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" Current challenges in oral dosage forms

* Tablets are the most common form of ) Oral drug
| I le d deli ~ delivery
small molecule drug delivery

(Active pharmaceutical ingredient — API)

Renewalble
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* Tablets are the most common form of Oral drug
small molecule drug delivery — delivery

(Active pharmaceutical ingredient — API)
* Low aqueous solubility of drugs

Low dissolution
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stomach
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absorption into
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and body
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* Tablets are the most common form of Oral drug
small molecule drug delivery . delivery

(Active pharmaceutical ingredient — API)

* Low aqueous solubility of drugs

Low dissolution

* APIs are prone to polymorphism of drug into
(@ stomach
Xy
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Amorphous Poor drug
absorption into
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" Current challenges in oral dosage forms

* Tablets are the most common form of Oral drug
small molecule drug delivery ~ delivery
(Active pharmaceutical ingredient — API) l

* Low aqueous solubility of drugs

Low dissolution

o * APIs are prone to polymorphism of drug into
~ _ . stomach
I * Crystal shape and size differences
B Ay
= - ; Sulfamerazine
Amorphous Poor drug
absorption into
small intestine
’ and body
Renewsalble - ol g
g ﬁggegg@&ﬂ@ﬁ@ Banerjee et al., J. Mat. Chem. B 2018 5




Production methods for higher
solubility APl polymorphs

* Heterogeneous crystallization on a substrate
* Homogeneous crystallization in confined pores

«« Confinement
Surfaces can

: " in pores
be used to S o\ obes
promote &4 control over
desired crystal size and
polymorph shape
nucleation

Ling and Chadwick,
OPR&D 2017

Chadwick, K., et al. Cryst. Growth Des., 2012
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" Nanocellulose for API control

* Advantages
* Biodegradable with low toxicity
e High strength and stiffness
* Large surface area with hydroxyls
 MCC already used in pharmaceutical industry
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" Nanocellulose for API control

o Adva ntages Polymer grafted from Polymer grafted to
Bl.odegradable with !ow toxicity
* High strength and stiffness +n-monomer™\ = /" +polymer
* Large surface area with hydroxyls
* MCC already used in pharmaceutical industry 1 + molecule

Nanocellulose §

Molecular substitutions
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Nanocellulose for APl control

o Adva ntages Polymer grafted from Polymer grafted to
. . . ¢ 0 ¢ ¢ ¢
Bl.odegradable with !ow toxicity
* High strength and stiffness +n-monomer™\ = /" +polymer
* Large surface area with hydroxyls
* MCC already used in pharmaceutical industry 1 + molecule
Aspirin Molecular substitutions
OH

R

Crystal growth and polymorph have
been shown to be dependent on
surface chemistry

Renewalble
Bloprocucts
Insititvite

*Diao et al., Langmuir 2011
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CNC gels as crystallization media

e Control over surface chemistry

e Control over pore size for confinement
* Localization of APIs in favorable environment
* Easily reversible for release of API crystals

&K

S VD )

Elenawalble SPECIFIC SURFACE CHEMISTRIES CAN BE CONFINEMENT WITHIN GEL PORES CAN BE

ﬁ@ ﬂ%@{?}@]@ﬁ@ USED TO DIRECT POLYMORPH GROWTH | USED TO TUNE API CRYSTAL SHAPE AND SIZE
NSEIEULES
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Surface modifications to CNCs

e Step 1: TEMPO Oxidation
e Carboxylic acid groups (green circle)

11



Georgia
Tech

=®

Nanocellulose

Renewalble
Bloprocucts
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Surface modifications to CNCs

e Step 1: TEMPO Oxidation
e Carboxylic acid groups (green circle)

* Step 2: Amine attachments
* Add long chain amine — octadecylamine

REVAVAVAVAVAVAVAVAV A

* Hydrogen bonding (red line) between carboxyl
and amine groups

12



Organogel formation with modified
CNGCs

e Step 1: TEMPO Oxidation
e Carboxylic acid groups (green circle)

