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Abstract. The acid phosphatase reaction, applied to Jight and electro n microscopy, was 
stlldied in the chicken pineal gland from the moment of hatching until 2 months of age. From 
the moment of hatching there is a great amount of acid phosphatase, which is mainly found in 
the vicinity of the ¡limen of both the recess and large follicles. Acid phosphatase is poor in the 
parafollicular layer. From day 30 onwards, there is an obvious fragmentation of the recess and 
of large follicles . AIso, the parafollicular layer differentiates to form new follicles. The dense 
polymorphous bodies of the B pinealocytes are ultrastructurally identified as Iysosomes. 

Introduction 

The chicken pineal gland parenchyma presents two 
cellular types named A and B pinealocytes [Boya and 
Zamorano, 1975; Boya and Calvo, 1977a, b; Calvo and 
Boya, 1977a, b]. One of the most distinctive ultra­
structural characteristics of the B pinealocytes is what 
we have named the 'polymorphous dense bodies' [Boya 
and Calvo, 1977a, b ; Calvo and Boya, 1977a, b]. These 
slructures appear very ear1y in the embryonic develop­
ment (14-15 days of incubalioo) [Calvo and Boya, 
1977a, b] and they remain through post-hatching life 
until the most advanced ages we have studied (13 
monlhs) [Boya and Calvo, J 977a, b]. From an ultra­
structural slandpoint, polymorphous dense bodies are 
very similar to the Iysosomes described in other cell 
types; however, io order lo identify a cytoplasmic 
organelle as a Iysosome, i t is necessary to prove that it 
contains acid hydrolases. 

Histochemical studies have been done in different 
mammal pineals [Niemi and ¡/coken, 1960; Miller and 
Palade, 1964; Gusek and Buss, 1966; Arstila, 1967; 
Bostelman, 1969; Vollrath and Schmidt, 1969; Botticcelli 
et al., 1972; Devecerski, 1972a, b; Tapp et al., J973]. 
With respect to birds, Wight and McKenzie [1971] have 
studied the chicken pineal gland with histochemical 
techniques using the light microscope. They demon­
strated the existence of acid hydrolases io such an 
amount and placed in such a way that the localizatioo 
of these hydrolases in the polymorphous dense bodies 
of the B pinealocytes is suggested. 

The definite proof of (he Iysosomal nature of these 
polymorpholls dense bodies may only be furnished 
applying the histochemical technique for acid hydrol­
ases to lhe electron microscope. 

DlIring the post-hatching life, the chicken pineal 
glaod undergoes a series of important changes in its 
structural pinealocytes around the cavities and the 
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formalion of new lumen s [Boya and Calvo, 1977a, b]. 
Tllis means that, in the adult pineal, praclicaJly aJl the 
pinea locytes are in contact with a lumen. Morpho­
logically, this may be seen as the appearance of ce Jiular 
'rosettes' in the parafoIlicular layer [Boya and Calvo, 
1977a, b]. The polymorphous dense bodies are always 
localed in the apical cytoplasm of the B pinealocytes 
in the vicin ily of the lumen . Therefore, Iheir histo­
chemica l demonstration may also be a mo rphological 
indication of lhis structural evolut ion since the light 
microscope shows a progressive number of poi y­
n' orphous dense body 'rosd tes' in the parafol licular 

layer as the anima l grows older. 

Materials and methods 

Chicken ( Cal/lis gol/lis) pineals have been tlsed for 
ou r study. The chickens were mainlained under na tu ­
ral conditions of light and feeding . The pineals were 
taken at intervals of 5 days from the moment of hatch­
ing unlil 2 months of age. 

They were immediately fixed by immersion in 
0.1 Mcacody late-buffered 3% glu lara ldehyde, pH 7.4, 
at 4 oC. After 2 h of fixation, the samples were washed 
three times in cacody late buffer al 4 oC. 

