Available online at www.sciencedirect.com

SCIENCE@DIREGT‘ ]OURNALOF
- CHROMATOGRAPHY A
EEVI Journal of Chromatography A, 995 (2003) 55-66
www.elsevier.com/locate/chroma
pH dependence of the hydrophobicity pfblocker amine
compounds measured by counter-current chromatography
S. Carda-Broch , A. Berthdd
Laboratoire des Sciences Analytiques, CNRS, Université de Lyon 1, Bat CPE-308, 69622Villeurbanne, France
Received 20 January 2003; received in revised form 10 March 2003; accepted 21 March 2003
Abstract

The octanol-water partition coefficient8,(,) of 17 antiadrenergi@-blocker compounds were determined by counter-
current chromatography (CCC). Since CCC uses a biphasic liquid system, the octanol-water liquid system was used with
essentially an octanol stationary phase and aqueous buffer mobile phad®, T¢wefficients were obtained directly without
any extrapolation. The measur@y., values were in the 0.0015-4070 range Z.8<log P,., < 3.6). Since the3-blocking
agents are ionizable compounds, ®g, values obtained were strongly dependent on the aqueous-phase pH. The apparent
P,.. coefficients of the3-blockers were determined at three different pH value3, (7 and 11) using 0.0M ammonium
phosphate buffers saturated with octanol. A model allowed us to obtain the molecular anB_jonalue using the solute
pK, with these three experimental octanol—water coefficients. OftenPjhecoefficients of the molecular forms obtained
with the CCC method differ significantly from computed literature values and/or experimental values obtained by
extrapolation. Relationships between biological properties and hydrophobicity were also examined.
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1. Introduction stationary phasgl]. Centrifugal fields are needed to
hold the liquid stationary phase when the mobile
Counter-current chromatography (CCC) is a liquid phase is pushed through it. In CCC, the stationary

chromatography technique in which the stationary phase occupies up to 95% of the total volume of the
phase is also a liquid. Solute separation is based on column: this $itibe retention of the stationary
partitioning between the two immiscible liquid phase ratio, plays a key role in the chromatographic
phases: the mobile phase and the support-free liquid resolution factor.

The advantages of having a liquid stationary phase
in chromatography are: (i) a high loading capa-
bility—the solutes can access the whole volume of

the liquid stationary phase; (ii) a very simple solute
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“column”; (v) since the CCC machines are made of
Teflon tubes, there is no pH problem; and (vi) since
agueous two-phase systems (ATPS) can be used,
there is less of a problem from biological solute
(protein) denaturation.

The chromatographic selectivity in CCC is only
due to solute partitioning between the two immisc-
ible liquid phases. The solute retention mechanism
depends on only one physicochemical parameter, the
liquid—liquid distribution constant, also called the
partition coefficientP) of the solute. The basic CCC
retention equation is similar to that for other partition
chromatography techniques:
Vi =V, + DV (1)
where V; is the retention volumey,, the mobile
phase volumeyy the stationary phase volume abd
is the stationary phase/mobile phase solute distribu-
tion ratio. In CCC,V,, andV; are not independent.
Their sum is the “column” volume),. It can be
seen that the retention volumé,, of a solute allows
the determination of its distribution rati@®, in the
biphasic system used in the CCC apparatus.

Two types of CCC machines are available. These
are the hydrostatic and hydrodynamic machines. This
nomenclature is related to the way the liquid station-
ary phase is retained inside the CCC “column”
[1-4]. Hydrostatic machines consist of geometrical
interconnected figures placed in a rotor creating a
constant centrifugal field5]. Hydrodynamic ma-
chines are made of an open tube coiled on spools
rotating in a planetary motion around a central axis
[1-4]. The main difference between the two modes
is that, in hydrodynamic devices, both phases are in
contact throughout the length of the coiled tubes, and
in hydrostatic devices, there are zones, the ducts
connecting two adjacent geometrical figures or chan-
nels, in which only the mobile phase is present. This
is why the efficiency of a hydrostatic machine is
lower than that of a hydrodynamic unit of compar-
able volume. Also, it explains why there is little
pressure buildup in hydrodynamic CCC machines,
and why the maximum stationary phase retention
volume can be higher in hydrodynamic machines (up
to 96%) than in hydrostatic apparatus (maximugn
is V. —duct volume[5]).

