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gu_[m@]@ Topics covered during this talk

| Our innovative methods & instrumentation for measuring
solubility and dissolution rates with small sample weights

—

How these methods can be used to study the effects of
excipients to enhance the extent and duration of
supersaturation, thus improving the chances of drugs getting
absorbed in the Gl tract

—

Because It Is so important in these studies, we will start by
discussing pK,

—

We will not have time to discuss logP or BCS, but please
read our recent paper on these topics*
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gﬂ?u-@]@ We use these solubility definitions

| Kinetic (or Turbidimetric) Solubility

I the of a compound in solution when an induced
precipitate first appears

| Equilibrium (or Thermodynamic) Solubility

I the of compound in a saturated solution when
excess solid is present, and solution and solid* are at equilibrium

I Result is pH-dependent for ionisable drugs

I Intrinsic solubility (S,) is the equilibrium solubility* of the free acid
or free base form of an at a pH where it is
fully un-ionised
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gg_m@]@ We specialise in studying ionisable compounds

Perhaps 90% of marketed drugs are ionisable compounds
At least two species exist in solution, depending on the pH

Example: Dicyclomine, a weak base, used to treat symptoms
of irritable bowel syndrome. Dicyclomine comes as a capsule,
a tablet, and a syrup to take by mouth.

H;C

i L P

NH
o > W O/\/NW
CHs CH,
lonised form, exists at low pH Free base, exists at high pH

Can be called BH* Can be called B
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SIRIS lonisable compounds have pK s

| pK, is the pH where HALF the compound is ionised

[H'][B]

pKa = -|Og10Ka
[BH']

BH* C B + H* K, =

Dicyclomine Distribution of species graph

BH*

Relative concentration
of each species
o
(@) ]
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gg_m@]@ Potenti omemetirci ¢ Gi)p Ht i ¢t

12

29 measured pH values
in 10mL of

101 50% methanol/

0.15M KCI

—

pK, can be measured by
potentiometric titration 5

Example: 4mg dicyclomine; add
HCI to pHZ2.5; titrate with KOH “'

Calculated pH values are ,

compared with measured pH be0 ofe  0M0 Ofo 020 02

—

—

—

PH is calculated using equations like this*:

H® +H2(Ka +(CKOH P CHCI)+CB)+H(Ka(CKOH - CHCI)- KW)' KWKa =0

—

Measured pK, of 8.00 comes from the value of K, that gets

the best fit between the calculated and measured pH values
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gu_m@ Bjerrum Graphs: another way to plot titration data
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I
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I
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I

% Species

Bjerrum graphs are plotted using pH and pK,
They are related to the Distribution of Species graph
They show the number of H* ions per mole of substance

. ~_[HT
For a monoprotic base, ny (H]+K.

Solution Bjerrum graph
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SIS pK, from Yasuda -Shedlovsky extrapolation
11 0% cosolvent Dicyclomine pK
o)
: \
S 101 pK of 8.63 30%
+ obtained by
X subtracting log[H,O] 50% methanol
= from intercept /
55%
9 1 T T
12 14 16 18

1 /U*103

—

Widely-used method of obtaining pK, from p,K, values
measured In water-cosolvent mixtures *

Also works for pH-UV results

—
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0.4

Absorbance at 24 pH

values and 108
wavelengths between
240 and 470nm

10

pK, by pH-UV

Example shows titration
in 10mL of 0.25mg of
Dipyridamole

—

—

pK, values of 0.85 and
6.20 are derived from
changes in absorbance
vs. pH
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gﬂ[ﬁﬂ@]@ Importance of pK

| pK, has many impacts in pharmaceutics, such as
I Its effect on drug-receptor binding
I Binding with membranes, membrane analogs and proteins
I Its effect on absorption, via pH-partition theory
I Elimination of toxic overdoses via pH control

I Interpretation of analytical data from HPLC and other techniques
| pK, affects other physicochemical properties

I Lipophilicity (logP)

I Solubility

10/46
© 2009



SIS oK . and solubility

| Compounds are more soluble at pH where they are ionised

| Relationship between pH, pK, and solubility is described by
Henderson-Hasselbalch equation. For bases,

_S,(K, +[H])
K

a

S

where S = solubllity at a given pH and S, = intrinsic solubility

11/46
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Shake -flask vs. Henderson -Hasselbalch

_ Curve calculated using
Low pH outliers: / Henderson-Hasselbalch

Salt solubility? equation and measured data
All compound dissolved?

