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ABSTRACT

Curcumin has various of healthy effects but low water solubility and
bioavailability and poor chemical stability. A delivery system for
nanosutructured lipid carriers (NLC) are produced by mixing solid lipids with
liguid lipid, which offer the advantage of improved insoluble drug
encapsulation efficiency. In this study, high pressure homogenization method
was employed to produce NLC. The formulas of NLC developed by using
glycerol tristearate (solid lipid), medium chain triglyceride oil (liquid lipid),
Span 80, Tween 80 and water. Characterization of NLC consisted of
appearance, diameter, zeta potential, polydispersity index, storage stability at
5°C, 21£2°C, 40°C, 65°C and in vitro simulated gastrointestinal. The
optimization preparation condition was glycerol tristearate 0.60% (w/v), MCT
oil 0.24% (w/v), Span 80 0.3% (w/v), Tween 80 0.3% (w/v) and water 100%
(w/v). NLC had particle diameter 91.29 nm, zeta-potential -26.96 nm and
polydispersity index 0.22 and encapsulation efficiency 92.62%. During storage
for 28 days, NLC maintained particle properties at 5°C and 21°C. Curcumin
NLC was decreased encapsulation efficiency 65% even though it maintained
particle properties at 40°C. At 65°C, curcumin NLC was also decreased
encapsulation efficiency (28.95%) and zeta-potential (-16.88 mV) and
polydispersity 0.093 was also decreased but NLC increased diameter of 118.78
nm. In in vitro simulated gastrointestinal test, a particle diameter of curcumin
NLC was increased (117.11 nm) and curcumin was released (31.72%) in the
simulated oral phase. And curcumin NLC maintained its particle diameter and
curcumin release% in the simulated gastric phase (2 h). Finally, particle
diameter and curcumin released gradually increased over time in the
simulated intestinal phase. This resulted in stable curcumin NLC for 28 days
at low temperature and room temperature in a storage test. And curcumin

NLC was able to maintain curcumin to the intestine under in vitro simulated



gastrointestinal test. In this study, it was suggested that NLC was effective
to increase the utilization of curcumin and stable storage stability and water

solubility and bioavailability.
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(Curcuma
Longae Radix) 59 H]Hwd dfd =dAs o gage] FaA%oM(Jo
et al, 2016) Z =/ dFToE FAFE 36837 g/mol, H=4 2 183°Colt}
(Andrea et al.,, 2018). 1%} TFE ofAJofo A HdAMA B FAE FPFo=
o] AFgE gl om (Mahesh et al, 2017). 3% (Selvam et al, 2005), &<t
(Fujisawa et al., 2004), &4F3H Ak & Gulcin, 2008), A AW FA TF JA(Kim
et al., 2008), ¥H¥-A3sts <3t AA 3t 3HF LS oM (Balasubramanian &
Eckert, 2006, Thangapazhem et al., 2007), antialcoholism(Nanji et al., 2003) &

o] 7les 7HAA vk gdd A% Ve S AWedE, AT gl &

AT (curcumin)> A3 (Curcumac Longae Rhizoma) 2 &

A e F8d ARoR Zof gk 83]%7F 11 ng/mol (ambient temperature)
Froln mEg e Ao AA o] &F, shehA EQbg W s, A 57t
ZHoEA eka, Rl wrow ) mE Al B odjEel] w3k of o]l 9l
(Hussain et al, 2017). AfFwel ©HS RY4stax vlo]Al 7183 (Ma et al,
2008), cyclodextin H3F#(Tonnesen et al., 2002) &A, 24XRd Ax=27] 4
T AFNE AFoR Axst= A7 APHAA R F85

AT A o] 8% (oral bioavailability)S &4A1 71 A= E 3o

&l = (water solubility),
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L o= AFE Y A YedAE Az AMSE AFEE v5Ad B
ofof atm, AREHE AHL AA o] &ES APt TaT 4F FH(Sun et
al.,, 2015; Behbahani et al., 2019). 1990\ t] 7H%t% Solid lipid nanoparticles
(SLN)2 o2 de] AAAAS nAADR thAste] FoA 1A FesE {7
stz ERol= dAtolth. SLN2 &84 Qb A o] Fdto] WIS o2& BT
3t (Madane & Mahajan, 2014). SLN2 =2 A A o] &5, 3 A A4

gogke 548 ZE=th(Yuan et al, 2007). 18y SINS & A4 23 E4S
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StHA k=] W& s @S 7FA A vk (Muller et al., 2002; Behbahani et
al., 2019). o]#j3t SLNS R $3}7] 98] Nanostructured lipid carrier (NLC)<]
FE = JHEE AT NLCx= A A Zell AAA DS EFeto] =¢hd3t Jejeo] +
25 Y438 =of SNLA v]&| =42 ol Ak (Jun et al., 2015), A &
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d¥ FElE 733 %= palm kernelro] W (ke B ol ~H 23 ]3]
e AL Abstel] gk w2 P8-S 7FA AL Ath(Tamjidi et al, 2013). ¥ RHA]

o7 ¥ AA 1270 o]l Long chain triacylglycerols (LCT) &A% Ht}

s}, &, dAbZE Solsttha de A vh(Jun & Kim, 2014). %3 MCT 9.

