Journal of International Society of Life Information Science, 30(2): 208-224, 2012.
JFZ&#m 3¢ Original Research Paper

Bio-PK Detectivity of Fluorescence Measurement Method:
Early Spring Test

Hideyuki KOKUBO™, Satoshi KOYAMA!, Osamu TAKAGI*, Kimiko KAWANO' and Mikio YAMAMOTO!

Ynstitute of Living Body Measurements, International Research Institute (Chiba, Japan)
%Institute for Informatics of Consciousness, Meiji University (Tokyo, Japan)

(Received on June 11th, 2012: Final Revised and Accepted on July 24th, 2012)

Abstract: Since 2006, we have been working to realize new measuring methods for non-contact healing
(bio-PK) power and have developed a biophoton measurement method, a gas measurement method, and a
fluorescence measurement method using pieces of Cucumis sativus ‘white spine type’ cucumber as
bio-sensors. The purposes of the present paper were: 1) to test bio-PK detectivity of our fluorescence
method in early spring; 2) to test controllability of the direction of increase or decrease of fluorescence
material; and 3) to compare results of the healing test with the pre- and post-tests. Eight volunteer healers
(1 male, 7 females; 34-51y, average 46.8y) were participants. From the gas measurement results, in the
healing test, bio-PK effects were detected as the average J value was Jg = 0.104 (n = 31, 95% confidence
interval = #0.056). Also, in the pre-and post-tests, strange effects were detected as the average J value
was Jg = 0.127 (n = 32, 95% confidence interval = =£0.056). From the fluorescence measurement results,
there were significant differences in Jr values between the healing and pre-and post-tests (p =
0.033-1.55x10™, n = 123-128). Moreover, trial data were analyzed by their data patterns of J values
(combined pattern of Jg and Jg values). Data patterns (response patterns of bio-sensor) were categorized
into 3 groups by cluster analysis. It was concluded that: 1) the fluorescence measurement method was
useful to detect bio-PK in early spring; 2) it was difficult to control the direction of increase or decrease
of the amount of fluorescence material; and 3) there was a possibility that various healing ways can be
categorized by response patterns of the bio-sensor.

Keywords: bio-sensor, fluorescence, odor, Cucumis sativus ‘white spine type’, non-contact healing,
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1. Introduction

In the present paper, for simplicity, we use the terms
“non-contact healing” or “bio-PK (bio-psychokinesis)”
for special phenomena that have unknown physical
mechanisms, such as bio-energy therapy, Reiki and
gigong therapies, laying-on-of-hands, and various
spiritual healing, and psychic healing methods. Many
studies on non-contact healing have been done from the
viewpoints of religion, socio-psychology, culture and
medical sciences. However, our studies are bio-physical
studies and our final purpose is to reveal unknown
physical mechanisms which exist behind healing
phenomena.

Since 2006, we have been working to develop new
measuring methods for non-contact healing power
(bio-PK power), and have succeeded in realizing a
biophoton measurement method and a gas measurement
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method using pieces of Cucumis sativus ‘white spine
type’ cucumber as bio-sensors**”; the former method
measures biophotons emitted from cucumber pieces and
the latter measures odor generated from them. Using
both our biophoton and gas methods, we have had
healers try to influence the cucumber’s self-defense
process against a wound. However, it was difficult to
detect bio-PK effects in winter because the response of
cucumber pieces was not good then.

Therefore, in order to measure bio-PK effect even
in winter, we have developed a third method to measure
fluorescent material which is produced on the cut
surfaces of the pieces of cucumber fruits®. If the cut
plane of a cucumber cross section is irradiated with
ultraviolet rays, blue-green fluorescence on the plane can
be recognized with the naked eye 24 h after cutting,
although it cannot be recognized with the naked eye just
after cutting. Thus, the cut plane of a cucumber piece is
the most important place for detection of bio-PK effects.
Fluorescent material on the cutting plane is considered to
be produced in connection with the cucumber’s
self-defense process. Therefore the bio-PK effects can be
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measured quantitatively if we measure the amount of
fluorescent material produced on the cut surface.

