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INTRODUCTION

One of the most important histological techniques recently
developed is the Hillarp-Falck method of localizing catechole
amines and related biogenic amines in tissue samples (16).
Generally, this technique entails freeze~drying the tissue and
exposing it to formaldehyde vapor, This results in the formation
of two specific compounds which will fluoresce either green or
yellow upon exposure to Ultra Violet light (UV light) and which
represent catecholamines and S5«hydroxytryptamine, respectively
(17). However, one of the complications of this technique
involves distinguishing between the chemically induced fluor«
escence, i.0., monoanine fluorescence (especially the yellow
fluorescence representing S~hydroxytryptamine) and an inherent
fluorescence (17), called autofluorescence (AF) (36), which is
also primarily yellow and found in a vast majority of tissues
of most common laboratory animals (19, 25, 35, 36, 41, 45) and
tunicates (28) as well as man (5, 24, 31, 40). These tissues
include lymphocytic tissue (28, 30, 35, 36, 41), kidney (36, 41),
skeletal muscle (2, 13), uterus (18, 19, 32, 36), nervous
tissue (5, 22, 24, 25, 31, 36, 40, 41, 45) and many others (36,
41) .

To resolve this problem of distinguishing AF from the
induced monoamine fluorescence, pharmacological, chemical, and

physical criteria have been developed (6, 15, 17). However, it




should be recognized that the application of these criteria might
be considerably enhanced by a previous knowledge of the general
deposition of the AF including its location, intensity, and
constancy in different animals and related gensra., Therefore,
1t will be one of the objects of this paper to clarify the
deposition of the AF in the Central Nervous System (CNS) of mice,
The AF of the CNS, as well as that of the other tissues
of the body, has been found to be restricted primarily to cytee
plasmic greanules. The nucleus was observed to be devoid of such
granules (13, 25, 35, 36). Extracellular AF granules have also
been found, e.g., irn the cerebellum (40), These AF granules were
histochemically identified in neuronal tissue as lipofuscin pig-
ments (also called senility or wear-and«tear pigment) and their
nonwpigmented precursor substances (7, 28, 31), However, Sainte-
Marie (35, 36) in his investigation of a wide assortment of
tissues has found no specific correlation between AF and lipo~-
fuscin pigmentation, S8Similasrly, Fuxe and Nilsson (19) found that
the AF granules of the mouse uterine epithelium are not naturally
colored, Therefore, it seems that the AF granules of the body
can perhaps be found at different stages of development leading
to the formation of pigmented lipofuscin granules., In support of
this, Pearse (34) stated that the early precursors of lipofuscin,
though autofluorescent, have relatively little or no pigmentation

as oppesed to the well-developed, yellows.brown lipofuscin pigment,




To further delineate the chemical make-up of AF granules,
various physical and histochemical analyses have been employed,
The following histochemical tests are some of the known positive
reactions shown by AF granules: Carbel Fuchsin (a cationic dye
indicating acid«fast material) (7, 13, 24, 28); Luxol Fast Blue
(a preferential stain for choline-base phosphelipids) (24);
Alloxan-Schiff-Luxol Fast Blue (stains protein material) (24, 25)+
Sudan Black (a lipid«specific stain) (7, 19, 24, 28, 34, 35, 36,
44); Chrome Hematoxylin (stains general nourosecretory lubstaaeoa“
(7); Periodic Aclid Schiff (stains carbohydrates and/ox proteins)
(4, 7, 19, 28, 30, 34, 35, 36, 44); Gonori's Method of Aldehyde
Fuchsin (this dye has an affinity for proteins and mucopoly.
saccharides, especially the highly sulfated ones, as well as
neurosecretory substances and acid phosphatase) (7, 14, 24, 30);
Toluidin Blue (a cationic dye which may stain wmelanin, 1lipid
pigments and nucleic acids) (35, 36); and Indophenol (stains
lipofusin pigment due to the preferentiszl solubllity of the
non-ionized form of this dye in the pigment deposits) (1).
However, 211 of these reactions are not observed universally ia
all AF granules and, as a result of extensive work, it is clear
that "the more we evaluate the staining and histochemical
resctions of these neuronal inclusions and interneuronsl =material,
the more evident it becomes that one set of properties cannot

be ascribed to all of then" (24).




Issidorides and Shanklin (24) found that fluorescent brain
cells of the same cell group {(nucleus) have very similar propere
ties but that fluorescent cells from differenmt nuclei differ in
many respects, They concluded that the only two common propere
ties of all AF granules are a white-yellow fluorescence in UV
1ight and a positive reaction to Gomori's method of aldehyde
fuchsin, The rest of the staining reactions vary, However,
even such a goenexalization is not necessarily true for some
tissues, e.g., in uterine epithelium the AF granules do not stain
at all with aldehyde fuchsin (19). Therefore, the position held
by Sainte-Marie (35), that the only feature characteristic of the
AP granules is the fact that they do autofluoresce in UV light,
seemws to be the only valid generaslization that can be made of
these granules. In support of this, Whiteford and Getty (45)
have found that fluorescence microscopy can detect granules mnot
cbserveble with routine stains. Like the pigmentation discussed
above, the variability in staining can be explained by Pearse's
views on the histogenesis of lipofuscin (34), According to this
scheme of graded oxidative development of lipofuscin, the basic
precursor substance, which may be AF, is some type of lipid,
8+f+s @ triglyceride or a phosphatide. As this lipid precurser
commences to undergo oxidation, its histochemical and physical
characteristics become progressively altered as is suggested by

the fact that its "solubility in fat solvents diminishes as its




ability to dissolve fat stains diminished"™., Pearse considers

the product of early lipid oxidation to be auto-oxidizing lipids.
The intermediate stage between auto-oxidizing lipid and lipo.
fuscin consists of a ceroid type of material. As oxidation
progressess, pigmentation usually, but not inevitably, increases.
Also, autofluorescence intensity increases concomitantly with
1ipid oxidation. The final product, if oxidation is carried to
completion, is therefore, the highly autofluorescent lipofuscin
pigment,

D'Angelo et sl. (7) were the first resesrchers to utilize
histochemical findings in an attempt to describe the lipofuscin
granules in neuronal tissue., They arrived at the conclusion that
these AF granules are cowmposed of three components: 1) an acide
fast, Periodic Acid Schiff-positive core, 2) an envelope of & nond
necld fast, sudanophilic outer substance which also contained some
positive PAS reacting naterial, and 3) a diffuse ground substance
rich in cystine, This work was followed up by Issidorides and
Shanklin (24) who characterised the neuronal AF granules as being
composed of a complex of lipid (Sudan Black positive) and protein
(Alloxan Schiff positive) arranged in successive concentric
Jayers, The protein and an acid«fast material (carbol«fuchsin)
constituted the core of the granule with the lipid layer arrenged
in 2 radial pattern around this core. They determined this

structural relationship by birefringence studies., They also




offered some evidence that phosphatides or cerebrosides are
present in the lipid layer of the granule, They arrived at the
latter conclusion, since the positive reaction with Sudan Black
on formalin-fi:ed sections signifies “"formal-fixed" lipid which
is usually phosphatide or cerebroside. The presence of a phos~
pholipid component was also found in the rat uterus AF granules
by Fuxe and Nilsson (19) who concluded that the positive PAS and
Performic Acld Schiff (PFAS) reactions point to the presence of
unsaturated lipids, o.g., phospholipids., Koenig (26) also gave
supporting evidence for the presence of a phospholipid component
bound to protein in AF granules of the brain when he found that
these granules can be tenand from fresh, but not fixed, tissues
by a chlovoformimethanol (2:1) solution, The third constituent
of the granule mass found by Issidorides and Shanklin (24) was
the same type of ground substances as found by D'Angelo (7)., 1In
both cases it was found to be stained by aldehyde fuchsin
{Gomori®s stain),

Due to the diversity of the histochemical reactions of the
AF granules of diverse tissues, the above description of inner
protein and outer lipid layers should be confined to granules
from the specific structures where they were found, namely the
thalamus (7) and the inferior olivary nucleus (24), Only further
work of the kind described above will indicate whether the other

AF granules of the body possess this same structured sxrangenent




of protein and lipids.

