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ABSTRACT- Purpose: The preclinical pharmacokinetic and pharmacodynamic properties of a potent 
fluoroketolide RBx14255 against Streptococcus pneumoniae and Haemophilus influenzae was compared with 
telithromycin and human clinical dose was predicted for preclinical development. Methods: The in vitro 
pharmacokinetic characterization was performed for solubility, Caco-2 permeability, microsomal stability, CYP 
inhibition and plasma protein binding. In vivo pharmacokinetic studies were performed in Swiss albino mice, 
Sprague Dawley rats and Beagle dogs. The pharmacodynamic studies were carried out in mouse against S. 
pneumoniae in systemic infection and against S. pneumoniae and H. influenzae in rat lung infection models. 
Results: RBx14255 showed superior potency and efficacy in mouse and rat infection models. RBx14255 showed 
pH dependent solubility (0.41 mg/mL at pH 6.8 and >1 mg/mL at pH 1.2), moderate Caco-2 permeability (A to 
B: 12 nm/s) with high efflux ratio. It showed high plasma protein binding (>97%) in mouse and low binding (45-
70%) in rat, dog and human. The compound is mainly metabolized through CYP3A4. Pharmacokinetic parameters 
and absolute bioavailability of both, RBx14255 and telithromycin are similar in mouse. Both the ketolides showed 
low plasma clearance (18% of the normal hepatic blood flow rate) in mouse, moderate to high clearance in rat and 
dog. Mean oral bioavailability was high in mouse (≥85%), moderate in rat (RBx14255: 15% and telithromycin: 
51%) and high to moderate in dog (RBx14255: 98% and telithromycin: 56%). The predicted efficacious dose for 
a 70 kg man ranges from 124 mg BID to 226 mg BID. Conclusion: RBx14255 displayed significantly better 
pharmacodynamics which correlates with the pharmacokinetic properties against S. pneumoniae and H. influenzae 
as compared to telithromycin. The predicted human efficacious doses are in the range of 124-226 mg, making it 
amenable to oral dosage form drug in human. This could be a promising clinical candidate for future studies. 
__________________________________________________________________________________________ 
 
INTRODUCTION 
 
Pneumonia is an inflammatory condition of lung's 
parenchyma that is mostly, caused by 
infections. Many microorganisms such as bacteria, 
viruses, fungi, and parasites cause lung infection 
leading to pneumonia (1). Among these etiologies, 
bacterial pathogens are the major cause of mortality 
and morbidity. Bacterial pneumonia is classified as 
community-acquired pneumonia (CAP), hospital-
acquired (HAP), healthcare-associated (HCAP) and 
ventilator-associated pneumonia (VAP). It is mainly 
caused by Streptococcus pneumoniae, Haemophilus 
influenzae, Staphylococcus aureus, Group A 
streptococci, Moraxella catarrhalis, anaerobes and 
aerobic Gram-negative bacteria (2,3). Here we focus 
mostly on the infection caused by S. pneumoniae and 
H. influenzae. S. pneumoniae commonly known as  

 
 
pneumococcus is a highly invasive Gram-positive, 
extracellular bacterial pathogen is primarily 
responsible for CAP. Globally it is causing more 
deaths than any other infectious disease. Recent data 
estimate that S. pneumoniae is responsible for 14.5 
million annual infections worldwide and >800,000 
deaths in children <5 years of age (4,7).  Growing 
pneumococcal resistance to commonly prescribed 
antibiotics such as macrolides or cephalosporins and 
multidrug resistance (MDR) is serious public health 
concern (8). WHO has recently included this 
bacterium as one of the 12 top priority pathogens (9). 
_________________________________________ 
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Abbreviations: AUC, area under the concentration–time curve; BCRP, breast cancer resistant protein; BID, twice a day 
dosing; BW, body weight; Caco-2, human epithelial colorectal adenocarcinoma cells; CFU, colony forming unit; CYP, 
cytochrome P-450; CLintr, intrinsic clearance; CPCSEA, committee for the purpose of control and supervision of experiments 
on animals; ELF, epithelial lining fluid; F, oral bioavailability; HBSS, Hank’s balanced salt solution; HEPES, 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid; HTS, high throughput screening; IC50, concentration causing 50% inhibition; 
IV, intravenous; LC/MS/MS, liquid chromatography tandem mass spectrometry; n, number of replicates; MIC, minimum 
inhibitory concentration; NADPH, nicotinamide adenine dinucleotide phosphate; Papp, apparent permeability; PBPK, 
physiologically based pharmacokinetic model; PK, pharmacokinetics; P-gp, P-glycoprotein; PO, per oral; t1/2, half-life; RTI, 
respiratory tract infection; SD, standard deviation; TEER, Transepithelial electrical resistance; UPLC, ultra-performance 
liquid chromatography; UV, ultraviolet; Vss, volume of distribution at steady state.  
__________________________________________________________________________________________
_ 
Haemophilus influenzae are pleomorphic Gram-
negative coccobacilli available in capsulated and 
non-capsulated forms. Capsulated invasive 
Heamophilus influenzae type b (Hib) is a common 
cause of pneumonia, epiglottitis, sepsis and other 
soft tissue infections and it was also the most 
common cause of meningitis in children below 5 
years of age (10, 11). 

Ketolides are a new class of semisynthetic 
antibiotic derived from the 14-membered macrolide, 
erythromycin A. Ketolides are designed to overcome 
resistance to macrolides with improved 
pharmacokinetic and pharmacodynamic properties 
of the existing macrolide compounds (12). 
Telithromycin, the first member of the ketolide 
family demonstrated high efficacy against S. 
pneumoniae isolates that cause community-acquired 
respiratory tract infection. It was approved in 2004 
to treat simple and complicated upper and lower 
respiratory tract infections. Soon after approval, 
several severe adverse events became known, which 
included reversible visual disturbance, syncope, 

exacerbation of myasthenia gravis and hepatic 
failure (13, 14). The US Food and Drug 
Administration (FDA) withdrew its approval for 
safety concerns and allowed its use for community-
acquired bacterial pneumonia, CAP (15-16). The 
emergence of telithromycin resistance in clinical 
isolates of S. pneumoniae was also reported (17-18). 
The continued search for newer ketolides by many 
pharmaceutical companies in recent time has re-
emphasized the importance of synthesis and 
evaluation of novel ketolides against MDR Gram 
positive bacteria (19-23). In this situation, 
investigation and further development of new 
ketolides require resolving the issues associated with 
telithromycin. 

