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THE IN VITRO ANTIMICROBIAL ACTIVITY OF HIGHLY DISPERSED
SILICA AND POLYHEXAMETHYLENE GUANIDINE HYDROCHLORIDE
COMPOSITE FOR TREATING LOCAL INFECTIONS

Antimicrobial drug resistance (ADR) is an urgent global problem for all countries; it has a negative effect on the treat-
ment outcome of patients. The problem can be solved by creating and introducing new antimicrobial compounds and
complex drugs. Development of the combined antimicrobial agent which would show the expressed antimicrobial ac-
tion and sorption properties remains relevant. Polyhexamethylenguanidine hydrochloride (PHMG-HC), being a high-
molecular cationic surfactant of the guanidine group, was chosen as an antimicrobial component.

Aim. To determine the antimicrobial activity of highly dispersed silica (HDS), a composite (code name CMU-211) of
HDS and PHMG-HC, and PHMG-HC polymer solution.

Materials and methods. 5% suspension of HDS modified by PHMG-HC polymer, 5 % suspension of HDS and 20 % aque-
ous solution of polyhexamethyleneguanidine hydrochloride were used in the work. The antimicrobial activity of sub-
stances was studied using test-strains of such microorganisms as Escherichia coli, Staphylococcus aureus, Pseudomonas
aeruginosa, Salmonella enterica, Klebsiella pneumoniae, and Candida albicans.

Results. The composite HDS/PHMG-HC has been shown to have a high activity against C. albicans and S. aureus with
the minimum inhibitory concentration (MIC) of ~10 pg/mL (calculated with reference to HDS/PHMG-HC), as well as
the marked effect against E. coli (MIC of ~20 pg/mL), S. enterica (MIC of MIC ~40 pg/mL) and P, aeruginosa (MIC ~40 pug/mL).
The relatively low activity of CMU-211 was reported against K. pneumoniae (MIC ~ 80 pg/mL). The activity of the com-
posite HDS/PHMG-HC was similar to those of PHMG-HC.

Conclusions. The composite HDS/PHMG-HC developed exhibits the marked antibacterial activity against gram-posi-
tive, gram-negative microorganisms, as well as C. albicans.

Key words: antibacterial activity; antibiotic resistance; antifungal action; polyhexamethyleneguanidine hydrochloride;
silica nanoparticles
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AHTHMIKPOGHA aKTHBHICTb in vitro HAHOAUCIEPCHOTO KPeMHe3€eMY i KOMIO3UTY
noJiireKkcaMeTU/JIeHryaHiAUHY riApoxJiopuay AJs JiKyBaHHS MicueBHUX iHQeKin

Pe3nCcTeHTHICTD /10 aHTUMIKPOOHUX IPenapaTiB € aKTyaIbHOI0 PO6JIEMOI0 JIJIsT BCIX KpaiH CBITY, 110 HEraTUBHO BIJIM-
BAa€ Ha pe3yJIbTaTH JIiKyBaHHS XBOPUX. BUpIlIMTH ocTaB/IeHy PO6JIeMy MOXHA ILIJISIXOM CTBOPEHHS Ta BIPOBAa/PKEH-
HSl HOBUX aHTUMIKPOGHUX CIIOJIYK Ta KOMILJIEKCHHUX JIIKapCBKUX 3aC00iB. AKTYa/IbHUM 3aJIMIIAETHCS PO3POOKA KOM-
6iHOBAHOTr0 aHTHMIKPOOGHOTO 3aC00Y, AKUH 61 MPOSIBJISAB BUPAXKEHY aHTHMIKPOOHY /iif0 Ta cOpOLiiHiI BJaCTUBOCTI.
B sikocTi aHTUMiKpO6GHOT0 KOMIIOHEHTY 6yJ/10 06paHo HoJirekcaMeTuaeHryatiauny riapoxmaopug (III'MI-I'X), wo €
BHCOKOMOJIEKYJIIPHOIO KaTIOHHO0 TOBEPXHEBO-aKTUBHOIO PEYOBHUHOIO IPYIH I'yaHiJUHIB.

