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Motivation
Drug administration is better in the amorphous state than in
the crystalline state. But shelf-life of the amorphous drugs are
low because there is a greater chance for crystallization due to
the molecular mobility present in the amorphous state.
Aim
To investigate different relaxation processes present in the

amorphous pharmaceuticals and their role in the crystallization of

drugs. Apply this to design amorphous drugs having better
solubility, bioavailability and longer shelf-life.

Objective

To investigate different relaxation processes (dielectric properties)
present in glass-forming pharmaceuticals by BDS.
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amorphous pharmaceuticals

orally delivered API has to overcome two liuddles successfully
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Amorphous pharmaceuticals

API are classified accordingly

I 1 Y]
solubility high high low
permeability high low low

amorphous route can give improved solubility for water insoluble
solid APIs



Amorphous pharmaceuticals

mixing of solid API in the oral route

- mixing — escape of individual molecule from the
- Madelung bond of crystalline API. Getting energy to
ey overcome this barrier from thermal fluctuations is less
probable.
:“ﬁ :, : amorphous state —only very weak van der Waal’ s
g ?jq Interaction. molecules are at higher free energy. Hence
- g™ can mix better and quicker



Vitrification of solid API
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Vitrification of API — issues to be addressed
liquid
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Vitrification of API — issues to be addressed
liquid
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Theory:

The polarization studied by dielectric
spectroscopy IS the orientational
polarizability which 1s due to dipole
relaxation. The important function that is
measured from dielectric spectroscopy Is the
complex dielectric function &£ (®)=¢(®)-
i’ (w) (¢-real part, £-imaginary or loss
part).
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Data analysis

*The analysis time was 18 hours in BDS
*Frequency range is between 10 to 107 Hz
*Temperature range is from -150 to 100 degree
*The spectra is analyzed by using Win-fit software

*Frequency corresponding to maximum dielectric loss in alpha
process can be represented in Arrhenius diagram

*VFT Fit is done for alpha process to calculate Tg and
fragility(m) and T,



Ketoprofen
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U. Sailaja et al, Eur. J. Pharm.Sci, 49 (2013)



Dielectric loss ¢"
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Fenofibrate

1
10 —=2s715k _ ToT
: 260.15KAT=4k o a-process , a 0
——#T = I 0 CH4
293.1564 0

/

Dielectric loss &"
—
o
S

L
cl 2 CHs

\""-——
——l/
107 Ao
onset crystallization
decreasing temperature
< -
10-3 L LU [ UL LU U U L LU U U UL LU L U U 10 1 T<T b
-2 -1 0 1 2 3 4 5 6
10° 10 10 10 10° 10° 10 10" 10 ! ' 6 Inks v s nts
Al ek : Secondary relaxations
'3 \_133.15K to 253.15
. . 8
Primary relaxation above T, 2
'€ 107+
o 4
@
°
= —133.15K
" e AT=10K
| decreasing temperature 173.15K
—223.15K
AT=10K
3 —253.15K
10 T
10" 10° 10' 10° 10° 10* 10°

Frequency(Hz)

Secondary-relaxation below T.



Dielectric loss "

HN fitted Spectra of Fenofibrate
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Tramadol monohydrate (Kaminski 2010)
Glibenclamide (Wojnarowska 2010)
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y a-relaxation
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Yu et al., 2001, pointed out that if m <45 they belong to strong and if

m > 75 the liquids belongs to fragile group
U. Sailaja et al, Eur. J. Pharm.Sci 49 2013
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Relaxation map of Fenofibrate
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Strong and fragile glasses

Strong systems: Strong resistance

against structural degradation

Fragile systems: Shows large
deviation from Arrhenius law

VFT equation

<t> =t,.exp[B/(T—T,)]

m=16, 200

log<t/s>

0 0.2 0.4 0.6 0.8 1.0

Tg/ T

Angell, C.A. 1991
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Ammorphous phase

