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ABSTRACT : A recombinant human erythropoietin (rHUEPO} was administered intravenously at dosage
levels of 0, 100, 500, and 25001U/kg/day for a period of 13 weeks. There were no observed clinical
signs and deaths related ta treatment in all groups tested. Decreases in body weight gain and food
consumption were observed only in males of 2,5001U/kg group after 2 weeks. In hematological
parameters, erythrocyte content, hematocrit values and hemoglobin concentration were dose-
dependently increased in rHuUEPO treated groups. The ratio between kidney weight and whole body
weight was significantly increased in females of 500 and 2,500 IU/kg groups. The spleen weight was
also increased in both sexes of 500 and 2,500 IU/kg groups. However, the absolute weight change of
other organs was not observed. In histopathological examinations, the renal tubular basophilia was
observed only in males and females of 2,500 IU/kg groups. From these results, it is concluded that the
no-observed adverse effect level (NOAEL) of rHUEPO is 100 IU/kg in rats in the present study.
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Z7}% %3t} Erythropoietin® -3 A1#+2)
peritubular | el AGY A SHAZ ) 5]e}
¥ 713} macrophageoll A = A HchErslev 5, 1980).
ub" o 2 erythrocytes®] A 2 E3}= erythropoiesis
of 2j3] o]FoIX|w o]k A4 os FAoZ

S

**To whom correspondence should be addressed

415

hypoxiael] 2%} 918 A] erythrpoietine] erythrocytes ¥
sl2 fx&kcl. qlA| erythropoietin- #-A}=ko] 30.4
KDe g AH¥3 UAAAMEQl erythroid burst-forming
units(BFU-E)¢} erythroid colony-forming units(CFU-E)
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HIVEz}el| 4] 2212 0.2 it = 9 Sollx E3}
olE 7o g B aEe] glel(Winearls, 1988; Evans G,
1990). =3 oF3kztell 4] cisplatinFolo] 23] Fx==
THAd Al Fbol| 93k RI-E X 5. Sofl chefshA o] &=
lth(Holley %, 1994; Cascinu 5, 1995).

A AR FRG 7] e ue} w2 79
B AA7E E o] 9l ot o] F AAl= &
#lol &stn gl 7H9] SJekEel el wa
A717ke] X8y} RFHEE 2 ARl Aeke] wrh
uebx] B} XH3 7pH e R 5] 428 rHuEPO
AR e Selviet ojekzobl) 3 AFE 3
Al F shtelc}. B dell AH-¥ tHUEPOE FoHA
FEFE)lA AR 71l &3] Ak AA o]
o mheby A O AQPARE] Qe 2
Aol et 1357 AWFo] oI5 A H-E A}
of o1 kA& Hrlslaa} skt

IL 7= 3 9
LAIgEd

AlgEA el tHuEPO(10,000 IU/mly= T4, T3 9
AA 2 FolA G e FTIFLEF FA 20C
oA Bastglc).

2. 4EEE

Sprague-Dawley H=(HF 160~170 g)E 35
F)oz2qe P98t 257 AR F 71470
Zoll tiste] AL AT FA ATl 77k ) A
£ Adgste] TS o4, TEYE A
AYPFEA #ARALE AURE 23+1°C Adss
55+5%, wl7] 10~183/hroz sjgdon, xlEoz
1241704 Aehg 77102 2R 2EE 200~
300 Lux 2 3lch. BE AYPFTES FertuvelE
AFAFAH280 W x 420 L 170 H mm)el| 4 AF$-5453.0.
W AbrE APIESTESARE TUste] ARER
o, $4 G ETE AR A A H

24 ol 12

3. NERo TN, BoisE X B2

£3P717t F stk R Al 5Eell st
4he] AlPEE A3k HuEPOS] Fof 85k
2,500 IU/kgS T4FT0F 3}3 500IUkg 2 100
[U/kg?| 3 =F= Solcf2a& dAste] 129 o,

& 747t 12ehel 2 el B YA Folgake
QArgeke] 2, 10, SOufole}. AP EAL) Al Wl
S Aol 344 3ol HHsidch. Folis vy
Moz 19 13 1357 Fojshelon Foi=k (1 mike)
& RoiR el AZl weh AEahar),

.
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AFE A AT AR SR T 33]

gsidom, b % AR o 24 F 19
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2) QHBfStEZAL

BE £2 Ust] AY2A Foltn AYFE §
AFHEE T 18] U 2A bR g
S0 2 AAsigh

3) FABHZA}

1357 $F8 Fol 2E 5ol tated etherz
o} 3l Bl s o2 Vel X33l EDTA-3KZ 3}
$3x]2]= bottleol] #3§F 3 coulter counters o]-£-3}
o] ¥ 74>, hemoglobin®¥, hematocrit=], 32+
222 HMCH), FFHITEHMCY), FaH
HFY N4 FE(MCHC), W7 4 d4us 52
FAsH o, FAZIALE FAI|HE o=
sodium citrate 2 &-3-7 2|3 Yo RE] TR EE
¥ X 7}(prothrombin time)s} #A4]3} H-8 EEQ Zeps
€l (activated partial thromboplastin time)S- S 3} c}.