CCC is able to work with an octanol stationary
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phase and an aqueous mobile phase. In this configu-
ration, CCC is a useful and easier alternative to
measure the octanol-water distribution ratios, called
partition coefficieRig,), of molecules compared
to the classical and tedious shake-flask method. It is
also superior to the classical reversed-phase liquid
chromatography method, which uses regression
equations and approximation. There are no such
problems in CCCP Matues obtained with an
octanol stationary phase and an aqueous mobile
phase areRjg parameters without any calibration,
regression equation and/or approximation. In quan-
titative structure—retention relationship (QSRR)
studies it is necessary to have accu@jg values to
correlate the logarithms of the retention factors
(log k) with log P, of the substances of pharmaco-
logical interest®,, (or its log) is used to measure
the hydrophobicity of molecules and since it is
considered to estimate the partitioning over a bio-
membrane, it is also related to the molecule bio-
logical activity[6].
There is an inconsistency in the literatBgg
values of pharmaceutical molecules with ionizable
character sinc@hes extremely sensitive to the
aqueous-phase pH. In a previous[7jvonke
derived and discussed the equations linking the
measured distribution ratio, or partition coefficients
(using a hydrodynamic CCC machine), to the true
distribution constdyt, values of the ionic and
molecular forms of diuretics with various acid—base
properties.
Many drugs of interest in the pharmaceutical
industry contain basic nitrogen gseBleckers
are isoprenaline derivatives containing an al-
kanolamine side-chain terminating with a secondary
amino group. They are a class of therapeutic drugs
whose optical enantiomers show significant differ-
ences in their pharmacological effects and activities
and even in their toxic effeeld]. These drugs
are clinically important and are used in the treatment
of neurological, neuropsychiatric and cardiovascular
disorders, such as anxiety, coronary insufficiency,
glaucoma, cardiac arrhythmia, migraine and hyper-
tengioh-14]. These drugs are also abused in
sports due to their blood pressure regulatory and
tremor decreasing effects and have been added to the
list of forbidden drugs by the International Olympic
Committee (1903,16].



S Carda-Broch, A. Berthod / J. Chromatogr. A 995 (2003) 55-66

The P, values of3-blockers found in the litera-
ture often show inconsistency. It is suspected that
ionization problems may be the reason for the
differences. The aim of this work was to determine
accurately theP,, of 17 B-blockers at several pH
values and their ionization constants using a hydro-
static CCC apparatus. The model and equation
derived in our recent work7] was used with these
basic compounds to obtain their true molecular and

ionic P__, values.

oct

2. Experimental

2.1. Chemicals

Potassium nitrate, diammonium hydrogenphos-
phate (Prolabo, Paris, France), methanol (Merck,
Darmstadt, Germany), sodium hydroxide, and ortho-
phosphoric acid 85% (Laurylab, Chavanoz, France),
were used as received. 1-Octanol andpabblockers
were purchased from Sigma (St. Quentin Fallavier,
France and St. Louis, MO, USA).

Water was freshly deionized and distilled before
use. Aqueous phases were buffered with ONI1
(NH,),HPO,. The pH was adjusted to the desired
value with 85% orthophosphoric acid or NaOH.
Octanol was then added to the buffer solution. The
mixture was shaken and left standing for at least 1
day. Pure water was added beyond saturation to the

octanol phase. The octanol-saturated aqueous phase

(4.1% w/w or 34 g/L or 1.9 water in octanol at
20 °C) and the water-saturated octanol phase
(0.054% w/w or 0.54 g/L or 4 M octanol in water

at 20 °C) were then ready to use in the CCC
apparatus.

The structures of the3-blockers are shown in
Table 1with the literature values of their dissociation
constants and the octanol-water partition coefficients
[17-19]. Stock standard solutions of ttgeblockers
(5 g/L) were prepared. Th@-blockers were dis-
solved in water at different pH values (depending on
the mobile phase pH) or in octanol or methanol
depending on their solubility. An ultrasonic bath
(Branson, Model 5210, Dansbury, CT, USA) was
used to dissolve the most hydropholfieblockers.
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2.2. Counter-current apparatus

The CCC apparatus was a HPCPC hydrostatic
machine built by Sanki Engineering Limited (2-6-10,
Imazato, Nagaokakyo, Kyoto, Japan), and purchased
from J.M. Science (Grand Island, NY, USA). This
hydrostatic machine has a horizontal rotor (radius 7.8
cm) containing 1060 channels and ducts. Two rotary
seals are used for the inlet and the outlet of the
mobile phase. The total internal volume was 101 mL.
A Shimadzu pump (Model LC6A, Kyoto, Japan)
was used to fill the CCC apparatus with the station-
ary phase and to push the mobile phase. Solute
monitoring was performed with a Shimadzu UV
detector (Model SPD-6A), usually at 200—225 nm.
The signal was recorded by a Shimadzu integrator
Model CR5-A.
The flow-rate was usually 1.0 mL/min. The-
blocker solutions were injected using an in-line
Rheodyne 7125 valve (Cotati, CA, USA) with a 1.0
mL sample loop.

