-----------------------------------------Biochemistry of human electrolytes & PH

Biochemistry of human electrolytes
They include:

1- Calcium.

2- Phosphorous.

3- Sodium.

4- Potassium.

5- Chloride.

6- Magnesium.

1- Calcium (Ca2+)

Sources: Milk and milk products (the richest sources). Beans, leafy vegetables and egg yolk.

Functions of Calcium:

1. Unionized calcium:

- It enters in the structure of bones and teeth.

2. Ionized calcium: It is important for:

1. Transmission of nerve impulses.

2. Contraction of muscles.

3. Neuromuscular excitability.  Deficiency of ionized calcium causes tetany.

4. Blood and milk clotting.

5. Maintenance of cell membrane permeability.

6. Activation of certain enzymes e.g. pyruvate kinase.

7. Mediation of some hormone responses e.g. it acts together with calmodulin as third messenger for hormones depending on cAMP.
Metabolism:

- Only 15% of dietary calcium is absorbed in high protein diet.  In low protein diet only 5% is absorbed.

- Calcium is absorbed by an active transport mechanism in the upper small intestine.

- Absorption is regulated by:

- Vitamin D: Active form of vitamin D [1,25-dihydroxy cholecalciferol, calcitriol] promotes absorption of calcium from intestine by stimulating the synthesis of ca-binding protein in intestinal mucosa.

- Parathyroid hormone: through the conversion of vitamin D to 1,25-dihydroxycholecalciferol in the kidney.

Factors affecting calcium absorption:

1.  Factors promoting calcium absorption:

1. High protein diet: amino acids form soluble calcium salts with calcium, which are easily absorbed.

2. pH: an acidic pH in the upper small intestine is essential for calcium absorption.

3. High dietary lactate or citrate that form soluble salts with calcium.

2. Factors inhibiting calcium absorption:

1. High dietary phosphate, oxalate and phytate which form insoluble salts with calcium.

2. Alkalinity: excessive alkali intake as during treatment of peptic ulcer decreases calcium absorption.

3. Phosphate: If Ca2+ /P ratio is high, much Ca3(PO4)2 will be formed and Ca2+ absorption is diminished.

4. Presence of free fatty acid: Impairment of fat absorption causes presence of large amount of free fatty acids which react with calcium producing insoluble calcium soaps.

5. Magnesium level in diet: As magnesium competes with calcium, excess magnesium diminishes calcium absorption.

Body Calcium:

- Calcium is the most abundant mineral in the body (about 1200g).

Most of calcium is present in the skeleton (bones and teeth) 99%, in the form of hydroxyapatite: 3 Ca3(PO4)2.Ca(OH)2.

- Calcium salts in bones are not inert.  They are in a constant state of turnover in skeleton being deposited in sites of bone formation and released at sites of bone resorption.  In adult male about 700mg calcium enter and leave bones each day.

- Calcium in bones acts as a reservoir, which helps to stabilize calcium ions in plasma and extracellular fluid (ECF).

- The remaining 1% of calcium is present in body fluids and other tissues.

Normal calcium levels:

- Blood calcium level ranges from 9-11 mg/dl (average: 10mg/dl).

- Blood calcium lies entirely in the plasma, no calcium inside red blood cells.

- Plasma calcium is present in two forms: Diffusible and non-diffusible calcium.

I- Diffusible calcium (55%): 

- It is the unbound form which is either:

1. Ionizable (50%) this is the active form of Ca2+ usually presents as calcium chloride.  Its deficiency causes tetany.  Decreased level stimulates parathyroid hormone to mobilize calcium from bone to restore Ca2+ level.

2. Non-ionizable (5%): this is the inactive form of Ca2+ usually complexes with organic ions, e.g., citrate.

II- Non-diffusible (Non-ionizable) (45%):  

- This is the bound form that cannot diffuse through the cell walls owing to its combination with plasma proteins, mainly albumin. Its deficiency occurs with conditions of hypoproteinemia and causes no tetany.

Factors affecting blood calcium level: 
1. Hormonal regulation:

a) Parathyroid hormone:
- It increases blood calcium level through:

1. Mobilization of calcium from bones (bone resorption).

2. Absorption of calcium from intestine (through conversion of vitamin D into calcitriol “active form of vitamin D” in the kidney).