As part of the preclinical evaluation we have 
carried out here an extensive characterization of 
the in vitro and in vivo preclinical pharmacokinetic 
and pharmacodynamic properties of a novel 
fluoroketolide RBx14255 (Fig. 1) against S. 
pneumoniae and H. influenzae.    

 

Figure 1. Chemical structure of RBx14255 and telithromycin 
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MATERIALS AND METHODS 
 
Chemicals 
RBx14255 was synthesized at Ranbaxy Research 
Laboratories, India. The Caco-2 cell line (human 
colon carcinoma epithelial cell line) was obtained 
from ATCC (HTB-37, Manassas, USA) and cells 
were used at passage number 36. Corning 
Transwell® filters 12-well, HBSS, HEPES, glucose 
and sodium bicarbonate were obtained from Sigma 
Aldrich (India). Liver microsomes and purified 
recombinant CYP450 isozymes, CYP1A2, CYP2C9, 
CYP2C19, CYP2D6 and CYP3A4 were purchased 
from BD Gentest (India). For the blood to plasma 
concentration ratio study, freshly collected mouse, 
rat and dog blood was obtained from in-house 
animals. Human blood was obtained from the Blood 
Bank (Gurgaon, India). For the protein binding 
study, a 96-well equilibrium dialyser with 150 μL 
half-cell capacity (HTDialysis®, Gales Ferry, USA) 
employing 12–14,000 Dalton molecular weight cut-
off membranes was used. Standard substrates, 
metabolites, inhibitors, NADPH and deuterated 
analytical internal standards used for the CYP 
inhibition study were obtained from Sigma–Aldrich 
(Bangalore, India), BD Biosciences (Woburn, USA) 
and TRC (Toronto, Canada). 
 
Animal Husbandry and Ethical Approval  
Institutional Animal Ethics Committee (IAEC) of 
Daiichi Sankyo India Pharma Pvt. Ltd., Gurgaon, 
India approved all experimental protocols (mouse 
and rat) and IAEC of Ranbaxy Laboratories Limited, 
Gurgaon, India approved all experimental protocols 
(dog) for the use of animals. This study was 
conducted under the strict guidelines set out by the 
CPCSEA (Government of India) for the correct 
implementation of animal care and experimentation. 
Animals were acclimatized in study rooms for at 
least five days prior to dosing. The mouse and rat 
were housed in standard mouse and rat cages, 
respectively and maintained at 24  2oC; controlled 
illumination was used to provide 12 h light/dark 
cycles.  Dogs were housed in individual pens 
maintained in controlled environmental conditions 
(22 ± 3 °C; 40–70% Relative Humidity; 10–15 fresh 
air change cycles/h) with 12 h light and dark cycles. 
Standard pelleted diet (Golden Feeds, New Delhi, 
India) was given to mice and rats; dogs were given 
Pedigree® standard dog chow (manufactured by 
Effem India Private Limited, India) 300 g once a 
day. Water was allowed ad libitum throughout the 

study. Mice were fasted for 6 h and rats and dogs 
were fasted overnight before dosing and 2 h after 
dosing. Water was allowed throughout the study 
period. Good quality water passed through activated 
charcoal filter and exposed to UV rays was 
provided ad libitum throughout the study to all 
animals. In mice and rats, blood samples were 
collected through retro-orbital plexus using a sparse 
sampling design. In dogs, a serial sampling was 
carried out through cephalic vein. 
 
Physicochemical and In vitro Studies 
Solubility  
The solubility of RBx14255 was estimated at pH 1.2 
and 6.8. Test compound was prepared in DMSO was 
spiked into buffer pH 1.2 (0.05 M sodium chloride, 
pH adjusted to 1.8 with hydrochloric acid) or 
phosphate buffer pH 6.8 (0.05 M Sodium dihydrogen 
orthophosphate, adjusted to pH 6.8 with sodium 
hydroxide) to potentially yield a final concentration 
of 1 mg/mL with 1% DMSO content. This solution 
was incubated at 25°C in a shaking water bath for 1 
hour. The solution was filtered through membrane 
filter and analyzed in Acquity UPLC (Waters) using 
gradient mobile flow. Briefly, the mobile phase A 
was 0.05% v/v formic acid in a mixture of Milli-Q 
water and acetonitrile in the ratio of 95:5 and mobilie 
phase B was 0.05% v/v formic acid in acetonitrile. 
Chromatography was conducted on a Sunniest C18-
HT, (50x2.1) mm, 2.0 µm (Chromanik, Japan) 
reverse phase column at a flow rate of 0.7 mL/min 
using PDA detector with spectrum from 210–400 
nm.  
 
Caco-2 permeability 
Permeability of RBx14255 (10 μM) was determined 
in apical to basolateral (A–B) and basolateral to 
apical (B–A) directions. Transport studies were 
conducted 21 days post seeding in 12-well 
Transwell® inserts. Following pre-incubation in 
HBSS-HEPES buffer in an orbital shaker at 37 °C, 
5% CO2 for 30 min, samples were withdrawn from 
the basolateral compartment at 15, 30, 45, 60, 90, and 
120 min, and from the donor chamber at 0 and 
120 min. At the end of the experiment, cells were 
washed with cold buffer and lysed with acetonitrile 
to assess cell accumulation and estimate the 
recovery. Cumulative amount (Q in µM) transported 
as a function of time was plotted and the slope of the 
linear segment was calculated, which is the linear 
appearance rate of the drug into the basolateral 
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compartment (dQ/dt). Apparent permeability (Papp), 
was calculated using the equation 
 

Pୟ୮୮ =
ୢ୕/ୢ୲

୅×େబ
  (1) 

Where dQ/dt is the slope of the line; A is the area 
of the cell monolayer (4.2 cm2 for a six well plate) 
and C0 is the initial concentration of the drug (µM). 
The Papp value obtained is in cm/sec.  