2.3. CCC procedure

The apparatus was first filled with the octanol
water-saturated phase. This takes 101 min at a
1 mL/min flow-rate. A faster flow-rate would have
reduced this time but the octanol viscosity precluded
it. The rotor was then started and the rotation
allowed to stabilize at 900 rpm. The pump was
rinsed with the aqueous mobile phase. This phase
entered the apparatus in the head-to-tail direction
(descending mode) because it is heavier then th
octanol stationary phase. As long as more channels
equilibrated, the octanol phase was pushed off the
apparatus and the pressure rose. The octanol phase
displaced by the aqueous phase was collected in a
graduated cylinder. Once the aqueous phase ap-
peared at the exit of the apparatus, two liquid layers
were seen in the cylinder. The mobile-phase/
stationary-phase equilibrium was established in the
whole CCC “column” and the pressure stabilized.
The displaced octanol phase corresponded to the
aqueous phase volymen(the CCC machine.
Since small amounts of octanol may further be
carried out or dissolved by the aqueous mobile
phase, potassium nitrate, a dead volume marker, was
used in each injection. This salt was not retained by
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Table 1
Structure, octanol—water partition coefficients and dissociation constants @flfeckers
Compound Structure LoB Log K
COCH;
"
CH;CH,CH,CONH: OCH;?HCHZNH?H
Acebutolol OH CH; 1.19 ; 1.61 (C), 1.77 (B) ; 1.71 (CE) 9712 ;82
CH,CH=CH,
OCH2$HCH2NHCH(CH3)2
Alprenolol OH 2.87: 2.59 (C), 3.1(B) ; 2.65 (C), 2.89 (E) 949 ; 9°%65
H;C
,CHNHCHzcu(OH)CHZOO—CHZCan
Atenolol H;C —0.026'; —0.11 (C), 0.16 (E)° 9.17 ; 9.6 ; 8.07
Betaxolol 2.32 (C), 2.81(B) 9.6
/L /O/\O/\/OY
Bisoprolol 1.84; 1.69 (C) ; 2.12 (C), 1.87 (E) 9.6
OCHZ?HCHZNHC(CHQZ
Carteolol 1.42 ; 1.17 (C)-0.46 (EY; 1.29 (C) 9.13
,CaHs
(CH;)ZCNHCHZ?HCHZO NHCON_
OH CoHs
Celiprolol CH;0C 1.93; 1.66 (C) ; 1.86 (C), 1.92 (E) 9.42
H,NOC
CI)H L
HO CHCH,NHCH
CHchz© b
Labetalol 2.4%1 ;2.18 (C), 3.09 (E) ; 2.5 (C), 1.06 (E) 791 ; 7.4,°8.7
0\”/
)\ 0
NII/\/\O
Metipranolol OH 2.55 (C), 2.28 (E) ND
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Table 1. Continued

Compound Structure LoB LogK
CHs
CH;OCH lg(‘}{3~©—()(‘Hg(l‘H(‘HgNl I
Metoprolol OH CH; 1.69; 1.2(C), 1.88(B) ; 1.35 (C), 1.88 (E) 9718 ;9.7
ocC Hy( HCH>NHC(CHy )3
Nadolol 0|| 1.17; 0.23(C), 0.71(B) ; 0.38(C), 0.71 (E) 9%17 ;9.4
Q—()(‘H(‘H:(‘}L
OCH> ( HCH>NHCH(CH;)»
Oxprenolol 1.83 ; 1.62(C), 2.18(E) ; 2.09 (C), 2.1 {E) 913 ;9.5
3.24 (C) ND

H on
( (CHz)s
Penbutolol

OCH, ( HCH,NHCH(CH;),

Pindolol
OCH, (H(H SNHCH(CH;),
Propranolol
('H;SU;NHO(’“HCH;NH(‘H((‘Hn_»
Sotalol OH
J— CH,
(0] N OCH,CHCH NIl(l‘ ‘CH
D y) —C
\_/ l I |
) NO_N OH CHy
Timolol S

1.48 ; 1.65 (C), 1.75(Bf 9.21;8.8,9.7 ;700

915 ;9.5

2.60 ; 3.56(B) ; 2.75 (C), 2.98 (E)

929 ; 8.15, .05

0.37; 0.23 (C), 0.24 (&) ; 0.196 (T)

1.75'; 1.63 (C), 1.91 (B) ; 1.58 (C), 1.83 (E) 836 ; 9°21

C, calculated; E, experimental; ND, no data found.
*Values from Ref[16].
®vValues from Ref[17].
“Values from Ref[18].
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the octanol phase and gave a sharp signal at 210 nm, back-flushing step since the second volume is usually
used as th#/j, value. very small.

