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Ophthalmic preparations:

e Definition: They are specialized dosage forms designed to
be instilled onto the external surface of the eye (topical),
administered inside (intraocular) or adjacent (periocular) to

the eye or used in conjunction with an ophthalmic device.
=l )\ e sJ &>

® The most commonly employed ophthalmic dosage forms are
solutions, suspensions, and 01ntments

® The newest dosage forms for ophthalmic drug delivery are:
gels, gel-forming solutions, ocular inserts , infravitreal
injections and implants. L
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Ophthalmic preparations

@Prescriptionq b anos
oe OTC
Product for care of contact lenses

e Products used in conjunction with ocular
surgery




Drugs used in the eye:

==t = w8 Miotics e.g. pilocarpine Hcl

= == |=@ Mydriatics e.g. Atropine
e Cycloplegics e.g. Atropine
e Anti-inflammatories e.g. corticosteroids

e Anti-infectives (antibiotics, antivirals and antibacterials)
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What is Cycloplegla?

* Itis the paralysis of the ciliary muscle
of the eye, resulting in the loss of

visual accommodation.> @ 5,2 e
Sp i NV oY)

* Accommodation is the ability of the
lens to change its refractive power to
view the near objects clearly.

* Itis brought about by the contraction
of the ciliary muscles.




Drugs used in the eye:

—x)l ee 2LV Anti-glucoma drugs e.g. pilocarpine Hcl

® Adjuncts e.g. Irrigating solutions— %= =~ N ks sl
e Diagnostic drugs e.g. sodium ﬂuoresceiq/)c_f_ﬁw ’
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exi o ki@ Anesthetics e.g. Tetracaine






Anatomy and Physiology of the Eye:
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Anatomy and Physiology of the Eye (Cont.)

® The selera: The protective outer layer of the eye, referred

to as the “white of the eye” and i1t maintains the shape of
the eye. Contains microcirculation.

.U s Ve-The cornea: The front portion of the sclera, is transparent

and allows light to enter the eye. Devoid of blood vessels
= .

The cornea 1s a powerful refracting surface, providing

much of the eye's focusing power.
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Anatomy and Physiology of the Ey

® Therchoroids is the second layer of the eye ana ues

between the sclera and the retina.

e [t contains the blood vessels that provide nourishment to
the outer layers of the retina.

e The ciliary'body contains muscles that control the extension
of the lens allowing visual accommodation. It also contain
ciliary processes that secret aqueous humor into the posterior
chamber to maintain IOP.

o7 o ~Je-Theriris is the part of the eye that gives it It consists
"/‘W'C; © of muscular tissue that responds to surrounding light,
making the pupil opening in the center of the iris, larger or

smaller depending on the brightness of the light.




Anatomy and Physiology of the Eye (Cont.):

e ‘The lens is a transparent, biconvex structure, encased 1n a
thin transparent covering. The function of the lens 1s to
refract and focus incoming light onto the retina.

—3="|s_&"The retina is the innermost layer in the eye. It converts
1images into electrical impulses that are sent along the optic
nerve to the brain where the images are interpreted.

rerina e+ - @=The macula 1s located in the back of the eye, in the center
of the retina. This area produces the sharpest =

vision.




Anatomy and Physiology o

e The inside of the eyeball 1s divided by the lens into two
fluid-filled sections.

e The larger section at the back of the eye 1s filled with a
colorless gelatinous mass called the vitreous humor— — ...

e The smaller section in the front contains a clear,| water-like
material called aqueous humor— < —~lovi

[F he conjunctiva 1s a mucous membrane that begins at the

edge of the cornea and lines the inside surface of the eyelids
and sclera, which serves to lubricate the eye.

e [acrimal 2 land: secret clear water secretion that contains
numerous salts, glucos&’ other organic compounds” 0.7%
(Wprotein 1nclud1ng lysozyme U S I N
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Tear films

e Compatible with both agueous and lipid
ophthalmic preparations

e Renewed during blinking= £ sa52 ik

e A pH below 4 or above 9 causes
derangement of the film-..J ¢ wusmin
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Absorption of drugs in the eye:

Factors affecting drug availability:
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e (e Rapid solution drainage by grawt\;t induced lacrimation,- SR
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- The normal volume of tears =(7 ul, the blinking eye can
accommodate a volume of up to30-ul without spllle}ge the

drop volume = 25 5 lkll
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lacrimal nasal drainage:




Absorption of drugs in the eye:

Many ophthalmic drugs are weak bases and applied to eye as
aqueous solutions of their@alty— > S8l 30 o0y s e s

aqueous (( -

The cornea is a membrane that include both hydrophilic and
lipophilic barrier layers

-;f:’wifransport of hydrophilic and macromolecular drugs occurs

__through scleral route
L1pophlhc agents of low molecular weight follow

transcorneal transport by passive d1ffus1g>n and obey ——

Conc S e S

Ficks*s first law of diffusion:

J=-D.dC,_ /dx




Corneal absorption:

J = The flux rate of drug across the membrane G- L)

D = diffusion coefficient

- The diffusion coefficient ﬁ , as the molecular size of the
drug ﬂ
C., = concentration gradient

m

" As the drug solubility 1, the gradient || , the driving
force for drug entry into the aqueous humour ﬁ




Corneal absorption:

«Drug delivery in ocular therapeutics is a challenging
problem.

Poor Bioavailability

Protective Mechanisms Anatomy of the eye — olrucy s(\,
Short residence time Cornee, D

@ Blinking _ .
G Reflex Lacrimation * Barrier properties
(® Nasolacrimal Drainage of the cornea




General safety considerations:

A. Sterility:

i ¢ Ideally, all ophthalmic products would be terminally
g gp E y \,‘jo sterilized 1n the final packaging.

- Only a few ophthalmic drugs formulated in simple
aqueous vehicles are stable to normal autoclaving
temperatures and times (121°C for 20-30 min).




A. Sterility (cont.):

- Most ophthalmic products, however cannot be sterilized by

heat due to the active principle or polymers used to increase

viscosity are not stable to heat. s es0 .o pen 3
‘ " o <Ly,

- Most ophthalmic products are aseptically manufacturez and

filled into previously sterilized containers in aseptic
environments using aseptic filling-and-capping techniques.




General safety considerations:

Contaminated solutions = corneal ulcers and loss
of vision

In physician’s offices = microbes most found from

StaphyIOCOCCI group < e o Y 24 s | gosza) sLIM Vo)
. . b, A v sy, :_,_j_,,__,:, e L q
Sodium fluorescein=> pseudomonas aeruginosa

Ps aeruginosa-> complete loss of sight in 24-48

hours
Some preservatives are ineffective <& cdYow poet b v
Aoy SMANzas 3l 2, Lo Reserughive Il 5 J_\,:(r:

Or not enough time to kill the introduced bacteria




General safety considerations:

e 42 cases of epidemic keratoconjuctivitis
were caused by one bottle of virus-
contaminated tetracaine solution

e Virus contamination difficult to control
why:

- None of the preservative is virucidal
- Not removed by filtration- afc s,




A. Sterility (cont.):




B. Ocular toxicity and irritation:

Albino rabbits are used to test the ocular toxicity and
irritation of ophthalmic formulation

- The procedure based on the examination of the conjunctiva,
the cornea or the iris.

Conventional Method- eye irritation

OECD TG 405 (2002)
OPPTS 870.2400 (EPA, August 1998)

= Test system- albino rabbit

® The substance to be tested is applied in
a single dose to one of the eyes of the
experimental animal; the untreated eye
serves as the control.

= The eyes of the test animals washed
afte following instillation of the
test substance.




C.Preservation and preservatives:

® Preservatives are included in multiple-dose eve solutions for
maintaining the product sterility during use.

® Preservatives are not included in unit-dose package.
rThe use of preservatives is prohibited 1n ophthalmic

products that are used in eye surgery because, if sufficient
concentration of the preservative is contacted with the
corneal endothelium, the cells can become damaged causing
clouding of the cornea and possible loss of vision.

