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Hydrogen ion [H+] 

A hydrogen atom is made of one electron and one proton, 

when ionised it loses the electron to become just a proton 

Hydrogen ion  =  proton 



Why is it important to maintain [H+] 

of blood within normal range? 

• Modulates enzyme activity. Most of enzymes act only in narrow 

[H+] concentration range 

 

 

 

 

• affects electrolytes level (Na+, K+, Cl) 

• affects hormones 

• maintains normal function  

of synapses 

 
 

For most enzymes, the effective pH range is 4.0 - 9.0 

Beyond these limits, denaturation of enzymes take place. 

Optimum pH for pepsin is 2.0 and for trypsin 8.0 

The high reactivity of [H+]  



[H+] concentration is precisely 

regulated 

 

The body is extremly sensitive to changes in [H+] concentration  

 

There are powerful mechanisms exist to tightly regulate [H+] concentration 
and maintain it in a very narrow range 

 

 

 

 

 

 

 

In the plasma the average of [H+] levels is only 0.00004 mEq/L  

 

To achieve homeostasis, there must be a balance between the intake or 
production of [H+] and the net of removal from the body 

 

 

 

 
 
 

Healthy range 



The concentration of H+ in the body fluids is low 

compared with that of other ions 

Because H+ 

concentration is 

low, and these small 

numbers are 

cumbersome, it is 

customary to 

express H+ 

concentration on  

a logarithm scale, 

using pH units 

Na+ is present at a 

concentration 

about 3 milion 

times greater than 

that of H+ 

On the fifth decomal place 



Definition of pH 

[H+] = 0.00004 mEq/L = 0.00000004 Eq/L 

pH = - log [0.00000004] 

pH = 7.4 

[H+] concentration is expressed in 

equivalents per liter (Eq/L) 

A milliequivalent is  

1/1000 of a equivalent. 

pH – potential Hydrogen 

Healthy range   pH 7.35  -  7.45 



Definition of pH 

• pH is inversely related to the [H+] concentration  

• neutral vs. normal plasma pH 

– pH 7.4 (7.35-7.45)  normal  

– pH 7.0  neutral but fatal! 

 A low pH corresponds to a high H+ concentration.  



Dissociation of Water Molecules 

Protonation  

Usually acid-base reactions take place in water 

Hydrogen ions (protons) do not exist free in solution 

but are linked to water molecules (hydration) –  

hydronium ion (H3O
+) 



Brønsted - Lowery theory 

Strength is defined in terms of the tendency to donate (or accept) the hydrogen ion to 

(from) the solvent (i.e. water in biological systems) 

The proton can not exist alone 



A strong acid such  
as hydrochloric acid 

dissociates 
completely into  

its ions. 

A weak acid such as 

carbonic acid does not 

dissociate completely. 

 Dissociation of strong and weak acids in water 
 

• Strong acids dissociate completely in 

water; can dramatically affect pH  

         HCl           H+ (aq) + Cl- (aq) 

 

• Weak acids dissociate partially in water; 

are efficient at preventing pH changes 

      H2CO3  ⟶  H+ (aq) + HCO3
-  (aq)  

           A reversible reaction 

 

 

• Strong bases dissociate easily in water; 

quickly tie up H+ 

• Weak bases accept H+ more slowly 

100% 

Strength  -  the tendency to donate or accept H+  



Body defense against changes in pH 

 

A buffer is a solution containing 
either a weak acid and its salt or 

a weak base and its salt,  
which is resistant to changes in pH  

 

 
In other words, a buffer is an 

aqueous solution of either  
a weak acid and its conjugate base 

or a weak base and its conjugate 
acid  

BUFFER 

A buffer is a substance 

that can reversibly 

bind [H+] 

Weak acids or bases are able to equalise  

pH changes 



Body defense against changes in pH 
 The body buffers are primarly weak acids 

The buffer systems regulate the [H+] concentration in the body fluid: 

Buffer system do 

not eliminate [H+] 

from or add them 

to the body but 

only keep them 

tied up until 

balance can  

be reestablished  

Minutes 

to hours 

A period of 

hours to 

several days 

A few seconds 

Bone buffer            very slow 

Fast 

Slowly 

They spread 

its activity in: 

The body contains many conjugate acid-base pairs that 

act as chemical buffers 



Carbonic Acid-Bicarbonate (CO2 /HCO3
-) 

