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Abstract

AIM To further study the properties of bile liquid
crystals, and probe into the relationship between
bile liquid crystals and gallbladder stone
formation, and provide evidence for the
prevention and treatment of cholecyst olithiasis.
METHODS The optic properties of bile liquid
crystals in human body were determined by the
method of crystal optics under polarizing
microscope with plane polarized light and
perpendicular polarized light.

RESULTS Under a polarizing microscope with
plane polarized light, bile liquid crystals
scattered in bile appeared round, oval or
irregularly round. The color of bile liquid
crystals was a little lighter than that of the bile
around. When the stage was turned round, the
color of bile liquid crystals or the darkness and
lightness of the color did not change obviously.
On the border between bile liquid crystals and
the bile around, brighter Becke-Line could be
observed. When the microscope tube is lifted,
Becke-Line moved inward, and when lowered,
Becke-Line moved outward. Under a
perpendicular polarized light, bile liquid crystals
showd some special interference patterns,
called Malta cross. When the stage was turning
round at an angle of 360°, the Malta cross
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showed four times of extinction. In the vibrating
direction of 45° angle of rela tive to upper and
lower polarizing plate, gypsum test-board with
optical path difference of 530nm was inserted,
the first and the third quadrants of Malt a cross
appeared to be blue, and the second and the
fourth quadrants appeared or ange. When mica
test-board with optical path difference of 147nm
was inse rted, the first and the third quadrants
of Malta cross appeared yellow, and the second
and the fourth quadrants appeared dark grey.
CONCLUSION The bile liquid crystals were
distributed in bile in the form of global grains.
Their polychroism and absorption were slight,
but the edge and Becke*Line were very clear.
Its refractive index was larger than that of the
bile. These liquid crystals were uniaxial positive
crystals. The int erference colors were the first
order grey-white. The double refractive index
of the liquid crystals was A 7=0.011-0.015.

INTRODUCTION

Researches of recent years show that there are
liquid crystals in the bile of the patients with
gallbladder stonel**. Some scholars inferred the
function of bile liquid crystald?. In order to find out
the properties of bile liquid crystas, probe into the
relationship between bile liugid crystals and the
formation of gallbladder stone and provide evidence
for the prevention and treatment of cholecystalithiasis,
we used the method of crystal optics, and determined
the optic properties of bile liquid crystals in human
under polarizing microscope with plane polarized
light and perendicular polarized light. No similar
reports have been found so far.

MATERIALS AND METHODS

Materials

The bile was collected from the gallbladder extirpated
surgically in the Second Affiliated Hospital of
Kunming Medical College and kept a 4.0°C in the
refrig erator for use.

Methods
Extraction of bile liquid crystals Firstly, the bile
was centrifuged at 4000r/min for 30min with type
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800 centrifuge sedimentor made in China. Secondly,
the supernatant was centrifuged a 30000r/min for 4
Omin of equivalent time of centrifugation through
50g/L-150g/L linear concentration gradients of sucrose
solution with Hitachi RPS 50-2 swing-out rotor and
model SCP85H Hitachi automatic preparative
ultracentrifuge at 25°C. After centrifugdization, the
bile was taken out in different colors and put into
different sample cups. After examination under a
polarizing microscope, liquid crystals were selected
for microdide preparation.

Microslide preparation Bile (6.0uL) was taken
with China-made W-104 micropipet (0.2uL), and
droppe d to a dide and covered with a glass. It
was dtretched into a dice naturdly for observation
and measurement.

Measurement of bile refractive index With China
made 2WA871430 Abbe refractometer (0.0005), bile
refractive index was measured after gradient
centrifugation of sucrose density.

Measurement of bile liquid crystals thickness
With China-made Omm-25mm micrometer screw
gauge (0.01lmm) the area of cover glass was
measured and the thickness of liquid crystals was
worked out according to the volume taken out from
the micropipet.

Polarizing microscopic observation Under a
Japan-made BHSP Oly mpus advanced polarizing
microscope, observations were made on the outside
character of bile liquid crystals, the optical nature
involved with light wave absorption and optical nature
related with refraction rate. Under a perpendiculer
polarizing microscope, interference patterns of bile
liquid crystas, disappearing phenomenon and mobility
were examined. The size of Malta cross was
measured with micrometer eyepiece (0.1mm) and
micrometer objective (0.01mm). In the vibration
direction at 45° angle relative to upper and lowe r
polarizing plate, gypsum test-board with optical path
difference of 530 nm and the mica test-board with
optical path difference of 147nm were ins erted to
measure the optical symbol, interference color level
and double refract ion rate of the bile liquid crystals.

