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Early| biologists and philosophérs had referred to pineal

as a vestipeal organ, third eye, or seat of soul, and had
received only a passing reference im scientific literature till
recently. Ba%ically; pineal is a simple evagination of the
diencephalonic roof and shows quite a bit of variation in its
morphology and anatoﬁy in the various vertebrate groups. In
general, thi; structure is of common occurence in all the
vertebrates chept in the hapfishes, crocodilians, edentates and
dugongs. {Adam, 19573 &fiensoKappers, 19653 OGksche, 1965). The
microanatomj of the pineal has been variously described as
saccular and parenchymal or folliculdr. Saccular appearance is
characteriétic of lower vertebrates uhere photoreception appears
to be the prima;y function. Parenchymal or follicular appearance
of the pineal is characteristic of highsr vertebrates uwhere
photoreception is secondarily subjugated to the primary function
of secretion. Apparently during the course of evolution, an
essentially gensory neural apparagtus has been transformed into
a)neuroendo@rine transducer'seruing as a pivotal link betueen
the neural information generated in the central nervous system
and the chamical endocrine orchestra of the body. Factors such ds
hypophysectomy, testosterone, dihydrotestosterone, sstradiol,
cryptorchidfsm and stress have all in fact been shoun to affect
or modify thé activi@y of pineal (Urry et al., 1976). Given the
complexity #? net work of interconnected circuitry of fiber

systems in the central nervous system, the pineal can be
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visualised t% be provided with a variety,of sensory input of
information benerated in the central nervous system in responss
to the multiﬁle external and internal cues. These diverse
Sensaory infdrmation reaching the pineal after being transduced
into chemical signals can be thought to interact with various
systemic Faﬁtars, thus exerting subtle influence on various )
physiological and metabolic features of the body. Ralph (1976)
has suggasteﬁ hypothalamus to be a probable site of action of
melatonin as%accumulation of melatonin could be observed in
hypothalamus as well as brain of chickens. One of the earlisst
functional significance of pineal detected was with reference

to reproduction in mammals (Reiter, 1974 -a; 1975 a; 1978). Since
its accidental discovery, this idea has been put to experimsntal
tests in various vertebrate groups and a pemeral antigomadal
role has been assuned igfleast in mammals. In other vertebgata
groups too, though its influenmce on reproduction is evident, the
effects appear to be highly varied, with progonadal, antigonadal
and even no relatiom to gonads being all suggestpd at one time
or another b§ different investigators. Worth mentioning is the
report of Ralph (1970) that though pinealectomy has some
controlling influence on gonadal fupction in birds, the evidence
is not consiétent.'with the renewed interest on this once consi-
dsred Qestigeal organ and the flurry of experimental investiga-
tions launchéd in the last tws decades, many other roles such as

photoreception, thermoregulétion, circadian activity;time
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keeping activity etc., have all been assigned to pineal

(Wurtman and| Axelrod, 1965 a; Gaston and Menakar, 1968; Quay,
1974 menaka% and Zimmerman, 13763 Quay, 19763 Binkley, 1979:
Ralph et al., 1979; Ralph,‘1983). In dus course, its relation
with other endocrine organs has also become a matter of debate
and discussién{ It was in this wake of a new found functional
status for pineal in a uerfebrate body, that certain investiga-
tions to undgrstand the possible involvement of pinesal in general
body metabol?sm and reproductive activities on a seasonal basis

in the wild pigeon, Columba livia were undertaken in this

laboratory. These investigationshave yiselded convincing evidences
in favour of'definite but subtle involvement of pineal in general
body metabolism as well as reproductive activities. An interest-
ing revelation was the seasonal variation in pineal involvement
in both gemeral body physiology amd reproductive activities
(Patel, 1982); The above studies clearly underscored the diffe-
rential seasonal interaction of pineal principles with the other
endocrines in the body so as to regulate the total body sconomy
according to.the needs ef ths animal in different seasons. Since
it is assumahle (from the many reports available) that domestic
and wild forms of avian species have differsnt pineal-gonad
relationship, it was thought pertinent to conduct comparable

studies on domestic pigeon Celumba livia so that more lipght

could be throun on this aspect. Further, with the preliminary
results obtained from the previous studies mentiened above, it

was apparent:that pineal has some influence on carbohydrate
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‘metabolism %n wild pegions and hence this aspect was also
thought uorﬁh probing further,
|
As a sequel to the above thoughts, studiss were initiated
to establish the role of pineal in general’body physiology with
a bias towards reproductive activitiss in the domestic pigeon,

