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Abstract: Essential oil-based and coconut oil nanoemulgels were formulated, and their anti-arthritic
effect was evaluated. Nanoemulsions of lemon, ginger, turmeric, and coconut oil were formed by
spontaneous emulsification. Nanoemulgels were obtained using 1 % of carboxymethylcellulose and
carbopol. Characterizations included pH, transmittance, viscosity, conductivity, spreadability, and
droplet size. Stability studies were performed. Arthritis was induced in Wister rats by injecting 0.1 ml
formaldehyde (2 % v/v) into the sub plantar region. Paw volumes and thickness were measured for 28
days. Particles were nanosized with polydispersity indices ranging from 0.21 to 0.75. Formulations had
pH of 4.96 to 6.81. Transmittances ranged from 0.02 to 95.6 %. Viscosities ranged from 308.3 to 1807
mPaS. Nanoemulgels were more stable at 25 + 2 °C. Anti-arthritic evaluations showed that ginger and
lemon nanoemulgels exhibited higher and similar percentage inhibition patterns from days 7 to 28. Only
ginger nanoemulgel reached basal paw values on day 28. Analysis of variance showed statistically
significant differences (p< 0.05) in results obtained on day 7 between Voltaren® and the lemon,
turmeric, and coconut groups, while on day 21, there were also significant differences (p<0.05) between
the Voltaren® group and the ginger and coconut groups. Ginger nanoemulgel was most effective in
treating rheumatoid arthritis.

Keywords: essential oils; rheumatoid arthritis; coconut oil; ginger oil; lemon oil; turmeric oil;
nanoemulgel.
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1. Introduction

Rheumatoid arthritis (RA) is a significant medical condition in Nigeria. It affects
females predominantly. Nigerians who suffer RA have predominantly high titers of
Rheumatoid Factor (RF) while anti-cyclic citrullinated Proteins Erythrocyte Sedimentation
Rate (anti-CCP ESR) and, to a less extent C- Reactive Protein (CRP) is usually elevated [1].
Rheumatoid arthritis management is primarily aimed at halting or stopping the progression of
the disease. To achieve this, disease-modifying anti-rheumatic drugs (DMARDs) have been
employed, and inclusive self-management techniques [2]. These (DMARDs) mainly suppress
the immune system as their primary mode of action. This suppression, however, increases the
risk of infections [3]. Side effects associated with these drugs include nausea, abdominal pain,
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and serious lung and liver toxicities. Furthermore, because these drugs often take an average
of 6-12 weeks to take effect, rheumatologists may also combine them with over-the-counter
pain medications or non-steroidal anti-inflammatory drugs to treat the pain and inflammation.
DMARDs are considered first-line therapies. Regardless, there continues to be a considerable
unmet need for efficacy, including sustained efficacy, safety, and convenience of use with these
existing first-line treatments [3].

Recently, a combination of complementary and alternative therapies with conventional
medicine is becoming more popular. One of the complementary therapies used is
aromatherapy. This uses essential oils to treat diseases. Usually, these essential oils are
obtained from the stem, root, leaves, bark, fruits, and other parts of the plant using appropriate
extractive methods [4].

The study of Abdullah et al. [5] showed the efficacy of ginger oil and its constituents
in providing symptomatic relief and stopping rheumatoid arthritis-induced bone destruction.
Also, a derivative of dried ginger (6-shogaol) has been shown to possess anti-inflammatory
properties like the inhibition of leokocyte infiltration into inflamed tissues as well as reducing
inflammatory mediators like Cycloxygenase-2 (COX-2) enzymes [6]. Turmeric has been
reported to possess anti-inflammatory action, specifically inhibiting lipoxygenase and
Cycloxygenase-2 (COX-2) enzymes. It cures the etiological factors and pathological
inflammation changes [7-9]. Lemon essential oil is extracted from Citrus limon [10]. A study
by Hend et al. [11] demonstrated that lemon extract showed the maximal prevention of articular
cartilage degeneration, inflammatory cells infiltration in the joint cavity, pannus formation,
and synovial hyperplasia in arthritis mice. Aiva et al. [12] reported the anti-inflammatory
actions of Virgin coconut oil and its ability to reduce tumor necrosis factors and interleukins
(IL-5, IL-6, and IL-8). Other essential oils like peppermint and rosemary oils have been
explored in arthritis management [13].

Several authors have employed nanomedicine strategies in the therapy of rheumatoid
arthritis to improve the safety, efficacy, and bioavailability of conventionally applied therapies
[14-20]. Nanoemulsions are submicron-sized colloidal particulate systems that are isotropic
and possess kinetic and thermodynamic stability. Usually, their droplet diameters are within
the 50 to 1000 nm range [21]. Nanoemulgel arises from adding a nanoemulsion system into the
hydrogel matrix; this influences better skin penetration [22]. Nanoemulgels, when employed
in topical delivery of medicaments, can slowly release the drugs from the inner phase (emulsion
phase) to the outer phase (gel phase) and onto the skin [23], thus improving skin penetration
[24].

The delivery of poorly soluble/hydrophobic drug molecules has posed a significant
problem for scientists. Several formulation approaches have been employed to overcome this
challenge and enhance their therapeutic efficacy. Nanoemulgels are among the delivery
systems that have been successfully employed to address this problem. They have the dual
advantage of preserving the active moiety from enzymatic degradation and hydrolysis as well
as possessing a better spreading coefficient than some marketed topical delivery systems. These
advantages have increased the dermatologic application of nanoemulgels [25-27]. The
nanoemulgel dosage form is preferred for essential oil delivery because nanoemulgels contact
the skin to discharge the oil beads from the nanoemulgel. These oil beads enter the skin's
stratum corneum and discharge the medication at a proposed site. Nanoemulgels bond
effectively with hydrophobic active pharmaceutical ingredients (API) in the oil stage, thus
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prompting more focus inclination towards the skin. It displays the improved properties of being
non-oily, spreadable, thixotropic, simple to evacuate, and a longer time span of usability [28].

