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Key points

Eye delivery system have poor bioavailability and short duration of action

The aqueous layer constitutes electrolytes, proteins, glycoproteins, biopolymers,
glucose and urea, and has a thickness of 8-12 uym. The lipid layer is composed of
sterol esters, wax esters and fatty acids.

It is important that the topical preparations do not cause irritation. This can be
achieved by designing their properties to be as close as possible to the lacrimal

fluids covering the surface of the eye.
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Buffer solutions

HCI . . . © 2001 Brooks/Cole - Thomson Learning
—
Addition of
3HCIt 3
H.CO, . ‘ ‘ buffere?i ‘ ‘ . ‘ Ci
HEGE ‘ solution ‘ ' HCO,
’ e © ¢ P H
Na’ & V . & H,CO,
e ¢ O ) Q ®) e
Solution containing 1 free H' present
H,CO,: HCO, buffer
s =N N

H,O + Buffer H,0 H,O + Buffer
| |
[ Adding acid (HCI) ] [ Adding base (NaOH) \‘

pH lowers, Stable pH pH rises, Stable pH
turns acidic turns basic
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Surfactants are typically included in ophthalmic preparations to solubilise
or disperse drugs.

Irritation power of surfactants decreases in the following order: cationic >
anionic > zwitterionic > non-ionic.

Non- ionic surfactants are therefore the most commonly used, examples
include: polysorbate 20, polyoxyl 40 stearate, poly oxypropylene-
polyoxyethylenediol.

Despite being the least irritant, non-ionic surfactants have been shown to
remove the mucus layer and disrupt the tight junction a complexes of
the cornea, therefore increasing drug permeability. Surfactants may also
interact with polymeric substances in the preparation and reduce the
efficacy of preservatives. The concentration of surfactant is important not
only in terms of drug solubility, safety and patient tolerance, but also
because high concentrations can lead to foaming upon product
manufacture or shaking.
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Preservatives are included in multi-dose containers to destroy and
inhibit the growth of microorganisms that may have been accidentally
iIntroduced on opening of the container. They are not to be used in
products or intraocular administration as they can lead to irritation.
Ideally, a preservative should have a broad-spectrum anti-microbial
activity.

Single dose units (SDUs) have been developed to circumvent the use o
preservatives while maintaining stability.
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Several multi-dose bottles have been developed that maintain sterility
without the use of a preservative, one of these is the ABAK patented
filter system which uses a 0.2 pym nylon membrane to prevent bacteria
from entering the bottle. It is known as Airless Antibacterial Dispensing
System (AADSTM, Pfizer) and works by preventing air, and therefore
bacteria, from entering the container on dispensing. Furthermore, a silver
coil is included in the bottle tip. Silver has antibacterial properties and
therefore any bacteria contacting the tip do not contaminate the contents.
This system guarantees three months of sterility.
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Composition pH
HCl + KCl 1.2
HCl + KC(Cl 2.0
HOAc + NaOAc 3.3
HOAc + NaOAc 4.0
HOACc + NaOAc 5.3
Na>,HPO,4 + NaH->PO4 5.8
NazHPO4 " NaH2P04 6.9
NazHPO4 % N3H2P04 8.0
Na,B,07-10H,O + NaOH 9.3
NaOH + K(l 12.2
NaOH + KCl 13.0
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Freezing Point Depression

Freezing point depression lowers the freezing point of a liquid
when another substance is dissolved in it.

AT = inm

e | =van't Hoff factor
e K:=molal freezing point depression constant
e m = molality

ThG: TE

AT,

freezing
point

Pure Water Salt Water

sciencenotes.org
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What is next?

The short half life of drugs in the anterior chamber requires the frequent
administration of eye drops. This presents problems with patient
adherence to treatment regimens. Studies have demonstrated that
almost 50% of glaucoma patients were found to be non-adherent to
their medication or over 75% of the time. Eye drops are challenging
to administer and require coordination, manual dexterity and vision,
necessitating clear instructions and patient counselling.

This illustrates the importance of designing ophthalmic preparations that

provide a sustained drug release and which require less frequent
dosing. e,

/
/ “\ o
<
h
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Topical, liguid ophthalmic
preparations

* Ophthalmic solutions are the most common topical ophthalmic
preparation.

* They are typically the easiest to manufacture

 Relatively easy or a patient or healthcare provider to administer

» Ophthalmic solutions are also desirable where a rapid onset of action is
required as they do not need to undergo dissolution

* Rapid onset of action be the case or local anaesthetics (e.g. lignocaine,
proxymetacaine hydrochloride); ocular diagnostics (fluorescein sodium)
and ocular preoperative drugs.




Topical, liguid ophthalmic
preparations

Solutions are homogeneous and therefore display a better dose
Solutions are rapidly drained out of the eye

The rate of drainage is proportional to the size of the drop
administered

The volume of eye drops administered from commercial eye dropper
bottles has been reported to be in the range of 25 to 56 pL

The volume of eye drops is dependent on the physical shape of the
dropper opening, physicochemical properties of the liquid and the
manner in which the dropper is used.



Suspensions

 This approach has been used to administer drugs which are sparingly
soluble in water, e.g. steroids, or to prolong drug release.

- Particles tend to be retained in the ocular cul-de-sac (the space
between the eyeball and eyelid) and slowly go into solution thus
Increasing the contact time.

