96

CHAPTER 6
DIURNAL CHANGES IN GLYCOGEN AND FAT LEVELS IN THE PECTORALIS
OF THE MIGRATORY STARLING, STURNUS ROSEUS

That migratory birds deposit large gmpgni;s of fat in the
. body prior to migration and that this "migratory fat" is meta-
bolized for energy durlng migratory fllghts, is well known
(George and Berger, 1966). Naik (1963) reported in the migratory
starling Sturnug roseus, a sharp increase in glycogen as well as
fat in tle livef towards migration. In the same species towards
migration a similer increase in the two metabolites has been
recorded in the“pectoralgs‘muscle (Vallyathan, 1963;2Va11yatban
and George, 1964). The aim of the p;esenﬁ investigation was to
find out if there was any diurnal vapi@tion in the glycogen and
fat contents of the pectpralis“muscie of this gtar;ipg during the
premigratory as well as the postmigratory periods with a view to
throw more light on the problem of synthesis and utilization of

the two metabolites.

MATERILLS AND METHODS

The birds, (Sturnus roseus) were shot during the months of
March and April for the observations during premigratory period
and in &ugust for the obsqugt;ggs in the postmigratory period
after they returned to Baroda from their breeding grounds abroad
(probably U.S.S.R.). The observations were made in. the morning
and evening thrqug?quﬁ the periods of investigations, the birds

were shot bétween 4.45 and 5.15 hours and for the evening set
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between 19,00 and 19.30 hours, immedigtely after the bird was
shot, a small piece of muscle about 200 mg was cut from the
pectoralis, blotted free of blood and transferred intepreviously
weighed test tubes conta;ning 3 ml of 10% KQH. The test tubgs
were then closed with glass stoppers and brought‘to the labo~
ratory within half an hour and reweighed. The muscle was
completely digested in KOH by heating in a water bath at lOO Ce.
The carcasses were numbered in the field and grought to the
laboratory in plastic bags. The total body weight, sex and the
welight of gonads were recorded. For the estimation of total fat
in the pectoralis, a piece of the muscle 1 to 2 gm was dried at
85 to 96°C in a hot air oven. ’ ‘
Glycogen was estimated by the anthrone method of Beifter
et al. (1950). After digestion of the muscle in XOH and it was
allowed to cool, 3 ml 95 % ethanol were added and brought to
boiling point tq‘preq;pitate~?he glycogen. The §agplés‘w§re then
placed in refrigerator and cooled for half an hour, The precipi-
tated glycogen was separated by centrifuging for 156 minutes at
3000 r.p.m. The KOH was decanted off and 1 ml of distilled water
was added to redissolve the:precipitate. 2 ml of,QS%,eEhapglwwas
then adqedﬂto7térep;qpigitgte ‘the glycogen. These tubes were
again centrifuged for 15 minutes at 3000 r.p.m., and the aliquot
decanted off. Finally 3 ml of 95% ethanol was again mixed and
centrifuged for 16 minutes. The final precipitate of pure glyco-
gen was dissolved in distilled water in such a proportion so as

to contain about 30 to 40 gamma per ml. An aliquot in duplicate
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was used for the final colour development with the anthrone
reagent prepgreq in 9?%_sg;phur;c acid, To every m“mlvpg_
the sample, 4 ml of anthrone reagent was added. A standard
glucose solution was also run a;ong Withvtge gamples.‘Thgsg tubes
were kept in a water bath'at_lOQOC_fog five»minutggifo; the
colour developgment. The optical demsity was measured on a
Bausnh_and_Lo@b“"Speqttonig ?0" qglo;imete;igt 620 mn, The
glycqggn’cgntent of the muscle per 100 gm wet muscle was
calculated. o o o
~ For the estimation of fat, the muscle pieces were comple-
tely dried,‘weighgq agaig_gndygubjep?gdwto Soxhlet extraction with
aﬂ;:;’ethanolfeﬁher mixture for 18 hours. The:fatugxtrgctgd“was
dried, weighed and the percentage was calculated on dry weight

basis.

