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Ophthalmic preparations:

=2 ssophthalmicpreparation

e Definition: They are specialized
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e The most commonly employed ophthalmic dosage forms are
solutions, i and H

e The newest dosage forms for ophthalmic drug delivery are:
gels, gel-forming solutions, ocular inserts , intravitreal
Injections and implants.
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Ophthalmic preparations




Drugs used In the eye:

Miotics e.g. pilocarpine Hcl
e.g. Atropine = ceadl 4as au s G s Y1 dclen by i jpi le s
Cycloplegics e.g. Atropine s > ciliary body (s*Paralysis
.. : accommodation
Anti-inflammatories e.g. ¢
Anti-infectives (antibiotics, antivirals and antibacterials)




What is Cycloplegia?

* It is the paralysis of the ciliary muscle
of the eye, resulting in the loss of
visual accommodation.

* 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.

Cornea




e Anti-glucoma dru . piiocarpine Hcl
e Adjuncts e.q. Irrigating solutions | <lilesll cuxd g cpell Caplasil
o _ e.q. sodium fluorescein
e Anesthetics e.g. Tetracaine | cua)
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Anatomy and Physiology of the Eye:
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Sclera

! Vitreous
Iris

Choroid
Cornea

Optic Nerve
Pupil

Macula
Lens

Conjunctiva Retina
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Anatomy and Physiology of the Eye (Cont.)
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e [he sclera: The protective outer layer of the eye, referred
to as the “white of the eye” and it maintains the shape of
the eye. Contains microcirculation.

e The cornea: The front portion of the sclera, is transparent
and allows light to enter the eye. Devoid of blood vessels

The cornea Is a powerful refracting surface, providing
much of the eye's focusing power.
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Anatomy and Physiology of the Ey

e [he choroids is the second layer of the eye anu nes ™
between the sclera and the retina, ia) L dida (87 5580 sual a5 4l

e |t contains the blood vessels that provide nourishment to

the outer layers of the retina. \
blood vessels like retina i W (I Ghliadl (323 Ssblood vessels L Lk g

e The ciliary body contains muscles that control the extension
of the lens allowing visual accommodation. It also contain
ciliary processes that secret agueous humor into the posterior
chamber to maintain 10P.
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IS the part of the eye that gives it color. It consists

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.
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miosis or mydriasis




Anatomy and Physiology of the Eye (Cont.):

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

e The retina Is the Innermost layer in the eye. It converts

Images into electrical impulses that are sent along the optic
nerve to the brain where the images are interpreted.
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e The macula is located in the back of the ey« '
of the retina. This area produces the sharpest
vision.
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Anatomy and Physiology
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e The Inside of the eyeball Is divided by the lens into two
fluid-filled sections. O amdveyeball (o A3 ¢ Al
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e The larger section at the back of the eye iIs filled with a
colorless gelatinous mass called the vitreous humor.
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e The smaller section in the front contains a clear, water-like

material called aqueous humor.

ERTRR agqueous humor 4 y 4lilus oalas ¢ slas 5 (ala) ¢ jal)
comea

_4-e The conjunctiva iIs a mucous membrane that begins at the
e l,s.. €0Qe of the cornea and lines the inside surface of the eyelids
)l Ll aNd sclera, which serves to lubricate the eye.

® acrimal gland: secret clear water secretion that contains

numerous salts, glucose, other organic compounds, 0.7%
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e Compatible with both aqueous and lipid
ophthalmic preparations
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e Renewed during Blinking

e A pH below 4 or above 9 causes
derangement of the film




Absorption of drugs In the eye:
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Factors affecting drug availability:

- Rapid solution drainage by gravity., induced lacrimation,
blinking reflex, and normal tear turnover:
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- The normal volume of tears = |JJllthe blinking eye can
accommodate a volume of up to 30 ul without spillage, the
drop volume = 25-50 ul 1 50-25 e o585 el il e | el
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Absorption of drugs In the eve
JSG e Lo shasweak base dS& e (S5 (Saa

salt aqueous solution

Many ophthalmic drugs are weak bases and applied to eye as
agueous solutions of their salts

aqueous Jsolubility ¢« 2)) S~atropine Juatropinesulfate alaaiu) Jiady Jia

The cornea is a membrane that include both hydrophilic and
lipophilic barrier layers
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Transport of hydrophilic and macromolecular drugs occurs

th rough scleral route hydrophilic, macromoleculer S5 Wl
sclera rout b (o addlll 44yl

