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Dermal Absorption and Body Distribution of
'I-thEGF in Hairless Mice

Jeong-Uk Lee, Seok-Jae Chung, Min-Hwa Lee and ChangKoo Shim'
College of Pharmacy, Seoul National University, Seoul, 151-742, Korea

Abstract— Distribution of rhEGF in the skin, plasma and several organ tissues following topical
application of “FrhEGF (0.4 pCi) solution in 25% Pluronic F-127 on 154 mm’ of normal and damaged
(bummed and stripped) skins of hairless mice was examined. The radioactivity in the stripped skin
tissues increased as a function of time, and was 10~20 times higher than that in the normal and bum-
ed skins. The fractions of intact drug in the skin tissues were 40~60% for the normal and burned skins.
and 60~80% for the stripped skin. It indicates that the stratum cormeum layer behaves as a barrier for
the dermal penetration of the drug. The radioactivity in the plasma was much higher for the stripped
skin than for the nomal and burned skins. However, the concentration of intact drug in the stripped
skin was comparable to those in the normal and bumed skins indicating most severe degradation (or
metabolism) of the drug in the stripped skin. As a result, the fraction of intact drug in the plasma was
lowest for the stripped skin ({10%). Body organ distribution of the drug was much higher for the stripp-
ed skin. The concentration in the stomach, both in total radioactivity and intact drug, showed more
than 10-times higher value than in the other organs (liver. kidney and spleen). The fraction of intact
drug in each organ tissue was below 10~20%, and generally lowest for the stripped skin. The lowest frac-
tion of the drug for the stripped skin could not be explained by the activity of the aminopeptidases in
the skin since it was lower for the stripped skin than for the normal skin. Thereore, the fraction of intact
drug appears to be determined by the balance between dermal uptake and systemic elimination of the
drug, for example. The mechanism of dermal uptake of ThEGF was examined by topical applying 200 p!
of 25% Plurenic F-127 solution containing 0.4 uCi of “IthEGF and 0.14 uCi of “C-inulin (a marker of pas-
sive diffusion). The radioactivity of “FrhEGF at each sampling time point (0.5, 1, 2, 4 and 8 hr) was cor-
related (p(0.05) with the corresponding radioactivity of “C-inulin. It appears to indicate the rhEGF may
be uptaken into the skins mainly by the passive diffusion. This hypothesis was supported by the con-
stant specific binding of EGF to the skin homogenates regardless of the skin models. Receptor mediated
endocytosis (RME) appears to contribute negligibly. if any, to the overall uptake process.

Keywords (] Epidermal growth factor. bumed skin, stripped skin. dermal uptake. organ distribution.
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EGFE &, &2 2 A% 22 Ao, o3a, A
o, 9, W 2 sl e Rejo] B e EGF
A9 Agstd 1 AEEE 8-S JERE Ao
2 g8 A vk’ ¥ EGFE in vitrodl e AE] FF
o upz} th27)e S AEE AAATI e fdAE 8
A3lae] | in vivodl A& ATl FAME Af (A
A Bta, it BulE JAE, e Ao} W
BE NfEcta g’

EGFE in vivool A sj¥o] 835198 o] Ad]
Ay Z3E a0k Bo ohga gt $F9] gjst
EGF9] PVA 2ZA& o4&t EGF7t 443 W&
ol 7dA ] 2ol vlal fFP22, DNA ¢ o
A gF5o] A3 F71akrt.? Calcium alginate
beadsol EGF& &A1 A4 AlFE Ag8td 4
3] 9] neovascularization®] FEAHJ oY =2 (&
Hhd A Aol M= 2371 YT E vpg20] Pl
EGFE 05ng¥ 19 28], 7~1547 =¥31%5& ol
A2 29 9] tear strength7b F2AAUA AXEHA=
ol 53] 7|47} A(Carbopol 940)d w7} el g
Q A¢ro o U 1299 HF 0] @Al A
sulfadiazine 29 EGF(10 pg/mil/2 cm?)E 49
1¢ 23] =¥ sulfadiazine &5 Fo ARt} 2l
£o] FAUA ALY 34 B A HRE
©]4 3152 1 donor sitedll EGF AHAIE =231
Y A4 AZkelut A f-80) AT #3137
o] 34, A 2 HEA B EGFE 9502 Fo
RS W= &4 Hie Af F3A g3t JehA|
%3 protease AHAE HEFA 3G S wozt 24
Z4 9] £% 9 hydroxyproline $3#% 4% %37 3
2o] %7} AdEUTt s Y a2 EGFE
93 5% u XL YEE, EDTA, S 24t Y
EEFTY &7 EXA9 ¥4 T3 EGFe o
A7} AsiElol EGFY 85527 $7kekte R
= 9\19\1]:]_.16)