This study aims to extract, characterize, and evaluate lemon, ginger, turmeric, and
coconut oil-loaded nanoemulgels for their anti-arthritic activities on male Wister rats using the

formaldehyde-induced rheumatoid arthritis model.

2. Materials and Methods
2.1. Materials.

2.1.1. Plant materials.

The fresh rhizomes of ginger (Zingiber officinale) and turmeric (Curcuma longa), fresh
lemon (Citrus limonum), and coconuts were obtained from a local herbalist outlet in an open
market in Awka, Anambra State, Nigeria. The plant samples were identified by a taxonomist
and deposited at the Pharmacognosy and Traditional Medicine Department.

2.1.2. Reagents.

Formaldehyde 40 % (CIL chemicals, Nigeria), Tween® 80 (Hunan Nutramax Inc.,
China) Carboxymethylcellulose and carbopol 934 (Shanghai Soyong Biotechnology Inc.,
China) Triethanolamine (Sigma Aldrich, Germany).

2.1.3. Animals.

A total of 30 male albino rats (weighing between 110 g -150 g) were obtained from the
Animal laboratory facility of the Department of Veterinary Physiology and Pharmacology,
University of Nigeria, Nsukka, and transferred to the animal house of the Department of
Pharmacology and Toxicology, Nnamdi Azikiwe University, Awka, Anambra State, Nigeria
where the animals were used for the experiment. Animals were kept in clean cages and had
free access to food and water. Also, they had 12-hour light and dark cycles. They were kept for
one week to acclimatize to their new environment.

2.2. Formulation of nanoemulsion.

Nanoemulsions were formed by using a low-energy emulsification method. Briefly, the
oil and Tween® 80 were stirred at 800 rpm using a magnetic stirrer (Fischer Scientific, USA)
for 30 min. Then, distilled water was added drop-wise at a flow rate of 3.5 ml/min. The mixture
was stirred at 800 rpm for 60 min. The resultant nanoemulsion was stored at room temperature
(25 £ 2 °C) in transparent glass bottles and assessed for stability after 7- and 30-days post-
formulation [29]. This process was repeated for lemon, ginger, turmeric, and coconut oils.

Table 1. Composition of oil-based nanoemulsions.

Qil Tween Distilled water
Nanoemulsion | (%v/v) (Yoviv) | (%viv)
Lemon 5 5 90
Ginger 5 5 90
Turmeric 5 5 90
Coconut 5 5 90
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2.3. Characterization of the nanoemulsion.
2.3.1. Organoleptic Characterization.

The nanoemulsions were physically observed for color, aroma, clarity, and
homogeneity.

2.3.2. Evaluation of electrical conductivity.

The electrical conductivity of the nanoemulsions was measured using a portable
conductometer (DDS-307, China). The experiment was performed at 25 °C, and readings were
taken in triplicates. The experiment was repeated at 7, 30, 60, and 90 days post-formulation.

2.3.3. Evaluation of pH.

The pH of the nanoemulsions was measured using a pH meter (PHS-3C, China). The
experiment was performed at 25 °C, and readings were taken in triplicates. The experiment
was repeated at 7, 30, 60, and 90 days, post-formulation.

2.3.4. Evaluation of viscosity.

The viscosity of the nanoemulsions was determined using a Rotary Viscometer (RVTD,
USA) equipped with UL adapter. Viscosity measurements used two spindle sizes (3 and 6).
The experiment was performed at 25 °C, and readings were taken in triplicates. The experiment
was repeated at 7, 30, 60, and 90 days post-formulation.

2.3.5. Evaluation of percentage transmittance.

The transmittance of undiluted nanoememulgels was observed at a wavelength of 630
nm using UV-Vis Spectrophotometer (Ultraspec 3000, Pharmacia Biotech, USA). A 0.1 ml
volume of nanoemulsion was withdrawn into a test tube and diluted with 1 ml of distilled water.
Analysis of transmittance was done at 630 nm in triplicates. The experiment was repeated at 7,
30, 60, and 90 days post formulation [30].

2.3.6. Determination of polydispersity index (PDI) and droplet size.

Droplet size and Polydispersity Index (PDI) were determined by photon correlation
spectroscopy using a zeta sizer (ZEN 1600 Nanoseries, Malvern Instruments Ltd., UK).

For each determination, the formulation was diluted at the ratio of 1:200 using
deionized water inside the cuvette. The process was done thrice. A microfilter of pore size 0.22
pm was used to filter the deionized water. The refractive indices of the oil and water were set
at 1.46 and 1.33, respectively. The results were recorded in triplicates, and the mean and
standard deviation were also calculated. The droplet size was recorded as the average of three
measurements at 25 °C.

2.4. Formulation of nanoemulgel.

The stable batches of formulations were incorporated into the gel matrix resulting in
nanoemulgels. Four (4) stable batches of formulations were incorporated in the gel matrix in a
ratio of 1:1 under magnetic stirring at 800 rpm and 25 °C for 30 min resulting in nanoemulgels.
Carbopol 934 and carboxymethylcellulose were selected as gel matrices using 1%
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concentrations, respectively. The pH values were subsequently adjusted to pH 6 with
triethanolamine [31]. The formulations were stored in transparent glass bottles at room
temperature (25 £ 2 °C). This process was done using lemon, ginger, turmeric, and coconut
nanoemulsions.

2.4.1. Organoleptic characterization.

The nanoemulgels were physically observed for color, appearance, clarity, consistency,
and phase separation.