When octanol is the stationary phase and water the
mobile phase the partition coefficient is calculated

as: 3. Results and discussion
Vi =V,
Poa =V~ v, (2)  31. Theoretical model

where V.. is the total internal volume of the CCC
“column” (apparatus). Since the solute retention
volume is used directly, this is thdirect measure-

ment of P, [20]. As can be seen from Eq. (2), the AH" -~ A+H" (4)

SOIU.H.E retent|o.n.volume mcrea;es Ilnearly. with the The molecular form, A, ionizes into a cationic form,
partition coefficient. The maximum practica®,

lue that be obtained by direct oct ti AH", as the pH decreasek, is the acidity constant
value that can be obtained by direct measurement I - i eiation constant of Eq. (4). Introduciiy,

about 25 ¥ ~1.5 L, experiment duration-24 h at the P, value for the A molecular form, ané”, the

1 mL/min). . . P__ value of the AH cationic form, the distribution
Solutes with very highP,

The ionization change of basic compounds such as
amines can be described by:

oct

values move very

. oct ratio or experimental partition coefficienE,,, is
slowly in the octanol phase. They need too much . ! .xp ! parti C1eMSapp |
. . . given by:
time to emerge outside the machine. To force them
from the CCC apparatus, the roles of the aqueous [A], + [AH*]O
and octanol phases and their flowing direction are Papp:—[A] AR (5)

reversed after some reasonable flowing time in the

normal direction. The mode is switched from de- The subscripts “0” and “w” refer to the octanol
scending (head to tail) to ascending (tail to head). phase and to the aqueous phase, respectively. Using
The solutes are thus eluted by a small volume of the expression foK,, P,,,can be formulated aF7]:
octanol (the stationary phase in the first step). .

Theory shows that the,, of the solute is simply the P +P"(H']/ K.)

ratio of the volume of the aqueous phaséX Papp= 1+ (H 1K) (6)
pumped in the descending mode to the retention a

volume of the octanol phas&.(,) in the ascending  Eq (6) shows that the measured coefficient increases
mode [20—-22]: with the pH.

Poct = Vaq/Voct (3)

3.2. Experimental results
This procedure is known adual-mode or back-

flushing measurement. It was also used to measure 3.2.1. General results
very smallP,, values with very polar solutes. In this Table 2shows the measure,,, coefficients for
case, the octanol phase is the mobile phase in thel7 B-blockers and the calculated molecular and
tail-to-head or ascending mode. The compounds are cationic P values. TheP,, values at different pH
strongly retained, since they move very slowly in the values were calculated with Egs. (2) and (3) using
aqueous stationary phase. After several hours of the solute experimental retention volumes. The listed
octanol elution, the phase role is inverted. The water values are the average of duplicate measurements.
becomes the mobile phase in the head-to-tail or Molecular and cationic values together with the
descending mode. This forces the polar analyte out dissociation constants were fitted with Eq. (6) except
of the apparatus. In the dual-mode method the for labetalol and sotalol, which do not have the
octanol- and the water-phase volumes must not ionization scheme of Eq. (4). As expected, the
change during phase switching. This is achieved by logP,,, values increase with the pH as the solute
using a very slow flow-rate (0.1 mL/min) in the becomes more and more in its molecular form.
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Table 2
ExperimentalB-blocker octanol-buffer partition coefficients for three pH values
Compound Experimental ldg,,,” Fitted parameters (Eq. (6))
pH 3 pH 7 pH 11 LogP " ion Log P° molec. K,
Acebutolol —2.08 —0.40 1.82 —-2.09 1.83 9.24
Alprenolol -1.39 0.81 3.14 —-1.41 3.15 9.34
Atenolol b -0.83 0.25 -2.77 0.25 8.07
Betaxolol —-1.50 0.34 2.90 —-1.50 291 9.58
Bisoprolol -2.29 0.04 2.19 -2.29 2.20 9.2
Carteolol —2.82 —0.75 1.49 —2.82 1.49 9.24
Celiprolol —-2.34 -0.73 1.97 —2.34 1.98 9.74
Labetalof -1.16 0.99 0.27 —1.22 (AH") 1.06 (A7) 6.2,8.8
0.250 (A")
Metipranolol —-2.13 0.46 2.59 —-2.15 2.60 9.13
Metoprolol -2.08 -0.39 1.88 -2.08 1.90 9.31
Nadolol -253 —0.995 0.99 -257 1.00 9.00
Oxprenolol —-1.82 0.22 2.30 —-1.82 2.30 9.08
Penbutolol -0.29 1.74 3.61 -0.29 3.61 8.88
Pindolol -2.00 1.62 1.89 -3.29 191 6.98
Propranolol -1.10 1.16 3.41 -1.12 341 9.25
Sotalof -2.92 —1.54 -1.62 —2.92 (AH") -0.77 (A7) 7.7,9.0
-1.64 (A)
Timolol —-1.84 —-0.20 1.98 —-1.85 1.98 9.19

® Accuracy +0.06 log units.

