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Summary. Histochemical and cytochemical fea
tures of neuronal pigment in the spinal cord, and 
in the sym pathetic and spinal ganglia of the adu lt 
borse have been studied. Light and electron mi
croscopica! observations revealed that lipofuscin 
pigment is present in the spinal ganglia and in the 
spina l cord, whereas in the sympathetic ganglia 
both lipofuscin and neuromelanio are present. 

The ultrastructural studies showed that lipo
fuscin granules exhibited a triphasic o rganization 
consisting of a matrix, a system of lamellae and 
one or more lipid vacuoles. Neuromelanin gra
nules have structural features in common with 
lipofusci n-like granules, except the former types 
sto re a highly electron dense materia! on their 
matrix. The electron dense materia! has been 
identified as mela n in by a modification of the Lil
lie ferrous sulfate reaction a pplied at the ultra
structural level. From the ultrastructural appear
ance and cytochemistry of the neuronal pigments 
in horse it is concluded that neuromelanin should 
be considered as melanized lipofusci n. 

The possibility that the d ifferent ratio of lipo
fuscin to melan in within the same granule is re
sponsible fo r the peculiar reaction of certain neu
romelanin granules to lipophilic dyes, the PAS 
reaction, a histochemical assay fo r melanin and 
exposure to ultraviolet light, is discussed. 
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lntroduction 

Little information is available which documents 
the relationship between lipofuscin and neuro
melanin, the two pigment types which accumulate 
within the cytoplasm of neurons in certain areas 
of the nervous system. 

An extensive literature exists on the distribu
tion, o rigin and chemical nature of lipofuscin. 
Most investigations were carried out in rodent tis
sue (Hess 1955; Sulkin and Scrivanij 1960; Ku
mamoto and Bourne, 1963; Samorajski et al. 
1965; Nandy and Bourne 1966; Miyagishi et al. 
1967; Sekhon et al. 1969; Nandy 1971), but some 
reports were on carnivores (Picard et a l. 1962), 
subhuman pri mates and man (Zeglio 1935 ; An
drew 1956; Oya 1959; Hyden 1960; Smirnova 
1960; Friede 1962; Barden 1970). Histochemical 
and ultrastructural characteristics of li pofuscin 
are well known. It demonstrates a strong affinity 
for lipophilic dyes, and can be stained with Nile 
Blue sulfate. Lipofuscin deposits exhibit acid fast
ness and PAS positivity and an additional charac
teristic of this kind of pigment is its bright yellow 
orange fluorescence when irradiated by ultra
violet light. 

A number of ultrastructural investigations 
have indicated the similarity between neuronal 
and extraneuronal lipofuscins (Essner and Novi
koff 1960; Radnot and Follman 1974; lves et al. 
1975; Hanzlikowa and Gutmann 1975; Koobs et 
a l. 1978; Miquel et a l. 1978; Nickerson, 1979). In 
both categories a triphasic o rganization was de
monstrated, consisting of an electron dense ma
trix, an electron lucent component and severa! 
geometrically a rranged substructures. lt is widely 
accepted that lipofuscin, which is formed within 
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the neurons of many regions of the cen trai ner
vous system and in a li mammalia n species, re
presents a progressively increasing by-product of 
the aging process. Conversely the natu re of neu
romelanin, which is characteristic of neurons 
found in particular brain regions in man and 
some, though not a li , mam mal ian species, has re
ma ined as yet poorly defi ned. The claim that neu
rona l mela n in pigment first appears in man by the 
5th year, its amount increasing up to as late as 20 
years, thereafter remai n ing quantitatively a nd 
qualitati vely unchanged is controversial (Levi 
1946). In man, subhuman primates a nd carni
vores, melan in pigment occurs only in the neu
ron s of the substantia nigra , red nucleus, locus co
eruleus, dorsa l motor nucleus of vagus and some 
hypotha lamic nuclei. Acco rdi ng to Hyden (1960), 
o nly mela n in occurs in the sy mpathetic ganglia in 
man, however, other workers also reported the 
presence of melanin mixed with lipofuscin in both 
sym pathetic (Kuntz 1934, 1945) and spinal gang
lia (Oya 1959; Smirnova 1960) as well as in the 
Gasseri an ga ngli on (Smirnova 1960) of man. 
Within other mamma lian species, mela nin pig
ment is found o nly in the substantia n igra of gi
raffe (Scherer 1944) a nd in the substantia n igra 
an d locus coeruleus of horse (Scherer 1944; Rus
se li 1955). 

