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ABSTRACT

Concern has been expressed about the possible harm ful effects of antiseptics on
cutaneous wounds. There are few clinical data to support this view but animal studies
suggest that certain agents are toxic.
To simplify the investigation of antiseptic toxicity investigations have been
conducted in vitro using cell culture. This study set out to establish an in vitro
cytotoxicity assay which is simple, accurate and reliable, so th a t a num ber of cell types
and agents could be easily studied. Basal keratinocytes and fibroblasts were studied as
these cells are essential to the wound healing process. A transform ed keratinocyte line
(SVK 14 cells) was also compared.
The cells were exposed to hydrogen peroxide, chlorhexidine, sodium hypochlorite
and cetrimide for 15 m inutes and cell viability was assessed with a colorimetric assay
w hich utilizes the tetrazolium

s a lt 3-(4,5-dim ethylthiazol-2-yl)-2,5-diphenyl

tetrazolium bromide (MTT).
Comparison of 50% survival levels showed th at the three cell types showed similar
susceptibilities to the agents tested. These findings suggest th a t the transform ed cell
line, which has the advantage of ready availibility and immortality, can replace both
fibroblasts and keratinocytes in an antiseptic cytotoxicity assay.
C om parison of 50% survival co n cen tratio n s to th e s ta n d a rd th erap eu tic
concentrations showed the following ranking order of toxicity: sodium hypochlorite>
cetrimide> hydrogen peroxide>chlorhexidine. These findings are in line with in vivo
studies on inhibition of wound healing by antiseptic agents. The assay devised appeared
to be of value in predicting the relative toxicities of antiseptic agents in vivo.
Reported experimental conditions for antiseptic cytotoxicity assays vary. The effect
on toxicity of following conditions was studied: increasing exposure time; the effect of
medium or serum; increasing cell num ber. Increasing cell num ber and diluting the
agents in medium and serum reduced the toxicity of all agents b u t had the greatest effect
on sodium hypochlorite. Increasing the exposure time increased the toxicity of all

agents b ut had the greatest effect on hydrogen peroxide. Changes in experimental
variables clearly alter the toxicity of individual agents. The results of in vitro testing
should be interpreted in the context of experimental conditions.
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1.1 DEFINITIONS
A ntiseptic - a substance that kills or prevents the growth of microorganisms. This term
is used for preparations applied to living tissues

D isin fectan t - an agent th a t prevents infection by the destruction of pathogenic
organisms. It is a term used in reference to substances applied to inanimate objects.

1.2 INTRODUCTION
Topical antibiotics and antiseptic agents have been widely used by dermatologists,
surgeons and family practioners to prevent bacterial contam ination of a wound, in the
belief th a t preventing bacterial growth can enhance w ound healing. The desirable
properties of antiseptic agents are outlined in Table 1.1. A ntiseptics exert their
antim icrobial effects through direct toxic effects on microbial cell walls, nuclei or
cytoplasm and for m any years concern h a s been expressed th a t these agents, in
addition to killing or inhibiting bacterial proliferation, may exert a toxic effect on host
cells in a wound. This study is concerned with the use of topical antiseptics in cutaneous
w ounds healing by secondary intention and their possible harmful efffects. There is a
w ealth of inform ation concerning the antibacterial efficacy of these agents b u t
relatively few published data on their effects on wound healing. Herein follows a careful
exam ination of the available literature on the toxic effects of antiseptics on wound
healing, both in vivo and in vitro.
In general, in vivo studies are conducted in animal wound models. These studies require
large num bers of animals to produce statistically significant results. Such studies are
expensive in term s of anim al life an d cost. B ecause the use of anim als for
experim entation h a s become politically u n accep tab le, m any p h arm aceu tical
companies are looking for alternatives to anim als in which to study new agents. In
recent years, the advent of better cell culture techniques h as led to the evaluation of
antiseptic cytotoxicity in vitro. Cell culture systems may be used not only to assess the

TABLE 1.1 Desirable properties of antiseptic agents
1)

Agents are lethal to organisms

2)

Broad antimicrobial spectrum

3)

Bacteriocidal and fungicidal properties more im portant th a n virucidal or
protozocidal action

4)

Low surface tension to allow spreading over skin and wound surfaces

5)

Potency retained in the presence of organic m aterial

6)

Action m ust be rapid and sustained

7)

No adverse effects
N o n-irritant
No inhibition of wound healing
N on-sensitizing
No systemic absorption

possible toxicological potential of individual agents, b u t also to establish modes of
action. However such techniques are in their infancy. The purpose of this study was to
establish a simple m ethod for assessing antiseptic toxicity in cell culture and to
estimate the value of cell culture systems in the assessm ent of antiseptic cytotoxicty.
In reviewing antiseptic toxicological data it is also necessary to review the practice
of using antiseptics in healing wounds. It h as been stated th a t when antiseptics are
applied to a w ound 'the chances are th at they will largely be inactivated by serum,
blood, necrotic tissue and dilution' (Altemeir, 1983). Although such views may be held,
only a small num ber of studies are available in which attem pts are made to critically
evaluate the efficacy of antiseptic agents. In addition recent changes in w ound
m anagem ent practice have em phasized the creation of a n optim al wound healing
environment and less em phasis has been placed on the eradication of bacteria. In
examining the possible toxic role of antiseptics it is also necessary to question whether
the application of these agents is either efficacious or necessary.
In the first section a brief history of antisepsis will be outlined, providing a
background to current usage.

1.3 HISTORICAL ASPECTS OF ANTISEPTIC USAGE
Although the scientific application of disinfectants and antiseptics is limited to the
p ast 150 years, empiric practices go back to ancient times.

In the first century

Dioscarides advocated the use of sulfur ointment as an antiseptic. The use of wine and
vinegar in the dressing of w ounds dates back to Hippocrates. Compounds of mercury
were used to prevent sepsis in w ounds by Arabian physicians in the Middle Ages.
In the prevention of hum an disease the first half of the nineteenth century was a
period of awakening (Block, 1983). In 1825 Labarraque used chlorinated soda solution
in treating infected wounds and recommended it for general disinfection. In 1829,
Robert Collins employed solutions of chlorine com pounds in an attem pt to check an
epidemic of puerperal fever. In 1830. the American physician Oliver Wendell Holmes

Ii
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indicated that puerperal fever was contagious and transm itted by n urses and in 1835 he
reported success on preventing transm ission of infection by w ashing the h an d s in
chlorine of lime solution following each visit to an infected patient. Semmelweis used
chlorine succesfully against childbed fever in 1847. He published a careful analysis of
his work in the book 'Aetiologie'. This account showed a dramatic fall in the death rate
from puerperal sepsis. However neither Holmes nor Semmelweis could gain acceptance
for their principles of basic hygiene or for the use of antiseptics.
Phenol was first used in wounds in 1860 by Lemaire. However it was Lister who gave
world fame to antisepsis through the use of phenol

even though he succeeded

Semmelweis and Holmes in the use of antiseptics by decades.

He used phenol to

successfully treat wounds and published his findings in 1867 (Lister, 1867). He then
introduced the application of antisepsis to surgery and is credited with introducing the
age of disinfection.
Other antiseptics whose use was introduced in the nineteenth century were: iodine,
first used by Davies in 1839 and widely used in the American Civil W ar (1862); alcohol,
shown to have germicidal activity by Reinicke in 1894 and Epstein in 1897; mercuric
chloride which gained wide use after Koch dem onstrated in vitro activity against
anthrax spores. In the late nineteenth century aniline dyes, and newer chlorine, iodine
and organic mercurials were introduced. The flavines appeared in the 1920's, cationic
detergents in the 1930's, halogenated quinolones in the 1940's, hexachlorophene,
chlorhexidine and iodophors in the 1950's and triclosan and benzoyl peroxide in the
1960's.
The evaluation of antiseptic antibacterial activity began in 1881 when Koch (1881)
devised and employed the m ethods of m odem bacteriology and used them to test the
action of disinfectants. Kronig and Paul (1897) furthered th is work by attem pting to
standardise conditions of testing for disinfectants in vitro. The phenol coefficient
method of testing was introduced by Rideal and Walker in 1903 (Rldeal and Walker,
1903). They standardised all conditions of testing and employed specific bacteria in a
prescribed broth medium. Phenol formed the basis of comparison for all other agents

tested. Chick and Martin (1908) improved the methods of testing by introducing organic
m aterial to the test conditions to ensure th a t the test system mimicked the 'in use'
situation. Although modifications to these m ethods have been introduced, they formed
the basis of disinfectant testing procedures.
In the early part of the twentieth century, Fleming began to question the use of
antiseptics in w ound therapy stating th a t 'antiseptics will only exercise a beneficial
efffect in a septic wound if they possess the property of stimulating or conserving the
n atu ral defensive m echanism of the body against infection' (Fleming, 1919). Fleming
recognized th a t antiseptic agents may have harm ful effects on neutrophils which
played a m ajor role in eradicating bacterial infection. Early attem pts to study the
toxicity of antiseptics used rabbit spleen tissue (Lambert and Meyer, 1926) and cultures
of spindle cells and periosteum from embryonic chicks (Bucksbaum and Bloom, 1931).
Later attem pts were made to establish a toxicity index (the ratio of the concentration
necessary to produce cell/tissue damage to the concentration necessary to achieve an
antibacterial effect) in an attem pt to establish safe topical antiseptics. In 1937 Salle,
McOmie and Schechm eister (1937) described a toxicity index in which th e highest
dilution of the germicide killing a strain of bacteria within 10 m inutes w as compared to
the highest dilution preventing growth of an embryonic chick heart during a 48 hour
incubation. This m easure of toxicity w as criticized principally because it was felt that
chicken heart was unrepresentative of a cutaneous wound and th a t exposure for 48
hours was too long as agents were unlikely to persist in tissue for such long periods. A
further study examined the effect of the antimicrobials on bacteria and leukocytes in
vitro, and the effect of intraderm al injection of antiseptics (Nye, 1937). This study
showed iodine to be the most powerful antibacterial agent when compared to chlorinereleasing agents and mercury solutions, b u t equally it was the most toxic to neutrophils
and skin. O thers continued to use leukocytes to generate a toxicity index (Welch and
H unter, 1940). Later studies used m ouse liver cells to evaluate tissu e toxicity
(Bronfengrenner et al, 1938)., in reviewing the toxicity index generated by a num ber of
studies Reddish (1954) concluded th a t such indices were of little value since they

generated such conflicting results with agents being given a high index by some
investigators and a low index by others. This emphasizes the pitfalls of in vitro testing
of antiseptic toxicity.
Interest in evaluating the possible harmful effects of antiseptics on tissu es in vitro
seems to have waned in the 1950's whilst the uncritical use of antiseptics continued.
However in the 1980's interest was reawakened in both the usefulness of these agents in
wound care and their possible harmful effects.

1.4

METHODS OF TESTING ANTISEPTIC ANTIBACTERIAL ACTIVITY

For new products, in vitro data are required to show th a t th e ingredient is truly
antimicrobial and the probable range of activity. The standard techniques and the
methods of calculating the various coefficients of disinfectants are fully described in
British Standard Specifications (Reynolds, 1989 i). The principle tests used are: The
Rideal-Walker Test which requires distilled w ater dilutions of the disinfectant to be
tested against broth cultures of the specified micro-organisms; the Chick M artin Test
requires the disinfectant to be tested in the presence of a high concentration of organic
m atter. A chemical whilst showing positive results in vitro may not show significant
activity w hen formulated and used topically. Undue em phasis h as been placed on in
vitro testing for topical antimicrobials. C urrent thinking dem ands th a t basic in vitro
data is supported by in vivo tests showing effectiveness for a given indication.
It is widely recognised that clinical trials are an inadequate way of assessing new
antimicrobial products (Leyden et al, 1979). A properly controlled study for assessing
prophylaxis of infection of abrasions, for several form ulations of a new agent on a
population practising good hygiene would require observations of th o u san d s of
individuals, because only a sm all n u m ber of injuries would become infected.
Additionally,

adequate control of subjects an d stan d a rd isa tio n of w ounds is

impossible in clinical trials.

For this reason the following in vivo h u m an models

(Leyden, Stewart and Kligman, 1979) have been established to evaluate the efficacy of
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topical antim icrobial agents in intact skin and in w ounds: 1) The occlusion te st
m easures the ability of an agent to prevent the expansion of resident microflora which
occurs when an inpermeable dressing is applied to the forearm and m easurem ents are
made at 24 and 48 hours. 2) The expanded flora test m easures the ability of an agent to
suppress a dense population of micro-organisms produced by expansion of the resident
flora of the forearm by application of an im perm eable occlusive dressing and
m easurem ents are made at 10 m inutes, 6 hours, 24 h o u rs and 48 hours. 3) The
persistence test m easures the ability of an agent to establish a reservoir in the skin and
exert an antimicrobial effect up to 3 days after the last application of the test material.
4) The ecological shift test determ ines any m ajor alteration in cutaneous microbial
ecology following several applications of the material under occlusive dressing. 5) The
serum inactivation test determines whether the presence of serum proteins interferes
with antimicrobial activity of an agent.
Human models have not replaced clinical testing as yet, however such studies may
prove useful as screening te sts prior to full-blown clinical testing. D oubts have been
cast on the ethics of using artificially infected wounds in hum an volunteers to study the
efficacy of these agents. Over em phasis on the in vitro testing for antimicrobial activity
of antiseptic agents may have led to the situation where a large num ber of agents are
available for a variety of indications, b u t doubt is cast on th eir efficacy. Below the
efficacy of these agents is evaluated in clinical studies and animal and hum an models.

1.5 CLINICAL APPLICATIONS AND EFFICACY OF ANTISEPTICS
The principal uses of topical antiseptics are 1) for pre-operative skin preparation 2) as a
surgical hand scrub 3) as a prophylactic wound cleanser, to prevent possible bacterial
infection of a surgical wound 4) for cleansing infected wounds.

1.5.1

PROPHYLACTIC ANTISEPSIS OF THE SKIN

The surface bacterial counts of norm al skin are shown in Table 1.2. Since an inoculum
c f 5 x 106 S. airwR rpU s is needed to cajse infectim in a hsaltiy a l i l t (Harvey, 1985)
routine antiseptic prophylaxis is unneccessary. However in the compromised
host th is inoculum may be m uch sm aller and prophylactic an tisep sis m ay play an
im portant role in preventing infection. A greater em phasis is now placed upon
su p p re ssio n of environm ental so u rces of p ath o g en s th a n u p o n preoperative
preparation. Preoperative preparation of the skin with antisepsis, although reducing
surface pathogens markedly, does not always decrease the incidence of infections.
Bathing with hexachlorophene did not reduce the postoperative infection rate among
5760 patients, despite a substantial reduction in the cutaneous bacterial population
(Aylifie et al, 1983). Antiseptic showers th at reduce the num ber of staphylococci on the
scrotum were not found to alter the incidence of infections after vasectomy (Randall ,et
al, 1983), however preoperative showering with chlorhexidine decreased the incidence
of postoperative infections in patients undergoing vascular surgery (Brandberg et al,
1979).

1.5.2

PROPHYLAXIS AGAINST SURGICAL WOUND INFECTION

Clinical studies
Surgical w ounds at high risk of infection are irrigated with antiseptic prior to closure
in the hope th a t this will prevent wound infection. Some studies have shown benefit
from this procedure. The use of povidone iodine (Disidine spray, 0.5% povidone iodine)
pre and post wound closure in 456 appendicectomy wounds significantly reduced wound
infection rates (Gilmore and Martin, 1974). Similar findings were obtained in a further
study in which 500 patients undergoing abdominal surgery had their w ounds irrigated
with either 10% povidone iodine or saline, used as a control, prior to closure (Sindlar
and Mason, 1979). The antiseptic treatm ent significantly reduced infection in
potentially infected abdominal w ounds from 14.3% to 2% and in contam inated wounds

Table 1.2 Surface bacterial counts on normal hum an skin (Harvey, 1985)

Glabrous skin

100-5000/cm2

Face and scalp

200,000/cm2

A xilla

300,000/cm2
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from 20% to 6.8%. Two studies have shown th at wound irrigation with chlorhexidine
(0.05%w/v) reduced postoperative infection rates (Shepherd and Kinmonth, 1962).
O ther studies have shown no benefit from the prophylactic use of antiseptics in
surgical wound management. Galle and Homesley (1980) compared povidone iodine and
saline irrigation of wounds in operations for gynaecological malignancies and showed
that povidone iodine had no effect on reducing wound infection rates when compared to
saline controls. Pollock, et al (1978) obtained sim ilar re su lts in a study which
compared the effect of wound irrigation with povidone iodine, saline or cephaloridine
prior to closure in abdominal operations considered at high risk of wound infection.
Rogers, et al (1983) could not show statistical differences between rates of wound
infection w hen com paring w ound irrigation with povidone iodine or saline. Crosfil
(1969) found th a t irrigation of appendicectomy w ounds with chlorhexidine 0.5% w /v
did not reduce wound infection rates when compared to irrigation with normal saline
inspite of using a concentration of chlorhexidine which is ten times th a t recommended
for use in w ounds (Reynolds, 1989 ii). Use of such a high concentration may induce
tissue damage making secondary infection more likely. In one study an attem pt was
made to establish a safe concentration of povidone iodine which would not impair
healing and would reduce wound infection rates (Viljanto 1980). Children undergoing
appendicectomy were treated with 5% povidone iodine spray prior to closure and this
produced higher infection rates th a n in the untreated control group. In a subsequent
study a Cellstic drain, comprising a silicone rubber tube containing a piece of viscose
cellulose sponge, was placed between the wound edges for 24 hours. Cells moving with
the exudate attached them selves to the sponge and subsequently the sponge was
examined histologically. Prior to insertion the tubes were influxed with one of three
povidone iodine solutions. W hen 5% povidone iodine was used leukocyte migration
into the sponge was inhibited and m any cells appeared dead; use of 5% aqueous iodine
showed increased num bers of leukocytes and small aggregates of fibroblasts. When 1%
aqueous povidone iodine was infused into the Cellstic tube there was little difference in
cellularity between the control saline tube and the test agent tube. A further study
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examined the effect of 1% aqueous povidone iodine instilled into appendicectom y
w ounds prior to closure; this showed th at at this concentration wound infection rates
were lower th an in untreated controls, although the num bers in the test group were
sm all ( test=38, control=82). Viljanto (1980) concluded th a t a safe and effective
concentration of an agent could be established.

Animal studies
Because of the practical difficulties entailed in clinical studies some workers have
turned to animal models to evaluate the use of prophylactic antisepic treatm ent.
Rodeheaver et al (1982) created surgical wounds in guinea pigs and inoculated the
wounds with Staphylococcus aureus. Prior to closure the wounds were irrigated with 1%
aqueous iodine, aqueous povidone iodine 10%, povidone iodine surgical scrub or
norm al saline. Aqueous iodine and povidone iodine surgical scrub caused infection
rates in wounds which were higher th an control. The authors concluded th a t this may
be related to the toxic effects of these agents on tissues, which may make wounds more
susceptible to to infection, views which are in line with Viljanto (1980). Aqueous
povidone iodine did not reduce w ound infection ra te s com pared to th e control
treatm ent. Platt and B ucknall (1984) used w ounds in guinea pigs infected with
Staphylococcus

a u reu s to a sse ss the efficacy of a range of antiseptic agents

(chlorhexidine gluconate 0.01% , 0.02%, 0.05%; benzalkonium chloride 0.1%;
noxythiolin 2.5%; povidone iodine 10%). The antiseptics were applied 15 m inutes after
inoculation of the bacteria or 45 m inutes before. This design sim ulated surgical
practice of treating the skin with antiseptics prior to starting surgery or cleansing the
wound prior to surgical closure. Infection was judged according to the am ount of pus
and induration present in the w ound on the sixth post-operative day. Irrigation 15
m inutes after the bacteria were inoculated with either saline or noxythiolin did not
reduce the incidence or degree of infection. Benzalkonium chloride and to a lesser
degree povidone iodine significantly reduced the infection rate, b u t were inferior to
chlorhexidine which elim inated all overt signs of infection. W hen irrigation was
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carried out 45 m inutes before bacterial inoculation, chlorhexidine was th e only
treatm ent which reduced infection rates.

In sum m ary, there is no convincing clinical evidence th a t w ound irrigation with
topical antiseptics is effective in reducing post-operative w ound infections and this
practice has largely been abandoned. Limited animal data appears to support this view.

1.5.3

TREATMENT OF CHRONIC CUTANEOUS WOUNDS

Clinical studies
C utaneous ulcers Although antiseptic agents are regularly used to tre a t chronic
cutaneous ulcers, particularly venous ulcers, very few studies have system atically
evaluated their efficacy as antibacterial agents or th eir effect on wound healing. The
effect of benzoyl peroxide 10% w as evaluated in th irteen p atien ts with leg ulcers
(Lookingbill et al, 1978). Bacterial counts were made pre- and two weeks post-treatment;
the antiseptic agent had no effect on bacterial counts. Two patients out of six treated
with benzoyl peroxide developed cultures dom inated by a growth of P seudom onas
aeruginosa which was not present at the start of the trial and which was resistant to
benzoyl peroxide. Daltry and Cunliffe (1981) performed a double blind trial of the
effects of benzoyl peroxide 20% and Eusol and liquid paraffin on the microbial flora of
ulcers. The Eusol solution had no significant antibacterial effect on the num ber of
pathogenic bacteria b ut the num ber of pathogenic bacteria present increased in some
wounds. Species of pseudom onas and streptococci and enterobacteria which were not
initially present were subsequently isolated. Only a small num ber of wounds became
free from bacteria following Eusol treatm ent. The effect of antimicrobial agents on the
microbial flora of 75 varicose ulcers w as studied by Henderson et al (1980). Bacterial
co u n ts were ta k e n p re -trea tm e n t and 48 h o u rs after th e application of the
antiseptic /antibiotic agents w hich were form ulated into cream preparations. The
ag en ts te sted were: silver su lp h ad iaz in e , gentam icin, n e o m y cin /b ac itra c in .
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chlorhexidine, sodium fusidate, and Viscopaste bandage was used as a control. Only
chlorhexidine and gentamicin significantly reduced bacterial counts. This study was
performed to assess the most effective antimicrobial agent in reducing bacterial counts
prior to grafting. A study by Burke, (1971) showed th at within 24 hours of covering b u m
wounds by xenografts the bacterial counts fell; this emphasizes the im portance of the
w ound environm ent in reducing contam ination ra th e r th a n th e ritu a l u se of
antiseptics and antibiotics.
The effect of antiseptics on bacteria in p ressu re sores h a s also been studied;
povidone iodine 10% was no more effective th a n saline w ashes in reducing bacterial
counts in hum an pressure sores (Kucan et al, 1981).

B um s The incidence of invasive b u m wound infection has decreased significantly with
the use of effective topical antim icrobial therapy. Many studies have evaluated the
effect of these agents. Povidone iodine ointment applied four times daily to 50 patients
with up to 90% b u m s showed 75% of cultures taken to be negative and 95% to be below
the critical level for invasive sepsis (a surface swab giving giving a bacterial colony
count >10®) (Georgiade and Harris, 1973). This w as an uncontrolled study and no
information is given on how th is treatm ent affected morbidity or m ortality. Use of
povidone iodine is limited by system ic absorbtion. A chlorhexidine p lu s silver
sulphadiazine preparation was found to be effective in the treatm ent of b u m s; only 7
blood cultures were positive out of 900 patients treated (Clarke, 1975).
The topical agents currently in m ost frequent use are: silver sulphadiazine, silver
n itrate solution, m efanide and chlorhexidine. Topical antim icrobial ag en ts can
prevent or minimize b u m infections and u se is advised in all p atien ts who are at
significant risk from sepsis. All of the currently available agents have short-comings.
The recent shift in em phasis toward early surgical closure of extensive deep b u m s in
great part has resulted from the appreciation of the inadequacies of currently available
topical agents (Monafo and Freedman, 1987).
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In sum m ary, topical antiseptic agents appear to be effective in the treatm ent of
b u m s and their use is often only limited by their systemic toxicity. Antiseptics used on
chronic cu taneous ulcers appear to be less effective; th is m ay be related to the
persistence of a n adverse wound environment created by su ch factors as venous
hypertension, pressure and ischaemia. Bacteria may persist and

recolonize in the

presence of such wound conditions in spite of antibacterial m easures.

Animal and human wound models
Cutaneous ulcers have been created to study the effect of antiseptic agents in vivo. Mertz
et al (1984) exam ined the effect of antiseptics in bacterially contam inated partial
thickness wounds in pigs. The wounds were inoculated with Staphylococcus aureus.
The agents tested (povidone iodine and 70% alcohol) were then applied to the wound for
1 or 3 m inutes or 24 hours and bacterial counts were assessed at these time points. At 1
m inute neither treatm ents reduced the num ber of pathogens; at three m inutes both
agents produced a slight reduction and after 24 hours only povidone iodine reduced the
num ber of pathogenic bacteria th a t could be cultured b u t the count rem ained above
1x10^, the num ber considered as evidence of infection (Maibach and Hildick Smith,
1965). The authors conclude th a t the model is an accurate sim ulation of the clinical
situation and th at the results suggest th a t both 70% alcohol and povidone iodine are of
limited efficiency in the treatm ent of superficial wounds.
Leyden et al (1979) devised a hum an model for evaluating antimicrobial agents on
h u m a n skin. The serum inactivation test determ ined how th e presence of serum
proteins may interfere with antimicrobial activity. Three agents were tested: povidone
iodine surgical scrub, hyamine 10X (a qu atern ary am m onium com pound), and
neomycin sulphate. The model comprised a de-roofed am m onium hydroxide induced
blister which w as contam inated with Staphylococcus epidermidts. The effect of these
agents, which were applied under occlusion for 24 hours, w as com pared to their
antibacterial effect w hen tested on intact skin. The iodine com pound showed no
antibacterial activity. The quaternary am m onium com pound w as still capable of

suppressing a dense population of bacteria but was not as effective as on intact skin.
Neomycin showed no reduction in activity when used on an eroded surface as compared
to intact skin. Leyden and Bartelt (1987) used the same h u m an model to study both the
efficacy of antiseptics and their effects on w ound healing. The blister bases were
contam inated with Staphylococcus aureus and bacterial counts were made 16 hours
after two applications of the antimicrobial agents were made. The agents tested were:
neom ycin ointm ent, Polysporin ointm ent, benzalkonium chloride, thiom ersal,
hydrogen peroxide 3%, m erbrom in, cam phor and phenol. Only the antibiotic
ointm ents were able to significantly reduce bacterial contam ination compared to the
untreated control.

Chlorine-releasing agents, chlorhexidine and povidone iodine are amongst the most
commonly used antiseptic agents in clinical practice. The majority of data suggests that
chlorhexidine is an effective antiseptic both in the animal model and in clinical trials.
Data on povidone iodine aieless consistent; animal model data suggest th a t this agent
is only partially effective in suppressing bacterial counts and frank wound infection
and these findings are in keeping with variable effects on wound infection in clinical
trials. Although chlorine-releasing agents have good antibacterial activity when tested
against purely bacteria, available data from clinical studies suggest th a t these agents
have poor antimicrobial activity in wounds.
A study which examines a wide range of agents regularly used for m inor cu ts and
abrasions suggests th a t antiseptic agents are of veiy little benefit in reducing bacterial
contamination (Leyden and Bartelt, 1987). Unfortunately the agents used in th is study
are all 'over the counter' preparations, and clearly fu rth er studies are necessary to
evaluate all agents used regularly in hospital practice. However available data suggest
th a t the efficacy of m any agents in reducing bacterial contam ination of a wound should
be questioned.

1.6

ROLE OF BACTERIA IN WOUND HEALING

Does the presence of bacteria in a wound inhibit healing, have no effect on healing or
enhance healing?
Invasive bacterial infection in a wound has long been recognised to delay healing
(Carrel and H artm ann, 1916) b u t it h as also been argued th a t optimal w ound healing
rates cannot be achieved unless bacteria are eliminated from open w ounds (Burke,
1971). A healthy wound environment is known to contribute to wound healing, and the
importance of local m easures such as wound bebridement, removal of foreign bodies,
and improving local circulation is considered of greater value th a n the topical
application of drugs (Altemeier, 1983). A study by Burke (1971) showed th a t cutaneous
w ounds contam inated by Staphylococcus aureus and covered with conventional
d ressin g s did not heal; w ounds covered w ith xenografts sh ed th e b acterial
contam ination and heal faster. It was concluded th a t bacteria m ust be eradicated before
a wound can heal. An alternative interpretation might be th a t th is study emphasizes
the role of the wound environm ent in eradicating bacteria and enhancing healing,
rather th an the role of bacteria in inhibiting it.

1.6.1

EFFECT OF INFECTION ON SURGICAL WOUNDS

Certain studies on surgical w ounds confirm the view th a t invasive bacterial infection
inhibits w ound healing; Smith and Enquist (1976) infected sutured incisions in rats
with Staphyloccus aureus and showed from the sixth post-operative day the infected
w ounds were weaker w hen compared to controls. However, other studies have shown
th a t certain bacterial infections m ay enhance wound healing. Tenorio et al (1976)
inoculated abdominal w ounds in ra ts with pure or mixed cultures of gram negative
bacteria and a gram positive coccus. The tensile strength of the wounds w as m easured
and the infected w ounds were found to be significantly stonger th a n controls. This
effect w as related to the inflam m atory response elicited by th e infection. The
inflammation induced by pseudom onal infection w as strong and th is w ound was not
significantly stronger th an the control, whereas the enterococci infected wounds had a
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m inim al inflam m atory response and equally did not differ significantly from
controls. However intermediate inflammatory responses, induced by certain bacteria,
appeared to enhance wound healing. Raju et al (1977) infected surgical w ounds with
Escherichia coli and showed th at the infected wounds were significantly stronger th an
uninfected controls. These latter studies used gram negative bacteria as the inoculum
because these organisms have surplanted gram positive cocci as the cause of m ost
surgical infections.
From these studies it might be concluded th a t certain bacteria evoke the proper
inflammatory response and result in stronger w ounds while others provoke too m uch
inflam m ation leading to weakening.

