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New Era in Mechanistic BE Science:
Multidisciplinary

Gastroenterologists (William Hasler, MD)
— Catheterization, motility

Statistical Analysis (Kerby Shedden, PhD)
— Signal Analysis

Chemical Engineers (Robert Ziff, PhD)
Fluid Dynamics (James Brasseur, PhD)
MRI Fluid (Luca Marciaini, PhD))

Pharmaceutical Scientists (Gordon Amidon, PhD, Greg Amidon,
PhD, Duxin Sun, PhD)
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FDA Project Goal

Set a New mechanistic based method/test for bioequivalence
(BE) evaluation of oral products

Determine significant Gastrointestinal variables under BE
protocol

Develop in vitro test/method to compare products including
statistical methods

Develop a Formulation Predictive Dissolution Test Method
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Study Enrollment

From 14JAN2015 to 20JUL2016

e 43 tube placement procedures performed

e 37 study visits with complete data collection
— ~63% success rate

e 25 subjects; 12 with two visits for
intrasubject variability estimation

e 20 fasted; 17 fed conditions
e Female (61%), male (39%)
 average age 30 years. Stomach_ (]
e Median weight of 79 kg (min 52 max 123) e

e Body mass index of 25.7 [19.4, 37.7]
kg/m?2

Jejunum




Measuring Gl Variables

Tube Placement
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Plasma Ibuprofen (Fasted: n = 20)




Plasma Ibuprofen (Fed: n = 15)

IBU (ug/mL)
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Pulmocare®

One can of Pulmocare?®:

B & ' Pulmocare Supplement X

LLC [US]  healthykin.com

355 cal

237 mL/ 8FL OZ

Search by Brand

pH 6.6

Search by Category

Buffer Capacity (umol/mL/ApH): 3.33 + 1.44

= Bath Safety Products

Abbott

Nutrition

14.8 g protein
22.1 g fat
25.0 g carbohydrate

372 mL on average administered (range: 7-474 mL)

586 cal on average taken (range: 10.5-711)
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IBU IV data from literature compared to our study

Ibuprofen iv -oral data

—O— Chassard 2004 360 mg 15 min infusion
—4A— Smith 2012 800 mg 5 min infusion
—— Smith 2012 800 mg 30 min infusion
—&— PaMiv 2011 800 mg 6 min infusion
—&— Our Study oral conc vs time
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Gastrointestinal Motility



lbu Dose

r Fasted Motility Recording Plus

11 h




11 hr Fed Motility Recording Plus Ibu Dose

Fed state study
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Gastrointestinal Motility Recordings (Fasted)

Stomach = Duodenum = Jejunu e Phase lll (Fasted)
are strongest
intestinal contracts
([pressure)

 Phase lll is cyclical
and periodic

e Period ~2 hr.

Time (hougrs)
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Phase |ll Period Distribution

Time between phase 3 episodes

Time bet\}veen MMC ph'ase 3 episodes (hours)
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First Surprising Results

Ibuprofen in the Gl Tract at 7 hrs



Measured Gastrointestinal pH & Ibuprofen Levels
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Dissolution of Clinical Dosage form
(800 mg Dr. Reddy’s Reference Listed Drug(RLD))

Dissolution in pH 7.2 50 mM Phosphate
Buffer (900 mL)
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USP Test: pH =7.2 50mM Phoshate
50 RPM paddle (Apparatus 2)
Not Less Than 80% dissolvedin 60 min




Second Surprising Results

Buffer Capacity in Gl Tract is Very Low



04/24/2017

Low Buffer Capacity Along The Human Gastrointestinal Tract:
Implications for in vve Dissolution and Absorption of Ionized
Dirugs

Bart Hens', ¥ iro Tsmne' . Marival Bermejo®, Joseph Dhickens', Kerby Shedden®, Mhiloufar Salehs',
Bo Wen' a seka!, Paule Paixac®, Famer Loebenbarg®, Mark 1. Eoenie=knacht!. Allen Lee®,
Jason B i . er®, Arm F. Fiorntto', Greg Amidon', Alex Wu', Gail Berminghoff',
Anjang Talattef”, Robert Lionberger®, Jianshone Fan®, Thoon Sun',. Gordon I Arwdon'”

'Department of Pharmaceatical Sciences, College of Pharmacy, Unmrersity of Michagan, Ann Arbor,
Michizam 48109, Unated States

Department of Pharmacolinetics and Phamaceutical Technology, Miguel Hemander Thniversity, San
Juzan de Ahcanta, Alicante, Spain

Department of Statistecs, Universety of Michigan 48109, Ann Arbor, USA

“Fesearch Instifute for Medicines (ihed ULickoa), Faculty of Pharmacy, Universidade de Lisboa, Ax.
Professor Gama Pinto, 1849003 Lishoa, Portuzal

*Faculty of Pharmacy J& Pharmacewtical Sciences, University of Alberta, Edmonton, Canada

“Diepartment of Internal Medicine, College of Medicine, University of Michizan, Ann Arbor,
Mlichigan 48109, United States

"Deloitte, Arlington, Virginia 22209, United States

H0fice of Generic Drags, Center fior Drug Evaluation and Research, 17.S. Food and Drug
Admiristration, Silver Spring, MDDy, TTSA

Corresponding Author

* Prof Dr. Gordon L. Amidon
28 Church St.

College of Pharmacy

Unversity of Michigan

Amnn Arber, MI 48109-10635

Phome: -+{1) 734-764-2226

Fax: +(1) 734-764-6282

Email: glamidoni@med woic!