Lipophilic agents of low molecular weight follow
transcorneal transport by passive diffusion and obey

JaY) A Ae) 5S pill ohe | lipo S5 Wl Wl
cks¢s first law of diffusion: passive wbd .ﬁultm

J=-D dC./dx



Corneal absorption:

J = The flux rate of drug across the membrane
D = diffusion coefficient

- The diffusion coefficient ﬁ - as the molecular size of the
drug ﬂ

C,, = concentration gradient

As the drug solubility ﬁ , the gradient ﬁ , the driving
force for drug entry into the aqueous humour ﬁ
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Corneal absorption:

«Drug delivery in ocular therapeutics is a challenging
problem.

Poor Bioavailability

Protective Mechanisms Anatomy of the eye
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* Blinking

* Reflex Lacrimati y * Barrier properties
* Nasolacrimal Drai : of the cornea




General safety considerations:

A. Sterility:

- ldeally, all ophthalmic products would be terminally
sterilized in the final packaging.
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- Only a few ophthalmic drugs formulated in simple
agueous vehicles are stable to normal autoclaving
temperatures and times (121°C for 20-30 min).
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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.

- Most ophthalmic products are aseptically manufactured and

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




General safety considerations:

Contaminated solutions - corneal ulcers and loss

of vision
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In physician’s offices = microbes most found from

staphylococcCi group |sos o oo e ge S8l padin ¢ siase 5 052

Sodium

fluorescein—=> pseudomonas aeruginosa

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

hours
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Some preservatives are ineffective
Or not enough time to kill the mtroduced bacteria

1o yhaill aladiud ) ) adadlall ol gall o
i )G Sl gy Jaids muu\ys\dguuaf




General safety considerations:

deailall g 43 3l il

® 42 cases of epidemic keratoconjuctivitis
were caused by one bottle of virus-
contaminated tetracame solution

e Virus contaminafion dlfflcult to control
why:

- None of the preservative Is virucidal
- Not removed by filtration
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B. Ocular toxicity and irritation:

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

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

Conventional Method- eye irritation elandl il ¥ e Sad o

OECD TG 405 (2002) Ol o) gall gt g dvan HLAAY
OPPTS 870.2400 (EPA, August 1998) D4 555 2 iy Cysiand) oLl s

= 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
after 24 h following instillation of the
test substance.




C.Preservation and preservatives:

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

e Preservatives are not included in unit-dose package.
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e The use of preservatives is prohibited in 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 nossible loss © alt
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So these produ noutdbe packaged 1T s Single Use

containers.

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




C.Preservation and preservatives:
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C.Preservation and preservatives:

Examples of preservatives:

1- Cationic agents: (il resistant ce 15 5
 Benzalkonium chloride (0.01%) strain of PS

* It is 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.

2- Organic mercurials:
- Phenylmercuric nitrate 0.002-0.004%  pmN

- phenylmercuric acetate 0.005-0.02%. PMA
- thiomersal




C.Preservation and preservatives:

3-Esters of p-hydroxybenzoic acid: LIKE
PARAPENS

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

-Laminar-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. o
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A. Manufacturing Environment:







A. Manufacturing Environment:

Ultraviolet lamps provided in flush-mounted fixtures to

maintain surface disinfection| negative ¢Sl 4sasas o SAIR lock Lus
aseptic manufacturing <« pressure

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

non controlled ¢ sSiPositive
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A. Manufacturing Environment:




. Manufacturing Techniques:

e Unpreserved formulations of active drug (s):

The blow/fill/seal method

It is used for manufacture of unpreserved ophthalmic
products , especially for artificial tear products.

