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Abstract

Background: In the present study, diclofenac
multiple emulsion was formulated using shea butter
(Vitellaria paradoxa) as the oil phase and the anti-
inflammatory properties of the multiple emulsion
assessed in Wistar rats.

Methods: The multiple emulsions were prepared
using the double emulsification technique and the
properties (mean globule size, viscosity and
creaming index) of the emulsions were assessed. The
“in-vivo anti-inflammatory activity of the multiple
emulsion was assessed after topical application using
two models of inflammation induction, namely
formalin-induced paw lick and egg albumin-induced
paw oedema.

Results: Stable diclofenac multiple emulsion was
obtained with shea butter as the oil phase and
surfactant mixtures, Tween 80: Span 80 ratio of 1:1
with water content of 20 %; and Tween 80: Span 80
ratio of 1:1.5 with water content of 25 %. The ranking
of inhibition of inflammation after topical application
of the formulation was shea butter emulsion <2 %
diclofenac emulsion < standard diclofenac gel < 1
% diclofenac emulsion < shea butter < < No
treatment. This indicates that the formulation of shea
butter as multiple emulsion significantly (p < 0.05)
increased its anti-inflammatory properties while
diclofenac multiple emulsion gave a dose dependent
activity. In addition, the serum myeloperoxidase
activity was significantly lower in treated animals
compared to untreated animals.

Conclusion: Stable diclofenac multiple emulsions
possessing anti-inflammatory activity was
successfully developed using shea butter as carrier.
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Résumé .
Contexte: Dans la présente étude, des émulsions

multiples de diclofénac ont été formulées en utilisant
du beurre de karité ( Vitellaria paradoxa’) comme
phase huileuse et les propriétés anti-inflammatoires
de I’émulsion multiple évaluée chez le rat Wistar .
Meéthodes: Les émulsions multiples ont été préparées
en utilisant la technique de la double émulsification
et les propriétés (taille moyenne des globules,
viscosité et indice de crémage) des émulsions ont
été évaluées. L activité anti-inflammatoire in vivo de
I’émulsion multiple a été évaluée aprés application
topique a I’aide de deux modéles d’induction
d’inflammation, 4 savoir le [échage de la patte induit
par le formol et la patte d’cedéme induit par
I’albumine d’ceuf.

Résultats : Une émulsion multiple stable
de diclofénac a été obtenue avec du beurre de karité
en tant que phase huileuse et mélanges tensioactifs,
rapport Tween 80 : Span 80 de 1:1 avec une teneur
en eau de 20%; et rapport Tween 80 : Span 80 de
1:1,5 avec une teneur en eau de 25%. Le classement
de I’inhibition de I’inflammation aprés I’application
topique de la formulation était émulsion de beurre
de karité <2% émulsion diclofénac < gel diclofénac
de norme <1% émulsion diclofénac < beurre de
karité¢ << Pas de traitement. Cela indique que la
formulation de beurre de karité en émulsion multiple
asignificativement augmenté (p <0,05) ses propriétés
anti-inflammatoires, tandis que I’ émulsion multiple
de diclofénac a donné une activité dépendante de la
dose. De plus, I’activité de la myéloperoxydase dans
le sérum était significativement plus faible chez les
animaux traités que chez les animaux non traités.
Conclusion: Des émulsions multiples stables
au diclofénac possédant une activité anti-
inflammatoire ont été développées avec succés en
utilisant du beurre de karité comme support.

