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SUMMARY

Following oral administration of [”S]-dipropyl sulphone to male
Wistar rats (4.24 mmol/kg body wt), the only radioactive component
subsequently found in the blood and bile was the sulphone. Biliary
excretion played an important role in the elimination of this com-
pound, with 16% of the dose excreted during the first twenty-four
hours and 33 % passing through the bile duct over a two day period.
Bile/plasma concentration ratios remained constant during the first
day (c. 46-fold), suggesting that a concentration process was taking
place and that active transport of this low molecular weight com-
pound (150 Da) into the bile was occurring.
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INTRODUCTION

The potential contribution of the hepatic biliary system in the distri-
bution and elimination of xenobiotics of low molecular weight is an
area which has received relatively little attention since the generalised
acceptance that a minimum molecular weight is necessary before signi-
ficant biliary secretion can occur. Recent investigations into the fate of
orally administered radiolabelled dipropyl sulphone, a symmetrical
unbranched dialkyl compound with a low molecular weight, have
shown that although urine was the major route of excretion with small
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amounts appearing in the faeces, a substantial amount of radioactivity
had made its way into the bile /1/. This is unusual for a compound of
such low molecular weight. The present paper reports a detailed
investigation into the role of biliary secretion following dipropyl sul-
phone administration to the rat.

MATERIALS AND METHODS

Chemicals

Dipropyl sulphide, dipropyl sulphoxide, dipropyl sulphone and 1I-
bromopropane were obtained from Aldrich Chemical Co. Ltd. (Dorset,
UK) and sodium sulphide from Sigma Chemical Co. Ltd. (Dorset,
UK). All other chemicals were of analytical grade and readily available
within the laboratory. The purity of dipropyl sulphone was increased
from 97.2% to 99.5% by dissolving it in a minimum quantity of cold
diethyl ether (1 vol) and extracting the filtered ether with ice-cold
water (3 vol). Evaporation at 40°C of the separated ether layer per-
mitted the dissolved sulphone to crystallize before being dried over
anhydrous silica gel. Capillary gas-chromatography (see below) indi-
cated that dipropyl sulphoxide was the major impurity.

Dipropyl-[ °S]-sulphone was synthesized from sodium [*°S]-sul-
phide (Amersham International plc, Bucks, UK) via dipropyl [*°S]-
sulphide as previously described in detail /2/. Briefly, 1-bromopropane
was refluxed with sodium [**S]-sulphide in aqueous ethanol (70% v/v)
for 7-8 hours /3/. After ‘salting out’, the upper oily layer of dipropyl
[*S]-sulphide was purified by distillation (142°C) and then refluxed for
2 hours with aqueous hydrogen peroxide (30% v/v) in an equal mix-
ture of acetic acid and acetic anhydride /4/. Following extraction with
petroleum ether (b.p. 40-60°C) and distillation at 119°C, the residue
was recrystallised from ethanol/water. Slow cooling to -20°C precipi-
tated crystals of dipropyl-[*°S]-sulphone which were removed and
dried in a vacuum dessicator over phosphorus pentoxide at 4°C in the
dark.

The translucent plate-like crystals (m.p. 29-30°C uncorr.; lit. value
28-30°C, /4-6/) were collected and stored at -20°C in nitrogen flushed
amber vials. Chemical and radiochemical purities (by gas chromato-
graphy-mass spectrometry [g.c.-m.s.] and t.lL.c. /1/) were in excess of
99.5% with a specific activity of 23.6 mCi/mol (radiochemical yield 60-
70%). As expected, a strong LR. absorption band at 2970 cm’' was
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observed (n-propyl chain) together with strong to medium-strong
bands at 1280 and 790 cm”, characteristic of the sulphone moiety /7,
8/. A molecular ion at m/z 150 was discernable (0.5% abundance) with
a base peak at m/z 43 (propylene) and a disintegration pattern domi-
nated by alkyl chain fragments, many retaining the intact sulphone
moiety /2,9-11/.

Animal dosing

Dipropyl [*’S]-sulphone, dissolved in corn oil, was administered
orally (4.24 mmol/4 ml/kg body weight; 25 nCi per rat) to adult male
rats (Wistar strain, 250 g; National Institute of Medical Research,
London, UK) following an overnight fast. Until cannulation, animals
were permitted free access to food (‘Lab Sure’ rat pellets; K. K. Greef
Ltd., Croydon, UK) and water.

