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ABSTRACT

Rheumatoid arthritis is one of the most serious-fatal conditions with significant prevalence arauthe globe.
Objective: The objective of present work was toigiesind characterize Moringa oleifera seed oil irgnated
anti-inflammatory topical micro-dispersion. The rnary phase diagrams for microemulsion regions were
constructed using Moringa oleifera seed oil asptihse, Tween 80 and Span 80 as surfactants. Thieemialsion
was characterized for its percentage transmittame&active index, pH, globule size, zeta potentiédcosity, in-
vitro drug release, skin irritancy and anti-inflanatory activity. The batch F3 with 25.30% of 0i9.62 % of S
and 15.68% of water; was found to be more stablr other batches. The percentage transmittancerafrective
index (RI) of formulation was found to be 99.60 469 respectively; whereas pH and average globize was
7.1 and 167nm respectively. zeta potential ancbegisy of optimized microemulsion was found to3%8 and 88.7
cps respectively. The permeability of Moringa @eifseed oil microemulsion was 76.86% as compareéett06%
of pure oil. The prepared microemulsion was fouadbe non-irritant and showed significant (p<0.05)tia
inflammatory effect. The Moringa oleifera seedcaih be used to develop stable micro-dispersioresystith better
skin permeation and promising anti-inflammatoryidty without any skin irritation.

Keywords: Rheumatoid arthritisMoringa oleifera seed oil, micro-dispersion, ternary phase diagramtj-
inflammatory activity.

INTRODUCTION

Inflammatory conditions are the common afflictidngspective of ages. Rheumatoid arthritis (RARisystemic
auto-immune disease beginning in the small joiritthe hands and the feet, spreading later to thgetgjoints
involving severe inflammation. The inflamed joimtihg or synovium extends and then erodes theudaticartilage
and bone, causing joint deformity and progressikgsizal disability [1]. It is 3% leading cause of disabilities;
Years Lived with Disability (YLD) at global levehccounting for 0.8% of total global YLDs [2]. Nunrbeof
NSAIDs are commonly used to treat rheumatic coodgiand the most widely cited side-effect of NSAIDs
includes, gastrointestinal ulcer, accompanied n@a due to the bleeding. Hence it makes it despéodook for
other ways for the management of rheumatism. lerotal avoid the gastric irritation, minimize thesgymic toxicity
and achieve a better therapeutic effect, one pingisethod is to administer the drug via skin [&reen
alternatives could be the best answer to this caesinti-inflammatory herbal preparations causembess adverse
effects. Moringa oleifera Lam widely distributed in tropical and sub-tropicagions and has nutritional and
therapeutic valuesMoringa oleiferais traditional medicine used in rheumatoid arildf. Moringa is rich dietary
source of Omega 3 poly unsaturated fatty acids @®UB]. A number of studies showed that Omega 8yfatid
helps to reduce inflammation and pain related éunmatoid arthritis[6].

The concept of micro-dispersions(microemulsions} st introduced by Hoar and Schulman during E940is
defined as a system of water, oil and amphiphil&lwis an optically isotropic and thermodynamicatgble liquid
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micro-dispersion with 10-100nm droplet size. Miaradsion is composed of oil, water, surfactants aod
surfactants[7].Microemulsions offer several advgata such as transparency, low viscosity, enhanced d
solubility, good thermodynamic stability, long shiéfle, ease of manufacturing and enhancing eféectransdermal
delivery of drug compared to conventional formuat [8].Recently, more attention has been focused o
microemulsions for transdermal delivery of drughisTis due to their ability to incorporate largeamt of drug,
microemulsion components combined synergisticallintrease drug flux and enhanced rate of perme§ioT he
use of novel approaches for herbal drugs is neduobof for their overall better performance. In tiady, we tried

to develop a new microemulsion formulation usiigringa oleiferaseed oil for topical application which may lead
to an improvement permeation and better therapaifert. The anti-inflammatory activity was evaktusing
vascular permeability test and carrageenan indpaededema in rats

MATERIALS AND METHODS

Materials
Moringa oleiferaseeds were procured from local market. Span 8&efw80 and other materials used were of
analytical grade and purchased from SD Fine ChdsiPat. Ltd, Mumbai.