4) BN AIBIBL R Z4A}
ojstazialel Aol WAL BAsh] Fuhul,
albumin, &%, FZ¥H2HE, triglyceride, 244,
creatinine, = bilirubin, aspartate transaminase(AST),
alanine transaminase(ALT), alkaline phosphatase(ALP),
lactic dehydrogenase(LDH), sodium, potassium %
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AE, QA FeAsta ) o 475D
of WAL ANOVA ¥Ae| wmeb He shi,
Dunnet's testel] ]3} o 75} th27719] Fo A& 7
Hshadct.

. & il
L. SAEE, ANF, AlRYFIE Y SMF
RE BT A7} = }UJ% < At
(Table 1). AFEA Fof WA F AR v} 3

& YAFANA L S 2E vl o o]
Feigh Aolye AR Askeh. Teiuh, ABAMA
F 9FHEE 57 LERReIFe whelold HEA
Ml W guEge] BAHL. o5 B2 AFE
e WA oJAsgl e olshde Ae APF
BAZA ASHYE 1 AN F 4523 40
NEET A BRI Pe] AREFolH Fol 9]0l
F¥o] RAHA R, 3|2 shafo] AT
o5 AAE AWAT F ArE WA aAsHAY

Abshs 74 3Fe] 9l th(Table 2).

AQ717t F AFe] Habs

H7 9] ag-eFTell A

5. SHEHZAL AIRNA] F 455 Gofdi Tl vl HAp s
Table 1. Mortality of Sprague-Dawley rats treated with rHuEPO for 13 weeks
Dosage Weeks .
Sex Mortalit
(Ukg)  sart 1 2 3 7 8 9 10 11 12 y
Control* (/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10
Male 100 010 0/10 0/10 0/10 0/10 010 0710 010 0/10 0/10 0/10 0/10 /10 0/10 0/10
500 0/10 0410 010 0/10 0/10 0/10 0/10 0710 010 0/10 0/10 0/10 0/10 0/10 0/10
2,500 0/10 0/10 0/10 0/10 0/10 0O/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10
Control  0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 ©0/10 0/10 0/10 0/10 0/10
Female 100 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10
500 0/10 0/10 0710 010 0O/10 0/10 010 0/10 010 0710 ©O/10 010 0/10 0/10 0/10
2500 0/10 0/10 0/10 0/10 0/10 0710 0/10 0/10 010 0/10 0/10 0/10 0/10 ©0/10 0/10
*Control: Treated with tHuEPO dilution buffer.
Table 2. Clinical signs of Sprague-Dawley rats treated intravenously with rHuEPO for 13 weeks
Animal numbers with clinical sign
Sex 1()87;15: (Hours) (Weeks)
2 4 8 16 24 2 3 4 5 6 7 8 9 10 11 12 13
Control* 0/10" 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10
Male 100 0/10 0/10 0/10 0/10 ©0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10
500 010 O/10 0/10 0/10 ©0/10 0/10 0/10 0/10 0/10 0/10 0/16 0/10 0/10 0/10 0/10 0/10 0/10
2,500 0/10 0/10 0710 0/10 010 2/10° 2710 210 2/10 2710 2/10 2110 210 2/10 2/10 2/10 2/10
Control  0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10
Female 100 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10
500 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10
2,500 0/10 0/10 0/10 0/10 0/10 0/10 /10 0/10 0/10 010 0/10 0/10 0/10 0/10 0/10 0/10 0/10

*Control: Treated with rHuEPO dilution buffer.
"0/10: no clinical signs were observed in 10 animals treated with rHu-EPO.
2/10: At 2,500 U/kg, decrease of body weight and eye pallor were observed.



418

—&— Control

450 4 —9— fHUEPO 100 U/kg
—&— rHuEPO 500 lU/kg
—— rHuEPO 2,500 Wikg

Body weight (g)
w
3

300 -
250 A
200 e
0 1 2 3 4 5 6 7 8 9 10 11 12 13
Wooks

Fig. 1. Body weight changes in Sprague-Dawley male rats intrave-
nously treated with rHuUEPO for 13 weeks.
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Fig. 2. Body weight changes in Sprague-Dawley female rats intra-
venously treated with rHuEPO for 13 weeks.

£ ARL vehigith o8 A%e HEYAA
AEE ot A FeojAde ‘é:l?dl‘% 71et A3
T FAdFe e B 4|22 FAE A%
YeblichFigs. 1, 2). BaAsZATe HA Y
712t F AREE FATS AET w94 e
WshE ehfix] dstehFigs. 3, 4). =3 A
o Al E F7F 5949 Aol 4l ck(Data not

present).
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Fig. 3. Food consumption of Sprague-Dawley male rats intra-
venously treated with rHUEPO for 13 weeks. Data indicate the total
food intake per group.
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Fig. 4. Food consumption of Sprague-Dawley female rats intra-
venously treated with tHUEPO for 13 weeks.

