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The microbiological studies of "Propolis-Derma” medicated products (“Propolis-PNH’, “Propolis-PSC” and “Propolis-PCD”)
with the antifungal, antimicrobial and keratolytic activity developed for the treatment of dermatomycoses, pityriasis versi-
color, as well as diseases caused by yeast-like fungi of Candida genus have been carried out. The results of the experiments
conducted indicate that the test samples studied show marked antagonistic properties against gram-positive bacteria
(S. aureus, B. subtilis), the selective antibacterial ability in relation to E. Coli and the expressed antifungal action against
the strains of Candida albicans genus. It has been determined that the pharmaceutical compositions proposed do not re-
veal the adverse action and comply with the requirements of the State Pharmacopeia of Ukraine. They can be used to treat
mycoses in conditions of high resistance of fungi to traditional antifungal drugs.

nder present-day condi-

tions pathogens of fungal
diseases or dermatomycoses are
pathogenic fungi parasitizing on
the human skin and mucous mem-
branes [2, 3]. Data from current
literature sources indicate that
their amount has considerably in-
creased in recent years, therefore,
dermatologists rather often have
to diagnose pathologies with der-
matophytes, yeast-like fungi of Can-
dida genus, molds and dimorphic
fungi, etc. [1]. According to the
WHO data every fifth inhabitant
of our planet is prone to affection
of fungal infection [17]. Among my-
coses of various degree, the fun-
gal diseases of the feet (athlete’s
foot) and nail disorders (onycho-
mycoses) are the most often. Usually
the source of spreading the in-
fection is the sick persons; how-
ever, some fungal infections are
natural part of the microflora of
a healthy person.

For development of affections
of the skin and nails certain con-
ditions are necessary, they inclu-
de weakening of both general and
local immunity, diseases of the en-
docrine system, dysfunction of the

skin that is a barrier between ex-
ternal and internal environment
of the body, excessive sweating,
etc. [14].

First symptoms of the fungal
lesion are itching, discolouration,
appearance of inflammations and
the skin flaking on the affected
areas. However, the main danger
is not discomfort, but the waste
products of fungi that exhibit to-
xic effects on the patient’s orga-
nism [2, 8, 14]. Over time it can
lead to deformation of the skin,
bacterial and viral complications,
therefore, treatment of skin fun-
gal diseases should be as soon as
possible when the first signs appear.

When choosing the pharma-
cotherapy of fungal infections the
preference should be given to sub-
stances and drugs that exhibit a
wide range of the therapeutic ac-
tivity In this respect, the products
of beekeeping and their combina-
tions with biologically active sub-
stances of natural and synthetic
origin, namely the tincture of pro-
polis, dimethylsulphoxide, econa-
zole nitrate, chlorhexidine diglu-
conate, naftifine hydrochloride, the
propolis phenolic hydrophobic drug
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(PPHD), the aqueous extract of pro-
polis, etc., are of particular impor-
tance, in our opinion [18].

As aforesaid, the search for new
effective antifungal drugs is also
one of the pressing problems of
practical healthcare.

The pharmaceutical composi-
tions under the conditional name
“Propolis-Derma” (“Propolis-PNH",
“Propolis-PSC” and “Propolis-PCD”)
have been developed for the treat-
ment of dermatomycoses, pityria-
sis versicolor, as well as diseases
caused by yeast-like fungi of Can-
dida genus [4, 5]. According to the
data of pharmacological tests the
active pharmaceutical ingredients
in the composition of water-alco-
hol solutions of “Propolis-Derma”
act on the process of sterol bio-
synthesis and reduce the activi-
ty of squalene epoxidase enzyme
in cellular membranes of fungi, re-
sulting in their death. “Propolis-
PNH”, “Propolis-PSC” and “Propo-
lis-PCD” drugs show the fungici-
dal and fungistatic action in rela-
tion to yeast fungi and the fungi-
cidal action in relation to derma-
tophytes, molds and dimorphic
fungi; they are recommended for
use in mycosis of the scalp, skin
candidiasis, dermatomycosis of
the trunk and extremities.

