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ABSTRACT — OBJECTIVE: The use of anti-
septics in the treatment of genital infections
has become a systematic alternative to anti-
biotics. Their use has been also supported for
treatment of virus induced genital infections.
Cationic compounds, such as polyhexameth-
ylene biguanide (PHMB) and chlorhexidine,
represent useful treatment options given their
high therapeutic index and broad-spectrum
activity. However, concerns have been raised
since some compounds have developed bacte-
rial resistance. Contrasting results have been
reported on the mutagenic potential of PHMB
products and safety concerns have been raised
for their clinical use. Given the paucity of data
on PHMB mutagenic potential, we performed
a mutagenic test on Monogin®-isotonic gyne-
cological solution (Monogin®; Lo.Li. Pharma
S.r.l, Rome, Italy), a PHMB solution used for
treatment of genital tract infections.

MATERIALS AND METHODS: We used the
bacterial reverse mutation assay (Ames test),
an in vitro assay testing the mutagenic poten-
tial of new chemicals and drugs, on multiple
Salmonella typhimurium strains. The test was
performed in compliance with the principles
of Good Laboratory Practice (GLP).

RESULTS: Monogin® solution did not cause
any mutation in all the strains tested, com-
pared to positive controls.

CONCLUSIONS: Monogin® solution does
not carry any mutagenic potential and al-
though further investigations are needed, it
can be considered a safe and useful thera-
peutic approach for treatment of genital tract
infections.
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INTRODUCTION

Different microorganisms live in the genital flora in
a fragile balance, which is disrupted when infections
arise. Infections can be caused by bacteria, fungi,
parasites, viruses and are involved in the impairment
of various physiological functions, including repro-
duction'?. Mycoplasma, gonococcal, Pseudomonas
aeruginosa and Gram-positive cocci infections are
involved in decrease of fertility in both males and
females®®. In females they may also cause ectopic
pregnancies and chronic pelvic pain®. Candida albi-
cans cause infections in males?, while in females is a
common commensal, although, in particular condi-
tions, it may trigger vaginitis and cervicitis®. Entero-
bacteriaceae, like Escherichia coli or Enterococcus
faecalis are the most common causes of non-sexual-
ly transmitted infections . Bacterial vaginosis is the
most common disorder of the vaginal flora, caused
by different microbial species, with a prevalence of
5-30% in adult females®. Usually, it is treated with
antibiotics such as clindamycin or metronidazole’,
however the raising of antibiotic resistance has made
antimicrobial chemotherapy increasingly challeng-
ing>*®. Moreover, new insights into the structure
and function of the colonization of the vagina have
helped to understand the mechanisms involved in
microbial biofilms and the limited efficacy of some
antibiotic treatments. Studies have demonstrated
that local treatments of genital tract infections show
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less systemic side effects like nausea and vomiting,
compared to oral antibiotics’.

Viral infections of the genital tract are mostly
caused by herpes viruses, such as human papilloma
viruses (HPV), and human immunodeficiency virus-
es (HIV). These infections can be sexually transmit-
ted and represent an important public health issue.
Genital wart and dysplastic areas of cellular prolifer-
ation are the clinical manifestation of genital HPV®.
HPV infections have been associated to the onset of
cervical intraepithelial squamous lesions, cervical
cancer in women, and have potentially been related
with other anogenital malignancies*’. Current avail-
able treatments include cytotoxic, physically ablative,
excisional, and immunomodulatory therapies for gen-
ital warts. However, none of them can be considered
totally effective in eradicating the infection'™!, and
some come with important safety issues®'*'.

Among non-surgical options, antiseptics are an ex-
cellent alternative to antibiotic treatment, given their
broad antimicrobial spectrum, low toxicity, and good
applicability. Chlorhexidine digluconate (CHX) has
been used as a general vaginal antiseptic for over thir-
ty years', but rat experiments highlighted serious ad-
verse effects, including a significant deoxyribonucleic
acid (DNA) damage'®”. Additionally, cytotoxic and
mutagenic effects have been observed in osteoblasts
and odontoblast-like cells'®*, as well as the produc-
tion of 2-chloroanaline, a well-known carcinogen?"2,

The antiseptic polyhexamethylene biguanide
(PHMB) is structurally similar to CHX, but it does
not generate 2-chloroanaline, as by-product, and it is
well tolerated when used on skin, wounds, eyes, and
vaginal mucous membrane®**?*, No adverse events
have been reported so far for PHMB?, nor indica-
tion of mutagenicity or carcinogenicity, in vitro or
in vivo*?°. However, few studies have addressed
directly the mutagenic effect of PHMB-containing
products and contrasting results have been obtained”.
In order to provide further data on this issue, the mu-
tagenic activity of Monogin® isotonic gynecological
solution (for the treatment of infections of the genital
tract) was evaluated through the Ames test, a stan-
dardized and validated laboratory procedure?.

