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NTP-CERHR: Hydroxyurea

AEFIRRCEX, & Ru X fR#EICEIT 25 NTP-CERHR Monograph (NIH Publication No.
08-5993, October 2008)> NTP #% (NTP Brief on Hydroxyurea)}s J OMs+E= 1l @ Hydroxyurea (=
B9 % HHEREAHA (Appendix 1. Hydroxyurea Expert Panel Report) D5 5 3 135K, fiamds &
OMEE SNDHEET—X | ZFR L0 THD, FX (£/ 7774830 1%
http://cerhr.niehs.nih.gov/evals/hydroxyurea/HUmonograph20090401.pdf 2/ = &,

E FOFIRFIZET S NTP OER

EFOXFIRFEE?

b FeXURFE (CASRN : 127-07-1) X, HHFEON A EIZITSRRRIEIEZ 2 AD
IBIRIZ DOV TC FDA O SNIALFERTH D, WISIMEA & LT, Bix 2B BERITHIER B

(B 2 WX AIIR) . HOFPER I, RoE, HIV @Y L OVNEOSRRIR MERAE DIRIRAZET 5
N5, ZOEFOMEA, il % L CEEF TIIMRA TOERERIZ L &% > TV D ikims
MR 2 bRE . ME—DOSRIRIRIMERTETAERIE CTH 5, SRIRIRIMERAE 2 B> T A/ 8k KOk
ADE Fa XU RBICLDIGRICITRESM, FIFEEI LD ZERH 5D, b R U RFEIC
L HMRPRCIT, AL, BREEE (BB COMmMEREARY) . BLOE R (DNA ~D#E
15 FORWERNED 2 ERHmbTnD,

FRRARMERIEIC L0 | M PAZEMEEIRRAIE, O F D SRIRORMERDSEARMEIZFEE D . s
FEA~OME 2 RE L, RO SCOWCdlgss BN s i - Ens 2 En3dh b, B R
2 X UREIE, SRRmEkEmARE L, FENGEEOREL (@, BEED 12 » AT 3
ML E) L?’:EJZ/\%)@L%? ZOX ) BRBEEHEEZ T, il O ENEZ T 2720
4% Z L2 FDA IZ Téﬁ”bflﬂ

b e JRBITTNTEERTH Y . CHN202 DT (Figure 1) TE S5 FADRs SR
RKTH D,

Figure 1.
Chemical Structure of Hydroxyurea
(CHyN>O>; Molecular Weight 76.06)
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FRARMLERIE D/ NEDOIBFIT AN D Z LI BRI B R e U JRBOBISIME I 272 573,
WEEITIZ L, LebEIL TV 2 X 0I08bind, b FrXREFEOMMIT, EEOHRRIR
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NTP-CERHR: Hydroxyurea

I ERE . 2 8 5 /NR 2R OFIRIC L - T RERMEKERL & OfMOTERE & A~ ThFE L
BIRIETH 5 (1), KEOESNEREFEENITEITS L ONE S ENTEATNC 892 E SO
WFIFERT CIABIE, LA CRIRGRBRZ B L, b Fr S JREN, SRMEEZREE L T D
FLE - NRIZRT IR 2 R B E 2 T 2 IR TH L0 8 5 0vEFEH LT
LLTAHATHD,

b R U JRFEDHERIRMERIE DFER AT DHFI L2 2IRE LT 203, gtk
HIEIL, SIEEORE~NE oy (NE/ U F) 45 AT AEE T ERNHEVE
JETRWZ ERMEN TS, Z<OBETIE, B FRFUVREBICEIVAAES mE S F OFEA
DI, 20y, SRRARIMERDIZEANIEIIRD S D, EHIZ, & Fr XV RBIHFEICLD
PERARMERDMGER RN 2 BE) L9 < 72D 2 & T EPAEMIEO PRIRIG S 5 AlhE
b5,

BRI LOEMICB T 23BRIC L D &, B Ra XU RFE T DNA 24815 S5 AleetEn dH
Do AFMT, ASEBIOERME (S #) 2T, Mildd DNA B4 T S¥5, 2
DN FIEREILE L, 3% % D3 A DAL AT 2 F1- 21RHLE 72> TV D,

b R RFIL, I ReX B REBIETN, ~f FL7 (Hydrea) ®£7-1%
K7 (Droxia®) O 4 T, 7 U A ML« <A v — XA 4L (Bristol-Myers Squibb)
MOITEESNTWD, /=TT F (Y=xUv7) Ot FuXxRaofdEz FDA 25580
L2 ZIE, N— 77—~ 2—7 4 #/L X (Barr Pharmaceuticals), 7 =7 A K+
77—~ A—7 4 #/LAX (Duramed Pharmaceuticals), /X~—+ 77—~ a— 7 4 /LK

(Par Pharmaceuticals) 354X Ua 742 X (Roxane Laboratories) 72 E03&H 5, KENZIUT
5t Mo RFAERICBET MmN 6 TVan,

EFOXVREFEADE FOBREZRE?

b FEFUREFEOL POREREKIL, AHEICEDBRTHD, b P fREORA~D
HELT IR, BARA B ORIECIBE OIRIFEA~D ST b £ 573, 15~35 mglkg KHE/H D
#HWHTH D, /NETIE, BIEHAR L LT 10~20 mg/kg K&/ H ., e KHEE LT 25~35 mg/kg
RE/HD ZAVE THE STV D, FDA 22BREBAIEEZIT TN, /Me~D e Fa R
FOBGIZ I E THEICHE SN TERY, FRBHELHEMNL WD L b s,

JRIRA~DRENREIND ZEND, b FrF U REBEOIIRI TORGITHER S TRy,
LL22d b, iR ISR iU, IRIESIREE T 2 TietE o %, & Fu U REIC
PR STV ot - IRIUGOBUIAATH S, & Fu U RRE, wzms L, RLfic

4 AE 0 E AT RMERTIAFES DA AR ER S "V BETH L, ~E7 eV F T,
NRIRDIEARBE N PEA T D EEANE /v B Th D, ANTET, PEONEIBE S F %2
FEAE LTS,
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NTP-CERHR: Hydroxyurea

BHESNTND, LIEA->T, b R U RBLRMIRT E 723 PICRAT 5 &0 BILER
(TFLIEDAFAN IR Sh D,

KENZHIT D Rr U REORNE . AR X OWBICEE U 7- RS 4 158358 5
TRV, —ERORKINOREREIEOZe S TR EnTnD 2), B R REOHK
Bl COTHERIZET D HERIIE STV,

EROXSREN, B FOREDETEICEHET I LIEHIOM?®

BEH<,

B T, b Rud U RBAOBREN, RAEICEREL 5.2 5 2 L 2T EEN2 T 20
W, AGEERE AR O 2 & (—EOBE TORFHEOBD) AR IRERZRFEHL1 5 5 (Figure
202M) , L L2 s, SEREMICEHIT 25 BRTIE, b e X URBADBRFED, BAEB X
OEDEFHER T (IR B 2 5.2 D RREME D Z L 2R &7z (Figure 2b 2H8) , EBHIT -
B TIE. B e RFE, HAEREORE, AFEAEBORBD B LORTFRERT 5] &
T, EBIT, FREYOT =2 1D, Ty he~ T ATHEERORD & AEHE DT
MR £ L Tv U A TOR RO PRI, FEREMIZHIT 558 TRO LN Z D
BB ON L OBV T, TR LA OMFEEIX, b Nu XU REEREs %
TWBHBEOMPPRE LFR%ETHD EHESINL TS (Tablel) .

