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ABSTRACT 

 

The primary objective of the current study was to compare the pharmacokinetic (PK) of florfenicol (FFL) 

in pulmonary epithelial lining fluid and the plasma in swine. The second objectives were to evaluate the 

effect of anesthesia with ketamine and propofol on the PK of FFL in plasma. Bronchoaveolar lavage was 

utilized for quantification of PELF volume and the urea dilution method was used to determine the 

concentration of FFL in PELF. FFL was administered intramuscularly (IM) to swine in a single dose of 

20mg/kg body weight. The main PK parameters of FFL in plasma and PELF were as follows: the area 

under the concentration-time curve, maximal drug concentration, elimination half-life and mean residence 

time were 69.45±4.36 vs 85.03±9.26μg·hr/ml, 4.65±0.34 vs 5.94±0.86μg/ml, 9.87±1.70 vs 10.69±1.60hr 

and 12.75±0.35 vs 14.46±1.26hr, respectively. There was no statistically significant difference between 

the PK profiles of FFL for the anesthetized and unanesthetized pigs. This study suggest that (i) FFL 

penetrated rapidly into the pulmonary and the drug concentration decay faster in plasma than in the 

pulmonary, (ii) the PK profile of FFL in swine was not interfered after administration of anesthetic agent. 
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RESUMO 

 

O objetivo primário desse estudo foi comparar a farmacocinética de florfenicol (FFL) em fluido epitelial 

pulmonar à farmacocinética (PK) de FFL em plasma suíno. O segundo objetivo foi avaliar o efeito de 

anestesia com ketamina e propofol no PK de FFL em plasma. Lavagem broncoalveolar foi utilizada para 

quantificar volume de fluido epitelial pulmonar (PELF) e método de diluição de uréia para determinar 

FFL em PELF. Injeção de FFL foi administrada intramuscular a suínos em dose única de 20mg/kg de 

peso corporal. Os principais parâmetros de PK em FFL em plasma e PELF foram os seguintes: a área 

sob a curva de concentração-tempo, concentração máxima da droga, eliminação de meia-vida e média 

de tempo de permanência foram 69,45±4,36 vs 85,03±9,26μg·hr/ml, 4,65±0,34 vs 5,94±0,86μg/ml, 

9,87±1,70 vs 10,69±1,60hr e 12,75±0,35 vs 14,46±1,26hr, respectivamente. Não houve diferença 

estatisticamente significante entre os perfis de PK de FFL para os porcos anestesiados e não 

anestesiados. Esse estudo sugere que (i) FFL penetrou rapidamente no pulmão e concentração da droga 

sofre queda mais veloz em plasma que líquido pulmonar, (ii) o perfil de PK de FFL em suínos não 

modificou após administração de agente anestésico. 
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INTRODUCTION 

 

Bacterial pneumonia is common in modern pork 

production worldwide, which can cause great 

economic loss and increased mortality, morbidity 

(Li et al., 2016). Some prevalence surveys 

showed that the morbidity of pig pneumonia 

ranges from 10% to 45% and mortality from 2% 

to 20% (Hansen et al., 2010). The research has 

also been shown that the average daily gain 

(ADG) of affected pigs was reduced by 

12.7%~15.9%, while the feed efficiency was 

reduced by 13.8% (Pointon et al., 1985), a 10% 

increase in the volume of pneumonic lungs and it 

was associated with a decrease in daily weight 

gain by 41.1g (Hill et al., 1992). Florfenicol 

(FFL), a fluorinated derivative of thiamphenicol, 

has a broad antibacterial spectrum similar to 

chloramphenicol and has a stronger antibacterial 

activity than thiamphenicol (Cannon et al., 

1990). It is intensively used to control the 

porcine respiratory disease due to the excellent 

antibacterial activity against the main primary 

causative bacteria such as Pasteurella multocida, 

Actinobacillus Pleuropneumoniae, Streptococcus 

suis, Bordetella bronchiseptica, Haemophilus 

parasuis, etc (Priebe & Schwarz, 2003; Shin et 

al., 2005; Li et al., 2016). 

