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Abstract

Background and Objective: The neuroendocrine system is a variety of nervous and endocrine tissues distributed throughout the body
either organized or associated with other organs. The present study aimed to identify and characterize the features of pinealocytes as
one of these neuroendocrine cells (NECs) in order to establish a histological scheme. Materials and Methods: A total of 40 adult
apparently healthy New Zealand rabbits of both sexes were used. Pineal glands were obtained and subjected to the following reactions;
general, specific, highly specific and immunohistochemical reactions for neuroendocrine cells in addition to the ultrastructural
examinations. Results: The two types of pinealocytes; Pinealocytes type | and Il were contained electron dense secretory granules. These
granules were reacted positively with Grimelius silver impregnation, Lead Hematoxylin and OFG stains. The pinealocytes showed
moderate reactions with Gomori's aldehyde fuchsin and aldehyde thionine stains. By using of Gomori's chrome alum hematoxylin and
performic acid alcian blue stains, the cytoplasmic granules showed intense reactions. Immunohistochemically, the pinealocytes were
subjected to anti-CgA antibody, anti-NSE antibody and anti-melatonin antibody gave positive reactions. Conclusion: It can be concluded
that a model design for histological scheme that could be beneficial for biologists especially histologists in identification and
characterization of neuroendocrine cells distributed throughout the body.
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INTRODUCTION

The neuroendocrine system represented by a group of
various nervous and endocrine tissues forming a complex
regulatory mechanism depending upon chemical signaling
between them'. It composed a variety of cells distributed
throughout the body either organized (in hypothalamus,
thalamus, ganglia and pineal gland) or associated with other
organs (as gastrointestinal and respiratory tract). These cells
were characterized by the presence of numerous large dense
core vesicles produced predominantly in the soma then travel
to their releasing sites?. Additionally, these cells were able to
synthesize many amines and peptides®. Neuro-secretory cells
(NSCs) play an essential role in orchestrating many vital body
functions; reproduction, metabolism, growth and regulation
of density of bones as well as skin color?.

The pineal gland was a part of the neuro-endocrine-
reproductive axis®. Functions of pinealocytes were influenced
by many functional modifications of components of this axis.
These cells expressed some neuronal markers; neurofilaments,
synaptophysin, tubulin and neural adhesion molecule®.

Melatonin, the pineal hormone, coordinates the
reproduction with the seasons of the year. The
photoneuroendocrine system represented mainly by the
pineal gland, where the melatonin hormone conveys a
chemical signals to the hypothalamo-pituitary-gonadal axis
about the day length®.

The current investigation aimed to establish a
methodology for identification and characterization of
the neurosecretory cells of pineal gland as one of
neuroendocrine system using general, specific, highly specific,
immunohistochemical reactions of NECs in addition to, the
ultrastructural examinations. This paper may be a preliminary
trial in designing a histological schemes help histologists in
identification and characterization of all neurosecretory cells
throughout the body.

MATERIALS AND METHODS

The present work was conducted at the Department of
Histology and Cytology, Faculty of Veterinary Medicine,
Beni-Suef University, Egypt. This study lasted for a year from
September 2017-August, 2018. The use of animals in the
current study was approved by the Experimental Animal Ethics
Committee, Faculty of Science, Beni-Suef University, Egypt
(The approval number is BSU/FS/2016/14).

For light microscopic examination: A total of 40 adult
apparently healthy New Zealand rabbits of both sexes were
used.
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Sampling: Immediately after slaughtering the rabbits, the
dorsal portions of the skulls were removed. Heads including
brains wereimmersed in the used fixatives for several hours to
allow hardening of the brains. The brain samples were cut
sagittally into 2 similar halves for obtaining the pineal gland.

Fixation: The pineal gland samples were examined grossly for
any pathological lesions. Only were apparently normal ones
taken and immediately transferred to the following fixatives;
20% formalin and Bouin's fluid.