3. UL

AP EAE Fuof 1337 o] 3 243 Paahy
a7dell M= WBC glo] ohAle) A4eia) 71887
A xR {FAUA F7hsken (P<0.05),
TR RE AP EAFAZN drFE A
e Frlsldod foae ggdnt Y7L
(RBC)9| W3t glolre ¢35} A1) nE Bo P
oA 2Tl vl S3kejEH o g foA glA 27}
FATHP<0.01). 53] A 1437 F0L4T

e RN R} A eA Fos ). =3, dle
221 #Ae el ofle A4, FeuTE
g BE daFec U4 Zobsi
o, YrieFel EXE $79 Rl LT, =8
FT W 28=TOA 2R el uAl 2ok ohe
<0.01). MCV ¥ MCHCH = 2E A3 EA Eofito



A B2 AS) SAbsheleh PLTRS 72 A8
T3 FEFTAA 2Tl vl Aadke A v
ot meaEIAE WA} Gsich =T AR
EE AR 5T 2T FAs

Al EH Fofol 23t L EERIA|7ke] WHEle]] g]
AT 2743} 9e) RE AQEA Tl TAA HE
ol vl 2F7F 2okl on, A3 e 2rER
MAZE $72] AT D PR AEFTH T4
gl FAMIA Frtetdl et &RTeAME
oA e ApolE BolA wskch(Table 3).

4. S HYSSF AL

AIPEA Fodo 23k dAN3ietr 24 A=
Table 40|14 Hi= wie} o) Fobajalgdsl Wishe o
213 vaste 28 AJPEA T #24d ql
= 2ol% vehiAl e ke, w3t albuminael Qo]
A= AGEATATH 2T 25 B B
o <-3}it}. Aspartate aminotransferase(ASTY = ¢
o] FEHFTI LTl el vlE 2l sHAl
F713IAeHP<0.05). 73] BE FoTe e dx
Fuch R Fbdslot fode st =
alanine aminotransferase(ALT)9] 3tk obAlo] 4=k
T3} ageFrellA Azl vid -4 A S8t
o= Aoz ASTS| &Adwste}l fAE AE
velliget. zejv o] F Wske 2T A HY
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Well &3lsict. ALPE o8] S8 833
A HETRT ok Zrksha ot fe4S glgen,
FRY BE FoFolM e 2 AY FAHATH

LDHE 9H19) 74335 5719 54247 = 7.4
FrelA dzFel Bl FAUA AU
Glucose x| = 713} 91719 nE A3 B4 Fodoll A
gepeld o astent. 53] 33 Ae] 54
F23 TEFTANE FAHUE S e
t}(P<0.05, P<0.01). & cholesterol F bilirubinx| &= 5
23} A 2Rzt Frtslke A e vehll ot 2
He qdelth. BUNAE S35 ole] 28 FoiFol
A gEFolEA o2 Zolehe A Hyo dET
3 vlasle] o2 §lslc}. Triglyceride= R
TRl Bzl vl f2d YA 2715
t}. Uric acide 9| $-83F75} &3k olARt &
Al E Z7HE Xyl ot 2% Akl W9l &
3lgdct. 71€l K, Na, Ca Y creatinine 5~ o273} A
HEA FoAT7bel gt 2ol & el o} w5 A
A7l W ol St w3k 45 o|E=gl Wizt
£ vhehix) gol HATHE 2wl Fo4e] gl
Aoz ZhE

AYEAE 137 Fof £ bAoA
£ A7 goel RE AYEA FoATolA vl v

Table 3. Hematological findings of male and female rats treated intravenously with tHuEPO for 13 weeks

Dosage (U/kg) Item Unit Control® 100 500 2,500
WBC 10Y/mm’ 12.1+2.1 13.1+3.1 15.6+5.0 15.1+8.0
RBC 10%mm’ 77404 10.4%1.0* 11.0+1.8* 11.542.4*
Hgb g/dl 143108 19.941.9* 2134454+ 23.14+2.7%*
Het % 39.7+1.9 60.0+6.0%* 63.3110.6%* 4921+ 19.4**
MCV fl 51.8+1.4 547+ 1.4 574+1.4 547416
Male MCH 18.7+0.6 19.1+0.4 191120 19.4+1.8
MCHC g/dl 36.1+0.9 349405 333430 351426
PLT 10%mm’ 991.8+165.1 750.4+217.5* 846.3+339.5 914.3+259.3
Lymphocyte % 80.8+2.1 68.2+6.1% 65.8+6.3* 75.9+ 8.4+
PT Sec 17.5+1.2 20.7+42 18.7+3.2 20.2+3.1
PTT Sec 25.0+13 32.6+5.2* 28.5+4.7 28.6+3.0
WBC 10 78+15 11.941.8* 124422 77+1.9
RBC o 6.6+0.3 9.6+1.3* 11.6+1.2* 12.9+1.8**
Hgb g,; 132405 19.9+2.6* 23.9+1.7* 233417+
Hct a 37.0+13 577478+ 68.6+6.2%* 61.5+11.0%*
MCV 56.6+1.4 60.1+1.2 60.3+4.1 571446
Female MCH P(g” 20.1+0.6 208+1.2 21.0+2.6 19.7+1.2
MCHC 1og//mm3 345%31 34.6+1.7 34.6+2.0 341+ 1.6
PLT s 662.3+237.6 667.8+102.8 654.3+234.0 639.3+212.7
Lymphocyte o 87.242.7 80.7+3.7* 78.1+4.7% 90.2%+ 2.6
PT Sed 14.8+1.6 18.8+3.8 20.2+4.8 20.1+4.8
PTT 248+14 321+4.9% 363+4.1* 31.8+5.0