[t is known from the literary
sources that modern antifungal
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Table 1

The composition of “Propolis-Derma” pharmaceutical
compositions with the antifungal, antimicrobial
and keratolytic action

e, 03 i = Composition of the sample Amount, %
of the sample
" : " Naftifine hydrochloride 0.1
1.“Propolis-PNH Tincture of propolis 99.9
Chlorquinaldol 2.0
M . pen Tincture of propolis 77.2
2."Propolis-PSC Salicylic acid 0.8
96% ethanol 20.0
Chlorhexidine digluconate 8.0
3.“Propolis-PCD” Tincture of propolis 72.0
96% ethanol 20.0

agents should be presented in se-
veral dosage forms, each of which
with certain advantages, it allows
to satisfy the needs of different
groups of patients providing them
the minimum dosage frequency
for convenience [9]. In fungal af-
fections accompanied with the in-
creased skin dryness and crack-
ing it is recommended to apply
the cream. On the contrary, if a
patient complains about itching
and appearance of moist areas on
the skin, it is worth to offer a der-
matological gel. To treat hair (mic-
rosporia), body folds (candidiasis)
or significant skin areas (pityria-
sis versicolor) it is recommended
to use a spray, which can be also
useful for footwear or underwear,
in particular socks, and it will be
able to improve efficacy of treat-
ing fungal pathologies.

The availability of different do-
sage forms provides a comfortab-
le therapy for any form of fungal
skin lesions. It should be noted
that frequency of application and
duration of therapy with “Propo-
lis-Derma” medicated products de-
pend on the nature and severity
of the pathological process.

Materials and Methods

The aim of this work is to de-
velop “Propolis-Derma” pharma-
ceutical compositions with the an-
tifungal, antimicrobial and kera-
tolytic activity. Due to the optimal
ratio active substances and exci-

pients they can exhibit a high the-
rapeutic effect in mixed infectious
diseases of the skin and provide a
wider range of the fungicidal and
antimicrobial action. The compo-
sitions under research are “Pro-
polis-PNH”, “Propolis-PSC” and
“Propolis-PCD”, and they contain:
1) the tincture of propolis and naf-
tifine hydrochloride; 2) tincture
of propolis, chlorquinaldol, sali-
cylic acid and ethanol; 3) the tinc-
ture of propolis, chlorhexidine hyd-
rochloride and ethanol [5, 6, 7].
The compositions of the experi-
mental samples of drugs are pre-
sented in Table 1.

The pharmaceutical compo-
sitions developed (Tab. 1) were
subjected to microbiological acti-
vity tests conducted at the State
Institution “Institute of Microbio-
logy and Immunology named af-
ter L.L.Mechnikov of the National
Academy of Medical Sciences of
Ukraine” under the supervision
of the head of the Laboratory of
Biochemistry of Microorganisms
and Nutrient Media, Candidate of
Biology, senior researcher T.P.Oso-
lodchenko.

The antimicrobial activity of
the experimental samples of “Pro-
polis-Derma” was determined by
the agar (well) diffusion method.
A set of reference strains of such
microorganisms as S. aureus ATSS
6538, E. coli ATSS 8739, P. aerugi-
nosa ATSS 9027, B. subtilis ATSS
6633, C. albicans ATSS 1023 1 and

clinical strains of Candida fungi
were used in the study. The gene-
ral plan of the research was as fol-
lows: tests were carried out by the
method based on the ability of me-
dicinal substances to penetrate into
agar.

Petri dishes were filled with
two layers of the solid medium.
The lower layer was 10 ml of the
melted starvation agar (medium 3),
the upper layer was the nutrient
medium for the corresponding test
strain. After cooling of the lower
layer of agar three steel thin-wal-
led cylinders (the internal dia-
meter - 6.0£0.1 mm, the height -
10.0£0.1 mm) were placed at an
equal distance from each other
and from the edge of the dish.
Around the cylinders the upper
layer was filled with 13.5 ml of the
melted agar cooled to 45-48°C,
mixed with the inoculation dose
of a test microorganism (1.5 ml
of the microbial suspension with
the concentration corresponding
to the type of a microorganism).
After cooling of the upper layer of
agar the cylinders were removed
by a sterile forceps, and 0.25-
0.3 ml of the drug studied was
placed in the wells.

Processing of the results was
conducted in 24 hours by measu-
ring the inhibition zone, including
the diameter of wells. Measure-
ments were performed with the
accuracy up to 1 mm taking into
account the complete absence of
visible growth.

