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AUTOFLUORESCENCE OF TRANSPLANTABLE HEPATOMA A22
(MH-A22): PROSPECTS OF TUMOR TISSUE OPTICAL BIOPSY
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Aim: Autofluorescence of experimental tumor (hepatoma A22 (MH-A22)) was employed to discriminate the optical
differences between necrotic and non-necrotic tumor, hemorrhagic tumor and healthy tissue. Methods: The expe-
riment was performed ex vivo using the transplantable tumor from the right haunch of hybrid mice (C57Bl/CBA).
Blue LED light (A = 405 nm) was applied for autofluorescence excitation and fibre optics based spectrofluori-
meter was used for spectra detection. Results: We observed that necrotic tumor tissue is characterized by the
absence of endogenous porphyrins fluorescence, and registered spectra do not possess differences in the red
spectral region (600—710 nm) in comparison with normalized autofluorescence spectra of muscle. Moreover, only
certain segments of non-necrotic tumor bear the fluorescence of endogenous porphyrins. Conclusions: Based on the
experimental results, we suggest that the absence of long-waved fluorescence differences between necrotic tumor
tissue and healthy tissue, e.g. muscle can impede the demarcation between healthy and tumor tissue. The uneven
distribution of endogenous porphyrins in non-necrotic tumor tissue as well as the absence of endogenous porphy-
rins fluorescence in the small experimental tumors complicates the localization of cancerous tissue based on the
autofluorescence registration.
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nuclear antigen.

When the biological tissue is exposed to selected
UV or short-wavelength visible light, the fluorescence
appears from native chromophores present in the tis—
sue. As reviewed by Richards—-Kortum and Sevic—Mu-
raca [1], the major molecules, which contribute to the
autofluorescence signal in biological tissue, have been
identified as tryptophan (emission at 350 nm), tyrosine
(300 nm), phenylalanine (280 nm), chromophores in
elastin and collagen (400 nm), pyridoxine metabolites
(420 nm), flavins (520-540 nm), nicotinamide adenine
dinucleotide (440-450 nm), lipo—pigments (430-
460 nm, 540-640 nm) and porphyrins (600-700 nm).

Several studies have been performed to define the
potential of autofluorescence for cancer diagnosis. Al-
fano et al [2] was one the first to observe different spec—
tral profiles of endogenous fluorophores in normal tis—
sues of rat (kidney, prostate) and mouse (bladder) and
cancerous tissues. Clinical results, obtained by Yang
et al [3] indicated that the fluorescence of endogenous
porphyrins could be used for the detection of tumor.
The consistency of 89% between autofluorescence and
traditional biopsy data was obtained in preliminary dia—
gnosis of buccal carcinoma [3].
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The origin of endogenous porphyrins appearance
in cancerous tissue has been discussed in literature.
A. Policard first reported the red fluorescence of ne—
crotic tumors in 1924 (see review [4]). F. Ronchese [5]
proposed that ulceration is essential for the production
of the red fluorescence in human cutaneous squamous
cell carcinoma. Ghadially et al [6] found bright red fluo—
rescence limited to the exterior of ulcerated tumors, and
attributed it to endogenous porphyrins. Several possi—
ble hypotheses on the protoporphyrin appearance in
tumor tissue have been suggested: it is a product de—
rived from microbes; it was produced by the tumor tis—
sue or was taken and accumulated in tumor from the
blood stream [7]. The fluorescence of endogenous por—
phyrins in tumors of oral cavity has been attributed to
the presence of several different species of bacteria
inhabiting ulcerated and necrotic tissues [8]. Many bac—
terial organisms that inhabit necrotic tissue are able to
produce red fluorescing porphyrins under the presence
of exogenous 5—-aminolevulinic acid (5—-ALA) [9]. Betz
et al [10] states that red fluorescence of endogenous
porphyrins localizes on the bacterial coating of the ne—
crotic parts of some oral neoplasms after 5-ALA ad—
ministration.