Among the Iysosomal acid hydrolases, the ac id 
phosphatase was chosen for being one of lhe best 
known and for being present in alllysosomes. For the 
dcmon stration of acid phosphatase, frozen sections or 
thin sheets of tissue were incubated with Mil/er and 
Palade's (1964) modification of the Gomori medium . 
The incubation was done at 37 °C during 40-45 min. 
Cont rols were done in a subslrate-free medium or 
adding 0 .01 M sod ium ftuoride as inhibitor. After the 
incubation, the sections were reduced in ammon ium 
sulphite for st udy with the electron microscope. In 
part of the sections, a slight nuclear stain was applied, 
so that the product of reaction wou ld be more easi ly 
localized. For the ultrastructural study, the tissues 
(unreduced) were washed in cacodylate buffer with 
7.5 % of saccharose. They were post-fixed in caco­
dylate-buffered 1 % osmium tetroxide, then embedded 
in Vestopal W and sect ioned with a n LKB ultra­
microtome. An EM 201 Philips electron microscope 
was used for the sl udy. 

For each time interval, unstained thin sections were 
sludied in order to verify the specificity of the reaction, 
as well as sections sla ined with uranyl acelate aod lead 
citrate. 

Results 

Light microscopy 

The chicken pineal gland shows an intense 

acid phosphatase activity in a lJ the age inter­

vals studied. This activity, demonstrat~d with 

the modification f M il/el' and Pa/ade [1964] to 

the Gomori techniq ue. app~a rs under the light 

microscope in the form of ~ra nl¡jes whose size 

and distribution vary along tbe period of age 

studied. The speci ficit) ofreaction is proven by 

its granular aspect \\'~II as by the absence of 

activity in those lion incubated without 
substrate or in the pre ence of sod ium fluoride. 

ShortJy after har hing. most of the Iyso­

somes locate thems he in the follicular layer. 

Their position clea rl y defines ¡he placement of 

the recess (fig. 1) and 01' {he large pineal folli­

eles. The granules are smaJJ and abundant and 

they place themselves at the ame height form­

ing an intense ly stained band in lhe immediate 

vicinity of the fo lli cular lumen (1l", . 2) . In the 

unstained sections there remain a broad clea r 

region without lysosomes between this peri­

luminal band and the pa rafolljcular Jayer 

(fig.l, 2). Thi s regio n correspond s to the nuclei 

of the follicular ce ll s. Th i- is proven by the 

sections in wh ich nuclear ontrast was used. 

Therefore , the Iysosomes o fthe follicuJar layer 

locate themselves e 'el i ely in the apical 

cytoplasm of the follicular cells. Shortly afte r 

hatching, the parafo llicular layer oft he chicken 

pineal presents small lysosomes. They are not 

very abundant and they appear scattered in an 

almost homogeneous fashion in tl1is parafol­

licu lar Jayer (fig. 1, 2) . 

During the first month of life , there are 

little changes in the number and arrangement 

of Iysosomes in the chicken pinea l gland. W ith 

the increase of age, we find a progress ive frag­
mentation of the periluminal Jysosomal bands 

of the follicular layers . This fragmentation is 



63 PinealJCyte dense bodies 

Fig.l. 5-day chicken. Pineal recess. Note the Iy­
soso mes placed very near the lumen of lhe recess due 
to their supranuclear location in the cells of the fol­

very evident in the pineal recess (fig. 3). More­

over, although the parafollicular layers be­

come more and more broad, the number and 
distribution of Iysosomes in them is ver y 
similar to that described shortly after hatching. 
However, changes do begin to appear near the 
end of the first month. In chickens of 20-30 
days, we clearly observe localized clusters of 

Iysosomes in the parafollicular layer (fig.4). 

