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Abstract
The present study was conducted to investigate the seasonal physiological relationship
between the gonad and adrenal gland of the adult male domestic pigeon, Columba
livia. This study reports the seasonal activity cycle of the testes and adrenal gland in
relation to lipids, ascorbic acid, alkaline and acid phosphatases and P450 side chain
cleavage enzyme (SCC). The mean maximum daily temperature and minimum relative
humidity were recorded in April, 2007 (primary breeding phase) during which both
testicular and adrenal cholesterol and ascorbic acid levels were significantly low.
Maximum relative humidity was lowest in December. The maximum total monthly
rainfall was recorded in June and the minimum in December, January and February.
Cholesterol and ascorbic acid levels in the testis and adrenal gland increased in June,
July, August, December, January and February. Testicular and adrenal alkaline and acid
phosphatase activity was found to be higher during the breeding period (March, April
and May) and lowest in the non-breeding period (June, July and August). The
accumulation of sudanophilic lipid materials was found to increase within the
seminiferous tubules and decrease in both the sub-capsular (SCZ) and central zone (CZ)
during the primary breeding phase. Sudanophilic lipids increased in the interstitium of
testes, SCZ and CZ during regressive phase-I. High intensities of alkaline phosphatase
activity were found to be localized within the interstitium and basement membrane
during the breeding period. Acid phosphatase was also higher in the interstitium
regions during the breeding period. The reactions of SCC enzymes were highly positive
in the CZ than in the SCZ during the primary breeding phase.
Key words: Adrenal gland, acid phosphatase, alkaline phosphatase, histochemistry,
immuno-cytochemistry.
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function and reduced pineal function (Madhu
and Manna, 2009; Madhu and Manna, 2010).
Therefore, the present study was undertaken to
assess
the
physiological
relationship,
particularly the seasonal adreno-cortical and
gonadal cycle in the male domestic pigeon,
Columba livia Gmelin in response to
environmental factors.

Introduction
The adrenal gland in birds appears to be
influenced by the environment more than any
other endocrine gland in the body. External
environmental stimuli (photoperiod, sound,
temperature), emotional or traumatic stress
regulate the activity of the hypothalamo
hypophysial-adrenal-axis (Wingfield et al.,
1995). Temperature and traumatic stress also
influence adrenal and pineal function
(Astheimer et al., 1995). Under natural
environmental conditions in different birds,
seasonal activities of adrenocortical and
gonadal tissues have been shown to be either
parallel (Thapliyal, 1981), inverse (Silverin,
1979), or out of phase (Chaturvedi and
Thapliyal,
1979).
Several
stressful
environmental conditions such as reduced food
availability,
low
ambient
temperature,
overcrowding, lack of shelter or increased
number of predators can lead to seasonal
fluctuation in immune function among
individuals and seasonal changes in populationwide-diseases and death of vertebrates (Nelson,
2004). During summer days long photoperiod
and higher gonadal steroids are responsible for
reproductive activity which suppress the
immune system in birds (Sing and Haldar, 2005;
Weil et al., 2006). The variation in peripheral
melatonin concentration by natural light
conditions acts as a bolster to the immune
function which suppresses the gonadal activity
in winter and help the individuals to fight
seasonal stresses (food scarcity and low
ambient temperature) in the Indian male bird,
Perdicula asiatica (Sing and Haldar, 2007). Two
peak periods of breeding (primary breeding
phase in March, April and May and secondary
breeding phase in September and October), rise
in environmental temperature and moderate
humidity contribute to rise in adrenal-gonadal

