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ABSTRACT 

Zinc sulphate and boric acid ophthalmic preparations, containing benzalkonium 
chloride as preservative, have been investigated against gram-negative and 

positive bacteria. Viability of bacteria was found after 7 days, although it was 
completely suppressed after 24 hours of inoculation. Zinc sulphate generally 
increases the antimicrobial activity of benzalkonium chloride, whereas boric acid 
or its combination with zinc sulphate reduce it. Pseudomol/(/s (/erugil/(Js(/ was 
shown to be viable against zinc sulphate, boric acid, and their combination at a 
concentration of 0.0 I % to 0.005% of the preservative. Escherichia coli and 
Staphylococcus aureus were also found to be resistant but to a lesser extent than 
Pseudomol/as (/emgillosa. This viability may be dangerous in case of multidose 
ophthalmic preparations. 

MJIRI, Vol. Y, No.1, 41-46,1995. 

INTRODUCTION preservative availability .. � 
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There is a general agreement that microhial 
challenges are the only means of evaluating preservative 
efficacy in oph!l"�mic products. There arc many procedures 
recommended by Rdzok et OIl." Anderson alll] 
Cromplon. 1,!l Erikson.12 Bcmard:� and Norton et al.H' 

In the present work we wish to report the evaluation Dr 

a numberoflahllratory pn.:parcLi wld commen.:iaJl y availahle 
ophthalmic prt.!parations containing henzalkoniul1l chlllriLic 
as a preservative :Uld ils efJicacy as an anLimicrnhial agent. 

Antimicrobial agent effectiveness lest applies tn 
ophthalmic products in the original unopened container. 
The USP. XIX test provides a basis for evaluating 
preservative effectiveness. The preservative may nol be 
equally effective at different stages of m1 orgm1ism's lif"." 

The preservative may also lose its activity or interact with 
the walls of the containers." 

The viability of Pseudomollas aet'uxif/o.w over 7 L1ays 
suggests that risks of hazards arc present even though the 

preparation complies with the criteria L1cfined in the 

pharmacopoeia, Therefore. in evaluating preservative 
efficacy, viability of bacteria after seven days is considered 

as an important factor,3,5 and provides infonnation on 
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MATERIAL AND METHODS 

Test organisms used in this stuLly were gram-negative 

(PseUdOl1lOlI(JS a('fligitloJil ATCC l)()27, ESI'/i('ric'l/io ('oli 

ATCC 10231) 'Uld gnun-positive (SWl'hY{Ol'llf'l'IIS OII'''"S 

ATCC (536) hacteri.a. Suhcultllres were made in tryptic 
soya agar that was diluteLl to IU7 viable cells per m!. 
Ophthalmic preparations (horic aciLl l ,6Ilt) ,Uld zinc sulphate. 

1.1.25% and 0.46%_ Merck Chemical Co.). were tested against 
the above-listed organisms. The ophtl"�mic preparations 
fonnulated in the lab were designated as Z. ZI. ZI B_ and B 
and contained the following: Z (0.25% zinc sulphate). ZI 
(11.46% zinc sulphate) . B (1.6% horic acid). Z I B (zinc 
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Ophthalmic Preparations with Benzalkonium Chloride 

Table I. Antimicrobial effectiveness test. Viable count of bacteria (Gram+, Gram-)* 
against preparation Z with different ('oncentrations of benzalkonium chloride. 

CODC. of benzalkonium chloride 

contact 0.1% 0.05% 0.01% 0.005% 0.001 % 
time 

Z investigated against P. aerllKitlOsa 

1 hour 04 03 04 13 10 

24 hours U3 06 02 

day 07 - - 30 04 
Jay 14 - - - 25 60 

Z investigated against S. altretls 

I hour - - 39 115 300 

24 hours - 04 006 008 

day 07 - - -

day 14 - 06 002 60 

Z investigated against E. Coli 

1 hour - 02 18 

24 hours - - - 04 15 

day 07 - - -

Jay 14 - - - -

Z: Zinc sulphate 0.25f1r, 

oj< Grarn-: PS/,lldolllflllliS aerflKilUlsa, Escherichia ('flli. 

