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Pharmacokinetics of pefloxacin in pigs after single intramuscular application 

2 3D. Dimitrova*, V. Katsarov , D. Tsoneva

 1Department of Pharmacology, Physiology of Animals and Physiological Chemistry, Faculty of Veterinary Medicine, Trakia University, 6000 Stara Zagora, 
Bulgaria
2Department of Animal Science, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria
3Bulgarian Drug Agency, 26 General Zaimov, 1000 Sofia, Bulgaria

Abstract. Investigation of the pharmacokinetics of pefloxacin and its metabolite norfloxacin after single intramuscular application of pefloxacin mesylate at 10 
mg/kg in pigs. The study was performed on eight healthy pigs, about 60 days of age. Blood plasma pefloxacin and norfloxacin concentrations were determined 
by a validated HPLC assay with UV detection. The primary pharmacokinetic parameters of pefloxacin were calculated by the two-compartmental method, 
whereas those of norfloxacin – by the non-compartmental method. The pharmacokinetic parameters of pefloxacin (mean±SEM) were as followed: elimination 
half-life (t ) – 6.68 0.52 h, mean residence time (MRT) – 9.71 0.54 h, maximum plasma concentrations (C ) – 0.594±0.12 µg/ml, time to reach C (T ) – 1/2β max max max

1.14±0.03 h, area under the plasma concentration curve from hour 0 to hour 36 (AUC ) – 6.06±0.18 µg.h/ml. Combined effective plasma concentrations of 0-36 h
th thpefloxacin plus norfloxacin over 0.259 µg/ml were detected until the 12  hour after injection, and levels over 0.06 µg/ml – until the 24  hour. Pefloxacin 5 % 

solution, applied intramuscularly to pigs at a dose of 10.0 mg/kg resulted in effective plasma antimicrobial concentrations against clinically important bacterial 
infections for 12–24 h.

± ±

Keywords: pharmacokinetic, pefloxacin, pigs

Abbreviations: PFL – pefloxacin levels, NFL – norfloxacin, MRT – mean residence time, MIC –minimum inhibitory concentrations, HPLC – high-
performance liquid chromatography
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1997; Мoutafchieva, et al., 2009); rats (Delon et al., 1997) etc. Introduction
To our best knowledge, there are no literature data available for 

the pharmacokinetic parameters of pefloxacin in pigs. The present Pefloxacin [1-ethyl-6-fluoro-7- (4-methylpiperazine-1-yl)- 4-
experiment was conducted to determine the blood plasma oxo-quinoline-3-carboxylic acid] has a bactericidal effect against a 
concentrations of pefloxacin and its metabolite norfloxacin in pigs large number of Gram-negative bacilli and cocci, including most 
after intramuscular application as 5 % injectable solution. strains of Pseudomonas aeruginosa, Klebsiella spp., E. coli, 

Enterobacter, Campylobacter, Vibrio, Shigella, Salmonella, 
Actinobacillus, Proteus, Yersinia, Serratia. Other pefloxacin-
sensitive microorganisms are Brucella spp., Chlamydia trachomatis, Мaterial and methods
staphylococci, including -lactamase producing and methicillin-
resistant strains, mycoplasmae, mycobacteria (Thabaut and Eight clinically healthy Danube white pigs were used in the 
Durosoir, 1982; Thibailt et al., 1981). Its antimicrobial activity is experiment, from both genders, sexually intact, weighing 12.5 to 
exhibited at relatively low minimum inhibitory concentrations in both 18.5 kg, at the age of 10 weeks. Pigs were housed in boxes, 4.5×1.9 
the exponential and stationary phases of bacterial growth (Montay et m in size, with metal fences, brick floors, common feeding and 
al., 1984). It has also a substantial postantibiotic effect. Applied by individual watering troughs. The animals were injected 
oral or injection routes, it is very well distributed after being absorbed intramuscularly in the neck region with a single pefloxacin dose of 
and created effective concentrations, including in bones, synovial 10.0 mg/kg. Blood samples were collected from the orbital sinus 
fluid, muscles, pleural fluid (Montay et al., 1984; Fourtillan, 1986; (sinus ophthalmicus) in heparinized tubes before the treatment and 
Cochereau-Massin et al., 1991; Tung-Hu Tsaj, 2001; Martinez et al., at post treatment hours 0.33, 0.66, 1, 2, 4, 6, 8, 12, 24 and 36. Blood 
2006). samples were centrifuged at 3500 rpm for 15 min. Plasma was 