2.4.2. Evaluation of electrical conductivity.

The electrical conductivity of the nanoemulgels was measured using a portable
conductometer (DDS-307, Wincom, China). The experiment was performed at 25 °C, and
readings were taken in triplicates. The experiment was repeated after 7, 30, 60, and 90 days
post formulation.

2.4.3. Evaluation of pH.

The pH of the nanoemulgels was measured using a pH meter (PHS-3C, China). The
experiment was performed at 25 °C, and readings were taken in triplicates. The experiment
was repeated after 7, 30, 60, and 90 days post formulation.

2.4.4. Evaluation of viscosity.

The viscosity of the nanoemulgels was determined using a Rotary Viscometer (RVTD,
USA) equipped with UL adapter. Viscosity measurements were determined using two spindle
sizes (3 and 6). The experiment was performed at 25 °C, and readings were taken in triplicates.
The experiment was repeated at 7, 30, 60, and 90 days post formulation.

2.4.5. Evaluation of percentage transmittance.

The transmittance of undiluted nanoememulgels was observed using UV-Vis
Spectrophotometer (Ultraspec 3000, Pharmacia Biotech, USA). A 0.1 ml of nanoemulsion
formulation was withdrawn into a test tube and diluted with 1 ml of distilled water. Analysis
of transmittance was done at 630 nm in triplicates. The experiment was repeated at 7, 30, 60,
and 90 days post formulation [30].

2.4.6. Evaluation of spreadability.

The prepared nanoemulgels were evaluated for their spreadability by measuring the
spreading diameters of nanoemulgel placed between two glass plates after 1 min. Briefly, 0.59
of nanoemulgel was placed on a glass slide. The nanoemulgel mass was encircled, and its
diameter was recorded as Di1. A second slide was placed on top of the first slide. A standard
weight of 500 g was placed on the enclosed slides. The new diameter (D2) was recorded. The

spreadability was determined with the formula:

Spreadability (%) = ~—="— x 100 (1)

where D1 = diameter of nanoemulgel before spread, and D2 = diameter of nanoemulgel

after spread [32].
The experiment was repeated after 7, 30, 60, and 90 days post formulation.
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2.4.7. Determination of polydispersity index and droplet size.

The polydispersity index (PDI) and droplet sizes were determined by photon correlation
spectroscopy using a zeta sizer (ZEN 1600 Nanoseries, Malvern, UK).

For each determination, the formulation was diluted at the ratio of 1:200 using
deionized water inside the cuvette. The process was done thrice. A microfilter of pore size 0.22
pm was used to filter the deionized water. The oil and water refractive index was set at 1.46
and 1.33, respectively. The results were recorded in triplicates, and the mean and standard
deviation were also calculated.

2.4.8. Stability studies of nanoemulgel.

The prepared nanoemulgels were kept for stability studies at 4 £ 2 °C, 25 + 2 °C, and
60 + 2 °C and at a relative humidity of 65 % for a period of 90 days as per ICH guidelines [33].
Samples were withdrawn and evaluated for appearance, pH, consistency, and phase separation.
This was repeated at 7, 30, and 90 days post formulation.

2.5. Evaluation of anti-arthritic activity.

The formaldehyde-induced arthritis model was used for this evaluation. Thirty (30)
male Wister rats (weighing between 110 g - 150 g) were gotten and divided into six (6) groups
of five (5) animals per group. Thirty minutes after topical administration of 0.5 g nanoemulgel,
arthritis was induced by administration of 0.1 ml formaldehyde (2 % v/v) into the sub plantar
region of the left hind paw of all the animals. Basal paw volume and paw thickness values were
recorded. This was designated as day zero. Drug treatment continued the next day (day 1) until
day 28. Formaldehyde (0.1 ml, 2 % v/v) was again injected into the same hind paw on the 3"
day. Paw volume and paw thickness values were measured again on the 71", 14" | 21 and 28"
days using volume displacement and Vernier caliper, respectively [34].

2.5.1. Determination of percentage inhibition in paw size.

Percentage inhibition of paw sizes (1) was calculated using the formula:
AVtreated

1=1- AVuntreated x 100 (2)
where | = inhibition of paw edema
AV untreated = Mean change in paw volume of untreated animals

AVieated = Mmean change in paw volume of treated animals
2.5.2. Biochemical analysis for rheumatoid arthritis.

On the 28™ day, retro-orbital bleeding was used to collect 2 ml of blood from the
animals under the influence of ether anesthesia. A portion of the collected blood was used for
hematological studies (blood and serum analysis) to estimate the erythrocyte sedimentation
rate (ESR). The remaining portion was centrifuged at 3000 rpm, and the serum was collected
to perform the rheumatoid factor test.

2.5.3. Histopathological analysis.

A portion of the bones was immediately kept in 10 % formalin to fix the tissue after
isolation. The bones were washed in running tap water, decalcified by placing in formic acid,
https://nanobioletters.com/ 6 of 24
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dehydrated in descending grades of alcohol, and finally cleared in xylene. The tissues were
embedded in molten paraffin wax. Hard paraffin wax was melted and poured into square-
shaped blocks. The knee joints were then dropped into the liquid paraffin quickly and allowed
to cool. The blocks were cut using microtome to get sections of the thickness of 10 um. The
section was dried completely before staining. Eosin (an acidic stain) and hematoxylin (a basic
stain) were used for staining and observed under an electronic microscope for histopathological
changes [34].

2.6. Statistical analysis.

The recorded data were subjected to paired t-test to check for statistical differences in
the mean paw sizes of the rats across different groups. Analysis of variance (ANOVA) was
carried out to assess the relationship between the anti-arthritic reductions in the different
treatment classes being tested. All the statistical analyses were computed with IBM SPSS
statistics software version 23. A P value < 0.05 was considered the statistically significant cut-
off.

