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Abstract

Background: Catecholamines and cortisol are stress hormonesin teleosts secreted, =] kpjoybhu@gmail.com
respectively, by the adrenal homologs, chromaffin and interrenal tissues. It is well
known that the stress hormones respond to a variety of stress stimuli, induced
or natural. There is a cross-talk between the stress and reproductive axis but
the physiological implications are debated. It is believed that breeding activity
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stimulates the stress hormone axis and, if so, the stress hormone levels will be India.
greater at peak reproductive stage comparable with the responses during stress.
In the current study the hypothesis was tested. Tel: +919935614935

Methods and findings: The stress hormones were measured in the head kidney of

female catfish H. fossilis in different phases of the reproductive cycle (preparatory,

pre-spawning, spawning, post-spawning and resting) and in fish exposed to Citation: Bloy KP, Kumar R. Stimulation of Ad-
confinement stress at various time points over 24 h duration. Catecholamines renal Stress Hormone Secretion Associated
were identified and measured by gradient HPLC elution of head kidney (adrenal) with Ovarian ,'A'ctlwty In the'Catflsh Hete.ro-
samples in a C-18 reverse phased column with a fluorescence detector. Cortisol pne.'ustesfossm.s: A Comparison of Physio-
was measured using a specific ELISA kit. Epinephrine and norepinephrine levels Iog.lcal and Enwronmental Stress Responses.
increased significantly in gonad active phases (preparatory, pre-spawning Insights Aquac Cult Biotechnol 2017, 1:1.
phase and spawning phases). Epinephrine is the dominant catecholamine,

about two-fold higher than NE. In contrast, dopamine and its metabolite

3,4-dihydroxyphenylacetic acid (DOPAC) levels were higher in gonad-inactive

phase (post-spawning and resting phases) and early recrudescence (preparatory

phase) but lower in the pre-spawning and spawning phases. Cortisol level was

low in gonad-inactive phase and early recrudescence but increased in the pre-

spawning phase to reach the peak in the spawning phase. In the confinement

stressed fish, the epinephrine level was elevated at 2 h, 4 h and 8 h with the peak

rise at 4 h. The norepinephrine level registered a significant increase only at 4 h

but the norepinephrine metabolite normetanephrine level decreased throughout.

The dopamine level increased at 8 h with a decrease in the DOPAC level. Similarly,

cortisol level increased significantly with the peak rise at 4 h.

Conclusion: Comparable changes occurred in the levels of the stress hormones
epinephrine, norepinephrine and cortisol during the peak reproductive activity
and during the confinement-stress and may be indicative of metabolic stress
aimed at energy partitioning for reproduction and stress mitigation, respectively.
Confinement stress may mimic high stocking density stress and is a critical
ecological factor that needs management like water quality and diet.
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Introduction

Glucorticoids and catecholamines are the primary indicators
of stress response and the metabolic changes that follow the
hormonal changes are secondary or adaptive to cope up with
hostile conditions. Glucocorticoids (cortisol or corticosterone) are
secreted from the adrenal cortex, controlled by the hypothalamo-
pituitary-adrenal-axis (HPA-axis) [1-5]. Glucocorticoids are
involved in metabolism and inhibition of immune system function
by inhibiting cytokine production [3,5-9]. Catecholamines are
secreted by the adrenal medulla and modulate respiratory
and cardiovascular systems and mobilize energy for high
metabolic activity during stress [10-14]. In teleosts, the adrenal
homologues interrenal and chromaffin tissues are embedded
in the head kidney around the posterior cardinal vein and its
branches, and surrounded by the hemopoietic cell mass that
contains immune cells [15-19]. These tissues secrete stress
hormones, glucocorticoids and catecholamines, respectively,
and are released in response to a variety of stress stimuli
[20,21]. The proximity or intermingling of the steroidogenic
and chromaffin tissues in the head kidney facilitates potential
anatomical, biochemical and functional interactions between the
two [22]. During stress, the stress hormone levels are elevated,
accompanied by changes in overall physiological functions
like growth, metabolism and osmoregulation [3,5,10,23-27].
Elevated plasma cortisol level leads to an increased secretion of
epinephrine and norepinephrine from the chromaffin cells of the
head kidney of teleosts [28,29]. The role of catecholamines on
glucocorticoid secretion differs: for e.g. In sea bass, the amines
stimulate cortisol secretion [30] while in amphibians and reptiles,
they suppress cortisol production [31,32]. Since seasonal
variations in plasma cortisol or brain and ovarian catecholamines
have been reported in relation to the annual reproductive cycle
of the catfish [33-35], there is a need to extend such studies
to adrenal hormone dynamics to delineate the functional
relationship between the stress hormones. Such investigations
on the seasonal dynamics and functional relationship of adrenal
catecholamines and cortisol secretion are almost non-existent.