1.6.2

CHRONIC CUTANEOUS WOUNDS AND OCCLUSIVE DRESSINGS

An im portant step forward in the m anagement of wounds was made when W inter (1962)
reported enhanced epithelialization in occluded w ounds. The principal property of
occlusion is to keep tissues moist. Although these findings were reported in the early
sixties, occlusive dressings have only been introduced into clinical practice in recent
years, principally because it w as feared th a t occlusion m ight prom ote bacterial
infection. Studies of wound healing using occlusive dressings in both clinical trials and
anim al models have led to a better understanding of the role of bacteria in wound
healing. Although bacteria may proliferate under occlusive dressings, recent evidence
suggests th a t the presence of large num bers of certain bacteria does not inhibit healing.
Leaper et al. (1984) produced full thickness wounds in ra ts and 1x10® organisms, either
Staphylococcus aureus, Escherichia colt or Pseudomonas aerugin osa, were placed into
each wound and the wounds were occluded. At intervals up to 10 days, ra ts were killed
from each group and wound size m easured. The granulation tissue from the w ounds was
excised and cultured. There was a rise in bacterial counts for the Escherichia coli and
Staphylococcus aureus infected w ounds up to six days and then counts fell. C ounts in
the pseudom onas infected w ounds continually rose until ten days. The Escherichia coli
and Staphyloccus aureus infected w ounds healed norm ally b u t the pseudom onas

infected w ounds did not. This study suggests th a t with the exception of pseudom onas
infections, large num bers of pathogenic bacteria do not inhibit wound healing. Alper et
al (1983) reported a clinical study in which cutaneous ulcers in 18 patients were treated
with an occlusive dressing. In 16 of the 18 patients the ulcers healed in spite of gross
bacterial contam ination, however here there was no quantitation of bacterial data.
Although large num bers of bacteria may be present under an occlusive dressing, it
has been has shown that, with time, the num bers fall (Leaper et al, 1984). Wound fluid
has antibacterial activity (Buchan et al, 1981). This activity may be produced by large
num bers of actively bacteriocidal neutrophils and the high concentrations of globulins
and lysozyme which may prevent bacterial growth. W ound fluid may also contain
growth factors which promote healing and proteases which will enhance debridement.
Persistent use of antiseptic solutions to cleanse a wound may dilute growth promoting
and antibacterial activity of wound fluid.
The data presented here suggest th a t eradication of bacteria from a wound is not
esssential to wound healing, although in th e presence of certain bacteria the use of an
antimicrobial agent may be advised.

1.7 COMPLICATIONS OF ANTISEPTIC THERAPY
Much atten tio n h a s been focused on the antim icrobial, resorptive and potential
allergenic properties of antiseptic agents. Adverse systemic and local effects from these
agents are well documented.
Local adverse effects include irritant and allergic contact derm atitis. Irritancy is
well recognised with sodium hypochlorite and severe irritan t reactions to povidone
iodine have been reported (Okano, 1989). Unlike topical antibiotics, allergic contact
derm atitis to antiseptics is rare; amongst those agents used in current clinical practice
contact derm atitis h a s been reported to chlorhexidine (Berqvist-Karlsson, 1988),
cetrimide (Sharvill, 1965), and povidone-iodine (Marks, 1982). Contact u rticaria to

chlorhexidine h a s been docum ented (B erqvist-K arlsson, 1988; F isher, 1989).
Photocontact derm atitis has been reported to halogenated salicylanides.
Toxicological studies on topical agents concentrate on the possible adverse systemic
effect which may occur if the compound is absorbed. Iodine com pounds are associated
with a num ber of sytemic adverse effects. Hypersensitivity reactions occur which lead
to fever and a widespread rash. Absorption of iodine may lead to hypothroidism and
has been described following bathing of neonates, and the topical treatm ent of b u m s.
A bsorption of iodine from povidone iodine applied to p a tie n ts with b u rn s with
impaired renal function has led to the production of a metabolic acidosis (Pietsch and
Meakins, 1976) and the use of this agent has not been recommended in patients with
more th a n 20% b u m s. Of the phenolic compounds, hexachlorophene is noted for its
neurotoxicity; b u m s p atients treated with 3% hexachlorophene developed spongy
degeneration in the brain and spinal cord. Neonates washed with this antiseptic agent
developed dem yelination of the brain and spinal cord (Powell et al, 1973). The
triphenylm ethane dyes have been widely used for m any years on w ounds, however
recent reports of mutagenicity in anim als (Anon, 1987) h a s led to the recommendation
th a t these dyes should not be used on m ucous m em branes or broken skin. The
treatm ent of pressure sores with hypochlorites h as been complicated by acute oliguric
renal failure which was believed to have been caused by the release of endotoxins from
bacteria present in the wounds (Barton and Barton, 1981). Judging by the literature,
this complication of hypochlorite treatm ent would seem to be extremely rare.
Whilst antiseptics have been used for many years to com bat infection recent reports
have shown th a t these agents m ay become contam inated with bacteria, particularly
pseudom onas species. Such contam ination has been described for alm ost all agents in
current use (Rutala, 1984) and h a s been associated with th e introduction of major
systemic infection.
Although great interest in systemic and local adverse effects h a s been shown, until
recently little interest h as been shown on the effect of antiseptic agents on wounds.
W hilst toxicity h as been suspected on theoretical g rounds there is little clinical
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evidence to support this view, with the exception of the triphenylm ethane dyes where
tissue toxicity, particularly to m ucosal surfaces, h as been clearly docum ented (John,
1968). Hence the possible toxic effects of these agents have been studied experimentally
both in vitro and in vivo.

1.7.1

ANTISEPTICS AND INHIBITION OF WOUND HEALING - EFFECT OF TOPICAL

ANITMICROBIALS IN VIVO
A limited num ber of studies have examined the effect of antim icrobials on w ounds in
vivo. Both the wound models and the agents used vary from study to study and there is
m uch inconsistency in the findings. The results of these studies are detailed below and
summarized in Tables 1.3, and 1.4.

Effect on epithelialization of cutaneous wounds (Table 1.3)
The rate of re-epithelialisation in surgically created wounds h as been studied. Gruber et
al (1975) used partial and full thickness wounds in ra ts and donor sites in h u m an s to
study the effect of acetic acid, povidone iodine and hydrogen peroxide. The agents were
applied 4 times daily until the w ounds were re-epithelialised. None of the agents in
either the rat models or the hum an model caused a delay in healing. Geronem us et al
(1979) used partial thickness w ounds in pigs to study the effects of povidone iodine,
Neosporin ointm ent, nitrofurazone and 1% silver sulphadiazlne cream . As in the
previous study no toxicity for povidone iodine ( 1 0 %) could be dem onstrated, but
nitrofurazone significantly delayed healing; both Neosporin ointm ent an d silver
sulphadiazlne cream significantly enhanced healing rates. Lineaweaver et al (1985)
used full thickness w ounds in ra ts to study the inhibition of w ound healing by the
thrice daily application of povidone iodine 1%, acetic acid 0.25%, sodium hypochlorite
0.5%, hydrogen peroxide 3%. Re-epithelialisation w as significantly delayed a t 8 days
by acetic acid, sodium hypochlorite and povidone iodine b u t only by sodium
hypochlorite at 16 days. Leyden and B artelt (1987) reported th e only hum an-m odel
study in which blisters were produced by ammmonium hydroxide and the blister base
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Reported studies of the effect of antiseptic agents on re-epithelialisation in wounds healing
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Infected with Staphylococcus aureus. Two hours after inoculation the w ounds were
treated twice daily with one of the following test products: neomycin-polymyxin Bbacitracin ointm ent, polymyxin B-bacitracin ointment, benzalkonium chloride spray,
Merbromin, thim erosal, hydrogen peroxide, tincture of iodine an d cam phor-phenol.
W ounds tre a te d w ith th e neom ycin-polym yxin B -b acitracin o in tm en t h ealed
significantly faster th a n untreated wounds; tincture of iodine and the cam phor-phenol
preparation significantly delayed wound healing when compared to no treatm ent. Two
applications of neom ycin-bacitracin-polym yxin B o intm ent elim inated b acterial
contam ination in the first 1 6 - 2 4 hours. No other te st agent produced com parable
results.
More com plex an aly sis of w ound healing, a ss e ss in g b o th th e ra te

of

reepithelialisation and the am ount of granulation tissue formed was made by Brennan,
Foster and Leaper (1986). Two agents, chlorhexidine (0.05%) and chloramine T 1%, were
applied to full thickness wounds in rats. Granulation tissue w as excised three, five and
seven days post-operatively and assayed for hydroxyproline content, a m easure of
collagen synthesis, and for DNA as a m easure of tissue cellularity. Re-epithelialisation
w as assessed histologically. W ounds treated with chloram ine T showed significantly
less collagen b u t significantly higher levels of DNA w hen com pared to those treated
with chlorhexidine or the saline control. Histological exam ination showed m arked
h y p e rc e llu la rity

of th e

ch lo ram in e

tre a te d

g ro u p

(m ainly

p o lym orphs).

Epithelialization was significantly delayed in the chloramine T treated group.

Studies on blood vessels and granulation tissue (Table 1.4)
Effects on the cutaneous wound bed can be studied by examining an immediate, direct
effect on blood vessels microscopically; longer-term effects c an be evaluated by
examining granulation tissue histologically, looking for induction of inflammation or
simply m easuring destruction of granulation tissue by thickness.
Using vital microscopy Branem ark et al (1966) studied the microcirculatory effects
of a range of commercial compounds on ham ster cheek pouch, a peripheral nerve in
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m ouse, the rabbit's ear cham ber and skin capillaries in m an. In the h am ster cheek
pouch, all agents produced cessation of blood flow after a 60 minute exposure which was
irreversible; 5 m inute exposure caused cessation of flow which was reversible. Studies
in th e ra b b it e ar c h am b er (5 m in u te exposure) show ed extensive delay in
revascularisation of the cham ber (14 days versus 6-7 days in control) with the
quaternary ammonium com pounds b u t only slight delay with hexachloraphene.
Twenty years later B rennan and Leaper (1985) returned to the rabbit ear chamber
model to study the toxic effects of antiseptic agents. The cham bers were flooded with the
following agents: Eusol, povidone iodine 5% and 1%, hydrogen peroxide 10 volumes,
chloramine T 1% and chlorhexidine 0.05%. Effects on granulation tissue were studied
by examining capillary circulation with a dissecting microscope and by m easuring
capillary blood flow using a laser Doppler flowmeter. The chlorine releasing solutions
caused cessation of blood flow w ithin vessels and these vessels never reopened. On the
fifth day after application new vessels started to grow in from the periphery. By 14 days
the cham ber had recovered to its pretreatm ent state. Povidone iodine (5%) caused
cessation of blood flow and it took 72 hours for the cham ber to recover. Chlorhexidine,
hydrogen peroxide and povidone iodine caused no sustained adverse effects.
Niedner and Schopf (1986) examined the formation of granulation tissue in a full
thickness wound in guinea pigs. Antiseptics and dyes (pyoctanin, eosin, brilliant green,
chloram ine T 10%, povidone iodine 5%, chlorhexidine 0.5%, silver nitrate 1%) were
held in contact with full thickness w ounds for seven days, and re-epithelialisation was
prevented by insertion of a teflon ring. The wounds were excised and the thickness of
the g ranulation tissu e m easured; pyoctanin and b rilliant green cau sed m arked
inhibition of the form ation of g ran u latio n tissu e , chlorhexidine cau sed a 60%
reduction and the other agents produced a small reduction th a t was not statistically
significant. A study by B rennan et al (1986) uses a similar wound model to investigate
the toxicity of antiseptic agents on granulation tissue (Table 1.4), although the methods
for m easuring toxic effects on granulation tissue were different. Here chloram ine T 1%
was toxic to granulation tissue and chlorhexidine 0.05% was not, reversing the findings

of N eidner and Schopf (1986). Com parison of th ese two studies em phasizes the
difficulty of interpreting antiseptic toxicity data.
The toxicity of the triphenylm ethane dye crystal violet w as investigated by
Mobacken and Zederfeldt (1973). Viscose cellular sponges were implanted into surgical
w ounds in rats. The sponges were either soaked in sterile w ater or crystal violet (three
concentrations 1 in 100, 1 in 1000, 1 in 10,000). The sponges were exam ined
histologically a t 1 0 days; in those treated w ith w ater there w as a n ingrowth of
capillaries, fibroblasts and collagen bu t in all dye-soaked sponges no connective tissue
was seen. These findings support those of Neidner and Schopf (1986) which suggest th at
these agents are toxic to granulation tissue.

Effect on tensile strength of wounds
The effect of antiseptic agents on surgical wound models can be m easured by estimating
the tensile strength of wounds. The tensile strength of a wound in the first few days is
ascribed to epithelialisation and production of im m ature collagen b u t by two weeks
tensile strength is correlated with collagen production. Soaking dorsal w ounds in rats
with povidone iodine 1 % for 15 m inutes had no effect on the tensile strength of the
wounds a t 1, 2 and 6 weeks (Mulliken et al, 1980). In contrast, in a further study, wounds
irrigated with povidone iodine ( 1%) three tim es dally were significantly w eaker (2 1 % of
control) th a n w ounds irrigated with saline, acetic acid 0.25%, sodium hypochlorite
0.5% or 3% hydrogen peroxide (Lineaweaver et al, 1985). Exposure of incisional wounds
to one of two concentrations of chlorhexidine (0 .0 2 % or 0 . 1 % w/v) for five m inutes
prior to closure led to a reduction in breaking strength a t seven days com pared to
control wounds (Mobacken and Wengstrom, 1974).

Effects on other tissues
Faddis et al (1977) used the rabbit knee to study tissu e injury induced by povidone
iodine (Betadine Prep and Betadine scrub) and hexachlorophene (Phisohex and 3%
solution). These agents were injected into Joints at 48 h intervals on three occasions.

The solutions containing detergents, Betadine scrub and pHisohex caused severe gross
and histologic damage to articular cartilage, synovia and muscle. The hexachlorophene
solution caused moderate histological damage and loss of articular ground substance.
Betadine Prep caused only minimal gross and histologic damage, w ithout biochemical
evidence of articular cartilage damage. It was suggested th a t if an antiseptic solution is
to be used for packing joints, Betadine Prep is recommended. Much of the damage was
attributed to the detergent base of the antiseptic agent emphasizing th at the vehicle may
also contribute to the overall toxicity of an agent.

These studies provide conflicting evidence for the tissu e toxicity of antiseptics,
which is perhaps in keeping with the variety of wound healing models used and the wide
choice of antiseptic agents tested. The choice of agents partly reflects prescribing
practices both over a period of 20 years and in different countries. B ranem ark et al
(1966) tested q u atern ary am m onium soaps b ecause 'invert soaps are the m ost
commonly used disinfectants nowadays’. Superior agents are now available and Block
(1983) states th a t there is little reason to use cationic surfactants as disinfectants now.
In spite of this, their use persists and hence Leyden and Bartelt (1987) in a study of 'over
the counter' antiseptic preparations chose to test benzalkonium spray. Although the
choice of wound healing model varies, here are broadly two types of experiment: those
which examine reepithelialization in full and partial th ick n ess w ounds, and those
which examine the toxic effects on granulation tissue. Only in one hum an study (Leyden
and Bartelt, 1987) is an infected wound created, and although the infected blister base
probably provides the best way of assessing the toxic effects of antiseptic agents doubts
have been expressed about the ethics of using an infected hum an model. Although the
anim al models are broadly similar, the m ethods of applying the tested agents vary. In
several studies the w ounds were irrigated a t intervals, reflecting common clinical
practice for cleansing cutaneous w ounds. In o th er stu d ie s the antiseptics were
formulated so th a t exposure was continuous for a period of days, which may in the case
of some agents greatly increase toxicity.

In reviewing studies on the toxicity of antiseptics to w ounds it is possible to find
some consistent findings. All in vitro studies show th a t the triphenylm ethane dyes are
toxic to com ponents of the healing w ounds. In co n trast, in all stu d ies traced 3%
hydrogen peroxide is non-toxic to g ra n u la tio n tis su e a n d does n o t in h ib it
reepithelialisation (Lineaweaver et al, 1985; B rennan and Leaper, 1985; G ruber et al,
1975; Leyden and Bartelt, 1987). For other agents testing gives less consistent results,
although some trends are apparent. Povidone iodine (10%) showed no adverse effect on
w ound reepithelialisation or upon rabbit knee cartilage; only one stu d y h a s shown an
adverse effect of povidone iodine 5% on the form ation of g ran u latio n tissu e. The
majority of data, however, suggest th a t this agent does not inhibit healing. However
tincture of iodine does inhibit re-epithelialisation; th is agent is know n to have m uch
greater antibacterial effect th an povidone iodine and it well known th a t it is also toxic
to tissues (Harvey, 1985) and the application of tincture of iodine is not recommended to
wounds. A series of studies by one group (Brennan and Leaper, 1985; B rennan et al,
1986) have consistently shown th a t chlorhexidine (0.05%) is non-toxic to epithelium
and granulation tissue. Most available in vivo d ata suggest th a t chlorine-releasing
agents are toxic to cutaneous wounds.

1.7.2

ANTISEPTICS AND INHIBITION OF WOUND HEALING: EFFECT OF TOPICAL

ANTIMICROBIALS IN VITRO
This study is concerned with ways of looking at antiseptic toxicity in vitro. Only a
limited num ber of published studies have examined the toxicity of antiseptics in vitro
and m ost of these reports have been confined to the study of these agents in cell culture
(single cells), although a few reports have been published which examine the effects of
these agents in tissue culture (whole tissue) (Lawrence, 1970; Mobacken, Ahonen and
Zederfeldt, 1974). As with the in vitro m ethods for testing the antibacterial activity of
antiseptics, problems are encountered in designing a test system which reflects the 'in
use' situation. In vitro studies are designed to assess the potential harm ful effect of
antiseptics on healing wounds and it is well known th a t certain agents are inhibited by

the presence of organic m atter within a wound; particular problems are encountered in
judging the am ounts of organic material th a t are representative of the ’in use' situation
and th is h a s never been answ ered satisfactorily for either antibacterial studies or
toxicological work. As with the in vivo studies, comparison of resu lts betw een in vitro
studies is difficult because of differences in choice of agent and differences in study
design.
Studies in tissue culture
Lawrence (1970) studied the effect of silver nitrate^ Sulfamylon, m ercuric chloride and
copper sulphate on whole skin using skin explants. Toxicity w as evaluated by
m easuring skin respiration an d histology, where the degree of m igration of the
epithelium in the epibole was m easured. Results showed th a t silver nitrate, Sulfamylon
and other sulphonam ides were relatively non-toxic to skin b u t mercuric chloride and
copper sulphate were highly toxic. The skin explant used in this m ethod is cultured in
50% serum which poses a disadvantage w hen testing agents which are inhibited by
serum . In vitro studies on granulation tissu e have been perform ed by Mobacken,
Ahonen and Zederfeldt (1974); this study used granulation tissue grown in cylinders in
vivo and examines the effect of a single agent, crystal violet, on tissue respiration and
collagen production (measured by incorporation of 1 4 C-proline and production of 1 4 Chydroxyproline, which is tak en as m easure of capacity to produce collagen). A five
m inute exposure to two concentrations of crystal violet (0 .0 0 1 % and 0 .0 0 0 1 % w/v) led
to a striking dose-dependent reduction in oxygen consum ption an d 1 4 C -proline
incorporation.
Studies in cell culture
Most in vitro studies of antiseptic toxicity have been performed In cell culture using
single cell types. In com parison to tissu e culture techniques, cell cu ltu re h a s the
advantage of simplicity and reproducibility.
In a small num ber of published studies the toxicity of multiple antiseptic agents to
cells in culture has been compared (Table 1.5) b u t m ost studies have examined the effect
of a single agent (Table 1.6). Because fibroblasts and cell lines are easy to culture, these
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cells have been the target cell (Table 1.5 and 1.6). Keratinocytes are obviously a key cell
in the evaluation of antiseptic toxicity to w ounds in vitro. The ability to culture
keratinocytes has only become available in recent years (Rheinwald and Green, 1975)
and studies using this cell type are in their infancy. Culture techniques, unlike those for
cell lines and fibroblasts are difficult. Some recent studies have attem pted to examine
the susceptibility of norm al h u m a n keratinocytes to th ese agents, u sin g either
cutaneous (Cooper et al, 1990) or oral cells (Shakespeare et al, 1988) (Table 1.5). These
studies have examined the effect of antiseptic agents on cell growth. The use of oral cells
may be judged particularly im portant because of the wide use of antiseptics on oral
epithelium . As culture techniques have become more sophisticated it h a s become
possible to culture m ost cell types. This h as allowed investigators to study the effect of
antiseptic agents on a num ber of cell types, essential to w ound healing. Thus, in one
stu d y the effect of sodium hypochlorite w as evaluated on endothelial cells and
fibroblasts, whilst parallel data were produced for the effect of th is agent on neutrophil
function (Kozol et al, 1988) (Table 1.6).
The toxicity of antiseptics to m am m alian cells has been considered advantageous
in certain instances; w ounds have been irrigated with agents su ch as cetrim ide to
eradicate m alignant cells from a wound (Gibson, 1966; Stephens and Gibson, 1966).
This property of antiseptic agents w as evaluated in vitro by B lenkam (1987) who
studied the effect of two antiseptics, chlorhexidine and noxythiolin, on a range of
neoplastic and non-neoplastic cell lines. Noxythiolin w as ju dged to have greater
cytotoxic action against th e neoplastic lines th a n to th e norm al lines, w hilst no
differences could be determ ined for the toxic effect of chlorhexidine on either cell type
(Table 1.7). The authors conclude th a t the activity of noxythiolin is su ch th a t it may be
suitable for use in the prevention of of anastom otic recurrence in colorectal carcinoma
caused by im plantation of exfoliated cells.
Toxicologial m ethods have usually examined cell killing using vital staining and
cell counting, or inhibition of growth, using either a cell counting m ethod or the
incorporation of tritiated thym idine. For cultured keratinocytes only growth assays
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have been used. The reported m ethods for estab lish in g cell viability are tim econsuming and inaccurate. In all studies the data generated is crude, with no attem pt to
generate LD 50 values for more accurate com parison of agents. The num ber of ten-fold
dilutions to eradicate toxicity Is usually examined. Some attem pts have been m ade to
examine the possible mode of action of th e toxic agent on the cells (Shakespeare et al,
1988) (Table 1.5).
Available data shows th a t at concentrations recom m ended for use in a healing
wound all agents tested are toxic in the various cell culture system s in which they have
been tested. How should this be interpreted when, at least for some agents, in vivo data
is available which suggests the agent is not toxic? In two studies (Lineaweaver et al,
1985; Leaper and B rennan,

1986) in vivo and in vitro d ata toxicity were reported.

Although in both studies the in vivo d ata showed the chlorine-releasing containing
agents to be the m ost toxic to the healing wound, the parallel in vitro data showed these
agents to be the least toxic. W hat is noticeable from these and other in vitro studies is
th a t there is no attem pt to interpret the data. This is perhaps because such forms of
testing are relatively novel and difficult to perform; m ost au th o rs have been happy to
conclude th a t if the agents tested are toxic to cells in vitro they should not be used in
vivo.

1.8 AIMS OF THIS STUDY
For practical reasons, cell culture m ay offer the way forward in testing the potential
toxicity of antiseptic agents on cutaneous w ounds. These procedures are, however in
th eir infancy. The aim s of this study were a s follows:

1)

To devise a n assay which w as sufficiently simple and reliable to allow for an

accurate com parison of the toxicity of a range of antiseptic agents on a num ber of cell
types. Since keratinocytes and fibroblasts, are fundam ental to the cutaneous w ound
healing process it w as decided to examine th eir susceptibility to antiseptic agents.

K eratinocytes dem and complex cultu re conditions an d in o rd er to simplify the
Investigation of toxicity on cutaneous epithelium it was proposed to compare the effect
of the agents on keratinocytes to those on a transformed keratinocyte line (SVK 14 cells)
available to the D epartm ent of Experimental Dermatology at th e London Hospital and
to establish w hether these cells might be substituted for norm al keratinocytes. These
transform ed cells have the advantage of ready availibilty and a n infinite lifespan, and
grow in the absence of a fibroblast feeder layer. Use of th is cell line would simplify the
investigation of the adverse effects of antiseptic agents on cutaneous epithelium.
The experimental conditions initially used are briefly outlined in Figure 1.1. It was
proposed to use an attached cell assay and to expose the cells for a short period of time to
the test agent. The cells would then be recultured to allow death or regeneration to occur
prior to the assay of cell survival/death.
The cytotoxic effect (cell death) would initially be m easu red using a vital stain.
Subsequently it w as hoped to establish a simpler more accurate technique to m easure
toxicity.

2)

The susceptibility of the three cell types would be evaluated an d compared.

Comparison of the toxicity of each agent would be m ade by com paring the num ber of
dilutions from th e sta n d a rd concentration to reach a n effective dose 50% (ED50)
concentration, m easuring either survival or cell death. The resu lts would be compared
to published in vitro and in vivo data. It was im portant to establish w hether such in
vitro assays have any predictive value for in vivo toxicity.

3)

Published in vitro studies give conflicting re su lts for the relative toxicities of

individual agents. It w as proposed to examine the factors which affect the toxicity of
antiseptic agents in vitro.

46
Cells cultured to confluence in flasks

T
Defined cell number subcultured into
culture plate and cultured for 24 h

▼
Attached cell exposed to antiseptic agent
for 15 minutes

▼
Agent removed and cells washed and
reincubated for 24 h.

t
Numbers of viable cells remaining
measured using a vital stain

FIGURE 1.1

Outline of initial experim ental procedure to be used in antiseptic

cytotoxicity assay

CHAPTER 2

METHODS - ESTABLISHING CELL CULTURE TECHNIQUES

CONTENTS
PAGE NO.

Introduction

49

Historical aspects of cell culture

49

Keratinocyte culture

51

2.3.1

51

Review of culture m ethods
-isolation of keratinocytes
-substrate
-feeder layer
-physical properties
-growth media and supplem ents
-fibroblast contam ination
-characteristics of keratinocytes grown on a plastic su b strate

2.3.2

Establishing a culture of basal cells

5§

-primary keratinocyte culture: m aterials and m ethods
-results
-com m ent
-subculture to establish a population of basal cells:methods
-results
-com m ent
Establishing a culture of human skin fibroblasts for use in an antiseptic
cytotoxicity assay

65

2.4.1

65

Establishing a culture of dermal fibroblasts
-m aterials and m ethods
-results
-com m ent

Transformed human keratinocytes (SVK 14 cells)

68

2.5.1

Cell transform ation

68

2.5.2

Virally transform ed h u m an keratinocytes

71

2.5.3

The SVK 14 cell line - original characterization

72

2.5.4

Comparison of SVK 14 cells to normal cultured keratinocytes

73

-culture characteristics
-morphology
-chromosome and DNA content
-cell m etabolism
-im m une function
-differentiation
-basem ent m em brane proteins
-interm ediate filam ent proteins
2.5.5

SVK 14 cell culture method

79

-m aterials and m ethods
-results
-com m ent
Summary

82

49

2.1

INTRODUCTION

In th is study it was proposed to use three h u m an cell types: basal keratinocytes,
norm al fibroblasts and a transform ed keratinocyte line, SVK 14 cells. B asal
keratinocytes and fibroblasts were chosen b ecau se they are essential to the
cutaneous wound healing process (Figure 2.1) (Woodley et al, 1985). The SVK 14 cell
line h a s m any advantages over the norm al or non-transform ed phenotype. W hilst
the ability to culture fibroblasts is well established, improved techniques for
culturing keratinocytes are still being generated. In th is ch ap te r th e cu ltu re
characteristics of the three cell lines are discussed ultimately defining the m ethods
to be used in this study.

2.2 HISTORICAL ASPECTS OF CELL CULTURE
Tissue culture was devised a t the beginning of the century (Harrison, 1907) as a
m ethod for studying the behavior of anim al cells free from system ic variations
th a t m ight arise in the animal. Culture of cells from prim ary explants (establishing
a cell culture from whole tissue) dominated tissue culture for 50 years. Cell culture
began in the 1940's with culture of m ouse fibroblasts (Earle, 1943). In the 1950's
in terest tu rn e d to h u m an m aterial, an d continuous cell lines were grown from
hu m an tum our (HeLa: Gey, 1952). The routine culture of hu m an fibroblast through
m any generations as unchanged diploid cells was dem onstrated by Hayflick and
M oorhead (1961). In the early 1970’s m any m am m alian cell types still resisted
cultivation and included amongst these were epidermal keratinocytes. Studies on
epidermal growth were therefore conducted in organ culture (Fell, 1964). However in
the 1970's and '80's methods for culturing a variety of cell types became available.
K eratinocyte culture began in 1967 w hen Briggam an et al (1967) noted th a t
keratinocytes could be isolated from split thickness sections of h u m an skin and
th a t these cells undergo limited m ultiplication in vitro. O thers stu d ies followed
(Karasek and Charlton, 1971; Fusenig, 1971; Fusenig and Worst, 1974; Yuspa et al..
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Schematic representation of wound-healing state

showing epidermal cell (EC) response to damage to the
basement membrane zone. In contrast to the usual vertical
migration during differentiation, basal keratinocytes begin to
move horizontally over the wound-bed matrix composed of
collagen, fibronectin, serum, elastin and fibroblasts.

