






























































































































































































































































































































































































































































































































































Figure 4:2 : In vivo effects of testosterone in the absence and presence of cyproterone
acetate (CA) on the rate of tissue respiration of male Clarias batrachus
during winter (Av. water temp. : 9.6° C) and summer (Av. water temp. :

20 C).

All values are expressed as Mean + Standard Error (S.E.); N=4.

** ¢ Differ from respective controls : P <0.05, 0.01 and 0.001,
respectively.

4«1 Differ from the group treated with testosterone : P < 0.05, 0.01 and
0.001, respectively.
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Figure 4:3 - In vitro effects of testosterone on the rate of tissue respiration of male
Clarias batarchus during winter (Av. water temp. : 9.6° C) and summer

(Av. water temp. : 20° C)

All values are expressed as Mean + Standard Error (S.E.); N=4.

¢ Differ from respective controls : P < 0.05, 0.01 and 0.001,
respectively.
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Figure 4:4 - In vitro effects of testosterone in the absence and presence of actinomycin-D
v
and cyproterone acetate (CA) on the rate of tissue respiration of male (Jarius

batrachus during summer (Av. water temp. : 20" C).

All values are expressed as Mean 1 Standard Error (S.E.); N = 4.

*%< Differ from respective controls : P < 0.05, 0.01 and 0.001,
respectively.

4 Differ from the gro\up‘ treated with testosterone : P < 0.05and 0.001,
respectively.
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Chapter-V

ROLE OF CATECHOLAMINES AND CORTICOSTEROIDS IN
REGULATION OF THE OXIDATIVE METABOLISM IN MALE

Clarias batrachus

The adrenal gland in mammals is a discrete and compact organ. However, in
teleost fishes, the catecholaminergic (CT) and corticosteroidgenic (CSG) tissues do
not constitute a well defined adrenal gland. These tissues are scattered separately in the
form of islets in the anterior part of the kidney. The catecholamines are produced from
the CT and as a neurotransmitter from the sympathetic nerve terminals (Hillarp and
Hokfett, 1953; Butler, 1973; Himms-Hagen, 1975; DeSantis ef al., 1975; Landberg
and Young, 1985, 1992). As in mammals, the CSG tissue of the fish secrets corticoids
like corticosterone, cortisol and cortisone (Baxter and Tyrrell, 1987). The
catecholamines and the corticosteroids have been reported to be involved in a number
of metabolic pathways of vertebrates (Gorbman ¢f «al., 1983a; Christopsh ¢/ al., 1996).
Due to their multi-directional physiological actions, these hormones play a major role
during the emergency conditions and in general adaptations against the adverse effect
of a new environment (Gorbman e¢f a/, 1983a; Landberg and Young, 1985, 1992;

Harmaweray and Baker, 1996).

The catecholamine hormones have been reported to induce non-shivering
thermogenesis in cold acclimated mammals (Hsieh and Carlson, 1957; Carlson, 1960,
Himms-Hagen, 1970, 1984, Williamson ¢f «/., 1970, Gale, 1973, Tenche, 1976,
Horwitz, 1978, 1979, Bukowiecki ¢f al ., 1980; Nedergard ¢f al |, 1986; Nicholls ¢f al.,
1980; Allison and Skinner, 1990, Haim and Skinner, 1991, McDevit and Speakman,

1996). These horn:ones have been reported to stimulate oxygen consumption in a
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number of mammalian species (l-{imms-Hagen, 1967, Laury ¢f al., 1971; Horwitz,
1978, Sherwin and Sacca, 1984; Ellison and Skinner, 1990; McDevit and Speakman,
1996), reptiles (Gupta and Thapliyal, 1983; Thapliyal and Gupta, 1984) and
amphibians (Harri and Hadenstam, 1972; Farrar and Frye, 1977, Janssens ef al., 1983,
Gupta and Mahanta, 1997). Due to their rapid and temperature-independent
calorigenic actions, catecholamines act as emergency hormones for regulation of the
oxidative metabolism in the poikilothermic vertebrates (Gupta and Thapliyal, 1983,
Ottolenghi ¢/ al., 1985, Josekumar and Oommen, 1988, Prasannakumar and Oommen,
1988 Gupta and Chakrabarty, 1090; Gupta and Dcka-Borah, 1995; Gupta and
Mahanta, 1997, Mahanta and Gupta, 1998). Unlike in reptiles and amphibians, there is
scarcity of information on the involvement of catecholamines in fish respiration. The
available reports seem to be inconsistent and contradictory. So far no attempt has been
made to study in details the éalorigenic role of catecholamines in fish tissue respiration,
mode of action and their synergistic metabolic action with thyroid hormones. The
metabolic influence of corticosteroids on the oxidative metabolism in mammals seems
to depend on tissues and the length of hormonal treatment (Goetsch and McDonald,
1962). Hydrocortisone, predinisolone and corticosterone separately increased liver
oxygen uptake (Goetsch ¢ al., 1959, 1962; Goetsch and McDonald, 1962; Bottom
and Goetsch, 1968). Glucocorticoid have been reported to have a direct influence on
mitochondrial transcription and respiratory enzyme synthesis in mammals (McEwan e/
al., 1994; Demonacus ¢f al,, 1996). In reptiles and amphibians, the corticosteroids
seem to have a direct and temperature-independent effect on the rate of tissue
respiration (Gupta and Thapliyal, 1983, 1991; Gupta and Chakrabarty, 1990; Gupta
and Deka-Borah, 1995; Gupta and Mahanta, 1997). They also increased the activity of
oxidative enzymes in reptilian liver in a dose-dependent manner (Prasannakumar and
Oommen, 1988). In amphibians also, these hormones have been reported to increase
the activity of respiratory enzymes (Josekumar and Oommen, 1988; Hanke, 1990).

However, unlike in other vertebrates, there is practically no information on the
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calorigenic action of the corticosteroid hormones in any fish species. Therefore,
keeping in view the scarcity of information on the calorigenic role of catecholamines
and corticosteroids and the phylogenic position and economic importance of fish, we
decided to investigate in detail the role of these hormones in regulation of the oxidative
metabolism of an air breathing fish, Clarias batrachus maintained at natural climatic
conditions during winter and summer/rainy seasons. The experiments were also
conducted to know the mechanism of action of catecholamines and their synergistic
action with thyroid hormones. Finding of the present study indicates that the hormones

are actively involved in the regulation of the oxidative metabolism of the fish.

Materials and Methods

Adult male Clarias batrachus (length : 18 - 22 cm; weight :70-80 gm.) were
purchased from the local market and acclimatized for 15 days under natural climatic
conditions before the experiment were started (for details please see Chapter-I). /n
vivo and in vitro experiments were conducted during both winter and summer/rainy

months as per the following experimental protocol.

Experimental Protocol

Expt. Treatment In vivol invitro  Month Dose Duration of

No. (temp.) Treatment
(A) Control I vitro Jan
' (9.6°C)
Eptnephrine July . 1 uM
(20°C)
Norepinephrine(NE) I uM
Corticosterone 1 M
Cortisol 1 M
Cortisone 1 uM
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Expt. Treatment In vivol in vitro  Month Dose Duration of
No. (temp.) Treatment
(B) Control Invitro Jan
(9.6°C)
Tz July I uM
T, (20°C) 1 uM
TZ+EP luM+ 1 uM
T:+NE luM + 1 uM
T4+EN 1uM+ 1 uM
T4+NE luM+ 1 uM
(C) Control In vitro July
(20°C)
Propranotol (Prop) 2uM
Prozosin (Praz) 2 uM
Prop+ Praz 2 M +2 M
1:p Y
NE I uM
Prop+EP 2uM+ 1 uM
Prop+NE 2uM + 1 uM
Praz+EP 2uM+ 1 uM
Prazt+NE 2uM+1uM
Prop+Praz+EP 2uM +2 1M +1 ' M
Prop+Praz+NE 2uM -+ 2 M +1 uyM
(D) Saline In vivo Jan 4 days
v (9.0°C)
P Sept 2 py/tid 4 days
(20°C)
NE 2 pg /tid 4 days
Corticosterone 2 ng /fid 4 days
(D) Cortisol 2 ug/tid 4 days
Cortisone 2 g /frd 4 days