Grarn+: S/l1phylIICf)(,CII,\' ell/rClls. 

sulphate 0.46% + boric acid 1.6%). These were produced by 
dissolving the n:quired runount."i of zinc sulphate ;mu boric 
acid in appropriate cumrol solutions. TIle control solution 
was )).9% Wlv NaCI (Merck) in distilled water. 
Benzalkonium chloride (preservative) W:l' added in five 
different concentrations (0.1 %. 0.05%. 0.0 I %. 0.005%. 
0.001%) III each of the formulations (Z. ZI. Z IB.B) 

separately. 

Cells were added 10 prewarmed assayed ophthalmic 
solutions held at 25'C in a conical flask at a concentration 
of Ill' cells per 1111. I 101 of the sample was withdrawn at 
intervals of I hour,7 and 14 days. The samples were placed 
on tryptic soya agar (oxoide). incubated at 37'C for twenty 
four hours :U1d then the colonies which appeared were 
counted. 

RESULTS 

Zinc sulphate (0.25%) with a 0.1 % 10 0.05% 

concentralion of benzalkonium chloride was found to be 

quite effective against Pseudomonas aerugillosQ, 
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S(uphyfoCOt'CIlS amelis and Escherichia coli :md no microbial 
growth was ohscrved after one hour. twenty four hours. :.md 
seven and fourteen days (Table I). Zinc sulphate. 11.46% 

(Tahle II) :U1d boric acid. 1.6% (Table III) gave the same 

results. 
ZB (zinc sulphate U.46%+boric acid 1.6%) with a 0.1 % 

to ().05% concentration of bl!llzalkonium chlorid!.! was also 
effective against Pseudomonas (}CrllgiIlOSll. and 

Staphylococclls G/ln'lIs. but numerous and 02 colonies of 
Escherichia coli were present after 0 I and 24 hours 
respectively (Tahle IV). Zinc sulphate (0.25%) with 0.01 % 
benzalkonium chloride was also effective against 
Pseudomollas llerugillosa. with 4 amI 3 t:olonics appearing 

aflcronc hour and 24 hours respccti vel y. and 5 rupllylo('occllS 

(//lreUS, with 39, 4, and 6 colonies ohserved aftcr one hour, 
24 hOllrs and 14 days. respectively. No colonies of 
Escherichia coli were noted. The smneresults were obtained 

with 0.005%-0.001 % concentrations of the preservative. 

with a fluctuant response by PseudomonlJs aerugillosa 

during the entire contact period. an extensive response by 

Staphylococcus aI/reus after one hour (115 and 300 per 

0.005% and 0.001 % respectively) and a slight response by 
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Table II. Antimicrobial effectiveness test. Viable count of bacteria (Gram " Gram +)* 
against preparation Zl with differen' concentrations of benzalkonium chloride. 

cone. of benzalkonium chloride 
contact 0.1 % 0.05% 0.01% 0.005% 0.001 % 
time 

ZI investigated against P. aerug;nosa 

I hour - - - 250 N 
24 hours - - - - 03 

day 07 - - 25 004 -

day 14 - - - - -

Z I investigated against S. OllrellS 
-

1 hour - - - U3 N 
24 hours - - - 15 05 

day 07 - - - -

day 14 - - -

Z I investigated against E. coli 

1 hour - - 04 60 50 

24 hours - - - - 02 
day 07 - - - N N 
day 14 - - - 1R 

Zl: Zinc sulph:ul! 0.46% Gram +: Staphy/'.corcH.r mUt'/u . 
• Gram -: PUlldnl1l(lIItU m.'rII,;;tlflS(I, Escha;chi(J en/i. (o) no colony (N) numerous colonies. 

Table III. Antimicrobial effectiveness test. Viable count of barteria (Gram -, (;ram +)* 

against preparation D with different-roncentrations of ben7.alkonium chloride. 

conlact cone. of benzalkonium chloride 

time 0.1% 0.05% 0.01% 0.005% 0.001 % 

B investigated against 1'. acrll1:illOSa 

I hour - - 150 N N 
24 hours - - 051 " N 
day 07 - 051 N N 
Jay 14 - - N N 

B investigated against S. allrCllS 

I hour - - N N N 
24 hours - 30 N N 
day 07 - - N N N 
day 14 - - 50 N N 

B investigated against E. Coli 

1 hour - - N N N 
24 hours - - 25 N N 
Jay 07 - - N N N 
Jay 14 - - N N N 

B: Bone acul 1.6% (rram +: Sraphylocncclls alln'llS. 

