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INHIBITORS OF NA*-CL" SYMPORT (THIAZIDE AND THIAZIDELIKE DIURETICS)
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inhibitors of Na*-Cl- symport increase Na* and Cl- excretion. However, thiazides are
only moderately efficacious (i.e., maximum excretion of filtered load of Na* is
only 5%) because approximately 90% of the filtered Na* load is reabsorbed

before reaching the DCT.

Some thiazide diuretics also are weak inhibitors of carbonic anhydrase,

an effect that increases HCO; ~ and phosphate excretion

and probably accounts for their weak proximal tubular effects.

Like inhibitors of Na*-K*-2Cl- symport,

inhibitors of Na*-Cl- symport increase the excretion of K* and

titratable acid by the same mechanisms discussed for loop diuresis.

INHIBITORS OF NA*-K*-2CL- SYMPORT (LOOP DIURETICS, HIGH-CEILING DIURETICS
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All inhibitors of Na*-K*-2Cl- symport increase the urinary excretion of K* and
titratable acid. This effect is due in part to increased delivery of Na*

to the distal tubule. The mechanism by which increased distal delivery of Na*
enhances excretion of K* and H* is discussed in the section on inhibitors of
Na* channels.

Other mechanisms contributing to enhanced K* and H* excretion

include flow-dependent enhancement of ion secretion by the collecting duct,
nonosmotic vasopressin release,

and activation of the renin-angiotensin-aldosterone axis

www.FirstRanker.com



:l » FirstRanker.com

A Firstranker's choice . )
www.FirstRanker.com www.FirstRanker.com

INHIBITORS OF RENAL EPITHELIAL NA* CHANNELS (K*-SPARING DIURETICS)

Carbonic anhydrase inhibitors, loop diuretics, and
ATE DI TAL TURLL thiazide diuretics increase the delivery of Na* to the late distal tubule and

wmy NDCOLLECTINGDUCT collecting duct, a situation that often is associated with increased K* and
e e H* excretion. It is likely that the elevation in luminal Na* concentration in
15 - the distal nephron induced by such diuretics augments depolarization
of the luminal membrane and thereby enhances the lumen-negative V.,
which facilitates K* excretion.
increased distal delivery of Na* is not the only mechanism by which diuretics
increase K* and H* excretion. Activation of the renin-angiotensin-aldosterone

axis by diuretics also contributes to diuretic-induced K* and H* excretion,
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Effects of aldosterone on late distal tubule and collecting duct and diuretic mechanism of aldosterone antagonists.

Epithelial cells in the late distal tubule and collecting duct contain

LATE DISTAL TUBULE cytosolic MRs
AND COLLECTING bucT that have a high affinity for aldosterone
Humen el AIP, aldosterone-induced proteins; ALDO, aldosterone;

MR, mineralocorticoid receptor; CH, ion channel

1, activation of membrane-bound Na* channels

2, redistribution of Na* channels from cytosol to membrane;

3, de novo synthesis of Na* channels; 4, activation of membrane-
bound Na*, K*-ATPase;

5, redistribution of Na*,K*-ATPase from cytosol to membrane;

6, de novo synthesis of Na*,K*-ATPase;

7, changes in permeability of tight junctions;

8, increased mitochondrial production of ATP
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Mechanism of action of aldosterone

Epithelial cells in the late distal tubule and collecting duct contain cytosolic MRs

that have a high affinity for aldosterone

Aldosterone enters the epithelial cell from the basolateral membrane and binds to MRs; the MR-aldosterone
complex translocates to the nucleus, where it binds to specific sequences of DNA (hormone-responsive elements)
and thereby regulates the expression of multiple gene products called aldosterone-induced proteins (AIPs). Figure
illustrates some of the proposed effects of AlPs, including activation of "silent" Na* channels and "silent" Na*
pumps that pre-exist in the cell membrane, alterations in the cycling of Na* channels and Na* pumps between the
cytosol and cell membrane such that more channels and pumps are located in the membrane, increased
expression of Na* channels and Na* pumps, changes in permeability of the tight junctions, and increased activity
of enzymes in the mitochondria that are involved in ATP production. The precise mechanisms by which AlPs alter
transport are incompletely understood. However, the net effect of AlIPs is to increase Na* conductance of the
luminal membrane and sodium pump activity of the basolateral membrane. Consequently, transepithelial NaCl
transport is enhanced, and the lumen-negative transepithelial voltage is increased. The latter effect increases the
driving force for secretion of K* and H* into the tubular lumen.

