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Artic{e history: Background: Rheumatoid Arthritis (RA) is a chronic disease which causes inflammation
Received 21 August 2022 and damage to the joint. The goals of treatment are to stop inflammation, relieve symp-
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toms, improve physical function and overall well-being. The purpose of this study was to
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evaluate Terminalia macroptera stem bark (TMB) ethanol extract and formulate it into an
herbal emulgel (TME) for the potential management of RA.
Editor: DR B Gyampoh Methods: Phytochemical analysis and anti-inflammatory activity of TMB were first eval-
uated using standard analytical methods and complete Freund’s adjuvant (CFA) induced
arthritis model in rats respectively. Post-formulation, physical characterization of the car-
Terminali bopol 940 based herbal emulgels (TME) and the reduction in the induced rat paw sizes by
erminalia macroptera / ) o
Anti-inflammatory the herbal emulgels were evaluated using diclofenac emulgel as the positive control.
Rheumatoid arthritis Results: Phytochemical screening revealed the presence of flavonoids, tannins, terpenoids,
saponins, and alkaloids. Inflammatory activity of the extract gave the highest percentage
inhibition with TMB (50 mg/kg). The formulated herbal emulgels had good spreadability,
extrudability, pH ranging from 4.5+0.2 to 6.9+0.4 and viscosity ranging from 0.36 + 0.20
to 8.37 £ 0.65 Pas at 6 rpm and 0.26 = 0.01 to 10.67+0.96 Pas at 12 rpm. TME emulgel
significantly (p < 0.05) reduced oedema formation and arthritic index induced by com-
plete Freund’s adjuvant in rats. TME showed dose-dependent anti-inflammatory activity
comparable with commercial diclofenac emulgel.
Conclusion: TMB showed an excellent inhibitory activity on the induced paw of the test
animals which makes it a suitable candidate in a topical herbal emulgel formulation (TME)
for the potential use in the management of RA.
© 2023 The Authors. Published by Elsevier B.V. on behalf of African Institute of
Mathematical Sciences | Next Einstein Initiative.
This is an open access article under the CC BY-NC-ND license
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Background

Rheumatoid arthritis (RA) is a long-term chronic autoimmune inflammatory disease that affects primarily the joints
and leads to irreversible joint deformity, disability, and reduced quality of life. The symptoms of RA include pain, stiff-
ness, edema, and joint deterioration [1]. Around 1% of the world’s population suffers from rheumatoid arthritis with main
cause unknown [2]. Genetics is one of the major risk factors of RA as family history increases the risk to about three to
nine times [3]. It accounts for 40-65% and around 20% of cases of seropositive (presence of rheumatoid factors and anti-
CCP antibodies) and seronegative RA respectively [1]. Genes such as the Major Histocompatibility Complex (MHC) antigen,
HLA-DR4 (Human Leukocyte Antigen) and HLA-DRB1 (identified as the strongest known genetic risk factor for RA [4]) al-
lele have been indicated in the pathogenesis of RA where their involvements among ethnic groups differ [5]. Obesity [6],
lifestyle, hormonal effect; and environmental factor such as cigarette smoking, exposure to gases (nitrates (NO,), ozone
(03), sulphur dioxide (SO,), and carbon monoxide (CO)), chemicals and second-hand smoke [2,7] are other risk factors
associated with RA. RA is the most common autoimmune disease [2] which affects 0.5-1% of the population at any age
with a female to male ratio of 2:1 [3]. It is of note that, RA usually manifests between the ages of 30 and 60, it can also
be seen in young adults, teens, and even children [8]. The average person does not develop symptoms of RA until they
reach their 60’s. Although there is no cure for RA; the available treatment options used in its management have numerous
side effects (of which medicinal plants pose a great advantage of fewer or no side effects [9]) and are frequently not cost
effective [10].

There has been a recent increase in the interest in medicinal plants in the management of RA and it has been doc-
umented that most of the patients with poorly managed RA-associated chronic pain often use herbal medications as al-
ternative [11]. Many herbal materials have been used in the management of RA, examples include feverfew (Tanacetum
parthenium), flaxseed oil, borage seed oil (Borago officinalis), curcumin (diferuloyl methane), evening primrose oil (Oenothera
blennis), blackcurrant seed oil (Ribes nigrum) and capsaicin [10]. Also, numerous traditional Chinese medicines with anti-
inflammatory, immunomodulatory, or cartilage-protective effects have also been widely used in recent years [12,13]. Re-
search have shown that flavonoids, steroids, terpenoids and fatty acids are phytochemicals that are useful in the manage-
ment of RA [14].

