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Abstract

No sufficient data are available of the of antiseptics� influence on human blood cells. Effects of two antiseptics, povidone-iodine

(PVD-I) versus octenidine dihydrochloride (OD), were tested on antioxidant status, radical formation, antioxidant defence enzymes

and genotoxic stress in blood cells, in vitro. Human blood was taken by venipuncture, enriched with PVD-I or OD (0.0001–20%

final concentration) and incubated at 37 �C between 30 and 120 min. a-Tocopherol was assessed in erythrocytes and granulocytes.

Superoxide-dismutase (SOD) and glutathione (GSH) were determined in erythrocytes, the total anti-oxidative capacity (TAC) and

malondialdehyde (MDA) in their ghosts. In granulocytes status of hydrogen peroxide (H2O2), superoxide anions and MDA was

observed. Genotoxic stress was determined by counting sister chromatide exchanges (SCE) in lymphocytes after enrichment within

0.05–0.4% of antiseptics. Based on all biomarker tested, concentrations up to 0.05% incubated for 30 min did not affect cell

metabolism. 1% and 10% PVD-I reduced the activity of SOD ()40%), GSH ()62%) and the content of a-tocopherol more than OD

ðp < 0:05Þ. No significant differences between the antiseptics were observed for TAC and MDA. H2O2 and superoxide anions were

significantly reduced after the 10% addition for both substances independent on the exposure. Without having changes in lipid

oxidation, the reduction of antioxidative defence mechanisms must be due to the oxidation caused by the antiseptics, mainly PVD-I.

An increased SCE rate was neither observed with PVD-I nor with OD within an enrichment with 0.05–0.4%. Higher concentrations

(1% and more) could not be tested on SCE formation because they caused cell bursts. The results presented indicate that con-

centrations up to 0.05% incubated for 30 min are safe for exposing blood cells of healthy subjects.

� 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Antiseptic agents are used for the irrigation of

wounds, disinfecting, traumatic and surgical lesions and

in the treatment of burns for antiseptic surface therapy

to reduce the incidence of sepsis. Although antiseptic

agents are preliminary used for the latter fields of

applications to reduce the incidence of infections

(Goldenheim, 1993; Steen, 1993), the procedure also

exposes healthy tissues and the blood cells to very high
concentrations of these agents. In vitro studies on the

exposure of antibiotic solutions to cultured human fi-
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broblasts showed little cytotoxic effects (Cooper et al.,

1991; Dumontel et al., 1998). At the same concentra-
tions the agents are effective against bacteria (Lineawe-

aver et al., 1985). There are many questions concerning

the influence of antiseptics on blood cells and their

membranes that are firstly exposed to free radical

mediated oxidation. The oxidation of erythrocytes or

their ghost membranes induced by free radicals is

dependent on the balance of anti- and pro-oxidant

mechanisms and substances to maintain homeostasis.
Vitamin E is thought to be the most important anti-

oxidant found within lipid membranes in the body

(Bramley et al., 2000). It acts as an antioxidant by

scavenging free radicals, which can directly or indirectly

initiate (1O2, O
��
2 , OH��, etc.) or propagate (lipid peroxyl

radicals) the lipid chain oxidation (Sies et al., 1992;

Halliwell, 1994). Oxygen activated species such as

superoxide anions, hydroxyl radicals and single oxygen
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are by products of radical mediated reactions with a

wide potential of cell injury. Based on the mode of ac-

tion of povidone-iodine (PVD-I) as oxidizing agent, ef-

fects on several cell components with PVD-I were shown
(Van Den Broek et al., 1982; Lineaweaver et al., 1985;

Tatnall et al., 1987; Reimer et al., 1998; O�Brien, 2002).

A 30 min incubation of PVD-I in microorganisms dis-

integrated the cytoplasma and coagulated the nuclear

material (Reimer et al., 1998). Van Den Broek et al.

(1982) found PVD-I solutions at concentrations above

0.05% to be toxic to granulocytes. Lineaweaver et al.

(1985) identified the concentration of 0.05% as a safe
concentration of PVD-I for fibroblasts, higher concen-

trations, including the 10% concentration that is com-

monly used in clinical practice, were 100% cytotoxic. No

data are available on the influence of OD on blood cells

and their radical mechanisms. On the other hand there is

a growing concern about possible genotoxic and car-

cinogenic effects of antiseptics in human lymphocytes.

