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Abstract

It has been aimed to examine the effect of 12hrs phase delay in light-dark cycle, subsequent enucleation
followed by exogenous melatonin treatment on air-breathing activity rhythm in Clarias batrachus. Following
acclimation, seven Clarias batrachus approximately of the same size were transferred to chronocubicles. They were
initially maintained under LD 12:12 regime (lights on 06:00hrs) and considered as control group. The air-breathing
activity was monitored with the help of PC based event recorder for 7days. Then, the phase delay of 12hrs in light dark
cycle was maintained by reversing the light schedule with the help of automatic timer for consecutive 10 days.
Subsequently the animals were enucleated and left in the similar photoperiod for next ten days and then they were
given melatonin treatment (2@g/fish) daily at the initiation of subjective dark hour for another ten days. The air—
breathing activity was recorded with the help of infrared photoswitches connected to a microprocessor based event
recorder. The results obtained by actograms depicted the occurrence of entrained rhythm with the timings of light
on/off in air-breathing activity under LD 12:12 regime. Later, the activity pattern obtained from the actogram revealed
that the air-breathing activity rhythm is quickly entrained with the timings of lights on/off as phase delayed by 12 hrs
and the activity was found to be increased and decreased during the experimental dark and light hours of the LD
regime, respectively. Further, after enucleation under phase delay by 12hrs, the activity curve graph showed that the
air-breathing activity rhythm is similar as obtained under phase delay, showing increased activity during the
experimental dark hour in most of the individuals. Then, individuals after receiving daily treatment of melatonin under
the phase delayed by 12 hrs showed occurrence of the two peaks in air-breathing activity rhythm at 12:00 hrs and
24:00 hrs in most of the enucleated.
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Introduction

The mechanisms and effects of photoperiod
controlled rhythmicity are best known for
vertebrates. In most fish species investigated,
photoperiod acts on the pineal organ and retina
both secreting melatonin during the night (Sumpter,
1990). Randall and coworkers (1991) have reported
that in salmonid species, the duration of the
elevated levels of melatonin at night compared to
lower levels during the day reflects the length of the
night.

Photoperiod provides the most reliable
external signal in nature indicating the time of the
year (Gwinner 1986), and with its stability and
predictability, photoperiod acts as a proximal cue
that signals cyclic changes before they occur (Brett
1979). Directional changes in photoperiod, that is,
the decrease or increase in day lengths in relation to
the previous experienced photoperiod, has been
suggested as cues in some processes (Randall et al.
1991; Bromage et al. 1993), but also the actual
length of the day (or night) or a combination
between the two may be involved. In addition, it has
been suggested that the organism’s circadian

system and zeitgeber determine the phase relation
between entrained circadian rhythms and their
entraining periodic signals (Aschoff, 1965; Hoffman,
1969).

The present study was aimed to examine the
effect of 12hrs phase delay in light-dark cycle,
subsequent enucleation followed by administration
of melatonin on air-breathing activity rhythm in a
fresh water catfish, Clarias batrachus.

Materials and Methods:
Collection and care of animals

Live Clarias batrachus of mixed sex (40-50 g
body weight) were procured locally and kept in the
stock aquaria under the laboratory conditions (10
days) for proper acclimation. During the period of
acclimation, water inside the aquaria was renewed
every alternate day. Fishes were fed pieces of small
dry fishes locally available in the market ad libitum.
(Sahu, 2008, 2019, 2020).
Surgery
Enucleation:

The bilateral ocular enucleation was
performed with the help of fine surgical instrument.
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After anesthetizing the animals by keeping them in
ice-tray, an incision was made around the eyeball.
The eyeball was pulled out carefully from the socket
and the connections were cut with scissors (Chiba et
al., 1993; Khan and Joy, 1990).

Experimental Protocol:

Following acclimation seven Clarias batrachus
approximately of the same size were transferred to
chronocubicles. They were initially maintained
under LD 12:12 regime (lights on 06:00hrs) and
considered as control group. The air-breathing
activity was monitored with the help of PC based
event recorder for 7days. Then, the phase delay of
12hrs in light dark cycle was maintained by reversing
the light schedule with the help of automatic timer
for consecutive 10 days. Subsequently the animals
were enucleated and left in the similar photoperiod
for next ten days and then they were given
melatonin treatment (2ug/fish) daily at the
initiation of subjective dark hour for another ten
days. Enucleation was performed as earlier
described (Chiba et al., 1993; Khan and Joy, 1990).
The experimental protocol was as follows:

Clarias batrachus
(LD 12:12; n=07)

After 7days

Phase delay by 1Zhrs

After 10 days

surgical enucleation

After 10 days

Melatonin treatment (2pg/fish)
Daily at the initiation of subjective dark hour
for 10 days