Buffering System 
In the ECF, the main chemical buffer pair is carbonic acid/bicarbonate buffer 

that contains two componednts: 

                 1]  A weak acid –  (CO2)  H2CO3 

                 2]  A bicarbonate salt (conjugated base) – (HCO3
-)  NaHCO3 

2] NaHCO3 ionizes almost complitely, as follows: 
 

1] In aqueous solutions, CO2 reacts with H2O to form H2CO3 The reactions 

are slow if uncatalysed (the ratio is 400:1). H2CO3 dissocites immediately 

into H+ and HCO3
- 

CO2  + H2O  CO2 – volatile acid 
Gasiform, can evaporate 

Hydration 

Dehydration 



Carbonic Acid-Bicarbonate (CO2 /HCO3
-) 

Buffering System 

A. When uncatalysed 

B. When catalysed – carbonic anhydrase 

CA increases the velocity of the reaction 



For any acid, the concentration 

of the acid relative to its 

dossociated ions is defined by 

the  dissociation constant Ka 

The amount of free H+ 

Expression of H+ and K in pH units 

Quantitive dynamics of the buffer system 

The greater is the value of Ka, the stronger will 

be the acid and the weaker will be the base.  

The law of mass action 

The greater is the value of pKa, the weaker will be the acid and the stronger will be the base.  



Carbonic Acid-Bicarbonate Buffering 
System is the most powerful ECF buffer 

Henderson-Hasselbalch (H-H) Equation 

Because H2CO3 can rapidly dissociate into CO2 and H2O, and since CO2 is much 

easier to measure it can replace H2CO3 in the equation.  

The concentration  of dissolved CO2 [CO2]d is 400 times greater than that of 

carbonic acid 

pH = pKa + log [A-] / [HA] 

The form of H-H equation is useful in understanding acid – base problems 



The solubility coefficient for CO2 

Torr (mmol/mmHg) non-SI unit of pressure 

S 

Carbonic Acid-Bicarbonate Buffering 
System is the most powerful ECF buffer 

Henderson-Hasselbalch Equation 

pH = 7.4 

0.03 x 40mm Hg = 1.2 mmol/L 
Because plasma H2CO3 is so low and 

hard to measure and because H2CO3 

= (CO2)d /400, we use (CO2)d to 

represent the acid in this buffer 

We can also use 0.03 x pCO2 in 

place of (CO2)d  



Phosphate Buffer system       

NaH2PO4/ Na2HPO4 



H2PO4
-  HPO4 

2- + H+     

      

 

 

 

 

A major role in buffering  

intracellular fluid and renal tubular fluid 

pH = pKa + log [A-] / [HA] 

pK = 6.8 

pH = 6.8 + log [HPO4 
2- ]/ [H2PO4

-] 

Phosphate Buffer system       

NaH2PO4/ Na2HPO4 

Monovalent dihydrogen 

phosphate is a weak acid 

Divalent monohydrogen 

phosphate is its  

conjugated base 

pKa is near normal pH of body fluids – allows to operate near its 

maximum buffering power 



Phosphate Buffer system       

NaH2PO4/ Na2HPO4 

A. The phosphate system is important in buffering ICF  

      because:  

          - the concentration is many times higher than in ECF 

          - pH of ICF is lower that of ECF, close to the pK of  

         phosphate buffer 
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B. Phosphate buffer system in the kidneys 

It carries excess H+ into urine and generates new HCO3
- 

Acid excretion 

simultaneously 

regenerates 

bicarbonate 

The kidneys can 

excrete acid loads 

using the filtered 

phosphate at a rate of 

about  

40 mmol/day 

Phosphate Buffer system       

NaH2PO4/ Na2HPO4 

Titratable acid- excretion of  

H+ as H2PO4
- 



PROTEIN BUFFER SYSTEM 

Capacious buffer 



Protein buffer system 
 

1. Most abundant buffer in intracellular fluid and blood plasma 

2. Hemoglobin in a major intracellular buffer (RBCs)  

3. Albumin in blood plasma 

4. Proteins contain free carboxyl group (COO- ) can act as   
     proton acceptors  

5. Proteins also contain free amino group (NH3
+ ) can donate  

     protons 

6. Protein buffer system works immediately making it the        
     most powerful in the body 

 

 

PROTEIN BUFFER SYSTEM 



Proteins are very large, complex molecules in comparison to the size 
and complexities of acids or bases 