To study changes in lymphocyte chromosomes is well
established for monitoring the genotoxic effects of nat-

ural or synthetic substances. Sister chromatid exchange

(SCE) is considered to be a sensitive, rapid, and simple

cytogenetic endpoint, similar to chromosome aberra-

tions, for evaluating the genotoxic potential of a variety

of mutagenic and carcinogenic agents (Lanza et al.,

1999; Elmadfa and Park, 1999).

This study was designed to compare the influence of
two different antiseptic substances––povidone-iodine

versus octenidine dihydrochloride––on the antioxidant

status, the radical metabolism and the genotoxic stress

in human blood cells after in vitro incubation. The

substances were tested considering different concentra-

tions between 0.0001% and 20%, to overview the use in

full strength (20%) or diluted prior to use (0.0001%) at

different incubation-times.
2. Materials and methods

2.1. Experimental design

Human blood was obtained by venipuncture from

three non-smoking donors. The effects of the following

agents were tested: PVD-I (Betaisodona�, Vienna,

Austria) versus octenidine dihydrochloride (OD) (Oct-

enisept�, Vienna, Austria): 0%, 0.0001%, 0.001%,

0.01%, 0.05%, 0.1%, 1%, 10%, 20% (final concentration)
in blood. After supplementation, the blood was incu-

bated for 30 min (0.0001–0.05%) and 30/60/120 min (1%,

10%, 20%) at 37 �C to adjust body conditions, except for

testing SCE (see below). Two control samples of each

volunteer were incubated at all incubation times, and

they were treated equally as the samples, but without

antiseptic addition.
3. Biochemical assessment

3.1. Cell separations

Erythrocytes were obtained from heparinised blood

samples by centrifugation (3000 rpm, for 20 min) at 4

�C. The red cells were then washed three times with 5

volumes of phosphate-buffered saline (PBS) and with a

ratio of 1:1 divided in appropriate aliquots and stored at

)80 �C until further analysis.

Erythrocyte ghosts: After centrifugation of heparin-

ised blood (15 min 1600 · g) red cells were washed twice
with ice cold chloride buffer (110 mM MgCl2) and three

times with TRIS buffer (172 mM, pH¼ 7.6 at 4 �C) and

each time centrifuged for 8 min with 1600 · g at 4 �C. 1 g

of the washed red cells was haemolysed for 15 min with

a TRIS buffer (11 mM pH¼ 7.6 at 4 �C) in an ice bath

and for 12 min with 20,000 · g centrifuged. The ghosts

were washed four times with icy 11 mM TRIS buffer.

The remnant was resolved in 2 ml PBS buffer and stored
for determination the next day at )80 �C after removing

the air with nitrogen.

Granulocytes: The heparinised blood was centrifuged

on Ficoll-paque gradients and granulocytes were col-

lected, re-suspended and used for analyses at the same

day (Ruch et al., 1983).

3.2. Biochemical analysis

3.2.1. Antioxidant defence system

Tocopherols as main important fat soluble antioxi-

dants were assessed in erythrocytes and granulocytes as

described earlier (Jakob and Elmadfa, 1995).

The tripeptide LL-g-glutamyl-LL-cysteinyl-glycine

(reduced glutathione or GSH) is the major low-mole-
cular-mass thiol compound present in cells. GSH is a

fundamental intracellular reductant involved in the free

radical scavenging system and, thus, contributing to

endogenous defence system against oxidative and ni-

trosative stress. Total glutathione in red blood cells was

determined by monitoring the formation of 2-nitro-5-

thiobenzoic acid (TNB) from dithio-bis-2-nitrobenzoic

acid (DTNB) at 412 nm in the presence of glutathione
reductase type IV and NADPH as described previously

(Beutler et al., 1963).

Fresh red cells were analysed on the activity of

the enzyme superoxide-dismutase (SOD) too, accord-

ing the modified method of Beutler (1984). SOD cata-

lyzes the dismutation of superoxide radicals to hydrogen

peroxide and molecular oxygen. It plays a critical role in

the defence of the cells against toxic effects or substances
and oxygen radicals.

3.2.2. Lipid peroxidation

Malondialdehyde (MDA), the first main product of

lipid peroxidation, was measured in red cells by using an
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HPLC system which was connected to a fluorescence

detector (Wong et al., 1987; Tomasch et al., 2001).

