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In this paper, we propose a new simple device for visualizing bioactive molecules with a fine spatial resolution by using a
membrane in which a specific enzyme is immobilized. The layer produces fluorescence after association with a specific substance.
The layer, on which a biological tissue is to be mounted, is deposited on a quartz substrate that is used as a light guide to
introduce UV light to the layer. Substance release is observed by a CCD camera from the opposite side of the substrate. In order
to shorten the experiment time, we had automated the optical device. The paper also describes the reduction of background
fluorescence by means of image processing technique. Images were acquired by employing two UV-LEDs with slightly different
angle. Image processing was performed to separate background and target fluorescence by means of independent component
analysis. Finally the release of GABA (y-aminobutyric acid) and glutamate from specific layers in rat cerebellum was successfully
observed. It is expected that, using this method, both real-time transmitter release and its response to medicine can be observed.
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1. Introduction

Light guide is composed of a dielectric material that can enclose
the light propagation. In addition to being applied to communication,
it is useful for sensing as well. In chemical sensing the surface of
the light guide has to be coated with some specific chemical that
may change its optical property depending on chemical reactions.
Such a function can be applied to chemical imaging, if the light
guide has a flat surface. This study proposes an application of
two-dimensional light guide, of which surface is chemically
modified, to biochemical imaging.

Neurotransmitter molecules released from neurons are not only
regulators of neuronal transduction but also indicators of neuronal
conditions. Glutamate and y-aminobutyric acid (GABA) are
known as typical transmitters in brain cortex that play important
roles as stimulator and suppresser, respectively. Lack of balance in
the release of glutamate and GABA may lead to autism, epilepsy
or Parkinson’s disease!®,

In order to observe the spatio-temporal release in cerebellar
cortex, we have newly proposed the enzyme-linked photo assay
system, which is realized even using normal CCD camera, and
observed GABA release in developing cerebellar slice using either
new or authorized methods®™.

In this paper, we propose a new simple device for this purpose
by using a reactive layer in which a specific enzyme is
immobilized, and produces fluorescence after association with a
specific substance released from mounted slice. This layer is
bound a quartz substrate that is used as a light guide for UV light
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excitation. Fluorescence derived from a substance is observed by a
CCD camera from the opposite side of the substrate.

The paper describes the reduction of background fluorescence
by means of image processing technique. Finally it will be shown
that the release of transmitters from specific layers in rat cerebellum
was successfully observed.

2. Specimen Preparation and Photo Excitation
System

Imaging of neurotransmitter release was monitored the reaction
of oxidoreductases generating reduced nicotinamide adenine
dinucleotide (NAD™) or diphosphonucleotide (NADP"). For
glutamate and GABA, we used glutamate dehydrogenase and
GABA disassembly enzyme (GABase), respectively.

Enzymes were covalently immobilized on the quartz glass
substrate using a silane coupling agent and a crosslink agent. The
substrate was as thick as 1 mm. Stoichiometrically generated
NADH or NADPH emits 480 nm fluorescence afler excitation at
340-365 nm.

Existence of glutamate and GABA lead to fluorescence when
co-existing with specific enzyme and co-enzyme. A glass substrate
on which specific enzyme is coated is in contact with the biological
specimen. A chamber space is created around the specimen. The
space is filled with buffer liquid and co-enzyme. On the glass
substrate therefore, the specimen is in contact with both enzyme
and co-enzyme.

Consequently glutamate or GABA, that is released from the
tissue spontaneously by stimulation, makes an oxidation-reduction
reaction on the substrate. Although both glutamate and GABA do
not produce fluorescence by themselves, NAD(P)H that is created
as the result of the above chemical reaction makes fluorescence.
As the ratio of glutamate or GABA and NAD(P)H is 1:1, the
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fluorescence can be correlated to the amount of released glutamate
or GABA.

In the experiment, rat cerebellum was sliced sagittally at 400 pm
thick and incubated in oxygen-aerated HEPES-Na" buffer for 40
min. The slice was placed on the quartz glass substrate with both
NADP" and a-ketoglutarate. Figure 1 shows the schematic diagram
of the observation system including the device. The enzyme was
immobilized covalently on the glass as shown in Fig. 2. Figure 3
shows chemical reactions taking place on the substrate. NADP”
(nicotinamide adenine dinucleotide phosphate) changes into
NADPH (reduced nicotinamide adenine dinucleotide phosphate)
just as glutamate and GABA degeneration. Synthesized NADPH
was illuminated by 360 nm surface UV-LED, and emitted the
480 nm fluorescent light observed by cooled CCD (ORCA ER,
Hamamatsu Photonics). The quartz substrate can be recognized as
a light guide to illuminate the surface of the substrate.
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Fig. 1. Schematic diagram of the observation system including
the device and its outlook
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3. Image Processing

