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Liquid chromatographic retention of -adrenoceptor antagonists: an
index of lipid solubility

RAINER M. ARenDT, Davip J. GREENBLATT*, *Division of Clinical Pharmacology Box 1007, Tufts-New England Medical
Center, 171 Harrison Avenue, Boston MA 02111, USA; Max Planck Institute for Psychiatry, Munich, West Germany

The in-vitro lipophilicity of nine B-adrenoceptor antagonists
was evaluated based on retention on a reverse-phase C-18
high-pressure liquid chromatographic (hplc) system at
physiologic pH. Propranolol was by far the most lipophilic
drug, while atenolol and sotolol were the least. Hplc
retention was highly correlated (r = 0-92) with
octanol : buffer partition coefficient. Thus hplc retention is
a rapid and replicable approach to the determination of
in-vitro lipophilicity that does not require radioactive drug.

Lipid solubility may be an important determinant of the
pharmacokinetic and metabolic properties of p-adre-
noceptor antagonists, as well as their uptake into central
nervous system (Deacon et al 1981; Jack 1981; Taylor et
al 1981; Arendt et al 1983a). The lipid solubility of these
and other drugs has traditionally been evaluated using
partition ratios, in particular the octanol : water parti-
tion coefficient (Leo et al 1971). The retention of a
compound in a chromatographic system is another
approach to evaluation of lipophilicity (Wells et al 1981;
Hammers et al 1982). Reverse-phase high pressure
liquid chromatography (hplc) partitions and separates
drugs based in part on their polarity. The present study
evaluated hplc retention as an approach to quantitating
the lipid solubility of 3-adrenergic blocking agents.

Methods
A Waters Associates (Milford, MA, USA) hplc system
was used for analyses (Divoll et al 1982). The mobile
phase was prepared by dissolving 1.65 g of K;HPO,4 and
2:1g of KH,PO, in distilled water, final volume 0-6
litres. To this was added 0-4 litres or pure methanol and
the pH was adjusted to 7-4 by dropwise addition of
phosphoric acid. Aqueous and organic components of
the mobile phase were separately filtered before mix-
ing, and the final mixture was degassed before use. Flow
rate was 1-5mlmin-! along a 30cm reverse-phase
microBondapak C-18 stainless steel column, containing
a stationary phase of octadecyl silane bonded silica,
coated 12% with carbon and fully end-capped with
trimethyl silane to remove free hydroxyl groups. All
analyses were at room temperature (20 °C).

Pure reference standards of the nine drugs shown in
Table 1, supplied from their manufacturers, were
dissolved in methanol and sequentially injected onto the
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chromatograph. Column effluent was monitored using
an ultraviolet detector operated at 254 nm.

Results

The retention time of the nine drugs ranged from
16-2 min for propranolol to 3-2 min for sotalol (Table
1). These retention times were compared with
octanol : buffer partition ratios measured at 37 °C and at
physiological pH (Fig. 1) (Woods & Robinson 1981).
The two measures of lipophilicity were highly intercor-
related (r = 0-92).

Discussion
We have previously used hplc retention to quantitate
lipophilicity of benzodiazepine derivatives (Arendt et al

Table 1. Liquid chromatographic retention of B-adrenocep-
tor antagonists.

Retention time

Drug (min)
1. Propranolol 16-20
2. Ozxprenolol 877
3. Metoprolol 6-49
4. Acebutolol 6-41
5. Timolol 6-20
6. Nadolol 4.32
7. Pindolol 4.20
8. Atenolol 3-35
9. Sotalol 3:20
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Fic. 1. Relation of hplc retention (min) to octanol : buffer
artition ratio for each of the drugs. Both scales are
ogarithmic. The correlation (r = 0-92) is highly significant

(P < 0-01). Figures relate to Table 1.
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1983b; Greenblatt et al 1983). Comparison of in-vitro
hplc retention, based on the method described above,
with in-vivo drug distribution both in animals and man
indicates that hplc retention is at least as reliable an
index of in-vivo distribution as is the octanol: buffer
partition coefficient. The present report indicates that
hplc retention can be used to quantitate lipophilicity of
B-adrenoceptor antagonists. Hplc retention was highly
correlated with the octanol : buffer partition coefficient
and confirmed propranolol to be by far the most
lipophilic, with sotalol and atenolol the least lipophilic.

Hplc retention has a further merit in that it does not
require the use of radioactive material, and it is easily
standardized for comparisons of relative lipophilicity
among many drugs.
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The effect of week-long infusion of propranolol, via an osmotic
minipump, on blood pressure, heart rate and vascular responses in
spontaneously hypertensive rats

CHING-LONG J. SuN, TEResA J. THOMPSON, JosepH P. HaNiG*, Division of Drug Biology, Food and Drug Administration,

Washington, D.C. 20204, USA

Propranolol was infused in SHR subcutaneously for 7 days
at two concentrations (either 3-75 or 7-5 mg kg~! day) via a
minipump. Mean blood pressure and heart rate measured
under pentobarbitone anaesthesia on day 7 after implanta-
tion showed a significant dose-dependent decrease in both
propranolol-treated groups. In the low-dose propranolol-
treated rats, there was no change in contractile responses to
phenylephrine over controls. In rats receiving the higher
dose of propranolol there was a significant increase in the
response to phenylephrine. There was no change in the
relaxation response of any of the grougs to isoprenaline.
The results indicate that propranolol, while lowering blood
pressure and heart rate, is also modifying the «-receptor
response of the vascular wall in the spontaneously hyper-
tensive rat.

Some studies have suggested that f-adrenergic blocking
drugs may lower arterial pressure by a central mechan-
ism (Day & Roach 1974). Smits et al (19802} concluded,
however, that the antihypertensive effects of pro-
pranolol in spontaneously hypertensive rats (SHR)
were not caused by an action of the drug in the central
nervous system. Pritchard & Gillam (1969) postulated
that the hypotensive effect resulted from a resetting of
the baroreceptors. Other studies (Frohlich et al 1968;
Buhler et al 1973) have suggested that reductions in
cardiac output or renin release are the primary causes.
Some in-vitro studies have indicated that a prejunc-
tional block of sympathetic nerve activity may be
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produced by propranolol (Day et al 1968). Others
(Eliash & Weinstock 1971) also reported that pro-
pranolol in low doses reduced contractions of the
nictitating membrane in the cat.

Smits et al (1980b), using the Alzet minipump for
chronic, controlled delivery of propranolol in the SHR,
were able to show a decrease in both blood pressure and
heart rate. We have recently reported (Sun & Hanig
1983a) that the contractile response of aortic rings to
phenylephrine in untreated SHR is markedly lower than
that of controls of the Wistar-Kyoto (WKY) strain. We
have also shown that week-long exposure of the normal
Holtzman rat to propranolol, via the minipump, is
without effect on blood pressure, heart rate or vascular
reactivity (Sun & Hanig 1983b). We therefore con-
sidered it relevant to investigate the effect of prolonged
infusion of propranolol on in-vitro vascular responses to
phenylephrine and isoprenaline in the SHR and to
relate these to observed changes in blood pressure and
heart rate. The objective of this approach was to
determine whether changes in reactivity of the arterial
wall play a significant role in the cardiovascular actions
of propranolol.

Materials and methods
Male SHR (Tac(N)SHR, derived originally from NIH,
Taconic Farms Inc., Germantown, N.Y., USA), age 5





