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Preparation and Evaluation of Ketoprofen-incorporated Solid
Lipid Nanoparticles (SLN)

Myoung Ki Baek, Sang Young Lee and Ung Kil Jee'

College of Pharmacy, Chungnam National University, Taejon, 305-764. Korea
(Received August 19, 1996)

Solid lipid nanoparticles (SLN) have been developed as a new drug delivery system.
Although many particulate drug carriers, such as microsphere, liposome, niosome, emulsion,
etc. have been introduced, they have some disadvantage: low efficiency of incorporation and
stability, lack of reproducibility, and so on. Meanwhile, SLN as a new drug delivery system is
known to entrap drugs with a high efficiency and a good reproducibility. Moreover, small size
SLN can circulate in blood for a prolonged time. Although many prevaration methods were
introduced, microfluidization method is recommended to be the most useful. This study was
attempted to prepare and evaluate ketoprofen-incorporated SLNs (keto-SLN), which were
prepared by two methods, ultrasonication and microfluidization. Keto-SLN was evaluated by
measurement of particle size and zeta potential, efficacy of entrapment, sedimentation volume,
in virte release pattern. The mean particle size was about 0.1 um, and the size was dependent
on the type and the amount of emulsifier. Zeta potential was negative, -9~-13mV and
entrapment efficacy was very high and stability was good for at least 60 days in the respect of
particle size and sedimentation volume ratio. Analgesic effect was also determined as well as
pharmacokinetic parameters. The former was comparable to that of that of ketoprofen loaded
suspension (keto-sus) and the latter revealed that consistent with the delayed release of keto-
SLN. Thex was longer than keto-sus. Therefore, keto-SLN was favourable dosage forms in the
field of drug delivery system such as anti-cancer, analgesics and anti-inflammatory agents.

Keywords — Solid lipid nanoparticles (SLN), Ketoprofen, Trilaurin, Poloxamer 188
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oL 23 wAE A7le] PRE YekEogE 100
nm = e 1 olEke] A8 2tm 9low 2|¥go)
oA ks @) viE A P2 28} et
T84 FEHThe 284 d2d 68 HEg AP
2 384 FEE 53] X 8AJo] & FEel rhgslet
) BRX Y] FESYA ST B P
< 7H & Sich S Zgolt o EAd) vis) F2g B
U3 Fgol 53] wor] AR v $- £ AF
2 2A HE|Ze HY oy IRS S8 5ol ut
& it Bzl 549 2ol shssitt?

SLN9| #A|ze] ALE kR EA H|AH 2ot A9
AEAN AEZZAE Rl 2 3197 F3iH2E
FAA R Ago] 7158 Pluronic F-68 (Poloxamer
188)"& AHgallem Gascod AzPYe ¢85}
o APE FYIH 2, Bunjes” 5 APUES 7]
22 nfo] AR FFo|t}o|HE o] 43lo] A|2F SLN
I AEAA 0 2guEH7|E 0] 83 SLN AlAlet
H] walsich,

AZE SLN9| £2)518k4 B4 2 gelslr] 9 <
9] B4E, A 2] 9 BE9) AeEaEe 243
3L, A HER QRtaY] B o) AAdEs)e} A
7HEAE 6093 33K AL, in vitro £ EE 31
ot SLNE AEX23 29} vl wsle mouse® 3
A A=l B3 AEEAAEE 1o ratel] 2%
Fogk T HFolA k2] ZEE Al

AUy

IHZ % 217

Ketoprofene RhomePoulence Co.2] A1F& A}
431912 Poloxamer 1882 BASF Korea®] AE&
AR e trilaurin® ¥F% (MW, cut off 12,
000, benzoylated dialysis sack Sigma Diagnost-
ics®& Sigma Chemical Co., USAS] #| &g AHg-3}
%3 membrane filter (Milipore 0.45 um, U.S.A)),
ultrafiltration membrane filter(Daflo, XM300, 62
mm, Amikon U.S A )& AMH3IT 7)€} A2k B
F T 55 ARSI

AHRS-% 71712+ Biomixer(Ultra Turrax T25, Ori-
ginal Tka Co. Japan), AJ%. F34wA(Uvikon
860, Kontron Instruments Co., Zirich, Switzer-

