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Antimicrobial activity of preservatives in pharmaceutical
products may be greatly reduced by many factors such as pH of the
product, partition coefficient in disperse systems, association of
preservatives with nonionic surface active agent, absorption of

preservatives by microorganisms, and adsorption of preservatives by



containers and closures (1,2,3,4%,5, 6,7,8,9, 10 ). Blackburn et
al studied about using chlorbutol as a preservative in ophthalmic
preparations and plastic containers were used. They found the con-

centration of chlorbutol in such preparations to be lower than the
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1. Use of too ive will result in microbial

The type o oduct and the concen-
determined by preserv-
ative efficacy tes sting is extremely

ct for the following

growth, which may alte 5 and which may render the

product 1!1,11:1-1011 f‘_“‘.

2. Use of Eﬁu

causes consumer dissgtisfaction.

L) AU W UAELS cont ot she srouct

which is passed on to the congumer,
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Klthough preservatives are included, some products or some
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lots of products are overgrowth with microorganisms. Ophthalmic
solutions are also sometimes found to be nonsterile. Effectiveness
of preservatives used must be checked for the information. For this
project, the purpose is to check preservative effectiveness of the

ophthalmic solutions used in Thailand by using the challenge test.



The method used will give more reasonable results for effectiveness
evaluation of finished products than the other methods used in the
past which factors about containers and closures are not involved

in the tests (11, 12, 13).

Sources of Microbial

1, Raw Maté

Water occupd 18 wehicle in pharmaceutical

preparations (14), nic and inorganic substances

found in natural wat usad usually goes through

ion exchange treatment, But this purified water is

easily contaminated with fawis organisms (15) and it has been
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reported that cogtimin: on - in producte"waesdrsquently due to water-
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borne bacteria. i? ; rf lonized water were
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Pseudomonas spp.. Snme straina ware able to grow rapidly to a

level of ahnﬁ ﬁﬂ?wﬂnﬁﬁw&l‘ f]aﬁ:%;h they can be killed

at 60°C in 5 Minutes, the crudu enzyma remained autiva even after

hentinga}wtf]laaﬁ ﬂ ﬁﬁ‘” ﬁ %%J}:ﬁﬂhne 20, the

crude en? yme was found to decompose the other types of ester surface

active agents.

Raw materials used in the manufacture of solutions, emulsions,
and suspensions are excellent growth media for bacteria. Substances
such as gums, dispersing agents, surfactants, sugars, and flavors

can be the carriers of bacteria which contaminate the product.



2. Equipments

Bacteria grow well in the nooks and crevices of pharmaceuti-
cal equipment ( and in the simple equipment used in the dispensary).

Such equipment should be thoroaug cleaned prior to use.

bute to product contami-
nation. Hands and nt carriers of contami-
nants. General cl®s dds Head coverings must be
used by those inwve cturing, and face masks
should be used by tHos ng from colds, coughs,

hay fever, and other/:

Commonly Effects of Contas

1. Pathogs

e

Pathogqniclﬁnd potentialy harmful iﬂlrnarganiums associated

with phamacﬁﬂﬁ%ﬂw %!WE%E. certain species

of Pseudomonad)( including Pseudomonas aeruginosa ), Staphylococcus
*
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2. Snuiling

A major source of spoilage contamination is water used in
production processes. Pseudomonas, Xanthomonas, Achromobacterium,
Escherichia, Aerobacter, and Flavobacterium spp. are generally known

to proliferate in potable, distilled, and deionized waters.



Staphylococcus, Streptococcus, Bacillus gpp., yeasts, and

fungi, pa;ticularly Aspergillus spp. and Penicillium 5pp., frequently

contaminate pharmaceuticals and may result in spoilage of products,
separation of emulsions and suspensions, changing in odor, color,

taste and stability of praoduc g
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Preaerﬁﬂﬁ% 'ﬁﬂ%;ﬂiﬂu’}oﬂ?ducts. They play

an essential rofé in protectinﬁ.thu uafet of cosmattup in which very
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environmen¥ (16, 17). Pavanetto et al (18) studied about talcum used

pra 551 ma

in Italy and found that it was contaminated by bacteria up to Lo,000
per gram of talcum and fungi over 2,000 per gram of talcum. The
presence of microorganisms in a cosmetic product, at the time of
introduction into interstate commerce, would be an adulteration. Inm