The ratio between Papp values in both transport 
studies (AB and BA) was calculated according to the 
expression    

Pୟ୮୮ratio(BA/AB) =
୔౗౦౦(୆୅)

୔౗౦౦(୅୆)
  (2) 

 
Microsomal stability 
Liver microsomes (concentration: 20 mg/mL, 
Sekisui XenoTech) from males CD-1 mouse, 
Sprague–Dawley rat, Beagle dog, Cynomolgus 
monkey and mixed gender human (pool of 50 
donors) were used for assays. RBx14255 (0.5 µM) 
and reference standard telithromycin were incubated 
in a reaction mixture consisting of liver microsomes 
and NADPH (reduced nicotinamide adenine 
dinucleotide phosphate) regenerating system. 
Aliquots were withdrawn at 3 min intervals until 30 
min and were analyzed for parent compounds by LC-
MS/MS. The loss of parent was expressed as 
percentage of test compound remaining with time 
and the rate of decay was estimated by mono-
exponential decay kinetics. The rate of decay was 
normalized to microsomal protein per gram of liver 
and was expressed as mL/min/g liver.  
 
Reaction phenotyping 
RBx14255 and telithromycin were incubated (0.5 
µM) separately with five major CYP enzymes 
(recombinant CYP isozymes 1A2, 2C9, 2C19, 2D6 
and 3A4 at concentrations identical to HLM) and 
NADPH regenerating system. The relative extent of 
metabolism in all the matrices was compared 
following 30 min incubation.  
 
CYP inhibition 
CYP inhibition potential of the test compound and 
telithromycin was evaluated against five major CYP 
isozymes (1A2, 2C9, 2C19, 2D6 and 3A4) using 

HTS inhibitor screening kit from BD Biosciences 
(Woburn, USA). Briefly, the test compound at 
various dilutions was incubated with a reaction 
mixture containing recombinant CYP enzyme, 
NADPH regenerating system and fluorogenic 
substrate.  The formation of fluorescence was 
compared for the test groups with that of control 
reaction, performed in the absence of test compound.  
The percentage decrease in fluorescence in test 
group was expressed as a function of test compound 
concentration.  The concentration of the test 
compound that reduces the metabolite formation by 
half (1C50) was calculated, using non-linear 
regression analysis.  
 
Plasma protein binding 
Plasma protein binding was evaluated in vitro using 
ultrafiltration technique.  RBx14255 spiked in 
duplicates into plasma to produce 0.1 µg/mL and 1 
µg/mL (0.05% w/v DMSO) concentrations. After 
mixing, the samples were incubated for 30 min to 
ensure binding and centrifuged at 8000 g for 20 min 
using centricon (millipore10 Kda) tubes to isolate the 
ultrafiltrate. The ultrafiltrate and retentate was 
collected and analyzed in LC-MS/MS to determine 
the concentrations of RBx14255. The test compound 
was estimated in the whole plasma samples and 
retentate and the fraction of compound bound to the 
plasma proteins was calculated.  
Percentage plasma binding was calculated using the 
following equation 
 

% Bound to plasma = ൤1 −
େ౫౜

େ౦
൨ × 100   (3) 

  
 Where C୮and C୳୤ denote the initial concentration 
of test compound in plasma and the concentration of 
test compound in ultra-filtrate, respectively.  
 
In vivo Pharmacokinetic Studies 
Formulations 
The intravenous and oral formulations were prepared 
in acetate buffer (pH 4.5). The intravenous 
administration dose volume was 2 mL/kg for mice 
and 1 mL/kg for rats and dog. The oral dose volume 
was 10 mL/kg for mice and rats and 5 mL/kg for 
dogs. Formulations were administered within 30 min 
of preparation. 
 
Pharmacokinetic studies 
Studies were performed in healthy male Swiss albino 
mice (20–30 g), Sprague Dawley rats (200–250 g) 
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and Beagle dogs (10–13 kg). Mice were fasted 6 h 
prior to dosing and food was provided 2 h post dose. 
Rats and dogs were fasted overnight and were 
provided food 2 h post dose. For intravenous bolus 
dose administration, mice and rats were dosed 
through the tail vein, and dogs through the saphenous 
vein with 15 min infusion. The oral dose was 
administered by gavage for all animals. A sparse 
sampling design was used in mice (n = 3 per time 
point). Serial blood sampling was used for rats 
(parallel groups; n = 3) and dogs (crossover; n = 3). 
Blood samples were collected at 0.083 (only IV), 
0.25, 0.5, 1, 2, 4, 8 and 24 h post-dose. Plasma was 
harvested from plasma following centrifugation 
(3000g, 5 min, 4°C) and stored at −80 °C until 
analysis. 
 
Pharmacokinetic analysis 
Pharmacokinetic parameters were calculated using 
non-compartmental analysis tool of validated 
Phoenix WinNonlin® software (Version 6.3). 
Parameters were calculated for individual 
concentration-time profiles where possible; 
otherwise the mean values were used. The area under 
the concentration time curve (AUClast and AUCinf) 
was calculated by linear trapezoidal rule. The 
elimination rate constant value (kel) was obtained by 
linear regression of the log-linear terminal phase of 
the concentration–time profile using at least 3 non-
zero declining concentrations in terminal phase with 
a correlation coefficient of >0.8. The peak 
concentration (Cmax), time for the peak concentration 
(tmax), plasma clearance (CLp) and distribution 
volume at steady state (Vss) were the observed 
values. Foral (%) was calculated from the following 
equation  
 

% F୭୰ୟ୪ =
஺௎஼ುೀ×஽௢௦௘಺ೇ

஺௎஼಺ೇ×஽௢௦௘ುೀ
× 100  (4) 

 
Where AUCIV and AUCPO are AUC estimates 

after the intravenous and oral administration, 
respectively, and DoseIV and DosePO are the 
administered doses for intravenous and oral 
administration, respectively. Allometric methods 
were used to predict human blood clearance, volume 
of distribution and half-life (24,25).  
 
