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Pharmacokinetics and Lymphatic Delivery of Oligopeptide after Intramuscular
Injection of Oligopeptide-bearing Liposomes to Rats

Dae Hwan Shin, Byung Suk Cho, Kyu Seok Choi, Sukgil Song, Chong Kil Lee and Youn Bok Chung’

National Research Laboratory of PK/PD, CBITRC, College of Pharmacy,
Chungbuk National University, Cheongju, Chungbuk 361-763, Korea
(Received June 3, 2008 - Accepted June 19, 2008)

ABSTRACT — The purpose of the present study was to examine the pharmacokinetics and lymphatic delivery of the oli-
gopeptide, a model peptide of X antigen epitope peptides, after the intramuscular administration of the peptide-bearing lipo-
somes in rats. '“C-labelled peptide was used as a tracer to analyze the peptide levels in plasma, bile, urine, tissue
homogenates, and lymph nodes (superior cervical nodes, brachial nodes and superior mesenteric nodes). Model peptide rap-
idly disappeared from the plasma by 30 min (oo phase) after i.v. administration, which was followed by the late dis-
appearance. The apparent plasma half-lives (ti/q).app) Of the peptide at the o phase when administered at a dose of 0.2-1.0
mg/kg were about 5 min. The maximum plasma concentration (Cp,ay) Was 1.52 pg/mL, after the i.m. administration of the
peptide at a dose of 1.0 mg/kg. The bioavailability, which was calculated from the time zero to last quantitative time, of the
i.m. administered peptide was over 60%. Of the various tissues tested, the peptide was mainly distributed in the kidney after
the i.m. administration. The peptide levels in the kidney 3 hr after the i.m. administration were higher than those of max-
imum plasma concentration (C,,,x). The cumulative amounts of the peptide found in the urine 72 hr after the administration
of 1.0 mg/kg were 2-folder higher than those in the bile, suggesting that the peptide is mostly excreted in the urine. More-
over, the concentrations of the peptide in the lymph nodes were as high as that of the plasma and the tissues. In conclusion,
the peptide concentration in the lymph nodes was maintained by 24 hr after the i.m. administration of the peptide-bearing

liposomes.

Key words — Oligopeptide, Pharmacokinetics, Lymphatic delivery, Liposomes

G4 HEfol= W o] Aejukgel Aofsie T
TE FHHoZ FHIAT)7] YEiMe T
o]ﬁg/\]% .T‘JJ_IO_L7]_ E]— X‘]U“LH __’_041_‘ t:;—__'ﬂ

whol, g ATk ol AgES 3
259l Rl e} @ & girk. B, 28w E= o]
o Aol BAge] 2 484 kel Frue F3l A4
g web] Pobizel fgdel RelgRe 2574 5
% § sl B4R AXES 2E AT 1A o
8aio] Aupilze] EEES 918 9T AA7t Bel B
ERACRE

vloel s A hat

T o] A 2ol o] AxelAR
Tel : 043)261-2824, E-mail : chungyb@chungbuk.ac.kr

. BAlel o8l 2dEE
EAshe vlelg ¢
F2Rs Al A A A st
7 ].0]31/\2 Melxgo g

1] FEEA T s H(CTL)«] s+
2202 uadro 2 ulo|
Ho}, weha vloly A 7de kA
Aol Hekg-g Fato] upolg 2
T o= CTLE f&=ste] deaAzs
of i},
H}Olai*(HBV)‘ﬂl A=, A E= HBY
Al Sl W) 714 RIS B A A
801 BU3) YA ALAR} 715 A,
b ARR SFATE DR J1dew WA

=\

33}l «l'éH e /ﬂlE

2120 SA5 AalfsiA

8] AAs] LM<=

o Eoj|Fow 283

x] 7<4 _.4__,,161-
Bs 714

r_u

E
(o8
=

191



gz o 7] Wi Y= WY, 1VEs 3 o
o=z FPsHA ATk o|FA B WA AE 39S
HAAEZE oA AGAIER stods Q128 st
Afetarat she =go| tksiAl Ao} itk de =
ZhE AXE HBx(Hepatitis B virus X
antigen)&U-S A/J3HA =3Z, HBx T Zo] A|32e] MHC
Ak WS JAlste] K59 HAAAE 9T 4 Aok
d# A Uk