Processing and sectioning: Samples were dehydrated using
ascending grades of alcohol, cleared in xylene then
impregnated in soft paraplast and lastly embedded in hard
paraplast. Sections of about 4-6 um were obtained, mounted
onto glass slides,immersed in xylene to remove the paraplast,
rehydrated in descending grades of alcohols then stained.

Staining:
General Stains: 1-Harris Hematoxylin and Eosin. 2-Toluidine
blue.

Nonspecific reactions:

o Grimelius silver impregnation technique
Lead hematoxylin stain

OFG method

Specific reactions:

Gomori's aldehyde fuchsin stain (AF)

Aldehyde thionine stain (AT)

Gomori's chrome alum hematoxylin phloxine stain (CAH)
Performic acid alcian blue stain (PA-AB)

Immunohistochemical localization

Chromogranin A (CgA) using anti-CgA clone DAK-A3: By
application of PAP technique using monoclonal mouse
anti-human antibody that presented from DAKO, Glostrup,
Denmark.

Neuron specific enolase using anti-NSE clone BBS/NC/VI-
H14: By application of PAP technique using monoclonal

mouse anti-human antibody on the brain that presented from
DAKO, Glostrup, Denmark’.

Highly specific reactions
Immunohistochemistry: Application of PAP technique
using polyclonal mouse anti-human "Anti-Melatonin" (Mt,



Asian J. Biol. Sci,, 12 (4): 702-710, 2079

N-Acetyle-5-Methoxytryptamine) antibody for detection of
specific melatonin hormone granules, that presented from US
Biological, United States.

The above mentioned fixatives and stains were applied
as outlined by Bancroft and Stevens® and Bancroft and
Gamble®.

For transmission electron microscopic examination: Four
samples were obtained from Pineal glands of adult apparently
healthy New Zealand rabbits of both sexes. The obtained
samples were cutinto 1-3 mm thick specimens, prefixedin 3%
glutaraldehyde in phosphate buffer solution, washed in the
same phosphate buffer several times and kept overnight'® at
4°C. Specimens were post-fixed in 1% osmium tetroxide,
rinsed three times in distilled water, dehydrated, cleared and
then embedded in Epon. Semi-thin sections were stained
using Toluidine Blue stain and examined by the light
microscopy'’. Ultra-thin sections were contrasted using 5%
uranyl acetate followed by lead citrate stain'?, then examined
by using JEOL (JEM-1400 TEM) at the candidate magnification
in the Electron Microscopy Unit, Faculty of Agriculture, Cairo
University, Egypt.

RESULTS

Characterization

General structure

Light microscopic examination: The pineal gland (epiphysis
cerebri) of adult New Zealand rabbits was a fusiform-like mass
surrounded by the pia-matter dorsally and bordered by the
thalamus ventrally. It was composed of two portions; stroma
and parenchyma. The parenchyma consisted of cortex
externally and medulla internally. The latter was contained
pinealocytes and astrocytes (Fig. 1a). These pinealocytes were
arranged in the form of clusters or rosettes separated by
numerous nerve fibers, blood capillaries and supported by
astrocytes (Fig. 1b).

Two types of pinealocytes were observed within the
parenchyma of the pineal gland; Pinealocytes type | and II.
Pinealocytes type | were more numerous, larger in size with
large rounded vesicular nuclei, clear cytoplasm and long
cytoplasmic processes. While, pinealocytes type Il were fewer
in number, smaller in size with oval central nuclei and densely
stained cytoplasm (Fig. 1c and d).

