Journal of Chromatography, 452 (1988) 257-264
Elsevier Science Publishers B.V., Amsterdam — Printed in The Netherlands

CHROM. 20 789
MEASUREMENT OF THE DISTRIBUTION COEFFICIENTS OF SEVERAL

CLASSES OF DRUG USING REVERSED-PHASE THIN-LAYER CHROMA-
TOGRAPHY

D. B. JACK*, J. L. HAWKER, L. ROONEY, M. BEERAHEE, J. LOBO and P. PATEL
Department of Pharmacology, The Medical School, Birmingham University, Birmingham B15 2TJ (U.K.)

SUMMARY

Using reversed-phase thin-layer chromatography, with octan-1-ol as stationary
phase and phosphate buffer (pH 7.4) as mobile phase, the behaviour of different drugs
at 37°C was studied. Three classes of drug were examined: f-adrenoceptor antag-
onists, non-steroidal anti-inflammatory agents and dihydropyridine calcium antag-
onists. As well as ranking these compounds in terms of their distribution coefficients,
an attempt was also made to assign a quantitative value to each. For the f-adrenocep-
tor antagonists this was done by using a series of published values obtained using the
shake-flask technique: for the non-steroidal anti-inflammatory agents a series of stan-
dard compounds was used. No good calibration data were available for the dihydro-
pyridine calcium antagonists, but approximate values were assigned. The results ob-
tained were compared with other published data and the applicability of the method
discussed.

INTRODUCTION

The magnitude of the partition coeflicient of a drug is a major factor in deter-
mining its passage across membranes within the body for absorption, tissue pene-
tration and elimination. Many drugs are weak acids or bases and their ionized and
unionized forms exit in equilibrium within the body. When a drug is partially ionized,
the apparent partition, or distribution coefficient is measured; this is referred to as P,
while the true partition coefficient is P. The relationship between the two can be
simply expressed by the following, where K, is the dissociation constant:

forabase: P = P'(1 + H'/K,)

foran acid: P = P' (1 + K,/HY)
The standard method for determining the distribution coefficient of a drug is to
partition it between a lipid-like organic phase and an aqueous phase, then measure
the concentration of drug in both. Whether the classical *“‘shake flask™ technique or

the more recent AKUFVE method is employed®, this approach suffers from the
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disadvantage that quantitative measurements of drug in both phases must be carried
out.

When it is desired to determine the distribution coefficients of a number of
drugs, even closely related, it is rarely possible to use a single analytical method.
Radiolabelled compounds can, of course, be used but are not always readily avail-
able. To overcome these disadvantages, several groups of workers have used re-
versed-phase chromatography where a lipid-like stationary phase is used in conjunc-
tion with an aqueous buffer as mobile phase.

High-performance liquid chromatography (HPLC) has been used?, but thin-
layer chromatography (TLC) is much cheaper and has been employed since the early
studies on penicillins® and phenothiazines*. The method is simple and can be used
even when the drug is impure.

We have applied the technique of reversed-phase thin-layer chromatography to
the quinolone antibiotics® and now wish to report its application to f-adrenoceptor
antagonists, non-steroidal anti-inflammatory agents and dihydropyridine (DHP) cal-
cium antagonists.

MATERIALS AND METHODS

Drugs and related chemicals

The following drugs were used: penbutolol (Hoechst, U.K.), bevantolol (War-
ner Lamber, U.K.), propranolol and practolol (ICI, U.K.), labetalol (Duncan Flock-
hart, U.K.), alprenolol, metoprolol and felodipine (Hissle, Sweden), oxprenolol, di-
clofenac sodium and pirprofen (Ciba-Geigy, U.K.), pindolol and isradipine (Sandoz,
U.K.), timolol, diflunisal, indomethacin and sulindac (MSD, U.K.), acebutolol, di-
acetolol and ketoprofen (May & Baker, U.K.), sotalol (Bristol-Meyers, U.K.), nado-
lol (Squibb, U.K.), atenolol (Stuart, U.K.), benoxaprofen (Dista, U.K.), fenbufen
(Lederle, U.K.), flufenamic acid (Merrell Dow, U.K.), naproxen (Syntex, U.K.), flur-
biprofen and ibuprofen (Boots, U.K.), tolmetin sodium (Ortho, U.K.), nisoldipine,
nitrendipine, nimodipine and nifedipine (Bayer, U.K.). Antipyrine, 4-aminoantipy-
rine, mephenesin, phenacetin and salicylic acid were all purchased from Sigma, U.K.

