 

primary active pump. 

This pump are locates in the PT basal and basolateral borders and is directly or indirectly 

responsible for most of the water and electrolyte reabsorption in the nephron. It thus 

represents the most energy demanding process of nephrons. 

 

LOOP OF HENLE 

Fluid entering the loop of henle is isotonic( 300mmos/ kg), but the volume is only 1/3 of the 

vol. originally filtered into Bowman’s space. 

The loop of henle has counter current flow and acts as a counter current multiplier. This will be 

discuss later 

Loop of henle creates a concentrates  medullary instestitium  

 Juxtamedullary nephrons are responsible for this extremely high medullary osmolality. 

They are surrounded by vasa recta and slow flow in this vasa recta is crucial for maintaining the 

concentrated medullary instestitium.  

 

DESCENDING LIMB 

This is permeable to water (about 15% of filtered is reabsorbed here). It is relatively not 

permeable to solute. 



ASCENDING LIMB 

Impermeable to water and solutes are transported out. 

There is luminal Na+ -H+ antiporter and bicarbonate is reabsorbed here. 

Na+ - K+ - 2CC- transporter 

This is an electro neural transport resulting in about 25% of the filtered Na, Cl, K been 

reabsorbed. 

The luminal membrane contains a k+ channel allowing diffusion of this ion back into lumen 

(Remember the conc of K+ inside cells is very high compared to extra cellular concentration). 

As k+ goes inside Ca 2+ mg2+ are reabsorped. 

CALCIUM-SENSING RECEPTOR (CASR) 

The basolateral membrane of cells in ATL contais… a G-protein coupled receptor. 

Because its on the basolateral membrane, casR is influences by plasma concentration of calcium 

CasR couples to at least 2 G proteins inhibiting Adenyly’scyclase thereby reducing intracellular 

CAMP. 

 Proteinkinase C  is also activated leading to inhibition of Nat+ -k+ -2a transporter. 

DISTAL TUBULE 

The early distal tubule reabsorbs Na+ ct and ca2+. 

NaCl 

Nacl crosses the apical membrane via a Na+ -cl symporter 

The Na is pumped via basal membrane by Na /K ATpase proteins and cc diffusion down its 

electrochemical gradient through channels. 

This section is impermeable to water. Thus osmolality decrease further. 

Infact: the ultra filtrate in the early distal tubule has the lowest osmolality of the entire 

nephrons. 



 

CALCIUM 

Calcium enters the cell from the luminal fluid passively through calcium channels. The opening 

of these channels is primarily regulated by parathyroid hormone (PTH). 

Calcium is actively extruded into the peritubular fluid via Ca2+-ATpase or a 3 Na+ - Ca2+ 

antiport. 

These cells also express the calcium binding protein calbindin, which facilitates calcium 

reabsorption. 

Calbindin synthesis is increased by the active from of vitamin D and this vit D enhances PTH’s 

Action on the distal tubule. 

COLLECTING DUCT 

This is composed of principal cells and intercalated cells. 

Principal cells 

The luminal membranes of the principal cell s certain sodium chances known as epithelial Na 

channel (ENac) Trough this channel with basolateral Na+ - K+ AT pase Na goes into the cells 

Some Cl wont follow sodium hence creating negative luminal potential hence potassium is 

secreted. 

This means reabsorption of Na and secretion of potassium is linked. 

Mineralcorticords such as aldosterone activity  increases the number of ENac, increases their 

open time, inducing synthesis of basolateral Na+ - k+ ATpase resulting in increasing Na 

reabsorption and potassium secretion. 

Principal cells express aquaporins which is regulated by ADH this is known as organic 

vasopressin acts via V2 (Gs – Camp) reception casing aquaporms intention facicliating water 

and urea reabsorption. 

INTERCALATED CELLS 



These are involves In acids base regulation Althrough, amount of acid  generated by an 

individual is determined by diet. 

The  luminal membrane contains H+ -AT pase which pumps H+ into the lumen. 

PH goes so low before most time Destroying the cells. 

