
CHAPTER I

SEASONAL VARIATIONS OP LIPIDS AND CHOLESTEROL IN LIVER 
GONADS AND BLOOD PLASMA OP PERAL BLUB ROCK PI'GEON 

COL0MBA LIVIA G.

Generally Birds Breed at such, times of the year 
when on the average young ones can Be profitaBly raised 
(Lack, 1950). A number of detailed studies describe 
seasonal changes in the gonads of male Birds (Blanchard,

and
19415 Wright^ 1944; Blanchard and Erickson, 1949,
Threadgold, 1956; Selander and Hauser, 1965; Scott and 
Middleton, 1968; Silverin, 1973; Gorman, 1974; Lewis, 1975&.Ub; 
Mori and George, 1978) whereas parallel cyclic 
histophysiological studies on female Birds are almost 
lacking. It is well known that gonads of wild Birds 
undergo cyclic changes through the Breeding and non-breeding 
states (recrudescence and regression) of the reproductive 
cycle (Marshall, 1961; NalBandov, 1970). The exogenous as 
well as the endogenous factors control the rhythmicity of 
the sexual cycle. According to Benoit (1964).light is an 
extremely important factor stimulating gonadal activity of 
Birds; a retino-hypothalamohypophyseal pathway Being 
involved in this stimulation. However, some temperate 
zone species, such as the populations of feral pigeons 
inhabiting the towns and cities, have acquired a capacity



il
to breed throughout the year as a result of availability' 
of continue food supply. (lofts et al., 1966), though 

natural selection favours conservation of an annual 
breeding cycle. Many workers have investigated the 
seasonal gonadal cycles of Golumbid birds, noteworthy 
among which are those conceding the dove (Lees, 1946); 
British Columbidae,(Lofts et al.. 1966, 1967, 1969); the 
wood pigeon and feral pigeon (Hurton, 1958,’' I960; Murton 
et al., 1973)and frugivorous rain forest and ground feeding 
pigeon of Australia (Brith et al., 1974). Such 
observations imply that these species have more or less 
continuous reproductive activity. In any case, after the 
spontaneous progression from regeneration to acceleration 
phase, the sex hormones are known to be liberated 
(Marshall, 1961). It cannot be doubted that these hormonal 
changes have varied physiological effects which are of 
great significance (Nalbandov, 1970). These alterations 
in the levels of hormones are likely to have significant 
influence on certain metabolites, particularly those 
involved in biosynthesis of sex hormones and those involved 
in egg yolk synthesis. In the vertebrate gonads, 
depletion of cholesterol-positive lipids during breeding 
phase and accumulation of the same during regression 
characterize the two stages.

As a preliminary step therefore, an attempt was 
made to find out whether there exists anything like a



"basic annual alteration of the "breeding and non-breeding 
times in feral blue rock pigeon (C. livia). Keeping the 
above mentioned background in mind, total lipids and 
cholesterol were estimated in the liver, gonads and blood 
plasma throughout the year in both sexes of birds. In 
order to point out the sex difference, if any, monthwise 
levels obtained in case of males were compared with those 
of the female birds.

MATERIAL ABE MEIHGBS

Indian feral blue rock pigeons (C. livia G.) were 
studied in the present work. Birds were shot down • . 
with an air rifle, around the University campus between 
8.00 a.m. to 10.00 a.m. and 4.00 p.m. to 6.00 p.m. Blood 
was collected from the jugular vein in heparinized tubes 
immediately after shooting. Birds were then promptly 
brought to the laboratory. Desired tissues were taken 
out, blotted free of tissue fluids and then were-used for 
estimations. Tellow yolk-ova were discarded for .estimations. 
Blood was cooled and then it was centrifuged. Plasma was 
separated and stored at -10°0 until analyzed.

lotal lipids were estimated employing the method of 
Folch et al., (1957) which was essentially same as that 
applied for mamalian tissues. A 2:1 mixture of chloroform ; 
methanol (v/v) was used to extract total lipids which were



eventually measured gravimetrically. Total cholesterol 
in the liver and gonads was extracted with 3s1 alcohol: 
ether mixture (v/v), which in the presence of ferric 
chloride reacted with sulphuric acid to yield a stable 
brown col our (Crawford, 1958). This was read at 540 mp. 
in a colorimeter against blank and 'compared with a known 
standard, A modified method of Bappaport and Sichhorn 
(1960) was adopted for the estimation of total cholesterol 
in the blood plasma. Proteins were denatured with 
sulphosalicylic acid liberating protein bound lipids 
including cholesterol, which was allowed to react with 
acetic-anhydride and sulphuric acid. This produced a green 
colour (Lieberman reaction) which was measured colorimetrically 
at 540 mp. Quantitative data were compiled during the" 
year 1973-1975.