Mots clés : beurre de karité, Vitellaria paradoxa,
diclofénac , émulsion multiple, propriétés anti-

inflammatoires

Introduction

The non-steroidal anti-inflammatory drugs
(NSAIDs) have been a main-stay in the management
of pain occasioned by inflammatory arthritis.
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Diclofenac multiple emulsions prepared using shea butter

Whitehill [17]. Preliminary formulation studies were
carried out to optimise the composition of the
multiple emulsion, temperature, stirring speed,
stirring time and phase-volume ratio. The
composition of the multiple emulsions is presented
in Table 1.
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using a heavy-duty laboratory mixer (Model L2R,
Silverson Machines Limited, Chesham Bucks,
England) for five minutes. The primary emulsion
obtained was then re-emulsified in melted shea butter
containing a low HLB surfactant, Span 80, also
maintained at 50-60 °C, making up the remaining 50

Table 1: Composition and stability of Shea butter multiple emulsion

Code Tween  Span Water Shea Stirring Type of instability Instability
80 conc 80 conc content butter speed (rpm) observed
(%) %) (%) content (%/) (days)

Dl 2.5 0.5 225 74.5 600 Phase separation 3

solidification
D2 2.5 1.0 225 74.0 600 Phase separation and 3
solidification

D3 2.5 2.5 225 72.5 600 Solidification 6

D4 25 5.0 22.5 70.0 600 Solidification 6

D5 2:5 @5 225 67.5 600 Solidification 6

D6 5.0 2.5 20 72.5 600 Solidification 6

D7 5.0 5.0 20 70.0 600 Stable -

D8 5.0 745 20 67.5 600 Stable -

D9 7.5 0.5 17.5 74.5 600 Solidification 6

D10 7.5 2.5 178 72.5 600 Phase separation 0

D11 5.0 5.0 25 65.0 600 Solidification 20

D12 5.0 5.0 30 60.0 600 Phase separation 2

D13 5.0 5.0 40 50.0 600 Phase separation 0

D14 5.0 7.5 25 62.5 600 Stable -

D15 5.0 75 30 57.5 600 Phase separation 1

D16 5.0 7.5 40 47.5 600 Phase separation 0

D17 5.0 2.0 20.5 72.5 600 Stable -

D18 5.0 7.5 25 725 800 Stable -

D19 5.0 7.5 25 72.5 1000 Stable -

Preparation of Vitellaria paradoxa multiple emulsion
Fifty percent of the total emulsion volume was first
prepared as the oil-in-water primary emulsion by
emulsifying equal volume of melted shea butter with
distilled water containing a high HLB surfactant,
Tween 80. The oil, water and surfactant were
maintained at 60 °C using an electric hot water bath
(OC-4743-E, Gallenkamp, England). The
emulsification was done under high stirring intensity

% of the multiple emulsion. This was done at low
shear rate using a magnetic stirrer (SHC-1 Maple
Scientific Instruments, Staffordshire, England)
maintained at 600 rpm for five minutes, to avoid
rupturing of the primary emulsion globules.
Diclofenac (1 and 2 %™/ ) was incorporated
into the multiple emulsion by mixing half of the
required quantity of diclofenac into the oily phase
of the primary emulsion and the other half into the

Table 2: Composition and stability of diclofenac multiple emulsion

Code Conc. of Tween 80  Span 80 Water Shea butter Type of Instability
diclofenac conc. conc. content  content instability observed
sodium (%) (%) (%) (%) (days)
(%)

D20 1 5 20 69 Stable =

D22 2 5 20 68 Solidification 4

D23 1 5 7.5 25 61.5 Stable =

D24 2 5 75 25 60.5 Solidification 4




308

Diclofenac, belonging to the phenylacetic acid class
of NSAIDs, has been widely used for the treatment
of arthritis but its gastrointestinal (GI) side effects
had limited its potential for long term therapy [1].
Diclofenac is also poorly water-soluble especially
in acidic medium (about 15 pg/ml) and unstable in
aqueous solutions resulting in its poor oral
bioavailability [2, 3]. The shortcomings of
diclofenac when used orally have necessitated the
need for alternative routes of administration with a
view to improve its usefulness in the treatment of
arthritis for long term therapy.

