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Structure and physiology of the kidneys 

 

 Macrostructure of the kidney 

================================ 

We have 2 kidneys (Right and left kidneys)  

  Each kidney has outer region called the renal CORTEX 

And an inner region called the MEDULLA.  

  Cortex and medulla are called RENAL PARENCHYMA  

  The renal columns are connective tissue extensions that radiate downward from the cortex 

through the medulla to separate the  Medullary Pyramids  

 The papillae represent the apices of the renal pyramids; they are bundles of collecting ducts 

that transport urine made by nephrons to the calyces of the kidney for excretion. 

 The Renal sinus is a cavity within the kidney which is occupied by the renal pelvis , renal 

calyces , vessels and FAT  
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 Simplified summary of kidney structure 

===================================== 
I. CORTEX  

 It is the outer area of the kidney. 

 It contains renal columns , which are 

parts of cortical tissues extending from 

the cortex in-between medullary 

pyramids  

 

II. MEDULLA  

 It is the inner area that surrounds the 

renal sinus  

 It gives the striated appearance to the 

kidneys  

 Medullary mass into 8 - 18 medullary or renal pyramids  

 Base of each pyramid is in contact with the renal cortex and apex (also called Renal papillae) 

projects into minor calyx. 

 

III. RENAL SINUS  

Consists of the following structures  

 upper extended part called Renal pelvis 

 subdivisions of pelvis into 2 - 3 major  

 calyces and 8 minor calyces  

 vessels  

 connective tissue and FAT 

 

وأٔٗ رد٠ٛف ِمفٛي ػٍٝ ٔفسٗ داخً خٖٛ اٌى١ٍٗ أضجٗ ثمجؿخ ا١ٌذ ١٘ٚب داخٍٗ خٖٛ وزٍٗ ِذٚسٖ ِٓ اٌؼد١ٓ ٚـجؼب ٔمطخ 

  renal hilum دٖ ث١سّٝ ureter  ـٍٛع اٌذساع اٌٍٝ ٘ٛ اي

 ٚ٘ٛ ٔفس إٌمطٗ أٚ اٌّذخً اٌٍٝ ث١ذخً

 renal vein ٚث١خشج ِٕٗ اي renal artery ِٕٗ اي
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 So Important Practical Tip Related To Kidney Structure  

 ِٓ اٌّّىٓ اٌز١١ّض ثسٌٙٛٗ ث١ٓ اي

Cortex & medulla & renal sinus in each Kidney in Ultrasound scan of the kidney 

ٓ ػٍٝ سج١ً اٌّثبي ،، اٌى١ٍٗ ا١ٌّٕٝ ثزجمٝ خٕت اٌىجذ ٚاٌطج١ؼٝ ٠ىْٛ اٌمطشٖ اٌخبسخ١ٗ ثزبػزٙب اغّك دسخٗ ِ اٌطج١ؼٝ -

 دسخخ غّمبْ اٌىجذ اٌّدبٚس ١ٌٙب

Renal cortex is more hypo-echoic in comparison to the liver echogenicity 

ضىٍٙب ث١ؿبٜٚ ٔٛػب ِب ) لش٠ت ِٓ اٌطىً اٌٙشِٟ ( ٠ذٚة رحذ  pyramids فٝ غٛسح medulla ث١ّٕب رظٙش اي -

  cortex ٠ٚزىْٛ اغّك ِٓ اي  cortex اي

  غغ١شٖ ألً ث١بؾب structures ع اٌى١ٍٗ ث١ظٙش خضء اث١ؽ ٚخٛاٖثزب center أِب فٝ اي -

 اِب اٌدضء الأث١ؽ فٙٛ اي

Renal fat of the renal sinus 

 pelvis  ِغ calyces ٚثم١خ اٌحبخبد اٌزب١ٔٗ اٌٍٝ خٛاٖ ِب ٘ٝ إلا

 ٌٚىٕٙب ِٕىّطٗ ػٍٝ ٔفسٙب ٚلا رظٙش فمف إلا فٝ حبلاد اسردبع اٌىٍٝ أٚ ِب ٠سّٝ ة اي

Hydronephrosis 

 ٠ٚبخذ اٌٍْٛ الاسٛد ٠ٚغطٝ ػٍٝ اٌٍْٛ الاث١ؽ اٌطج١ؼٝ اٌٍٝ فٝ إٌّزػف renal pelvis ف١زؿخُ رد٠ٛف اي

 

  ٗدٖ ِٕظش اٌىٍٝ ا١ٌّٕٝ اٌطج١ؼٝ فٝ اٌسٛٔبس ،، ػٍٝ ا١ّ١ٌٓ ضىٍٙب ث١ؿبٜٚ ٌٙب ـجمٗ خبسخ١ٗ غبِمٗ ٚـجمٗ داخ١ٍ

 ٙب افزح ِٓ ٌْٛ اٌىجذ اٌٍٝ ٘ٛ ِسزٛاٖ أػٍٝ ِٕٙب ،،ث١ؿبء ٚاٌطجمٗ اٌخبسخ١ٗ اٌغبِمٗ ثزبػزٙب ٕ٘لاحع أٔ

  الاسُٙ اٌٍٝ ػٍٝ اٌطّبي ثزطبٚس ػٍٝ ِىبْ اٌذْ٘ٛ خٖٛ اي renal sinus  

 اٌٍٝ ثزّثً اٌدضء الأث١ؽ ػٍٝ إٌبح١ٗ ا١ّ١ٌٓ
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 ـت ف١ٓ اي

Cortex & medullary pyramids 

 ز١ٓ ػٍٝ ايفٝ اٌػٛسٖ دٜ اٌسُٙ الاغفش اٌؼش٠ؽ ث١طبٚس فٝ إٌبح١ cortex ،، 

 اِب اٌسُٙ الاخؿش اٌؼش٠ؽ ث١طبٚس ػٍٝ اي  medullary pyramids ١٘ٚب رحذ اي cortex ِٖجبضش 

 

 فٝ اٌسٛٔبس اٌٍٝ فبد ؟ renal sinus ِّىٓ حذ ٠سأي ،، ٠مٛي ف١ٓ اي

 ح:الاجات

 sinus fat  خٛاٖ دٖٚلٌٕٛب الاث١ؽ اٌٍٝ  اٌدضء اٌٍٝ ِؼٍُ ػ١ٍٗ ثبٌٍْٛ اٌجٕفسدٟ اٌٍٝ ٚاخذ ضىً ث١ؿبٜٚ



DR. HOSAM MOKHTAR                                                                 STRUCTURE AND PHYSIOLOGY OF THE KIDNEYS 

5 

 

 ٔطٛف غٛس رب١ٔٗ

 دٜ غٛسٖ ٚاٌى١ٍٗ ِؼّٛي ف١ٙب 

Longitudinal view 

ػٍٝ اٌى١ٍٗ ِٛاصٜ ثطىً ة ٚدٖ ٌّب ثزحف اٌجشٚ

 ـٌٛٝ ،،

 ِؼّٛي ػ١ٍٗ سُٙ sinus اي

 

 

 

 

 

 

 

 