-Gram -: Pseudomonas aemgillosa, Escherichia enti. (-) no colony (N) numerous colonies. 
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Ophthalmic Preparations with Benzalkonium Chloride 

Table IV. Antimicrobial erfectiveness lest. Viable count of bacteria (Gram -, Gram +)* 
against preparation ZIB ,villi different cuncentrations of benzalkonium chloride 

cone. of benzalkonium chloride 
contact 0.1% 0.05% 0.01% 0.005% 0.001 % 
lime 

ZID invesligated against P. aerllJ.:iuusa 

1 hour · 160 160 200 

24 hours · · 004 003 008 

day 07 · N N N 
day 14 · · N N N 

ZID investigated against S. QllrellS 

I hour · N N N 
24 hours · - 60 40 N 
day 07 - - 18 40 N 
day 14 - - - N N 

ZlIl investigated against E. Culi 

I hour · N N 100 N 
24 hours · 02 08 . 

clay 07 · 06 032 N 
Llay 14 · 06 025 N 

ZI B: Zinc sulplwlo.! O . .Jn + boric acitl 1.6'!. 
'1<(;171111 -: P,\'l'lIdoll!(lfw,\'IlI:"'I,t:illflSfI. £I"('herichi!l coli. 

I imm +: S/flJlhylol"{I{'('/U' mln'ILI', 

(.) 110 CUlllllY IN) IHIilWrOtlS coluni .... s. 

Es,.herichill coli (Tahle I). 
Preservative activity should he t.ksignateu as 

h;u.:lcrioslalil.: or baclcricida1 .�.II and lowen:onccntrations of 
preservative may he more effective :L'i compared 10 higher 
concenlrat ions Colon ics of PSCIIl/OIIIOlIll.\· (Icl'flgill().W 

appeared in preparation Z I (zinc sulphate O.4(ifJ,,+ 
hl!llzalknnium chloridl! tUB % :Uld fl.lHI),X,) aftl!r 7 days. 
with higher colony counts in the 0.0 I % coru::enlfation. 
although no growlh was seen 01124 hours of inllculation (2)f 
0.1) I % ,md 114/(1.1105%- Table II). Z I  wa, found 10 he more 
effective against S(apllyloc()('I'I{S allr£'flS :Uld Esl'/l('J'icllia 

coli. 
Boric aciJ 1.6"1" (B) wilh (I.() I (/tl-( J.f)!) I (lr, henzalkonium 

chloride W;L" founu to he completely inciTect ivc against hoth 
gram negmivc and gram positive hacteria after I huurant.l at 
14 days following inoeulalion (Tahle III). This 
incfTcctiveness was noticeJ with ZB (zinc sulphate 
0.469:,+i1oriL: :tciu 1.6'lrl) at th\.! same concentratiolls (Tahle 
IV). 

DISUSSION 

A chem ical :L-;say of preservative concentratiuns Illay hc 
insufl1cient since the concentrations studied may ht.: wholly 
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unrciateLi to the hioactivity uf the agent.17The concentration 
of the prest;!rvative loses its correlation when wc lake inltl 
consiut;!ftuion its moue of action (bactericiuaJ/hactcrillslatic). 
Tht.: minimulll inhihitory concentration (MIC) dues not 
uistinguish hClwel!1l death of hacteria and supprcssioll of 
thcir growth. If a compound is hactericidal there will he no 
growth in tuhes containing concentratiolls grcatcr Ih:Ul till; 
ag\.!nt"s MIC. HI 

The viahlity of PJl'm/O!1l0IlaS aerllghw.m espccially :UlU 
S/(Jphylococf'l{S (lIll'ellS and Escherichia ('oli reappeareu 
:11'ter seven d,lYs even thougll it was completely suppresst.:u 
aflL!r 24 hours of inoculation against preparations Z. Z I. B. 
and Z I B (Tahle V). Vegolalive hacleria ,u'e killed fairly 
rapidly hy most pn;scrvatives. although gram nt.:gativc 

bacilli incilH.ling PscwjolllOll(JslIl'l'Ilgino.w arc kss sensitivt.: 
than gram positive organisms,I.' 

