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Abstract: Although the PHMG (polyhexamethylene guanidine) and other oligomer guanidines are known as highly efficient
biocides against a broad spectrum of microorganisms and eukaryotic cells, the cell protection by PHMG derivatives has been
established firstly in this study. The antiviral protection was also exhibited after 15 min pretreatment of different cell cultures with
low-concentration of PHMG salts. Monolayers of the continuous bovine tracheal cells culture (TCC) and primary culture of chicken
embryo fibroblasts (FCE) were treated with aqueous solutions of PHMG chloride salts or PHMG succinate. The molecules of PHMG
polycation adhered to the plasma membrane of the cells tested as they were treated with PHMG for 15-30 min. The viral material
was added to the cell cultures after the wash-out carried out twice to rid of unbound PHMG. The viruses of Equine herpesvirus type 1,
Rhinotracheitis infectious bovine and Equine infectious anemia virus were used. The protective effect from the cytopathic action of
herpes and retroviruses was exhibited after 15 min pretreatment of cell monolayer with PHMG chloride at the TCC concentrations of
107 - 102% and FCE concentrations of 10™ - 10™*%. The unique antiviral properties of PHMG salts represented in our research had
never been shown before.
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1. Introduction PHMG hydrochloride is a highly water soluble

. o polymer. It is odorless, colorless, noncorrosive [5] and
Polymeric guanidines are commonly used as . .
. ) o o much less toxic than common disinfectants [6] to
antiseptics and disinfectants. The correct application of ) o )
humans and animals within a concentration range of

0.01%-1.0%. PHMG has been widely used for many
years as antiseptic and disinfectant in Russia, Ukraine

these biocides plays a profound role in the elimination
of infection for in- and out-patient treatment and in

veterinary [1-3]. The PHMG (polyhexamethylene .
. . o and other countries.
guanidine), a member of the polymeric guanidine . .

) . . The net negative charge often stabilized by the
family, has broad-spectrum activity against . . ot ot .
L . . ) presence of divalent cations such as Mg~ and Ca“, it
Gram-positive and Gram-negative bacteria, fungi, . ) o

. is the important characteristic of the outer envelope of
yeasts and viruses. . . o . o
. . . . . different bacterial cells. Antimicrobial cationic polymers
PHMG is most effective against viruses which shell ) ] ) ) o
. o . including PHMG interact with phospholipids of outer
contains  lipids, such as influenza, human
) . . . . membrane and the plasma membrane (PM) of cell.
immunodeficiency virus, Hepadnaviridae, Retroviridae, i :

L o o PHMG can also interact with weakly charged

Caliciviridae, Orthomyxoviridae, Paramyxoviridae, o ] ) )
o . o o membranes containing phosphatidylcholine that is
Reoviridae, Picornaviridae, Adenoviridae, ) ) .
.. typical for eukaryotic cells [7]. The PHMG adsorption
Parvoviridae groups and some others [4]. O
is likely to change the surface charge of the cell

membrane and the transmembrane potential,
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mobility of phospholipids and regular activity of
enzymes.

It is possible to expect that changes of plasma
membrane properties, caused by PHMG adsorption
are capable of changing cellular sensitivity to viruses.
The authors have expected that nontoxic for the cell
concentrations of PHMG can protect cells from some
viruses [7]. To demonstrate antiviral properties of
PHMG, the authors used the primary culture of
fibroblasts of the chicken embryo (FCE) and
interwoven culture of the tracheal cells of calf (TCC).

2. Materials and Methods
2.1 Chemicals

The salts of PHMG chloride (*HCl) and PHMG
(*HOOC-C,H4-COOH) kindly
provided by “Termite” (Rivne, Ukraine). The PHMG
was the mixture of its oligomers with » ranging from
2 to 20 and a mean value of 10. The salts of PHMG
were dissolved in water, phosphate buffer (pH 7.2)

succinate were

and Hanks balanced salt solution at the volume ratio
of 1:9. The water solutions of PHMG salts were used
at the concentrations ranging from 1 x 107 to 1 x
10 % or 0.001 to 100 mg/L (or = 10°-10* mM).

