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ABSTRACT : YHBZ216 is one of new recombinant hurman erythropoietins (rHu-EPO) developed by Yuhan
Research Institute. The rHu-EPO products are widely being used for the treatment of various types of ane-
mia. As a series of safety studies on YHB216, we performed the local irritation test (dermal & ocular appli-
cation) in male New Zealand White rabbits and micronucleus test in male ICR mice. In the skin irritation
test, 0.5 ml of YHB216 10,000 IU/ml solution was applied to the back skin of rabbits for 24 hours and sub-
sequent observation was performed. There was no induced response after the treatment and the primary
irritation index (RL1.) was ‘0’. In the eye irritation test, 0.1 ml of YHB216 10,000 IU/ml solution was instilled
into the conjunctiva of the eye. No treatment-related reaction was observed at the cornea, iris, and conjunc-
tiva. In the micronucleus test, YHB216 was administered intravenously to male mice (6 mice per group) at
dose levels of 0, 6,250, 12,500, and 25,000 IU/kg. Bone marrow cells were collected at 24 hours after the
treatrment. YHB216 treated groups showed no significant difference in the P/N (polychromatic erythrocyte/
normochromatic erythrocyte) ratio and in the number of micronucleated polychromatic erythrocyte com-
pared with the control. In conclusion, YHB216 was found to be a non-irritating material up to 10,000 IU/ml
in the local irritation test and to be a non-mutagen up to 25,000 IU/kg in the micronucleus test.
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Fesjol AT ¥} % FAE B0 G Yot
3lc}(Eschbache} Adamson, 1989; Ridley 5, 1994). EPO

AlEEA YHB2162 GHrates] FodadtaolM sialic & 19779 AAEY wlgsixle] eFoz e Hx &
acid ¢ 371 9 wiofrle @ 734 A2 Ves & AAFNSY YB84F ofeg i de] 2
o]-4-3lod Chinese hamster ovary(CHO) A Eel|A A3t ] Z315}7} Jacobson 5-(1957)3} Lin 5(1985)1 <3l -
MEL FAA AEF QY o) delazToldd(re- AR 2] ATl whet 4R A2 EPOY H
combinant human erythropoietin, rHu-EPQ) A|4] o] =} Arke] FlssHAl HAH

o)) 2] A2 F o] of| &l (erythropoietin, EPO)S- A174kw] 2] H-0] I 5, b %2 rHu-EPO AAIES &) A Al
B5+¢] 7P| E (peritubular interstitial cell; Maxwell 5, At FA W, 99 3=}, HIV ﬁx}o{w =}z
1990) == B/ E (tubular cell; Koury 5, 1988)l14 44 FaEE g 2 2Ak 23 wlE ol At e A
AEE B8 30,400 dalton®] 1657) ofm|xAlo® FA] ©° 2 H %9k (Vreundenhil 5, 1993; Fisher, 1993). =
g NEe)A kA (glycoprotein)@. A& T A Eofl g, Ao 2 qrakRlell A cisplatin Sodol] ol H-=®
wbA] A1A A uld e} 7k gkl awlel] o3k uly, wt

*To whom correspondence should be addressed Al Ay, A4 wlg ) 2] A& (end stage renal disease),
g
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Ak 4R D ALY 0 S 97 DT ek
(Mino %, 1990; Okumura 5, 1990).

Mg WY A8AE 7[HEE YHB2162 d/dolA
A2 HRERdE dAfelng mi m Hub x&
2 7FsAe]l A GAAlol e EE 5 oot oA,
YHB216%] A543 AW g o) fiAde 3
o) Sste] B712 o189 FASHAREEATAY
9 LAFAR ) vRAE o83 SHAHE AA

shadet.

