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INVESTIGATIONS OF GENOTOXIC
ACTIVITY OF ANTIMICROBIAL/
ANTIVIRAL AGENT FS-1 IN HUMAN
LYMPHOCYTES AND TUMOR CELL

A very promising antiviral and antimicrobial agent FS-1
was studied for its ability to induce DNA damage and
micronuclei in human tumor cell lines HeLa and Caco-2 at
concentrations of 200, 500 and 1000 ug/ml without exogenous
metabolic activation. The compound was additionally tested
for DNA damaging ability in human lymphocytes at concen-
trations of 200, 400 and 800 ug/ml. Neither DNA damage
nor micronucleus formation was observed after treatment of
all types of cells with FS-1. Based on these results, FS-1 can
be further studied for its safety to humans for potential appli-
cation in clinical medicine as an antimicrobial/antiviral drug.
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Introduction. Recently very effective drug
against a number of strains of microbes and virus-
es was invented and patented in Kazakhstan (KZ
Patent Ne 15116). FS-1 is a complex of iodine with
synthesized polysaccharides, i.e., it is an iodophore,
a combination of iodine and a solubilizing agent
that releases free iodine when diluted with water.
Iodophores possess quick microbial action against
a wide variety of antimicroorganisms, e.g., bacte-
ria, viruses, fungi and protozoa [1].

FS-1 is very potent in veterinary medicine against
many infectious factors of microbial and viral ori-
gin. Molecular mass of the compound is 32 500.
Because of its low toxicity in rodents (i.e.,
25 ml/kg is well tolerated dose, containing 19.9 g/I
of active ingredients — unpublished data of Scientific
Center for Anti-Infectious Drugs, Almaty,
Kazakhstan) it is possible to use FS-1 in the clini-
cal medicine as microbicide, if it meets all interna-
tional safety criteria. These include, in the first turn,
the studies on mutagenicity of the compound.

The compound has been tested for its muta-
genicity in the Salmonella/microsome (Ames)
assay in five strains of microbes (TA 98, TA 100,
TA 102, TA 1535, TA 1538) with and without
metabolic activation at doses up to 500 pl/plate
(which was the limit of bacterial toxicity).
Completely negative results were obtained (Prof.
S. Knasmiller, Medical University of Vienna, per-
sonal communication).

DNA-damaging and micronucleus (MN) induc-
ing activity of FS-1 in mammalian cells in in vitro
systems is unknown. The aim of this work was to
evaluate DNA-damaging activity of FS-1 in human
tumor cell lines and lymphocytes, and also MN
inducing ability in human tumor cell lines.

Material and methods. Chemicals. FS-1 was pro-
duced in RSOE «Anti-Infectious Drugs», Almaty,
Kazakhstan. All other chemicals used in experi-
ments were produced by Sigma-Aldrich (St. Louis,
USA). FS-1 is an aqueous solution of iodine—lithi-
um inclusion complex with low molecular weight
o-dextrin and polyvinyl alcohol. FS-1 contains
also potassium iodide, lithium and sodium chlo-
rides. The compound has almost the same compo-
sition as iodine-lithium-alpha-dextrin used in
some countries as a potent antimicrobial/antiviral
agent [2].

Cells. HeLa (human cervix carcinoma) and
Caco-2 (epithelial colorectal adenocarcinoma)
cells were obtained from Laboratory U 322
INSERM «Retrovirus et Maladies Associelles»,
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Marseilles, France, and cultured in Dulbecco’s
modified Eagle’s medium (DMEM) supple-
mented with 10 % (v/v) heat-inactivated foetal
bovine serum and 100 U/ml penicillin/strepto-
mycin. Cells were kept at 37 °C in humidified
5% CO; and 95 % air and were allowed to grow
in complete medium (containing serum) for 24 h
before the start of experiments. The experiments
were conducted in flasks containing 5 ml of
medium with 2 - 10° HeLa or Caco-2 cells at
concentrations of FS-1 100, 200, 500, 1000 and
2000 pg/ml (incubation time — 24 h). Viability of
cells was assessed by means of trypan blue dye
exclusion technique, i.e., the number of viable
cells was calculated as described earlier [3]. Cells
were identified as viable (bright yellow), com-
promised (bluish), and dead (completely blue).
Only bright yellow cells were considered. Since
2000 pg/ml was highly toxic for both HelLa and
Caco-2 cells (90 % dead cells), and 1000 pg/ml
of FS-1 induced death only in ca. 30 % cell, the
compound was tested at doses of 200, 500 and
1000 pg/ml.