J. Kor, Pharm, Sci., Vol. 26, No. 4(1996)

SR

land), $&A1871(SOTAXAT7, CH4008 Basel, Sw-
itzerland), Z23-E447](Vibra Cell, Sonic & Ma-
terials Co., USA), Microfluidizer(Microftuidizer™
110Y, Microfluidics Co., Massachusetts, USA),
Laser light scattering(He-Ne laser Model 127,
Lexel Laser, Inc. Analysis Software : BI-8000AT
Digital Correlator), High Performance Liquid Ch-
romatography(SPD 10A UV-Vis Detector, LC-
10AD Liquid Chromatograph, C-R6A Chroma-
topac, Shimadzu, Japan), Zeta potential an-
alyser(Zeta Plus® Brookheaven Inc., US.A)S-S
ARSI

AHEZZHEO| Ea|2I8tE ME =3

sz =3

4 Fe] AEZ29(300mg)S pH 4.0, 5.5, 6.
8, 7.4¢] &5 100 mlol 24zh ¥w 37.51+0.5°CollAM
15717 E<F 200 rpm o2 A FgAAT) o] S-S
ol o|EEE 24|17t B Ao AT RS 5mis
#H3slo] 0.45 um® membrane filter® <3 3 % 1
ARE AEZ2H] FF Jul 3g2A 268 nmellA
FAEE sl vlg] AE g AL B8 &
o] e FEHS ANt 7F pHe| @ElM
AEZZHO LI=E Tt

Rl £

e EE A% Holl 4oz njg] FE3] 234
7 n-SEgE S22 IES AN T, FdeRE
ez nlg] ¥FAZl pH 4.0%4 - 2iheEge
ASAT pH 7.4%) A ASAE AE3IGT) e
FoE fghed §aAA 1xX10°ME ZAIT 5 A

- B 995 1m¥ FRl A4 35E 1xX10'M2

gt3o] Agsoint

Kakemi 5| Wiol wet ol 2@ Alae] 44
I $4E Z42ZF 10mpd 93 37.5°ColA 1AIRE F<t
200 rpm o2 FBAA B =2A7 o A3 F
A BRSAT. S A 268 nmllM FR=E
FA5id olefel A& Bl RTRUATE T

5

: e Y
A e ZNERE A 230 B3N 3=

ft

Hasegawa'"59] liquid-liquid partition method
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Blending of lipid with emulsifier and ketoprofen |
|
‘ Melting of the mixturLl
| at 80~90 C
| Mechanical stirring j

| for 1min at 1000 rpm

| Homogenation of lipid emulsion ]

| for 3min at 15,000 rpm

Ultrasonication

| 100 Watt for 15min in ice bath

Ultrafiltration
|4 kg/cnf (N2), XM300K
l Solid lipid nanoparticleg

Scheme I—Schematic diagram for the preparation
of SLLN by ultrsonication method

ol uleh pH 4,05 7.49) §3olol 8L 110" Mz
31417 89 10miS bl @A ABBel Po 54
22 A nFEHE 10miE 3= 3k 37.5°C
A 1A7E B9 200 rpmeE ARSI, 1413F B
$83) ukslel Bl £2A % ] 1412 B
ge Reld The FREE 2l o

P.. : true partition coefficient
P.., : apparent partition coefficient

SLNg| M=

SLNe| H|x

Ultrasonicated SLN—Trilaurin 2g, poloxamer
188(F 68) 0.2g7 AEZ =R 0.2g8 H &3] st
o 500mi®] "l 2 Al Tl ¥ 80-90°Cell o]
ERE A Tttt H&elN 2 2 E
o] % &gEW w2 187 100 rpmoE wHk
3lo] B33 ¥ 80°Cel £/ 718l AA| ¥9)71 20
ml7t H =8 S5t ol8A ERFE VIR R &5
£ 80-90°CE fAIsEA 387 3712 wikslo] oY
A JEE dd3A ST o] AP ElA
L=E #A5MAM Biomixers ©]83t 15,000
rpmellA 387t AE3] £33 F ultrasonicator®
1582t Agstden o|w ultrasonicatore] &3-&
1009tER 3l 25942 Xl JEAde B
oA wHkslHA vlE WYZPAlAH SLNE | Zalgich
(Scheme 1)), ,