2.2 Cell Cultures and Viruses

The primary culture of fibroblasts of the chicken
embryo (FCE) and interweaved culture of the tracheal
cells of calf (TCC); virus-liquids from group of
Herpesviridae: Equine herpesvirus type 1 (vaccine
strain CB-69) and Rhinotracheitis infectious bovine
(strain TK-A), from group of Retroviridae: Equine
infectious anemia virus (field strain). The average

activity of used virus strain was =~ 100 1g TCDsy/cm’.
2.3 Methods

The cell cultures and laboratory tests were made by
standard methods with modifications [8, 9]. Cells
were grown in the solution that contained a mixture of
199 medium (45%), a minimum Eagle medium or
MEM (45%) and blood serum of cattle (10%). The

monolayer was grown after seeding cell suspensions
in 96-well plastic plates at 0.1 mL per well. PHMG
solution at the concentrations of 0.1, 0.2 and 0.3 mL
per well was placed into the plastic plates where the
monolayer of cells was formed. The nutrient media
was carefully removed from the monolayer before
PHMG addition. PHMG was removed after 15 or 30
min preincubation with the cells. The viral material
was added into the nutrient medium as monolayer
cells were washed with sterile buffer solution and
Hanks. The Hanks solution was kept with the cells for
15 or 30 min instead of PHMG in the control
experiment No. 1. After pretreatment with PHMG and
rinsing with the sterile buffer solution in control
experiment No. 2 the Hanks solution was added to the
monolayer of cells instead of the viral material. Plates
with the monolayer of cells were incubated on air up
to 5-7 days in the thermostat at 37 °C. The state of the
cells monolayer at the determination of cytopathic
viral action and cell destruction was estimated visually
by the binocular laboratory microscope (magnification
x 70).

3. Results and Discussion

The viruscides concentration of PHMG salt that
neutralized the virus was determined upon the
addition
concentration was 10°% higher for PHMG chloride
[7]. Short 15 min pretreatment of FCE monolayer
formed with PHMG chloride at the
concentrations of 10°-10%% reliably protected the

to viruses-containing suspension. This

solutions

cells against viral infection of rhinopneumonia horses
(Equine herpesvirus type 1). The results of these
experiments are represented in Table 1.

PHMG showed a protective effect after washing the
monolayer with a sterile buffer solution and Hanks. It
is, therefore, possible to suggest that its molecules are
closely connected with the PM of the cells and thus
provide an antiviral protection. The virus in the
environment surrounding of the cells remained intact.
It is likely that in this case the PHMG-induced PM
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Table 1 Antiviral effect of PHMG on fibroblasts of the chicken embryo (FCE).

The concentrations

of PHMG chloride. % Condition of the cell monolayer

10* Monolayer remained unchanged during the 3 days of observation, the virus did not damage the cells

10° Monolayer remained unchanged during the 3 days of observation, the virus did not damage the cells

106 Monolayer began to damage within the first 24 h, there were areas of damaged cells, complete destruction
of monolayer during the next 24 h, the virus damaged the cells
During the first 7-12 h monolayer began to damage, there were some areas of destroyed cells, during 12-24

107 h subsequent destruction of the monolayer (~ 90%), on the next day the monolayer was fully destroyed, the
virus damaged the cells

Control No. 1 Monolayer of cells affected by a virus was destroyed within 12-36 h of incubation

Control No. 2 Monolayer was normal, no changes found over 6 days time

P>0.95.

Table 2 The action of virus on the tracheal cells of (TCC) calf after 15 min incubation with PHMG salines.