Electrolyte and Water Composition of Body Fluid Compartments

Volume, H20 (TBW 3.5L 10.5L 28 L
=42 1)

145 12
K+ 4 4 156
Ca+2 2.4 2-3 2.3
Mg2+ 2 1-2 26
Trace elements 1 - -
Total cations 155

114 4

31 12
Protein- 16 - 55
Organic acids— 5
HPO2 - 2
SO2 - 1
Total anions 154
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Reference interval of Sodium:

136-145 mmol/L (Adult)

128-148 mmol/L (New born at 48 h)

Approx 127 mmol/L (From Umbilical cord)
Urinary sodium excretion = 120-240 mmol/day with large diurnal variation

At night = 20% of the peak

Hyponatremia typically manifests clinically as
(1) nausea,
(2) generalize weakness, and
(3) mental confusion.

<120 mmol/L: mental confusion
<110 mmol/L : Ocular palsy
90-105 mmol/L: Severe mental impairment

Algorithm for the differential diagnosis of hyponatremia .

Normal Decreased Increased
(280-295 mOsm/kg)

l ,

Pseudohyponatremia: * Hyperglycemia
* Hyperlipidemia * Mannitol
* Hyperprote memia * Uremia

Hypervolemia Euvolemia Hypovolemia
water excess with isolated dehydration with a
normal |.or T NaCl NaCl deficit large NaCl deficit
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Hypervolemia
water excess with

Urine Na* (mmol/L)

I |
=20 <10

Voo

* Renal * Congestive
failure heart failure
* Curhosis
(with ascites)
* Nephrotic
syndrome

« STADH
* Dmretics

- TT___-

Hypernatremia

normal |.or T NaCl

SRL [N [ —

Euvolemia Hypovolemia
solated dehydration with a
NaCl deficit large NaCl deficit

Urme Na+* (mmol/L)

I
>20 <10
l v

Renalloss: Extrarenal loss:

* Duretics * GI fluid loss:

* Mineralocorticoid — Vomiting
deficiency — Diarrthea

* Metabolic alkalosis * Skin loss:

* Proximal RTA — Burns

* Carbonic anhydrase — Sweating

mhibitors
*“Salt-losmg”renal diseases:
— Polycystic kidney
— Chronic mterstitial
nephritis
— Ohctrmietion

Plasma sodium > 150 mmol/L

Symptoms are primarily neurologic
(because of neuronal cell loss of H20 into the ECF)

1.Tremors
2. Irritability
3. Ataxia

4.Confusion
5.coma
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1 olemi Hypernatremia
Hypervolemia Euvolemia Hypovolemia
water excess with isolated dehydration with or
a large NaClexcess NaClexcess without NaCl excess
\ Urme Na™ variable Urine Na* (mmol/L)
* Hyperaldosteronism
* Cushmg syndrome
* Hypertonic IV fluid
thera
by 20 <10
Isotonic or Hypertonic
=800 =800 hypotonic (Uosm ~800)
\J \J l l
* Centralor -t Insensible loss * Osmotic * GIloss and
nephrogenic I diuresis | water mtake
diabetes msipidus __Skin * Dretic * Skin loss and
therapy and | water mtake

| water mtake

HYPOKALEMIA Reference interval of K+:
1.Muscle weakness Serum=3.5-5.0 mmol/L (Adult)
2.Irritability

3.Paralysis Plasma= 3.4-4.8 mmol/L (Adult)
4.Tachycardia

5.Cardiac conduction defect
6.Flattened T wave
7.Cardiac arrest

3.7-5.9 mmol/L ( Newborn)
CSF= 70% that of plasma
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L Hypokalemia

* Insulin response
* Alkalosis

) 24-Hour urine K*
* Catecholamme or

B-adrenergic excess
* Pseudohypokalemia
due to T WBC =25 mmolday <25 mmol/day
* Hypothermia .
* Hypokalemic periodic
paralysis
\J Y
Renalloss  Extrarenalloss » | Dietary mtake
* GI: diarthea, fistula (for example. starvation)
* Skm: excessive sweatimg
|
Metabolic acidosis Metabolic alkalosis
l '
* Renal tubular acidosis. * Acute tubular necrosis.
type Tor I duretic phase
* Amphotericin B toxicity
* Hypomagnesemia

Hypokalemia (continued)

Metabolic Alkalosis

24-Hour urme CI1™

=10 mmolday <10 mmolday
Y \/
* Mmeralocorticoid excess. * ]?Illl"? ucs
primary or secondary * Vomiting or
* Glucocorticoid excess. NG suction
primary (for example. * Penicillins

Cushing syndrome)
or iatrogenic
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HYPERKALEMIA
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. Mental confusion
. Weakness

. Tingling

. Flaccid paralysis of the extremities

. Weakness of the respiratory muscles
. Bradicardia

. Conduction defects
. Peripheral vascular collapse : Prolonged severe hyperkalemia >7 mmol/L
. Cardiac arrest

l

« Hemolvsis * Metabolic acidosis

» Thrombocytosis * Dehydration

(>105/mm>) * Massive tissue hypoxia
« Leukocvtosis * nsuln deficiency
(>10%/mm>) * Rhabdomyolysis

* latrogenic:
— Digitalis toxicity
— B-adrenergic blockers
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