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Abstract

This research was focused on the pharmaceutical development of a novel, fixed-dose combination isohydrafural-methyluracil
ointment on a water soluble base - polyethylene glycol (PEG). Differential scanning calorimetry (DSC) and Fourier
transform infra-red spectroscopy (FTIR) were applied in order to determine the compatibility between active pharmaceutical
ingredients (APIs) and between APIs - excipients. Nine formulations (F1 - F9) were tested for: physical appearance and
homogeneity, pH, viscosity and osmotic activity. The optimal formulation presented the concentrations of PEG 400 -
76.72%, PEG 1500 - 19.18% and a fixed-dose combination of 0.1% isohydrafural and 4% methyluracil. It showed higher
antibacterial properties both to Gram-positive and Gram-negative bacteria than nitrofural 2% ointment (Furacilin®, Belarus).
The long-term stability testing of the optimized formulation of isohydrafural and methyluracil revealed the shelf-life of two
years.

Rezumat

Aceasta cercetare s-a axat pe dezvoltarea farmaceutica a unui unguent nou, cu combinatii fixe de izohidrafural-metiluracil
intr-o bazd hidrosolubilad - de polietilenglicol. Analiza calorimetricd diferentiald (DSC) si spectroscopia in infrarosu cu
transformanta Fourier (FTIR) au fost aplicate pentru a determina compatibilitatea dintre substantele active precum si dintre
substante active si excipienti. Au fost testate noua formulari privind: aspectul fizic si omogenitatea, pH-ul, vascozitatea si
activitatea osmotica. Formularea optima a prezentat concentratiile de PEG 400 - 76,72%, PEG 1500 - 19,18% si o combinatie
de doze fixe de 0,1% izohidrafural si 4% metiluracil. Aceasta a prezentat proprietdti antibacteriene superioare atat pentru
bacteriile Gram-pozitive cét si pentru cele Gram-negative, fata de unguentul de nitrofural 2% (Furacilin®, Belarus). In urma
studiilor de stabilitate in timp real efectuate asupra formularii optimizate a unguentului cu izohidrafural si metiluracil s-a
stabilit termenul de valabilitate de doi ani.

Keywords: pharmaceutical preformulation, stability evaluation, in vitro antibacterial activity

Introduction emergency care setting. Although, their incidence
and prevalence are highly variable, because patients
can resort to self-medication and not to call medical
examination or hospitalization [16].

Bacterial skin and soft tissue infections usually
require topical antibiotics for first-line therapy [16].

Skin and soft tissue infections are considered to be
one of the most prevalent disorders [16]. World-
wide it is estimated that 7% to 10% of hospitalized
patients are affected by skin and soft tissue infections
[6] and are the third most common diagnosis in the
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In a period in which more and more bacteria
develop resistance to antibiotics, the use of anti-
microbial drugs may be very helpful [5, 12, 14, 30].
Isohydrafural (isonicotinoyl hydrazone of 5-nitro-2-
furan aldehyde) is a derivative of S5-nitrofuran,
which was synthesized by a group of researchers
from the Republic of Moldova [24]. Isohydrafural
has significant antibacterial properties against both
aerobic and anaerobic bacteria, from 2 to 7 times
higher than nitrofural [11, 23]. It has bactericidal
activity in concentrations between 1.25-5.0 pg/mL,
of all investigated strains of Staphylococcus genus
[11, 21]. Also, isohydrafural is less toxic (LDsy =
990 mg/kg) than nitrofural (LDsy = 166.7 mg/kg). A
major advantage of this API is that it is an anti-
microbial compound effective for topical application
[22].

Usually the treatment of skin and soft tissue infections
is a long term one, which requires also the use of
drugs with regenerative action. Methyluracil is a
pyrimidine derivative (2,4-dihydroxy-6-methyl-
pyrimidine) with antiinflammatory, immune stimulating
and photo-protective action on the skin [25].

The hydrophilic ointment base has an important
role in formulation of ointments. PEG is a water
soluble base and is preferred by patients, because of
its easy removal by washing. Also, PEG is considered
to be the most suitable base for semi-solid dosage
forms for the treatment of skin and soft tissue
infections, because it can absorb the exudate maintaining
moisture balance in an infected wound [13].