In aquaculture, fishes are exposed to various kinds of stress;
stocking density is one such critical factor. The impact of stocking
density has been reported using confinement experiments,
restricting movements [36,37]. The confinement also may cause
hypoxia due to overcrowding which is an important factor to be
consideredinsuch studies [36,38]. In this context, the catfish being
air-breathingis a useful model for confinement stress experiments
that rules out any interference of hypoxia state. Because of the
high sensitivity and short half-life of catecholamines, they have
not been assayed in many stress-related studies, instead cortisol
assay, which is comparatively easier, has been extensively used to
monitor stress response. Further, in such studies measuring the
hormone levels in circulation (blood) has been often resorted to.
Since the hormone levels in the blood are influenced by several
other factors like extra-adrenal secretions, binding proteins, etc.,
measuring the hormone levels in the adrenal tissue will be more
reliable to validate stress responses.

From the literature outlined above, animals undergo a
physiological stress to mobilize energy for reproductive function

Vol.1No. 1:4

and adrenal is expected to be active during the breeding period
and hence an increase in the levels of stress hormones. This was
tested by measuring the adrenal hormones, catecholamines
and cortisol simultaneously, which are indicators of stress as
well as metabolic hormones. Along with the functional adrenal
catecholamines, their precursor dopamine and its metabolite 3,
4-dihydroxyphenylacetic acid (DOPAC) were also measured to
know if the adrenal catecholamine metabolic pathway undergoes
differential seasonal changes during the annual reproductive
cycle, like brain and ovarian catecholamines [34,35]. As a
comparator, adrenal activity was measured in catfish exposed to
confinement stress.

Methods

Chemicals

Epinephrine, norepinephrine, normetanephrine, 3,4-dihydroxy-
L-phenylalanine (L-DOPA), dopamine, 3,4-dihydroxyphenylacetic
acid, (DOPAC), L-tryptophan and serotonin were purchased from
Sigma Chemicals, St. Louis, USA. Perchloric acid (PCA), HPLC
grade trifluoroacetic acid (TFA) and methanol were purchased
from E. Merck, Mumbai, India. Cortisol ELISA kit was purchased
from Labor Diagnostika North GmbH and Co. KG; LDN, Nordhorn,
Germany. All other chemicals were of analytical grade and
purchased from HiMedia Laboratories Pvt. Ltd., Mumbai, India.

Animals

The experiments were conducted according to the guidelines of
the Animal Ethics Committee of Banaras Hindu University, Varanasi,
India. All care was taken to prevent any cruelty on animals.

Heteropneustes fossilis (weight 30-35 g) were collected from the
same hatchery pond stock at Chaukaghat in Varanasi during resting
(December-January), preparatory (February-April), pre-spawning
(May-June), spawning (June-July) and post-spawning (September-
November) phases of the annual reproductive cycle. The
preparatory, pre-spawning and spawning phases are the breeding
seasons and post-spawning and resting phases are the non-breeding
periods. The fish were acclimated in aquarium tanks under normal
photoperiod (resting phase- 10.5 L:13.5 D; preparatory phase- 12.5
L:11.5 D; pre-spawning phase- 13 L:11 D; spawning phase- L:11 D;
post-spawning- 12.5 L:11.5 D and ambient temperature 22.5 + 2°C).
The pH of water was 7.2 + 0.1. The fish were fed daily with boiled egg
white and liver flakes ad libitum.

Seasonal study

In each phase, 5 female catfish were weighed and sacrificed by
decapitation between 9 and 10 h to minimize variations due to
circadian activity. Ovaries were dissected out and weighed (n=5).
Gonado-somatic index (GSI) was expressed in percentage as
weight of ovary/weight of fish x 100. The paired head kidney was
dissected out and transferred to 2 mL tubes containing cold 0.2
M perchloric acid (PCA) under dark conditions. The samples were
homogenized and centrifuged at 10000 rpm for 15 min at 4°C. The
supernatant was collected in separate dark tubes to protect from
light and the supernatant was directly used for catecholamine
assay by high performance liquid chromatography (HPLC).