Nanocellulose

* Step 2: Amine attachments
* Add long chain amine — octadecylamine

REVAVAVAVAVAVAVAVAVAL

N N * Hydrogen bonding (red line) between carboxy!
and amine groups

* Organogel network formation
* Dispersion in organic solvent
e Heating and cooling
Renewalble * Rearrangement of solvophobic alkyl chains (purple)

Bicproclucts
Insititvite

Nanocellulose
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Determining factors affecting CNC
organogel formation

600

—— 50.10 ODA-0-CNC  Strong gel for stable
10 ODA OGNS crystallization support
m— 20-10 ODA-OCNC
I 10-10 ODA-OCNC * Strength of gel
s increases as ratio of
g . ODA to O-CNC is
= Increase in )
g strength increased.
* Peak reached 3:1 ratio
of ODA to O-CNC
Oscillation Stress (Pa)
Renewalble
Bleproclucts _ 14
Imstituta Banerjee et al., J. Mat. Chem. B 2018
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Crystallize APIs in CNC organogels

‘ ‘ * Mix drug with O-CNCs and ODA prior to heating and cooling

o 9 :

O‘?s; % for gelation
I |
N M

Sulfamethoxazole (SMX)

N N
| | \Z
| | O P /E\
§' .-§' S\N/J%N CHy
) ) H
H,N

G
Sulfamerazine (SMZ2)

% L)
H
HoN

2

Eleneawalsle

Bioprecducts Sulfapyridine (SP) | 15
InSitEEuEEe Banerjee et al., J. Mat. Chem. B 2018
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Crystallize APIs in CNC organogels

‘ ‘ * Mix drug with O-CNCs and ODA prior to heating and cooling for
's; % gelation

v * Drug localizes in alkyl chain because of hydrophobic interactions

oo N
\Y/4 | 600
S Vi
/©/ HJ\)\ ——No Drug
HoN 500 ——SMX
N
|
3
S

——SMZ

—o—SP

Sulfamethoxazole (SMX)

N
|
|
§ \\// /]\/j\
S o
H,N

Sulfamerazine (SMZ)

% L]
A M
H-N o .

@@W@W@[@D@ L. 1 10 100 1000
D@ F@@]&ﬂ@ﬁ@ SUIfapyrldlne (SP) Oscillation Stress (Pa) . 16
InSsittdite Banerjee et al., J. Mat. Chem. B 2018
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Sulfapyridine recovered as a mixture of

polymorphs

XRD
From DMSO
I d l _W
As received ‘ J
A - ~ A v |
5 10 15 20 25 30 35
2 Theta (°)
SP was recovered as forms lll, IV, and V.
Renewable

BilopRreodUCES As-received is form lll.

InSitEEuEEe

Mixtures could be due to a
combination of crystallization
methods

Heterogeneous crystallization
on gel surfaces
Homogeneous crystallization
from confinement within gel
pores

Could also be due to
heterogeneities in CNCs

17
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sl CNC is a natural material with different
processing depending on the source

 Three different CNC sources

* CD - Charged spray dried
* CS - Charged slurry
* US —Uncharged slurry

* Post treatments used to purify CNCs a( = Condenser
i _ \/
7 — Extractor ._|
@i Dialysis v - ml] l” Spton
\ membrane — Sample —
Solvent _ —_— 1 |l
. Distillation
. & flask ——
Concentrated * = S =% e
lution , . . | /) ——
- g, Ll \/ | ©] «—Heat source
Renewalble o lvei ;
o roducts Dialysis Acetone Washing Soxhlet o

InSitEEuEEe



Sulfate ester groups on as received
charged CNCs provide colloidal stability

Source of CNC 200
CD mCsS UsS

[] CD X CS O us

Zeta Potential (mV)
Diameter (nm)
|—|

8 &
il
X .

|
=y
o

[l

]

0
)

B As-received Source of CNC

Rlenewalble
Bloprocucts
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Zeta potential decreased by acetone
washing and Soxhlet with ethanol

