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Abstract—The pharmacokinetics and tissue distribution of DA-3030 (recombinant human granulocyte colony-
stimulating factor, rhG-CSF, recently manufactured by Dong-A research lahoratory of Dong-A Pharmaceutical
Company) were compared with reported data in the literature. After intravenous(i.v.) administration of DA-
3030, at dose of 5, 10 and 100 ug/kg to rats, some pharmacokinetic parameters, such as terminal half-lives(1.05,
1.19 and 1.83 hr, respectively) and clearance (84.0, 54.8 and 45.5 m//hr/kg, repectively), were dose-dependent.
This could be due to the saturable metabolism of DA-3030 in rats. Similar results were also reported. After
subcutaneous(s.c.) and intramuscular(im.) administrations of DA-3030, 10 ug/kg to rats, the extent of hioavaila-
bility(absolute bioavailability) were incomplete; the values were 23.3 and 18.2% after s.c. and im. injections,
respectively, due to the degradation of DA-3030 by protease. After 7-consecutive day i.v. administrations of
DA-3030, 10 ug/kg/day, to rats, the plasma concentrations and pharmacokinetic parameters of DA-3030 were
not significantly different from those in single administration. In mice and dogs at DA-3030 dose of 10 ug/kg,
the plasma concentrations of DA-3030 were also declined rapidly with terminal half-lives of 1.31 and 1.15 hr,
respectively. DA-3030 was highly concentrated in the kidney after iv. administration of DA-3030, 10 ug/kg,
to rats, and the results were similar to those obtained using radiolabelled rhG-CSF in the literature. Above
data indicate that DA-3030 has similar properties to rhG-CSF manufactured by other companies in view of
pharmacokinetics.

Keywords [] DA-3030, recombinant human granulocyte colony-stimulating factor, pharmacokinetics, tissue distri-
bution.
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Metcalf, 1980; Metcalf, 1984; Begleys, 1985; Metcalf,
1986). G-CSF+= bone marrow precursor cell®] granulo-
cyte colony®29] 4 2 Z3E &7 Az &

ol = gk (Nicola =, 1986).
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hG-CSF+= human bladder carcinoma cell line 5637
2HE Ago® 2593 hG-CSFE wdzh= #4
ZL9] complementary DNAE & AE, 2% A¥x %
utegjo} Al Eo A HHA|A rhG-CSFEF 945 = U}
(Souza 5, 1986). o]=f L&HA|Z AE] Ffel wje}
A 9] glycosylationo] dejuie A=rt wpEd|, A
T3} & )] o} A el A= A 9] glycosylatione]
7] gerng PAAZ] thG-CSFE 2ol de 44
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24 Sprague-Dawley rat ¥ ICR mousex Charles

River Co.(Atsugi, Japan)ll4] +-¢]%}%3, Beagle doge
et () FokdTaeA  Eofel ARMEERlem,
APA 1A%k B9 A8 E AFFA AFHAsH 3
t}. Rat:= A|E 240~280 g8 7~8F%-2, mouse= A=
18~22 g¢] 65+3-&, 221 Beagle doge 13~15kge)
2x3#-2- ARg-s}ich

A2 ¥ "=

FoHAlekEF) A4l A AR DA-3030(1.5 mg/ml) -

& 5% mannitol @ 0.004% Tween 80% 3= 10
mM sodium acetate buffer(pH 4.0)¢] 3|4&}e] Al&
ok e BRE A9 BF Aok AHSSkdth rhG-
CSF¢] Agkel] 2143+ ELISA kit(QuntikineTM)+= R&D
system(Mckinley Place N.E. Minneapolis, MI. U.S.A)
2 22E, ratdgel]l AHE3 polyethylene tubing(PE-45)
£ Clay Adams(Parsippany, NY, US.A)Z2E 743}
A-g-8hod
Rat, mouse % dogdllAel HE =

Ratell 4] Fof 2w A Fxo 3o|E AuH7
$)sled DA-3030, 10 wg/kgs 717} iv., im. % sc F
AToE e Fojslely, Fo 83k oA 33
317] )8t @k DA-3030, 5 ¥ 100 ug/kgs AL
F3te] Fosidck. A FojAle ratE ether2 7PHA|
e}Hg & o5 Awe] polyetylene tubed Abeidha,
rat7} vk oA A3 FEE X tubed Foho] FES