A development test*” was done in late autumn and
healers were given instructions to increase the amount of
cucumber gases. Also blank tests were done on other
days. After gas measurements of cucumber pieces, we
measured intensities of fluorescence emitted from the cut
surfaces of cucumber pieces using band pass filters. We
did not detect bio-PK effects (Jg = 0.025) in the gas
measurement method (blank tests had Jg = 0.051), while
for fluorescence measurements, we detected bio-PK
effects at the 562nm band wavelength (Jz = -0.122, n =
32). And there was a significant weak negative
correlation (about r = -0.4) between gas J value (Jg) and
fluorescence J values (Jg) at the 438nm, 483nm and
562nm band wavelengths.

We consider that our fluorescence method has
better detection ability than other methods, but it is
necessary to identify the best wavelength band. Although
bio-PK effects were not detected by the gas method in
the development test, we should confirm the results of
the fluorescence method for the condition under which
bio-PK effects are detected by the gas method. Moreover
we should examine whether fluorescence material will
increase or not if we give healers a different instruction
in which the healers try to increase fluorescence
material.

2. Purposes

1) To test bio-PK detection ability of our fluorescence
measurement method and to compare the results of
fluorescence and gas measurements done in early
spring.

2) To test the possibility of controlling the direction of
the change of fluorescence intensity.

3) To compare the results of the healing test and the pre-
and post-tests which consisted of a reference test done
about 1 hour before and then 1 hour after the healing
test. The pre- and post-tests were done under the same
conditions as the healing test, except that experimental
samples were available for only 30 min without
healing practice.

3. Methods

3.1 Place and Date

Experiments were done at the Institute of Living
Body Measurements of the International Research
Institute (Chiba, Japan) from February 27, 2012 to
March 30, 2012.
3.2 Participants

Eight participants (1 male, 7 females; 34-51y,
average 46.8y) were recruited through our collaborator
list, the Internet, and Social Network Systems. They

were laying-on-of-hands type healers who had
experience with Reiki, several kinds of spiritual healing
(transformational healing, craniosacral biodynamics,
guantum touch, etc.), gigong, and their own original
ways. The original ways were used by 7 of 8 healers in
the present study. Two healers had been participants in
our previous studies and 6 of them had experiences with
remote healing in which it was claimed they sent their
energy to a person who was at a distant place. All healers
had previously described their abilities and experiences‘”
before the present experiments.

Each healer was given explanations of the study and
then signed a document of acceptance. Explanations
included the details of the principle of the experiments,
for example, cucumber gases are kinds of disinfectants;
fluorescence materials are considered as disinfectants
such as traumatic acid; therefore we can detect healing
effects as the change of gases or fluorescence materials if
the healing affects the cucumber self-defense system;
and we cannot detect other factors, for example, the taste
of the cucumber, even if the healer could change it
because we measure gasses and fluorescence materials
only.

3.3 Bio-sensor

Pieces of cucumber fruits were used as bio-sensors.
Cucumber pieces were prepared by SCAT (simultaneous
calibration technique)*®'® and there were 4 paired
dishes of test and control samples. Two paired dishes
were selected at random for the main test, and the others
were used for the calibration test (Fig. 1). All dished
were covered with lids. The distance between the test
and control dishes was 12m during healing trials (Fig. 2).
Also, all dishes of the calibration test were kept at the
same place (C in Fig. 2) as the control dishes during the
healing trials.
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Fig. 2 Arrangement of Rooms
P: Healer. C: Work place for sample making.
All samples except healing targets were kept at C during
the healing trials.

3.4 Healing Test and Pre- and Post-Tests

The healing test was done as one healing a day from
1:00PM to 3:00PM. One trial was 30 min. The healer
tried to do non-contact healing for the target dishes (2
dishes for the healing test) to increase the vitality of the
cucumber pieces and to increase the fluorescence
emitted from them. After about a 15-min rest, the 2nd
trial was done in the same way. After 2 trials, the healer
made a written summary of the trials. Moreover, the pre-
and post-tests were done about 1 hour before and 1 hour
after the healing test. In the pre- and post-tests, target
dishes were set on a table at Place P in Fig. 2 and the
other conditions were the same as in the healing tests.

After each test, lids of the dishes were removed and
each dish was put into a 2.2L sealed plastic container.
After all tests, containers were kept in racks in Room A
at room temperature (24°C) without sunlight. The racks
were covered by a thick cloth to avoid winds from an
air-conditioner. All procedures in the tests were recorded
by a video system.