Supposedly, the enhanced fluorescence of endo-
genous porphyrins in cancerous tissue (mostly in tu—
mors of non oral cavity) is the consequence of the tu-
mor-specific metabolic alterations [11, 12], results from
the porphyrin retention in tumors [13] which can be
caused by tumor hypervascularity [14]. The viable part
of the brain tumor (astrocytoma) localized in white mat-
ter possesses fluorescence peaks assumed to origi—
nate from endogenous porphyrins [15]. However, typi—



Experimental Oncology 26, 118-124, 2004 (June)

119

cal spectra of necrotic tissue of the brain tumor pos—
sess no endogenous porphyrin fluorescence. The low—
ered fluorescence intensity in the blue region of ne-
crotic tumor spectra might be due to the weak fluores—
cence or reabsorbtion of fluorescent light by blood [15].
The studies of autofluorescence of colorectal cancer
demonstrated that endogenous PplIX fluorescence oc—
curred in the absence of necrosis and in sterile loca—
tions [12]. PpIX could not be removed from the speci—
mens of colorectal cancer [12] and oral squamous cell
carcinoma [11] mechanically indicating that the signal
originated from within the tissue. It was proposed, that
colorectal cancer metastases accumulate diagnostic
levels of endogenous PplX as a result of alterations in
tumor metabolism [12].

Topical or systemic administration of 5-ALA results
in selective accumulation of protoporphyrin IX (PplX)
in non—necrotic malignant tissue, most probably due to
the deficiency in iron [16] or ferrochetalase [17] in tu-
mor cells. The data on distribution of 5-ALA induced
porphyrin in brain tumor (glioma) were presented in [18].
Fluorescence imaging techniques were used to dem—
onstrate that solid non-infiltrating tumor was charac—
terized by strong red fluorescence, whereas infiltrating
tumor was generally discernible by less intense, pink
fluorescence. Authors [18] point out that tumor necrot—
ic area, which was readily distinguished using normal
illumination, did not show significant porphyrin fluores—
cence in response to 5-ALA application underlining the
metabolic nature of porphyrin accumulation in cancer—
ous tissue. It was estimated [19] that excitation with
405 or 436 nm gives poor possibilities to diagnose co-
lon adenoma, when 5—-ALA is not applied. The possi—
bility of distinguishing different types of colon tissue was
considerably better in patients treated with 5-ALA: sen—
sitivity of 94% (100%) and specificity of 89% (86%) was
obtained with 405 nm (436 nm) excitation using multi—
variate linear regression analysis (MVLR). Authors sug—
gest that there were no apparent advantage in using
5-ALA with 337 nm excitation (the wavelengths of 409,
440, 498, 572, 661 nm were used in MVLR), as autof-
luorescence provides good discrimination (100% sen—
sitivity and 96% specificity) between normal and ade—
nomatous tissues in colon [19].

Fluorescence spectroscopy is a promising technique
for the real time and non-invasive diagnosis of tumors
and could fill the gap between the primary examination
of tumor and the invasive biopsy. Point spectroscopy,
a technique also known as optical biopsy, involves re—
gistration of the fluorescence spectrum arising from a
single point in tissue. The aim of this study was to ex—
amine the autofluorescence spectra of experimental
tumor (hepatoma A22 (MH-A22)) and to relate the
spectral properties of particular tumor areas to the state
of the tissue of malignant tumor. Autofluorescence ima-
ging and the analysis of spectral data collected from
cancerous and normal tissues ex vivo provide infor—
mation on the fluorescence properties and distribution
of endogenous chromophores in hon-homogenous
tumors.

MATERIALS AND METHODS

Instrumentation. Autofluorescence measurements
were performed with an optical fibre spectrofluorime—
ter, depicted in Fig. 1. The blue LED light (A,,= 405 nm)
was used for excitation of tissue autofluorescence. A
central fibre of bifurcated bundle of 7 fibres (core dia—
meter 200 um) together with a system of lenses was
used to conduct excitation light for continuous illumi-
nation of selected tissue sites. Circularly arranged fi—
bres, located at the input end of the fibre bundle, were
used to collect tissue autofluorescence. To avoid direct
fibre and tissue contact, the input end of the fibre bun—
dle was covered with a glass tip. A 490 nm (T,g, = 80%)
long pass filter was inserted into the detection light path
to cut off scattered light of excitation, while allowing
autofluorescence to pass through. In order to keep the
conditions of fluorophore excitation and detection of
fluorescence emission unchanged, all samples were
mounted on a stable basement with a micrometric
screw. The input end of the fibre was closely fixed above
the sample during the measurements. Fluorescence
was recorded in 450-800 nm spectral range by means
of S2000-FI spectrofluorimeter (Ocean Optics, USA)
equipped with a 2048 element linear CCD-array de-
tector and connected to a personal computer.
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Fig. 1. Schematic diagram of the experimental setup

