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ABSTRACT 
 

Aim: Investigate the possible mechanism (s) of the poor bioavailability of a lipophilic compound in 
rats using the physiologically based pharmacokinetic (PBPK) modeling approach. 
Methodology: A rat PBPK model was constructed using data from intravenous administration, and 
verified by comparing predicted tissue concentrations (kidneys, liver and lungs) with experimental 
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data from tissue distribution studies. Using parameter sensitivity analysis, the model was used to 
investigate the absorption characteristics of the compound and the probable causes of the low 
absorbed fraction. 
Results: Sensitivity analysis of absorption parameters was performed to understand the absorption 
characteristic of the compound in regard to permeability, solubility and intra-gut degradation. 
Taking in consideration the latter factor, the oral pharmacokinetics of the tested compound was 
satisfactorily predicted in rats.  
Conclusion: The PBPK simulation results suggest that chemical or/and bacterial degradation of 
the compound in the gastrointestinal tract may be a probable cause of the low bioavailability 
observed. 
 

 
Keywords: Physiologically-based pharmacokinetic; pharmacokinetic; bioavailability; modeling. 
 

NOMENCLATURE AND UNITS 
 
LogP = partition coefficient; pKa = dissociation constant; B/P = blood-to-plasma partition ratio; 
fu,p = fraction unbound in plasma; Vss = volume of distribution at steady state; Kp = tissue-to-plasma 
partition coefficient; CLiv = intravenous clearance; CLr = renal clearance; Fa = fraction absorbed. 
 
1. INTRODUCTION 
 
Characterizing the role of the mechanisms that 
drive the oral bioavailability of a drug candidate is 
of particular interest in the early phases of drug 
development. For orally administered drugs, poor 
solubility, poor permeability, interaction with 
intestinal efflux transporters, extensive first-pass 
metabolism and/or gut degradation (chemical or 
bacterial) can be limiting factors for reaching 
desirable bioavailability. Understanding the 
limitations to absorption arising from these 
factors can be derived from available 
biopharmaceutical properties, in vitro data and 
preclinical species pharmacokinetics using 
pragmatic and mechanistic approaches, such as 
the physiologically based pharmacokinetic 
(PBPK) modeling.  
 
Physiologically based pharmacokinetic modeling 
strategy has been increasingly used during drug 
discovery and development process [1]. Recent 
studies have demonstrated the value of PBPK in 
prospective predictions of absorption, distribution 
and clearance to aid on clinical candidate 
nomination [2-5]. 
 

PBPK modeling account for all relevant 
processes affecting oral drug absorption, 
including physiological factors, formulation and 
drug-specific characteristics, and consider the 
interplay of these processes in determining the 
rate and extent of absorption from the 
gastrointestinal tract [1].  
 

This work presents a case example of PBPK 
modeling investigation of the probable 

mechanism(s) of the poor bioavailability of the 
compound LASSBio-596 in rats. The compound 
is not metabolized by CYP enzymes (in vitro 
study) and is not a P-gp substrate (in vivo study). 
The role of intrinsic intestinal permeability and 
gut degradation on LASSbio-596 bioavailability 
was assessed using sensitivity analysis of model 
parameters. 
 

2. METHODOLOGY 
 
2.1 Investigational Compound 

 
The test compound LASSBio-596(2-{[4-
(thiomorpholine-4-
sulfonyl)phenyl]carbamoyl}benzoic acid, 
C18H18N2O5S2, Fig. 1) is anantiasthmatic drug 
candidate at the preclinical stage of development 
[6]. 
 

 
 

Fig. 1. Molecular structure of LASSBio-596 
 

2.2 Development of LASSBio-596 PBPK 
Model 

 
PBPK model of the compound Lassbio-596 was 
build using SimCYP® population-based 
simulator (Version 12 release 1, Sheffield, UK) 
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[7]. Model development and simulations were 
conducted in a virtual rat PBPK model with 
system dependent parameters built-in in the 
software. The rat PBPK model was composed of 
eleven compartments corresponding to the 
different body tissues/organs, which were 
defined by tissue volume, composition and blood 
flow rate specific for the species (Fig. 2). 
 

 
 

Fig. 2. Schematic representation of the full 
physiologically based pharmacokinetic 

(PBPK) model used 
 
The first step of model development included the 
use of in silico-predicted parameters and in vitro 
data to determine the compound’s ADME 
parameters. The drug-dependent parameters of 
the compound LASSBio-596 are summarized in 
(Table 1). The physicochemical properties, 
partition coefficient (LogP), number of hydrogen 
bound donors (HBD) and polar surface area 
(PSA), were obtained from Chemspider 
(http://www.chemspider.com; Royal Society of 
Chemistry, Cambridge, United Kingdom) [8]. The 
compound’s fraction unbound in plasma was 
experimentally determined by other group [6]. 
Since the blood-to-plasma ratio (B:P) was not 
available, it was assumed to be 0.57 (no 
hematocrity affinity) as suggested for acidic 
compounds [9]. The second step of model 
building included selection of the appropriate 
model structure for the prediction of distribution 
and clearance based on comparison with 
observed data after intravenous administration. 
The distribution parameters, volume of 
distribution at steady-state (Vss) and tissue-to-
plasma partition coefficients for each tissue 
compartment, were predicted in silico using the 
algorithm published by Poulin and Thiel [10], 
based on the compound’s physicochemical 

properties. The full PBPK model with perfusion 
rate limited for each tissue was assumed. 
 

