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Unit-5

Physical Pharmaceutics- 11

B.Pharma 4% Sem Notes

UNIT-5

Drug stability: Reaction kinetics: zero, pseudo-zero, first & second order, units of basic rate
constants, determination of reaction order. Physical and chemical factors influencing the
chemical degradation of pharmaceutical product: temperature, solvent, ionic strength,
dielectric constant, specific & general acid base catalysis, Simple numerical problems.
Stabilization of medicinal agents against common reactions like hydrolysis & oxidation.
Accelerated stability testing in expiration dating of pharmaceutical dosage forms. Photolytic
degradation and its prevention
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Reaction Kkinetics:

e Reaction kinetics, also known as chemical kinetics, is the study of the rate and
mechanism of chemical changes that occur during a chemical reaction.

e [tincludes the study of physical and chemical changes in drugs as well as the dosage
form.

e Rate of reaction is the speed at which chemical reaction takes place and it is measured
by change in concentration (dc) with respect to time (dt).

e Itisexpressed as

) dc
Rate of reaction = T

Where,

e dc = Concentration
e dt=Time

Zero Order Reactions:

e In a zero-order reaction, the rate of drug degradation is constant and independent of
the concentration of the drug.

—dA

Rate = —
ate dt

= k[A], = k

The rate of decomposition is expressed mathematically,

-dCx/dt=K

Whereas, K is the specific rate constant for a zero-order. Integrating the equation,

X= Kt + constant

A graph contains a plot of X. It results in a straight line equal to K. ‘K’ indicates the
amount of drug degraded per unit time. It intersects the line at time zero, which is
equal to constant, in the graph. Concentration/time is the unit of K.
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Whereas, half-life = t %2 = Co/2k

Examples of zero-order kinetics are Vitamin A acetate to anhydrous Vitamin A and
photolysis of cefotaxime.

First Order Reactions:

A first-order reaction is one where the rate of reaction is directly proportional to the
concentration of one of the reactants.

It can be expressed as:

Rate of the concentration decreases, -dCx/dt= KCx
Where,

X=‘a’, when t=0

t=x, the amount X at time t is (a-x)

Therefore,

-dCx/dt =K (a-x)

dCx/ (a-x) = -Kdt

Second-Order Reaction:

It is the reaction in which the rate of reaction is dependent on the concentration of two
reactants raised to the power one.
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Therefore,

A + B Product

Therefore, the equation

-dA/dt = -dB/dt =k2[A]1 [B]1

Where,

[A] = The concentration of A

[B] = The concentration of B

k2 = rate constant

Units

Basic rate constants are measured in k. ‘k’ depending on the overall orders of the reactions.
In a zero-order reaction, the unit of k is M/s.
In a first-order reaction, the unit of k is 1/s.

In a second-order reaction, the unit of k is 1/(M-s).

Pseudo-Zero Order Reaction:

e Many drug in certain dosage form such as suspension decompose according to pseudo
zero order rate.
In suspension drug in solution decompose more of it from the suspended remain
constant.
Once all suspended particles is goes into the solution the system converts into first
order reaction.
In this situation the rate equation can be written as

dA]
i ki [A]

Where,
A = Concentration of undecomposed drug at time t

kt = First order rate constant
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: - . d
When (A) is maintained constant then rate equation changes to — % = k, X constant =

kO

The term constant is the solubility of drug.

Determination of Reaction Order:

The order of the reaction defines the relationship of the rate and concentration of the

chemical reaction.
In the case of determining the order of the reaction, there are several methods to
follow:

1. Substitution Method

2. Graphic Method

3. Half life Method

1. Substitution method:

e In areaction of two molecules, the products show incompatible results in some cases.
It will, however, be replaced with a different chemical molecule.
It shows better results and effects in reaction results. In general, this strategy enhances
the reaction's efficacy and outcomes.

2. Graphic Method:

In this method data is collected by conducting experiment and graph is plotted.

The plot of data in form of graph is used to determine order of reaction.

A straight line between concentration against time indicates zero order reaction while
a straight line between log concentration against time shows first order reaction.

If relation between 1/ concentration against time is linear then reaction is considered
to be second order.

3. Half- life Method:

e The relationship in general between half-life of a reaction in which the concentrations
of allreactants are identical, is

Where n is the order of reaction.

e When two reaction are conducted with different initial concentration al and a2
respectively then

t% (1) o l/a;n’t
t% (2) o l/azn’

e Divide both equations we get
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t%(l) 1/a;n™t
t1/2 (2)  1/ayn-1

On applying log and by simplified the equation we get

_ logty,,(1) /t1,2(2)

+1
log (a,/a;)

By plotting a graph between ‘a’ vs ‘t” for two different initial concentrations.