Activity recording and data collection

Each animal was kept in a specially designed
glass aquariainside the chronocubicles for recording
of air-gulping/breathing activity. A porous plate was
fixed just below the surface of water with a single
large space, available in the centre from where the
fish can come to gulp the atmospheric air. The
infrared photoswitches were fixed in such way that
a beam of infrared ray lies in the middle of this
space. Air-gulping/breathing activity was monitored
and recorded by using a PC-based event recorder
(Vision Automation, Pune). This device employs the
principal of IR beam interruptions to record air-
gulping/breathing activity effectively. Whenever
fish came to the surface for gulping air it intrupted
the infrared beam. This signal was amplified and
recorded by a microprocessor based event recorder.
The two types of data files were prepared, viz;
graphical (for obtaining actograms) and numerical
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(to obtain number of gulps per hour for statistical
analysis) with the help of such event recorder. In
addition, hourly recording of climatic variables such
as water temperature, room temperature and
humidity was also done simultaneously on daily
time scale. Light schedule was maintained with the
help of automatic timers (Sahu, 2008, 2019, 2020).

Statistical analysis

The data, expressed in number of gulps/hour
and were subjected to single cosinor method at t =
24hr (Nelson et al., 1979). A rhythm was
characterized by three parameters, viz., the mesor
(M, rhythm adjusted mean), the amplitude (A, half
of the difference between the minimum and
maximum of the best fitting cosine function) and the
acrophase (¢, the time of maximum of this cosine
function with local midnight as ¢ reference). The ¢
was obtained with its 95% confidence limit if a
rhythm was detected with regards to the considered
T in that the amplitude differed from zero (non null
amplitude test) with P<0.05. A power spectrum
method was also employed for detecting prominent
period in air-gulping/breathing activity of the fishes
under LD 12:12 (De Prins et al., 1986) Student's t-
test (Bruning & Kintz, 1977), ANOVA (Snedecor &
Cocharan, 1994) and Duncan’s Multiple range test
(Duncan, 1955) were applied whenever required
(Sahu, 2008, 2019, 2020).

Results
Activity under LD 12:12

The activity pattern emerged from the
actogram depicted the occurrence of entrained
rhythm with the timings of light on/off in air-
breathing activity (activity elevated during dark and
declined during light hours) under LD 12:12 regime
(Fig.1a and b). Further, results of cosinor analysis
revealed a statistically significant 24-h rhythm in 6
out of 7 (85.7%) studied individuals (Tablel, Fig.3).
The acrophases of the activity in most of the
individuals were located during the dark hour of the
light-dark cycle (Fig. 4a). In addition, the period ()
of the activity rhythm was prominent 24-h in all the
studied individuals except Fish #04 (Table 3).

Activity under phase delay:

The visual analysis of the actograms revealed
that the air-breathing activity rhythm is quickly
entrained with the timings of lights on/off as phase
delayed by 12 hrs (Fig.1a and b) and the activity was
found to be increased and decreased during the
experimental dark and light hours of the LD regime,
respectively.

Results of cosinor analysis depicted a
statistically significant 24-h rhythm in air-breathing
activity in 4 out of 7 (57.1%) individuals. In addition,
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most of the individuals, the acrophases of the
activity were located in experimental dark hour (Fig.
4b). However, the period (1) of the activity was not
equal to 24-h in most of the individuals (Table 3).
Further, daily mean of the activity was slightly
decreased after phase delayed by 12hrs, as
compared to control group (Fig 5). In addition,
amplitude (Fig 7) and phase angle (Fig 8) of peak of
the activity with reference to lights on was
decreased as compared with individuals under LD
12:12 (Control group). However, statistical
validation was obtained only for phase angle.

Activity after enucleation under phase delay

To study the activity pattern, the activity curve
graphs have been prepared by using the numerical
data file obtained by the PC based event recorder.
After enucleation under phase delay by 12hrs, the
activity curve graph (Fig 2a and b) showed that the
air-breathing activity rhythm is similar as obtained
under phase delay, showing increased activity
during the experimental dark hour in most of the
individuals.

Results of cosinor analysis depicted that still
57.1% (4 out of 7 individuals) individuals have
retained a statistically significant 24-h rhythm in
their air-breathing activity (Tablel; Fig.3) and in
most of the individuals the peaks of the activity were
located during the experimental dark hour (Fig.4c).
The results of the spectral analysis revealed that in
5 out of 7 enucleated individuals maintained under
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phase delay, the period (1) of the activity was not
equal to 24-h (Table 3).

