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Introduction

Lag of bacterial regrowth, following short exposure to
antimicrobial agents (postantibiotic effect, PAE) is a well
known feature of the action of most antibiotics. A few 
studies have demonstrated lag of regrowth in disinfec-
tants,1–4 also designated as PAE.4,5 A recent study showed
significant lag of regrowth following 2 min exposure to
chloramine T, mandelic acid, chlorhexidine and povidone-
iodine.5 It has been suggested that this feature should be
considered when determining the optimal application
intervals for disinfectants used topically in humans.5

N-chlorotaurine (ClHN–CH2–CH2–SO3H, NCT), a
weak oxidant produced by human granulocytes and mono-
cytes,6,7 is a less powerful N-chlorine compound than 
chloramine T. It is also less toxic than other highly reactive
oxidants, but at concentrations between 100 mM and 
55 mM (0.002–1.0%) NCT has demonstrated significant
bactericidal, fungicidal, virucidal and vermicidal proper-
ties.6,8–13 A recent clinical study showed that a 5 day appli-
cation of five drops each day, of an aqueous 1% NCT
solution, to the human eye was well tolerated.14 Similarly,
no toxic side-effects were observed after repeated lavage 
of the human urinary bladder for 1 month with 1% NCT
solution.15 The topical application of NCT to body sites,
including body cavities, could be considered as a thera-
peutic option. Longer incubation times (10–60 min), in

comparison with those needed for chloramine T, are
required for aqeous solutions of NCT to achieve significant
killing of pathogens.8,9

As long exposure times are difficult to achieve when 
disinfectants are used topically, the presence of a post-
antibiotic effect, at sublethal concentrations could be of
therapeutic importance. This study aimed to investigate the
postantibiotic effect of PAE, and demonstrate its in-vivo
importance, using a mouse model.

Materials and methods

Reagents

Pure NCT as a crystalline sodium salt (MW 5 181.52 g/
mol)8 was dissolved in 0.9% saline or 0.01 M phosphate
buffered saline. Buffers (sodium di-hydrogen phosphate
and di-sodium hydrogen phosphate), sodium chloride and
sodium thiosulphate (reagent grade) were purchased from
Merck (Darmstadt, Germany).

Bacterial strain and media

Staphylococcus aureus, strain Smith diffuse, kindly pro-
vided by Dr J. Hildebrandt (Sandoz Scientific Centre,
Vienna, Austria), was used. This is a highly encapsulated,
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slime producing strain, with exopolysaccharides which are
frequently identical to those of S. aureus isolates from
human blood and tissue.16 This strain is pathogenic in mice,
following ip injection.17 A single colony of bacteria, grown
on tryptic soy agar (Merck), was removed and grown in
tryptic soy broth (Merck) to 5 3 107–1 3 109 cfu/mL. 
Bacteria were centrifuged for 10 min at 1800g and washed
twice in 0.9% saline in all experiments.

Bactericidal activity of NCT

Bacteria were suspended in NCT solution, in 0.9% saline,
to give a final molecular density of 1–2 3 108 cfu/mL at pH
6.0 6 0.2. NCT concentrations were 1, 0.5, 0.25, 0.1, 0.05,
0.025 and 0.01%. Controls were inoculated into saline with-
out additives. After different incubation periods, at room
temperature, aliquots of 1 mL were removed and mixed
with a three-fold molar excess of sodium thiosulphate to
inactivate the NCT. One hundred microlitres of each 
solution was used for quantitative cultures on tryptic soy
agar, and for qualitative cultures in tryptic soy broth.
Results are expressed as the incubation time necessary to
achieve a log10 reduction of .6.7 with an initial inoculum of
1 3 108 cfu/mL (log10 5 8.0). The detection limit of the
assay was 20 cfu/mL (log10 5 1.3). In preliminary experi-
ments, sodium thiosulphate had no effect on bacterial via-
bility and inactivated NCT. This was demonstrated by
failure of the resulting solution to oxidize potassium
iodide.18

