Urimary system lecture B

Process of.urine Formation




Factors affecting GFR

1- Glomerular Capillary Pressure:
The 1 in glomerular capillary pressure — 1 GFR and vice versa.

This pressure could be affected by the following:
a- Renal Blood Flow: 1RBF — 1glom. blood flow — tglom. cap. Pr. — 1GFR and vice versa

b- Diameter of Afferent arteriole:

e Dilatation — 1 glom. blood flow — 1 glom. cap. Pr. — 1 GFR.
» Constriction has a reverse effect.

c- Diameter of Efferent arteriole:
e Dilatation — | gl. cap. Pr — | GFR.
« Mild constriction — 1 glom. cap. Pr. — slight 1 in GFR.
« Moderate & sever constriction — | GFR due to marked | in glom. blood flow.




d- Sympathetic stimulation: — constriction of afferent arteriole — | glo.cap.pr — | GFR.

e- Arterial Blood Pressure (ABP) :
Change in ABP within physiological range (80 — 180 mmHg) has a little effect

on renal blood flow or GFR due to autoregulation mechanism [mechanism by
which RBF & GFR are maintained at a nearly constant rate inspite of changes

in ABP within physiological range].

2- Osmotic Pressure of Proteins in Bowman’s Capsule:
When 1 — 1 GFR and vice versa.

3- Osmotic Pressure of Plasma Proteins:
| Plasma Osmotic Pressure (as in Hypoproteinemia) — 1T GFR and vice versa.

4- Hydrostatic pressure in Bowman's Capsule:
1 Intra-capsular Pressure as seen in obstructed ureter (e.g. due to stone) — | GFR.

5- Filtration Coefficient:
It depends on: - glomerular membrane surface area.

- glomerular membrane permeability.

The | K¢ (due to | permeability or surface area) — | GFR, and vice versa.



Effect of Changes in Starling Forces on Renal
Plasma Flow, Glomerular Filtration Rate, and the
Filtration Fraction

Filtration
Fraction
Effect (GFR/RPF)

Constriction of afferent N.C.
arteriole

Constriction of efferent T
arteriole

Increased plasma
protein concentration

Decreased plasma N.C.
protein concentration

Constriction of the N.C.
ureter

GFR, Glomerular filtration rate; N.C., no change; RPE renal plasma
flow.




Starling forces

Q starling forces or Hydrostatic forces that control fluid transport between interstitium and
peritubular capillaries they are the driving forces that act across the Peritubular
capillaries and control fluid transport between interstitium and peritubular
capillaries.

 Itis determined by 4 forces:

1) Forces that favor absorption:
a) Colloid osmotic pressure in the peritubular capillaries
b) Hydrostatic pressure of the interstitial fluid
2) Forces that oppose absorption:
a) Colloid osmotic pressure of the interstitial fluid (normally = Zero).
b) Hydrostatic pressure in the peritubular capillaries



* Forces that help the filtration:

1- Glomerular capillary hydrostatic pressure [60 mmHg].
2- Osmotic pressure in Bowman’s capsule [normally = zero].

» Forces that oppose the filtration:

1- Osmotic pressure of Pl.Pr in the glomerular capillary [32 mmHg].
2- Pressure in Bowman’s capsule [18 mmHg].




Mechanism of urine formation:-

The urine is formed by 3 main processes:-

1_glomerular filtration: -

It is the filtration of fluid through the glomerular membrane into the Bowman’
capsule. Usually 1/5 of the plasma flowing in the glomeruli filters.

2-Tubular reabsorption: -

It is the transport of substances from the tubular lumen to blood. The wanted

substances, especially almost all of the water and many of the electrolytes are
reabsorbed.

3 Tubular secretion: -

It is the transport of substances from the blood to the tubular lumen.




Tubul[r lumen Tubular cells

Blood in peritubular capillaries.

Excretion

Note:- Excretion means substances that come out with the final urine
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AThe fluid that filters through the glomerulus and Bowman’s capsule (glomerular :
filtrate) is very similar to blood plasma without the proteins, and at this point not at all |
like urine. If this filtrate flowed straight to your bladder and then out your body, you |
would lose more than 10-times the entire volume of your extracellular body fluids ;
(plasma and interstitial fluid) every day. Fortunately, tubular reabsorption mechanisms |
in the nephrons of your kidneys return the water and solutes that you need back into
your extracellular fluid and circulatory system. In addition to reabsorbing the
substances that you need, your nephrons are able to secrete unwanted substances
from your bloodstream into the filtrate. Together these processes complete the
transformation of the glomerular filtrate into urine.

OTubular reabsorption is the process that moves solutes and water out of the filtrate |
and back into your bloodstream. This process is known as reabsorption, because this is |
the second time they have been absorbed; the first time being when they were '
absorbed into the bloodstream from the digestive tract after a meal.




Reabsorption is a two-step process:

1) The first step is the passive or active movement of water and dissolved substances
from the fluid inside the tubule through the tubule wall into the space outside.

2) The second step is for water and these substances to move through the capillary
walls back into your bloodstream, again, either by passive or active transport.

ONephrons are comprised of different segments that perform specific functions. The
walls of the nephron are made of a single layer of cube-like cells, called cuboidal
epithelial cells, and their ultrastructure changes depending on the function of the

segment they are in. For example, the surface of the cells facing the lumen of the
proximal convoluted tubule are covered in microvilli (tiny finger-like structures). This
type of surface is called a brush border. The brush border and the extensive length of
the proximal tubule dramatically increase the surface area available for reabsorption of
substances into the blood enabling around 80% of the glomerular filtrate to be
reabsorbed in this segment. Another notable feature of these cells is that they are
densely packed with mitochondria (the cell’s energy generators). The mitochondria
ensure a good supply of energy is available to fuel the active transport systems needed
for efficient reabsorption.
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Osmolality is defined as the concentration of all
solutes in a given weight of water and is
expressed as units of either osmolality
(milliosmoles of solute per kilogram of water,
mOsm/kg H20) or osmolarity (milliosmoles of
solute per liter of water, mOsm/L H20).