2 lipaseoll 9]&E3sHA] il A AR F57F H7] dEdd #AS A=skA
fe=]

YA, chE Aol M
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N

ol wa mro] gl @ilS 7HAAL Atk(Park,
2014). ®3F NLCe] &84 542 A T/ 2 ARSFEw ofygt v {3}
AE AREe=A, e oY F3AZE EdE FEAE AREStEA ol wEbA &
2] ek A o] WM THTamjidi et al, 2013). -+3}Al:= Hydropiliic lipohilic
balance (HLB)el whe} g a} fAde] &S vekdity vol24d #3kAll
Tween (Polyoxyethlene sorbitan ester)®} Span (Sorbitian monostearate)< % ©]
AREE = AR A AR AR F& ol An AWEES v AR
9] coalescenceE WA &t Maria et al, 2018). Hlo]&A F3AE Al&3le] A
4t AR ded = H pH, 4 B el HAAS ey

(Tamjidi et al., 2013).

meba] 2 Ao FEA B AR ol&ES =olV] A AHF
SAIQL NLCol 7RIS FH-ste] 7AW NLCE A Fxstdv. olwf 7AW
MCT Qo] &3jAIA Argstdom, 7AFRS g7 913 HA NLC AxE
A8l F3kAIQl Tween 80 2 Span 80 H&S et} HA 2oz Axd
AFH NLCe] Zestehs 54 2 kA S #Esisl.
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Figure 1. Chemical structure of curcumin.



Solid lipid

Oily nanocompartments

Amorphous solid lipid
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Type 3

® Drug
O A O Various fatty acid, C chain crystal
- Special solid (not crystallize)

Figure 2. Nanostructured lipid carrier (Type 1: Imperfect structured, Type

2. Structureless, Type 3: Multiple type).



AFR Eelles wEFEYNS olgstel FASAY. AT 01 g& 20 mL
medium chain triglyceride oil (MCT, Medifood, Korea)¥} soybean oil
(Sigma-Aldrich, USA)el Z7bste] 74 2= 7150S &A1zt 22
(21£2°C)3} 37£0.5°Cell A AR sto] 24 52 48413t &t EajAI AT A4we]7]
(1,750 rpm, 10 min, 20°C, Labogene 1248R, GYROZEN, Korea)& ©]&3lo] &
u A e TS WAAA v &3 @ ARG AFNE AN §F 5, G
S ogre 2 3ol UV-Vis EFFEARE 425 nme| A FREE =A
Sk o W AFNE A@Lol £3 ANG FUNL FHHD FEIFIAL

O % gaE AFNE sk ol &t
2.2. Blank nanostructured lipid carrier (NLC) A%

o
T

rlo

Z59 100 mLol Tween 805 0.1-5.0% (w/v) H7}sbe] A ZxskaL,
Aol ZF5F< ¥ glycerol tristearate 0.60% (w/v), MCT2. ¥ 0.24%
(w/v), Span 80 0.05-0.40% (w/v) ©o.& Z}7} A3y 5483 42 80°Cel

A1 350 rpme. & Zhzh kb A 10%3F TFsk vk ke s Al

[e)
e

&

e wojmelWA HH3] 350 rpmol A wwtael E§3 F 80°CollA 350
rpmO. & 10+3F 7k 3 ¢ 2314 @ 7|(T-25D, IKA, Germany)E ©]-8-3}¢]
8,000 rpm 537+ & 3tk ©]o] microfluidization F %2 7] (Picomax
MN400, Micronox, Seongnam, Korea)Z ©]-83Fo] 20,000 psiol A 33] 2 3}

7.
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2.3. A9 Nanostructured lipid carrier (NLC) A%

T4 ST 100 mLell Tween 80= 0.30% (w/v) Z7bsto] Alzxstar, 74
& Fe S diHl AR 0.003% (w/v) glycerol tristearate 0.60% (w/v),
MCTS.¢ 0.24% (w/v), Span 80 0.30% (w/v) o2& 7}7} AFaFetdict. 72 ¢
Ao 80°Col A 350 rpmo. & 7HzF mwkEtd A 10%7F 7hest ). shest AL
Goado] Wete Wolmalwa HH3F) 350 rpmoll A wurstdh. £33 & 80°C
oA 350 rpmo.& 1087+ 72 3 &

o] &3] 8000 rpm 5%+ *A &Y
(Picomax MN400, Micronox, Seongnam, Korea)& ©]-83}o] 20,000 psiolA 33
#2 3

& A 7(T-25D, IKA, Germany)E

=
1t} ©]o] microfluidization Z 3Lt 2 7]

2.4. Nanostructured lipid carrier (NLC) 94 #54 #Z&
24.1 QA7 AGAQ, JELEE 53

NLCe i dA=7] 2 YJAFELE+ dynamic light scattering (DLS)<] 2 ol
9] &le] DelsaMax Pro (DelsaMax Pro, Beckman Coulter, USA)S. & #2413}t
A EFA 9= electrophoretic light scattering (ELS) &l ¢]3to] DelsaMax Pro
(DelsaMax Pro, Beckman Coulter, USA)S.2 A3}t Y A= 7]+= particle
diameter (nm), AEFAL = zeta—potential (mV), YAFEEE= polydispersity

index® FERRRITE 38] whEatel ZA 7k A=

o

Tt

o
ﬁi
HU

242. Y388 =4 (encapsulation efficiency, EE%)

AFHe] EFHETES Yu et al. (2016)7} Riaz et al. (2019)¢] WHS M3t
ZAsAt) WA A G AFU(free AFW)S AA37] 8] NLC #4F
A3} ethyl acetate® ZH#EFH] 111 (v/v)E F44%7 vortexing 3+ & A7