For the enzyme-linked immunosorbent assay (ELISA) of cortisol,
fish were collected in each reproductive phase, as described
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above. The head kidneys were removed and weighed and kept at
-80°C for 2 days until the steroid was extracted.

Confinement stress

In the resting phase, 35 acclimatized female fish (weight 30-35
g; length 16.2-17.6 cm) were divided into seven groups of five
fish each. Thirty fish were given confinement stress. For the
confinement stress, six small tanks of length (17.5 cm), breadth
(14 cm) and height (11 cm) of 2.5 L capacity were used. The tanks
were filled with 2 L of water and 5 fish were kept in each tank.
The movement of the fish was hindered in the small tanks. Five
control fish were kept in a large tank that allowed unhindered
movement in water where fish can move freely. The fish were
sacrificed after 2, 4, 6, 8, 12 and 24 h. The head kidneys were
removed, weighed and kept at -80°C for 2 days until cortisol was
extracted and assayed.

In the second short experiment, 5 fish (control) were kept in a
large water tank that allowed unhindered movement in water.
Fifteen fish (n=5 per group) were used for the confinement stress
and kept in tanks of 5 fish each, as described above. They were
sacrificed after 2, 4 and 8 h. The head kidneys were removed,
weighed and kept at -80°C in dark tubes for 2 days. These samples
were used for the catecholamine assay.

Catecholamine assay

Catecholamines were assayed by the HPLC method of Wood
and Hall [39], as described earlier [35], on a Shimadzu (Kyoto,
Japan) binary system (LC-10 ATVP), system controller (SCL-
10 AVP) and digital fluorescence detector (RF-10AVP). The
system was operated with Shimadzu Class VP series software.
Chromatographic separation was carried out on a Phenomenex
Luna (2) C18 reverse phase column (150 x 4.5 mm ID; 5 um
particle diameter; 80 A2 pore size) connected to a Phenomenex
guard column filled with the same material. Mobile phase
consisted of solvent A- 0.05% aqueous TFA-methanol (97.5:2.5,
v/v) and solvent B-0.05% aqueous TFA-methanol (40:60, v/v). A
flow rate of 1 mL/min was used over 20 min with the following
gradient: 0.00-1.00 min 100% A; 16 min, 50% A and 50% B (linear
gradient from 1 to 16 min); 16.05 min, 100% A to return the
column to initial conditions by 20 min. Detection was by native
fluorescence using excitation at 220 nm and emission at 320 nm.
All the solvents were degassed just before use. The standards
and samples (n=5) were injected into the column by a Hamilton
microliter syringe in a volume of 20 pL. The response curve
was linear over the concentration range of the standards used
(1-1000 ng/mL). The minimum detection was 1 ng/mL except
for L-DOPA which was 15 ng/mL. Known concentrations of the
standards in different dilutions were processed for recovery. The
percentage recovery was calculated from the concentrations
of the standards injected directly and after extraction (n=5),
similar to the tissue samples. The percentage recovery was:
3,4-dihydroxyphenylalanine - 91.4 + 3%, dopamine - 95.63 +
2.1%, norepinephrine - 97.7 + 1.2%, epinephrine - 92.1 + 2.4%,
DOPAC - 94+ 2%, normetanephrine — 93.4 + 3%. No correction
was made for the loss. The coefficients of inter-and intra-assay
variations in percentage were 1.99 and 2.63 for tyrosine, 5.13
and 6.79 for L-3,4-dihydroxyphenylalanine - 2.99 and 3.27 for
dopamine, 7.25 and 6.8 for norepinephrine, 1.88 and 2.6 for
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epinephrine, 8 and 6 for 3,4-dihydroxyphenylacetic acid, and
3.63 and 2.6 for normetanephrine, respectively.

Cortisol assay

Extraction

The head kidney samples were homogenized separately in 4
volumes of cold PBS (pH 7.4) with an ultrasonic homogenizer
(XL—2000 Microson, Misonix, USA) at 4°C. The homogenate was
centrifuged at 2000 rpm for 15 min at 4°C and extracted with
3 volumes of diethyl ether, three times. The ether phase was
collected and pooled group-wise, evaporated and dried under
nitrogen gas and stored at -20°C until estimation.