Most of H+ however is eliminated via buffers, phosphates and ammonia being the two most 

common. 

It can combine with ammonia to form Ammonium which is reabsorbed hence excreted. 

Ammonia is produces by catabolism of glutamine and this occur in cells of PT. 

 URINE FORMATION 

Urine formation is a blood cleaning function normal urine output is 1L /day to 1.5 L/day. 

When blood passes through glomeruli capillary the plasma is pictures into the bowman’s 

capsule this is called glomerular filtration. 

This filtrate passes through the bowman’s capsule into the tubular portion of the nephrons. 

As it passes through, modification of the filtrate occurs, by reabsorption if they are wanted 

substances, and tubular secretion if they are unwanted from the peritubular blood vessels. 

Thus urine formation in 3 stages 

1. Filtration 

2. Reabsorption 

3. Secretion 

Filtration occurs in the Renal corpuscle housing the glomeruli and the bowman’s capsule this is 

the first process of urine formation. 

As the blood from the afferent arterioles arrives  at the renal corpuscles it passes through a 

filter membrane which is formed by 3 layers, 

1. Glomerular capillary membrane 

2. Basement membrane 



3. Visceral layer of bowman’s capsule 

The glomerular capillary membrane is an single endothelial cell attached  to the basement 

membrane  

The capillary membrane has many pore called filtration pores. 

 

BASEMENT MEMBRANE 

Basement membrane of glomerular capillaries and the basements membrane of the visceral 

layer of the bowsman capsule fused together. 

the fused basement membrane separates the endothelium of the glomerular capillary and the 

epithelium of visceral layer of bowman capsule. 

VISCERAL LAYER OF BOWMAN CAPSULE 

This layer is formed by a single layer of flattened epithelial cells resting on a basement 

membrane each cell is connected with basement membrane connected by pedicles. 

Epithelial cells with each pedicles are called podocytes. 

 

CONCENTRATION OF URINE 

180 L of glomerular filtrate is forms with large quantity if water. 

 Osmolality of glomeruli filtrate is the same as that of plasma and 300mosin/L. 

But, normally, urine is concentrated and its Osmolarity is four times more than that of plasma, 

i.e. 1,200mosm/L. 

Osmolarity of urine depends upon two factors 

1. Water content in the body 

2. Anti diuretic hormone (ADH) 



When water content of the body decreases, kidney retain water and excretes conc urine. This 

involves two processes. 

1. Development and maintenance of medullary gradient counter current mechanism. 

2. Secretion of ADH 

MEDULLARY GRADIENT 

Cortical instestitial fluid is isotonic to plasma with the osmolarity of 300mosin/L. 

Osmolarity of medullary interstitial near the cortex is  also 300mosm/L. 

However as this fluid proceeds from outer part towards the inner part of medulla, the 

osmolarity increases gradually and reaches the maximum at the inner most part of medulla near 

the renal sinus. 

Here, the interstitial fluid is hypertonic with osmolarity of 1,200mosin/L. 

This types of gradual increase in the osmolarity of the medullary interstitial fluid is called 

medullary gradient. 

This plays a very important roles in the concentration of urine. 

This medullary gradient is maintained by the counter current mechanism. 

COUNTER CURRENT MECHANISM 

It is a tube of U shapes in which fluid flow in opposite directions in its 2 limbs. 

It is made up of 

1. Counter current multiplier made up of loop of Hence 

2. Counter current exchange formed by vasarecta 

COUNTER CURRENT MULTIPLER 

Loop of Henle functions as counter current multipliers. It is responsible for development 

of hyper osmlarity of medulla interstitial fluid and medullary gradient. 

The loops juxtamedullary nephron extends up to the deeper part of the medulla here 

they a major role as counter current multiplier. 



The main reasons for the hyper osmolarity of medullary interstitial fluid is the active 

reabsorption of sodium chloride and other solutes from the ascending limb of Hence loop into 

the medullary interstitial. 

These solute accumulate in the medullary interstitial and increases the osmolarity. 

