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ABSTRACT: The purpose of present study is to prepare and characterize camphor-loaded ozonated olive oil
nanoemulsions (NEs). In this study, olive oils were ozonated with different times (up to 24 h) and their viscosities were
examined. NEs were prepared by high-energy ultrasonication technique and characterized according to droplet size
distribution, zeta potential, microscopic evaluation, and storage stability. The effect of oil phase/aqueous phase volume
ratio, sonication time, and co-solvent (glycerol) on formulations were evaluated. 6 h ozonated olive oil was chosen for
developing NEs due to its liquid form and viscosity (189 mPas). The obtained camphor-loaded NEs (with or without
glycerol) had nearly 300 nm droplet size with negative zeta potential. Microscopic analysis revealed the spherical shape
of droplets. The long-term stability tests showed that camphor-loaded NEs with glycerol were more stable than NEs
without glycerol at 4 °C and 25 °C. According to the results, ozonated olive oil based NEs with glycerol might be
promising nanosystems for topical delivery of camphor.
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1. INTRODUCTION

In recent years, there has been a growing interest of ozone treatments. For the administration of ozone
gas into the body, one of the effective and simple methods is to use ozonated oils [1]. Ozone is a very strong
oxidative agent and has recently been utilized for the production of various forms of ozonated vegetable oils,
which combines the properties of ozone and vegetable oils. It is a highly reactive molecule and easily reacts
with carbon-carbon double bonds of unsaturated fatty acids that exist in triglycerides of vegetable oils in line
with the mechanism defined by Criegee [2]. This reaction leads to a number of oxygenated products including
ozonides, peroxides, and aldehydes [3]. These oxygenated compounds have several biological activities such
as antibacterial, fungicidal and antiviral effect in addition to the properties of stimulating tissue regeneration
and repair [4].

Musculoskeletal pain is a general health problem that affects people of all ages. Ozonated oils have been
suggested as an alternative topical pain relief treatment due to their potential analgesic effect [5,6]. In this
study, camphor was chosen as an active drug. It is an ingredient in topical analgesics and widely used to treat
musculoskeletal pain in many ointments, creams, and gels. The combination of ozonated oils and camphor
could be a good strategy for reducing musculoskeletal pain.

Nanocarriers, such as liposomes, transfersomes, ethosomes, niosomes, solid lipid nanoparticles, and
nanoemulsions (NEs), are commonly used to improve skin penetration of active pharmaceutical ingredients.
Among these drug delivery systems, NEs offer some advantages such as the controllable droplet size, long-
term stability, and improved skin penetration for topical applications [7]. NEs are colloidal systems and have
recently become important carriers as vehicles for both hydrophilic and hydrophobic substances in the wide
range of applications for pharmaceutical and cosmetic products.

For developing ozonated oils based formulations, knowing the physicochemical features of ozonated
oils plays a key role. The present study aims to emphasize the effect of ozonation time for olive oil and evaluate
the effect of oil phase/aqueous phase volume ratio, sonication time, and co-solvent effect on formulation
characteristics and long-term stability of NEs.
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2. RESULTS AND DISCUSSIONS

2.1. Characterization of ozonated vegetable oils

The first stage of this study was to determine optimum properties of ozonated olive oils to prepare NEs.
The viscosity of oil phase is crucial for developing NEs because it affects the characteristic features. The effect
of ozonation time on the viscosity of ozonated olive oils is illustrated in Figure 1. Results showed that the
viscosity of ozonated oils increased during the ozonation time. Increased viscosity indicated that ozone reacted
with the double bonds of the oil molecules to compose a more bulky molecule [8]. This result was in good
agreement with the literature [9]. At the end of the 24 h, ozonized olive oils reached average viscosity value of
1833 mPas (Figure 1). On the other hand, the color of ozonated oils turned pale and lost their original colors
and gained an almost colorless appearance as ozonation time increased (Figure 2). Changes may arise from
the pronounced effect of ozone on carotenoid pigments which give their colors to the vegetable oils. The
carotenoids show antioxidant activity [10] and have double carbon-carbon bonds [11]; therefore, they can be
influenced by the reactions of ozonation. As a result of ozonation, the double carbon-carbon bonds of
carotenoids can be broken and vegetable oils may lose their natural color.

Among the different time ozonated olive oils, 6 h ozonated olive oil was selected for NEs preparation.
The following reasons were effective in this selection: (i) 9 h or higher ozonated olive oils were semi-solid and
had high viscosity, which could make NEs preparation difficult and (ii) 3 h ozonated olive oil had low ozone
content compared to 6 h.
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Figure 1. The change of ozonated olive oils viscosity with ozonation time at 25 °C (n=3).