Postantibiotic effect of NCT

In-vitro experiments. Bacteria were suspended in phos-
phate buffered saline NCT solution (1, 0.1 and 0.01%) to
ensure a final inoculum of 0.8–2.0 3 107 cfu/mL, at pH 7.0
6 0.05. After 1–20 min incubation at room temperature,
NCT was inactivated by the addition of a three-fold molar
excess of sodium thiosulphate. The bacteria were then
washed in 0.9% saline, diluted 1:1000 in prewarmed tryptic
soy broth and incubated at 37°C without shaking (continu-
ous shaking at 220/min did not yield more rapid regrowth as
previously demonstrated).19 Quantitative cultures of non-
diluted aliquots and 1:100 dilutions in saline were done on
tryptic soy agar, using a spiral plater (model WASP, Whit-
ley, UK). Cfus were counted after incubation at 37°C for 
24 h. The following control experiments were done: (i) the
same procedure without NCT; (ii) the same procedure,
without NCT and with addition of saline instead of sodium
thiosulphate, to exclude a PAE for thiosulphate; (iii) the
same procedure, with addition of sodium thiosulphate to
NCT, before addition of bacteria, to exclude a PAE pro-
duced by any reaction products of NCT and thiosulphate.

Duration of lag of regrowth was calculated using the
equation lag time 5 T–C, where T is the time required for
the colony count in the test culture to increase one log10

above the count at zero time (immediately after 1:1000

dilution in prewarmed tryptic soy broth), and C is the time
required for the same increase in the control culture.20

In-vivo experiments. Bacteria were suspended in NCT solu-
tion in 0.9% saline, to a final inoculum of 1–5 3 107 cfu/mL,
at a pH of 6.0 6 0.2 at room temperature. NCT concen-
trations were 1, 0.5, 0.25, 0.1, 0.05, 0.025 and 0.01% (incu-
bation times 1, 2.5, 5, 10 min each). After incubation, NCT
was inactivated by the addition of a three-fold molar excess
of sodium thiosulphate. Subsequently, bacteria were
washed in 0.9% saline, and viable counts were performed
immediately before inoculating the mice. Controls without
NCT were treated in the same way. An extraordinary con-
trol, with addition of bacteria to a mixture of 1% NCT and
6% sodium thiosulphate was also included.

The animal experiments were approved by the Austrian
Federal Government Department for Science and
Research, ZL 18208/58–96, and followed the ‘Principles of
laboratory animal care’. Three Swiss mice (approximately
8 weeks-old, 25–35 g) per NCT concentration were injected
ip, with 0.5 mL (0.5–2.0 3 107 cfu, verified by viable counts,
as above) of pretreated bacteria. In six mice each chal-
lenged with 1 min 1% NCT-treated bacteria or untreated
control bacteria, respectively, one drop of blood was taken
from the tail vessels, at intervals and quantified by weigh-
ing. After dilution with 200 mL distilled water, quantitative
cultures were performed. The other animals were observed
for signs of illness, (squat position, refusal of food intake)
which correlated with lethal outcome.

Statistics

Student’s t-test was used for comparison of the paired
means of two groups of measurements. Repeated measures
of analysis of variance (ANOVA, Graphpad Software Inc.,
CA, USA) and Dunnett’s Multiple Comparison test were
applied to evaluate the significance of lag of regrowth. 
P values ,0.05 were considered significant.

Results

When S. aureus, strain Smith diffuse, was exposed to
0.01–1.0% NCT for 1 min, there was no reduction in cfus.
However, a significant lag of regrowth could be observed,
which was dependent on the concentration of NCT (Figure
1a). One minute in 1% NCT produced a lag of regrowth of
3 h, which was the maximum effect observed in vitro. The
magnitude of the PAE also increased when the exposure
time to NCT was prolonged (Figure 1b). Neither sodium
thiosulphate nor sodium thiosulphate 1 NCT mixed before
addition of bacteria caused any PAE (when compared with
phosphate buffered saline control (P . 0.05)).

