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ABSrRACT The nonlinear mixed effect modeI 

(N(1NM EM j m eth~ for analysis of population phar 

mac0kinetics，was appIled to evaIulite the re|atire bio 

logical availability of 2 ofloxaein {()f1)products． The 

data ．)f randomized crossover study of 2 kinds of Of1 

tahlets in l2 llea|thy vohmteers were analyzed by 

N()NMEM 。as well as standard pproach． The rela 

tire biological availability evaluated by N()NM EM (F 

一 97．0_=5．0 ) w close to that by standard ap 

pronch (F 98 2± 3．6 ) N() M EM was also valid 

in accttrately evaluating the relative biologicaI avai|abi|一 

；ty llsing i~rse clinical data(F：91．7± 8．O )which 

could not be analyzed by standard approach． Thus， 

the lis ftthless nd advantages of Nt)NM EM were aeer- 

rained for the evaluation of biological availability using 

uI1 1“ l1 f)r experl Fiq~ t I(】at日． 

KEY W ORDS ‘ fl0xacln nh fmac0klnetics hio[ogL 

cal avaRabillty 4 statistleaI mod els 

()floxacin (Of1)． a fluorinated carboxy— 

quinolone against members of the family En— 

terobactericeae and Gram positive organisms ． 

is excellently absorbed and has a long biologi— 

cal half—life ． Patients suffering from vari— 

PUS diseases often received the drugs postpran 

dlally，with multiple doses or coadministered 

with other drugs． The data wL~'e usually col— 

lected sparsely with a few sampling points per 

patient． So it was very difficult for the start— 

dard approach to be applied in clinical tests or 

the routine therapeutic drug monitoring in 

evaluation of relative biological availabilitv of 

drug products ． 
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Nonlinear mixed effect mode1 (NoN— 

M EM ) method was a method of population 

pharmacokinetics in which the extended 1east 

square was used in statistical analysis ． It 

can serve for the evaluation of pharmacokinetic 

parameters of observationa1 data and experi— 

mental data ， to provide the effects of 

patients’age，weight，kind of disease，etc，on 

pharmacokinetics，and to help planning the in— 

dividual dosage regimens ． In this paper， 

N()NM EM  was applied to evaluate the relative 

biological availability of 2 kinds of Ofl tablets． 

M ATERIALS AND M ETH0nS 

Drags The 2 kinds of Ofl products used in the 

hioIogieM availability stgdy were tee reference prod— 

uct． Tarivid (Dai'chi Pharmaeeutic日l Co， Tokyo， 

Japan)and test prod uct(Kunsban Pharrrmeeutie~l Fac+ 

tory，Jiangshu，China)． 

subjeels Healthy volunteers(1O M and 2 F I， 

aged 30．4土4．9 a·weighing 61．6士 8·6 kg，partieipat— 

ed in the study． Patients with respiratory (20 M and 

6 F)or urinary tract infections (5 M and 5 F)，aged 

45．5土 17．0 a，and weighing 62·5土 8．7 kg，entered 

the study． Their liver and kidney function tests were 

all nom a1． 

Study design As for healthy volunteers· after 

overn ht fasting，a single dose of po Off 300 rag was 

taken with 200 ml of water． They were not permitted 

to take food  and  drink um iI 4 h after ed ministration． 

AnDpen randomized crossover study design wills adopt— 

ed． Each dosewasfoRowed by awashoutpe riod  ofl 

wk before the next administration． As for patients， 

after being divided into 2 groups at random ，0n tablets 

were administered 300 mg bid and 200 rag once daily 

for respiratory tract infections and urinary tract inlet- 

lions，respectively． 

Serum slimpIing In healthy volunteers，blood 

samples (2 m1)were taken prior to dosing and at l， 
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1．5，2，2．5，3，4，6，8，10，12，l4，24 h aftermedi— 

cation． In patients．blood samples were taken before 

medication and 1— 6 points at 1，2，3，4，6．8，10 h 

after dosing． Serum samples were stored at 一 2O(’ 

und assay． 

Assay Serum Ofl concentration was assayed by 

an improved HPLC method ”． Instruments consisted 

of a WGP-6 pomp(Zhi5iang Technical|nstrumenl Fac— 

tory．Hangzhou)一a Beckman 157 fluorescence deter— 

tor，a Beckman 427 integrator and  an Uhrasphere IP 

(5胂 )4．6 mm ID 25 cm colunm (USA)． The mo— 

bile phase was methanol： phosphate buffer 8 

mmo卜L～ ：tetrabutylammonium bromide (30{70：20 

by volume)with a final pH 2．0． The retention time 

0f0f1 was 6．96 min at aflow rate 0f n 7ml·rain—i． 

The accuracy of detection was up to 0．01 pg·ml～ ． 

The recovery rate was 96．7士 5．9％． Calibration 

curve of 0f1 was linear within a range from 0．065 to 

2．o2 pg·mI ． Coefficients of variation within a day 

and between days were 2．5 and 3．3 ，respectively． 

Standard appi-oach It depended upon a 2-stage 

analysis requiring individual parameter estimates in the 

first StaRe．The pharmacokinetic parameters and  peak 

drug concentration (C咖 )，time of peak (丁刚k)and 

area under the 0fl concentration—time curve (AUC) 

