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Presently an attempt has been made to generate data on the variation in cortisol titre
of fish Garra gotyla gotyla during the different seasons of the year. Considerable
variation has been observed in the level of cortisol during different seasons with
maxima in summer season and minima coinciding with the winter season. Factors
that influence such variations have been discussed in detail.
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INTRODUCTION
Cortisol is one of the major corticosteroid hormone secreted by
the interrenal tissue found in the ‘head kidney’ of fish (Matty,
1985, Martinez-Porchas et al., 2009 and Gupta et al., 2012).
During stress, a corticotropin releasing factor (CRF), secreted
and released from the hypothalamus stimulates the anterior
pituitary, pars distalis, to liberate adrenocorticotropic hormone,
ACTH (Freyer & Peters, 1977 and Martinez-Porchas et al.,
2009). ACTH in turn is implicated in the synthesis and release
of cortisol from the interrenal tissue. Cortisol has been
recognized as reliable indicator of stress in fish (Mazeaud et
al., 1977; Barton and Tooth, 1980; Waring et al., 1992;
McDonald et al., 1993; Waring et al., 1996; Pickering, 1993
and Metz et al., 2005). Its secretion is dependent upon various
factors like temperature (Strange, 1980; Davis et al., 1984;
Barton and Schreck, 1987 and Barton and Zitzow, 1995), time
of day (Davis et al., 1984; and Barton et al., 1986), wavelength
of light (Volpato and Barreto, 2001), background of color
tanks (Gilham and Baker, 1985), nutritional state (Barton et
al., 1988), presence of disease (Barton et al., 1986), season
(Pickering and Pottinger, 1983 and 1984), reproduction
(Shanker and Kulkarni, 2007). It is because of this that,
cortisol has been widely used to assess the state of health in
fish exposed to stress (natural and anthropogenic) (Mazeaud
and Mazeaud, 1981; Pickering, 1993 and Metz et al., 2005).
Presently an attempt has been made to generate data regarding
the levels of cortisol hormone in different seasons of the year
and their relationship with stress conditions encountered
during various life cycle conditions.

MATERIAL AND METHODS
Adult specimens of Garra gotyla gotyla were collected from
the Jhajjar stream, a tributary of River Chenab (J & K), India
and were brought live to laboratory. Blood was taken from the
heart of the fish with non heparinized syringe, collected in
plastic Eppendrof tubes. After centrifugation, blood plasma
was removed and the samples were then analyzed for
measuring the levels of cortisol by Radioimmunoassay
following the methodology adopted by Tort et al. (1998). Total
Leucocyte count was counted with the help of improved

Neubar haemocytometer (Maule and Schreck, 1990).
Temperature of water body was measured with the help of a
mercury centigrade thermometer while dissolved oxygen was
estimated by using modified Wrinkler’s method (APHA,
1958). The data was statistically analyzed by using SPSS 17
version.

RESULTS AND DISCUSSION
Cortisol hormone has been estimated during five main seasons
viz. spring, summer, monsoon, autumn and winter and
significant seasonal variations could be recorded throughout
the year (Table 1). Maxima (140.0ng/ml) in cortisol have been
noted during summer season and minima (98.2ng/ml) during
winter season. Similar to present findings, Shrimpton and
McCormick (1998), Leach and Taylor (1982), Pickering and
Pottinger (1983) and Miller and Hontela (2011) also observed
significant seasonal variations in the level of cortisol hormone
and reported peak during summer and minima during winter.
Table (1) further evinces that from winter onwards as water
temperature observe an increase during spring season, serum
cortisol level also observes a significant increase (P<0.01) and
hence appears to be a direct consequence of water temperature
only.  Decreasing DO contents due to increased rate of
evaporation from water body, because of increase in
temperature present author feels, exert a sort of stress on fish
Garra gotyla gotyla. Hence, it appears that temperature related
stress, possibly have resulted in highest level of cortisol during
summer months (140ng/ml in the month of May). During
period of stress it is on record (Iwama et al., 1999; Colombe et
al., 2000 and Martinez-Porchas et al., 2009) that hypothalamus
releases a polypeptide i.e. corticotropin releasing factor (CRF)
in blood circulation which by stimulating secretion of
adrenocorticotrophic hormone (ACTH) from the anterior
pituitary gland seemingly appears to activate the release of
cortisol by the interrenal tissue. High temperature related
deficient DO creates stressful condition which as stated by
Reid et al. (1992, 1998) and Martinez-Porchas et al. (2009)
might result in increased cortisol level for release of
catecholamine possibly to modulate the respiratory functions
thereby increasing both (I) oxygen delivering rate and (II)
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blood’s oxygen carrying capacity. In tune to present
observations Pickering (1984), Ya-Yi et al. (2001) and Nakano
et al. (2004) also reported an increase in cortisol titre during
spring and summer season which they, also inferred to be
mainly the outcome of stress of high temperature related low
DO of water body. In this context findings of Tomasso et al.
(1981) and Small (2004) that serum cortisol levels were higher
in oxygen deprived Channel catfish simply lend a strong
support to present observations.

