Unit 5:: Drug Stability
Physical Pharmaceutics

B.Pharm 4™ semester
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Drug Stability

The USP defines the stability of
pharmaceutical product as “extent to which
a product retains within specified limits”

and throughout its period of storage and use
(i.e its shelf life) the same properties and

characteristics that it possessed at the time

of its manufacturer




Why Stability?

Instability leads to-

U Loss of active drug or potency.

U Loss of content uniformity (e.g. creaming of emulsions,
impaction of suspensions).

U Loss of elegance (e.g. fading of tablets and coloured
solutions).

U Reduction in bioavailability (e.g. change in dissolution
profile).

U Production of potential toxic materials (e.g. drug degradation

products).

U Economic loss.




DRUG STABILITY

The resistance of the drug to the various chemical, physical, and
microbiological reactions that may change the original properties of
the preparations during transport, storage and use.

Quantitatively it is expressed as shelf life.




Shelf Life

Shelf life

v is the time during which the medicinal product is predicted to
remain fit for its intended use under specified conditions of storage.

v" It is the time from manufacture or preparation until the original
potency or content of the active ingredient has been reduced by
10% [ty Or tgy] Which is the limit of chemical degradation




Kinetics

Kinetics deals with the study of the rate at which processes
occur and mechanism of chemical reactions




RATES AND ORDERS OF REACTIONS

RATES

* the speed or velocity of a reaction with which a reactant or
reactants undergoes a change.

* |t is determined by the change in the concentration of the
reactants or products as a function of time.

* The rate may be determined by the slowest or rate
determining step.

dc

— — Rate— :
dt kC




ORDERS OF REACTIONS

» the number of concentrations that determine rate.

» the way in which the concentration of the reactant influences
the rate.

Law of mass action
*  TJhe rate of a reaction is proportional to the molar concentrations of the

reactants cach raigsed to power equal to the number of molecules
undergoing reaction.
aA+bB . Product
Rate a [A]=.[B]P
Rate = K [A]2.[B]°

Order of reaction = sum of exponents

Orderof A=a andB=Db

Then Overallorder=a+ b




Example:

The reaction of acetic anhydride with ethyl
alcohol to form ethyl acetate and water

(CH, CO), + 2 C,H.OH === 2 CH, CO, C,H. + H,0
Rate = K [(CH, CO), O] . [C,H.OH]?

Order for (CH, CO), O is 1*t order

Order for [C,H,OH]? is 2"? order

Overall order of reaction is 3@ Order




ZERO Order Reactions

Rate is constant and independent of the concentration of any

reactants.

a [A] _k . Product (P)

Rate = - dc/dt =K [c]° c=co-kt
- K = slope
rderdEsk ces ot «—————co = intercept

T dc = j. — kdt
o fy

C, = Initial concentration

¢, = Concentration at time t

C—C,= -kt t

Units of the rate constant K K= Concentration / time = mole / liter . second = M, sec’!




ZERO Order Reactions

Determination of t, ,, Determination of t

I_et C= C[] /2 and .tlflz = .t |_E't C — 0.9 Cﬂ aﬂd t= til*;]
substitute in equation; substitute in equation;
c=c —Kkt




First Order Reaction

Rate of the reaction or change is directly proportional to the

concentration of the reactant.

Units of Rate Constant - 3c/dt = kel = ke
- dc/c = kdt

dc

=—k j dt

co =0

e —lncy— /ot




First Order Reaction

= —kt
C=c, e

Difficult to determine slope
Ine = Ine, - kt

Slope=c¢,=c, /1,1,

Wpe:-k
N

e

t

Log ¢, Log ¢ = log co - kt / 2.303
j Slope=c; —c, /[ t;—-t;
Slope = -k / 2.303




First Order Reaction

Determination of t, Determination of t,

Let t=t,,and C=C,/2 Let t=t,,c=0.9 Co

substitute in In C=In C, — Kt . .
substitutein Inc=1Inco— Kt

t,,=In2/K=0.693 /K

ty,=0.105/Kand K=0.105/t,,
Kunits =0.693 / t,,, = time™




Second Order Reaction

Rate of the reaction depends upon the product of the two

concentration terms i.e.when two component reacting with

each other or one component reacting with itself.
2HI = H, + |,

Rate = dc/dt = k[HI][HI] = k[HI]?

