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chapter 6

Ocular, nasal and otic
dosage forms

Overview

In this chapter the following points will be discussed:

W an ovenview/description of the uses of ocular dosage forms.
formulation strategies for aintments
formulation strategies for ocular dosage forms, including consideration of the excipients used
the advantages and disadvantages and uses of ocular dosage forms.

for the mantacture of ocutar dasage forms.

® an introduction into the formulation of nasal and otic dosage forms.

Introduction
This chapter predominantly 2
formulation of dosa KeyPoints
d to be adm & Ocutar dosage forms are ~ _— ——

commanly used to teat local
ocular disorders, e.g. infection
and inflammation; however,
intraocular disorders, notably

Pharmaceutics -
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principally solutions, ointments
ana suspensions. intraocuiar
dropper (or a Injections are available for the
th a dropper nozzle) or a tube treatment of more: serious:

ss of principally solu mmW ——
ion formulations to the remote ociohe S8 Copaakce
formulations. regarding physical
and chemical stabilty.

Ocular dosage forms must be
sterle,

Nasal and otic dnsage forms are
non-sterile dosage forms that are.
inserted into the nasal cavty and
ear canal (respectively) for the
treatment of local aisorders.

of the eye m
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stems applied topically to the
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r reading this chapter, the student will be able to:
Describe ophthalmic, nasal, and inhalation drug delivery.

List drugs which are typically administered by each of these drug delivery

systems.

Explain the advantages/disadvantages of using one of these drug delivery

systems over oral administration.

Describe the use of the various pharmaceutical adjuvants which are

employed in the creation of these dosage forms.

D-f&mnhau between the various types of contact lens products and
which are emp for each.

stration of each of these drug delivery systems.

Explain how i can b these prod lly or

unintentionally.

The
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(1-4). An ey t does not blink
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lerations of solutions
in Chapters 13 and 14 by Becs
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forms and drug deliv e of tear fluid n

the

n eye is about 7 to Spl.
n accommo-

i when blinked can retain only about 10pl. (2]
eye to retain

ally for ophthal-

| OPHTHA DRUG DELIVERY I or bathe the eye.

Pharmaceutic:

¥
cally to the eye to treat
including bacterd
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use and topical treatments

s or in
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el
s of liquid preparations may be uses |Im flush

xcessive liquids, both normally produced and
splied topi-  extemally delivered, rapidly drain from the eye.
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Preparation of Isotonic Solutions

Solution B is more
concentrated than
solution A.

B

.A_,

Two compartments are
separated by a membrane that
is permeable 1o water but Not concentrated solution.

glucose.

Force is applied to
B to exactly oppose
osmosis from A to B.

M Fig. 5.2 Osmosis and 2 ﬁl‘-ﬁ%‘ e

osmotic pressure.
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Hypertonic

Isotonic
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Hypotonic

Fisidll Juaa (Isotonic) = %0.9 Js 5% (Nacl) alakl) zla
Fsill paddia (Hypotonic) = %0.2 sS4 (Nacl) plakll zla
S5l adga (Hypertoniﬂyi ,(1/&5 3552 (Nacl) plakall zla

Isotonic Hypotonic Hypertonic
o.‘. s - ‘ 1
\ Pt *
(a) - —
Copyright © 2001 ings, an imprint of Addison Wesley Longman, Inc.
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A slal) hial) Aslas g (Isotonic) s sill Aalaa Jullas Y g
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Blood has an osmolarity of approxi-
mately 300 mOsmol per liter. Both
0.9% sodium chloride solution and
5% dextrose solution have a similar
osmolarity. When a solution has an
osmolarity equivalent to that of
blood, it is called isotonic.
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sdaiad) cilallaall A Aleaioeal) A ) 45 93%)
SdiAnti-infectives such as antimicrobial, antyfungals -1
- £ - £ : LGJA
G sl il g uladlly duzadl) 73lals dsiazal) Z3aY) -
Cralifiaall (3508 ¢ B ygdaal) il glal) -
Sulfacetamide Naj; tsallus ¢ i gisal | LIS sculasaldld) -
Streptomycin Penicillin : ( ged)obil @lsbiaa-
; Ciprofloxacin ;Gentamicin ;
Chloramphenicol
Benzalconium Chloride : 4L a g ga¥) g3l -
A5 Juld) g
Tetracaine , Cocaine, Procaine :4 sall <l jaiall -2
Xylocaine
Physostigmine - Pilocarpin : 43l Slagia -3
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Atropine (Epinephrine) :mydriatics 433l e ga 4
Homatropene,

Sinefrene - Adrenaline :4s §¥) cillada -5

as beta —blockers Timolol (G )ad) Jala il (add

A g lieal) gl ¢ A g pieal) GilgaY) ilabias -6
cortisone hydrocortisone :4ie S : corticosteroid
delta cortisone ,betamethasone ,dexamethasone

«B1 <D <A :vitamins <liwlidl) -7
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Advantages

8 The application of the therapeutic agents directly to the site
of action ensures that the therapeutic agent is available at
higher concentrations than may be achieved following oral
administration.