. | Source of CNC | For CD and CS

5| Hep % & - e * Dialysis does not

10 | significantly change
5; 15 b . {‘ % ¢ * % B As-received surface charge
s 0 mpialyzed ¢ Soxhlet with ethanol
gt ’} B Soxhlet and acetone washing
% 0T . WAce Wash decreases surface
o + + charges

O % ¥ | For US

“l = * Particles remain

-50

uncharged with all 3

treatments

Renewalble
Eleproclucts
InSitEEuEEe



el Effect of surface treatment on average
particle size

Dynamic light scattering For CD and CS

400

uAsreceived mDialyzed - Soxhlet mAcetone * Dialysis leads to minimal or no
size difference compared to as-
received material

* Acetone washing decreases
particle size

For US

* Strong variation makes it difficult
to draw conclusions

360 F

320

Diameter (nm)
P [ fod
2 &8 3

2

)
P
o

(4]
(=]

B
o

o

J. | II
cD Cs

Source of CNC

us
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Insititvite
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" CD and US material are cellulose Iﬁ

Cellulose 15 peaks
XRD 14.4° 16.8° 22.8°

——Chatged Slurry
Charged Dry
——Uncharged Slurry

8 12 16 20 24 28 32
2 Theta (o)
Elenawalble Briois et al. 2013

Elioproclucts Kafle et al. 2014
st e 22
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CS contains both cellulose 'B and Il

XRD 14.4° 16.8° 22 .80 Cellulose I; peaks

——Chatged Slurry

Charged Dry

20.0° —— Uncharged Slurry

Crystallinity Index
CS =97.1% 12.4°

US = 64.4% \/\\/

Based on an amorphous ___/ Vs :

peak at around 21.4° |
J/-\\J

8 12 16 20 24 28 32
Cellulose Il peaks 2 Theta (o)

@@W@W@E@D@ Briois et al. 2013
Bloprocucts Kafle et al. 2014 23
Insititvite
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i’ Max gel strength reached at 3:1 ODA-
O-CNC ratio

400

cs +-50-10 ODA-OCNC Avera ge of the
—~e—40-10 ODA-OCNC 350 | storage modulus T
~+—3010 ODA-OCNC plateau shown i §
—e—20-10 ODA-OCNC E 300 X
T +10-10 ODA-OCNC =
§ 9 250
% s
3 3 :}
s s 200 '3
& ) i
5 S
0 o 150
prs X
100 % CS
* x US
50 x
10 100 1000 x CD
Oscillation Stress (Pa) 0 1 1 L L L
0 1 2 3 4 5
Ratio of ODA to OCNC

US gels could be aggregating and

causing loss in storage modulus
Renewalble
Bloprocucts
Insititvite
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Techﬁ Overall increase in gel strength after
acetone washing

600 600
As-received —+—50-10 ODA-OCNC Acetone washed
—e—40-10 ODA-OCNC
500 500
—e—30-10 ODA-OCNC
—e—20-10 ODA-OCNC
© 400 10-10 ODA-OCNC & 400
= =
()] 1]
E E
3 300 3 300
o [=]
s s
Q ]
ol LT]
) o
8 200 S 200
4] (7]
100 100
0 & 0
1 10 100 1000 1 10 100 1000
Oscillation Stress (Pa) Oscillation Stress (Pa)
Renewable

Bicproclucts
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the CNC source

XRD

US

CS

ikl

5 10

Renewalble
Bloprocucts
Insititvite

[ |
> .'” ' \
As received ' J
. 1 . . SRR PP |
15 20 25 30

2 Theta (°)

35

Techﬁ Sulfapyridine polymorph depends on

CNC source

Polymorphs of
sulfapyridine from
recovered gel

None (as received)

Charged dried

Charged slurry

i, 1V, V

Uncharged slurry

I, 11, V

26
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" Conclusions

SMZ - As received *|
N\ S\, b

& 8 4

* CNC organogels formed by attachment of long
alkyl chains to modified CNC surface

