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L.

I. INTRODUCTICN

Quick frozen section of brain tumors; as well as the
smear technique developed here at the Montreal Neurological
Institute by the late Dr. W.V. Cone are extremely valuable
means for arriving at a preliminary pathological diagnosis
which can be relayed to the surgeon prior to the completion
of an operation. We felt, however, that the fine histo-
logical distinction between benign and malignant intracran-
ial lesions which arises in some cases could not be readily
resolved by using the above techniques alone and that, per-
haps, a technique could be devised to help clarify these
problem cases. This reasoning would apply to extrinsic
brain tumors -as well, for example, meningeal fibroblastoma,
perineurial fibroblastoma and carcinoma.

It is important to realize that in many instances the
specimens of brain tumor, to be examined, are very small.
The routine smear specimen consists of a fine thread of tis-
sue aspirated through a biopsy needle.

In the recent past, many laboratories have employed
fluorescence microscopy after staining with acridine orange,
as a screening method to pick up malignant exfoliative cells
in vaginal, bronchoscopic and ascitic smears; instances

where the specimen to be examined was limited. The




technique itself is fairly simple and the time required
to examine the stained specimen is relatively short, 8 to
10 minutes, and as a result, can be readily applied while
the operation is still in progress.

Consequent to the various observations, namely, on
the changes in RNA and DNA in tumor cells (Caspersson,
1947) and the ability of acridine orange to differentially
stain RNA and DNA, (Schllmmelfeder, 1957a), Von Bertalanffy
and co-workers (1956a, ‘1957, 1958, 1959; 1959a, 1960) have
written a long series of papers on the use of acridine
orange as an analytical; histochemical method in the cyto-
diagnosis of malignant cells. Preliminarily, the latter
investigators employed this fluorchrome mainly in the study
of cervical and uterine cancer; but it has since been ex-
tended to include pulmonary and ascitic malignancies as well.
To-date, no one has applied it to a study of brain tumor
smears.

Although the ultraviolet microscope has been used for
histological and histochemical purposes for many years,
there has recently been a considerable revival in interest in
fluorescence microscopy and in its employment for a number of
new techniques, This is partly due to the impetus provided
by the fluorescent antibody methods whose general adoption
has meant that ultraviolet microscopes are now to be found
in many institutes which formerly possessed none. Partly,

however, it is due to the increasing realization that,



despite its many disadvantages, fluorescence microséopy

is capable of raising the sensitivity of any histochemical
method whose final product in the tissues is fluorescent,
or can be modified so as to be fluorescent. The phenom-
enon of fluorescence is exhibited by materials which, hav-
ing absorbed light energy of a specific range of frequen-
cies, can re-emit part of this energy at a higher wave-
length level.

This report, then, describes both the techniques and
the results of application of these techniques to a wide
variety of intracranial lesions as regards whether or not
a quick differentiation between benign and malignant tumor
can be made using the acridine orange smear technique.

An analysis of cells obtained from cerebrospinal
fluid and ventricular fluid is also included plus addition-
al comments as to ancillary fields of investigation which

appear profitable.
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1., REVIEW OF. LITERATURE

Many previous investigators have shown that the vital
activities of cells are controlled to a great extent by
complex conjugated proteins, nucleoproteins, which consist
of one or more protein molecules combined with nucleic
acids. These nucleic acids are esters of phosphoric acids
and glucosides that consist of a pentose sugar (ribose or
desoxyribose) and a cyclic derivative (adenine, guanine,
cytosine, thymine or uracil). The desoxyribonucleic acid
is found in the nucleus and the ribonucleic acid in the
nucleoclus and cytoplasm of animal cells. These two acids
differ in many chemical and physical respects. However,
both are precipitable from alkaline solutions by hydrochlor-
ic acid and ribonucleic acid is also precipitated by acetic .
acid. Both form salts with alkaline earths or heavy metals.
Histochemical methods for their demonstration in tissues,
have been based on reactions for all these constituents.

Before we enter into the controversy of whether acridine
orange is a specific stain for ribonucleic and desoxyribonu-
cleic acid and also the problem of localization of RNA and
DNA in the cell, let us first review some of the earlier

methods of studying these two chemical substances. Feulgen

and Rossenbeck (1924) first developed the leucobasic fuchsin




method as a microchemical test for the DNA found in chromo-
somes. It depends on Schiff's aldehyde reaction and the
liberation of the aldehyde groups of nucleic acid by mild
hydrolysis in normal hydrochloric acid at 60 degrees centi-
grade, resulting in a violet colouration of the chromosomes.
Since Pappenheim's (1899) and Unna's (1887) original work,
it has been known that DNA, largely confined to the nucleus
in mammalian cells, can also be preferentially stained by
methylgreen. These two methods then, have received wide
application in histochemical studies and have undergone vary-
ing forms of modifications by different investigators.,
(Brachet, 1933, 1940, 1947; Kurnick; 1952; Barka, 1959.)
Whereas the localization of DNA has been a relatively simple
problem histochemically, identification of RNA has given some
difficulty. Taft (1951) reported that pyronin-Y was a spe-
cific stain for RNA but the other pyronins; such as pyronin-B
were of no value in this regard. Kurnick (1952) substanti-
ated this work so that now a combination of methyl-green and
pyronin is again being emploved as a differential nucleic acid
stain. Presently; in this laboratory; we are beginning a
study of paraffin fixed brain tissue sections comparing the
methyl-green pyronin stain with acridine orange. This study;
however, is beyond the scope of this paper, and will be
treated in later publications.

With the advent of the enzyme treatment of tissue prep-

arations, further advances in histochemical techniques ensued.



Chemically pure ribonuclease can be used either to prétreat
an unstained specimen and then stain it; or depending on the
technique, to stain the tissue and after visualization de-
stain and treat with ribonuclease. Acridine orange staining
can be compared with methyl-green pyronin or some other stain
which according to some investigators is more specific for
RNA and DNA; for example, Einarson's gallocyanin-chromalum
method.

The story of the use of acridine orange as a tissue stain
goes back to 1933, when according to Bukatsch and Haitinger,
(1940) the latter author and Linsbauer first used a fluores-
cent microscope to study tissues before and after application
of different fluorochromes. They stated that fluorescent
microscopy was useful to study changes in the components of
tissue not visible in ordinary light or to simplify many com-
plicated histochemical methods down to one stain.. Much of
the original work with fluorescent microscopic techniques was
done on botanical problems in an attempt to delineate how
plants took up certain materials and thence how they were
distributed.