1970) b u t until the mid 1970's techniques for growing disaggregated epidermal cells
could only dem onstrate th a t the cells grew in monolayers to a limited extent and
could not be satisfactorily subcultured. A great advance cam e in 1975 w hen
Rheinwald and Green (1975) showed th a t successful growth of epiderm al cells in
serial cu ltu re is dependent upon the presence of fibroblasts. Provision of a
fibroblast population could be m ade by using lethally irrad iated 3T3 m ouse
fibroflasts w hich both prom oted epithelial grow th an d in h ib ited grow th of
c o n tam in atin g derm al fibroblasts. Colonies form from single cells w hich
ultim ately stratify. The keratinocytes had a finite cu ltu re lifespan of 20-50 cell
generations, and 4-6 passages. Since this description a num ber of modifications to
the culture m ethod have been made. Rheinwald and Green (1975) suggested th at
cultured keratinocytes may have a variety of uses, nam ely for th e study of: 1 )
growth and differentiation of the keratinocyte 2 ) the effect of viruses, including
oncogenic viruses 3) the behaviour of epidermal cells involved in hum an disease 4)
th e testing of drugs affecting the h u m a n epiderm al cell 5) th e u se of cultured
keratinocytes for skin grafts. Many of these predicted u ses have been fullfllled.

2.3 KERATINOCYTE CULTURE
2.3.1

REVIEW OF CULTURE METHODS

Rheinwald and Green (1975) showed th a t hum an epidermal keratinocytes could be
cu ltu red on feeder layers of irradiated 3T3 cells an d could m a tu re to form
differentiated squam es (Green, 1977). The cells were grown in Dulbecco's modified
Eagle's m edium (DMEM) which w as supplem ented by 20% fetal calf serum and
hydrocortisone, 0.4 p g /m l. Modifications to this original m ethod will be outlined
in the following section.

Isolation o f keratinocytes
Keratinocytes are usually obtained from neonatal foreskins or from sk in removed
at surgery (cosmetic corrections). If sufficient quantities of skin are available full
thickness skin may be trypsinised for 16 h o u rs a t 4°C, or for 2 h o u rs at 37°C;
keratotom ed or partial thickness skin m ay be treated with trypsin for 1 h o u r at
37°C.

Substrate
The proliferative capacity and growth requirem ents of keratinocytes c a n be greatly
affected by the type of su b stra te on w hich they are plated an d m aintained.
P olystyrene flask s are generally u s e d for cell c u ltu re . P olystyrene, as
m anufactured, is hydrophobic, and does not provide a suitable surface for cell
growth; tissue culture plastics are therefore treated by irradiation, chemically, or
with an electric arc to produce a charged surface which is then wettable. Fibroblasts
an d m elanocytes will a tta c h to su ch a ch arged p lastic o r g la ss surface;
keratinocytes will attach to a plastic su b strate in the presence of feeder cells b u t
w ithout these cells keratinocyte attachm ent is poor and cells m u st be plated at high
density to obtain attachm ent and growth. A ttachm ent can be facilitated by collagen
coating dishes, type IV collagen being more effective th a n type I (Kleinman et al,
1978).

Feeder layer
A ttachm ent and growth of prim ary keratinocytes is greatly enhanced by the use of
irradiated or mitomycin C treated 3T3 cells. The factors synthesized by these cell
are unknown. Media conditioned by the 3T3 cells are unable to su b stitu te for cells.
Passaged cells, if seeded at high density, will attach and grow readily in the absence
of a feeder layer. The presence of the 3T3 cells w ithin the keratinocyte cultures may
interfere with certain experim ental procedures. However, the feeder cells can be
removed by vigorous w ashing with ethylenediam inetetraacetate (EDTA), leaving

the more firmly attached keratinocytes. In my h a n d s this procedure did not work
and it w as necessary to w ash the culture with trypsin 0.05 % and to observe the
d e tach m en t of feeder cells m icroscopically; inevitably th is re s u lts in som e
detachm ent of keratinocytes also. W hen th e keratinocyte culture is about 10 days
old the 3T3 cells begin to shed, so th a t cu ltu res which are ju s t subconfluent will
contain few feeder cells. A lterations in the constituents of the m edium enabled
Peehl and Ham (1980) and Tsao et al (1982) to culture keratinocytes selectively
without a feeder layer.

Physical properties
pH

- Reduction of the pH of growth media to pH 5.8 has been reported to facilitate

growth of keratinocytes (Eisinger et al, 1979), and promotes optimal growth in the
absence of a feeder layer. However, in m ost studies on keratinocyte growth, m edia
with a pH 7.2-7.4 have been found to produce adequate growth.
T e m p e ra tu re - 37°C sup p o rts adequate growth, b u t 31-34°C is optim al for
rodent keratinocytes.

Growth media and supplements
Media an d sup p lem en ts - Rheinwald an d G reen (1975) originally cu ltu red
keratinocytes in m edia supplem ented w ith hydrocortisone and 2 0 % fetal calf
serum . Growth was found to be enhanced by the addition of epidermal growth factor
20 n g /m l, cholera toxin 10"1 0 M, tran sferrin 5 ^ig/ml, insulin 5 ^ig/m l, and
triiodothyronine 2 x 10"11 M (Rheinwald an d Green, 1977; Green, 1978; Rheinwald,
1980; W att and Green, 1981). The following modifications greatly Improved growth
and extended lifespan (Wu et al, 1982): 1) a 3:1 mixture of DMEM and Ham's F12 was
used as the defined medium com ponent 2 ) fetal calf serum was reduced to 5 % 3 )
adenine 1.8 x 10^ M was added.
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Cholera toxin exerts its growth enhancing effects by increasing intracellular
cyclic AMP concentrations in cultured keratinocytes (Okada et al, 1982). This effect
can only be dem onstrated in the early phase of cell culture.
M odulation of calcium ion con cen tratio n - C alcium ion c o n cen tratio n s
influence proliferation, differentiation an d cell attach m en t (Patel et al, 1981).
A m ongst the factors known to influence keratinocyte differentiation, extra
cellular calcium has been extensively studied. Increased levels of calcium have been
show n to resu lt in the expression of several m arkers of differentiation such as
increased tra n sg lu ta m in ase activity and su b se q u e n t form ation of com ified
envelopes (Hennings et al, 1980; Hennings et al, 1981: Boyce and Ham, 1983;
H ennings and Holbrook, 1983). The effect of calcium levels upon proliferation is
less clear-cut. At concentrations below 0.1 mM Ca++, cells do not stratify and it has
been suggested th a t low calcium concentrations prom ote growth ra th e r th a n
differentiation. Hennings et al (1980) and Fairley et al (1985) reported th a t m ouse
keratinocytes grew faster in low calcium m edium (0.05-0.1 mM an d 0.02 mM
respectively) th a n in norm al medium containing 1-1.5 mM calcium . Boyce and
Ham (1983) using chemically defined serum-free media showed th a t the growth rate
of keratinocytes in culture increases a s extra cellular calcium levels increase
between 0.03 mM and 0.3 mM; at an extracellular calcium concentration of 1.0 mM
keratinocyte growth rate is reduced. A fu rth er stu d y showed th a t m axim ally
stim ulatory concentrations vary from 0.05 mM to 1.8 mM (Praeger et al, 1987) with
responses varying with sam ples from different donors.
S erum - Keratinocytes require complex m edia for growth in culture and th is
m u st be supplem ented with fetal calf serum (FCS) ra th e r th a n the cheaper calf or
h o rse serum . A lthough keratinocy tes were originally grow n in 20% FCS
(Rheinwald and Green, 1975), changes in both the defined m edia used and the
supplem entation, have reduced the requirement to 5% (Wu et al, 1982).

Serum free media - There are a num ber of disadvantages to using serum and
attem pts have been m ade to replace essential com ponents in seru m with defined
constituents to create a selective medium for a particular cell type. Such media are
im portant to obtain consistent and defined conditions for the investigation of the
factors governing growth and differentiation of cells. MCDB 153 (Boyce and Ham,
1983) is a m edium which will support the growth of keratinocytes in the absence of
serum and a 3T3 feeder layer, and additionally inhibits fibroblast growth. The
m edium is supplem ented with epiderm al growth factor, insulin, hydrocortisone,
ethanolam ine, and phosphoethanolam ine. A sm all am ount of bovine pituitary
extract (BPE) is added for initiation of the primary cultures, for frozen storage and
for serial culture. Optimal growth could be achieved with a n extracellular calcium
level of 0.3 mM. Growth is m uch slower in serum-free media and the life-span of the
cells may be reduced. Although this medium h as the advantage of being serum-free
it still contains a biological constituent, BPE, whose activity m ay vary from batch
to batch an d which is capable of transm itting viral infections. However desirable
serum free conditions may be, culture is m uch simpler in the presence of serum .
MCDB 153 is very expensive and is of limited supply. Hence for b u lk culture of
keratinocytes, as is necessary in a keratinocyte grafting program m e, practical
considerations necessitate using a culture method which employs serum and a 3T3
feeder layer.

Fibroblast contam ination
C ontam ination of a keratinocyte cu ltu re by derm al fibroblasts c an usually be
inhibited by the presence of the 3T3 feeder layer provided th a t the keratinocytes
exhibit good growth. Fibroblast growth m ay be discouraged by the use of selective
m edia e.g. MCDB 153. Once fibroblast growth is established th ese cells m ay be
removed by selective trypsinisation (Milo et al, 1980) or by selective attachm ent
(Freeman et al, 1976).

Characteristics o f keratinocytes grown o f a plastic substrate
Suspensions of keratinocytes when inoculated with 3T3 feeder cells onto a plastic
su b strate will attach, spread and proliferate and colonies will be visible in 24-48
hours. The cells become confluent in about 10 days b u t stratification takes place
before confluence is reached. D ifferentiation is less com plete th a n in vivo;
stratification is poor with only four to six cell layers formed. The cells keratinize
w ith m inim um participation of keratohyalin; cells in the o u te r layer have a
com ified cell envelope and retain th eir nucleus. G reater differentiation can be
obtained by creating culture conditions which reflect th e in vivo situ atio n e.g.
culturing on a collagen su b strate; in su ch conditions a stra tu m com eum m ay
develop (Baden and K ubilus, 1982; Mackenzie and Fusinig, 1983). Epiderm al
differentiation in cell culture h as been likened to th a t of fetal epiderm is as it first
begins to keratinize (Holbrook, 1979).

2.3.2

ESTABLISHING A CULTURE OF BASAL CELLS FO R USE IN AN

ANTISEPTIC CYTOTOXICITY ASSAY
Basic keratinocyte culture Is well established in the D epartm ent of Experim ental
Dermatology, at The Royal London Hospital. The m ethod used is th a t described by
Rheinwald and Green (1975), adapted to include changes in m edia, serum and
su p p lem en ts w hich were described in a series of su b se q u e n t p u b licatio n s
(Rheinwald and Green, 1977; Green, 1978; Rheinwald, 1980; W att and Green, 1981;
Wu et al, 1982). The culture conditions ultimately described by Wu et al (1982) are
followed with the exception of the supplem entation of the m edia by insulin; for the
routine culture of keratinocytes insulin h a s not been noted to improve growth,
although no controlled stu d ies on keratinocyte growth rate, w ith an d w ithout
insulin have been performed.
There are two possible ways of establishing a culture of basal cells. The first is
to create a prim ary culture in MCDB 153 (discussed in Section 2 .3 .1 . serum free
m edium , p 56), a serum free m edium with a low calcium level (0.3mM). In this
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m edium keratinocytes will grow b u t will not differentiate a n d stratify. The
principal objections to this are the cost of MCDB 153 which is very expensive and
its availability. W hen this project w as started this m edium w as not commercially
available in the UK. An alternative is to culture the cells in the stan d ard way to
produce a stratified culture, and th en to switch the culture to low calcium medium
to induce destratification of suprabasal cells (F. W att, personal communication). It
was decided to opt for this method.
A further problem th a t was addressed w as the removal of the 3T3 fibroblasts
from the cultures so th a t a pure population of basal cells rem ained. Techniques
have been described for removing fibroblasts and th ese were explored. O ther
possibilities are the use of keratinocyte cultures at confluence, w hen all 3T3 cells
have been shed or to passage primary cultures, since passaged keratinocyte cultures
will grow in the absence of 3T3 cells.

Primary keratinocyte culture - Materials and methods
Chemicals, media and solutions - All chemicals were obtained from the Sigma
Chemical Company, (Poole, UK) unless otherwise stated. The co n stitu en ts of the
solutions are shown in the Reagent Appendix.
Phosphate buffered saline - a (PBS-a)
Phosphate buffered saline-abc (PBS-abc) .
EDTA (0.02% w/v) - for removal of 3T3 cells
Trypsin (0.25% w/v) - for separation of epidermal cells
Trypsin (0.05% w/v) in EDTA (0.02% w/v)- for removal of 3T3 cells
Keratinocyte culture medium (KCM) used was th a t described by Wu et al (1982)
with the omission of insulin. KCM contains a 3:1 mixture of DMEM and Ham's F12
medium. Fetal calf serum 5%, (FCS) (Flow, High Wycombe, UK) is added to the media
which is supplem ented with: epidermal growth factor 20 n g /m l (Flow Laboratories,
High Wycombe, UK), cholera toxin 10"*0 M (ICN Flow, High Wycombe, UK),
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transferrin 5 p g /m l (Gibco Ltd, Paisley, UK), and triiodothyronine 2x

(Koch

light Labortories), adenine 1.8 x 10-4 M (Flow Laboratories, High Wycombe, UK).
Low calcium keratinocyte culture m edium (KCM-Ca) was form ulated using a
method suggested by F. W att (F. Watt, Imperial Cancer Research Fund, London, UK;
personal com m unication). The m edium w as prepared by omitting calcium salts
from the DMEM and Ham's F 12 formulations, adding 5% FCS which was depleted
of calcium (see below), horm onal and biochem ical additives as for KCM, and
finally, 1% KCM was added to increase the final calcium level as required.
The FCS w as depleted of divalent ions using the m ethod described by B rennan et
al (1975). Chelex 100 resin 20 g (Biorad, Hemel Hempstead, UK) was mixed with 500
ml of distilled, deionised w ater and the pH adjusted to 7.5 by the addition of 6M HC1.
The slurry w as filtered and the w ashed resin transferred to second flask containing
50 ml of serum . After continuous mixing for 1 hour, the serum w as removed from
the resin and sterilized by passage through 0.2 pm pore diam eter filter (Nalgene).
Two h u n d red m ililitres of serum w as treated and pooled. The treated serum was
then frozen at -20°C in 25 ml aliquots
The calcium content of the m edium w as m easu red by atom ic absorption
photom etry (Dr Houghton, D epartm ent of Chemical Pathology, The Royal London
Hospital, E l.). The calcium content of the standard growth m edium (KCM) w as 1.62
mM. The calcium concentration of the basal m edium m inus calcium containing 5%
calcium depleted FCS plus supplem ents and 1% KCM w as 0.05 mM. The addition of
2% KCM rath er th a n 1% KCM to the previous m edium raised the calcium content to
0.07 mM. At th is concentration keratinocytes are capable of growth b u t do not
stratify.

Cell c u ltu re - Keratinocytes were isolated from foreskins (children u n d er 7
years) an d a d u lt b re a st sk in rem oved rem oved d u rin g cosm etic surgery.
Preparation of the foreskins involved removal of the su b cu tan eo u s tissu e with a
fine surgical sissors. The skin w as cut into strips and p u t into trypsin 0.25% for 2

hours at 37°C to separate the epidermis. Partial thickness skin w as removed from
the breast tissue using a keratotome. Pieces of the separated skin were then placed
in trypsin 0.25% for 2 hours at 37°C. The pieces of skin were removed from the
trypsin and m edium (DMEM plu s 10% FCS) added to inactivate the trypsin.
Separated epidermal cells were then scraped from the surface of th e dermis with a
scalpel. The suspension of epidermal cells and dermis w as th en filtered through a
gauze to remove derm al fragm ents. The rem aining suspension of epiderm al cells
w as then centrifuged a t 1500 rpm for 5 m inutes. The pellet of cells w as washed in
KCM and and recentrifuged as before. The cells were then resuspended in a known
volume of m edium and counted in haemocytometer. 2 x l0 7 epithelial cells in 20 ml
KCM were inoculated into a 75 cm^ flask (Falcon) which h as been seeded on the
previous day with 3T3 cells. The keratinocyte cultures were fed twice weekly with
KCM.
Mitomycin C treated feeder cells were prepared by suspending 5 X 106 Swiss 3T3
cells (ATCC CCL-92) in 20 ml DMEM containing 10 ^ig/m l mitomycin C for 2 hours.
The mitomycin C solution was prepared in 200 ml aliquots and stored at 4°C; it will
rem ain stable provided th a t it is protected from light. Following exposure the cells
were sp u n down at 1500 rpm, for 5 m inutes, w ashed in DMEM p lu s 10% FCS and
recentrifuged. The cells were resuspended in a known volume of KCM and counted
in a haemocytometer. 2x10® feeder cells were inoculated into a 75 cm^ flask and
th en incubated a t 37°C, 8% CO2 overnight. Division of the feeder layer can also be
inhibited by irradiating a suspension of 3T3 cells with 6000 rad of g radiation from
a I®7 Ce source.
W hen the cultures were 75% confluent the 3T3 cells were removed. The first
m ethod employed w as exposure to EDTA 0.02%; prior to exposure th e cells were
w ashed twice with EDTA and then exposed a t room tem perature for 5 m inutes. This
failed to remove the 3T3 cells. The second m ethod used was exposure to trypsin
0.05% w /v in EDTA; the cells were washed twice in th is solution a n d th en exposed
for 5 m inutes at 37°C.

A ttem pts were m ade to destratify subconfluent (75% confluent) and confluent
cultures. The medium from flasks containing subconfluent and confluent cultures
w as removed and the cells were w ashed twice w ith PBS-a. The cells were th e n
cultured in low calcium KCM (KCM-Ca) to induce destratification an d examined
daily by phase microscopy to establish when all suprabasal cells had detached.

Results
A prim ary stratifying cu ltu re of keratinocytes (Figure 2 .2 a and b) could be
established from foreskin and breast skin, although it was found th a t breast tissue
from p atien ts over 40 years of age failed to grow. Fibroblast co n tam in atio n
occasionally occurred with cu ltu res from foreskins. The m ethods discu ssed in
Section 2.3.1. Fibroblast Contam ination

were used to attem pt remove them

b u t were unsuccessful; it is well known th a t fibroblast contam ination is extremely
difficult to eradicate from a cell culture. Keratinocyte cultures became confluent in
2 to 3 weeks. Rem aining 3T3 cells could be readily removed by incubating th e
c ultures which were 75% confluent with trypsin 0.05% in EDTA, although some
detachm ent of keratinocytes at the periphery of the colonies was observed.
Destratification occurred after 3 days in the subconfluent cultures; at 7 days the
confluent cultures had still not completely destratified.

Comment
Primary cultures were readily established using standard culture techniques. It w as
proposed to set up an attached cell assay using basal keratinocytes to study th e
toxicity of antiseptics on keratinocytes. Primary keratinocyte cu ltu res, for u se in
the antiseptic cytotoxicity assay, were Judged unsuitable for the following reasons:
1) To establish a cytotoxicity assay using b asal keratinocytes it is essential to
establish good replication between wells in multiwell plates or in culture dishes; as
destratification can only be induced w hen cultures are subconfluent it is essential
to remove 3T3 cells using the trypsin m ethod (see Section 2.3.1 - Feeder laver)
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Figure 2.2a and b
a)

Early hum an keratinocyte culture (xlOOO) showing keratinocyte colonies and
3T3 cells (arrow).

b)

Confluent stratifying hum an keratinocyte culture. The cells are tightly opposed
to each other and 3T3 cells have been shed (x250).

which resu lts in some detachm ent of keratinocytes. C om parison of equal cell
num bers could therefore not be guaranteed.
2) Growth of prim ary cultures is not always successful with 20% of cultures failing
to grow, this would result in wastage of culture plates/ dishes which are expensive.

Subculture to establish a population of basal cells - Methods
Cell culture - Primary keratinocyte cultures (derived from foreskin and breast
skin) were subcultured at about 75% confluence, at about 10 days. By th is time
m any of the 3T3 cells had detached. Any remaining cells were removed with trypsin
0.05% w /v in EDTA as detailed above. If confluent cultures were used subsequent
growth was im paired as sub-cultured cells derived from these cultures ten d to
differentiate ra th e r th a n grow. Attempts to subculture the prim ary keratinocytes
directly into low calcium m edium to produce a b a sa l cell population were
unsuccessful, as the cells failed to attach and spread.
The m edium w as removed from the flask and the cells were w ashed twice with
trypsin 0.25% and 3ml of trypsin 0.25% w as added to the cells which were th e n
incubated at 37°C for 10 m inutes. KCM w as th e n added to cell susp en sio n to
inactivate the trypsin and the cells were sp u n down an d resuspended in 40 ml of
KCM. 1 ml of th e cell suspension w as counted using a Coulter counter. The cell
su sp e n sio n w as inoculated into 3, 24-w ell p la te s (which re p re se n te d a n
approxim ate 1 to 3 split), 0.5 ml per well, w ithout feeder cells. Plating in a low
volume of medium allowed the cells to spread and attach evenly across the well. The
multiwell plates were initially placed in a humidified incubator in 8% CO2 at 37°C.
The following day 1 ml of KCM was added to each well an d m edium was changed
after 3 days. Using these culture conditions microscopic observation showed th a t
the wells at the periphery of the dish grew less well th a n th o se at the centre. This
was attributed to evaporation of w ater from the m edium in th e wells at the edge of
the plate, leading to a n increase in osmolarity. To correct th is th e multiwell p lates
were placed in plastic sandwich boxes and the m edium w as changed on a ltern ate

days. The passaged cells were cultured in KCM for 5 days, washed twice with PBS-a,
and th en sw itched to low calcium m edium (KCM-Ca) for th ree days to induce
destratification. Prior to use in experiments, the cells were w ashed with PBS-abc to
remove the detached or loosely attached suprabasal cells. KCM th e n replaced the
low calcium m edium and the cells were left in this m edium for 30 m inutes prior to
use. The b a sa l cell atta ch m e n t to th e plastic su b stra te is dep en d en t on the
extracellular calcium concentration; if the basal cells are exposed to calcium free
media or calcium free balanced salt solutions, even for the briefest period, the basal
cells detach. Once w ashed, the basal cell cultures, which were 80-90% confluent,
were ready for experimental use. The wells from one 24-well plate were counted in
in a Coulter counter to estim ate the num ber of basal cells per well. The wells were
washed twice with PBS-abc and 1 ml of trypsin 0.05% in EDTA 0.02% w as added.
The cells were left at room tem perature for 5 m inutes to allow the cell to detach. 5 ul
FCS was added to each well to inactivate the trypsin; the suspension from each well
was passed through a 16 G needle to produce a single cell suspension which was
added to 9 ml of Isoton (Coulter Electronics, Luton, UK) and counted in a Coulter
counter.

Results
P hase-contrast m icroscopy showed the b asal cu ltu res to be a m onolayer with
individual cells widely separated (Figure 2.3). This appearance is produced because
desmosomal connections are lost at extra cellular calcium concentrations below
0.1 mM.
Cell counts showed th a t the approxim ate seeding density of keratinocytes per
well w as lx lO 5; this includes a m ixture of basal and su p rab asal cells which have
limited growth potential. Transferring cultures from screw topped flasks to culture
plates obviously leads to problem s with evaporation and poor cell growth at the
edge of the dish, where th is is greatest. This can be corrected by putting the plates in
plastic boxes and by frequent medium changes. Basal cell counts on replicate wells
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Figure 2.3
Culture of basal cells produced by switching stratifying culture to low calcium
keratinocyte culture medium. A monolayer with loss of cell contact is seen as
desmosomal connections are lost in low calcium medium (x250).

using the culture technique devised gave the following findings: m ean cell count per
well = 98,900 ± 60. The distribution of cell counts per well over the multiwell plate
showed no particular pattern of variation at the edge of the plate.

Comment
The culture m ethod described represents an easy m ethod of obtaining a population
of b a sa l cells. Use of a 24-well plate allows th e operator to work w ith a sm all
n u m b er of cells, which is im portant since sources of keratinocytes are limited and
are required for m any grafting an d experim ental projects. Using th e cu ltu re
m odifications described it can be shown th a t replication for cell n u m b ers across
the wells of 24 well plate is good and therefore satisfactory for a cytotoxicity assay.
The problems encountered with keratinocyte culture in a multiwell plate were not
encountered with th e other cell types since a long period of cu ltu re, prior to
experimental use, w as not required .

2.4 ESTABLISHING A CULTURE OF HUMAN SKIN FIBROBLASTS FOR USE IN AN
ANTISEPTIC CYTOTOXICITY ASSAY
C ulture of dermal fibroblasts is a well established technique. C ulture can readily be
e stab lish ed using a tissu e explant from a sm all sk in biopsy. H u m an sk in
fibroblasts have a limited replicative life sp an (Hayflick, 1965; M artin et al, 1970),
senescence arising between 30 and 60 population doublings w ith cultures lasting 10
to 20 weeks. H um an fibroblasts rem ain predom inantly euploid th ro u g h o u t th eir
lifespan and never give rise to continuous cell lines (Hayflick an d Moorhead, 1961).

Materials and methods
Media - DMEM plus 1096 FCS w as used for the culture of fibroblasts.
Initiating explant c u ltu re - Dermal rem n an ts, derived from fo resk in s from
which the epithelium had been removed for keratinocyte culture, were c u t into 1

m m 2 pieces. The bottom of a 25 cm 2 culture flask w as scored with a glass P asteu r
pipette to aid attachm ent of the derm al fragm ents. The tissu e w as placed in the
flask and left dry for 15 m inutes to help fix the tissu e to the flask. To prevent the
tissue floating off the bottom of the flask a small volume of DMEM plus 10% FCS (2
ml) w as th en added. The culture w as left for 48 h o u rs to allow attachm ent; at this
stage the m edium was changed and increased in volume to 5 ml. Following th is the
medium was changed twice weekly.
S u b c u ltu re - At three weeks the cells were about 50% confluent. These were
w ashed twice with trypsin 0.05% w /v in EDTA and th en detached by adding 2 ml of
the trypsin/EDTA. a t 37°C for 10 m inutes. 3 ml of DMEM plus 10% FCS was th en
added to the flask an d the cell suspen sio n placed in a universal container and
centrifuged at 1500 rpm for 5 m inutes. The cell pellet w as th en resuspended in 5 ml
of DMEM plus 10% FCS and placed in a 25 cm 2 flask. The m edium was changed
twice weekly and the cells became confluent in one week and were then subcultured
into a 75 cm2 flask. Thereafter the fibroblasts were subcultured w hen they reached
confluence and this occurred at about 10 day intervals.
For th e purpose of the cytotoxicity assay cells of p assag es 3 to 7 were used.
C ultures from several tissue sam ples were used. The cells were subcultured into 24well plates in DMEM plus 10% FCS, 1x10** per well.

Results
E xam ination by phase contrast m iscroscopy showed th e cells to have bipolar or
m ultipolar sh ap es (Figure 2.4), typical of fibroblast appearance which co n tra sts
with epithelial cells w hich form confluent sh eets of polygonal cells with a clearly
defined edge. By seeding the cells at high density a confluent culture could be
obtained in 24 hours.
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Figure 2.4
Normal hum an fibroblasts in culture (xlOOO). These cells have bipolar or multipolar
shapes, which contrast with the epithelial cell types which form confluent sheets of
polygonal cells with a clearly defined edge.
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Comment
C ultures of dermal fibroblasts were readily established from foreskin dermal tis su e
and could be passaged easily to produce large num bers of cells for experim entation.
Seeding at high density gave rise to confluent culture in 24 hours, unlike the b a s a l
keratinocytes where a n ear confluent culture took 8 days to obtain. Problems w ith
evaporation of m edium were, therefore not encountered.

2.5 TRANSFORMED HUMAN KERATINOCYTES (SVK 14 CELLS)
Keratinocyte culture is complex and expensive. One of the aim s of th is study is to
establish whether a transform ed keratinocyte line (SVK 14 cells, kindly given by D r
J . Taylor-Papadim itriou, Im perial C ancer R esearch F und, London, UK.) could
su b stitu te for norm al h u m a n keratinocytes in th e antiseptic cytotoxicity assay .
Here the known characteristics of the SVK 14 cells are com pared to norm al h u m a n
cultured keratinocytes. Finally the culture technique is described.

2.5.1

CELL TRANSFORMATION

The term transform ation w as originally coined by microbiologists for the induced
uptake of new genetic m aterial. In m am m alian cells th e term transfection is u sed
for th is process. Tissue culture transform ation implies a phenotypic m odification
not necessarily involving th e u p ta k e of new genetic m aterial. The p rim ary
alteration is usually considered to be genetic and irreversible. The m ost im portant
m ethods for transform ing cell in vitro are exposure of the cells to: 1) physical
stim uli (ultraviolet and v irradiation) 2) chemical carcinogens 3) viruses - h u m a n
epithelial cell transform ation can be performed using Sim ian Virus 40.
The characteristics th a t are considered to be indicative of cell transform ation
are outlined in Table 2.1. These m ark ers were originally developed to help define
the transform ed rodent fibroblast phenotype, b u t it h a s become evident th a t m any
of these ch aracteristics are not su itab le m a rk e rs of th e tran sfo rm ed h u m a n

TABLE 2.1 Comparison of general characteristics of transform ed cells to those of
SVK 14 cells.