% these products should be packaged in sterile, single use
containers. o >y (leacal

® The most common organism is Pseudomonas aeruginosa
that grow in the cornea and cause loss of vision.




C.Preservation and preservatives:

Contamination
occur




C.Preservation and preservatives:

pudl chac 0,20

Examples of preservatives:
xamp fp /";(I//J\(Qﬁ—’l-)%fbg\/o

[- Cationic agents.:

* Benzalkonium chloride (0.01%)

~e It 1s generally used in combination with 0.01-0.1% disodium
edetate (EDTA). The chelating, EDTA has the ability to
render the resistant strains of PS aeruginosa more sensitive
to benzalkonium chloride.

PR

|
|
L

2- Organic mercurials:
(P b0 - Phenylmercuric nitrate 0.002-0.004%

- phenylmercuric acetate 0.005-0.02%.

- thiomersal




C.Preservation and preservatives:

3-Esters of p-hydroxybenzoic acid:

» Mixture of 0.1% of both methyl and propyl hydroxybenzoate
(2:1)

4- Substituted Alcohola & Phenols:
 Chlorobutanol(0.5%). Effective only at pH 5-6. glass

container.
* Phenylethanol (0.5%)




Manufacturing considerations:

A. Manufacturing Environment:

The environment should be sterile and particle-free through:

sLaminar-flow| should be used throughout the manufacturing
area.

-Total particles per cubic foot of space should be minimum.
- Relative humidity controlled between 40 and 60%.
- Walls, ceilings and floors_should be constructed of materials

that are hard, non flaking, smooth and non- affected by
surface cleaners or disinfectants.
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A. Manufacturing Environment:




A. Manufacturing Environment:

- Ultraviolet lamps provided in flush-mounted fixtures to
maintain surface disinfection

Separate entrance for personnel and equipment should be
provided through specially designed air locks that are
maintained at negative pressure relative to the aseptic
manufacturing area and at a positive pressure relative to the
noncontrolled area

C(QCJ\ oM\ D) XMU@




A. Manufacturing Environment:




. Manufacturing Techniques:

® Unpreserved formulations of active drug (s):

The blow/fill/seal method- ¢, 5~ coscu) 2 J ot 100
Pfeseldqj-.'#@ Les ka5

It 1s used for manufacture of unpreserved ophthal
products , especially for artificial tear products.

First step 1s : To extrude polyethylene resin at high temperature
and pressure and to form the container by blowing the
polyethylene resin into mold with compressed air. The

product is vented out, and finally the container is sealed on
the top.



M The blow /f1ll/seal method:

Sme\| -\‘que

ampaign
https://www.youtube.com/watch?v=wivYdTQwjpM




C. Equipment:

All tanks, valves, pumps and piping must be of best available
Grade of corrosion — resistant stainless steel.

All products-contact surface should be polished either
mechanically or be electropolishing to provide a surface as
Free as possible from scratches or defects.

Care should be taken in the design of such equipment to
Provide adequate means of cleaning and sanitization.




Ideal ophthalmic delivery system:

Following characteristics are required to optimize
ocular drug delivery system:

—e (Good corneal penetration.
~& Prolong contact time with corneal tissue=come. 3 @ smvs 35
~e& Simplicity of instillation for the patient.
“® Non irritative and comfortable form
~s Appropriate rheological properties><55 [low J'L)_@»L&j




Classification Of Ocular Drug Delivery

o semieoti  Soti
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Topical eye drops: _
-Solutions -O1mntments * Injections
- Ocular mserts % iqa¢ing
- Suspensions - Gels solutions

* Implants- =s'};

Y - Powders for
s e . .
; FS,O_V;,?, e reconstitution



Routes of Ocular Delivery

Topical

Sub-

Conjunctival
Glaucoma

(Iris-Cllkary Body)
T

L
S
o
—
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Intravitreal

Diabetic Retinopathy
(Retina)

Back of eve

Sub-Tenon injection




A. Topical Eye drops:

1- Solutions: @

- Ophthalmic solutions are sterile solutions, essentially free
(2 from foreign particles, suitably compounded and packaged
for instillation into the eye.

