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A Permeation Characteristics Study of Water- or Oil-soluble Substances
through Condition Setting for the In Vitro Skin Absorption Method

Ji-Eun Seo*, Jinho Lee**, and Bae-Hwan Kim*"

*Department of Public Health, College of Natural Sciences, Keimyung University, Daegu, Korea
**Department of Chemistry, College of Natural Sciences, Keimyung University, Daegu, Korea

ABSTRACT

Objectives: The purpose of this study was to compare permeation characteristics in three skin types using oil-
soluble benzoic acid and water-soluble caffeine after method condition optimization based on OECD guideline

428.

Methods: A Franz diffusion cell, a reliable alternative method for skin permeation, was used. One-milliliter
samples were taken and immediately replaced with fresh solution in the receptor chamber at regular time
intervals (1, 2, 4, 7, 10 and 24 hr). The amount of test substances was measured by LC-MS/MS.

Results: The permeation rate increased dose-dependently, and the permeation orders were KeraSkin™ > hairless
mouse full skin > human cadaver epidermis for skin types, and benzoic acid solution > caffeine solution >
benzoic acid cream > caffeine cream for type of test materials.

Conclusion: According to the definitions of Marzulli, benzoic acid and caffeine would be classified as ‘fast’ and
‘moderate’ compared with the permeation of other chemical species. The setting conditions and permeation
characteristics performed in this study are expected to contribute to future permeation studies.

Keywords: Franz cell, skin permeation, alternative method, condition setting
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In vitro Franz diffusion cell ¥H-5<alg e 24k
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HEES Aol ARE-E= 5= F2 rat, hairless
mouse, A 5] TE 7F-2} QA cadavers AHE-
3, rato]u} hairless mouse 357} A2 HeA
ToR 8l Wol ARS-E A= UANE AFE] el H]
sl FRE7F E3, HA FiE= AR fAREA
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= AFE olF 20°ColM FNE Bt Tk,
Bzl RS AR e A8 A 24 7

Table 1. Test substances

AE J53lor gt -80°Ce] YF w2 2%9
HAHNS w= 03]y oo Faxp7t S71st
A S R

IFET HAAEHS] Hgwet N=ds fal
caffeine¥} benzoic acide] EFEZAE XA =] 9l
oY, Caffeine2 719, 2F3, 2 5o Td 28
AEoR ATl A, B tig fa=et §F
&o] o} 84 E49] HREF fxELAR Fol
o] €2, benzoic acid= 7P 77d3E carboxylic
acid2X] WHARE AMEEHe EEE X84 24
of gt BT+ EFELARE Bol| ARGHETH.

E A X4= OECD guideline 4289114 AA] 3132
Ue HES o R #8421 caffeines} #8421
benzoic aciddl] Wigh F|H FEAAHEE IE 3 FF
(hairless mouse full skin, human cadaver epidermis,
KeraSkin™)Z o] &3le] vlw H7} 3o, T3t
7rel=gRloll A AAE AldZRAS Y5 24 Sk
< W] FHxtolE HlaL EA ko] HA ) Az
< AL LA ST

po)
o
f

I X2 & g

RET AIE=EE ARSSE 878 49 caffeine
3} x84 EZA9l benzoic acide Sigma-AldrichAF
(St. Louis, MO, USA)°llA T 3&}oi(Table 1)
distilled water(DW) 2 olive oiloll 2} 2%, 5%2]
FTEZE 59 solutionF B2 AlHEFH o, 3L oil
in water(O/W) type2] cream base(Table 2)° A]§
EAE 7} 2%, 5% FEE Axste] FFEEES
I EAS ke

7339 &4 Agol AE-3t Franz diffusion cell(Lab
fine, Korea) "]+ receptor volume®| 5 m/iQl A&
AREBI e H, 7o) ge] 242 Tewameter
(CM825, CK electronic GmbH, Germany)S A}-8-3}
Atk 48 LC-MS/MS(Waters ACQUITY UPLC,

L AEEE A 7171

oL

Test substances Characteristic CAS No. Molecular weight (g/mol) Kow
Benzoic acid Oil-soluble 65-85-0 122.12 1.87
Caffeine Water-soluble 58-08-2 194.19 -0.07

CAS No.: Chemical Abstracts Service Number, K,,: Octanol-water partition coefficient.
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Table 2. Ingredients of cream base