N =
Unionized
CHy HgC at high pH:
ﬁ W S=S,
NH/\/N\/CH3 - oy, N
e S i

CH, Lidocaine

00

STIMUS
7
B~
= 7
= i
v Z5-
D o
9
S4-
3
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Intrinsic
solubility,S

© ?f)yé* Shake-flask data from: Bergstrém, C A S. Luthman, K. Arturson, P. Accuracy of calculated

pH-dependent aqueous druqg solubility

. Eur. J. Pharm. Sci. 2004 (22) pp 387-398
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Sirius GLpKa and D-PAS

New SiriusT3 does
titrations in 1.0mL
volumes

Solubility measured
with 1mg of sample

Potentiometric titrations for solublllty

/

J
-’

- ~

7
For pH-UV
/ P UV Dip Probe.

Fibre optics inside stainless steel temperature

sheath.Flow cell open to sample. dieay dlspenser tips
Quartz mirror inside base of flow cell.

N

/

inert gas —>
argon
cap
< pH electrode
stirrer >
<«—— glass vial
solution of —p»
sample
O For pH -metric
\ experiments
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\
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SIS How we measure kinetic solubility
Example: imipramine (pK, 9.54) Kinetic solubility estimated from
dissolved in ionised form at low pH, the concentration of unionised
then titrated with KOH. Precipitate species at the pH of precipitation
detected by light scattering

12 100 a1
an{ BH B
10- a0
704
" B0
8 & '% 501
T o AU Kinetic solubility =
g 2~ 304 concentration of
Precipitate 201 unionised species
+ detected at pH 9 10 at this pH
3 4 5 & _? 2 e 10 11
[],Ejg D.E]f—l D.I;]E. [],Ejg — y pH (concentration scale)
mlL of Titrant KOH ~\—\
14146 O NTCHs
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gg_m@]@ What happens after the sample precipitates?

—

What happens next depends on the extent of supersaturation
at the time the sample precipitated

—

We have identified two classes of compound

I NON-CHASERS do not appear to form supersaturated solutions
under any conditions

I CHASERS readily form supersaturated solutions

15/46
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S  Aqueous solubility of dicyclomine, a NON  -CHASER
Curve -fitting method
263
1.0 VA chh bbb e
Precipitation detected ‘ Result=4.3¢ g/ml—
by light scattering n
I'll'l
[ [%1
[ / } o
= 0.9 Precipitation Bjerrum Graph. A ) Solution Bjerrum
= For a base with one pK,, x LS Graph. For a base
o . -\ with one pK,
E — So[H ] 1 ' H;
L " [XioalKa j. 30 minutes n, = [ ]
= % to get here [H]+K,
kg
D D - iliﬁn_'“""-- S 3 1 i et AT
| | | | | | | |
2 5 4 a b 7 o =) 10 11
PH
16/46
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gg_[m@@ Agueous solubility of dipyridamole, a CHASER

CheqSol method

5.21
1.0

Precipitates here

Result = 3.6 eg/mL

(Composite)
—
(8 )

T
—
Chases _
equilibrium Supersaturated |
here . here e
0.0 4 T m——— e e m s ST e
1 1 1 1 1 1 1
2 d £ 9] b 7 & 5
H
17/46 Box, K. Comer, J. Gravestock, T. Stuart, M. New ideas about the solubility of drugs.

3 ?ﬁo i Chemistry and Biodiversity. In Press. doi: 10.1002/cbdv.200900164



gu_m@ Calculating solubility from each Crossing Point

Mass Balance and Charge Balance equations

1 Hydrogen ion concentration [H*] is determined from the pH [H*]=10PH

2 Total volume v, is determined from the volumes of water, acid and base v, =v,, +Vv,_ +V,

3 Hydroxide ion concentration [OH"] is determined from [OH ]= Ky,

[H+] and ionic product of water K, [H']
+

4 Potassium ion concentration [K*] is determined from [K']= ViCy + M2, /W
volume and concentration of base (KOH) Vi

5  Chloride ion concentration [CI] is determined [CI= VaCa t Mz [fw
from volume and concentration of acid (HCI) Vv,
Anion ion concentration [A7] is determined from [A-]=[H']-[OH]+[K*]-[CI']

6 charge balance equation

. Concentration of unionised sample [HA] is _[AT]HT]
determined from [A-], [H+] and pK, of sample [HA] = 10" PKa

