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This quantitative ultrastructural immunocytochemical study 
demonstrates the coexistence of a catecholamine [dopa- 
mine (DA)], an amino acid (GABA), and a neuropeptide [neu- 
ropeptide Y (NPY)] in axon varicosities innervating the pars 
intermedia of Xenopus laevis. The varicosities are assumed 
to control the pars intermedia melanotrope cells, which reg- 
ulate skin color during the physiological process of back- 
ground adaptation. Varicosity profiles appear to abut me- 
lanotrope cells and folliculostellate cells, star-shaped cells 
that intimately contact the melanotropes. All varicosity pro- 
files contain two morphological types of vesicle. Monola- 
beling studies on routinely fixed and freeze-substituted tis- 
sues showed that the small, electron-lucent vesicles store 
GABA, whereas DA and NPY occur in larger, electron-dense 
ones. Double and triple labeling experiments, in which the 
degree of immunoreactivity was quantified per varicosity 
profile and per vesicle, led to the conclusion that (1) DA, 
GABA, and NPY coexist within almost all varicosity profiles 
and (2) DA and NPY are costored within electron-dense ves- 
icles. Varicosity profiles that abut melanotrope cells show a 
much higher ratio between the numbers of electron-lucent 
and electron-dense vesicles than varicosities contacting fol- 
liculostellate cells (15.8 and 3.3, respectively). This differ- 
ential distribution is in line with the previous demonstration 
that, in contrast to GABA, NPY does not act directly on the 
melanotrope cells but indirectly, by controlling the activity 
of the folliculostellate cells. 

In the field of neuroscience, intensive research is being carried 
out on the chemical identification and localization of neuro- 
chemical messengers. Since the introduction of immunocyto- 
chemical techniques at both light and electron microscopic lev- 
els, it is becoming increasingly clear that many neuronal systems 
produce and release more than one neurochemical messenger 
(for review, see, e.g., Hijkfelt et al., 1986). In particular perfor- 
mance of double labeling techniques has revealed that different 

Received July 16, 1991; revised Oct. 9, 1991; accepted Oct. 10, 1991. 

We thank Mr. Theo G. M. Hafmans for excellent technical assistance and Mr. 
Ron J. C. Engels for the Xenopus husbandry. The investigations were supported 
by the Foundation for Biological Research (BION), which is subsidized by the 
Netherlands Organization for Scientific Research (NWO) and by the European 
Community (Contract ST2J-0468-C). 

Correspondence should bc addressed to Eveline P. C. T. de Rijk at the above 
address. 
Copyright 0 1992 Society for Neuroscience 0270-6474/92/120864-08$05.00/0 

classical neurotransmitters, such as ACh, catecholamines, and 
amino acids (e.g., Everitt et al., 1984; Takeda et al., 1984; Vuillez 
et al., 1987) as well as different peptides (e.g., Scheller et al., 
1983; Hiikfelt et al., 1986) can coexist within the same neuron. 
In some cases even coexistence of a classical transmitter and 
one or more peptides has been demonstrated. For instance, 
catecholamines as well as amino acids may occur together with 
neuropeptides (Hokfelt et al., 1983; Meister et al., 1985; Ka- 
gotani et al., 1989; Merighi et al., 1989; de Rijk et al., 1990). 
However, until now no coexistence of a catecholamine, an ami- 
no acid, and a peptide in a single nerve terminal has been shown. 
In the present study we report on such a coexistence, namely, 
in nerve terminals in the intermediate lobe of the pituitary of 
the clawed toad Xenopus laevis. 

In general, the physiological significance of coexisting neu- 
rochemical messengers is unclear. Obviously, coexisting factors 
may be released either coordinately or in a differential fashion. 
In both cases they may stimulate, inhibit, and/or modulate their 
target cells (Hdkfelt et al., 1986; Brussaard et al., 199 1). A wide- 
spread problem in defining the exact role of coexisting messen- 
gers is that the physiological significance of the respective neu- 
ronal systems and their targets is generally not well understood. 
During recent years knowledge has been obtained about the 
physiology of the neuronal system controlling the pars inter- 
media of the pituitary of the South African clawed toad Xenopus 
laevis. 