the context of toiletry and cosmetic products, pathogenic Eroups may



include Pseudomonas aeruginosa, Salmonella sp., Escherichia coli and
Staphylococcus aureus. Pseudomonas aeruginosa is particularly
resistant to many microbial agents and probably represents one of

the greatest challenges to preservatives (16). Seung Ho and Foye

found that rhodamine and its 'd gggives have antimicrobial activity

to bacteria, fungi, and,Some pard&sfieés and can be used as preserva-
tives to StaphylococCWE AUTS ~PseldomonAs aeruginosa, Escherichia
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Benzalkonium chloride solution
Benzalkonium chloride
Benzethonium chloride
Benzyl alcohol
Cetylpyridinium chloride

Chlorobutanel



Phenol
Phenylethyl alcohol

Phenylmercuric nitrate

Thimerosal

rvative properties but
also toxic properties 'or maximum protection of the
consumer, the effective edncen ?q' L _preservatives in final
products should m’. concentrations.

L7 A

A uuitable!nntimicrnhial praaorvatiaﬂ or mixture of them
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in pharmgceutical preparations, especially t rulent-resistant

strains of Pseudomonas aeruginosa. The activity may be bacteriosta-

tic or fungistatic but preferably to be bactericidal or fungicidal.
2. Continuing Activity. The activity should remain under
normal conditions of autoclaving, storage, and contamination during

use and preferably under less favorable circumstances.



3. Rapid Action. After contaminated during use, the product
should be resterilized quickly by the preservatives,
L, Sensitivity. It should be effective in low concentration

within wide range of pH and temperature.

used frequently, espged® ¥ | ’\\\\\i ons. Preservatives

ocular tissues in the
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concentrations and

?\\\ ould specifically produce

no damage to the corgéa i | \\\

7. Compatibilify \ tﬁr pH and tonicity of

system and should be ¢ . acologically compatible

with other ingredients iL;jE“
8. Stabiﬂjé:-——————-uniij : chemie: E]'ftuhla and undergo

discoloration. o -

ng Hunvulatile. It should not affect color, odor,

and taste of W%Wﬁ“ﬂnnﬁ

10. Ina%kivation. It 3huuld be innutivatiun and thus, not
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1M Solubility. It should be readily soluble in appropiate

9. Inert a

vehicles.

12. Cost. It should not be too expensive,

Searching for the best antimicrobial preservatives, it is
found that no single antimicrobial preservative or mixture of them

meets all of the above conditions (19), From theoretical considera-



tion and experimentation, sometimes more than one agent of preserv-
atives are used in pharmaceutical preparations. The reasons for
the use of preservative combinations were discussed (14), These are

some reasons :

1. The spectrum of & an be increased.
be reduced by using lower
concentrations of cﬁm--,th-ira:u VALY B5 .

3« The develgpmfe icxo Jgjakmg;,tance to one preserva=

k. The respqds Jeicoed predibtion from the separate
atien of one preservative

\

preservative amounts or

preservative action
alone.

5. Convenience

economic savings may resul®siv) <)
y =l o y oo

5’&' i 20, 21, 22, 23)

Iy ]
‘_h w‘a}sﬂmﬂ‘
E;Ehe pﬂtuﬂng %LEJ‘ wojmlzj:lnsi is between pH 2

to 11 and ideal éeaervativu Bhould be ifective an@/stable over pH
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likely to be encountered during the manufacture and storage life of

Factors Affectinbiif——m——--—m"

the product.

For benzoic, dehydroacetic, saliecylic and sorbic acids, only
undissociated molecules are active against microorganisms and activ-
ity is lost with increasing pH. The parabens do not depend on pH

like that but show greater activity on acid side of neutrality.
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Volatility is a disadvantage of chlorocresocl, chloroxylencl
and formaldehyde, affecting its activity to be lower at normal sto-

rage temperatures.

