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Application of NONMEM method to evaluation of
relative biological availability of ofloxacin’
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ABSTRACT The nonlinear mixed effect model
(NOINMEM ) method {or anabysis of population phar-
macokinetes . wos applied to evaluate the relative bio-
logical availability of 2 oftoxacin (M) products.  The
data of randomized crossover study of 2 kinds of Ol
tablets im 12 healthy volunteers were analyzed by
NONMEM. as well as standard approach.  The rela-
tive biological availabibty evaluated by NONMEM (F
= 87. % = L0 b was close to that by standard ap-
proach (F=98 24 3. 8% ). NONMEM was also vahid
in aecurarely evaloating the relative biological availabul-
ity using sparse clinical data ¢ F=91.748.0 %) which
Thus,
the usefulness and advantages of NONMEM were acer-

teuned for the evaluation of biological availability using

could ot be analyzed by standard approach.

nhservanot] or cxperimental data.

KEY WORDS oftoxacin: pharmacokineties s biologi-

cal avalability; statistical models

{Mloxacin ((Ml), a fluorinated carhoxy-
quinolone against members of the family En-
terobactericeur and Gram positive organisms'!
is excellently absorbed and has a long biclogi-
cal half-life - .

ous diseasex often received the drugy postpran-

Patients suffering {from wari-

dially, with multiple doses or coadministered
with other drugs. The darta were uzually col-
lected sparsely with a few sampling points per
patient. So it was very difficult for the stan-
dard approach to be applied in clinical tests or
the routine therapeutic drug monitoring in
evaluation of relative biclogical awvailability of

drug products'?,
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( NON-
MEM ) method was a method of population
pharmacckinetics in which the extended least

Nonlinear mixed effect model

square was used in statistical analysis'!. It
can serve for the evaluation of pharmacokinetic
parameters of observational data and experi-
data™, the effects of
patients’ age, weight, kind of disease. efc, on

mental to provide

pharmacokinetics, and to help planning the in-
dividual dosage regimens'®. In this paper,
NONMEM was applied to evaluate the relative

biclogical availability of 2 kinds of Of] tablets.
MATERIALS AND METHODS

Drugs The 2 kinds of Ofl products used in the
biological awvailability study were the referemce prod-
uct, Tarivid (Daiichi Pharmaceutical Co, Tokyo,
Japan) and test product (Kunshan Pharmaceutical Fac-
tory, Jiangshu, China).

Subjects Healthy volunteers (10 M and 2 F),
aged 30. 4+4. 9 a, weighing 61. 61 8. 6 kg. participar-
ed in the study. Patients with respiratory (20 M and
6 F) or urinary tract infections (5 M and. 5 F), aged
45.5+ 17.0 a,» and weighing 62. 5+ B. 7 kg. entered
the study. Their liver and kidney {unction tests were
all normal.

Study desipn  As for healthy volunteers, afrer
overnight fasting, a single dose of po (UMl 300 mg was
tken with 200 ml of water. They were nou permitried
w take food and drink until 4 h afrer administration.
An open randomized crossover study design was adopt-
ed. Each dose was [ollowed by a washout period of 1
wk before the next administration. As for patients,
afrer heing divided into 2 groups ar random, Ul tablets
were administered 300 mg bid and 200 mg once daily
for respiratory tract infections and urinary tract infec-
tions, respectively.

Serum sampling In healthy volunteers, blood
samples (2 ml} were taken prior to dosing and at 1,
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1.5. 2, 2.5, 3.4, 6. 8, 10, 12, 14+ 24 h after medi-
cation. In patients. blood samples were raken hefore
medication and 1 —6 points at 1. 2, 3. 4. 6. 8, 10 h
afrer dosing- Serum samples were stored at — 200
UDEiL 4S32Y.

Assay Serum Ofl concentration was assayed by
an improved HPLC method'”.
of a WGEP-6 pump (Zhijiang Technicat Insirument Fac-
tory. Hangzhou). a Beckman 157 fluorescence detec-
tor. a Beckman 427 integrator and an Ultrasphere IP
{5 pm) 4.6 mm ID 25 cm column (UJSA). The mo-
bile phase was methanol: buffer
tetrabutylammonium bromide (30:70:20
by volume) with a final pH 2. 0.

Instruments consisted

phosphate
mmol-L77;
The retention rime
of Off was 6. 96 min at a flow rare of 0. 7 ml-min~L
The accuracy of derection was up to 0.0l pp-ml™'.
The recovery rate was 96. 7 + 5.9%. Calibration
curve of Off was linear within a range from 0. 065 to
2.92 pg-ml~'. Coefficients of variation within a day
and between days were 2. 5% and 3. 3% . respectively.
" Standerd approach It depended upon a 2-stage
analysis requiring individual paramerer estimates in the
first stage- The pharmacokineric parameters and peak
drug concentration {Cms.), time of peak (T ) and
area under the Ofl concentration-time curve {AUC)
were chtained by PKBP-N1 program carried our on an
IBM PC-XT microcompurer through model firting. It
was only for experimental data of healthy volunteers.
The ¢ test was carried out 1o detect any significant dif-
ference between the reference product and the test
one.
NONMEM method Data sets of healthy volun-
teers and patients were altl analyzed hy NONMEM pro-
gram {version III. level 1.2)7, runniﬁg in a SUN

Tab 1.

model 4/110 work station with a Sun (OS5 Release 4. ]
operation system (Unix).