(4,000 rpm, 10 min, 25°C)ste] A5 HE& AASHAT. Free AFTS AAS

F



NLC #Abels wghgol sjAste] #A3 5 4°C, 4000 rpmellA 40% &<+ €

(EpochTM, BioTek Instruments, Inc, Winooski, USA)S ©]-&3}o] 423 nmol A

FYEE Z4%te] £99 ATFVES S44A THEES EEWS B 4

AW wErgd 3 gad EFE FAS zE= UV-Vis B33 EA
(EpochTM, BioTek Instruments, Inc., Winooski, USA)ZS A}-g3lo] MZo] of &)
H 7F= AT}

25. AL g 7|3k e Ad bAA

)

% NLCE 5°C, 4&(2122°C), 40°C, 65°Ce] Aol Al 289 &3k A3l A
A4 7Izkekg NLC AASA(GA27], AeRe], dEdrs), 28a8(%)=

T

B\

26. &3t 2 A3

2.6.1. el Az

et ®2d 8ol(simulated saliva fluid, SSF)S A*37] $18) Mao &

McClement (2012) WS o] &3] 438 tt. Mucin % t%3st ¥ (Table 1)

& e 2o B (pH 6.8)& Alx&3ATE pHE 1 N NaOH (Sigma-Aldrich)

_12_



LCEANE 111 (viv) B &R &

2.6.2. B9l Az

‘United States Pharmacopeia and National Formulary 200’ <]3s] Ae]% =+

2o we} 9o =g A (simulated gastric fluid, SGF)& A %3ttt =

2 g3 ol ARG gol4 90 mLel 1.0 M @4+ (HCD €9 0.7 mL
il

15
k)

_!% L

AJHEFNaCD) 200 mges =A%, P4l 320 mg (porcine stomach

o
M

mucosa (800-2,500 U/mg), 3.2 mg/mL)S &siA At} &9 pHE 128 =4
sto] QRS Az sk REY A% G S v ARE 2y #
ZFH] 111 (v/v)E E%ska 37°C, 2 AIZF <k 105

60, 90, 120 ol A& A5 2 THEES SASA

9

8
o
fit
T,
O
ol
&
9
—
o
w
S

‘United States Pharmacopeia and National Formulary 200" ol ol&] Ao
H o] wel 2wk Aol (Simulated small intestinal fluid, SIF)S #| 3k
t}, ol 75 mLol 680 mgel monobasic potassium phosphateE *9o]il 0.2

M FAFPUESF (NaOH) 7.7 mLS %33l Bile extract 240 mg (2.4

umo o
I

¥

mg/mL), pancreatin (porcine pancreas, 10.0 mg/mL) 1.0 g& ¢ % pHZ

6.8+0.1% A3tk Buel AstAAES v Almel A 11 (v/iv)E SIF

5 T§3te] pH 7.0+05% A3t} 37°C, 2 AZF &<F 105 rpmo. & HEg-31o]

5, 10, 30, 60, 90, 120 ol AZe] AREAL L >

2zt F dy= He AFTS 23 |1 AFVS 99 2HEE S48 U
=

(242)& &g3sto] ZAsta ofe $4L o] &3}

Curcumin release (%)= 100-Encapsulation Efficiency (%)
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Table 1. Chemical composition

& McClement, 2012)

of artificially simulated saliva fluid (Mao

Chemicals Chemical formula Conc(egr}ir)a tion
Sodium chloride NaCl 1.594
Ammonium nitrate NH4NO3 0.328
Potassuim phosphate KHPO, 0.636
Potassuim chloride KCI 0.202

Potassuim citrate

K3CsH507 « H20O

0.308

Uric acid sodium salt CsH3sN4Os » Na 0.021
Urea H>oNCONH: 0.198
Lactic acid sodium salt C3sHs03Na 0.146
Porcine gastric mucin (typeIl) - 30
Materials Methods
£ A aniiy === Mouth (pH : 6.8) i e o e —_—

+ Potassium phosphate
Potassium chloride

Potassium citrate

* Uricacid sodium salt

+ Urea

+ Lactic acid sodium salt

Porcine gastric mucin (Type 1)
water

* Hydrochloric acid solution

* Deionized water

* Sodium chloride

+ Pepsin from porcine stomach mucosa

Sample 2.5 ml. + saliva solution 2.5 mL
— Shaking water bath 37°C, 105 rpm, 10 min

ey Stomach (pH : 1.2)

Sample 5 ml + gastric juice 5mlL
— Shaking water bath 37°C, 105rpm. 2 h

5mL

5mL

3

® @

SmL

1 11

10 mL 10 mL
S 2 T Q . 4 .

* Monobasicp * Small intestine (pH : 6.8~7) 3
* Deionized water
* Sodium hydroxide Sample 10 mL. +bile juice 10'mL @
+ Pancreatic from porcine pancreas
* Bile extract — pH 7 (1 M NaOH) I

— Shaking water bath 37°C, 105 rpm, 2 b E

20mL

Figure 3. In vitro simulated gastrointestinal solution

method.
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Particle size (nm)
Zeta-potential (mV)

* Encapsulation efficacy ("/-)H

SmL

2
— @
Particle size (nm)
Zeta-potential (mV)

* Encapsulation efficacy (%) B

10 mL

[©)

—

* Particle size (nm)
* Zeta-potential (mV)
* Encapsulation efficacy (%)

20 mlL

and experimental




2.7. A

B AF-A12 Minitab ver. 17 (Minitab 17 Inc., State College, Pennsylvania,
USA)E o] &3lo] EAHEA (one-way analysis of variance)S A3}, mean
+SDE YERlen ZF FA Harghk 1o Fod S p<0.05 FFESE Tukey's