MATERIAL AND METHODS

The present experiments were performed at Eurof-
ins Biolab srl and conducted in compliance with the
standards of Good Laboratory Practice (GLP) of:
OECD Series (Environment Directorate-Organiza-
tion for Economic Co-Operation and Development,
Paris, 1998); Legislative decree n. 50 of March the
202007, Enforcement of Community Directives
2004/9/CE and 2004/10/CE, concerning the inspec-
tion and verification of GLP and drawing of the
legislative, regulatory and administrative disposi-
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tions relative to the application of GLP rules, to the
control of their application on the assays performed
on chemical substances (GU n. 86 of April the 13®,
200); United States Food and Drug Administration,
Title 21 Code of Federal Regulations Part 58, Federal
Register 22 December 1978, and subsequent amend-
ments; Certification N. 038/2013 released by the Ital-
ian Ministry of Health on November 19, 2013.

Materials

Monogin®-isotonic gynecological solution, pH 4.0
(Monogin®; Lo.Li. Pharma S.r.l., Rome, Italy) con-
sists of hydroxyethylcellulose, lactic acid, glycerol,
potassium chloride, sodium edetate, PHMB, purified
water; Phosphate Buffer 0.2 M, pH 7.4 (PBS, Mol-
tox, Boone, NC, USA); Sodium Azide, 9-Aminoacri-
dine, 2-Nitrofluorene, Mitomicyn C, 2-Aminoantra-
cene, Ciclophospamide (Moltox, NC, USA); Nutrient
Broth, Top agar supplemented (0.05 Mn Biotin and
Histidine), S9, Regensys A (45 ml) and Regensys B
and crystal violet disks (Moltox, USA); QUAD PC
plates, Nutrient agar plate (TSA) (Oxoid, Moltox,
USA plate and Minimal Glucose Agar (MGA) plate
(Moltox, USA).

Methods
Cell strains preparation and validation

Salmonella typhimurium strains TA1535, TA1537,
TA98 and TA100 and TA102 were used. Strains
were kept as lyophilized discs at 5 + 3°C. One day
before the experiment the strains were suspended in
100 ml of cultural medium (Tryptic soy Broth, TSB,
Moltox, USA), and incubated at 37 = 1°C for 15-18
hours, in order to allow cultures to reach exponential
growth and expose a high number of cells to muta-
gens. During the test, cultures were kept on ice in
order to avoid their vitality reduction.

Each strain was validated for the following genet-
ic characteristic: histidine requirement; presence or
absence of R-factor plasmid, when appropriate (am-
picillin resistance for TA98 and TA100 strains; am-
picillin + tetracycline resistance for TA102 strain);
the presence of mutations for UVrB and rfa genes.
The range of number of spontaneous revertant fre-
quency was also validated.

Assay validity criteria

Microbiological controls were performed on mini-
mal glucose agar (MGA) and tryptic soy agar (TSA)
plates with samples at the highest concentrations; full
medium (top agar supplemented, solvent, PBS and
S9mix) and no more than two colonies were allowed
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as contaminants. On average, for TA1535, TA1537
and TA9S strains, the number of revertant colonies
developed by the positive control was at least 300%
higher than the respective negative control (lower
limit for positive control/negative control ratio for
strains with lower mutation frequency); for TA100
and TA102 strains, the number of revertant colonies
developed by the positive control was at least 200%
higher than the negative control (a 20% variation is
accepted at the lower limit of the positive control/
negative control ratio in strains with high mutation
frequency). The number of spontaneously revertant
colonies per plate in negative controls was includ-
ed between the validated limits. These criteria were
internal method validation only, since OECD 471
guideline does not provide any reference thereof?’.

Ames Test

The Ames test is a bacterial reverse mutation test
that is formally used to assess the mutagenic poten-
tial of chemical compounds. It uses several strains
of bacteria (i.e. Salmonella Typhimurium) that carry
mutation?'. These mutations revert the ability of test-
ed bacterial strains to produce the amino acid. To
allow microorganism cell survival and show possible
mutations, MGA and an overlay agar (top agar) con-
taining small amounts of histidine and biotin, were
used. Particularly sensitive bacterial strains were
used in the test. Their features included: respon-
sive DNA sequences at the reversion sites, increased
cell permeability to large molecules, elimination of
DNA repair systems or enhancement of error prone
DNA-repair processes. The revertant bacteria were
detected by their ability to grow in the absence of
the aminoacid required by the parental strain ?'. The
whole assay was performed twice.

Preparation of the assay sample

The solvent was tested for chemical reaction with
the test substance and for being compatible with
bacterial survival and S9 activity. The test substance
was examined as a solution in water at the equiv-
alent concentration of 50 mg/ml and 4 subsequent
dilutions of semi-log intervals between them, were
prepared at the concentration of 15 mg/ml, 4.5 mg/
ml, 1.35 mg/ml and 0.41 mg/ml.

Plates without metabolic activation

0.1 ml of assay sample, 0.1 ml of the bacterial cell sus-
pension and 0.5 ml of PBS were added to the aliquot-
ed tubes containing the top agar supplemented, then
briefly stirred and poured into MGA plates. Negative
control (water and frequency of mutation), solvent
controls and positive controls were also prepared. The
plates hence incubated at 37 + 1°C for 48 hours.

Plates with metabolic activation

0.1 ml of assay sample, 0.1 ml of bacterial cell suspen-
sions and 0.5 ml of the enzymatic system for metabo-
lism activation were added to the aliquoted tubes con-
taining the top agar supplemented, then briefly stirred
and poured into MGA plates. Negative control, solvent
controls and positive controls were also prepared. The
plates then incubated at 37 = 1°C for 48 hours.
Afterwards, the reverted colonies of the assay sam-
ples at the different concentrations (with and without
activation), as well as those of negative controls and pos-
itive controls were counted in each plate. Plate test with
metabolic activation. Three replicates were performed
for all samples, including negative and positive controls.