 Due to the concentration gradient, the sodium and chloride lons diffuse from the 

medullary intestitium into the ascending limb of Henle loop and reach the ascending limb again 

via hairpin bend. 

 The sodium and the chloride are continuously recircled between the decending limb and 

ascending limb of Henle loop through medullary interstitial fluid leaving a small portion to be 

excreted in the urine. 

 There is regular addition of more new sodium and chloride into the descending limb by 

constant filtration. Hence reabsorption of sodium chloride from the ascending limb and addition 

of new sodium chlorine ions ….. into the filtrate increases the osmolarity of medullary 

intestitium fluid. 

 Apart from the counter current multiplier, Reabsorption of sodium from the collecting 

ducts i.e. from the medullary part and recircuulation of urea reabsorbed in the PCT and hence 

excess urea Is secreted in the loop or henle. 

Urea concentrate in the collecting duct i.e. it is impermeable to urea, There is excess water  

reabsorped  from the CT and DT in the presence of ADH. This makes urea to be concentrated in 

the CT. 

 This pushes  urea into medullary intestitium due to concentrated gradient. increasing  

Its osmolarity. 

Again by concentration gradient urea diffuse into the ascending henle recirculation of urea 

balancing Osmolarity. 

This is carried by urea transporter UTAI and UT-T3 which are activated by ADH. 

 

 



COUNTER CURRENT EXCHANGE 

The vasa recta acts as the exchanger.  

It run in parallel with the loops of …henle….. with decending limb, HAIRPIN BEND AND 

Ascending limb. 

The NacL reabsorbed from ascending limb of Henle loop enters the medullary intestitium from 

here it enters the descending limb of vasa recta. 

 Water then diffuses out into the intestitium due to Na action Blood flow in the vasa recta 

is very flow this enable large quickly of Nacl to accumulate into the descending limb of vasa 

recta and flows slowly towards the ascending limb. 

By the time blood reaches the Ascending limb of vasa recta there is high concentration of NaCL. 

 This causes Na to diffuse into medullary intestitium. Then water enters the ascending 

limb of vasa recta from the medullary intersitium…. this cycles continues 

Thanks to the hairpin bend of the vasa recta if not blood would flow too fast  from the kidneys. 

Removing all sodium chloride from the intestitium  decreasing hyperosmolarity . 

Urea recycling also occurs here 

ROLE OF ADH 

Renal concentration of urine is achieved by action of ADH, normally, DCT & CD are not 

permeable to water. 

But the presence of ADH makes it permeable resulting in water reabsorption large amount of 

water is removed from the fluid while passing through distal converted tubule and collecting 

duct. 

 Hence urine becomes hypertonic with Osmolarity of 1, 200 mosm/L 

FORMATION OF DiLUTE URINE 

 As water content of the body increases kidneys excrete dilute urine. 



This is achieved by inhibiting ADH. Hence water reabsorption from DCT and CD doesn’t take 

place hence large amount of water. 

 

RENIN-ANGIOTENSIN SYSTEM 

The juxtaglomerular cells excrete rennin. Renin is a peptide with 340amino acids Along 

with angiotensin they form……the Renin – Angiotensin system. 

This plays a very important roles in the regulation of blood pressures. 

One there is fall in arterial blood pressure, Reduction in ECR volume, sympathetic pathway, and 

sodium load in macular densa Renin will be stimulates. 

 When Renin is stimulated (Released or produces if acts on a protein called Angiotensin 

which is an α2 globulin. 

 This angiotensinogen is converted angiotensin I. This is further converted into 

Angiotensin II which is an octapeptide by the Angiotensin – converting enzyme (ACE) secreted 

from the lungs. 

 Most of angiotensin I conversion to Angiotensin II is converted in the longs. 

 Angiotensin I is physiologically inactive However Angiotensin II is the most active form. 

Angiotensin II is for the degrades to Angiotensine III (not active) by angiotensinases by directly 

acting on the blood vessels causing vaso construction. 

 It also increases blood pressure usually by increasing the release of nonepinephrine 

from postganglionic sympathetic fibre. 
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