7)
multiple range testE E3}o] A A3t

_15_



3.1. 715 83lx

MCT 2.« % soybean 9. ¥ ot &%= Table 20 YEFH AT AFH 2
S 37°Coll A 48A1%F MCT S.doll dla A= 1341,27 pg/mL, soybean 2.
of WefA= 657.06 pg/mLo® FAEAT AFUL A&4 22 = o
&l =7F 11 ng/mLolv. AFR &3kmol] FaFe vA= A= A Ho] A

2 FAIE, 88 2%, Al7Fo]th(Araiza-Calahorra et al, 2018). Short chain

roh

triglyceride (SCT), medium chian triglycerids (MCT), long chain triglycerides
LCD= +& 7% 5 =4 75 7HAA H=d, ow =4 L& Akold
dipole-dipole & #& o <Qlste]l 7AfFRIe &= F7ko FEsAl "o
(Araiza-Calahorra et al, 2018). 53t #] & 9] depletion &%+e] FA7F S74&
= AW &7t FeHA H =, SalEF S s A H e Aol 3t
A ®th(Ahmed et al., 2012). Soybean 2 ¥& thEZ <l LCT ZLgol &b,
MCT o3t vastds b 22 el (25, Aol MCT edxt &
S =7F Skt Joung et al. (2016)2] Aol A= coconut (mixture of MCT and
LCT), MCT, corn (LCT), olive (LCT) ¥ AFH &=E FAHste vlal
A=, 60°Col A €313 W] MCT, coconut, olive, corn &4 <o 2 83
L7 =9kom, Ahmed et al. (2012)¢] <ATolA= AR &3]%= 60°CellA
LCT (corn oil) 0.30£0.10 wt%, MCT (Miglyol® 812) 0.79+0.
(Tributyrin, 98%) 2.98+0.18 wt% °.& Fxt&Fo] g5 Blert 57k
th &3 &% H AFre]l STkl HW &3 A A it F AUA
7F S7ketAl A ol 3t EEoluA ] FUb= e 1A AEHE =QbEEH
shar, &vj7l 848 w274 &A1 4 AA v (Araiza-Calahorra et al,

2018).

B>

O
o
2
IS
0p!
@
—

_16_



Table 2. Solubilities (zg/mL) of curcumin in MCT oil and soybean oil

Temperature (°C) Time (hr) Solubility (ug/mL)

MCT oil Soybean oil
21 24 905.0+5.9% 429 9+50.9"
37 24 1284 5+72 55 622.9+9.1%"
21 48 820.5+35.3" 510.3+39.245
37 48 1341.3+47.0"° 657.1+62.7°°

Data are expressed as the meantstandard deviation (n=3).

ACThe means in each column followed by the same letter are not
significantly by Tukey’s multiple range test at p<0.05.

2PThe means in each row followed by the same letter are not significantly

by Tukey’s multiple range test at p<0.05.
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3.2. Blank nanostructured lipid carrier (NLC)
3.2.1. 74 F3kA vl &4 mE blank NLC

3.2.1.1. Tween 80 -8Al H] & wE blank NLC <]

o] o] Aol BAAAR FAHE SHEl FF oA #HEH AoE ARH
, 05% (w/v) ol 7S W JdEo] #EH= Jow Alndd. 2 4
Tl A3 NLCAlZ ®WiHe e 3192 o]g3t HH  high-pressure
=2 |ME XA Fe= A VER

2 A9y stelA 1

eS| o
= T
A 2 s WA & FA Aol v AAE Eafstol(Li et al, 2017)

& 2743 AlA NLCEH O] A& At Ao shAw f49 nAA D3t o
AAEE 24T o aAAAe] FHRG e 2RoA Ax T AHe AL
A4d3t5 zHSoh(Li et al, 2017). AFe] AAs 2 $uv AdAAAHS} 2%
(critical crystallization temperature, CCT)o]4to] ¥ ¢row izl of o]

4
/¥ vH(Khosa et al, 2018). o]w| F3Alol ofs) Y& FAJskA K3 79

=
Shrstel f3tA7Z el w el AW At wRE YAV F = (Critical
micell concentration, CMC)2} 3t} F3lAle] dA Tx o)l 7w AwWd
AAE BHAM oz EA8HRA] Eela THo R o]FsAY plAdogE
34

st A9 olUAE WLH(Lee & Lee, 2015) +x5 FAsHA #H)
2

A

il

d e B9 HJEFstEshy] witel] 7RV A AR AoR ArsEr 2
Tl E NLCE A xsAS u A3 A A A 2] glycerol tristearate®] =+=7%
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& 54.0-725°CE & A] 80°Coldol A Axstglomm CCT ol Ho] &

H

==

of

A}

SRl

-

o3t A3 obd A @] Fol HlE F3AQ wel whE AA3 % HHE
¢l Aog Atsdt AFY NLCAZE 913 A WA &A= blank NLC 2]

A5 AdEo] #A&HA &g Tween 80 5% 03% (w/v) %
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Precipitated

Figure 4. Pictorial views of aqueous emulsifiers of blank NLC with
different concentrations of Tween 80. (A) 0.1%, (B) 0.29%, (C) 0.3%, (D)
0.4%, (E) 0.5%, (F) 1%, (GQ) 2%, (H) 4%.
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32.1.2. 23 4 3lgel @& blank NLC 4A5A4