3.5 Instructions

The following instructions were given verbally to
the healer.

Start of trials. “These cucumber pieces have been
recently made. There are bright and vivid cucumber
pieces. Please do non-contact healing to try to increase
the vitality and brightness of all the cucumber pieces.

Fifteen minutes after the start, a sign will be given to you.

However, please make an effort to do non-contact
healing for a full 30 minutes.”

After 15 min. “Fifteen minutes have passed. Please
continue to do non-contact healing to try to increase the
vitality of the cucumber pieces and to increase their
brightness.”

3.6 Gas Measurements

24h after the post-test, we measured gas
concentrations of each pair of test and control containers
using short-term gas-measuring detector tubes for ethyl

acetate (141L, Gastec: 3 times at 100mL). And we
calculated an index of bio-PK power (Js value: the
natural logarithm of the ratio of gas concentrations of a
pair of test and control containers).

3.7 Fluorescence Measurements

After gas measurements, dishes were taken from the
plastic storage containers. Next, fluorescence of each
pair of dishes was measured for 1 min using band pass
filters.

Fluorescence measurements were done using a
highly sensitive camera with an image-intensifier (1.1.)
(C2400-47, Hamamatsu Photonics, wavelength: 280-650
nm, sensitivity: 60mA/W at 400nm) (Fig. 3). And the
AquaCosmos software (Ver. 1.3, Hamamatsu Photonics)
was used for system control and data analyses.
Fluorescence was measured with band pass filters which
let visual light of a specific wavelength pass through.
The center wavelengths of the band pass filters were
438.0nm, 482.5nm, 534.5nm, 562.0nm, and 624.0nm
(Techspec, Edmund Optics; full width at half maximum,
28-48nm; OD > 6).

Ultraviolet lamps (FLALB-B, Panasonic; maximum
wavelength, 352nm) were covered with UV-pass filters
(U330, Hoya Candeo Optronics) and black cloths for
light reduction because the brightness of the UV lamps
was too large relative to the camera sensitivity.

We calculated true intensity [counts / 10000 pixels]
of each piece reducing background noise. Next, we
calculated Jr value; the natural logarithm of the ratio of
fluorescence intensities of a pair of experimental and
control pieces. Moreover, in order to cancel any effect
from the unevenness of lighting, the position of the
sample dishes was changed and another measurement
was made. The average of the fluorescence Jr values was
defined as the measured Jg value.

Band Pass Filter
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Fig. 3 Fluorescence Measuring System
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3.8 Calibrated J Value

Calibrated J values were obtained as an average J
value of a calibration test reduced from each measured J
value in a set of SCAT. Calibrated J values were
analyzed in the present paper.
3.9 Data Pattern Analysis

As a post-hoc analysis, data patterns of combined J
values were analyzed by cluster analysis.

4. Results

4.1 Results of Gas Measurements

In the healing tests, average Jg value was Jg = 0.104
(n =31, 95% confidence interval = £0.056). There was a
significant difference between the healing and
calibration tests (p = 1.45x10%, t = 3.388, df = 43.163,
Welch test, two tails).

In the pre-and post-tests, average Jg value was Jg =
0.127 (n = 32, 95% confidence interval = £0.056). There
was a significant difference between the healing and
calibration tests (p = 2.04x10™, t = 4.020, df = 48.070,
Welch test, two tails).

There was no significant difference in the average
Je values between healing and pre- and post-tests (p =
0.555, t = 0.593, df = 61, t-test, two tails).

4.2 Results of Fluorescence Measurements

Fig. 4 and Table 1 show average J values of gas
and fluorescence measurements of the healing and pre-
and post-tests.

The signal-to-noise ratios (S/N) were about 0.1-0.2
for the band at 624nm. Those data were omitted because
their S/N was too small to analyze. In other bands, S/N
of fluorescence was about 3.7-0.65. S/N and the intensity
of fluorescence were large when the wavelength was
short.

At the 438nm, 483nm, 535nm and 562nm bands,
there were significant differences in Jr values between
the healing and pre- and post-tests (p = 0.033-1.55x10™,
n = 123-128). Absolute Jr values were nearly equal to

zero (Jg = 0.017-0.052) in the pre- and post-tests. In the
healing test, values were: Jr = -0.047 (438nm), Jr =
0.042 (483nm), Jg = -0.131 (535nm), and Jr = -0.156
(562nm). In the healing test, only the band at 483nm
showed positive Jg value (the fluorescence intensity
increased).
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Fig. 4 Jg Value (Gas) and Jr Value (Fluorescence)
and 95% Confidence Intervals
P values show significance between healing and
pre- and post-tests.