ol2lg okl L& JdH oz &3V Al
S g9 Al FEHE dotsteior ik #F
EGFE A9 R34 9, 5o §3Fol| upe} 50 pg/
kg ol&toll M= wizk7)7} 158, 100 pg/ke o1 5
A 249 24AE Jehdo] wizdrizt Ao e 1~

48 oA E 14~2430)2t3n BaFe] 9lon o] &
Foll A fFe]EAe YEMIJYTE” gxldl glojME=
rhEGF 10 pg/kgg 39 oA 2 24wg71s o
2¥02 308 Aol o 245 ]85 FAE 124]
AT oFEo] A&HAT®, YI-EGF 3.4~4.7
MBg/kgg H9 T A= 34k 24 AE YehH o v
A7)7F oAbl A= 0.4~0.72, PAIAE 2.0~2.28,
Y3ANE 53.3~97.681%th" whgoAE
hEGF 0.1~1.0 mg/kgZ® M3}, 27 2 28541319
£ uj ¥izdr) 7} Zhzh 40, 20 2D 1080 UThY

a2y Do) ZaH oz Hgd EGF Al Sefol
dalele Hard Aol glok ¥E EGF7H U1 &3
2A, 42 a9E 2] 93 A A e vt
Rahge JelgRlE ggton dxFe 5 7Y H¥
ol EGFel 93 wclgal zhasl 9 mubyaholx]
o} 22 FAbo] UehdteE Bu¥7t gk a8
58 W Zut &4 2 A P7Izie] AA
EGFE 4833 & 3% 1 344 ¥ 3442 593
7] $18tel T2 88 BGFe) A o] 8-S setd 9o
7} siek.

whzhA] o] Ao A= s ol 28" rhEGFY o
5 zAY=e] £3 2 44 7]AE gof B4} 31
o} & 34 =5 AFED S 2RI Sole s vk
2.9] g7o) P12 FA Y rhEGF(PIThECGF) & 4
HEg 3 AAH o2 w23 2 AR il B
EGF7} o133 AEE ZAlslddh. £ EGFY %
£33 717§ Yolry] $i5ty ol=de] Hi £ A
£ sl¥en ¥ z2F 9li= EGF =847} 9%
ST AT A7l wpe} o] R A WElseR] Yol
$l5td B zZ homogenatest FI-rThEGFSte]
specific bindingS AESG. A S UA H
™y 49 proteolytic activity7} F7H3the B
27t Qe 3B &bl osf 2] 71A] pep-
tidased] ko] oG A W= 5 AT

ALY

A ME W A T - Ndeze PIrhEGF
(AgAlek: specific activity 0.2 uCi/pg). “C-in-
ulin (NEN Products, Boston, MA, Fl=: specific
activity 0.0028 pCi/pg), Soluene-350 (Packard,
A Canberra Co., Groningen, H¥#=), 30% H,0,
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(Yakuri Pure Chemicals Co., Osaka. ¥¥). LSC
cocktail Formula-989 (NEN. Boston. MA, v]&).
Immunoprecipitin (formalin-fixed Staph A cell:
Gibco BRL, Life Technologies Inc., Gaitherburg,
MD. "%), anti rhEGF rabbit antiserum
(Allelix Biopharmaceuticals Inc., %), MgCl,
aprotinin, bovine serum albumin, Tris (¢]d Sig-
ma Chemical Co., "|%), *I-thEGF (Amersham,
9= specific activity 800 uCi/mmol), rhEGF(th
<A1, 3,5-diaminobenzoic acid HCl (Aldrich
Chemical Co., ¥I5%), deoxyriboneucleic acid sod.
salt (DNA highly polymerized from calf thymus:
Sigma Chemical Co., "l=), sodium chloride
(Shinyo Pure Chemical Co., ¥£), sodium dihy-
drogen phosphate @ sodium hydrogen phos-
phate (Junsei Chemical Co., ¥¥£), leucine Bna-
phthylamide, arginine P-naphthylamide, alan-
ine P-naphthylamide, p-dimethylaminoben-
zaldehyde, Folin & Ciocalteu’s phenol reagent
(o]/¢ Sigma Chemical Co.. =), Pluronic F-127
(BASF Co.. ), FAR-ZHT (F9A%), FAME:
g (AN F& A3 e, HE ~2EYSE
Hlo)Z 2= opAHo]E HHH|O)Z (Scotch Magic™
Tape, 3% 3MAHE AHE3IEC AsEZE PVC
sheet(213-59), urethane foam tape(3H= 3MAD).
Aulg FHE] (Vasculon 2, Viggo AB, Helsing-
borg, 2-¢ldl)E A&ttt

