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Abstract

For examining the improvement in antioxidant aptitude of Ceftriaxone, an antibiotic
drug, through encapsulation, the bio-emulsion using Neem oil (Azadirachta indica)
with aqueous Dodecyl Trimethyl Ammonium Bromide (DTAB) have been framed.
The prepared emulsions have been characterized with physicochemical properties
(PCPs) where alterations in PCPs of pure and drug encapsulated emulsions were
attributed for distinguishing them. The formulations have been screened for radical
scavenging activity (RSA) with free radical 2, 2-diphenyl-1-picrylhydrazyl through
spectrophotometric and physicochemical methods. With DPPH (2,2-diphenyl-1-
picrylhydrazyl) assay, the antioxidant potential of pure drug and with emulsion
have been carried out where the formulation showed increment in such activity
of ceftriaxone. First time the scavenging activity is examined with PCPs along with
DPPH assay where reduction in values of surface tension, viscosity and potential
are attributed for the radical scavenging activity, similar to DPPH assay. The
reduced values of such properties of ceftriaxone encapsulated emulsions have
guantitatively confirmed the improvement of antioxidant activity of ceftriaxone.
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Introduction

Several studies report neem oil (Azadirachta indica) as bioactive
compounds, and that has been found to be insecticidal resistant
[1-4]. Not only neem oil but also the neem products have also
been investigated as antimalarial disease [5-7]. The formulations
comprising various neem products have been found effective
including in aqueous or organic phases [7]. Mentioned activities
fascinated us to choose the neem oil for the emulsion formulation
in the present study to evaluate the antioxidant ability of
Ceftriaxone, an antibiotic drug via encapsulation. The sodium
salt of Ceftriaxone (Figure 1) is a semi- synthetic antibiotic,
and derivatives of 7-aminocephalosporic acid [8-12]. It is an
extensive acting antibiotic for parenteral use, and shows in vitro
antimicrobial activity against a long variety of microorganisms and
its stability towards Gram-positive and Gram-negative bacteria, is
higher [13-18]. Thus, the trend is that the many industries and
academician are looking for the same and its derivatives [19-
22]. Structurally, the presence of nitrogen containing six and
five membered rings and carbonyl moiety, impart Ceftriaxone
an electrophilic character, thereby making this a proficient free
radical scavenger. Such activities are enhanced by applying some
other sources, like, the emulsions, have proven effective and

reliable haulers due to their flexible compositions in terms of
hydrophobic and hydrophilic behavior [23-27]. Such formulations
grip immense possibilities for improving beneficial efficacies and
concomitant therapeutic actions of the drug [24,26-30]. Initially
formulations hold the drug into them then improve their activities
via encapsulations [29]. Thus, in present study we succeed to
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Figure 1 Structure of Ceftriaxone.
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give good formulation for enriching the antioxidant activity of
Ceftriaxone through encapsulation in biocompatible emulsions
formulated using neem oil and aqueous DTAB.

Materials and Methods

The commercially available neem oil was procured, and other
chemicals such as DTAB, Ceftriaxone and DPPH free radical were
obtained from Sigma Aldrich having 99.99% purity level. The
chemicals were used as received and Milli-Q water of conductivity
107 Scm™was used.

Preparation of formulations

0.1-0.5 mL oil was separately taken into 50 mL RB flask using a
pipette, then, a 50 mL0.001 M aqueous DTAB solution was added
in all of the formulations at 1000 rpm stirring. The stirring was
further sustained for 45 min, under similar conditions, in each
case.

Ceftriaxone encapsulated emulsions

For Ceftriaxone loading, initially, 10 uM (in methanol) was
dissolved in neem oil, before the oil-drug mixture was kept
for magnetic stirring at 1000 rpm, so as to enable complete
solubilisation. This process of adding Ceftriaxone in neem oil has
been referred to as drug encapsulation and this oil, only, has been
further used to prepare drug loaded emulsions (DLEs).

Physicochemical characterizations

Densities were measured using Anton Paar DSA 5000M Density
meter, with the respective accuracies being + 10°g cm=and + 0.5
m/s, respectively. The instrument was calibrated with water and
dry air (DMA, manual; Anton Paar, Graz, Austria). The viscosities
and surface tensions of drug encapsulated and pure formulations
were measured using Borosil Mansingh Survismeter, with the
respective accuracies of £ 0.01 mN/mand + 1 x 10*mPa-s [31,32].
The pH and potential were checked using Lab India instruments.

