                  Renal physiology

· Functions of the kidney:-

· Regulation of H2O & electrolyte balance

· Regulation of body fluid osmolality

· Regulation of arterial  B.P

· Regulation of acid-base balane

· Excretion of waste products (urea , creatinine , bilirubin ….)

· Gluconeogenesis

· Functional anatomy of the kidneys:-

· Each kidney 150 gms
· Hilum(medial border):nerves , ureter , lymphatics , & renal vessels pass through it

· Has outer cortex , inner medulla

· Medulla is made up of :

· renal pyramids  

                                                - base at corticomedullary junction.
                                                - apex is at papilla which projects into pelvis.
                                                      ►(pelvis divides into 2-3 major calices)

                                                      ►(each major calyx divides into 7-3 minor calices)
· Renal blood supply:-

· Kidneys take 22% of CO (1.1 L/min)

· Renal arteries       interlobar artery        arcuate artery         interlobular artery                      afferent arterioles        glomerular capillaries         efferent arterioles                           peritubular capillaries (+ vas recta  in juxtamedullary nephrons).

N.B :

· Efferent arterioles help regulate higher hydrostatic pressure in glomerular capillaries (60 mmHg), helping filtration.

· Peritubular capillaries help regulate lower hydrostatic pressure in glomerular capillaries (13 mmHg) , helping reabsorbtion.
The nephron

· Is structural & functional unit of the kidney

· Each kidney has about 1 million nephrons

· The nephron contains :

A. Glomeruar capillaries (glomerulus) :

 -Are encased in Bowmen’s capsule 

                      -Covered by epithelial cells

B. Tubules :
    -Proximal tubule

                         -Descending limb

                         -Loop of Henle 

                         -Ascending thin limb

                         -Ascending thick limb 

                         -Macula densa

                         -Distal tubule

                         -Cortical collect tubule

                         -Cortical collecting duct

                         -(8-10) cortical collecting ducts form medullary collecting duct

                         -Papillary collecting duct which drain into renal pelvis

· Types of nephrons:-
                                                           


Introduction of urine formation

(filtration , reabsorbtion & secretion)
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· All substances in the plasma undergo a form of filtration ,reabsorbtion & secretion. 

· Filtration , reabsorbtion & secretion are regulated according body needs.
· e.g. when [Na+] is high : 

                                       - its filtration rate is increased

                                       - reabsorbtion rate is decreased

                                       - excretion rate is increased

· Although reabsorbtion is more important , secretion is also important in [K+] & [H+] balance.

· N.B :

· Drugs & foreign substances have: 

                                                                 - Low reabsorbtion rate

                                                                 - High excretion rate

· Electrolytes have:

                                                                 - High reabsorbtion rate

                                             - Low excretion rate

· Glucose & amino acids have excretion rate = zero.

· Filtration rate of any substance of them = GFR x  its conc. in plasma

                                                          e.g.: glucose      125 x 1 = (125mg/min)

Excretion rate = filtration rate – reabsorbtion rate +secretion rate

Substance A (creatinine & inulin)
· Freely filtered but not reabsorbed

· So , excretion rate = filtration rate

Substance B (electrolytes)
· Freely filtered & partly reabsorbed

· So , excretion rate < filtration rate

 - (because of : excretion rate = filtration rate – reabsorbtion rate)

Substance C (amino acids & glucose)
· Freely filtered & fully reabsorbed

· So , excretion rate < filtration rate

 - (because of : excretion rate = filtration rate – reabsorbtion rate)

Substance D (PAH) para- aminohippuric acid
· Freely filtered & not reabsorbed , but secreted from the peritubular capillaries

· So , excretion rate > filtration rate

 - (because of : excretion rate = filtration rate +secretion rate)


Filtration

· Urine formation:-

· Starts when blood is filtered from glomerular capillaries into Bowman’s capsule (this fluid is like plasma except proteins):

· Glomerular capillaries are impermeable to proteins (so , glomerular filtrate is free from proteins & RBCs).
· Salt & organic compounds (e.g. glucose & amino acids) conc. in glomerular filtrate are same as plasma.

· Some substances which are bounded to plasma proteins (some of ca++, fatty acids) are not filtrated from glomerular capillaries.

· Glomerular filtration barrier 

· Is thicker than the most of other organs (so , it has high filtration rate)

· It has 3 layers :

a) Capillary endothelium ( has fenestration)

b) Basement membrane (made of collagen & poteoglycan (-ve charge)

c) Epithelial cells or podocytes (have slit pores  that cover the outer capillary surface)

· All layers provide a barrier to filtration of plasma proteins 


Filterability of substances by glomerular capillaries based on their:-
1- Size

a) Diameter  ( 8 nm will not filtered ) 

b) Molecular weight [albumin has diameter about 6 nm , but has high molecular weight, filterability ≈ 0] 

2- charge ( ve will not filtered easily) [albumin , dextrans that have –ve charge]

· proteinuria or albuminuria

cause :
the negative charges on the basement membrane are lost

result:

some of lower-molecular weight proteins, especially albumin are filtered in the urine

· filtration fraction :-
· About 20% of the plasma following through glomerular capillaries is filtered .So , plasma protein conc. Will increase about 20% .