Histochemical investigatio ns carried out at the 
ultrastructural level by Foley a n d Baxter ( t 958) 
an d Ken nedy a n d Zelickson (t 963) suggested that 
the melani n pigment found in hu man brain dif
fers from the melanin occurri ng in the skin, hairs 
a nd vascular membranes of the eye. These find
ings have been corroborated by more recent ul
trastructural resul ts ( Duffy and Tennyson 1965 ; 
Moses et a l. 1966; Hirosawa 1968; Roy a nd Wol
man 1969: Schwyn et a l. 1970; Forno and Alvord 
1974) which have pointed to a close sim ilarity be
tween neuromelani n a nd lipofuscin, rather than 
extraneuronal mela nin. Electron micrographs 
p resented by these workers showed that besides 
the typical triphasic structu re of li pofuscin , neu
romela nin d isplays an add itiona l highly electron 
dense granul ar componen t. On the basis of these 
findings the concept of a n intrinsic difference be
tween extraneuronal and neuronal melanin was 
established a n d the term " neuromelanin" coi n ed. 

Accord ing to histochem ical investigatio ns in
tegrated with spectrophotometric and d iffrac
tometric observations at the optical level (Barden 
t 98 t) neuromelanin is characterized by the pres
ence of both lipofuscin and melanin compo nents. 
Preliminary morphological and histochemical 
studies carried out at the optical (Bianchi and 
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God i n a l 982, 1983) an d u ltrastructural level 
(Merighi and Bianchi t 984) in the ho rse showed 
the presence of lipofuscin alone in the neurons of 
the spinal ganglia and spinal cord; while the pig
ment in neurons of the ganglia of the sympathetic 
t runk was found to comprise both lipofuscin and 
melanin. lt seemed therefore of interest to extend 
o ur research to a closer characterization of intran
euro nal pigments. 

Materials and metbods 

Examinations at the optical level were carried out on tissue 
from 30 horses ranging from 3 months to 20 years of age. Spi
nal ganglia, sevcral segments from thc spinal cord and ganglia 
of the sympathetic trunk were collected. Fresh materia! was 
fixed in Oouin nuid, 10% formalin, Zenker-formol and bi
chromate-formol and Carnoy solutio n with minimal delay <lf
ter dea t h. Morphological characteristics an d tinctorial propert
ies of the pigment were visualized by the following proce
dures: unstained paraffin sections were mounted in a low nu
orescence mounting medium for exaÌnination under uhravio
let light; para m n or frozen sections were subjected t o the fol
lowing treatments (Pearse 1985): staining with lipophilic dyes 
(Oil Red, Sudan 11 1 and Sudan black R); Lillie 's ferrous sul
fate reaction; Perl's method for ferri c ions: Lillic's sul furie 
N ile blue reaction; PAS reaction, oftcn after diasrasc trcat
ment. 

In addition, bleaching with hydrogen peroxide (36 voi %). 
potassium permanganate, peracetic acid or oxalic acid was 
performed (Barden 1981). 

Electron microscopical examination was conducted on 
spinal ganglia and ganglia of the sympathetic trunk from IO 
horses aged from 5 to 20 years. Uhrastructural studies of the 
pigment occurring in the neurons of the spina l cord were omit
ted, since at the optical level thcir characteristics appeared 
quite comparable to those recorded in the spinal ganglia. 
Small samples. promptly removed upon the dea t h of the ani· 
mal were fixcd in O. l M phosphatc-buffered 2.5°t glutaraldc
hyde (p H 7.4). post-fixed in l ~o Os04 in the sa me buffer. dchy
drated, stained en bloc in 3% uranyl acetate in absolute ace
tone and embcdded in Epon-Araldite. Ultrathin scctions, 
countcrstained with lead citra te or Reynolds solution, were ex
amined with a Siemens lA Elmiskop microscope. The follow
ing histochemical methods were also used: (a) periodic acid
bismuth (PA-Ri) reaction after Ainsworth et al. ( 1972) modi
fied by us t o use aqueous periodic aci d as oxidant: (b) Lillic'l> 
ferrou s sulfa te reaction modified for electron microscopy as 
follows: 

