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Evaluation of Skin Absorption of Catechin from Topical
Formulations Containing Korean Pine Bark Extract (Pinexol®)
Joon-Ho Choi, Min-Koo Chei, Ohantaek Han*, Sungjeong Han*, Suk-Jae Chung,
Chang-Koo Shim and Dae-Duk Kim'

College of Pharmacy, Seoul National University, Seoul 151-742, Korea
*NutraPharm Co. Ltd., Namyangju 472-908, Korea
(Received October 12, 2007 + Accepted December 8, 2007)

ABSTRACT - Pine bark extract is well-known as a very powerful antioxidant, anti-inflammatory, and antibiotic material.
French maritime pine bark extract (Pycnogenol®) of Horphag Research has monopolized the world market over 30 years.
Korean red pine bark extract (Pinexol®) was first manufactured by the patent technology of NutraPharm in Korea in 2006.
Feasibility of topical gel and patch formulations of Pinexol was systematically investigated by evaluating the skin absorption
of catechin as a reference compound. [ vitro hairless mouse skin absorption of catechin from gel formulation was higher
than that from patches. However, significant amount of catechin was also deposited inside the skin from patch formulations,
which were dependent on the types of pressure sensitive adhesives. Thus, it seems to be feasible to control the topical deliv-
ery of Pinexol by using both gel and patch formulations, and be necessary to conduct further systematic investigation.

Key words — Pine bark extracts, Pinexol, Skin permeation, Wrinkle care patch
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Horphaght A& Zad2s|$A2AFE2 (4 Pycnoge-
nol)g AHEtnh A E AXY o) AHE-E adhesive
polymer(AcrylZl % 24|, Duro-Tak, National Starch &
Chemical Company)e olo)FFolGEPIA Faaodt). ek,
catechin, ether, carbomer, tetrahydrofuran- Sigma-Aldrich
AHSt. Louis, MO, USAPIA Y&ttt HPLCE metha-
nol, acetonitrile®} acetic acid= Merck (Darmstadt, FRG)
o FUT F 02 um ZFEZ A= AR

51«%

120 e =F=80| Sl &8 ¥ E&8E M=

FAF g el 2FEE (crude extract, 0.3 gy THYF
3 wxo ofers g [0mLoll ¥ 37 ER4°C,
25°C, 40°C)] shaking water batholl X3t 5, 24A7+ &
oF ¥3lslsit}. X3l 2FEE e S99 EgE
12 945 (Hanil HA-12, 3500 pm for 5 min)dF -],
¥8] (Hanil Micro-12, 13,000 rpm for 5 min)3}]
2

Ay
ELAEAe AAET. A5 8t aluminum boat

>

o AT 105°ColN 2417+ B s AEH F, A2
H 23550 43¢ 38 ZYFORH 7} Rt §
of

e 2FEEY 83=E AltsiiTh

AU 2325 30% D 60%S] ethanotdH o=
40°ColA 24717F B Z8AZ F, oftsted Al 28AE
AL AASIY. F2AHA S JAFEE7E Axs] oe
o3} BS AAs de AR EFES “Pinexol 3-1"(E%
o] =L B3, “Pinexol 3-2°G7HQ! EQ)= 717k e}
2om, 60% SHEA g B84 242 nE 2o
Azslo] Bakslelal “Pinexol B (8482 T2t

(
i

y

L2HE F&2E2888 &Rst gl MAS M=
ZZ 1315 A& 37} (Pinexol 3-1, Pinexol 3-2, Pinexol
B)9} 2912 Horphaghl AEQ 2| AATEE (HF
i PycnogenolyS ZH1.5%(w/iv) S8 gele vt 7
o] Azt 7t £8E 150 mgS S5mLel S/l 59)
2, B2 5mLe] 75l carbomer 50 mgs =<1 -, F
fAS M3 2087 /HEEHA stiring 3FHTE 7]l
triethanolamine & A%¥ "ojrtgn| pHE 5~62=2 9
o gels FA3HATH