C haracteristics of the transform ed phenotype

C haracteristics of
SVK 14 cells

Extended or indefinite lifespan

+

Altered cell morphology

+

A reduced serum requirem ent

+

Enhanced growth rate

+

Growth factor independent

+

Reduced density limitation of growth

+

A lteration of karyotype from diploid to aneuploid

+

Anchorage independent growth

+

A lteration of cell surface antigens

Not know n

E nhanced protease secretion

Not known

Im pairm ent or loss of term inal differentiation

+

Tumorigenicity in susceptible h osts

No
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phenotype. Im m ortality is th e com m only fo u n d phenotype in ro d en t cells
transform ed in vitro, however transform ed h u m a n cell lines u su ally exhibit an
extended lifespan. A lterations in cell surface m oieties e.g.

glycoproteins, may

contribute to a decrease in cell-cell adhesion and cell-su b strate adhesion. This
leads to a loss of density limitation of growth and allows the cells to grow detached
from a substrate. The cells are described as anchorage independent, and growth can
be dem onstrated in semisolid media such as agar. C ultures of transform ed cells
exhibit reduced density lim itation of growth by growing to a h ig h er satu ratio n
density th a n th eir norm al counterparts. A berrations in individual chrom osom es
and changes in ploidy m ay be found in transform ed cells an d flow cytom etry
reveals a concom itant change in DNA content. Proliferation of transform ed cells is
less dependent on both serum and growth factors th a n th eir norm al counterparts.
This may be because these cells secrete their own growth factors. Some transform ed
cells m ay release a factor w hich induces blood vessel proliferation. O ther cell
products w hich m ay alter include proteolytic enzymes which have b een implicated
in spread of tu m o u r cells. The ability of cells to induce tu m o u rs in nude mice is
often u se d a s a criterion for m alignant tra n sfo rm a tio n of ro d en t and o th er
m am m alian cells. However, it is not clear w hether th is criterion is applicable to
h u m a n cells since m any hum an tum ours or cell lines are not tum origenic in nude
mice.
Since transform ed cells m ay exhibit properties of m alignant cells in vivo, th eir
principal u se h a s b een in exam ining th e n u c le a r m ech an ism s of m alignant
tran sfo rm atio n and defining param eters related to grow th an d differentiation
w hich m ay be altered by transform ation, an d which may be relevant to m alignant
changes in vivo. Studies on transform ed h u m a n epithelial cells, from w hich the
majority of solid tum ours in m an derive, have been limited because of the problem s
of growing norm al cells in culture. However, since th e problem s of cu ltu rin g
v ario u s cell types are being overcome, a n in creasin g range of tran sfo rm ed
epithelial lines h a s become available. O th er im portant u se s for transform ed

epithelial cell lines are the study of epithelial physiology. The availability of cell
lines which retain functions characteristic of and specific to the epithelial cell type
from which they are derived should simplify investigation of th e m echanism s
underlying these functions.

2.5.2

VIRALLY TRANSFORMED HUMAN KERATINOCYTES

In 1979, Steinberg and Defendi reported th a t the growth p attern and differentiation
of k eratinocytes could be altered by infecting th em w ith SV40 virus. The
transform ation of m am m alian cells by SV40 v iru s is know n to require the
expression of only the early viral genome, which encodes for two proteins, large Tantigen and sm all t antigen (Rigby and Lane, 1983). Infection of trypsinized
keratinocytes with SV40 by Steinberg and Defendi (1979) produced a culture which
contained T antigen positive cells. As these increased in n um ber the culture lost its
dependence on high serum concentrations and becam e independent of a fibroblast
feeder layer. The cells grew a s a m onolayer b u t re ta in ed th e ir capacity to
differentiate. After 10-15 passages the cells entered a'crisis', after which some cells
survived to become established cell lines. These cells no longer exhibited capacity
to differentiate u n d er exposure to 12-o-tetradecanoylphorbol acetate.
An alternative to SV40 infection as a m ethod for establishing strain s of SV40tranform ed hum an cells is calcium phosphate m ediated DNA transfection. BanksSchlegel and Howley (1983) transform ed foreskin keratinocytes by transfecting
them with subgenomic segm ents containing the transform ing early region of SV40.
The transfected cu ltu res becam e im m ortalised w ithout a crisis stage. A line they
derived, know n a s HE-SV, stratifies and differentiates to some degree, and also
retains feeder and anchorage dependence.

2.5.3

THE SVK 14 CELL LINE

Original characterisation
The SVK 14 cell line w as estab lish ed from foreskin keratinocytes by TaylorPapadim itriou et al (1982). The keratinocytes were cultured on a 3T3 feeder layer in
RPMI 1640 m edium supplem ented with 10% FCS, 50 n g /m l cholera toxin, and 5
u g /m l hydrocortisone. The cells were infected with wild type SV40 v iru s and th en
cultured in the above medium on a feeder layer. Single cells were picked an d cloned
in the presence of feeders. W hen the clones became established feeders were no
longer required. One of the clones w as labelled the SVK 14 cell line. At no stage did
the cells enter a crisis, which is characterized by a m uch decreased growth rate from
which cells may emerge as a perm anent cell line. After six passages the cells grew
independently of feeders, a n d w ith passage they becam e less d ep en d en t on
exogenous growth factors; at passage 45 growth rates were com parable in RPMI
1640 which contained either 1% serum , 10% serum or 10% seru m w ith cholera
toxin and hydrocortisone.
The characteristics of the SVK14 cell line are shown in Table 2.1. The epithelial
n a tu re of the SVK 14 cell line w as dem onstrated by positive stain in g w ith an
a n tiseru m to h u m an k eratins w hich h ad already been characterised (Sun et al,
1979). The presence of the large T antigen in the nuclei of the transform ed cells was
dem onstrated using the m onoclonal antibody (MAb) DL3C5 (Clark a t al, 1981). The
c y to k eratin expression in th e tran sfo rm ed cells differed from th e norm al
keratinocytes; the SVK 14 cells showed positive reactivity with th e MAb LE 61. The
tissu e reactivity and biochemical characteristics of th is antibody were reported by
Lane (1982). W hen this antibody w as reported its exact antigenic determ inant was
not known, however this antibody is now known to react with k eratin 18. Original
characterization of LE 61 showed th a t it reacted with sim ple, non-keratinizing
epithelia and is not detectable in norm al keratinocytes. Since th is antibody also
shows positive reactivity in c u tan eo u s m alignancy (Markey et al, in press), it h as
recently been suggested th a t expression of th is antigen reflects a m ajor alteration
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in k e ra tin sy n th esis after tra n sfo rm a tio n of k eratin o cy tes to a m alig n a n t
phenotype.
Differentiation of the SVK 14 cells was impaired; at late passages the cells failed
to stra tify and the level of sp o n tan e o u s envelope form ation w as very low.
T reatm en t w ith a calcium ionophore induced envelope form ation in a sm all
percentage of cells (17%) at passage 6 and th is fell with passage. The cells showed
anchorage independence by forming colonies in agar; th is ability increased w ith
passage.
The SVK 14 cell line does not form invasive tum ours in nude mice, b u t will form
transient cysts (Chang, 1986)

2.5.4

COMPARISON OF SVK 14 CELLS TO NORMAL CULTURED KERATINOCYTES

Culture characteristics
SVK 14 cell, unlike normal keratinocytes, can be cultured in the absence of feeder
cells and added mitogens. They have a n indefinite lifespan and a n enhanced growth
rate (Table 2.1).
Morphology
The cells show a n epithelial cell morphology, with regular, polygonal cells w ith a
clearly defined edge. Occasional large cells are seen.
Chromosome and DNA content
Chrom osom e studies have shown th a t the SVK 14 cells are tetraploid. T his w as
confirmed by m easuring the DNA content of these cells using flow cytometry (Dr. J.
Newton, M.D. Thesis, 1987).
Cell metabolism
SVK 14 cells sh are with norm al epiderm al cells th e m etabolic peculiarity th a t
glutam ine constitutes one of the m ajor respiratory energy sources (Reichert et al,
1983), w hereas glucose is m ainly oxidised by the pentose sh u n t (Freinkel, 1960).
Reichert (1986) used the SVK 14 cell line to study the toxicity of dithranol on cell
respiration by m easuring ^ C 0 2 release from ^C -g lu tam in e and l^C-glucose.

Ponec et al (1984) studied lipid m etabolism in SVK 14 cells an d norm al
keratinocytes. Normal keratinocytes do n o t o b tain cholesterol by low density
lipoprotein m etabolism , b u t instead synthesize cholesterol de novo. SVK14 cells
also have a high rate of de novo synthesis, which w as found not to be controlled by
serum lipoproteins. These cells can therefore serve as models in stu d ies on the
m e ch a n ism u n d erly in g th e reg u latio n of ch o lestero l sy n th e sis in h u m a n
keratinocytes.
Immune function
As w ith norm al h u m an keratinocytes in culture, SVK 14 cells will express class II
antigen when treated with g interferon and can be used to study this cell function in
vitro (Kerr et al., 1990).
Differentiation
SVK 14 cells showed im paired ability to differentiate; unlike norm al keratinocytes
in culture they do not stratify. Ponec et al (1984) were able to show th a t SVK 14 cells
showed an im paired ability to differentiate spontaneously into com ifled cells (13%) com pared to 25% of cells in confluent c u ltu re s of norm al keratinocytes.
Involucrin is the protein precursor of the cross linked envelope an d is a m ark er of
com m itm ent to term inal differentiation; SVK 14 cell are un ab le to accum ulate
involucrin, b u t th is protein is expressed suprabasally in cultured keratinocytes.
Basement membrane proteins
L am inin a n d b u llo u s pem phigoid (BP) a n tig e n are b o th sy n th esiz ed by
keratinocytes in cu ltu re (Prunieras et al, 1983; Wu et al, 1982). Fibronectin is
synthesized in small am ounts by cultured keratinocytes (Clark, 1983). SVK 14 cells
show ed positive perin u clear reactivity w ith an tilam in in an tisera , an d stro n g
cytoplasm ic staining w ith a n anti-flb ro n ectin antibody, b u t stain in g for BP
antigen was negative (Bernard et al, 1985).

Intermediate filament proteins
K eratins are the interm ediate filament proteins of epithelia (Table 2.2). In h u m an
epithelia 19 different keratins have been defined (Moll et al, 1982) and usually 2 to
10 of these k eratins are found in any p articular epithelium , the su b se t varying
according to th e epithelial cell type an d its stage of d ifferen tiatio n an d
development. K eratins are classified into two types, type I k eratin s are of lower
m olecular weight with a n acidic isoelectric point and type II keratins are of higher
m olecular weight and n e u tral to basic (Figure 2.5) (Sun et al, 1984). Keratin
filam ents are constructed from a tonofilament which consists of a type I an d a type
11 k e ra tin h eterodim er. The p a tte rn of k e ra tin s ex p ressed by a p a rtic u la r
epithelium is specific to th at type (Moll et al, 1982; Fuchs et al, 1981), b u t individual
keratin s are rarely organ specific. Keratins 1 /2 and 10 are expressed m ainly in
com ified stratified epithelia; keratins 3 and 12 in cornea; k eratin s 4 an d 13 in
internal non-com ified stratified epithelia e.g. oesophagus; keratins 5 an d 14 in all
keratinocytes; k eratins 6 and 16 in hyperproliferative keratinocytes, su ch as those
found on the sole, in psoriasis and in wound healing. The sm aller keratins, 7, 8, 18,
19 are found m ainly in simple epithelia. The expression of k eratin s is related to
three factors: 1) the epithelial type, simple or stratified 2) in stratified epithelia, the
degree of differentiation 3) the proliferative state, norm al or hyperproliferative.
The SVK 14 cells retain th eir epithelial character as show n by the presence of
keratin filam ents and num erous desmosomes (Bernard et al, 1985). SVK 14 cells
express simple epithelial keratins i.e. keratins 8, 18, 19, which are norm ally found
in fetal epiderm is and simple epithelia and th a t none of the larger k eratin pair,
keratins 5 and 14, which are normally expressed by keratinocytes, were present in
SVK 14 cells. Unpublished observations from th is D epartm ent have shown th a t SVK
14 cells, like basal keratinocytes, do express keratin 14 (Figure 2.6), b u t th is can
only be dem onstrated by im m unocytochem ical techniques, suggesting th a t th is
cytokeratin is present in only sm all am ounts. This finding suggests th a t SVK 14

Table 2.2.
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Figure 2.5
Classification of human keratins (Moll et al, 1982)
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Figure 2.6
SVK 14 cells reacted with Mab LL001 (xlOOO). This antibody reacts with keratins 5 and
14 which are expressed by normal hum an basal keratinocytes. Positive filam entous
cytoplasmic staining by the transform ed keratinocytes suggests th at these cells retain
keratin expression which is characteristic of the cells from which they derive.

cells retain some keratin expression characteristic of th e keratinocyte from w hich
they derive.

2.5.5

SVK 14 CELL CULTURE METHOD

As outlined earlier, once the original clones of the SVK 14 cell line were established
they becam e in d e p en d e n t of a 3T3 feeder layer a n d w ith p assag e becam e
independent of exogenous growth factors. At high passage (passage 45 and above)
the cells will grow in RPMI 1640 supplem ented with 1% FCS. For routine culture it
is recommended th a t the cells are grown in RPMI 1640 p lu s 10% FCS (J. TaylorPapadim itriou, personal com m unication), although collegues have grown th ese
cells satisfactorily in DMEM plus 10% FCS.

Materials and methods
Media and solutions - RPMI 1640 (Flow, High Wycombe, UK) plus 20% FCS w as
used to initiate culture of the cells from the frozen state.
RPMI 1640 plus 1096 FCS was used for the routine culture of SVK 14 cells
Trypsin 0.0596 (w/v) in EDTA 0.02% (w/v) was used to detach the SVK 14 cells
Cell culture - The SVK 14 cells were cultured in a 75 cm 2 cu ltu re flask (Becton
Dickinson UK Ltd, Oxford, UK). The medium w as changed twice weekly and the cells
were passaged w hen they were ju s t su b co n flu en t (at approxim ately weekly
intervals).
For experim ental purposes passage 7 to 12 cells were used. A 75 cm 2 flask of
cells w as trypsinized using trypsin 0.05% w /v as described above. The trypsin w as
inactivated using 5ml of RPMI 1640 plus 10% FCS and the cells centrifuged. The cell
pellet w as resuspended in 10 ml of RPMI 1640 plu s 10% FCS. Like norm al h u m an
keratinocytes th e SVK 14 cells are prone to clum ping an d th e cells were therefore
passed through a 16 G needle prior to counting, so th a t a single cell suspension w as
produced. 1 ml of the needled cells suspension w as th e n added to 9 ml of Isoton
(C oulter E lectronics, L uton, UK) an d c o u n ted in a C o u lter co u n ter. The
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concentration of the cell su spension w as adjusted so th a t 1 ml contained lx lO 5
cells. Wells in a 24 -well plate were inoculuted with lx lO 5 cells. The cells were
cultured for 24 ho u rs a t 37°C in 8% CO 2 and th en exam ined by p h ase co n trast
microscopy to judge w hether this seeding density was too high.

Results
Exam ination of the SVK 14 cell cu ltu re by ph ase-co n trast m icroscopy showed a
m onolayer w ith a n epithelial cell morphology, with regular polygonal cells which
had clearly defined edge (Figure 2.7); occasional large cells were seen.
Seeding the multiwell plate with lx lO 5 cells per well gave cu ltu res which were
ju s t sub-confluent ie. 80 to 90% confluent.

Comment
The SVK 14 cell line is easy to culture which m akes it particularly useful for assays
w hich require m ultiple experim ents, a s were anticipated in th is study. In the
experiments proposed it was essential th a t equal cell num bers of each cell type were
used. Using lx lO 5 SVK 14 cells produces a subconfluent culture in a 24-well plate,
which could be satisfactorily com pared to lx lO 5 fibroblasts and a sub-confluent
culture of basal cells (approximately lx lO 5 cells).
SVK 14 cells retain m any features of norm al basal keratinocytes. They express
keratin 14 which is characteristic of a b asal keratinocyte phenotype. As they do not
stratify, these cells m ay represent a valuable alternative to basal cells for in vitro
exp erim entation.
Equally th ere are clear differences in k eratin expression betw een norm al
keratinocytes and SVK 14 cells. Such differences m ay affect the susceptibility of
each cell type to the antiseptic agents. The value of the SVK 14 cells in replacing
norm al basal keratinocytes for cytotoxicity testing was evaluated in th is study.
O ther tran sfo rm ed keratinocyte lines are available w hich a re also nonstratifying. The HaCAT line w as derived from a sp o n tan eo u sly transform ed
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Figure 2.7
Monolayer of SVK 14 cells. These cells were originally isolated from SV40 infected
foreskin keratinocytes. They show impaired ability to differentiate and stratify, but
m aintain functions characteristic and specific to their epithelial cell type (xlOOO).
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keratinocyte culture (an exceedingly rare event) (Boukamp et al, 1986). Such lines
may also prove valuable substitutes for basal cells b u t were not studied here.

2.6

SUMMARY

Basal cells and fibroblasts are considered essential to th e cutaneous wound healing
proces^. It w as proposed to study these cells in a n an tiseptic cytotoxicity assay.
C u ltu re of fib ro b la sts w as e sta b lish e d u sin g av ailab le te ch n iq u es. B asal
keratinocytes were cultured by destratifying passage 2 keratinocyte cultures using
low calcium m edium . The characteristics of a transform ed keratinocyte line were
described (SVK 14 cells). Unlike norm al keratinocytes, these cells do not dem and
complex culture conditions and it w as proposed to stu d y th is cell line as a possible
replacem ent for norm al keratinocytes in the cytotoxicity assay.

CHAPTER 3

METHODS - CHOICE OF AGENTS AND EXPERIMENTAL DESIGN
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3.1

INTRODUCTION

A lthough relatively little w ork h a s been done on stu d y in g th e toxic effects of
antiseptic agents on m am m alian cells in vitro, a w ealth of inform ation about their
antim icrobial activities in vitro is available. The sh o rt com ings of these in vitro
te sts of antim icrobial activity h a s always b een recognised, since experim ental
conditions may not reflect those encountered in th e 'in use' situation. A wide range
of m ethods have been developed to te st the activity of antiseptics and disinfectants
in vitro (see Section 1.4.1). E ach a u th o r advocates specific m icrobial stra in s,
experim ental te st conditions or m ethods according to th e activity criteria for the
test disinfectant and according to the specific use envisaged. Most countries have no
official ru le s for evaluating d isin fe ctan ts a n d , a t p re se n t, no in te rn a tio n a l
standardized m ethod is available.
In vitro testing of antiseptic toxicity in tissu e cu ltu re places co n strain ts upon
methodology and the choice of agents used. Published studies of antiseptic toxicity
on m am m alian cells and tissu e rarely ad d ress experim ental design and hence the
methods and results vaiy (Tables 1.5, 1.6, 1.7).
There are no available data on the fate of these agents w hen applied topically to
w ounds an d application to ta rg e t cells therefore te n d s to reflect th e know n
properties of the agents and th eir use in clinical practice.

3.2

CHOICE OF AGENTS

Only those agents which are used on w ounds will be used in th is study; th is excludes
alcohols w hich b e c a u se of th e ir irrita n c y a re only u s e d on in ta c t sk in ,
hexachloraphene (a phenolic com pound) w hose u se on eroded sk in or m u co u s
m em branes is co n train d icated b e ca u se of system ic toxicity (see Section 1.6 C om plications of an tiseptic therapy), certain trip h en y lm eth an e dyes eg. crystal
violet, are now only recommended for application to in tact sk in because of possible
m utagenicity (Reynolds, 1989 111).
The agents to be considered and their characteristics are listed in Table 3.1.

Table

3.1

GNB=gram

Properties of antiseptics considered
for study in
negative bacteria; GPB=gram
positive bacteria.

the

antiseptic

cytotoxicity

assay.
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3.2.1

CHLORHEXIDNE

Chlorhexidine is a cationic bisbiguanide which derives its antim icrobial action by
causing disruption of microbial cell m em branes an d precipitation of cell contents.
This agent com bines a high level of antibacterial activity, strong binding to the
skin, and low system ic toxicity; these factors have led to its principal use as a
disinfectant for skin, m ucous m em branes and w ounds. A lthough it h a s a broad
sp ectru m of activity, it is more active against gram positive th a n gram negative
b acteria and is bactericidal at concentrations ranging down to ab o u t 1 0 0 ^ig/m l,
below th a t it is bacteriostatic (Gardner and Gray, 1983). Chlorhexidine acts rapidly
b u t also exhibits persistent action. It is a strong b ase virtually insoluble in w ater
which reacts with acids to form salts; the hydrochloride h a s low solubility, b u t the
acetate is soluble to 1.9% w/v. Chlorhexidine gluconate cannot be isolated as a solid
and is produced as 20% w /v aqueous stock solution. At a concentration of 0.05%
chlorhexidine is incom patible with borates, bicarbonates, carb o n ates, chlorides,
citrates, phosphates, an d su lphates forming salts of low solubility. At dilutions of
0.01% or more, these salts are soluble. In th is study chlorhexidine gluconate will be
used.

3.2.2

POVIDONE IODINE

Povidone iodine is a n iodophor, a com plex of iodine an d a c a rrie r m olecule,
polyvinylpyrrolidone. Iodophors have sim ilar an tim icro b ial effects to iodine
w hilst being less irrita n t. The sp ectru m of a n tib acterial activity is very good
a g ain st gram positive bacteria and good ag ain st gram negative b acteria. Their
m icrobicidal effects are the re s u lt of cell w all p e n e tra tio n , oxidation an d
su b stitu tio n of m icrobial contents with iodine. In pure aqueous iodine solutions
hypoiodic acid (HOI), and m olecular I 2 have strong germicidal properties and the
triiodide (1 3 ") an d hypoiodite (OI") ions have w eak a n tib a c te ria l p ro p erties.
Povidone iodine is a n iodophor, which is a loose complex of elem ental iodine with
a c a rrie r (polyvinyl pyrrolidone) which serves to increase th e solubility of th e

iodine

and also to provide a su sta in e d release reservoir. In aq u eo u s solution

iodophors form the sam e antim icrobial chem icals as do the pure iodine solutions.
Iodine reacts w ith organic m aterial although iodine b in d s less rapidly th a n
chlorine with dissolved proteins (blood, pus); th is com paratively low reactivity
with proteins is however, sufficient to kill m icroorganism s, and gives iodine its
excellent germicidal properties.
Caution m u st be exercised w hen using th is agent in experim ents b ecause the
concentration of free iodine available in a 1 0 % solution of povidone iodine will
rise ten-fold w hen this solution is diluted 1:100 (Gottardi, 1983). On fu rth er dilution
the free iodine behaves as m ight be predicted in th a t it decreases, an d below 0 .0 1 %
w /v the povidone iodine solution c an be regarded as simple aqueous solution of
iodine. Recently it h a s been recognised th a t low dose iodophors (0.05%), ra th e r th an
the stan d a rd concentrations of betw een 5 and 10% povidone iodine, have good
antim icrobial activity (Berkelm an et al, 1982) w hich is in keeping w ith recent
observations on available free iodine from th e lower concentrations. Surprisingly,
w hen toxic effects from povidone iodine c an be dem onstrated, they d isap p ear with
dilution; hence 5% povidone iodine h a s been shown to be toxic to granulation tissue
in vivo and a 1% solution was not (Brennan an d Leaper, 1985).
Povidone iodine h a s been used in in vitro testing (Table 1.5), where only th e effect of
ten-fold dilutions from the therapeutic concentrations have been quoted. For the
p urposes of th is study it w as not Judged possible to u se povidone iodine because
serial dilution does not give rise to predictable concentrations of eith er povidone
iodine or available iodine.

3.2.3

CHLORINE RELEASING COMPOUNDS

Hypochlorites are the oldest an d m ost widely used of active chlorine com pounds.
Sodium hypochlorite 0.5% w /v is considered a useful antiseptic, particularly for
dissolving and deodorising necrotic tissu e and is a powerful an tib acterial agent.

The concentration of available chlorine required to kill Staphylococcus a ureus in
30 seconds is 0.00008% w /v (Dychdala, 1983).
The mode of action of both hypochlorites and chlorine is th o u g h t to be through
the form ation of hypochlorous acid. In solution hypochlorites are in th e following
equilibrium :
NaOCl + H 2 O

HOC1 + NaOH

H ypochlorous acid (HOC1) in its u n d isso ciated form is highly m icrobicidal.
Hypochlorite solutions are un stab le and stability m ay be affected by tem perature,
concentration, pH, presence of cataly sts, and light. Therefore th e m ost stable
chlorine-releasing solutions are those having the following c h aracteristics: low
chlorine concentration, absence of cobalt, nickel copper or o ther cataly sts, high
alkalinity, low tem perature, absence of organic m aterial and are stored in the dark.
Similarly the factors which affect the biocidal activity are:
1) pH - a n increase in pH substantially decreases the biocidal activity of chlorine,
and a decrease in pH increases th is activity
2) C o n c e n tra tio n - Increase in co n cen tratio n of available chlorine in creases
an tib acterial activity.
3) T em perature - a n increase in tem perature produces an increase in bactericidal
activ ity
4) Organic m aterial in chlorine solutions consum es available chlorine and reduces
its capacity for b actericidal activity. S u g ars and sta rc h e s do n o t affect the
germ icidal activity of chlorine b u t tyrosine, tryptophan, cystine, egg album in,
peptone, body fluids, tissues, and microbes will consum e chlorine.

3.2.4

HYDROGEN PEROXIDE

H ydrogen peroxide w as initially found to be a poor d isin fe c ta n t b e ca u se
m anufacture produced a dilute, highly un stab le solution th a t decomposed rapidly
in the presence of slight traces of im purities or on exposure to light or heat. M odem
m anufacturing procedure have led to the production of hydrogen peroxide of high
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purity. Discovery of the factors th a t cause its decomposition led to th e development
of effective stabilisers th a t deactivate contam inating m aterials. The stability of
hydrogen peroxide can be retained when diluted to 3% if th is step is carried out with
clean equipm ent and good grade deionized water.
Hydrogen peroxide is thought to kill by the production of hydroxyl free radicals
(.OH) and this reaction is catalysed by ions of alum inium , iron, copper, m anganese,
and chrom ium . The hydroxyl free radical can a tta c k lipid m em branes, DNA and
other essential cell com ponents. Defences against free radicals are p resen t in all
resp irin g cells. These co n sist of cata la se an d peroxidases w hich in activ ate
hydrogen peroxide, and superoxide dism utases which scavenge superoxide radicals
preventing interaction and the resu ltan t form ation of the destructive hydroxyl free
radical. It h a s been stated th a t tissu e catalase c au se s rapid decom position of
hydrogen peroxide which protects cells an d prem aturely inactivates antibacterial
activity (Harvey, 1983) and hence hydrogen peroxide is a n inadequate disinfectant.
O thers believe th a t th is defence m echanism for metabolically produced hydrogen
peroxide is overwhelmed by the concentrations used in antisepsis (Turner, 1983).
Neither view is supported by experimental data.

3.2.5

QUATERNARY AMMONIUM COMPOUNDS

The m ost com m on quaternary am m onium com pound applied to w ounds in th is
country is cetrimide, which consists chiefly of decyltrim ethylam m onium brom ide
together w ith sm all p a rts of dodecyl-and hexadecyltrim ethylam m onium brom ide.
The agents act by disruption of the bacterial m em brane. Cetrimide is active against
gram positive and gram negative bacteria, b u t gram positive organism s are m ore
sen sitiv e a n d som e gram negative o rg a n ism s a re re s is ta n t, p a rtic u la rly
P se u d o m o n a s species. G row th in h ib ito ry c o n c e n tra tio n s of c etrim id e for
Staphylococcus aureus are 0.0007 % w /v and for Escherichia coli 0.0225% w /v. The
activity of q u atern ary am m onium com pounds in creases with te m p e ratu re and
decreases in th e presence of organic m aterial. These agents are absorbed to a
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significant degree by cotton, rubber, and o th er p o ro u s m aterials in addition to
polyethylene an d polypropylene.

The properties of the above agents allow introduction into a cell culture system.
Povidone iodine will be excluded for the reasons outlined in Section 3 .2 .2 .

3.3

AGENTS AND CONCENTRATIONS

The agents tested were as follows: 1.) chlorhexidine 2.) sodium hypochlorite 3.)
hydrogen peroxide 4.) cetrimide. In m ost instances th e highest concentration tested
w as th a t u se d clinically on c u ta n e o u s w o u n d s. Initially, a wide range of
co n cen tratio n s using ten-fold dilutions w ere u sed , w ith a narrow er range at
subsequent attem pts, based on the indications of the first. Clearly for the purposes
of scientific co rrectn ess it is essential to quote m o lar co ncentrations, yet for
clinical usage percentage weight for volume values are widely quoted. In Table 3 .2
stan d a rd use concentrations are show n w ith th e ir m o lar equivalents; thereafter
results will be shown in m olar concentrations. All solutions were freshly prepared
prior to use.

3.3.1

CHLORHEXIDINE

Chlorhexidine gluconate (m olecular weight = 897.8) a s a 20% aqueous solution
(Sigma C hem ical C om pany, Poole, UK) w as u se d a n d diluted appropriately.
Chlorhexidine is incompatible with a num ber of inorganic b ases at concentrations
of 0.05% w /v b u t at dilutions of 0.01% or m ore th ese salts are soluble. Since any
diluent u sed is likely to contain one or m ore of th e above b a se s th e highest
concentration tested m u st initially be 0 .0 1 % w /v.
The available concentration of chlorhexidine c a n be assayed using ultraviolet
spectroscopy (Moffat, 1986).
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Table 3.2
Test agents and concentrations recom m ended for u se in cu tan eo u s
w ounds shown in percentage w /v and m olar equivalent.

AGENT

CONCENTRATION

CONCENTRATION

(Percent w/v)

(Molar)

C hlorhexidine

0.05

5.60 x lO -4

Sodium hypochlorite

0.5

1.4 x 10' 1

Hydrogen peroxide

3.0

8 .8

C etrim ide

0 .1

3.0 x KT3

x 1 0 '1

3.3.2

SODIUM HYPOCHLORITE

The concentration of sodium hypochlorite is calculated according to th e available
chlorine concentration (molecular weight of chlorine = 35.5). Sodium hypochlorite
w as obtained as a 15% w /v solution (Aldrich Chemical Co. Ltd., UK.) an d w as stored
in a d ark container at 4°C. The starting te st concentration was 0.05% w /v available
chlorine. B ecause sodium hypochlorite is unstable the concentration of the stock
solution was checked at regular intervals by analysing the available chlorine using
the m ethod described in the B ritish Pharm acopoea (British Pharm acopoea, 1987 i)
for assay of strong sodium hypochlorite solution. The decay in available chlorine
concentration over the study period is shown in Table 3.3.