Broadbamed di =leotri © spectroscopy
Glass transition
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Ketoprofen is a well eowrn nonste nod dal ant - ndla momna oory dreg (RS AT with analgesic amd an tipayire tic
effect< 1t acts by i mb bic g the body s prosdwection of prostagandin The molecular mmodsi oy of ameor pheoeuws
ketoprofen has been investgated by broadbamd dielecoric s pactrosoospy (BDS | oove mimg wide tempe rat wre
and frequueency range. Ml ple relaxation processes were observed. Besides e prina ry o relasx oo, one
secomndary relacation, p-have been identified. The p-process visible in the dislectric specira at very low
Derm e rat e iS5 o= J0 relascation, and has an activation ensergy E= 3791 K il oypdcal for Local meaodsd Lo
Based omn Mgai's oowpling model smaller noor a larger Kohlraesch esoponent (1 — ) of the o-ne la st on
associated with larger 1, (T, L In the case of ketoprofen we oonclisde that the secondary relaxation (B
emerg g from i ntermeol ecular motions, is hidden ender the dominant @2-peak. The temperanere de pen-
dence of the relacati on time of the a2-process can e described over the entire measured range by a single
Viogel - Fulcher-Tammann (W) eguation. Frem WFT fits, the glass transition temyperature (T,) was esti-
mated as 26707 K. amnd a fraglioy or stee preess index m = BE ST was calcoulated, shoawing that ketopoodfen
is a fragile glass formmer. Oner di e re mblal sca nnin g ca o metry (DS50) stedy sheaw s that ketoprofen s a mon-
crystallizing compound. To oonfirm the hydmogen bond pattems of Etopmodfen FTIR Specinasonpy Was
applied in both crystallime and amorphoes phases Solwbdity est perfomed at 37 5C prowved that amaor-
phows phase 5 more soleble than e crystalline phase.

i 2013 HBsevier BW. All nghits resareed.

eguivalent; they have high internal energy. enthalpy and spedfic
volume. Because of these reasons they have enhanoed dissolution
ate and bicavailability, but their higher molecalar mobility will

Ketoprofen is a nonstermidal ant-inflammatory dmg (NSAID)
with analgesic and amtipyretic effect=. It act= by inhibiting the
body s production of prostaglandin (Tripathi, 2008]. Among the
pharmaceutcal dmgs about 4FE are found o be poody water =ol-
uble, which results in inadegquate bicavailability { Lipin=ki, 2002 1 In
arder to induce the effect of the drag fully, the dose of the used
drug will be kept in higher levd during manufacturing. To improve
the biomawvailability and solubility of actiwe pharmaceutical ingredi-
ents (API=] is a challenging task of a phamaceutical scentst.
Drantuhiri et al., pointed out that nanocrystalline solid dispersion
(MO is a best alternative for poody water soluble drugs. NCSDs
can be prepared by amnealing of amorphous solid dispersion to in-

I T T BT T T T T T T T T P e TR T 1 e m w

reduce the shelf life of the amorphous dmg during processing
and stom@ge ie. there is greater tendency for devitrification of
the dmg (Alie et al.. 2003 Gupta and Bans=sal 2005 ; Yo, 2001; Mak-
ower and Dye, 1956 Moreover it is sasier to make tablets out of
amorphous pharmaceuticals and can avoid the use of excipients,
which is used for making the drugs into tablet form (Kaminski
et al, 20101

Recent reports s hows that molecular mobility is responsible for
the instahbility of the amorphous phase (Aso et al, 2000; Bhugra
and Pikal, 2007; Grzybowska et al, 2010; Shamblin et al., 1999;
Fhou et al, 2002 ) Significamnt amount of molecular mobility has