Figure 2a. The weight of evidence that hydroxyurea causes adverse
developmental or reproductive effects in humans

® Clear evidence of adverse effects
Some evidence of adverse effects
Reproductive toxicity in men * Limited evidence of adverse effects
Developmental ! & reproductive toxicity in women * Insufficient evidence for a conclusion
Limited evidence of no adverse effects

Developmental toxicity 2 * Some evidence of no adverse effects

@ Clear evidence of no adverse effects

IFor fetuses/infants of pregnant/breastfeeding women and children less than 5 years of age
7 . -
“For children ages 5 to 15 years (based on growth assessments)

5 ANERBLOLBOBERMOEZ O : /20, KE€6<, 20 KEHS VN, DX,
T4,
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NTP-CERHR: Hydroxyurea

Figure 2b. The weight of evidence that hydroxyurea causes adverse
developmental or reproductive effects in laboratory animals

® Clear evidence of adverse effects
Some evidence of adverse effects
Developmental toxicity * Limited evidence of adverse effects
Reproductive toxicity in males * Insufficient evidence for a conclusion
Limited evidence of no adverse effects

Reproductive toxicity in females * Some evidence of no adverse effects

® Clear evidence of no adverse effects

Figure 3. NTP conclusions regarding the possibilities that human development
or reproduction might be affected by exposure to hydroxyurea

Reproductive toxicity in men * ® Serious concem for adverse effects
Developmental toxicity ! * Concern for adverse effects
Some concern for adverse effects

Developmental toxicity 2 * Minimal concern for adverse effects

@ Negligible concern for adverse effects

Developmental? and reproductive toxicity in women * @ Insufficient hazard and/or exposure data

"For fetuses
2For growth and development in children 5-15 years of age

* For infants and children under 5 years of age
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NTP-CERHR: Hydroxyurea

Table 1. Comparison of Hydroxyurea Plasma Concentrations in Humans on Hydroxyurea Therapy
to Concentrations in Mice at Dose Levels Associated with Developmental or Reproductive Toxicity

e Animal Model or Sickle-Cell|  Renal | Cmax 0" “Peak”
Xposure . ' . : . concentration | Reference
Human Population Disease Function _—
(mg/L)
Pharmacokinetic Studies in Mice (Intraperitoneal, mg/kg)
100% BALB/c nude 5 111 (10)
100° C57BL/6 5 175 (9)
50° C57BL/6 4 74 (9)
Therapeutically Relevant Doses for Humans (Oral, mg/kg/day)©
29 Healthy men 24-30 — 48-51.9 (13, 14)
25 Men and women 6 + 21-54 f15)
20
Range: 15-35 Men and women 6 + 26.5 {16)
22 Girls and b 1 + 245 16
Range: 14-37 irls and boys . (16)
Men and women 7 + Normal 28.3 (17)
15 2. i sev
Men and women | 3 per + Mild fosevere | 57 0-28.8 (17)
category impairment

*Developmental toxicity (external malformations and altered behavior) was observed in rats treated with 100
mg/kg/day intraperitoneal (7)

PReproductive toxicity (decreased testis weight and altered distribution of testicular germ cells) was observed
in mice treated with 50 mg/kg/day intraperitoneal (18).

“Recommended starting doses of 10-20 mg/kg bw/day and maximum doses of 25-35 mg/kg bw/day have been used
with adults and children with sickle cell disease. Higher doses are recommended for treating solid tumors.

e ) A 7 BT BRI, IS, Wb D [FHLO RS IZEESN TV D,
AEHOLE, NTP 1L, & ReXUREOL hA~DOFBICBT 57 — X IIR 0 ThH DA,
FBREWZ BT DIEEEIC OV COM AL S 5 LB L TR Y, BFEENHIIIREWN
BAlc, B Re¥UREBENE FOIEAE L AGEICERE Y 5.2 D RN B D Lkl 729
ORI TH D LA LT D (Figure 32M) , NTP X, b Ru X REITEE
FREOIBRIEH SN TEBY, £k FuX U RBLMHT 008 9 00IREL, BERB IO
ZOMYENTH bOTHD LTS E,

XFFR

HHFLEEROWEEFETIE, b Nk URBOATE « FEAEITH D RIED FTREMEIZ SOV T OHF

6 b ReXURFHMAZFZESVERHLIZL 01, /DNRBI O 10 RAREOEE X, A5HbEE
DORERMEIZBET AEFHICOW TR 2520 72 L CORMm TE DIZ EREA L T
N2, HEMFRERITL., 2O XD R HOEREE I L CODERKREIL. 2O Li2HI
IZBRWTIE, W, EEREORANEBEG ST L0 L3 L T D, NTP %, —H#oM
T, RAEEDEEL T 5 ATEMRE ORI B 2 ) _1\ﬁ#%bé_&#%ﬁﬁ
FTHENTWA EFRRL TS,
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ZEDFERN, SUHNBIERE S TWA (Appendix Il £721% B) 2R , HEMFEEERIL. I
BRI RS U PRFTHREE STz 57 ADLMEDIFIRGFT 58 il DUV T OER)R A Fld L T
DN DD DSEFHE S L OVEFIFEZ N L7z, JRIESETS 141, 38 XUOMREOATI L UR
FARTAEEHE ST D0, HZEERESIE, B FaXxUREN, RAERED L I3
IR O AICRAEFRMEZ I X 30 E 9 DoV THERZ F I 7200FHIUIAR 5 ThH D
LHMT L. B), HMHEEESIT. b Fux REIL, METORERR, #lziX. #hak
CTHHRERIFI B 52 5 ATREMED & 2 SRR AR MLERAE-CA BB if MR ILSE 72 & ORI S
hfwé*k’ﬁabko:®i5&ﬁmm5\tFD#V%iﬁ%ﬁ?ék%i%né%%
Bl EEREAWRCELAELZXHITLZ EIIREETH S, 5m~15 mD/NLEFZIT, lE
(HE L KE) k;@ﬁﬁ%ﬁ;ﬁﬁﬂ%ﬁé@; D IRFEFEDIRIEZ RS D W D OFRED T T
%D, 29 LT TIHRER KOEEM~O IS Shcunny, EMEZERT. B
BRFHASEARIAY 6 H H ~12 4= & LHlE O = S IR E LT, 5 AT O/NE TOREICH L TH
2 OOV THEMERZBRNTE CTE 27007 — X2 A+ ThoTe, o, BN
7 VIRFA~OIRVEW, NEHE LOEFERCOBERIC LD F4E - SRR, A SEeEE
BROBADY AT Lotz @FICKT 2 RHINEENCET 27 —# BTN,

b Re I RFEN, BRAKLG 2V LIFIEENE GO GIZB W CRAEFEME Th 5 L fM%
ZERMERNT 212070, FEREMICBT 527 — 2 BMFET D, 7y MZBWT, B Re
X RFEA . 200 mo/kg (AE/H THAE 7 H~20 H @, 5) . £72135% 300 mg/kg A/ H THAR
6 H~15H 6)IfRNEEE Lzt 2 A, WEORIE, IFEEOR I X OEFHFEMWE OB
PIRE BT, Ty FEINIVIEWHEDOE R U REBIEENTH CRZEIE-LZ2A