» Particle size and shape need to be carefully selected as some particles
can cause Iirritation o the sensory nerves in the epithelium.



Suspensions

* In a sample corresponding to 10 pg of the solid phase, ‘not more than
20 particles should have a maximum dimension greater than 25 pm, and
not more than two of these particles have a maximum dimension greater
than 50 pm. None of the particles has a maximum dimension greater
than 90 pm

- Homogeneity and dose uniformity need to be confirmed in multi-dose
containers from first to last use.



Suspensions

* Problems that can arise with suspensions are conversions in crystal
structure of the drug, i.e. polymorphic changes during storage, which
can lead to changes in drug solubility and dissolution behaviour.

- If the drug is poly dispersed, Ostwald ripening may arise on changes in
storage temperature or prolonged storage. Cake formation can also be a
problem, which may not be resolved by forming a flocculated suspension
since large floccules can irritate the eye.

* Using a polymer solution as a viscosity enhancing agent can prevent
caking and allow particle resuspension by shaking.

- The formulation contains Carbomer 934 P and ion exchange resins



Submicron emulsions

 Cyclosporin is hydrophobic (log P=3.0) and has a very poor agueous
solubility of 6.6 pg/ml and cannot therefore be formulated in
conventional agueous ophthalmic vehicles.

- It has been successfully solubilised in an oil-in-water (o/w) submicron
emulsion.

* The oil phase in Restasis is castor oil and the emulsion is stabilized
with the non-ionic surfactant polysorbate 80 and glycerin, which
behaves here as a co-surfactant.

« Ocular sub micron emulsions with a droplet size ~ 0.1 ym have also
shown potential or prolonging drug release and achieving significantly
higher drug concentrations in the cornea and aqueous humour
compared to suspensions. ;




Topical, semisolid
ophthalmic preparations

- Ophthalmic ointments have been used as an option to reduce drug
drainage by tear flow and therefore increasing corneal residence time.

- Ointments can also be entrapped in the fornices whereby they serve as a
reservoir or the drug.

- Sustained drug release effects of 2-4 hours are usually observed.

- Ointments also have the advantage of allowing the incorporation of
drugs with poor aqueous solubility.



Topical, semisolid
ophthalmic preparations

- Hydrophobic ointments sometimes improve the stability of

hydrolysable compounds, particularly peptides.
- Soft paraffin and liquid paraffin are commonly used as bases or

ophthalmic ointments. Anhydrous, water-soluble bases such as

carbomer with poly(ethylene glycol) are also used.
- Antibiotics, antifungals and steroids are the classes of drugs most

available as ointments.
* Drug bioavailability usually peaks later with ointment vehicles than with

solutions or suspensions. WW%—'\
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Topical, semisolid
ophthalmic preparations

- Ointments are however more difficult to administer compared to solutions
and may give rise to a more variable dose.

* Also blurring of vision arises which tends to reduce patient compliance
making ointments more useful for night-time administration.

* Drug molecules may be entrapped within the ointment base due to
favourable partitioning towards the base, therefore inhibiting drug
release. The base is also sensitive to changes in temperature.



Gels

» Gels, which are semisolid systems comprising water-soluble bases,
are also available and are more favourable than ointments or water
soluble drugs

* These utilise polymers such as polyvinyl alcohol (PVA), poloxamer,
hydroxypropyl methylcellulose (HPMC), Carbopol or Carbomer,
dispersed in a liquid.



Gels

- Gels that are activated by ions, pH and temperature have also been
developed.

» These undergo a phase transition from liquid to solid in the ocular cul-
de-sac to form a viscoelastic gel.

* These in situ forming gels have an advantage over the preformed gels in
that the dose is more reproducible and administration is easier; thus
improving patient compliance.

- Examples of polymers activated by temperature include poloxamers e.g.
poloxamer 407.

- Smart HydrogelTM has been developed which is a co-polymer of
polyacrylic acid and a poloxamer which requires only 1-3% polymer
concentration to undergo gelation at body temperature.

- Smart HydrogelTM also has bioadhesive properties due to the presence o
polyacrylic acid.



Gels

* The gellan gum is in aqueous solution and forms a gel in the presence
of cations which are present in the precorneal tear film

 Alginates also undergo sol to gel phase transition when exposed to
the ionic strength of ocular fuild

- Cellulose acetate phthalate latex which coagulates when its native
pH of 4.5 is raised by the tear fluid to pH 7.4.

- Carbopols have pKas of 4 to 5 and ophthalmic solutions of these
polymers are therefore prepared at this pH. When these poorly
buffered systems are exposed to the near-neutral pH of ocular fluids,
the polymer solubility is reduced and the system undergoes gelation.



Mucoadhesive systems

‘ R B Mucoadhesive
i’ o binding
- A

- Other ways to increase the contact
time of topical ophthalmic solutions
with the ocular surface have been
through the use of mucoadhesive

polymers. Artificial g /|
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* These attach to the mucin coat that
covers the conjunctiva and cornea.
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Mucoadhesive systems

- The mucin coat serves to protect, hydrate and lubricate the surface of
the eye. Mucoadhesive polymers are commonly macromolecular
hydrocolloids with numerous hydrophilic functional groups
possessing the correct charge density.

* They should also exhibit good wetting of the ocular surface to
facilitate maximum interaction with the mucin coat.

- Electro- static, covalent and hydrogen interactions are the most
common between mucoadhesive polymers and mucin.



