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Microbiological stability is an important requirement to the medicines developed. In order to prevent
microbial contamination of medicines it is necessary to use effective antimicrobial preservatives
or active substances with a high preservative effect. Tea tree oil (Melaleuca alternifolia Maid) is a
promising antimicrobial substance in development of drugs for use in the diabetic foot syndrom.
The microbiological study of the cream with a-lipoic acid, urea, and tea tree oil developed for use
in the diabetic foot syndrome has been carried out. The study of the preservative action efficiency
of tea tree oil was conducted according to the method of the SPhU. The criterion for efficiency
evaluation of the preservative action of the samples under research was decrease of the number of
viable cells of microorganisms in the medicines for the certain periods of time after inoculation. The
data obtained have shown that the test samples with different concentrations of tea tree oil provide
the antimicrobial effect in relation to all test strains of the microorganisms used. The number of
microorganisms decreased during storage. It has been found that introduction of tea tree essential oil
in the concentration of 3% provides microbiological stability of the medicine developed according to
the requirements of the SPhU. By efficiency of its preservative action the essential oil of tea tree meets
the requirements of criterion “A” according to the SPhU, and it allows not to add extra preservatives
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to the cream developed.

Infectious inflammatory skin disease in patients with
diabetes mellitus can be attributed to its non-specific
complications. As a result of neuropathy, micro- and
macroangiopathy there are disorders of innervation and
microcirculation, redox processes change, and it leads
to decrease of local and general immunity. On the skin
surface of patients with diabetes approximately 2-3 times
more microorganisms than in healthy people, including
pathogenic and opportunistic microorganisms, are usu-
ally detected. It is associated with the decreased bacte-
ricidal activity of the skin in patients with diabetes that
aggravates specific complications, such as the diabetic
foot syndrome [8, 12].

An essential tea tree oil (Melaleuca alternifolia Maid)
is a promising antimicrobial substance in development
of drugs for use in the diabetic foot syndrom. Numerous
investigations confirm the healing properties of tea tree
oil in parasitic and fungal skin diseases, acute necrosis
of diabetes, as well as other infectious diseases (dental,
otorhinolaryngological, gynecological diseases) [6, 7,
9-11, 13-16]. Tea tree oil can be also used as a preserva-
tive [1, 4].

Microbiological stability is an important requirement
to the medicines developed. Microbiological stability
control is particularly important for soft drugs based on
the emulsion, which are exposed to contamination.

The aim of research was to investigate the micro-
biological purity of the cream with a-lipoic acid, urea,

and tea tree oil developed for use in the diabetic foot
syndrome [2].

Materials and Methods

The study of efficiency of tea tree oil was carried out on
clinical strains of Pseudomonas aeruginosa ATCC 9027,
Staphylococcus aureus ATCC 6538, Candida albicans ATCC
10231 by the method 5.1.3 of the State Pharmacopoeia of
Ukraine (SPhU) for medicinal products for topical use [3].
For analysis six samples of the cream with different con-
centrations of tea tree oil (1%, 2%, 3%, 4%, 5%) and the
cream sample without essential oil were prepared.

The samples were inoculated with a suspension of
one of the test microorganisms selected. The inocula-
ted samples of the cream were kept at a temperature
from 20°C to 25°C and protected from light. After con-
tamination by microorganisms at certain time intervals
(days 2, 7, 14, 28) the samples were placed on nutrient
media to determine the viable cells count.

Dense nutrient media (Sabouraud’s medium, egg yolk
high salt agar culture medium, nutrient agar, thioglycol-
late medium) used in the research were standard. They
were prepared in accordance with the manufacturer’s
requirements (the amount of powder per litre, pH, au-
toclaving conditions, etc.). Each batch used in the ex-
periment was tested on the growth quality according to
regulatory documents (inoculation of test strains of mi-
croorganisms taking into account 24-120-hour growth
of the corresponding strains).
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Table 1

Efficiency of the antimicrobial preservative action of the cream containing 3% tea tree oil