2 AFollM= HBx @ ff Sete|=8 1Y
PNEE BolF o= AAske ABAR /Lsr] 9%
3 71% AFEA ol¢} fAgE REfEe|=E ARSI
=, Il oA A S Zhe SR ANE| =S AME-3
duolals HESINIT 3, Jefol= 3l 2 A E= A
ellA GA FalEER gl 2ES ARSSte] JapERe] of
BE Eolaxt sITE? =, HBx ©d {3 Elol=
o} Ak BdfElo| =5 ek BlE5HE Alxste] 2
of ZEFANS & &, X % o] AEHE A
Esislen, dueld] 7hsds gRlskelrt.

d

1

2 M
()

AlS] HibH

cH

sz % 7071

Phosphatidyl-B-oleoyl-y-palmitoyl ethanolamine(POPE) %
cholesterol hemisuccinate(CHOH)= Sigma ChemicalAH(St.
Luis, MO, P=h22E 7elale] Alg-aigit). melglejo)=
(Cys-Leu-Phe-Lys-Asp-Trp-Glu-Glu-Leu) 2 #FE 59| Al
oFe BOPYYTAUATLEA, AVNE, FHERE TF
wol AR89 e, [MCl-EE3]Eto] == Multiple Peptide
System*KSandiego, CA, V|=NH)Z5E FgFuko} A8-315T).
o€l (Tedia Co., INC., 7|=}), Wlek2(Fisher Scientific Co.,
Ltd, 7<) 2 &9 (Upjohn., No. 268-5, 1|=)S F4a}

o] AREsIGlom, 7|EF Aok BE EF EE HPLCHS
ARE-3H3I T
71712%  B-Counter(M1450, MicroBeta®, TRILUX,

WALLAC, "]=}), pH "]El(M520, Orion Research Inc., V]
), AU EE)7](GS-6KR, Beckman Industries, 7]=F),
M-8 941%-2] 7] (Microfuge E, Beckman Industries, 7<),
W% 3 (OPR-DFU-250, Operon ENG. Co., =4F), &34
2 71(M2010, Jinwoo ENG. CO., =4b), Z 87| (Eurostar,
IKA-Labortechnic Co., ) 5= A3t}

i W=
oot
o
MHo

S 5ES 240-280 2] SDA IHAE MEl=E (7= ¢

J. Kor. Pharm. Sci., Vol. 38, No. 3(2008)

S S)ARN

$497] - o) - JA

A, FEHEEE FYse] 2% 23+2°C, AUEE 50+10%,
271315 10-158)/hr, ZHF7] 12hr AE/12hr &5, 2%
150-300 Lux®] 733kl AFeAlAlo] R 4-g31e] 3]
A AMNBERFAAERG), 9% 954, =) 2 D
2 o]g3l] e AAFE AFAHZATNEA F 4571
TP 17k AR, Aol ARSI

dRAEE RLEE|ES 24

BA| scintillation counter(B-Counter) & AFE-3
AR 243190t AE 100 uLE 3 mL ZE|YdS
Fouto]de 7het & Fx7F 7PHAl 2"E - counterdl]
Zheldnt. [“CRE 22 asie] ARSAl MER g%k &
FoZ ESA3HOH, YAIEAHS dpm(degredation per
minute)3t 22 AXFSIATE Ao dpm@pte 2 HE wlE] 2+
get AR e olgsle [MClSlElel =9 BRE 77} Ak
sllom, M=% B E A (unlabelled) F5= H#H21S o] &

sod ALkt

o

ot

2ol

2|Z&e| M=

71&e B3P Rud WEYE AxsIdd. =,
POPE(Phosphatidyl-B-oleoyl-y-palmitoyl ethanolamine)2} CHOH
(cholesterol hemisuccinate)s 22X 5ol 7:3 & H|Z &
AL & Feldolr] HAvkag AZAZAT 10 mge]
Hed] Hepol= FHF] 1mg HEF 3Gtk Helol=x
0.1% oFHEAIIRFO =21 vhe frajatel] ¥WaL 2kl 4
o} #3kS 7]9-(Extrude, Lipex Biomembranes, Vancouver,
BC, 7ithell 2kt 7 #49] 0.4 um Z=]71EY|0|E 2
FIAAAM #E3 2719 HEEHS AU AxT g
EHE 4°Co)| BaAsiiTt.