Expt. Treatment Invivo/Invitro Month  Dose Duration of Treatment

No. (Temp.)
(IX) Saline I vivo Jan 4 days
(9.6°C)

Ty Sept 2 pg /id 4 days
T, (20°C) 2 ug/t/d 4 days
EP 2 ug /f/d 4 days
NE 2 ng /fid 4 days
T HEP 2 pg+2 pg /fld 4 days
T++NE 2 pgt+2 ng /fid 4 days
T,+EP : 2 pgt2 ng /f/d 4 days
T,NE 2 pugt2 pg /fid 4 days

(F) Saline In vivo August 4 days

(21°C)

Metapyrone(Meta) 1 ug/g/d 4 days
Corticosterone 2 ug/tid 4 days
Cortisol 2 pg /fid 4 days
Cortisone 2 pug /tid 4 days
Meta+Corticosterone 1 ng/g+2 png/tid 4 days
Meta+Cortisol 1 ng/eg+2 ng/tr'd 4 days
Meta+Cortisone 1 ng/g+2 ng/f/d 4 days

Results

In vivo and in vitro effect of epinephrine (EP) and norepinephrine (NE)

The data are presented in Tables 5:1, 5:2, 5:3 & 5:4; Figs. 5:1, 5:2, 5.3 & 5:4.
Both /n vivo and in vifro administration of EP and NE increased significantly the

respiratory rate of all the tissues (liver, muscle, kidney and brain) during winter as well
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as during summer/rainy months. Comparatively, EP was more potent than NE in
muscle, while NE was more potent than EP in stimulating liver tissue respiration.
Irrespective of the mode of treatments, the degree (% increase) of stimulation of liver,
muscle and kidney res.piration by epinephrine and norepinephrine was higher during
winter as compared to that of summer/rainy months (Tables 5:1, 5:2, 5:3, and 5:4,

Figs. 5:1, 5:2, 5:3, and 5:4).
In vivo and in vitro effects of corticosteroids

The data are presented in Tables 5:1, 5:2, 5:3, 5:4 and 5:5; Figs. 5:1, 5:2, 5.3,
5:4 and 5:5. In vivo and in vitro treatments of corticosterone, cortisol and cortisone
significantly increased the respiratory rate of all the four tissues (liver, muscle, kidney
and brain) during both winter and summer/rainy seasons, except during summer/rainy
seasons where in vivo administration of cortisone had no effect on the respiratory rate
of the brain tissue (Table 5:2; Fig. 5:2). As in the case of catecholamines, the
responses of the tissues to the corticosteroids were higher during winter as compared

to that of summer/rainy seasons.

Unlike in mammals, fishes lack a well defined adrenal gland. Therefore
adrenalectomy is not possible. In order to assess the role of corticoids in the oxidative
metabolism of fish, metapyrone (an inhibitor of 11B-hydroxylase) was used to block
the synthesis of corticoid hormones. Administration of metapyrone significantly
decreased the respiratory rate of all the tissues (liver, muscle, kidney and brain) as
compared to the cuntrol group. When metapyrone was administered together with the

corticoids, the horr.ones reversed the ill-effects of metapyrone (Table 5:5; Fig. 5:5).
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In vivo and in vitro e_/fects of catecholamines and thyroid hormones

The data presented in Tables 5:6, 5:7, 5:8 and 5:9; Figs. 5:6, 5:7, 5:8 and 5:9.
In order to investigate the synergistic effect of thyroid hormones on the calorigenic
action of the catecholamines, in vivo and in vitro effect of NE and EP were studied in

the presence and absence of L-T, or L-T, during both the scasons.

Administration of EP and NE, irrespective of the scasons and mode of
treatment (in vivo/in vitro), significantly increased the respiratory rate of all the tissues
(Tables 5:6, 5:7, 5:8 and 5.9, Figs. 5:6, 5:7, 5:8 and 5:9). Unlke EP and NE, thyroid
hormones (L-T: and L-T,) had no significant effect on the respiratory rate of the
tissues (except brain) during the winter month (Table 5:8; Fig. 5:8). However, during
summer/rainy seasons, both L-T; and L-T, significantly stimulated the respiratory rate
of all the four tiss::es (Tables 5:7 & 5:9; Figs. 5:7 & 5:9). Though thyroid hormones

(L-Ts, L-T4) were ineffective in stimulating tissue respiration during winter, they
significantly potentiated the stimulatory effect of EP and NE both under in vivo and in
vitro experiments (Tables 5:6 & 5:8; Figs. 5:6 & 5:8). During summer/rainy season,
when the tissue homogenates were treated either with EP or NE in combination with
L-T. or L-Ty, the respiratory rate of the tissues were further increased significantly as
compared to the rate of tissue respiration stimulated separately by EP or NE and L-T;
or L-T, (Tables 57 & 5:9; Figs. 5.7 & 5:9). The degree of tissue response (%
stimulation) to the combined treatments of EP, NE and thyroid hormones varied with

tissues and seasons

In vitro effects of epinephrine (EP and norepinephrine (NE) in the absence and

presence of adrenergic antagonists

The data are presented in Table 5:10 and Fig. 5:10. [n vitro treatment with EP

or NE significantly increased the respiratory rate of all the tissues during summer/rainy
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months. Incubation of the tissue homogenates either with propranolol (PROP) or
prazosin (PRAZ) siznificantly reduced the basal rate of oxygen uptake of all the tissues
(liver, muscle  and kidney) as compared to control. Further, tissue homogenates
incubated with PROP + PRAZ further decreased the tissue respiratory rate as
compared with the propranolol or prazosin treated groups. PRAZ significantly blocked
the stimulatory effect of both EP and NE in all the tissues except liver where PRAZ
could not inhibit the stimulatory effect of EP. Further, PROP significantly blocked the
stimulatory effect of both EP and NE in all the tissues. Pre-incubation of tissue
homogenates with PRAZ+PROP significantly and further blocked the stimulatory
eftect of the catecholamines as compared to PROP + EP and PRAZ + EP as well as
PROP + NE and PRAZ + NE treated groups.

Discussion

The earlier reports on the stimulatory effect of catecholamines on the whole
body oxygen consumption in fish seem to be contradictory and confusing (Smith and
Mathews, 1942; Bentley, 1965; Hoar, 1969; Banerjee and Joshi, 1981; Akbarsha,
1984; Richard, 1990). There is very limited information on the calorigenic role of
corticoids in fish metabolism. To the best of our knowledge, this is the first study of its
kind in which the calorigenic role of catecholamines (NE and EP) and major
corticosteroids (cortisol, corticosterone and cortisone) has been investigated in the
respiratory rate of a number of vital tissues using both in vivo and in vitro experiments
conducted under natural chmatic conditions during winter and summer/rainy months.
Further, this is also the first study in which the involvement of different types of
adrenergic receptors with regard to the calorigenic action of catecholamines in tissues
of a fish has been examined using specific agonists and antagonists of the adrenergic

