Tubular Processing of the Glomerular Filtrat

URINE COMPOSITION:
 (
معدل الحموضه مهم ولاحظ انه حمضي ولكن من الممكن ان يصبح قاعدي في الناس النباتيين 
ولكن لا يمكن ان يصبح حامضي ( اقل من 4.8 ) لان ذلك يمكن ان يحرق  المثانه 
)[image: ]
Introduction to reabsorption:
 Some substances are selectively reabsorbed from the tubules back into the blood, whereas others are secreted from the blood into the lumen.
 For many substances, reabsorption plays a more important role than secretion in determining the urinary excretion rate

Tubular Reabsorption
 Is selective & quantitatively large.
 A small change in glomerular filtration rate or tubular reabsorption can cause a large change in urine excretion. But, in reality, these changes are closely coordinated to avoid large changes in excretion.
 Glucose & amino acids are completely reabsorbed.
 Glucose concentration in plasma is equal to 60-110 g/L in the fasting state, and in the well-fed 110-180 g/L. Since 180 L of plasma are filtered daily; 180 g of glucose is reabsorbed daily.
 18 mg = 1mmol.
 Ion reabsorption depends on the body's needs.
 Waste products (creatinine, urea) are poorly reabsorbed
[image: ]
 Glomerular filtration isn't selective (everything is filtered except plasma proteins), while reabsorption is highly selective.
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Active & Passive Mechanisms of Transportation:
[image: ]For reabsorption to occur, the substance must
be transported 2 times.
 First, it has to cross the tubular epithelial
membrane to the renal interstitial fluid.
 Then, it has to cross from the interstitial
fluid to the peritubular capillary & hence,
the blood.
 Transportation is achieved in several ways,
these are:
1- Trancellular transport: This occurs through
 the cell itself.
2- Paracellular transport: This occurs through the junctional spaces between cells.
3- Ultrafiltration (bulk flow): This occurs through the peritubular capillary walls, mediated by hydrostatic pressure & colloid osmotic forces 
[image: ]
Active Transport
 Is used to transport a substance against its electrochemical gradient.
 Requires ATP.
 Has two subtypes:
1- Primary: directly associated with ATPase.
2- Secondary: indirectly associated with ATPase
[image: ]
Paracellular & transcellular mechanisms
 Renal tubular cells are held by tight junctions (through which paracellular transport takes place).
 Sodium moves by both mechanisms, but mostly through transcellular transport.
 Water, along with dissolved substances, is reabsorbed paracellualrly


Primary Active Transport
[bookmark: OLE_LINK1][bookmark: OLE_LINK2] Na+-K pumps are only found on the basolateral side انظر الصوره في الاسفل للشرح of the tubular epithelial cells.
 (
تسمى هذه الجهه من خلايا الانبوب
 
basolateral side
) (
تسمى هذه الجهه من خلايا الانبوب
luminal(apical) side
 
)[image: ]
 Pumping of Na across the basolateral membrane outside the cell favors Na diffusion across the luminal membrane into the cell. This is due to:
1- Na concentration: This is low inside the cell & high in the tubule.
2- Negative intracellular potential (-70 millivolt).
 In the proximal tubule, there is an excessive brush border on the luminal side of the membrane, this border increases the surface area by 20-fold.تفصل لاحقا 
Net Reabsorption of Na
 Na is reabsorbed in several steps :
1- Across the luminal membrane, down its electrochemical gradient.
(established by the Na+-K+ ATPase pump on the basolateral side of the
membrane).
2- Across the basolateral membrane against electrochemical gradient by by the Na-K ATPase pump .
3- By ultrafiltration from the interstitium to blood vessels
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SODIUM HANDLING
_Na+ moves by co transport or exchange from the tubular lumen into tubular
epithelial cells downhill.
_From cells into interstitium it moves by primary active transport (Except thin
portions of loop of Henle).
[image: ]_In DCT and CT it is under hormonal control مهمه
Secondary Active Transport (Glucose & Amino
Acids)
 As a substance moves down its gradient, some
energy is generated. This energy is used to
transport another substance against its own
gradient.
 Secondary active transport is so efficient that it
removes all the glucose & amino acids from the
tubular lumen.
 Glucose is reabsorbed by:
 Secondary active transport → luminal membrane
 Passive facilitated diffusion → basolateral membrane
 Bulk flow → peritubular capillaries.
 The same happen to amino acids مع بعض الاختلافات الطفيفه
انظر ملخص ما سبق في الصفحه القادمه 
انظر الصورة ( ملخص ما سبق في الصفحه القادمه )