Topical preparation has proved to be a
formulation of choice for both the prescribers and
patients. Prescribers can give long term effective
drug management of arthritis without the concern
of creating other complications and the patients are
able to comply with the dosage regimen due to the
ease of use, non-invasiveness and minimal side
effects, thus optimising therapy. A randomized
controlled clinical trial has demonstrated that adverse
drug reactions (ADRs) from topical NSAIDs were
lower compared to the orally ingested dosage forms
[4].

Multiple emulsions are a class of emulsions
in which both oil-in-water and water-in-oil emulsions
exist simultaneously within a single system and are
stabilised by hydrophilic and lipophilic surfactants,
respectively [S]. In contrast to macroemulsions,
multiple emulsions consist of oil (O) dispersed in
water (W) and the emulsion formed is further
dispersed in oil making O/W/O or water in W/O/W.
This creates the internal, middle and external phases
which present an improved opportunity to enclose
the active drug. Thus, the active drug contained in
the innermost phase is partitioned between several
phases (oil, water and emulsifier) which provide an
additional reservoir for drug partitioning that would
act as depot for gradual release of drugs over a given
period [6 - 8] and enhance dermal absorption [9].
The embedded drug in multiple emulsions is released
to elicit its therapeutic activity by different
mechanisms. The drug moves from the internal phase
to the external through the middle layer by diffusion,
carrier mediated transport, micelle transport,
thinning of oil membrane, rupture of oil phase or
solubilisation of internal phase in oil membrane.
Diffusion is the most common of all the mechanisms
where unionized drug moieties which are
hydrophobic in nature diffuse through the semi-
permeable liquid membrane which is the oil layer
[10]. The drug release rate and effectiveness of such
agent are affected by factors such as droplet size,
pH, phase volume ratios, viscosity and the nature of
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entrapped material. Multiple emulsions are
promising drug delivery system due to their
thermodynamic stability, macroscopic homogeneity,
ease of preparation and small droplet size [6].

Shea butter obtained from the kernels of the
African Shea tree — Vitellaria paradoxa C.F Gaertn
(family Sapotaceae) formerly known as
Butyrospermum paradoxum C.F Gaertn and
Butyrospermum parkii G. Don [11], which is
indigenous to the Savannah belt of Africa; extending
from Nigeria and Mali in the West, to Ethiopia and
Uganda in the East. Shea butter is an off-white or
ivory-coloured fat, which is solid at room
temperature but readily softens at body temperature
when applied to the skin [12]. Shea butter has a
remarkable composition of unsaponifiable fats in
comparison with other oils and this portion is
responsible for keeping the skin young by stimulating
the tissue and helping the skin make its own collagen,
making shea butter invaluable in cosmetic industries
[13]. Shea butter, due to its high yield and fatty
content, has been used traditionally in West Africa
as cooking oil. It is used for medicinal purposes such
as rheumatism, nasal inflammation, nasal congestion,
cough, leprosy and in minor bone dislocation. Shea
butter is also used for soothing and accelerating
healing after circumcisions and prevention of stretch
marks in pregnant women [14]. Studies have shown
that Shea butter possesses anti-inflammatory [16],
moisturising and skin healing properties [14] and is
useful as a vehicle in the delivery of sulphur [15].
Hence, shea butter has the unique potential of being
both an active ingredient and excipient. Thus, in the
present study, diclofenac multiple emulsions have
been formulated for topical application using shea
butter as a carrier and the in vivo anti-inflammatory
activity of the formulations evaluated in Wistar rats
in comparison to a marketed brand of diclofenac
sodium gel.

Materials and methods

The materials used were diclofenac sodium powder
(Caesar and Loretz GmBH, Hilden, Germany),
Tween 80 and Span 80 (Sinopharm Chemical
Reagent Company Limited, China) and 1 %
diclofenac sodium gel (Olfen® gel, Merckle, Ulm,
Germany). Shea butter was obtained from local shea
butter producer (Alheri Women Co-operative/ Global
Shea Alliance, Bosso LGA, Niger state, Nigeria).
All other reagents used were of analytical grade.