Mucoadhesive systems

* Mucoadhesive polymers can be natural, synthetic or semi-synthetic
In nature.

* The synthetic polymers include polyacrylic acid, polycarbophil as well
as cellulose derivatives.

- The (semi)natural mucoadhesive polymers include chitosan and
various gums such as guar, xanthan, carrageenan, pectin and
alginate.

- Chitosan is a cationic polymer which has shown great promise or
ophthalmic use. Besides being mucoadhesive it has good wetting
properties and is blodegradable biocompatible and has good
ocular tolerance.

@ <« Epithelial cells



Mucoadhesive systems

- Choitosan positively charged at neutral pH and therefore electrostatic
forces arise between it and the negatively charged sialic acid residues
of the mucus glycoproteins which contribute to its mechanism o
mucoadhesion.

» Hyaluronic acid is another polymer which has also shown potential. It
IS a high molecular weight biological polymer consisting of linear
polysaccharides and is present in the extracellular matrix.

M \ A k \<>/K &/33 Mucoadhesive
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Mucoadhesive systems

- Polycarbophil is insoluble in water and its swelling is pH

dependent.
» Swelling is greatest at pH 6 to 7 which is the pH o lacrimal fluids.

- On exposure to tears, polycarbophil swells and entangles with mucin

on the ocular surface.
- Hydrogen bonding also exists between the nonionised carboxylic

acid of polycarbophil and the mucin.



lon-exchange resins

- The drug (acidic or basic in nature) is ionically bound to an ion-
exchange resin to form an insoluble complex.

* Drug can only be released from the complex through exchange of the
bound drug ions with physiological ions in body fluids.

» The actual resin is an insoluble, ionic material composed of two parts,
a structural portion comprising a polymer matrix, usually styrene cross-

linked with divinylbenzene, and a functional portion, which is the ion-
active group.
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lon-exchange resins

- The ion active group can either be negatively or positively charged
thus functioning as either a cation or anion exchanget.

* These drug- resinates are usually spherical in shape, porous and
hydrate on exposure to aqueous fluids. They are insoluble, non-
absorbable and are considered safe for use in humans. Resin particle
size is one of the factors that controls the rate of drug release.

* In Betoptic-S, the resins have been finely milled to a diameter of 5 pm
to achieve a fine suspension.

« The polymer, Carbomer 934P (a water-soluble acrylic polymer), is also
included to improve the physical stability and ease of re-suspension of
the product, as well as to enhance the ocular residence time.



Barriers to topical ocular
drug absorption

- The corneal barrier Drugs can permeate the cornea by passive
diffusion or active transport.

- Facilitated diffusion and active transport occur via transporter
proteins expressed on the corneal epithelium.

- Passive diffusion does not require transporters, however it is
determined by the physicochemical properties of the drug.

- The layers which form substantial barriers to drug permeation are:
epithelium, stroma and endothelium. The epithelium and endothelium
are rich in lipids while the stroma has high water content.



Barriers to topical ocular
drug absorption

* Drugs can penetrate epithelial layer by partitioning through the cells
(transcellular) or by passing between the cells (paracellular). The
epithelium, however, has tightly adherent cells with tight junctions
which excludes macmolecules

* Only small drugs o MW < 350 Da and ions can permeate through the
para cellular route. Most of the lipophilic compounds can pass
through the corneal epithelium via the transcellular route.



Barriers to topical ocular
drug absorption

* Ophthalmic drugs with modest lipophilicity log P 2-3 and low
molecular weight are absorbed more efficiently via the corneal route
compared to hydrophilic, ionized drugs.

- Good aqueous solubility is important as drugs must be in solution to
permeate through the cornea.



Improving drug solubility and absorption
In topical ophthalmic preparations

1.Drug ionization and salt form

2.Cyclodextrins (CDs) have shown great potential in improving the
solubility of poorly water-soluble drugs. CDs are cyclical
oligosaccharides with a lipophilic centre and hydrophilic outer
surface. They can complex lipophilic drugs in their interior, thus
forming water-soluble complexes. The drug is associated with CD
by hydrogen bonding, hydro- phobic interactions or van der
Waals forces. The hydrophilic CDs acts as carriers, delivering
water- insoluble molecules to the corneal membrane where they
can partition from the CD complex. /é//ﬁ
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Improving drug solubility and absorption
In topical ophthalmic preparations

A state of equilibrium exists between free and complexed drug
which is dependent on the strength of the non- covalent
interactions between the drug and CD.

* The relatively lipophilic membrane has low affinity to the large
hydrophilic CD molecules and the biological membrane is not
disrupted as is observed with penetration enhancers

 This provides an opportunity or delivering irritant drugs as they
are not freely available and are entrapped in the complex



Improving drug solubility and absorption
In topical ophthalmic preparations

* A prodrug is a drug with added un actionalities that converts into the
active parent drug through enzymatic or chemical reactions.

* Approaches o enhancing corneal penetration through the use of
prodrugs Iinclude; optimisation of lipophilicity, enhancement of
aqueous solubility, improved a affinity or uptake transporters and
evasion o e flux pumps.

* One strategy to mitigate this has been esterication of the carboxylic
acid group. Since the cornea has high esterase activity, these
derivatives can easily revert to their parent form. One of the problems,
however, with ester prodrugs Is their increased susceptibility to

hydrolysis. Bulky isopropyl esters have been used to achieve stability
INn aqueous solutions.