Other aspects of these AF granules which are of interest
are their origin and their function, There are three schools of
thought as to the origin of these granules: 1) that they origin.
ate from mitochondria (11, 23), 2) that they cowe from the Golgi
apparatus (3, 21), and 3) that they are altered lysosomes (14).

The original proponent of the mitochondrial origin of AF
granules was Hess (23)., From electron microscopic studies he
suggested that the lipofuscin pigment of adult and senile gang-
lion cells arose from swollen, vacuolated mitochondria. The
characteristic ultrastructure of the “old age pigment”, as deter~
mined by Duncsn {(11), seemed to support Hess's position, Duncan
found small particles of high electron density (osmiophilic),
most of which were lanminated with 2 "series of alternate dense
and light bands in parsllel array". He alsco suggested that some
proteinaceous and/or lipid materials might be implicated in these
particles, These bodies were further shown to have a double
nesbrane similar to the mitochondria and in some micrographs they
were seen attached to mitochondria with no visible intervening
membrane,

On the other hand, Gatenby (21), using phase contrast
lightemicroscopy, has demonstrated a very close relationship
between these "senility pigments™ and the canals of the Golgi

apparatus, Bondavreff (3) found pigment-associated vacuoles,




which Hess hasd identified as swollen mitochondria. Houavor.'
gondareff denied this fdentification on the basis of the following
information: 1) that the pigment-associated vacuole is bound by
only one membrane and not two, characteristic of mitochondrisa,

2) that the internal structure of the vacuoles in no way resem-
bles that of mitochondris, and 3) that the single limiting men-
brane around the vacucles is usually intsct between the vacucle
and the pigiént. Due to the association of small vesicles and
membranes (characteristic of the Golgi complex) with thc‘periu
phery of the pigment-associsted vacuoles, Bondareff agreed with
Gatenby's contention of a Golgi complex point of origin for the
“senile pigment®,

In studying hepatocellular fine structure, Essner and
Novikoff (14) noticed the deposition of lipofuscin granules in
specific cellular orgsnelles, The fine structure and the
presence of scid phosphatase activity (Gomori's aldehyde fuchsin)
identified the organelles as lysosomes (8) and offered suggestive
evidence for Essner's theory of the lysosomal origin of the lipo-
fuscin grasnules. Similar findings were also reported by EBhrlich
(12) and Novikoff (33) for the liver. Koenig (25) alse fouad
acid phosphatase asctivity in AP granules in neuronsl, gliasl, and
skeletal nuscle lysosomes, However, he slso found AF granules
wvhich were not contained in lysosomes and which did not possess

acid phosphatase activity (26)., Metcalf (30) supported Keenig's




findings by obtaining similer results in thymic cells, Also,
Fuxe and Nilsson (19) foumnd no positive reaction for acid phos-
phatase in any of the AF granules of the uterine epithelium,

Such evidencoe might seem to dispute Essner's theory. However,
since there is some contention as to whether or not the lack of
acid phosphatase activity alone is an adequate parameter to
fndicate the absence of lysosomes [Koenig (26) holding the
affirmative and DeDuve (8) the negative view], the lack of acid
phosphatase activity in asssociation with lipofuscin granules does
not necessarily negate Essner's theory of the lysosomal origin of
lipofuscin granules,

Evidently, the resolution of the question of lipofuscin
origin must wait further work. The problem of their func lon
also is not clear., Four primary possibilities have been pre-
sented. According to these theories, the lipofuscin is 1) an
aging pigment, 2) a carrier pigment, 3) a pigment of stress, or
4) 8 storage pigment,

1) The "aging pigment® theory. This theory considers the
AF granules to be "aging pigments” (also known as wear-and-tear
pigment and senility pigment) (9, 20). The formulation of this
theory was based on the finding that the lipofuscin pigments are
not found in young animals but that they appear later in 1ife and
then irreversibly increase in number with the age of the animal.

This phenonmenon has been interpreted to mean that these pigments
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are moetabolic break-down products which accumulate intrtcel!ularlﬂ
with age. Since Dolley (9) has found that neuroms continue to
react to the end of their life cycle, these pigments apparently
do not interfer with cell fumction.

2} The '"neurosecretory" theory. Shanklin, Issidorides and
Nassar (40) suggest that the neuronal pigment grasnules are
carriers of some type of neurosecretory material, They suggest
that the cerebellar Purkinje cells produce these lipofuscin
granules complexed with some neurosecration. They are then
passed out of the cell into the interstitial spaces ard from
there they migrate to nearby blood vessels where the unstainable
neurosecretion is released into the bleod stream but the lipos
fuscin granules remain outside the bleod vessels. These authors
also suggest that this association of lipofuscin granules with
neurosecretion might be a widespread phenomemon throughout the
central nervous system, However, they also hold that, if this
is so, the mechanism of secretion sight very possibly vary in
different areas of the nervous system, e.g., in the inferior
olivary nucleus of the medulla the extracellular 1fpofuscin
granules have been found in great abundance, not near blood
vessels but, in synaptic fields, thus indicating another possible
type of neurosecretory wmechanism (24).,

3) The "pigment of stress™ theory. In 1960, Sulkin and

Srivanij (44) proposed the question of whether the lipofuscin
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granules are due to an "intrinsic factor of aging or to some
extrinsic environmental factors in which the factor of aging is
coincidental”, In an attempt to answer this question, they ex-
posed very young animals, who normally have a minimal amount of
lipofuscin pigment in their nerve cells, to an altered external
environment such as anoxia, vitamin E deflcliency, acetanilid and
ACTH for prolonged periods of time, In all cases the experi.
mental animals showed an excess of lipofuscin pigment in their
nerve cells over the control animals and this pigment production
was demonstrated to be a non-reversible phenomenon, i.e., the
pigment remained even after the experimental environment was re-
turned to normal, This evidence strongly suggested to them that
the production of the soecalled "senility pigment" of the nervous
tissue was really the result of stressful situations caused by
changes in the cxtiinuie environment such as nutritional defice
iency and emotional and physical stress and that this pigment
merely accumulates coincidentally with age,

4) The “storage pigment™ theory, The most recent theory of
function was proposed by Fuxe and Nilsson (18, 19), They noted
that a spayed animal had a great desl more AF granules in the
uterine epithelium than did none~spayed controls. The fact that
this accumulation of AF granules was reversible, as opposed to
the non-reversible lipofuscin in nerve cells sha#a by Sulkin and

