 (
هذه المذكره عباره عن دمج بين تيم العيال 428 وتيم البنات 428 وسلايدات الدكتور ونوت من الشباب الله يعطيهم العافيه 
ارجوا الدعاء لكل من ساهم بهذه المذكره بالتوفيق
وان شاء الله انها كافيه 
)بسم الله الرحمن الرحيم

Renal Physiology

Introduction
 Functions of kidneys:
 Rid ينقي the body of waste products :انواعها :
A-ingested المواد التي تدخل من الخارج مثل بقايا الطعام
B- produced by metabolism والتي تكون سامه وتؤثر على وظائف الجسم , e.g. urea,uric acid, creatinine, bilirubin, drugs, food additives and some hormones metabolic wastes) as rapidly as they are produced.
C- Foreign substances: like drugs and toxins.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]اعلى حد لانتاج البول هو 20 لتر ( الحد الاقصى للكليه ) 

 Control the volume and composition of body fluids (water and electrolytes) by balancing the intake with the output, so if the intake is increased the excretion will increase as well, this function is maintained by the kidneys in large part.
· This function is called  
Homeostatic function: it is the most important function of the kidney. It involves keeping the internal environment (electrolyte concentration, pH, volume) constant for proper function of enzymes and cells. 

 Regulation of arterial pressure in two manners:
A- Long term regulation by blood pressure and rennin.
B-  Short term regulation by nervous system.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2] Regulation of acid-base balance by excreting acids and regulating the body fluid buffer stores.

  Biosynthesis: of the following:

 Renin: regulation of water and Na through the Renin-Angiotensin System. 

 Erythropoietin: stimulates RBC formation. 

 Glucose (gluconeogenesis) 

 Angiotensingen 

 Ammonia. 
 Prostaglandins, adenosine, endthelin, nitric oxide, Bradykinin, epidermal growth factor and insulin. 
 
 Regulation of vitamin D (calcitroil) production by hydroxylating the vitamin at number 1 position.  الصورة التي في الاسفل للاطلاع فقط 
 (
الشكل النشط لـ
Vit
 D
هو 
D3
) (
المرحلة الثانيه (
و
هي
 اللي عليه العلم ) تتم في الكليه 
) (
ا
لمرحلة الاولى من التنشيط تتم في الكبد
)[image: ]