( l) fixation in 0. 1 M phosphate-bun·ered Karnovsky tìxa
tive (pH 7.4; Karnovsky 1965) at roorn temperature for 5 h ; (2) 
treatment with 2.5% ferrous sulfate aqueous solution for 2 h 
foll owed by rinses in distilled water: (3) treatment with l% po
tassium ferricyanide in l% aqueous acetic acid for l h: (4) 
wash in l o/o aqueous aceti c aci d: (5) dehydration an d embed
ding as usual. The preparations obtained by means of (a) an d 
(b) were observed without any further contrast reaction. 

Results 

Size and location of pigment granules 

Pigment granules within the neurons of the spina l 
cord and spinal gangl ia were fairly small. They 
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Fig. l . Spina) cord, 15-year-old horse. Sudan Black x 742 

Fig. 2. Spina) ganglion, 15-year-old horse. Suda n Black x 715 

Fig. 3. Cranial cervical ganglion, 9-year-old horse. Sudan 
Black x730 

ranged in size between 0.3 and 1.2 IJ.m. In the fo r
mer neurons they tend to accumulate into dense 
clumps a t o ne poi e of the celi (Fig. l), w bile in the 
latter they appeared either widely dispersed or 
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clustered into large clumps polarized to the peri
pheral cytoplasm (Fig. 2). In some neurons the 
granules were so tightly packed that they masked 
the celi nucleus. Within the neurons of the gangli a 
of the sympathetic trunk the granules appeared to 
form larger masses, globular or ovoid in shape, or 
they exhibited irregular outlines. They were parti
cul arly prominent in neurons of the cranial cervi
ca! ganglion , in which they attained and occasion
a lly exceeded 5 IJ.m in diameter (Fig. 3). The gra
nules were largely distributed in a perinuclear 
pattern. In the other ganglia of the sympathetic 
trunk they were less prominent, and appeared to 
be randomly dispersed throughout the cytoplasm. 

ln seria! sections of botb spina! and autonom
ie ganglia from two horses, aged 5 and 15 years 
respectively, stained by PAS reaction after dias
tase treatment, pigment granules were found un
equivocally present in ali of the cells, even though 
the amounts differed from one neuron to another 
neuron. 

Tinctorial properties and cytochemical 
characteristics 

Light microscopica/ examination. Under transmit
ted light and without staining, the pigment occur
ring within the neurons of the spina! card, spinal 
ganglia a nd sympathetic ganglia from young 
specimens exhibited a light yellow color. However 
in young adult animals (4-5 year old) the pig
ment granules occurring in sympathetic gangli on 
neurons exhibited a variety of shades such as dark 
brown and sometimes black; others were pale yel
low and indeed some granules were almost entire
ly colorless. 

The pigment granules described below related 
to adult individuals. 

Lipophilic dyes. Sudan black B elicited more selec
tive granule staining and was used preferentially. 
We observed that in the neurons of the spina! 
cord and spina) ganglia pigment granules were 
generally greyish yellow, sometimes tending t o 
brown. Conversely, in the sympathetic ganglia, 
most obviously in the cranial cervical ganglion, 
neurons containing colorless or faintly stained 
granules were found adjacent to neurons exhibit
ing a range of shades from dark grey to brown 
and black. It is interesting that paraftin and cryo
stat sections gave the same result and a lso that the 
affinity of the granules for lipidic dyes was unaf
fected by treatment with lipid solvents ( ethanol, 
benzene, xylene). 