 

Proteins are surrounded by a multitude of negative charges on the 
outside and numerous positive charges in the slites of the 
molecule 

 

Proteins can function as both acids and bases, so they are 
amphoteric 

PROTEIN BUFFER SYSTEM 



• If acid comes into blood, hydronium ions (H3O
+) can be neutralized 

by the  – COO-  carboxyl groups 

                          - COO- + H3O
+ → - COOH + H2O 

• If base is added, it can be neutralized by the – NH3
+ amino groups 

                          - NH3
+ + OH- → - NH2 + H2O 

PROTEIN BUFFER SYSTEM 



 1. Binds and transports of H+ and O2  

 2. Binds and transports of carbon dioxide (CO2) 

 3. Participates in the chloride shift 

  

Hemoglobin Buffer System 

-  Located in RBC 

-  pK of hemoglobin depends on oxygenation 

-  Desoxyhemoglobin (HbH) is a weaker acid (pK=7.8)  

    than oxyhemoglobin (HbO2H) (pK = 6.6) 

Hemoglobin buffer functions 



1. Binds and transports of H+ (by imidazole group)  

and O2 by hemoglobin 

Hemoglobin Buffer System 

Oxygen combines with hemoglobin  to form oxyhemoglobin 

Oxyhemoglobin - Hb binds 

with oxygen 

Desoxyhemoglobin – Hb that 

does not bind with oxygen 

H+  binds to Hb by imidazole group. High acidity causes Hb to release O2 



70% of CO2 is transported as bicarbonate ions 

20% of CO2 is transported by hemoglobin - carbaminohemoglobin 

10% of CO2 is transported in the plasma (disolved CO2) 

CO2 bounds to Hb at N-termionus of globin (not heme)  

forms Carbaminohemoglobin (HbCO2) 

1Hb binds 4CO2 

Hemoglobin Buffer System 
2. Binds and transports of CO2    



Hemoglobin Buffer System 

2. Binds and transports of CO2    

Action in tissue 

          CO2    

The main break 

down product of 

the Krebs cycle 

CO2  is going to 

diffuse to the 

blood vessels and 

RBCs 

 Carbonic anhydrase (CA) speeds up the chemical reaction. 



Hemoglobin Buffer System 

2.  Binds and transports of CO2 

Action at lung alveoli 

CO2  offloading 

Breathe out 

O2  uptake Release of H+ 

disolving 



Hemoglobin Buffer System 

Cloride ion (Cl-) is 

exchanged for HCO3-  

across the membrane of 

RBC in chloride shift 

 

 

Chloride shift maintains  

RBC membrane electrical 

neutrality and provides Cl- 

to the carbonic anhydrase 

3. The chloride shift  

(Hamburger’s phenomenom)  



Second line of defense against pH shift 

Minutes 

to hours 



Central chemoreceptors 

respond to  changes in CO2 

CO2  diffuses into cerebrospinal fluid 

causes a fall in pH 

Respiratory Regulation of Acid-Base 

Balance 

 Peripheral chemoreceptors  

are located in carotids and aorta 

 - Stimulated by   pH,    

     CO2 accumulation or    pO2 

 Central chemo-receptors  

are located in medulla oblongata 

 - Stimulated by   pH 

 Onset of response – immediate 

 Maximal response – 3-6-12  hours 

By changing the Pco2 of the blood, the respiratory system can rapidly and 

profoundly affect blood pH 



Chemosensitive areas of the respiratory centre are able to detect 

blood concentration levels of CO2 and H+ 

 

Increases in Pco2 and H+  

stimulate the respiratory center 

 

The effect is to raise  

the rate of alveolar ventilation  

 

Respiratory responses to disturbed blood pH 

begin within minutes and are maximal in about 12 hours 

Respiratory Regulation of Acid-Base 

Balance 



The compensatory response is as follows: 

 

  A. Hyperventilation (start to  

       breathe very fast) in response to  

       increased CO2 or H+ (low pH) 

 

  B. Hypoventilation in response to  

     decreased CO2 or H+ (high pH) 

Respiratory Regulation of Acid-Base 

Balance 

The respiratory centers control the ventilation proces 

Open buffer system.  

Abnormalities of respiration can cause changes in pH. 



Minutes 

to hours 

Renal control of acid – base balance 



The kidneys control acid - base balance by 

excreting either an acidic or a basic urine 

 

Most effective regulator of pH 

 

If kidneys fail, pH balance fails 

Renal control of acid – base balance 



How the kidney regulates blood pH? 