Electron microscopic examination: Electron microscopic
observation of the pineal parenchyma revealed an intimate
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cell-to-cell association between pinealocytes and astrocytes
(Fig. 2a). The astrocyte was small in size containing irregular
electron dense oval nucleus and little cytoplasm. On the other
hand, the pinealocytes were of two types, type | and II. The
type | was larger in size with multiple cytoplasmic processes
containing euchromatic large rounded centrally-situated
nucleus with irregular outline and prominent electron dense
nucleolus.The cytoplasm appeared electron lucent, contained
numerous mitochondria, many dilated cisternae of rER, well
developed Golgi apparatus, numerous free ribosomes as well
as few electron dense secretory granules (Fig. 2b). The type I
appeared small in size contained euchromatic oval nucleus
withirregular outline and little condensed cytoplasm (Fig. 2¢).

Identification

Non-specific reactions: Treatment of the prepared sections
with Grimelius silverimpregnation showed strong argyrophilic
reaction indicated by brownish black colored-cytoplasm
(Fig. 3a). By using lead hematoxylin stain, the cytoplasm of
pinealocytes showed moderate to strong blue-black
reaction (Fig. 3b). On the other hand, these cells reacted
moderately to OFG method by the appearance of red colored
cytoplasmic granules in both cytoplasm and nerve fibers
(Fig. 30).

Specific reactions: The cytoplasmic granules of the
pinealocytes showed moderate reaction (purple violet color)
when stained by Gomori's aldehyde fuchsin stain (Fig. 3d). In
a section stained with the aldehyde thionine stain, the
pinealocytes gave moderate reaction of light blue color
(Fig. 3e). By using Gomori's chrome alum hematoxylin stain,
the cytoplasmic granules showed strong reaction. They
stained dark blackish blue color (Fig. 3f). The cytoplasmic
granules of pinealocytes reacted positively with the performic
acid alcian blue stain given intense blue color (Fig. 4a).

Immunohistochemically,  the  pinealocytes were
subjected to anti-CgA antibody using PAP technique giving
positive reaction, their cytoplasmic granules stained
yellowish brown (Fig. 4b). On the other hand, application of
PAP technique using anti-NSE antibody on the pinealocytes
gave a strong reaction indicated by dark brown color
(Fig. 40).

Highly specificreaction: The application of PAP techniqueon
the prepared sections using anti-Melatonin antibody revealed
positive reaction in the form of brownish cytoplasmic granules
(Fig. 4d).
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(2)
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Fig. 1(a-d):

(b)

(d

Asagittal section of the pineal gland of the adult New Zealand rabbit showed, (a) A fusiform structure covered dorsally

by the pia matter (arrow) and bordered ventrally by the thalamus (T). Their parenchyma consisted of cortex (C) and
medulla (M) (H and E stain, X100), (b) Clusters and rosettes distribution of the pinealocytes (arrows), separated by
nerve fibers (F), blood capillaries (C) and astrocytes (arrowheads) (H and E stain, X400), (c) A higher magnification of
figure (1B) showing two types of pinealocytes; type | (arrows) and Il (arrowheads), separated by the nerve fibers (F)
and astrocytes (wrapped arrows) (H and E stain, X1000) and (d) Pinealocytes type | (arrow) and Il (arrowhead)
separated by nerve fibers (F) and astrocytes (wrapped arrow) (Toluidine blue stain, X1000)

DISCUSSION

The current study aimed to design a histological
scheme used for identification and characterization of
neuroendocrine cells (NECs) and applied this scheme on
pineal gland of New Zealand rabbits as a model. This work
revealed that the two types of pinealocytes were
contained electron dense secretory granules. These
granules were reacted positively with the applied general,
specific and highly specific reactions of neurosecretory
cells. These results were in accordance with that observed
by Revel et al/, Regodon et al® Arendt and Skene',
Maronde and Stehle', De Carvalho et a/'® and Ross and
Pawlina®.

Generally, the NECs were neither an ordinary neurons nor
an endocrine cells but a combination of both. Production of
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a visible secretory material marks the NSCs as a gland cell'®.
The diffuse neuroendocrine system includes neurons having
characters of both neurons and endocrine glands including;
neural origin, expression of specific biomarkers
(neuropeptides such as chromogranins, synaptophysin) and
neuropeptides processing enzymes as well as presence of
dense-core secretory granules'. Neurosecretion efficiency was
a basic property that enables scientists to differentiate
neurons and neurosecretory cells™.