First step Is : 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.
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The blow /fill/seal method:

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

C. Equipment:

JSILl & il 5 lacal o laall 3V gill cpe () 6ST A 3Y Aeadiiosall il sV G (g
All tanks, valves, pumps and piping must be of best available
Grade of corrosion — resistant stainless steel.

Gl g () e JA 5 e Jiae OS5 a3V mhad) s Sat s
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All products-contact surface should be polished either
mechanically or be electropolishing to provide a surface as
Free as possible from scratches or defects.
aglast = 5 I eliiV) ol cllaadl (alal) apenatl) Slie W) cpmy 330 a3Y (5
Cualaiil Bl 55 6 gl
Care should be taken in the design of such equipment to
Provide adequate means of cleaning and sanitization.




Ideal ophthalmic delivery system:
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Following characteristics are required to optimize
ocular drug delivery system:

Good corneal penetration. |« dwasl bapad aaae 05

Prolong contact time with corneal tissue
topical oLl s b Fa Gpall Aol o) 323 Jia gy S

Simplicity of instillation for the patient.| Cus b atee ksl ate o o Lo

Non irritative and comfortable form
lebans L) (pnlldng o 0 sSi5 (amd geagts Lo
Appropriate rheological properties
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Classification Of Ocular Drug Delivery
-l
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Topical eye drops:.

-Solutions -OlntmentS - * Injections
-Ocular inserts  #;iqating

- Suspensions - Gels BN e
- Powders for Ay 5 * Implants
reconstitution | ol Bt

Sol to gel systems comea o
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Routes of Ocular Delivery

Topical

-

Sub-

Conjunctival
Glaucoma
(Iris-Cilsary Body)
> o

L
-
o
N
o
=
=
(S

Diabetic Retinopathy
(Retina)

Back of eve

Sub-Tenon injection




A. Topical Eye drops:

1- Solutions:

- Ophthalmic solutions are sterile solutions, essentially free

from foreign particles, suitably compounded and packaged
for instillation into the eye.

- Most common dosage forms !
- Dose uniformity is not an issue

-
- Little physical interference with vision
e Je) Lgaladiin)
OS5 WY suspension pladinl &) Y el
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" Caddl) e anang o) ciall caa By daaty 231 J
A. Topical Eye drops 3 el
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Pull down the eyelid Sl i G dga (pe a3 e iall e Cadall e
Tilting the head backwards s 0 il ] g il S
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 plastic bottle to
allow a drop to fall into the eye.

10 prevent contamination: | ekl Jal ¢ siags Guiee 53 5558 2 3Y o
Lo s sl e il (251 A5 gl Gl

Clean hands T a5 30 oad e _
Do not touch the dropper tip to the eye and surrounding
tissue



| occlusion
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1- Solutions:

-Nearly all the major ophthalmic therapeutic agents are

¢l e o e yvehicle oY

The selection of the appropriate salt depend on :

- solubility

- ocular toxicity

OS5 Wl aildll oy ) Lisa
e 83 Gle Jsladll

- The effect of pH, tonicity, and buffer capacity

- The Intensity of any burning sensation
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B. Manufacturing Technigques:

e Agueous ophthalmic solution:

* Manufactured by dissolution of the active ingredients and

a portion of the excipients into all portion of water.

S 5M L 13 o el Gash e il aellee ) (53 () 0 s lally 4 gllaal) ol sall Cay g3la aay puaidally
adadla ol godang g dn gl oy jo o ghaddl (gla paldile azyy ol pally 55 1l o yldll 3y 5k e
aseptic condition <sd ()5S IS 3l 5 adra sle adlal 335k e Sl aaall midll Jea g

The sterilization of this solution done by heat or by sterilizing
Filtration through sterile depth or membrane filter media into
a sterile receptacle.

This sterile solution is then mixed with the additional requ
sterile components such as viscosity —imparting agents,

» =

vV (A \ @ \ \J 1 U/ \J N1 U ULV \J @

\Volume with additional sterile water. =3



f eye solutions:

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

The retention of a solution In the eye is influenced by
VISCOSIty.