Terminalia macroptera is a specie of flowering plant in the Combretaceae family which grows up to 1400 meters in decid-
uous open woods and bushy grassland. It is known by the Hausa common name ‘kwandari’. The plant is native to African
countries- Ghana, Senegal, Benin, Sudan, Burkina Faso, Nigeria and Uganda [15]. Its various morphological parts such as the
leaves, stem bark and root have been reported to be used in traditional medicine in Nigeria against several ailments. The
leaves decoction is used against ringworm, hepatitis, and skin diseases while its stem bark is used in the treatment of tu-
berculosis, edema, gastritis, cough, hepatitis and in the management of pain [16]; and the root decoction for treatment of
urethral discharge and urinary troubles [17]. Furthermore, the various parts of the plant have been researched to possess
anti-Helicobacter pylori activity and antimicrobial activity [17].

Topical formulations, which are available in semi-solid and liquid forms; are preparations applied to the skin or mu-
cous membrane for their local or systemic action. In most cases, they are medicated, and the non-medicated ones are often
used as skin protective and moisturizers. The skin which provides an ideal site for drug delivery for both local and sys-
temic effects; also acts as a mechanical barrier, mediated by the stratum corneum, to the entry of many drug substances.
Emulgels (mixture of pharmaceutical emulsion and gel) as an example of topical formulations, has good cutaneous pene-
tration and offer advantages of better stability, controlled release, incorporation of hydrophobic drugs and better loading
capacity [18]; in addition to the general advantages of topical formulations such as ease of administration, low cost and
fewer toxic effects [19,20]. The basic components of emulgels are the active ingredient(s), solvents (polar and non-polar),
emulsifiers, gelling agents, permeation enhancers and preservatives. They are prepared in three basic steps - formulation of
emulsion (oil-in-water or water-in-oil), formulation of gel base and incorporation of emulsion into gel base with continuous
stirring [21].

The purpose of this study was to explore the anti-inflammatory activity of Terminalia macroptera in a formulation-
oriented manner to yield an herbal-based product as a viable and suitable alternative in the treatment of RA.

Materials and methods
Materials

Stem bark of Terminalia macroptera, Ethanol (BDH Chemicals Ltd., Poole England), Tween 20 (BDH Chemicals Ltd., Poole
England), Span 20 (BDH Chemicals Ltd., Poole England), Methyl paraben (BDH Chemicals Ltd., Poole England), Ethyl paraben
(BDH Chemicals Ltd., Poole England), Carbopol 940 (Guangdong Chemical Reagent, China), Liquid paraffin (BDH Chemicals
Ltd., Poole England), Propylene glycol (BDH Chemicals Ltd., Poole England), Triethanolamine (BDH Chemicals Ltd., Poole
England), Clove oil (ASHIFAUL-HAQI Ltd, Nigeria), Mentha oil (ASHIFAUL-HAQI Ltd, Nigeria), Distilled water (Department of
Chemical Engineering, UNILORIN), Water bath (Fisher Scientific Company, USA), Analytical weighing balance (Ohaus, USA),
Vortex mixer (Microfield Instrument, England), Refrigerator (LG, South Korea), pH meter (Hanna, England), Viscometer (ND]J-
5S, China)
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Method

Collection of plant

The stem barks of T. macroptera were collected along Ilorin-Ekiti road, Kwara State, Nigeria in March 2020. The plant was
identified by Mr Bolu Ajayi and authenticated at the Herbarium unit of the Department of Plant Biology, University of Ilorin,
Nigeria where a voucher specimen (UILH/001/1230) was deposited.

Extraction from T. macroptera stem bark

The powdered material (800 g) was macerated with 96% ethanol for 72 h at room temperature, with intermittent swirling
of the content. The resultant solution was filtered through a Whatman filter paper 125 mm (No 1) and concentrated in vac-
uum at 30°C using the rotary evaporator to obtain the ethanol extract which was reddish brown in colour. After evaporation,
the extract was stored at —20°C until use. The percentage yield was calculated for Terminalia macroptera stem bark.

Characterization of extract

The physical characteristics such as the colour, odour and texture of Terminalia macroptera stem bark extract was exam-
ined, and the pH meter (Hanna, England) was dipped into the undiluted extract at room temperature 25 °C and the reading
recorded. The pH was conducted in triplicates.

Phytochemical analysis of extract

Qualitative assays were done to check for the presence of various phytochemicals in the ethanol extract of Terminalia
macroptera stem bark following standard procedures [22]. Assays were done to determine levels of phytochemicals (pheno-
lics and flavonoids) found present in the ethanol extract of Terminalia macroptera stem bark.

Quantitative analysis.