(EHE 9 A ~12 A2 100 mg/kg (REE/ H) . BRSO A7 E 4 L OMTEVZA L OB L7z (7),
[FERIZ, =D AIZBWT, & Ra ¥ RFE % R~ 200 mg/kg (A B O H & CiflE6 A ~17 A

ICENBEG Lol 2A, WEOIIE, (KRERD, WIL - SEEOHMAELTZ 8), 7w he~
U AT b WG SNIZaE, s KIEE, NER. FHERERB IORBEOLER., 4

ZIISHE FEOEDLY) | FERRIEEEE FROBNDey) | AFEE FEOEA) « b

L <UEKEEE (R (7R Z—DIXER) FEGRE) 72 ETh D, T ohEICHIT 238 Tl
bt Ra ¥ U RFBOFRAEFEORFIZ OV TIEL, DNA AAFHEREICERE L TV 5 Z L AVRIE S
. TOREFHIREIAME R UIZERS 7= b Shd B2 b Tnd, B RrXUREICHE
B b U < XN IREE S SEBREMIC ST 5 BRI DWW CHEB A0 FHIET 512
L. T2 DR+ ThoTo,

b Rr X URENE FOFEITK L TR LGSR EIC O W TiEmE T HIcdhz b, NTP I,
FRPBR O SN HENR ED L D ICk MEEICEE L T D0 a2 B L7 (Table1 B/
B ReXURFEORGAZIT TODEE COIMMHPIREIL, ~ U RIZBIT DA~
(HCEERO AR L OBRISEATEIOZ ) 236725 &7z 100 mglkg Db R ¥ fR5E
NEENIR G- COMPRE LIFZFCTHD (7. 9. 10) . & F~DIFRITR AR Th 575,
HRFLEST. Ik W&@%ﬁﬁ W EBREMWIC 51T HERBRAE R, WA REIRT 2 b D TH
LHLEEZTND, ARERITEIC, =T AIZBWT, 200 mgkg AETRO F72I3EENES L
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T2 s, WM OREE T 24 FFRILINICFERR D& (~90%) Dt R u X U RFEDIRHAITHEL
S AL . ZHUTEY ., ZD 2 SO TN BRI L T\ D Z ERRIE I
T2V HFIZEESN TS, ZZTNTP I, 7> M Tk 24 REIRFHEHED, 588088 X
D RERAERNGD D Z L 2R LTk < (50 mglkg £ N#% 544 T 57% Td 5 DI L 100 mglkg
fERENEE 5% T 90%) A1) . b URRAEGICE U ClEUNRE S - By Ehie e T —
AR LRIUE, o lEICE T 2R N3 LOWERENER 57— % O BHPEICEI LT, NTP I
IVEEERSOTHAH, ZOLI7%, vy T RHDITHL0hbbd, NTPIXHMFLZES
ICRIE L, EREWIC BT DIEHENE 53T — # 13, b a3V RFIEEE 2T VD RS
SO Y A7 3T 2 DICHTHH 55, IHIT, B M T, BRI VREDR
5 ST H RIS S CH [REROIEYBIE 7 1 7 7 A L3S L TERY . Ul X
0RO % OPERERGHOEITIZE A RN EAVRIBES TS 12)

NTP Ti. 100 mgkg Dt R % RFBAMEIENEES- Lz~ 7 AT b e PR & |
BARAAZIHED E Fu XU REERO#KG Lzt b CORmEMmERRE & & il L7z (Table
1) @), NTPIL. 100 mg/kg/ H Z fEEN& G- S =7 » b CTOIMFIEEZHET T HDIZ~ T A
(2B DB RE AR T — 2 VD Z LIXRETTH L LB XD, bR, Ty b
L~ AT, RPICHEH SN D B R X U RBOREITIZFFETH Y (=7 A2 T 200 mglkg
MEENE G-, BEL YT v hTO 100 mo/kg IERENE G-4% 0 24 e R PRI R, & H 12/ 90%
TH %), % L T100 mgkg DIEZENF G4 OHE 6 11 77~15 73 LIZFEFETH S B, 1),

100 mg/kg THO~ T AZEBIT DcmiiE I, BALB/c X— K~ AT 111 mg/L, C57BL/6
<~ AT175mg/kL O, 10) THY ., ZhiIb MZEITH 25 mgkg £721% 29 mglkg THOE K
1 VPRFRFEE O MIETIRE LV 2 f5~8 5@\ (Table 1) . £/, v FBRIUHL
BT RBRT — % Tlid, & Fua U RENE LHEH SN DEEITRMA L i L CEL L &
R 7% U PRFBOMNIREEIL, RFEEZORMRMIETRE L mooiz @), EbiT, sk
TT IS SHEE S . RHADMEAETIZ 100 mg/kg (AE/ B D& E5-SN72T v FOfEd
Db Ro L JREOFMEEEL, RHE2Y 100 mgkg (A5/H (69 mg B¥/L) Z#FES/-t hod
IR DOFEJRE L F LN EXRINTWD B, AET /M, VA7 FHIZHEMATREL T2
X, EORE Ltz BRET 2 LR H 508, HRP O Fa XU RE#EAICH LT NTP
DM IREDFHLE 72> TNV D,

FBIERN COAFAMERER I BT D BRI < OGO T D08, /N, HFEHZ
U AIIC B W CIRR A2 T - BF I Re X URENSKIE LSS4Tk 2 28 %, &
ZZEESPNFTHICTE HIEEHN 7R CIThN R T — 23S on iy, EZEEE
SO LT o HERHE ClL, b RaX U RFRRE 6 » HZ %I HE e (BT
JiE) & 7p o7 21 AMERIRY B b TnD, B Refk Aakblianiclid, E& OB HuTE
HAE (8800 HfE/ML) THV ., b R U fRETEEHME 1 4LIN TIER{KAE(3500 J7{E/mL)