Preliminary formulation studies
Multiple emulsions were prepared using the double
emulsification technique described by Florence and
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\Ct-Co) control-(Ct—-Co) treated] x 100

% Inhibition = - .
(Ct-Colcontro

()

where C, is the mean paw size at time tand C_ is the
initial mean paw size.

Evaluation of serum myeloperoxidase activity

The myeloperoxidase (MPO) activity was
determined using the method of Xia and Zweier [24].
Blood collected from the rats were analysed
biochemically for the neutrophil infiltration marker-
myeloperoxidase. The blood was collected into plain
sample bottles and then centrifuged to separate the
serum using a centrifuge (Model 80-2, GB Medical
Ltd, Hampshire, England,) at 4000 rpm for 30
minutes. The serum was carefully decanted using a
Pasteur pipette into labelled plain tubes capped and
stored in a freezer for the assay. The reagent (O-
dianisidine mixture) for the myeloperoxidase assay
was prepared with 16.7 mg O-dianisidine, 100 ml of
0.05 M potassium phosphate buffer and 50 pL of
diluted hydrogen peroxide. Two millilitres of O-
dianisidine mixture was placed into a cuvette and
into it was added 70 pL of the serum sample. The
cuvette was then immediately placed into its
compartment in the spectrophotometer (Gumpton
Medical and Scientific England, Model S23A) and
the absorbance read at 450 nm at 30 and 60 seconds.
One unit of MPO activity was defined as that
degrading one micromole of peroxide per minute at
25 p C and was calculated using equation:

5 6 1
MPO activity (p=%) = 222rbance 5 1
L 113
3)
Statistical analysis

Data are presented as mean + standard error of mean
(SEM) except for data of MPO activity, which were
expressed as mean =+ standard deviation (SD). The
differences between groups were analysed using one-
way analysis of variance (ANOVA) test while the
data for formalin-induced paw-lick test was analysed
using t-test. The level of significance was taken as p
<0.05.

Results and discussion

Preliminary formulation studies

Instability is a common occurrence in emulsion
systems because of its heterogeneous nature. This
makes optimisation of formulation parameters an

important aspect to obtain products that are
sufficiently stable over time. The preliminary
formulation studies to optimize the surfactant
concentration, phase-volume ratio, and secondary
emulsification speed, period that the formulations
retained its semi-solid consistency and physical form
after storage at room temperature (27+2 °C) are
shown in Table 1. Shea butter was successfully used
in the formulation of multiple emulsions, which were
generally creamy-white to white in colour, free
flowing, easily spreadable and smooth in texture.
Stable diclofenac multiple emulsions were obtained
with Tween 80 to Span 80 ratios of 1:1 (5:5 %) and
1:1.5 (5:7.5 %). Increasing the water content from
20 to 25 % reduced the stability of the formulation
with surfactant ratio of 1:1 (formulations D7 and
D11) but did not affect the stability of formulation
containing surfactant ratio 1:1.5 (D8 and D14).
Increasing the secondary emulsification speed from
600 to 1000 rpm had no significant effect on physical
form of the emulsions (formulations D17 to D19).
Thus, two multiple emulsion formulations consisting
of Tween 80 to Span 80 ratio of 1:1, water content
of 20 % (D7) and Tween 80 to Span 80 ratio of 1:
1.5, water content of 25 % (D14), which exhibited
better stability were selected for the incorporation
of 1 % (D20 and D23) and 2 % diclofenac (D22 and
D24) as shown in Table 2.