IL M2 S S

Grratels FddTaddA 2Ag WA Bad 7Y
23t dAlke] X354 YHB2162 165702 AAF 17t
EPO2} 53 ofn| Al MR o]Fo]x] gl oF 40%9)
FE 3HR31L 9o o ' U (epotin o) 3| o]}, A
HEZZA NS YHB216(Lot No. 9903)ll ¥-354S 7}
3lo] MY o E ZABIH. FHEAEE 09 2] BEF
Fell 1164 g8 JAbe] A fEF(sodium  phosphate,
dibasic)®} 2.225 g9 QIAI4ALE F(sodium phosphate,
monobasicyS go] A|F3} sodium phosphate $4Z~8-<Hol|
SAFAZ 584 ¢ HIIEFT HHIAR 20% B
2] ¢ldAd¥u (human serum albumin)e 12.5 m/ A7}
g o2 pHE 7.002 A3 FFHIrt 1 v HEF
A 89S ARS3elH

2. ENN0IMS Z2EYAH

1) AlEA A ALSEE

GPIEAE A TARNE oF IIY3EY $5 New
Zealand White(NZW) E7] 2501218 FYsl] 15Y7t
A-eARSE &, $9EERE 538 Ad7s A1gA 2ivlElE
Asied 2 A|gof ARE-3lAEE. AlFNAIA] A1AIL] A
T2 2.3~28kg °I53, AR APAlE deES o8
Blod F2k9l2 FEE|EeH, AlgAE AR 19t
4 u\x)stlet. =3k, AlgARe SR es AL ¢t
Zoll IS FAS AAAPEE BT, P2 EFS
7517 fl8le] 2 APARRAIAH45°950X 50 cm, B 217]7]
Zahrlet AlguE, , A J A ES 2013 A
7H=(label) S F-2s1sic).

ANFAE T8 AT R AHERA
77 &% 23+5°C, ANET 40~60%, 3739 103] o]
AHAZE, EEVoFsE 20 ppm ©l8), FEEE 150~300
lux, £~ 60 phone ©|3} & 12A]7F F719] HUFALS

AeidoR, BE AGA Heled GEIIRIA A
2% AYFES TYLYALES B P FRUTNS
Bl ofsh - 4T $ERL AFFFINEG Bod T

S

2) Fojgte] 43

=% Y At 452 YHB2162) AL o) o448
2l 10,000 IU/miZ A0t =3k, = 3 Al
= OoRF o SAANYTIEAES FEIAA, 1999l
ujgt 742 0.5 Q0.1 mE ARSI

3) TERFAI

ARAE gepEE 3 AYEATAT A7 iy
2 121212 A4S BB EE 24407 A 9 A
924 =X Ao ARA] F2Y 9L A27)E A
7 A g s AR F, AE AgAe] 53]
B B920] 25%2.5 cm AEY 2] A HE1RY
3)%) Viae} Lol Sekaz ARET AW £4]
B @alR) YIS Fig 19 2ol BAS.

ARAL HETPE FANREZ L LSS,
253l R W AREAL A% 19 BxIQH.
SE ol 7Pl S 93 9T 28E ) A 4
47 BeAel 9 DALY wEe YT P
AT e, FAR) o2k WAs] sk WIS
#4275,

AREY BE F 24317040 WA, 01 9 FlelAlE
AT EFERIE SR AR Ty T 7]
o AR 9 FEYPARE BASAT, 7241200
= e whgoz AeNe)e WPk HsiG. 3]
Bubee] ARE olobE 5o BANWNTAIFGE
P, 1999yoll4] AR W) ubge] k) ieh 94
St 2441765 7241209) Bk Fhle] A e

Cranial Caudal

Fig. 1. Experimental region to rabbit back skin. @: test site
(abraded), ®: test site (non-abraded), ©: non-test site (non-abraded),
@: non-test site (abraded).



Table 1. Evaluation of primary skin irritation in rabbits
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Table 2. Scale for interpretation of ocular irritation evaluations

Classification Primary irritation index (P.LL)
Non-irritant 0~0.5

Slightly irritant 0.6~2.0
Moderately irritant 2.1~5.0

Severely irritant >5.1

F520] YA H4Eol gt oS T3k, ol & ¥ BTY
TS 42 Ve 7S 13 IFAFR1] 4 (Primary irritation
index, PLLYZ 3}d Table 1o w2} 7 A=E F2314%
t}(Draize &, 1994; Patricks} Maibach, 1994).

