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Preparation and Evaluation of Solid Lipid Nanoparticles(SLNs)
containing S-Fluorouracil and Its Derivative

Hae Sun Sub, Myoengsin Choi, Kyn Won Han, So Min Park and Kil-Soo Kim®

College of Pharmacy, Ewha Womans University, Seoul 120-750, Korea
(Received March 9, 2005 - Accepted May 6, 2005)

ABSTRACT - Solid lipid nanoparticles(SL.Ns) are particulate systems for parenteral drug administration and have good
biocompatibility and stability. SLNs were prepared with lauric acid, as the lipid core. Tween 20 and tween 80 were used
as surfactant. 5-fluorouracil and 1-benzoyl-5-fluorouracil were used as model drugs. Drug-loaded SLNs were prepared by
the hot homogenization technique in order to evaluate the physical stability, entrapment efficiency of drugs as well as release
profile. The particle size of SLNs was 40~600 nm. By increasing speed, the mean particle size of SLNs was decreased. And
entrapment efficiency in the case of using 1-Benzoyl-5-fluorouracil was higher than using 5-Fluorouracil. The higher sur-
factant concentration, the faster release rate at the range of 1.5~2.5%.

Key words — SLNs, 5-fluorouracil, 1-benzoyl-5-fluorouracit
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5-Fluorouracit®: S-|A kGl A% em 1-benzoyl-
5-fluorouracil &3¢l FAE<S benzoyl chlorides Sigma
Chemical Co(P]=P)ollAl FY43H . 71EF 1-benzoyl-5-
fluorouracil ¥4 ¥ SLNQ| A=z, & = E2AH o
g A°FE2 HPLC grade, 55 £ d7g AR&siith

7171

1-benzoyl-5-flucrouracil ¥-g %2 #-4o| Multi hot plate
& magnetic stirrer(524A, Eyela, Japan), vacuum rotary
evaporator(RE1121, Buchi, cooling trap(CT110,
Heto Lab Equipment, Denmark), FT-IR spectrophotometer
(FTS135, BIO-RAD, US.A), 400 MHz FI-NMR spectro-
photometer(Unity INOVA 400 MHz FI-NMR, Varian Tech-
nology, US.A.)&, SLNs®] A= 2 #2449 homogenizer (T-
25 basic ULTRA-TURRAX, IKA, Germany)®} particle size
& zeta potential analyzer(380ZLS, PSS - Nicomp, U.S.A)E,
A7 R EEAF 8EAF7I(DST-6004, 3143, 7<)

B B335 A (DU-68, Beckman, US.A)5-S AR

Swiss),

1-benzoyl-5-fluaorouracil £Hd, &9l Y FrEiAHlT S

1-Benzoyl-5-fluorouracil®] 92 50mlL methanolol] &
# ¥l 85% potassium hydroxide 0.69 g(0.0105mole)S 5-
fluorouracil 1.37 2(0.0105 mole)ell ¥t} ©] Suspensions
F2el| ] 2087t stirringdt 3 rotary evaporatorZ ©|-&-3}
o] 40°CoIA FE=AIATE o)7]9) 50mL acetonitrileS 2o]
ThA] 2dollA 30%7¢ stirringP T, Suspension®] ZredS=E
< AAS] 98l rotary evaporatorE ©]-&3}] 40°CollA]
BFEAIZ] & S0mL acetonitrileS THA] o] A2 30
b stirring@th ©]8 ice bathd}e] acetonitrile 50 mLoj]
E°]0+ benzoyl chloride 0.01 moledl] 208 E<F 27138l
o} o] whg SIetE ARRelA] A7 B4t stirringdt F F
Holl 23] 3T} AL rotary evaporatorS ©]-8-51]
40°Coll A H=AZ T Hot dichloromethane 200 mLe 713
Al suspension®] W o FE| ofs) oI}t o]
dichloromethane -89S rotary evaporator® AMR-3lo] 10~
30 mLe] 9 UJW]-X] 30°CollA EFAI1A T} ©| suspension
< W7 3 Ay dFs, 93HE-2 dichloromethane© 2
AH = 7 }71 7] 7Azx3}  1-benzoyl-5-fluorouracilS-
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Dimethyl-ds sulfoxideZ &v|Z 3 'H-NMR spectrum,
KBr€ ©]&% IR spectrum, UV spectrum®2 R1&}aL
FulAle s S Al vl 29 A Y
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Co : A9 27] o4& 5%
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Solid Lipid Nanoparticles(SLNs)2| H|Z=