MeTa. BU3HAaUMTH aHTUMIKPOOHY aKTHUBHICTb cycneH3il HaHogucnepcHoro kpemHesemy (H/ZK), komnosuty HAK Ta
[IF'MI'-I'X i po3uuny noJsimepa [II'MI-T'X.

Marepiasu Ta MeTOAU. B po6oTi G6ysia BuKopuctaHa 5 % cycnensia HJK, moaudikoBana noximepom [II'MI-T'X; 5 %
cycnensisg HAK ta 20 % BojHUI pO34YMH NoJlirekcaMeTU/IeHTYaHIAUHY rifpoxaopuay. JocaifaxeHHs1 aHTUMIKpo6-
HOI aKTUBHOCTi pe4OBHH NPOBOJAUJIMN Ha MiKpoopraHiamax: Escherichia coli; Staphylococcus aureus; Pseudomonas
aeruginosa; Salmonella enterica; Klebsiella pneumoniae; Candida albicans.

Pe3ynbraTu. Komnosut HAK/III'MI'-I'X Mae BUcOKy akTUBHIcTb npoTH C. albicans i S. aureus 3 MIK ~10 MKkr/mn
(v mepepaxyHnky Ha [II'MI'-I'X) i Bupaxxeny aktuBHicTb npoTH E. coli (MIC ~20 mkr/mn), S. enterica (MIC ~40 Mxr/mu)
i P. aeruginosa (MIC ~40 mMxr/mu1). BijHOCHO HU3bKY aKTUBHicTb KoMno3uT HJAK/IITMI'-I'X nposiBuB mozo K. pneumo-
niae (MIC ~80 mMkr/mu). AktTuBHicTb Komnosuty HJAK/II'MI'-I'X 6yna noai6Ha go Takoi x y I[I'MI-T'X.

BucHoBKHU. Po3po6sennit komnosut HAK/IITMI-I'X nposiB/isie BUpa)keHy aHTH6aKTepiasbHy Ailo 11010 rPaMIO3H-
THUBHUX, [PaMHEraTUBHUX MiKpoopraHi3MiB, a Takox C. albicans.

Katouosi cio0ea: anTub6akTepiasbHa aKTUBHICTh; aHTHUGI0THKOPE3UCTEHTHICTh; IPOTUTPHOKOBA aKTHUBHICTB; TOJIi-
rekcaMeTHuJIeHTyaHiJUHY Ti[pOXJIOPHUJ; HAHOUYACTUHKU KpeMHe3eMy
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HpOTHBOMHKpOﬁHaH AKTHUBHOCTb in vitro HAHOAUCIEPCHOIo KpeMHe3€eMad U KOMIIO3UTa
MNOJIMT€eKCAMETHW/IEHT'YaHUJUHA THAPOXJIOpU A AJIA JIEYEHUA MECTHBIX I/IH(l)EKI.lPlﬁ

Pe3ncTeHTHOCTb K aHTUMHUKPOOHBIM IIpenapaTaM fABJISAETCA aKTyaJbHOW Mpo6sieMOH A1 BCero MUpa, KOTopas He-
raTUBHO BJIMSIET HAa Pe3y/IbTaThl JIedeHHs 60JIbHBIX. PEIINTb NOCTaBJIEHHYI0 NP06ieMy MOXKHO NyTeM CO3JaHUs U
BHE/IpEHHS HOBbIX aHTUMUKPOGHBIX COeJUHEHUH M KOMIIJIEKCHBIX JIEKAPCTBEHHBIX CPE/CTB. AKTYa/IbHBIM OCTAETCS
pa3paboTka KOMGMHHPOBAHHOI0 aHTUMHUKPOGHOTO CPe/ICTBA, KOTOPOE ObI NPOSIBJISA/IO BEIPAXKEHHOE aHTUMHUKPOGHOE
JleicTBHe U cOPOLMOHHbIe CBOHCTBA. B KauecTBe NPOTHUBOMHUKPOOGHOTO KOMIIOHEHTA OblJI H36paH MOJUTeKCaMeTH-
JieHryaHuanHa ruapoxsaopus (IITMI-I'X), KOTOpbIH SIBJISETCS BHICOKOMOJIEKY/ISIPHBIM KATHOHHBIM I0BEPXHOCTHO-aKTHB-
HBIM BellleCTBOM I'PYIIbI TYaHHU/JMHA.