Properties of diclofenac multiple emulsion

The properties of diclofenac multiple emulsion
shown in Table 2 indicate that incorporation of drugs
generally led to a decrease in the viscosity of the
multiple emulsion although the viscosity increased
with time. Formulations containing 1 %w/v
diclofenac exhibited good consistency over the
period of study whereas formulations containing 2
%wl/v diclofenac showed a significant (p<0.005)
increase in viscosity to a semi-solid consistency after
4 days. This indicates that increasing the drug content
in the emulsion system led to an increase in the
viscosity of the formulations. This is because the
more solid materials are added, the more viscous the
product. Viscosity has been described as the ability
of a material to produce internal resistance to friction
when one layer of molecules is involved in motion
relative to the next, due to attractions between such
molecules [25]. Low viscosity formulations have
been shown to release the drug faster probably due
to faster diffusion of drug through the vehicle with
lower viscosity as a result of less resistance to the
movement of the molecules of active ingredient [26].
The viscosity of the multiple emulsions presented
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oily phase of the secondary emulsion to obtain an
even distribution of the drug within the emulsion
system. The composition of diclofenac multiple
emulsions are presented in Table 2.

Viscosity measurements

The viscosity of the emulsion was measured using a
Brookfield viscometer (DV-2+ Pro, Brookfield
Engineering Laboratories Inc., Middleboro, USA)
at 100 rpm using spindle size S. The viscosity of the
emulsion was conducted at different time intervals
(0, 1, 7, 14 and 30 days).

Phase separation/ solidification

The emulsion was observed visually for signs of
phase separation and solidification at different time
intervals and the observations were recorded.

Determination of globule size

The globule sizes of the multiple emulsions were
determined using a light microscope (Barska
Monocular Compound Microscope AY 11240,
Barska Technology, Pomona CA, USA). A quantity
of the multiple emulsion was stained with crystal
violet and mounted on the slide to view under the
microscope. The diameter for 100 globules was
determined at different time intervals and the mean
globule size was calculated.

Determination of creaming index

The creaming index was determined using the
method described by Odeku et al [18]. Briefly, a one
in ten dilution of the multiple emulsion was made
by diluting 5 ml of the emulsion to 50 ml with
distilled water to facilitate discernible differences
in the rate and extent of creaming of the emulsions.
The diluted emulsions were kept for observation in
50 ml plain bottles and the height of creaming was
determined. The creaming index was then calculated
from equation 1[19]:

Height of cream layer (cm)

X 100

Creaming index (%) = Total height of emulsion (cm)
()

In-vivo anti-inflammatory studies

The in vivo anti-inflammatory activity of the
prepared formulations was carried out on 60 healthy
albino Wistar rats of both sexes (99 + 12 g). The
animals were procured from the Faculty of Veterinary
Medicine Experimental animal house at the
University of Ibadan, Ibadan, Nigeria. The animals
were allowed free access to food and water and
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allowed to acclimatize for 7 days before
commencement of the experiment.

The animal experiments were conducted in
compliance with the guidelines stated in Principle
of Laboratory animal care [20]. The protocols were
approved by the University of Ibadan Animal Care
and Use Research Ethics Committee (UI-ACUREC/
App/2015/052). The animals were randomized into
six different groups as follows:

Group A - negative control (no treatment)

Group B - positive control (brand of 1 %w/w
diclofenac gel)

Group C - shea butter alone

Group D - shea butter multiple emulsion

Group E - 1 %w/w diclofenac multiple emulsion
Group F - 2 %w/w diclofenac multiple emulsion

Formalin-induced paw-lick test

The analgesic property of the formulations was
determined using the formalin-induced paw-licking
test [21]. Briefly, the formulation was gently rubbed
into the plantar surface of the left fore-paw for about
30 seconds and 50 pl of 2 % formalin was injected
into the sub-plantar surface after 30 minutes. The
total paw-lick time by the rats immediately after
formalin injection was recorded for both the early
phase (0-5 minutes) and late phase (15-30 minutes)
inflammation; the early phase shows the initial acute
neurogenic nociceptive response while the late phase
shows the chronic inflammatory response [21].