® Out of range, measurement at pH 5 gave Rag,= —2.5.

° The parameters were fitted with Eq. (7) using also measurements at pH 5 and 9 that gayg=og- 0.13 and 0.74 for labetalol and
log P, — 2.8 and—1.03 for sotalol, respectively.

app

3.2.2. The case of labetalol and sotalol
Labetalol and sotalol both have an apparent coeffi- 4 _
cient, P,,, that decreases at pH 11. These two
compounds form anions at elevated pH due to a
phenolic OH group and a sulfonamide group, respec-
tively. These results confirm those previously ob-
tained by Gulyaeva et aJ23]. Labetalol and sotalol 2]
are cationic in acidic media, non-charged in neutral
media, and anionic in basic media. As their behavior o
is similar to that of amino acids, theR,,, can be &
calculated using7]: 8

P +P(H1/Kw) + P (KJH'])
W ([H/ K, + (K JH )

) ]

whereP ™ is the P, value of the A" anionic form, 2
and K,, and K_, the dissociation constants of the
cationic (AH" ) and anionic (A ) forms, respectively. ] A

3.2.3. Hydrophobicity versus pH pH

Fig. 1 shows the evolution of the appareRf,, Fig. 1. Relative hydrophobicity, I0B,,, versus pH for pen-
coefficient vs. pH for sever@-blockers. This figure butolol (@), timolol (X), labetalol @), and atenolol 4).
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illustrates different dependencies of the relative
hydrophobicity upon the pH for compounds with a
single ionic group (e.g., penbutolol, timolol and
atenolol), and a compound with two different ioniz-
able groups and two Ky, values such as labetalol.
Since the true molecular Idg, ., of all 3-blockers
lies between the lo&,, value of penbutolol
(logP,,=3.61) and atenolol (lo®,.,= 0.25)
(Table 2, it may be possible to measure tifg,,
values of several compounds in a single run. How-
ever, the chromatographic efficiency was very low,
in the 10 to 100 plate rangeFig. 2), due to the
octanol viscosity and the limited volume (101 mL)
and channel number (1068 channels) of the hydro-

static machine used. When several compounds were

injected together, peak overlapping was observed,
which introduced an error in the determination of the
maximum position and consequently in the octanol—
water partition coefficient measurement. All results

A B aqueous phase
0 20 40 60 80 100 120
_ time (min)
;éctanol phase
20 40 60
time (min) time (min)

Fig. 2. CCC chromatograms at pH 7 By, measurements. (A)
Direct mode chromatogram of acebutolol: rotor speed, 900 rpm;
mobile phase, aqueous with 0.4 ammonium phosphate buffer
at pH 7; flow-rate, 2 mL/min in the descending head-to-tail mode;
stationary phase, octanol; injection volume, 1 mL (0.5 fiig
blocker+0.1 mg potassium nitrate); UV detection at 210 nm. (B)
Dual-mode chromatogram of labetalol: rotor speed, 900 rpm;
top—the aqueous phase 2 h step; flow-rate, 1 mL/min of aqueous
mobile phase with 0.0M ammonium phosphate buffer at pH 7 in
the descending head-to-tail mode; injection volume, 1 mL (0.5 mg
labetalol), no signal; bottom—the octanol phase step; flow-rate,
1 mL/min in the ascending tail-to-head mode; stationary phase,
aqueous; UV detection at 225 nm.
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listedTable 2 were obtained by injecting each
solute separately.

At acidic pH, gHblockers are in the cationic
form, AH . This ionic form is very hydrophilic but
the CCC method allows the estimation of very small

logP,,, values. Trivially, the ionic forms of the
solutes are more soluble in the aqueous phase than in
the apolar octanol phase. As the pH increases, the
ionization degree of thg3-blockers decreases, and
thejr, value increases following a sigmoidal
curve related to their dissociation corégad).(It
should be noted that the hydrophobicity of the
molecular form of a given solute is related to the
hydrophobicity of its cationic forms. PlottiRg log
for the cationic AH forms pfitloekers versus
Pfogpr the corresponding molecular form gave a
R’ regression coefficient of 0.83, indicating a loose
but significant correlation. The slope was 0.67 and
the intercepft34.

