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of flutarnide and its metabolite 2-hydroxyflutamide 

in normal and hepatic injury rats 
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AIM ：To develop a Ilgw HPI．C assay to stuay the 

Dh锄卫 cd n出 of flut,mfide (Flu)and its active 

metabolite 2．hy&oxyflutamide (I-IF ) in rats． 

M匝TI加帕s：Normal orhepa~ injury rats眦 given 

ig FIu 50 mg·kg～． Reverse phase 眦 Ⅻ  

devd,n,ed with a~-Bon ,tapak C 18 eolunm． Internal 

s抽n(Ia珂 was methyltestostemt~． The m0bile phase 

惴 a mixture Of methanol：ace~on itrile：water：diethyl 

ether=40：舶 ：35：1(vo1)．Atn~oaneewasmeasored 

at m ， REslII腮 ： The pbaIma 

D缸卸met ofFlu w豇e as follows；in nonm l rats，K 

=0．62-i-0．16 h～，a =6．0-i-1，0 L·kg_‘·h～， 

AUC = 8．6± 1．3 mg。L ‘h， C = 2．4-i-0，7 

rag·L ：in hepa~ inju~ rats，K =0．16±0．03 

h一 ，17／=0．63±0．29 L·kg一 ·h一 ，AUC=100± 

44 rag’L ‘h， C = 6．7± 2．8 rag。L～ ． 

口k 珈 蜘 c p跹 ne呶 s 0f研  觞 follows：in 

normal Fats，甄 m]=0，07±0．01 h～ ，AUC=219-I- 

22 nag。L ’h，Cm =8．6±0，6 rag‘L ；in h 

inju~ rats， (m)=0，O5±0．01 h一 ，AUC=170±42 

rag·L ‘h，Cm =3．8±0．8 rag‘L～ ， There 

significant 血陆 I潲 between the paratmm ~ of 

nonml and b￡ cinjl rats(P<0．01)exceptAUC 

0fI-IF (P>0。05j， cI，N‘=I ISION； 眦  

assaywas semitive and precise．andthe elimin~ion of 

Flu and I-IF was inhibited si 痂岫 dy due to beI，a石c 

_mjury． 

Flu∞mide(Flu)is a nonsteroid antiandrogen drug 

employedin thetreatment 0f prostate cancer．anditis 

rapidly and c~npletely abf~l'bed and excreted mainly 

through the kidney． At least ll metabolit~ ale 

present． The major metabolite 2-hyd~xyfluramide 

Ch 瞅 ∞ Prof LI Duan． Plan 86-21&40~-1~00， -2558 
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(盱 )blocks androgen II~epors g~eaterthan Flu． nle 

elimination half-time of盱 is greater than Flu．too ij． 

le therapeutic effect of Flu js largely due to 盱 加 

Ⅷ ，soitisin 0nanttomornitortheplasmalevels of 

Flu and盱 simultaneously． 

Severalmethodsforthe determination of Flu and 

盱 have been reported ． They have c~Ttain 

limitations． such as complex detection equipment 

employing radioactivity and electron capture 

detectiont2,3]
． a large sample volume(2 mL) ，lack 

ofan internal standard -6J，or onlyfordetemaination 

ofHFL4．5j． Accordingly． intended to develop a 

simple and sensitive HPLc method to de termine Flu 

and 盱 simultaneously． 

Flu is primaftly metabolized via hepatic 

metabolism ． Hepatic iniurv is ass~ iated  wi 吐l 

decreases in me tabolizing enzymes an d cytochrome 

P4,50 contents I J． T11e clea~ oe 0f Flu Ⅱ1j曲 t be 

prolonged due to hepatic injury． TMs study was 

de signed  to compare the ph~ kine tics of FIu and 

its active me tabo lite HF． and study the excretion in 

ilnne aunng hepaticinjury- 

R O H 
l II l 

(CH3)2C— C— N 

R ：H 玎 utamide 

OH 2-rtvOro~ynummtde 

NO2 

Reagents Flu(yellow crystal， ty>99％．nip113 

— 114．5℃)was made Hongqi Phannacemical Fact~y of 

Shanghai Medical Unive~ ty． Suspension of Flu ∞ r~repa,ea 

in 0 5 ％ sodium carboxyn~dayl cellulose a1the concenli~fioll of 

5 0 g。L‘。 was
．
synthesized PrDf X1A 哩 

( 旷廿T t of 0 ic Che~stry，School of P}岫咖cy． 

mghai Medical u v∞时)． Meth~ol and ace le ere 

HPLC reagents． qclohexane．aiet,yl ether， O weIe of 

AR Methyltestos~erone was used an internal standard．and 

D }la刚 lama Sigma． 
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S妇n血 rd s0lud0II Stock solution of Flu 讲 HF was 

p~pareain methanol at the concentration of 1 0 g。L～ ，and 

storedbelow 4 cc 

Rats Sprague-Dawley rats(conventional即 de．0，n= 

25．24O一270 g Ce~ificate № 02-22-11 conferred by Shane．~  

Medical Experire,~tal Anirml Manageraent Co． nee1 

purchased from Experimental Animal Cen~r of Shanghai Medical 

University RaB reinjected sc CChl 5mL。 ～ Serum 

almait,de甜nin(虹a fer嫩 (AlaAT)，【0删 bilu'uh ‘Bit)，and 

albumin(Alb) determined at 24，48，and 72 (Tab 1) 