Ilesas. Onpese/IMTh IPOTUBOMUKPOOHYIO aKTUBHOCTb CyCIIeH3UM HaHoucnepcHoro kpeMHeseMa (HZIK), koMnosuTa
HZK u [I'MI'-T'X u pactBopa nosumepa [II'MI'-T'X.

MaTepuaJbl U MeToAbI. B pa6oTe 6b11u ucnosb3oBanbl 5 % cycnensusa HAK, mogudrunupoBaHHas nojiumMepom
[I'MI-T'X; 5 % cycnensusa HAK u 20 % BojgHBIN pacTBOp MoJIMreKcaMeTU/IeHTyaHUAUHA THpoxaopuja. UccienoBanue
AHTUMHUKPOOHOH aKTHBHOCTH BelleCTB MPOBOAMIN Ha MUKpoopraHuamax: Escherichia coli; Staphylococcus aureus;
Pseudomonas aeruginosa; Salmonella enterica; Klebsiella pneumoniae; Candida albicans.

PesynsraTel. Komnosut HAK/IITMI-T'X 06.1ajaeT BbICOKOH akTUBHOCTbI0 poTuB C. albicans w S. aureus c MUK ~10 Mkr/mi
(B mepecuete Ha [I'MI-I'X) 1 BbIpaxKeHHOM akTUBHOCTBIO POTUB E. coli (MIC ~20 mkr/mu), S. enterica (MIC ~40 mMxr/mu) 1
P. aeruginosa (MIC ~40 mkr/mi). OTHOCUTE/IbHO HU3KYI0 aKTUBHOCTb KoMno3uT H/AK/II'MI-T'X nposiBun k K. pneumoniae
(MIC ~ 80 mxkr/mu). AktuBHOCTb KoMno3uta HJK/II'MTI'-T'X 6b11a cxomHa ¢ TakoBo# y [ITMI-T'X.

BoiBoAbI. Pazpa6oTanubiil komno3uT HJAK/III'MI-T'X nposiB/isieT BolpakeHHOE aHTUOAKTEPUAIbHOE JIEUCTBUE IO OT-
HOLIEHUIO K IPaMII0JIOKUTEIbHBIM, FPaMOTPHUIIATEIbHBIM MUKPOOpraHu3MaM, a Takxe C. albicans.

Kawuesvle cn08a: anTubaKkTepraibHasA aKTHBHOCTb; aHTUOMOTHUKOPE3UCTEHTHOCTD; TPOTUBOTPHUOKOBAs aKTUBHOCTD;

MOoJIMreKCaMeTUJIEHIT'YaHUAUHA TUAPOXJIOPHU; HAHOYACTHUIL bl KpeMHe3eMa

Antimicrobial drug resistance (ADR) is an
urgent global problem for all countries; it
has a negative effect on the treatment outcome of
patients. Currently, ADR is going beyond purely me-
dical issues and becoming of great social and eco-
nomic importance [1].

Staphylococcus aureus plays a leading role in de-
velopment of nosocomial pyoinflammatory infections
and, recently, there is an increase in its resistance
to great part of antimicrobial drugs (AMD) used in
clinical practice [2]. Furthermore, this prevalence
of resistance has significant variations in different
countries [3].

There is also an increase in AMD resistance of
Escherichia coli strains [4], which are the leading
cause of nosocomial pyoinflammatory infections [3, 5].
Other problematic drug-resistant pathogens encoun-
tered today include Klebsiella pneumoniae, Pseudo-
monas aeruginosa, Salmonella enterica, and Candi-
da albicans [6].

The problem can be solved through development
and implementation of novel antimicrobial com-
pounds and combination drugs.