receptors.
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In general, in vivo and in vitro administration of catecholamines and corticoids
significantly stimulated the respiratory rate of all the tissues both during winter and
summer/rainy months. The only exception was the brain tissue respiration which was
not stimulate by cortisone during summer/rainy months (Tables 5:1 & 5:2 and Figs. 5:1
& 5:2). These findings secem to suggest that both catecholamines and corticoids are
actively involved in fish tissue respiration. Further, their calorigenic action seems to be
temperature independent. /n vitro stimulation of respiratory rate of all the tissues by
these hormones (Tables 5:3 andJ5:4 and Fig. 5:3 and 5:4) seems to suggest that both
catecholamines and corticoids stimulate the respiratory rate of fish tissues directly.
Therefore, on the basis of the present findings and reports available on amphibians and
reptiles it is obvious to conclude that, due to their temperature and season-independent
and direct calorigenic action, the catecholamine and the corticosteroid hormones play a
major role in the regulation of the energy metabolism of the fish and other
poikilothermic vertebrates. Further, catecholamines and corticoids (which are secreted
under stressful conditions) might be of adaptive importance for ensuring basal
metabolic rate required for the survival of the fish, Clarias batrachus. Administration
of metapyrone (inhibitor of corticoids synthesis) significantly reduced the respiratory
rate of all the tissues, and combined treatment of metapyrone and corticoids reversed
the inhibitory effect of metapyrone on the rate of tissue respiration (Table 5:5, Fig.
5:5). These findings also indicate that indogenous corticoids are actively involved in
the regulation of tissue respiration in (larius batrachus. The direct and
temperature-independent calorigenic action suggests that both catecholamines and
corticoids might be acting as emergency hormones for the regulation of respiration in
Clarias batrachus. In amphibians and reptiles also these hormones have been reported
to act as an emergency hormones for the regulation of the oxidative metabolism
(Gupta and Thapliyal, 1982; Thapliyal and Gupta, 1983; Gupta and (Thapliyal, 1983,
Gupta, 1987, Gupta and Chakrabarty, 1990, Gupta and Thapliyal, 1991, Gupta and
Deka-Borah, 1995; Gupta and Mahanta, 1997). In line with our findings, it has been
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reported that catechiolamines and corticoids increase the liver oxygen uptake in
mammals (Goetsch and Macdonald, 1962; Bottom and Goetsch, 1968; Demonacus ef
al , 1996) and activities of enzymes and tissue respiration in poikilotherms (Pickford ef

al., 1970, Ignatius and Oommen, 1987, Josekumar and Oommen, 1988a, b, Hanke,
1990). |

Thyroid hormones (L-T: & L-T,) significantly potentiated the calorigenic
action of EP and NE irrespective of water-temperatures and seasons. The degree of
potentiation was higher with NE as compared to EP(Tables 5:6, 5:7, 5:8 & 5:9; Figs.
5:6, 5:7, 5.8 & 5:9). It, thus, seems that the degree of calorigenic response of the
tissues to the stimulatory effect of catecholamines is influenced by thyroid hormones.
There are few reports that the calorigenic response of mammalian and reptilian tissues
to norepinephrine is decreased by hypothyroidism and increased by hyperthyroidism
(Warren, 1940; Hsieh et al., 1966; Michel and LeBlanc, 1969; Kunos, 1977, Scrapace
and Abrass, 1981; Wrutniak and Cabello, 1986). Thyroid hormones have also been
reported to potentiate the calorigenic action of catecholamines in mammals at low
temperature (Swanson, 1956, LeBlanc and Villem'aire, 1970; Louw et al., 1976, Fregly
et al, 1979; Gupta and Thapliyal, 1982; Klein ¢f al., 1984). In the present study the
exogenous thyroid hormones were found to be ineffective during winter. However, the
combined treatment of thyroid hormone and catecholamines significantly increased the
tissue oxygen uptake as compared to NE or EP treated groups (Tables 5:6 & 5:8; fig.
5.6 & 5:8). These findings seem to suggest that thyroid hormones are indirectly
involved in the regulation of the oxidative metabolism of the fish by potentiating the
stimulatory effect of catecholamines on tissue respiration at low temperature during

winter.

The mechanism of action of catecholamines in mammals is well studied. NE

and 1iP stimulate tissue respiration of mammals through «- and f-adrenergic receptors
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(Robinson er al, 1972). In mammalian brown adipose tissue (BAT), the
catecholamines have been reported to stimulate 80 per cent of respiration through the
B-adrenergic receptors and 20 per cent via the a-adrenergic receptors (Hagen and
Hagen, 1964; Szillart, 1981, Mohell er a/., 1981, 1983). It has also been reported that
the calorigenic action of NE via f3-adrenergic receptors is mediated through a
cAMP-dependent mechanism, while a-adrenergic receptors stimulated the hormonal
response through Ca''-dependent mechanism (Wikberg, 1979; Fain and Garcia-Sainz,
1980 Reid et al., 1991; Perry and Reid, 1993). The o;-adrenergic stimulation of
respiration  also  leads to plasma-membrane depolarization and increased
Na'-K'-ATPase activity (Horwitz and Eaton, 1975; Fink and William, 1976; Wikberg,
1979; Nedergaard and Lindberg, 1979, 1982). Pre-incubation of tissue homogenates
with propranolol (PROP) or Prazosin (PRAZ) significantly reduced the stimulatory
effect of NE and EP. PROP+PRAZ treatmeht completely blocked the stimulatory
effect of both NE and EP (Table 5:10; Fig. 5:10). These findings clearly indicate the
involvement of both a-and f,-adrenergic receptors in regulation of the rate of tissue
respiration in (larias batrachus. The f3,-adrenergic receptors seem to be more
important than the o;-adrenergic receptors during summer/rainy months. Both types of
the adrenergic receptors are also involved in the calorigenic action of epinephrine and
norepinephrine in amphibians (Gupta and Mahanta, 1997, Mahanta and Gupta, 1998).
Present findings suggest that f3-adrenergic agonist is more effective in liver tissue and
o-adrenergic agonist in muscle tissue. In kidney, both adrenergic receptors seems to
be equally important in stimulating the rate of tissue oxygen uptake. It may be
concluded that the second messengers involved in the calorigenic actions of

catecholamines might be similar to that reported in mammals.

On the basis of the present findings, it may be concluded that (i)
catecholamines and corticoids are directly involved in the regulation of the oxidative
metabolism in fish as emergency hormones particularly at low temperature, (ii) the
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calorigenic actions of EP and NE seems to be produced via both a- and -adrenergic
receptors, and (i) thyroid hormones potentiate the calorigenic action of the
catecholamines in the fish at low temperature. Catecholamines and corticoids seems to
be of adaptational importance for maintaining basal metabolic rate in order to ensure
survival of the fish »yarticularly under stressful conditions of low temperature (Bostian
and Nordeen, '1991). The proposed direct calorigenic action of corticoids in fish
‘(prcscnt study), amphibians (Gupta and Mahanta, 1997) and reptiles (Gupta and
Thapliyal, 1983) has been strongly supported by a recent study in which corticoids

dircctly increased the activitics of mitochondrial oxidative enzymes in mammal

(Demonaccus et al., 1996).
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Table 5:1 - In vivo effects of adrenal hormones on the rate of tissue respiration of male

Clarias batrachus during winter (Av. water temp. : 9.6°C ).

Rate of Tissue Oxygen Consumption (pul Oxygen/mg /hour)

Treatments
Liver Muscle Kidney Brain

Saline (Control) 2.8810.07 1.12x0.05 2.69+0.08  5.26+0.09
Epinephrine 4.14+0.11°  2.6340.03° 3.69+0.05° 5.87+0.05"
Norepinephrine‘ 433+0.09° 224+0.11° 2.78+0.07° 5.90+0.04°
Cortisol 3.8840.16" 2.53+0.08° 4.17+0.03° 5.740.08"
Cortisone 3.53+0.12° 2.21+0.10° 3.7240.08° 5.52+0.04*
Corticosterone 3.78+0.03°  2.37+0.06° 3.88+0.14° 5.6140.07°

All values are expressed as Mean + Standard Error (S.E.); N=4.

ahc

Differ from respective controls : P < 0.05, 0.01 and 0.001, respectively.



Table 5:2 - In vivo effects of adrenal hormones on the rate of tissue respiration of male

Clarias batrachus during summer (Av water temp. : 20°C).

Treatments
Liver Muscle Kidney

Saline (Control) 4.71x£0.08 2.72+0.05 4.10£0.05
Epinephrine 5.68+0.05° 3.72+0.08°  4.9740.05°
Norepinephrine 5.84+0.07° 3.59+0.12°  4.81+0.07°
Cortisol 5.58+0.03° 3.85%0.10° 4.94+0.03°
Cortisone 545+0.11° 3.56+0.05°  4.62+0.08"
Corticosterone 5.39+0.08° 3.46+0.04°  4.59+0.09"

Rate of Tissue Oxygen Consumption (1l Oxygen/mg /hour)

Brain

4.3010.07
5.0440.07¢
4.91+0.14°
4.87+0.05°
4.33+0.09

4.68+0.03"

All values are expressed as Mean + Standard Error (S.E.), N = 4.