The daily mean of the air-breathing activity
was highest as compared to other studied groups,
however, statistical validation could not be obtained
(Fig 5). In addition, rhythm adjusted mean i.e.,
mesor and amplitude of the activity were also
increased  with  statistical validation after
enucleation under phase delay by 12hrs as
compared with the individuals under LD 12:12 and
phase delay (Fig.6 and Fig.7). However, phase angle
of peak of activity with reference to lights on was
significantly decreased as compared to the
individuals under LD 12:12 (Fig.8).

Activity after enucleation under phase delay and
melatonin receiving:

Results of activity curve graph showed
occurrence of the two peaks in air-breathing activity
rhythm at 12:00 hrs and 24:00 hrs in most of the
enucleated individuals after receiving daily
treatment of melatonin under the phase delayed by
12 hrs (Fig.2 a and b).

Results of cosinor analysis revealed a
statistically significant 24-h rhythm in their air-
breathing activity rhythm in 57.1% (4 out of 7
individuals) (Tablel; Fig.3). However, period of the
activity i.e., T was not equal to 24-h in almost all the
studied individuals. Further, peaks of the activity of
24-h rhythm in all the individuals occurred during

the experimental dark hour of the LD regime

(Fig.4d).

Tablel Results of cosinor analysis of air-breathing activity in Clarias batrachus at 1=24h

Group Animal p? Mesor + SE® Amplitude + SE° Acrophase?(95%CL)

Code
IG F#01 <0.001 0.26 +0.02 0.28 +0.09 0.14 (1.29, 22.98)
F#02 <0.01 1.30+0.09 1.49+041 0.46 (1.22,23.69)
F#03 0.0005 123.4+ 1.84 48.04 +3.39 2.05 (4.73, 23.5)
F#04 0.2166 1.06 +0.03 8.16 23.96
F#05 0.0001 25.96+1.74 10.72+2.15 21.33 (23.63, 19.05)
F#06 0.1647 2.05+0.45 1.20+1.02 18.91 (18.05, 19.77)
F#07 <0.001 0.78 +0.05 1.02 +0.07 0.31(1.25, 23.33)
PD F#O1 0.9223 75.34 +1.35 3.03 13.30

F#02 0.11 1.009 0.01 17.62
F#03 0.04 45.96 + 2.06 7.38+7.17 11.38 (16.49, 6.34)
F#04 <0.001 9.17 +0.63 5.38+2.21 21.96 (23.57, 20.36)
F#05 0.813 21.14+1.29 0.85 1.86
F#06 <0.001 8.01+0.30 2.14+1.05 19.73 (21.59, 17.87)
F#07 <0.001 27.56 +1.04 6.38 +4.69 16.67 (20.03, 13.31)

PDEG F#01 <0.001 142.24 +1.82 66.08 +2.11 11.54 (12.73,10.35)
F#02 0.3654 1.003 + 0.004 0.008 17.79
F#03 <0.001 53.96 +1.17 29.41 +4.05 12.27 (12.81, 11.74)
F#04 <0.001 302.48 +7.18 75.03 +2.81 11.07 (12.37,9.78)
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F#05 <0.001 498 +0.13 0.96+1.47 15.94 (19.14, 12.75)
F#06 0.0001 35.98 + 1.67 3.98+2.29 18.34
F#07 0.1745 175.54 + 2.85 59.41 +0.65 19.28
PDEMG F#01 0.03 57.06 + 2.67 9.88 +2.39 16.76 (21.57, 12.05)
F#02 0.1018 79.25+4.38 13.39 14.04
F#03 0.003 60.71+1.79 8.43+1.15 10.79 (13.93,7.59)
F#04 0.1422 96.03 +5.66 15.60 10.47
F#05 <0.001 20.27 +1.30 19.08 +4.55 16.11 (17.02, 15.2)
F#06 <0.001 23.36+1.56 16.01+5.32 17.72 (19.07, 16.37)
F#07 0.001 14.62 +0.52 9.29+1.85 12.88

2From F test of null amplitude rejection hypothesis.
bRhythm-adjusted mean of best-fitting cosine function + 1 standard error.
‘Half of the difference between maximum and minimum of best- fitting cosine function + 1standard error.
4Timing of maximum in best-fitting cosine function with 95% confidence limit.