The fluorescence imaging of tumor tissue was per—
formed using image analysis system (Hamamatsu)
equipped with a microscope (Zoom Master, Prior, En—
gland), CCD camera (C5405, Hamamatsu, Japan),
a RGB monitor (PVM-1454QM, Sony, Japan) and im-
age processor (Argus 20, Hamamatsu, Japan) con—
nected to a personal computer (Fig. 2). A specimen of
malignant tissue was placed in a microscope focus plain
and autofluorescence profile was registered using an
B6W UV light source (T5/BLB, Philips, Holland) for ex—
citation (peak intensity at 365 nm, FWHM = 20 nm) of
tissue fluorophores. A 620 nm (T, = 80%) long pass
filter was placed before CCD camera in order to record
autofluorescence only in the red spectral region.

Tissue samples. An autofluorescence study was
performed on 8 hybrid mice (C57BI/CBA, 8—10 weeks
old, female, weight range 21-25 g), obtained from Ani—
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Fig. 2. Block diagram of the image analysis system (Hamamatsu)

mal Facility of Immunology Institute of Lithuanian Acade —
my of Sciences. Hepatoma A22 (MH-A22) was main-
tained and passaged in Oncology Institute, Vilnius Uni—
versity. Approximately 1 - 105 cells were inoculated sub—
cutaneously to the right haunch of the mice. Tumor growth
was documented regularly by measurements with Ver—
nier calliper in three orthogonal dimensions. Experiment
started 7 days after inoculation of malignant cells, when
the tumor volume reached 0.07 cm3. Further measure—
ments (6 mice) were performed 9 days, 12 days, 14 days,
16 days and 19 days after inoculation of malignant cells
(up to 1 cm?® of tumor volume). Control specimens of
healthy tissue (muscle) were prepared from the same
mice. The muscle samples from 2 healthy mice were
used for control autofluorescence measurements.

Mice have been sacrificed under the guidelines of
Good Laboratory Practice. Tumors were excised from
mice and were divided into 2-5 slices (about 3 mm
thickness), depending on a size of tumor. Specimens
of tumor tissue were placed between two glasses. The
delineation of non—necrotic, necrotic and hemorrhagic
areas of tumor was performed by microscopy studies
on tumor tissue specimens. Point measurements of
tumor and muscle autofluorescence as well as ima-
ging of the examined specimens were performed. All
specimens were kept on ice during the experiment (up
to 4 h after tissue excision).

The expression of the cell proliferation associated
marker, proliferating cell nuclear antigen (PCNA), was
evaluated by imunohistochemical analysis of the spe—
cimens of tumor tissue. The samples of tumor tissue
were fixed in 4% neutral formalin for three days, then
frozen to — 20 °C and cut with freezing microtome into
slices of 4-5 um width. The imunohistochemical reac—
tion was performed by the method of streptavidyn bio—
tin peroxidation, using the monoclonal antibodies (Mo
AK PC10, DAKO AS, Denmark) to reveal the prolife—
rating cell nuclear antigen.

The experiments on animals and animal husband-
ry were carried out in compliance with national and

European regulations and were approved by the Lithua—
nian Animal Care and Use Committee.

RESULTS

Autofluorescence spectra ex vivo were recorded on
22 specimens of tumor tissue and 6 specimens of
healthy tissue. The evaluation of tumor morphological
structure indicated that the areas of non-necrotic and
necrotic tumor are present in specimens of large tu-
mors. Tumor necrosis was not detected in the speci—
mens of the small tumors. Hemorrhagic sites occurred
both in tumors and in muscle specimens as a result of
tissue resection. We have analysed 90 autofluores—
cence spectra of non-necrotic areas in tumors,
60 spectra of necrotic tumor areas, 33 spectra of hem-—
orrhagic areas and 25 of healthy tissue (muscle) from
tumor—bearing mice. The mean fluorescence spectra
of malignant and normal tissues ex vivo are presented
in Fig. 3. All spectra of cancerous and healthy tissues
exhibit broad and poorly structured emission bands in
490-800 nm spectral region under excitation at 405 nm.
However, significant spectral modifications were de-
tected depending on the state of tissue.

