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The pharmacokinetics of otloxacin were investigated in 11 drug-resistant pulmonary tuber­
culosis (TB) patients with a mean age (SO) of 38.09 (11.97) years. All patients received otloxacin 10 
mg/kg once daily combined with other active anti-TB drugs. Following an 8-h overnight fast, serum 
samples were drawn prior to and from 0.25 up to 24 hours after dosing. Serum otloxacin concentrations 
were determined by high performance liquid chromatography (HPLC) assay. 

Pharmacokinetics of otloxacin were well described by a linear, 2-compartment open model 
with first-order absorption and first-order elimination. Mean± SD of Cmax was 9.61 ± 2.17 ~g/ml occurred 
at 1.68 ± 1.21 hours. Means± SD of AUC

0
_
24 

and AUC
0

_ were 70.57 ± 26.40 and 82.45 ± 43.64 ~g x 
h/ml, respectively. Ofloxacin distributed widely with a mean± SD of VjF of 1.37 ± 0.24 L/kg. Mean± 
SD of CL/F was 8.19 ± 2.53 L/h, whereas mean ± SD of T112~ and mean residence time were 8.03 ± 3.37 
and 10.77 ± 4.55 hours, respectively. The free CmJMIC of Mycobacterium tuberculosis of7.7-15.4: 1 
was estimated. These suggested that ofloxacin 10 mg/kg once daily combined with other active anti­
TB drugs provides sufficient Cm .. IMIC ratio and long T112~ which supported its use in drug-resistant TB. 
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Ofloxacin is one of the most prominent 
fluoroquinolones which demonstrates in vitro and in 
vivo activity against Mycobacterium tuberculosis0-
4). Its in vitro MIC9o value for this pathogen has been 
reported to be 0.5-1 Jlg/ml(5-8). At achievable con­
centrations, the drug has a pivotal role in drug-resis­
tant tuberculosis (TB )(6,9-11 ). Moreover, ofloxacin 
has favorable pharmacokinetic properties including 
rapid and complete oral absorption and good tissue 
penetration, in particular, to alveolar macrophages(3, 
7,12-14). Accordingly, ofloxacin is commonly used 
with other effective anti-TB drugs for the treatment 
and prophylaxis of drug-resistant TB( 4, 15-17). How­
ever, other pharmacokinetic data of this drug in this 
particular group of patients are still rather scarce. The 
aim of the present study was, therefore, to evaluate the 
pharmacokinetics of ofloxacin at a dose of 10 mglkg/ 
day used concomitantly with other anti-TB drugs in 
drug-resistant TB patients. The results would ensure 
the effectiveness of the recommended dosage regi­
mens of ofloxacin in these patients. 

PATIENTS AND METHOD 
Patients 

Twelve patients with drug-resistant pulmo­
nary TB requiring ofloxacin in their treatment regi­
men were enrolled in the study. All received ofloxacin 
(Daiichi Pharmaceuticals, Japan) at a daily dose of 
10 mg/kg concomitant with other anti-TB drugs, 
mainly ethambutol (EMB), pyrazinamide (PZA) and 
para-aminosalicylic acid (PAS). A few patients also 
received isoniazid (INH) and/or rifampicin (RFP) 
because their isolates were susceptible to these drugs. 
All were compliant with the treatment protocol and 
were determined to be in acceptable health without 
co-morbid conditions, except for diabetes mellitus. 
None had a history of hypersensitivity to fluoro­
quinolones. Patients with a history of congestive heart 
failure, uncontrolled hypertension and ischemic heart 
disease or had serum urea nitrogen higher than 20 mg/ 
dL, serum creatinine higher than 1.5 mg/dL or those 
who were pregnant or lactating were excluded from 
the study. Any medication containing Al3+, Fe2+ and 
zn2+ which could interfere with ofloxacin absorp­
tion was prohibited for at least two weeks prior to the 
study. Those who developed adverse reaction to 
ofloxacin during the study were also excluded. The 
protocol was approved by the Committee on Human 
Rights Related to Research Involving Human Sub­
jects, Faculty of Medicine Siriraj Hospital, Mahidol 
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University. All participants gave the written informed 
consent after the aims and procedures for the study 
were clearly explained. 

Study design and procedures 
Ofloxacin was administered after breakfast 

to each patient concomitantly with other anti-TB drugs 
which were taken at bedtime for at least two weeks 
before commencement of blood sample collection. 
On the study day, after an 8-hour overnight fast, oflo­
xacin was given to each patient with 200 ml of water 
at 6 a.m. All patients were allowed to have lunch at 
12 a.m. and have dinner at 6 p.m. 

