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Fig. 1. Structure of the skin



Glycyrrhetinic acid

molecular weight*

molecular formula*

log P *
melting point

470.68
C30H4604
6.4
ca, 300 °C

* NCBI PubChem Compound
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. COOH
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H H NH," H*
oH H 4
HO H
H O
KOOC
H 0]
bHH H \l
Hd\———+//h
H OH | |
molecular weight* 899.11 molecular weight* 839.96
molecular formula® C4oHgoK2016 molecular formula* C42HgsNO1
log P * - log P * -
melting point - melting point -

* NCBI PubChem Compound

* NCBI PubChem Compound

Fig. 2. Chemical structures and physicochemical properties of glycyrrhetinic

acid and its derivatives '%.



molecular weight* 723.16

molecular formula* C4sHg204
log P * 15.6
melting point ca,75°C

* NCBI PubChem Compound

Fig. 3. Chemical structure and physicochemical properties of stearyl

glycyrrhetinate (SG) '?.



W

A






18T WHBTUFALFUBRRATTILD
BREBITICKIETEER DT

TVFNLF B AT T IV (SG) 1L, 571 & 723 T Log P 15.6 DHEYTHY |
W, = — VXG50, KIZITIFEAEEMR L2, SG X & 57 T &
DEMREMETHLT-O ., KB IZBITLICKWY L FZHEE 228 F 261
%, F17.SG DREBITICOWTIZZINETHRE 20,

B2 i R AN D O O R FERAT ORI A T2 FEBR R LL T
infinite & & finite R DR ST1EDH 5, Infinite RITHER &R OFEEBRTTIE
THH FT—NCZ EL LUTIB R OFEM 2R 522 THF T EYIRE %
I BIZToLebic, RENTMCHLIL BT X —FET 7504 (LT H
— DI P FE DI TEDIEE /N ESNELTZRM) ERELIZER R TH D,
Z O infinite 5% TI&, Bam 1IN F— R 7 2 — MO JE A RN E DB
Weh | EFIRETOEYORFHERZRETLHZET, YD ~D5
Bl - LB ST A—F % Fick DILBAEZ AW TH I T52L08TED,

— 75 finite RIFARHABRTHY, D BELZ LG ITBAMATHRDH, K —
FHOPRENRIEICEAL TS, TOD, infinite RERRY K —FH R E
M TE LR LA DS T 7N T2wh | B R B 38 28T A— S DO K ORI
T TAR LRI BRE L B DI T VIS RDMITIERER DB TVD
OO EETHH Y, Lol finite R IXFE B O fz & i 554 0 % A
RMECHSTMRITIE THY, ZOTH I H TiE, 2O finite 55 TOMEHT 732 <R
HOHNTETCWS 21 EEOEY OB FMEICB I ¥ B EMHTHL



X OB RIZT TRIZ M EFAL T 5 ETHERETHY ., Organization
for Economic Co-operation and Development (OECD) Guidelines for the
Testing of chemicals, Test No. 428 (Skin Absorption: in vitro Method) (Z&W
Th. YOG RITLIORFELF S 25I0CE KL 1~5 mg/em®, RIK
(35 # 10 pL/em® £TL, finite & TORK G RmABIESITND 2,

T T H 1 E T SG DIEARMLBE ~DOW B L CBATICOWTH L)
\Z9°% H #J T infinite & & O finite RIZF1F25 SG DI K NEZ & ~DEATIT
LT 21T o7, RIT.SG DRFEBATICMIE S MM EF O B2 6
IPMZTHHERBIT finite SR TOMMEIEAN O SG B BATICH 4 o2 B L BN

FITOWTHRFT LT,

#1181  Infinite 2B L finite RICBITAHAFINLD T YF )L
VFUVBBATTIN DR EBAT

SG OMMERER NGO EBATICEL T, K7 SG O JEBAT Rk 24
18 79% H 89 T infinite R B L finite £ TD SG DEJFEATIZOWTHREZ1T
o7, SG DEEBATIX, FEAIEL TR E T 742 (LP-C) , AL ANT La—
JL(B-OLA) Z W THiAI L7z, B-OLA [ZEH DM E~DNEZH KSED
8 B AR HE N R AN BN TWDHMAI ThH D,  Infinite SRIFMER R THLHT-

FEHEM 72 D G BAT R E RN DD E VIR R H 53, SG ZFL A LT
AN DOEEOME A FMITD BEEZEMTHRTHD, £I T, RICEEEDOHEH
G WA R R THD finite 52 T SGC DR EBITICOWTHRFILZ, EBHIZ
infinite 5% & finite R CORE KA T HZE T, WMPEEFNED SG DL ER
ITHREEIZ DWW TR BT 21T o7,