* Functions of vitamin D:- هذه المعلومه للاطلاع فقط ( لم تشرح في المحاضره )    
 Deposition of Ca in bone.
 Absorption of Ca from GIT
 Regulating of Ca and phosphate
Physiologic anatomy of the kidneys:
 The two kidneys lie in the posterior abdominal wall.
       * Surrounded by fibrous capsule that protects it.
 Each kidney weighs about 150 grams.
 The medial side is called the hilum, the renal artery and vein, lymphatics, nerve supply and ureter pass through it.
 The inner structure of the kidney is divided into two parts:
 Outer region called: Cortex.
 Inner region called: Medulla.
 The medulla is composed of multiple cone-shaped masses of tissue called renal pyramids; the base of each pyramid is at the junction between cortex and the medulla. Each pyramid terminates in the papilla which projects into the renal pelvis.
 The renal pelvis is a funnel قمعي shaped continuation of the upper part of the ureter, the outer border of the pelvis is divided into 2 or 3 major calyces which will also divide into 3 minor calyces, and the minor calyces collect urine from each papilla. انظر الصوره في الصفحه القادمه للتوضيح
[image: ]
Renal Blood Supply:
 22% of Cardiac Output  (1100 ml/min) goes to the kidneys.
 Vessel sequence in the kidneys :-
>> Renal artery >> Interlobar arteries >> Arcuate arteries >> Interlobular arteries (radial arteries) >> Afferent arteriole >> Glomerular capillaries >> Efferent arterioles >> Peritubular capillaries.
 Glomerular capillaries are where large amounts of fluids and solutes are filtered.
 Peritubular capillaries surround renal tubules and empty into vessels of the venous system which form interlobular veins, arcuate veins, interlobar veins and the renal vein.
 Kidneys are unique because they have 2 sets of capillaries: glomerular and peritubular.
 Glomerular capillaries have high hydrostatic pressure مهمه (60 mmHg), why?  to permits filtration.
 Peritubular capillaries have low hydrostatic pressure (13 mmHg), to permits reabsorption.
 Efferent arterioles help regulate hydrostatic pressure in both glomerular and peritubular capillaries. يفصل لاحقا 
 (
مهمه جدا : يسمى النظم الوعائي في الكليه
)                        [image: ]
Note: (Arteriole → Capillary → Arteriole) 
- This is called Portal Circulation. 
- Only in liver & kidney. 
- The aim of this circulation is filtration not Oxygen exchange 
Nephrons
 Each kidney contains about 1 million nephrons.
 After the age of 40 about 10% of functional nephrons are lost every 10 years, which means that at the age of 80; only 40% of nephrones will be functioning rather than they did at the age of 40 , but this is not a problem because of the adaptive changes in the remaining nephrons which will make them work good and excrete the proper amounts of water, electrolytes and waste products.
 Kidneys cannot regenerate new nephrons. مهمه
 Components of nephrons:
* Bowman's capsule, which encloses the glomerular capillaries.
[image: ]
* Proximal convoluted tubules.
* Loop of Henle which is divided into 2 limbs:
              Thin descending limb.
            Ascending limb, which is also, has thin and thick segments.
* Late ( distal ) convoluted tubules.
" Connecting tubule >> Cortical collecting tubule >> Cortical collecting duct >> Medullary collecting duct >> Larger ducts that empty into the renal pelvis.
 In each kidney there are about 250 of very large collecting ducts each of which collects urine from 4000 nephrons.
 Types of nephrons:
     1-  Cortical nephrons [70%-80%]:
     * Their Bowman's capsule lies in the outer cortex and has short loop                      of Henle (capable وظيفته of forming dilute مخفف urine).
 Juxtamedullary nephrons [20%-30%]:
 Their bowman's capsule lay deeper near the medulla and have long loop ofHenle which sometimes reach the tips of papillae (capable of forming concentrated [>3oo mOsm/kg] urine).
 Vasculature of juxtamedullary nephrons is different from that found in cortical nephrons in that it has specialized peritubular capillaries called vasarecta lying side by side with the loop of Henle.
 Blood flow in the vasa-recta is very low compared with flow in the renal cortex, because most of the renal blood flow goes to the cortex and only 1-2% goes to the medulla, and this as we will discuss later is important characteristic in the kidneys for making concentrated urine.
[image: ]






Juxtaglomerular apparatus (junction of nephron & arteriole, found in DCT or thick ascending) 

- Junction between thick limb & afferent of its glomerulus (DCT comes in contact with afferent arteriole). 

- Area of contact contain specialized cell: 

1. Tall columnar cells in tubule (a.k.a. Macula Densa) → in DCT → Detects low Na and sends signals to granular cells to secrete renin 

2. Granular cells (a.k.a. JJ cells) >> found mainly in afferent arteriole >> secrete renin into blood to circulate aldosterone >> increase of low BP or low Na >> to increase BP 

Renal innervations التوصيل العصبي : 

 Sympathetic Renal plexus >> vasomotor which regulates renal blood flow to the kidney 
 Parasympathetic. >> not proven yet if it innervates the kidney 

Urine formation:
 Renal processes in urine formation:
1. Filtration.
2. Reabsorption.
3. Secretion.
4. Excretion.
 Urine excretion rate = Filtration rate - Reabsorption rate + Secretion rate
 Urine formation begins with filtration of large amounts of fluid (free of proteins لانه كبير الحجم ويحمل شحنه سالبه ( مشابهه لشحنه جدار الفلتره ) and cellular components لانها كبيره الحجم) from glomerular capillaries into Bowman's capsule.
 Most substances in the plasma are freely filtered so:
concentration in the filtrate ليس في البول وانما في الفلتره فقط = their concentration in plasma
[image: ] All Proteins and half of Ca and almost all of fatty acids that are bounded to proteins are not freely filtered.
As we see in the figure:-
 Substance A is freely filtered, but not reabsorbed
or secreted.
* E.g. creatinine.
 Substance B is freely filtered and partly
reabsorbed.
*  E.g. Many electrolytes.
 Substance C is freely filtered and fully
reabsorbed.
* E.g. Amino acids, glucose.
 Substance D is freely filtered and secreted, but
not reabsorbed.
* E.g. Organic acid.