*< Differ from respective controls : P <0.01 and 0.001, respectively.



Table 5:3 - In vitro effects of adrenal hormones on the rate of tissue respiration of

male (larias batrachus during winter (Av. water temp. : 9.6° C).

Rate of Tissue Oxygen Consumption (1l Oxygen/mg /hour)
Treatments

Liver Muscle Kidney Brain
Control 2.69+0.06  0.89+0.08  2.53+0.05  5.0110.04
Epinephrine 4.1740.07°  2.01£0.05°  3.66+0.07° 5.8140.09°
Norepinephrine 43340.06° 1.95£0.03° | 3.88+0.11° 5.8440.06°
Cortisol 3.980.12°  1.44%0.07°  42640.03° 57140.03°
Cortisone 3.4940.03°  1.1540.06°  3.6240.07° 5.3240.07"
Corticosterone 3.88+0.09° 1.3440.04"  3.94+0.09°

5.74£0.11°

All values are expressed as Mean + Standard Error (S.E.); N = 4.

ab.c

Differ from respective controls : P < 0.05, 0.01 and 0.001, respectively.



Table 5:4 - In vitro effects of adrenal hormones on the rate of tissue respiration of male

Clarias batrachus during summer (Av. water temp. : 20° C).

Rate of Tissue Oxygen Consumption (jtl Oxygen/mg /hour)

Treatments
Liver Muscle Kidney Brain

Control 48110.12 2.85x0.02  401£0.03  5.07+0.07
Epinephrine 5.2940.06"  3.85+0.06° 5.3640.05° 5.97+0.07°
Norepinephrine 5.55+0.05°  3.46+0.04° 5.10+0.07° 5.8740.05°
Cortisol 5.39+0.03"  3.43%0.05° 4.81+0.09° 577+0.08°
Cortisone 5.71+¢0.11°  3.55+0.08° 4.78+0.04° 5.74+0.06°
Corticosterone 5.4540.07° 3214009° 3884005  5.52%0.10"

All values are expressed as Mean + Standard Error (S.E.); N=4.

ab.c

Difter from respective controls : P < 0.05, 0.01 and 0.001, respectively.



Table 5:5 - In vivo eftects of corticosteroids and metapyrone on the rate of tissue

respiration of male Clarias batrachus during summer(Av. water temp.:21° C).

Rate of Tissue Oxygen Consumption (ul Oxygen/mg /hour)
Treatments

Liver Muscle Kidney Brain

Saline (Control) 4.84+0.09 2.981+0.10 3.8240.05 - 5.20+0.07

Corticosterone (Cort) 5.26+0.05" 3.53£0.07°  4.52+0.02° 5.6140.05"

Cortisol 5484005 3.98+000° 4874004 581003
Cortisone 5.45+0.07* 3.62+0.05" 4.6240.08° 4.81+0.07
Metapyrone 4.49+0.04" 2.5040.07° 3.43+0.08°  4.8440.05"
Cort + Metapyrone 5.10£0.02%¢3.27+0.03*°  4.20+0.03%"  5.4240.02*¢

Cortisol + Metapyrone ~ 5.2340.03%% 3.69+0.06°f 4.55+0.07°" 5.45+0.07*"

Cortisone + Metapyrone 5.16+0.06™ 3.33#0.04™ 4.3620.05*  4.9740.05

All values are expressed as Mean + Standafd Error (SE), N=4.
a, b, ¢ Differ from the saline treated control group : P <0.05, 0.01 and 0.001,
respectively.

d, e, f Difter from the value of group treated with corticosterone : P <0.05, 0.01 and
0.001, respectively.

g, h Differ from the value of the group treated with cortisol : P < 0.05 and 0.01,
respectively.

j, k Difter from the value of the group treated with cortisone : P <0.05 and 0.01,

respectively.



Table 5:6 - In vivo effects of thyroid hormones and catecholamines on the rate of tissue

respiration of male (/arias batrachus during winter(Av. water temp..9.6° C).

Rate of Tissue Oxygen Consumption (pul Oxygen/mg /hour)

Treatments

Liver Muscle Kidney Brain
Saline 2.8810.07 1.1240.05 2.69+£0.08 5.2610.09
Ts 2.82+0.05 1.18+0.09 2.7240.05 5.10%0.11
T, 2.85+0.07 0.96+0.07 2.66+0.06 5.04%0.07
Epinephrine 4.14+0.11° 2.63+0.03° 3.69+0.05°  5.87%0.05"
Norepinephrine 43340.09° 224+0.11° 3.78+0.07°  5.90+0.04°

T + Epinephrine 4.49+0.04% 3.49+0.05°7 4.2340.16% ' 6.1340.03%°

Ts + Norepinephrine ~ 4.91+0.10%" 2.5640.04°% 4.55+0.11%" 6.2240.07°"
T, + Epinephrine 4.78+0.03%° 2.8240.05%* 4.14+0.02°" 6.2940.10"°
T, + Norepinephrine ~ 5.0120.12°"  2.6320.06°¢ 4.7140.20"" 6.3240.13"*

All values are expressed as Mean * Standard Error (S.E.); N = 4.
b, ¢ Differ from the control group : P <0.01 and 0.001, respectively.
d, e, f Differ from the group treated with epinephrine : P < 0.05, 0.01 and 0.001,

respectively.

g, h DifYer from the group treated with norepinephrine : P < 0.05 and 0.01, respectively.



Table 5:7 - In vivo effects of thyroid hormones and catecholamines on the rate of tissue

respiration of male Clarias batrachus during summer(Av. water temp. : 20° C).

Rate of Tissue Oxygen Consumption (11 Oxygen/mg /hour)

Treatments

Liver Muscle Kidney Brain
Saline 47140.08 2723005  4.10£0.05  4.30+0.07
Ts 5.6140.06°  3.2740.07° 4.65+0.05°  4.75+0.08"
Ty 5.45+0.12°  3.49+0.09° 4.8410.07°  4.97+0.09
Epinephrine 5.68+0.05°  3.7240.08°  4.97+0.05°  5.04+0.07°
Norepinephrine 5.8440.07° 3.5940.12° «.81+0.07°  4.91+0.14"
T + Epinephrine 6.0340.04°°  4.2040.09%°  5.7440.09%'  5.58+0.03*
T + Norepinephrine ~ 6.26+£0.02°" 3.9840.05%%  5.5240.12°"  5.4240.09%*
T, + Epinephrine 5.9040.04°¢  4.04+0.03%¢ 5.84+0.06°" 5.3940.05°°
Ts + Norepinephrine ~ 6.22+0.07°"  4.3620.04°7 5.6540.08%/ 5.45+0.10"*

All values are expressed as Mean + Standard Error (S.E.); N =4.

*¢ Differ from the control group : P < 0.01 and 0.001, respectively.

%< T Differ from the group treated with epinephrine : P < 0.05, 0.01 and 0.001,

respectively.

&3 Differ from the group treated with norepinephrine : P < 0.05, 0.01 and 0.001,

respectively.



Table 5:8 - In vitro effects of thyroid hormones and catecholamines on the rate of
tissue respiration of male Clarias batrachus during winter (Av. water

temp.: 9.6° C).

Rate of Tissue Oxygen Consumption (ptl Oxygen/mg /hour)
Treatments

Liver | Muscle Kidney Brain
Control 2.69+0.06 0.89+0.08  2.5340.05  5.01%0.04
Ta 2724009  0.7940.02  2.56+0.05  5.65+0.06°
T, . 2.6340.12  0.75+0.07 2.6040.09  5.87+0.05°
Epinephrine 4.1740.07° 2.0140.05°  3.66+0.07° 5.81+0.09°
Norepinephrine 4.3340.06° 1.95+0.03°  3.88+0.11° 5.8440.06°
T + Epinephrine 4.7140.05%  2.3140.04°°  4.1440.15* 6.42+0.09°

Ta + Norepinephrine ~ 4.84+0.11°" 2.08+0.02°¢  4.88+0.06* 6.61+0.07"
T, + Epinephrine 4.6240.09°° 2244003  4.49+0.08“" 6.64+0.11°

T,+ Norepinephrine ~ 4.91+0.03%"  2.3140.07*"  4.8140.12°" 6.800.14%

All values are expressed as Mean + Standard Error (S.E.); N=4.