CCh poisoning were used 24．h after sc Cchinfollowing 

experitrcrcs 

= 5 rats．x ±s． >0．05． <0．01 normal 

M edication and sampling Ratswere givellig 

卜1u 50 mg·kg～ ． Blood samples we collected at 

O． ，l，1．5，2，3，4，6，8，l0， l2，24，and 48 h 

via caudal vein hepmi nized， plasma was separated． 

Urine samples were collected by individual metaho lic 

cage PlBsnla 0．1 mL of"urine 0．5mL with intemal 

sm la工d methyltestosterorte【15 mg’L～ ，0 75 g In 

methanol 0．05 mL)and l mI_PH 7．6 phosphate buf 

solution(0 01 m0l·L一0)was extracted with 3 mL 0f 

organ ic solution (cyclohexan e：diethyl ether： 9：1． 

vol／volj twice，after centrifugation (2000 g． 15 

min)．the solvent was evapomted at 50 ℃ under a 

nitrogenflow． e residuewas dissolved in 50 uL of 

methano1．and10 Lwas Iniected for HPLc． 

IⅡ Waters HPLC system consisted  of 5l0 

pump，486 Uv detector，u injector(Millipore 

Corporation，USA)． 啪 C column： v-Bondapak 

C I8．】0 f m，3 9 film x 3o0 mm (USA)， An 

equilibrating model recorder X l04 was the product 

of Shanghai DahLia Instmment Factory． Mobile Dhase 

was amixture of TT1ethanol：acetonitrile：water：diethy1 

ether=4．0：'20：35：l(volj，prepared and degassed 

daily． ChromatographY assay was performed at loom 

tem【perature(20℃ )using aflow rate ofl mL·min 

whieh produced a back pressure of 2000 PSI 

Absorbance was measured at 234 lira with 0
． 03 

absorbance un of fun scale【AUFS)． 

Q~antitation and linearity The standard 
curves sho wed a good linearity over a range of 0 1— 

20m旦-L f0r卜1u(plasmfl Y=一0．O54+1．4】x， 

r=0．99~9；mine Y = 一 0．0078 + 1．Il X， r= 

0．9993)and HF (plasma Y= 一0．O065+ 1．1l X， 

r=0．999日： mi ne Y ： 一 0．019 + 1．20 X． 

r=0．9994)． 

Recovery Extracting recovery for the method 

was de termined  by evaluatIng the peak height ratio of 

extracted plasma to unextracted methanol standards by 

adding 0．1，0．5，or 2．0 Hu an d肝 to O．1 mI_ 

blank plasma or 0．5mL blank urine(Tab 2) 

Tab 2． D ac血1gfe唧 ely ofFluand l in plasma 0r 

ll／ille． n=4eq 舢 b， ±5 

The accuracy and precision of the method  were 

determined by calculating the coefficiency of variation 

(CV)at each control concentration ofeither Flu or HF 

(Tab 3)． 

Tab 3． Combined intra and inter·day acctwacy and 

p~ lsion． n =5 experiments ． ±5． 

Pharmacokinetics The pharmacokinetic pam 

meters of卜1u an d its metaho lite 肝 were calculated 

according to the method~⋯
． The data wel'e analyzed 

with a PK GRAPH software (provided by Department 

of Pharmacology， Shanghai Second Med ica1 

University)on a 586 personal computer to determine 

the comparm-tent model an d the pharmacokinetic para 

meters． Comparison of nharmaco kinetic paragle[ers 

bep~een groups was carried  out with F-test． 
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Chromatography The re were no endogenous 