The pars intermedia of X. laevis contains neuroendocrine me- 
lanotrope cells. These cells produce and release the melano- 
phore-stimulating hormone (aMSH), which causes skin dark- 
ening during the process of background adaptation. Superfusion 
experiments have revealed that at least five neurochemical mes- 
sengers affect the release of (rMSH. The thyrotropin-releasing 
hormone (TRH) and corticotropin-releasing factor (CRF) stim- 
ulate (uMSH release (Verburg-van Kemenade et al., 1987b,c), 
whereas dopamine (DA), GABA, and neuropeptide Y (NPY) 
inhibit this process (Verburg-van Kemenade et al., 1986a-c; 
1987a,d). Immunocytochemical studies have indicated that TRH 
and CRF reach the melanotropes via the blood but that DA, 
GABA, and NPY are released within the pars intermedia (de 
Rijk et al., 1990). GABA and DA appear to act directly on the 
melanotropes (de Koning et al., 199 l), whereas NPY exerts its 
inhibiting action on arMSH release by acting upon the follicu- 
lostellate cells, glia-like cells that closely contact the melano- 
tropes (de Rijk et al., 1990, 1991). Previously, we have shown 
that GABA and NPY coexist in nerve terminals abutting the 
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Figure 1. Pars intermedia of Xenopus laevis showing a melanotrope cell (MC), a folliculostellate cell (SC), and an axonal varicosity profile (I’). 
G, secretory granule; L. cluster of LVs; arrows, DVs. Magnification, 70,000 x . 

melanotrope cells and folliculostellate cells (de Rijk et al., 1990). 
In the present immunoelectron microscope study, the coexis- 
tence of DA with GABA and NPY was investigated using a 
double and triple immunogold labeling procedure on freeze- 
substituted and low-temperature-embedded material. Further- 
more, attention was paid to the differential presence of messen- 
ger-containing secretory vesicles in synaptic contacts on 
melanotropes and folliculostellate cells. 

Materials and Methods 
Animals. Adult Xenopus Iaevis with a weight of approximately 30 gm 
were obtained from laboratory stock and fed ground beef heart and 
Trouvit trout pellets (Trouw, Putten, The Netherlands) weekly. They 
had been adapted to a gray background (melanophore dispersion stage 
3; Hogben and Slome, 1931), at a water temperature of 22 f  1°C. For 
the experiments, animals were decapitated and neurointermediate lobes 
were dissected out. 

Routine electron microscopy. In order to visualize the cell membranes 
in detail, lobes were fixed in 1% glutaraldehyde in 0.05 M sodium phos- 
phate buffer (PB) containing 1% tannic acid for 16 hr and postfixed in 
1% osmium tetroxide in PB for 2 hr at 4°C. Ultrathin (pale gold) Araidite 
sections were mounted on Formvar-coated nickle grids, contrasted in 
2% aqueous many1 acetate (15 min) and lead citrate (5 min), and ex- 
amined in a Jeol JEM 1OOCX II microscope. 

Immunoelectron microscopy. After fixation of the lobes in 1% glu- 
taraldehyde in PB for 2 hr, they were treated with 0.1% sodium borohy- 
dride and 50 mM glycine in PB for 15 min and cryoprotected by im- 
mersion in increasing concentrations of glycerol (1 O/20/30% in PB, 30 
min per concentration). After mounting on Thermanox (LAB-TEK, 
Miles Labs, Naperville, IL) the material was rapidly frozen in liquid 
propane (- 19ODc) and transferred to a precooled chamber (-9oOC) of 
a quick-freezing apparatus (Reichert-Jung, Nussloch, Germany). Then 
tissues were freeze-substituted by methanol containing 0.5% many1 ac- 
etate and warmed 4”C/hr to -45°C. Embedding in Lowicryl HM20 
resin (Bio-Rad, UK) was carried out in three steps with a progressively 
increasing ratio of resin to methanol. Polymerization of Lowicryl was 
performed by UV radiation (360 nm) at -45°C for 16 hr and, subse- 
quently, at 20°C for 24 hr. 