Ten milliliters of venous blood were col­
lected from a catheter fixed on a forearm vein of each 
patient prior to dosing, 5 ml were tested for liver and 
renal function, another 5 ml were analysed for base­
line ofloxacin level. Other 5-ml samples of venous 
blood were collected at 0.25, 0.5, 0.75, 1, 1.25, 1.5, 
2, 4, 6, 8, 12 and 24 hours after ofloxacin administra­
tion. These venous blood samples were centrifuged 
at 5,250 rpm for 5 minutes at 4°C. The serum was 
separated and kept at -80°C until analysis. 

Quantitative drug analysis 
Ofloxacin levels in serum were determined 

by high performance liquid chromatography (HPLC) 
modified from the method described by Chulavatnatol 
et ai( 18) using the HPLC model LC-1 0 AD (Shimadzu 
Co., Japan). A reversed-phase column, Shim-Pack 
CLC-ODS® C18• 5 Jlm (4.6 mm x 25 em) was used 
as an analytical column. A mixture of methanol, ac­
etonitrile and 0.4 M citric acid in the ratio of 3: I : 10, 
pH 4.0 was used as the mobile phase. Pipemidic acid 
0.15 mg/ml was applied as an internal standard. P~ak 
detection was performed by a fluorescence detector 
(Model RF-IOA, Shimadzu Co., Japan) at an excita­
tion wavelength of 290 nm and an emission wave­
length of 500 nm. The ofloxacin standard was supplied 
by Daiichi Pharmaceuticals, Japan. The sample pre­
paration procedures were as described in Chierakul 
et al(l9). In such an assay system, ofloxacin and 
pipemidic acid were well separated as sharp and sym­
metrical peaks. No interferences from endogenous 
substances and concomitant anti-TB drugs (INH, RFP, 
PZA, EMB and PAS) were demonstrated. Calibration 
plots were constructed by least-square linear regres­
sion of peak area ratio on ofloxacin concentrations. 
These were linear (r = 0.9999) for ofloxacin concen­
trations between 0.1 and 15 Jlg/ml. Between-day and 
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within-day imprecision were less than 6 per cent 
(CV) while inaccuracy was less than 5 per cent and 
recovery was higher than 98 per cent. 

Pharmacokinetic analysis 
Serum concentration-time profile of ofloxacin 

from each patient was plotted semi-logarithmically 
and the pharmacokinetic parameters were derived. 
Maximum serum concentration (Cmax) and time to 
reach maximum serum concentration (T max) were 
obtained from the raw data of the serum concentration­
time profile. The values for elimination rate constant 
(~), elimination half-life (T 112~), distribution rate 
constant (a), distribution half-life (T 112a), absorption 
rate constant Cka) and absorption half-life (T 1/2ka) 
were obtained by the method of residuals (20). Area 
under the serum concentration-time curve (AU C) from 
0 to 24 hours (AUC0-24), AUC from 0 to infinity 
(AUCo_00), apparent volume of distribution at steady 
state (V ss/F), apparent total body clearance (CL/F) 
and mean residence time (MRT) were calculated from 
the MK model program (version 4.84 Biosoft, Cam­
bridge, UK), based on noncompartmental moment 
analysis method. 

RESULTS 
Patients' demographic data and history of 

anti-TB drugs used are presented in Table 1. Data 

from one subject was excluded because the patient 
missed 2-3 doses of ofloxacin prior to the blood 
sampling day. For the rest, none were withdrawn or 
developed adverse reactions to ofloxacin throughout 
the study. Patients' means ± SD of age, and weight 
were 38.09 ± 11.97 years and 59.34 ± 11.47 kg, res­
pectively. The mean ± SD of ofloxacin daily dose 
was 590.9 ± 122.1 mg. Most of the patients suffered 
from multidrug-resistantTB (MDR-TB), mainly with 
INH and RFP. The serum concentration-time profiles 
of ofloxacin were described by 2-compartment model 
with first-order absorption and first-order elimina­
tion. The mean ± SD of serum concentration-time pro­
file is demonstrated in Fig. 1. Ofloxacin was absorbed . 
with a mean ± SD ofT max of 1.68 ± 1.21 hours while 
means± SD of ka and T 1/2ka were 2.21 ± 1.54 h-1 and 
0.36 ± 0.21 h, respectively. This produced a mean ± 
SD of Cmax of 9.61 ± 2.17 Jlg/ml while means± SD 
of AUC0-24 and AUCo-oo were 70.57 ± 26.40 Jlg x h/ 
ml and 82.45 ± 43.64Jlg x h/ml, respectively. Mean± 
SD of V ss/F of 1.37 ± 0.24 Llkg with a mean ± SD 
of distribution rate constant (a) of 1.02 ± 1.50 h-1 were 

