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CONCEPT: INTRO. TO DISTURBING AND MAINTAINING BLOOD pH
Physiological Sources of Acid (and Base):
● Acids are molecules/substances that ______________ H+ to a solution.
□ “Solution” in physiology is blood plasma and/or interstitial fluid.
● Normal blood pH is between 7.35 and 7.45 (“average” blood pH=7.4).
□ If pH<7.35→Acidosis

□ If pH>7.45→Alkalosis

● Acids can come from the diet or metabolic processes.
□ Dietary acids= amino acids and fatty acids.
-Less important source.
□ Metabolic acids= Lactic acid and CO2.
-Lactic acid from anaerobic respiration (Lactic Acid Fermentation).
-CO2 generates acid because CO2+H2O⇋H2CO3⇋H++HCO3-.
EXAMPLE: Hypoventilation (breathing less than normal so ↑CO2) causes ↓blood pH.
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Mechanisms for pH Maintenance:
● pH is maintained by buffers in the blood and by the respiratory and renal systems.
● Buffers are molecules in the blood that can “soak-up” any extra H+.
□ Bicarbonate (HCO3-) is the most important buffer.
-H++HCO3-⇋H2CO3⇋CO2+H2O.
● Respiratory system can help maintain blood pH by clearing (expiring) extra CO2.
□ ↑Respiratory Rate→↑CO2 Clearance→↓PCO2→↓[H+]→↑pH.
● Renal system can help maintain blood pH by secreting, then excreting H+ in urine.
□ H+ added to filtrate in proximal tubule and collecting duct.
□ ↑H+ excretion→↓[H+]→↑pH.
EXAMPLE: The respiratory and renal systems combine to help regulate blood pH.
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PRACTICE 1: A 45-year-old man with a history of poorly-controlled Type I Diabetes presents to the emergency department
complaining of vomiting, abdominal pain, and weakness. He is confused—he does not know the day of the week and is
unable to recount how he got to the hospital. Blood is drawn; the results show a blood pH of 7.3. Which of the following
accurately describes this patient’s status?
a) Acidosis.
b) Alkalosis.
c) Within Normal Limits.
d) Base-a-dosis.

PRACTICE 2: A 45-year-old man with a history of poorly-controlled Type I Diabetes presents to the emergency department
complaining of vomiting, abdominal pain, and weakness. He is confused—he does not know the day of the week and is
unable to recount how he got to the hospital. He is noted to be breathing abnormally. Which of the following likely describes
these abnormal respirations?
a) Increased respiratory rate.
b) Decreased respiratory rate.
c) None of the above—his respirations should be normal.

Page 4

ANATOMY & PHYSIOLOGY - CLUTCH
CH. 21 - ACID-BASE BALANCE-- CONTROLLING BLOOD PH

CONCEPT: CALCULATING BLOOD pH—THE HENDERSON-HASSELBALCH EQUATION
The Henderson-Hasselbalch Equation:
● Henderson-Hasselbalch Equation lets you predict blood pH based on blood PCO2 and [HCO3-].
□ 𝑝𝐻 = 6.1 + 𝑙𝑜𝑔

[,-./0 ]
[.23×5678 ]

[HCO3-]= conc. of bicarbonate in the blood.

PCO2 is partial pressure of CO2 in the blood.

● BTW: This is a physiology-specific form of the Henderson-Hasselbalch Equation from general chemistry.
□ 𝑝𝐻 = 𝑝𝐾: + 𝑙𝑜𝑔

[;:<=]
[>?@A]

EXAMPLE: Normal, resting people have [HCO3-]blood= 24 mM and PCO2,artery= 40 mmHg. Calculate their arterial blood pH.

EXAMPLE: Hypoventilation (breathing less than normal) causes CO2 to build up in the blood. Use the HendersonHasselbalch Equation to predict the effects of hypoventilation on blood pH.