Enzymatic system for metabolism activation

The metabolism activation is an enzymatic system
based on the addition to the culture medium of the S9
mix (Moltox, USA, a hepatic homogenate obtained
from the liver of adult male rats, previously induced
with Aroclor 1254 soybean oil solution) to Regensys
A and to Regensys B containing respectively PBS
and Glucose-6 phosphate and 1153 mg nicotinamide
adenine dinucleotide phosphate (NADP) for the acti-
vation. S9 mix was previously tested for sterility to
exclude any possible contamination.

Statistical analysis

Data are expressed as a mean number of revertant col-
onies per plate and the mean number of spontaneous
revertant colonies counted on solvent plates, with the
standard deviation (SD). One-way ANOVA with uncor-
rected Fisher’s LSD test was performed and p-values
less than 0.05 (Confidence Interval 95%) were consid-
ered statistically significant. The analysis was conduct-
ed using GraphPad Prism version 7.00d for Mac OS X
(GraphPad Software, La Jolla, CA, USA, www.graph-
pad.com). The result was considered negative when no
statistically significant difference between the negative
control and test groups was noted.

RESULTS
Preliminary tests

The verification of genetic characteristics showed that
the tested strains maintained the required genetic prop-
erties in both assay repetitions (data not shown). The
microbiological control performed on the assay sample,
solvent, Top agar, PBS and S9 mix did not show any con-
tamination (data not shown). Not toxic effects of PHMB
were observed, either in the presence or absence of the
enzymatic system for metabolism activation.
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Safety assessment of PHMB

The mutagenic potential of PHMB was evaluated
through the Ames test (Table 1). The number of re-
vertant colonies obtained for negative, positive con-
trols and for each sample, was similar in the two ex-
perimental repetitions (Table 1), demonstrating the
test reproducibility.

The number of spontaneous revertant colonies
obtained during the test, either with or without S9
metabolic activation, did not exceed the established
limits, whereas the positive controls displayed a sig-
nificant increase (Table 2).

The analysis of the revertant colonies counted in
all the sample plates, either with or without S9 acti-
vation, revealed no significant increase compared to
the negative controls (Table 2). No significant differ-
ence was detected among the four PHMB dilutions
used in the test (Table 1 and 2).

DISCUSSION

The increasing development of antibiotic resistance
has emerged as a crucial challenge in treating micro-
organisms. Antiseptics, in particular cationic com-
pounds, have demonstrated to be valuable options
for antimicrobial treatments. Among cationic com-
pounds, PHMB and CHX represent broad-spectrum
antiseptics, active against fungi and protozoa, bacte-
ria and viruses®.

PHMB directly damage the cytoplasmic mem-
brane of microorganisms, resulting in a non-specific,
immediate, and irreversible loss of selective permea-
bility**. Specifically, PHMB causes a disorganization
and consequently high fluidity, and permeability of
the bacterial cytoplasmic membrane®, while it is less
active against mammalian cell membranes*-*. More-
over, other authors reported a specific disruption of the
bacterial metabolism?**#2, These results explain the
high therapeutic index attributed to this compound**.

Studies have also demonstrated that PHMB kills
methicillin-resistant Staphylococcus aureus within
keratinocytes by direct interactions inside the host
cells, through a dynamin-dependent uptake mecha-
nism*. Moreover, recent results proved that PHMB
enters bacterial cells preventing cell division and
chromosome condensation, and resulting in intracel-
lular foci of DNA?, Furthermore, PHMB selectively
binds to bacterial DNA, since it is confined inside
endosomes and excluded from mammalian cell nu-
clei®. Ex vivo experiments also demonstrated that
PHMB, along with other antiseptics, prolongs the
lag phase for bacterial regrowth*. Finally, PHMB
blocks the microbial attachment to surfaces and ef-
fectively removes biofilms in vitro and in vivo®.

CHX has been used for decades as antiseptic
for treatment of the genital tract diseases®. Howev-
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er, CHX can cause hyperkeratosis, ulceration, dys-
plasia and an increase of DNA damage in rats'®-.
Furthermore, CHX inhibits wound healing in a
concentration-dependent fashion'®. Moreover, CHX
may generate 2-chloroanline, which multiple stud-
ies reported owning a mutagenetic potential***’. It
emerged that resistant bacteria mutants may present
low susceptibility to biocides, including CHX, along
with antibiotics resistance®*. The non-anchored cell
wall (NCW) gene might play a role in the tolerance
to PHMB during fungal infections*’, but no acquired
resistant mutants to PHMB have been reported®.

As mutations can result in cancer, mutagens are
directly related to carcinogenesis”. Other Ames tests
results on a PHMB product*®, used as an antibacterial
preservative, showed no evidence of mutagenic, geno-
toxic or neurotoxic effects®32. Primary screening tests,
such as Ames test, play a central role in prevention by
identifying mutagenic chemicals in the environment?'.
In utero exposure studies failed to find any effects on
the offspring in a two-generation reproductive study*.