Bile studies

After administration of the radiolabelled compound as described
above, rats were anaesthetized with sodium pentobarbitone (60 mg/kg
body weight, i.p.; ‘Sagatal’, Rhone Poulenc, Essex, UK). A ventral
mid-line incision was made just caudal to the xiphoid cartilage and the
common bile duct located beneath the right lobe of the liver, lying
within the duodenal loop. Two lengths of cotton thread were passed
beneath the duct, one being tied around the duct at its junction with the
duodenum to occlude biliary flow and thus distend the vessel. Poly-
thene tubing (0.61 mm o.d., 0.28 mm i.d.; Portex Ltd., Kent, UK) was
introduced into the bile duct through a small puncture and the second
thread tightened to secure the cannula. The body wall and overlying
skin were sutured separately, the cannula emerging at the caudal end of
the incision after being anchored to the muscular abdominal wall with
thread. Anaesthesia was augmented where necessary (24 mg/kg body
weight) so that all of the rats remained unconscious throughout the
study which continued for up to six hours before the rats were killed.
Bile was collected from a large series of animals, so that at least three
separate samples were obtained for each hour period. Varying the time
intervals between dosing and surgery permitted a complete 0-48 hour
bile collection to be obtained.
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Blood studies

After administration of [°S]-dipropyl sulphone as previously des-
cribed, rats were anaesthetized with sodium pentobarbitone (60 mg/kg
body weight, i.p.; ‘Sagatal’). A curved incision into the ventral side of
the neck permitted the exposure of the left carotid artery lying adjacent
to the vagus nerve, beneath the digastric and omohyoid muscles and
parallel with the trachea. The isolated artery was supported on three
lengths of cotton thread, that distal to the heart formed a ligature
around the artery which was then occluded with an artery clamp prox-
imal to the heart. A polythene cannula (1.8 mm o.d., 0.4 mm id.;
Portex 1.td.) was inserted through a puncture just caudal to the ligature
and secured with the remaining two cotton threads before removal of
the artery clamp. Blood samples (1.0 ml) were collected into heparin-
ised tubes and a solution of heparin (10% v/v in isotonic saline) was
employed to prevent clotting within the cannulae. The samples were
centrifuged to obtain plasma. Anaesthesia was augmented when neces-
sary (24 mg/kg body weight) so that all the rats remained unconscious
throughout the study. A maximum of three consecutive blood samples
was taken from a single animal which remained under anaesthesia for
no more than four hours before being killed. As with the bile study,
varying the time intervals between dosing and surgery permitted a
complete two-day profile to be constructed.

Quantification of radioactivity

Aliquots (0.2 ml) of bile and plasma were added directly to vials
containing scintillation fluid (10 ml, “Ecoscint’; National Diagnostics
Ltd., NJ, USA) and counted by liquid scintillation spectrometry
(Packard Tricarb 4640; Ambac Industries Inc., IL, USA), internal stan-
dards being used for quench correction.

Sample extraction and chromatography

Pooled plasma and bile samples were extracted with toluene (3 x
vol) and centrifuged. The toluene layers were separated, combined and
evaporated to dryness under a stream of nitrogen. Following reconsti-
tution to a minimal volume (c. 10 pul) with toluene, they were examined
by g.c.-m.s. Extraction of known amounts of dipropyl sulphide, dipro-
pyl sulphoxide and dipropyl sulphone from control biological material
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permitted the establishment of lower detection limits (less than 0.3%
administered dose) for these compounds.

Gas chromatography - mass spectrometry was carried out on a
Hewlett Packard 5890 II series gas chromatograph fitted with a 5971
series mass selective detector (Hewlett Packard, Stockport, UK). The
fused-silica capillary column (30 m x 0.25 mm i.d.) was coated (film
thickness 0.25 pm) with cross-linked phenyl-methyl silicone (5%) with
a helium gas flow rate of 1 ml/min. The column oven was initially held
at 70°C for 2 min, then raised at 10°C/min until a temperature of
270°C was reached, which was maintained for a further 2 min. The
injection port was held at 250°C. The g.c.-m.s. interface temperature,
the ionization energy and the ion source temperature of the electron
impact mass spectrometer were 280°C, 70eV and 185°C respectively.
During instances when the mass selective detector was not activated, a
flame-ionization detector held at 280°C was employed.

Spectrometric methods

Infrared spectra were obtained by injecting samples in the liquid
state into a sodium chloride cell and placing in the scanning chamber of
a Varian Fourier Transform LR. (Varian Associates, Surrey, UK)
where all water vapour was removed prior to recording spectra from
800 to 4000 cm™'. Mass spectrometry was carried out using a Hewlett
Packard 5971 series mass selective detector attached to the capillary
gas chromatograph as described above.