T
o
<
-
£
=
o
£
=
N—r
>
P
Q
®
o
®
@]
bl
%)
2
s
]
m

[Eny
N

=
o

4
Time (h)




IRy
N

=
o

T
=
<
3
£
=
o
£
=
N—r
>
=
Q
IS
o
5
]
S
o
2
=
>
m

Buffer Capacity (umol/mL/Ap

4
Time (h)

—e—Buffer Capacity Duodenum —e—Buffer Capacity Jejunum —e—Buffer Capacity Stomach




USP Simulated Intestinal Fluid

Table 4: Osmolarity, ionic strength and buffer capacity of the two
buffers

Osmolarity lonic strength Buffer capacity
Medium [mOsmol/kg] [mol/L] [mEq/L/pH unit]

Simulated

Intestinal Fluid,
oH 6.8 (SIFsp): 0.0720 18.4+0.2

USP 26

Phosphate

Standard Buffer 115 0.0753 18.6+0.1
pH 6.8 (IntPh 3)

Dissolution Technologies | MAY 2004




Exploratory data analysis: Link PK with Gl motility, Tlll — Post Dose Fasted state

Cmax/AUCInf vs Tmax Cmax/AUCinf vs TMMC
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Individual LUMINAL GI pH Fasted state




What about the Gl Input?



USP Dissolution...Is it that bad?

Depends on drug product



BCS Class and SubClass

First Step is to Subclassify drugs
A = Acid
B = Base

C=

Neutral



BE Dissolution Proposal (Starting Point)

Drug Solubility pH

BCS Class 1.2

I High
II-A Low
I-B High
II-C Low

[} High
\YATAY Low
IV-B High
V-C Low

Drug Solubility pH

6.8

High

High

Low

Low

High

High

Low

Low

Drug
Permeability

High

High

High

High

Low

Low

Low

Low

Preferred Procedure

>85% Dissolution in 15 min; 30 min, f2., pH = 6.8.

15 min at pH=1.2, then 85% Dissolution in 30 min.,
pH = 6.8; F2>50; 5 points minimum; not more than
one point > 85%.

>85% Dissolution in 15 min., pH =1.2.

15 min at pH=1.2; then 85% Dissolution in 30 min.,
pH = 6.8 plus surfactant*; F2>50; 5 points minimum,
not more than one point > 85%.

>85% Dissolution in 15 min., pH = 1.2, 4.5, 6.8.

15 min. at pH = 1.2; then 85% Dissolution in 30 min.,
pH = 6.8,; F2>50; 5 points minimum.; not more than
one point > 85%.

>85% Dissolution in 15 min., pH =1.2.

15 min at pH=1.2; then 85% Dissolution in 30 min.,
pH = 6.8 plus surfactant*; F2>50; 5 points minimum,
not more than one point > 85%.



Dissolution in pH 7.2 50 mM Phosphate
Buffer (900 mL)

% Dissolved

W 900ml intact tablet dissolution
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USP Test: pH =7.2 50mM Phoshate
50 RPM paddle (Apparatus 2)
Not Less Than 80% dissolvedin 60 min




BCS Subclass: Absorption Profile

Ibuprafen
Keteprofen
 Carve dillol
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BCS SubClasses

BCS Class 0.1 N HCl pH 6.5 Permeability
I High High High PIB**

lla Low High High 15 and 30 min in PGB** then PIB**
[Ip*** High Low High 15 or 30 min in PGB** , then PIB**

llc Low Low High Dissolution 15 and 30 min in PGB**,
Then PIB** + surfactant to matchinvivo
solubilization
High High Sameasl|

Low High Same aslla
High Low Same as lIb**

Low Low Sameasllc




A Key to Prediction is the Input ,I(t),
Concentration of Drug at the
Absorbing Site(s)



Stomach” Gastric Emptying (Complex)

ach -8 [E) 4bp.blogspot.com

e W  \Viore Complex
than usually
Esophagus — ' ; Z a S S U m e d

Muscularis

externa
* Longitudinal layer
» Circular layer
» Oblique layer

Lumen
Lesser
curvature

< Rugae of
¥ mucosa

Greater
curvature

Pyloric sphincter Pyloric
(valve) at pylorus canal antrum

Duodenum



GI Marker (PR) Analysis: Gastric Processing

Chemical Stirred Reactor approach:
Stomach= CSR with Bypass flow

¢« QO0=250 ml/2 min
Qo, Cao Initial stomach volume=30 mL
Well stirred Chemical Reactor+
bypass flow
A fraction of input flow (alfa) bypass
quickly stomach
Water secretion and reabsorptionin
duodenum and jejunum
slow flow

B fl
e Qo*(1-alfa)

Qo*alfa

Water in
(zero order)

Rw
KtJ (transit first order)
J *h um

[

Kaw

Water out

Created by hunotika O (first order) O
from the Noun Project - Modified by MB

e Multi
compa rtiment
— With bypass
— Delayed fraction

— Need Statistical
distributions
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Gastrointestional Fluid MRI*

Stomach

*Mudie DM, MurrayK, Hoad CL, Pritchard SE, Garnett MC, Amidon GL, Gowland PA,
Spiller RC, Amidon GE, Marciani L., Quantification of Gastrointestinal Liquid Volumes
and Distribution Following a 240 mL Dose of Water in the Fasted State, MolPharm.
2014 Sep 2;11(9):3039-47.




Aqgqueous Fluid Content of Gastric and Small
Intestine after 8oz of Water

Molecular Pharmaceutics mu
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Total small bowel water content (mL) 0

0
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Figure 2. (A) Mean gastric volume and (B) mean total small bowel water content before and after ingestion of a 240 mL dose of water given at { = 0
min. # = 12 healthy volunteers. Error bars represent + SEM. Dunn’s multiple comparison test versus baseline value * P < 0.05; ** P < 0.01; *** P <
0.001. Error bars represent + SEM.




