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GHK-Cu, Pal-GHK®l| 37}3t 79-oll&= GHK+R4 < GHK-Cut+R4 < Pal-GHK+R4 <412 73] Fak8 S/} viehst
o}, mpAEkO 2 R6E GHK, GHK-Cu, Pal-GHK®l 3713t 7-9-¢lli= GHK+R4 < GHK-Cu+R4 < Pal-GHK+R4 A2
78 T8 S7PF UERT) ol $ste] 5 71 FEIER] GHK, GHK-Cu, Pal-GHK?| I S35 S7HE $
3t HAo] A& AAS 1 GeS Fiske 4 ol Wk Aoz F5 A V) sPgEelM e 2yl
g3} 385 Aokstaat sl

Abstract — In this study, the skin permeability was measured by adding cell penetrating peptides, arginine oligomers;
(tetra-D-arginine (R4) and hexa-D-arginine (R6)) to little skin-permeable anti-wrinkle peptides (GHK, GHK-Cu, and Pal-
GHK), and the results were analyzed by the following six cases. First, in cases where only anti-wrinkle peptides were contained,
copper ions (Cu,") and palmitic acid enhanced the transdermal permeability. Second, when arginine oligomers (R4, R6)
were added to GHK, arginine oligomers (R4, R6) increased percutaneous permeability, and R4 showed better percutaneous
permeability. Third, the addition of R4 and R6 to GHK-Cu resulted in increased percutaneous transmittance, followed by
R6 < R4 percutaneous transmittance. Fourth, when R4 and R6 were added to Pal-GHK, the percutaneous permeability increased
with results in R6 < R4 order. Fifth, when R4 was added to GHK, GHK-Cu, and Pal-GHK, the transdermal permeability
increased in the order of GHK+R4 < GHK-Cu+R4 < Pal-GHK+R4. Finally, the addition of R6 to GHK, GHK-Cu and Pal-
GHK also resulted in increased percutaneous transmittance in the order of GHK+R4 < GHK-Cu+R4 < Pal-GHK-+R4.
This study provides optimal conditions for enhancing skin absorption of anti-wrinkle peptides GHK, GHK-Cu, and Pal-
GHK, and propose a wide range of applications in anti-wrinkle functional cosmetics by suggesting ways to maximize
their efficacy.
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GAslel| ZIQJeteltt. o2 st i Ate] S= vhekst Akl A Al E
oF73HA|NE $hH © &= AU o] 4§l o] ks 7HA @71 % gheh1]
olof] whzt shgH AlFelA AlLo] Al o}/ Fo] 4] oj‘&aﬂr
Fulgo] F AF o R Fste] sPdE A1 FA%E AnlatE 2
H|S-& A8k QitH2). o) 9A o e A1 975 A3k Al
Yol Al o/d=2] *7]'5 Fra/do] Hold 75 /A 71554 8t
ol g =87t F7kste] 38 oM = oo thsh A7l
o] ghiks] 18| 3 QT3]

H 3PES T A 715 AR ofn| et FEA
T o] &35t} af= #Alo] oA 1 vk FHEE §-
g 84S 72 gla, A ol ol 2R Qb 1l 37
oA o]_L w3 g w ) 97)7} o} e o] 71EstE &2 s

A E &8 7FsA 0] 7] WEolth4,5]. tl3EA Q1 5 A
]?"é HE] = 2= GHK(glycyl-histidyl-lysine)”} $1t}. GHKA= Af
Hel el A FeH L, THE AAEIAE LA vt
oli= d el 2041l F 200 mg/mL = EA8FA|RE 13}
7} A& ol whe) 714310 604 o= 2F 80 mg/mL @E EA)8}
0]#] 8k GHK+ extracellular matrix?] W44, &84d 5, 714 242
A0 S TTMAIA I A 9 A A A H:]' GHK+=
T8 o]l #2 HghHE 7H4 GHK-Cu FE|Z &3] EAlshH,
GHKE] —Er é 4l QPYAE =o)7] &l AARI palmitate$} 2
Pal-GHK = &A%t} ©]2]3k GHK, GHK-Cu, Pal-
GHK+= 55 70 7164 sPdss A= 2o Q. shA|wt i
B 394 AR AdS5S T8k bl ojgfsol Slo] Az
T FollN &5 UERNZ] o k= A7} sleke-11].