Autofluorescence spectra of healthy tissue differ
from tumor tissue both in spectral shape and intensity.
The mean autofluorescence of healthy tissue (muscle)
is characterized by the major fluorescence band cen-
tered at 560 nm (curve 4, Fig. 3). Autofluorescence of
the muscle is more intense comparing to that of tumor
tissue; however some muscle spectra exhibit reduced
autofluorescence intensity in 490—-800 nm spectral re—
gion. Spectra of areas of non—necrotic and necrotic tu—
mor tissue (curves 1-3, Fig. 3) are characterised by
several bands in 490—710 nm spectral region and lo—
wer autofluorescence intensity overall comparing with
healthy muscle tissue.

In order to compensate for variation in fluorescence
intensity and to distinguish spectral differences, the
mean autofluorescence spectra have been normalized
to the same intensity at 725 nm (Fig. 4, 5). No addi-
tional differences in spectral shape were revealed after
normalization of these data to the total integrated area
under the spectral curve (data not shown).
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Fig. 5. Effect of blood reabsorbtion on the autofluorescence spec—
trum: necrotic tumor (7), hemorrhagic sites (2). Spectrum (3) rep—
resents blood absorbance

The spectra in Fig. 3 and Fig. 4 (curves 1, 2) indi-
cate that two different spectral types were detected in
specimens of non—-necrotic tumor. Significant differen—
ces in autofluorescence shape occur in 610-710 nm
spectral region. A narrow emission band near 633 nm
and a broad emission band around 700 nm (spectrum
2in Fig. 3, 4) are characteristic for limited areas of non—
necrotic tumors being measured starting from the 14"
day after the inoculation of tumor cells (large tumors).
The second type of autofluorescence spectra of non—
necrotic tumors (spectrum 1 in Fig. 3, 4) lacked those
bands and had similar shape with spectra from ne-
crotic tumor and healthy tissue in 610-710 nm spectral
region. Such spectra were detected both in the areas
of large non—necrotic tumors and in all tumors being
measured up to the 14t day after the inoculation of tu—
mor cells (small tumors).

Distinct variations in shape of spectra from non-ne-
crotic, necrotic and hemorrhagic areas of tumor and also
healthy tissue (muscle) occur in 490-600 nm spectral
region (Fig. 4, 5). Both types of the mean spectra of
non-necrotic tumor exhibit lower relative fluorescence
at 560 nm in comparison with muscle fluorescence. The
shape of mean autofluorescence spectrum of necrotic
tumor tissue (spectrum 3 in Fig. 4, spectrum 1 in Fig. 5)

significantly differs from those measured in non—necrotic
tumor and muscle in 490—-600 nm spectral region. It is
characterized by reduced fluorescence intensity in this
spectral region with dips around 536 and 577 nm.
Autofluorescence spectra in hemorrhagic areas of tu—
mor tissue, similarly to those of necrotic tumor tissue, are
characterized by dips in 500—-600 nm spectral region
(Fig- 5). The blood absorbance spectrum is presented
(Fig. 5, curve 3) for comparative purposes. The absorb-
tion peaks at 536 and 577 nm belong to hemoglobin.
Additional examination of small and large tumors
ex vivo was performed using image analysis system
equipped with Argus 20 (Hamamatsu) image proces—
sor. The morphology of the tumor tissue was prelimi—
nary studied under the white light microscope. Micros—
copy analysis of the large tumor specimens under white
light illumination served for the visual delineation of the
areas of non—necrotic and necrotic tumor as well as
hemorrhagic areas of tumor (Fig. 6,a). The white-light
images were compared with autofluorescence images
obtained under UV light illumination (Fig. 6, b). Red
autofluorescence was detected only in the areas of non—
necrotic tumor when a long band pass filter (T,, = 80%)
was placed before CCD camera. However, some areas
of non-necrotic tumor exhibited no red autofluores—
cence and by this were undistinguishable from necro-
tic and hemorrhagic areas of examined tumors. Typi—
cal autofluorescence patterns obtained after the ima—
ging of the specimens of small tumors exhibited no red
autofluorescence at all (data not shown).