Materials and Methods
The study was conducted on obtaining
permission from the Ethical Committee,
Department of Zoology, University of Kalyani,
Kalyani-741235, Nadia, West Bengal, India.
Adult male domestic pigeons, Columba livia
(220-260 g in weight) were collected
periodically from the local bird supplier in
Kalyani, W.B., India. The pigeons were collected
on the first week of every month. After
collection, all the birds were maintained under
normal laboratory conditions, at least for seven
days and provided with food (50 gm/day/bird)
and sufficient water. Every month at least
fifteen birds were used in the investigation.
After seven days, all the birds were weighed
and sacrificed on the 2nd and 4th week of every
month. Right testes and adrenal glands were
removed immediately. Adrenal tissues were
fixed by immersion in pre-cooled 4%
paraformaldehyde in phosphate buffer for 24
hours at 400C. They were processed and
embedded in paraffin. Sections 6 m thick were
cut and placed on gelatin coated microscope
slides. They were incubated in polyclonal
antiserum p-450 SCC, raised in rabbit (dilution 1
: 500) for 12 hours at 400C. Staining was
detected using a vectastain biotinylated
secondary antibody in combination with the
avidian biotin peroxidase complex (ABC) (Vector
Laboratory, CA, USA) with DAB (Sigma Chem.
Co. Mo., USA) as a chromogen.
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0.001 within the testis and F = 139.93; 69.17;
440.09; 777.87, P < 0.001 within the adrenal
gland).
Testicular and adrenal cholesterol and
ascorbic acid levels were significantly reduced
at the peak primary and secondary breeding
phases. But in the non-breeding phase
cholesterol and ascorbic acid levels in the testis
and adrenal gland had reached the maximum
level (Figs. 1 & 3). In the month of February,
cholesterol and ascorbic acid were at moderate
level. Testicular and adrenal alkaline and acid
phosphatases activity was higher during the
primary and secondary breeding phases than in
the non-breeding phases (Figs. 2 & 4).

Testicular and adrenal tissues were
processed for biochemical estimation of total
cholesterol (Zarrow et al., 1964), ascorbic acid
(Walter and Schutt, 1974), acid and alkaline
phosphatases (Nino and Prasad, 1980).
Histochemical studies were carried out on
frozen sections for lipids (Sudan III & IV) (Kay
and Whitehead, 1941), acid phosphatase
(Bitensky, 1963) and alkaline phosphatase
(Butcher and Chayan, 1966). The biochemical
data were statistically analysed using
correlation co-efficient and one-way ANOVA
(Minitab version-13.1).

Results
Environmental Factors
The maximum mean daily temperature
recorded in April, 2007 was 36.49 ± 0.37oC and
the minimum was 23.70 ± 0.44oC. The minimum
mean daily temperature was in January and the
maximum in May. The maximum mean
humidity was in November, December, January
and February and the minimum in March, April,
May and June. Maximum daily humidity in
December was 99.71 ± 0.21 and the minimum
in April was 92.03 ± 0.69. The relative humidity
corresponded with the period of maximum
temperature. Maximum total monthly rainfall
was recorded in June and the minimum in
December, January and February.
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Fig. 1. Seasonal changes in cholesterol and
ascorbic acid levels in the testicular tissue of the
adult male domestic pigeon, C. livia.
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Biochemical investigations
The different biochemical components
(cholesterol, alkaline phosphatase, acid
phosphatase and ascorbic acid) in the testis and
the adrenal gland of pigeons during the period
January to December showed significant
variations (F = 205.95; 34.27; 345.98; 3.92, P <
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Fig. 2. Seasonal changes in alkaline and acid
phosphatases in the testicular tissue of the
adult male domestic pigeon, C. livia .
3

Int. J. Exp. Res. Rev., Vol. 1: 1-10

Concentration (mg/100mg tissue)