Cationic amphiphilic polymers, including poly-
hexamethylene guanidine hydrochloride (PHMG-HC),
are among the promising antimicrobial agents for
topical use [7]. Representatives of the polymeric
guanidine family have a broad spectrum of activi-
ty against gram-positive, gram-negative bacteria,
fungi, and yeast. PHMG-HC has received increasing
attention in recent years since this compound can
be developed as a highly effective disinfectant in

combination with other substances and it can be
bound to the substrate material to create covalent-
ly bound, nonleaching antimicrobial surfaces [8].

The bactericidal effect of PHMG-HC is based on
binding of positively charged disinfectant molecu-
les to the cytosolic membrane and lipopolysaccha-
rides or murein of the cell wall. Bacterial cell death
caused by critical changes in the areas being in con-
tact with a disinfectant is followed by the cell wall
destruction and cell lysis [9, 10].

As for a sorbent, over the past 15 years the re-
search on the properties of highly dispersed silica
(HDS) has been conducted at the Pharmacology De-
partment of Bogomolets National Medical Univer-
sity (Kyiv, Ukraine) together with Chuiko Institute
of Surface Chemistry of the National Academy of
Sciences (NAS) of Ukraine. The HDS suspension has
been found to possess pronounced absorption pro-
perties and reduce the toxicity of xenobiotics with
different mechanisms of toxic action and chemical
structure [11].

The development of a combined antimicrobial
agent with the marked antimicrobial activity and
absorption properties represents the continued sci-
entific cooperation between the Pharmacology De-
partment of Bogomolets National Medical Univer-
sity and Chuiko Institute of Surface Chemistry of the
NAS of Ukraine. As a result of this cooperation, the
composite of HDS+PHMG-HC have been developed.

The aim of the work was to determine the in
vitro antimicrobial activity of highly dispersed sili-
ca (HDS, code name CMU-212), a composite (code
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name CMU-211) of HDS + PHMG-HC, and PHMG-HC
polymer solution as a reference against standard
test-strains.

Materials and methods

Substances. The following substances were tested
in the study:

e CMU-211, which is 5 % HDS suspension modified
with PHMG-HC in the ratio of 200 mg of the poly-
mer per 1 g of silica;

e (CMU-212, which is 5 % HDS suspension;

¢ 1% aqueous solution of PHMG-HC.

CMU-211 and CMU-212 were obtained at Chuiko
Institute of Surface Chemistry of the NAS of Ukraine.
CMU-212 is 5 % stabilized suspension of highly dis-
persed silica (i.e., 5 g of Si0, in 100 g of the suspen-
sion). CMU-211 is also the same 5 % suspension of
highly dispersed silica, which additionally contains
PHMG-HC in the ratio of 5:1 (i.e. 5 gof Si0,and 1 g
of PHMG-HC per 100 g of the suspension). In the
ratio of 200 mg of PHMG-HC per 1 g of silica a mo-
nolayer of adsorbed polymer is formed.

Microbial strains used. To assess the antimicro-
bial activity of the substances tested the following
microbial strains were used: Escherichia coli UCM
B-906, Staphylococcus aureus UCM B-918, Pseudo-
monas aeruginosa UCM B-900, Salmonella enterica
UCM B-921, Klebsiella pneumonia UCM B-920, and
Candida albicans UCM Y-1918. These strains were
obtained from the Ukrainian Collection of Micro-
organisms (UCM) of D. K. Zabolotny Institute of
Microbiology and Virology of the NAS of Ukraine.
These microorganisms are the test strains to deter-
mine the antimicrobial activity of medicines [12].

Nutrient media. The LB liquid medium (Luria-
Bertani broth, Merck, Germany) was used in prepa-
ration of the initial and working suspensions of mic-
roorganisms and test substances, as well as deter-
mination of the minimum inhibitory concentrations
(MIC) of the test substances. The LB solid nutrient
medium (Luria-Bertani medium, Merck, Germany)
in Petri dishes was used to obtain twenty-four-hour
cultures of microorganisms and determine the
minimum bactericidal/fungicidal concentrations
(MBC/MFC) when it was inoculated with aliquots
of test and control suspensions.