QHA 3 blank NLCAZ=E 918 -+ HA SAZ NLCO fJAA7E FFAA7] 1L
TE Fo|v] fd st #d 345 2] blank NLCE Al =3t
A HA A A AE3E 0.3 2 0.4% (w/v) Tween 802 #H7bsta, =1t 32
34 (19, 23], 33)E 283te] blank NLCE A xslal YAEA S Table 39
UERH AT A e 91l AdighS wE 3l wEl Fkst o 23] o] % fe
Q1 Apol7b Atk (p>0.05). =31y WA 357t F7F 55 Tween 809 22
At = QAA7E Aoy 2 339 FoFe Aolrt AAIL(p>0.05),
PYEEEE 357 S7Hghel wep fo)Hox A vh(p<0.05). Zist
A& frAel sk ek FAZE 7hEEo] At dAEe] =& ddd
(shear), 7]¥]¥)o] A (cavitation), %2 (impact)2] ZH-&o] dojuiA wo v ystr}
HHLim et al, 2010). olw Ziqt A S5t FUHEFE ¥HE
ko] FEO] Aoy migstE o] YA = FasA Hi, 9AES AL
Tds Az Aepd e dogh =3 FUksk Aoz AlmEh NLCO JASA

BA H
(@427, A9, YEPEE)L Frols §olo) hgstol Fag adloth

=

L 2

d

HEe 2zl §

EO
2
2
o
T
i)
Mo
Mo
oift
o
=)
rlr
o,
o
R
o
>
o
H
N
N
Y
o
-

J

HAE2] <Y (coalescence), -$F (flocculation), =& ™3 (creaming)ell H] a2 <t
g8tk (Chae et al, 2013). AEFAL = ARk Holz} AU ALH4 Atole] A
k& Seehn, FRol= b A 54 ddsts alow Auipte =

Zol= HgEE Uehilel Aujgkel 30013 HAS W Xk FAIA wh

Bz, 058 x¥35tH S 7] +xE YER gEAES o) v] skt (Tamjidiet
al., 2013). YA=Z717F sk Al £4 & AH-$- coalescence?} Ostwald ripening
=7} (Petsev, 2004). o] 23k o] F & JEWEEE Il

]_
el 23k e sl 332 AAs
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Table 3. Zeta—potentail, diameter, and polydispersity index of blank
NLC particles with different Tween 80 concentrations and

homogenization cycles

Tween 80 Homogenization Zeta potential Particle Polydispersity
(% w/v) cycle (No) (mV) diameter (nm) index

1 ~1890+1.03?  173.97+3.21° 0.571+0.000°

0.3 2 ~2797+126°  161.70+3.30°  0.351+0.029"

3 -30.09+2.80°  14893+3.00°  0.239+0.001°

1 ~15.80+1.69*  207.87+24.95°  0.571+0.000°

0.4 2 -25.98+1.34*  163.07+151°  0.325+0.106"

3 ~9892+1.60°  148.37+2.89°  0.239+0.003"

YMicrofluidization (20,000 psi)
YData are expressed as the meanzstandard deviation (n=3).
2PThe means in each column followed by the same letter are not significantly

by Tukey’s multiple range test at p<0.05.
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322. 2 frskAle] vl &ol W blank NLC 93 2 JA5A4

Tween 0% Z} 0.3% (w/v)e 04% (w/v) H7}sbar, Z239F 28 33|, Span
80 H7bEHHERE Y542 Fig. 60 HEFHATE. Tween 80 0.3% (w/v), Span
80% s WE AXx 3 blank NLCO| AEpH &= H7bol wel Aetd 97t 5
7vehs S Bl o, Span 80 0.20% (w/v) ©]7d H7MetAS W AEA 9=
o)A oz Aozt flATH(p>0.05). Tween 80 0.4% (w/v)e] blank NLC¥ Span
80 H7bwol w2 AEFE9 el 21.31-2351 mVE F2 &< o7 gl
(p>0.05). YA=Z7]E= Tween 80 0.3% (w/v)Ql Z4-%- Span 809 0.3% (w/v)o]Xt
A7tetd e wl #FHAashE A4S Btk Tween 80 0.4% (w/v), Span 80 % 7}
of wat Z7stdt. JEEEEE Tween 80 F7FE 0.30% (w/v)¢l 79 Span
80 H7F&F 0.05-0.40% (w/v) EF 025 o]st2 whtibds YEF A 2™, Tween
80 0.40%, Span 80 H7FF 0.35% (w/v) ©|F+HE 0.377-0.384¢] gho = thitat
el s deErddn ARt ghE el Feol Al Afel vt 1T (p>0.05). ol &

8 o] e F3hAl HUFE QAT FstA7 el mpo]Adl FxE o] Fo] {iAAv] 9}
UELEE7E A UM Ao® Alsdn,

el MCT 298 o]83F blank NLC9 HAH %71 Tween 80 0.3% (w/v),
Span 80 0.3% (w/v)& d#ste] AFTS §F3 NLCE Alx3tHt
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- |
Figure 5. Pictorial views of blank nanostructured lipid carrier with

different concentrations of Span 80. (a) 0.05%, (b) 0.10%, (c) 0.15% (d)
0.20%, (e) 0.25%, (f) 0.30%, (g) 0.35%, (h) 0.40%.

