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Abstract — The pharmacokinetics and tissue distribution of DA-3285 (recombinant human erythropoietin, recently
manufactured by Research Laboratories of Dong-A Pharmaceutical Company) were studied in the laboratory
animals. The plasma, urine, and tissue concentration of DA-3285 were measured by a double-antibody sandwich
enzyme immunoassay. After intravenous administration of DA-3285, 20, 100, 500 and 2500 units/kg to rats, the
plasma concentrations declined polyexponentially with the terminal half-lives of 2.15 , 2.10 , 2.31, and 2.35 hr,
respectively. Total body clearance (20.7~26.6 mi/hr/kg) and apparent volume of distribution at steady state (57.2~
70.1 mi/kg) were independent of the dose and AUC increased proportionally with the dose. The renal clearance was
much lower than total body clearance, suggesting that extrarenal clearance, presumably metabolism , plays a
significant role in elimination of DA-3285. In all rat tissues, the tissue to plasma ratios were smaller than unity,
indicating less affinity of DA-3285 to rat tissues and was proved by considerably less value of Vdss. After 3 times
a week for consecutive 3 weeks i.v. administration of DA-3285, 100 units/kg to rats, the plasma concentrations and
pharmacokinetic parameters of DA-3285 were not significantly different from those in a single administration. After
s.c. administration to the rat, plasma concentrations of DA-3285 peaked at 6 hr and the extent of bioavailability was
26.7%. In mice, rabbits and dogs, at DA-3285 dose of 100 units/kg, the mean terminal half-lives were 2.78, 3.05,
and 4.01 hr, respectively. Compared with reported data in the literatures, DA-3285 has similar properties to th-EPO
manufactured by other companies in view of pharmacokinetics.
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-4 Sprague-Dawley rats (A}2-A] 250~300g, 8 53)
2} 2-A1 ICR mice (AREA] 28~32 g, 757 = Charles Riv-
er Co. (Atsugi, Japan)ol|4], %4 Beagle dogs (AF&-4] 10
kg)2 Hazleton (MI, USA)el| 4] 74 8ke] A4l o, &
A Newzeland White rabbits (A}-8-A] 2.3~29 kg)= g =
A A, 3PN Fstel AR 1 FYBL 25
ARkt AR B4E &% 23£2°C, % 55+£10%, &
WAZY 12417k fAl skl e, Abgel B2 AHree] Al
A skt
Al2F Y R

FolA|%(F) QoA AAFEE DA-3285 (2000 units/
mhE —20°CelA] BEHATIG R, ALEHH Soix)
a4 o2 B4 slo] A1glsich. 44 4l 24
< %< 1 m/%4 D-mannitol 30 mg, sodium chloride 2 mg,
sodium phosphate (monobasic) 1.5 mg, human serum al-
bumin (HSA) 1 mgo|glt}. DA-3285 A ekel] AR23l EL-
ISA kit (QuantineTM IVDTM):= R&D system (Mckinley
Place’ N.E. Minneapolis, MI. U.S.A.)S 2 3¢ T74)3}¢ir}.
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Rats& etherZ 7PH A vk = &A= 2 Fal o] po-
lyethylene tube (PE-45, Clay Adams, Parsippany, NJ, USA)
& AU ) el 3] Hua F e A
Fatsleh. e Aol g FhelA controlE S
225ty dEAMo T DA-32852 k7 20, 100, 500
2 2500 units’kg2 1 mikg §8 2 F F9]3}3 10 units/ml
9] heparin §-H(AQ]]dpE 3]4)0 2 tubed]] Holgle
FEE 93] rate] AUgo 2 Al Fo] F 1,5,
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Rato]] DA-3285, 100 units/kgS o 5 A AL E3lo] Fa}
3 F 302, 2407 2 847kl 247} Seteld RepEAe B
sty oL Hsla A-FAAA)F). Liver, heart, lung,
kidney, spleen % bone marrow—% AZsle] 2kt 4nljEke]
3] 4 29'2 713+ % homogenize (Ultra-Turrax T25,
Janke & Kunkel, IKA Labortechnik, Staufeni, Germany)a}
I homogenizedt 21-2- 10000 rpmell 4] 187} A1 5-2] 5} o]
Ve AZAL AR - 20l WE R Dok
U S0iA| otseist