Pseudol1lol/(Js aCl'ligilloslJ exhibited ahundant growth 
wilh 0.0115% Iu Il.O(lI '7., benzalkonium chloride. This 
phenomenon was very cxtL!llsive (500-�50U(;{! increase in 
Ilumher of colonies) in Zl (zinc sulphate 0.46%) with 
benzalkonium chlllJide (l.U I %, while a 400'}{, incre;t"e W;:t" 

observed in Ihe 1l.()()5% prcparalion (Tahle V). The 
pronounced effect of the ().005% concentration or 
prl!servative compared 10 the n.{) I % may he due to tht;! fact 
thai the ronner CXL!rIS a prelytic elTecl, whereas the lalter is 
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Table V. Comparative increased viability of bacteria 7 days and 24 hrs following 
mOl'ulation with Z, ZI, B. ZIB. 

Cone. of benzalkonium chloride 
Prepar-
ation 0.1% 0.05% 0.01% 0.005% 0.001 % 

(P. lll!rllgino.w) 
Z - - - • • 
ZI - - •• • 

B - - - N% -
ZIB - - N% N% N% 

(.I'. allrt'lIs) 
Z - - - - -
ZI - - - - -
B - - N% - -
ZIB - - - -

(E. Coli) 
Z - - - - -
ZI - - - N% Nero 
B - - N% -
ZIB •• N% 

- , -Z. 7.lIIC sulphate.; 0._5%. ZI. ZInc sulphate O.-l/i%, H: bone am.! 1.6',1';" Zl B: ZIilC sulphat!! OA6'r., + 
boric 'Kid J .M?" 

• 201.1·5(K.lfYo, increased numher of colonies as cOlllp.1rcd 10 2-1 hours of in(lcul;l(ion . 

•• 500-J5(J()I;:, increased numher of colonies as compared 10 2-1 hours of inoculatiun. 

N'Y., illcolllll;lrahlc incre:1.�ctl numh.:r of clIlonies as c(lIl1pared [ll 2-1 hLlllr.� of inocul:uion. 

unable lOexcrt bactericida1 activity ,IOJ Benzalkonium chloriL1c 

exhibits Iwo zones of ;tel ivily depending on its conct.:ntriLtilln. 
the first in which memhrane penneability is nO! alten.:d. <LIlU 

the secono in which memhrant.: penTh.:ahiJity is altt.:ret.l 
(hach.:ricioal) uue to loss of (lota'\siulTI ions. 

Uncomparahle reviability of fSCI/(}Of/IlJ/IUS (Jcrl/gil/()sa 

was noticcd afler 7 days in boric acid 1.(;% (+11.11115'1., BAC) 
and zinc sulphate 1J.4(}(.ln + horic acid L(ifl"":, (+0.01/1.) -
�l.l'O'i% BAC). Boric acid 1.6%(+0.01 % BAC) w,,' gener.llly 
lnei fee live against Sraplly/or'o(,(,lls aI/reus ano Eschericilia 

;.:cli. Lower<::oncentrauons of preservative «( ).LXJ5 (I{,-( l,( )( ) I %) 
wit!; Zi (zinc sulphate 0.46%) and ZIB (zinc sulpllatc 
0.46% + boric acid 1.6%) showed extensive reviahility of 

Escherichia "oli aftcr 7 days (Table V). 
In addition to choosing a suitahle preservative. we als(l 

have the problem of maintaining :'Ul aocLJuate prcservative 
concentra t ion in the product to ensure satisfactory 

preservation. 7 The rubber seal ofd,e container breaks when 
the medication is forst used.llild the ophthalmic prep,oration 
is exposed to a [Jow of contaminated air which cnters 
through the opening. Preservatives are removed from the 
solulion llild used up during inactivation ofmicro-orgllilisims. 
'Most preservatives are metabolized by bacteria and fungi. 

Various components of fonnulations may increase the 
resistance and longevity of conuuninating microorganisms. 
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Benzalkonium chloride has been reponed to be utilized at 
concentrations well below commonly used levels. 
Contmninants may be introduced via raw matl:rials or by 
rcsit.lual microbial contruninants within manufacturing 
equipmenLJ These contaminants arc considered to he 
important . bl!causl! tllCY are usually resist:ul l pathugens. 
Multiple dose conuliners may be utilized by patients for up 
to seven days or more. In such cases. con tiun ination Illay be 
undetectable after 24 hours. but is usually present after 
seven days. 
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