Data from in vitro metabolic studies 
demonstrated that LASSBio-596 was not 
metabolized by plasmatic esterase of rats, and 
was stable at rat liver microsomal fraction 
(unpublished data). Therefore, it is suggested 
that LASSBio-596 is not metabolized by rat 
cytochrome P450 (CYP450) enzymes, flavin 
monooxygenase, and carboxyestherases. Based 
on these in vitro results, the hepatic clearance 
was considered to be negligible and the PBPK 
model was build assuming that the compound is 
exclusively renally eliminated. To establish the 
compound total and renal clearance, the 
observed intravenous clearance after single 10 
mg/kg bolus dose, 0.3 L/h/kg [4], was optimized 
to 1.2 L/h/kg to adequately recover the observed 
mean data of the compound’s elimination profile. 
This optimization was deemed necessary for 
model building, and the impact of this 
assumption on the compound’s model was 
assessed in the verification step of model 
development. 
 

2.3 Verification of LASSBio-596 PBPK 
Model 

 

Simulation of a scenario and data not used for 
model building was done to verify the initial 
PBPK model and assumptions made. To that 
end, LASSBio-596 PBPK model was evaluated 
by comparing the simulated compound 
concentration in the kidneys, liver and lungs 
tissues against the observed values obtained 
experimentally from a rat tissue distribution 
study. 
 

2.4 Sensitivity Analysis of the Drug 
Parameters Related to the 
Absorption 

 
The absorption kinetics of the tested compound 
was established using the Advance Dissolution 
Absorption and Metabolism (ADAM) model [11]. 
The parameters related to intestinal metabolism 
were the unbound fraction within the enterocyte 
(fugut, assumed equal to 1) and the nominal flow 
from gut model (Qgut, value predicted within the 
simulator) [12]. The absorption parameters fa 
and ka were predicted based on the molecule 
polar-surface area (PSA). The automatic 
sensitivity analysis (ASA) feature of the software 
was used to verify the influence of PSA values, 
and the gastric and intestinal degradation 
kinetics on the prediction of fa and ka.  
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Table 1. Drug-dependent parameter table for Lassbio-596 
 

Parameter Value Methods/references 

MW (g/mol) 406.48 Predicted by chemspider 
LogP 2.14 Predicted by chemspider 
Acidic pka 2.74 Calculated using MoKa software 1.1.1  
B/P 0.57 Assumed no hematocrit affinity for acids [9] 
fu 0.87 Determined by ultrafiltration [6] 
fu,gut 1 Assumed 
fa 0.77 Predicted by SimCYP based on PSA 
PSA (Å

2
) 137.46 Predicted by chemspider

a
 

HBD 2 Predicted by chemspider
a
 

Aqueous solubility (mg/ml) 0.0262  (unpublished data) 
Predicted Vss(L/kg) 2.34 Predicted by method 1 [10] 
Kps  lung 3.028 Predicted by method 1 [10] 
Kps kidney 2.392 Predicted by method 1 [10] 
CLiv (mL/min) 5 Optimized based on initial observed value [6] 
CLr(mL/min) 5 Assumed based on lack of liver microsomal and plasma 

enzymes metabolism demonstrated in vitro  
(unpublished data) 

LogP, partition coefficient; pKa, dissociation constant; B/P, blood-to-plasma partition ratio; fu,p, fraction unbound 
in plasma; Vss, volume of distribution at steady state; Kp, tissue-to-plasma partition coefficient; CLiv, intravenous 
clearance; CLr, renal clearance; fa, fraction absorbed,  aChemSpider (http://www.chemspider.com; Royal Society 

of Chemistry, Cambridge, United Kingdom) 

 
Sensitivity analysis of model parameters was 
performed on a range of PSA values (13.75 to 
300 Å2) to evaluate their impact on the 
compound’s absorption characteristics. ASA was 
also done with a range of values of the 
degradation rate constants in rat stomach and 
intestine (kdeg 0 to 25 h-1) fluids to evaluate the 
role of intra-gut degradation on compound’s 
absorption.  The results of each ASA were 
plotted against the observed mean plasma 
concentration-time profile after oral 
administration to test their adequacy. The best-
suited values were further simulated to obtain the 
oral PK profile and parameters.  
 