71712+ thermocontroller (¢Fd 42}, microcen-
trifuge (Centronics. Microfuge 3600, U.S.A),
homogenizer (Ultra Turrax T25, IKA-Labor-
technik, Janke & Kunkel GmbH, %), #v} 7}&
B} (Cobra Auto-Gamma, Canberra Co., P13}, li-
quid scintillation counter (Wallac system 1400
counter, An EG & G Co., Turku, ¥ A=)E A3}
At

A TR 2El - 25+4 g9 Sojlavkea(ALA)
o} Bug o2 Hedlgd By gy Tl
ApofjA Aol 2 Ao ol Qrh? &4 9l Re]
Tdz 3 34 22 BEigict s H R REe
ol 2ot Ao A 5 mg/misEe HE vl U}
EF £98 10ml/kg 8302 B FAEtA v A
& ARE nAGATIAL FEFA 100°CE g3
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(AR 1.4cm)e BA QFE 527 EX 9
Mg AT A Y mde 3 2d )
A9 B 27IR 2 A A7) Sloje] Anpgse] BE o] 1)
Roll ofAejo]E Hateo| T g o]R3ld FWE WA
Wol(203) wHeE) mheot &4 AR e AAduR
(2ol 217 1.4cme) 948 38 110 oE 34
28 gAjeaTh

oFEC] B U AlBRAMH - &S U2 99 7
2 2 gz 299 w3 PVC sheet® $det
foam tape® ©|&43}o] A7 1.4cme 982 o
Holg A e 25% Pluronic F-1272 &
A& P-rhEGF(2F 0.4 pCi) 2 “C-inulin (2 0.14
uCi) g €9 200 WA S PTFE A9 FHHE S 72
FAZ12 Fo] 2o wre} 94t} of 7)ol “C-in-
ulin® #213 ¢F 5400359 F4 ¥R EGFe
A go] vl&stn g Fite) MRt FEEHE B
A2A o] v Eil 7]Hg dol B7] st A}
£33t = 71724 Pluronic F-1278 A=3 A2
o] 71&lZlX] hEGFS etAlol £, 37°CollA] 24]
{toll 80%°14el EGF7F &5tk mu®7} 917
2ol At

05, 1,2, 4 2 8N B3 Azt g AT, 2t
ot} 4ol NS G AJzko] HH B, 70% eHE,
B A2 oFF A4 RS 334 (F 93]) Hohn
I 299 gRE 8iA Yok WA wRe a7
Aol JE A 2D "Ae 2AAHA AASEY 2
thg ahe2E NSt AZozRE o 0.2ml4 9]
AL AFs, 9, ¢ A3 9gE 4Es40. 3
£ A7le A9E AAsn FFAE 218 AASA
t} o}F F e oz po] YBE -T0°ColA 4
HTD, YeiAE 2AS o § ul2 245 MBS
ZAsch e vi2 YA sl 838 Red)
3, vex F71EE a2 AFAA -T0°CR 4H
it

AlRE YAHRY &3 - 95 39 2 72 P59
PluAlgd e 5487 daiMe 4 A8 FAE
M F 7} FHE 4 vlo|del] W e} FRRE 2 EA
it (RE “co WAL EAE) e
A8 A5e TAE M F LSCE ZeldEa ulo]gol
21 o7jo Soluene-350, 0.5mi¥E& 7tatdct.
50°Ce] 2EA 3123 w8k thrt 30% H,0, 100
WS 7HsE |, ALeA 6AI1ZH ol #HAIEIT 2
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% wvle]dol] LSC cocktail (NEN Formula-989) 5
miAE 718t B EE 3, A2 s x| skt
7} liquid scintillation counter2 &% 3t}