2 Its poor bioavailability (a major portion 1.e. 75% is lost via
naso-lacrimal drainage).
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2- suspensions:

* If the drug is not sufficiently soluble, it can be formulated
as a suspension.
A suspension may also be desired to improve stability,

Bioavailability ,and efficacy.
Uie ) el sall asdinl (Saa s elally ild (e ol sall IS 130 Ay yLall (sla ardion
GO A sl ) 5SS o) salstability oSee 43Y
(el adhaiacontact Jske 43Y particle 058 W el sl bioavilab G s

An ophthalmic suspension should use the drug
microfine form; usually 95% or more of the particles have a

Diameter of 10m or less. irritation dasi ¢ 5 s (55 48




2-Suspensions (Cont.)

e The particles retained in the cul-de-sac—> contact time and

duration theoretically exceed solutionsuspension i s geni 7 abaiallf sl
. . o . | 1o - P
e Particle size: ol pall G e o2e 33 2 0 s

solution
- Affect surface area available for dissolution

- Affect irritation potential> excessive tearing and rapid

drainage 33l Syl el jall cals Le (<
Cpan) Gabaia¥! 1S L S aalidll
Ji L JSsirritation potential Jaé
e pharmacist should emphasize: tearingd:

- Shaking well counse

- Do not freeze—> agglomerate = cie4s)l 22¥ S J
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B. Manufacturing Techniques:

e AQueous suspensions:
Are prepared in much the same manner, except that
Before bringing to the final volume with additional

sterile water .

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

The particle size should be monitored.

vehicle e solid J) Jax
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3. Emulsions sl Al el g L L e 13
suspension or emulsion JS&

e |Offer the advantage of
delivering a poorly water-
soluble drug in a solubilized
form as eyedrop

® | Drug Is dissolved In NON- [ G s o5, castor ofl w4
aqueous vehicle (castor oil) | sl aaklice o be oLyl

e Cyclosporine
emulsion

3 P,
e Vs S 0

s, , .
v NG ]

and emulsified with water
using nonionic surfactant

| release relating a3 B
e |Can be less irritafing and tothEevel =

better tolerated than purely Ty
non-aqueous vehicle - .



3- Gel-Forming Solutions

* 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 [ with the

possibility of IS - EESNGH
therapeutic effect.

JS e i Ll W Sacontainer JAlliquid JS8 e saie |y &
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* 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. Jal Jsladll b il aadioyy sUpolymer (e ainy
*Take the advantage of changes in temperature ,pH,
lon sensitivity, lysozymes upon contact with tear fluid.

ph temp ion lyso « Jiiupolymer Lua




3- Gel-Forming Solutions
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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:

1. Adjust tonicity
2. Buffer and adjust pH,

topical (& 4 ) gl Cancay S S adlayl
inactive e g sishdrop xS sdrop
ingredient

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
Correctly (i.e.., exert an osmotic pressure equal to that of

tear fluid , generally agreed to be equatte-8-9%Ne
J yad g : ‘@aosmatlcp essure OsS il e
S 2 g3 pa aiosmatic J] sbuse

Arange of 0.5-2.0% NaCl equivalency does not cause a

Marked pain response and a range of GDOULIOME5Y0

Hypertonic ophthalmic products are used to relieve corneal edema
Commonly tonicity adjusting ingredients include : NaCl,
KCL, buffer salts, dextrose, glycerin, propylene glycol,
mannitol
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Corresponding to that of 0.9% Nacl solution
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eye can tolerate
onicity from (.6-29

( Lacrimal fluid is isotonic with blood having an isotonicity value J

Ideally, an ophthalmic solution should have this isotonicity value

The eye can tolerate isotonicity from 0.6% to 2% NaCl without marked
discomfort
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Some ophthalmic solutions are necessarily hypertonic in order to

Gl Gaxy O R mdyea thance absorption and provide a concentration of the activﬁ

ophthalmic ?@”"’“ ingredient strong enough to exert an effective action.
hypertonic
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2- pH Adjustment and Buffers:
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1 To render the formuiation more stabl
2The comfort, safety and activity of the product.

