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Abstract

An attempt was made to design and manufacture a system that enables 3 X 4
array of Petri dishes to be optically monitored and weight changes and pH distributions
to be measured while maintaining them at constant temperature and humidity.
Observations and measurements of one to twelve Petri dishes with any expanded scale
and at any time intervals can be made continuously or intermittently with a 35 mm camera
and/or video camera. Transporting the dishes and moving the measurement equipment,
taking photographs, and making measurements are fully computer controlled, in addition
to environmental parameters such as temperature, humidity, and air flow rate.

We have tried using this system to make diagnoses based on morphological changes
in the shapes of crystals grown in dihydrated cupric chloride aqueous solutions to which
a slight amount of lysed human blood, which contains a great deal of information of
living body, has been added. Statistically significant differences between dendrites
grown in the presence of a slight amount of lysed blood from 6 diabetic patients and 6
healthy persons as control groups were observed. Multiple nucleation developed from
pure cupric chloride solutions, however, addition of 0.5 vol% blood strongly inhibited
nucleation. As a result, radial growth of dendrites formed from an average couﬁt of about
1.5 initial growth points (O) per dish was achieved by adding blood. Crystal forms in
the shape of convex lens consisting of two dendrite arches near the center of the crystal
growth point were observed. Their specific crystal growth forms were divided into three
categories according to the longer diameter of the convex lens shape: small (S ) <8 mm,
median (M) =8 mm but < 20 mm, large (L) =20. S growth forms correlated with
serum concentration of blood were generated by the blood of both healthy persons and
diabetic patients, whereas M and L forms were specific to diabetic patients according to
the results of testing by student's t-test, because the number of M forms per twelve dishes
was 14.2+1.4 when diabetic patients blood was used, versus 2.50 £0.63 in the control
group, and because the number of L forms was 6.50 = 0.67 and 0.33 £ 0.13 with
diabetic patients' blood and healthy persons' blood respectively. The occurrence of these
M and L forms was correlated to the concentrations of HbA1, HbAlc, glucose,
creatinine, uric acid, platelets, and ceruloplasmin. The above findings show that blood

has an inhibitory effect on nucleation of hydrated cupric chloride crystals and that larger

2-



convex lens bodies were formed in the presence of hemolyste of diabetic patients rather
than normal controls.

Green crystals grown from pure dihydrated cupric chloride solution were easily
transformed to blue because of their instability, while green crystals grown with blood
had rather long life-times because of their stability, thereby maintaining the green color.
Crystal structures of the four specimen, i.e., blue and green crystals grown from pure
dihydrated cupric chloride aqueous solutions and from solutions to which a small
amount of human blood had been added, were determined by single crystal X-ray
diffraction analysis and their thermal behaviors were determined by differential scanning
calorimetry (DSC). Differences among averaged crystalline structures determined by the
X-ray diffraction method have not been recognized, however, while enormous
differences have been demonstrated by DSC. The X-ray analysis and DSC results
suggest that residual water with excess dihydration* results in disorder in the crystals. It
is speculated that there are some structural differences between green crystals grown with
and without blood. The above findings indicate that blood has an enormous effect on the

growth of hydrated cupric chloride crystals.

* Note: In the case of 2.5 hydration residual water means 0.5. Blue stable dihydrated cupric

chloride has 2 water molecules.
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Crystal Structures of blue and green hydrated cupric
chloride grown from aqueous solutions with and without
human blood addition : single crystal X-ray diffraction
analysis and Differential Scanning Calorimetry (DSC)*"
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2.1 Introduction

Changes in the growth pattern of dendritic cupric chloride crystals according to the
disease of the patient whose blood was added, in a small amount, to the aqueous
solutions have long been recognized, i.e. siﬁce first reported by Pféifer ¥ | Detailed
specific crystal growth, in terms of morphology, with a variety of diseases has been
studied by Selawry and Selawry 29, Nickel also reported by produces a specific dendritic

*» and Cocude et al recently studied Silicosis >®. Koopmans discussed

crystal growth
about malignant tumor >* and Barth reported that a specific form due to tumors was
detectable significantly earlier (before illness onset) than the standard diagnosis could be

2-10
made *'?

. Piva et al pointed out that some crystallization patterns correlated with
variations in different serum proteins '”. We have found the specific dendritic crystal
growth patterns of diabetics and healthy subjects to differ significantly and have analyzed
the correlation between pattern frequencies and nearly 90 different blood components **?.
We have also attempted to elucidate the mechanism of this anomalous crystal growth by
employing physical chemistry because few studies have taken this approach. X-ray
photoelectron spectroscopy (XPS) shows that nitrogen (N) of blood proteins is
chemisorbed to copper (Cu) atoms of hydrated cupric chloride exchanging their electrons
on the surfaces of the dendrites >'>. An atomic force microscopy (AFM) study showed
nucleation of dendrites to be remarkably restricted by the existence of blood *'¥ .
Hydrated cupric chloride dendrites were grown from pure aqueous solutions to which

a small amount of human blood had been added. Both blue and green crystals were
grown. Green crystals obtained from pure solutions were unstable and transformed to be
stable blue condition, while green crystais grown after blood addition were rather stable
and maintained the green color for a longer time. Thus, there are few studies, to our
knowledge, on the structure or physical properties of green dendrites due to their short
life-times, spanning their appearance in saturated green solution until they become blue
dendrites, in pure so»lution, despite the green crystals also being a basic inorganic
substance. Nevertheless, blue and green crystals exist at the same time when grown from
blood-added solutions. Previous researchers have thus been assumed that the two
structures are the same. We have shown, by thermal analysis, that the hydration numbers

differ between the two ',
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We describe herein the detailed crystalline structures of both crystals, from pure
solutions and blood-added solutions, based on the single crystal X-ray diffraction

method”" and differential scanning calorimetry (DSC).

2.2 Method

2.2.1 Preparation of blue and green crystals

Whole blood, 550 pl or 110 pl, obtained from the antecubital veins of healthy adults
was hemolyzed in 54.45 ml or 54.89 ml of pure water. Dihydrated cupric chloride
(Merck ABS AG in the case of DSC, Wako Chemicals in the case of X-ray diffraction)
was recrystallized to obtain a . higher quality. The hemolyzed solution was added to
55.00 ml of a 30.0 wt% cupric chloride aqueous solution which had been filtered
through a membrane with a pore diameter of 0.1 pm, prepared from the above
recrystals; the mixture was then stirred and 8 ml were distributed into a vessel
(uncovered petri dish ) >3

Growth of the green and blue hydrated cupric chloride dendrites occurred as water
evaporated from the aqueous solution under conditions of 28 C and 45 %RH in our
specially designed computer controlled crystal growth system >19 In addition, the

corresponding crystals were both obtained from pure aqueous solution without blood

addition.