In veterinary medicine, pefloxacin is used as an antimicrobial separated in Eppendorf tubes and frozen at –20 С. 
drug in different ruminant species  sheep, goats, camels, calves, Blood pefloxacin levels (PFL) and those of its active metabolite 
cows (Patil et al., 1996; Moutafchieva and Djouvinov, 1997; Roy, norfloxacin (NFL) were assay by high-performance liquid 
1997; Abd El-Aty and Goudah, 2002; Malik et al., 2002; Dama et al., chromatography (HPLC). The quinolone and its metabolite were 
2008; Goudah et al., 2008); rabbits (Marrakchi-Benjaafar et al., extracted from blood plasma with chloroform and then analyzed on a 
1995; Cochereau-Massin et al., 1991); dogs (Montay et al., 1984); HPLC system with fluorescence detection at λех = 278 nm and em = 
ducks (Dimitrova et al., 2008); chickens (Moutafchieva et al., 1997; 440 nm. The method was applicable in the range from 0.005 µg/ml to 
Isea et al., 2003; Pant et al., 2005; Moutafchieva and Yarkov, 2006); 0.5 µg/ml. The validity of the method was tested on a HPLC system 
pheasants (Мoutafchieva et al., 2009); pigeons (Moutafchieva, 
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Hewlett Packard 1090, with gradient pump, diode array detector, 
fluorescence detector 1046A; Vortex mixer; centrifuge and SPE 
vacuum manifold. The following reagents were used: acetonitrile 
(Merck); methanol (Merck); chloroform (Merck); sodium heptane 
sulfonate (Merck); o-phosphoric acid 85 % (Merck); sodium 
hydroxide (Merck); sodium chloride (Merck); disodium hydrogen 
phosphate (Merck); sodium dihydrogen phosphate (Merck). The 
limits of detection (LOD) were - 1 ηg/ml for PFС and 2.5 ηg/ml for 
NFС. The limits of quantitation (LOQ) of PFL and NFL in blood 
plasma were 5.0 ng/ml and 10.0 ng/ml, respectively.

Pharmacokinetic analysis
The pharmacokinetic analysis of PFL and its active metabolite 

NFL was performed by the TopFit, v.2.0 software. The 
pharmacokinetic modelling was according to the Akaike's 
information criterion and the Shvartz test. The following parameters 
of PFL were determined: hybrid rate constant for distribution and 

-1 -1  elimination phases (α,h  and β,h , respectively), elimination rate 
-1constant from the central compartment (k , h ), distribution half-life el thfor 12 hours and higher than 0.06 μg/ml – until the 24  hour. -1(t , h ), elimination half-life (t h), mean residence time (MRT, h), 1/2α 1/2β, Maximum plasma PFL concentration was in average 0.594±0.01 

steady state volume of distribution (V , l/kg), total body clearance ss g/ml. It was attained after T  1.14±0.03 h. The area under the max
(Cl , ml/min/kg), back-extrapolated zero plasma concentration (°C , B p concentration-time curves – AUC h, μg.h/ml and AUC  were 0 36  0→ →∞
μ/ml), area under the plasma concentration curve from hour 0 to hour 

6.06±0.18 g.h/ml and 6.14±0.18 μg.h/ml, respectively. The volume 
36 (AUC , μg.h/ml) and from hour 0 to infinity (AUC , μg.h/ml), 0 36h 0  → →∞ of distribution (V ) was relatively high – 4.12±0.18 l/kg and the total ss-1absorption rate constant (k ,h ), absorption half-life (t , h), abs 1/2abs body clearance (Cl ) – 7.44±0.23 ml/min/kg.B
maximum plasma concentration (C , μg/ml), and the time to reach max, Plasma concentrations of the active metabolite NFL (Table 3, 
maximum plasma concentration (T , h). The compartmental max Figure 3) were detected at all time intervals over the 36-hour period 
method was used. of the survey: by post treatment min 20–0.08±0.009 μg/ml, and by 

For NFL, the following parameters were determined: hybrid rate 
-1constant for elimination (β, h ), elimination half-life (t , h), area 1/2β

under the plasma concentration curve from hour 0 to hour 36 
(AUC h, μg.h/ml) and from hour 0 to infinity (AUC , μg.h/ml), 0 36 0  → →∞

maximum plasma concentration (C , μg/ml) and the time to reach max

maximum plasma concentration (T ). The noncompartmental max

method was used. 
All pharmacokinetic parameters were individually calculated. 

Data were expressed as mean ±  standard error of the mean (SEM). 

Results

Individual and mean plasma PFL concentrations after 
intramuscular application are presented in Table 1 and Figure 1, 
respectively.  Individual plasma PFL concentration vs time curves 
were similar to a great extent and individual blood levels were in 
general close to the arithmetic mean. PFL was rapidly absorbed 
from the injection site: the absorption rate constant (k ) was abs.