5973 2] %A ratsel] DA-3285 100 units/kg-S 15%o] 3w,
A< 3374 (1, 3, 5, 8, 10, 12, 15, 17, 19¢) me] Moz

Ak dol] thg]A] e 2 ZwlS cannulationd}
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slo] ulH A7) F AW} EAL Silastic tube (Silastic
Medical Grade Tubing, Dow Corning, Midland, MI, USA)Z
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Quantine kitel] ¥ %= microtiter plate wellsol] assay di-
luent 100 w8 g-& & sample (8%, & 2 tissue homo-
genate AFZA)S 100 wl Yo 247 FeF Al (20~25°C)
ol A WhR[ st WA §- A wellsol| ] $43] AlA B A
conjugateE- 200 w2 9L t}-8- t}A] Al-(20~25°C)l| 4]
2 A7} vk skl o). vhx] 3 wash buffer2 48 A& 3tz £
A|Z A8k substrate 1 = substrate 2 &3 (1:1) 200 =
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optical density & =421t} o] A2 FFIAE 0.6
mU/ml®] ] 2.1, coefficients of variation (CVY= ¥ 5%
SEES
ofEasty A

A|ZE 0ol A A7 F-gF7HA] DA-32859] EAF FE-A]
ZRA1s WA (AUCYS  trapezoidal rtule- extrapolation
methodsl] &J3} F-33ich. o] whEL A4 Fxr} 7hA4s]
£ Eqlol|+= logarithmic trapezoidal rule-g, Z7}5l= 53t
o]l &= linear trapezoidal rules AH&-3Fch. whx] =k 3 o %) 3] A]
20 Rk o) WAL wiA T 2T WAE TS
ohAle} phase?] SEASR vhre] Asksisde. FEFA
% the time-averaged total body clearence (CL), renal clear-
ance (CLR), area under the first moment of the plasma con-
centration-time curve (AUMC), mean residence time (MRT),
apparent volume of distribution at steady state (Vss) = ex-
tent of bioavailability (Fr= th3-2lell 23l F&sich
(Gibaldi and Perrier, 1982).
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AUC,

%@’713 CL, g‘i Vdss'o’] jgﬂ—'\g__ iﬁ]—‘o‘ﬂ-ﬂo]-ué_gi é}%—}'
4it} (Chiou, 1979).
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Unpaired data®] H-@F7}el] t-testS A-8-3}e] A xe]s}
Hor, f-opFe p<0.0502 sl

aEZn ¥

DA-3285% ratsel] 20, 100, 500, ¥ 2500 units/kg A= =
A% F H YA FE-A|7F F0]4= Fig. 10 3l 29| 3
Dol FESE ASE Table 1o o). AW Fol Eul
A e 7t 5504 % polyexponential )4 7FA3}
Qon, A Hizlrle 27k 215, 2.10, 231 9 2.35 X7k
L7 Fofgke] Abggle] dAsle]ov, MRT (241, 2.83,
3.00 2 2.77A17}), CL (26.6, 24.3, 23.5 4 20.7 ml/hr/kg),
CLR (0.0834, 0.0800, 0.0573 2 0.229 m/hr/kg) 2 Vdss
(63.4, 69.2, 70.1 ¥ 57.2 ml/kg)= Fol=kol] BAgle] dA
g 3t& Hepgich o]=iqt A= Kinoshita §(1992)0]
¥ & Ad B Chugai | 2E3]Alel|A] 2+E EPO9] ratsol|x}2)
u7k71Ql 1.98~2.7417}, Vdss 65~79 mikgts -5-A}31ed
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Fig. 1. Mean arterial plasma concentration - time profiles of
DA-3285 after intravenous administration of the drug, 20 (O),
100 (@), 500 () and 2500 (W) units/kg to rats (n=5, each).
Bars represent standard deviation.

