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Abstract

Photoperiod influences circulatory Melatonin (Mel) and hypothalamic functions via retino-hypothalamic tract. However,
interrelation between Mel receptors and Arginine Vasotocin (AVT), a water-electrolyte balancing hormone receptor
expression in hypothalamic regions of avian brain has never been explored. We noted the expression pattern of two Mel
receptors (Mella & Mellb) along with AVT, in terms of neuronal immuno-positivity, in hypothalamic region of Japanese
quail under different photoperiodic conditions with/without melatonin treatment. This is interesting and equally
important because both Mel and AVT levels are regulated by light/dark cycle. Confocal imaging revealed specific regional
localization of Mella/Mel1b in Supra-Chiasmatic Nucleus (SCN), Supra-Optic Nucleus (SON) and Para-Ventricular Nucleus
(PVN), the intensity of which was dependent on the photoperiodic condition (long day, LD or short day, SD) and melatonin
treatment. Mella/Mel1b was mostly co-localized along with AVT. Mel1b was abundant in hypothalamic regions in contrast
to the Mella as reported in mammals. Mella immune-positivity was detected in SCN and SON regions of brain. Compared
to control birds, a high intensity of Mella immunoreactivity was found in hypothalamic regions of birds under short
photoperiod (SD, 8h L: 16h D) after Mel treatment. Further, Mel1lb immunopositivity was high only in birds exposed to
long days (LD, 16h L: 8h D). In SCN, abundant Mella and AVT immunoreative cells were found in Mel pretreated and SD-
exposed birds compared to LD-exposed ones. Mella and AVT immunoreative cells were less in PVN of both SD and LD
exposed birds. Our data of co-localization of Mel receptor(s) along with AVT in hypothalamic regions (exposed to short
or long days with/without melatonin administration) strongly suggest a role for Mel along with AVT in water-electrolyte
balance of birds which is important during long duration nuptial migration/flight.
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1. Introduction

Arginine Vaso-Pression (AVP) and Arginine Vaso-
Tocin (AVT) were originally identified as antidiuretic
neurophyseal hormones produced in magnocelluar
neurons of the SON and PVN of the hypothalamus of
vertebrates. These nuclei extend their axon terminals
to the neurohypophysis where they release AVT into
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blood to act on peripheral targets for antidiuretic, stress,
oviposition, water-electrolyte balance and reproductive
functions'*. AVT is the mammalian counterpart of AVP,
and shows a complete disappearance in rodent (hamster)
if exposed to short photoperiod (SD) whereas long
photoperiods (LD) increased its production, suggesting
a photoperiodic influence on AVP synthesis and vice
versa’®.
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In birds, melatonin, a neurohormone from the pineal
gland, is regulated by day length and is concerned with
various physiological functions such as reproduction
and immunity’!". Further, melatonin, a chronobiological
molecule and a photoperiodic time indicator in plasma,
has its receptors in the hypothalamus, pituitary, Pars
Tuberalis (PT), Supra-Chiasmatic Nucleus (SCN), Para-
Ventriculus Nucleus (PVN), etc. The circulating level
of this neurohormone, on the other hand, is inversely
related to the plasma level of testosterone in birds*!'.
Many species of birds are highly photoperiodic and their
circulating gonadal steroidal levels fall drastically when
exposed to short photoperiod'>. A number of targets/
sites of Central Nervous System (CNS) for the action
of melatonin have been identified in a variety of animal
species'*'*. Melatonin and AVP receptors are separately
localized in the dorsomedial Supra-Chiasmatic Nucleus
(dmSCN) of mammals”® but it has not been possible
to determine whether AVP or other neuropeptides/
neurotransmitters are co-localized in the same nucleus
area of the brain of any poultry bird"”. There is ample
evidence to suggest that melatonin could be implicated
in regulation of reproduction, stress, body temperature,
water-electrolyte balance and cognition, functions that
are mediated by the hypothalamus'¢'%.

Thus, literature suggests that AVT and melatonin
individually have different roles/effects on hypothalamic
centers, but their functional/physiological correlation, if
any, under different photoperiodic (short/long) condition
as well as with or without melatonin administration in
any avian species have never been explored. Hence, herein
we studied the existence and co-localization of AVT and
Mella/b receptors at different hypothalamic regions
(SCN, PVN and SON) of the brain of a poultry bird, the
Japanese quail Coturnix coturnix japonica, to find their
functional correlation, if any, with photoperiodically
regulated circulatory melatonin and AVT levels and
water-electrolyte balance.