* Differs from the control group : P <0.001.

¢« I Differ from the group treated with epinephrine : P < 0.05, 0.01 and 0.001,
respectively.

&7 Differ from the group treated with norepinephrine - P < 0.05, 0.01 and 0.001,

respectively.



Table 5:9 - In vitro eftects of thyroid hormones and catecholamines on the rate of

tissue respiration of male Clarias batrachus during summer (Av. water

temp.:20° C).

Rate of Tissue Oxygen Consumption (pl Oxygen/mg /hour)

Treatments
Liver Muscle Kidney Brain

Control 481+0.12  2.85+0.02 4014003  5.07+0.07
Ts 5.5240.04"  3.53#0.07° 4.6840.12" 5.61+0.06"
Ts 5.4540.03°  3.40+0.16° 4.81+0.07° 5.7140.07°
Epinephrine 5.29+0.08°  3.85+0.06° 5.3640.05° 597+0.07°
Norepinephrine 5.5540.05° - 3.46+0.04° 5.10+0.07° 5.8740.05°
Tx + Epincphrine 5.61+0.06% 4.17;:0.09“-“. 5.6840.05%¢  6.29:+0.10%¢
T, + Norepinephrine ~ 5.7440.04°F  3.69+0.05%" 5.4240.05%¢ 6.13+0.03%#
T4 + Epinephrine 5.5240.04™¢  4.17+0.03°° 5.55£0.02°' 6.4540.14%
T, + Norepinephrine  5.8140.06%"  4.3620.10°" 5.3640.06%" 6.35+0.12°*

All values are expressed as Mean + Standard Error (S.E) N =4,

b€ Differ from respective controls : P < 0.05, 0.01 and 0.001, respectively.

d.¢

f.g.h

respectively.

Differ from the group treated with epinephrine : P < 0.05 and 0.01, respectively.

Differ from the group treated with norepinephrine : P < 0.05, 0.01 and 0.001,



Table 5:10 - In vitro effects of adrenergic agonists and antagonists on the rate

of tissue respiration of male Clarias batrachus during summer (Av.
water temp. : 20° C).

Rate of Tissue Oxygen Consumption (ptl Oxygen/mg /hour)

Treatments
Liver Muscle Kidney

Control 48140.12  2.85+0.02  4.01+0.03
Epinephrine (EP) 529+40.08°  3.85+0.06° 5.36+0.05¢
Norepinephrine (NE) ~ 5.55+0.05"  3.46+0.04°  5.10+0.07°
Propranolol (PROP) 423+0.08"  2.27+0.05° 3.49+0.09"
Prazosin (PRAZ) 4.49+0.04* 2.4410.08" 3 7810.07"
PROP + PRAZ 3.59+0.06° 2.0240.07°  .27+0.11°
PROP + EP 5.0140.04°  3.0840.03°° 4.87+0.10%
PRAZ + EP 5.134+0.04°  3.36+0.05%° 5.01¢0.03°-“‘
PROP + PRAZ + EP  3.8240.12™ 2.2340.07°° 3.69+0.09*°
PROP + NE 5.10£0.07*®  3.30£0.05%' 4.91+0.02%
PRAZ + NE 5.20+0.09*"  3.2140.03“®  4.87+0.04%"
PROP + PRAZ + NE  3.98+0.10™" ™ 2.56+0.10*" ' 3.88+0.08""

All values are expressed as Mean + Standard Error (S.E.); N = 4.
% Differ from the saline treated control group : P < 0.05, 0.01 and 0.001,
respectively.

¢ Differ from the value of the group treated with EP : P < 0.01 and 0.001,
respectively.

L&" Differ from the value of the group treated with NE : P < 0.05, 0.01 and 0.001,
respectively.

* Differs from PROP + EP or PRAZ + EP : P<0.001.

L™ Differ from PROP + NE or PRAZ + NE : P<0.01 and 0.001, respectively.



Figure 5:1 - In vivo effects of adrenal hormones on the rate of tissue respiration of male

Clarias batrachus during winter (Av. water temp. : 9.6°C).

All values are expressed as Mean + Standard Error (S.E.); N=4.

¢ Differ from respective controls : P <0.05, 0.01 and 0.001,
respectively.
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Figure 5:2 - In vivo effects of adrenal hormones on the rate of tissue respiration of male

Clarias batrachus during summer (Av water temp. : 20°C).

All values are expressed as Mean + Standard Error (S.E.); N=4.

® ¢ Differ from respective controls : P < 0.01 and 0.001, respectively.
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Figure 5:3 - In vitro effects of adrenal hormones on the rate of tissue respiration of

male Clarias batrachus during winter (Av. water temp. : 9.6° C).

All values are expressed as Mean + Standard Error (S.E.); N =4.

*" ¢ Differ from respective controls : P <0.05, 0.01 and 0.001,
respectively.
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Figure 5:4 - In vitro effects of adrenal hormones on the rate of tissue respiration of male

Clarias batrachus during summer (Av. water temp. : 20° C).

All values are expressed as Mean + Standard Error (S.E.); N = 4.

*® Differ from respective controls : P < 0.05, 0.01 and 0.001,
respectively.
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Figure 5:5 - In vivo effects of corticosteroids and metapyrone on the rate of tissue

respiration of male Clarias batrachus during summer(Av. water temp..20°C).

All values are expressed as Mean + Standard Error (S.E.); N=4.

* ¢ Differ from the saline treated control group : P <0.05, 0.01 and
0.001, respectively.

%<1 Differ from the value of group treated with corticosterone : P <0.05,
0.01 and 0.001, respectively.

&® Differ from the value of the group treated with cortisol : P < 0.05 and
0.01, respectively.

+% Differ from the value of the group treated with cortisone : P < 0.05 and

0.01, respectively.
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Figure 5:6 - In vivo effects of thyroid hormones and catecholamines on the rate of
tissue respiration of male Clarias batrachus during winter(Av. water

temp.:9.6° C).

All values are expressed as Mean + Standard Error (S.E.); N =4.

> Differ from the control group : P < 0.01 and 0.001, respectively.

%=1 Differ from the group treated with epinephrine : P < 0.05, 0.01 and
0.001, respectively.

g, h Differ from the group treated with norepinephrine : P < 0.05 and 0.01, respectively.
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Figure 5:7 - In vivo effects of thyroid hormones and catecholamines on the rate of tissue

respiration of male Clarias batrachus during summer(Av. water temp. : 20° C).

All values are expressed as Mean + Standard Error (S.E.); N = 4.
> Differ from the control group : P < 0.01 and 0.001, respectively.

41 Differ from the group treated with epinephrine : P < 0.05, 0.01 and
0.001, respectively.

& Differ from the group treated with norepinephrine : P < 0.05, 0.01 and
0.001, respectively.
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Figure 5:8 - In vitro effects of thyroid hormones and catecholamines or: the rate of
tissue respiration of male Clarias batrachus during winter Av. water

temp.: 9.6° C).

All values are expressed as Mean * Standard Error (S.E.). N =4.
¢ Differs from the control group : P < 0.001.

4T Differ from the group treated with epinephrine : P < 0.05, 0.01 and
0.001, respectively.

& Differ from the group treated with norepinephrine : P < 0.05, 0.01 and
0.001, respectively.
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Figure 5:9 - In vitro effects of thyroid hormones and catecholamines on the rate of
tissue respiration of male Clarias batrachus during summer (Av. water

temp.:20° C).

All values are expressed as Mean * Standard Error (S.E.); N =4.

=" ¢ Differ from respective controls : P < 0.05, 0.01 and 0.001,
respectively.

4 Differ from the group treated with epinephrine : P < 0.05 and 0.01,
respectively.

% & Differ from the group treated with norepinephrine : P < 0.05, 0.01 and
0.001, respectively.
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Figure 5:10 - In vitro effects of adrenergic agonists and antagonists on the rate

of tissue respiration of male Clarias batrachus during summer (Av.
water temp. : 20° C).

All values are expressed as Mean + Standard Error (S.E.), N=4.

