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pK, — Techniques:

Fast UV (Screening) UV-metric

* Fast method for pK,(s) between pH 2 and 12 * Measures pK,(s) between pH 1.5 and 12.5
* 6 min/titration (20 min triple assay) * 20 min/titration (1 h triple titration)

* Saved Reference Spectrum * Fresh Reference Spectrum

* 0.02 mg of sample (5uL of 10mM DMSO stock solution)
* Requires a change in UV with ionisation state
* Aqueous or co-solvent media ; methanol, MDM, dioxane, etc.

Hydrochlorothiazide
pK.s; 8.75, 9.88
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pK, — Techniques:

pH-metric /
* Measures pK,(s) between pH 2.0 and 12.0 N
* Typically, 0.5 - 1 mg of sample o
* ~20 min/titration (~ 1h) R
* Does not require UV absorbance iH
* Aqueous or co-solvent media for poorly soluble samples; cl 3
range of solvents available: methanol, MDM, dioxane, etc. Chlorpheniramine
lonisation of sample Chlorpheniramine
Chlorpheniramine - Titration graph |3.84 9.22
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Rose Bengal

pKa ACD = 10.4 pKa ACD = 5.7

pKa Galas — 13.8 pKa Galas — 6.8
PKy acp = 1.3

cl pKa Galas — 2.1

*ACD/Percepta 2018 Release- ACDlabs.com
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Copyright © 2023 Pion Inc. P l O n



Rose Bengal — pK, determination

Rose Bengal_psKa 41.1 % Dioxane
347
347

UV-metric technique - pK,

T
1.5 mL total volume L;: _ é’
41.1% dioxane-water 8 3
0
lonic strength 0.15M KClI 0
25°C
pK, = 3.87

pH (Concentration scale)
Rose Bengal_psKa 51.7% Dioxane

45

0 Sample
g % Rose Bengal concentration factor(  1.989
G Sample pKas H-metric technique - pK
E F Acidpka 1 451 P q P%a
3 9 Carbonate 01028 mM
1. 9 Acidity error 135281 mM 1.5 mL total volume
E 51.7% dioxane-water
§ lonic strength 0.15M KClI
2 25°C
, pK, = 4.51
3 4 5 6 7 8 9 QP

O
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Indomethacin

PK, acp = 4.0
pKa Galas = 4.5
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Indomethacin — pK, and logP determination

Spectral Data by pH: Indomethacin (from pH12)
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lonisation of sample Indomethacin
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Sample pKas
@ logP (neutral XH)
logP (X-)
§ Carbonate
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200
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UV-metric technique - pK,
1.5 mL total volume

Agueous media

pH12 -2

lonic strength 0.15M KCI

25°C

pK, = 3.87

pH-metric technique - logP

1.5 mL total volume
Water/octanol

Octanol sat with water at
lonic strength 0.15M KClI
pH 12 - 2

25°C

pK, = 3.87
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Indomethacin— Decomposition

pH 12 0 cl
= eo / +
€

MeO 0 HO
OH OH
Indomethacin 5-methoxy-2-methyl-3-indoleacetic acid p-chlorobenzoic acid
pK, = 4.01 pK, = 4.42 pK, = 3.75

Raw Spectral Data by Wavelength
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Indomethacin— Decomposition

The intrinsic aqueous solubility of indomethacin

John Comerl*, Sam Judgel, Darren Matthewsl, Louise Towes.l, Bruno Falcnnez,
Jonathan Goodman? and John Dearden®

sirius Analytical Ltd., Forest Row, West Sussex RH18 5DW, UK

*Unilever Centre for Molecular Informatics, Department of Chemistry, University of Cambridge, Lensfield Road,
Cambridge CB2 1EW, UK

“school of Pharmacy & Biomolecular Sciences, Liverpool John Moores University, Byrom Street, Liverpool L3 3AF, UK

Abstract

A value of 8.8 ug/mi was measured for the intrinsic solubility of indomethacin. Evidence of a form with a
solubility of about 77 ug/ml was also obtained. Solubility measurements were conducted using the
ChegSol and Curve Fitting methods using a maximum pH of 9. It is also demonstrated that a published
intrinsic solubility of 410 ug/ml was in error due to decomposition of indomethacin at pH 12. The
decomposition of indomethacin ot pH 12 was investigoted. Decomposition products comprising p-
chlorobenzoic acid and 5-Methoxy-2-methyl-3-indoleacetic acid were isolated and characterised.