  اٌػٛسٖ دٜ ٌّب رحف اٌجشٚة أِب

ػٍٝ اٌى١ٍٗ ثح١ث ٠ؼًّ  ثبٌؼشؼ

 ،، ٠٩ِؼب٘ب صا٠ٚٗ 

 وّبْ sinus فٝ إٌع ٕ٘طٛف اي

 ٚضىٍٗ اٚؾح

  ٓثشدٚ ِٓ خلاي اٌّمطغ دٖ ِّى

 ٔطٛف

 renal pyramids اي

 الاسُٙ اٌحّشاء ثزطبٚس ػ١ٍٙب ( ،،)

 اِب اٌسُٙ الاصسق ث١طبٚس ػٍٝ

 renal pelvis اي

ٚدٖ ِص ِّىٓ اضٛفٗ غ١ش فٝ اٌّمطغ 

 ،، TSاٌؼشؾٟ

 ِص ث١جبْ  LS فٝ اٌطٌٛٝ

Renal pyramids = medulla 
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 انكهيّ انًريضّ ؟طة ازاٖ اعرف 

 دٖ اٌطىً اٌطج١ؼٝ ،، 

 ،، adjacent liver رجبْ اغّك ِٓ اي renal cortex لاصَ اي

  ,, liver more echogenic ٠ؼٕٝ اي

   cortex ثزجمٝ ثب٠ٕٗ ض٠ٛٗ ِٚز١ّضٖ، ػٓ اي med.pyramids ثب١ٔب اي

  more echogenic افزح ُِٕٙ renal sinus ٚاي

 01 - 01ـج١ؼٝ  size ٚاي

 ػٛسٖ اؾبءرٙب غبِمٗ ض٠ٛٗاٌ

 

 

 

NEPHROPATHY 

GRADE I NEPHROPATHY GRADE II NEPHROPATHY 

Cortex echogenicity = liver  

echogenicity with preservation of other 

parameters 

Cortical echogenicity is more than liver 

echogenicity; medulla is relatively near to 

cortical echogenicity 



DR. HOSAM MOKHTAR                                                                 STRUCTURE AND PHYSIOLOGY OF THE KIDNEYS 

7 

 

 ،، ٍٞٛأِب فٝ اٌحبلاد اٌّزأخشٖ ِٓ اٌفطً اٌى 

  ث١ىْٛ ضىً اٌىٍٝ وبلارٝ

Hyperechoic kidney with shrunken size 

 

 

 

 

 

 

 

 

 

 Microstructure of the kidney  

=========================== 

- The kidney is composed of renal 

parenchyma + interstitial connective tissue  

- Although the parenchyma is divided into 

Cortex and medulla The functioning unit 

of the kidney is Nephron  

- There is about 1 million nephron in each 

Kidney  

- Part of each nephron is located inside the 

cortex while the rest is located in the 

medulla 
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NEPHRON 

- Functional Unit Of The Kidney 

- Nephron = Renal corpuscle + tubules 

 RENAL CORPUSCLE 

 The renal corpuscle consists of the glomerulus and the Bowman's capsule. 

 The glomerulus is a high pressured, fenestrated capillary with large holes (fenestrations) 

between the endothelial cells. 

 The glomerular (Bowman's capsule) captures the filtrate created by the glomerulus and 

directs this filtrate to the PCT.  

 The outermost part of glomerular capsule is a simple squamous epithelium. 

 It is arranged in uniquely shaped cells (podocytes) with finger-like arms (pedicels) that 

cover the glomerular capillaries  

 A thin basement membrane lies between the glomerular endothelium and the podocytes.  

 The pedicels interdigitate to form filtration slits ٖفزحبد فٍزش, leaving small gaps that form a 

sieve.(Sieve = ِٖػفب) 
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 As blood passes through the glomerulus, 10 to 20 % of the plasma filters out of the 

fenestrations ٔٛافز, through the basement membrane and between these sieve-like fingers to 

be captured by the glomerular capsule and funneled to the PCT 

 PCT رؼجش خلاي ِب٠طجٗ اٌمّغ إٌٝ الأٔبث١ت اٌػغ١شٖ

 

 These Features Comprise The Filtration Membrane. َِسيج انفهتر  

  اٌّٛؾٛع ٠طجٗ رشو١ت خٙبص اٌفٍزش اٌٍٝ ثٕسزخذِٗ فٝ اٌج١ذ ٌفزشح ا١ٌّٗ

o The filtration membrane prevents 

passage of blood cells, large proteins, 

and most negatively charged particles 

but allows most other constituents 

through. These substances cross readily 

if they are less than 4 nm in size and 

most pass freely up to 8 nm in size.  

 

 

o ِػػُ ٌّٕغ ػجٛس اٌّىٛٔبد راد الأحدبَ اٌىج١شٖ ٔسج١ب ِثً ِىٛٔبد اٌذَ ٚاٌّٛاد اٌى١ّ١بئ١ٗ سبٌجخ اٌطحٕٗ  اٌفٍزش

  ٔبِٔٛزش 8ٚاٌّٛخٛدٖ فٝ اٌجلاصِب ٚوً ِب ٘ٛ حدّٗ اوجش ِٓ 

Why Negatively Charged Particles Can't Be Filtered Out?!  

اٌطحٕٗ اٌسبٌجٗ اٌّٛخٛدٖ ػٍٝ غطبء اٌفٍزشح ث١ّٕب رؼجش اٌطحٕٗ اٌّٛخجٗ ثسٌٙٛٗ ثسجت رٕبفش اٌطحٕبد اٌسبٌجخ ،،لأٙب رحًّ ٔفس   

o A  Negatively charged particles have difficulty leaving the blood because the proteins 

associated with the filtration membrane are negatively charged, so they tend to repel 

negatively charged substances and allow positively charged substances to pass more 

readily. 

  

o There are also mesangial cells in the filtration membrane that can contract to help 

regulate the rate of filtration of the glomerulus. The result is the creation of a filtrate that 

does not contain cells or large proteins, and has a slight predominance of positively 

charged substances. 
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 TUBULES 

1. Proximal Convoluted Tubule (PCT) 

- Filtered fluid collected by Bowman’s capsule enters into the PCT. 

- Simple cuboidal cells form this tubule with prominent microvilli on the luminal surface, 

forming a brush border. 

- These microvilli create a large surface area to maximize the absorption and secretion of 

solutes in the filtrate (Na+, Cl–, glucose, etc. 

 

2. Loop of Henle 

- The descending and ascending portions of the loop of Henle (sometimes referred to as the 

nephron loop) are continuations of the same tubule.  

- They run adjacent and parallel to each other after having made a hairpin turn at the 

deepest point of their descent.  

- The descending loop of Henle consists of an initial short, thick portion and long, thin 

portion, whereas the ascending loop consists of an initial short, thin portion followed by a 

long, thick portion.  

- Different portions of the loop have different permeabilities for solutes and water. The 

ascending thick portion consists of simple cuboidal epithelium similar to the DCT.  

 

3. Distal Convoluted Tubule (DCT) 

- The DCT, like the PCT, is formed by simple cuboidal epithelium, but it is shorter than 

the PCT.  

- These cells are not as active as those in the PCT and there are fewer microvilli on the 

apical surface. 

- However, these cells must also pump ions against their concentration gradient, so you 

will find of large numbers of mitochondria, although fewer than in the PCT. 
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4. Collecting Ducts 

- The collecting ducts are continuous with the nephron but not technically part of it.  

- In fact, each duct collects filtrate from several nephrons for final modification. 