Total antioxidative capacity (TAC) in red cell ghosts

was analysed photometrically after iron-induced oxida-
tion, by a recently published method (Tomasch et al.,

2001), which is based on the ability of antioxidants to

inhibit the formation of the radical cation of 2,20-azinobis

(3-ethylbenzothiazoline 6-sulfonate) (ABTSþ). ABTSþ

has a characteristic long-wave length absorption spec-

trum showing maxima at 660, 734, and 820 nm. The

ABTSþ radical cation is formed by the interaction of

ABTS (150 lM)with the ferrylmyoglobin radical species,
generated by the activation of metmyoglobin (2.5 lM)

with H2O2 (75 lM). The inhibition of the formation of

ABTSþ radicals is due to the balance of anti- and pro-

oxidant mechanisms and substances.

3.2.3. Oxidation products

Hydrogen peroxide and superoxide anions were
determined in freshly isolated granulocytes. Hydrogen

peroxide was detected fluorimetrically with an excitation

wavelength of 312 nm and an emission wavelength of 420

nm. The method is based on the oxidation of homovan-

ilic-acid to a luminous dimer (2,2-dihydroxy-3,3-dime-

thoxy-diphenyl-5,5-diacetic acid) (Ruch et al., 1983).

Superoxide anion generation results from assembly

and activation of the enzyme NADPH oxidase which
catalyses the conversion of oxygen superoxide anions.

Production of superoxide anions was analysed spec-

trophotometrically as the superoxide dismutase-inhi-

bitable reduction of ferricytochrome C at 550 nm

considering the sample temperature of 37 �C (Guthrie

et al., 1984).

3.2.4. Toxicity and genotoxic stress

Haemolysis was considered by observing the plasma

content of haemoglobin that was measured spectro-

photometrically according to the instruction of the

manufacturer using a test combination, obtained from

BOEHRINGER-MANNHEIM (VIENNA, AUSTRIA).BOEHRINGER-MANNHEIM (VIENNA, AUSTRIA).

SCE assay: Heparinised blood for the lymphocyte
culture was obtained by venipuncture and processed

within 2 h. Evaluation of SCE in peripheral lymphocytes

was performed as described previously (Kang et al.,

1997). Briefly, duplicate 0.8 ml volumes of whole blood

were added to 9.5 ml EMEM supplemented with 100

units/ml penicillin-streptomycin solution, 2 mM of

LL-glutamine and 15% v/v heat-inactivated fetal bovine

serum. 0.1 ml of phytohemagglutinin and 0.1 ml of
lithium heparin and 0.05 ml of 5 mM 5-bromo-2-deoxy-

uridine, to give 25 lM, were added and incubated at 37

�C in 5% CO2 for 72 h. Colchicine (10 lg/ml) was added

2 h before harvesting. The cells were hypotonized using

0.075 M KCl solution and fixed with fresh metha-

nol:acetic acid (3:1, v/v). Metaphase slides were pre-

pared and were stained with 5% Giemsa solution in a
freshly made S€orenson�s buffer. For each subject, 50

metaphases were scored to determine the mean SCE

frequency. Mean SCE was calculated for each study

subjects. Antiseptics were tested within 0.05% and 0.4%,
real exposure time was 72 h due to the incubation time

for the test procedure.

3.3. Statistical analysis

The data are presented either as mean±SD or as

deviation (%) from the status. Statistical difference
within one group was determined by one-way ANOVA

and non-parametrical Mann–Whitney-U-Test, differ-

ences were considered significant at a value of P < 0:05.
Differences between groups were assessed by using the

t-test. Statistical analysis was conducted using SPSS

11.0. for Windows.
4. Results

Preparation of red cells was possible up to 1% addition

of antiseptics for all incubation times, with 10% and 60/

120 min incubation difficult, with 20% totally impossible.

Granulocytes were obtained up to the enrichment with

10% exposed for 60 min, longer incubation (10%, 120

min) and 20% addition were cytotoxic for the granulo-

cytes.

4.1. Toxicity and genotoxic stress

4.1.1. Haemolysis

Release of haemoglobin into plasma is shown in Fig.