F0] ¥ ZSFA & HEF 5%
AFE oLz vFAZ F H5 dET T 2 gl
93 F B (PE-50, Intramedic, Clay Adams, P]=1)%
ATt dF7F vpFolM SEE § Rdjeel=g 3
T3 ZEE FARNE ARG R &k
[“C]-1Eko] =(30 mCi/mmol, 8 uCike)S 3t 2= A
Al 02mgkg 2 1.0mgkegs 717t Tt &5
xS e St ZejodAlRFEE 4F
AuFolel e S8 ISR Fo & d
HeHoriy FAHoz AT €Y 100 pL
of BME AARE7IE ARSI A4RE S dojl
50 uLE gl ARSI

(J].L).":

>

2
[t njo

)
&
T o ot

f

ml
o



FFeIN SR HERI= - BlESe

AHE °ﬂ g2 7}3374] U}-r]/‘]ﬂ T NES o ZEeld
E-10, Intramedic, Clay Adams, "|=H)E B3l
1357—, EHE OA] S§etinh. S35 viHERE 35
A o] YELFS IFFARIST Fof 832 [MCl-HE]
=30 mCi/mmol, 8 uCikgye i3t BlxE AAE 25F
AH0.2 mg/kg, 1.0 mgkg)stitt. T & @55 HAIA
ANFH AT i ARE vlo|ARFH| Wolx FAE &
AT vy, B daldel7]E ARSSte] il & do
71 50 pL= gl ARSIt Bl AAS "HE Hs
—% 1002 7Hste] FAIE S48t =3

AlES] AHE Aside Fol F AFE drFAOIA
(Model: 3700, Tecniplast, ©|&z2]oh)ll €| AFFA &5
AIZIAA BAIH o7 AF BT o S FEulA Al
A} 2o §Fo® siGlth 8 ANEe '9Fd 2
Z AFE ST &, A2 vo|IAZFE| $AX BE
AR 7S AREEle] YalEe] F dojzl 50 uLs Aol
ARS8 Tt

Lﬁ

o

SFA & ZFEE

37} niFH2RE 318 ol [“ClEle ]| =30 mCi/mmol,
8 pCikgys et BxF AAE ZEFAHLO mgkg)dt
QA7) ARANS W, U] AFMoRRE AL
A QI 4 Al 89l £ 2 o
ANES AFAT F 7V, A, v, 9, &%, O
23, iye Ak A, <4 43 A
e 285 F AN 2449 AR 98 3, 6 12
% 2vios d 242 420 fel 0C 4249
2 A el BASNE Bl AAGIT. 459
7} 22% dES IN NaOHS 718t & 244)7F ‘ﬂ’qo}cﬁ
}_z‘_oa_ &Zlg]_}\]i’ip} 7(41'—',1:/\]01]‘-‘ 71—0 ;q]x%_q IN HCLS 7].
F’# S F 50 uLE F o] Gl ARSIt AE
333%°] #ANE Ao HE 2HFRe] A=

o= o]l& BA3INTh

il

Al zP b

b
Jr

ol

2 Flf

r

TRFAL £ oo ME

7} i =RE S5 S [MClAlEe] = (30 mCimmol,
8 uCikg)Z -3t Z¥E AAZS Z8FAK1.0 mgkg)dh <,
Aubd AHAIZE FA -dlek vk (1 mgkg, EAFAHE
g & JRESke] ZF AT o] 7} 9lubd S A H S
Z AFAIH (EF-$19] superior cervical node, A=) F
219] brachial nodes), dH-UI-(FF A2 superior
mesenteric node)s XFE|NZ HE3IATE Y HE2A174S

TEFALR AEE] B vtold 193

2R 5 stolals] A4 FES) 918l 3, 6, 12
32zt Stk YubEe HEF Fols 0°C A
92 ARl Tl FAE o AAst A
3 7} Yok F Aelol=o] Yo 2HRE

o= stk

0
g
N

o
N
N
rlo
o
ok HHN'

> o
S
it

OIS EE|EHE SHA

Rdgleto|= ok

FEE 20-3087H4] F48 &
7 dAH s Sotshs ddel
Aol BAFFEAZE HolHe Iyl HIBEHE 34
o] B7Fssitt. wpebr, 7] FAgHor ] T EEA
7F A 7SN B3 (ool 2o & &
EAT Keopapp) B BEI] 28 W (tp0up)E T OE
FE 2zt ARk

Y EE AAE FAFALE &
A HoH, o]F &
Ehn A|&Eo A

ke(u),app:_2.303 X 7]‘%7]
{ _ 0.693
12, app —
" ke(oc). app
wYslElol= g D2 ANE 28T o) 7} 8