Osmolality & Osmolarity

»  Osmolality: Osmolality is a measure of the number of

solute particles present in solution

» |sindependent of the size or weight of the particles

» Expressed as : milliosmoles per kilogram of water ( m Osmol/Kg)
» Osmolality of a solutfion is the number of osmoles of solute

per kilogram of solvent { m Osmol/KQ)

» Osmolarity of a solution is the number of osmoles of solute

per liter of solution ( m Osmol/L)







FILTRATION

Peritubular Tubular
capillary cells +
72Z BN Lumen

Paracellular
path

Transcellular
path

Active

Passive Solutes

REABSORPTION EXCRETION

\

Reabsorption of filtered water and solutes from the tubular
lumen across the tubular epithelial cells, through the renal

interstitium, and back into the blood. Solutes are transported through
the cells (transcellular path) by passive diffusion or active transport,
or between the cells (paracellular path) by diffusion. Water is trans-
ported through the cells and between the tubular cells by osmosis.

Transport of water and solutes from the interstitial fluid into
the peritubular capillaries occurs by bulk fow .
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Nat* reabsorption

H,O reabsorption

Lumen Luminal

Luminal CI- 1. urea
concentration concentration

1~ negative
potential

Passive CI~ Passive urea
reabsorption reabsorption

Figure 28-5. Mechanisms by which water, chloride, and urea reab-
sorption are coupled with sodium reabsorption.




When sodium is reabsorbed through the tubular epithelial cell, negative ions such as chloride are transported along
with sodium because of electrical potentials. That is, transport of positively charged sodium ions out of the lumen
leaves the inside of the lumen negatively charged, compared with the interstitial fluid. This environment causes
chloride ions to diffuse passively through the para-cellular pathway. Additional reabsorption of chloride ions occurs
because of a chloride concentration gradient that develops when water is reabsorbed from the tubule by osmosis,
thereby concentrating the chloride ions in the tubular lumen. Thus, the active reabsorption of sodium is closely
coupled to the passive reabsorption of chloride by way of an electrical potential and a chloride concentration gradient.

Chloride ions can also be reabsorbed by secondary active transport. The most important of the secondary active
transport processes for chloride reabsorption involves co-transport of chloride with sodium across the luminal
membrane.

Urea is also passively reabsorbed from the tubule, but to a much lesser extent than chloride ions. As water is
reabsorbed from the tubules (by osmosis coupled to sodium reabsorption), urea concentration in the tubular lumen
increases. This increase creates a concentration gradient favoring the reabsorption of urea. However, urea does not
permeate the tubule as readily as does water. In some parts of the nephron, especially the inner medullary collecting
duct, passive urea reabsorption is facilitated by specific urea transporters. Yet, only about one half of the urea that is
filtered by the glomerular capillaries is reabsorbed from the tubules. The remainder of the urea passes into the urine,
allowing the kidneys to excrete large amounts of this waste product of metabolism. In mammals, more than 90
percent of waste nitrogen, mainly generated in the liver as a product of protein metabolism, is normally excreted by
the kidneys as urea.
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Proximal Convoluted Tubule
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65%

Proximal tubule

Na*, CI‘ HCO5™, K*,
H20 glucose, amino acids

Figure 28-6. Cellular ultrastructure and primary transport character-
istics of the proximal tubule. The proximal tubules reabsorb about 65
percent of the filtered sodium, chloride, bicarbonate, and potassium
and essentially all the filtered glucose and amino acids. The proximal
tubules also secrete organic acids, bases, and hydrogen ions into the
tubular lumen.
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Renal Tubular

interstitial Tubular lumen
fluid cells (+8 mV)
Paracellular Na', K*

e - Mg++’ Cat

diffusion

Figure 28-9. Mechanisms of sodium, chloride, and potassium trans-
port in the thick ascending loop of Henle. The sodium-potassium
ATPase pump in the basolateral cell membrane maintains a
low intracellular sodium concentration and a negative electrical
potential in the cell. The 1-sodium, 2-chloride, 1-potassium
co-transporter in the luminal membrane transports these three ions
from the tubular lumen into the cells, using the potential energy
released by diffusion of sodium down an electrochemical gradient
into the cells. Sodium is also transported into the tubular cell by
sodium-hydrogen counter-transport. The positive charge (+8 mV) of
the tubular lumen relative to the interstitial fluid forces cations such
as Mg"™ and Ca*™ to diffuse from the lumen to the interstitial fluid
via the paracellular pathway.

There is also significant
paracellular reabsorption of
cations, such as Mg++, Ca++,

Na+, and K+, in the thick
ascending limb as a result of
the slight positive charge of
the tubular lumen relative to

the interstitial fluid. Although
the 1-sodium, 2-chloride, 1-
potassium co-transporter
moves equal amounts of
cations and anions into the
cell, there is a slight backleak
of potassium ions into the
lumen, creating a positive
charge of about +8 millivolts
in the tubular lumen. This
positive charge forces cations
such as Mg++ and Ca++ to
diffuse from the tubular
lumen through the
paracellular space and into
the interstitial fluid.

