


PRODUCTION OF HYDROGEN IONS
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The H+ ion concentration [H+] in the blood and ECF (body fluids) is approximately between 35 -
45 nmol/L (pH 7.35 - 7.45).

- A reduction by > 0.03 units leads to acidosis, and an increase leads to alkalosis.

- Acid base balance or homeostasis: is the equilibrium between the acid production and the
rate of its removal

The body tries to keep this value constant within tight limits (as large shifts in pH are
incompatible with life) by three major mechanisms:

stems: Buffer systems react quickly to bind H+ or OH- ions to prevent drastic

2 and H+, alterations in



- Buffers: are solutions which resist the change in pH when an acid or alkali is
added to it.

- They do not remove H+ from the body, rather they temporarily mop up any
excess H+ that are produced.

a mixture of:

hic acid/sodium hydroxide



1. BICARBONATE BUFFER SYSTEM

Hydrogen HCI o+ NaHCO4 NaCl + H,CO4
Strong acid Weak base Salt Weak acid

Water

CO, + H,0 & H,CO, & H' + HCO,

NaOH H,CO H-0 NaHCOs
+ Pacacs S N—— +
E?J:?Ig: ca;g;::jnlc Blcmi-gﬁ"am Strong base Weak acid Water Weak base




2. PHOSPHATE BUFFER SYSTEM

HCI . NagHPO4 . NaHPO,
Strong acid Weak base Weak acid

NaOH + NaH,PO4 + NasHPOy4
strong base Weak acid Weak base




3. PROTEIN BUFFER SYSTEM

In alkaline medium, amino
acid acts as an acid
and releases H*
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In acidic medium, amino

acid acts as a base
and absorbs H*
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Haemoglobin is not only important in the carriage of oxygen to the tissues but also in the
transport of CO2 and in buffering H+ ions.

1- Haemoglobin binds both CO2 and H+ , which consider as a powerful buffer.

2- In ’rhe tissues, dissolved CO2 passes into the RBC down its concentration gradient where it
with water to form carbonic acid. This reaction is catalyzed by the enzyme carbonic
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- Breathing plays a most important role in the control of acid-base balance. Remember:

In tissue




;hTh%’rLabules of the kidneys secrete H+ directly into the filtrate so that urine is acidified and the H+ are lost from
e body.

- H+ ions are actively secreted in the proximal and distal tubules, but the maximum urinary [H+] is around 0.025
mmol/l (pH 4.6).

- Therefore, ig order to excrete the 30-40 mmol of H+ required per day, a urine volume of 1200 L would have to
e produced.

o occurs in the urine. This allows the excretion of these large quantities of H+
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Ammonia Buffering in the Renal Tubule
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Bicarbonate ions are freely filtered by the glomerulus.

- The concentration of bicarbonate in the tubular fluid is equivalent to that of
plasma.

- If bicarbonate were not reabsorbed the buffering capacity of the blood would
rapidly be depleted.

- Filtered bicarbonate combines with secreted H+ ions forming carbonic acid.
issociates to form CO2 and water by carbonic anhydrase.

concentration gradient.
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- Sodium/Potassium: sodium reabsorption and hydrogen ion excretion are
interlinked. Sodium reabsorpftion is controlled by the action of aldosterone on
oroteins in the distal tubule. These ion exchange proteins
botassium ions. Thus, changes in aldosterone




Chloride: The number of positive and negative ions in the plasma must balance
at all fimes. Aside from the plasma proteins, bicarbonate and chloride are the
two most abundant negative ions (anions) in the plasma. In order to maintain

1evuirality any change in chloride must be accompanied by the
e concentration. Therefore, the chloride




Disturbance of the body's acid-base balance results in the plasma containing either too many
H+ (acidaemia or acidosis) or oo few H+ (alkalaemia or alkalosis).

disturbances may be due to respiratory causes or non-respiratory (metabolic) causes.
ect directly the HCO3 concentration

alkalosis



PCO,

H*]is proportional to
[H™ ] is prop 0 n‘“(;“”

Thus,
Increase in [H+] could be due to 1. adding H+, 2. removing bicarbonate or

3.increasing PCO2.

d be due to 1. removing of H+, 2. adding bicarbonate or 3.




a) Renal Compensation (slow to take effect/ 2 to 3 days)