Methods

Collection and authentication

FreshMoringa oleiferaseeds were authenticated by Prof. (Dr.) SandanBlEpt. of Botany, S. S. G. M. College,
Kopargaon Dist: Ahmednagar (M.S.)India.

Extraction of oil

Moringa oleiferaseeds were air dried for a week and placed inihatvan at 40°C (Lab Star, Mumbai), ground and
sieved through #40 and #60 to geta coarse powdéradiion of seeds was carried out by Soxhlet efiva using
petroleum ether (60-8%C) as solvent [10].

Preliminary physicochemical study11]
1.0rganoleptic properties
Moringa oleiferaseed oil was analyzed for organoleptic propetifi@scolor, odor, and appearance.

2. Saponification value
About 2g of oil and 25ml of alcoholic potassium hgxide was taken in flask. The resultant mixtures\iaated for
1h; to which 1mlof 1% phenolphthalein was added tirated with 0.5N HCI.

3. lodine value

About 2g of oil and 10ml of carbontetrachloride wedaken in flask and20ml of Wij's solution (1.5%dine
monochloride in 98% acetic acid) was added and kegark for 30min. Fifteen ml of potassium iodidied 100ml|
of water added in above solution. The resultantitswi wastitrated with 0.1M sodium thiosulphateusioin using
starch as an indicator.

4. Peroxide value

About 1g of oil,20ml acetic acid-chloroform (2:3)g potassium iodide was taken in test tube andethoil' his
mixture was transferred to 20mlof 5% potassiumdedsolution. The resultant solution was titratedhwd.1N
sodium thiosulphate solution using starch as aitatalr.

5. Identification of oil actives

Moringa oleiferaseed oil was run over TLC plate using silica gedsSstationary phase. After the sample has been
applied on the plate, solvent mixture (known asrtiabile phase) is drawn up the plate via capillaction. The
qualitative evaluation of the plate was done bydaining the migrating behavior of the separatdzsgances given

in the form of Rf value[12].

Analytical methods

1. UV spectroscopy

The ultra-violet absorption spectrum bforinga oleiferaseed oil in n-hexane was obtained using UV-Visible
spectrophotometer (Shimadzu 1650) in the rang®0f2D0 nm[13].
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1. Infrared spectroscopy

Oil-excipients interaction study

FT-IR spectroscopy used to determine the moledntaraction between oil and excipients. FT-IR meament of
oil was taken at ambient temperature. The blenMofinga oleiferaseed oil and other excipients (Tween 80 &
Span - 80) used for final formulation were analybgd=T-IR spectrophotometer (FT-IR 8400-S; Shimadapan).
Drop of oil and blend placed on the thin polymédilim were scanned over a wave number range of 40@@0 cm-
Yin FT-IR instrument and spectral analysis was {ibfe

Formulation of Moringa seed oil microemulsion

1. Construction of ternary phase diagram

The ternary phase diagrams were constructed usatgrwitration method[15]to determine the microesran
region and to detect the possibility of making mémulsions with different possible compositions @f,
surfactant/s and water. Various ratios (1:9, 2:8,.3to 9:1) of Tween 80 and Span 80 mixed withpbidse. These
mixtures were titrated with double distilled wabsr drop wise addition using micropipette and stirom magnetic
stirrer at room temperature. After each addititre, $ystem was examined for the appearance andpfloperties.
The end point of the titration was the point whére solution becomes cloudy or turbid. The quanbtythe
aqueous phase required to make the mixture turlsid moted. The microemulsion region was identifisd a
transparent and isotropic mixture. All these vatudstituted in CHEMIX School Software and ternahage
diagram was constructed by plotting amount ofsuitfactant, and water phase combination.