T Thin descending
\ @ 50 loop of Henle

Thick ascending
loop of Henle

Mg++

Figure 28-8. Cellular ultrastructure and transport characteristics of
the thin descending loop of Henle (top) and the thick ascending
segment of the loop of Henle (bottom). The descending part of the
thin segment of the loop of Henle is highly permeable to water and
moderately permeable to most solutes but has few mitochondria and
little or no active reabsorption. The thick ascending limb of the loop
of Henle reabsorbs about 25 percent of the filtered loads of sodium,
chloride, and potassium, as well as large amounts of calcium, bicar-
bonate, and magnesium. This segment also secretes hydrogen ions
into the tubular lumen.
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Urimary system lecture B3/ part 2

Process of.urine Formation
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Anatomy of the Adrenal Gland
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Antidiuretic Hormone

ADH has three actions on the renal tubule.

(1) It increases the water permeability of the principal cells of the
late distal tubule and collecting ducts.

(2) It increases the activity of the Na+-K+-2Cl- cotransporter of the
thick ascending limb, thereby enhancing countercurrent
multiplication and the size of the corticopapillary osmotic
gradient.

(3) It increases urea permeability in the inner medul-lary collecting
ducts (but not in the cortical or outer medullary collecting ducts),
enhancing urea recycling and the size of the corticopapillary
osmotic gradient.

Lumen Principal cell of the late distal Blood
tubule and collecting duct

protein @

kinase A

?|

Phosphorylation

Fig. 6.41 Cellular mechanism of action of antidiuretic
hormone in the principal cell of the late distal tubule and
collecting duct. See the text for an explanation of the circled
numbers. AC, Adenylyl cyclase; ADH, antidiuretic hormone; AQP2,
aquaporin 2; ATP, adenosine triphosphate; cAMP, cyclic adenosine
monophosphate, or cyclic AMP; G, stimulatory G protein; R, V;
receptor.
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Renin-angiotensin-aldosterone system.

Renin is synthesized and stored in an inactive form called prorenin in the
juxtaglomerular cells (JG cells) of the kidneys. The JG cells are modified
smooth muscle cells located mainly in the walls of the afferent arterioles
immediately proximal to the glomeruli. When the arterial pressure falls,
intrinsic reactions in the kidneys cause many of the prorenin molecules in the
JG cells to split and release renin. Most of the renin enters the renal blood and
then passes out of the kidneys to circulate throughout the entire body.

However, small amounts of the renin do remain in the local fluids of the kidne'

and initiate several intrarenal functions.

The renin- angiotensin-aldosterone system is activated in response to
decreased arterial pressure (i.e., decreased renal perfusion pressure).
angiotensin Il stimulates Na+ reabsorption in the proximal tubule (Na+-H+
exchange), and aldosterone stimulates Na+ reabsorption in the late distal
tubule and the collecting duct.

Decreased
arterial pressure

¥

Renin (kidney)

¥

Renin substrate

(angiotensinogen) '

Angiotensin |
Converting

enzyme
(lung)

Angiotensin |l

/ \

Renal retention Vasoconstriction

of salt and water /

Increased arterial pressure



Glomerular Afferent
capsule arteriole

Glomerulus | Juxtaglomerular
apparatus -

Blood flow

Glomerular
capillaries

Afferent
arteriole

NS

Efferent
_q_rteriole A

Distal
convoluted

tubule

Efferent

arteriole Glomerular
filtration

Proximal
convoluted
tubule

Afferent arteriole

Nephron loop J

(a)

Juxtaglomerular

cells
Juxtaglomerular

Macula densa appardiys

Ascending limb

FIGURE 17.8 Juxtaglomerular of nephron loop

apparatus. (a) Location of the
juxtaglomerular apparatus.

(b) Enlargement of a section of the ’ ,\ . ‘
juxtaglomerular apparatus, which Efferent arteriole B ; N
consists of the macula densa and { e
the juxtaglomerular cells. (b)

Glomerular capsule



Another mechanism to control filtration rate involves the
enzyme renin. Juxtaglomerular cells secrete renin in
response to three types of stimuli: (1) when special cells in
the afferent arteriole sense a drop in blood pressure; (2) in
response to sympathetic stimulation; and (3) when the
macula densa senses decreased numbers of chloride,
potassium, and sodium ions reaching the end of the
ascending limb of the nephron loop. Once in the
bloodstream, renin reacts with the plasma protein
angiotensinogen to form angiotensin I. A second enzyme
(angiotensin-converting enzyme, or ACE) in the lungs and
in plasma quickly converts angiotensin | to angiotensin Il.

Angiotensin Il carries out a number of actions that help
maintain sodium balance, water balance, and blood
pressure. Angiotensin Il vasoconstricts the efferent
arteriole, which causes blood to back up into the
glomerulus, raising filtration pressure. This important
action helps minimize the decrease in glomerular filtration
rate when systemic blood pressure is low. Angiotensin Il has
a major effect on the kidneys by stimulating secretion of
the adrenal hormone aldosterone, which stimulates tubular
reabsorption of sodium.

Liver

Angiotensinogen

Renln

Angiotensin |

Inner surface Angiotensin

" (endothelium) of converting
fk lung capillaries = enzyme (ACE)

v ¥

. y |

Angiotensin Il

¢ \Vasoconstriction

¢ Increased
aldosterone
secretion

¢ Increased
ADH secretion

¢ Increased thirst

Release into
bloodstream

» Stimulation

FIGURE 17.12 The formation of angiotensin Il in the bloodstream
involves several organs and results in multiple actions that conserve
sodium and water.



EARLY PROXIMAL TUBULE
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Fig. 6.20 Cellular mechanisms of Na* reabsorption in the early proximal tubule. The
transepithelial potential difference is the difference between the potential in the lumen and the
potential in blood, -4 mV. ATP, Adenosine triphosphate.