2.2.2 Single crystal X-ray diffraction analysis

1) Data collection

Detailed data collection and reduction state of each specimen by X-ray diffraction
analysis are shown in Tables 2.1a and b. A single dendritic crystal ofr each
specimen was sealed in a glass capillary to prevent water evaporation. The
approximate dimensions of the crystal are shown in Table 2.1a. All measurements
were made with a 4 axis diffractometer (Rigaku AFCS5R) with graphite

monochromated Mo-Ko. radiation and a 12 kW rotating anode generator. Cell
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constants and an orientation matrix for data collection, obtained from a least-squares
refinement using the setting angles of 25 carefully centered reflections corresponded
to a primitive orthorhombic cell. Lattice parameters and range of 20 are shown in
Table 2.1a. For Z=2 and F.W. =170.48, the calculated density is 2.52 g/cm’.
Based on the systematic absences of :

hOL: h+1 # 2n

hkO: h # 2n

packing considerations, a statistical analysis of intensity distribution, and the
successful solution and refinement of the structure, the space group was determined
to be:

Pmna (#53)

Detailed intensity measurements of each specimen are listed in Table 2.1b. The
data were collected at room temperature (23 % 1 T) using the ®-20 scan technique
to a maximum 20 value of 60.0 or 74.8 degrees. Omega scans of several intense
reflections, made prior to data collection, had an average width at half-hight of 0.22
degrees with a take-off angle of 6.0 degrees. Scans were made at a speed of 16.0
degrees / min or 4.0 degrees / min in omega. The weak reflections (I < 10.0 o(I) )
were rescanned (maximum of 5 or 7 scans) and the counts were accumulated to
ensure good counting statistics. Stationary background counts were recorded on each
side of the reflection. The ratio of peak counting time to background counting time
was 2:1. The diameter of the incident beam collimator was 1.0 mm, the crystal to
detector distance 258 mm, and the detector aperture 6.0 X 6.0 mm (horizontal X
vertical). A total of over 400 reflections was collected. The intensities of three
representative reflections were measured at a 150 reflection intervql. Decay
correction was not applied. The linear absorption coefficient, i, for Mo-Ko radiation
is 58.7 cm™ or 58.8 cm”. An empirical absorption correction using the program
DIFABS *'” was applied. The data were corrected for Lorentz and polarization

effects. A correction for secondary extinction was applied.

2) Structure solution and its refinement

Detailed structure solution and refinement are listed in Table 2.1 c¢. The structure

2-18) 19)

was determined by direct methods and expanded using Fourier techniques >
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Standard Blue Standard Green lg;l]'::fwclrz::fllbloo d gGrl:::l zyt;t;l]oo d
Empirical Formula CuCl,0,H,
Formula Weight 170.48
Crystal Color, Habit blue, prismatic green, prismatic blue, prismatic green, prismatic

Crystal Dimensions (mm)

040 X 0.15 X 0.10

0.35 X 0.15 X 0.10 0.30 X 0.08 X 0.05

0.30 X 0.08 X 0.05

Crystal System

orthormbic

Lattice Type

Primitive

Number of Reflections

Used for Unit Cell 0 N . o
Determination 25(48.5-54.7°) 25(48.5-53.8") 25(40.1-50.88°)  25(28.2-472°)
(20range)

Omega Scan Peak Width 0.22°

at Half-height ’

Lattice Parameters a = 8.090(2)A a=8.093(DA a=8.084(2)A a = 8.0844(9)A
b=3.749(2)A b=3.748(2)A b=3.745(D)A b=23.745(1)A
c=7412(2A c=7413(DA c=7411(DA c=7.412(DA
V =224.8(2)A3 V =224.9(2)A3 V =224.4(1)A3 V = 224.4(1)A3

Space Group Pmna (#53)

Z value 2

D cale (g/cm?) 2,518 2,518 2.523 2.523

F o000 166.00

p(MoKa) (cm?) 58.73 58.72 58.85 58.84

Table 2.1 Detailed data

diffraction analysis. a; Crystal Data
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Blue crystal Green crystal
Standard Blue Standard Green grown with blood grown with blood
Diffractometer Rigaku AFC5R
Radiation MoK ( A= 0.710694)
graphite monochromated
Attenuator Zr foil ( factors + 1.00, 3.44, 11.81, 39.86)
Take-off Angle 6.0°
Detector Aperture 6.0 mm hori;ontal
6.0 mm vertical
Crystal'to Detector
Distance 258 mm
Temperature 23.0°C
Scan Type - 26
Scan Rate 16.0° / min (in ®) 16.0° / min ( in ®) 4.0° / min (in w) 4.,0° / min (in ®)
up to S scans up to 5 scans up to 7 scans up to 6 scans
Scan Width (1.68 + 0.30 tan 6)° (1.73 + 0.30 tan 6)° (1.52 +0.30 tan 6)° (1.05 + 0.30 tan 6)°
20 max 60.0° 74.8° 60.0° 60.0°
Number of 430 1389 430 430
Total Reflections Unique : 731
Measured (Rins = 0.082)
Corrections

trans. factors :
0.9333-1.0462

Lorentz-polarization
Absorption

Secondary Extinction coefficient :
3.34467¢-05

trans. factors :
0.9099-1.1578

trans. factors :
0.9314-1.0554

coefficient :
3.10701e-05

coefficient :
2.06846¢-05

trans. factors :
0.8889-1.0823

coefficient :
8.22403e-05

Table 2.1 Detailed data collection and reduction state of each specimen by X-ray
diffraction analysis. b; Intensity Measurements
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Blue crystal Green crystal

Standard Blue Standard Green grown with blood grown with blood

Structure Solution Direct Methods (SHELX86)
Refinement Full-matrix least-squares
Function Minimized Zw (|Fo| - |Fc|)?