- Collecting ducts merge as they descend deeper in the medulla to form about 30 terminal 

ducts, which empty at a papilla. They are lined with simple cuboidal epithelium to 

facilitate water transport. 

 

5. Juxtaglomerular apparatus (JGA) 

- Lying just outside Bowman’s 

capsule and the glomerulus is the 

juxtaglomerular apparatus (JGA)  

- At the junction where the afferent 

and efferent arterioles enter and 

leave Bowman’s capsule, the wall 

of the DCT at that point forms a 

part of the JGA known as the 

MACULA DENSA.  

 

 

 

 

- The function of the JGA is to secrete Renin hormone.  

- Renin is a protein that initiates the production of Angiotensin II, which acts as a powerful 

systemic vasoconstrictor and stimulates the release of the hormone aldosterone from the 

adrenal cortex. 

- A second function of the macula densa cells is to regulate renin release from the 

juxtaglomerular cells of the afferent arteriole.  
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 Summary  

 Glomeuli + Bowman's capsule achieves the process of filtration  

 PCT achieves most reabsorption and secretion of the solutes 

 Loop of Henle achieves the concentration of Urine mainly  

 DCT achieves fine tunning in some solutes reabsorption and secretion  

  انتظثيطاخ انُٓائيّ

 Collecting tubules --> excretion of the urine into the papillae --> calyces --> renal pelvis --> 

ureter --> urethra 

 ؟ ( urine ) هحصٕل عهٗ انًُتج انُٓائٗعشاٌ تتى عًهيّ انفهترِ ثى إعادج الايتصاص ن kidney طة ازاٖ انذو تيذخم ال

 فٝ اٌػٛسٖ دٜ ،، اٌذَ ث١ذخً اٌى١ٍٗ ِٓ اي hilum ػٓ ـش٠ك اي renal artery  اٌٍٝ ثبٌٍْٛ الاحّش 

  Segmental artery  ٌفشع اغغش اسّٗ ث١زفشع  ٚثؼذ٠ٓ

 Arcuate artery  ثُ   Interlobar artery ثُ اٌٝ اغغش اسّٗ

 ٚدٖ اغغش ٚاحذ ف١ُٙ ،،interlobular artery  ثُ

 kidney  اٌزفش٠ؼبد دٜ ػطبْ ٠ٛغً ٌٍٛحذٖ اٌٛظ١ف١ٗ اٌٍٝ ١٘حػً ف١ٙب وً اٌطغً ثزبع اي وً
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 Interlobular artery gives branch called AFFERENT ARTERIOLE      خف ٠٩٩رحزٗ  ٔحفٔ

 Nephron دٖ اٌٍٝ ١٘ذخً ثذا٠خ اي

 اي Nephron ِىْٛ ِٓ خضء  Cup Like ّٗاس  Bowman's capsule   

 Tubules  ِغ ض٠ٛخ أٔبث١ت دل١مٗ خذااا اسّٙب

  ايAfferent arteriole  ًّث١ذخً ٠ؼ Tuft Of Capillaries ثذاخً اي Cup  ٌٝثس  ٠٩دٖ ٚث١ذخً حٛا ٪

 efferent arteriole  ٚاٌجبلٝ ث١شخغ، ػٓ ـش٠ك ِٓ اٌذَ ،،

 Afferent + efferent consists Glomerular tuft of capillaries inside the cup 

 Afferent arteriole is thicker than 

efferent arteriole, So this creates 

increased intraglomerular 

pressure force inside the 

glomerular apparatus 

 Intraglomerular pressure 

 ُِٙ لارّبَ ػ١ٍّخ اٌفٍزشٖ اٌٍٝ ٘ززُ ث١ٓ

  glomerular capillaries اي

 glomerular capsule  ٚ اي

 اٌذَ ػطبْ ٠زفٍزش خٖٛ 

ِطٍٛة ِٕٗ ٠ؼذٜ ػٍٝ  renal corpuscle  اي

 حٛاخض ٣حبخض ِىْٛ ِٓ 

 اٌذَ ِػذسٖ ِٓ خٖٛ رد٠ٛف

  ١٘ؼجش خ١ٍٗ اسّٙبblood capillaries  اي

Endothelial Cells 

 ٚدٖ اٌحبئف الاٚي ثُ ٠ٛاخٗ ػطبء سل١ك اسّٗ

Glomerular basement membrane 

 ٚـجؼب ١٘ؼذٜ ِٓ ٔٛافز رسّٝ

Fenestrations 

Fenestrations in the endothelium crossing the GBM then crossing the epitheliul cell called 

Podocytes 
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 ازاٖ ؟ PODOCYTES طة ْيعذٖ يٍ ال 

صٜ ِب احٕب ضب٠ف١ٓ فٝ اٌػٛسٖ أْ خسُ 

اٌخ١ٍٗ ٔفسٗ ِٛخٛد فٝ خٕت ػٍٝ اٌطّبي ،، 

ٌىٓ اٌسبئً اٌٍٝ ارفٍزش ٚاٌٍٝ ث١سّٝ ِدبصا 

 urine    اي

ث١ؼذٜ ِب ث١ٓ لٛاٌت ث١ٕٙب فزحبد ٚٚاؾح 

   Podocytes أٙب ربثؼٗ ًٌ

  اٌمٛاٌت اسّٙب

 Foot processes 

 ٚاٌفزحبد اسّٙب 

 Slit diaphragm   

 اٌحٛاخض دٜ وٍٙب ػٍٝ ثؼؿٙب اسّٙب

Glomerular Filtration Barrier 

 

Barrier = fenestrated endothelium then Glomerular basement membrane then epithelial part 

(slit diaphragm or holes in between Podocyte foot processes 

 اٜ خًٍ فٝ ٚاحذٖ ِٓ دٚي ١٘ؤدٜ إٌٝ خًٍ فٝ ػًّ

Glomerular apparatus 

 ٚدٖ اٌٍٝ ٕ٘ؼشفٗ ثؼذ٠ٓ فٝ اي

Glomerular diseases (GN) 

 طة ايّ انهٗ تيتفهتر تانظثظ ؟ 

وً ِىٛٔبد اٌذَ ِٓ ثلاصِب ٚوً ضٝء دا٠ت 

ث١فٍزشٚا ِب ػذا الاخسبَ  solutes ف١ٙب ِٓ

 ِثً خلا٠ب اٌذَ اٌىج١شٖ اٌحدُ

 RBC's & WBC'S & Platelets   

 ِٚؼبُ٘ اٌجشٚر١ٕبد وج١شح اٌحدُ

 Plasma proteins 

 دٖ  ـجؼب فٝ اٌطج١ؼٝ
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 ِؼٕٝ وذٖ أْ اي Glomerular Pathology ٜاو١ذ ١٘ؼذٜ حبخبد ِٓ د 

RBC's & proteins 

So the Hallmark of Glomerulopathy 

= Presence of RBCS (Dysmorphic RBC'S) And Or Protein in the Urine 

  ،، ٗـجؼب فىشح اٌفٍزشٖ ِج١ٕٗ ػٍٝ اسزجؼبد اٌّىٛٔبد راد الأحدبَ اٌىج١شٖ ٚاٌطحٕبد اٌسبٌج 