LATE PROXIMAL TUBULE

Lumen Cell of the late proximal tubule Blood
+4 mV 0 mV
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H+
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Fig. 6.21 Cellular mechanisms of Na* reabsorption in the late proximal tubule. The
transepithelial potential difference is +4 mV. ATP. Adenosine triphosphate.



THICK ASCENDING LIMB

Lumen Cell of the thick ascending limb Blood
+7 mV 0mV

» Nat

K+
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Fig. 6.25 Cellular mechanism of Na* reabsorption in the thick ascending limb of the
loop of Henle. The transepithelial potential difference is +7 mV. ATP. Adenosine triphosphate.



EARLY DISTAL TUBULE

Lumen Cell of the early distal tubule Blood
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Fig. 6.26 Cellular mechanism of Na* reabsorption in the early distal tubule. The trans-
epithelial potential difference is —10 mV. ATP. Adenosine triphosphate.
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TABLE 6.7 Summary of the Functions of the Major Nephron Segments

Segment/Cell Type

Major Functions

Cellular
Mechanisms

Hormone Actions

Early Proximal Tubule

Late Proximal Tubule

Thick Ascending Limb
of the Loop of Henle

Early Distal Tubule

Late Distal Tubule and
Collecting Ducts
(principal cells)

Late Distal Tubule and
Collecting Ducts
(o-intercalated cells)

Isosmotic reabsorption of
solute and water

Isosmotic reabsorption of
solute and water

Reabsorption of NaCl
without water
Dilution of tubular fluid
Single effect of
countercurrent
multiplication
Reabsorption of Ca** and
Mg** driven by lumen-
positive potential

Reabsorption of NaCl
without water
Dilution of tubular fluid

Reabsorption of NaCl
K" secretion

Variable water
reabsorption

Reabsorption of K*
Secretion of H*

Na™-glucose,
Na*-amino acid,
Na*-phosphate
cotransport

Na*™-H" exchange

NaCl reabsorption
driven by
CI” gradient
Na*-K*-2CI”
cotransport

Na*-Cl~
cotransport

Na* channels
(ENaC)
K" channels

AQP2 water
channels
H*-K* ATPase

H" ATPase

PTH inhibits Na*-
phosphate
cotransport

Angiotensin II
stimulates Na*-H*
exchange

ADH stimulates
Na*-K*-2Cl-
cotransport

PTH stimulates Ca*
reabsorption

Aldosterone stimulates
Na* reabsorption
Aldosterone stimulates

K" secretion
ADH stimulates water
reabsorption

Aldosterone simulates
H* secretion

ADH, Antidiuretic hormone; PTH, parathyroid hormone; ENaC, epithelial Na® channels; AQP2, aquaporin 2.



Na* HANDLING IN THE NEPHRON

67% 5%

Proximal Distal
convoluted C(I)nvomted
tubule

tubule

3%
Thick
ascending
limb
Collecting
duct
Thin Thin
descending ascending
limb limb

4 L

Excretion < 1%

Fig. 6.19 Na* handling in the nephron. Arrows show locations of Na* reabsorption; numbers
are percentages of the filtered load reabsorbed or excreted.



65%

Proximal tubule

Na*, CI- HCO;, K*,
H20 glucose, amino acids

Figure 28-6. Cellular ultrastructure and primary transport character-
istics of the proximal tubule. The proximal tubules reabsorb about 65
percent of the filtered sodium, chloride, bicarbonate, and potassium
and essentially all the filtered glucose and amino acids. The proximal
tubules also secrete organic acids, bases, and hydrogen ions into the
tubular lumen.

Thin descending
loop of Henle

Thick ascending
loop of Henle
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\
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Figure 28-8. Cellular ultrastructure and transport characteristics of
the thin descending loop of Henle (top) and the thick ascending
segment of the loop of Henle (bottom). The descending part of the
thin segment of the loop of Henle is highly permeable to water and
moderately permeable to most solutes but has few mitochondria and
little or no active reabsorption. The thick ascending limb of the loop
of Henle reabsorbs about 25 percent of the filtered loads of sodium,
chloride, and potassium, as well as large amounts of calcium, bicar-
bonate, and magnesium. This segment also secretes hydrogen ions
into the tubular lumen.



- Early distal tubule
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Late distal tubule
and collecting tubule

Principal

intercalated cells

Figure 28-11. Cellular ultrastructure and transport characteristics of
the early distal tubule and the late distal tubule and collecting tubule.
The early distal tubule has many of the same characteristics as the
thick ascending loop of Henle and reabsorbs sodium, chloride,
calcium, and magnesium but is virtually impermeable to water and
urea. The late distal tubules and cortical collecting tubules are com-
posed of two distinct cell types, the principal cells and the interca-
lated cells. The principal cells reabsorb sodium from the lumen and
secrete potassium ions into the lumen. Type A intercalated cells
reabsorb potassium and bicarbonate ions from the lumen and secrete
hydrogen ions into the lumen. The reabsorption of water from this
tubular segment is controlled by the concentration of antidiuretic
hormone.

Medullary
collecting duct

N/

0

Figure 28-14. Cellular ultrastructure and transport characteristics of
the medullary collecting duct. The medullary collecting ducts actively
reabsorb sodium and secrete hydrogen ions and are permeable to
urea, which is reabsorbed in these tubular segments. The reabsorp-
tion of water in medullary collecting ducts is controlled by the con-
centration of antidiuretic hormone.



Reabsorption and secretion along different tubular segments

1-Proximal convoluted tubules ( PCT):

|-Reabsorption of:

A- 67 % of filtered sodium, water.

Kand Calcium

Most of HCO3-

And slightly less load of filtered chloride.

B-All filtered glucose and amino — acids in early PCT.

