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Mutagenicity Study of Recombinant Human Erythropoietin(rhEPO)
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Abstract — Mutagenicity of recombinant human erythropoietin (thEPQO) was examined in the reverse mutation
test on bacteria, in the chromosomal aberration test on cultured mammalian cells and in the micronucleus test
on mice. The reverse mutation test was performed by a plate incorporation method with or wothout a
metabolic activation system (59 Mix) unsing Salmonella typhimurium strain TA100, TA1535, TA98 and TA
1537. The rhEPO did not significantly increase revertant colonies in any of the test strains under any
conditions at dose levels ranging from 1000 IU/ml to 62.5 IU/plate, compared with the vehicle control. In the
chromosomal aberration test using cultured Chinese Hamster Lung (CHL) cells, the number of aberrant cells
was not increased in the presence or absence of S9 Mix at concentrations of 1000 IU/ml to 250 IU/ml,
compared with the vehicle control. Tn the micronucleus test, male ICR mice were given rhEPQO intraperi-
toneally at a dose level of 25000, 12500 and 6250 IU/kg. The incidence of bone marrow micronucleated
polychromatic erythrocytes was not different from that of the vehicle control. From these results, rhEPO is
considered to be non-mutagenic under the present test conditions.
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Erythropoietin(EPOY2- %312k ¢k 30,000 dalton?] wreha
A (glycoprotein) 4] 90% o)AhE AlAFe] Alud FHAL
(peritubular celnt A Al LA A= DX 2L
X AX I Anagnostou, 1985). HET GXo] = Fo
ols ZAFcHe 22 19009 X delzl o), EPOE
19773 Miyake S(1977)) 28] % &2 aplastic anemia
ghAle] oA ¢ RelEsict o) F, AF EPO A7}
o} ZHALANA cloning Hgler) obvl Al wjede] shel
(Recny 5, 1987)3) chinese hamster ovary(CHO) A E Fof
A wrgE A7 A2F 9] A8 22U A (recombinant hu-
man erythropoietin, thEPO)S] tekALL. Falle]] o] F3
t}H(Jacobs 5, 1985; Lin &, 1985; Goto 5, 1988). o]} 7+
& hEPO: A} X #219) Aed¥ EPO(urinary human
erythropoietin, uhEPO)2} FA38F Ae|3}eh, wHgshs, oF
v)sbd AL 7}A) vl (Bgrie 5, 1986; Davis =, 1987), &

* To whom correspondence should be addressed.

FollAl AT A PAxe ¥5, T4 ' A5 380
(Joseph3} John, 1989; Ridley 5, 1994).

EPOE Aot F 3} gile] 2y 2 AsAdTe
wzka Fol e NPT DA AR 3 vehbe
Q9] A EAZ 19874 B3 FDANA Selsjglen, 3
4 H A 2R Ay, FrieaA 2R
AR, PYEF, ARTF 545, A7E SR, ADS
F2] A BAR ol AEFAA EA Sof 23t ¥l
A A A 98 (sickle cell anemia)# 7Z+2 oh2 9
dell A el g A 8iae By 9lel(Menill,
1979; Vreugdenhil 5, 1993).

FolAER) draclie $AAESE o145
<] BHK(baby hamster kidney) 4| Zell4] ¢l AEF+ 284l
AE AL AR B Sle e A4 olat
Rge] X zAR sgeAolct. & dFellAi= thEPOS
A A7 Aoz Add o4 EFEdHAH
3} 2479 P EE o) 48 FAANEAY 2 AAR
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E o8-8 A E S A Alsknt
Al Y
N
1‘4?’:-317 EPO(Lot No. B-003)= FA2] =rjal o 4

BolAl o) ATa AEFRATANA T2
%—T‘}@—O]- Al2-3ke] o, SDS-PAGER-A o4 Ealeke ok
36000 daltone]m] +%i= |AF HPLCHof] <3 o2
9% ool QAL Arhs TAamE &Y o2 £44] 12,000
IU/mle|gleh. AlH &2 WERH sty on AREA] &5
slo] AlHEA AL 2] o 54 sted ARE-slIT).