. 1 4Fo?
Least Squares Weights o (Fo) =5 (Fo?)
p-factor 0.04
Anomalous Dispersion All non-hydrogen atoms
Number Observations
(1> 3.006(1)) 309 301 303 287
Number Variables 17
Reflection / Parameter 18.18 17.71 17.82 16.88
Residuals : R ; Rw 0.023 ; 0.029 0.025;0.032 0.028 ; 0.035 0.028 ;0.033
Goodness of Fit Indicator 1.14 1.23 1.41 1.27
Max Shift /
Error in Final Cycle 0.01 0.00 0.01 0.00
Maximum peak in
Final Diff. map (¢ /A% 0.29 0.49 0.59 0.48
Minimum peak in -0.30 047 -0.34 0.4

Final Diff. map (e /43)

Table 2.1 Detailed data collection and reduction state of each specimen by X-ray
diffraction analysis. c; Structure Solution and Refinement
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The non-hydrogen atoms were refined anisotropically. Hydrogen atoms were
included but not refined. The final cycle of full-matrix least-squares refinement >>%
was based on about 300 observed reflections (I>3.00 ¢ (I)) and 17 variable
parameters, and converged (largest parameter was 0.01 or 0.00 times its esd) with

unweighted and weighted agreement factors of :

R=ZX||Fo| — |Fc| |/ Z|Fo|
Rw = ( Zw ( |Fo| - |Fc|)*/ TwFo*)"™
where  w =1/ {0 (Fo)} =4Fo* | {¢*(Fo)}

O’ (Fo’) = {SX(C+R*B)+HpFo?Y} / Lp*
S : scan rate
C : total integrated peak count
R : ratio of scan time to background counting time
B : total background count
Lp : Lorentz-polarization factor

p : p-factor

The standard deviation of an observation of unit weight " :

{ =w (|Fo| - |Fc|)*/ (No-Nv) } '
where No : number of observations

Nv : number of variables

is presented in Table 2.1¢ as a goodness of fit indicator. The weighting scheme
was based on statistical considerations and included a factor (p=0.040) to down
weight the intense reflections. Plots of Zw ( |Fo| — |Fc| )* versus FO, reflection
order in data collection, sin 6/4 and various classes of indices showed no unusual
trends. The maximal and minimal peaks on the final difference Fourier map are also
described in Table 2.1c. Neutral atom scattering factors were taken from Cromer
and Waber”>®. Anomalous dispersion effects were included in Fcalc *”; the values
for Af and Af" were those of Creagh and McAuley ***. The values for the mass
attenuation coefficients were those of Creagh and Hubbel ***. All calculations were
performed using the teXsan ¥ crystallographic software package of Molecular

Structure Corporation.
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2.2.3 Differential scanning calorimetry (DSC)

The DSC (Rigaku Thermoplus DSC 8240) measurement was performed between
-140 °C and 40 C by liquid nitrogen cooling, with a rising ratio 5 “C /min. As the
standard Al-pan for DSC was not suitable for hydrated cupric chloride in the reaction
between copper and aluminum, we manufactured pure Au-pans with caps for this
purpose. Twenty milligrams of each specimen were placed in a pan. The pan was then
completely sealed with a cap by the press machine. About 37.5 mg of Al were used as
a reference for DSC.

Green dendrites grown in the presence of blood for DSC measurement were sampled
from the nucleation center of the radial dendrites in the Petri dish. Blue crystals were

also sampled from a nearby region.

2.3 Results

2.3.1 Crystal Growth

The blue color of an aqueous solution of cupric chloride changed to green according
to the increase in the concentration of the solution with on going water evaporation.
Hydrated green cupric chloride crystals precipitated in this green solution after
saturation. Multiple nucleations developed from pure cupric chloride solutions and the
crystals were initially green with adequate moisture, however, shortly thereafter all of
the crystals became blue due to water evaporation. The hydration number determined
by thermogravimetry (TG/DTA) of these blue crystals is 2.0, as previously reported
2-13)-

However, addition of a small amount of blood strongly inhibited nucleation. As a
result, the radial growth of dendrites formed from an average count of 1.33 &= 0.05

2-12)

initial growth points per dish with blood addition “*“. Green and blue crystals

coexisted in a dish.
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2.3.2 Crystal Structures

Crystallographic parameters of both blue and green crystals grown from pure
solution and blood-added solution are summarized in Table 2.1a. Atomic coordinates
and Biso/Beq are shown in Table 2.2, anisotropic displacement parameters in Table
2.3, selected bond lengths in Table 2.4 and bond angles in Table 2. 5

Here Beg:

Beg=8/3n°(U, (aa*)*+U, ,(bb*)’+U, (cc*)’+2U, ,aa*bb*cosy+2U  ,aa*
cc*cosP+2U,,bb*cc*cosl)

As shown in Table 2.1a, blue and green crystals have the same crystalline
structure, regardless of the presence or absence of blood. The only discrepancy is a
slight volume differences of about 0.2%, i.e. in lattice volumes, between crystals
grown from pure and blood-added solutions. ‘An ORTEP drawing of a unit cell and a
molecule, determined by X-ray diffraction, of a blue crystal grown from pure solution
are shown in Fig. 2.3 and Fig. 2.4 respectively. A pair of chlorine atoms bonds to a
copper atom and a pair of oxygen atoms originating from 2 water molecules coordinates
to the copper in the perpendicular direction in the same plane. The green crystal has the

same structure.

2.3.3 Thermal behavior

The results of DSC of both blue and green crystals grown form pure solutions and
blood-added solutions are shown in Figs. 2.5a-d. There are no significant peaks
from blue dendritic crystals in either solution except an exotherm peak d corresponds to
arising temperature (initiation temperature of the reaction) of -43.7 “C with a maximal
temperature of -38.8 C (d) as in Figs. 2.5 ‘a and b. Expanded illustrations
fromFigs. 2.5aandb are shown in Figs. 2.6 a'andb'. The small fluctuations are
noises produced by the blank measurement except a very small peak near -40C in Fig.
2.6a’. |

On the other hand, the green dendrites grown from pure solution show a very broad
spectrum (Fig. 2.5c). There are two specific thermic changes, near -110.2°C(a,) and

-96.2°C(a,), inFig. 2.5¢. There are also two exotheﬁn peaks: peak (b,) corresponds
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to a rising temperature of -76.6°C with a maximal temperature of -71.1°C and peak

(b,) to a rising temperature of -54.3 °C with a maximal temperature of -45.3C .
Furthermore, there are two endotherm peaks : the peak (c,) corresponds to a rising
temperature of -39.3°C with a maximal temperature of -33.1°C, (this peak also has a
shoulder peak at -35.9°C) and peak (c,) to a rising temperature of -29.7C with a
maximal temperature of -24.1C.

In the case of green dendrites grown from blood-added solution, there is a specific
thermic change near -111.2 C (a,) , and there is an exotherm peak (b,) which
corresponds a rising temperature of -76.1°C with a maximal temperature of -70.5C.
There is also an endothermic peak (c,) which corresponds a rising temperature of
-40.1C with a maximal temperature of -36.8°C in Fig. 2.5d.

The DSC result which are based only on whole blood and pure water are shown in
Figs. 2.7a and b respectively. Whole blood has an endothermic peak
corresponding to a rising temperature of -2.3°C and a maximal temperature of 10.3°C
and pure water has an endothermic peak corresponding to a rising temperature of 0.1

C and a maximal temperature of 13.6 C.