 

Although the pharmacokinetic (PK) of FFL has 

been extensively studied in veal calves (Varma et 

al., 1986), cows (Soback et al., 1995), goats 

(Verma et al., 2009), sheep (Lane et al., 2004), 

pigs (Liu et al., 2003; Kim et al., 2008; Li et al., 

2016), dogs (Park et al., 2008) and broiler 

chickens (Shen et al., 2003),, reports concerning 

the PK in the pulmonary tissue are quite few. As 

we know, the main primary causative bacteria of 

the pneumonia always could be isolated from the 

upper respiratory tract such as the tonsils of both 

infected and healthy animals (Vaillancourt et al., 

2015). Furthermore, FFL may accumulate in a 

respiratory organs, with the result that the drug 

concentration at pulmonary tissue was always 

higher than that in plasma/serum (Afifi & Abo 

elSooud, 1997). So, the prediction of drug 

concentrations in the lungs from simple 

extrapolation of the unbound drug fraction in 

plasma/serum is always not very precise. In 

addition, knowledge regarding the drug 

concentrations at a target sites is very important 

to increase the efficacy of therapeutic 

interventions and in selection of new drug 

candidates, several studies have shown that the 

drug concentrations in the target sites were 

directly correlated with the clinical efficacy 

(Barbour et al., 2010). Therefore, it has practical 

significance to conduct the PK of FFL in 

pulmonary tissue. 

 

The pulmonary epithelial lining fluid (PELF) the 

most important target site for lung infections, and 

bronchoaveolar lavage (BAL) is an interesting 

technique for detecting a variety of pulmonary 

disorders and studying the concentrations of 

various solutes in the epithelial fluid that lines 

the surface of the lung (Lee et al., 2015), and it 

has been frequently used to establish an 

intrapulmonary PK model. In this study, the 

purpose was to describe the FFL kinetic 

disposition in both the plasma and pulmonary 

tissue at 20mg/kg dosage after intramuscular for 

comparing the PK parameters at the two different 

tissue and evaluate the effect of anesthesia with 

ketamine and propofol on the PK of FFL in 

plasma. 

 

MATERIALS AND METHODS 

 

FFL injection (0.3g/ml) was obtained from 

Zhejiang Guobang Pharmaceutical Factory Co., 

Ltd (Zhejiang, China). Atropine injection, 

ketamine injection and propofol solution were 

donated from Key Laboratory of Tarim Animal 

Husbandry Science and Technology of Xinjiang 

Production & Construction Corps. Ammonia, 

ethyl acetate and dimethylformamide (DFM) 

were purchased from Aladdin Biological 

Engineering Technology & Services Co., Ltd 

(Shanghai, China). Acetonitrile with liquid 

chromatography grade were provided by TEDIA 

(USA). The water for HPLC was prepared with a 

Milli-Q system. Other chemicals and reagents 

not specified in the text were of analytical grade 

or equivalent. 

 

Eighteen healthy castrated crossbred (Duroc × 

Large White × Landrace) pigs (body weight 

16±2kg) were obtained from experimental 

station of Tarim University (Alar, Xinjiang, 

China). The animals were housed in laboratory 

animal rooms of Tarim University’s Animal 

Teaching Hospital for 7 days to acclimatize. 

During acclimatization periods, the pigs were 

kept on basal feed twice daily and water 

available ad libitum around the clock without 

any drugs and contaminants. The breed 

environment temperature and relative humidity 
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were kept at 15~20°C and 80~90%, respectively. 

After the final sampling, all pigs were 

immediately euthanized and all experiments 

protocols concerning the handling of pigs were 

in accordance with the requirements of the 

experimental animal ethics/Ethics Committee 

Animal Science Academy of Xinjiang Uygur 

Autonomous Region. 

 

Atropine injection (0.05mg/kg) was 

intramuscular administration for reducing the 

airway mucus before anesthetic medication. 

After that the ketamine injection (5mg/kg) was 

given intramuscularly to get a shallow sedation 

anesthesia and then intravenous bolus injection 

administration of the propofol solution (3mg/kg) 

for general anesthesia. When the pig was 

completely unconscious, the fiberoptic 

bronchoscopy (KangmeiGU-180VET) with BAL 

was performed according to a standardized 

protocol described previously (Choi et al., 2012; 

Villarino et al., 2013; Villarino and Martín-

Jiménez, 2013). Briefly, three consecutive 

aliquots (10, 20, and 30mL) of sterile saline 

solution were instilled into the right middle lobe 

by the flexible fiber-optic endoscope and the 

probe following the bronchi until resistance was 

met. The probe was uncovered from the 

protective sheath and was visually placed in 

contact with the bronchus wall for approximately 

20sec, and then the fluid retrieved was collected 

into a 50ml centrifugal tube, transported on wet 

ice (~0°C) and stored at -20°C for analysis by 

High Performance Liquid Chromatography 

(HPLC). 