 ضحٕبد سبٌجٗ ثسجت اٌجشٚر١ٕبد اٌٍٝ ػٍٝ سطحٗ ِّب ٠سجت رٕبفش ث١ٕٗ ٠حًّ  GBM لاْ اي

 ٔبِٔٛزش صٜ ِب صوشٔب فٛق ٨،، صائذ اٜ ضئ حدّٗ اوجش ِٓ  plasma proteins ٚث١ٓ اي

  اٌٍٝ دا٠جٗ فٝ ١ِخ اٌجلاصِب وٍٙب ثزؼذٜ، ٚاٌسبئً دٖ اسّٗ فٝ اٌّشحٍٗ دٜ solutes أِب ثبلٝ اي

FILTRATE 

 ِ ب ٠ؼذٜ اٌحبخضـجؼب اٌسبئً ثؼذ Glomerular filtration barrier  

  nephron              ػطبْ ٠ؼجش اٌٝ اٌّحطٗ اٌزب١ٔٗ أٚ اٌّشحٍٗ اٌزب١ٔٗ ِٓ اي  Bowman's space  ١٘زدّغ فٝ

 tubules           ١٘ٚب اي

 دِ تيتكٌٕ يٍ ايّ تانظثظ فٗ انًرحهّ دٖ ؟ filtrate طة يا ترٖ انسائم انهٗ ْٕ ال

 Composition Of The Filtrate  

- Water (H2O)  

- Electrolytes) Na, Cl, K, Ca, Mg, P) 

- Nutrients  

- Glucose  

- Amino acids  

- Waste products  

 Urea (BUN)  

 Creatinine  

 Uric acid  

 Ammonia (small amount) 

 تقٗ ايّ ؟ tubules طثعا يطهٕب يٍ ال

 ١ٗ ػٍٝ ١٘ئخ ثٛياو١ذ ِص ٘زشِٝ وً اٌّىٛٔبد دٜ ثّب ف١ٙب اٌّ

 إٌّطمٝ أٔٙب ٘زشخغ اٌُّٙ ٚرشِٝ اٌؿبس ٚاٌضائذ ػٓ اٌحبخٗ

 ػطبْ وذٖ اٌّٛؾٛع دٖ ػب٠ض وبَ ػ١ٍّٗ

Process of Reabsorption  Process of Secretion  Process of Excretion 

 TUBULES ٚدٜ ٘ززٛصع ػٍٝ اي
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o اٚي خضء ١٘ؼذٜ ػ١ٍٗ اي filtrate اي ٛ٘  

PROXIMAL CONVOLUTED TUBULE 

ػِّٛب أٔٙب أٔبث١ت غغ١شٖ خذااا ٌٙب خذاس ٚخٛا٘ب رد٠ٛف ٚاٌدذاس دٖ ث١فػً الأجٛثٗ ػٓ  Tubules اٌمبػذٖ فٝ اي -

 Interstitial Tissue إٌس١ح اٌّح١ف ث١ٙب ٚ٘ٛ اي

 ١٘جمٝ لا ِحبٌٗ  tubules ٚٔز١دخ اخزلاف الأـٛاي ث١ٓ أخضاء اي -

      DCT ٚ اي  PCT   صٜ اي Cortex اخضاء رمغ داخً اي

  Collecting Tubules  ٚاي Loop Of Henle ٚ٘ٝ اي Medulla ٚاخضاء ثزمغ فٝ اي

o ًٌ ٗثبٌٕسج PCT 

 ِٓ اٌذاخً microvilli ٌٚٙب cuboidal cells ١٘ب ِجطٕٗ ثخلا٠ب ِىؼجٗ اٌطىً

 Brush border  ثزؼًّ سطح ٠طجخ اٌفشضٗ ٠سّٝ

   Reabsorption  ٚدٖ فبئذرٗ ص٠بدٖ ِسبحخ اٌسطح ٌؼ١ٍّٗ اي

  Nutrients  ٚاي Electrolytes ٘ٝ اوزش خضء ١٘حػً اِزػبظ ٌّؼظُ اي PCT ٚثبٌزبٌٝ

 70 % of Na & Cl  

 70 % water  

 95 - 100 % glucose  

 95 - 100 % amino acids 

 

 

o خٍٝ ثبٌه اي Nutrients  ،، ٗحٍخِب ثزىٍّص سثزشخغ ثذسٜ ِٓ اٚي اٌسىٗ لأٔٙب ِّٙٗ ٌٍدسُ لأزبج اٌطبل 

 صٜ اٌدٍٛوٛص ٚالاحّبؼ الا١ٕ١ِٗ اٌط٠ٍٛٗ  Tubules اي 

o ـجؼب اي PCT ًّث١زؼ  Reabsorption ي 

85 - 90 % of HCO3 

 PCT فٝ خذاس اي channels ثززُ ػٓ ـش٠ك reabsorption ػ١ٍّخ إػبدح الاِزػبظ دٜ اي

o  ايPCT ًّثزؼ secretion ٌٗحبخبد رب١ٔ 

Secretion process is the opposite of the process of reabsorption 

   ions ٚ  waste products ٠ؼٕٝ اٌخلا٠ب اٌّجطٕٗ ٌٍدذاس ثززُ خٛا٘ب، ػ١ٍّبد ح٠ٛ١ٗ لإفشاص

 ! صٜ ا٠ٗ داخً اٌزد٠ٛف ثٙذف اٌزخٍع ِٕٙب

o Organic acids & bases 

o Oxalate, metabolites of hormones  

o  Hydrogen  ion H+ 

o  Drugs & Toxins 
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o ايِب رٕسبش إ ْ PCT ػٍٝ سطحٙب ِٛغلاد transporters ٘بااِٗ خذاااا 

  ػطبْ وذٖ ث١طٍك ػ١ٍٙب channel ِٓ خلاي ٔفس اي multiple solutes ٚدٜ ثزؼذٜ

CO-TRANSPORTERS 

 Co- transporters has 2 types 

1) Symporters ( Co-transporters that move ≥ 2 solutes in the same direction )  

E.g. Sodium glucose linked transporters (co-transporters) SGLT 

 ٚدٜ اٌٍٝ ثزطزغً ػ١ٍٗ

 SGLT2 inhibitors  

 اٌط١ٙشٖ  

 ٚوّبْ

Na/amino Symporters 

2) Anti-porters which transport ≥ 2 molecules in opposite directions  

Na/H anti-porter 

 Summary of the Functions of PCT  
=========================== 

 The proximal convoluted tubule is the main site of solute and water absorption. 

 60-70% of glomerular ultrafiltrate is reabsorbed in it. 

