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2. United States pharmacopeia and the national formulary
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Table 1 Formulations of nanocarriers

Lipid Phase
- Aquase Phase
. Code of Nano Lipid Type
Row Nano Carriers . - - Tween 80
Carriers Precirol Compritol (Wiw%)
(W/w%) (W/w%)
1 SLN Compritol SC - 10 3
2 SLN Precirol SP 10 - 3
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4. Microsoft Exel 2016
5. Correlation coefficient
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1. Dynamic light scattering
2. Polydispersity Index
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Table 2 The effect of different ultra-turax times in constant speed (16000 rpm) on the particle size of
SLN Precirol and SLN Compritol pre-emulsion

Particle size (nm)

Row Ultra-Turrax time (s) SLN Compritol SLN Precirol
1 120 N 619°+3.5
2 180 619 +4 373+ 3
3 240 619+5 407°+4.3
4 300 620+ 2 S

* The dash (-) indicates the gel formation in the emulsion. Data with different letters in each column are
significantly different (P <0.05).
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9. Coalescence
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Table 3 The effect of ultrasonication conditions on the particle size (nm) of compritol and percirol SLNs
(P<0.05).

Precirol SLN

Compritol SLN

Ultrasound time and

pulsation period Amplitude (%) Amplitude (%)
40 60 80 40 50 80)
3 min 259°+2 -F - 397° 45 ~ B
5 min 256742 254% 4] - - _ )
4 min . .
(60s on, 30s off) 241743 - - 523°43 ; ]
5 min . .
(60s on,60s off) 200" +4 - - 476" +5 - -
5 min and 30s d
(30s on, 30s off) 249741 - - - - ]
) min 215" +4 - ; . i )

(60s on, 60s off)

* The dash (-) indicates the gel formation in the emulsion. Data with different letters in each column are
significantly different (P <0.05).
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Table 4 Particle size (nm), Polydispersity index, Zeta potential of compritol and Precirol SLNs (P<(0.05).

Row Nanoparticles Particle Size (nm) PDI Zeta potential (mV)
1 SLN Compritol 397°+5 0.398°+0.014 -8.97°+0.17
2 SLN Precirol 259" +2 0.432" + 0.023 -12.30% + 0.60
4 Odey S Dol g el b olg Oged sl Lo . 5}“ 6)“&.’.36}"‘. Sloalie —0-Y

WAy Oy &S Cod ol O 1360 63 o3l S S _
Ol a8 & oo &) ge DUy 50 03 o3Il g S S S dﬂ{Q‘Mw%}Quﬁﬂn'“_‘rJﬁ@LjQwa

45> ¥ Oleg Ol 5 0l s e gol iy 468 Cogr b
DA S b sl el Sl plend S Slo st A

Sldyl 55 K sl ¥l e b dged el A s
I b ampa b gles 3 ey el Sl s (Sl
Aasisad el oa @ b Sl o S 58l Ll
W gt > 3 ole a0l L3 [TY] w8 513 05050 5,50
o> b Y LSEST L 5 e (LD ) Il s
Sl (b ks (g ol suns OLES £ 555 0l A

.,\..I:L;L;a olo aw QLA)

wf o e Ol Ll gl kl oS sl Ol
s 5SS 3l L b 4 Ol ks ool s5la
j"’ LAJA[;—}L; g S salaiul S48 J.,\.::j C}J e C.Jl;n ‘5 ”S/ ",,. —i
53l e T G5 el 5 3 o3l Olsee Ll e

boslie oo g¥gn 3 b ool b Lol an o S (55l Sean

Sl L Ol o g 550 cnl 4 45 8 L3k s ol 50 s
BE) R J.;j: J}J{‘ﬂ&s‘jd}ﬁwﬂ CJJLC‘AJ?;:J}J )‘ salaal

sl Clogart L gla ol 5b 4 il ladd

_ W ol e el Mg s e ae
Ll Cws

Gl a5 YU s LoGpes Sl eslial b0 s gol A

11. Gelation

YVA



YE0) 53T 005 Y 6 lad

[9] Yadav, N., Khatak, S. and Vir singh sara, V.
2013. Solid lipid nanoparticles- A review.
International Journal of Applied
Pharmaceutics. 5: 0975-7058.