Phase Trade name INCI name Function Percentage
D.I water Deionized water Solvent 79.48
A EDTA 2Na Disodium EDTA Chelating agent 0.02
(Water-phase) 1,3-B.G 1,3-Butylene glycol Humectant 5.00
MP Methyl paraben Preserved agent 0.20
TCG-M Caprylic/capric triglyceride Emoliente 10.0
Lanette O Cetearyl alcohol Stabilizer 2.00
(Oil-;]?hase) GMS 205 Glyceryl stearate SE Emulsifier 0.64
Tween 60 Polysorbate 60 Emulsifier 1.56
PP Propyl paraben Preserved agent 0.10
(Viscosit(; agent) Sepigel 305 g?gicéﬁgi)?;il:ﬂ'ﬁdand Laureth-7 Viscosity agent 1.00
100

*add a certain percentage of test materials instead of DI water

Micromass Quattro micro™ API, Applied Biosystems,
USA) WHE o]g3l9or, #4472 Cazenda
ODS C18(Imtakt, 3 um, 2.0 x 100 mm, Japan)S A}
&3kt

2. 0|7 EH| ¥ FEM 3

Hairless mouse full sking 7] $J8ll, 75382 &
71 hairless mouseE (F)L T ANEH}] (A7 %,
Korea)ZF-8 Egiol 17:7F 2% 22 + 3°C, F%
50 + 5%, WEF7] 12417k v o el 24
= EFARAINA AR & FAEte
}2th. Hairless mouse?] 89} 5 #¢]
ato] Tk 9 daS AAsAL, 34
A7 20°C Y5 Basiinit
F2o|A] 48] 5o 1&101] ARE-3FATE.
42 A F=APaeds)e
SUHE KM-2014-44)8 L& 5 7}o|=
Aste] S JPaisint.

Human cadaver epidermis= Ggk2=nlo] @ m =(H
715, FEHEFEH Fst] A48 7R -200C 9@
FaLol RSN, A AH Aeolx AAE]
o] Ao A&t ol= Al AT -Ee 9
A3]e] F2l(=AMZE 40525-201404-BR-25-02)S &

7rel=gelel] oAste] AES sttt
1F3]H<l Keraskin™ (—Zr)MCTT(H%, Sk=t)o]]
Al FHBHAAL, A AR & Aol ARSI
&
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gomz Ad AA digital vernier calipers(PK-
1012SU, Mitutoyo, Japan)E AF&-3sle] 5 H-9
33 R AT 95 744 S48 93
Tewameters ©|-8-31¢] 7T~ & (transepidermal
water loss, TEWL)S &Y F<9o 103] ¥k H]13

o Ao, HARs & JF =
10 mg/m*h o)’ FH= &48E Ao AT
A A AT

£ 2 oy
-LI
ol

3. Franz diffusion cell

A28t Franz diffusion cel Franz method®] tw}
£ static diffusion cell FEIZ, Y7°] 10 mmO]
3 R AA L] 2%9) stirrere] 3] 4= (rpm,
revolution per minute)2] Z&o| 7153, donor
chamber % receptor chamberZ ©]Fo]# St}
Donor chamber= cape] 7l#7} 7F&3hH, receptor
fluid &3S 5 m/°o]3L, sampling portE E3j m}o]
A= F3llol} syringeE |83t AEE AH7 7}
S5ttt vigell= rldlg ¥lE o] receptor fluid
g 31T ¥ T Uth(Fig. 1). Receptor fluide

=
AlgEde] & =3, B4 J3S FA] 2= &9

o7 AW B AAFLo|r= PBS, saline, ethanol/
1:1, vivyE ARSIl
Zijgs A8 ¥ XEEM

Donor chamber®} receptor chamber Alolol] Z-2
Zol 1= Q=5 HH-E I3}l receptor chamber

4. In vitro

J Environ Health Sci 2017; 43(1): 77-86
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* Cap

Sampling port
Donor chamber ~— ——*

Skin membrane — e——————

Receptor chamber  —*

Receptor fluid

Magnetic stirrer bar

Fig. 1. A typical design example of a static type Franz
diffusion cell.