8  Solubility S is equal to [HA] when solution and solid are at equilibrium S° [HA]

18/46
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SIS Equations can be derived for other useful graphs

| Neutral species concentration profile for Imipramine (a
NON-CHASER), drawn using data from eatrlier slide

0.00015+
E 0.00010+
)
é Concentration of
c neutral species after precipitation, i.e. intrinsic solubility
e < >
€
S 0.00005-
(&)
(-
@)
@)
0.00000 1 . Concentration o]‘ neutral species ?t low pH .
19/46 1000 2000 3000 4000

© 2089 Time (s)



gu_m@ Neutral species concentration profile for Dipyridamole

Dipyridamole (a CHASER), drawn using data from earlier slide

|
| These profiles are used in CheqSol excipient assays

0.00015 I
S
— IS
& 0.00010{ 5
O &
E o
o
C >
= - + Duration of supersaturation
IS o
= =
qc_) 0.00005 - g /
Q n
c -
Q :
© > .
l : Intrinsic solubility
0.00000
20/46 1000 2000 3000

© 2008 Time (s)



==s
SITUS

Typical properties of CHASERS vs. NON -CHASERS

CHASERS

NON-CHASERS

Can be acids, bases or ampholytes

Non-chasing mainly observed for bases

Precipitate slowly; dissolve slowly

Precipitate fast; dissolve slowly

Solubility usually increases with
temperature

Solubility unchanged or decreases with
temperature

High melting points

Low melting points. Many liquid at 25 °C

Sum of H -bond donors + acceptors is 3
or above

Little capacity for hydrogen bonding.
Most have no H -bond donors

Always able to form supersaturated
solutions in water

Do not appear to form supersaturated
solutions in water

Solid forms of free acid or base are
probably always crystalline

Often supplied as HCI salts, which are
crystalline. However, free bases may be
liquid or amorphous

Using additives, we can sometimes
prolong supersaturation and inhibit
crystallization

Do not appear to form supersaturated
solutions under any conditions

21/46
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gﬂm—w@ 0 1 [einminsic, aqueous Slide shows how solubility of some
AKinetic, aqueous compounds can be increased, placing
+ Intrinsic, PVP them next to others in BCS Class |

-1 - # Kinetic, PVP
# Intrinsic, Cavasol Wartarin
9 2 Kinetic, Cavasol \ Dipyridamole

: Diclofenac
[soxicam

3 - R

5\

LogSo

[l [

» [

1
ol |
|

P e R R R ]

o

Dicyclomine
.

o

s EEEE ... --------l-

* &

LI RN I N N

LogP
Full story in: Box, K. Comer, J. Gravestock, T. Stuart, M. New ideas about the solubility of drugs.
Chemistry and Biodiversity. In Press. doi: 10.1002/cbdv.200900164
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gg_m@]@ CheqgSol excipient assays of Metoclopramide

vd

—

—

Metoclopramide is used to relieve nausea and vomiting;
heartburn, stomach pain, and bloating; and a persistent
feeling of fullness after meals.

Metoclopramide comes as a tablet and liquid to take by
mouth.

| t 0s a _,Bb.245 and § QHASER

NH,

23/46
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gu—m@ These additives increase the extent of supersaturation

10

9

conc (mM)
[y |

24146
© 2009

Extent

ﬁ

F Duration

Metoclopramide

f —— AQUeols
—— 3 7% vy DGMWE
} —— 8 .8% wiv PEG400
8.5% viv Cremophor
—— 15 6% v PEGAO0

<+——— [EXxtent of supersaturation

10 20 a0 40 a0 G0 70 g0 Q0 100
Time (mins)

DGME is diethylene glycol monoethyl ether
PEG 400 is a low molecular weight grade of Polyethylene Glycol
Cremophor EL is the registered trademark of BASF Corp. for its version of polyethoxylated castor oil.



SIS PVP lengthens the duration of supersaturation
A
6 1 g
: n
Metoclopramide 0
g —— AQUeoLs Duration
—— [ 2% wifv Pluronics F-127
4 —e— 1.0% wity PVP
. —— 1 4% wifv Cavasol
= 1.0% wifv Manritol
= 31 —e— 2 A% wiiv Pluronics F-127
L=
© Duration of supersaturation
7 in presence of PVP
14 :
' i P
[ -jossussiil T I T T T 1
0 10 20 30 40 50 G0
Time (mins)
CAVASOL ® W7 HP is a highly water-soluble beta-cyclodextrin derivative, from Wacker Chemie AG.
25 146 Pluronics is a trade name of BASF Corp for nonionic triblock copolymers, also known as Poloxamers.
PVP (polyvinyl-pyrrolidine) aids the solubility of drugs by inhibiting recrystallization.