2.Formulation of microemulsion

Appropriate quantities of Tween 80, Span 80 Btutinga oleiferaseed oil were weighed mixed in glass beaker to
make transparent mixture and vortexed for 15mire @ppropriate amount of double distilled water added with
help of micropipette followed by stirring on magnedtirrer at room temperature to obtain microenomsystem.
While formulating the microemulsion the surfactaignd of 83% Span 80 and 17% of Tween 8Q,fJSvas taken

by considering the required HLB for the preparatiBifferent compositions as shown in Table 1;wesedito
develop microemulsion formulation usiMpringa oleiferaseed oil.

Table 1: Formulation of microemulsion usingMoringa oleifera seed oil

Sr_No Ratch No [ Qil (%) Sei (90) | Water (90)
1 E1 857 7712 14 31
2 E2 17 1¢ 68 6€ 14 1¢
3 E3 25 3( 59 02 15 6¢
4 E4 3381 5071 15 4¢
5 ER 44 1% 44 1% 11.6¢
6 E6 57 K¢ 38 3¢ 40~
7 E7 65 .5¢ 28 0¢ 637
] E8 7387 18 47 7 6€
9 EQ 82 7° 91¢ 8.0¢

Characterization of prepared herbal microemulsion

1. Thermodynamic stability

To overcome the problem of metastable formulatibeymodynamic stability tests were performed irofwing
manner.

a. Heating-Cooling Cycle Six cycles were carried out between temperati@ @nd 48C for 48h and the
formulations were observed for phase separatiormlations that did not show any phase separatiere waken
for centrifugation test[16].

b. Centrifugation Test: Formulations were centrifuged at 3000 rpm for 3@.Mhe formulations with no phase
separation were used in a Freeze—Thaw Cycle StestEL7].

c. Freeze-Thaw Cycle Stress TesfThe formulations were subjected to a total oe¢hcomplete freeze—-thaw
cycles, each cycle consisting of 24 h at 25°C fedd by 24 h at -5°C[18].

The formulations that survived thermodynamic stgbilests as described earlier were selected fer ftiither
characterization.

2. Globule size andZeta Potential

Average globule size, Zeta Potential and Polydsipetndex of microemulsion were determined by gsitynamic
light scattering Malvern Zetasizer Nano-ZS90 (Matvimstruments, UK). Sample was prepared by digsgltg of
sample in 10ml of dispersion medium i.e. distillgdter in glass test tube. The sample was loadedtiahsparent
cuvetteehaving volume of 1¢éhin the thermostatic chamber at°@5 Laser light scattering was monitored at fixed
angle 90.
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3. Transparency and Refractive Index

Transparency and homogeneity of microemulsion weterchined by measuring the percentage transmittance
at650nm by UV spectrophotometer against water fasenece. The Refractive Index of pure oil and niécnailsion

was determined using an Abbe’s refractometer aDZS€. One to two drops of sample applied and repdias
recorded.

4. Determination of viscosity
The viscosity of optimized microemulsion was detieiled using Brookfield viscometer (LVII, Brookfielthc.,
USA) using spindle no.4 with shear rate 100 revi.rihe measurement was done at room temperature[19]

5. pH measurement

The pH of optimized formulation was determined by meter (PICO+ Lab India); which was calibratedusing
phosphate buffer solutions i.e. pH 4, 7 and 9 l@rjoint calibration). The electrode was insert&d the sample 10
min prior to study at room temperature[20].

6. In-vitro permeation study

In-vitro drug release study of microemulsion containiigringa oleiferaseed oil was carried out using modified
Franz diffusion cell with cellulose acetate memierdraving 0.45u pore size and 1mm thickness. THelasd
acetate membrane was hydrated for 24h prior toystidle membrane was placed between donor and orcept
compartment. The receptor compartment was filleth wiethanolic phosphate buffer (pH 6.8) and mairetai
temperature at 37 + 0.5°C using a circulating whtgh. The receptor cell was stirred with a smalgnetic bar at a
500 rpm. The donor compartment was filled with aately measured 1g optimized microemulsion and miire
separately. The amount of drug released from miowbgion and pure oil was analyzed using UV
spectrophotometer (Shimadzu 1650, Japan) at 24R14m|[