- Most common dosage forms

clae 1 1 o5 8 oo Dose uniformity 1s not an issue
s&h‘.\\fa_c U ¥ oL

)¢ »b 2 L Little physical interference with vision



A. Topical Eye drops:

® Administration:
Pull down the eyelid
Tilting the head backwards

Look at the ceiling after the tip is pointed close to the lower
cul-de-sac

Apply a slight pressure to the rubber bulb or plastlc bottle to
allow a drop to fall into the eye. 3

To prevent contamination:
Clean hands




Nasalacrimal occlusion




1- Solutions:

-Nearly all the major ophthalmic therapeutic agents are
water soluble salts — s abilby Vol

The selection of the appropriate salt depend on :

5 solubility ~= ocular toxicity
— The effect of pH, tonicity, and buffer capacity
~+ The intensity of any burning sensation
- The most commonly used salts are: hydrochloride,
Phosphates, nitrates




B. Manufacturing Techniques:

® Aqueous ophthalmic solution:

* Manufactured by dissolution of the active ingredients and
a portion of the excipients into all portion of water.

The sterilization of this solution done by heat or by sterilizing- J'» */\=~+
Filtration through sterile depth or membrane filter media into |
a sterile receptacle.

This sterile solution 1s then mixed with the additional required

sterile components such as viscosity —imparting agents,— o Lo on 2
Preservatives and the solution 1s brought to final

Volume with additional sterile water.

Aspric conddHon - lespl pi Ster)izeton 45 Leanl oy ol 5Ll




Disadvantages of eye solutions:

The very short time the solution stays at the eye surface.

The retention of a solution in the eye is influenced by
VISCOSity.

@ Its poor bioavailability (a major portion 1.e. 75% 1s lost via
naso-lacrimal drainage).




Suspenbon 1 pasiiu)

2- suspensions: T nG

oA ole G

* If the drug 1s not sufficiently soluble, 1t can be formulated
as a suspension.

A suspension may also be desired to improve stability,
Bioavailability ,and efficacy.

The major topical ophthalmic suspensions are the steroid
anti-inflammatory agents.

An ophthalmic suspension should use the drug in a
microfine form; usually 95% or more of the particles have a
Diameter of 10pum orless> \ip bicol vy

rtedHon (5 0) 2 f =




2-Suspensions (Cont.)

sl @lelﬂ%)ﬂ; aabiall
e The particles retained in the cul-de-sac=> contact time and

duration theoretically exceed solutiONwspensin Jcomtud Fme W s
Sdbon 3\ (o \Sb’—'

e Particle size:
- Affect surface area available for dissolution

>« Affect irritation potential=> excessive tearing and rapid
drainage

e pharmacist should emphasize:
- Shaking well counsel
- Do not freeze—> agglomerate




B. Manufacturing Techniques:

® Aqueous suspensions:

Are prepared in much the same manner, except that
Before bringing to the final volume with additional
sterile water .

The solid that 1s to be suspended is previously rendered sterile
by — heat ,exposure to ethylene oxide ,ijonizing radiation
(gamma )

The particle size should be monitored.




3. Emulsions

e |Offer the advantage of "e Cyclosporing
.- | |delivering a poorly water-

! : = emulsion
| |soluble drug in a solubilized
 |form as eyedrop

e |Drug is dissolved in non-
aqueous vehicle (castor oil)
and emulsified with water
using nonionic surfactant

e|Can be less irritating and
better tolerated than purely
NoNn-aqueous vehicle

[
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3- Gel-Forming Solutions

e e
\ 10n sensitivity, lysozymes upon contact with tear fluid.

PO)JNC( iy
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* Solution that are liquid in the container and thus can

be instilled as eye drops but forms gel on contact with the
tear fluid and provide increased contact time with the
possibility of improved drug absorption and Duration of
therapeutic effect. -

* liquid-gel phase transition-dependent delivery system vary
according to the particular polymer(s) employed and their
mechanisms for triggering the Transition to a gel phase in the
eye.