2. Effect of Dilfﬂat i titinn coefficient

ondy 4 proportion of total amount

Aqueous solutiomsg feserve, It is more complic-

ated for cream or emu

of preservative is ayef 201 | o an: phase where it is

VNS

required, The ides d, Thérefore have a low

oil/water partitiong€ogfifq : = | \\\\

3« Compatik ants or Preservatives

Interaction be egn-theae edients may result in higher
or lower activity of pres omp, et al (22, 23) studied
about preservatiges uses u—fu;-u—m- orepals tions., It was found
i' ,miride to Pseudomonas

aeruginosa was lower hy hydrnxypropy1methylce11ulnsa because 7 per

cent of 0.5 ﬁﬂﬂ?ﬂﬂﬁﬁ%ﬂﬁ}ﬂ fjﬂd was combined

with hydraxrpﬂﬂpylmethylcallﬁ}nue. Phanylmercuric n1trata or
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and with%lower concentration if phenethyl alcohol is added. Disodium

that preservative

edetate and phenethyl alcohol can also enhance activity of chlorhex-

idine acetate and chlorocresol.

Some preservatives, such as sodium benzoate, sorbic acid,
methyl and propyl esters of p-hydroxybenzoic acid, are in common

use. Many of them, including the parabens, substituted phenols, and
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quaternary ammonium compounds are inactivated to some extent when
the ratio of nonionics to preservative exceeds certain critical
values (14). The parabens in present of polysorbate 80 will lost

its activity because of the complex compound formation between them,

L4, Compatible

Container and \Myteraction with preser-

vatives in pharmaceufi Al he ideal preservative
must not be lost by pas ing to, the packaging
material. Interaction by 28 in products and chemicals
from containers or closures and lower the activity of such

preservatives. Bei¥ »hol may f# some rubber closure
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5« Effect of croorganism tamination
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organisms may cause pathogenicity. It was found that the parabens

but this pruhlem:ﬁ’@- lbber closure,

using in ophthalmic solution may be used by some fungi and some

species of Pseudomonas.
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Preservatives in Ophthalmic Preparations

Antimicrobial preservatives are required, except when cont-
raindicated, even if the ophthalmic solution is sterilized by other

means such as autoclaving or bacterial filtration. "The use of

or ophthalmic solutions
used for intraoculart se most of them are
irritating to the antgfigh i-fi;‘ﬂ aing 6f the eye. Preparations
for use with conjus 5 are also in this con=-
traindication. Thede gf 1 Imic r=="“\ ne are recommended to be
packaged in sterile sing oé ke 385, then any kind of anti-
microbial preservatives if- ‘

ives Ueed tn Ouhthalmic Preparations
A

Types of Antimicrat:

o!-
1. § aterna;l Ammonium Cermicides ﬂa

The mﬂ:%l&;?gywﬂ W%’M’q ﬁm in ophthalmic

solutions is b8hzalkonium uhlarida, uftan in comhiu%ﬁ}on. especially
won QAT T BN FHIY AR o
ingredienas but not compatible with anionic drugs, salicylates,
nitrates, or nonionic surfactants in high concentration. The con-
centration of 1:10,000 is most widely used, but the greater concen-
tration may be used, such as 1:3,000, for the sepecial purpose of
enhancing penetration of a drug. A 1:1,000 solution is very

irritating to human conjunctiva, and produces edema and desquamation.
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Other quaternaries used in ophthalmic solutions are 0.025 %
benzethonium chloride, 0,02 % cetylpyridinium chloride, and myristyl-

Eamma-picolinium chloride.

2. Substituted Alcohols and Phenols
m

Chlorobutanol is efifl inst both gram-positive and

aeruginosa and
ompatible with other

gram-negative microorgafism
some fungi. It is sl

ingredients. The Ophthalmic solutions

containing chlorbu ween pH 5.0 and 5.5

because normally it thigh temperature and

slowly at room tempe itions that are neutral

or alkaline originall ic acid as hydrolysate

product,

A combinatdor plenylethyl alcohol is

_gf“tnghxln¢uccua aureus,

: f:"
Other substituted nl'Jnols and phenols used

more effective agd

,(fist Pseudomon

and Proteus vulgar
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Instead of benzalkonium chloride, phenylmercuric nitrate or

is 0.5 % pheny

acetate in 0.002 % concentration can be used for salicylates and
nitrates containing preparations and in solutions of physostigmine

and epinephrine salts that contain 0.1 % of sodium sulfite.