Here, we report for the first time the results of a
mutagenicity test on a product containing PHMB,
Monogin®-isotonic gynecological solution, in order to
determine whether it has a mutagenic potential. Our
results proved that PHMB has no mutagenic effect on
any of the Salmonella typhimurium strains used, since
no spontaneous revertant colonies have been found,
either with or without metabolic activation.

Surgical treatments in the genital tract include
electrosurgery, surgical excision, cryotherapy, and
laser surgery. Nonsurgical physician-prescribed and
-applied therapies include podophylla resin, interferon
(IFN), and bi- and tri-chloroacetic acid (BCA/TCA).
Patient-applied treatments include podophyllotoxin,
imiquimod, and 5-fluorouracil (5-FU)*. Imiquimod
is approved by the Food and Drug Administration
(FDA) for the treatment of external genital warts
in patients aged 12 years and older, however safety
and efficacy have not been evaluated in pregnant,
breastfeeding, immunosuppressed patients, or in pa-
tients with intravaginal, cervical, rectal, or intra-anal
warts*. Adverse events related to podophyllin resin
misuse included fetal loss and even death'*. Giv-
en these safety concerns, the use of antiseptics, rep-
resent a non-invasive and safe approach for treating
genital infections. Our results represent an important
step forward since Monogin®-isotonic gynecological
solution is patented for the genital area. Specifically,
PHMB products for genital treatments have contrib-
uted to the regression of HPV infections, particularly
in patients with external genital warts*® and cervical
lesions. Vaginal solutions containing PHMB are ef-
fective in the treatment of women affected by vaginal
candidiasis*® and bacterial vaginosis*. No safety is-
sues, regarding mutagenic and carcinogenic potential
were raised, even when PHMB solution were admin-
istered in combination with other products*#*,



-oprweydsoydo[oAd gD ‘ouoorIyueoUIIE-7
VV-T D unkwonw QNN OH QUIPLIOBOUIWER-G Oy -6 QUaIONJoNIu-7 ‘“IN-7 OpIZe wnipos “NeN da1em ‘QO°H ‘Aousnbaiy uonenw snosurjuodg ‘s.|A ‘UONRIASD PIBPURIS ‘(S :SUONBIAIqQY

1S 8TFTEST €6'6TFCTHT €' 0TF9CT L'SEFL'EST 8Y' ¥ TF]ST (VV-7) 0L T1TFLSTI TS EEFSLYT LEYTFYEYT LYFLYT C0IVL
STOTFSYIT SLLTFT6IT SECIFTICI COPEFLICT COVEFC 6T (dD) 08°8YTF990T CP1EFS 011 SSYTFLTTL 8YFHCI 00IVL
ILEFLI'CT 61'€FLICT S6'SFE]TC S0'9F€]'TT I E€FIT (VV-7) 8T96FL'€79 SEPFE] 0T I8°GFERET 8F¢ET 86V.L
6L EFSSI YOIFSSI ELTFECET [0 €FECEl 65 EFEE VI (VV-7) 99°08FS"0LS L8 TFLY ST L6 EFE]TT 9FvI1 LESTL

6L €FP1 0T €FLI€EL YL EFST €0 EFVI 05 TFeC 01 (dD) 9r'v9FTHT9 80V FLICI 1€°€FE]8 91 9F1 SECIVL

uoyPAID Y1

SS'LTF6YT 1TTIFILT TETTFS 9T 9'8TFS 79T TTETFE9ET O 6°61TFOLTL I¥'STFS6VT LS EEFE8ST LYFLYT Z01VL
G8'SEFS 6T L6'SEFT6TT 99'6IFLHET YLITFCYTI 06'0TF6€1 CNeN) 17°L6FT'816 6S'6TFCTLTI 98'TTFT 611 SPFHCI 001VL
99'€FLI'9T 19°€FEC€T 98'SFET ILYFS 1T 10°SFS'IT (AN-7) L'L6FT'€09 8LS'€FST 89'SFLIHT 8FET 86VL
1LTFE8°TI 06'€FYI YO TFLITI SI'EFSEl T8 EFER VI (OVV-6) I£°€8FE 99 88'CFSCI EIpFS el 91 LESIL
€7'$F99°ST 08'LF00°8T 80"V FHETT 6T°9F00°LT €9°LF99°6T CNEN) 79°991F€°9€9 €9°7FS €l 67'SFES'SI 9FYI SESIVL
uovaA1OD oYY

ased aeydy aeydy ased ased |oJ3uod (O°H) 1043u0> (s4) s4N as ¥ uespy
/bw 1400 bw g£1°0 bw 540 /bw g°| /bw g 9AnISOd anneban Josuod paiepijen ulens

"3M0IS SIIUO[0D JUBLIDADL [Im so[dwues
pIoq Ul paYSIYSIH UOHEANOR JI[0RIdW IM PUE JNOYIA ‘SUTENS ZOTVL PUB 00TV.L ‘86VL ‘LESTL ‘SESTVL UO 159} Sawy Jo suonnadar om) woly paurejqo synsay Ayanoe K1oyes GINHA °| 91qel



B. Orru, P. Lista, M. Bertelli, V. Unfer

Table Il. Abbreviations: CI, confidence interval; Mean diff, mean difference; MFs, Spontaneous mutation frequency, internal
validated reference; H,0, water; NaN,, sodium azide; 2-NF, 2-nitrofluorene; 9-AAc, 9-aminoacridine HCI; MMC, mitomycin C;
2-AA, 2-aminoanthracene; CP, cyclophosphamide; DF, degrees of freedom. One-way ANOVA with uncorrected Fisher’s LSD test was
performed; p-value <0.05 was considered statistically significant. Significant results are highlighted in bold.

