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T v g AIUHES R EIE A RIS DY
PR FE2 HME LT, e 2 &I
Ao Te 2, TFETERERAO—ETH 2
HOAR ~ 4 7 vz~ vy 2 8% (SMEDDS
A : Self-microemulsifying drug delivery
system) »3 K fFE & LT %, SMEDDSH#]
tXoil, surfactant. co-surfactant THEIK & 15
WA THY, KEOFEMIZLYHDIILL.
<4 27wz sy (Microemulsion, ME) #
BT 2" Y s MEGZ—Lz~ryarok
I KRl D 2B DAL Z L —T5, oilA’
EAE100nmEL T OB I vk L TR
LB P SRR ERTH D T/ A
AR & B HGEHOKIMHDOIERIZ X O . AR
DRI KRS s, 2D X ) LR
O BEA PR O WRIPEDEE (2 50 T SMEDDS #
HOFHMEAREN TV S, T 1o, FTAETIXHEA
IR D SMEDDS 85 23 A 3 173 D 75 % W
gz Hi e LT s Tea o BRIy
I D SMEDDS A Tl -Sv 7 QKA L
TR RIS SR BE DL F S FE L T ds
D\ ZEIEHNC & 2 W BRI T S,

IV a UL DRRIBGTOWIUL, —#
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FEXZFRFREFHRR HEH £t
2V = REIROS ARG OAETERE S & -

TELT 5. L2 L. ARG OWIUE % i Kb
THICHDDOIT 2Ny g VREHEHHIRICHETL. S N
TH LT, BEPFBIIMEA T 714 &7 —DIRR
Thb, TN~ g Pk, R
G O5TARIE DV T IR 2 7. S
TORVICHTDH S, Flx X, K (O/W) Al
DI a y2ENIET S L ARSI KA
T O ST 2 2 BN A Ty BN PR
X YERES NI e vl 5ELT 5. ARl
TERT D BRI 35\ TH RIS IR EE 2 I B VAR
JEET S L AR HS TIREET v 2 D
KRS 2 2 L AT & JIRA L ARSI
AR R T 2 L HES T s,
OGS H—HH 58 (LLPS) EIENn 2 Yo A
BB AR D ) —o3— L L THERE
T2 2NV 7 QKPR L TR
IR RS THEFES L a 10, BERRITERIC
X 2 WUk I LLPS (2 X VB & s ¥, =
~ vy g YHIT S FRRCERITIREE D H 5 —5E
OWFELL 7 2 L 25w 2 DKM & HRS S
LLPS#HE T EE L ONED, ol Erz~v
¥ a Il AARBSTOLLPSHA IS » Tk
TAREDS TN TR0,
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HE L LT BRI (NMR) K O A
ERIE ARG (cryo-TEM) ZAlAGDE 12,
T g YHROBENTIT DI - ERIKED E
ARl 2 HIO b L 7CHG 2175 720

2. ik

Oilt U THBiAMED # 7 % Labrafil® M 1944

CS (M1944, Hydrophilic-Lipophilic Balance
(HLB) =9.0) J& FLabrafacTM PG (PG,
HLB=1.0) % f\>72, Surfactant £ L TNIKKOL
HCO-40 (HCO40, HLB=12.5) &% Uco-
surfactant & LT Transcutol® P# Z L ZHH T2,
Oil, surfactant, co-surfactant # & L, 40T (2
THRAT S 2 LX) SMEDDSHEA 215370,
L 7:SMEDDSH#AN 6 L THKBLEE T VvE

WX1 Composition of samples(unit: g). FFB dose in FFB-loaded samples

represents in parentheses.

