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INTRODUCTION

Though the liver develops, embryologically, as an
outgrowth from the wall of the gut, by the time- it attains
structural and funetional maturity, it carries out
multitudes of functions some of which are net necessarily
conneceted with digestive processes. However, majority of

its functions are, one way or other, correlated ‘with-

'digeétive or metabolic activities, not because of its

ontogenie relation with the gut but more because of its
peculier pattern of blood supply by which the liver has
established an intimate associatioﬁ‘with the alimentary
canal, The blood collected from the digestive tract is

O
routed through the anastamosing sinusoids in the liver.
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Ability of liver to perform myriads of functions is te
Eorm - vhe.
a certain extent due to the ingenuity of circulatory
! '
arrangementsqin the liver., For that matter, the_circula-

oS :
tion in the liver is quite unique mhere both the arterial

intRhmix
and venous bleodjget mixed up. The portal vein carrying

venous bleod from:the alimentary canal and spleen,
together with hranchesiofﬂﬁépatic §rtery enter the liver
at the porta hepatis and thereafter divide and runm.through
connective tissue septa of the lobules as the ipterlobular
vessels. These vessels eventually penetrate lobules
through fine -branches and they ultimately become confluent

with the sinusoids, The sinusoids in turn empty into the
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central vein, which runs-threugh lobules and ultimately
b fgima Yoo _
merges into'the hepatic. vein, Thus, the vertebrate
liver, through the course of evolution has acquired
marvelous  structural featuresﬁwhefeby every’heéatic cell
is exposed to the circulating bleed. The flow:of bleod
through  the llver is. conmrolleddby vasoconstrictor nerve
fibers.. Thus r ulated blood flow through the sinusoids
SRS N gl o e

- [helps the iiver"cells to absoéE]materlals from the bloed,
e ol o4

to’removg sﬁ?stanees @iémifhat”aré“ﬁﬁimful to the~b0di]
or :&haddﬁE~§0wthe bleod” §§§ materials- formed in the -
liver. The majerzzyarefgzi;ﬁgziijof blood to the liver
is from the pertal vessels. Sineewthevdegraded’food
stuffslfrom‘the~gastro—intestiwal;tract are carried to
the liver by the portal circulation, further metabelism
of these metabolites to~a'greater‘e—tentq-ﬁakes~plaee in
the liver. This is~the»reasonfwﬁ¥¥liver'oecupies.a

central place in the metabolism.of all food stuffs.

Different types: of foods are consumed by different
groups. of birds.- and- these differences ean. be easily
correlated with the- feeding: adaptations, depicted: by
each gro&pu - The feeding adaptations, impese restrictions
to the diet of theabirdéa Thus:- some are exclusively

carnivorous-(carrion feeders), some are imsectivoreus
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while others are either frugivores or grawminivares.

- Each of these specializations,tocziécifrc~type,o: the
diet need not necessarily be confined to any oue~oﬁﬁer
or the other of the birds. Aceordingly, examnles.oi
insectivores cam be found:in Ciconiformes., Apodiformgs,
-Coraciformes and Passeriformes. Hewever, almost. all
birds belonging to Psittaeifoﬁmes,ane‘f;ugivores;ftkose
of Falconiformes are carnivores and those grouped under
Columbiformes are gramimivores. In. other ward@:indiiidqal
species have independently developed adaptatiaua$t9 a
particular type of food accordinmg, to:the ‘niche’ they
chanced to occupy. Adaptive-radiations-are foumd-to be
more wide spread in larger orders. like Passeriformes

than in sméller ones, represented:by oniyiEQW’speeies,
like Psittaciformes. Though most of the.avian species
have developed*adaptationSnfof*;ne‘type-of food: or - the
other, in'eéﬁparatively recent times many have. become
despecialized as far as.the feod.is eoncerned,; in spite
of the fact that their external and internal ana$o?y
still tend to\shom*adaptations; mostly to one type of
food. For example?%irdzlikjkkeel’takes both fruits-and
iﬁifets, though~the-beak;andfgizzardware55525;25%§§£§£§£i§?
Qﬁr;fruits only. Miany-of the Passerines have, similarly,

beecome despecialized -and have become omnivores. The

emnivorous habit presents the‘birdSuwith added ‘advantages



in occupying any type of habitat and thuggean'be
'omnigistributed too, Not surprisiﬁgly, birds ‘1like crows,
mynas and sparrows can survive anifahere\hecawse'of

their despecialization in feeding habits. With respect
to food, paradoxically, several species of birds-survive
due to extreme adaptations, while. several others survive
because they disregard their basic adaptations and become

omnivorous.