2.4 Discussion

2.4.1 Crystal Growth

As pure green hydrated crystals are unstable, they immediately change to stable
dihydrated blue crystals. However, green crystals grown from blood-added solution
stay green for a long time. This appears to be due to the surface of the crystal being
covered with blood proteins and lipids which prevent water evaporation from the
crystals. Mﬁltiple nucleations developed from pure cupric chloride solutions, while the
addition of 0.5 vol% blood strongly inhibited nucleation. As a result, radial growth of
dendrites formed from an average count of about 1.33:+0.05 initial growth points per

dish was achieved by adding blood.
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| Atom X y z Beg
Cu(1) 0.0000 0.0000 0.0000 1.64 (1)
Standard Cl(1) 0.0000 0.3800 (2) 0.24013(8) 1.78 (1)
Blue o@ 0.2394 (3) 0.0000 0.0000 2.64 (5)
H (1) 0.2812 0.1044 0.0672 2.6000
Cu(1) 0.0000 0.0000 0.0000 71.56 (1)
Standard ClQ1) 0.0000 0.3801 (3) - 0.23996 (10) 1.72 (2)
Green o 0.2400 (4) 0.0000 0.0000 2.52 (6)
H(@1) 0.2946 0.1461 0.0701 2.5000
Blue crystal Cu(1) 0.0000 0.0000 0.0000 1.43 (1)
grown with Cl(1) 0.0000 0.3796 (3) 0.2399 (1) 1.57 (2)
blood 0@ 0.2393 (4) 0.0000 0.0000 237 (2)
H 1) 0.2912 0.1125 0.4730 2.4000
Green crystal Cu(1) 0.0000 0.0000 0.0000 1.62 (2)
grown with Cl(1) 0.0000 0.3799 (3) 0.2400 (1) 1.76 (2)
blood 0@ 0.2397 (4) 0.0000 0.0000 2.61(7)
HQ1) 0.2869 0.1122 0.0585 2.6000

Table 2.2 Atomic coordinates and Biso / Beq
Beg =8/31%(U;(aa*)*+U,,(bb*)*+U,,(cc*)*+2U, ,aa*bb*cosy +2U ;aa*cc*cosB+2U,sbb*cc*cosur)
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Distance

Atom Standard Standard Blue crystal  Green crystal
Blue Green grown with grown with
blood blood
Ca() - 1D 22798 (8) 2.2791(9) 2.2767 (8) 2.278 (1)
Cu(1 - O(1) 1.937(3) 1.942 (3) 1.935 (3) 1.937 (3)
oO@® -H@ 0.72 0.87 0.69 0.71

Table 2.4  Selected bond lengths

Angle

Atom Standard Standard Blue crystal Green crystal

Blue Green grown with  grown with
blood blood
Cid) - Ca() - C1I(D) 180.0 180.0 180.0 180.0
Cld) - Cu(®) -O0Q) 90.0 90.0 90.0 90.0
o@ - Cu@d -0Q@) 180.0 180.0 180.0 180.0
Cu(®- 0@ -HQ 118.1 120.3 127.4 122.3
H@ - 01 -HQ 123.8 119.3 105.2 1154

Table 2.5  Selected bond angles (°)
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Fig. 2.3 An ORTEP drawing of a unit cell determined by X-ray
diffraction, of a blue crystal grown from pure solution
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Fig. 2.4 An ORTEP drawing of a molecule determined by X-ray
diffraction of a blue crystal grown from pure solution
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Fig. 2.5 DSC heating curves of blue and green hydrated cupric chloride
a: Blue dendrites (dihydrated cupric chloride) grown from pure dihydrated cupric chloride aqueous
solutions. b: Blue dendrites of hydrated cupric chloride crystallized from dihydrated cupric chloride
aqueous solutions to which 0.5 vol% blood had been added. ¢: Green dendrites of hydrated cupric
chloride crystallized from pure aqueous solutions. d: Green dendrites of hydrated cupric chloride
crystallized from dihydrated cupric chloride aqueous solutions to which 0.5 vol% blood had been
added.
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Fig. 2.6 DSC heating curves of blue hydrated cupric chloride
Expanded figures of Fig. 2.5 aandb.

a: Blue dendrites (dihydrated cupric chloride) grown from pure dihydrated cupric chloride aqueous
solutions. b: Blue dendrites of hydrated cupric chloride crystallized from dihydrated cupric chloride

aqueous solutions to which 0.5 vol% blood had been added.
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Fig. 2.7 DSC heating curves of blood and pure water
a: Whole blood from a healthy subject. b: Pure water
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2.4.2 Crystal Structures

From the crystallographical parameters summarized in Tables 2.1 through 2.5, the
4 types of specimens showed quite similar structures on X-ray diffraction analysis.
Therefore, representative results of ORTEP drawing of a unit cell and a molecule are
shown in Figs.2.3 and 2.4 using a blue crystal grown from pure solution. The
existence of dihydrated cupric chloride has been known for more than 100 years S

Thus many X-ray diffraction analyses have been performed 229 The results obtained
with blue crystals are in good agreement with those of Engberg > . Aslight volume
difference of about 0.2%, i.e. in lattice volume, is recognizable between crystals
~grown from pure and blood-added solutions. As this difference is very small, it is
difficult for us to judge its significance. Nevertheless, it is known that the hydration
number of green crystals is more than 2.0 (about 2.5), based on a previously reported
thermogravimetry study .

The X-ray data suggest that there is no difference between blue and green crystals
and that both crystals are dihydrated. The calculation of van der Waals diameter
suggests that there is no space for residual water molecules in the lattice that has been
determined. Given the discrepant results, we concluded that residual water, i.e. a

hydration number exceeding 2, results in a disordered amorphous state that makes

detection by the X-ray diffraction method iinpossible.

2.4.3 Thermal Behavior

In the DSC spectrum of crystals (Figs.2.5 a-d and Figs. 2.6a-b), the peaks do
not depend on the blood itself because the spectrum of blood (Fig. 2.7a) or expanded
illustration from Fig. 2.7a has only one peak, i.e. the endothermic peak of melﬁng
ice at -4.4°C which occurs at the freezing point depression.

There is a very small exothermic peak near -40°C for blue dendrites in Fig. 2.6a".
Thus means that there is a little structural change near -40°C. The exothermic peak d of
blue crystals from blood-added solution in Fig. 2.6b' is not originated from blood
but from structural changes of the crystal structure. It seems that blood has an

enhancement effect of changing crystal structures of blue dendritic crystals.
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On the other hand, the green dendrites grown from pure solution show a very broad
spectrum (Fig. 2.5c¢). In green crystals grown under blood-added conditions, two
specific thennié changes, near -110.6°C(a,) and -96.9°C(a,) as shown in Fig. 2.5¢c,
appear to represent the glass transition temperature (Tm). At the lower Tm, the
specimen is in the glass condition, and at a higher Tm, it becomes a crystal structure.
The integrated area of the peak is small, i.e. the structural change might involve only a
part of the whole structure.