3. Reabsorption of calcium by renal tubules.

b) Calcitriol (1,25-dihydroxycholecalciferol):

- It increases blood calcium level through:

1. Absorption of calcium from the intestine.

2. Reabsorption of calcium by renal tubules.

3. Mobilization of calcium from bones.

- The hormonal regulation of blood calcium level is illustrates as follows,

c) Calcitonin: 

- It is a hypocalcemic hormone that decreases blood calcium by increasing calcium deposition in bones and also it inhibits activity of osteoclasts.  On the kidney, it increases calcium excretion.

2. Other factors:

1. Solubility product: Normally Ca/P ratio must be constant. Ca x P in children is 50 and in adults is 40.  If plasma phosphate increases (as in renal failure) the plasma calcium decreases to keep the ratio constant.

2. Blood pH: Ionization of calcium occurs at normal blood pH (7.4).  Alkalosis decreases ionized calcium.

3. Plasma proteins: In cases of hypoproteinemia, the non-diffusible calcium decreases.

Excretion:

- Most of calcium excretion is eliminated with feces.

- Small amount of calcium is excreted in urine (about 200mg/day).

Requirements:

- Adult men and women: 800 mg/day.  Children, pregnant and lactating women: 800 – 1200 mg/day.

Alterations in serum calcium levels:

A. Hypercalcemia: It is caused by:

1- Primary hyperparathyroidism: usually due to adenoma (benign tumor).  The range of serum calcium is 12 - 20 mg/dl.

2- Secondary hyperparathyroidism: This is a state characterized by an increased release of parathyroid hormone to compensate for a decreased serum ionized calcium, i.e., secondary to the decrease in calcium level.

3- Excess intake of vitamin D or calcium or both.  Usually it is due to over dosage or self-medication with vitamin D. 

4- Milk-alkali syndrome: This occurs in patients who excessively uses absorbable alkali and milk (calcium source) during treatment of peptic ulcer.

5- Drugs: As thiazide diuretics.

6- Other causes: As thyrotoxicosis, Cushing's syndrome and sarcoidosis.

7- Hypercalcemia of malignancy:  The most common form of this type occurs due to direct infiltration of bone by malignant tissue which produced osteolysis and increased mobilization of ca to blood.  Other forms include hypercalcemic associating cancer breast and multiple myeloma where PTH-like peptides are possibly released from tumors to produce hypercalcemic.

B. Hypocalcemia: It is caused by:

1- Hypoparathyroidism.

2- Alkalosis (which decreases serum ionized calcium).

3- Kidney diseases where activation of vitamin D is inhibited. 

4- Calcium chelators: Infusion of agents that complex with calcium decrease ionized calcium of the blood (e.g., citrate, citrated-blood for transfusion, or EDTA)

5- High blood phosphorus: Conditions whereby phosphorus concentrations in blood are elevated as in renal failure, phosphate infusion or infants receiving cow milk formulas with high phosphate content.

6- Magnesium deficiency (mostly related to the adverse effect of hypomagnesemia on parathyroid function).

7- Intestinal malabsorption of calcium, acute pancreatitis (associated with fatty acid calcium complex precipitates in the pancreas).

N.B.: In all these conditions, if ionized calcium is much decreased, tetany with carpopedal spasm results.
Calcium homeostasis:

- The interaction of different factors and tissues controlling blood calcium level is illustrated in the following figure,
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Hormones that regulate calcium metabolism include:

1- Parathormone hormone.

2- Calcitriol " active vitamin D3".

3- Calcitonin.

1. Parathyroid hormone (parathormone, PTH)

Nature:

· It is a polypeptide with 84 amino acid residues.  The activity lies in the first 34 amino acid residues.

· It is produced in the form of a pre-pro-parathyroid hormone that is processed into mature hormone as follows:

Proteolytic cleavage            Proteolytic cleavage

Preproparathormone (    proparathormone ( parathormone

PTH secretion is inversely related with blood concentration of ionized calcium. Low blood level stimulates PTH secretion and vice versa.