SMEDDS components
Sample PBS
Transc
M1944 PG HCO40 FFB
utol® P
Blank solution 1 (0.1) 100
Micellar solution 0.2 1 (0.1) 100
M1944 ME
) 0.01 0.2 1 0.1 100
(0il 0.01)
M1944 ME
) 0.02 0.2 1 0.1 100
(0il 0.02)
M1944 ME
M1944 ME . 0.03 0.2 1 0.1 100
(0il 0.03)
M1944 ME
) 0.05 0.2 1 0.1 100
(0il 0.05)
M1944 ME
] 0.1 0.2 1 0.1 100
(0il 0.1)
PG ME
) 0.01 0.2 1 0.1 100
(0il 0.01)
PG ME
) 0.02 0.2 1 0.1 100
(0il 0.02)
PG ME
PG ME . 0.03 0.2 1 0.1 100
(0il 0.03)
PG ME
) 0.05 0.2 1 0.1 100
(0il 0.05)
PG ME
] 0.1 0.2 1 0.1 100
(0il 0.1)
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s £ L T Fenofibrate (FFB) # M %, 8482
B S ¥ 5 2 L TFFBE ASMEDDS#5#) % 4
L 72 FFBA# ASMEDDSH #I J2 ("NFFBEf A
SMEDDSH# A #PBSIZ /&8¢ 5 2 L2k Y
MEZFBL 7o FMEROMBEIZ XY, ol &%
7LWHCO40 X £ vl Je Doil, surfactant &
$ 70 wblankiAiE b AL 72, BB L 7K HEO
M2 R 1RT,

2.2.Cryo-TEMEIE
JEM-2100F% Jij \> T, il 3% % JE 120kV T
cryo-TEMMlIE #2175 726

2.3. /8% 'H NMRiBIE

JNM-ECZ600 (14.1 T) % fJ\> T 'H NMRifll
%€ %17 572o DANTE presaturation (= & % JK{H
L&, 37CIcH VT HNMRARY pv
gLt

M1944 ME (oil 0.01)

100 nm

M1944 ME (oil 0.05)

100 nm

M1944 ME (oil 0.02)

3. /R

3.1. Cryo-TEMIZC & % FFB$t A ME O fZEE ST

M1944 ME (0il 0.01) }% 1*M1944 ME (oil
0.02) T, HEEEHK20nmOWHE 3 £ v HIR O
W2 THEAE150nmARE DK & 72 ki1 »3BlgE
SN (K1), FFBIEMIHIOEMA RS Tz, 12,
FFB# AM1944 ME (0il 0.03) T (% 20nm#2/E
DI 2 L2l 2 T 100nm AR O FEBi# A
WiHLZEzohalTFrBlgsnt, —hH
M1944 ME (oil 0.05) K% *M1944 ME (oil 0.1)
T, EE20nmALEDE I £ v D ADEIZ S
N1z, 2o ORHE 5, M1944 ME (oil 0.05)
J2 *M1944 ME (oil 0.1) H1CI34EAAFEB§ X
THWEH L wovdic i b s . FFBIRAH A
WMENLE»o1EERLI, Thbb, INHD
W 350 % [ O FFBIESYE VAR IE X FFB
HA A (1000pg/mL) PLETdh 2 2 & A5RIE
3Ntz

M1944 ME (oil 0.03)

HE1 Cryo-TEM images of FFB-loaded M1944 ME. The arrows indicate FFB-rich

phases.
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PG ME (oil 0.01)

PG ME (oil 0.02)

PG ME (oil 0.03)

B[X2 Cryo-TEM images of FFB-loaded PG ME. The arrows indicate FFB-rich phases.

FFB#f APG ME!Z 2\ T cryo-TEMilllSE #47 -
FORER, A 10~20nmFEEEDIZHE I £ visin z
T AR 50~100nmfE £ DKL F- »3 Bl 4% & 1
(2) « FFBi#iAIHGHE O AR & fu7e N
% T, PGItJEH i b ¥ VPG ME (0il 0.1) @
cryo-TEMI {§ 12 35 U~ T & FEBiAiA 12 Hi sk
TAHGEDED SNIZ Lo, SHFHEL T
~NTOPG MEIZ& 0T, Wi» ) OFFBIEAE
fifE 1 FFBALIA A (1000ug/mL) ML FTH 5
T EAVRE S fe, HAZ, PGEEOBNI LG
FEBISMAIER DY A XVNE L L5122 b,
PGDIAE A FFBIAMAHMEIN 4 A 1B e )
TIERED LN

3.2. 'H NMREIZE 1< & 3 9 FIRRESHT

X3 (213 FFB# AM1944 ME® '"H NMR % X
7 P VIZE A FFBOERE 7 v b 5 O%K
M %RTo MI944#EEH30.03% LA F OFFBE A
M1944 MEONMRA X2 b vz T, K
A U 72 FFB L O FEB A R 3 5 ¥ —

22N ZFNFED SN, FFBAM1944 MEH (2
3\ CFFBIMH 2R L 70 2 EAVRE re,
TeorBE & Y 16 NI KO FFBOD ¥ — 27 D ifiif
filfi > & ZKAH S O'FFBAH A A5 $ 2 FFB&E %