FCHEIE LT, 7272, ARG TIEZo72 1 AOFER LN E D BIF i Tuninad, HEEZE
BEOFHMICAH L I3Z 2 bRl L LAans, EMFEEEOEA%IC, HHOR
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PEBEC, B FRX VIRBEDHE FEREZIRET 5 B2 DN DIEGIREZ LIZfi&N S 6
RSz, £D LTI, tbm#vﬁ%ﬁﬁ%sﬁﬁx?t%ﬁ%@ﬂ\Kﬂﬁkio
RS IE & 2WT ST, 1RIRTITE 6 0 A LINICEE ORI EE CRIE L., LrbE
FOEDHRLTZ A9) . b9 LTI, 27BN, & R X U RFIGFE ISR Il 7e
STy, 6% % 3 ARl L7z & 2 A, K EITEREAiE (3000 SfE/mL) (Z/eo7-, 2D
BEICE FeX U RBWREZEHLICE 2 A, B EC o7, BIOEFETIE, & e
X VIRFBIBIEPIE T OB T A S o 7= (FRFEHC 2600 SEML, 38 X OVARERK T#%
T 1500 JJfE/mL) @0) . ZORRIC, —EIOREFIRE L, ~ U A TORFEED & 5 FHRE)
MINZBTHT =2 EZFELTWAR 21) . b FEETIIRRICHRY DX R"dh 5 L E
A bND, FEFREITRRZH L TORWERRRMEE THRO 6N L7, b Fr R
D KT LUK FERBIC KT 2B 2 5 Z LIIREETH D, B FrF I fRHFICK
% DNA & RPHE I L OSRaE B 1L1T, MmO T B~5-2 2508 L L THEE SN o8k
FEtrd 260D ThD,

ZHEHET I3 KOV~ (FRCEICHIT D) b Fu X U RBOREZ 53T 212, Fl
FTRE 2 SERENM 7 — &~ i\%ibg%@méhfwéo_hiT®7—5Kiét\tFm
X URFE %, #9400 mg/kg~460 mg/kg REE/ H O HECHET v RZ 70~90 HREIAKHKIZ AN T
Hx7-& 2 A, MEEEORADE LOWME OB FHIRE RO oL e AREY)ITAGHE

A EE T2 EDRENT, i~ T AT, 50 mgkg RE/H O Ku X JRFE%E 5 HIH
MEEN (ip) #5- L7z ZA, BIREEOHDVB IO 7 a—4 4 X N —CHIE L7 HEEHRAR
AR A OBRE NG| Sz, B~ AT, B Re U RFE%E 625~5000 mg/kg R/ H
DOEMETIpERG LICE A, KFHD 38~T9%E LT,

b R RBOATE ﬁﬂ“é%ﬁ% WZHOWTHEm A F9I2dH7= 0 NTP 1E, ERAREER CTHW
HNDLEGEN, EOXH It MERIZBRET 20OV TELE LT (Tablel) . 1HFEHAESL
B Enize hob Fa U RBMAFREIL, ~ U RCBT D EH~OEZE (FBRAROR
PEIOTa—t A 2 N —THIE L7k RAGERI A0 O B 2558 @Ehtmmwgmt
R 36 L SRFBEENIR G COMPIRE L [F%TH D 0. 10, m) A . 50 mg/kg
Db FuX U RBL NG SN o~ 7 A TR LK m¢%§k\%r%ﬁﬂﬁi@
b R RFELAEOFLE SN2 M TOR L m#%gk@mﬁnﬁdwfméoKﬁﬁf
1%, 50 mg/kg #5-0> C57/B6 ~ 7 A THF b7 e MAE IR EE ©)1%. 25 mglkg %7213 29 mglkg
Dt RaFRFETIHEEZIT 2 MBI D EEmIETIRE X VK 145~35MFEETh -
Teo 72056, 74mg/ll (=7 R) IZx LT, SRRARMERIEDRLA T 24 mg/L~54 mg/L (15) .
Z L TR # T 48~52mg/ll Th-7- (A3, 14) .

HAFZFRERCE D FRRORFIEIC, B FTOE Fa U RERFICERT 2THES N o0
BRINTZ, LLARNRE, TROOMAETIE, b Fa XU RBOIAE - AFHAEMRHGIC B
L7 EFRICHOW T ORERSE I TOIL TR 19, 22~32) . 1 fFoffics T, &
e RFIRREZZIT /N T, B Ra U RERFEEZZIT CQORVWNEE LT, B
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Z 6 S ~DIME « BREMHEOUGE, EIITRITOPROBRAN LN & 70 0 | ke (5%
PR, TREMMEHERRRE ). B L OARGEREIRES)) DNEmE ol LV IO MER RSN TS 83),
NTP /&, HIRZEROHIR. fCHAED D 27 RETIC, BT 2384E - g
B2 SO R 0MBRT — 2 AR TE o T,

ErFOFVRREIBEZZELSERLIN?

/20,

ORI ENG, B e U RFIL, —HMOBMETRFREAZERLR O FReErNH 5 Z &7
RESITz, NTP Tl 29 L7#ifid, b RS U IRFBOIERERERE ORI L OIS
BFOMBTFHRTZISRIT LS | EREMICHKIT 5B — 20O EMFEZEEN T L
THE EABT DD THD, EBEZTND, ZibOREBRCIIZIRRE IR ST
760, FEREWNCEBT DD OB, AHEREOREL LT 5T E I IR TH S,
vvxf@%%@«®%@®ékéWMﬁw%mM@%ﬁm«wmmM@%$M®ﬁlf@
fElERN 51T 38%~T79% D) 2 b T 9 LIFHREMWINCIIT 52 Ia6E /173
%%%xit#tobi FETELDKI80% & U S I A3 s L b FEBR AT - BREE D2 IR RE 18
DN, BARETIEZARY, ERAT S EIL. A b & L TR ARRE 03
BROENWEBZLILTEY, LEER-T, T LHIT oW TOZIREE D 280 e W T
BoORAN, b b TIEREBIET SRS HD B4) . IHIT, b Radk U RFELG R
(ZxHS T2 MR 7ERS KOS 74si) (B L OVRR P IEBI P COEFE~DEIE) 122V T
DEFFRHETIX, B FaXxvRFE, Dl & b—EoBMcx LT, BT~ ERRpEs
Bz, ZIRENCEFEE 52585 2 EAVRBIN TS, AV 4% 17 C\bE ROt
RaF UPRFBMPEREIL, ~ v AT 403 2P (BREEORD, BL0trRm
— A AN —THIE ST REEASRI A O 8 23380 bit/- 50 mg/kg HHEDOE Re %
VIRFEGCOMPPRE L F%ETHDH O, 10, 18)

2008 -2 A, KREENAFEAMGCHT (NIH) X, SRRIRMEREIZRT 2 b Ra % o JRBTEEIZE
THare P ARREEL R Lz, BRI LD ZOMNEESNER LA EFRPT
(X, RO &R RENRROBIER & LGRS, ZOZES T, A
~DE D LT BO Y 271X, SRRARMERIEIZIBR 25 S 250 U A7 L g U CRAT
&5 Lt 35) o BYEOZMEREIERE LT, LLTOBRERZET 6D -

(L) RN T 2R TN 7 IR T 5.