3. Results and Discussion

3.1 Physical appearance of nanoemulsions.

Lemon oil nanoemulsion was transparent, while ginger oil nanoemulsion was
translucent. Turmeric and coconut oil nanoemulsions were opaque in appearance. This
difference in appearance may be attributed to the individual natures of the oils that affected
their emulsion-forming abilities giving rise to emulsions of different classes.

The organoleptic evaluation of the nanoemulsions over 30 days showed stability in
appearance after 30 days and no changes in aroma and clarity. However, ginger nanoemulsions
had a creamy layer on top after 30 days; the lemon, turmeric, and coconut nanoemulsions
remained stable.

The nanoemulsions were prepared by the spontaneous emulsification method [29]. This
method is soft, nondestructive, and causes no damage to the volatile phtyo-constituents of the
essential oils, especially lemon oil. In these formulations, a non-ionic surfactant (Tween® 80)
was used as an o/w emulsifier to obtain better stability and solubilization of the nanoemulsions.
A similar result was reported by Syed et al. [35]. This study used 5 % surfactant concentrations
to form the nanoemulsions. Several studies have reported that a high percentage of surfactant
content may cause skin irritation [36-38]. Furthermore, Sevcikova et al. [39] obtained
nanoemulsions using varying surfactant concentrations (3.0 to 5.0 %). They suggested the
possibility of nanoemulsion formation using a surfactant concentration within a range of 1.5
to 10 %. This justified the surfactant concentration of 5 % used in this study.

With their large surface areas, Nanoemulsions solubilize the active lipophilic molecules
of the plant oils. Additionally, they act as the dual release conduit for nanoemulgels by
enhancing their permeability and bioavailability. They are also more stable to the effects of
flocculation and creaming [40].

Lemon oil nanoemulsion is classed as a Grade A nanoemulsion (form rapidly within 1
min and appears to be clear). Ginger oil nanoemulsion is classed as a Grade B nanoemulsion
(slightly less clear emulsions). Turmeric oil and coconut oil nanoemulsions are classed as
Grade C nanoemulsions (fine milky emulsions that form within 2 min) [41].
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3.2. Electrical conductivity.

Figure 1 represents the mean conductivity values of the oil-based nanoemulsions,
measured over a period of 90 days. The conductivity values of the nanoemulsions in Figure 2
range from 52.7 to 633 ps/cm.

700

500 -

Mean Electrical Conductivity ps/cm
g g H]

]

I I 1

L : : . I
0 +— : ] — . —

i 8 7 30 60 90
Days

® Lemon ® Ginger Turmeric m Coconut

Figure 1. Electrical conductivity readings of the nanoemulsions.

It has been previously reported that o/w nanoemulsions have relatively high
conductivity compared with w/o nanoemulsions [42]. Therefore, the high conductivity values
of the nanoemulsions infer that the nanoemulsions are of the o/w type [43]. However, lemon
oil nanoemulsion has a relatively high electrical conductivity (above 600 pus/cm) compared to
other formulations (below 100 ps/cm). This could be attributed to its distinct transparent
appearance. The fluctuations in conductivity values over time were constant for each
nanoemulsion class. However, these were not sufficient to detect a phase inversion. This is
because a phase inversion in an o/w nanoemulsion will mean that the conductivity will decrease
strongly [44]. Therefore, electrical conductivity measurements are very beneficial for
determining the nature of the continuous phase and detecting phase inversion phenomena [21].

3.3. pH.

Figure 2 represents the pH values of the oil-based nanoemulsions, measured over a
period of 90 days. The pH values range from (3.19 + 0.03) to (6.42 + 0.03). It can be inferred
that the nanoemulsions are acidic. The nanoemulsions here will be too irritating to be used on
the skin. Hence, their subsequent incorporation into suitable nanoemulgels and adjustment of
their pH values for skin compatibility.

On a scale of acidity, turmeric< ginger<coconut<lemon. Lemon nanoemulsion is the
most acidic: This could be attributed to D-limonene (a characteristic monoterpene found in
citrus peels). The phytochemical has a 90 % composition in lemon oil. Furthermore, the pH
values were most stable in lemon nanoemulsion over the 90-day period. However, the opposite
was the case for coconut oil nanoemulsion, in which there was a very sharp decline in pH
between day 60 and day 90 (from 5.58 = 0.03) to (3.29 % 0.07). This could be because of
hydrolysis.
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Figure 2. pH readings of the nanoemulsions against the days.

Emulsions produced with vegetable oils are susceptible to hydrolysis of fatty acid
esters, causing a decrease in their pH. [45]. Changes in pH values of a product over time usually
indicate chemical instability. Therefore, it is important to monitor the pH values of the
emulsion preparation during storage to ascertain its stability [46]. Cosmetic products with a
very high or very low pH value can increase the skin's absorption, causing skin irritation [47].

3.4. Transmittance.

Figure 3A and Figure 3B represent the percentage transmittance values of the oil-based
nanoemulsions, measured over 90 days. The transmittance values range from 0.02 to 88.3 %.
This parameter investigates the clarity of the formulation. Transparent lemon nanoemulsion
had a high percentage transmittance value. This was followed by ginger nanoemulsion, which
was translucent. The very low transmittances of turmeric and coconut nanoemulsions were
indicative of their milky (creamy) appearance.

