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First mathematical models

Noyes-Whitney 1897 Brunner-Tolloczko 1900
dc dc
— = —k(c, —c) pri —kA(c, — ¢)

Consider solid and dissolved API. The given equations
lead to an exponential function, the real measured
profiles of FDFs deviate significantly from this function.




Dissolution of an individual particle

am M
Dissolution occurs on the dt U5+ UZSV
. dM M
particle surface. — = U1S — 1,5
dm 2/ M
Surface expressed by —p = —am’3 1-— T
mass of the particle t Cs
surface. aM 2/ M
—=am /3|1 — —
dt c;V

The dissolution profile must be described by a system of
differential equations, 2004.
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Dissolution of particles released from FDF F
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Particle om($,t) 2/ M(t)
at = —am 3(5) t) [1 — CSV ]
t

. am(t) am(§, t)

Dissolved drug Franie —Noof 5 V(&S
t

Dissolved d ith dM(t om(é,t

issolved drug wi di ) KaogM(6) = —Noj m(ggz )v(f)df

degradation in medium ,

This leads to Volterra integral equations, 2015

v(§) FDF — Disintegration function




FDF disintegration-dissolution model
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The above system of equations represents a first-principles-
based mechanistic disintegration-dissolution model (DDM).
Dissolution White Paper. Zaborenko N. et al,,

AAPS-Journal (2019), 10.1208/s12248-019-
0297-y



Disintegration-dissolution model

Analysis of profiles Prediction of profiles
e Based on nonlinear, e Profile predictions for given
fixed-effect optimization FDF and API characteristics
(SADAPT) e Can consider changed
e Assessment of dissolution conditions of dissolution (pH-
relevant properties of dependent solubility,
FDF and API degradation, Volume, etc.)



Applicability of DDM analysis

Augmentin XR bilayer tablet as example
* Immediate release layer (Amoxicillin & Clavulanic Acid)

* Extended-release layer (Amoxicillin only)



b Applicability of DDM cmql‘;sis
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Weitschies et al. European Journal of Pharmaceutics and Biopharmaceutics 70 (2008) 641-648

. b3 Amoxicillin
Augmentin XR - Controlled
used in : release layer
Bioavailability _
di Immediate Amoxicillin + Clavulanic acid
studies release fayer
Amoxicillin + +

Augmentin XR

microcrystalline cellulose

used in

Disintegration Amoxicillin + Clavulanic acid

+

microcrystalline cellulose

measurements

Disintegration measured by decay of magnetic moment form magnetized
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Influence of food in’quegd gds’rrtémp’rying
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Weitschies et al. European Journal of Pharmaceutics and Biopharmaceutics 70 (2008) 641-648

Study AUC Amox Ratio to AUC CA Ratio to FDA Gastric Ratio to
FDA Emptying Fasting
(1g*min/mL) (1g*min/mL) (min)
Fasting 1854 0.71 191 1.52
Beginning of 2452 0.94 189 1.50 222 3.6
meal
FDA 2605 1 126 1 300 4.8

breakfast
Aim: to connect the dissolution profiles with the bioavailability data.

Amoxicillin — almost stable in the Gl tract, absorption limited through an absorption
window.

Clavulanic acid — shows strong pH-dependent degradation




What impacts the drug bioavailability?

The available amount of dissolved drug is evaluated.

Stomach

* Variable pH conditions

* Possible pH-dependent degradation
and /or solubility of API.

Absorption window

residence time Absorption window
* limits the bioavailability
* Sudden change in pH condition with

possible impact on stability, and
solubility of API

Disintegration, dissolution, absorption

Klbler, Gastroenterologia, Suppl. Ad, 104, 231-235 (1965)

Disintegration, dissolution, degradation

Gastric emptying

Mapping the influence of gastric emptying- and absorption residence time



The ratios of GE times correspond to

Availability of Amoxicillin as function
of gastric emptying and absorption the BE results.
window

Gastric emptying
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* Fasting = 25.1 min
(BA=0.997)

100- * Beginning of meal = 90.4 min

* After FDA breakfast = 120.5 min

Stomach residence time (min)
(@)
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Absorption residence time
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Gastric emptying times and absorption window residence time set by amoxicillin
data
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Availability of Clavulanic

bilayer tablet in depen

Lunch

pH value

0 30 60 90 120 150 180 210 240 270 300

tima [minl

Fig. 3. Gastric pH values for the initial 5 h time frame after TMC administration. Each box
represents a 5 min interval. Box: 50%, whisker: 10-90%, square: mean, astenisks: max/min;
n = 16. The three subjects, for whom post-calibration could not be performed, were
excluded from this statistical analysis.

Journal of Controlled Release 2015 71-78
| "
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The assessed halftimes of degradation:
for fasting = 55 min,
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FDF high-fat breakfast = 130 min

Fig. 1. Effect of pH on the first-order rate constants for the clavalanic acid
hydrolysis at 20 °C and = 0.5 [5].

Biochemical Engeneering Journal 2005 (23), 31-36




Predicted profiles of 3 different compositions in three strengths

DISINT

Composition :
[min]

2.0 10.0 0.80 1.93 3.97 15.0 1.5 0.15 0.50 0.85
4.0 20.0 0.50 1.99 1.97 10.0 1.0 0.15 0.50 0.85
8.0 40.0 0.30 3.03 1.53 5.0 0.5 0.15 0.50 0.85
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Gastric emptying

Comparison of dissolution time profiles
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The concept of comparing dissolution profiles is based on the ratio in the gastric
emptying and absorption residence time-space.

Comparison of profiles

1207 Ratio FDF 1:2 = 1.05 Ratio FDF 1:2 = 0.99
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omparison of disso

tion time profiles
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As the drug load increases, the differences in the

are more pronounced.

For nonlinear absorption additional dose effects are expected. ;
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Comparison of dissolution time &rofiles
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estimates dissolution-relevant properties of

My vision: DDM in  FDF & API
pharmaceutical
research

links FDF /API properties with Gl physiology

represents a new level of in vitro — in vivo
correlation’s
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