The fluorescent light detected by the CCD camera is divided
into target light and background light. As significant intensity of
background light is detected. it is assumed that fluorescence is
excited by the light that is refracted on the interface between the
substrate and tissue system including the layer. The light, being
generated by LEDs and propagates though the substrate, can be
decomposed into plane waves with different angles of propagation.
Each plane wave transfers across the enzyme layer and comes into
the tissue. We assume that both target and background light were
predominantly excited by normal light. As the background light
significantly damage the quality of the image, it should be reduced
as much as possible. Making use of the evanescent light may be a
solution, however, it may make the system complicated, and the
target light may be not as significant as this case. Therefore we tried
to reduce the background by means of a simple image processing.

Assuming that the light is a plane wave and scatter can be
neglected, wave propagation and detected fluorescence can be
illustrated as Fig. 4. In the figure, fluorescence, attributed to the
layer where the enzyme is fixed, is represented as /y. This is
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Fig. 4. Fluorescence detected by CCD camera
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defined as to be the target. The fluorescence attributed to the tissue
is represented as /'y . This is defined as to be the background. Both
Ip and ['y depends on the incident angle 6. The thickness of the
quartz plate, which is used as a light guide, is as thick as 1 mm. As
it is much thicker than the diameter of normal optical fiber it is
relatively easy to introduce two kinds of lights of which angles of
center axes are significantly different. In addition, in practice, they
depend differently on the incident angle. As the result, the
proportion (/y/I'g) is not the same along 6. This is true even if the
incident angle has distributed.

As the result, the captured fluorescence with different angle of
optical axis is composed of target and background fluorescence
with different mixture ratios. This can be represented as:

Fl I ST J‘(;

where [ (x,y) and F(x,y) are captured fluorescence image, f)(x,y)
and f;(x,y) are spatial distributions of fluorescence as the target
and background, a,y, a2, a3, ay; are constants. Although the image
acquisition is sequential, ICA is performed by assuming that two

images, F)(x,») and F,(x,p) are acquired with a negligible time lag.

Reproduced images /") (x,y) and /" (x,y) are calculated from F and
F5. As the result of periodical acquisitions of /; and F,, time
dependent images of /' and /”; are calculated. Eq. (1) can also be
described using a matrix expression as:

The target and background fluorescence distribution can be
calculated by applying A" to F. In practice, only contrast of the
image would be enough to recognize the distribution. In such a
case A can be represented as:

| « 3

Aﬁer capturing two images F, and F, by changing the angle of

optical axis, the target and background images can be separated by
finding appropriate numbers for & and . a and £ can be tuned
manually by monitoring the quality of reproduced image, however,
the theory of independent component analysis (ICA) may be
powerful for solving such a problem.

Stochastic distribution of pixel intensity in images /" and /", are
represented as p(yy;) and p(y,;), where yy; and Vo represent the
intensity.

POD=P ) P )= P, ) }

(4
P =Py ) p(y, e POy, )} @

p(¥ii.y2;) represents the probability that the intensity of a pixel in
image /", is y;; and that of the corresponding point in image /% is
Vaj. In other words p(y,) and p(y,) are probabilities that cases y,
and y, take place, respectively. and p(y,,y,) is the probability that
cases y; and y, takes place simultaneously. Variables y, and y, are
considered to be independent when

PLY) = PY)P(Y,) i (5)

is established. Kullback-Leibler(K-L) parameter is often employed
to indicate the independency of variables:

. (Vs 2s,)
KL= ZP(MuJ’z,)IOg&

(6
i p()P(,) W

The K-L parameter is zero when two sets of variables y, and y,
are completely independent together. In practice, & and £ in Eq. (3),
which determine the probabilities p(y,), p(32) and p(y,,y,), can be
tuned so that the K-L parameter indicates the minimum.

The process of ICA is illustrated in Fig. 5. The equation described
in the form of matrix indicates that two images, F; and F, derive
from linear combination of unknown original images f; and f. If
an appropriate inverse matrix can be found then the original
images can be reproduced. However as the matrix to describe the
linear combination is unknown as well, ICA algorithm is applied
to find the most appropriate matrix (as the inverse matrix). In the
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Fig. 5. lllustration for image processing based on independent component analysis
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ICA process K-L parameter is calculated in order to evaluate the
probabilistic independency of images /", and /. It can be considered
that in the reproduction algorithm the core process is the calculation
of the K-L parameter. In this preliminary study K-L parameter is
successively calculated by manually changing the inverse matrix,
and images are assumed to be reproduced when the K-L parameter
indicates the minimum.