ES=E
PHEEAR BRIl GelAE
(Sigma), 2-aminofluorene(Sigma), 9-aminoacridine(Sigma), 2

sodium azide

-aminoanthracene(Sigma), 2-nitrofluorene(Sigma)g-, 444 2|
o)AbA P oA mitomycin  C(MMC, Sigma), benzo[o(]
pyrene(Sigmaye 27} 2R} DMSOS] 48181e] AL4-5]
G5, 28l MMC(Sigma)s Z8<kof 43 5o]
ALgstglth A EER R AFHER HLuAE AL
shsiet.

NiEZ 0l2et SFISHHOIANE

AEzZF

A @l histidine <39k 1AL Salmonella typhimu-
rium TA100, TA1535, TA98, TA1537 5 4752 o] 4319
o 7 ARFEE skl Fadd Ropitol 70Te
EAREs 7] 0% histidine ¢J ¢k 2 TFAL, ARl A7k, =t
W3} B4 (rfa), 2FA| A QAAM(R-factor PlasmldH - A
dEAHN Y A 5o L gl ohg AFel AR
st

HH ]

Al 2] Aufek2 2.5% nutrient broth No.2(Oxoid)yZ
o235l HA4 glucose ¥ Pl A) (minimal glucose
agar platey= 1.5% bacto-agar(Difco)el| Vogcl—Bonner medi-
um E(50X)$} glucose(40%)yE 22t 2% 2 5%= A H71st
o2 platesd 20 ml¥ EF3le] ALg-5l9dT). Top agarl=
bacto-agar 0.6%, NaCl 0.5% £-<l¢] 0.5 mM L-histidine -
HCY0.5 mM D-biotin =842 10: 19] ¥]-E(vVZ £33}
o] Ahgslt). o] B A oA] A3t viR]E Maron
Ames(1983)9] whal o] Foted Al Fsle] AHg3ieich

$9 mix

9 B2 8105w 9] 42 Sprague-Dawley == of|A]
Aroclor 12542 34 fEAE ALESle] Ames 5(1975)]
Whdel| whel A5l A@slE rat liver S-9 products
(Organon Teknika corporationys -4Js}e] Al&3s)4d 0w,
894 cofactori= A|% cofactor(Oriental MERF T Sehrz\Eit)

2 F3}e] Algale]r). 89 mixy cofactor 1 vial-d- 9 mle]
el £30% 3 S9 3 1 mle AREA A Ea)e]
F A skA).

ATl

A gdd-e 53 TARESTFY 0.1 ml-2 35 25 mie
Nutrient broth v} =) of] FEs}e] 235 wlokr] WA 370,
120 rpm®] 20 2 oF 1647t Zledal| k3t F Ao AL4-
slgict.

ZI|SHAE EEAEAE)

B Alge] g=pdA-S f8le] ofu] SeRUAAIHE L Sal
typhimurium TA 100& o]-8s}e] A A&k cl. EPO= 1000
IU/plate-3 & wgako g stx o|sl Fw] 28 500, 250,
125, 62.5, 31.25, 15.625, 7.8125 IU/plate7}#| 87 §sko =
AEE AT B3, JAFRAAA Y F-Foff BAG) BE
SeFrellA 2T vlZste] W] colonyte] F7}
7F AAEH ool webA, BAFE A= 1000 [U/plate
e F9] 22 62.5 IU/plate 77}7‘1 57H 43S A shach