de/dt = -kc?
dc/c? = -kdt

["f = —k [dr

> C-'
Co -




Second Order Reaction
Units of R
Half Life,

Shelf Life |RIESA

1 Time

1/ Co

7 1/C=1/Co +Kt

slope =K

I
| 2" order graph




Second Order Reaction
Units of R
Half Life,

Shelf Life |RIESA

1 Time

1/ Co

7 1/C=1/Co +Kt

slope =K

I
| 2" order graph




Pseudo Order Reaction

The rate of the reaction may be independent of the
concentration of one or more of the reacting species
over a wide range of reactions.

These may occur under the following conditions:

U One or more of the reactants enters into the rate equation in
great excess compared to others;

U One of the reactant is catalyst;

U One or more of the reactants is constantly replenished during

the course of reaction

U Example: Decomposition of a drug from saturated suspension







Determination of reaction order

Substitution Method
Graphic Method

Half life Method

Ostwald Isolation Method




Determination of reaction order

Substitution Method
Data accumulated in experimental kinetic study may be substituted in
the integrated form of the zero, first and second order equation. The
equation which gives constant value of K, indicates the order of the

reaction

Rate equation




Determination of reaction order
Graphic Method

A plot of:
Concentration against time ........ zero order reaction [if straight line]
log concentration against time ....... First order reaction [if straight line]
1/[concentration] against time ........ second order reaction [if straight line].
1/[concentration]2 against time ........ second order reaction [if straight line].

Zaro ordar o s 1= order 2™ order . 3¢ order,




Determination of reaction order
Half Life Method
n)ti2a 1/(a

1* order




|Isolation Method

Determination of reaction order

This method can be used irrespective of the number of reactants

involved e.g., consider the reaction

—_—
(i) Concentrations of B and C constant, while A is doubled, the rate of the reaction
becomes four times.i.e., order with respect to A is 2

(ii) Concentrations of A and C constant, while B is doubled, the rate of reaction is
also doubled i.e., order with respect to B is 1

(iii) Concentrations of A and B constant, while C is doubled, the rate of reaction
remains without any affect. This means that rate is independent of the

concentration of C i.e., order with respect to C is zero. Hence the overall rate law

expression will be, Rate = k [A]2[B] [C] o







For any reaction to occur -

Molecules must collide with each other

Collision Theory

— once molecules collide they may react together
Molecules must have sufficient energy

Molecules must have correct geometry

—

03(g) + NO(g)02(g) + NO2(g)
0=0-0 + NO[O&O....NO]O=O(Q) 01\ [0](¢)

0=0-0 + ON[0=0-0....0N]0=0(g) + OON(g) XX




Activation Energy

A+B
C+b —s

Energy barrier to the reaction

Exothermic Reaction Endothermic Reaction

Activation energy

— amount of energy needed to convert reactants into the activated complex

Activated Complex

— activated complex is a chemical species with partially broken and
partially

formed bonds

— always very high in energy because of partial bonds




Factors affecting drug degradation

Temperature
Solvent
lonic Strength

Dielectric constant

Catalyst




Factors affecting drug degradation

Solvent

(AS, —AS, —AS”)

= +
logk =logo+ =5 303RT

k is observed reaction rate constant
ko is rate constant in infinitely dilute solution

V is molar volume of solute

ASa, ASpy, and AS* are the difference in solubility parameter of solvent and reactant ‘a’,
reactant ‘b’ and activated complex respectively.

If polarity of product > polarity of reactant then reaction rate increases if the solvent

is more polar.
If polarity of product < polarity of reactant then reaction rate increases if the solvent

is less polar.