The study of the antimicrobial activity of the test
substances. For each species of microorganisms a
line of 12 test-tubes was prepared. All test-tubes
were filled with 0.5 ml of the LB medium. The first
test-tube of each line was filled with 0.5 ml of the
working solution of the corresponding substance
(CMU-211, CMU-212 or PHMG-HC), and double se-
rial dilutions were then prepared.

Twenty-four-hour cultures of microorganisms
were obtained via cultivation on a slant solid LB me-
dium at 37 °C for 18-24 h. Initial microbial suspen-
sions with turbidity corresponding to 0.5 McFarland

standard (1.5x108 CFU/ml) were prepared using
24-hour cultures. Working suspensions of micro-
organisms were obtained after dilution of the ini-
tial suspensions in the ratio of 1:5 (v/v).

After that 0.5 ml portions of each working sus-
pension were transferred into test-tubes contain-
ing prepared double dilution of the corresponding
test substance (CMU-211, CMU-212 or PHMG-HC).
Therefore, the final volume of the solution in the
experimental test-tubes was up to 1 mL. The titers
of S. aureus, E. coli, P. aeruginosa, S. enterica, and
K. pneumoniae were 107 CFU/mL, whereas the titer
of C. albicans was 10° CFU/ml, which correspond-
ed to the experimental procedure requirements.

The effect of CMU-211 on microorganisms was
studied using 15 mg/mL as the initial concentration
which corresponded to 12.5 mg of HDS and 2.5 mg of
PHMG-HC per 1 mL of the suspension. For CMU-212
the initial concentration was 12.5 mg/mL of A-300
HDS suspension. Ultimately, as the starting concen-
tration of PHMG-HC 2.5 mg/mL was used.

As for CMU-211, the final concentrations of HDS
and PHMG-HC in the last (12%) test-tube were 6.1 pg/mL
and 1.22 pg/mlL, respectively. For CMU-212 the fi-
nal concentration of HDS was 6.1 pg/mL, whereas
the final concentration of 1.22 pg/mL was used in
the PHMG-HC series.

The experimental samples were compared with
the negative controls of the microbial growth using
the adjustments for suspension turbidity accord-
ing to the negative controls of the substance purity.
For each experimental series of test-tubes, the first
concentration with no visible growth of microor-
ganisms was determined. This concentration was
denoted as the minimum inhibitory (bacteriostatic)
concentration (MIC) of the corresponding substance
with respect to a particular species of microorgan-
isms.

The next step was to determine the minimum
bactericidal concentration (MBC) of the substances.
In this regard, 200 pL portions of the suspension
taken from all experimental samples with no visible
growth and from all control test-tubes were inocu-
lated on Petri dishes with the solid LB medium.
After uniform distribution of each suspension on
the surface of agar and its drying plates were incu-
bated at 37 °C for 24 h in a thermostat. Then in each
area of the sample application colonies formed were
counted, they indicated the number of viable mic-
roorganisms in the corresponding bacterial suspen-
sions. This parameter was expressed as colony for-
ming units (CFU). The minimum bactericidal (fun-
gicidal) concentration of the corresponding sub-
stance in relation to the species of microorganisms
studied was determined by the first concentration,
in which the growth in the microbial suspension
aliquots applied on the solid medium was less than
200 CFU. The above mentioned concentration for
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Table
The antimicrobial activity of the composite of highly dispersed silica (HDS)
and polyhexamethylene guanidine hydrochloride (PHMG-HC), as well as their components
alone in relation to the test strains of microorganisms
HDS and PHMG-HC (CMU-211) PHMG-HC Al
(CMU-212)
Species of
microorganisms MIC, pg/mL MBC, pg/mL MIC, pg/mL | MBC, pg/mL | MIC, ug/mL
In relation to In relation to
Substance PHMG-HC Substance PHMG-HC Substance | Substance | Substance
Escherichia coli
UCM B-906 117.19 19.53 234.37 39.06 19.53 19.53 >12,500
Staphylococcus
aureus 58.6 9.77 117.19 19.53 4.88 19.53 >12,500
UCM B-918
Pseudomonas
aeruginosa 234.37 39.06 468.76 78.13 39.06 78.13 >12,500
UCM B-900
Salmonella
enterica 234.37 39.06 234.37 39.06 19.53 19.53 >12,500
UCM B-921
Klebsiella
pneumoniae 468.76 78.13 468.76 78.13 39.06 39.06 >12,500
UCM B-920
Candida albicans v % "
UCM Y-1918 58.6 9.77 117.19 19.53 4.88 9.77 >12,500

