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Permeation Characteristics of Acetaminophen
Using Franz Diffusion Cells
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Department of Biotechnology, Korea National University of Transportation, Jeungpyeong 27909, Korea

ABSTRACT

In vitro diffusive models are an important tood to screen the penetration ability of active ingredients in various cosmetic
products. We have invastigated the skin permeability characteristics of acetaminophen using Franz Diffusion Cell assay as a
model to test for cosmetic ingredients. The concentrations of the drug, acetaminophen, were set to 0.1, 0.2, and 0.4 mg/mL to
check whether the permeability characteristics changed for each concentration. The Flux values of acetaminophen at the
concentration of 0.1, 0.2, and 0.4 mg/mL were 0.97, 1.44, and 2.58 ug/hr/cmz, respectively. The K, values of acetaminophen

at the concentration of 0.1, 0.2, and 0.4 mg/mL were 9.73, 7.18, and 6.45 cm/hr x 1073,

respectively. The Flux values increased

in proportion to the concentration over time whereas the K, values decreased. Based on this study, the transmission speed of
acetaminophen was found to be at a moderate level as a result of substituting the transmission characteristics of acetaminophen

into Mazulli’s definition.
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Franz Diffusion Cell, permeability characteristic, acetaminophen, K, value, Mazulli’s definition
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3k U182 314F 7NEol Franz Diffusion Cell assay’} 5.2
s 28 4 Atk S71°1TH10-13).

B Agore= Alg EFZ Acetaminophens AHE-ATE
Acetaminophen2 3| EFAR FTFAAA Y Axd B
floll A #gate] g 285 e, A i)
Aol B2t tid IXE F7MA WE 2He-S JERIT
A B AA ol v FHAA A & e 7P
ARl ekZolal, 7HAo] Aeta e s Fuid -
A7) WEo] 7] A3 methodS AP w 2 FEZ &
dalthal BHE7] wf&o]oh(14)(Figure 1).

B A¥o] 52L& Franz Diffusion Cell assaysS ©]-83}
acetaminophen®] I F-F3} Eof Ojgl dolBR 1A} = A

o]},
Il. M= 2 gk

1. 2" M=z

A&l o] A1 F.2 acetaminophen< Sigma-Aldrich(St. Louis,
MO, USA)AFS] A|ES o] 83931, PBSE Sigma -AldrichA}F
o tablet FENE A AFS 32 TFHT I AT
Methanol#} acetonitrile 3+ AKSeoul, Korea)2] A& ©]-§
31T}, Membrane< Cellu Sep T4 dialysis membrane(Seguin,
USA)S o] 83193, MWCOE 12,000~14,0000]t}. Franz
Diffusion Cell 7]ZAli= Bl AA B Z(Daejun, South Korea)oll Al
AlF werom, 40 A3 HPLCE WatersAH] 2695 &
DS AHESHT

2. HPLC analysis

Solvent A= 32} 77, solvent BE acetonitrile2 AH&-3)
o} F 81E A 80 : B 20 H]&9] 588 2HoE THF
O™ muntime2 108°]th 452 1| mLmin®] =2 SHF

Ak A& phenomenex Gemini 5 pm C18 110A 250 x 4.6

nmo] AFS AHEEII, H 5= 30CE
PDA detector®ll A 254 nm®] 3o 2 ZAZHIJTh x4
2 Table 13} 2t}

Aol 22 acetaminophen®] A4S 913l acetaminophen
0.1 mgS PBS : MeOH(6 : 4) £ 1 mLo| =<1 A& stock
° =2 3l 2uf| ¥ 8]43te] F 8719 sampleS THEUTH W
=917 sample> HIE2 HPLCE &3l AHEN-S AASHA
ok R*gE0] 0.99996 0.2 -9 A= Qe AFAE Ao,
A3+ Figure 20 HESIFTH

3. Franz Diffusion Cell assay

o] 2% AA|= =ZA Donor chamber2} Receptor chamber =
o]F01x 1™, Donor chamber2} Receptor chamber A}o] |
membraneS 21 clampE F3l LAAIA FUTE Receptor
chamber?ll receptor fluidE -3 magnetic stir barg 25
Atk Donor chamberll ¥ REHEE SHE oFH& T35t
% Th Receptor chamber Heater/circulatorell 235
Heater/circulatore= &< H$3 <3AHTE <85+ E9
L% = Heater/circulatoroll A A4 71s3hH, HE 38 &5

Q1 3241C A== AAATE HHZ] £ receptor chamber

Table 1. HPLC analysis conditions

Mobile phase A: water, B: acetonitrile
Flow rate 1 mL/min
Phenomenex Gemini 5 um C18 110A
Column

250 x 4.6 nm

Column temperature 30C

Wave length 254 nm
Runtime 10 min
Method Isocratic 80%(A) : 20%(B)
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Figure 1. Chemical structure of test substance,
acetaminophen.

