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ABBREVIATIONS:

CO2 
= Carbon Dioxide

H+ 
= hydrogen ion 

[H+ ]
= hydrogen ion concentration

HCl  
= Hydrochloric acid (strong acid)

HCO3_
= bicarbonate ion

H2CO3
= bicarbonate base (weak acid)

HPO4 
= hydrogen phosphate (base)

H2PO4 
= dihydrogen phosphate

H2O
= water

NaHCO3= sodium bicarbonate (bicarbonate salt, weak base)

NaOH
= sodium hydroxide (strong base)

 
Na H2PO4 = sodium dihydrogen phosphate

Na2HPO4 = disodium hydrogen phosphate


            OH- = hydroxyl ion

            mole = that amount of a chemical compound whose mass in grams is equivalent to its       formula mass

equivalent =that weight in grams of a substance which will produce or react with one   mole of hydrogen ion or one mole of electrons

I.  Acid-Base Balance

A.  overview

1.  H+ intake and production must equal net removal

2.  H+ critical for homeostasis

B.  Systems involved in regulating H+ concentration

1.  kidney

2.  buffering mechanisms

a.  blood

b.  cells

c.  lungs

II.  Hydrogen Ion concentration

A.  H+ influences most enzymes systems

B.   H+
 influence almost all cell and body functions

C.   H+
 in body fluids in relatively low compared to other ions

D.   [ H+]  averages about .00004 mEq/liter  ( =40 nEq/liter, very small amount, normal range = + 3-5 nEq/liter, range can be as much as 10 - 160  nEq/liter without causing death)

(equivalent weight = the molecular weight of a substance divided by its valence.  valence is the mass of material that can combine with or replace one mole of hydrogen ions.)

E.  [ H+] is control very precisely

III.  Acids and Bases

A.   H+ = a single free proton released from a hydrogen atom

B.  acids = molecules containing hydrogen atoms that can release hydrogen ions in 
      solutions


1.  HCL + H2O =   H+
(hydrogen ions) and Cl- (chloride ions)

2.  H2CO3 (carbonic acid)  +  H2O (water) =   H+ + HCO3-  (bicarbonate ions)

C.  bases = alkali = is an ion or a molecule that can accept a  H+



1.  HCO3- +  H+ =  H2CO3 (carbonic acid)

2.  HPO4=  + H+ = H2PO4-
3.  alkali = molecule formed by combination of one or more alkaline metals with a                   highly basic ion 

D.  proteins in the body function as bases

1.  some of the amino acids in proteins have net negative charges

2.  they easily except  H+


3.  hemoglobin and other  proteins are among the most important of the bases of the body

E.  strong acid = rapidly dissociates and releases large amounts of  H+ in solutions (HCL)

F.  weak acids = do not dissociate easily, release  H+ slowly H2CO3
G.  strong base = reacts rapidly and strongly with  H+, 



      quickly removes  H+ from solution

    (ex. OH-, reacts with  H+ to form H2O)

H.  weak base = binds with  H+ much more weakly than does OH-
             I.  most acids and bases in extracellular fluid are weak acids and bases

J.  [ H+] , because it is so small, is expressed on a logarithm scale

pH  = log      1    =   - log [H+]

                                          [ H+]

(ex.)    pH = -log [.00000004]