4) AHHAUXFAI™

A@AE A ek 2 vAAE rlelR F onfE]
£ AHE3IE AIEEA A9 24817 Aol 81 " At
74 (ophthalmoscopeys o]-8-3F tatshe ZALE AlA|sled
Al@A 9] 2, 33 2 Ao S Felsisic)
9ute]e] A|RA 9F kel AlHEAZANE 7t ]
3] 2 A oL, 2 F rlRlE 204302 F 3
o n]2 FAEAES 20 miE 187 Mgk, v
erkEle AIRIEIA] edstet.

Al@A e = kATl AIPEAE Hekgt F 1, 2, 3,
49 796l AHEA S B 2 A5 AT FHA
HWEFYS HEZE Shod Zhate] EE of Febdl 7buke] o
9, FA ubg, Aue] b, 15 1 wiEE 5o W
35 St 9 FHeEE o83l sl

A= QOE 5o SARNREAIFREA,
1999y ellA &gl <b7Hwe] FF3 o weh b Zet
uhgol ) 80, S wheol = 104, A wkgol)
FHdl 208 Fo] 3] A 1103822 kA= &5 1t

Values of indices

Classification
LAOL M.IO.L Day-7 L1.O.L

Non-irritant 0~5 0 after 48 hrs

Slightly irritant 5~15 < 5after48 hrs

Irritant 15~30 < 5 after 48 hrs

Moderately irritant  30~60 < 20 after 7 days < 30 in all 6 rabbits
< 10 in at least 4/6

Severely irritant 60~80 < 40 after 7 days < 60 in all 6 rabbits
< 30 in at least 4/6

Extremely irritant ~ 80~110

S Frsisich. WAAE ] AL 2] #AYd 7 vt
2] &7 (The individual index of ocular irritation, L1.O.L)
9] & iR i 3 34 A A S (Mean
index of ocular irritation, M.1.O1), &27]7} 5 M.LO.L
2] FHuizkel FAFEAFS A9 (The index of acute ocular
irritation, LA.O.L) ¥ ¢kt F 79419] L1019 o=
AlEEAe] e 215 AEE Table 28] <PFAHASFIE
of] o]a] FEale] Hrialgdch(Ballantyne, 1993; Draize 5,
1994).

3. OFA0|Me] ASHAIE

D AlEA 2 Al

Gyl FddTaeA WA A3 of 67939
470 Crtj:CD-1(ICR) v}~ 5008 15U A4S
g F, SehbES Bl A3 AgA RS sl £
67121 A & 30ut2lE Al§lel AMSslsATt. Al g A wle e
AAEFEY o2 FA T JPAAEE B0, F70] &
5 3P fisl] Al@HEE EjrlRd o E AR

Table 3. Skin irritation in New Zealand White rabbits treated with YHB216

Vehicle YHB216 (10,000 TU/m/)
Test
compound Erythema & Eschar Edema Erythema & Eschar Edema
Intact Abraded Intact Abraded Intact Abraded Intact Abraded
Hours 24 72 24 72 24 72 24 72 24 72 24 72 24 72 24 72
Animal No. 1 00 0/0 0/0  0/0 0/0  0/0 0/0  0/0 0/0  0/0 0/0  0/0 0/0  0/0 0/0  0/0
2 0/0  0/0 0/0  0/0 0/0  0/0 0/0  0/0 0/0  0/0 0/0  0/0 0/0  0/0 0/0  0/0
3 0/0  0/0 0/0  0/0 0/0  0/0 00 0/0 0/0 0/0 0/0  0/0 0/0  0/0 0/0  0/0
4 00 0/0 0/0  0/0 0/6  0/0 0/0  0/0 0/6  0/0 06 0/0 0/0  0/0 00 0/0
5 0/0  0/0 0/0  0/0 0/0  0/0 0/0  0/0 0/0  0/0 0/0  0/0 0/0  0/0 0/0  0/0
6 0/0  0/0 0/0  0/0 00 0/0 0/0  0/0 0/0  0/0 0/0  0/0 0/0  0/0 0/0  0/0
Total 0/0  0/0 06 0/0 00 00 00 0/0 0/0  0/0 0/0  0/0 0/0  0/0 00  0/0
Mean 0 0 0 0 0 0 0 0 0 0 (] 0 0 0 0 0
PI1I? 0 0