1 Administration of the therapeutic agent locally ensures that
the incidence of side-effects is minimised.

1 Following training, the administration of the dosage form
locally to the eye may be easily performed by the patient.

19 2 cli¥auall e

Disadvantages
®  The retention of the drug at the site of action is relatively

poor, due principally to the low tear volume [7 ul for the

[ blinking eve, 30 ul for the non-blinking eve)| |

® In addition, the retention time of applied solutions on the

surface of the eye is poor. |

®  Ocular formulations are sterile and therefore specialist
facilities are required for the manufacture of these dosage

forms.
" Local side-effects may be experienced to ocular dosage forms

(to either the high concentration of therapeutic agent (= 5%
w/w) or excipients used in the formulation). Typically pain
and irritation are the major side-effects encountered by
patients.

®  The application of ointment formulations to the eye may
result in a temporary blurring of vision.
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canalicula

l _;,\.——/ lacrimal gland
A

sclera

cornea

e \

optic nerve N

retina choroid lens
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Lacrimal fluid All .

® Lacrimal fluid is secreted from glands and is located on ti},e
surface of the eye. .

®  The pH of the lacrimal fluid is 7.4 and this fluid possesses a
good buffer capacity (due to the presence of carbonic acid,
weak organic acids and protein), being able to neutralise
unbuffered formulations effectively over a wide range of pH
values|[3,5—10.0).

® Lacrimal fluid is isotonic with blood. Typically ocular
aqueous dosage forms are not specifically formulated to be
isotonic (0.9% w/w NaCl equivalent) and may be formulated
within a range of tonicity values equivalent to between 0.7
and 1.5% w/w NaCL

® The rate of turnover of lacrimal fluid isjapproximately 1 |
ul/min and the blinking frequency in humans is dirca 15-20
times per minute. These physiological functions act to remove

the therapeytic agent/formulation from the surface of the eye.
2 ciaal ) e

0 1p s ddbd | Superficial .
aria 20 -1 ) s Lipid Layer elﬂ‘
Laile 48552

- Aqueous Layer
8 um

L7 Mucoid Layer

dakali, 43,-?:—3 o | ety "~ Microvilli
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Figure 11.4 The structure of the tear film according to Wolff,
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Most of the dose applied to the eye in the form of
drops reaches the systemic circulation and typically
less than 5% acts on ocular tissues.

2 clsanall e

27

IR L) gal) 3) gl 5 00 A8 pu (Blai -

A Al e Adledl) o gall 443 g5 i
H' (8] Wa s da a0
R ja sl slall g ) (s g 58 Jalaa O
s <198 A AU alal) granadl) A g yall-
‘ slal) & ddaial) 3 gall dpdlly £
Ll - o A iy el euld Al gal) o gal) Asaa
slall s :pabaiay) &da 4 Amphiphile Jal
L A 5Ll DA g s Sia by glal)
iuusgs B HY A Ol I8y A AL 40801 B jlgdall g
,\....\Hm [HH]+||[IH||| .ﬁ""-m(;éds“
e H El ) A Ll o3 3lal (ukall e g
; AN alial) gl DA (e 35
Al Cligh DA e gadlal g Sl glil) g e ki N )5

G Y 2o dhiae gl -2 GliVaua ) e 14



27/05/2018

2981 ki B3 el Jal gl -1
23 A . i . p .3
Tl dglua) quanadl O ¢Sy (AN Jal sl 240 ol 9 32 Jal e -1-1
rdanilall 85 4y 8N A (5 ekl
pH sl dad s -

3 gall o3¢l Siall Jlaria) gl Adaud) yigill AZHA 3 ga 3929 -
raaall cuS 5 3 g gall Adladl) 3 gall o) e gud) (amy dayida -
(el Jaldld) g 4 J8) g aaal) Jilad) Cilisi g g aa 4 9aY) ey Jalsi -

Mgdlad (ha auid plada ) a3 OF COSa

Sl LA il gyl ae b DU Al cilladia 48L) = jidle
(Posistim iy 9ls) adad)