3.5
3
2.5
2

January

February

March

April

May
July

June
August

September

October

November

December

The distribution of alkaline and acid
phosphatases within the testicular and adrenal
sections at different phases of the annual cycle
exhibited significant variations. Intensity of
reactions increased from the progressive phase
(in February). Alkaline and acid phosphatase
activity was high during primary and secondary
breeding periods (Table 1). Strong activity was
localized within the interstitium and basement
membrane of the testis and the intensity in
both SCZ and CZ regions were quite high in the
primary and secondary breeding phases (Table
2). The intensity of reactions of acid
phosphatases was found to be very high with
the reacting sites showing a brownish grey
colouration. The testicular and adrenal sections
showed a gradual depletion in the distribution
and concentration of alkaline and acid
phosphatases during the non-breeding phases.
The testis showed a very faint reaction and it
was restricted to the region of spermatogonial
cells.
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Figure 3. Seasonal changes in cholesterol and
ascorbic acid in the adrenal tissue of the adult
male domestic pigeon, C. livia .
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Figure 4. Seasonal changes in alkaline and acid
phosphatases in the adrenal tissue of the adult
male domestic pigeon, C. livia.
Histochemical investigations
As the breeding season approached,
sudanophilic lipids gradually decreased from
the interstitium of the testis in both SCZ and CZ
of the adrenal gland. In the testis, lipid granules
were restricted to the seminiferous tubules and
a very weak reaction was observed within the
interstitium (Fig. 5a). Accumulations of lipid
materials were found to be intense within the
interstitium during the non-breeding phases
(Table 1 & Fig. 5b). The accumulation of lipids
increased both in the SCZ and CZ regions of the
adrenal gland during the non-breeding phases.
There was no reaction in the medulla (Table 2).

Figure 5. Cryocut section of testis during the
breeding phase in pigeon showing (a)
Accumulation of lipids within the seminiferous
tubules (S) (200x); (b) High accumulations of
sudanophilic lipids within the interstitium (I) of
the testis in the regressive phase (200x); (c)
High accumulation of SCC enzymes within the
CZ region in the breeding phase (200x); (d) Very
low accumulation of SCC enzymes in the CZ
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region and moderate accumulation in the SCZ
region of the adrenal gland in the regressive

phase. Enzymes are absent in the medullary (M)
region (200x).

Table 1. Seasonal histochemical changes within the testicular tissues of the adult male domestic
pigeon, C. livia.
Months

January

February

March

April

May

June

July

August

September

October

November

December

i. Capsule ( C )
ii. Basement membrane (B)
iii. Seminiferous tubules (ST)
iv. Interstitium (I)

+
+

Alkaline
phosphatase
+
+
++
+

i. Capsule ( C )
ii. Basement membrane (B)
iii. Seminiferous tubules (ST)
iv. Interstitium (I)
i. Capsule ( C )
ii. Basement membrane (B)
iii. Seminiferous tubules (ST)
iv. Interstitium (I)

+
+
+
++
-

+
+
+
±
++
+
++

i. Capsule ( C )
ii. Basement membrane (B)
iii. Seminiferous tubules (ST)
iv. Interstitium (I)

++
-

+
+++
+
++

++
-

+
+++
+
++

+
++
+
++

i. Capsule ( C )
ii. Basement membrane (B)
iii. Seminiferous tubules (ST)
iv. Interstitium (I)
i. Capsule ( C )
ii. Basement membrane (B)
iii. Seminiferous tubules (ST)
iv. Interstitium (I)
i. Capsule (C )
ii. Basement membrane (B)
iii. Seminiferous tubules (ST)
iv. Interstitium (I)
i. Capsule ( C )
ii. Basement membrane (B)
iii. Seminiferous tubules (ST)
iv. Interstitium (I)

+
+
++
+
++

+
++
++
++
+
++
-

+
+
++
+
+
±
++
+
++
-

++
-

+
++
++
++

+
+
++

i. Capsule ( C )
ii. Basement membrane (B)
iii. Seminiferous tubules (ST)
iv. Interstitium (I)
i. Capsule ( C )
ii. Basement membrane (B)
iii. Seminiferous tubules (ST)
iv. Interstitium (I)
i. Capsule ( C )
ii. Basement membrane (B)
iii. Seminiferous tubules (ST)
iv. Interstitium (I)

+++
++
+
+
+

+
+++
+
++
+
++
+
+
+
++
-

++
+
++
+
+
++
+
+
++
+

Regions

Lipids

i. Capsule ( C )
ii. Basement membrane (B)
iii. Seminiferous tubules (ST)
iv. Interstitium (I)

Acid
phosphatase
+
+
++
+
+
+
+
+
+
+
++
+
++
+
++

- Negative ; ± Insignificant ; + Positive ; ++ Moderately positive ; +++ Highly positive
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Table 2. Seasonal histochemical changes within the adrenal tissues of the adult male domestic
pigeon, C. livia
Months