Our Goal as Pharmaceutical Scientists

41



A New Era In Biopharmaceutics

e The Product Science

* Mechanistic

e Can be Predictive

e All Drug Products need BA
 BE is more important than BA

42



BCS: In Vivo->in Vitro
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FDA Project Goal

e Gl Sources of Plasma Variability (BE Protocol)
— pH
— Buffer
— Transit/motility/shear rates/viscosity
— Gastric Mixing/Motility/shear rates/viscosity

e Mass Transport (Computational) Analysis
e Develop in vitro tests for Product development (GIS)

— Formulation Dissolution (Release) in vitro Test

46



Plasma Levels and F_, (t) Ibuprofen

abs



Intubation Plasma Results

Cmax, Tmax, AUC similar to Literature
37 subjects (including repeats)

lbuprofen F,, =~99% =F,, (Literature)
— i.e. no first pass metabolism

Plasma Elimination from Intubation (this) study similar to
iterature

Fabs (8 hr.)_80% at 8 hrs. Fasted and Fed

48



Gl Motility (4 sample and pressure ports) at various sites: Fasted
[Phase |, II, lll: BE Study Doses Randomly Relative to Phase)

Motility Phase I 1l |

Antroedusdenal manometry |1B4% PART 2,

I | - N H Stomach
= | W AN __.,_MMLJLML
bl g g L g kb Duodenum
lL iy \L ,JLU._- A L. o |
- ProximalJejunum
Distal Jejunum
:n_ . |-1,..¢.- I. | ||_i_,_|_’_]_L,

Page 4/8



Gl Motility and Plasma Levels (C

Record Motility for 11+ hrs.
— Begin Motility Recording start up at ~11 PM

Dose Ibuprofen (RLD) at 4-5 AM
Record motility and sample for 7 hrs.

Plasma levels continue at 8, 12, 24 hrs.

max)

50



Linking IBU Plasma Levels to Gastrointestinal levels
and motility/pressure contractions and Propagation

51



Cmax-GIl Motility Conclusions

e Fasted State
— Cmax most significant Variable is Time to Phase Ill post dose
— Intra Subject %CV (~15%) is % of inter subject variability (~*30%)

e Fed State
— Cmax, Tmax most dependent on # of Calories consumed
— Gastric Emptying and absorption rate determined by motility
— Intra subject variability (~¥30%) about equal to Intersubject (~30%)
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Other Significant Results

e |buprofen in the intestine at 7 hrs.
e pH (variable)

e Buffer capacity (low)

53






Link PK with Gl Ibuprofen concentrations and Gl variables

Average Abs Rate from Plasma Vs Average Gl IBU Concentration

Awerage TMMC
0.6 160

140

rate (rate/maxrate)
conc. microg/mL

—&——  Abs Rate
Gl_IBU Concentration D&J
Awerage PH
Average TMMC

T

6

Average TMMC  time hours
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In Vitro-ln Vivo

In Vivo In Vitro (*USP/FDA)

Dissolution in pH 7.2 50 mM Phosphate
Buffer (900 mL)

% Dissolved
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Predictive Absorption: Need Input Function

Incomplete Data = Flawed Conclusion




Plasma Deconvolution Results

e ~80 Fsys at 8 hrs. (Fasted and Fed)

e Give actual Results
e => ~20% remaining in intestine
e All PKBIO results => IBU is high permeability



Deconvolution Fasted



Deconvolution UIR 2 exponentials

[BU Plasma Levels 'Deconvolution 4,- e
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Plasma Deconvolution (Fed

1.000
T25% Abs T50% Abs T75% Abs
0.750 -
Subject h h h
5 BOOSV1 1.30 2.57 3.22
£ 0500 BO20V1 2.02 2.95 4.61
o5 B020V2 2.45 3.05 3.70
B022V1 3.94 4.63 5.38
0.250 B022V2 3.12 7.01 13.68
B026V1 4.75 5.78 6.82
BO31V1 2.54 4.15 5.04
0.000 5 BO34V1  5.95 6.67 7.39
B041V1 2.83 3.31 3.89
t(h) B043V1 3.74 4.66 5.62
500 - B043V2 4.22 4.90 6.14
BO46V1 4.80 7.01 9.26
200 - BO60V1 0.67 1.20 4.08
= BO60V2 0.91 2.21 3.22
E%O | BO66V1 5.66 6.53 7.34
I Mean 3.26 4.44 5.96
5 ’ CV% 51 42 46
5200 1) Min 0.67 1.20 3.22
5 -. Max 5.95 7.01 13.68
100 "]Q \
0 "‘:‘14/'—%}\.“ — ; T ; ; ; !



Deconvolution Summary

e ~80% absorbed at 8 hrs.

e => 20% still in the intestine
e T(50%) Fasted=

 T(50%) Fed = 4.4 hr.
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Measured Gastrointestinal pH & Ibuprofen Levels

Fasted (A,B)

Fed(C,D)

Total Conc Duodenum
=8— pH Duodenum

=®- Solution Conc Duodenum

A
3000000+ - 8
2000000
~ 1000000, - 6
E ‘
[=2}
£ 600000+
3 - 4
Q
o 400000+
c
8 - 2
200000+
0 T T T T T T T 0
0 1 2 3 4 5 6 7 8
Time (h)
Total Conc Duodenum | Post-dose Phase Il Contr
=8— pH Duodenum
~®— Solution Conc Duodenum I Plasma Tmax
C
- 8
1200000
~ 800000 - 6
£
[=2}
£ 600000
3 - 4
Q
o 400000
c
8 - 2
200000
0 0

Time (h)

| Post-dose Phase Il Contr

I Plasma Tmax

Hd

Hd

Conc IBU (ng/mL)

Conc IBU (ng/mL)

3000000 - 8
2000000
1000000 - 6
600000
L 4 '%
400000
- 2
200000
0 LA | T T T T T 0
0 1 2 3 4 5 6 7 8

Time (h)

Total Conc Jejunum | Post-dose Phase Il Contr

=@— pH Jejunum

. . Plasma Tmax
=®- Solution Conc Jejunum I

Time (h)

Total Conc Jejunum
Post-dose Phase Il Contr
=@ pH Jejunum

~®— Solution Conc Jejunum I Plasma Tmax
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Dissolution of Clinical Dosage form
(800 mg Dr. Reddy’s Reference Listed Drug(RLD))

Dissolution in pH 7.2 50 mM Phosphate
Buffer (900 mL)