derived. This resulted in a mean ± SD of T 1/2a of 
1.64 ± 1.19 hours. Ofloxacin was eliminated with a 
mean± SD of CL/F of 8.19 ± 2.53 L/h and the means ± 
SD of elimination rate constant (~) and T 112~ were 
0.10 ± 0.03 h-1 and 8.03 ± 3.37 hours, respectively, 
while a mean± SD ofMRT was 10.77 ± 4.55 hours. 

Table 1. Demographic data of patients who participated in the study. 

Subject Age (yr) Sex Weight Resistant Ofloxacin Anti-TB drugs used concomitantly 
number (kg) anti-TB drug daily dose with ofloxacin (daily dose*) 

(mg) 

44 M 59 INH,RFP 600 EMB (1,000), PAS (10) 
2 50 M 59.2 NA 600 INH (300) 
3 23 F 53 INH, RFP, EMB 500 PZA (1,500), PAS (9) 
4 59 M 71 INH, RFP 700 PZA (1,750), EMB (1,200), PAS (12) 
5 30 M 64 INH, RFP 600 PZA (1,200), EMB (1,000), PAS (12) 
6 24 M 75 NA 800 INH (600), RFP (600) 
7 35 M 68 INH, RFP 600 PZA (2,000) PAS (12) 
8 27 F 37 INH 400 RFP (450), EMB (800) 
9 38 F 44.5 INH 400 RFP (450), PZA (1,500) 

10 37 M 67 INH, RFP 700 PZA (2,000), EMB (1,200), PAS (12) 
II 52 M 55 INH,RFP 600 PZA (1,200), EMB (800), PAS (10) 

Mean 38.09 59.34 590.9 
SD 11.97 11.47 122.1 

* all doses were in mg except for PAS was in g, F = female, M = male, EMB =ethambutol, INH = isoniazid, 
NA =not available, PAS= para-aminosalicylic acid, PZA =pyrazinamide, RFP =rifampicin 
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Fig. 1. Mean ± SD serum concentration-time profile of ofloxacin after the administration of ofloxacin 10 mg! 
kg/day orally to 11 drug-resistant tuberculosis patients. 

Some mean pharmacokinetic parameters in compa­
rison to the data from other studies are presented in 
Table 2. 

DISCUSSION 
The serum concentration-time profiles of 

ofloxacin in the present study were best described by 
2-compartment model with first-order absorption and 
first-order elimination, which agreed with the studies 
by Wolfson and Hooper(21) and Lode et aJ(l3) and 
was consistent with the distribution property of the 
drug, which revealed a high V ss/F of approximately 
1.4 Llkg which was also agreed with the study by 
Flor (22). In the presented patients, ofloxacin was 
absorbed with the T Dl~X in between those reported in 
healthy volunteers(:l:lJ and patients with MDR-TB 
(23) (Table 2). However, the T max was slightly slower 
than that reported by Lockley et aJ(24) who studied 
pharmacokinetics of a single dose ofloxacin in healthy 

volunteers. The delayed T max in the present study was 
correlated with the slower ka observed in the study 
(2.21 ± 1.54 h-1) compared to the absorption rate 
constant reported by Lockley et a! (2. 9 ± 1. 7 h-1 )C24). 
In terms of Cmax at steady state after the mean total 
daily dose of 590.9 mg, this could not be directly 
compared with other studies presented in Table 2 
because different doses were studied. However, since 
the absorbed amount of ofloxacin increases linearly 
over the dose range of 100-600 mg0.22), a compa­
rison in a dose-proportional manner was thus demon­
strated. As a result, the mean ± SD of Cmax at steady 
state was higher than that reported by FJor{22) in 
healthy volunteers or in patients with MDR-TB as 
reported by Yew et aJ(23) but close to that reported 
by Lockley et al after a single dose study(24). This 
might be the result of differences in rate of absorp­
tion as illustrated by T max and the rate of elimina­
tion as demonstrated by T 1/2(3 of the drug in these 
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ranged from 5 to 8 hours(5,7,12,13,21,22,24). This 

reflected in the lower CL/F of ofloxacin in the pre­
sent study of 8.19 ± 2.53 L/h compared to the pre­
viously reported value of 11-16 LJh(5,7,13,21). This 
also emphasized that ofloxacin was eliminated more 
slowly in the presented patients than in Western 
volunteers. The lower CL/F as well as the large V ss/F 
should contribute to the prolonged T 11213 of the drug 
and support the prolonged MRT. Overall, these should 
contribute to the successful use of ofloxacin as once 
daily dosing regimen. 