Lung to plasma concentration ratio 
Lungs and blood from male Swiss Albino mouse and 
Sprague Dawley rat were collected and pooled (n=3) 
at different time points till 24 h post dose following 

5 mg/kg oral or intravenous dose. Plasma was 
harvested from blood by centrifugation and pooled 
lungs were homogenized in ice-cold phosphate 
buffer (pH 7.4). The plasma and lung homogenate 
were processed and analyzed for parent compound 
by LC-MS/MS. Area under the curve (AUC) were 
calculated using non-compartmental analysis in 
Phoenix WinNonlin® software (Version 6.3).  
 
Pharmacodynamic Study 
Efficacy of RBx14255 against S. pneumoniae 994 
mef in murine systemic infection model 
Swiss albino mice weighing 18-22 g of either sex 
were used for the study. Animals were acclimatized 
for 7 days to the experimental conditions prior to the 
start of experiments. In all treated as well as 
untreated control groups, six mice (n=6) were taken 
per group. Overnight grown culture of S. 
pneumoniae 994 mef was suspended in sterile saline 
and the optical density was adjusted to 3.3 Mc 
Farland; which was further diluted to 1:100. Equal 
volume of diluted culture was mixed with 10 % hog 
mucin and 0.5 mL of inoculum containing 2.5 x105 
CFU was injected intra-peritoneally to each mouse. 
Treatment initiated 1 h post infection and was 
administered BID for 3 days. RBx14255 and 
telithromycin in the dose range 3.12, 6.25, 12.5, 25 
and 50 mg/kg BW and clarithromycin 25, 50, 100 
and 200 mg/kg and amoxicillin/clavulanic acid 6.25, 
12.5, 25 and 50 mg/kg were administered twice daily 
orally. The mice were observed for 7 days and the 
survival of mice was recorded. ED50 (mg/kg BW) 
was calculated by Spearman Karber formula on day 
7. Data are representative of two independent 
experiments. 
 
Pharmacodynamics of RBx14255 against MA80 S. 
pneumoniae in rat lung infection model 
Sprague Dawley rats (90  20 g) of either sex (n = 4) 
were used for this study. Rats were infected with 200 
L of MA80 S. pneumoniae suspended in 0.6% agar 
containing 107/mL CFU by intratracheal intubation. 
RBx14255 were administered 30 mg/kg single dose 
by oral route. Blood collection was done (4 rats/time 
point) at 15 min, 30 min, 1 h, 2 h, 4 h, 6 h, 8 h, 12 h 
and 24 h, after the dose. Sodium citrate (20% w/v) 
was used as an anticoagulant. Plasma separation was 
done by centrifugation at 3,000g for 5 min. at 4oC. 
Lungs were excised from the sacrificed rats at 30 
min, 2 h, 4 h, 6 h, 8 h, 12 h and 24 h. The lung weights 
were recorded and K2HPO4-KH2PO4 phosphate 
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buffer (pH 7.4) added to the lungs (2 mL/g of lung) 
and homogenized in ice-cold condition. Final 
volume of the lung homogenates was recorded. An 
aliquot of lung homogenate, of all time points were 
serially diluted and spotted on agar plates to 
determine the lung bacterial load reduction. Plasma 
and lung homogenates were stored at -80oC. The 
concentration of RBx14255 in plasma was analyzed 
by LC-MS/MS. 
 
Pharmacodynamics of RBx14255 against H. 
influenzae in rat lung infection model 
Sprague Dawley rats (70-90 g, n=6) were infected 
with 200 L of H. influenzae LA85021 suspended in 
0.6% agar containing 107/mL CFU by intratracheal 
intubation. Single dose of RBx14255 (100 mg/kg) 
was administered by subcutaneous route 2 h post-
infection. Plasma, bronchoalveolar lavage (BAL), 
and lung tissue were sampled at 0.5 h, 1 h, 2 h, 5 h, 
8 h and 24 h post infection. The blood samples were 
centrifuged at 10,000 rpm for 5 min. at 4oC. Plasma 
was separated and stored at -80oC. Immediately after 
blood collection, BAL fluid was aspirated by 
infusion of 2.5 mL of physiological saline (pH 7.2 ± 
0.2), flushed two times in the lungs of each rat. The 
BAL samples were immediately centrifuged at 
400xg for 10 min at 4oC and the supernatants were 
collected and stored at -80oC until analyzed. After 
BAL sampling, the lungs were excised, collected in 
saline, homogenized and stored at -80oC.  An aliquot 
of lung homogenate was used to assess bacterial load 
in lungs by serial dilution plating at all the time 
points. Concentrations of RBx14255 in plasma, ELF 
and lung homogenates were determined by bioaasay-
based method using B. subtilis ATCC 6633. The 
drug concentration in ELF was calculated using urea 
as a marker of dilution. The following equation as 
described by Muller-Serieys et al. (1986) was used.  
 

[Drug]୉୐୊ = [Drug]୆୅୐ × ቄ
[୙୰ୣୟ]ౌైఽ౏౉ఽ

[୙୰ୣୟ]ాఽై
ቅ (5) 

 
The average urea factor for plasma/BAL for 

Sprague Dawley rat was estimated to be 14. This 
factor was used for drug estimation in ELF. 
 