 In certain kidney diseases the negative charges of basement membrane are lost even before there are noticeable changes in the histology of the kidneys; such
condition is referred to as minimal changes nephropathy. As a result, proteins especially albumin will be filtered and appear in the urine, a condition known as proteinurea or albuminuria.

 Large amounts of solutes and water are filtered and then reabsorbed because of two reasons:
1. To rapidly remove the waste products from the body
2. To allows all of the body fluids to be filtered and processed by the kidney many times each day.
So :
125 ml enter the nephron but only 0.5 ml is in the urine 

Glomerular Filtration:
Glomerular Filtration: مكان الحدوث in Bowman’s capsule 
بعض المفاهيم المهمه :
 Plasma ultra filtration: filtration of small molecules of proteins, WBC, RBC from the blood 

 Composition of filtrate (same as plasma except plasma protein and blood cells): 

- Water. - Glucose - Creatinine 

- Electrolytes (Na, K, HCO3) - Urea 

 It’s an isotonic solution (300 mosmol) 

Filtration membrane:
 It is composed of the following:
 Endothelium of glomerular capillaries, which has high numbers of pores(fenestrations).
 Basement membrane, that consists of collagen and proteoglycans, which gives it the negative charge that prevent the filtration of proteins.
 A layer of epithelial cells (podocytes) surrounding the outer surface of the basement membrane. These cells are not continuous but have foot-like processes which are separated by gaps (filtration slits). The epithelium layer also has negative charge.
Filterability of solutes is inversely related to their size:
[image: ]


 As the molecular weight of the substance increases it will has less filterability through the filtration membrane, thus the membrane is selective in determining which molecules will filter according to their size and charge (positively charged molecules have higher filterability than negative ones with the same molecular
size) .
Molecular size & charge regulate filtration. شرح الكلام السابق بالارقام  

 <4 nm >> freely filtered whatever the charge. 

 4-8 nm >> depends on the charge >> negatively charge poorly filtered compared to neutral & positively charged molecules. 

 >8 nm >> not filtered whatever the charge. 

Note: Albumin size is 7 but it is negative so it is not filtered

[bookmark: OLE_LINK9][bookmark: OLE_LINK10] (
basement
 membrane
) (
IGA
)Nephrotic syndrome: the negative charge of basement membrane is lost. This causes edema. يحدث هذا المرض عندما تهاجم             الـ                 وتفقده الشحنه السالبه 
- Albumin is low in the blood and is lost in the urine because it’s filtered. 
- Low osmotic pressure, water will move to interstitial space and cause edema. 
- Fluid from blood vessels to tissues 

 Forces favoring تحفز filtration:
 Hydrostatic pressure inside the glomerular capillaries (glomerular hydrostatic pressure, PG) and this equal = 60 mmHg.
 Colloid osmotic pressure of the proteins in Bowman's capsule, [image: ]and thisnormally equal =0.
· Because proteins are not filtered into Bowman's capsule.


 Forces opposing filtration:
 Hydrostatic pressure in Bowman's capsule [PB] and this equal =18 mmHg.
 Colloid osmotic pressure of the glomerular capillaries plasma  proteins [image: ] and this equal = 32 mmHg. هذه القوة ناتجه عن قوه جذب البروتين للماء ( يحدث هذا طبقا للقاعده التي تقول عند وضع محلولين بينهما جدار منفذ احدهما مركز بالماده (  مثلا الملح ) والاخر نقي فان الماء يتجه من المحلول النقي الى المحلول المركز بفعل قوف جذب المادة ( الملح ) وهذا ما يحدث هنا
 The net filtration pressure = Forces favoring filtration – Forces opposing filtration.
= (PG + [image: ]) – (PB + [image: ]) = (60 + 0) - (18 + 32) = 60 – 50 = 10 mmHg
 So the net filtration pressure is equal = +10 mmHg.