Mechanism of action:



- It belongs to group IIa, i.e., it uses cAMP as the second messenger.  
Functions:  
It stabilizes calcium: phosphorus ratio in plasma by:

I- On calcium:

- Under normal dietary supply of Ca2+, parathyroid hormone stimulates activation of vitamin D( via activation of renal 1-α hydroxylase converting 25 hydroxy vitamin D3 to 1,25 dihydroxy vitamin D3)  then Ca2+ absorption from the intestine.

- When dietary Ca2+ decreases it leads to blood Ca2+ decrease that stimulates parathormone secretion to correct blood Ca2+ level by three mechanisms:

1. Rapid effect on the kidney:


- It increases Ca+2 reabsorption from the kidney tubules.

2. On bones: 


- It stimulates release of Ca2+ from bones by dissolving both organic and inorganic matrix.

3. On the Intestine: 

- By stimulating activation of vitamin D and Ca2+ absorption.

II- On phosphorus: 

- Parathyroid hormone stimulates renal tubular excretion of phosphorous.. 

III- Generally:

· Increase plasma Ca++.

· Decrease plasma phosphorous.

· Increase alkaline phosphatase activity.

· Increase activity of renal 1-α hydroxylase.
2. Calcitriol

It is the active form of vitamin D, 1,25-dihydroxycholecalciferol.
i. Hypocalcemia stimulates secretion of PTH that activated 1-(-hydroxylase in kidney to produce 1,25-hydroxy-cholecalceferol from 25-hydroxy-cholecalceferol.  

ii. Calcitriol itself regulates its own synthesis by feedback regulation through inhibiting the renal 1-(-hydroxylase.

Mechanism of action: 

It belongs to group-I hormones with cytoplasmic intra cellular receptors.
Functions:  
I- Normalization of blood calcium level through:

i. Increases intestinal absorption of calcium by stimulating synthesis of calcium-binding protein "calbindin" & Ca++ epithelial channels in intestinal mucosa cells.

ii. Increases reabsorption of calcium in kidney and from bones.

II- Mineralization of bones:

- It stimulates synthesis of osteocalcin, a calcium-binding protein in bones.
3. Calcitonin

Nature:
· Protein in nature and formed of 32 amino acid residues
· Produced by parafollicular cells (C cells) of thyroid gland and also by parathyroid gland, so it is called thyrocalcitonin.

· High plasma Ca+2 levels stimulate its secretion.

Mechanism of action:



- It belongs to group IIa, i.e., it uses cAMP as the second messenger
Functions:  
It decrease serum calcium level by :

1. Increase Ca++ and phosphorous excretion by kidneys.

2. It inhibits renal 1-(-hydroxylase in the kidneys.
3. It inhibits Ca++ absorption in the intestine.
4. It inhibits mobilization of Ca++ from bone and increase Ca ++ deposition by stimulation of osteoblasts.
2- Phosphorus (P)

Sources: Milk and milk products, fish, meat, liver and kidney, leafy vegetables and egg yolk.

Function:

1. 80% of the phosphorous share in bone and teeth formation.

2. The remaining enters in the structure of the following cellular components:

· Nucleic acids: DNA and RNA.

· Phospholipids: e.g. lecithins, cephalins.

· Phosphoproteins.

· Coenzymes: e.g. NAD, NADP.

· High-energy phosphate, e.g., ATP, GTP, creatine phosphate.

· Cyclic AMP and cyclic GTP.

· Carbohydrate phosphates, e.g., glucose-6, fructose-1-phosphate.

· It a member of cellular and blood buffers.

Absorption:

- Phosphorus (in the form of phosphate) is absorbed by an active transport mechanism in the mid-jejunum and enters blood stream via portal circulation.

- Sources of phosphorous are similar to calcium.  The recommended ratio of Ca/P is 1:1 in adults while in infants the ratio starts at 2:1.  Such ratio allows the best absorption for dietary phosphates.

- Aluminum hydroxide used as antacid interferes with absorption of phosphates due to production of insoluble aluminum phosphate.

- Absorption is regulated by active vitamin D (calcitriol).

- Factors affect absorption of calcium will affect in the same manner the absorption of phosphorus.

Body phosphorus:

- Total body phosphorus is about 800g.

- Most of phosphorus (80%) is present in the skeleton (bones and teeth) in the form of hydroxyapatite: 3 Ca3(PO4)2.  Ca(OH)2.