The half life can be calculated from the graph by taking reading of %2 and al and a2.
By substituting the volume of half life and initial concentration (al and a2) in above
equation we can determine the order of reaction.

Physical and chemical factors influencing the chemical degradation of
pharmaceutical product: temperature, solvent, ionic strength, dielectric
constant, specific & general acid base catalysis, Simple numerical
problems.

Drug Stability:

The ability of a drug substance or drug product to retain its physical and chemical
integrity, along with the qualities and attributes it possessed during manufacturing, is
referred to as drug stability.

Numerous parameters, including temperature, solvent, ionic strength, dielectric
constant, and specific and general acid-base catalysis, have an impact on it.
Pharmaceutical development must include stability testing of novel medication
ingredients and products.

Physical degradation of Drug:

Type of physical degradation are as under.

. Loss of volatile components
. Loss of H2O

Absorption of H2O
Crystal Growth

. Polymorphic changes

Colour change

1. Loss of volatile Components:

Volatile components such as alchol ether iodine volatile camphor methol etc. escape
from the formulations.
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Eg.

e Nitroglycerine from drugs evaporates.
e Preventive measures: Keeping the product in well closed container and storing in a
cool place.

2. Loss of H20:

e Loss of water from o/w emulsions thus its stability changes. Water evaporates causing
the crystalline growth.
This will results into increase in potency and decrease in weight. This tendency
depends on temperature and humidity of surrounding environment.

3. Absorption of H20:

e Hygroscopic drugs absorb the water the water from external atm causing the physical
degradation.
Depends on temperature and humidity of surrounding material.
E.g. Glycerine suppositories may become opaque

4. Crystal Growth:

e In solutions after super saturation crystal growth occurs. Reason may be the fall in
temperature and a consequent decrease in solubility of solute.

e E.g Injection of calcium gluconate.

e In suspension crystals settle down and caking occurs and suspension become unstable.

5. Polymorphic Changes:

e In polymorphic changes crystal forms are changed. A stable crystal form loosens.
This may cause alteration in solubility and possibly crystalline growth in aqueous
suspensions.

Chemical Degradation:

Temperature:

e Temperature is one of the most significant factors affecting the rate of drug
degradation.

Higher temperatures typically increase the rate of chemical reactions due to higher
kinetic energy of molecules.

The relationship between temperature and reaction rate can be described by the
Arrhenius equation:
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k=Ae Ea/RT

K = Specific rate constant

A =1s frequency factor or Arrhenius factor
Ea = is activation energy

T = kelvin temperature

R = universal gas constant

Ionic Strength:

e Jonic strength affects reactions involving ionic species.

e Increasing ionic strength can shield electrostatic interactions between charged
reactants, potentially stabilizing or destabilizing the transition state.

e The effect of ionic strength on rate of decomposition of drug is explained by the
following equation:

logk = logko + 1.02 Z,Zp\[1t

Where,

Z A and Zg are the changes on reactant A and B respectively.
u = Ionic strength

k = rate of constant of degradation

ko = rate of constant in infinitely dilute solution

Dielectric Constant:

The dielectric constant, also known as the relative permittivity, is a fundamental
property of materials that affects how they interact with electric fields.

The ratio of the permittivity of the substance to the permittivity of the free space.
It expresses the extent to which a material can hold electric flux in it.

It is mathematically expressed as:

Where,

e « is the dielectric constant
e ¢£isthe permittivity of the substance
e & is the permittivity of the free space
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Catalysis:

The rate of a reaction is also influenced by the presence of a catalyst. A catalyst is a
substance that either increase or decrease the rate od a reaction but itself remain
unchanged chemically.

The catalyst only makes the reaction faster it does not affect the yield of product. A
catalyst that reduces the rate of reaction is called negative catalyst.

Specific acid base catalysis:

The number of drugs decomposed on the addition of acids or bases.

When the rate law for an accelerated decomposition reaction contains a term
involving the concentration of the hydrogen ion or the concentration of the hydroxyl
ion the reaction is called specific acid base catalysis.

General acid base catalysis:

Buffers are used to maintain pH of the solution.

Buffer salts (i.e. acetates, phosphates, borates etc.) shows catalytic effects on drug
degradation rate in solution.

The reaction is said to be general acid catalysis if catalytic component is acidic while
reaction is said to be general base catalysis if catalytic component is basic.

Stabilization of medicinal agents against common reactions like hydrolysis
& oxidation.

Hydrolysis

A process called hydrolysis happens when chemical compounds combine with water,
producing two or more products.

The bond on the chemical compound is formed by the addition of water. In an
aqueous solution and liquid dosage form, the hydrolytic reaction is the most common
factor.