IG = Intact
PD = Phase dealy

PDEG = Phase dealy + Enucleated
PDEMG = Phase dealy + Enucleated + Melatonin treated

Table2 Results of cosinor analysis of air-breathing activity in Clarias batrachus at T =12h

Group | Animal p? Mesor + SE® Amplitude + SE¢ Acrophase (95% CL)
Code

IG F#01 0.246 0.26 +0.01 0.05 5.16
F#02 0.419 1.30+0.09 0.17 11.11
F#03 0.07 121.90 +1.95 28.74 1.32
F#04 0.2166 1.06 +0.03 8.16 23.96

F#O5 0.0001 25.96 +1.74 10.72 +2.15 21.33(23.63, 19.05)

F#06 0.1647 2.05+0.45 1.20+1.02 18.91 (18.05, 19.77)

F#07 <0.001 0.78 + 0.05 1.02 +0.07 0.31 (1.25, 23.33)
PD F#O1 0.5147 75.47 +1.35 8.73 8.11

F#02 0.01 1.009 + 0.0045 0.018 +0.01 5.61 (7.62, 3.60)

F#03 0.5244 46 +2.07 3.33 0.84
F#04 0.3027 9.17 + 0.64 1.41 8.33
F#O5 0.813 22.03+2.19 0.85 1.92

F#06 <0.001 8.56 2.14+1.74 19.73 (21.59, 17.87)
F#07 0.4135 27.58 +1.35 4.58 4.58
PDEG F#01 0.7699 142.60 + 2.07 6.21 5.07
F#02 0.3589 1.004 + 0.004 0.008 5.77
F#03 0.06 54.05+1.39 4.67 0.68
F#04 0.3077 302.72+7.43 16.11 2.82
F#O5 0.3181 4.89+0.13 0.29 4.84
F#06 0.6575 35.83+1.51 1.03 8.07
F#O7 0.002 175.2+1.95 58.75 17.36
PDEMG F#O1 0.4187 57.07 + 2.68 4,98 6.96
F#02 0.2721 79.19 +4.39 10.06 4.60
F#03 0.4879 60.28 +1.80 3.06 9.32
F#04 0.125 95.72 +5.65 16.27 2.19
F#O5 0.0001 20.27 +1.30 18.25 5.51
F#06 0.7581 24.28 +1.45 16.75 21.65
F#O7 0.001 14.79+0.71 11.5+0.02 7.85
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Figure 1a &b Actogram record in double plot (48hrs)
showing air-breathing activity of Clarias batrachu;
IG= Intact Group, PD=Phase delay
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Figure 2 (a) and (b) Activity curve graph based on
numerical data

Seriesl = Intact

Series 2 = Phase delay

Series 3 = Phase delay + Enucleation

Series 4 = Phase delay + Enucleation + Melatonin

treated
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Figure 3 Occurrence of 24-h and12-h rhythm in air-
breathing activity in

Intact (IG), Phase delay (PD), Phase delay +

Enucleated (PDEG),

Phase delay + Enucleated + Melatonin Treated

(PDEMG) Clarias batrachus (Results based on

cosinor analysis)
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Figure 4 Peak map for air-breathing activity of
Clarias batrachus (a) Intact (b) Phase delay (c) Phase
delay +Eucleated

(d) Phase delay + Enucleated + Melatonin treated
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Figure 5 Daily mean of air-breathing activity
in Clarias batrachus
Please see legend to Fig.3
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Figure 6 Mesors (rhythm-adjusted mean) of

air-breathing activity rhythm in the Clarias
batrachus. Please see legend to Fig. 3
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Figure 7 Amplitude of the 24-h air-breathing
activity in the Clarias batrachus. Please see
legend to Fig. 3
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Figure 8 Mean of Phase angle of the air-
breathing activity with reference to lights on
in the Clarias batrachus. Bars having
dissimilar alphabets differ with statistical
validation. Please see legend to Fig.

Table 3 Results of power spectrum analysis showing period (1) of air-breathing activity in Clarias batrachus

Animal Code IG PDEG PDEMG
PD
F#O1 24 20.3 24 17.6
F#02 24 12 24 16.5
F#03 24 18.85 12 9.42
F#04 26 16.5 17.45 (24)* 29.33
F#O5 24 24 12.8 17.5
F#06 24 12.57 27.42 26.4
F#07 24 19.2 19.2 18.85

* Second peak
Please see legend to Tablel
Table 4 Results of phase angle of peak of air-breathing activity with reference to lights on in Clarias batrachus

Animal IG PD PDEG PDEMG
Code

F#O1 18.14 7.30 5.54 11.76
F#02 18.46 11.62 11.79 8.04
F#03 20.05 5.38 6.27 4.79
F#04 17.96 15.96 5.07 4.47
F#05 15.33 19.86 9.94 10.11
F#06 11.91 13.73 12.34 11.72
F#07 18.31 10.67 13.28 6.88

Please see legend to Table 1

Discussion

Diurnal periodicity in activity characterized by
maximum surfacing frequency in the dark phase and
minimum in the light phase of LD photo regime has
been reported by several workers (Pandey, 1987;
Devi, 1987; Singh, 1992; Srivastava, 1992; Srivastava
et al., 1993; Gupta, 1998; Maheshwari, 1998; Yadu
& Shedpure, 2002a, b; Shedpure & Yadu, 2002;
Tikariha & Shedpure, 2002) in Clarias batrachus.