- The other 20% is present in other tissues (mostly intracellular) and body fluids. 

Normal plasma phosphorous:

- Adults:  2.5 - 5.0 mg/dl (0.8 – 1.61 mmol/1).  Children: 4.0 - 7.0 mg/dl (1.29 - 2.25 mmol/1).

Factors affecting blood phosphorus level:

1- Parathyroid hormone:

- PTH decreases blood phosphorus by stimulating its excretion (through inhibiting its renal tubular reabsorption).

2- Active vitamin D (Calcitriol):

- Hypophosphatemia stimulates directly the renal hydroxylation of 25 (OH) D3 into 1,25 (OH)2 D3 (calcitriol).

- Calcitriol increases blood phosphorus through stimulation of:

- Absorption of phosphorus from the intestine.

- Bone resorption i.e. mobilization of phosphorus from bones.

- Renal reabsorption by renal tubules.

Excretion: About 40% of phosphorous leaving the body is eliminated in feces and 60% in urine.

Alterations of plasma phosphate levels:

A. Hyperphosphatemia: due to:

- Decreased renal excretion of phosphate as in acute and chronic renal failure.

- Increased body phosphate load results from phosphate-containing laxatives and enemas, blood transfusion, massive cell destruction by cytotoxic therapy or tissue injuries.

- Increased renal tubular reabsorption of phosphate as in hypoparathyroidism, hyperthyroidism, hypogonadism and growth hormone excess.
B. Hypophosphatemia: due to:
- Decreased intestinal absorption of phosphate.

- Increased urine losses of phosphate.

- Endogenous shift of inorganic phosphorous from extracellular to intracellular fluid.

3- Sodium (Na+)

Occurrence:

- One third is present in the inorganic portion of the skeleton.

- The rest of sodium is present in the extracellular fluids of the body.

Sources and absorption:

- The main dietary source of sodium is table salt (NaCl).

- Salted food has the highest content of sodium.

- Meat contains more Na than vegetables

- Sodium is also present in bread, cheese, wheat germ, whole grains, eggs, celery, cauliflower, spinach, milk, nuts, etc.

- Sodium is readily absorbed from GIT, so the feces contain very small amount of sodium except in diarrhea.

Normal plasma sodium level: It is 137 - 143 mEq/L.

Functions of sodium:

- Sodium is a major component of the cations of extracellular fluid.

- It is largely associated with chloride and bicarbonate in regulation of acid base balance (Buffer systems).

- It maintains the osmotic pressure of different body fluids and consequently protects the body against excessive fluid loss.

- It preserves the normal irritability of muscles.

- It preserves the permeability of cells.

- Conduction of nerve impulse.

Daily requirements:

- Normal individuals require sodium chloride at 10 - 15 g/day, which provides about 5 grams sodium.

- Hypertensive patients require less than 1 g/day.

- In susceptible individuals, there is a clear relationship between Na+ intake and diastolic blood pressure.

- Thus, the excessive and wasteful intake of NaCl may lead to or aggravate pre-existing hypertension.

- Sodium intake must be decreased in hypertension, renal failure and some cardiac diseases.

Metabolism:

- Sodium metabolism is under the effect of adrenocortical steroid hormones.

Alterations of Plasma Sodium:

1. Hypernatremia (excess plasma sodium): 

- It is caused by:

1. Cushing's syndrome: due to excessive glucocorticoids, which increase sodium reabsorption in distal tubules.

2. Conn's disease: due to excessive aldosterone secretion.

3. Diabetes insipidus: due to rapid loss of water.

4. Drugs: such as ACTH or cortisone.

5. Administration of sex hormones, e.g., estrogen and progesterone as in contraceptive pills.

2. Hyponatremia (decrease plasma sodium): 

- It is caused by:

1. Addison's disease: due to deficiency of aldosterone (aldosterone normally stimulates Na+ tubular reabsorption in distal tubules).

2. Renal failure: where renal reabsorption of sodium is inhibited with an increased loss of Na+ in urine e.g. sodium losing nephritis.

3. Hypotonic dehydration: where loss of water and sodium (electrolytes) as in vomiting and diarrhea is treated by administration of water only.