100

90 4
w0 0.05
70 -
60

50

40 -
0.02
30 -
20 001 -
10
0 T T T T T d
1 7 30 60 90

o

Mean transmitance(%)

Mean transmittance (%)

Days

® Lemon ® Ginger = Turmeric Coconut

Figure 3 (a, b). Transmittance readings of the nanoemulsions against the days.
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For the transmittance determination, a report revealed that values of percentage
transmittance closer to 100 % indicate that the optimized formulation was clear and transparent
[48]. Systems with percentage transmittance values less than 95 % suggest that the
nanoemulsions tend towards turbidity. For ginger nanoemulsions, the large droplet size of oil
globules and hence, the formulation resulted in the reduced transparency of the nanoemulsion.
The observed transparency of lemon nanoemulsions is because the maximum size of the
dispersed phase droplets is not larger than 1/4th of the wavelength of visible light [49]. Thus,
turmeric and coconut nanoemulsions that scatter light were translucent/creamy.

3.5. Viscosity.

The mean viscosity readings of the oil-based nanoemulsions are presented in Figure 4.
The viscosities range from 140.9 to 221.9 mPaS. The viscosities of the formulations were
notably constant, with a slight increase between day 1 and day 7.

1 1 I !

Days = Lemon m Ginger Turmeric = Coconut

Mean Viscosity (mPaS )
= -
S &
5] S

8

Figure 4. Viscosity readings of the nanoemulsions against the days.

Turmeric nanoemulsion had the highest viscosity of all, followed by coconut
nanoemulsions. This could explain why they both had low transmittance values. However,
lemon nanoemulsion had the lowest viscosity and the highest percentage transmittance. This
can be explained by the large macromolecules of the Ar-turmerones of turmeric oil and the
large-weight decanoic acid derivatives of coconut oil phytoconstituents.

The molecular weight of Ar-Tumerone is 216.32 g/mol, whereas the molecular weight
of D-limonene is 136.23 g/mol [50]. This proposes that turmeric and coconut nanoemulsions
have weightier suspended phyto-molecules, and hence are more viscous than the other
nanoemulsions. Generally, the viscosities of the nanoemulsion are low because of the oil-in-
water (o/w) system with a water ratio greater than 80:20 (wt.%) [47]. However, transdermal
delivery of nanoemulsions is constrained by its low viscosity [51]. This limitation was
addressed by incorporating the nanoemulsions into gel matrices to form nanoemulgels with
higher viscosities [52].

3.6. Polydispersity index (PDI) and droplet size

The droplet size values were 773.0, 221.0, 1447.0, and 185.9 nm for ginger, lemon,
turmeric, and coconut nanoemulsions, respectively. In addition, their PDI values were 0.751,
0.297, 0.924, and 0.210 for ginger, lemon, turmeric, and coconut oils, respectively.
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Previous studies have reported that smaller droplet sizes enhance emulsion stability.
This is due to the greater influence of Brownian motion than the force of gravity on particle
aggregation and settling [53,54]. It has been proposed that the droplet size of nanoemulsions
varies from 10 to 1000 nm [55]. The results obtained agree with the above statement. An
exception is the turmeric nanoemulsion which had a droplet size above 1000 nm. This can be
explained by the large macromolecules of the Ar- turmerones constituent of the extracted
turmeric oil. In addition, small droplet size leads to a higher surface area in contact with the
stratum corneum, thereby causing a high permeation potential of the nanoemulgel. Also, small
droplets might be trapped in the stratum corneum without a transfer through the hydrophilic
phase of the nanoemulsion, and drug molecules would easily permeate into the skin [51].

The physical stability of nanoemulsions throughout their shelf life is very important
[56]. There exists a close relationship between droplet size distribution and emulsion stability.
Ostwald ripening, which makes droplet size increase and can lead to coalescence and creaming,
is often precipitated by large droplet sizes [57]. Monodisperse preparations usually have lower
PDI values (less than 0.3 and closer to zero), whereas higher PDI values closer to one (usually
greater than 0.7) indicate polydispersity (a wider distribution of droplet sizes) [58]. Even
though coconut nanoemulsion was creamy in color and relatively viscous, its droplet size and
PDI values were 185.9 nm and 0.21, respectively, indicating the homogeneity of the
formulation. Turmeric and ginger nanoemulsions can be called polydisperse systems, with PDI
values near 1.0 [59], whilst lemon and coconut oil nanoemulsions are monodisperse systems.

3.7. Physical appearance of nanoemulgel.

In this study, a 2 % hydrogel base (pH = 5.83) was prepared from 1 % CMC and 1 %
Carbopol with pH values of 6.96 and 2.86, respectively. The Carbopol 934 hydrogel had a
lower viscosity and higher acidity, while the CMC hydrogel had a higher viscosity and lower
acidity. Incorporating the nanoemulsion into the hydrogel base resulted in fine, transparent,
and creamy nanoemulgels that were kept for 24 h to acquire a homogeneous scattering of gel
and allow for accurate evaluations.

3.8. Physical and organoleptic properties of nanoemulgels.

Table 2 shows the physical properties of the nanoemulgels formulated from the four
different oils extracted. From the results in Table 2, the oil-based formulations have certain
desirable characteristics that will allow for convenience in topical application. This is because
of the emollient, non-greasiness, and ease of removal properties of the nanoemulgels.
Carbopol® 934 was used in this study in forming the hydrogel base. It is reported that
Carbopol® 934 gel base showed higher drug release than other carbomer gel bases (Carbopol®
940, Pluronic F-127, etc.) because it exhibits a lower viscosity than the other gel bases [60].
The gelling behavior of Carbopol® 934 has been attributed to non-covalent binding forces and
interactions like Van der Waals, coulombic, and hydrogen bonds. These forces and interactions
cause the formation of three-dimensional gel networks and dispersed oil droplets which were
reasonably hosted within meshes of these networks [61].

Table 2. Organoleptic evaluation of nanoemulgels.