Each values are grades of skin irritation, marked as the left(non-treatment)/right(treatment).
“Primary irritation index: the sum of means in erythema & eschar and edema/4.
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(42X 26X 18 cm, FAZ7)4Ahelet Alis, &, AE
2 AAEEE F7]3 S ARSI, AHAE AR
A ekl g3ledet

ARAS 5831 A5T49] AL AEE53A]
7] &% 2312°C, AFE 40~60%, B7]3 103] o]
AHAIZE, tEYoPsE 20 ppm ©]3h, HAEE 150~300
lux, 2% 60 phone °|3} ¥ 12417F F7)9] HU7HH & F
A5p1.em, BE A|gA | sl (FFTAALEAAM
Az A4 s e} e 9 At
715 AX 3 - AR 255 daE B Hof
a3t

2) AlEgHy

YHB216%] AX|F & B[R] Fell A A gh3]fe] 5
AAE Aol ol ARl 19 AR EE(50~100 TU/
kg/day)?] <F 250~50081<) 25,000 [U/kgS: HT8apo
ARl o] Skl A EEAAE A7) S8 o
HIAEE AAEIIT). dRAEA T 2 A (R F
24, 43 ¥ T2AZh) &3] AR FeIM z}e)r) glgllem
2, EAFAME Fo 5 20718 F5HEL $A4A
ke AAon, T8 0, 6,250, 12,500
25,000 IU/Kkg2-2 A3k}

YHB2162 {ellA] AW Foq7} o Ads]s ofgoln

Table 4. Eye irritation in New Zealand White rabbits treated with YHB216

. Left (non-treatment) Right (treatment)
Group Anmb;al Tissue time after application (day) time after application (day)
number
1 2 3 4 7 1 2 3 4 7
YHB216 I Cornea 0 0 0 0 0 0 0 0 0 0
10,000 TU/m/ Iris 0 0 0 0 0 0 0 0 0 0
(irrigation) Conjunctiva 0 0 0 0 0 0 0 0 0 0
2 Comea 0 0 0 0 0 0 0 0 0 0
Iris 0 0 0 0 0 0 0 0 0 0
Conjunctiva 0 0 0 0 0 0 0 0 0 0
3 Cornea 0 0 0 0 0 0 0 0 0 0
Iris 0 0 0 0 0 0 0 0 0 0
Conjunctiva 0 0 0 0 0 0 0 0 0 0
Total 0 0 0 0 0 0 0 0 0 0
M.IO.1? 0 0 0 0 0 0 0 0 0 0
LAOI® 0 0
YHB216 4 Comea 0 0 0 0 0 0 0 0 0 0
10,000 IU/m/ Iris 0 0 0 0 0 0 0 0 0 0
(non-irrigation) Conjunctiva 0 0 0 0 0 0 0 0 0 0
5 Comea 0 0 0 0 0 0 0 0 0 0
Iris 0 0 0 0 0 0 0 0 0 0
Conjunctiva 0 0 0 0 0 0 0 0 0 0
6 Cornea 0 0 0 0 0 0 0 0 0 0
Iris 0 0 0 0 0 0 0 0 0 0
Conjunctiva 0 0 0 0 0 0 0 0 0 0
7 Cornea 0 0 0 0 0 0 0 0 0 0
Iris 0 0 0 0 0 0 0 0 0 0
Conjunctiva 0 0 0 0 0 0 0 0 0 0
8 Cornea 0 0 0 0 0 0 0 0 0 0
Iris 0 0 0 0 0 0 0 0 0 0
Conjunctiva 0 0 0 0 0 0 0 0 0 0
9 Cornea 0 0 0 0 0 0 0 0 0 0
Iris 0 0 0 0 0 0 0 0 0 0
Conjunctiva 0 0 0 0 0 0 0 0 0 0
Total 0 0 0 0 0 0 0 0 0 0
M.I.OIL* 0 0 0 0 0 0 0 0 0 0
LAOL® 0 0