Microfluidized SLN—A1ZA 2 AH3t trilaurin 10g,

r Blending of lipid with emulsifier and ketoprofen_—]
|
l Melting of the mixture |
| at 80~90 C

I Homogenation of lipid emulsion }

| for 3min at 15,000 rpm

Microfluidization

| at 5,000 p.s.i. for 30min

Ultrafiltration
| 4 kg/cwf (N2), XM300K
{ Solid lipid nanoparticles |

Scheme 2 — Schematic diagram for the preparation
of SLN with Microfluidizer

Heat
Exchsager
emp
' ‘ i e
Recyde
L4 ]
— Interaction f 1
| Reservoir Chambe
— ' LJ Hul';li;mm
L_I der
||
[ ]
‘ .
+ L
I
——— ]
Air Exhaust PUMeP Hirln
Air Regulator

Figure 1 —Schematic flow chart of the microfluidi-
zer as used for solid lipid nanoparticles.

4314121 Poloxamer 188(F 68) 1g3t AEZZH 1g
< 7zt F83) A3 200 mie] vlelA ¥ 80-
W CHER FR|HE 78 8§ Edaiact. 24
Bo] 2% 4-45d a2 wwkslAEA 80°Cel FFH
2 7180 100 miE 3l g deg EQT). ©]
£ Biomixer® 387F 15,000 rpmoilA AE3] &3s
o 7Y BAE THE U mlo|AzZFrolA 9]
A& AR7) (reservoir)ol ¥ 500 p.s.iolr 2301/
min®] %22 3087t A2l rHScheme 2.).

EREX| 2 el 229 HA

2 22 Roberta Cavalli'”5o] A& 9]
3P4 (ultrafiltration method)& o] &3t A3t
Ak, AZE SLN 20 miE IRl E1 7}
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AW E o] gl mwlelEA AAE 4kg/em®d)
gPoz siEiA THRE Bl skt ol
ALE3 o sjuke Bzl 300 kDae] oj#ol AMEE =
DA G AMEEH T JTE SLNS 4°CE W3
HEslgn gL dxg Bs 3T Add
AHEE AT

I8 X & LaE|Ze o}

o= sQlg &8

oIl g o] 83l K] HEL AAY o A7}
H A Felo] g AEFE AETRH] F5
Sl 9 268 nmoll X FHEE S T nie] A4
3 AR E Bl F sttt Microfluidizer: ©l
&3] A 23 SLN& HPLCE o183l B9aes
st 99 -9 niIRR gelojatE o
A2 AFs] FAske] HPLCE AFFatgn g o=}
314 @2 SLNE WekgE 433 vhg A3 84
3led HPLCE A 35t Adore] & &9
7}5]R] ¢ SLN AHAHoA ] FEF=E T3l £
B FEFE A E3 #8 o] AAR
SLNE 2z whi o gsled st

A =0 Y B £

Az SLN9| dxt 2e FHF4EPE (dyna-
mic light scattering method)< o]-&-3}] Z33l9ic}.
Bo 2= HeNe laserg AMS3IHn, &8 32
632.8 nmE AT} Ak e 90°2 AR e
Aol 25E 25°CE d15iem, cell vat e} o4&
toluenes AHESHATE 217 12 mme] LEH cellel 5
mie] AEE 9e F vat W oil bathell Ao
#2719 pinhole 7]+ 200 um= Aeds}sic}.

FARE B3 HTE A 2709 dig A HeEle
A8 program$l Brookhaven model BI-8000ATS
=23 At 23 Alol sample time 10 1 sec, de-
lay time mode¥ 1:22 &1, duratione 6x 10’
U secE Z7& A3l A3t

in vitro W& A8

SIN 5miE #H&3) 3l EDTA - 2NaH
NaHCO,2 ulz] 8438171 dialysis sacoll ¥a %
& uge 7o 2 gus| 2tn SRE iy
F39] UL 73] Mlsle] 9o & Qe &
gdlo] gn2 3 thg £5437]9 22U e
ARk 2FA A, W& Lol pH 7.4 phos-
phate buffered saline(PBS)& AH&3l5en 25+
37+0.5°CE A} AlZHEE BE2sd] vexe Al
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Exzde] %2 268 nme] A FH=E S5
of nj2] 23 AFA AL Zoll WEE AEZ=H
e At

nfo] A2 ZFo|t}olAE  o]83] AT SLN
HPLCE 258 nmollA A &3 ok vle] e A%
A wie} BEE FEFS NS

