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Objectives:
 Describe Acid-Base Supersolubilization
(ABS) Principle, with examples:
- Haloperidol
- Cinnarizine
- Itraconazole
- Flurbiprofen
« Application of ABS principle in dosage
form development
* Drug dissolution




Effect of pH and pKaon Solubility

General pH vs. Solubility Considerations

ST=_[BH"]:,+[B] . Monobasic
= [BH] {1 + K./[H;0"]} Compound

Solubility
S; = [BH']+[B],
= [B] {1 + [H;0')/ K,}

Solid Phase: Salt Solid Phase: Base
pH

Ref: Kramer & Flynn, J. Pharm. Sci., 61, 1896-1904,1972.
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pH vs. Solubility Profiles of Haloperidol
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pH-solubility profile of haloperidol at 37 °C determined by using
methanesulfonic o, hydrochloric o, and phosphoric A acids to
adjust pH
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Solubility

Solid Phase: Base

Solid phas*alt
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Supersolubilization
by Acid-base Interaction:
Haloperidol Example

Singh et al., Supersolubilization and
amorphization of a model basic drug,
haloperidol, by interaction with weak acids,
Pharm Res (2013) 30:1561-1573




Materials s
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Name Solubility In pKa Molecular
water weight
(25 °C) (g/mole)
Haloperidol 1-2.5 pg/ml 8.60 375.87
Citric acid 1.65 g/g 2.91, 4.34, 5.68 210.14
monohydrate
Malic acid 1.25g/g 3.25, 4.68 134.09
Tartaric acid 1.40 g/g 2.79, 3.90 150.09
References:

Avdeef A, 2012 (book)
Li et al., J Pharm Sci 2005;94:2224-2231
Singh et al., Pharm Res 2013;30:1561-1573



Supersolubilization of Haloperidol by o
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Weak Acids
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Reference: Singh et al., Pharm Res 2013;30:1561-1573



Issues with Conversion to Amorphous =
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Solid Dispersions (Dry Materials)

Haloperidol-malic acid (0.81:1 w/w,
molar ratio 0.29:1) solid dispersion

* Amorphous solid dispersions formed; sticky and gummy in nature
 Difficult to process them into tablets or powder filled capsules
* Incomplete drug release 9



Multi-step Dissolution of Amorphous Solid g
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Dispersions i
0.15 g haloperidol present in each formulation Dissolution parameters
« USP Apparatus Il
0 * 50 RPM, 37°C

* 250 ml media
* 00 size hard gelatin

—
S
(e

o]
E capsules
_g | PH2 pH 4.5 pH 6.8
£ 60 TS :
2
= ST
S Dose: 150 mg 552
= 904 Incomplete Dissolution medium: 250 mL T}"
drug release Solubility at pH 6.8: 2 to 3 pg/mL  ~
O . T T T T T T I! '~—-§="‘5~=~5}
0 30 60 90 120 150 180 210 240
Time (min)

Reference : Singh et al., Pharm Res 2013;30:1561-1573 W



Enhance Processability of Haloperidol- o
weak acid Solid Dispersions

Neusilin® US2
« High surface area (~300 m?/ g)
«  Amorphous microporous granules

« High liquid loading capacity s o
* Widely explored for loading of liquid microemulsion preconcentrates

Haloper}dol.-weak acid Neusilin® US?2
solution in water

\ Blending |
|

Optimized ratio: (Haloperidol-weak acid) to Neusilin® US2 is 1.5:1 w/w

References:

Fuji Chemical Industry Co._http://www.neusilin.com/product/general_properties.php.

Gumaste et al., Pharm Res 2013a;30:3170-3185 1
Gumaste et al., Pharm Res 2013b;30:3186-3199



http://www.neusilin.com/product/general_properties.php

Solid Dispersions After Loading onto ®
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Neusilin® US2 SLlomNs

Haloperidol-Malic acid (0.81:1 w/w)

Solid dispersion Solid dispersion
without Neusilin® US2 with Neusilin® US2

Solid dispersions loaded onto Neusilin® US2 were
free-flowing, amorphous powders

12



Complete Drug Release from Solid ®

UNIVERSITY

DisEersion with Silica
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Dose: 150 mg
Dissolution medium: 250 mL
Solubility at pH 6.8: 2to 3
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% Cumulative drug dissolved
D
S

—@— Malic acid
—w— Tartaric acid
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D
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20 - Solid dispersion

TV ldildllC aciu

without silica = Citticaeid with silica i Citic acid
0@ T T T T T T 0
0 30 60 90 120 150 180 210 240 0 30 60 90 120 150 180 210 240
Time (min) Time (min)
Incomplete drug release from capsules Complete drug release from tablets

Reference: Shah A, Serajuddin ATM., Int J Pharm 2015;484:172-180
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Acid-Base Interaction in Absence of Water g
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(Haloperidol:Malic Acid Mixture)

1:1 molar ratio 1:2 molar ratio

X e :.‘::”'."l.' 3 1' ‘ '
Haloperidol mp: 151.5°C
Malic acid mp: 130°C




High Miscibility in Solid State (Malic T
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Acid Example