1. OD reduced susceptibility and destroyed cell mem-
branes with higher concentrations than 1%, which might

be explained by its high content of the alcohol phenoxyl-

ethanol. 10% and 20% OD raised plasma-haemoglobin

significantly more than PVD-I. Effects of both disin-

fectants on cell membranes were dependent upon incu-

bation time. Highest release was shown for 120 min

incubation time.

4.1.2. SCE-Assay

The genotoxic effect of PVD-I and OD was assessed

by exposing human lymphocytes with the substances in

vitro and subsequently determining the frequency of

SCE as genetic end point. As shown in Table 1, there

was no statistically significant difference in the frequency

of SCE and the heterogeneity index (H index) within the
testes concentrations of 0.05–0.4%. Mean SCE rates of

PVD-I were 6.7 ± 1.7–7.3 ± 2.3, of OD 6.4± 1.9–7.3 ±

2.1. Tests with additional concentrations of 1% and

above failed because antiseptics were cytotoxic within

the 72 h incubation time, which was needed to obtain

the second mitosis, with the consequence of cell deaths

and therefore too less surviving lymphocytes for the test



g/dl

20 10 1 0.1 0.0
5

0.0
1

0.0
01

0.0
00

1
Stat

us
0

2

4

6

8

10
30 min 
60 min 
120 min 

20 10 1 0.1 0.0
5

0.0
1

0.0
01

0.0
00

1
Stat

us
0

2

4

6

8

10
30 min
60 min 
120 min 

g/dl

***

***
**

*

PVD-IOD

Fig. 1. Release of haemoglobin into the plasma after the treatment with povidone-iodine (PVD-I) versus octenidine dihydrochloride (OD) dependent

on the incubation time and concentration (n ¼ 3, each in double determination). * p < 0:05; ** p < 0:01; *** p < 0:001 compared to the control.

Table 1

Change of mean SCE frequency and H-indexa depending on additions

of povidone-iodine (PVD-I) versus octenidine dihydrochloride (OD)

(n ¼ 3 donors, total metaphases scored of each additional concentra-

tion¼ 150)

SCE H-index

Mean±SD Mean±SD

OD

Control 6.6 ± 2.7 0.144±0.05

0.05% 7.3±2.3 0.159±0.05

0.1% 6.7±1.7 0.146±0.04

0.2% 6.9±1.6 0.149±0.04

0.4% 7.2±1.8 0.156±0.04

PVD-I

Control 6.6 ± 2.7 0.144±0.05

0.05% 6.5±1.7 0.141±0.04

0.1% 7.2±1.9 0.156±0.04

0.2% 7.3±2.1 0.158±0.05

0.4% 6.4±1.9 0.140±0.04

No significance No significance
aH-index: heterogeneity index; variance/mean SCE.
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procedure. Significant differences between PVD-I and
OD were not observed (Table 1).
4.2. Antiseptics’ impact on cells

4.2.1. Erythrocytes

Glutathione (GSH) concentration did not alter up to

0.05%, 1% of PVD-I reduced the content by 40%, with

10% PVD-I no GSH was detectable, which mainly be

due to the cytotoxic effect of the antiseptic. 1% of OD

did not influence GSH, 10% OD reduced concentration
by 23–28%. Activity of SOD was not changed up to

0.05%. 1% addition decreased SOD activity insignifi-

cantly, 10% significantly, which was more pronounced

with longer incubation times. Highest inhibition was

observed for 10% of PVD-I and OD after 120 min with a

reduction of 62% and 50%, respectively (Fig. 2). Similar

to the enzyme activity, antioxidative status changed.
0.05% and lower additions did not induce decreases,

independent of the antiseptic source. a-Tocopherol sta-

tus (69.2 lg/dl) did not change up to 1% addition of

both substances. Whereas 10% OD did not influence a-
tocopherol, 10% PVD-I decreased levels significantly

ðp < 0:001Þ (Table 2).

4.2.2. Erythrocyte ghosts

No difference was observed in MDA levels between

0.001% and 1% antiseptical addition. An assessment of

the 10% concentration, which caused cell damage and
hemolysis, was neither possible with PVD-I nor with

OD. The TAC status (0.56 mM trolox equivalents) was

not changed after incubations up to 0.05%. 1% PVD-I

decreased TAC values significantly for the 60 and 120

min incubations, but not after the shortest one (Fig. 3).