January

February

March

April

May

June

July

August

September

October

November

December

Regions
i) Sub-capsular zone (SCZ)
ii) Central zone (CZ)
iii) Medulla
i) Sub-capsular zone (SCZ)
ii) Central zone (CZ)
iii) Medulla
i) Sub-capsular zone (SCZ)
ii) Central zone (CZ)
iii) Medulla
i) Sub-capsular zone (SCZ)
ii) Central zone (CZ)
iii) Medulla
i) Sub-capsular zone (SCZ)
ii) Centra zone (CZ)
iii) Medulla
i) Sub-capsular zone (SCZ)
ii) Central zone (CZ)
iii) Medulla
i) Sub-capsular zone (SCZ)
ii) Centra zone (CZ)
iii) Medulla
i) Sub-capsular zone (SCZ)
ii) Central zone (CZ)
iii) Medulla
i) Sub-capsular zone (SCZ)
ii) Central zone (CZ)
iii) Medulla
i) Sub-capsular zone (SCZ)
ii) Central zone (CZ)
iii) Medulla
i) Sub-capsular zone (SCZ)
ii) Central zone (CZ)
iii) Medulla
i) Sub-capsular zone (SCZ)
ii) Central zone (CZ)
iii) Medulla

Alkaline
phosphatase

++
++
-

+
+
-

+
+
±

+
++
-

++
++
-

++
++
-

+
++
-

+++
++
-

++
+++
-

+
+
-

++
+++
-

++
+++
-

+
++
-

++
+++
-

++
+++
-

++
++
-

+
++
-

+
++
-

++
+++
-

+
+
-

+
++
-

++
+++
-

±
+
-

±
+
±

++
++
-

++
++
-

++
++
-

+
++
-

+++
++
-

++
+++
-

+
++
-

++
++
-

++
+
-

++
++
-

+
+
-

±
+
-

- Negative ; ± Insignificant ; + Positive ; ++ Moderately positive ; +++ Highly positive
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Immno-cytochemistry
A significant immuno-cytochemical
reaction of side chain cleavage enzymes (SCC or
CYP11A1) was observed within the adrenal
gland. SCC enzymes were highly positive in the
CZ than in the SCZ during the primary and
secondary breeding phases (Fig. 5c).
Season

Method

Breeding
phase

SCC

Cortex
SCZ
++

Nonbreeding
phase

SCC

++

- Negative ; ± Insignificant ;
positive ; +++ Highly positive.

during the breeding phase plays a vital role in
steroidogenesis within the testicular tissue and
adrenal gland in pigeon.
In the present study, SCC enzymes were
highly positive in the CZ than in the SCZ, during
the breeding phase. Exceptionally high levels of
lipoprotein receptors in this highly vascularized
tissue provide ready access to dietary
cholesterol, allowing the adrenocortical cells to
maintain impressive stores of cytoplasmic
cholesterol (CE) ester droplets. Tightly packed
among the CE droplets are specialized
mitochondria, carrying high levels of the
cytochrome P450 SCC (CYP11A1) enzyme in
their inner membranes. This enzyme carries out
the so-called side chain cleavage reaction,
consuming
cholesterol
to
produce
pregnenolone, the precursor of cortisol and all
other steroids. Glucocorticoid synthesis is
tightly regulated at the level of cholesterol
metabolism, which responds to ACTH
stimulation over a period of minutes and ceases
equally quickly when this hormone is removed.
Remarkably, this dynamic process is modulated
under most circumstances not by control of the
intrinsic enzymatic activity of P450 SCC, but
rather by substrate availability. The number of
mitochondria and cytoplasmic secretory
granules within both sub-capsular zone and
central zone were found to be maximum during
the primary breeding phase than in the
regressive phase-I (Madhu and Manna, 2009).
For this reason, cholesterol transport within the
mitochondria has emerged as the key control
point for steroidogenesis (Colin, 2002).
Ascorbic acid level was very low during
the breeding phase and the highest level was
recorded during the regressive phase. Role of
ascorbic acid in the process of spermatogenesis
is well-known (Shimizu, 1970). Noach and Van
Rees (1958) also suggested that ascorbic acid
may either be specifically involved in the