AIRS WM oHll B#iC 88 - 4 NEFT 84 &
2 222 Tyson5e &9-H %8S o|&% im-
munoprecipitin test®2 W3l ZHsgct =
z2) 9] Z-7of wa) FAe] 3~5u1%9] pH 7.4 PBSE
7teti S RAGe|HE o] &8t ZAG 7k =A9] o
Zskel oF 200 poll 3HA) 100:1 A8 100 W 73}
a1 2ol A 12]7E B3 Aol 4A & A= oFs)
A Ag3h vreAFAL &7)o immunoprecipitin
(formalin-fixed Staph A cell) 100 W& 7}k thA|
2o A 308 ¥He-AIZ) vhe, 14,000 gol A 1083 €&
AEeEldct. gl o Al A= rhEGFY
22 FAE Ao, AAH A5 w
AIEAEE S48t o|ZRE] G4 GBS E&5 AN
Epi=

e #&(%)=

(AT S84 cpm]

(FAF WA +3¥T TAHEA cpm)

%100

% IThEGF] 31482 1ng o)A 89.3~
90.2% (H# 89.5%)J1, FAE 718A g4& AS
6.4~5.6% (A 6.0%)7} s At.

I EFo] WEY M2iSty ¢ §5 - 97 &4
& Ao Aol wet 3Ed) o]eidt 35S
o] Rajo] &L vl 5ol Aot olF HES}]
fatel FRE EAARA 1, 4, 88X F HEFY
EGF &4 2%, DNA &3, o 28 54 84,
o kg 239 ol & sl thga) 2ol B
& AE3 SEAYIE FHE ZAFAT Foiy
2npe 0] B shdat A4S dol ¥, dES H
£3517] ¢4& A2 A7) 1, 4, 9 8AIZE A Fof R
ZAg HEFAY FE 239 IHAEE
Wynns< ?e ¥yslo BHEAT 5 HEs =
2)g Sefo] ofolaitolA nlz d#l H -710°CE 23
BT AMEA] dA) Az YEAA 2 /S
o] &3te] E-A3It). 7)ol Z+ =& T gufike)
@3h= pH 7.4 Tris-HCl $59(5 mM MgCl,, 1 pg/
m! aprotinin)& 7Ftn ZEAYCIHE o] &3lo]
10% BEAO|EE A2 F, A &3hed 4°C, 3000 goll
A 583 YA EEsle] e A

EGF 24 28 Al - Yanais9 Wi¥g +4
3] AAETh &, A7) 9% 22 RAYo|E
474 200 wiell wkg-of 200 WIE 71 F 23+1°CellA
60237 MgTrAch AR Wgole EPAPRA S
A E ANS, HIERAFTEA L Hair= BAS Al
43190t A, B9 xue ohg3) gk

A B
Tris 0.05M 0.05M
MgCl, 5mM 5 mM
Aprotinin 1 ug/mi 1 ug/ml
BSA* 0.1% 0.1%
rhEGF - 360 ng
”I-rhEGF 50000 cpm** 50000 cpm

* BSA : Bovine serum albumin.
** BLyhEGF 50000 cpm : thEGFEA 0.017 ng A2 %.

skg-ole] pHE 742 3en, o] EGFet &
Azre] Ajol goid AA pHE LA dop® ©
23+£1°ColA 60%7E MY AL o] L&A 600
Woll o] B £23to] B1™ I o] 2FP)A
B 21 7) dFolt}. 607t wi%F WAlZ) pH 7.49
0.1% BSA ¥ PBS 1 miE 7138l vke-& $8A]7]
3, A&dngioz ARY FEL HldAnt Mg
A AHE3E "El= 2l dH RE(GF/F. Watman,
England) 929, o371 8¢ F #x ool HElE
HAIZ1 pH 7.49] 0.1% BSA € PBS 4 mIZ A3
&3 e TF e S SAse] 28E B &

& T3}t 849 ERAT %= vhe S A4
Arsict,
Specific binding(%) =

(9481 A%) H7HA] WELY 2 cpm) -
(3} BY #7h Be14 2% cpm)