Table I. Mean (= standard deviation) pharmacokinetic parameters of DA-3285 after intravenous administration of the drug, 20, 100,

500, and 2500 units/kg to rats. (n=5)

Dose (units/kg)

pharmacokinetic parameters

20 100 500 . 2500
ty, (hr) 2.15+0.837 2.101+0.230 2.31£0.315 2.35+0.123
AUC (mU hr/ml) 750 £86.6 3834 +£384 21269 +1639 120725 +8038
AUMC(mU hr’/ml) 1865 +426 10227 +1217 64090 19604 334217 £23765
MRT (hr) 2.41 +0.406 2.83+£0.174 3.00+0.335 2.77+0.137
CL (ml/hr/kg) 26.6 +3.09 243+443 23.5+1.75 20.7+£1.31
CLR (mi/hr/kg) 0.0834 +0.0750 0.0800 +0.0558 0.0573 +-0.0343 - 0.229 4+0.180
Vd, (ml/kg) 63.4 £ 8.70 69.2+10.3 70.14+9.02 57.2+5.29

ti, MRT, CL, CLg and Vd,, were not significantly different (p<0.05).
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Fig. 2. Relationship between dose and AUC of DA-3285.
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Fig. 3. Mean amount (mU/m/ plasma or g tissue) of DA-3285
remaining in each tissue after i.v. administration of the drug,
100 units/kg to rats (n=5, each). Bars represent standard
deviation. (O; plasma, ®; lung, V; kidney, ¥; liver, O;
spleen, ™ ; heart, and /\; bone marrow)
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B A2l A 1.0 o3FR vieRyrt. o]#fdt Ad= DA-
32859] zAFe] st e] ofslris AL e, of
= Vdegt (57.2~70.1 mikg)e] BA vyebd A3} (Table
M2} AAghet. WAkt F4, #52] DA-3285 F=7t £
2w, ZHllx 8] FE= 7P delrl. Fofape] AL E F
4 H[A] T/P ratiox F7|8chuglc} (Kinoshita 5,
1991).
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Fig. 4. Mean arterial plasma concentration-time profiles of
DA-3285 after single (O, n=5) and multiple (®, n=4)
intravenous administrations of the drug at a daily dose of 100
units/kg to rats.

Table II. Mean (+ standard deviation) amount (mU/m/ plasma or g tissue) of DA-3285 remaining in each tissue after intravenous ad-
ministration of the drug, 100 units/kg to rats (n=5, each). The numbers in parenthesis represent tissue to plasma ratio.

Amount (mU/m! plasma or g tissue)

2 hr ‘ 6 hr

858+76.6 (1.0)
151446.1 (0.174 +0.0382)

170+20.6 (1.0)
59.5+23.1 (0.350 =+0.120)

Tissue
30 min

Plasma 1538+78.2 (1.0)

Lung 199+55.0 (0.128 +0.0315)
Kidney 262+39.6 (0.170 +0.0262)
Liver 76.91+11.6 (0.049940.00808)
Spleen 4411759 (0.285 £0.0434)
Heart 95.9+:8.17 (0.0623+0.00727)

Bone marrow

296+107 (0.191 +0.0717)

83.8+14.5 (0.0981 +0.0182)
36.349.62 (0.0422 +0.0104)
234448 (0.276 +0.0691)
49.543.99 (0.0578 +0.00304)
103+27.5 (0.121 +0.0351)

27.1+123 (0.158 +0.0631)
12.94+3.09 (0.0783 +0.0271)
67.5+42.6 (0.429 +0.341)
19.444.56 (0.114 +0.0213)
46.1+13.1 (0.277 +0.0857)
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Table III. Mean (t standard deviation) pharmacokinetic
parameters of DA-3285 after single (n=5) and multiple (n=4)
intravenous administration of the drug, 100 units/kg to rats.