T T T T T
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Fenaofilvrate 5 mainly wsed o edscs cholestem] level in patients at risk for cardiovascular disease
Thermual tramsicion stosdy with the help of differential scamnmning calodmerry (DSC)] shaosws that che
afpresadkd active phamacestical imgredient (AP is a good glass fermer. Based om oasr DSC soedse, e
e el ar dy mamekes of this A has been camied owt by broadiban d dieleconc spectroscopy (EDS ) oove rm g
wide temperatere amnd frequency ramges. Dielectric me aswurements of amorphoes fenofilsrace were per-
formeed afrer its witrification by fast condimg froom a few deprees alsoose the meel ting, podn © ] T — 35411 K] Ta
diesp mlassy state The samphe disss mot show any crystal i zati oo bemnd ency during ool me amd resches Gt im
the Elassy state. The bemperarnere depemde nos of the strischieral relasation has been fitted by Simghe Wi
mel—Fulcher-Tamman (WFT) equation. From WET fic. glass transition temperatere (T,) was estimated as
25056 K amd framlios (m) was determined as 9402 This drneg s classified as a fragile glass formmer
Deewria Dhiems. o @ g e meental data froon Koddl raw sch—3Willlams —wWatts (EWOW ) fits om high-freguency flamk
of o peea ke imndlicate The presemnce of amn ecess wing in fenofibrare. Based om MEaits oomepling meode ], we
idenrified the ewess wing as trise |ohan —Goddstein (G process Below the glass transit dem Do e ratiare
e can cleafy see a seocondary relascation (y) with an activatken energy of 3267 Kl measl

= 205 Xiran jiacteng Linive sd oo Prodisction and o ing. Pullshed by Elsevier BV All righis rese rved.

1. Intro-dwctbor

drugs in the amorphous phase is wery important for safety sto@age
in order bo obtain the maximam shelfdife and stability |[5—8]-

To increase the sohbility and bioavailability of the poorly water
soluble aoystalline drags is a challenge to modem pharmaceuatcal
sdentists. One of the promising methods for improvineg solubdlity
and binawvailability of poorly water sohuble aoystalline drags is o
prepare them in the amorphous form. Aaomorphous form of phars-
maoo logically active materials is wery important because this form
ha=s enhanced thermodynamic propertes, hawving high internal
energy. solubility, bioavailability, di=ssolution @Ate, betber oom-
pression characterisdos and greater therapeutic actdwiny than the
corresponding aystalline counterpart | 1—3 | Hows ever, amorphous
systems are physically and chemically unstable and therefore
sEhow ay=stallization tendencies.

Feoent smadies on warious amorphous pharmaceuatical drogs
Ehowe that moleoalar mobility abowe and below the glass mansitdon
temperature (T.)] plays an important role in the devitrification of
tThe drmags. The knowledge about the moleoalar dynamics of the
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Fenofibrate had been chosen as a model dmag for the cument
stadhy. It is a Abric acd derivative which has greaver HCL-CH (high
density lipoprotein cholesteml] rAsing and greater LDI-CH (Lo
density i poprotein cholesterml ) lowering actdon than other ibraes
[9]. To the best of our knowledse, this will be the frst attempt bo
des=scribe the dielcoric relaxation smdy of amorphous fenofibrate.

For this it is essential o hawve a betmer understanding of mole—
ular dynamics in supercooled and glassy state of this APL In the
present study, we used differental scanning @lorimetay (DSC] for
thermal ransiton analy=is and observed that fenofibrate is a very
good Zlass former. Based on DSC smady, dieleciric measurements of
this APl were carried out by broadband dieleciric spect mson [y
(BI%) as an inwvestgative ool to study the molecular dynamics of
amorphous systems in a wide range of freguencies (f= 10—
W —2 Hz) at different thermodynamic conditions (P, T). Recenty
this pechnigue has been suocessfully applied o study the mole—
ular dynamics of various amorphous pharmaceaticals | 10—12 ] Tao
get a dear picdure of hydrogen bonding in the cry=smalline and
amorphous state of fenofbrate infrared (IR} speciroscopy was
used.
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Dielectric studies: Molecular mobility is found to be responsible
for the crystallization of the APIs and JG relaxation is one of the
main reasons for devitrification and found to universal. To prevent
devitrification of the drugs we have to understand the complete
factors responsible for devtrification so that the drugs can attain
maximum shelf-life in the amorphous form.

Binary mixture of these APIs with different excipients can be done
to check the miscibility of the drugs and thereby avoiding
crystallization during processing, handling and storage in the
amorphous phase for getting maximum shelf-life and stability.

U. Sailaja IGHC 2015
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