2. Materials and Methods

2.1 Animal

Male Japanese quail (Coturnix coturnix japonica) at the
age of about 8 weeks were obtained from the Institute
of Animal Welfare and Animal Husbandry, Celle,
Germany. At the age of 9 weeks the quails were exposed
to a photoperiod of 16 h light each day (16L: 8D). The
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Japanese quail is a photoperiodic species that does not
develop absolute refractoriness. The birds, therefore, if
kept under 16L: 8D may remain in full breeding condition
throughout the year. Quails received food and water ad
libitum throughout the period of the experiment. All
experimental plans and procedures were reviewed by the
appropriate authorities and were in compliance with the
relevant laws and regulations of Ethical Committee of the
Institute in Germany.

2.2 Experimental Design

Adult male Japanese quail were included in this study at
the age of 25 to 45 weeks. Birds were kept in individual
cages on a commercial diet and water ad libitum under
two different photoperiodic schedules (light:dark) i.e.,
16L: 8D (LD) and 8L:16D (SD) for four weeks. There were
10 birds in eachgroup. Four weeks after acclimatization, 5
birds of each photoperiodic schedule were given normal
ethanolic saline (0.01% ethanol) 0.1 mL/day (vehicle
control) and the remaining 5 birds were injected with 25
pg melatonin in 0.1 mL/100 g body weight/ through sc
route'® (Mel, Sigma, St. Louis, USA), for two weeks.

2.3 Sample Collection

At the end of the experiment, 24 h after the last injection,
the birds were anesthetized with pentobarbital sodium
(Narcoren, Merial GmbH, Hallbergmoos, Germany)
at 40 mg/kg dose through iv route before perfusion.
Coronal blood was collected directly from the heart in
a heparinized syringe before perfusion with Phosphate-
Buffered Saline (PBS) and Zamboni’s fixative'. After
perfusion, the brain was dissected out and post-fixed for
4 - 6 h in Zamboni’s fixative followed by equilibration in
25% sucrose in PBS as a cryo-protectant until the tissue
sank to the bottom of jar. The tissue was then frozen
and stored at -80°C untill further processing. Plasma
was separated by centrifugation and stored at -20°C
until analysis of AVT and melatonin levels as well as the
osmolality.

2.4 Nomenclature of Anatomical Regions
and Selection of Brain Sections

Identification and nomenclature of brain areas relied
on the chicken brain atlas*** and the quail brain atlas®.
Sub-regions of the SON were defined as recommended
by Bayle et al’. The L2 region, as mentioned in the atlas,
i.e., starting from the ventral crossing of the TSM (A8.8)
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was used for analysis. The rostral border of the SON
was identified by AVT immunoreactivity of two to ten
neurons at the ventral tip of the TSM. Two randomly
selected sections from each animal were used for further
analysis- the first section was approximately from 160 um
location from the beginning, and the second was from
approximately 320 pm caudal to the rostral tip of the SON
region. Both hemispheres of each section were included
in the analysis. Thus, all data were recorded from the
rostral part of the SON, where the highest concentrations
of oxytocin neurons were reported?.

2.5 Cell Counts

Sections labeled by immunoreactivity were digitized with
a Coho CCD camera connected to a Nikon Eclipse E600
light microscope and coupled with a Macintosh computer.
Immunoreactive nuclei in the selected brain areas were
digitized through 20x objective, and the images were
then quantified by Image J software (NIH, USA). Samples
for quantification (0.322 x 0.243 mm for all areas except
hippocampus, and for the latter it was 0.153 x 0.115 mm)
were taken from the center of each selected area. For each
area quantified, the density histogram was adjusted with
the gain to a standard value to normalize background
levels. Cell counts were performed automatically by using
the Image J software after standardized grey-level thresh
holding based on the density histogram***. Counts were
corrected with double counting. All quantifications were
made by an experimenter blind to group assignments.
Six brain areas, the Pre-Optic Margin (POM), brain
striaterminalis (Bnst), Trans-nidopallium Area (TnA),
parvocellular area ganglion PAG, hippocampus (Hp)
and nidopallium (N) were selected for quantification®
following the guidelines and detailed methods of Taziaux
et al”.