 Sodium gradient drives most of the reabsorption 

 Basolateral Na+/K+ ATPase activity maintains this gradient 

 Sodium co-transporters mediate the following  

- Glucose reabsorption 

- Organic anion reabsorption 

- H+ excretion, and therefore bicarbonate reabsorption 

- Phosphate reabsorption 

- Ammonia elimination 

 Water diffuses passively along with sodium 

Thus, proximal tubule fluid remains isosomolar with glomerular filtrate 

 The proximal straight tubule is the main site of active organic ion excretion 

Mediated by the organic anion transport protein family 
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 !! طة نٕ حصم فيٓا يرض ايّ انًتٕقع

 ّٗ٘ٛ فؼلا ث١حػً ف١ٙب ِشؼ خبظ ث١ٙب اس

Renal Tubular Acidosis Type 2 

 ٚظ١فزٙب PCT ٚدٖ ف١ٗ ثزفمذ اي

- Failure of PCT to reabsorb bicarb (HCO3)  

- Initial insult is ↑ HCO3 excretion so initially urine PH become > 6.5  

- Then HCO3 serum level drops, impaired absorption is still sufficient to acidify urine to < 5.5  

- Na HCO3 loss & mild hypo K  

 ٚث١ىْٛ ِؼب٘ب ـجؼب

- Defect in glucose reabsorption (glucosuria without DM)  

- Aminoaciduria  

- Phosphaturia leading to osteomalacia  

 The last 3 complications make the so called FANCONI SYNDROME 

******************************************** 

o ٟٔخضء ١٘ؼذٜ ػ١ٍٗ اي ثب filtrate اي ٛ٘  

LOOP OF HENLE 

 U  ٚ٘ٝ خضء أٔجٛثٝ ػٍٝ ١٘ئخ حشف

  Descending part    اسّٗ PCT اٌٍٝ ٠ٍٝ اي  loop of Henle اٌدضء الاٚي ِٓ اي

   Ascending part       ِب اٌدضء اٌّزجمٝ ٚاٌػبػذ اسّٗأ

 دٖ ؟ Loop of Henle طة يا ترٖ ايّ ٔظيفح ال

 ! ثجسبـٗ رشو١ض اٌجٛي

 اصاٜ ؟

 ١٘زُ ف١ٙب ػ١ٍّز١ٓ ح٠ٛ١ز١ٓ ّ٘ب اي

Reabsorption of water which makes the filtrate at such stage more concentrated ِشوض 

 ٚدٖ ١٘زُ فٝ اي

Descending part 

 H2O ٚاٌدضء دٖ فمف خذاسٖ ٔفبر ًٌ

Permeable to water 
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 اٌػبػذ اِب اٌدضء

Ascending part 

 فج١زُ ف١ٗ

Passage of Na & Cl from the lumen across 

the wall to the medulla 

 loop of Henle    اي ٠ؼٕٝ اٌٍّح ١٘ؼذٜ ِٓ خٖٛ

 medulla    إٌٝ اي

 ٚثبٌزبٌٝ س١ػجح اي

Medullary interstitium is salty 

 ٚدٖ ١٘ضٚد اي

Osmolality inside it 

 دٖ ـجؼب ascending ٚاٌدضء اي

 H2O غ١ش ٔفبر ًٌ

Impermeable to water 

 ٚدٖ اٌٍٝ ث١خٍٝ اي Loop of Henle ث١حػً ف١ٙب 

Countercurrent multiplier system 

This is responsible for maintaing an osmotic medullary gradient in the outer medullary tissue 

 

 Medullary Osmotic Gradient طة ٔدِ ْيفيذ فٗ ايّ ال

 ؟ Medulla انعانٗ تذاخم ال Solutes ْٕٔ فرق ال تركيس ال

This gradient ensures the vasopressin-driven reabsorption of water  

From the luminal fluid in the collecting duct 

 

 ًٌ ٗٚوّبْ ف١ٗ فٛائذ رب١ٔLoop of Henle  ٞص 

- Reabsorption of 25 % of calcium Ca 

- Reabsorption of 20% of potassium K  

- Reabsorption of 60 % of Magnesium Mg 
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 دٖ ؟ اكيذ كهُا يش تُحة انًعهٕياخ الاكاديًيّ دٖ ؟ mechanism طة انسؤال ُْا ْيفيذَا فٗ ايّ َعرف ال

 الاخبثٗ :

 ٚ ٗ٘زحػً فٝ اٜ ِشؼ ٚاٌؼ١بْ ١٘طزىٝ ِٓ ا٠ٗ ؟ػطبْ ٔفُٙ أْ إٌظبَ أٚ الا١ٌٗ دٜ ٌٛ اخزٍذ ِزٛلغ رلالٝ ا٠ 

 ٚدٖ ث١حػً فٝ اي

Chronic tubulo-interstitial nephritis 

 ٚدٖ ِشؼ ِضِٓ

  Loop of Henle  ثزجٛظ ٚخػٛغب اي Tubules ٚدٖ ف١ٗ ٚظ١فخ اي

 ٚثبٌزبٌٝ اوزش حبخٗ ٘زخزً ٘ٛ اي

Concentration of Urine 

& ↑ medullary osmotic gradient 

 ٝ اٌّش٠ؽ دٖ ١٘د١ت ثٛي غ١ش ِشوض ،، ٚثبٌزبٌ

  َِٛص وذٖ ٚثس ،، لا دٖ اٌجٛي ١ٕ٘ضي ف١ٗ و١ّبد غٛد٠َٛ وز١ش لاخزلاي إ١ٌٗ إػبدح اِزػبظ اٌػٛد٠ 

 ٚثبٌزبٌٝ ١٘حػً

Great loss of Na in urine 

 ِغ أزبج و١ّبد وج١شٖ ٔٛػب ِب ِٓ اٌجٛي ٚدٖ اسّٗ

Salt losing nephropathy 

 ٚاٌّشؼ دٖ وّبْ ث١خٍٝ اي

Collecting tubules are insensitive to ADH 

 ٚثبٌزبٌٝ ِّىٓ ٠حػً

Nephrogenic DM + polyuria 

 ايّ تاَٗ ؟

 اسّٗ ! فٝ دٚاء ِطٙٛس خذاااا ث١طزغً ػٍٝ اٌّىبْ دٖ

Loop diuretics 

E.g. Furosemide (frusemide) 

 ! ثمٝ دٖ ث١ؼًّ ا٠ٗ...  اٌلاصوس اٌٍٝ وٍٕب ػبسف١ٕٗ

1) inhibits Na - k - Cl co-transporters 

 ٚدٜ  اٌٍٝ ِٛخٛدٖ ػٍٝ اي

 Ascending part 

2) It inhibits water reabsorption ---> diuretic effect 
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 ٔايّ تاَٗ ؟

 Tubules فٝ ِزلاصِبد ٔبدسٖ ٚ٘ٝ اِشاؼ ٚساث١ٗ رػ١ت اي

 ٚاحذٖ ُِٕٙ اسّٙب

Bartter's syndrome 

 ٚدٖ ث١ىْٛ ف١ٙب

Gene mutation affects the Na - K - 2Cl pump 

In the ascending part of Loop of Henle 

 Na reabsorption ٚث١مًٍ اي

 ٚث١حػً

Stimulation of RAS system --> ↑K & ↑ H excretion 

 ٠ٚحػً

Metabolic alkalosis 

Hypokalemia + low or normal BP 

 ٚدٖ ٔفس رأث١ش اٌلاصوس رمش٠جب

Lasix like disease 

 ٚث١سّٝ

Na wasting disorder 

Salt Losing Tubulopathy or Channalopathy 
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o خضء ١٘ؼذٜ ػ١ٍٗ اي ٌثثب filtrate اي ٛ٘  

DISTAL CONVOLUTED TUBULES & COLLECTING TUBULES 

 ٠ؼذٜ ِٓ filtrate ثؼذ ِب اي

 ،، ascending part of Loop of Henle اي

 DCT ١٘ٛغً ٌزد٠ٛف اي

 ٌِٚٝح١ث اٌٛظ١فٗ لاصَ ٔمسُ اٌّٙبَ اٌٛظ١ف١ٗ اٌدضء دٖ إ ٓ 

1) Early DCT is similar to ascending part of Loop of Henle اٌٍْٛ الاخؿش  

2) Late DCT is similar to cortical part of collecting tubule ٕٝاٌٍْٛ اٌٍج  

3) Medullary part of collecting tubule اٌٍْٛ الاغفش 

4) Collecting tubules 
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1) EARLY DCT  