Strain Uncorrected Fisher’s LSD Mean Diff. 95% ClI of diff.  Individual
p-value
Without activation
TA1535 Control (negative, H,0) vs. Control (MFs) -3167 -30.02 to 23.69 0.8128
Control (negative, H,0) vs. Control (positive, NaN,) -610.5 -637.4 to -583.6 <0.0001
Control (negative, H,0) vs. 5 mg/plate 3.33 -23.52 t0 30.19 0.8032
Control (negative, H,0) vs. 1.5 mg/plate -0.33 -27.19 t0 26.52 0.9801
Control (negative, H,0) vs. 0.45 mg/plate -1333 -28.19 to 25.52 0.9206
Control (negative, H,0) vs. 0.135 mg/plate 0 -26.85 t0 26.85 >0.9999
Control (negative, H,0) vs. 0.041 mg/plate -0.33 -27.19 t0 26.52 0.9801
TA1537 Control (negative, H,0) vs. Control (MFs) -2333 -40.04 to 35.37 0.9011
Control (negative, H,0) vs. Control (positive, NaN,) -629.7 -667.4 to -592 <0.0001
Control (negative, H,0) vs. 5 mg/plate -0.17 -37.87 to 37.54 0.9929
Control (negative, H,0) vs. 1.5 mg/plate -1833 -39.54 to 35.87 0.9222
Control (negative, H,0) vs. 0.45 mg/plate -1 -38.71 to 36.71 0.9575
Control (negative, H,0) vs. 0.135 mg/plate 0.17 -37.54 t0 37.87 0.9929
Control (negative, H,0) vs. 0.041 mg/plate -0.67 -38.37 to 37.04 0.9717
TA98 Control (negative, H,0) vs. Control (MFs) 0.33 -40.3 to 40.96 0.9869
Control (negative, H,0) vs. Control (positive, 2-NF) -578.2 -618.8 to -537.5 <0.0001
Control (negative, H,0) vs. 5 mg/plate 3.5 -37.13 to 44.13 0.8627
Control (negative, H,0) vs. 1.5 mg/plate 3.5 -37.13 to 44.13 0.8627
Control (negative, H,0) vs. 0.45 mg/plate 2 -38.63 to 42.63 0.9212
Control (negative, H,0) vs. 0.135 mg/plate 1667 -38.96 t0 42.3 0.9343
Control (negative, H,0) vs. 0.041 mg/plate -1167 -41.8 t0 39.46 0.954
TA100 Control (negative, H,0) vs. Control (MFs) 8 -42.06 to 58.06 0.7484
Control (negative, H,0) vs. Control (positive, NaN,) =791 -841.1 to -740.9 <0.0001
Control (negative, H,0) vs. 5 mg/plate -11.83 -61.89 to 38.22 0.6354
Control (negative, H,0) vs. 1.5 mg/plate 3 -47.06 to 53.06 0.9042
Control (negative, H,0) vs. 0.45 mg/plate -7.5 -57.56 to 42.56 0.7636
Control (negative, H,0) vs. 0.135 mg/plate -2 -52.06 to 48.06 0.936
Control (negative, H,0) vs. 0.041 mg/plate -2667 -52.72 t0 47.39 0.9148
TA102 Control (negative, H,0) vs. Control (MFs) -8833 -103.7 to 85.99 0.8516
Control (negative, H,0) vs. Control (positive, MMC) -1021 -1115 to -925.7 <0.0001
Control (negative, H,0) vs. 5 mg/plate 13.17 -81.66 to 108 0.7804
Control (negative, H,0) vs. 1.5 mg/plate -13 -107.8 to 81.82 0.7831
Control (negative, H,0) vs. 0.45 mg/plate 13 -81.82 t0 107.8 0.7831
Control (negative, H,0) vs. 0.135 mg/plate 215 -116.3 to 73.32 0.6492
Control (negative, H,0) vs. 0.041 mg/plate 0.5 -94.32 t0 95.32 0.9915
Continued
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Table Il (continued). Abbreviations: CI, confidence interval; Mean diff, mean difference; MFs, Spontaneous mutation frequency,
internal validated reference; H,O, water; NaN,, sodium azide; 2-NF, 2-nitrofluorene; 9-AAc, 9-aminoacridine HCl; MMC, mitomycin
C; 2-AA, 2-aminoanthracene; CP, cyclophosphamide; DF, degrees of freedom. One-way ANOVA with uncorrected Fisher’s LSD test
was performed; p-value <0.05 was considered statistically significant. Significant results are highlighted in bold.