29 2 ch¥uall ) e

‘ Ay 9391 d 85 B 5 Jfiall Jal gal -1
1Ailiass Jud Jal oo -2-1

(Aslal) il -1-2-1

pladall 7la 9409 el Jildl A glal) Jiidal) Jalay

. aladal) mla 9414 9 0.7 S Aggn Jani o) Gaall oSy
Jellaall 555 Y Laly 5 gal) dudadiiia Jallaa 2 g2 g2 A 1) 433 9dd 21 35
G AS) dadli jal) Jllaal) cpal) Jaati) 4539810 o 3 gl) Aad ja

(A sl Joral) Aadiia

(YAza320-15) 30 I Jaaiiy Tlp N sa pad Laal gl Gyl g

30 2 CiVaall ) ke




27/05/2018

(pH adjustment ) sl 4 -2-2-1
4n 5l 51 58] Ll Jilud) pH sy Aasde
7.4 G

80 80 }@\95&.‘1\)\43\)45“‘9
©  pHA45-11.5
- = T Al g a8 dn iy
20 20 . .“ )

6 T 6 5 f0 1 b
i s cpall Aalge & pH Al L3 Al Jullaal) 85 Y QI
i Lasie (<)) L Jal cha Jauegl) pH S Jaad Alladl) 3aLal)
s o) daida g caaid Ll Jal e slB g a9 (il Alladl) BaLall
(pl) &any) Gl Jasd pH C8 Iaurg (S lg s il 3

31 2 sl Lish LA o8 )

rAailiass 3 Jal o -2-1
dlad Balal) 38 5 -3 -2-1
Balal) 03 3uS yiy Auiel) ALEEY) DA A gal) Balall 55 e ds e Bl

33 LalS cpad) A Alladl) Balall NS Ao 21235 3 al) Jolaall B

5l b L 5 5

453 64l A Fick e ¢y 538 *
QRA-15) o= m
Wil dale = & A8l = i
SRl 8k A Salal) S =2 5 ]

i) qupeny i gyl B Alladl) Balal) S 5 (e ARy kel
4 0.05-0.075 Jatasi 5 jhadl) ) aaal) pa 3kl 7 el (8 Jualad)
Ldal) AMally Ja (.1 Jalay Cpadly aa) siad) aadll g

Juswg\mﬁmwwu»ummsws g G
2 cls¥auall e b"m




27/05/2018

1Aaibiass b Jal oo -2-1

da gl cladl;  -4-2-1

i A aca ) slanal) ubad Baa (e 3 (uad) Jslaal) A g 30 gy ) -
Sstsben Jiiaall ) 5 sl pheat) ciliiehia s 9 30 bl ) o) sl

9 <polyvinyl alcohol « sl sbe Jitsa Jin g (oS 9ol 9
P.V.P. Ol gm Jeid

(55 mPa/s) Jsiiia 55 o (alindl 4 30
uiadl Alsma 3 gan Gand (985 ¢ g bl Jallaal) da g 31 8345 -

i 50 Jotaall da g 3 gaail Y iy dmanl) 5LAYN 3w
((30 mPa/s) J)ssiie 30 O S Aigan il ) Ly &S

33 2 CliVaall ) ke

sdailaass 38 Jal oo -2-1

bl gl cladls L5.2-1

Lgialladl d8La) (Al gal) 5Ll 3ol (8 aga 93 Adaad) i gil) Ciladlal
S(p oS i) ) 9lS (iail) Ay ga) Al ol Baliaall

D s Jaxd
A Jilad) pa 488 L) ABdal) aa Auad) J glaal) ) el B3l 5 -1
Gl by

40 8N 3 jleh mhan o Al J glaal) [LaSH de yu -2
Aaailal) g 4 AN aa cpaadl J glacal) (bt 3345 -3

Lt die i) gall 30 gall g pal da glila JB) 435 81 3 jlgdi praial AN
(Bardiall 1€ g dnlag)) Lakud) 56 clabls aa

20 o5, U pasisal) ot S Gl CBshe Y 368 Jarid
34 2 ¥ anall e ( 80 sy




27/05/2018

DIAPORAMA

The components of an eye drop formulation
are:

m Active ingredients to produce desired
therapeutic effect,

Sterility

m Vehicle (aqueous ,oil)

= Antimicrobial preservative,

m Adjuvants to adjust tonicity, viscosity, ph,
increase the stability of the active ingredients

36 2 cli¥auall e




1. Kegarding ocular dosage torms, which of the following
statements are true?

a. Ocular dosage forms are always sterile.

b. Ocular dosage forms are principally employed to treat local
conditions, e.g. infection, inflammation.

c. Ocular dosage forms may be employed to treat intraocular
disorders.

d. Ocular dosage forms may be used to deliver therapeutic
agents systemically.