Blood samples were obtained by venous punc-
ture from two male and two female healthy
donors-volunteers (non-smokers, 21—25 years
old). Lymphocytes were separated by centrifuga-
tion (20 min, 2000 r.p.m., at room temperature)
in equal amounts of Lymphoprep («Nycomed»,
Norway), washed in phosphate-buffered saline.
One million lymphocytes were incubated for
24 h with various concentrations of FS-1 (1000,
800, 400 and 200 ug/ml). The first concentration
was very toxic for lymphocytes. Eight hundred
ug/ml of the compound decreased the viability of
cells to ca. 70 %, and this concentration was
chosen as an upper limit of the compound con-
centration in the study. Other tested concentra-
tions of FS-1 used were 400 and 200 pg/ml. In
the first experiment with lymphocytes freshly
isolated cells were used. In the second experi-
ment, conducted later, lymphocytes stored at
—80 °C were used.

Comet assay. Comet (single cell gel electrophore-
sis) assay was carried out as described in our recent
papers [4]. Cells were stained with ethidium bro-
mide. Cells were analyzed visually by means of
LM-6 microscope (USSR). One hundred cells on
each slide (3 slides per each culture, 900 cells per
experimental point or, in other words, per concen-
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tration) were scored as belonging to one of five
classes of comets according to tail intensity and
given a value of 0, 1, 2, 3 and 4 (from undamaged
0 to maximally damaged 4). Thus, the total score
for 100 comets (called arbitrary unit) ranges from
0 (all undamaged cells to 400 (all maximally dam-
aged) [4]. Some examples of comets are presented
in Fig. 1—-4.

A mean value of arbitrary units obtained from
each culture was considered as an independent vari-
able. Methyl methanesulfonate (MMS) was used as
a positive control in all experiments (30.0 pg/ml,
3 h incubation) because of its high genotoxic
potency. As negative control phosphate buffered
saline (PBS) was used. Two independent experi-
ments were carried out.

Micronucleus (MN) assay. The assay was con-
ducted as described earlier [3]. After the growing in
the complete medium (containing serum) for 18 h,
HeLa and Caco-2 cells were incubated 24 h with
FS-1 at concentrations of 1000, 500 and 100 pg/ml.
Cisplatin (1.5 pg/ml) was used as a positive con-
trol. As a negative control PBS was used. Three
simultaneous cultures were prepared, and the exper-
iments were carried out two times. Consequently,
microscopic slides with cells were prepared for
analysis.

Two thousand cells were studied from each slide
for cytogenetic alterations under microscope,
6000 per concentration (MBI-6).

Statistical analysis. Mann-Whitney U-test was
applied to calculate differences between the groups.
The mean value of DNA damage which was
obtained from each culture and expressed in arbi-
trary units, was considered as an independent vari-
able. Three numbers obtained per concentration
in the first experiment were compared with ana-
logues data from the second experiment. In no
case a significant difference was obtained. So, 6
variables of each experimental point were com-
pared with 6 variables obtained from positive and
negative controls, respectively.

In the MN assay the independent variables
were number of cells with MN and total number of
MN, expressed in pro mille. Similarly, no signifi-
cant differences were found between the data
obtained from both experiments. The data were
evaluated statistically as previous set of results.