As ofloxacin exhibits concentration-depen­
dent killing activity, its CmaxiMIC and AUC241MIC 
ratios may be potential predictors of its outcome for 
TB. Many investigators have suggested that the rapid 
killing activity and the property to prevent the selec­
tion of resistant mutant of various fluoroquinolones 
correlate best with the free CmaxiMIC ratio of ~ 8-
10: I or free AUC24/MIC ratio of~ 125: 1 for Gram­
negative bacteria, especially Pseudomonas aeruginosa 
(1,25). In addition, the mechanism of action of the 
fluoroquinolones against TB is the same as that against 
aerobic Gram-negative bacilli, it is reasonable to 
expect the same potential outcome predictors, parti­
cularly CmaxiMIC ratio(26). However, study of the 
optimal Cmax/MIC and AUC24/MIC ratios of 
ofloxacin for M. tuberculosis is limited. In the pre­
sent study, the MIC90 value of M. tuberculosis was 
not determined, thus, the actual ratios of these out­
come predictors could not be .specified. When the 
estimated free CmaxiMIC and free AUC24/MIC ratios 
based on the MIC90 of M. tuberculosis of 0.5-1 )lgl 
ml and the per cent protein binding of ofloxacin of 20 
per cent; as specified in the literature were derived, 
the free Cmax!MIC ratio of 7.7-15.4 and the free 
AUC24/MIC ratio of 56.5-112.9 were obtained. These 
were, however, higher than those reported by Yew 
et al(23); Cmax/MIC of 5-10 and by Crofton et al 
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(27); CmaxiMIC of 2.5-5 (the specified MIC90 of M. 
tuberculosis was also 0.5-1 )lg/ml). However, recent 
studies of in vitro susceptibility testing(28,29) pre­
sented that the MIC90 of ofloxacin against TB and 
MDR-TB was 1 to 2 )lg/ml. Accordingly, the effec­
tive CmaxiMIC ratio for these pathogens may be less 
than the previously specified values. Furthermore, it 
has been stated that when treating patients with TB, 
and in particular MDR-TB, the Cmax/MIC ratios are 
much smaller( 1). In terms of the appropriate free 
AUC241MIC ratio, no previously suggested values 
are available for this pathogen. In the study by Yew 
et at(23), the sampling time was up to only 8 hours 
after dose. The authors' estimated free AUC24/MIC 
ratio might, therefore, suggest the appropriate value 
for such pathogen. Nonetheless, further studies to 
characterize such effective pharmacokinetic/pharma­
codynamic outcome predictors for ofloxacin against 
M. tuberculosis are necessary. In addition to those 
outcome predictors, tissue penetration is another fac­
tor that might need to be considered for the efficacy 
of the drug. The previous study demonstrated that 
ofloxacin could penetrate well into the intra-alveolar 
fluid which reflected the infection sites of M. tuber­
culosis with the epithelial lining fluid (ELF) to serum 
concentration ratio of 2.8509). This might also con­
tribute to the effective therapeutic outcome of the 
drug as the clinical signs and symptoms of the pre­
sented patients were in good control. Therefore, oflo­
xacin, 10 mglkg/day, in combination with other anti­
TB drugs should be effective for the treatment of 
drug-resistant TB patients. Furthermore, such a dosage 
regimen would also improve patient compliance and 
be cost-effective. 
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f/-rmu1 ~wTrmun;;v, 1.hlfl *, ttJyiJl ~um?'Vrnyru~ l..i'Jifl *, 

ijBwmu~ ti$ti'Jfj!:V, wu, FRCP**, m·rJ'1!u~ n!:Vfl3J~-r~t_ !7IJ* 

.Ynm-iAfll!f1Lf1iff'lf'll'l'WI'l1eilll'l'li£NmTDvJ~em'111ifr'W L'W~J,~1rul-il'l11Diil~li1'mn'n'Wl'W 11 l'l'W DlrJL'il~~ (SO) 