Strain Uncorrected Fisher’s LSD Mean Diff. 95% ClI of diff.  Individual
p-value
With activation
TA1535 Control (negative, H,0) vs. Control (MFs) -3167 -39.1 to 32.77 0.8128
Control (negative, H,0) vs. Control (positive, CP) -610.5 -646.4 to -574.6 <0.0001
Control (negative, H,0) vs. 5 mg/plate 3333 -32.6 t0 39.27 0.8032
Control (negative, H,0) vs. 1.5 mg/plate -0.33 -36.27 to 35.6 0.9801
Control (negative, H,O) vs. 0.45 mg/plate -1333 -37.27 to 34.6 0.9206
Control (negative, H,0) vs. 0.135 mg/plate 0 -35.93 t0 35.93 >0.9999
Control (negative, H,0) vs. 0.041 mg/plate -0.33 -36.27 to 35.6 0.9801
TA1537 Control (negative, H,0) vs. Control (MFs) 2833 -30.61 to 36.28 0.8649
Control (negative, H,0) vs. Control (positive. 2-AA) -554.8 -588.3 to -521.4 <0.0001
Control (negative, H,0) vs. 5 mg/plate 1333 -32.11 to 34.78 0.9362
Control (negative, H,0) vs. 1.5 mg/plate 2333 -31.11 to 35.78 0.8886
Control (negative, H,0) vs. 0.45 mg/plate 2333 -31.11 to 35.78 0.8886
Control (negative, H,0) vs. 0.135 mg/plate 0.17 -33.28 to 33.61 0.992
Control (negative, H,0) vs. 0.041 mg/plate 0.17 -33.28 to 33.61 0.992
TA98 Control (negative, H,0) vs. Control (MFs) -3 -43.06 to 37.06 0.8805
Control (negative, H,0) vs. Control (positive. 2-AA) -602.8 -642.9 to -562.8 <0.0001
Control (negative, H,0) vs. 5 mg/plate -0.17 -40.23 to 39.9 0.9933
Control (negative, H,0) vs. 1.5 mg/plate -2 -42.06 to 38.06 0.9201
Control (negative, H,0) vs. 0.45 mg/plate -2 -42.06 to 38.06 0.9201
Control (negative, H,0) vs. 0.135 mg/plate -1333 -41.4 t0 38.73 0.9467
Control (negative, H,0) vs. 0.041 mg/plate -1333 -41.4 t0 38.73 0.9467
TA100 Control (negative, H,0) vs. Control (MFs) -12.17 -119 to 94.65 0.8191
Control (negative, H,0) vs. Control (positive. CP) -955.3 -1062 to -848.5 <0.0001
Control (negative, H,0) vs. 5 mg/plate -18.83 -125.6 to 87.98 0.7234
Control (negative, H,0) vs. 1.5 mg/plate -21.17 -128 to 85.65 0.6909
Control (negative, H,0) vs. 0.45 mg/plate -10.67 -117.5 t0 96.15 0.8411
Control (negative, H,0) vs. 0.135 mg/plate -8667 -115.5 t0 98.15 0.8706
Control (negative, H,0) vs. 0.041 mg/plate -4 -110.8 to 102.8 0.94
TA102 Control (negative, H,0) vs. Control (MFs) 4 -88.51096.5 0.9308
Control (negative, H,0) vs. Control (positive. 2-AA) -1039 -1131 to -946.3 <0.0001
Control (negative, H,0) vs. 5 mg/plate -10.17 -102.7 to 82.33 0.8253
Control (negative, H,0) vs. 1.5 mg/plate -5833 -98.33 to 86.66 0.8992
Control (negative, H,0) vs. 0.45 mg/plate 21.83 -70.66 to 114.3 0.6359
Control (negative, H,0) vs. 0.135 mg/plate 5667 -86.83 t0 98.16 0.9021
Control (negative, H,0) vs. 0.041 mg/plate -5333 -97.83 to 87.16 0.9078




B. Orru, P. Lista, M. Bertelli, V. Unfer

CONCLUSIONS

Monogin® solution has no mutagenic potential and
can be considered a safe and useful therapeutic ap-
proach for treatment of genital tract infections. Fur-
ther experiments, both in vitro and in vivo, might
support our results on the safety of PHMB solu-
tions®'.

ACKNOWLEDGMENTS:

The authors would like to thank medical writer, Dr.
Alessia Di Florio for her assistance in writing the
manuscript.

CONFLICTS OF INTEREST:

B.O., PL. and V.U. are employee at LO.LI. Pharma,
Rome, Italy. The other author declares no conflict
of interest.

References

10.

11.

12.

13.

. Larsen B. Vaginal flora in health and disease. Clin Obstet

Gynecol 1993; 36: 107-121.

. Pellati D, Mylonakis I, Bertoloni G, Fiore C, Andrisani

A, Ambrosini G, Armanini D. Genital tract infections and
infertility. Eur J Obstet Gynecol Reprod Biol 2008; 140:
3-11.

. Koban I, Bender CP, Assadian O, Kramer A, Hubner NO.

Clinical use of the antiseptic polihexanide for genital tract
infections. Skin Pharmacol Physiol 2012; 25: 298-304.

. Workowski KA, Berman SM, Douglas JM, Jr. Emerging

antimicrobial resistance in Neisseria gonorrhoeae: urgent
need to strengthen prevention strategies. Ann Intern Med
2008; 148: 606-613.

. Bagnall P, Rizzolo D. Bacterial vaginosis: a practical re-

view. JAAPA 2017; 30: 15-21.

. Ventola CL. The antibiotic resistance crisis: part 1: causes

and threats. P&T 2015; 40: 277-283.