Pharmacokinetic-Pharmacodynamic Analysis 
Species-invariant time method (complex Dedrick 
plots) 
The general idea behind the species-invariant time 
method originates from the allometric approach, and 

the prediction performance depends on the 
allometric relationships of the pharmacokinetic 
parameters across species. The species-invariant 
time method is based on the assumption that by 
normalizing the concentrations by body weights and 
transforming the chronological time to the 
physiological time, which is defined by the number 
of heartbeats or the number of respirations an animal 
will have in its lifespan, the plasma concentration–
time curves should be superimposable in all species. 
Dedrick first transformed chronological time to the 
equivalent time (26) and Boxenbaum (26) later 
introduced new units of pharmacokinetic time: 
kallynochrons, apolysichrons, and dienetichrons. In 
the Dedrick plot using equivalent time, the 
intravenous free plasma concentration–time curve 
was transformed by dividing the concentrations and 
time scales of various species by dose (per kilogram 
of body weight) or W0.25, respectively. In the Dedrick 
plot using kallynochrons, apolysichrons, and 
dienetichrons as time units, b, c, and d are the 
allometric scaling exponents of CL, Vdss, and 
CL × MLP (maximum life-span potential), 
respectively (27). The transformed concentration–
time curves of various species are superimposed and 
then back-transformed to estimate human i.v. plasma 
concentration–time profiles. The predicted human 
i.v. profile, in combination with the estimated mean 
absorption rate constants and bioavailability, was 
then used to simulate the oral pharmacokinetic 
profile in humans. Mahmood and Yuan (27) 
compared the accuracies of transformations via 
equivalent time, kallynochrons, and apolysichrons 
for predicting human CL, Vdss, and t1/2. They 
observed that equivalent time was inferior to 
kallynochrons and apolysichrons, which might be 
due to the fixed exponent of 0.25. Since the 
correction factors for Dedrick plot transformations 
were derived from allometric scaling exponents, it is 
not surprising that they observed comparable 
prediction accuracy between allometric scaling and 
Dedrick plots. The derived complex Dedrick 
equations are as follows: 
 

𝐶௣ =
஽

௏
× 𝑒ି

಴ಽ

ೇ
௧  (6) 
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⇒ 
஼೛

஽/ௐ
=

ଵ

஼.ௐ೎/ௐ
× 𝑒ି

ಳ.ೈ್

಴.ೈ೎ ×௧    (𝐶𝐿 = 𝐵. 𝑊௕ , 𝑉 = 𝐶. 𝑊௖  )   (7) 

 

⇒ 
஼೛

஽/ௐ೎ =
ଵ

஼
× 𝑒ି

ಳ

಴
×௧ᇲ

   (∵ 𝑡ᇱ = 𝑊௕ି௖ . 𝑡)    [complex Dedrick plot] (8) 

 

Concentration scale =
஼೛

஽/ௐ೎  and Time scale = 𝑊௕ି௖ . 𝑡  (9) 

 
 
RESULTS 
 
Physicochemical Properties and In vitro Studies 
Solubility, permeability and plasma protein 
binding 
Mean solubility of RBx14255 and telithromycin of 6 
samples is 0.41 and 0.34 mg/mL at pH 6.8, and >1 
mg/mL at pH 1.2. RBx14255 and telithromycin 
exhibited moderate A to B permeability across the 
Caco-2 monolayer (12 nm/s and 16 nm/s, 
respectively) at same molar concentration and 
experimental condition. RBx14255 showed 3-fold 
lower efflux ratio compared to telithromycin. The 
efflux ratio greater than 2 indicating that the 
compounds are substrates for the efflux transporters 
(28) P-gp and BCRP (Table 1).  
 
Table 1. Trans-epithelial transport of RBx14255 and 
telithromycin across Caco-2 Monolayer 

Compound 
Papp A to B 

(nm/s) 
Papp B to A 

(nm/s) 

Efflux ratio 
[Papp ratio 
 (BA/AB)] 

RBx14255 12 ± 1.2 22 ± 1.6 1.8 

Telithromycin 16 ± 2.1 79 ± 5.8 4.9 

Data is presented as mean value ± standard deviation from three 
replicates. Papp is the apparent permeability in Caco-2 cell 
assayfrom apical-to-basolateral (AB) and basolateral-to-apical 
(BA) side at pH = 7.4.  
 

RBx14255 and telithromycin showed high 
binding (>97%) in mouse plasma whereas plasma 
protein binding in other species (rat, dog and human) 
studied was low (34.44 % to 69.6 %) at both the 
concentrations studied. RBx14255 was found to be 
highly bound to plasma proteins in lower animals 
compared to higher animals which showed low 
protein bound. These results were consistent with 
telithromycin values. 

The oral absorption properties of RBx14255 
were superior compared to telithromycin. The 
compound showed pH dependent solubility 0.41 
mg/mL at pH 6.8 and >1 mg/mL at pH 1.2 and a 
moderate permeability (12 nm/s in Caco-2 cells)  

 
 
 
 

similar to telithromycin. In contrast to moderate oral 
bioavailability of telithromycin at low oral doses in 
three rodent species (50-60%), RBx14255 showed 
excellent bioavailability (70–100%) consistent with 
its better permeability compared to telithromycin.  
 
Metabolic stability and reaction phenotyping 

The in vitro microsomal CLintr of RBx14255 and 
telithromycin showed high metabolic stability in 
liver microsomes from mouse, rat, dog and human 
(0.7 to 3.0 mL/min/g liver). Monkey showed high 
CLintr which is consistent with telithromycin (Table 
2). The in vivo clearance is consistent with in vitro 
hepatic microsomal clearance which suggests that 
liver is likely to be the main excretory organ for both 
RBx14255 and telithromycin except for 
telithromycin clearance in dog which is high, could 
be due to contribution of other organs. The high oral 
bioavailability of RBx14255 in rodents and non-
rodent compared to moderate bioavailability in 
telithromycin is consistent with the intestinal efflux 
values which is about 44% lower than telithromycin.  

Reaction phenotyping study of both RBx14255 
and telithromycin showed minimal metabolism (0-
13%) in four CYP isozyme namely CYP1A2, 2C9, 
2C19 and 2D6. Whereas, through CYP3A4, the 
metabolism of telithromycin and RBx14255 
metabolized was 88% and 93%, respectively. 
Reaction phenotyping results suggests that high 
metabolic clearance of RBx14255 and telithromycin 
is likely through CYP3A4 isozyme. 