From the first month after hatching on­
wards, we find important changes in the Iyso­
somal pattern ofthe chicken pineal gland. The 
recess is totally fragmented by this time. How­
ever, it may still be identified in the acid-

IiCLdar layer. The c1ear band (N), negative to the acid 
phosphatase reaction. corresponds to the position of 
the nuclei. 

phosphatase-incubated sections, since the 
place is occupied in previous stages is now 

occupied by a series of irregular cavities. The 
cavities are very close to each other and they 
are bordered by Iysosomal periluminal bands. 
These cavities remind us of the previous recess 
since they remain in a vague linear arrange­
ment. This fragmentation and disorganization 

of the Iysosomal peri}uminal bands may also 

be observed in many of the large follicular 
cavities (fig.5). In those follicles that still 
show an orderly follicular layer, the lysosomes 
tend to locate themselves at different heights. 
Due to this disposition, tbe perilumina I bands 
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Fig.2. 5-day chicken. Pineal follicle whose lumen 
(L) is limited by the Iysosomal band of the pinealocytes 
of its follicular layer. The nuclei are located outward 

tend to be broader, having a less clear outline 
than in previous stages . However, in 60-day­
old chicken pineals, follicles with a narrow, 
orderly, periluminal band may still be found. 

The Iysosomes of the follicular layer still 
situate themselves in the apical cytoplasm of 
the fol licular cells. From the first month of age 
onwards, we observe a slight increase in the 
amount and size of Iysosomes in the follicular 
layer. 

The most evident changes in the Iysosomal 
pattern after the fust month of age may be 
found in the parafollicular layer. With in­
creasing age, the Iysosomes in this layer 
regroup themselves in a circular arrangement 

of it (N). Note the scarcity and disorganization of the 
Iysosomes in the parafollicular layer (PF). 

forming Iysosomal 'rosettes' (fig. 5,6). Progres­
ively, the Iysosomes in each 'rosette' become 
further organized adopting an aspect that 
reminds us of the periluminal bands described 
in the follicular ¡ayer, although having a lesser 
degree of arrangement. In the centre of the 
'rosettes', we find a badly limited area free 

Fig.3. 30-day chicken. Fragmentatioo of the pineaI 
reces s Iumen, which is Iimited by the periluminal band 
of Iysosomes. N = Nuclear band of the follicular 
pinealocytes. 

Fig.4. 30-day chicken. PineaI foillcle that presents 
Iocalized clusters of Iysosomes in its parafollicuJar 
Iayer. N = Nuclear band of the follicular layer. 
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of Jysosomes (fig.6). This region is more 
evident in the 'rosettes' having a larger size . 

In the nuclear contrasted sections we may ob­

serve the existence of nuclei situated around 
and Olltside the Iysosomal 'rosette'. Finally, 

Fig.5. 60-day chicken. Intense fragmentation of 
the pineal recess (R) and of the large follicular lumens 
(F). Abundant Iysosomal 'rosettes' in the parafol­
licular layers. 

Fig.6. 60-day chicken. Follicle with a smalllumen 
limited by the periluminallysosomal bando The para­
follicular (PF) layer shows abundant Iysosomes a¡-­
ranged in ' rosettes'. N = Nuclear band of the [01­

licular layer. 

Fig. 7. 30-daychicken. B pineal­
ocyte. Polymorphous dense bodies 
in supranuclea r location showing 
positive acid phosphatase reaction. 

the increase in the size and number of Iyso­
sornes in the follicular layer is even more evi­
dent in the parafollicular Jayer. 

Electron microscopy 
The electron-microscopic study sections 

incllbated for acid phosphatase unequivocally 
show the location of the reaction product on 

the polymorphous dense bodies of the B 
pinealocytes (fig. 8- 10). These poJymorphous 

dense bodies have been described previously 

with rOlltine techniques [Boya and Calvo, 
1977a, b; Calvo and Boya, 1977a, b). In the 
unstained sections, the lead phosphate appears 
only on the polymorphous dense bodies and 



