J. Pharm. Pharmacol. 1991, 43: 204-206
Communicated September 5, 1990

© 1991 J. Pharm. Pharmacol

Influence of lipophilic counter ions on the transport of ionizable

hydrophilic drugs

REINHARD NEUBERT, SILKE FISCHER, Sektion Pharmazie der Martin-Luther—Universitit, Halle-Wittenberg, DDR-4010 Halle[Saale,

Germany

Abstract—The influence of lipophilic counter ions on the transport
of the hydrophilic drugs pholedrine and bretylium across artificial
lipid membranes has been studied using a permeation model system.
The transport of both drugs was markedly enhanced by hexylsalicy-
late and by salts of fatty acids with a maximum at decanoate. The
transport of pholedrine was additionally increased by bile salts such
as desoxycholate.

Ion-pair transport may be affected by a number of factors
(Neubert 1989). Lee et al (1987) found that the transport of a
series of drugs through a silicon rubber membrane was ion-pair
size dependent. Neubert & Dittrich (1989) studied the influence
of a series of counter-ions on the transport of ampicillin across
dodecanol collodion membranes owing to steric effects, only
dodecylsulphate significantly increased the transport rate of
ampicillin.

In the present study, the influence of different lipophilic
counter ions on the transport of the hydrophilic drugs bretylium
and pholedrine has been examined. The study was focused on
physiological counter-ions because the use of lipophilic counter-
ions with physiological compatibility is desirable for the practi-
cal use of ion-pair transport (Neubert 1989). The permeation
apparatus with dodecanol collodion membranes described
previously served as the model system (Fiirst et al 1980).

Materials and methods

Materials. Pholedrine sulphate was obtained from VEB Isis
Chemie (Zwickau, Germany). Bretylium tosylate was a gift of
VEB Arzneimitel-werk Dresden (Dresden, Germany). Dehydro-
cholate was supplied by VEB Berlin Chemie (Berlin, Germany).
1-Hydroxynaphthoate, l-naphthylsulphonate, octanoate, deca-
noate, dodecanoate, hexadecanoate, collodion (4% w/w), and
benzalkonium bromide were purchased from VEB Laborchemie
(Apolda, Germany). Desoxycholate was obtained from SERVA
(Heidelberg) and dodecanol from Merck (Darmstadt, Ger-
many). Hexylsalicylate was synthesized as described previously
(Neubert et al 1987). All other reagents were of analytical grade.

Model system. The influence of the counter ions on the transport
of bretylium and pholedrine was studied in the permeation
model system described by Fiirst et al (1980). The donor and the
acceptor compartments (each 20 mL in volume) were separated
by a dodecanol collodion membrane. The effective permeation
area was 15-8 cm? The phases were agitated with a vibrator
(Thyr 2, VEB Labortechnik, Ilmenau, Germany). Four permea-
tion cells were simultaneously used at 37°C. Usually, 1-0 mmol
L ! of the drug and the counter ion, respectively, were dissolved
in Sérensen phosphate buffer pH 7-2. Twenty mL of this solution
was placed in the donor compartment and 20 mL of the buffer
was filled into the acceptor compartment. Samples (2-0 mL) were
periodically removed from both cells over 3 h, and assayed for
the drug content and for the counter ion content when the
counter ion could be assayed.

Correspondence to: R. Neubert, Sektion Pharmazie, Martin-
Luther-Universitit, Weinbergweg 15, Halle-Wittenberg, DDR-
4010 Halle/Saale, Germany.

Calculation of the flux. For the evaluation of the experiments the
flux from the donor compartment into the membrane (Fpm) and
from the membrane into the acceptor compartment (Fya) was
calculated according to the following equations:
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Where:

Cpc, Cac are the substance concentrations and Vpc, Vac are the
volumes of the compartments. C, is the initial substance
concentration, A is the membrane area, and t is the time.