 
CYP inhibition 

RBx14255 and telithromycin did not inhibit 
CYP1A2, CYP2C9 and CYP2C19 at concentrations 
up to 100 Μm (triplicate IC50 studies). Compared to 
RBx14255, telithromycin moderately inhibit 
CYP2D6. However, RBx14255 and telithromycin 
inhibit CYP3A4 with an IC50 value of 1.5 ± 0.6 Μm 
and 1.4 ± 0.7 Μm, respectively. 
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Table 2: Metabolic stability of RBx14255 and 
telithromycin in liver microsomes 

Matrix 
     CLintr (mL/min/g liver) 

RBx14255 Telithromycin 

Mouse 2.4 ± 0.2 0.7 ± 0.1 

Rat 0.6 ± 0.04 0.8 ± 0.07 

Dog 1.6 ± 0.1 1.0 ± 0.1 

Monkey >8 >8 

Human 1.8 ± 0.2 3.0 ± 0.4 

Note: 0-3: low, 3-8: moderate, >8: high clearance 

 
Pharmacokinetics  
RBx14255 and telithromycin had close 
pharmacokinetic properties including bioavailability 
in mouse. Both ketolides showed low plasma 
clearance (18% of the normal hepatic blood flow 
rate) in mouse with half-life ranges from 1.0 to 1.6 h. 
They were well distributed with a steady state 
distribution volume of 1.5 to 2.2 times the total body 
water and showed high mean oral bioavailability of 
≥85% (Table 3). In the rat, they showed moderate to 
high blood clearance (52% and 90% of the normal 
hepatic blood flow rate for RBx14255 and 
telithromycin, respectively), well distributed with 
total steady state distribution volume of > 4 times the 
total body water. The compounds showed a half-life 
of ~3 h with moderate oral bioavailability 
(RBx14255: 70% and telithromycin: 51%). In dog, 
compounds showed moderate to high blood 
clearance (58% and 85% of the normal hepatic blood 
flow rate for RBx14255 and telithromycin, 
respectively) with high volume of distribution (>4 
times the total blood volume). RBx14255 showed a 
long half-life of 18 h, about 7-fold higher than 
telithromycin. Oral bioavailability of RBx14255 was 
98% almost double that of telithromycin. The 
pharmacokinetic properties of RBx14255 suggest 
that it has the potential to be administered as low BID 
dose. The high volume of distribution in all 
preclinical species is, in part, due to high distribution 
in lungs as observed in rat. Its moderately long half-
life in vivo in the various animal species (t½ = 1.57 h 
in the mouse, 2.63 h in rat and 17 h in dog), result 
from a combination of a relatively low clearance and 
a high volume of distribution. 
 
Lung to Plasma Ratio 
The partitioning of test compounds into lungs from  

partitioninginto lungs was 7 to 16-fold higher than 
plasma. However, the lung to plasma exposure 
pattern of RBx14255 and telithromycin in mouse and 
rat following oral and intravenous dose was found to 
be similar as shown in Table 4. 
 
Pharmacodynamic  
Efficacy of RBx14255 against S. pneumoniae 994 
mef in murine systemic infection 
The ED50 (mg/kg BW) of RBx14255, telithromycin, 
amoxicillin/clavulanic acid and clarithromycin 
(Table 5) against S. pneumoniae 994 mef murine 
systemic infection were found to be 13.81, 15.72, 
15.78 and 141 mg/kg body weight indicating its 
superior potency as compared to clarithromycin and 
equivalent to other commercially available standard 
drugs. 
 
Pharmacodynamics of RBx14255 against MA80 S. 
pneumoniae in rat lung infection model   
The pharmacodynamic and pharmacokinetic 
parameters are presented in Fig. 2 and Table 6, 
respectively. RBx14255 showed bactericidal 
potential starting 8 h post infection with bacterial log 
reduction being 4.417 log10. This for telithromycin 
was 3.32 log10. Thus, RBx14255 was equipotent to 
telithromycin with 1/4th exposure levels in the 
plasma in Sprague Dawley rats. 
 
Pharmacodynamics of RBx14255 against H. 
influenzae in rat lung infection model 
The histograms in Fig. 3 depict the log CFU/mL of 
bacteria, which decreased to 4.25 log10 at 5 h and 
2.24 log10 in 8 h indicating a significant load 
reduction compared to the untreated control. The 
drug levels at 5 h were 1.41, 2.03 and 7.69 g/mL in 
plasma, ELF and lung tissue, respectively.   

The H. influenzae load reduction was observed 
as early as 1 h and bactericidal effect ( 3 log10 
CFU/mL reduction from the initial inoculum, i.e.,~ 
6.4 log10) was achieved at 8 h. Significant eradication 
( 4 log10 CFU/mL reduction from the initial 
inoculum) was observed at 24 h. The 
pharmacodynamic parameter associated with 
bacterial inhibition correlated well with the achieved 
levels of RBx14255 in the epithelial lining fluid and 
lung tissue. The concentrations in the three 
compartments are in the order plasma<ELF<lung. 
The peak concentrations of RBx14255 in the ELF 
and lung were achieved in 1-2 h and remain above MIC 
till 8 h, which resulted in increased bacterial eradication.  
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Table 3. In vivo pharmacokinetic parameter estimates of RBx14255 and telithromycin 

Compound Species 
Dose 

(mg/kg) 
Route 

Tmax 

(h) 

AUClast 

(μg h/Ml) 

CLblood 

(Ml/min/kg) 

Vss,blood 

(L/kg) 

t½  

(h) 
F 

(%) 

RBx14255 

Mouse 
5 IV   5.24 15.9 1.10 1.57   

25 PO 2.00 22.22       85 

Rat 
5 IV   2.80 ± 0.59 31.23 ± 5.77 2.74 ± 1.12 2.63 ± 1.45   

25 PO 2.10 ± 1.62 9.74 ± 0.87       70 

Dog 
3 IV   3.02 ± 1.10 18.05 ± 5.81 3.88 ± 0.84 17.95 ± 5.81   

15 PO 2.33 ± 1.15 14.79 ± 5.94       98 

Telithromycin 

Mouse 
5 IV   5.15 16.22 1.56 1.12   

25 PO 2.00 14.11       55 

Rat 
5 IV   1.90 ± 0.76 49.02 ± 15.84 6.04 ± 2.62 2.91 ± 1.73   

25 PO 2.70 ± 0.63 4.83 ± 1.30       51 

Dog 
5 IV   1.90 ± 0.29 26.48 ± 3.72 3.17 ± 0.83 2.62 ± 0.89   

15 PO 0.83 ± 0.33 5.26 ± 0.93       56 

Data either reported as mean values or mean ± SD; n = 3 

 
 