SIN | Property Lemon Ginger Turmeric Coconut
NEMG NEMG NEMG NEMG

1 Colour Colorless Pale white Creamy Creamy

2 Appearance Transparent Translucent Opaque Opaque
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SIN | Property Lemon Ginger Turmeric Coconut
NEMG NEMG NEMG NEMG

3 Odour Citrus-like Spicy Woody/earthy Nut-like

5 After feel Emollient Emollient Emollient Emollient

6 Removal Easy Easy Easy Easy

7 Phase No No No No
separation

8 Consistency ++ +++ ++ +

KEY: NEMG —Nanoemulgel; +++ = Good; ++ = moderate; + = poor.

Incorporating CMC was a means of obtaining a hydrogel with desirable chemical
properties that will favor stability and delivery of the resultant nanoemulgel. Both gels were
left overnight to swell before combining both hydrogels (with a resultant pH of 5.85). The time
lag was necessary to allow for complete dispersion of Carbopol aggregates to form a fine
hydrogel matrix. Additionally, hydrogels have good rheological and bio-adhesive properties
and are biocompatible. With these unique characteristic features, hydrogels are considered
better carriers for topical drug delivery [62]. Furthermore, polymers such as carbomers can
influence the bioadhesive behavior of nanoemulgels [63].

3.9. Characterization of nanoemulgels.
3.9.1. Electrical conductivity.

The mean conductivity readings of the oil-based nanoemulgels (Figure 5). The
conductivity values of the nanoemulgels range from 626 to 1886 ps/cm. The conductivities
were constant from day one (1) until day thirty (30). A sharp increase was observed from day

i ! b
n‘mm

Days

Mean Electrical Conductivity (us/cm)
§ & 8

8

8

u Lemon = Ginger Turmeric = Coconut

Figure 5. Electrical conductivity readings of the nanoemulgels.

For the nanoemulgel system, the increase in conductivity over time can be attributed to
the finer solubilization of oil droplets by incorporating a hydrophilic hydrogel system. It has
been reported that phase inversion indicates that the conductivity will decrease strongly [44].
However, there was an increase in conductivity.

3.9.2. pH.

The mean pH readings of the oil-based nanoemulgels over 90 days are presented in
Figure 6. The pH values obtained ranged from 4.96 to 6.81. It can be inferred that the
nanoemulgels are weakly acidic.
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The pH determination of the nanoemulgels revealed the lemon nanoemulgel as the most
stable. There were variations in pH values for each group over the 90 days. However, there was
no deviation from the normal pH of the skin. All formulations were within the skin's pH and
thus can be applied to the skin without irritation. The different nanoemulgels had pH values
that were found to be weakly acidic (nearly neutral). This is compatible with the skin's pH,
permitting its safe use. Although variable skin pH values are being reported in the literature,
all are in the acidic range but with a broad range from pH 4.0 to 7.0 [64].

74
s

4

3

2

1
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mLemon W Ginger w Turmeric m Coconut

Mean pH values

Figure 6. pH readings of the nanoemulgels against the days.
3.9.3. Transmittance.

The percentage transmittance values of the oil-based nanoemulsions, measured over 90
days, are presented in Figures 7A and 7B.
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Mean transmittance (%)

1 7 30
Days

mlemon mGinger W Tumeric Coconut

Figure 7. Transmittance readings of the nanoemulgels.

The transmittance values recorded were largely constant, with mild fluctuations, across
different treatment groups. The transmittance values range from 0.02 to 95.6 %. This parameter
investigates the clarity of the formulation. Lemon and ginger nanoemulgels had high
percentage transmittances (Figure 7A). The transmittance values were extremely low for
turmeric and coconut nanoemulgels (Figure 7B). These variations can be attributed to the
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opaqueness of the latter, which hinders sufficient passage of the ultraviolet light into the
continuous phase.

3.9.4. Viscosity.

The viscosities of the oil-based nanoemulgels, measured over a period of 90 days, are
presented in Figure 8. The viscosities obtained ranged from 308.3 mPaS to 1807 mPaS. The
values of the formulations were constant, with a slight increase between days 1 and 7. It was
observed that the viscosity values became constant from day 60 to day 90. Turmeric oil
nanoemulgel had the lowest viscosity of all the formulations, while ginger oil nanoemulgel had
the highest. Lemon oil nanoemulgel exhibited stable viscosity values over the 90-day period.
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Figure 8. Viscosity readings of the nanoemulgels against the days.

For the viscosity determination of the nanoemulgels, the general consideration is that a
formulation with higher viscosity is beneficial for application on the skin because it is retained
for a longer period. However, too high a viscosity leads to an inconvenience in use because it
cannot spread sufficiently. Additionally, it retards the movement of loaded drugs due to the
presence of higher cross-linked chains [65]. Worthy of note is the shear-thinning property of
the nanoemulgels (pseudoplastic behavior). The shear-thinning property of nanoemulgels is
beneficial in transdermal delivery as it prevents dripping of the preparation during collection
and application to the intended site of action. In addition, it makes it easy to spread on the skin
surface uniformly.

3.9.5. Spreadability.

The spreadability of the nanoemulgels, measured over a period of 90 days, is presented
in Figure 9. The spreadability (in %) of all formulations was found to be in the range of 100 to
230 %. Turmeric oil nanoemulgel had the highest spreadability of all the formulations, whilst
ginger oil nanoemulgel had the lowest spreadability.

There was an inverse relationship between spreadability and viscosity of the
nanoemulgels. This is rheologically correct as a formulation tends to be more spreadable, with
a decrease in its viscosity [66].
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Figure 9. Spreadability of the nanoemulgels.

