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* Physiological considerations for interspecies extrapolation of ora
absorption and bioavailability

 Examples:
— Salt selection

— Animal study was used to verify the in silico model prediction

— Formulation development

— Mechanistic model was used to understand the formulation behavior in vivo based on animal study

— in vitro — in vivo dissolution extrapolation

— Animal data was used to validate methodology for in vitro - in vivo dissolution extrapolation

— Interspecies differences

— Mechanistic model was used to investigate interindividual and interspecies differences in formulation behavior

* Summary
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Discovery PK

Combine in silico technologies to screen compound libraries
in animals or humans

Incorporate preclinical/in vitro data to extend FIH
simulations to full in vivo outcomes (IVIVE)

Mechanistic predictions of hepatotoxicity through QSP

Clinical PK/Pharmacology

Simulate population behaviors (e.g.,
pediatrics, disease)

Build population PK/PD models
Predict DDIs

Pharmaceutical Development
Assess various strategies during formulation development
Assist with Quality by Design (QbD) implementation
Develop mechanistic in vitro-in vivo correlations (IVIVCs)
Understand food effects
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administration routes

* This presentation focuses
on oral administration but
similar principles could be
applied in development of
formulations for non-oral
administration routes
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Advanced Compartmental Absorption and Transit Model (ACAT™)

Mechanistic Absorption P Enterohepatic circulation

Modeling (MAM)
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Pharmacokinetics (PBPK)



Enterocytes

Transit In

e dose or from
previous
compartment

e unreleased &
undissolved &
dissolved

Lumen

enterocytes  hinding/lysosomal trapping

carrier mediated
transport

CIumen

Local pH, S
fluid volume,

Gut

Degradatio

concentration of bile salts ...

—

These phenomena:
e are happening simultaneously
e are repeated in each of the compartments of the gastrointestinal tract

wall

metabolism

Transit Out

e to next compartment or
excretion

® unreleased &
undissolved & dissolved
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Structure —»

In vitro

ADMET Pred. Experiments
ml: \

* logP/logD

*  pKa(s)

* Solubility

* Permeability

* Fup

* B/Pratio

* CLint or Km & Vmakx, renal

CL

* DDl interaction constants
(Ki & kinact, EC50 & Emax)

\ .....

/

The Big Picture

Formulation - Dose,
dosage form, particle
size,
release profile

PBPK Model

Fa%
Cp-time profile (and F% with PBPK)
Nonlinear kinetics (and DDI)

PK in special populations

\

Body height, weight, BMI
Tissue sizes & blood flows

* Tissue compositions (water,
lipid, protein, acidic
phospholipids, etc.)

* Intestinal fluid volume and
composition (pH, bile salts,
etc.)

e Intestinal transit times

System/Physiology:

* Enzyme & transporter
expression levels
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File Edit Database Simulation Setup Controlled Release Tools Modules (Optional)  Help
Compound T Gut Physiology-Hum T Pharmacaokinetics T Simulation T Graph
— Compartmental Parameters
| Fropranclol HOI Reset Al | [~ Excrete all un-al_:sorbed Flrug at the end of gut tranzit time
Walues [~ Zero-order gastric emptying
Compartment Data Enzyme and Transporter Regional Distributions
Transzit |Yolume | Length | Radius Bile Salt
Compartment | Peff ASF pH Time (h)| (mL) {cm] {cm) SEF (mM)
] 0o 1.30 025 4892 R 9.87 1.000 |00
Duodenum ] 2727|600 026 44 57 1458 156 423 (2800
Jejunum 1 a 2678 |620 094 1EE.E E0.26 1.48 3943 (2330
Jejunum 2 a 2675|640 0w 131.0 E0.26 1.32 3483 (2030
lleum 1 a 2640 |GEO 058 1020 E0.26 116 3023 [1.410
lleum 2 i 2621|690 04z 7535 E0.26 1.00 2563 (1180
lleum 3 i 2583 (740 029 R3E7 E0.26 0.84 2109 (0140
Caecum ] 0.352 |E40 436 A0.45 1350 345 1730 (oo
Aszc Colon ] 0823 |E&0 1307 ochals) 28.35 245 2480 |00
4 I I »
C1-C4: |D.08944 0.43028 012147 046632 Qh [Lfmin): I 15
LI Percent Fluid in 51: |4D Colon: |1E|
ASF Model: Human - Physiological - Fazt ~
ode Humar - Phyziological - Fed
Beagle - Physiclogical - Fasted
Beagle - Phyziological - Fed
Monkep-Cyno - Physiological - Fasted
Biorelevant solubilities fron Monkey-Ceno - Physiological - Fed
Monkey-Rhesus - Physiclogical - Fasted
Monkep-Rhesus - Phyzsiclogical - Fed b