* Take the advantage of changes in temperature ,pH,



3- Gel-Forming Solutions




Inactive Ingredients in Topical Drops:

The inactive ingredients in ophthalmic solution and
Suspension dosage forms are necessary to perform one or
more of the Following functions:

S0 as, Silko lic,s s qckie mchen g a5l Slyo oaall 2 ’u‘,&p
1. Adjust tonicity
2. Buffer and adjust pH,
~3. Stabilize the active ingredients against decomposition ,

4. Increase solubility,

5. Impart viscosity

6. And act as solvent.




1- Tonicity and Tonicity-Adjusting Agents:

The pharmacist should adjust the tonicity of an ophthalmic ©= < ef=lb =
Correctly (i.e.., exert an osmotic pressure equal to that of <"1 Fee O\g)‘
tear fluid , generally agreed to be equal to 0.9% NaCl ).

A range of 0.5-2.0% NaCl equivalency does not cause a
Marked pain response and a range of about 0.7-1.5%
Should be acceptable to most person.

~stLo ) 35 [Hypertonic ophthalmic products are used to relieve corneal edema
é’f),\efﬁe'm 1. Commonly tonicity adjusting ingredients include : NaCl,
o ded  KCT, buffer salts, dextrose, glycerin, propylene glycol,

Cofta My
mannitol




Isotonicity

Lacrimal fluid is isotonic with blood having an isotonicity value
Corresponding to that of 0.9% Nacl solution

l Ideally, an ophthalmic solution should have this isotonicity value ‘

The eye can tolerate isotonicity from 0.6% to 2% NaCl without marked
discomfort

Some ophthalmic solutions are necessarily hypertonic in order to
enhance absorption and provide a concentration of the active
ingredient strong enough to exert an effective action.




2- pH Adjustment and Buffers:

pH adjustment is very important as pH affects

1- To render the formulation more stable

2- The comfort, safety and activity of the product.
Eye 1rritation > Increase 1n tear fluid secretion ——

Rapid loss of medication.
3- To enhance aqueous solubility of the drug.

4- To enhance the drug bioavailability ‘ mmz - t

ophthalm |c
suspension) 1%

gj} gi‘“‘_‘:ﬁ"
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5- To maximize preservative efficacy




2- pH Adjustment and Buffers:

Ideally , every product would be buffered to a pH of 7.4 — qﬁ:j oy G
. . . 2t e WY Lo

(the normal physiological pH of tear fluid ). A 0w sl

When necessary they are buffered adequately to maintain

stability within this range for at least 2 years.

If buffers are required there capacity 1s controlled to be
e en <t —As low as possible( low buffer capacity) thus enabling the
Tec 24 B Tear to bring the pH of the eye back to the physiological
range .




pH & buffer

' Normal tears have a pH of about 7.4 and possess some buffer capacity.

-

Any formulation Most alkaloidal salts precipit:

having different pH Bl as the free alkaloid at this pH.
than 7.4 will be II ' & And many drugs are chemically
neutralized by normal | unstable at pH levels

buffer of tears. approaching 7.4.

5= Jl 4y c2sp VU 2z, ;1 For this reason, the buffer system

| Py should be selected that is nearest
22l bo ypmp o 4 =35> & Tio the physiological pH of 7.4 &
oL O asls ol does not cause precipitation of

(P iLQ}L;@n )| _~p thedrug or its rapid deterioration.
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3- Stabilizers & Antioxidants:

* Stabilizers are ingredients added to a formula to decrease
the rate of decomposition of the active ingredients.

2 QCW" e @?j:Antioxidants are the principle stabilizers added to some
eCompi Q . . . . o« e . .
achive ,ﬁj&rfa.- ¥ ophthalmic solutions , primarily those containing epinephrine

’“;i w4 8@ and other oxidizable drugs.
Vols &5y
=u b2 I eslo
* Sodium bisulfite or metabisulfite are used 1n concentration

up to 0.3% in epinephrine hydrochloride and bitartrate solutions

Several antioxidant system have been developed :-
These consists of ascorbic acid and acetylcysteine and
odium thiosulfate .