Requirements of the SPhU Number oimlcroorganlisms (CFU/ml)
Ig of reduction
Exposition the bacterial the number Staphylococcus Pseudomonas . .
. . Candida albicans
count CFU/ml, of fungi CFU/m], aureus aeruginosa ATCC 885/653
Ig of reduction Ig of reduction ATCC 6538 ATCC 9027
. . 2x10° 2.5x10° 2.5x10°
6 6
Microbial load 10 10 %5 30 %5 39 %5 39
Primary B B 5.1x10* 5.1x10* 5.1x10*
inoculation, Ig *0.60 *0.69 *0.69
2.3x10? 2.5x103 2.7x103
2 days 2.00 B *2.94 *2.00 *1.96
0.9x10? 1.1x102
7 days 3.00 - NI %344 %335
0.3x10?
14 days - 2 NI NI *3.92
28 days NR NR NI NI NI

Notes: NR — the number of viable cells of microorganisms or fungi does not rise; NI - viable cells of microorganisms or fungi are not isolated.

The criterion for efficiency evaluation was reduc-
tion of the number of viable cell colonies of microor-
ganisms for a certain period after contamination [3]. In
accordance with the requirements of the SPhU in me-
dicinal products for topical application logarithms of
reduction in viable bacterial colonies in 2 days should
be not less than 2, in 7 days — not less than 3, and further
the number of viable bacterial cells should not increase.
Logarithms of reduction of the number of fungi viable
cells in 14 days should be not less than 2. These values
correspond to criterion “A”. In accordance with crite-
rion “B” in formulations for topical application logarithms
of reduction in viable bacterial colonies in 14 days must
be at least 3, and further the number of viable colonies
should not increase. Logarithms of reduction of viable

fungi in 14 days should be not less than 1 and there is no
further increase. The presence of viable cells of micro-
organisms and fungi on the 28-th day of studies indicate
that the drug does not meet criteria “A” or “B” and does
not meet the requirements of the SPhU.

Results and Discussion

The data obtained experimentally show that the test
samples with tea tree oil exhibit the antimicrobial acti-
vity against all the microorganisms used. The number
of microorganisms during storage decreased (Tab. 1).

The data obtained showed that the samples with the
concentration of tea tree oil of 3%, 4% and 5% on day
2 had logarithms of reduction for bacteria more than 2,
and in 7 days — more than 3. On day 14 and 28 of incu-
bation microorganisms were not registered. Logarithms

Table 2

Efficiency of the antimicrobial preservative action of the cream without tea tree oil

Requirements of the SPhU Number oimmroorgam;ms (CFU/ml)
Ig of reduction
Exposition the bacterial the number Staphylococcus Pseudomonas . .
. . Candida albicans
count CFU/ml, of fungi CFU/m, aureus aeruginosa ATCC 885/653
Ig of reduction Ig of reduction ATCC 6538 ATCC 9027
. . 2x10° 2.5x10° 2.5x10°
6 6

Microbial load 10 10 %5 30 %5 39 %5 39
Primary B i 5.1x10* 5.1x10* 5.3x10*

inoculation, Ig *0.60 *0.69 *0.67
2 davs 2 B 43x10° 49%x10° 2.4x104

Y *1.67 *1.70 *1.01
7 davs 3 _ 1.5%10? 2.1x10? 3.1x103

Y *3.13 *3.07 *1.90
0.9x10?

14 days - 2 NI NI 344
0.2x10?

28 days NR NR NI NI *4.09

NR

Notes: NR - the number of viable cells of microorganisms or fungi does not rise; NI - viable cells of microorganisms or fungi are not isolated.
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of the viable fungal cells number after 14 days of culti-
vation were more than 3. Further fungal cells were not
isolated. It indicates that these samples correspond to
the efficiency criterion “A”.

For samples with the concentration of tea tree oil of
1% and 2% logarithms of reduction for bacteria were
less than 2 on the 2™ day; in 7 days they were less than
3. In 14 days logarithms of reduction for bacteria and
fungi were more than 3. The logarithm of viable fungal
cells after 28 days of cultivation did not increase, but
single cells continued to register. This indicates that the
samples satisfy the efficiency criterion “B” according
to the requirements of the SPhU.

It should be noted that decrease in the number of
viable organisms was also observed in the sample of
the cream without tea tree oil comparing to the initial
microbial load (Table 2). After 28 days of cultivation
single fungal cells were registered. The sample corre-
sponds to the criterion of efficiency “B”; it can be as-
sociated with the low value of pH (5.0-5.5) due to intro-
duction of a-lipoic acid and another active component
(urea) [5, 12].