*Control: Treated with rHuEPO dilution buffer.
Each value represents mean+S.D.
Statistically significant from control (*P<0.05, **P<0.01).
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Table 4. Biochemical serum values of male and female rats treated intravenously with rHuEPO for 13 weeks

Dosage (U/kg) Item Unit Control® 100 500 2,500
Total protein g/dL 69103 6.7+0.3 6.9+0.5 6.5+0.6
Albumin g/dL 35+0.1 3.5+0.1 3.6+0.2 3.5+01
AST TU/L 11991194 110.2+21.6 158.2+59.9 147.670.5
ALT TU/L 49.6+45.8 48.1+8.2 51.1+10.8 520+94
LDH TU/L 622.8+90.7 518.7+155.6 284.84+69.0%* 307.677.8*
ALP TU/L 238.3+84.4 186.8+41.3 188.0+64.5 192.1+77.7
Glucose mg/dL 193.4+15.1 180.9+8.4 164.1+17.8* 163.0+32.7*
Cholesterol mg/dL 348+35 31.9+53 36.7+6.3 35.0+93

Male Bilirubin mg/dL 0.6+0.1 0.7+£0.1 09403 0.7+03
BUN mg/dL 16.9+1.1 184+2.0 20.5+3.5 21.9+7.1
Creatine mg/dL 03101 0.4+0.1 04+£0.1 05+0.1
Triglyceride mg/dL 7331234 72.2+28.1 63.3+175 81.7+41.9
Uric acid mg/dL 1.5+02 1.4+0.2 2.1+09 1.8+0.8
K nmol/L 5.0+04 5.6+0.2 6.2+1.8* 56+15
Na nmol/L. 146.3+1.4 145.7+1.8 147.6+2.9 1453127
Ca nmol/L 10.4+0.3 10.7+0.2 10.7+0.5 10.6+0.5
Cl nmol/L 113.0+1.7 1132+1.2 107.9+2.2 111.0+2.2
Phos. mg/L 73+06 7.2£05 7.9+0.9 6.9+08
Total protein g/dL 72+£03 7.0+0.2 7.2+0.3 7.4+0.6
Albumin g/dL 37+£02 3.7+0.1 37+0.1 3.7+£0.2
AST TU/L 90.7+10.6 113.91+23.0 153.51:31.6* 191.5+68.7*
ALT IU/L 38.11£64 40.745.1 44.0+3.9* 49.2+15.0
LDH TU/L 508.2£183.1 554.2+117.6 449.7+114.0 391.1+134.4*
ALP U/L 104.8+39.9 89.2+8.8 108.4+34.4 144.4+28.8
Glucose mg/dL 171.0+12.9 162.7+22.2 149.3+25.9* 113.8+47.1*
Cholesterol mg/dL 40.6+7.5 37.8+8.8 36.0+6.0 40.8+8.0

Female Bilirubin - mg/dL 0.6+0.1 0.7+0.1 0.8+02 1.1+05
BUN mg/dL 15.1+2.7 17.1+£3.2 16.3+1.8 22.0+4.2*
Creatine mg/dL 05101 0.5+0.1 0.5+0.1 0.5+01
Triglyceride mg/dL 30.0+7.5 36.7+8.8 39.4+8.9 91.3+45.7*
Uric acid mg/dL 15+03 1.84+0.2 2.5+0.6% 2.9+14*
K nmol/L. 43+0.4 51+03 6.4+£0.8* 6.1+1.6%
Na nmol/L 145.1+23 143315 145.5+5.9 150.5+5.9
Ca nmol/L 10.9+0.2 10.7+0.2 10.6+0.2 10.8+03
Cl nmol/L 111.7£2.5 1122118 114.4+5.1 111.9+22
Phos. mg/L 59105 6.5+0.4 7.0+0.6* 6.3+1.0

*Control: Treated with rHuEPO dilution buffer.
Each value represents mean£S.D.
Statistically significant from control (*P<0.05, **P<0.01).

7} AAE R om o ulel FH L FHE Hole=
o] At FEA A=) =3 H49] Hrard
AN AR DH%:T%M 72472} 16, $A 3} <
R AL, T4, W ngekTolA 4 129
pneumonia A710] FHAE Yt FA 9 AT -
& Alake] w7t AAslol o FoFo R A HE= &
Zdo] 1e] WA= IcK(Table 5). o]2fe] t}& F8 A7)

AME BF S o)L wolx| Wkt
6. A7|Ze| Hs}

A=A Fofol o7 Ar|Fake] Wsh= Al
Aol dgk AdFege 2 Yehdgich Aoisst
Wt A= 7Y ALl 35 A e] 2T
°ﬂ vl F2lA Al F7FsHd ch(P<0.05). B Ao %Ek
2> FA 2 Y 48T asgTdAde =
FoAgle Z271E el ch(P<0.05, P<0.01). 7]&}
o2 Av| oA 27T 8|St Aelgh Aol & v

2o} 25 A4 Q] W el 43} ch(Table 6).

