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Abstract

Nowadays solid lipid nanoparticles (SLN) and nanostructured lipid carriers (NLC) have been
investigated as carrier systems for many applications. SLNs consist of pure solid lipids, while NLCs are
made of a solid matrix that entraps liquid lipid nano-compartments. These systems revealed several
advantages compared to other colloidal carrier systems. They provide a controlled drug release and an
increase in chemical stability of the incorporated drugs. Moreover, they are safe carriers which can be
produced easily in a large scale. This paper reviews the commonly used materials, production techniques,

characterization, and physical stability of these systems.
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Atomic Force Microscopy (AFM)
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Cutanova Cream Nano Repair Q10 Dr. Rimpler 10/2005  Q 10, polypeptide, hibiscus extract, ginger extract, Ketosugar

Intensive Serum NanoRepair Q10 10/2005 Q 10, polypeptide, mafane extract

Cutanova Cream NanoVital Q10 06/2006 Q 10, TiO2, polypeptide, ursolic acid, oleanolic acid, sunflower seed extract

SURMER Créme Legére Nano-Protection Isabelle Lancray 11/2006  Kukuinut oil, Monoi Tiare Tahiti®, pseudopeptide,
Milk extract from coconut, wild indigo, nonixtract

SURMER Créme Riche Nano-Restructurante Kukuinut oil, Monoi Tiare Tahiti®, pseudopeptide,
Milk extract from coconut, wild indigo, noni extract

SURMER Elixir du Beauté Nano-Vitalisant Kukuinut oil, Monoi Tiare Tahiti®, pseudopeptide, Milk extract from
coconut, wild indigo, nonixtract

SURMER Masque Créme Nano-Hydratant Kukuinut oil, Monoi Tiare Tahiti®, pseudopeptide, Milk extract from
coconut, wild indigo, noni extract

NanoLipid Restore CLR Chemisches Laboratorium 04/2006  Black currant seed oil containing [ /-3 and (-6 Nsaturated fatty acids

Nanolipid Q10 CLR Dr. Kurt Richter, (CLR) 07/2006  Coenzyme Q10 and black currant seed oil

Nanolipid Basic CLR 07/2006 Caprylic/capric triglycerides

NanoLipid Repair CLR 02/2007  Black currant seed oil and manuka oil

IOPE SuperVital Amore Pacific 09/2006  Coenzyme Q10, [13 and " 6 unsaturated fatty acids

Cream Beate Johnen 12/2006  Coenzyme Q10, highly active oligo saccharides

Serum Q10, TiO2, highly active oligo saccharides

Eye cream Q10, acetyl hexapeptide-3, micronized plant collagen, high active

Extra moist softener oligosaccharides in

Extra moist emulsion polysaccharide matrix

NLC Deep Effect Eye Serum

NLC Deep Effect Repair Cream

NLC Deep Effect Reconstruction Cream

NLC Deep Effect Reconstruction Serum Scholl 6/2007 Macadamia ternifolia seed oil, avocado oil, urea, black currant seed oil

Regenerationscreme Intensiv

Swiss Cellular White Illuminating Eye Essence La prairie 1/2007 Glycoprotiens, panax ginseng root extract, Equisetum arvense extract,
Camellia sinensis leaf extract, viola tricolor extract

Swiss Cellular White Intensive Ampoules 1/2007 Glycoprotiens, panax ginseng root extract, Quisetum arvense extract,
Camellia sinensis leaf extract, viola tricolor extract

SURMER Creme Contour Des Yeux Nano- Isabelle Lancray 03/2008  Kukuinut oil, Monoi Tiare Tahiti®, pseudopeptide, hydrolized wheet protein

Remodelante

Oliven] Anti Falten Pflegekonzentrat Dr. Theiss 02/2008  Olea europaea oil, panthenol, acacia senegal, Tocopheryl acetate

Olivenl Augenpflegebalsam

Olea Europaea oil, prunus amygdalus dulcis oil, Hydrolyzed milk protein,
tocopheryl acetate, rhodiola rosea root extract, caffeine

1Wq) sidw) ¢ QA a)Llaid « @3 § Crunyy 5)9s

ohsdjle (bl eolc olEiils alas



e O3 9306 OLogas § )5

m
=

g
=1

2 g
]
1
]

FLEl
2200nm
@4000nm

=

Occlusion factor
(=1 (=

=

=]

5 24 4
time (h)

Jolis 55 62U Yo SIN (Susli g &y M oslad poad
CIDIIOVICR) SESRCTIE

2pm 200 nm

Section;
H,0 evaporation

in

Er 7 e
‘Top view: (j(j ¢
[0
— E 990
— jssssarssssss
large pores
ﬁmnm;
"capillary pores"

application &

Fusion: capillary forces
—

A 53 Sl s S o S )l 500 Y e 39
() VU (sles (VL) (g0 SU Y0 (g D13 5 (605 S0 ¥

(\')(m\a_)Vl:ﬁcf}dl’-&‘}AaQ\):};bu:ﬂTa)Ud.\ﬁ}

wl
N L

Change [24
— M M
[ &) =

I
Pl

=]