_ h RESULTS AND DISCUSSION )
Tables 1 and 2 present the mean values of the percentage

of glycogen and fat presepp in the morning and evening regpective—
ly in the pectoralis muscle“dp?ingdthg premigratory and post-
migratory periods respectively. The total body weight and the
weight of the gonads are also presented in the pgb;gs, In March
the birds form migratory swerms and in April they rapidly put on
weight w;th deposit;on of fat in prepargtion_forﬁmigration which
takes place around the last week of April. The data for &pril

were pbtained/during this last_phage. These birds return to Baroda
in Jygly/August and the data obtained during Bugust are regarded

as those for the postmigratory period.
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Diurpal variations in muscle glxcogen~ o

‘ - From the results obtained it is found that in the
evening there was a higher percentage‘of glycogen in the muscle
than iﬁ the morning in all months (March::(morning) 1.037 +
0.199, (evening) 1.729  0.694; April: (morning) 1.227 + 0.543,
(evening) 2,714 + 0.921; August: (morning) 0.561 # 0.197,
(evening) 0.810 + 0.215). On the statistical analysis of the
data employing the "t" test the difference was found to be ) h
highly signlficant for March and kpril and significant for ﬁugust.

- The reduction of glycogen in the morning suggests ?:_k_:gt
dur;pg;niggt glycogen is utilized»inuthewmgscle and that ;ts
increase daring the day, is due to it being built up. In the
postmigratory pgrio@‘géugust}Athe rgduc@ion_was»0f25 gm_(BQ,Q%),
and in the premigratory period it was 0.69 gm (40.0%) in March
and 1.48 gm (54.6%). This shows that the greatest increase of
glycogen was iq\April»apd ;gas?’ip the_postmigratpry\pgr;od N
(August): The increase in glycogen in the muscle during the day
may be attributed to two possible reasons. 1. The birds feed
during the day and the food intake mightwrggisterma_riseﬂin _
glycogen in the ﬁ;ssues.uzf_The‘?irg is act}vq @urigg the'Qay
and the muscle whilemmetabqlizingwﬁat for energy, mighﬁ spare
glycogen ‘or even stimulate glycogen synthesis in muscle. That
birdahusq;es use fat for energy is well_esﬁapligheéﬂ(Gegyge
and Berger, 1966). Shipp et al. (1961) bave shown that when
glucose gnd iapﬁy acidg are pregeqt agmggbstrapes, the heapt

muscle preferentially oxidizes the latter and that the total
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myocar@ial g;ycogen_isripgregégé_by divgrt;ng more glucose to
form glycogen thus sparing cardiac‘glygogep. Reggptly\it has
been demonstrated histochemicelly (George and Nene, 1965) that
when the pigeon pec?oralis muscle is’e;ec?ricalgyxsﬁ;mg;gpeg_“
the white fibreg which normally contain more glycogen E@gg“the
réd ones get guickly depleted pf/ipsuglycoggnysto?e’wQergggh”
the fat qtilizipg_ged_fibres’increase'in Qhei{mgLYcogen reserves,
This‘incraaég in glycogen{iﬁ»thexreﬂ fibres may well be due to
increase -in the activity of glycogen synthetase in these fibres.
Support ﬁﬁf this suggestion is available from the observations
of Stubbs and Blanchear (1965). They showed from quantitative
estimations that glycogen synthetase activ1ty is more in the
red muscles than in the white of the guinea pig and that it fur—
ther increased whegaéggcgaectrically stlmulated._ )

The reduction in the muscle glycogen during nlght _may
be attributed to the fact that during thap time the bird does
not feed. Another possible explanation is that the bird being
inactive, a lower body temperature is to be expected and during
that time glycogen may be preferentially utilized since it is
known that in rats glycogen stores of the. cardiac and skeletal
muscles get depleted under conditions of _hypothermia (Itzhaki
ﬁ;ap@:Wgrthe}mer,_i?5?}“ Such a possibllity is unlikely in the
case of birds because feathers serve as good insulators against
heat loss. In the next chapter it will be seen that in pigeons
sﬁbjected¥to éolq strasg consideéable reduction in muscle

glycogen occurs only when the féathers in the region of the
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breast were removed and not otherwise. So the high reduction

of glycogen (64.6%) during the night in this starling in the late
premigratory period (4pril) is due to the conversion of this
metabolite into fat, This also suggests phat fat synthesis in the
migratory period takes place in the night. Evidence in support

of this possibility is available from the work of George and
Vallyathan (1964). These authors estimated the lipase and succinic
dehydrogenase activity in the particulate frgcfiqns of the
pectoralis muscle of Sturnus roseus during the pre- and postmigra=
tory periods and observed that the oxidative capacity of -the
mitochondrial fractionsfwas low during the night but lipase acti-
vity in the microsomal fraction was _high, Since microsomes are
known E; be the sites of fat synthesis they attributed te the
high lipase activity there during the night, to increased ‘
esterification of fatty acids by the reversible action of lipase.
The mitochondria being the sites of fatty acid oxidation, the low
oxidative capacity of ?he_m;tochondrial fractionspas suggestive

of low oxidative metabolism.