Srivanij (44), was demonstrated when either an estrogen or
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insulin was given to the spayed snimals, Both substances caused
s decrease in the number of AF granules. On the basis of such
experimental evidence and since the AF granules are known to be
rich in phospholipids, these investigators proposed that the AF
granules in the uterine epithelium seem to constitute a bulk of
easily available materis]l usable during cellular activities
caused by estrogen asnd/or insulin, i1.e., 83 cell activity in-
croases, less granules will be seen, since they are being used by
the cell; conversely, as cell sctivity decreases, more granulies
will be seen, which granules are the storage form, The suthors
specifically mentioned two possible mechanisms: either the phoes-
phatides of the AF granules are used to facilitate the decompoe
sition of glycerides in the cytoplasm, since such decomposition
involves the use of phosphatides, or they are used by the cell
for cell membrane synthesis, since ostrogen initiates growth of
the uterine epithelius,

No new evidence has been presented to substantiate the
first theory of “aging pigment", 1In fact the evidence obtained
which led to the formulation of the last two theories mentioned
seens to make the "senility pigment" theory no longer justified
(24). Additional evidence against this theory is the fact that
mnany investigators, including myself (confer Results), have found
that AF does indeed occur in young animals (5, 12, 35, 36)

slthough not in the same quantities as in older animals,
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Issidorides and Shanklin, on the other hand, gained some
support for their theory of a neurosecretory function from the
work of Gatenby (21) and Bondareff (3) both of whom found a very
close relationship between the lipofuscin granules and the Golgi
apparatus, which cell organelles are known to involve synthesis
of secretory products (46); Further confirmation of their theory
is offered by the work of Schadewald (37) who investigated lipo-
fuscin in the cerebral cortex., He found granules that were formed
in nerve cells, extruded into the interstitum and then lodged on
the blood vessels, Also, suggestive evidence in support of this
theory was found during the course of the present research, As
will be explained later in this paper, high amounts of AF gran-
ules were located around parts of the border of the ventricles
in the brains of mice in those areas known to be rich in blood
vessels, However, this theory seems to be contradicted by the
evidence obtained for the accnnﬁlation and non-reversibility of
the lipofuscin pigment caused by stressful situations (44)., Also,
if the theory of Shaaklin and Issidorides is true for nervous
tissue liyofnscin granules (on which type of lipofuscin their
‘work .and theory>is based), there still remains the question of
function of such granulés in nonenervous tissue. such as muscle,
uterus, lymphatic tissﬁe, etc.

The theory that lipofuscin is an indicator of environmental

stress may gain some support from the work of Einarson (13) who




14

found that a vitenin E deficiency causes a marked iacrease in
nervous and muscle cell content of AF granules. This AF was also
shown to be non-reversible,

The fact that there is a direct rélatiunship between the
rate of growth of an animal and the amount of lipofuscin granules
(10) in s normal environment is good supporting evidence for the
theory that lipofuscin is intimately related to growth (35).
Here, the effects of stress do not contradict the validity of
this thoory, since these two theories scem to deal]l with two
different types of lipofuscin granules. On the one hand, the
"stress pigment™ is non-reversible and apparently very stable (44)
and on the othexr hand, the "storage pigment"” is reversible and
apparently more labile (18).

The data accumulated thusfar on lipofuscin granules seenms
to prevent the application of only one of the above four theories
to all the lipofuscin granules of the body, Possibly each organ
of the body has a specialized task for its own special type of
lipofuscin., Such a function might include one of the above
proposed theories, a combination of some or all of them, or even

an entirely unique function,
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MATERIALS AND METHODS

A, Comparison Study of AF Location

In the comparisen study of occurrence and relative amounts
of sutofluorescent granules (AF granules), three geners of mice
were used - Mus musculus 5C.1, Peromyscus mapiculatus Bairdii and
Perognathus sp. (one mouse of esch genus montioned was used to
compile Table 1), The mice woere stunned by a blow on the head
and decapitated, The brains were inmediately removed and quicke
frozsen in an International-Harris Cryostat, Cross-sections, 10-
20 miecra thick, were made of the brains with the cryostat, The
sections were placed on cold, precleaned, microscope slides and
fixed thereon by gently warming the slide with the investigator's
hand,

Alternate sections were placed on separate slides: one,
for inspection under Ultra Violet light (UV light) and the other
for staining wiih thionine, Sinece fluorescence only occurred
when the tissue sections were thoroughly dry, the slides to be
used for UV inspection were dried over phosphorous pentoxide for
approximately 1/2 to 1 hour in an enclosed container, They were
then mounted in non~fluorescent ligquid paraffin and a covere-siip
spplied, These sections were subsequently examined under UV
1ight using a high pressure mercury vapor bulb (as the UV 1light
source) with a step-up transformer, Three filters were simule.

taneously useds 1) a clear filter of heat absorbing glass (with
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water), positioned immediately in front of the mercury vapor lamp,
2) & CG554 blue excitation filter, which has a maximum trans-
mittance at 420 wmillimicrs, positioned between the heat absorbing
filter and the microscope mirror (a mercury mirror), and 3) a
barrier filter, placed between the ocular.and objective lenses of
the microscope, which has a cﬁtof! point at 520 millimicra, therxe-
by, preventing light in the UV range, but not in the visible
range (above 520 millimicra), from coming through, The mercury-
covered, single surface reflecting mirror, mentioned above, was
used to facilitate UV light deflection onto the microscope stage.
(A1l of this UV apparatus was supplied by Cooke, Troughton and
Simms, Highland Park, Illinois.)

In these studies, the AF was not found to deteriorate for
at least several weeks in mounted slides. Such slides were eithex
examined immediately or several days later with UV light, |

Throughout this study, AF intensity was subjectively
evaluated as follows, The‘uost intense AF observed (olfactory
bulbs of SC-1) was used as the reference int&nsity. The degree
of intensity of other AF regions was determined by comparing the
AP of these regions‘with the maximum AF intensity of’the olfactorﬁ
bulbs of 5C-1. Each day, before recording any AF intensity, the
investigator allowed his vision to adapt to the dark for about
15 minutes and then referred frequently to the reference areas as

new material was evaluated. The reproducibility of such sube.
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jective determinations of AF intensity by other investigators is
entirely possible in light of the fact that the relationship be-
tween s~nsory evaluations (e.g., vision) of the energies of the
environment (e.g., light intensity) is relatively constant from
one individual to another (42),

The alternate sections that were stained were used to
identify the fluorescing areas. These sections were air dried
for 5 minutes; they were then run through the following staining
procedure which is a modified form of the "thionine stain for
frozen sections" found iy "Staining Procedures®™ (42)., After air
drying for S5 minutes to assure fixation of the frozen sections to
the slide; they were emersed in 0,.5% thionine (C.C.) in 20%
alecohol, washed in tap water, dehydrated in an alcohol series,
counter-stained with eosin Y in ssilaleohul. then further dehy-

dreted in xylene and mounted with Permount,

B. Drug Study

Adult male Mus musculus CFel mice were used for the reser~

pine study, A depleting dose of reserpine (Sandril), 25 mg/kg
(29), was injected intraperitoneally (i.p.). Four hours later
the mice were sacrificed, their brains removed and frozen immed«
iately as described above, Sections of olfactery bulb, midbrain,
cerobellhn, pons and medulla were made, These regions were used
for this as well as for a3ll subsequent studies due to their

relative constancy of a high amount of AF between individual mice.
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Alternate sections were made and stained as described in the
procedure above.
Similarly, the pargyline: DL«3, 4~dihydroxyphenylalanine