Fig. 6. Typical image of tumor tissue specimen (large tumor) regis—
tered under white—light illumination @) and under UV-light excita—
tion (b) (see text): (1) — non-necrotic tumor, ) — necrotic tumor,
(8) — hemorrhagic areas, (4) — the area of the red fluorescence

The histological analysis of tumor tissue evidenced
that the areas of proliferating and necrotic cells naturally
occur in the large tumors (Fig. 7). The majority of prolife—
rating tumor cells were distinguished as having an in-
tensive expression of proliferating cell nuclear antigen
(PCNA). This expression (up to 98% of positive PCNA*
cells on the average) can be visualized by the product of
the chromogenic immunohistochemical reaction (oxi—
dized DAB precipitate) appearing in the cells, which vari—
es in colour intensity (from light brown to dark brown).
PCNA negative cells were coloured by hematoxyllyn (light
grey/ blue colour), the cytoplasm was stained with 0,1%
solution of eosin (from light rose till violet rose colour).
The cells of proliferating tumor are enlarged, there are
only very small spots of necrosis. The necrotic sites are
located near the zones of intense cell proliferation, and
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Fig. 7. The histological slides of tumor tissue

the cell density is lower in these sites. The cells pertain—
ing to the karyorrhexis death form (characterized by the
absence of nucleus and the presence of many small
chromatin fragments) as well as single apoptotic cells
and some relict proliferating cells were observed in the
area of necrotic tumor.

DISCUSSION

Tissue autofluorescence spectrum contains infor—
mation about the biochemical composition, the cellular
metabolism and the structural matrix of tissue. Accor-
ding to the literature, the major endogenous fluoro—
phores contributing to the measured autofluorescence
emission spectra under tissue excitation at 405 nm are
flavins, lipopigments, porphyrins and, to a much lesser
degree, elastin [1, 4]. The ratio between oxidized and
reduced forms of NADH and flavins indicates tissue
metabolic activity [20]. Elastin (and collagen) compos—
es the connective tissue, while lipopigments, aromatic
amino acids and porphyrins are the end—products of
lipid metabolism [1, 4].

In general, our data ex vivo are consistent with re—
ports of other authors [15, 21, 22] that tumors differen—
tiate from normal tissues by reduced autofluorescence
intensity in 490-600 nm (see Fig. 3). Assuming that
biological tissue contains a mixture of many fluoro-
phores, the relative enhancement of autofluorescence
intensity in region from 510 to 560 nm (see Fig. 4) in
normal tissue could be contributed by lipopigments [23,
24]. While autofluorescence at 520-540 nm spectral
region can be attributed to flavins, some authors pro-
vide information that fluorescence of flavins in tissue is
generally weak [25].

The reabsorption of fluorescence in tumor tissue as
a result of increased concentration of hem — based
molecules, as well as other spectral differencies between
tumors and healthy tissues were reported in [4, 15]. The
distortion of autofluorescence spectra in the range of
500-600 nm (Fig. 5, spectrum 2) resembles quite well
the inverted bands of blood absorbance. Thus, the dips
in autofluorescence spectra of hemorrhagic tissues can
be caused by the reabsorption effect due to the pre-
sence of hemoglobin, which provides easy identification
of the bloodstains on tissue by spectroscopic methods.
Autofluorescence spectra of necrotic tumor tissue show
resemblance to the spectra measured in bloodstained

areas of tumor (Fig. 5, spectrum 1). Diminished autofluo—
rescence of necrotic sites in tumor exhibit the same dips
around 542 and 577 nm. This can be explained by the
presense of a large amount of blood clots in necrotic
tissue. The relative decrease of fluorescence intensity in
the middle—waved spectral region theoretically could be
employed for the identification of necrotic tumor, although
it could be difficult to distinguish between the necrotic
tumor tissue and the hemorrhagic (cancerous or healthy)
tissue. In such a case, the middle—waved autofluores—
cence could not provide useful information while per—
forming the spectroscopic examination of tissues in a
resection area. In fact, that complicates some aspects
of autofluorescence application in diagnostics of malig—
nant tissues especially when it is important to ensure
that no malignant tissue is left in contact with healthy
tissue after tumor surgery.

The enhanced amounts of endogenous porphyrins
naturally occur in some tumors localized e.g. in colon
and oral cavity. We state that the optical biopsy of ne—
crotic tumor tissue highlight the absence of the fluo—
rescence bands of endogenous porphyrins (Fig. 3, 4).
Our results are in good agreement with results obtained
by Anderson-Engels et al [15] showing that autofluo—
rescence of endogenous porphyrins was not detected
in necrotic areas of brain tumor. We would like to point
out that normalized autofluorescence spectra of ne—
crotic tumor are identical to the normalized spectra of
healthy tissue (muscle) in 600—710 nm spectral region.
The spectroscopic identification or imaging of the tu—
mor tissue considering only the long—waved autofluo—
rescence becomes inaccurate, as the necrotic places
of tumor tissue are spectroscopically attributed to non-
cancerous tissue.