3.3.3

HYDROGEN PEROXIDE

Hydrogen peroxide (molecular weight = 34.01) was obtained as a 30% w /v solution
(Sigma C hem ical C om pany, Poole, UK). T his ag en t w as u se d a t s ta rtin g
concentration of 3% w /v. The concentration of th e stock solution w as checked at
regular interval (assay for 30% hydrogen peroxide, British Pharm acopoea, 1987 ii),
b u t rem ained highly stable (29.0-31.0 % w/v) over a two-year period.

3.3.4

CETRIMIDE

Cetrimide (molecular weight of alkyltrim ethylam m onium brom ides = 336.4; th ese
m ake up more th a n 96% w /v of cetrimide) w as obtained in powder form from the
Sigma Chemical Company, Poole, UK. A 1% w /v solution w as prepared for
cytotoxicity testing and sterilized by filtration. The solution w as filtered by
drawing it into a plastic syringe, the plunger of which was rubber, and th e n passing
it through a 22 jim filter (Nalgene). Rubber is known to absorb cetrimide, and in
order to assess w hether any absorbance of cetrimide occurred, th e concentration of
the cetrimide 1% w /v solution was checked pre- and post-filtering. The
concentration of cetrimide w as m easured using the m ethod described in the British
Pharm acpoea (1987 iii). R esults showed th a t the filtration procedure h ad no effect
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Table 3 .3

Decay In available chlorine concentration (%, w/v) over time in stock

solution of sodium hypochlorite.

DATE

AVAILABLE CHLORINE CONCENTRATION (% W/V)

4 /5 /8 6

12.4

2 9 /7 /8 6

7.62

14/11/86

7.20

19/6/87

6 .0 0

2 2 / 2 /8 8

5.90

6 /5 /8 8

5.40

1/ 1 1 / 8 8

5.20
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on the co ncentration of cetrimide; re su lts of th e assay showed th a t a predicted
concentration of 1% cetrimide which w as unfiltered h a d a concentration of 1.05%
w /v an d the filtered solution also had a concentration of 1.05% w /v.

3.4 DILUENT
All ag en ts are soluble in aqueous solution. The ideal diluent m u st obviously be
compatible with the cell cultures, b ut the n atu re of the diluent may depend upon the
length of exposure of the cells to the test agent, and w hether or not such a diluent is
compatible with the test agent. For short exposures to a drug, adherent cells or cells
in su sp e n sio n c a n be m aintained in phosphate buffered saline or norm al saline.
However, w hen th e a d h e re n t tran sfo rm ed k eratin o cy te line a n d th e b a sa l
keratinocytes were used, these cells loosened th eir attach m en t w ithin 1 0 m in u tes
w hen m a in ta in ed in eith er PBSa or saline a n d su b se q u e n t w ash in g s c au sed
d etachm ent of cells. T his phenom enon w as observed microscopically; w ithin 10
m inutes th e polygonal epithelial cells began to ro u n d up (Figure 3.1). This problem
could be corrected by using a phosphate buffered saline solution which contained
calcium and m agnesium salts (PBS-abc, see R eagent appendix). Long exposures,
such have been used w hen studying the effect of antiseptics on keratinocyte growth
(Shakespeare et al, 1988; Cooper et al, 1990), necessitate dilution of the test agent in
m edium with serum (Table 1.5). It w as not proposed to u se a long exposure in th is
study because it is not considered appropriate (see Section 3.5): however th e eifects
of m edia an d seru m on the toxicity of an tisep tics were studied and discussed in
C hapter 6 .
At a c o n ce n tra tio n of 0.05% (w/v), chlorhexidine is n o t com patible w ith
p h o sp h a te buffered saline, since it in te ra c ts w ith chlorides and p h o sp h a te s
form ing insoluble salts; a t concentratio n s 0 .0 1 % (w/v) th ese salts are soluble
(Reynolds, 1989 ii). Prelim inary studies h ad show n th a t the lowest concentration
producing 1 0 0 % killing of both the norm al an d transform ed keratinocytes w as

Figure 3.1
a)

Monolayer of SVK 14 cells m aintained in phosphate buffered saline
supplem ented with calcium (xlOOO).

b)

SVK 14 cells m aintained in phosphate buffered saline w ithout calcium
supplem ents for 10 m inutes. The cells lose their desmosomal attachm ent
and attachm ent to the culture plate (xlOOO).

0 .0 1 %

(w/v) b u t for fibroblasts th is concen tratio n w as betw een 0 . 0 1 an d 0 .0 2 %

(w/v). To establish w hether chlorhexidine gluconate w as fully soluble in PBS-abc at
con centrations of 0 .0 2 % (w/v) and below, th e co n cen tratio n of chlorhexidine w as
m easured using ultraviolet spectroscopy m easuring absorbance at 254 nm (Moffat,
1986). The 20% (w/v) chlorhexidine solution w as diluted to 2.0% (w/v) in distilled
water; subsequent dilution to 0.02% (w/v) w as m ade in PBS-abc for the te st solution
an d in distilled w ater for the control. C oncentrations from 0.02% (w/v) to 0.004%
(w/v) were com pared. For the chlorhexidine solution diluted in PBS-abc re su lts
showed th a t there w as a linear relationship betw een predicted concentration and
absorbance. C om parison of the absorbance values for th e agent diluted in distilled
w ater and PBS-abc showed identical resu lts (Figure 3.2). R esults show th a t there is
no difference in chlorhexidine concentration w hen th is agent is diluted in PBSabc
a s opposed to distilled w ater and it c an be concluded th a t co n cen tratio n s up to
0 .0 2 %

(w/v) m ay be tested.

Section 3.5

LENGTH OF EXPOSURE

An essen tial feature of antiseptic agents is th e ir rapid an tib acterial action. It is
also desirable th a t th e ir action is su stain ed , particularly for th e sk in preparation
prior to surgery. C ertain agents exhibit su sta in e d activity; chlorhexidine exhibits
good substantivity on intact skin, with 26% rem aining on th e sk in after 29 hours
(Harvey, 1983). Povidone iodine 10% also h a s a su sta in e d effect on in tact skin
w hich is less m arked th a n chlorhexidine. D ata on w h eth er an tisep tics exhibit a
su stained effect in w ounds is not available, b u t it seem s likely th a t, because of the
vascularity of a w ound bed, the active agent m ay be rapidly absorbed. In previous
stu d ies exposure tim es have varied from 5 m in u te s to 4 days (Table 1.5, 6,7),
although a short exposure time h as usually been chosen ie. less th a n 1 hour.
Since inactivation by organic m aterial, ab so rp tio n an d dilution are likely to
term inate the activity of a n antiseptic agent w ithin a w ound, a short exposure time
of 15 m inutes w as initially chosen. In a su b seq u en t stu d y th e effect of an exposure
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Figure 3.2 a andb
C om parison of concentration of chlorhexidine gluconate w hen diluted in distilled
w ater and PBS-abc. The chlorhexidene concentration w as assayed by m easuring UV
ab so rb an ce a t 254 nm . The range of c o n cen tratio n s tested w as 0 .0 2 % w /v to
0.004% w /v an d the results show th a t diluting in PBS -abc gives identical re su lts to
th e control experim ent. These findings show th a t a t concentrations betw een 0.01
an d 0.02% w /v chlorhexidine is fully soluble in PBS-abc.

tim e of one h o u r w as stu d ied (C hapter 6 ). Long ex p o su res of 24 h o u rs seem ed
inappropriate, since the antiseptic agents were unlikely to p e rsist in contact with a
w ound for such a period of time. Long exposures have generally been u sed to study
th e effect of antiseptic agents on cell growth. It m ay be m ore appropriate to expose
th e cells to th e agent for a sh o rt period of a n h o u r or less, a n d th e n re tu rn th e cells
to norm al culture to conditons to evaluate growth inhibition.

3.6 CELL NUMBER
The num ber of cells to be studied h a s been discussed an d defined in C hapter 2. Cell
n u m b e r is co nstrained by c ertain factors: sm aller n u m b e rs of cells in multiwell
p lates facilitate handling of large n u m b e rs of sam ples; cell c u ltu re equipm ent is
expensive and use of large num bers of cultu re dishes or flasks w ould be costly. The
cell num ber established for com parison of all cell types w as lx lO 5. Com parison of
cell num bers used in published antiseptic cytotoxicity assa y s is show n in T ables
1.5, 1.6, an d 1,7. S tudies com paring the effect on antiseptic cytotoxicity of varying
cell num ber are described in C hapter 6 .
Most antiseptic cytotoxicity assays have used attach ed cell assay s. For ease of
handling it w as decided to do likewise. W hen a cell suspension is used exposure time
is difficult to control, an d w ashing step s, w hich involve centrifugation, increase
th e am ount of m an ip u latio n a n d allow for introduction of error. Additionally, it
w as noted th a t if SVK 14 cells were incubated in plastic centrifuge tu b es for more
\
th a n 1 hour, the cells a tta c h e d to th e surface; th is w ould interfere w ith any
counting/staining procedures.

3.7

DURATION OF EXPERIMENT

Although antiseptic agents are rapidly acting, th eir toxic effect m ay continue when
the agent is removed. Lineaweaver, Howard and Soucy et al (1985) exam ined the

effect of a range of antiseptics on fibroblasts in cu ltu re. The cells were exposed for
15 m in u te s and cell viability w as evaluated a t th e end of exposure a n d 24 h o u rs
later. T his stu d y showed th a t a t the end of th e recovery period th e n u m b ers of
surviving cells w as reduced w hen com pared to th e v alu es obtained from immediate
analysis. Initially it w as decided to u se th e 24 h o u r recovery period in order to
dem onstrate th e m axim um toxicity of these agents.

3.8

DEFINING EXPERIMENTAL CONDITIONS

Experim ental design for experim ents conducted in cell cu ltu re are con strain ed by
practical factors. However, acknowledging th e know n properties of the agents to be
tested, experim ental conditions for an initial set of experim ents have b een devised
an d the im portant features are sum m arized below:

1)

A sm all n u m b er of cells (1x10^) so th a t 24 well p lates can be u sed which

allow ease of handling for a num ber of experim ents a t any tim e and w ithin each
experim ent to facilitate replicate sampling.

2)

A sh o rt exposure to th e te st agents to reflect th e rapid action of these drugs,

with a long recovery period to dem onstrate m axim um toxicity.

3)

The ag en ts to be initially diluted in PBS-abc to d em o n strate m axim um

toxicity of the agents.

An understan d in g of how alterations in variables d iscu ssed m ay alter resu lts is
im portant in interpreting d a ta generated and th e re su lts of o ther au th o rs' studies.
These issues are addressed in Chapter 6 .

3.9

SUMMARY

The p ro p erties of certain a n tisep tic ag en ts lim it th e ir in tro d u ctio n in to a cell
cu ltu re assay. The properties of those agen ts which c a n be u sed were described.
Theoretical and practical considerations allowed th e exposure tim e, cells num ber
and the duration of the experim ents to be defined.

CHAPTER 4

METHODS - ESTABLISHING A CYTOTOXICITY ASSAY
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4.1

INTRODUCTION

<

H um an cells In culture are being used w ith increasing frequency a s in vitro models
for studying drug induced toxicity. The choice of assay for m easuring the toxic effect
of a drug will depend on the agent u n d er study, th e n a tu re of th e response, and the
p articu lar target cell. A ssays can be divided into two m ajor classes: 1) those which
m easure a short term response 2 ) those w hich m easure long-term survival, usually
by ability to proliferate, or survival in a n altered sta te e.g., th e cells express a
genetic m utation. The long term te sts are necessary for agents which m ay show an
effect hours or days after exposure. Many assays have been established to study the
m echanism s of drug induced toxicity. C hanges in cellular properties su ch as the
adhesiveness of anchorage-dependent cells to th eir cu ltu re support, cell m em brane
perm eability, proliferation, respiration an d overall m etabolic activity, have been
m onitored u n d e r th e influence of a given dru g by m easu rin g cell detachm ent,
release of in tracellu lar m aterial (ATP, proteins, DNA), exclusion of try p an blue or
u p ta k e of v ital dyes, in h ib itio n of th y m id in e in c o rp o ra tio n an d p ro te in
biosynthesis, as well as gas exchange and h eat production (Freshney, 1987).

4.2

METHODS OF MEASURING CYTOTOXICITY AND CELL VIABILITY

Below the well established m ethods for m easuring cytotoxicity are outlined.

4.2.1

SHORT-TERM ASSAYS

Short term a ssay s m easu re cell viability. Most viability te sts rely on a breakdow n
in m em brane integrity in non-viable cells which leads to th e u p tak e of a dye to
which th e cell is norm ally im perm eable (e.g., try p a n blue, nigrosin) or in viable
cells release of a dye or isotope norm ally ta k e n u p or re ta in ed e.g., diacetyl
fluorescein or 51 chrom ium .
The m ost commonly used m ethods are:

1 .)

Dve e x clu sio n - Viable cells are im perm eable to nigrosin an d try p a n blue.

Trypan blue is th e m ost commonly used dye and it h a s been shown th a t non-viable
cells w hich tak e u p th is dye do not respire, glycolyse or extend cellular processes
w h en rein tro d u ced into a tissu e c u ltu re system . A sam ple of th e tre a te d cell
population is exam ined and counted in a haem ocytom eter, an d the n u m b er of nonviable stained cells is noted.
Total cell c o u n ts c an be m ade w ith eith e r a h a e m o c v to m e te r or e lectro n ic
p a rtic le c o u n tin g . D eterm ining th e c o n c e n tra tio n of a cell su sp e n sio n in a
haem ocytom eter involves placing th e cells in a n optically flat ch am b er u n d e r a
microscope; the cell num ber w ithin a defined area is counted an d the concentration
is derived from th e count. H aem ocytom eter c o u n tin g is ch eap an d gives th e
opportunity of viewing w hat is counted. If th e cells are m ixed with a viability stain
e g. try p a n blue, a n assessm en t of viability can be m ade a t th e sam e tim e. The
procedure is slow and prone to error, m ost particularly b ecause of sam pling errors;
counting in a haem ocytom eter requires a m inim um of 1x 1 0 ^ cells per ml an d lower
co n centrations require volume reduction increasing th e n u m b er of m anipulations
a n d fu rth er increasing the risk of introducing error.
E lectronic particle counting provides a m ore a cc u ra te , a u to m ated m ethod.
A lthough a n u m b e r of different au to m atic m eth o d s have b een developed for
counting cells in suspension, the system devized by C oulter Electronics is th e m ost
widely used. The Coulter counter works on the principle th a t w hen cells are draw n
th ro u g h a n orifice, they change the c u rre n t flow th ro u g h the orifice producing a
series of pulses w hich i s sorted and counted. Electronic particle counting is rapid
an d h a s a low in h eren t error b ecau se of th e high n u m b e rs of cells counted.
D ifficulties m ay arise w ith th is procedure if th e cells are n o t in a single cell
suspension, an d if debris is contained in the su sp en sio n since each particle will be
recognised a single cell. Obviously th is technique can n o t distinguish betw een dead
an d live cells and m u st be combined w ith vital staining of a representative sam ple
of th e total cell count to give an estim ate of viability.

2.) Dve u p ta k e - Viable cells tak e u p diacetyl fluorescein an d hydrolyse it to
fluorescein to w hich th e cell m em brane of viable cells is im perm eable. Live cells
fluoresce green and dead cells do not. Non-viable cells will fluoresce red w hen
stain ed w ith ethidium brom ide or propidium iodide. The n u m b e rs of v ia b le /n o n
viable cells c an be co u n ted m icroscopically. A lthough th is a p p e a rs to be an
excellent m ethod for evaluating cell viability its use in conjuntion w ith microscopy
is likely to be laborious an d inaccurate; Cells stained with fluorescent dyes can also
be co unted by flow cytom etry b u t th is m ethod m ay require large n u m b e rs of cells
w hich m ake it im practical for u se in assaying a range of co ncentrations on a cell
line w hich h a s a limited life-span su ch a s norm al keratinocytes.

3.) C hrom ium release - Reduced ^ 1 C r^+is ta k en up by viable cells an d oxidised to
5 lQ r2+ to w hich the m em brane of viable cells is im perm eable. Dead cells release
th e 5 1 c r2 + into th e m edium . A red u ctio n in viability is detected by counting
aliquots of m edium from cu ltu res labelled previously w ith Na 2 ^ 1 CrC>4 for released
^ C r . This m ethod is widely used b u t facilities for handling radioiactive chrom ium
m aterial m u st be available.

4.2.2

LONG-TERM ASSAYS

Long-term te sts m easures survival by m easuring the n u m b er of cells o r am ount of
cellular activity rem aining after prolonged exposure to a n agent or sh o rt exposure
an d prolonged recovery in th e absence of a n agent. The objective is to m easu re cell
survival ra th e r th a n short-term toxicity w hich may be reversible.
1) P latin g efficiency - T his is th e b e st m ethod of m e a su rin g survival an d
proliferative capacity. The cells are treated with the experim ental agent at a range
of concentrations for 24 hours. They are th e n trypstnized seeded a t low density and
an d reincubated for 1-3 weeks. At the end of th e experiment th e colonies are stained
a n d counted. This m ethod is tim e consum ing and the d uration of each experim ent
m ay be up to four weeks.

2)

O ther m ethods - After a period of incubation of th e cells, w ith and th e n w ithout,

th e drug cell survival can be m easured in the following ways:

i)

l3 5 S) m e th io n in e

la b ellin g a n d

a n a ly s is by a u to flu o ro g ra p h y and

scintillation counting. T his m ethod m easu res active pro tein sy n th esis which
implies th a t th e cells are still alive.
ii)

Direct staining an d cell counting in situ or by densitom etry.

iii)

M easurem ent of dehydrogenase activity.

iv)

Labelling w ith [^H]-thymidine w hich m easu res DNA sy n th esis or [^H]-uridine
w hich m e a su re s RNA sy n th esis w ith an aly sis by scintillation cou n tin g or
autofluorography.

4.3 REVIEW OF CYTOTOXICITY ASSAYS USED FOR THE IN VITRO STUDY OF
ANTISEPTIC TOXICITY
Antiseptic agents are chosen for their rapid antim icrobial action, although certain
agents also p o sse ss su sta in e d action e.g. chlorhexidine. M ost stu d ie s have used
short term assays which m easure viability (Tables 1.5, 1.6, 1.7). The sim plest way of
a ssessin g viability is by m icroscopy looking for ch aracteristic ch an g es su ch as
toxic g ran u latio n a n d vacuolation b u t th is technique is subjective an d is now
rarely used (Fleury et al, 1984). The m ajority of stu d ies have m easured cell viability
using dye exclusion te sts, in m ost instances try p an blue although u se of safranine
h a s been reported (Helgeland et al, 1971). Capin et al (1985) used three different dye
techniques to stu d y cellular injury induced by hydrogen peroxide: 1 ) fluorescein
diacetate uptake 2) nigrosin exclusion 3) acridine orange u p tak e /eth id iu m bromide
exclusion. In th is study the labelled cells were counted visually b u t analysis can be
performed in a flow cytometer.
A m ethylene blue assay w as originally described by Olsson, et al (1982) in a
stu d y of the cytotoxic effect of m acrophages on c an c e r cells. It h a s since been
applied to the stu d y of a n tisep tic toxicity in cell c u ltu re . Fleury et al, (1984)

com pared m icroscopic evaluation of th e cytotoxic effects of g lutaraldehyde an d
dim ethyl sulphoxide on vero cells (ham ster fibroblasts) w ith th e m ethylene blue
m eth od and showed good correlation. D eas et al (1986) u se d th e sam e assay to
evaluate th e toxicity of a range of agents, also using a fibroblast line.
Effects of a n tisep tic s on cell grow th have b e en m e a su re d by cell co u n tin g
m eth o d s, eith er usin g a haem ocytom eter o r electronic particle counting (Coulter
counter) (Cooper et al, 1990) or by uptake of tritiated thym idine (Shakespeare et al,
1988).
A ttem pts a t establishing th e m echanism s of actio n of an tisep tics on h u m a n
cells have been m ade. Shakespeare et al, (1988) studied the effect of chlorhexidine,
benzydiam ine hydrochloride, and hexetidine on lactate dehydrogenase (LDH) levels
in oral keratinocytes; hexetidine had a profound effect on the intracellular levels of
LDH, w h ereas chlorhexidine show ed no re d u c tio n in enzym e activity a t a n
eq u iv alen t d ilu tio n b u t 90% in h ib itio n of ^H th y m id in e in c o rp o ra tio n . No
re d u c tio n of enzym e activity w as seen w ith benzydiam ine hydrochloride. The
a u th o rs concluded th a t hexetidine h ad a dam aging effect on cell m em b ran es
perm itting soluble cytoplasm ic enzyme to leak into th e cu ltu re m edium . Helgeland
et al, (1971) stu d ie d levels of in tra c e llu la r enzym es (NADPH2 an d NADH 2
d ia p h o ra se s, 5' nu cleo tid ase an d alkaline p h o sp h atase) in cells tre a te d w ith
chlorhexidine. D ecreasing intracellular enzyme activity w as found after treatm en t
w ith increasing concentrations of chlorhexidine. These findings were attrib u ted to
release or d en atu ratio n of enzyme proteins an d it is possible th a t bot,h m echanism s
w ere operative since a t high concentratio n s chlorhexidine fixes cells b u t at low
c o n cen tratio n s th is agent c a u se s leakage of m a terial from b a cte ria (Hugo and
Longworth, 1964). These findings do not concur with the study by Shakespeare et al,
(1988) w here a t high dilutions of chlorhexidine a cytotoxic effect w as apparent, as
m easured by reduction of 3H thym idine incorporation, b u t m em brane function was
n o rm a l.

4.4 ESTABLISHING AN IN VITRO CYTOTOXICITY ASSAY - INITIAL EXPERIMENT
USING DYE EXCLUSION AND CELL COUNTING
It w as essential to establish a cytotoxicity assay which w as easily performed, giving
reliable and reproducible results. Dye exclusion was initially chosen because it is a
cheap and simple m ethod of evaluating cell viability. The following experim ental
conditions were Initially chosen:

1)

For initial experiments the SVK 14 cells were used.

2)

In line with bacteriological testing of antiseptic agents a short exposure time

of 15 m inutes w as utilized.
3)

An attached cell assay rath er th a n a suspension assay was used to reduce the

n u m b er of m anipulations, particularly centrifugation. 3 X 10® cells were plated in
c u ltu re d ish es so th a t a sufficiently large sam ple w as available for viability
counting in a haemocytometer. It was initially assum ed th a t following exposure to
th e drug the non-viable cells would detach, and th a t viable cells would rem ain
attached and could be counted.
4)

The cytotoxicity assay chosen to m easure viability w as dye exclusion (trypan

blue) an d the total cell counts were m ade using a C oulter counter. Following
treatm en t both the viability of the rem aining attached cell and those cells which
had detached w as studied. It was assum ed th a t non-viable cells would detach and
th a t viable cells would rem ain attached and th is needed to be confirmed.
5)

To establish the cytotoxicity assay only three agents were chosen for testing:

cetrimide, sodium hypochlorite and hydrogen peroxide (see Section 3.3).

M aterials and m ethods
Cell culture - SVK 14 cells, 3x10® cells per well were seeded into 30 m m culture
dishes and cultured in RPMI 1640 plus 10% FCS at 37°C, 8 % CO2 for 24 hours. For
each te st concentration of an agent three dishes were set up for analysis by Coulter

counting and three for staining with trypan blue to a ssess the percentage of nonviable cells in the total cell count.
E xposure to antiseptic agents - The effect of three agents on these cells was
examined. The concentration used in cutaneous w ounds is shown in parentheses: 1)
hydrogen peroxide (0.88 M) 2) cetrimide (0.003 M) 3) sodium hypochlorite (0.14 M).
E ach agent was freshly prepared prior to use; th e agents were serially diluted in
PBS-abc (see Section 3.41 from the concentration recommended for use in cutaneous
w ounds (see Table 3.1). Ten-fold dilutions were used to establish th e range of
concentrations which exerted a toxic effect.
Prior to exposure of the cells to the agents the culture m edium w as removed and
the cells were washed twice in PBS-abc. The cells were th en exposed to the antiseptic
agent for 15 m inutes, after which the drug w as removed and the cells were washed
twice with PBS-abc. Control wells were exposed to PBS-abc alone. The medium was
th en replaced and the cells reincubated a t 37°C, in 8 % CO2 for 24 hours.
The removed drug and w ashings for each concentration were immediately
centrifuged at 1000 rpm for 5 m inutes, the supernatant removed and any cells were
resuspended in lOO^il of trypan blue 0.4% (Gibco Laboratories, Paisley, UK ) diluted
to 0.2% in PBS-a. The suspension was examined in a haem ocytometer to determine
the num ber of cells detaching at this stage and whether or not they were viable.
A nalysis - viability sta in and cell counting - After th e 24 h o u r period of
reincubation the medium containing detached cells was removed from three dishes;
the attached cells were washed twice with PBS-a and the w ashings were added to the
removed medium and spun down at 1000 rpm. The pellet of cells was resuspended in
100 jil of trypan blue 0.4% diluted to 0.2% in PBS-a for 2 m in u te s prior to
exam ination in a haem ocytom eter, w here n u m b ers of non-viable cells were
counted.
For the attached cells a total cell count using a Coulter was m ade on three
disnes, and an estim ate/viability w as m ade by staining cells from three further
dishes with trypan blue and counting the non-viable cells in a haemocytometer.

The attached cells were tiypsinized with 1 ml trypsin 0.05% in 0.2% EDTA at 37°C
for 10 m inutes. Once the cells were detached 5 p \ of FCS was added to the trypsin to
inhibit its action and prevent cell aggregation. For three dishes th e percentage
viability of the cells w as assessed using trypan blue as follows. The trypsinized cells
were sp u n down and the pellet resuspended in 1 0 0 jil trypan blue 0 .2 % for two
m inutes. The cells were gently pippetted up and down in a 100 p \ Gilson pippette to
disaggregate clum ps and counted in a haemocytometer. From the three counts a
m ean percentage non-viability w as calculated.
The tiypsinized cells in the other three dishes were syringed through a 16 gauge
needle and the suspension from each dish added to 9 ml of Isoton II (azide-free
isotonic diluent based on 9 g /l sodium chloride in water; Coulter Electronics Ltd.,
Luton, UK) in a cuvette. Prior to th is addition, the dish w as w ashed twice with
Isoton II from the cuvette to which the w ashings were th en returned. The cells were
th en counted in the Coulter counter, which sampled 500 ;al at each count. Each
sample was counted twice. From the m ean counts of three sam ples, the percentage
of non-viable cells w as subtracted (as established from the vital staining). The final
viability count for each concentration was expressed as a percentage of the control,
to give a percent viability. Each experiment was repeated three times.

