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Chemistry of Preservatives and their Analysis

Aspects of the use of chemical of preservatives and how they prevent
degradation, as well as the analytical methods and validation for analysis.

A The main degradation pathways and their control.

A Examples of analysis of preservatives.

A Conducting a compliant method validation study:.

A What is method adjustment and what is modification?



Why do we need to understand these processes?

Understanding the chemical processes gives us advantages
A Allows us to predict outcomes

A Degradation processes for generic drugs are generally well known, we have an
obligation to understand them to be able to understand risks.

A By predicting degradation products which may not be easily detectable we can
use analytical techniques appropriate for degradants which present risk.

Altoés why we became scientists in the f
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Processes of Chemical
Degradation



Main Pathways of Chemical Degradation

The major 2 chemical degradation processes
A Hydrolysis
A Oxidation

Degradation can be infinitely complex, and many mechanisms are very specific to
the functional groups and geometry of a molecule, such as:

A Elimination (dehydration, dehydrohalogenation and others)
A Decarboxylation

A Condensation
A Photolysis i plays a more important role in oxidation than the process itself.
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Degradation by
Hydrolysis



Hydrolysis: Control by Formulation Design

Preservatives have limited application to control hydrolysis, since the process is
largely driven by equilibrium. Formulation design is an effective tool in limiting

degradation by hydrolysis.
A Control of water activity, particularly for solid samples.
A Control of pH by adjustment or the use of buffers (acidity regulators).

A Majority of examples are carbonyls: esters, lactones, amides, lactams and
carbamates
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Acid and Base Catalysed Hydrolysis

Base Catalyzed Ester Hydrolysis:
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Hydrolysis of Indomethacin
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Hydrolysis of Indomethacin
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FIGURE 1. Indomethacin. pH-rate profile for hydroly-

sis of indomethacin. Key: (O, 80°c; A, 70°C; and
L], 60%G [Ref. 11),
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Oxidation and Its
Prevention using
Preservatives



Autoxidation: The free radical mechanism

Initiation: RH Y RA + H A
Propagation: RA + O, Y ROOA

ROOA RH Y RA + ROOH
Termination: ROOA RA Y ROOR

ROOA ROOX ROO-O0OR
Y R6=3 ROH + O,
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Rate of Autoxidation Is determined by:

A Rate of initiation reactions

A Rate of propagation reactions

A Concentration of reactants i oxygen, the active, and total radical concentration
A Rate of termination.

Total radical concentration depends on:

A The balance between radical formation (initiation) and destruction
(termination).
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Controlling the concentration of oxygen

Oxygen scavengers remove oxygen from the solution

A These compounds are reducing agents and react very quickly and therefore
preferentially with oxygen

A Common examples are sodium metabisulfite and ascorbic acid.
A Sodium metabisulfite dissolves in water to form sodium and bisulfite ions
Na, S, O + H,O Y 2 Nat + 2 HSO,
In solution, bisulfite reacts directly with oxygen
2 HSO4 + O, Y 2 HSO,
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Oxygen scavengers are reactive species

The ability of metabisulfite to remove oxygen is a result of its reactivity. This
reactivity can itself be a problem.

A By direct reaction with the active in a redox reaction.

A The formation of sulfites and stabilising intermediates, which can lead to
racemisation, rearrangement or sulfonate adducts
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Oxygen scavengers are reactive species

Both ascorbic acid and bisulfite will deactivate Vitamin B12 by reduction of
Co(lll) to Co (I) in the corrin ring of B12
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Oxygen scavengers are reactive species

Bisulfite can react with actives resulting in degradation or catalysing
racemisation. Example: reaction of bisulfite with dexamethasone sodium
phosphate

2 Na'
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Oxygen scavengers are reactive species

IMPURITIES

The impurities limited by the requirements of this monograph those listed under Dexamethasone Sodium Phosphate and:

0]
) IE‘,: OMa
ONa

1. disodium 9-fluoro-11p,17-dihydroxy-16a-methyl-3-oxo-1Z-sulfopregn-4-ene-21-yl phosphate (Sulfite adduct).

Related substances

orms skt memeble] for Loime e £
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Analysis of Sodium Metabisulfite

A Sodium metabisulfite is typically added at a rate of 1 mg/mL.
A Bisulfite is in equilibrium with sulfur dioxide gas

HSO, ¥ H H,SO,
H,SO, f SO, + H,O

A Solutions are not stable particularly under acid conditions, so analysis needs to
be quick.
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Analysis of Sodium Metabisulfite

A Back titration method: Add an excess of iodine and titrate remaining iodine with
sodium thiosulfate.

