Lecture (5)
Sodium and Water Reabsorption
Usually (not always) water follows Na+ reabsorption. Somehow they are linked.

▪

Water Reabsorption
o Of the 125 ml of water filtered per minute, 124 ml are reabsorbed. Thus, the
percentage of water reabsorption is almost 99.3%. On average, only 1 ml/min is
excreted.
o Water reabsorption is by osmosis (i.e., is a passive process).
o 65% of water is reabsorbed from the proximal tubule; 15% from the descending limb of
the loop of Henle; none from the ascending limb of the loop of Henle; 10% from the
distal tubule. The rest 9.3% is reabsorbed from the collecting tubule in the presence of
ADH. Since reabsorption of water from the collecting ducts is controlled by ADH, it is
this segment of the tubule which determines the osmolarity of the urine. It is the most
important segment in water homeostasis.

The ascending
limb of the loop
of Henle is the only membrane
in the body not
permeable to
water

o Antidiuretic Hormone (ADH)
o ADH is synthesized in the hypothalamus (85% by the supraoptic nuclei and 15% by
the paraventricular nuclei). It is stored in the posterior pituitary.
o Its release is stimulated by:
▪ Osmoreceptors in the hypothalamus, an increase by 1% in the osmolarity of
plasma increases ADH release.
▪ Volume receptors, a decrease by 10% in ECF volume increases ADH release.
▪ Pressure receptors, decreased blood pressure (as in bleeding) also leads to
ADH release.
o ADH binds to specific V2 receptors in the late distal tubules, collecting tubules, and
collecting ducts. The stimulation of this receptor eventually increases the density
of water channels (aquaporin) at the luminal and basolateral sides of the cell
membranes. Increasing the reabsorption of water (less water loss)

Diabetes insipidus
Let’s assume that
ADH isn’t secreted
because of tumor orno
mechanical damage
to posterior pituitary
or the hypothalamus
->
reabsorption
->
excretion of
water (urine output)
Polyuria + polydipsia

o In peripheral (nephrogenic) diabetes insipidus where ADH receptors do not
respond to ADH, and in central diabetes insipidus, where ADH secretion is
decreased or absent, urine output is very high (polyuria) and the urine is very
hypo-osmolar (Low S.G specific gravity of urine).
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In the presence of high amount of ADH, most of the filtered water is reabsorbed in?
THE PROXIMAL TUBULES (65%)

o To measure water reabsorption, Inulin is injected, and its concentration is measured by
a special technique called micropuncture technique by which a micropipette tip is only
(0.25 µm) inserted in different parts of the nephron. I know, I promised you not to
discuss micropuncture technique; Unfortunately, I must mention it, but I'll touch it to
the minimum. Since inulin is neither reabsorbed nor secreted, it can be used to
determine where and how much water is reabsorbed in different parts of the nephron
by observing inulin dilution as it passes through these parts.
o For example, it has been found that inulin concentration in the late proximal tubule
*

was three times that in Bowman’s capsule. This implies that two thirds of the water has
been reabsorbed by the time it passed through the proximal tubule.

o Also, the concentration of inulin did not change as the blood passed through the
*

ascending part of the loop of Henle. Thus, we conclude that water is not reabsorbed as
it passes through the ascending loop of Henle.

o Note that the concentration of inulin cannot decrease while flowing distally through
the tubules because inulin is not reabsorbed and water is not secreted.
o This method is also used to test how drugs, or even endogenous hormones, affect
reabsorption of water (e.g., ADH had no effect on water reabsorption from the loop of
Henle.). When combined with inulin clearance, we know how different parts of the
nephron handle different substances.
o For example, Na+ concentration in the plasma has been found to be similar to its
concentration in the late proximal tubule. Knowing that two thirds (67%) of water is
reabsorbed, it is easy to conclude that also, 67% of the Na+ is reabsorbed as it pass
through the proximal tubule. That is why tubular [Na+] remains constant.