EXAMPLE: Diarrhea causes the body to lose lots of HCO3-. Use the Henderson-Hasselbalch Equation to predict the effects
of diarrhea on blood pH.
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CONCEPT: CAUSES OF pH DISTURBANCES—METABOLIC VS. RESPIRATORY ACIDOSIS AND ALKALOSIS
● Acidosis (↓blood pH) and Alkalosis (↑blood pH) may be caused by metabolic or respiratory disturbances.
Metabolic Acidosis:
● Metabolic Acidosis is a state of acidosis (↓pH) caused by a change in body’s metabolism (biochemistry).
● Ketoacidosis is the most common kind of metabolic acidosis.
□ Ketone Bodies are acids produced when lots of fatty acid breakdown (β-oxidation) is happening.
-e.g. starvation or diabetic patients (no insulin so body “thinks” it’s starving).
● Metabolic Acidosis can also be caused by excessive anaerobic metabolism (because of drug use or genetic disease).
□ ↑Lactic Acid Fermentation→↑[H+]→↓pH.
EXAMPLE: One treatment of diabetic ketoacidosis is to give insulin, which ↓β-oxidation.
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Metabolic Alkalosis:
● Metabolic Alkalosis is a state of alkalosis (↑pH) causes by a change in body’s metabolism.
● Severe vomiting is the most common cause of metabolic alkalosis.
□ Losing lots of stomach acid→↓[H+]→↑pH.
EXAMPLE: Vomiting causes loss of H+, leading to a state of alkalosis.
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Respiratory Acidosis:
● Respiratory Acidosis is a state of acidosis (↓pH) caused by a change in breathing patterns/rate/depth.
● Any hypoventilation—breathing less than normal so that CO2 accumulates in the blood—causes respiratory acidosis.
□ CO2+H2O⇋H2CO3⇋H++HCO3-↑PCO2→↑[H+]→↓pH.
● Some common causes of hypoventilation:
□ Neuromuscular diseases (e.g. amyotrophic lateral sclerosis [ALS; “Lou Gehrig’s Disease], multiple sclerosis) that
impair respiratory muscle function.
□ Asthma, causing airway constriction (if prolonged).
□ Respiratory “depression” caused by drug/alcohol abuse.
EXAMPLE: Mixing alcohol and Xanax® is very dangerous because both cause respiratory depression.
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Respiratory Alkalosis:
● Respiratory Alkalosis is a state of alkalosis (↑pH) caused by a change in breathing patterns/rate/depth.
● Any hyperventilation—breathing more than normal so that CO2 is cleared faster from the blood—causes resp. alkalosis.
□ CO2+H2O⇋H2CO3⇋H++HCO3-↓PCO2→↓[H+]→↑pH.
● Some common causes of hyperventilation:
□ Panic attacks (if prolonged).
□ Mechanical ventilation going too fast.
EXAMPLE: Respiratory alkalosis is sometimes seen in patients on mechanical ventilators.
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PRACTICE 1: A 20-year-old male presents to his physician with a two-day history of severe nausea and vomiting. This
started a few hours after he attended an outdoor BBQ with his fraternity where he ate, among other things, potato salad that
had been sitting in the sun all day. Since then he has been vomiting approximately once every two hours. His bloodwork
shows a blood pH of 7.49. Which of the following describes this patient’s state?
a) Metabolic acidosis.
b) Metabolic alkalosis.
c) Respiratory acidosis.
d) Respiratory alkalosis.

PRACTICE 2: An 8-year-old intellectually disabled male is brought to the emergency department by his mother, who reports
that he ate a whole bottle of Tums (which are tablets of calcium carbonate [CaCO3]). His bloodwork shows a blood pH of
7.48. Which of the following describes this patient’s state?
a) Metabolic acidosis.
b) Metabolic alkalosis.
c) Respiratory acidosis.
d) Respiratory alkalosis.

