to ascertain what component of the psycho-
pharmacological effects of chocolate, if any,
is mediated by an indirect activation of the
endogenous cannabinoid system.

Di Marzo and co-workers have tested
the role of endogenous cannabinoids in
chocolate craving by investigating the
extent to which NAEs and anandamide
reach the bloodstream and exert their phar-
macological effects after oral administra-
tion. To test whether anandamide or
oleamide (which is not an NAE, but inhibits
the enzymatic hydrolysis of anandamide)
elicit overt cannabis-like effects in mice,
they gave anandamide or oleamide orally in
quantities similar to those found in choco-
late, and assessed their psychotropic effects
by a standard behavioural procedure that is
used in the screening of cannabinoid-recep-
tor ligands. From their results, they con-
clude that the content of NAEs and other
cannabinoid-related compounds in cocoa is
insufficient to elicit cannabis-like effects.

These results lend themselves to two
considerations. First, it seems illogical to
presume that compounds present in
chocolate should display a pharmacological
profile similar to that of cannabis. This
would be the same as assuming that cocoa
and cannabis have comparable psychoactive
effects, which is evidently not the case. It
would have been more informative to com-
pare anandamide and oleamide to cocoa in
a standard drug discrimination test. Sec-
ond, the effects of N-oleylethanolamine and
N-linoleylethanolamine were not investi-
gated: not only are these NAEs present in
chocolate in greater amounts than anan-
damide, but they are also produced in neu-
rons through an activity-dependent
mechanism that is similar to the one
implicated in anandamide formation®. The
possibility that these compounds act syner-
gistically to prevent anandamide degrada-
tion in vivo therefore remains to be
investigated.

In conclusion, although the results of Di
Marzo et al’s study will reassure manufac-
turing companies that the risks of chocolate
consumption do not include cannabis-like
intoxication, they provide little new
information on the intriguing psychophar-
macology of cocoa. This substance remains,
in R. J. Huxtable’s apt words, “more than a
food but less than a drug”™.
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Honeybees link sights
to smells

It is common for a smell or a sound to trig-
ger a vivid recollection of an associated event
in the past, even if it involves a different sen-
sory modality and the episode occurred a
long time ago"’. The human brain displays
impressive cross-modal associative recall.
Here we investigate whether this capacity
extends to insects. We find that trained
honeybees can recall a specific colour when
they encounter a particular scent.

To investigate whether recall of a colour
can be triggered by exposure to a scent, the
two kinds of stimulus should be presented
sequentially. Furthermore, the colour
should not be present when the scent is
encountered, and vice versa. We met these
requirements by using the apparatus shown
in Fig. 1a. As the bees entered the first part
of the apparatus, chamber A, they received
an olfactory stimulus from a vial placed at
the entrance. They then had to fly to cham-
ber B, which has two exits, one marked with
the colour blue and the other with yellow.
The bees had to choose the yellow exit if
they had encountered the scent of mango at
the entrance to chamber A, and the blue
exit if they had encountered the smell of
lemon. The blue and yellow labels in cham-
ber B were interchanged every 10 minutes,
and the reward moved with the appropriate
colour, to make sure the bees found the
reward by associating each scent with the
appropriate colour, rather than with a par-
ticular exit in chamber B (left or right).

After one day’s training, the bees were
tested in the apparatus one at a time. When
the bees encountered the scent of mango at
the entrance to chamber A, they showed a
strong and significant preference for the

Colour choice
frequency (%)

b Scent-to-colour
association

yellow exit. When the entrance was lemon
scented, they preferred the blue exit (Fig.
1b, experiment 1). The scent of mango evi-
dently evoked recall of yellow, and lemon
triggered recall of blue. Bees could also be
trained to make the opposite associations:
yellow with lemon, and blue with mango
(Fig. 1b, experiment 2).

Bees trained on this task sometimes hes-
itate to choose a colour in chamber B, then
return to the entrance of chamber A and
hover in front of the scented vial with
extended antennae, as if to sample the scent
once more, before returning to chamber B
to make their choice. We also found the
reverse phenomenon, that bees can be
trained to recall a specific scent when they
see a particular colour (data not shown).

‘Associative learning’  describes the
process by which an organism learns to
associate a particular sensory stimulus with
a reward or a punishment’”. The associa-
tive recall that we describe here, however, is
more elaborate than this. It involves both
the grouping together of reward and sig-
nalling sensory stimuli of different modali-
ties in memory, and the recall of one
member of a grouped pair when the other
member is encountered.

For a foraging honeybee, cross-modal
associative recall can facilitate the search for
a food source; for example, detecting the
scent of lavender can initiate a search for
purple flowers. Indeed, one might surmise
that the nectar samples received by a poten-
tial foraging recruit from a dancing bee may
stimulate the recruit into recalling many of
the host flower’s other attributes, such as its
colour, shape and texture, and perhaps even
the route to the flower patch if the recruit
has previously visited it.