Determination of total phenolic content. The total phenolic content (TPC) of the extract was determined by modified
Folin-Ciocalteu reagent method [23]. Deionized water (0.5 mL) and 0.125 mL of a known dilution of T. macroptera extract
were added to a test tube. Folin-Ciocalteu reagent (0.125 mL) was added to the solution. It was allowed to react for 6 min.
Followed by, 1.25 mL of 7% sodium carbonate solution which was aliquoted into the test tubes, and the mixture was diluted
to 3 mL with deionized water. The color developed for 90 min, and the absorbance was measured at 760 nm using UV-Vis
spectrophotometer. All determinations were performed in triplicates. The measurement was compared to a standard curve
of prepared gallic acid solutions and expressed as milligrams/g of gallic acid equivalents.

Determination of total flavonoid content. Total flavonoid was estimated using the method of Miliauskas et al [24]. Con-
centrations of 0.3 mg/mL of the extract in methanol was prepared, while Quercetin concentrations of 0.03, 0.06, 0.09, 0.12
and 0.15 mg/ mL also prepared in methanol were used to obtain the calibration curve. 2.0 mL of 2% Aluminium Chloride
(AlCl3) in ethanol was added to 2.0 mL of each preparation and allowed to stand at room temperature for 60 min. The ab-
sorbance was measured at 420 nm after 60 min. The estimation of total flavonoids content in the crude extract was carried
out in triplicate and the result averaged. The total flavonoid content was calculated as Quercetin equivalent (mg/g) using the
equation based on the calibration curve: y=0.2267x, where y is the absorbance and x is the concentration incorporated into
the following formula:

(Cx V)
Tew = —r—

Where: T= Total Flavonoid content (Quercetin equivalent), mg/g plant extract; C = Concentration of Quercetin from standard
curve mg/mL; V = Volume of extract used during the assay (mL); M = Mass of extract used during assay (g).

Qualitative analysis. Various phytochemical investigations were performed on the ethanol extract of T. macroptera following
standard procedures as described by Kokate [22]. Colour intensity was used to categorize the presence of each phytochemical
into copious, moderate or slight (trace).

Test for flavonoids. To a test tube containing 1 mL of extract, a few drops of dilute sodium hydroxide (NaOH) solution was
added. An intense yellow colour produced in the extract which becomes colourless on addition of few drops of dilute acid
indicates the presence of flavonoids.

Test for anthraquinones (Borntrager’s reaction). To 2 mL of chloroform extract, dilute (10%) ammonia solution was added. A
pink-red colour in the ammoniacal (lower) layer indicates the presence of anthraquinones.

Test for Tannins. To a test tube containing the extract, 1 mL of 5% Ferric chloride was added. The presence of tannin is
indicated by the formation of bluish black or greenish black precipitate.

Test for Saponins. The extract was diluted with 20 mL distilled water and was agitated in a graduated cylinder for 15 min.
The formation of 1 cm layer of foam indicates the presence of saponin.



A.T. Kola-Mustapha, S.0. Taiwo, A.R. Isiaka et al. Scientific African 19 (2023) e01557

Table 1
Formulation of emulgel from ethanol extract of Terminalia macroptera stem bark.

INGREDIENTS COMPOSITON (%W/W)
TME1 TME2 TME3 TME4 TME5 TME6 TME7 TME8 TME9 TME10 TME11

Extract 0 0.5 1.0 1.5 2.0 0.5 2.0 0.5 2.0 0.5 2.0
Alcohol 2.5 2.5 2.5 2.5 2.5 2.5 25 2.5 2.5 2.5 2.5
Span 20 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Tween 20 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Methyl paraben 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Ethyl paraben 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Liquid paraffin 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5
Carbopol 940 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Clove oil - - - - - 10.0 10.0 - - 10.0 10.0
Mentha oil - - - - - - - 6.0 6.0 6.0 6.0
Propylene glycol 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Water q.s q.s q.s q.s q.s q.s q.s q.s q.s q.s q.s

Test for cardiac glycosides. To a test tube containing 5 mL of extract was added 2 mL of glacial Acetic acid containing a drop
of Ferric chloride (FeCls) solution. It was then underplayed with 1 mL concentrated sulphuric acid (H,SO4). A brown ring at
the interface indicates a de-oxy sugar characteristic of cardenolides.

Test for steroids. The extract (1 mL) was dissolved in 10 mL chloroform and equal volume of concentrated sulphuric acid
(H,S0O4) was added down the side of the test tube. The upper layer turns red and sulphuric acid layer show yellow with
green fluorescent. This indicates the presence of steroids.