For immunocytochemistry, ultrathin sections mounted on Formvar- 
coated nickle grids were incubated in, cofisecutively, sodium phosphate- 
buffered saline (PBS; pH 7.4) containing 0.1% sodium borohydrate and 
50 mM glycine (10 min), blocking buffer (0.5% BSA, 0.51 cold fish skin 

gelatin in PBS, 10 min; Aurion Wageningen), anti-DA or anti-GABA 
or anti-NPY in this buffer (diluted l:lOOO, 1:2000, and 1:2000, respec- 
tively; 16 hr), and goat anti-rabbit immunoglobulin G labeled with 10 
nm gold (GAR- 10, Aurion; 1.5 hr). Anti-DA, anti-NPY, and anti-GABA 
had been raised in rabbit, and their specificity has been described pre- 
viously (Buijs et al., 1978, 1984; Seguela et al., 1984, Danger et al., 
1985). Specificity controls of the immunocytochemical procedures in- 
cluded preadsorptions of the antisera with their corresponding antigens. 

Double labeling was performed as described by Slot et al. (1991). 
Shortly after the first labeling (GAR 10; see above) sections were post- 
fixed with 1% glutaraldehyde in PBS (5 min) and thoroughly washed. 
Then, labeling with another primary antiserum and GAR 5 was carried 
out. For triple labeling, the procedure was extended by staining with 
the third primary antiserum and GAR 15. To study a possible cross- 
reaction between primary antibodies and nonhomologous GAR-gold 
complexes, for some sections glutaraldehyde fixation was performed 
before instead of after staining with GAR-gold. 

Morphometry In one routinely fixed pars intermedia, 30 varicosities 
were photographed (final magnification, 25,000 x). The numbers ofelec- 
tron-lucent (LV) and electron-dense vesicles (DV) per varicosity were 
counted, and in each varicosity diameters of 20 electron-lucent vesicles 
and of all the electron-dense vesicles present were determined, using an 
x-y tablet and a MOP-3 (Kontron, Miinchen, Germany) image analyzer. 

In ultrathin sections of freeze-substituted material, labeling intensity 
(monolabeling) ofelectron-dense vesicles in varicosities was determined 
by counting the numbers of gold particles per vesicle. Only vesicles that 
revealed their limiting membrane were taken into account. To study 
the relation between DA and NPY labeling, the numbers of vesicles 
reacting with anti-DA, with anti-NPY, and with both antisera were 
counted. (Vesicles with only one gold particle per antiserum were dis- 
carded.) 

A random selection procedure was maintained throughout the ex- 
periment. The data were analyzed with a one-way analysis of variance 
(a = 5%; Bliss, 1967), preceded by tests for the joint assessment of 
normality (Shapiro and Wilk, 1965) and the homogeneity of variances 
(Bartlett’s test; see Bliss, 1967) and followed by the multiple-range test 
of Duncan (Steel and Torrie, 1960). 

Results 
Morphology of nerve endings 
In routinely prepared material the main constituents of the pars 
intermedia can readily be identified: melanotrope cells, follicu- 
lostellate cells, and axonal varicosities (Fig. 1). Two morpho- 
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Figure 2. Type M varicosity profile (M), abutting a melanotrope cell 
(MC’), contains many LVs (L) near the contacting membrane, and only 

Figure 4. Type S varicosity profile (A’) abutting a folliculostellate cell 

al few DVs. (arrows). Magnification, 66,500 x . 
(SC) in which DVs (arrows) are prominent. Note the low number of 
LVs. Magnification, 66,500 x . 