Improving drug solubility and absorption
In topical ophthalmic preparations

Conventional prodrug

bioconversion ‘
—> +

prodrug drug
(inactive) (active)
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Freezing Point Depression

Freezing point depression lowers the freezing point of a liquid
when another substance is dissolved in it.

AT = inm

e | =van't Hoff factor
e K:=molal freezing point depression constant
e m = molality

ThG: TE

AT,

freezing
point

Pure Water Salt Water

sciencenotes.org
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What is next?

The short half life of drugs in the anterior chamber requires the frequent
administration of eye drops. This presents problems with patient
adherence to treatment regimens. Studies have demonstrated that
almost 50% of glaucoma patients were found to be non-adherent to
their medication or over 75% of the time. Eye drops are challenging
to administer and require coordination, manual dexterity and vision,
necessitating clear instructions and patient counselling.

This illustrates the importance of designing ophthalmic preparations that

provide a sustained drug release and which require less frequent
dosing. e,

/
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h
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Topical, liguid ophthalmic
preparations

* Ophthalmic solutions are the most common topical ophthalmic
preparation.

* They are typically the easiest to manufacture

 Relatively easy or a patient or healthcare provider to administer

» Ophthalmic solutions are also desirable where a rapid onset of action is
required as they do not need to undergo dissolution

* Rapid onset of action be the case or local anaesthetics (e.g. lignocaine,
proxymetacaine hydrochloride); ocular diagnostics (fluorescein sodium)
and ocular preoperative drugs.




Topical, liguid ophthalmic
preparations

Solutions are homogeneous and therefore display a better dose
Solutions are rapidly drained out of the eye

The rate of drainage is proportional to the size of the drop
administered

The volume of eye drops administered from commercial eye dropper
bottles has been reported to be in the range of 25 to 56 pL

The volume of eye drops is dependent on the physical shape of the
dropper opening, physicochemical properties of the liquid and the
manner in which the dropper is used.



Suspensions

 This approach has been used to administer drugs which are sparingly
soluble in water, e.g. steroids, or to prolong drug release.

- Particles tend to be retained in the ocular cul-de-sac (the space
between the eyeball and eyelid) and slowly go into solution thus
Increasing the contact time.

» Particle size and shape need to be carefully selected as some particles
can cause Iirritation o the sensory nerves in the epithelium.



Suspensions

* In a sample corresponding to 10 pg of the solid phase, ‘not more than
20 particles should have a maximum dimension greater than 25 pm, and
not more than two of these particles have a maximum dimension greater
than 50 pm. None of the particles has a maximum dimension greater
than 90 pm

- Homogeneity and dose uniformity need to be confirmed in multi-dose
containers from first to last use.



Suspensions

* Problems that can arise with suspensions are conversions in crystal
structure of the drug, i.e. polymorphic changes during storage, which
can lead to changes in drug solubility and dissolution behaviour.

- If the drug is poly dispersed, Ostwald ripening may arise on changes in
storage temperature or prolonged storage. Cake formation can also be a
problem, which may not be resolved by forming a flocculated suspension
since large floccules can irritate the eye.

* Using a polymer solution as a viscosity enhancing agent can prevent
caking and allow particle resuspension by shaking.

- The formulation contains Carbomer 934 P and ion exchange resins



Submicron emulsions

 Cyclosporin is hydrophobic (log P=3.0) and has a very poor agueous
solubility of 6.6 pg/ml and cannot therefore be formulated in
conventional agueous ophthalmic vehicles.

- It has been successfully solubilised in an oil-in-water (o/w) submicron
emulsion.

* The oil phase in Restasis is castor oil and the emulsion is stabilized
with the non-ionic surfactant polysorbate 80 and glycerin, which
behaves here as a co-surfactant.

« Ocular sub micron emulsions with a droplet size ~ 0.1 ym have also
shown potential or prolonging drug release and achieving significantly
higher drug concentrations in the cornea and aqueous humour
compared to suspensions. ;




Topical, semisolid
ophthalmic preparations

- Ophthalmic ointments have been used as an option to reduce drug
drainage by tear flow and therefore increasing corneal residence time.

- Ointments can also be entrapped in the fornices whereby they serve as a
reservoir or the drug.

- Sustained drug release effects of 2-4 hours are usually observed.

- Ointments also have the advantage of allowing the incorporation of
drugs with poor aqueous solubility.



Topical, semisolid
ophthalmic preparations

- Hydrophobic ointments sometimes improve the stability of

hydrolysable compounds, particularly peptides.
- Soft paraffin and liquid paraffin are commonly used as bases or

ophthalmic ointments. Anhydrous, water-soluble bases such as

carbomer with poly(ethylene glycol) are also used.
- Antibiotics, antifungals and steroids are the classes of drugs most

available as ointments.
* Drug bioavailability usually peaks later with ointment vehicles than with

solutions or suspensions. WW%—'\
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Topical, semisolid
ophthalmic preparations

- Ointments are however more difficult to administer compared to solutions
and may give rise to a more variable dose.

* Also blurring of vision arises which tends to reduce patient compliance
making ointments more useful for night-time administration.

* Drug molecules may be entrapped within the ointment base due to
favourable partitioning towards the base, therefore inhibiting drug
release. The base is also sensitive to changes in temperature.