•Segmental Clearance
o Clearance is the volume of fluid completely cleared of a substance as it passes through
a certain segment of the nephron per unit time. It is calculated mathematically as
follows:
,where
▪
▪
▪
▪

Cs is the clearance of the substance
Ts is the concentration of the substance in the end of the segment.
Ps is the concentration of the substance in the beginning of the segment.
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▪

V is the fluid flow rate (nl/min).

o For example, if the concentration of a substance in Bowman’s capsule was 8mg/ml.
*

After a minute, 100 nl have passed through the proximal tubule and the concentration
was measured to be 4 mg/ml, then Cs = 4mg/ml / 8mg/ml x 100nl/min, or 50nl/min

o Segmental clearance can be compared to that of inulin in a specific segment by dividing
the substance clearance by inulin clearance.

Since

the flow rate is the same:

o If Cx/Cin = 1 in a specific segment, this suggests that X is, like inulin, neither reabsorbed
*

nor secreted. However, this is not necessarily true; X might have been reabsorbed and
secreted again through this segment. Because of this, short segments give more
accurate conclusions.

o If Cx/Cin = 2, this means that X was secreted in the segment.
*
o Csodium / Cin in the proximal tubules is 1/3. This is because 2/3 of Na+ is reabsorbed from
*
this segment and 1/3 only reaches that
segment.

• With the help of the micropuncture technique

we were able to draw this important graph.
Coming back to the same graph, it shows the
changes in average concentrations of different
substances at different points in the tubular
system relative to the concentration of that
substance in the plasma and in the glomerular
filtrate. A value of 1.0 indicates that the
concentration of the substance in the tubular
fluid is the same as the concentration of that
substance in the plasma. Values below 1.0
indicate that the substance is reabsorbed more
avidly than water, whereas values above 1.0
indicate that the substance is reabsorbed to a
lesser extent than water or is secreted into the tubules.
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• Note, especially, the following:
▪
▪

▪

▪

Glucose and amino acids are completely absorbed within the proximal tubules. Clearance = 0
Inulin concentration at the end of the proximal tubules is 3 times that in the plasma.
This is because two thirds of water is reabsorbed by the end of the proximal tubules, as
noted earlier. At the end of the collecting duct is the clearance across the entire
nephro. Inulin clearance is 125 ml/min (which is GFR)
Creatinine clearance is 140ml/min (slightly higher than GFR). In clinical practice, we
accept the number 125 ml/min (I already explained this point previously).Because of the secretion of
about 10% of creatinine
PAH clearance is 585ml/min (90% of renal plasma flow, or effective renal plasma
flow…true RPF is 10% hugher) ▪ Na+, K+ and Cl- concentrations remain constant until
the end of the proximal tubules. This is because, like water, two thirds of these ions are
reabsorbed from the proximal tubules.

-

Notice that in the descending part of the loop of Henle the tubular fluid/
plasma concentration
for Na+, K+ and Cl- indicating that there is
reabsorption of water more than the reabsorption of these substances
The opposite is with the ascending part of the loop of Henle which isn’t
permeable for water but permeable to Na+, K+ and Cl- leading to their
reabsorption ->
tubular fluid/ plasma concentration

If we compared the tubular fluid/ plasma concentration in the
beginning of the nephron (plasma) reaching to the collecting ducts
(tubular fluid) we will find that it is > 1 for K+
And it is = 1 for ClI
And it is < 1 for Na+

Clearance

Sodium Homeostasis
▪

Why Na+ is Important in our body:

▪

normal extracellular volume dynamics

▪

¯ Na in ECF à volume contraction.

▪

excitability of certain tissues (nerves, muscles, heart)

▪

cotransport and counter transport…glucose, amin acids, H+, Ca++

▪
▪

 Na in ECF à edema.

concentration of urine in thick ascending limb of Henle
Sodium accounts for a significant portion of plasma osmolarity.
The latter can be estimated by multiplying plasma sodium
concentration times 2.1.

o Mechanism of action of diuretics
o Other functions not mentioned in this box
▪

Most of the primary active transport in the entire tubular system is to
transport Na+

o Na+ plasma concentration is around 140 mM/l (or mEq/l); its intracellular concentration
is only 14 mM/l
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o Na+ daily intake averages 150 mmol/day (≈ 4 gm/d). The excretion rate is the same.
Most of the excreted Na+ is excreted by the kidneys; only 5 mmol/day is excreted by
other pathways, such as through the GI secretions or by sweating. Sodium balance is
achieved when intake and output are equal.
o Filtered load of Na+ is 180l/day x 140 mM/l, equals to 25,200 mM/day.
o The kidney accounts for 95% of this output. Hence, the kidney is a major organ in
sodium homeostasis
o 99.4% of filtered sodium is reabsorbed, 0.6% is excreted.

