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Objectives

* |dentify the mechanisms by which the kidney regulates Potassium,
Calcium, Phosphate homeostasis

 |dentify renal tubular mechanisms of potassium reabsorption and
secretion

e Understand factors affecting homeostasis of potassium

e Understand examples of integration of renal mechanisms for
control of blood volume and extracellular fluid volume



.

1] Question

* A 26-year-old woman recently adopted a healthier diet to eat more
fruits and vegetables. As a result, her potassium intake increased
from 80 to 160 mmol/day. Which of the following conditions would

you expect to find 2 weeks after she increased her potassium intake,
compared with before the increase?

Potassium Excretion Sodium Excretion Plasma Aldosterone Concen-  Plasma Potassium
Rate Rate tration Concentration
A | — 1 Large increase (>1 mmol/l)
B | < | 1 Small increase (<1 mmol/l)
I Small increase (<1 mmol/1)
D) | T2* ] | Large increase (>1 mmol/l)
E) | T2 1 — Large increase (>1 mmol/l)



Presenter
Presentation Notes
When potassium intake is doubled (from 80 to 160 mmol/day), potassium excretion also approximately doubles within a few days, and the plasma potassium concentration increases only slightly. Increased potassium excretion is achieved largely by increased secretion of potassium in the cortical collecting tubule. Increased aldosterone concentration plays a significant role in increasing potassium secretion and in maintaining a relatively constant plasma potassium concentration during increases in potassium intake. Sodium excretion does not change markedly during chronic increases in potassium intake.


Normal potassium intake, distribution, and

output from the body.
K™ intake
100 mquday\
\ Extracellular Intracellular
fluid K* fluid K*
4.2 mEqg/L 140 mEq/L

Xx14 L Xx28 L
59 m Eq 3920 mEq

K* output 4/

Urine 92 mEqg/day
Feces 8 mEq/day
100 mEg/day

Figure 29-1




Clinical Perspective

Effects of severe hyperkalemia

* Partial depolarization of cell membranes
 Cardiac toxicity
ventricular fibrillation or asystole

Effects of severe hypokalemia

* Hyperpolarization of cell membranes
* Fatigue, muscle weakness

* hypoventilation

* delayed ventricular repolarization



Potassium Regulation:
Internal and External

K" intake
100 mEq/d .
Extracell. K* Intracell. K *
Insulin Cell lysis
Aldosterone (hyper ex F)
B-adrenergic strenuous exercise
Alkalosis B- blockade
Acidosis
59 mmol 3920 mmol
(< 2%) (>98 %)
K" output

Total = 100 mEq/d



Control of Potassium Excretion

y o

Excretion = Filtration - Reabsorption + Secretion



Renal tubular sites of potassium reabsorption and secretion.
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Figure 29-2 (92 mEa/day)
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Potassium Secretion by Principal Cells

Renal
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fluid
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@ Control of Cortical Collecting Tubule @

(Principal Cells) K™ Secretion

o Extracellular K* concentration : increases
K™ secretion
* Aldosterone : increases K™ secretion
* Sodium (volume) delivery : increases K™ secretion
e Acid - base status:
- acidosis : decreases K* secretion
- alkalosis : increases K* secretion



Tubular
K+
Secretion
(x normal)

Effect of Extracellular K* on
Excretion of K+

39 3.5 3.8 4.1 4.4

Extracellular K* concentration
(mEq/L)



Interstitial Principal Cells Tubular
Fluid Lumen
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Presentation Notes
3 mechanisms for the effects of increased extracellular fluid K to increase K secretion:

Stimulation of Na-K ATPase
 increased K gradient for passive diffusion and decreased backleak
 stimulation of aldosterone


Plasma K+

Concentration
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Increased serum K™ stimulates
aldosterone secretion
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Figure 29-5



Effect of Aldosterone on K Excretion
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K™ After Blocking Aldosterone System

Plasma
K* Conc.

(mEq/L)

Aldosterone
System blocked
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K" Intake ( mEqg/day)



Effect of collecting tubule flow rate
on K" secretion
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Figure 29-9
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Diuretics that 1 Prox. or

[8? Clinical Perspective | Loop Na* Reabsorption

1 Water Reabsorption
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for K™ Diffusion

‘ K™ Secretion

K™ Depletion <
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Acidosis Decreases Cell K*
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Fluid Lumen
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Alkalosis
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%Clinical Perspective  Causes of Hyperkalemia

e Renal failure

* Decreased distal nephron flow (heart failure,
severe volume depletion, NSAID, etc)

* Decreased aldosterone or decreased effect of
aldosterone
- adrenal 1nsufficiency
- K sparing diuretics (spironolactone,
eplerenone)

* Metabolic acidosis (hyperkalemia 1s mild)