4.3 Correlations

In our late autumn test®”, there was a significant
weak negative correlation (about r = -0.4) between gas J
value (Jg) and fluorescence J values (Jg) at the 438nm,
483nm and 562nm band wavelengths. There was a
possibility that the gas-generating system and
fluorescence-generating system have a common process
but they have some opposite features, and healing affects
only the common process. If healing affects the common
process, it is expected that there are negative correlations
between Jg and Jg even in summer tests. However,
negative correlations between Js and J- were not
significant in the healing test (Table 2). Additionally,

Table 1 Difference between Healing and Pre- and Post-Tests

unbiased Welch test
Jvalue | estimate of n p value
variance tvalue df (two tails)
healing 0.104 0.024 32
985 “pre&post | 0.127 0023 31| 959 60.981 0.555
healing -0.047 0.186 128 5
438nm pre & post 0052 0169 124 4.415 248.917 1.51x10
healing 0.042 0.064 128
483nm ore & post 0.017 0033 124 2.155 230.232 0.032
healing -0.131 0.127 126 -4
535nm ore & post 0048 0193 123 3.524 234.347 5.12x10
healing -0.156 0.120 127 5
562nm pre & post 0,034 0122 124 4.310 248.743 2.36x10
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there were weak positive correlations (about r = 0.4)
among Jg values in the healing test.

In the pre- and post-tests, there were very weak
negative correlations between Jg and Jg in the bands of
483nm and 535nm (Table 3).

Table 2 Correlation Coefficient in Healing Test

438nm 483nm 535nm 562nm
Gas -0.067 -0.046 -0.067 -0.016
438nm -0.161 0.061
483nm 0.169 -0.212 *2
535nm
*1p=26x10"7 *2p=0.017 *3p=2.6x10

Table 3 Correlation Coefficient in Pre- and

4.4 Data Pattern Analysis

Relationships between Jg and Jr values were more
complicated than we had expected. As an additional
analysis, we analyzed the data pattern (response pattern
of the bio-sensor) which is a combination of Jg and Jg
values. Data patterns could be categorized into 3 patterns
by cluster analysis (Tables 4 and 5, Fig. 5) using the
Ward method with a standardized Euclidean distance
(Excel-Toukei 2003, SSRI). These data patterns
suggested that different healing ways have common
properties. Clusters | and Il showed specific patterns
while cluster 111 showed a flat pattern in which average J
values of gas and fluorescence were small (J < 0.1).
There is a possibility that cluster 111 can be separated into
a few clusters if we obtain more data in the future.

In the present study, we asked healers to repeat the
healing practices in the same way. However, we cannot
avoid small differences in them, because making