Results
Viability of detached cells - From the w ashings and drug removed immediately
after exposure, no cells could be counted so th at cell num bers detaching at this point
m ust have been equal to or less th a n 1000 cells i.e. 0.33% of the originally seeded
cell num ber. The analysis of detached cells at 24 hours is shown in Tables 4.1 a,b,c.
No statistical analysis w as applied to the comparison of cells num bers between test
and control values because replication between experim ents w as poor. This was
likely to have a risen because nu m b er of cells counted w as sm all. However,
examination of the data (Tables 4.1 a,b,c) suggest th at viable cells were detaching in
n um bers broadly sim ilar to th e control values. The highest concentrations of

Hydrogen

peroxide

Concentration

Percent

v ia b ility

Percent

non-viable

(M )

8.8 x 10-2

0

100

8.8 x 10-3

100 ( 4 x l0 3 , 6 x l0 3’ l l x l O 3)

0

8.8 x 10-4

100 ( 4 x l0 3 , 6 x l0 3» 8 x l0 3 )

0

8.8 x 10-5

100 ( 4 x l0 3 , 5 x l0 3» 1 0 x l0 3 )

0

8.8 x 10'6

100 ( 3 x l0 3 , 6 x l0 3* 1 0 x l0 3 )

0

C o n tro l

100 ( 3 x l0 3 , 5 x l0 3* 8 x l 0 3 )

0

Table 4.1a
Sodium

hypochlorite

Concentration

Percent

v ia b ility

Percent

non-viable

(M )

1.4 x 1 0 '1

0

100

1.4 x 1 0 '2

0

100

1.4 x lO -3

0

100

1.4 x lO’ 4

100 ( 3 x l0 3 ,5 x l0 3 , l l x l O 3 )

0

1.4 x 1 0'5

100 ( 6 x l0 3 ,1 0 x l0 3 ,l lx lO 3)

0

C o n tro l

100 ( 3 x l0 3 , 5 x l0 3, 8 x l0 3 )

0

Table 4.1b
Percent

C e trim id e
Concentration

v ia b ility

Percent

non-viable

(M )

3 x lO"3

0

100

3 x lO’ 4

0

100

3 x lO '5

0

100

3 x lO’ 6

100

0

C o n tro l

100

(3 x l0 3 , 5 x l0 3, 8 x l0 3 )

0

Table 4.1c
T A B L E S 4.1 a,b,c
Analysis of viability of detached cells 24 h after treatment
o f S VK 14 cell cultures with hydrogen peroxide, sodium hypochlorite,
and
cetrimide in comparison to untreated controls. The numbers of cells detaching
from an original seeding density of 3x10^ are shown in parentheses, the values
representing the results o f three separate experiments.

hydrogen peroxide tested, 8.8 x 1 0 '1 M and 8.8 x 10'2 M, produced a detached cell
po pulation w hich w as 100% non-viable. At lower co n cen tratio n s of hydrogen
peroxide the detached cells were all viable and the num bers did not differ from
control values. For sodium hypochlorite concentrations of 1.4 x 1 0 '1 M an d 1.4 x
10"2 M detached cells were fragmented and non-viable. At a concentration of 1.4 x
10"3 M the detached cells were intact b u t non-viable. For the lowest concentrations
of sodium hypochlorite tested (1.4 X 10 "4 M and 1.4 X 1 0 '3 M) th e detached cells
were 100% viable and num bers did not differ from control values. The highest
concentration of cetrimide tested w as 3 X 10'3 M and th is gave rise to detached cells
which were fragmented and non-viable. At a concentration of 3 X 1 0 '4 M the cells
were intact b u t non-viable. At the lowest concentrations tested (3 X 1 0 '3 M and 3 X
10*3 M) the detached cells were all viable an d num bers did not differ from control
values.
Cell counting and viability of attached cells - The resu lts are sum m arized in
Table 4 .2 a,b,c. For hydrogen peroxide at a concentration of 8.8 X 1 0 '1 M, there were
no attached cells, at 8.8 X 1 0 '2 M th e attach ed cells were all non-viable; at
concentrations of hydrogen peroxide of 8.8 X 10'3 M and below the attached cells
were all viable. Percentage survival for each concentration com pared to control
values, based on cell counts and viability stains are shown in Table 4 .2a . Exposure
to sodium hypochlorite 1.4 X 10"* M and 1.4 X 10'2 M left no attached cells (Table
4.2b); at a 1.4 X 1 0 '3 M concentration of sodium hypochlorite the attached cells
were 100% non-viable. A further ten-fold dilution produced a mixed population of
viable and non-viable cells; viability stains showed th a t 20% of the cells were nonviable. The lowest concentration tested (1.4 X 1 0 '3 M) gave rise to an attached cell
population which were 100% viable. Absolute percentage survival ra te s compared
to control values are shown in Table 4.2b. For cetrimide a concentration of 3 X 10"3
M left no attached cells; at a concentration of 3 X 10'4 M attached cells were present
and were 100% non-viable. Two further ten-fold dilutions produced populations of

Percent
v ia b le
(o f treated
c e lls )

Percent
n o n -v ia b le
(of treated
c e lls )

8.8 x lO’ 2

0

100

0

8.8 x 1 0 '3

100

0

52 ±6

8.8 x lO '4

100

0

70 ±8

8.8 x 10'5

100

0

90 ±6

8.8 x lO '6

100

0

100 ±5

Percent
viable
(treated

Percent
n o n -v ia b le
(treated cells)

Hydrogen

peroxide

Concentration

(M )

P e rc e n t
viability
treated cells
c f control

Table 4,2a
Sodium

hypochlorite

Concentration

(M )

cells)

Percent viable
treated cells
c f control

1.4 x lO '1

0

100

0

1.4 x 1 0 '2

0

100

0

1.4 x lO"3

0

100

0

1.4 x 10-4

70 ±15

30 ±15

52 ±8

1.4 x 10'5

100

0

104 ±7

Table 4.2b
Percent
(treated

C e trim id e
Concentration

(M )

viable
cells)

Percent
n o n -v i a b le
(treated cells)

Percent viable
treated cells
c f control

3.0 X lO '3

0

100

0

3.0 X lO '4

0

100

40 ±7

3.0 X lO '5

0

100

104 ±6

3.0 X 10'6

100

0

98 ±8

Table 4.2c
T A B L E S 4.2 a,b,c
Analysis of viability of attached cells 24 h after treatment
o f S V K 14 cell cultures with hydrogen peroxide, sodium hypochlorite, and
cetrimide in comparison to untreated controls. W ith the exception of sodium
hypochlorite, at the higher concentrations tested the attached cells were all
n o n -v ia b le ,
and at low er concentrations
were
all
viable.
For sodium
hypochlorite, mid-range concentrations gave a population o f cells of mixed
viab ility. The third column shows the final estimate of viability based on total
cell counts (mean o f 3 replicates ± 1 SD) minus the mean numbers of nonviable cells. Values show the mean of 3 replicates ±

1 SD.

a ttach ed cells which were all viable. Total percentage survival ra te s for each
concentration are shown in Table 4.2c.

Comment
The initial assum ption th a t attached SVK 14 cells would detach if killed by the
antiseptic agent un d er test w as incorrect. At the lowest concentration tested which
allowed no survival of cells, m any of the non-viable cells rem ained attached. With
th e exception of sodium hypochlorite, fu rth e r ten-fold d ilu tio n s produced
populations of attached cells w hich were all viable; dilution from th e 'no-cellsurvtval' concentration of sodium hypochlorite produced an attached population of
cells which w as of mixed viability.
For all three agents tested viable cells were only shown to detach at the lower
concentration tested b u t did not differ from n u m b ers detaching from control
dishes. These detaching viable cells are likely to be cells in mitoses, which round up
an d w eaken th eir attachm ent to the plastic su b stra te prior to division. These
findings negate the assum ption th a t for treated cells, viable cells which have lost
their ability to attach will be shed and therefore excluded from the assay. It appears
th a t viable cells from treated plates do not detach more th a n those in the control
plates, and it is therefore acceptable to continue with an assay with examines
viability of attached cells alone.
W hen an attach ed cell

assay is u sed non-viable cells rem ain attached,

therefore a counting procedure such as electronic particle counting cannot be used
in isolation and m u st be supported by a m ethod which estim ates viability of the
counted cells. Electronic particle counting gives great speed and accuracy to cell
counting, and replication of sam ples is good, showing a coefficient of variation of
less th a n 10%. H aemocytometer counting with viability staining produces poor
replication and is very time consuming. As the attached cell assay devised cannot
be performed with electronic particle counting alone, it w as decided to abandon

counting procedures, and to seek an alternative assay which w as both accurate an
quick.
The attachm ent of non-viable cells seen with the higher concentrations tested
b u t not with lower strengths, may be related to the different m odes of action of these
agents at differing concentrations. For bacteria it h a s been established th a t at high
concentrations of a n antiseptic agent, which are rapidly bacteriocidal, bacterial
m em branes and cytoplasmic constituents are precipitated; a t lower concentrations
specific modes of action are operative e.g. disuption or dam age to cell m em banes.
E qually th e se a g en ts m ay act differently a t different c o n c e n tra tio n s in
m am m alian cells, giving rise to the differing responses seen.

4.5 ESTABLISHING AN IN VITRO CYTOTOXICITY - COLORIMETRIC ASSAY USING
METHYLENE BLUE
Methylene blue is a basic dye which stains both the nucleus and cytoplasm of cells. A
photom etric assay utilising methylene blue was originally described by Olsson et al
(1982) to evaluate the cytotoxic effect of activated m acrophages on tu m o u r cells. In
this study the methylene blue assay correlated well with cell counting and was more
sensitive th a n a ^H-thymidine assay. Its advantages were deemed to be th a t it was
quick, sensitive and reproducible. To facilitate rapid handling experim ents could be
performed in m icrotitration plates and analysed in an autom atic photometer. The
use of this assay in the evaluation of antiseptic cytotoxicity h a s been reported twice
(Fleury et al, 1984; Deas et al, 1986). Both studies used an attached cell assay which
utilized fibroblasts. A prelim inary experim ent w as perform ed to a sse ss the
suitability of th is m ethod for evaluating cytotoxicity using SVK 14 cells.

M aterials and m ethods
Cell culture - SVK 14 cells were grown to confluence in flasks and sub-cultured in
30 m m dishes, 3x10^ cells per dish. The cells were cultured in RPMI 1640 with 10%

FCS. Nine dishes were set up for each concentration, three to be analysed by cell
counting, three for estim ation of cell viability w ith try p a n blue an d th ree to
analysed by the methylene blue colorimetric assay. The dishes were incubated for 24
hours at 37®C in 8 % CO2 .
Exposure to antiseptic agent - The cells were exposed to ten-fold dilutions of
so d iu m hypochlorite, appropriate ran g es having b een previously established.
Control wells were exposed to PBS-abc alone. The cells were reincubated for 24 hours
at 37°C in 8 % CO2 .
Cvtotoxicitv assays - For the m ethylene blue assay, the m edium w as aspirated
an d the cells w ashed twice with PBS-a. The residual adherent cells were th en fixed
w ith phosphate buffered formalin 10% for 10 m inutes. The plates were w ashed in
0.01 M borate buffer, pH 8.4, th en stain ed for 30 m in u tes in a solution of 1%
m ethylene blue (BDH, UK) in borate buffer. Prior to eluting the dye the cells were
exam ined microscopically. The plates were th e n w ashed four tim es with borate
buffer, th en left to diy at room tem perature. Then each well was filled with 2 ml of
0.1 M hydrochloric acid which eluted the dye from the cells. 0.2 ml of th is solution
w as added to 1.8 ml of deionised w ater and the absorbance was read at 644 nm in a
spectrophotom eter. One dish received no cells in order to control dye fixation of the
plastic substrate. The OD of this dish w as subtracted from the readings of the test
sam ples. The OD of the test sam ples were expressed as a percentage of the control
dishes to give an estimate of percentage viability.
The attached cells in three dishes were counted in the Coulter counter, and and
a n estim ate of the percentage viability of these cells w as m ade by trypsinizing the
cells in the remaining three plates, staining them with trypan blue and counting the
n u m b e rs of non-viable cells in a haem ocytom eter. The m ethodology for cell
counting and viability staining is detailed in Section 4.4 - M aterials and M ethods.
The num ber of viable cells rem aining for each concentration was expressed as a
percentage of the control so th a t a percentage viability for each concentration was
established.

Results
G ross observation - D uring the w ashing steps it was noted th a t the methylene
blue dye eluted from cells into the borate buffer solution.
Microscopy - At the concentration a t which trypan blue staining showed no cell
survival, it was noted th a t there w as some uptake of m ethylene blue by rem aining
attached cells. At a concentration of 1.4 x 10 -4 M sodium hypochlorite trypan blue
analysis showed th a t there were mixed populations of viable and non-viable cells;
parallel plates stained with methylene blue showed th a t the majority of cells stained
darkly with methylene blue, w hilst paler staining was noted in a sm aller num ber of
cells. The paler cells were presum ed to be the non-viable cells. At the lowest
concentration tested, all the cells stained darkly.
Methvlene blue and cell counting/viability assay - The results of the methylene
blue assay in comparison to the cell counting/viability assay are shown in Table 4,3.
Both m ethods showed a dose dependent reduction in cells survival. Correlation
between the two methods was good (correlation coefficient= 0.99, p value = 0.03 ). The
m ean estim ates of percentage viability com pared to control values obtained using
th e methylene blue method were consistently higher th an the num bers of surviving
cells m easured using the vital stain. Replication for the m ethylene blue assay was
good, with a coefficient of variation of less th a n 1 0 %.

Comment
Two problems were encountered with this assay: after fixing and staining the cells
with methylene blue it was noted th a t the dye eluted during the w ashing steps. The
effect on overall resu lts is impossible to predict. Although th e elution from the
control plates may be proportional to th a t from the te st p lates, m aking no
difference to the result w hen the OD for a given concentration is expressed as a
percentage of the control, this cannot necessarily be assum ed and w as not tested.
The second problem relates to th a t already encountered in the first experiment
(see Section 4 .4 );

non viable cells m ay not detach and these cells stain, albeit

Sodium

hypochlorite

C o n c e n tra tio n ( M )

T able

C o u n t in g /v ia b ility
s ta in

Methylene blue
c o lo r im e tr ic
assay

Percent v ia b ility
c f control

Percent viability
c o n tro l

1.4 x 1 0 '1

0

0

1.4 x lO '2

0

0

1.4 x lO’ 3

0

10 ±6

1.4 x lO’ 4

55 ±8

60 ±9

1.4 x lO*5

108 ±6

101 ±9

cf

4.3

Com parison
of
the
c o u n tin g /v ia b ility
stain
w ith
the
m ethylene
blue
colorim etric assay. Results o f the first column show the mean o f three
replicate counts
1 SD minus the mean (n=3) percentage o f of non-viable cells
with the final count expresed as a percentage of the control values. Results of
the second column are the mean of three replicate counts
1 SD expressed as a
percentage o f the control value.

to a lesser degree th a n those Judged to be viable. This phenom enon may have
contributed to the greater Viability' observed at th e highest concentration tested
using the m ethylene blue assay when compared to the resu lts for the viability/cell
counting method. In one published study problems were encountered with dead cells
not detaching and taking up the stain such th a t for one agent, noxythiolin, a dose
dependent cytotoxic effect could not be d em onstrated (Deas e t al, 1986). This
phenom enon w as only observed with noxythiolin and w as attrib u ted to release of
form alin from th is agent which acted as a fixative. W ith th e o ther agents tested
(chloram ine T, chlorhexidine, Savlodil, p henol, povidone-iodine, hydrogen
peroxide) th is problem did n o t arise. T his is in c o n tra d istin c tio n to the
observations in th is study where, a t high concentrations non-viable cells do not
detach. The observed differences may relate to the length of exposure to the agent,
since in the study by Deas et al (1986) the cells were exposed for 24 hours. In a second
study which uses the methylene blue m ethod exposure was for three days (Fleury et
al, 1984). This may allow the cells to both die and detach. Long exposures were not
considered appropiate for the testing of antiseptic agents (see Section 3.71.
The methylene blue assay was not pursued because of the problems encountered
with elution of the dye during washing steps and uptake of the dye by non-viable
attached cells.

4.6 ESTABLISHING AN IN VITRO CYTOTOXICITY ASSAY - MTT COLORIMETRIC
ASSAY
The MTT (3-(4,5-dim ethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) assay
w as originally described by H errm ann et al (1960) where it w as used to study virus
induced cytopathy. In 1983, M osmann desribed th e u se of th e MTT colorimetric
assay to study proliferative responses in lymphocytes and complement mediated
cytotoxicity. The assay m easures viable cells and is dependent upon the reduction
of the MTT, which is a yellow tetrazolium salt, to a blue insoluble formazan product

by m itochondrial succinate dehydrogenase (Figure 4 .1 a,b,c) (Slater, 1963). The
assay h a s been widely used in the study of lymphocyte proliferation and survival in
vitro (Denizot and Lang, 1986; Green et al, 1984; G allagher et al, 1987). More
recently the m ethod h a s been applied to th e stu d y of anticancer drugs in vitro
(Freshney, 1987). Its use in keratinocyte culture h a s not been well documented. The
original protocols describe the use of th e MTT assay for non-adherent cells; the
protocol used in th is study w as described by Ware (1985) and is applicable to
adherent cells.

4.6.1

RELATIONSHIP BETWEEN CELL NUMBER AND MTT DYE REDUCTION

Initial experim ents were performed to establish th a t there w as a direct relationship
between cell num ber and dye reduction for the three cell used in th is study, namely
basal keratinocytes, norm al fibroblasts and SVK 14 cells.

M aterials and m ethods
Reagents

MTT dye (Sigma Chemical Co., Poole, UK) - stock solution is prepared

by dissolving MTT dye in PBS-a at 5 m g/m l. The MTT was m ade up in a universal
container, wrapped in foil to protect the dye from light.
Dye solubilizaton reagents - isopropyl alcohol acidified by addition of concentrated
HC1 to 0.04 M.
Preparation of target cells

SVK 14 cells were were seeded at various cell

num bers (lxlO 4 to 1.6x10^) in 30 mm dishes, two replicates per cell num ber. The
cells were cultured in RPMI 1640 plus 10% FCS and incubated for 24 hours at 37°C,
8%

CO2 .
The fibroblasts were seeded at various cell num bers (lxlO 4 to 2x10^) in 30 mm

dishes, two replicates per cell num ber The cells cultured in DMEM plus 10% FCS for
24 hours at 37°C, in 8 % CO2 .
Passage 2 basal cells were used to study the relationship between cell num ber
and MTT reduction. Primary keratinocyte cu ltu res were established from breast

b
Figure 4.1 a,b

Cell viability was assessed using the MTT colorimetric assay

a)

MTT is a yellow tetrazolium salt

b)

The compound is reduced to an insoluble blue formazan product by viable cells
The figure shows increase in formazan product with increase in SVK 14 cell
number (row 1 [left] no cells; row 2-5 increasing cell num ber up to lxlO 5 [row 5
and 6 have equal cell numbers].
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Reduction of yellow MTT dye by basal keratinocytes to an intracellular,

insoluble blue formazan product. (x250)

skin using the Rheinwald and Green (1975) method as described in Section 2.3.2. In
order th a t the num ber of seeded cells would approximate to th e num ber counted, a
population of basal cells was used, rath er th an a stratifying culture. The basal cells
were obtained in the following way: primary keratinocyte cu ltu res were established
in 50 cm ^ flasks. When the cells were ju s t subconfluent the cells were switched to
low calcium medium, KCM-Ca (see Section 2 .3 .2 ).

The keratinocytes were

cultured in the low calcium m edium for three days and th e n tiypsinized in 0.05%
trypsin, spun down, resuspended in norm al keratin ocyte cu ltu re m edium and
counted in a Coulter counter. Three 24-well plates were set up. Half the first plate
contained 1.5x10^ cells per well, the other half, 1x10^ cells per well. In the second
plate twelve wells contained 0.75x10^ cells per well, and twelve 5x10^ per well. The
third plate contained 0.25x10^ cells in twelve wells. The cells rem ained in KCM for
24 ho u rs to allow attachm ent and were th en switched to the low calcium medium
for three days prior to counting.
Two w ells/dishes containing culture medium alone served a s blan k s for each
cell type to act as controls for non-specific binding of the dye.
Dve reduction and assay - The medium was removed and the cells were washed
twice with PBS-abc. RPMI 1640 1ml per well was added to the keratinocytes, and
DMEM 1 ml per well w as added to the fibroblasts. To each well 200 ^il of MTT dye (5
m g/m l) were added. The plates were wrapped in foil to prevent exposure to light.
These plates were then reincubated at 37°C for 1-4 h, depending on cell type (1 hour
for basal keratinocytes, 2 hours for fibroblasts, 4hours for SVK 14 cells), to allow
\
viable cells to reduce the dye to the purple formazan. The form azan product is
insoluble in aqueous solvents and hence the dye stays associated with the cell. The
unreacted dye w as th en removed from the wells and 1 ml of acidified isopropyl
alcohol was added. Solubilisation of the dye was achieved by shaking the plates on
a cell shaker. The optical density was then read in a spectrophotom eter, and th e
optical density (OD) of each well read at 570 nm. The OD of the b lan k wells w as
subtracted to give a final OD for each cell count.

Cell counting - For each cell type half the w ells/d ish es were analysed by the
MTT assay and half by Coulter counting. Prior to cell counting the m edium was
aspirated and the cells w ashed twice with PBS-abc. The cells were then tiypsinized
w ith 1 m l of trypsin, and 5ml FCS w as added before th e cell susp en sio n was
syringed through a 16 gauge needle. The cells were th en added to 9 ml of Isoton and
counted in a Coulter counter.

Results
The utility of MTT as a quantitatiive m a rk e r for viable cells w as te sted by
determ ining the relationship betw een target cell n u m ber and the am ount of MTT
form azan product. Using simple regression analysis, for all three cell types a linear
relationship w as observed betw een absorbance of dye and cell n um ber over the
range of cell num bers used (basal keratinocytes, 0.13x10^-1.1x10^; fibroblasts,
0 . 105x 105- 2 .06x 105 ; SVK 14 cells, 0.122xl05-2.07xl05) (Figures 4.2 a,b,c). For basal

keratinocytes using simple regression analysis, com parison of cell counting and
th e MTT assay produced a correlation coefficient of 0.99, (p=0.00002); for
fibroblasts the correlation coefficient w as 0.99 (p=0.00008) and for SVK 14 cells the
correlation coefficient w as 0.99 (p=0.000035). 1x10^ cells of each cell type yielded
0.8 OD u n its w hen exposed to the MTT dye for an appropriate period of time (1 hour
for basal keratinocytes, 2 hours for fibroblasts, and 4 hours for SVK 14 cells).

Comment
Cell counts of attached basal keratinocytes, fibroblasts and SVK 14 cells show good
correlation with the MTT assay over the range of cell num bers tested. The results
suggest th a t the MTT assay m ay be used instead of cell counting. These findings
have generated a valuable m ethod for m easuring proliferation of keratinocytes,
now in use in the Departm ent of Experim ental Dermatology, at The Royal London
Hospital.
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R elationship betw een m ean b a sa l keratinocvte cell n u m b er and m ean optical
density (OD) generated by the MTT assay. Each point rep resen ts th e m ean of 6
replicates. The straight line plotted is the best fit line calculated using all points
from 0.13x10^ to 1.1x10^ cells per well.
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generated by the MTT assay. Each point shows the m ean of 3 replicates. The
straight line plotted is the best fit line calculated using all points from 0.105x10^ to
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Figure 4.2.C
Relationship betw een SVK 14 m ean cell num ber and m ean optical density (OD)
generated by the MTT assay. Each point shows the m ean of 3 replicates. The
straight line plotted is the best fit line calculated using all points from 0 . 1 2 x 1 0 ^ to
2.07x10^ cells per well.

4.6.2

ANTISEPTIC CYTOTOXICITY ASSAY: CORRELATION OF MTT ASSAY WITH

THE CELL COUNTING/VIABILITY METHOD
Although there Is a linear relationship between cell n u m ber an d MTT reduction,
th is m ay not be m aintained when cells are damaged, b u t not killed by toxic agents.
In order to estab lish th a t th e n u m b e rs of viable cells rem aining following
tre a tm e n t w ith a n an tisep tic agent show correlation w ith th e MTT assay,
com parison of the two m ethods were m ade following treatm ent with three agents,
cetrimide, sodium hypochlorite and hydrogen peroxide. For th is study only the SVK
14 cells were used.

M aterials and m ethods
Cell culture - SVK 14 cells were seeded in 30 m m dishes, 1.2 xlO ^ cells per dish,
in RPMI 1640 m edium with 10% FCS and incubated overnight at 37°C, in 8 % CC>2 .
Nine dishes were set up for each test concentration, three for MTT dye reduction,
and six for Coulter counting and trypan blue staining.
A ntiseptic cvtotoxlcltv assay - Three agents were tested: cetrim ide, sodium
hypochlorite and hydrogen peroxide. These agents were serially diluted in PBS-abc
and the range of concentrations tested are shown in Tables 4 .4 a,b,c. The cells were
washed twice prior to exposure to the antiseptic agent for 15 m inutes. The agent was
th e n rem oved, th e cells w ashed twice, and th e m edium replaced prior to
reincubation at 37°C, in 8 % CO2 .
MTT dve reduction - The medium was removed from the dishes and 1ml of RPMI
1640 and 200ul of MTT dye was added to each dish. The cells were incubated with
the dye for 4 hours. The unreacted dye w as th e n removed and 1 ml of acidified
isopropyl alcohol added. The OD of the isopropyl alcohol eluate was read in a
spectrophotom eter at 570 nm.
Cell counting/viability stain - Of the remaining six replicates, the cells in three
were trypsinized and counted in a Coulter co u n ter as outlined in Section 4.4.
M aterials and m eth o d s: the cells in the last three dishes were trypsinized and

Hydrogen

Percent

peroxide

v iab ility

cf

control

Experiment 1
Cell counting

M TT

Experim ent 2
C ell counting

MTT

8.8 x 10-2

0

0

0

0

8.8 x 1 0 '3

50 ±6

47 ±5

55 ±7

50 ±4

8.8 x 10-4

80 ±7

77 ±4

84 ±8

81 ±5

8.8 x lO '5

91 ±3

88 ±4

93 ±5

89 ±4

8.8 x 10'6

104 ±4

96 ±4

99 ±8

96 ±5

Concentration

(M )

Table 4.4a
Sodium

Percent

hypochlorite

v ia b ility

cf

control

Experiment 1
Cell counting

M TT

Experim ent 2
Cell counting

M TT

1.4 x lO’ 3

0

0

0

0

1.4 x lO’ 4

55 ±7

51 ±4

±56

52 ±6

1.4 x lO '5

104 ±8

99 ±3

98 ±9

102 ±7

Concentration

(M )

Table 4.4b
Percent

C e trim id e

viab ility

cf

control

Experiment 1
Cell counting

M TT

Experiment 2
Cell counting

M TT

1.5 x 10-4

0

0

0

0

3.75 x 10"5

51 ±8

45 ±4

51 ±9

51 ±5

9.4 x lO '6

84 ±7

78 ±4

83 ±7

81 ±3

2.3 x lO '6

93 ±6

95 ±3

98 ±5

94 ±4

5.8 x lO '7

97 ±5

99 ±4

106 ±5

101 ±4

Concentration

(M )

Table 4.4c
T A B L E S 4.4 a,b,c
Comparison o f the results of the cell counting/viability
assay to the M T T assay for the effects of cetrimide, sodium hypochlorite and
hydrogen peroxide on SVK 14 cells. Values show the mean of three replicates ±
1 SD. Comparison of results for hydrogen peroxide showed a correlation
coefficient (r) o f 0.99, p=<0.01 for experiment 1; for experiment 2 r=0.99, and
p<0.001. Comparison of results for sodium hypochlorite showed: experiment 1,
r=0.01; experiment 2, r=0.99, p<0.05. Comparison of results for cetrimide showed;
experiment 1 r=0.99, pcO.OOl; experiment 2 r=0.99, p<0.001.

stain ed with trypan blue an d counted in a haem ocytom eter (see Section 4.4.
M aterials and m ethods), so th a t a percentage viability of the to tal co u n t could be
established. Cell viability co u n ts for each concentration were expressed as a
percentage of the control to give a percent viability.
The experiments were repeated twice.

R esults
The resu lts of the experiments are shown in Tables 4.4 a,b,c. Com parison between
th e re su lts of the MTT and counting assay s using regression analysis gave the
following results:

for cetrimide correlation w as good (experiment 1 , correlation

coefficient (r) = 0.99, p<0.Q05; experim ent 2 r=0.99, pcO.OOl) an d sim ilarly for
hy drogen peroxide (experim ent 1, co rrelatio n coefficient r= 0 .9 9 , pcO.OOl;
experim ent 2 r=0.99, pcO.OOl). For sodium hypochlorite experim ents 1 and 2 also
show ed good correlation (Experim ent 1 r=0.99, p=0.01; experim ent 2 r=0.99,
p=0.045). The coefficient of variation for the replicates used in th e MTT assay was
consistently below 5%.
C om m ent
There was a linear correlation between SVK 14 cell num ber and the reduction of the
MTT dye by the cells. This correlation was m aintained in the antiseptic cytoxicity
assay. The MTT assay had several advantages over counting techniques: the
m anipulations were sim pler and therefore the m ethod w as less laborious with a
reduced chance of introduction of error. The methodology for th e MTT assay
outlined here could be further improved by the introduction of a m icrotitre plate
an d a microplate spectrophotom etric m easurem ent, such as an ELISA reader. This
w as not judged suitable for th is study, because of the timed exposure to a range of
concentrations of the te st agent, which is easier to conduct in larger wells, and
experim ents were, therefore, subsequently performed in 24-well plates. It w as
concluded th at the MTT colorimetric assay is as reliable a s counting techniques b u t

h a s th e advantage of g reater sim plicity and rapidity. H ence for all fu rth er
experiments only this technique w as used.

4.7

SUMMARY

An attached cell assay (SVK 14 cells) w as used to establish the cytotoxicity assay. In
initial experiments, viability w as assessed using tiy p an blue, w hich is simple and
cheap. It was assum ed th at, following treatm ent, dead cells would detach and only
viable cells rem ain attached. R esults showed th a t only non-viable cells detached,
and therefore, these cells could be ignored in subsequent assays. However for the
attached cells, high concentrations of certain test agents produced populations of
cells which were of mixed viability. The vital staining technique w as laborious, but
any further assay m u st clearly include a m easure of viability. A m ethylene blue
assay w as subsequently tried; although a dose-dependent resp o n se could be
dem onstrated with th is technique, it w as noted th a t non-viable cells took up the
dye, albeit to a lesser degree th a n the viable cells. Additionally, it w as noted that
dye eluted from the cells during washing steps. A third cytotoxicity assay, the MTT
assay, was investigated. This proved to be simple and reliable and correlated well
with the cell counting/viability assay and it was proposed to use this for subsequent
studies.

CHAPTER 5

A COMPARATIVE STUDY OF THE CYTOTOXIC EFFECTS OF
ANTISEPTIC AGENTS ON BASAL KERATINOCYTES,
TRANSFORMED KERATINOCYTES AND FIBROBLASTS
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5.1

INTRODUCTION

The purpose of this project w as to establish a n in vitro cytotoxicity assay which
would allow comparison of the effect of a range of antiseptic agents on a num ber of
cell types. B asal keratinocytes and fibroblasts are fu n d am en tal to the w ound
healing process and w hilst a n u m b e r of stu d ie s have exam ined th e effect of
antiseptic agents on fibroblasts (Table 1.5, 1.6, 1.7), few d ata were available on the
susceptibility of cutaneous keratinocytes. This stu d y is designed to com pare the
cytotoxic effects of antiseptics on fibroblasts and basal keratinocytes, and to assess
w hether the epithelial cells are more or less sensitive to th e adverse effects of these
agents. Many h u m an cells require exacting conditions for c u ltu re and th is is
particularly so of keratinocytes; therefore the agents studied were tested on normal
keratinocytes and com pared to their effect the SVK 14 cells. The dem onstration
th a t both norm al keratinocytes and the SVK 14 cells show sim ilar susceptibilities
to th e cytotoxic effects of the antiseptic agents would allow the transform ed cells to
be su b stitu ted for norm al keratinocytes. thereby simplifying th e investigation of
antiseptic cytotoxicity on cutaneous epithelium in vitro.
A further purpose of this study is to compare the toxicity of individual agents in
the cytotoxicity assay devised, and compare the findings to published in vivo and in
vitro data.

5.2 METHODS
To study the susceptibility of basal keratinocytes, fibroblasts and SVK 14 cells to
a n tisep tic agents a restricted range w as initially u sed (hydrogen peroxide,
chlorhexidine and sodium hypochlorite). Cetrimide w as subsequently tested on the
SVK 14 cells alone. The agents were studied using the m ethods defined in C hapters
2, 3 and 4.