F<l3tal 10 units/m/®] heparin(in saline) £jo=
tubeol] ‘dolgle FE-S A3 rate] AL F4
stk 2% 2 A8 FAAE dl 5 25 2 93l 2H
Farstdck Rat9] i F9ell w]e] Ablgh cannula®
He] okE FoiH 9 FoF 5, 15 30 2 1, 2, 4, 6
2 8 A7kell o 250 WA APk wHE Fo
A& e rate] me] HWL Fhed 6 U7k DA-3030,
10 ug/kg¥-g Foi3lw, 7R rate] =3 Fojrlet
g wyjo g ofE-S Fojit F dAg AFHdHh
Mouse A& o A= DA-3030, 10 pg/kgS F1e] A=)l
23t & kR (orbital plexus)Z2HE AP3lger,
dogd gl A= DA-3030, 10 ug/kgs 1% Abgh A&
E3| Fojsly o2& bt Al9lo A A€ 3)gich Mouse
2 dog AP AEAIZE D AGeFE rat A A A2}
Z2A sz, AFHT A2 ZA] 10,000 goll A 28#7E
AR F €A 100 WE At AZFAI7EA] —20
€ ol WERAsig.or, 835 DA-30309] FEE Qua-
ntikine kit A=yl w2} A=kssich
Ratojl M =% X

Ratel] DA-3030, 10 pg/kgs 7ze] AHwW-S F-ste] +
AReE o2 05, 2, 8 % 24 A|7tel| 27 A™RA AR}
Liver, lung, kidney, spleen, heart @ muscleg- %3}
A& 232 A9 4nfd] siwsle phosphate buffer
(pH 74)% 7}8+% homogenize3}itl. Homogenizedt
9-& 10,000 gell A 287 €Al £ T F L& Ao
AEA7}A] —20T o BE R@sigch Ak ubyL 33
Alget A S AHEskach
ek

Quantikine kitel] X% microtiter platee] 93 T+
tissue homogenate A& 100 4 % RDI1A assay di-
luent 100 W& ¥-& v} 24|17t Fk W) shsdch WA+
microtiter platet]2 wash buffer= A&tz 200 w<]
G-CSF conjugate® 92 th& 24]17F WA sgch oA
microtiter plate] S A F st £X] 2A8 color A ¥
color B &gtl(1:1) 200 E ¥ 20% "AF stop
solution 50 W& 43 450 nmel|A] optical densityE &
Aatglct £ A=k o] AgAl= 0.02 ng/mlel K3, CV
(%)= BT 5% WYt
IESHEF o4

A|ZF 0ol A Tk 7k DA-30304) ®@AE F=-A|ZF
=48} AR AUC) 2 area under the first moment of
the plasma concentration-time curve(AUMC)< trape-
zoidal rule-extrapolation methodel 2}s] 73t} ¢]
uhg.e. YA pxr) Fashke Febols logarithmic
trapezoidal rule, &7}3= “Ftoll= linear trapezoidal
ruleg AR&gch wpA|et Ho AFHAIZHRE F-g 7R
o] W& Aol &t Aastalcl A9 FA- time-
averaged total body clearance(CL), mean residence
time(MRT), apparent volume of distribution at steady
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state(Vs) 2 extent of bioavailability(F)&= t}-g-Ald 2]
sted 73} vhGibaldi and Perrier, 1982; Yoon £,
1992).

_ Dose
CL= —auc Q)
AUMC=| C,xt dt @)
0
_ AUMC
MRT= TAUC 3)
Ve=CLXMRT “)
F: AUClm or s.c.x Cle or 8¢
AUC;, xCL,,

(CL=K135['Vdp, if Vg is constant between studies,

0.693
klast: )
tie
AUCi.m. or s.c.th/Z iv.

N AUGC, Xty s or im.

)

3714 C,= A7k te]] 41 2] DA-30302] €A B, Ky
terminal phase®| rate constant, Vgg= volume of distri-
bution by area, Z®[iL t;,> terminal phase<] half-
IifeO]E}. t1/231" CL, Vssﬁl E%‘i(‘% }—ﬁ}‘ Eﬁﬂ' H‘.}‘ﬁﬁ_i
Argstd e (Chiou, 1979).
SAEA

Unpaired data®] H7F7b]] t-testE Al23le) B4 %]
gatae, fFo¢Ed p<0.0522 Petsignt.