AfiRapi d Methodo: Direct titration of Dbi

A We found the Rapid Method to be more reliable, and best coupled with
potentiometric detection due to:

A The single step process minimises loss of SO,
A The low concentration of iodine titre makes visual endpoints difficult.
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Analysis of Sodium Metabisulfite
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Analysis of Sodium Metabisulfite
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Autoxidation: The free radical mechanism

Initiation: RH Y RA + H A
Propagation: RA + O, Y ROOA

ROOA RH Y RA + ROOH
Termination: ROOA RA Y ROOR

ROOA ROOX ROO-O0OR
Y R6=3 ROH + O,
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Controlling the number of radicals

Radical traps react with radicals and creates a less reactive radical

A Reaction of a radical with a non-radical will almost always maintain the number
of radicals

A The rate of propagation is slowed by formation of the less reactive product
radical

A The product radical is usually less reactive due to delocalization of the radical
site and steric hindrance.

A Examples of radical traps are butylated hydroxy toluene (BHT), butylated
hyrdoxy anisole (BHA) Vitamin E and vitamin C
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Controlling the number of radicals
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Resonance stabilization of tocopherol
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Analysis of Free Radical Traps

Analytes Header 2 Header 3

BHT and BHA HPLC or GC A These are phenols so HI_DLC generally acidic to prevent dissociation
A Removing from the matrix can be the hard part

Vitamin C HPLC with lon Pair A Unstable in solution so will need to be stabilised by metaphosphate

Vitamin E HPLC A Reversed phase HPLC
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Controlling the rate of initiation

Initiation: RH Y RA + H A

Typically bond energy of 400 kJ/mol
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Controlling the rate of initiation
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Controlling the rate of initiation

Although the free radical mechanism which makes up the fatty
acid autoxidation process has been thoroughly studied], 1
one factor remains usatisfactorily explained: the origin of the

initial free radicals necessary to begin the process in an oit com
pletely free of hydroperoxides

A Possible Role for Singlet Oxygen 1n the Initiation
of Fatty Acid Autoxidation

H. RALPH RA WLS1 and P. J. VAN SANTEN, Unilever Research Laboratory,
Vlaardingen, The Netherlands

[Received June 27, 1969]
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Photochemistry and Singlet Oxygen

|l ni tit ati on of autooxidation remaili ned a
proposed that autoxidation was initiated by an excited state of oxygen, known as
Ansinglet oxygeno
A Unlike ground state triplet oxygen, singlet oxygen is highly reactive able to

extract a hydrogen from olefins or add to a double bond. Both forming radicals.

AAlthough triplet oxygen doesn6t absorhb
can be activated by other absorbing molecules which can be impurities or the

drug molecule itself.

A Impurities in excipients can play a very significant role in activation of oxygen
and the initiation of autoxidation.
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Photochemistry and Singlet Oxygen

S + ha Y S* S = substrate
S* + O, Y S + 10,
10, + RH Y ROOA + RA

How do preservatives prevent this degradation?

A Incorporate a UV-absorber into the formulation, such as the use of the iso dye
rchrysoino i n the manufacture of tretinoin

A More common is the use of free radical traps such as BHT, BHA and ascorbic
acid.
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Metal Impurities and their influence on degradation

Peroxides are formed as part in radical termination steps of autoxidation.
Peroxyl radicals are not highly reactive.

Metal ions can form complexes with peroxides and peroxide radicals.

o o Io I

The formation of these complexes destabilises the radicals and leads to the
formation of more highly reactive HOA

To

Metal ions therefore increase rate of propagation by formation of highly
reactive species or provide a new route to initiation.

A Metal ions can also play a role in catalysing hydrolysis.
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Chelating agents T binding metal impurities
3
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o
Metal EDTA complex

A The strong bond between the metal and EDTA prevents co-ordination of
peroxide, preventing the formation of radicals.

A Citric acid also will bind to metal complexes.
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Compliant Validation of
Analytical Methods



What makes a validation study compliant?

Timelines
Protocols
Data integrity

> W N

Specificity for multi component formulations
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Timelines

The most extreme interpretation:

Validation data is only valid if the date of acquisition of all data is after the date of
sign-off of the validation protocol and the data the test method is documented.

More reasonable interpretation:

Data could be considered as valid if it precedes and changed validation protocol
or method documentation if the data is not affected by the change.

For example: An extraction workup is changed but instrumental conditions are the
same. Linearity data acquired before the workup change could be considered
valid.
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Timelines T documentation of the test method

A Prior to execution of a validation protocol, the method must be unequivocally
defined.

A Draft of a formal method is acceptable, but alternative formats are OK. Such as
handwritten into a workbook (in DI compliant format).

A Avoid formal sign off of method prior to validation i methods may need
modification after the validation process:

Observation: Resolution between analyte and degradant fails during one of the
ruggedness conditions (change to mobile phase composition).

Change to method: Incorporate resolution check into the test method.
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Timelines T documentation of the test method

Forced degradation of tretinoin by UV T BP resolution check (tretinoin and
Isotretinoin) is inadequate.
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Timelines T documentation of the test method

Based on the conclusions of method validation, the following procedure was
added:



