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ASSESSMENT OF FS-1 GENOTOXIC EFFECT
ON THE BUCCAL EPITHELIUM OF RABBITS

Antimicrobial activity of the drug FS-1 is due to the content of iodine halogen, which is quite active.
Currently, potassium triiodide-based preparations, such as Lugol’s solution, lodopyron, Betadine and
others, are already used as antiseptics. Studies have already been conducted confirming the ability of
FS-1 to increase the permeability of the bacterial cell membrane, which allows antibiotics to act more
efficiently, and in vitro and in vivo studies have been conducted to evaluate the cytotoxicity and geno-
toxicity of FS-1 in laboratory animals with systemic exposure. In this experiment, effect of FS-1 on the
site of primary contact, the buccal epithelium, was studied. Based on the experiment results, we could
conclude about the possible use of FS-1 as an oral antiseptic. Three rabbits were used in the experi-
ment, buccal epithelium smears of which were taken before the administration of 4 mg/kg FS-1 (control
samples) and after the administration of FS-1 (experimental samples). Total period of FS-1 daily admin-
istration was 14 days, which is a period for self-renewal of the epithelium. Obtained smears of the cells
were examined under a microscope for the presence of cytogenetic aberration. As a result, there was
no significant change after administration of FS-1, since the level of cells with karyolysis, karyorrhexis,
micronuclei, and nuclear protrusions remained at about the same level. Therefore, it was concluded that
FS-1 does not cause cytogenotoxic effect upon prolonged exposure to rabbit buccal epithelium.

Key words: FS-1, iodine, buccal epithelium, cytogenotoxic effect, karyolysis, karyorrhexis, micro-
nuclei, nuclear protrusions.
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KosiHAapAbl OYKKaA anuTeAuiiiHe
®DC-1 reHOTeKTIAIrH 6arasay

DC-1 npenapaTbiHblH MMKPOOKA KapChl OEACEHAIAIN 104 raAOreHiHiH KypambiHa 6aiAaHbICTbI,
oA eTe GeAceHal. Kasipri yakbiTTa KaAmii TPMOAMAIHE HEri3AeAreH rnpenaparrap, MbiCaAbl, AyroAb
epiTiHaici, MoaonnpoH, betaamH keHe 6ackarapbl aHTUCENTUKTEP peTiHAe KoAAaHbiAaabl. DC-1
6aKTepPUSAbIK, >Kacylla MemOpaHacblHbIH OTKI3rilTiriH  >KOFapblAaTy KaGIAeTTIAIrH  pacTalTbiH
3epTTeyAep XYPrisiaai, 6yA aHTMOMOTUKTEPAIH TUIMAIPEK BPEKET eTyiHe MyMKIHAIK 6epeai, aA in vitro
JKOHE in VIVo >XyneAepiHAe 3epTXaHaAblK, >KaHyapAapAa LMTOTOKCMKAABIK, >KOHE FeHOTOKCUKAAbIKTbI
Garanay YLIiH 3epTTeyAep Xypridiaai. bya akcnepumentTe MC-1-TiH aAFawKkpl H6anAaHbIC TOPabbIHA,
OYALLBIKET 3MUTEAMITIHE Bcepi 3epTTeAAl. IKCMEepUMEHTTE Yl KOSH KOAAaHbiAAbl, 4 mr/kr (DC-1
(6akpiray yAriaepi) eHrisiareHre aeniH xaHe DC-1 (3KCMEPUMEHTTIK YAriAep) KabblAAaFaHHaH KeniH
aAblHFaH OYpLIK 3nUMTeAUniHiH, KarbliHAbIAAPbl. DC-1-Ti KYHAEAIKTI KOAAQHYAbIH KaAMbl Ke3eHi 14
KYHAI KypaAbl, OYA 3MUTEAMMAIH ©3AIriHEH XKaHapy Ke3eHi. AAbIHFaH >KacyllaAapAblH KaFbIHAbIAAPSI
UMTOreHeTUKaAbIK, abeppaumsHbiH,  6ap->KoFblHA  MMKPOCKOMMeH KapaAAbl. HetmxeciHae ®OC-1
KabblApaFaHHAH KeWiH anTapAblKTan e3repic GOAFaH >KOK, OWTKEHi KapuMOAM3, Kapuvopekcus,
MMKPODAEKTP >KOHE SIAPOAbIK, MpoTe3aepi 6ap >kacyllarapAblH AeHreni wamameH 6ipaen AeHrenae
Kaaabl. CoHAbIKTaH, FS-1 KOsiH 6yKaAbAbl SMUTEAMIIHE Y3aK, YaKbIT 8CEP ETKEHAE LIMTOr€HOTOKCHKAAbIK,
acep eTrnenAi AereH KopbITbIHAbIFA KEAAI.

Tyiin cesaep: PC-1, moa, OYKKaAbAbl 3MUTEAUI, LIMTOreHOTOKCMKAABIK, 9Cep, KapuOAM3,
KapUopeKCUC, MUKPOIAEMEHTTEP, SAPOAbIK, LLbIFYAQP.
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OueHka reHoTokcu4HocT OC-1
Ha 6YKKaAbHbIM 3NMUTEAMIH KDOAMKOB

AHTUMMKpPOOHasi aKTMBHOCTb AekapcTBeHHoro npenapata PC-1 06ycAOBAeHa CoAepyKaHMem
raAoreHa MoAa, KOTOPbIN IBASIETCS AOBOAbHO aKTMBHbIM. B HacTosLLee Bpems B KauecTBe aHTUCENTUKOB
y>Ke NPUMEHSIOTCS NpenapaTtbl Ha OCHOBE TPUMOAMAQA KaAUsl, TakMe Kak pacTBop Atoroas, MoaonmpoH,
betaanH n apyrue. PaHee y>ke OblAM MPOBEAEHbI MCCAEAOBAHMS, MOTBEPXKAAIOLIME CMOCOOHOCTb
DC-1 yBeAMUMBaTb MPOHULIAEMOCTb KAETOUYHOM MEMOpPaHbl 6akTEPUM, UYTO MO3BOASET aHTMOMOTHMKAM
AENCTBOBaTb 3(PheKTMBHEE, a Tak>Ke ObIAM MPOBEAEHbI MCCAEAOBAHMS in Vitro M in Vivo OLEHKM
LUMTOTOKCMYHOCTM M reHoToKcMuHOCTM (DC-1 Ha AabopaTOPHbIX XKMBOTHbBIX MPU CUCTEMHOM BO3AEI-
ctBUK. B AaHHOM 3KCnepmmeHTe 6bIA0 M3yueHo BAmnaHMe DC-1 Ha yuyacToOK MepBMYHOIO KOHTaKTa —
OYKKaAbHbIN 3MUTEAMIA. MICXOAS M3 PE3YABTATOB 3KCMEPUMEHTA, Mbl MOTAM CAEAATb BbIBOA O BO3MOXKHOM
npumeHermn MOC-1 B KauecTBe OpPaAbHOro aHTMcenTuka. B akcneprmeHTe GbiAM MCMOAb30BaHbI TPU
KPOAMKA, Ma3K1 OYKKAAbHOI O 3MUTEAMS KOTOPbIX ObIAM B35Tbl AO BBeAeHMS 4 Mr/Kr (DC-1 (KOHTPOAbHbIE
06pasupl) 1 nocae BeeaeHns MPC-1 (akcrneprmeHTaAbHble 00pasupl). O6LIMIA NEPUOA EXXEAHEBHOTO
BeeaeHns DC-1 coctaBuA 14 AHEN, UTO SIBASETCS MEPUOAOM AAS CAMOOBHOBAEHMS 3MUTEAMS.
[ToAyYeHHble Ma3ku KAETOK ObIAM MCCAEAOBaHbI MOA MMKPOCKOMOM Ha HaAMYME LIMTOrEHETUYECKMX
abeppaummn. B pesyabtaTte He ObIAO BbIIBAEHO 3HAYMTEABHOIO M3MeHeHus nocAe BeeaeHns OC-1, Tak
KaK ypOBEeHb KAETOK C KapUMOAM3MCOM, KapMOPEKCMCOM, MUKPOSAPAMM U SAEPHBIMU TMPOTPY3UIMM
OCTaBaACs! MPUMEPHO Ha TakoM >Ke ypoBHe. CAeAOBaTeAbHO, OblA CAEAAH BbIBOA O TOM, 4yTo DC-1 npu
AAUTEABHOM BO3AEMCTBUM Ha OYKKAAbHbIN 3MUTEANI KPOAMKOB HE OKa3biBaeT LIMTOreHOTOKCMYECKOro

BANAHNA.

KaoueBble caoBa: DC-1, 1oa,

OYKKaAbHbIN  3MUTEANI,

LIMTOreHOTOKCHN4eCKoe BAUSHME,

KapMOAM3UC, KAPUOPEKCHUC, MUKPOSIAPA, SAEPHbIE MPOTPY3NK.

Introduction

There are many iodine-containing pharmaceuti-
cals, among which are antiseptics based on potas-
sium triiodide — Betadine, Lugol’s solution, Iodo-
pyron, iodonate and so on [1,2]. The use of iodine is
not limited by medicine; it is also used in industry
for the production of liquid crystal displays, high-
power gas lasers based on excited iodine atoms,
halogen lamps, lithium-ion batteries for cars and
etc [3]. Except simple solutions of iodide and potas-
sium iodide, there are also iodophors — complexes of
triiodide with polymers, which when applied to the
skin do not cause skin irritation, but at the same time
they have antimicrobial properties. For example, a
study of the irritant effect on the eyes of rabbits with
the instillation of 1.5-2% povidone iodine for three
days led to damage to the cornea [4]. Nevertheless,
the use of a 5% povidone-iodine solution in the fun-
gal keratitis model was more effective than using
5% natamycin [5].

Among halogens — iodine stands out for its dis-
tinctive characteristics. The large electron shell and
the increased internuclear distance determine the
isolation of the nucleus [6]. The addition of strong
Lewis acids (Li", Na®, K*) to the medium increases
the solubility. Due to this property, iodine becomes

more mobile and can be easily polarized by other el-
ements, such as lithium. Regarding solubility, iodine
dissolves in substances that can polarize it, for ex-
ample, water, possessing oxygen in its composition,
which polarizes iodine. Upon dissolution of iodine,
the solution becomes brown, and polyiodides blue
or brown [7]. lodine can interact with other organic
substances, forming complexes of the type: [(amino
acid)] K*-137, which is the equation of the simplest
complex compounds of iodine. For example, in
a complex with glycine, potassium, and water, an
iodide ion interacts with six glycine molecules and
forms an energetically stable structure [8,9]. When
interacting, for example, with aromatic molecules,
diiodide forms charge-transfer complexes, in which
iodine acts as a Lewis acid. Such complexes are
studied in the framework of supramolecular chemis-
try of iodine, which includes other iodine complexes
with the properties of forming donor-acceptor, hy-
drophobic, hydrogen and halogen bonds [10,11].
lodides also form complex compounds with
lithium and potassium halides, polypeptides and
a-dextrin, which can affect the stability of the struc-
ture. For example, a-dextrin is a component of the
drug Armenicum intended for the treatment of HIV
infection, and in these complex iodides are located
inside the dextrin helix and exhibit acceptor proper-
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ties for a-dextrins and donor properties for lithium
halides [12]. In combination with phenylalanine, io-
dides dimerize phenylalanines, which leads to the
formation of hydrogen bonds between amino acid
molecules and ensures the binding of the entire mol-
ecule to a three-dimensional structure [13]. In com-
bination with amylose, an increased or decreased
concentration of iodides determines a shift of system
equilibrium to the corresponding direction. A key
observation is also that with the addition of iodide
to the polyiodide chain in the amylose molecule it
becomes less stable, which makes it very different
from the complex of iodine with xylan. Also, the
polypeptide complex of iodine with magnesium and
lithium chloride in FS-1 exhibits inhibitory prop-
erties for Mycobacterium tuberculosis RNA poly-
merase, which disrupt the process of transcription of
bacterial RNA leading to cell lysis. In addition, FS-1
increases the permeability of the bacterial cell mem-
brane for antibiotics, which makes therapy more ef-
fective [14].

Despite the fact that iodine, which is part of FS-
1, is bound to a complex with bioorganic ligands,
its antimicrobial activity persists. Similarly, in rela-
tion to the multiresistant strain of M. tuberculosis
SCAID 187, the minimum inhibitory concentration
is 27.7 png / ml [15]. In this regard, assessment of the
damaging effect on the site of primary contact, when
taking FS-1 inside, that is, the mucous membrane of
the oral cavity is relevant. Previously, cytotoxicity
and genotoxicity of FS-1 were evaluated on a battery
of tests, which include in vitro and in vivo studies in
laboratory animals within systemic exposure [16].
In the conducted experiment, FS-1 acted directly on
the buccal epithelium, consequently the study was
aimed to investigate the local effect of FS-1.

Materials and methods

Animals. Healthy male 6-8 month old rabbits
weighing 2.3kg+10% were obtained from the Ka-
zakh Scientific Research Veterinary Institute, Al-
maty, Kazakhstan. Animals were held under barrier
conditions in a biosafety level III animal laboratory
at 23+2°C, 50+10% relative humidity, 12/12 h light/
dark cycle. All the animals received the standard
forage (Assortiment Agro Ltd., Russia) and deion-
ized water consumed ad libitum. According to rec-
ommendations of the OECD guideline 405, 2-3 rab-
bits are used for similar tests.

Design of experiment. Three rabbits orally re-
ceived aqueous solution of FS-1 at dose of 4 mg/
kg (estimated dose for clinical study) for 14 days.
Smears of buccal epithelium obtained before ad-
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ministration of solution were considered as control
sample smears, then smears of buccal epithelium
obtained on 15" day were considered as experimen-
tal sample smears. Aqueous solution of FS-1 was
administrated by syringe. After experiment rabbits
were not euthanized. The study was approved by
the Ethics Committee of the Scientific Center for
Anti-Infectious Drugs (protocol No. 9, from May 4,
2018).

Microscopic preparations were fixed by 96%
ethanol and stained by Giemsa (5% solution), be-
cause it is the basic staining method for detection of
cytogenetic aberrations.

Cells were analyzed for the presence of cyto-
genetic lesions, proliferation arrest, apoptotic and
necrotic cells. As amount of obtained cells was not
very large and not enough for calculating one thou-
sand cells, up to ten cells from one rabbit were taken
into account for measuring degree of cytotoxico-
logical and genotoxic impact. According to pictures
the most frequent cytogenetic lesions were nuclear
protrusions, karyopyknosis and apoptotic bodies
presented even before administration of iodine co-
ordination compound. Similar picture was observed
after subchronic administration, level of which was
not significantly different from those obtained be-
fore the introduction of iodine coordination com-
pound aqueous solution.

Cells with aberrations were calculated as ratio
between amount of cells with aberration and normal
cells. Aberration index (Al) was calculated as the
ratio of the total number of cells with aberrations to
the total number of analyzed cells.

Statistical analysis. The mean value (X) and
standard deviation (SD) were calculated for each
variable measured and analyzed statistically by Wil-
coxon matched-pairs signed rank test to determine
significant differences between groups at P< 0.05.

Results and discussion

During analysis of buccal epithelium cells, we
noticed normal cells with unchanged morphological
structure as well as cells with micronucleus, nuclear
protrusion, karyolysis, and karyorrhexis (Figure 1).