ShA g IHQd M ) oFE AY-S -4?3’}01 AzEks 34514
B, A3 538 vEeRA] koA XA Ad] 22 Adst
2 Ag7F @iks] o] Folx|ar Qlrt. o] o} wedsto] AR} 3
E] = (cell penetrating peptide)ol] et B2 A7} 3= 3 STt
AT HE = APk o7 10-30719] 242 ofv|ieito® 74
wo] Qlom, oAk A FE Z42}e] AT e e} oheka)

A RE it 2717 9] o) 1ARRI lysine(K) arginine(R)yS o]
3238k QI HIV-1014 f-2l ¥ Tat FE| S 718 A7) Hol
B3 Q= AT j‘]E]E % sfttoltt. Tat WEI=3= 8671€] o}v]
wAko ® g of 9131, RKKKRRQRRRE] A o] A2z} 3]
Lo e85 sh= A T2 4oA vk Tat HEHES] opv =
A G S AU AAA 7= AES E3) lysinei} arginine®]
Tat FE| =7} A2 T3 FE| =2 A A2y FibsE 7HAE 84
ks sk Ao] B AT 12-16]. ©]& 58314, /‘ﬂli_“h} T4
PN 7 A2 B A o]FS TR T4 AN 7R
2 AEFEH FE=E 754 s A o AR A4
Ffol] 8N 7 A& Hlolf AR FTH17,18].

Ao = 75 714 HWEI=R! GHK, GHK-Cu, Pal-GHK®]|
MAEEF3} FE] =1 Ré(tetra-D-arginine), R6(hexa-D-arginine)E 3
7¥ste] A3 FAREE S ol & vk 67H4 7 (1) T
F71d 3VE] =(GHK, GHK-Cu, Pal-GHK)®}F ¢, (2) GHKe®ll &
2719 28 117 (R4, R6)E A7}, (3) GHK-Cu®ll R4, R6E 71,
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(4) Pa-GHK®]| R4, R6Z 7}, (5) R4Z GHK, GHK-Cu, Pal-GHK ©]
7}7} 27}, (6) R6S GHK, GHK-Cu, Pal-GHK®ll 7}7} A7}t 74
FollA Ao EFTFEE vlwstaAt skqith. gtk FE/N eI 2
A2l Ao Fapzel digh s, METE e =F 3 TA 7
S0l F7la el thet A E 9l Exjepo] At o 7 ke
E M e = g, €271d (R4, Re)ell WHE 3] FHE
£ slAstaAl st
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2-1. X2

2 ATl AMHE 5 714 HEI= GHK, GHK-Cu, Pal-GHK
1 A ZF 3} ME] = R4, R6+= Dermafirm Co.(Seongnam, Korea)
oA F4lete] ARgSEltt. o] o] &3] Table 19] 97H4] A&
el gAlsto] Alxstela, 24 e E s 1%(10ml/mL),
R4 FE+ 0.5%(Sml/mL), R6 55+ 0.5%(Sml/mL)°]T}.

2-2. 2| R Y Uy

Ay T3 5% 54 Franz® WS ©] €3 Franz Diffusion
Cells and Systems (PermeGear, USA)E ©]-&-3}o] S73FATH19].
A8 g 3] 5= Neoderm®-E (Tegoscience, Korea)E AF-&-3F3A T},
3] 5-E receptor chamber $] ol Z+ A Z0] 91 & ol 22|
donor chamber& 723 9o
receptor medium?! PBS (Sigma Aldrich, USA)E- 8.5 mL | $] 3149}
receptor medium®] WEFEE 3T} 25 1= 2FF(LabHouse,
Korea)E ©]&35to] A>3} F-ASE 37 °CE F-AI8151 AL, 3047 9F
BT 52,1004 A|lZ=gE AlEE 0.5 mES 1.326665 cm?® WA
o] 1) Fef Attt -5 F 43t A E7} receptor medium®ll
T LA = == stirring bari= 500 rpm= 74 3HH A 4, 8,
12, 16, 20, 24713+ 3ol Z+Z} sampling portS- -3l receptor medium=-