Aol A3t 2+ Ar1o] e Wl = dolF
uislel {ARRl 73*&3 veblgiet. ofwt A7 gk
Zle] aLgsFell A MR Feko] TRt foA
1A -—7]—6]—931:}(P<0 05). w3k kAo TGkl
= FHF AR FFo] FAUAl S8R TH(P<
0.05). AR} s AldSEke oAl w8l
A UA F7Fstdeh(P<0.05). wAe] Fapish=
AdFehiastel A Sk E4q 71 e
Wi on, A} 70 83T Tl -
A= FoHE HERN A THP<0.05, P<0.01). 7] &} %
71 Aol Ng Ao Fap st = J2T3 A9
A}l oH(Table 7).

R EAL 1357 AR EAD FAF 2 T 50t el
et ZAslgdct. we) pHE 2E AP TFNA 6.0-



Table 5. Microscopic findings of Sprague-Dawley rats treated in-
travenously with tHuEPO for 13 weeks

Dosage Organs Unit:g

(Ukg) Control' 100 500 2,500

Adernal gland R 0 0 0 0

L. 0 0 0 0

Kidney R. 0 1 1 3

L. 0 1° 1 3

Heart 0 0 0 0

Liver 0 0 0 0

Male Lung 1 2 2 2

Spleen 0 0 0 4

Testis R. 0 0 0 0

L. 0 0 0 0

Stomach 0 0 0 0

Pancreas 0 0 0 0

Thymus 0 0 0 0

Adernal gland R. 0 0 0 0

L 0 0 0 0

Kidney R. 0 1° 1° 3°

L. 0 1° 1° 3

Heart 0 0 0 0

Liver 0 0 0 0

Female Lung 1 2 1 1

Spleen 0 0 0 6

Testis R. 0 0 0 0

L. 0 0 0 0

Stomach 0 0 0 0

Pancreas 0 0 0 0

Thymus 0 0 0 0

“Control: Treated with fHuEPO dilution buffer.
Kidney: "neoplasia (Wilms' tumor); “congestion, Lung: pneumonia,
Spleen: congestion.
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7.08] He ol &atdct. Ao 1] TgekT 26
o} qbAle] F8T 9 8T A 297} 75
mg/dlZ £ FAE vebilct. £ glucosex] =
Ao A gFia) FEFTol4] Zht 1617} 50 mg/di2)
Aol E3lodom, 7let & AT BF A
Aroldch. Ketone A= 712 2w o 7-8-5F el 4]
Z+zt 197} 5 mg/dle] +2E vebglen] Al of
27, A4 9 w8kl bz 197} 5 mg/die]
x5 vebliglel. Bilirubin2]= be] A-8-=F73
8T 22 1917} 1 mg/dle] #2]5 vrebfid
ol ol & W= Sk EAe] gl en v A
el &3t AP EA- 71AF @02 A=A ¢
sith. ol¢je] o2 FEEL T dzya FAbsk
t}(Table 8).

8. Ha|=A|StHHA}

Sk sl radelr] olge] Sigld Asbet fats)
A AR AR Az 9 FEFATAA 22 1-
29j|of| 4] ¥ pneumonia A7o] T-F=E i) wEF o
o) AgZgFTo)A] 5 A el Wilms' tumor7} A
ot} 71e} o2 Ar)elME dzTe) v Zg o A3

Table 6. Absolute organ weight of Sprague-Dawley rats treated intravenously with THuEPO for 13 weeks

Dosage Oreans Unit:g
(Ukg) & Control® 100 500 2,500
Ademnal gland R. 0.04+0.01 0.04+0.01 0.04+0.01 0.04+0.01
L. 0.04+0.01 0.04+0.01 0.04+0.01 0.04+0.01
Kidney R. 1.52+0.03 1.60+0.09* 1.46+0.09 1.56+0.19
L. 1.49+0.06 1.38+0.45 1.47+0.09 1.57+0.16
Heart 1.36+0.05 1.41+0.11 1.42+0.13 1.46+0.17
Liver 13.37+0.79 13.41+0.83 13.22+1.14 13.63+2.79
Male Lung 2.03+0.09 1.8740.15 207+0.13 2.00+0.22
Spleen 0.95+0.09 0.97+0.11 1.5410.21*+ 2.01+0.94**
Testis R. 1.54+0.13 1.46+0.07 1.40+0.10 1.41+0.14
L. 1.52+0.13 1.45+0.09 1.40+0.10 1.40+0.13
Stomach 1.62+0.17 1.75+0.15 1.79+0.20 1.79+0.25
Pancreas 0.78+0.12 0.89+0.17 0.87+0.15 0.98+0.44
Thymus 0.42+0.06 0.39+0.07 0.35+0.05 0.33+0.05
Adernal gland R. 0.03+0.01 0.03+0.01 0.03+0.01 0.03+0.01
L. 0.04+0.01 0.04+0.01 0.03+0.01 0.04+0.01
Kidney R. 0.95+0.31 1.06+0.08* 1.05+0.06 0.99+0.03
L. 1.05+0.09 1.03+0.09 1.02+0.06 1.01+0.05
Heart 0.97+0.08 0.80+0.13 1.02+0.05 1.04-+0.09
Liver 8.63+0.75 8.77+0.95 9.17+0.52 8.75+1.50
Female  Lung 1.44+0.10 1.64+0.15 1.54+0.09 1.49+0.18
Spleen 0.81+0.13 0.85+0.10 1.2140.23* 2.09+0.43**
Testis R. 0.06+0.01 0.06+0.01 0.06+0.01 0.06+0.01
L. 0.06+0.01 0.06+0.01 0.06+0.01 0.06+0.01
Stomach 1.52+0.16 1.55+0.14 1.52+0.20 1.60+0.31
Pancreas 0.68+0.40 0.52+0.10 0.52+0.10 0.47+0.06
Thymus 0.3310.04 0.39+0.07 0.36+0.05 0.30+0.08