Measurement of drug loading efficacy

The drug loading efficacies for Ceftriaxone were determined
through the comparison of densities, surface tension, viscosities,
pH and potentials of with and without drug loaded formulations.
These were measured in terms of comparative % encapsulation,
surface availability and binding potential using densities, surface
tension and viscosities respectively as per reported by Parth
Malik et al. [33].

Measurements of antioxidant potential

Spectrophotometric method: Antioxidant activities, RSAs, of the
DLEs are measured by a free radical scavenging effect of steady
DPPH®, with spectrophotometric titration with minor alteration
[34,35]. For screening RSAs, pure DPPH® solution was varied with
DLEs in 1:1 ratio. Thereafter, on vigorous shaking, these samples
were kept in dark for an incubation period of 45 min. The RSAs
were assessed as a measure of comparative % reduction in
absorbance of pure DPPH® and DPPH + DLE 1:1 mixture, atA__=
517 nm. The measurements were made with Spectro 2060 plus
model UV/Vis spectrophotometer. Firstly base line correction
for the pure emulsion was made. The respective RSAs were
guantitatively estimated using the following equation [34,35].
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Scavenging activity (%) = (%} x100 1

A, and A _are the absorbance of pure DPPH* and DLEs.

Physicochemical methods: First time, this attempt has been made
that the RSAs are evaluated through physicochemical analysis.
In this method the free radical interaction with drug in term of
RSA has been determined via comparative analysis of PCPs. The
overall interaction with free radicals, surface scavenging and
bulk scavenging activities have been determined through the
comparison of densities, surface tension and viscosities of pure
DPPH and DPPH + DLEs. The mathematical equations derived for
analysing these attributes are as follow.

% Overall interaction = (pDPPH PpLeppri j x 100 2
Pprpri
| Yprr — ¥ pLE+DPPH
% Surface Scavenging = x100 3
Y pppu
% Bulk Scavenging = (UDPPH !IpLesprei J x100 4
Mpper

There p, y and n are respective values of densities, surface tension
and viscosities. The RSA are also analysed with potential studies
of with and without drug encapsulated emulsions with compare
to potential of DPPH. The % scavenging effect was analysed as
follow.

% Scavenging activity = (POtDPPH — POtDLE+DPPH J x100 5
Pot ppy

Results and Discussion

Neem Oil/ Aqg. Surfactant  emulsions:

Physicochemical characterizations

After one hour stirring of mixture of oil and aqueous DTAB
produced milky coloured emulsion, predicted structure is shown
in Figure 2. The pure and DLEs carrying Ceftriaxone encapsulated
neem oil and aqg. surfactants have been critically inspected via
PCPs to comprehend and analyse the dissolution and dispersal
pattern of Ceftriaxone. In understanding of this, the characteristic
densities, surface tensions, viscosities, pH and potential of the
formulations have been assessed. Density is a measurement of
compression and is caused due to interaction of constituents
of the system and able to discriminate between interrelating
systems [33]. So, the density of pure and DLEs has been deliberate
to differentiate between these pure and DLEs (Figure 3), where
the values of densities have been found to be reduced with the
amount of oil for the pure formulation. It may be due to the
higher amount of the oil has increased the hydrophobicity into
ternary system (Oil + Water + Surfactant) that caused weaker
interaction among the components, and resulted lower in
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kFigure 3 Density analysis for the pure and DLEs.
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densities. In case of DLEs the densities got augmented with the
amount of oil followed by reverse trend of pure formulations that
confirmed the loading of the drug or DLEs. Ceftriaxone having
many hydrophilic groups decreased the hydrophobic effect of the
oil, and increased the interaction concluding the effectiveness of
the drug with the oil. The examination of pH of pure and DLEs
inferred the acidic nature of the oil which led towards acidic from
basic (Figure 4). Since ceftriaxone have acidic groups therefore
the pH of pure formulation higher than the pH of DLEs because
drug has increased the acidic character of formulation. Especially
with the 0.2 and 0.3 mL of oil the pH of DLEs decreased much as
compared to other, such concentration may be noticed as effective
concentration for particular formulation. Such comparative
analysis of pH with respect to pure and DLEs confirmed the drug
loading in emulsion where the decrease in pH for DLEs from pure
formulation has been found. Similarly, the surface tension and
viscosity, as interface parameters, reveal about the interaction
with respect to surface and bulk respectively. Surface tension
and viscosity data from 0.1 to 0.5 mL with 0.1 mL interval for
pure and DLEs are calculated as per literature [31,32]. For the
pure formulation both the surface tension and viscosity have
been decreased while for the DLEs the same were found to be
increased with respect to oil’'samount. The increase and decrease
in both the parameters for the same solutions can be explained
on the basis of ASIAM model [36]. The surface tension is a surface