Post-Tests completely identical repeats is not easy, even for
veterans. There is a possibility that differences of data
438nm 483nm 535nm 562nm . . .
patterns are caused by small differences in the healing
Gas -0.070 -0.176 *1 | -0.294 *2 0.164 practices.
438nm -0.009 0.003 -0.152 We calculated discriminant functions which
483nm -0.003 -0.065 separate healing data into Patterns I, Il and Ill (Tables 6
535mm and 7). Data of the pre- and post-tests were plotted by
‘I p=0045 *2p=0001 *3p=0009 this discriminant function (Fig. 6). They_broadly covered
the areas of Patterns Il and Ill, and differed from the
distribution of the healing data.
Table 4 Average J Values of Trial Data
ID '?\fga Gas | 438nm | 483nm | 535nm | 562nm Dendrogram
K021-2 10 | -0.001 | -0.200 | 0.451 | -0.361 | -0.462 | 4
Cluster | S017-2 8| 0.123| -0.363 | 0.278| 0.005| -0.375 | g
(Pattern ) | K021-1 9| 0192 | -0133 | 0296 | 0.033| -0.260 | ¢ ;’7
MO009-2 4| 0.234| 0134 | 0238| 0.113| -0.319 | 4
HO006-1 15| 0.074 | -0.013 | 0.017 | -0.556 | -0.530 | 15 ]
Clusterll | A010-2 14 | 0.107 | -0.048 | -0.109 | -0.555 | -0.295 | 14
(Patternll) | S017-1 7] 0.229| 0054 | -0170 | -0.375 | -0.215 | 7 ]
MO009-1 3| 0243 -0020| -0.157 | -0.190 | -0.173| 3
0005-1 11| 0127 | 0363 | 0150 | -0152 | 0.148 | !! —
0005-2 | 12| 0.09 | -0.116 | 0.099 | 0.256 | 0.047 | '?
S012-2 6| 0220 -0.078| -0.088| -0.111 | 0.176 2
Cluster Ill | K013-2 2| 0185| -0.041 | 0.061| -0.034 | 0.061 |
(Pattern ll) | A010-1 13| 0018 | -0.162 | -0.216 | -0.286 | 0.018 | ,q
HO006-2 16 | -0.047 | -0.006 | -0.041 | 0.268 | -0.138 | § ﬂ
S012-1 5| 0001| 0121 | -0.190 | 0.050 | -0.028 | 1
K013-1 1| -0150 | 0.019 | 0.057 | -0.173 | -0.194 L
0 5 10
Table 5 Average J Values of Clusters
Gas 438nm 483nm 535nm 562nm
Cluster | 0.137 -0.208 0.316 -0.053 -0.354
Cluster II 0.163 -0.007 -0.105 -0.419 -0.303
Cluster Il 0.058 0.012 -0.021 -0.023 0.011
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Fig. 5 Data Patterns
Table 6 Coefficients of Discriminant Functions
Gas 438nm 483nm 535nm 562nm | Constant | Correctly assigned
Function 1 19.9624 1.3094 -2.1901 | -2.4852 | -17.6991 -5.0496 100%
0
Function 2 -1.1088 | -4.4837 8.4911 | 2.3105 1.3024 0.0488
Table 7 Details of Discriminant Functions
Function Wilk's A Bartlett's 2 df p value
1 0.0089 51.9701 10 1.16 X107
2 0.1856 18.5230 4 0.0010
4 —_———-
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3 T '
1 A h
4 —=== : At
-+ N oo 7
T 3 t & = ? * o.A<> |
c A
S ) A 2 1 ! v
2 2 o 8 A X A o A
c | S ! I
gl o L o = = — S
e 0 t t = [ ] ! !
8 X g 4 :<> o]
é 1 1 = \ ’ °
— 1 1 —_—— - - -
s 5 & < u 5 APattern| ' T [m)
2 ] 2 2 O Pattern II O, A :DEI !
o -3 1 . e < Pattern i ° | |
4 -3 ® Pre T 0 !
A Post A -
-10 5 0 5 10 4
Discrininant Function 1 .25 -20 .15 -10 5 0 5 10

APattern| B Pattern |l & Pattern Il ]

Discriminant Function 1

Fig. 6 Distribution of Discriminant Scores
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5. Discussions

5.1 Gas and 535nm Band

In the previous study in late autumn®, the bio-PK
effect was detected for the band of 562nm by the
fluorescence measurement method, but it was not
detected by the gas measurement method. In the present
study in early spring, the bio-PK effect was detected by
both methods, and also large Jg values (absolute Jg was
larger than 0.1) were obtained for the bands of 562nm
and 535nm, not only the 562nm band. This suggests that
bio-PK detection ability of the gas method is related with
the fluorescence material in the 535nm band. Cucumber
gas (odor) is a mixture of C6/C9 aldehydes and
alcohols®*? and we use the part of the gas components
which shows a color reaction against 141L in our gas
measurement method™”. Because the correlation
between Js and Jg of the 535nm band is very weak, we
consider that most of the color-reaction components are
not related to the 535nm-fluorescence material and that
only (very small) specific components have a
relationship with fluorescence material.

5.2 562nm Band

The 562nm band is possibly useful for detecting
bio-PK all year around. However, we should check it in
summer tests in the future.