4- Surfactants:

The order of surfactant toxicity is :
Ninic N coms 2 (Eorul a2l
AN %Y

Trr Fabis o N ..
“/V:’(‘ % <——anionic > cationic >> nonionic .

‘» several nonionic surfactants are used 1n relatively low
Concentration to aid in dispersing insoluble ingredients in

suspensions Selabilibly I 1 cans
and to achieve or to improve solution clarity (aid in
solubilization).

 Those principally used are the sorbitan ether esters of
oleic acid ( polysorbate or tween 20 and 80 ).

—Smallest possible conc.



5- Viscosity-Imparting Agents:

Polyvinyl alcohol, methylcellulose, hydroxypropyl
methylcellulose, hydroxyethylcellulose, and carbomers,
are commonly used to increase the viscosity of solution _ . ol
and suspensions (to retard the rate of setting of part1cles) (e o1 | ey I

They increase the ocular contact time , there by decreasing clrinege fafe
the drainage rate, increase the mucoadhesiveness and Increasing
the bioavailability .

T/ Viscositg| ey \al,

Disadvantage :1. produce blurring vision as when dry, form a d
film on the eye lids..2. make filtration more difficult .
commercial viscous vehicles are :

1. polyvinyl alcohol (liquifilm) : :
hydroxypropyl methylcellulose (isopto )




ORI
é ALLERGAN

Liquifim

0.5%

ISOPTO" TEARS
——HYDROXYPROPYL
— METHYLCELLULOSE

——0PHTHALMIC SOLUTION, USP

DIN 00000809  Sterile 15 mL



6- Vehicles:

ol Lot
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- Ophthalmic drop (using purified water USP) as the solvent.

- For intraocular products—> water for injection, USP

Purified water meeting USP standards may be obtained by :
Distillation, deionization, or reverse oSmosis.

Oils have been used as vehicles for several topical eye drops

¢ products that are extremely sensitive to moisture.

When oils are used as vehicles in ophthalmic fluids, they must
be of the highest purity.




Packaging:

e Eye drops have been packaged almost entirely in plastic
dropper bottles

The main advantage of the DropTrainer are:
~—- convenience of use by the patient
— decreased contamination potential
—J lower weight
— lower cost

e The plastic bottle and dispensing tip 1s made of /ow-density
polyethylene (LDPE) resin, which provides the necessary
flexibility and inertness.

® The cap is made of harder resin than the
bottle.




Packaging:

A special plastic ophthalmic package made of polypropylene 1s
introduced. The bottle 1s filled then sterilized by steam
under pressure at 121°C.

Powder for reconstitution use glass containers ,
owing to their heat-transfer characteristics, which are necessary

during the freeze-drying processes.
| . 2



Packaging:

—& The glass bottle is made sterile by dry-heat or steam
autoclave sterilization.

—e Amber glass is used for light-resistance.
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jamdy  Topical Ophthalmic Drug Packaging
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e Standard (druqg label or bottle caps):

e B Blockers: Yellow, blue or
both

e Mydriasis and cycloplegics:
Red

e Miotics: Green

e NSAIDs: Gray

e Anti-infectives: Brown; tan

e Pink: steroids

e Orange: carbonic anhydrase




Using the code

Color-coded ophthalmic medications make life
easier for doctors and patients.

When asked to list the medications they take,
patients often can't remember, but they easily
remember the color of the bottle or the bottle cap.

The AAO color code system also can improve
patient compliance by simplifying and demystifying
dosage schedules. Patients who use several eye
drops may be overwhelmed by drug names or have
trouble remembering when to instill particular drops.
To avoid confusion when instructing a patient how to
use his medicine, be sure to mention the cap color
along with the drug name so the patient makes a
mental connection.
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