We speculate suppose that the two exothermic peaks where b, blends are due to
crystallization and that the large ¢, and ¢, peaks represent melting of the crystalline
form. At the higher melting temperature, crystal structures are in disorder as compared
to the lower temperatures. The shoulder peak at -36.2 C is a reproducible, but this
phenomenon requires further study.

In the case of green dendrites grown from blood-added solution, there is a specific
thermic change near -111.2 C (a,) due to the glass transition Tm , and there is an
exotherm peak (b,) of crystallization, as shown in Fig. 2.5d, and also an
endothermic peak (c¢,) which is the melting peak . There are no peaks of a,, b,, ¢, and
¢, in the case of dendrites in blood-added solution. Comparing the two DSC spectra
shown in Fig. 2.5cand Fig. 2.5d, suggested that-b, correlates with ¢, and b, with
c,.

It is very interesting that the number of peaks differs between pure green crystals
and those grown with blood. However, data are insufficient to draw conclusions
regarding this observation. It is also noteworthy that there is a reproducible shift of 3.7

C between the ¢, peaks in Fig. 2.5c and 5d.

2.4.4 Effects of blood on crystalline structures

The structure of green dendrites is clearly different from that of blue dendrites, based
on the results of DSC, though there are no differences by the X-ray diffraction
method. X-ray diffraction below -70'C where the crystallization reaction ( b, in Fig.
2.5 c and d) occurs dose create some differences between blue and green dendrites.

The green crystal does not have residual water in the form free water because, if

the residual water is in the free water form which can be absorbed on the surface of the
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dendrites or exist among the crystallines structures, the melting peak on DSC would
be near 0 C (Fig. 2.7b), i.e. an endothermic reaction. However, there are no
corresponding peaks in Figs. 2.5 ¢ and d. This means that the residual water must be

2-27
a bound water molecule "

, the thermal vibration of which is controlled in the crystals
and contained in the crystal, in a disordered state, e.g. an amorphous state. The
reason there have been few studies on this green crystal, despite this substance being
familiar to some researchers, is apparently its short life-time, under conditions in
which the green dendrites are grown from pure aqueous solutions they are unstable.
The surfaces of green crystals grown with a small amount of blood, e. g. 0.001vol%
to 0.5 vol%, inthe solution must be covered with blood proteins and/or lipids which
maintain moisture.

We are now attempting to analyze the the effects of patients' blood *19 We have
recently found that dendrites of hydrated cupric. chloride crystallized from dihydrated
cupric chloride aqueous solutions, to which a small amount of bblood from diabetic
patients had been added in vitro and grown in uncovered Petri dishes, formed crystals
in the shape of a convex lens consisting of two dendrite arches near the center of the
crystal growth point. The crystal growth form was specific to diabetic patients
according to the results of a student's t-test comparison with the control group. The
occurrence of the forms was dependent on the concentrations of HbA1, HbAlc,

glucose, creatinine, uric acid, platelets, and ceruloplasmin. Further study is planned.

2.5 Conclusions

As remarkable differences between blue and green hydrated cupric chloride dendrites
are demonstrated by DSC, despite few structural differences between the crystals having
been demonstrated by four axis goniometry using the single crystal X-ray diffraction
method, it is suggested from the above observations that residual water ‘in a green
crystal, contrast to the dihydration of a blue crystal, results in a disordered crystalline
structure. In spite of the green dendrites grown from pure aqueous solutions being short
lived, those grown from a solution to which a small amount of human blood had been

added maintained a meta-stable condition. As the thermal behavior measured by DSC of
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unstable green dendrites is different from that of relatively stable green dendrites, there
seems to be little difference between the two in crystalline structure. The above findings

show that blood has an enormous effect on the growth of hydrated cupric chloride

crystals.
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$IE BR(ILEERNER BRI

ouf

EIBDTE

1B{ESA —KA0H (CuCl, » 2H,0) DATBRICO.001~0. 5% IZED BN M
TEIn vitro TR L. ZAFELAOBKIABR (FYRSA K) ZRESE
3 & MRIBHE ORROBECIE L CEELRSHBERITD Zenlsan
TR | SelawryS I3 RES TI3EE U THEHROBEIRDB RO AN
MEL. BIERFETR/\ERE., WERTRABEOPICHER., BTEHRE
FEICEEICREUERER Y BRIC & DISRBTIENZ DX — 2D HEHE 0
MECIN3E LTS, BUNEPLIC0EL S DEREENBESOMEER
SNTELDBNOND, RECRICHBEREENTHST., TERECHTIZC
DEDHRRE FHEITIFE,

B0 (FREEOMERNKINELADEERRICS Z ZHEIC DV THEET o
29, ZORE. MRPOERENBREAOHEFCEFOEZ NS
FETIERREE L TOBR T EEMERBTINE (XPS) [CLVUBSHMICLED®
D Efz, EFEIEME AW CLIREERHNS. MERNIESKRE
HOERENFITINENHZEERBLSY Y | ERBLETFYRSA KD
EREBEEREFTOET,

22T, EEMRSMERNETSEOC, RYEEIBTHRRNEIRFA
C&Y, BRESEOMREFINEBRNSRKELETY RSA FOFECD
WTEERLE., B8, BERFSEONHEERAVERSEEZONBRY
SelawrySHLUPivaSICLBBE 2 FILMRYESE VDY, $990IERIC
BELAMBEHRD DIFEBRBOEBEBELE LTS, EONDHDICELT
HBENROSNIEDTRET 3,
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.1 Xig

BIRBEZHDB 23N, ZNLANDEHEI % EBRDHT b b AKRES
THEOF OEEDAEZIT TREEEE (VR YIEEER (NIDDM) O
tha (DM1~4) | FSEH1% (DM5) . 4 X Y KER (IDDM) O XK
1% (DM6) : FHEESS2+5.1:%) BLUEEES (KHsE (G1~2,
G4~6) . B 1% (G3) :FHERMII2E4.28) 2RHE L. WThb R
ERZ2RE R | I ERIR 20 HERIM L 726

3.2 Bk

3.2.1 BEMNREEDRERE

EREECEELRIZT EEZXONLEE, BE. ZEAOLE. EE%
YRBALP T E L) LD TEY L REREEBOR - BE2T o
7z (BIEE 1.2, 1.3) , TOEBRREOERRESSEY 2 AN
BB, BE - BEREEADNST A — S OHBMBREL IR ET 5 E5
BT 270 I 4HE MO Ry NTBEISNAEEANREEE 35mmb X 7,
EFt AR, EEEMEE) . FNOAMRERET AN NN—Y FLa v e —
FREDN— FYLTH OBREND, 72, BidoT7OS T4 LIzst
TENLLEZHB L. FEREEEEERSENENE —EDY T h YT
ThLEREND,