5.3 Instructions

In the present study, the instruction was “To
increase vitality and brightness of cucumber pieces”
which is the same as we used with our biophoton
measurement method. There was a tendency that the sign
of the Jr values was opposite that of Jg values in the
present study, but only 483nm-fluorescence increased
and its Jg value was small. It was difficult to control the
direction of increase or decrease of the amount of
fluorescence material. Also one of the reasons that
correlations between Jg and Jg values were not
significant may be caused by un-suitable instructions. It
is not easy to get healers to understand the difference
between biophotons and fluorescence. Therefore, the
instruction “To increase cucumber odor” is considered
more suitable in our fluorescence measurement method.
5.4 Pre- and Post-Tests

Regarding the results of the pre- and post-tests,
there is a possibility that there were some biases in the
experimental room.

In our previous studies, almost all blank tests were
conducted on days different from healing tests. We do
not have data available to compare with data of the
present study. Therefore, here we discuss whether any
biases at the experimental room exist or not in our
previous data.

Table 8 shows average Js values of our experiment
for potential measurements® in which five volunteer

healers did non-contact healing in the experimental room
from 1:00PM to 3:00PM in September and October 2010.
At that time, each healer did 30-min trials for the target
cucumber dishes on a table in front of him. Also,
experimental dishes for potential measurements were
arranged at 25cm intervals in the front-back and
right-left directions.

Table 8 Jg Values of Five Volunteer Healers

Sepaoc.2oiw | N | Average | sD
Healing test 19 (Cafi‘grzt%ji‘r’ata) 0.151
TS o] k00 | o
N -

Data are from Ref. 24.

The healing test was done at the center of the
experimental room, and the average test Jg value was
similar to that of the present study (Table 8). Average Jg
values around the healer were nearly equal to zero.
Therefore we considered that there were no strong biases
in the experimental room. We should conduct more tests
to discuss the reasons for the results of the pre- and
post-tests.

5.5 Data Patterns

Healers and gigong masters often claim that they
adjust their healing ways to the client’s conditions or
they can emit different kinds of power/energy. Through
the results of the present study, we can expect a
possibility that their claims are supported partially.

In the present study, almost all healers used their
own original healing ways, and the details of their ways
were considered to differ from each other. However, we
can categorize the sensor’s response patterns into three
groups although healing ways were different. This
suggests that various healing ways have common
properties, and there may be a possibility that we can
categorize the healing ways from the viewpoint of
response patterns of bio-sensors. Moreover, we should
discuss whether the sensor’s response patterns can be
changed by different instructions. Also, we should
improve the accuracy of our discriminant functions
through further studies.

6. Conclusions

1) The fluorescence measurement method was shown to
be useful to detect bio-PK effects in early spring.

2) It was difficult for healers to control the direction of
increase or decrease of amount of fluorescence
material.

3) There was a possibility that various healing ways can
be categorized by response patterns of the bio-sensor.
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BERITRT B8 EHIEE D Bio-PK B HisE

(Bio-PK Detectivity of Fluorescence Measurement Method: Early Spring Test)

INIRFZ Y MBS Y BAK . MEEET L ILARE !

(Hideyuki KOKUBO™?, Satoshi KOYAMA!, Osamu TAKAGI®, Kimiko KAWANO® and Mikio YAMAMOTO?)

L[S AT A RGBT
IR EAIE R

(2012 476 A 11 H2211: 2012 47 S 24 H i Jifem 5 #E)

BEE:E50032006 LK, e—VU 73U — (bio-PK) OEZEREEDOBBICID A TE
D, ZTNFETIZAWESF = 7 U Cucumis sativus ‘white spine type’ RFEDUI (EEE ) 25
AU DAY S 7oA 47 4 b AEE, BT A E o T2 T AREE, F=27 VY
A U D E A ET 5 a0OCHIE OB ISR L=, AHFFEIX. 2 HAvH 3 HDOBREDF
27V &EHWT, @OGHEEED bio-PK itae, H iR B D ZEALO FF M D3I T RED & 5 I DR
BE Lz, FEEBORD, b=V U FEBROFIZRIZE — 7 —BARIEE WD DAMIFR—FM 05
B (ERi-FHRER) 21To7-, PBRE X AR AZE L dEfie —Y o 7RRBRE 84 (B 14,
T4, 34 E~51 0%, FHIAER 46.8 %) & L7z, fEE. b—U U EBRIIAT R IMEDOFHE I =
0.104 (n=31, 95%1EHEHX[H=+0.056) T Y bio-PK ZHEA M Si-, £7-Fai FHEFERIT
W) e = 0427 (n=32, 9B5%IEEXM==+0.056) TV FHn] - FHRLESBI S NTZ, HOLH]
ETIER. B—V 7 EREER] - FHEERD I & OMICREIAEEREZDNH -7 (p = 0.033
~155X10 >, n=123~128), 7=, 7 T AZ—BInLRRITT — X O IED/ 2 — 273 3 Ff
I CE T, ARG, 1) BHEOF =27 U TH bio-PK ORHICHEEHIEENEZ D, 2)
W E OB OHIENTEE LV, 3) T —H X F = DEND e — 1 T EO N AT
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DX 27 VIISISMEREN -, S 47 4+ B
VRIEE < A ARNEE TIE bio-PK Zh 5 oD #a H A3 IR
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B 28R S R I EE O HREDME T35 B
IR L, b —T— 30 AREE & REICT
TV DEWRHRL 72D X ) (TARENPRKELS 2D
£9) HHREE T, F2, b=V U7 FEE LT