A FEE 27] AZHR0-30E)ToA GAF o7 A
ATt 7aEY, 0% A= Ery) AAF) 7}0}5 Eil
= el AA e AFTEE-AIZE volHe dvky
ATVEHE o] Brlssltt. ujebr], Rdsiglo|cs 2
FFAREE § 4A7F o]F-o] Feollre] o] 7]E7| 2 E
AR 2 ST (Keap) B HH7] 2 T (t.a)

g 77wz,

o 033 L]

DHH[O|EX 3HA

AuC D& FAIELE 14 PAERERdE o2l 7}
98 35 0L AT ok mep, BF F oFE
A7 HelERRE A7 0o HAE AR
W43 F= FHG BHAUCHS Al B 49 ¢
omRY AT

W

Z &

}

=l
bl
K

i@
o

HMFAL Y ZSFAL 8% 3 == IiH

FAHE| =S SHe B2 AAE BHFAK0.2 mgkg
2 1.0mgke)st ¥ FAF FEE 20-3027K 4% &
AE Holn, o]F AT FrIt YAHoR FUIRE & A
&3l FAto] UERITHFigure 1), AR 455 -A]
dlolEl= HIEYE sj4o] BrFssitt. wehr, 271 AIZk

off" H

)

J. Kor. Pharm. Sci., Vol. 38, No. 3(2008)



194 Aehet - 284 - ZHq -

_ 100

-

(S

~~

()]

2

S 10

e

@©

S

[

@

=

Q 1 b L ]
(&)

©

=

n

<

a

0.1 T T T T T

o
-
N
w
N
[é]
[«

Time (hr)

Figure 1-Plasma concentration-time plots of model peptide after i.v.
bolus administration of the peptide-bearing liposomes at the dose of

0.2 mg/kg (O) and 1.0 mg/kg (@) in rats. Each point represents the
MeanxS.E. of 3 rats.

Table I-Pharmacokinetic Parameters of the Peptide after i.v.
Bolus or i.m. Administration of the Peptide-bearing Liposomes
at the Dose of 0.2 mg/kg and 1.0 mg/kg in rats®

Route Parameter Dose (mg/kg)
0.2 1.0
iv.  AUCyen (ugrhrmL™) 8.08+£0.377 2.27+0.272
tingapp  (Min) 5.96+0.199 5.72+0.578
im.  AUCgn (ug-hrmL™) 8.03+0.288  1.42+0.108
AUCy_2 i (ng-hr-mL™) 17.0£0.607  3.17£0.010
t1/2.app (hr) 52.8+£14.0 29.7£9.73

a) Mean+S.E. of three rats.
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Figure 2-Plasma concentration-time plots of model peptide after

i.m. administration of the peptide-bearing liposomes at the dose of

0.2 mg/kg (O) and 1.0 mg/kg (@) in rats. Each point represents the
Mean=+S.E. of 3 rats.
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Figure 3—Biliary excretion (A) and biliary excretion rate (B) of model peptide after i.m. administration of the peptide-bearing liposomes at
the dose of 0.2 mg/kg (O) and 1.0 mg/kg (@) in rats. Each point represents the Mean+S.E. of 3 rats.

J. Kor. Pharm. Sci., Vol. 38, No. 3(2008)



I SRRl T elEo

TEFALR AEE] B vtold 195

B 1000 100

S A =) B

2 800 - 2 80 -

< ©

3 600 - S 60 |

= S

© 400 | S 40

2 <

© o

S 200 4 > 20 -

1S A,’/O_’—O—IT © M

] c

O o6+ 5 0 S —0
0 12 24 36 48 60 72 0 12 24 36 48 60 72

Time (hr)

Figure 4-Urinary excretion (A) and Urinary excretion rate (B) of model peptide after i.m. administration of the peptide-bearing liposomes
at the dose of 0.2 mg/kg (O) and 1.0 mg/kg (@) in rats. Each point represents the Mean+S.E. of 3 rats.

G () © (d) (e)
a 3
B 2 s
= T
S o g Pt = [
5, (f) (9) (h) (i) ()
g 2
O
0 g g et o 9 o0y

12 24 0 12 24 0 12 24

Time (hr)

Figure 5-Tissue distribution of model peptide after i.m. administration of the peptide-bearing liposomes at the dose of 1.0 mg/kg in rats. Each

point represents the Mean=S.E. of 4 rats.
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Figure 6-Lymphatic distribution of model peptide after i.m. administration of the peptide-bearing liposomes at the dose of 1.0 mg/kg in rats.

Each point represents the Mean+S.E. of 4 rats.
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