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Interaction of trichloroethylene with phosphatidylcholine and its localization in
the phosphatidylcholine vesicles: a 'H-NMR study*
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Abstract—The interaction of trichloroethylene, an inhalation general anesthetic, with egg yolk
phosphatidylcholine (EYPC) and its localization in small unilamellar vesicles (SUV) has been studied
by Nuclear Magnetic Resonance. These studies demonstrate that inhalation anesthetic can interact
nonspecifically with lipid molecules. Furthermore, it suggests that the action of inhalation anesthetics
is directed primarily to the interfacial region of the lipid membrane.
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Membrane lipids have been proposed to play a key role in
the action of anesthetics [1, 2]. Studies on model membrane
systems have shown that inhalation anesthetics dilate,
fluidize and disorder phospholipid membranes [3,4] and a
direct interaction between anesthetic molecules and lipid
core is thought to occur. In very few cases has the specific
interaction of the interfacial region of the lipid molecules
with the anesthetics been reported [5-7]. Studies on the
membrane distribution of anesthetics and their interaction
with the lipid molecules at higher level of resolution may
help to better our understanding of the site and sensitivity
of anesthetic action.

In the present paper interaction of trichloroethylene with
EYPCt and the localization of trichloroethylene in EYPC
SUV with increasing temperature has been studied by 'H
nOe difference spectroscopic method and proton T,
measurements.

Materials and Methods

Trichloroethylene was purchased from Aldrich Chemical
Co. and was distilled before use. EYPC (Milwakee, WI,
U.S.A ) wasisolated and purified according to the published
procedure [8]. Small unilamellar vesicles of egg PC (10 mM)
were prepared by the method described earlier [9]. The
concentration of EYPC in SUV was determined by
estimation of total phosphorus using the method of Ames
and Dubin [10]. For NMR experiments trichloroethylene
was added and incubated at the desired temperature for
30 min. before recording the spectra.

NMR measurements. Proton magnetic resonance
measurements were carried out on a Bruker WM-400 FT
NMR spectrometer. The spectrometer was equipped with
5 mm 'H/"C dual probehead and ASPECT 2000 computer
and temperature control unit.

Typical experiment conditions for the nOe difference
experiments were as follows: pulse width 60°; irradiation
time 150 msec; acquisition time 1.64 sec, relaxation time
2 sec, i.e. a total relaxation time of 3.64 sec; the decoupler
power was chosen so that only 90% of the signal was
saturated. A number of 256 transients were acquired in
each experiment at 4 K data space. For each condition
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+ Abbreviations: EYPC, egg yolk phosphatidylcholine;
nOe nuclear Overhauser enhancement; SUV, small
unilamellar vesicles; NMR, Nuclear Magnetic Resonance.

different off resonance spectra at about 400 Hz downfield
with respect to trichloroethylene proton signal, were
recorded. The FID’s were line broadened by 3 Hz prior to
substraction.

'H-T, measurements. The T, experiments at different
temperatures were carried out using the inversion recovery
technique and a relaxation time of 20sec. The T,
calculations were performed using standard software
programme incorporated in the Bruker-WM 400 spec-
trometer.

Results and Discussion

Based on the high olive oil/water partition coefficient,
high fat solubility of trichloroethylene [11, 12] and NMR
studies on trichloroethylene induced bilayer to hexagonal
phase transition of EYPC membranes [13], it has been
hypothesized that trichloroethylene molecules interact
predominantly with the hydrocarbon interior of phospho-
lipid bilayers.