Bukatsch and Haitinger (1940) used coriphosphin-O (an
acridine derivative) in a solution of 1:10,000. They
observed greenish-yellow fluorescing nuclei and orange fluor-
escing cytoplasm. With acridine orange they observed green
fluorescing cytoplasm. These studies were on living plant

cells, Strugger, (1941) was the first to report that



acridine orange could be used to distinguish between living
and dead protoplast, the former giving a green and the lat-
ter a red fluorescence. He postulated that by death one
destroyed the ordered protein structure. Strugger used the
fluorochrome, acridine orange, to study mainly plant cells
and bacteria and felt that dead cells stored the basic dye
more strongly than living cells, thus resulting in the red
fluorescence. Schilmmelfeder (1950a) confirmed Strugger's
findings in animal cells. Schllmmel feder postulated that
with death, the nuclear protein in the cell was split into
protein and acid fractions and the acid fraction was further
split into protein and nucleic acid. This breakdown resulted
in both basic and acid groups which were now free to bind the
acridine orange.

The acridine orange method in exfoliative cytology, is
the result of studies on the role of nucleic acids in partial
agenesis carried out by von Bertalanffy and co-workers in
1952, Pirozynski and von Bertalanffy (1952) observed that
morphological nuclear changes were appreciated by changes in
RNA content. Moreover, it was found by von Bertalanffy and
Bickis (1956) using either fresh smears or fresh frozen sec-
tions, that staining with acridine orange permitted one to
distinguish the red fluorescent basophilic inclusions in the
cytoplasm, removable by ribonuclease, as well as green fluor-
escing nuclei. They felt that fluorescence microscopy, us-

ing the fluorochrome acridine orange, is an excellent means




of demonstrating the two types of nucleic acid of the cell.
DNA appears as a yellowish-green and RNA of the‘cytoplasm
~appears in order of increasing concentration as brown,
reddish-brown, orange to bright red fluorescence.

Localization of DNA and RNA

In 1933 Einarson called attention to the many function-
al stages which may be observed in the Purkinje cell. He
clearly formulated the theory as to the formation of Nissl
substance, which was later confirmed by Caspersson (1941)
and Sandritter and Siegert (1954). The main points in the
theory were as follows: the Nissl substance is formed around
the nucleolus and diffuses through the nuclear membrane,
where it forms a distinct nuclear cap and then passes into
the cytoplasm. Since Einarson's work, there has been a trem-
endous amount of basic research on the localization of DNA
and RNA; using various techniques, all based on morphologic-
al criteria. (Behrens, 1938; Brachet, 1947; Gulick, 1941;
Mirsky and Pollister, 1942, 1943 and 194L).

Today; it is a well-established fact that DNA is limited
chiefly to the nucleus and RNA to the nucleolus and cytoplasm
of cells. Following the original description of the locali-
zation of DNA and RNA in cells, investigators began to quanti-
tate the varying amounts of DNA and RNA in different patholog-
ical conditions. Caspersson et al. (194la) in the study of
human carcinoma, found that the cytoplasm of tumor cells con-

tains larger amounts of RNA than corresponding normal cells.



Tha amounts varied in different parts of the same tumor, and
were larger in areas of more rapid growth,. Stowell (1942)
using the Feulgen reaction with photometric quantitation has
shown that some epidermoid carcinomas of mice and man (methyl-
cholanthrene induced carcinomas in mice) and leukemic blood
cells from the human subject, contain increased amounts of
DNA. Claude and Potter (1943) estimated that in leukemic
blood cells, the DNA comprised 40% of the chromatin complex.
Pollister and Mirsky (1944) showed that rapidly dividing cells
have high concentration of DNA and especially RNA, whereas

the absorption band of mature cells show that they consist
chiefly of protein. It has been stated; Stowell (1945), that
nucleoproteins control the hereditary and vital functions of
living cells and that DNA has important roles in mitosis, in
polymerization of nucleoprotein and in the formation of pro-
teins and of RNA of the nucleolus and cytoplasm. As evid-
enced from the above references, cytochemical studies have
demonstrated that the cytoplasm of malignant cells contains
increased amounts of RNA and in the minds of some investi-
gators, suggests that the heterochromatic region of the
chromatin plays a specific role in carcinogenesis.

Specificity of Acridine Orange

To date, there are numerous reports in the literature
on the capacity of acridine orange to stain components of

cells, removable specifically by either ribonuclease or
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desoxyribonuclease, as the case may be. Gossner (1950)
treated mouse and cow pancreas mounted in paraffin,
fixed in Carnoy's solution, and employed the Veronal-
acetate buffer system as described by Michaelis at pH 6.8.
Dye concentrations used varied from 1:1,000, 1:5,000, and
1:10,000. Following treatment of the specimens with rib-
onuclease (0.1 milligram /cc. at 56°C. for 15 minutes to 1
hour), the specimens lost their red fluorescence. Liver
and nervé cells were also studied and all showed high
amounts of red fluorescing material removable by ribonu-
clease. Gossner pointed out that even after ribonuclease
treatment, mast cells and cartilage retained their red
fluorescence because of the acid mucopolysaccarides present
(we were able to substantiate this in our case of chordoma).
He studied live mouse ascites tumor cells and observed sreen
fluorescing nuclei and cytoplasm with an acridine orange con-
centration of 1:10,000 at pH 6.8. Following treatment with
formalin, both fluoresced red. Gossner also suggested that,
because of this change in fluorescent colour, the acridine
orange stain might be useful in a study of the changes in
cellular elements occurring at the time of death of the cell.
Since Gossner's work, Schilmmelfeder (1950a & b, 1957a)
has carried out many extensive investigations on the histo-
chemical significance of the fluorescence induced by acri-
dine orange and has further enlarged and clarified the con-

cepts as put forth by Gossner. Schlimmelfeder in 1958 showed
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that the cation of the basic fluorochrome, acridine orange,
shows a gradual change of fluorescent colour from green
through yellow and orange to red, when the concentration of
the dye increases in aqueous solutions. The metachromatic
fluorescence, he showed, is due to the formation of red
fluorescent polymer cations of acridine orange, and the in-
termediate colours, yellow and orange,are due to different
mixtures of green fluorescent monomer and red fluorescent
polymer cations. He also showed that acridine orange in
alcoholic solution becomes bound to nucleic acid in two ways:
a) by electrostatic salt linkages and b) by cohesive forces.
The affinity of acid substances in cells to the basic fluor-
ochrome acridine orange was very strong, in his opinion, and
this was best shown he felt, in his studies on ascites tumor
cells. ~