Figure 2. The change in the appearance of ozonated olive oil within hours (A: Initial, B: 3h, C: 6 h, D: 9 h, E:
12h,F:15h,G: 18 h, H: 21 h, I: 24 h).

2.2. Characterization of NEs
2.2.1. Effect of oil phase/aqueous phase volume ratio

The results of the influence of oil phase/aqueous phase volume ratio on nanoemulsion characteristics
are summarized in Table 1. According to the results, it is clear that the droplet size and polydispersity index
(PDI) value in NEs are influenced by the oil phase/aqueous phase volume ratio. The droplet size of NEs is
growing with increasing volume of oil phase. The average droplet sizes of blank NEs were 3269 nm for low
aqueous phase contained formulation (F1) and 297 nm for high aqueous phase contained formulation (F5).
This result can be explained by decreasing viscosity of NEs with increasing aqueous phase volume. The
decreased viscosity of NEs can make the fragmentation of the oil-water interface easy and result in the
development of smaller droplets [12]. These observations are in accordance with similar studies. Kumar Dey
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et al. reported that the average droplet size of NEs increased marginally with the increase in oil concentration
[13]. Also Azeem et al. found that the droplet size increased with increase in the concentration of the oil in the
formulations from 29.66 nm to 76.74 nm [14].

A high negative or positive value of zeta potential indicates a high electric charge on the surface of the
NEs, which can cause strong electrostatic repulsion forces between droplets to prevent coalescence in order to
maintain long-term physical stability. Both blank NEs exhibited negative zeta potentials in the range of —15.5
to —18.7 mV, which can be attributed to the presence of oleic acid in olive oil [15]. All formulations have high
PDI value except F5. A small value of PDI (<0.5) indicates a narrow size distribution [16], while a large PDI
(>0.7) indicates a very broad distribution of droplet size [17].

Droplet size plays an important role in skin penetration of NEs. NEs with a size < 300 nm are able to
deliver their contents into the deeper layers of the skin [18]. Therefore, it was decided that oil phase/aqueous
phase volume ratio (1.5:8.5) was selected and used for further studies because of its high ozonated oil content
and desired droplet size.

Table 1. Effects of different oil phase/aqueous phase volume ratio on the droplet characteristics of blank
NEs (mean + SD, n=3).

f(());?ulation O;LE?:?;{?(?‘;‘;(‘)’;‘S Particle size (nm) PDI Zeta potential (mV)
F1 7/3 3269 £ 352 1 -163+1.2
F2 5/5 1340 £+ 94 0.812 £ 0.064 -18.7+0.9
E3 3/7 57210 0.516 £ 0.041 -155+1.1
F4 2/8 432 £17 0.560 £ 0.063 -171+1.0
F5 1.5/8.5 297 £5 0.440 £0.015 -16.9+0.8

Applied sonication time is 5 min for all formulations.

2.2.2. Effect of sonication time on NEs

To evaluate the sonication time on formulation characteristics, different sonication times (2.5 min, 5 min,
and 7.5 min) have been applied. The impact of sonication time on the droplet size and zeta potential of the
blank NEs is presented in Figure 3A. These formulations (F5, F6, and F7) had similar oil phase/aqueous phase
volume ratio (1.5:8.5); only the applied sonication times were different. Ultrasonication method has been
employed in high energy emulsification to form intensive disruptive forces (such as collision and
compression), which allows one phase to be dispersed into another as tiny droplets [19]. The result showed
that droplet size was mainly dependent on the sonication time. Smaller droplets of NEs were formed with the
increase in sonication time until 5 min. The average droplet size was obtained as 437 nm (F6), 297 nm (F5) and
302 nm (F7) at 2.5 min, 5 min, and 7.5 min sonication time, respectively. Partially larger droplets (with higher
PDI value compered to F5) (Figure 3B) formed during longer sonication time (7.5 min) can be related to the
effect of over-processing of the emulsification causing the coalescence of droplets [20]. These results are in line
with the previous observations from the nanoemulsion formulations containing d-limonene. Jafari et al.
reported that the size of NEs decreased when sonicated for up to 40 seconds, but when sonicated longer, the
size remained constant in around 500 nm [21]. It is understood from the results that there is an optimum
sonication time to obtain lower droplet size of NEs.

As shown in Figure 3A, all different sonication time applied formulations were negatively charged and
zeta potential values varied between —15.4 mV and —-16.9 mV.

