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Figure 6-3. Organization of skelotal musele, from the gross to the molecular level.
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The Kidney and Its Role in pH
Regulation

Physiology Lecture 22

V4

e

Dr. Waleed R. Ezzat



Lecture Objectives:

Explain the roles of renal reabsorption of filtered
bicarbonate, formation of titratable acid, and urinary
acidification in the kidney’s. And the ability to reclaim
filtered bicarbonate and generate new bicarbonate to
replace that lost titrating fixed acids in the body.

Discuss the factors that influence renal secretion and
excretion of hydrogen ions in the context of the kidney’s
role in maintaining acid-base balance.

Explain how cells maintain stability of intracellular pH.

List the four simple acid-base disturbances, and describe
for each the primary defect, changes in arterial blood
chemistry (pH, PCO,, and plasma HCO;").

Describe the common clinical causes of acid-base
disorders (acidosis and alkalosis), chemical buffering
processes, and degree of respiratory and renal
compensations.



The role of the kldney IN controlllng
extracellular pH Is by: Wdney 3 A, csly 2

1. Secretion of H* ions vl 0

1
ritraye

2. Reabsorption of flltered HCO3 |_‘ons

3. Production of new HCO4" ions
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Normally HCO, ions are filtered continuously into
the renal tubules. If these ions are not reabsorbed —
base will be removed from the blood

Large number of H* ions also secreted into the
tubular lumen by epithelial cells — acid removal from
the blood

If H* 1on secretion exceeds HCO; ion secretion the
net result is acid removal from the extracellular fluid,
and vice versa

Normally the kidney prevents the loss of HCO; ions
In the urine (the urine is acidic) to conserve the v
primary buffer system of the extracellular fluids
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HCO;Q::\II@

m 4320 mEqg of H* ions must be secreted/day just to

3343

T
m

reabsorb the filtered HCO,". Then additional 80 mEq
of H* must be secreted to rid the body of the
nonvolatile aC|ds L)

(._i)j

-rla
@Loss of HCO, by the kldney is the same as adding

H+ to tl{?\ extracellular fluid @
In é\"crd)o&st e kidney reabsorb all filtered HCO; and

produces new HCO; which is added to the
extracellular fluid

In the renal tubule wherever H* ion Is secreted HCOg
Is reabsorbed. Virtually all parts of the tubule secrete
H* except the descending and ascending thin loop of
Henle
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m In the proximal tubule, thick ascending and early
distal tubule H* ion secretion is mediated by
secondary active ggqgt_er transport mechanism.

This mechanism accounts for more than 90% of
the HCO; reabsorption

m If H* secretion exceeds the filtered HCO; the
excess H* ions are buffered in the tubules by
phosphate and ammonia and excreted as salts

m In the late distal tubules and continuing through the
remainder of the tubular system H* is secreted by
primary active transport mechanism
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Buffering of H* secretion by ammonia (NH,) in the collecting tubules. NH,

diffuses into the tubular lumen, where it reacts with secreted H* to form
NH,*, which is then excreted. For each NH,* excreted, a new HCO;" is

formed in the tubular cells and returned to the blood.



Primary a_ngl Secondary AC|d;}l:%jtms»e+ e g
Abnormalities T e

Hypo : decrease

%i # Acidosis or acidemia = is an abnormal clinical condition caused by the
bodily accumulation of acid (or the loss of base). pH decreases|below
7.36 in the absence of compensatory (secondary) changes. >g:1@ Do jJ

¥ 2% Alkalosis or alkalemia =is an abnormal clinical condition caused by ;\\;"“2
the accumulation of base (or the loss of acid). pH rises jabove 7.44 in "‘j
the absence of compensatory changes.

#) Respiratory acidosis refers to a condition of abnormally high arterial
PCO,, which is termed hypercapnia. (example; Airway obstruction i« [-'...
emphysema, Sedatives) ; o) P\

a drug taken for its calming or sleep-inducing eﬂec;)
@ Respirator]\g alkalosis refers to a condition of abnormally low arterial
i —=PCO,, which is called hypocapnia. (example; High altitude,=—— ]

[ s Psychogenic, Pneumonia) | ol ieseraedicbin oo sk
——b ~>M) lavel
jr— @ Metabolic acidosis refers to a disturbance that leads to the
accumulation of non-carbonic acid in the ECF or to the loss of HCO
from the ECF. (examples; Ketoacidosis, Diarrhea, Ch. renal failure,
aspirin poisoning, methyl alcohol intoxication)

@ Metabolic alkalosis refers to an imbalance characterized by a loss of
non-carbonic acid or a gain of HCO;" by the ECF. (example; Vomiting,

Administration of diuretics, Excess aldosterone secretion)
Sl G J‘”’UM
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NP

w\ C__sais\
Normal Serum Values for pH, [H*], [HCO;], and PCO,
yan 81
Normal serum pH 7.4 7.36-7.44
Normal serum [H*] 40 35-45 nEg/L
Normal serum [HCO4] 24 22-26 mEQ/L
Normal serum PCO, 40 35-45 mmHg

arterial bload _j



Summary of Acid-Base Disorders

Ay NS\ oD Auplol\

Respiratory Renal

. . ]
Disorder CO, +H,0 —~ H* + HCO,4 Compensation Compensation

1 I /&\'\ {\,.J“".“_"__}x TN
Mgtabqllc l(respwatory 0 u Lz Hyperventilation- : -
acidosis compensation) \ < luna - lyvi2s:

. . / BT 4 O g N
Metabo_llc T(resplratory | I Hypoventilation /
alkalosis compensation)
Respiratory 74 ) ]L-&‘—ﬂk\\ ) ) None TH* excretion
acidosis o/ NG U [ tHCO; reabsorption

i l H* excretion

Respiratory | ! ! none AN _
alkalosis ,/ |HCO; reabsorption
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PH o« [Hcos] Ht o fa CO2
Pa Co. HC03-

.pa. Coy U.LCU)W l\lV\\i’) JI %
. HCO3 Oc S 93mm kid\r\eﬂ J| *



Test Question: s |

Q. If the pH of blood plasma becomes 7719 due
to ingested substances, ALL of the following

woul

g
T
b
T

m o (o) mp

d happen to compensate EXCEPT:

Respiration rate decreases.

The kidney Iincreases secretion of bicarbonate
lons.

. Tubule cells produce more ammonia from

utamate.

ne partial pressure of carbon dioxide in
ood would begin to rise.

nere Is a rapid excess in the pH of the urine.
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