Gels

» Gels, which are semisolid systems comprising water-soluble bases,
are also available and are more favourable than ointments or water
soluble drugs

* These utilise polymers such as polyvinyl alcohol (PVA), poloxamer,
hydroxypropyl methylcellulose (HPMC), Carbopol or Carbomer,
dispersed in a liquid.



Gels

- Gels that are activated by ions, pH and temperature have also been
developed.

» These undergo a phase transition from liquid to solid in the ocular cul-
de-sac to form a viscoelastic gel.

* These in situ forming gels have an advantage over the preformed gels in
that the dose is more reproducible and administration is easier; thus
improving patient compliance.

- Examples of polymers activated by temperature include poloxamers e.g.
poloxamer 407.

- Smart HydrogelTM has been developed which is a co-polymer of
polyacrylic acid and a poloxamer which requires only 1-3% polymer
concentration to undergo gelation at body temperature.

- Smart HydrogelTM also has bioadhesive properties due to the presence o
polyacrylic acid.



Gels

* The gellan gum is in aqueous solution and forms a gel in the presence
of cations which are present in the precorneal tear film

 Alginates also undergo sol to gel phase transition when exposed to
the ionic strength of ocular fuild

- Cellulose acetate phthalate latex which coagulates when its native
pH of 4.5 is raised by the tear fluid to pH 7.4.

- Carbopols have pKas of 4 to 5 and ophthalmic solutions of these
polymers are therefore prepared at this pH. When these poorly
buffered systems are exposed to the near-neutral pH of ocular fluids,
the polymer solubility is reduced and the system undergoes gelation.



Mucoadhesive systems

- Other ways to increase the contact ‘ R Mucoadhesive
time of topical ophthalmic solutions A " 5 binding
with the ocular surface have been B P
through the use of mucoadhesive 7 /\
polymers.
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core with carbohydrate chains
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Mucoadhesive systems

- The mucin coat serves to protect, hydrate and lubricate the surface of
the eye. Mucoadhesive polymers are commonly macromolecular
hydrocolloids with numerous hydrophilic functional groups
possessing the correct charge density.

* They should also exhibit good wetting of the ocular surface to
facilitate maximum interaction with the mucin coat.

- Electro- static, covalent and hydrogen interactions are the most
common between mucoadhesive polymers and mucin.



Mucoadhesive systems

* Mucoadhesive polymers can be natural, synthetic or semi-synthetic
In nature.

* The synthetic polymers include polyacrylic acid, polycarbophil as well
as cellulose derivatives.

- The (semi)natural mucoadhesive polymers include chitosan and
various gums such as guar, xanthan, carrageenan, pectin and
alginate.

- Chitosan is a cationic polymer which has shown great promise or
ophthalmic use. Besides being mucoadhesive it has good wetting
properties and is blodegradable biocompatible and has good
ocular tolerance.

@ <« Epithelial cells



Mucoadhesive systems

- Choitosan positively charged at neutral pH and therefore electrostatic
forces arise between it and the negatively charged sialic acid residues
of the mucus glycoproteins which contribute to its mechanism o
mucoadhesion.

» Hyaluronic acid is another polymer which has also shown potential. It
IS a high molecular weight biological polymer consisting of linear
polysaccharides and is present in the extracellular matrix.
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Mucoadhesive systems

- Polycarbophil is insoluble in water and its swelling is pH

dependent.
* Swelling is greatest at pH 6 to 7 which is the pH of lacrimal fluids.

- On exposure to tears, polycarbophil swells and entangles with mucin

on the ocular surface.
- Hydrogen bonding also exists between the nonionised carboxylic

acid of polycarbophil and the mucin.



lon-exchange resins

- The drug (acidic or basic in nature) is ionically bound to an ion-
exchange resin to form an insoluble complex.

* Drug can only be released from the complex through exchange of the
bound drug ions with physiological ions in body fluids.

» The actual resin is an insoluble, ionic material composed of two parts,
a structural portion comprising a polymer matrix, usually styrene cross-

linked with divinylbenzene, and a functional portion, which is the ion-
active group.
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lon-exchange resins

- The ion active group can either be negatively or positively charged
thus functioning as either a cation or anion exchanget.

* These drug- resinates are usually spherical in shape, porous and
hydrate on exposure to aqueous fluids. They are insoluble, non-
absorbable and are considered safe for use in humans. Resin particle
size is one of the factors that controls the rate of drug release.

* In Betoptic-S, the resins have been finely milled to a diameter of 5 pm
to achieve a fine suspension.

« The polymer, Carbomer 934P (a water-soluble acrylic polymer), is also
included to improve the physical stability and ease of re-suspension of
the product, as well as to enhance the ocular residence time.



Barriers to topical ocular
drug absorption

- The corneal barrier Drugs can permeate the cornea by passive
diffusion or active transport.

- Facilitated diffusion and active transport occur via transporter
proteins expressed on the corneal epithelium.

- Passive diffusion does not require transporters, however it is
determined by the physicochemical properties of the drug.

- The layers which form substantial barriers to drug permeation are:
epithelium, stroma and endothelium. The epithelium and endothelium
are rich in lipids while the stroma has high water content.



Barriers to topical ocular
drug absorption

* Drugs can penetrate epithelial layer by partitioning through the cells
(transcellular) or by passing between the cells (paracellular). The
epithelium, however, has tightly adherent cells with tight junctions
which excludes macmolecules

* Only small drugs o MW < 350 Da and ions can permeate through the
para cellular route. Most of the lipophilic compounds can pass
through the corneal epithelium via the transcellular route.