This research comes with original contributions on
development of a fixed-dose combination hydrophilic
ointment for the treatment of skin and soft tissue
infections. It was used a new antimicrobial substance,
effective for topical application - isohydrafural. Also,
there are no other published studies on combination
of isohydrafural-methyluracil together in a single
topical dosage form.

The goal of the study was to develop a fixed-dose
combination of 0.1% isohydrafural - 4% methyluracil
ointment on a water soluble base of PEG, to evaluate
its in vitro antibacterial activity and also to determine
its stability and shelf-life during long-term storage.

Materials and Methods

Materials

Isohydrafural was synthesized at the Organic Chemistry
Department, State University of Moldova from Chisinau,
Republic of Moldova (99.9% concentration). The
internal standard of isohydrafural was purified by
crystallization and drying (99.9% concentration).
Methyluracil (6-methyluracil) was purchased from
Sigma Aldrich, Saint Quentin Fallavier, France
(99.9% concentration). PEG 400 and PEG 1500
were purchased from Sigma Aldrich, Saint Quentin
Fallavier, France. Different formulations containing
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a fixed-dose combination of 0.1% isohydrafural and
4% methyluracil and prepared by varying PEG 400
and PEG 1500 in different ratios and isohydrafural
0.05% and 0.1% ointments, which contains: iso-
hydrafural, PEG 400 and PEG 1500 and commercial
Furacilin® 2% ointment, Belarus, which contains:
nitrofural and vaseline. Deionized water, methanol
(HPLC grade).

Preformulation compatibility studies

Differential Scanning Calorimetry (DSC)

DSC was performed using Mettler Toledo DSC 822
cell, aluminium crucibles 40 pL with about 2 mg of
samples, under dynamic N, atmosphere (flow rate:
50 mL/min) and at a heating rate of 10°C/min in the
temperature range from 25 to 400°C. A 40 pL
aluminium crucible closed with a perforated cap was
used as a reference. Calibration of the apparatus was
done using an indium standard in an aluminium 40 pL
crucible.

The APIs isohydrafural and methyluracil, the individual
excipients PEG 400 and PEG 1500 as well as the
physical, binary mixtures of isohydrafural/methyluracil,
isohydrafural/PEG 400, isohydrafural/PEG 1500,
methyluracil/PEG 400 and methyluracil/PEG 1500 in
the ratio of 1:1 (w/w) were tested. DSC thermograms
were stored and processed using STAR SW 12.10
software. The data obtained from the analysis of
samples of APIs and individual excipients were
compared with those obtained from the analysis of
binary 1:1 (w/w) mixtures in order to identify possible
interactions.

FTIR spectroscopy (FTIR)

FTIR spectroscopy was performed using Perkin Elmer
Spectrum 100 FTIR Spectrometer with Attenuated
Total Reflection (ATR) Accessory. The scanning
range was between 4000 cm™ and 400 cm'.The
APIs, the individual excipients PEG 400 and PEG
1500 as well as the physical, binary mixtures of
isohydrafural/methyluracil, isohydrafural/PEG 400,
isohydrafural/PEG 1500, methyluracil/PEG 400 and
methyluracil/PEG 1500 in the ratio of 1:1 (w/w)
were tested.

The FTIR spectra obtained from the analysis of samples
of pure substances were compared with those obtained
from the analysis of mixtures in order to identify
the possible interactions.

Ointment formulation and evaluation

Preparation of formulations. Nine formulations were
prepared by varying PEG 400 and PEG 1500 in
different ratios (Table I). The technology of preparation
of nine formulations: accurately weighed mass of
0.1 g of isohydrafural and 4.0 g of methyluracil
were dissolved in 3.0 g of PEG 400. Then the
remaining amount of PEG 400 was mixed with
PEG 1500 at 55 - 60°C for 20 minutes. The obtained
liquid of active substances was added to the hydro-
philic base of PEG’s mixture under stirring. The
ointments were allowed to cool down at room temperature.
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Table I
Experimental formulations

Composition of the formulations (g)

Components ., F2 F3 F4 F5 F6 FI F8  F9

Isohydrafural 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Methyluracil 4.0 40 40 40 40 40 40 40 40
PEG 400  19.18 63.93 67.69 7672 70.66 8220 57.54 8391 61.03
PEG 1500 7672 31.97 2821 19.18 2524 1370 3836 11.99 34.87
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Physical appearance and homogeneity were tested
by visual observation.

pH measurement was determined by using the pH
meter Consort C861. 1.0 g of ointment was dissolved
in 25 mL of deionized water by heating at 37°C. The
obtained solution was cooled at room temperature
and then filtered. The measurements were carried
out in triplicate.