The differences between three experimental
groups and negative controls were evaluated in all

11



[ | A. Nersesyan, A. Ilin, M. Kulmanov [ |

Fig. 1. Various grades of comets in human lymphocytes. On
the left can be seen a non-damaged cell (0 comet score)
located between 2 severely damaged cells (comet score 4)

Fig. 2. Various grades of comets in human lymphocytes.
Undamagent cell is located below a cell with comet gra-
te 2 (above)

Fig. 3. Lymphocyte with comet score of 4 (severely damaged)
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Fig. 4. HeLa cells with comets of various grades

cases by means of Kruskal-Wallis test. Also, in
experiments with human lymphocytes Kruskal-
Wallis test was applied to calculate inter-individual
and gender differences.

Results and discussion. Todophores such as
povidone—iodine are broad-spectrum microbi-
cides with activity against bacteria, viruses, fungi
and protozoa. They consist of elementary or ion-
ized iodine bound to polymer carriers (such as
poly-1-vinyl-2-pyrrolidine and dextrins), which
increase solubility and provide a reservoir of
iodine [1]. Due to the oxidizing effects of free
iodine on key groups of proteins, nucleotides,
fatty acids and the subsequent non-specific mech-
anism of cell killing, iodophores are used as
potent microbicides [1, 2].

Taking this into account, it is of interest to
study FS-1 in the short-term genotoxicity assays.
Since the compound is supposed to be used in
clinical medicine, it is mandatory and necessary to
evaluate its possible genotoxic activity [5].

We studied the activity of FS-1 in two widely
used short-term genotoxicity assays, i.e., in the
comet and MN assays, which are recommended
for testing of various compounds [6—9]. Human
Llymphocytes as well as HelLa and Caco-2 human
cancer cell lines are the most frequently used cell
for various kinds of investigations, including DNA
damage and MN studies [6—9].

In human HelLa and Caco-2 tumor cells, FS-1
at a dose of 1000 pg/ml induced about 30 % cell
death. This concentration was used as an upper
limit in our experiments since in the guidelines
for MN assays in vitro [6] concentrations which
induce about 30—50 % cell toxicity are recom-
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mended as an upper limit. Also in the comet
assay 1000 pug/ml was used as a highest concen-
tration because cytotoxic action of the chemical
studied in the comet assay should not exceed
30 % [9].

The results of the experiments on potential
DNA-damaging effect of FS-1 in two tumor cell
lines are presented in Table 1. It can be seen that
no genotoxic effect was found after incubation of
cells with FS-1 for 24 h in both cell lines. The pos-
itive control induced substantial DNA damage in
all experiments. The background DNA damage
level in both cell lines was in the range of previous
published results [3, 4]. The differences between
the three experimental groups and the negative
controls were estimated by means of Kruskal-
Wallis test. No statistically significant difference
was obtained.

Human lymphocytes were more sensitive to
acute toxic action of FS-1 than cancer cells since
the concentration of 1000 pug/ml was highly toxic.
Neither sex nor inter-individual differences were
obtained since no statistically significant differ-
ence was found when Kruskal-Wallis test was
applied. Because of this the data were pooled.

Table 1
DNA-damaging activity of FS-1 in human tumor
cell lines HeLa and Caco-2 (visual score, mean
of two independent experiments)

Table 2
DNA-damaging activity of FS-1 in human lymphocytes
(pooled data obtained from 2 male and 2 female donors,
visual score, mean of two independent experiments)

Compound and DNA damage

concentration, P ercent (arbitrary units,
pg/ml of viable cells mean + SE)
FS-1(200) 93.6 £ 0.6 10.0 £ 0.5
FS-1 (400) 93.5+0.6 10.0 £ 0.5
FS-1 (800) 75.7£0.9* 9.4+0.5

MMS (30) 86.3+ 1.0 474+09*
PBS 93.5+ 0.5 49+0.3

Note. The difference between negative control and FS-1
treated groups was not statistically significant (p > 0.05,
Kruskal-Wallis test). *p < 0.002, Mann-Whitney U-test.