pk.a Table | logD: Struct-B.1

Digs Model Johnson PartSize-5ol OM | BileSalt-Sol: OM | Diff: ON | ConstRad: ON || Precip: Time | Ppara: OFF |EHE: OFF |AE‘AT: Conc ;

File

Legacy Options

-New PEAR Physiology

Balance Model |

[~ E=pand“iew

% Body Fat: |2E.34
CO [mL/s]: |1DE.3?99

~PEAR Inputs ~PEAR Qutputs
S Hame Wolume [ml] Perfugion [mlL/z]
Species: hd Hepatic Attery 0.0000 53343
Population:  [ameican =] Lung 1140.7018 106.3759
P American Arterial Supply 2227 5561 1053759
Gender: I W ale - I Wenous Retum 4455.7102 106.3733
Adipoze 31084.9600 10,3513
Health Status: I}_heanh_,'J ;I Muscle 27169170 13.8085
Liver 1707.0197 26.1345
. - ACAT Gut 0.0000 13,9660
Age: -
ae Iﬁ’earS :‘ I3D :I Spleen 170.0108 28336
Heart 3675291 44717
Brain 1432 6488 126875
F.idrey 3340354 235540
Skin 303E.9386 B.0739
Repralig A7 472 02018
Height [cm]: |1 7643 Fedi arraw 11846349 59235
. “rellowbd arrow 32930415 1.64E5
Weight [kal: |85.53 RestOfBody 3053.4210 1.5267
BMI [kg/m™2): |27 4773 Dverwt

Mon-perfuzed bone [q]: 5718.263 (% BW: 6.686 ]
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File Edit Database Simulation Setup Controlled Release Tools Modules (Optional)  Help
Compound T Gut Physiology-Hum T Pharmacaokinetics T Simulation T Graph
— Compartmental Parameters
| Fropranclol HOI H\?set all | [~ Excrete all un-al_:sorbed Flrug at the end of gut tranzit time
alues [~ Zero-order gastric emptying
Compartment Data Enzyme and Transporter Regional Distributions
Compartment | Peff | ASF | pH TT"'::?:] V'["'I:‘If;e L'[Trﬂ;h “[‘?;'ﬂ';s SEF Bi[';af“
] 0o 1.30 025 4892|2918 9.87 1.000 |00
Duodenum ] 2727|600 026 4457|1458 156 423 (2800
Jejunum 1 a 2678 |620 094 1E6E  |BO.26 1.48 3943 (2330
Jejunum 2 a 2675|640 0w 131.0  |BO.26 1.32 3483 (2030
lleum 1 a 2640 |GEO 058 1020 |BO.26 116 3023 [1.410
lleum 2 i 2621|690 04z 7535 |BO.2E 1.00 2563 (1180
lleum 3 i 2583 (740 029 F357 |BO.26 0.84 2109 (0140
Caecum ] 0.352 |E40 436 A043  |1350 345 1730 (oo
Aszc Colon ] 0823 |E&0 1307 R3B5  |28.35 245 2480 |00
4 I I »
C1-C4: 006344 0.43028 012147 046652 QhiL/mink [ 15
Physiology: [ LI Percent Fluid in 51: IdD— Colon: Im—
ASF Model: man - _I,J ological - Fe "
Beagle - Physiclogical - Fasted
Beagle - Phyziological - Fed