[«

w2 il ox

ol receptor fluidE 5 m/ AL ok, 30% 7+ <t
32 AT 2EE 32 + 2°CE A8, T3t
AgERo] FIF EFPEEZE AU stirrer 3
EL(rpm)y= 6002% FAISIAT 2 & A=
10 mgS 0.785 cm?e] E=¥HZo] H2 3y ¢
of =Xata, AlF AFH AT 2407HE E71A] %
T5 sto] AZPER AQFHSATED. A8 AFH AR
S XY T 1,2, 4,7, 10, 24N7F02 310,
receptor fluidol|X &3 AELS ¥4 714 -80°C
o] B3I LC-MS/MSZE #43e] 52E &

A81TE. 24X17F oo AjFH e Ase FEste]
Az B3 g zs Jelliglen, & A5
Fe JepATh Ak oI WAS Faehe
229 0l FIELE (flux, pg/hr-em?) 3EE ALt &)
AoH, flux @& AFELY 27le=s UHT @
ol FAAG(K,, cm/hr) FHe AArsIATH,
AY F5 5T APYEZDS “X3NE HE QIR
ethanol/water (1:1, vv)& Fobd & AJHEZ

o
=X Jut HAASE] ethanol/water (1:1, v/v) 1 m/

Table 3. LC-MS/MS analysis conditions

teFst 270 w2 A3E ¥wstr] @, AlE
EZE 78249 caffeine?} #8792 benzoic acid
o} AR, F s B4, Al FF IF, Al
55 89, donor chamber?] cap 4% Z A|EA|
FH & A7) e AE vasiith o 43t
B3 HET AgdAe 2 T AIFEZ g3
2% F&=e] APAY S o8s8l3laL, FF-E hairless
mouse full skin, 4882 ethanol/water (1:1, v:v),
donor chamber®] cap2 #9-A] %2 =, EAA|
N AR F 3 olle Ahse] AR A

ATt

6. LC-MS/MS &4

zt A7 E 2 AHF S receptor fluidel 3]F-ol| A
SET AEAM 2 Ald=E ] dS LC-MSMSE
Z7(Table 3) 57l AFste] 975 A3 74
TS AR ARkt AEES BT 0.2 um
syringe filterE ©]-&3}] H-522 AAAZ & LC-
MS/MSZ #4315t} A %42 signal to noise ratio
7} 5 ool AAAE Hole sk WAl &
3= o olo] uhE A== caffeine©] 14 ppb
oA 3140 ppbX3L, benzoic acid= 147 ppbellAl
5060 ppbSitt.

7. SAHXNE|
SPSS 21.0 for windows(SPSS Inc., USA) 4|3

Parameters Column Flow r’ate Mobile phase Injection volume Column temp
(m//min)
. A : 10 mM Ammonium acetate in
Benzoic
. water (10%)
acid Cadenza CD-Cis B : MeOH (90%)
2.0 x 100 mm, 0.2 — 10 W 30°C
3.0 um A : 0.1% Formic acid(water)

Caffeine (40%)

B : Acetonitrile (60%)

J Environ Health Sci 2017; 43(1): 77-86
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2aPE o] &t dAn R EAHEA (one-way
ANOVAYS AAstglon, E4A1 710 whg A} v
2ol AojA = repeated measures ANOVAE A
stk Zt 2F 7ke Aol AAE] Hst
Duncan's multiple range tests ©]-8-5}o] A}3-5
AT 2 Ao AR frold A5
£ p<0.05Z ST

=

o

2

& e

1. oi7da;

L OF 54 &4 3t

Al F7e IF FAS 343 234 KeraSkin™
(0.42+0.01 mm) > hairless mouse full skin(0.23 +
0.01 mm) > human cadaver epidermis(0.07 + 0.01

mm)?] A2 FA S BT

2. O Fxo| 24N

ALET| o] FAAS HATEs7] $15), hairless mouse
full skin(7.29 +1.64 g/hr-m?), human cadaver
epidermis (8.16+1.66 g/hrm?) 2 KeraSkin™(5.27 +
0.70 ghrm?*)e| ZduaEdgs 543 4, Al
TR BF 10 o]ake] #E Ho] Aol ARA
oz AeE )

Aoz T3] T8I, fluxst K, FelME 5
L oEA o E o] STt IFEFl e
FFdIME BE AFEZ oA KeraSkin™ >
hairless mouse full skin > human cadaver epidermis
o] SR TRl B2 S & 5 UUTH(Table 4).