Anti-inflammatory activity

1. Vascular permeability test

Vascular permeability test [22]was performed todfiaut anti-inflammatory effect of prepared microdsian

formulation. The Institutional Animal Ethics Commei¢ had approved the experimental protocols fanahstudy
(IAEC No. 1093/A/07/CPCSEA) and care of animals te®n according to CPCSEA guidelines. Wistar allvats
of either sex weighing 180-200g were used for #tigly. The animals were grouped in polyacrylic sagad
maintained under standard laboratory conditionsfterature 25 £ 2 °C) and relative humidity (50+5%h dark

and light cycle (14/10 h). They were allowed freeess to standard dry pellet diet and water atllii The rats
were acclimatized to laboratory condition for 10ysldbefore commencement of experiment. The five gsoof

animal were categorized as follows

Group 1: Vehicle (Inflammation control)

Group 2: Piroxicam gel 0.5% topically

Group 3:Moringa oleiferaseed oil 0.5% topically
Group 4: Microemulsion 0.5% topically

Group 5: Microemulsion 1.62%, topically

Animals were anaesthetized using 0.1ml of 0.1%rehlbydrate solution given orally. The effect ooddl vessels
was observed under motic microscope at 10min timexval for 1h.

2. Carrageenan induced paw edema in rats

Carrageenan induced paw edema method [23] wasrperfbto confirm anti-inflammatory effect of prepdre
microemulsion formulation. The Institutional Animithics Committee had approved the experimentaiopods
(IAEC No. 1093/A/07/CPCSEA) and care of animalsswaken according to CPCSEA guidelines. Anti-
inflammatory activity of prepared formulation wagakiated and compared with marketed preparatiomlthie
Wistar albino rats weighing 180-200g were usedis ¢xperiment and animals were starved overnkgiir groups
consisting of five animals were employed in thespre study.

Group 1: Vehicle

Group 2: Piroxicam gel 0.5% topically

Group 3: Moringa oleifera seed oil 0.5%topically
Group 4: Microemulsion 1.62% topically

The animals were housed in cage maintain temperatiu25+1°C and 60+5% relative humidity. 0.1ml &6 W/v
solution of carrageenan in normal saline soluti@s mjected into sub planer tissue of left hind mdwach rat. The
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paw is marked with ink at particular level and integ&l in mercury up to this mark. Microemulsion, goil and
standard formulation were applied topically to flaav of the animals and spreaded gently; beforeafted 1, 2, and
3 h the injection of carrageenan into left hindpafv. Measurement of foot volume was performed usligial

Plethysmometer.

The % inhibition of edema was calculated as:
% inhibition of edema = (G, — Gy)/Cy %100

Where,
C; = Paw thickness after injection of carrageenan
Co = Paw thickness before injection of carrageenan

Skin irritation study

Three healthy albino rabbits of around 18 months agd weighing 1.5-2kg were selected for this stiiyrsal
surface of rabbit was cleaned and hairs were rethbyeshaving of three different region of dorsafface prior to
study. Shaved skin was cleaned with rectified spgiture oil, microemulsion were applied on shavaedase area.
The animals were observed for erythema, edemaindiadhmation for 72h after application[24].

Accelerated stability study

The optimized microemulsion was stored in closeasglvials at 40°C and 75% RH for three months abilsty
chamber. The physical parameters were determindtieatnd of study and compared with initial resufhe
microemulsion was subjected to centrifugation &08,rpm for 30 min at different time intervals tbserve phase
separation[25].

Statistical analysis
All data are reported as Mean +SEM and groups veemapared using ANOVA with p < 0.05 considered
statistically significant.