It has been found that three of the six samples stu-
died correspond to the criterion of efficiency “A” in ac-

cordance with the requirements of the SPhU (the cream
with concentrations of essential tea tree oil of 3%, 4%
and 5%), and another three samples meet criterion “B”
(the cream without the essential oil, the sample of the
cream with 1%, 2% concentration of tea tree oil).

Thus, inroduction of 3% tea tree oil provides the
microbiological stability of the composition according
to the requirements of the SPhU. To increase the con-
centration (4%, 5%) is not expedient from the economic
point of view. The results obtained in the research in-
dicate that addition of extra preservatives are not re-
quired. As a preservative it is advisable to use tea tree
oil in the concentration of 3%.

CONCLUSIONS

Microbiological studies of the cream with a-lipoic
acid, urea, and tea tree oil have been carried out. It has
been found that introduction of tea tree essential oil
(Melaleuca alternifolia Maid) in the concentration of
3% provides microbiological stability of the formula-
tion developed; and therefore, introduction of additional
preservatives is not required. By efficiency of its pre-
servative action the cream meets the requirements of
criterion “A” according to the State Pharmacopoeia of
Ukraine.
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MIKPOBIONOTIYHI AOCHNIAXEHHA KPEMY OJ1A4 SACTOCYBAHHA NPU CUHOPOMI

DIABETUYHOI CTOMKU

A.A.loHyapoea, l.I.bapaHoea, T.I1.0Ocosod4yeHKo

Knroyoei cnioea: onisi 4aliHo2o Oepesa; KoHcepeaHm; MikpobionoaidHi 0CTiOXeHHS;
MikpobionoziyHa cmabinbHicmb; diabemuyHa cmona

Baxxnueoro eumozoro 00 po3pobrirogaHUX liKapChbKux npenapamis € MikpobionozaiyHa cmabinbHicme.
3 memoro 3arnobizaHHs1 MIKpPOBHIU KoHMamiHauyii npernapamis HeobXiOHO 8UKopuUCcMo8ysamu eheKmueHi
aHmMuMIKpoO6HI KoHcepsaHmu abo ditoyi peqo8UHU 3 8UCOKOK KOHcepsytoHoro dieto. [lepcriekmugHo
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aHmMumikpobHor cybcmaHuiero rpu po3pobyi 3acobig O 3acmocysaHHs pu CUHOPoMi Oiabemuy4HOI
cmornu € egipHa onisi YaliHo2o Oepesa (Melaleuca alternifolia Maid). Hamu 6yno npoeedeHO MiKpo-
bionozaiyHe sug4YeHHs1 po3pobrieHo20 KpemMy 3 a-/lirnoesor KUCIOMOK, CEYOBUHO i 01t YaliHo20
Oepeesa Onsi 3acmocysaHHs npu cuHOpomi diabemuyHoi cmonu. [ocnideHHs egheKmu8HOCMI KOH-
cepsyroyoi dii eqhipHoI onii yaliHo2o depesa rpogoduriocsi 3a memodukoro A®Y. Kpumepiem ouiHKu
eghekmusHocmi KoHcepayroyoi Oii docidxysaHUX 3paskig byro 3HUXEHHS Jucna xummesdamHux
KimuH MiKpoopeaaHi3mie y npenapamax 3a rnegHul nepiod Yacy nicns ix iHokynsauil. OmpumaHi OaHi
rokasarnu, wo 00cnidxyeaHi 3pa3Ku 3 Pi3HOK KOHUeHmpaujiero onii yaliHo2o Oepeesa rposiensiiome aH-
mumikpobHy 0Qito 1o 8idHOWEHHIO 00 8CiX BUKOPUCMAaHUX mecm-wmamig MikpoopaaHiamie. Kiribkicmb
XxummesdamHux KnimuH bakmepiti ma epubie 3MeHwysanacs 8 ripoyeci 36epicaHHs. BcmaHo8/eHo,
wo esedeHHs onii YaliHo2o Oepesa 8 KOHUeHmpauii 3% 3abesrnedye mMikpobionoaiyHy cmabinbHicmb
npernapamy 32i0Ho 3 sumozamu [®Y. EbipHa onisi yaliHo2o depeesa 8 KoHUueHmpauii 3% 3a egek-
muesHicmio KoHcepayroyoi Oii eidrogidae sumozam Kpumepito «A» J®Y, wo 00380519€ He 8KrHamu
00 cknady po3pobroeaHo20 rpenapamy o0amkosi KOHCep8aHmu.