[10] Aburahma, M. H. & Badr-Eldin, S. M.
2014. Compritol 888 ATO: a multifunctional
lipid excipient in drug delivery systems and
nanopharmaceuticals, Journal of Expert
Opinion on Drug Delivery. 11(12): 1865-1883.

[11] Gattefosse paper sheet. Lipid excipients for
oral, dermal, rectal and vaginal drug delivery.
2016. www.gattefosse.com

[12] Chaturvedi, S. P. and Kumar, V. 2012.
Production Techniques of Lipid nanoparticles:
A Review. Research  Journal  of
Pharmaceutical, Biological and Chemical
Sciences. 3: 525-541.

[13] Kamble, M. S., Vaidya, K. K., Bhosale, A.
V. and Chaudhari, P. D. 2012. Solid lipid
nanoparticles and nanostructured lipid carriers
— an overview. International journal of
pharmaceutical, chemical and biological
sciences. 2: 681-691.

[14] Naseri, N., Valizadeh, H. and Zakeri-
Milani, P. 2015. Solid Lipid Nanoparticles and
Nanostructured Lipid Carriers: Structure,
Preparation and Application. Advanced
Pharmaceutical Bulletin. 5(3): 305-313.

[15] Siddiqui, A., Alayobi, A., El-Malah, Y.,
and Nazzal, S. 2013. Modeling the effect of
sonication parameters on size and dispersion
temperature of solid lipid nanoparticles (SLNs)
by response surface methodology (RSM).
Pharmaceutical development and technology.
19(3): 1-5.

[16] Ebrahimi, H. A., Javadzadeh, Y., Hamidi,
M. and Barzegar Jalali, M. 2015. Repaglinide-
loaded solid lipid nanoparticles: effect of using
different surfactants/stabilizers on
physicochemical properties of nanoparticles.
Daru journal of pharmaceutical sciences.
23(46): 1-11.

[17] Zhang, M., Falkeborgm M., Zheng, Y.,
Yang, T. & Xu, X. 2013. Formulation and
characterization of nanostructured lipid
carriers containing a mixed lipids core.
Colloids and Surfaces A: Physicochemical
Engineering Aspects. 430: 76— 84.

[18] Rosli, N.A., Hasham, R. and Abdul Aziz,
A. 2018. Design and physicochemical
evaluation of nanostructured lipid carrier
encapsulated zingiber zerumbet oil by d-
optimal ~mixture design. Journal of

V4

&‘é).ﬁjﬂ—o

S sl Gakis Jb gbacoles 31 i OB s
wja}(‘\YW'\i\:Cjba)W))jiSQb}u}Q\JKJZ.A}};
.J;;S&ﬂijj&b).ﬁ &L.L&« @LJ}(}L‘« L;.Z.h}ﬁ

Lo -1
«
[1] Poornima, K. and Sinthya, R. 2017.
Application of  Various Encapsulation

Techniques in Food Industries. International
Journal of Latest Engineering Research and
Applications. 2(10): 37-41.

[2] Fathi, M., Mozafari, M.R. and Mohebbi, M.
2012. Nanoencapsulation of food ingredients
using lipid based delivery systems. Trends in
Food Science & Technology. 23:13-27.

[3] Tamjidi, F., Shahedi, M., Varshosaz, J. &
Nasirpour, A. 2013. Nanostructured lipid
carriers (NLC): A potential delivery system for
bioactive food molecules. Innovative Food
Science and Emerging Technologies. 19: 29—
43,

[4] Mehnert, W. & Mider, K. 2012. Solid lipid
nanoparticles Production, characterization and

applications.  Advanced Drug Delivery
Reviews. 47(2-3): 165-196.
[5] Matos de Carvalho, S., Montanheiro

Noronha, C., Floriani, C. L., Calegari Lino, R.,
Rocha, G., Casagrande Bellettini, ., José
Ogliar, P. & Manique Barreto, P. L. 2013.
Optimization of a-tocopherol loaded solid lipid
nanoparticles by central composite design.
Industrial Crops and Products. 49: 278 285.