1 1
commercial formulation  commereial formulation
+SLN

0 (e

References

1. Mehnert W, Maider K. Solid lipid

nanoparticles: production, characterization

YL s plad 5315 O3 $U ) sl
Js s ods 4SOV Jalge 3555 5 35 Lo
3 145503 ¥ osles Jgr il oo oo |y S gy
S350l 8 5L 53 2 s (T Y puamme
L Olg oo 1y SLN .0V das o OLias Lilodld gy (ged
A SOT O St J 552 g0 (s los JISS
T s e S Je 338 i 5lors O 0oy g0 8
SALa g Syd 5 58l Camw SLN 034531 o7
S35 r e Oame¥ 30 b 6l ke (sl 053 OT
e 535 e o 5 SIN s E sy
Ous F
AL adaly 55 slaalas S8 ma YooY Jlu b
RS el S gy SLiST 5 sk, 65, 2 SLN
Pl e oS b oy by Slllasar 8y
Ly a8 aalllan 55 03 S5 IS b bl s 8
OLas o S ol Yor ¥ b s 0LSGes 5 Kim s
Solaw 0¥ g0 5 4 SLN 05,5 6lsl &5 &S 5ls
YV Ol o (s Sotsby Rl 80 o ol
Gl OV g0 p 48 Il 3 s dal s sy
A3 Y Ol an by (s b)) Ol e I

(V)34 0305 u:.i\}fal

@
=]

w6 hours

& 5o w24 hours
o 848 hours
= 40 4
=
EXE
8
O 204

10 4

cream cream + SLN

(f;(s__g)é;\eﬁO/Wr;;uuU‘x)}‘f\ézoo;lo.&):yw'

(\')(u;mb)e.\.’h.))bNSLM).:FLf

and applications. Adv Drug Del Rev 2001;
47(2-3): 165-96.

1Wq) sidw] ¢ QA a)laids « @93 § Cruunyy 5)9s

ohsijle (i) eolc olEiils alas



ulilSnm g 553215 bajagna

. Hsu SH, Wen CJ, Al-Suwayeh SA, Chang
HW, Yen TC, Fang JY. Physicochemical
characterization and in vivo bioluminescence
imaging of nanostructured lipid carriers
(NLCs) for targeting the brain: apomorphine
as a model drug. Nanotechnol 2010; 21:
405101 (abstract).

. Akbari J, Enayatifard R, Saeedi M, Saghafi M.
Influence of Hydroxypropyl Methylcellulose
Molecular Weight Grade on Water Uptake,
Erosion and Drug Release Properties of
Diclofenac Sodium Matrix Tablets. Trop J
Pharm Res 2011; 10(5): 535-541.

. Akbari J, Nokhodchi A, Farid D, Adrangui M,
Siahi-Shadbad MR, Saeedi M. Development
and evaluation of buccoadhesive propranolol
hydrochloride tablet formulations: effect of
fillers. Il Farmaco 2004; 59: 155-161.

. Enayatifard R, Saeedi M, Akbari J, Haeri
Tabatabaee Y. Effect of Hydroxypropyl
Methylcellulose and Ethyl Cellulose Content
on Release Profile and Kinetics of Diltiazem
HCL from Matrics. Trop J Pharm Res 2009;
8(5): 425-432.

. Miiller RH. Lipid nanoparticles: recent
advances, Adv Drug Deliv Rev 2007; 59(6):
375-376.

. Lim SJ, Kim CK. Formulation parameters
determining the physiochemical characteristics
of solid lipid nanoparticles loaded with all-
trans retinoic acid. Int J Pharm 2002; 243:
135-146.

. Kim BD, Na K, Choi HK. Preparation and
characterization of solid lipid nanoparticles
(SLN) made of cacao butter and curdlan. Eur
J Pharm Sci 2005; 24: 199-205.

. Kheradmandnia S, Vasheghani-Farahani E,
Nosrati M, Atyabi F. Preparation and
characterization of ketoprofen-loaded solid

lipid nanoparticles made from beeswax and

10.

11.

12.

13.

14.

15.

16.

17.

18.

carnauba. Nanomed Nanotechnol Biol Med
2010; 6: 753-759.

Muller RH, Radtke M, Wissing SA. Solid
lipid nanoparticles (SLN) and nanostructured
lipid carriers (NLC) in cosmetic and
dermatological preparations. Adv Drug Del
Rev 2002; 54 Suppl: 1 S131-S155.