interferences at the retention time(T )of Flu，HF， 

and methyltestosterone from the biological drug-free 

control (Fig 1)． The T of HF， Ru， and 

methyltestosterone w∽ 4．5． 5．5， and 6．6 min， 

respectively． Th e minimal detee tion conc~ntfatiofls of 

Fluan dI-IF were 0．05 and 0 lmg·L～ ，respectively， 

at signa!，to nojse ratio of 2． Th e detection limits of 

Flu andHFwere 1 and 2 ng，respectively． 

Plasma po~dose 

Spiked udne Urine postdoae 

Fig 1， ~ togrmns of HF (a)，Flu (b)，and 

methyltestosterone(c)， 

Pharmacokinetics 1]he cuiwe for Flu offer ig 

in rats was fitted with 1-comparmaent mode1． Flu 

elimination was inhibited due to hepatic jniury in mts． 

K decreta lfrom 0．62±0 16to 0．16±0．03 h_。(P 

<0 01)． n  was prolonged from 1．19±0．29 【0 4．4 

±0 8 h(P<0 01)，clearance decre&~,edfrom 6．0± 

1 0to 0．63±0．29 L·kg一0·h一。(P <0．0lj． 

Auc 0f FIu was higher in rats with hepatic injury(100 

±44 mg·L—1．h)than that iI1 nomflal rats(8．6±1．3 

mg·L ·h)(P <0 0])． The Vdfor Flu was1owe~r 

in rats with hepatic injury(3 9±1．8 L‘kg_。)than 

thatin nomflalmB(10．2±2．4 L· )(P<0．(11) 

、 is the constant of elimi nation rate of 

metabolite． K r rn)of盱 weie 0．07± 0．01 h in 

nomm]rats and 0．05±0．01 h in hepatic injury rats 

fP <0．01)． n was prolonged from 9．9±0．7 to 

14．8±1．9 h dueto hepaticinjury(P<0．01j． AUC 

of盱 tended tobelowerinratswith hepaticinjury(P 

>0．05)． 111e elimination of HF was jnhibited ，too 

111e elimination of HF was fitted  with elimination rate 

limited(ERL)model，and K was greater than lm) 

(Fig 2，_rab 4)． 

8 '8 24 32 4口 48 

ng 2， Flu and 唧 concentrations of plasma in 

normaland oCh·poisoned rats．n=5 rats- ± ． 

Excretion in urine 

excretion ofFlu in urine jn 

Percentage of cumulative 

normal and hepatic inju：y 
rats at the dosage of 50 mg·k口～ were 0．078 ％ ± 

0 023％ an d 0．078 ％ ±0．027％ ．respectively(n= 

5 rats．P>0．05)；but there was difference jn ％ of 

cumulative urinary excretion of HF be tween nolTflal and 

hepaticiniury rats：0．067％ ±0．024,％ vS 0．11％ 

±0，023％ (n=5 m诲，P<0．05j． 

DISCUSS10N 

We developed a simple and sensitive Dn)c0dure 

which could he employed for thean alysis ofFluan d 

，  

● ● ●●—叮●● 

． ．

J．口E ＼calI■#l cau 
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Par~m clcr 
FIutamidk 

N0 P0 on。d 

2-H~ltoxyilmamide 

N~ mal sc 试  

HF simultaneously． n e three—dirnentioua l structures 

OfRu and HF were similarto lestosterone．sowe used 

methyltestosterone as the internal Stal~lald for HH C 

assay． The maximum absoFbance wavelengths of FIu． 

HF，an d methyltestosterone w~'lc 997，226，and 241 

nm ．respectively． They all had evident abs0—)arIce at 

234 nm ． 111e detection 1imits of Flu and HF fe l 

an d 2 ng． respectively． e mobile phase had no 

inorganic salt，an d its pH approximated to 5．6．Th ere 

were 山ree HPlC methods for an alysis of FIu or 

HFL㈨  They were all lack of intemal standard． 

111erewas only onemethod foranalysis of FIuan d HF 

simultaneously ． Ib detection limits of FIu and I-IF 

were1．5and4．5 ng．respectively． 111epH ofmobile 

phase was 2．9。it would threat the column life． Its 

extraction procedure was simpler than OUPS． 111e other 

two method s were only used to determine }玎F． 111ere 

was phosphatein the seco nd method 。and its detection 

limit was 6 ng 111e pl踟 a sample vohmae was 2 

mL in山ethirdmethod．and its detection limi t waS 2 

n ． Th ere was one gas— liquid chromatographic 

method  using arI intemal stall~ to determine FIu 

an d HF．butitwaslimited by employing Cad．Ni electron 

capture delectoF ． The intemal slandard was 4-nitro-3一 

obtain 

X f ·K 
A(m) 

which was diI五cult to 

Klm) 

A e(m) 