[6] Azhar, L. Bahari, S. and Hamishehkar, H.
2016 The Impact of Variables on Particle Size
of  Solid Lipid Nanoparticles  and
Nanostructured Lipid Carriers; A Comparative
Literature Review, Advanced Pharmaceutical
Bulletin. 6(2): 153-151.

[7] Muller, R. H., Radtke, M. & Wissing, S. A.
2002. Nanostructured lipid matrices for
improved microencapsulation of  drugs.
International Journal of Pharmaceutics. 242(1-
2), 121-128.

[8] Garud, A., Singh, D and Garud, N. 2012.
Solid Lipid Nanoparticles (SLN): Method,
Characterization and Applications.
International Current Pharmaceutical Journal.
1: 384-393.



BT PCH U PR N VA PP WA JC B LW RO e S

Ql)&w} a)b’ Slaes =

B., Sistla, R. 2016. Optimization of solid lipid
nanoparticles  prepared by a  single
emulsification-solvent evaporation method.
Data in Brief, 6: 15-19.

[28] Mendes, A.L, Silva, A.C., Catita, J.A.M.,
Cerqueira, F., Gabriel, C. and Lopes, C.M.
2013. Miconazole-loaded nanostructured lipid
carriers (NLC) for local delivery to the oral
mucosa: Improving antifungal activity.
Colloids and Surfaces B: Biointerfaces. 111:
755—-1763.

[29] Liu, C. and Wu, C. 2010. Optimization of
nanostructured lipid carriers for lutein
delivery. Colloids and Surfaces A:
Physicochem. Eng. Aspects. 353:149-156.

[30] Mirmajidi Hashtjin, A. and Abbasi, S.

2015. Optimization of ultrasonic
emulsification conditions for the production of
orange peel essential oil nanoemulsions.

Journal of Food Science and Technology.
52(5):2679-2689.

[31] Franco, F., Pérez-Maqueda, L. A. and
Pérez-Rodriguez, J. L. 2004. The effect of
ultrasound on the particle size and structural
disorder of a well-ordered kaolinite. Journal of
Colloid and Interface Science. 274:107-117.

[32] Behbahani, E., Ghaedi, M., Abbaspour, M.
and Rostamizadeh, K. 2017. Optimization and
characterization of  ultrasound  assisted
preparation of Curcu- min-loaded solid lipid
nanoparticles:  Application  of  central
composite design, thermal analysis and X-ray
diffraction techniques. Ultrasonics
sonochemistry. 38: 271-280.

[33] Tiwari, R. and Pathak, K. 2011.
Nanostructured lipid carrier versus solid lipid
nanoparticles of simvastatin: Comparative
analysis of characteristics, pharmacokinetics
and tissue uptake. International Journal of
Pharmaceutics. 415: 232-243.

[34] Fang, J., Fang, C., Liu, C. and Su, Y. 2008.
Lipid nanoparticles as vehicles for topical
psoralen delivery: Solid lipid nanoparticles
(SLN) versus nanostructured lipid carriers
(NLC). European Journal of Pharmaceutics
and Biopharmaceutics. 70: 633—640.

[35] Fan, F., Liu, G., Huang, Y., Li, Y. and Xia,
Q. 2014. Development of a nanostructured
lipid carrier formulation forincreasing photo-
stability and water solubility of Phenylethyl
Resorcinol.  Applied  Surface  Science.
288:193-200.

Technology. 80(3): 105-113.

[19] Gonzalez-Mira, E., Egea, M.A., Garcia,
M.L. and Souto, E.B. 2010. Design and ocular
tolerance of flurbiprofen loaded ultrasound-
engineered NLC. Colloids and Surfaces B:
Biointerfaces. 81:412-421.

[20] Rincon, M., Calpena, A.C., Fabrega, M.,
Gardufio-Ramirez, M.L., Espinam M,
Rodriguez-Lagunas, M.J. Garcia, M.L. and
Abrego, G. 2018. Development of Pranoprofen
Loaded Nanostructured Lipid Carriers to
Improve Its Release and Therapeutic Efficacy
in Skin Inflammatory Disorders. Journal of
nanomaterials, 8: 1322.