Assay of anti-inflammatory activity of extract

The anti-inflammation assay was done using animal models. Albino Wistar rats were used for the anti-inflammatory
study and were maintained under standard environment conditions. The animals were allowed to get acclimatized with
laboratory conditions for a period of seven days before the experiment and were deprived from food 4 h before experiment,
after which they were taken for the experiment. Using the Carrageenan-induced rat paw edema method, twenty (20) rats
were divided into four groups with five rats each. Three test groups were pre-treated orally with T. macroptera stem bark
extract (50, 100 and 200 mg/kg) one hour before administration of carrageenan. Acute inflammation was produced, one
hour after oral administration of the drugs, by sub-plantar injection of 0.1 mL of 1% suspension of carrageenan in normal
saline in the right hind paw of the rats. The paw circumference was measured over 24 h after the carrageenan injection.
The difference between the readings will be taken as the volume of edema and the percentage anti-inflammatory activity
was calculated. The percentage value of edema inhibition was calculated using the formula:

% inhibition =1 — (Y ~ %3 _ ;) x 100

Where, x= Initial paw thickness of test group animal, y= Paw thickness of test group animal after treatment, a= Initial paw
thickness of control group animal, b= Paw thickness of control group animal after treatment [25].

Emulgel formulations

The emulgels were prepared (Table 1) following the method described by [21] with slight modifications:

The plant extract was dissolved in alcohol, the preservatives (methyl paraben and propyl paraben) were dissolved in
propylene glycol, and both solutions were added to a solution of tween 20 in purified water to make the aqueous phase.
The oily phase was made by dissolving span 20 in light liquid paraffin and adding the mentha oil and/or clove oil (per-
meation enhancer). Both phases were then heated to about 75 oC and mixed with constant stirring until it cools to room
temperature. The gelling agent was prepared by adding carbopol to purified water at a concentration of 1% with constant
stirring at a moderate speed. The pH was then measured and adjusted to 6-6.5 using triethanolamine. The gel and emulsion
were then mixed at a ratio of 1:1 and glutaraldehyde was added while mixing them to form the emulgel. The emulgels
were then packaged in jars and well covered till further analysis.

Emulgel analysis

Physical characterization: Physical characteristics of the formulations like colour, homogeneity, consistency and texture
were examined [26].

Extrudability: Extrudability of the emulgels were measured by applying a constant defined force to the emulgels, packed
in a collapsible aluminum tube, measuring the length of ribbon extruded from the container and calculating the extrudabil-
ity using the formula: ) )

Eth‘ldability = Area ofvl\',i&;)llgcl)lrtl g(tll'(ilatfeél?ir%?rzss)quared)

Spreadability: The spreadability was done using two glass slides of standard dimension. The herbal emulgel formulation
was placed over one of the slides and the other slide was then placed on the top of the gel, such that the gel is sandwiched
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between the slides. A known weight (100 g) was placed upon the upper slide and how fast the slide slips off the other was
determined. Spreadability was calculated using the formula:

S=M.L/T

Where, S = Spreadability

M = Weight tide to the upper slide

L = Length of a glass slide

T = Time taken to separate the slide completely from each other.

pH determination: The pH was measured in triplicate using a digital pH meter (Hanna, England) and the average values
calculated and recorded.

Determination of viscosity: The estimation was done using an NDJ-5S viscometer (Spindle type no.3) at 6 and 12 rpm.
Substantial quantity of the emulgel was put in a beaker and the spindle dipped in it for about 5 mins and then readings
taken.

Swelling index: this is defined as the volume (mL) taken up by the swelling of 1g of herbal material under specified
conditions. This was done by transferring 1 g of the emulgel to a 25 mL stoppered cylinder, filling the cylinder up to 20 mL
mark with water, agitating gently occasionally for 24 hour and allowed to stand. The volume occupied by the swollen was
then measured. The swelling index was calculated using the formula:

Swellingindex(SW)% = [(Wt. — —Wo)/Wo]x100

Where {SW} % = Equilibrium perfect swelling.
Wt. = Weight of swollen emulgel after time ¢,
Wo = original weight of emulgel at zero time.

Skin irritation test: The intact skin of Wistar rats of either sex with average weight 150- 200 g was used. The hairs
were removed from the rat three days before the experiment. Prepared gel formulations were used on the test animal and
gel base on control group. The animals were treated daily for 7 days, and erythema and edema on the treated skin were
examined [27].