68 Calvo!Boya 

occasionally 011 the Golgi system (fig.9, 10). 
In most ofthe polymorphous dense bodies, the 
reaction product appears in a homogeneous 
granular form occupying the whole interior of 

the particle (fig. 7, 8, 10). In others, however, 

the lead phosphate appears in the form of big 
granules in the interior of the particle, while 
sorne areas appear unstained. The content of 
these polymorphous dense bodies, therefore, 
adopts an heterogeneous aspect. On rare oc­

casions, we have found polymorphous dense 

bodies that do not present the reaction 

product. 
In the control sections, incubated in the 

absence of substrate or with sodium fluoride 
as inhibitor, the polymorphous dense bodies 

Fig.8. 30-day chicken. Apical 
border of a B pinealocyte tha! 
marks rhe limit of a lumen (L) in 
formarion and displays the exisr­
ence of polymorphous dense bodies 
with a positive acid phosphatase 
reaction. Arrow indicates junction 
mechanisms. 

lack any type of precipitate. They present a 
similar density to that observed with routine 
techniques. 

In spite of the normal density ofthese struc­

tu res, the reaction product of the acid phos­
phatase is perfectly visible even in the uranyl­
acetate- and lead-citrate-stained sections. It 
appears as a granular electron-opaque preci­
pitate located over the polymorphous dense 

bodies (fig. 7, 8). 
The histochemical technique for acid phos­

phatase applied to the electron microscope 
adds little new inforrnation about the amount, 
size, location and evolution of the pinealocyte 
Iysosomes - in relation to that described with 
the light microscope. Furthermore, these find­
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ings have already been described [Boya and 
Calvo, 1977a, b; Calvo and Boya, 1977a , b], 
since the polymorphous dense bodies are an 
ultrastructural component of the B pineal­
ocytes visible with routine techniques. 

The electro n microscope serves to identify 
the Iysosomes observed with the light micro­
scope as the polymorphous dense bodies of the 
B pinealocytes, as welJ as to demonstrate that 
the Iysosomal 'rosettes' described with the 
light microscope in the parafoJlicular layer 
correspond to foJlicular cavities in formation. 
These cavities in formation are surrounded by 
radiaJly arranged pinealocytes A and B. The 
location of the polymorphous dense bodies in 
the apical cytoplasm ofthe B pineaJocytes near 

Fig. 9. 30-day chicken. B pineal­
ocyte. Positive acid phosphatase 
reaction in the cisterns and in so me 
oC ¡he vesicles oC the Golgi system. 

Fig.l0. 5-day chicken. Supra­
nuclear portion oC an unstained B 
pinealocyte. Note the granular 
deposit oC lead phosphate over a 
dense body (lysosome) and over 
an inner cistern oC a Golgi system, 
as well as in some oC the micro­
vesicles. 

the lumen in formation gives place to the 
'rosette' image observed with the Jight micro­
scope. Furthermore, the electron microscope 
confirms aJl the findings described with the 
light microscope about the evolution of the 
chicken pineal Iysosomes from hatching until 
2 months of age. 

On many occasions we have found the 
reaction product located oyer the Golgi 
system ofthe B pinealocytes (fig .9, lO) as well 
as over the smaJl vesicle ofits yicinity. In many 
ofthe cells the reaction product is located only 
on the innermost cistern of the Golgi system, 
although it is not rare to find several stained 
cisterns. No other pinealocyte B component 
presents reaction producto 
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Discussion 

The existence of acid phosphatase activity 
in the chicken pineal gland has been previously 
described by Wight and McKenzie [1971] in 
young animals (8 weeks old) and in adults 
(6-9 months old). Our results confirm the 
existence of this enzyme in the chicken pineal 
from the moment of hatching until2 months of 
age as well as in adults [unpublished] . The 
acid phosphatase histochemical technique for 
acid phosphatase applied to the electron micro­
scope shows the location of this enzyme on the 
polymorphous dense bodies of the B pineal­
ocytes described previously with the electro n 
microscope [Boya and Calvo, 1977a, b; Calvo 
and Boya, 1977a, b]. Therefore, these dense 
bodies must be considered as lysosomes due 
to their content in acid phosphatase. The 
demonstration of the presence of other acid 
hydrolases as well as the enzymatic character­
ization of these dense bodies will be the object 
of further studies. 