The cationic logP” values listed inTable 2
correspond to the phosphate salt of the positive form
of the B-blockers. These IoB" values may vary if
the anion of the buffer salt is changed. This work
shows that it is possible to quantify the hydro-
phobicity of ions when th&_, values of the ions are
commonly neglected, assumifyy., = 0 for any ion.
lonic P" values are indeed small. The higher
value is 0.5 obtained for the penbutololium cation
(logP" = —0.29). The lowerP" value is three
orders of magnitude lower, 0.0005 (18§ = —
3.29), obtained for the pindololium cation.

3.2.4. Direct and dual-mode CCC measurements

Fig. 2 shows the actual chromatograms of
acebutolol and labetalol at pH 7 obtained with direct
and dual-mode CCC, respectively. The sharp peak at
12.11 min in Fig. 2a corresponds to potassium
nitrate, the dead (aqueous phase) volume marker
My =24.22 min at 2 mL/min). The broad peak at
27.04 min (only 10 plates) is th@-blocker peak
(Vg =54.08 mL). The calculation oP,, was per-
formed using Eq. (2) with the column volung =
101 mL: (54.08-24.22)/(10124.22)=0.39 and
logP,,, = — 0.41. The experiment was performed in
60 min. Fig. 2b (bottom) shows the actual UV signal
after the mode switching for labetalol. The peak at
0.61 min corresponds to the phase change in the
detector. From this point, the octanol phase replaced
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the aqueous phase. The labetalol peak appeared in nitrate, which does not partition at all with octanol,
the octanol phase at 12.18 min at 1 mL/mif (= elutes with a sharp peakig. 2 shows broad peaks
12.18 mL). TheV,, volume in the head-to-tail with about 10 plate efficiency. Fig. 5 of Rgfalso
direction was 120 mL. FinallyR, ., was calculated as shows broad peaks, but with about 30 plates. Consi-
120/12.18-9.85 (logP,, = 0.99). The dual mode dering the 101 mL hydrostatic machine volume and
was used to measure high . values of thep- the 53 mL hydrodynamic machine volume in Ref.
blockers at pH 11. The first step was a long elution [7], it can be estimated that we have one plate per
with the aqueous phasé&ify. 2b, top), followed by 10 mL of hydrostatic machine compared with one
mode switching and octanol-phase elution of the plate per 2 mL of hydrodynamic machine. One
solute Fig. 2b,bottom). The dual-mode method was hundred channels were merely able to produce one
also used to measure very sm&. values accu- theoretical plate. Our hydrostatic machine is about
rately at pH 3. There, the first step was a long elution five times less efficient than the hydrodynamic
with octanol, followed by aqueous-phase elution of machine of [éf.as already observeld—5,20].
the solute.
3.2.6. CCC measurements and literature values

3.2.5. Hydrostatic versus hydrodynamic CCC As can be seen from comparing the values ob-
machines tained by CCC listed iriTable 2with the literature

All experiments in this work were performed with values listedTable 1,there is good agreement for
a hydrostatic machine with channels linked by ducts most compounds. HoweveY, thiterature values
and a constant centrifugal field retaining the liquid and dissociation constafits ¢psomep-blockers
stationary phasg¢l,5]. It is known that this kind of are significantly different from the CCC values
machine retains the liquid stationary phase better depending on the original reference. It is clear that
than the hydrodynamic machines with coiled tubes there is inconsistency in some literature values. For
and a periodic centrifugal fielfl—4]. However, the example, the |dg,, literature values of carteolol
chromatographic efficiency is much lower. At best, were in th@.46 to 1.42 range (0.38 P, , < 26),
liquid—liquid exchanges in three channels will be or a two orders of magnitude difference. Clearly, the
needed to obtain a single theoretical plate. This is CCC results confirm th&, thealue of carteolol
fully confirmed by comparing the results obtained in in its molecular form is 30 Klpg= 1.49). The
this work with those presented in another work P, =0.35 value was obtained at physiological pH
carried out with a hydrodynamic 53 mL machifyg. (7.4), a pH value at which the ionic and molecular
Fig. 2 shows nice spike-less chromatograms when forms of carteolol both#&]sReliable values are
compared with Fig. 5 of Ref[7]. Spikes are pro- obtained by CCC since there is no assumption and
duced by microdroplets of stationary phase passing the aqueous phase can be well Buffe26d
through the detector cell. This does not occur with The major difference is observed for the molecular
the hydrostatic machine, which retains the stationary form of labetalol withP]qgliterature values
phase very well. A constant 1Q.L/min octanol- between 2.18 and 3.09 (18®,,<1200) and a
phase leak was observed with the hydrodynamic much lower CC®@ |pyalue of 1.06 .= 11,
machine[7]. A small phase change of4 pL/min Table 2. Labetalol becomes a cation at low pH by
was observed during long experiments<y mL protonation of its secondary amine. It becomes an
stationary phase volume change over more than 4 h) anion at high pH by ionization of its phenol group.
with the hydrostatic machine without any droplets The hydrophobicity of its molecular form should be
seen in the detector. It is assumed that this change measured at intermediate pH (around pH 7). It is
was due to dissolution of octanol by the aqueous interesting to note that our CCC results are con-
phase at elevated pressure. The two liquid phases firmed by the recent work of Gulyaevi2&}L al.
were saturated at atmospheric presq2@. They measured loB, ., values of 0.68, 1.15, 1.14