Assay procedure

Each sample was dissolved in 100 uL of methanol. The assay was
carried out using an ELISA kit for cortisol as per the manufacturer’s
protocol. Briefly, 20 uL each of cortisol standard (0, 0.5, 2.0, 5.0,
10.0, 30.0, 60.0 pg/dL) and samples were transferred to the anti-
cortisol-immunoglobulin G-coated plate. The immunoreaction
was started by adding 100 pL of cortisol-HRP (horseradish
peroxidase) conjugate solution into each well, followed by
incubation at 37°C for 45 min. The content from each plate was
removed and washed with 300 pL of wash buffer, five times.
Wash buffer was completely drained out from each well. Next
150 pL of the substrate, TMB (3,3',5,5'-tetramethylbenzidine)
was dispensed into each well and incubated at room temperature
for 15-20 min in dark. Color development was stopped by adding
50 uL of stop solution (1 M sulphuric acid). Absorbance was taken
at 450 nM using a Multiscan microplate reader (EPOCH, BioTek
Instruments Inc., USA).

The response—concentration curves for cortisol were linear over
0.5-60 pg/dL range. The sensitivity of the cortisol assay was 0.4
pg/dL. Cross reactivity of the cortisol antibody was Cortisol - 100%,
predinsolone—13.6%, corticosterone—7.6%, Deoxycorticosterone
— 7.2%, cortisone — 6.2%, deoxycortisol — 5.6%, prednisone —
5.6%, dexamethasone — 1.6%, 17-hydroxyprogesterone - 0%,
E2—0%, testosterone - 0% and pregnenolone — 0%. Known
concentrations of cortisol were processed in the same manner
as samples. Percentage recovery of cortisol (15.3 pg/dL added)
was 93.8 + 1.6% (n=5). The coefficients of inter- and intra-assay
variations were 5.6% and 5.76%, respectively.

Statistical analysis

The data were expressed as mean = SEM (n=5) and checked
for homogeneity and normality. The data followed a normal
distribution in Kolmogorov-Smirnov test. Hence the data were
tested by one way ANOVA (p<0.001) using the statistical Package
for the Social Science software Program (version 10.0; SPSS).
Newman-Keuls’ test was used for multiple comparisons between
control and treatment groups (p<0.05).

Results

Seasonal variations in the GSI

The GSI varied seasonally (Figure 1) as analyzed by one way
ANOVA (p<0.001, F=199.23) and Newman-Keuls’ test (p<0.05).
The GSI was low in the resting and preparatory phases and
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increased steeply in the pre-spawning phase to give the peak
value in the spawning phase. After spawning, the GSI decreased
sharply in the post-spawning phase.

Seasonal variations in catecholamines

Chromatographic profiles

Under the chromatographic conditions described above, the
standard compounds were eluted in the following order:
norepinephrine(2.3min),epinephrine(2.9min), normetanephrine
(3.3 min), dopamine (4.4 min), 3,4-dihydroxyphenylalanine (4.9
min), serotonin (8.5 min), 3,4-dihydroxyphenylacetic acid (13.9
min) and L-tryptophan (17.3 min) (Figure 2A). The tissue samples
eluted similarly but with minor shifts (Figure 2C). Therefore,
the samples were spiked with the standards in a mixture to
authenticate the peaks (Figure 2B).

Epinephrine

In the head kidney, epinephrine levels showed a significant
seasonal variation (Figure 3; one way ANOVA, p<0.001; F=19.38).
The epinephrine level was low in the resting phase, increased
through the preparatory phase and reached the peak in the pre-
spawning phase. The level decreased in the spawning and post-
spawning phases. The levels in the resting and post-spawning
phases are not significantly different from each other (p<0.05,
Newman-Keuls’ test).

Similarly, the levels in the preparatory and spawning phases are
not significantly different from each other.

Norepinephrine and normetaphrine

The norepinephrine level showed a significant seasonal variation
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(Figure 4; one way ANOVA, p<0.001; F=7.70). The concentration
was low in the resting and preparatory phases and increased to
the highest level in the pre-spawning and spawning phases and
decreased in the post-spawning phase. The levels in the resting
and preparatory phases are not significantly different from each
other. Similarly, the pre-spawning and spawning phase levels are
not significantly different from each other (p<0.05, Newman-
Keuls’ test).