Pas reaction. Ali of the intraneuronal pigment 
granules in the spina! ganglia and the spina! cord 
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exhibited a rather uniform reaction, whereas with
in the sympathetic ganglion neurons, in particular 
in the crani al cervical ganglion, the granules dis
played a variety of shades from bright red to bri ck 
red and brown-yellow (the latter being rather 
similar to the natura! color). Once again some 
granules remained colorless. 

Exposure to ultraviolet light. A bright golden yel
low fluorescence, typical of lipofuscin, was emit
ted by the granules within the spina) cord and spi
na! ganglion neurons (Fig. 4). Conversely, in the 
sympathetic ganglia, while golden yellow autoflu
o rescent granules were present withi n most neu
ro ns (Fig. 5), a t the very start of the i rradiation a 
unifo rm deep brickred tinge was shown by the 
pigment granu les which were present in some ran
domly scattered neurons (Fig. 6). In the latter, 
however, a fter ex posure to ultraviolet irradiation 
(few min to 24 h according to the materia! under 
analysis) a prog,ressively increasing fluorescence 
was shown by the cytoplasmic granules, the o pti
ca) properties of which eventually became com
para ble to those characteristic of the surrounding 
a utotluorescent granules (Fig. 7). This phenome
non was undiminished even when the same 
preparations, subsequently kept in the dark for 
vary ing time intervals up to 3 months, were again 
exposed to ultraviolet light; the pigment granules 
exhibited a distinct fluorescence from the begin
ning of this additional exposure to ultraviolet 
light. 

Melanin histochemical assay. After treatment with 
Lilli e's ferrous sulfate reaction no response was 
ex hibited by the neurons in the spina) cord and 
spina! ganglia. Conversely, in the sympathetic 
ganglia, while pigment granules occurring within 
severa! neurons remained colorless, in others they 
appeared faintly grey and in a few cells the gran
ules were distinctly positive to ferrous ion uptake, 
exhibiting a more or less intense green color 
(Fig. 8). In the same preparations we observed 
that under ultraviolet light the intensely green pig
ment was not fluorescent, a faint fluorescence was 

Fig. 4. Spina l ganglion, l S·year-old horse. Ultraviolet light. x 790 
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shown by th~ weakly positive cells, whereas the 
pigment that was entirely negative to the ferrous 
ion uptake method was highly fluorescent. 

The preparations subjected to bleaching with 
hydrogen peroxide (36 volo/o) for 24 h yielded the 
most reliable results. After this lapse of time, the 
pigment naturally brownisb in visible light ap
peared entirely colorless. In the same prepara
tio ns treated with the Lillie's ferrous sulfate meth
od the binding capacity of the pigment fo r ferrous 
ion uptake was suppressed. These results indicate 
that the pigment granules consistently found with
in the neurons of the spina! ganglia and spinal 
cord , as well in sympathetic ganglia in horses un
der 4 years of age, may be considered as typical 
lipofuscin. Conversely, within the cranial cervical 
gangl ion and to a !esser extent in the other gangl'ia 
of the sympathetic trunk from pre-adult or adult 
specimens, other granules besides those exhibiting 
typical lipofuscin features, displayed characteris
tics suggestive of mela nin or an intermediate be
tween lipofuscin and mela nin. 

Electron microscopy 

Genera/ morphology. Within the neurons of the 
spina! ganglia, numerous relatively small gran
ules, generally clustered into conspicuous clumps 
at the celi periphery, were found. They were more 
or less globular or ovoid in shape, their outline 
becoming irregular due to the fusion of finer gra
nules. They appeared to contain a relatively hom
ogeneous or granular, moderately electron 
opaque matrix , and were bound by a limiting 
membrane which, however, was not always clear
ly discernible. Within the matrix, one or more 
electron lucent areas and a number of la mellar 
systems were visua lized (Fig. 9). The electron lu
cent areas identifiable as lipid vacuoles, may be 
centrally or eccentrically embedded in the m atri x; 
frequently they protruded from the granu le peri
phery, though stili bound by the limiting mem
brane. The la mellar systems showed a straight or 
curvilinear configuration, reminiscent of " finger
prints". Each Jamellar unit was composed of a 
slender (22 nm) dark centrai lamella flanked on 