=
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0O Tween 80 0.3% = Tween 80 0.4%

&
S
\

d d cd
ab, ab?P PCan

cd
ab ab b |b b
0

0.05 010 0.15 020 025 030 035 040

Zeta-potnetial (mV)
—_ 2
= S

Span 80 concentration (% w/v)

(B)

200

OTween 80 0.3% ®Tween 80 0.4%
) s b
g 1601y, bede heq  bedebede | g
o hi gh fgh gh defg efg
€ 120 | 2 i
g
=
= 80 |
=
=
g 40 ¢
0 L
005 01 015 02 025 03 035 04
Span 80 concentration (% w/v)

©

0.8

o OTween 80 0.3% = Tween 80 0.4%

0.6

05

ab

0.3 Fabab pab abdb ap

0.2
0.1
0.0

abab abab ab

Polydispersity index
=
=

005 01 015 02 025 03 035 04

Span 80 concentration (% w/v)
Figure 6. (A) Zeta potential, (B) particle diameter, and (C)
polydispersity index of blank NLC with different concentrations of Span
80. Data are expressed as the meantstandard deviation (n=3). * ®The means

followed by the same letter are not significantly by Tukey's multiple range

test at p<0.05.
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33. A9 FFel w2 NLC
331 9% % £HFE

AR o mE AFTE NLC 93 2 3 §&-2 Fig. 72 Fig. 8 4E}
Aok AR 0.001-0.003% (w/v) FH7FstR& o 94.51-95.88% = AFH EF
shake freoldel Aolzk fldar, 0.004% (w/v) ol AF Hrt ko] F74g
of whel TPFFE FoAom FHAATHP<0.05). =7 AFR FFFo]l 0.004%
(w/v) o1 718l e w ALoA 19 o]F BF AdE] #A= Ak Type
1 (Fig. 2)¢] &®e] NLCY A% 1A A4 2 A AAd9o 381z

F g&o] dFes e AME @ A warbEe] vge xspdE W Aol
S tdE glycerideol & E£3ste]l 2SS SUHAA EREES TV AIE
4 JtH(Khosa et al, 2018). #8420 LHEHL AR A Fa¥]o] L]
71wl AAA A B, fFEpAol] wep EF I FFE Wt Tamjidi
et al.,, 2013).
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Figure 7. Pictorial views nanostructured lipid carrier with different

curcumin concentrations (% w/v). (a) 0.001%, (b) 0.002%, (c) 0.003%, (d)
0.004%, (e) 0.005%, (f) 0.018%.
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Encapsulation efficiency (%)

Curcumin (% w/v)

Figure 8. Encapsulation efficiency of nanostructured lipid carrier with
different curcumin concentrations.

Data are expressed as the meanzstandard deviation (n=3).

24The means followed by the same letter are not significantly by Tukey's

multiple range test at p<0.05.
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o

3.3.2.

= UERA ko, 118.18-139.83 nmE 4

aF

73

W3k

Foll w2 JA=7] 9]

2

MA A A Lo o))

7},
Ao 7 ALg ¥t (Araiza-Calahorra et

2 AgA AFEow NLCO
al., 2018). Blank NLC2] 4#=17]+= ¢F 133.13 nm= AF W2 NLCe +

7 T+R 9]

=
S

Aol g3 wst

ol
N

[si3
=

TS

jgase]

e

AEY e GA17]
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H
3

tls

Az

=
=
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210 0.7
M Particle diameter = Polydispersity index
180 0.6
g 150 |abe a ab 05 2
T de ge Ded bede cde cde e de/ =
- 120 W, 0.4 3
| 7
= -
s 90 03 &
= . - =
= -
£ 60 02 =
& &
30 0.1
0

0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.010 0.012 0.014 0.016 0.018

Curcumin (% w/v)
Figure 9. Particle diameter and polydispersity index of nanostructured
lipid carrier with different curcumin concentrations.
Data are expressed as the meantstandard deviation (n=3).
““The means followed by the same letter are not significantly by Tukey’s

multiple range test at p<0.05.
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34. 715 NLC A2 o A Ad #F
34.1. &

AT NLC AZdewo] wE @& Table 49 YEFWATE #1579 NLC 5°C,
21°C, 40°C, 65°CollAl A1 4g NLCe| A4 EE AFZolA A 8= fldh
65°Coll Al Age A9 & Fdv dojubA %oy, A NLCY x3 &8

(Fig. 11)°] #asteE A3 2 Hol w=ekAS Hi= 75wo] =& 250 o3 &

goke] Fal7h dojdtia el vk 7ol ik H® 4-vinyl guaiacol

2 Bej7t ¥, HF 4 0 %= vanillin, guaiacol¥} isoeugenol 5 3EHA #lE 3}

FES st vy AFgdolnaz FAoE o]FdtA ®rh(Kharat et al.,
2016). olol A&7t FF AEEo] Zhews] 2 3 E o (Esatbeyoglu et al.,

2015) AFH o] AT Aoz AlRHTU
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Table 4. Pictorial views of curcumin nanostructured lipid carrier at

different temperatures during 28 day of storage

Storage period

(day)
7 14 21 28
Temperature
°C)
5 J LJ
21 J L
) LJ U
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AFH NLCE 25 2aste] 28¢ A7 Fete] Ax=7], At
A=W EEE Fig. 1001 YR 65°ColA A% & 45 dA=a7|17 7+ w
o] F7Faldth. A7 0Ll A 28d E<F 91.29 nmell A 11878 nm= /2] 4
o2 Z7FFAtH(p<0.05). 5°C 2 21°CollA 289 A% 3 A9 AA=AV = 7}
11254 nm, 100.84 nm& oA o2 F 7} tH(p<0.05). 40°Col A A7g3st 4
AA717 289 QA7) = 9495 nmE F7FEFQ o ol F el zolrt 1
(p>0.05). &%=l o3 F3pA 2 AAe] 2o Wstr & Y77t Fhst
As Zoz AlmEY. NLCY AX ARl glyceryl tristearate®] =+=4
54.0-725°Colth. NLCE Az ) uAx 43 A2 de &3a7] 98] =