4. Results and Discussion

4.1 Image Processing using the ICA Figure 6 (a) shows
visible light image of the cerebellum with postnatal 21 days. In
developing cerebellum, granule cells, small input neurons,
proliferate and migrate down from the external granular layer
(EGL) to the internal granular layer (IGL). As the development
proceeds, EGL turns into molecular layer (ML) whereas 1GL
remains. Purkinje cells, big output neurons, develop their dendrites
and associate neuronal connections between granule cells and
other interneurons. Neuronal circuit layer forms the ML. As the
cerebellum shown in Fig. 6 (a) is mature, ML, PL, IGL are clearly
visible. Note that ML is on the outer side of the cerebellum, and a
wrinkle surrounded by the ML is seen in Fig. 6 (a).

As for fluorescence observation, three different images were
acquired. Two were with different inclination of the excitation

= Xk LA

Small angle (image A). Large anglc'(imagc B).
(b) Fluorecence images before image processing

-

W,
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(c) Fluorecence images after image processing

Background Target

Fig. 6. Cross sectional mages of cerebellar cortex: (a) Visible
light image, (b) original fluorescent images with different angle
of optical axes, and (c) fluorescent images after the image
processing. Scales are indicated in arbitrary unit. Specimen: rat
cerebellum (postnatal 21 days), target: GABA
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light source, and one was with no excitation light. Each of the two
images with excitation light was subtracted with the image with no
excitation light, in order to reduce the background light from the
outside. These two images after the subtraction were defined as
images A and B.

Figure 6 (b) shows these images for a rat cerebellum. Both
images are very unclear, because of the background fluorescence.
Figure 6 (c¢) shows the result of image processing. It is clearly
shown in the image entitled as “target” that the fluorescence
intensity is high in two layers, whereas that entitled as “background™
is not clear. By morphological inspection these layers are recognized
as ML and IGL. These layers are known that GABAergic
neurons distribute in mature cerebellum. Studies using HPLC and
clectrophysiological method have shown that GABA is released
from the postnatal cerebellar cortex even before synaptogenesis,
and that GABA receptors act on the developing cerebellar Purkinje
cells™. However, dynamic GABA release could not be observed
unless the enzyme-linked photo assay is used. In addition, because
cytoplasmic autofluorescence becomes noisy background light, it
is useful that the image processing system extracted the image of
GABA release from the autofluorescence-contained image. Using
this method, both real-time transmitter release and its response to
medicine can be observed.

4.2 Transition after Chemical Stimulation In relatively
developed cerebellum, cells distributed in the ML and IGL are
only the neurons of glutamate release, so that both layers showed
fluorescent activities. Figure 7 indicates release distribution of
glutamate in comparison with normal optical image illuminated
with visible light. The fluorescent image, indicating glutamate
release, is after the ICA processing. Figure 7 (c) indicates the
regions of interest for analysis. Regions highlighted as ML and
IGL have relatively strong intensity in fluorescence. They have a
contrast to the region highlighted as PL. Release from white matter
(WM). which is mostly composed of fatty materials, is much less
significant.

(b) Fluorescent image

(c) Regions of interest for analysis

Fig. 7. Cerebellum with postnatal 7 days observed with visible
light and fluorescent light indicating glutamate release. 0.9 mm
« 0.9 mm. Gray scale is arbitrary. ML: molecular layer, PL:
Purkinje layer, IGL: internal granular layer, WM: white matter.
Specimen: rat cerebellum (postnatal 7 days)

|IEEJ Trans. FM, Vol.136, No.2, 2016



Visualization of Bioactive Molecules (Hikaru Mabuchi ef al.)

1050 850

1000 B

b 11
3 osn

3 A R ot IS s
& g0 < s e wE
g i Wty =
= A% o Yool o 3 650 §
- Fa by
] L= A5 T
] o (ST
z / ]
E |
B oo } 'J% wo B
3 v&ﬁ g
g o ﬁ;wm@ﬂ - =ML P
z ,‘vﬁw 1

éyﬂf"ﬁ i — i -

00 "

0 3 10 15 20 25 W 18

Time ()
Fig. 8.
(normalized by the intensity of ML 30 s after stimulation
that is indicated as 1000). Specimen: rat cerebellum
(postnatal 7 days), target: glutaminate

Transition in fluorescence intensity in each layer
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M
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Fig. 9. Change in fluorescence intensity before and after
AMPA stimulation (normalized by the intensity of ML 30 s
after stimulation that is indicated as 1000). Specimen: rat
cerebellum (postnatal 7 days), target: glutaminate