C-In first half of PCT ,Na+ is reabsorped by CO transport with glucose and amino acids. In
second half Na+ is reabsorbed with CL ion because its concentration increases due to water
Reabsorption. The tubular fluid remains iso —osmolar along the PCT.




lI-Secretion of:

a-Organic acids and bases which result from metabolism

e.g bile salts and oxalates. b-Secretes catecholamines and some drugs e.g pencillin.

Proximal tu

Figure (18): Transport characteristics of the proximal tubule.




2-The loop of Henle:

a-Thin descending segment.

o Formed of simple epithelial lining.
o Allow simple diffusion of H20 and solutes.
o Highly permeable to H20 but moderetaly permeable to solutes.

o 10 % of filtered water is reabsorbed in this part so osmolarity is too much increased by the end of
this segment.

o The descending limb of loops of Henle receive isotonic fluid from the proximal convoluted tubules.

o Their walls are highly permeable to H20 and less permeable to NaCl so water diffuses freely from
tubular lumen outwards by the high osmolarity of medullary interstatium.

o Net result:

Tubular fluid become hypertonic and this hypertonicity increases gradually as it moves downward.
Maximal hypertonicity occurs at its bend reaching in humans to about 1200-1400 milliosmols.




b-Thin ascending segment.

Less absorptive capacity for solutes.
Na+ is absorbed passively after CL- Reabsorption.
It is impermeable to water.

' c-Thick ascending segment.

It is thick epithelium with signs of activity.

Reabsorption of:

27 % of filtered Na+
20 % of filtered K+
27 % of filtered Ca+2

The luminal cell membrane contains Na+ - K+ - 2 CL transporter.

It is impereabile to water so osmolarity decreases due to Reabsorption of Na+ and K+ and Ca+2
to become hypotonic ( having osmolarity of 200 — 200 milliosmoles ) on reaching the distal
convoluted tubules




3-The distal convoluted tubules:

It consists of

a-The early diluting segment.

Has the same characters as thick ascending limb of loop of Henle
b-Late distal tubule and cortical collecting tubule.

They have the same characters and contain two types of cells.

1-The principal cells.

Responsible for K+ secretion

2-The intercalated cells.

Secretes H+ and reabsorbs K+ in case of K+ depletion.




Characters of both segments

1-Reabsorbes sodium and secretes K+ under influence of aldosterone hormone.

2-Secretes H+ via primary active transport by H+ pump ,that can transport H+
against gradients up to 1000 folds.

3-Water Reabsorption under the influence of ADH.

4-Impermeable to urea.

Late distal tubule
and collecting tubule

Intercalated
cells

Figure (20): Transport characteristics of the late distal tubule and collecting tubule.




4-Medullary collecting duct.

It has the same characters as distal nephron except it is permeable to urea and ADH increases this
permeability.

The transport via distal tubules differ from proximal tubule in the following.

A-Proximal tubules has a large capacity so reabsorb large quantities of salt and water,

while distal tubules has a smaller capacity, it can reabsorb 9% of filtered sodium and 19 % of filtered
water.

B-Na+ and H20 Reabsorption are closely coupled in proximal tubules because H20 permeability is
high ,while in the distal tubules as H20 permeability is variable and low so Na+ and H20 Reabsorptio
may be uncoupled.







The ability of the kidney to dilute or concentrate urine

The mechanism:

In order to excrete concentrated urine ,the kidney has to increase water Reabsorption by the
collecting tubules.

This process needs 2 factors.
1-The action of ADH to open water intracellular channels.

2-High and stable osmotic gradient in the area surrounding the collecting tubules to maintain high
rate of water movement according to osmotic gradient through opened channels.

This can be done only by a special mechanism in the renal medulla called Counter current
mechanism.




Steps needed for creation of osmotic gradient.

1-Increaded solute load in the renal medulla by:

a-Active Na+ Reabsorption in the thick ascending limb of loop of Henle followed by passive
movement of other solutes e.g CL- and HCO3.

b-Active Na+ Reabsorption by the collecting tubules.

c-Passive urea Reabsorption by the collecting tubules.(solvent drag*****)
2-Creation of Osmotic gradient by Counter current system.

Definition of counter current system: It is a system characterized by the presence of:
» U shaped tube with its 2 limbs close to each other.

» Continuous counter current stream.

» A source of energy.




these characters are found in the loop of Henle as:

t consists of U shaped tube with 2 limbs are close to each other.

"he tubular fluid flows in the 2 limbs in a counter current stream.

"he source of energy is the active Na+ - K + pump of the thick ascending limb
of loop of Henle.

The loop of Henle acts as a counter current multiplier which multiply the
tonicity of the medullary interstitium about 5 times (from 30om.osm/L at the
outer medulla to 1400m.osm/L at the renal papilla).




' To understand how the counter current can create an osmotic gradient we have to imagine
. that this process can occur in successive steps beginning from position Zero as follow:

. Position Zero:

. We imaging that fluid entering and leaving loop of Henle is Iso-Osmotic with fluid flowing
. out of proximal tubule =300 mOsm /L.

- Steps:

- Ascending limb:

. isimpermeable to water but permeable to solutes, thus its main function is removal of
. solutes.

Na Cl is transferred to medullary interstitium (M.1) passively in thin part and actively in the
- thick part.




As the ascending limb is impermeable to water, so tubular fluid inside he ascending limb is
hypotonic to M.I (it's 200 m osm/ L less than M.l at any transverse level ) so fluid leaving the |
ascending limb is hypotonic (100 m osm/L).

This results in:

1- Hypertonic medullary interstitum
in a longitudinal direction from 300 (outer medulla) — 1400 m osm/ L (inner medulla).
The tonicity is multiplied about 5 times.