R DT T > 7 BB ATV, fERE R LT,
HAREDFEE, ©—VU v 7 EEIT Jg=0025,. 75
> 7 FEBRIT Jg = 0.051 TH Y | bio-PK ZhEEHH T
Xlpinolz, —FH, HAREETHER LN S
SRR Z BRI L2 Ha e a N RN AT 4 VB %
5 o THIERIE U755 F. 562nm H5 Dt T bio-PK
HENBHENT Jeg= —0.122, n=32), £7/-. bt
— U U7 FEBRTIEH A I fiE & a5t Ie B (438nm 77,
483nm &, 562nm &) L DRIz r= —04 BBEDIHN
AMENR LN, 7T 7 EBRTCIIA EMEIX
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R ENL T APNEEL A A7 + b UHIE L
L bRHERNEWEBEZ NN, FEMEBL T
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4. % B

Tablel E—YYJREREEN - ERRRD ) EOHEE

4.1 HARIEDHER

M n Welch &%
Wl p &

J &

t—U 73 ERITF) g = 0.104 (n=31, 7

E—1y>4 | 0.104 | 0.024 | 32

2E tiE | BME
0.594 | 60.981 0.555

95%E#E X [ = +0.056) CTd -7~ #IFE A

EFEH | 0127|0023 | 31

E—1>4 | -0.047 | 0.186 | 128

Bo JfE (Jg=0.000) & &—U 7 EERD ﬁﬁ
JE & OMICHEHAEERENRH T (p=

EFIEHE | 0.052 | 0.169 | 124

4.415 | 248.917 1.51x10°

483

E—1)>% | 0.042 | 0.064 | 128

2.155 | 230.232 0.032

1.45X10°, t = 3.388, HHE = 43.163,

nm

ERIE®% | -0.017 | 0.033 | 124

Welch #7E ., W),

FRT FRERIITEY Jg=0.127 (n=32, nm

95%{E#HE X [H] = +0.056) T&H >7=, WIEHE 562

535 |[E—U>% | -0.131 | 0.127 | 126 P
3524 | 234347 | s,

EEIE% | 0048 | 0193 | 123 5.12x10

E—o% | 0156 | 0.120 | 127 _

)27 4310 | 248.743 | 2.36x10°

BRI (Jg=0.000) &b—VY T ERD nm

ERIE%R | 0.034 | 0.122 | 124

JE L ORI EERERH -T2 (p=
2.04X10™, t = 4.020. EHE = 48.070,
Welch #7E ., Al

t— U 735 L FRT - FRIEROD I i & ORI
MEIAEE R EITR o2 -72 (p = 0555, t =
0.593, HHJE =61, tkE. M),
4.2 BARIEDHER

624nm H51FZH LD SN HEAS 0.1~0.2 FREE L /&<
SBTIREETS » 72 T2 O T BRI B RS LTz, oD
EHOROE0 SN HIE 3.7~0.65 T2 T, I ENE W
IZE SN R RE S, wABE L RE o7, Fig. 4
L Table 1zt —V 7SR & FHhij - FHRERON
ZTE &G E DY Il 2T,

0.3

p<0.001 p<0.05 p<0.001 p<0.001
T, .