Note. * The minimum fungicidal concentration (MFC) is denoted. HDS = highly dispersed silica; MIC = minimum inhibitory
concentration; MBC = minimum bactericidal concentration; PHMG-HC = polyhexamethylene guanidine hydrochloride.

S. aureus, E. coli, P aeruginosa, S. enterica, and K. pneu-
moniae were denoted as MBC. For C. albicans, the
appropriate term ‘minimum fungicidal concentra-
tion (MFC)’ was used. The cultures from the posi-
tive and negative controls of growth were assessed
on the presence of the confluent growth, and the
cultures from the negative controls of the medium
and purity of substances were assessed on the ab-
sence of the microbial growth. If these requirements
for control samples were met, the experiment was
considered to be conducted appropriately.

Results and discussion

The data obtained suggest that CMU-211, CMU-212
and PHMG-HC solution had different influence on
the microorganisms tested (see Tab.).

The antimicrobial activity of CMU-211 (HDS suspen-
sion modified with PHMG-HC). MICs of CMU-211 against
S. aureus and C. albicans were the lowest and were
equal to 48.83/9.77 pg/mL. (Hereinafter, consider-
ing the content of CMU-211 the first figure denotes
the actual concentration of HDS A-300 and the se-
cond figure stands for the actual concentration of
PHMG-HC in the nutrient medium). However, MIC
of CMU-211 against E. coli was slightly higher and in
numerical terms was 97.66/19.53 pg/mL. Among
other representatives of Enterobacteriaceae family
Escherichia had the highest sensitivity to CMU-211.

However, to achieve MIC for S. enterica the concen-
tration of CMU-211 needs to be two times higher
(195.31/39.06 ug/mL). K. pneumoniae appearred
to be the most resistant, and it was required at least
390.63/78.13 pg/mL of CMU-211 to inhibit its mul-
tiplication. P. aeruginosa was also characterized by
high resistance to the substance since its MIC was
the same as that of S. enterica and was equal to
195.31/39.06 pg/mL. Thus, CMU-211 had the most
prominent inhibitory effect against S. aureus and
C. albicans, while the weakest effect was on K. pneu-
moniae (see Tab.).

The assessment of MBCs showed that bacterio-
static concentration of CMU-211 against S. enterica
and K. pneumoniae was also proved to be bacteri-
cidal. However, the concentrations of the substance
had to be twice as high as MICs to ensure the bacte-
ricidal (fungicidal) effect on other microorganisms
studied. Therefore, for CMU-211, the lowest MBCs/MFCs
0f 97.66/19.53 pg/mL were proven to be against
S. aureus and C. albicans. On the other hand, the
highest MBCs of 390.63/78.13 pug/mL were found
for K. pneumoniae and P. aeruginosa (see Tab.).

The antimicrobial activity of CMU-212 (HDS suspen-
sion). The antimicrobial properties of CMU-212, a
suspension of HDS A-300 and one of the components
of CMU-211, were also studied. It was found that
CMU-212 failed to show the antimicrobial effect on
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all microorganisms tested. Application of this sub-
stance in the maximum concentration of 12.500 pg/mL
did not cause growth retardation in the test strains
of microorganisms in the liquid medium. Plating of
microorganisms incubated with the whole range
of the test concentrations in test-tubes on the solid
medium proved their viability since they demon-
strated a confluent growth on the surface. Hence, it
was concluded that CMU-212 failed to show the an-
timicrobial activity against the test strains (see Tab.).