RESULTS

female birds, on an average weighed less than males 
at any time of the year (Chapter VII). The weight of male 
bird was usually between 280 to 340 gms. and that of female 
was between 240 to 280 gms. (Chapter ¥11). On the basis of 
certain observations like pairing, nest building, mating 
activity and presence of yellow yolk studded ova in the 
ovary of females, it was found that • ' . feral pigeons do
show some breeding activity at certain periods in all three



seasons of tiie year (Winter : November, December,
January and Pebruary; Summer; March, April, May and June; 
Wet Summer (monsoon); July, August, September, October).

No significant difference in the levels of lipids 
was'found to occur in the liver and blood plasma of male 
and female pigeons. Same was also true for plasma 
cholesterol. It was interesting to note that testicular 
lipids and cholesterol always exhibited lower (2-3 times) 
levels in all the months of the year than those of the 
ovary (Pigs. 1 & 2).

Concentration of liver cholesterol of the female 
birds generally recorded a higher level than that of 
male birds.

Monthwise comparison of testicular weight between 
the right and left testes revealed that the right was 
comparatively heavier than the left one (Chapter ?II).

Lipids; Monthwise variations in the levels of total 
lipids in the liver, gonads and blood plasma for male as 
well female pigeons are presented in fable I and Pig. 1. 
Prom the table and the figure, it is apparent that the 
highest recorded level for liver lipids was seen in the 
month of Pebruary in case of males whereas female liver 
lipids showed two peaks, one in November and the other 
minor one in Pebruary. Liver lipids decreased to the 
lowest levels in July for males and in May for females.
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Gonadal lipids were higher in June, July and 

February in the case of males whereas ovarian lipids 

showed highest levels in February and December. From 

July to August, testicular lipids reflected a decline; 

remaining at more or less same levels in September and 

October, Similarly, after February, the same again showed 

marked drop, reaching to lowest concentration in March

(2.15g/lOOg wet weight).

Regarding the plasma lipid levels it could be seen 

that the variations presented the following pattern ;

(i) In the case of males, the values showed a small 

gradual increase from January to May. In these months, 

highest values were, seen in last two months, thereafter, 

no particular trend was detectable. Peak concentrations 

were, however, encountered in the month of October (l.22g/

100 ml plasma) (ii) Female birds showed variations 

without any discernible trends except that a peak value 

could be observed-in the month of March (I.67g/100 ml plasma) 

followed by a minor peak in October.

Cholesteroli Cyclic variations in the levels of total 

cholesterol of liver, gonads and blood plasma for both, 

sexes are given in Sable II and Fig. 2. It is evident from 

the table and the figure that peak values of liver

cholesterol in male pigeons was encountered in the month of 

February. From February to September, these levels 

exhibited a steady declining trend reaching to their
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EXPLANATION TO FIGURES'

Graphic representation of seasonal variations 
of lipids in liver, gonads and blood plasma 
in both sexes of birds.

Graph showing cyclic1 fluctuations,of cholesterol 
levels In liver, gonads and blood plasma in 
both the sexes..
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minimum in September. Female birds too, showed highest 
liver cholesterol concentrations in February and lowest in 
September.

Testicular cholesterol on the other hand showed the 
highest values in June, after which it decreased gradually 
till September. September revealed the lowest mark for the 
same. Ovarian cholesterol was at its peak level in June. 
August, September and October showed low levels of ovarian 
cholesterol.

Plasma cholesterol in both sexes fluctuated widely.
In wet summer, male birds showed highest levels whereas 
minimum values were observed in January. Higher levels of 
plasma cholesterol in females were seen in June, July and 
August. Peak concentrations for the same were obtained in 
November,

DISCUSSION

The levels of ovarian lipids and cholesterol during 
any month of the year were significantly higher than those 
of the testes. This is a clear cut indication of sex 
difference in gonadal lipids and cholesterol. It ,shows 
that, basically the rate of synthesis of gonadal cholesterol 
in female pigeons is comparatively higher than that obtained 
in the males. Similarly, the levels of cholesterol in the 
liver of female birds generally exhibited higher values than
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those of male pigeons. Though the difference was not as 
prominant as in the case of gonadal cholesterol, yet it 
was significant. It may "be surmised that hepatic 
cholesterol synthesis can occur comparatively 
easily in females than in males.