) WFEEHFNET S, BIOY

() TR L ONEELR D72 < &b 3 » AMIFEHET 5 20) .

b hNBIOSEREMICEIT AT —X1E, B Ra XU RFIGFEEZZ T T D ZMEOEFRIE I &
ERBEERY 7 Tt eyt ol s e G ECAN AR

b N X URBAERPICHEAT S Z SidfEE sy 35) ., L L7enb, B FaXxiis
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T T DI IS MR AU, JRVEOSRER SNG5, IHRTPICE Ra S U REICR

#TTHZ LT FORRI _%%2’.&.“7)\&573%‘: 2 IEHWTT DO D537 T — 2 I F LT
RO, BEFEOBMIC L 5T —40 D, B KX URBIZLD . TFEORE, EFHAHKD
W, BROWRFREDOEENG ISR IND Z Epvraivie, AEYZHREG I TWbHE
Db R XU RF[MHFREIL, T v MTBWTHRAEICKHT 52 (IRCIEBOATERS LUK
FHEOS EATENDOZ L) D3FBH 515 100 mghkg HEOE Ru X U RFELZ G INTND YT A
TOMFPRE L FRZ%ETH o7 (7, 9, 10)

et Uit T — 2 bk, IBIERAETOE Fa X488 08, 5m~15 O/ NEORESRCRE
(OF EEYRE) | :%ﬁ"i%ﬁzékb\ﬁéiwiﬁ/)#%fmwf:o LoL7ens, ARB
L5 RO/ NEDRERHEE I T LSS HBEZ M+ 572012k, T—Z 3R+ Th

ST,
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NTP $&3R

NTP TiL., & FOAFE « AT 5 Fa V JREBREBEOEIEAIEIZ O\ T UL F Ok
T LT, B, BAEADOL~YLE LT, BSOS EWS ODNEIZ, A T 3558, #rd
THTDRIEE, < BODREE, Bé. + U CEHEALRESE LT,

NTP i, & FOBEAEDO L RuX UV RB~DOBREIX, BTELICEREL L 2 AN
HDEOEALEESEBLTCND, ZOBRSD LUk, BEHIGEL-28%ERtgL L
72bDTHD,

ZORFED L-LE, NTP-CERHR SHZEZESNRII LIME LD bE< . LUF ORERICH
DTS
(1) HEEERL LU FEORD . & BICHBEOMMA~DFEZ RO 1= EZREWIC BT 57—
. BIY
(2) & Fr X VRFIBFEEZ T T D BHEOR D £ 72 1T b & ) & 572 5 ERIRHR

H=
Ho

) Lemitid, HMEZRBANEREK T T2 ETRESN TV R o Tz, RO H %
ZITTWDHE FOE FaX U RFMPIREX, ATE~OEZENRDOONT-HEOL RuX¥
JRFEZ PG SN FEBREMW) COMPIRE LR Th D, FTREAE~ORBIZXI LT NTP &
U7z TEAZEES) (X, TO L5700 A7 I38RIRIRMERIE IS IAR A i S 720 G4a & e L C
SRTEDETHMORFERLZESN T LIcmE MT LoXrd 55O TiEARv, NTP
X, b Fa U RBITEERERBOBRICHEN S, b Fa U RFEE2AFEmO B3
HINE D IOWEIL, BEARNEZOHBENITI O LWL TWD, BEOZEkeE e
LT, LTSRN ZEST 65 ¢

(D) BN T2 RS 7 IR FT 5,

) WFEEEFNET S, BEID

() TEFEH I L ONEER D72 < &b 3 » AMITRHTET 5,

NTP 1%, EROBEHAEDOE FaF UV RBE~DOBREICL Y, HARF EZIT, BERRST
HOERFEEDORE NS SNOTREENH D & DELEZA L TND,

NTP /%, NTP-CERHR HZEZEXICFEE L, MmOl EOE Fr X U JRFBE~OIREFEFIZ K
V. HAERFEFEZIL, BIERERCFHOEBRFEEORE NG SR SN RN & D & DL
BEALTND, ZOfaE, & Rrd U fREN, AR A HARORY . B XOET
R 25 E 23 &0 ) RO SZREN) TS LT BT — X ISV TS, A3
DEGEZITT0DHE FOE Fe kU RFBMAREIL, BAEITKT 2 EEENRD O &
Dt RaF U RELZHE SN TODERIW COMPIRE L FETHDH, ThNBEREEZE 2
TWD, Foide RaXA5REZIT 72036 OIREE 2 T D kT 28513, BiED
LA REYORHEFIEELE NS ZETHD, NTP (X, b Fax U RBITEERBO
TRIRICER S, SR TREAEIR O LM 121 HRICRT LTk RS U RFBEMHT 008 90
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T, BEARANEZOHYENRETDHHDTHD LKL TV 5,

NTP %, 5 E~15 BO/NEICBITABEAEROE Fr XL RE~DBENREICERZEL B
KIETZLITH LT, D THTIREBESLIE LTV,

NTP i, NTP-CERHR HifAZZEBAICHE L, 5m~15mo/NAUCB I HIRFHAROE RaXx
IRBADIBEBEECERZEL B IIET LIk LT, D THT RS LIVE LT
W, AL, R (R KR ORE BlE BEHORL) ICEEENRNERE L
72t MCBT AHREICESHNTWS, LinLAanh, NSO Fo s [RERE% O, A5
BERECFEDN AV U R 7 T E OREFEA~D R BET 2i0E T — 2 D 72ned, HEHTE %)
MaTida, MO ThINR) BEERIITLIL & L, 51T, 5w/
TOMESCBEIBT 27— 2070, LT L@ . EERNGE L2 B TSR LT,
TR A~DREN S D & T 2HERKRIEENRH 5,

RO, FEHERBFICAF LEERICE SV TS, S L URECET 254
ARMAEESANIE, FERTRRZBEDOLALNETIERIELYES,

- 13/21 -




REFERENCES

Hankins J, Hinds P, Day S, Carroll Y, Li CS,
Garvie P, Wang W (2007) Therapy prefer-
ence and decision-making among patients
with severe sickle cell anemia and their fam-
ilies. Pediatr Blood Cancer. 48:705-710.

Osytek A, Biesaga M, Pyrzynska K, Szew-
czynska M (2007) of some active com-
pounds in air samples at pharmaceutical
workplaces by HPLC. J Biochem Biophys
Methods. Quantification. 70:1283-1286.

Liebelt EL, Balk SJ, Faber W, Fisher JW,
Hughes CL, Lanzkron SM, Lewis KM,
Marchetti F, Mehendale HM, Rogers M,
Shad AT, Skalko RG, Stanck EJ (2007)
NTP-CERHR Expert Panel Report on the
Reproductive and Developmental Toxicity
of Hydroxyurea. Birth Defects Res B Dev
Reprod Toxicol. 80:259-366.

Price CJ, Tyl RW, Marks TA, Paschke LL,
Ledoux TA, Reel JR (1985) Teratologic
and postnatal evaluation of aniline hydro-
chloride in the Fischer 344 rat. Toxicol Appl
Pharmacol. 77:465-478.

Price CJ, Tyl RW, Marks TA, Paschke LL,
Ledoux TA, Reel JR (1985) Teratologic
evaluation of dinitrotoluene in the Fischer
344 rat. Fundam Appl Toxicol. 5:948-961.

Aliverti V, Bonanomi L, Giavini E (1980)
Hydroxyurea as a reference standard in ter-
atological screening. Comparison of the
embryotoxic and teratogenic effects fol-
lowing single intraperitoneal or repeated

oral administrations to pregnant rats. Arch
Toxicol Suppl. 4:239-247.