Analytical assays. Pholedrine was determined by measuring the
UV-absorption at 275 nm using a spectral-photometer VSU-2P
(VEB Carl Zeiss, Jena, Germany). Bretylium was determined
after ion pair extraction with picric acid in dichloromethane.
After separation of the organic phase, picric acid was deter-
mined at 375 nm. The counter ions l-hydroxynaphthoate,
1-naphthylsulphonate, and hexylsalicylate were assayed by
measuring the UV-absorption at 334, 328 and 305 nm.

Results and discussion

The study was focused on the application of physiological
counter-ions such as bile salts (desoxycholate and dehydrocho-
late) and salts of fatty acids (octanoate, decanoate, dodecanoate,
and hexadecanoate). Further lipophilic counter ions were used
such as naphthyl derivatives (l-hydroxynaphthoate and
l-naphthylsulphonate) and hexylsalicylate. All counter ions
used are ionized in the buffer (pH =7-2) used.

Influence of certain counter ions on the transport of pholedrine. As
shown in Fig. 1 the transport of pholedrine across the dodecanol
collodion membranes is significantly increased by all counter
ions used in comparison with the transport of pholedrine
sulphate. Both Fpm and Fya of pholedrine were enhanced by the
counter ions studied. However, a marked increase in the flux of
pholedrine (Fpm as well as Fya) was measured when desoxycho-
late, hexylsalicylate, and dodecanoate were used. When the
influence of the salts of the fatty acids was examined a maximum
permeation of pholedrine for dodecanoate was observed.
1-Hydroxynaphthoate could be only used as a suspension and,
in this case, it was not possible to calculate Fpy. In contrast to
desoxycholate, only a slight increase of the flux of pholedrine
was observed when dehydrocholate was used. This seems to be
caused by the ability of desoxycholate to form a hydrogen bond
with the phenolic -OH of pholedrine additional to the ion pair
interaction. Also, the naphthylderivatives and adamantoate
significantly increased the transport rate of pholedrine. How-
ever, the increase caused by those ions was much lower than that
caused by dodecanoate, desoxycholate, or hexylsalicylate; the
lipophilicity of the former ions seems to be too low to achieve the
same influence as the latter. As shown in Fig. 1 the flux of
pholedrine was significantly decreased by benzalkonium bro-
mide, which has the same charge as pholedrine. The result shows
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that the increase of the flux observed is caused by the counter
ions and not by the action of the surfactant on the structure of
the membrane.

Further, it was observed that the transport of pholedrine from
the donor compartment into the membrane (Fpy) was signifi-
cantly higher than that from the membrane into acceptor
compartment (Fac) when desoxycholate, dehydrocholate and
dodecanoate were used. Under those conditions some phole-
drine remained in the membrane.

Gasco et al (1984) found that the transport of propranolol is
increased by taurodeoxycholate, and Green & Hadgraft (1987)
reported that oleate enhances the transport of S-blocking agents.
The ability of physiological ions, such as bile salts, to increase the
transport of pholedrine and of drugs with similar structure, by
ion-pairing, appears to be important for their absorption.
Despite their hydrophilicity these drugs are absorbed. For
example, the absolute bioavailability of pholedrine (n-octanol-
water partition coefficient,P,=0-09, Neubert 1989) amounts to
approximately 80% (Fiirst et al 1990) and that of the 8-blocking
agent atenolol (P =0-02) amounts to 60-80% (Hinderling et al
1984).

Taking the in-vitro results discussed in this paper into
consideration the presence of salts of bile acids as physiological
counter-ions seems to be responsible for the high bioavailability
of these drugs.