[image: ]

Determinants of GFR (Glomerular Filtration Rate)
 The total amount of filtrate formed by the kidneys per minute is called GFR.
GFR = Kf x Net filtration pressure.
 Kf is the filtration coefficient.
 Kf is a measure of the product of the permeability and surface area of the  glomerular capillaries.
 Kf = GFR/Net filtration pressure = 125/10 = 12.5 ml/min/mmHg of filtration pressure.
 Important values in renal processes:
 GFR = 125 ml/min or 125×60×24 = 180000 = 180 L/day.
 Normal urinary output = 1.5 L/day.
 Daily reabsorption = 180 - 1.5 = 178.5 L/day.
 Percent of the filtrate which has been reabsorbed = 178.5 × 100/180 = 99.2%.
 Percent excreted = 100 - 99.2 = 0.8% (less than 1% becomes urine).
 Filtration Fraction:
 Normal renal plasma flow is 650 ml/min and only 125 ml/min is filtered (GFR). مهمه 
 The filtration fraction is the fraction of the renal plasma flow that is filtered.
 Filtration fraction = GFR/renal plasma flow = 125/650 =0.2, which means (20% of the renal plasma flow is filtered into Bowman's capsule). مهمه

Factors affecting GFR
1-  Kf (permeability and surface area):
*  ↑ Kf >> ↑ GFR.
*  ↓ Kf >> ↓ GFR.
 But this does not make it a primary mechanism for normal day-to-day regulation.
 Kf can be reduced by one of the following facts :-
 * Reducing the number of functional glomerular capillaries (reducing surface area).
 *  Increasing the thickness of filtration membrane (decreasing the
permeability), e.g. chronic uncontrolled hypertension and diabetes
mellitus by increasing the thickness of basement membrane.

2-  PG (glomerular capillaries hydrostatic pressure):
 ↑ PG >> ↑ GFR.
 Hydrostatic pressure is determined by the following variables:
A-  Arterial pressure:-
 ↑ Arterial pressure >> ↑ PG.
B-  Afferent arteriole resistance:-
 ↑ Afferent arteriole resistance (constriction) >> ↓ PG.
 ↓ Afferent arteriole resistance (dilation) >> ↑ PG.
C-  Efferent arteriole resistance:-
 Mild constriction >> ↑ PG.
 Slight increasing in efferent arteriolar resistance will increase the
resistance to outflow from glomerular capillaries and this will increase
PG and slightly increases GFR.
 Severe constriction >> ↓ PG.
 If we increase the resistance in the efferent arteriole more and more
this will reduce the renal blood flow and the filtration fraction will
increase (the same amount of filtrate from less amount of plasma) and
this will make the colloid osmotic pressure of glomerular capillaries
high (because the proteins remaining in the glomerular capillaries will
be more concentrated), and because colloid osmotic pressure is an
opposing force , GFR will decrease.
 Dilation >> ↓ PG.
 Dilation of the Efferent arterioles will decrease the resistance to
outflow from glomerular capillaries which will make the flow very easy
and this will decrease the PG and therefore will decrease GFR.
 These variables are under physiologic control(the variables affecting PG ) .
3-  PB (hydrostatic pressure in Bowman's capsule):
 ↑ PB in Bowman's capsule >> ↓ GFR.
 In certain pathological conditions, the urinary tract will be obstructed
(precipitation of Ca++ and uric acid which lead to stones), Bowman's capsule pressure will rise and therefore GFR will decrease because Bowman's capsule hydrostatic pressure is an opposing force.
4- [image: ] (colloid osmotic pressure in glomerular capillaries [plasma protein concentration]):
 Effected by two factors:
1-  Arterial plasma colloid osmotic pressure (plasma protein concentration), as we increase the plasma protein concentration the colloid pressure will increase and GFR will decrease.
2- Filtration fraction (Ff = GFR/Renal plasma flow), because as we increase the filtration fraction, the glomerular capillaries colloid pressure will increase (the plasma proteins will become more concentrated in the glomerulas.