Phenylmercuric compounds are slow bactericidal action and
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produce sensitization reactions. Ion of phenylmercuric is compati-
ble with halides and forms precipitate with them, Against Pseudomonas
aeruginosa, a combination of phenylmercuric nitrate, thimerosal, and

sodium metabisulfite, at an acidic pH seems to be effective.

Other organomercur d used is thimerosal ( merthi-

olate ) which has bacte ifungal activity and is used

-.#
fis Wmic preparations.

L, Parah d Ac ~'*

Methylparabe

in 0,005 to 0.02 % ¢

itures may be used in con-
centration of 0.1 to ‘ﬂ\ and 0,04 % of propylpa-
raben, They are not g atetic agents and also cause

ocular irritation.

5. Polymyxin B
A4

.e;""

T he organisms may have
J

. i
fherefore, it is reserved for the treatment of

It is usefil
resistance to it.

oo Tesatongle parmmgon e st o) sy ions of 0.01

of benzalkoniufg] chloride and 1:::'{} usp Unita per ml of polymyxin B

sulfute&WfTﬂjﬁﬁﬁfu %jﬁqq% Elqia H Pseudomonas

and is ndhirritating to eye tissues.

Teast Methods of Preservative Efficiency

Most ophthalmic preparations provide an environment for
bacterial or fungal growth, unless they are adequately preserved.

Common pathogenic groups that may contaminate to the pharmaceutical

011504
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products and have to be aware of are Pseudomonas seruginosa, Salmo-
nella spp., Escherichia coli, and Staphylococcus aureus, Pseudomonas
aeruginosa is particularly resistant to many antimicrobial agents

and represents one of the greatest challenges to the preservative,

Each preservative may posess hi

'}ntimicrahial activity in some

%
of Xes V& been proposed for

'A\K;' Zhese differ significantly
)\*n' gitial choice for the

preparations but not in othe

As a result, a
measuring the efficacy

from the tests which

preservative assessmer gug, wifiim \Johibitory concentration
testa ( agar diffusion ?\\_} and killing dilution
tests are quite acceptayfle for dnit 2 :aﬁ\.-ion of preservative

systems (25), but they ma§f ha¥s % e ng on the activity of
preservative displays in the fimal forFmulation (12, z6, 27, 28).

The final assessmentio servative ;;; only come from a

-

\.‘ |
5 ‘ when added to the

study of the way i“ﬂﬂ- od
T
)

preserved product in J e final package (11, 1% 28). This method,
g

the challenge Wﬁ ﬂﬂﬂfwaqnﬁrﬂuienny of

preservatives i rmaceutical and cosmetic products.

| ¢ o o/
b dfpid B b bbb skl Shede ) bl haracion,
in its fin;i container if possible, with suitable microorganisms,
storing the contaminated preparations in prescribed conditions, and
sampling for eneumeration at specific time intervals. Effectiveness

of the preservative is interpreted from degrees of lowering in the

viable microorganisms of the inoculated samples,
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Microorganisms Used

1. Staphylococcus aureus

Staphylococcus aureus is gram-positive coceci. Growth is

t is facultatively anaerobej

: y/‘_om 30° to 37 °C. It is

best under aerobic conditions

the optimum temperature

nonmotile and nonspore

ains of Staphylococcus

aureus form capsules ty to produce many

extracellular subst: ukocidin, enterotoxin,

coagulase, hyalurofids

Staphylococc i, colonizing the nasopha-

rynx. It is commonly a1 but is thought to be

contaminants derived fr » Pathogenicities from

some strains of Staphylocofcus aure re abscess, supperative

e

infections, atgph;iu-n_-,,_u","”.“, —aiuu=v=s;i,in syndrome, toxic
Vi |
shock syndrome, aniil terotoxin. Normally

Staphylococcus aurgug utraina are highly sensitive to most of anti-

biotics but “ﬁﬁﬂﬂﬂﬁfﬂﬁwmﬂﬁ“““bm agents

such as penicifllins, amikacina,knnamycin, flucluxacillin, and

tﬂ‘hram;rda Wrﬁ} Nﬂﬁ myﬁswq% w P r‘ﬂ,ﬁlinase

productioﬂ, or by plasmids transfering from resistant strains of

microorganisms (29, 30, 31, 32).