BB Infinite R IZBITDMFINLD SG DR EHAT

SG @ infinite 52 CO K JEBEATIZ DOV T, B-OLA ITH#R R IR HE A &L THEIS
NTNWD | A=)V N-AF)L-2-Er R (NMP) | =&/ — /L2 SHIZIINL
725 2D 3OS TRETEAT 572 (Table 1), I-A2 h— L1344 J& # i [ g
BAAER L, A8 COIH D8 KIZ L08R IR /E 2R 2R F b AL
TWo, F7Z NMP I ZEY OEEIENE D K7 T F 2 ~DOAE HIZ K% B
EMERZRTIENMBNTWS, Fig. 4 Ik RE27T, SG DEEBITIX
B § % g - A EBR VR B DKL BELRE T ~D BT B x
WESTDEEBIZ, LT —~OFZmEEAZHE L, 24 FFHOFHEFERIZE
WT, L BT Z =613 SG I3 sz o7z, SGidma &2 m log P
DILEW THLN, — RN ETHRESNTWDLERME (O F& 500 LR T
log P78 1~3 FEE RN ENLT VD) s TRy, g% ELICWES
MTHDHZENRALINEIRoTz, 24 K[ SG J# A% D SG DR E ~DBAT &I,
% B A 3 DG N DAL AN T a— LR ELTH W B-OLA AL
07 L% B AR E DA D3RR B N T T 1 & AT LP-C 5 TIT A E 72
MRSz, ZOZEXY. Infinite 52 TD SG D & ~DBATITHR L TIE, Al
DOFEFICLD ATV ERS T,

FLANT Na—=VDHDUTFTdDH B-OLA LA L ANT La— LIZELITH
B IARER THD NMP, A=V KR Z )= L EZRMLIZR THD
B-OLA(2)TlE, B-OLA LR L THRE~ORBITREIZIZIER U TH 7,
B-OLAQ)D i BAEZFRWe K KZ TOREDNK 4 FHEML T\, ZoZk
FU . NMP <0 [- A b= b & 7o BRI AR 8 7 2 i ] 45 28T SG DL
BATHRBEZI LT LI TERWD KE DL ~OBITEH G2 NS



FHILENTEDLAREMEA R STz, LAl TAUIEAR B W AR 3 %h 5 A3 4
HNTWRWREI T 74 THRBEO/B R THY, SLICEE L FTOBITE
ICENRNZELY, SG DR FEBATIZ )3 288 B W IR HE Al o 25 B 1L BR & 1)
ThHhoHIENHERIND,

Fio, TRTOMS T SG D EBAT B1E 24 We [ A 2B W TH 5 &It
LCRE~DEATEIX 0.01%LL FThote, ZDOIEEY SG ITKEEITHATL
IZSWZEDRA LI LTz, SG OMIPEEEHIN O infinite & TO K FHEATIC
BIL TH AT 24T o 72 . SG 1T 24 B[R] 03 FHIZ B W T B 7 X — 013
IS, REZE R LRI EN RSN,



Table 1. Formulation of SG vehicle.

Ingredient LP-C B-OLA B-OLA(2)
SG 2 2 2
LP-C 98
B-OLA 98 39
NMP 15
I -menthol 4

ethanol 40




@ Total amount (TA)
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LP-C B-OLA B-OLA(2)

Fig. 4. Amount of SG in each skin section (stratum corneum, epidermis,
dermis) after 24-h treatment under infinite dose condition.

Each column represents the mean £S.D. of at least 3 experiments.
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Amount penetrated (ng/cm?)
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Fig. 5. Amount of SG in each skin section (stratum corneum, epidermis,
dermis) after 24-h treatment under finite dose condition.

Each column represents the mean £S.D. of at least 3 experiments.
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(a) (b)
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20 20
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Fig. 6. Amount of SG in each skin section (stratum corneum, epidermis,
dermis) after 24-h treatment of (a) LP-C and (b) B-OLA, under infinite and
finite dose condition. Each column represents the mean +S.D. of at least 3

experiments.
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Table 2.

Classification of the various oils.

Qil Abbreviation Category
Oleic acid A-OA M
fatty acid

Isostearic acid A-ISA

-

~
Oleyl alcohol B-OLA

higher(fatty) alcohol

Octyldodecanol B-OCD

-
Isononyl isononanoate E-INN A
Isotridecyl isononanoate E-IDN

ester oil

Cetyl ethylhexanoate E-CEH
Neopentyl glycol dicaprate E-NGD )

\
Triethylhexanoin G-THN

triglyceride

Caprylic/capric triglyceride G-CTG

~
Liquid paraffin LP-C j hydrocarbon oil
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Amount penetrated (ug/cm?)
)

A-OA  A-ISA B-OLA B-OCD E-INN E-IDN E-CEH E-NGD G-THN G-CTG LP-C

Fig 7. Amount of SG in the skin after a 24 h application using various oils.