2.2.3. Glycerol effect on NEs

The influence of a water-soluble co-solvent (glycerol) on the NEs was investigated. Statistical difference
was only observed between F5 and F5G in terms of droplet size and formulation containing glycerol (F5G)
had a larger droplet size and a higher PDI value compared to blank formulation (F5) (Table 2). F5G and F5
formulations were found to be 327 £ 4 nm and 297 + 5 nm, respectively. This could be explained by the increase
in viscosity of the aqueous phase with the presence of glycerol. The higher viscosity of NEs made it difficult
to obtain smaller droplets [22]. All formulations were negative zeta potential with low PDI value (<0.5). Also,
it was observed that the presence of glycerol in formulations did not significantly affect the zeta potential
(p>0.05).
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Figure 3. Effect of sonication time on (A) droplet size and zeta potential and (B) polydispersity index (PDI)

(mean + SD, n=3).

Table 2. Characteristics of different NEs (mean + SD, n=3).

f(());r:ulatlon Droplet size (nm) PDI Zeta potential (mV)
F5 297 +5 0.440 £ 0.015 -16.9+0.8
F5G 327 +4* 0.452 £ 0.017 -16.6 £0.4
F5C 315+11 0.460 + 0.028 -179+0.9
F5GC 305+ 12 0.495 £ 0.011 -17.3+£0.7

Difference between F5 and F5G, * p<0.05.

F5: Blank NEs (without glycerol and camphor)
F5G: NEs containing glycerol (without camphor)
F5C: NEs containing camphor (without glycerol)
F5GC: NEs containing glycerol and camphor

2.2.4. Microscopic evaluation of the NEs

Figure 4 shows microscopic images of camphor-loaded NEs with or without glycerol. All emulsions
showed spherical droplets. The NEs droplets remained dispersed by microscopy images, which could be
attributed to the preparation method (high-energy ultrasonication technique) [23].

Figure 4. Optical microscopic images of (A) camphor-loaded NEs with glycerol and (B) camphor-loaded
NEs without glycerol. Scale bar corresponds to 8 yum.
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2.2.5. Storage stability of NEs

For commercial applications, it is an important factor that emulsion-based delivery systems remain
physically stable during storage. The long-term stability of camphor-loaded NEs with glycerol (F5GC) or
without glycerol (F5C) in terms of droplet size, PDI and zeta potential were monitored at 4 °C, 25 °C + 2 °C,
and 40 °C £2 °C. The results showed that the stability of NEs was highly influenced by the storage temperature
and presence of glycerol (Table 3). Statistically, the droplet size of the F5GC showed physical stability for a
period of 6 months (p>0.05); however, in the absence of glycerol, F5C showed stability for just a period of 3
months at 4 °C. By the end of 6 months, at 25 °C, the droplet size increased to 351 nm and 378 nm for F5GC
and F5C, respectively. It was found that after 1 month storage, droplet size slightly increased at 40 °C in both
formulations (p<0.05). The mean droplet size of the F5C and F5GC increased to about 494 nm and 443 nm at
40°C, respectively, in 6 months possibly due to aggregation [24,25]. This also demonstrated the low stability
of NEs at 40 °C as a result of coalescence and aggregation. Although formulation F5GC had low PDI values
(<0.5) in all conditions, F5C showed higher PDI values especially when formulations were stored at 40 °C for
a long time. Because of several diverse physicochemical procedures involving flocculation, coalescence, and
Ostwald ripening under stress conditions (such as high temperature and high humidity), NEs may get
unstable [26]. By adding glycerol, physical stability of the NEs was significantly enhanced, due to its co-solvent
and extremely viscous property. With increasing the viscosity of the continuous phase droplet collision
frequency was decreased [27]. Also, NEs formulations (with or without glycerol) had a negative zeta potential
during all storage conditions.

Table 3. Changes in the droplet size (nm), PDI and zeta potential (mV) of camphor-loaded NEs during
storage time at different conditions (mean + SD, n=3).

Droplet size (nm) PDI Zeta potential (mV)
Time Conditions F5C F5GC F5C F5GC F5C F5GC
(Mouths)
Initial 315£11 305+12 0460+0.028 0495+0011 -17.9+09  -17.3+0.7
4°C 333+11  321+8  0465+0.033 038140038 -182+06  -17.3+09
1 25°C+2°C  333+17 314+10 0457+0.034 0425+0032 -164+09  -184+05
40°C+2°C  350+8 321410 0.533+0016 0.397+0.029 -181+07  -183+09
4°C 340£15  325+6  0507+0.047 0438+0007 -183+11  -161+0.6
3 25°C+2°C 35949  330+11 0476+0.038 043140022 -189+08  -17.7+1.1
40°C+2°C  385+16 360+12 0568+0.061 0421+0.035 -176+10  -173+07
4°C 355413  330+14 057240065 045440.030 -181+09  -16.8+09
6 25°C+2°C  378+11  351+9  0.661+0.084 048740018 -162+05  -17.4+1.1
40°C+2°C  494+40 443+13  0.604+0059 0482+0017 -173+07  -161+08
3. CONCLUSION