The kidneys regulate extracellular fluid H+ concentration 

by three fundamental mechanisms: 

 

1. Secretion of hydrogen ion [H+] 

2. Production of new [HCO3
-] 

3. Reabsorption of filtered bicarbonate ion [HCO3
-] 

 

  

Renal control of acid – base balance 

Processes occur  

simultaneously 



Renal control of acid - base balance 

1. Secretion of hydrogen ion [H+] 

A. Secondary active transport – early tubular segments: proximal  

                                                       tubules, thick segment of the   

                                                       ascending loop of Henle and early  

                                                       distal tubules   
 

B. Primary active transport – late tubular segments;  distal tubule  

                                                   and  collecting duct 



Hydrogen ions are secreted by secondary active transport in the early 

tubular segments: proximal tubules, thick segment of the ascending 

loop of Henle and early distal tubules  

Renal control of acid - base balance 
1. Secretion of hydrogen ion [H+] 

Na-H counter transport  

The main goal is reabsorption of 

bicarbonate and secretion of hydrogen ion 

 

 

1. The H+ is secreted into the tubular 

lumen by Na-H counter transporter- 

secondary active transport 

2. Secreted H+ combines with HCO3
- with 

filtrate forming H2CO3 which 

dissociates to release  H2O and CO2 

3. CO2 diffuses into the tubular cell where 

is triggers further H+ secretion 

 

 
 
 



Filtered bicarbonate ions are 

reabsorbed by interaction with 

hydrogene ions in the tubules  

Renal control of acid – base balance 

For each H+ secreted, bicarbonate must be reabsorbed 

1. Bicarbonate ions do NOT readily 

permeate the luminal membranes.  

2. Bicarbonate first combines with H+ to 

form H2CO3, which eventually becomes 

CO2 and H2O 

3. The CO2 can move easily across the 

tubular membranes into tubular cell, 

where it recombines with H2O 

(carbonic anhydrase) to generate a new 

H2CO3 

4. This H2CO3 in turn dissociates to form 

HCO3
- and H+ 

5. Bicarbonate ion can diffuses through 

the basolateral membrane by two 

mechanisms: Na-HCO3 cotransporter 

and Cl-HCO3 exchange 

 

1. Secretion of hydrogen ion [H+] 



 Primary Active secretion of hydrogen ions (H+ATPase) by the 

distal tubule and  collecting duct 

Renal control of acid – base balance 

 

• H+ is secreted by primary active 
transport (H+ATPase). The energy 
required comes from the 
breakdown of ATP at the luminal 
border 

• It is responsible for urine acidity. 

• This rids the body of 80 mEq of H+ 
per day which comes from the 
metabolism 

• For each H+ molecule secreted in 
this segment one HCO3

- molecule is 
formed and reabsorbed 

• Most of this H+ is secreted in 
combination with urinary 
buffers; phosphate and ammonia 

 

1. Secretion of hydrogen ion [H+] 

HCO3
- 



 For the kidney to continue excretion of acidic 
urine, the excreted H+ has to be buffered by 
two buffer systems in the renal tubules: 

  A. Ammonia (NH3) which binds the 
secreted H+ and forms ammonium (NH4) to 
finally binds Cl- to give ammonium chloride 
(NH4Cl) which is excreted in urine 

  B. Phosphate buffer: which binds H+ and 
gives sodium dihydrogen phosphate 

 

Renal control of acid – base balance 

1. Secretion of hydrogen ion [H+] 



1. The majority of NH4
+ is 

synthesized in proximal 

tubules from glutamine 

2. Each molecule of 

glutamine forms 2NH4
+ and 

2HCO3
-  

3. The NH4
+ is secreted into 

the tubular lumen by  

a counter-transport  in 

exchange with Na+ 

4. The HCO3
- is transported 

across the basolateral 

membrane into the blood 

5. The HCO3
-generated by 

this process constitutes  

a new bicarbonate 

 

 