Kmistheconstarltofformation rate ofmetabolite， 

and{ is fraction ofmetabolite formation． { ：1 is 

theprerequisiteforthefollowing equation： 

C( )：———； ( 一 一一 一Kim)1) (m) —  一 L ⋯ J 

While K is greater than (m)'after enralghtime， 

e一 tendsto zero。sowe can calculale K(m)l(J Jl 

Our data showed the elimination  of active 

metabolite HF was fitted with ERL model， K > ( 

bothin normaland hepaticinjury rats． (m)and 

ofHFwere 0．07±0．01 h一 and9．9±0．7 hin nd删  

rats。 respectively． If rats given ig 断 S0 

mg‘kg— directly，its K and were 0．14±0．02 h 

and 4．9±0 7 h，~spectively (unpubXisrea data)． 

Our results suggested tllere might be feedback inhibition  

of HF elirainalion  due to 0血er metabolites wbile the 

rats were given Flu． 

The decreases in and clearance ofFlu resulted 

in statistically significant changes in K and in rats 

with hepatic injury．These results reflected a slower 

me tabolic clearance ofFlu with hepatic injury in rats， 
~ ulting in a grentty reduced first—pass effect The 

AUC ofthemetaboliteHF showed alower他 ndin rats 

with hepaticinjury(．P>0．05)． 

1 Katchen B． IhJxlmam S Di I_啪 of a new， n~ temid． 

a口曲 Ildr0gcn，a，口，~tfilfooro-2-meihyl-4'-nJUo-m—pcopiol~ oluidide 

(Eul~r,lde)，inm following a k 2OO呜 dose 

a in Endochnol Metab l ；41：373—9． 

2 f E· h s G， ho S． _̈l|gl N． 

Single and咖 IⅡp 由 —盥l口acd _ cv I_【l帅 of n嘎劬 de in 

眦哪 lric voluple~s J a  Pt T岫∞¨ 硼 9；29：5 一8 

3 zM ． A．Boon F． H 

~ netics of~taamkle aad rTI丑j0r m~abaliles after a 

siTIgk oral dose aad during~la~aicⅡ嚣岫IellI
．  

EarICain阿础T酬 l蝴 ：34：633—7． 

4 Asade RH．Pr嘶 I L，M JP．n  J 
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Ste~ y-stale h3Mroxyflutamide pl~ma levels after the administratio~ 

oft dosagefc~rlm offlutamide 

Cw 0  r 'Phammcoll l；27： 1l—S 

5 Belanger A Gi~ xm M ．Coulme J．DuM lA．Cumm L．Labfi+F 

P]~+mma]evels of hvdroxy—flutmlide in p~tients,Mth pt~-aatic C；：ImK2I~ 

receiving lk 脚  n刚 hormonal I~ Vpy： 舶 U豫 H and 

thtlamide． Ptoslate l9疆! 12： 一84． 

n Fa~hing D．Sica D．Fakhry I．W Ie DL，cefali EA．Allan G 

termination of flutamide and hydrox．ytlutamide in d plasma by a 

n live hi曲 pc 盯1 e liquid r咄 0邑r： method utilizing 

mid-lxme cII t。 甲hy Biomed 01lDmal(Igr IE珥 ；8：2．5i一4 

7 Ho~len( ．BimieGG．Brodie~Ⅱ． 

DmE metabolism Iivet di：i~Lqe 

Ptmrnmco]11lerl嚼种： 1：4抑 一74 

Huang WY ． Liu GT Mechanism of the protective a~tiOtl of 

kop,,inirte 址n hepatotoxicity of carbon tetractflofde 

Acre Pharmaco]Sin l ：10：461—4 

9 LiD Drug activeiretabolite and clLaica]monltcdng 

～  

藏他胺厦其代谢产物 2．羟基氟他胺 
在正常厦肝损伤大鼠的药物动力学 

许长江．李 端 
， — — ～

— — — — 一  

7，』 

(上海医科大学药学院药理学教研室，上海 200032，中国) 

关键词 皇 ： 
肝 ：四氯化碳中毒 

2一辇基盈丝照；堑塑 堂 
高压液相色谱法 丹f稚伤 

目的：建立一新的高压液相色谱法用来研究氟他 

胺(Flu)及其活性代谢产物 2．羟基氟他胺(HF)的药 

物动力学 ． 方法：正常及肝损 伤大鼠灌 胃 Flu 50 

mg· 一 采 用反相高压液相色谱法，以甲基睾 

丸素为内标，流动相 为 甲醇 ：乙腈 ：水 ：乙醚 ： 

40：20：35：l(体积 比)，检测 波长为 234 nm． 结 

果 ：Flu的 与 cf分 别由 0．62±0．16 h 及 6．0± 

l 0L·kg ·h 喊小到 0．16±0．03 h 及 0．63± 

0．29 L· _。·h (P<O 01)，AUC与 c眦 分别由 

8．6±1．3 m把·L ·h及 2．4±0．7 mg·L-。增 加到 

100±44 mg·kg一 ·h及 6．7±2．8 mg·L一 (P < 

0．O1)． HF的 I 1由 0．07±0．O1 h 减小 到 0．05 

±0．01 h (P<0．01)． 结论：在肝损伤大鼠，Flu 

与 HF消除受到显著抑制 ． 
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