Normetanephrine level showed a significant seasonal variation
(Figure 4; one way ANOVA, p<0.001; F=11.77) and the level
was the highest in the resting phase and decreased through
the preparatory phase to give low levels in other reproductive
phases. The levels in the pre-spawning, spawning and post-
spawning phases are not significantly different with each other.

The ratio of norepinephrine to normetaphrine was the highest in
the preparatory phase (1:3.8) and decreased to give the lowest
value in the post-spawning phase (1:1.97) indicating, respectively,
a high turnover in the preparatory phase and a low turnover in
the post-spawning phase.

Dopamine and DOPAC

Dopamine showed a significant seasonal variation (Figure 5; one
way ANOVA, p<0.001; F=7.93) and the level was low in the pre-
spawning and spawning phases, and high in the post-spawning,
resting and preparatory phases without any significant difference
between the seasons. The pre-spawning and spawning levels are
also not significantly different.

The dopamine metabolite DOPAC level showed a significant
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Figure 1 Gonado-somatic index (GSI; mean + SEM; n=5) of female catfish Heteropneustes
fossilis during the annual reproductive cycle. Groups bearing the same letters are not
N significantly different. D
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seasonal variation (Figure 5; one way ANOVA, p<0.001; F=5.84).
The seasonal pattern was similar to that of DA. The levels were
high in the post-spawning, resting and preparatory phases, and
decreased in the pre-spawning and spawning phases. The DOPAC
levels in the resting, preparatory and post-spawning phases are
not significantly different (p<0.05, Newman-Keuls’ test).

The dopamine to DOPAC ratio was the highest in the spawning
phase (1:2.03) and the lowest in the resting phase (1:1.25)
indicating, respectively a high turnover in the spawning phase
and a low turnover in the resting phase.

Effects of confinement stress on catecholamine
levels

Epinephrine, norepinephrine and normetaphrine

The head kidney epinephrine level was significantly high after 2,
4 and 8 h of the confinement stress as compared with the control
(Figure 6; one way ANOVA; p<0.001; F=55.35). The level was the
highest at 4 h of the confinement and decreased but remained
significantly high at 8 h when compared with the control group (p
<0.05, Newman-Keuls’ test). The norepinephrine level increased
significantly at 4 h of the confinement stress as compared with
the control (Figure 7; one way ANOVA; p<0.001; F=8.01). There
was no significant difference in the norepinephrine level at 2 h
and 8 h as compared with the control. The normetanephrine level
decreased significantly at 2, 4 and 8 h compared with the control
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group (Figure 7; one way ANOVA; p<0.001; F=4.38; Newman-
Keuls’ test; p<0.05).

The norepinephrine to epinephrine ratio increased time-
dependently (1:3.76 at 8 h) as compared with the control group
(1:2.21) indicating a high synthesis of epinephrine. On the other
hand, the norepinephrine to normetaphrine ratio decreased
in the confinement stress groups with the lowest ratio at 4 h
(1:0.51) as compared with the control group (1:0.92).

Dopamine and DOPAC

The dopamine level did not vary significantly at 2 h and 4 h
but increased significantly at 8 h of the confinement stress as
compared with the control (Figure 8; one way ANOVA; p<0.001;
F=7.53). The DOPAC level decreased significantlyat 2 h, 4 hand 8
h of the confinement stress as compared with the control (Figure
8; one way ANOVA; p<0.001; p<0.05; F=6.76 Newman-Keuls’
test). There was no significant difference in the DOPAC level
between 4 and 8 h.

The dopamine to DOPAC ratio decreased with the time of the
confinement with the lowest ratio at 8 h (1:0.62) as compared
with the control (1:1.36) indicating decreased dopamine
turnover.

Seasonal variation in cortisol

The head kidney cortisol level showed a significant seasonal
variation (Figure 9; one way ANOVA, p<0.001; F=11.97) with the
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Figure 5 Dopamine (DA) and 3,4-dihydroxyphenylacetic acid (DOPAC) levels (means + SEM of 5 fish each) in the
head kidney of the catfish Heteropneustes fossilis during different reproductive phases. Groups bearing the
same letters are not significantly different.
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level low in the resting and preparatory phases and increased
significantly in the pre-spawning and spawning phases. The peak
cortisol level was noticed in the spawning phase and decreased
in the post-spawning phase after spawning (p<0.05, Newman-
Keuls’ test).