DA-3030, 10 ug/kgS mouse, rat % dogel A= %
o 8te-& 749~ A WA FE-A|7F ol Fig. 1] sz
26 A FEEE A4 Table o) gck A
FAHE mouse?} ratell A9l ¥A F%E polyexponen-
tiala}A] 32393 21}, dogel| A+ monoexponentiald}A)

7+A319 chFig. 1). Mouse2} ratell 412} DA-3030¢] <F
52 AHg 5§, AUC(186vs 182+ 582ng hr/mi),
AUMC(224 vs 181 78.2 ng hr®/mf), MRT(1.21 vs 0.968+
0.127 hr), CL(53.9 vs 54.8+ 234 mi/hr/kg), V.(65.0 vs
53.6+ 178 mi/kg) 2 terminal tz (1.31vs 1.19+ 0.186
hr)= frAFetA Yelgkon), dogellAle] kB4 E H4e
AUCB224 42.0 ng hr/mi= ratel] ®)s] §2o]& xje)r}
vlebgten] CL (31.0+ 4.16 ml/hr/kg)$} V. (45.8+ 0.854
mi/kg)E -2 Aol fisiovt Ziste AL
Bfigich CLSt Vol A #9)4 Ae)7) el ok
AL AT FE 71 A7 dEolmt YEok
Lo vjdE DA-30308) ok AR nE E-Fdl4
ELISA assay®] 7% A o]sl2 vlelytcl. Interferon,
human growth hormon, GM-CSF, G-CSF 2 CSF<}
7L EAlEFe] 2k wihiAlR 79 %7} glomerulusE
%3l ==, renal tubuleelX AFFET, ANEFS
HA el HALE L ] dXe ZheME dfaldeks
A lthMaacks, 1979). 2 Ago|A rats T
% §%, mouse ¥ dogellMe AW ¥H F=E
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Fig. 1. Mean plasma concentration-time profiles of DA-3030
after intravenous administration of 10 ug/kg to rats(®, n=>5)
mice(¥, n=25, each) and dogs (O, n=3)

Table 1. Mean (+ standard deviation) pharmacokinetic parameters of DA-3030 after intravenous administration of 10 mg/kg

to mice (n=>5), rats (n=>5) and dogs (n=3).

Animal AUC AUMC MRT CL Vss terminal tise
1m

(ng hr/ml) (ng hr*/mi) (hr) (m//hr/kg) (ml/kg) (hr)
mice? 186 224 121 539 65.0 1.31
rats 182+ 582 181+ 782 0.968+ 0.127 54.8+ 234 53.6+ 17.8 119+ 0.186
dogs 322+ 420* 483+ 132 148+ 0.217 31.0+4.16 458+ 0.8%4 1.15+ 0.0954

*5 mice were sacrificed at each blood sampling time. Only mean values are listed. *The mean AUC in dog was significantly differnet

(p<0.05) from that in rats.
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ztol= A9 glokar 714 8kdciChiou, 1989).
DA-3030, 5, 10 2 100 ug/kg2 ratel] = Folslg-g
we] Hg FW WA Fw-A7E Fole Fig 26 UL
e ssle FEEE A= Table I lch. A9
Fol Tl Pk kT S Fof Saked 4 polyexpo-
nentails}#] 7r4-sleict. 100 pg/kgell 4] terminal phase
oA 49 tieE 5 2 10 ug/kgel] ®¥1314(1.05+ 0.109, 1.19+
0.186 vs 1.83+ 0.0965 hr) BAA & H-2)A glA =7}
sl om, 7 Az} 100 ug/kgall 4] CL(84.0, 54.8 vs 455
ml/hr/kgye 5 2 10 ug/kgell vIsiA SAHLE -4
QA Aok ol A4S Fof L3k FUl
w2 oA} 23 dabe] Z]qlg Ao® YA} degh
ule} 7re] DA-30302) CL:E nonrenal CL, = metabolic
CLet A2 77| wlFoll Fo £38 ZI7MA (e ot
Az E A el 23 CL7F Z4ste 7oz Azp¥c)
Fo] 45k Zolel wel trl Uk A4S vhE
Ul 7] o Fe] MRT(0.820, 0.968 vs L15hn)% Fof 4
o] Z7}gel W} Erhshget 2Ev Ve Fof &5
&) gle Ao vebyddh weEkA 100 ug/kgel A
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Fig. 2. Mean arterial plasma concentration-time profiles of
DA-3030 after intravenous administration of 5(®), 10(C) and
100 ug/kg(v) to rats(n=>5, each).