Viscosity

Viscosity was determined by using Rotational Viscometer
Multi Visc Rheometer, Fungilab (Spain) with R7
spindle at 3 rpm speed, at 22 + 0.1°C and 37 + 0.1°C.
The values were read in centipoises [18, 20].
Osmotic activity

The osmotic activity was determined by in vitro
dialysis method. A dialysis device, consisted of a
30 mm diameter glass tube with a cellophane
membrane attached at one end, was used. On the
inner side, about 0.1 g ointment was placed on
cellophane. The dialysis device with ointment was
weighed with an accuracy of 0.00001 g and was
placed in a vessel with purified water, at 35 + 1.0°C.
After each hour, the dialysis tube containing the
ointment sample was removed and weighed on an
analytical balance. The experiment finished after 6
hours. The value of osmotic activity was evaluated
gravimetrically and expressed as a percentage of
the initial mass of the ointment [32].

In vitro antibacterial activity was studied for the
optimized formulation. The method of diffusion
into agar was applied [26]. The cell cultures were
grown on a liquid nutrient medium of 2% meat
peptone broth with pH 7. The following reference
strains were used: Staphylococcus aureus (209),
Enterococcus faecalis (ATCC 25922), Escherichia
coli (ATCC 25922), Pseudomonas aeruginosa
(ATCC 27853), Proteus vulgaris (HX 19222),
Klebsiella pneumoniae (ATCC 13883).

The investigated strains, grown for 18 hours on the
inclined peptonate agar, were washed with 0.9%
isotonic sodium chloride solution and diluted to the
optical turbidity standard to obtain the inoculums
containing 1 million cells per mL. Then the inoculums
were diluted with ointment suspensions in dimethyl-
formamide and meat peptone broth in a ratio of 1:1.
The tubes were incubated at 37°C for 24 and 48
hours. The control samples were the nutrient media
with the same strains without the investigated ointment.
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The evaluation of the results was made visually.
The Minimum inhibitory concentration (MIC) was
established by the absence of growth of microorganisms
in the liquid nutrient medium. The Minimum bactericidal
concentration (MBC) was determined by the absence
of microorganisms growth, after repeated incubated
on peptone gelatine incubated for 24 and 48 hours.
Stability studies

The stability study was done by real-time method
according to ICH guidelines [1, 3, 31] for the optimized
formulation (F4). The storage conditions were: 25 +
2°C and 60 + 5% RH for a period of 24 months. F4
was packed in dark glass container. The stability
samples were analysed for physical appearance and
homogeneity, pH, viscosity, drug content and in vitro
antibacterial activity at 0, 3, 6, 9, 12, 18, 24 and 30
months.

The quantitative determination of isohydrafural and
methyluracil from the optimized formulation was
performed by HPLC. The method has been previously
developed and validated based on International
Conference of Harmonization (ICH) guideline Q2
(R1) [2]. The apparatus consisted of an Agilent
Technologies 1220 Infinity LC with a variable wave-
length detector. The separation was performed using
a chromatographic Core-shell silica column C18 with
dimensions 5.0 x 30.0 mm and particle size 2.6 um
(Phenomenex, Kinetex). The mobile phase consisted
of methanol and deionized water in the ratio of
25:75. The flow rate was 0.4 mL/min and the volume
of injection was 20 uL. The column temperature was
set at 30°C. The analytes were detected at 260 nm
wavelength. In those chromatographic conditions the
retention time was 17.02 min for isohydrafural and
1.54 min for methyluracil respectively.

Preparation of standard solution of isohydrafural:
10 mg of isohydrafural working standard was accurately
weighed and transferred into a 100 mL volumetric
flask. About 30 mL of mobile phase was added and
mixed until isohydrafural was dissolved. The sample
was made up to the mark with mobile phase. 1 mL
of obtained solution was transferred into a 10 mL
volumetric flask and was made up to the mark with
mobile phase.

