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Outline

 Introduction to amorphous drugs

 Linking transition temperatures in physical stability
of neat amorphous drugs

 Linking transition temperatures to drug loading in
co-amorphous systems.
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Poorly water-soluble drugs

HYDROPHOBIC LIPOPHILIC

"brickdust”

Physico-chemical properties
determine formulation approach


http://www.thinktankcomics.com/ProdImages/brick.jpg
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®  Crystalline LH
y=0.0066x + 0.207 (> = 0.9968)

304 ® Amorphous LH

y=0.0575x - 0.0762 (5-15 min, r> = 0.9942)

»
== == y=0.0098x + 0.7082 (15-90 min, r~ = 0.9778)
254 a Coamorphous LH-SAC

.
m y=0.0371x+0.0133 (r"=0.9934)
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Qian et al. Cryst. Growth Des. 15 (2015).
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Liquid melt or in solution
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Marketed Product

Amorphous APIs

Accolate® (zafirlukast)

Ceftin® (cefuroxime axetil)

Accupril® (quinapril hydrochlorid)
Viracept® (nelfinavir mesylate)
Amorphous solid dispersions
Cesamet ® (nabilone - PVP)
Gris-PEG® (griseofulvin — PEG)

Kaletra® (lopinavir/ritonavir - PVP/vinyl
accetat copolymer)

Sporanox® (itraconazole — hypromellose)

Intelence® (etravirine — hypromellose)
Zelboraf® (Vermurafenib-HPMCAS)

18/05/2018 8

A@OLATE
: Vzafiﬂukaﬁl

QUINAPRIL

10 mg

il ACCUPRIL .

KALETRA'"

(lopinavir/ritonavir)
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Challenge with amorphous formulations

Lack of fundamental understanding on the reverting
from the amorphous to crystalline form

No model to predict the time it takes for the reverting
process

No model to predict how much drug can be stabilized
with excipients

FDA regulations
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Outline

- Linking transition temperatures in physical stability
of neat amorphous drugs

— Transition temperatures

——Predicting physical stability



® UNIVERSITY OF COPENHAGEN 18/05/2018 11

Transition temperatures on a wide range of techniques
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Transition temperatures on a wide range of techniques

THz Absorption Intensity (cm™), FTIR OH-Frequency (cm™),

Inverse DMA Storage Modulus (MPa™),
Inverse BLS Frequency (GHz™"), and AIMD Volume (A®
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TAKE HOME MESSAGE

* All these techniques can
detect the glass transitior
temperature irrespective
the frequency they
operate.

« Two modes are present
Tgo and Tgp
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Definition of Glass Transition Temperature

1. The glass transitions (T, and T,,) represent temperature ranges at which
there is sufficient thermal energy to overcome the potential barriers, leading
to increased motion and thus increased molecular mobility

- Above T, increased mobility increases the probability that two neighboring
molecules will move into a favorable (crystalline) packing motif, which could
set off a chain of crystallization events.

- Below Tg, recrystallization is not possible for the disordered molecules

gp

e this:DOI: 10.1039oooooecoex The Significance of the Amorphous Potential Energy
Landscape for Dictating Glassy Dynamics and Driving
Solid-State Crystallisation

Michael T. Ruggiero,” Marcin Krynski,” Eric Ofosu Kissi,© Juraj Sibik,”* Daniel Markl,”
Nicholas Y. Tan,” Denis Arslanov,”d Wim van der Zande,’* Britta Redlich,’ Timothy M
Korter,* Holger Grohganz,® Korbinian Lobmann,” Thomas Rades, Stephen R. Elliott”
and J. Axel Zeitler

Receive red Date
Accepted Date

The fundamental origins surrounding the dynamics of disordered solids near their characteris-
tic glass transitions continue to be fiercely debated, even though a vast number of materials
www.rsc.org/journalname can form amorphous solids, including small-molecule organic, inorganic, covalent, metallic, ana
even large biological systems. The glass-transition temperature, 7, can be readily detected by
a diverse set of techniques, but given that these measurement modalities probe vastly different
processes, there has been significant debate regarding the question of why 7, can be detectes
across all of them. Here we show clear experimental and computational evidence in support of
a theory that proposes that the shape and structure of the potential-energy surface (PES) is the
fundamental factor underlying the glass-transition processes, regardless of the frequency that ex-
perimental methods probe. Whilst this has been proposed previously, we demonstrate, using ao
initio molecular-dynamics (AIMD) simulations, that it is of critical importance to carefully consider

DOI: 10.1039/x000000000¢
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Ruggiero et. al. Phys. Chem. Chem. Phys. 19 (2017) and Kissi et. al. Phys. Chem B 122, (2018)
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Dynamic Mechanical Analysis

Low Mass, High Stiffness
Clamping Fixtures

Air Bearings
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Detecting Tga and Tgp with dynamic mechanical analysis (DMA)
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Which of these sets of molecular motion is responsible for
the physical stability of amorphous drugs?
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Determining the onset of crystallization of amorphous
drugs

Sample Set 1: Quench cooled Sample Set 2: Amorphous
Indomethacin Zafirlukast

Nifedipine Na-Taurocholate
Cimetidine Zent X

Carvedilol Zent V

Celecoxib

Intensity

* O%RH, 298 K X'Ray POWdeI' 5 1‘0 1; z‘o 2; 30
Diffractometer Physical stability= 1/time =1/5days
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Correlating the transition temperatures to physical stability
The T,
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Correlating the transition temperatures to physical stability
The T,

1 -08 | 1 L 1 L2 1 ¥ 1
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The lack of correlation as observed for the L and the onset of recrystallization (1/time (/day))
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Correlating the transition temperatures to physical stability
The Ty,
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Correlating the transition temperatures to physical stability

The Tgp
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At the experimental storage
condition (0% RH, 296K), there is
a correlation between T; and
physical stability

%
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The correlation between T; and onset of recrystallization (1/time (/day)).
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These drugs are stable, they have
less energy at RT and will NOT
crystallize
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An empirical correlation for predicting onset of
crystallization
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At what temperature is amorphous nifedipine stable? Is it Tg-50?