PRACTICE 3: A 17-year-old woman presents to psychiatry with a three-year history of severely restricted eating and
dramatic weight loss. She reports near-incessant thoughts about her weight, specifically an overwhelming fear of gaining
weight. She is diagnosed with anorexia nervosa and is admitted to the inpatient ward for monitoring and refeeding. On
admission, her bloodwork reveals a blood pH of 7.32. Which of the following describes this patient’s state?
e) Metabolic acidosis.
f) Metabolic alkalosis.
g) Respiratory acidosis.
h) Respiratory alkalosis.
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PRACTICE 4: A 65-year-old woman presents to the emergency department with the feeling that she can’t get enough air.
She was diagnosed with amyotrophic lateral sclerosis (ALS; a neurodegenerative disease that slowly causes paralysis)
thirty years ago. Pulmonary function testing shows that she has a tidal volume (the amount of air she moves with a normal
breath) of 200 mL (normal is ~500 mL). Her bloodwork shows a blood pH of 7.3. Which of the following describes this
patient’s state?
a) Metabolic acidosis.
b) Metabolic alkalosis.
c) Respiratory acidosis.
d) Respiratory alkalosis.

PRACTICE 5: A 22-year-old undergraduate presents to the emergency department with a two-hour history of heart
palpitations and a strong feeling “like [he’s] going to die.” This started a few minutes after learning that he failed his organic
chemistry class, which he needs to graduate; he now has to spend a whole additional year in school. He cannot afford this
additional year of school. He is breathing at a rate of 36 breaths per minute (normal: ~16 breaths/minute). His blood work
shows a blood pH of 7.33. Which of the following describes this patient’s state?
a) Metabolic acidosis.
b) Metabolic alkalosis.
c) Respiratory acidosis.
d) Respiratory alkalosis.
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CONCEPT: CONTROLLING BLOOD pH I—RESPIRATORY COMPENSATION
Respiratory Compensation for Acidosis:
● Increasing ventilation can “compensate” for acidosis by clearing extra CO2, pulling up blood pH.
□ H2O+CO2⇋H2CO3⇋H++HCO3□ ↑Ventilation→↓PCO2→↓[H+]→↑pH.
● Decreasing ventilation can compensate for alkalosis by allowing extra CO2 to accumulate, bringing blood pH down.
□ ↓Ventilation→↑PCO2→↑[H+]→↓pH.
EXAMPLE: Hyperventilation blows off extra CO2, allowing blood pH to increase.
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Control of Respiratory Compensatory Mechanisms—the Peripheral and Central Chemoreceptors:
● Respiratory compensation (↑ or ↓ ventilation to ↑ or ↓blood pH) is controlled by peripheral and central chemoreceptors.
□ Chemoreceptors=sensory neurons that respond to specific chemicals in the blood.
-These ones respond to H+ (among other things), thereby sensing blood pH.
□ ↑[H+] (or ↓pH)→↑Chemoreceptor Activity.
● Peripheral and central chemoreceptors project to the respiratory centers in the medulla.
□ ↑Chemoreceptor Activity→↑Ventilation Rate and Depth→↓PCO2→↑pH.
EXAMPLE: Feedback loop showing effects of pH on chemoreceptor and medullary respiratory center activity.
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PRACTICE 1: A 45-year-old man with a history of poorly-controlled Type I Diabetes presents to the emergency department
complaining of vomiting, abdominal pain, and weakness. He is confused—he does not know the day of the week and is
unable to recount how he got to the hospital. He is noted to be breathing abnormally. Which of the following describes the
activity of his peripheral chemoreceptors (relative to a normal patient)?
a) Increased activity.
b) Decreased activity.
c) Normal activity.