Table 4. Lung to plasma exposure ratio in male Swiss albino mouse and Sprague Dawley rat (n=3) 

Compound 

AUC0-∞ ratio (Lung/Plasma) 

Mouse (5 mg/kg) Rat (5 mg/kg) 

PO IV PO IV 

RBx14255 0.44 ± 0.21 1.21 ± 0.43 7.04 ± 2.41 15.8 ± 3.03 

Telithromycin 0.38 ± 0.15 1.17 ± 0.61 10.33 ± 4.62 12.22 ± 5.18 

 

 

Figure 2. Bacterial load in lungs of RBx14255 and telithromycin treated animals at different time points as compared 
to untreated control (PC)  
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Table 5. ED50 (mg/kg BW) of RBx14255 as 
compared to telithromycin against S. pneumoniae 994 
mef murine systemic infection model 

S. pneumoniae 994 mef systemic infection 

Compound 
ED50  

mg/kg BW* 
Confidence  

Interval 

RBx14255 13.81 10.34, 37.93 

Telithromycin 15.72 10.74, 23.01 

Amoxicillin/ 
Clavulanic acid 

15.78 8.14, 30.58 

Clarithromycin 141 10.97, >200 

*Number of mice, n=6 per group/experiment  

 
Table 6. Comparative PK parameters of RBx14255 
and telithromycin in Sprague Dawley rats after single 
oral dose (30 mg/kg) 

Compound 
tmax  
h 

Cmax  
ng/mL 

AUCinf  
ng.h/mL 

t1/2  

h 

RBx14255 6.0 149.5 934.2 4.56 

Telithromycin 4.0 860.5 3811.6 3.05 

 
 
 

 

Figure 3. RBx14255 levels in plasma, ELF and lung 
tissue vs. bacterial load in lungs of RBx14255 treated 
animals. 

 

The data labels above the bars indicate the log10CFU/mL 
in the RBx14255 treated animals.RBx14255 exhibited 
accumulation in lung tissue much above its MIC 
levels (2 g/mL) upto 8 h.  The concentrations of 
RBx14255 in the lung tissue and epithelial lining 
fluid were more than the corresponding plasma 
levels at all time points. The pharmacodynamic 
parameter associated with bacterial inhibition 
correlated well with the achieved levels of 

RBx14255 in the epithelial lining fluid and lung 
tissue. The efficacy of any drug is dependent upon 
its transport and penetration to the target site of 
infection. For drugs of the RTI pathogens, high 
bronchopulmonary concentrations can be a key 
predictor of clinical outcome.  
 
Human PK Prediction and PK/PD 
 Prediction of human PK and human efficacious 
doses 
The preclinical PK parameters were determined 
using model-independent pharmacokinetic 
calculations. First, simple allometric scaling of the 
clearance and volume of distribution data was 
performed using Y = aWb, where Y is the parameter 
of interest, and a and b are coefficient and exponent 
of the allometric equation, respectively, and W is 
body weight (25, 29). The Rule of Exponents (RoE) 
method was used to improve the prediction of human 
clearance. Maximum lifespan potential (MLP) 
approach was used (30) because clearance exponent 
calculated using simple allometry exceeded 0.71 and 
less than 1.0 (Fig. 4). The plasma clearance and 
volume of distribution was estimated to be 
6.26 mL/min/kg and 5.16 L/kg, respectively for 
70 kg human. These human clearance and volume 
estimates gave an estimated blood half-life 
(t½ = 0.693 × Vss/CL) of 9.5 h for RBx14255 in 
humans, suggesting that the compound is likely to be 
a twice-a-day drug. 
The high volume of distribution predicted in human 
is likely to show clinical relevance in lung 
distribution of RBx14255 as observed in rodents 
and non-rodents. The predicted human efficacious 
dose range of 124-226 mg for RBx14255 makes it 
amenable to further oral dosage form study design 
in humans. 
 Prediction of human plasma concentration - time 
profiles 
When predicting the first-in-human dosing, special 
attention is paid to the AUC after oral dosing, 
elimination half-life, and peak-to-trough plasma 
concentration ratio. This is because an estimate of 
exposure (AUC) is required to ensure efficacy and 
safety. Accurate assessment of the drug’s maximum 
concentration (Cmax) and trough concentration (Cmin) 
is useful to avoid unwanted toxicity and maintain 
efficacious concentrations. Hence, early prediction 
of the concentration–time profiles for humans is of 
great importance. Currently, several methods have 
already been used to predict concentration–time 
profiles in humans based on preclinical data, such as 



J Pharm Pharm Sci (www.cspsCanada.org) 23, 206 - 219, 2020 
 

 
 

216 

the species-invariant time method (Dedrick plots), 
the Css–mean residence time (MRT) method, and the 
PBPK model. 

 

 
 
Figure 4. Allometric scaling of blood clearance and 
steady-state volume of distribution using 
pharmacokinetic data from preclinical species 

Species-invariant time method (complex Dedrick 
plots) 
To predict human efficacious oral doses, human 
plasma concentration time profiles (Fig. 5) were 
predicted from intravenous Dedrick plots 
incorporating of dog ka (absorption constant) of 2.27 
h-1, human plasma protein binding and 80% human 
oral bioavailability (mean oral bioavailability of 
three preclinical species). The following 
assumptions were made: (i) Human ka and dog ka are 
similar (ii) exposures in healthy animals are similar 
to those in the disease models, (iii) human 
bioavailability will be about 80%. Based on the 
above assumptions, the minimum efficacious dose 
predicted for a 70 kg human ranges from 124 mg 
BID to 226 mg BID (Fig. 6). 
 