* The filtration fraction can be increased either by:
>> ↑ GFR or ↓Renal plasma flow.
 (
جدول يلخص ما سبق 
)[image: ]

Measurement of GFR: Test procedure: {not important} اقرا للفهم 

Intra venous loading dose of inulin followed by intra venous infusion of inulin to maintain plasma level constant (left hand) 

Urine is collected for 15 or 20 min to measure inulin concentration in urine & urine volume 

Blood sample is taken half way of urine collected to measure inulin concentration 

3 values should be taken into consideration: 

1. inulin conc. in plasma 2. Urine 3. Urine flow rate. 
Calculation of GFR: افهمها لكي تفهم درس الكلينارس بعد قليل

 The amount of inulin excreted = Uin × Uvolume   ( U = urine )

 The amount of inulin filtered = [P]in × GFR     ( P =plasma )

 As inulin is not absorbed but excreted both quantity are equal.  هذه ميزه خاصه بالانولين
ومن هذه الميزه يمكن القول أن :
Pin × GFR = Uin × Uvolume 
GFR = Uin × Uvolume / Pin =        ml/min 
Filtration = excretion 


Renal blood flow
 Kidneys receive extremely high blood flow compared with other organ, because they supply enough plasma for the high rates of glomerular filtration.
 Renal oxygen consumption:
 Oxygen delivered to the kidneys far exceeds their metabolic needs, and the arterial-venous extraction of oxygen is relatively low compared with that of most other tissues.
 A large fraction of the oxygen consumed by the kidneys is related to the high rate of active Na+ reabsorption by the renal tubules.
 ↑ Na+ reabsorption  ↑ oxygen consumption.
 Determinants of renal blood flow:
 (Renal artery pressure - Renal vein pressure) ÷ Total renal vascular resistance.


Physiologic Control of GFR and Renal BF
 GFR is controlled by one of the following mechanisms:
1-  Sympathetic nervous system.
2-  Hormones and autacoids.
3-  Intrinsic mechanisms (feedback control).
First - Sympathetic Nervous System Activation Decreases GFR
 Strong activation of sympathetic system >> Constrict renal afferent arterioles >> ↓ renal blood flow >> ↓ GFR.
 Sympathetic stimulation is only important in severe acute disturbances which last for minutes or hours, e.g. brain ischemia, severe hemorrhage.
 In a healthy resting person sympathetic tone appears to have little influence on RBF (so not influenced in day-to-day regulation).
 Second - Hormonal and Autacoids Control
 Norepinephrine, epinephrine and endotheline constrict renal blood vessels and decrease GFR
 They work as the same manner of sympathetic system (only in severe conditions).
 Plasma endotheline level is increased in certain diseases associated with vascular injury, e.g. toxemia of pregnancy, acute renal failure and chronic uremia.
 Angiotensin II:
 Released due to:
#Decreased arterial pressure.
# Volume depletion (hemorrhage for example).
 Angiotensin II tend to constrict efferent arterioles (mild constriction) and this will help to prevent decrease in glomerular hydrostatic pressure and GFR.
 It will also slightly decrease renal blood flow and this mechanism will make blood flow in peritubular capillaries slower (which in turn increases reabsorption of Na and water).
 Endothelium derived relaxing factor (nitric oxide):
·  Nitric oxide is very important in maintaining renal vascular resistance low and increases GFR thus allows the kidneys to excrete normal amounts of Na and water.
 Prostaglandins and bardykinin tend to increase GFR:
·  They will not play a major role in regulating GFR and RBF in normal conditions.
·  Their job is opposing تمنع vasoconstriction to Afferent arterioles done by sympathetic stimulation, thus prevent reduction in GFR

[image: ]

Auto Regulation of GFR and RBF
 The main function of auto regulation is to keep GFR and RBF constant even if there are changes in arterial blood pressure.
 The primary function of blood flow autoregulation in tissues other than the kidneys is to maintain delivery of oxygen and nutrient at a normal level and to remove waste products of metabolism, but in the kidneys the normal blood flow is higher than that required for those function (so the main function of autoregulation in the
kidney is to maintain constant GFR).
 GFR normally remains autoregulated at the range 75-160 mmHg of arterial pressure, so any changes of the pressure in this range will produce a very little change in GFR.
 Without autoregulation only small increase in blood pressure (from 100 to 125) will make the GFR increases for about 25% (180L/day to 225L/day) and if tubular reabsorption is constant (178.5L/day) the total increase in urine is 30-fold, and the fluid volume will decrease rapidly which will causes death.
 But this does not happen because we have:
* Autoregulation.
* Adaptive mechanisms in renal tubules that allow them to increase their reabsorption (glomerulotubular balance).