Acetaminophen calibration curve
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Figure 2. Calibration curve of acetaminophen.
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9] JacketO. 2 E°7}A] receptor fluidE W93 1 25&
AN A FATE Receptor chamber®l| = sampling port7} 31
A syringeYt micro pipette= ©]-83t] sampling®] 7}s3ttt.
olu sampling®t ¥ FF2] receptor fluidE THA receptor
chamber FS.2 F-9)&l|F0]of gt} o]= A|&E] = sampling
Ao A A 4= E receptor chamber 2+ F7] H-& AY
A A9} receptor fluid7} A3 =% ZAE= AL 2o}
t}. Sampling time-2 24 A7 tel|l Al ZF-H-5A AA o] 75
t}. Figure 33} Z-©] Franz Diffusion Cell S 53] A2 sample
2 HPLCE 53 AFEAS AA Flux #6 K, #= 73t
1, Marzulli®] “golo] A&ste] REAREE FSA T
Acetaminophen®] 3| F-E3} EA4& SR13}7] 913l Franz
Diffusion Cell2 ©]&3] 43S YAt =3h aceta-
minophen®] =7} B FEFH T oW FEFES wX=A] &
ol 7] Yall =2 FEZ 0.1, 02, 04 mgmLe] T2 &
g)3te] A3-& FYP3ATh Acetaminopheng: receptor fluid
o o] HAFE FES A F3H M, receptor fluidi= PBS
o} MeOHE 6:4°] WI&= &3¢ 21& AHESIATE A
Heater/circulatorol] & 2|2 ¥ 258 32+1CE AA3 &
¥t 1 receptor chamberl| receptor fluids 715 A5
At oluf] FHA= ] A2 wi7tA| 7S A YFA o
membraneS 919 SHS W 37| 2ol A2 F Atk IV
WS-8 membrane™ receptor fluid Akelell ¥ F7HS THEo]
drug release s Halleh= 718 & 29 F shvbo|th Heater/
circulatorE 2H5-A|A, receptor fluidE I H 2=} FAGE &
52 HeEth 22 33 SRl 3083 3ol EEE
membrane< receptor chamber 9o &&&3, 1 2|l donor
chamberE Qo1 H clampE 3143} Donor chamber SFoll
k=S 2 mL FYst EFFuH SYE sampling porter F
3} donor chamber HF-3-& 2o} receptor fluide] S-S 4
sleEth 71A HYES 2-5A1A magnetic stir barg ©]-8-3]
receptor fluidS WHETY 1, 2, 4, 6, 8, 12A17F EAEHZ
sampling3] =T} ZF sampleE2 HYIE WA BHEHFOH,
sampling3+ ¥ 244]7Fo] A1}7] Hel HPLCE ¥-418t5ith

o 7l

Figure 3. Photos of Franz Diffusion Cell and HPLC.
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1. Acetaminophen®| drug release

Acetaminophen®] IR EI 5
o weh Area ghol F7hsk= 2
Figure 49} 2T}

o] drug release”} & o] oA 1L k= ojm & )4 e

& glek

2. Acetaminophen®| Flux 4t

Flux 742 &9 AP 443 9 H4s 5343
k& YeRd gholth Acetamnophen®] Flux &2 &
gletA| oA A|RE, Alte] Aol whe} gho] wropA|
< HIth I ZH3= Figure 59 2T
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3. Acetaminophen?| K, Zf

K, &< Flux #tollA AR9] 27|58 UHE o=,
B4 F 5A4E AT 5 AUtk Acetaminophen®] K,
2 AZte] Aol whel ZHAdhe AES Holn, TR
gk AR JYepdth 23+ Figure 63 2T

K, @te] Algte] Aol wheh 7HAshes 22 Flux #hellAl
£ acetaminophen®] 3 E4-& tHsl= o= B
Flux #t3 K, #o] T &4 witfs = S Bole
AE 571 FoAIHA F3E = 829 & A= BobAl

o, B AES TS FAT ZoE Hnh

SO AN

Graph of Area value
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Figure 4. Area values according to drug concen-
tration of acetaminophen.
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Figure 5. The Flux value depending on the concen-
tration of acetaminophen.
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Figure 6. The K, value depending on the concen-
tration of acetaminophen.

4. MarzulliQ Moo Mg

Marzulli®] Aojo AF AA}E H83l7] sl 24 v=4
oFEoll A L2 Flux #3 K, #4o] B 73oH, A=
Table 29} 2T}

Marzulli®] Aejol 43 ZAaE 283 23}, acetamino-
phen®] FIH&EEE H¥(moderato) o2 ITETh A=
Figure 73 2t}

Table 2. Average Flux and K, value of each sample

Flux (pg/hr/cm?) K, (cm/hr x 107%)

0.1 mg/mL 0.97 9.73
0.2 mg/mL 1.44 7.18
0.4 mg/mL 2.58 6.45
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Figure 7. The permeability coefficient (K,) of aceta-
minophen through Cellu Sep T4 dialysis membrane.
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Acetaminophen?] I H-E3} EA& dolRr] 9|3 Franz
Diffusion Cell assay S ©]-83}] 2g-& 2Pt ol <
T2 53| acetaminophen©] kol WLEA] F<=% 11, A]7}o]
Aol whet M3 Frdtke S A HUTE Acet-
aminophen< tH3EAR] AFF ¢k&Eo|H(15), JFHFH &
el thgk A7 Bol o] FolH EHEA T4 Aol AE
2 g34e Ad FetRwols 9 A" o]t A9] 84
2 284 B iz 9FEH} EA AFE MW=
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