2.6 Plasma Analysis

Plasma samples were extracted and processed for Radio-
Immuno-Assay (RIA) of ir-AVT by the method of Gray
and Simon®. AVT was extracted from plasma with two
volumes of acetone and two volumes of petroleum ether.
The extract was dried under vacuum in a speed-vac
concentrator (Savant Instruments Inc., New York, USA).
The dried extract was dissolved in assay buffer (0.1 molL-
"Tris-HCI, pH 7.4, 2% BSA and 0.2% neomycin) and stored
at -20°C until assayed. RIA was performed in duplicate
using synthetic AVT as the standard (Sigma Chemical Co,
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St Louis, USA). RIA of melatonin was performed using
anti-melatonin antibody (Stockgrand, UK) following
the modified method of Rollag and Niswender®. Plasma
osmolality was measured by vapor pressure osmometry
(Wescor, model 5500; Logan, UT, USA)*.

2.7 Immunohistochemistry

Frozen coronal sections of brains were cut at30 pm
thickness in a Leica 2008E Frigocut (Reichert-Jung,
Nussloch, Germany) and collected in 0.02 M PBS and
were rinsed thoroughly in 0.02M PBS. Thereafter, sections
were incubated in a blocking solution of 5% normal goat
serum and 5% chicken serum (Sigma, USA) containing
0.2% Triton X-100 (Sigma, USA) for 30 min. Sections
were then incubated for 21 h in 1:40000 guinea pig anti-
AVP (Bachem, UK) and 1:2000 solution of rabbit anti-
Mella or Mellb in PBS containing 0.2% Triton X-100, 1%
normal goat serum and 0.1% sodium azide. Sections were
then thoroughly washed and incubated in goat anti-guinea
pig FITC and goat-anti-rabbit A555 or goat anti-rabbit
FITC and goat anti-guinea pig A555 in PBS containing
0.2% Triton X-100 (1:400 each in PBS), respectively, for
90 min at room temperature and then rinsed in PBS (3 x
15 min). Finally sections were covered with Vectashield
H-100 (Vector Laboratories) and analyzed on a confocal
laser scanning microscope (LSM 510, Zeiss, Gottingen,
Germany) equipped with lasers emitting at 488 and 543
nm to excite FITC and Alexa 555, respectively®.

2.8 Control of Immunoelabeling Specificity

Immunolabeling of the guinea pig anti-AVP antibody was
tested on neighboring sections with the previously used
rabbit anti-AVT for the sections containing the SON,
SCN and PVN. No differences in the immunoreactivity
pattern were observed between the two antibodies in all
the three regions. Pre-absorption method was used to test
the specificity of antibodies in brain tissues. The primary
antibodies were replaced with a pre-absorbed mixture of
Mella and Mellb receptor antisera and their respective
antigenic peptides (600 ng/100 uL of Mella receptor;
sc-13186P & 600 ng/100 pL of Mellb receptor; sc-13177P
peptides; Santa Cruz, USA). For pre-absorption, the
antigens were added to the same diluted antisera
(Mella and Mellb; 1:200) and incubated overnight at
4°C, centrifuged and the supernatant was used (data
not shown)**. The fluorescent labeling patterns were
completely abolished when the primary antibodies were
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omitted. Sections adjacent to the one used for dual
labeling had been subjected to single labeling with any
of the three antibodies. There were no differences in the
immunoreactivity patterns observed. The number of
immunoreactive cells, co-localization of receptor labels,
AVT and cell size in each of the three regions were
evaluated from two sections per bird for two birds of each
treatment by a person who did not know the treatment of
the samples. A relative classification was made in direct
comparison of all evaluated sections per region.

2.9 Statistical Analysis

The data were presented as the mean + SEM. The data
obtained from hormonal assay were analyzed by one-
way analysis of variance (ANOVA by SPSS) followed by
Tukey post-hoc test. Differences of mean were considered
significant when p< 0.05.

3. Results

3.1 Plasma Level of Melatonin

Two-way ANOVA was conducted to examine the effect
of photoperiod and melatonin treatment on plasma
melatonin level. Significant interaction between the
effects of photoperiod and melatonin treatment on
plasma melatonin level [F (1, 12) = 4.718, p< 0.001] was
found. The LD birds presented low plasma melatonin
concentration [p< 0.05, F = 44.46], while significantly
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Figure 1. Levels of plasma melatonin (pg/mL) under

different photoperiodic conditions (LD, 16L:8D and SD,
8L:16D ) with and without melatonin treatment in Japanese
quail. Histograms represent Mean + SE, n=>5. p< 0.05.
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elevated concentrations of melatonin were found in the SD
group of birds [p< 0.001, F = 35.71]. Short term melatonin
administration to both LD- and SD-exposed birds had
no significant (p< 0.05) effect on plasma melatonin level
(Figure 1).