Monkep-Cyno - Physiological - Fasted
Biorelevant solubilities fron Monkey-Ceno - Physiological - Fed
Monkey-Rhesus - Physiclogical - Fasted
Monkep-Rhesus - Phyzsiclogical - Fed

pk.a Table | logD: Struct-B.1 Dizz Model: Johnzon PartSize-Sol: OM

BileSalt-Sol: OM | Dift: ON

ConstR ad

10

File Legacy Options

-New PEAR Physiology

Balance Model |

[~ E=pand“iew

% Body Fat: |2E.34
CO [mL/s]: |1DE.3?99

~PEAR Inputs ~PEAR Qutputs
S Hame Wolume [ml] Perfugion [mlL/z]
Species: hd Hepatic Attery 0.0000 53343
Population:  [ameican =] Lung 1140.7018 106.3759
P American Arterial Supply 2227 5561 1053759
Gender: I W ale - I Wenous Retum 4455.7102 106.3733
Adipoze 31084.9600 10,3513
Health Status: I}_heanh_,'J ;I Muscle 27169170 13.8085
Liver 1707.0197 26.1345
. - ACAT Gut 0.0000 13,9660
Age: -
ae Iﬁ’earS :‘ I3D :I Spleen 170.0108 28336
Heart 3675291 44717
Brain 1432 6488 126875
F.idrey 3340354 235540
Skin 303E.9386 B.0739
Repralig A7 472 02018
Height [cm]: |1 7643 Fedi arraw 11846349 59235
. “rellowbd arrow 32930415 1.64E5
Weight [kal: |85.53 RestOfBody 3053.4210 1.5267
BMI [kg/m™2): |27 4773 Dverwt

Mon-perfuzed bone [q]: 5718.263 (% BW: 6.686 ]
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File Edit Database Simulation Setup Controlled Release Tools Modules (Optional)  Help
Compound T Gut Physiology-Hum T Pharmacaokinetics T Simulation T Graph

— Compartmental Parameters

| Fropranclol HOI H\?set all | [~ Excrete all un-al_:sorbed Flrug at the end of gut tranzit time

alues [~ Zero-order gastric emptying
Compartment Data Enzyme and Transporter Regional Distributions
Compartment | Peff | ASF | pH TT"'::?:] V'["'I:‘If;e L'[Trﬂ;h “[‘?;'ﬂ';s SEF Bi[';af“
] 0o 1.30 025 4892 R 9.87 1.000 |00

Duodenum ] 2727|600 026 44 57 1458 156 423 (2800

Jejunum 1 a 2678 |620 094 1EE.E E0.26 1.48 3943 (2330

Jejunum 2 a 2675|640 0w 131.0 E0.26 1.32 3483 (2030
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lleum 2 i 2621|690 04z 7535 E0.26 1.00 2563 (1180

lleum 3 i 2583 (740 029 R3E7 E0.26 0.84 2109 (0140
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Ponulation: |—;, Lung 1140.7018 106.3759
P American Arterial Supply 2227 851 105.3799
m Wenous Retum 44557103 106.3759
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Changes in bile salt concentrations in different regions
of the intestine may result in changes in solubility
(especially for more lipophilic compounds)

MWt,,
1+ —xSRxC,;.)

SOlyjie = SO
PH,0

aq, pH

Mithani, Pharm Res 1996, 13:163-167
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fasted:

fed:

Compartment Data

Compartment Data

Compartment Data

Compartment | pH Bi;;a]a“ Compartment | pH Biﬁa]ﬂ“ Compartment | pH Biﬁa]ﬂ“
130 |00 maan 00 mann 0.0
Duodenum E.00 2800 Duodenum 5.89 20.00 Duodenum B.20 5.000
Jejunum 1 B.20 2.330 Jejunum 1 G113 17.29 Jejunum 1 E.20 4.050
Jejunum 2 G.40 2.030 Jejunum 2 G613 6.980 Jejunum 2 B.20 1.820
lleum 1 E.E0 1.410 lleum 1 5.93 2.820 leum 1 E.40 0610
lleum 2 £.90 1.160 lleum 2 0.93 1.300 lleum 2 E.E0 0.440
lleum 3 7.40 0140 lleum 3 5.93 1.240 lleum 3 B.ES 0.310
Caecum E.40 0.0 Caecum E.58 0.0 Caecum E75 no
Aszc Colon E.80 0o Asc Colon E.23 0.0 Aszc Colon E.45 0.0