There are a number of major parameters (such as ozonation time, unsaturated fatty acids ratio and
monounsaturated fats/polyunsaturated fats ratio) which can change the physicochemical properties of
ozonated oils. Amongst ozonated olive oils, 6 h ozonated olive oil showed excellent properties for preparing
NEs formulations. The camphor-loaded NEs were prepared using high energy emulsification method
(ultrasonication) and successfully characterized in vitro. Spherical droplets with average sizes around 300 nm
were prepared with negative zeta potential. It was obvious that glycerol played a major role for the stability
of the emulsions. According to droplet size analyzer results, glycerol included NEs appear to be more stable
at all storage conditions except 40 °C. In conclusion, nanoemulsion based gel (nano-emulgel), which exhibits
complementary characteristics of NEs and gels, can be a new alternative strategy for the delivery of camphor
in ozonated oil based NEs for both in vitro and in vivo further investigations.
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4. MATERIALS AND METHODS
4.1. Materials

Olive oil was purchased from the local companies in Turkey. Tween 20 (surfactant), glycerol (co-
solvent), and camphor were purchased from Sigma-Aldrich (USA). Water used in the experiment was
distilled.

4.2. Ozonation method

Ozonated olive oil was prepared as shown in Figure 5. Ozone was generated by the ozone generator
(Elite Ozon, Turkey). The oxygen required for ozone generation was provided from oxygen concentrator. Pure
oils were placed in a reactor at room temperature. The ozone (gas flow rate: 1.5 1/min) was bubbled through
the oil samples for different periods of time up to 24 h.

Oxygen O Ozone generator
concentrator |:| [l Lo a ﬁ ﬁ
ol o
O — O [+] o[lo o]

Olive oil Ozonated olive oil Highly ozonated olive oil

Figure 5. Scheme of the preparation of ozonated olive oil. The olive oil begins to lose their original colors
with increasing ozonation time.

4.3. Characterization of ozonated olive oil

The viscosity measurement was performed with a viscometer (Brookfield model LV-DVIII, USA,
spindle CPE-52) at different temperatures. The sample (0.5 ml) was placed between the gap of the cone and
plate, and the gap was closed gradually. Revolving speed was 10 rpm.

4.4. Preparation of NEs

A high-energy ultrasonication technique was used to prepare the NEs [28]. Briefly, 2.5% (v/v) tween 20
and 2.5% (v/v) glycerol were dissolved in distilled water (aqueous phase). The oil phase was prepared by
adding camphor into the ozonated olive oil. The oil phase and aqueous phase were stirred separately with a
magnetic stirrer for 30 min to get homogeneous solutions. The oil phase was added slowly to the aqueous
phase and mixed with a magnetic stirrer for 30 min in order to get a coarse emulsion. Afterwards, the coarse
emulsion was sonicated (Sonics Vibra-Cell, USA) to get the NEs. The blank formulations were prepared as
described above without camphor. The general scheme for the preparation of NEs is shown in Figure 6. The
effect of formulation variables such as oil phase/aqueous phase volume ratio, sonication time, and co-solvent
effect on NEs characteristics were evaluated.

4.5. Characterization of NEs
4.5.1. Zeta potential, droplet size and polydispersity index analyses

All formulations were characterized for the zeta potential, droplet size, and PDI using a Malvern
ZetaSizer Nano ZS instrument (Malvern Instruments, UK). The surface charge measurements were based on
the electrophoretic mobility of NEs and the droplet size and PDI of NEs were determined by Dynamic Light
Scattering (DLS) technique. All determinations were performed in triplicate (n=3).

4.5.2. Microscopic evaluation of the NEs

The microscopic and structural depiction of the NEs was scrutinized. Optical microscopy images were
recorded by an optical microscope (Olympus IX53, Japan) to analyze the morphology of NEs. A drop of
nanoemulsion samples were dispersed on the glass slide and samples were then covered with the coverslip.
Images were observed under the microscope with an objective lens of 100x magnification power.
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Figure 6. Schematic preparation of NEs.

4.5.3. Determination of storage stability of NEs

In order to evaluate storage stability of the NEs, the samples were put into capped glass containers and
stored at 4 °C, 25 °C £ 2 °C (60% RH) and 40 °C = 2 °C (75% RH) for 6 months in a stability chamber. The
storage stability of the NEs was determined by testing their droplet size, PDI, and zeta potential during storage
(n=3).

4.6. Statistical analysis
All data were collected from triplicates (n=3) and were reported as the average with standard deviation
(mean + SD). All analyses were performed using GraphPad Prism 5.0 (GraphPad Software Inc.). Data were

analyzed using one-way ANOVA with post-hoc Tukey's test. A difference with p <0.05 was considered to be
statistically significant.
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