The results obtained were as-
sessed by the following criteria:
e a6 mm diameter area was as-

sessed as the absence of the

antimicrobial effect;

e a7-14 mm diameter area -
as a negligible antimicrobial
effect;

e a15-19 mm diameter area -
as a moderate antimicrobial
effect;

¢ a20 mm and more - as a high
antimicrobial effect.

The data obtained were ana-
lysed by the methods of variation
statistics. The acceptable signifi-
cance level is p < 0.05.
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Table 2

The results of growth inhibition of microorganisms in “Propolis-Derma” drugs under study

The inhibition zone, mm

Name of the sample
S. aureus E. coli B. subtilis P. aeruginosa C. albicans
Sample 1 “Propolis-PNH”" 20 30 * *
Sample 2 “Propolis-PSC” 25 30 * *
Sample 3 “Propolis-PCD” 25 30 * *

Note: “~" - the inhibition zone is absent;

Results and Discussion

The results of the antimicro-
bial activity screening (Tab. 2) in-
dicate the ability of the test sam-
ples studied inhibit the growth of
microorganisms. The results of this
work show that these test sam-
ples exhibit marked antagonistic
properties against gram-positive
bacteria (S. aureus, B. subtilis) and
the selective antibacterial ability
in relation to E. coli.

Considering the expressed ac-
tivity in relation to fungi of Can-
dida genus it was expedient to fo-
cus on determining the antifun-
gal abilities of the samples of the
drugs under study. In our expe-
riments the reference culture of
C. albicans and some cultures of
Candida genus fungi isolated in a
clinical setting were used. The fun-
gi of Candida albicans genus freshly
isolated showed the whole com-
plex of signs inherent to this type
of fungi. The results of the exper-
iment are presented in Table 3.

The results of the screening
in determining the sensitivity of
Candida albicans genus fungi to
the samples of “Propolis-Derma”
pharmaceutical compositions sho-
wed that the reference culture and
clinical strains of Candida albicans
genus fungi were the most sensi-

uxn

- samples require repeated studies.

tive to test samples 1 “Propolis-
PNH” and 2 “Propolis-PSC” (the in-
hibition zone ranged within 40-
55 mm). One should also note the
high sensitivity of clinical strains
to these drugs compared with the
reference culture and the presen-
ce of a high fungicidal activity in
samples 1 and 2 and a moderate
activity in sample 3 “Propolis-PCD”.
Considering analysis of the li-
terature sources and the results
of our own microbiological stud-
ies of “Propolis-Derma” pharma-
ceutical compositions it should be
noted that it is expedient to use
these active substances, in parti-
cular the tincture of propolis, chlor-
hexidine digluconate, chlorquinal-
dol, salicylic acid and naftifine hy-
drochloride, when developing new
domestic medicated products for
dermatological practice.
According to the literature data
and the research results the tinc-
ture of propolis contains approx-
imately seven natural antibiotics
to which microorganisms do not
adapt and about fifty biologically
active substances that lead to a
wide spectrum of the pharmaco-
logical action [18]. The drug is
also applied to treat the patho-
logical conditions caused by bac-
teria [18]. Due to its antifungal
properties it can be successfully

used in yeast, candidal vaginal
infection caused by fungi and in
the case of common fungal infec-
tions - on hands, legs and nails
[11, 13, 15]. The analgesic, emol-
lient and plastic action of propo-
lis allowed to use it as a base for
Keratolytic ointments in combina-
tions with other drugs, particu-
larly salicylic acid. The alcoholic
tincture of propolis shows anti-
septic (antibacterial, antiviral and
antifungal), wound-healing, anal-
gesic, antipruritic, antitoxic and
antioxidant properties, decreases
blood clotting, reduces the vascu-
lar spasm, stimulates metabolic
and protective reactions of the
body [18].

Chlorquinaldol is used in in-
flammatory diseases of the mouth,
stomatitis, fungal affection of the
oral cavity, colpitis and vulvova-
ginitis of the fungal and bacterial
etiology, dysentery, salmonello-
sis, bacterial food poisoning, dys-
bacteriosis. However, this substan-
ce does not solve the problem in
case of mycoses complicated by
hyperkeratosis, but effectively pre-
vents the secondary fungal infec-
tions [16].