Keywords: Indomethacin, solubility, ChegSol, p-chlorobenzoic acid, decomposition

N
ADMET & DMPK 2(1) (2014) 18-32; doi: 10.5599/admet.2.1.33 7
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Flavonoids

O‘o/%
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Flavonoids - Structures

Polyphenolic compounds,
which are starting to emerge
as a potential new class of
drugs due to their extent of
pharmacological activity.
They play multiple roles in
biological processes,
especially related to their
antioxidant efficiency.

Fisetin

Flavanones
OH
& OH
SCH,
HO
HO l (o]
Hesperetin OH O Naringenin
OH
Flavonols

Flavones

E. Fuget, C. Rafols, M. Mafie, R. Ruiz, E. Bosch. Talanta 253 (2023) 124096
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Flavonoids — Literature values and Predictions

pHai phaz phaa Pk pkas Exp. or Cale. Approach
Aavanones
Hezperetin G587 8.76 11.54 - - Spectrophotometry
12 .12 1028 - - *SPARC
7.5 i) 11.5 - - *Percepta
Naringerin 6.7 2.1 13.05 - - Spectrophotometry
o .78 1352 - - *SPARC
7B iy 114 - - *Percepta
Flavones
Apigenin T.B5 - - - - Spectrophotometry
B30 &.2& 183 - - *SPARC
&2 .2 131 - - *Percepta
Crysin 7.9 11,40 - - - Spectrophotometry
837 12,37 - - - Potentiometry
8.0 119 - - - Spectrophotometry
B30 iR.51 - - - *SPARC
&z 125 - - - *Percepta
Flavonols
Galangin %] 9.4 - - - Spectrophotometry
76 a.5 - - - spectrophotometric Titrations
L a7 a9 - - *SPARC
&1 riv 136 - - *Percepta
Kaempferol 8.2 9.5 - - - Spectrophotometry
7405 9.04 11.04 - - Capillary Zone Electrophoresis
7.89 - - - - Spectrophotometry
749 9.12 1090 11.69 - Spectrophotometry
[ s.84 119 1183 *SPARC
8 88 11.4 13.8 - *Percepta
Morin 345 B.1 - - - Spectrophotometry
5005 B.64 10,62 - - Capillary Zone Electrophoresis
5.18 B.11 10,03 11.45 1294 Specwrophotometry
4,99 8.29 10,33 - - Potentiometry
4,99 B.23 1034 - - Potenticimetry
853 881 55 1102 12,43 ‘“SPARC
7 53 a1 125 147 *Percepta
Fisetin 7.36 9,71 - - - Capillary Zone Electrophoresis
T.ET 9.34 - - Potentiometry
770 9.54 - - Potentiometry
- B.87 10.31 13.2 - Spectrophotometry
731 827 11.11 I13.23 - *SPARC
] = 114 129 - * P.an-gpmj
Quercetin 7.3 B.4 - - - Spectrophotometry
662 2.7 - - - Potentiometry
7.19 9,36 11.56 - - Capillary Zone Electrophoresis
5.74 9.02 11.55 - - Spectrophotometry
771 944 11.46 - - Potenticimetry
T7.59 9.33 11.56 - - Potentiometry
776 - - - - Spectrophotometry O\ /%

641 7.81 1019 11.53 12,91 Spectrophatometry

O
[-5-1-1 H.21 1011 1171 13,33 "aFARC
7 85 109 135 143 *Pe
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Quercetin

a Galas — 14.3
K, acp = 13.0
pKa ACD = 75 pKa Galas — 7.7
pKa Galas = 8.5
PK; aco = 8.7
PK, acp = 6.3 10.9
pKa Galas —

O‘o/%
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Spectrometric Technique — UV-metric:

UV- metric Experimental conditions (20min/titration)