Figure 1 shows microphotography of rabbit buc-
cal epithelium cells and types of cytogenetic aber-
rations. Normal buccal epithelium cell has full and
undamaged structure of nucleus. Nuclear protrusion
is a one of the types of cytogenetic aberrations, like
micronucleus it can be formed by fragments of chro-
mosomes or by whole chromosomes lagging behind
in violation of the spindle of division. Karyorrhexis
(disintegration of the cell nucleus into parts) and
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karyolysis (dissolution of the cell nucleus particles
that has disintegrated due to karyorrhexis) are the
final stages of necrobiotic cell death.

Microscopic observation of buccal epithelium
cells let us reveal amount of cytogenetic aberrations
both in control and experimental sample (Figure 2).

[§

a — normal buccal epithelium cells; b — nuclear protrusion;
¢, d — karyolysis; e — micronucleus; f — karyorrhexis

Figure 1 — Buccal epithelium cells
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Figure 2 — Types and amount of aberrations in buccal epithelium
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As a result of the microscopic analysis, cells
with karyolysis, karyorrhexis, micronuclei, nuclear
protrusions that formed during cell division were de-
tected, but their quantity in the experimental group
did not exceed the control group (p = 0.125). More-
over, the cytogenetic aberration indices in the initial
samples of buccal epithelial cells were significantly
less than the control indices of the cytogenetic aber-
ration level of human buccal epithelium [17]. Prob-
ably, observed cells are associated with spontaneous
mutations occurring in the buccal epithelium.

Studies of FS-1 genotoxicity and cytotoxicity
in vitro and in vivo has been conducted repeatedly
[18]. In addition, it was found that potassium iodide
affects apoptosis of genetically modified lung cancer
as aresult of increased intracellular levels of iodides,
which leads to a significant decrease in tumor size
[19]. A study of the influence of molecular iodine on
the development of carcinogenesis of the mammary
gland revealed that iodine induces apoptotic activ-
ity against cancer cells, which manifests itself in a
cytotoxic effect [20]. A similar mechanism of action
of iodine and its compounds can manifest itself in
various directions, namely, by the formation of oxi-
dative stress, apoptosis, necrosis, cell cycle arrest,
decrease in the proliferation rate, or in altered cell
differentiation. The type of observed mechanism
depends on the dose and iodine exposure time. For
example, iodine concentration of 20 millimoles con-
tained in povidone-iodine inhibited the proliferation
of MCF 7 breast carcinoma, IPS melanoma, A549
and H1299 lung carcinoma, and a Lugol’s solution
with an iodine content of 20-80 millimoles reduced
the growth MCF-7 cells. Significantly high doses
of molecular iodine were also studied: 50, 100, 200
millimoles in the composition of povidone-iodine
and Lugol’s solution, among which the highest con-
centration of 200 millimoles induced decrease in
proliferation rate by about 70%, and in the case of
Lugol’s solution a significantly lower effect of re-

duction in 26%. At lower concentrations of 50 and
100 millimoles, cell proliferation decreased by 63%
and 56% [21, 22]. These studies allows us to suggest
the efficacy of povidone-iodine, Lugol's solution,
and triiodide as antitumor agents. We suppose that
high concentration of FS-1 may explain manifested
forms of cells, which are consistent stages of nec-
robiosis. As it is known, karyolysis is the final and
irreversible stage, implying the inevitable cell death,
while apoptosis manifests itself in a violation of the
cell membrane integrity and structure of the cell nu-
cleus, which leads to its fragmentation, as a result of
which micronuclei formed in our study [23]. Also,
cells that were formed as a result of abnormal course
of cell division, namely at the stages of interphase
and anaphase mitosis, were noticed [24]. Budding
of nucleus in interphase and the lagging of nuclear
fragments from chromosomes in anaphase led to the
formation of nuclear protrusion [25]. Mitotic errors
could be caused at the level of spontaneous muta-
tions, while necrosis could take place due to high
concentration of iodine, which caused damage to the
cell [26].

Conclusion

Based on the obtained results, it can be conclud-
ed that FS-1 does not cause cytogenotoxic effect on
buccal epithelium cells during prolonged exposure
to the oral mucosa of rabbits.
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