3. RESULTS AND DISCUSSION 
 
3.1 PBPK Model Development and 

Verification 
 
The LASSBio-596 PBPK model was built using 
the rat physiological model within the software. 
Assuming a diffusion-limited distribution model, 
renal clearance as the major elimination 
pathway, and the optimized CLiv, the model 
reasonably predicted the plasma concentration–
time profile compared with the observed 
intravenous administration data (Fig. 3). 

The PBPK modeling performance was verified by 
comparing predicted compound concentrations in 
key tissues- kidneys, liver and lungs- against the 
experimentally determined values [6] (Fig. 4). 
After i.v. administration, LassBio-596 exposure in 
the kidneys over time (18 h) is adequate 
predicted by the PBPK approach (Fig. 4a). The 
compound’s lung concentration-time profile is 
fairly recovered by the simulation as well        
(Fig. 4b). While the predicted concentration-time 
profile of LassBio-596 in the liver appears under-
predicted (Fig. 4c), the experimental data may be 
over-predicting the actual liver exposure. The 
researchers suggested that the liver homogenate 
may present an excessive higher blood 
contamination due to the extensive organ 
vascularization. This practical caveat may 
contribute to the higher concentration determined 
in liver and relative tissue penetration [6]. 
Overall, the reasonably prediction of tissue 
exposure suggested that the mechanism and 
assumptions incorporated in the compounds 
PPBPK model are fairly adequate to allow further 
analysis. Following the model for intravenous 
dosing, the PBPK model for oral dosing was built 
by addition of compound-specific absorption 
parameters (Table 1). 
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Fig. 3. PBPK predicted and observed 
systemic concentration–time profile of 

LASSBio-596 after intravenous administration 
(10 mg/kg iv bolus dose) in rats 

 

3.2 Investigation of Possible 
Mechanism(s) of Low Bioavailability  

 
In experimental rats, the oral dosing of an 
aqueous solution of the tested compound, at a 
single dose of 10 mg/kg, resulted in a very low 
bioavailability (F=3.6%). 
 
Several mechanisms are associated with a 
compound’s poor absorptive profile: Efflux from 
apical intestinal cells via the transporter P-gp 
[13], extensive first-pass metabolism [14], 
substrate intrinsic low intestinal permeability [15], 
and intra-gut degradation (chemical or bacterial) 
[16,17]. 
 
The role of the intestinal efflux transporter P-gp 
on the poor absorption of tested compound, 
LASSBio-596, was previously investigated in vivo 
[6]. Rats were treated with the P-gp inhibitor 
verapamil (40 mg/kg po) one hour before 
LASSBio-596 administration (10 mg/kg po). The 
absolute bioavailability determined in verapamil-
treated animals, F=5%, was not significantly 
different from the control group (F= 3.6%). This 
finding suggests negligible contribution of the 
transporter P-gp on the absorption of LASSBio-
596 [6]. 
 
In vitro metabolic studies demonstrated that the 
compound LASSBio-596 was not metabolized by 
plasmatic esterase of rats, and was stable to rat 
liver microsomal fraction (unpublished data). 

Therefore, LASSBio-596 is not metabolized by 
CYP450 enzymes, flavin monooxygenase, and 
carboxyestherase. The role of phase II enzymes, 
such as UDP-glucuronosyltransferases (UGTs), 
sulfotransferases (PSTs), methyl transferases, 
acetyl transferases and glutathione S-
transferases (GSTs) in the metabolism of the 
tested compound was not evaluated. Since 
UGTs, PSTs and GSTs are also present in the 
intestinal wall, a simulation was performed 
assuming an extreme scenario of total 
contribution of hepatic and intestinal metabolism 
to the total clearance. The predicted effect of a 
hypothetical liver and intestinal first-pass 
metabolism did not recover the absorption 
properties of the compound (predicted fg=1, fg= 
0.55, fa (fraction absorbed)=0.98 and F= 54%) 
and the observed PK profile (Fig. 5a). This 
finding confirmed that negligible contribution of 
the hepatic elimination pathway.  