* Diabetes (kidney disease, acidosis| insulin)



(&T Clinical Perspective .
Causes of Hypokalemia

* Very low intake of K ™
* GI loss of K* - diarrhea

 Metabolic alkalosis

 Excess insulin

 Increased distal tubular flow /
- salt wasting nephropathies
- osmotic diuretcs
- loop diuretics

» Excess aldosterone or other mineralocorticoids



.‘ Question

* Which of the following would cause the most serious hypokalemia?
A) A decrease in potassium intake from 150 mEq/day to 60 mEq/day

B) An increase in sodium intake from 100 to 200 mEqg/day

C)|Excessive aldosterone secretion plus high sodium intake

D) Excessive aldosterone secretion plus low sodium intake
E) A patient with Addison’s disease

F) Treatment with a beta-adrenergic blocker

G) Treatment with spironolactone



Compensatory responses to decreased plasma ionized
calcium

y [Ca*]
Vitamin D,
activation Af PTH
Intestinal Ca™ Renal Ca* Ca*release

reabsorption reabsorption from bones

Figure 29-11



Proximal tubular calcium reabsorption
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Figure 29-12



Integration of Renal Mechanisms for
Regulation of Body Fluids

Excretion = Filtration - Reabsorption + Secretion

If there 1s a steady - state :
Fluid Excretion = Fluid Intake
Electrolyte Excretion = Electrolyte intake



Effect of Decreased GFR on Sodium

100 —
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Production
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Excretion
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Effect of Decreased GFR on Creatinine
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i /. Why does creatinine excretion
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Hierarchy of Responses to
Disturbances of Body Fluid Regulation

1. Local renal mechanisms

- C|
- C|

nanges in GFR
nanges in tubular reabsorption

- C|

hanges 1n tubular secretion

2. Systemic mechanisms (which can affect the

- C
- C
- C|

whole body)
hanges 1n hormones
hanges 1n sympathetic activity
hanges 1n blood pressure

- C|

hanges 1n blood composition
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Effect of Decreased Reabsorption on
Sodium Balance
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Maintenance of Sodium

Balance After

Decreased Proximal Reabsorption

1 Proximal Reabsorption

‘ Reabsorption — ‘ Loop NaCl Delivery
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Hierarchy of Responses to Disturbances
of Body Fluid Regulation

In steady-state, Intake = Output

1. Local renal responses

-C
-C

hanges 1n GFR
hanges 1n tubular reabsorption

-C

hanges 1n tubular secretion

2. Systemic mechanisms (which can affect the

-C
- C|
- C|

whole body)
hanges 1n hormones
nanges in  sympathetic activity
hanges 1n blood pressure

- C|

hanges 1n blood composition



Sodium excretion and
extracellular fluid volume
during diuretic

administration.

Compensations that
Permit Na* balance:

« 4 blood pressure

AN\ . . .
* | renin, angiotensin II

N
e | aldosterone

Figure 31-1
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Hormonal Response to Chronic Renal Disease - PTH

Chronic Renal Disease

Nephron Loss

1

1 Plasma Phosphate
©

-_———> 1 Plasma Ca™

1

| pTH

1

- 1 Bone Ca™ Release

(osteoporosis - brittle bones)



Hierarchy of Responses to Disturbances
of Body Fluid Regulation

1. Local renal responses

- Cl
- Cl

hanges 1n GFR
hanges in tubular reabsorption

- Cl

hanges 1n tubular secretion

2. Systemic mechanisms (which can affect the

- Cl
- Cl
- Cl

whole body)
hanges 1n hormones
hanges In sympathetic activity
hanges 1n blood pressure

- Cl

hanges 1n blood composition



Renal-Body Fluid Feedback- Increased Fluid (Na™) Intake

Nonrenal 1 Fluid
fluid loss intake

e A

Arterial 5 Rate of change of 1Extracellular
pressure extracellular fluid volume
fluid volume

excretion

Total peripheral Arterial pressure Blood
resistance volume
Cardiac \/enous Mean circulatory

output return filling pressure

Heart strength Vascular
Figure 29-14 capacity

Renal fluid




Integrated Responses to High Na™ Intake

Excretion Na" = Filtration Na" - Reabsorption Na™*

1. Small increase in GFR

2. Decreased Na™ Reabsorption 1s caused by:
- small increase in blood pressure
- increased peritubular capillary pressure
- decreased angiotensin II
- decreased aldosterone
- Increased natriuretic hormones (e.g. ANP)

Net effect = increased Na™ excretion



A\ Audio-Visual Aid A ® P

Link to recoded lecture

UGS physiology lecture 10 - YouTube



https://www.youtube.com/watch?v=l_Y-HIHWicc
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