© Under License of Creative Commons Attribution 3.0 License
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property where the molecules or particles are pulled down due
to attraction of bulk causing tense at surface with a unchanging
molecular preparation in liquid stage, here the surface interaction
has been caused due to intermolecular interaction among the
water + surfactant + oil. Data (Table 1) reveal that this interaction
is weaker than pure water inferring weaker surface interaction in
three component system. Initially, the oil disrupts the aqueous
surfactant interaction (water + surfactant molecules) which is
stronger than oil-surfactant-water interaction. On an increasing
amount of oil, the surface tensions and viscosities got decreased,
it infers that number of oil molecules favor a development
of three components interacting system. Surface tension and
viscosity with the amount of oil have varied linearly depicted in
Figure 5, due to, composition effect on interactions. In the case of
DLEs, the viscosity and surface tension have behaved inversely as
compared to pure formulation where these have been increased
with respect to amount of oil. It inferred that the ceftriaxone
having more hydrophobicity strengthened the interaction of
oil-surfactant-water, and confirmed the loading of the drug into
the formulation. Such variations in surface tension and viscosity
for the pure and DLEs furnish significant information about the
emulsion system for conducting the drug delivery process.

Quantitative drug loading efficacy (QDLE)

As drug is loaded into any system it is distributed homogeneously
in the solution, and this distribution is analyzed in term of
QDLE using equations reported by Parth et al. [33] where drug
encapsulation, surface loading and bulk loading have been studied
using density, surface tension and viscosity respectively. Figure 5
shows an analysis of QDLE where increment and decrement
have been observed in binding potential, surface encapsulation
and total encapsulation (-ve sign reflects decrease in respective
value). With the increasing amount of oil the increase in surface
encapsulation was found to be increased till 0.4 mL, which may
be due to that, till this concentration surface activity is maximum,
and after that the same was found to be decreased. Ceftriaxone
empathies, relative encapsulation efficacy and doings with oil
and surfactants were assessed for relative changes in PCPs (Table 2)
[37,38]. Hence, the encapsulation efficiency of Ceftriaxone was
appraised by the analysis of comparative changes in densities (p),
with Eq. (1) quantitatively. The % encapsulation is illustrated in
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Figure 4 pH analysis for the pure and DLEs.
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Table 1 Reports components of formulations with and without drug.

O(lL\th)y. Conc. o(fl\,:)q. DTAB %?/Ag{nés Conc. of Drug (uM)
0.10 0.001 50 10
0.20 0.001 50 10
0.30 0.001 50 10
0.40 0.001 50 10
0.50 0.001 50 10

Table 2 Experimental pH, potential (V), density (p), viscosity (n), and
surface tension (y) of pure emulsion (without drug), Drug Loaded
Emulsion (DLEs), 2,2-diphenyl-1-picrylhydrazyl (DPPH) and DPPH + DLEs
at T=303.15 K.