RESULTS

Under a polarizing and a perpendicular polarized
light microscope, 100 pictures of different bile liquid
crystals from 17 cases of cholecystolithiasis were
observed and measured.

Outside character of bile liquid crystals
Under a polarizing microscope, bile liquid crystals
were found scattered in the bile, appearing round,
ova or irregularly round in shape (Figure 14).

The optical nature of bile liquid crystals related
with light wave absorption

Under a polarizing microscope, the color of bile
liquid crystals was a little lighter than that of the
bile being around. When the stage was turned
round, no obvious changes occurred in the color of
bile liquid crystals or the darkness and lightness of
the color.

The optical nature of bile liquid crystals related
with refractive index

Under a polarizing microscope, on the border between
bile liquid crystals and bile being around, darker
edge can be observed with a brighter line nearby,
i.e., Becke-Line (Figure 1b). When the microscope
tube was lifted, Becke-Line moved inward (to the
liquid crystals), and when lowered, Becke-Line moved
outwardly (to the bile). The refractive index of bile
liquid crystals was bigger than that of the bile being
around (1.3408-1.3494) (Table 1).

Table 1 The refractive index of the bile in human body

No. Refractiveindex No. Refractive index No. Refractive index

001 1.3470 007 1.3441 013 1.3446
002 1.3494 008 1.3418 014 1.3443
003 1.3485 009 1.3408 015 1.3451
004 1.3486 010 1.3416 016 1.3454
005 1.3479 011 1.3435 017 1.3456
006 1.3473 012 1.3445 018 1.3457

Interference patterns and extinction of bile liquid
crystals

Under a perpendicular polarized light, bile liquid
crystals in human body presented some special
interference patterns, cadled Mdta cross. These Mdta
crosses had various kinds of shapes, which can be
divided generaly into three types. The first one was
round in shape, with four symmetry, equal and
broad bright double refraction areas, and the middle
part was a narrow, dark cross, the second one was
irregularly round in shape, with four symmetry bright
double-refraction areas but not equal each other, in
the middle, the narrow dark cross was lean towards
different directions; and the third one shaped oval
with four narrow bright double-refraction areas,
in the middle there was a bigger dark cross
(Figure 2a, b).

Brightness or darkness of Malta cross was
changed regularly when the stage was rotated,
which changed once for each 45° turning. If there
was a turning of 360°, four times of brightness and
darkness appeared, i.e., four extinction and four
interference color phenomena occurred.

Mobility of bile liquid crystals
Little didtilled water was added to the space between
a dlide and a cover glass containing bile liquid
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crystals. Under a perpendicular polarized light, Mdta
cross was observed from bile liquid crystds, flowing
swiftly accompanying with the mobile of the water.
In the process of flowing, the shape of Mdta cross
changed incessantly with the flowing of liquid
crystals. When it flew to the edge, Mdta cross was
changed into crystal grains of double refraction
after drying.

Optical symbol and interference color level
of bile liquid crystals

Under a perpendicular polarized light, in the relative
direction of 45° angle of viration of upper and
lower polarizing plate, a plaster test-board with
optical path difference of 530nm was inserted, the
first and the third quadrants of Malta cross was
found present in bile liquid crystas being blue in
color, and the second and the fourth quadrants
being orange, and the black cross being purplish.
When a mica test-board with optical path difference
of 147nm was inserted, the first and the third
quadrants of Malta cross appeared light yellow, and
the second and the fourth quadrants appeared dark
grey (Figures 3a, b, ¢). It is suggested that optica
symbol of bile liquid crystas is uniaxial postive and
interference color leve is the first level grey®.

Size of Malta cross

Under a perpendicular polarized light microscope,
the diameter (or long axis) of Malta cross was
measured to be between 6.2x10°mm and 2.9x
10°mm.