Third : Role of Tubuglomerular Feedback in Autoregulation
 There is a specialized complex of cells in the distal tubule (and lies in contact with afferent and efferent arterioles) called the macula dense. Also there are other groups of cells in the walls of afferent and efferent arterioles called juxtaglomerular cells. These 2 groups of cells form what is called (juxtaglomerular apparatus).
 Macula densa cells have sensors which indicate the NaCl concentration in distal tubules.
 The mechanism of tubuglomerular regulation is as follows:
@ If the NaCl concentration is decreased below normal in the distal tubules there will be 2 actions:
* Decreasing the resistance in the Afferent arterioles (dilation) which will leadto ↑ GFR.
* Increasing rennin secretion from juxtaglomerular cells, which will increase the formation of angiotensin I, which is converted to angiotensin II.
 Angiotensin II will mildly constrict efferent arterioles >> ↑ glomerular
hydrostatic pressure >> return GFR to normal.
 Experimental studies suggest that decreased GFR will slow the flow rate in the loop of Henle, causing increased reabsorption of Na and Cl thereby reducing the concentration of Na and Cl arriving to macula densa cells
Myogenic autoregulation of RBF and GFR
 Blood vessels (especially small arterioles) are able to resist stretch during increased arterial pressure (myogenic mechanism) thus prevents overdestention of the vessels and at the same time prevents excessive increases in RBF and GFR when arterial pressure increases.
 The responsible element in vessel constriction (stretch resistance) is specialized type of contractile cells called (mesangial cells).


@ Other factors that increase RBF and GFR:
 High protein intake and increased blood glucose.
 A high intake of protein and glucose will make high amount of amino acids and glucose get filtered and reabsorbed, and because amino acids and glucose are reabsorbed in combination with Na, high amounts of Na are reabsorbed in the proximal tubules which means only small amount of Na will reach the distal tubules (macula densa cells), thus triggering the tubuglomerular mechanism.

Clearance Methods in Quantifying Kidney Function
 Renal clearance: is the volume of plasma that is completely cleared of the substance by the kidneys per unit time.
 Clearance refers to the volume of plasma that would be necessary to supply the amount of substance excreted in the urine per unite time.
[image: ]

[image: ]

 Renal clearance for different substances varies between 0 – 600 mL/min. 
- It is 0 mL/min when the substance is not cleared into urine. 
- 600 mL/min is the maximum in plasma 
[image: ] Clearance of Inulin: 120 ml/min = GFR. 
 Clearance of PAH = 630 ml/min.
 
Inulin Clearance in GFR Estimation
 Inulin is freely filtered & not reabsorbed or
secreted, thus rate of excretion in urine equal
the rate of substance filtered by the kidney.
 GFR = Cin, and Cin = Uin × V / Pin.
 So, GFR = Uin × V / Pin = 125 ml/min.
 But inulin is not produced by the body & has to
be injected, so we will replace it with creatinine
[image: ]

Creatinine Clearance in GFR
Estimation
 creatinine does not require an intravenous infusion and is used widely.
 In creatinine there is a small amount which is secreted, so the amount excreted is more than the amount filtered, this will lead to overestimation (error).
 This error can be corrected by the machine calculating the clearance

Inverse relationship between GFR & plasma level of Creatinine. 
[image: ]

 Example: in normal GFR the creatinine should be 1.82 g/day 
 If the Creatinine level is high in the blood >> GFR level is low >> so the kidney is not functioning well.
 