A larger diameter of spread signifies better spreadability [51]. From the results
obtained, ginger oil nanoemulgel exhibits the largest spread diameter upon application. The
ease of spreading with maximum slip and drag reduces the discomfort associated with
delivering preparations to inflamed areas [51]. Consequently, the spreadability of nanoemulgel
formulation was determined.

3.10. Stability studies of nanoemulgels.

The stability evaluation of the nanoemulgels, which considered changes in temperature,
appearance, pH, consistency, and phase separation, is presented in Table 3.

Table 3. Stability studies of nanoemulgels.

Parameter 7 days 30 days 90 days
4°C 25°C 4°C 25°C 4°C 25°C

Appearance Lemon Trans Trans. Trans. Trans. Trans. Trans.
Ginger Transl. Transl. Transl. Transl. Transl. Transl.
Turmeric Creamy Creamy Creamy Creamy Creamy Creamy
Coconut Creamy Creamy Creamy Creamy Creamy Creamy

pH Lemon 6.56 6.53 6.09 6.06 6.66 6.73
Ginger 5.46 5.32 5.69 6.07 5.75 6.08
Turmeric 6.44 6.35 6.00 6.74 6.12 6.81
Coconut 5.35 5.17 5.30 5.22 5.12 5.35

Consistency Lemon ++ ++ + ++ + ++
Ginger ++ +++ ++ +++ + +
Turmeric ++ ++ + + +
Coconut ++ ++ + + + +

Phase Separation | Lemon No No No No Yes No
Ginger No No Yes No Yes No
Turmeric No No No No Yes No
Coconut No No No No Yes Yes

Key: +++ = Good; ++ = moderate; + = poor; Trans. = Transparent; Transl. = Transluscent.

The results of the stability evaluation of the nanoemulgels revealed that they were best
stored at room temperature. Phase inversion was evident in the formulations that exceeded day
60 at 4 °C. The instability may be due to factors such as Ostwald ripening, flocculation,
coalescence, and creaming. Among them, the main mechanism of instability is Ostwald
ripening. It can be minimized by the small droplet size of nanoemulsion (in formulation) and
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the use of a non-ionic surfactant. This involves the formation of large droplets with a low radius
of curvature from small droplets with a high radius of curvature. A fusion of two small droplets
to form a large droplet occurs, giving rise to large size droplets after a period of storage. This
makes the nanoemulgels more turbid and less transparent. Ostwald ripening, therefore, is
problematic in formulation delivery [67]. This explains why the turmeric formulation had a
phase inversion.

3.11. Evaluation of anti-arthritic activity.

Figure 10 shows the effect of oil-loaded nanoemulgels on paw volume. The ginger
nanoemulgel showed a sharp decline in paw volume commencing from day 7 and continuing
till day 21. A sustained paw volume (same as basal value) was evident on days 21 and 28. It
can be inferred that ginger oil nanoemulgel exhibited a relatively slow onset of action
(compared to Voltaren® and coconut nanoemulgels) and a sustained anti-arthritic activity from
14 days of topical administration.

11

Mean changes in paw volume (ml)

[ 7 14 21 28

Days

~-Ginger ~#-Lemon ~&—=Turmeric Coconut —+=Voltaren ~@-Formaldeyde

Figure 10. Effects of oil-loaded nanoemulgels on paw volume.
3.11.1 Percentage inhibition in paw volume.

The percentage inhibitions of the various formulations are presented in Figure 11. The
chart (Figure 11) shows that ginger nanoemulgel has the fastest onset of inhibition, followed
closely by lemon nanoemulgels. It can be affirmed that the essential oil-nanoemulgels and
Voltaren® have similar arthritic inhibition kinetics, unlike coconut oil nanoemugel.

Percentage inhibition is a more realistic parameter for assessing anti-arthritic activity
as it gives further insights into the extent/significance of the changes in paw volume. The results
showed that the coconut oil nanoemulgel was the least in percentage inhibition of paw volumes,
although it was promising until day 14 of the study. It was followed by turmeric nanoemulgel.
Ginger and lemon nanoemulgels exhibited similar percentage inhibition patterns. The ginger
nanoemulgel formulation was effective in reducing the inflammation that accompanied
rheumatoid arthritis in the rats. This can be attributed to an abundance of sesquiterpenoids in
ginger essential oil. The anti-arthritic activity of ginger essential oil was enhanced by
formulating it as a nanoemulgel.
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Figure 11. Percentage inhibition in paw volumes of oil-loaded nanoemulgels.