Compartment Data

Compartment Data

Compartment Data \

Compartment pH Bi;;a?“ Compartment pH Bi[lﬁﬂﬁ]a" Compartment pH Bi;;a]alt
450 0o 320 0o 5.00 0.0
Duodenum 5.40 14.44 Duodenum 500 20.00 Duodenum B.20 15.40
Jejunum 1 R0 1202 Jejunum 1 510 17.29 Jejunum 1 B.20 12.50
Jejunum 2 G.00 10.46 Jejunum 2 R0 5.980 Jejunum 2 B.20 B.600
lleum 1 E.E0 7.280 Heum 1 594 2.820 lleum 1 E.40 1.900
lleum 2 .90 5,930 lleum 2 594 1.300 lleum 2 E.E0 1.340
lleum 3 7.40 0,730 lleum 3 594 1.240 lleum 3 705 0.950
Caecum E.40 0.0 Caecum 540 no Caecum +50 no
Azc Colon E.20 no Aszsc Colon a.a1 0.0 Asc Colon E.45 no
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e model accounts for:
* Difference in pH

* Difference in absorptive surface
area

e Difference in pore sizes (tight
junctions) and porosities

» Difference in distribution of
transporter and enzyme expression
levels (where known)

13

— PredHuman —— PredDog —— PredRat

B ObsHuman @B ObsDog O ObsRat
120

100

80

60

PEG F%

40

20

0 500 1000
PEG Mwt

1500

Observed data from He-JPharmSci 1998, 87: 626-633
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The model accounts for:
* Difference in pH

* Difference in absorptive surface
area

e Difference in pore sizes (tight
junctions) and porosities

* Difference in distribution of
transporter and enzyme expression
levels (where known)
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in transporter distributions (MRNA)

Stom.

Stom. Jejunum Ileoc. AscCol. DecCol. Caco-2
Esoph. Duod. Ileum Cecum TraCol. Rectum

A BlJC D E FJGH I J K | L

RT-PC
PepT1
‘l South
PTR3
| oEpEB e - - — - | -
PHTI1
[ b |
| |
B-actin
A BIC D E FIGH I J K L

Figure 1. RT-PCR analysis of human PepT1, PTR3, PHT1, and HPT-1 mRNAs in the human esophagus (A), stomach
(B), duodenum (C), jejunum (D), ileum (E), ileocecum (F), cecum (G), ascending colon (H), transverse colon (I),
descending colon (J), rectum (K), and in Caco-2 cells (L). RT-PCR was performed with specific primers for each
mRNA and amplified products of PepT1, PTR3, PHT1, and HPT-1 were 588, 470, 443, and 1004 bp, respectively.
Reaction products were electrophoretically separated in 1.4% agarose gels, stained with ethidium bromide (top
panels), and identity confirmed by Southern Blot analysis (lower panels). Commercially available human B-actin
primers were used to generate a mRNA expression positive control, amplifying a product of 303 bp.

lleoc.

Jejunum

lleum

::::::

HPT-1
Rescal feos
L] L]
A B cC D E F G

Figure 2. RT-PCR analysis of rat PepT1, PTR3, PHT1, and RPT1 mRNAs in the rat stomach (A), duodenum (B),
jejunum (C), ileum (D), ileocecal junction (E), cecum (F), and colon (G). RT-PCR was performed using specific
primers for rat PepT1, PHT1, and RPT-1 mRNAs amplifying products of 523, 437, and 860 bp, respectively. Analysis
of PTR3 mRNA expression in the rat tissues was performed using primers designed from the human PTR3 mRNA
sequence (Table 1). Reaction products were electrophoretically separated in 1.4% agarose gels, stained with
ethidium bromide (top panels), and identity confirmed by Southern Blot analysis (lower panels). Rat-specific B-
actin primers were designed to generate a mRNA ion-positive control, ing a product of 375 bp.