Factors affecting drug degradation
lonic Strength

lonic strength can be calculated

from:
u = ¥2 £(mz°)
=% (Mmz2 + mZ? + ...)
So, for example, if we have
a monovalent drug ion of
concentration 0.01 mol kg™ in the

presence of 0.001 mol kgt of Ca?*
ions, then the ionic strength of the
solution will be u = %[(0.01 x 1?)
+ (0.001 x 22?)] = 0.007 mol kg™.
Note that if the drug ion and the
electrolyte ion are both monovalent,
then the ionic strength will be equai
to the total morahty of the solution




Factors affecting drug degradation
lonic Strength

log k = log ko + 1.02 za zg Vp
where

za and zp are the charges on reactant A and B respectively.

p is the ionic strength

k is rate constant of degradation

ko is rate constant at infinite dilution in which p=0




Factors affecting drug degradation
lonic Strength

5 £10 pBi15. 020 025




Factors affecting drug degradation

Dielectric constant

» NZA ZB62 1

Ink=Ink___
RTr ¢

Where

ke = w is the rate constant in a medium of infinite dielectric constant
k is observed rate constant in medium of dielectric constant €

N is Avogadro's number,

za and zp are the charges on the two jons, e is the unit of electric charge,

r* is the distance between ions in the activated complex

¢ is dielectric constant of the solution




Factors affecting drug degradation
Dielectric constant




Factors affecting drug degradation

Catalyst

k, =k, + k. [H] + k- [OH] + k, [HX] + k- [X7]
where k__is the experimentally determined hydrolytic rate
constant, k, is the uncatalysed or solvent-catalysed rate
constant, k., and k. are the specific acid and base catalysis

rate constants respectively, k. and k. are the general acid
and base catalysis rate constants respectively and [HX] and
[X-] denote the concentrations of protonated and unprotonated
forms of the buffer. '




Factors affecting drug degradation
Catalyst




Factors affecting drug degradation

Temperature
Measure of average kinetic energy
oC rise doubles the rate of reaction Every 10

Particles above Ea will

=
=
(7p]
Q
©
€
©
A




Factors affecting drug degradation

Temperature

kK=A-exp(-E/RT)
(Arrhenius equation)

E, is the activation energy (J/mol)

R is the gas constant (8.314 J/Ksmol)

T is the absolute temperature

—
=
-
.t
—
]
=
o
2
~
—
~
=

A is the frequency factor

E
Ink=-—=— +InA
ml

Temperature




Factors affecting drug degradation

Temperature
Slope=Ea/R

0.00

—1.00

2.00

-3.00

—4.00

-5.00
1.20% 1073 1.30 % 1073 1.40 % 1073
/T (K™




Hydrolysis of drugs

CHEMICAL CLASS STRUCTURES

I{(II— NHR'

HRC—— Cf:_.l

Lactam,
cyclic amide (CH,),

\..

HRC—CO
Lactone, '\
cyclic ester (CHy),, —0

R,C=—=NOR

Chemical groups susceptible to hydrolysis.




Hydrolysis of drugs

Lactones

Amides

Imides
Malonic ureas

Examples

Aspirin, alkaloids

Dexmethasne sodium phosphate
Nitroglycerin

Pilocarpine

Spironolactone

Chloramphenicol

Glutethimide
Barbiturates




Hydrolysis of drugs

R—-COO-R’ —H_, R-COOH + R’OH

R-COO-R’' —2— R-COO- + R’'OH

0
I

R-C-N-R’ + H,0 - R-COOH + HN-R’

| |
R‘-"-‘ RM




Hydrolysis of drugs

OH
Aspirin, acetylsalicylic acid Salicylic acid Acetic acid

100 L




Hydrolysis of drugs




Hydrolysis of drugs
Good packaging practices like moisture resistant packs. Eg-
strip packs stored in controlled humidity and temperature
conditions, even using desiccant such as silica gel.
Buffering agents for pH control
Alteration of dielectric constant