HEt ZHN =X

AE} L & BrookHeavenAte] Zeta Plus®E o]
g3led 2AEY AR E bml Fsl 3R FRFE
718 AA7} 1%-8H0] HEE A3t M &
AS AN wElr|2 287t waksle] gdsAl & vy
polyacrylate cuvettedl 3miE B3 HFo] ¥ nt
Aa ettt cuvetteE Zeta Pluse] Wiyl e
holderell B3 A=E A4S coverg 2ol JF2
HE] Qo] 4918 Agteigler 7t A g7 330 &
APt 23 20L& 252 25°C, A8 499 Ax
£ 089cp. pHE 568, v=E 1%2Z 3L re-
fractive indext 1.3332.2 A% st3vt.

ory M AlE

AzE SLNE 43§ At o2 A dA =2
71¢ B¥E 23sn @x(turbidity), 7 83
(sedimentation volume)$ 742} S48l /g %
7}l o]t

UX} 37|2| wAst

AZE SLNE el @7 Aj@#] 50mi¥ ¥x
Ao 108 HHez 60d B 2mAE FHdo
AFs] sAsle] Az Ao S Wy e
Ho g FAFANAYRE o83l x| B 2747
O BIEES 2o o] F Bl AAIA R Yol
e g gk 2719 ¥gE dEsidoh
BT
AZE SLN 40 ws F8s] sl SFrE 718
AE 4mizsl] 7R Gh1 540 nme] PgellA
Ao B} (Transmittance, %)8 333l g%
(turbidity) 2 S}gich. 3 zF 289 SLNE ¢l 2
& vlgg 3Asle] 4miE 45mi polystyrene cu-
vetteoll Bo] A2 RASIHA 60 5% 10d 74
oz ¥ug 233la] Brol ZJAHaE #Esiginh

L8 £F

SLNS &2 & ol €3 vl 10mid
< 93 AL WA v 60Y Foll A £38
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Sedimentation volume = H
Q

H, : ultimate settled height

H, : original height

SEA4E

ZEED} A

ICRAl k-2 TR s Fo& 3] AlF
20~25g9] A FRE ARl A dol
24AY B AAANT D B A{Ro] HES
o}, 0.1% CMC-Sod. £l dEA]7] AEZZS
gyl AEZ29s Th3ke SLNS AEZ
2 50mgkge] B2 283K £ 308 ol 0.
7% 25t S8 B g2 0.1 ml/10gd) 992 Eo
Bl 5EollA 108 Ate] e} 10804 208 Alolol] Dol
= stretching®] 8 239} ojuf 7] 58
A 1087421 Z phase 1, ©1% 10204 20% Alolel]
AlZHE phase 12 7R3k St} zFes
© FES B 22 mousedl 0.7% AT SRS
0.1ml/10g8] &Fo 2 EZh FA3 oS 582735
FHE 108744 383 108 T8 208 AaE 7))
Aol dofuhi= stretchingr & £33k] 159 9|
EHE AEsisn

MAHL okE SElf AY

BT 87 899 =i 3 HPLCEA =71

AEZ2ZH 50mgs AE3] A3l wWeE 50

_rlgmri_%
© jo et ¥

mlolx 841 1mg/mie] 48 XE AL A
g o dlEeE 343tk 50, 25, 125, 10, 5, 2.5

ng/mie] B SHE ZA3AT)

HPLCe| £4 27 ofells} 7o) a1t

column : C;5(300X3.9nm) particle size ; 10 um

mobile phae : 0.01 M phosphate buffer(pH 7.4)
* acetonitrile=81:19 mixture

flow rate : 1.0 ml/min

AUFS ; 0.0005

detection : UV 258 nm

injection volume ; 20 W

chart speed : 1.5 cm/min

A2l Foiet HH xHF| U Ao MXa|

AEZ2AS 1% CMC-Sod. &Nl HEAZ] Az}
SLNAIAIZ Zt2t 5mg/ked] 52 rate] = St}
gl 255418 B3l T8It olm) ARER} rate
HFo] 180~200 g9l Aoz A7e £712 A%