Assay of anti-inflammatory activities of formulated emulgels

Complete Freund’s adjuvant-induced arthritis in rats

Ninety-six Wistar rats were randomly divided into 12 groups (n = 8) and initial paw diameter were measured with
vernier caliper and treated as follows:

Group I: vehicle (10% clove oil + 6% MO; control)

Group II: 0.5% T. macroptera extract in saline

Group III: 1% T. macroptera extract in saline

Group IV: 1.5% T. macroptera extract in saline

Group V: 2% T. macroptera extract in saline

Group VI: 0.5% T. macroptera extract in 6% MO

Group VII: 0.5% T. macroptera extract in 10% clove oil

Group VIII: 2% T. macroptera extract in 6% MO

Group IX: 2% T. macroptera extract in 10% clove oil

Group X: 0.5% T. macroptera extract in 10% clove oil and 6% MO.
Group XI: 2% T. macroptera extract in 10% clove oil and 6% MO.
Group XII: Diclofenac emulsion

0.1mL CFA (10 mg/kg of heated-killed Mycobacterium tuberculosis in 1 mL paraffin oil) was injected into the tarsal of
the right-hind paw. Treatment was done through topical application to the inflamed paw for 35 consecutive days as well as
recording of paw diameter weekly using the screw gauge vernier caliper.

Statistical analysis

Results obtained were expressed as Mean + SEM. Statistical comparison was done by one-way analysis of variance
(ANOVA). Two-way ANOVA followed by Bonferroni post hoc multiple comparison test was used for anti-inflammatory study.
Statistical analysis were carried out using Graph-pad prism version 6 (GraphPad Software, Inc. CA, USA). The statistical sig-
nificance is set at p < 0.05.

Ethical approval

Ethical approval to execute this study was sought and obtained from the University Ethical Review Committee of the
University of Ilorin, Nigeria. The approval (with reference ID: UERC/ASN/2022/2338) was issued prior to the commencement
of the research.
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Table 2
Qualitative phytochemical constituents of ethanol ex-
tract of Terminalia macroptera stem bark.

Phytochemicals Observation

Alkaloids
Tannins
Flavonoids
Glycosides
Anthraquinones -
Saponins
Steroids
Phenolics +

'+t

+

Note: + = present; - = absent.

Table 3
Quantitative estimation of ethanol extract of Terminalia
macroptera stem bark.

Phytochemicals Observation (mg/g)
Flavonoids 193.60 + 6.34
Glycosides 0.00 + 0.00
Anthraquinones 0.00 + 0.00
Steroids 0.00 + 0.00
Phenolics 164.87 + 10.37
Saponins 134.25 + 4.22
Tannins 367 £ 9.73

Data presented as Mean + SEM (n = 3).

Table 4
Results of the anti-inflammatory assay of the extract as reduction in paw size of rats (mm).
Treatment Paw size (mm) at time (h)
0h 1h 2h 3h 4h 24 h

Mean £ SEM Mean £ SEM In (%) Mean &+ SEM In (%) Mean &+ SEM In (%) Mean £ SEM In (%) Mean £+ SEM In (%)

Control 1.22+0.01 1.57+0.06 1.57+0.02 1.67+0.01 1.62+0.02 1.5340.03

TMB (50mg/kg)  1.18+0.03 1.67+0.04 37.73 1.78+0.00 67.92 1.81+0.03 38,51 1.75+0.03 425  1.46+0.04 10.63
TMB (100mg/kg) 1.21+0.02 1.84+0.07 80.18 1.82+0.01 73.58 1.754+0.05 21.48 1.70+0.07 2416 1.50+0.08 5.31
TMB (200mg/kg) 1.2340.00 1.87+0.01 81.13 1.85+0.03 73.58 1.81+0.02 28.14 1.76+0.01 31.68 1.52+0.04 9.57

Data presented as Mean + SEM (n = 3)
KEY: In = Inhibition

Results
Extract characterization

Crude extraction
The ethanol extract yield obtained was 22.7 % (w/w). Usman et al., 2017 [16] had similar yield.

Appearance and pH
The ethanol extract of Terminalia macroptera stem bark obtained was brown in colour, smooth to touch and had a char-
acteristic odour. The pH of the ethanol extract Terminalia macroptera stem bark was 6.1 &+ 0.15.

Phytochemical screening
Phytochemical constituents in ethanol extract of Terminalia macroptera stem bark is presented in Table 2.

Quantitative analysis of the extract
Quantitative estimation of the ethanol extract of Terminalia macroptera stem bark is presented in Table 3.