Asano Y, Ariyuki F, Higaki K (1983) Be-
havioral effects of hydroxyurea exposure

- 14/21 -

10,

13,

14.

15.

NTP-CERHR: Hydroxyurea

during organogenetic period in rats. Con-
gen Anom. 1983:279-289,

Roll R, Bar F (1969) Studies on the terato-
genic effect of hydroxyurea during the early
and embryonic development of mice. Arch
Toxikol. 25:150-168.

[yamu WE, Lian L, Asakura T (2001) Phar-
macokinetic profile of the anti-sickling hy-
droxyurea in wild-type and transgenic sickle
cell mice. Chemotherapy. 47:270-278,

Van den Berg CL, McGill JR, Kuhn JG,
Walsh JT, De La Cruz PS, Davidson KK,
Wahl GM, Von Hoff DD (1994) Pharmaco-
kinetics of hydroxyurea in nude mice. A nti-
cancer Drugs. 5:573-578.

. Adamson RH, Ague SL, Hess SM, Davidson

ID (1965) The distribution, excretion and
metabolism of hydroxyurea-Cl14. J Pharm-
acol Exp Ther. 150:322-334,

. Rodriguez GI, Kuhn JG, Weiss GR, Hilsen-

beck SG, Eckardt JR, Thurman A, Rinaldi
DA, Hodges S, Von Hoff DD, Rowinsky EK
(1998) A bioavailability and pharmacoki-
netic study of oral and intravenous hydroxy-
urea. Blood. 91:1533-1541.

FDA (1998) Application number 75143. Ap-
proval package available at Drugs@FDA.
Center for Drug Evaluation and Research.

FDA (1998) Application number: 75020,
Review package available at Drugs@FDA.
Center for Drug Evaluation and Research.

Charache S, Dover GJ, Moyer MA, Moore
JW (1987) Hydroxyurea-induced augmen-
tation of fetal hemoglobin production in



20.

21.

22,

patients with sickle cell anemia. Blood.
69:109-116.

. de Montalembert M, Bachir D, Hulin A.

Gimeno L, Mogenet A, Bresson JL, Mac-
quin-Mavier [, Roudot-Thoraval F, Astier
A, Galacteros F (2006) Pharmacokinetics
of hydroxyurea 1,000 mg coated breakable
tablets and 500 mg capsules in pediatric
and adult patients with sickle cell disease.
Haematologica. 91:1685-1688.

. Yan JH, Ataga K, Kaul S, Olson JS, Gra-

sela DM, Gothelf S, Kutlar A, Orringer E
(2005) The influence of renal function on
hydroxyurea pharmacokinetics in adults
with sickle cell disease. J Clin Pharmacol.
45:434-445,

. Evenson DP, Jost LK (1993) Hydroxyurea

exposure alters mouse testicular kinetics
and sperm chromatin structure. Cell Prolif.
26:147-159.

. Masood J, Hafeez A, Hughes A, Barua JM

(2007) Hydroxyurea therapy: a rare cause of
reversible azoospermia. Int Ural Nephrol.
39:905-907.

Grigg A (2007) Effect of hydroxyurea on
sperm count, motility and morphology in
adult men with sickle cell or myeloprolif-
erative disease. Infern Med J. 37:190-192.

Ficsor G, Ginsberg LC (1980) The effect
of hydroxyurea and mitomycin C on sperm
motility in mice. Mutat Res. 70:383-387.

Ansari SH, Shamsi TS, Siddiqui FJ, Irfan
M., Perveen K, Farzana T, Panjwani VK,
Yousuf' A, Mehboob T (2007) Efficacy of
hydroxyurea (HU) in reduction of pack red
cell (PRC) transfusion requirement among
children having beta-thalassemia major:
Karachi HU trial (KHUT). J Pediatr He-

- 15/21 -

23,

24,

25

20.

27.

28

29,

NTP-CERHR: Hydroxyurea

matol Oncol. 29:743-746.

Debaun MR, Field IJ (2007). Limitations
of clinical trials in sickle cell disease: A
case study of the Multi-center Study of Hy-
droxyurea (MSH) Trial and the Stroke Pre-
vention (STOP) Trial. Hematology Am Soc
Hematol Educ Program. 482 -488.

El-Moneim AA, Kratz CP. Boll S, Rister M,
Pahl HL, Niemeyer CM (2007) Essential
versus reactive thrombocythemia in chil-

dren: retrospective analyses of 12 cases.
Pediatr Blood Cancer. 49:52-55,

. Friedrisch JR., Pra D, Maluf SW, Bittar CM,

Mergener M, Pollo T, Kayser M, da Silva
MA, Henriques JA, da Rocha Silla LM
(2008) DNA damage in blood leukocytes of
individuals with sickle cell disease treated
with hydroxyurea. Mutat Res. 649:213-220.

Hankins JS, Helton KJ, McCarville MB. Li
CS, Wang WC, Ware RE (2008). Preserva-
tion of spleen and brain function in children
with sickle cell anemia treated with hydroxy-
urea. Pediatr Blood Cancer. 50:293-297.

Hankins JS, Wynn LW, Brugnara C, Hillery
CA, Li CS, Wang WC (2008) Phase [ study
of magnesium pidolate in combination with
hydroxycarbamide for children with sickle
cell anaemia. Br J Haematol. 140:80-85,

.Ma Q, Wyszynski DF, Farrell 1), Kutlar

A, Farrer LA, Baldwin CT, Steinberg MH
(2007) Fetal hemoglobin in sickle cell ane-
mia: genetic determinants of response to
hydroxyurea. Pharmacogenomics J. 7:386-
394,

Marsenic O, Couloures KG, Wiley JM
(2007) Proteinuria in Children with Sick-
le Cell Disease. Nephrol Dial Transplant.
23:715-720,



30, McKie KT, Hanevold CD, Hernandez C.

31.

32.

Waller JL, Ortiz L, McKie KM (2007) Prev-
alence, prevention, and treatment of micro-
albuminuria and proteinuria in children with
sickle cell disease. J Pediatr Hematol Oncol.
29:140-144,

Rose PG, Ali 5, Watkins E, Thigpen IT,
Deppe G, Clarke-Pearson DL, Insalaco S
(2007) J Long-term follow-up of a random-
ized trial comparing concurrent single
agent cisplatin, cisplatin-based combina-
tion chemotherapy, or hydroxyurea dur-
ing pelvic irradiation for locally advanced
cervical cancer: A Gynecologic Oncology
Group Study. Clin Oncol. 25:2804-2810.

Zimmerman SA, Schultz WH, Burgett S,
Mortier NA, Ware RE (2007) Hydroxyurea
therapy lowers transcranial Doppler flow

velocities in children with sickle cell ane-
mia. Blood. 110:1043-1047,

33.

34,

35.

- 16/21 -

NTP-CERHR: Hydroxyurea

Puffer E, Schatz J, Roberts CW (2007)
The association of oral hydroxyurea ther-
apy with improved cognitive functioning
in sickle cell disease. Child Newropsychol.
13:142-154,

Perreault S, Klinefelter G, Clegg E (2008)
Assessment of male reproductive toxicity.
In Principles and Methods of Toxicology.
Ed A. Wallace Hayes. 5th Edition. (pages
1605-1640).