were obtained  by PKBP-N1 program carried odt on an 

m M PC—XT microcomputer through model fitting． It 

was only for experimental data of healthy volunteers． 

The f test was carried out to detect any g nlficant dif- 

ference between the reference product and the test 

one- 

NONMEM  method Data sets of healthy volun— 

leers and patients were all analyzed bv NONM EM  pro— 

gram (version lIl，level L．2) ． running in a SlJN 

model 4／1 lo work station with a Sun OS Release 4．1 

operation system (Unix)． 

Mod el：The
．

phe rmacokinetic model fitted to the 

serum drug level—time curves was a 

ope n model with first-order absorption and first-order 

elimination ”． 

Cp= ce-Ke．- e ¨  7o [1j 

W here F stoo d for the relative biological availability of 

Off (F= 1，in the case of reference product)}毛 ，ab_ 

sorption rate constant}K ，elim ination rate constant} 

Vd．the  volume of distribution,D，the dosage；巴 ，the 

initial concentration，and Cp，the predicted Col~entra— 

lion． 

The statistical mod els ”were shown in equations 

2——6． 

Fj=F+ [2] 

koi一 。+ [3] 
一  + · [4] 

Vd，一 + [5] 

ci 一e． + [6] 
W here F， ，丘 ， represented the true pharma— 

cokinetie parametersf竹 ， J， ，， I，ciJ，the ran- 

dora deviations；Cu，the ith observation in jth subject{ 

and Cl，'the pred icted ~alue． 

RESULTS 

Standard approach The relative biologi— 

cal availability and pharmacokinetic parame- 

ters of Ofl in healthy volunteers showed no 

significant difference between the 2 Ofl prod— 

ucts (Tab 1)． 

NONM EM analysis The parameters and 

Tab I· Pharmacektnetlc parameters of afloxacin obtained by standard approach ( )and NONMEM method In 

hearhy volunteers． ‘P> 0．05饵 reference product． — l2， 士 
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relative biological availability of OfI estimated 

by NONM EM using the same data obtained 

from healthy volunteers were very close to 

those estimated by standard approach- The 

relative biological availability derived from the 

2 methods exhibited no significant difference 

(Tab 1)． 

Results of observational data These data 

had only a few serum levels per patient collect— 

ed during clinicaI therapy． NONM EM could 

be fixed relative biological availability up to 

100 (restricted mode1) and a pharma— 

coklnetic parameter F (fulI mod e1)． It also 

provided the value of minimum oEliective func— 

tion which equaled to minus twice the maxi． 

mum logarithm of the likelihood of the da— 

ta“ 
． After fitting fulI and restricted models 

respectively，difference in minimum objective 

function between the 2 models (1．01)was ap— 

proximately distributed Chi· square with 1 de-- 

gree offreedom． For a 0．05leveItest(弼 fl5,l 
一 3．84)．the hypothetic test indicated that F 

showed no significant difference between the 

test product and the reference product． Tab 2 

showed the results of NONM EM analysis of 

elinicaI data． 

Tab 2- Population plbarmmcoklneUe p|f|L_ of 

ofloxK in In clinical paUm ts 0bII‘ned by NONM EM  

m ethod． R 36． 

D USsloN 

In healthy volunteers， the reference and 

test Ofl tablets in biological availability and 

pharmacokinetlc parameters analyzed by the 

NONM EM method  led to almost the same re- 

suits as those by standard approach (Tab 1)- 

StatisticaI analysis showed that there were no 

significant differences between these 2 Ofl 

products． The results of standard approach 

and NONM EM were al1 consistent with litera— 

ture“” reports． 

Tab 2 showed the superiority of applying 

the NONM EM method to evaluate relative bi— 

ological availability and pharmacokinetic pa— 

rameters to the observational data． Because 

the N0NM EM method using extended least 

square <ELS)which can explain more compli— 

cated error mod eI than the simple nonlinear 

least square“ ． After collecting a large hum— 

bet of data from patients，accurate estimates 

could．often be obtained by this method． 

NONM EM is a yet unfamiliar data analysis 

technique，it requires an explicit statement of 

a population pharmacostatistieaI modeI and a 

great deal of experience on the part of the ana— 

Iysts． Thus．we had to consider the tradeoffs 

of the experimental and observational data in 

the abundance of data，cost of data，complexi— 

ty of analysis，certainty of conclusions and the 

relevance of conclusion ． 

The relative biological availability and 

pharmacokinetic parameters of ofI products in 

a well--controlled study using healthy volun-- 

teers will sometimes be different from those in 

clinical patients especially when the type and 

severity of disease，coadmlnistration of other 

drugs and other factors affected these values． 

In this ease，the NONM EM  method was con— 

siderable much more helpful for doctors to de— 

termlne the dosage regimen for indlvldual pa— 

tlents ． So the present study showed the 

usefuifiess and advantages of NONMEM in the 

evaluation of the relative biological availability 

and pharmacokinetic parameters in routine 

elinicaI drug therapy． 
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摘要 用 NONMEM 法估算国产和 日本进口的氧氟沙 

星片的相对生物利用度(F)． 在健康 志愿者中两种片 

荆的生物利用虚无显著性差异．NONMEM 法(97 r 3t 

5．0 )与 传统方 法 (98．2土3，6 )得 到 一致 的结论． 

用 NONMEM 法分折在临床病人中收集的零 散数据 t 

得到呼吸遭和培尿道感染嫡 人国产氧氟抄星片的相对 

生物利用度为91．7土8．0 ． 

关键词 墨墨鲨里 楚塑垫垄兰+ 
计模型 

生物利用崖} 统 
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