The polymorphous dense bodies appear 
during the embryonic development (14-15 
days) [Calvo and Boya, 1977a, b] and they 
remain until the most advanced ages studied 
by us (13 months) [Boya and Calvo, 1977a, b]. 
The histochemical demonstration of these 
dense bodies during the embryonic develop­
ment as well as in adult animals [unpublished] 
will be the object of further investigation. 

The acid phosphatase histochemical tech­
nique enables us to show the existence of an 
evolution process in the amount, size, and 
location of the enzymes in the chicken pinea!. 
In the study of Wight and M cKenzie [1971] 
there are no variations described in the lyso­
somal pattern between young and adult 
animals. According to these authors, lyso­
sornes are located in the apical cytoplasm of 
the ependymocytes (which corresponds to our 

follicular layer) and diffusely in the hypen­
democytes (which corresponds to our para­
follicular layer) in both age intervals. Our 
results show that, during the first 2 months of 
life, a progressive fragmentation in the peri­
luminallysosomal bands of the parafollicular 
layer takes place. This produces the dis­
organization of the recess and of the large 
follicular lumens. At the same time, the Iyso­
sornes ofthe parafollicular layer arrange them­
selves in circular formations (lysosomal 
'rosettes'). This evolution, described pre­
viously by us using the light and electron 
microscope with routine techniques [Boya and 
Calvo, 1977a, b; Calvo and Boya, 1977a, b], is 
now confirmed by means of histochemical 
techniques. 

The appearance of Iysosomal 'rosettes' in 
the parafollicular layer is the conseq uence of 
the new follicular lumen formation, around 
which the pinealocytes are radially arranged. 
Although the follicular lumens in formation 
begin to be visible with the electron microscope 
in late embryos [Calvo and Boya, 1977a, b], the 
Iysosomal 'rosettes' are visible with the light 
microscope only after the first month following 
hatching. The lumens in formation are inte­
grated by cellular processes of parafollicular 
pinealocytes that meet at a point in which they 
present junctional mechanisms. With in­
creasing age, the lumen beco mes more defi­
nitive and the pinealocytes orient themselves 
around it. This lumen is, therefore, surrounded 
by organoid-rich broad cytoplasm in which the 
polymorphous dense bodies arranged radially 
with respect to the lumen appear in the form of 
Iysosomal 'rosettes' under the light micro­
scope. In previous stages, the polymorphous 
dense bodies were also located in the vicinity of 
the lumen in a radial arrangement; however, 
being more scarce and less organized, they did 
not stand out from the rest of the lysosomes. 
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This explains the absence of lysosomal 'ro­
settes' . Study wíth the electron microscope of 
the follicular lumens in formation, using 
routine or acid phosphatase techniques, neyer­
theless shows a constant relationship between 
the polymorphous dense bodies or lysosomes 
and the lumens from the begínning of their 
formation. 

Using the electron microscope, we haye 
frequently found the locatíon of the reaction 
product of acid pbo pbatase o er the Golgí 
system. The lead phosphatase precipitate is 
located oyer the innermost cistern or cisterns 
of the system as welJ as oyer small \ esícles 
associated with the inner surface. This 'oca­
tion has aften been described with the electron 
microscope for other enzymes. According to 
many authors, this location in the inner 
cisterns is due to the greater concentration of 
the secretion product in the inner most císterns 
of the Golgi system. Thís would produce suffi­
cíent contrast as to be seen with the electron 
microscope. In our findings, the locatíon of 
acíd phosphatase in the Golgí system of the 
B pínealocytes beco mes a proof of the origín 
of the polymorphous dense bodies in this 
system. 
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