© 2009 . i .
E Mannitol is an alcohol derived from sugar.



SIS Effect of simulated intestinal fluids
A
5 5
n
: >
5 - Metoclopramide Duration
—— Aqgueous

A.5mhd NaTC

—— FASSIF (2mM NaTC, 0.75mbk lecithin
—— FESSIF (15mM MNaTC, 2.75mh lecithin)

Conc (mM)
[h]

Time {mins)

NaTC is sodium taurocholate.

26 /46

FaSSIF and FeSSIF were prepared from Instant SIF powder obtained from http://www.ephares.com/.

© 2009
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gg_[m@]@ CheqgSol excipient assays of Haloperidol

vd

—

—

Haloperidol is used to treat psychotic disorders, motor tics,
verbal tics in adults and children who have Tourette's
disorder, and severe behavioural problems such as
explosive, aggressive behaviour or hyperactivity in children.

Haloperidol comes as a tablet and concentrated liquid to take
by mouth. :

| t 0s a _,B.425 and 4 QHASER

OH

27146 cl
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350

300

250

200

Conc (phl)

150
100

o0
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Changing the extent of supersaturation

Haloperidol

—— AQueous

—e— 1 0% wily PWP

—— 1 0% wily Cavasol

—— G 6% viv DGME

—— 8 8% wiv PEGA00

—e— [ 2% witv Pluronics F-127
1.0% wily Mannitol

Extent

Duration

Time (ming)




SIS NaTC and FaSSIF and enhance duration slightly
400 ~ E
n
250 ,
Duration
200
Haloperidol
250 —s— Agueous
% 3.2mkd MaTC
§ 200 + [ —s— FASSIF (3mhd NaTC, 0.75mbd lecithin)
L
150 +
100
a0 - ' X\_%
0 «&«J B et S DS St i mmﬁﬁ“ﬁw
0 o 10 15 20 25 a0 35 40
Time (mins)
29/46
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2000 -
1800 -
1600 -
1400 -

1200

1000

Conc (pM

=00

GO0

400
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FeSSIF causes huge increase in duration!

Haloperidol

—— Agueous

3.2mh MaTC
—s— FASSIF (Gmk MaTC, 0.75mbM lecithin)
—— FESSIF (19mid NaTC, 3.75mM lecithin)

—e— FESSIF (1amM NaTC, 3.78mM lecithin)

Time {mins)

Extent

Duration




gg_m@]@ CheqgSol excipient assays of Dipyridamole

| Dipyridamole is used with other drugs to reduce the risk of
blood clots after heart valve replacement

| Dipyridamole comes as a tablet to take by mouth
| 't 6s a 9085, 6.20], an a CHASER

31/46
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SIS Cavasol increases the extent of supersaturation
300 - 5
3
250 - F Duration
Dipyridamole
200 - 1 —+— AQUEOUS

0.9% wiv Mannitol
—o— [J 9% wiiv PAVE
—e— [ 9% witv Cavasol

150

Conc (pM)

100

a0

&l
Time {mins)
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gg_m@]@ The more Cavasol, the more supersaturation

1600

Extent

e Dipyridamole Duration
—— Afueous
120 —s— 0.9% wiv CavaSal
—— 1 8% wily Cavasol
_ 10807 —o— 3.1% wiv CavaSal
E& —e— B % vy Cavasal
= 600 1 —— 13.0% wiv Cavasol
"3 Data shown
BOD 7 in previous

slide

400
200
0 IR S A .
0 10 20 30 40 a0 B0
Time (mins)
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gu% FaSSIF and FeSSIF: extent and duration slightly up