Secondary Active Transport Into the Tubules
 Occurs by counter transport.
 Example: active secretion of H+ is coupled with Na+ reabsorption in the in the luminal membrane of the proximal tubule.
 As Na is carried to the interior of the cell, H+ ions are forced in the other direction
[image: ]
Pinocytosis
 Used by some parts of the tubule (especially the proximal tubule) to reabsorb large molecules such as , proteins (by a mean of endocytosis).
 After invagination of the protein to interior of the cell it is digested to amino acids (which are reabsorbed through the basolateral membrane into the interstitial fluid.
 Pinocytosis is considered a type of active transport mechanism
Transport Maximum
 It is the limit of the rate at which a solute can be transported, secreted & reabsorbed.
تعريف آخر للدكتور 
TUBULAR TRANSPORT MAXIMUM :
• The Maximum limit/rate at which a solute can be transported across the tubular cells of kidneys is called TUBULAR TRANSPORT MAXIMUM
Tm for Glucose is 375 mg/min
 This limit is due to saturation of the transport systems, when tubular load exceeds their capacity.
 مثال  : Normally, glucose doesn't exceed its threshold, so it isn't detectable in urine.
Pathologically (e.g. Diabetes mellitus), glucose concentration in plasma is so high that it exceeds its threshold (when the filtered load exceeds capability of the tubules to reabsorb glucose) , it is then detectable in urine.
 In the proximal collecting tubule, Na does not obey the transport maximum. Instead, it obeys the gradient time transport.
 Gradient time transport is the longer (sluggish movement) Na stays in the proximal collecting tubule the more it is reabsorbed .
Renal Threshold for Glucose
 When plasma concentration increases above 200 mg/ml, the filtered load increases to 20 mg/min & glucose begins to appear in urine.
 The overall transport maximum of glucose is 375 mg/min, and this only can be reached when ALL nephrones have reached their maximum capacity to reabsorb glucose. وهذا الذي لا يحدث لذلك اذا زادت نسبة الجلكوز عن 200 تظهر بالبول ولكن الطاقه القصوى للكليه 375 ولكنها لا تصل لهذه الطاقه القصوى
 Substances that are actively reabsorbed such as (Na) do not exhibit a transport maximum, because their transport is determined by other factors such as, 1- gradient, 2-permeability & 3- the time at which substance remains in the tubule (depends on tubular flow rate).
 Transport maximum can be increased in response to hormones such as aldosterone يفصل  لاحقا.
ملخص ما سبق :
[image: ][image: ]
 (
نسبة الجلكوز في الشخص الطبيعي حالة الصوم: 
FBG
نسبة الجلكوز في الشخص الطبيعي حاله الافطار : 
RBG
)
[image: ]
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وتعتبر البروتيينات من علامات كشف الامراض كما في الجدول التالي :
[image: ]
Passive Water Reabsorption is Coupled Mainly to Na Reabsorption
 Some parts of the tubule, especially the proximal tubule, are highly permeable to water, & water reabsorption occurs so rapidly even if there is only a small concentration gradient for solutes across the membrane.
 Tight junctions between cells aren't as tight as you might think & they allow significant diffusion of water & ions.
 As water moves across the tight junctions, it can also carry some solutes with it; this process is called solvent drag.
 In the loop of Henle & the collecting duct, water can't move easily across the membrane by osmosis. but, ADH can increase permeability of H2O in the distal & collecting tubules as discussed later.
 In the proximal tubule, water permeability is always high & water is reabsorbed as rapidly as the solutes.
 In the ascending loop of Henle, water permeability is always low (almost no water is reabsorbed).
[image: ]

[image: ]Reabsorption of Chloride, Urea & Other Solutes by Passive Diffusion
Chloride (Cl-)
 Transport of positively charge Na+ out
of the lumen leaves the inside negative
compared to the interstitial fluid. This
causes Cl ions to diffuse passively
through the paracellular pathway.
 Active reabsorption of Na is closely
coupled to PASSIVE reabsorption of Cl
by way of an electrical potential & a Cl
concentration gradient. please Look at
the second figure in this page .
 Also Cl is actively reabsorbed by the way of secondary active transport, which involves co-transport of Cl with Na.
Urea
 Urea is reabsorbed passively because of the concentration gradient, which develops after the reabsorption of water by osmosis (because urea doesn't permeate the tubule as readily as water) thus making urea more concentrated in the lumen than the interstitium (the same thing also happen with Cl- ).
 In the inner medullary collecting duct, urea is also passively reabsorbed by specific urea transporters.
 Only 50% of urea is reabsorbed, the remainder is excreted
[image: ]creatinine
 The creatinine molecule is much larger
than the urea molecule.
 creatinine is impermeable to the tubular
membrane(not reabsorbed).
 Almost none of it is reabsorbed & almost
all of it is EXCRETED in the urine
...................مواد ذكررها الدكتور ولم تذكر بالتيم.........
Hydrogen :
Secreted in Proximal Tubule and Thick
ascending LOH by Counter Transport 
with Na
•Secreted in DCT by H ATP ase
PHOSPHATE
• It is reabsorbed by cotransport with Na in PCT in luminal border
• Its reabsorption is Hormonally controlled
• It is increased by Vit D and decreased by Parathyroid Hormone
SULPHATE
• Like PHOSPHATE reabsorbed with Na

