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Abstract
Aim: The aim of this study is to assess the penetration of sparfloxacin in mixed human saliva after a single oral dose of 400mg in Caucasian healthy 
subjects.

Background: Fluoroquinolones are a group of relatively new antibiotics with a broad and effective spectrum of antimicrobial activity. Fluoroquinolones 
have been reported to distribute well into saliva. Data on the distribution of sparfloxacin in human saliva are very scarce and limited to Japanese 
subjects.

Method: Six healthy volunteers participated in the study. Blood and saliva samples were taken prior to sparfloxacin administration and thereafter 
at 2,4,6,8,10,28,54 hours after dosing. The concentrations of sparfloxacin in plasma and saliva were determined by a validated HPLC method, for 
each biological matrix. The maximal concentration (Cmax) and time to reach Cmax (Tmax) of sparfloxacin in plasma and saliva were determined by direct 
observation of the data. The AUC, for both plasma and saliva, were calculated using trapezoidal rule.

The mean penetration of the drug into saliva was calculated by the ratio AUC0-∞ saliva / AUC0-∞ plasma and also by the average of Saliva/Plasma ratio 
for each concentration during the elimination phase.

Results: The mean Cmax of sparfloxacin in plasma was 1.98µg/mL with a mean Tmax of 4.3 h after oral administration. Mean terminal elimination 
half-life (t1/2β) from plasma was 18.4 h (range 13.4-23.2 h). The AUC0-54 and AUC0-∞ were 46.9μg*h/mL and 53.6μg*h/mL, respectively. Penetration of 
sparfloxacin in saliva was good and rapid. Two peak saliva concentrations were observed in 5 subjects, the first one appearing at 2 h after dosing, 
before the plasma Cmax was reached. Post-absorption phase mean Cmax in saliva was 1.8μg/mL with a Tmax of 5.3 h after oral administration. Mean 
terminal elimination half-life (t1/2) from saliva was 15.8 h (range 13.9-18.2 h).

Conclusions: Following the administration of an oral dose of 400mg sparfloxacin in healthy Caucasian adults saliva concentrations were 62.8 to 
71.3% of the corresponding plasma concentrations with an overall penetration of sparfloxacin into saliva of 68.4%.
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Introduction
Fluoroquinolones are a group of relatively new antibiotics with a 

broad and effective spectrum of antimicrobial activity against both 
gram-negative and gram-positive bacteria.

Sparfloxacin was approved for medical use in 1993. The main 
potential advantages of sparfloxacin over older fluoroquinolones are 
its improved activity against Gram-positive pathogens and its long 
half-life that allows once-daily dosing [1].

Sparfloxacin is readily absorbed and has oral bioavailability of 
92% and half-life of 16-20 hours [2-4]. Peak serum concentrations 
are reached 3-5 hours following oral administration. Sparfloxacin 
binds weakly to plasma protein (37%), and exhibits excellent tissue 

distribution and effective penetration into extracellular fluids. 
Concentrations of the drug in most tissues are similar to, or higher 
than, concomitant plasma concentrations [5]. Studies performed in 
animals and humans have demonstrated that fluoroquinolones, 
such as ciprofloxacin, norfloxacin, ofloxacin, pefloxacin and 
moxifloxacin distribute well into human saliva. Recently, a 
systematic review and a qualitative review of the literature on the 
pharmacokinetics of antibiotics in saliva have been published [6,7]. 
However, data on sparfloxacin distribution in human saliva are very 
limited.

The aim of this study was to assess the penetration of sparfloxacin 
in mixed human saliva after a single oral dose of 400mg in healthy 
Caucasian subjects.
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or saliva and time to reach Cmax (Tmax) were determined by direct 
observation of the data. AUC0-54 for both plasma and saliva, were 
calculated using trapezoidal rule. AUC54-∞ was calculated by the ratio 
of last measured concentration and the terminal elimination rate 
constant (Kel). Kel was estimated by linear regression of the linear 
portion of the log transformed concentration versus time. The terminal 
elimination half-life (t1/2) was calculated by the formula: t1/2=ln(2)/Kel.

The mean penetration of the drug into saliva was calculated by the 
ratio AUC0-∞ saliva / AUC0-∞ plasma and also by the average of Saliva/
Plasma ratio for each concentration during the elimination phase.