In general, it has been documented that the
endogenous self-sustained oscillations among
organisms have been found to be entrained to the
exogenous oscillation (Zeitgeber) with a specific
phase angle difference (Weidmann, 1970,
Schwassmann, 1971). Further, phase differences

depends on zeitgebers as the period of entraining
cycle, ratio of light-dark hour, relative intensities of
light-dark phases and the rate of transition between
light-dark levels (Schwassmann, 1971). In addition,
if zeitgeber has a period outside the range of
entrainment, rhythms may free run and do not
coupled or synchronized with the zeitgeber
(Schwassmann, 1971). Organisms usually take
several period to become re-entrained in a sudden
shift of the zeitgeber’s phase and resynchronization
does not occur immediately in most species
(Singaravel et al., 1996).

A phase shift in environmental light-dark cycle
results after a transient lag period in a
corresponding phase shift of their circadian rhythm
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in various vertebrate species (Aschoff, 1969;
Pittendrigh, 1981; Moore-Ede et al., 1982). The
results of present study showed the existence of
synchronized air-breathing activity rhythm in Clarias
batrachus with the timings of lights on/off under LD
12:12. However, in contrast to reports available on
other vertebrates (Singaravel et al., 1996; Aschoff,
1969; Pittendrigh, 1981; Moore-Ede et al., 1982)
present findings depicted that after 12hrs phase
delay in light-dark cycle the air-breathing activity
rhythm in Clarias batrachus was quickly re-
entrained with the new timings of lights on/off and
the activity was found to be increased and
decreased during the experimental dark and light
hours of the LD regime, respectively. The peaks of
the activity were located during the experimental
dark hour in most of the individuals. The cosinor
rhythmometry revealed a statistically significant 24-
h rhythm in air-breathing activity in most of the
studied individuals under LD 12:12 and in 4 out of 7
individuals under phase delay by 12hrs. Further, the
period of the air-breathing activity was prominent
24-h in almost all the individuals under LD 12:12 but
not equal to 24-h in most of the individuals under
phase delay. These results also corroborate with our
earlier findings in which we have noticed quick re-
entrainment of air-gulping activity rhythm in Clarias
batrachus in 3 successive phase delay by 4h of light-
dark cycle (Yadu and Shedpure, 2002 b) and 12-h
phase delay of LD cycle (Tikariha, 2005). Similarly,
circadian rhythm of swimming activity in juvenile
pink salmon, Oncorhynchus gorbuscha has been
shown to re-entrain after only one transient cycle,
subjected to phase delayed LD cycle (Beugnon,
1982).

The dual role of the endogenous melatonin in
the circadian timing system has been suggested by
Armstrong (1989). First as an internal zeitgeber,
melatonin may act to maintain coupling between
individual oscillators and appropriate phase
relationship between the various body rhythms.
Second, it may modulate the photic sensitivity of the
SCN circadian pacemaker, facilitating or inhibiting its
responsiveness to changes in light intensity.
Further, endogenous circadian oscillator that
synchronises rhythmic cycles of rhythmic activities
with the photoperiodic cycle in various vertebrates
including fishes is known to be located in the pineal
organ, the hypothalamus (suprachiasmatic nucleus
i.e.,SCN) and the eyes (Menaker, 1985; Chiba et al.,
1993; Janik et al., 1990; Ebihara et al., 1984; Reiter,
1993; Shedpure, 2000). In addition, in reptiles and
birds, blinding (bilateral ocular enucleation) causes
various effects on circadian activity rhythms which
are similar to those caused by pinealectomy
(Underwood and Menaker, 1976; Underwood,
1981; Ebihara et al., 1984; Underwood and Siopes
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1984; Foa, 1991). However, data from catfish
suggested that the eyes and the pineal contribute to
synchronize the behavioural rhythms by a light:dark
cycle. In addition, other photoreceptors and
oscillators also contribute (Tabata et al., 1988) for
the same. Further, Bayarri and coworkers (2003)
reported that even though sea bass eyes do not
directly contribute to plasma melatonin, the pineal
organ, which unlike that of mammals is a direct
photoreceptor in fish, requires light information
from the lateral eyes to normally secrete melatonin
into the bloodstream (Bayarri et al.,, 2003_) In
addition to the effects of light and dark adaptation,
many cellular phenomena in the vertebrate retina
are now known to be regulated by a circadian clock
(Reme et al. 1991; Cahill & Besharse, 1995), a type
of biological oscillator that is intrinsic to neural
tissue and that has persistent rhythmicity with a
period of approximately 24 h in the absence of
external timing cues (e.g. constant darkness) (Block
et al. 1993).

