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Regulatory Questions

Major concerns in approving a drug:

1- Drug Substance identification: what is the active
pharmaceutical ingredient (API)?

2- Drug Product characterization: what is being delivered
on the shelt” of Canadians?
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Overview

® Intended transformations of active ingredients
® Unintended reactions with excipients

® (Characterization methods
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Intended transformations in drug products

® Many APIs and excipients are acidic or basic.

® Acid-base reactions are among the fastest chemical
reactions, especially when water is present.

® These properties are sometimes exploited to transform the
active medicinal ingredient to increase solubility or stability,
etc...
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Intended transformations in drug products

Case 1: the acid-base chemistry of enalapril...
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Intended transformations in drug products

Case 1: ...and its maleate salt
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Maleic acid protonates the proline -COQO-.

Knowledge of the pK;s tells us how many equivalents of a
base can react and which groups react first.
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Intended transformations in drug products

Case 1 (cont’d):

What happens when 1 equivalent of a basic excipient is added?
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Intended transformations in drug products

Case 1 (cont’'d): US Patent 5690962

The patent describes the wet
granulation of enalapril maleate
with sodium bicarbonate and with
sodium carbonate.

CQO, is lost, driving the reaction to
completion.

The loss of H,O and CO, is
measurable, signalling the end
point of the reaction.
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Intended transformations in drug products

Case 1 (cont’d):
NaHCO,(s) + Enal = EnalNa*+ H,CO, ® H,0 + CO,(g)"3

water

Q: Why is the reaction complete?

Hint: An equilibrium is no longer an equilibrium when
something is continuously removed.

A: Even though carbonate and bicarbonate are weak
bases, the loss of CO, from the system can drive an
acid-base reaction to completion regardless that the
pK,s may be close.
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Intended transformations in drug products

Case 2: Formulation with a strong base

An API has three pK,s: Manufacturing process:
pK,; =3.5 (-COOH) Step 1: mix API, NaOH (excess),
pK,, =4.1 (amino) H,O, other excipients
pK,; = 6.0 (amino) Step 2: granulate
Step 3: dry

Step 4: compress
The basic excipient is NaOH (the
second pK, of water is ~15)

Problem: What is the API in the final dosage form?
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Intended transformations in drug products

Case 3: Formulation containing a cyclodextrin
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® Formation of inclusion complexes with APIs in some cases
(e.g. metformin)

¢ Extent of complex formation highly dependent on process

® Used to modulate the release or stability of the active

Ref: G. Corti, G. Capasso, F. Maestrelli, M. Cirri and P. Mura, J. of Pharm. & Biom. Anal., 3 (2007) pp. 480-486
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Intended transformations in drug products

Case 3 (cont’d):
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® Spray-drying created the highest level of complexation in
the case of a metformin — triacetyl-beta-cyclodextrin
mixture.

Ref: G. Corti, G. Capasso, F. Maestrelli, M. Cirri and P. Mura, J. of Pharm. & Biom. Anal., 3 (2007) pp. 480-486
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APlIs are robust...

No Rxn 4 No Rxn
Water
NO Rxn < Base > NO Rxn
‘4 k‘
No Rxn @) No RXN

Notable exceptions...

Prodrugs are supposed to fall apart. But not until in vivo.
Reactive drugs (e.g. many antibiotics) require special care in
manufacture and storage.
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...if it weren’t for excipients.

® APIs and excipients can interact in numerous ways and
give rise to numerous problemes.

e.g. Binding, complexation phenomena

® Insoluble excipients with acidic or basic functional groups
may exhibit ion exchange properties leading to:

differences in dissolution profiles
low recovery
altered bioavailability
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Unintended reactions with excipients

Case 1:

Maillard reaction (reaction generating degradants)

Lactose Glycosylamine
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Unintended reactions with excipients

Case 2:

Acid-base reaction of ibuprofen

K2COQOs

CaO

Potassium
OH MgO

| _ 5 Calcium
O Magnesium salts

Ibuprofen
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Unintended reactions with excipients

Case 3:

Company claims:
“Our APl is a HCI salt with pK, ~6. On stability, we see that it converts to
the free base. About 70% conversion. We don’t think it’s a problem.”

The responsible excipient: croscarmellose sodium.

What's happening?
(Think ion exchange resin)

The excipient doesn’t have a single pK.... it has thousands upon
thousands of pK,s. Some of those carboxylate pK,s are sufficiently basic
carboxylates and thousands-fold more numerous than the API.
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Unintended reactions with excipients
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Creation of a meta-stable six-member complex
based on ion-dipole interactions and two hydrogen bonds
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Characterization methods

® Methods included in most drug product monographs are
incapable of detecting changes in salt form, or changes
from the free base to the salt (and vice-versa).

® HPLC assay methods can detect formation of new
covalent bonds or adducts only when the recovery of the
active is reduced or if secondary peaks are appearing, but
unable to detect changes in salt.

— Use of solid-state methods would be necessary.
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Characterization methods

® Solid-state NMR spectroscopy
e DSC

e XRPD

® Raman spectroscopy

® NIR and IR spectroscopy

I * I Health Santé Health Products and Food Branch
Canada Canada Direction générale des produits de santé et des aliments




Example 1: Use of IR to detect changes in the API
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Take-home thoughts

® |t is essential to have a good understanding the reactions

that could take place e.g. Given knowledge of
API pK.s,
excipient properties and
the manutacturing process

® Drug-Excipient interaction studies play an important role.

® Use of appropriate characterization methods

— you should be able to conclude whether the salt form of
the API has changed.

® Labelling should correctly identify the medicinal
ingredients and their quantities.
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Questions or Comments?

Special thanks to Philip Hurst and Alan Viau
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