. Machado D, Castro J, Palmeira-de-Oliveira A, Marti-

nez-de-Oliveira J, Cerca N. Bacterial vaginosis biofilms:
challenges to current therapies and emerging solutions.
Front Microbiol 2015; 6: 1528.

. Doorbar J. Latent papillomavirus infections and their reg-

ulation. Curr Opin Virol 2013; 3: 416-421.

. Chinchai T, Chansaenroj J, Swangvaree S, Junyangdikul

P, Poovorawan Y. Prevalence of human papillomavirus
genotypes in cervical cancer. Int J Gynecol Cancer 2012;
22: 1063-1068.

Zanotti KM, Belinson J. Update on the diagnosis and treat-
ment of human papillomavirus infection. Cleve Clin ] Med
2002; 69: 948, 951-955.

Gentile A, Gerli S, Di Renzo GC. A new non-invasive
approach based on polyhexamethylene biguanide increases
the regression rate of HPV infection. BMC Clin Pathol
2012; 12: 17.

Koumans EH, Markowitz LE, Hogan V. Indications for
therapy and treatment recommendations for bacterial vag-
inosis in nonpregnant and pregnant women: a synthesis of
data. Clin Infect Dis 2002; 35: S152-172.

Mendling W, Brasch J, Cornely OA, Effendy I, Friese
K, Ginter-Hanselmayer G, Hof H, Mayser P, Mylonas I,
Ruhnke M, Schaller M, Weissenbacher ER. Guideline:
vulvovaginal candidosis (AWMF 015/072), S2k (exclud-
ing chronic mucocutaneous candidosis). Mycoses 2015; 58
Suppl 1: 1-15.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

. Montaldi DH, Giambrone JP, Courey NG, Taefi P. Podo-

phyllin poisoning associated with the treatment of condylo-
ma acuminatum: a case report. Am J Obstet Gynecol 1974;
119: 1130-1131.

Shubair M, Stanek R, White S, Larsen B. Effects of ch-
lorhexidine gluconate douche on normal vaginal flora.
Gynecol Obstet Invest 1992; 34: 229-233.

Grassi TF, Camargo EA, Salvadori DM, Marques ME, Ri-
beiro DA. DNA damage in multiple organs after exposure
to chlorhexidine in Wistar rats. Int J Hyg Environ Health
2007; 210: 163-167.

. Sonis ST, Clark WB, Shklar G. Chlorhexidine-induced

lingual keratosis and dysplasia in rats. J Periodontol 1978;
49: 585-591.

Bassetti C, Kallenberger A. Influence of chlorhexidine
rinsing on the healing of oral mucosa and osseous lesions.
J Clin Periodontol 1980; 7: 443-456.

Lee TH, Hu CC, Lee SS, Chou MY, Chang YC. Cytotoxicity
of chlorhexidine on human osteoblastic cells is related to in-
tracellular glutathione levels. Int Endod J 2010; 43: 430-435.
Paunio KU, Knuttila M, Mielitynen H. The effect of ch-
lorhexidine gluconate on the formation of experimental
granulation tissue. J Periodontol 1978; 49: 92-95.

McCann J, Ames BN. Detection of carcinogens as mutagens
in the Salmonella/microsome test: assay of 300 chemicals:
discussion. Proc Natl Acad Sci U S A. 1976; 73: 950-954.
Sakagami Y, Yamasaki K, Yokoyama H, Ose Y, Sato T.
DNA repair test of disinfectants by liquid rec-assay. Mutat
Res 1988; 193: 21-30.

Hubner NO, Kramer A. Review on the efficacy, safety
and clinical applications of polihexanide, a modern wound
antiseptic. Skin Pharmacol Physiol 2010; 23 Suppl: 17-27.
Wessels S, Ingmer H. Modes of action of three disinfectant
active substances: a review. Regul Toxicol Pharmacol 2013;
67: 456-467.

Chindera K, Mahato M, Sharma AK, Horsley H, Kloc-Mu-
niak K, Kamaruzzaman NF, Kumar S, McFarlane A, Stach
J, Bentin T, Good L. The antimicrobial polymer PHMB en-
ters cells and selectively condenses bacterial chromosomes.
Sci Rep 2016; 6: 23121.

Creppy EE, Diallo A, Moukha S, Eklu-Gadegbeku C, Cros
D. Study of epigenetic properties of Poly(HexaMethylene
Biguanide) hydrochloride (PHMB). Int J Environ Res Pub-
lic Health 2014; 11: 8069-8092.

Test No. 471: Bacterial Reverse Mutation Test. OECD 1997.
Ikeda T, Ledwith A, Bamford CH, Hann RA. Interaction
of a polymeric biguanide biocide with phospholipid mem-
branes. Biochim Biophys Acta 1984; 769: 57-66.

Broxton P, Woodcock PM, Gilbert P. Binding of some
polyhexamethylene biguanides to the cell envelope of Esch-
erichia coli ATCC 8739. Microbios 1984; 41: 15-22.
Broxton P, Woodcock PM, Heatley F, Gilbert P. Interaction
of some polyhexamethylene biguanides and membrane
phospholipids in Escherichia coli. J Appl Bacteriol 1984;
57: 115-124.