100

T -
v

2 -
]

o 60

E
X

¢

% Dissolved

W 900ml intact tablet dissolution

# 500ml intact tablet

oo
=

100% dissolved =~ 10 min

o~
=

(]
=

Time (Minutes)

()
—_
=

30 40
Time (Minutes)

USP Test: pH =7.2 50mM Phoshate
50 RPM paddle (Apparatus 2)
Not Less Than 80% dissolvedin 60 min




Gastrointestinal pH & Ibuprofen Levels

Fasted (A,B)

Fed(C,D)

Conc IBU (ng/mL)

Conc IBU (ng/mL)

3000000 - 8

2000000+
1000000 - 6

L

600000~
- 4

400000
- 2

200000+
0 T T T T T T 0

Total Conc Duodenum
=8— pH Duodenum

=®- Solution Conc Duodenum

Time (h)
| Post-dose Phase Ill Contr

I Plasma Tmax

-8

1200000
800000 - 6

600000
- 4

400000
L 2

200000
0 0

Total Conc Duodenum
=8— pH Duodenum

=®- Solution Conc Duodenum

Time (h)

| Post-dose Phase Il Contr

I Plasma Tmax

Hd

Hd

Conc IBU (ng/mL)

Conc IBU (ng/mL)

3000000 - 8
2000000
1000000 - 6
600000
L 4 'g
400000
- 2
200000
0 R | T T T T T 0
0 1 2 3 4 5 6 7 8

Time (h)

Total Conc Jejunum | Post-dose Phase Il Contr

=@— pH Jejunum

. . Plasma Tmax
=®- Solution Conc Jejunum I

Time (h)

Total Conc Jejunum
Post-dose Phase Il Contr
=@ pH Jejunum

~®— Solution Conc Jejunum I Plasma Tmax
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Table 4: Osmolarity, ionic strength and buffer capacity of the two
buffers

Osmolarity lonic strength Buffer capacity
Medium [mOsmol/kg] [mol/L] [mEq/L/pH unit]

Simulated

Intestinal Fluid,
oH 6.8 (SIFsp); 0.0720 18.4+0.2

USP 26

Phosphate

Standard Buffer 115 0.0753 18.6x0.1
pH 6.8 (IntPh 3)

Dissolution Technologies | MAY 2004
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In Vitro-In Vivo

In Vitro (*USP/FDA)

In Vivo .
Dissolution in pH 7.2 50 mM Phosphate

Buffer (900 mL)

T
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Time (h)
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Dissolution in pH 7.2 50 mM Phosphate
Buffer (900 mL)

% Dissolved

W 900ml intact tablet dissolution

# 500ml intact tablet

100% dissolved =~ 10 min

T
]
2
-]
B
2
a
b

Time (Minutes)

30 40
Time (Minutes)

USP Test: pH =7.2 50mM Phoshate
50 RPM paddle (Apparatus 2)
Not Less Than 80% dissolvedin 60 min




Other Results

e Stomach is very complicated
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Marker (Phenol Red)

Observed at 15 min in Duodenum and Jejunum
— A by-pass ‘channel’

Indicates Net Fluid change at that Position and Time
Not absorbed (<10%)

Present in Stomach at 7 hrs.

— Slow emptying ‘dead’ space
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Chemical Stirred Reactor approach:
Stomach=CSR with Bypass flow

e Q0=250ml/2 min
Qo, Cao e Initial stomach volume=30 mL
e Well stirred Chemical Reactor+
bypass flow
e A fractionof input flow (alfa) bypass
quickly stomach
e Water secretion and reabsorptionin
duodenum and jejunum
slow flow ¢ Gastricsecretionincluded
Qo*(1-alfa)

Water in
(zero order)

Bypass flow
Qo*alfa

&
KtJ (transit first order)
A = A
Duodenum Jejunum
Kaw Kaw

Water out

Created by hunotika © (first order) ©
from the Noun Project - Modified by MB



Gastrointestinal Fluid Volume
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Quantification of Gastrointestinal Liquid Volumes and Distribution
Following a 240 mL Dose of Water in the Fasted State
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ABSTRACT: The rate and extent of drug dissolution and

absorption from solid oral dosage forms is highly dependent

upon the volumes and distribution of gastric and small

intestinal water. However, litle is known about the time

courses and distribution of water volumes in vivo in an

undisturbed gut. Previous imaging studies offered a snapshot

of water distribution in fasted humans and showed that water

in the small intestine is distributed in small pockets. This study

aimed to quantify the volume and number of water pockets in M in hoaty voncpers
the upper gut of fasted healthy humans following ingestion of a

glass of water (240 mL, as recommended for bioavailal |

bicequivalence (BA/BE) studies), using recently validated

noninvasive magnetic resonance imaging (MRI) methods. T T T T
Twelve healthy volunteers underwent upper and lower abdominal MRI scans before drinking 240 mL (8 fluid ounces) of water. <100 10 20 30 40 50 B0 70 80 90 100110120 30 40 50 60 70 BD S0 100110120
After ingesting the water, they were scanned at intervals for 2 h. The drink volume, inclusion criteria, and fasting conditions

mat:hedgthe irgnemationa] slan}:']axds for BA/BE testing in healthy volunteers. The images were processed for gastric aﬁd intestinal Time (min) Time (min}

total water volumes and for the number and volume of separate intestinal water pockets larger than 0.5 mL. The fasted stomach

Gastric volume (mL)
=
(=]

Total small bowel| water content (mL) D)

Figure 2. (A) Mean gastric volume and (B) mean total small bowel water content before and after ingestion of a 240 mL dose of water given at ¢ = 0
ined rapidly after that with a half emptying time (Tjo5) of 13 + 1 min. The mean gastric volume returned back to min #t = 12 healthy volunteers. Error bars represent 4+ SEM. Dunn’s multiple comparison test versus baseline value * P 05; ¥* P<0.01; ¥** P <

baseline 45 min after the drink. The fasted small bowel contained a total volume of 43 & 14 mL of resting water. Twelve minutes 0.001. Error bars represent + SEM

after ingestion of water, small bowel water content rose to a maximum value of 94 + 24 mL contained within 15 + 2 pockets of 6 b

+ 2 mL each. At 45 min, when the glass of water had emptied completely from the stomach, total intestinal water volume was 77

+ 15 mL distributed into 16 + 3 pockets of 5 + 1 mL each. MRI provided unprecedented insights into the time course, number,

volume, and location of water pockets in the stomach and small intestine under conditions that represent standard BA/BE

studies using validated techniques. These data add to our current understanding of gastrointestinal physiology and will help

improve physiological relevance of in vifro testing methods and in silico transport analyses for prediction of bioperformance of

oral solid dosage forms, particularly for low solubility Biopharmaceutics Classification System (BCS) Class 2 and Class 4

compounds.