Nifedipine Tg 322 K, Tgp 202 K

> Crystalline Nifedipine (NIF)

—>NIF stored at 313 K, stable for < 1 day

» NIF stored at 296 K stable for < 1 day

Intensity

» NIF stored at 278 K, stable for 4 days

NIF stored at 253 K, stable for 136 days

—» NIF stored at 193 K, remains stable

-ty Amorphous NIF

5 10 15 20 25 30

. . > Nifedipine retains its amorphous
Diffraction Angle, 26 (O) form or:rly when stored at ’

temperatures below its Tgp. An
indication that below that temp
molecular mobility is frozen out
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Take home message

> Various techniques can determine the glass transition
temperatures due to the potential energy surrounding the
amorphous molecules

» Amorphous drug stability is controlled by their B-relaxation.

> Their physical stability is predictable with the Tgp

23
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Outline

—Linking transition temperatures to drug loading in
co-amorphous systems

—— Transition temperatures

— Predicting drug loading
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Transition temperatures in co-amorphous
systems

« Co-amorphous systems : A one phase amorphous
system (single Tga) as a result of amorphizing two
crystalline materials.

« Co-amorphous system used: Carvedilol + Tryptophan

* Characterised the transition temperatures using DMA
and DSC
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Transition temperatures in co-amorphous CAR-TRP
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Why even study the transition temperatures
of co-amorphous systems?

Crystalline physical mixture of

Co-amorphous CAR-TRP

All %s are molar ratios

CAR-TRP

T ' I N\ 10% CAR
V 10% CAR |

= 20°/o CAR A/\ 20% GAR
= i ° 30% CARA

30% CAR “;“- N 40% CAR

40%CAR | 3 T 50% CAR
50% CAR - <_§ - \/ -

60% CAR ‘: 60% CAR

70%CAR |  Q 70% CAR

° _ £ o -
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Evolution of DSC and DMA T, CAR-TRP

n (Tryptophan)
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Evolution of DSC and DMA T, CAR-TRP

n (Tryptophan)

> Both DMA and DSC give the same
information on the evolution of T,

» Temperature difference is from the

different relaxation time Average t(DSC) =
75.5s, t (DMA) = 0.15s

e N 4ONCAR

20% CAR

30% CAR™

40% CAR |

\/ 50% CAR

60% CAR |

70% CAR

100 80 60 40 20 0
440 : T T T T T T 1 T 1
- - - Theoretical DMA T,
- .\ W Experimental DMA T,
1 - - - - Theoretical DSC T,
." ® Experimental DSC T,
400 - \
— - .\ h
C 380 . = S
~ @ N
s 5 .
~ 360 - " =,
&l ° i ~.
340 - o o
° |
SEo
& ~ =
320 - i
®--. -®
300 : . . . - T T T T 1

n(Carvedilol)

i 80% CAR
90% CAR|

340 360 380 400 420 440
Temp (K)



® UNIVERSITY OF COPENHAGEN 18/05/2018 30

Transition temperatures in co-amorphous CAR-TRP

I50CAR-50TRP|
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Evolution of Tgp in CAR-TRP

TRP (M/M, %)
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> Similar Tgp values irrespective of
Concentration of the drug
» Indication of excess component
50CAR-50TRP
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Thermal behaviour of co-amorphous CAR-TRP
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Physical stability at 373 K for 20mins
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Physical stability at 313K for 62weeks
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Predicting stable drug loading ratios

TRP (M/M, %)
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Take home message

» The Tga does not provide adequate info on stability or excess

> The Tgp is a qualitative measure of excess parameter

» The excess parameter will determine the physical stability of
co-amorphous drug amino acid systems
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Transition temperatures in solids

Glassy form

Supercooled
liquid state

| Liquid state

o

WWWA siow cooling

_____ Crystalline state

Heating of the
amorphous drug
after freezing

——-—-

<

Retained amorphous

form

Increased probability
to recrystallize

- e ———— -

-

0
-
3

Tga is the primary glass transition temp

Tcis the recrystallization temp

Tm is the melt temp
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Summary 2

* In neat amorphous drugs, Tgp is the best predictor of
physical stability.

* In co-amorphous systems the TgB can serve as a
measure of the excess parameter and hence a predictor
of optimal drug loading ratios.



® UNIVERSITY OF COPENHAGEN 18/05/2018 39

Acknowledgements

Zentiva k.s Prague, Czech Republic
Georgia Kasten
Bjarke Sggaard Laugesen

Terahertz Applications Group  University of Cambridge
Prof. Axel Zeitler
Dr. Michael Ruggiero

Supervising Team

Prof. Dr. Dr. hc Thomas Rades
Assoc. Prof. Holger Grohganz
Assoc. Prof. Korbinian Lobmann