Cell c u ltu re - Prim ary epiderm al keratinocyte c u ltu re s w ere obtained by
culturing keratinocytes from adult b reast skin and foreskin. The prim ary cultures
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were subcultured w ithout feeder cells Into 24-well plates at a density of 1x10^ cells
per well and grown for 5 days In KCM at 37°C In 8 % CO2 . The cells were th en washed
twice in PBSa and switched to low calcium m edium (KCM-Ca) for 3 days to induce
destratification. At the tim e of exposure the cells were 80% confluent. Prior to
exposure to the antiseptic agents the cells were w ashed twice in PBS-abc to remove
all traces of sup rabasal cells.
The SVK 14 cell line was used between the 10th and 20th passages. The cells were
subcultured into a 24-well plate with 1x10^ cells per well and cultured in RPMI 1640
plus 10% FCS for 24 h o u rs at 37^C in 8 % CO2 prior to exposure to the antiseptic
agents.
F ibroblasts betw een p assag es 3 to 7 were used for experim ents. For the
cytotoxicity assay the cells were subcultured into a 24-well plate, 1x10^ fibroblasts
per well and cultured in DMEM plus 10% FCS for 24 hours at 37®C in 8 % CO2 prior
to exposure to the test agents.
For each cell type two wells contained no cells and were treated identically to
the cells. These served as blanks to m easure non-specific absorption of the MTT
dye.

Exposure to antiseptic agents - Hydrogen peroxide (obtained as a 30% solution,
Sigma Chemical Company, Poole, UK.), sodium hypochlorite (Aldrich Chemical Co.
Ltd., U.K.) an d chlorhexidine digluconate (obtained a s 20% solution. Sigma
Chemical Company, Poole, UK.) were tested on all three cell types. Cetrimide (Sigma
Chemical Company, Poole, UK) w as tested on the SVK 14 cell line alone and was
prepared as a 1% w /v solution in PBS-abc which was sterilized by filtration. The
agents were all freshly prepared prior to use and serially diluted in PBS-abc. The
range of co n ce n tra tio n s used w as b ased on the ran g es e sta b lish e d in the
preliminary experim ents previously described, with narrow er ranges at subsequent
attem pts (Chanter 4. Section 4.4). The cells were washed twice in PBS-a, and exposed
to serial dilutions of the antiseptic agents for 15 m inutes. Each concentration was
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tested on four replicate wells. Control wells were treated with PBS-abc alone. The
agents were removed, the cells washed twice with PBSa and the appropriate medium
replaced. The cells were th en reincubated at 37^C in 8 % CO2 for 24 hours. Each
experiment w as repeated four times.

Cvtotoxicitv A ssay - The num ber of viable cells rem aining in each well w as
evaluated using a colorimetric assay b ased on the tetrazolium salt, MTT (for
m ethod see Section 4.61. The optical density (OD) of th e isopropyl alcohol in each
well w as read in a spectrophotom eter a t 570 nm; the final OD value for each well
w as generated by subtracting the m ean OD for the b lan k wells. The OD values for
each concentration were expressed as a percentage of th e control values. The
inferred percentage viability, based on the m ean OD reading for each concentration
com pared to the m ean OD for the control, w as used to establish dose-response
curves.
The MTT assay m easures cell survival. The effect dose 50 percent (ED 50) was
defined as the concentration allowing 50% survival of cells and w as determined by
linear regression analysis.
Statistical analysis - The significance of the difference of response of each cell
type to the different agents was based on the M ann W hitney U test. This test w as
chosen because the samples were small and did not necessarily represent a normal
d istribution.

5.3 RESULTS
Log-dose response curves were established for each agent and cell type. Figure 5 .1
shows representative log-dose response for the effect of sodium hypochlorite and
chlorhexidine on basal keratinocytes, fibroblasts and SVK 14 cells. Figure 5 .2
shows representative dose response curves for the effect of hydrogen peroxide on the
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th ree cell types and for cetrimlde tested on SVK 14 cells alone. W ith the exception of
hydrogen peroxide on SVK 14 cells and basal keratinocytes, all agents and cell types
showed a sigmoid dose response curve. The effect of hydrogen peroxide on SVK 14
cells and basal keratinocytes gave a biphasic log-dose response curve (Figure 5.2).
At therapeutic concentrations all of the antiseptics were 100% cytotoxic to all
cell types. The m edian ED50 values and ranges for each agent an d cell type are
show n in Table 5.1. Statistical comparison of m ean ED50 values (MannW hitney U test) showed th a t keratinocytes an d fib ro b lasts w ere equally
susceptible to all agents. SVK 14 cells and keratinocytes were equally sensitive to
hydrogen peroxide b u t the SVK 14 cells were more susceptible to th is agent th an
fibroblasts. The transform ed keratinocytes showed a sm all, b u t statistically
significant, increase in susceptibility to chlorhexidine an d sodium hypochlorite
w hen compared to both fibroblasts and keratinocytes. All com parisons were tested
at the 5% level of significance.
A direct com parison of the m edian ED50 concentrations for the three agents
te s te d

on all cell ty p es p ro d u c e s th e following toxicity ra n k in g order:

Chlorhexidine > sodium hypochlorite > hydrogen peroxide. Analysis of the SVK 14
d a ta alone produced the sam e ranking b u t included the cetrim ide d ata as follows:
Cetrimlde > chlorhexidine > hydrogen peroxide > sodium hypochlorite.
Previous studies have com pared the toxicity of agents by analysing the num ber of
ten-fold dilutions from the th erap eu tic co n cen tratio n n ecessary to eradicate
toxicity. W hen the data generated here were fu rth er com pared by examining the
dilution from the stan d ard concentration (Table 5.2) necessary to allow 50% cell
survival the ranking order of toxicity w as as follows: sodium hypochlorite >
cetrimide > hydrogen peroxide > chlorhexidine.
As cell type did not affect th is toxicity ranking, com parison of only the SVK 14
cell data are shown in Table 5.2.
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TABLE 5 .2

Comparison of m edian ED 50 values for SVK 14 cells to the therapeutic

concentration (TC) used in cutaneous wounds.

AGENT

TC (M)

DILUTION FROM TC TO
ACHIEVE 50% CELL SURVIVAL

C hlorhexidine

5.6 x 10^

x 12

Hydrogen peroxide

8 .8

x 101

x 90

C etrim ide

3 x 10"3

x 100

Sodium hypochlorite

1.4 x 10”1

x 1,145
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5.4 COMMENT
The results of this study showed th a t h u m an cultured keratinocytes and fibroblasts
w ere highly su scep tib le to th e effects of com m only u s e d a n tis e p tic s at
concentrations used on cu tan eo u s w ounds, an d to free-chlorine agents a t high
dilution.W hilst keratinocytes and fibroblasts showed equal susceptibility to the
antiseptic agents tested, the sensitivity of the SVK 14 w as slightly Increased. Such a
com parison h a s not been previously docum ented, b u t in a brief report Capin et al,
(1985) described the differential susceptibility to injury by hydrogen peroxide of
fibroblasts, keratinocytes, endothelial cells an d m elanocytes an d showed th e
following results: fibroblasts < keratinocytes < endothelial cells < m elanocytes.
A lthough, in th is study no statistical differences in su sceptibility to hydrogen
peroxide were show n betw een fibroblasts an d k eratin o cy tes (p=0.058, M ann
W hitney U test), the resu lts showed a n obvious tren d in w hich the fibroblasts
appear less sensitive to hydrogen peroxide th a n the keratinocytes.
Although the basal keratinocytes and SVK 14 cells showed differences in their
sensitivity to chlorhexidine and sodium hypochlorite, it is of in terest th a t these
cells appeared equally susceptible to hydrogen peroxide an d showed sim ilar doseresponse curves (Figure 5.2). This suggests th a t the transform ed cell type responds
sim ilarly to basal keratinocytes, in response to treatm en t w ith n a tu ra l killing
su b stan ces and confirms the hypothesis th a t the SVK 14 cells m ay be of value in
studying keratinocyte physiology. The effect of hydrogen peroxide on basal cells
and transform ed keratinocytes gave a biphasic dose-response curve; the second
phase of the response, seen at lower concentrations, could be attributed to an effect
on a specific populations of cells, possibly in th e proliferative com partm ent.
Alternatively, at low concentration, hydrogen peroxide m ay inhibit keratinocyte
cell growth, since proliferation is possible during the 24 h o u r recovery period
following exposure to the test agent.
The mode of action of m ost antiseptic agents is poorly understood; in bacteria at
low concentration, chlorhexidine a cts by dam aging th e sem i-perm eable cell
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m em brane (G ardner an d Gray, 1983). It Is possible to a ttrib u te th e increased
chlorhexidine sensitivity of SVK 14 cells to differences in m em brane stru c tu re
betw een the transform ed and norm al cells. However th is specific mode of action of
chlorhexidine c a n only be determ ined a t low c o n cen tratio n since, a t high
concentrations, where agents are rapidly bacteriocidal, m em brane leakage does not
occur because m em brane and cytoplasm ic contents are precipitated. Hydrogen
peroxide is thought to kill by production of the hydroxyl free radical w hich can
a tta c k cell m em branes, DNA and other cell com ponents. Defences against free
radicals are present in all respiring cells and differences in enzyme activity may
account for differences in susceptibility between the cell types, however it is more
likely th a t these defence m echanism s are over whelmed by th e volume of hydrogen
peroxide used in this assay. It is likely th a t at high concentrations all of the agents
te sted kill rapidly by n o n specific m ean s and the differences observed probably
c an n o t be a ttrib u te d to physiological differences betw een cell types. At low
co n centrations specific m odes of actions m ay be operative, as is observed in
bacteria.
A possible explanation for the observed differences in sensitivity between the
various cell types m ay be based on the am ounts of organic m aterial th a t the cell
culture system represents. It is well recognised th a t iodine and free-chlorine agents
are highly influenced by the presence of organic m aterial and hydrogen peroxide is
unstable in the presence of organic material. Organic m aterial h a s a small effect on
th e activity of chlorhexidine (Ulrich, 1981). Although the different cell culture
system s contain equal cell num bers they may not rep resen t equal am o u n ts of
organic m aterial. The m ost striking differences were noted betw een fibroblasts and
SVK 14 cells and since fibroblasts are larger cells (comparative cell diam eters
(range): basal keratinocyte 10-13 urn; fibroblasts 12-14 urn; keratinocytes 10-40
um; personal com m unication Dr C. Ling, Imperial Cancer Research Fund, London)
th a n the transform ed keratinocytes they may represent a g reater organic load,
giving rise to decreased susceptibility to the agents tested.

Differences betw een ED50 values for th e norm al cells an d th e transform ed
keratinocytes, w hilst statistically significant a t the 5% level, are of small orders of
m agnitude and do not affect the ranking order of the agents i.e. as with other cell
types the SVK 14 cells are m ost susceptible to the effects of sodium hypochlorite and
least sensitive to chlorhexidine. For th e p u rp o ses of studying cytotoxicity of
individual agents in vitro, the three m am m alian cell types have equal predictive
value. The choice of cell type therefore concentrates on practical considerations.
T ransform ed k eratin o cy tes have th e advantage of read y availibility an d an
indefinite lifespan. However although k eratinocytes dem and complex cu ltu re
conditions and will only survive to the fourth, fifth or sixth passage, fibroblasts
can be easily cultured to the fiftieth passage, although th e ir characteristics m ay
change w ith higher p assage.

However, in th is stu d y com parison of ED50

concentrations showed th a t the transform ed cells gave the least inter-experim ent
variation, w hist fibroblasts gave the m ost (Table 5,1). For th is reason the cells SVK
14 cells were used in all future assays.
Com parison of ED50 values to the concentration in clinical usage shows th at
sodium hypochlorite is the m ost toxic agent and chlorhexidine the least. Cetrimide
and hydrogen peroxide are interm ediate in th eir toxicity, relative to other agents.
C om parison of d a ta from o ther stu d ies is difficult a s no attem p t at accurate
com parison i.e LD50 or ED50 values for the agents tested h a s been made; however
several a u th o rs have exam ined the nu m b er of ten-fold dilu tio n s necessary to
eradicate the toxicity of a n agent (Lineaweaver et al, 1985; Leaper and B rennan,
\

1986; Deas et al, 1986). W hilst a num ber of in vitro studies of antiseptic toxicity
have been published (Tables 1.5, 1.6, 1.7), few have examined a range of commonly
u sed antiseptics, and only three studies have been traced in which th is was done
(Table 5.3). By com paring the num ber of ten-fold dilutions necessary to eradicate
toxicity, two studies show th a t the free-chlorine agents are th e least toxic agents
and hydrogen peroxide the most; parallel in vivo d ata do not support these findings.
A study by Deas et al (1986) shows findings which are in agreem ent with those
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Table 5 .3 Relative toxlclties of a range of agents tested in three separate studies
REFERENCE

AGENTS TESTED AND TOXICITY RANKING

Lineaweaver et al,
1985

Sodium hypochlorite=Acetic acid<
Povidone iodine=Hydrogen peroxide

Leaper et al,
1986

Chloram ine T<
Phenol l=Chlorhexidine<
Hexachlorophene=Hydrogen peroxide=Povidone iodine

Deas et al,
1986

Savlodil=Hydrogen peroxide<
Chlorhexidine=Povidone iodine<
Phenol<
Chloram ine T
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p resen ted here i.e. hydrogen peroxide and chlorhexidine are less toxic th a n the
chlorine releasing agent, chloram ine T.
Reviewing the relevant literature in w hich th e in vivo toxicity of antiseptic
agents h a s been studied, reveals th a t th e m ajority of studies report findings which
suggest th a t chlorine-releasing agents are more toxic to cutaneous w ounds th a n
ch lorhexidine, o b servations w hich are in line w ith th o se p re se n te d here.
Lineaweaver et al (1985) examined the effect of sodium hypochlorite 0.5%, povidone
iodine 1 %, acetic acid 0.25% and hydrogen peroxide 3% on ra t full th ick n ess
w ounds; reepithelialisation w as delayed at 8 days by acetic acid, povidine iodine
an d sodium hypochlorite b u t a t 16 days only by the sodium hypochlorite. In a
fu rth e r stu d y , B re n n an , F o ster a n d Leaper (1986) evaluated th e effect of
chlorhexidine 0.05% and chloram ine T 1% on epitheliallsation and form ation of
g ranulation tissue; both of these param eters were delayed by chloram ine T b u t
chlorhexidine had no adverse effect. B rennan and Leaper (1985) used the rabbit ear
ch am b er to stu d y th e effect of Eusol, povidone iodine 5% an d 1%, hydrogen
peroxide 3%, chloram ine T 1% and chlorhexidine 0.05% on blood vessels and
fo rm ation of g ra n u la tio n tissu e . The ch lo rin e-releasin g com pounds caused
destruction of granulation tissue. Chlorhexidine, hydrogen peroxide and povidone
iodine 1% had no sustained adverse effects. W hilst one group of investigators have
c o n siste n tly show n th a t chlorhexidine is non-toxic a n d chlo rin e-releasin g
com pounds adversely affect w ounds, (Brennan an d Leaper, 1985; B rennan, Foster
and Leaper, 1986), Niedner and Schopf (1986) showed th a t chlorhexidine 0.5%
su bstantially inhibited the formation of granulation tissue b u t chloram ine T 10%
h ad no significant effect. These findings are th e reverse of the previous studies
detailed here. The toxicity of chlorhexidine m ay be explained by th e use of a
concentration of 0.5% w /v, which is te n tim es the recommended concentration for
use in a wound (Reynolds, 1989 ii).
W hen evaluating relative in vitro toxicities it is im portant to note th a t all
agents are toxic at in 'use' concentrations, which is not necessarily the case in vivo.

14 7
At the concentration used in a w ound chlorhexidine is toxic in cell cu ltu re b u t
several studies have show n th a t th is agent does not inhibit w ound healing. W hen
a n tise p tic s are applied to a w ound m odel an d th e ir im m ediate effects on
v ascu latu re are studied, all agents show a n adverse effect (B ranem ark, 1966;
B rennan and Leaper, 1985; see C hapter 1. Section 1.6.1). For certain agents this
effect is reversed over a period of hours or days su ch th a t there is no effect on the
param eter of wound healing th a t is being m easured. Clearly th ere is no capacity for
recovery in the short term assay described and all agents are toxic a t th e 'in use'
concentration.
The dem onstrated toxicity of antiseptics on b asal keratinocytes is of particular
im portance to the clinical application of cultured keratinocytes (culture grafts) to
e n h an ce w ound healing. S h eets of c u ltu re d k eratin o cy tes have b een u sed
successfully to treat chronic cutaneous ulcers and b u m s. Although th e b e st cover
for a sk in defect is norm al sk in u sin g conventional grafting tech n iq u es, a
su bstantial donor site m ay be required w hich may be slow to heal or there may be
insufficient donor skin in a badly b u rn ed patient. Recent advances in culture
techniques allow sheets of keratinocytes to be grown from very sm all skin samples.
Both cultured keratinocyte allografts and autografts have been used to enhance
w ound healing (Leigh and Purkis, 1986; Leigh et al, 1987) Available d a ta suggest
th a t allografted keratinocytes do not 'take' (Brain et al, 1989), b u t prom ote wound
healing. Some workers have claimed th a t cultured keratinocytes have no benefit in
w ound healing b u t poor outcom e h a s been a ttrib u ted to th e co n cu rren t use of
antiseptic agents (IM Leigh, personal communication). The findings presented here
suggest th a t the application of antiseptics prior to or following th e application of a
culture graft is contraindicated.
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5.5

SUMMARY

1)

B asal keratinocytes and SVK 14 cells showed sim ilar responses to hydrogen

peroxide, a n a tu ra l killing su b sta n c e, adding su p p o rt to th e view th a t the
transform ed keratinocyte line m ay represent an alternative to b asal keratinocytes
in th e study of keratinocyte biology.
2)

F ibroblasts an d b a sa l keratinocytes showed equal susceptibility to the

cytotoxic effects of hydrogen peroxide, chlorhexidine an d sodium hypochlorite.
SVK 14 cells were m ore susceptible to these agents b u t have th e sam e predictive
value w hen the toxicity of the individual agents are ranked by com paring the ED 50
co n centrations to th e concentration in clinical usage. The SVK 14 cells have
practical advantages over th e norm al cell types and can, therefore, usefully replace
them in a n antiseptic cytotoxicity assay.
3)

C om parison of th e relative toxicities of th e ag en ts te ste d showed th a t

sodium hypochlorite w as th e m ost toxic agent and chlorhexidine th e least. These
findings are in line with the results of a num ber of studies on the adverse effects of
antiseptics on cutaneous wounds.
4)

All agents were toxic to b asal keratinocytes at concentrations applied to a

wound. These findings suggest th a t antiseptic ag en ts sho u ld n o t be used in
conjunction with keratinocyte cultures used for grafting.
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6.1

INTRODUCTION

In C h ap ter 5 d a ta for the relative toxicities of an tisep tic ag en ts in vitro were
g en erated and com pared to available in vitro d a ta in th e literatu re, with the
discovery th a t the re su lts were conflicting. R esults from th is stu d y suggest th at
chlorine releasing antiseptics are the m ost toxic agents, in line with the majority of
in vivo studies of the effects of antiseptics on w ound healing. However, d ata from
o ther cell culture studies suggest th a t chlorine-releasing agents are less toxic th an
o th er com m only used antiseptics. These reported differences in th e toxicity of
individual agents m ay be related to variation in experim ental conditions. W hilst
th e m ethods of assessing antibacterial activity of antiseptic agents in vitro has been
standardized to some extent (Bruch, 1983), the choice of experimental conditions for
evaluating the cytotoxicity of these agents h a s varied greatly. Virtually all studies
have used fibroblasts and exposed cell num bers have varied from 5 x l0 3 (Deas et al,
1986) to 2x10® (Lineaweaver et al, 1985). Length of exposure varies from 5 m inutes
(Blenkam, 1987) to 24 hours (Leaper and B rennan, 1986) and four days (Cooper et a.
1990). Agents have been diluted in saline (Lineaweaver et al, 1985) an d medium
(Leaper and B rennan, 1986; Deas et al, 1986); in some studies effect on cell growth
h a s been exam ined and the agents have been diluted in m edium p lu s serum
(Shakespeare et al, 1988; Cooper et al, 1990).
In the next study a series of experim ents were perform ed which examined the
effect of a num ber of variables on the toxicity of individual agents. In the previous
study lx lO 5 cells were exposed for 15 m inutes to an agent diluted in PBS-abc. Here,
the following factors which may influence the toxicity of individual Agents within a
cell cu ltu re assay were examined: 1) D uration of exposure 2) The n atu re of the
antiseptic diluent 3) increasing cell num ber.
The antiseptic cytotoxicity assay is confined to the SVK 14 cell type, because
these cells can predict the relative toxicities of antiseptic agents in vitro on hum an
b asal keratinocytes and fibroblasts, cells which are crucial to the w ound healing
process.

6.2 METHODS
Cell culture - SVK 14 cells were cultured and subcultured as previously described.
Cvtotoxicitv assay - The following procedure w as used for all experim ents with
individual m odifications as noted below: 1x10^ SVK 14 cells were seeded into 24well plates and cultured in RPMI 1640 plus 10% FCS for 24 hours. Concentrations of
three antiseptics, hydrogen peroxide, sodium hypochlorite and chlorhexidine, were
prepared by serially diluting the agent (half or third dilutions) in PBS-abc from the
concentration in clinical use. Each concentration w as tested on four replicate wells.
The cells were w ashed twice prior to the addition of 1ml of the agent for 15 m inutes.
Control wells were exposed to PBS-abc alone. The drug was th en removed, the cells
washed and RPMI 1640 plus 10% FCS replaced for a further 24 hours.
The sta n d a rd conditions outlined above were com pared to th e following test
conditions: 1) diluting the test agent in PBS-abc containing 10% FCS, the exposure
tim e and cell num ber m aintained as for stan d ard conditions 2 ) diluting the test
agent in RPMI 1640, the exposure time and cell num ber m aintained as for standard
conditions 3) increasing the nu m b er of exposed cells to 5x10^, m aintaining the
exposure time at 15 m inutes and using PBS-abc as a diluent 4) Increasing exposure
time to 1 hour, diluting the agent in PBS-abc and m aintaining the cell n u m ber at
lx lO 5 as per the standard conditions. For the experiments which used a variation in
cell nu m b er 6 -well plates were used for th e stan d a rd and test experim ents to
accom odate the larger cell num ber. For hydrogen peroxide alone th e effect of
exposing the cells for 24 hours w as studied; for th is experim ent ten-fold dilutions
from the stan d a rd concentration were u sed and th e agent w as diluted in RPMI
m edium for standard and test experiments. Diluting in m edium is essential because
the SVK 14 cell line cannot be m aintained in PBS-abc for more th a n 2 hours. Each
experiment w as repeated 3 to 4 times, with the exception of the experim ent using a
24 hour exposure to hydrogen peroxide which was only performed twice.
The num ber of viable cells rem aining in each well was evaluated using the MTT
assay (see Section 4.6). The percentage viability, based on the MTT reading for each

concentration in com parison to the control wells w as used to establish log-dose
response curves. The ED 50 value w as defined as the concentration allowing 50%
survival of cells w hen compared to control wells and w as determined by regression
analysis.
For the 24 hour exposure of SVK 14 cells to hydrogen peroxide the lowest ten-fold
dilution producing 1 0 0 % killing, and the concentration allowing 1 0 0 % survival of
cells were com pared to the sam e values generated for the experim ents using a 15
m inute exposure.

S tatistical analysis - The significance of the difference between test and control
experiments was determined using the Student paired t test.

6.3 RESULTS
The toxicity of each agent w as evaluated u n d e r stan d a rd (cell n um ber of lx lO 5,
exposure time of 15 m inutes, the agent diluted in PBS-abc) and te st conditions (1)
diluting the te st agent in PBS containing 10% FCS, the exposure tim e and cell
n u m b er m aintained as for stan d ard conditions 2) diluting the test agent in RPMI
1640, the exposure time and cell num ber m aintained as for standard conditions 3)
increasing the num ber of exposed cells to 5x10®, m aintaining the exposure time a t
15 m inutes and using PBS-abc a s a diluent 4) Increasing exposure time to 1 hour,
diluting the agent in PBS-abc and m aintaining the cell num ber at lx lO 5 as per the
stan d ard conditions). The ED 50 w as defined as th e concentration allowing survival
of 50% of cells an d the values for te st and stan d ard experim ent were compared.
Mean ED 50 values for test and standard experim ents are sum m arized in Table 6.1,
and the ratio of the test and standard values is shown in Table 6 .2 . An increase in
ED 50 concentration for a given te st condition w hen com pared to the conrol value
reflects decreased sensitivity of the cells and therefore, decreased toxicity of the test
agent. Representative dose-response curves are shown in Figures 6.1, 6.2, and 6.3,
comparing test and standard conditions for each agent.
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of mean ED 50 values for test and standard experiments.
Standard conditions were as follows: 1x105
14 cells were exposed for 15 minutes to a test agent which was diluted in PBS-abc. Standard conditions
compared to the following test conditions: (1) diluting agent in PBS-abc containing
10% FCS
(2)

TABLE

Ratio
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Effect of foetal calf serum
Comparison of m ean ED 50 values showed th a t diluting hydrogen peroxide in PBSabc containing 10% FCS significantly reduced the toxicity of hydrogen peroxide and
chlorhexidine in this assay. However the effect of 10% FCS on sodium hypochlorite
was more dram atic, the ED 50 concentrations in standard experim ents being 17.8
times lower th a n test values (Table 6.2), indicating th at serum substantially reduces
the toxicity of chlorine releasing agents.

Effect of medium (RPMI 1640)
Using m edium as a diluent had no significant effect on the toxicity of chlorhexidine
and only a small b u t significant decrease in the toxicity of hydrogen peroxide (Table
6.1). Again, the greatest reduction in toxicity was seen with sodium hypochlorite,
where the concentration allowing 50% cell survival for the stan d ard conditions was
33.8 times lower than the test value (Table 6.2).