[21] Montanheiro Noronha, C., Ferreira
Granada, A., Matos de Carvalho, S., Calegari
Lino, R., Vinicius de O.B. Maciel, M. and
Manique Barreto, P. L. 2013. Optimization
of -tocopherol loaded nanocapsules by the
nanoprecipitation method. Industrial Crops and
Products. 50: 896—903.

[22] Obeidat, W. M., Schwabe, K., Miiller, R. H.
and Keck, C. M. 2010. Preservation of
nanostructured lipid carriers (NLC). European
Journal of Pharmaceutics and
Biopharmaceutics. 76: 56-67.

[23] Qian, C., Decker, E. A., Xiao, H. and
McClemen, D. J. 2012. Solid Lipid
Nanoparticles: Effect of Carrier Oil and
Emulsifier Type on Phase Behavior and
Physical Stability, Journal of the American Oil
Chemists Society. 89(1): 17-28.

[24] Farid Aghaee, S., Ghanbarzadeh, B. and
Hamishekar, H. 2015. Conjugated linoleic acid
loaded nanostructured lipid carriers (NLC):
optimization of particle size by response
surface methodology. Journal of food research.
25(3):442-456.

[25] Das, S., Kiong Ng, W. & Tan, R. B. H.
2012. Are nanostructured lipid carriers (NLCs)
better than solid lipid nanoparticles (SLNs):
Development, characterizations and
comparative evaluations of clotrimazole-
loaded SLNs and NLCs. European Journal of
Pharmaceutical Science, 47(1): 139-151.

[26] Esmaeli, M., Aghajani, M.,
Abbasalipourkabir, R. and Amani, A. 2016.
Budesonide-loaded solid lipid nanoparticles

for pulmonary  delivery:  periperation,
optimization, and aerodynamic behavior.
Artifical cell, nanomedicine, and

biotechnology. 44(8): 1964-1971.
[27] Pooja, D., Tunki, L., Kulhari, H., Reddy, B.



JEST No. 130, Vol. 19, December 2022

ABSTRACT

Journal of Food Science and Technology (Iran) .3

Homepage:www.fsct.modares.ir N

LL

,,,,,,,,

Scientific Research

Evaluating the production process of Solid lipid nanoparticles: The
effect of process parameters on the physicochemical properties of

pre and final emulsion

Mohammadizadeh, M. 1, Bostan, A. 1*, 1Kadkhodaee, R. !

1. Department of Food Nanotechnology, Research Institute of Food Science and Technology, PO Box: 91735-147,

Mashhad, Iran.

ARTICLE INFO

ABSTRACT

Article History:

Received 2019/ 09/28
Accepted 2019/ 11/ 10

Keywords:

Solid lipid nanoparticles,
Ultrasound,

Compritol,

Precirol,

Particle size.

10.22034/FSCT.19.130.171
DOR: 20.1001.1.20088787.1401.19.130.15.4

*Corresponding Author E-Mail:
a.bostan@rifst.ac.ir

Solid lipid nanoparticles (SLN) are one of the appropriate delivery systems
which are attracted enormous interest for encapsulating bioactive componds in
recent years. One of the important physicochemical properties of SLNs is
particle size that is influenced by formulation and production process
parameters. Inappropriate conditions of the nanaocarrier production process in
the pre and main emulsion steps cause unsuitable paricle size as well as unstable
emulsion and gel formation. Therefore, in this research production process of
SLN was investigated and optimized by hot homogenization method and with
two lipids of Compritol and Precirol separately. Hence, homogenization time in
preparation of pre emulsion and amplitude and time of ultrasonication in final
emulsion production was studied to obtained the smallest particle size. In pre
emulsion step, the smallest particle size for Compritol SLN (61944 nm) and
Precirol SLN (37343 nm) obtained in 180 second mixing by ultra-turax in
16000 (rpm). In final emulsion, 40% amplitude and 3 minutes caused to attained
smallest particle size in Compritol SLN (397+5 nm) and Precirol SLN (25942
nm). Then polydispersity index (PDI), zeta potential and visual observation of
nanocarriers with optimized particle size were examined. The results showed
that Precirol SLN had higher zata potential (-12.3£0.6 mV) than Compritol SLN
(-8.97£0.17mV) but PDI of two nanocarriers was not significantly different.
Visual observation of both nanocarriers at the storage time showed no
instability.

VAN