pH = 7.4

K.  pH is inversely related to the [ H+]


([ H+] = ( pH

([ H+] = ( pH

L.  arterial blood  

1.  normal pH = 7.4

2.  acidosis < 7.4

3.  alkalosis > 7.4

4.  range 6.8 to 8.0

M.  venous blood and interstitial fluids = pH 7.35, due to extra amounts of 

      CO2 in the form of H2CO3
N.  intracellular pH 

1.  slightly lower than plasma because of acid production

2.  pH range 6.0 - 7.4

O.  urine pH range 4.5 - 8.0

P.  parietal cells of the stomach mucosa produce HCL with a pH of 0.8

III.  Defenses Against Changes In Hydrogen Ion Concentration

A.  three primary systems that regulate [H+]

1.  chemical acid-base buffer systems of the body fluids

a. react within seconds

b.  tie up H+
2.  respiratory center

a.  acts within a few minutes 

b.  eliminates CO2  - therefore H2CO3
3.  kidneys

a.  slower acting

b.  eliminates excess acid or base from the body

c.  most powerful acid-base regulatory system

B.  buffer = any substance that can reversibly bind  H+
1.  Buffer +  H+  (  H Buffer (=weak acid)

2.  80 mEq/liter of hydrogen is ingested or produced each day (15 to 20 mol)

3.  ONLY .00004 mEq/liter of  [H+] in body fluid (36 - 44 nmol/L)

a.  greater than 44 nmol/L can alter consciousness and lead to coma

b.  less than 36 nmol/L can cause neuromuscular irritability, tetany, and 


     loss of consciousness

C.  bicarbonate buffer system

1.  most important in the extracellular fluid

2.  consists of a water solution containing:

a.  a weak acid, H2CO3
b.  a bicarbonate salt, (ex. NaHCO3)

3.  bicarbonate is formed by the body:

                                                                                                      

carbonic

anhydrase
a.  CO2 + H2O   (  H2CO3

                                     
b.  reaction is slow

c.  carbonic anhydrase 

1.  is necessary to form large amounts of H2CO3 

2.  is abundant in lung alveoli walls (where CO2 is released) 

3.  is present in epithelial cells of renal tubules where CO2 reacts                 

     with H2O to form H2CO3

4.  ionizes weakly to form small quantities of H+ and HCO3-
H2CO3  (  H+  +  HCO3-
4.  bicarbonate salt

a.  occurs predominantly as sodium bicarbonate (NaHCO3)

b.  in extracellular fluid

c.  NaHCO3  ionizes almost completely to form bicarbonate ions (HCO3) 


     and sodium ions (Na+)

Na HCO3  (  Na+  +  HCO3-

5.  CO2  +  H2O  (  H2CO3  (  H+  +  HCO3-  + Na+




Lung                                                     Kidney 

(Because of the weak dissociation of H2CO3, the H+ concentration is extremely small.)



6.  When a strong acid  (ex. HCl) is added to the bicarbonate buffer solution, the 

      increased hydrogen ions released from the acid are buffered by HCO3..

                                                    (  HCl (H+ + Cl-
(H+ + HCO3-  ( H2CO3 - ( CO2  + H2O

therefore, more CO2 and H2O are formed

7.  ( CO2 stimulates respiration and CO2 is eliminated from the extracellular fluid

8.  When a strong base (ex. NaOH) is added to the bicarbonate buffer solution the        

      hydroxyl ion (OH-) from the NaOH combines with H2CO3  to form HCO3-.              

     The weak base NaHCO3 replaces the strong base NaOH.   H2CO3 decreases           

     causing more CO2 to combine with H2O to replace H2CO3:

NaOH + H2CO3 ( NaHCO3 + H2O

       



CO2 + H2O ( H2CO3 ​( (HCO3-  + H+
                                                                          +              +

NaOH       Na

therefore, (CO2 levels in the blood and respiration is inhibited.  The increase in HCO3- is compensated for by renal excretion of HCO3-.

IV.  Quantitative Dynamics Of The Bicarbonate Buffer System
A.  a buffer's capacity to minimize changes in pH is related to the dissociation                           

     characteristics of the weak acid or base in the presence of its respective salt.