X100
et vt A = BAF 2] cpm=50000 cpm)

DNA &% &3 - Erwins9 W7 & A}gsle] =
Akt Z s RAYo|ES A (&3 AT
e ) 100 well 5% TCA 0.5 m¥-& 7kt 90°C
of| A 307 gl EAlE T s-g AAAR o]
£ 4°CE 23 thg B8 Al 87| 2 587 A48
SEF LN 100 prel 200 mg/ml - 3.5-di-
aminobenzoic acid HCI®} 60°CollA 1417t w43}
A A17] obE- IN-HCL 2 mIE 71 98-8 28417

i excitation 400 nm. emission 520 nmolA 3%

¥4
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FEE 23t DNAZA 31.25~500 pg/ml 5%
HelolA] AMAge} len o] AFFozRE 7t
homogenate2] 43 % DNA #34& A&3s19d)

By Bl £ BN BN - 99 B gaEE A
5ol A gl oJokEe] excaminopeptidase® &
£3= Ao g ¢#A leucine aminopeptidase, ar-
ginine aminopeptidase®$}, = rhEGF?] 73154
Al enzyme barrier2 ZH&-3tta AZHE YW alan-
ine aminopeptidase'®2 A =3l o|F 53] leu-
cine aminopeptidase (0.1 unit/mi)= 37°C, pH
7.3904 1 ug/mi %2 rhEGFE 90% °]4 33}
Bl 208 A% vl ZalA] %go] wugol ot
B 5 &4 22 ol 23 EA4E g go] 54
st 24 49 Fae Murakamisel WiPoz
ZAstg e, A4 2FNA 9 ZtE 100%= st 4
A S A& I E A2 aminopeptidase!
leucine aminopeptidasedl i3l 2 F3xo 9l
o}A 10~50 unit/pl B AAH 2RA0) S-S #elF)
et

4 Z+ F49 71424 leucine B-naphthylami-
de, arginine PB-naphthylamide, alanine PB-na-
phthylamide2} 0.2 mg/ml 0.05 M pH 7.4 PBS €%
A &N 0.5 miNS 3T°CAA 37 et F 7 =3
FRAo|E9] A (receptor binding assayrl H&
A) 30 pE 718t o] EAE 37°CANA 1587 AF
wlol¢3la 0.2N HCl 1 mIE 7F3le] 4 WHe-& 8
AlFel. 7)ol 4% p-dimethylaminobenzaldehyde
o] EtOH €9 1 mIE 7}k | A&ollA 208 A3l
WA A 450 nmoll A 9] FFEE S48

4 245 TR 74 Ba| B4 (%)=
(&4 g8 27 4A2 Absw)

%100
(34 9% 22 339 Abse)

7&“ Ll K Lowry-&° WY (Bollag and Edel-
stein, 1991)& AHE-slgict. 22 SR Ao Eg] 4
100 proll B8 715t E830] 1mi7t =A & §F 4
2ol A 208 XAt 97) folin & ciocalten’s
phenol reagent 0.5m/8& 7tsla WA At

2 E 750 nm) XY FFEE 30 °
4 BSAZA 50~700 pg/mig] s HelelAM A
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Fig. 1— Skin absorption of radioactivity (cpm/g skin tis-
sue, mean S.E., n=4) after topical application
of ""I-thEGF preparation on the normal, burn-
ed and stripped skins (applied area : 154 mm®)
of hairless mice at I-ThEGF dose of 0.4 uCi
(200 w! as 25% Pluronic F-127 solution). B and
O represent total radioactivity and intact “I-
rhEGF originated radioactivity, respectively.
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47} BAEAT E o] iz Alzko] HoHol Wt F
Fhohe A% BT ofs A S WA ¢
olsl ztaEo] EGFY %3 uoz 2gaht, 3
4 s)5ols 2%l glol Fat ke Fuch vl
A7 olFoixy] WEoR Azter) #H Wy 22F
F AR O BHAT) BEE B F BE
oM 40~60% oAt BdTAME 60~80%2