Jenning V, Lippacher A, Gohla SH. Medium
scale production of solid lipid nanoparticles
(SLN) by high pressure homogenization, J
Microencapsul 2002; 19: 1-10.

Fang JY, Fang CL, Liu CH, Su YH. Lipid
nanoparticles as vehicles for topical psoralen
delivery: solid lipid nanoparticles (SLN)
versus nanostructured lipid carriers (NLC).
Eur J Pharm Biopharm 2008; 70: 633-640.
Puglia C, Blasi P, Rizza L, Schoubben A,
Bonina F, Rossi C, et al. Lipid nanoparticles
for prolonged topical delivery: an in vitro and
in vivo investigation. Int J Pharm 2008; 357:
295-304.

Miiller RH, Méader K, Gohla S. Solid lipid
nanoparticles (SLN) for controlled drug
delivery- a review of the state of the art. Eur
J Pharm Biopharm 2000; 50: 161-77.
Driscoll DF. Lipid injectable emulsions:
pharmacopeial and safety issues. Pharm Res
2006; 23: 1959-1969.

Siepmann F, Muschert S, Flament MP,
Leterme P, Gayot A, Siepmann J. Controlled
drug release from Gelucire-based matrix
pellets: experiment and theory. Int J Pharm
2006; 317: 136-143.

Chambin O,

Jannin V. Interest of

multifunctional lipid excipients: case of
Gelucire® 44/14. Drug Del Ind Pharm 2005;
31: 527-534.

Shimpi SL, Mahadik KR, Paradkar AR.

Study on mechanism for amorphous drug

1Wq) sidwl « QA s)laids « @gs § Cauyy 5)9s

ohsijle (i) eolc olEiils alas



19.

20.

21.

22.

23.

24,

25.

26.

27.

stabilization using Gelucire 50/13. Chem
Pharm Bull 2009; 57: 937-942.
Constantinides PP, Tustian A, Kessler DR.
Tocol emulsions for drug solubilization and
parenteral delivery. Adv Drug Deliv Rev
2004; 56: 1243-1255.

Ming-Jun T, Pao-Chu W, Yaw-Bin H, Jui-
Sheng C, Chin-Lin L, Yi-Hung T, et al.
Baicalein loaded in tocol nanostructured lipid
carriers (tocol NLCs) for enhanced stability
and brain targeting. Int J Pharm 2012; 423:
461-470.

Wolfgang M, Karsten M. Solid lipid
nanoparticles Production, characterization
and applications. Adv Drug Del Rev 2012;
64: 83-101.

Wissing SA, Kayser O, Miiller RH. Solid lipid
nanoparticles for parenteral drug delivery,
Adv Drug Deliv Rev 2004; 56: 1257-1272.
Priano L, Esposti D, Esposti R, Castagna G,
De Medici C, Fraschini F, et al. Solid lipid
nanoparticles incorporating melatonin as new
model for sustained oral and transdermal
delivery systems, J Nanosci Nanotechnol
2007; 7(10): 3596-601.

Trotta M, Debernardi F, Caputo O.
Preparation of solid lipid nanoparticles by a
solvent emulsification—diffusion technique,
Int J Pharm 2003; 257:153-160.
Schubert MA, Mu’ller-Goymann CC.
Solvent injection as a new approach for
manufacturing lipid nanoparticles-evaluation
of the method and process parameters, Eur J
Pharm Biopharm 2003; 55:125-131.
Garcy-Fuentes M, Torres D, Alonso M.
Design of lipid nanoparticles for the oral
delivery of hydrophilic macromolecules,
Colloid Surface B 2002; 27: 159-168.
Heurtault B, Saulnier P, Pech B, Proust JE,

Benoit JP. Physico-chemical stability of

28.

29.

30.

31.

32.

33.

34.

35.

colloidal lipid particles. Biomaterials 2003;
24: 4283-4300.

El-Harati AA, Charcosset C, Fessi H.
Influence of the formulation for solid lipid
nanoparticles prepared with a membrane
contactor, Pharm Dev Technol 2006;11(2):
153-157.

Hommoss, A. Nanostructured Lipid Carriers
(NLC) in dermal

and personal care

formulations. Department of Biology,

Chemistry and Pharmacy Berlin, Freie
Universitdt Berlin. PhD thesis: 2008; 202.
Jinno J. Effect of particle size reduction on
dissolution and oral absorption of a poorly
water-soluble drug, cilostazol, in beagle dogs,
J Control Release 2006; 111(1-2): 56-64.
Miiller RH, Gohla S, Dingler A, Schneppe T.
Large scale production of solid lipid
nanoparticles (SLNTM) and nanosuspensions
(Disso Cubes TM). In: Wise DL (Ed.),
Handbook of Pharmaceutical Controlled
Release Technology 2000a; 359-376.