Model: The pharmacokineric model fitted 1o the
serum drug level-time curves was a one-compartment
open model with first—order absorption and first—order
elimination™’.

F-Dek,
G =¥ — K.}
Where F stood for the relarive hiclogical availability of

(e — e%") 4 et [1]

Oft (F=1, in the case of reference product); 4.+ ab-
sorprion rate constanty K.. elimination rare consrant;
V.. the volume of distributions D. the dosage: C.. the
initial concentration. and Cp+ the predicted concentra-
tion.

The statistical models"® were shown in eguations
2—#.

F=F + 7 123
ko, =k, o [3]
Eo=k. 4 1o [4]
Vi=Vi+ na [5]
C,=C,+ & (6]

Where F, ks K., Va4 represented the true pharma-
cokinetic parametersy Wi, To. 7o, ¥, &, the ran-
dom deviations; C,. the ith observation in jth subject:
and €, the predicted value.

RESULTS

Standard approach The relative biologi-
cal availability and pharmacokinetic parame-
ters of Of!l in healthy volunteers showed no.
significant difference between the 2 Ofl prod-
ucts (Tab 1).

NONMEM analysis The parameters and

Pharmacokinetic parameters of ofloxacin obtalned by standard approach (ST) and NONMEM method In

h'ealthy volunteers. “P>>{. 05 vs reference prodoct. #=12. X+s.
Parametec Reference Ofl o Test Ofl *
ST NONMEM ST - NONMEM

AUC,_, /bh-pg-ml™ 25.046.9 — 24.54 6.6 ' -
F?% 100. 0 100.0 98. 2+ 3. 6" 97. 3+35. 0°
B /h7? 2.62+3.18 2.39+3.35 2.96+3. 34 3.17+4. 89"
K./bh™? 0.11440. 034 0. 129+ 0. 036 0. 116+0. 023° 0.137+0. 019
Vi/Lokg™t 1.5440. 40 1.56+0. 31 1.52+0.31* 1.5340. 38°
T /h 0. 60+0. 97 1. 00 0.63+0.51° D. 87
Cous /g +ml™’ 2.940.5 , 2.6 3.14+0.9° 2.7
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relative biological availability of Ofl estimated
by NONMEM 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 11.

Results of observational data These data
had only a few serum levels per patient collect-
NONMEM could
be fixed relative biological availability up to
100% ( restricted model ) and a pharma-
cokinetic parameter F (full model). 1t alse
provided the value of minimum objective func-
tion which equaled to minus twice the maxi-
mum logarithm of the likelihood of the da-

(@ R
.

ed during clinical therapy.

ta After fitting full 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 of freedom. For a 0. 05 level test (%2 4.,
= 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 NONMEM analysis of
clinical dara.

Tab 2. Population pharmscokinelic parameters of
ofloxacin in clinical patients oblained by NONMEM

method. n=36.

Parameter Tt CV (%)
Fryg 91.7+8.0 &7
k,/h™! 2. 519;_1':3. 96 159
Keh™? 0. 14410, 052 36. 4
Va/Lokg™! 1.5010. 40 27.0

DISCUSSION

In healthy volunteers, the reference and
test Ofl tablets in biological availability and
pharmacokinetic parameters analyzed by the
NONMEM method led to almost the same re-

sults as those by standard approach (Tab 11,
Statistical analysis showed that there were no
significant differences between these 2 Ofl
The results of standard approach.

and NONMEM were all consistent with litera-
L13]

produects.
ture reports.

Tab 2 showed the superiority of applying
the NONMEM method to evaluate relative bi-
ological availability and pharmacokinetic pa-
rameters to the observational data. DBecause
the NONMEM method using extended least
square {ELS) which can explain more compli-
cated error model than the simple nonlinear

least square™*.

After collecting a large num-
ber of data from patients, accurate estimates
could. often be obtained by this method.
NONMEM is a yet unfamiliar data analysis
technique, it requires an explicit statement of
a population pharmacostatistical model and a
great deal of experience on the part of the ana-
Thus, we had to consider the tradeoffs
of the experimental and observational data in

lysts.

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 Ofl 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, coadministration of other
drugs and other factors affected these values.
In this case, the NONMEM method was con-

siderable much more helpful for doctors to de-

termine the dosage regimen for individual pa-
tients"'®. So the present study showed the
usefulriess and advantages of NONMEM in the
evaluation of the relative biological availability
and pharmacokinetic parameters in routine
clinical drug therapy.
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