Effect of cell num ber
In the stan d ard and test experim ents which examined the effect of cell n u m b er on
toxicity the assays were conducted in 30 m m dishes, ra th e r th a n 24-well plates, to
accomodate the larger cell num ber. It w as notable th a t the ED50 values generated
for the standard conditions for th is series of experiments differed from those of the
other experiments. Altering the size of the culture dish increased the toxic effects of
hydrogen peroxide an d chlorhexidine an d decreased th e toxicity of sodium
hypochlorite.
W hilst chlorhexidine was as active on 5x10^ cells as 1x10^ cells, both hydrogen
peroxide and sodium hypochlorite showed reduced toxicity in the presence of a n
increased cell num ber. This effect w as greatest for sodium hypochlorite where there
was a four-fold increase in ED 50 concentration compared to a 1.7-fold increase for
hydrogen peroxide.
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from 1 x 1 0 ^ to 5 x 1 0 ^ 3) increasing exposure time from 15 minutes to 1 h. For each experiment the test conditions
were compared to the following standard conditions: 1 x 1 0 ^ cells were exposed for 15 minutes to the test agent
which was diluted in PBS-abc. Data for diluting agent in medium are not shown, as responses for test and standard
conditions were similar.
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Effect of increasing exposure
Increasing exposure time increased the toxicity of all agents. The least effect w as on
sodium hypochlorite where a longer exposure produced an ED 50 value which w as
close to the standard result; for chlorhexidine the ED 50 value w as h alf of th a t
generated for the standard conditions. The greatest effect was on hydrogen peroxide,
where increasing exposure four-fold decreased the ED 50 concentration to 20% of
the control experiment.
C om parison of highest ten-fold dilution th a t gave 100% killing for th e 15
m inute and 24 hour exposure of SVK 14 cells to hydrogen peroxide showed no cell
survival at 8 .8 x 10'2 M for a 15 m inutes exposure, compared to 8 .8 x 10'7M for the 24
hour exposure. The lowest dilution allowing 100% survival of cells w as 8 .8 x 10 ' 6 M
for the 15 minute exposure and 8 .8 x 10‘7 M for the 24 hour exposure. Comparison of
15 m inutes and 24 hour exposures showed the 100% killing concentration for the
shorter exposure to be a thousand times greater th a n the 24 h exposure. The dose
response curves are shown in Figure 6.4.
The m ean ED50 concentrations for test and control experiments were compared
to the 'in use' concentration (Table 6.3) and a ranking order of toxicity produced for
each experim ental variable as previously described (see Section 5.31 (Table 6.4).
W hen compared to the standard conditions, the ranking order of toxicity w as only
altered by diluting the test agents in m edium , where th e ranking oder w as as
follows: hydrogen peroxide > sodium hypochlorite > chlorhexidine.
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6.4 COMMENT
A num ber of studies have examined antiseptic toxicity in cell culture, and w hilst it
has been shown th a t all agents tested are toxic to the various cell types used, scant
regard h as been paid to the interpretatio n of these re su lts in com parison to
available d ata for in vivo toxicity. Experim ental conditions vary from stu d y to
stu d y (Tables 1.5, 1.6, 1.7). C onditions for studies w hich have exam ined a
com prehensive range of agents, including the data generated in th is study, are
summarized in Table 6.5.
The observations presented may explain why the toxicity of an individual agent
varies between studies. Increasing cell num ber, and using m edium or serum as
diluent decreases the toxicity of chlorine-releasing agents to a greater degree th a n
for chlorhexidine or hydrogen peroxide, and it seems likely th at the com bination of
m edium and serum used routinely to culture cells would decrease the toxicity of
chlorine releasing agents further. Lengthening the period of exposure increases the
toxicity of hydrogen peroxide, b u t only h a s a sm all effect on the toxicity of sodium
hypochlorite. Cell culture system s which test agents using a high cell num ber, dilute
the agents in serum or medium, and use long exposure tim es are likely to increase
the toxicity of hydrogen peroxide relative to chlorine-releasing agents.
The high toxicity of hydrogen peroxide and relatively low toxicity of sodium
hypochlorite, which have been reported in vitro, reverse in vivo findings, w here
hydrogen peroxide, unlike chlorine-releasing agents, has no adverse effects on the
healing process (Brennan and Leaper, 1985; Lineaweaver et al, 1985; G ruber et al,
1975; Leyden and Bartelt, 1987). Lineaweaver et al (1985) examined the effect of a
range of antiseptic agents on fibroblasts; the toxicity of sodium hypochlorite could
be eradicated at one hundred tim es the 'in-use' concentration, w hereas the toxicity
of hydrogen peroxide w as abolished a t one th o u san d tim es th e in 'in -u se'
concentration. Other data for hydrogen peroxide are in line with the d ata generated
for fibroblasts in this study (Lineaweaver et al, 1985) and it seem s likely th a t the
differences in toxicity of sodium hypochlorite are related to the use of a higher cell

nu m b er (2 x l 0 8 cells), since other asp ects of th e experim ental conditions are
comparable. Leaper and Brennan (1986) found th a t the toxicity of chloramine T and
hydrogen peroxide could be eradicated a t a one hundred-fold dilution and a tenthousand fold dilution respectively from their 'in-use' concentrations. Here the high
toxicity of hydrogen peroxide may be related to the length of exposure (24 hours).
This view is supported by the observation th a t the 100% killing concentrations can
be reduced a one hundred thousand-fold by increasing exposure tim e from 15
m inutes to 24 hours. The relatively low toxicity of the chlorine-releasing agent in
the Leaper and Brennan study (1986) may be attributed to the use of both a high cell
num ber and medium as a diluent.
Only using medium as a diluent changed the ranking order of toxicity (Table 6 .3
and 6.4) and for all other variables, the chlorine-releasing agent rem ained the m ost
toxic antiseptic. Clearly if fu rth er experim ents were perform ed which fu rth e r
increase cell num ber and am ounts of serum the toxicity of sodium hypochlorite
m ight be fu rth e r decreased and a n alteratio n in the ranking order for o th er
variables could be seen.
The findings presented by Deas, Billings, B ren n an et al (1986) are m ore
com parable to those presented here, in spite of th e fact th a t the experim ental
conditions are very different. By com paring ten-fold dilutions from the stan d a rd
concentration, th is group showed th a t chloram ine T w as the m ost toxic agent
(toxicity eradicated at a dilution of lx lO 6 from th e sta n d a rd concentration),
chlorhexidine w as of interm ediate toxicity (toxicity eradicated a t a dilution of
lx lO 4 from the stan d ard concentration) and hydrogen peroxide of least toxicity
(toxicity eradicated at a dilution of lx lO 3 from the stan d ard concentration). This
study comes from the same departm ent as th a t of Leaper and B rennan (1986) and
em phasizes how changes in experim ental conditions can alter results. The key
difference betw een these studies is the cell num ber (Table 6.5), Deas et al (1986)
opting for a very small cell num ber in relation to volume. The volume of antiseptic
in relation to cell num ber may be of great im portance, and is often not quoted in
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studies (Table 6.5). This is, perhaps, a further im portant experimental param eter to
evaluate. In D eas et al's study (1986), although chlorhexidine is of low toxicity in

Iwas

relation to other agents (Table 5.3), toxicit^eradicated at 10,000 tim es the stan d ard
use concentration, and 50% survival occurs at 1000 tim es th is concentration
(roughly gauged from the dose response curves presented); in th is study 50% survival
for fibroblasts occurs at a six-fold dilution of the sta n d a rd concentration. The
toxicity of chlorhexidine increases with length of exposure. This h a s been shown
here and by other workers (Blenkam, 1987). The long exposure may give rise to the
very low concentration at which toxicity is eradicated.
The reduction of toxicity induced by serum , medium and increased cell num ber
is likely to be related to the increase in organic m aterial p resent w ithin th e test
system . It is well know n th a t chlorine releasing com pounds are inhibited by
organic material. Medium h as the greatest effect on the activity of these agents. The
likely inhibitory com ponents are; amino acids, putrescine w hich is a polyamine,
and the pH indicator phenol red. Hydrogen peroxide is unstable in the presence of
organic m a tte r decomposing to w ater and oxygen, and th is m ay account for the
sm all reduction in toxicity th a t w as observed with increased cell num ber, m edium
and serum . However, the decrease in toxicity of hydrogen peroxide associated with
a n increase in cell n u m b er m ay be attributed to an increase in catalase and
peroxidase activity, w hich will inactivate hydrogen peroxide, and superoxide
dism utases w hich scavenge su p er oxide free radicals. Organic m atter h a s only a
sm all effect on the activity of chlorhexidine (Ullrich, 1981) and th is w as confirmed
in th is study.
The subject of an antiseptic tcodcity index was addressed in the 1930's and 40's (see
C hapter 1. Section 1.3) and w as reviewed by Reddish (1954) who concluded th a t the
toxicity index w as valueless since the results were so conflicting. However, Lineaweaver
et al (1985) resurrected interest in this subject and reported the use of cell culture to
establish a safe concentration at which antiseptics can be adm inistered to wounds i.e. a
c o ncentration w hich does not harm cu tan eo u s cells b u t kills bacteria. Such a

16 8

concentration could be established for povidone iodine and sodium hypochlorite,
agents whose toxicity is highly influenced by the am ounts of organic m aterial present.
Although equal num bers of bacteria and cells (fibroblasts) were used in th a t study, these
may not represent equal organic loads, bacteria being sm aller th a n fibroblasts. Hence,
at a given concentration, hypochlorites m ay be rendered less toxic to fibroblasts than
to bacteria. Such differences m ight otherwise be attributed to different m odes of action
on bacteria and m am m alian cells. However a t high concentrations it is more likely
th a t m ost antiseptic agents kill by non-specific m eans, w ithout species differences
(G ardner and Gray, 1983). Sim ilar factors m ay be im portant w hen com paring the
susceptibility of different types of m am m alian cells (see C h ap ter 5. Section 5.4 C om m ent).
The findings of Lineaweaver et al (1985) have been discussed by others (Kozol et al,
1988) who studied the effect of sodium hypochlorite on endothelial cells, fibroblasts
and neutrophils using electron microscopy. These authors comment on the observation
th a t concentrations of sodium hypochlorite below 0.05% were safe (Lineaweaver et al.
1985), since in their own study sodium hypochlorite toxicity could be dem onstrated
down to concentrations of 0.00025% , findings which are com parable to those in
observed in th is study. Kozol et al (1988) take issue with the safe concentration as
defined by Lineaweaver et al (1985) and attribute the differences in findings between the
two studies to their use of a sensitive technique to estim ate cell dam age. Alternatively
th is difference may be a ttrib u ted to the diferences in cell n u m b e rs used: 2 x l 0 8
(Lineaweaver et al, 1985) versus lxlO 6 (Kozol et al, 1988).
C om parison of the 100% killing values for the SVK 14 cells to published
bacteriocidal concentrations for antiseptic agents is of interest. For chlorhexidine
the lowest concentration th a t is 100% cytotoxic to SVK 14 cells w as 0.01%;
concentrations of chlorhexidine which are bacteriocidal range down to 0 .0 1 % w /v
(G ardner and Gray, 1983). The findings are rem arkably sim ilar. If su ch a
com parison is made for sodium hypochlorite, the lowest concentration w hich will
produce 100% killing of SVK 14 cells is 0.001% w /v, whereas the concentration of
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available chlorine required to kill S ta p h ylo co ccu s

aureus\±s 0.00008% w /v

(Dychdala, 1983) i.e. approximately ten tim es less. These com parisons emphasize
th a t w hen an agent is little inhibited by organic m a tte r no safe and effective
concentration can be generated; for those agents th a t are inhibited by organic
m aterial a toxicity index can readily be generated.
The differences in toxicity of individual a g en ts in cell c u ltu re m ay be
extrapolated to the study of antiseptics in w ound models. B rennan and Leaper
(1985) showed th a t chlorine-releasing agents have a dram atic effect on granulation
tissu e, resulting in its complete destru ctio n . A nother stu d y h a s show n th a t
chlorine-releasing agents are of low toxicity to gran u latio n tissue showing 2 0 %
inhibition and not significantly different from th e control (Neidner and Schopf,
1986). In these studies the agents were tested in in vivo w ound models; the am ounts
of organic m aterial present w ithin the w ound and th e volume m aintained in
contact, may be im portant factors which give rise to differences in results. In the
rabbit ear cham ber (Brennan and Leaper, 1985), the granulation tissu e w as in
contact with phosphate buffered saline prior to exposure to the agents and was th u s
well w ashed'; the volume of antiseptic th a t w as used to flood the cham ber was
clearly m uch greater th a n can be m aintained in contact with a w ound su ch as a
cutaneous ulcer. This model may be likened to the in vitro model used in th is study
and gives very com parable resu lts for th e relative toxicities of the agents tested.
Neidner and Schopf (1986) m aintained contact between the antiseptic agent and the
w ound bed by formulating it in a polyacrylamide gel. Both the am ounts of organic
m aterial in a wound model and the volume of antiseptic m aintained in contact with
the w ound rem ain equally relevant to the study of antiseptic toxicity in vivo and
again this has not been critically evaluated.
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SUMMARY

1)

Increasing cell num ber, using m edium and serum

as a diluent for the

antiseptic agent decreased the toxicity of the chlorine releasing agents relative to
hydrogen peroxide and chlorhexidine. Lengthening exposure increased the toxicity
of hydrogen peroxide relative to sodium hypochlorite and chlorhexidine.

These

findings em phasize the ways in which assay in cell culture m ay alter the relative
toxicities of individual agents and may explain why hydrogen peroxide h a s been
shown to be of high toxicity and sodium hypochlorite of low toxicity in cell culture,
findings which are the reverse of in vivo studies.
2)

In vitro data which generates safe concentrations at which antiseptic agents

are antibacterial and non-toxic are to be questioned.
3)
the

Com parison of results of various antiseptic cytotoxicity assay s emphasize
lack of standardization of experim ental conditions. These m ay be better

defined for each agent if the pharmacology of agents applied to wounds is studied.
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7.1 INTRODUCTION

Review of the literature suggests th a t antiseptic agents have been used uncritically for
m any years. Efficacy and possible harmful effects have not been questioned. In the area
of dermatological practice (venous ulcers, pressures sores) data on w hether antiseptic
usage aids or inhibits healing is particularly lacking, because very few controlled
clinical trials have been performed.
To study the toxicity of antiseptics, investigators have turned to w ound models in
anim als and in vitro cytotoxicity assays. Methods of studying antiseptic agents in vivo
vary greatly and the results are conflicting, however the majority of studies suggest th at
chlorine-releasing agents are more toxic th a n other commonly used agents.
Most in vitro studies use cell culture to evaluate the cytotoxicity of antiseptic agents
and the m ethods used are unstandardized. The data generated are equally conflicting
w hen the relative toxiclties of the individual agents are com pared. The published
studies have largely used fibroblasts, and toxicity h as been m easured using crude and
laborious techniques.
The purpose of this study was to set up an in vitro cytotoxicity assay which was
sim ple, accurate and reliable, allowing com parison of fibroblasts an d b asal cells,
which are considered fundam ental to the cutaneous w ound healing process. Culture of
norm al h u m an keratinocytes is complex, and these cells were therefore com pared to a
transform ed keratocyte line (SVK 14 cells) which sh ares m any featu res in common
with the norm al hum an basal keratinocyte, b u t is relatively simple to culture. The
study set out to compare the relative toxicities of th e agents tested using a set of
experimental conditions which on theoretical ground were Judged to b est reflect the 'in
u se' situ a tio n . A dditionally the a b so lu te toxicity of th e a g en ts on th e basal
keratinocytes w as of interest because th e role of cu ltu red keratinocytes is being
evaluated in w ound healing.
Below the findings of this study are summarized.
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7.2 METHODS
One of the m ain purposes of this study was to establish an in vitro cytotoxicity assay
which was simple, accurate and reliable.
The experim ental procedure chosen was in line with some other published studies.
The attached cells (lx lO 5) were exposed to the test agent diluted in PBS-abc for 15
m inutes. The cells were then reincubated overnight to dem onstrate m axim um toxicity
of the test agent, as cell death may take place some hours after exposure. Numbers of
viable attached cells remaining were then m easured.

Cell c u ltu re - C ultures of fibroblasts and SVK 14 cells could readily be established
for use in the assay and merely required seeding at the appropriate cell density into a
m ultiwell plate 24 h o u rs prior to use. To estab lish a su itab le cu ltu re of b asal
keratinocytes for use in the assay was difficult. The im portant problems to be overcome
were:
1) the removal of the 3T3 fibroblast feeder cells u sed in the prim ary culture; this
was done by using passaged cells which grew in the absence of a feeder layer
2)

obtaining a culture of basal cells; th is w as achieved by passaging a primary

stratifying of keratinocytes into multiwell plates, allowing these cells to grow and
stratify until they reached 70-80% confluence and th en inducing destratification with
low calcium keratinocyte growth medium. This m edium w as made by omitting calcium
salts from the basal medium, and depleting FCS of calcium. This medium, which was
found to have a calcium concentration of 0.05 mM, will destratify the culture in three
days, b u t w ashing procedures tended to detach the loosely attached cells. This problem
could be corrected by raising the calcium level by adding 1% KCM (elevating the calcium
level to approximately 0.07 mM) a concentration which still allowed destratification in
three days with good hemidesmosomal attachm ent of the basal cells.
3) Initial b asal cell cultures showed poor well-to-well replication, particularly at
the edge of the plates; this was attributed to evaporation of w ater from the medium and

could be corrected by frequent m edium changes and by enclosing the plates in plastic
containers.

A gents a n d d ilu e n ts - The agents initially chosen as clinically relevant to study
were: povidone iodine, a chlorine-releasing agent (sodium hypochlorite), cetrimide,
chlorhexidine, and hydrogen peroxide. Povidone iodine w as excluded because serial
dilution generates concentrations of both free-iodine and povidone iodine which are
unpredictable. The remaining agents could all be introduced into a cell culture system
diluted in PBS-abc.
The choice of diluent for the antiseptic agents had to be modified to include calcium
salts (PBS-abc) because the basal keratinocytes and SVK 14 cells quickly detached in
calcium-free solutions.

C ytotoxicity assay - The assay used attached cells, rath er th a n cells in suspension.
An attached cell assay h a s less experim ental m anipulation with less opportunity for
introduction of error, and is more representative of the ’norm al' cell state.

It was

initially assum ed that, following exposure to the test agent, the non-viable cells would
detach and viable cells would rem ain attached. Viability w as initially determ ined by
counting the rem aining attached cells and estimating percentage viability using a vital
stain. If the rem aining cells were all viable only the counting procedure would be
necessary to estim ate the num bers of viable cells. This assum ption th a t all attached
cells rem aining following exposure were viable was incorrect. Although detachm ent of
viable cells did not exceed th a t occuring in control plates, non-viable cells remained
attached, particularly a t the higher concentrations tested. It w as therefore essential
th a t the assay included a m easure of cell viability. Prelim inary experim ents were
performed using cell counting and the vital stain. This w as inaccurate unless laige cell
num bers were used and laborious. The MTT assay was evaluated as an alternative, this
m easures viable cells which can reduce MTT to an Insoluble blue formazan product.The
MTT assay correlated well with cell num ber for fibroblasts, b asal keratinocytes and

SVK 14 cells, which implied th a t this m ethod can be used to m easure proliferation for
these three cell types. In addition, the MTT assay correlated well with the cell counting/
viability assay in m easuring cell viability following treatm ent with antiseptic agents.
The MTT assay provided a simple, reliable and accurate m ethod for m easuring cell
viability and from this assay accurate comparison of agents could be made using ED 50
concentrations, which has not been previously done.

7.3

SUSCEPTIBILITY OF BASAL CELLS, FIBROBLASTS AND SVK 14 CELLS TO

ANTISEPTIC AGENTS
The initial experiments compared the susceptibility of three cell types to a range of
antiseptic agents. Basal cells and fibroblasts, which play a key role in th e w ound
healing process, were equally susceptible to the effects of chlorhexidine, hydrogen
peroxide and sodium hypochlorite. The SVK 14 cells were m ore susceptible to
chlorhexidine and sodium hypochlorite th a n the other cell types. Although these cells
were more sensitive to hydrogen peroxide th a n fibroblasts, basal keratinocytes showed
equal susceptibility. Because antiseptic agents kill a t high concentration by n o n 
specific m eans and are all inhibited to some degree by organic material, it is likely th at
the differences in sensitivity observed between cell types may simply be related to the
organic load th a t equal num bers of cells of different types represent.
W hilst the transform ed keratinocytes and the basal keratinocytes differed in their
response to chlorhexidine and sodium hypochlorite, the reponse to hydrogen peroxide
was similar. Both cell types showed a biphasic dose-reponse curve following treatm ent
with this agent. Hydrogen peroxide is a natural killing agent and these findings support
the assum ption th a t the SVK 14 transform ed keratinocyte line m ay rep resen t an
alternative to normal hum an keratinocytes in the study of keratinocyte physiology.
Although the ED50 concentrations for the agents tested on SVK 14 cells were
significantly different from the other cell types, the differences were of small orders of
*

magnitude. In particular, use of the SVK 14 cell line did not affect the ranking order of
♦The maximum difference observed between mean SVK14 ED50 values and
those of other cell types was for chlorhexadine f where SVK14 ED50 values
were 50% of fibroblast values. For all other cell types and agents the
differences between SVK14 ED50 values was less than 50% (see Table 5.1,
p.140).

toxicity for the agents, which was generated by comparing the ED50 concentration to
the stan d ard 'in use' concentration. SVK 14 cells have the advantages of ease of culture,
ready availability and an indefinite lifespan. A dditionally w hen these transform ed
cells are used in a cytotoxicity assay the resu lts of experiments are highly reproducible
w hen com pared to the norm al cell lines. The SVK 14 cell line, in addition to sharing
biological sim ilarities to norm al h u m a n cultured keratinocytes, offer m any practical
advantages over norm al cell lines, and can usefully replace these cells in an antiseptic
cytootxicity assay. The SVK 14 cells were therefore used for all further studies.

7.4

COMPARISON OF THE TOXICITY OF ANTISEPTIC AGENTS IN A CELL

CULTURE ASSAY
In line with other studies th a t have evaluated the toxic effect of antiseptic agents in cell
culture, at standard 'in use' concentrations all agents tested were 1 0 0 % cytotoxic to all
cell types. Reports which have evaluated inhibition of cutaneous w ound healing by
antiseptic ag en ts have consistently show n th a t some agents are non-toxic, and
hydrogen peroxide is the best example. However, if the toxicity of antiseptic agents is
assessed by examining the effects on blood vessels, all agents will show an immediate
adverse effect, from which recovery m ay take place. This clearly does not occur in a cell
culture system. So the toxicity of all antiseptic agents seen in vitro can be dem onstrated
in the short term in vivo.
The absolute concentrations of an agent which produce a particular end-point in an
in vitro cytotoxicty assay may be of less interest th a n the comparative d ata generated
for a num ber of agents. These data were generated by comparing the num ber of dilutions
from the stan d ard concentration necessary to achieve the ED50 concentration and the
findings were as follows;

sodium hypochlorite > hydrogen peroxide > cetrim ide >

chlorhexidine. The u se of chlorine-releasin g ag en ts h a s been su rro u n d e d by
controversy in recent years and th is h a s prom pted studies both in vivo and in vitro to
evaluate this. It w as noted th a t the re su lts obtained from this in vitro assay were

broadly in line w ith in vivo studies in w ound m odels w hich show th a t chlorine
releasing agents are toxic to w ounds and chlorhexidine is not.

7.5

CONDITIONS IN A CELL CULTURE CYTOTOXICITY ASSAY WHICH INFLUENCE

TOXICITY
In comparing the results obained for the relative toxicities of the agents tested to those
of other studies, it was clear th a t there were discrepancies. Comparison of an end-point
(usually the lowest dilution which allows 1 0 0 % survival of cells) to th e stan d ard
concentration show s chlorine-releasing agents to be less toxic th a n other agents in
some studies and more toxic in others. It w as clear from the initial experim ents th at
m inor modifications in the assay, such as variation in cell num ber produced by poor
cell attachm ent, could alter ED 50 values. Therefore, an analysis of the factors which
might influence the toxicity of agents was made. The variables th a t were studied were: 1)
increasing cell nu m b er 2) diluting the agent in m edium (RPMI 1640) or PBS-abc
containing 10% FCS 3) increasing the length of exposure. It w as shown th a t increasing
cell num ber, diluting the test agent in serum or m edium reduced the toxicity of sodium
hypochlorite relative to other agents, w hereas increasing th e length of exposure
increased the toxicity of hydrogen peroxide relative to other agents. In the light of these
findings it w as possible to interpret other studies where using long exposures, high cell
num bers and diluting agents in medium were likely to have decreased the toxicity of
chlorine-releasing agents and increased the toxicity of hydrogen peroxide, producing
results w hich are the reverse of in vivo findings. The effect of the presence of serum ,
m edium or a high cell num ber w ithin th e te st system is likely to be related to an
increase in th e am o u n t of organic m aterial p resen t. T his stu d y estab lish es the
im portance of standardized conditions in the evaluation of cytotoxicity in vitro.
Results can only be interpreted by understanding how these conditions alter findings.

7.6

USES AND LIMITATIONS OF A CELL CULTURE ANTISEPTIC CYTOTOXICITY

ASSAY
Uses - The principal advantage of studying the cytotoxic effect of any drug in vitro is
the ultimate reduction in the num bers of animal experiments performed.
W hilst cell culture techniques have been used en thusiastically to evaluate the
possible harm ful effects of antiseptics on wounds, little em phasis h a s been placed on
interpretation of the resu lts and the u su al conclusion draw n is th a t all antiseptic
agents tested are toxic to cells and should, therefore, not be applied to wounds. In this
study it was also shown th a t at standard concentration all agents were toxic. However,
it is judged th a t the m ost valuable data th a t can be derived from such studies is the
comparative data i.e. which agent is the most toxic and which is the least.
The cell culture system is useful for studying factors which influence toxicity;
variables, such as length of exposure and the effect of serum , can easily be studied in
isolation. Such studies are particulaiy valuable in the interpretation of in vivo studies
in w ound models, m any of which create an artificial w ound environment.
Although not studied here, the cell culture system can be used to study the specific
m echanism s of toxicity in m am m alian cells, and th is h a s already been attem pted
(Shakespeare et al, 1988; Helgeland, 1971). The specific mode of action of m any
antiseptic agents on bacteria is poorly understood, with different m echanism s likely to
be operative a t high an d low concentration. The stu d y of m am m alian cells may
contribute to the general u n d e rs ta n d in g of how antiseptics work.
The cell culture assay is useful for evaluating the toxicity of topical antimicrobials.
The results are directly applicable to the clinical use of cultured cells for grafting.

L im itations - Establishing a te st system for evaluating the antibacterial effects of
antiseptics in vitro which is representative of the 'in use' situ atio n h as always been
difficult. Sim ilarly problem s are encountered in in vitro stu d ie s, and the test
conditions devised are largely based on theoretical considerations. Should serum be
present and how m uch? W hat is a representative cell num ber? How long should contact

with the test agent be m aintained? It is quite possible th a t different agents require
different test conditions. At the presen t point in time th ese questions can n o t be
answ ered because little is known of w hat happens to antiseptic agents w hen they are
placed on a wound. The biggest draw back to in vitro testing is lack of realism in the
conditions, as has been stressed throughout this study. M easurem ent of toxicity in vitro
is a purely cellular event, and should be interpreted with the understanding th a t clear
differences exist between in vivo and in vitro m easurem ent. W ithin the lim itations of
an in vitro cytotoxicity assay, it is believed th a t the standard experimental conditions
outlined in this study m ay reflect conditions in cutaneous w ounds and, im portantly,
the assay appears to predict the in vivo toxicities of the agents tested.
In addition cell cu ltu re m ay introduce its own c o n stra in ts on experim ental
conditions for reasons of both practicality and cost. An assay which is used to study a
large n u m b er of agents repeatedly, using a rapid m ethod of analysis su ch as a
colorim etric assay read by an ELISA plate reader, may necessitate using a sm all
num ber of cells in relation to the volume of the agent.

7.7 FUTURE STUDIES
In vitro stud ies - C ultured cells are in an abnormal environm ent relative to their
tissue of origin. It would be valuable to create an in vitro culture system which w as more
representative of a cutaneous wound. Efforts are being m ade to establish establish
keratinocyte cultures which are more representative of norm al skin. In organotypical
cu ltu re an attem pt is m ade to create a n epiderm is an d dermis; keratinocytes are
cultured on type I collagen which is impregnated with derm al fibroblasts (Mackenzie
and Fusenig, 1983). This m ay provide a useful model in w hich to fu rth e r study
antiseptic toxicity.
The in vitro model which best represents a cutaneous wound is organ culture. Organ
cu ltu re of the sk in w as u sed by Lawrence (1970) to stu d y the effects of various
antim icrobial agents and is established by placing a sm all piece of whole skin in

culture m edium containing 50% serum . Over a period of days the epithelium will grow
over the undersurface of the dermis. In the assay used by Lawrence (1970) the test agents
were added to medium and serum and m aintained in continuous contact with the skin
explant. C ontinuous contact is artificial particularly in a volume of m edium which
contains such a high serum content. An alternative approach would be to immerse the
skin explant in the test antiseptic for a period of m inutes and then retu rn the explant to
the culture medium; this would reproduce the routine cleansing of a wound and could be
done daily over the period of study. A growth inhibitory effect is m easu red by
exam ining th e skin histologically; toxicity can be m easu red by th e inhibition of
epithelial growth over lower dermis. Similar studies can be performed on skin explants
cultured on collagen (Coulomb et al, 1986); here new epithelium grows out on the
collagen raft.

in
In vivo stu d ies - W hist valuable comparative d ata can be in obtained^vitro, it is
essential to continue to improve and define test conditons for antiseptic agents in vivo.
Little is known of the pharm acokinetics of an antiseptic applied to a cutaneous wound.
A possible way of studying this is by using a suction blister in a h u m a n volunteer. A
suction blister is produced by applying 500 m m Hg pressure to the skin. In norm al skin
it takes about 2 hours to induce a blister and with the standard equipm ent available the
blister is about 7.5 mm in diameter. The blister base represents a cutaneous wound and,
following removal of blister fluid, small am ounts of a te st agent could be introduced
and the concentration of the agent m easured a t intervals. Such a study would give some
indication of the inactivation and absorption of the agent over time.

C linical stu d ies - W hat is clearly lacking in the literature of antiseptic toxicity to
cutaneous w ounds is clinical data. In the area of chronic cutaneous w ounds are these
agents effective in reducing bacteria? In so doing do they enhance w ound healing?
Studies which evaluate the effect of antiseptics on wound healing use donor sites which
heal rapidly in a norm al healthy individual; no studies exist which show th a t wound

healing is inhibited in chronic cutaneous w ounds by the application of antiseptics.
W hilst in vivo and in vitro data point to the potential toxicity of chlorine-releasing
agents, this d ata should now be supported by appropriate clinical studies to avoid the
continuing confusion which su rro u n d s the u se of antiseptic agents on cutan eo u s
wounds.

7.8 CLINICAL RELEVANCE OF CELL CULTURE STUDIES

Chronic cutaneous wounds - In th is study chlorine-releasing agents have been
shown to be of high toxicity. This is supported by in vivo work which use models of
cutaneous wounds. Not all wound models may be representative of the 'real' cutaneous
wound in term s of slough/exudate and volume of the test agent m aintained in contact
with the w ound surface. In a chronic cu tan eo u s w ound it is likely th a t chlorinereleasing agents will come in contact with fibrin and exudate on the wound surface and
will kill surface b acteria, b u t are unlikely to be in co n tact w ith fibroblasts in
granulation tissue and migrating epithelium. However in other situations the toxicity
of chlorine-releasing agents may be relevant; if in a cutaneous wound such as a venous
ulcer attention has been paid to the underlying pathology of the wound (e.g. correction
of venous hypertension), it becomes healthy an d exudate decreases from the surface.
Such a wound may be treated by a dermatologist using a grafting technique called 'pinch
grafting', whereby small islands of skin are dotted over the wound bed. In this instance
the wound is clean with delicate islands of epithelium grow out from the transplanted
skin. The toxicity of the applied antiseptic may well inhibit wound healing.
The debate on the toxicity of chlorine-releasing agents to cutaneous w ounds rages
on, probably because no-one h a s any controlled clinical d a ta to support th eir view
point. The chronic cutaneous wound seen in the com m unity is usually covered with
exudate and it is very doubtful th a t any antiseptic agent h a s any adverse effect on
w ound healing. Equally, beneficial effects are doubtful. Concern about the toxicity of
antiseptic agents would be better replaced by addressing the pathogenic factors which

prevent wound healing such as venous hypertension in venous ulcers. It h a s always
been em phasized th a t a h ealth y w ound environm ent is m ore im p o rtan t th a n
eradicating bacteria.

Culture Grafts - C ultured keratinocytes are being evaluated as a replacem ent for
conventional grafts, particularly in the treatm ent of b u m s . This stu d y shows th a t
standard concentrations of antiseptic agents are toxic to cultured keratinocytes and the
findings suggest th a t these agents should not be used in conjunction with th is form of
treatm ent. However th ese cells are very vulnerable to infection an d it may be
appropriate to use topical antibiotics, m any of w hich are non-toxic to cultured
keratinocytes (Cooper et al, 1990; Tatnall, Leigh and Gibson, 1987).

REAGENT APPENDIX

Phosphate buffered saline
Solution a

C oncentration

NaCl

0.17 M

KC1

0.003 M

Na2 H P0 4

0.01 M

KH2 PO4

0.0018 M

Solution b and c
CaCl2 (2H2 0)

0.009 M

MgCl2 (6H2 0)

0.0049 M

Trypsin 0.25% in tris saline
NaCl

0.137 M

KC1

0.005 M

Na2HP04

0.0007 M

Dextrose

0.0055 M

Tris (hydroxymethyl) amino m ethane

0.0247 M

T ry p sin

2.5 g/1

P e n ic illin

60 mg /1

Streptom ycin

100

Phenol red

0.0015%

mg /1

Trypsin 0.05% in EDTA
Made by diluting tiypsin 0.25% in EDTA 0.2%

EDTA 0.2%
NaCl

0.137 M

KC1

0.0027 M

Na2 H P0 4

0.08 M

k h 2p o 4

0.0015 M

EDTA

0.0005 M

Phenol red

0.002% M
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