In all animal experiments, viable counts of the suspen-
sion, performed immediately before ip injection, were
1.0–4.0 3 107 cfu/mL in both the NCT and control groups,
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indicating a lack of killing effect during preincubation. Fol-
lowing injection of 0.5–2.0 3 107 cfu of 1 min 1% NCT-
pretreated, and untreated control staphylococci, diffusion
of bacteria from the peritoneal cavity into the blood
occurred in ,10 min. Lag of regrowth of the 1% NCT-
treated staphylococci was demonstrated in blood, (Figure
2). Culture of blood from mice injected with 1% NCT-
treated bacteria demonstrated a decrease in cfus 6 h after
challenge and the mice developed no signs of illness. 
Culture of blood from control mice showed increasing 
bacterial counts and all the mice died between 12–18 h.

Survival of the animals was dependent on the concentra-
tion of NCT and the incubation time, with NCT, of the 
bacteria. Sublethal incubation times of 1 min (0.1–1%
NCT), 2.5 min (0.025–0.05% NCT) and 10 min (0.01%

NCT) in saline, were sufficient to ensure survival of all
three test animals. Control animals injected with untreated
bacteria died. Shorter incubation times and lower concen-
trations, i.e. 1 min in 0.025% and 0.05% NCT and 1–5 min
in 0.01% NCT, resulted in lethal sepsis in all mice following
injection of the suspensions. Additional control experi-
ments in six mice demonstrated that treatment of bacteria
with NCT, pre-inactivated by sodium thiosulphate, caused
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Figure 1. (a) Regrowth kinetics of S. aureus, Smith diffuse,
exposed to NCT for 1 min at pH 7.0. M, Control; Ä, 0.01% NCT
(lag 5 0.3 h, P . 0.05); l, 0.1% NCT (lag 5 0.8 h, P , 0.05); 
v, 1% NCT (lag 5 3.0 h, P , 0.01). Mean values 6 S.E. of the
mean of three duplicate experiments. (b) Regrowth kinetics of 
S. aureus , Smith diffuse, exposed to 0.1% NCT for 1–20 min at
pH 7.0. M, Control; Ä, 1 min (lag 5 0.5 h, P , 0.05); l, 5 min (lag
5 1.0 h, P , 0.01); v, 20 min (lag 5 1.5 h, P , 0.01). Mean values
6 S.E. of the mean of three duplicate experiments.

Figure 2. Regrowth kinetics of S. aureus, Smith diffuse in mouse
tail blood subsequent to ip injection of 0.5–2.0 3 107 cfu. 
M, Control bacteria exposed to saline; v, bacteria exposed to 1%
NCT for 1 min at pH 6.0. NCT was neutralized and removed by a
washing step before challenge. Mean values 6 S.D. of duplicate
counts in six mice per group. P , 0.01. *Heart blood of dead
mice at 18 h.

Figure 3. Incubation times of S. aureus, Smith diffuse, at various
NCT concentrations and at pH 5.8–6.2 for m, in-vitro killing of
.5 3 106 cfu/mL (n 5 3–5, mean values 6 S.D.) and ¶, induction
of an in-vivo verified lag of regrowth sufficient to ensure survival
of mice challenged ip with 0.5–2.0 3 107 cfu (n 5 3). Lag times
(Figure 1) calculated as described in the text. Lag time 5 T–C. 
T 5 time required for the colony count in test culture to increase
by one log10 and C the time required for the same increase in the
control culture.
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no decrease in virulence of bacteria. Staphylococci treated
with 1% NCT for 1 min, and allowed to regrow in tryptic
soy broth before ip injection (n 5 6), were demonstrably
virulent.

When incubation times in NCT solution were prolonged,
killing of staphylococci could be observed in vitro. As
expected, control experiments in saline showed no
decrease in cfus. In Figure 3, incubation times in NCT con-
centrations lethal for .5 3 106 cfu/mL, are compared with
sublethal ones, following injection with which, the mice
survived. Exposure times necessary for killing proved to be
approximately 10-fold longer.

Discussion

Lag of regrowth of bacteria after sublethal treatment has
been considered to be a valuable parameter for the evalua-
tion of disinfectants.5 Compounds inducing an extended
lag will inhibit bacterial replication for longer than the con-
tact time, and hence application intervals may be extended.
If powerful compounds are examined, substantial reduc-
tions in viable counts will be observed after minimal expo-
sure times. Under these circumstances, it is difficult to
demonstrate a PAE independently of killing. Using NCT
which is a weak oxidant, it proved possible to evaluate the
PAE of an active chlorine compound at concentrations that
are suggested for clinical use and do not lead to a reduction
in cfus after short incubation.