4. Diuretics e.g. thiazides which block tubular reabsorption of sodium.

Toxicity: Hypertension in susceptible individuals.

Excretion: About 95% of the sodium is excreted in urine.  The rest of Na loss (5%) occurs in sweat.

4- Potassium (K+)

Sources and absorption:

- Animal sources are veal, chicken, beef and liver.

- Plant sources are dried peaches, dried apricot, bananas, oranges and orange juices, pine apples and potatoes.

- Potassium is readily absorbed from GIT and only very small amounts are present in stools.

Body potassium:

- 2/3 of potassium is present in tissues and body fluids (potassium is the main intracellular cations) and about 1/3 is present in the skeleton. Plasma potassium is 3.5 - 5 mEq/L.

Functions:

1. Maintenance of osmotic pressure and volume of intracellular fluid.

2. Transmission of nerve impulses.

3. Regulate neuromuscular irritability.  Irritability is proportional to the following ratio,
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- So, neuromuscular irritability is increased by increasing concentrations of Na+ and K+ or by decrease concentrations of Ca2+, Mg2+ and H+.

4. Regulation of acid-base balance.

5. Activation of some enzymes as pyruvate kinase and sodium potassium adenosine triphosphatase (Na+-K+-ATPase), a sodium pump.

Requirements:  4 gm/day.

Excretion: Mainly in urine.

Alterations of plasma potassium:

1. Hyperkalemia (excess plasma potassium): It is caused by:

1. Addison’s disease: due to deficiency of aldosterone, which normally increases K+ and H+ excretion in exchange for the reabsorbed Na+.

2. Acidosis (respiratory or metabolic): due to shift of K+ from intra- into extra-cellular space in exchange with H+.

3. Tissue necrosis: e.g. major trauma and burns due to leakage of tissue contents of potassium.

4. Chronic renal failure associated with oliguria.

5. Uncontrolled diabetes mellitus: the lack of insulin prevents K+ from entering cells.

6. Acute hyperkalemia: if plasma K+ gets more than 6.5 mEq/L, cardiac arrhythmia and even cardiac arrest may result.  

2. Hypokalemia (decreased plasma potassium): It is caused by:

1. Alkalosis (respiratory or metabolic).  The decreased H+ concentration in plasma will result in shift of H+ from intracellular fluid to ECF, with a reverse shift of K+ from plasma into cells to keep the concentration of intracellular cations.

2. Treatment of hyperglycemia: by insulin without giving potassium because insulin helps K+ to enter cells.

3. Excessive steroid intake.

4. Excessive vomiting and diarrhea.

5. Cushing's syndrome: due to excessive glucocorticoids.

6. Hyperaldosteronism.

7. Diuretics therapy that increase K+ loss.

8. Dietary deficiency.

5- Chloride (Cl-)

- It is the main anion of extracellular fluid.  It is always associated with sodium.

Sources: Table salt i.e. salt added to prepared food. In diet, chloride is almost present as sodium chloride.

Absorption: Readily occurs in small intestine.

Plasma chloride: Is about 96 – 106 mEq/L.

Excretion:  Occurs in urine and sweat.

Requirements: For adults 5g/day.

Functions:

- Chloride is the main extracellular anion.  Together with sodium, it maintains the osmotic pressure and volume of plasma and extracellular fluid.

- Regulation of acid base balance (by chloride shift).

- Chloride ions are essential for formation of HCl in the stomach.

- Activation of enzymes: Cl- activates salivary and pancreatic amylase enzymes.

Hypochloremic alkalosis:

- It results from excessive vomiting (as in pyloric obstruction, where there is loss of chloride in excess of sodium.

- This leads to decrease plasma chloride and increase plasma bicarbonate as compensatory mechanism, causing alkalosis.  This type of alkalosis called: hypochloremic alkalosis.
6- Magnesium (Mg2+)

Occurrence: 

- Body contains about 21 g of magnesium.

- 70% of magnesium is present in bones and teeth.

- The remaining 30% are mostly intracellular in other tissues and body fluids.

Sources:

- It is present in liver, kidney, meat, heart, fish, sea foods, green vegetables, legumes, peas and nuts.