%% Differ from the saline treated control group : P < 0.05, 0.01 and
0.001, respectively.

% Differ from the value of the group treated with EP : P < 0.01 and
0.001, respectively.

2! Differ from the value of the group treated with NE : P < 0.05, 0.01 and
0.001, respectively.

kDiffers from PROP + EP or PRAZ + EP : P<0.001.

L™ Differ from PROP + NE or PRAZ + NE ; P<0.01 and 0.001,
respectively.
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Chapter VI

EFFECTS‘ OF MELATONIN ON THE OXIDATIVE METABOLISM IN
MALE C(larias batrachus

In fish, the pineal gland acts as a photo-neuroendocrine organ (Matty, 1985)
through its cyclic secretion of melatonin. Melatonin transmits signals concerning
photoperiod to the central neuroendocrine network that controls circadian and
seasonal rhythms in all vertebrates (Axelrod, 1974; Reiter, 1981; Binkley, 1981). In
poikilotherms, the pineal complex functions both as a phototransducer and a
temperature sensor (Mendonca et «al, 1995). There are some reports on the
involvement of pineal complex in regulation of body temperature in mammals
(Heldmaier and Steinlechner, 1981, 1982a; Buchberger, ef al,, 1983; Heldmaier and
Lynch, 1986; Heldmaier e al., 1989) and reptiles (Hutchinson and Koch, 1974;
Bartholomew, 1982). There are few reports that melatonin produces hypothermic
effects in reptiles (Rismiller and Heldmaier, 1987, Badia ef al., 1991). In birds,
melatonin has been reported to be involved in the process of thermoregulation (John
and George, 1984; John et al., 1986; George and John, 1986), lipid mobilization (John
and George, 1976; Ralph, 1979; Binkley, 1981; Osei ¢t al, 1989), and to increase
energy metabolism (Pohl, 1996, Freo, 1996; Le-Gauic ef al., 1996). As in reptiles,
birds and mammals, melatonin has also been found to stimulate tissue oxygen
consumption in amphibians (Mahanta, 1994). However, there is a lack of information
on the calorigenic function of melatonin in fish. In view of the scarcity of information
and phylogenic position of fish, it was thought wort’hwhile to investigate the
calorigenic role of melatonin in male (larias hatrachus maintained at natural climatic
conditions during winter and summer/rainy months. The findings of the present study

suggest that melatonin is capable of influencing energy metabolism of the fish.
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Materials and Methods

Adult male Clarias batrachus (Length : 18-22 cm; Weight : 70-80 gm.) were
purchased locally and acclimatized at least for 15 days under natural climatic
conditions before the experiments were started. During acclimatization, fishes were fed
with earthworm ad libitum (for details please see Chapter-I). In vivo and in vitro
experiments were conducted both during winter and summer/rainy months as per the

details of the experimental protocol given below:

Expermental Protocol

Expt. Treatment Invivol Invitro  Month Dose Duration
No. (Temp.)
(A) Saline Invivo January 4 days
(9.6°C)
Melatonin July 2 ng/f/id 4 days
(20°C)
(B) Saline -~ [n vivo Jan
(9.6°C) 1uM
Melatonin | Sept 2 ng/fid 4 days
Melatonin (20°C) 4 pg/tid 4 days
Melatonin 8 ng/trd 4 days
(C) Control In vitro January
(9 6°C)
Melatonin July 1 uM
(20°C)
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Results

The data are presented in Tables 6.1, 6:2 & 6:3; Figs. 6:1, 6:2 & 6:3. Both in
vivo and in vitro administration of melatonin significantly increased the rate of oxygen
consumption of liver, muscle, kidney and brain tissue both during winter and
summer/rainy months (T=bles 6:1& 6:2; Figs. 6:1 & 6:2). Further, melatonin increased

the rate of oxygen uptake in a dose-dependent manner (Table 6:3; Fig. 6:3).

Discussion

So far no attempt has been made to study the metabolic action of melatonin in
fish. To the best of our knowledge, this might be the first study of its kind in which
both in vivo and in vitro effects of melatonin on the respiratory rate of vital tissues of a
fish has been studied. /;: vivo administration of melatonin invariably stimulated tissue
respiration irrespective of water temperature and seasons (Tables 6:1& 6:2; Figs. 6:1
& 6:2). Further, melatonin increased the tissue respiratory rate in a dose-dependent
manner (Table 6:3; Fig. 6:3). These findings seem to suggest that melatonin is also
actively involved in the regulation of the energy metabolism of the fish. In vitro
stimulation of fish tissue respiration by melatonin suggest a direct calorigenic action of
this hormone in Clarias batrachus. 1t is important to mention that short
daylengths/darkness and low temperature increase the production of melatonin in all
vertebrates including fish (Barfuss and Ellis, 1971, Deguchi and Axelrod, 1972;
Vivien-Roel and Arendt, 1981). It, thus, scems that the increased production of
melatonin during winter might be an adaptational mechanism to support the oxidative
metabolism at low water temperature. Therefore, the natural production of melatonin
and its direct and temperature-independent metabolic action might be of great
adaptational significance for the fish. However, the mode of action of melatonin in

stimulating tissue respiration remains to be explored.
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Table 6:1 - In vivo eftects of melatonin on the rate of tissue respiration of male Clarias

batrachus during winter (Av. water temp. : 9.6° C ) and summer (20" C).

Rate of Tissue Oxygen Consumption (ytl Oxygen/mg /hour)

Treatments
Liver Muscle Kidney Brain
o Winter
Saline (Control) 2.88+0.07 1.1240.05 2.6940.08 5.2610.09
Melatonin 3.65+0.10° 1.41+0.08° 3.27+0.03°  5.5240.06"
Summer
Saline (Control) - 4.71+0.08 2.72+0.05 4.10£0.05 4.30+0.07
Melatonin 5.3640.05° 3.65:0.07°  4.75:0.08° 4.81%0.07"

All values are expressed as Mean + Standard Error (S.E.); N=4 .
*™* Differ from the value of saline treated control group : P < 0.05, 0.01 and

0.001, respectively.



Table 6:2 - In vitro effects of melatonin on the rate of tissue respiration of male (larias

hatrachus during winter (Av. water temp. . 9.6” C ) and summer (20° C ).

Rate of Tissue Oxygen Consumption (1l Oxygen/mg /hour)
Treatments

Liver Muscle Kidney Brain
Win-t-e-:r
Control 2.69+0.06  0.8910.08 2.53#0.05 5.01%0.04
Melatonin 3.65£0.03° 1.54%0.12"  32120.07° 590+0.12°
Summer
Control 481+0.12 2.85+0.02 | 4.01+0.03 5.07+0.07
Melatonin 5.65+0.05° 3.9810.04° 4381+0.07° 5.84+0.10°

All values are expressed as Mean + Standard Error (S.E.), N=4."

*¢ Differ from the value of the control group : P < 0.01 and 0.001, respectively.



Table 6:3 - Dose-depenedent effects of melatonin on the rate of tissue respiration of

male Clarias batrachus during winter (Av. water temp. : 9.6° C).

Rate of Tissue Oxygen Consumption (ptl Oxygen/mg /hour)

Treatments

Liver Muscle Kidney Brain
Saline ( Control) 2921009 1154005  2.66:1+0.00 5.2910.03
Melatonin 2 pig 3.6940.08° 1.4440.09° 3.2440.07°  5.55+0.05"
Melatonin 4 pg 4.04£0.11%¢ 1.7340.10™ 3.49+0.05%¢ 5.87+0.11"¢
Melatonin 8 jig 4.65+0.05%™ 2.15+0.08°°% 3.8240.12°“¢ 6.06+0.02°"

All values are expressed as Mean + Sfandard Error (S.E.); N=4. _

abe Differ from the value of saline treated control group - P <0.05,0.01 and 0.001,
respectively.

¢! Differ from the group treated with 2 ug melatonin : P < 0.05, 0.01 and 0.001,

respectively.

&" Differ from the group treated with 4 pg melatonin : P < 0.05 and 0.01,

respectively.






Figure 6:1 - In vivo effects of melatonin on the rate of tissue respiration of male Clarias

batrachus during winter (Av. water temp. : 9.6° C ) and summer (20°C).