The following characteristics of the PAE of NCT can be
deduced from this study: Lag of regrowth occurs before any
reduction in cfus can be observed. So, the action of NCT
against staphylococci consists of at least two steps—
reversible attenuation of bacteria and, if the incubation is
prolonged, irreversible changes which result in loss of 
viability. As expected, the extent of the PAE depends on
the concentration of, and incubation time with NCT. The
maximum duration of lag of regrowth (3 h in 1% NCT, see
Figure 1a) can be observed before a killing effect, and at 
an incubation time 10-fold lower than that required for
complete killing. These features resemble those observed
in studies on antibiotics,20 although NCT has a different
mode of action. It produces oxidation of S-H and N-H
groups, a chemical injury with probable sites of action in
the bacterial wall and in the cytoplasm.9 This mechanism
would correlate with a long lag of regrowth, implying that
resynthesis of bacterial proteins is required.5

Duration of lag of regrowth for active chlorine com-
pounds seems to be independent of their reactivity. The
more powerful disinfectants sodium hypochlorite and 
chloramine T, although tested at considerably lower con-
centrations, showed a PAE of 3.0 or 2.3–3.2 h in E s c h e r i c h i a
coli and staphylococci,2,5 respectively. This is similar to that
observed in NCT. These observations may be explained by
similar mechanisms of oxidative action (see above) leading
to injury of the same bacterial molecules prior to killing.

Delay of regrowth of bacteria, after sublethal treatment
with disinfectants, has been considered to play a role in the
clinical effectiveness of these compounds.5 In this study the
importance of a disinfectant’s PAE could be demonstrated
in vivo using the mouse peritonitis model. After diffusion
of S. aureus, Smith diffuse, from the peritoneal cavity into
the blood, lag of regrowth for NCT-treated staphylococci
inhibited further increases in bacterial counts. This appears
to allow time for the defence system of the animals to over-
come the infection.

If the therapeutic usefulness of active chlorine com-
pounds is considered, NCT, although less reactive, seems
to exhibit greater potential than hypochlorite and chlor-
amine T. The oxidation mechanism quoted above has two
main components: (i) consumption of oxidation capacity
(reduction by S–H functions) and (ii) transhalogenation, by
forming N-chlorine derivatives of proteins, amino acids,
and ammonium. While consumption of oxidation capacity
is usually disadvantageous,21 transhalogenation can be 
beneficial if it results in the formation of N-chlorine com-
pounds which are more cidal than the parent compound.9

Transhalogenation is exhibited by NCT, while the more
highly reactive compounds, chloramine T and hypo-
chlorite, are avid consumers of oxidation capacity.21

The benefits of transhalogenation have been demon-
strated in vitro, with NCT in the presence of amino acids
and ammonium. A significant increase of killing rate was
observed, attributable to the formation of NH2Cl and N-
chloro-â-alanine.9,22 This feature was confirmed both in
vivo in human urine when 1% NCT killed Pseudomonas
aeruginosa within a few minutes,15 and in human inflamma-
tory preparations, in which an increase in the bactericidal
activity of NCT was demonstrated.9

The reactions discussed above may assume importance
in tissue tolerance. A 1% aqueous solution of NCT is well
tolerated by the human eye and by the urinary bladder.14,15

Tolerability and bactericidal activity are opposing quali-
ties. NCT exceeds the more reactive and faster killing 
chlorine compounds, hypochlorite and chloramine T,21 in
clinical usefulness.

NCT shows not only significant microbicidal activity, but
also a pronounced PAE. As demonstrated in this study, the
PAE attenuated the virulence of pathogens and mitigated
the course of infection in an animal model. Short incuba-
tion times of about 1 min may be sufficient to produce a
therapeutic effect in humans. This may be important where
rapid washout of NCT occurs, e.g. when used topically in
the human eye.14 Further clinical studies are required to
investigate the antimicrobial effects and efficiency of NCT
in the treatment of topical infections.
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