Addition of complexing agents like caffeine

Use of Surfactants ,Good Refrigeration




Oxidation of drugs

RO* + O, - ROOO*

ROOO* + RH —- ROOOH + RO*

Fe** + ROOH — Fe* + OH + RO*




Oxidation of drugs

Oils, Polyunsaturated fatty acids
Steroids and Sterols
I IEVARER

Statins-Simvastatin, Atorvastatin

Polyene antibiotics







Oxidation of drugs

u 000005 ¢ X [Om of antioxidants such as BHA,
BHT, Propyl

gallate, Tocopherol, Ascorbic acid, Sodium sulfate
usa @S5 e XM using EDTA, Citric acid, Tartaric acid
uT+ M, of inert gas like Nitrogen

uR-a0en npex0Om from light by use of amber colored

container
Ué ¢[00 Yu 1N at low temperature




Photolysis of drugs

Vitamins, Steroids, Phenothiazines, Doxorubicin,
Nifedipine, Metronidazole, Soruvidine, Molsimidine etc.

Prevention

— Light actinic amber glass containers (exclude radiation of <
470nm)

— Storage in dark

— Aluminium wraps, Cardboard outers

— Photostabilizing agents, coating

— Complexation




Accelerated Stability Studies

Limitation of Accelerated stability study

1. This method is not used in case of complex reactions because Arrhenius equation
Iy ome rate constant therefore it is applicable to simple decomposition

is not applicable if degradation is due -to freezing, microbial
s agitation etc.
only if energy of activation lies between 10 to 30 kcal/mole.

 loose  their physical integrity at elevated temperature is not
ated testing,




ICH

ICH stands for International Conference on Harmonization of
Technical

Requirements for Registration of Pharmaceuticals for Human
use

Objectives of ICH

Harmonization of registration applications within the three
regions of

the EU, Japan and the United States.

ICH is a joint initiative involving both regulators and industry as
equal

partners in the scientific and technical discussions of the
testing







Countries Temp. MKT Humidity Temp Humidity
¢ °C % RH °C % RH

Climatic Zone |

"Temperate"
Japan, United Kingdom,
Northern Europe,

Canada, Russia, United
States

Climatic Zone |l

"Mediterranean,
Subtropical”

Japan, United States,
Southern Europe




Climatic Zone Calculated Derived data

Countries data Temp Humidity

Temp. MKT  Humidity © % RH
e °C % RH

Climatic Zone lll
"Hot, dry"
Iran, Iraq, Sudan

Climatic Zone IV
"Hot, humid"

Brazil, Ghana, Indonesia,
Nicaragua,

Philippines




Stability Studies

viinimum time perioa

Storage condition covered by data at
Study submission

Long term 25°C £2°C/60% £5%r.hor 12 months
30°C £ 2°C / 65% % 5% r.h.

Intermediate 30°C £ 2°C / 65% £ 5% r.h. 6 months

Accelerated 40°C £ 2°C | 75% £ 5% r.h. 6 months

Drug substances - intended for storage in a Refrigerator

Study Storage condition Minimum time period
covered by data at
submission

Long term 5°C £3°C 12 months
Accelerated 25°C £ 2°C / 60% % 5% r.h. 6 months




Stability Studies

Drug substances/Product- intended for storage in Freezer

Study Storage condition Minimum time period
covered by data at
submission

Long term -20°C £ 5°C 12 months

Drug products - General case

Study Storage condition Minimum time period
covered by data at
submission

Long term 25°C £ 2°C/60% £ 5% r.h.or 12 months
30°C £ 2°C/ 65% £ 5% r.h.

Intermediate 30°C + 2°C / 65% * 5% r.h. 6 months
Accelerated 40°C £ 2°C / 75% £ 5% r.h. 6 months




Stability Studies

Drug products - packaged in Semi-
permeable containers

L.Dng term 25°C £ 2°C/40% £ 5% r.h. 12 months
or

30°C £2°C /1 35% £ 5% r.h.

Intermediate 30°C £2°C/65% £ 5% r.h. 6 months

Accelerated 30°C £2°C/65% £ 5% r.h. 6 months
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