The solute peaks are broad because the mass and 0.21 at pH values of 6.6, 7.4, 85 and 11,
transfer between water and octanol is very slow due respectively.

to octanol viscosity £7 cP at 25°C). Potassium Fig. 3 shows the molecular CCe,__, values fitted

oct
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log Po/w (CCC measured)
N

S B L I
0 1 2 3 4
log P (CCC theoretical and experimental)

Fig. 3. B-BlockerP,, values obtained in this work compared with
experimental literature values +(, full line, logP,,, =

o/w

1.02 logP... + 0.347,r? = 0.975) and theoretical values obtained
using the ClogP 4.01 programA( dotted line, lodP,,, =
1.04 logP_.. + 0.090,r* = 0.992).

by Egs. (6) and (7) Table 2 plotted versus the
theoretical and experimental |&) literature values
(Table 1. The theoretical values were calculated
from the molecule structure using the ClogP 4.01
program[19], which is freely accessible from the
website (last connection, Dec. 2002http:/
/www.daylight.com/daycgi/clogp.The theoretical
regression line (full line,Fig. 3) has a slope,
intercept and regression coefficient of 1.02, 0.347
and 0.975, respectively. The experimental line
(dashed linge,Fig. 3) has a similar slope (1.04), a
slightly lower intercept (0.090) and a better regres-
sion coefficient *=0.992). Clearly, the slope
value, close to unity, indicates that the partition
coefficients obtained by CCC and 1&g, are identi-
cal, even for ionizable compounds. The experimental
value found in the literature for carteolol (16, =
—0.46) was excludedi18]. It likely corresponds to
its cationic form. It can be noted that the experimen-
tal P, values found in the literature are usually
higher than the calculated values. It should be
pointed out that the ClogP program is given to
produce the order of magnitude of the IBg, value

of the molecular form of an ionizable molecule.
Some calculated values listed Trable 1may well be
overestimated.

CCC produces reliableP, ., values, and also

dissociation constantK,, values. Most CCCK,
values listed inTable 2correspond to their respective
literature values listed inTable 1. A significant
difference is obtained for atenolol (literature,
value 9.2, CCK, value 8.1) and pindolol (literature
K, value 8.8, CCCX, value 7.0). In both cases, the
CCCK, value is lower than the literature value. No
K, values were found in the literature for betaxolol
and penbutolol. Their CC&, values were found to
be 9.6 and 8.9, respectivelyfgble 2.

3.3. Hydrophobicity—biology relationships

3.3.1. Literature survey

The logP,. parameter has been successfully

oct

applied as a structural descriptor in quantitative
structure—activity relationships (QSARS) for structur-
ally related compounds and in some cases even for
sets of chemically different compoun{k3]. Liquid
chromatography is a powerful technique for the
measurement of physicochemical parameters and, in

order to emulate biological barriers, different re-

versed stationary phases have been developed such

as immobilized artificial membrf¥gs or im-
mobilized liposof@gk Micellar liquid chroma-
tography (MLC) was also successful in establishing

relationships between chromatographic indexes and
octanol—water partition data peblockers[26—28].