Algek

Age AEREAALRL] "o FET SHAY]
ol FIle] ARAEAE AH4q Ao AABAAE
A43R] & A Aol whste] P (direct incor-
poration method) 2 2 4 A&k c). AP EA L 0.1 ml, $9
mix(2] A ZAA L] AL D.W.) 0.5 ml, F #HeFed 0.1 ml
2} top agar 2 mlE 45CE g3l HF tubeol] EFE T =
Al vortex mix® 2-3%7} X %}EF ¥ minimal glucose agar
plates]] 3l gAY=L AL A 0.1mlE, 34
Hz2Te 2t 5 HH=ED 49 01 mE AFPER
WAl 7hshe] Fd whg e 2 AAsigdt). 5358 top agar
7t 2L F 37CelA 484)7L vl okal ohg E|g 2]
colony% AFaha A8A# 2 AHEAL] FAAY 5
+ DA AHER 2F 43 370 plated o]4-
ahgict. B ue] colony 2] HFA]7} G-uf el 2ol v]3}
of §pelER o Frtety 1 47 A dETE] 20 o]
A ol AV FATEE A& vepdd HoldAde] 9l
Aoz @Rse
EFF HHSMNES 0|85 AMAO|AA

HNIZE 2 HiX]

A)gel]i= Chinese hamster lung(CHL, JCRB 0030) 4| 3%
2 o) &sigit). A EY ulokS- Eagle's MEM(Gibco) wiA] o)
FBS(Fetal bovine serum, Gibco)Z 10%(v/v)E Al A7} uf
2 Z A&}, 37T, 5% CO,, EI5Z7) Abele] 2w
F7) A el eFssict.

59 mix

S9 B3.& 8105w 2] 471 Sprague-Dawley | ofA]
Aroclor 12542 &4 F5A|2 ARE3le] Ames $(1975)9)
whle)] wlel ZAsted AdsHE rat liver $-9 products



58 Kyung Koo Kang et al.

(Organon Teknika corporation)ysE 7lsled Al2-3}ed o,
894 cofactor+ A% cofactor(Oriental BT 3£k Ariit)
E T4ste] AR}, 59 mixis cofactor 1 vials 7 ml
o) FFpdl £3lg 3 S9 B3 3 ml A2 Al £§5)
o ZA .

MESMAIE @BETAIR)

EAY e S59E 9T duAgez AESAHAY
< AA 3 et Au]AIE 4] EPO= 1000 [U/mlE 3 2%
T2 §la o3 FEw] 2= 500, 250, 125, 62.5, 31.25, 15.
625, 7.8125 [U/m1®] 87} B3¢0 2 2447k Ag] 2o
AAEA e 217 35 mm petri-dish(8] 92 2 mi)el] 1.2x 10°
cellimls) AEE TpEsle] 307 wjekat F 7 L3kl A
542 Aziste] 192 Merslaic). Wl B2, 025%
Trypsin-EDTA &5 A2j3je] AZE F4b $7% &
trypan blue2 %-¥3}3. hemocytometers o]-§3}o] A x
TE ATt AFEAL Az gt SALHARE B
3ot NP2 A¥rleg H 25wl 1000 IU/m! ©]
8o BE ST T vl wsle] AlzsaloAs)
FAEA eshch. W] £ A el 1000 U/mIE #
AEER 3L o)} n] 22 500, 250 TU/ml7A] 37) &k
T2 2 A

AlEeh

A2 AFe]obEebdRge] “ekE s EAAF)
F ol E3le] dABAAE HE51A) 9 AU dAt
BAAE A3 dAgA s A2 HATege

A4

27 60 mm#] petri-dish(¥i k<] 5 ml)el] 1.0x 10°7] 2] A
EZ et 247t wiokste] ©EA) E (monolayer cell}S
TE F, 4 g9kre) AREAR Aelsle] 2447 vkt
thx A Z2F rste] A TELE Absigdc). olwf Al
Z A 2474 coleemidE #HEF%= 0.2 pg/mlo] A
Aztstel Az2DE AAAZT SANET = AL
AE, WA= Tol= MMC 0.05 ug/mls- A PFEA djal
7hsbe] gl by e 2 Al siedch

QAR Ey

23} FA3HA) wokel dEA X6l SO mix 1 miF} 7}
237 AYTPe] LW WP 4me Aeisle] 64
2 Wi ohe, A viX 2 S@ste] 18417k wjoke &
24Xz ANEE FA, GHA ERE Apstde). AE
A 277 A A g ol A e} EUEA coleemidE 22 sled
o gAY ET s AL AES, FAHETAE Benzo[o]
pyrene 20 pg/ml-& A PEA Al 7l3te] Fdg uhier
Attt