OD too reduced the TAC of red cell ghosts with 1%

addition. The highest decrease was obtained for both

substances with 1% and 120 min incubation (PVD-I:
p < 0:01; OD: p < 0:05 to the control). Neither with

10% PVD-I nor with 10% OD a detection was possible.

4.2.3. Granulocytes

Reactive oxygen species are mainly involved in the
oxidative damage. The problems faced in studies of

reactive oxygen species arise from their short lifespan. In

this study granulocytes preparation after blood incu-

bations and analysis of superoxide anions and hydrogen

peroxide were performed within the same day.

Concentrations of 0.05% or lower exposed for 30 min

neither affected superoxide anions nor hydrogen per-

oxide (Fig. 4). 1% PVD-I incubated for 120 min started
to reduce superoxide anions, with 10% PVD-I a time

dependent reduction of superoxide anions was observed.

With 1% OD no effect was shown, the reduction started

with 10% and 60 min incubation time. Similar effects for

hydrogen peroxide are shown in Fig. 4.

MDA neither changed with PVD-I nor with OD.

Similar to the red cells the content of a-tocopherol was
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Fig. 2. Influence of povidone-iodine (PVD-I) versus octenidine dihydrochloride (OD) on glutathione (A, B) (%) and superoxide-dismutase (C, D) (%)

in human erythrocytes (n ¼ 3, each in double determination) related to the control (status¼ 0%). *p < 0:05; **p < 0:01; ***p < 0:001 compared to

the control.
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strongly affected by the PVD-I addition. 1% PVD-I

decreased a-tocopherol compared to the status with

maximum reduction after 120 min incubation ()39.7%).

With 10% PVD-I and 30 and 60 min incubation the

reduction was around 39% and 46%, respectively, the

detection after 120 min was not possible. The exposure

to 1% OD reduction a-tocopherol only after 120 min

()17%). 10% OD incubated for 30 and 60 min decreased
a-tocopherol by 26% and 38%, after 120 min no a-
tocopherol was detectable (Table 2).
5. Discussion

This study was carried out in order to investigate the

influence of two antiseptics, PVD-I and OD, on DNA

damage, free radical metabolism and antioxidative sta-

tus of human blood cells, incubated in vitro. Cell

preparation in general was difficult with PVD-I because

of its dark initial colour, whereas OD caused cell deaths
due to its high initial content of phenoxy-ethanol. Cell

preparation after the enrichment with 20% of both

substances was impossible, the concentration was cyto-

toxic. Especially OD destroyed blood cells that resulted

in significantly higher plasma haemoglobin concentra-

tions. Rotter (1996) found similar effects and explained

this phenomenon with the higher protein coagulation

after OD addition, which is responsible for cell mem-
brane damage. However, the surviving cells were more

affected by the addition of PVD-I than by OD. All tested

parameters in erythrocytes and their ghosts were neither

influenced by PVD-I nor by OD between 0.001% and

0.05%. Within these additions the concentrations of

endogenous and exogenous protection factors were able

to suppress the generation of free radicals. At higher

levels (1%, 10%) and rising incubation times (especially
120 min) the free radical formation increased and lead to

a change the pro-and antioxidative systems. GSH con-

tent and SOD activity decreased more intensively with

PVD-I. This decrease is associated with oxidation



Table 2

Influence of povidone-iodine (PVD-I) versus octenidine dihydrochlo-

ride (OD) on the a-tocopherol (%) in human erythrocytes and gran-

ulocytes (n ¼ 3, each in double determination) related to the control

(status¼ 0%)

a-Tocopherol in

erythrocytes (%)

a-Tocopherol in

granulocytes (%)

OD

Control 0 0

0.05%

30 min +2.6 +2.5

1%

30 min )4.3 )0.02
60 min )1.1 )10.8
120 min )1.1 )16.9�

10%

30 min )4.8 )26.4��

60 min )11.9 )37.9��

120 min )9.0 n.d.