Barriers to topical ocular
drug absorption

* Ophthalmic drugs with modest lipophilicity log P 2-3 and low
molecular weight are absorbed more efficiently via the corneal route
compared to hydrophilic, ionized drugs.

- Good aqueous solubility is important as drugs must be in solution to
permeate through the cornea.



Improving drug solubility and absorption
In topical ophthalmic preparations

1.Drug ionization and salt form

2.Cyclodextrins (CDs) have shown great potential in improving the
solubility of poorly water-soluble drugs. CDs are cyclical
oligosaccharides with a lipophilic centre and hydrophilic outer
surface. They can complex lipophilic drugs in their interior, thus
forming water-soluble complexes. The drug is associated with CD
by hydrogen bonding, hydro- phobic interactions or van der
Waals forces. The hydrophilic CDs acts as carriers, delivering
water- insoluble molecules to the corneal membrane where they
can partition from the CD complex. /é//ﬁ
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Improving drug solubility and absorption
In topical ophthalmic preparations

A state of equilibrium exists between free and complexed drug
which is dependent on the strength of the non- covalent
interactions between the drug and CD.

* The relatively lipophilic membrane has low affinity to the large
hydrophilic CD molecules and the biological membrane is not
disrupted as is observed with penetration enhancers

» This provides an opportunity or delivering irritant drugs as they
are not freely available and are entrapped in the complex



Improving drug solubility and absorption
In topical ophthalmic preparations

* A prodrug is a drug with added un actionalities that converts into the
active parent drug through enzymatic or chemical reactions.

« Approaches of enhancing corneal penetration through the use of
prodrugs Iinclude; optimisation of lipophilicity, enhancement of
aqueous solubility, improved affinity or uptake transporters and
evasion of efflux pumps.

- One strategy to mitigate this has been esterication of the carboxylic
acid group. Since the cornea has high esterase activity, these
derivatives can easily revert to their parent form. One of the problems,
however, with ester prodrugs Is their increased susceptibility to

hydrolysis. Bulky isopropyl esters have been used to achieve stability
INn aqueous solutions.
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Reasons for choosing parenteral
administration

* From a manufacturer’s point of view it is often simpler and much cheaper
tablets or liquids

- Many medicines are administered parenterally simply because the drug
molecule itself would be rapidly broken down In the gastrointestinal
tract and would thus become inactivated before it could be absorbed into

the circulatory system




Reasons for choosing parenteral
administration

 This rapid onset of action for an intravenously administered drug may be
critical in emergency situations.

* The release of the medicine from the injection site into the circulation can
be delayed and prolonged

- Administration medication to the unconscious patient who is unable to
swallow

* Formulation either as water in oil emulsions or suspensions must not be
administered by the intravenous route



Reasons for choosing parenteral
administration

1mL

Rapidly absorbed Aqueous or oily
solutions or

Intramuscular suspensions can be

90° angle administered in
volumes of up to 4 mL

0.2 mL |[ntradermal
Slow 10 to 15°

:-Epidermis
-Dermis

-Subcutaneous
tissue

-Muscle



Intraspinal & intravitreal
Injections

Dura and arachnoid mater

Epidural space Intrathecal space

|;/ Spinous
“I{ process of

,,.-’;?: i\ vertebra Vertebral
I/ body

Spinal cord

Only drugs in aqueous
solution are administered by
this route/ 10 mL

0.1 mL can be administered by the
intravitreal route



Intra-articular injection

Aqgueous solutions or suspensions can be
administered by this route

Intracameral injections can be from 0.1 mL
to 1 mL in volume




General requirements

Excipients: They can be added to make the preparation isotonic In
relation to human blood, to adjust the pH, to increase the solubility of the
drug substance, to increase the stability of the drug substance and
iIncrease the shelf-life of the product or to act as a preservative.

Sterility

Containers: materials that are sufficiently transparent to allow the
contents to be visually inspected for particles, prior to use. Containers can
be made from glass or plastic.



General requirements

. Pyrogens |

Endotoxins and pyrogens As well as being sterile, __ ,
parenteral preparations must be practically free from s

endotoxins and pyrogens. These substances are ! l
bacterial products that may be released from certain o
types of bacteria when they are alive, or after they
die. They may therefore be present in sterile

Source of

products as a by-product of the sterilization process ) | MOBOCYtes
which Kkills the bacteria during manufacture. When numans
they are injected into a patient they can cause "' MAl
fever
Cytokines IL-1b
Fever ELISA Detection

of pyrogene via
nterleukin (IL-1b)



Category-specific requirements

They must be free of visible particles and contain only very low numbers of
sub-visible particles.

Particles inadvertently injected with a medicine will travel through the venous
system to the heart and from there to the lungs.

Emulsions can be injected intravenously, but here the maximum droplet
size will be linked to capillary diameter. The droplet size must be controlled
and is usually less than 3 um in diameter to prevent oil embolisms forming in
the blood-stream. | -




Category-specific requirements

Injections can be sterile solutions, emulsions or suspensions.
Solutions for injection are clear and free from visible particles.

Emulsions for injection must not show any evidence of phase
separation.