G)F A 2] A2t F 2o Fat

Al EA A=7t £8% £ 0.25% Trypsin-EDTA £-94-8
Aelste] AFE 24 $AT oh2 9A1E2](1000 ipm, 5

min.)dke] A EE Tyt o] AT A Al 0.075M
KCIE 7lsted 37Col4 1587 ¥he-A7] & methanol:
acetic acid(3: 1, v/v) §9 02 A AA Aa5e] shoic)
AR Axe A 7t A AL shele] YAl she
THE 22 338 wtEEe] AXE s 3N 5
FHoE Ayl Bxe] AErfas e oo, 74"
A ZE-G-0-S slide glass 9]¢ 14k Wojrma] AhLo]A]
¢A35] A=A Zh Zxz8 Lo = 5% Giemsafoll4] |
2087t Azt A 3 FehE e A (x 1000) .2 HaE)
et Tre A Lejolur) 100719 BdFr|Ak 44
Aol thate] GAA B dAREAS] Fzo)Ak(Structural
aberrations : Chromatid gap, Chromatid break, Chromatid ex-

B

change, Chromosome gap, Chromosome break, Chromosome
exchange)¥} <=2 o] AH(Numerical aberrations : Polyploid, En-
doreduplication)© 2. 14| Aslglm, o4k ZRHE
7R o]k 712l AEZ FGAE INZ Apste] o2 FF9
v&-S Tt

@AFHA

CHL Al F2] o] Az 23 xE BAF 5% wgto]m
2, o)AMY F3M It 5% n)utd A= 24, 5-10%
U A= A, 10% 4L 7= oz Ay
2w, oo} Zhe oFAdnkg-e] sl o] Ake] Sk oA A
HAUA EdsAt E2 SAUET= ul@sle] o] kA
Zo| Sl =rE A A S5 Y EmH e 2 Fo8le A
2 el A o] deAde s S
HXFE 0126 ASAIH

AEISE

Al AME FEE 67789 7 ICRA SAHAA
A (SPF) m»}-$-~5 409}2]-& Charles River JapanA}=. 2
B el 15U 7 35S AR 75 B ES
Abgslah AL EA L &8 234270, 45 55+15%, &
% 150-300 Lux, Z=" |7k 124]2(07:00-19:00)8] A&
A3k 2, w928 polycarbonate 7| 2] Aol 6v}e] 4] <
|33 AFR(EFg WAAE T S23ALE, ALA)
o} B A B A ES)E Al H A 7ok

FOEMAE U TEAFHAIZE Z2H

Ao Ao APERS] Folgke LDy
12%F% HagsFomsie 7o) @A T 9ot Tk A
AL 48 oju] A4 EPOL w}-9of Aul o 2 25000
[Ukge] 83& 53 Aoz BAL vehha o}
LDyt 25000 IU/kg o]k 2 fntElglons FAEAA)
g FHmg=kq 25000 UkeE £ A3 Hugapow
AAstget At YT £ Y ARHE A
Atz $1gk cdmA"ME 6vte]] w}9-2e] EPO
25000 WikgS B2 FE 503 & 72k 2n)=) -2 24, 48
2 72 A7t FFE AF sl LTI ET ot A
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ARGt bR T BlEE Tkt AP EF
aocky AYT AINARTI AR LT v
& Z5 frejgt wispl fEE = A& A ¢ §igl
ovg R AFHAZE Yukd o2 ge] o)L= A
el APEA Fo] & 2447k(Salmone =, 1980)0.F
2.
Al