B.  a strong acid or base will dissociate almost completely

C.  a weak acid or base tends to dissociate very little

weak acid ( base/salt  + [H+]

[HA] ( [A-] + [H+]

[CH3COOH] ( [CH3COO-] + [H+]

                         acetic acid        acetate

the concentrations of hydrogen ions and bicarbonate ions are proportional to the concentration of H2CO3
H2CO3  ( H+  +  HCO3-
D.  for any acid, the concentration of the acid relative to its dissociated ions is defined by                     

      the dissociation constant  K':

          H+ ( HCO3-





K' =    H2CO3

H+ = K' (  CO2
                                                                HCO3
Clinically, CO2 tension (Pco2) is measured instead of CO2.  Under physiological                              
conditions, the solubility coefficient for CO2 is 0.03 mmol/mm Hg at body temperature

                      H+ = K ( (0.03 ( Pco2)
    HCO3-
calculation for a weak acid dissociation constant (Ka)

[A-][H+]
                                       Ka  =   [HA]                                    A = proton acceptor (Base/Salt) 

                                                                                               HA = proton donor  (Weak Acid)

        [HA]
[H+] = Ka  (   [A-] 

         taking the log of each quantity and then multiplying by -1, the equation can be rewritten as:

                                                                             [HA]
            
-log [H+] = -log Ka  ( -log [A-]              

 
p = minus log of                      -log = p
                                                            [HA]
             

pH = pK - log   [A-]

 
Eliminating the minus sign in front of the log results in an equation known as the Henderson-Hasselbalch equation.  It describes the dissociation characteristics of weak acids and bases and the effect on pH.

                                      [A]   


pH = pK + log  [HA]  

                                     pH =pK + log         HCO3-          

                                                             (0.03 ( Pco2)

the pK of bicarbonate buffer system is 6.1

   pH =6.1 + log            HCO3-         

                                                                (0.03 ( Pco2)

E.  when the ratio of [A- ] to [HA] is 1, the pH is equal to pK and the buffer has its                  

     greatest  buffering capability.

F.  the dissociation constant Ka and therefore pKa remain the same for a given substance

G.  any changes in pH are due to the ratio of base/salt [A-] concentration to weak acid                         

      [HA] concentration

H.  metabolic acidosis = acidosis caused by a primary decrease in bicarbonate                        

      concentration

I.   metabolic alkalosis = alkalosis caused by a primary increase in bicarbonate                        

      concentration

J.   respiratory acidosis = acidosis caused by an increase in Pco2
K.  respiratory alkalosis = alkalosis caused by a decrease in Pco2
L.  the bicarbonate buffer system is the most important extracellular buffer

M.  there is 20 times more HCO3- than dissolved CO2 in the bicarbonate buffer system

V.  The Phosphate Buffer System

A.  not a major extracellular fluid buffer

B.  plays major role in buffering renal tubular fluid and intracellular fluids

1.  phosphate usually becomes greatly concentrated in the tubules - increasing the        

     buffering power of the phosphate system

2.  the tubular fluid usually has a considerably lower pH than extracellular fluid -        

     operating range closer to buffer pK of 6.8

 
3.  phosphate concentration inside the cell is many times more than outside of the        

  
     cell

4.  intracellular pH is lower than that of extracellular fluid

C.  has a pK of 6.8

D.  low concentration in extracellular fluid = 8%

E.  main elements of the phosphate buffer system are:

1.  H2PO4-  (weak acid)
2.  HPO4= (base)

when a strong acid is added:

HCL + Na2HPO4 ( NaH2PO4 + NaCl

strong acid is converted to weak acid

when a strong base is added:

NaOH + NaH2PO4 ( Na2HPO4 + H2O

strong base becomes weak base

VI.  Protein Buffers
A.  most plentiful buffers

B.  hemoglobin

H+ + Hb ( HHB

C.  60 to 70% of total chemical buffering of the body fluids inside of the cell - mostly                           

      due to protein

D.  H+ and bicarbonate ions move through the cell membrane very slowly - therefore it
      

      takes hours for the intracellular proteins to buffer the extracellular fluid.

E.  pK of many proteins is near 7.4

VII.  Respiratory Regulation of Acid-Base Balance
A.  second line of defense - CO2 concentrations controlled by the lungs

B.  (Pco2  ( ( pH,  (Pco2 ( (pH

C.  (rate of alveolar ventilation ( (Pco2
D.  ([H+] stimulates alveolar ventilation