Without drug
H20 7.20 0.120 0.994034 0.7225 70.38
DTAB 7.40 0.063 0.807271 0.5780 40.98
0.1 8.87 0.030 0.818256 0.6036 31.45
0.2 8.82 0.027 0.815243 0.5881 30.46
0.3 8.79 0.026 0.809232 0.5816 26.55
0.4 8.47 0.026 0.803222 0.5598 25.42
0.5 8.38 0.022 0.799211 0.5504 25.00
DLEs
0.1 5.70 0.136 0.810989 0.5475 26.94
0.2 5.52 0.132 0.812365 0.5706 28.02
0.3 5.46 0.128 0.813965 0.5938 29.20
0.4 5.40 0.125 0.814896 0.6167 30.03
0.5 5.33 0.116 0.816562 0.6380 30.94
DPPH + DLEs
DPPH  5.99 0.21 0.793569 0.6546 43.57
0.1 5.42 0.164 0.822256 0.6491 33.52
0.2 5.45 0.147 0.821246 0.6103 36.22
0.3 5.65 0.144 0.819336 0.6044 37.36
0.4 6.18 0.136 0.815148 0.5880 38.48
0.5 6.46 0.123 0.812258 0.5793 40.47
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Figure 6, where a negative sign represents that drug works as
structure breaker while a positive sigh showsitasastructure maker
[36]. The higher densities of ceftriaxone with oil and aqueous
DTAB solutions reflect that the Ceftriaxone interrelated strongly
with the components of systems. Since the densities of drug
loaded formulations with the surfactants were found less than
those of reliable aqueous surfactant solutions (Table 2 and Figure
3). These experimental trends infer that the surfactants probably
industrialised micelles and captured Ceftriaxone altogether. A
maximum drug encapsulation (2.27%) has been reached at 0.5
mL of oil. Similarly, surface tension is a surface property, reducing
the surface molecules to improvement high energy as a result
of being surrounded with fewer neighbours, thereby, the surface
tension variations of DLEs with those of pure formulations
enable a quantifiable estimation of surface availability of the
ceftriaxone has been calculated [39]. These values seemed as
numerically negative with the amount of 0.1 and 0.2 mL of oil,
whereas for 0.3, 0.4 and 0.5 mL, the corresponding values were
found to be positive. A positive sign for the characteristic surface
availability tells that the ceftriaxone is separated out of emulsion
components and gradually obtains a concentrative existence
at the surface. This accomplishes that the introduction of drug
reorients the emulsion in a way that the oppositely charged
poles aggregate on the ceftriaxone as a core and stronger binding
forces are developed that improved the surface tension values in
DLEs. It can be further experienced through the RSAs, which are
higher. A maximum comparative increase of 23.76% is attained in
surface tension at 0.5 mL of oil. From such differences, it is very
much seeming that the interactions in DLEs are highly subtle and
thereby moderate the surface tension of the ternary mixtures so
as to bring the saturated drug molecules over to the surface. The
physical and dimensional sequences and factors of constituents
of ternary systems result in the development of a recognised
box encircling ceftriaxone to not only bind but also to facilitate
its transportation. In contrast of surface tension values of pure
and DLEs, incidental surface tensions decrease upon the drug
encapsulation, with a stronger dispersion of drug. The viscosities
(n) of DLEs enable the approximation of intermolecular forces
(IMFs) [40] so, a quantitative estimate of corresponding inter
conversion of cohesive forces into IMFs, has been made, through
a regular interaction of the structural areas. An increase in
viscosities shows the broken of cohesive forces occupied among
the solute molecules with the slow development of IMFs, after
an addition of drug. Hence, the selected surfactant catalysis, as
perfect environment for refining the antioxidant is the resultant
therapeutic efficiency of the drug. This is so as in all these DLEs,
the viscosities get increased in process overlap way for the
breaking of cohesive forces within the interaction scenery and
their corresponding gradual replacement by IMFs between
the ceftriaxone and surfactant. It is imitated by comparative
encapsulation values of the ceftriaxone within the interaction
medium that also emphases the drug acting as a structure
breaker in such DLEs, irrespective of the working quantity of oil.

Investigation of enhanced antioxidant potencies
through DPPH* assay

DPPH* is an odd electron radical, owning a strong characteristic
UV/Vis optical density at 517 nm, due to the availability of empty

http://pharmacology.imedpub.com/
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space [41,42]. This nature lets the DPPH® to produce a violet
colour in solution [42]. However, it develops colourless on being
neutralized on for aging of its electron by H*, made obtainable
through free radical scavenging antioxidant. The DPPH*® shows
a paramagnetic nature, mainly responsible for showing a
characteristic specific EPR signal [36]. Due to this, DPPH® activity
assessment is used to approximation RSAs of DLEs through
measurement of relative% decrease in absorbance at 517 nm,
in accordance with Eg. (1). The corresponding % scavenging
activities have been represented in Figure 7. For study of a
critical inspiration of emulsions mediated antioxidant activity,
the RSAs of pure ceftriaxone were also assessed separately. The
interactions of antioxidants with DPPH*® proceed at mutable rates
and relative kinetics, depending on relative ease of antioxidant
action and a corresponding effect of UV light [43,44]. A decrease
in absorbance infers different modes of antioxidant activity,
thus, a particular antioxidant causing a reduction of initial
DPPH absorbance. Figure 7 illustrates analysis for free RSAs of
prepared DLEs, where pure ceftriaxone has exposed nearly 23%
RSAs respectively, while upon loading it has exposed maximum
86% with respect to amount of oil. So, an improvement in the
antioxidant aptitude of Ceftriaxone was observed when it was
abridged within emulsions. DTAB having three methyl group
which results in the stearic interference with hydrophilic portion,
eventually resulting in stronger hydrophobic interactions, leading
to a formation of larger aggregates in the formulation since the
ceftriaxone with oil leads to the arrival of additive hydrophobicity
in the medium. Further, it was also experimental that an optimal
concentration effect with respect to loading effectiveness
and activity of ceftriaxone seems to play an important role in
enhancing its medicinal efficacy. As the effect of ceftriaxone’s
antioxidant effectiveness through emulsions was deliberate
without temperature fixation, this leads to a dependable
speculation that the emulsions possess an oil content dependent
RSAs which typically restrains the interaction and corresponding
free radical overload potential (Figure 7).

