UNIT -2
Acids, Bases, and Buffers:
Buffer Equations:

e A buffer is a solution containing a weak acid and its conjugate base, or a weak base
and its conjugate acid. Buffers resist changes in pH when an acid or base is added.

o The Henderson-Hasselbalch equation is commonly used to describe the pH of a buffer
solution:

o pH=pKa +log([A-]/[HA])
e Where:
e pH is the solution's pH.
o pKa is the dissociation constant of the weak acid.
e [A-] is the concentration of the conjugate base.
o [HA] is the concentration of the weak acid.
Buffer Capacity:

o Buffer capacity is a measure of a buffer's ability to resist changes in pH upon addition
of an acid or base. It depends on the buffer's concentration and the pKa of the weak
acid or base.

o Higher buffer concentrations and pKa values lead to greater buffer capacity.
Buffers in Pharmaceutical Systems:

o Buffers are essential in pharmaceutical systems to maintain the pH of formulations.
They help ensure drug stability, bioavailability, and patient safety by preventing
extreme pH changes.

Preparation of Buffers:

o Buffers are prepared by mixing the weak acid and its conjugate base (or the weak base
and its conjugate acid) in appropriate proportions.

e The pH can be adjusted by changing the ratio of weak acid to conjugate base or vice
versa.

Stability of Buffers:

o The stability of buffers is crucial in pharmaceutical formulations. Factors such as
temperature, exposure to air, and the presence of impurities can affect buffer stability.

Buffered Isotonic Solutions:

o Buffered isotonic solutions are often used in pharmaceuticals to enhance patient
comfort and minimize irritation.
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e These solutions maintain an appropriate pH and osmolarity to match physiological
conditions.

Measurements of Tonicity:

o Tonicity refers to the ability of a solution to cause cells to swell or shrink. It depends
on the osmotic pressure difference between the solution and the cell.

o Tonicity can be measured using various techniques, including osmometry and
freezing point depression.

Calculations and Methods of Adjusting Isotonicity:

e (Calculations for adjusting isotonicity involve assessing the concentration of solutes
(osmolality) and adjusting the solute content or using appropriate excipients to
achieve isotonicity.

o Isotonicity can be adjusted by adding solutes like sodium chloride or adjusting the pH
and concentration of buffer components.

Maintaining proper pH and tonicity is essential in pharmaceutical formulations to ensure the
safety, efficacy, and patient acceptability of drugs. Buffers play a crucial role in these aspects
by stabilizing pH and maintaining isotonic conditions.

Major Extra and Intracellular Electrolytes:
1. Sodium (Na+):
o Extracellular electrolyte.
e Functions:
o Regulates osmotic pressure and fluid balance in the body.
o Essential for nerve impulse transmission and muscle contraction.

e Used in replacement therapy in the form of sodium chloride (NaCl) solutions,
which help restore electrolyte balance, especially in cases of dehydration or
electrolyte imbalances.

2. Potassium (K+):
o Intracellular electrolyte.
e Functions:
e Critical for maintaining proper heart rhythm (cardiac conduction).
e Necessary for muscle contractions.

e Replacement therapy involves potassium chloride (KCl) supplements, which
are used to treat hypokalemia (low potassium levels) and maintain cardiac and
muscle function.

3. Calcium (Ca2+):

o Extracellular and intracellular electrolyte.
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e Functions:
o Essential for blood clotting.
o Facilitates muscle contraction and relaxation.
e Crucial for bone health.

e Replacement therapy includes calcium gluconate, administered intravenously
to treat hypocalcemia (low calcium levels) and counteract the effects of
calcium channel blocker toxicity.

4. Magnesium (Mg2+):
o Intracellular electrolyte.
e Functions:
e Supports enzyme function and cellular energy production.
e Critical for neuromuscular function, including muscle relaxation.

e Magnesium sulfate can be used in replacement therapy to treat
hypomagnesemia (low magnesium levels) and conditions like eclampsia in
pregnancy.