T AIZ1 F receptor chamber®l|

Table 1. Sample list used in this study

S1 GHK 10 mg/mL

S2 GHK-Cu 10 mg/mL

S3 Pal-GHK 10 mg/mL

S4 GHK 10 mg + R4, 5 mg/mL
S5 GHK-Cu 10 mg + R4, 5 mg/mL
S6 Pal-GHK 10 mg + R4, 5 mg/mL
S7 GHK 10 mg + R6, 5 mg/mL
S8 GHK-Cu 10 mg + R6, 5 mg/mL
S9 Pal-GHK 10 mg + R6, 5 mg/mL

Table 2. Franz diffusion cells and systems operation conditions

Instrument PermeGear V6A-02
Skin Neoderm®-E
Area of skin 1326665 cm?
Volume of sample solution 0.5ml
Weight of peptide Smg
Receptor medium PBS
Volume of receptor medium 8.5 ml
Temperature 37°C
Stirbar speed 500 rpm
Sampling aliquot 0.5 ml

Sampling time 4,8,12,16,20,24 h
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Table 3. HPLC operation conditions for determination of GHK, GHK-

Cu, Pal-GHK
Instrument Agilent 1100
Column Shiseido C18 (4.6*¥250 mm, 5 pm)
Time 0 50
Mobile phase 0.1% TFA in water 100 0
0.1% TFA in acetonitrile 0 100
Detector wavelength UV 220 nm
Injection volume 20 pl
Flow rate 1 ml/min
Column temperature 25°C
Run time 50 min

0.5 mP AF 3 $ 52 receptor mediume X.Z3H{c. AF gk
receptor medium> HPLC (Agilent, USA)E ©]-&3}0] & 43}
At A 271 Table 200 & 8F3TH20,21].

2-3. Zu| Rule Hgf i

GHK, GHK-Cu, Pal-GHK 2] 73] F3}. 5= 55 $13) HPLC (Agilent,
USA)E o]g35to] kA ANF ) receptor mediume =431t 2
25 Shiseido C18 (4.6x250 mm, 5 um), ©]-5-2 trifluoroacetic
acid (Sigma Aldrich, USA) 0.1% $H 5759} trifluoroacetic acid
0.1% & acetonitrile (Samchun Chemicals, Korea)®] gradient, 73
% 942 220 nm, A H FHFLE 20 uL, 5 1 ml/min, 23
L5E1=25°C] 2R ZF AR 507 A Kot
23 2742 Table 301 AElskodct.

A5 574517] A3t Franz®] WA AREE Al Z g NS
Z}7F 5 mls ARESIERLAL, o] §-dloll= 1% FE| & s=F st
HE =9 FAI= S mgs AYaL ok 9 5F- 14 1326665 cm®S
nEshd, 27] HE = FoIF 3.77 mg/em?o)] thH] 8} receptor
chamberel] F¥¥ HEIE H| &S St +4 A F5-&

(Cumulative release)ys 22} Table¥} Figureol] AAISFATE

2-4. SHX 2|
HE AR 33] WSt S4ste] ) RTAE A=)
%31, SPSS TAIZZ 730 7 Adulz] £AHEA]-S- Duncan®] W

LN -
H& o] gste] 85k p<0.05 FrollA 243 g3kl
3. 44 3 oF
3-1. GHK(S1), GHK-Cu(S2), Pal-GHK(S3)2| Hu| FulT H|w
GHK, GHK-Cu, Pal-GHK?] 33 FHEE& #Aste] 11 A&

Table 4 @ Fig. 19]] A|A]3}3I T}t GHK, GHK-Cu, Pal-GHK T 4

Table 4. Cumulative release (%) of GHK, GHK-Cu, Pal-GHK

10

Cumulative Release, %

0 4 8 12 16 20 24
Incubation Time, h

Fig. 1. Cumulative release (%) of GHK, GHK-Cu, Pal-GHK: @, GHK;
A, GHK-Cu; H, Pal-GHK.