 

The urea dilution method was used to determine 

the volume of PELF as described previously 

(Choi et al., 2012; Lee et al., 2015; Zhang et al., 

2016), which based on the concentration of urea 

in PELF  is  considered to be same as the 

serum urea concentration implying complete 

distribution. The concentration of urea in plasma 

and PELF were determined by the urease-

glutamate  dehydrogenase enzymatic method 

with an automatic biochemical analyzer 

(synchroncx4pro; Beckman) at the Tarim 

University’s Animal Teaching Hospital (Alar, 

Xinjiang, China). And the volume of PELF is 

adjusted for excess exogenous water using the 

following equation (Kiem & Schentag, 2008): 

VPELF=VBAL×UreaBAL/Ureaserum, where UreaBAL 

and Ureaserum are the concentrations of urea in 

BAL fluid and serum, respectively. 

Eighteen pigs were randomly divided into 3 

groups with 6 animals in each group (first group 

for plasma PK study without anesthesia, second 

group for plasma PK study with anesthesia and 

another group for pulmonary PK study). The 

approved label dose (20mg/kg) of FFL injection 

was intramuscularly administrated to one side of 

the neck of the pigs. At different time points (0, 

0.25, 0.5, 0.75, 1, 2, 4, 6, 9, 12, 24, 36 and 48hr 

for blood samples, 0.5, 2, 4, 6, 9, 12, 24, 36, 48, 

72, and 96hr for PELF samples) post 

administration, blood samples (1ml) were taken 

from anterior vena cava and PELF samples were 

collected by BAL. Plasma was separated from 

blood by centrifugation at 3000 ×g for 10min and 

was kept at -70°C until assay, and the PELF was 

centrifuged at 400×g for 10min and stored at -

70°C until analysis. The drug levels in plasma 

and PELF all were determined by HPLC. The 

data on plasma and pulmonary drug 

concentrations-time were analyzed by using the 

Winnonlin (Version 5.2.1, Pharsight 

Corporation, Mountain View, CA, USA) 

computer software. 

 

FFL were quantified using a Waters 2695 series 

HPLC and a Waters 2587UV detector set at a 

wavelength of 254nm. The chromatographic 

separation was achieved with an analytical 

ZORBAX SB C18 column (250 × 4.6mm, i.d. 

5μm; Agilent Technology, USA) at 25°C. The 

mobile phase of FFL was acetonitrile and 0.1% 

ammonia solution with the proportion of 25/75 

(V/V). The flow rate and injection volume of the 

drug were 1ml/min and 20μl. 

 

Plasma (0.2ml) was extracted with ethyl acetate 

(0.4ml) twice. After centrifugation, supernatant 

was evaporated and resuspended in the mobile 

phase (0.2ml). PELF (0.5ml) was extracted with 

DFM (2ml), and then centrifuged, evaporated 

and resuspended in a same manner. The limit of 

determination (LOD) was 0.02μg/ml and the 

limit of quantification (LOQ) was 0.03μg/ml 

both in plasma and PELF. Standard curves were 

linear from 0.03 to 10μg/ml both in plasma 

(R
2
=0.9999) and PELF (R

2
=0.9998). The inter-

day variation for determination in plasma ranged 

from 0.68 to 1.03% and PELF 0.17 to 0.82%, 

respectively. The recovery of FFL in plasma 

ranged from 91.09±2.15% to 93.27±1.58% and 

in PELF from 97.49±1.26 to 98.33±0.94%, 

respectively. 
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Data are presented as mean ± S.D. (standard 

deviation). The Prism 5.0 software (GraphPad 

Software, San Diego, Calif.) was used to perform 

statistical analysis, data processing as well as the 

graph representation. In each case, a two-tailed t 

test was used to assess the significance of 

difference in the PK parameter values between 

the PELF, plasma with anesthesia and plasma 

without anesthesia. A P value of 0.05 was 

regarded as significant. 