The different fluorescence of RNA and DNA is due to
their degree of depolymerization. The highly polymerized
DNA of the untreated nuclei prevents the red fluorescence.
After depolymerization, by boiling in water or by treatment
with warm trichloracetic acid,.cold perchloric acid or by
formalin fixation, the DNA in the nucleus shows the same
staining quality as cytoplasmic RNA (Bucher, 1946 and
Schilmmelfeder, 1957a). This can be well brought out by
fixing fresh tissue in formalin and then staining with acri-

dine orange.
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The one big class of substances present in cells
which tends to confuse the specific picture of acridine
orange to stain RNA and DNA is the acid mucopolysaccarides;
however, these substances can be differentiated quite easily
from RNA by treating the specimen with ribonuclease, which
will not interfere with the red fluorescence due to acid
mucopolysaccarides, but which will eliminate the red fluor-
escence due to RNA,

Acridine orange continues to be used extensively in
fluorescent microscopy, especially for the demonstration of
nucleic acids, both in normal cells such as neurones and in
malignant cells. Considerable controversy still reigns,
however, over the interpretation of the specificity of acri-
dine orange to stain RNA and DNA. Einarson, (1960) strict-
ly speaking feels that this specificity is somewhat doubt-
ful, yet application of ribonuclease to the prepared speci-
mens after staining with acridine orange results in a loss
of all the red fluorescing material. As a more specific
stain, Einarson uses the gallocyanin-chromalum technique
whereby’the staining process consists in a selective bind-
ing of the dyelake cations to the phosphoric acid groups of
the poiynucleotides. Supposedly, the staining is of an
exquisite progressivity and completely withstands alcohol-
ic dehydration and clearing in xylene. The nucleoproteins

become progressively occupied by the lake cations until
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naximum occupation has taken place, resulting in a quan-
titative reaction for nucleic acids.,. Schlimmelfeder (1957)
used acridine orange to demonstrate early histochemical
changes in Purkinje cells, following exposure of the animal
subjects to high doses of radiation. He also undertook an
exhaustive study correlating his results, using acridine
orange, with those of Einarson using the gallocyanin=-chro-
malum method, and also found that his results corresponded
with the results of the more classical method for differen-
tially staining RNA and DNA, namely; the methyl-green pyro-
nin stain.

The Role of Acridine Orange as a Cytochemical Analytic
Method

Santesson and Caspersson (1942) and Caspersson (1947)
showed that in the tumor cell; the normal inhibitory mechan-
ism for the protein forming system in the cytoplasm is
checked or entirely absent and, as a result, the cells are
recklessly trying to grow as rapidly as the supply of raw
material allows, This never occurred, in their judgment,
in the normal cell where, in all cases studied, the cell
breaks down the system for protein production when the sup-
ply falls below a certain level, They concluded that this
made it possible to identify an individual cell as being
malignant by cytochemical analysis. The cause of this
change, of course, is still unknown and when solved, will

bring us closer to the etiologic basis of anaplasia.
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Their observations indicated that the inhibitory mechanism
for the_prqtein forming system is to be found in the nuc-
leolus associated chromatin or possibly, in those centres
which regulate their apparatus.

Consequent to these various observations, namely, on
the changes in HENA and DNA in tumour cells and the ability
of acridine orange to differentially stain RNA and DNA,
von Bertalanffy, and co-workers (1956, 1956a, 1958, 1959,
1960) have written a long series of papers on the use of
acridine orange (3;6 tetramethyldiamino acridine) as an an-
alytical histochemical method in the cytodiagnosis of mal-
ignant cells, Preliminarily, the use of this fluorochrome
was limited mainly to the study of cervical and uterine can-
cer, but has since been extended to inc&pde pulmonary and
ascitic malignancies (Bertalanffy, von; 1960 ).

Today, the acridine orange smear technique is widely
used as a rapid screening method for malignancy. It is a
routine procedure at many gynecological centres (Dart,1959;
Hunter, 1959; Kaplan,1960). Holland (1961) has published
an analysis of the application of the acridine orange smear
technique in the office practice of gynecology, that is, as
regards the detection of cervical carcinoma.

The various people working in cytopathology,as described
above plus others (Sussman, 1959; Umiker, 1959) agree on the

merits and reliability of the technique.
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As alluded to previously, many investigators have
used this method in the cytodiagnosis of malignant cells
and in the study of histochemical changes in neurones
(Schilmmelfeder 1957) but none have applied it to smears

of tumors affecting the nervous system.
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IIT., MATERIAL AND METHODS

A, Plan of Study

Using the facilities of the Department of Neuropath-
ology, we made smears of all tumour specimens submitted
from the operating rooms, as well as smears from selected
cases of surgical intervention for uncontrolled, focal
cerebral seizures. The latter were used as non-tumour
controls. The remainder of the tissue was processed in
the routine manner in accordance with the technique of the
department and the permanent sections so obtained were
used as controls against which we could compare our results,

In our preliminary studies, we found that the staining
method as described by Bertalanffy et al (1956) is the best
method of achieving consistently reproducible results.
Consequently, except for some minor variations, we employed
their technique rigorously.

We were not primarily interested in measuring the fine
quantitative differences in the degree of red fluorescence
in the cytoplasm of cells, but in the all or none phonomenon
which we felt would best serve the object of the experiment;

that is, a rapid means of differentiating a benign from a

malignant glioma, bright red fluorescence in the cytoplasm
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of glial cells indicating malignancy and little or no red

fluorescing cytoplasm indicating normalcy or neoplasia,

benign in nature. This is, indeed, an over-simplification
of the application of this type of technique. However, to
be useful as a complementary method to the already employed
smear and quick frozen section techniques, it would have to
be clearcut with little room for speculative interpretation.

The examination of smears was set up as follows:

a) For the study of non tumor brain, the resection
material from operations for focal cerebral seizures was em-
ployed. These were thirteen (13) in number and cases in
which, on permanent histological section, did not show any
evidence of tumor but did show, for the most part, varying
degrees of gliosis. In the few specimens of epilepsy
patients which, on permanent histological examination,
showed some abnormal but not diagnostic features suggestive
of something more than just gliosis, the case was discarded
from this study and not used.

b) In the category of benign extrinsic brain tumors,
there were seven (7) meningeal fibroblastomas (meningiomas),
and four (4) perineurial fibroblastomas (acoustic neurino-
mas) . |

¢) In the category of malignant extrinsic nervous sys-
tem tumors there were two (2) fibrosarcomas, one affecting

the median nerve, the other involving the region of the
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temporalis fascia over é previous craniotomy site.

| d) In the category of benign intrinsic brain tumors,
there were six (6) piloid astrocytomas and one (1) oli-
godendroglioma.

e) In the group of malignant intrinsic brain tumors,
there were seven (7) malignant astrbcytomas and nine (9)
full-blown glioblastoma multiforme. .

f) In the metastatic carcinoma group, there was one
(1) from prostate, two (2) from breast, one (1) from bowel,
one (1) from kidney and one (1) from lung.