2 AP AT RELARR Y "SIk S0 SYAY
718" ol £38)e] A A5k EPOX 25000 IU/kgS w-82F
Fog sty 497 12500 IU/kgS, A&7 6250
U/kgs Z42F Fofdlgl e, H2a-g Tste] 25 10
ml/kge] Hefko g BNZ o}y Fofsigdcl. SAANET
ol AHEED L, FNEZT o= MMC 2 mgkegs 5
NZ BEF Gk Fo F 244026 7 F 52
AERTE BAY g ARBE 25l PIRL
3} 1 ml2] FBS(fetal bovine serum)® Z52
1000 rpmell A 587 42 sidol. =8l A
237 3 AN ES n=2A dEsle] SEjoled
o} Az% T2 EL methanols] 5271 7AZH & 2.5%
modified Giemsa?](Sigma)l| 50837} 4 3lo] B3tgia|A
2.3 10008 w4 et 1000709 chd QAP T
(polychromatic erythrocyte, PCEYE- 23} 43-8- 712 o}
A& (micronucleated polychromatic erythrocyte, MNPCE)
9 &5 AT FA Fd Aekel] EXFe AIAHEF
(normochromatic erythrocyte, NCE)2] =% o] A4 A
72 AT vlE-2 Tkl

SASH Azl

AATg A EH0] SEvl T Kastenbaumi Bawman

Y

o]
=

cl}li A

2 n
il ¢t
WOE o

mﬂ
_O‘L

2494944

o] Wb (1970)0)] 2]5}e] fAL AAsE
b IR A

79} DA AR TE) ¥ $(NCEPCE)] 2}
student's t-test(0=0.05)Z. 73 A s}t

AEAY

Mg 0|1835t= FHESHHO|AIE

A QAT Table 13 2t A Qof] AL} 47F 25
A2 A Al ] fell FAlglo] Bwe] colonyt= 24
H272] BAHo] colony =2} ¥]gh ¥l &3loloH,
LFEA B ZrEl Nt AW ETS 28] olAke &
7VE vrehfx] edsieh w3k, EPOE A 2l3F B E 83k
Al Al AabEahd A ERS] AR 5o SR e
A ekl gk, 7 1] S NEERE A7 £
o tdbe] 20 o]Ate] HAF EHHe] colonys9] 715
e gt
ERTF HENES 0|25t HAFIOIAAIE

dqA ) 4Ad A}, EPOE AHEg nE FETA
NALRAA Y] f-Feoll BAIgle] FAAL] F2A o|AE
vf Al o] AFAEY 2EEL 5% vITLE SANET
7} v wsled Z7)4A] ekglet. ¥4, oA dlZzEd e MMC
EIHARA )2 A ol = 24X 7F A A FAA o)Ak
£ 29l AEL] vEE 27%2 et SR vl
slod fojAlgle 2712 vhehigl.e v (Table II), benzo[c]
pyrenc(H 21243 5] 7ol = QA Al o]AkE B3] AlE
o] &L 30%2 AT S715 el gir(Table IID).
MR FE O|Esk= 2AIE

EPO%| 23 A9l Z == Table IV} 2}, A|&H 54 £

Table I. Number of colonies per plate in the reverse mutation test of EPO

Revertants/platc®
Test Dose
materials  (/plate) TA 100 TA 1535 TA 98 TA 1537
-89 +89° -89 +59 -S9 +89 -59 +59
Vehicle’ - 1007 94+6 8+2 14+1 25+2 2446 6+3 14+2
EPO 1000 TU 89+7 83+6 942 1644 23+3 2443 6+1 143
500 IU 8145 8342 743 13+1 2443 2242 8+1 17+9
250 IU 91+12 806 8+3 162 26+5 23+1 6+4 18+4
125 U 87+4 8245 742 16+1 2742 2444 9+4 14+7
62.5 TU 8242 887 8+2 13+2 23+3 2544 642 15+4
SA” 1 g 617+62 - 520424 - - . - .
2-AA 1) ue - 163116 - 377+£32 - - - 330+6
2-NF* 1 ug - - - - 180+7 - - -
2-AF" 1 g - - - - - 271422 - -
9-AA 50 ug - - - - - - 44027 -