(DOPA} study was csrried out using the adult wmale Mus musculus

gg:l‘mica. A dose of 100 mg/kg pargyline was injected 1.p.; 18
hours later, 300 mg/kg DOPA was given i.p,, both being effective
doses (6, 29). Approximately one hour later, after definite
sympathetic signs had occurred, such as piloerection and pseudo-~
exophthalsus, the animal was sacrificed, its brain removed,

frozen and handled ss dascribed above,

Ce AE‘studz

An ige study was carried out with Mus musculus CFP«l mice

at ageswef 1 day, 9 days, ané adults.' All brains were handled as

d-acribéd in Section B,

D, Comparative Study of AF Lebility in UV Light snd Chloroformt

Methanol (2:1)

Several physical properties of the AF granules were studied
using sections of olfactory bulb, midbrain, cerebellum, and pons

of the adult male Mus musculus SC-1 mouse, The effect of pro-

longed exposure to UV light on the AF granules was determined by
leaving each section on the microscope in the path of the UV
light for S, 15, 30 and 60 minute pcrléds. The percent decrease

in AF intensity was subjectively evaluated in the following
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manner.

As described above, the intense AF of the olfactory bulbs
of SC-1 mice was designated as 100% intensity, The intensities
of the rest of the fluorescing brain areas were simlilarly
expressed as percent (%) with reference to the intense AF of the
olfactory bulbs of SC-1 mice, Also, the investigator allowed his
eyes to adapt to the dark before making any determination of AF
intensity. Since these readings of depletion are subjectively
evaluated, the amount of depletion is approximated,

The solubility properties of these AF granules were exam-
ined by emersing the selected sections in a chloroform:methanol
(2:1) solution which, according to XKoenig (25), is the only lipid
solvent in which this AF material is soluble and in acétone, a
less potent 1lipid solvent, for 5, 15 and 30 minutes. Again, per-
cont decrease in AF intensity was subjectively evaluated as
described above,

The photomicrographs we.e taken with Dupont high speed
rapld reversal 35 mm film with exposure times of 1-5 seconds.

The sections photographed were magnified 40 times on the micro-

scope and then enlargements were made from the 35 mm slides,
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RESULTS

A. General Location, Description and Relative Intensity of

Autafluetoscanec

In all three genera of mice studied, namely Hus musculus

SC-1 and CF-1, Peromyscus smaniculatus Bairdii and Perognathus sp.,

autofluorescence (AF) appeared as a yellow-green coloxr, This AF

was granular (plates 1 and 2) and localized in the cytoplasm of
the neuron cell bodies and sometimes in some non-nervous cell
bodies. No AF granules were observed to occur within the nucleus
of any of these cells, The AF granules ranged in size from 2
micrs to less than a fraction uf a micron. In most cases, thess
granules surrounded the nucleus and filled the cytoplasmic area,
But occasionally, the granules were found on only one side of the
nucleus, Due to a low resolution, it was not possible to discern
whether or not these AF granules occurred extracellularly in these
genera of mice,

Fluorescence was most obvious in large neurons, especially
of the midbrain, pons, medulla, cerebellar Purkinje cells, and
spinal cord of all geners, and uniquely in the olfactory bulbs of

Mus musculus 5C-1 and CF-]l but not in Pnregnathus or ?aranxsgua.

AF vwas present to a variable extent in other brain regions., Also,
all of the cells of the brain did not contain such AF granules,
but those cells that did fluoresce varied in thelr intensity frem

very high to faint, Another obsorvation was that the AF cells
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generally appesred in groups of various densities ranging from
very high to very low (plate 3). Such AF groups were usually
found to occur bilaterally, liowever, isclated fluurescing cells
were also found scattered throughout the brain and appeared to
correspond to scattered neurons and neuroglia., This was especs
ially noted throughout the cortex,

Generally, such areas as fiber tracts and fiber bundles
were devoid of any specific granular AF, 6.g., anterior commissure
and corpus callosum of all genera. However, in certain instances,
8.8+, the internal capsule and fiber tracts associated with the
trapezoid nucleus of SC«1, such AF was seen, but these AF cells
which were about 8 micra in size appeared in a beaded fashion and
were presumably supporting cells,

A background, non-granular, diffuse AF was present through-

out the brain, Its intensity ranged from low to very low,

B. anparative Distribution and Intensity of AF in Three Genera

of Mice
Table 1 ioprasentn those areas of the mouse brain in which
AF cells vere seen, Sihco a definitive atlas of mouse brain is
not availabi&, fegiens of nouse‘brain were compared to analogous
regions of the rat brain for identificatioen, (”Tﬁe Rat Brain®,
& stereotaxic atlas (27)vas well §5 “"Craigie's Neuroanatomy of
the Rat"™ (48) were used as the comparative texts,)

The density of the groups of AF cells in each area was sub-
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jectively evaluated as very low, low, medium, or high, Similarly,
the average relative intensity of each AF cell group was desig-~
nated as faint, low, medium, or high.

For the most part, all three genera of mice varied from
sach other with respect to the location, average cell size, cell
density of fluorescing regions and intensity of specific regionsl
AF, for example, the capsula interna of Mus musculus S5C.1
contained an aggregate of fluorescing cells with an average AF
cell size of 6 micra, a cell density of low and an AF intensity

of medium; the same structure in Peromyscus maniculatus Bairdii

had an aggregate of AF cells of an average cell size of 20 micra
with a cell density of medium ~ high and an AF intensity of med-

ium, while Pexognathus sp. had only a general occurrence of AF

cells at the site of its capsula interna, Table 1 shows many
more such variabilities between the three genera of mice studied.
However, these mice did resemble one another in severa)l ways:

1) almost all of the large neuronal cell bodies of the brain
stem, especially of the pons and medulla, contained at least a
moderate amount of visible AF granules; 2) all of the cerebellar
Purkinje cells contained some degree of AF; 3) the cells of
cerebellar nuclei usually fluoresced; 4) the border of the 1V'th
ventricle contained medium - high AF in all mice, The rest of
the brain areas contained variable and inconsistent amounts of

AF granules and AF cells, as mentioned above,




23

These same varistions and similarities characterized a
comparison of two mice from the same strain of Peromyscus

maniculatus Balrdii.

With one notable exception, the above similarities and

variations also charscterized a comparison of two mice from the
5C-1 strain of Mus musculus as well as the comparative location

¢ brain AF cells between two strains of Mus susculus, namely,

$C-1 and CFel. Unique to these two strains of Mus musculus were

ot

highly fluorescent cells in the olfactory lamina glomerulosa and

tractus olfactorius laterallis, dorsalis and ventralis., They
appeared repeatedly in all of the mice of both strains, However,
the intensity of fluorescence of these areas in the CF-1 strain
was reduced in comparison to that of the SC-1 strain,

Variability of occurrence of this AF not only occurred
between animals but in some instances it was further noted thst
the same structure of the same mouse varied in AF cell density

and intensity from one section to the next, S.2n in Peromyscus

maniculatus Balrdii the AF of an anterior section of the cortex

pyriformis was described as follows: approximately 12 micra aver-
age AY cell size, low « medium density and faint - low intensity,
But a postexrior section (sections were about 20 micra apart) of
the same structure appeared: approximately 15 micra average AF
cell size, medium ~ high density and medium « high intensity.