 سبسب ِسؤٌٚٗ ػٓ حبخز١ٓ أسبس١١ٓأ

1. Na & Cl absorption  

2. Ca absorption 

1) Na ABSORPTION 

 % ِٓ اٌػٛد01َٛ٠ - ١٘5ب ِسؤٌٚٗ فمف ػٓ 

 Loop of Henle  ثس ا١ٌّىب١ٔضَ ٕ٘ب ِخزٍفٗ ػٓ اي

  ِٓ ٔبح١ٗ Lumen رمغ ِب ث١ٓ اي DCT صٜ ِب احٕب ِزػٛس٠ٓ إْ خلا٠ب اي

Peritubular capillary (blood) ٚٗٔبح١ٗ رب١ٔ ِٓ  

 إٌبح١ٗ اٌٍٝ ِب ث١ٓ اي

Cell and blood (capillary) 

   Basolateral membrane   دٖ اسّٗ

 ٚ ث١جمٝ ػ١ٍٗ ثٛاثبد ـبلٗ اسّٙب

Na - K - ATPase transporters 

 ٛد٠َٛٚدٜ ِٛخٛدٖ فٝ اِبوٓ وز١ش خذااا فٝ اٌدسُ ٚصٜ ِب ٘ٛ ِؼشٚف أٙب ثزطٍغ غ Na ًٌٍذَ ٚرذخ K  ٖفٝ الاردب

 DCTاٌّؼبوس ،، ٚثبٌزبٌٝ ٠مً رشو١ض اٌػٛد٠َٛ خٖٛ اٌخ١ٍٗ اٌّجطٕٗ ٌدذاس اي
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 ٔ  ّْيقم يقارَح تأيح ؟تركيس انصٕديٕو جِٕ انخهي  

 filtrate  اٌّحزٜٛ ػٍٝ اي lumen الاخبثٗ : ِمبسٔٗ ثزشو١ض اٌػٛد٠َٛ فٝ اي

  ث١ٓ الار١ٕٓ ػٍٝ اٌغطبء دٖ ٚاسّٗ gradient و١ضٚثبٌزبٌٝ ١٘حػً رذسج أٚ رفبٚد فٝ اٌزش

Apical membrane 

 DCT Cell   ػطبْ ٠ؼجش إٌٝ داخً اي filtrate ٠ٚسجت اي lumen ٚإٌز١دٗ ١٘ب أْ لاصَ اٌػٛد٠َٛ ٠ذخً ِٓ اي

 ! ْيعذٖ يٍ خلال ايّثس 

  ٚث١ذخٍٛا الار١ٕٓ ِغ ثؼؽ ٚاسّٙب chloride الاخبثٗ ِٓ ثٛاثبد ِطزشوٗ ِغ اي

Na- Cl co-transporters 

 ٚاحٕب ارفمٕب إرا وبْ ٕ٘بن 

2 molecules crossing in the same direction 

The transporter is called Symporter 

 ٗوذٖ اٌػٛد٠َٛ اٌٍٝ خشج ِٓ ٔبح١ٗ دخً ِىبٔٗ غٛد٠َٛ ِٓ ٔبح١ٗ رب١ٔ 

 ٌىٓ اي Chloride اٌٍٝ دخً ِغ اٌػٛد٠َٛ ،اٌٝ داخً اٌخ١ٍٗ ِٓ اي apical membrane   ،ِص ١٘مؼذ خٛا٘ب

 إٌٝ اٌذَ basolateral membrane ١٘ؼذٜ ٠ٚخشج إٌبح١ٗ اٌزب١ٔٗ ٠ٚطٍغ ِٓ اي

 

 ايّ فائذج انًعهٕيّ ؟

فبئذرٙب أْ ٕ٘بن دٚاء ض١ٙش 

  خذااا ث١طزغً ػٍٝ اي

Sodium chloride Co-

transporter 

(Symporter) 

 الا ٚ٘ٛ اي

Thiazide diuretic 

ااا فٝ ٚدٖ دٚاء ُِٙ خذ  

 اٌؿغف ٚحبخبد رب١ٔٗ ػلاج

 

 Thiazide diuretics are drugs that cause both natriuresis (removal of sodium in the urine) and 

diuresis. Thiazide diuretics work by blocking sodium and chloride (Na/Cl) channels in the 

distal convoluted tubule of the nephron and inhibit the reabsorption of sodium and water. 
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 ايّ تاَٗ يعهٕيّ ُْستفادْا ؟

   DCT    إْ ٕ٘بن ِشؼ ٚساثٟ ٔبدس ث١ػ١ت اٌدضء دٖ ِٓ اي

 ٚثبٌزحذ٠ذ

Na - Cl cotransporter 

  ٚاسّٗ

 Gitleman Syndrome 

 Thiazide diuretics ٚدٖ رأث١شٖ ٠طجٗ رأث١ش اي

N.B:  

 Bartter's syndrome 

--> lasix like  

Mutation in Na K 2 Cl pump on ascending loop of Henle  

 Gitleman's syndrome  

--> Thiazide like  

Mutation in Na - Cl co-transporter (Symporter) 

 اٌدذ٠ش ثبٌزوش أْ اي ِٓ Early DCT  ٓاي 01 - 5ِسؤٌٚٗ ػ ِٓ % Mg absportion  ،، 

 PCT ٚخضء ثس١ف ِٓ اي  loop of Henle ٚالاغٍت ـجؼب فٝ اي
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2) Ca REABSORPTION  

 ًٌ ٗٙـجؼب  ث١حػً ثطش٠مٗ ِطبث  Na absorption 

Na- K ATPase pump on basolateral membrane (between cell and blood) 

+ 

Na - Ca anti-porter 

 ث١خشج Ca إٌٝ اٌذَ ِّب ٠ؤدٜ إٌٝ أخفبؼ ِسزٜٛ اٌىبٌس١َٛ ثذاخً اي   DCT Cell   

  Gradient ٠ٚؼًّ

 ف١ؿطش اٌىبٌس١َٛ ٠ذخً ِٓ إٌبح١ٗ اٌزب١ٔٗ ٠ٚؼجش ِٓ اي lumen ٠ٚسجت اي filtrate إٌٝ داخً اي  DCT Cell 

 (Calcium uniporter) ٚث١ؼذٜ ٌٛحذٖ فمف

Ca uniporters 

 دٜ ػ١ٍٙب ِسزمجلاد اٌٙشِْٛ اٌّسؤٚي ػٓ اي

Calcium homeostasis 

 PTH الا ٚ٘ٛ اي

 ٠ٚشفغ ِسزٜٛ اٌىبٌس١َٛ فٝ اٌذَ Ca reabsorption اي ٚدٖ ث١ضٚد
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2) LATE DCT 

 ثؼذ ِب ٠خشج اي filtrate اي ِٓ Early DCT ١٘ذخً اي ،، late DCT ثؼذ٘ب اي ِٓٚ  Collecting Tubules  

 ٚظ١ف١ب اي

Late DCT & early part of Collecting Tubules 

 رمش٠جب ١ٌُٙ ٔفس اٌٛظ١فٗ

 ١ٓ خضء ِؼ١ٓ ِٓ ايٚاٌٛظ١فٗ صٜ ِب احٕب ػبسف electrolytes ٍٗث١حػ Reabsorption ٚأ Secretion   