*Mean index of ocular irritation : Total score in each observation time/no. of animal.
The index of acute ocular irritation : The maximum value of M.LO.1. during the observation time.
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Table 5. The results of micronucleus test in mice administered intravenously once with YHB216

Test compound  Dose (IU/kg)  Exposure time (hr) ~ No. ofanimals ~ MNPCE® (%) PCE/(PCE + NCE)® (%) PCE/NCE
Vehicle* - 24 6 1.25+0.52 47.37+3.92 0.91+0.15
YHB216 6,250 24 [ 0.67+0.61 39.67+4.39 0.67+0.13

12,500 24 6 1.00+0.84 42.40+4.42 0.74+0.13
25,000 24 6 0.92+0.80 42.73+6.29 0.76+0.18
Mitomycin C 2 mg/kg 24 6 52.75+7.20* 40.40+7.18 0.70+0.20

*The permillage of micronucleated polychromatic erythrocyte (PCE) was calculated from 2,000 PCEs per animal.

"The percentage of PCE was calculated from 500 erythrocytes per animal.

‘Formulated buffer.

*p < 0.001: Significantly different from vehicle control, Chi-square (x%) test.

2 7o) AIREAEA 9 F3EAL 13 A F
oJslgon], kAN ZEAS mitomycin C= 2 mgkg &
G w 13] B Fod3det. ZE AT Foid
2 10 m/kg2 2 AAsHTE Fol F 24X Ao A&
AE AFETYEE T, HedEEE 2ES)
of =2 IHAE MR AlAG F, 1 FELE 719
2 Addsle] A g2} @A (fetal bovine serum)e] 1 mi
FAE FAPNE o] &3l FFMEE A EE] S Faol
Aoy W}, $4052) (1,000 rpmX¥ 10 min) Fol] AF2e)L-
e, 7 AAES 3 A A Setel= Skl =8
723k mjebgol 5E3F A F, 10% Giemsad (314
A =, pH 6.8)llA] 3087t GAjsle], AW FefaR
sk
A 43= 5333 v|7 (Microphot Fx, Nikon, Japan, X 1,000
MYS o)8sled AAsIsie. MEAAL) 1/5~1/20 Z7) 2
FH A xS QAT T3 Ae Aoz 53
Rom, Z JHAF 2,000709] =344 8 F(polychromatic
erythrocyte, PCE) 5= 28t} A% 8 F-(micronucleated poly-
chromatic erythrocyte, MNPCE) =9} <A E2] 2]
A E2A 500702] F HETF[PCES}F A 942 F(nor-
mochromatic erythrocyte, NCE)?] 8] & PCE 4= 7=}
Agstsdet.
4P A= Hayashi 5(1994)2] 3HAE-S A-4-3}
o BA3}9]3, PCE/PCE + NCE) B|-&ol st Sufdjz
T3 AP EAFAFZEY] )AL Students t-test 2
A st Axe] B4 MNPCES BA8HH 22 §-
oA SFEH R Frts v st o)Ake] Sk
oA A& A S vehd A4S FHeE 8]
31, PCE/(PCE + NCE) 8]&-°] 30% °]3l2 A= g)S w)
F 271594 59 NEFA ] vk A s
m. &

2t
1. EV0M ZLASHAE

47919 IRhs $AES, AEEE o

SF F 249 727be] AR AoIA T he-E A
219127 (Table 3), X-435-919] Qbdehabe AN
= A F 1,2,3,4 % 7ol ARER Aol olak Aot
) 9 AT whe-e e BATA) AATHTable 4).

2. OFPA0M 23AIH

=
2=

YHB216 FojiolA] MNPCE® Z&us 2
PCE/(PCE + NCE) ¥]&-2 vl 275} Akl et. 28]
Y, oY 2Fo| = MNPCEY &3ulxr} Sz

o) W13 SrelsiA Z7hshact.
v DR U HE

A= YHB2162- (F)iraredal Sl sialic
acid ¥=F 71 5] wiekr|sg o438l CHO M=9
A A28 Hu-EPO AlA|ot}. YHB2162 35 YAfel| A
T ARAE, APF Y, AAESY vl 9 gsislst
Lol of3t vy 53 2 vekal wlde] X8AEH L
ARg-o] 7l Eet. mEpr, B Aol A= o]ol] widF kA
A H7re] dsto® E7oA FASAAYE L vl
A AFAES A Bk