logically different vesicle types are present in all profiles. One 
type is small and electron lucent (LV); the other type is large 
and electron dense (DV). The varicosity profiles were classified 
on the basis of the cell type(s) they abut. Type M profiles abut 
one (or more) melanotrope(s), type S contacts one (or more) 
folliculostellate cell(s), and type MS contacts both cell types 
(Figs. 24). In type M varicosities, LVs tend to be preferentially 
located near sites of the plasma membrane that are adjacent to 
melanotropes and strongly outnumber the DVs, which occur in 
a randomlike fashion throughout the cytoplasm (Table 1; ratio 
LV:DV = 15.8). In comparison, in S-type varicosities, LVs are 
more dispersed and relatively less numerous, whereas the DVs 

are more abundant (LV:DV = 3.3). Type MS varicosities show 
an intermediate picture (LVDV = 7.2; see also Table 1). Mean 
diameters of LVs and DVs are remarkably constant in all three 
varicosity types, namely, 48 and 94 nm, respectively (Table 1). 
Histograms of the diameters of individual vesicles show statis- 
tically normal distributions for both vesicle types in each of the 
three varicosity types (Fig. 5). 

Immunocytochemistry 
Tissue ultrastructure of freeze-substituted material appeared well 
preserved and very similar to that of routinely stained tissue, 
except for LVs, which are less clearly individually delineated 
from the cytoplasm. Nevertheless, clusters of LVs, found in the 
routinely fixed material, could still be easily identified. The 
following data apply to all of the three varicosity types. 

Controls. After immunolabeling with the three antisera ad- 
sorbed to their corresponding antigens, no appreciable amount 
of immunoreactivity was observed in any of the experiments. 
Similarly, cross-fixation with glutaraldehyde fully abolished im- 
munolabeling. 

Monolabeling. Immunogold labeling on sections of the pars 
intermedia with anti-DA showed immunoreactivity in approx- 
imately 90% of the varicosities. Although some gold particles 
were found in the cytoplasm, most of the particles were present 

Table 1. Distribution of LVs and DVs in varicosity profiles 
contacting melanotrope cells (M), folliculostellate cells (S), or both 
(MS) (means + SEW, n = 18) 

Varicosity profile M MS S 

Figure 3. Type MS varicosity profile (MA’) abutting a melanotrope cell 
(AK’) as well as a folliculostellate cell (SC’), with the two vesicle types 
(I,, LVs; arrows, DVs). Plasma membranes are highly distinct because 
of the use of tannic acid in the fixative. Magnification, 66,500 x . 

Number LV 80.6 f  1 l.6s 52.1 -t 12.3 32.7 -t 7.2M 
Number DV 5.1 f  0.8s 7.2 f  1.0 10.0 k l.OM 
Ratio LWDV 15.8 7.2 3.3 
Diameter LV (nm) 48 f  1 48 f  1 48 + 1 
Diameter DV (nm) 93+ 13 93 2 10 94 + 9 

Superscripts show statistic differences with the other groups @ < 0.0 I). 
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Figure 5. Histograms of the diameters of individual vesicles (Lv D v) 
in varicosities abutting melanotropes (M), folliculostellate cells (s), or 
both cell types (MS) (n = 200 for LV in M type, MS type, and S type 
profiles; n = 87 for DV in M type profiles; n = 140 for DV in MS type 
profiles; n = 197 for DV in S type profiles). 

on DVs, about 25% of which were immunopositive (Table 2, 
DAdDVto,; Fig. 6). Labeling intensity (number of gold parti- 
cles) per vesicle was fairly high, following a distribution of Pois- 
son (Fig. 7A). After immunolabeling with anti-GABA, immu- 

Table 2. Percentage immnnolabeling of all DVs present (DV,,) or 
of all immunoreactive DVs (DV,,) with anti-DA only (DA,J, with anti- 
NPY only (NPY,3, or with both antisera, (DA + NPY),, 
(means f  SEM, n = 30) 

Immunolabeling Anti-DA 

Anti-DA 
and 

Anti-NPY Anti-NPY 

DAJDVto,a, 25.2 f 1.6 - 17.5 + 1.6 

~PdDVtota, - 63.7 + 3.3 50.7 + 2.7 

Unlabeled/DV,, 74.9 f 1.6 38.9 + 2.8 30.1 f 2.0 

DWDV,, - 11.8 f  1.8 
NPYJDV,, - - 71.7 f  2.4 
(DA + NPY)JDV,, - - 15.7 * 1.5 
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Figure 6. Anti-DA-immunoreactive varicosity with gold particles, 
many of which are on DVs (arrows). Freeze-substitution. Magnification, 
70,300x. 