300 5

=
L
>
L
250 . Dipyridamole Duration
o ' —— Aqueous
—&— FASSIF (3mb MaTc, 0.73mhd lecithing
200 - ,
5 —&— FESSIF (15mhd MaTC, 3.75mM lecithin)
=
=
o 150 1
)
=
o
100 1
o0 -
0 i T T T T I ' ' I
0 10 20 30 40 o0 60 70 50
Time (mins)
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SIRIUS NaTC causes big increase in supersaturation
900 z
Dipyridamole x
s00 H —— Loueous
Duration
700 4 2.1 mhl MaTC
4. 4mhd MaTC
600 -
—a— FASSIF (3mhid MaTC, 0.75mbd |lecithin
E& 500 - —a&— FESSIF (13mhd MaTC, 3.73mM lecithin
S 400 A

g0 100 120
Time (mins)
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gu_m@@ Lecithin: less supersaturation than FeSSIF

SO0 - E’
. . x
800 Dipyridamole L
4 Aduenus Duration
700 4 2 1 mhd MaTC
GO0 4 dmhd MaTC
— —a—FASSIF (3mM NaTC, 0.75mi lecithin)
E A00 S N
- —a—FESSIF (15mi NaTC, 3.75mh lecithin]
=
hit 400 + —a— 0.50mM lecithin
3[:][:] _ —a— 3.55mhd Lecithin
200
100
I:I 1 1
100 120

Time {mins)
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SIS Powerful new technology

vd

—

—

We believe the ability to study these supersaturation effects
on small samples by pH-metric technology will be very useful
In drug formulation

Is it a drawback that the experiments are done over a pH
range dictated by the experiment, and not by the scientist?

Probably not. The following dissolution experiments show
similar effects at appropriate pH ranges

37/46
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gu_[m@a@ Gl Dissolution experiment

Cylinder —»
Tablet disc ii"‘

#

o e Tablet disc
Locating ring holder C_:)
Compression Compression
C

rod hase

a b
A dissolution assay can be run on SiriusT3
The assay can also be run on GLpKa/D-PAS
Pure drug (approx. 5mg) is pressed into a pellet

UV absorbance vs. time is measured for 30 minutes at four successive

pH values (e.g. pH2.0, 3.8, 5.4, 7.3) to simulate passage of the drug
through the Gl tract

38/46 g
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—e— 0.8% wiv PVF

—a— [1.8% wifv Pluronics F-127
o1 8% whv Tween 80
—— 1 8% whv Triton X-100

.

N

Triton X -100 is a

non-ionic surfactant.

Tween 80, a

trademark of ICI
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gu_[m@]@ Gl Dissolution of Clopidogrel

| Clopidogrel is used to prevent strokes and heart attacks in
patients at risk for these problems.

| Clopidogrel comes as a tablet to take by mouth
| Huge dose required, maybe because most of it precipitates!

| 1t 6s a ,Wb.8saadaNPM-CHASER

40/46
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Gl Dissolution of Clopidogrel

SITUS

L]
L]

2 o5

[
L = 5 <=
2O s Z
EOE =2
£ zz <
= = = Z
7 oaR & R
Sl R SR s)
o o T
° b7t
™
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I
o
<
To)
I
o
@
™
T
o
o
N
T
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% e
| | | | | 1 1 1 1
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i i i i i i i i i
(o) e - Lt | i (e e - [t |
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(W) 2uo)

140

Time (mins)

41/46
© 2009



gu_[m@j@ Gi Dissolution of Carvedilol

—

Carvedilol is used to treat heart failure and high blood
pressure.

Carvedilol comes as a tablet and an extended-release
(long-acting) capsule to take by mouth.

| t 0s a _B.9%saada CpASER

—

—

42 /46
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Conc (pi})

100

40

50

70

G0

pH 2.0

pH 3.8

ge)
I
ol
N

Carvedilol

—+— Aqueous
—s— FASSIF (3mM NaTC, 0.75mM lecithin)

—s— FESSIF {15mM NaTC, 3.75mM lecithin)

Time {mins)

140



gﬂ[ﬁﬂ@]@ Conclusions

—

| t 0s possible to study the e
supersaturation in real-time experiments using 1 mg of drug

—

We have shown many examples with different excipients

—

We are learning how to predict which excipients will be more
effective for extending or prolonging supersaturation

—

Difficult to improve solubility of non-chasers, except by using
solvents or surfactants

—

Gl Dissolution results provide a complementary method

—

We offer these assays on our automated instruments, and
also through our CRO services.
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gu[m@@ For more information

| For details of our automated instrumentation for pK_, logP,
logD, solubility & dissolution measurement:

http://www.sirius-analytical.com/products/

—

For details of our CRO services for physchem outsourcing:

http://www.sirius-analytical.com/analyticalservice/

—

Email: Sirius@sirius-analytical.com
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