 

RESULTS 

 

Blood samples at all time points were eligible for 

analysis. Both plasma and pulmonary drug 

concentration-time profiles of FFL were 

illustrated in Table 2 and Figure 1. After 

intramuscular administration, the FFL in plasma 

without anesthesia and with anesthesia were 

reached to the peak concentrations of 

4.73±0.42μg/ml at 3.33±1.03hr and 

4.65±0.34μg/ml at 3.67±0.82hr, and then 

maintained above the LOQ of 0.03μg/ml for 36hr 

and 48hr, respectively. The main PK parameters 

were depicted in Table 2. The area under the 

concentration-time curve (AUC0-t), elimination 

half-life (T½ke) and mean residence time (MRT) 

of FFL in plasma without anesthesia and with 

anesthesia were 61.31±4.14 vs 

69.45±4.36μg·hr/ml, 7.89±0.95 vs 9.87±1.70hr 

and 10.36±0.42 vs 12.75±0.35hr, respectively. 

And there was no statistically significant 

difference between the PK profiles of FFL for 

the anesthetized and unanesthetized pigs. 
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Figure 1. Semi-logarithmic plots of florfenicol in plasma and pulmonary following intramuscular 

administration of a single dose of 20mg/kg body weight in pigs. Drugs concentrations were expressed 

means ± standard deviations (n=6).  

 

The urease-glutamate dehydrogenase enzymatic 

in PELF samples at all time points was eligible 

for determination, and the concentration of urea 

in plasma and PELF at all time points was 

illustrated in Table 1. The urea concentration in 

plasma of pre-administration group was 

5.38±0.49mmol/l, and the urea concentration in 

PELF of all time points was 0.49±0.07mmol/l, 

respectively. As shown in Table 1, the 

concentration of FFL in PELF was diluted about 

10 times by sterile saline solution compare to the 

drug concentration in plasma through the urea 

dilution method. 

Anesthesia scheme was qualified for PELF 

sampling in the pulmonary PK study and all 

PELF samples were eligible for analysis. After 

drug administration, FFL in PELF was reached 

to the peak concentrations of 5.94±0.86μg/ml at 

4.33±0.82hr, then decreased slowly and 

sustained about 0.23μg/ml for 48hr. As shown in 

Table 1, the main PK parameters such as AUC0-t, 

T½ke and MRT of FFL in PELF were 

85.03±9.26μg·hr/ml, 10.69±1.60hr and 

14.46±1.26hr, respectively. 
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Table 1 Urea concentration in BALF and plasma (mmol/l) 

Time 1# 2# 3# 4# 5# 6# 

Urea concentration in BALF (mmol/l) 

0.5 hr 0.48 0.42 0.49 0.41 0.39 0.41 

2 hr 0.51 0.37 0.41 0.35 0.45 0.46 

4 hr 0.46 0.52 0.48 0.52 0.51 0.53 

6 hr 0.56 0.52 0.53 0.51 0.45 0.48 

9 hr 0.53 0.49 0.62 0.47 0.41 0.39 

12 hr 0.62 0.57 0.52 0.55 0.48 0.47 

24 hr 0.53 0.55 0.48 0.49 0.64 0.61 

36 hr 0.48 0.47 0.39 0.62 0.45 0.55 

48 hr 0.51 0.49 0.47 0.48 0.44 0.62 

Urea concentration in plasma (mmol/l) 

 4.72 5.97 5.59 5.66 4.83 5.49 

 

DISCUSSION 

 

FFL was approved worldwide for the control of 

bacterial respiratory tract infections in pigs (Ali 

et al., 2003; Shin et al., 2005; Li et al., 2016. The 

PK of FFL has been extensively investigated in 

many species, including veal calves (Varma et 

al., 1986), cows (Soback et al., 1995), goats 

(Verma et al., 2009), sheep (Lane et al., 2004), 

pigs (Liu et al., 2003; Kim et al., 2008; Li et al., 

2016), dogs (Park et al., 2008) and broiler 

chickens (Shen et al., 2003), but most previous 

PK studies only focused on the plasma/serum 

concentration of the active substance but ignored 

the concentrations of antimicrobial agents in its 

target sites. Nevertheless, drug concentrations at 

the site of infection are clinically relevant 

(Drusano, 2005), as it is broadly accepted that 

biophase drug kinetics is the primary controller 

in the antimicrobial response (Müller et al., 

2004; Drusano, 2007).. Innovatively, the PKs 

parameters of FFL in both plasma and 

pulmonary tissue were analyzed in current study. 