Fig. 5. C ranial cervical ganglion, 12-year-old horse. Ultraviolet light. x 790 

Fig. 6. Cranial cervical ganglion, 12-year-old horse. Ultraviolet light , at the very start of irradiation, x 790 

Fig. 7. The same celi of Fig. 6, 2 h after irradiation wi th ultraviolet light. x 790 

Fig. 8. Cranial cervi ca l ganglion, 18-year-old horse. Lillie ferrous sul fate reaction. x Il 00 
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Fig. 9. Low magnification of the lipofuscin pigment in a neuron of the spinal _ganglia. n nucleus of a satellite celi. Arrowhead.r indi
cate the border between the satellite celi and the neuron. x 7,750 

Fig. IO. High magnification of the lipo fuscin pigment in a spina) ganglion neuron. Note the lamellar system. Arrow.r indicate the 
lamellae in which the fundamen tal uni t of the system is clearly appreciable. m matrix: v vacuo le. x 72,000 
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Fig. t t. Neuromelanin pigment in the cranial cervical ganglion. Different morphological aspects of the deposition of the highly 
electron dense materia l are shown. In the granule of b the limiting membrane is well evident (arrows). x 32,000 

Fig. 12. Neuromelanin pigment in a neuron of a thoracic sympathetic trunk ganglion. Note the similarity with the granule of 
Figs. Il b an d c. x 25,000 
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either s ide by a thicker (45 nm) less electron dense 
la mella (Fig. l 0). 

Lamellar systems d iffered in extent within the 
same specimen, replacing the matrix a lmost en
tirely in some cases, o r consisting of a few indi
viduai units scattered within tbe matrix. In the 
cra nia l cervical ganglio n , pigment granules were 
less numerous, coarser, and mo re irregular in out
line than those occurring intra neuronally in the 
spina! ganglia. Not infrequently granu le coales
cence into mo re pro minent, irregu lar, often lobu
lar clumps was noted. Generally, the granule li
miting membrane. was more readily demonstrable. 
In additio n to the granule substructures described 
in the spinal gangli a (i. e., the matrix, lamellar sys
tems and lipid vacuo les), these granules consis
tently displayed a highly electron dense particu
late component. This materia! appeared in the 
form of small clusters randomly scattered thro ugh 
the matrix in some granules, in others as a fine 
granula rity d isseminated u pon the lamellae, a nd 
yet in other granules it formed an electro n dense 
ring a round the lipid vacuoles. These various dis
tribution patterns also coexisted within single gra
nules (Fig. Il ). 

Similar features to those just described in the 
cra nial cervical ganglio n were exhibited by the 
pigment occurring in the neurons o f other auto
nomie ganglia. However, in these granules the 
electron dense materia! was less abundant, and 
the granule type pertaining to the cranial cervical 
ganglion, represented in Fig. Il a, was never 
found (see Fig. 12). 

Ultrastructural cytochemistry 

Periodic acid-bismuth (PA-Bi) reaction. In the spi
na! ganglia, the areas occupied by the matrix and 
lamellar systems were seen to be coated by the 
electron dense bismuth precipitate which sharply 
demarcated the zones occupied by the lipid vacu
oles (Fig. 13). Except for the occasio na i ribosome, 
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no other cytoplasmic structure yielded a reaction 
deposit. In ganglia of the sympathetic trunk, not
ably in the cra nial cervical gangli on, the matrix of 
intraneuronal pigment granul es was not so homo
geneously loaded with the bismuth precipitate ; 
some negative areas were clearly detectable 
(Fig. 14). These areas appeared to correspond to 
those occupied by the additional highly electron 
dense particu late materia! typical of neuromelan
in granules. 

. The reaction product was consistently restrict
ed to the matrix an d the lamellar systems (i. e. to 
PAS positive components), while the response o f 
lipid vacuoles to the b ismuth reaction was nega
tive. 