Cell destruction by the virus, % damaged part of TCC monolayer

The concentrations . ; .
Equine infectious anemia virus

Equine herpesvirus type 1

Rhinotracheitis infectious bovine

of PHMG, %
in 2 days in 6 days in 2 days in 6 days in 2 days in 6 days
PHMG succinate
107 0 0 10 50 0 40
1073 10 50 20 70 20 100
10* 30 100 30 100 40 100
107 70 100 70 100 80 100
PHMG chloride
107 0 0 0 0 0 0
10° 0 0 0 0 0 0
10* 20 70 0 10 10 70
107 30 100 30 100 20 100
Control 80 100 80 100 90 100
P>0.95.

destruction never occurred. Cell monolayer was
infected and destroyed during the first-second days of
No. 1 should this
virus-containing solution was transferred to another
one not treated with PHMG.

Chicken embryo fibroblasts are not quite adequate

incubation as in the control

for the investigation of the action of herpes virus of
horse rhinopneumonia and bovine rhinotracheitis.
Pathogen rhinotracheitis has a pronounced tropism to
epithelial cells of the mucous shells of the upper
respiratory tract and genitals. Therefore, TCC cells
were used for the next set of experiments. The results
of the antiviral action of different PHMG salts
concentrations on TCC monolayer after 15 min
preincubation with PHMG salts are shown in Table 2.
PHMG chloride was found to protect the tracheal

cells from cytopathic action of all tested viruses
within 6 days at the concentrations of 10°-107% after
15 min preincubation time. The concentration of
10% showed only partial antiviral protection, while
the lower concentrations (10°% or less) exhibited
almost no cells protection against the viruses. The
PHMG chloride antiviral action was insufficient on
TCC at the concentrations of 10°-10% that quite
reliably protected fibroblasts against virus infection of
horse rhinopneumonia. This could result from the
structural differences of transformed tracheal cells PM,
and their greater sensitivity towards the most adequate
object, the virus of rthinopneumonia.

The virus protective action of PHMG succinate was
lower. It showed full (Equine infectious anemia virus)
or partial type 1 and

(Equine  herpesvirus
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Rhinotracheitis infectious bovine virus) protective
effect only at the concentration of 107%. At the lower
concentrations PHMG succinate did not protect cells
from damage. The antiviral protection was
insignificant even though in some cases it was all else
observed. Therefore, in the next set of experiments the
time of TCC exposure to PHMG was increased from
15 min to 30 min. PHMG succinate was found to
completely  protect cells from damage by
rhinopneumonia virus (Equine herpesvirus type 1) at a
concentration of 107%. The cytopathic effect of the
virus was not shown within 6 days time interval. The
other strains of viruses weren’t tested in this study.
PHMG succinate at the concentration of 107°%
exhibited only ~50% of antiviral protection. Hence,
the time of PHMG adsorption on the PM depends on
the anionic composition of PHMG salts.

In conclusion, the obtained data suggest that
antiviral protection by PHMG salts depends on their
anionic composition (chloride, succinate or others),
PHMG

polycations bind membrane lipids and lipoproteins

concentration and the incubation time.
and block the adsorption of the virus. Thus, the
antiviral action of PHMG is likely to have no species
specificity since similar results have been obtained for
different types of viruses.

Perhaps, the potential of the cell surface change due
to increased ionic conductivity of the damaged
membrane and the positive charge of the PHMG
molecule. The screening of PM lipid receptors by
PHMG polycation molecules impairs or even prevents
the viruses from penetration into the cells. One may
also suggest that adaptation stress caused by the
adsorption of xenobiotic PHMG on the PM surface
increases the overall cell resistance.

The analysis of the degradation of cell monolayer
indicates that PHMG concentrations insufficient for
the cell protection are still capable of temporary
antiviral action that prevents cells from the damage by
viruses. A similar short-term or semi-protective effect
was shown at the application of specific antibodies or

viral inhibitors. Perhaps, there is a gradual chemical

degradation of the polymer structure or the
phospholipids that lost their properties and functional
significance after incubation with PHMG were
rejected by the cell and removed from the cell PM.