Watkins (1972) has reported that in female rats, 
the output of triglycerides by isolated perfused livers 
exceeded that occurring in males. Hushes and Brown (1965) 

too, have shown that the liver of the laying hen ; had 
more triglycerides, and was more efficient in incorporating
2-C^-acetate into liver lipids than that of cockerels, 
and that more 2-0 -acetate was incorporated into cholesterol 
fraction in laying hens than in cockerels. Again,
Balnave (1969) has reported that only estrogens affect the 
liver weight, liver dry matter percentage or total liver 
lipid content significantly as compared to androgens or 
progesterone. During the course of the present work, we 
obtained consistently high values for liver cholesterol 
during the period February-April and November-December in 
the female pigeons. This may thus be due to higher rates 
of synthesis of cholesterol in the liver of female which 
could be estrogen mediated.

Males; A steadily declining trend in liver cholesterol 
of male birds beginning from February to September could 
mean that this was being increasingly released into the

!



blood. II this is so, then the plasma cholesterol 
levels would he expected to reflect the change, hut that 
could not he seen from the data obtained. This might 
have been due to uptake and utilization of cholesterol 
by peripheral tissues in general. However, remarkable 
interrelationship -was very evident in the levels of 
cholesterol of liver, gonads and plasma during the 
transition period from the month of May to June. There 
was a small drop of about 5$ in the liver level and 
interestingly enough plasma level also registered a 
significant reduction of about 17$. Against this background 
the testes recorded the highest level of cholesterol of 
the year with a steep rise of about 52$. Testicular 
lipids too, 'reflected highest concentration in June and 
July. In light of these observations, it could be clearly 
marked that there appears a sudden change in the metabolic 
pattern of the testis indicating post-nuptial non­
utilization of cholesterol postive lipids and its subsequent 
accumulation heralding distinctly the regression phase. 
Histochemical studies (Chapter II) revealed low steroid 
dehydrogenase enzyme activity and accumulated lipids in 
interstitium or seminiferous tubules in these months. Such 
histochemical studies with regard to testicular steatogenesi 
have been correlated with non-breeding phases or regressive 
testis (Marshall, 1949; lofts and Marshall, 1959).



•As a corollary to the above observations it could 
be said that in the preening months of February to May 

the gonadal lipids and cholesterol levels being 
comparatively low, the latter might be getting actively 
metabolized in the synthesis of androgenic hormones by 
the testes. That cholesterol is a precursor for steroid 
hormones has often been proved (Bloch, 1945; Zaffaroni 
et al., 1951; Hechter, 1955; Hayano et al., 1956; Heard 
et al., 1956^Bartke C1971) has remarked that cholesterol, 
particularly its esterified form serves as the precursor 
for androgenic steroids in mouse testes. The avian 
testicular tissue also has been shown to synthesize 
testosterone utilizing cholesterol as a precursor.
(Lake and Furr, 1971). With respect to plasma lipids in 
males, no particular trend was noticeable. In the case of 
Xenopus laevis. it has been shown that non-estrogenic 
steroids have no significant effect upon serum lipids 
(Redshaw et al,,1969) supporting the hypothesis that only, 
estrogens cause vitallogenic response in oviparous 
vertebrates. This may. perhaps be also true in case -of
feral pigeons where no significant rise in plasma lipids

(
was seen during the probable breeding phases.

Females: A strikingly noticeable fact was that 
plasma lipids in females reached their peak level in 
March (l.67g/100 ml plasma) with a concomitant decrease of



liver lipids from March, to May. Yellow yolk laden ova 
were present in the ovaries during these months as an 
indication of the first breeding season of the year. Also, 
comparatively lower ovarian cholesterol levels in the 
months of January, February and March revealed that the 
precursor material was probably getting utilized for female 
sex hormone synthesis.