For the primary respiratory disorders, renal fubules attempt to compensate by increase or decrease
the H+ secretion

- Respiratory acidosis — compensated by increased tubular H+ secretion
- Respiratory alkalosis — compensated by decreased tubular H+ secretion

to take effect)
ate by increase or decrease CO2



Compensation

T PCO: (Respiratory acidosis) T H" secretion and T HCOs reabsorption

\ PCO; (Respiratory alkalosis) | H* secretion and | HCO; reabsorption

1 HCO;: (Metabolic acidosis) Hyperventilation and 4 PCO;
T HCO; (Metabolic alkalosis) Hypoventilation andT PCO,



Arterial blood sample

<7.4 pH? I >7.4

Acidosis Alkalosis

HCO3; Pco, HCO; Pco,
<24 mEqg/L >40 mm Hg >24 mEq/L <40 mm Hg

Metabolic I Respiratory I Metabolic Respiratory
Respiratory Renal Respiratory Renal
compensationl compensation  compensation. compensation

Pco, HCO; Pco, HCO3;
<40 mm Hg >24 mEg/L >40 mm Hg <24 mEg/L




1) excess H+ production: due to increase organic acids (usually lactic or pyruvic) as a result of
anaerobic metabolism. This may result from local or global tissue hypoxia. Increased ketone

bodies in diabetic ketoacidosis

2) ingestion of acids : the most common drugs and chemicals that induce metabolic acidosis
are blguonldes (e.g. metformin), alcohols, salicylates, methanol, ethylene glycol, cyanide and

om renal fubular dysfunc’rlon and usuolly OCCUrs in

loss of small bowel contents or excessive diarrhea




Lactic acidosis: is a medical condition characterized by the buildup of in the blood, leads to
lowering blood pH (acidosis). Over-production of lactic acid is due to shifting of cellular
metabolism from aerobic metabolism to anaerobic metabolism which finally result in the
formation of lactate. Under normal conditions, body cells generally metabolize glucose
aerobically. Under exceptional conditions where tissues are deprived from oxygen or have
defective oxidative metabolism, they shift o anaerobic metabolism of glucose whose end-
product is lactate.

the end-product of aerobic glycolysis is pyruvate which further metabolized into CO2 and H20,
Whereos the end-product of anaerobic glycolysis is lacate which diffuses to blood, causing a
in blood pH).

mplication of insulin- deficiency induced
alternative source of energy for




The body fluids are electrochemical neutral (anions = cations)
- It is not easy to measure all the anions in the body.

Total concentration of anions and cations in plasma must be equal to maintain electrical
ity, but only cer’rom cations (Na+ with or without K+) and anions (Cl- , HCO3) are
ical laboratory.

and the measured anions in serum,
ence between



potassium has become widely accepted, as potassium concentrations, being very low, usually
have little effect on the calculated gap.

= [Na+] - ([CI-] + [HCO3-]) normal is 6 - 18 mmol/L
Clinicians use the anion gap to identify the cause of metabolic acidosis.
In a healthy person, the normal range of the anion gap is 6 - 18 mmol/L.

- If the gap is greater than normal, metabolic acidosis is diagnosed.
' or decreases, other ions must take its place to maintain

Is of other acids



if metabolic acidosis is a result of acid
duction (such as the case in lactate,
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1 Diabetic ketoacidosis: altered metabolism of fatty acids, as a consequence of the lack of
auses endogenous production of acetoacetic and RB-hydroxybutyric acids.

.
M f

om a number of causes, particularly acute hypoxic states such
es and is life-threatening.

.
- 28 )



Salicylates raise the gap to 20.
Renal failure raises gap to 25.

Diabetic ketoacidosis raises the gap to 35-40.
aises the gap to > 35 (>50).




om the body.




1) Excess H+ loss: Gastric secretfions contain large quantities of hydrogen ions. Loss of gastric
secretions, therefore, results in a metabolic alkalosis. This occurs in for
example, pyloric stenosis or anorexia nervosa preventing parallel loss of bicarbonate-rich
secretions from the duodenum

bonate and chloride concenftrations are linked.
to maintain electrical



iciency: hypokalemia results in alkalosis in the following
and H+ move into the cell to maintain cellular




Most commonly due fo decreased alveolar ventilation causing decreased excretion of CO2. Less
commonly it is due to excessive production of CO2 by aerobic metabolism.