& 2ur oa

EGFe| @E 3 55 - Fig. 2 7 w30 =x3
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Witk Fig. 1149} sbiobA 2 34 91%-2o) 7H8
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Fig. 2— Radioactivity in plasma after topical application
of PIthEGF preparation. For others, see the
legend of Fig. 1.
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A BE ARFUCA 1880l HE 10% 1o s
w2 3E JERAL ol FuRdAME e
35 2o Bt} EGF7L tALE 7] 47] oz A
2. 19 FHoY EH S 7[NS, B, 2AE
B} 2 9] o] 29 e 2 7}R] EGF £l &4
¥ (aminopeptidase) 7} £E5H¢] gtz &= 4+ 4
PP o] 2B L AA S Ao AAEIT

EGFQ| 7| BX - Fig 30| EGFE 7} 9l =
2 AL F PN F 9, A L vl EX
3 3 PR 2 4GB FEE BA 4 A7l
A 25 PR AR AJolE HojA| ¢
o FAT oM A% G EXEEF YA
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o] £¥+= 2 7|9 10M o)l 2Eged ol
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Fig. 3 — Radioactivity in several organ tissues after topical
application of “IthEGF preparation to the nor-
mal (left), bumed (middle) and stripped skins
(right column). For others, see legend of Fig. 1.
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olAdth. L o]F VAU HEL 10% WITeE o
B okBo) thalE AE 94T YFS ¢ F
At EGFel F &H 715 el 1+ 3 g
A FEE Y F F Y ROy F ¥y
ZF¢ AF 20 g2 LTmi®= st} @4 ) Bk
Ao AGF F A FR vlEle] g9ith =
25 T8 FE8 23 FHDY T E )
A& o FATME 238 AFFAAMY gro]
Foll M9 R B4 JeRT HEE A F
TE F R A oY F Y e 2
Ao g9 ol YFL ghatel =AZ 7P HAck.

Z} A7)l i) 84 oo B8 wolM nad o
AT} e BREg dAlgA o] Ho 84 ¥-&9)
AEHA % FEE goy e dAR
20% vHe] 84 F&& Jepn en, u 7]
% ARAFe] g4 £8o] O A7 vsl 22 A%s
B9 gy o H9o)E F AL e HAH W
T FolE PRt 8RFdA e ¥E FolE o)
2 utgsled B 1Al A AR FEE viE
Wz gon BZE e ujahd 1% oyt B}
3t

olako 2 BE] WIthEGFE A4 ¥ s Wi 24
ArME w8 E3g A 37 R, Fd HFE =
dof & olo vidlo] H4 B Yo} AL & F
AR =], ol FE Foll AFFol 2 H4HoE
£33 A Aot 23y 534 4559 EGF
7} pH 6.0~7.52 ¥¢22 Pluronic 71#15olA 243}
£ mz Y& Rol7} Mo SH3kE wu Y= AR
FAYN AN Fol AHE WS AR i US
Aoltk, 3] F4 WY 2doy £ F 1A 7)1
o2 AiF F A T F7R8ke vigid ¥
A g 2N FEE FAad] AFERAE o=
A 2ANME 9A A AFHFRE 97 22N
A4l g o g o) A7 TekE 7] diEY 7hsAdol
Ak I 7t Arlo] X3 B oFEe] B2 FE
PIthEGFE 84 71 A A= o]gahr] of%
& 4 & U

EGFQ| Ij§ X3S §2} I|H - gutxog g
o Ral= deiitolg FEadol o] dojd
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mediated endocytosis (RME)d ¢} sy zz&
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Fig. 4— Correlation between skin absorption of “C-
inulin and “I-ThEGF after topical application
of PI-thEGF (0.4 pCi in 200 ui) containing “C-
inulin (0.14 pCi). For others, see Fig. 1.
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Fig. 5— Temporal changes in the specific binding of *I-
rhEGF with damaged skin homogenates (A),
in the contents of DNA in damaged skin homo-
genates (B), and in the specific binding of I-
rhEGF with damaged skin homogenates ex-
pressed per pg of DNA (C). All the values
represent mean+SE of three or four de-
terminations. [ and @ represent burned and
stripped skin. *significantly (p¢0.05) different
from the value for the normal skin.
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Fig. 6 — Temporal change in the relative contents of leu-
cine aminopeptidase (A), arginine aminopep-
tidase (B), alanine aminopeptidase (C) and pro-
tein (D) in the normal and damaged skin homo-
genates. For others, see Fig. 5.
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