3.2 Plasma Level of AVT

Two-way ANOVA was conducted to examine the effect
of photoperiod and melatonin treatment on plasma
AVT level. A significant interaction between the effects
of photoperiod and melatonin treatment on AVT level
[F (1, 12) = 116.060, p<0.001] was found. Plasma AVT
was elevated in SD-exposed birds (p<0.05, F = 35.71),
whereas it decreased to a significant level in LD-exposed
birds (p<0.05, F = 42.47) when compared to control birds.
Again, short-term melatonin administration had no
significant (p> 0.05) effect on the peripheral level of AVT
in birds under different photoperoid exposures (Figure 2).

3.3 Plasma Osmolality

Two-way ANOVA revealed a significant interaction
between the effects of photoperiod and melatonin
treatment on plasma osmolality [F (1, 12) = 25.116,
p< 0.001]. Melatonin treatment suppressed plasma
osmolality (p< 0.05, F = 66.66) to significant level in
SD-exposed birds, while it had no significant effect on the
plasma osmolality of LD-exposed birds (p> 0.05, F = 27.5)
(Figure 3).
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Figure 2. Levels of plasma AVT (pg/mL) of Japanese

qail under different photoperiodic conditions (LD, 16L:8D
and SD, 8L:16D) and following melatonin treatment.
Histograms represent Mean + SE, n=5. p< 0.05.
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3.4 Localization of AVT and Mella/Mellb
Receptors in the Different Hypothalamic
Regions

3.4.1 Suprachiasmatic Nucleus (SCN): AVT and
Mella

High AVT immunoreactivity was found in SCN region
of birds under both the photoperiodic conditions (Figure
4B, H; Table 1). Melatonin treatment increased the AVT
immunoreactivity in the hypothalamic regions under
both photoperiodic conditions (Figure 4E and K). Further,
MellaR immunoreactivity was more prominent in the
magnocellular neurons of hypothalamus of SD-exposed
birds as compared to LD-exposed birds (Figure 4C). In
addition, melatonin treatment increased the prominent
co-localization of Mella and AVT immunopositive
cells in SD-exposed birds (Figure 4G) and in contrast
decreased the same in LD-exposed birds (Figure 4]).
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Figure 3. Blood osmolality of Japanese quail under
different photoperiodic conditions (LD, 16L:8D and SD,
8L:16D) and following melatonin treatment. Histograms
represent Mean + SE, n=5. p< 0.05.
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Figure 4. A-C, Demonstration of AVT and Mella in SCN under16L:8D without, and D-F with melatonin treatment. A and
D represent co-localization of immunoreactivities of AVT (green) and MellaR (red) while B and E show immunoreactivity of
AVT and C and E show immunoreactvity for MellaR. G-I, demonstration of AVT and MellaR in SCN under 8L:16D without
and J-L with melatonin treatment. G and J represent co-localization of immunoreactivity of AVT and MellaR; H and K show
immunoreactivity of AVT whereas I and L show immunoreactvity for MellaR. Note the high intensity of immunoreativities for

AVT and MellaR under SD with or without melatonin treatment.
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Figure 5. A, Demonstration of AVT and MellbR in SCN under 16L:8D without, and B with, melatonin treatment
representing co-localization of immunoreactivities of AVT and Mel1bR; C and D show immunoreactivity of AVT and MellbR
co-localization under 8L:16D. E-G, show higher magnification of C from a selected area (in white square). Note the high
intensity of both the immunoreactivities for AVT and MellaR under SD with or without melatonin treatment.

3.4.2 Suprachiasmatic Nucleus (SCN): AVT and
Mellb

High co-localization of both AVT and Mellb was found
in LD-exposed quails as compared to SD-exposed quails
(Figure 5B, D). Further, melatonin treatment increased
the co-localization of AVT and Mellb in LD exposed
quails as compared to SD-exposed quails (Figure 5B, D).