2- Hypotonic fluid leaves medulla:

at any transverse level, the osmolarity is 200 m osm/L less than M.1.




Descending limb:

is impermeable to Na Cl but permeable to water thus its main function is water removal.

The hypertonic M.l produced by the ascending limb will absorb water from descending limb
till the fluid in the descending limb becomes isotonic with M.l at any transverse level.

The end of descending limb at renal papilla is 2400 m osm/L.




Preservation of osmotic gradient

(the role of vasa recta as a counter curfent exchanger):

The preservation of osmotic gradient is very important because any osmotic gradient in the medullary
tissue could be washed out by the medullary blood flow.

However the blood supply to the medulla (vasa recta) has some characters that help to maintain the
solute load and prevent the washout of the osmotic gradient in the medullary tissue.

Vasa recta is a loop of peritubular capillaries, which run close to and parallel to the loop of Henle.

It is characterized by.

a-U shaped loop of capillaries.
b-Counter current blood flow.
c-High permeability to water and electrolytes.

d- Low blood flow ( 0.25 ml / gm tissue [ min )




The role of vasa recta in the counter current mechanism is to exchange the Nacl and urea
between its 2 limbs so as to keep them in the medullary interstitial fluid as follow:

2 1-In descending limb of vasa recta water flow out and Nacl flows inside due to increased
osmolarity of medullary ISF as blood moves deep in the medulla.

02-In ascending limb ,and as osmolarity decreases gradually toward the cortex H20 moves
again to inside the ascending limb ,while Nacl and urea moves out in the medullary
interstatium.

-The net result of the above 2 points osmolarity is kept constant in the medullary
interstatium.

-The function of vasa recta as a counter current exchanger is to maintain renal medullary
hyperosmolority through:

1-Trapping of solutes ( Nacl and urea) in renal medulla.
C2-removing excess water from medullary interstitium By:

Walls of vasa recta are highly permeable so allowing passive diffusion of water and solutes




In their descending limbs: The solutes diffuse ( Nacl and urea ) from
medullary interstatium into the vessel because its concentration is
higher than blood so diffuses according to concentration gradient into
vasa recta.

At the same time water diffuses out into medullary interstitiatium
because Osmolority of Medullary interstatium exceeds that of blood .

Net result:

Blood become gradually concentrated as it moves downward until an
osmotic pressure of 1200 mOsm at the tip.




'~ In ascending limb:

Solutes diffuses from blood into the medullary interstatium as osmolarity in the
'~ interstatium gradually decrease.

H20 moves from interstatium to the blood again.

NaCl and urea moves out of the ascending limb to the Medullary interstatium.

Net result:

- The blood flows out of the medulla carries no solutes but only a small amount of excess
. water, which is absorbed by the renal tubules in the medulla, thus Osmolority is kept
. constant in medullary interstatium.




Interstitium
mOsnvL

300

Figure (22): vasa recta as a counter current exchanger.




Role of urea in urine concentration

Urea plays an important role in the concentrating ability of the kidney.
It shares in 45-50% of osmolarity of M.1.

This can be explained by the following steps:
< Step (1)

Concentration of urea in the tubular fluid increases gradually as most renal tubules
are impermeable to urea (ascending limb of L.H, DCT, cortical CD and outer
medullaryCD),while water and other solutes are absorbed in large amounts along
renal tubules.




<« Step (2)

Concentration of urea reach its maximum level in the late collecting duct (inner medullary
collecting duct)which is highly permeable to urea in the presence of (ADH), so urea is passively
reabsorbed according to concentration gradient.

+Step (3)

Absorption of urea in this segment adds much to the osmolarity of lower medulla, which in turn

increases the rate of H20 Reabsorption by descending limb of loop of Henle so increasing NacL
concentration in the tubular fluid that reach ascending limb. Urea diffuses from M.I. to the thin
ascending limb and to the descending limb of L.H till reaches inner medullary collecting duct to be
reabsorbed again by ADH which is known as urea trapping or urea cycling.

+ Step (4)

When NaCL rich fluid reach the ascending limb which is permeable to NaCL, passive NaCL
Reabsorption occurs increasing the solute load in the renal medulla.




Role of ADH in formation of concentrated urine

ADH plays a key role in urine concentration by:

1- Increase CD permeability to water along osmotic gradient of M.I.

2- Increase urea reabsorbtion passively from inner medullary CD.

3- V.C of the efferent arteriole which lead to:

a- increase osmolarity of M.1. by decrease washing out of solutes from it.

b- Increase the filtered load of Na+ leading to increase Na+ reaching to ascending
limb of L.H. and more removal of Na+ from ascending limb to M.l adding to the
hypertyonicity of M.I.







General functions of the kidney:-

<+Homeostatic function:-

It is the most important function. The kidney plays the major role in homeostasis.
The kidney regulates volume, ionic composition and H+ concentration of the plasma.

The kidney performs this important function through urine formation.
<Secretory function (endocrinal function):
it produces:-

1. Renin

« |t is secreted from the JG cells.

- It has an important role in the reqgulation of arterial blood pressure.

Renin |(from kid Converting ‘e
cmnI (from kidney) - (from lung) —® vasoconstriction

-9
Angiotcnsinogcn_l_. Angiotensin l—l—> Angiotensin I] Ficloercon savivt

(from liver)

—» INa’ and H,0 reabsop.
From renal tubuales.




Factors that increase renin secretion:-

NaCl concentration in the tubular fluid >> stimulation of macula densa cells >>| JG to
secrete renin.

Blood pressure in the afferent arteriole >>TJG cells to secrete renin (JG cells act as
intra renal baroreceptors).

Sympathetic stimulation >> direct stimulation of JG cells

2 Erythropoietin:
It requlates RBCs production from bone marrow.

It is secreted in response to hypoxia.