Statistical analysis
Results are shown as arithmetic means ± SE. In case of comparisons 

the appropriate parametric or nonparametric test was chosen 
after testing the respective data for normal distribution. Statistical 
significance was defined as a P value of <0.05.

Results
All six volunteers (three males and three females), mean age 34 ± 

3.2 years, completed the study. Sparfloxacin was well tolerated. No 
physical, biochemical or hematological abnormalities related to the 
administration of sparfloxacin were observed.

The mean concentration-time curves for plasma and saliva, after 
the administration of a single oral dose of sparfloxacin 400mg, are 
shown in the figure 1. Pharmacokinetic parameters are summarized 
in the table 1.

The mean Cmax in plasma was 1.98µg/mL with a Tmax of 4.3 h after 
oral administration. AUC0-54 and AUC0-∞ were 46.9µg*h/mL and 
53.6µg*h/mL, respectively. The mean value of terminal elimination 
half-life (t1/2β) from plasma was 18.4 h (range 13.4-23.2 h).

Penetration of sparfloxacin in saliva was good and rapid. Two peak 
concentrations of sparfloxacin in saliva were observed in 5 subjects, 
the first one appearing at 2 h after dosing and before the maximal 
plasma concentrations were reached. Post-absorption phase mean 
Cmax in saliva was 1.8µg/ml with mean Tmax attained 5.3 h after oral 
administration. AUC0-54 and AUC0-∞ were 33.6µg*h/ml and 36.7µg*h/
ml, respectively. The mean value of terminal elimination half-life (t1/2β) 
from saliva was 15.8 h (range 13.9-18.2 h).

Materials and Methods

Ethics
The study protocol was reviewed and approved by the National 

Ethics Committee. The study was conducted in accordance with 
the requirements of the GCP and the principles of the Helsinki 
Declaration. Informed written consent was obtained from all subjects.

Study design
This was a prospective, open-label, paired-sample controls study. 

A single dose of sparfloxacin 400mg (SPARFLO 200mg tablets, 
Dr. Reddy’s) was administered orally with 200ml of water to each 
overnight fasted subject. There was no restriction on fluid intake. Food 
was allowed 4 hours after the administration.

Volunteers
Six healthy volunteers participated in the study. Physical examination, 

electrocardiograms, and laboratory screening (hematological and 
biochemical parameters) were all normal before and after the study. 
Exclusion criteria were acute or chronic diseases, blood donation 
8 weeks prior to study, known or suspected hypersensitivity to the 
quinolones, alcohol consumption, pregnancy, or intention to become 
pregnant. The use of any additional medication 2 weeks prior to or 
during the study period was not allowed.

Sample collection and processing
Blood samples (5mL) were taken from a peripheral vein, through 

an indwelling catheter, prior to sparfloxacin administration and then 
at 2,4,6,8,10,28,54 hours after dosing. Blood specimens were collected 
in heparinized tubes and were subsequently centrifuged at 3500 rpm 
for 10 minutes. A 100μL of perchloric acid 12% was added to a 100μL 
aliquot of plasma to precipitate the proteins. The mixture was vortexed 
for 30 sec. and centrifuged for 5 min at 5000 rpm. The supernatant was 
injected manually.

Whole mixed saliva was collected at the same intervals, after 
previous rinse of the oral cavity with 50mL of water, which was 
discharged. Saliva production was stimulated by chewing of a parafilm 
and collected (2ml) by spitting into a tube, which was centrifuged at 
9000 rpm for 10 minutes to remove mucus or particulate matter. Saliva 
was filtered and injected without further preparation.

Plasma, saliva and standard solutions were stored at -4oC until 
analysis.

Drug analysis
The concentrations of sparfloxacin in plasma and saliva were 

determined by HPLC, using a validated method for each biological 
matrix. A reversed-phase LiChrospher RP18, 5µm column (250mm 
× 3mm i.d: Hewlett Packard), a binary pump (Hewlett Packard 
1100) and a manual injector (Rheodyne), 20μL loop, were used. UV 
detection was made at 300nm, for both plasma and saliva, using a UV-
VIS detector (Hewlett Packard 1100) was pumped isocratically.

The lower limit of quantification for plasma and saliva were 
0.125μg/mL and 0.05μg/mL, respectively. The intra-run and between-
run coefficients of variation were less than 12.6% for plasma and less 
than 8.7% for saliva.

Mobile phase, a mixture of acetonitrile 25% and 0.05M KH2PO4, to 
which 5% dimethylformamide was added.