23 A

YugtEl 2

©

Az 4

e
o,

7} 249

Ol
32

2

}
=

o

tlo

A 2417 HAAF Al BT
] 9 g 5 U=E 3

ool AYL 0, 5, 10, 20, 30, 45%, 1, 2, 3. 4,
erZeR o mHE raty AFCRRE
direct heart puncture¥ o2 13]8 FAP|2 ¥
it AFE 9L 100LU/miel s Held
Ao Y1 F EEo F v 5,000 rpmeliA 5%
2 AR g Ao BNE gzl W
T B2EE 3L

ShELTEX mieto|Ele) ME

Rat gFollxe] AEZZHe
partment open modelE ©]&3 Damping
Gauss-Newton® o2 AlXFei o 24 &5 A
(elimination rate constant, K,), % &% &
(absorption rate constant, K,) ¥ BT &4
(volume of distribution. V)< 22 AHE38i5it)

A48 23z FE 45 G2 o A A
€ 2313 Copu® Tows © FA0NA A A2
 AUC,.& trapezoidal ruledl 23l F313a
AUC, .. C/KEZ T3kt

A

[«

FET onecom-

AUC, ..., = AUC, ,+AUC, .. = AUC, _+ %

7)o k¥ terminal phased] Z4 F4E-2] 24
Mo eRE A& ZHY| 2 &5 g 3
n|&}led o] terminal phasedAe] ZE7] w27 (ap-
parent terminal half-life, t,)= AlXFeIHTE A
clearance(the time-averaged total body clear-
ance, CL). @32 4E5% ) AlZke] 13 ZWE &
A&PH 2 (area under the first moment of the
plasma concentration-time curve, AUMC) % #
T AFA1ZHmean residence time, MRT) % th-&
o] 2o gjsle] AlLteloiT
_ dose

CL=
AUC

AUMC= t - Gyt
0

7ol Cpe AIRE tY el ERF ARz
Folnt

MRT = AUMC
AUC
Vs =CLXMRT
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AE=zame] fa=E= pH 4.0 5.5, 6.8, 749 93
| 747t S FHTE FFH A dsie]

T34 M (Table D).

Propionic acidfF=#¢1 AEZZH S pH 4.00014
T 0.297 mg/mlE 7490ME 7523 mg/mI2 3
Aon ofe pHZF ¥ MdMe f3l=rt Fx
pH7t ol wet galert SrlEle |42 te
R efEof A 9 23kt
- FrEtiAls Y pKa

AR E22IEN S-S 88k pH
4.09] 24 Edz pH 749 QAE gEAL 4
7z oz AMEsle] AEZZde] fFulAlset
pKa #& T3k Table IIol Vel ARl
pH 4.09] &ZFdof M= F5EAF7E nSE29]
AU E22 ¥ e £ H oA 17.66% 47.592
25 3A velskern F 359 vadAe g22
Eo] n-SEHEHT} 37 EAHHAT} ole G &
15 AgNA pH 4.0014 L& S8l E B A%

]

ol

Blo] & v foze) ojalio] 2 Ao Azer)
di)2 349 pH 74 $EddlE 0.363 0,998 B
F 2 e 2 Aow 23Eg.

pKa gl doirde f44<d
o) % A9l Zhzt 4,029 4012 B) 4

nSgey 2Ea¥s
sariet,

Table 1— Solubifity of Ketoprofen in the Buffers of
Various pHs at 37+0. 5°C. (Mean=+S.D., n=5)

pH solubility (mg/m])
4.0 0.297£0.022
5.5 1.674+0.076
6.8 4.915+0.646
7.4 7.523+0.255

Table I1—Ljpid-water Partition Coefficient and pKa
Value of Ketoprofen at 37+0.5°C (Mean+S.D. n=5)

SLN2| B}

SLNe| gt Al 37| W 22

Azg SLNe Hit YA le Az PET AL
e f3kA F79) 5ol uhEbA gl

o] AgofiA] A3t 5 71A] APH & vlwal & o ul-
trasonicationB 22 AZF 9= 2 00~500 nms]
a7Ng zte er o] HURL, Microfluidizers:
ol&3le A4 100~150nmE ZFHACH po-
lydispersity index= Microfluidizerg o] &8 2%
0.1¢14 0.32 2 ultrasonication® 2 |23 SLNE
o} 2he e e Aoz EFE ] Hile] Bt F&
HE /B 22 YAt 2718 Z=t). Ketopro-
feng 1%33tn A A2 AFEE trilauring 10%
3531 Poloxamer 1885 5% 3= SLN& F