olg} A=}l ksl V. 7} Sk FAGle] dA37]
o) o)}, rhG-CSF, 1, 5, 10 % 100 ug/kg-e ratel] A=
Foield S W et £ AEAAS Ve vliEk oF
A2 Jepdcls B 7% wlr) ¢leHTanaka and Tokiwa,
1990). whaba] FolA okol| 4 A =& DA-30309] FE%E
APl oln) W EH(Tanaka and Tokiwa, 1990) rhG-
CSFe] «FE4x A2} v|slcis Az
DA-3030, 10 pg/kgs ratel] A<, =5} B 28 Fa}4)
AF DR FE-A)7F F¢)= Fig 3ol 92 24| s)dsles
FELE FFE Table [l glek A3t 3 TF FAbA
B v A% Frlshcrt FoF 243k HY A
E vehfislen, o] A Fofo wjs] A3 Fi
stgic). ol2{gt Axs DA-30300) Al&3 Fdn F
Aled] A&H oz F57] gl Aoz AztzEv o3}
(286 hr) ¥ Z-8(3.16 hr) F44] ti7} A (119 hr) F+
AR} SAHCR {4 oA T AL 3 B
2% Foi® DA-30300] i ¥F %22 vleld 24
ro)Fel e A% Fs7] dielzl A€} P&y
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Fig. 3. Mean arterial plasma concentration-time profiles of
DA-3030 after intravenous(Q, n=0>5), subcutaneous(v, n=5)
and intramuscular(®, n=4) administration of 10 ug/kg to
rats.

Table II. Mean (+ standard deviation) pharmacokinetic parameters of DA-3030 after intraveneous administration of 5, 10 and 100 ug/kg

to rats. (n=5)

Dose AUC AUMC MRT CL Ve Terminal t,
(ug/kg) (ng hr/mi) (ng hr¥/ml) (h) (mi/hr/kg) (m)/kg) (hr)
5 595+ 18.2 490+ 16.8 0.820+ 0.0528 84.0+ 20.1 69.1+ 16,0 1.05+ 0.109
10 182+ H8.2 181+ 78.2 0.968+ 0.127 5484234 536+ 17.8 1.19+ 0.186
100 2200+ 331 2530+ 538 1.15+ 0.0829** 455+ 7.13* 52.2+6.19 1.83+ 0.0965%+*

*The mean CL at 100 ug/kg was significantly different (p<0.05) compared with 5 ug/kg. **The mean MRT at 100 pg/kg was significantly
different (p<0.01) compared with 5 and 10 ug/kg. ***The mean ti» at 100 ug/kg was significantly different (p<0.001) compared with

5 and 10 pg/ke.
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Table III. Mean (+ standard deviation) pharmacokinetic parameters £ DA-3030 after intravenous (n=>5), subcutaneous (n=>5) and intramu-

scular (n=4) administration of 10 ug/kg to rats.

Rout AUC AUMC MRT CL Ve Terminal t;,
oute (ng hr/ml) (ng hr’/mi) ) (ml/hr/kg) (ml/kg) (hr)
iv. 182+ 58.2 181+ 782 0.968+ 0.127 548+ 234 536+ 17.8 1.194 0,186
sC. 102+ 27.9 549+ 162 545+ 1.10 97.8+ 289 508 239 2.86-+ 0.902*
i.m. 88.1+ 18.1 529+ 205 591+ 1.36 1144 27.4 656+ 145 3.16+ 0.690*

*The mean ty. after iv. administartion was significantly smaller (p<0.05) than those after s.c. and im. administartions.
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Fig. 4. Mean arterial plasma concentration-time profiles of
DA-3030 after single(O, n=5) and 7-consecutive day(®, n=5)
iv. administrations at a daily dose of 10 pg/kg to rats.
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A12] QAW o]L-E(extent of bioavailability)-& A}(5)E
o] &35le] Alakslglew, I zhe zhz 233 2 182%=
eldch B Alglel| 4] rhG-CSFe) &3k 2|&AE 17
32 ob-e A4Y 3} 2 2§ FAR] AR o] &L
77y 560 ® 484%E 7R aE HI = 509~704%
2 67.4%(Tanaka =, 1989; Tanaka and Tokiwa, 1990;
Tanaka and Kaneko, 1991a and 1991b; Tanaka and
Kaneko, 1992a and 1992b)%} --Alshed ot rhG-CSF2]
Cle 4% 924¢ Jehglenz Ay o8-89
A Abell & b= A] -8k 9]EAL Fislodokul gt} #5}
2 2§ FaARA] QA o)g-go]l AA Jehd 7EHS
DA-30300] & 2 3} F4} 7412 proteasesl| 23

T 7] wFelzt AT, o] o]v] BiF w} gldh
(Petros, 1992).