All values are expressed as Mean * Standard Error (S.E.); N=4.
** ¢ Differ from the value of saline treated control group : P < 0.05, 0.01

and 0.001, respectively.
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Figure 6:2 - In vitro effects of melatonin on the rate of tissue respiration of male Clarias

batrachus during winter (Av. water temp. : 9.6° C ) and summer (20° C).

All values are expressed as Mean * Standard Error (S.E.); N=4.

b¢ Differ from the value of the control group : P < 0.01 and 0.001,
respectively.
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Figure 6:3 - Dose-depenedent effects of melatonin on the rate of tissue respiration of

male Clarias batrachus during winter (Av. water temp. : 9.6° C).

All values are expressed as Mean + Standard Error (S.E.); N=4.

** ¢ Differ from the value of saline treated control group : P < 0.05, 0.01
and 0.001, respectively.

<1 Differ from the group treated with 2 ug melatonin : P < 0.05, 0.01
and 0.001, respectively.

& Differ from the group treated with 4 pg melatonin : P < 0.05 and

0.01, respectively.
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SUMMARY AND CONCLUSIONS

Clarias batrachus is a bimodal breathing fish commonly found all over India,
except few places of high altitude. It is a nocturnal species which becomes more active
during the dark phasc and less active during the light phase. There is practically no
information on the seasonal variations in the respiratory rate of the vital tissues (liver,
muscle, kidney and brain) and the regulatory role of different climatic factors and
hormones on the rute of oxygen consumption of any fish species. Experiments were
planned to investigate the relative role of environmental factors and in vivo and in vitro
effects of hormones of thyroid, testis, adrenal and pineal hormones during winter and
summer/rainy seasons in the regulation of the oxidative metabolism of male Clarias
batrachus. The present Ph. D. dissertation has been divided in to six chapters. A brief

summary of the chapters has been given below.

Chapter-1

Materials and Methods

This chapter includes the details of the materials used, experimental conditions,
methods  for maintaining the fishes, for conducting the in vivo and in vitro

experiments and for measurement of the rate of tissue respiration.
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Chapter-11
Study of Annual Variations in the Oxidative Metabolism of male Clarias
batrachus with special reference to Temperature, Photoperiods and Fecding

Status

This chapter deals with the study of monthly variations in the rate of oxygen
consumption of vital tissues (liver, muscle, kidney and brain). This chapter also deals
with the effects of simulated temperature, photoperiod and feeding/fasting on the rate
of tissue respiration. The major findings and conclusions based on the experiments

included in this chapter are listed below:

1. All the four tissucs (liver, muscle, kidney and brain) exhibited an annual
rhythm in the rate of oxygen consumption.

2. Liver, muscle and kidney tissues showed similar annual patterns in their
rate of oxygen consumption , while the annual pattern of brain respiration
was different during winter months.

3. Liver, muscle and kidney tissues exhibited a positive correlation with the
natural water temperature.

4. Brain tissue respiratio.n did not show any significant difterence in its
average rate of oxygen uptake during winter and summer/rainy month.
Further, there was no significant correlation between the brain tissue
respiration and the natural water temperature.

5. The rate of muscle tissue respiration was found always to be the lowest and
that of the brain to be the highest. The respiratory rate of liver was always
higher than that of the kidney tissue.

6. The average rate ol oxygen consumption of the liver, muscle and kidney
tissues was found to be significantly higher during summer/rainy months as

compared to that of winter months.
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6.

Within the tolerance range, the rate of respiration of liver and muscle
tissues lincarly increased with the increase in the simulated water tempe-
rature. Boih tissues show a strong positive correlation with the simulated
temperature.

Brain and kidney tissue respiration significantly increased with the increase

in simulated temperature upto 25° C, thereafter, it sharply decreased with
further increase in temperature. Both tissues exhibited a negative correlation
with the increase of temperature above 25° C.

The liver, muscle and brain tissues respiration exhibited a negative correlation
with increasing daylength, while kidney tissues oxygen uptake showed no
significant correlation with daylength.

All the four tissues (liver, muscle, kidney and brain) showed a positive
correlation with the duration of feeding. The respiratory rate of all the
tissues except brain significantly decreased after 10 days of fasting.

Liver and muscle tissues indicated a negative correlation with the duration of
fasting. Kidney respiration exhibited positive correlation with the
duration of fasting, which seems to be associated with the increased active
transport rate and removal of the nitrogenous waste product by the kidney.

Brain tissue respiratory rate did not exhibit any significant correlation with the

duration of fasting.

On the basis of these findings, it may be concluded that the energy

demand of different tissues varies with scasons, and seems to be related with the

scasonal changes in physical and reproductive activities of the fish. The respiratory rate

of liver and musclc tissues seem to be directly affected by the change in temperature,

daylength and feeding status. Kidney respiration of the fish seems to be independent of

the changes in daylength, however, it increases with the duration of fasting. Brain

tissue respiration does not seem to be adversely affected by temperature and fasting.
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Brain might be possessing a self-regulating mechanism for ensuring the successful

survival of the fish during the stressful conditions of winter.

Chapter-II1

Role of Thyroid Hormones in Regulation of the Oxidative Metabolism in Male

Clarias batrachus

This chapter deals with the in vivo and in vitro effects of mono- iodotyrosine

(MIT), di-iodotyresine (DIT), L-triiodothyronine (Ts:), L-thyroxine (T4) and propyl

thiouracil (PTU) c¢n the rate of oxygen consumption of tissues during winter and

summer/rainy months. This chapter also contains data of experiments pertaining to

mechanism of action of iodotyrosines (MIT and DIT) and L-T:. The major findings of

this chapter are as follows

t9

‘od

In vivo administration of L-T: and L-T, did not stimulate fish tissue respi-
ration during winter months. However, both L-Tz and L-T4 significantly
stimulated the respiratory rate of all th e tissues during summer/rainy
months.

In vitro ireatment of L-T: and L-T, stimulated only brain tissue respiration
during winter, but significantly increased the respiratory rate of all the tissues
during summer/rainy months.

In vivo administration of MIT significantly increased the respiratory rate of
muscle and brain tissues during winter and only of muscle tissue during
summer/rainy months. However, in vitro treatment of MIT significantly

increased the respiratory rate of all the tissues during winter and only of liver

and muscle during summer/rainy months.
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4. [n vivo and 1 vitro administration of DIT significantly stimulated the respi-
ratory rate of all the tissues irrespective of seasons. It seems that DIT is

more important than MIT in stimulating of the oxidative metabolism in this fish.

v

In vivo administration of MIT and DIT stimulated the fish tissue respiration

in a dose-dependent manner.

6. In vivo administration of PTU significantly decreased the respiratory rate of
liver, muscle and kidney tissues irrespective of water temperature,
while brain tissue respiration was inhibited by PTU at high temperature.

7. PTU significantly decreased the rate of tissue respiration during both
summer/ rainy and winter seasons. During summer PTU-induced decrease in
tissue respiration was reversed significantly by L-T; and L-T..

8. The decreased tissue respiration after PTU treatment during winter seems
to suggest that the indigenous thyroid hormones are involved in the oxidative
metabolism of the fish at low temperature.

9. Treatment nof the tissue homogenates witﬁ ouabain and actinomycin-D
separately, significantly decreased the respiratory rate of liver, muscle and
kidney tissues.

10. Both ouabain and actinomycin-D significantly, but not completely, inhibited
the stimulatory effect of L-T; suggesting that L-T; stimulated tissue
respiration via transcription process as well as by increasing the activity of
Na'- K'- ATPase.

I1. The significant inhibition of the stimulatory effect of MIT and DIT on

respiration secem to suggest that, similar to L-Ts, MIT and DIT also stimu-

lated tissuc respiration through DNA-dependent RNA synthesis and Na*-K'-

ATPase.