Az Zz70] SLNs¢| At FXo vjX=
Bl AWBAA L] 79 %, homogenization®] I|HET
(rpm)S BEA 319 A7) 7R SLNs& Azt A2
lauric acid® ARSI Aol tisted 5%= S, A
B3 oFE9] k2 A Fe) widte] 5%, AHE/IA = tween
207} tween 802 AME3IHT 2 %z HAY| thated
0.5%, 1.0%, 1.5%, 2.0%, 2.5%2] &2 AME3IHem &
F4E AA 40g2 2 31%9t). Homogenizationd] 33&®
£ 11,000 rpm, 16,000 rpm°. 2 3T}

JFe W 9

AZHPRe WA FE 0.1 g8 70°ColA AEke-S go
2311} olwl, 5-fluorouracity] 733+ ¥ 10mLE

Y3, 1-benzoyl-5-fluorouracil®] 7A9= dEE S5mlE ¥
Atk 97l A& (lauric acid) 1.9 g Wo] A& A =
E AR 22 259 70°CE #A8 43 88412
T} Tween 20011} tween 80& HURVIEE 412 & 38gE
85°C7t & w7kA] wiE shgsEinh. okEe] e 889
AAE Ao 7H F(ow) 85°CE A& HABHEA
homogenizerS o83l dFF HE=E SEL F3AA
t}. Heating mantle2 ©]-&3}a] o] oeh&-g AASIAT
AAE emulsion2 W48 319 2~10°C2] &l 1,000 rpm
o= Aol FHx BiA AW YAE AT o] o
& ultrafiltration® B3 B2 AAS FUAIL At Ax8HA
31 Particle size & Zeta potenrial analyzer(380ZLS, PSS -
NICOMP, US.A)E AM&3le] off 712 2764 Al=d
SLN dispersion®] 4} & HIH3IYL Hd U 7]
£ T3 ‘
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SLNs2| &2, SRIEE8 ¥ BN 5 ATk A7 B2 200ul FH3t ZF oFES AR|7IAIY-
SLNs gL ultra-filtration cellE ©]&dled ojzsled TR OT AT

TN free drug TEE “54;}1,:_3 ol g3t ATty

; . - 98 48
o}, AFAE m2 wEo] S AAElga FEEAE S Entrapment Efficiency = Do one x 100
< oFfet o] FaisiTh %%‘Eg% ol SLNsZY-E{e]
oFEo] 8EYALL dialysis membraneS 7L Al Zdx 4 s

Dialysis membrane2 Spectra/Por® membrane (MWCO :

12-14,000)S AR, 739 A=Z% SLNs 0.1 g 858 1-benzoyl-5-fluorouracil 22l

o] 50mLe] $iE ulo|gell ¥ shaking water bathollA] 1-benzoyl-5-fluorouracil 3}¢F % Aoz AATh
30pmeE EE0] Fon, &1 £5= 3740.1°CF f+  NMR spectrums Figure 19, IR spectrum- Figure 201
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Figure 1-The 'H-NMR spectrum of 1-benzoyl-5-fluorouracil.
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Figure 2-The IR spectrum of 1-benzoyl-5-fluorouracil.
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HERH AT T} ol& FEE ARGt} A|lZF SLNsO| 7t oFE By

NMR spectrum& HH ring®] 3H 9% o177} 12 ppm
o JeREoH, ring®] C-He 820 ppmolA]l doubleto. 2
UERRTE J valuer 638 Hz2 WERSTH Ringd] 1A 91X
olgl71o] &2 benzoyl ring®] CeHse 7.9-7.3 ppmel] e}
O™ Intensity of signal& E® C=0°] ¢1F3 4 %f
o= Y, 2 thg R & IF Vi, P #
e MR, 25:1.71:3322 et} 49 Ti -1
A 2:1:29 HEE Yepdol shed], C=00] 943 ¢
© C=0u} NHelAl HAE wStAA vlgo] 25 A ‘4
st &9 DMSOE 2.5ppmo] et ow 33 ppmo)
peaki= DMSO 9] H,0°]t}.