While the average intensity of the AF was generally im the
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low to medium range, it is notesworthy that in several areas the
AF intensity was of a8 high to very high nature: 1) the lamina

glomerulosa; tractus olfactorius lateralis, dorsalis, and vent~
ralis; a2 region lateral to the claustrum and the border of the

aqueduct of Sylvius and the IV'th ventricle all of Mus musculus

§C=-13 2) the nucleus parafascicularis of Peromyscus maniculatus

Bairdii; and 3) the nucleus ruber of Perognathus (Table 1).

C. Effects of Reserpine on AF

In order to test the possibility that this AF material of
the mouse brain might be one of the adrenergic compounds found in
brain tissue, namely norepinephrine, dihydroxyphenylethanolamine,
or serotonin, CF~1 mice were treated i,p. with a depleting dose
of reserpine, 25 ng/kg (6, 29)., The AF intensity of the olfac~
tory bulbs, midbrain, cerebellum, pons and medulla of these mice
showed no observable difference from that of the control mice,
thereby indicating the AF material to be something other than s

reserpine~depletable compound,

De Effacts of DOPA on AF in ?ag&ylin¢ Pretroated Mice

To further test the possibility that the AF may be an
adrenergic transmitter or a related substance, the amount of
adrenergic substances in the brain was increased by pharmacologe
ical means, A monoamine oxidase inhidbitor (MAOI), pargyline

(100 mg/kg), was given 1.p.; 18 hours later, 300 mg/kg of DOPA
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was administered i.p. It has been reported that a MAOI in
combination with DOPA will significantly increase the amount of
norepinephrine and dopamine in the brain (6)., The AF intensity
of the same regions examined in Section C, above, of the CF-1
mouse did not noticeably differ from the control., Since an
increase in AF intensity would have been expected after treatment
with a MAOI and DOPA, if the AF material was one of the adrener~
gic substances, snd since no such increase in AF intensity was
seen, this evidence further implies that the AF materisl is some-

thing other than an adrenergic substance,

E. Age Study
In the one day old CF-1 mice, definite, typical AF cells

were found in the midbrain - pons region at the level of the
cerebellumn, They occurred in a group of AF cells half way between
the ventral surface of the cerebellum and the ventral edge of the
brain, lateral to either side of the midline of the section, The
AF cells ranged in size from 5.8 micra; their intensity of AF was
very low to low; and the cell density was low, By staining these
cells with thionine, it was possible to identify them as nerve
colls as opposed to connective tissue, etc,

Even though the rest of the areas of the neonate brains
investigated showed large neurons, stained with thionine, no
specific fluorescence was present in any srea other than

described above,
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The nine day old CF-1 mice demonstrated no AF cells in any
of the regions investigated,

The adult CF-1 mice showed the typical AF pattern of the
sdult, The specific AF cells were seen in areas studied, but not
all of the neuronal cells were seen to fluoresce, as also observe

ed above in Section A,

Fo CGQEQrisnn of AP Properties in Three Brain aoggnns of 5Ce1

Strain of Mus musculus

1. Effect of Prolonged Exposure to UV Light (see Graph 1)

AF cells of olfactory bulb of SC~1 strain of Mus
musculus with an initisl intensity of 75% (high « very high) were
reduced to a 55% intensity after exposure to UV for 5 minutes;
after 15 minutes exposure, they wer§ reduced to 30% intensity and
no further decrease in intensity was noted even after 60 minutes
exXposure.

The AF Purkinje cells had sn original intensity of
25% (low - medium)., After only 5 minutes exposure to UV light,
they were reduced to a2 10% intensity at which point no approciahli
loss occurred thereafter,

The AF brain stem cells with an initiai 50% intensity
were reduced to & 25% intensity after the first S minutes expo-
sure to UV and then to sbout a 15% intensity after 15 minutes

exposure, Again, no further loss of intensity was noted.
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Even after prolonged exposure to UV light, all of the
cells stilil retained veriable amounts of AF but always less than
control slides. The percent of intensity remaining seemed to be
directly proportional to the initial intensity of the cells, i.e.,
the greaster the initial intensity, the greater the residual inten-
sity.

Further, none of the cells appeared to regain their
original intensity, even after several hours.

| Examination of Graph 1 indicates that the rate of loss

of intensity seems to be about the same for all three regions,

2. Effect of Chloroform:Methanol (2:1) (see Graph 1)

The effect of exposing selected sections of the SC-1
mouse brain to a solution of chloroformimethanol (2:1) was the
same as prolonged exposure to UV light, 3f:f, a marked decrease
in AF intensity.

However, while all three regions showed about the
same rate of Iois of intensity in the UV exposed sections, there
was some variability between these same brain regions in the rate
of decrease of AF intensity in the chloroform:methanol (2:)
treated sections,

After 5 minutes exposure, the Purkinje cell AF
(initial intensity of 25%) was decreased to 10% and, after 15

minutes, its intensity was asbout 5% at which level it remained
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relatively constant even after 30 minutes, The intensity of the
brain stem cells (initial intensity of 50%) dropped to 30% after
5 minutes exposure to chloroform:methanol and then to 15% after
15 minutes exposure at which level they too remained constant
even after 45 minutes exposure.

The AF olfactory cells with an initial 75% intensity
decreased to a 50% intensity after 5 minutes exposure, 50% after
15 minutes, a 40% intensity after 30 minutes exposure and a 20%
intensity after 60 minutes exposure to chloroformimethanol (2:1).

Those AF olfactory cells with an initial 100% intens
sity showed a quite different rate of loss of intensity., After
5 minutes exposure, their intensity dropped to 90% and then to
80% after 15 minues expesure at which level these cells showed
no further decrease in intensity after 30 or 45 minutes exposure
to the chloroform:methanol (2:1) solution, But then, after 60
minutes oxposure, their intensity dropped to 50% and then to a
30% intensity after a 90 minute exposure to the chloroform:meth-
anol solution,

In all of the above sections treated with chloroform:
methanol (2:1), the AF intensity was not regained,

Emersion of brain sections in xylene, a weaker lipid
solvent than chloroformimethanol, did not appear to decrease the
intensity of the AF cells but denaturation of thc tissue by

xylene caused a genersl, non-cellulayr fluorescence in excess of




29

controls., This tended to interfere with an exact localization of
the natural AF cells present, Such extensive interference did

not occur with the chloroform:methanol seolution.
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DISCUSSION