N

ALRAE £&R&E2 &RE X MAe M=

Z2Z53E AZ 374 (Pinexol 3-1, Pinexol 3-2,
Pinexol B)?} Pycnogenole 1.5%(w/v) -3 A& A=
BI(Th %9 ethanol o 7 #IES U T, pressure-
sensitive adhesive(PSA) polymer(Duro-Tak 87-2516, 2677
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& 4098) ¢} #lo} F3h. ol & #HAgh AJefollA] mechanic
stirrer(EZ stir™)E o] &ato] 743 O Adei7t 2 w7
&3H8k % (30 minute, 800 rpm), ultrasonicatorS ©1-8-5}]
&3kl ool 7|EE AAF FUC. o] EFEE micrometer
adjustable lab coaters (LC-100, Chemsultants Inc, OH,
USA)E ©]&3}o] release liner (3M Scotchpak® 1020 low
adhesive polyester film) ¢joll 25 WA @EF3dt). o1&
o0 Tl 2447 B AZRAIA HAE A3
t}. A4® F)X)= Backing layer 3M Scotchpak® 1109)
2 92 ¥ 2x2em’E FE 2Tt

oo

In viro TISE2 W ZRE EF 4

Hairless mouse (18~20 g, male) J¥-5 53 &b 4
A FZ2E yRrEIH} F AFZFS Keshary-Chien
permeation cells & 283l Z43sk3Att. Hairless mouse=
etherZ AR e 3 ecmx3 cmBHOZ 5 F-9jollA
RS A& § A 52 2AES Rt e &
T2 2AAHA AASIHG AF Fgo] HE T s
o] donor phase $} receptor phase Ateloll IF-E FAANZA
t}. Donor phased] =Z%E 4] WAL 2.14 e’
Receptor phase® PBS (S0pM, 12mL)E Ah&stel 37
+0.5°C2 4A81A4] 600 rpme & Al A3 Zulska
t}. 7} paich® donor phase®] Y] F-23 &, U4
AZb 2¥A0 2 8A7F B9t 1.0mLe receptor phaseE A3
9 =A FF9 PBS E HEFeTh 7 AEE
receptor phase®] ¥ catechin®] ¥ HPLCE 78 %dto]
HEE2 53 A7 73 FHAEE A

alx|e} gAY A|RE ARG AF, I5F-E AR
B Bgjste] 9w dellE AAE methanolZ Ao
o] A AR}, Celiophane adhesive tape (CuDerm cor-
poration, Dallas, USAYS 108] WHE3le] £t dofof
AZS AAT F, $2 HE2A & 93)e] methanol 2
mLE 718} homogenizing ¥ ¥ filter (0.22 pm)sted]
2] Fol9li= catechin®] Y& HPLCE “F 35t
Heg Ado] By ¥ patcholl Hol v AUE A F
229 kg =437 YalA, patcholl THF/MeOH 3}
(1:4, v/v) 10mLE 7}stL 1A17F vortexingstd =% #,
catechin®] %8 HPLCZ A #sltt.

b nd

Catechin®| M2t

A AEALAFZE FE A2 =2 polyphenol
A FaslEdz pAE o, duAEAR taxifolin,
catechin 5-9] ©AEZE H3lar AL, 29 catechin?
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Figure 1-Effect of temperature and ethanol concentration on the sol-
ubility of crude pine bark extract.

epicatechin 5©| dimer, oligomer, H=5= polymerdBj = A7
Aoz gHFr) o wet HPLCE #4 o] 7Fsdt 71%E
Z& catechin, epicatechin 22 417 5}5’_ °]°ﬂ g3 BAs
gt ot, 27 484 AF8E 58 F epicatechin
9] o] m|FFO| I catechin ¥H& ]%%éli Kpie=y

Catechin®] Ty 3o U2 WS o U3
Waters HPLCE AHg-ste] Fsdch™ Z4E-& Capeell
pak C18 cat No. 90104 (4.6x250 mm, Shiseido)ye A3}
gor, o5 B3 methanol®] 70:30 (viv) ETAE
AR §<4 1.0 mL/min® EH T 37 E71(Perkin
Elmer Series 200)2] 32 excitation 280 nm, emission
310 nmZ 3T A|8Q] FUYL S0uLE AT