Renal Handling of Sodium

Functions of sodium in the body are:

1. Keeping volumes of both extracellular fluid & blood constant — maintains normal ABP.
2. Formation of resting membrane potential, action potential & conduction of nerve impulse.
3. Skeletal & smooth muscle contraction by releasing Ca++ from sarcoplasmic reticulum.

4. Controlling release of many vital substances in body as renin & Aldosterone.

5. Bone formation.




Na+ reabsorption

e Na+ reabsorption is associated with transport of many other
substances as H20, H+, glucose, amino acids, Cl-, HCO3-, and K+.

Renal handling of Na+:
1) Na+ reabsorption in PCT (70%).
- About 70% of Na+ load is reabsorbed in PCT.




At the luminal border:

Na+ is transported from lumen to inside cells by facilitated diffusion under effect of:

1. Concentration gradient.

2. Electrical gradient (in lumen —3 mv & inside cell — 70 mv).

- This is helped by large surface area of brush border of PCT & by presence of
carriers.

<At baso-lateral border:

Na+ crosses to interstitium fluid by active pump against its electrochemical gradient
by Na+- K+ ATPase activity (for each 3 Na+ pumped out only 2K+ ions are carried in).

- After entering the cell K+ ions diffuses back again to the interstitium helped by
concentration gradient & high permeability of cell membrane — maintain the
intracellular negativity in relation to luminal fluid — 1 Na+ entry to the cell (help the
facilitated diffusion).




This reabsorption result In:

1- Reabsorption of 70% of water

“obligatory water reabsorption” because of the high osmolality created by Na+
reabsorption.

2- Active co-transport transport

of glucose, amino acids, HCO3- & other organic acids (these substance are carried by
same carrier of Na+).

3- Passive diffusion

of Cl- (in 2nd half of PCT due to 1Cl- concentration).




Na™ reabsorption in PCT




2) Na+ reabsorption in the loop of Henle (20%)

»Thin descending part:

The only part in the nephron in which Na+ is not reabsorbed (also this part is freely
permeable to H20 — hypertonic tubular fluid).

~Thin ascending part:
passive reabsorption of Na+.
~Thick ascending part:

active reabsorbtion of 20% of Na+ by co-transport protein carrier (1Na+, 2 Cl- & 1K+)
mechanism

(also this part is poorly permeable to water— fluid leaving this thick part is hypotonic).




3) Na+ reabsorption in the distal convoluting & collecting tubules (10%)

- 10% of Na+ is actively reabsorbed, in exchange with H+ or K+ by the help of Aldosterone
hormone.

- NB: Na+ reabsorption is active along the nephron except in thin ascending part of loop of
Henle.

Na" reabsorption in renal tubules




Factors controlling Na+ reabsorption:

The amount of Na+ excreted per day may be as low as 1mEq/day to as high as 40omEq/day.

The factors controlling are:
1- Amount of NaCL intake per day: increase intake — increase Na+ reabsorption & excretion (& vice versa).
'~ 2- Hormonal factors:

0 Aldosterone: Acts mainly on principal cells of DCT & collecting ducts — increase Na+ reabsorption in
exchange with K+ & H+.

Glucocorticoids : -Weak Aldosterone like action on sodium reabsorption — Na+ & water retention &
decrease Na+ excretion in urine.

11Sex hormones (estrogens): Salt retention effect, so contraceptive pills that contain oestrogen — oedema in
prolonged use.

1 PGE2: Increase Na+ excretion in urine (naturesis)

| -H’his b?/ inhibiting Na+ K+, ATPase & by increase intracellular Ca++, which inhibit Na+ transport across the
. channels.

e Endothelins causes naturesis by increasing PGE2.

D Atrial naturetic peptide (ANP): Decrease Na+ reabsorption & increase excretion




' 3- Glomerulo-tubular balance:

¢ Increase GFR — increase tubular load of any substance — increase its reabsorption to prevent
- overloading of the distal tubules with these solutes.

' 4- Effect of ABP:

Increase ABP above 18ommHg — increase Na+ excretion & urine output “pressure diuresis”.

5- Diuretics:

-~ Osmotic diuretics as mannitol— Decrease Na+ reabsorption from PCT
. v Loop diuretics (Lasix) — Decrease Na+ reabsorption from Henle's loop

- /Aldactone — Decrease Aldosterone — Decrease Na+ reabsorption from DCT.




Events that occur inside PCT

1- 70% of Na+ load is reabsorbed.
2- 70% of water load is reabsorbed = obligatory water reabsorption .

3- Co-transport of K+, glucose, amino acids & other organic acids at the 1st half of
PCT.

4- Absorption of CL- & secretion of H+ ions in the 2nd half of PCT.
5- Reabsorption & synthesis of NaHCO3

6- Remaining tubular fluid is isotonic (3oomosmol) but slightly acidic (pH<7.35).




......................................................

Cootildbel..C Q'L.%f.’...m.k'.\;.é ..... S ESF{m ...........................................................
................... o L 30 MCJ:iL)%SL—éng.égrﬁfJ{)jﬂ)ﬂ@li‘;’:

.................................................................................................................
................................................................................................

......................................

..............................................................................
.........................................................

Z/{z\?u,ﬁ)msa .................. BIC

Scanned with CamScanner



! ”A) D e e
z) Sadild D PASSES. 2 Vo Gl

§"f8 | :
02 oFramLumen. —s. Lubwlac Cell.. =2. e SSiue ASPRAE
5 . o555
S TZ)....é....ﬂ....ecd..[q.c.@&e.a ........................................... (g
: Fowlumen. —stibdaccei. m—,).....Se_Cc:mdavj ackive. brans oYt
| = WiHhauk. Soolswm ANAW G[{‘fa ke..oMo. jluCDSQ NO.... f\ ..... A ..................................