All established methods used for identification of
NECs depended mainly upon the presence of certain
amine and peptide residues produced by the NECs and
there was no single technique will demonstrate all
NECs®. From this point, the current study tried to
establish a histological scheme used to characterize and
identify neuroendocrine cells on the base of using general
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Fig.2(a-c): Anelectron micrograph of the pineal gland of the adult New Zealand rabbit showing, (a) Pinealocytes type | (arrows)
with euchromatic nucleus (N) and electron lucent cytoplasm. Note, blood capillary (C) and astrocyte (arrowhead),
(b) A higher magnification of pinealocyte type | showing euchromatic nucleus (N) and electron lucent cytoplasm
containing many mitochondria (M), rER (R), Golgi apparatus (G), free ribosomes (F) and some secretory granules
(arrows) and (c) Pinealocyte type Il (arrow) appeared small with oval nucleus (N) and little cytoplasm. Note presence
of an astrocyte (arrowhead). Uranyl acetate and lead citrate stain; X2000, 12000 and 5000, respectively

stains that detected the general histological features of
the tissues under investigation, non-specific stains were
used for detection of all endocrine granules, specific reactions
were used for demonstration of neuroendocrine granules
and lastly application of highly specific reactions that were
applied for detection of specific hormones. The pineal
gland represented a part of the neuroendocrine-reproductive
axis*.

Grimelius silver impregnation technique and lead
haematoxylin stain were used for detection the presence of
endocrine granules. The Grimelius stain was an argyrophilic

technique depends upon reduction of the bounded silver salts
from Ag+1 to metallic silver Ag leading to its deposition and
absorption by the cellular organelles giving positive brown
color. On the other hand, Lead Haematoxylin stain was
considered one of the empirical techniques used for
demonstration of the endocrine granules in different body
tissues®, so authors used this stain as a non-specific stain for
preliminary identification. The positive reaction to such stain
was explained as the released carboxyl groups from the
polypeptide secretion inside the endocrine cells able to
react with and change the color of used basic dye lead
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Fig.3(a-f): Asectionthrough the pineal gland of the adult New Zealand rabbit showing, (a) Pinealocytes with strong argyrophilic
granules of brownish black color (arrows). Grimelius silver impregnation stain, X1000, (b) Moderate to strong positive
blue-black granules (arrows) within the cytoplasm of pinealocytes. Lead Hematoxylin stain, X1000, (c) Red colored
cytoplasmic granules (arrows). OFG method, X1000, (d) Moderate reaction (purple violet color) in the cytoplasmic
granules (arrows) of pinealocytes, Gomori's aldehyde fuchsin stain, X1000, (e) Moderate thionine reaction (light blue
color) in the pinealocytes (arrows). Aldehyde thionine stain, X1000 and (f) Strong blackish blue granules (arrows)
within the pinealocytes. Gomori's chrome alum Hematoxylin stain, X1000

haematoxylin®®. The positive reaction of the pinealocytesto ~ demonstrate and identify the neuroendocrine granules in
these stains indicated that, these cells contained endocrine addition to, some immunohistochemical reactions which
granules. enable scientists to recognize the general biomarkers specific