*  Reference: 5uL DMSO and 25uL Phosphate buffer (15mM)
*  Sample: 5uL (10mM DMSO stock) and 25uL Phosphate buffer (15mM) Quercetin
* Aqueous media (I =0.15 M KCl) at 25°C under Argon conditions
* Direction of the Titration from pH 2 to pH 12

*  Titrants: HCl 0.5M and KOH 0.5M

pH2 - pH 12
Quercetin_Low to High_Spectral Data by pH_UV-metric
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Spectrometric Technique — Fast UV

Quercetin

Fast UV Experimental conditions (6min/titration)

Reference: 5uL DMSO and 25uL Neutral Linear Buffer*

Sample: 5uL (10mM DMSO stock) and 25uL Neutral Linear Buffer*

C under Argon conditions

o

0.15 M KCl) at 25
Direction of the Titration from pH 2 to pH 12

Titrants: HCl 0.5M and KOH 0.5M

Aqueous media (I

pH2 = pH 12

Quercetin - Low to High_Spectral Data by pH_Fast UV
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Absorbance

Absorbance

Spectrometric Technique — Fast UV:

Lowto Hig!

pectral Data by pH_FastUV
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Study of the decomposition conditions — Quercetin

pH 12 = pH 2

pH 10.5 = pH 2

Jr—

pH 10 = pH 2

Copyright © 2023 Pion Inc.
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Study of the decomposition — Quercetin
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pKa Galas = 8.7

PK, acp = 9.1

pK =11.6

a Galas

O‘o/%
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Spectrometric Technique — Fast UV:
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Study of the decomposition conditions — Fisetin

pH 12 = pH 2
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Study of the decomposition — Fisetin

Absorbance

Copyright © 2023 Pion Inc.
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Results

pKaz1 pKaz2 pKa3 pKaa pKas  Exp. (literature) or Calc. Approach

Fisetin 7.36 9.71 - - - Capillary Zone Electrophoresis]
7.57 9.34 - - Potentiometry
7.70 9.54 - - Potentiometry
- 8.87 10.31 13.2 - Spectrophotometry
7.31 827 11.11 13.23 - *SPARC
78 27 114 129 - *Percepta
Quercetin 7.3 8.4 - - - Spectrophotometry
6.62 9.7 - - - Potentiometry
7.19 9.36 11.56 - - Capillary Zone Electrophoresis
6.74 9.02 11.55 - - Spectrophotometry
7.71 9.44 11.46 - - Potentiometry
7.59 9.33 11.56 - - Potentiometry
7.76 Spectrophotometry

6.41 7.81 10.19 11.53 1291 Spectrophotometry
6.95 8.21 10.11 11.71 13.33 *SPAR

7.7 85 10.9 13.5 14.3  *Percepta
pKa1 pKaz pKas pKaa pKas
Fisetin pH2 = pH 12 7.27 (0.01) 8.49 (0.01) 10.31 (0.01) 11.54 (0.02)

pH 11 = 2 7.34(0.01)  8.53(0.04)  10.41(0.02)

Average 7.33(0.03)  8.52(0.04)  10.37(0.06)  11.54(0.02)

Quercetin  pH2->pH12  7.15(0.01)  8.38(0.01) 9.77 (0.01) 10.79 (0.03)  11.95 (0.10)
pH105->2  7.27(0.02)  8.45(0.03) 9.94 (0.08)

Average 7.24 (0.05) 8.44 (0.04) 9.89 (0.10) 10.79 (0.03) 11.95 (0.10)

QP
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Concluding Remarks

- Several techniques and different assay settings must be used to be able to confirm
results, as different techniques are complementary giving enough information for a
better understanding of the behaviour of the drug.

- Performing two titrations in opposite pH directions allows stability evaluation and
the correct determination of the pK.s.

- Fast UV was proved to be a technique which avoids — in this study- decomposition
and precipitation in comparison with the UV-metric technique.

- The use of pK,-predictions helps to design the experimental conditions- saving
sample - and offering additional information in order to evaluate the results.

- For the first time two completely new ionisation constants have been determined in
this study.

v/
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