Pharmacokinetic analysis
The maximum concentration (Cmax) of sparfloxacin in plasma 

Figure 1: Sparfloxacin mean concentration in plasma over 54 h.
The mean penetration percentage into saliva, calculated as AUC0-

∞(S)/AUC0-∞(P) and AUC0-54(S)/AUC0-54 (P) were 68.4% and 71.6%, 
respectively. The ratios of saliva/plasma concentrations at 8, 10 and 28 
hours post dose were 71.3%, 62.8% and 63.6%, respectively.
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Discussion
Sparfloxacin pharmacokinetics, as well as its tissue and body fluids 

penetration have been reported in several studies. In Caucasian 
volunteers and patients plasma sparfloxacin concentrations reached a 
peak of 1.2-1.5mg/L between 3 and 6 h after a single 400mg dose; t1/2 
ranged from 16 to 22 h [3]. Zhanel GG, et al. [8] for an oral dose of 
40mg has reported a Cmax value of 1.30mcg/ml and a Tmax of 4.5 hours. 
In an open, randomized, triple crossover study, the effects of cisapride 
and sucralfate on the pharmacokinetics of sparfloxacin were assessed. 
Fifteen healthy volunteers received 400mg of sparfloxacin as a single 
oral dose. Pharmacokinetic parameters for sparfloxacin alone were 
as follows (mean ± standard deviation): maximum concentration of 
drug in serum (Cmax), 1.27 ± 0.39mcg/ml; time to Cmax (Tmax), 4.1 ± 1.9 
h; area under the concentration-time curve (AUC), 35.0 ± 9.7μg*h/
ml [9]. In another study, a single 400mg oral dose of sparfloxacin was 
given to each of six healthy male volunteers, and the concentrations of 
the drug were measured in plasma. The mean peak concentration in 
plasma of 1.6micrograms/ml was attained at a mean time of 2.7 h post 
dose. The mean elimination half-life in plasma was 17.6 h [10]. In our 
study Cmax and AUC0-∞ were found to be slightly higher, while Tmax was 
similar with the results of other studies. Was also higher than those of 
other studies.

To our knowledge, this is the first study which evaluates saliva 
penetration of sparfloxacin 400mg, given orally, in healthy Caucasian 
adults. We were unable to identify any data on salivary distribution 
of sparfloxacin in humans, apart those reported by Shimada J, et al 
[5]. In their work they make reference to a study of Naitoh done in 10 
Japanese males, with a single oral dose of 200mg sparfloxacin, where 
they found saliva and plasma Cmax to be respectively 0.97mcg/ml and 
1.38mcg/ml, with a ratio of 70%, and to a study of Nakashima done in 
6 Japanese males, also with a single oral dose of 200mg sparfloxacin, 
where saliva and plasma Cmax  respectively 0.43mcg/mL and 0.65mcg/
ml, with a ratio of 66%, were found.

In our study, higher saliva concentrations than respective plasma 
concentrations was observed during the absorption phase. In general, 

saliva concentration of fluoroquinolones during absorption phase are 
lower than corresponding plasma concentrations, but this may not be 
true for moxifloxacin. Stass H, et al. [11] reported moxifloxacin salivary 
concentrations to be higher than respective plasma concentrations 
during the absorption phase.

Conclusions
In conclusion, following the administration of an oral dose 

of 400mg sparfloxacin in healthy Caucasian adults saliva 
concentrations were 62.8 to 71.3% of the corresponding plasma 
concentrations with an overall penetration of sparfloxacin into 
saliva of 68.4%.
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Plasma Saliva
Mean ± SE CV Mean ± SE CV

Cmax (mcg/mL) 2.07 ± 0.31 36.4%
2.3 ± 0.52 54.8

1.8 ± 0.31* 43.3

Tmax (h) 4.33 ± 0.33 18.8
3.33 ± 0.84 62

5.33 ± 0.67* 30.6

t1/2β (h) 18.4 ± 1.34 17.9 15.8 ± 0.63 9.8

AUC0-54 (μg*h/mL) 46.9 ± 6.85 35.7 33.6 ± 3.61 26.3

AUC0-∞ (μg*h/mL) 53.6 ± 6.99 31.9 36.7 ± 4.08 27.2

Table 1: Sparfloxacin plasma and saliva pharmacokinetic parameters.

*post-absorption phase
CV coefficient of variation
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