KEYWORDS: gastric emptying intestinal water, bio

dissolution, small bowel, MRI




New Scientific Directions in Oral Bioequivalence: Implications for Product
Development, QbD, PAT, and QC

Gastrointestinal (Gl) Variables—> Drug Absorption—=> Systemic Availability
(Bioavailability)

— What is controlling Gl Drug Absorption/Systemic Availability (Cmax, AUC)

We are performing Direct Simultaneous Gl Measurement:

— Gl catheter and Plasma sampling

— Variables, pH, Buffer, Motility, plasma levels (Fasted/Fed)

Magnetic Resonance Imaging of Gl fluid (MRI of GI water)
— Validation of Catheter Results with MRI Results
— Extend to pediatric, patients

In Vivo Predictive Dissolution (iPD) Methodology
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Where To Go ?

New BE Science
All Routes: Interaction of Product with site of Application

Local Effects of Product (formulation)
— Direct product on changing Membrane

— Changes of Product at Site
Much more Careful Dissolution

Separate Formulation Dissolution (iPD) from QC Dissolution
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Scientific Starting Point:
Biopharmaceutics at Site of
Application (All Routes)

M) = [ [ (P, -cact
0 A

Absorption per unit area per unit
time



Diffusion vs. Pharmacokinetic Views of
(Oral) Absorption

Diffusion/Transport Pharmacokinetic

J=(dM /dt)l/ A dC [ dt =(dM | dt |V
=P-AC=P-.-C =k, AC=k,-C

P =cm/sec. Kq =17sec

k,=(S/V)-P,

Software e.g. GastroPlus®, SImCyp



Gastrointestinal Simulator (GIS)*

i

| r—
- —
|
|

I

ASD=Artificial Stomach Duodenum
S. Takeuchi, (Sawai-Japan) personal communication)
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Dissolution of Clinical Dosage form
(800 mg Dr. Reddy’s Reference Listed Drug(RLD))

800mg intacttabletdissolutioninpH6.5,10 mM HCO; buffer (15% CO, &
total buffer concentration of 14 mM). USP 2 apparatus,50rpm & 37 °C

120

Dissolution in pH 7.2 50 mM Phosphate
100 » |
Buffer (900 mL) o . +
| 4
80 =
120 f:
2 5 ¢
100 ¢ ¢ 0 % ¢ L E |m900mi intact tablet dissolution
40 # 500ml intact tablet
- 80
:
3 20—
§ 60 100% dissolved =~ 10 min [
A ¢
BQ 0 T T T 1
40 0 20 40 60 80 100
Time (Minutes)
20
¢ Bulk Extent of Time to dissolve Time to 100%,
0 ' ‘ ' ‘ ' ‘ ' Volume, ml dissolution | 50% dose, min min
10 20 30 40 50 60 70 500 105% 13 80
Time (Minutes) 900 102% 10 60

USP Test: pH =7.2 50mM Phoshate
50 RPM paddle (Apparatus 2)
Not Less Than 80% dissolvedin 60 min




Dissolution of Clinical Dosage form
(800 mg Dr. Reddy’s Reference Listed Drug(RLD))

800mg intacttabletdissolutioninpH6.5,10 mM HCO; buffer (15% CO, &
total buffer concentration of 14 mM). USP 2 apparatus,50rpm & 37 °C

120
Dissolution in pH 7.2 50 mM Phosphate
100 » |
Buffer (900 mL) o . +
| 4
80 =
120 f:
2 5 ¢
100 ¢ ¢ 0 % ¢ L E |m900mi intact tablet dissolution
40 # 500ml intact tablet
- 80
:
3 20—
§ 60 100% dissolved =~ 10 min [
A ¢
BQ 0 T T T 1
40 0 20 40 60 80 100
Time (Minutes)
20
¢ Bulk Extent of Time to dissolve Time to 100%,
0 ' ‘ ' ‘ ' ‘ ' Volume, ml dissolution | 50% dose, min min
10 20 30 40 50 60 70 500 105% 13 80
Time (Minutes) 900 102% 10 60

USP Test: pH =7.2 50mM Phoshate
50 RPM paddle (Apparatus 2)
Not Less Than 80% dissolvedin 60 min
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Search by Brand

Search by Category

» Bath Safety Products

* Daily Living Aids

» Diabetes Supplies
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Transition to in vivo relevance
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Exploratory data analysis: Link PK with Gl motility, Tlll — Post Dose Fasted state

Cmax/AUCInf vs Tmax Cmax/AUCinf vs TMMC
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Exploratory data analysis: Link PK with Gl motility, Tlll — Post Dose

Cmax versus tmax

B B004V1 BOO3V1 W B004V1

Y

BOO3V1 A BOO17V1 S 4 B0OO17V1

»* BOO6V1 @ BO0O17V2 ¥ BOO6Y1
B004V2 BOO17V2#& BO04V2

W BOO5V1 # BOO5V1

BOO5V2 » BOO5V2

Cmax mcg/mL
Cmax mcg/mL

2.50 3.00 3.50 4.00 4.50 . . . . 2.00 2.50 3.00 3.50 4.00 4,50
tmax hour Time to MMC hours

A BOO4V2

#& BOO5V2 .
80017V_2 _Boo4v2

BOOS5V2 BOO5V1

BOO17V2 #x

¢ B0O04V1

Tmax hour

¢ BOO17V1 .