o
o

You will notice slight differences in numbers between graphs. It is OK

o To understand how Na+ and K+ are reabsorbed. The following facts must be kept in
mind:
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▪

▪

First, the proximal tubules, distal tubules and the first part of the collecting ducts are
located in the cortex of the kidneys while the descending and ascending loops of Henle,
and the second part of the collecting ducts are located in the medulla.
Second, the interstitium in the cortex surrounding the proximal and distal tubules is isoosmolar. In contrast, the osmolarity of the interstitium increases with descending
toward the tip of the loop of Henle to reach 1400 mOsm/L. Then, with ascending again
toward the cortex, the intra-tubular fluid (not the interstitium) becomes hypo-osmolar
with an osmolarity of 100 mOsm/L.

o This means that water reabsorption is NOT
favored in the descending loop of Henle. In
contrast, Na+ reabsorption is favored in the
ascending loop of Henle.
o Many important substances are reabsorbed
or secreted, depending on Na+ transport as
shown in the figure:

▪

▪

Normal Renal Tubular Na+ Reabsorption
7%

(16,614 mEq/ day)

25,560
mEq/ d

65 %

(1789 mEq/ d)

25 %
(6390

mEq/ d)

2.4%
(617 mEq/ d)

0.6 %
▪

(150 mEq/ d)
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o
▪

▪

You may notice, slight differences in numbers among graphs. It is OK.

So Na+ moves down gradient from the luminal side to the cell, while it is pumped
actively through the basolateral membrane (anti-gradient).
Na+ Reabsorption from the proximal tubules. Almost 65% of the filtered Na+ and 65% of
the filtered water are reabsorbed from the proximal tubules. Na+ is either co-transported,
in the first half on the proximal tubule, with glucose and amino acids, or countertransported with H+, as discussed later in the acid-base lecture.
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o In the second half of the proximal tubule, however, most organic solutes are
reabsorbed. Thus, in this half, Na+ is mainly coupled with Cl- reabsorption whose
concentration increases as water is reabsorbed.
o In the early proximal tubule, removal of large amounts of Na + creates negativity inside
the lumen, so to get back to normal , Cl- is reabsorbed. At this site Na+ follows Clreabsorption.
o Note that because water permeability of the proximal tubules is high, water
reabsorption keeps pace with Na+ reabsorption, thereby maintaining constant Na+ and
K+ reabsorption along the length of the proximal tubule. This is in contrast to organic
solutes (glucose, amino acids and HCO3-) whose concentration decrease significantly
that they are almost completely reabsorbed by the end of the first half of the proximal
tubule. Therefore, the proximal tubular fluid is iso-osmolar.
▪

Na+ Reabsorption from the Loop of Henle: Composed of functionally three distinct
segments; thin descending limb, thin ascending limb and thick ascending limb.
o In the descending loop of Henle, water is reabsorbed by osmosis and Na+ is not
reabsorbed. This causes an increase in tubular Na+ concentration and osmolarity.
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o In the thick ascending loop of Henle, 25%
of Na+ and K+are reabsorbed. This is
achieved by Na+/K+ ATPase pumps in the
epithelial basolateral membrane and
1Na+, 2Cl-, 1K+ cotransporter in the luminal
membrane, which uses the potential
energy released by downhill diffusion of
Na+ into the cell to drive the reabsorption
of K+ into the cell against its concentration
gradient.
o Also, there is significant paracellular
reabsorption of K+ and other cations owing
to the slight positive charge of the tubular
fluid relative to the interstitial fluid.
o Since the thick ascending loop of Henle is almost totally impermeable to water, the
reabsorption of these ions causes the tubular fluid to become diluted (i.e.,
hypoosmolar…the diluting segment of the nephron) as it flows to the distal tubule.
o Reabsorption involves ( Na+-K+-2Cl- ) co-transporter without H2O , this is called [single
effect] à ↑ osmolarity in the interstitium and ↓ osmolarity in the TF (diluting
segment
o Loop diuretics (furosemide, ethacrynic acid and bumetanide) inhibit1Na+, 2Cl-, 1K+ cotransporter. They increase Na and water excretion/d. That is how they work.
▪