Columba livia. To this end, pinealectomy was used as thes tool

and the response of the pinealectomised birds ;n tefms of orpgan
weights, metabolite levels (glycogenm, lipids, proteins, ascorbic
acid and céoiasteral) and levels of enzyme activity(phosphatases
and steroid:dehydrogenases} in the gonads have been compared with
thevcorresp;nding responses of intact and sham operated controls
during both the breeding and non-bréeding peficds. For the
purpose of furtherimg our information on the involvement of
pineal in carbohydrate metabolism in wild pigeons, plucose tole-
rance test, and insulin, glucagon and adrenalin responses in
terms of glycemic level at different time infervals om a seasonal
basis have_been carried out. In continuation, to understand the
possible alteratioms if any in the rate and mechanism of uptake
and conversion of plucose (nlycogenesis) and alsc break-doun and
release (glycogenolysis), in liéﬁl experiments on liver and
muscle slic;s under the influence of insulin, glucagon and
adrenalin have also been undertaken in intact, sham operated

and pinealectomised pigeons. In all the above studies, 30, 45

and 60 days post-pinesalectomy were taken as the ideal time to

understand the effects of pineal ablation as these protracted
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periods give sufficient time for all the non-specific disturbances

to settle ddun.

H

i

Changbs in organ weights and histological alterations
recorded pms?-pinealectomy during breeding and non-breeding
pericds (Chapters 1 & 2) have shoun dgFinite influence of pineal
on the various endocrine and glandular. structures. The gonads,
adrenals andhthyroid show parallel seasonal changes in intact
animals in the form of increase in weights during breeding and
decrease during non-breeding. These changas are offset by pipea-
lectomy and operated animals recorded shrinkage during breeding
and enlargement during non-breeding. The above set of changes
shown by the intact and pinealectomiéed birds apparently sugpest
a parallel agis between gonad, adrenal and thyroid in the seasonal
changes associated with breeding. The reduced gonadal size and
activity during breeding and enlarged active ones during non-
breeding-post-pinealectomy are suggestive of two different pineal'
principles to be operative in tropical domestic pigeonss: one
inducing gonadal activatiom during breeding and the other bring-
ing about regression during non-breeding. This is very much
unlike the results obtained for the wild pigeons where it uas
shown to be progomadal in nature only (Ramchandfan st al., 19849.
The other three organs i.e., pancreas, spleen and uropygeal
gland have sﬁoun alteratioens in their normal seasonal changes
due to pinealectomy. Increasing ueighﬁs of pancreas and uropy-

geal pland abd decreasing weight of spleen during mon-breeding



in normal in?act birds have been reversed by pinsalectomy.
Similarly du%ing breeding, pinealectomy brought about imcrease
in weight oF?pancreas and uropygium and reduction in ueight
during non-breeding. These changes also indicate subtle involve-~

ment of pineal in endocrine homeostatic mechanisms.,

Carbohydrate reserves of the body together with the
circulating glucose are known to be the primary enerpgy sources
for various physioclogical activities of the body. Breeding
activities do place heavy demands on the emnergy resources of the
body and the necessary adaptive regulatory mechanisms are well
entrenched in seasonally breeding animals. Though the domestic
pigeons are éapabla of breeding all throughout the year, they do
have nevertheless a well defined period of breeding during the
summer months and a rei;tively slack breeding phase during the
fall and uinﬁer months, In this light, the relative importance
of carﬁohydrate reserves ‘of the body in breeding and the effects
of pinealectomy on the adaptive responses have been studied by
evaluating the comtent of glyccgen in liver, muscle and gonad
and glycemic level in imtact, sham operated and pinealectomised
pigeons during both bréedimg and non-breeding phases (Chapter 3).
In the contral Birds, the glycogen content of both liver and
gonads was found to be low during the breeding months while it
was high dUring non~breeding months. Correspondingly, the
glycemic level was slightly high during breeding and low during