Absorption:

- About 40% of the diet magnesium is absorbed.  The absorption of magnesium depends on its amount in diet as well as its solubility.  Moreover the amount of Ca affects the rate of its absorption.

Functions:

1. It enters in the structure of skeleton (bones and teeth).

2. It activates many enzymes e.g. kinase enzymes.

3. It is required for the active transport of other cations (Ca2+, Na+ and K+) across the cell membrane.

4. It is important for muscle contraction, nerve impulse transmission and it decreases neuromuscular excitability.

Daily requirements: About 300 mg/day are needed for adults.

Blood magnesium level: Plasma magnesium is 2 - 3 mg/dl, and the RBCs content of magnesium is three times greater than plasma content.

Excretion: 70% of magnesium leaving the body is excreted in feces mostly as magnesium phosphate.  The rest is excreted in urine.

Alterations of blood magnesium level:

A. Hypomagnesemia: 

- Severe Mg deficiency in human is uncommon possibly because of the ability of body to conserve Mg.  Deficiency occurs in:

1. In renal diseases (increased urinary magnesium losses.

2. Dialyses with dialysate low in magnesium.

3. Steatorrhea malabsorption syndromes, gut resections.

4. Increased production of Aldosterone, hyperparathyroidism and diabetes mellitus cause increased magnesium losses in urine.

5. Alcoholism, intensive diuretic therapy and treatment with the antibiotic gentamycin result in increased urinary magnesium losses.

B. Hypermagnesemia:

- Reduced magnesium excretion as in renal failure.

- Increased intake of Mg So4 used in the treatment of hypertension induced by pregnancy (pre-eclampsia) to reduce incidence of preterm labor and allowing greater fetal growth.

- The use of medicines that contain Mg (e.g., antacids and purgatives).

PH

Definition: It is the negative logarithm to base ten of hydrogen ion concentration, i.e., number of gram ions of H+ in a liter.

pH of water  = - log10 10-7 = 7

PH range:

- The complete dissociation constant of water was found to be 10-14, so the highest pH is 14.0 and lowest pH is expected to be 1.0, i.e., the pH range is 1.0 - 14.0.

- In normal water dissociation, hydrogen ions equal hydroxyl ions, i.e., water is neutral and has pH 7.0.  Consequently if pH of a solution is 4.0, i.e., below 7.0, the solution will be acidic.

[H+] = 103 x 10-7  = 10-4, thus pH = 4

- On the other hand if the hydrogen ions in a solution are less than that in water, e.g., 10-3, In that case the solution will be alkaline,

[H+]  = 10-3, thus

[H+]  = 10-3 x 10-7  = 10-10, thus

pH = 10

Acids and Bases

- Acids are substances, which give hydrogen ions when dissolved in water.  They are also defined as potential proton donors.

- The strength of an acid depends on the degree of its ionization, dissociation.  The higher the degree of ionization, the stronger the acid and vice versa.

- Hydrochloric acid is considered as the strongest acid because all of its molecules are ionized in water.

HCl ( H+  + Cl-
- Acetic acid is a weak acid because only a small amount of its molecules are ionized in water.

(CH3–COOH)n  (  H+  +  CH3–COO- +  (CH3–COOH)n-1
- Bases are substances, which give hydroxyl ions when dissolved in water.  They are also defined as potential proton acceptors e.g. sodium hydroxide.

NaOH ( Na+ + OH-
- Also, there are strong bases such as NaOH and weak bases such as sodium bicarbonate. 

Amphoteric Substances:

- They are substances that can act as acids at certain pH and as alkalis in other pH, e.g., proteins. It is due to the presence of acid and basic groups in the same molecule.

Determination of pH:

I- Colorimetric methods:

- These methods depend on using pH color indicators.

Indicators: they are weak organic acids which change their color depending on their degree of ionization that in turn depends on the pH of the medium.  For example the acid form of methyl red gives red color while the conjugate base form is yellow.  Also, the acid form phenolphthalein is colorless while the base form is pink.  If the indicator is “HI” it can be represented as follows,

Conjugate Base form (HI) ( Acid form (H+ + I-)

- As the HI and I- are of different color (red and yellow for methyl red) the color of the solution depends on the ratio of I-/HI.