The uneven distribution of endogenous porphyrins
and significant variations of their fluorescence intensity
characterize the autofluorescence of non—necrotic tis—
sue of large tumors (Fig. 4). Our results are in agree—
ment with data reported in [10, 21, 23] that only limited
areas of some sections of tumors exhibit fluorescence
bands of endogenous porphyrins. Two different types
of autofluorescence spectra occur in non—necrotic areas
of large tumors (Fig. 4). Type | autofluorescence spec-
tra are characterized by the presence of endogenous
porphyrin fluorescence. The fluorescence spectrum with
peaks at 633 and 700 nm is interpreted as belonging to
endogenous protoporphyrin IX [12]. Type | spectra were
obtained in the areas of non — necrotic, non—-hemor-
rhagic tissue of the large tumors, starting from 14t day
after the inoculation of tumor cells. Type | spectra were
not detected in small tumors. Type Il autofluorescence
spectra (containing no endogenous PplX fluorescence
bands) were detected in small tumors and in some non-
necrotic areas of large tumors. These data imply that
the concentration of endogenous porphyrins in tumor
tissue (hepatoma A22(MH-A22)) depends on tumor
growth rate. When the tumors are small, no endoge-
nous PplX fluorescence occurs; it can be detected only
in the areas of large non-necrotic tumors. The pres—
ence of endogenous porphyrins in non—necrotic areas
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of the large tumors can possibly be related to the al-
tered metabolism of the cancerous tissue. However,
the relationship between the appearance of endoge—
nous porphyrins near the necrotic areas and presense
of some porphyrin—producing bacteria in large hepato-
ma A22 (MH-A22) tumors could not be excluded. Our
data state that the measurements of endogenous por-
phyrin autofluorescence alone are not useful for the
detection of hepatoma A22 (MH-A22) tumur, espe—
cially at the early growth stage.

Obtained data on fluorescence imaging of tumors are
in good agreement with the spectral data. PpIX fluo-
rescence rapidly bleaches within the tissue [15, 26] so
the experimental conditions, which minimize the effect
of illumination on tumor specimen, were selected. The
fluorescence images of specimens of tumor tissue re—
corded starting from 620 nm revealed an uneven distri—
bution of low intensity autofluorescence, attributed to
protoporphyrin IX. To our knowledge, the direct relation—
ship between the enhanced long-waved autofluores—
cence and microscopic morphology of tissue or cellular
structures is not observed [21]. The area of enhanced
long—waved autofluorescence does not completely cor-
respond to the area of non—necrotic tumor tissue (Fig. 6,
b), as some non-necrotic areas of large tumors as well
as small tumors (data not shown) were characterized by
the absence of endogenous protoporphyrin IX fluores—
cence. We note that the demarcation line based only on
the measurements of endogenous porphyrin autofluo—
rescence intensity can provide misleading data for di-
agnosis of cancerous tissue: the hemorrhagic and ne—
crotic areas of tumor and some areas of non—necrotic
tumor tissues could not be distinguished from a non-
malignant tissue by processing the imaging of tumor in
the red spectral region.

In conclusion, the present study demonstrates that
the shape variations in tumor autofluorescence spec-
tra in 500-710 nm cannot be always related with the
state of the tumor tissue.

Our data show that some areas of tumor tissue ac—
cumulate higher amounts of endogenous porphyrins,
which could be clearly distinguished by red fluores—
cence, both spectroscopically and by visualization.
However, the autofluorescence of endogenous porphy-
rins alone could not delineate the margins of the tumor.
The tumor area possessing enhanced red autofluo—
rescence was found to be smaller than the total area of
non-necrotic tissue in tumor specimens. Using 600—
710 nm spectral region analysis it was not possible to
distinguish early staged hepatoma A22 (MH-A22) tu—
mors from the healthy tissues. Autofluorescence of
healthy tissue (muscle) was found to be slightly higher
than that of tumor in 550—600 nm spectral region.

Endogenous porphyrins were not detected in ne—
crotic and hemorrhagic areas of the large tumors. Those
areas can be distinguished spectroscopically by the
decreased green-yellow autofluorescence in 500—
600 nm spectral range. However, the similar spectral
pattern may characterize the hemorrhagic healthy tis—
sue located near the surgical borders of a tumor.