The variability of’AF intensity in these three genera of
mice occurs primarily in the "upper" regions of the brain, i.e.,
telencephalon and diencupha!on, while the ”lewar“’regiOns. i.0.,
midbrain, pons, medulla and cerebellum of the three genera of

mice studied, as well as the olfactory buldb of the SC-1 and CF-l

N

strains of Mus musculus only, contain an AF which is relatively
constant from one aniwal to the next, Neither the AF variability
nor constancy of these regions are unique to brain tissue,
Nilsson (32) reported a significant variation in the AF of the
uterine epithelium of an inbred strain of adult mice, AF has
also been found to be consistently present in other tissues of
many animals once these animals have reached maturity (36), The
fact that single structgrag of th§ "upper” brain regions of the
same mouse vary in their AF intensity from one section to the
next might imply that this “upper"™ region AF is in a constant
state of metabolic £inx. Such fluctuation may also be the basis
for the AF variability douoastratod between different animals
(32). Also, since there is not such demonstrable irregularity
betwesn subsequent sections of the "lower" brain regions or of

the oclfactory bulbs of the SC-1l or CFel, such homogeneity of AF

eccurrence could possibly be explained in a number of ways:
1) there may be a lack of use of this AF, 2) there may be a

delicately balanced mechanism between synthesis and use of this
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AF material, vwhich maintalins a constant supply of this AF here,
or 3) both of these may oceur (in support of the latter possi-
bility there was found in this rescarch a "stabile"™ sas well as
“labile" store of AF in the “lower” brsin regions). At eny rate,
the necessity for monitoring AF by stringent centrols can be
appreciasted when brain smines are histochemicslly studied by the
HillarpeFaleck fluorescence technique, Prom the preseamt work, I
have come to the conclusion that the best approach to distinmge
uishing the AF from the induced fluorescence of the biogenic
amines, both fluoresecing with a similar color, is to photograph
the seme brain sections under UV light before and after forme
aldehyde treatment, & crucial step in the Hillarp«Falek techaique
Sin¢e the AP does not require naf pretreatment, s comparison of
the two sets of photographs would enable one to visible distinge
uish between the AF and the induced fluorescence of the biogenic
asines. Another approach, though less desirable, would be to
divide the brain in half using ene side for formaldehyde treat-
ment and the other half as the AF control, since AP groups of
colls are usually, but not always, bilateral.

In all of the regions mentioned above there was present a
range of AF intensity, Data reported in this paper implies the
presence of two typeos of A¥ nltyriul in each fluorescent cell
exanined in 5C-1 mice. One type of AF material will lose its

fluorescent intensity upon prolonged exposure to sither UV light
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or & chloroformimethanol (2:1) solution. The other type of AF
material is not susceptible to either UV light or chloroform:
methanol (Graph 1). Based on such susceptibility, thc formex AP
material shall be termed "iabile™ and the latter type “stabile®,
Since the intensity of the "stabile™ AF was evaluated to be only
6 to 20%, this type of AF did mot significantly influence the
overall intensity of each AF cel]l. Therefore, the range of AF
intensities seen throughout the brain was most likely due to some
varistion of the “labile" AF materisl. This variation of "labile"|
AF material could possibly take the form of a qualitative varie
ation, a variability of the physical state of this "labile"” AF
material (e.g., types of membranous binding, aggregation of the
AP granules or density of each AF granule) or even a combination
of these possibilities,

The fact that UV light caused a decrease in intensity at
about the same rate in all three types of cells examined, namely,
olfactory bulb, brain stem and Purkinje cells, might ilaply that
this "labile™ AF materisl is qualitatively similar in sl]l three
regions. But since different rates of decrease in intensity were
found with chloroformimethanol exposure, this might imply the
presence of different physical states of this "labile™ AF
material. While the type of physical states cannot be discerned
from this data, it can be implied (Graph 1) that the olfactory

bulb AF material is less easily extracted by a stromg lipid
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solvent than is the AF material of the brain stem which in turn
is less easily extracted than Purkinje cell AF material,

Aside from the possibility that the "labile" AF material
of SC-1 mice is a qualitatively similar material found in a
variety of physical states, other plausible explanations could be
arrived at, e.g., that this material is qualitatively similar but
in different concentrations, concentration being directly related
to initial intensity. Another possibility is that this "labile"
AF is due tb qualitatively different materials,

However, based on the fact that the only type of material
found to give the type of AF discussed in this paper involves
lipids and 1ipid metabolites (34), and since it has been found
that the size, shape and distribution of the AF granules vary
widely in different cell groups (nuclei) (24), it seems reason«
able to conclude that this "“labile" AF material represents a
qualitatively similar material (lipid) found in a variety of
physical states,

The fact that a “stabile" AF remained in the "lower" brain
regions, and possibly in olfactory bulbs of SC-1l, even after UV
or ehlorofarmxmothgaol treatment, indicates that this "stabile"
AF is due either to a material entirely different from that of
“labile" AF or to a material similar to the “labile" AF material
but in & much more tightly bound form. The latter suggestion

seens more reasonable since, as mentioned above, the only type
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of material found to give the type of AF discussed in this paﬁcr
involves lipids and 1&91& metabolites (34). s;1$t0~uario (36)
agrees with this possibility and further suggests that such lack
of offect of a lipid solvent is most p#obably due to & tight
binding of the AP uatorial to some protaiﬁs or carbohydrates,

At any rate, the above report shows that in the brain we
sre dealing with at least two general forms of AP lipid material,
first, a lipid which is tightly bound to yrottini or carbohydrates
("stabile” AF) snd second, & lipid which is in a more nccoaiibic
state ("labile" AF), The latter type of lipid seems to be the
predominant form present. The 1ntreduction of at loast two AF
materials which are present in the same cells and whieh differ
from esch other both qualitatively and quantitatively suggests the
possibility of more than one function for these neuronal AF nater-
ials in the ssme cell. Also, the diversity of histochemical re-
actions possessed by some, but not sll, AF granules (19, 24, 38)
further suggests numercus functional differences between groups
of AF cells, | | |

~ The 1lsek of any effact on AF intensity of rcsarpina, pare-
gyline (& monosmine oxidase inhibitor) and DOPA agrees with the
findings of Palek and Owman (15, 17), who also found the AF to be

affected by these and similar drugs in nervous tissue, While
here was no overt change in total intensity, the possibility

still exists that a small uaobservaﬁlo change might have occurred
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of material found to give the type of AF discussed in this paper
involves lipids and lipid metabolites (34). Sainte-Marie (36)
agrees with this possibility and further suggests that such lack
of cffect of a lipid solvent is most probably due to a tight binds
ing of the AF material to some proteins or carbohydrates,

At any rate, the above report shows that in the brain we
are dealing with, at least two general forms of AF lipid material
first, a lipid which is tightly bound to proteins or carbehydrath
and second, & lipid which i3 in a more accessible state ("labile™
AF)., The latter type of lipid seems to be the predominant form
present, The introduction of at least two AF materials which are
present in the same cells and which differ from each other both
qualitatively and quantitatively suggests the possibility of more
than one function for these neuronal AF materials in the same
cell, Also, the diversity of histochemical reactions possessed
by some, but not all, AF granules (19, 24, 35) further suggests
numerous functional differences between groups of AF cells,

The lack of any effect on AF intensity of reserpine, pare
gyline (a monoamine oxidase inhibitor) and DOPA agrees with the
findings of Falck and Owman (15, 17), who also found the AF to be
unaffected by these and similar drugs in nervous tissue., While
there was no overt change in total intensity, the possibility
still exists that a small unobservable change might have cccurred

as 8 result of the drugs administered, Either a more sensitive
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as & result of the drugs administered. Either a more sensitive
method of quantitating the AF materisl or intensity must be
develeped or & chronle study with these drugs must be cavried out
to affirm this possibility., At any rate, in comparison to the
relatively immediate effects of these drugs on norepinephrine, do+
panine and ssrotonin level in ths brain (6, 29), it seems unliikely
that the AF gtanﬁla: represeat any of these proposed transmitters/
In fact, Shanklin, et al. (40) concluded that the AF granules do
not represent 3 transmitter but that they are involved ss carrierg
in some more general neurosecretory phenomenon. The finding of a
large amount of AF granules accumulated sround the IV'th vente
ricle and the asqueduct of Sylvius im all the mice investigated,
but none inside the ventricle or blood vessels themselves, may be
interpreted as supporting this carrier theory. However, further
evidence is needed to determine the truth ¢f this theory.