Thin-layer chromatography

Cellulose plates (CEL300, 20 x 20 cm) were obtained from Macherey-Nagel
(Diiren, F.R.G.) and octan-1-ol from Sigma. The plates were coated with octan-1-ol
by placing them in a tank containing a solution of octan-1-0l (5%) in diethyl ether
and allowing the organic phase to migrate up to plate until it had reached a few centi-
meters from the top. The plate was then removed from the tank and allowed to dry in
air. Standard solutions of the drugs under investigation were made up in methanol,
water or other suitable solvent to a concentration of 1 mg/ml and applied to the
starting line, 1.5 cm from the bottom edge of the plate. The applied spots were dried
in a gentle stream of air and the plate transferred to a glass tank containing the
phosphate buffer (pH 7.4, 0.07 M), previously saturated with octan-1-ol. This devel-
oping tank was kept in an incubator at 37°C and development of the plate was
allowed to continue until the mobile phase had travelled a distance of 10 cm (approxi-
mately 1 h). The plate was then removed, allowed to dry and the drugs visualized by
examination under UV ligth or by spraying with a suitable reagent®. Many of the
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drugs can be detected by simply observing the plate as it dries when they appear as
white areas against a wet background. These spots disappear again as the plate con-
tinues to dry. The Ry value of each drug is recorded and the Ry calculated using the
relationship

Relatively lipophilic drugs, such as penbutolol, show a concentration-dependent Ry
value and, in such cases, a range of concentrations were used and the Ry extrapolated
to zero-concentration.

The extremely lipophilic DHP calcium antagonists do not migrate at all when
phosphate buffer is used as mobile phase. To overcome this, different amounts of
acetone are added to the phosphate buffer and extrapolation made to zero acetone
concentration. This method has previously been used to study the partition of a
number of penicillins’.

RESULTS

Kielselguhr and silica gel layers were also examined initially but the former
were too easily damaged while the latter were very slow to coat with octan-1-ol and
took much longer to develop, once coated. The coating with octan-1-ol was reproduc-
ible and only very small variations in Ry values were obtained from day to day. A
study using 18 plates was performed over a period of several weeks and coefficients of
variation of Ry of 1.4-2.2% were obtained for the calibration compounds 4-aminoan-
tipyrine, antipyrine, mephenesin and phenacetin. Three different classes of drug have
been studied: f-adrenoceptor antagonists non-steroidal anti-inflammatory agents
and dihydropyridine calcium antagonists. The Ry and Ry, values for each class of
compound are shown in Tables I-IT, respectively. Examination of this data allows an

TABLE I
RETENTION DATA FOR S-ADRENOCEPTOR ANTAGONISTS

Drug Abbreviation used R, R,,
in Fig. 1

Penbutolol 0.10 9.00
Bevantolol 0.12 7.33
Propranolol pr 0.18 4.50
Labetalol la 0.21 3.80
Alprenolol 0.26 2.85
Oxprenolol ox 0.45 1.20
Pindolol pi 0.56 0.80
Timolol ti 0.57 0.75
Metoprolol me 0.61 0.65
Acebutolol ac 0.66 0.51
Diacetolol 0.80 0.25
Sotalol S0 0.85 0.17
Nadolol na 0.87 0.15
Atenolol at 0.90 0.11

Practolol 0.91 0.10
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TABLE II
RETENTION DATA FOR NON-STEROIDAL ANTI-INFLAMMATORY AGENTS

Drug R, R, Drug R, R,,
Benoxaprofen 0.33 2.03 Naproxen 0.74 0.35
Diflunisal 0.46 1.17 Flurbiprofen 0.79 0.27
Fenbufen 0.48 1.08 Salicyclic acid 0.80 0.25
Indomethacin 0.57 0.75 Ibuprofen 0.81 0.23
Flufenamic acid 0.62 0.61 Pirprofen 0.81 0.23
Sulindac 0.62 0.61 Tolmetin sodium 0.81 0.23
Diclofenac sodium 0.73 0.37 Ketoprofen 0.82 0.22

immediate ranking in terms of distribution coefficient and absolute values can be
obtained using suitable calibration curves and the relationship

log PP = Alog Ry + B

For the $-adrenoceptor antagonists, we used the data obtained by Woods and Rob-
inson® who determined their distribution coefficients at pH 7.4 and 37°C using the
“shake flask” technique. Their data are given in Table IV. A good fit was obtained
when distribution coeflicient was plotted against Ry and this is illustrated in Fig. 1.

Unfortunately there is no similar set of data for the non-steroidal anti-inflam-
matory agents and calibration was performed using four compounds whose distribu-
tion coefficients have been measured under carefully controlled conditions: 4-ami-
noantipyrine, antipyrine, mephenesin and phenacetin. The calibration curve obtained
is shown in Fig. 2. Some data has recently been published using a reversed-phase C, g
column® coated with octan-1-ol and this is shown in Table IV along with some
quantitative structure-activity relationship (QSAR) data'®. The distribution coeffi-
cients for flufenamic acid, flurbiprofen and ibuprofen are reasonably similar when the
two chromatographic techniques are compared but large differences are observed for
the other compounds studied. Agreement between both these sets and the QSAR data
is also poor. Reasons for this are suggested in the discussion.