‘Control: Treated with rHuEPO dilution buffer.
Each value represents mean+S.D.
Statistically significant from control (*P<0.05, **P<0.01).
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Table 7. Relative organ weight of Sprague-Dawley rats treated intravenously with rHUEPO for 13 weeks

Dosage Unit:g
(Ulke) Organs Control* 100 500 2,500
Adernal gland R. 0.008+0.001 0.009+0.001 0.009+0.002 0.010+0.002
L. 0.008+0.002 0.008+0.002 0.008+0.001 0.009+0.001
Kidney R. 0.341+0.036 0.355+0.033 0.331+0.020 0.371+0.049
L. 0.335+0.033 0.324+0.066 0.334+0.088 0.3731-0.049
Heart 0.306+0.029 0.320+0.044 0.323+0.025 0.3481+-0.049
Liver 2.978+0.225 3.0354-0.319 2.998+0.174 3.21610.565*
Male Lung 0.458+0.050 0.4531+0.039 0.448+0.081 0.477+0.074
Spleen 0.214+0.021 0.222+0.035 0.350+0.044* 0.4751+0.223*
Testis R. 0.3451£0.043 0.328£0.039 0.3171+0.032 0.335+0.029
L. 0.342+0.041 0.328+0.043 0.319+0.035 0.332+0.032
Stomach 0.366+0.059 0.37510.039 0.4091+0.058 0.4241-0.059
Pancreas 0.176+0.036 0.171+0.027 0.200+0.043 0.2371+0.121
Thymus 0.094+0.014 0.092+0.016 0.080+0.012 0.079+0.012
Adernal gland R. 0.011+0.002 0.010+0.003 0.0101-0.003 0.0131-0.002
L. 0.012+0.003 0.011+0.003 0.010+0.003 0.014+0.002
Kidney R. 0.345+0.931 0.3134+0.081 0.3354-0.078 0.382+0.045
L. 0347+ 0.3074+0.079 0.326+0.076 0.3911+0.047*
Heart 0.322+ 0.22710.058 0.325+0.076 0.405+0.074*
Liver 2.8581+0.246 2.5851£0.667 2.9101+0.661 3.352+£0.478*
Female Lung 0.47710.046 0.4921+0.126 0.4911.0.107 0.5721+0.062*
Spleen 0.270+0.055 0.255+0.069 0.386+0.124* 0.798-+0.132*
Testis R. 0.021+0.003 0.017+0.005 0.0171:0.005 0.061+0.003
L. 0.020+0.003 0.017+0.005 0.01740.005 0.015+0.004
Stomach 0.501£0.047 0.457+0.115 0.486+0.134 0.618+0.133*
Pancreas 0.223+0.114 0.156+0.046 | 0.163+0.053 0.182+0.025
Thymus 0.113+0.017 0.107+0.029 0.1151+0.030 0.11610.024
*Control: Treated with rHuEPO dilution buffer.
Each value represents mean=+S.D.
Statistically significant from control (*P<0.05, **P<0.01).
Table 8. Urinalysis of Sprague-Dawley rats treated intravenously with rHuEPO for 13 weeks
Male Female
Sex kN
Dosage Control’ 100 500 2,500 Control 100 500 2,500
No. of animals 5 5 5 5 5 5 S 5
Specific gravity 1.010 3 1 4 4 2 3 2 4
1.015 2 3 0 1 1 0 2 1
1.020 0 1 1 0 2 2 1 0
1.025 0 0 0 0 0 0 0 0
1.030 0 0 0 0 0 0 0 0
pH 6.0 0 0 1 0 1 1 1 0
6.5 3 4 4 3 4 3 3 4
7.0 2 1 0 2 0 1 1 1
75 0 0 0 0 0 0 0 0
8.0 0 0 0 0 0 0 0 0
Protein - 2 1 1 0 2 1 1 1
25 mgy/dl 3 2 3 3 3 3 1 1
50 0 2 1 0 0 1 1 0
75 0 0 0 2 0 0 2 2
Glucose normal 5 4 4 5 5 5 5 5
50 mg/d! 0 1 1 0 0 0 0 0
100 mg/d! 0 0 0 0 0 0 0 0
Ketone - 4 5 5 4 4 4 5 4
5 mg/d! 1 0 0 1 1 1 0 1
10 mg/dl 0 0 0 0 0 0 0 0
Urobilinogen normal 5 5 5 5 5 5 5 5
1 mg/dl 0 0 0 0 0 0 0 0
4 mg/d! 0 0 0 0 0 0 0 0
Bilirubin - 5 5 5 5 5 4 4 5
1 mg/d! 0 0 0 0 0 1 1 0
5 mg/d! 0 0 0 0 0 0 0 0
Nitrite - 5 5 5 5 5 5 5 5
0 0 0 0 0 0 0 0