ALIRAE F 2 =

ol A 5—7%%4 Oﬂ e gl e £ 7t
A 24117k 5]t BRI Ak, ehE §
Tt 7RI, 60% EhE oM A Bei=E e
WAAIRE 2 o] 9] ek = o)olie S =7t 4
3t (Figure 1). 22 Ad&he sEoMe 2571 2555
ZFEE9 Bse SRk A4S 2tk 2B, 255
Bo] Bof Ulgh S3lEi= oF 0.6%(wh) == 7HE ekt

aUFAAY 2528 T 30% D 60% s 8-
= B8E(Pinexol 3-1 2 Pinexol 3-2) 2 60% ofjgh&<]
L815]x] &= EF(Pinexol Byl &4ksl &S vl
el st 7 TS A AT A
BERMS 93k Pycnogenold} Pludle], 7 FEE-F

=

3 A2 HRE F7t 361

Table I-Antioxidant Activities of Each Fraction of Pine Bark
Extraction?

Pinexo Pinexol Pinexo

Activity 13-1 32 B Pycnogenol
DPPH (EC50, pg/mL) 5.0 46 117 7.2
ABTS +(EC50, ug/mL) 1.0 1.7 39 3
Relative activity(DPPH, %) 144 157 62 100
Relative activity (ABTS +, %) 300 176 77 100
Average Relative activity 222 166 69 100

Data from National Research Institute of Antioxidants

Eo] tja] ahtst E4(DPPH 2z 2724 B ABTS
2z 2A84)e 243 Ade Table I 23U} FAks)
grde 71329 Pycnogenolol] B3 Pinexol 3-1- 2.2
Hl, Pinexol 3-2& 1.7} =3, B8AEE=E F4% Pinexol
Bt 71FERARY 38 @go] WA SAHU

AURAE & &g LRSRNUT YU}
ksl &4 A4, Pinexol Be W8 SHEAN

b g
2] A&l R Bolu]e} FAakst o] Pycnogenol
t} 7] W&o, Pinexol 3-13} Pinexol 3-2& IH-F3}
&

= W Pycnogenol de 0.4410.12% (Wiw)
™ = e v=3 A , catechin A9 T
23 Axs # %}6}7] 28l catechin Tﬁwﬂ (0.05%, 0.15%,

030%, wi)S BHso] HR-Ex AgS 3T oo w3k
A= Figore 2 2 Table HrJr 7otk YUk o 7,
cateching] ¥57} 271842 MRE5FETIF 71 Ao

15
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Figure 2—Hairless mouse skin permeation profiles of various con-
centrations of catechin in aqueous solution (mean+S.D., n=3).
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Table II-Hairless Mouse Skin Permeation Parameters of
Catechin in Aqueous Solution (mean +S.D., n=3)

Concentration Permeation rate Lag time Skin deposition
of catechin (ng/em?hr) Eghr) after 8 hr
(%) H (ug/em?)
0.05 1.41 (£0.15)  0.14(£0.35)  6.41(x£0.29)
0.15 1.52(x0.49)  0.06(x2.59) 7.14(£0.52)
0.30 1.59 (x0.20)  0.83 (£0.52)  9.87 (x0.92)

Table III-Hairless Mouse Skin Permeation Parameters of
Catechin from 1.5%(w/v) Aqueous Solution of Pinexl and
Pycnogenol (mean +S.D., n=3)

Compound Permeation rate Lag time
P (ug/em?/hr) (hr)
Pinexol 0.08 (£0.01) 3.35(x2.37)

Pycnogenol 0.07 (z0.02) 3.45 (£2.87)
= dasgon B AgaME suol BAglel FsE
E RO Y AolE Holx Bty 8N Fo FRAF
¥ sroEos Flske 4L BA. ot &
7h d%el BeE Ao AzEth

PinexolE& & 3-1}2 S7F5] 15mg/mL (1.5%, wiv)E
o iR Ad¥E ¢ A= Figue 33 ZUTh
Pinexol ¢} 5w 4uHAQl v|dEAA A Y] &AL A3}t
o 1.5%wv)E Attt AR A=A 3= Pycnogenol
o 71—0 };EE }j]jl_ A& o 6;1_ él}- DNE‘T‘HA
catechin®] HF-EAEE= F94 Ae zel7F fIUT
(Table III). S|F-5F3}o] ARE-E 1.5%(wW/V)S] Pinexol(E8 &
3-1)3 Pycnogenoldll = catechin®| Ztz}F 0.0129% ¥
0.0066% Tr=ol AT} Catechin e 0.05% T3+ &
o] permeation rate 2F B]WSJETH (Table II), &F 10%ol
HAE W 3E Ve AL AR s T v
JEo| 93] catethcin®] FFFH7} FFS W9L7] wiE
Aoz AZEY. 23y, Pinexol# Pycnogenol AR]
catechin®] §XE7F A8 20} zfo|7} v A% Btat
catechinAt4) 9] F4&wdle= xpo|7) Qi o]fdl tish
F7F Ade] 28% Ao Azherh