A18E3 YHB216S 10,000 [U/m/] 52 7472t NZW
T E7)o] gl 13 =X ol ke 13] 2Hglsled
FASAAHE A I)5abs HEFE, 27)9)
5ol AlPEA 9 BEAS x5 F o7 2 72
AlZre] AFBGE W, A Y SA R BFeA g5t
-2 A HAEA AkeH, PLLY AAFEIE 00|%)
o} Pl AJHERE ek F 1, 2, 3, 4 9 7] ¢F
H3HH ZAAE A A, 2E N 2t ) 9 A
oA WHo] A3 JehdA] dskew, wEkd MIOL
2 LAOILE EF ‘0olgle) ¢]8dt Zo= Kim 5
(1996)°] CHO MEF o]-83]e] AAkst DA-32859} Cho
5(1998)°] baby hamster kidney(BHK) M|ZZF- o]-4-3}o]
A DA-35852] SAFAAIHIA ZH2te] A|3EA o
10,000 IU/m/ =X Eolgt 327438 vehA] o
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orel= ¥ el dx)sleich. =3}, Kawasaki S(1988)0] A
A1 KRN57029) S5 A3 0A] Bolst ofide] w7
HA dskeie ARele dABkH.

Crj:CD-1(ICR) ¢}« vlg2ol AlEA YHB216S
0, 6,250, 12,500 & 25,000 [U/kge] S22 13] Y
Folgla, ok EEA mitomycin C& 2 mg/kg®] 25
22 13 B Foisle] £IAHE AAEIE AY
A3}, YHB216 572l MNPCE &30+ Svliti2s
o) &gnx9) Ak, =3} Hart®} Engberg-Pederson
(1983)°] A1 AP dubxel AAHS(1.67%
1.11%0)ell E3F=|3lc}. o)2i8t Z 3= epotin o2} epotin B
7} &3 A1gol|A MNPCEE- -L3HA] edgketal kst A
PAstel dxjslivH(Inoue 5, 1990; Sutou 5, 1988).
PCE/(PCE + NCE) 8]£¢] 74-%-, YHB216 FoiZol|A &
e 2ol nvla] vhi ksl ot BAIH oA
Ao, 30% o)) BEE JeE o= He}
YHB216el 93 HEZ5A 7L sl AoE Iy
Aot g9, FAHZRFol|AE MNPCES E3uIE7) 4
w22 vl&] ##38] 28Itk (MacGreger =, 1990).
2E YHB216 |2 PCE/NCE H]-£-& Lufjr=79]
Axzke} dubA el PCE/NCE B]$(0.97+£0.22y8 T2|& u
(Hart?} Engberg-Pedersen, 1983), EAIEHd #2142 ¢l
ot Ha ZAAFHG. o9} 22 AldAE FYAd
oFEo] KRN5702 @ EPOCH®] 423X 8 A7}e}(Inoue F,
1990; Sutou 5, 1988) UX|3p, o]&f3t o]-f<= rHu-EPO
FoA] FUol|lM Hol7A Hxeo] B3t Y F2lo] A
3}=le] A&d I EWS PCEZL wEA dFo= vt
Z5]o] F5Y PCE = s ubd H2yH2 HAf
Aoz IR o]l FFiel: NCE 47t $7H
o724 AW e2E PCE/NCE H|$°] #AHE Zo=
or&x] glth(Inoue 5, 1990; Suzuki &, 1989). Wb, £
A8 7oA #A2E PCE/NCE H|E9] ZHAE A ESA]
zhgolel7| o= tHu-EPOS] el=l-8of o5t 7 o= 3t
o)

ool ANPANE 3+ E d, A|¥EH YHB2162
AAARE FHa dAkEER] 10,000 IU/m! F=olA Z)4-
2 ekt tl gt xp=o] ¢l B]A}FSA] (non-irritant) £
olm, g AFA YA FHFA o] gl A= Wt
g}
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