3.2.2 fERAE

RIS X Y MEZ 1 ESE7235 b KA (Merk ABS AG  CuCl -
2H20) D30.0 wt% D KB EFE L. TN £0.55 m DMK #50.0 ml DFfK
WCEMSEDDL 2 EERE L7 (MEORAHERER 0S5 vol%) o 2D
BE8OmEZDERICHEL 2RI L L7770y, YUaryoo)r sy,
AR (FELRV—=FHITR) POERENBEFEIOmMmD ¥ ¥ — 112
BICHEL, EL. 2D BDOMEDY v — VI L TESERICA Y TV
v 7 4 )V % — (Millipore Sterifil D-HV 0.45 x m Filter Unit) T % B@ L7z,
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INLDY Y — L% EREBNOLAOERKERFFICZNETNEAL, &
BE28 C. BE45S WRHT TR E2ER SRR LML - kK ¥/, X%
TIHUBEBROBEEREBICET X ZORE L BT L 72,

B, BBIZIW AT VLY T4 VI —ICRE L ERDE. XELRETF
¥ (XPS . JEOL JPS9000MX ) X ATLZAS DM, Au-Pd% ZEE L
(HITACHI E-1030 Ion Sputter), EZEIETSAMEE (FE-SEM Hitachi S-4700)

WX BRBOBIEZITo 72,

3.2.3 MRDIIHT

R L7-IEICE LT, & 3.1 ICRTHBOSH 21T 720

3.2.4 fREtIE

BELZERLBERLOBMCAEED S AMBERS * BH T 7201t BRE
(Microsoft Excel) #4To7:. BEEHB L UVEEHRZEZOKELERD
SRR ZFOREBOERZES 58 mmAl (S) . 8 mmbl 20 mmAfH (M) . 20
mmEhE (L) O3MEHEL., F4OREHEEL MRS O SMEOKE &
DA% R BT 0IZ, SAS (Statistic Analysis System) 2 & 0 #HEIRE D
B 2OEERORESTo7, 70 tRECBVTIHEEERL BER
DREFEOHE FV, ZOREFEEOTHMEREIC L TOBICSHEL, I
BB & OREERA T2 BB, F— VBT BERSHIRES O LK
£ L. PWEICIIEEEE (SEME) 25 L7

3.3 B R

3.3.1 BESLRRREBSCHELCERNER

EEEH (G1~G6) B UHERKEER (DM1~DM6) DI % &N
LTHRE ST N AR 2ER G2 Z3FTOB 3.1 ity v—1L
DR (LB LIARR (TE) TRLZ, B 3.1 2Bk %) I0ES
E -BERBEEEZAOLTME LRI AT, 18D L EE 2.0
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BEKIEE

INEE

MmEI RO—IUIBE ATJOEVA (HbAl) . ATJOETAIC (HbALC)

FElmrae
MmsZEa

JB

o
1

=1

2 NE S
SHRERNS
TRE

&E

RILIT1UY
ERIRARIERE
MIXEE

MR

FERERIMAEE (Glu)
AV (RD . RJT2Y (Trypsin)

AEE (TP) . BEHE (A, « 1-G, a2-G, B-G, y -G, A/GLE) |
4 JU_ /=52 (fibrinogen) . ©ILOTS2AZ (Cp)

NEBREOPZ BOEENDT

Taurine, Phosphoethanolamine, Urea, Aspartic acid, Hydroxyproline,
Threonine,Serine, Asparagine, Glutamic acid, Glutamine, Sarcosine,

« -Aminobutyric acid, Proline, Glycine, Alanine, Citrulline,Valine, Cystine,
a ;Aminobutyric acid, Cystathionine, Methionine, Isoleucine, Leucine,
Tyrosine, Phenylalanine, y -Amino [ -hydroxybutyric acid, 8 -Alanine,
y -Aminobutyric acid, Homocystine, 2 -Amino-iso-butyric acid, Lysine,
Monoethanolamine, Histidine, 3-Methylhistidine, 1-Methylhistidine,
Carnosine, Anserine, Tryptophan, Hydroxylysine, Omithine, Arginine,
WP

Total AA, NEAA, EAA, BCAA, EAA/NEAA, BCAA/Total AA,

T4 vIe—tt

HEEE (TL) . #3025 30— (Tcho)
EUIVEVDE (B - E%)

FREZEZR (UN) . ZUPFZV (Cr) . ZUPFY (Creatine) .
FREE (UA)

FThUDA (Na) . BUDAL (K) . DILYDA (Ca) |

U2 (P) . ¥IORIOA (M) | 18FR (CD

MmiBEk (Fe) . #EXESEE (TIBC) . REZFIEAESEE (UIBC) .
mi&sE (Cu)

JORRIVLD AU

MBERTAOFY (T4)

BmixE (WBC) . 7RMEXE (RBC) . MERE (Hb) .

ANV ROUWNME (HD . FIORMEKSE (Mcv) |

ISR MIkMERE (MCH) . HYRMIRkMEREE (MCHC) .
M/VREL (blood platelet)

Bk E (Stab,Seg,Eosin,Baso,Mono,Lympho,Size,Colr,Shape) N
FRINEKAZRE

& 3.1 MERDAEE
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3.1 MARZEHRNLBRERSEIEKIELHREOERE

BREESSUERFEE OMEZQ. Svolhiil L IE AR EIFET I,

BNV v —LDEE. TEROPIIMGEEDILAR,

G1I~G3: BEE, REPL (0) DSREHRICT Y RS A ROBEL TLD,

G3D LR REIC/NTBAL VRO (S) NBEEEINDIDOOD, BENSEREFEEINIZL,
DM1~DM3: $ERFEE, TV RS FORERORAEC2DDIPROT Y RSA hOBREBICED
UV TROFEENBEREND (TP OERFE) « REROZETTEZOEERORCE/ENEELRL
. 24EBREHBOEBERET(II. ARICNSRE L THEMRELIZY (DM1,2) | ANFOLDITHLFED
CRENAIEBCERZR =11D (DMI) .
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(0) L Lyy —LDimHh 51 cmPEE RO B\BIBICH 72 ) EEHS cm D fik &t

KTV FIA4 FBEE L7z, MO RINEEA0.5 vol% Tid L&D .0 D
BB EERIE1.3320.05 - BEREZHIZ1.7120.17TH o7, TOFV S
4Fu@ﬁ%va—vu&kﬁﬁvﬁﬁfﬁm%ﬁ%L\i%&;%mw%
BRETERLZ. B 3.1 ICEKSIPZEICERL -4 BHBICERE L
bDERNLT,