Influence of certain counter ions on the transport of bretylium. As
shown in Fig. 2 the flux of bretylium into the acceptor
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FiG. 1. Influence of counter ions on the transport of pholedrine. SU,
sulphate; HY, hydroxynaphthoate; NA, naphthylsulphonate; AD,
adamantoate; DE, desoxycholate; DH, dehydrocholate, OC, octa-
noate; DC, decanoate; DD, dodecanoate; HX, hexadecanoate; HS,
hexylsalicylate; BB, benzalkonium bromide. x Significantly different
from value for SU.
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FiG. 2. Influence of counter ions on the transport of bretylium. IO,
iodide; TO, tosylate; HY, hydroxynaphthoate; NA, naphthylsul-
phonate; AD, adamantoate; DE, desoxycholate; DH, dehydrocho-
late; OC, octanoate; DC, decanoate; DD, dodecanoate; HX,
hexadecanoate; HS, hexylsalicylate. x Significantly different from
value for TO.

compartment was increased by the salts of the fatty acids, by
hydroxynaphthoate, by naphthylsulphonate, by desoxycholate,
and, as already described, by hexylsalicylate (Neubert et al
1987), compared with the flux of bretylium in the presence of
tosylate. The salts of the fatty acids influenced the transport of
bretylium in the same way as that of pholedrine with a maximum
at dodecanoate. The transport of bretylium was not influenced
by the salts of the bile acids. Only a slight increase of Fya was
observed when desoxycholate was used. In contrast to pholed-
rine, there is no possibility of forming hydrogen bonds between
bretylium and desoxycholate.

On the other hand, using hydroxynaphthoate, adamantoate,
or dehydrocholate the increase of the lipophilicity caused by ion
pairing seems to be insufficient to influence the membrane
transport of bretylium.

The influence of counter ions on the transport of bretylium is
associated, except for hydroxynaphthoate and desoxycholate,
with a significant membrane accumulation of bretylium. In
contrast, pholedrine could be detected in the membrane only in
the presence of desoxycholate, dehydrocholate and dodeca-
noate. However, the membrane content of both drugs did not
exceed 20% so that the flux could still be used for evaluating
transport (see also Neubert et al 1988).

The results show that ion-pair transport across lipid mem-
branes depends not only on the lipophilicity of the ion-pair
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formed but also, as shown, on additional interactions (e.g. H-
bonds) and on the shape of the ion-pair, as indicated by the
differences in membrane accumulation of both drugs studied.

One reason for the wide variation in biocavailability of
bretylium (Garrett et al 1982) may be the ability of the salts of
fatty acids to influence the membrane transport of bretylium
markedly by ion-pair transport. The absorption of bretylium
seems to be strongly dependent on the presence of these salts.
Therefore, the addition of appropriate salts of fatty acids to
dosage forms of bretylium may be useful for maintaining a
constant absorption rate of bretylium as well as for increasing
the bioavailability of these drugs.

Influence of pholedrine and bretylium on the accumulation of
selected counter ions in the membrane. The influence of pholed-
rine and bretylium on the accumulation of hydroxynaphthoate,
naphthylsuiphonate, and hexylsalicylate in the membrane is
shown in Fig. 3. It was found that only hexylsalicylate signifi-
cantly accumulated in the membrane in the presence of both
drugs. The mechanism of ion-pair transport proposed in the
literature (Neubert et al 1984; Green & Hadgraft 1987; Neubert
1989) was supported by those results. According to this
mechanism, lipophilic counter ions such as hexylsalicylate
accumulate in the lipid membrane and facilitate the transport of
hydrophilic drug molecules.

25

201

15

10

Membrane content (%)

Counter ion
mmAlone nw+PHO —+BRET

FiG. 3. Accumulation of the counter ions hydroxynaphthoate
naphthylsulphonate and hexylsalicylate in the membrane. Solid
columns, no drug: Hatched columns, with pholedrine. Dotted
columns, with bretylium.

Only a slight, or zero, increase of the membrane content of
hydroxynaphthoate or naphthylsulphonate was observed in the
presence of the drugs, as their transport was minimally
influenced by these ions. Unfortunately, analytical methods
were not available to assess the membrane content of the bile
salts and of the salts of the fatty acids.
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