In order to analyse this hypothesis studies on interaction
and location of trichloroethylene in EYPC membranes was
carried out using 'H NMR nOe difference spectroscopic
method. The dipole—dipole relaxation, responsible for nOe
depends on spatial proximity and relative motions of the
interacting sets of nuclei [14], thus providing information
on interaction and location of the molecules. Figure 1
showsthe 1D-NMR spectrum of an EYPC-trichloroethylene
mixture. The peak at & 6 ppm corresponds to the only
hydrogen atom present in the trichloroethylene molecule.
The  effect of  increasing temperature on
trichloroethylene : EYPC (2.3:1 mol/mol) system studied
by nOe difference method is illustrated in Fig. 2. On
irradiation of the proton signal of trichloroethylene at 23°,
no nOe between trichloroethylene and lipid protons was
observed. However, trichloroethylene showed positive nOe
of 18.4% with the HOD signal, suggesting that the bulk of
trichloroethylene molecules was primarily distributed in
the water medium. The, positive nOe indicates that (w,7. <
1), i.e. the correlation time of trichloroethylene proton is
too short implying a direct but nonspecific interaction
between interacting nuclei (water and trichloroethylene in
this case). The reason for not observing any nOe between
trichloroethylene and lipid molecules under these conditions
is due to the fact that the lipid and the anesthetic molecules
are in rapid conformational exchange (107° sec). The time
scale of NMR detection is 10*sec™!, hence any species
which averages more rapidly than this time scale contributes
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Fig. 1. A 400 MHz 'H-NMR spectra of egg phosphatidylcholine vesicle membrane in the presence of
trichloroethylene (trichloroethylene: EYPC 2.3:1 mol/mol) at 23°. The peak assignment is based on
the basis of COSY experiment.

to the average property observed [15]. Furthermore, by
NMR average ensemble information is obtained hence, for
observing any effect in NMR a significant number of
anesthetic or lipid binding sites must be populated. This is
also the reason why higher concentrations of anesthetic are
used for NMR studies [15].

At 35°, trichloroethylene proton showed positive nOes
with the lipid proton signals corresponding to the interfacial
region of the lipid bilayer [—O—CO—CH, (2.4%),
—QO—CO——-CH,—CH, (2.9%), CH;~0—CO— (1.8%)
and —POCH; (3%)] and with the HOD signal, suggesting
that trichloroethylene molecules were primarily located at
or close to the interface region of the lipid bilayer and in
the water medium. The results further demonstrate that
trichloroethylene molecules interact nonspecifically with
the EYPC molecules at the interface region of the lipid
membrane, This observation supports the earlier suggestion
of interfacial preference of inhalation anesthetics of
membrane lipids [5-7].

At high temperature (55°) positive nOes between
trichloroethylene proton and all the lipid protons except
the choline protons was observed, suggesting that under
these conditions the trichloroethylene molecules were
dispersed throughout the system.

In order to confirm further these observations 'H~T,
studies of the trichlorocthylene proton under similar
conditions were carried out. The T, values of trich-
loroethylene in presence of EYPC SUV at different
temperatures are given in Table 1. Two relaxation
mechanisms are possible for the trichloroethylene proton
in the SUVs; these are proton—proton dipolar relaxation
and scalar relaxation with ¥*ClL. For a molecule of size of
trichloroethylene scalar relaxations are inefficient [16],
hence the only relaxation mechanism that is possible is the
dipolar relaxation.

The T, value of trichloroethylene proton increases with
increasing temperature indicating a faster correlation time
[16]. This observation suggests that the trichloroethylenc
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Fig. 2. A 400 MHz NMR 1D nOe difference spectra and
off resonance spectrum of egg phosphatidylcholine in D,0O
in the presence of trichloroethylene (trichloroethylene:
EYPC 2.3:1 mol/mol) with increasing temperature (i) 23°,
(i) 35° and (jii) 55°. The off resonance spectra of (i) is
plotted at the bottom for resonance assignment. For each
experiment off resonance spectra under identical conditions
were recorded. The experimental details are given in
Materials and Methods.

Table 1. T, values of trichloroethylene proton in the
presence of EYPC SUVs (trichloroethylene: EYPC 2.3:1
mol/mol) at different temperatures

Temperature T, (sec)

23° 3.37=£0.02
35° 4.28 +0.04
55° 5.08 = 0.02
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molecules do not bind specifically to the lipid molecules,
because had there been specific binding then the T, values
of trichloroethylene proton should have shown an initial
decrease in the dependence of T, with temperature [16].
Hence these observations further support the nOe
observation that no specific binding occurs between the
trichloroethylene molecules and the lipid molecules in the
bilayer.

The results presented in this paper suggest that the action
of inhalation anesthetic on lipid membrane is more
pronounced at the interfacial region as compared to the
hydrocarbon core of the lipid bilayer. Furthermore, it
demonstrates that specific interactions between anesthetic
and lipid molecules are not a primary requirement for
anesthetic action on lipid membrane.
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