Regarding using the specific stains in the present  to NECs. These reactions were depending upon presence of
investigation, some histochemical methods were applied to ~ certain amino acids inside the neurosecretory granules that
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Fig. 4(a-d): A section through the pineal gland of the adult New Zealand rabbit showing, (a) Pinealocytes with intense positive
blue colored cytoplasmic granules (arrows). Performic acid alcian blue stain, X1000, (b) Positive reaction (yellowish
brown color) in the cytoplasmic granules of pinealocytes (arrows), PAP technique using anti-CGA antibody, X1000,
(c) Strong reaction of dark brown color in the cytoplasmic granules (arrows) of pinealocytes. PAP technique using
anti-NSE antibody, X1000 and (d) Positive brown color in the cytoplasmic granules of pinealocytes (arrows), PAP

technique using anti-Melatonin antibody, X1000

reacted with the active radical of the used stains or by
detection of resulted end products from either reduction or
oxidation of the disulphide bonds?'. The cytochemical analysis
revealed positive reactions of NECs for proteins specifically for
sulfur-containing groups?. The AF was seemed to be most
excellent technique for demonstrating the neurosecretory
materials?. This stain had strong affinity for the reducing
groups of sulfated amino acids of the Van Dyke protein that
present in the neurosecretory materials?*. The NECs were rich
in cystine amino acids containing a highly reducing essential
groups (disulphide (-SS) which reduced to sulphydryle (-SH)
groups and reacted with the active radical of the stain resulted
in positive color®. Aforementioned explanation of positive
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reaction of AF stain was augmented by Mahon and Nair?.
Performicacid alcian blue (PA-AB) stain detected the presence
of disulphide (=SS) groups?. The performic acid oxidized the
cysteine or cystine amino acids in the tissues into cysteic acid
(sulphonate active acid radicals), which reacted with the active
basic radical of the stain and gave the positive blue color?.
The CgA was a member of family glycoprotein conjugates
with the matrix of neurosecretory granules® which may
regulates the production of specific peptides?. CgA was
an immunohistochemical marker used to identify the
neurosecretory cells containing numerous neurosecretory
granules®3, Consequently, the pineal gland under study was
subjected to anti-CgA antibody using PAP technique that
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reacted with an epitope on the C-terminal half of the CgA
molecule and gave positive brown colored immunoreactive
cytoplasmic granules. These results had been explained by
Huttner et a/*', who reported that the NECs synthesis a wide
variety of bioactive peptides and amines that stored in their
large dense-core vesicles or in small neurotransmitter
synaptic-like vesicles. Some proteins were connected with
these vesicles; Granins (Chromogranin and Secretogranin) and
Synaptophysin which could be utilized as specific biomarkers
of NECs. The presence of enolase isoenzyme inside the NECs
was independent on the number of NSGs’. The treated
sections of pineal gland with anti-NSE antibody using PAP
technique showed strong dark brown immunoreactive
cytoplasmic granules indicated presence of enolase
isoenzyme inside the pinealocytes.

Melatonin was the output of the pineal gland. Its
synthesis and release showed prominent diurnal rhythm
with the peak at night™. The mammalian melatonin
rhythm was endogenously driven by the hypothalamic
suprachiasmatic nucleus and controlled by light acting via
the retinohypothalamic tract and retina32. Application of
anti-melatonin antibody using PAP technique on the
pinealocytes of pineal gland of the adult New Zealand rabbit
gave positive brown colored granules. Wiener®* reported that,
the pineal gland is the only part of the brain that contained so
much serotonin and capable of making melatonin.

The pineal gland under investigation showed positive
results to all applied reactions indicates that the pinealocytes
are neuroendocrine cells. Authors recommended all
histologists to apply the suggested scheme fordemonstration
the histological features of other neuroendocrine cells and
other tissues thought to have neuroendocrine characters. In
addition, further studies should be focused on such type of
schemes for achievement a rapid progression in this field.

CONCLUSION

The present study introduced a preliminary design of
a histological scheme used for identification and
characterization of all neurosecretory cells distributed
throughout the body using the pineal gland as a model.

SIGNIFICANCE STATEMENT

This study discovered a model design for histological
scheme that can be beneficial for biologists especially
histologists. This study will help the researcher to uncover the
critical areas of determination the optimal reactions for
identification and characterization of the neurosecretory cells
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that many researchers were not able to explore. Thus a new
theory on development of other advanced methods for
characterization of neurosecretory products may be arrived at.
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