Reabsorption in Different Regions of the Nephron
[image: ]
First : Proximal Tubule
[bookmark: OLE_LINK5][bookmark: OLE_LINK6] Reabsorbs almost 65% of the filtered
load of Na & WATER.
 Proximal tubule cells have large
number of mitochondria(to support
potent active transporters) and
extensive brush border on the
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]luminal(apical) side, as well as an
extensive labyrinth of the intercellular
& basal channels, which together
provide an extensive membrane surface area
on both luminal and basolateral sides .
 The extensive membrane surface has a lot of
[image: ]carriers(proteins) that transport large
fraction of Na+.
 Also with carriers the Na-K ATPase (on
basolateral side) provides a major force for
Na reabsorption (because it will make a
concentration gradient) .
 In the first half of the proximal tubule, Na is
transported by co-transport along with
glucose , amino acids, HCO3 and other
solutes , also by counter-transport
mechanism (absorption of Na while secreting
H+ ions into the lumen).
 In the second half, too little glucose & amino
[image: ]acids remain to be absorbed, Leaving behind
a high Cl concentration solution, Here Cl is
reabsorbed passively with Na (by a mean of
concentration gradient) through the paracellular
path . Please look at the 2nd figure at
last page.
شرح وملاحظات :
# PCT has the most active cells because it has large amount of mitochondria so it Reabsorbs almost 65% of the filtered.
# Osmolality : the concentration of a solution in terms of osmoles of solute per kilogram of solvent
Hypo osmotic اذا نقصت تسمى :
Hyper osmotic : اذا زادت تسمى 
Iso osmotic : اذا لم تتغير تسمى 

هذا النوع من الانابيب له امكانيه انفاذ الماء والمذاب معا لذلك الاسموزيه لا تتغير ولذلك نوع السائل الناتج بعد
 (
iso osmotic
) مروره بهذا الانبوب هو                     


لاحظ الصورة الثالثه ( الاسموزيه لم تتغير )


Concentrations in the Proximal Tubule
[image: ]
 Na concentration & osmolarity remains relatively constant because of the high permeability of water.
 Concentrations of glucose, bicarbonate & amino acids decrease markedly along its length(because they are much avidly reabsorbed than water).
 Please note that we are talking about the concentration not about the amount.

