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Nuclear magnetic resonance spectroscopy to determine the micellar
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The cholesterol 07 gulistones comes from the vesicutur cather than the micellar phase of bile, Progress in this field hus been limited because

conventionad analytical methous disturb the disteibution of cholesterol between the two phises, The resonance of the cholesterol C, proton occurs

at n chemicnl shitt of 8.4 ppm. 1o be shown by 2D NMR to be specific for biliary cholesterol, und arises only froim the micellar mode, Thus integration
of the C, proton tesonance peak arca provides a ditect non-invasive determination of the cholesterol disteibution in human bile.

Dillary cholesterol; Cholesterol NMR; Micelley Veslcle

1 INTRODUCTION

Cholesterol is virtually insoluble in water and conse-
quently its transport in an agueous medivim such as
human bile is dependent on aggregution with other
bilinry lipids. The mujor aggregntes in bile are vesicles
of phospholipid and cholesterol and mixed micelles of
phospholipid, bile acid and cholesterol. Reeently much
cvidence has accumulated to show that cholesterol from
the vesicular aggregates may be deposited to form
stones in the gallbladder [1.2]. However, studics of
cholesterol teansport modes in human bile have been
hampered by the lack of an appropriate and accurate
analytical procedure. In particular, physical separation
techniques such as ultracentrifugation and gel chroma-
tography inevitably disturb the equilibrium distribution
of cholesterol between micelles and vasicles, whilst qua-
siclastic light scattering techaiques cannot readily be
applicd to concentrated native gallbladder bile. Nuclear
nagnetic resohance spectroscopy may be used to ana-
lyse biclogical fluids without physical processing. Here
we report the ‘identification, characterisation and
quantitation of cholesterol in native human gallbladder
bile by proton nuclear magnetic resonance spectroscopy
(‘"H NMR). We also show that cholesterol is detectable
by 'H NMR only from micelles. Thus, we propose a
method to measure directly the contribution of the
micellar (and indirectly the vesicular) cholesterol in
human bile.
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2. MATERIALS AND METHODS

We used o JEOL GSXS00 NMR spectrometer (11,74 Tesla) operats
ing at S00 MHz to chinin proton NMR specira, All spectra were
recorded at 37°C. The sample was injocted into a 4 mm diameter
NMR swmple tube and this was placed concentrically inside a § mm
dinmeter tube which contained the externat reference standand sodium
teimethyl silyb{*H, - propionate (TSP, sct at 0.0 ppr) in *H,0 to proe-
vide a field frequency tock. The large water resonance of aqueous
solutions, particularly whole bile, was suppressed by the application
of u gated secondary ivradiation at the water frequency. These techni-
ques avoided the ueed to add any reagents to the bile sample itsell.

Standard solutions of phospholipid (25 mM phosphatidylcholine
from egg yolk: Sigma) and cholesterol (10 mM; BDH) were prepared
in dewterated methanol; 20 mM sodivm taurocholate solution (20
mM; BDH) was preparcd in “H:0. Unilamelar vesicles were prepared
by the cocvaporation technique (3] After negative staining of the
vesicle preparations with phosphotingstic acid transmission ¢lectron
wicroscopy showed small vesicles measuring 40-100 am diameter.

Gullbladder bile was obtained by diruai peroperative - :le aspira-
tion of the gallblndder betfore clamping of the eystic duct. It was smoned
in the dark under sterile conditions and spectra were rovonded within
24 hours after collection. Tota] cholesterod waas e i v Bl w2
a muoditied enzymatic methed [8).

3. RESULTS

The spectra of cholesteral (Fig. 1), phospholipid and
sodium taurocholate were assigned and the characteris-
tic resonances for cholesterol confirmed using 2D ho-
monuclear correlation spectroscopy (COSY). Choles-
tercl peaks were not detectable in any of the vesicular
preparations. The phospholipid choline head group re-
sonance (at 3.3 ppm) and fatty acid tail peak (at 1.4
ppm) were broad, indicating restricted molecular mo-
tions but became progresively sharper and more intense
as the vesicular phospholipid /cholesterol ratio in-
creased (Fig. 2). In contrast, pure phospholipid vesicles
gave sharp intense peaks at all concentrations studied.
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Fig. 1. "H NMR spectrum of cholesterol (18 mM) in CD.OD with D.Q/TSP in external b,

Integration of the resonances from the protons at posi-
tions of cholesterol €, and Cy» and that of the proton
at cholesterol C,. tn alooholic standard solutions of
cholesterol, gave arcas o ~sponding to the cholesterol
concentrations. The doublct from the maiiuyl groups at
C and C,,. although identifiable, was obscured by sev-
eral other peaks in all bilc samplkes by several other
peaks, The resonance of the cholesterol C, proton
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Fig. 2. '"H NMR spectra of 5 mM PL/5S mM Ch vesicles (upper) and
20 mM PL/S mM Ch vesicles (lower) in Tris bufler.

occured at a chemical shit of 5.4 ppm. a region of the
bile spectrum retatively devoid of signals (Fig. 3. 2D
spectra showed that minor peaks from phospholipid
could be differentiated from the peak of the cholestero'
C. proton (Fig. 4). Quantitation of miccllar cholesterol
waas thus accomplished by measurement of the arca
under the C, peak by computer integration and re-
ferenee to the external standard (TSP). After dilution of
native biles with sodium taurocholate solutions, an in-
crease was detected in the C, proton peak presumably
duc to increased  solubilisation of cholesterol in the
miccllar phase.

4. DISCUSSION

This work demonstrates that cholesterol may be
wentified in huces bile and dilterenttated from sther
hpids oraxent by resonances vwieinge fro = Ui s ~atons at
Co and s amd Ta.. Cholesierol impurts agidits
vesicle bilavers and feads to a reduction in molccular

ipid
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Fig. 3. '"H NMR spectrum of human gallbladder bile.
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Fig. 4. 2D CO'\\ \m\uum of o.hnluwu.ml in (‘D 01)

motion, This reduced motion gives vise o a greatly
increased line width vin T, velaxation and as a result, the
signals are not observed in the NMR speetrum. We
have reasoned. theretore, that the detectable cholesterol
peaks in nutive bile avise from the micellar phase. Al-
though the doublet avising from the methyl groups at
positions 26 and 27 is often identifiable in human bile
spectra, overlap with other lipid resonances makes
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measurement of the peak arcas very inaccurate. In na-
tive bile spectra, the peak at 5.4 ppm has been shown
to arise from the proton at cholesterol C,, and may be
integrated. The increase in intensity of this peak which
results from the addition of bile acid to the sample
indicates that the peak being measured indeed arises
(tom the micellar portion of the cholesterol in bile, Al
though comparisons. with currently used techniques
such. uy density gradient ultraccnmfugnuon and gel
filtration may be made, they are of little value as these
methods are widely acknowledged to be crude and irre-
producible, because they change the very cquilibrium
they ncek to measure [4]: The study of the distribution
of cholesterol in bile by proton NMR provides a less
invasive technique which may prove more accurate than
older methods,
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