MWUKPOBUWOJNOIr'MYECKME NUCCNEOOBAHUA KPEMA ANA NPUMEHEHUA NP CUHOPOME
OUWABETUYECKOMU CTOIMMbI

A.A.lNoH4apoea, U.U.BapaHoea, T.l1.0conod4eHKo

Knroueenie cnoea: macno yaliHo2o depesa; KOHcepsaHmM, MUKpobuoioaudyeckue uccriedosaHus;
Mukpobuornoaudeckasi cmabunbHocmb, Quabemuyeckasi cmona

BaxHbiM mpebosaHueMm K pa3pabambieaeMbiM 5IEKaPCMEEHHbIM rpenapamam siefsiemcsi MUkpobuo-
noeuyeckasi cmabunbHocms. C uernbio npedomspawieHuss MUKPOBHOU KoHmamMuHayuu rpenapamos
Heobxod0uMOo ucronb308ame 3GhheKMUBHbIE aHMUMUKPOBHbIE KOHCep8aHMbI Tubo delicmayrouue
geujecmeaa ¢ 8bICOKUM KOHcepaupyrowum delticmeauem. [NepcriekmusHoU aHmMuUuMUKpPObHoU cybcmaH-
yuet npu paspabomke cpedcme Ons NPUMEHEHUSs rpu cuHOpome uabemudeckol cmornsl sensem-
cs aghupHoe macsio JatiHo2o depesa (Melaleuca alternifolia Maid). Hamu 661110 npogedeHO MUKpO-
buonozsuyeckoe udydeHue paspabomaHHO20 Kpema ¢ a-1unoeeoli Kucriomod, Mo4yesuHoul U Macriom
yaliHo2o Oepesa 0risl MPUMeHeHUs1 rnpu cuHdpome duabemuydeckol cmorbl. ViccriedogaHue aghghek-
mueHOCMU KOHcepsupyouwe20 Oelicmeusi 3ghupHO20 Macsa YalHo20 depeesa rpoeodusioch o mMe-
moduke @Y. Kpumepuem oueHKU aghghekmusHOCMuU KOHcepsupyrouie2o Oelicmeusi uccredyembix
06pa3yo8 bbIsI0 CHUXEHUEe Yuca XU3HEeCrnocobHbIX KI1emoK MUKpPOOpaaHU3Mo8 8 rnpernapamax 3a
onpederneHHbIlU nepuod epeMeHu rnocre ux UHOKynsyuu. lNorydeHHbie daHHble nokasarnu, 4mo uc-
credyembie 06pasubl ¢ pa3nu4yHol KoHUeHmpauyuel a¢hupHo20 Macsa YyaliHoeo Oepesa rnposieris-
tom npomueomMukpobHoe delicmeue Mo OMHOWEHUK KO 8CEM UCMOMb308aHHbLIM mecm-wmammam
MUKpoopaaHu3mos. Konu4ecmeo Xu3HecrnocobHbIX Kiemok bakmepuli u epubos yMmeHbWwarsnochk 8
rpoyecce xpaHeHusi. YcmaHosrneHo, Ymo esedeHue macna 4aliHo2o Oepesa 8 KOHueHmpauuu 3%
obecriequsaem MUKpobuonoau4yecKkyo cmabunbHOCMb npenapama coanacHo mpebogaHusm QY.
SgpupHoe macrio yaliHoeo depesa 8 KOHUeHmMpauuu 3% no aghghekmusHOCMU KOHCepauUpyrue2o
Oelicmeusi omeedaem mpebosaHusiM Kpumepusi «A» DY, ymo no3eosnissem He 8KIOYamb 8 COCMas
paspabamsigaemMo20o npenapama O0rnoHUMEsbHbIE KOHCEP8aHMEbI.