7 Aoz AZ3AE e xle] 271et X
== Table 1117 32},

SLN®] AlzoA 71 838 F8-9] ] F3iA]
o] Aele A x=Ee SLN9 27|19} ¥38 B3l 8%
314tk Table IVel VRt ulel Zro] Ketoprofens:
E25 dAEA 1%2 $3tT Tween 807 #HAIZ,
Poloxamer 188, 407 o]g3l A= 7% Po-
loxamerfe ¥3d 2 2tn FUsA A2 whdd
Tween 802 Yte] 277} HlwA A B3 g 4
—% Aoz AL}, HARE FIHAR o] 83 A

= 4 e “H—r as 5 15 *JEHE gz &
3tct. wakA o &

Table III— 7he Mean Particle Size and Distribution of
Different Preparation Methods.

mean size distribu-

preparation method (am) tion(nm) P.I.
ultrasonication 348 103~637  0.62
Microfluidization 121 99~204 0.10

* Polydispersity Index
Table IV— The Mean Particle Size and Size Distribution

of Ketoprofen Incorporated Solid Lipid Nanopart/cles
with Various Emulsifiers.

oil phase n-octanol chlorform
aqueous
phase pH 40 pH74 pH40 pH74
partition 17.66x  0.36+  47.59+  0.99%
coefficient 2.98 0.10 3.82 0.06
pKa 4.02+0.06 4.01+0.03

J. Kor, Pharm, Sci., Vol. 26, No. 4(1996)

mean size distribution

emulsifier (am) (am) P.L
Poloxamer 188 188.3 58~ 362 0.10
Poloxamer 407 192.5 96~ 423 0.21
lecithin 650.8 361~2350 0.83
Tween 80 365.5 206~ 720 0.45

* P.1. : Polydispersity Index
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Table V—Mean Particle Size and Size Distribution of
Ketoprofen Incorporated Solid Lipid Nanoparticles with
Various Contents of Poloxarmer 188.

A Jese 29 Az 2 @t 251

Table VII— Sedimentation Volume Ratio of Solid Lipid
Nanoparticles after 60 days at Room Temperature

SLN(ipid * drug) sedimentation volume

emulsifier mean size distribution P ratio(Hy/Hy)
content(%) (nm) (nm) o
315 0.061
3 158.6 79~316 0.19 5:1(S) 0.090
7 141.9 113~201 0.13 7:1(8) 0.083
10 124.6 110~196 0.22 10:1(S) 0.106
15 99.6 29~-212 0.23 15:1(S) 0.206
31V 1
Table VI— Twrbidity of Ketoprofen-incorporated Solid 5:1(M) 1
Lipid Nenoparticles at 25°C. (Mean+S.D. n=b) 7:1(M) 1
lipid content(%) turbidity(%-T) 10:1(M) 1
15:1(M) 1
3 75.32 - -
7 71.99 *(8) : ultrasonicated SLN, **(M) : microfluidized SLN
10 69 14 3:1, 5:1, 7:1. 10:1, 15:1 : the ratio of lipid to drug
15 61.37

%38t Y=t 715 2 Poloxamerfg ARE-3le] A
Z3HEd USP 23718l F=Al=le{90= Poloxam-
er 188(Phuronic F-68)"4& AH&-81%ith.

Ketoprofene] &k 1% % 3138k Poloxamer
1889 =B da)dle] )| 23118 4% Table VoA
o} Zo] f3iAe FE7) ol ue At A=
Holrl= 7S BYom BAF JH® Hgsiith
Siekmann'?e] delldel o] 9z =71E 100
nmAEY] FEC 2 Ve

x|& szl e g U AN

EB%E 540nme 7R GoA ] W BHE
o] &-3le] Az SLNo| B4t el wlelsle shtel
A2 o] &3l cHTable V).

grE Ade gigo] F71HA wokded ole

19] SLN AlAe| A X2 e] Fmr} oA HA

= 7hAash7] difolnt,

27842 Matthews” 59 #bo] wat 246}
e}

dovl Az A5} ARBe Bl SHsk 60
o\%e] W7ge) AdgolE SR WAL 7

3l ©o]F 7Nz SLNY Hdem AT
(Table VII).