A substance that contains ester, amides, imides, carbamates, lactones, nitriles, and
carbohydrate groups will be destabilized by this substance. In this case, the pH of the
medium plays an essential role.

There are also varieties of drugs susceptible to acid as well as alkaline hydrolysis.
The drugs that change by hydrolysis are aspirin, paracetamol, sulfacetamide,
indomethacin, procaine, digoxin, riboflavin, benzodiazepines, penicillins, lincomycin,
chloramphenicol, and cephalosporins.

Oxidation:

Oxidation involves the removal of electrons from a molecule. The reaction between
the compounds and molecular oxygen is called auto-oxidation.
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e The general principles that govern an oxidation reaction may be listed as follows. The
presence of atmospheric oxygen promotes the rate of oxidation.
Since oxidation frequently involves free radicals chain reactions occur.
The presence of trace metals also accelerate the rate of oxidation.
Organic peroxides promote the chain initiation and propagate the oxidation reaction.
Drugs are either weak acids or bases. Therefore these may be available as ionic forms
or neutral molecules. Oxidation reaction between ionic species proceeds faster than
with neutral molecules.
Oxidation reactions are catalyzed by H" and OH ions. Hydroxyl ions catalyze
oxidation faster than hydrogen ions. Alkaline solutions are known to react with
atmospheric oxygen and form oxides.
Drugs which decompose by oxidation pathways are given below.
Arachis oil, Clove Oil, Vitamin B12, etc.

Accelerated stability testing in expiration dating of pharmaceutical dosage
forms. Photolytic degradation and its prevention

Accelerated stability testing (AST):

e Accelerated stability testing (AST) is a important part of the pharmaceutical
development process.

e [tinvolves exposing pharmaceutical dosage forms to elevated stress conditions, such
as temperature, humidity, and light, to predict their shelf life and determine expiration
dates more quickly than real-time stability testing.

Purpose

The main objectives of AST are:
1. To estimate the long-term stability and shelf life of pharmaceutical products.
2. Toidentify potential degradation products and their pathways.

3. To ensure that the product maintains its safety, efficacy, and quality throughout its
intended shelf life.

Conditions for Accelerated Stability Testing
Typical conditions for AST as per ICH guidelines include:

e Temperature: 40°C + 2°C
e Relative Humidity: 75% + 5%
e Duration: Generally 6 months

These conditions are significantly harsher than ambient conditions, accelerating the chemical,
physical, and microbiological changes that might occur over time.
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Expiration Dating

The data from AST are used to extrapolate the shelf life of the product. If the product remains
stable under accelerated conditions for the specified period, it can be inferred that it will
remain stable under normal storage conditions for a proportionately longer time.

Photolytic Degradation
Introduction

Photolytic degradation refers to the chemical breakdown of pharmaceutical compounds due
to exposure to light. This can result in loss of potency, changes in appearance, or the
formation of harmful degradation products.

Mechanism
Photolytic degradation typically involves:

1. Absorption of Light: Pharmaceutical compounds absorb photons, leading to
excitation of molecules.

Excited State Reactions: Excited molecules undergo various reactions such as bond
dissociation, electron transfer, or isomerization.

Formation of Degradation Products: These reactions can result in the formation of
degradation products that might be inactive or even toxic.

Factors Influencing Photolytic Degradation

e Wavelength of Light: UV light (200-400 nm) is more energetic and more likely to
cause degradation compared to visible light.

Exposure Time: Longer exposure increases the extent of degradation.
Intensity of Light: Higher intensity leads to faster degradation.

Nature of the Compound: Chemical structure and the presence of chromophores
(light-absorbing groups) affect susceptibility to photolysis.

Prevention of Photolytic Degradation
Formulation Strategies

1. Useof UV Absorbers: Adding UV absorbers or stabilizers to the formulation to
absorb harmful UV radiation before it can interact with the drug substance.

Antioxidants: Incorporating antioxidants that can quench excited states or scavenge
free radicals formed during photolysis.

Packaging Strategies

1. Opaque Containers: Using containers that block or significantly reduce the
transmission of light, such as amber glass bottles or aluminum foil blisters.
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2. UV Protective Coatings: Applying UV-protective coatings to packaging materials to
prevent light penetration.

3. Secondary Packaging: Using secondary packaging such as cartons to further shield
the product from light.

Storage and Handling

1. Controlled Lighting Conditions: Storing pharmaceuticals in dark conditions or
under controlled lighting (e.g., avoiding direct sunlight or fluorescent lighting).

. Labeling: Providing clear instructions on the packaging to avoid exposure to light,
such as “Store in a cool, dark place.”
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