Lillie's ferrous su/fate reaction. Lilli e's ferrous sul
fate reaction was never positive in the neurons o f 
the spina! ganglia (Fig. 15). Whereas in those of 
the cranial cervical ganglion and in other ganglia 
of the sympathetic trunk, uptake o f ferrous ions 
by the pigment granules occurred , ferrous ions 
demarcating the lipid vacuoles and in some cases 
bei ng distributed over the matrix (Fig. 16). The 
lipid vacuoles were negative. The precipitate exhi
bited a locatio n corresponding to the sites occup
ied by the highly electro n dense particulate mate
ri a! in conventional micrographs. 

Non specific reactions were not shown by any 
other celi components. 

Discussion 

Fu rther evidence is p resented bere for the d iffer
ential intraneuronal pigmentation between the 
sp ina) ganglia a nd those o f the sympathetic trunk 
in the horse, previously outlined by light a nd elec
tron microscopic in vestigatio ns (Bianchi and Go
d ina 1982, 1983; Merighi a n d Bianchi 1984). 

Within the neurons of the spi na! ganglia a nd 
spina! cord, pigment granules exhibit a mo re o 

• Fig. 13. P A-Bi. reaction performed on the lipofuscin pigment of a spina l ganglion neuron. a contro l section (treatment: periodi c acid 
3 mi n, no counterstain); b positive reaction. The electrondense precipitate fills almost completely the matrix, while the lipid vacuoles 
rcmain negative (treatment : periodic acid 3 min, bismuth subnitrate 60 min, no counterstain). x 25,000 

Fig. 14. P A-Bi. reacti<\n performed on the neuromelanin pigment of a cranial cervical ganglion neuron. a control section. Note the 
residua! electrondensity of the melanin component of the granules (treatment: periodi c aci d 3 m in no counterstain). b positive reac· 
tion. Note the beterogeneous deposition of ù1e bismuth precipitate on the granules (treatment: periodic acid 3 min, bismuth subni
trate 60 m in, no counterstain). x 35,000 

Fig. IS. Lillie ferrous sul fate reaction modified for electron microscopy performed on the lipofuscin pigment of a spina l ganglion 
neuron. Negative reaction (compare with Fig. 16). x 54,000 

Fig. 16. Lillie ferrous sul fate reaction modified for electron microscopy performed on t be neuromelanin pigment of a cranial cervi
ca! ganglion neuron. Positive reaction (compare with Fig. 15). Arrow indicates the electroudeuse rim in the lipid vacuole in materia! 
not fixed in osmium x 40,000 
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less deep natu ra l yellowish color, PAS posttiVIty 
and affi n ity fo r lipo philic d yes, but not reacti vity 
with Li ll ie's ferro us sulfate reactio n , Perl 's test for 
ferric ion or Lillie's su lfuric N ile b lue test. These 
pro perties are u naffected by treatment with hy
d rogen peroxide (36 vo lo/o), potassium perma nga
nate, peracetic a nd oxalic acid s. These gra nules 
a re intensely auto fl uo rescent in ultravio let light. 

Electro n m icroscop ic examinatio ns revealed 
that in the spinal ganglia the neurona l pigment 
gran ules d isp lay a tr1phasic structure co nsisting of 
a matrix, lamella r systems and lipid vacuo les. The 
cytochemical reactio n yielded by the matrix a nd 
the Ja mellar systems make it possible to identify 
these components as the st ructure respo nsibl e fo r 
the PAS positi vity shown at the optica l level. 

According to Moses an d coworkers ( 1966) the 
existence o f an elect ro n lucent in ner core withi n 
the lipid vacuo les may be d ue to a neutra! lipid 
compo nent responsible fo r the affin ity for lipo -
ph ili c dyes. , 