3.4.3 Supraoptic Nucleus (SON): AVT and Mella

AVT  magnocellular showed  high
immunoreactivity in LD-exposed quails as compared
to SD-exposed quails (Table 1). Further, Mella
immunoreactivity was more in SON of SD-exposed
quails as compared to LD-exposed ones. Interestingly,
melatonin treatment increased the co-localization of AVT
and Mella immunoreactivity more in SD-birds than LD
birds (Figure 6A, B, C, D).

neurons
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3.4.4  Supraoptic Nucleus (SON): AVT and
Mella

Strong immunoreactivity was observed for AVT as
compared to Mel1bR in SON regions in both photoperiod
exposed birds (Tablel). In addition, the Mellb
immunoreactive cells were clearly observed between the
SON ventral and SON external regions of SD-exposed
birds as compared to LD exposed birds. Further,
melatonin treatment increased the co-localization in SD
birds as compared to LD birds (Figure 7A, B, C, D).

3.4.5 Paraventricular Nucleus (PVN): AVT and
Mella

The PVN was the only region where mild Mella
immunoreactivity was detected under both the
photoperiod exposed birds (Figure 8A, G; Table 1).
Mella immunoreactivity was localized more in both

Journal of Endocrinology and Reproduction
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Figure 6. A-C, Demonstration of AVT and MellaR in SON under 16L:8D without, and D-F, with melatonin treatment. A
and D represent co-localization of immunoreactivities of AVT (green) and MellaR (red) while B and E show immunoreactivity
of AVT and C and E show immunoreactivity for MellaR. G-I, demonstration of AVT and MellaR in SON under 8L:16D
without, and J-L with melatonin treatment. G and J represent co-localization of immunoreactivity of AVT and MellaR; H

and K show immunoreactivity of AVT and I and L show immunoreactivity for Mella. Note the high intensity of both the
immunoreactivities for AVT and MellaR under SD with or without melatonin treatment.

magnocellular and parvocellular neurons of ventral and
lateral regions of the PVN (Figure 8C, I). In SD-exposed
birds, the Mella was with AVT and the size of AVT
neurons were reduced when compared to LD-exposed
birds (Figure 8C, I, E L). Melatonin treatment reduced
the Mella immunoreactivity and increased the AVT
immunoreactivity, but it reduced the co-localizationin
SD-exposed birds as compared to LD-exposed birds
(Figure 8A, D, G, ).

3.4.6 Paraventicular Nucleus (PVN): AVT and
Mellb
A strong Mellb immunoreactivity and mild AVT

immunoreactivity was observed in magnocellular
and parvocellular neurons of PVN regions of both
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the photoperoid- exposed birds (Figure 9B, C, H, [;
Table 1). Melatonin treatment reduced the Mellb
immunoreactivity in LD quails as compared to SD quailsin
the PVN regions. Moreover, magnocellular AVT neurons
were well co-localized with Mellb immunoreactive
cells (Figure 9D, G). Interestingly, melatonin treatment
decreased the Mellb immunoreactivity, while intensity
of AVT immunoreactivity was not affected in the PVN
hypothalamic region of SD-exposed birds as compared to
LD-exposed birds (Figure 9A, G, D, J).

The relative localization of immunopositive cells in the
different regions of the PVN, SON and SCN of Japanese
quails under different photoperiodic conditions (LD and
SD) is presented in Table 1.
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Table 1.  Relative abundance of immunopositive cells in PVN, SON and SCN regions of the hypothalamus of Japanese quail
under different photoperiodic conditions (LD, 16L: 8D and SD, 8L:16D) with and without melatonin treatment

PVN
Endoth |[MTI1b |MTI1b/ |AVT- |F AVTges McAVT/AVT |Mc
AVT mc MTRI1b
LC #/# | ++ /A | ## ++ ++/+++ -
LM Hit | #H |+ + +++ | #HE + +++ | -4+
SC #2/# | +++ +++ |+ fidkidia /A ++ +
SM #/# | ++ /A | A | # ++/+++ ++/+++ -/+
SON
Endoth |MRI1b |[MTI1b/ |AVT- |F AVTges McAVT/AVT |Mc
AVT mc MR1b
LC |# /##H## | ++ ++ +++ | #/#H - +++ -
LM | #/ # ++ ++ ++ #/H#H# ++ ++/+++ -
SC +++ || #H ++ ++/+++ -
SM | #/ # |++ + /- | # R H+ |+ -
SCN
Endoth |MRI1b |MRI1b/ |AVT- |F AVTges McAVT/AVT |Mc
AVT mc MRI1b
LC #/ # ++ +++ |+ Hu ++ +/++ -
LM | #/ # |+ /A |+ HHHHE |+ ++/+++ -
SC | ##/## +++ | A | | /A ++/+++ -
SM | ##/ ## + + ++ HHE |+ ++ -

