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A novel imaging spectrometry was demonstrated which can accurately measure
the spectrum of whole surface of tissue instead of a single point. Using this appar-
atus, we obtained the microscope spectrometry image of the hematoxylin-eosin
stained tumorous tissue and normal (muscle and blood vessel) mouse tissue was
obtained. From the pseudo RGB images of the spectra, tumorous and normal
tissues were observed very clearly. The spectra at arbitrary positions could be
taken instantly as well as the transmission and absorption spectra, which normal-
ized to the background spectrum. The spectral intensity distribution images were
obtained at selected wavelengths to get the area distribution of the stained tumor-
ous and normal tissue clearly. In our experiments, we obtained clear spectrometry
imaging from weakly illuminated objects. It took 30 seconds to measure a static
image of a sample. Moreover, this apparatus is suitable for real-time measure-
ments of living tissue if using laser illumination, a high-speed CCD camera, a
fiber, an endoscope and photosensitizer. In the near future, this novel technique
can be used in tumor photodynamic diagnosis.
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1. INTRODUCTION

Now the main method of malignant tumors diagnosis is using
endoscopes to observe the tissue by naked eye then sample of the sus-
pected focus tissue to make pathologic analyses on the cell. However
this method will not only increase the pain of the patient, but also
increase the risk of dispersing the tumor cells. So the people hope to
use imaging spectrometry for early malignant tumor diagnosis instead
of sampling the tissue cells.

Significant research attention has been focused on the photody-
namic diagnosis (PDD) technique, which combines a photosensitizer
and a specific excitation wavelength. Because of negligible side effects,
the ability to find and diagnose tumorous tissue is possible. PDD auto-
fluorescence uses a laser to excite the fluorescence material porphyrin
inside the tumor and to measure the fluorescence spectrum for tumor
diagnosis [1-3]. PDD fluorescence, however, utilizes injected photo-
sensitizer. The photosensitizer accumulated in tumor then excited
the tissue using a laser which generates fluorescence [4-7]. Small
tumorous tissue and its position also can then be diagnosed accord-
ingly. Both techniques are dependent on the imaging spectrometry
to analyze images and spectra.

Up to now, the fluorescence spectrum of only one point in the image
could be measured by imaging spectrometry [8,9]. It was difficult to
obtain a relationship between the exact position and the spectrum.
The information based on fluorescence spectrum of one point was
not sufficient for proper diagnosis. In order to overcome these short-
comings, we constructed an instrument [10-12] that can instan-
taneously measure the position and spectra of multiple points in
human tissue. As an attempt of the new real-time imaging spec-
trometry method, we measured the microscope real-time spectrometry
image of tumorous and normal (muscle and blood vessel) tissue of mice
as a pathological sample.

2. MATERIALS AND METHODS
2.1. Real-Time Image Spectrometry System

The schematic of the real-time imaging spectrometry system is shown
in Figure 1. The light from a line A-B on the sample passes through a
slit and a transmission grating, housed within an imaging spec-
trometer (Imspector made by Imaging Led. Company), is displayed
on a single frame and recorded by a CCD camera (Fig. 2, spectra
range: 380-780 of Line A-B, length is in nm, and wavelength
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FIGURE 1 The Schematic diagram of the high sensitivity imaging
spectrometry system. Light source, halogen lamp; Imaging spectrometer,
wavelength range 380-780nm, wavelength resolution 2nm; updated time
0.1-2.1sec/line; CCD image intensifier, wavelength range 380-850 nm, sensi-
tive 20 p Lux.

resolution is 2 nm). The data from the CCD image are the distributions
of wavelength (on the Y-axis) as a function of spatial position, X. A
two-dimensional spatial image is recorded when the sample stage is
driven by a computer-controlled motor (measures time: 0.1-2.1sec/
line, 30 sec/frame).

The spectra image is recorded by monochrome camera with an
image intensifier (luminance gain: 2500, sensitivity: 20 p lux, wave-
length range: 380-850 nm, and wavelength resolution: 2nm). It can
be used to measure a single line of spectrum. After processing the
position information in the computer, we can obtain the RGB color
values x, y, z, R, G, B from the spectral intensity every 5nm and dis-
play the RGB pseudo color image. Then it can display the spectrum for
a single point or a pair of points and its differential data, direct data,
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FIGURE 2 Principle of imaging spectrometry.

reflectivity (transmission ratio). It also can show the monochrome
intensity resolution for any spectral wavelength.