1) Inadequate CO2 excretion: The causes of decreased alveolar ventilation are numerous such as
airway obstruction, central causes (stroke, trauma in brain) and lung diseases (severe asthma).

2) Excess CO2 production: This may occur in syndromes such as malignant hyperpyrexiq,
hyperthyroidism.

Respiratory acidosis occurs within minutes or hours. The primary problem in acute respiratory acidosis

is alveolar hypoventilation. If airflow is completely or partially reduced, the PCOZ2 in the blood will rise

immediately and ’lrhed[H+T]hW|II rlsife quickly. A resulting low PO2 and high PCO2 causes coma. If this is
eath results.

nsation requires long fime,



Usually these are acute conditions, and there is no renal compensation.
- It is common than respiratory acidosis

- Result from the excessive excretion of CO2 this is commonly seen in hyperventilation due to:

ver-breathing)

re, or hypoxia,






1) Look at the [H+]. Decide if an acidosis or an alkalosis
2) If acidosis, decide what is the primary cause:
- Increased PCO2 — Respiratory acidosis

- Decreased HCO3 — Metabolic acidosis




consider likely diagnosis

From history and clinkcal examinaticn
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A patient may have both a metabolic and respiratory acidosis, such as the chronic bronchitis
patient who develops renal impairment. In such a patient with a raised [H+] and PCO2. both
expected findings in primary respiratory and primary metabolic acidosis.

axamples of mixed acid-base disorders commonly encountered are:
ookalemia.




Mild acidosis may not cause any symptoms or it may be associated with nonspecific symptoms
such as fatigue, nausea, and vomiting. Acute metabolic acidosis may also cause an increased
rate and depth of breathing, confusion, and headaches, and it can lead to seizures, coma,
and in some cases death. In case of severe acidosis, HCO3- may be intravenously given to
rously low blood pH levels

otassium (K+) loss and may include



Clinical cases

 Case #1

A §0-year-old man was admutted to hospital with severe abdominal pain that had begun 2.5 h earlier.
He was not taking any dmgs. On examination, he was shocked and had a distended, ngid abdomen;
neither femoral pulse was palpable. Investigations

Tiest Fesult Reference values
PH 705 735 —T745
PCOy 26.3 mmHg 35 — 46 mmEHg
Semm HC Oy 7 el 22 — 30 mmmol L.

# Case#12

A 45 year-old man was admitted to hospital with a lustory of persistent vonmthing. On examunation,
he was obvicusly dehydrated and his respiration was shallow. Gastroscopy showed pylonc stenosis,
thought to be due to scarming cansed by peptic ulceration. Imvestigations

Tiest Fesult Reference values
pH 758 T35 —T45
BCOy 54 numHgz 35 — 46 mmHg
Semm HCC 45 monolL 22 — 30 mmmol L.

 Case #3

As part of a class expenment in physiclogy, a medical stuadent volunteered to have a sample of
arterial blood taken. The demonstrator took some time to explain the procedure to the class, during
which ttme the student became increasingly anxious. As the blood was bemmg drawn the student
complained of imgling 1n her fingers and toes. Investigations

Test Fesult Beference walnes
PH 7.52 T.35 —TA45
B 264 mmHg 35 — 46 numHz
Sernm HCOOs 25 mmol L 12 — 30 mmol L




Clinical Biochemistry

# Case &5

A young woman was admitted to hospital unconscious, following a head mjury. A skull fracture
was demonstrated on radiography and a computenzed tomography (CT) scan revealed extensive
cerebral contusions. The respiratory rate was increased, at 38/min. Three days after admission the
patient’s condition was unchanged. Investigations

Test Fesult Reference values
pH 75 7.35-7.45
PCOy, 203 mmHg 35— 46 mmHz
Semm HCO; 18 mmolL 22 — 30 mmol/L

# Case#6

An elderly man was admitted to hospital mn a confused state. He was dyspnoeic and had a cough
productive of sputum. He was unable to give a coberent lustory, but one of the casualty officers
knew lim to be an mmsulin-treated diabetic patient with a long hustory of chromic bronchitis.

Investigations
Test Besult Feafarence values
pPH T.18 T.35-T745
BCOy 553 mmHg 35— 46 mmHg
Semm HCO: 38 mmolT. 22 — 30 mmolT.




THE END