After enucleation under phase delay by 12hrs,
the activity curve graph showed that the air-
breathing activity rhythm is similar as obtained in
intact individuals under phase delay. The activity
increased during the experimental dark hour in
most of the individuals. Results of cosinor analysis
depicted that still 57.1% (4 out of 7 individuals)
individuals have retained a statistically significant
24-h rhythm in their air-breathing activity and in
most of the individuals the peaks of the activity were
located during the experimental dark hour. The
results of the spectral analysis revealed that in 5 out
of 7 enucleated individuals maintained under phase
delay, the period (t) of the activity was not equal to
24-h. These results corroborate with our findings of
earlier chapters which show desynchronized rhythm
of air-breathing activity with t # 24-h after
enucleation. Further, Gothilf and his coworkers
(1999) have reported that melatonin is synthesised
in retinal photoreceptor cells, where melatonin is
thought to play a paracrine role in adaptation to
light and darkness. The daily mean of the air-
breathing activity was highest as compared to other
studied groups, however, statistical validation could
not be obtained. In addition, rhythm adjusted mean
i.e., mesor and amplitude of the activity were also
increased  with  statistical validation after
enucleation under phase delay by 12hrs as
compared with the intact individuals under LD 12:12
and phase delay. However, phase angle of peak with
reference to lights on was significantly decreased as
compared to the individuals under LD 12:12.

Studies in various mammalian species have led
to the hypothesis that an endogenous circadian
mechanism controls pineal melatonin content and
can adapt the melatonin rhythm to reflect shifts in

752


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Bayarri+MJ%22%5BAuthor%5D

Journal of Harbin Engineering University

ISSN: 1006-7043

the prevailing light-dark schedule (Yellon et al.,
1982). Earlier studies on the circadian locomotor
activity rhythm in the field mouse Mus booduga
(Sharma et al., 1999) have demonstrated that a
single dose of melatonin shifts the onset of activity
in a phase-dependent manner. Golombek and his
colleagues (1998) have reported that golden
hamster took 6-9 days to re-entrain after a 6 hour
phase advance in the photoperiod but the
treatment of melatonin accelerated the rate of re-
entrainment.

Present study revealed that after melatonin
administration in enucleated individuals under
phase delay, the activity curve graph showed
occurrence of the two peaks in air-breathing activity
rhythm at 12:00 hrs and 24:00 hrs in most of the
individuals. Results of cosinor analysis revealed a
statistically significant 24-h rhythm in air-breathing
activity in 57.1% (4 out of 7 individuals). However,
period of the activity i.e., T was not equal to 24-h in
almost all the studied individuals. Further, peaks of
the activity of 24-h rhythm in all the individuals
occurred during the experimental dark hour of the
LD regime. The daily mean was higher than the
intact individuals under LD12:12 after melatonin
treatment. These finding corroborate with our
earlier finding (Tikariha, 2005) that daily light and
dark hour means of the activity were increased after
melatonin treatment under phase delay. Results
from Duncan’s multiple range test documented that
mesor and amplitude of the air-breathing activity
were increased but phaseangle of acrophase
decreased after melatonin treatment.

It has been unequivocally accepted that the
circadian systems can be entrained both by photic
as well as nonphotic time cues. In general, the
endogenous self-sustained oscillations among
organisms have been found to be entrained to the
exogenous oscillation (zeitgeber) with a specific
phase angle difference (Weidmann, 1970;
Schwassmann, 1971).

References

1. Armstrong SM (1989): Melatonin and circadian
control in mammals. Experientia 45: 932-938.

2. Aschoff J (1965): Response curves in circadian
periodicity. In: Aschoff J ed., Circadian clocks,
Amsterdam, North Holland Publ., pp. 99-111.

3.  Aschoff J (1969): Desynchronization and re-
synchronization of human circadian rhythms.
Aerosp Med 40: 844-849.

4. Bayarri MJ, Rol de Lama MA, Madrid JA,
Sanchez-Vazquez FJ (2003): Both pineal and
lateral eyes are needed to sustain daily
circulating melatonin rhythms in sea bass.

5. 969 (1-2):175-82.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Vol 44 No. 7