* CNC organogels can be used as surfaces to
crystallize pharmaceuticals with different behavior

* CNC post treatments also affect organogel
properties

Z - From gel

o B

* APl recovered from gel affected by CNC source

Renewalble
Bloprocucts
Insititvite
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- Similar gel strength pattern for all CNCs

—=—50-10 ODA-OCNC

CS ——40-10 ODA-OCNC
0

—e—30-10 ODA-OCNC

—e—20-10 ODA-OCNC

w400
o
=
(5]
=
3 300
o
=
o
fu
S 200
)
100
0 -
1 10 100
Oscillation

llation Stress (Pa)

Oscillation Stress (Pa)

* Max strength seen at 30-10 ODA-CNC
* Either decrease or similar strength if ODA ratio increased

further
REOCUUGCES

InSitEEuEEe



Georgia
Zeta potential decreased by acetone

washing and Soxhlet with ethanol

Source of CNC

[
(9]

N
S

Zeta Potential (mV)
g N '

8 &
—l

1 | I 1
S
o

[] CD

X CS

O us

a
o

Renewalble
Bi©
InSitEEuEEe

REOCUUGCES

M As-received
M Dialyzed

M Soxhlet

M Ace Wash

-1po

Soxhlet

/\ Il

-1po

A

-50 0 50 100
Acetone -
Washing

[\
/R
-50 0 50 100
32

Zeta Potential (mV)
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- 30-10 ODA-OCNC used to compare gels

600

cD us cs
500
s
= 400
2
% 300 a ? )}
s ¢ X
@ ]
?!;0 200
=]
el
n 100 @ As received
@ Dialyzed
0

Type of CNCs

Renewalble
Elopreoclucts
InSitEEuEEe
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30-10 ODA-OCNC used to compare gels

cD us cs

® As received

@ Dialyzed

500
g
S 400
Y
=
3 300 u
=]
=
)
& 200
=]
)
)
100
0
Rienewalsle

Bicprocucts
InSitEEuEEe

Type of CNCs

Storage Modulus (MPa)

600

500

400

300

200

100

¢
Acetone
washed
¢
As T
received .
Dialyzed

Post treatment on charged slurry
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Drug incorporation weakens gels

600 600
CD ——No Drug UsS CS
o SMX 500 500
—e—SMZ
©
—e—SP s
- E 2
g S 3
3 s
3 &
1
S
L) o 5
o
100 100 100
_._H—._'.‘—.—O——.-m M
| W . e = = S S . .
1 10 100 1000 1 10 100 1000 1 10 100
Oscillation Stress (Pa, Oscillation St Oscillation Stress (Pa)

Incorporating drugs into the gel networks breaks up the gel and makes

Rlenewalole them weaker. All samples contain 10:30:200 mg/mL of O-CNC:0ODA:Drug

Bicproclucts
Insititvite
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SP showed recrystallization in CF gels

SP from CD
3
E : - Recrystallization peak
3 SP from CS .
o seen in CF gel but not
% . RO
o in FPL gel indicating
SP as-received N differences in APl form
40 80 120 160 200

Temperature (°C)

Renewalble
Bloprocucts
Insititvite



a
US gel sulfapyridine also shows form I

[T AL

From CD gel | M I L

As received _— v Jl
5 10 15 20 o " -
2 Theta (°)
Renewealsle
Blicproclucts .

InSitEEuEEe



Georgia I&
Tech

- CS gel sulfapyridine shows form IV

||| MA 1 T e

From CS gel k A A
LA
From CD gel AA-
A

As received

-

]
5 10 15 20 25 30 35
2 Theta (°)

Renewalble
Bloprocucts
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US and CS gel sulfapyridine also show
formV

|
From US Gel \
I FormV I

From CS gel k - |
A Mmm
From CD gel M ' | ‘ l l ‘ _L
15 20 25

As received - ¥

5 10 30 35

2 Theta (°)
Renewalble
Bloprocucts 39
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