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“You Must Unlearn What You Have Learned”:

Clearing Up Myths About Aqueous lonization of Drugs
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“No! No different. Only different in your mind... You must
unlearn what you have learned.”

Master Yoda to Luke Skywalker in the swamps of Dagobah.
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How one popular program predicts and reports pK, for
glutaric acid:
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Apparent pK,
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“Assign”? How?

Maxwell W & Partington J. Trans
Farad Soc. 31, 922 (1935)
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distinct combinations
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knowing there
are k protons
somewhere

knowing where
the k protons
exactly are
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Marosi, A.; Kovacs, Z.; Beni, S.; Kokosi, J.; Noszal, B.
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Macrostates Microstates
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pka Table for Cetirizine. mol

1 acidic atomz: 28(-0H})
2 bazic atomsz: 140=MN-1180=N-}

Aliphatic -OH groups were ignorsd

Aliphatic amides were ignored

Carbon protonation was ignored
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A microscopic/thermodynamic view of cetirizine
ionization
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pKa Takle for Merphine.mol
1 acidic atomz: 20{-0H}

1 bazic atomz: 2(=N-}

Aliphatic -OH groups weres ignored
Aliphatic amidez were ignored
Carbon protonation was ignored

pKa | Macrostates

Microstates
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[Experimental data from Mazak K, Noszal B. Poster presented at the LogP2009

Symposium, Zirich, Switzerland, 2009]
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Macrostates

Microstates
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'™
51% SWEETHEART
AND
49% BITCH
SO DON'T PUSH ITHH!
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“It’s either salty, or it’s free”:

Understanding the pH Dependence of Aqueous Solubility
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Intrinsic solubility of B

IS =[Bag)] = K(s_ag)@p,, = CONSt

SimulationsPlus

SCIENCE + SOFTWARE =SUCCESS



BH* () <=> By + H”

(aq)

[B(aq)][H(t:lq)] — K
[BH(+aq)]
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Apparent solubility of B

Sg(PH) =[Bq ]+ [BH )]

S (PH) = IS, (1+107% " )
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Solubility [mg/mL]
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A base with intrinsic

solubility of 0.1 mg/mL and
pK, =9 would at pH =1 be
soluble at amazing 10’

mg/mL ...

10 kilograms per mL?
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t low pH a ditterent solia-liquia equilibrium
is reached:

BHX ) <=> BH"5q) * X' (o)

[BH(;IQ)][X(_aq)] =K
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Free base region:
S (PH) = 1S, (1+107% ")

Source of trouble if many Xs compete...

Salt region:

So(PH. Ky [X ) = =2 0107 )

Source of the common ion effect!
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Solubility (relative units)

Solubility profile of a weak base
(titration regime)

.
¢
g

B (neutral base)
------- BHX (salt)

'Observed'

Salt region Free base region

1 2 3 4 5 6 7 8 9 10 11 12 13 14

pH

Titration regime requires

[BH*] + [H*] = [X]

at all times.
Hence, [X] goes up with

decreasing pH.
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1) Standarize counterion to
approximate in vivo conditions

X=Cl [X]=0.14 M

Johnson LR; “Fluid and Electrolyte Absorption” in
Johnson LR (Ed.) Gastrointestinal Physiology; Mosby,
St. Louis, 1989

sp?

2) Define Solubility Factor:

Sk,

K

sp

]

1S,
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Solubility (relative unit

Solubility profile of a weak base
(constant common ion regime)

B (neutral base)

------- BHX (salt)
'‘Observed'
ratio = SF;
Free base region
Salt region

2 3 4 5 6 7 8 9 10 11 12 13 14

Constant common

ion regime requires
[X] = const

at all times

Best if standardized
to X =Cl and
[CI']=0.14 M
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Solubility (relative units)

Calculated solubility profile of a compound
with five acidic and three basic groups
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“Et vincere nemo dividat’:

Understanding the pH Dependence of Partitioning
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[BH(_E)C'[)] . PC

BH* ) <=> BH" oy, [BH ]
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[BH(oct)][X(_OCt)] _

BH* ) + X (aq) <=> BH* octy + X -1
(aq) (aq) (oct) (oct) [BH(aq)][X(aQ)] :
Are we forQng someth1ng7
BH* .., + X, <=> BH*X o Pl
@) * X (aq) (oct) [BH ([ Xep]
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Cationic partition coefficient, P¢, of charged
chlorpromazine in different media
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Don’t forget ionization...

[BH o] a
At all pH:

PY + P“(X)-10PP"
1+10P¢P"

D(pH, X) =
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Distribution profile of a weak base

8 9 10 11 12 13 14
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D(H,X) = fy(HPY + ) fi(pH)P(X)
1=1

« fy = molar fraction of neutral species

« PN = partition coefficient of neutral species
 f.=molar fraction of ionized species |

« P! = partition coefficient of ionized species i
e X =counterion
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H.C—O

logD(7.4) = -0.12
S(11.1) =9.0 mg/mL
S(7.4) = 149 mg/mL

2.8
2.75
2.7
2.65
2.6
2.55

Absorption scale factor

Metoprolol ASF distribution along human S
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pK, = 4.16
pK, = 0.93
logP = 0.57
logD(7.4) = 0.46
S(8.69) =0.22 mg/mL
S(7.4) = 0.28 mg/mL

Cimetidine ASF distribution along human Sl
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logD(7.4) = -0.003
S(4.18) = 0.033 mg/mL

OH
H,C 5(7.4) = 10.5 mg/mL
O
o Ketoprofen ASF distribution along human Sl
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logD(7.4) = -1.62

S(7.4) = 24 mg/mL

log Solubility (mg/mL

$(4.92) = 6.29 mg/mL

Absorption scale factor

Cefaclor ASF distribution along human Sl
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Questions?
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