g) Cerebrospinal fluid specimens on two (2) patients
with medulloblastoma and one (1) patient with meningeal sar-
comatosis were examined and ventricular fluid in one (1)
patient with known recurrence of a malignant astrocytoma in-
volving the wall of the right lateral ventricle. There
were also seven (7) cases examined of mixed etiology as well
as one‘(l) case of a radiologically diagnosed brain stem
tumor,

B. Microscopic and Photographic Setup

As a source ,of light, we employed the new Leitz Illum=-
inator with the Osram HBO 200 high pressure mercury burner.
This new housing has an improved light collecting system so
that the exciting light output is very strong. Preliminar-
ily, we uéed, as the exciting radiation, the 365 millimicron
mercury spectral line, This was accomplished by filtering

the remainder of the light with a UG-l (4mm.) filter. This
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filter also passes the red end of the spectrum in the
neighbourhood of 700 millimicrons. To eliminate this, an
absorption cell containing 3% copper sulphate solution 1 cm.
thick was introduced into the system. To protect the eyes
and the film from ultraviolet radiation, an ultraviolet ab-
sorbing filter, Euphos, was used between the objective and
the eye pieces.

For most of the investigative work, we employed the 435
millimicron mercury spectral line by filtering the light with
a BG-12 (8 mm;) filter. In order to obtain a black back-
ground, a barrier filter 0G-1 (orange) was used between the
objective and the eye pieces. This latter filter absorbs
the bluish 435 millimicron line. As a result, more light
reaches the specimen, giving a stronger fluorescence. Most
investigators working with acridine orange use this latter
series of filters. The microscope was a Leitz Ortholux
containing a Berek condenser with a numerical aperture of
0.95. Three objectives were used: two apochromatic (x 12 -
NA. 30, and x 40 - NA., 95) and one achromatic (x 45 - NA.
65). For the photographic setup a mirror reflex housing
with a 35 mm. Leica camera back containing an intermediate
lens to reduce the magnification in the microscope to one
third was employed, resulting in a greater photographic
field. (Figure 1l.). By this method we were able to de-
crease the exposure time and this factor, together with the

perfection of negative developing technique devised by Mr.
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Charles P. Hodge, F.B.P.A., the ASA of high speed Ekta-
chrome Daylight film (Kodak) was effectively raised from
160 to over 650, thus decreasing our exposure times even
more. A further more complete report, to be published,
will give the details of the developing and printing
methods. This developing technique enabled us to use the
commercially supplied high speed Ektachrome-Daylight film
with exposure times of 0.5 - 1.0 seconds for many cells in
the field, and 2.5 - 5.0 seconds for single cells. Devel-
oping the film as a negative also afforded a better method
of obtaining colour prints.

C. Experimental Method

Smears of fresh tissue were made using the two slide
technique developed at this Institute by the late Dr. W.V,
Cone. These were allowed to air dry and then were immedi-
ately fixed in a solution containing equal parts ether and
90% ethyl alcohol. The length of fixation varied and we
found that a smear could remain in the fixative for a
period of up to one week without interfering with the con-
sequent fluorescence. The details of making the stock
solutions of the stain and of the buffer are well described
in the literature by Bertalanffy et al. (1960). Briefly
then, the smeared slide was passed rapidly through graded
alcohol solutions, namely 80-70-50%, to distilled water.

It was then briefly rinsed in 1% acetic acid and rewashed

in distilled water. The actual staining in the 0.01%
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acridine orange¥* dissolved in phosphate buffer at pH 6.0
was for 3 minutes. The specimen was then transferred
for one minute into 1/15 Molar phosphate buffer at pH 6.0
to remove the excess dye. Following differentiation for
2 minutes in 10 Molar calcium chloride, the specimen was
rinsed with phosphate buffer and mounted under a cover
gla§s in a drop of buffer. This done, the specimen was
ready to be examined with the fluorescent microscope.
The mercury arc lamp should be turned on approximately 10
minutes prior to the actual examination of the specimen,
in order to ensure a constant activating light source.
The photographic setup was accomplished in a darkened room.
The amount of light involved in fluorescent studies is
relatively low by comparison with that falling on the ob-
ject, so that especially in visual work the aim must be to
increase contrast by eliminating all other light from the
field of view, while gaining the maximum amount of fluor-
escent light through the objective.

The ribonuclease®**used was dissolved in glass dis-
tilled water in a concentration of 1 mg. per millilitre and

the specimens were incubated at 37°C for 2 hours. Not all

* G,T. Gurr, supplied by &SBE Laboratories, Toronto, Canada

*%supplied by Nutritional Biochemical Corp., Cleveland, Ohio.
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smears were studied using the ribonuclease technique.

In those cases where it was used, two parallel smears were
made from the same case, one stained with acridine orange
and the other treated with ribonuclease and then stained
with acridine orange.

Following the visualization of the specimen and the
taking of the photograph, a preliminary diagnosis of non-
tumor, benign or malignant tumor was made. These findings
were later correlated with the findings on permanent histo-
logical sections. The processing of the permanent sections
was carried out by Messrs. John Gilbert and Gerard Papillon.,
The stains employed in the group of non-tumor brain and in
the intrinsic brain tumors were: hematoxylin - phloxin-saf-
franin, Mallory's phosphotungstic acid hematoxylin,Laidlaw's
connective tissue stain, Luxol blue, Cajal's gold sublimate
and Penfield's modification of the del Rio Hortega silver
carbonate method. The extrinsic tumors were studied using
the first four above-mentioned stains., In the case of car-
cinoma, routine use of the same four plus periodic acid-
Schiff and a mucin stain was undertaken. All final diag-
noses were reviewed by members of the Department of Neuro-

pathology.
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IV. RESULTS

In all cases studied, the final pathological diag-
nosis was clearcut and in no instance was there any ques-
tion as to the validity of the diagnosis.

A. Non-Tumor Brain

Thirteen (13) specimens from either temporal lobec-
tomies or partial frontal, parietal or occipital removals
for focal cerebral seizures, when examined, all showed con-
sistent findings. There was little or no red fluorescence
of the glial cell cytoplasm and the nucleolus in all in-
stances fluoresced yellow. Neurones showed varying degrees
of red cytoplasmic fluorescence with a prominent red fluor-
escing nucleolus, Figure 2. The nucleus appeared as a
large greenish-yellow fluorescing body with a vesicular
arraﬁgement of the contained chromatin. This group of
cases, although not normal brain in nature, did comply with
the original criteria of the experiment and in no instance
was there very much red fluorescence in the cytoplasm of
glial cells observed, Figure 3.