LC - long day controls

LM - long day melatonin treated

SC - short day controls

F - fiber structures with AVT labels

Mc - magnocellular neurons (diameter > 20um)

SM - short day melatonin treated

MRI1b/AVT - proportion of receptor positive cells to the number of AVT cells of the same field
msAVT/AVT - proportion of magnocellular AVT neurons to the total number of AVT neurons

(### =50 to 80% expression; ## =20 to 50% expression; # = less than 20%;
+++ =50 to 80% expression; ++ =20 to 50% expression; + = less than 20%; - = Absent).
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8h lights 8h lights + melatonin
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Figure 7. A, Demonstration of AVT and Mel1bR in SON under 16L:8D without and B, with melatonin treatment
representing co-localization of immunoreactivities of AVT and Mel1bR; C and D show immunoreactivity of AVT and MellbR
co-localization under 8L:16D. E-G, higher magnification of B from a selected area (in white square).

16h lights on 16h lights on + melatonin

(D)

8h lights on Mel1aR gy, jights on + melatonin

Figure 8. A-C, Demonstration of AVT and MellaR in PVN under 16L:8D without and D-F with melatonin treatment. A
and D represent co-localization of immunoreactivities of AVT (green) and MellaR (red); B and E show immunoreactivity of
AVT and C, and E shows immunoreactivity of MellaR. G-I demonstrate AVT and MellaR in PVN under 8L:16D without, and
J-L, with melatonin treatment. G and ] represent co-localization of immunoreactivity of AVT and MellaR while H and K show
immunoreactivity of AVT and I and L show immunoreactivity for MellaR.
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16h lights on

8h lights on

(H)

Mel1bR

16h lights on + melatonin

8h lights on + melatonin

Figure 9. A-C, Demonstration of AVT and MellaR in PVN under 16L:8D without, and D-F with melatonin treatment. A
and D represent co-localization of immunoreactivities of AVT (green) and MellaR (red); B and E show immunoreactivity of
AVT and C and E show immunoreactivity for MellaR. G-I, demonstration of AVT and MellaR in SCN under 8L:16D without,
and J-L with melatonin treatment. G and J represent co-localization of immunoreactivity of AVT and MellaR while H and K
show immunoreactivity of AVT and I and L show immunoreactivity for MellaR.

4. Discussion

Avian group has widely been used for the study of
photoperiodic responses of hypothalamic regions
associated with reproductive function with special
reference to arginine-vasotocin®. On the other hand
regulation of various seasonal functions including
reproduction and immunity was reported to be associated
with the neurohormone melatonin® 3. Further, it has been
reported that circulatory AVT and melatonin are both
regulated by photoperiod in a rhythmic manner>*'3%3,
The individual functional role of AVT and melatonin
in circulation and their receptors on target site and on
hypothalamic regions have been well identified and
reported'”. But, the co-localization of expression pattern
of melatonin (Mella & Mellb) and AVT receptors in
hyphothalamic regions was never reported earlier, and
is of great interest in order to delineate their functional
coordination in reproduction and water-electrolyte
balance (required under extreme conditions of long
nuptial migration, etc.) of the birds*.
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Differential localization of melatonin receptor
subtype(s) in avian hyphothalamic regions and its
correlation with AVT under different photoperiodic
condition have not been reported earlier in any poultry
bird. Our results suggest an interrelation of AVT and
melatonin as reflected by co-localization in certain
hypothalamic centers (SON, PVN) and also on the fact
that their expressions are influenced by photoperiod
(SD/LD) and exogenous melatonin administration as it
influenced the immunoreactivity of AVT and thereby
water-osmolality of the bird. Exogenous melatonin
administration was partially able to restore the effect
of photoperiods (LD) on AVT expression, suggesting a
direct effect of melatonin on AVT neuron via Mella/b
receptors as both the receptors were found co-localized
with AVT. This effect was prominent in the SON and
PVN regions of the hypothalamus suggesting them as
major areas of origin.