TABLE 111
RETENTION DATA FOR DIHYDROPYRIDINE Ca ANTAGONISTS

Acetone in R,
mobile phase

(%) Nifedipine Isradipine Nimodipine  Nitrendipine Nisoldipine  Felodipine
5 5.67 15.66 49.0 49.0 199.0 199.0

10 2.85 10.11 11.50 11.50 49.0 49.0

15 1.44 4.56 5.67 6.14 10.10 19.0

20 0.69 2.03 2.33 2.70 3.76 6.14

25 0.41 1.13 1.33 1.38 2.23 3.00

30 0.23 0.61 0.75 0.79 1.08 1.50

40 0.02 0.18 0.19 0.18 0.32 0.33
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Fig. 1. Relationship between R,, and distribution coefficient for a range of f-adrenoceptor antagonists.

The dihydropyridine calcium antagonists are all extremely lipid soluble and no
good calibration compounds are available. The two most lipophilic compounds avail-
able to us with known distribution coefficients were penbutolol and diazepam and we
used these to give us a two point calibration. The Ry data were extrapolated to
zero-acetone concentration (Fig. 3). We felt confident in doing this because a good
linear relationship was apparent for the compounds nifedipine and isradipine. Extra-
polation of the other data was far less certain but, nevertheless, we felt it would be an
instructive exercise.
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Fig. 2. Relationship between R,, and distribution coefficient for antipyrine (OJ), 4-aminoantipyrine (H),
mephenesin (O) and phenacetin (@).
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Fig. 3. Relationship between acetone concentration and R,, for the DHP calcium antagonists nifedipine
(@), isradipine (O), nimodipine (M), nitrendipine (O), nisoldipine (A) and felodipine ( x).

A very limited amount of published data exists for the calcium antagonists and
this is reproduced in Table IV.

DISCUSSION

The good fit achieved with the f-adrenoceptor antagonists suggests that the
present approach may be of some value. A number of other antagonists, not studied
by Woods and Robinson®, were examined using our method and the results are in
general agreement with published values, bearing in mind that our measurements are
carried out at 37°C.

The measured Rr values of the f-adrenoceptor antagonists ranged from 0.1
(penbutolol) to 0.91 (practolol). In view of the good fit obtained for the compounds
used to construct Fig. 1, we believe that Ry values over this range can be used to give
meaningful data. For very lipophilic compounds, with Ry values less than 0.1, ace-
tone can be added to the mobile phase as we described above for the dihydropyridine
calcium antagonists. How useful the method is for compounds with Ry values greater
than 0.91 remains to be seen. An examination of this is planned.

Comparisons between different methods is difficult since most “’shake-flask™
determinations are carried out at 18-25°C; most drugs are weak acids or bases and
their dissociation constants are temperature-dependent. We deliberately chose a
working temperature of 37°C in order that our results would be more relevant to what
happens in vivo.

As far as the non-steroidal anti-inflammatory agents are concerned, the poor
agreement between the different studies obviously requires that further work be car-
ried out. We ourselves plan a comparison of TLC with HPLC, as well as more
comprehensive calculations of partition coefficients using Hansch analysis.
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One property of the acidic anti-inflammatory drugs that may well be of rele-
vance is their ability to form dimers in the octanol phase. This phenomenon is concen-
tration-dependent and will, almost certainly, have an effect on the results obtained by
different groups of workers.

We have carried out some simple Hansch calculations for the dihydropyridine
calcium antagonists and our results suggest that the experimental ranking of lipophil-
icity that we have observed is largely correct, bearing in mind that the experimental
extrapolation described above for the compounds other than nifedipine and isradi-
pine can only be regarded as approximate. There is a large difference between our
results and the limited published data. All the compounds we studied behaved chro-
matographically as though they had distribution coefficients much greater than diaze-
pam (P' = 661)!3. It is therefore very difficult to explain the very low values of other
workers!!'12, In support of our own observations, we have examined an internal
report from Hissle!#, makers of felodipine. They measured the distribution coefficient
for this compound between toluene and water and obtained a value for log Kp of 4.52.
We believe that our value of 7.06 (P = 11 500 - 10%) for the octan-1-ol-water system
is sufficiently close, bearing in mind the technical difficulties and the extrapolation, to
merit further study of the technique. This we intend to do. Comparison of distribu-
tion coefficients from different sources suffers from the disadvantage that they are
often obtained under very different experimental conditions such as temperature, pH
and mobile phase. We believe that reversed-phase TLC offers a versatile approach
that can be applied to a wide range of drugs. When distribution coeflicients are
determined under a single set of conditions, more meaningful comparisons can be
made to allow a greater understanding of processes such as tissue binding and pene-
tration, metabolism and excretion.
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