Ikeda T, Tazuke S, Watanabe M. Interaction of biologically
active molecules with phospholipid membranes. 1. Fluores-
cence depolarization studies on the effect of polymeric bio-
cide bearing biguanide groups in the main chain. Biochim
Biophys Acta 1983; 735: 380-386.

Kaehn K. Polihexanide: a safe and highly effective biocide.
Skin Pharmacol Physiol 2010; 23: 7-16.

Kamaruzzaman NF, Firdessa R, Good L. Bactericidal ef-
fects of polyhexamethylene biguanide against intracellular
Staphylococcus aureus EMRSA-15 and USA 300. J Anti-
microb Chemother 2016; 71: 1252-1259.

Anderson MJ, Scholz MT, Parks PJ, Peterson ML. Ex
vivo porcine vaginal mucosal model of infection for de-
termining effectiveness and toxicity of antiseptics. J Appl
Microbiol 2013; 115: 679-688.



3s.

36.

37.

38.

30.

40.

41.

42.

Shubair M, Stanek R, White S, Larsen B. Effects of ch-
lorhexidine gluconate douche on normal vaginal flora.
Gynecol Obstet Invest 1992; 34: 229-233.

Midena RZ, Garcia RB, Cavenago BC, Marciano MA,
Minotti PG, Ordinola-Zapata R, Weckwerth PH, Andrade
FB, Duarte MA. Analysis of the reaction of subcutaneous
tissues in rats and the antimicrobial activity of calcium hy-
droxide paste used in association with different substances.
J Appl Oral Sci 2015; 23: 508-514.

Reifferscheid G, Heil J. Validation of the SOS/umu test using
test results of 486 chemicals and comparison with the Ames
test and carcinogenicity data. Mutat Res1996; 369: 129-145.
Horner C, Mawer D, Wilcox M. Reduced susceptibility to
chlorhexidine in staphylococci: is it increasing and does it
matter? J Antimicrob Chemother 2012; 67: 2547-2559.
Kampf G. Acquired resistance to chlorhexidine - is it time
to establish an ‘antiseptic stewardship’ initiative? J Hosp
Infect 2016; 94: 213-227.

Elsztein C, de Lima Rde C, de Barros Pita W, de Mo-
rais MA, Jr. NCW2, a gene involved in the tolerance to
Polyhexamethylene Biguanide (PHMB), may help in the
organisation of beta-1,3-glucan structure of saccharomyces
cerevisiae cell wall. Curr Microbiol 2016; 73: 341-345.
Council EPaot. Directive 67/548/EC of the European Par-
liament and of the Council of 16 February 1998; 1998
Bernauer U, Bodin L, Celleno L, Chaudhry QM, P-Jan
Coenraads, P. Dusinska M, Ezendam J, Gaffet E, Galli C
L, Granum B, Panteri E, Rogiers V, Rousselle C, Stepnik
M, Vanhaecke T, Wijnhoven S. Scientific Committee on
Consumer Safety (SCCS) OPINION ON Polyaminopro-
pyl Biguanide (PHMB)- Submission III. SCCS OPINION
ON Polyaminopropyl Biguanide (PHMB)- Submission
IIT https://ec.europa.eu/health/sites/health/files/scientific
committees/consumer_safety/docs/sccs o 204.pdf. 2016

43.

44,

45.

46.

47.

48.

49.

50.

Safety of PHMB

Wiley DJ, Douglas J, Beutner K, Cox T, Fife K, Moscic-
ki AB, Fukumoto L. External genital warts: diagnosis,
treatment, and prevention. Clin Infect Dis 2002; 35:
S210-224.

Park IU, Introcaso C, Dunne EF. Human papillomavi-
rus and genital warts: a review of the evidence for the
2015 Centers for Disease Control and Prevention Sexually
Transmitted Diseases Treatment Guidelines. Clin Infect
Dis 2015; 61 Suppl 8: S849-855.

Chamberlain MJ, Reynolds AL, Yeoman WB. Medical
memoranda. Toxic effect of podophyllum application in
pregnancy. Br Med J 1972; 3: 391-392.

Marelli G, Papaleo E, Origoni M, Caputo L, Ferrari A.
Polyhexamethylene biguanide for treatment of external
genital warts: a prospective, double-blind, randomized
study. Eur Rev Med Pharmacol Sci 2005; 9: 369-372.
Gerli S, Bavetta F, Di Renzo GC. Antisepsis regimen in the
surgical treatment of HPV generated cervical lesions: poly-
hexamethylene biguanide vs chlorhexidine. A randomized,
double blind study. Eur Rev Med Pharmacol Sci 2012; 16:
1994-1998.

Biamonti A, Saracino A. Polyhexamethylene biguanide in
vaginal solution is effective in the treatment of vulvovagi-
nal candidiasis: a pilot study. Open J Obstet Gynecol 2017,
07: 9.

Gentile A, Gerli S and Di Renzo GC. A new non-invasive
approach based on polyhexamethylene biguanide increases
the regression rate of HPV infection. BMC Clin Pathol
2012; 12: 17-17.

Niu B, Huai W, Deng Z, Chen Q. Fungicidal, corrosive,
and mutational effects of polyhexamethylene biguanide
combined with 1-bromo-3-chloro-5,5-dimethylimidazoli-
dine-2,4-dione. Biomed Res Int 2017; 2017: 6.