The colorimetric methods include:

1. Indicator paper method that depends on impregnation of strips of filter paper with indicators of different ranges.  A piece of the indicator paper is dipped in the unknown solution and the color is compared with a standard color set, which gives the pH.

2. Buffer method, depends on matching the color of unknown solution after addition of indicator, with a set of buffer at different pH grades to get the proper pH.

II- Electrometric methods:

- The pH-meters are used for the determination of pH in biological solution.  They are very sensitive and accurate and can be applied to colored solutions.  They depend on the generation of a specific voltage between a standard KOH solution and the test solution.

Degree of acidity:

Actual acidity:

- It is the concentration of hydrogen ions in solution, i.e., it is the concentration of the ionized molecules of the acid in solution.  This is the pH of the solution.

Titratable acidity:

- It reflects the concentration of total acid in solution whether it is ionized or non-ionized.  

- In other words, it is a measure of the total amount of hydrogen derived from acid molecules in solution by gradual ionization of such molecules via gradual neutralization of the already ionized hydrogen by addition of an alkali at a certain normality, e.g., N/10 sodium hydroxide.

Preparation of Solutions:

Normal solution:

- This solution contains 1 gram equivalent of substance per liter of solvent.

One gram equivalent = Molecular weight in grams/valency

Where, Valency  = Number of active ionizable radicals.  Examples, 

1 N Sodium hydroxide = 40/1 gm/L = 40 gm/L water.

1 N H2SO4  = 98/2  = 49 gm/L.
Molar solution:

- Such solution contains one gram mole per liter of solvent (regardless the valence of the active radical).

1 mol HCl     = 36 gm HCl in 1000 ml water.

1 mol H2SO4 = 98 gm H2SO4
 in 1000 ml water.

1 mol NaOH = 40 gm NaOH in 1000 ml water.
- The problem of normal and molar solution is their dependence on temperature as it affect the volume of the solvent giving a variable ratio between the substance and solvent according to the temperature at the time of preparation.

- To overcome such problem which affects the osmotic pressure of the prepared solution, usually all preparation are made at 20oC (room temperature).

Molal solution:

- These solutions contain one gram mole per 1000 gm solvent.

- The advantage of this preparation lies in the fact that temperature never affects weight. Consequently the substance/solvent ratio will be fixed and osmotic pressure measurement will be more accurate.

Buffers

- They are solutions with a specific pH value that does not change on addition of acids or alkalis to a certain extent.

- Buffer solution is formed of either:

i. Weak acid and its salt with strong base, e.g., carbonic acid and sodium bicarbonate, or sodium acid phosphate (NaH2PO4) and sodium alkaline phosphate (Na2HPO4).

ii. Weak base and its salt with strong acid, e.g., ammonium hydroxide and ammonium chloride.

Mechanism of buffer action:

On addition of a strong acid:

- Carbonate buffer:

HCl  + NaHCO3 ( NaCl + H2CO3
- Phosphate buffer:

HCl + Na2HPO4  ( NaCl  + NaH2PO4
On addition of a strong alkali:

NaOH + H2CO3 ( NaHCO3  + H2O

NaOH  + NaH2PO4 ( Na2HPO4 + H2O

- It can be recognized that addition of acid produced neutral salt with either buffer systems or a weakly dissociated acid which does not affect the pH. On the other hand addition of alkali produces water and a weakly dissociated base.

Importance of buffers:

- Principal extracellular buffers are bicarbonate, phosphate and protein buffer systems. Principal intracellular buffers are; phosphate and protein (including Hb) buffer systems. 
- The different reactions that occur in the body depend on a vast number of enzymes.  The activity of these enzymes depends on several factors in particular the pH of the medium.

- Enzymes have very narrow pH range for their action.  Consequently they are very sensitive to any change in the pH.  For instance, blood pH ranges between 7.3 and 7.5.  Those physiological buffers strictly guard this narrow pH range.  

The important physiological buffer widely distributed in tissues and body fluids are:
1. Bicarbonate buffer:

- This buffer is the most important blood buffer (it is the alkali reserve) and is linked to respiration.  It is formed of carbonic acid and sodium or potassium bicarbonate.  The base/acid ratio of this buffer is 20/1 at pH 7.4, H2CO3/NaHCO3 and H2CO3/KHCO3.  Consequently, bicarbonate is a good buffer when blood is being acidified but very poor if the blood is alkalinized.  It acts mainly extracellularly (sodium salts) but also intracellularly particularly in RBCs (potassium salts).