Each column represents the mean =£S.D. of at least 3 experiments.
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Table 3. Physicochemical properties of used oils.

Surface

il Oilabbr.  Mw ™ I0B(a°) ? (m\g:csﬁgc tension ?v(v;tiz ;uzbs“jg
(mN/m)
Oleic acid A-OA 282 0.42 17.7 31.6 4.63
Isostearic acid A-SA 284 0.43 37.9 30.3 5.57
Oleyl alcohol B-OLA 268 0.28 17.8 304 4.44
Octyldodecanol B-OCD 298 0.26 27.7 28.1 3.39
Isononyl isononanoate E-INN 284 0.20 41 248 1.79
Isotridecyl isononanoate E-IDN 340 0.14 74 27.2 1.89
Cetyl ethylhexanoate E-CEH 368 0.13 7.8 29.1 1.38
Neopentyl glycol dicaprate E-NGD 412 0.25 11.5 291 214
Triethylhexanoin G-THN 470 0.35 20.3 28.2 1.68
Caprylic/capric triglyceride G-CTG 408 0.33 16.9 28.4 1.53
Liquid paraffin LP-C 330 0 13.0 29.1 0.41

*1) NCBI PubChem Compound

*2) Calculated value
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Fig. 8. Relationship between the skin penetration amount of SG and
physicochemical properties of oils.
(a) molecular weight, (b) IOB value, (c¢) viscosity, (d) surface tension and (e)

solubility of SG.



%318 HWHOHBLZEHMEEL SGC DR EBITEOMEE

mAOHEALFEEE SG DRIEBITOREMKITEN T WAL 519 H
BORRLMAINGOR R THY, AEZRMEIBOLNIZS FREIZEBNTY

JFFLTFRETH 2MHED SGREBITREDENDTZ, TITIHDTI77
H—T2FI2E BT 20 TIE7R< SG D JE AT B A O fth 0 4 BRAL - 1O P
BHH B L T O aHEE T 57 OICE B 52T o7,

BB L SG DR EBAT R EMEALZMEE O T, Sl A $EL
THRICHWE 5 FEOM B LI E 2 W TEABI|EIE TATy T UAX
ENCLBRT 2T o7, FORE R SG D EIEBITE (ng/em?) 1X, LT O Tl
HEFR (Eq. 1) TH FREREIRENZTALHEL T IRERE R’ =0.57 &
LGRS B KR T 2N TEAZEDNH B LR T2,

Amount of SG that penetrated the skin (ug/em?) =
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Table 4. Physicochemical properties of various liquid paraffin

oot Agage  SEmewmen | emen o Scsobly g
LP-A 245 27.6 3.0 0.55 0
LP-B 285 28.3 5.7 0.46 0
LP-C 330 29.1 13.0 0.41 0

LP-D 495 30.7 78.2 0.23 0
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Fig. 9. Effect of various liquid paraffins on the permeation of SG after a 24 h
application under finite dose conditions.
Each column represents the mean + S.D. of at least three experiments. **p <

0.01 and *p < 0.05, significantly different between each oil.
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The predicted amount of SG was calculated using Eq. 1.

The dotted line represents Y = X.
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Table 5. Formulation of O/W type emulsions

Ingredient OW-A OW-C OW-D
SG 0.5 0.5 0.5
PEG(40EO) monostearate 2 2 2
LP-A 20
LP-C 20
LP-D 20

Distilled water 77.5 77.5 77.5
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Fig. 11. Amount of SG in each skin section (stratum corneum, epidermis,
dermis) after 24-h treatment under infinite dose condition.

Each column represents the mean = S.D. of at least 3 experiments.



5 OTH Finite RIZBIFBTVFALVFUBRATTILNDOREBIT R
infinite ;& LD LL B

SG @ finite &2 COMEEBATICBEL THMiFt 21T -7, LP-C ZWNlHELT:
O/W HUZLAI (OW-C) Z VN, 24 B 10 pg/cm® D FE T YMP F2 8 12 A L
oo MER% Fig. 12 127”79, Finite SRICBWVTH SGITEEBL O ET ¥—
FRISDII M H S22 ) -7, Finite & Tl infinite SR EHLELL THI 3.8 %5 SG D
KIEBATEINEIML T\, Flo, RIEOHAMLZEOBITRZ K T5L, f