Table 3
Micronucleus inducing activity of FS-1
in human cancer cell lines HeLa and Caco-2
(mean of two independent experiments)

Compound and Percent DNA damage
concentration, of viable cells (arbitrary units,
pg/ml mean * SE)
HeLa
FS-1 (1000) 69.3+£1.4% 16.4 £ 1.1
FS-1 (500) 91.2+0.9 140+ 1.0
FS-1 (200) 93.8 £ 1.1 11.5+0.9
MMS (30) 86.3 £ 1.9 ** 45.7+£20*
PBS 96.5 £ 1.1 10.0 £ 0.9
Caco-2
FS-1 (1000) 71.8 £ 1.78 * 14.7 £ 1.5
FS-1 (500) 91.2+1.14 127+ 1.0
FS-1 (200) 94.8 = 1.1 11.8+ 1.4
MMS (30) 82.8 £ 2.2 ** 404 £23*
PBS 955+ 1.1 9.7t1.2

Compound and .
concentration, Pcrcent Cells with | Total number
pg/ml of viable cells MN, %o of MN, %o
HeLa
FS-1
1000 720£1.7* 42%0.6 44+0.7
500 90.3+ 1.3 3.0+0.7 33+08
200 9451 0.9 3604 40+04
Cisplatin
1.5 81.8 £ 1.6*% 36.6+1.7* 424£19*
Negative con-
trol (PBS) 945+ 1.0 32103 36%+0.3
Caco-2
FS-1
1000 743+ 1.6% 32+0.5 35+£0.5
500 90.3+ 1.3 32104 32104
200 93.2+2.0 26+04 26+04
Cisplatin
1.5 825+ 1.8*% 292 £1.6% 34.0% 1.7
Negative con-
trol (PBS) 97.0+ 1.0 2.6 £0.2 2.8+0.3

Note. MMS — methylmethane sulfonate; PBS — phosphate
buffered saline; the difference between negative control and
FS-1 treated groups was not statistically significant (Kruskal-
Wallis test). *p < 0.002, **p < 0.05, Mann-Whitney U-test.
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Note. The difference between negative control and FS-1
treated groups was not statistically significant (p = 0.05,
Kruskal-Wallis test). *p < 0.002, **p < 0.05, Mann-
Whitney U-test.

The results of the comet assay with human lym-
phocytes are presented in Table 2. As can be seen,
no significant changes compared with the nega-
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tive control were observed. In addition, the dif-
ferences between the three experimental groups
and the negative controls were estimated by
means of Kruskal-Wallis test. No statistically sig-
nificant difference was obtained.

Hence, FS-1 showed no DNA-damaging activ-
ity in the comet assay in human lymphocytes and
tumor cell lines HelLa and Caco-2.

The results of the MN assay are presented in
Table 3. It can be noted that FS-1 did not induce
an increase either in the number of cells with MN
or total number of MN in both cell lines.
Background levels of MN in untreated cells and
cisplatin-induced MN frequencies were similar to
our previous reported results [3].

HeLa cells lack the ability to metabolize
mutagens/carcinogens because of absence of
phase I enzymes whereas Caco-2 possesses
ability for metabolic activation of xenobiotics
by means of cytochromes CYP1Al, CYP1A2
and CYPI1B1 [10, 11]. Human lymphocytes
possess cytochrome P450 2E1 but it is not
enough for metabolic activation of all xenobi-
otics [12]. The absence of genotoxic activity of
FS-1 in lymphocytes and Caco-2 cells which
possess more or less drug metabolism phase I
enzymes, and also in Hela cells suggest that
either the compound has no ability to be trans-
formed into biologically active metabolites or
after the transformation of the compound
metabolites have equal genotoxic potential with
the parent compound. Our data support com-
pletely negative results in the Salmonel-
la/microsome assay in five strains of microbes
both with and without metabolic activation with
S9 mix (Prof. Knasmiiller, personal communi-
cation).