The mechanism of antiviral action of PHMG is
likely to be similar with its antimutagenic action [10].
In this research the authors checked on the possibility
to induce the reverse mutation by the application of
N-methyl-N1-nitro-N-nitrosoguanidine =~ to  some
microorganisms like Salmonella typhimurium. The
efficacy of PHMG protection revealed for this and
other relatively strong mutagens was high enough as it
even prevented the formation of auxotrophic mutants
of pretreated cells. The authors believe that
PHMG-induced membrane action that prevents the
interaction of the mutagen with the intracellular
content including DNA may underlie another
mechanism of PHMG antimutagenic action.

All viruses tested contained lipids in their
membranes. However, those viruses did not contain
fully formed virions, only. Instead, there were viral
particles with and without lipoprotein membrane
formed. It also matters that the charge of polyanion
(and not otherwise) of viral nucleic acid (RNA or
DNA) is negated by electrostatic binding with PHMG

polycation.
4. Conclusions

The antiviral protection of PHMG salts first
revealed in this research may result from the
adsorption of PHMG polycation to the plasma
membrane of target cell and its strong binding with
membrane phospholipids that screen the cell from
virus. To display this effect the concentrations of
PHMG must be higher than those for non-transformed
FCE while processing transformed cells TCC. Short
15 min pretreatment by PHMG chloride at the
concentrations of 10°-10%% protected the monolayer
of fibroblasts against horse rhino pneumonia. PHMG
chloride provided an antiviral protection of the
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tracheal cells monolayer at the concentrations of
10°-107% after 15 min preincubation whilst less
efficient PHMG succinate protected cells at the
concentration of 107% after 30 min preincubation.

References

[1] G. McDonnell, A.D. Russell, Antiseptics and
disinfectants: Activity, action, and resistance, Clinical
Microbiology Reviews 12 (1999) 147-179.

[2] P. Gilbert, L. Moore, Cationic antiseptics: Diversity of
action under a common epithet, Journal of Applied
Microbiology 99 (2005) 703-715.

[3] D. Wei, Q. Ma, Y. Guan, F. Hu, A. Zheng, X. Zhang, et
al., Structural characterization and antibacterial activity
of  oligoguanidine  (polyhexamethylene  guanidine
hydrochloride), Materials Science and Engineering 29 (6)
(2009) 1776-1780.

[4] L Vointseva, P. Gembitsky,
Polyguanidines—Disinfecting Agents and
Multifunctional Additives to Composite Materials, LKM,
Moscow, 2009. (in Russian)

[51 Y.I. Kuznetsov, Physicochemical aspects of metal
corrosion inhibition in aqueous solutions, Russian
Chemical Reviews 73 (2004) 75-87.

[6]

[10]

G. Muller, A. Kramer, Effect of selected wound
antiseptics on adult articular cartilage (bovine sesamoid
bone) in the presence of Escherichia coli and
Staphylococcus aureus, Journal of Orthopedic Research
23 (2005) 127-133.

A. Lysytsya, P. Kryvoshya, O. Shatursky, Effect of
polyhexamethylene  guanidine  hydrochloride  to
plasma membrane of chicken embryo fibroblasts
and in artificial  bilayer lipid  membrane,
Biotechnology 3 (2) (2010) 56-61. (in Ukrainian with
English abstract)

Disinfectology, Laboratory methods and testing of
disinfectants to assess their effectiveness and safety,
Manual (P 4.2.2643-10. 3.5, approved of
Rospotrebnadzor 01.06.2010). (in Russian)

N. Nosik, D. Nosik, P. Derjabin, E. Ivanova, Modern
approaches to the study and evaluation of viruscide
activity of disinfectants, Disinfection Business 1 (2004)
54-57. (in Russian with English abstract)

V.F. Marievsky, LI. Danilenko, A.I. Baranova, T.V.
Strikalenko, T.Y. Nignik, Enhancement of epidemic
and chemical safety of water as a problem of choosing
the new reagents for disinfection, Preventive
Medicine 3 (7) (2009) 53-62. (in Ukrainian with English
abstract)