Functions of Major Physiological Ions:
1. Sodium (Na+):
o Regulates blood pressure and blood volume.
o Plays a key role in nerve impulse transmission and muscle contractions.
2. Potassium (K+):
e Maintains normal heart rhythm (cardiac conduction).
o Contributes to muscle contractions and nerve impulse transmission.
3. Calcium (Ca2+):
e Aids in blood clotting.
o Facilitates muscle contraction and relaxation.
o Vital for bone formation.
4. Magnesium (Mg2+):
e Supports various enzymatic reactions.
o Essential for neuromuscular function, including muscle relaxation.
Electrolytes Used in Replacement Therapy:
1. Sodium Chloride (NaCl):
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e Commonly used in intravenous fluids to replace lost fluids and maintain
electrolyte balance.

e Also used for irrigation and wound cleansing.
2. Potassium Chloride (KCl):

e Administered to correct potassium deficiencies, especially in cases of diuretic
therapy or kidney disorders.

e Available in oral and intravenous forms.
3. Calcium Gluconate:

e Given intravenously to treat calcium deficiencies, particularly in conditions
like hypocalcemia.

e Can counteract the effects of calcium channel blocker toxicity.
4. Oral Rehydration Salt (ORS):

o Contain a balanced mixture of electrolytes (sodium, potassium, chloride) and
glucose.

o Used to treat dehydration and electrolyte imbalances, especially in cases of
diarrhea and vomiting.

Physiological Acid-Base Balance:

e The body maintains acid-base balance through the regulation of hydrogen ions (H+)
and bicarbonate ions (HCO3-) in the blood.

o The pH scale measures the acidity or alkalinity of a solution, with a neutral pH of 7,
values below 7 indicating acidity, and values above 7 indicating alkalinity.

o The bicarbonate-carbonic acid buffer system is the body's primary buffer system,
helping to maintain blood pH within a narrow range (around 7.35-7.45).

e Acidosis (low pH) and alkalosis (high pH) can have serious health consequences and
are treated by addressing the underlying cause and restoring acid-base balance.

Dental Products:
Dentifrices:

o Dentifrices are dental products used for oral hygiene and cleaning teeth. They come in
various forms, including toothpaste, gels, and powders.

e Dentifrices typically contain:
e Abrasives for mechanical cleaning.
e Fluorides to prevent tooth decay.
e Detergents for foaming and cleaning action.

o Flavoring agents for taste.
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e Binders and humectants for texture and moisture retention.
e Anti-microbial agents to control bacteria.
o Desensitizing agents for sensitive teeth.

Role of Fluoride in the Treatment of Dental Caries:

o Fluoride is a key component of dental products due to its role in preventing tooth
decay (dental caries).

e Mechanisms of action:

o Fluoride incorporates into tooth enamel, making it more resistant to acid
attacks.

o Inhibits bacterial metabolism, reducing acid production.
e Promotes remineralization of early carious lesions.
o Enhances the overall integrity of teeth.

Desensitizing Agents:

o Desensitizing agents are used to relieve tooth sensitivity, often caused by exposed
dentin or enamel.

o Common desensitizing agents include potassium nitrate, strontium chloride, and
fluoride.

o These agents work by blocking pain signals from reaching the nerve in the tooth.
Calcium Carbonate:

e Calcium carbonate is an abrasive commonly found in dentifrices.

e It helps remove stains and debris from teeth.

e Calcium carbonate is also a source of calcium, which can promote remineralization
and strengthen tooth enamel.

Sodium Fluoride:
e Sodium fluoride is a fluoride compound added to dentifrices.

o It is effective in preventing tooth decay by strengthening enamel and reducing acid
production by oral bacteria.

e Sodium fluoride is widely used in toothpaste and mouthwash formulations.
Zinc Eugenol Cement:

e Zinc eugenol cement is a dental material used for various purposes in dentistry.

e [t is commonly used as a temporary filling material for cavities.

o It provides a soothing effect to the tooth and can be used for dental restorations.
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Dental products play a critical role in maintaining oral health. Dentifrices, with their abrasive
and fluoride components, are essential for cleaning and protecting teeth. Fluoride, in
particular, is a potent weapon against dental caries. Desensitizing agents can provide relief for
individuals with sensitive teeth. Additionally, materials like calcium carbonate and zinc
eugenol cement are valuable tools in various dental procedures.
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