 

FFL deposition in plasma after the i.m. 

administration was well described by the one-

compartment model with a first order absorption, 

exhibiting a markedly elongated the elimination 

half-life (T½ke) and a high bioavailability, 

indicating that FFL underwent a slow elimination 

phase but a completely systematic utilization in 

both anesthetic and non-anaesthetic pigs. The 

T½ke of FFL in plasma of unanaesthetic pigs 

calculated in the present study was 7.89±0.95hr, 

similar to previous study of 9.35±1.32hr 32hr (Li 

et al., 2016) and 5.29±2.58hr (Kim et al., 2008) 

in pigs by the same route and dosage. And the 

area under the concentration-time curve (AUC0-t) 

was 61.31±4.14μg·hr/ml, in agreement with 

60.70±6.04 (Li et al., 2016), 60.9±18.9 (Kim et 

al., 2008) and 68.61±10.36μg·hr/ml (Liu et al., 

2003) in pigs. Maximal drug concentration 

(Cmax), time to reach Cmax (Tmax) and the 

absorption half-life (T½ka) value of 

4.73±0.42μg/ml, 3.33±1.03hr and 0.62±0.09hr 

obtained for unanaesthetic pigs weren't appear to 

be much different from the previous researches. 

Other PK parameters such as mean residence 

time (MRT), apparent volume of distribution 

(Vd/F) and the clearance rate (Cl/F) were 

significantly difference with previously reported 

that maybe due to the biases introduced by 

individual animals or pharmaceutical factors in 

the special formula as well as the analytical 

methods. 

 

In respiratory conditions, the target tissue is the 

lung, in particular the extracellular fluid such as 

the epithelial lining fluid that covers the route of 

entry and colonization of microorganisms that 

cause pneumonia (Villarino et al., 2013). 

Concentrations of antibiotics in PELF for 

extracellular pathogens such as Actinobacillus 

Pleuropneumoniae are thought to reflect the 

antibiotic activity in pneumonia. Therefore, 

predictions about antibacterial efficacy shouldn’t 

be performed by using plasma/serum drug 

concentrations as a surrogate for the drug 

concentration at the site of infection.  

 

Moreover, it's important to note, the total 

antibiotic concentration measurements from 

tissue homogenate cannot be normally 

considered as valid, and results or interpretations 

based on them may be ambiguous. The main 

reason is that lung homogenate is a hybrid 
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heterogeneous sample, as it encompasses 

multiple compartments. For most of the 

microorganisms, the actual target biophase is the 

interstitial space fluid; therefore, effective 

concentrations might be under or overestimated. 

BAL is an interesting technique for detecting a 

variety of pulmonary disorders and studying the 

concentrations of various solutes in the epithelial 

fluid that lines the surface of the lung (Lee et al., 

2015), and it has frequently been used to 

establish an intrapulmonary PK model. 

 

In PELF sampling, anesthesia was maintained 

for 10~20min in a different time points with 

ketamine injection and intermittently intravenous 

propofol solution. Statistical results show that 

there was no statistically significant difference 

between the PK profiles of FFL in plasma for the 

anesthetized and unanesthetized pigs shown in 

Table 2. Mostly, it has been suggested that the 

PK profile of FFL in PELF was not interfered 

after the administration of anesthetic agent with 

ketamine and propofol. FFL in PELF was swiftly 

reached to the Cmax of 5.94±0.86μg/ml at about 

4.3hr, decreased slowly and continued for 48hr. 

In contrast, the drug in plasma of anaesthetic 

pigs was more quickly reached to the Cmax of 

4.65±0.34μg/ml at 3.67±0.82hr, and then 

declined rapidly below the LOD at 36hr post 

administration. This result suggested that the 

drug penetrated rapidly into the pulmonary, but 

concentration declined slowly. And the drug 

concentration decay faster in plasma than in the 

pulmonary. Furthermore, FFL concentration in 

the PELF exceeded that in plasma, this 

demonstrates that there is not a rapid drug 

equilibration between both compartments after 

Tmax. And this result might indicate that different 

factors, other than/or in addition to simple drug 

diffusion, intervene in the process of movement 

of  the  FFL in and out between the plasma 

and  the pulmonary compartments. Higher 

AUC0-t, MRT, Cmax and T½ke  could  be 

obtained in PELF (85.03±9.26μg·hr/ml, 

14.46±1.26hr, 5.94±0.86μg/ml and 

10.69±1.60hr) when compared to plasma in 

anaesthetic pigs (69.45±4.36μg·hr/ml, 

12.75±0.35hr, 4.65±0.34μg/ml and 9.87±1.70hr). 