B. Benign Extrinsic Brain Tumors

There were seven (7) meningeal fibroblastomas in this
group, none of which, on permanent section, showed any evi-

dence of sarcomatous change. The acridine orange method
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demonstrated large amounts of red fluorescing cytoplasm

in all the cells comprising the tumor. This is well illus-
trated in Figure 4 where the cell whorls characteristic of
meningioma can be identified. In this instance, the tumor
cells possessed a yellow fluorescing nucleus with a red
fluorescing cytoplasm.

The four (4) perineurial fibroblastomas studied did not
show any red fluorescence in the cytoplasm of the tumor cells,
Figure 5. The absence of red fluorescing cytoplasm in these
eighth nerve tumors, again all of which were benign in nature,
was very striking.

C. Malignant Extrinsic Tumors

Here we group the two (2) fibrosarcomas studied, one in-
volving the median nerve in a 13-year-old boy, the other in-
volving the temporalis fascia over a previous craniotomy
site. Both showed large pools of red fluorescing cytoplasm
with very bizarre-shaped yellowish fluorescing nuclei, some
with a prominent red fluorescing nucleolus. As a check on
the accuracy of the staining method, Figures 6 and 7 show
these findings plus the occasional polymorphonuclear leuko-
cyte with its greenish fluorescing bi- and tri-lobed nucleus,
and no fluorescence in the cytoplasm. This manner of check-
ing the stain advocated by Bertalanffy et al (1960) was also
used by us as the prime method of standardizing the staining
procedure to the point of achieving consistently reproducible

results.
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D. Benign Intrinsic Brain Tumors

There were six (6) piloid astrocytomas studied.
Again, the degree of red fluorescing cytoplasm in the tumor
glial cell varied from little to none. There was no doubt
about this latter finding. The nucleus again fluoresced
as yellow or greenish yellow, and in this instance the nuc-
leolus consistently fluoresced as red, Figure 8, The size
of the nucleus, in general, was somewhat larger than in the
non-tumor astrocyte. In this study we dealt only with
smears, and this latter finding may or may not be signifi-
cant. We were able to examine only one oligodendroglioma
and again, very little to no red fluorescence of the oligo~-
dendroglial tumor cell was seen Figure 9.

E. Malignant Intrinsic Bréin Tumor

The seven (7) malignant astrocytomas, Figure 10, and
the nine (9) gliobiastoma multiforme, Figure 11, studied,
all showed the same characteristics. The quasi semantic
division of these two groups does not arise from the acri-
dine orange interpretation, but from findings on permanent
sections. Here in this Institute, a glioma is not classi-
fied as glioblastoma multiforme unless all of the following
four criteria are met: pleomorphism, mitotic figures, nec-
rosis and endothelial proliferation.

The acridine orange stain showed many cells with an
enlarged yellowish fluorescing nucleus with varying amounts
of red fluorescing cytoplasm. The degree of red fluores-

cence in the cytoplasm was always significantly more than
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that seen in any of the preparations of the benign intrin-
sic brain tumors studied. Here again many, but not all of
the tumor cells showed red fluorescing nucleoli.

F. Metastatic Carcinoma

A variety of metastatic lesions was studied. In all
cases, the location of the primary had been confirmed
either by prior or subsequent investigation. All were
intracerebral metastases except for the one from the pros-
tate, one from the breast and one from the colon, which were
spinal and extradural in location. The fluorescent proper-
ties of all were very similar in that the cells were large,
epithelial in nature, with an abundant amount of red fluor-
escing cytoplasm and a large, irregular yellowish-green
fluorescing nucleus. The location of the nucleus within
the cell varied from case to case, being mainly eccentric in
location in the hypernephroma, Figure 12, and central in loca-
tion in many of the remaining carcinomas studied, Figures 13
and 1li. Again, a red fluorescing nucleolus was evident
in many of the cells, Figure 12. As is evident from Figure
15 when these and other preparations were treated with ribon-
uclease, either the red fluorescence was lost or the ribonu-
clease destroyed the red fluorescence,

G. Cerebrospinal Fluid and Ventricular Fluid

1) Positive Results:
There were two patients in whom a diagnosis of medullo-

blastoma was made, one with known cauda equina lesions, the
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other with a lesion in the 4th ventricle. Both revealed
cells in the lumbar spinal fluid which were larger than
monocytes, had an irregularly shaped nucleus that fluoresced
yellowish and relatively large quantities of red fluorescing
cytoplasm, Figures 16 and 17. The lumbar spinal fluid from
the patient with autopsy proven meningeal sarcomatosis also
snowed cells with large pools of red fluorescing cytoplasm,
Figure 18.

Another positive result was obtained from examination
of cerebro - spinal fluid from a young child with multiple
cranial nerve palsies and a radiologically diagnosed mass
lesion of the brain stem. This specimen showed clumps of
cells, 5-6 cells/clump,all of which possessed red cytoplas-
mic fluorescence.

The specimen of ventricular fluid was obtained from a
patient with known recurrence of a malignant astrocytoma of
the right frontal region. Again, cells arranged in clumps
were identified. These cells were larger than white blood
cells and besides possessing the red fluorescing cytoplasm
also exhibited large yellowish-green fluorescing nuclei,
Figures 19, 20 and 21.

The one specimen of ascitic fluid examined was from
a patient with known carcinoma of the stomach and wide-
spread peritoneal as well as visceral metastases. Here

again cells were demonstrated typically tumoral in nature.
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2) Negative Results:

The remaining seven cases of spinal fluid examination
(mixed etiology) which showed no cells containing red cyto-
plasmic fluorescence can be subdivided as follows: three
(3) metastatic extradural spinal tumors in adults, one (1)
child with papilledema and headaches which was later diag-
nosed as optic neuritis, one (1) case of aqueduct stenosis,
one (1) child with a glioma deep in the hemisphere and one
(1) child with a radiologic diagnosis of medullablastoma
and no tumor cells seen. This latter case did receive
deep radiation therapy, and following sixteen courses of
therapy re-examination of a sample of cerebro~ spinal
fluid showed many cells non-clumped with red cytoplasmic

fluorescence and may have been macrophages.
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Figure 2. Temporal lobe gliosis (cortex) apart from the
red cytoplasmic fluorescence in the neurones,
the glial elements contain little to no red
fluorescing material X 175.

Figure 3. Temporal lobe gliosis (white matter) demonstra-
ting the fluorescence of glial cells, nucleoli
fluorescence yellow X 175,
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Figure 4. Meningeal fibroblastoma =- cell whorls with
large amounts of red fluorescing cytoplasm
& L1754

Figure 5. Perineurial fibroblastoma - striking absence
of red fluorescing material in the cytoplasm.
X 175.
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Figure 6. Fibrosarcoma - many large cells with an
abundant amount of red cytoplasmic fluor-
escence X 175.