The liver being intimately associated with the
metabolism of food stuffs, the adaptation of birds to
one type of food or lack of it should necessarily be
reflected in the metabeolic machinery of the organ.
Perhaps even the anatomical variations like size and

e o ’
structure ofhliver should -be expected; if parallel is
to be drawn from the studies on mammalian livers,
Magnman (19104) noted that the liver size (liver weight
as percentage of body weight) is much larger in

oW ol ﬁ
insectlvong birds followed by earnlvogp omes.’/ Similar
relationship of 11ver weight and, diet has been noted
vie hdood & L finc VY Avaia
in birds that ‘are presently studied (Chapter 1) Not
only the gross morpheloegy but also the microanatomy.of
the organ has been found to differ in different species

of birds and in'Chapfer 1 an attempt is made to record

£
and establish possible parallelism in the microanatomical
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features of liver within the group of bir¢s having .

similar diet.

Among the metabolic adaptations ghown>hy the liver
with fespect to diet, those concerned with the homeostasis
of circulating metabolites have considerable importance.
Bxcess of métabolites that are absorbed by the gastro-
intestinal tract are removed and stored by the liver to
maintain steady levels of the metabelites in the blood,
1f their levels fall in the blood, the liver releases the
stored reserves of the required metabolites to maintain
their standard specific level. Thus, homeostasis of
circulating metabolites is possible because of the capacity
of liver to stdregzérge amount of carbohydrate and lipidg
and also because of the machinery that readily converts
carbohydrate into lipids,and iipids and. protein into
carbohydrate. Exceséng metabolites derived from food
are normally stored as fat and to .a certain extent as f&ﬁé//
glycogen. The lipid synthesis and storage mechanisms are/ -
adaptive in nature with respect to the type of diet.
Histochemical demonstration of various types ofllipids in
the livers of representatives~of all four groups of birds
(grouping done on the basis of diet) were carried out to
note the adaptive features-of liver with respect to the

food types. The livers of omnivores not only presepnd



present regional variation in the distribution of neutral
fat in the lobules, but also show specialized cells of e
reticuloendqthelial sysiem that are capable of stofing
fat (Chapter 2). In carnivores, insectivores, frugivores
and gramini#ores the distribution of neutral fat is
uniform:in- the hepatic lobules in which ease it is
reasonable to believe that all hepatic parenchymal cells
congtituting the lobular unit exhibi:’Z;;al capacity to
synthesize and store neutral fét. However, in omnivores
only the hepatic cells of certain areaSvofflobule~show£Lf
higher capacity of lipid synthesis and storage, and the
YAt mtet oty
remaining cells are probably not endowed with suvhenzyme s
machi-nery—whieh—influ the. synthesis. of fat and/or
havéﬁi;sser capacity to store it. This may probably be
due to the fact that these cells (having mo lipids) are
equipped with machinery to’deal with the nitregenous
compounds., Thus the Iiver'of omnivore birds, having
regional specialization for mgtaholizing various. nutrients,
could easily cope ugpwith any type of metabelites breught
to i}/%ywbIﬁﬁﬂf??ﬁﬁ*fﬁé”ﬁﬁ§ffﬁ=rntésttuatwtract. |

The metabolic adaptations of the liver with respeet
to food, would invelve-adaptive changes.in the activities
AN NAF N es
of enzyme -complex in the parenchymal cells. To understand

such adaptive features, studies on distribution e
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and localization of certain enzymes were deemed worthwhile.

In Chapter -3 observations from histochbemical studies
on some-enzymes concerned with lipid metabolism namely,
lipase, esterase aﬁd Pnhydroxybutyrate dehydrogenase are
recorded. Though variations.in intensity of ‘reactions
of lipase were evident in the livers of indiviéual species
within and between the groups, thé‘enzymeiwas»fannd‘
uniformly distributed in all parts of liver lobules. As
far as lipase is concerned the metabolie adaptation is
perhaps in its concentration rather than in its:distribution
in various zones of lobules. The esterase presented a
vivid differencef in pattern of its distributiow. in liver
lobules. The pattern of distribution was specific to each
group except in omnivores. ‘However, the livers-of omnivores
hah no particular pattern of distribution characteristiec
of the group. This variation:within the group could be
‘explained'in~terms\ef adaptive despecialization ef food
habits exhibited by the omnivore birds,