RESULTS AND DISCUSSION

Physicochemical properties oMoringa oleifera seed oll

Table 2: Physicochemical characteristics of Moringaeed oil

Characteristics Observation
% yield of oil in petroleum ethef  24%
Color Pale yellow
Odor Characteristic
Refractive index 1.458
Saponification value 195.1mg KOH/g
lodine value 86.7 g1100g
Peroxide value 7.52 mEqg/Kg

The color and odor oMoringa oleiferaseed oil found to be pale yellow and characterigtispectively. The
Refractive Index oM. oleiferaseed oil (1.458) was in close agreement with vatepsrted for conventional oils
from soybean (1.466- 1.470) and palm kernel (1.44851). The high refractive index of this oil seeta confirm
the high number of carbon atoms in their fatty ad@6]. Refractive index also increases as the ldobbnd
increases [27]. The saponification value indicatesrage molecular weight of fatty acid contentglgseride in oil.
Generally higher number of saponification valueifused in manufacturing of soap. lodine valueeiffection of
unsaturated degree of fats and oil and therefbeehigh value; indicate high number of unsaturatedble bonds.
Peroxide value is an index of rancidity, thus losvgxide value indicates resistance of the oil tmpieation during
storage. The peroxide value dforinga oleifera seed oil is low (7.52 mEg/Kg) compared to the mmaxun
acceptable value of 10 meq KOH/g set by the Codewrektarius Commission for groundnut seed oils [28]e oil
is thus stable and would not easily go rancid.

Analytical methods

UV- spectroscopy

As shown in Fig Moringa oleiferaseed oil containing oleic acid exhibited absomptisaxima at 240 nm; whereas
palmitic acid and stearic acid showed absorban28hBhm and 411 nm respectively in n-Hexane.
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Fig 1: UV spectra ofM. oleifera seed oil in n-Hexane
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Fig 2: IR Spectrum of Moringa oleifera seed oil

IR spectral analysis dfloringa oleiferaseed oil has shown peak 3200-2800d®H alkane stretch, 1450-1375cm
! CH, bending, 1600-1900¢MC-C alkane, 1000-650¢hmlkene out of plane bend, 1850-1650c@=0 carbonyl

stretch.

oil

water

Fig 3: Ternary phase diagram for Moringa seed oil ricroemulsion
Construction of ternary phase diagram and microemusion formulation
Ternary phase diagram constructed using various @t Moringa seed oil, Tween 80, Span 80 and water

Microemulsion existence regions were identifiednfréernary phase diagram. There was no phase iovefiim
water-in-oil to oil-in-water microemulsion observékernary phase diagram with 83% Span 80 and 17%emv80
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(Swiv), 0il and water with different concentrations ispétted in Fig 3. Batch F3 with maximumwater andreno
stability for a week after formulation was selecfedfurther characterization. It was observed thlhen S, ratio
becomes more lipophilic, the microemulsion zone ewbto the lipophilic side of the diagram, vise-eers

Thermodynamic stability of microemulsions
Visual examination showed that all microemulsionsteyns were stable after being subjected to heating-
cooling,centrifugation and freeze—thaw cycles.

Globule size and polydispersity indexand zeta pot¢ial analysis

Globule size and polydispersity index are imporgamgsical characteristics of microemulsion; as tbey affect the
stability of microemulsion. Globule size of microelsion was observed between 10-200 nm ranges.iiibi® size
is useful for topical drug delivery; as it promotle skin permeation. The mean diameter of globdeleoted by Z-
Average (d. nm) was found to be 167nm. The globide distribution graph was found to be bell shap#éd even
distribution range (Fig 4). The low polydispersitydex indicates higher uniformity of particle size the
formulation. Polydispersity index of Moringa microalsion of was found to be 0.3; indicating highaiformity of
globule size in formulation. Zeta potential of @pized microemulsion was found to be in the range3&.8
indicating no agglomeration and stability of thecroemulsion[29].
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Fig4: Globule size and size distribution of optimizd microemulsion

Transparency

Microemulsion was found to be transparent and ha@anegus phase system. The percentage transmittdnce o
formulation was found to be 99.60. The Refractivdelx (RI) ofM. oleiferaseed oil microemulsion was found to be
1.469 suggesting no change RI value of Moringa sd€d.458) after formulating into microemulsiopssem.

