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INTRODUCTION

Nanoparticles find nowadays many applications;rtieze, in the range 10-1000 nm can depend on
preparation methods, that must be chosen takirgyantount final use of the nanoparticled [1
Topical delivery systems based on nanoparticlesbamenthe advantages of both the nano-sized
drug carriers and the topical approach, Transdeimal route of administration wherein active
ingredients are delivered across the skin for systelistribution [2]. Among the variety of the
bioactive molecules, menthol stimulates the colteptors in body, and this produces a cooling
sensation when it is inhaled or applied to the $Rin Our aim is to produce nanoparticles with a
size in the range 300 to 500 nm, which is appliedbt transdermal delivery [2].

1 MATERIALSAND METHODS

1.1 Chemicals

Menthol exhibits a refreshing power and it is hyghbluble in many solvents but sparingly soluble
in water (0.46 mg/ml at 25°C) [4]. A Polycaprolaweo(PCL) polymer with an average molecular
weight of 14.000 g/mol and acetone and acetonigdbsents Chromasolv (HPLC grade) was
purchased by Sigma-Aldrich. The Milli-Q RG systesn Millipore R (Billerica, MA, USA) was
used to produce ultrapure water employed in albEekperiments.

1.2 Methods
PCL nanoparticles (NP’s) loaded with and without nthel were produced by a solvent
displacement method using two solvents and twasite mixers: a confined impinging jet mixer
(CIJM) and a multi inlet vortex mixer with two sglgMIVM-2). The size, morphology and
menthol loading was investigated in detail; expents with only polymer were carried out for
comparison.

1.3 Nanoparticle preparation

In a solvent displacement technique, a water-misadloganic phase, acetone or acetonitrile with
dissolved polymer and menthol was mixed with aneags phase in a mixer. When the two phases
were mixed, the organic phase diffuses rapidly wader, and finally the formation of menthol
loaded capsules occurred. A solution of known cotregion of PCL and menthol was prepared and
maintained in a thermostatic bath at 40°C for hadf hour. Four different mass ratios of
menthol/PCL (0.76, 1, 1.5 and 2) and two constent fates of water and solvent streams (20, 80
ml min™) were selected as case studies. Subsequentlyehe nanoparticle size and zeta potential
was measured by DLS (Dynamic light scattering).

1.4 Characterization Steps

The suspension was centrifuged for 35 minutes @0Q2pm to separate the supernatant from the
solid NPs. To remove interstitial liquor, a 15 sed® rinsing of the solid NPs with ethanol was
carried out. Extraction was carried out in progresssteps: initially, solid NPs obtained were
dispersed in a fixed volume of ethanol and keptenngkentle stirring for 1 hour at 20°C. The
optimal time was selected after investigating tpprapriate extraction time of menthol. For this
purpose, samples were withdrawn at specified timterval (after 30 min, 1 h, 2 h and 2.5 h). It was
observed that in 1 hour, ethanol dissolves mergbwipletely, whereas PCL is not dissolved due to
the insolubility of PCL in ethanol solvent [5]. Thehe suspension was centrifuged again for 10 min
at 12000 rpm to complete extraction, and finally &xtracted supernatant was analyzed by GC. The



solid NP contains PCL after extraction of menthare dried at 30° for one night and weighed to
quantify residual PCL. The amount of PCL was edt#tiaas the sum of the solid recovered after
extraction and centrifugation plus the amount whigimained in the extraction liquor due to PCL
solubility in solvent, whose value was taken frdm titerature [6]. From the amount of extracted
menthol and residual PCL, incorporation efficieranyd loading were calculated. The GC analysis
was performed by Hewlett-Packard model 6890, ofra 80.32 mm and capillary column coated

with a 0.25 um film of cross-linked 5 % phenyl mgdtkiloxane. Decanol was used as internal
standard in the GC analysis. Each sample was awhiyetriplicates. The drug loading efficiency

(DL %) and incorporation efficiency (I.E %) was aalated as follows:

DL = Massof menthoin thenanopartltesIZLOO (1)