A olg eEdA A R AL 3 "k ol mAALE AHdstel A

pas

4o N g

5

flo

(i

e A= LAA ] A A &

s al
Frle] wEol golaA B Aow Azud

mVZ Fodoz ZAsdA T JEREEEE F &5 25 A7 5ok F9
Aol zpol 7k AAH(P>0.05). AF2E 65°Cel A5 Aedg], duryre BF
71 79 ol % 289 Eot A3 AT AEPHE - 1688 mV, Y%=
TEE 009302 FAEAT. 65°CollA Ads A9 AFw a2 wee
2 xR Q3 AHe] kst Fol & FY ol F3A E AH] =L
oA EQbAstr R AL diiad dEEEEE AT o AR
=5

_33_



= 5°C -+ 21°C -+ 40°C x 65°C

S
8
E
F
2
o
=5
]
k
N

-10 I I I I

0 7 14 21 28
Storage period (day)

W)

160

= 5°C = 21°C -+ 40°C x 65°C

£
£
o
@
9
g
8
2
2
2
=
<
A~

60 I I I I

0 7 14 21 28
Storage period (day)
(©)
0.30

- 5°C-»- 21°C -+ 40°C % 65°C

Polydispersity index
(=]
-
n

0.10
0.05
0.00
0 7 14 21 28
Storage period (day)

Figure 10. (a) Zeta potential, (b) particle diameter, and (c)
polydispersity index of curcumin nanostructured lipid carrier at
different temperatures during 28 day of storage.

Data are expressed as the meantstandard deviation (n=3).

29The means followed by the same letter are not significantly by Tukey's

multiple range test at p<0.05.
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3.4.3.

B

da&

717 R NLCE ==& 2gste] 289 AA73F &<t 8 &2 Fig. 119
e Y A= 5°C, 21°ColA Ad 45 A7z 289U 2H{a&2
Z}7y 83.52%, 82.02%= oA om FHAstelal, 40°C

_Ol_
Frasklar, 289 65.01% = folA o m FhAasaith. 65°Ce 45 A%

lo
oM.

vE 2 AR nEFHA Ho FRAoR Bokgste] 4ks) v Ho] A
Fe] dteFo] 7+a H Ao w AlgEtH(Esatbeyoglu et al., 2015). AF % NLC

Z Az 5 AFEAS o 5°C, 21°Cold AF 39S w) vlaz oA st}
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= 5°C -+ 21°C -+ 40°C X 65°C

Encapsulation efficiency (%)

0 7 14 21 28
Storage period (day)

Figure 11. Encapsulation efficiency of curcumin nanostructured lipid
carrier at different temperatures during 28 day of storage.

Data are expressed as the meantstandard deviation (n=3).

24The means followed by the same letter are not significantly by Tukey’s

multiple range test at p<0.05.
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35. AF¥ NLC AstRgA ~q A8
351 A=Yl R AT WE

AFN NLCE astrgA 2ol 88 5 777 NLCO 4xt=7]9f AFH
WES Fig. 1291 JeEAdth. AFT NLCE et dol = dxkar]o] gt
Wslrh gllom kgl A= 165.27-180.83 nmE Ve ou, %7 4R

BER S AR JARATIE ol Hl Zelrh (R ow (p>0.05), A3}
AlZbe] w2 YPARATE Fo] Al Aol 7t (A TH(p>0.05). B pH, HAlel] o g
NLCE =2l A vlol4 A &A1 Tween 80

BE gFPom AmEth woleH kAL pHol tel Be 9L WA ¥

N
=
&
Sha
:°.‘='
l-'O
o2l
ox
rlo

l:l

pepsine @z R3] & AR (Aken et al, 2011) YA7F Buf kA o7 Fx =
T UE Fog AtmErh 2 G E AstATE 57 ol FHE YA AV =
100 nm o]} F7Fetsl om, wkg A kel wheb fo]H Sl Aol ® Frbat o, b
S A|ZF 1208014 44512 nmE =AHAL ©E FE2E 5 ALE 547} 7
AEAFA, NAZ=S 7H5-E8 AlA S8 A2 mono-acylglycerols 0] A4
¥ ALl vAS PA(Aditya et al, 2014; Park et al, 2017)3+4] JA=7]7}
S7F | Aoz AlmHc) pHY 24 & 4§ pHe 255 2H3s o] Ak &
AstA st AA=A7IE FA4skA=d AlRE, pHel W dx=a7]= & st
RE Ao® ZFHA

Mo M= oF 31.72%2] #
o] 36.00-37.73%
A1 AFol 7k AATHp>0.05). ool A= 5 o] F 48.05%= S7hsalen,

oF
ST
iy
i)

30 ol Foll= 7452%FE FUFsl o, o]F AjRto] AdeE WEHE 7R
Fe F/HSMA 247 Folt= 8% FASYAT 30% ol FRi Fol29l 2

ol7F fIATHp>0.05). =7 FAE AT pH, £5E ZHste] WEE = 7w

!
T
X
o0
o
t
i)
32
o
=)
)
=
0 I
o
e
O
rlo
w
S
S
C)"I
w
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2 7 v (p<0.05). A5F1-2 pHell

