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CHAPTER 6

COMPOSITION OF HEPATIC LIPIDS DURING POST AND PREMIGRATORY
PERIODS OF THE MIGRATORY STARLING (STURNUS ROSEUS)

AND WAGTATL (MOTACITIA ALBA)

One of the most widely studied aspects of bird
migration has been the premigratory fat deposition.
Investigations on flight muscles of migratory birds have
clearly shown that deposition of 1lipid in discrete fat depots
form the major source of utilizable energy for prolonged
flights during migration (George and Berger, 1966). Along
with the greater deposition of fat in the body; an increased
lipid level has also been reported in the liver and muscle
of the migratory birds (Odum and Perkinson, 1951;

King et al., 1963). Increased lipid levels in the liver

of Rosy Pastor and Wagtail during premigratory period have
been reported by Pilo (1967) and John and George (1966)
respectively.

Under various pathological and experimental
conditions, accumulation of fat in the liver leading to the
development of fatty liver ham. been noticed. Diet

defgcient in certain amino acids causes fatty liver



(Nifio~Herreratt et al., 1954). Meyer and Hartroft (1960)
reported that rats which are polyphagic due %o hypothalamic
lesions develop fatty liver. Somefgégsoning is also kanown
to cause fatty liver (Leduc and Wilson, 1958). Chickens
with hyperphagia due to hypothalamic lesions (Smapir et al.,
1969), and force-fed chickens (Lepkovsky and Furuta, 1971)
develop fatty liver eventhough they are fed on balanced
diet. Similarly chickens force-fed maize diet also
developed fatty liver (Leclercqg et al., 1974). Dietary
doses of carbon tetrachloride in chick alter the liver
1ipid metabolism, resulting in the accumulation of fat in
the organ (Whitehead et al., 1974). Reduced lipoprotein
synthesis and altered phogpholipid metabolism are also
considered to be responsible for development of fatty liver.
Tt is well known that rat fed on choline deficient diet
develops fatty liver due to accumulation of triglycerides
which is in turn due %o hindrance in release of lipids

into the systemic circulation. Fatty liver formation in
force~fed chicken represents altogether a different
situation, wherein livpoprotein synthesis is not impaired

but exhibits accumulation of large quantity of triglycerides
in the liver which is mainly due to imbalanced lipid

synthesis and its removal from the organ (Leclercg et al.,

1974 ).
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From the foregoing account one realizes that
fatty 1iver'formation is generally a pathological state of
the organ. However, in the migratory birds, fatty liver
formation is a periodical and a nonpathological
phenomenon. No report on details of the types of liver
lipids and changes that occur in hepatic 1lipid composgition )
durihg premigratory faﬁtening of migratory birds is
available.

In the present study analysis of liver lipid is
reported and an attempt has been made to explain

premigratory lipid accumulation in the liver and adipose
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tissue of the two migratory birds viz., Rosy Pastor (Sturnus

"roseus) and Wagtail (Motacilla alba).

MATERTATLS AND METHODS

Iiver and visceral adipose tissue were obtained
from freshly procured Rosy Pastors and Wagtails during their
post and premigratory periods. Total liver and a piece of
adipose tissue were weighed immediately and a piece of
adipose tissue was fixed in Bouin's fluid for histological

study.
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Liver lipids:

A piece from the previousiy weighed entire liver
was weighed and subjected to lipid extraction employing the
method of Folch et al. (1957). Lipid content is expressed
as mg/100 mg liver wet weight: and also in terms of

mg. lipid/total liver.

Liver lipid analysis:

Liver 1lipid fractions were separated by
thin-layer chromatography. Glass plates ( 20 x 20 ems size)
were layered with Silica gel G (500 u thick) and activated
at 110°C for one hour (Stahl, 1965). The plates were
predeveloped overnight in ether, and after drying each
plate was marked in six (3 cms) lanes and reactivated.
Known quantity of the liver lipid extracts were spotted in
four lanes and a mixture of authentic standards in the 5th
lane. Only solvent was spotted in the remaining lane and
was considered as blank. The plates were then developed
unidirectionally using two solvent systems of Freeman and
West (1966). The solvent front of the first system was
allowed to migrate up to 13 cms from the line of origine.

After this, the plate was air dried and developed in the



second solvent system. The second solvent was allowed to
migrate up to 17 cms from the line of origin. After
development in second solvent system, the plates were dried
in an oven for %0 minutes at 60°C. Then the plates were
removed from the ovea and the sdpts weére visualized by
exposing the plates to iodine vapuour in a closed glass
chamber. The spots of different lipid fractions from sample,
standard and corresponding areas of 8ilica gel from the
blank were scrapped and transferred to separate test Tubes,
These were processed further for the quantitative
estimations employing the method described by Marzo et al.
(1971).

Concentrations of different lipid fractions are
expressed as percentage of lipid analyzed (mg/100 mg 1ipid),
as percentage of liver fresh'weight (mg/100 mg liver) and

also as mg/total liver.