Medulla
CZ
+++

-

+

-

+ Positive ;

++ Moderately

Table 3. Seasonal changes in the immunocytochemical components (SCC enzymes) in the
adrenal gland of the adult male domestic
pigeon, C. livia.
But in the regressive phase-I and II,
adreno-cortical regions showed low intensity of
SCC enzymes within the CZ region and
moderate intensities within the SCZ region (Fig.
5d). There was no reaction in the medullary
tissues (Table 3).
Discussion
Analyses of adrenal and testicular
tissues in pigeon showed very intense activity of
alkaline and acid phosphatases during the peak
breeding period. At the same time the activity
of adrenal and testicular cholesterol and
ascorbic acid levels were very low. Sudanophilic
lipids materials gradually decreased from the
interstitium of the testis and the SCZ and CZ of
the adrenal gland during the breeding phase.
Cholesterol is the precursor of androgens (Lofts
and Murton, 1973). High accumulation of
cholesterol and lipids within the interstitium
during the non-breeding phases and low
amount of cholesterol, low lipids materials
7
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Marshall (1970) points out that other
than light there are more proximate
synchronizers like rainfall, which can trigger
reproduction. Although there is information on
a variety of other stimuli, proximate
synchronizers have been precisely defined
other than rainfall and photoperiod (Lofts and
Murton, 1967). Maximum total monthly rainfall
was recorded in June and minimum in
December, January and February.
In this
study, rainfall as an environmental factor
reduced gonadal activity in the pigeon. In
conclusion, the present study showed parallel
changes in adrenal and gonadal activity during
the annual reproductive cycle. During early
summer months, the long day-length, high
temperature, relative humidity and relative
rainfall increased towards maximum levels.
Increased adrenal function, may aid in coping
with possible emergency conditions such as
mate guarding, territorial defense, nesting,
feeding, and other potential demands during
peak reproductive functions (Astheimer et al.,
1995).
The changes in cholesterol, alkaline and
acid
phosphatase
and
ascorbic
acid
concentrations in the gonadal and adrenal
tissues during the breeding cycle in the pigeon
conclusively prove their variation during the
annual reproductive cycle. Furthermore,
histochemical studies of the testicular tissues
and adrenal gland and immuno-histochemical
study of the SCC enzymes in the adrenal gland
show similar significant results. Peak adrenal
activity coincided with peak gonadal activity,
suggesting a probable involvement of
environmental stimuli with adrenal function.

production of corticoids or in the formation of
steroid hormones from their precursors. In the
present study, the high concentration of
testicular ascorbate during the non-breeding
season may exert a negative influence on
steroid biosynthesis. It is also possible that
stoppage of steroid biosynthesis results in
cholesterol accumulation in both tissues.
Further, ascorbic acid is known as a catalyst for
both lipid peroxidation and alteration of
unsaturated fatty acid composition (Shimzu,
1970). Lower levels of ascorbic acid during the
breeding phase may be due to the active
utilization of ascorbic acid in the process of
steroidogenesis during these periods. Thus, this
study highlights the finding that minimum
cholesterol and ascorbic acid levels are present
in the adrenal gland during the highest activity
period of the gonads. Changes in adrenal cortex
in pigeon in relation to testicular and
environmental cycles. Higher levels and
intensities of alkaline and acid phosphatases
were recorded during the breeding phase and
the lowest in the regressive phase. Alkaline
phosphatase is required for the synthesis of
glycogen, which in turn appears to participate in
the metabolic process of spermatogenesis
(Sohval, 1958). It has been reported that the
enzymes (acid and alkaline phosphatases) are
mainly associated with growth, differentiation,
and maturation of the spermatogenic elements
of mammalian testis (Singer et al., 1980). These
enzymes are also involved in removing
cytoplasmic droplets of acrosomes in rat
(Terner et al., 1975). In the present study, the
strong activity of acid and alkaline phosphatase
enzymes in the testis indicates the active
participation of these enzymes in the process of
spermatogenesis at the peak breeding periods.
High levels of acid and alkaline phosphatase
enzymes were also found within the adrenal
gland.
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