P~hydrexybutyrate 2:gydrogsnase, an NAD linked
mitochondrial enzyme, was found to have a. unifqrm
distribution in the hepatic lebule§~of birds. of all groups
except tﬁat of the ounivores:. In the livers.of emnivores

Locatopick

the BDH activity was found mareﬁaround the portal areas,
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g?!act that eould be construed out of these observations
is that the parenehymal cells in these areas. of livers

of ommivores i

of livers—ef-omnivores have more mitochondria. This
preferential high-content of mitochondria-in. the cells
arounnd the porial areas, howéver, is not a . characteristic ‘
feature of the livers of omnivores only. Therefore, it
could be that the mitochomdria in the cellsAof the liver

-of omnivores-eontainﬁzgrger quantity of BDH than in [Those—
_of other groups. BDH invariably converts acetoacetic acid
to DjP-hydroxyputyrate»which‘leaves the liver to be

metabolized in the extra hepatiec tissues. Perhaps ketone

bodies are formed more in.omnivores than in other groups.,

. Apart from the metabolic activities, the liver
performsC-large number of other funmctions connected with
secretion, excretion, phagocytosis, detoxification,
storage an&'synthesis of vitamins, catabolism of humoral
and hormenal substances and many others which are not
basically integrated with the metabolism of nutrient
substances. All these activities requirérzkpen&iture of
energy. The liver, thus, has its own machinery to trap
energy from the metabolites through anaerebic and aerobic

reactions, The operation of anaerobic and‘aerobie pathways

of metabolism could be easily envisaged from the intensity
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of activity of certain-enzymes like oc -GPDH, LDH{ SDH,
and MDH. Déstriywtion and localization of these enzymes
were studied using histochemical techniques in the livers
of representatives of all the four groups of birds
presentl} used for th%jinvestigation:(Chapter 4)., All
these dehydrogenases are NAD‘depéndaht. However, SDH is
. found only ip mitochondria, LDH is extramitochondrial
while & -GPDH and MDH are both mitochondrial as well as
q;tramitochondrial in localizations, This can be clearly
seen in the ﬂistochemical preparations, as SDH is found
densely localized around portal areas wherefgﬁﬁber of
nitochondria add mele, LDH exhibited & uniform ai stribution,, s

/_'*"—""03 oo
The other tweo dehydrogenases while enjoying a dense

a4wia4«%‘ s bro ol
distribution- all over hepatic lobules, also.had—eL¢gh¢1y
Lttt om Nt Jroifr g ol s coa
higher _gerlpgxialwaeeumulathn%inmthe“lixéxs of many -birds.

As far as these enzymes are- concermed; except sueh variations

in the localizations, there were no other adaptive m\-ﬁfjgﬁ/
characteristics in the livers which could be correlated with
the varying food preferences of the birds. Perhaps there

~
may be quantitative variations which can not be precisely

<1

seen in histechemical preparations.

Among the metabolie activities taking place in the

liver, phesphorylation and dephosphorylation reactions
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ococupy key roles. Many metabolites afe phosphorylated
' or dephosphorylated while they are tramsported across
tﬁg plasma membrane or while they are aetively degraded
to release enmergy. Aikaline and aeid phosphatases - are
g.r:eg;p;gﬂ enzymes that are credited- with the respensibility
of maay'@ggrs@qgfphospherylatipnxand“dephesphoryia$ion
reactions. The histochemical studibs»onmalkaline and
acid phosphatasesin the avian livers:(Chapter'5) revealed
interesting variations in the distribution; localizations
and intensity of their reaqt;vity which counld "be correlated
with the dietary preference- of the‘bir&s‘ In earnivores,
insectivores and omnivores alkaline phosphatase: was found
heavily concentrated iﬁ*portél areas: where the enzyménmay
be*participating.in the transport of materials across the

cell membranes. In graminiveres the enzyme was-generally

. . N ‘g"wb‘fgt} W .
distribated uniformly all ovér the lobules, while in

carnivores, insectivores and omnivores thewenzyme'yas
also found~in¥§§;ibiliar§ ;eg}on*denoting.the enzyﬁe's
participation im bile seerétion*in'these'bird34. It-is
especially interesting:tb nete that birds of the. first
three groups«(carnivorﬁs; insectivores and: omuivores)
have gall bladder while in the birds belon;%éég’ to e
graminiv?re'group it is absent. Acid £3§§7wasmgenera11y

found in Kupffer cells where the enzyme could participate



11

in phagocytosis, 1In 'caruivorous birds, like vultures
[

and kites, the Kupffer cells showed high activity of
Aeigégggg, This may be to deal with bacteria, other
‘microbes and toxins taken along'ﬁith the decaying flesh.
Fon arcl s ot
The livers of graminivores contained higher concentration

. ﬁ-—r" N
of Acid Pase in {the parenchymal cells iee. Such high

——— e

incidence 0f acid phosphatase activity in the parenchymal
cells could be correlated with the metabolic reactions

especially with that of triglyceri@es and phospholipids.