PRACTICE 2: A 45-year-old man with a history of poorly-controlled Type I Diabetes presents to the emergency department
complaining of vomiting, abdominal pain, and weakness. He is confused—he does not know the day of the week and is
unable to recount how he got to the hospital. He is noted to be breathing abnormally. His blood pH is 7.3. Which of the
following likely describes his abnormal ventilations?
a) Hyperventilation.
b) Hypoventilation.
c) Normoventilation.
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CONCEPT: CONTROLLING BLOOD pH II: RENAL COMPENSATION IN PROXIMAL TUBULE & COLLECTING DUCT
● Two parts of the nephron—the proximal tubule and collecting duct—can help control blood pH (by handling H+/HCO3-).
Renal Compensation by the Proximal Tubule—Secretion of H+ and Reabsorption of HCO3- :
● Bicarbonate is reabsorbed in the proximal tubule by a complicated mechanism that is coupled to H+ secretion.
1. Apical Na+/H+ Exchanger uses Na+ to pump H+ out
of PT cell into filtrate.

Bloo

Proximal Tubule Filtrate

Proximal Tubule Cell

Na +

Na +

2. In filtrate, H++HCO3- ⇋H2CO3 (carbonic acid).
3. Carbonic Anhydrase (CA) catalyzes H2CO3→H2O+CO2.
4. CO2 diffuses across cell membrane into PT cell. (CO2 is a
nonpolar gas.)
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6. H2CO3 deprotonates.
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5. In cytosol, CA reverses reaction, remaking H2CO3.

d
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4

-HCO3 is pumped across basolateral membrane into blood.
-

-H+ secreted again, and cycle continues.
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More Renal Compensation by the Proximal Tubule—Secretion of NH4+and Reabsorption of HCO3- :
● Bicarbonate reabsorption and H+ secretion also happens via a pathway involving the amino acid glutamine.
1. Glutamine is split into ammonia (NH3) and αketoglutarate (αKG).

Bloo

Proximal Tubule Filtrate

-,

2. αKG is further metabolized into several HCO3 which
are pumped across apical membrane back to blood.
3. NH3 picks up H+ to become NH4+.
4. NH4+ secreted into proximal tubule filtrate to be
excreted in urine.
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Renal Compensation for Acidosis in the Collecting Duct—Secretion of H+ by Type A Intercalated Cells:
● Type A Intercalated Cells are a less common cell type in the collecting duct (after principal cells).
□ Specialized to respond to acidosis (high Acid levels) by secreting H+.
1. High [H+] protonates HCO3-, making CO2. CO2
diffuses into Type A Intercalated Cell.
2. Carbonic Anhydrase catalyzes formation of
H2CO3, which deprotonates to H+ + HCO3-.
3. HCO3- pumped back across basolateral
membrane by HCO3-/Cl- Exchanger.
4. H+ is secreted across apical membrane into
filtrate by H+ ATPase and/or K+/H+ Exchanger.

Bloo
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Renal Compensation for Alkalosis in the Collecting Duct—Secretion of HCO3- by Type B Intercalated Cells:
● Type B Intercalated Cells in the collecting duct are specialized to compensate for alkalosis (high Base levels).
□ Secrete HCO3- and reabsorb H+.
1. CO2 in Type B cell cytosol converted to H2CO3 by
carbonic anhydrase. Then deprotonates to H++HCO3-.

Bloo

Collecting
Duct Filtrate

Type B Intercalated Cell

H 2O + CO2

2. H+ reabsorbed—crosses basolateral membrane by
H+ ATPase and/or K+/H+ Exchanger.
3. HCO3- secreted into filtrate by HCO3-/Cl- Exchanger
to be excreted.
● Type B Intercalated Cells have all the same transporters as
Type A—just on the opposite membrane.
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PRACTICE 1: A 45-year-old man with a history of poorly-controlled Type I Diabetes presents to the emergency department
complaining of vomiting, abdominal pain, and weakness. He is confused—he does not know the day of the week and is
unable to recount how he got to the hospital. He is noted to be breathing abnormally. His blood pH is 7.3. Which of the
following correctly identifies the location of the K+/H+ ATPase proteins on the cells whose activity will be increased by this
patient’s condition?
a) Apical membrane.
b) Basolateral membrane.
c) Proximal tubule.
d) Loop of Henle.
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