Effect of confinement stress on cortisol secretion

During the confinement, the cortisol level increased significantly
to the peak level at 4 h and declined subsequently at 6 h, 8 h,
12 h and 24 h (Figure 10; one way ANOVA, p<0.001; F=23.57).
However, the levels were still higher as compared with the
control group.

Discussion

The head kidney (chromaffin tissue) is considered the major
site of catecholamine biosynthesis in teleosts including the
catfish. The presence of dopamine and norepinephrine
metabolites (DOPAC and normetanephrine, respectively)
indicates that the head kidney is also the site for catecholamine
metabolism, which is shown for the first time in a teleost.
The biochemical analysis is also supported by evidence from
immunocytochemical localization of CA-synthesizing enzymes
such as tyrosine hydroxylase (TH), dopamine-B-hydroxylase
(DBH) and phenylethanolamine-, N-methyltransferase (PNMT)
[15] and chromaffin reaction [40,41] in different teleosts. To our
knowledge, studies comparing annual variations in head kidney
catecholaminesand the GSl are few. The data show that dopamine

© Under License of Creative Commons Attribution 3.0 License

and norepinephrine/epinephrine showed significant as well as
differential annual variations and maintain an inverse relationship
with the GSI. The DA level is higher in the gonad-inactive phase
(post-spawning and resting phases) when the GSI is low and
declines with the commencement of gonad recrudescence
(preparatory, pre-spawning and spawning phases) when the
GSI increases progressively. Conversely, both norepinephrine
and epinephrine levels are low in the gonad-inactive phase but
have increased with gonad recrudescence (pre-spawning and
spawning phases). The rise in the GSl is due to vitellogenesis and
the high levels of epinephrine and norepinephrine may suggest a
role in vitellogenesis as metabolic hormones.

In the catfish head kidney, epinephrine is the predominant
catecholamine: the concentration ranges from ~350 to 650 pg/mg
tissue weight while norepinephrine varies from ~150 to 280 pg/
mg tissue weight. In the head kidney of tilapia, epinephrine level
varied from 400-750 ng/g tissue weight and norepinephrine from
650-2000 ng/g tissue weight [42], suggesting possible species
variations. The high level of epinephrine in the pre-spawning
and spawning phases may be due to a simultaneous increase
in its biosynthesis and decreased norepinephrine degradation
as evident from the decreased level of normetanephrine. The
norepinephrine to normetanephrine ratio also supports this
inference. Since both dopamine and DOPAC levels are low in
the pre-spawning and spawning phases in comparison to other
phases, a higher conversion of dopamine to norepinephrine is
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highly plausible. However, the dopamine to DOPAC ratio is high
in the pre-spawning and spawning phases compared to other
phases. On one hand dopamine is preferentially converted to
norepinephrine, and on the other hand the residual dopamine
is rapidly metabolized. Since dopamine inhibits steroidogenic
activity [43], its removal is functionally significant. The high
adrenergic activity during the pre-spawning and spawning
phases may lead to increased metabolic activities. Chakrabarti
and Ghosh [44] correlated the increase in the epinephrine
level with high active phosphorylase activity. Epinephrine is a
strong glycogenolytic hormone [10] and its high level may be
related to energy demands in the ovary. In the pre-spawning
and spawning phases, the gonads develop fully and are laden
with gametes ready for ovulation/spermiation. The heightened
metabolic activity and intra-gonadal pressure due to growth
may be potential stress-like signals to elevate the levels of
adrenergic hormone. These stress-like signals may act via the
central and peripheral autonomic nervous system to release the
adrenal catecholamines. In the hypothalamus and ovary of the
catfish, catecholamines show significant seasonal variations with
dopamine activity high in the gonad-resting phase and decreased
during gonad recrudescence [34,35]. Adrenergic activity is low in
the gonad-inactive phase and increases to the peak in the pre-
spawning-spawning phases. The seasonality in hypothalamic
catecholaminergic activity has been attributed to the regulation
of gonadotropin [45]. In the ovary, catecholaminergic activity has
been related to steroidogenesis [35,43]. The adrenal CA dynamics
may be associated with ovarian maturation and ovulation that
involve altered hemodynamics, and fluid and ion homeostasis
(oocyte hydration) [46]. It is possible that the ovary-laden eggs
may stimulate baroreceptors, both peripheral and central,
causing catecholamine release. Subhedar et al. [47] reported that
the application of intraovarian pressure stimulated vasopressin
(vasotocin)-positive neurons in the nucleus preopticus of the
catfish Clarias batrachus. In teleosts, vasotocin is involved in the
activation of the HPI axis [48,49], implying an increased cortisol
secretion.