-12.66±0.53 h , and absorption half-life (t ) – 0.49±0.2 h.1/2abs

Individual plasma curves corresponded to the two-
compartmental model of distribution and elimination with a rapid 
distribution and slow elimination phase (Figure 2). The respective 
pharmacokinetic parameters were as followed: hybrid rate constant 

-1for the distribution phase (α)  2.06±0.68 h , distribution half-life – 
0.40±0.06 h, hybrid rate constant for the elimination phase (β) – 

-1 -10.10±0.007h , elimination rate constant (k ) 0.27±0.12 h , el

biological half-life (t ) – 6.68±0.52 h and mean residence time 1/2β

(MRT) – 9.71±0.54 h.
thPlasma PFL concentrations (Table 2) by the 20  after the 

th thinjection were over 0.3 g/ml, by the 40  min – 0.4 g/ml and by the 60  
min – 0.6 μg/ml. Blood levels higher than 0.1 μg/ml were sustained 

Table 2. Some pharmacokinetic parameters (Mean SEM) 
of PFL in pigs after single intramuscular injection of 
Pefloxacin 5 % solutio pro injectionibus at a dose of 
10.0 mg/kg

±

Parameter Units Pefloxacin (n = 8)

Kel

t1/2α

t1/2β

MRT

Vss

ClB
°

C p

AUC *0→36 h

AUC *0→∞

t1/2abs.

Cmax

Tmax

-1
h

h

h

h

l/kg

ml/min/kg

µg/ml

µg.h/ml

g.h/ml

h

µg/ml

h

0.269 0.121

  0.40 ± 0.06

  6.68 ± 0.52 

  9.71 ± 0.54

  4.12 ± 0.18

  7.44 ± 0.23

  3.64 ± 2.05

  6.06 ± 0.18

  6.14 ± 0.18

  0.49 ± 0.2 

  0.594 ± 0.01

  1.14 ± 0.03

± 

 

* – calculated by the trapezoidal rule; distribution half-

life; elimination half-life; – elimination rate constant; 

MRT mean residence time; V  – steady state volume of ss
°distribution; Cl – total body clearance; C – zero plasma B p

concentration; AUC * – area under the plasma 0→ 36 h

concentration curve from hour 0 to hour 36; AUC * – area 0→∞

under the plasma concentration curve from time 0 to infinity; 
k – absorption rate constant; t – absorption half-life; C – ab 1/2abs max

maximum plasma concentration; T – time to reach max

maximum plasma concentration.

t –1/2α

t – K1/2β el

Table 1. Plasma PFL concentrations (g/ml) in pigs after
single intramuscular infection of Pefloxacin 5 % solutio pro
injectionibus at a dose of 10.0 mg pefloxacin/kg

Time (h)

  0.33

  0.66

  1

  2

  4

  6

  8

12

24

36

Mean ± SEM

0.305 ± 0.010

0.482 ± 0.102

0.661 ± 0.016

0.524 ± 0.011

0.393 ± 0.011

0.305 ± 0.014

0.253 ± 0.013

0.196 ± 0.010

0.065 ± 0.012

0.009 ± 0.007
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min 40–0.11±0.01 μg/ml. The highest detected values (C ) of max

0.156±0.009 μg/ml were attained by hour 4 (Table 3). NFL 
thconcentrations higher than 0.100 g/ml we measured until the 6  hour 

thafter the application, >0.088 – until the 8  hour. After 12 hours, the 
average concentrations were 0.0630.006 g/ml.

The hybrid rate constant for elimination (β) and the respective 
elimination half-life (t ), MRT were similar to those of the parent compartmental pharmacokinetic model of distribution and 1/2β

-1drug – 0.109±0.001 h , 6.38±0.01 h and 9.13±0.53 h. At the same elimination of PFL after intramuscular application to pigs supported 
time, the area under the concentration time curve (AUC ) of NFL previous reports in other animal species – sheep (Мoutafchieva and 0→∞

Djouvinov, 1997); goats (Roy, 1997; Abd El-Aty et al., 2002); calves was about 3 times lower than that of PFL, while the volume of 
(Srivastava et al., 2000); camels (Goudah et al., 2008); dogs distribution of NFL (V ) was three times higher than that of PFL d(area)

(Montay et al., 1984); ducks (Dimitrova et al., 2008); chickens (Isea (V ) (Table 4). Blood plasma NFL concentrations were, in average, ss

et al., 1997) and pigeons (Moutafchieva, 1997). The 30.9 % of mean PFL levels.
pharmacokinetic values indicating a rapid absorption from the 
injection site were similar to those established by Abd El-Aty et al. 

-1(2002) in lactating goats  – k  and mean absorption time of 0.32 h  abs.

Discussion and 1.07 h, respectively. 
The elimination half-life of PFL in pigs was longer than those in 

sheep – t = 5.68 h (Moutafchieva and Djouvinov, 1997) but shorter The data from the present research demonstrating the two- 1/2β 
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Figure 1. Time course of individual plasma PFL levels in pigs (n = 8) after single intramuscular injection of 

Pefloxacin 5 % solutio pro injectionibus at a dose of 10.0 mg pefloxacin /kg.