Thus, the better spectroscopic discrimination bet—
ween cancerous and healthy tissues can probably be
achieved combining autofluorescence data obtained in
several spectral regions, particularly, extending the
range of fluorescence detection towards the blue spec—
tral region.
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AYTO®JTYOPECLEHUNA I'IEPE?I/IBHOVI FEMNATOMbI A22 (MH-A22):
NEPCMNEKTUBbI ONTU4YECKOU BUOMNCUN OMNMYXOJIEBOU TKAHA

IJenw: ayTodyopecueHImio TPAaHCIUIAHTUPOBaHHOIT omyxouH (renatoma 22 (MH-22)) npuMeHun 1Sl BbISIBJIEHUS ONITH-
YeCKHX 0COOEHHOCTEH OIYXO0JM ¢ YYACTKAMU HEKPO3a M (€3 TAKOBBIX, OIYXOJIH € YYACTKAMH KPOBOM3JIUSIHUIA U 310PO-
BOIi MbIIIEUHOM TKaHU. MemoobL: B 9KCIIEPUMEHTAX eX vivo ObLIM UCIOJIb30BaHbl TKAHH OIyXOJIei, NIPUBUTBIX B IPABOE
6eapo mpmueii (C57Bl/CBA). lns Bo30y:xaenus ayTodyopecieHiiy NPUMEeHsIH II01yNpPOBOHUKOBbIE auox (A, =
405 um). CrekTpoOTOMETP, OCHAIEHHBIH BOJOKOHHO-ONITHYECKUMH CBETOBOIAMH, UCIOJIb30BAJIM JIJISI PETHCTPAIMU
CIEKTPOB ayTO(IyopecleHIMH UCCaeLyeMbIX TKaHeill. Pe3ynivmamoi: B CIeKTpaX HEKPOTU3UPOBAHHBIX YYACTKOB OILy-
XOJIM OTCYTCTBYIOT MOJOCHI (hIIyOpeCIeHIMH, XapaKTePHbIe /ISl SHIOTEHHBIX TOPMUPHHOB; B KPACHOI 00J1aCTH CIEKTpa
(600—710 M) He BBISIBJIEHBI Pa3JIU4UsI MEKAY HOPMHPOBAHHBIMH CIIEKTPAMH HEKPOTH3UPOBAHHBIX YYACTKOB OIyXOJH U
3710poBoii Tkanu. DiyopecleHus SHIOTeHHBIX NOP(UPUHOB OTCYTCTBOBAJA TaK:Ke B OMyXOJISIX MaJOrO0 pa3Mepa u
Ha0JIOJAJIACh TOJBKO B HEKOTOPBIX CEMEHTaX OIyXoJiell GoibHIoro pasmepa (Ge3 NPU3HAKOB HEKPO3a. Buieodvi: Ha
OCHOBE 9KCIEPHMEHTAJIBHBIX JAHHBIX MBI [10JIATA€M, YTO OTCYTCTBHE Pa3in4uii B ayTo(ryopecueHIun B KPacHO| 006a-
CTH CHEKTPa MEK/Ay HEKPOTH3HPOBAHHBIMH YYACTKAMH OILYXOJH M 3J0POBOI MbILIEYHOH TKaHBIO MOKET 00YCIOBIHBATH
HETOYHYIO [IeMapKal{IO TPAHMIL ONYXO0JEeBO! TKAHH NPU POBEIEHNH onTuYeckoil Guoncun. HepaBHomepHoe cozepxka-
HU€ JHJIOTEHHBIX NMOP(UPUHOB B y4acTKaxX ONMyXoJid 0e3 NPU3HAKOB HEKPO3a, a TakKe OTCyTcTBHE (hiIyopecieHIuu
9H/IOTEHHBIX TOP(QUPHHOB B OIYXOJISIX MAJIOTO pa3Mepa CBHIETEJIbCTBYIOT O TOM, YTO /JIsl YCTAHOBJICHHUS TPAHHUIL OIyXO-
JIM HEZIOCTaTOYHO PYKOBOJCTBOBATHCS O/HOI JMIb iryopecieHeii SHI0reHHbIX NOP(MUPHUHOB.

Kmouesvte crosa: ayrodiyopecueHiys, onTuyeckas: 6MONCUsi, OHKOJMATHOCTUKA, HEKPO3, (payopecuenuusi, PCNA.
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