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Abstract

The study included four main parts, each part results supports the findings of
the another part. The first part addressed the effect of the presence of metronidazole
on the formation of worm-like micelles for five different ratios of the two ionic
surfactants sodium dodecyl sulfate, SDS and cetyltrimethylammonium bromide,
CTAB: 0/100, 10/90, 20/80, 30/70, and 40/60, respectively. This was achieved by
tracking the dynamic viscosity changes of each mixture and comparing the results
with those in the absence of the drug at temperatures (293, 298, 303, and 310 K). It
is noted that the presence of the drug did not cause a shift from the 20/80 ratio of the
SDS and CTAB mixture as the highest viscosity compared to the rest of the above
ratios, and the profile of the relationship between the solution viscosity and
metronidazole concentration for all mixtures in which SDS is one of its components
reached the peak at a concentration of (0.01 M) of the drug and then gradually
decreases. This indicated that the change in viscosity depends on reaching the critical
state which depends on the intermolecular forces of the molecules, and this state has
no linear relationship with the concentration of metronidazole. The values of the
thermodynamic variables at this concentration of the drug for the 20/80 mixture of
SDS and CTAB give the highest heat release, as the standard enthalpy value for the
formation of worm micelles was (-284.6 kJ/mol). The formation is spontaneous, as
indicated by the standard free energy value of micelle formation (-15.2 kJ/mol), and
less random, as the standard entropy value for micelle formation is estimated to be
(-919.14 J/mol.K).

The second part included study the reaction of dissociation of metronidazole
with time in the aqueous medium alone without any additives and in the presence of
(3% wt.) of SDS, (3% wt.) of CTAB and (3% wt.) of a mixture of SDS and CTAB
at a ratio of 20/80, respectively, at temperatures (308 K) and (318 K). The decrease
in the drug concentration with time was monitored at a wavelength of (320 nm), as
there is no interference of this band with the bands of the rest of the materials. By
applying the results to zero-, first- and second-order equations, it was shown that the
dissociation reaction of metronidazole is first-order, and that surfactants accelerate
this reaction according to the sequence (CTAB>CTAB/SDS>H,0>SDS). This
indicates that the stability of the intermediate state of the drug's dissociation in
CTAB is greater than that of the drug itself, due to the repulsion between the CTAB
head groups and the imidazole group of the drug. The thermodynamic parameters of
the dissociation of metronidazole under the experimental conditions indicate that the
reaction is endothermic and non-spontaneous, and that one molecule of



metronidazole dissociates for every 2.3x10!” metronidazole molecules. Although the
drug's stability decreases when it is present in a surfactant mixture, a gel-like
formulation with a shelf life of more than two years can still be produced, which is
pharmaceutically acceptable.

In the third part, the sensitivity of Escherichia coli and Staphylococcus aureus
bacteria to a solution of metronidazole (0.04 M) was tested over time in aqueous
media alone and in the presence of (3% wt.) SDS, (3% wt.) CTAB and (3% wt.)
SDS/CTAB mixture at a ratio of 20/80 at room temperature. This concentration of
the drug is close to its concentration in the pharmaceutical product (0.75%) of
metronidazole in gel form for external use. The effect of surfactants on bacterial
growth might be due to the dissolution of the lipid components of the microbe's cell
wall, which leads to increased permeability of the drug to the cell components,
causing them to decompose. Metronidazole exhibits a weak effect on these two types
of facultative anaerobic bacteria. This is because its mechanism of action relies on
its reduction under anaerobic conditions within the bacteria, producing free radicals
that destroy the microbe. However, the presence of metronidazole in a surfactant
medium significantly increases its effectiveness in two ways: First, it increases the
drug's permeability to the microbe cell by dissolving its cell wall. Second, the
presence of the drug in the surfactant medium may result in its transformation into
nanoparticles, giving it exceptional properties and effectiveness compared to its
stand-alone solution.

The fourth and final part included study the effect of the presence of
metronidazole at concentrations (1x107, 5x107°, 1x10** and 5x10* M) on the critical
micelle concentration of the surfactants SDS and CTAB at temperatures (293, 298,
303 and 309 K) using the specific conductivity technique for solutions. The results
showed that metronidazole supports the formation of spherical micelles of SDS, as
the critical micelle concentration decreased with increasing drug concentration, in
contrast to CTAB, which showed an increase in critical micelle concentration values
in the presence of the drug. This is due to the imidazole group contained in
metronidazole, which stabilizes the headgroups in the SDS globule due to the
diffusion of the negative surface charge, unlike CTAB micelles, which are inherently
positively charge, which increased surface stress, hindering the formation of
spherical micelles. This difference was clearly evident in the variation in the values
of the degree of ionization and the percentage of the accompanying ion for both
agents. Despite the difference in the effects of SDS and CTAB on the presence of
metronidazole in their solutions, the conversion of both agents to the spherical



micelle form was spontaneous and exothermic, given the negative values of both the
standard free energy and standard enthalpy for the micelle formation process, and
the spontaneity of the process decreased with increasing temperature.

From the above, we can see the importance of this study in highlighting the
possibility of exploiting the worm-like micelle formation characteristic of a mixture
of surface-active agents (at certain concentrations) to produce a gel for external use.
Combining the use of these materials and the antibiotic results in synergistic
biological effectiveness, which emphasize the use of these relatively inexpensive
materials.
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