Increment in cortisol titre during spring and summer,
according to present author, also finds a direct relation with
increased feeding intensity of fish Garra gotyla gotyla
possibly to meet the ever increasing metabolic demands
created due to high temperature during summer season.
Support for present contention that increased cortisol level has
direct relation with heightened feeding intensity during spring
and summer can also be derived from the findings of Pickering
and Pottinger (1983) and Mommsen et al. (1999) who too
reported an elevation in cortisol with increased feeding
intensity.

Increase in cortisol level also finds a direct association with the
reproductive cycle of fish, Garra gotyla gotyla. Increase in
cortisol level during active reproduction period in females,
present author proposes help them to overcome the stressful
condition of maturing and maturation by making available
more and more glucose contents in blood through the process
of gluconeogenesis and glycogenolysis. Similar to present
findings workers like Chakraborti et al. (1987) and Shanker
and Kulkarni (2007) also established similar relation between
reproductive activity and cortisol secretion.

Blood cells are the mediators of defense mechanism in animals
and WBCs are key components of innate immune defense
(Jenkins and Ourth, 1993).   During spring and summer as
temperature increases a corresponding increase in the total
leucocytic count of fish, Garra gotyla gotyla has been
observed. Increase in total leucocytes by making fish
immunologically strong additionally help them to cope up the
stressful period of summer months. It therefore appears that
elevated level of cortisol bears a direct relation with the
immune system of fish also. Increase in leucocytic count in
response to increased circulating cortisol has often been
reported earlier also to be indicative of stressful condition
created by rise in temperature during spring and summer
(Ellaesser et al., 1985). Ellaesser and Clem (1986) also
proposed that there exist a direct relationship between cortisol
and total leucocyte count and gives an added support to present
view point.

After exhibiting peak during summer, from monsoon onwards,
a declining trend in serum cortisol level has been observed by

present author which culminate by recording its lowest ever
values during winter (January). It is clearly evident from the
Table (1) that during this time period (monsoon to winter) as
temperature of water body witnessed a decline, probably there
is appreciable increase in DO contents.  So decline in water
temperature from monsoon to winter probably result in
decrement in level of cortisol titre. Pickering and Pottinger
(1983) also reported decline in serum cortisol level with
decrease in water temperature and noted minima during winter.
Presently spawning period of Garra gotyla gotyla has been
found to be confined to June and July (late summer to early
monsoon). Spawning is also most stressful energy demanding
(Zhou et al., 2008) phase in life of fish. Being catabolic, its
increase during this period may be to cater to energy demand
during spawning period.

After spawning is over by late monsoon, fish enters in to post
spawning phase. By this time fish Garra gotyla gotyla
virtually get exhausted and now do need energy to fulfill the
general energy demand of body but not any extra energy for
gonadal development. Hence during monsoon since sufficient
food is available in water body so fish feeds vigorously and
tries to regain the vigour. During this season cortisol hormone
level however declines. Shankar and Kulkarni (2007) too
reported decline in cortisol titre after spawning period (post
spawning, monsoon) and attributed it to ceased vitellogenic
activity during this period.

From monsoon onward there is further decline in water
temperature during autumn and winter and a starvation like
condition is created in water body. To survive these periods of
unfavorable low temperature fish reduces its energy
expenditure by lowering down its metabolic rate. Hence,
during this low metabolic period present author suggests there
is lowering in secretion of metabolic hormone cortisol. Thus
decline in titre of cortisol during this period is justifiable.

Similar to present contention regarding the decline of cortisol
level during winter period workers like Pickering and Pottinger
(1983), Mommsen et al. (1999) also reported decline in
cortisol titre of fish during cold regime.

Table 1 also clearly indicates that during period of low
temperature (from monsoon to winter) as temperature exhibit a
decrease in its values so does the cortisol and fish witnessed a
sort of immunodepressive condition by exhibiting lower value
of WBCs as compared to spring and summer when a
immunostimulatory is evident due to higher count of WBCs.

CONCLUSION
Thus from above results and discussion it can be deduced that
cortisol, the master stress hormone in fishes, exhibit clear cut
seasonal variations depending upon changes in environmental
factors like temperature and DO. These factors affect the
feeding intensity of fish Garra gotyla gotyla and also the
immune system of fish.
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