B-actin

Herrera-Ruiz AAPS PharmSciTech 2001, 3(1) article 9

RT-PCR

Southern
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The AAPS Journal, Vol. 15, No. 4, October 2013 (© 2013)
DOI: 10.1208/s12248-013-9519-x

Research Article

Incorporation of Physiologically Based Pharmacokinetic Modeling
in the Evaluation of Solubility Requirements for the Salt Selection
Process: A Case Study Using Phenytoin

Po-Chang Chiang"* and Harvey Wong™>*

Table L. Phenytoin Salt Solubility Evaluation

pH-Solubility Curve of Phenytoin

100000
Predicted curve
10000+
-
£ 10007 <& Measured
o))
Ef 1001
= — — — Solubility of
=S 10 Piperazine Salt
= from Ksp
@]
w 1 4 — - -— Solubility of
Sodium Salt
0.1
0.01 T T
0 5 10 15
pH

Fig. 1. A pH solubility curve of phenytoin and calculated solubility of the piperazine salt (K,) and sodium
salt (assuming pH,,., reached)

Main component of salt sample

Solubility from recovered from solubility testing determined Supersaturation
Salt water (mg/mL) by PXRD and FT-Raman ratio (5,)
Ethylenediamine 9.5 Free acid 475
Ethanolamine 10.3 Free acid 515
Sodium 73.4 Salt (major component)+Free acid 3670
Piperazine 1.2 Salt 60
Piperidine 8.5 Free acid 425

Sl SimulationsPlus
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Plot of Observed vs Predicted Concentration-Time Profile Parameter Sensitive Analysis of Solubility Impact on % Fa
of Phenytoin Free Acid Dosed at 100 mg/kg in Rats

120
s e T . . 100 a
and verified by Z |, increased absorption  cimuston of
redicting the 2 —— PBPK Simulation 80 1 solubility impact
P g f £ .l | for even the lowest .
. ore ) enytoin solubili
exposure arter £ |Ip = Ooserved n salt solubility e 607 at 37C (pH 6.5)
5o 5 e
administration g " 0. & Solubility of sodium
. 2 salt
of phenytoin L .
) 1 20 A Solubility of
fr‘ee aC|d piperazine salt
0 T T T T T : T
. . . 0 T T T T
administration T
Time (hours) 0.001 0.01 01 1 10 100
Fig. 2. Plot of observed vs. predicted concentration-time profile of Solubility ( mg/mL)
phenytoin free acid dosed at 100 mg/kg in rats (n=3). Simulations Fig. 3. A parameter sensitive analysis showing the relationship
were mrfomed using an oraAI rat PBPK model (See supplemental Fig. between solubility and the percent of a 100 mg/kg phenytoin dose
3 for more information on simulation) .
that is absorbed
. . . . Table IL. In Vivo Pharmacokinetics of Phenytoin Following Administration of a 100 mg/kg Oral Dose to Rats in the Form of the Free Acid or
in vivo study in rat confirmed Salts (n=3 per Dose Group)
the results of sensitivity anaIVSIs Group Form dosed Precipitation inhibitor AUC (uMxh) Conax (UM) %F
1 Free acid No 155+61 18+1 34+8
2 Na salt No 444+ 96* 36+6% 97 £22%
4 Piperazine salt No 493+£159* 36+12% 107 £40*
3 Na salt Yes 405+168* 35+15% 88+36%
5 Piperazine salt Yes 405+74* 30+4* 88+19*

AUC area under the concentration—-time profile, C,,,, maximum observed concentration
*p<0.05; significantly different than group 1 using ANOVA followed by the least significant difference (LSD) post-hoc test
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AAPS PharmScilech, Vol. 14, No. 3, September 2013 (© 2013)
DOI: 10.1208/s12249-013-0018-2

Research Article
Theme: Leveraging BCS Classification and in-silico Modeling for Product Development
Guest Editors: Divyakant Desai, John Crison, and Peter Timmins

Utility of Physiologically Based Modeling and Preclinical In Vitro/In Vivo Data
to Mitigate Positive Food Effect in a BCS Class 2 Compound

Binfeng Xia,! Tycho Heimbach,'* Tsu-han Lin,' Shoufeng Li,”> Hefei Zhang,® Jennifer Sheng,® and Handan He'