Btk 4A1 7k X 8] 2] T3-S vl 28, GHKE 1.08%,
GHK-Cu= 1.9%, Pal-GHK= 2.48%2] F3H&-3 50 GHK-Cu=
GHKel H&l| 2F 1.768), Pal-GHK:= GHKOJl H]&l] oF 2,31 12 ok
o] FRE| ek, Sk 2487 A o] HF T4 TS v wahd,
GHK+= 2.53%, GHK-Cui= 3.86%, Pal-GHK+= 4.61%2] 5355
.0} GHK-Cu¥ GHK®ll B]3l F 1.534l, Pal-GHK= GHK®] H]
3l oF 1.828)] B oFo] FHE| It = Pal-GHK, GHK-Cu, GHK
TOR & FHEE Hlon, o] A¥i= FE]o](Cu,)F 2]

Exto] 9] FakeS ST 2lE & S Sk

AR 327 F 528) A6 - 24X R = s e AlE

3-2. GHK(SIP| R4 &7KS4), R6 7 kSTl 2 Zi| B H|m

Table 5 ¥ Fig. 2| GHK, GHKl| R4% 7H(GHK+R4), GHK ]|
R637HGHK+R6)S] GHK I FI L A= A A8k, H o5
I Ao BT A B4 3A a3 Foll 2441377k
A= HSHAl 5B TE AAIIEA] 78 Fogs AR,
GHK= 1.08%, GHK+R4+= 2.73%, GHK+R6:= 1.31%2] T35
3.¢] GHK+R4= GHKell B3] < 2.534)], GHK+R6% GHK®l| H]
3l oF 1210 W2 oFo] FHE Q. BEsh 244]Fel| A 9] FF 4]
E3}-gol 4= GHKE 2.53%, GHK+R4E 7.61%, GHK+R6E 3.54%
o] B1}-8-& K o] GHK+R4+= GHKell Bl &l 2k 3.019)], GHK+R6+=
GHKel| H]3) oF 1.400 W2 fo] Fk3lth. = GHKell R4
GHKell R637} GHK <20 % & GHK F35Z BH3ch

3-3. GHK-Cu(S2)0| R4 &7KS5), R6 HI7KS8) = AHu|
Enc Hlw

GHK-Cu, GHK-Cu®l| R4% 7}, GHK-Cu®ll R63 7}2] GHK-Cu

Time Oh 4h 8h 12h 16h 20h 24h
mean 0 1.08 1.63 2.03 2.25 2.31 2.53
GHK (%)

SD 0 0.15 0.26 0.12 0.09 0.17 0.19
mean 0 1.9 2.22 2.8 3.17 3.47 3.86

Sample GHK-Cu (%)
SD 0 0.16 0.19 0.16 0.16 0.23 0.21
mean 0 248 3.1 3.64 3.98 4.28 4.61

Pal-GHK (%)
SD 0 0.2 0.22 0.22 0.19 0.12 0.23
one-way ANOVA - .000 .001 .000 .000 .000 .000
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Table 5. Cumulative release (%) of GHK, GHK+R4, GHK+R6 (%)
Time oh h gh 12h Toh 20h 24h
mean 0 1.08 1.63 2.03 225 231 253

GHK (%)
SD 0 0.15 0.26 0.12 0.09 0.17 0.19
S GicRaen T 0 273 3.98 5.12 6.11 6.95 7.61
ampe ° SD 0 0.18 0.23 0.19 0.23 021 0.27
mean 0 131 214 2.64 284 3.16 354
GHK-+R6 (%)

SD 0 0.18 02 0.26 021 02 021
one-way ANOVA : 000 000 000 000 000 000

10

Cumulative Release, %

Incubation Time, h

Fig. 2. Cumulative release (%) of GHK, GHK+R4, GHK+R6: @,
GHK; A, GHK+R4; ll, GHK+R6.

73] T3 A3}= Table 63} Fig. 39 YEFATH GHK-Cu, GHK-
CutR4, GHK-CutR6 B 4AZ71A] T 27} 343] 45e &
24X AR = ebet Al E VR SAF FEje] 4 vEL
Wk 4x] 7oA 9] 74 F9hg-S B w s A, GHK-Cut 1.9%,
GHK-Cu+R4E 3.84%, GHK-Cu+R6E 2.52%2] F3&S Ko
GHK-Cut+R4¥= GHK-Cuel| B]3} ¢k 2.024], GHK-Cut+R6%= GHK-
Cuef] B13j| F 1.33u] -2 o] FHE|glc. 24|71 ellM 2] HF
2 E3-4-8 ) wsl| BE, GHK-Cui= 3.86%, GHK-Cu+R4:= 8.68%,
GHK-Cu+R6% 4.69%°] F 385 1.0 GHK-Cu+R4+= GHK-Cu

