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Pharmaceutical Polymers:

Polymers are used widely in pharmaceutical systems as:
» Suspending and emulsifying agents

» Flocculating agents

» Adhesives

» Packaging and coating materials

» Controlled and site-specific drug delivery systems

Hydrogels Tablet matrices Giving sefs

Colloid stabilisers

t 3

Adhesives - POLYMERS

-'-- -\--\"\-
- -
- -
_.'-F"- -
-
-
o .
- -
- -
- -
- -
- -
- -
- -
- -~
- -~
- -
- -
- -

- -
- -
= -
M = S &

Membranes Film coatings Nanoparticles Microcapsules




Definitions

Polymers are substances of high molecular weight made up of
repeating monomer units.

Substances with short chains containing relatively few
monomers are called oligomers.

Polymers owe their unique properties to their size, their three-
dimensional shape and sometimes to their asymmetry.

The chemical reactivity of polymers depends on the chemistry
of their monomer units, but their properties depend to a large
extent on the way the monomers are put together; it is this fact
that leads to the versatility of synthetic polymers.



Polymer Architectures

a. Linear Polymers
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b. Branched polymers
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¢. Crosslinked polymers
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Structural
formulae of
some
macromolecul
ar compounds
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Dendrimers

» Dendrimers are highly branched polymer constructs formed from a central core which
defines their initial geometry.

» Their branchlike structure leads to spheres which in higher generations appear to be
the size of micelles and ultimately nanospheres of small dimensions.

» They can be functionalised and in this way ‘layered’ systems can be formed by using
different monomers for succeeding reactions (generations); such chemical architecture
has virtually no bounds. Dendrons are partial dendrimers.
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a) A two dimensional view of a dendrimer with 64 cyano functional groups. It is possible to
trap small to medium-size molecules in dendrimers which have pores of appropriate

dimensions between the branches of the structure.

b) A diagrammatic representation of possible sites for covalent attachment of drugs,
solubilising groups and targeting moieties, and encapsulation of drugs.
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Some Water-soluble Polymers Used in Pharmacy and Medicine

A- Carboxypolymethylene (Carbomer,Carbopol)

This is used as a suspending agent in pharmaceutical preparations and as a binding agent
in tablets, and it is used in the formulation of prolonged-action tablets.

It is a high molecular weight polymer of acrylic acid, containing a high proportion of
carboxyl groups.

Its aqueous solutions are acidic; when neutralised the solutions become very viscous with
a maximum viscosity between pH 6 and 11. Electrolytes reduce the viscosity of the system
and thus high concentrations of the polymer have to be employed in vehicles where
ionisable drugs are present.
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B- Cellulose Derivatives

Cellulose itself is virtually insoluble in water, but agueous solubility can be conferred by
partial methylation or carboxymethylation.
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Ethylcellulose is an ethyl ether of cellulose containing 44-51% of ethoxyl groups.
It is insoluble in water but soluble in chloroform and in alcohol. It is possible to form
water-soluble grades with a lower degree of substitution.

Ethylhydroxyethylcellulose is an ether of cellulose with both ethyl and hydroxyethyl
substituents attached via ether linkages to the anhydroglucose rings. It swells in water to
form a clear viscous colloidal solution. Preparation of solutions of cellulose derivatives
requires hydration of the macromolecules, the rate of which is a function of both
temperature and pH.

Other cellulose derivatives: Ethylmethylcellulose, Methylcellulose and Sodium
carboxymethylcellulose



C- Natural Gums and Mucilages
» Gum arabic (acacia)

» Gum tragacanth

» Alginates

» Pectin

D- Chitosan

Chitosan is a polymer obtained by the deacetylation of chitin, one of the most
abundant polysaccharides.

Chitosan also has film forming abilities and its gel- and matrix forming abilities make it
useful for solid dosage forms, such as granules or micro particles.

The molecular weight, crystallinity and degree of deacetylation are all factors that can
be varied to control the release rates from chitosan-based granules.




Cross-linking Reagents
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Prodrugs:

What is the prodrug?!

A prodrug is a form of a drug that remains inactive during its delivery to the site of
action and is activated by the specific conditions in the targeted site. In other
words, a prodrug is an inactive precursor of a drug.

Prodrug reconversion (i.e. its conversion into its active form) occurs in the body
inside a specific organ, tissue or cell. In most cases, normal metabolic processes
such as the cleavage of a bond between a polymer and a drug by specific cellular
enzymes are utilized to achieve prodrug reconversion.

Polymeric Prodrugs:
Polymeric prodrug is a kind of prodrugs which is produced by the conjugation of
the drug with a polymer, so they are also called polymeric conjugates of

conventional drugs.
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It was already early in the 1950s and 1960s that polymer chemists started to link drugs
onto polymers to improve their efficiency.

At that time however, they were mainly concentrating on the chemistry itself and almost
any class of polymers was covalently combined with any class of drugs. The biological
aspects for the design of polymeric prodrugs were hardly taken into account.

It was for the first time in 1975 that a rational model for pharmacologically active
polymers was proposed.

Prof. H. Ringsdorf was the first to recognise the immense potential of polymeric prodrugs,
if only polymer chemists and biologists would work together in the field. The proposed
model consists mainly of five components: the polymeric backbone, the drug, the spacer,
the targeting group and the solubilising agent.



The polymeric carrier can be either an inert or a biodegradable polymer. The drug can be
fixed directly or via a spacer group onto the polymer backbone. The proper selection of
this spacer opens the possibility of controlling the site and the rate of release of the
active drug from the conjugate by hydrolytic or enzymatic cleavage.
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‘ drug
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Ringsdorf Model

The most challenging aspect of this model is the possibility of altering the body
distribution and cell uptake by attaching cell-specific or nonspecific uptake enhancers
(homing devices).



Ringsdorf model, although still oversimplified, has been an important mark in the
history of polymeric prodrug design.

It made clear that a more rational design was needed based on information arising from
biological work. This remarkable acheivment has also catalysed the interest of biologists
and pharmacists in synthetic polymers.

As more information becomes available from cell biology and molecular biology,
polymer chemists are trying to design tailor-made polymeric carriers that better fulfil
the specified requirements.

In time it has been shown that there is a clear relationship between the structural
elements of the Ringsdorf model and the properties of the synthesized polymeric
prodrugs based on it.

In fact, the properties that polymer chemists want to reach with the design of their
polymer—drug conjugates, are translated in the components of the model.



Why the polymeric prodrugs? What are the advantages of them over their their low

molecular weight precursors ?!

The advantages are:

1.

An increase in water solubility of low soluble or insoluble drugs, and therefore,
enhancement of drug bioavailability.

Protection of drug from deactivation and preservation of its activity during circulation,
transport to targeted organ or tissue and intracellular trafficking.

An improvement in pharmacokinetics.

A reduction in antigenic activity of the drug leading to a less pronounced immunological
body response.

The ability to provide targeting of the drug specifically to the site of its action.

The possibility to form an advanced complex drug delivery system, which, in addition to
drug and polymer carrier, may include several other active components that enhance

the specific activity of the main drug.
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