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Introduction 
A method of deconvolution by curve fitting is presented and applied for 
estimating the bioavailability of a ciprofloxacin derivative (CNV97101) 
administered to Wistar rats by different routes. The final absorption model 
selected was assessed by in vitro experiments to check the hypothesis of 
precipitation in stomach.
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Results and Discussion

Design: CNV97101 was administered by four different routes: intravenous 
(IV), oral (OR), intraduodenal (ID) and intraperitoneal (IP) at the dose of 30 
mg/kg (around 8 mg) per animal, and also 15 mg/kg (around 4 mg) per 
animal for IV and OR routes.
Model selection:
Model 1:  The basic model tested was a classical two-compartment linear 
model with 10 different parameters: Vc, k12, k21, k10, k01IP, k01ID, k01OR, F 
IP, F ID, F OR.   The minimum objective function (MOF) was -31.79. The 
bioavaibilities were estimated as fraction of dose entering the depot 
compartment obtaining values greater than 100% for ID and IP routes.

Model 2: In a second stage, more complex models were tested. For 
example, the absorption process was modeled as a simultaneous passive 
diffusion and a carrier mediated process which followed a Michaelis-
Menten equation. In this case, the number of parameters was 12: Vc, k12, 
k21, k10, k01IP, k01ID, k01OR, kpIP, kpID, kpOR, VM and KM, and MOF -34.67. 
In this model, the depot compartment (representing the absorption site, 
(A)) received the whole dose (100%). Additionally it was assumed the  
compound suffered a loss process that followed a first order kinetic with 
rate constant kp. The total amount absorbed was accumulated  in a virtual 
compartment (S). Furthermore, the optimization process allows the 
estimation of the absorption and disposition parameters, and 
simultaneously quantifies the total amount absorbed. 

Model 3: Later on, an in vitro assay using the stomachs of the animals was 
performed in order to assess the precipitation of the compound. The 
remaining fraction in free solution for doses of 15 mg/kg and 30 mg/kg was 
44% and 26% respectively. Then, the solubility of CNV97101 was limited 
to 0.8 mg/mL in the stomach. Thus, the amount in solution at initial time is
constant and independent of the dose administered. The fraction in free 
solution (FA) is inversely related to dose, and FA for 15mg/kg is 2-fold FA
for 30mg/kg. The absorption phase for OR and ID routes was modeled 
considering an initial precipitation in the depot compartment with a 
redissolution limited by a concentration of saturation (Cs). After the 
administration, the dose is split into compartments A and Pt by using 
bioavailability-like parameters FA and FPt. In this model the number of 
parameters is 12 and MOF = -61.02.

Conclusions
The classical bioavailability estimation by non-compartmental methods overestimates the bioavailability values for ID and 
IP routes (results not shown). Due to the complete availability of CNV97101 following IP administration, a first hepatic 
pass can be excluded. The in vitro assay demonstrated a precipitation in the stomach, nevertheless the data are also 
consistent with a precipitation in the duodenum. The fit indicates that 30% remains in free solution in the stomach after an 
OR dose of 8 mg, and a 60% for dose of 4 mg. These parameters are close to the values obtained in the precipitation 
assay. On the other hand the drug bioavailabilities are 38.71% (8mg dose) and 59.12% (4 mg dose), so almost a 10% of 
precipitated dose is redissolved and absorbed. On the other hand, the model estimates that after the ID (8 mg) 
administration only the 73% remains in free solution, but finally its bioavailability is 89.23%. 
Non linear mixed effect modelling is a valuable tool for evaluating absorption processes, which are a complex 
combination of physiological parameters of the absorption site (transit time, luminal pH), physico-chemical characteristics 
of the drug (solubility, lipophilicity) an their interplay (permeability).

The following values of bioavailability were obtained by curve fitting: IP 100.00%, ID 89.23%, OR  59.12% for the 15 mg/Kg dose 
and 38.71% for the 30 mg/Kg dose. The ID bioavailability is in agreement with the predicted value by a correlation of permeability 
in situ-bioavailability obtained with a group of 10 similar quinolones.