Figure 7. Fibrosarcoma - paired green dots are the
nuclei of the polys, surrounded by very
large cells containing abundant quantities
of red cytoplasmic fluorescence. Note the
red fluorescing nucleoli X 650.
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Figure 8. Piloid astrocytoma - again negligible red fluor-
escing cytoplasm of tumor glial cells, nucleoli
fluoresce red as does the cytoplasm of the endo-
thelial cells X 175.

Figure 9. Oligodendroglioma - round nuclei, some possess=-
ing a red nucleolus, little red cytoplasmic
fluorescence X 175.
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Figure 10. Malignant astrocytoma - tumor cells shcwing a
large amount of red cytoplasmic fluorescence
X375

Figure 11. Glioblastoma multiforme - pleomorphism and
again many cells with abundant red cytoplasmic
fluorescence X 175.
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Figure 12, Hypernephroma, metastatic - eccentric nucleus
with red fluorescing nucleoli and large pools
of red cytoplasmic fluorescence X 650,

Figure 13. Bronchogenic carcinoma, metastatic - very large
bizarre cells with multiple red fluorescing
nucleoli. Nuclei of surrounding glial cells are
also visible. X 650.



36.

Figure 14. Metastatic adenocarcinoma (breast) - large
nuclei with red cytoplasmic fluorescence X 175,

Figure 15. Metastatic adenocarcinoma (breast) - after
treatment with ribonuclease resulting in a
loss of red fluorescing material X 175.
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Figure 16. Medulloblastoma - appearance of cells seen on
examination of cerebro-spinal fluid X 650,

Figure 17. Medulloblastoma - small clump of abnormal cells
with the nucleus of a lympocyte also visible
in the field X 650,
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Figure 18, Meningeal sarcomatosis - an example of the
type of cell seen on examination of cerebro-
spinal fluid X 650.

Figure 19. Malignant astrocytoma, recurrent - appearance
of cells seen on examination of ventricular
fluid & 175,
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Figure 20, Same case as Figure 19 X 175,

Figure 21, Same case as Figures 19 and 20 X 175.
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Figure 23.
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Chordoma - cells arranged in cords with abund-
ant red cytoplasmic fluorescence. Note the
amorphous, large area of diffuse red fluor-
escence about the cells in the lower left
centre X 175.

Chordoma after treatment with ribonuclease,
same case as Figure 22 - the red cytoplasmic
fluorescence has disappeared, that due to
RNA; the diffuse amorphous fluorescence re-
mains, that due to the acid mucopolysacchar-
ides present X 175.
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Figure 24. Cerebral cortex, Carnoy's fixative - demon-
strating the typical morphologic and fluor-
escent properties of neurones and glial cells.
Pial surface with the overlying meninges is
visible at the left X 175.

Figure 25. Same case as Figure 24 - demonstrating the
same appearance under higher magnification

X 650,
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V. ANALYSIS OF RESULTS

An analysis of the results of all cases studied is
shown in Table I.

It is interesting to note that in all but one group,
the correlation between benign and malignant, as indicated
by the red fluorescing cytoplasm, is very straightforward.
The one tumor that showed no correlation was the meningeal
fibroblastoma which in all instances possessed red cyto-
plasmic fluorescence to a degree that; according to the cri-
teria employed,would have to be regarded as malignant.

This, of course, is not a reflection as to the inaccuracy of
the method nor to its specificity, but does represent a mis-
calculation in our thinking regarding the format of the
experiment.

The specimens from patients suffering with focal cere-
bral seizures could theoretically be interchanged with one
another. The morphology and the character and colour of
fluorescence observed were strikingly similar. Neurones in
these preparations could easily be distinguished from the
non-tumor glial cells, both by their size and the degree of
red fluorescence in the cell processes. The problem of dif-
ferentiation of neurones from malignant glial cells is

another question. Here, the degree of red cytoplasmic
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CLASS OF | NUmBER FINAL DIAGNOSIS ACRIDINE ORANGE CORRELATION
TUMOR | OF CASES PERMANENT SECTIONS INTERPRETATION
3 GLIOSIS, ETIOLOGY NO RED YES
UNDETERMINED FLUORESCENCE
2 HIPPOCAMPAL SCLEROSIS, ” "
ETIOLOGY UNDETERMINED
NON 2 HIPPOCAMPAL SCLEROSIS, ” "
SECONDARY TO BIRTH
INJURY
2 MENINGOCEREBRAL ” "
TUMOR CICATRIX, POST
TRAUMATIC
] GLIOSIS AND MULTIPLE " ”
BRAIN CYST FORMATION,
POST TRAUMATIC
2 GLIOSIS, SECONDARY TO " "
BIRTH INJURY
1 GLIOSIS, POST INFECTIOUS ” "
7 MENINGEAL RED FLUORESCENCE NO
BENIGN FIBROBLASTOMA
EXTRINSIC {MENINGIOMA)
BRAIN 4 PERINEUR)AL NO RED YES
TUMORS FIBROBLASTOMA FLUORESCENCE
(ACOUSTIC NEURINOMAS)
MALIGNANT
EXTRINSIC 2 FIBROSARCOMA RED FLUORESCENCE YES
TUMORS
BENIGN 6 PILOID ASTROCYTOMA NO RED YES
INTRINSIC FLUORESCENCE
BRAIN . .
TUMORS i OLIGODENDROGLIOMA
MALIGNANT 7 MALIGNANT RED FLUORESCENCE YES
INTRINSIC ASTROCYTOMA
BRAIN 9 GLIOBLASTOMA " "
TUMORS MULTIFORME
2 BREAST, RED FLUORESCENCE YES
ADENOCARCINOMA
T 1 PROSTATE, " "
METASTATIC ADENOCARCINOMA
1 COLON, " "
ADENOCARCINOMA
CARCINOMA
1 BRONCHOGENIC " "
CARCINOMA
1 HYPERNEPHROMA " "
2 MEDULLOBLASTOMA RED FLUORESCENCE YES
1 MENINGEAL " "
SARCOMATOSIS
CEREBROSPINAL .
FLUID 1 BRAIN STEM TUMOR, "
TYPE UNKNOWN
7 MIXED ETIOLOGY NO RED "
FLUORESCENCE
VENTRICULAR 1 RECURRENT MALIGNANT RED FLUORESCENCE YES
FLUID ASTROCYTOMA
1 STOMACH, RED FLUORESCENCE YES
ASCITIC FLUID ADENOCARCINOMA WITH
VISCERAL METASTACES
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fluorescence in tumor cells of glioblastoma multiforme or
malignant astrocytoma is almost comparable both in amount
and colour of fluorescence to that of the neurones. The
other disturbing limitation, of course, is that our study
was undertaken on smeared father than on cut sections and
much of the morphology of cells is, a priori, sacrificed.
Therefore, in ‘the cases of borderline malignancy, the very
group in which this method was originally thought to have
its greatest clinical application, the interpretation is
not straightforward; the smeared neurones interfered.