Table 6. Cumulative release (%) of GHK-Cu, GHK-Cu+R4, GHK-Cu+R6

10

Cumulative Release, %

ol n]3f ek 2.254), GHK-Cu+R6+ GHK-Cu®l] W] 3] <F 1.220) &
£ ko] F3}5 Qi) = GHK-Cuoll R4% 7}, GHK-Cuell R63 7T,

12

Incubation Time, h

Fig. 3. Cumulative release (%) of GHK-Cu, GHK-Cu+R4, GHK-
Cu+R6: @, GHK-Cu; A, GHK-Cu+R4; ll, GHK-Cu+R6.

GHK-Cu 0% %28 GHK-Cu T E=E B},

3-4. Pal-GHK(S3)01l R4 &71(S6), R6 7S] 2 AHm| £
T H|w

Pal-GHK, Pal-GHK ]| R4 7}, Pal-GHK | R67 7}2] Pal-GHK
73y 3 S AIE Table 79 Fig. 40 AAEI 0, 5 4

AR T3 7E JA3] S d §- 2423714

bt 45

A SRR el

Time Oh 4h 8h 12h T6h 20n 24h
mean 0 19 222 28 317 347 3.86
GHK-Cu (%

u %) SD 0 0.16 0.19 0.16 0.16 0.23 021
mean 0 384 517 6.13 6.93 7.96 8.68

Sample  GHK-Cu-+R4 (%
ample u+R4 (%) SD 0 0.26 0.16 0.29 031 0.25 0.29
mean 0 252 2.85 328 3.64 412 469

GHK-Cu +R6 (%
u+R6 (%) SD 0 0.26 027 021 022 0.19 0.25
one-way ANOVA - 000 000 000 000 000 000

Table 7. Cumulative release (%) of Pal-GHK, Pal-GHK+R4, Pal-GHK+R6
Time Oh h 8h 12h T6h 20h 24h
mean 0 248 3.1 3.64 3.98 428 461
Pal-GHK (%)

SD 0 0.2 0.22 0.22 0.19 0.12 0.23
Sample  Pal-GIIKARA (%) mean 0 461 627 73 83 9.11 9.79
P ° SD 0 021 031 0.28 0.25 0.2 02
mean 0 318 3.79 429 493 5.62 6.11

Pal-GHK+R6 (%)
SD 0 0.19 0.22 031 0.22 0.33 024
one-way ANOVA - 000 000 000 000 000 000

Korean Chem. Eng. Res., Vol. 58, No. 1, February, 2020




10
X 8 -+ ®- Pal-GHK
o
g 6 --n
: - i -
> -
s A
2 .0 A =T e PRRRIRRIRE ’
E e/ a T e o
S | me, ™ @meesc
o

2

0 T T T T

0 4 8 12 16 20 24
Incubation Time, h

Fig. 4. Cumulative release (%) of Pal-GHK, Pal-GHK+R4, Pal-

GHK+R6: @, Pal-GHK; A, Pal-GHK+R4; l, Pal-GHK+R6.

£ Kol SA o] F4E eI x| A 9] A kg
A5 vy, Pal-GHK= 2.48%, Pal-GHK+R4= 4.61%, Pal-
GHK+R6Y= 3.18%2] 388 1.0] Pal-GHK+R4+= Pal-GHK ]l
H &) oF 1.86Hl], Pal-GHK+R6%= Pal-GHK®l| H]3} oF 1.281)] 13-
o] FHEQITE. 24117 M o] HF 724 FoHE-E v|wskd, Pal-
GHK*= 4.61%, Pal-GHK+R4= 9.79%, Pal-GHK+R6+= 6.11%2]
F 98-8 ¥.0] Pal-GHK+R4+= Pal-GHK o]l &l 2k 2,124}, Pal-
GHK+R6E Pal-GHK ] v oF 1.33uf ©-2 ofo] £ ict =
Pal-GHK ®ll R43 7}, Pal-GHK ®ll R63 7}, Pal-GHK =2 2 =&
Pal-GHK F3} =& H.3it},