Egg albumin-induced paw oedema

The anti-inflammatory activity of the formulations
was determined using the egg albumin induced paw
oedema method [22]. The rats were pre-treated by
gently rubbing the microemulsion into the plantar
surface of the right fore-paw for about 30 seconds.
Thirty minutes after pre-treatment, the rats were
injected with 0.2 ml of undiluted fresh egg albumin
into the sub-plantar surface of the rat paw. The paw
size (cm) was determined by mecasuring the
circumference of the oedematous paw with a thread
wrapped around the paw, which is then placed on a
metre rule to determine the diameter. The
measurement, which represented the inflamed paw
size of the rats [22], was done immediately before
egg albumin injection, immediately after injection
and at 30 minutes intervals post inflammation
induction for a period of 120 minutes. The percentage
inhibition was calculated using the equation [23]:
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the globule size of the multiple emulsions. Thus, the
emulsion can be said to exhibit reasonable stability.

Creaming is a form of instability that is
common in emulsion systems, although a creamed
emulsion is not necessarily bad provided it can be
re-dispersed with moderate agitation; it is preferable
for the emulsion to exhibit low degree of creaming.
The result of the percentage creaming in Figure 3
showed that the creaming index of the formulations
ranged between 7 to 24 %. The cream was easily
redispersible with moderate agitation.
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behaviour indicative of pain confirmed by the
amount of time the animals spend licking the injected
paw [28-30]. Formalin test is a highly specific
method which involves a biphasic response identified
as: the initial phase (first 5 minutes) as a result of
direct stimulation of the paw which gives a
neurogenic nociceptive response that is centrally
mediated; and the second phase otherwise known as
inflammatory response (15 to 30 min after formalin
injection) as a result of the peripheral release of pro-
inflammatory mediators such as bradykinnin,
histamine, serotonin and prostaglandins [21, 31, 32].
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Fig. 3: Creaming index of unmedicated (D 7 and D 14) and medicated (D 20 and D 23) shea butter emulsion containing different

oil:surfactant:water ratio over time

Stability studies over a period of twelve
months indicated that there were no significant
changes in the viscosity, mean globule size and
creaming index of the emulsion (data not shown). It
appeared that the changes that occurred in the
multiple emulsions, i.e. either phase separation or
solidification occurred within the first one week after
preparation (Table 1). This indicates the relative
stability of the multiple emulsions once the
appropriate ratio of the oil: surfactant: water is used
in the formulation.

In vivo anti-inflammatory properties of diclofenac
multiple emulsion

The formalin induced paw-link test in mice has been
used as a valid and reliable model of inflammation
and nociception. Dilute formalin injected into the
dorsal surface of the right hindpaw of rats, serves as
a harmful stimulus causing an immediate and intense
increase in the spontaneous activity of C-fiber
afferent and evoke a distinctive and measurable

Centrally acting analgesics such as morphine,
codeine, nefopam and orphenadrine can inhibit both
phases; while peripherally acting drugs, such as
NSAIDs such as indomethacin and naproxen and the
corticosteroids, inhibits only the late phase [33].,
The in vivo anti-inflammatory property of
the diclofenac multiple emulsions was compared
with a known brand of diclofenac sodium topical
gel containing 1 % diclofenac sodium and the results
of the formalin-induced paw lick test are shown in
Table 3. The result showed that the number of paw
licking was higher at the late than the early phase.
The ranking of the paw licking at the early phase of
inflammation was 1 % diclofenac emulsion <
standard diclofenac gel < shea butter emulsion < 2
% diclofenac emulsion = No treatment < shea butter.
This shows that the 1 % diclofenac multiple emulsion
gave higher activity than the standard diclofenac gel,
while shea butter emulsion was more active than
unformulated shea butter. However, during the late
phase, the ranking was shea butter emulsion <2 %
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Fig.1: Viscosity changes of unmedicated (D 7 and D 14) and medicated (D 20 and D 23) shea butter multiple emulsion

containing different oil:surfactant:water ratio over time.