Figure 1 (a) The shape of bile liquid crystals under a polarizing
microscope. x400
(b) The Becke-Line of bile liquid crystals. x400

Figure 2 The interference pattern of bile liquid crystals under a
perpendicular polarized light microscope-various shapes of Malta
cross. x400

Figure 3 (a) Interference pattern of bile liquid crystals in human
body before inserting test-board. x400

(b) Interference pattern of inserting plaster test-board with optical
path difference of 530nm. x400

(c) Interference pattern of inserting mica test-board with optical
path difference of 147nm. x400
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Double refractive index of bile liquid crystals
It was measured that the area of bile was 328.3mnv
+0.7mm?, the thickness of liquid crystals d =(1.8
+0.1)x10°mm, the interference color level was the
first level grey-white, and optica path difference
was 200nm-270nm™. According to the formula of
that optical path difference: R=d(Ne-No)=d-An, the
double refractive index of bile liquid crystals was
caculated as An=0.011-0.015.

DISCUSSION

Under plane polarized light, the outside character of
bile liquid crystals was observed, which were not
steric pattern, but a section contour of a certain
direction formed by bile liquid crystals crossed with
cover glass. Because the direction of section varies,
different shapes can be observed, based on which
its outside character can be determined. Under a
polarizing microscope, the section of bile liquid crystas
appeared totally round, oval or irregularly round,
which only occurred in the section of different
directions of a bdl, indicating that bile liquid crystals
existed in the bile in the form of ball-shaped grains.

Under a polarizing microscope, when the
microscope stage is turned round, changes take
place in the color of many crystals and the darkness
or lightness of the color. This phenomenon which
makes the color of crystals change by different
vibrating directions of the light waves of the crystds
is caled polychromatophilia. The phenomenon which
makes the darkness or lightness of the color change
is called absorptivity™. Under a polarizing microscope,
when the stage was turned around, changes did not
take place distinctively in the color of bile liquid
crystals and the darkness or lightness of the color,
indicating that polychromatophilia and absorptivity of
bile liquid crystals were not prominent.

In the view of kinetic theory, in the surface
layer of liquid, the direction of the absorptive force
among the liquid elements points to the interior part
of the liquid. If a dice of liquid is not acted upon
by the outer force, it is bound to be in the shape
of a ball under the action of element pressure, in
fact, the little liquid drop is therefore, in the shape
of atota bal™. Liquid crystals in the bile existed
in the bile in the form of ball grains, which confirmed
that bile liquid crystds did have the character ofliquid.
Under the microscope with perpendicular polarized
light, when little distilled water was added between
a dlide and a cover glass containing bile liquid
crystals, the bile liquid crystals were found flowing
swiftly along with water flow. In the process of
flowing, the interference pattern shown by the bile
liquid crystals-the shape of Malta cross, was
changing continuously aong with the flowing of bile
liquid crystals, indicating that mobility of bile liquid
crystals was very good.

Crystals are anisotropic substance, which isalso
called optical anisotropic substance. Its optical
nature is different in directions. When light waves

enter anisotropic substance, double refraction occurs
except the direction of optical axis, and they are
separated into two kinds of polarizing light whose
vibrating directions are vertical one another, with
different travelling speeds, and unequa refractive
indexes. When anisotropic substance is observed
under a polarizing microscope with perpendicular
polarized light, distructive interference pattern and
four times extinction can be observed. Under a
polarizing microscope with plane polarized light, on
the boundary plane of two kinds of crystds, because
of the reflection and refraction of light, darker edge
and brighter Becke-Line could be observed®. Under
a polarizing microscope with perpendicular polarized
light, bile liquid crystals in human body appeared in
specid interference pattern and four times extinction.
The optic symbol was uniaxial positive. Under a
polarizing microscope with plane polarized light, darker
edge and brighter Becke-Line could be seen on the
edge of bile liquid crystas contacting the bile around.
It is shown that bile liquid crystals did have the
character of crystals and the optical nature was
similar to uniaxiad postive crystals.

Bile in human body is a solution composed of
water, bile pigment, bile sdt, cholesterol, fatty acid,
lecithin and inorganic sat. Under the physiologica
condition, the scale of bile salt, cholesterol, bile
pigment lecithin, etc. in the bi le was maintained in
a proper scope, and the bile was in a liquid state,
but when their scale was out of order, the cholesterol
might produce crystals in the bile to form the
concretion®. In 1983, B.H. Brown et al?, an
American scholar, for the first time put forward
that bile liquid crystals were the preform of galstone.
Under polarizing microscope with plane polarized
light and perpendicular polarized light, we have
observed that bile liquid crystals had the character
of both crystals and liquid. Malta cross shown by
bile liquid crystals after drying turned into grains of
double refraction. The results support the views
mentioned above, which are of important value of
reference to the research in the form of gallstone
and the prevention and treatment of choldlithiasis.
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