Investigation of antioxidant potencies through
physicochemical properties

The antioxidant potential study or interaction with DPPH free
radical has also been examined through measuring the difference
in the data of PCPs. Similar to spectrophotometric method, the
decrease in values of surface tension and viscosity of DPPH+DLEs
from pure DPPH was made a basis for RSAs. The viscosity and
surface tension of pure DPPH solution were found 0.6546 Ps and

© Under License of Creative Commons Attribution 3.0 License
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43.57 mN. m respectively, when the same values were compared
with the values of DLEs + DPPH solutions then, these were found
to be decreased as shown in Figure 8. With the analysis of surface
tension the same values has been decreased only for 0.1 mL oil
and afterward these have been increased inferring the effect
of concentration of oil. Analysis of viscosity revealed that these
have been continues decreased with the increasing amount of oil
inferring better physicochemical tool for analysis of RSA. The %
difference in density, surface tension and viscosity of DPPH and
DPPH + DLEs were calculated as per equations 2, 3 and 4, these
are referred as overall interaction, surface scavenging and bulk
scavenging respectively, shown in Figure 9. The —ve values for
overall interaction show strong interaction which is increased with
respect to oil amount. The % comparative analysis of bulk and
surface scavenging is shown in Figure 10 where they are showing
reverse trend infers that as surface scavenging is decreased the
bulk scavenging is increased with the amount of oil. Initially
surface scavenging is high because at first the interaction occurs
at surface then slowly interacts in bulk.

Investigation of antioxidant potencies through
potential analysis

Similarly the RSA is also analyzed with potential study as
mentioned in equation 5, initially the potential of pure DPPH was
taken and then it was compared with the potential of DPPH + DLEs.
With respect to spectrophotometry, the decrease in potential of
DPPH was made criteria for the RSA analysis. Potential of pure
DPPH was 0.210 V, and decrease in the same was noticed by
the addition of DLEs as shown in Figure 11, where zero shows
potential of pure DPPH.

4 N
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% Scavenging activity
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2538&
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Figure 7 Quantitative investigation of enhanced antioxidant
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Figure 11 Radical scavenging activity trough potential analysis.

Conclusion

Our study thus proves that the encapsulation of ceftriaxone
within the physically active formulations leads to the optimization
of its activity on an in-vitro basis. The formulated emulsions to
supplement the immune protective attributes of ceftriaxone, that
otherwise remain impaired due to its rapid clearance from the
systemic tissue environment. The investigation of the ceftriaxone
loaded formulations using physicochemical accounts for the
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fact that, in general, with an increase in oil, the corresponding
parameter goes on increasing. Also, the physicochemical trends
reflect the fact that an optimum of oil and surfactant combination
is essential for making the emulsions as ideally feasible with a
viewpoint to augment the antioxidant efficacy of ceftriaxone, due
to the existence of a canonical ensemble. The incorporation of
neem oil in current study is also evidently justified through the
symmetric distribution and interaction patterns of PCPs. Even
though improved free radical scavenging activity is obtained
with such formulations, further, there is a sharp inflection and
optimization of physicochemical features of formulations, leading
to the best efficiency towards an enhanced antioxidant effect. The
reliable and promising outcomes of this study have been taken
in due spirit, where in absence of DPPH the antioxidant analysis
could be carried out with physicochemical properties. The radical
scavenging activities (RSA) of the encapsulated Ceftriaxone, have
thus, confirmed an improvement in its antioxidant efficacy and
the analysis of PCPs has depicted its loading efficacy and relative
binding ability. Therefore, our study could not only furnish better
understanding of enhancing the RSA of Ceftriaxone but also lead
to the design of novel formulations with other surfactants and
co-surfactants, thereby enabling better stability.
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