non-breeding. In contrast, the muscle glycogem content tended to
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be high dur#ng breeding and reduced during nom-breeding. These
changes indﬂcate the definite involvement of carbohydrate
reserves in the breeding activities and their replenishment in
the quiscént phase, These adaptive alterations wers found to be
altered and reversed in pinealectAmised birds keeping in with
the changes in the gonads noted earlier. Apparently these
changes are indicative of intsraction of pineal principles with

other systemic factors in bringing about the adaptive seascnal

metabolic alterations.

Ascorbic acid is implicated in sterocidogenesis in
adrenals and gonads and is also shown to be indicative of meta-
bolic status .of tissues (Chinoy, 1969; 1970; Chinoy et al., 1973;
1978). Accordingly, the changes in ascorbic acid content of
liver, muscle and gonads af pinealectomised birds have been
estimated and compared with those of control birds on a seasonal
basis (Chapter 4). Comparatively higher levels of ascorbic acid
in all #he threes organs durimg breeding is indicative of the
metabolic activationm associ;ted with breeding. Pinealectomised
birds too. ‘have depicted parallel changes in the content of
gonadal ascorbic acid with reiatiVEly higher levels in compa-
rison to the controls. Hepatic and muscle ascorbiec acid contents
seem to be mot much affected by pinealectomy as they ars very
much comparable with those abserved in the controls. Pinesalectomy

induced alterations in mobilizatiom and uwtilizatien of ascorbic

acid by the gonads are discussed in this context.
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Seasgnal breeding activities have been shown to influence

the lipid coﬁtent of gonads, Reciprocal relationship betueen
gonadal actﬁvity and lipids has now bsem well established for
many vertebr%te species with increasing appearance of lipids in
the semini?érous tubules and Dvérian follicles heralding the
gquiscence of. gonads during the mon-breeding phase (Lofts and
Marshall, 1959; Lofts, 1968; Lofts and Murton, 1973). This
prompted studies on gquantitative alterations in the content of
varipus lipid fractions im the gonad of normal domestic pigeons
during their breeding and non-breeding periods. Similar studies
were also carried owut inm birds pinealectomised during the two
phases (Chapter 5). All the lipid fractions (total lipids,
cholesterol,;phosphoiipids and glycerides) tended to be low
during the eérly breeding period which progressively increased
and reached a maximum level towards the late breeding period.
The non—breeﬁing months wers marked by an intermediary level of
the lipids, ﬂgain, pinealectomy led to increased lipid contents
during breedﬁng and reduced contents during nom-breeding which
are in keepiﬁg with the changes in gonadal weight and structure

observed,

Having studied the changes in carbohydrates and lipids
with regard to pinealectomy, it was thought desirable to look

at the possible alterations if any in proteinm content and acti=-

vity of phosbhatases in the gonads of control and pinesalectomised

pigeons (Chapter 6). Unlike 'the glycogen and lipid contents,
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protein con%ent of the gonads had a tendency to remain
unaltered ddring both the periods except for a slight fall
towards the;terminal phase of breeding. Pinealectomy in general
did not influence the protein content of the gonads during
gearly and ﬁid breeding phases. Houevgf during late breeding
and non-bregding phases pinealectomised birds depicted a re&UCBd
protein content, There appear to be not much dramatic changes in
the activity levels of acid and alkalime phosphatases im the
gonads of thact birds on a seasonal basis. Acid phosphatase
activity was found to be slightly higher during the breeding
phase as coﬁpared to non-breeding, while alkaline phosphatase
activity was noticeably higher during the late breeding/early
non=-breeding periods. A temporal increase in acid and alkaline
phosphatases activity post pinealectomy was the feature in
breeding period. This trend was not observable during the ndn-
breeding period. However, the activity of the enzymes uere
comparatively higher in pinealectomised birds during non-breeding
than in the ‘intact birds. This is being correlated with the

pinealectomy induced activation of ponads observable during the

non~-breeding months,

Tissue content of sodium and pottasium ions and water
content.. are usually reflective of the functional status. Hince
éhe gonads éhow cyclic variations in activity, the gquantitative
alterations:im the water content and scdium and potassium ions
were thought pertinent to study not only to reveal the normal