18

weak base with pH-dependent and limited
solubility

when administered as dry filled capsules
displayed positive food effect

in vitro, in vivo preclinical (F1-F4) and/or
clinical (F1-F3) studies and PBPK modeling
was used to evaluate formulation strategies
to mitigate the food effect.
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* Differences in precipitation rates explained differences between fasted and fed state for the four formulations; these
differences were supported also by in vitro experiments where precipitation was fasted in FaSSIF than in FeSSIF media for

F1-F3.
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Fig. 2. Observed and simulated mean plasma concentrations after a single administration of 50 mg of
NVS123 given as Fl (a), F2 (b), F3 (¢), or F4 (d) formulation in dogs under fasted and fed state. Symbol
annotation: open triangles observed fasted concentration with standard deviation; open circles observed fed
concentration with standard deviation; dotted curve simulated mean fasted concentration; and solid curve
simulated fed concentration

Table 1I. Comparison of Simulated (SIM) vs. Observed (OBS) Mean Plasma PK Parameters of NVS123 in Dogs

F1 F2 F3 F4

Parameters OBS SIM OBS SIM OBS SIM OBS SIM
Dose (mg)

Fasted 50 50 50 50 50 50 50 50

Fed
Crnax (ng/mL)

Fasted 510 610 670 735 595 737 560 801

Fed 880 920 929 935 934 932 695 720
AUC i (ngxh/mL)

Fasted 3.22 3.20 4.57 471 3.31 3.81 3.15 2.80

Fed 6.60 6.10 7.02 6.12 7.75 6.16 2.89 313
Imax (h)

Fasted 1 14 2 1.7 15 14 1 16

Fed 2 2.1 2 2 2 22 1.5 2.3
Precipitation time (s)*

Fasted N/A 1,000 N/A 1,800 N/A 1,500 N/A 4,000

Fed N/A 3,500 N/A 3,000 N/A 3,000 N/A 4,000

OTTCTATion COSITCIenT (KT

Fasted N/A 0.98 N/A 0.94 N/A 0.9 N/A 0.91

Fed N/A 0.9 N/A 0.99 N/A 0.98 N/A 0.92
RMSE®

Fasted N/A 32.1 N/A 717 N/A 99.5 N/A 95.0

Fed N/A 104 N/A 373 N/A 473 N/A 77.0

“ Precipitation time (7},) was fitted against in vivo dog PK profiles in the model
b Correlation coefficient between the observed concentration and simulated values
€ Root mean square prediction error (RMSE) of plasma concentration. RMSE= | ' (SIM-OBS)? /N where Nis the number of observed data points

e -5
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%of Dose

% of Dose

% of Dose

——Predicted in vivodissoved

— Predicted systemic availabiity
Decorvoluted systemic availability

- W - Moasured in vitro digsolution {fasted|

% of Dose

100 —— Predicted systemic availabiity
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804 / Decorvoluted systemic availability (F)
- @~ measured in vitro dissolticn
i §
Q
40 5
| R
20
0 — - v v y
0 1 2 3 4 5 6
Time (h)
100 |
-~ Predicted in vivo dissoved
’ = ——Predict systemic availability
20 »° Deconvoluted systemic avalability,
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l
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E
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3
Time (h}
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80 -

—— Predictedinvivo dissoloved
—— Predicted systemic availabiliy

= —m| = = Weibull input of dissolution

Deconvoluted systemic availability
j issouty file (Fed|
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~—— Predictedin vivo dissolved

— — Weibull input dissolution
Deconvoluted systemic availobifity

®_Adjusted dissolution input (fed)

0000,
GOu0!
S

Predict systemic availability
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administration were used to vali
systemic distribution, elimination and intestinal
absorption

 Dog PO data was used to select the most predictive
in vitro dissolution experiment and validate
methodology for in vitro — in vivo dissolution
extrapolation
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Interspecies prediction of oral pharmacokinetics of
different lacidipine formulations from dogs to
human: physiologically based pharmacokinetic
modelling combined with biorelevant dissolution

Chunnuan Wu,? Longfa Kou,? Pangin Ma,® Lifang Gao,® Bo Li,* Ran Li,® Cong Luo,?
Jianzhong Shentu,® Zhonggui He® and Jin Sun*
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Dissolution (%)