BOO3V1
* *

£ 2

BOOGVI Id t't L 2 BOO6V1
N enti i
- ..‘,3003\!1 y BOO17V1 Identlty

Line Line

Time to Fabs 50% hours

2 3 4 2 4 5
Time to MMC hour Time to MMC hours




94



Gl Buffer Capacity: Very Low

A: Fasted B: Fed
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Gl Buffer Capacity
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Dissolution of Clinical Dosage form (800 mg Dr. Reddy’s Reference Listed Drug(RLD))

USP Test: pH =7.2 50mM Phoshate 800mg intact tablet dissolutionin pH 6.5, 10 mM HCO,

50 RPM paddle (Apparatus 2) buffer (15% CO, & total buffer concentration of 14

Not Less Than 80% dissolved in 60 min mM ). USP 2 apparatus, 50 rpm & 37 °C

Dissolution in pH 7.2 50 mM Phosphate
Buffer (900 mL)

¢ ¢ ¢ ¢ o 4

100% dissolved ~ 10 min

% Dissolved

M 900ml intact tablet dissolution

% Dissolved

4 500ml intact tablet

. 40 60
30 40
Time (Minutes)

Time (Minutes)

Bulk Extentof  Time to dissolve Time to 100%,
Volume, ml dissolution 50% dose, min

500 105% 13
900 102% 10

min
80
60



Chemical Stirred Reactor approach:
Stomach= CSR with Bypass flow

Qo, Cao

Bypass flow
Qo*alfa

Created by hunotika
from the Noun Project - Modified by MB

Q0=250 ml/2 min
Initial stomach volume=30mL
Well stirred Chemical Reactor+
bypass flow
A fraction of input flow (alfa) bypass
quickly stomach
Water secretion and reabsorptionin
duodenum and jejunum

slow flow

Qo*(1-alfa)

Water in
(zero order)

Rw Rw
Kt (transit first order)

Kaw

Water out

(first order) O




Chemical Stirred Reactor approach: Stomach= CSR with Bypass flow

/ Qo, Cao

e Q0=250ml/2 min

e Initial stomach volume=30 mL

e Well stirred Chemical Reactor+ bypass flow

e A fractionof input flow (alfa) “bypass” quickly stomach

e Water secretion and reabsorptionin duodenum and jejunum
e Gastricsecretionincluded

slow flow
. Qo*(1-alfa)

. Water in
. 5\0§ %’@“\(\ (zero

Q’o\\“ order)

Rw Rw
KtJ (transit first order)
KtD

Bypass flow
Qo*alfa

.

Kaw

l Kaw

Water out

‘ (first order)

Created by hunotika
from the Noun Project - Modified by MB



Gastrointestinal Fluid Volume
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ABSTRACT: The rate and extent of drug dissolution and
absorption from solid oral dosage forms is highly dependent
upon the volumes and distribution of gastric and small
intestinal water. However, little is known about the time e
courses and distribution of water volumes in vivo in an | e 5
undisturbed gut. Previous imaging studies offered a snapshot

of water distribution in fasted humans and showed that water s +— 35— 85— —#
in the small intestine is distributed in small pockets. This study |

aimed to quantify the volume and number of water pockets in repys—— ]

e - T T T T T T 1 T Q
beial e i gy e e o b : 10 0 10 20 30 40 50 60 70 80 90 100110120 40 0 10 20 30 40 50 60 70 8O 90 100110120

blue-rimvilen:e (BA{B}:) Vstudles),- using recently Vzllldzlteg Somich o el bl e Time {mlﬂ} Time [mn]
noninvasive magnetic resonance imaging (MRI) methods.
Twelve healthy volunteers underwent upper and lower abdominal MRI scans before drinking 240 mL (8 fluid ounces) of water.

After ingesting the water, they were scanned at intervals for 2 h. The drink volume, inclusion criteria, and fasting conditions Figure 2. (A) Mean gastric volume and (B) mean total small bowel water content before and after ingestion of a 240 mL dose of water given at t= 0
matched the intemational standards for BA/BE testing in healthy volunteers. The images were processed for gastric and intestinal ; 5 . . : . ) . * T ~ P )
total water wolumes and for the nmber and volume of separate intestinal water packets larger than 0.5 ml. The fastad stomach min # = 12 healthy volunteers. Error bars represent + SEM. Dunn’s multiple comparison test versus baseline value * P < 0.035; ¥#% P < 0.01; P <
contained 35 + 7 mL (mean + SEM) of resting water. Upon drinking, the gastric fluid rose to 242 + 9 mL. The gastric water 0.001. Error bars represent + SEM.

volume declined rapidly after that with a half emptying time (Ty,) of 13 + 1 min. The mean gastric volume returned back to
baseline 45 min after the drink. The fasted small bowel contained a total volume of 43 + 14 mL of resting water. Twelve minutes
after ingestion of water, small bowel water content rose to a maximum value of 94 + 24 mL contained within 15 + 2 pockets of 6
+ 2 mL each. At 45 min, when the glass of water had emptied completely from the stomach, total intestinal water volume was 77
+ 15 mL distributed into 16 + 3 pockets of 5 + 1 mL each. MRI provided unprecedented insights into the time course, number,
volume, and location of water pockets in the stomach and small intestine under conditions that represent standard BA/BE
studies using validated techniques. These data add to our current understanding of gastrointestinal physiology and will hel, Q

improve phfsiulogical relmnge of in vitro testing methods and in silico trans ortg:malﬁe. or predicti‘t:n}ofbigu;erfurmance 5;/ IVI ea n G a St rIC Vol u m e I I b I

oral solid dosage forms, particularly for low solubility Biopharmaceutics Classification System (BCS) Class 2 and Class 4 S m a OWe Wate r CO nte nt
compounds.