Hairless mice I|FE o]&3sle] YA HEL] 2%
caffeine® 2 AFg 79, 3¢ool] 433 o
receptor fluid7} PBS$} salined wjol] B]3] ethanol/
water (1:1, viv)& AHSEE wol] o =2 AEES
e, flux$} K, 3= o4 e 3718 XS
ok AEAH & EA7170 mE Al A=
AZko] AdE folid Al el HEEA
Donor chamber?] cap A& ojF-ol wete & 4
S YERNA] 2EdTH(Table 5).

Hairless mice I|FE o]&3sle] AYAHE] 2%
benzoic acidZ A¥ e 7%, receptor fluid’} PBSY
= A FEE0] AESHA] LUAL, ethanol/water (1:1,
viv)E ARERS wie AEAF T 2A4717k] 28
ALFE FoJAd A el #EHAT Donor
chamber®] cap ARE- ool W= & IS
ERA] e¥4TH(Table 6).

b

e o

4. MY 23

oko] AlFoA] HAE ZAL L3l benzoic
acid®} caffeine & 7F<] £29] solution?} cream A|
o] F3E v|ws] E A}, benzoic acid solution

Table 4. The flux and K, value depending on the concentration of the test substance (cream formulation)

Skin Test substance Concentration (%) Flux (ug/hr-cm?) K, (cm/hr-10™)
Bensoie acid 2 24.12 + 0.04° 14.06 + 0.02°
1 €NnzoIC acl
Hairless 5 103.70 + 0.03¢ 32.74 + 0.01¢
mouse " "
full skin Caffeine 2 12.21 £ 0.06 5.11 £ 0.03
5 52.30 £ 0.01° 10.46 + 0.03°
Bensoic acid 2 26.10 + 0.01° 14.05 = 0.04°
Human enzole act 5 7432 + 0.04° 18.86 =+ 0.02¢
cadaver 2 131 £ 0.03° 0.65 = 0.01°
epidermis Caffeine ) : ) )
5 235 + 0.03° 0.47 £ 0.01*
o 2 133.47 £ 0.04° 66.73 + 0.02°
Benzoic acid
. 5 298.33 + 0.01¢ 59.67 + 0.00°
KeraSkin™
. 2 68.87 + 0.05* 34.43 + 0.03°
Caffeine
5 153.27 + 0.06° 30.65 + 0.03*

Values represent the mean + SD of two independent measurements.
Values with different superscripts in the same skin are significantly different (p < 0.05) by ANOVA and Duncan's multiple range test.

http://www.kseh.org/ J Environ Health Sci 2017; 43(1): 77-86
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Table 5. The flux and K, value depending on analysis period of caffeine (2% cream formulation) in hairless mice full skin

Analysis period Receptor fluid Cap Flux (ug/hr-cm?) K, (cm/hr-10™)
X 8.47 + 0.04° 4.24 £ 0.02°
Ethanol/water(1:1)
o 10.81 + 0.88° 5.95 + 0.29¢
Within X 0.22 £ 0.01™ 0.11 + 0.01*
: PBS
3 days o 0.58 + 0.18¢ 0.29 + 0.09¢
. X 0.33 £ 0.13° 0.16 + 0.07°
Saline
o 0.22 £ 0.04" 0.11 + 0.02%
X 0.10 £ 0.02* 0.05 £ 0.01*
PBS
Within o 0.32 £ 0.03° 0.16 = 0.01°
7 days® ) x 0.14 + 0.06® 0.07 £ 0.03®
Saline
o 0.05 £ 0.01* 0.02 + 0.00®
X 0.04 + 0.02° 0.02 + 0.01*
PBS
Within o 0.15 £ 0.04™ 0.08 + 0.02%
14 days® . x 0.04 £ 0.04° 0.02 + 0.02°
Saline
o 0.01 £ 0.00* 0.01 + 0.00*

Values represent the mean £ SD of two independent measurements.

Values with different superscripts in the same column are significantly different (p < 0.05) by ANOVA and Duncan's multiple
range test.

Values with different superscripts in the analysis period are significantly different (p < 0.05) by repeated measures ANOVA.