Suspensions for injection may show sediment, but if they do this must
be readily resuspended on shaking to give a suspension that is
sufficiently stable to allow a uniform dose to be withdrawn from the

container. b 5o
‘J

g

et CO;‘;:: T e —
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Category-specific requirements

Preservatives must not be used when the volume to be routinely
administered in a single dose exceeds 15 mL.

Preservatives must not be used if the product is intended to be injected
In a route giving access to the cerebrospinaluid, or if it is injected into

the eye.

Unpreserved injections should be presented in single-dose
containers.

Vials allow more than one dose to be withdrawn and therefore may
become contaminated with microorganisms if used for multiple doses.



Category-specific requirements

Infusions
Infusions are sterile aqueous solutions or emulsions with water as the

continuous phase. They are usually made isotonic with respect to blood.
They are large volume parenteral, typically ranging in volume from 100 mL
to 1000 mL, but they may be larger. Infusions do not contain
antimicrobial preservatives. Solutions for infusion are clear and free from

visible particles. Emulsions do not show any sign of phase separation.




Category-specific requirements

Powders for injection or infusion

* Freeze-drying is often used for drug substances that are not stable in
solution (e.g. degrade by hydrolysis). In this process, a solution of the drug
IS prepared, sterilized by filtration and filled into the final container

(usually a vial).

 The solution is then freeze-dried by reducing the temperature and apply ing
a vacuum, so that the water in the drug solution is removed by
sublimation, leaving a sterile plug of the drug substance in the vial which is
then closed and sealed.

Hydrated membrane:
Liquid crystalline

Dry membrane:
Gel (T, 1)

.1

>

Phase transition ‘ : l l




Absorption from injection
sites

- The fairly rapid absorption of agueous injections from subcutaneous
or intramuscular injection sites depends on an unimpaired blood flow
surrounding the injection site.

 Vasoconstrictors such as adrenaline may be incorporated into the
formulation of other drugs to prolong their retention at the injection site.

» Large molecules such as proteins and peptides and colloidal particles
with molecular weights greater than 20,000 Da are absorbed by lymph
vessels rather than the capillary network at subcutaneous or
Intramuscular injection sites



Excipients

Vehicles for injections

Water for injections is a highly purified grade of water which is subject to
pharmacopoeial standards with respect to production methods and purity.

Water-miscible non-agqueous solvents such as ethanol, glycerol or

propylene glycol may be added as co-solvents to improve the solubility
of a drug substance

Polyoxyethylene castor oil derivatives will solubilise hydrophobic drugs
iInto agqueous solutions for injections

Both alpha and gamma-cyclodextrin can be used in parenteral products,

but beta- cyclodextrin should not be used as it causes severe kidney
damage



Excipients

Vehicles for injections

Water-insoluble drugs may be administered parenterally by dissolving the
drug in a suitable oil and forming an oil-in-water emulsion using a suitable
emulsifying agent to stabilise the emulsion

Lecithin and various sorbitan fatty acid esters have been used as
emulsifying agents in parenteral products

Oils such as arachis oil or sesame oil may be chosen as a vehicle for
iIntramuscular injections, for drug release over a prolonged period of time

&Amphotericin B
Emulsion

3pIge :
AMPHOMUL"®
| | 50 mg/10ml

FOR LV. INFUSION ONLY

Contents :
One 10ml vial
One 5y syringe filter

7 \L
QLN

anutactured by /'\\ﬂ/
BHARAT SERUMS AND _\/_—+<

@ VACCINES LIMITED i< A\
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Preservatives

Ethanol is effective at concentrations above 10% v/v, glycerol at 10-
20% v/v and propylene glycol at 15-30% v/v.

Preservative Typical concentration
(% w/v)

Benzalkonum Chloride 0.01

Benzoic Acid 0.17

Benzyl Alcohol 1-2

Chlorobutanol 0.1-0.5

Chlorocresol 0.1

Cresol 0.15-0.3



Antioxidants

It iIs common practice to use pharmaceutical grade compressed nitrogen
gas

Antioxidants are chemicals that have a lower oxidation potential than the
drug substance and thus will react with any oxygen present in the product in
preference to the drug. Vitamin E (alpha-tocopherol) can be used for this
purpose, be used in oil-based parenteral products usually in the range of
0.001-0.05% v/v. Ascorbic acid is used in agueous parenteral products at
a concentration of 0.01-0.1% w/v.

Butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) are
structurally similar antioxidants used in parenteral preparations either
separately or in combination. For intramuscular injections they are usually
used at a concentration of 0.03% w/v and for intravenous injections
0.0002- 0.002% w/v is used.



Antioxidants

The most commonly used antioxidants are the sulphite salts. Sodium
metabisulphite is used at concentrations between 0.01-0.1% w/v and also
has some preservative properties. It is used as an antioxidant for acidic
parenteral products. If the product is of neutral pH sodium bisulphite is

used, whereas sodium sulphite is used as an antioxidant in alkali
parenterals.



Antioxidants

Anti- oxidant synergists reduce oxidation by removing trace levels of metal
ions from the product by forming chelates with them. Metal ions, particu-
larly copper, iron and manganese are believed to catalyse oxidation
reactions between oxygen and drug substance, chelating agents used in
parenteral products include: citric acid at concentrations between 0.3-
2.0% w/v and derivatives of edetic acid (ethylene diamine tetra acetic acid;
EDTA) at concentrations between 0.0005- 0.01% w/v. Citric acid can also

be used to adjust the pH of formulations and edetate compounds possess
preservative properties.