Secretion of Acids & Bases
 Examples: oxaloacetate, bile salts, urate & catecholamines.
 In addition to metabolic wastes, the kidneys secrete toxins & harmful drugs.
 Para-aminohippuric acid (PAH) is rapidly excreted; about 90 % is cleared from the plasma. Thus, PAH can be used to estimate renal plasma flow
[image: ][image: ]
Loop of Henle:
 A-  The thin segments(descending or ascending) have no
brush borders, few mitochondria & minimal metabolic
activity.
 The thin descending limb is highly permeable to water
only. hyper osmotic  لذلك هو لا يمرر الايونات لذلك السائل الناتج نوعه
 [image: ]
 20% of filtered water is reabsorbed in the loop, almost all
of it in the descending segment.
 The descending limb is only important in water
Reabsorption مهمه.
 B- The thick segment has thick epithelial cells that can
actively reabsorb Na, Cl and K because of the presence of the Na- 2Cl- K co-transporter . hypo osmotic في هذا الجزء من الانبوب يتم تحويل السائل الى 
 About 25% of the filtration load of these ions is reabsorbed here.
 As we mentioned earlier Na-K ATPase(on the basolateral side) plays an important role in Na reabsorption by creating low intracellular Na concentration (which provides favourbale gradient for Na to be absorbed.
 The thick segment also has Na–H+ counter-trasporter.
 Also a considerable amounts of other ions such as Ca++ , HCO3- , and Mg++ are
reabsorbed in the thick segment by passive mechanisms.
 Although the the 1-sodiuom 2-chloride 1-potassium co-transporter moves equal amounts of anions and cations into the cell there is a slight backleak of K+ creating a positive charge in the lumen which forces additional cations such as Mg++ and Ca++ to be absorbed through para-cellular path . 
 The thick ascending limb is the site of action of powerful loop diuretics, such as furosemide, butenamide & ethacrynic acid, which inhibit Na- 2Cl- K co transport.The thick ascending limb is impermeable to water. So the tubular fluid in it is very dilute(hypo-osmolarity). مهمه 
[image: ]
[image: ]
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Distal Tubule
[image: ] Its first part forms part of the juxtaglomerular
complex (which provides feed-back control of
GFR).
 It reabsorbs most ions including[Na, Cl , K] ,
but it is impermeable to water & urea, which
explains its name "the diluting segment".
 5% of the filtered load of NaCl is reabsorbed in
the early distal tubule because of the presence
of Na-Cl co trasporter. هذا الجزء مشابه للجزء السابق
 Thiazide diuretics, widely used in treating
hypertension & heart failure, inhibit Na-Cl
co-transport in the distal tubule.
 (
مهمه
)\[image: ]
Late Distal Tubule & Cortical Collecting Duct
 Composed of principal cells & intercalated cells.
 Principal cells reabsorb Na & water from the lumen & secrete K ions.
 K secretion in the P-cells is due to the high activity of Na-K ATPase which tends to keep high intracellular K concentration and this will lead to diffusion of K down its concentration gradient into the lumen (secreted).
 Na channel blockers inhibit the entry of Na into the Na channels of the luminal membranes, and therefore reduce the amount of Na that can be transported across the BASOLATERAL membrane by the Na-K ATPase pump , this in turn decreases transport of K into the cells and ultimately reduces K secretion into the lumen [ this mechanism is called K-sparing dieresis].
[image: ]
 Na channel blockers as well, as aldosterone antagonists, decrease urinary excretion of K & act as K-sparing diuretics.
 P- cells are the primary sites of action of K sparing diuretics, e.g. spironolactone, eplerenone, amiloride, & triameterene.
 Intercalated cells secrete H ions by the action of H-ATPase mechanism .
 H+ ions are generated in the intercalated cells by the action of CARBONIC ANHYDRASE enzyme on water and CO2 to form carbonic acid which dissociates into H+ and HCO3 .
 For each H+ ion secreted into the lumen , a HCO3 ion becomes available for reabsorption across the basolateral membrane .
 Intercalated cells can also reabsorb K ions
Characteristics Of The Late Distal Tubule & Cortical Collecting Tubule
 Both are completely impermeable to urea.
 Almost all the urea passes on through & into the collecting duct to be excreted in the urine.
 Late distal tubule & cortical collecting tubule both reabsorb Na(the rate of reabsorption is controlled by hormones) & secrete K (controlled by aldosterone and other factors such as , concentration of K ions in the body fluids).
 Intercalated cells of these segments secrete H ions by an active ATPase pump(thus , intercalated cells play a key role in the acid-base balance of the body).
 A high level of ADH (also called vasopressin) will make them to be permeable to water, although they originally aren't (providing an important mechanism for controlling the degree of dilution or concentration of the urine).
Characteristics of the Medullary Collecting Duct
 Reabsorbs less than 10% of the filtrated water & Na.
 Permeability of the medullary collecting duct to water is controlled by ADH.
 High ADH increases water reabsorption into the medullary interstitium.
 Some urea is reabsorbed into the medullary interstitium, which helps in raising the osmolality of this region. Urea reabsorption also contributes to the kidney's ability to form concentrated urine.
 The MCD plays an important role in acid-base balance by secreting hydrogen ions (renal compensatory mechanism)
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< Water is always transported by osmosis (which is a passive

Remember mechanism).
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< Active transport requires energy, passive doesn't.
Remember | + Glucose is transported by both mechanisms.
< Water is transported only by passive transport (osmosis).
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Remember

Transport maximum of glucose is 375 mg/min, but it's never
reached because not all the nephrons work at the same time or at
their maximum capacity.

Passive water reabsorption is coupled mainly to Na reabsorption.

» Tight junctions aren't really tight; they allow significant diffusion

of water & ions.

Water permeability is high in the proximal tubule & low in the loop
of Henle.
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Proximal tubule
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< The proximal tubule reabsorbs almost 65% of water & Na.

Remember | : pAH can be used to estimate renal plasma flow, because it is
rapidly excreted.
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Q: What should I do if I forget the reabsorption rate of a substance?

Think about the importance of this substance to the body.

For example, glucose is the most important nutrient — it is completely reabsorbed.
Urea is a waste product — it is poorly reabsorbed & so on.
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