Anti-inflammatory activity of extract

The anti-inflammatory assay of the extract is presented in Table 4.
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Table 5
Physical characterization of emulgels.
Emulgels Appearance Colour Odour Ease of application  Ease of removal Homogeneity
TME1 Glossy, less viscous White Characteristic odour Very easily applied Very easily removed Homogeneous
TME2 Glossy, viscous Cream Characteristic with bark odour Very easily applied Very easily removed Homogeneous
TME3 Glossy, viscous Light brown Characteristic with bark odour Very easily applied Very easily removed Homogeneous
TME4 Glossy, viscous Caramel brown Characteristic with bark odour Very easily applied Very easily removed Homogeneous
TMES5 Glossy, viscous Brown Characteristic with bark odour Very easily applied Very easily removed Homogeneous
TME6 Glossy, viscous Cream Bark with aromatic odour Very easily applied Easily removed Homogeneous
TME7 Glossy, viscous Dark brown Bark with aromatic odour Very easily applied Easily removed Homogeneous
TME8 Glossy, viscous Cream Bark with minty odour Very easily applied Easily removed Homogeneous
TME9 Glossy, viscous Reddish brown Bark with minty odour Very easily applied Easily removed Homogeneous
TME10 Glossy, viscous Cream Bark with minty and aromatic odour Very easily applied Easily removed Homogeneous
TME11 Glossy, viscous Reddish brown Bark with minty and aromatic odour Very easily applied Easily removed Homogeneous
Table 6
Evaluation parameter for Terminalia macroptera stem bark ethanol extract emulgels
Emulgel pH Spreadability (gcm/s)  Extrudability (g/cm?)  Swelling index (%)
TME1 69 30.0 1041.67 55
TME2 6.8 27.0 1136.36 50
TME3 65 35.0 961.54 42
TME4 6.7 28.0 961.54 60
TME5 58 295 1086.95 65
TME6 6.8 25.0 892.86 56
TME7 6.5 35.7 1250 48
TMES8 62 33.0 1000 60
TME9 50 31.0 862.07 68
TME10 62 28.0 1388.88 50
TME11 45 370 1250 65
Table 7
Viscosity of the formulated emulgels at 6 and 12 rpm.
Viscosity (mPas)
RPM TME1 TME2 TME3 TME4 TMES5 TME6 TME7 TMES8 TME9 TME10 TME11
6 358.1+0.20 395.8+0.06 450.84+0.08 8079.6+0.57 1121.2+0.10 1416.7+0.09 1315.8+0.47 543.6+0.00 8371.2+0.65 2116.3+0.20 731.1+£0.09

12 255.0+0.01

268.0+0.03 302.1+0.50 5118.4+0.40 646.8+0.00 840.0+0.06

968.2+0.2

448.94+0.00 5611.7+0.00 10668.0+£0.96 535.0+0.00

Emulgel characterization

Physical characterization
The physical properties of the emulgels formulated were observed, including the appearance, colour, odour, homogeneity,

ease of application and removal. The results obtained from physical characterization are presented in Table 5.

Extrudability
The extrudability of the formulated herbal emulgels is presented in Table 6; ranging from 862.07-1388.88g/cm?.

Spreadability

The spreadability of the formulated herbal emulgels is presented in Table 6 ranging from 25.0-37.0 gcm/s.

pH

The pH of each of emulgel was done in triplicate and the average of each is presented in Table 6 (4.5-6.9).

Swelling index
The swelling index of each emulgel is presented in Table 6; the swelling indices of the emulgel ranged from 42-68%.

Viscosity

The estimation was done using an NDJ-5S viscometer (Spindle size 3) at varying speed of 6 and 12 rpm. The results
obtained is presented in Table 7.
Data presented as Mean + SEM (n = 3)

Skin irritation study
The results obtained indicated that prepared emulgels did not produce irritation, redness, or edema on application and
free from dermatological reaction.
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Table 8
Time course effect of TME emulgels on CFA-induced arthritis in rats.

Change in paw diameter (mm)

Treatment Week 1 Week 2 Week 3 Week 4 Week 5
TME 1 0.68+0.25  2.5540.43 3.25+0.64 3.41+£0.59 2.02+0.33
TME 2 0.68+£0.10  1.754+0.31*  2.02+0.282 1.69+0.38>  1.95+0.52
% inhibition -0.3 31.11 38.05 50.35 3.65

TME 3 0.88+0.06  1.89+0.42 3.2340.34 3.07+0.61 1.80+0.28
% inhibition -3047 25.84 0.68 9.8 10.96
TME 4 1.10+£0.19  3.41£0.50 3.88+0.29 3.21+£0.60 3.65+0.35
% inhibition -62.43 -33.86 -19.48 5.81 -80.26
TME 5 0.59+0.03  1.02+0.44>  1.79+0.37*  2.43+0.62? 1.7240.24
% inhibition 12.13 59.78 45.11 28.64 15.3

TME 6 1.22+0.30  3.45+0.51 4.09+0.86 3.97+1.15 3.04+0.79
% inhibition -80.18 -35.82 -25.69 -16.49 -49.95
TME 7 0.70+£0.13  1.3940.27° 1.94+0.46° 1.5740.26°  0.67+0.11°
% inhibition -3.25 45.09 40.5 53.81 66.73
TME 8 0.63+0.08  1.3940.50° 1.7440.41%  3.44+1.61 1.94+0.66
% inhibition 6.51 45.25 46.65 -1.06 4.54