Preparation of standard solution of methyluracil: 40 mg
of methyluracil working standard was accurately
weighed and transferred into a 100 mL volumetric
flask. About 30 mL of mobile phase was added and
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mixed until methyluracil was dissolved. The sample
was made up to the mark with mobile phase. 1 mL
of obtained solution was transferred into a 10 mL
volumetric flask and was made up to the mark with
mobile phase.

Preparation of the ointment sample: about 1.0 g of
ointment was accurately weighed and transferred
into a porcelain cup. About 10 mL of mobile phase
was added and was heated in a water bath at 60°C
until the ointment was melted. The sample was allowed
to cool at room temperature and was filtered and
collected into a S0 mL volumetric flask. The extraction
was repeated twice with each 20 mL mobile phase.
The obtained samples were added to the first extraction
solution and were made up to the mark with mobile
phase. Further 5 mL were transferred into a 10 mL
volumetric flask and was made up to the mark with
mobile phase.

Statistical Analysis

The results of experiments, which were performed in
triplicate, were reported as mean + standard deviation
(SD). Statistical measurements were carried out by
using the Statistical Package for the Social Sciences
(IBM SPSS Statistics) 10.5 software.

Results and Discussion

Preformulation compatibility studies

Differential Scanning Calorimetry (DSC)

DSC method is frequently used as a rapid tool to
determine the potential physical and chemical interactions
between drug-drug and drug-excipient in the pre-
formulation stage [4, 7, 8, 10, 15, 27-29]. The
thermograms of the two API’s, the excipients as well
as their 1:1 (w/w) physical mixtures were recorded.
The apparition of a potential incompatibility was
considered when a shift in the melting point, changes
in the peak shape or area, the development of a new
transition comparing to those observed in the initial
thermograms, the increase or decrease in the number
of peaks due to the mixture of components were
recorded [9].

The thermograms of isohydrafural, methyluracil and
their 1:1 (w/w) physical mixture are presented in
Figure 1A. Figure 1B contains the thermograms of
isohydrafural, PEG 400, PEG 1500 and 1:1 (w/w)
physical mixtures isohydrafural: PEG 400 and iso-
hydrafural: PEG 1500. In Figure 1C are presented
the thermograms of methyluracil, PEG 400, PEG
1500 and 1:1 (w/w) physical mixtures methyluracil:
PEG 400 and methyluracil: PEG 1500.

Figure 1.

DSC thermograms of: (A) isohydrafural, methyluracil and isohydrafural:methyluracil 1:1 (w/w) physical
mixture; (B) isohydrafural, PEG 400, PEG 1500, isohydrafural/ PEG 400 1:1(w/w) and isohydrafural/ PEG 1500
1:1(w/w); (C) methyluracil, PEG 400, PEG 1500, methyluracil/ PEG 400 1:1(w/w) and methyluracil/ PEG 1500

L:1(w/w)

The DSC thermogram of isohydrafural (Figures 1A and
1B) presents an endothermic peak between 256.10°C
and 259.76°C, with Tpeak = 257.28°C, corresponding
to the melting of isohydrafural. The decomposition of
the substance starts concurrently with its melting [9].

The DSC curve of methyluracil (Figures 1A, 1C)
presented an endothermic peak between 311.33°C -
315.08°C with Tpeak = 313.67°C corresponding to
its melting, followed by decomposition.
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In the DSC thermogram of binary mixture of the
two APIs (Figure 1A) the melting endotherm of iso-
hydrafural appears between 235.81°C and 239.57°C
(Tpeak =237.51°C) and is followed by decomposition.

In the DSC thermogram of PEG 400 (Figures 1B
and 1C), the large endothermic event between 60.36°C
and 180.13°C (Tpeak = 124.69°C) corresponds to
dehydration. A second small endothermic event could
be seen between 243.32°C and 251.81°C (Tpeak =
247.63°C) and corresponds to its flashpoint [19, 26].
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PEG 1500 presents in its thermogram (Figures 1B
and 1C) the melting endotherm between 46.71°C and
50.36°C (Tpeak = 47.50°C) [26].

In the DSC thermogram of binary mixture 1:1 (w/w)
isohydrafural: PEG 400 (Figure 1B) the endothermic
event that appears between 35.02°C and 102.43°C,
corresponds to dehydration of PEG 400, while the
second peak, exothermic, corresponds to the
decomposition of isohydrafural. The DSC thermogram
of binary mixture 1:1 (w/w) isohydrafural: PEG 1500
(Figure 1B) presents the peak corresponding to the
melting of the excipient between 45.14°C and 49.82°C
(Tpeak = 48.01°C) and also the decomposition
exotherm of isohydrafural.