Viscosity

Viscosity is important parameter for topical detiweHigher viscosity is preferred as it increasesidence time but
permeation rate also decreases with increase éosity and hence formulation should have moderstsity. The
viscosity of optimized microemulsion was found ®88.7 cps.

pH measurement
The pH deviations may cause irritation to the pufidience it should be within range of skin pH. Tité of
formulation was found to be 7.1;that is suitabletépical application.

In-vitro permeation study

The drug release study bforinga oleiferaseed oil through cellulose acetate membrane wasnadxd using Franz
diffusion cell. Microemulsion showed higher permeat rate than pure oil. Various factors affecting o
percutaneous penetration study such as oily phakeen globule size, and composition of microenaumsiSmall
globule size of droplets can interact with numbéesicles on fixed area of stratum corneum ande@sing
efficacy of percutaneous uptake. The thermodynaantivity in formulation is a significant driving foe for the
release and penetration of drug into skin. The dietgeleased from inner phase to outer phasehemdftirther into
skin[21]. Tween 80 not only acts as surfactantdisb act as penetration enhancer[30]. The percentlgase of
drug from pure oil and microemulsion was found ¢054.06 and 76.86 respectively.
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Fig 5: In vitro drug release from Moringa oil and Moringa microemusion Anti-inflammatory activity

1. Vascular permeability study

Inhibitory effect ofMoringa oleiferaseed oil, microemulsion, and standard formulatiarblood vessels of rat was
observed. The vascular permeability indicates aqitase of inflammation where there is increasedutas
permeability and migration of leukocytes in to ihlamed area occurs. Constriction of blood vessaicates
reduction in vascular permeability[31]. The micradsion preparation caused constriction of bloodseéts
indicating reduction in vascular permeability amdig anti-inflammatory potential. The results in Bigindicate
anti-inflammatory potential of Moringa seed oil miemulsion.
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% Pure oil 0.5%

c

«— 40
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0 B Microemulsion
10 20 30 40 50 60 1.62%
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Fig 6: Inhibitory activity of pure oil and microemuIsion
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2 H Vehicle
< 4
(=
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0 Pure oil

® Microemulsion
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Fig7: % inhibition in carrageenan induced paw edeman rats

2. Carrageenan induced paw edema

Carrageenan injected in sub-planter region of tpawv induced inflammation is time dependent. Caraga
induced paw edema is standard experimental modehdate inflammation and widely used as a modelttier
evaluation of anti-inflammatory activity of drug€arrageenan-induced oedema is a biphasic everit, asitly
hyperemia due to the release of histamine and@@roand the delayed oedema due to the releasmdylinin and
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prostaglandin[24].Standard formulation (PiroxicarB%), pure oil, microemulsion decreased inflammatpout
29.96%, 35.16% and 46.84% respectively. The mictdgion containingMoringa oleiferaseed oil was found to be
superior to standard formulation. Treatment withepail and microemulsion significantly inhibitedywp&dema. The
effect of Moringa seed oil and Moringa microemutsigas compared with standard formulation (Fig 7).

Skin irritation study
Skin irritation study did not show erythema, edeand inflammation on rabbit skin after 72h. Skiritétion study
revealed that optimized formulation wasnon-irritantl non-sensitizing to skin.

Accelerated stability study
Optimized microemulsion was found to be stable @aiod of three months as there was no signifieat@ange in
parameters of microemulsion found (Table 6). Tiveaie no phase separation even after centrifuged test

Table 3: Observations of stability study

Sr. No. Parametet 0 month | 1 month | 2 months | 3 months
1 Appearanc Clear Clear Clear Clear
2 pH 7.1 7.C 6.¢ 6.8
4 Viscosity (cps. 88.7 88.C 87.¢ 87.2
5 % Transparenc | 99.6( 99.4( 98.5( 984¢%
CONCLUSION

Topical microemulsion ofMoringa oleifera seed oil was successfully developed using widalgepted safe
excipients and reproducible methodology. This néanalsion system has shown acceptable parametdrduaiiter
skin permeation as compared to pure oil. Microefonlshown promising anti-inflammatory activity up 3h. This
microemulsion proved to be non-irritant to skin atable over study period.
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