Renal control of acid – base balance 

A. Excretion of excess hydrogen ions and generation of new bicarbonate by  

the ammonia (NH3)/ammonium ion (NH4
+) buffer system 

 1. Production and secretion of ammonium ion (NH4
+) by 

proximal tubules 

1. Secretion of hydrogen ion [H+] 



1. Secreted H+ combines with NH3 

which freely diffuses into the 

lumen from cells to complex with 

H+ in the lumen to form NH4
+ 

which is trapped in the lumen and 

excreted 

2.  For each NH4
+ excreted, a new 

bicarbonate is generated and 

added to the blood 

Renal control of acid – base balance 

 2. In the collecting duct the addition of NH4
- to the 

tubular fluid occurs through a diffrent mechanism 

A. Excretion of excess hydrogen ions and generation of new bicarbonate by  

the ammonia (NH3)/ammonium ion (NH4
+) buffer system 

1. Secretion of hydrogen ion [H+] 

Nonionic diffusion – the NH3 molecule can 

readily diffuse across the peritubular and 

luminal membranes, but the changed 

component, NH4+, cannot 



• Phosphate buffer works well in 

tubular fluid. Both become 

concentrated in the tubular  

fluid because of their poor 

reabsorption 

 

• HCO3
- is formed by this mechanism 

and the net effect is addition of  

a new bicarbonate to the blood 

Renal control of acid – base balance 

B. Phosphate buffer system (H2PO 4
- / HPO4 

2- ) carries excess hydrogen 

ions into the urine and generates new bicarbonate 

Monovalent dihydrogen phosphate (H2PO 4
- ) is a weak acid 

Divalent monohydrogen phosphate (HPO4 
2-) is its conjugated base 

Excretion of H+ as H2PO4
-  is called titratable acidity   

1. Secretion of hydrogen ion [H+] 



Reabsorption of bicarbonate in different segments of the nephron 

Renal control of acid – base balance 

3. Reabsorption of filtered bicarbonate ion [HCO3
-] 

Each day the kidneys filter about 

4320 mEq of bicarbonate 

 

Under normal conditions, almost 

all this is reabsorbed from the 

tubules 

 

The HCO3
- must react with  

a secreted H+ to form H2CO3 

before it can be reabsorbed as 

CO2 

The bulk of HCO3- 

reabsorption occurs in the 

early proximal tubule 



 
 

  ACID – BASE 
IMBALANCE  



Arterial blood gas (ABG) analysis 

Arterial blood gas analysis is used to measure the pH and the partial pressures of oxygen 

and carbon dioxide in arterial blood 

Usually, blood is taken from an artery. In some cases, blood from a vein may be used. 

Blood may be collected from one of the following arteries: radial artery in the wrist, 

femoral artery in the groin, brachial artery in the arm 

Arterialized blood 



ACID-BASE BALANCE 

DISTURBANCES 

     Alkalemia 

Arterial pH > 7.45 

   Acidemia 

Arterial pH < 7.35 

The term acidemia (alkalemia) describes the state of low (high) blood pH, while  

acidosis (alkalosis) is used to describe the processes leading to these states 

is the reduction in the pH 

due to the presence of 

excess H+  ions 

is the decrease  in the pH 

The clearance of 

CO2 through the 

lungs is the 

primary 

disturbance 

The 

extrapulmonary 

organs are the sites 

of the primary 

disturbance 



Acid-base balance disturbances 

The body response to acid – base imbalance is called 

compensation 

 

If underlying problem is metabolic, hyperventilation or 

hypoventilation can help: respiratory compensation 

 

If problem is respiratory, renal mechanisms can bring 

about metabolic compensation 

 



ACID BASE PARAMETERS 
(The arrows in red are the cause) 

Respiratory 

Acidosis  

PH  PCO2  HCO3 
If compensating 

Respiratory 

Alkalosis 

PH    PCO2 HCO3  
If compensating  

Metabolic 

Acidosis 

PH  PCO2 
If compensating    

HCO3 

Metabolic 

Alkalosis 

PH  PCO2 
If compensating    

HCO3 

Or normal if not 
compensating 

Or normal if 
not 
compensating 

Or normal if not 

compensating 

Or normal if not 
compensating 

Kidneys 

increase 

H+ 

excretion 

Kidneys 

increase 

HCO3- 

excretion 

Alveolar 

hypervent. 

Kidneys 

increase H+ 

excretion 

Alveolar 

hypovent. 

Kidneys 

increase 

HCO3- 

excretion 

H+ 

Is initiated by an 

increase in pCO2 

The body try to compensate 



1. Look at pH first 

2. Look at pCO2 

3. Look at HCO3
- 



Treat the patient not the ABG!!! 
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