The absorption process was limited by the effective absorption time). It was estimated that CNV97100 can be absorbed for 1.2 h 
(TA) for OR and ID routes. There is no time limit for IP route. This value is lower than the intestinal transit time in rats, so it could 
be possible that the quinolone is not absorbed in the distal portions of the gastrointestinal tract in rat.
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Fig. 1 Structure of CNV97101
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Description of compartments:
Pt: Remaining amount precipitated. After the OR or ID administration, 
different  fractions of the dose precipitate which redissolves by Ds.
A: Remaining amount in free solution
S: Simulated. This compartment accumulates the total amount absorbed.
C: Central;  P: Peripheral
Description of parameters:
PA: Rate coefficient of dissolution
Vaq: Volume of compartment A
Cs: Maximum solubility of CNV97101 in compartment A
k12/k21: Distribution parameters
k01: Absorption constant; k10: Elimination constant
Ds: Dissolution rate of precipitated amount
FA: Fraction in free solution; FPt: Fraction precipitated
TA: Effective time of absorption
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Bioavailabilities:
-IP: 100%
-ID: 95.11%
-OR: 58.01% for dose of 15 mg/Kg 
and 51.57% for dose of 30 mg/Kg.

1.2 3.4 5.6

1.2 3.4 5.6

Time (h)

10-1.0

100.0

101.0

9
2
4
7

2
4
7

2
4

10-1.0

100.0

101.0

9
2
4
7

2
4
7

2
4

10-1.0

100.0

101.0

9
2
4
7

2
4
7

2
4

ID8mg IP8mg

IV4mg IV8mg

OR4mg OR8mg

C
on

ce
nt

ra
tio

n 
(u

g/
m

L)

Experimental
Individual prediction
Population prediction

10-1.0 100.0 101.02 3 4 5 6 7 8 2 3 4 5 6 7 8 2 3

Individual predicted concentration (ug/mL)

10-1.0

100.0

101.0

2

3

4
5
6
7
8
9

2

3

4
5
6
7
8
9

2

3

Ex
pe

rim
en

ta
l c

on
ce

nt
ra

tio
n 

(u
g/

m
L)

10-1.0 100.0 101.02 3 4 5 6 7 8 2 3 4 5 6 7 8 2 3

Population predicted concentration (ug/mL)

10-1.0

100.0

101.0

2

3

4
5
6
7
8
9

2

3

4
5
6
7
8
9

2

3

Ex
pe

rim
en

ta
l c

on
ce

nt
ra

tio
n 

(u
g/

m
L)

10-1.0 100.0 101.02 3 4 5 6 7 8 2 3 4 5 6 7 8 2 3

Individual predicted concentration (ug/mL)

-1.0

-0.5

0.0

0.5

1.0

In
di

vi
du

al
 w

ei
gh

te
d 

re
si

du
al

100 1016 7 8 2 3 4 5 6 7 8 2

Population predicted concentration (ug/mL)

-4

-2

0

2

4

po
pu

la
tio

n 
w

ei
gh

te
d 

re
si

du
al

3 7

3 7

3 7

3 7

Time (h)

0.0

0.2

0.4

0.6

0.8

1.0

Fr
ee

 s
ol

ut
io

n 
fra

ct
io

n ID8mg IP8mg OR4mg OR8mg

3 7

3 7

3 7

3 7

Time (h)

0.0

0.2

0.4

0.6

0.8

1.0

A
bs

or
be

d 
fra

ct
io

n ID8mg IP8mg OR4mg OR8mg

3 7

3 7

3 7

3 7

Time (h)

0.0

0.2

0.4

0.6

0.8

1.0

Pr
ec

ip
ita

te
d 

fra
ct

io
n ID8mg IP8mg OR4mg OR8mg

RSE: Relative Standard Error. CV: Interindividual Coefficient of Variation of the parameter

13.15 (16.90)-σ2

28.12 (29.20)0.49 (11.7)Vc (L)
31.18 (42.30)0.53 (5.9)k10 (h-1)
-0.48 (13.3)k21 (h-1)
62.45 (33.00)0.42 (19.6)k12 (h-1)
-0.58 (213.1)PA (mL·mg -1·h-1)
-3.05 (184.9)CS (ID) (mg·mL-1)
-0.76 (113.6)CS (OR) (mg·mL-1)
24.22 (83.10)1.22 (8.2)TA (h)
-0.73 (33.2)FA (ID 8mg)
-0.30 (13.4)FA (OR 8mg)

8.82 (24.6)k01(IP) (h-1)
86.71 (20.4)

5.43 (20.4)k01(OR/ID) (h-1)
Variability (CV%) (RSE%)Value (RSE%)Parameter

-100.00IP 8 mg
1.5489.23ID 8 mg
15.3759.12OR 4 mg
20.9938.71OR 8 mg
CV (%)Bioavailability (%)Route
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