Glucose & Urea clearance: 
 Renal clearance of glucose = zero (does not appear in urine) >> It is filtered & completely reabsorbed. 
 Glucose is filtered and then completely reabsorbed, so no glucose in urine 
 [U]s x Vmin = zero. 
 Urea clearance = 40 ml/min. 
 Urea filtered is partially reabsorbed 

[image: ]PAH in Renal Plasma Flow Estimation
 Para-aminohippuric acid (PAH) is freely filtered by
the glomerular capillaries and is also secreted from
the peritubular capillary blood into the tubular
lumen.
 If a substance is completely cleared, then the
clearance rate = total renal plasma flow.
 PAH is 90% cleared from plasma, therefore it can
be used to estimate renal plasma flow, and we can
say that:
 RPF = CPAH, but this is not completely true
because we still have 10% in the plasma, so we
can calculate the RPF as follows:
 RPF = clearance of PAH / extraction ratio of PAH.
 Extraction ratio = 0.9 (because 90% is excreted in the urine).
 Extraction ratio can be reduced in diseased kidneys, due to the inability of the
damaged tubules to secret PAH into the tubular fluid.
Can be used to measure renal blood (plasma) flow. 

Calculation of renal blood (plasma) flow: 

 RPF= the amount of PAH excreted per unit time divided by the difference of its arteriovenous conc. 
 more than 90% of PAH in arterial blood is removed by the kidney. 
 Venous blood leaving the kidneys in almost free of PAH. 

[image: ]

شرح التفاصيل :
[image: ]
Actual renal plasma flow (RPF) = ERPE / extraction ratio 
RPF = 630/0.9 = 700 ml/min.
[image: ]

Calculation of Tubular Reabsorption or Secretion from
Renal Clearances
 If the rate of excretion of a substance ( US × V ) is less than its filtration load (PS × GFR) then some of it has been reabsorbed.
 Conversely, if the excretion rate of the substance is higher than its filtration load then the rate at which it appears in the urine represents the sum of the rate of glomerular filtration + tubular secretion.

[image: ]

RENAL FUNCTION TESTS: تكرار محاضره البايو رقم 1
CREATININE CLEARANCE AS A TEST OF RENAL FUNCTION
[image: ]
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CLEARANCE

Vol. of Plasma to be Cleared x Plasma Conc

Vol. of Urine x Urine Conc (ml/min)

PsxCs=UsxV

=Usx V/Ps

« Csis the clearance rate of a substance s

« Ps is the plasma concentration of the substance
« Us is the urine concentration of that substance
« Vis the urine flow rate
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UxV = GFR X Px + Tx

GFR x Py + Tx = UxV

Q) Fitered
TR =GFRxPx
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absorbed
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Example: Inulin  Example: Glucose Example: PAH

x = net amount transferred by the tubules





image23.png
EXAMPLE

Clearance = Urine Conc. x Vol of Urine/ Plasma Conc
FOR PAH

CPAH = UPAH x V/ PPAH
5.85 mg/ml x 1 ml/min/ 0.01 mg/ml = 585 ml/min
= ERPF

Actual Renal Plasma Flow = ERPF/ Extraction Ratio
= 585/0.9 = 650 ml/min

Extraction ratio (EPAH) is calculated as the difference between
the renal arterial PAH (PPAH) and renal venous PAH (VPAH)
concentrations, divided by the renal arterial PAH concentration
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THE RENAL CORPUSCLE COMPRISES
FOUR MAIN CELL TYPES

1) Endothelial cells which are fenestrated

2) Visceral epithelial cells (podocytes) which
support the delicate glomerular basement
membrane by means of foot processes

3) Parietal epithelial cells which cover the
Bowman's capsule;

4) Mesangial cells are contractile cells
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Cortical Vs. Juxtamedullary nephron:

Cortical nephron Juxtamedullary

80 -85 %. 15-20%.

Lie in the outer cortex. Small glomerulus that lies deep in the
cortex.

Short loop. Long loop goes into medulla.

Peritubular capillary blood supply. Vasa recta for blood supply, this is imp.
for determining urine concentration

They have large glomerulus. They have small glomerulus

» vasa recta: long loop of blood vessel that goes deep in the medulla & supplys the long loop of henle
of the Juxtamedullary nephron.