Brawley OW, Comnelius LI, Edwards LR,
Gamble VN, Green BL. Intwrrisi C, James
AH, Laraque D, Mendez M, Montoya ClJ,
Pollock BH., Robinson L. Scholnik AP, Sch-
ori M (2008) National Institutes of Health
Consensus Development Conference state-
ment: hydroxyurea treatment for sickle cell
disease. Ann Intern Med. 148:932-938



NTP-CERHR: Hydroxyurea
50 BN, BREBIUBELSNIEET 4
51 XEELUVRE - RE~AOFEMOENE L VEH
511 & - HEF

IHEFOE Ra XV RFIRFICOWVTHRE SN TETWER, FD RN E I3 HIce B
0% UIRFBITEE LI A ORISR 57 — X 3R+ Th D, i 31 AExfgL L 32
BIOIEHRIZIN T, 3IERIDEEEAT )RR S 41T 5  (Thauvin-Robinetet al., 2001), Z 9
LoD, B Rad U REBEOHELG LB L TWDNE I NTIE-& h LTV, & ReX
UIRFIETR ST DA EN T HHIBT 5 RN EICBET 57 — & 13720,

b Fox URBOFHAOREGITET D 8E T, 1 FFS < BEA~T7 e e ORI
PRRRMERIE) (BT 2 b0 THD, ik (R - FH) LIgELFHE L& T, 1BHRHE
HHHNELELTHLHOIRENTH Y | EEFHRET OBETHE TS o7z, b
A O/ NEDR RO 27 — 23R+ Th D, b FufxvRFEza/ NI EIT
FHHEINIR G ST-AEAOAFEREREIZ B L TIT DV T 7220, 5 NS o0 58 4= 1
2o b UUTFLIREL /NEE, F3FEMCE Fefk U JRBICFE SNED, R E T
B L LT — 213720, NNEITOE N XU REREER O, FEERECEBMEEE Y X7
72 EOREFEA~O RSB B DiRET — 213720,

FATMEL, FRIMIZIBN T, RFORED b R ¥ U fRBAERS LU 7 v h~OE
PARTGEL CRHI STV D, T v MIIBWT, RHER~DIEYR 7 H~20 H ® 200 mg/kg A5/ H
TR D BRTRL 721 3ER 6 H ~15 H TO# 300 mg/kg (KH/ H CTORE OBRFER I, AF R ORI,
REDOWD, BIXOEFFIWE OO PABD LN TERY, W7 — 213, B Fr XU REN
T v MIXT 2 E CTh 5 L ittt 201+ Th 5 (Alivertl et al., 1980), 5
(2, HHE 9 H~12 HIZHW T 100 mg/kg R/ H ORFVENEE G 2521 7= RO B AE E i+ 7
v N TCIE, AR KOMTEVER 27~ LT 8N L7= (Asanoet al., 1983), 44z 6 H~
17 BIZIHWT 200 mg/kg (RH/H OO G2 T -/~ U AL EE N~ T ATHBNT,
AHEROBENN, REORD . 36 L ORI - SEFEEOEMAGRD HALTEBY | b Fr¥IjRE
D3 AR U CATERMIEE CTh 5 ikt 57007 — 23+ Thb, ZH LT —
2%, B PAKIFSIVELEEROFHMHICER TH D LB DNDHD, B Ra XU RBEHED
Y ERE DI E~DOFBLTUET 57-0120F, F— IR+ Ths, £7-. HETICE
R 3 S fRFAETE SN -5 HIERIC RIE SIS D A T 2 720 DF — & b RK+-4>
T b,

200 mg/kg Dt FuFUfRFEA, 2 OO (BIENEZITRA) oOnThrcibsInt~
UATIE, 5% 24 FRIORTIC, HEEOK 90%t FrF R e LTl s

(Adamson et al., 1965 OO Table 2) 73, ZDZ &iE, #&0O F 23BN GZDOEY
FHIRIAREDFER I m < . HEDK) 10% LOMRET S NR2NZ & A2/ LT 5, BloaEER (Van
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den Berget al., 1994) Ti%, b FRXURFEOMIES VT T AMi%x, X— K~ 7 A~ 100
mg/kg REZGVENE G L7z 1 RERRZRICHIE U, SEiRE X 51% 10 5T 86 ug/mL Th
0. SRR 11 e B SR,

b MR D IEYEE R RBRO—BR & LT, ERRRA 7 AZx L C, 15 mgkg (KEDH
BCHTEAAZRORS L, 5% 36 Rl T, BKED 38%7t FuFk U REE L TR
PICEI E 28, ZhuE, 62%DRFEEPR# SN2 L 2R L Td (Yanet al., 2005),
T AV DR Cle e MR BE (T Bl L 7 FFREI L 15 /0~ 1 ORI CTH v | e IR E O
BIEEOYELEIL, 28 pg/mL Th o7, MBI 8.1 K & B Sz (Yanet al., 2005
DHAED Table IT)

b L. BSOS RSSL L, R X — R~ 7 228 15 mglkg AE (b R F I REDOE k
~OIpEE &) ORGEZT5E, R FEREIL 18 pg/mL 372 b e M CTOREHE
EOKPESTHS 5, AHEEN D, BB O TEREN DD b N XU RER G TORK
EISRERIEMIL, BETOE MZbebahd e Ra XU RBEMTRE L F%EThr 2 &
DRI S5,

X512, Beliles 5OET /L (1991, %A Table 8) 2k 5 &, IHRAEHRIEADREHET
&% 10 mgkg KE/A DOt RrX VIRFELELG It MBI 5 AUC (i i T
f#) L. Asano 5 (1983) OFRBRCRAFMEINGED SN -HETH D 100 mg/kg (KH/ H O
H&5Z1F727 v MBI % AUCIZRIL TH D LHEE S D,

HYBREI R 52 DRFE, B M FPSAOEW & O], E i & RSO 2t &
DHETERIDH DM, & FuX U RBOMPEEL, BAECHFIERNRBD NI E, B
Ra i ABREZIT TndH e MEE L THRETH L EHEE SN D,

512 45

b MIBIT DT —Z1F780N,

ERANCRLT, EREWIC T DT RIE, MERE & & ATERHEE B IR L TRAEXRE L T D,
T NIRRT RV REICREE LI 25 (19400 mg/kg (RHE/H~460 mg/kg &
F/HT70 H~90 AR, HEEEORD, /L b UMIEE~OFE, B IOKIE COM

JaA B OFER DR Bl (Mecklenburget al., 1975; Rich and De Kretser, 1977)

< AT U CHE 2 e HE TG Z2E L7238 (Everson and Jost, 1993) TiX, & Ra¥v
JRFED 5 HEREERN# ST 50 mg/kg KB/ H 2 & KA TR AT~ DA EEA N R E T,