in Figure 1 indicates that the viscosities of the
formulations generally increased with storage.
Formulation with surfactant concentration
of 7.5 % and water content of 25 % (D14) showed
significantly (p<0.05) higher viscosity probably due
to a higher concentration of surfactant and water
available to facilitate emulsification of the oil.
Formulations for topical application should possess
adequate viscosity to prevent run-off from the skin
surface after application. A major advantage of high
viscosity formulations is the ability of such
preparations to offer prolonged activity at the site of
action because of adherence to the skin [27], which

is also desirable since the frequency of application
is reduced. Thus, the multiple emulsions possess
adequate viscosity to facilitate the adherence of the
formulation to the skin.

Increase in globule size due to coalescence
has been shown to be a sign of instability and
deterioration in disperse systems like multiple
emulsions. The results of the mean globule size of
the multiple emulsions shown in Figure 2 indicate
that the mean globule size increased with time
although the increase was generally not significant
(p > 0.05). Generally, the addition of diclofenac did
not appear to have significant (p > 0.05) effect on
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Fig. 2: Globule size of unmedicated (D 7 and D 14) and medicated (D 20 and D 23) shea butter multiple emulsion containing

different oil:surfactant:water ratio over time
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In addition, shea butter, its multiple
emulsions and diclofenac multiple emulsion
formulations produced inhibition at both early and
late phases like diclofenac gel. This indicates that
the formulations acted both centrally and
peripherally, and enhanced effects were observed at
the late phase. While the early phase is basically
nociceptive (analgesic), the late phase establishes
the anti-inflammatory properties of the formulations.
Furthermore, NSAIDs such as diclofenac exerts its
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slower onset of action with the 2 % formulation
exhibiting increased anti-inflammatory activity in the
later phase of the experiment to give a similar
inflammation inhibition comparable with the
standard diclofenac gel. This adds credence to the
effectiveness of diclofenac sodium multiple emulsion
in inhibiting inflammation.

Myeloperoxidase (MPO) is used as a marker
in systemic inflammation since it is released into the
extracellular fluid in the inflammatory process on
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Fig. 4: Myeloperoxidase activity for formalin-induced paw lick test

action in a multimodal and novel mechanism of
action indicating analgesic, antipyretic and anti-
inflammatory properties [34]. Thus, shea butter
elicits it anti-inflammatory effect in similar manner
to diclofenac [35]. In addition, shea butter, which
serves as the oil phase for encapsulation of the active
drug also elicit anti-inflammatory activity leading
to increased pharmacological activity.

Egg albumin-induced paw oedema is caused
by the release of histamine and 5-
hydroxytryptamine, which are mediators of
inflammatory response [36]. The effect of
formulations on egg albumin-induced paw oedema
at varying times is presented in Table 5. The results
showed that there was general reduction in paw size
of the rats with time. There was a significant
difference (p < 0.05) between paw size of all the
treatment groups compared with the untreated group
suggesting the effectiveness of all the formulations
in inhibiting inflammation. Similar to the formalin-
induced model, shea butter multiple emulsion
facilitated higher reduction in the paw size than shea
butter. The diclofenac multiple emulsion gave a

activation of neutrophils and macrophages. This is
achieved by MPO catalysing the conversion of
chloride and hydrogen peroxide to hypochlorite
which is secreted in inflammatory conditions [37].
Myeloperoxidase is characterised by powerful pro-
oxidative and pro-inflammatory properties [38, 39]
thereby making it a useful tool in assessing anti-
inflammatory processes. The results (Figures 4 and
5) showed significant reduction in activity of the
systemic inflammation marker, MPO, in treated
groups compared to the untreated group for both
models of inflammation induction, suggesting the
effectiveness of the formulations in reducing
systemic inflammation when applied topically.