Totalmassof nanopartites
Massof incorporaedmenthol
Totalmassof menthol

[.E% =

[100 (2)

2 RESULTSAND DISCUSSIONS

2.1 Effect of polymer concentration on unloaded nanoparticles size

In a previous work [7], the dependence of the me@me of nanoparticles on the initial
concentrations of polymdtCp), and on the water jet Reynolds numfiRew) was investigated for
PCL nanopatrticles, using acetone as solvent.deseribed by the following Eqg. (3):

d, =800 EReJTVS'w[CF?'ZQ 3)

In order to check consistency with literature ddte experimental values obtaineds) were
compared with Eq. (3) and showed a good fit as shiomFigure 1. In addition, the parameters of
equation (3) were determined using acetonitrilesa@lsent, varying polymer concentrations and
equation (4) was obtained. In this case, the caefits and the power law are as follows:
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Fig. 1. Graph (a)Mean nanoparticles size dependence on ReynoldsetuiiRky) for different initial concentrations of
polymer C,=M] = 3 mg mi; AA=6 mg ml", &€ =9 mg mi', operating conditions¥R varied from 5 ml miftto

120 ml min'. Graph (b): Represents the dependenak/Bfgon C, Filled marks used for acetone, whereas the empty
is for acetonitrile in all cases.

When the PCL concentration is increased from 3 mogdml*, the NP size becomes larger, ranging
from 300 to 700 nm. This parameter affects the e significantly in all cases as shown in Fig. 1.
It is possible to see that NP sizes are largecatamitrile, than in acetone. Both solvents workyon

as hydrogen-bond acceptor and cannot work as aopdine hydrogen-bonding network of water
because they are not hydrogen bond donors. In otbeds, both acetone and acetonitrile only
experience "additional mixing" rather than "sulsgitnal” mixing in water, which means that the
organic molecules exist in the space between weliesters [8]. Nevertheless, despite this
similarity, acetone-water and acetonitrile-watdusons present quite a different behaviour: water-
acetonitrile solutions are endothermic in the entooncentration range while water-acetone
solutions switch from exothermic to endothermicttas molar fraction of acetone exceed 0.5 [9].



However, it is difficult to determine if the diffent mean size of the NP, is mainly caused by the
diffusivity of the solvent in water or by the iné&tion of the solvent and water molecules with the
polymer.

2.2 Loading and incorporation efficiency of menthol in loaded nanoparticles

It is evident from Fig. 2, at the lowéCp, incorporation efficiency (I.E) of menthol decreagrom
80-60 % by increasing the mass ratios, in both Caid VM-2 Mixers. This is reasonable because
higher menthol mass fraction, in the menthol/PCktaree, will cause more menthol to stay on the
outside of the polymer core and not be encapsuiatéide produced particles. However at higher
Cp this decreases further. This is probably due &fétt that more polymer is available for the
encapsulation of menthol. Fig. 2 gives an indicatizat menthol was moderately encapsulated by
PCL polymer upon precipitation. This could be daoethe fact that lower aqueous solubility of
menthol (0.46 mg ml-1 at 25°C) [4] would resultr@asonable separation from the aqueous phase
and its uptake into the precipitating PCL polymére mixer type and flow rate do not to have any
significant influence on the I.E and D.L of the rtiei.
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Fig. 2. Menthol Loading and Incorporation efficiency (&f)menthol with @8N ) CIJM mixer MIVM-ZJ @) mixers.
Operating conditions, quench volumetric ratio=1bf&eat (C, = 6 mg mt* (M.R 0.76,Crentnol = 4.56 mg mif), (M.R 1,
Crmenthol = 6 Mg miY), (M.R 1.5,Crentnst = 9 Mg MI), (M.R 2, Crentn = 12 mg mif)] [Below at(C, = 12 mg mi* (M.R
0.76, Crnenthol = 9 Mg M), (M.R 1, Crentror = 12 mg mi, (M.R 1.5,Crrenthal = 18 mg mi], Flow rates =20, 80 ml mih

2.3 Comparison of CIJM and VM-2 mixersfor nanoparticles production.

It can be inferred from Fig. 3 (Left side) that oparticles obtained with MIVM-2, are smaller
compared to those obtained with CIJM. This coulddoe to the better mixing and this was
observed in both solvents. In order to comparéNResize obtained from both mixers, the Reynolds
number is described by the following equation [10].