+

*Control: Treated with rHu-EPO dilution buffer.
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Table 9. Histopathological findings in Sprague-Dawley male rats treated intravenously with rHuEPO for 13 weeks

Male
Sex Control’ 100 500 2,500
Dosage
No. of animals e 10 o oo
+ ++ 4+ + ++ - + ++ s - + R
Kidney
Chronic nephritis 10 0 0 0 9 0 0 0 10 0 0 0 10 0 0 0
Pyelonephritis 10 0 0 0 10 0 0 0 10 0 0 0 10 0 0 0
Calcification in renal tubuli 10 0 0 0 10 0 0 0 10 0 0 0 10 0 0 0
Pyelitis 10 0 0 0 10 0 0 0 10 0 0 0 10 0 0 0
Liver
Vasculitis 10 0 0 0 10 0 0 0 10 0 0 0 10 0 0 0
Necrosis 10 0 0 0 10 0 0 0 10 0 0 0 10 0 0 0
Lung
Penumonia 9 1 0 0 8 2 0 0 8 2 0 0 8 2 0 0
Foamy cells 10 0 0 0 10 0 0 0 10 0 0 0 10 0 0 0
Spleen
Hemosiderosis 10 0 0 0 10 0 0 0 10 0 0 0 10 0 0 0
Extramedullary hematopoiesis 10 0 0 0 10 2 4 4 2 0 2 6 0 2 4 4
Testis 10 0 0 0 10 0 0 0 10 0 0 0 10 0 0 0
Stomach 10 0 0 0 10 0 0 0 10 0 0 0 10 0 0 (]
Pancrease 10 0 0 0 10 0 0 0 10 0 0 0 10 0 0 0
Thymus
Agonal hemorrhage 10 0 0 0 10 0 0 0 10 0 0 0 10 0 0 0
-: normal, +: Slight, ++: Moderate, +++: Severe.
“Control: Treated with rHu-EPO dilution buffer.
4 Fojd 97t AAHQl Adeta A HE 273> et olF FE2 AFS7He @A A= o
Uk b APEA Foiof fA" wkgo] v|A ol S AFFEAIZIA AlLE ik A137]
I A BAEE A v F = AT Y 7rg o] el A AN A F a4 E Sl
=2

ZEeFRA oA ZEAM XY IR FIP) BEE
N, gt AdAel79] FAo] Bt v 5
A7 ghzl o] A w il e 238 olF o]
HEHE s B 4 glgde)h 299 ArjelAE viAA
# Q) o)Ak 47-8 HolA] wgkrH(Table 9).

L. 1 a

E A3 #FA2) AZ23F Q1A erythropoietin(e] 3}
rHu-EPQ)?] A =of thi3t 135 op A 5AS H7)3}7)
H5te] FYP AT A A} 94-35 oJE &
o] EAAF7|F o whel Al A8} th(National Institute
of Safety Research, 1994). A3 &4 Fof & ojakzAb
e Sl aTat vl o) olzake) Faah Aol
e BAsA dgrert, AWNAF 9FHE = 47
TEEFT oA SFAA3) 2 FdRAe] T

et gt o] 9}k AR AHEA Fool|egt o
grolefr| Bl A FEA FoqA] stress7} AFZ7HE
AAIg Aoleta ALg =St

HNshd L7 A= /‘]fﬂ%ﬁ 58] ofe]zhg-e
o3t A xQ) AP, dEF2e 2 e EX
7t R 7o) BE AYEA FolTel A {21443
Al Z713l e, MCHy A8 7o)l o gt hemoglobin
FEZ g9 LEFFATA Fastd o f2
A2 gsler 7lg g FoTodE 2w 72
Ale AolE JERAE w4sith MCHO] Hae
hemoglobin ¢} FEF42] Exdel oA vie}
F = glr). dubd 2 g hemoglobin F%2] #3}e 2
gk Zoletr| Hols AP 752] 7l o) dojdd).
weba] 7S] gl A viehd g A
Aoz A= Y742 717 MCHFA] o 3¢
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Table 10. Histopathological findings in Sprague-Dawley female rats treated intravenously with rHuEPO for 13 weeks

Female
Sex Control’ 100 500 2,500
Dosage
No. of animals 10 10 10 10
- + ++ 4+ - + ++ - + ++ o+ - + ++ 4+

Kidney

Chronic nephritis 10 0 0 0 10 0 0 0 10 0 0 0 10 0 0 0

Pyelonephritis 10 0 0 0 10 0 0 0 10 0 0 0 10 0 0 0

Calcification in renal tubuli 10 0 0 0 10 0 0 0 10 0 0 0 10 0 0 0

Pyelitis 10 0 0 0 9 0 0 0 10 0 0 0 10 0 0 0
Liver '