Table 6. The flux and K, value depending on analysis period of benzoic acid (2% cream formulation) in hairless mice

full skin
Analysis period Receptor fluid Cap Flux (pg/hr-cm?) K, (cm/hr-10)
X 24.63 £ 0.84° 1431 + 0.42°
Ethanol/water(1:1) b b
Within o 2451 + 0.83 1426 £ 0.42
3 days® x ND ND
PBS
o ND ND
X 11.51 £ 0.03* 5.76 = 0.01*
Ethanol/water(1:1)
Within o 11.93 + 0.30" 597 + 0.15°
7 days® x ND ND
PBS
o ND ND
x 5.67 £ 0.11* 2.33 + 0.05°
Ethanol/water(1:1)
Within o 5.69 £ 0.21* 2.35 + 0.10*
14 days® x ND ND
PBS
o ND ND

ND : not detected. Values represent the mean = SD of two independent measurements.
Values with different superscripts in the same column are significantly different (p < 0.05) by ANOVA and Duncan's multiple

range test.

Values with different superscripts in the analysis period are significantly different (p < 0.05) by repeated measures ANOVA.

> caffeine solution > benzoic acid cream > caffeine
cream®] £A 2 B2 F3ES HATH(Fig. 2). Flux
o} K, #telX+= benzoic acid’} caffeineol] Hl3l =

J Environ Health Sci 2017; 43(1): 77-86
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— ’ o

7.000 —@—BA-Cream —&— BA-Solution —#—C-Cream ——C-Solution

6.000
5.000 /F’—’—%
4.000

/

Cumulative amount permeated (ug/cm?)

0 4 8 12 16 20 24
Time (h)

Fig. 2. Permeated cumulative amount of test substances.
Values represent the mean = SD of three independent
measurements. BA-Cream : Benzoic acid cream,
BA-Solution : Benzoic acid solution, C-Cream :
Caffeine cream, C-Solution : Caffeine solution.

107! Iy
>| =
3 w
gl 2
102 L
A
_ =
] 12}
< Z| <« Benzoicacid
AL
= E
*E g « Caffeine
=
2] .
g 10 /
ol
g 105 — ;]‘
=]
5 x
A
1060 |2
-
HE
1070 % z
v

Fig. 3. The permeability coefficient (K,) of test substances
through hairless mouse full skin.

Table 7. The flux and K, value of test substances

Table 8. The residual quantity of test substances in skin

Concentration . Quantity of
%) Formulation test substance
(pg/ml)

Benzoic Cream 1.59 + 0.46°

acid 5 Solution 637 + 1.92°

. Cream 0.07 = 0.01°
Caffeine .

Solution  0.25 + 0.06*

Values represent the mean=+SD of three independent
measurements.

Values with different superscripts are significantly different
(p < 0.05) by ANOVA and Duncan's multiple range test.

benzoic acide ‘fast’, caffeine ‘moderate’ F ==
sl Aow s 4= QtkFig. 3)2.

AHEHS TXE3 hairless mouse full skin(F7l
0.23 mm) H9(=E BH 0.785 cm’) Wl 25at
= AEEE &S BHsES W, benzoic acid’}
caffeineol] W]&l #-FFo] ] =37, solution®] cream
Hr} oF 3] & MFHS EUTHTable 8).

v.o1 &
B Ao ME OECD guideline 4289 A|A]% 2L
A= WHS vfgo R sl EFEZQA benzoic acid

9} caffeines ©|-8&-ste] TFFF AFHH ] thegh
20& AAst, 97
skin, human cadaver epidermis, KeraSkin™)o] tu}
E 5} BEE vt glom, AgEde]
|4, A8A 4Ed n2 B3 Jro AlgEZ]
AP W T3 A=E v, HrFetalal st

OECD guideline 428914 AE Y e A1PEF
L benzoic acid, caffeine, testosterone A 7FA|Z !,

% (hairless mouse full

Concentration (%) Test substance Formulation Flux (ug/hr-cm?) K, (cm/hr-10™)
Benzoic Cream 26.61 + 71.73° 1431 + 3.86°
5 acid Solution 84.07 + 224.71° 4254 £ 11.36°
. Cream 10.83 + 3.29° 542 + 1.65°
Caffeine .
Solution 3343 £ 10.21° 16.72 + 5.10*

Values represent the mean + SD of three independent measurements.
Values with different superscripts in the same column are significantly different (p < 0.05) by ANOVA and Duncan's multiple

range test.

http://www.kseh.org/
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