Conclusion

Diclofenac sodium multiple emulsions were
successfully formulated using shea butter as the oil
phase. Stable emulsions were obtained with
surfactant ratio of Tween 80: Span 80 of 1:1 and
1:1.5 and water content of 20 and 25 %, respectively.
In vivo anti-inflammatory studies showed that shea
butter and diclofenac multiple emulsions showed
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Table 3: Effect of diclofenac-shea multiple emulsion on formalin-induced paw lick test

Group Treatment Number of licking

Early phase Late phase

(0 — 5 min) (15 —30 min)
A No treatment 72.2+10.0 287.2+29.0
B Standard (1 % diclofenac gel) 54.6+14.0 159.4 £ 18.0
C Shea butter 79.6 £ 13.0 187.2 £ 32.0
D Shea butter multiple emulsion 65.0 = 18.0 93.2+18.0
E 1 % diclofenac multiple emulsion 49.4 £ 14.0 172.0 £ 39.0
F 2 % diclofenac multiple emulsion 722+17.0 123.0 + 28.0

Table 4: Effect of formulation on the percentage inhibition of inflammation in rats

Group Treatment Inhibition (%)
0-5 min 15-30 min

A No treatment 0 0

B Standard 1 % diclofenac sodium gel 24 45

C Shea butter 10 35

D Shea multiple emulsion 10 68

E 1 % diclofenac multiple emulsion 32 40

F 2 % diclofenac multiple emulsion 0 57

diclofenac emulsion < standard diclofenac gel < |
% diclofenac emulsion < shea butter < < No
treatment. The anti-inflammatory activity of
diclofenac multiple emulsion was also found to be
dose dependent and was comparable to that of
diclofenac sodium gel. The higher concentration of
diclofenac in the 2 % formulation was able to
increase its anti-inflammatory activity in the late
phase compared to the 1 % formulation suggesting
prolonged action which could be as a result of the
higher viscosity and long contact time.

significantly (p< 0.05) higher percent inhibition of
inflammation and paw licking than plain shea butter
indicating that formulation of shea butter as multiple
emulsion significantly increased its anti-
inflammatory properties. This is because Shea butter
served as the oil phase which has been emulsified
using a blend of hydrophilic (tween 80) and
hydrophobic (span 80) emulgents. The
emulsification produced small droplet sizes of the
oil phase distributed within the emulsion system.
These small globules offered improved spreadability
and penetration into the skin to elicit its activity [9].

Table S: Effect of formulations on egg albumin-induced paw oedema at various time intervals (mean + SEM, n=5)

Groups Treatment Paw size (cm)
30 min 60 min 90 min 120 min

A No treatment 0.64 +0.11 0.72+0.11 0.50+0.15 0.36 = 0.09
B Standard diclofenac sodium gel 0.64+0.18 0.46+0.10 0.32 +0.09 0.18 £ 0.06
C Shea butter 0.40 + 0.08 0.38 + 0.04 0.36+0.06 0.12+0.08
D Shea multiple emulsion 0.56 + 0.04 0.52+0.04 0.60 £+ 0.05 0.24 £0.09
E 1 % diclofenac sodium multiple

emulsion 0.66 + 0.00 0.48 +0.08 0.44 +0.07  0.34+0.07
F 2 % diclofenac sodium

multiple emulsion 0.66 £ 0.11 0.52+0.10 0.32+£0.09  0.18+0.06

The results of the percent inhibition of Shea butter exhibited remarkable anti-inflammatory

inflammation for the formulations presented in Table
4 showed that shea butter multiple emulsions gave

action in the late inflammatory phase thus supporting
previous claim of its anti-inflammatory activity [12].
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topical anti-inflammatory properties comparable
with diclofenac gel. The type and quantity of
surfactant employed in the formulation of diclofenac
multiple emulsions need to be carefully chosen to
enable fast onset of action, high penetration and
sustained anti-inflammatory properties.
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