= AT §AY Al Abs 2 7bgRE] RS-0l Aoy bicyclopentadione,
ferulic acid, feruloylethane®} #-2 Hb-g A =S AAsA o} oldd 3 A
e S v JAgEgeng o m o]FshA W =Qhd e A
b Au shARt B AHE gEs] fldl, ¥ B2 AN £ fAelA
Ao w o]Fsto] EafjaAel AL & ZAolth(Kharat et al, 2017). 2Hd pHel
A AFULE FZ enolic FEE EAFER Fo B wjAUZL s ng
ZFs7E Fedlolth pHeOl @l o8] 7AFtRlol WEH7I= A%, Fig. 12 4
Aa71E nEsRS W &l s NLCO| f4Aa717 F7kshdA &4 o
pHell o3l AFR WEFo] 2%% F7He Zox Almdrh AV Gz
ZReA wEA Ealzb 57 wizel Aspri@elA FAA AFRle] §A 57
HAA S

& QIS wol W e oA

—

=
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=l In vitro gastrointestinal digestion curcumin NLC particle diameter
80 [ pH curcumin NLC particle diameter 450
-& In vitro gastrointestinal digestion curcumin released
70 =& pH curcumin released 400
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NLC M S.5 S.10 S.30 S.60 S.90 S.120 L5 L10 L30 Lé60 I1.90 1120
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The digestive apparatus. time
Figure 12. Influence of simulated gastrointestinal conditions and pH on
the particle diameter and curcumin released of curcumin
nanosturcutured lipid carrier.
Data are expressed as the meanzstandard deviation (n=3).
2 8The means followed by the same letter are not significantly by Tukey’s

multiple range test at p<0.05.
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T
2
4l
o2
e
£
olo
o
i

Al A A B o] &ES Eol7l flste]l AT
WS E3EE A& 44 nanostructured lipid carrier (NLC)E #| %317 93+
HA 21E& gyt gt 545 AT AFY NLC Az HA stz
A FAe ZHS4 100 mL, Tween 80 0.30% (w/v), A4S 757 0.003%
(w/v), glycerol tristearate 0.60% (w/v), MCT oil 0.24% (w/v), Span 80 0.30%
(w/v)Z2olm  Z3t v # (20,000 psi, 3 number) 2. & T A Y A3} A AT
91 NLC+= 9dA=7]% 91.29 nm, AEH 9= -2696 mV, ded X 0222
AZzH Aok =gk AFT NLCe] 4 wstel] wE tAAdS 4317 flete] A
FeEE gelste] 289 Fot AFSALS SR, 5°C, F=(21£2°0)

A omlanE 7SR NLC7F qbgAem fA sl e, 40°ColM = A7zt 7d

ofF ¥ a&ol HA8 #adiaL, 65°CAM AFR A ARG TARE o] %
= d{As] xgaEo] askith AFY NLC/F wakbd &) Aol AqiRlol
wE

HHA 2k g AbstE o] Eefsto] stk A NLCE 43R A 2]
of 443te] NLCe| Wshe 24 Azl 7177 NLCE =2yl

Aol 4 AsAlzre] FAEFE AR B

7
NLCE= AFWE 7HE3kE 9% 24249 sE3AR F8as /A v
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B AolM e 88 BEQ AT ol&ES Eol7l Sl MCT o4&
o] &% AAFEA NLC HA Ax HA v&s dAAsta, 777 NLCE Ax
st A% 2o wE 715% NLCO PR (AASA, 7177 2148, <
A md AsA g A8 S we] x| st 2 AFY WES A6
Aok A HAE NLCol| AFEE Al A dE& dAsfok st gz os wWol
#oli= MCT 293 soybean 2. ¥S Hlwsle] 7AFwel &fes A3 ).
MCT 9.9 1341,27 pg/mL, soybean ¥ 657.06 pg/mLE MCT L2.d9 &
= 7F ol MCT 295 NLCO Al #d=2 AAsdth. A7 NLCE A=
371 kA MCTL.9& o] &3k Shg3st NLC7F Alz&= oo skl NLCE o/wi
FAFSHAl @ Aol e R A= el wiol Agom eAd F3kA

¢l Tween 80 ©]83tdt}. Tween 80 0.1-4% (w/v)E #FH7}8te] blank NLCZ
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=
rlr
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=
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&l Tween 80 0.3% (w/v) % 04% (w/v)E #H7F 3 F AHA4 F3A49
Span 80& F=E®E H7lo] W& blank NLC JAEANS A0 20 o
Ao 37t SHEFE dAaY] B JEEEEE HAeha, Aebd e e doig
& Z7bskd vl Tween 80 0.4% (w/v), Span 802 7}
o] & ¢l zpol7t A, AA=7]3= Tween 0.3% (w/v)e 79 Span 802 0.3%
(w/v) ol H7rebd 74319 ar, Tween 0.4% (w/v)e 7% Span 80 7}
et AR = FbshE A EFE Btk QEREEE Span 80 H7bFe]l F7t

Shol] whel ZF7he A AT ol A el Apol= gl Tween 80 0.3% (w/v)el 749

off
=
R~
il
2
o
2

o
rlr
do
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Span 80 F7bel F7hgel whel FrbeRAAIRE, 0.2% (w/v) ol AH-E Feol A<l
ol 7 AL, 0.250]8t . EAES YERHAT. MCT 295 <] &3k blank
NLC #3312 Tween 80 0.3% (w/v)e} Sapn 80 0.3% (w/v)= A3l A
TS e NLCE Alxdto] T F AA=27] 3 A=REEE S48
o AT FFL 0001-0018% (w)E A7kste]l AzFAOM, 0.004% (W/v)
ol HbetlE Wl EATFL FeolHoew aslon, AR VI 19 olF
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