KEYWORDS: gastric emptying, intestinal water, bioperformance, dissolution, small bowel, MRI
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MRI GI Fluid Study
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Tmax plasma & Tmax Gl

® BO63V1 y= 0.5675x + 1.308
R2 =0.3876
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Tmax Gl hour

Correlation between plasma tmax and the time of maximal Ibuprofen
concentrationin Duodenum+Jejunum



USP Buffer Capacity

Table 4: Osmolarity, ionic strength and buffer capacity of the two
buffers

Osmolarity lonic strength Buffer capacity
[mOsmol/kg] [mol/L] [mEq/L/pH unit]

Simulated

Intestinal Fluid,
oH 6.8 (SIFsp); 0.0720 18.4+0.2

USP 26

Phosphate

Standard Buffer 115 0.0753 18.6x0.1
pH 6.8 (IntPh 3)

Dissolution Technologies | MAY 2004
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Goal: Measure Gl and Plasma under BE Conditions

Chemical Stirred Reactor approach: = HypOtheSIS :

Stomach=CSR with Bypass flow

+ Q0=250 mi/2 min * Major Cmax, AUC Variation is due

Qo, Cao * |nitial stomach volume=30 mL

* Well stirred Chemical Reactor+ . .
bypass flow tO GI Va rlat|0n

* Afraction of input flow (alfa) bypass

quickly stomach — In vivo Dissolution/Absorption Rate

* Water secretion and reabsorptionin
duodenum and jejunum

BVpaS;]scflow -‘4- gz\iﬁl_c:;:a) - M0t|||ty Va r|at|0n
Qo*alfa P
— Random dosing (Fasted/Fed)

— 15t-Pass Metabolism

KtJ (transit first order,

e Hepatic Linear

e Gl Non Linear dosage form Transit
dependent




Plasma Levels and F_,.(t) Ibuprofen
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Measuring Gl Variables

Fluoroscopy

Tube Placement

Catheter Cross Section View
Air Channel (Jejunal)  Balloon
Air Channel [Jejunal #1) \ #g 'Nflation #1
Ajir Channel (Duodenal #1)

Aspiration #1 (Jejunal
(Starting @ 13cm)

Aspiration #4 (Gastric)
(Starting @ 118em)

Air Channa Air C_hE'“ nel Duodenum
(Jejunal #2) (Jejunal) aspirate
Air Ghannel #10

(Duodenall #2)
Acpiration #3 (Duodenal)

(Starling @ 83cm)

5N J " ;
) = t - 1-.- -
Inflation #2 Aspiration #2 (Jejunal) @ - Balloon Channels . Jejunum

O - Air Channels
M . - Motility Channels
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100
90
80
70
60
50
40
30
20
10

Cp (mg/L)

FED

0 T T ]
10 15 20
t (h)
80 .
. Mean Profiles
60
~ 50
)
€ 40
a —4—Fed
[&]

== Fasted

10 15
t(h)

20

@
e Fasted
80 -
70 -
= 60 - \
E 50 - /
§ 40 - C
30 - /
20 - ] |
10 - / J
0 % . . . ;
0 5 10 15 20
t(h)
Cmax* Tmax AUC*
fasted fed fasted fed fasted fed
1 77 9 2.50 1.50 252 63
2 65 6 4.00 8.00 363 99
3 78 66 1.50 3.00 104 314
4 90 41 3.00 3.00 469 269
5 61 33 4.00 4.00 448 151
6 45 39 5.00 6.00 351 158
7 38 40 4.00 7.00 294 162
8 68 48 2.00 6.00 292 224
Mean 65 45 3.25 4.81 321 213
Fed/Fasted 0.68 1.48 0.66

* - first 2 Fed Cases removed



Catheter Design

Q_) Mui Scientific Customized Motility Catheter Order Form C7-E24-1015
|[Name: 00000000000 |

CUSTOMIZED FOR : Fhone: 734-936-5567

UNIVERSITY OF MICHIGAN {U.S.A)) | Fax : Mame :

clfo: Jason Baker Email : jrb@med.umich.edu

CATHETER DESCRIPTION CUSTOMIZED REUSABLE ASPIRATION 24 CHANNEL CATHETER Signature .

PART# C7-E24-1015
Tip End

n 81

Extrusion: i Balloon: Part #:

Body Length: 230 cm Marking: i Price:

Pigtail Length: B0 cm Chimney Radio-Cpaque Markers 4 pc(s) Created by: Andrea Si
Total Length: 290 cm EMG Rings: N/A Weights: 1 pe(s) Created on: 22-Oct-14
Comments: Customer to provide tip weights., Approved by:

* Customized Catheters are NOT subject to return or exchanges.
MUI SCIENTIFIC 145 Tr:

05

e 4 Segments

e Each Segment

— 1 Aspiration Port
-3
Motility/manometry

e Record/Sample for
11 hrs.

e 7 hrs. post dose
— lbuprofen (RLD)
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FDA ‘Orange Book’: Atenolol

[ <« EB Orange Book: Approvec X =+

é O EI fda.gov

Orange Book: Approved Drug Products with Therapeutic Equivalence Evaluations

Search Results for Proprietary Name, Active Ingredient or Application Number: atenoiol
78 records retumed
ERx Horc Soisce

ey [T ] racarnn par pase
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New BE Science

Scope

Plasma Levels

Gl Levels

Motility

What’s ‘New’

— Intra and Inter subject Variability

— Gl Transit/Motility and plasma variability

— pH individual Variability and Buffer
— Gastric Model
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Gastrointestinal Motility

Catheter Cross Section View

Air Channel (Jejunal) Balllc:u::n
Air Channel (Jejunal #1) \ g Nflation #1
#7
Alr Channel (Duodenal #1) ) .
o ‘ Aspiration #4 (Gastnc)
Aspiration #1 (Jejunal) (Starting @ 118em)
(Starting @ 13cm) « -

Air Channa , | Air Channeal
(Jejunal #2)~__> - (Jejunal)