2a Paaudqgg;as aeruginosa

Pseudomonas aeruginosa is the predominant cause of pseudo-

monal infections in human. Pseudomonas are strictly aerobic, gram



17

negative bacilli, Pseudomonas aeruginosa is actively motile, with
single polar flagellum. Mucoid strains contain a polysaccharide

capsule or glycocalyx.

Peseudomonas aeruginosa grows well on all common culture

mediums and most rapidly at tam stures from 30° to 37 C. In

common with other paeud~ﬂ;“f‘ﬁ“ A TaTeg® _pumber of organic substances
are utilized as carbonwsouress, ¥F aeruginosa resists to

many antibacterial agey Axﬂ is increasingly very

3\\\\‘ abise in the respiratory

Wwounds, and surgical

important infectious

Primary inf
tract; urinary bladdgh; B o
sites. Pseudomonal pg '«-n£i gy-« ] b;\\~ al, is a serious disease.
Physical signs, such as’colfgh‘und m, are usually modest, while
fever is generally high ‘ﬂﬂ%&,u 144 gumonia is often marked,

W

approaching 80 pe &?"?"'"'""""‘“ aquem::y of septice=-
mia is high, excapt]ﬂn

the most serious aequ'& to other logalized infections, with high

mortality wﬂum ‘V]El‘VlTWEﬂﬂ‘i
QW%W@U AN Y

Escherichia coli is gram negative bacilli, grows luxuriantly

iei!a. Septicemia is also

on ordinary nutrient medium and may be cultivated in the simplest
of synthetic medium, i.es, those with an inorganic nitrogen source
and glucose. Temperature for growth is in range between 10. to #G' c

but 37 oC is the optimum temperature.
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Escherichia are common flora of human intestinal tract, and
are the predominant members of aerobic bacteria of the bowel. Some
strains may be isolated also from infectious urinary tract, septice-
mia, and endocarditis. Its endotoxin may cause diarrheal disease;

and its plasmid transfering problam of antibiotic resistance

in some microorganisms (J*?‘ ;f Several kinds of Escherichi
coli infections are u [: és, septicemic infections
with sometimes menin‘lﬂf-_-{ rthas Gefd®e, and nasocomial infec-
tion. I

ways seen on damp
bread, bacon, or orgafiigi matprial / . 45 widely distributed. With

every breath, we may i ia of the organism. Most of

the time, these caonid thout any injury.
Under certain ¢or:;:TtTtt:ji:::jtj________?___fﬁfhis organism may
provoke ifjury to éﬂ} in one

presence of its conidigsor, much mdpé r ‘IL invasion of pulmonary

e e 8 ST
hh'ﬁﬁ“ﬁﬁsﬁ°§ﬁbﬁﬁﬁq ERRE

Bécause of its widely distribution, Aspergillus niger is

iys alergin response to the

s sometimes mig-

always being the representative fungi to be studied for antimicro-
bial agents efficacy im many kinds of products, such as in woods,

optical instruments, food, drugs, and cosmetic products ( 28, Lo ),
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ndida albicans

Candida albicans is the pathogenic yeast. Reproduction is
by pinched blastoconidia. The organism may form peeudomycelium or

true mycelium, but not form capsules.

faverable conditions of

growth in the presence §f fermenga ydrate, it grows as a

budding yeast. Hituﬂl!.--ii ate and with semi -

\“‘H
anaerobic conditions

forming pseudomyce

ontent, it elongates,
stoconidia and chlamy-

doconidia ( 32, 41

Candida albic hich, 15 Pesponsible for most infectious

processes, is endogenou part of the normal flora of

buccal cavity, large integ , 5;*‘uL; na, If normal flora are in

imbalance, as in Lﬂ“l-'1':.“%;F;:-;é:‘:‘:;:-\—i 1 physiological
o

change, the qrganisiﬂh,, ; aﬂ&n rapid rate and then

establishes an infec iﬁn. Most nnmmonly, it is associated with

intnrtrisinouﬂ%ﬂ%ﬂ% %Wﬂ ’q.ﬂ‘gl as onychomycosis,

foot infectionf“vaginitis, and thrush. It may also h involved in

rorst G R, FOISIVRA I Y e,

systemic fhvolvement ( 32 ).



	Chatpter I Introduction
	Literature Survey