AN DB EEE RO T 57O TFHRERELfT o722 A, MEEE D
EHITHENREET B ROEOBAEICIUR T AERICH D . FIIEE DR
WCHEWEBDOERE R L2, 2D X9 %2 MR EDOR) F120.001 vol% DR &
B CEE RN, KBFZETIZ0.5 volm DRINEE 2 L7,

0.1 vol% LA b o I 5 2B C VAN i L B bSKmH 2 BA L 2BRICE 3.1
DG1~3BLUDMICEON B L) ICBBOILBRVPER L2, OB %
ATV VT ANY —TEA - BEL, BEROATHEREILLAZDOIE 3.1
DM2, DM3Th 5, KiE#l & EEFE 2 BT 5 LIERPHIETY FI A b
WCREETIBEOBE 1ELOEET24REROE) IR L, 1RK1ED
HIREOKE LESDTEML, LAL, EBBLAHEAETH > THLASDOE
RAIEVEL OBEBIRBRSER LTV S, CORBROEEIZD L OE(LRE O
EELIBL, bT1026 BEETH Y., XPSIZL BBTOKER., 0. 1E5E,
RKE, BE, EFrEUCEAREEILAYWTH o720 FE-SSEMTHEIREICILAL
THRRBOTIRIIBE SN T, BOTHHALZRTFOEERTH o7,

B, MEERNOELSFARBED b OBREE DA I F VRS
L7225, MR MLERS LR TRFLREOFBRIBEESINA, 2
D¥EZDEDENIT L BREREBEICE LTINS L2,

3.3.2 @EEBCERRE&ER

BEZEOMMEERIMLU BB OBRE L ERETIE, B 3.1 ®G1~G3
WCRT L) ICHRFEHNICRE LABEIROT Y BT 4 PRI N, F.OE
FEEICETOL Y ZROEEIFHIR L 205 F DK E i3S ICHEE SN 5 Hmm
RETH-72 (B 3.1 G3ILAN) ,
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3.3.3 BRABS CERLERE

—7%. B 3.1 ODM1~3IIRT &) ICERBEZBOMBZIRIM L7 %E
. BETRO TV P4 OREFEEIQ20DIMROTY F74 FDE
REFIZE AL Y XROBEBICE R SHE L7z, L v XK OAEBITAEL
TANFOL ) ICFFICHECERIRELAREBICIERICR 556 L
(DM3) . REDEAL TV AEEE (DM1, DM2) 28dh o7, TDML ~
AROFEEOREMOE S Z8mmI T (S) . 8Smmbl E20mmELTF (M) |
20mmPl k(L) O3fEHEICKE I THEL, F—OME TRERICH REE S
FREOY ¥ —VHICHELEROAR 2B 3.2 IR T, BEE (G1
~G3) TIISHOHEBHEERIPITIdR VD, ERFEEEZ (DM1~DM3) T
SHOPIIMPLIZETRKERLV VY AROTY FI A4 FOREOHEENF W
Z Wb b,

3.3.4 MRDIITHEREHRETEVREMT

BEHBIUVERFREEHOMBREERB D) bIREC I VHBEHICEE
EZDHo7-HE % 3.2 127”T, HbAl, HbAlc, ZERFMAEME. REEZII U
OFERIR & BEDFEVEESHE SNz, 720 BE - ERBEEMDOTL,
M. SOENEFNDORESEE L MERTOERELEDOB THEEEZDORD LN,
77 TN IED W Z L 2R L -EEOMHBRE L 20 EREOKRE
& 3.3 ICRT, 3.3 HLEMICEE LIFFICHVHEEEZ RTHERFL
LT, HbAl, HbAlc. I¥E, REE, 2 V7 F=vadbiFohsd, M/MRIZE
LTRLIEBWT2%Z DBV (Rui=0.0032)27RL TV, SOREICH L
TWAGH. Ab. o G. a,G. y-G YOMFEZERED MRS X Ol/MK
. MCH, MCV7% EDEE L7, BN L3R LAROPD S DIk, Rk
HELMERSORELOBREPE 3.3 ICERL. SMUEDOS 2N & &R
L7z HbAICRMAEEDIEM,. T2 bbERROEEEDOEMICL VLMD
REHEMEMLTWALI L P2 b, LMSHTREER LEEFRORE
BEOMOFHELEIC ET2BICHHEL . MERFORE LTV, AELD
D 3.4 1TRT,
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BREEB SEINE AT HEINE .
KIEB INBB BRREBEE RRaEs

M3 ~O—ILIBE NEJOEVAI (%) 1.7+ 1.0 6.2 £ 0.4 .0.0007
ANEJOE VAIC (%) 9.9+ 0.8 5.2+ 0.3 0.0008

ZERS B IMFEE (mg/dl) 163 £ 22.0 89.3 = 14.1 0.0190

IMEEH EIVOTSRZY (mg/dl) 32.8+ 3.8 22,7+ 1.4 0.0357
SEERRD OUFPFV (mg/dl) 0.9+ 0.1 0.8+ 0.0 0.0106
EREE (mg/dl) 4.8+ 0.3 3.8+ 0.2 0.0315

=l vakii Citrulline (nmol/ml) 38.7% 4.2 26.5 + 2.5 0.0132
3-Methylhistidine (nmol/ml) 3.2 + 1.2 0+ 0.0 0.0334

Urea (nmol/ml) 4759.2 + 707.9  2813.9 + 573.7 0.0687

Lysine (nmol/ml) 224.7 + 33.9  178.7 %+ 18.5 0.0621

Tryptophan (nmol/ml) 52.0 = 8.6 64.2 + 3.4 0.0616

[MIKEETE IM/IVEREL (10*/1) 2.1+ 2.3 20.1 = 1.4 0.0972

£ 3.2 MADSMEED SRS S BRRSENCEEEDIDSNEED
BELROONEZIEE G%LUT) OWYE, BEEEr t BEEETRD,

—LUTE ZNERSED,
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LY ZXBDKRES MEDAFIEE 1B AR

20 mm=L HbA1 0. 588 0. 0443
HbAIC 0.619 0.0318
ZEESEEIINE * 0. 721 0. 0081
/) \iEg * 0.773 0. 0032
OLPFY ¥ 0.708 0. 0100
FRER 0. 692 0.0126
eLOTIS2AZU* 0.618 0.0324
8 Mm=M<20 mm HbA1 0.939 0. 0001
HbAiC * 0.926 0. 0001
HUPFY 0.577 0.0494
ZoRSRF I S 0. 628 0. 0287
( IM/ViRES 0. 351 0.2635 )
( FRER 0.535 0.0728 )
(BLOTS2RZY 0. 492 0.1044 )
S<8 mm MCV -0.635 0. 0266
MCH -0. 600 0. 0392
I/ VR 0. 702 0.0109
MEEBIE Alb -0. 742 0. 0058

a1-G  -0.609 0. 0355
a 2-G 0.614 0.0338
y -G 0. 697 0.0118
A/G* -0. 714 0.0090

* 3.3 RESHICRUEHELGHEEORERE ESMBRRDOEEEBE D
B ZNEEN
*|3WACISTERLIZ, 8 msM<20 m [CEAL TESBULEDHDEEFRLE,
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15