                                                  GFR (125 ml/min) 

Filtration fraction (.19) = 
                                              renal plasma flow (650 ml/min)


Glomerular filtration & (GFR)

· Definition :
· Is volume of fluid filtered from the renal glomerular capillaries into the Bowman’s capsule in both kidney per unit time 

· Normal ranges

· Males : 97-137 ml/min

· Females: 88-128 ml/min 
· Aging , sex ,race & body size affect GFR

· Its benefit 
· Is the best index of kidney function in health & disease

· GFR < 60 ml/min suggests some kidney damage has occurred 

· Is determined by :
         A) Net filtration pressure (NFP) (10mmHg).

· Is the balance of hydrostatic & colloid osmotic forces across the capillary membrane

         B) The capillary filtration coefficient (Kf)(12.5ml/min/mmHg)

· is the permeability multiplied by the filtering surface area of the capillaries

· is 400 times greater than other organs Kf
therefore :

GFR=Kf x NFP

GFR= 12.5 x 10 = 125 ml/min   or 180 L/day

effect of Kf on GFR

· changes in kf probably don’t provide a primary mechanism for the normal day-to-day regulation of GFR

· diabetes mellitus , chronic hypertension

· ↓ in Kf (due to↓ surface area of filtrating or ↑ the thickness of basement membrane)  → ↓ GFR

· Forces of net filtration pressure (NFP)[starling forces)  

· PG = glomerular hydrostatic pressure (60mmHG)[favors filtration].

· PB = Bowman’s capsule hydrostatic pressure (18 mmHg) [opposes filtration].

· חG = colloid osmotic pressure of capillary plasma proteins (32mmHg) [opposes filtration].

· חB = colloid osmotic pressure of Bowman’s capsule plasma proteins (≈ 0) [favors filtration].

see figure 26-10 in dr. faisal 1st  slides (page26)

So , NFP = (PG - PB + חG)

       GFR = Kf x (PG – PB + חG)

  ► Effect of PB on GFR:-

· Under normal condition , it doesn’t act as a primary regulator of GFR

· Ureter stones (caused by precipitation of ca++ or uric acid):-

             - ↑ PG → ↓GFR (& can lead to kidney failure if the stones are not removed)

  ► Effect of  חG on GFR:-

· 2 factors affect חG :-

a. Arterial plasma colloid osmotic pressure (חA):-

                  -↑ חA→ ↑חG → ↓GFR.

                  -↓ חA→ ↓חG → ↑GFR.

          b. Filtration fraction :-

              -can increase if ↑ GRF or↓ renal plasma flow (RPF):-

                 -↓ (RPF) → ↑ Filtration fraction → ↑ חG → ↓GFR.

                 -↑ (RPF) → ↓ Filtration fraction → ↑ חG → ↑GFR.


  ► Effect of PG on GFR:-

· is the primary mechanism for regulation of GFR

· Is determined by :-

             a. Arterial B.P:-

                 -↑arterial B.P→ ↑GFR.

                 -↓arterial B.P→ ↓GFR.

             b. Afferent arteriolar resistance (vasoconstriction or vasodilatation):-

                     - ↑ Afferent arteriolar resistance (vasoconstriction) → ↓ renal blood flow , PG & GFR.
                     - ↓ Afferent arteriolar resistance (vasodilatation) → ↑ renal blood flow , PG & GFR.

             c. Efferent arteriolar resistance (vasoconstriction or vasodilatation):-

                  -↑efferent arteriolar resistance (vasoconstriction) → ↑ PG ,
                    (renal blood flow fall  too little) (slightly increase in GFR).

· Severe ↑ efferent arteriolar resistance (vasoconstriction):- 

- ↓renal blood flow.

                   - ↑filtration fraction & plasma proteins → ↑ חG→ ↓GFR  (the Donnan effect).