Raw spectra
————— Agqueous phase

----- FFB-rich phase
M1944 ME (oil 0.1)
M1944 ME (oil Q_O_JU\

M1944 ME (o0il 0.03)

M1944 ME (oil 0.02) JL N
MI1944 ME (0il 0.01) /' \_ N N
Micellar solution ™\ A \_
Blank solution J k L_

78 76 74 T2 7.0 6.8 6.6 6.4

'H chemical shift {ppm)

B3 'H NMR spectra of aromatic region of
FFB in FFB-loaded M1944 ME.
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(a) 1200
1000 § O -
2 /
5] /
2 800 $
g
E 600 ,,i
g ,
g w00 N --@-- Aqueous phase
é \i\ --k--FFB-rich phase
= 200 A

0.00 0.02 0.04 0.06 0.08 0.10
M1944 concentration (%)

(b) 1200 ~
1000 4 PS

800 4 7
600 - 4

400 - -

B 4 - @ - Aqueous phase

M1944 concentration (pg/mL)

200 A P
0@

0.00 0.02 0.04 0.06 0.08 0.10
M1944 concentration (%)

B[4 (a)Dissolved FFB in aqueous phase and
phase-separated FFB concentrations
calculated by the FFB peak area.
(b)M1944 concentration in aqueous
phase.

S L7 (M4a) o M1944 & 5O ECAKAH
T OFFBILEE AN L . FEBiEAw AR WA L7,
ZO#HA G, FFBIRHMIAIAATE T2 450 5 MEH
OFFBIEEE. 7 b b B OIS EEME X
M1944 DIEHNIEL L TEINT 2 2 L ARSI
%720 MI1944iE1%530.05% UL OM1944 ME C
VAR FFBIRIE 2 H A A FEBIREE & FMBROfl & 72
H, TXTOFFBAWMEHUZHEMR L ICIREETH 5
DRI NI,
FEBifmtir ok 2 FFBY—2 D7 I v
27 MEIMI44BRE L KFE T —ETh o1
(3), B2, NMRARZ P ViZH L THED L
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NIcM1944 ¥ — 27 OTHFHE? 6 H 1 L 2 FFBH
AM1944 MEDKHZIFAET 5 M1944 & 134154
AMI944E L —H L THH, BIETRTO
MI1944 7 KA IAETET 5 2 L R S ML iC
(144b) o VLEDO#ERD S, M1944 DML FFB
BEAEAHR DO FFBO ST BB 2 RTS8 50 2
EARENTI,

X5 (ZFFB& A PG ME®D 'H NMR A X2 b v
23 A FFBOYRE 7 1 b VGO 2 7R
To PGIEEH0.05%LL T DPG ME(Z ¥\ T3,
WRFEBIZHISKT 5 ¥ — 2 K OFFFBSAiAH (- Hisk
Tirv—Ih el onic, —J). PGH
EORNNCPEC, FFBIMH IR T 2 v —2 %
w7 b L. PG ME (0il 0.1) ® A2 p v
23V TR A DFEB ¥ — 2 OWTHEN T 2 72
o1 L L. cryo-TEM% HWCIRIT L D,
FFB&4 PG ME (0il 0.1) H1iZ 354> T & FFBi&i
MOBFELRENTVS Z L2 L, PG ME (oil
0.1) ONMR AR } v Tk FFB#S A < Hisk
THUE—7 KM LICFFBY — 2 LG 5

Raw spectra

----- Aqueous phase
----- FEB-rich phase
PG ME (0il 0.1 /\

PG ME (0il 0.05)_J 3

M
AN

rame o0z /MW AN

PG ME (0il 0.02) J\f'\;""‘u\f"- N

PG ME (oil 001/ \ ﬁ‘l\_ A Dt
Micellar solution _j\_J\./L A A A
memen NN A

7.8 7.6 7.4 7.2 7.0 6.8 6.6 6.4

1 chemical shifi (ppm)

BE5 'H NMR spectra of aromatic region of
FFB in FFB-loaded PG ME.