_\*4 Ui
Re= zi:lzRG

(5)

Where, Ui andvi are the mean inlet velocity and the kinematic végigoin ith inlet, respectively.
Moreover, with increasing stream velocity, the rzarticle size decreases in all cases. At Reynolds
number <2000 the flow is laminar, but with a furthecrease in the stream velocity the flow



becomes turbulent which resulted in a decreaseFrside. However, acetonitrile produces larger
NP’s when compared to acetone (as already evidanded. 1) in both CIJM and VM-2 mixers.
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Fig. 3. (Left side) Dependence of mean particle sizeasfatapsules on Reynolds number in both mixer®facetone
and A acetonitrile solvents, quench volumetric ratio = dperating conditionsat constant menthol an@,
concentration. M.R 0.76C,= 6 mg MY, Crenhor = 4.5 mg mi. (Right Side) TEM analyses of polymeric menthol
nanocapsules at 50 nm.

The TEM analysis as shown in Fig. 3 (Right sidgnfomed the formation of nanocapsules
(menthol encapsulating as active agent inside tine of PCL polymer and polymer providing a
protective shell).

CONCLUSION

In the present work, menthol loaded NP’s, preparigd both CIJM and VM-2 were compared. The
initial polymer and menthol concentration, massorastream velocity, solvents and mixer types
were found to be the most essential parametersaffett the overall mixing and mean NP size.
CIJM vyielded nanoparticles were found to produckigher NP size as compared to MIVM-2.
Acetone was found to produce the smallest NP inpawison to acetonitrile in both mixers.
Loading was estimated at 35-55% approximately, aithncreasing MR of menthol and PCL.

REFERENCES

[1] C. Demetzos, 2016. “Application of Nanotechrgloin Drug Delivery and Targeting,” in
Pharmaceutical Nanotechnology, Singapore: Springer Singapore, pp. 77-145.

[2] K. S. Paudel, etu al, 2010. “Challenges apgortunities in dermal/transdermal delivery,” THeeliv,
vol. 1, no. 1, pp. 109-131.

[3] B. Harris, 2006.”A review of its thermoreceptateractions and their therapeutic applicationst’ J.
Aromather, vol. 16, no. 3—4, pp. 117-131.

[4] R. Eccles, 1994. “Menthol and Related Cool@gmpounds,” J. Pharm. Pharmacol., vol. 46, nop8, p
618—630.

[5] C. Bordes, etu al, 2010,"Determination of yp@-caprolactone) solubility parameters: Application t
solvent substitution in a microencapsulation preg¢dst. J. Pharm., vol. 383, no. 1-2, pp. 236-243.

[6] N. Di Pasquale, D. L. Marchisio, and A. A. Basi, 2012. “Model validation for precipitation in
solvent-displacement processes,” Chem. Eng. Sii.84, pp. 671-683.

[7] T.Zelenkova, D.Fissore, D.L.Marchisio and A.Aamesi, 2014. “Production and preservation of psely-
caprolactone nanoparticles”, PhD Thesis.

[8] Wakisaka,A etu al,1998,"Non ideality of binanyixtures, Water.methanol and water.acetonitriterfr
the viewpoint of clustering structure”, J. ChemcSé&araday T rans., 1998, 94(3), 369-374.

[9] Pereyra R.G., Asar M.L., Carignano M.A,201T}ie role of acetone dipole moment in acetone-water
mixture, Chem. Phys. Lett307 (2011) 240-243

[10] U. Bilati, E. Allémann, and E. Doelker, 200Bevelopment of a nanoprecipitation method intenfied
the entrapment of hydrophilic drugs into nanopbe$i¢ Eur. J. Pharm. ci., vol. 24, no. 1, pp. 67-75.