Salicylic acid is widely used in
organic synthesis and functions
as aplanthormone. Itis a deriv-
ative of metabolism of salicyl -

Table 3
The indicators of the antifungal action of “Propolis-Derma” drugs
The inhibition zone, mm
Name of the sample
C. albicans Clinical strain 1529 | Clinial strain 1434 | Clinical strain 1671
Sample 1 “Propolis-PNH” 52 40 45 45
Sample 2 “Propolis-PSC” 50 53 55 50
Sample 3 “Propolis-PCD” 32 40 30 28
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the most popular drug in the
treatment of acne [10, 18].

Chlorhexidine hydrochloride
is an antiseptic, which is used in
the form of digluconate in the fi-
nished dosage forms. Chlorhexi-
dine has been successfully used
as a skin antiseptic and disinfect-
ant for over 60 years [10].

Naftifine hydrochloride is an
antifungal agent for external ap-
plication, which belongs to the
class of allylamines. It provides a
high activity against various fun-
gi (dermatophites, molds and yeast-
like fungi in vitro), exhibits main-
ly the fungicidal effect on derma-
tophites and molds, as well as fun-
gistatic or fungicidal properties
on yeast-like fungi depending on
their strain.

With regard to the mechanism
of action of most antifungal drugs,
it is associated with interaction
of the key enzymes affecting the
process of the biosynthesis of er-
gosterol, which is part of fungal
cell membranes at the major sta-
ges: acetyl - coenzyme A - squa-
lene - lanosterol - ergosterol [9].
Moreover, the fungicidal action
of allylamines is associated with
disturbance of stage 3 of the er-
gosterol biosynthesis by inactiva-
tion of squalene epoxidase enzy-
me. [t leads to deficiency of ergo-
sterol in the cellular membrane
and accumulation of squalene, which
is a toxic substance that causes
death of the fungal cell [12].

Drugs of this group do not af-
fect the cytochrome P,;, system
and the synthesis of human ste-

roid structures carrying out with
involvement of cytochrome P, -
dependent enzyme - 14 alpha-de-
methylase. Considering the fact
that most drugs are metabolized
by the cytochrome P, system naf-
tifine hydrochloride can be pre-
scribed in mycoses of different etio-
logy to the elderly people with
comorbidities requiring admini-
stration of other medicines [4].

In addition, it was found, for
example, that the action of nafti-
fine hydrochloride depends on the
pH value; the highest activity of
the drug is observed in the range
of the neutral pH values. Naftifi-
ne hydrochloride inhibits squale-
ne epoxidase, suppressing the bio-
synthesis of ergosterol - the es-
sential component of fungal cell
membranes. As a result, deficien-
cy of ergosterol and the growth
of the fungal cells stop.

Hence, the fungistatic action
of naftifine hydrochloride is ex-
plained by insufficient produc-
tion of ergosterol hormone. On the
other hand, accumulation of squa-
lenes associated with inhibition
of squalene epoxidase leads to cer-
tain degenerative intracellular pro-
cesses, for instance, deposition of
lipid droplets. This accumulation
of squalene is not only in cellu-
lar membranes, but also in other
membranes. Disturbance of pro-
perties of membranes and all in-
tercellular processes associated
with lipid membranes can cause
the cell wall damage, and it ex-
plains the fungicidal action of
naftifine hydrochloride.
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CTBOPEHHA ®APMALIEBTUYHUX KOMITO3UIIII AHTUTPUBKOBOI, AHTUMIKPOBHOI I KEPATOJIITUYHOT
AKTHUBHOCTI

0.1.TuxoHos, 0.€.Pponosa*, O0.C.LHInuuak

HayionaavHuil ghapmayeemuqHuii yHieepcumem, JepscasHuii 3ax1ad «/lyzaHcvkuii depicagHull MeduvHUll
yHigepcumem» MO3 YkpaiHu, m. Py6ixcHe*

Katrouosi cnosa: nponoaic; papmayesmuyri komnosuyii «Ilponosic-/flepmax;
npomuepu6bkosa 0is; aHmMuMiKpo6Ha disi; kepamoaimu4Ha dis