L g

0.1

0.2

FERXFE)

a

02 H BE=YLY
OFRI-FE

HRIMEEH S B (95%f

-0.3

HAME 438nm  483nm  535nm  562nm

Fig. 4 HRAE (JcfB) - HARME (J:-fE) &ED

959% A RX
HPDpERFEMEERRROIELE—) Y TERDIEL
DEREERT.

438nm. 483nm. 535nm. 562nm @ F OFEEH T .
b — U v 7 FERR &R FRERO JEICHEAE
BREND -, I EOMHHMEIXERT - FHRERT
I1Z Jk=0.017~0.052 THo7=DiIZx L, e —U
FEERD JefEIE Jp=—0.047 (438nm ). Jz = 0.042
(483nm #5) . Jp= —0.131 (535nm #5) ., Jp= —0.156
(562nm #r) ThH-o7-, £/, b=V T EERT I

EMRIEIZ A 5 7= D1 483nm Hi 72 1F Th o 7=,
4.3 HESH

BESR OBk D EBR Tl1T, b — U v 7 EBRICBWT
H A Il & 06 I i (438nm &%, 483nm 4%, 562nm
) EOMIZ r= —04 FREOFHNEMEBEN A S
W oz b, ExIT THAERTR & #EEW
EARCRICIT B O ROSEIE N B D A, WE TS
BfRICH D, b—V 7l odmEfeicER+
b.] EWolr[EENE N, =V 7D
TERBEF R Z O L2 ICHMR b O THDL DL, B
WCBWTH AR Il & a0t e N AMET 5 & T
IR, TR JgEL® kEE oM
— U VT ERTIIER L Lo 72 (Table 2),
EOHBERENREDN->T-DlFe —V 7 ERO
WO JER L OB 57228, r= 04 BREDOFHNIE
M TH -7,

HAT - FHRERTIIA A JgE L 483nm #5 - 535nm
HOWEN Il & OFICH B AN G > 7203, i
NHHENIIEE 299~ 7= (Table 3),

Table 2 E—Y VT EROHEERHK

438nm 483nm 535nm 562nm

AR -0.067 -0.046 -0.067 -0.016
438nm -0.161 0.061 0.438 *1
483nm 0.169 -0.212 *2
535nm 0.469 *3

HERMO pfE *1p=26x10" *2p=0.017 *3p=2.6x10"

Table 3 I/l - FHEROMBEARE

438nm 483nm 535nm 562nm
HR -0.070 -0.176 *1 | -0.294 *2 0.164
438nm -0.009 0.003 -0.152
483nm -0.003 -0.065
535nm 0.233*3
HHEBRHED pfE *1p=0.045 *2p=0.001 *3p=0.009
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4.4 F—RIINB—2 D9

BHITHRIN L

S22

Dh s & @F%{%S‘%’E%Ef*&;
BIMSHE LT, £FfT2 8

\ZH A JE

&&d%J1 DOE¥EZERD, JEOT —H X7 —

BT AL —=GHTT 3RET

L7~ (Tables4 &5)

(U 4—Fi&, ERfbsniz=2—7 Y v g, —

&0 T AL —DFHED/F — % Fig. 5 (TR

T, VT AZ—=LE2 (NNF—1 )

(IR EHY

RRNE—=UNR BNz, 7T AL =3 (2= 1)
DNHJ IEIX AT A DT d J<0.1 E/hE <
77 7 ETCIREEE R R F — Lo TN D,
7T AL =3 %, fFRT AL, &5

7 & ILHEEF 2006, SSRI), BE OB T NS ATREERH 5,
Table 4 £&§ — 2 DFH I E
ID Tﬁ_f AR | 438nm | 483nm | 535nm | 562nm HER
=
K021-2 10 | -0.001 | -0.200 0.451 | -0.361 | -0.462 10 —
95 RA—1 | S017-2 8 0.123 | -0.363 0.278 0.005 | -0.375 8
UBZ—=21) K021-1 9 0.192 | -0.133 0.296 0.033 | -0.260 9 5
MO009-2 4 0.234 | -0.134 0.238 0.113 | -0.319 4
H006-1 15 0.074 | -0.013 0.017 | -0.556 | -0.530 15
552%4—2 [A010-2 | 14| 0.107 | -0.048 | -0.109 | -0.555 | -0.295 | 14 I
(87— | S017-1 7 0.229 0.054 | -0.170 | -0.375 | -0.215 7 }
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