38.09 ( 1197) u e.JJ,~ 1;1u~1TvvJ~Dn'11lifr'W 'li'W11i1 1 o ~l'li'in1~;fi1l'ln1~ 1"Wl'l:::l'lf~1,~num1n'l!f11ru1-il'l'lf'illi1~'W 
m~'I-1~~DVImm·nil"Wnl'l1D~1~uD~ 8 oUlL:IN .Ynm'lL'l1:::L~Dii1nD"W1uu'l:::m"Wm LLfl:::tk~LL~n\'11 0.25 ii~ 24 .u,r~~ 
'l-1~~1uu'l:::m'WmlLI'l'l1:::'111'll1~L'li'~'li''W'liD~mTvvJ~Dfl'111ifr'W L'W'il1~;l~lB HPLC 

Lf1iff'lf'll'l'WI'l1Ci(;l;'lJD~m TDW~Dfl'111-D''W Dfi1Jl~ 1;&i;l~ linear, 2-compartment open model ~ilm'l~li1'il~LL\'l::: 
m'lri1~1i1~1LL1J1J first-order A1b'il~~ ± SO 'llm'l:::~u~11j'~i.'jli11wi1~ f1A1 9.61 ± 2.1 71~hnn1~1ilfl~~m ~~wu~nm 
1.68 ± 1.21 .U,r~~ A1L'il~~ ± so 'liD~~'Wffi;L;'Wm1vJ'l:::wi1~'l:::~um1"W'ii1~nunl'l1~ 24 oUlL~~ LLI'l:::~nm 1nfinity ill'i1 

70.57 + 26Ao LL\'1::: 82.45 + 43.64 1~tl'l'ln1:~-~ x .u,r:~-~~;il"~~li1'lli11l-1~1~u mm:::"l1~~,1;n11~ uil-J1(;l'lm'lm:::'l1~1il' - -

- ~ ..J I .,J I .J .... _ ..J I I .... I 

2.53 flli1'l/'lflll-l~ 'llr\J:::Yll'l1L'ill'l~ ± SO 'llml'l11'l'l~'lflli1'liD~I'Jl LL\'l:::LJ\'ll'Y11'Jl"l:::D~L'W'l1~nl~l-11'11 8.03 ± 3.37 LL\'1::: 10.77 ± 
4.55 <d'lLl-1~(;11l-1~1~1J tl(;l'l1~l'W'liD~'l:::~umiiC~'l:::lj'~i.'jli11'WL~Dii1~DI'llll-IL'li'l-l'li''W~1i.'jli1'liD~m~rTurl'~L:ffv Mycobactenum 

tuberculosts 1v~fl::: 90 ilA1U'l:::l-11ru 7.7-15.4 1 ~l'lm'lfifl'I~1LLClli1~l11'JlLDW~Dfl'111ifr'W 'li'W11i1 10 ill'l~n1l-llfiTI'ln1:~-~ 
l'W fl:::l'l.f~.;, :~-~nu ~11fl'l!fll ruT 'll'l'lf'illi1~'W ei1l-ll'lfl1 ;.i'l'i1t:l (;l'l1~l'W'liD~'l:::~u ~1 ii ei'l:::lj'~i.'jli11 'WL~ D li1~mn1l-IL 'li' :~-~'li''W~1i.'jli1'liD~ m 

~rTurl'~L-ffD~L Y1~~'WD LLI'l:::il A11'l~~'ii'i(;l~I'Jll~~eii1uei'4'Wnl"i1'li'mih 'Wlru t 'll'l~li1'Dm 

... ... - .. 
Lfl911J'W1 'jWl1911JlJ'na, ~1!1U1 'l'Wfl11'ln1!1ru, 

'ilBw911JY Lq!l'lfla. fl1~i'"Y" n~Eli-INi'N~ 
'lfi'MI-Il!JL'M'Jm~LLVl'ntl "1 2546; 86: 781-788 

• llll'll'lllLll.r'lfm•:~-~. l'lru::Lll.r'lfl'll<'li1;, :~-~m'imn~r~:~-~lili1<~, n1~L'Y1W '1 10400 

" llll'll'lfllll~'ll'll<'li1;, F1!lJ!:LLW'Y1£1f'll<'li1;A'i'll'lfW!JllJl<l, l-l'l-1ll'Y1£1l~£Jl-llii11<1, fl1~L'Y1W '1 10700 