Similar to catecholamines, the adrenal cortisol level varied
seasonally with the peak level in the spawning phase.
Epinephrine/norepinephrine and cortisol levels increase parallel
with the GSI; epinephrine attained the peak earlier than cortisol.
This shows that the chromaffin cells respond earlier than cortisol
that requires the involvement of the HPI axis [15]. The high levels
of epinephrine/norepinephrine and cortisol in the breeding
phase may be associated with high energy demands (intense
metabolic activity) during ovarian recrudescence, maturation
and ovulation. Cortisol elicits both direct and permissive roles in
glycogenolysis [3]. Both catecholamines and cortisol participate
in glycogenolysis, catecholamines may have a short term effect
while cortisol may have a long term role [50]. Cortisol also may
be related to its role in final oocyte maturation and associated
oocyte hydration [51,52]. Mishra and Joy [53] reported that
catfish ovary synthesizes cortisol and corticosterone, suggesting
a direct role in final oocyte maturation and oocyte hydration.

The data of confinement stress experiments show that both
catecholamines and cortisol are involved in stress responses and
are useful biomarkers of stress. Both epinephrine/norepinephrine

© Under License of Creative Commons Attribution 3.0 License
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and cortisol levels were elevated maximally at 4 h post stress. The
period up to 4 h can be recognized as the acute primary response
and the post 4 h period, which marks the lowering of epinephrine/
norepinephrine and cortisol levels may indicate the adaptation
phase, even though the cortisol level remained about 2-fold high
even at 24 h. Stress prepares the animals to release the fight and
flight hormones, epinephrine/norepinephrine [10], which is also
true with the confinement stress. The confinement stress altered
the catecholamine metabolism; the dopamine, normetanephrine
and DOPAC levels remained low at 2 h and 4 h. The low levels
of normetanephrine and DOPAC indicate reduced CA catabolism
but increased dopamine conversion to norepinephrine and then
to epinephrine. At 8 h, the dopamine level only increased with
a concomitant decrease in epinephrine and norepinephrine,
suggesting perhaps initiation of the adaptation phase.

The cortisol level remained high throughout the 24 h stress
period with the peak elevation at 4 h. The pattern of cortisol
secretion also followed the epinephrine/norepinephrine pattern
initially. The secretion of cortisol is initiated by stress through the
activation of the HPI-axis [1,3]. Chen et al. [45] reported that the
duration of cortisol release into the circulation by the interrenal
tissue is longer compared to the catecholamine release by the
chromaffin cells. We could not substantiate this observation
since we did not measure catecholamine levels beyond the 8 h
confinement. Trenzado et al. [36] reported elevation of plasma
cortisol in confinement stressed rainbow trout within 1 to 6 h
and the response continued up to 168 h. The cortisol response
varied with trouts having low or high cortisol-responsiveness;
in low response fish, the peak was obtained at 6 h while in
high response fish, the peak was reached at 2 h. Cortisol level
increased rapidly by acute stress caused by chasing the fish with a
net and chronic stress caused by overcrowding of fish [14]. These
authors showed a rapid increase in cortisol release in gilthead
seabream due to acute stress and the fish showed the highest
level of cortisol release between 1 and 6 h, similar to the catfish.

Conclusion

The increases in the levels of the stress hormones epinephrine,
norepinephrine and cortisol during the peak reproductive
activity and the confinement-stress are comparable and may be
indicative of metabolic stress aimed at energy partitioning for
reproduction and stress mitigation, respectively. Confinement
stress may mimic high stocking density stress and is a critical
ecological factor that needs management like water quality and
diet in fish culture practices.
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