=8 Formulation A-FaSSIF
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—de— Formulation B-FaSSIF
== Formulation B-FaSSIF-V2
—4#— Formulation C-FaSSIF
== Formulation C-FaSSIF-V2

three lacidipine formulations (unYmL mg~ts™

Table 3 The Z-factor values in| different dissolution media for the

M o i P Formulation A Formulation B Formulation C
Time (min)
FaSSIF 0.010 0.059 0.021
Fig. 1 Dissolution profiles of three lacidipine formulations in bio- FaSSIF-V2 0.012 0.199 0.045

relevant dissolution media (data are mean + S.D., n = 3).
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Fig. 8 The simulated and observed human in vivo PK profiles for the
three lacidipine formulations using the Z-factor form FaSSIF-V2
dissolution media.
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The AAPS Journal, Vol. 18, No. 4, July 2016 (D 2016)
DOI: 10.1208/512248-016-9913-2

Research Article

Theme: Revisiting IVIVC {In Vitro-In Vivo Correlation)
Cruest Editors: Amin Rostami Hodjegan and Marilyn N. Martinez

Use of Modeling and Simulation Tools for Understanding the Impact
of Formulation on the Absorption of a Low Solubility Compound: Ciprofloxacin

Marilyn Martinez,"* Bipin Mistry,' Viera Lukacova." Jim Polli,' Stephen Hoag,' Thomas Dowling."'
Ravikanth Kona,' and Raafat Fahmy'

The AAPS Journal, Vol. 19, No. 3, May 2017 (© 2017) @Cmm
DOL: 10.1208/512248-0170055-y

Research Article

Theme: Revisiting IVIVC (In Vitro-In Vivo Correlation)
Cruest Editors: Amin Rostami Hodjegan and Marilyn N. Martinez

Exploring Canine-Human Differences in Product Performance. Part 1I: Use
of Modeling and Simulation to Explore the Impact of Formulation
on Ciprofloxacin In Vive Absorption and Dissolution in Dogs

M. N. Martinez,"” B. Mistry,' V. Lukacova,” K. A. Lentz," J. E. Polli,* S. W. Hoag," T. Dowling,’
R. Kona, and R. M. Fahmy'

* Mechanistic absorption/pharmacokinetic models for
ciprofloxacin were used to deconvolute dissolution
and absorption behavior after oral administration
(solution and two table formulations) in human and
dog

* Deconvoluted dissolution and absorption profiles
provided insights into causes of intersubject
variability and interspecies differences in
ciprofloxacin behavior in vivo
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chemical characteristics

Table 1l. The ADMET predictor-generated ciprofioxacin physico-

Molecular weight (g/mol) 33135
pka
Acd 575
Base 8O
Aqueous solubility
pH 732 00266
Simulated gastric fluid 554
Fasted simulated small intestinal fluid 0.76
PH =65
Bile zalt concentration = 3 mM
Fed simulated small intestinal fiuid 073
PH =5.0
Bile salt concentration = 15 mM
Solubilization ratio 230E + 05
Log P 081
Log D
pH=12 -19
pH =446 -1.67
pH =68 =085
pH=74 =083
Diffusion coefficient (em?s = 10°) 0.76
Peff {cm/s = 10%) 0.56
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Dog: fraction absorbed as a function of intestinal segment [mean, Stdev)
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Fig. 2. Comparison of observed ciprofioxacin absolute bioavailability in the three formulations:
dogs (n=5) versus human (n=16) 0.4 oslow
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Fig. 5. Mean fraction (stdev) of administered dose absorbed as a function of formulation across the
intestinal segments of dogs (a) and humans (h)
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models provide unigue platform to combine information from in vitro, in silico
and animal assays for accurate prediction of complex drug behavior in vivo

e These models are now routinely used to predict first-in-human exposure, and
applications in the area of formulation design and development have also been
increasing in last few years

e The models are useful not only for prediction of drug exposure before an in vivo
study, but are invaluable tool in investigation of complex drug/formulation
behaviors observed in vivo

e There are still gaps in characterization of physiologies (especially in animals), closing
these gaps will further increase accuracy and utility of these models
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