Adipose tissue:

Previously weighed adipose tissue was dried in
an air oven (maintained at 80°C) to a constant weight and
total lipids were extracted with chloroform:methanol
(2:1 v/v). TIipid content is expressed as percentage of

adipose tissue dry weight.
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Bouin's fixed adipose tissue was dehydrated,
~embedded in paraffin wax and 6}u thick sections were cutb;
Sections were stained with Haematoxylin-eosin.

Considering the adipocytes to be almost spherical, -
diameter was measured with the help of ,occular eye piece
fitted on a microscope. Ten different fields were selected

in each section for the measurement of diameter. Mean

values were used to calculate the volume of the adipocytes.
RESULTS

During premigratory period, as compared to
postmigratory one, weight of the liver and its total lipid
content increased significantly in the case of both the
migratory birds studied (Table 1a & b). In both the birds,
lipid content Whéé expressed as a percentage of the liver
fresh weight, was also significantly increased during the
premigratory period (Table 1a & b).

Analyses of the liver lipids in both the birds
indicated that concentrations of monoglycerides,
cholesterol ester and free fatty acid.: fractions, expressed
as percentage of lipids, aid not change significantly from
postmigratory period to premigratory one (Table l1a & b).

However, the concentration of monoglycerides, cholesterol
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Addpose tissue lipid content and volume of adipocyte in

TABLE 4

Wagtail and Rosy Pastor. Mean value + 3.D.

160

Wagtail Rosy Pastor
Lipid  Addipocyte Lipid Adipocyte
mg/ 100 volume mg/100  volume
mg X 106y mg X 10op
Posgtmigratory 94,03 0,012 93.70 0.011
periOd +0032 +0 0004 i0061 io 0003
Premigratory 98.,.48% Te142% 98.41* 1.055%
period +0.19 +0,019 +0.56  +0.020
*
Significant
at the PL0.001 P<0.001 P <0.001 ?<0.001
level

*P values refer to differences between post and

premigratory periods. The Student's 't' test

was used to analyze differences in meanse.
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EXPTANATIONS FOR FIGURES

Figse. 1-4, Photomicrographs of adipose tissue sections

stained with haematoxylin-eosin during postmigratory (POM)

and premigratory (PM) periods of Rosy Pastor and Wagtail.

Fach one is of 150 X magnification.

Fig. 1.

Pig. 2.

Figb Ze

Fige 4o

Section of Rosy Pastor adipose tissue (POM).
Section of Rosy Pastor adipose tissue (PM).
Section of Wagtail adipose tissue (POM).

Section of Wagtail adipose tissue (PM).






ester and free fatty acids when expressed for the total
liver content significantly increased during the
premigratory period (Table 3a & b).

The amount of phospholipid fraction of the
extracted 1ipid (mg phospholipid/100 mg 1lipid) in the liver
of beth the birds during their premigratory period was
significantly lower as compared to that during their
postmigratory period (Table 1a & b). Whereas the quantity
of the phospholipid expressed per total liver in the
Wagtail was significantly higher during its premigratory
period. Such a significant difference was not noticed in
the case of Rosy Pastor.

In Rosy Pastor as well as Wagﬁail, the quanbtity
of free cholesterol, diglycerides and triglycerides (when
expressed as mg/1OO mg liver wet weight or per total liver)
increased significantly (Table 12 & b, 2a & b and 3a & b)
during the premigratory period. It was noticed that, during
the premigratory period, triglycerides per total liver in
Rosy Pastor wesze more than that in the liver of Wagtail.
Total cholesterol content (free cholesterol + cholesterol
ester, expressed as a pereentage of liver wet weight) of
liver of Wagtail was observed to bé more than that in Rosy

Pastor liver.
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Adipose tissue: (Table 4, Figs. 1, 2, 3, 4)

Lipidlcontent of the adipose tissue of Rosy
Pastor as well as Wagtail was significantly higher during
the premigratory period. Size of the adipocytes in the
adipose tissue of both the birds increased significantly

during this period.

DISCUSSION

Changes observed in the concentrationvof total
liver lipids are in good agreement with those reported by
Pilo (1967) for Rosy Pastor, and John and George (1966)
for Wagtail. Liver lipid analyses reported herein suggest
that phospholipid constitutes major part of hepatic lipids
in Rosy Pastor and Wagtail during the postmigratory period.
Triglyceride : concentration was found to be highest among
the neutral lipids during the same pefiod. The fractions
of liver 1lipid in Rosy Pastor and Wagtail did not differ
much (Qu@i}itatively) from those reported for domestic
chicken (Christie and Moore, 1972).