On the basis o f the no n-reactio n shown by a li 
the gra nule com po nent to the Lill ie's ferrous sul
fa te technique mod ifi ed by us fo r electron micros
copy, the absence o f mela nin can be in ferred. 
Hence, tincto ria l pro perties together with cyto
chemica l a nd ul trast~uctural features ind icate that 
thc compositio n o f these granules is Ja rgely lipo
fuscin. In the ganglia o f the sympatheti c t run k, 
a nd particula rly in the cra n ial cervical ganglio n , 
pigment gra nules in unstained sectio ns may a p
pea r quite colo rless, or may be o f a va riable yel
low, ranging d ark yell ow to black in o rdinary 
lig ht. They exhibit a variety o f tincto ria l respo nses 
a fter t reatment with lipophilic dyes, adopt di ffer
ent hues when subjected to the PAS reaction , a nd 
yield extremely variable respo nses to the Li lli e's 
ferro us sulfa te react ion being either negative o r 
giving rise to a n intense d a rk green to b rown and 
g rey precipitate. After b leaching with hydrogen 
peroxide (36 volo/o) the natura lly brown-yellow 
d a rker granules a p pear al most colorl ess. Their 
bi nd ing capacity fo r ferrous ions uptake is at that 
time entirely suppressed. At the ultrastructura l le
ve!, the intraneu ronal pigment gran ules occurring 
wi thin the ganglia of the sym pathetic trun k were 
fo u nd to d isp lay, besides the th ree typical compo 
nents of lipofuscin (i. e. granula r matri x, lamellar 
systems and lipid vacuoles), a fo urth component 
consisting of a highly electro n d ense pa rticulate 
natu re, which coated the matr ix and the la mellae 
to a varying extent. This materia !, positive to the 
Lill ie's ferrous sulfa te reactio n and negat ive to the 
PA-Bi reaction, is co nsidered to represent mela n
in. The present results are in agreement with those 
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reported by Moses a nd cowo rkers ( 1966) who 
identified, in the electro n dense materia! o f sub
stantia n igra a nd locus coeruleus, the structures 
respo nsible fo r the argentaffin properties of mel
a nin. On the basis o f their respo nse to cytochemi
ca l reactions, and irradiatio n with ultraviolet 
lig ht, the intra neu rona l pigment granu les may be 
classified as fo ll ows : ( l ) gra nules possessing lipo
fuscin characteristics, which consistently accu mu
late within the neuro ns of spi nal gang li a a nd spi
na ! cord as well as in the sympathetic ga ng li a of 
ho rses under 4 years o f age; (2) granules ex hibit
ing melanin pro perties, and (3) gra nu les in which 
both lipo fuscin and mela n in p roperties are d is
cern ible, as recorded in the sym pathetic ganglia in 
pre-adult o r a dul t specimens. This last occurrence 
lends strong suppo rt to the suggestion fo rmerly 
a d vanced by us that lipofuscin and mela nin may 
exist withi n the same neuromelanin gra nule. The 
different ratio of melanin to lipofuscin withi n the 
sa me gra nul e may account fo r both the variability 
in gra nu le s ta ining and the behavior of some 
gra nules a fter ex posure to ultra vio let light. 

Notably in the cra n ial cervica l ga ng lion, 
neighboring gra nules were observed to fluo resce 
im mediately upon irradiatio n whereas others were 
fo und which took fro m a few mi nutes to severa ! 
hours fo r the demonstrat ion of their fl uo rescence, 
as if some masking of lipofuscin by melanin had 
been gradua lly removed by irradiatio n. Previous 
a nalysis carried o ut o n the pigment gra nules oc
cu rring in the neurons of the cranial cervical 
ga ngli on in the horse have sho wn that the photo
dy nam ic effects elici ted by irrad iation consist o f 
the release of lipo fuscin in its autofluo rescent 
form (yellow fluo rescence) through a two-step 
process, in which th e earliest is represented by the 
emissio n o f a pho to labile type (orange fl uores
cence). Accordi ngly, also ta king into accou nt the 
hypothesis forwarded by several workers that the 
so-call ed neu romela ni n is actually rep resented b y 
melan ized lipo fuscin (cf. Ba rden 198 1), it m ight 
be speculated that the photodyna mic effect in 
du ced by irradi ation may set the fluo rescent lipo
fuscin free through some cha nge in the chem ical 
bonds linking the two pigment types (Bia nchi et 
al. 1984). 
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