Evidence found in this study seems to oppose the theory
that all of the AF material is due to aging., If these granules
were reoally associated with age, they would be expescted to appear
randomly throughout the body but in one day old mice they werse
found in one discrete group of cells, bilsterally, ;#d not
scattered throughout the bratn.‘ This, together with other evi-
dence presented in the Introduction, makes the "aging theory"
highly unlikely.

A possible reason for the presence of a “labile" and
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"gstabile" AF may be found by considering the two most recent
theories of AF function, i.e., the irreversible "pigment of
stress” (44 and Introduction) and the reversible '"storage grane
ules" (18, 19, 32 and Introduction). The "stabile" AF may
represent the type of pigment material due to stress and the
“labile" AF may be the depot, usable material. The term "ir.
reversible" was defined as meaning that, once it is formed, it is
there to stay (44), while “reversible" implies a material that is
used up and replenished (18), The fact that "labile" and “stabe
ile" AF were both found in the so called '"constantly occurring"
AP reglions does not negate the idea of the "labile" AF material
being reversible, i.e., used and replenished., As a depot, the
stored material should always be present in sufficient or access-
ible quantities, Such a condition would give the appearance of
8 constantly occurring amount of AF material but in reality would
be in a dynamic state,

Further research along this line should include a study of
whether such "labile" and “stabile"™ AF also occur in genera of

mice other than Mus musculus §C-1; also, whether these two types

of AF occur in the "upper" regions of the Mus musculus SC-1 brain

and in what proportions, Supporting evidence for this theory of
two distinct types of AF material could be obtained by inducing
an increase in the reversible type AF in the brain in the same

manner as did Fuxe and Nilsson (18, 19), then exposing this brain
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to UV light or a 1lipid solvent and determining whether or not the
amount of "stabile" AF has been altered. It could also be very
interesting to determine whether the "stress" referred to by
Sulkin and Srivanij (44) is concerned only with a chemical type
of stress or whether it also includes a behaviorally triggered
stress, This would be tested by exposing a group of young experis
mental animals to behaviorally stressful situations, e.g., un-
solvable problems, isolation, aggressive episodes, etc, and then
comparing their neuronal content of AF with controls,

The only possible correlation between the AF and behavior
of the three genera of mice studied involves the phenomenon of

aggression, The Mus musculus SC-1 and CF-l strains of mice,

distinguished here from the other two genera of mice by their
high intensity olfactory bulb AF, were found to initiate a high
number of indiscriminate attacks against other animals, while the

other two genera of mice, Peromyscus maniculatus Bairdii and

Perognathus sp., initiated a low and moderate number of attacks,

respectively (39). If smell, or the lack of it, is involved in
such aggression, this would add to the likelyhood of the "labile"
AF playing an integral part in cell activity, since the olfactory
bulbs of the S5C~1 and CF-1 mice were found to have a very high
amount of such AF material,

Before summarizing, it should be pointed out that there is

a possible source of error due to the excitation filter used,
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The filter, CG 554, has a wide band of transuission with a peak
transmission at 400 millimicra. Many substances are known to be
excited within this band, e.g., vitamin A, carotenes, prophyrin
pigments and many others,

Even though the fluorescent colors of most of these sub-
stances may not be the same as that of the proposed AF lipofuscin
(yellow), it may be assumed that their fluorescence influences
the intensity of the AF studied here,

in summary, profuse information accusulated over the years
has merely brought to 1light the heretofore unrealized complexity
of this AF material. It has been implicated in stress, growth,
neurosecretion and many other phenomena.

The fact that this AF material has been shown here to be
variable in some brain areas, while relatively constant in other
areas, may prove to be useful in distinguishing inherent AF cells
from formaldehyde induced fluorescent cells of the Hillarp-Falck
technique. Also, the finding of AF cells in very young animals
seems to confirms previous findings which negate the theory of
"aping" as a possible explanation of the presence of all AF
material. Based on the findings presented here of two types of
AF material, a "stabile™ and "labile" form, present in the sane
cell as well as the previous histochemical (Introduction) and
drug studies (18, 44), the best svailable explanation of function

of the AF material seems to involve a stress as well as a storage
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phenomenon, Perhaps, future research will more accurately revesl

what function or functions this unique material possesses,




TABLE 1

COMPARATIVE DISTRIBUTION AND INTENSITY
OF AF IN THREE GENERA OF MICE

Hus musculus S5C-1

“Peromyscus
maniculatus Bairdii

Perognathus P

Average Average Average

AF Cell Den- Inten~ AF (Cell Den- Inten- AF Cell Den- Inten-
Telencephalon Size  gity sity Size sity sity Size sity sity
Anterior none none none
commissure
Capsula 6 a low med 20 g ned- med general
interna (beaded) high
Claustrum 15 u med low~- 2 med ned 12 i low med

ned

Corxpus none none none
callosum
Cortex 10 m low low 12 p loww fainte 15 M low faint~
pryrifornis med low low
Globus general 20 u Bed~ med 15 M lowe low
pallidus high med
Lamina 11 u high- very general zs‘p vVery lowa
glomerulosa very high high low med
Lamina gran- general 9‘p. very faint general
ularis interna low

(134




TABLE 1 (continued)

Telencephalon

Mus musculus SC-1

Average
AF Cell
Size

Dene~
sity

Inten-
sity

Peromyscus
maniculatus Bairdii

Average
AF Cell
Size

Den~
sity

Inten~-
sity

Peregnathus Sp.

Average
AF Cell
Size

Inten-
sity

Den~-
sity

Lamina plexi-

formis interna-
larina cellula-
true mitraliun

Nucleus
accumbens

Kucleus
amygdaloideus
lateralis

Nucleus inter-
stitialis striae
terminalis

Nucleus olfact-
orius anterior
pars externa and
pars lateralis

Kucleus olfact-
orius anterior
pars medialis

and pars dorsalis

Nucleus olfact~
orius anterior
pars posterior

o p

ZOJM

10

med

general

med

med

general

general

general

faint

ned

low-
med

general

low

s M

ned-
high

med

10/4

low-
ned

o A

low

9 A

faint~
low

med

ned

faint

faint-
low

low low

20/&

general

low-
med

low~
med

general

med- low

high

med low-a

med ™

15/1




TABLE 1 (continued)

Mus musculus 8C-1

Peromyscus
maniculatus Bairdii

Peregnathns SD.