Since the tested compound is iodophore, it
would be of interest to stress that widely used rep-
resentative of this kind of preparations, povidone-
iodine, was found non-genotoxic in some in vitro
mutagenicity tests in bacteria and mammalian
cells as well in mouse bone marrow MN assay
[13—15].

Hence, the results obtained in the present set of
experiments are very important for the next level of
genotoxicity studies of FS-1 which can be used in
clinical medicine (especially as topical microbici-
dal/antiviral agent) after routine testing of safety
for humans.
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NCCIEJOBAHUA
TEHOTOKCUYECKOW AKTUBHOCTHU
AHTUBAKTEPUAJIbHOTI'O/TTIPOTUBOBUPYCHOI'O
I[MPEMMAPATA ®C-1 B JIMM®OLIUTAX U KIIETKAX
OIYXOJIU YEJIOBEKA

WccnenoBanu ciocoOOHOCTb MEPCIEKTUBHOTO AHTUBU -
pycHOTO M aHTHOaKTepraibHOro coenrHeHnst MC-1 BbI-
3piBaTh noBpexaeHus JHK u mukposiapa B KIETOUHBIX
JuHUSX onyxosu yesnoeka HelLa u Caco-2 npu KOHIIEH-
tpammsax 200, 500 u 1000 MkT/mMi1 6€3 9K30TeHHOU MeTa-
Oonnueckoil aktupaumu. CoeaHeHUE ObUIO AOTIOJTHUTEIb-
Ho npoBepeHo Ha JJHK-noBpexnaroolyio crmocoOHOCTb B
muMdonTax deymoBeka npu kKoHUeHTpaumsax 200, 400
u 800 mkr/mi. Hu nmospexnenus JJHK, Hu ¢hopmuposa-
HUS MUKpOSIEp He HaOI0Aan0ch mocje o0paboTKU Beex
tumoB ki1eTok PC-1. Ha ocHOBaHWU 3THX Pe3yJIbTaTOB,
®DC-1 MoxeT OBITh Tajiee U3yJeH Ha TIpeIMeT 6E30TTacHOC-
TU JUIS1 BO3MOXHOTO TTPUMEHEHUS B KIIMHUYECKOU MEIU-
IIMHE KaK aHTUOAKTepUaTbHOTO/TTPOTUBOBUPYCHOTO TIpe-
napara.

A. Hepcecsin, A. Invin, M. Kyamanos

JOCIIXKEHHA
TEHOTOKCUYHOI AKTUBHOCTI
AHTUBAKTEPIAJILHOI'O/TTPOTUBIPYCHOI'O
[TPEITAPATY ®©C-1 B JIMOOLIUTAX
TA KINITUHAX ITYXJIMHA JTIIOAUHN

JocniKkyBanu 30aTHICTh TEPCIIEKTUBHOTO MPOTUBI-
pYycHOTO Ta aHTHOaKkTepiaibHOTO Tpernapary OC-1 Bukim-
katu nowkomkeHHs JJHK ta Mikposnpa B KIIITUHHUX JTi-
Hisix myxauHu moavuHu Hela i Caco-2 nipu KoHIeHTpalli-
s1x 200, 500 Ta 1000 MKT/MJT 63 eK30TeHHOT MeTabOoIiTHOT
aktupaiii. [Ipenapar OyB 10OAATKOBO MepeBipeHUll Ha
JHK-nomkoaxyouy 30aTHICTh B JiM(ouuTax JOAUHU
mpu koHueHTpaisx 200, 400, 800 mxr/mn. Hi momkon-
xeHHd JHK, Hi popMmyBaHHS MiKposaep He crocTepira-
JIoch Ticsist 06poOKu Beix tutiB KTituH OC-1. bazyounch
Ha 1ux pesynbratax, ®C-1 Moxke mani BUBYATUCH Ha
npeaMeT 6e3MeKu ISl MOTEHLIIHHOTO 3aCTOCYBaHHS B KJTi-
HIYHIA MEIWIMHI K aHTUOaKTepiaIbHOTO/TIPOTUBIpYC-
HOTO Mpemnapary.
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