Our system can visualize both spontaneous and responsive
transmitter release with about 0.2 s time resolution. Figure 8 shows
the transition of glutamate release in response to 100 pmol/{
(S)-alpha-Amino-3-hydroxy- 5 methylisoxazole-4-propionic acid
(AMPA) application in cerebellar slices. All values are normalized
by the intensity of ML 30 s after stimulation that is indicated as
1000. Fluorescence, as indication glutamate release, was intense in
both the IGL and ML, whereas the PL was indicated with lower
intensity. As shown in Fig. 8, a clear increase in fluorescence was
observed after stimulation. Transition in fluorescence was similar
for ML and IGL, suggesting that these layers are activated.
However PL, which was not expected to release glutamate,
showed fluorescence as well although it was less intense than ML
and IGL. As this specimen was taken from relatively young rat
(postnatal 7 days), the cerebellar development was not totally
completed, and the layers were not separated enough. It is hence
considered that diffusion from ML and IGL to PL would take
place, leading to an increase in fluorescence in this layer. The
increase in fluorescence in WM suggests that glutamate might
have been diffused into WM as well, although the absolute value
was much lower than ML and 1GL.

Figure 9 compares the fluorescence in each layer before and
after stimulation. Four different specimens were used for the
observation, in order to confirm reproducibility. It is clear that the
AMPA stimulation brought a significant glutamate release from
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ML and IGL, although the increase is also seen with PL.
5. Conclusions

A new method for visualization of spatially distributed bioactive
molecules using enzyme-linked photo assay has been proposed.
It is based on fluorescent reaction assisted by an enzyme
immobilized on the substrate, however, background fluorescence
disturbs the observation. In order to reduce the background
fluorescence, two images were acquired by changing the optical
axis of UV illumination. Image processing based on independent
component analysis made the target image clear. Observation of
rat cerebellum was successfully performed and GABA and
glutamate release from two specific layers was clearly indicated.
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Toxicology of chemical substances (metals and organic solvents): Management as an occupational physician

Susumu Ugeno

Department of Occupational Toxicology, Institute of Industrial Ecological Sciences, University of Occupational and
Environmental Health, Japan. Yahatanishi-ku, Kitakyushu 807-8535, Japan

Abstract : Even in Japan, there was a time when cases of occupational poisoning had frequently occurred, which led to the en-
actment of the Industrial Safety and Health Act in 1972. Currently, the use of only a part of chemical substances utilized in the
workplace is regulated according to their designated hazardous level, but there are many other substances whose toxicities have
not been elucidated. Risk assessment is now required of entrepreneurs in all categories of industry by the recently-revised In-
dustrial Safety and Health Act. This article will focus on the toxicology of metals and organic solvents, and it will discuss how
occupational physicians should manage chemicals, including the ones whose toxicities have not been clarified.

Key words : organic solvents, metals, GHS classification, neurotoxicity, narcotic/anesthetic action.
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The fact that hazardous metals do not bio-degrade or bio-deteriorate translates to long-last-
ing environmental effects. In the context of evidently rapid global industrialization, this
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ought to warrant serious caution, particularly in developing countries. In the Republic of Fiji,
a developing country in the South Pacific, several different environmental studies over the
past 20 years have shown levels of lead, copper, zinc and iron in sediments of the Suva
Harbor to be 6.2, 3.9, 3.3 and 2.1 times more than the accepted background reference lev-
els, respectively. High levels of mercury have also been reported in lagoon shellfish. These
data inevitably warrant thorough assessment of the waste practices of industries located
upstream from the estuaries, but in addition, an exposure and health impact assessment
has never been conducted. Relevant government departments are duty-bound, at least to
the general public that reside in and consume seafood from the vicinities of the Suva Har-
bor, to investigate possible human effects of the elevated hazardous metal concentrations
found consistently in 20 years of surface sediment analysis. Furthermore, pollution of the
intermediate food web with hazardous metals should be investigated, regardless of whether
human effects are eventually confirmed present or not.
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raise concern because metals are not bio-degraded or bio-dete-
riorated over time like organic pollutants, resulting in long-
standing environmental toxicity. In addition to the tendency to
bio-accumulate and increase their concentrations over time,
hazardous metals are also toxic at low concentrations. These
facts ought to raise serious concern in the face of the current
trend of global industrialization, particularly in developing coun-
tries.

Surface dumping of hazardous metals exposes them to air and

rain, thereby generating much acid drainage. Pollution of farm-

land results in plants absorbing metals and accumulating them in
their tissues. This ultimately results in accumulation of these tox-
ins in tissues of animals and marine organisms, and in milk of
lactating females [1]. Exposure in human beings results from
consumption of contaminated water, plants and animal meat,
which induce differential effects on the neurological system and
also on human biochemistry. Essentially, all living organisms in
any ecosystem are affected at their individual levels on the food
chain [1].

We discuss in this paper the situation of hazardous metals in
the environment, in the Republic of Fiji (hereafter called “Fiji"),
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