Changes in the liver lipid concentration during
premigratory period in Rosy Pastor and Wagtail are

" accompanied by only quantitative changes in the levels of
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different lipid classes. Inspite of a higher rate of fatiy
acid synthesis in the liver, during their premigratory
period; free fatty acid fraction in the liver 1ipid of
these migratory birds did not show any signifieant increase
(Table 12 & b). This fact suggests that the rate of
esterification and transport of free fatty acid must be
keeping pace with high rate of synthesis during the
premigratory period. Highly increased level of triglycerides
in the liver (Table 1a & b) during the premigratory period
in both the birds obviously points out that newly
synthesized free fatty acids are immediately esterified to
form triglycerides and other esterified lipid éomponents.
Tn support of this contention it could be stated that if
the hepatic cells were incapable of incorporating newly
synthesiged fatty acids into triglycerides, phospholipid
and cholesterol esters at a faster rate, the whole process
of fatty acid synthesgis would grind to a halt because of
the feed back inhibition of fatty acid synthesizing enzymes.
Such inhibition is not noticed which is evident from the
enzymological study reported in Chapter 4. However, during
the premigratory pericd, the total free fatty acids in the
liver of both the birds was found %0 be higher due t0 the
increase in the total liver lipid (Table 3a & b).

Synthesis of triglycerides and phospholipids is



biosynthetically related through a common intermediate

1,2 diglyceride (Kennedy, 1961). A marked increase in the
concentration of diglycerides in the liver of Rosy Pastor
and Wagtail during the premigratory period is indicative
of its increased synthesis from the free fatiy acids. It
could be suggested that the increased availability of such
a precursgor would significantly facilitate an enhanced
triglyceride synthesis.

ILiver is one of the major sitesof.cholesterol -
synthesis (ILorenz, 1954). Cholesterol lewel in the liver of
Wagtail and Rosy Pastor was found to rise during their
premigratory period. These results are in accordance with
the report of John and George (1967c¢). The increased
quantity of total cholesterol during the premigratory period
was mainly due to the increase in the free cholesterol.
Sperry and Stoyanoff (1935) reported that free cholesterol
constitutes the major portion of the total cholesterol in
the liver of fowl. Higher level of free cholesterol as
compared to that of esterified cholesterol plays a dynamic
role in view of the fact that free cholesterol is exchanged
readily between tissues and lipoprotein (Harper, 1975).
Free cholesterol from the liver can then be easily

transported with lipoprotein to the organs like adrenal and

boia



gonads where it can be utilized for steroidogenesis. This
contention finds support in the work of Naik (1963) and
John (1967) who have reported that steroid synthesis is
higher during premigratory period of Rosy Pastor and
Wagtail.

One of the important functions of cholegterol in
the liver is ité utilization for bile formation. During
premigratory hyperphagia, increased demand for bile acid
may be anticipated to facilitate lipid digestion and
absorption. Increased cholesterol synthesis as is evident
from its higher concentration in the liver dﬁring this
period would help in meeting the demand. Higher cholesterol
content in 1ivef)of Wagtail as compared to that in Rosy
Pastor can be explained as an adaptation to lipid rich
diet of the former.

The reduction in percentage of phospholipid
(Table 1a & b) in the liver, a few weeks prior to migration
could be due to its rapid removal from the organ and/or
perhaps due to a decreased hepatic phospholipid synthesis,
Pilo (1967) presumed that reduced level of phospholipid
in the liver of Rosy Pastor may be due to its decreased
synthesis under the influence of increased thyroxine level.

However, total phospholipid content per total liver in
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Rosy Pastor did not show ahy significant change during its
premigratory period; while the phospholipid content per
total liver increased in the liver of Wagbail +ill
February but slightly decreased in the month 6f March
(Table 2a & b and 3a & b) indicating its rapid removal from
the liver.

During premigratory period the amount of
triglycerides accumulated in the liver of Rosy Pastor was
more than that found in the liver of Wagtail (Table 3a & b).
The study on hyperlipogenesis in migratory birds (Chapter 4)
proved that intense fatty acid synthesis occurs a few weeks
prior to migration and the liver is the major site for
hyperlipogenesis. Results of liver lipid analyses
(Table 1a & by 2a & b and 3a & b) show that there is a rapid
increase in the concentration of triglycefides in the liver
of both the migratory birds. Major portion of tfiglycerides
"is immediately transported to the adipose tissue where the
1ipid content increases rapidly. During this phase the size
of the adipocytes increases (Pigs. 2 & 4) to accomodate
large amount of fat. Simce the lipogenesis in adipose tissue
of migratory birds is practically insignificant (Chapter 4),
the fat present in the adipose tissue is derived from the
liver. Though the phogpholipid fraction of the 1lipid in the

liver of the migratory birds studied was at a significantly



low level during the period of intensive fat synthesis,

it did not have adverse effect on the removal and transport
of triglycerides from the liver to adipose tissue. Thus,
liver steatosis in the migratory birds differs from the
conditions leading to pathological state of fatty liver in
the rat fed on choline deficient diet, where alteration in
phospholipid metabolism is considered 0 be the main factor.
It appears that liver steatosis occuring in the Rosy Pastor
and Wagtail during their premigratory period is due to
accumulation of triglycerides and is not as the result of
&eak "packaging and export" mechanisms of their liver.
Mevertheless, the increase in the rate of synthesis of
hepatic triglycerides beyond the maximal rate of their
removal from the site of synthesis naturally results in

their acecumulation in the liver itself.