RESULTS AND DISCUSSION
Metabolite identification

Examination of toluene extracts of bile and plasma by g.c.-m.s.
showed only the presence of dipropyl sulphone (Rt = 10.6 min) in all
samples, with no detectable (less than 0.3% administered dose) dipro-
pyl sulphoxide (Rt = 9.6 min) or dipropyl sulphide (Rt = 4.6 min).
Mass spectral examination of the appropriate peak confirmed the iden-
tity, with a small molecular ion (M") at m/z 150 (C¢H,4S0;), a major
peak at m/z 43 (C;H,) for the propyl side-chain and a fragmentation
pattern identical to that of authentic dipropyl sulphone /2/. During
initial studies with non-radioactive dipropyl sulphone, the sulphoxide
was identified in both plasma and bile samples and accounted for about
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2% of the administered dose. However, this minor component disap-
peared when purified material, both non-radioactive and radioactive,
was employed, suggesting that the sulphoxide was an impurity in the
purchased material, a point verified by g.c.-m.s. examination (97.2%
sulphone, 2.3% sulphoxide, 0.5% unknown; lot no. KT 01905BM).
Consequently, levels of radioactivity within the plasma and bile were
taken as being directly indicative of dipropyl sulphone levels.

Biliary excretion of dipropyl sulphone

Biliary excretion was shown to play an important role in the distri-
bution of this compound. A cumulative plot showed that 16% of the
dose was excreted during the first twenty-four hours with 33% passing
through the bile duct over a two day period (Fig. 1). A noticeably con-
stant biliary excretion rate (0.87% dose/hour) was maintained between
12-38 hours following oral administration and this was reflective, in
part, of steadily climbing plasma levels which peaked at the end of the
first day. Calculated bile/plasma concentration ratios remained remark-
ably constant over the first twenty-four hours following dosing (46.3
12.1; mean * s.d.), although there was a significant increase (p<0.1, #-
test) from the first twelve hour period (36.9 *+ 6.0) to the next (58.0 *
8.7) (Fig. 2). Ratios then increased dramatically after 30 hours (peaked
at 42-46 hours, c¢. 390) owing to a rapid decrease in plasma levels.
These high bile/plasma ratio values suggested that a concentration pro-
cess was taking place and that active transport into the bile may be
occurring in addition to simple diffusion.

General considerations

From early investigations undertaken with compounds which could
readily ionize to yield strongly anionic polar groups (pK.5 or less) /12/
it has been generally (perhaps erroneously) assumed that for extensive
biliary excretion of any xenobiotic to occur there is a requirement for a
minimum threshold molecular weight (rat 325 + 50 Da) below which
little (not more than 5-10% of the dose) biliary elimination can be
expected to take place. The imprudent application of these initial strin-
gent observations to all xenobiotic compounds may generate unsound
conclusions.

A prolonged secretion, albeit of smaller amounts, can still lead to a
substantial proportion of an administered dose passing through the
biliary system and the absence of an initial surge cannot be taken as an
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Fig. 1:
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Cumulative biliary excretion of [**S]-dipropyl sulphone following its oral
administration (4.24 mmol/kg body wt) to male Wistar rats. Each data
point is based on at least 3 animals, the largest standard deviation being
given at the point it was observed.
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Calculated bile/plasma [**S)-dipropyl sulphone concentration ratios fol-
lowing the oral administration of [>°S]-dipropy! sulphone (4.24 mmol/kg
body wt) to male Wistar rats. Each data point is based on at least 3
animals, the largest standard deviation being given at the point it was
observed.
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indication of the non-involvement of the biliary system in the distribu-
tion of a xenobiotic around the body. Dipropyl sulphone, with a mole-
cular weight of only 150 Da, is excreted in the bile at a remarkably
constant rate for at least 24 hours following a single oral administra-
tion. Therapeutic applications of such a maintained plateau concentra-
tion could include the delivery of anti-cancer drugs to the biliary sys-
tem without the necessity of constant infusion.

Compounds containing a sulphoxide or sulphone moiety may inter-
act strongly with their surrounding environment (via hydrogen bond
formation, etc.) and thereby delay their excretion /13/. Enterohepatic
circulation may be one of the processes which assist in this retention
within the body. Indeed, initial observations suggested that the pre-
sence of a polar group in a molecule appeared to be a requirement for
extensive biliary excretion to occur, but the exact definition of polar
was elusive /12/. Dipropyl sulphone may be excreted in the bile
because of one or more of a variety of factors. Charge separation exist-
ing around the S-O bond (more pronounced in sulphoxides) may result
in molecular stacking or clusters, thereby increasing the apparent mole-
cular weight. This is similar to an idea advanced to explain the lack of
excretion of certain azo dyes such as congo red (697 Da) in the bile; its
existence in solution as an aggregate of apparent molecular weight of
about 8000 Da would be too large for biliary removal to occur /12/.
Dipropyl sulphone may also undergo electrostatic ‘piggy-backing’ with
other molecules being excreted or become accidentally integrated into
complex molecular transport packages. The large bile/plasma concen-
tration ratios observed, indicative of a major concentration gradient
(plasma to bile), suggest the presence of active transport systems
operating at one or both poles of the hepatocyte /14/ and imply that
some organic ion transporter for such small molecular weight polar
compounds is available /15-17/. Now that a suitable candidate has been
uncovered, more detailed investigations are required to elucidate the
molecular mechanisms involved in the biliary transport of such low
molecular weight xenobiotics.
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