In nature, the smell and appearance of
flowers are often (but not always) detected
at the same time. In our experiments we
presented the olfactory and visual stimuli

P<0.001 p<0.001
n=80 " p=gi

P<O001 b 001
}87 n=76

Figure 1 Cross-modal associative recall in honeybees. a, Experimental set-up. Bees had to choose the
appropriate colour in chamber B (blue or yellow) according to the scent (lemon or mango) they experienced
from a vial at the entrance to chamber A. The fans created a slight positive pressure in chamber A, ensur-
ing that the bees encountered the scent only as they entered that chamber, and not in chamber B. The baf-
fle ensured that the bees did not see the colours until they entered chamber B. b, Results of tests; n
indicates the number of choices analysed and P represents the confidence level® for choice frequencies
being significantly different from random choice (red line).
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sequentially, to ensure that we were eliciting
associative recall. It remains to be seen
whether bees that have experienced the
colour and the scent of an object simultane-
ously can recall one of the object’s attributes
when the other is presented in isolation.
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Immobile plasticizer in
flexible PVC

Plasticized poly(vinyl chloride) (PVC) is
one of the most widely used polymeric
materials in medical and related applica-
tions, and usually contains up to 40 per cent
di-(2-ethylhexyl)phthalate (DEHP), which
acts as the ‘plasticizer’ to impart flexibility
to an otherwise rigid PVC'. The plasticizer
can migrate from PVC-based devices and
storage bags into physiological fluids, how-
ever, and has been detected in storage
media such as blood, plasma, serum, drug
solutions and fatty foods*™, as well as in the
bodies of patients undergoing haemodialy-
sis and transfusion’. This is a concern
because DEHP is a lipid-removing liver car-
cinogen®, and causes hepatic’ and reproduc-
tive toxicity® in rodents, although opinion is
divided on its toxicity in humans’.

Attempts to prevent this migration have
included coating, grafting or blending PVC
with other polymers, glow-discharge treat-
ment of the surface of PVC, prolonged
ultraviolet irradiation, and photocrosslink-
ing of dithiocarbamated PVC'. We have
developed a surface-modification technique
to prevent this migration, and show that
plasticized PVC becomes extremely resis-
tant to migration when treated with sodium
sulphide in the presence of a suitable phase-
transfer catalyst in water. The treatment
should benefit the medical and related
applications of flexible PVC.
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Figure 1 Surface modifications prevent migration of DEHP from PVC. a, Migration of DEHP from unmodified
(red squares) and modified (blue squares) PVC tubes into petroleum ether at 30 °C. b, Migration of DEHP
from unmodified (red and green symbols) and modified (blue and yellow symbols) PVC tubes into cotton-
seed oil (squares) and poly(ethylene glycol)-400 (PEG400; triangles) at 70 °C.

The formation of dialkyl sulphide from
an alkyl halide and sodium sulphide is well
documented and proceeds readily in the
presence of a suitable phase-transfer cata-
lyst'". The chlorine atoms on PVC are labile
and can be substituted by various other
nucleophiles'. Our strategy was to substi-
tute the chlorine on PVC using a dianion
such as sulphide, which causes the polymer
chains to crosslink. If crosslinking is con-
fined mainly to the surface of PVC by react-
ing plasticized PVC in a solvent in which
the polymer is insoluble, such as water, then
such surface crosslinking should retard or
prevent the diffusion of the plasticizer.

We therefore treated medical-grade PVC
tubes (from Solmed, Denmark) with sodi-
um sulphide (7.0 mol per litre) in the pres-
ence of tetrabutyl ammonium hydrogen
sulphate (0.15 mol per litre) as the phase-
transfer catalyst at 80 °C in water for 5 h,
with occasional shaking. Specimens were
then washed with plenty of water, sonicated
for 1 min in a bath-type sonicator and dried
to constant weight at 50 °C. X-ray photo-
electron spectroscopy and elemental sul-
phur analysis showed that sulphur was
present in the modified PVC specimens.
The crosslinked network formed on the
surface of PVC could be separated after
treating it with tetrahydrofuran, causing
only the uncrosslinked part to dissolve,
along with other additives in flexible PVC.

The amount of DEHP that migrated
into petroleum ether, a potential extrac-
tant for DEHP, over 6 months at 30 °C was
determined spectrophotometrically from
unmodified and surface-modified PVC
tubes (Fig. la). Virtually no plasticizer
migrated into this medium from surface-
modified specimens, whereas unmodified
PVC lost almost all its plasticizer in a day.
Accelerated migration at 70 °C, followed
by monitoring the change in weight gravi-
metrically, indicated that no migration

Nature © Macmillan Publishers Ltd 1998

occurred from the modified specimens
into media of different polarities, such as
cotton-seed oil and PEG400 (Fig. 1b).

Surface modification imparted a slight
yellow colour to the tubes, causing optical
transmittance to decrease by about 20 per
cent in the 400-500 nm region of the spec-
trum. At 500-700 nm, the optical trans-
mittance of the modified tubes was similar
to that of the unmodified tubes (about 80
per cent).

When the surfaces of flexible PVC sheets
were similarly modified, we found that
plasticizer migration could be prevented
completely, as it was in PVC tubes. How-
ever, modification led to a decrease in the
stress (about 8 per cent) and strain (about
28 per cent) at the breaking point for PVC
sheets. There was also significantly reduced
adhesion of platelets and bacteria to the
surface-modified sheets.
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