IIposedeni mikpobioaoziuHi docaidicenHs AiKy8arbHO-npogirakmuyHux 3acobie «IIponoaic-flepmar («IIponoaic-ITHI »,
«[Iponoaic-1ICX» ma «IIponoaic-IIX/]») 3 npomuzpubko8oio, AHMUMIKPOOHOI0 | KepamoAiMmu4HO0 aKmueHicm, cmeo-
peHux 0151 N1IKY8aHHSI 0epMamoMiKo3is, pi3HO6apEHO20 AUWAI0, @ MAKOKC 3aX80PHEAHb, CNPUHUHEHUX Opixncdiconodi6-
Humu epubamu pody Candida. Pesyabmamu nposedeHux sunpobysaHs cgidouams, wo 0ocaidxcyeaHi mecm-3pasKku Nposis-
J51I0Mb 8UPAdICEHT aHMazoHicmu4Hi 81acmusocmi no 8idHoweHH0 do epamno3umusHux 6akmepiti (S. aureus, B. subtilis)
ma subipkogy aHmubakmepiaavHy 3damuicmoe do E. coli, a makodc supasiceHy aumugyHeanvHy dito 8i0HOCHO wmamis
epubie pody Candida albicans. BcmaHos1eHo, Wo 3anponoHo8aHi hapmayesmuyHi KoMnosuyii He nposi8.A10Mb NO6IYHOT
dii ma sidnosidaoms sumozam JlepscasHoi papmakonei Ykpainu i moxcyms 6ymu sukopucmati 0415 AiKy8aHHs MiKo3ie
8 yM08ax 8UCOKOI pesucmeHmHocmi 2pubkie do mpaduyiliHux npomuzpubkosux AiKapcbKux 3acobis.
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CO3JAHUE ®PAPMALEBTUYECKHX KOMIIO3ULIMI IPOTUBOTPUBKOBOM, IPOTUBOMMKPOBHOM
N KEPATOJIMTUYECKOHU AKTUBHOCTH

A.U.TuxoHos, O.E.®@poaoesa*, O.C.llInuuak

HayuoHaawvHblil hapmayeemuyeckuii yHueepcumem, l'ocydapcmeeHHoe 3agedeHue «/Iy2aHckuil 2ocydapcmeeHHblil
MeduyuHckulii yHugepcumem» M3 YkpauHbl, 2. Py6edcHoe*

Karouesbie caosa: nponoauc; papmayesmuieckue komnosuyuu «lIponoauc-Zlepmar; npomugozpubkogoe, NpomugoMuKpo6GHoe
u KepamoJiumuueckoe delicmsue

IposedeHbl MuKpobuoi02u1eckue ucc1ed08aHus 1e4ebHo-npodusakmudeckux cpedcms «IIponoauc-fepma» («IIponoauc-
IIHI», «[Iponoauc-I1CX» u «Ilponoauc-I1X/]») c npomugozpubko8oll, npomu8oMUKpOOHOU U Kepamoaumu4eckoli ak-
MUBHOCMbI0, CO30AHHbIX 0151 /le4eHUsl 0epMAMOMUKO308, pa3HOYBEMHO20 AUWASL, d MaKice 3a60/1e8aHUll, 8bI38AHHbIX
dpodicacenodobHbiMu epubamu poda Candida. Peayabmambl npo8edeHHbIX UCNbIMAHUL NOKA3bI8alom, Ymo uccaedyemble
mecm-06pa3ybl NPOsIBASII0M BblpaAdiceHHble AHMA20HUCMUYEeCKUe C8olicmaed 8 OMHOWeEeHUU 2pAMNOA0HCUMENAbHbIX 6aK-
mepuli (S. aureus, B. subtilis) u b160poyHyr0 aHmubakmepuabHyr cnoco6Hocms k E. coli, a makoice svipascerHoe anmu-
@yHeasbHOe delicmaue 8 OMHOWeEHUU WMammos epu6os poda Candida albicans. YemaHog1eHo, Ymo npedi0oxiceHHble
dapmayesmuyeckue KOMNO3UYUU He NPOsI8/S0M ho60UHO20 delicmausl u omeeuarom mpebosarusm [ocydapcmaeeHHOU
dapmakoneu YkpauHsl u Mozym 6blmb UCNO16308aHbI 0151 JIe4EHUSI MUKO308 8 YCA08USIX 8bICOKOU pe3ucmeHmHocmu
2pubkos kK mpaduyuoOHHbLM NPOMUBOZPUOKOBLIM 1EKAPCMBEHHBIM CPEICMEBAM.
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