IR T » F~500 mg/kg (AE/H Dt Fufk U RBZ MRS H~8 HE TR FREGLIZE 2
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A, FERNREEOHD B L OFERNEO 7= AIX<E - DNA &80 R 517 (Spencer
etal, 2000) 7%, ZAUE, b FEFUIRFEN, FEABRTOMIIEIEICE L2 L 2R L
TWb, ZHLSMT, b FrXURBIZE D A TS ktE~OAbEEERET 5, EEREWIZE
TAERT— 2130,

b N X URFEAOUREEDN, ZIRAES1F K OMEEDOAFHRE )52 2 5B % + il T 5 7=
Wik, EREWICEB T FBRIIA TR b O LRy, TNETOT—Z N5, B RedUjR
FL, FEREHORE TR EEET D Z LIRS TS, 2) LizT—X%IiE, B RafUjR
FN, b FOEFECBWTHBEINERT 5 R4 HME T 2 DICHAHTH 5 & Bbivd,

52 E MREEOEH

b Ru U REIT, SRRARMEREZFRE L TW AT LT, E- B E R A s 72 & o
Bz TR MRS OIS L C FDA BRI STV 5, #AHSMER & LT, B ffitE
PEBER, HpiE, HIV EYYEOIRRE, 3 L UBRIRARMERED/NEDIRRR T b b, ED<
BWVORAB IOVNERBIEE Ru ¥ U RFIGFELZ T TODN, 2B DO AN~ DOz
A E ORI R SINTIAATH D, EDL HWOIHIRRAIES, BRI/ NE~DIRETE % 5|
TEZTE e U READFEELZIT TODINBAITH S, b RaFx U JRE~OEERTRK
¥R I S TRy,

b MANTOE FrFd U REBAFHICEAL T, FEEEOH L FRIIESL TV, & Frfy
PRI LD EHIROIBREHER SN D DT, HnRIENAZI TH L Z LAV L, 2ok
\ZHEMEOER BN 2WEETH 5, SRRIRMERIED AR L OVNEIZRH LT, HEERHMAH &
& LT 10 mg/kg AE/H ~20 mg/kg K&/ H ., e RkHEE LT 25 mglkg K8/ H~35 mg/kg &
H/HAN, ZNFETEH I TS (Ohene-Frempong and Smith-Whitley, 1997; NHBLI,
2002), A&V EWHERIIEIEGOMRRICEN S, BREREZ2FOBHITIIIN LY
BROHEMEEESN TS, & Faf U REFTHRIT, ORI ICIIEED & Z A1 SR
20, IEERFUIRIZ T D e e U RFEOMEME R L OEEREREICEAT 27 — 213
TnThsd,

b FeXFURBEAEREGE SN TV DEE~OEEL L TR Z WM SN bOIE, Bl
ThU, 1T EOGEITIHFHERBIMEZ S X Z 79 (Bristol-Myers-Squibb, 2004) , /M
BHERLA M G IIE LGS, b ek U RBERIT, BHHHMEREOBE T, REEEY
FRDMEDI D, SRR ILERIE O BF (T REBIG O S TG, & OTRIGTER BRI
B2 6000, B Fu XU REEEET 5 b DOROMIOWTIRHETH 5,

AT~V ETE, B FadyRREE b LWBismtmE L LTS TE T,
LL7223 6, b M TOBGREERRNGIE, MRT—2ORR, Mo s, LA
BHHRIA AT D 2 &72 ED D Fhamd G b AL TVORW, B R i & U RFBDOEVEREE T,
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GRS & BN H D & SN TETWD, LnLaas, TARC (IARC, 2000) (X, AFT
~5#%ﬁ\%%%@@%%@tthD#/ FIBR A Z T TV D EF TR 2 2atEA M
OB BERIEMIEGEREOIAEDS, IR RO T2 ER L T D OREDO B2~ LT
WDDE D HIETE & fﬁ{fitmiﬁwfﬁww*@d\J@&A. BiTHE FaxvrE
PIBEIES AR e & OFE Y R 7 A FHET S 72 DIiE, RGBT — 2 13I8+ Th D,

53 20HEHR

s HEMFEZBRL. b FuX VREBIL, HENIRESNRIC, BRER. BERREFSE
BEBREREDY A7 ZHEEILDLRRENH D LWV OIEEETH L T\5, AffmiE
R U PRFBN, Fe RBFOIRPRERTE 25| & 232 & 27T RO EZREMWIZ 1T
BT —HILFEDSNTNWD, FEREMWICKT 5T — b, AL 5 S 2 TIRERE TS
DA IMFIREX, JEFEFT O MEFIZH D SNAMHPIRE L RETH LI RSN, &
MEZERIE b Fa XU RFBITEEEEBOIRFKIMEA I, b Fe X U fRE A AT rTREF
SO F TR ZE AT 2008 9 I ORTET, BEARAN L ZOMYEENTI LDOTHD
ERBER LTV D 4,

o HARZERL. IFRARDOE FuXx U REIT 5 mk~15 ik CRE S ¥ /NEORKRICET
At FaXURBOBPECEHL T, O TOTREBEELIE LTV, EICETS
T — 2%, EHIRBIRRAS KN L TS 2 DIZRER Th - 72, IR L5 mekiiio)s
VZI1T DRGESORBIBT 27 —Z IR+ 072 b D Lviauy,

s HMFZBRL WEARDE FRXFVRBEZEREENTWAIBEMHIZKBITSE FeX U RE
DREFRICKHT 2EBEEICBE LT, BaEA L TW5, AL, BRERS O
DWW R LTIET v b e~ T ARMBOERINZ BT 57 — XIS TnD, 29 LEEE
BRENIC 31T DR TR A 5| S 2 LR EE TR LN D MR, T o M
FHICbbSNHMPRELFSETHLLOEHESND, b Pk U RFBAE L 7= FZ5RE)
WMINZET D, ZIREENCET 27— X372, HEMFERERIT, b Fu XU RFBIFEERD

DOIRFITHEH S4B Re X U RFAZATEFROBMHEITEHT 208 2 hoPEid, BEAR
ANEZDEMDTI O LKL TV D,

4 NEB IO 10 RAPEOEE X, ATERE DM BT 5 IR % Lomf+ AN
T2 ECOHRMINTE DI ERREA L TRV, BEFFERESIT, 29 LEFHtoigw
%3 L CWAERIREEIL, 2 5 LI2HIHC W T, Mg, %ﬁ&@kk%%@éﬁé
LD LE &waé NTP |&, —H DM T, REFEENEEL 51T DA FERERE OISR
BRI, BRI D Z EREHMT HNTND LFERL TV D
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54 BBELEINDIEET—4

b Na X URFETIRET 2 ATREED & DR A R OB BRI AR LI TH D, R
BT & REE, FLIE, N, A, AR S 5 i, BX O CTH D,
b R XU RFBIREEZT TODRE, 70320 QOB WERE ZETe, SRIRIRIMERE %
BLTWOLEEOBSRELERT 5 Z L1E, ML SNHAIEET =X E2/H572DD 1 2DF
ETH D,

b Mok U RFBEREZT TODEE BHONE, T4, ek LORHE) TORYBIRE
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