The DSC thermogram of the binary mixture 1:1 (w/w)
of methyluracil and PEG 400 (Figure 1C), presents a
first endothermic peak corresponding to dehydration
of PEG 400, between 29.78°C and 97.50°C. The
second peak that appears, between 281.51°C and

300.08°C, corresponds to the melting of methyl-
uracil. In case of mixture with PEG 1500 in the DSC
thermograms it can be noticed the presence of the
excipient melting peak (Tpeak = 48.01°C) and also
the endotherm corresponding to the melting of methyl-
uracil followed immediately by decomposition.

The thermoanalytical data of isohydrafural and methyl-
uracil and their physical mixtures 1:1 (w/w) with
excipients are presented in Table II.

Following the DSC compeatibility studies using binary
mixtures between isohydrafural, methyluracil and
the excipients PEG 400 and PEG 1500 we could
conclude that possible interactions appear between
the components of the binary mixtures because of the
disappearance or the shifting of the drugs melting
events. Equally we could say that this could be due to
the solubilisation/mixing and may not necessarily
indicate potential incompatibility.

Table 11

Thermoanalytical DSC data of isohydrafural, methyluracil, and isohydrafural, methyluracil in the drug/drug and

drug/excipient 1:1 (w/w) physical mixtures

Sample Tonset (melting) (°C) Tpeak (melting) (°C) AHmelting (J/g)
Isohydrafural 256.10 257.28 141.85
Isohydrafural +PEG 400 - - -
Isohydrafural +PEG 1500 - - -
Isohydrafural +Methyluracil 235.81 237.51 86.64
Methyluracil 311.33 313.67 229.52
Methyluracil +PEG 400 281.31 294.62 60.17
Methyluracil +PEG 1500 299.96 310.09 73.53
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Figure 2.
FTIR spectra of: isohydrafural, methyluracil and isohydrafural/ methyluracil 1: 1 (w/w) physical mixture (A);
isohydrafural, PEG 400, PEG 1500, isohydrafural/ PEG 400 1:1(w/w) and isohydrafural/ PEG 1500 1:1(w/w) (B);
methyluracil, PEG 400, PEG 1500, methyluracil/ PEG 400 1:1(w/w) and methyluracil/ PEG 1500 1:1(w/w) (C)
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FTIR spectroscopy (FTIR) prepared on a vehicle of PEG 400 and PEG 1500 in
To confirm and complete the DSC results, the a ratio of 4:1 and in comparison with placebo
compatibility studies were further conducted using (Table IV). The in vitro antibacterial activity of the
FTIR-spectroscopic method. 0.1% isohydrafural ointment against Staphylococcus
The FTIR spectra were interpreted in order to assess aureus 209-P, Enterococcus faecalis and Escherichia
the physical and chemical compatibility between the coli is more potent than that of 0.5 mg/g isohydra-
drug substances and between the drug substances and fural ointment. As 1 mg/g isohydrafural ointment
excipients [10, 15, 29]. presented higher antibacterial results against the majority
On FTIR spectrum of standard sample of isohydrafural examined strains, it was selected the dose of 1 mg/g of
are presented the vibrations of the furan cycle of at isohydrafural. Also, it was taken into account that
1681.9 cm™, 932.3 cm™ and 961.9 cm™, the peak the LDs, of isohydrafural is 990 mg/kg bw.
due to N-O vibrations of nitro group at 1275.2 cm™, The use of a hydrophilic vehicle has contributed to
the deformation vibrations of the amide group NH- reduce the dose of methyluracil to 4% in comparison
C=0 at 3121.8 cm™ and the vibrations of —C-N-O at to 10% methyluracil ointment on lipophilic, lanoline-
836.4 cm™ (Figure 2A). On FTIR spectrum of standard vaseline base [33, 34].
sample of methyluracil are observed the band due to Physical appearance and homogeneity
N-H vibrations at 1414.5 cm™, the peak that certified All nine formulations were found to be homogenous,
the carbonyl group C=0 at 1709.7 cm™ and the yellowish, without odour preparations.
band due to an absorption of the methyl group -CH; pH measurement
at 1349.7 cm™ (Figure 2A). In the FTIR spectra of pure Also, the pH values of all nine formulations were
PEG 400 and PEG 1500, the bands at 3439.8 cm™ found to be within the range of skin pH: 5.5 to 7.0.
and at 3400 cm™ respectively occur due to the O-H Viscosity and Osmotic activity