“Values are the meanS.D. of the data from three plates. *Without metabolic activation system(S9 Mix). “With metabolic activation
system(S9 Mix). “Buffer. “Sodium azide. “2-aminoanthracene. ®2-nitrofluorene. "2-aminofluorene. ‘9-aminoacridine. “This dosage(2 ug/

plate) was used only in Sal. typhimurium TA 1537.
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Table II. Chromosomal aberration test of EPO on CHL cell without 89 mix

Test Dose Treatment No. of cells  No. of cells having Type of aberration®

Compound (TU/ml)  time (hr)  observed aberrant chromosome(%) ctg csg ctb csb cte cse pol end

Vehicle” - 24 100 1 1 0 0 0 0 0 0 0

EPO 1000 24 100 1 1 0 0 0 0 0 0

500 24 100 0 0 0 0 0 0 0 0

250 24 100 1 1 0 0 0 0 0 0 0

MMC®  0.05 yg/ml 24 100 27 15 11 2 1 12 1 1 0
“Buffer, “Mitomycin C, °ctg: Chromatid gap, ctb: Chromatid break, cte: Chromatid exchange, csg: Chromosome gap, csb: Chromo-

some break, cse: Chromosome exchange, pol: Polyploid, end: Endoreduplication.

Table ITI. Chromosomal aberration test of EPO on CHL cell with S9 mix

Test Dose  Treatment No. of cells  No. of cells having Type of aberration”
Compound  (IU/ml)  time (hr) observed  aberrant chromosome(%) ctg csg ofb csb cte cse pol end
Vehicle® - 6 100 3 0 1 0 0 2 0 0 0
EPO 1000 6 100 2 1 1 0 0 0 0 0 0
500 6 100 4 2 0 1 0 ] 0 0
250 6 100 0 0 0 0 0 0 0 0 0
B@P®  0.05 yg/ml 6 100 30 6 9 3 2 11 16 0 0
B@P°  0.05 ug/ml 6 100 3 2 1 0 0 0 0 0 0

“Buffer, "Benzo[a]pyrene, “Benzo[a]pyrene without 89 mix, “ctg: Chromatid gap, ctb: Chromaitid break, cte: Chromatid exchange, csg:
Chromosome gap, csb: Chromosome break, cse: Chromosome exchange, pol: Polyploid, end: Endoreduplication.

Table IV. Results of micronucleus test with EPQO in mice

Group Compound Dose(/kg) MNPCE/PCE’ PCE/NCE
T1 Vehicle* - 1.00+0.63 0.86+0.20
(0-2) (0.57-1.09)
T2 EPO 6250 IU  0.6710.82 0.7210.16
(0-2) (0.50-0.93)
T3 12500 TU  0.67+£0.52  0.81£0.16
(0-1) (0.70-1.11)
T4 25000 TU  1.33%£1.21 0.98+0.26
(0-3) (0.70-1.21)
TS MMC 2mg 17.33£6.80* 0.45+0.05*
(9-26) (0.36-0.52)

“Buffer. “The number of polychromatic erythrocytes with mi

cronuclei was calculated from 1000 polychromatic erythrocytes.
Mean + Standard deviation(Minimum-Maximum). “The ratio of
polychromatic erythrocytes to normochromatic erythrocytes.
Mean + Standard deviation(Minimum-Maximum). *Significantly
different from the vehicle control(p<0.05).

4|7kl Eﬂﬁ%& 2 ste] AApgk A3, 49 7}
4= 8T = BPOF Foidt &
#4148 9= 3718 vhehdA sk w,
MMC 2 mg/kg 5o ol 4] &= MNPCE7} 9~267) & -#-2] 4]
ole 253 pad) thdAAE T AGAARAG T v
= EPOE 5% BE APTAA a2t vl
o4 de WEe TR et