PVD-I

Control 0 0

0.05%

30 min )0.1 +2.6

1%

30 min )4.0 )13.8�

60 min )10.4 )18.5�

120 min )7.5 )39.7��

10%

30 min )41.1�� )39.2��

60 min )51.9�� )46.2��

120 min )39.6�� n.d.

n.d.: not detectable.
* p < 0:05 compared to the control.
** p < 0:01 compared to the control.
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processes set by the disinfectants (Reimer et al., 1998).

a-Tocopherol status of the red cells and granulocytes

decreased significantly more with PVD-I than with OD,

and was dependent on incubation times. Results of

parameters describing the exogenic antioxidative status

and the endogenous enzymes SOD and GSH, as well as
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Fig. 3. Influence of povidone-iodine (PVD-I) versus octenidine dihydrochlor

ghosts (n ¼ 3, each in double determination) related to the control (status¼
the TAC showed the significantly higher influence of

PVD-I than of OD. All three parameters decreased more

with PVD-I. The essentiality of these parameters in

protecting blood cells against oxidative stress has been
recognized (Halliwell and Gutteridge, 1999). Because

SOD removes superoxide anions from hydrogen per-

oxides and generates hydrogen peroxides, the status of

these oxidation products was observed. With regard to

the results of enzymes, an increase of oxidation products

was expected. Surprisingly, superoxide anions and

hydrogen peroxides in granulocytes decreased with the

10% addition, which was more powerful with PVD-I
than with OD. This reduction was associated with the

damage of granulocytes that could not be activated any

longer. This damage was more intensive with PVD-I.

Connolly and Gilmore (1979) observed cell damage with

10% PVD-I and Tvedten and Till (1985) found cytotoxic

effects caused by 1% PVD-I. To prevent oxidative

damage especially with PVD-I, a-tocopherol as the most

important free radical scavenger within membranes and
lipoproteins was used for cell protection. Therefore the

content of a-tocopherol decreased with 1% and 10%

addition of antiseptics. This explanation is also sup-

ported by the MDA status in red cell ghosts and gran-

ulocytes, which did not change significantly. This means

that no detectable lipid oxidation occurred due to pro-

tective effects of a-tocopherol, which is being oxidised.

Especially red cell membranes are very susceptible to
oxidative stress, due to their high content of poly-

unsaturated fatty acids. It has been recognised, that

erythrocyte membranes are oxidized by free radical

chain reactions (Niki, 1987), erythrocytes eventually

undergo hemolysis. Moreover, vitamin E intake is

known to lower TBARS levels (Jain et al., 1998; Halli-

well and Gutteridge, 1999). Therefore, the reduced

antioxidant levels must be correlated with the oxidation
induced by both antiseptics, but mainly by PVD-I.
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0%). *p < 0:05; **p < 0:01 compared to the control.
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Fig. 4. Influence of povidone-iodine (PVD-I) versus octenidine dihydrochloride (OD) on hydrogen peroxide (A, B) and superoxide anions (C, D) (%)
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With regard to the genotoxicity, the use of SCE as a

biomarker for chemicals or natural substances incu-

bated in vitro was shown by several investigators (Hal-

lier et al., 1993; Steinberg et al., 1999). In the presented

study no significant change of SCE levels was observed

up to 0.4%. However, higher concentrations could not
be used while causing cell damage in pre-studies. With

1% or higher additional concentration of PVD-I and

OD no lymphocyte preparation was possible, especially

the 72 h incubation, which is necessary to obtain the

second cell cycle caused membrane damages and cell

hemolysis. The lack of published data considering SCE

and PVD-I or OD prevent comparisons. Especially for

OD, these are the first published tests on genotoxicity.
PVD-I was found to be toxic for granulocytes at 0.05%

and higher concentrations and for monocytes above 1%

(Van den Broeck, 1982). 10% PVD-I that is commonly

used in clinical treatment was identified to be 100%

cytotoxic (Lineaweaver et al., 1985).

Based on the lack of data on the effects of especially

OD, but also of PVD-I on anti-oxidative defences,
radical formation, enzyme activity and cell toxicity in

blood cells, this study was designed to give initial

information on this topic. It was intended to concentrate

upon increasing concentrations and incubation times

with a lower number of volunteers, because of the high

use of human blood during the study (1L/volunteer).
The results presented indicate that concentrations of

0.05% and below, incubated for 30 min are safe for

blood cells of healthy subjects. No cell toxicity was

observed up to 0.4 %. 1% and 10% of PVD-I affected the

radical cell metabolism significantly more than the same

concentrations of OD resulting in decreased cell pro-

tection that was dependent on incubation times. 20%

addition of both antiseptics caused cell deaths and can
be defined as cytotoxic.
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