These findings clearly indicate that [.-Ts and L.-T, are ineffective in stimulating

tissue respiration of the fish during winter. MIT and DIT seem to be actively involved
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in the regulation of tissue respiratory rate irrespective of the water temperature. The
indigenous thyroid hormones are involved in the regulation of tissue respiration of the
fish also during the winter months. The iodotyrosines and the iodothyronines seem to
produce their calorigenic effect in tissue respiration by stimulating the activity of
mitochondrial enzymes, Na'-K'-ATPase and the transcription process. MIT and DIT
seem to produce their stimulatory effect through a similar pathways like that of T; and
T.. The temperature-independent calorigenic action of MIT (tissue-dependent) and
DIT indicate that these hormones might be the initial regulators of the oxidative
metabolism and their calorigenic role might have been replaced by T; and T 4 during

the course of evolution.
Chapter-1V

Role of Testicular Hormones in Regulation of the Oxidative Metabolism in male

Clarias batrachus

This chapter deals with in vivo and in vitro effects of testosterone and cyproterone
acctate (a blocker of androgen receptors) on the rate of tissue respiration during winter
and summer/rainy months. It also contains data of experiments conducted to find out

the mechanism of action of testosterone. The findings of this chapter are mentioned

below :

1. Testosterone significantly stimulated the respiratory rate of all the tissues

irrespective of temperature and seasons.

1

Testicular hormones seem to be directly involved in regulation of the oxi-
dative metabolism of the fish.

3. Cyproterone acctate always inhibited the respiratory rate of liver, muscle

and kidney tissues.
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4. Administration of actinomycin-D or cyproterone acetate significantly, but
not completely, blocked the stimulatory effect of testosterone on the rate of
tissue oxygen uptake.

5. Testicular hormones increased the respiratory rate of the tissues by stimu-
lating the transcription process (genomic pathway) via androgen receptors

and the enzyme Na -K'-ATPase (extra-nuclear/non-genomic pathway).

Therefore, on the basis of the present findings, it may be concluded that the
testicular hormones play an important and direct role in the regulation of the oxidative
metabolism of the fish due to their temperature-independent metabolic action. These
hormones might be more important than thyroid hormones, particularly T; and T, in
ensuring the energy production for successful survival of the fish during the cold

winter season.

Chapter-V

Role of Catecholamines and Corticosteroids in Regulation of the Oxidative

Metabolism in male Clarias batrachus

This chapter deals with the experimental studies on in vivo and in vitro effects of
adrenal hormones (epinephrine, norepinephrine, corticosterone, cortisol, and cortisone)
and metapyrone (an inhibitor of corticosteroid biosynthesis) on the rate of tissue
respiration. It also deals with the experiments conducted to study the synergistic
effects of thyroid hormones and catecholamines, and the mechanism of action of

catecholamines. The findings of these experiments are as follows:
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to

Catecholamines (epinephrine and norepinephrine) invariably stimulated the
respiratory rate of all the tissues (liver, muscle, kidney and brain) in the ﬁsh
irrespective of mode of treatments (in vivo/in vitro), water temperature and
seasons.

The degree of stimulation by epinephrine and norepinephrine is higher
during winter as compared to that of summer/rainy months.

[Epinephrine is more potent than norepinephrine in stimulating the rate of
muscle tissue oxygen uptake, while norepinephrine is more potent than
epinephrine in stimulating liver tissue respiration.

The stimulatory effects of the catecholamines during winter was signiti-
cantly potentiated by [.-T; and L-T,. However, during summer/rainy
months the catecholamines and the thyroid hormones produced a syner-
gistic effect on the rate of tissue respiration in both in vivo and in vitro
treatments,

Both a- and [3-adrenergic receptors are involved in the calorigenic action
of catecholamines in the fish. The a- and B-adrenergic receptors of the
tissue exhibited a cross-reactivity for different agonists.

The degree of involvement of a- and f-adrenergic receptors in the calori-
genic action of catecholamines varies with tissues and season.

I vivo and in vitro administration of corticosteroids invariably stimulated
the respiratory rate of” all the tissues irrespective of water temperature and
seasons. except cortisone which did not stimulate brain tissue oxygen uptake
in iy vitro experiments during summer. |

The degree of stimulation of tissue respiration by corticosteroids was
comparatively higher during winter as compared to that during summer/
rainy seasons.

The administration of metapyrone significantly decreased the oxygen

uptake of the tissues (liver, muscle, kidney and brain). However, adminis-
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tration of the corticoids reversed the adverse effect of metapyrone on tissue

respiration.

It, thus, seems that the catecholamines and the corticosteroid hormones are
very important for the regulation of tissues respiration of the fish, Clarias batrachus.
Since the production of these hormones is increased during stress and under
emergency situations, they might be acting as the emergency hormones for the
regulation of the energy metabolism to ensure successful survival under adverse
climatic conditions. The potentiation of the calorigenic action of the catecholamines by
the thyroid hormones during winter suggests an important but indirect role of
endogenous thyroid hormones in the regulation of the oxidative metabolism of the fish.
Both a- and B-adrenergic receptors are employed in the calorigenic action of the
catecholamines in tke fish, Clarias batrachus, and might be using cAMP, Ca™", IP; etc.

as the second messengers.
Chapter-VI
Effects of Melatonin on the Oxidative Metabolism in Male Clarias batrachus

This chapter incorporates the data of in vivo and in vitro experiments
conducted to study the effects of melatonin on the rate of tissue respiration during

winter and summer/rainy months. The findings of these experiments are listed below:

1. Melatonin invariably stimulated the respiratory rate of all the tissues (liver, muscle,
kidney and brain) irrespective .ot‘water temperature and seasons.

2. The in vitro cffect of melatonin on the tissue metabolic rate seems to suggest
that melatonin has a direct effect at tissue level in stimulating the oxidative

metabolism i1 the fish.
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3. Melatonin stimulated tissue respiration in a dose-dependent manner.

On the basis of these findings, it may be concluded that melatonin has a
capability to stimulate the tissue respiration of the fish directly. Since short daylengths
and low temperature have been reported to increase melatonin production in scveral
vertebrates, the observed involvement of melatonin in the oxidative metabolism of the
fish might be helpfui as an additional hormone in maintaining the minimum metabolic
rate during winter to ensure the survival of the fish. The degree of stimulation of the

respiratory rate seems to depend on the tissue and the daylengths.

CONCLUSIONS

On the basis of the major findings of the present Ph.D. dissertation, it can be
concluded that the vital tissues of the fish Clarias batrachus exhibit an annual rhythm
of variation in their rate of respiratioh. The tissue metabolic rate in the fish seems to be
regulated by a complex set of external factors (like temperature, photoperiod,
availability of food etc.) and internal factors (hormones). The thyroidal, adrenal,
testicular and pineal hormones seem to play a major role in the regulation of the fish
tissues respiration. The relative involvement and role of different endocrine glands and
their hormones vary with tissues and seasons of the year. The exo'genous L-T; and
L-T, produce a température-dependent effect in fish tissue respiration, however, the
endogenous- thyroid hormones stimulate the oxidative metabolism indirectly by
potentiating the calorigenic action of catecholamines. MIT and DIT are calorigenic in
the fish irrespective of the ambient temperature, and, therefore, might be playing an
important role in the regulation of the oxidative metabolism of the fish. Further, the
involvement  of  the 1odotyrosines might be  of evolutionary - significance.  The

catecholamines and corticosteroid hormones, which are produced in response to
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non-specific stress and under emergency conditions, produce a temperature-
independent calorigenic effect in the fish and seem to act as emergency hormones for
the oxidative metabolism of Clarias batrachus. The testicular hormones also seem to
be directly involved in the regulation of fish energy metabolism, particularly at low
ambicent temperature. The involvement of the testicular hormones in the oxidative
metabolism might be a mechanism to ensure higher metabolic rate required for
successful reproduction in case of a sudden decline in the ambicent temperature during
breeding season and/or for survival during winter months. In addition to these
hormones, melatonin also seems to be capable in stimulating the metabolic rate of the
fish. This might be helping to meet the energy demand particularly during winter when
temperature is low and daylength is short which favour melatonin production. The
testicular and thyroid hormones seem to stimulate tissue respiration via nuclear
pathway as well as via the enzyme Na'-K'-ATPase. NE and EP seem to act via both a-
and f-adrenergic pathways. However, the mode of action of melatonin remains to be

established.
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