July 2023
Beugnon G (1982): Circadian rhythm of
swimming activity in juvenile pink salmon
(Oncorhynchus gorbuscha). Fla. Entomol 64:
463-468.
Block GD, Khalsa SBS., McMahon DG, Michel S,
Guesz M (1993): Biological clocks in the retina:
cellular mechanisms of biological timekeeping.
International Review of Cytology 146: 83.
Brett JR (1979): Environmental factors and
growth. In: HoarWS & Randall DJ eds. Fish
physiology Vol. VII. Academic press.
Bromage N, Randall C, Duston J, Thrush M,
Jones J (1993): Environmental control of
reproduction in salmonids. In: Muir JF &
Roberts RJ eds. Recent advances in
aquaculture. Oxford-UK Blackwell scientific
publications 4:55-65.
Bruning JL, Kintz BL, (1977): Computational
Handbook of Statistics. (Foresman,
Glenview, lllinois., Scott).
Cahill GM, Besharse JC (1995): Circadian
rhythmicity in vertebrate retinas: Regulation
by a photoreceptor  oscillator.  Prog.
Retinal Eyes Res. 14: 267-291.
Chiba A, Kikuchi M, Aoki K (1993): The effects
of pinealectomy and blinding on the circadian
locomotor activity rhythm in the Japanese
newt, Cynops pyrrhogaster. J Comp Physiol A
172: 683-691.
De Prins, J., Cornelissen, G. and Malbecq. W,
(1986). Statistical procedures in chronobiology
and chronopharmacology.  Annu Rev
Chronopharmacol 2:27-141.
Devi, U (1987): Studies on the pseudobranchial
neurosecretory system of certain teleosts
with particular  reference to its function.
PhD thesis, University of Allahabad, ndia.
Duncan DB, (1955): Multiple range- and
multiple F-tests, Biometrics, 11:1.
Ebihara S, Uchiyama K, Oshima | (1984):
Circadian organization in the pigeon, Columba
livia: The role of the pineal organ and the eye.
J Comp Physiol A Sens Neural Behav Physiol
154:59-70.
Foa A (1991): The role of the pineal and the
retinae in the expression of circadian
locomotor rhythmicity in the ruin lizard,
Podarcis sicula. ] Comp Physiol A 169:201-208.
Golombek Diego DA, Paola PC Yannielli, Daniel
DP Cardinali (1998): Reentrainment in golden
hamsters: Effect of melatonin, age and
neonatal clomipramine treatment. Biol Rhy
Res 29 (5): 501-509.
Gothilf Y, Coon, SL, Toyama R, Chitnis A,
Namboodri M A A, Klein CD (1999):
Zebrafish serotonin N-acetyl
transferase-2: marker for development of

753



Journal of Harbin Engineering University
ISSN: 1006-7043

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

pineal photoreceptors and circadian clock
function. Endocrinology 140 (10): 4895-4903
Gupta S (1998): Some aspects of endocrine
regulation of surfacing behaviour in an air-
breathing catfish, Clarias batrachus. Ph. D.
Thesis. Pt. Ravishankar Shukla University,

Raipur, India.
Gwinner E, (1986): Circannual rhythms.
Springer Verlag.

Hoffmann K (1969): Die relative wirksamkeit
von zeitgebern. Oecologia (Berlin) 3: 184-206.
Janik, D.S., Pickard, G.E. and Menaker, M.
(1990). Circadian locomotor rhythms in the
desert iguana. Il. Effects of electrolytic lesions
to the hypothalamus. J Comp Physiol A
166:811-816.

Khan 1A, Joy KP (1990): Effects of season,
pinealectomy, and blinding, alone and in
combination on hypothalamic monoaminergic
activity in the teleost Channa punctatus, J
Pineal Res, 8:277.

Maheshwari R (1998): An analysis of the air-
gulping behaviour of the catfish,
Heteropneustes fossilis, with reference to
hormonal regulation. Ph.D Thesis. Pt. RSU,
Raipur, India.

Menaker M, (1985): Eyes-the second (and

third) pineal glands? In Photoperiodism,
melatonin and the pineal, edited by D
Everd & S Clark, Ciba Foundation

symposium, Pitman, London 117: 78.
Moore-Ede MC, Sulzman FM, Fuller CA (1982):
The clocks that time us, London, Harward
University Press.

Nelson W, Tong Y, Lee JK, Halberg F, (1979):
Methods for cosinor rhythmometry,
Chronobiologia, 6: 305.

Pandey A (1987): Studies on the surfacing
activity of certain catfishes with particular
reference to the role of pseudobranchial

neurosecretory system. D. Phil Thesis,
University of Allahabad, India.
Pittendrigh CS (1981): Circadian systems

entrainment. In: Aschoff J ed., Biological
rhythms, New York, Plenum Press, 95-206.