It has also been reported that in mammals plasma
melatonin level and AVP present a circadian rhythm,
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being high at night and low during day time**?'. This
could be one of the reasons why we found co-localization
of their receptor in the hypothalamic region. We observed
the presence of Mella/b immunoreactivity in the SON
region which suggests that the circadian control of diurnal
pattern of the AVT secretion may be under the influence
of melatonin. The mechanism of melatonin action
involves its membrane receptors, G-protein coupled
Mella/b receptors, residing predominantly in neuronal
regions of the brain especially cerebellum, hippocampus,
SCN, hypothalamus, thalamus, preoptic area, plexiform
layer of retina and of cerebral cortex of vertebrates®*>*.
We report Mella/Mellb immunoreactivity pattern in
the hypothalamic region of a photoperiodic poultry bird
Perdicula asiatica, in which breeding may be induced
by photoperiodically, for the first time. Higher intensity
of AVT immunoreactivity was observed in the SON of
LD-exposed birds. Mella immunoreactivity was high
in PVN, SCN and SON regions of SD-exposed birds as
compared to LD-exposed birds. Further, co-localization
of AVT with the melatonin receptor subtypes (Mella and
Mellb) in the SON, SCN, and PVN regions suggest that
melatonin, the chemical code of scotophase (SD), plays a
crucial role in fine-tuning of a number of physiological
processes including water-electrolyte balance®.

We observed that long day (16L:8D) exposures
reduced the plasma AVT level when compared with short
day (8L:16D) exposed birds, while evening injection
of melatonin for a very short durations (2 consecutive
days) could not affect the level of AVT in the birds under
both long and short days. At first we conceived that very
short duration (2 days) of melatonin administration may
promote the “flash-light’-like effect on hypothalamus-
pituitary-pineal axis. But, a very short duration of
melatonin administration used by us had less or no
influence on peripheral AVT level and/or its associated
function, the water-electrolyte balance. Interestingly,
the results of melatonin treatment under SD showed
significant decrease in osmolality suggesting that short
exogenous melatonin administration along with SD
increased peripheral melatonin level leading to change
in hypothalamic immunoreactivity and also decrease
in osmolality™. Further, melatonin treatment increased
Mella expression in PVN of LD-exposed birds, whereas
it was more expressed in SON in SD-exposed birds while
Mellb expression was more in lateral magnocellular area
and less in PVN region. It was less or the least affected by
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short melatonin treatment to SD-exposed birds that had
already high circulatory melatonin level.

Previous studies on mammals have suggested
co-localization of AVP and Mella in SCN neuronal
subpopulation, indicating an action of melatonin on
the SCN and its rhythmic correlation with AVP*. Our
present observation in the photosensitive avian model
suggests for the first time that Mellb receptors are widely
expressed throughout the hypothalamus but Mella
receptors are localized mostly in the PVN region of the
brain and is being regulated by different photoperiodic
schedules. However, it may be up-regulated in the
hypothalamic region (PON) following short (SD)
photoperiodic exposure suggesting that Mella might be
involved in regulation of circadian rhythm in functions
of AVT expression and thereby hydromineral balances®.

Therefore, from our finding, a potential cross-talk
between the Mella/b receptors in avian hypothalamic
areas along with neuropeptide AVT system can be
suggested for regulation of reproductive (seasonal/
egg laying) and electrolyte balance (kidney/salt gland).
The differences of receptor immunoreactivity and
photoperiodic sensitivity of those centers reflect fine-
tuning of different neural connectivities and function(s)
of the magnocellular neurons of the preoptic, SON and
PVN regions of birds***. Partial results (MT1R mRNA
expression pattern in SCN) are available in respect of
rodents, birds, amphibians and fish which also support
our finding®.

In conclusion, melatonin receptor Mella/1b along with
AVT expression in various regions of the hypothalamic
areas of avian species may indicate not only a direct role
of melatonin in regulation/control of rhythmic functions
such as reproduction and nuptial migration® but also the
photosensitive nature and coordination of water-mineral-
electrolyte balance that are essential during egg laying
(shell gland) and long nuptial/breeding migration to keep
them hydrated. The combined receptor expression of
AVT/Mella/b in neurons being a photoperiod-dependent
phenomenon led us to propose that osmoregulation
in birds might be a photoperiod-/season-dependant
phenomenon as also noted in fish and amphibians®**.
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