- Like alkaline phosphatase, ATPase\was found also

to havea;nifOrm distribution pattern but it wasxinagigher
concentration around the bile canaliculi of all the birds
studied (Chapter 6). From this, ome can surmise that
ATPase - in the liver of birds 18~@§;3>coneerned»with the
production and secretion of bile. Since ihere was no
apparent difference iﬁﬁgétterns of distribution ef ATPase
in birds with different dietaiy preferences, oneuig leRd
to believe-that dietary differences have not influenced

the localization or distribution of ATPase in their

hepatic lobules.

In Chapter 7, histochemical studies on the
cholinesterases are recorded. These enzymes are kmoww

to maintain ionic councentrations-of cell membrane, and
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increaseX its permeability by action on - proteinx::S
lipoproteiny components of the active membrane. BuChE
sinel sl //
is concerned with fat metabolism by releasfbg holine
g
or choline like substance from.their bound state. The
pattern of distribution '0of cholinesterase was typical
and characteristic of each group of birds., The
carni%or/ons birds (kite an;i{ vulture) showed cholin-
ad :
esterases in the lining of hepatic sinusoids as well as
WP Abrarr et
., blood vessels and that {foo only EQ the region around
the portal areas. In insectivores and graminivores the

ot +hi's wiibosdy oo P
sinusoidal lining only exhibited these enzyme act1v1tg;» -

crrt¥him
and their localization was uniformaEggkmovepmtheiﬁfliver
lobules. The omnlvong’blrds prisented varied patterns
of chollnesterase dlstrlbutloguln their livers, Some of
the omnivores studied exhibited periportal localization

of both the cholinesterases (specific and non-specific)

1+? Yohoap-ta goh o
while in some others that was uniform all over the hepatic
lobules. 1In general, zglmost«al:lthe omnivores showed
g‘zen

activiti-es—of-these enzymesg 1oealized?1n the sinusoidal

lining only. However, some o0f them did exhibit the

ot i _
enzymesdin parenchymal cells algo. Eike in thi emnivores
Vi
l
and insectivores the cholinesterase activity in the livers

of frugivores and graminivores was confined to the

sinusoidal lining,.
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The feeding adaptations of birds are usually seen
in the structures of their beak, claws apnd gizzard and
also in many other physiological processes like digestive
activities. Adaptatioms characteristic to particular
diets are exhibited by carnivores, frugivores and
graminivores. Insectiveres, physiologically, should
resemble carnivores, but since the food is not so hard
in its consisteﬁeyvtheré is no requirement‘gﬁvgzrd beak
or@gizzard with heavy musculature. The distribution of
enzymes within the‘hepatic lobules, which could be
considered as a measure of physiological adaptations,
showed that the enzyme patterns in the livers of
iﬁsectivores are more or less like that found in carnivores.
The omnivore group/éimprisegbf birds-that have secondarily
taken to eating mixed typéaof foods, but their physioldgical
as well as morphological adaptations remain more or:less Ao
same as.that which their ancestral birds had.prior to fii§%¢édmﬂu
becoming eomnivores. In. general, thé presept studies were
confined to four groups of birds viz., ecarmivores (Group 1),
_insectivores (Group II), omnivores (6roup III) amd
graminivores(Group IV)., However, there is another group
of birds (acecording to their food and feeding habit)
which d&fﬁot fall into any of these catagories, This

1>
group compris?é7of nectar feeders, the representative
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bird studied is the sunbird. Histochemical observations

on the distribution and localizations of all the enzymes
and metabolites that were studied in the livers of other

. .
birds, were also made om the liver of the sunbird. The
observations and inferences drawn from these studies
are recorded in Chapter 8. From the distribd‘tion of
various enzymes it could be reasoned eui. that nectar
feeder shows basically the same adaptational features
as thet-are seen in the insectivores. 1In other words ‘7&4‘4
sunbird is primarily adapted to insect food and has
secondarily adapted tf; nectar feeding, Not surprisingly,
the sunbird consumes inseet-s; grubs and spiders

though its main food is nectar.
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