A B

Haloperidol-Malic acid mixture (2:1 molar ratio) Haloperidol-Malic acid mixture (2:1 molar ratio)
I

Haloperidol-Malic acid mixture (1:1 molar ratio) Haloperidol-Malic acid mixture (1:1 molar ratio)

[1

o . o _ .
= Haloperidol-Malic acid mixture (1:1.5 molar ratio) :3)- Haloperldol-MaII(k: acid mixture (1:1.5 molar ratio)
3 1 EW g 1
o D »
> g Haloperidol-Malic acid mixture (1:2 molar ratio)
- Haloperidol-Malic acid mixture (1:2 molar ratio) -
3 T — v
o v
Haloperidol Haloperidol
Malic acid W ) )
Malic acid
1 1T + T +* T T T T T 7 ' ) ! ) J ’ ! ’ J ' |
25 50 75 100 125 150 175 10 20 30 40 50 60

Temperature (°C) Theta-2Theta (deg)



Melt Extrusion and FDM 3D Printing

(Malic Acid Example)
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Kollidon®

VA64 (%w/w)
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Limited Drug-Polymer Miscibility (20%

and less)

High Drug Load by Acid-Base

Interaction

3D Printing (°C)

Lower Temperature Extrusion for ASDs To0 brittle

Low Temperature 3D Printing Possible

54

10.7
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35.7

ke~ S
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120
120
120
120
100
120
120

Too brittle
Too brittle
125
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Too brittle
Too brittle
125

100

Too soft

Too soft
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Rapid and Complete Drug Release from g
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FDM 3D-printed Tablet

15% Haloperidol + 10.5% Glutaric Acid + 74.5% Kollidon VA64

% drug release

% drug release
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60% infill tablet

100% infill tablet
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60 90 120 150 180 210

— — s —

100% infill tablet Tablet strengths: 12 & 48 mg
(150 mg ASD also used separately)
60% infill tablet  pjgsolution medium: 250 mL
Solubility at pH 6.8: 2 to 3 ng/mL

T
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] 4 L) v, I 4 L d Ll L4 1
60 90 120 150 180 210
) : 17
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Haloperidol Supersolubilization ¥
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A novel organic solvent-free approach

Solubility of haloperidol using weak acids: >300
mg/g of solution

Can be converted to amorphous solid dispersion

Weak acids act as carrier and pH modifier to
increase drug dissolution rate

18
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Super-solubilization
by Acid-base Interaction:
Cinnarizine Example
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Cinnarizine pH-Solubility Profiles
(\N/\/ Counter-ion/drug pKa
O N\/I Cinnarizine 2.55, 7.69
Malic acid 3.25, 4.68
O Tartaric acid 2.79, 3.90
Citric acid 2.91, 4.34,
:
) L 5.68
% o 0.24 1
2 i g 0201 ¢ Supersolubilization with
T% N 2 0161 Tartaric Acid (>200 mg/g
%’ 2_ S on | of solution
2 <
= \V oo 08 9 pH values between 1.76 to 1.99
. - 0.04 - L
0 1 2 3 4 o) 6
pH 0.00 T : o
2 3 4 5 6 7

Maximum solubility with HCl at pH 1
to 2 is 1-2 mg/ml

pH
Maximum solubility achieved at pH
1to 2 is 240 mg/g with tartaric aciy




Step Dissolution of Cinnarizine ASD with a“a

ST OHN’S

Malic Acid and Polymer Prepared by HME "

Ternary Solid Dispersions
pH45 | pH6.8 | Prepared

a
120

100 - Drug (D): Cinnarizine

Weak acid (A): Malic acid

—&— LExtrudate DAP226

80 A ]
—v— Extrudate DAP325 Polymer (P):  Kollidon 30
~#— Physical mix. DAP226

Physical mix. DAP325 Dose: 150 mg
—4A— Pure CNZ | Dissolution medium: 250 mL ;

. Solubility at pH 6.8: <1 pg/mL  all

\ formulation

0 30 60 90 120 150
Time (min)

S
s
1

% Cumulative drug dissolved
D
S

o
o

Dissolution parameters
» USP Apparatus Il

* 50 RPM, 37°C

180 * 250 ml media

Extrudates (solid dispersions) achieved ~3 and 2 times higher dissolution as

compared to pure CNZ and physical mixtures, respectively
21



In situ Nanoparticles in pH 6.8 Media .
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Average particle size (nm)

Ternary Solid Dispersions
Cinnarizine/Malic acid/Kollidon 30 (2:2:6 and 3:2:5 w/w)

Cinnarizine is insoluble in pH 6.8 buffer (<0.5 pg/ml)

Ladl ZZ2 Extrudate DAP226 . _
100 Extrudate DAP325 In-situ Nanoparticles Formed
1200 A
1000 A
20% drug load vs 30%
800 -

drug load

600 A
400 A

200 A

ASNNNNNNNNNNNNANNMA

NN NANNNN

30 60 90 120
Time (min)
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Super-solubilization
by Acid-base Interaction:
ltraconazole Example




Supersolubilization of Itraconazole st jouns

W

[traconazole 1s one of the lowest water-soluble drugs in the market:

Aqueous solubility of itraconazole 1s ~4 ng/ml
At pH 1, the solubility increases to ~4 ug/ml

-®- Malic acid
-4 Tartaric acid
B Citricacid

—=QGlutaric acid
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Solution pH

0.2 0.4 0.6 0.8

Acid per gram of solution (g/g)

Reference: Parikh and Serajuddin et al., Pharm. Res. 2016; 33: 1456-1471

pKa values
Itraconazole 3.7

Citric acid 2.91, 4.24, 5.68
Malic acid 3.25, 4.68
Tartaric acid 2.79, 3.90
Glutaric acid 4.4, 5.4

24



Step-Dissolution at pH 1 and 35: o
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Itraconazole/Glutaric Acid Solid Dispersions ™"
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200
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Aqueous solubility of itraconazole is ~4 ng/ml

At pH 1, the solubility is~4 ug/ml

All tablet formulations 100 mg I1TZ,
20% Kaollidon CL

Dose: 100 mg
USP Il Apparatus
250 mL

75 rpm

Different filters were
used at pH 5.5 to
determine particle
size

25

Reference: Parikh and Serajuddin et al., Pharm. Res. 2016; 33: 1456-1471



Proposed Mechanism of Interaction g

Between Itraconazole and Glutaric Acid

ST. JOHN’S
UNIVERSITY

Water
O H._ H
H H . O
3 ; MO~ o~ _OM o
:> R 8 S R S o
Glutaric Acid BN S oS
O o
KR .
Ho” N om {~
Step 2 Itraconazole
@ ~ N/ < N PR
|
" "
H L] " " O X
O b .'_“ P O
" " " " H H " "
MO~ OMe,
o o (5] o o 0 _.-‘? ?
ot [uo 5 °~]n HO on )
\ Glutaric Acid
L)
[ ‘ ; \
INANA / N\ /* L\ {5 ] ltraconazole
pon 1
A [wo_ _..\_.ou]n MO O
Q 9 (4] o [+] 0 “eal .7 Glutaric Acid
. L | . O 0o
'm0’ A o :
M. M TR L T
".” L+ N - O » Water
] " ’ C :
" " H H
Step 3

Reference: Parikh and Serajuddin et al., Pharm. Res. 2016, 33: 1456-1471

Possible H-bond
Interactions
between N atom
of ITZ and -OH of
the carboxyl
group in glutaric
acid

26
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Super-solubilization
by Acid-base Interaction:
Flurbiprofen (Acidic Drug)




pPH vs Solublility Relationship of Acidic ®

Drug

Solubility

S, = [AHJs+ [A]

= [AH]_{(1 + K /[H,O"]}

Solid Phase: Acid

ST. JOHN’S
UNIVERSITY

pHma
ri

St=[Als+ [AH]
= [Ag {1 + [HsO"V/Ka}

Solid Phase: Salt

pH

28
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Acid-Base Combination STJorNS
OH H
0 HO e
F e OH
OH
HO

Flurbiprofen ( MW: 244.26;

pKa: 4.2; m. p.: 117-C)
Meglumine (MW: 195.2; pKa: 9.6;
m. p: 128.5 -C)



Supersolubilization of Flurbiprofen by &
: NI
Meglumine
Flurbiprofen

Buffer Conc Meglumine | Water | go|ybility (mg/g
solution (mg/mL) (mg) (mg) of solution) pH
Water 0.011
1.2 HCI 0.009 25 1000 20.5 6.32
2.0 HCl 0.009 50 1000 58.7 6.32
4.5 Acetate
Buffer 0.013
5.5 Acetate 100 1000 115 6.3
Buffer 0.019
6.8
Phosphate 200 1000 187 6.27
Buffer 0.215
7.2
Phosphate 400 1000 357 6.24
Buffer 0.283

30




Supersolubilization of Flurbiprofen by 6
Meglumine (Potential for Melt Extrusion ™"

* Low temperature melt
extrusion

- |  High drug loading
Flurblprofen mp: 117°C | . High dissolution rate

FEASIBLE

Meglumine mp: 128.5°C

Hot State Microscopy at 70°,
Flurbiprofen:Meglumine,
1:2 molar ratio



Dissolution at Flurbiprofen ASD 5
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pH 2 and pH 6.8 e

2 Stage Dissolution of Crushed Extrudates in 250 mL 0.01N HCI
for 2 h followed by pH 6.8 for 2 h

120
100
80
. —@— 10% Drug 90% Kollidon VA
X 64- Crushed Extrudates
-
)
©
o 60
9]
o
o0
2
o —8— 10% Drug 16% Meglumine
40 74% Kollidon VAG4A-
Crushed Extrudates
20
—@— Flurbiprofen API
0
0 50 100 150 200 250

Time (min)
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W
summary SLlorys

 Supersolubilization of poorly water-soluble weakly acidic and
basic drugs was achieved by using non-salt forming acids and
bases

 Provides rapidly dissolving amorphous solid dispersions
(ASD)

« High drug loading can be achieved

 Supersaturation of dissolution media occurred and/or in situ
nanoparticles formed

33
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