o3
2
|

L |

AR dein) mEPOS) ¥go 2 nRUH 1
F E2F 9 A95E TE, U, 2%, 41 59 influenza
ZAET Fakat S W ae| 3 Al 22 AAS
141 9 ol wwsl 3 slon, 9} PARA 2 A
A F3 F-2h8-2 thEPO2} uhEPO2] A|3he 54 “H-Lr
of BAHA 2= Aoz deld glck(Winearls S, 1986;
Jacquot -5, 1987; Michael#} Charles, 1989). H#, EPO<]
o)Al o] YFled= epotin a2} epotin B 53 -2 hEPO
£} uhEPO+= Ames test2} ééxl] A o] AL & el A= wo)9 A
& oA et 4I5S ol 48 aaAHeAE Y
Aol ek 2okl Aol7h SheAe 2 YelA slet
(Nito %, 1986; Sutou 5, 1988; Suzuki 5, 1989; Inoue 5,
1990; Yajima %, 1993 a; Yajima -5, 1993 b; Physicians'
desk reference, 1996; HASZZERR =2 &, 1996). B A8
A= FolRAIkEF) ATAaelA BHK AlZolA A4tdt
thEPO2] Wo|dA-E H7Islr] $iste] Ald2 o8-8 Ames
test2} CHL A 22 o]-4-3k A o] A H o]
23 AL A stk

Sal. typhymurium TA100, 1535, 98 & 1537 ¥| FF-5 o]
£-3l4) thEPO °] base pair mutation®} framesh1ft~typc muta-
w2 Best ds, EPOE 1000 [Ujplate o] 3}
Fofl FAIGlo] BE Tl o

bl

O

“’;z AAFE

tion St

Lol A tﬂ"]’%@ﬁlf’fl N
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3ol His — His"22] 7ol dA-S Jehi|=] gsgron,
Al TRl R SAE FEAFR] ool WeldAe] gleA
o2 debget elekte AEAIE Sutou 5(1988)7
Inoue -5(1990)2] A1 A Fe} fralgt Ao o] 5L 34}
Mz 71e-g o145te] CHL AxollA LA EPOS
ol-g3to] Ames testS AAF B}, 72k 5000 [Ufplate 2
126.5 pg/plate ©]3} ZE FEor] Bwoe] B fubslA] o
otrhe A HAINZ B wslgdch w3 £ JF 404 CHO
Al Zof| A ABAFEE hEPOS] S A A% thEPO=
1000 [U/plate o]3} RE Lol FAHEAw ]/} 2
A ottt sted @ 5, 1996) & AP A<} frAlsigdoh

QYA )AL CHL A ZF ¢]-831e] 24417k 2144
3} tiatAd sty e g At A9 s}, thEPOE 2]
& 1000 [U/ml ]38} BE faF7-oll A tAlEhAd Al L] 4o
AAGe] GAA ol Bl Ax ZANEI} F94
Al FrkskA £38 e Fvhe BEER 9st
t} ole} e AEAAE FAF] 2oREaQl epotin o
(KRN5702)¢} epotin B(EPOCH) & B &1 F4:0) 4] CHO A
Eo|x) A4Eg thEPO 5-2] AAA Aol 24l o=
viebhd okt AEL Zelgick(Sutou 5, 1988; Inoue %,
1990; 7] 5, 1996).

dubgez EFEdwe] AdelM s AgEd
2] #uF%E 5-10 mg/plate o)=], WA o)A A § o)A =
10 mM/plate1 o], 2 A3 ellA AA|gE thEPOL] 9o 3
TEEE hlARE J1EeE ¥ 0.0075 mg(=1000 U/
ml) 2 24| Ads] g Freeleh. et BP0 ol oAk
A& el 2000, 4000 2 10000 IU/mlLE Ho19)7] wiFol o)
AHEA g0 e A 53 A1 < 0.0075 mg(=
1000 TU)/mlie]c}. =3t BPOY AAE S FE= 13-21 mU/
mle] 3 o2 v|Fe| Bu(Garcia 5, 1982), & A¥9] &3
$E2l 1000 U/ml= Akl BFFE] oF 470006 o4
o] 243 L w5t Hel AR e Felrt
e AR Atg¥vt w3 AlYEAe] thEPOE Uit &
shEgo] obd AEIrA A A (Ful Al )o] o, 2] agpre-
gation 5-2] o] wj-f-ol] M AA2A] T A7} A
T sk ddEk Bele AES g44 Age 8
o] $=8 4Rt 7o) 83T 2oz Al