All these facts indicated that liver lipids were 
steadily mobilized, probably under the influence of . 
estrogens, resulting in hyperlipemia in March and the 
subsequent uptake of the same for egg yolk synthesis. It 
has amply been proved that yolk precurssors are synthesized 
in the liver of domestic chicken (Ranney and Ghaikoff,
1951; Ranney et al., 1951; Lorenz, 1954; Heald and 
Mclachlan, 1964; Husbands and Brown, 1965) and these are 
then transported to the ovary through the plasma. Estrogen 
mediated increase in blood lipids at egg laying time has 
been demonstrated by Entenman et al., (1940) in chicken, 
duck and pigeon. Annison (1971) too, has remarked that 
the onset-of lay in the hen is accompanied by marked 
increase in the concentrations of plasma lipids. Further, 
he has suggested that the fat synthesized in the liver, 
the major site of lipogenesis, is transported as plasma 
lipoprotein complex. A second minor peak for plasma lipids 
in females was also observed in October which was probably



reflective of a second wave of 'breeding activity.
She presence of cliolesterol (Furr, 1969, 1970), 

pregnenolone (Furr, 1969, 1970), progesterone (Furr, 1969, 
1970), and 3]3-hydroxy steroid dehydrogenase activity 
(Botte, 1963* Chieffi and Botte, 1965; Wyhurn and Baillie, 
1966) has "been reported in fowl ovary, which indicates 
that conversion of cholesterol to progesterone occurs 
in vivo and the progesterone then may be converted to 
other sex steroids. From July onwards, ovarian cholesterol 
showed decreasing levels which could be due to their 
utilization for the synthesis of estrogens and progesterone, 
low ovarian cholesterol concentrations were recorded in 
August, September and October. Higher levels of the same 
in June, July and December on the other hand may indicate 
accumulation of cholesterol due to low biogenesis of 
female sex hormones. Yellow yolk laden ova were once 
again obvious in the months of September and October and 
to a lesser extent in November and December, reflecting the 
second breeding phase. March, April and May reflected 
high hepatic cholesterol values whereas late August, 
September and October showed low levels and during both 
these periods yellow yolk studded ova were seen in the 
ovary. It could be said 'from the above observations that 
high concentrations of hepatic cholesterol during the first 
phase could be due to increased rate of synthesis, while 
its release remaining at a normal rate whereas low liver



cholesterol during the seco,nd phase was probably a result 
of increased rate of its release into circulation. These 
levels would also indicate,an alteration in the distribution 
pattern of cholesterol between liver and other tissues, 
which may not necessarily be hormonally mediated 
(Fleischmann and Fried, 1945). The fact that decreased 
hepatic cholesterol concentrations are also suggestive of
increased production of bile salts and bile acid (Bloch 
et al., 1945; Haslewood, 1955; Ogura, 1971) is less likely 
in the case of pigeons since they are principally 
graminivorous birds.

Plasma cholesterol in both sexes did not quite reflect 
the changes associated with the probable breeding and 
non-breeding times. In June and July when accumulated 
lipids and cholesterol in testis gave an indication of 
cessation of androgen synthesis, plasma cholesterol on the 
other hand maintained a high level throughout wet summer 
(Fig. 2). It is known that plasma cholesterol shows wide 
range of fluctuations depending upon,individuals, different 
months, and more important, the diet that the animal 
consumes. In mammals, such fluctuations have been reported 
by Boyd (1935), Schube (1937), Man and G-ildea (1937),
Turner and Steiner (1949) who have also .commented that 
small and inconsistent variations in plasma cholesterol do 
occur during the 24 hours of the day. Schube (1937) and 
Man and Gildea (1937) have also proved that plasma
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cholesterol fluctuations show individual variations 

and that maximum cholesterol variation may he as much 

as 30$ in humans.

from the above discussion, it appears that pigeons 

have two periods of breeding activity in a year. One of 

the breeding phases commences from March and continues 

upto May while the second one occurs during the months of 

late August, September and October and may extend to 

November and December. January, February and particularly 

June and July seem to be the chief non-breeding phases.

The breeding phases in the pigeon do not seem to be 

sharply defined and represent rather wider breeding periods. 

These observations are basically similar to the field 

observations regarding uldification studies on this bird

recently reported by Simwat and Sidhu (1973). This is 

probably due to readily available food supply and protection 

that the feral pigeons enjoy by inhabiting niches in and 

around towns and cities.