stretching vibrations. The bands at 2867.9 cm™ and The formulation with the most optimal viscosity at
2870 cm™ correspond to C-H stretching vibrations, 22°C could be easily removed from the container,
while the peaks at 1094.8 cm” and 1092.2 cm’ while the most optimal viscosity at 37°C will allow
correspond to C-O-C stretching vibrations (Figures an easier application on the wounds [35-40].
2B and 2C). Similar bands can be seen on FTIR An optimal osmosis, which should be within the
spectra of binary mixtures (Figures 2A, 2B and 2C). limits 250 - 300%, will eliminate the exudate and
The FTIR spectra of 1:1 (w:w) binary mixtures of the also, will not affect the epithelisation phases [13].
two APIs and APIs with PEG 400 and PEG 1500 It was found that the viscosity and osmotic activity
contain the most characteristic absorption bands of increased with the increase of concentration of PEG
each pure substance, which confirms the physical and 1500 at both temperatures. The optimal formulation
chemical compatibility of the active substances and was F4 with the concentrations of 76.72% of PEG
the ointment base. 400 and 19.18% of PEG 1500, as it has optimal
Ointment formulation and evaluation values of viscosity at both 22°C and 37°C at the
The dose of isohydrafural was determined by assessing lowest shear rate and it is capable of a high osmotic
the in vitro antibacterial activity of two single ointments activity in comparison with the rest of the formulations
of 0.1% and 0.05% of isohydrafural, which were (Table III) [13, 35-40].
Table II1
The results of viscosity at the lowest shear rate and osmotic activity of the formulations
Results Formulation
F1 F2 F3 F4 F5 F6 F7 F8 F9
The viscosity at the lowest 22°C 13934 198.79 193.67 176.51 188.31 165.44 23254 15833 211.34
shear rate, cP*10” 37°C 8196 113.56 101.93 101.41 108.81 93.47 13522 87.96 122.16
Osmotic activity, % 202.18 348.12 301.07 301.10 303.44 202.03 361.33 201.11 358.02
In vitro antibacterial activity Gram-negative bacteria, which are due to iso-
The optimal formulation of the fixed-dose combination hydrafural and, to a lesser extent, to PEGs (Table IV).
0.1% isohydrafural - 4.0% methyluracil ointment The hydrophilic fixed-dose ointment had the highest
was tested to determine the antibacterial activity antibacterial activity on the Staphylococcus aureus
compared to 0.05% and 0.1% izohydrafural ointments 209-P, which can cause life-threatening infections in
and also compared to placebo and the commercial humans, especially in the nosocomial environment
Furacilin® 2% ointment, Belarus (Table IV). [17]. The in vitro antibacterial activity of the fixed-
The fixed-dose combination 0.1 % isohydrafural - dose combination ointment is more potent than that
4.0% methyluracil ointment presented significant of nitrofural ointment.

antibacterial properties both to Gram-positive and
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Table IV
In vitro antibacterial activity of the fixed-dose combination 0.1% isohydrafural — 4.0% methyluracil ointment in
comparison with 0.05% and 0.1% izohydrafural ointments, placebo and the commercial Furacilin® 2% ointment,

Belarus
MIC/MBC (ug/mL)
. 0.1% isohydrafural - 0.05% 0.1% PEG 400 and Furacilin® 2%
Strains X . . PEG 1500 N
4.0% methyluracil isohydrafural isohydrafural intment ointment,
ointment ointment ointment 0 ¢ Belarus
(placebo)
Staphylococcus 0.97/0.97 3.9/3.9 0.97/0.97 25.0/25.0 18.7/37.5
aureus 209-P
Enterococcus 7.8/62.5 15.6/250 7.8/62.5 75.0/75.0 37.5/75
faecalis
Escherichia coli 3.9/3.9 31.25/62.5 3.9/3.9 50.0/50.0 18.7/37.5
Kiebsiella 31.25/62.5 31.25/62.5 31.25/62.5 >300/>300 >300/>300
pneumoma
Pseudomonas 31.25/31.25 31.25/31.25 31.25/31.25 100/100 >300/>300
aerugmosa
Proteus vulgaris 7.8/7.8 7.8/15.6 7.8/7.8 >300/>300 150/300
Table V
Stability results of the fixed-dose combination 0.1% isohydrafural — 4.0% methyluracil ointment
P ¢ Months
arameters 0 3 6 9 12 18 24 30
Appearance Y, no Y, no Y, no Y, no Y, no Y, no Y,no orange,
PP odour odour odour odour odour odour odour no odour
Homogeneity H H H H H H H H