PhaE o] 43 2AF A, EPOE JAARE-EH(50
U/kg)e] ¥ 50080l 353l 25000 U/kg 2 2 o]3} =
£ ST 28 Tk vl A g Y] fo94 gle
7he BREA Wskeh. AA7kA] izl viE hEPOE
2 A g ol 2] MNPCES] WML EE F7 A1k 21387
7} Bs o] 9)oni(Tanaka 5, 1990; Yajima 5, 1993
a), Yajima - epotin o, epotin B, SNB-5001 5-¢] thEPO
o} A1e] xelld Felgh HAd uhEPOS) L8 fibs-S
Wgk A oA 2E EPOE fAlgE A58 Llfitsg

Ly of

o i

!

vielbdichy 2# )}l cH(Yajima -, 1993 b). ¥h4, uoue =
3} Sutou 52 732} Epotin o9} Epotin B7} A3 A3 ] 4]
MNPCEE 49317 skehe Audaie 2usig e
(Sutou 5, 1988; Inoue 5, 1990), o|s}z-2 AldAF=
Epotin c/(Epogen®y} Epotin Bof] 3} 7122 B uEs} o
&} Zlo] 9] v}(Physicians' desk reference, 1996; HABEZE
B8t 7, 1996). o| AT} 2h-2- 7]&2] AP ATl w]Fof
HZQH thEPO2] Adlfilbze AJgEdy Agdatel] mz}
A2 ez LR gdE s, 2 A4 BHK AlZE
o]-8-3to] AJAH3t thEPO= E Al A3 4dctdAd FET
2| F7H= vrehAR] ekt

g, PR Yol ARG v gl leiA
thEPOE Foi8t BE L3krol A 27} v wrs}e]
Fo4 de WEE vehAE W29ter, thEPOY X
Sl Agle] PCE/NCES] H|&e| Zradle ZAgg 1}
Ehllglch. dubR o s £#Add PCENCES] ®lg-2
0.97+0.22 A = o1 =] (Hart$} Engberg-Pedersen, 1983), Ven-
it} parry(Venitt9} Parry, 1984y 3] A8 ojl4] NCES] =
7He AESATEe R, PCES Z7He MEFAAL0n
BBt olot 2L Mol plFo] BE B AReIA et
W PCE/NCE ratio®] Z}4~8 EPQ2] AlE5AALL.0 & =
4 glch e, o)e) g AYPAde FUA FEQ
EPOCH<} KRN 5702¢) A=A 2] B o729 CHO A
X fr=l thEPOQ] DA-32852] A|FollAx #2d Aoz
(Sutou &, 1988; Inoue 5, 1990; 71 &, 1996) 1 o]-f=
thEPOS] ofa|zhg-of &J5le] Zuolld] Aol 7A 2] £
F3alo] BAsEE R H&F F4AEde] PCEE nhe
A B2 wheso] F PCE 57} ZaslaL, BAA
L2 izl TR o] Esle] Fulolle NCEs}
< AFRET 7 7t Aspdo == PCENCES
Algo] Zhashs Heg oEd althSunki T, 1989;
Inoue 5, 1990). wWhebA] o]efzk-2- Aof vlFo] ¥, 2 A
AT A F2E PCE/NCE ratio?] 74 % Al EEX 24
olg7] ®el= hEPO2] <kelat-go 2§t Ao grtsle]
thEPO= 4 Aole] F21-8 A a4 == 2
GARof] o)Ak ke o Bl Ao ARt

4 B

FOMAIETE) AT A fAlAl Az 71eL o) 83
o] BHK A ZelA A4kt <] A8 2 AAHhEPO)S] <
A4 W7ol dghe g WelUAd A H-& Ak A gA
3}, thEPO Ald-4 o433 FFFdHo] A3l tia}
A F-5oll AAGe] LE FFol Hsted His — His*
22| BFwe]d4dS vlehix] elgkew], CHL A|£E o
48 FYA o)A HANN T AR A ALl wAY
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