This does not mean that the method is not applicable.
What it does represent, perhaps, is the problem of refinement
of the technique whereby a differentiation can be made be-
tween neurones and malignant cells. Daoust (1961) demon-
strated a significant loss of tissue ribonuclease in liver
carcinoma cells of the rat with a preservation of that in ;
the normal surrounding hepatic cells. Incubating a speci-
men of brain tumor with adherent reactive brain may quench
the cytoplasmic fluorescence of the neurone without damaging
that of the tumor cells, thus enabling an accurate straight-
forward interpretation. To date, preliminary studies in
this direction at our laboratory have‘not been too rewarding.

The group of benign intrinsic brain tumors and the mal-
ignant extrinsic brain tumors offered no problem; the results

were obvious. It is interesting to speculate that the
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oligodendroglioma may be a biologically more active tumor
as evidence by the slightly greater degree of red cyto-
plasmic fluorescence than that seen in the piloid astré-
cytoma.,.

The metastatic carcinomas were striking. In no in-
stance did confusion arise. It was impossible to interpret
these specimens mistakenly, for the cell size, shape and
staining characteristics stood out glaringly.

In dealing with lumbar spinal fluid and ventricular
fluid, the problem of smeared neurones is no longer present.
The fluorescent properties of the wnite blood cell elements
after staining with acridine orange are well studied and des-
cribed (Bertalanffy,1960a). It is a relatively simple mat-
ter for a cytologist, trained in the fluorescence microscopy
technique, to differentiate a polymorphonuclear leukocyte
from a lymphocyte, a monocyte or a plasma cell. With this
accomplished, it is feasible to assume that any cell seen in
either cerebrospinal fluid or ventricular fluid that is lar-
ger in size than the corresponding white blood cell is abnor-
mal. lhe only other cells which could interfere are the
ependymal cells and macrophages but they should be differen-
tiated by their morphological characteristics.

In a patient, then, with an exfoliating medulloblastoma,
malignant astrocytoma or metastatic carcinoma, should the
exfoliative cells gain entrance into the subarachnoid spaces,

one should be able to demonstrate these cells much more
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readily than by the classical Papanicolaou technique where
morphology alone is applicable.

To date, we have autopsy studies or. two test cases.

The first, a man of 36 years of age with a space occupying
lesion deep in the left cerebral hemisphere: needle biopsy
showed an inconclusive histological picture on routine
smear. The diagnostic impressions ranged from meningeal
fibroblastoma, ependymoma to glioma. The acridine orange
smear was interpreted as malignant astrocytoma and, at
postmortem, a glioblastoma multiforme was found. The
second case was a woman, age 51, with a radiologic myelo-
graphic diagnosis of subarachnoid adhesions or diffuse
tumor. The patient was in extremis and operative biopsy
was not carried out. Acridine orange smear of lumbar cere-
brospinal fluid demonstrated large cells with abundant
amounts of red cytoplasmic fluorescense and, at postmortem,
a diagnosis of meningeal sarcomatosis was made.

In the total series all cases studied with the diagnosis
of tumor, except two, had final tissue diagnoses. One case
where tissue was not available for routine pathologic study
was the child with the midline fourth ventricle tumor who
after receiving deep radiation therapy showed marked improve-
ment both radiologically and symptomatically. The other
case of medulloblastoma was confirmed by tissue section,

The second case where no final tissue diagnosis was
available was of the child with the radiologically diagnosed

brain stem lesion who improved following deep radiation
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therapye. However, seven months later difficulty in walk-
ing ensued followed by a demonstrable subarachnoid block in
the mid-thoracic region. Examination of lumbar cerebro-
spinal fluid at this stage revealed cells with large,
slightly irregular yellowish fluorescing nuclei and large
amounts of red fluorescing cytoplasm., Many of these cells
were arranged in clumps. This finding was followed by a
course of deep radiation therapy to the spinal axis with re-
sultant regression of symptomatology and partial return of
motor function.

The patient with the recurrent malignant astrocytoma
has since died and autopsy was refused. In the patients
with extradural spinal metastases we did not expect to see
any tumor cells in the cerebro - spinal fluid, nor did we
in the case of finally diagnosed optic neuritis and aque-
duct stenosis. The same applies to the child with the
deep seated cerebral glioma which did not communicate,
grossly, with the subarachnoid space,

The one case which is somewhat difficult to explain
in the group of cerebro - spinal fluid examinations is that
of the youngster with the clinical diagnosis of medullo-
blastoma in whose specimen no tumor cells were seen.

This probably represents a technical problem in sampling.
Following sixteen deep radiation treatments, re-examina-

tion of lumbar spinal fluid revealed many cells with red
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cytoplasmic fluorescence. These cells were larger in size
than the previously seen cells associated with medullo-
blastoma, were not arranged in clumps and were interpreted
as macrophages or gitter cells.

Recently, we have been fortunate to receive a specimen
of chordonma removed from the lumbar region. Treatment of
a parallel smear with ribonuclease resulted in a loss of the
red cytoplasmic fluorescence but did not interfere with the
red fluorescence due to the acid mucopolysaccharides present.
This corroborates the original descriptions of the staining
properties of acridine orange and substantiates the observa-
tion that acridine orange is a reliable means of studying

the fluorescent properties of DNA and RNA, Figures 22 and 23.
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VI. DISCUSSION

The application of thi s method in the study of diseases
affecting'the nervous system has great potental value. The
results are consistently reproducible and two parameters of
study are utilized: a) a differentiation of red cytoplasmic
fluorescence, RNA (removable by ribonuclease) and of greenish-
yellow nuclear fluorescence, DNA and b) changes in morphology.

The principal application, at present, is in the analysis/
of cerebrospinal fluid and ventricular fluid for malignant
cells. The interpretation of malignancy on the basis of the
degree of red cytoplasmic fluorescence is not clouded by the
presence of neurones; and the morphologic characteristics of
cells is preserved. In one case of medulloblastoma the ac-
ridine orange findings were confirmed by permanent histopath-
ological sections. The other case responded well to deep
radiation therapy. The acridine orange findings on the
patient with autopsy proven meningeal sarcomatosis were also
correctly interpreted as were the findings in the case of
brain stem tumor with the development of a thoracic subarach-
noid block, the case of ascitic fluid and the seven cases of
mixed etiology.