 ػٓ ـش٠ك ثٛاثبد ِٓ خلاي اٌدذاس اٌّحزٜٛ ػٍٝ خلا٠ب

 

 ٕ٘ب ثمٝ اٌخلا٠ب اٌّىٛٔٗ ٌدذاس اي 

Late DCT & cortical part of collecting tubules 

 ٔٛػ١ٓ ِٓ اٌخلا٠ب

A. Principle Cells 

B. Intercalated Cells 

 Principle cells are responsible for part of Na & potassium handling  

While  

 Intercalated cells are responsible for Acid base regulation 
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 ؟ PRINCIPLE CELLS انهٗ تيحصم تانظثظ فٗ ال

 ِٓ الاخش وذٖ إػبدح اِزػبظ

3 - 5 % of Na 

+  

K extrusion (secretion in the filtrate) 

 Early DCT حبخٗ وذٖ ضج١ٙٗ ثبٌٍٝ وبْ ث١حػً فٝ اي

Basolateral membrane between peritubular capillary and 

Principle cell has Na - K ATPase pump 

 ِمبثً دخٛي اٌجٛربس١َٛ blood اٌػٛد٠َٛ ١٘خشج ًٌ

 خشٚج اٌػٛد٠َٛ ١٘مًٍ رشو١ضٖ خٛا اٌخ١ٍٗ ٚثبٌزبٌٝ دٖ ١٘ؼًّ

 Gradient 

 Apical Membrane   ٌٍذخٛي ِٓ إٌبح١ٗ اٌزب١ٔٗ filtrate ٚدٖ ١٘دزة اٌػٛد٠َٛ اٌٍٝ فٝ اي

 Principle Cell  ٚاي lumen ث١ٓ اي

 ثس ٕ٘ب ثمٝ اٌػٛد٠َٛ ١٘ذخً ػٓ ـش٠ك ثٛاثبد اسّٙب

Epithelial Na channels )ENa channels  (  

 

 

 

 

 

 

 

 

 

 ؟ Early DCT أيال ايّ الاختلاف تقٗ عٍ ال

 Mineralocorticoid (Aldosterone)  الاخزلاف ٘ٛ أْ اٌٍٝ ث١طزغً ػٍٝ الا١ٌٗ دٜ ٘ٛ اي

Aldosterone action: Na reabsorption (Na retention) + k secretion in urine  

                                  Na retention --> salt retention --> water retention --> regulation of BP 
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 ؟ حدٔيأْم انًكاٌ دِ تيشتغم عهيّ 

 اٖ ـجؼب

Mineralocorticoid antagonists or K sparing diuretics 

 صٜ ا٠ٗ ؟

Spironolactone & Epelerone 

 دِ ركسٔا عشاٌ ُْا حتّ يًّٓ جذااا

 اي ALDOSTERONE إٌٝ خبٔت أٔٗ ث١ٕظُ اي Na اي ٚ K  ٚاٌؿغف  ،، 

 RAS system  يفٙٛ وّبْ ٠ؼزجش اخش ِحطٗ ا

RAAS = Renin - angiotensin - aldosterone system 

 ٚدٖ احٕب ارىٍّٕب ػٕٗ لجً وذٖ ٚ٘ٛ ِؼشٚف ١ٌٕب وٍٕب          

 ٕ٘بن حبلاد ِشؾ١ٗ ٠زُ ف١ٙب اسرفبع اي aldostetone ًاظٓ ضشحٕبُ٘ لجً وذٖ ثبٌزفػ١ 

  ثس ٍِخػُٙ ٌٛ رفزىشٚا hypokalemic Hypertension اي ِٛؾٛعفٝ            

1. Primary aldosteronism 

2. Secondary aldosteronism 

 Primary aldosteronism 

 ػلاخٗ ٌٛ وبْ ٔز١دخ

Hyperplasia --> Aldosterone antagonist 

 

 اِٚبي ا٠ٗ اٌٍٝ ث١ؼًّ

 Secondary ↑ aldosterone 

 صٜ اي ػٍٝ اٌّذٜ اٌجؼ١ذ perfusion of the kidney الاخبثٗ اٜ ِشؼ ١٘مًٍ اي

iver failure & heart failureL 

 Decreased perfusion of the kidney ---> Renin release from the kidney 

      --> Activation of RAAS --> Na & water retention 

 ػطبْ وذٖ ٘زلالٝ فٝ

 Liver failure : 

 LL edema, ascites ± pleural effusion  

 ُ٘ ٚ٘ٛ ٔمع الاٌج١ِٛ١ٓـجؼب دٖ ثبلاؾبفٗ اٌٝ اٌؼبًِ الأ

 Heart failure: 

 LL edema, pulmonary edema ± effusion ± ascites 
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 In Liver Failure & Ascites  

The main and first line diuretic of choice is Aldosterone antagonist (spironolactone)  

 Na & retention  ػطبْ ٘ٛ اٌٍٝ ١٘ىسش اٌحٍمٗ اٌّفشغٗ ِٓ اي

 Also, In Heart Failure  

Spironolactone has a major role in the management of heart failure and decreasing mortality  

(↓ Na & H2O retention) --> ↓ apoptosis   & ↓ myocardial fibrosis due as a result of decreasing 

volume overload 

 

 ايّ ْيا ؟ Epithelial Na channels (ENa channels) ُْاك ادٔيّ تتشتغم عهٗ ال

Na channels blockers  

In Late DCT is special type of diuretics like 

Amiloride & triamterene 

 ٚدٜ ثزسزخذَ فٝ ػلاج اي

Liddle's syndrome 

  اٌٍٝ ثزطزغً ػٍٝ اٌدضء دٖ diuretics ٍِحٛظٗ وً أٔٛاع اي 

Late DCT & early cortical collecting tubules are of K sparing diuretics 

1) Aldosterone antagonists 

(spironolactone) 

2) ENa blockers (Amiloride) 
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 اِب إٌٛع اٌزبٔٝ ِٓ اٌخلا٠ب فٝ اي Late DCT & cortical Collecting tubules  

 خلا٠ب اسّٙب

INTERCALATED CELLS 

Type A (Alpha) & type B (beta)

 

  Beta (B) ٚخلا٠ب alpha (A) ٚدٜ ٔٛػ١ٓ خلا٠ب

 ِسؤ١ٌٚٓ ػٓ اي

Regulation of acid base balance (metabolic buffers) 

   ABG وٕب ضشحٕب اٌىلاَ دٖ فٝ ٍِف

The kidneys are responsible for metabolic compensation 

 ـجؼب ٕ٘بن

Acid + (H+) & Base - (HCO3-) 

 انخلايا ازاٖ نيتى تُظيى يستٕاْى ؟ طة ْيٕصهٕا

  ػطبْ ٠ىْٛ حّؽ ؾؼ١ف اسّٗ H2O فٝ اي CO2 دٖ ١٘حػً ػٓ ـش٠ك دٚثبْ اي

Carbonic acid 

 ٚدٖ ث١زُ رأ٠ٕٗ، ػٓ ـش٠ك أض٠ُ اسّٗ

Carbonic anhydrase 

 ػطبْ ٠زحٛي اٌٝ

H 
+
 (acid) 