noreactivity was present in all varicosity profiles. GABA 
immunoreactivity was primarily found in association with the 
clusters of the LVs (Fig. 8). Only a few DVs could be found to 
be immunopositive. Immunolabeling with anti-NPY appeared 
in 90% of the varicosities, with 64% of the DVs covered with 
gold particles (Table 2, NPYJDV,,,,; Fig. 9). Labeling inten- 
sities varied from 1 to 10 particles per vesicle and also showed 
a Poisson distributed pattern (Fig. 7B). The number of gold 
particles above the cytoplasm and LVs was very low. 

Double and triple labeling. Double immunogold labeling for 
DA and GABA revealed that the DVs were exclusively im- 
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Figure 7. Histograms of the number of gold particles per DV after 
immunolabeling with anti-DA (A) or with anti-NPY (B) (n = 310 for 
DV immunoreactive with anti-DA, n = 324 for DV immunoreactive 
with anti-NPY). 
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Figure 8. Anti-GABA-immunoreactive varicosity in the pars inter- 
media. Gold particles are associated with clusters of LVs; DVs are 
immunonegative (arrows). Magnification, 66,500 x . 

munopositive with anti-DA (GAR 10) whereas immunoreac- 
tivity to GABA appeared to be preferentially associated with 
the clusters of LVs and occurred only in a few DVs (Fig. 10). 
Vesicles reacting with both anti-DA and anti-GABA were only 
rarely found. The percentage of DVs that were labeled with anti- 
DA was not significantly different from that in the double la- 
beling procedure. The same applied to the labeling with anti- 
GABA. Double labeling for GABA and NPY showed anti-GABA 
immunoreactivity on the clusters of LVs (GAR 5) and anti- 
NPY-immunoreactive DVs (GAR 10; Fig. 11). In a few cases 
DVs were immunoreactive for both anti-GABA and anti-NPY. 
Percentages of vesicles labeled with anti-GABA and anti-NPY 
after double labeling procedures were similar to those after 

Figure 9. Anti-NPY-positive varicosity with gold particles on DVs. 
Magnification, 80,275 x . 

Figure 10. Varicosity (v) double labeled with anti-GABA (5 nm) as- 
sociated with clusters of LVs and anti-DA (10 nm) on DVs (arrows). 
MC, melanotrope cell. Magnification, 133,000 x . 

monolabeling. After double labeling with anti-DA (10 nm) and 
anti-NPY (5 nm), reactivity was found only on DVs (Fig. 12). 
Quantification showed that 12% of the labeled DVs were only 
stained with anti-DA (Table 2, DAJDV,), 72% only with anti- 
NPY (Table 2, NPYJDV,,), and 16% were labeled with both 
antisera [Table 2, (DA and NPY),,/DV,,). (A vesicle was con- 
sidered to be labeled when the number of a particular type of 
gold particle was two or more). Labeling intensities with each 
antiserum after double labeling (i.e., percentage of DVs that did 
immunoreact) were considerably lower than those after mono- 
labeling. Immunoreactivity to anti-DA was reduced to 69% 
(percentage of anti-DA-immunoreactive DVs after double la- 
beling + percentage of anti-DA-immunoreactive DVs after 
monolabeling x 100%; Table 2). Immunoreactivity to anti- 
NPY was reduced to 80% (percentage of anti-NPY-immuno- 
reactive DVs after double labeling + percentage of anti-NPY- 
immunoreactive DVs after monolabeling; see also Table 2). 

After triple labeling with anti-GABA (5 nm), anti-DA (10 
nm), and anti-NPY (5 nm), only varicosity profiles were labeled. 
Although some background labeling was apparent and ultra- 
structure, especially of secretory vesicles, was less well preserved 
than after mono- or double labeling, immunoreactivity clearly 
appeared in all three varicosity profiles. More than 50% showed 
immunoreactivity with all three sera (Fig. 13). 