AT W CHELAT N



Antioxidants

If the primary mechanism of drug degradation in the product over time
IS hydrolysis rather than oxidation, then the shelf-life of the product
will be improved by removal of all water from the product. Injectable
products which are presented as freeze- dried powders are usually
formulated in this manner to improve the stability of a readily

hydrolysed drug substance.

Hydrolysis of ester
CH3COOCH3 - Hzo — CH3COOH - CH3OH

+ @o — Q‘OQD



Improving drug solubility and absorption
In topical ophthalmic preparations

Conventional prodrug

bioconversion ‘
—> +

prodrug drug
(inactive) (active)
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DISSOLUTION

= Vs v

0.22 UM
FILTER

FILLING
SOLUTION FROZEN SOLUTION
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pH adjustment and buffers

» The physiological pH of plasma and extracellular fluid is 7.4; therefore
ideally all injectable products should be formulated to this pH value.

- The pH chosen for a parenteral product is likely to be a compromise
between the requirements for stability, solubility and physiological
compatibility. Injectable products should have a pH value between 3.0
and 9.0 prior to administration. pH values above or below this range
are too corrosive and will cause tissue damage at the site of injection.
The pH of a parenteral formulation can be adjusted using acidifying or
alkalising agents. Acidifying agents include hydrochloric, citric and
sulphuric acids. Alkalising agents include sodium bicarbonate,
sodium citrate and sodium hydroxide.

&) CO, + HO = HCO, — H + HCO, =
carbon water carbonic hydrogen bicarbonate
dioxide acid ion ion

lungs kidneys



pH & Tonicity adjustment and
buffers

« Changes in pH may arise due to interactions between an ingredient
iIn the formulation and the container, or from changes in storage
temperature. Buffer ingredients commonly used in parenteral
products include citric acid, sodium citrate, sodium acetate,
sodium lactate and mono- and dibasic sodium phosphate.

* Hypotonic injection solutions are made isotonic by the addition of
sodium chloride, dextrose or mannitol. Hypertonic injection
solutions must be made isotonic by dilution prior to administration.
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Table 16.1 Time temperature combinations used for
moist and dry heat sterilization

Process Minimum Minimum holding
temperature (°C) period (minutes)
Steam 115 30
sterihization 121 15
(autoclaving) 126 10
134 B
Dry heat 140 180
150 150
160 120
170 60

180 30
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Suspending agents

- A water soluble cellulose derivative such as methylcellulose can be
used in intramuscular and intra-articular injectable suspensions.

- Povidone has been used in the past for this purpose, but safety

concerns about this compound when injected intra- muscularly have
led to it falling out of favour. A suitable non-ionic injectable
surfactant such as a polysorbate may also be included Iin a
suspension formulation to aid the uniform dispersion of the
suspended drug substance.
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Ampoules COntai ners

- Ampoules are used for single use, unpreserved products. Glass
ampoules range in size typically from 1 mL up to 10 mL in volume,
though larger sizes are available. The glass chosen is referred to as Type |
or borosilicate glass which is less alkaline than the usual glass used for
beverages and other purposes.

» Plastic ampoules are also much more robust than glass ampoules.
- Disadvantages are that this is a more costly process, and is only suitable

for drug products formulated as simple solutions (for instance freeze-
drying processes cannot be undertaken using plastic ampoules).




Containers

Vials

Vials are containers usually made of Type | borosilicate glass with a
reusable synthetic rubber closure. Vials have advantages as containers
as they permit multiple withdrawals and are made in sizes usually ranging
from 5 mL to 100 mL. Vials are sealed with a bromobutyl or chlorobutyl
synthetic rubber closure held in place by an aluminium seal crimped
around the neck of the glass vial.

v / \ T

Blow Fill Seal Blow-fill-seal
extrusion-molding finished product




Containers

Infusion bags and bottles
These products range in size from 100 mL up to 1000 mL, though larger

sizes (e.g. 3000 mL) can be used, particularly for parenteral nutrition
products.

Collapsible bag presentations are the most common form of container.
They are manufactured from PVC or more increasingly polyolefin plastic



Containers

The main advantage of collapsible bags is that they collapse under
atmospheric pressure as the contents are removed from them, therefore
they do not require an air inlet system to equilibrate air pressure
between the outside and inside of the container, as do rigid glass
bottles. The main disadvantage of PVC bags is that drugs may become
adsorbed onto the plastic (e.g. insulin) or react with the plastic (e.g.
etoposide). Additionally, components can leach out of the plastic such as
monomers and phthalate plasticizers which may be toxic in long-term
exposure.

Polyolefin is much less reactive and is now replacing PVC for this reason
In infusion bags.
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Antioxidant

Functional Resulting
group oxidation product
undergoing
oxidation
Phenolic OH, Carbonyl group
catechols
y OH \/ 0
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The initiation phase results in the formation of a
low concentration of free radicals. For a drug, RH,
the generation of free radicals can be represented
as:

RH —-R"+H’

Initiation is promoted by light and the presence of
heavy metals, which are inevitably found as trace
contaminants of pharmaceutical products.

During the propagation phase, the concentration
of free radicals increases greatly:

R’ +02 _)ROE

RO;+RH — ROOH +R’

The presence of oxygen results in the formation of
hydroperoxides (ROOH), which react further to
produce stable oxidation products. In this phase,
degradation accelerates, with potentially disastrous
results for the product.
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