T3 EEELI M6eal 3 IEs s X Y50
nrcv— 2 ok & O FHl L 72 KH % O FEBiE
A O FFB & 27890 KAH ) O FEB A H O
FFBRIIPGILAARZZ LI T I LA E—
ETH-1 ZORED G, FEBIRMHFAE T2
B KA DOFFBIREE, T74b b iy O,
BRI IZ PGIEEE 2 b b TIXIE—ETH 5
I EAURIRE NI,

etz b aB_72 & 9\ FFBUEHiAH - ik 3 % FFB
Y— 2 XPGEOWINEC KRS KRS > 7 b
L7c (K5) 0 % 7c. NMRISER F DN > 5
—RDOPGH FFBIEAAIZ B L TV 5% 2 & AR
ENTHY., PGORAEI L Y FFBRMHHD 5T
BN L I 2 EAURE NI, NMRARY b
W EDOPG Y — 2 OTHEED b KAH K O FFB kA
M OPGRZHEM L 7cHEE (IX6b) . KM KX
FFBEMiH S AFAE T 2 PGRIZ LI PGER DM
IR THINL 7o FRBAHAN = &% (S FEBEA
Hif 2 4B L 72 PGS & FFBiE# I O FFB 2
x4 2 PGOEmIL 25 L 72Hi AR (M6c) . PG
A A BRI AL, FEB#gMEHI P O PG
BN % 2 L AURE NI, fE- T PGAHEAA
OB PE S FEBiAiAl~ O PGt & D Hi N
2& Y FEBIRMIAH O 77 BRI L ) K& S b L,
FFBi#AiAH T OFFB ¥ — 2 75 & Y KM~ o
ZhMLIcEERLI,

4L EBR

X 7 12X B MEHC 360 5 FEBABRIRAE D i
X %773, M1944 MEH T M1944 D3N
CRECEAL S A FEBEMSHEML, A2 00
FEBIESVRLTEIRIE DS AL 72o — . NMRillE
KR & . FEBUEMH O T-BBEE M 1944 D 3k
X VL e 2 EAVRE NI, ULEORE
5, M1944 MEH D 23w 7 DR Ot KFFB
IR BE (X FEBA K O JE i B % B2 (~4.5ug/mL)

(a) 1200 -

1000 -
--@-- Aqueous phase

--k--FFB-rich phase

%
=3
S

FFB concentration (pg/mL)
(=)
(=3
(=1

0.00 0.01 0.02 0.03 0.04 0.05

PG concentration (%)
(b) 600 -
500 1 --e-- Aqueous phase

~-%=--FFB-rich phase

PG concentration (pg/mL)

______ TS
200 o - X
100 /,—_%—f

03 . . . ,
0.00 0.01 0.02 0.03 0.04 0.05
PG concentration (%)
(C) 0.35 4
2030 ,/9
= -
o e
S 025 - gl
B s
& 0.20 >
R=i /’
=}
',E 0.15 /‘
= l’
$$0.10 L7
o
= ,/‘
©0.05 7
.
'/
0.00 @ T T T T ]
0.00 0.01 0.02 0.03 0.04 0.05

PG concentration (%)

B[ 6 (a)Dissolved FFB in aqueous phase and
phase-separated FFB concentrations
calculated by the FFB peak area.

(b)PG concentration in aqueous phase.
(c)Weight ratio of PG to FFB in FFB-rich
phase(n=3, mean+S.D.).

T—& L7 Y, FFBIRMiHDI 23D 6 i
M1944 R EEHPH T3 1 2 v b s iz
G EIRA RN IRIE (=5 OIS B TR
BE) B LA LI EERLI, —. M1944iEE
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s FFB molecule ) FFB-rich phase ® Surfactant ¢ Oil
@ Blank Micellar M1944 ME
4 solution  solution
F======-- b Sttt it At et~ ettty Skt
L 4
5 @ 0 0.
 foo —
E FFB-rich 0 0 - . Micelle/
§ phase K * a Emulsion droplet
s TR
m ‘),/ o
. - - I,
Bulk water *Y * e * Y * Y ® Y A
phase e e e e @ | Bulk water phase
e e e e e R
M1944 concentration
(b) Blank Micellar PGME
4 solution  solution
_________ ettt
5 @ O
2 Q @ 0 FFB-rich phase
5]
£ | FFB-rich 0 Q (3 (3°)
=
8 phase 0 ; --- --- e ——— k-
% R
IS . g K * Micelle/
E _________ 1 S . * * }* Emulsion droplet
Bulk water, @ * e TTth— %
phase S * e * e ® ' * @ |Bulk \;vater phase

PG concentration

M7 Schematic illustration of FFB dissolved state in(a)M1944 ME and (b) PG ME.