TME 9 0.73+0.12 1.41+0.442 1.78+0.492 1.80+0.54° 1.194+0.39?
% inhibition -7.99 44.62 45.24 47.24 41.16
TME10 0.95+£0.20  2.4640.53 3.73+0.46 2.16+£0.358  2.37+0.44
% inhibition -40.83 3.22 -14.57 36.68 -17.18
TME 11 0.85+0.22  2.03+0.82 2.904+0.83 2.09+0.587 1.56+0.30
% inhibition -26.33 20.19 10.76 38.62 21.89
Diclofenac Emugel ~ 0.90+0.08  1.10+0.42"  1.79+0.372 1.444029°  1.58+0.462
% inhibition -33.51 56.6 44.91 57.75 21.89

Values are expressed as mean+SEM (n=6). p < 0.05; ®p < 0.01 Versus vehicle-treated control,
statistical level of significance analysis by two-way ANOVA followed by Tukey post hoc multiple
comparison test.

Anti-inflammatory assay of the emulgel

The result obtained is presented in Table 8.
Similarly in Fig. 1 below, photographs showing the effect of the treatments on CFA-induced arthritis in the rats are
presented.

Discussion

There is a global rise in interest in the standardization of medicinal plants for pharmacological use and pharmaceutical
formulation. Many of the plant species currently used for treatment of various illnesses have been in use for centuries in
a limited part of the world without proper documentation and investigation. About 80% of the world’s population- majorly
those in developing countries, now use herbal medicines as part of their primary health care needs [28]. In traditional
medicine, various parts of Terminalia macroptera plant have been used to treat more than thirty different human ailments
in countries such as Nigeria, Senegal, Ghana, Mali, Sudan, and Uganda [29].

The phytochemical analysis of T. macroptera led to the identification of various chemical contents including ellagitan-
nins, flavonoids, triterpenoids and related phenolics [30]. It was also reported by [31] that Terminalia species contain various
secondary metabolites such as cyclic triterpenes and their derivatives (tannins, flavonoids, and phenolic acids). Phenolic
compounds, terpenoids and flavonoids have been widely described for their anti-inflammatory, immunomodulatory [32],
antinociceptive [33] and antioxidant properties (they contain hydroxyl group capable of capturing oxygen free radicals) [34].
According to Traore et al., 2019, the phytochemical study and characterization of T. macroptera stem bark extract by gas
chromatography-mass spectrometry (GC-MS) analysis, showed the presence of the following chemical groups: poly-phenols,
flavonoids, saponins, tannins gallic, cardiac glycosides, sterols, and terpenes. The study has successfully identified and re-
ported 20 molecules accompanied by their mass spectra, their molecular weight, and their chemical structures [35].

The anti-inflammatory assay of T. macroptera extract was done using the carrageenan- induced rat paw model (animal
studies) to ensure the anti-inflammatory activity was by a mechanism suitable for the plant use in the management of RA.
This model is also used to study non-steroidal anti-inflammatory drugs [36]. The effect of the extract was studied, and it was
observed that TMB (50mg/kg) had the highest percentage (%) inhibition; a similar result obtained by Usman et al., 2017 [16].
This led to the design of experiment to formulate a topical preparation with the extract grading from 0.5-2% using a slightly
modified version of the formulation method described by Mohamed (2004) [21]. The formula was developed for emulgels
containing different concentrations of the plant stem extract- 0.5, 1, 1.5, and 2% w/w; and the permeation enhancer used
were clove oil (10%) and/or mentha oil (6%). Terminalia macroptera extract showed low percentage inhibition (5.31 -10.63%)
which might be due to poor permeation of the extract into the skin; and consequently, the highest active concentrations of
the permeation enhancers were used. The herbal emulgels formed were generally glossy, homogenous, and were very easily
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Fig. 1. The effect of the treatments on CFA-induced arthritis in the rats

(a) TME 1 (0% extract) (b) TME 2 (0.5% extract) (c) TME 3 (1% extract) (d) TME 4 (1.5% extract) (e) TME 5 (2% extract) (f) TME 8 (0.5% extract, 6% MO %)
(g) TME 6 (0.5% extract, 10% CO) (h) TME 9 (2% extract, 6% MO) (i) TME 7 (2% extract, 10% CO) (j) TME 10 (0.5% extract, 65MO &10% CO) (k) TME 11 (2%
extract, 6%MO &10% CO) and (1) diclofenac emulgel.