Discussion 
Technical aspects 
The high specificity of the antisera used in the present study has 
been demonstrated in various control experiments including 
preadsorptions of the antisera with their corresponding antigens 
(anti-GABA: Buijs et al., 1978; Seguela et al., 1984; anti-DA: 
Buijs et al., 1984; Geffard et al., 1984; anti-NPY: Danger et al., 
1985). Therefore, it can be concluded that immunostaining with 
anti-GABA, anti-DA, and anti-NPY reflects the presence of 
GABA, DA, and NPY, respectively. 

The common method to demonstrate DA at the ultrastruc- 
tural level involves preembedding immunostaining using the 
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Figure 11. Varicosity, double labeled with anti-GABA (5 nm) asso- 
ciated with clusters of LVs and anti-NPY (10 nm) on DVs. Magnifi- 
cation, 123,500x. 

peroxidase-antiperoxidase/diaminobenzidine staining (e.g., Buijs 
et al., 1984). In the present study, freeze substitution has been 
used to obtain optimal tissue preservation. Moreover, the post- 
embedding immunogold staining enables a much more precise 
localization of immunogold particles (in our case on the DVs) 
than can be achieved with the diaminobenzidine reaction prod- 
ucts in the preembedding procedure. 

Cellular storage of messengers 

From a previous immunocytochemical study, we have con- 
cluded that GABA and NPY coexist within axonal varicosities 
in the intermediate lobe ofXenopus Zaevis (de Rijk et al., 1990). 
The present immunoelectron microscope investigations show 
that in addition to NPY and GABA, DA is present in (nearly) 
all of these varicosities. This triple coexistence can be easily 
deduced from the three combinations of double staining but is 
directly revealed by triple staining. 

Coexistence of two different types of messenger in one neuron 
has been frequently described (e.g., Hijkfelt et al., 1986), but as 
far as we know the presently observed coexistence of an amino 
acid, a neuropeptide, and a catecholamine within the same syn- 
aptic element has not been reported before. The question arises 
as to the physiological significance of this coexistence. Since 
three messengers are known to inhibit the release of aMSH from 
Xenopus pars intermedia in vitro (Verburg-van-Kemenade et 
al., 1986a, 1986b), the varicosities may play a very important 
role in the physiological inhibition of (YMSH release from the 
melanotrope cells, that is, when the animal has to adapt to a 
white background by reducing L~MSH release from the pars in- 
termedia. The possibility that the three messengers act in a 
synergistical way, reinforcing the action of each other, is pres- 
ently under investigation. 

Vesicular storage of messengers 
A previous immunocytochemical study on the axonal varicos- 
ities in the intermediate lobe of X. laevis has indicated that NPY 
is present within DVs, whereas GABA would be associated with 

Figure 12. Varicosity, double labeled with anti-NPY (5 nm) and anti- 
DA (10 nm). Gold particles are exclusively present on DVs. On some 
DVs gold of both sizes occurs (arrows); on the other DVs either 5 nm 
or 10 nm gold particles are present. Magnification, 142,500 x . 

the LVs (de Rijk et al., 1990). The present quantitative im- 
munomonolabeling studies support this idea because they show 
that the majority of DVs are NPY immunopositive and that 
GABA immunoreactivity is nearly exclusively associated with 
the clusters of LVs. Moreover, the studies demonstrate that DA 
also is present within DVs. 

Triple labeling clearly reveals that NPY and DA can coexist 
within the same DV. The triple immunolabeling procedure pre- 
cludes a quantitative assessment of the degree of coexistence, 
because the ultrastructure of the tissue is not optimally pre- 
served. Poor tissue preservation is the result of the complex 