 
Since no in vitro study was performed to 
determine LASSBio-596 intestinal permeability, 
the compound’s permeability was still predicted 
based on its physicochemical properties. The 
value of the molecule polar surface area was 
used to predict the absorption parameters, fa and 
ka (absorption rate constant). LASSBio-596 PSA 
value of 137 (together with HBD of 2) did not 
recover the observed low bioavailability 
(observed versus predicted F= 3.6% versus 
97%, respectively), with the compound’s 
exposure significantly over-predicted (Fig. 5b). 
PSA value is not considered the most 
appropriate surrogate to predict a substrate 
intrinsic permeability. Thus, sensitivity analysis 
was performed on a range of PSA values (13.75-
300 Å2) to evaluate the impact on the absorption 
parameters. Results showed an inversed 
relationship between a PSA value and the 
fraction absorbed and AUC. The use of the 
highest PSA value possible, 300, was used to 
simulate LASSBio-596 plasma concentration-
time after single oral 10mg/kg dose. As result of 
a hypothetical lower permeability, a poor fraction 
absorbed (0.41) and lower absorption rate still 
did not recover the observed PK profile (Fig. 5c), 
especially in regard to Tmax (observed versus 
predicted Tmax = 0.6 h versus 1.55 h, 
respectively) and bioavailability (observed versus 
predicted F = 3.6% versus 40%, respectively). 
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Fig. 4. PBPK predicted and observed tissue concentrations ((a) kidneys, (b) lung, and (c) liver) 
of LASSbio-596 over time after intravenous administration (10 mg/kg iv bolus dose) in rats 

 

 
 

Fig. 5. PBPK predicted and observed systemic concentrations of LASSbio-596 over time after 
oral administration (10 mg/kg single dose) in rats. Simulations were performed to evaluate (a) 

hypothetical liver and intestinal first-pass metabolism (b) predicted permeability based on PSA 
value (c) hypothetical lower permeability 

 

Finally, the possible role of chemical [16] or 
enzymatic (microbial) [17] degradation of a 
compound within the gut lumen was investigated. 
Sensitivity analysis was performed on a range of 
values of stomach and intestine degradation rate 
constants (kdeg 0 to 25 h-1) to evaluate the role of 
intra-gut degradation on LASSBio-596 absorption 
parameters. The Cmax. AUC, Tmax and fa were 
sensitive to kdeg. Based on the results of 
sensitivity analysis, values of stomach kdeg of 10 
h-1 and intestinal kdeg of 1.5 h-1 were used to 
simulate LASSBio-596 plasma concentration 
after single oral 10mg/kg dose. The assumption 
of an intra-gut degradation adequately recovered 
the c-time profile after oral dose (Fig. 6). Table 2 
lists the comparison of the observed and PBPK 
predicted PK parameters, with gastrointestinal 
degradation incorporated in the model. There 
was an accurate prediction of the compound 
exposure after oral dosing in rats- the predicted F 
closely approximate to the observed value 

(observed versus predicted F = 0.04 versus 0.13, 
respectively) and the AUC was correctly forecast 
by the simulations (observed versus predicted 
AUC= 1.4 x 10

3 
versus 1.09 x 10

3 
ng/ml.h, 

respectively).The results let to the conclusion 
that intra-gut degradation may be the probable 
mechanism responsible for the poor 
bioavailability of LASSBio-596 in rats. 
 

3.3 Limitations of the Current Study 
 

Though the current study demonstrated the utility 
of PBPK modeling in predicting a probable 
mechanism of the low bioavailability of the 
compound LASSBio-596, some limitations 
should be noted. First, the effect of the dosing 
vehicle (0.9% NaCl solution containing 3% (v/v) 
polysorbate 80) on the absorption of the 
compound was not evaluated. Second, faecal 
excretion of unabsorbed compound is also a 
possibility for the poor bioavailability. This 
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hypothesis can be verified in a mass balance 
study. Third, the contribution of phase II enzymes 
in the metabolism of LASSBio-596 was not 
investigated. Further research is needed to 
address the role of these factors on the 
compound’s absorption and clearance 
properties.  
 

Table 2. PBPK predicted and observed 
pharmacokinetic parameters of LASSbio-596 

after oral administration (10 mg/kg single 
dose) in rats. Simulation was performed 
incorporating the constants of intra-gut 

degradation 
 
PK parameters Observed Predicted 
Tmax (h) 0.6 0.4 
Cmax (ng/ml) 493 526 
AUC (ng/ml.h) 1.4 x 103 1.09 x 103 
F 0.04 0.13 
t ½ terminal (h) 2.0 1.35 

 

 
 

Fig. 6. PBPK predicted and observed 
systemic concentrations of LASSbio-596 over 
time after oral administration (10mg/kg single 

dose) in rats. Simulation was performed 
incorporating the constants of intra-gut 

degradation 
 

4. CONCLUSION 
 
This study demonstrated the practical use of 
PBPK modeling to investigate the probable 
mechanism(s) of the observed poor 
bioavailability of an investigational compound in 
rats. A good understanding of the absorption 
properties of a drug candidate and their role in 
the oral bioavailability may aid on lead 
optimization strategies and decrease compound 
attrition during drug development. Mechanistic 
approaches such as PBPK modeling and 
simulation can be a very effective tool to 

generate hypotheses around the limiting factors 
affecting a desirable drug PK profile. By 
providing the most information of data available 
at early stages of drug development, such as in 
vitro and preclinical data, PBPK approach may 
also aid on reduction of costs and time on 
development. 
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