Eye irritation » Increase In tear fluid secretion —

Rapid loss of medication.

3To enhance aqueous solubility of the drug. P

4- To enhance the drug bioavailability ‘ %z;;get
SUSDEHSlonH%

5- To maximize preservative efficacy
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2- pH Adjustment and Buffers:

Ideally , every product would be buffered to a pH of 7.4

(the normal physiological pH of tear fluid ).
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7.4 S oy 5 e 4 52V

When necessary they are buffered adequately to maintain
stability within this range for at least 2 years.

If buffers are required there capacity is controlled to be
As low as possible( low buffer capacity) thus enabling the
Tear to bring the pH of the eye back to the physiological
range .

OsS Cusabuffer system (sbls O sSidlow PH e pall Candi 4y 31 Jae ) Uiy oL
Sison cla Ciadlstear @SPH 33 55 4e jun Gpall e o kil baal Wl (Lie Jow buffer
s yhdll asbuffer («resistance




pPH & buffer

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

-

Any formulation Most alkaloidal salts precipitate
having different pH as the free alkaloid at thls PH.

than 7.4 willbe ™\ But ARl LUt VAL ER et 10

neutralized by normal instable at pH levels
buffer of tears. approaching 7.4.

O5S Jaady Sl
oyl £5PH For this reason, the buffer system

: .| should be selected that is nearest

&HPH 0« <22 || to the physiological pH of 7.4 &
ol | does not cause precipitation of

the drug or its rapid deterioration.
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3- Stabilizers & Antioxidants:

stabilizer 4dlial (1o Cangll ol

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

* Antioxidants are the principle stabilizers added to some
ophthalmic solutions , primarily those containing epinephrine
and other oxidizable drugs.
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* Sodium bisulfite or metabisulfite are used In 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
sodium thiosulfate



4- Surfactants:

order of surfactant toxicity Is ;
e sy day 33
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eseveral nonionic surfactants are used in relatively low

Concentration to aid in dispersing insoluble ingredients in.

and to achieve or to aid in

solubilization). Nonioni

4nld (e ) (Sa alll 580 5 deads
PR PN (R PN
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5- Viscosity-Imparting Agents:

Polyvinyl alcohol, methylcellulose, hydroxypropyl
methylcellulose, hydroxyethylcellulose, and carbomers,
are commonly used to increase the viscosity of solution
and suspensions (to retard the rate of setting of particles)
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Disadvantage :1. produce blurring vision as when dry, form a dry
film on the eye lids. 2. make filtration more difficult .

commercial viscous vehicles are : ‘C‘j‘j" J‘j:‘\
- - L J 92 9 O

1. polyvinyl alcohol (liquifilm) preservative

hydroxypropyl methylcellulose=(tsopto)
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OPHTHALMIC SOLUTION, USP

DIN 00000809  Sterile 15 mL




6- Vehicles:

- Ophthalmic drop ( ) as the solvent.
- For intraocular products—> water for injection, USP

Purified water meeting USP standards may be obtained by :
Distillation, deionization, or reverse 0SmosIS. | el skl juiaatiad sk

Oils have been used as vehicles for several topical eye drops
products that are extremely sensitive to moisture.

antioxidant 4xe lasigaiiis g aa
When olls 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’

The main advantage of the DropTrainer are:

and dispensing tip is F
LDPE) resin, which provides the necessary
flexibility and inertness.

eThe cap Is made of harder resin than the
bottle.




Packaging:

A special plastic ophthalmic package made of polypropylene is

Introduced. The bottle is filled then sterilized by steam

under pressure at 121°C.
S

Powder for reconstitution use glass containers ,
owing to their heat-transfer characteristics, which are necessary
during the freeze-drying processes.




Packaging:

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

o Amber glass is used for light-resistance.
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Topical Ophthalmlc Drug Packagmg
tan rug label or

e B Blockers: Yellow, [l or
both

e Mydriasis and cycloplegics:

Red
e Miotics: [CHEEH
e NSAIDs: Gray
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