2.2. Sample Preparation and the Observation of the
Microscope Real-Time Imaging Spectrometry

Type BALB/C male mice, 5 weeks of age were used in this animal
experiment. 1 x 10° Meth-A fibrosarcoma cells were transferred to
right thigh tissue subcutaneously. Then a 1-cm-diameter tumor was
formed after a week. The mice were anesthetized to death for dissec-
tion. The tumorous and normal tissue was taken out, fixed by 10% neu-
tral formalin. Both the tumorous and normal tissue was sliced into thin
samples and stained by hematoxylin-eosin. The samples were placed
on the stage and observed by 10-times magnification microscope. The
real-time spectrometry images were observed with the stage being
driven at 1 mm/min, which is synchronized with the CCD camera.

3. RESULTS AND DISCUSSION

3.1. Observation on the Real-Time Spectrometry Imaging
of Mice Malignant Tumor Tissue

3.1.1. RGB Imaging of Mice Malignant Tumor Tissue

The malignant tumorous mouse tissue stained by hematoxylin-eosin
was measured by imaging spectrometry. Figure 3 is the image of
entire tumor tissue shown by pseudo color (RGB), in which the RGB
are calculated from the spectral intensity. The figure is nearly ident-
ical with the one captured by color camera.

3.1.2. Spectral Intensity and Transmission
The instantaneous absorption spectra of location A—E, which indicated
in Figure 3, are shown in Figure 4(a). It is derived from the imaging
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FIGURE 3 RGB imaging of the mice tumor tissue stained by hematoxylin-
eosin. The scale bar is 50 um.

spectrometry recorded in our instrument. A is the background there is
no tissue existed so no hematoxylin-eosin can be find. The curve of
location A in the spectra of Figures 4(a) and (b), there is no absorption
peak of eosin can been found. In the Figure 3, the location B is the deep
eosin stain portion of the cytoplasm, and the location C is the shallow
eosin stain part of the cytoplasm where the cytoplasm is degradation.
In the Figure 4, the absorption and transmission peaks and shoulders
of curve B and C are observed at 535 nm and 500 nm respectively, just
as in eosin. From the Figure 3, the location D is the orange stain
surrounded the tissue because of the red cell exist. In Figure 4, the
spectrum of the orange part, D, also exhibit a peak as in eosin but
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FIGURE 4 The absorption and transmission spectra for locations A-E as
marked in Figure 3. (a) The measured absorption spectrum at selecting points
(b) The normalized transmission rate at selecting points.
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has an additional peak at 420-460 nm. It is come from hemoglobin. E is
the hematoxylin-eosin stain part of the cytoblast. The absorption and
normalized transmission spectra of marked by E has a peak at 535 nm
and a shoulder at 500 nm just as eosin. However, there is an additional
shoulder at 560-600 nm.

The spectral intensity near 400 nm is very weak because a halogen
lamp was used for illumination. Figure 4(b) is the transmission ratio of
B, C, D calculated on the basic assumption that the transmission ratio
for A is 1.

3.1.3. Spectral Intensity Distribution Images

Figure 5 shows the image of selected wavelengths derived from
imaging spectrometry: (a) 425nm, (b) 505nm, (¢) 5635nm, and (d)
600 nm. The deep color part around the tissue can be clearly displayed
in the image at 425 nm. It coincides well with the absorption peak at
420-460 nm of the orange part shown in Figure 5a. The eosin stained
part of cytoplasm is clearly displayed in the image at 505nm and
535 nm shown in Figures 5(b) and (c). The cytoblast is shown clearly
in the image at 600 nm (Fig. 5(d)), which is confirmed by the absorp-
tion at 500-600nm of the hematoxylin-eosin stained part. Compare
Figure 3 with Figure 5, it was found that the distribution of the stained

(c) 535 nm (d) 600 nm

FIGURE 5 The images at selected wavelengths of the stained mice tumor
tissue. The scale bars are 50 um.
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material can be appeared more clearly if suitable wavelength was
selected based on certain images.