Randall CF, Bromage NR, Thrush MA, Davies B
(1991): Photoperiodism and melatonin
rhythms in salmonid fish. In: Scott AP, Sumpter
JP, Kime DE, Rolfe MS, eds.,
Proceedings from 4th International
Symposium on Reproductive Physiology in
fish, Fish Symp 91, Sheffield, 136-138

Reiter RJ (1993): The melatonin rhythm: both a
clock and a calender. Experientia 49: 654-664.
Remé CE, Wirz-Justice A, Terman M (1991):
The Visual Input Stage of the Mammalian
Circadian Pacemaking System: I. Is There a

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Vol 44 No. 7

July 2023
Clock in the Mammalian Eye? Journal of
Biological Rhythms, Vol.6 (1): 5-29
Sahu (2008): Role of pineal and eyes in the
regulation of temporal organization of air-
breathing behaviour in an indian catfish,
Clarias batrachus. Ph. D. Thesis, Pt.
Ravishankar Shukla University, Raipur, India.
Sahu (2019): The modulatory effect of
enucleation & melatonin on air-breathing
activity rhythm in Clarias Batrachus (LINN).
KAAV International Journal of Science,
Engineering & Technology 6 (4): 06-12.
Sahu (2020): Modulatory role of pinealectomy
or enucleation on air gulping activity
rhythm in Clarias batrachus (Linn.). Nat.
Journal of Arts, Commerce and
Scientific Review 7(2): 38-45.
Schwassmann HO (1971): Biological rhythms.
In: Hoar WS, Randall DJ eds., Fish Physiology,
Vol. VI, New York, London, Academic Press,
371-416.
Sharma VK, Singaravel M, Subbaraj
R, Chandrashekaran MK (1999): Melatonin
Injections in a Dose-dependent Manner
Biological Rhythm Research 30 (3): 313-
320.
Shedpure M (2000): The pineal gland and
biological rhythms. In: Shedpure M, ed.,
Chronophysiology, Pt. R. S. U. Raipur, 182-200.
Singaravel M, Sharma VK, Subbaraj R,
Gopukumar Nair N (1996): Chronobiotic effect
of melatonin following phase shift of light/dark
cycles in the field mouse Mus booduga. J Biosci
21:789-795.
Singh KP (1992): Studies on surfacing
behaviour of certain fishes. D. Phil Thesis,
University of Allahabad, India.
Snedecor GW, Cocharan WG, (1994): Statistical
methods. 8" edition. (Affiliated East-
West  Press & Lowa state University Press,
New Delhi).
Srivastava D (1992): Studies on diel activity
pattern in a catfish, Heteropneustes fossilis. D.
Phil. Thesis, University of Allahabad, India.
Srivastava CBL, Singh KP, Srivastava D,
Srivastava S (1993): Surfacing activity in
catfishes In: Singh BR, ed., Advances in fish
research, Narendra Publishing House, Delhi, 1:
139.
Sumpter JP (1990): General concepts of
seasonal reproduction. In: Muro AD, Scott AP
& Lam TJ eds., Reproductive seasonality
in teleosts: Environmental influences. Crc
press, Boca Raton, Florida.
Tabata M, Minh-nyo M, Oguri M (1988):
Involvement of retinal and extraretinal
photoreceptors in the mediation of nocturnal

754


http://www.ingentaconnect.com/content/tandf/brhm;jsessionid=7h0fi9bfroej0.victoria

Journal of Harbin Engineering University Vol 44 No. 7

ISSN: 1006-7043 July 2023
locomotor activity rhythms in the catfish,
Silurus asotus. Exp Biol (Berl) 47: 219-225.

47. Tikariha R, Shedpure M (2002): Effect of
starvation on the characteristics of 24-h
rhythm in surfacing activity of an Indian
freshwater catfish, Clarias batrachus. Biol Rhy
Res 33:121-128.

48. Tikariha (2005): Regulatory role of melatonin
on the surfacing activity in an Indian
freshwater catfish, Clarias batrachus. Ph. D.
Thesis, Pt. Ravishankar Shukla University,
Raipur, India.

49. Underwood H, (1981): Circadian organization
in the lizard, Sceloporus occidentalis: The
effects of pinealectomy, blinding and
melatonin, J Comp Physiol, 141: 537.

50. Underwood H, Menaker M (1976): Extraretinal
photoreception in  lizards.  Photochem
Photobiol, 23: 227-243.

51. Underwood H, Siopes T (1984): Circadian
organization in japanese quail. J Exp Zool. 232:
557-566.

52. Weidmann U (1970): Innate behaviour. In: Amy
Kramer ed., Topics in the study of life, 297-306.

53. Yadu Y, Shedpure M (2002a): Pinealectomy
does not modulate the characteristics of 24-h
variation in air-gulping activity of Clarias
batrachus. Biol Rhy Res 33: 141-150.

54. Yadu Y and Shedpure M (2002b): Effect of
pinealectomy on re-entrainment of air-gulping
activity in Indian walking catfish, Clarias
batrachus. Biol Rhy Res 33:463-473.

55. Yellon SM, Tamarkin L, Pratt BL, Goldman BD
(1982): Pineal melatonin in the Djungarian
hamster: photoperiodic regulation of a
circadian rhythm, Endocrinology, 111: 488-
492,

755