Air Channel #10
(Duodenall #2) " o
. Agpiration #3 (Duodenal )
Guidewire™ . AN - (Starling @ 83cm)

Balloon
Aatinn £
|n |ﬂt on #L fl..g'.:,pir;][|.f_'|.r'| # .::JL\j[”',;:‘_ﬂ :| O - Balloon Channels
(Starting @ 48cm) (© - Aspiration Channels
() - Air Channels
. - Motility Channels

Diameter ~ 7mm

5
I
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g
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@

Gl Motility Recording (Fasted)

Stomach = Duodenum = Jejunum

Time (hours)



1) Gastrointestinal
Concentrations

2) Motility
Contractions

Concentration

Stomach
Duodenum

ProximalJejunum

Mid Jejunum

Distal Jejunum

Time
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Fed State: Administration of Liquid Meal

e Volume of Pulmocare®/calories administered by each

VOl u ntee r * ubject ID |[Administered volume Pulmocare (mL) |Administered Calories (Cal)
oo2pL | 400
002-P2 354.

008-P1 253. 379.
020-P1
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043-P2
046-P1
060-P1
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066-P1 538.

Averages 372,357142 586,090909

: 7-47 10.5-71
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Plasma Ibuprofen (Fed: n = 15)

:n
£
=]
2
=2
@

HEALTHY
ﬂNmM







	Slide Number 1
	New Era in Mechanistic BE Science: Multidisciplinary
	Project Personnel 
	FDA Project Goal
	Slide Number 5
	Study Enrollment
	Measuring GI Variables
	Slide Number 8
	Plasma Ibuprofen (Fasted: n = 20)
	Plasma Ibuprofen (Fed: n = 15)
	Pulmocare®
	Slide Number 12
	Slide Number 13
	Gastrointestinal Motility
	11 hr Fasted Motility Recording Plus Ibu Dose
	11 hr Fed Motility Recording Plus Ibu Dose
	Gastrointestinal Motility Recordings (Fasted)
	Phase III Period Distribution 
	First Surprising Results
	Slide Number 20
		Dissolution of Clinical Dosage form �	(800 mg Dr. Reddy’s Reference Listed Drug(RLD))
	Second Surprising Results
	Low GI Buffer Capacity*
	Slide Number 24
	USP Simulated Intestinal Fluid
	Slide Number 26
	Slide Number 27
	What about the GI Input?
	USP Dissolution…Is it that bad?
	BCS Class and SubClass
	BE Dissolution Proposal (Starting Point)
	Dissolution of Clinical Dosage form �(800 mg Dr. Reddy’s Reference Listed Drug(RLD))
	BCS Subclass: Absorption Profile
	BCS SubClasses
	A Key to Prediction is the Input ,I(t),  Concentration of Drug at the Absorbing Site(s)�
	Stomach”: Gastric Emptying (Complex)
	Slide Number 37
	Slide Number 38
	Gastrointestional Fluid MRI*
	Aqueous Fluid Content of Gastric and Small Intestine after 8oz of Water
	Our Goal as Pharmaceutical Scientists
	A New Era In Biopharmaceutics
	Slide Number 43
	Slide Number 44
	Slide Number 45
	FDA Project Goal
	Plasma Levels and Fabs(t) Ibuprofen
	Intubation Plasma Results
	Slide Number 49
	GI Motility and Plasma Levels (Cmax)
	Linking IBU Plasma Levels to Gastrointestinal levels and motility/pressure contractions and Propagation
	Cmax-GI Motility Conclusions
	Other Significant Results
	Individual Luminal GI pH (Fed-liquid         )
	Slide Number 55
	Slide Number 56
	In Vitro-In Vivo
	Predictive Absorption: Need Input Function
	Plasma Deconvolution Results
	Deconvolution Fasted
	Slide Number 61
	Plasma Deconvolution (Fed)
	Deconvolution Summary
	An Unexpected Result: Low GI Buffer Capacity*
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Slide Number 68
		Dissolution of Clinical Dosage form �	(800 mg Dr. Reddy’s Reference Listed Drug(RLD))
	Slide Number 70
	Slide Number 71
	GI Buffer Capacity
	In Vitro-In Vivo
	Slide Number 74
	Dissolution of Clinical Dosage form �(800 mg Dr. Reddy’s Reference Listed Drug(RLD))
	Other Results
	Marker (Phenol Red)
	Slide Number 78
	Gastrointestinal Fluid Volume
	New Scientific Directions in Oral Bioequivalence: Implications for Product Development, QbD, PAT, and QC�
	Where To Go ?
	Scientific Starting Point: Biopharmaceutics at Site of Application (All Routes)
	Diffusion vs. Pharmacokinetic Views of (Oral) Absorption 
	Gastrointestinal Simulator (GIS)* 
	Slide Number 85
	Slide Number 86
	Slide Number 87
	Dissolution of Clinical Dosage form �(800 mg Dr. Reddy’s Reference Listed Drug(RLD))
	Dissolution of Clinical Dosage form �(800 mg Dr. Reddy’s Reference Listed Drug(RLD))
	Slide Number 90
	Slide Number 91
	Slide Number 92
	Slide Number 93
	Slide Number 94
	Slide Number 95
	GI Buffer Capacity
	Dissolution of Clinical Dosage form (800 mg Dr. Reddy’s Reference Listed Drug(RLD))
	Slide Number 98
	Slide Number 99
	Gastrointestinal Fluid Volume
	Slide Number 101
	Slide Number 102
	Slide Number 103
	USP Buffer Capacity
	Slide Number 105
	Goal:  Measure GI and Plasma under BE Conditions
	Slide Number 107
	Measuring GI Variables
	Fed vs Fasted
			Catheter Design
	Slide Number 111
	FDA ‘Orange Book’:  Atenolol
	Slide Number 113
	Slide Number 114
	New BE Science
	Gastrointestinal Motility
	Slide Number 117
	Fed State: Administration of Liquid Meal
	Plasma Ibuprofen (Fed: n = 15)
	anatomy & in vitro model