3.2. Observation on the Real-Time Spectrometry Imaging
of Mice Normal Tissue

3.2.1. RGB Imaging of Mice Normal Tissue

Figure 6 shows the RGB image of normal mouse tissue stained by
hematoxylin-eosin. It was measured by imaging spectrometry. This
pseudo-color RGB image corresponds to the spectral intensity. The
image is different with the tumorous tissue obviously (see Fig. 3), that
the muscle and the blood vessel can be seen clearly.

3.2.2. Spectral Intensity and Transmission

Figure 7(a) is the absorption spectra of the positions (A-D) in
Figure 6. The location A is the non-tissue part of vessel wall. B is
the deep eosin stain part of muscle cytoplasm. C is the red blood cell
in the blood vessel. Finally, D is the hematoxylin-eosin stain part of
the cytoplast and nuclei.

Figure 7(b) is the normalized transmission rate of Figure 7(a). In
the absorption spectra (from 500 to 560 nm) of the eosin stained part
of cytoplasm B, a peak and a shoulder are observed at 545nm and
520 nm, respectively. In general, the shoulder at 520nm is much
weaker than the peak 545nm. But for the muscle, the shoulder

FIGURE 6 RGB imaging of normal mice tissue stained by hematoxylin-eosin.
The scale bar is 50 um.
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FIGURE 7 The spectra for locations A—E as marked in Figure 6. (a) The
measured absorption spectra. (b) The normalized transmission spectra.

became larger due to the overlap with the absorption wavelength of
the myoglobin. There is a peak in the absorption spectra (from
520 nm to 570nm) of the red blood cell C at 555 nm. Normally, after
the hemoglobin combines with oxygen, the absorption spectra has
two peaks at 540 and 577 nm, while the deoxidize hemoglobin has only
one peak at 555 nm. In our experiment, there is a peak at 555 nm in
the spectra of the mouse blood vessels stained by hematoxylin-eosin.
We can observe a peak at 550nm in the absorption spectra (from
520 to 650 nm) of D stained by hematoxylin-eosin, and a shoulder at
640 nm, which is unique to hematoxylin-eosin.

3.2.3. Spectral Intensity Distribution Images

We can derive the Figure 8 at a selected wavelength (a: 450 nm, b:
550nm, c: 570nm, d: 595nm) from the imaging spectrometry of
normal tissue. If the selected wavelength is within the absorption of
the part B-D, we can obtain the intensity distributions corresponding
to B-D. For example, at 550 nm on the Figure 8(b) is the muscle distri-
bution, and at 570 nm, Figure 8(c) is the red blood cell distribution in
blood vessel. At 595 nm, the cytoblast is shown in Figure 8(d). If the
selected wavelength is at the absorption peak of red blood cell, the
red blood cell in the Figure 8(b) appear block. If the selected wave-
length is not located within the absorption region of red blood cell
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(Y570 nm (d)595 nm

FIGURE 8 The images at selected wavelengths of the stained normal mice
tissue. The scale bars are 50 um.

the red blood cell in the image Figure 8(a) is transparent. Therefore we
can identify the red blood cell from the identify distribution by selected
wavelengths.

4. CONCLUSION

In this article, we demonstrate a novel imaging spectrometry, which
can accurately measure the entire tissue surface instead of a single
point. Using this apparatus, we took the microscope spectrometry
images of the hematoxylin-eosin stained tumorous tissue samples of
mice. From the spectra, the calculated RGB images of tumorous tissue
were very clear. The spectral intensity distribution image was also
obtained at selected wavelengths in order to properly identify the
tissue components, for the purpose of using this instrument in
diagnostic tissue screening. In our experiments, we obtained clear
spectrometry imaging from weakly illuminated objects. It took 30 seconds
to obtain a static image of a sample. Moreover, this apparatus is
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suitable for real-time measurements of living tissue if using laser
illumination, a high-speed CCD camera, a fiber, an endoscope, and
photosensitizer. In the near future, this novel technique can be used
in tumor photodynamic diagnosis.
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