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CHAPTEA 8 

Calculations Involving Topical 
Ophthalmic, Nasal, and Otic Preparations 

A vmiely of p~mmmceutical dosage forms are aprLied 1opic.1lly ro lll.e eye. 
nOst: f anti car '"th.ich indudjj :sulul i on.'i~ su spen:sion · ~ ilnd oin1T'L1.t!nls. ln .g,cncrat, 
drug;; lll'c· BjljlHcd to the eye tor die loe;,l eff<-ct or the li1.cdic-at1on, either t~n 

the surface o( tl:lc eye or its illtcrior. Among 1 the various lypes of dosage 
fonn s for the eye. aqueous solution are the most frequcmly used. In tile 
c;x.lcm p<>r,mcous prcl>~raticm ()f oplllhabnic f()ntllllation;, tme ~hould C(lnsi(icr 
shlrility, preservalion. isotonicity, pH and bulfering, and vi cosily. as~ I prepa­
ratlOJl arc !),~ntrall)• used for lltdr decong.cswnt acthil>• on tlte r1asal mucosa. 
lmportBlll con ide.ration ' in tl'te ptepat;,1tlon of na-al solution include isotonic­
it)'. pH" and bttffcring, ;m(l •dSC()Sity. E~r preJmr;tlions (Ire 1ll~o rcf"!Tctlto a. 
mi<' or artral preparntions. Most of th.e official ear preparmioM are aqueous 
solution~ of 1'11cdkat io ns. Tiley ar~ used for !h-ating mild infcc!LOM, . ofteni ng 
w;tx. cleansing aflcr iukctions. dl')ing wet ·urr:.ccs. and as Mli~crtk$. he 
imponant con· idorntions in a he rormula1ion of oaic prod~1c1 inc L~tdc pH and 
buffering. Fo.r example. an otic product wi.th a pH value of les than 4 may 
c~usc burning ami sti11ging ·ensBtion ln the <~tr c:ma l. 

ih.e pre"enl chapter deals with ca lculations involving iso!onicily. pH, and 
bu ffcring of topical prt:jmrarjon • The di cus ion pr em.ed here is at so rele•ant 
to the d(>sagc fom>s for otncr mutes of adn1i n ist l':ltit~n includ·in.\; pf1rcntcml 
ro~tcs. 

ISOTONICITY 

Wl't~ne\•er a !lll lurion is separated from a solvent by a membrane p~nncablc 
only 10 ·olvcnt molcclll(;S b11t imp(;nll~~b lc to sOh!tes (refcmQ 10 as a .. ~cmi-
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150 TOPICAL OPiilHALMIC , NASAL, AND OTIC PREPARATIONS 

p.:nneo1ble melllbmn\1"). 111e oi¥ent pa:;scs across tb.e membrnne into lhe 
solution. Tltis is the phenomeoor~ of o mosi . \ ltich may be defint>ll a the 
p;o;;sa~c or •OI\•cnt lllok..:ulcs fL<OI'OSS a ·elll i pcrOit~IDic lllcmbnmc 3jpiinsl l.hc 
concentmtion gmdient. O$mosi~ <:an ato oc<:ltr \ .!len a C'Jncenlml~d soluHon 
is. cpamwd from a lc . conccrunncd so lution by a cmipenncable m,;mbrarle. 
The pressure d~ffcrenlial tllal de,clops a ero. s the mcmbr.tnc is calk-d ""(J!<fi'IOiic 

[>fl.'~ll"' 

O. rnotic prc.s 11rc b a colligativc property imd i~ d.cpcndcnl on the number 
of !mrticl~ of olule(5 in a olution. The tom! 11umber of p;1rticle · of a ohne 
in a ohnlon is ll1e s11 m of lite undi oclat~d molecul :md the number of 
i<m~ intQ which I he 11\olcculc diSS<Jd~lcs. The numbcrqf i on~. in lnm. del'cnds 
on.tfle degreOt of ionizm ion. Thu •• a chemicnl th~l is high ly io11i zed contrib1M 
a greater number of particles to 11he so lution than the same amounl of a p-oorly 
ionized chemical. Wnon a c'hcmit-;;11 is a nonclcctralytc such as sucro~ Of 

11 rc~. lhc OOQcc n~ruli<J'll qf thc sol~ttio n dcp<:rnh on ly Q ll the number or m~.>lcc~ lc~ 
presetlt. Ti1e 1•alues of the o:>molic pres trre and other coll.i galil•c properties 
:uc apprux.lmatcl)• the :amc Cot ~-.1 ual conc"'mmion of diffcrcnl nonllk-etrolytc 
solutions. 

Bo,JC.ly fluid:.,, i11eludin.g bloo<l and •'~'"· h•vc 1hc ~dille osmotic t>rcs~m" :us 

thai of a 0. 9% w/v sodium chloridOt solution. Solutions lm ''i ng lhe rune osmotic 
pre~sure a tllm of 0.9% wtv NaCi soiUiiOJl a~e , aid l·O be ,il·ormsic with blood. 
So lution' wi1h ;~ hi11hcr o~moric Jl"'-'surc thun J,ociy rlu ids arc calk-d lryperto11ir 
:.ond tllo:;c with " lower <l!>ll10iic prc.osurc !Lrc ~·l;l llcd lupot<mir. 

0 rnolic l'ffccls arc very im]'or1ant from u physiol<Jgical st\'llldroinl. TilL 
is because biological membmnes in ludi ng tile mcmbmne of red blood cells 
oohav" like semipermeab-le membmnes. Conse<jucntly, 1 i'len red blood cells 
are im m.,n;ed in It h)'f>Crlonk solution (c.g., D5 ',) S " ' D, S), they ·~uinl; '" 
water letw~ llle blood ce I I~ in a11 ~11 tempt lo d~lllle and C5tablish ;1 concentraliun 
equi li brium acros 1l1c blood cell mcmbrn1lc-. l'h•s. whenllypcnonic so lurio,;s 

rl! atlmini. !crcd iniQ the blocJci $1rctll11, lhe nuid 1110\'CS fmm ontcl"Si it i>r l 
and cellular space ~tlto the intrnva, cu lar spac<:. Corw.:rsely. when c~ll s are 
tJlacoo i11 hypotonic environment (e.g •• V, NS). t'hey swell oocau e of the 
enll)' of fluid from the lnlm~-ase u lar compartmen t, and ma evemu~,1 1 y 

UJtdcrgQ lysi . 

In th" eye. l1}'f!atonic • olution~ 1'119)' ~~luse dn1wing of water tuwar<ls 1he 
site of 3pplication; wflereas hypotonic ~o l11 tions rna)' C11Use water to move 
from 1he topical npplicmion ile through 1he ti sues of ti'le eye. When l<\Stil'led 
into the eye, i:><)lunk solutionS ~·IU SC 110 lX>nlnielion or swelli ng o( the 
ti sue~ with which tho}' come in contact. :md cause nodi comfort. Therefore. 
il ls very im~rtnm 10 adjU$t the iromnic ity of topical ophthalmic proouc1 • 
t<oto11l ndj u. 1m ent · arc al ·o imponant for •lru;al and aurnl prcpamtions, 
Jl'U<:ntcml ~roducts. ~111d img;•ting ~ol11tion~. ~~~ 11 given prochLct, Rll the 
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