Average Average Average

AF Cell bDen- Inten- AF Cell Den- Inten- AF Cell Den- Inten-
Telencephalon Size sity sity Size sity sity Size sity sity
Nucleus septi general 20 p med ned- general
lateralis high
Nucleus septi general 7‘p low- low general
nedialis ned
Rucleus tractus 10 u high low . 20 M mned- low-
diagonalis high med
Nucleus tractus 15 A low low general 15 » med low~
olfactorius ned
lateralis
Polus general 8 m very faint- general
frontalis low low
Sulcus general xo‘p low- low~ general
Rhinalis ned ned
Tractus olfact-~
orius lateralis, 12 a high high general general
dorsalis and
ventralis
Ventral segment
of caudatus * hd 15/3 low= low
putamen med S




TABLE 1 {(continued)

Peromyscus
Mus musculus S5C-1 maniculatus’aairdii Perognathus sp.
Average Average Average
AF Cell BDen~ Inten- AF Cell Den~ Inten- AF Cell Den~ Inten-
Telencephzlon Size sity sity Size sity sity Size sity sity
Region of * 15 u med- ned- *
anterior high high
amygdala
Region lateral 20 med high general general
to claustrum
Region ventro-
lateral to
anterior
commissure at general 20 low med 12 low low
level of
nucleus tractus
diagonalis
Cortical cells 8 m med lowe 8 ;m low low- 10 m ned low
{general) ned med
A zone of 15 p highn med * 20 p med med
cortex

[approximately 250 wmicra deep and approximately 200-300 micra from cortical surface
at level of cortex pyriformis and nucleus tractus diagonalis (this zone extends
approximately 700 micra in am antericr - posterior direction)].

Along border

of ventricles IS/u med ned- ZOIA med med- 12/m low med=-

I, 11 and III, high high higha
W




TABLE 1 (continued)

Hus musculus SC~1

Perozyscus
saniculatus Bairdii

Perognathus sp.

Average Average Average

AF Cell Den~ Intens AF Cell Den- Inten~ AF Cell bDen~ Inten-
Diencephalon Size sity sity Size sity sity Size sity sity
Dentate S m high nmed 15 m ned- nmed- 12 & med-  low-
Gyrus high high high med
Fasciculus 10 m ned low 15 j med med- 20 med- nmed-
redialis high high high
prosencephali
Fissura 15 p low ned none none
choroides
Forel's Field general 12 ned- med general
H1l and H2 high
Lateral * * 20 p low~- ned
geniculate ned
Nucleus anter- 10 n med nmed- general general
ior dorsalis high
thalami
Nucleus anter- 12 n med low= 20 m med- med 15 a ned med
ior and nucleus med high
lateralis
hypothalani
Hucleus anter- lOJn med ned general 10 lowe low~
for vantralis med med

thalani




TABLE 1 (continued)

Mus musculus SCe1

Peromyscus
maniculatus Bairdil

Perognathus sp,

Average Average Average

AF Cell Den- Inten- AF Cell Den- Inten- AF Cell Den- Inten-
Diencephalon Size sity sity S5ize sity sity Size sity sity
Nucleus para- general 12 n low very 20 p medw med
fascicularis high high
Nucleus 7‘g low low general 15/q low- med
paratenelius med
Kucleus pre-
mamillaris general general 15 a low- med
ventralis med
Nucleus general 12 med lowe 15 A lows lowe
preopticus med med med
Nucleus
preopticus general 15 m med med- general
magnacellaris high
Nucleus reti- general general 12‘}g med- med
cularis thalami high
Nucleus
suprae 7n med med general general
chiasmaticus
Nucleus vent-
ralis thalami 6 m low med 15 low=- low- 15 m low- low-
and associated {beaded) med med ned ned s

fiber tracts




TABLE 1 {continued)

' Peromyscus
Mus musculus SC-l maniculatus Bairdii Perognathus sp.

Average Average Average

AF Cell Den- Inten- AF¥ Cell Den- Inten- AF Cell Den- Inten-
Diencephalon Size sity sity Size sity sity Size sity sity
Tractus cortico
habenularis 8 n ned med general general
lateralis
Tractus cortico general general 2o‘pt med- med-
hypothalamicus high high
pars lateralis
Zona incerta general 12 )2 ped- med 2°,M. low~ med

high med

Area ventral
to commissura
fornicus vent- general general 12 high ned-
rallis and high
dorsal to
tractus opticus
Region of
nucleus 12}{ med lovw= 15 A ned mned- 15 Jal med ned-
lateralis med high high
hypothalamis
Region of
nucleus general general IO/Q_ low- lowe
medialis med ned
thalami ‘

9¢




TABLE 1 (continued)

Peromyscus
maniculatus Bairdii

Mesencephalen Mus musculus S5C-1 Perognathus sp.
(midbrain) and

Myelencephalon Average Average Average

(pons and AF Cell Den~ Inten- AF Cell Den- Inten- AF Cell Den- Inten-
smedulls) Size sity sity Size sity sity Size sity sity
Corpus and {beaded) med med- general general
nucleus high

trapezoideunm

Leminiscus

lateralis and {beaded) low low- general general
tractus cortico- med

spinalis :

Nucleus 20 ;m med- nmed 20 n lowe- low=- 20 ; high  med-
Darkschewitsch high med ned high
Nucleus

dorsalis 15 m ned lovw general general
raphes

Nucleus general ol 12 R very med-
Edinger~ high high
Westphalia

Nucleus inter- general . 12 u very med-
peduncularis high high
Nucleus inter- general Zo/q low= low= Zﬁ/n high ned-
stitialis red med high
Nucleus et
linearis pars general * *

rostralis




TABLE 1 (continued)

"Fcronzscas

Mesencephalon Mus musculus SC-1 maniculatus Bairdii Perognathus sp.
(midbrain) and

Myelencephalon Average Average Average

{pons and AF Cell Den- Inten- AF Cell Den- Inten- AF Cell Den~ Inten-
pedulla) Size sity sity Size sity sity Size sity sity

Nucleus prin- 15 m med med - 12 u very med=~
cipalis and high high
cculomotoris

Nucleus 25 ;m med med 20 m ned med 235 m high very
ruber high
Substantia 15 ;m low low gensral general
grisea centralis

Substantia nigra general 29,& wed Red~ general

pars lateralis high

Superior

nucleus 20,A low med general general

olivaris

Border of

aqueduct of 15 M low~ high 15 n low~ med- IS/A low- med-

Sylvius and med med high med high
IV ventricle

Brain stea

generally 20 ; med- med- 20 p med- med 25 m zed- med-
(specific high high high high high
areas indisting~

uishable}

114




TABLE 1 (continued)

Peromyscus

maniculatus Bairdii

Hus musculus S5C-1 Perognathus sp,

Aversage Average Average

AF Cell Den~ Inten- AF¥ Cell Den- 1Inten- AF Cell Den~ Inten~
Cerebellum Size sity sity Size sity sity Size sity sity
Cerebellar 15 wed- med- i5 B med- ned- 15 ; med- Bed«
nuclei high high high high high high
Purkinje 15 p high low 20 high med 20 qa high ped-
cell layer high

*

Structure could not be located.

General - Ho specific grouping of AF cells was noted.

6¢




PLATE 1 Olfactory Bulb

The granular appearance of the autofluorescence
can be seen above, X40 and enlarged,

50
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PLATE 2 0Olfactory Bulb

The above enlargement was made in an attempt
to better illustrate the granular appearance
of the autofluorescence, X40 and enlarged,
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PLATE 3 Diencephalon

The central mass of autofluorescent cells exempe
lifies a medium-high intensity and a low density.
Several artifacts were penciled out, The remain-
der of the photomicrograph illustrates a general
type of faint autofluorescence. X400 and enlarged,.
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