seasonal Chdnges but alsoc to gain some iaea about the possible
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influence ofipinaal ablation on the adaptive changes (Chapter 7).
Normal birdséuere characterised by increased water and potassium
conéents and redﬁced sodium content during breeding and reverse
changes duriﬁg non-ﬁreedingu Pimealectomy had reverse effects
with increaséd water and potassium contents amd decreased sodium
content during non-breeding which are in correlation with the
changes in gonadal condition. The above changes are being discu-

ssed, in terms of increased potassium content coupled with sodium

content beiné indicative of ennhanced gonadal activity.

Finaliy, as gonadal recrudescence and guiscence are
paralleled by changes in steroid dehydrogenases, histochemical
distribution and localization of %ﬁ,!Scc and 17 hydroxysteroid
dehydrogenases topether with meutral lipids amd total lipids uwere
undertaken iﬁ normal, sham operated and pinealectomised domestic
pigeons (Chabtar 8). All these dehydronenases are linked with
steroidogenic pathway$ and accordingly their activity and locali-
zation were Qery much pronounced during the breeding periods.
Concurrently‘the lipid distribution too was found to be low.
Reduced intemsity of dehydropgemases and increased lipid content
'were the feature during the non-breeding peried. In comparison,
pinealectomy induced gonadal regression during breeding was
marked by low steroid dehydrogenase activity and high lipid
content and the reverss during the non~breedinmg period whence

pinealectomy: induced ponadal activation.
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The éecond part of this work deals with the pinealectomy
induced effects on carbohydrate metabolism in wild pigeons which
is a continuation of the previous preliminary studies carried
out in thisflaboratory. These investigations had shown altered
glycogen content of liver and muscle and reduced glycemic levsl
in pinealectomised birds especially during the breeding season
ther%lby suggesting a possible pineal-pancreas axis and even
probably a pineal-adrenal axis imvolved in regﬁlation of carbo-
hydrate metébolism. In order to throQ moge light on these aspects
the response of pinealsctomised pigeons to a singls injection of
insulin, glucagon and adremalin as evaluated by the glycemic
level at different time intervals after injection and glucose
tolerencse test after glucose ,loading have been studied during
both breeding and non-breeding phases (Chapters 9~-10). These
responses have been compared with those obtained in intact and
sham opsrated groups of birds. From a comparison of the time
taken for attaining maximum and minimum glycemic levels after
glucose loading and insulin injection respectively, and the time
taken for returning to %he normal glycemic level, it has become
apparent that even among normal birds, the insulin responsiveness
is more during non-breeding period than during breeding period.
In contrast, pinealectomy brought about highly pronounced
insulin sensitivity during breeding and much reduced sensitivity
during nomp-~breeding. Using similar criteria of evaluation, even
glucagon and adrenalin injections too have produced differential

responses during breedimg amd non-breeding by normal as well as
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pinealectomi%ed birds,., These results are being discusssd in

detail -in the light of possible hormonal 'interactions occug}ng

with and uit%out pineal and gonadal hormones.

Patel (1982) had shown altered gplycogen content in the
liver and muscle and hypaglycemia in pinealectomiseq wild
pigeons, thereby indicating a pineal~-pancreas axis in regulation
of carbohydrate metabolism. Moresover the glycemic responses of
pinealectomised birds to simpgle injections of insulin, glucagon
and adrenalin have also yielded results suggestive of definite
alterations im regulation b?,carbohydrate metabolism, From the
results obtained by Patel (1982) it was supggdsted that increased
utilizetion, decreased absorption amd/or increased peripheral'
utilization may contribute tolthe decreased hepatic glycengen
store and hypoglycemia in pinsalectomised birds., In this context
an attempt is made, to study the ability of liver and muscle of
pinealectomised birds for uptake and release of glucose by in
vitro tissue slice technique in presence of insulin, acetyl
choline,,gl&cagon ana adrenalin (Chapter 11). The results
obtained are discussed in terms of altered tissue rasponses to

Rormonal factors post-ponsalectomy.