TS 2ol FFalal AT gel EIYS AN T B @A

ke e2 o >}U

N

4 §7] 2ol ofd I Edolle & gt /ﬂ-ﬂ' Al =}o]
Lolslth= 4ol Ut} Pinexol(E8E 3-1) 2 Pycnoge-

noke 1.5%(wiv) Est AL A&t FRFAEdE 3
A¥= Figure 49F 294t} Pinexol 3 Pycnogenol ©l|A41€]
catechin®] FFFIHEZA= oA e 2ol7E Ik
(Table IV). 23}, 72+ FEE AME3E solutiono] H]sled
YR EET L Yok=] (Table 1IN, ©l& geldl]l &3+ A%
o] = <lsl) E9eHER] AUA7) 2hastsly] Wi A
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Figure 3-Hairless mouse skin permeation profiles of catechin from
1.5%(w/v) of Pinexol or Pycnogenol in aqueous solution
(meanzS.D., n=3).
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Figure 4—Hairless mouse skin permeation profiles of catechin from
1.5%(w/v) of Pinexol or Pycnogenol in gel formulation (mean+S.D.,
n=3).

Table IV-Hairless Mouse Skin Permeation Parameters of
Catechin from 1.5%(w/) Gel Formulation of Pinexol and
Pycnogenol (mean +S.D., n=3)

Skin deposition

Permeation rate Lag time

Compound 5 after 8 hr
/hr
(Hg/ cm ) (hl') (p.g/cm2)
Pinexol 0.05(£0.04) —4.31(x839) 1.00(x0.19)
Pycnogenol 0.07 (£0.04) 141 (x1.52) 0.89(x0.25)
o gzed.

B3 E Pinexol 3-1, £8E Pinexol 3-2, €2 Pycnoge-
not& ZH2} Duro-Tak 87-267790 H4HAA Az HAE A}
£3l HEEAER S FY3F A= Figure 59 2otk &
710l 2t siA) el =] 2= catechin®] ¥ 783K
on (A), F B gl g7 Fol} TRl HolslE
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Figure 5—(A) Initial amount of catechin in each patch containing
Pinexol 3-1, Pinexol 3-2, or Pycnogenol, (B) Amount of catechin re-
maining in skin after 8 hours of in vitro skin permeation study, (C)
Percentage of catechin amount remaining in skin compared to the
initial amount in each patch,
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catechin®] 92 =43 & (B), 2712] WA ZF catechin®
gl el T el Bd F it Folsls catechin
deo] ¥l AFSIAT (€). HA 59 catechinol] thal
o dolgle ] vlgE HTE Aozt fieut
(Figure 5C), 1] 212 ol Pinexol 3-27F PSASH 2
4olR] Y= EAE Ao mE gt} E4do] EE Pinexol
3-1% AREste] PSAY] S HE3IAT

thokdl 572 PSA (Duro-Tak 87-2516, 2677, 4098)%
ARESt B A5 AFtek 3, 8A)17F E9F B R EEES §
A3 Figure 63 28}t 2719 %] Z catechin®] 3
(A Fadoe] Bt F FFe golde catechin®] 4
(B)S =43 AFzHE, 27|19 X F catechin®] Tl
s o] Yolde catechin®] Fg Ak Azt (Q),
DuroTak 87-2516& A+g-d s§x}e] Zto] Pinexol 3 Pyc-
nogenol 5o 74 @It} DuroTak 87-4098& AR&-gh
A= Pinexokd ¥FU o} Y= Bl&o] E=k21} Pycno-
genole- AJjF o e kg Hen, i}, DuroTak 87-
2677& A3t 3| X]ollA & Pinexol 3} Pycnogenol E5F0lA]
B8 38 BT ol= PSA A9 A e] Aole} &
Eajo] xlslwe] xjo] Fo| HgHoR Agsh Al Ao
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