Vasculitis 10 0 0 0 10 0 0 0 10 0 0 0 10 0 0 0

Necrosis 10 0 0 0 10 0 0 0 10 0 0 0 10 0 0 0
Lung

Penumonia 9 1 0 0 8 2 0 0 9 1 0 0 9 1 0 0

Foamy cells 10 0 0 0 9 0 0 1 10 0 0 0 10 0 0 0
Spleen

Hemosiderosis 10 0 0 0 9 0 1 0 8 0 2 0 8 0 2 0

Extramedullary hematopoiesis 9 1 0 0 3 2 2 5 0 0 6 4 0 2 5 3
Testis 10 0 0 0 10 0 0 0 10 0 0 0 10 0 0 0
Stomach 10 0 0 0 10 0 0 0 10 0 0 0 10 0 0 0
Pancrease 10 0 0 0 10 0 0 0 10 0 0 0 10 0 0 0
Thymus

Agonal hemorrhage 10 0 0 0 10 0 0 0 10 0 0 0 10 0 0 0

-: normal, +: Slight, ++: Moderate, +++: Severe.
*Control: Treated with tHu-EPO dilution buffer.

F Z1e 2 AlgHr. o9l 3= Mino 5(1990)
2] ¥ 3ej|x 9} zFe] rHUEPO Fofof &3] Vel o
kA ql ekejaAt e HriE i) sy A
L2 ASTE 79| F83377 wg3FdeoA] =7
o vla F-23HA 713 eH(P<0.05). 7S] BE F
AT dx2Fr) 47t Fulsig e {3
Nt LDHE 43le] w4akdst 479 Fgsky
2 sgEFgolA] dETd vlE FlAd0Al A
o} o] A9 A= ¥A glucose?] FrAo} {AKE
A5 Jepdislc). Glucosex]= 717 H5le] 2 E
A FEAF AT S| EX 0 F 7FA3kgdc. o]9)
2L BT glucosed] e HE7e Sl wt
AA e 2 glucose 2H]E F7HAA 5 glucose E
=7} A=l Wielely AlREw, w3 HuEPO
Fode) 2}8] =% growth hormoneo] insulin growth
factor®] FH|E BAAZAA AN 2Z 5 glucose
A& A3IAZ A2 AlgHr). o] A= BAYHE
Z¢] rHuEPOE 30¥7t H9%egt Kim 5(1996)2]
B 3o} %545 0 n, Kokot S-(1995)0] A3 Az}elw

A= Het. Lim 5(1994)2 APFEU HA=e] rHu-
EPOE 45 33t vl vHE-F % of ¥F glucose
gFo) F-A x| xTol vls F2AAA0A F718ksck
B gt vl glc). o] A= HuEPOS] R A2 o] 4
%= albumin®| = glucoseE Z7}A7] AL 7}
sllon, Soiti 22 albuming FHF AP T
¥ F glucose FaFo] A vield Aol dx|3licia
X gt vl gl

AFEA S 1357 T F2] 83H4 g Fa7d oA
= AT Y BE AYEA FoATlA ¥R
vz} A=l e 1o wel FH 2 EIE Hol
= &Fo] dF FEAA FAHAL. ol AL dE2T
M= AH Holx] ¢ Aol nz AYFEH Fod
o =¥ A xS AATE Frhd wel fuE AR
Al ¥ Ar|Feh s, AiF Wl
9] A g-aFTollA] 5 AlA o] dlZzTof visl] F-9A
WAl St ek edt vRe FHE AT AR
4T 24T E 2R F4UE e
vehigel. o] A& tHuEPO Fodo) &3] 28 A 29
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ol o3 Ao F71E PRl o3t U=
ALgE AFEA 93 AR FAHFAC =
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3047t A FAg Kim 5(1996)2] R e} AR sh=
A0 & viepydrh

2R A 2= AR HETAM 5 A
Abel] Wilms' tumor7} A= i), 71e} o8 A7]oll A
= dE2TH v adg o APEA T A=l
Afety JAHE 4278 ddch =3, v E
FA 3 Ao n 4T TelM YHAE] dA
Z7P)F R o, A Aol 3Ade] Bl 1
Hu A 719 AN a g 23]8 o) F
o] vbAE RS B = ) oA A EAS
282 7|7t £ o 238 HPFAA HF
A Eo] FAlol] AAH o2 vkl ule} 7]l Ao
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olgic}. v} Sevitt S(1973) k2] erythropoietin
Fodol o8 Hxgt Y152 Syl A HE
Abste] Al AlARe] vlAlE el 8-S fs)
Aoty B wdk vl g} B AFoME n8sF T
oA Tl vl& SebH o2 AR Qe HEr)
Z71e Ao g vyt
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B Re] oS d¥ 2¥AEF
Ay HEoA Wyl FEE o} AP EA 9
AR FAZAN0E AAEHE 44 BAEHF
o} 2 XA rHu-EPO2] Fofskake 100 IU/
kg/day 0|43l 722 A=A}
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