IR spectrume HEHA 3202 cm™2F 3075 cm™ol broad3t
NH amide ring®] peak’} WEFEO™ ringd] 1 $X]¢]
amide”} 3202 cm™, 3 Xe] amide’t 3075 emloZ
A ¥ ). S-Fluorouracil®] IR spectrum®} M| Z&tH0S o)
3202 cm™'9] peak7} FA| FolE AoZ Ho}l 14 91X NH

amide®] HAZ]9) benzoyl’|7} XEELS & 4 Ut IE,
1746 cm™oll C=C717} Yehhs RS g1181th
B, 1-benzoyl-5-fluorouracil®] UV spectrum Figure 3

of Yehlich §1le= CH;CNG A2 UV, 270
nmE ©] 37 2Al|A broadstAl F23IA}.

NMR# IR, UV spectrum®] AFZ Hol EA3lE= |-
benzoyl-5-fluorouracilo] FJE W& & 4 AUtk

SLNse| eHF &3 &3
5-Fluorouracils}  1-benzoyl-5-fluorouracil®] <= 2l A

5 4

£ Table I VERAIT AiFoE 2144 oFE<] S-fluo-
rouracil’} B]ZEE W, 1-benzoyl-5-fluorouracil®] A|-8-49]
oF vl =U18He & 4 SISt} 1-benzoyl-5-fluorouracite:

Table I-Enfrapment Efficiency (EE) of SLNs with various % of
surfactants (Tween 20, Tween 80)

Partition coefficient

Drug (Ko meantS.D., n=4) Surfactant % EE(%)1S.D.
0.5 304t4.5

1.0 453418

Tween20 1.5 45.7+2.6

20 541107

5-FU 25 332457
5% 0.1:0.01 0.5 37.8+7.2
1.0 434414

Tween80 1.5  46.345.1

20 472452

25 375492

05 40440

1.0 432432

Tween20 1.5 52.91+6.9

20  53.843.5

1-Benz 2.5 51.0£2.6
5% 0.2£0.03 0.5 54.542.1
1.0 52.844.5

Tween80 1.5 559453

20  549+29

2.5 57.544.9

Abbreviations : 5-FU=5-fluorouracil, 1-Benz=1-benzoyl-5-fluorouracil
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Figure 3-The UV spectrum of 1-benzoyl-5-flucrouracil.
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AFEFER 3 SINsY oFE ¥ &g 2o 3A veRgch

ARG ] FRel F=o] e SLNso| of8 ke
AHEA T=7F 0.5%014 20%02 F71E W g
Bel 8% =vlsht o6lE AHoE =e E%Tol 25
%llM= el B9 a80] Fhde A B F Uitk
%38t S-fluorouracil 2 1-benzoyl-5- ﬂuorouracﬂg A& kg
2 AR SLNs9| AHEAA SR o2 FEEQaeS
B2 4 A AlEe kgi g SLNsHT}

28] S-fluorouracilS

AT}, 5-fluorouracilS:
1-benzoyl-5-fluorouracits A|HFEZ S SLNso] FE29]
g8°] ¢ v} o= 1-benzoyl-5-fluorouracile] A]-&-4j o]
o FobA SLNsoﬂ loading®] 2 =7] wjolzkir AR FE T
AREGA ] FRe wE Xols HIS W I-benzoyl-5-
fluorouracil& ] Qq%i %+ SLNs# 5-fluorouraciks model
drug_‘li f"} SLNSOHJ‘i %@EEJ’]’ OE%%CQEEQ] M
oJA tween 802 AMS-FE Wit tween 208 AREFE Wi
oo & ¢ T AU
Homogenization 3] A&5o] W oFE R Table II
of At IHEETL ALFE oOFE T S &

F 3irh.