...... 6F L. $lad .y Colovid. 4. bicarbomte. £glucoset AR

........................................................... w J‘p\)‘b\ \J&mw&kg\\/gd/%
gél;%eﬂu;d ...... L OCT s isdSmat (G '

.....................................................................................................................................................................................................................

..........................................................................................................................................................................................................................

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Scanned with CamScanner



> Subject ..................................................................................................

De Scemv ma ﬂ( mbOC[ aap of-? Hcm

Jauueoguwien) i*

..............

..............

' E/ e.Cownbec. current: wu(hp.....J..e,.C./.% .......................................................... S

BT ————————
s VMLU'] p(% P24 (O T Oﬁ\h«olanf )1 (,O!-L(A.) ..... Uo‘/%’ ........ 1
e hacreas jmdfaa[( i olechnd(m leb ...............................

.............................................

Scanned with CamScanner



.................... :&’
AU RN Pl T

.......................................................................... asc‘e’v M\ﬁjL;mk

Scanned with CamScanner



[£

PO ﬁkg NI <O, 117 DRV S
L k ...... OO Al M s
................. O
............... DCT—lr-Heda”azl:j—(toU@(k!vlgdmd(@Cy))
............. mvcu,\}gugioy@&@ 8

.......................................................................................................................................................................................................

A e s <o o
.&t.uq..(;m.‘c.x.x\% ................... )52, S S (% SN S R T— i rbbﬂ’" ............................... :

e Ve L%POWSPhWJFhéWQ#QVCF&SW ....... 6 hem ....... :

.............

........................................................................................................................................................................................

Scanned with CamScanner



............................................................................................................................

2ok e bubules  ave.. AP Cmecble.... J:o...u.m.q ...... Q/Xcaﬂk .....................
o Medullary. colleching.. QMG e

=ML Condenlation. in. . mf 01_9..[[.@@ Collec ki hg- wek is.h g./ﬂ. ......................
................................... ZWQ&Jiza‘a&;z' ;)}IHCJU)&J
......... (clleching. Ak ba i, H,r.sk\fnal Cluig... b\) SsmP\Q dtm.f%\zm
Mu\\as ............................. J ....... , —- ) Ao, u& .........................................................................................
nkers. f' = af .....................................................................................................................................
P&Q%l@j\@?'g\lh\aﬁf .............. (I ZJ); ....... UQ ......... XJ,L%;/,)\ ............................. A
ﬁ(ﬂs Scanned with ° " ° ' - ® ° ° ¢ :
— ) CamScanner

Scanned with CamScanner



i,

-

al

'S N
\.“1!'

.......................................................................................................

............................................................................

g duCl. s pevwmea bl g o uria:

................................ Shress¥vasssceasennd ales esssaiTesnvasdpes CEETETRA 0 20T )

Hpc@u(iag ....... C QUQ(,E.U
wabSQPb}IQ)’LOFUFIMM ........................................................

..........................................................................................................................................................................................................................

........................................ st L 10 S BB S8 DN 6L
- V\fmﬁ,zl.yg......i..V.\........Medm[[..cucg.....i.Akﬁ.)ﬁ.&hﬁi}_‘,@iu....

fbxmﬂﬁ(éy\dlybme (GD,PQFHW[PJ—A@JJA@{J%C«UJ@ ...........

(s LCD)_)&BjCiC(’IUC/Sﬁ’CWh@&{\L@)WJ

~——
..........

-----------------------------------------------------------

.................................................................................................................................

.........................................................

Aﬂ\qu:mr\ﬂf*wlzh ..........................................................................................................
| CamScanner : = . ik
' Comnd..... s.j;.s:)\

[Wwh 4=
....................................................................................................................................................

Scanned with CamScanner



......................
.........................
.......................
...........................

..........
...........
......................

...................
..........................

bo o Tessceccecrirarnaanee

R N = VY W reabsechbien.. is. cauwbled. wilh La YreabSovitia

------------------------------------------- (..a.bLiﬁ.a.&o.%.......w.a.-Ee_sc....m.abgqc.la.[-.;@.y.\..._..w..(...Hf.\...L)...é?.&...).............

....................................
..............................................................................
...................................
..............

..............

.......................................................................
............................................

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Scanned with CamScanner



......................................................

I!fa ......... . C\.)M ........ AD\P{ .......... ZJ?JX- ......

0w

L P e
: ;DLabe¥63meprcku5 ...... 0

........................................................

.......................................................................

A94a porind.. Eol g le e ADW SR

I\z@.(rfy....cl.:_‘[u.(i-mjz...ur:.(.y.«..& ...... “’Ztu)és\c\,ms%;é_m

-------------------------------------

Scanned with CamScanner



...... ME[Q ullay 3 \v\%cr\ S F QXCV\GLVHQ‘V\
......................................... o oRin

Scanned with CamScanner



.....................................................................................................................................................

....................................................................... i Concenl'mf’edd,a_c‘luti‘w
............................................................................... WO

.........................
.................................................................................................................................................................................................

..........................

.......................................

....................................................................................

Medullarg... ... Ranging glatl . Uia..... I S —

BRIV T AN i =
Y 5. Y L IR 4 BRSSO . R YV I Y TS —

La@ ..... ob. enle. .. T

.......................................................................................................................................................................................................................... w

.......... ED..EP;D..H..:’;.......Lead.@.........ka....ct%....u.q..po.fi.%....ﬂ:....;....uu.h.i..g.k....ux.ll.q.nk&zo
= T VN SV 2T oY T T 2 S o

Scanned with CamScanner