& 

HCO3 - (base) 
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 طية ايّ دٔر كم خهيّ ؟ 

 Alpha (A) Intercalated cell is responsible for  

- HCO3 reabsorption  

- H secretion  

 ٌٚٛ دٜ اضزغٍذ ٌٛحذ٘ب ثس اٌذَ ١٘جمٝ لبػذٜ

Excess base & low acid --> PH will be high (metabolic alkalosis) 

 ٠جمٝ إٌّطمٝ أْ ٠ىْٛ إٌٛع اٌزبٔٝ ِٓ اٌخلا٠ب

 B (beta) Intercalated cells  

 ٠ؼًّ اٌؼىس

H+ reabsorption & HCO3 secretion 

 ػطبْ ٠جمٝ اٌذَ ِزؼبدي ث١ٓ اٌحّؿ١ٗ، ٚاٌم٠ٍٛٗ

 

PH will be maintained between 7.35 - 7.45 

Type A: HCO3- reabsorption & H + secretion 

Type B cells: H+ reabsorption and HCO3- reabsorption 

 Type A intercalated cells utilise hydrogen-ATPase and H+/K+-ATPase transporters to 

secrete H+ into the lumen, whilst reabsorbing HCO3–. 
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 Conversely, type B intercalated cells have H+ and HCO3– channels on opposite sides of the 

cell. The net effect in type B cells is secretion of HCO3– and reabsorption of H+, important 

in the body’s response to alkalosis. 

 

 

 

 

 

 

 

 

 

 

 

  أ٠ؿب ٚثٕسجٗ اوجش ٚػٓ ـش٠ك ٔفس اٌطش٠مٗ PCT رزُ داخً خلا٠ب اي HCO3 ػ١ٍّٗ أزبج اي : 0ٍِحٛظٗ

 CO2 + HCO3 --> H2CO3 --> (H+) + (HCO3-) by effect of carbonic anhydrase enzyme  

 PCT فٝ اي Reabsorption ٚلا H secretion ٌٚىٓ ِف١ص

ٚٔضٌٚٗ فٝ اٌجٛي  NH3أٚ الا١ِٔٛب  PO4 ث١زُ ارحبدٖ أِب ثٍّح اٌفٛسفبد lumen إٌٝ اي H : ثؼذ خشٚج اي  2ٍِحٛظٗ

 acidosis      ١ٌسجت lumen ٌؿّبْ ػذَ سخٛػٗ ِشٖ اخشٜ اٌٝ داخً اي

 

 ـت ٌٛ اٌى١ٍز١ٓ فطٍٛا ؟

 جح اٌى١ٍز١ٓ غ١ش لبدس٠ٓ ػٍٝ ايٚرػ اٌٛظ١فٗ دٜ ٘زفمذ او١ذ

Reabsorption of HCO3 & H secretion 

So, Loss of bicarb (low HCO3) + retention of H 

Net result --> Metabolic Acidosis 

 In conjunction with failure of K secretion 

Metabolic acidosis with hyperkalemia 

PH ↓ 

Kidneys: HCO3 ↓ 

PaCO2 ↓ compensatory CO2 wash by lungs 
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3) COLLECTING TUBULES  

 دٜ اخش ِحطٗ ث١ؼذٜ ػ١ٍٙب اي

Filtrate 

 خلاي اٌشحٍٗ ثزبػزٗ ثؼذ وً اٌؼ١ٍّبد اٌٍٝ سجك ضشحٙب ٚاخش خطٖٛ ١٘ب

WATER REABSORPTION 

- Water reabsorption occurs under the influence of ADH 

- ADH is produced in the hypothalamus, and stored in the posterior pituitary gland until it 

is released. This hormone acts on kidney tubules to increase the number of aquaporin 2 

channels (water channels) in the apical membrane of collecting duct tubular cells. 

- ADH is also known as Vasopressin  

- Synthetic form of it is called Desmopressin DDAVP (like minirin ) 

ADH binds to V2 receptors on the tubule cells 

⬇⬇⬇⬇ 

Increasing production of cyclic AMP 

⬇⬇⬇⬇ 

Vesicles containing the aquaporin 2 channels deposit their contents into the apical membrane of 

the tubular cells (the basolateral membrane always contains aquaporin 3 and 4 channels, so is 

always permeable). 
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N.B:  

Increasing the number of channels increases the permeability of the cell, resulting in the ability 

to reabsorb more water from the filtrate and create smaller volumes of more concentrated urine 

 !!   ADH ْريٌٕ ال ايّ انهي تيعًهّ

 اٌطج١ؼٝ أٔٗ ٘شِْٛ ِسؤٚي ػٓ

Water conservation throughout stimulation of H2O reabsorption in the collecting tubules 

 elimination ِٓ اي H2O ٚثبٌزبٌٝ ِحبفظزٗ ػٍٝ اي

 ػطبْ وذٖ ث١حبفع ػٍٝ اٌذائجٗ ف١ٗ ،، solutes مذس الإِىبْ ث١ؤدٜ إٌٝ ص٠بدح رشو١ض اٌجٛي ٚثبٌزبٌٝ ص٠بدح ايث

Plasma osmolality: Sum of effective osmoles in plasma ranges from) 275 – 295( 

 (145 – 135) ثبثذ range وّبْ ث١حبفع ػٍٝ ِسزٜٛ اٌػٛد٠َٛ ) رشو١ضٖ فٝ اٌجلاصِب( فٝ

But urine osmolality varies according to consumption of water 

 نسثة يرضٗ ADH نٕ زاد ال

 ث١ؼًّ ِشؼ اسّٗ

Syndrome of Inappropriate ADH secretion (SIADH) 

 ↑ ADH 

--> Excessive water retention 

--> ↓ Na concentration 

--> ↓ effective Na 

 As an important osmole & solute 

---> Low plasma osmolality 

---> Excessive retention  

& reabsorption of H2O 

 form the tubules 

 --> Urine more concentrated 

 --> ↑ Na & urine osmolality 
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 قم ADH أٌ ال أيا نٕ حصم انعكس

 دٖ ث١ؼًّ ِشؼ اي

DIABETES INSIPIDUS 

 ياٌسىش اٌىبرة ٌىثشح اٌزجٛ

 ّٗأِب أْ اٌٙشِْٛ إفشاصٖ ل١ًٍ فؼلا ٚدٖ ٔٛع اس  

Cranial or central DI 

 ٚإٌٛع اٌزبٔٝ ف١ٗ اٌٙشِْٛ إفشاصٖ ػبدٜ ٌٚىٓ اي 

 ،Tubules --» Insensitive To Its Action --> Nephrogenic DI 

If ADH is low or impaired in action 

 ---> Failure of Water conservation & reabsorption 

 --> Excessive Water loss of kidneys 

↓ 

Polyuria + low urine osmolality (dilute urine) 

↓ 

Reduction of water volume from the plasma 

 May lead to ↑ Na concentration (hypernatremia) 

  SIADH   ػىس اي

  :حيهحٕظّ ْاااي

 There are 3 types of receptors for ADH: V 1A ,V 1B , V 2  

   V 1A receptors mediate vasoconstriction. 

 V 1B receptors are unique to anterior pituitary and mediate increased ACTH secretion  

   V 2 receptors are located in the principle cells in the collecting ducts in the kidneys 

acting on aquaporin 2 channels 

 

 

 