SLNs®| M= ZZ0f e X £z

Table Mo A1} o] homogenization®] 3} %
12,000 rpmell 4] 16,000 pm & Z7FA S o)
SLNs®| Hi 42 4715 vehd Aoz 3 £58

2
e BN
rok
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Table II-Entrapment Efficiency (EE) of SLNs prepared at
various rpm of homogenization (mean+S.D., n=3)

Composition (in w%
Lipligd Sirfactar)lt Drug Homrgglii(;;ion EE (%)
5-FU 12,000 453+1.8
L:‘cliréc Tween20 5% 16,000 502496
5% 1.0%  |Benz 12,000 432432
5% 16,000 50.144.2

Abbreviations : 5-FU=5-fluorouracil, 1-Benz=1-benzoyl-5-fluorouracil

Table III-Mean particle sizes of SLNs prepared at various rom
of homogenization (mean+S.D., n=3)

Composition (w/v%) Drug rpm .of ‘ Mean size
Lipid  Surfactant Homgenization  (nm)

5-FU 12,000  259.5486

L:lé;jlc Tween20 5% 16,000 14944324

o 10% | -Benz 12,000 270.1435.1

5% 16,000 116.4+59.1

Abbreviations : 5-FU=5-fluorouracil, 1-Benz=1-benzoyl-5-fluorouracil

31 Solid Lipid Nanoparticles #|Z=9} 337} 147

Table IV-Mean particle sizes of SLNs with various % of
surfactants (tween20, tween80)

Mean particle

Drug Surfactant % size(nm)+S.D. (n=3)
0.5 181.146.7
1.0 259.5£8.6
Tween20 1.5 126.6x119.6
2.0 201.9£10.5
5.FU 25 105.7+42.4
5% 0.5 612.2435.5
1.0 57.113.9
Tween80 1.5 55.0+1.4
2.0 35.9+214
2.5 16.6+3.0
0.5 199.9+27.0
1.0 270.1+35.1
Tween20 1.5 108.5+52.5
2.0 117.6+£80.3
1-Benz 2.5 85.8£77.9
5% 0.5 605.3£175.5
1.0 119.8£30.2
Tween80 1.5 54.5+15.9
2.0 41.0+11.6
2.5 39.6£16.6

Abbreviations : 5-FU=5-fluorouracil, 1-Benz=1-benzoyl-5-fluorouracil

A 2 Ao Hol ouX] —':E—‘?J%h?_}g %"4"1 -diiL A
Z Zo)7)d= over-emulsification 5o 2|8} reverse
sl SHAIZF = ALeE Kl
Table IVIIAME lauric acid® AZAZE 33 tween 2054
tween 802 ZHZF toksh HIEZ ARESto] A|Z8F SLNsY
Ha dA 2715 e, AlHEAIA Q] vl 2.5%Y
wl B AR 27 P E9ko ), tween 802 & 7Ag-
Hlgo] 0.5%Y o Hat dAF Z2717F 7P e 2.5%7kA)
0.5%% Hl&o| S5kl met i YAt A7 Hasie
A7} tween 208 2 73--Hot Zot

SLNsC| 2fE W&

Figure 4~72 AWEG#9 $7e 2o WE S-fluo-
rouracil?} 1-benzoyl-5-fluorouracil®] pH 7.4 $HaHolA]
o] 8% g Y} ol& EH B Agt &
1-benzoyl-S-fluorouracile] X =A &&%3 Jom 5.
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Figure 4-Cumulative release (%) of 5-fluorouracil. from SLNs pre-
pared with various % of tween20 in pH 7.4 buffer (n=3).
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Figure 5—Cumulative release (%) of 1-benzoyl-5-fluorouracil from
SLNs prepared with various % of tween20 in pH 7.4 buffer (n=3).
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Figure 6—Cumulative release (%) of 5-Fluorouracil from SLNs pre-
pared with various % of tween80 in pH 7.4 buffer (n=3).
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Figure 7-Cumulative release (%) of 1-benzoyl-5-fluorouracil from
SLNs prepared with various % of tween80 in pH 7.4 buffer (n=3).
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