In total, all these results suggest that FFL not 

only rapidly distributed in respiratory organs at 

high concentrations but also resided in epithelial 

lining fluid for a long time (>48hr). And this 

characteristic is exactly why the FFL could 

extensive used in worldwide for the prophylaxis 

and treatment of bacterial respiratory tract 

infections in pigs. 

 

Table 2. PK parameters of florfenicol in plasma and PELF following intramuscular administration of a 

single dose of 20mg/kg body weight in pigs. Values were means ± standard deviations (n=6) 

PK parameters 
Plasma without 

anesthesia 

Plasma with 

anesthesia 
PELF with anesthesia 

MRT (hr) 10.36±0.42 12.75±0.35 14.46±1.26* 

AUC0-24 (μg·hr/ml) 54.66±3.42 57.27±3.11 64.53±5.83 

AUC0-t (μg·hr/ml) 61.31±4.14 69.45±4.36 85.03±9.26* 

Cmax (μg/ml) 4.73±0.42 4.65±0.34 5.94±0.86* 

Tmax (hr) 3.33±1.03 3.67±0.82 4.33±0.82* 

T½ka (hr) 0.62±0.09 0.56±0.10 0.76±0.12* 

T½ke (hr) 7.89±0.95 9.87±1.70﹟ 10.69±1.60* 

Vd/F (l/kg) 3.55±0.39 3.47±0.49 3.49±0.53 

Cl/F (l/hr/kg) 0.31±0.02 0.26±0.02 0.23±0.02 
PK: pharmacokinetic; PELF: pulmonary epithelial lining fluid; MRT: mean residence time; AUC0-24: the area under 

the concentration-24hr curve; AUC0-t: the area under the concentration-time curve; Cmax: maximal drug 

concentration; Tmax: time to reach Cmax; T½ka: the absorption half-life; T½ke: the elimination half-life; Vd/F: apparent 

volume of distribution; Cl/F: clearance rate. 

*Statistical significances compared with plasma with anesthesia are P﹤ 0.05;  

﹟Statistical significances compared with plasma without anesthesia are P﹤ 0.05; 

 

It is of interest that, whilst FFL has been in 

widespread use in pig industry for 20 years and 

whilst resistance occurrence and mechanisms 

have been described (Kehrenberg et al., 2004; 

Schwarz et al., 2004; it have been documented 

that FFL have a high level of activity against 

Actinobacillus Pleuropneumoniae, Haemophilus 

parasuis, Pasteurella multocida, etc with MIC 

ranging between 0.25 and 0.5μg/ml (Sidhu et al., 

2009; Li et al., 2016). Basically, present study 
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demonstrated that average FFL concentrations in 

PELF exceeded about 4~10×MIC and 1~4×MIC 

for a periods between 0-12 and 24-48hr, 

respectively. In addition, FFL was classified as 

typical concentration-dependent drug (Sidhu et 

al., 2009), the initially reported AUC/MIC and 

Cmax/MIC are a better predictors than T > MIC 

for the antibacterial effect, and on the basis of the 

FFL concentrations in PELF in present study and 

MIC report in literature, in vivo AUC24/MIC was 

about 130~260hr (Sang et al., 2016), which 

means that the dose of 20mg/kg/bw administered 

intramuscularly should be to ensure the success 

of therapy and preventing the emergence of 

resistance. 

 

In conclusion, this study describes the 

disposition of FFL in PELF by use of the BAL 

technique and intrapulmonary model on the basis 

of our anesthesia method. PK of FFL in PELF in 

present study was demonstrated that FFL 

penetrated rapidly into the pulmonary and the 

drug concentration decay faster in plasma than in 

the pulmonary, and the PK profile of FFL in 

swine was not interfered after administration of 

anesthetic agent. This was considered to be 

acceptable, the risk of therapeutic failures and 

antimicrobial resistance to FFL could be reduced 

using the optimized dosage regimens based on 

these data. At the same time, this means of 

pulmonary PK studying and anesthesia protocols 

have leading meaning and practicality value to 

research and develop other antibiotics for 

respiratory infections. 
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