- -  .  -  ^ I  

Figure 13. Varicosity triple labeled with anti-GABA (5 nm), anti-DA 
(10 nm), and anti-NPY (15 nm), demonstrating the presence of anti- 
DA and anti-NPY immunoreactivities in DVs, whereas anti-GABA 
immunoreactivity is associated with the clusters of LVs. Magnification, 
114,000 x . 
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chemical treatment of the sections, rendering the identification 
of the secretory granules rather difficult. The quantitative dis- 
tribution of gold particles over DVs can be more readily inves- 
tigated in double-labeled sections, because here tissue ultrastruc- 
ture appears to be adequately conserved. Of the DVs, 16% are 
stained with both anti-DA and anti-NPY. This percentage seems 
to be rather low, but based on the following arguments we con- 
clude that this is a considerable underestimation of the actual 
degree of coexistence. First, double labeling procedures reduce 
the labeling intensities, for example, by steric hindrance (viz. 
to 69% for anti-DA and to 80% for anti-NPY). Correction for 
this reduction indicates that about 25% of the vesicles costore 
DA and NPY. Second, the contents of some vesicles (estimated 
at about 15%) will not have been exposed to the antibodies 
because they have been cut tangentially. Third, the respective 
immunostainings may not have been maximally effective be- 
cause tissue processing interferes with preservation and/or ac- 
cessibility of antigenic determinants. Finally, it is well known 
that secretory vesicles with different chemical contents often 
have different morphology, in particular as to their size (e.g., 
Wendelaar Bonga, 1970; Burgess and Kelly, 1987). Since the 
present data on unlabeled, routinely fixed material show that 
the DVs possess a normal size distribution, the vesicles seem 
to belong to one morphologically homogeneous population and, 
hence, may well have chemically the same contents. Taking 
these arguments together, it should be concluded that the ma- 
jority if not all DVs costore DA and NPY. 

There has been an earlier report on costorage of a biogenic 
amine and a neuropeptide in the same (DV) vesicle, namely, 
S-HT and substance P (Pelletier et al., 1981). However, co- 
storage of DA and NPY within the same secretory vesicle has 
not been described before, which may be largely due to the fact 
that preembedding methods do not allow for accurate subcel- 
lular localization of DA. Nevertheless, this type of storage may 
be a common phenomenon because the combined presence of 
the DA and NPY has been suggested in locus coeruleus by 
mRNA studies of NPY and tyrosine hydroxylase after reserpine 
treatment (Foster et al., 199 1). Vesicular coexistence of DA and 
NPY strongly indicates that both messengers are co-released, 
which would be in line with the suggestion that DA and NPY 
inhibit aMSH release from Xenopus melanotropes by acting 
synergistically. .,’ 

The mechanism of this inhibition appears to be rather com- 
plex, GABA and DA acting directly but NPY acting indirectly, 
via folliculostellate cells, on the melanotrope cells (de Koning 
et al., 1991). Consequently, it might be expected that GABA- 
containing vesicles would be preferentially located in varicosity 
profiles that abut melanotrope cells (type M) whereas NPY- 
containing vesicles would be located especially in type S profiles. 
As to GABA and NPY, this expectation appears to be fulfilled: 
in type S profiles the ratio between LVs and DVs is about five 
times as high as in type M profiles. On the other hand, the 
preferential presence of (DA-containing) DVs in type S profiles 
seems to be conflicting with a direct action of DA on melano- 
tropes. However, the possibility should be considered that DA 
released from type S varicosities (or varicosity sites near follicu- 
lostellate cells) acts, via diffision (“paracrine communication”) 
through the intercellular space, on melanotrope cells. The mech- 
anism of DA packaging in type S and type M varicosities is not 
known. It may be speculated that type S and M varicosities have 
DA reuptake mechanisms that are able to fill NPY-containing 
vesicles with DA. It will be of interest to study whether or not 

type M, S, and MS profiles correspond (1) to different cross- 
sectional planes of the same varicosities, (2) to different vari- 
cosity profiles of the same neurons, or (3) even to different 
neurons. 

In conclusion, the present qualitative and quantitative data 
on the subcellular presence of GABA, DA, and NPY seem to 
fit well with the anatomical and physiological characteristics of 
the mechanisms of neural inhibition of aMSH release from 
Xenopus melanotropes, and may add to the insight into the 
release dynamics and physiological significance of coexisting 
neurochemical messengers. 
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