2. Phosphate buffer:

- This buffer has a base/acid ratio of 4/1 in plasma and is controlled by kidney, NaH2PO4/Na2HPO4 and KH2PO4/K2HPO4.  It makes it a more efficient buffer than bicarbonate at physiological pH.  It is the chief buffer in urine but also acts intra- and extracellularly.

3. Protein buffer:

- 20% of the buffer capacity of blood depends on the plasma proteins.  Its components are B-proteinate/H- proteinate, i.e., proteinate salt/proteinic acid.  Sodium is the chief salt form in plasma while potassium is the chief salt form inside RBCs and cells and thus, acts intra- and extracellularly.

4. Hemoglobin and oxyhemoglobin buffer:

- This accounts for 60% of the buffer capacity of blood as hemoglobin concentration lies around 14 g/dl.   Its buffering effect is due to its protein nature and content of imidazole groups of histidine.  OxyHb is a stronger buffer than deoxyHb.  KHb/HHb and KHbO2/HHbO2 are responsible for buffering of most CO2 added to the blood by tissues.

 Alkali Reserve:

- This is represented by the bicarbonate (sodium or potassium) present in the blood.  It is a measure for alkali available for neutralization of any added acid to the blood.  Normally it is 55-70 ml/dl plasma.

- From the above-mentioned, it can be noticed that the buffer systems present in the blood are so efficient to keep the pH of blood within a very limited range, i.e., 7.3 – 7.5.

- However, excessive addition of acids or alkalis might disturb such buffer systems by exhausting the alkali reserve leading to acidosis or by exhausting acid reserve leading to alkalosis, both are fatal.  If the pH in such conditions is kept on the lower or upper extremes of the physiological range of the pH, it will result in a quite serious condition called acidemia or alkalemia.

Acidosis and Alkalosis

- Fluctuations in plasma H+ concentrations arise in many conditions in health and disease.  There are two types of acidosis and two of alkalosis as follows:

1. Metabolic acidosis

2. Respiratory acidosis.

1. Metabolic alkalosis.

 2. Respiratory alkalosis.

Acidosis: 

It is the increased ratio of carbonic acid to bicarbonate (normally 1/20) with borderline decrease of pH of blood to its lower range. 

Causes of acidosis are:
A) Respiratory acidosis:

- It results from accumulation of CO2 in blood leading to increased H2CO3 in relation to bicarbonate.  This will disturb the base acid ratio (20/1).  It is due to:

· Airway obstruction as in obstructive lung disease.

· Slow respiration as a result of depression of respiratory center by drugs like morphine.

· Excessive breathing of CO2 in closed chambers containing excessive smoke, e.g., during house burning.
B) Metabolic acidosis:

- This result from excessive utilization of bicarbonate residue.  Metabolic acidosis is the most common cause of acidosis.  It might be due to:

· Severe muscular exercise will produce large amounts of lactic acid.

· Severe diarrhea will cause marked loss of alkaline digestive juice.

· Diabetes mellitus or ketosis: Uncontrolled diabetic patients will suffer from excessive utilization of fat leading to excessive formation of acetoacetic acid, (-hydroxybutyric acid and acetone (ketone bodies).

· Prolonged starvation will also results in excessive production of fatty acids and ketone bodies.

Acidemia: It is fatal condition in which the pH of blood is markedly decreased below the 7.3.  It is preceded by acidosis.

Alkalosis: 

- It is a condition in which acid reserve in blood buffers is exhausted leading to elevation of the blood pH to the upper limit of range, Causes:
A) Respiratory alkalosis: it is due to:

- Excessive breathing (Hyperventilation) leads to washing out of CO2 from blood causing a decrease in carbonic acid in relation to bicarbonate.

- It occurs during fever, hysteria and hot atmosphere.

B) Metabolic alkalosis:

- It is due to increased bicarbonate residue in blood as a result of excessive ingestion of alkalis or loss of gastric HCl due to excessive prolonged vomiting.

Alkalemia:  It is fatal condition due to increased blood pH above 7.5.
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