H (mean = SD, n = 3) 566+ 565+ 564+ 567+ 568+ 562+ 563+ 478+
P ’ 0.01 0.01 0.02 0.01 0.02 0.02 0.02 0.01
Viscosity at 22 + 0.1°C, 3 rpm speed 164.677 + 162.24 + 162.23 + 161.27+ 152.29+ 151.20+ 150.21 + 137.20+

(mean + SD, n = 3) (cP*10%) 5312 5.223 4.874 6.112 9.447 3.222 7.411 4.011
Isohydrafural content (%) 99.99 99.98 99.96 99.95 99.92 99.89 99.87 98.76
Methyluracil content (%) 99.99 99.97 99.96 99.94 99.91 99.88 99.86 98.27

Strains, MIC/MBC (pg/mL)

0.97/ 0.97/ 0.97/ 0.97/ 0.97/ 0.97/ 0.97/ 2.88/
0.97 0.97 0.97 0.97 0.97 0.97 0.97 2.88
7.8/ 7.8/ 7.8/ 7.8/ 7.8/ 7.8/ 7.8/ 9.1/
62.5 62.5 62.5 62.5 62.5 62.5 62.5 68.7
3.9/ 3.9/ 3.9/ 3.9/ 3.9/ 3.9/ 3.9/ 4.2/
39 3.9 3.9 3.9 3.9 3.9 3.9 4.2
31.25/  31.25/  31.25/ 3125/ 31.25/ 31.25/ 31.25/ 42.5/
62.5 62.5 62.5 62.5 62.5 62.5 62.5 72.5
31.25/  31.25/ 31.25/ 31.25/ 31.25/ 31.25/ 31.25/ 42.5/
31.25 31.25 31.25 31.25 31.25 31.25 31.25 345
7.8/ 7.8/ 7.8/ 7.8/ 7.8/ 7.8/ 7.8/ 9.8/
7.8 7.8 7.8 7.8 7.8 7.8 7.8 9.8

Staphylococcus aureus 209-P
Enterococcus faecalis
Escherichia coli
Klebsiella pneumoniae
Pseudomonas aeruginosa

Proteus vulgaris

Abbreviations: Y, yellowish; H, homogenous

Stability studies Conclusions
The stability studies were performed for the optimal
formulation by long-term testing. [31]. The results
are presented in table (Table V).

The results of the stability studies revealed that the
optimal formulation was stable within 24 months as
no changes in colour, odour, homogeneity, pH,
viscosity, antibacterial activity and drug content
were observed (Table V). At 30 months the changes
of colour, pH, viscosity, antibacterial activity and
drug content were noted, which indicated that the
ointment did not correspond the requirements.

A combination of 0.1% isohydrafural and 4% methyl-
uracil in a hydrophilic base ointment of PEG 400
and PEG 1500 was developed in order to improve
the treatment of skin and soft tissue infections. DSC
and FTIR-Spectroscopy results confirmed the physical
and chemical compatibility of isohydrafural, methyl-
uracil, PEG 400 and PEG 1500. The optimal
formulation was F4 with the composition: 76.72%
of PEG 400 and 19.18% of PEG 1500, as it has
optimal values of viscosity at 22 + 0.1°C — 176.51
cP * 10% and at 37 + 0.1°C - 101.41 cP * 10° at the
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lowest shear rate and it is capable of a high osmotic
activity - 301.10% in comparison with the rest of
the formulations.

The in vitro antibacterial activity of the optimal
formulation of 0.1% isohydrafural and 4% methyl-
uracil indicated that it is more potent against Gram-
positive and Gram-negative bacteria compared to
Nitrofural 2% ointment. The long-term stability testing
of the optimized ointment formulation of isohydrafural
and methyluracil revealed the shelf-life of two years.
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