Table 3. Plasma NFL (metabolite) concentrations (g/mL) in
pigs after single intramuscular injection of Pefloxacin 5 %
solutio pro injectionibus at a dose of 10.0 mg pefloxacin/kg

Time (h) Mean ± SEM

  0.33

  0.66

  1

  2

  4

  6

  8

12

24

36

0.083 ± 0.009

0.110 ± 0.010

0.121 ± 0.009

0.143 ± 0.009

0.156 ± 0.009

0.132 ± 0.005

0.088 ± 0.008

0.063 ± 0.006

0.015 ± 0.001

<0.010 ± <0.010

Table 4. Some pharmacokinetic parameters (Mean ± SEM)
of NFL in pigs after single intramuscular injection of 
pefloxacin 5% solutio pro injectionibus at a dose of 
10.0 mg/kg.

-2r -correlation coefficient; MRT  mean residence time;  

- area under the plasma concentration curve from time 0 to 

infinity;AUMC  - area under the first moment curve from 0→ ∞

time 0 to infinity;V – volume of distribution;d(area)

C – maximum plasma concentration;T  – time to reach max max

maximum plasma concentration

AUC0→∞

Parameter Units Pefloxacin (n = 8)

t1/2β

AUC0 36 h

AUC0→∞

MRT

AUMC0→∞

Vd(area)

Cmax

Tmax

2r

→

h

µg.h/ml

µg.h/ml

h

µg.h2/ml

l/kg

µg/ml

h

-

6.38 0.01

1.90 ± 0.07

1.94 ± 0.07

9.13 ± 0.53

18.71 ± 0.64

11.96 ± 0.62

0.15 ± 0.01

3.41 ± 0.65

 ± 

0.984 ± 0.003
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than those reported in New Zealand rabbits (t = 2.01 h) essential with regard to data for higher antimicrobial activity of NFL 1/2β 

as compared to PFL, allowing expecting a higher combined activity. (Cochereau-Massin et al., 1991) and lactating goats (t = 2.52 h) 1/2β 

All these data and the presence of a postantibiotic effect suggested (Abd El-Aty et al. 2002). The possible reasons for these variations 
that the intramuscular application of PFL in pigs at a dose of 10.0 are the different experimental conditions and the animal species. 
mg/kg at 12 or 24 h intervals was appropriate.Maximum plasma concentrations (C ) of PFL according to this max

study were lower than those in sheep (3.58 μg/ml) and goats (0.86 
μg/ml), reported in the respective studies of Moutafchieva and 
Djouvinov (1997) and Abd El-Aty et al. (2002). Conclusion

The relatively high steady-state volume of distribution (V ) – ss

4.12±0.18 l/kg indicates that PFL was distributed in both PFL as 5 % injectable solution, applied intramuscularly to pigs 
extracellular and intracellular fluid compartments. This finding is at a dose of 10.0 mg /kg produced effective plasma concentrations of 
supported by the data of Мoutafchieva (1997) and Malik et al. PFL and NFL, needed for therapeutic effect in infections caused by 
(2002), observing that V  of PFL in pigeons and goats were 3.125 l/kg d bacterial pathogens sensitive to both substances. The intramuscular 
and 3.63 l/kg, respectively. Comparable data for V  after ss PFL dose of 10.0 mg/kg at 12- or 24-hour intervals is appropriate for 
administration of PFL at 10 mg/kg were also obtained in broiler control of infection. 
chickens (Pants et al. 2005) – 3.27 l/kg, goats (Abd El-Aty et al. 
2002) – 5.14 l/kg and pheasants (Moutafchieva et al. 2009) – 3.006 
l/kg. Total body clearance values (7.44±0.23 ml/kg/min) were similar References
to those reported by Roy (1997) in goats and by Goudah et al. (2008) 
in camels. 

Abd El-Aty AM and Goudah A, 2002. Some Pharmacokinetic The results about the metabolism of PFL after intramuscular 
Parameters of Pefloxacin in Lactating Goats. Veterinary Research injection to pigs indicated that similarly to other species and humans, 
Communications, 26, 553-561.it was partially converted into the active metabolite NFL. Isea et al. 
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be active during 12-24 h. The ratio C /MIC by the time of maximum max Pefloxacin in Pigmented Rabbits. Antimicrobial Agents and 
plasma concentrations (13.03) at MIC 0.06 μg/mL was over 10, Chemotherapy, 39, 4, 834-838.
which is important to avoid onset of antimicrobial resistance. PFL is Montay G, Goueffon Y and Roquet F, 1984. Absorption, 
able to create effective antimicrobial concentrations. This is Distribution, metabolic fate, and Eliminationof Pefloxacin mesylate 
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