Uner, M. Preparation, characterization and
physico-chemical properties of Solid Lipid
Nanoparticles (SLN) and Nanostructured
Lipid Carriers (NLC): Their benefits as
colloidal drug carrier systems: Pharmazie
2005; 61: 375-386.

Miiller RH, Bohm BHL. Nanosuspensions, in
Emulsions and Nanosuspensions for the
of Poorly Soluble
Medpharm Scientific: Stuttgart 1998; 149-174.

Lander R, Manger W, Scouloudis M, Ku A,

Formulation Drugs,

Davis C, Lee A. Gaulin homogenization: a
mechanistic study, Biotechnol Prog 2000;
16(1): 80-5.

Shahgaldian P, Gualbert J, A"issa K,
Coleman AW. A study of the freeze-drying

conditions of calixarene based solid lipid

1W9) sidwl « QA s)laids « @gs § Cauny 5)9s

ohsijle (i) eolc olEiils alas



ulilSnm g 553215 bajagna

36.

37.

38.

39.

40.

41.

42.

43.

nanoparticles, Eur J Pharm Biopharm 2003;
55:181-184.

Cortesi R, Esposito E, Luca G, Nastruzzi C.
Production of lipospheres as carriers for
bioactive compounds. Biomaterials 2002; 23:
2283-2294.

Mei Z, Chen H, Weng T, Yang Y, Yang X.
Solid lipid nanoparticle and microemulsion
for topical delivery of triptolide. Eur J Pharm
Biopharm 2003; 56: 189—-196.

Heurtault B, Saulnier P, Pech B, Proust JE,
Benoit JP. A novel phase inversion-based
process for the
nanocarriers. Pharm Res 2002; 19(6): 875-80.
Bunjes H, Koch MHJ, Westesen K. Influence

preparation of lipid

of emulsifiers on the crystallization of solid
lipid nanoparticles. J Pharm Sci2003; 92:
1509-1520.
Lippacher A, Muller RH, Mader K.
Semisolid SLNTM dispersions for topical
application: influence of formulation and
production  parameters on  viscoelastic
properties. Eur J Pharm Biopharm 2002; 53:
155-160.

Patravale VB, Ambarkhane AV. Study of
solid lipid nanoparticles with respect to
particle size distribution and drug loading.
Pharmazie 2003; 58: 392-395.
Venkateswarlu V, Manjunath K. Preparation,
characterization and in vitro release kinetics
of clozapine solid lipid nanoparticles. J
Control Release 2004; 95: 627—-638.

Pardeike J, Hommoss A, Miiller RH. Lipid
nanoparticles (SLN, NLC) in cosmetic and
pharmaceutical dermal products. Int J Pharm

2009; 366: 170-184.

44,

45.

46.

47.

48.

49.

50.

51.

Keck C. Cyclosporine nanosuspensions:
characterisation & oral

2006,

size

PhD

Optimised
formulations. thesis. Free
University of Berlin: Berlin.

Thode K, Miiller RH, Kresse M. Two-time
window and multi angle photon correlation
spectroscopy size and zeta potential analysis-
-highly sensitive rapid assay for dispersion
stability, J Pharm Sci 2000; 89(10): 1317-
1324.

Unruh T, Bunjes H, Westesen K, Koch MHJ.
Investigations on the melting behavior of
triglyceride nanoparticles, Colloid Polym Sci
2001; 279(4): 398-403.

Freitas C, Miiller RH. Correlation between
long-term stability of solid lipid nanoparticles
(SLN) and crystallinity of the lipid phase, Eur
J Pharm Biopharm, 1999, 47(2): 125-132.
Olbrich C. Entwicklung optimierter Lipid
carrier und ihre  Untersuchung in
biologischen Systemen. PhD thesis, Freie
Universita“t Berlin 2002.

Miiller RH, Rungea S, Ravelli V, Mehnert
W, Th'unemannc AF, Souto EB. Oral
bioavailability of cyclosporine: Solid lipid
(SLN®)
nanocrystals Int J Pharm 2006; 317: 82—89.

Liu J, Gong T, Fu H, Wang C, Wang X,

nanoparticles versus  drug

Chen Q, et al. Solid lipid nanoparticles for
pulmonary delivery of insulin. Int J Pharm
2008; 356: 333-344.

Ghadiri M, Fatemi S, Vatanara A, Doroud D,
Rouholamini Najafabadi A, Darabi M,
Rahimi AA. Loading hydrophilic drug in
solid lipid media as nanoparticles: Statistical

modeling of entrapment efficiency and particle

size. Int J Pharm 2012; 424: 128-137.

1Wq) sidwl « QA s)laids « @gs § Cauyy 5)9s

ohsijle (i) eolc olEiils alas