A74H & B3lod F AES Vs B gollA <l
Z}e} 27194 BFNAH Microfluidizers ol£3l] A=
T A9 v Psle] 60 ol Folle A7Ee) A
A7) 33k, ultrasonication methodt} cool stir-
ring method®& )23 AL W7F-820] T "}E}"L
t}, o] MicrofluidizerS o] -§3H= "ol Hr} £

Table VIII— Entrapment Efficientcy of Ketoprofen In-
corporated Solid Lipid Nanoparticles

lipid content(%) entrapment efficientcy

3 97.30
7 95.07
10 96.84
15 98.31
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Figure 2— Dissolution profile of ketoprofen-in-
corporated SLNs prepared using ultrasonication.
(ratio of lipid to drug : -0~:20:1, ~e-:15:1, -v-:
10:1, -w-:5:1, -o-: 3:1)
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Figure 3 —Dissolution profile of ketoprofen-in-
corporated SLNs prepared using microfluidizer.
(lipid contents : -0~ 3%, -®-: 7%, -V-:10%, -¥-
: 15%. -0-: suspension, —®- : solution)
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Table IX— Zetapotential Analysis Data of Solid Lipid Nanoparticles with Various Concentration of Poloxamer 188 at

conc. of mobility shifted power conductance zeta potential
poloxamer (%) (um/s/V/cm) spectrum(Hz) (us) (mV)
3 -1.04 -9.58 55.2 -13.3
5 -1.07 -12.9 32.4 -13.7
7 -0.72 -6.63 44.3 -9.21
10 -0.7 -7.66 35.6 -8.96
20 -0.91 -9.56 37.17 -11.6
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©) — Figure 5—The change of mean particel size of
empe e ketoprofen-entrapped solid lipid nanoparticles
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Figure 4 —Zeta-potential analysis diagram of solid
lipid nanoparticles with various emulsifier content.
Key: A) 3%, B):5%. C) 7%, D) : 10%, E) : 20%
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Figare 6 —The change of turbidity of solid lipid
nanoparticles with different concentration of
lipid at room temperature :
Key:-0-:3%, -®-:7%, -V-:10%, -¥-:15%
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Table X— Analgesic Effect of Ketoprofen Suspension
and Solid Lipid Nanoparticles

tvoe drug conc. Inhibition %

P lipid : drug  phase I Phase II
suspension 1% 51.33+£7.23 43.50+6.89
solid lipid 5:1 34.77+ 6.84 43.50+8.30

nanoparticles 10:1 39.16+ 8.85 49.71+5.67

20:1 30.47+12.36 42.13+3.73
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Figure 7—Plasma concentration-time profiles of
ketoprofen suspension and ketoprofen-incorporated
solid lipid. nanoparticles after intramuscular in-
jection to rat(mean+S.D.)

Key : —O-: suspension, -®-:SLN(5:1), -V-:S8LN
(10:1), -w-: SLN(20:1)

Table XI— Pharmacokinetic Parameters of Ketoprofen Incorporated Solid Lipid Nanoparticles and Suspensfon after In-
tramuscular Injection with 5 mg/kg as Ketoprofen to Rats(Mean+5.0. n=5)

t1 /2 AUCHhr AUCO-—roo MAT

(min) (ug - min/ml) (ug - min/m]) (min)
suspension 79.95+4.22 659.40+45.94 840.79+54.19 120.54+ 6.10
SLN(5:1) 81.60+5.54 375.46+72.62 818.89+68.07 117.75% 8.0
SLN(106:1) 80.51+£8.72 282.91+22.19 829.93+44.93 116.18+12.57
SLN(20:1) 74.43+4.98 289.12+46.17 825.89+47.7 114.22+7.19
suspension 5.89+0.58 31.00%+ 8.94 1.12+ 0.10 134.94+ 6.50
SLN(5:1) 2.82+0.47 33.25+19.69 2.84+ 0.55 335.54+75.93
SLN(10:1) 3.48+0.39 35.20+£13.69 3.506 + 0.41 407.86+66.16
SLN(20:1) 2.24+0.60 37.23+16.81 4.53+ 0.29 518.22+57.13
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