Summaty of factors tat can decrease GFR
See table 26-2 in dr. faisal  1st slides page (36)


Renal blood flow (RBF)

· In 70 Kg man , for both kidney RBF = 1.1 L/min (22% of CO)

· The cortex receives most RBF 

· The medulla only gets 1-2% of RBF which going to the vasa recta

· Regulation mechanism of RBF are similar to those mechanism that regulate GFR (will be discussed below)

                         (renal artery pressure – renal vein pressure)

·   RBF = 

                                        Total renal vascular resistance

· Renal artery pressure equal to systemic arterial B.P 

· Renal vein pressure = 3-4 mmHg

· Total renal vascular resistance is made up of all vessels in the kidney especially:- 

a. efferent arteriole 

b. afferent arteriole 

c. interlobular arteries

· The kidneys can maintain RBF & GFR constant with arterial pressure of 80 – 170 mmHg(called autoregulation)

Control of GFR & RBF

1- Sympathetic nervous system

· Strong sympathetic stimulation  → vasoconstriction(afferent arterioles) → ↓ GFR & RBF

· Moderate (mild) stimulation has little effect on RBF or GFR (e.g. baroreceptor &   cardiopulmonary receptors) 

N.B: 
· In healthy persons , there is little sympathetic tone to the kidneys
· Sympathetic simulation is important to regulate GFR during few minutes to few hours (e.g. immune reaction , brain ischemia or severe hemorrhage)

2- hormonal & autacoid effect
A: nor epinephrine(NE) & epinephrine(E)

· Released from adrenal cortex 

· Are related to sympathetic stimulation(normally don’t affect the kidney much)

B: endothelin 

· Released by damaged vascular endothelium 

· Plasma endothelin increased in (toxemia of pregnancy, acute renal failure, chronic   n   uremia)
◙  ↑NE , E & endothelin → ↓ RBF & GFR
C : Angiotensin II (AT II)

· Is  a powerful renal vasoconstrictor

· Formation occur when : 

                              ◘ ↓ GFR by:

                                 ► ↓ B.P by:

                                        ↓ Na+ in diet 

                                 ► ↓ Blood volume

· Lead to :

↑ AT II → constriction of efferent arterioles → ↑ PG →
· ↑ GFR → normal excretion of metabolic waste products e.g. urea,creatinine)

· ↑ RBF(in peritbular capillaries) → ↑reabsorbtion of Na+ & H2O → ↑ B.P 


D : endothelial derived nitric oxide (NO)

· Is vasodilator that made by the vascular endothelium 

· It prevents excessive vasoconstriction allowing excretion normal amount of Na+& H2O 

· If nitric oxide production is impaired (e.g. hypertension) → ↓ GFR & less Na+ excretion 

E : prostaglandin (PG) & bradykinin

· Are vasodilator that ↑ RBF & GFR

· They can ↓vasoconstriction effect of AT II or sympathetic system
     ( especially on the afferent arterioles)

Summary of hormones that influence GFR

See table 26-4 in dr.faisal 1st slides page 47


3- autoregulation of GFR RBF

· The major functions of autoregulation in the kidney are :-

 

A. to maintain GFR to be constant with changes 

B. preventing extreme changes in renal excretion with changes

· In general RBF is autoregulated in parallel with GFR (but GFR is more efficiently)
A . (tubuglomerular feedback) to maintain GFR to be constant 

►Has 2 components that act together to control GFR

· Afferent arteriolar feedback mechanism

· Efferent arteriolar feedback mechanism

· macula densa :

               1)  ↓GFR → ↓ the flow rate in the loop of the Henle 


                2)  ↑Reabsorbtion of NaCl in ascending loop


                3)  ↓ Conc. of NaCl in the distal tubule

 
                4)    Macula densa has 2 effects 

a) ↓Afferent arteriolar resistance → ↑ PG  & GFR (return to normal)

b) Releasing rennin from juxtaglomerular cells → AT I → AT II




· AT II : 

· It constricts efferent arterioles ↑ PG & GFR(return to normal)
N.B:

· AT converting enzyme inhibitor  or  AT II antagonists (used to treat the hypertension) can either cause severe ↓GFR when renal B.P is low (can actually cause acute renal failure) 

B . preventing extreme changes in renal excretion

►Changes in renal excretion occur with changes in B.P

►primary values:

   If: 

· B.P = 100mmHg will altered to 125mmHg

· GFR = 180 L/day  will altered to 225 L/day 

· Excretion = 1.5 L/day will altered 46.5 L/day

· Reabsorbtion = 178.5 L/day constant

 - So,  small ↑ in B.P (about 25 mmHg) → ↑GFR (about 25 %) → ↑renal excretion (about 30 times)

4- myogenic autoregulation of RBF & GFR
· Means that smooth muscles of blood vessels can cause GFR & RBF to be constant if B.P increase 

· ↑ B.P →  stretching of smooth muscles→ ↑ Ca++ entry into cell → contraction of  smooth muscles→ ↓B.P →↓ GFR & RBF

N.B : Myogenic autoregulation renal function is controversial

5- other factors that affect GFR & RBF
· ↑ Protein meals → ↑ GFR & RBF

· ↑ Blood glucose (in uncontrolled diabetes mellitus)→ ↑ GFR & RBF
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depend on juxtaglomerular complex:


1) macula densa (in the distal tubule)


2) juxtaglomerular cells (in the afferenet & efferent arteriolar walls)








Rennin secretion is stimulated by :


↑renal sympathetic activity


↓renal B.P (in afferent arteriole)  


↓NaCl delivery to macula densa
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