Using MLC with an anionic surfactant, Detroyer
et [&F] studied the correlation of the hydro-
phobicity parameters of34ibockers with their
cellular permeability coefficients through Caco-2
monolayers (in vitro model for human intestinal
membrane) and through rat intestinal segments.
Ranta ef?8l developed a HPLC gradient method

to determine the hydrophobicity of eightblockers

in corneal permeability experiments in vitro. Molero-

Monfort et al. [30] studied the possibility of using

retention in MLC with Brij 35 as a nonionic surfac-
tant to predict passive drug adsorpiidsioakers
by red cells. De Castro e{3a]. developed a
non-invasive spectrometric method to quantify the
partition coefficients of atenolol and nadolol in

agueous solutions of bile salt/lecithin micelles which
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were used as a simple model for the naturally 3
occurring mixed micelles in the gastrointestinal tract. LogK: |
Gulyaeva et al.[22] examined the partitioning of
nine B-blockers in aqueous dextran—PEG two-phase
systems and octanol—buffer systems at pH from 2 to
12.5, and related their results to biological activity.
The HPLC technique is well known to be able to
evaluate chromatographic lipophilicity indexes (ex-
pressed as loB,, ) even for highly lipophilic 0 —|
compounds out of the range of the shake-flask
method. These indexes are usually calculated based
on the average retention factors of the analyzed L L S
compounds after two runs using linear equations for ' log Po/w
two adjacent standards relating their g and
retention time value$23]. The correlation between Log K 7 .
the log P,,,, obtained by CCC, and the ld®,p ¢ *
indexes at pH 11, taken from Ref23], for nine 2
B-blockers  (acebutolol, alprenolol, atenolol, .
labetalol, metoprolol, pindolol, propranolol, sotalol
and timolol) produced the line: |

logDp c=0.51l0gP,, +1.43, n=9,

app

r’=0.981 (8) ]

Clearly, there is a correlation between the data, but o _— ‘
the 0.51 value of the slope indicates that the HPLC - ° 1 2 3 4

log Po/w
retention factors of the3-blockers are empirically Fia. 4. Correlation bet " ’ ficieat of
ig. 4. Correlation between the permeation coefficiéqit o
related to the square root of the octanol-water B-blockers through egg phospholipid liposomes (EPLs, top) and

_par_tition coefficient. The intercept value _Of 1.43  red cell membrane lipid liposomes (MLs, bottom) (data from Ref.
indicates that even polgs-blockers are retained by  [34]) and the moleculaP, , values obtained in this work:

the octadecyl-bonded HPLC stationary phase. Theselog K, (EPL)=0.848 logP,,—0.262 n=8, r°=0.983
parameters would likely be different with another 09 K*(ML) =0.614 logP, +0.247, n=8, r=0.986.
compound family. Clearly, hydrophobicity measure-
ments are possible using HPLC, but a set of stan-
dards will always be needed to calibrate the par-
ticular set of compounds studied. There is no such
need with CCC which uses octanol and water. CCC
is a good technique to measure octanol-water parti-
tion coefficients for many solutes, including ioniz-
able compounds.

B-blockers (acebutolol, alprenolol, atenolol, meto-
prolol, nadolol, oxprenolol, pindolol, and proprano-
lol) were compared with the permeation coefficient
K, of natural membraneged cell membrane lipid
liposomes (MLs) and egg phospholipids liposomes
(EPLs)[34]}. Fig. 4 shows the line for the EPL (top)
and ML membranes (bottom). It is confirmed that
permeation through these biological membranes is
3.3.2. Log P, and biological activity correlated to the drug hydrophobicity.

B-Blockers have also been used to study the
influence of the lipophilicity of drugs on permeation
through biological membranes, since various struc- 4. Conclusion
turally related B-blockers exhibit a wide range of
lipophilicity [32,33]. The logP,., values for eight The CCC technigue uses an octanol stationary

oct
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phase and an aqueous buffer mobile phase or vice [6] R.N. Smith, C. Hansch, M.M. Ames, J. Pharm. Sci. 64

versa. The retention times of the injected solutes are

directly proportional to theiP,_, coefficients without

oct

(1975) 599.
[7] A. Berthod, S. Carda-Broch, M.C. Garcia-Alvarez-Coque,
Anal. Chem. 71 (1999) 879.

any assumption. It was demonstrated that CCC was [g] R. Howe, R.G. Shanks, Nature (London) 210 (1966) 1336.

able to determine accurately tifg_, value of ioniz-
able compounds, separating tfg,, value of the
molecular form of the compound from tlig, value

of its ionized form. The octanol-water partition
coefficients of the molecular and ionic forms of
B-blockers were determined by CCC. It was found
that theP,, values of the ionic forms were small, but
not zero, except for pindolol. Measuring tHe ,
coefficient by CCC does not require ultra-pure
solutes like the shake-flask method. Indeed, the
possible impurities would be separated from the
solute, forming minor peaks. The dual-mode use of
the CCC method extends the measurdB|g range

to five orders of magnitude | 2.5<logP,, < +
2.5). This may not be wide enough for very hydro-
phobic compounds.
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