3. Concerning ocular dosage forms, which of the following
statements are true?

a. The retention of eye drop formulations at the site of
application is poor.

b. Elimination of eye drop formulations from the eye principally

occurs via blinking and drainage into the lacrimal duct.

c. lhe retention of ointments at the site of application 1s similar

to that of eye drop formulations.
d. Drug absorption following the administration of eye drop

formulations frequently exceeds 5% of the originally applied

dose.

sl ) ghal) 685 o g 1) shall) pailad

sterile 4ads -1

Free From Foreign Particle 4xalls) Ja¥) (e AW o 431, -2
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Antimicrobial Preservative af all 3alaa dala o 43 -5
Antioxidant 33usSi saa e g

Suitable Viscosity &bl da 33! i -6

Active lad g Stable 45U 43 gAll Lad) ga -7

Cull JSdy panicall BisS Suitable Container 4swbic 3 g -8
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Temperature (°C) Over Pressure (PS1) Time (mins)
115-118 10 30
121-124 15 15
126-129 2 10
134-138 3 3

(Itis generally considered that temperatures below 115°C do not provide a sufficient

level of sterility assurance.)
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Autoclave
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Table 6.1 The effect of temperature and pH on the stability (half-life) of pilocarpine
and atropine
Drug Temperature (°C) pH Half-life
Atropine 121 6.8 1 hour
121 5 60 hours
25 6.8 2 years
25 5 130 years
Pilocarpine 121 6.8 34 minutes
121 b 24 hours
25 6.8 66 days
25 5 Several years
Importantly, if the pH of alkaloidal solutions is buffered to pH 6.8
(e.g. using a phosphate buffer), the formulations must not be
sterilised using thermal methods. For this purpose aseptic
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TABLE 17.3 ISOTONIC PHOSPHATE VEHICLE
MONOBASIC SODIUM DIBASIC SODIUM RESULTING SODIUM CHLORIDE
PHOSPHATE PHOSPHATE BUFFER REQUIRED FOR
SOLUTION (mL) SOLUTION (m) SOLUTION (pH) ISOTONICITY (G/100mL){
90 10 59 0.52
80 2 6.2 0.51
70 30 6.5 0.50
60 40 6.6 049
50 50 6.8 0.48
40 60 70 0.46
30 70 12 0.45
20 80 74 0.44
10 90 17 0.43
5 95 8.0 0.42
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Figure 6.6 Stuctural
0 formulae of: (a)
He CH HgNO HEOH | phenylmercuric acetate;

| b T( @ | @ (b) phenylmercuric
7 0 nitrate; (c)

phenylmercuric
a) (b) (©) hydroxide; and (d)
thimerosal.

The use of the phenylmercuric salts has been reported to be
Heposited in the lens of the eve (termed mercurialentis) when
formulated in preparations that are designed for chronic usage,
.o, for the treatiment of glaucoma. Thimerosal is not associated
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Antyoxidants 3usY) cililiaa

Reducing agents are preferentially oxidized and are added
to eye drops in order to protect the active ingredient from
oxidation, Active ingredients requiring protection

include :

Adrenaline,(Epinephrine, Proxymetacaine, Sulfacitamide,
Tetracaine, Phenylephrine, Physostigmine ).

I. Sodium metabisulphite(Na,S,0.) ‘
I1. Sodium sulphite (Na,So;) 22

Both may be used as antioxidants at 0.1% the
former is preferred at acid pH and the lateter at
alkaline pH

Both are stable in solution when protected from llght
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Concerning viscosity modifiers for eyve drop formulations,

which of the following statements are true?

Increasing the viscosity of eye drop formulations increases

their retention at the site of application.
The viscosity of commercially available eye drop formulations
is typically greater than 100 mPa/s.

The incorporation of viscosity-modifying agents may

d.

adversely attect the etficacy of preservatives.
Examples of polymers used to enhance the viscosity of eye drop
formulations include poly(acrylic acid) and ethylcellulose.

Concerning the use of preservatives in eye drop
formulations, which of the following statements are true?

Preservatives are not required in single-use eye drop

b.

formulations.
Anionic surfactants are commonly used as preservatives in
eve drop formulations.

d.

Cationic surfactants are commonly used as preservatives in
eye drop formulations.

The use of organic mercurial preservatives may result in the
deposition of the preservative within the lens of the eve.

: Ophthalmic Application W plhadlly 2ady 1
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