Diurnal varistion in muscle fat-

In the month of March during the premigratory perlod the
fat content of the muscle in the mo:qingsﬂwa§ higher (Morning:
12.685 + 1.46; Evening: 10.322 + 1.438 per 100 gm of dry muscle)
whereas in &pril during the last week prior to migration.the
values were more or less the same (Morning: 13.451 * 1.52; Evening:
13.44 + 1.931). Employing the "t test the differences were found
to be statistically'highly significant. It should be mentioned here
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that the values obtained for Apri} were highest for the periods
under invgstigatipp.dln’thg’&ugqs§ bifds?‘;ég fat content of .

the muscle was higher in the morniygsgﬂ@onningg 13.080 + 5.129;
Evening: ?.567 + 6.108 pgr_;OQ gm qf’dry pusc;e}.xihe @@ghgr

fat coptent~p£ the mggcle ip thg mo;n;ng apd.itsuﬁg;; tprrds‘
evening du?ing‘tbe monphg_of 3ap¢h”and~&pggs§ c;ear;y iné;egte
that fat is built up in the night and utilized as fuel during

the day. The high fat content in the muscle of the August birds

in the morning indicate that these birds must have actdally
arrived earlier and,ﬁggﬂactivqu feeding to build up their normal
energy reserve, However, April birds during the last week prior
to”migrayibn, there was practically no difference between the
morning_and“eveniqg(fat'cpntents of the muscle but at the same
time the fat content was the highest recorded. It was also observed
that in these birds the glycogen levels showed the highest increase
during’tbg‘day, The maintepgncq 9£¢§he fat_leve;w;nQicapes that
towards the end of April, as migration time approaches the birds
utilize hardly gng»fét“¢gringtth§.dgy;AIt‘vas‘po;gtgd out earlier
that when the pigeon breast muscle or a red muscle in the rat
is put into continuous activity by electzical stimulation, there
is increased glycogen synthesis in the muscle as & Tesult of
increased activity of glycogen synthetase. In the present investi-
gatipn it was found thgt‘phe higpgst’;eye;_gf glycoggn was pgaehed
in &pril when there was hardly any utilization of fat at all.
Normally the active bird gugclgngtilizes'fagﬂas_thg chief fuel as

is indicated in the postmigratory (August) or early premigratory
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(March) periods, If fat is not the fuel for the muscular activity
in the April birds which are near-ready for their migratory
flight the supply of energy, particularly in a system such as
this adapted for aerobic metabolism, must come from the complete
q;idation of pyruvate. Some evidences to support thg above infe-
rences and suggestions are available from the studies of earlier
investigators. It has been shown that the levels of succinate
dehydrogenase activity in the pectoralis muscle of this bird

was more than»doubled in the month of April from what it was in
November (George and Talesara, 1961). This would suggest that the
muscle shouid bgwmgtgpoliging pons;deraply more”fatvin Apri;.

But on the contrary it was found from in vitro experiments that
the homoggngte of @he pectoralis muscle of this bird during its
postmigratory period oxidized cqnsiderably“morg'fa§ﬁy'ac;dAthan by
the muscle pomogepatg_of tbe_?;rdn;g its premigratory period
whereas malate oxidation in the mgno@etriq gystep was higher in
the latter case (George and_Va;lyathgﬁ,A;96€§g_;tﬂha§‘alsq>been
shown that the muscle homogenate of a nonmigratory starling,

&cridothereéatristis 4cqu1d‘oxidi?9~mor§”fqtty acid than by that

of Sturnpg‘roseus“in thgﬂp;emigrapopy pha§é‘unlikg that in_the
postmigratory phase (Geoggg and Iype, 1964). It is also known
that when fat is to be metabolized for muscular energy it has to
be first broken down to fatty acids by the enzyme lipase (George
and'Talesa:a,9196é3, So a higher lipase activity in the muscle
should be expected in the postmigraﬁo{y‘phase. That this is indsed
the case was shown by Vallyafhan (1983).
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