0.05% LL_F.0O ME#UF} © (X FFBi A 2K & 1
TH o T KRB TH O ICFFBAL A & it
(1000ug/mL) BMEH 2 351) 2 h 1 OIESE
EREEICEREL TURv 2 EAYRE RIS

—7Ji. PGMETWRPGEHERIZ»»D LT, K
FCVA# L 7CFFBRAIE E A EBLE . TC
DRI F W TEFFBRMAHIE L 2B 6 i,
M1944 ME & [t#% L TPG MEXFFBO W bl
HADEHO Z EATRENT VS —F, I vt
Wi L TPG ME (o0il 0.1) H1iZ 354> T FFBIAMRE
DYRHELTOL I EIRINTEY, ALY
PG & Y FEBWVALIERIZ5ES 2o TV b
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WA L HEsnTes Y7, PGMET
WX PGE=OBMN AL FEBRAAHH /AL L 72
PGHRDEI L. 5w 27 ORI AT RE 7 ek
FEBIREEH SR L e L % 1 b rc, PGIRFEEAKAT
MY v 7 DIKHIC R U TCBFBIREE DMK L 7C
FERL BB I tovic X 2 W UER A PGIRIEAK



FRCEmLIZIZd b o3, Wi OFFBIE
EARIE S PG MEHFIZ BT —EIZk o1t
EELL TS,

5. #4&

NMR % TSR 2 & O MEFR W % oil 23
ARG O BEIFIEIRE BN R & B2 3T
ZEWIRENTI, M1944 DRI FFBD S v 2
DK H1) 2 WEIFERINT S ¥ 2 Y A Z 13/
Shrotc—T MIYM4IREV R VYA, M1944
D FFBUELREIIIZ & - Ty 2Sv 7 DK
3517 2 FFBBFE KT 35 2 L AVRE NI,
—7. PGO#MNIX PG FFBiAifi A H~ D 43Kt
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LR R JUF Ly o FIRRERRA - R0 < e e —
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LEOCTHEETHL EEZ LN, AIIGEL D,
Ty a YHROEREGT O 5 HARRE D = IRT
filitz %513 2 NMROA AR S 72,

e

KW EZETTHI2HICY, SHEMZHY 2 L
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Title : Development of quantitative evaluation methodology
of cosmetic ingredients in emulsions by combined use
of NMR and Cryo-TEM

Author : Keisuke UEDA
Graduate School of Pharmaceutical Sciences, Chiba
University

Abstract : This study aimed to investigate the effect of differ-
ent types of oil used in emulsions on the supersaturated disso-
lution behavior and liquid-liquid phase separation (LLPS) of
active ingredients. Labrafil® M 1944 CS (M1944, hydrophil-
ic-lipophilic balance (HLB): 9.0) and LabrafacTM PG (PG,
HLB: 1.0) were used as oils with different hydrophobicity.
Fenofibrate (FFB) was used as a model active ingredient that is
poorly water-soluble. Cryo-TEM observations showed emul-
sion droplets less than 20 nm in diameter and FFB-rich drop-
lets ranging from several tens nm to over 100 nm in diameter
in each emulsion. 'H NMR analysis indicated that M1944 had
minimal impact on the molecular environment of the FFB-
rich phase. In contrast, the distribution of PG into the FFB-
rich phase in the PG emulsion changed the molecular envi-
ronment of the FFB-rich phase. This change reduced the
chemical potential of the FFB-rich phase and, consequently,
the FFB concentration dissolved in the bulk water. The present
study clarified that LLPS of FFB occurs even in emulsions,
forming the FFB-rich phase. The LLPS behavior of FFB varied
depending on the type of oil used in the emulsion. Highly hy-
drophobic PG was liable to partition into the hydrophobic ac-
tive ingredient-rich phase and reduce the concentration of the
active ingredient dissolved in the bulk water. To improve the
absorption of active ingredients in supersaturation-forming
emulsion formulations, it is important to consider the effect of
emulsion components on the LLPS of the active ingredient.

MKABXIE, (BN I—E—aZA AP —FRHE DN
BELLTREINLDLOTHY, BRXBHRICHT-VEFEO
THREERTBYEY, £7- UAHPTHEERRALTVLEY,
https://www.kose-cosmetology.or.jp/
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