applied and removed. All the emulgels formulated with mentha oil and clove oil had minty odour and aromatic odour as
impacted by the respective permeation enhancers. The formulations containing the extract and no permeation enhancer(s)
had a bark odour and the formulation with neither the extract nor permeation enhancers(s) had a characteristic odour. The
colour of the emulgel without extract was white and those with extract varied from ‘cream’ to ‘reddish brown’. The pH of
the formulated emulgels were moderately/slightly acidic with TME11 having an acidic pH of 4.5. The pH of the formulations
decreased with increasing concentration of the extract except for TME4 with pH 6.7. This can be related to the acidic nature
of ellagitannins, flavonoids triterpenoids and phenol which are the major components of Terminalia macroptera [30]. Sultana
et al.,, 2016 [37] suggests the pH of emulgel should be between 5-7 to mimic the skin condition and prevent irritation to
the patient. The results of extrudability, spreadability and the swelling index of the emulgels are presented in Table 5. It
was found that all the formulations showed excellent extrudability and this will aid easy application and promote patient
acceptance [38]. The emulgels had different swelling index values (42-68%) and the variation may be dependent on the
water uptake nature and chain strength of the polymer used as gelling agent- carbopol 940 [39].

The extent of area of the skin to which a topical formulation readily spreads on application is denoted by the spreadabil-
ity; which is an ideal quality that must be met by topical formulations. The more a topical formulation spread over the skin,
the higher the patient compliance and therapeutic effects [37]. All the formulations were of adequate spreadability. TME9
had the lowest spreadability of 862.07g/cm? and TME10 had the highest spreadability of 1388.88g/cm?2. The viscosity of all
the formulations were measured and they showed decrease in viscosity with increase shear rate from 6 to 12 rpm which
suggests shear thinning (pseudoplastic behavior) of the formulations [40]. This is because increasing the shear stress cause
the normally disarranged molecules of the gelling material (carbopol 940) to align their long axes in the direction of flow,
which in turn reduces the internal resistance of the material and hence decreases the viscosity [41].

The post formulation anti-inflammatory studies of the emulgels were done using the Complete Freund’s adjuvant (CFA)-
induced arthritic model and the results were presented in Table 8. It is well documented that the injection of CFA into
the rat hind paw results in marked joint inflammation, characterized by release of various inflammatory mediators such as
prostaglandins, reactive oxygen species (ROS), kinins, cytokines and substance P [42]. However, the pre-treatment of rats
with the formulated emulgels (containing different concentration of Terminalia macroptera stem bark extract) produced sig-
nificant dose dependent inhibition of oedema. Subcutaneous injection of CFA into the right hind paw produced an increase
in the right paw diameter which peaked on day 21 (3.2540.64) but significantly reduced by topical administration of TME 8
(0.5% extract in 6% MO) (p < 0.05) to 1.74+0.41mm by 46.65% when compared to vehicle treated control. TME 7 (2% extract
in 10% CO) and TME 9 (2% extract in 6% MO) had significant % inhibition at week 3,4 and 5 as compared to the positive
control (diclofenac emulgel). The peak inhibition of oedema was achieved with TME 7 (2% extract in 10% CO) at week 5
(66.73%) which was better as compared to the positive control (diclofenac emulgel) with 21.89% inhibition. From the results
obtained, the combination of 6% MO and 10% CO failed to produce additive anti-oedematogenic effect compared to when
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the enhancer were used individually. Emulgels are good topical drug delivery systems as supported by the results obtained
from the post-formulation and the pre-formulation assay of the extract. The importance of permeation enhancers in the
formulation of emulgels was also stressed as the emulgels prepared without permeation enhancers showed lesser activities
as compared to the ones with permeation enhancers. The formulated emulgels were evaluated to have good characteristics
and hence can potentially serve as a good topical delivery system for herbal preparations.

Conclusion

The Terminalia macroptera stem bark ethanol extract obtained showed anti-inflammatory activity and emulgels were suc-
cessfully formulated with different concentrations of the extract as the active ingredient. The emulgels were evaluated for
their physical characteristics, pH, spreadability, extrudability, viscosity and anti-inflammatory activity (using animal studies);
which were all found to be satisfactory. The formulated emulgels (TME2, TME5, TME7, TME8 and TME9) showed compara-
ble anti-inflammatory activity with that of the standard Non-Steroidal Anti-Inflammatory emulgel (diclofenac). The emulgels
formulated with mentha and clove oil as permeation enhancers showed lower activities than those formulated with either
of the permeation enhancers; it is therefore recommended that mentha oil or clove oil alone should be used as permeation
enhancer in the formulation of topical herbal emulgel. The extract incorporated into emulgel formulation shows prospects
in the management of rheumatic arthritis.
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