JE§ ~DFAT B finite & & infinite & TIEIE R EE TH o723, finite & TIXFK K
~DSGRATENEINL TV e, ZAULH A 8% TO LP-C Of F LA kLT
Holz, ZOZEXY, O/W BLALFNZEB W TH, SCG DL EBATIT A 5 HRE
[FAR DFEE AR TZENRBEIND, O/W HFLHI D infinite & 2% 95 finite
FD SG KIEBATEOEMBITMMEIELAIOK 2 5 THY, O/W ALK ETD
ZET, RV SCG O EBITEEmDHIENTELAREMENE X HND,



8.0  mTotal amount (TA)
~ 70 & Stratum corneum (SC)
E Epidermis (EP)
) 6.0 - @ Dermis (DE) EP
3 50 | [
©
o 40 -
C
[0
2 30 +
5 el
S 20 - TA M SC
g: SC Ep sl

1.0 - T

4 DE DE
0.0 4
Infinite Finite

Fig. 12.  Amount of SG in each skin section (stratum corneum, epidermis,
dermis) after 24-h treatment of OW-C under finite and infinite dose
conditions.

Each column represents the mean = S.D. of at least 3 experiments.
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Table 6. Formulation of O/W type emulsions with various surfactants.

Ingredient Abbr. SSG SMS PO80 PMS HCO HSL
SG 0.5 0.5 05 0.5 0.5 0.5
Sodium N-stearoyi-L-glutamate SSG 5
Sucrose monostearate SMS 5
Polysorbate 80 PO80 5
PEG(40EO) monostearate PMS 5
PEG-60 hydrogenated castor oil HCO 5
Hydrogenated soybean lecithin HSL 5
LP-C LP-C 20 20 20 20 20
Distilled water 74.5 745 745 745 745 745
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Table 7. Formulation of O/W type emulsions and oil residues.

Ingredient Emulsion Qil residue
SG 0.5% 2%
PEG-60 hydrogenated castor oil 5% 20%
LP-A
LP-C 20% g.s.
LP-D

Distilled water qg.s.
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Fig 14. Amount of stearyl glycyrrhetinate (SG) penetration in the skin 24 h
after application of an oil-in-water (O/W) emulsion by using 3 types of liquid
paraffin (LP).

Emulsions (SG, 0.5% w/v) were applied at 10 pL/cm?®. Each column represents

the mean + S.D. of 4 experiments. **p < 0.01, ***p < 0.001.



#® O/W emulsion

12
—_ & QOil residue
T 10
9o
(o))
Z 8
©
2
s 6
5
[
8 4
-
8 2
£
<
0

LP- A LP-C LP-D

Fig 15. Amount of stearyl glycyrrhetinate (SG) penetration in the skin 24 h
after application of an oil-in-water (O/W) emulsion or a corresponding oil
phase preparation, by using 3 types of liquid paraffin (LP).

Emulsions (SG, 0.5% w/v) and oil phase preparations (SG, 2% w/v) were
applied at 10 and 2.5 pL/cm?, respectively (50 pg/cm® SG). Each column

represents the mean = S.D. of 4 experiments. **p < 0.01, ** *p < 0.001.
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Fig. 16. Structure of Nile red.
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Fig. 17. Cross-section of YMP skin sample observed by CLSM after the
application of the fluorescent dyes Nile red as a suspension in LP-A and LP-D
under the infinite dose condition (a) and the finite dose condition (b).

Bar in the photographs, 10 pm.
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Fig. 18. Penetration depth of Nile red into YMP skin 2 h after application
under the finite dose condition.

Each column represents the mean = S.D. (n = 100; 10 points x 10 areas)
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& 500 DL ETEBEMEDTD | BE BT LI W B L PRI M E 2 FF >
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Fig. 19. Structure of Dil.
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Fig. 20. Cross-section of a YMP skin sample observed by CLSM after the
application of the fluorescent dyes Dil as a suspension in LP-A and LP-D
under the infinite dose condition (a) and the finite dose condition (b), (c). (a),
(b), 2 h application and (c), 24 h application.

Bar in the photographs, 10 um.
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Fig. 21. Penetration depth of Dil into YMP skin 2 h after their application
under the finite dose condition.

Each column represents the mean = S.D. (n = 100; 10 points x 10 areas)
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(2K Z BT LK FI S 72 YMP B2 J OVBEALER O YMP F2 R 1 C 840 L R 1T
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Fig. 22. Cross-section of YMP skin observed by CLSM after application of
Dil as an O/W-type emulsion with (a) LP-A, and (b) LP-D.

Bar indicates 10 um.

Fig. 23. Cross-section of YMP skin observed by CLSM after application of
Dil with LP-A, (a) without pretreatment, and (b) with pretreatment of water
before Dil application.

Bar indicates 20 um.
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red DEE~BATLI., THHORERID, REICBITLOT W B L 7RO
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