pharmacokinetic Single Multiple
parameters administration administration
ti, (hr) 2.10+0.230 1.87+0.644
AUC (mU hr/ml) 3834 +384 3636+344
AUMC(mU hrz/ml) 10227 +1217 8279+1760
MRT (hr) 2.834+0.174 2.27+0.407
CL (ml/hr/kg) 24.3+4.43 27.5+2.86
CLg (ml/hr/kg) 0.0800 +0.0558 1.11+0.682
Vd,, (ml/kg) 69.2 +10.3 61.1+12.5
They were not significantly different (p<0.05).
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Fig. 5. Mean arterial plasma concentration-time profiles of DA-
3285 after intravenous (O, n=5) and subcutaneous (@®, n=4)
administrations of the drug, 100 units/kg to rats.
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Table IV. Mean (+ standard deviation) pharmacokinetic
parameters of DA-3285 after intravenous (n=5) and sub-
cutaneous (n=4) administration of the drug, 100 units/kg to rats.

pharmacokinetic Intravenous Subcutaneous
parameters administration administration
tye (hr) 2.1040.230 14.94+4.20**
AUC (mU hr/ml) 38341384 1025101%**
AUMC (mU hr’/mi) 1022741217  26148+-8422*
MRT (hr) 2.83+£0.174 25.24+5.90**
CL (ml/hr/kg) 243+4.43 97.6+9.89***
CLg (mi/hr/kg) 0.0800+0.0558 1.154+0.467*
Vd,; (ml/kg) 69.2+10.3 23844404 **

*p<0.05, **p<0.01, ***p<0.001; Significantly different from
the i.v. administration group.

10000

G
o)
=}
o = 1000
'gE
Z
e i)
o =
v =
2 0
o @ 100
oo
g 7
oo«
Lgo
= 10 L ! | ! |
0 2 4 8 8

Time (hours)
Fig. 6. Mean arterial plasma concentration-time profiles of
DA-3285 after intravenous administration of the drug, 100
units/kg to rats (O, n=5), mice (®, n=5, each), dogs (%7, n=3)
and rabbits (W, n=5). Bars represent standard deviation.

Table V. Mean (+ standard deviation) pharmacokinetic parameters of DA-3285 after intravenous administration of the drug, 100

units/kg to rats (n=5), mice (n=>5, each), dogs(n=3) and rabbits (n=5).

pharmacokinetic parameters rats mice” dogs rabbits
ti, (hr) 2.10+0.230 2.78 4.01 £0.215%** 3.05 £0.728*
AUC (mU hr/ml) 3834 +384 2708 7964 +196%** 4036 +434
AUMC (mU hr’/mi) 10227 £1217 9206 44656 +3719* 16389 +4408*
MRT (hr) 2.83+0.174 3.40 5.60 10.344** 4.02 +0.739*
CL (ml/hr/kg) 243 +4.43 36.9 12.5 £0.321** 24.8 +2.74
CLz (ml/hr/kg) 0.0800 +0.0558 0.0190 0.0660 £0.0191 1.76 +0.496**
Vd, (ml/kg) 69.21+10.3 125 70.2+2.80 97.6 =13.9*

“5 mice were sacrificed at each blood sampling time. Only mean values are listed. *p<0.05, **p<0.01, ***p<0.001; Significantly dif

ferent from the pharmacokinetic parameters of rats.
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Fig. 7. Interspecies correlation of DA-3285 between total
body clearance and body weight (A), between volume of
distribution and body weight (B). Linear regression was
performed on logarithmically transformed data. Intercept and
slope values were used to calculate coefficient and exponent,
respectively.
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o]glt}. AUCE mice, rats, rabbits & dogsel|x] Zz}z} 2708,
3834, 4036 2 7964 mU hr/ml2 thE-E2 2452 Zlsle
7S Yt ol £FEE ZASFE AAAT o
gt ZHE-AL] £7}2 total body clearance”} Z7}3hc= A
¥} x| &}, Animal scale-up 3}o] 60 kge] AF&e]| 4] DA-
3285¢] CL ¥ VdssZ 31512 v (Fig. 7) (Boxenbaum,
1982; Dedrick, 1973), Z}2} 11.4 ml/hr/kg 2 63.1 ml/kge] <)
t}. o] Salmoson $-(1990)0] 692 A7}sl Al2FS- tjAko
2 glAAalglgl =849 Axe) CL (11.9+3.1 mi/kg/hr),
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