 
 

 
Figure 5. Complex Dedrick plots showing predicted 
human blood profiles from different preclinical species. 

 

 
 

Figure 6.  Predicted human oral plasma concentration time profiles above MIC derived from different preclinical species. 
The profiles were drawn considering 80% human oral bioavailability (mean oral bioavailability of three preclinical species) 
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DISCUSSION  
 
Bacterial pneumonia is the most widespread 
infection leading to hospitalization and mortality in 
all populations, especially the elderly and children 
(31, 32). The economic burden of pneumonia is 
significant, with annual expenses over $17 billion in 
the United States and €10 billion in Europe (31, 33, 
34). The increased rates of resistance against highly 
prevalent pathogens viz. Streptococcus pneumoniae 
and Haemophilus influenzae to commonly used 
antibiotics such as to beta-lactams, macrolides, and 
tetracyclines emphasize the necessity for new 
antibiotic agents (35, 36). RBx14255 (Fig. 1) is a 
newly identified potent a fluoroketolide for bacterial 
pneumonia being evaluated in preclinical 
development (5,37, 38). In the scenario of endless 
cycle of antibiotic resistance and growing need of 
new antibiotic, RBx14255 may represent a major 
advance for unmet medical need.   

The studies described here show that RBx14255 
possesses excellent preclinical in vitro and in 
vivo pharmacokinetic and pharmacodynamic 
properties. The main superiority of RBx14255 
against telithromycin are (i) low intestinal efflux 
ratio (efflux ratio < 2 and 3-fold lower than 
telithromycin), (ii) high metabolic stability in human 
liver microsomes, (iii) low to moderate plasma 
clearance (iv) high oral bioavailability across rodents 
(mouse and rat) and non-rodents (dog) and (v) 
excellent pharmacodynamic properties compared to 
telithromycin in different animal models. The 
advantage of low intestinal efflux ratio of RBx14255 
is likely to be the main reason for overall high oral 
bioavailability across rodents and non-rodents. 
Allometric scaling of animal data predicts that the 
compound will have good pharmacokinetic 
properties in humans with moderately long half-life, 
low plasma clearance and high volume of 
distribution. The human oral plasma profiles 
generated from complex Dedrick plots predicts 
requirement of low efficacious dose for the treatment 
of H. influenzae against targeted pathogens.  

The in vitro microsomal CLintr of RBx14255 was 
similar to telithromycin except in human where 
RBx14255 showed high metabolic stability 
compared to moderate stability in telithromycin. 
Similar in vitro/in vivo clearance data in mouse 
suggests the clearance of both the compound is likely 
through hepatic microsomal enzymes whereas, 
higher in vivo clearance in rat and dog suggests 
involvement of non-microsomal enzymes as well. 

The high oral bioavailability of RBx14255 in rodents 
and non-rodent compared to moderate 
bioavailability in telithromycin is consistent with the 
intestinal efflux values which is 44% lower than 
telithromycin. The moderate permeability of 
RBx14255 along with low intestinal efflux ratio 
overrides its low aqueous solubility and enables high 
oral bioavailability in rodents and non-rodents 
compared to telithromycin.  

RBx14255 did not inhibit CYPs 1A2, 2C9, 2C19 
and 2D6 in vitro and is unlikely to cause drug–drug 
interactions mediated by these isozymes. However, 
inhibition of CYP3A4 by RBx14255 is likely to 
cause drug-drug interaction with drugs metabolized 
through CYP3A4. The overall risk-profile for CYP-
mediated drug–drug interactions is similar to 
telithromycin and therefore appears acceptable.  

The pharmacokinetic properties of RBx14255 in 
the preclinical species suggest that it has the potential 
to be administered as relative low dose BID dose. 
One of the reasons for the high volume of 
distribution in all preclinical species is likely due to 
high distribution in lungs as observed in rat. Its 
moderately long half-life in vivo in the various 
animal species (t½ = 1.57 h in the mouse, 2.63 h in 
rat and 17 h in dog), result from a combination of a 
relatively low clearance and a high volume of 
distribution. Allometric scaling of the preclinical 
pharmacokinetic data predicts moderate half-life of 
about 9.5 h in humans suggests a BID dose for 
clinical efficacy. The high volume of distribution 
predicted in human is likely to show clinical 
relevance in lung distribution of RBx14255 as 
observed in rodents and non-rodents. The predicted 
human efficacious dose range of 124-226 mg for 
RBx14255 makes it amenable to further oral dosage 
form study design in humans. 

The efficacy of any drug is dependent upon its 
transport and penetration to the target site of 
infection. For drugs of the RTI pathogens, high 
bronchopulmonary concentrations can be a key 
predictor of clinical outcome. In all three 
pharmacodynamic animal models such as Swiss 
mice and Sprague Dawley rats RBx14255 displayed 
a potent antibacterial profile as compared to standard 
of care drugs. In ED50 model in Swiss mice 
RBx14255 showed better potency as compared to 
telithromycin, amoxicillin/clavulanic acid and 
clarithromycin. Against S. pneumoniae MA80, 
RBx14255 exhibited equipotent activity as 
compared to telithromycin at one fourth exposure 
levels in the plasma of Sprague Dawley rats 
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indicating its superior in vivo potency. This better 
efficacy profile at lesser exposure levels may yield 
better therapeutic safety window. RBx14255 has 
also shown good efficacy in pulmonary infection 
induced by H. influenzae. RBx14255 showed 
bactericidal activity against H. influenzae. 
RBx14255 exhibited accumulation in lung tissue 
much above its MIC levels (2 g/mL) up to 8 h. The 
concentrations of RBx14255 in the lung tissue and 
epithelial lining fluid were more than the 
corresponding plasma levels at all time points. The 
pharmacodynamic parameter associated with 
bacterial inhibition correlated well with the achieved 
levels of RBx14255 in the epithelial lining fluid and 
lung tissue.  
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