3-5.R4E GHK(S4), GHK-Cu(S5), Pal-GHK(S6)M| ZE7of|
(e Zu| Fali= Hlw

Table 8 % Fig. 5ol4 X vkel 7o), R4E GHK, GHK-Cu,
Pal-GHK®]l %73t GHK+R4(S4), GHK-Cu+R4(S5), Pal-GHK+R4(S6)
9] A9 FH = AR WE 7dE ol 24A77EA] ehlst &
7Fe Hol SA S BT 4r[7kelM o] FH FES v

3| ., GHK+R4E 2.73%, GHK-Cut+R4+i= 3.84%, Pal-GHK+R4+=

Table 8. Cumulative release (%) of GHK+R4, GHK-Cu+R4, Pal-GHK+R4

(&l

B GHKs®) 91755 4

33

Cumulative Release, %

Incubation Time, h

Fig. 5. Cumulative release (%) of GHK+R4, GHK-Cu+R4, Pal-
GHK+R4: @, GHK+R4; A, GHK-Cu+R4; l, Pal-GHK+R4.

4.61%2] 23| T35 ERAL, GHK-CutR4= GHK+R4°] 1] 3]
ok 1.414), Pal-GHK+R4+= GHK+R4°]| B3} F 1.698) & ofo)
FE| AT} 24A1710ll M 9] HF 74 TS v sk, GHK+R4=
7.61%, GHK-Cu+R4+= 8.68%, Pal-GHK+R4= 9.79%2] F-3}-8-2 1.
GHK-Cu+R4= GHK+R41| 1|3l ©F 1.148), Pal-GHK+R4= GHK+R4
of H]3)] oF 1.298)] %2 ofo] F3}=¢lrt. & Pal-GHK+R4, GHK-
Cu+R4, GHK+R4 02 =2 3] FAUTE B}

3-6. R6S GHK(S7), GHK-Cu(S8), Pal-GHK (SO0 &7[0]| [}=
Zu| F3lE H|w

R6Z GHK, GHK-Cu, Pal-GHK ]| 37}l W& GHK+R6 (S7),
GHK-Cu+R6 (S8), Pal-GHK+R6(S9)2] 73] F3 %= A 3}= Table 9
4 Fig. 60l ANAI8L 1, B XA B3 7} 54 5] et
T 24A A= bt Al E BT 4A17ke A 9] A T3t
&5 ¥ 23| B, GHK+R6= 1.31%, GHK-Cu+R6= 2.52%, Pal-
GHK+R6+ 3.18%2] 388 K] GHK-Cu+R6E GHK+R60]
H]3}| oF 1.928, Pal-GHK+R6% GHK+R6°Y| H] 3l oF 2.43u) -2

ol FHE T 2417 M 9] HF A FaHEE W awe R,

Time Oh 4h 8h 12h 16h 20h 24h
mean 0 2.73 3.98 5.12 6.11 6.95 7.61
GHK+R4 (%)

SD 0 0.18 0.23 0.19 0.23 0.21 0.27
Sample GHK-Cu+Rd (%) mean 0 3.84 5.17 6.13 6.93 7.96 8.68
P ° SD 0 0.26 0.16 0.29 0.31 0.25 0.29
mean 0 4.61 6.27 7.3 83 9.11 9.79

Pal-GHK+R4 (%)
SD 0 0.21 0.31 0.28 0.25 0.2 0.2
one-way ANOVA - .000 .000 .000 .000 .000 .000

Table 9. Cumulative release (%) of GHK+R6, GHK-Cu+R6, Pal-GHK+R6
Time Oh 4h 8h 12h 16h 20h 24h
mean 0 1.31 2.14 2.64 2.84 3.16 3.54
GHK+R6 (%)

SD 0 0.18 0.2 0.26 0.21 0.2 0.21
Sample GHK-CU+R6 (%) mean 0 2.52 2.85 3.28 3.64 4.12 4.69
P ° SD 0 0.26 0.27 0.21 0.22 0.19 0.25
mean 0 3.18 3.79 4.29 493 5.62 6.11

Pal-GHK+R6 (%)
SD 0 0.19 0.22 0.31 0.22 0.33 0.24
one-way ANOVA - .000 .000 .001 .000 .000 .000
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Fig. 6. Cumulative release (%) of GHK+R6, GHK-Cu+R6, Pal-
GHK+R6: @, GHK+R6; A, GHK-Cu+R6; H, Pal-GHK+R6.
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