The series of lumbar cerebrospinal fluid analyses is
not large enough to permit any statistically valid conclus-

ions, yet the findings warrant further investigation.
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According to Schiimmelfeder (1957), he as well as
Haymaker et al, are already employing this method in the
study of early reversible changes in the Purkinje and
granule cells of mice cerebellum following high doses of
radiation. Changes in both RNA and DNA can be studied
simultaneously both before and after treatment with rib- -
ocnuclease, desoxyribonuclease, warm trichloracetic acid
or cold perchloric acid. Perhaps, the technique may
also be of use in the study of brain tissue which at opera-
tion demonstrates epileptogenic activity. To date, the
correlation between electrical abnormalities in epileptic
brain and the demonstrable histopathology has not been ade-
quately consistent.

As alluded to previously, the acridine orange smear
method as applied to the study of intracranial brain tumors
has limited immediate value. The primary reason is the
fluorescent similarities between malignant glial tumor cells
and neurones. The other disturbing finding, which also
limits the method, is the observation that purely benign le-
sions, meningiomata, have abundanf amounts of red cytoplas-
mic fluorescence in the tumor cells. As a rapid method of
differentiating benign from malignant in smears of brain
tumor tissue, the straightforward potentialities of the
method have not as yet, been realized.

In an attempt to circumvent the difficulties inherent
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in the smear technique we, in this laboratory, are currently
- undertaking a study of brain tumors utilizing Carnoy's fixed
tissue embedded in paraffin. Following sectioning, the
specimens will be examined using the same staining and micro-
scopic methods previously described, Figures 24 and 25.

One other application of this technigue is in the demon-
stration of nuclei in ultracentrifuged specimens of white
matter. Wolfe (1961) is presently undertaking a biochemical
study of myelin products submitted to ultracentrifugation.

As a step in the experiment, it is necessary £o rule out the
presence of contaminating nuclei. This can readily be done
by the aforementioned method with greater accuracy than with
the more classical histopathologic techniques, and more con-
veniently than by having to rely on the availability and use
of an electron microscope. This observation stems from the
fact that the main advantage of fluorescent microscopy,
which transcends all others, is its great sensitivity plus
the high degree of contrast. As Price and Schwartz (1956)
have pointed out, a 1% difference in transmitted light be-
tween two different areas of a cell can be demonstrated by
fluorescence as a hundredfold difference. However, rec-
ognizing that fluorescent light is emitted in all directions
from its point of origin in the tissues, the degree of res-
olution obtainable is less than that given by visible light
methods. -

Unfortunately, fluorescence is easily modified by




520

relatively minor changes in hydrogen ion concentration,
This is a well recognized fact throughout the literature
in this field. At times it is possible to intensify the
degree of fluorescence to the point where it may be of
some benefit. Varying the pH of our staining solutions
from 5.3 to 6.5 in an attempt to intensify the resultant
metachromatic fluorescence did show some predictable
changes. At pH 6.0, the metachromatic effect was optimum
as previously pointed out by Bertalanffy (1960a).

One of the major disadvantages of the acridine orange
method is the impossibility of preserving the stained speci-
mens indefinitely. This becomes an increasing problem with
the number of investigators working with this method. As
described by von Bertalanffy et al (1957, 1958) the stained
specimen is mounted under a cover glass with a few drops of
buffer. Air drying hastens the decay of fluorescent meta-
chromasia as does the exposure of the specimen to the blue
light. Use of a xylene solution of isobutylmethacrylate,
in our laboratory, as a somewhat permanent mounting medium
showed an appreciable destruction of the differentiation
between red and yellow fluorescence and, hence, was of lit-
tle value in this technique. The photographic method
described by Turner (1960) also resulted in an appre-
ciable loss of contrast and fluorescent colour differentia-

tion, due to the relatively long exposure times required,
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i.e. up to 55 seconds for degenerated, sparsely cellular
fields. In an attempt to rectify these problems and
also to be able to employ colour prints as demonstrable
examples of the acridine orange method, the Department of
Neurophotography was able to institute a new negative-
developing technique which effectively lowers the expos-
ure times necessary into a range when both the changes in
fluorescent colour differentiation and the effects of
drying were no longer a serious problem. Simultaneously,
the colour negatives were available from which any number
of colour prints could be made.

As a check on the staining capabilities of acridine
orange as concerns cellular elements in nervous tissue,
Raimondi (1961) hés recently shown that when viewed with
the electronmicroscope, astrocytes contain very little ribo-
some material (RNA) in their cytoplasm, whereas neurones
contain vast quantities. The only disturbing feature,
which applies also to the light microscopists' concept, is
that oligodendroglia also gontain large amounts of ribo-
some material in their cytoplasm., The latter, of course,
is a finding which is quite revolutionary in scope to all
the classical concepts of the morphological appearance of
oligodendroglia. We too, were not ready for this observa-
tion, for in our material, the oligodendroglia showed very
little in the way of red cytoplasmic fluorescence. The

disparity may reside in the time interval between removal
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of tissue and fixation.

Mention is made of a case of chordoma where after
treatment with ribonuclease red cytoplasmiclfluorescence
disappeared whereas that of the acid mucopolysaccharides
remained, again pointing to the specificity of acridine
orange to obtain RNA,

Another stimulating finding is the disparity in
staining characteristics of meningeal fibroblastoma and
perineurial fibroblastoma. The former showing large quan-
tities of red cytoplasmic fluorescence and the latter show-
ing little to none, This may be an indication that the
perineurial fibroblastoma is not a tumor from a mesenchymal
stem cell and perhaps, phylogenectically, our thinking on
these tumors should be re-evaluated.,

The question of whether RNA differs significantly in
the glial cells of non-tumor tissue and in glial brain
tumors, as manifested by the changes in fluorescent colour
of the nucleoli, is the object of our next series of
experiments.

In conclusion, the present study suggests that the
acridine orange staining method: a) can be readily and fruit-
fully employed in the analysis of cerebro-spinal fluid and
ventricular fluid for malignant cells, b) may be used in the
histochemical analysis of epileptogenic brain tissue or in
brain tumors, and c¢) is of little immediate value in the
rapid differentiation between a purely benign and a malig-

nant brain tumor as applied to the smear technique.
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VII. SUMMARY

A study of primarily intracranial tumors, based on
fluorescence microscopy after staining with the fluoro-
chrome, acridine orange, is discussed; along with a des-
cription of the techniques'and the results of application
of these techniques to a wide variety of intracranial
tumors. A clinically rewarding application of these tech-
niques to cerebro-spinal and ventricular fluids is mentioned,
together with some comments as to the significance of these

findings towards future avenues of study.
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