The antimicrobial activity of PHMG-HC. The data
obtained showed that PHMG-HC solution had a high
level of the antimicrobial activity against the test
strains studied. The indicators of MIC for this sub-
stance appeared to be the lowest for S. aureus and
C. albicans (4.88 pg/mL). E. coli and S. enterica were
less sensitive to PHMG-HC and demonstrated no growth
in the presence of 19.53 ng PHMG-HC per 1 mL.
Among the representatives of the Enterobacteria-
ceae family used in the study K. pneumoniae sho-
wed the highest resistance since the bacteriostatic
effect was obvious only when the concentration of
PHMG-HC was 39.06 pg/mL. P aeruginosa appeared
to have the similar level of resistance. Therefore,
PHMG-HC was the most active in inhibiting the
growth of E. coli and S. enterica, but it was 8 times
less effective against K. pneumoniae and P. aerugi-
nosa (see Tab.).

Summarizing the results of the antimicrobial ac-
tivity assessment it should be noted that CMU-211
has a high activity against C. albicans and S. aureus
and a marked effect on E. coli and S. enterica. The re-
latively low activity of CMU-211 was reported against
K. pneumoniae and P. aeruginosa, however, the ef-
fect on P aeruginosa was consistent with the activity
of PHMG-HC applied alone.

According to the multiplicity of difference be-
tween MICs and MBCs/MFC for individual species of
microorganisms the activity of the HDS + PHMG-HC
composite (i.e. CMU-211) is similar to that of PHMG-HC
(see Tab.). Thus, a twofold increase in the concen-
tration of both substances converts the bacterio-
static/fungistatic effect against P. aeruginosa and
C. albicans into a bactericidal and fungicidal effect,
respectively. PHMG-HC demonstrated more promi-
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nent growth-inhibiting effect against S. aureus (MIC
of PHMG-HC was 4.88 pug/mL vs 9.77 pg/mL for
CMU-211), but the MBC values were the same for
both substances (19.53 pg/mL). The antimicrobial
activity against E. coli was higher with PHMG-HC
since the MBC/MIC ratio was equal to 1; however,
the HDS+PHMG-HC composite gave the MBC/MIC
ratio of 2. For other microorganisms, the MBC/MIC
ratios were the same for both substances and were
equal to 1.

As far as we know, no similar studies assessing the
antimicrobial activity of the HDS + PHMG-HC com-
posite were found in the available literature. Qulé et
al. [9] studied the antimicrobial activity of PHMG-HC
and showed that complete death of E. coli could be
achieved when this substance was applied in the
concentration of 0.005 %. According to Gregirchak
etal. [13] MIC of PHMG-HC for E. coli and S. aureus
was 19 pg/mL and 9 pg/mL, respectively, it was
close to the estimates obtained in our study.

CONCLUSIONS

1. The 5 % suspension of HDS modified with
PHMG-HC polymer added in the ratio of 5:1 (i.e.
200 mg of the polymer per 1 g of the suspension)
developed at the Chuiko Institute of Surface Che-
mistry of the NAS of Ukraine, exhibits the marked
antibacterial activity against gram-positive, gram-
negative microorganisms, as well as C. albicans.

2. This HDS+PHMG-HC composite (CMU-211)
has showed the highest activity against S. aureus
and C. albicans. MIC and MBC/MFC are 9.77 pg/mL
and 19.53 pg/mlL, respectively, calculated with ref-
erence to PHMG-HC.

3. The composite has been found to have diffe-
rent activities against gram-positive and gram-nega-
tive bacteria. Gram-negative microorganisms, such
as E. coli, P aeruginosa, S. enterica and K. pneumo-
nia, have been found to have slightly lower sensi-
tivity to the composite compared to the gram-pos-
itive S. aureus. It is assumed that this difference may
be associated with the peculiarities of the bacterial
wall structure. However, these hypothesis needs fur-
ther testing.
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