Na+ Reabsorption from the Early Distal Tubule

▪

Avidly reabsorbs Na+ and K+ but not water. About 5% of the filtered load of Na+ is
reabsorbed.
o Na+/Cl- co-transporter in the luminal
membrane transport Na+ and Cl- from the
lumen into the cell. Then, Na+/K+ ATPase
pump maintains low intracellular Na+
concentration by transporting Na+ to the
interstitium which is coupled to transport
of K+ from the interstitium into the cell.
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o Note: Thiazide diuretics, which are widely used to treat hypertension and heart failure,
inhibit this Na+/Cl- co-transporter.
▪

▪

Na+ reabsorption from the Late distal and Cortical Collecting Ducts
Composed of two types of cells; principal cells and intercalated cells.
o Principal cells reabsorb Na+ by special channels and secrete K+. Na+/K+ ATPase pump in
the basolateral membrane maintains low intracellular Na+ concentration and high
intracellular K+. K+ transported into the cell diffuses down its concentration gradient
through its channels into the tubular lumen.

Refer to pages 23 and 24 and read the paragraphs talking about aldosterone then return to this page

o Note: This is the major site of action for Ksparing diuretics. Spironolactone and
eplerenone antagonize aldosterone in
principal cells, thereby inhibiting Na+
reabsorption and K+ secretion. Amiloride and
triamterene block luminal Na+ and K+ channels
which inhibits Na+ entry into the cell. Thus,
decreasing Na+ available to be reabsorbed by
Na+/K+ pump at the basolateral membrane.
This also decreases K+ entry into the cell, and
thus, K+ secretion.
o Keep in mind: Intercalated cells secrete H+ against large concentration gradient (900x)
and reabsorb HCO3- and K+. This H+ ATPase plays a key role of acid-base regulation of
body fluids, as discussed later.
▪

▪

Reabsorption from the Medullary cortical ducts
The reabsorption of water from the collecting ducts is variable. ADH causes the
permeability of the collecting ducts to water to increase, thereby increasing reabsorption
of water and concentrating urine. On average, 4% of Na+ is reabsorbed from the collecting ducts
In summary:
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ducts.
G-Men

▪

o Unlike late distal tubules and cortical collecting ducts, medullary collecting ducts are
permeable to urea. This helps to raise the osmolarity in the interstitium surrounding
these ducts, as aso discussed later.
o Sodium clearance can be calculated as follows:
o [UNa+] = 150 mM/d ÷ 1.5l/d urine per day = 100mM/l
o CNa+ = (UNa+ / PNa+) * V = (100 / 140) * 1 = 0.7 ml/min
o Notice that the value is less than 1 ml/min, which indicates that sodium is mostly
reabsorbed.
o Sodium reabsorption is rather extensive. In order to appreciate this, let’s do the math.
o Amount of sodium filtered per day = 180l/d * 140mM = 25200mEq…sometimes you are
facing with slightly different numbers…don’t worry.
o Amount of sodium excreted by the kidney = 150 mM
o Percent reabsorbed = 25050 / 25200 = 99.4%
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o

•Regulation of Na+ and Water Reabsorption

← Will be discussed in live number 6

There are 2 ways to handle Na+ in the kidney :
1) Through filtration (↑or↓) or
2) Reabsorption (↑or↓)
Example: when Na+ intake is increased:
à ↑Na+ filtered à ↑reabsorption in the proximal… This is called " glomerulotubular
balance " to ensure that a constant fraction is reabsorbed ( ≈ 2/3 ) à this occurs in the
proximal tubules
o In distal tubule Na+ reabsorption is decreased àincrease Na excretionàNa balance
❖ Three factors are principally involved in sodium homeostasis:

o
o
o
o
o

❖ GFR (1st factor)
❖ Aldosterone (2nd factor)
❖ Atrial natriuretic peptide (3rd factor)
❖
o GFR
❖ Increased Na+plasma level increases ECF volume and blood pressure and, at the same
time, decreases the capillaries oncotic pressure. These, in turn, increase GFR, and
consequently, excess Na+ and water excretion. This effect on increased blood pressure
on Na+ and water excretion is called pressure natriuresis and diuresis, respectively.
oAldosterone
❖ Aldosterone increases Na+ reabsorption while at the same time increasing K+ secretion
by stimulating the Na+/K+ ATPase pump on the basolateral side of the principal cells of
the late distal tubules and cortical collecting.
❖ Aldosterone also increases the sodium and potassium permeability of the luminal side
of the membrane by increasing the number of their channels.
❖ Aldosterone effects are somewhat delayed since it induces genes transcription to
generate new channels and new enzymes which participate in ATP formation.
❖ Note: In the absence of aldosterone, as occurs with adrenal destruction or malfunction
(Addison’s disease), there is marked loss of sodium from the body and accumulation of
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In the presence of high amount of aldosterone , most of the filtered Na+ is reabsorbed in?
THE PROXIMAL TUBULES (65%)

potassium. Conversely, excess aldosterone secretion, as occurs in patients with adrenal
tumors (Conn’s syndrome), is associated with sodium retention and decreased plasma
potassium concentration due, in part, to excessive potassium secretion by the kidneys.
❖ Atrial Natriuretic Hormone (Factor or peptide) Hypokalemia + hypervolemia (Hypertension)
❖ Secreted from the cardiac atrial cells in response to stretch (i.e., increased blood
volume)
❖ It directly decreases Na+ reabsorption at the distal tubules and inhibits aldosterone
secretion. Also, it dilates the afferent arterioles to increase GFR and Na+ excretion.
❖ It is the only hormone which increases Na excretion.
o Pharmacophysiology (Diuretics)
o Your reference for this topic is your pharmacology lectures.
o Diuretics are actually 7 groups each work on a specific cell and with a different
mechanism.
o some of these groups are used for specific indications like carbonic anhydrase inhibitors
which is used in glaucoma
o hypokalemia is a serious complication of loop diuretics and thiazide
o I will leave the details to pharmacology lecture, however, I'll mention some of them:
o Furesamide ( Lasix): a potent loop diuretic acts on the thick ascending limb of Henle
TAL where it inhibits Na-2Cl-K à ↑ Na+ and water Excretion. Lasix is used to treat
pulmonary edema
o Thiazide/Chlorothiazide (moderate diuretic) acts on distal convoluted tubule DCT
inhibiting Na/Cl reabsorption
o Those 2 diuretics are called [potassium-wasting diuretics]…they induce hypokalemia
o Spironolactone (aldactone): is aldosterone antagonist: it decreases Na+ reabsorption
and works on principal cells by decreasing K+ secretion à aldactone diuretics are called
[K+ sparing diuretics].
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o Osmotic diuretics , (ex: Mannitol): Theoretically can be considered as glomerular
marker & has an osmotic effect i.e. it's not reabsorbed, so it drives H2O with it , used in
brain edema.

Diuretics
Class

Mechanism

Site of Action

Osmo-diuretics

Mannitol

loop diuretics like furosemide, ethacrynic acid
and bometanide

inhibit Na-K-2Cl cotransport.

**Thiazide

Inhibit Na-Cl cotransport.:
increase Ca++ reabsorption
…can be used in
hypercalciuria

At distal

Acetazolamide (Diamox)

C.A inhibitors

Proximal..used for
glucoma

***Spironolactone

Inhibit Na+ reabsorption

At principal cells

Na+ channel blockers such as Amiloride and
triamterene

Because they inhibit Na+
reabsorption, they also inhibit K+
secretion. Therefore, they are

At thick ascending

Most powerful available. They
increase *Ca++ and *Mg++
elimination

also K+ sparing.

o
•Potassium and Calcium Homeostasis
Lecture (6)
Kidney is a major regulator for potassium balance. While kidney handles Na by filtration and
reabsorption only (no secretion), in case of K+ it involves filtration, reabsorption and
secretion
o Maintaining normal plasma K+ concentration is essential to life.
o Renal Failureà hyperkalemia
o Renal Failure does not cause hypernatremia because when Na increases H2O increases too thus Na+
remains relatively constant or slightly decreased

o Note: The kidney cannot reduce K+ excretion to the same low levels as they can for Na+. Therefore

hypokalemia can develop in individuals placed on a K+ deficient diet (less than 10-15 mEq intake per
day). In case of K+ depletion, intercalated cells can also reabsorb K+
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