For the Lemon oil nanoemulgel, an initial decline in paw volume was seen, which
commenced from day 7 till day 21. Although there was a slow and steady reduction in paw
volume, the reduction did not reach basal values (even on day 28). Therefore, one can infer
that lemon nanoemulgel will not achieve a total reduction in paw volume after many days.
Although the essential oil is 90 % abundant in d-limonene (the anti-arthritic monoterpenoid),
its nanoemulgel did not reach basal values in 28 days. However, lemon oil nanoemulgel
exhibited desirable pharmaceutical properties of nanoemulgels: transparency, droplet size (221
nm), and stability, relative to other nanoemulgels; this could explain its anti-arthritic activity
on topical administration. The turmeric oil nanoemulgel showed an initial decline in paw
volume, which commenced from day 7 till day 14. Although there was a steady reduction in
paw volume, the reduction was above basal values (at day 28). The large droplet size and the
large macromolecule, Ar-turmerone, could explain why turmeric nanoemulgel did not yield
optimal paw volume reduction. This is because the penetration of the active phytomolecules
can be impeded by the heavy-weight sesquiterpenes found in turmeric essential oil.
Furthermore, turmeric formulation experienced phase inversion, as seen in its stability study
(Table 3), and a report has shown that this can impair active drug delivery [67]. Evaluating the
coconut oil nanoemulgel showed a decline in paw volume commencing from day 7 until day
21. Although there was a fast decline in paw volume, the reduction did not reach basal values
(at day 28). The small droplet size (185 nm) of the nanoemulgel was not an advantage for
coconut nanoemulgel in paw volume reduction. It was also observed that the essential oil-based
nanoemulgels had more anti-arthritic activity than the coconut oil nanoemulgel. This is because
essential oils are made of tiny phytomolecules that allow for deep penetration compared to
fixed oil. In the Voltaren® gel, the decline in paw volume commenced from day 7 until day 14.
There was a slow and steady reduction in paw volume in this positive control group, especially
between days 21 and 28. Nevertheless, the reduction nearly reached basal values (on day 28).
Voltaren® gel had good anti-arthritic action. Nevertheless, in comparing the positive control to
the essential oil nanoemulgels (especially ginger and lemon oil nanoemulgels), it was observed
that the nanoemulgels attained faster and more sustained anti-arthritic effects. Statistical
analysis of the results obtained using ANOVA showed a significant difference (p < 0.05)
between all the test groups and the formaldehyde group (negative control) for all the test days.
On day 7, there were significant differences between lemon and Voltaren® group (p < 0.01);
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turmeric and Voltaren® groups (p = 0.042); and coconut and Voltaren® groups (p = 0.016). On
day 14, there were significant differences between ginger and turmeric groups (p = 0.009);
ginger and coconut groups (p <0.001); ginger and Voltaren® groups(p=0.021). the coconut
group also had significant differences with the lemon group (p = 0.001); turmeric group (p =
0.008); Voltaren® group (p = 0.004). for days 21 and 28, there were no significant differences
between the percentage inhibition values between the groups.

3.11.2. Biochemical analysis.
3.11.2.1. Packed cell volume.

Figure 12 shows the packed cell volumes (%) of the different nanoemulgels post-study
(28" day). The packed cell volumes (%) of the different nanoemulgels measured on day 28 of
the study are represented in Figure 10. The values range from 37 to 41 %.
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Figure 12. Packed cell volume of oil-loaded nanoemulgels.

The results of the biochemical analysis revealed that the PCV values were within the
limits of acceptance of standard PCV values for albino rats (39.38 + 7.6 %) [68]. Hematocrit
percentage (PCV) is the ratio of erythrocytes to the total blood volume [69]. A decrease in PCV
is believed to be caused by decreased red blood cells, suggestive of anemic or auto-immune
conditions [70]. The highest PCV value was recorded in the rats treated with ginger oil
nanoemulgel. This suggests the efficacy of the formulation against the auto-immune condition,
rheumatoid arthritis. However, the lowest value recorded was in the untreated group. PCV as
a haematologic parameter is not a confirmatory test for the presence or absence of rheumatoid
arthritis. Several environmental, nutritional, and genetic factors are also considered.
Nevertheless, it gives possible ideas for the diagnosis of rheumatoid arthritis.

3.11.2.2. Erythrocyte sedimentation rate (ESR).

Figure 13 shows the values of the erythrocyte sedimentation rate of the different
nanoemulgels. The values ranged from 5.67 to 6.67 mm/hr. Ginger and coconut oil
nanoemulgels had the highest ESR values. Nevertheless, the results were within the normal
range (2-15) mm/hr.

The erythrocyte sedimentation rates obtained were also within the acceptable limits.
The presence of net negative charges in erythrocytes causes them to repel each other, thereby
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enabling the estimation of ESR. During acute phase reactions, there is an increase in blood
levels of fibrinogens (positively charged), promoting rouleaux formation and increasing the
ESR. The pathogenesis of RA involves inflammatory processes, thereby making them
alongside ESR important parameters in assessing the prognosis of RA. This prognosis is not
always corroborated by severe inflammation, making it necessary for clinicians to depend on
other diagnostic features for determining RA. Moreover, the sensitivities and specificities of
ESR are quite high [71].

Erythrocyte sedimentation rate (mm/hr)

Ginger Lemon Turmeric Coconut Voltaren Formald.

28th Day

Figure 13. Erythrocyte sedimentation rate of oil-loaded nanoemulgels.

The rheumatoid factor was negative for all the groups in this study. A definitive
diagnosis of RA cannot be made with the RF blood test alone. This is because other conditions,
besides RA, can cause some people to have a positive RF blood test [72].

3.11.3. Histopathology.

Figure 14 shows the photomicrographs of the rats at the end of the study.
Histopathology tests are done to reveal the presence and extent of cell or tissue damage. The
results are consistent for all the groups in this study. This corroborates the results of ESR and
RF, which implies the absence of injury.

KEY: G - Ginger; T — Turmeric; V — Voltaren®; L — Lemon; C — Coconut; F ~Formaldehyde
G- F: Photomicrograph of muscular tissue from the hand shows consistent histology. Muscle and collagen fibres (arrowhead),

heavy infiltration of fibrocytes (curved arrow) and glands within the dermis (G) are normal with no obvious sign of injury (H & E
X 100).

Figure 14. Histopathology micrographs of all nanoemulgel groups.
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The histopathology results obtained revealed an absence of injury in all the groups
evaluated. Geritt et al. [73] reported that fibrocytes synthesize and secrete different cytokines,
chemokines, and growth factors, providing a wound milieu that supports tissue repair. With the
infiltration of fibrocytes within the dermis, as revealed in the results, it is possible that tissue
repair is in progress. This suggests that in the remission of arthritic conditions, innate immunity
plays an important role as well as anti-arthritic agents.

4. Conclusions

This study has established the effectiveness of lemon and ginger essential oils
formulated as nanoemulgels in managing rheumatoid arthritis in animal models. It is hoped
that it would form a basis for further research on its effectiveness for use in humans.
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