HbAIC,/ %

M¥E{E,/ng/d1

rTl T iy trTrrfrrrry

12 ]
4 c °
1] .
. ] o e o
E 0.8 . ® ™)
S ]°°
~N 06 ]
M ]
n 04 ]
) ]
02 ]
b r=0.708
0 j ] L
0 5 10
20 =L OFRERE
35 e
1 °
30 3
L %] °
= b .
£ wi8o—s
N\ ]
g 4o
g 104
5'; r=0.773
04 T
0 5 10

20 nmsSL OFEEHE

=V /mg/dl

enars2

MEEE5E ./ A/6LE

20 imsL DFEESERE

50 ] d
40
30 ]

9 (o]

[

20 [ ]
10 J

3

] r=0.618
0 o

5 10

r=-0.714

L] I L] L) T 1 I T L] T
5 10
S<8 mm DIELESE

3.3 RERTEORLERE CIEEEOERN SNITMAEMIT DR
L. M, SOFEEHECAGEDRD SNIZIRASDBEFD 1 FIERT.

O: @85, @ : BREES,

a: HhAICRE E MOFEERER R HbAICRED LF(CHOFEERENERICIBINT Do
ZEERIOBECLOREREDER. c: ILPFIURECELOREREDOER. d: 2
WOTSAZVREELOREHEEDE R, e: MR ELOREEEDOR R, f: MEES
A/CLEESOFEERE DR, AbDREIBMICLURERE>LBL L. v-6. al-6. a2-6
DIBINICKYURELERE(IBNNT Do MEDT. A/CLLOBMICHNVRERE IR T D..
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LYZBDKES MARDHTIRE tIRE

20 mm=L ANY DUV 0.0417
/) VIRER 0. 0009

KT 0.0352

OUPFZY 0. 0306

=5 0. 0501

P =B Urea 0.0234

Cystine 0.0099

3-Methylhistidine 0. 0006

8 mm=M<20 mm HbA1 0.0015
HbAiC 0.0017

WEE 0.0163

PILIZVEE 0.0144

OLPFZU 0.0363

P =B Citrulline 0.0047

Valine - 0.0469

Isoleucine 0. 0045

Leucine 0.0162

EAA 0. 0497

S<8 mm mexs 0. 0261
ANV ROUW K 0.0321

PILIZVUEE 0. 0495

J> 0.0244

7= BT 3-Methylhistidine 0.0275

Tryptophan 0.0198

®& 3.4 ARESHICRULCHREBERBORERFECTL t RECLY
BEMtERLUEMERD

CCTREEEHCBERORLREOINZAL. ZOREHEED
EHEZERICETO2HCHEL. MRBDDREZHHATLD,
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3.4 B B

MR ERMOEACSAEED S R ERE S E2HE. SHOKEF LD
TE, HADTVFITA FOESEEmMICHEL LRV, DO/ HER
DEEDEL Y G0 TRBHRTBICHIET 2™ , —F., BEE - HERHREE M
b¥, MBEOHERIMCE YT FI74 MREBZIUED L BREICRAT 5 72
DRELFYRTA MNPIERE L7 SO & Mg b0 8D 4 5 % 515
LTWABILERTLDERDNS, ZOMREINEHED I OIRDIFILIRA
FYFI4 MR MBERENOBEOBTHEOBRICEITREL TWa, Tib
BIMEORIMEFESEEICKRE 2 PEBERIZTT I EFHCPTH S, |

TR DR 130.001 voldh & > EIREEH & T S L, VRIIRE O L& 1
W B R T OB 5 1~ 2B IR T BRI H o 720 S EOBZET
i3 Selawry 5> 0)%’951%033}%}“&? (0.5 vol%) AL 7225, THIEEAET SHHL
BHAREICRS L, BFOEES 2RI 2:0TH %,

FHMEOE R I SE S &Y v— LEBICHAT 2 BEDILEBIERT 5,
L Z 5 1EXPS & FE-SEMAZ A 5 MRS & SL &M OB T CTh 5 = L%
Polze Bo T, BEICMEZEMLTORERRENT X 2 EEHIEITHIC
BBLELZONS, LAL, FRCKLBEORBREBRELZVEAL HBL,
B L TR SERBEIE, TYFIA L OBEIES L, &4 OsHRE
mDEE (CEAROES LcANOKRE) ST 5 E VI BRIPBREINT,
BRI FCTH 5 -0 X 2 MBHFIRTH 5 2, BRI & FEIREC
DAL T HE R RIZTOR, 20 OBBEL SNb A, BEEEHEICEEIC
HESBETH 5,

BERBBEEOMBERMLAEE, BRFEROTFTY FIA4 P EXR—-ZICLTH
Ly ZROBEICESFEEL (B 3.1) | Selawry® *? Pivab*® 0G5 L 8
LTS SNz, BEEICL ZHELS X ) HVY, EROERE
PHRENSOBELHW T2 ZLRESTH S, THOBERFICEA LB
PREEOEE ICHET 2 L) BRIEVAR 285 2 AT E, (T v b
ZFF4ELTIRAEEREIBONLLEDbNRE,

320 ERLEEBHLOBTSmmIT (S) O/MNSREREICEHL T
BHEENZVA, SmmlE20mm (M) DTBLU20mmllE (L) TIIFEE %
BEENTENT, |
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B 3.1 ODM3» 505 L) IIfL VAROFEED RNEBIC D S HIZE WY
v/xﬁwﬁ%#&ﬁi%% bHD ., DM1R2TIIRE OWNFITHL ¥ X3k

DEEDFHEEL TWh, cHENL Y SROBEOHRICHIEINTLE > 72
BRI D 7 e BASA DR AL T 5 7- OICEE ML L CLE ) &
HICEbNS, %%\mmwﬁﬁwuﬁ%E%ﬁﬁx7f:vmbLft N
LIMIHBERID2ONML Y XIROBEPTER I N S 25, EFTAHIBICHE R
ELWL EZADPBEIN, L Y XROFEEONIRIZEY 7% S N72BEE IS
bEEOHIMboTBY, HEPFEOFTY K54 bk4 K ENRE I LI
FURIEV, B4 ORERGEHBTAI LT, JVEMABEZEREES S
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