DA-3030, 10 ug/kg- wk3| 3 747 HbE Fojxle]
A FW LA FE-AZF Fole Fig 4o i 2
sl FELEE A Table IV glcl. g3 Fo
Ao} wkE- Roir] A e W GEEE A5 B
Hog oyt sk o]#g Az rhG-CSF, 5
ug/kgS ratel] AWEBe]A] AUC ¥ CL7F =3 7wk
Fol 7t BAH R A4 v Aol(118+ 13 vs 97.
6+92¢g hr/m/ and 427+ 49vs 51.6+ 5.2 mi/hr/kg)E
JephdAvks 2 7 (Tanaka and Kaneko, 1991a)9l= o}&
ALZA I ol WEIA Yo, RadAr 1
2le]= A9l Table Ilol A4 9} 7ke] DA-30308] AEEE
At S8k &S JEglen®g F Azt o=
A= Folgake] zo|(5 and 10 ug/kg)Sell 7|18k
Ao 2 A7yl

DA-3030, 10 ug/kge A= Foistalg wel 2Y
Az Table Vol ¢lt}h. DA-30309] 35 rx ¥
o3 30l 2X17F 2 8|zl wls] U¥F RE A
oA FHaAgF Jeplgloen, o]F Al&3s] Fhslych
AAe A &gk BE zA A8 T/P ratioc= 18t} 24
Yepton, ol DA-30308] F23}e] #33e] ofsic}
= A& Jeldth ol DA-30309] V. 7H52.2~69.1
mi/kg)e] AA vrebd A3} (Table IS} A3k}, F
o] F 3080 48] A& el A2l T/P ratios 13008 2=
ZAFo| A 7P & zh-e vhehfgl e, o)== DA-30300]
A17e] glomerulusol 4 «d35 31 renal tubuleef]A] )
Frde A Maacks, 1979 &3 5 gk Bl
rhG-CSF, 10 ug/kgs ratel] F-od8F &, 05 % 24]7}e
A = AR MY FErt g3 R} Bole By (Ki-
noshitas, 1990)7} lglv H, AAdH L2 F=7}

B9 Ae £ 44 dASAT O B YA

EXY

Table IV. Mean (= standard deviation) pharmacokinetic parameters of DA-3030 after single and 7-consecutive day iv. administrations

at a daily dose of 10 ug/kg to rats/ (n=5, each)

Route AUC AUMC MRT CL Vs Terminal t;
(ng hr/mi) (ng hr’/mi) (hr) (ml/hr/kg) (ml/kg) (hr)
single 182+ 58.2 181+ 78.2 0.968 0.127 548+ 23.4 53.6+ 17.8 119+ 0.186
repeated 184+ 42.7 181+ 58.8 0.971+ 0.0832 543+ 11.2 53.1+7.88 1.08+ 0.0332

They were not significantly different (p<0.05).



DA-30302| =&|2% 315

Table V. Mean(+ standard deviation) amount(ng/g tissue) of
DA-3030 remaining in each tissue after iv. administration
of 10 ug/kg to rats(n=>5). The numbers in parenthesis repre-
sent tissue to plasma ratio.

Tissue 30 min 2hr 8 hr

Liver 890+ 1.24 2.22+ 0.703 0.391+ 0.0935
(0.0912+ 0.0234)  (0.118+ 0.0235)  (0.864+ 0.354)

Lung 33.1+ 3.00 995+ 2.03 0.764+ 0.132
(0.337+ 0.0630)  (0.549+ 0.128) (1.61+ 0.182)

Heart 25.1+ 2,83 7.19+ 141 0.131+ 0.106
(0.225+ 0.0475)  (0.396+ 0.0853)  (0.304+ 0.274)

Kidney 129+ 36.8 325+ 133 0.810+ 0.370
(1.30+ 0.356) (L.78+ 0.727) (1.76+ 0.989)

Spleen 9.70+ 1.94 102+ 0.617 0.378+ 0431
(0.0970+ 0.0145) (0.0519+ 0.0180)  (0.798+ 0.902)
Muscle 538+ 1.94 298+ 1.09 0.288-- 0.0576
(0.0559+ 0.0252)  (0.169+ 0.0801)  (0.630+ 0.201)

Serum 9984 11.8 18.6+ 4.79 0477+ 0.0815

Ao we Al FEoh A ekt e B
A 2eE2 EXR hG-CSFE FoIa1d7] wgole}
2k,

12
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