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Impact of Acute Anoxia on Stress in Hybrid Catfish
(Clarias gariepinus Burchell x C. macrocephalus Gunther)
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ABSTRACT: Dissolved oxygen (DO) depletion was studied by adding 180 ± 0.63 ml of sodium sulfite stock
solution, 100,000 mg/l, into 254 L de-chlorinated water without fish. DO dropped from 6 mg/l to 0 mg/l within
20 min. Sodium sulfite, 7.1 mg/l was used for the second experiment. The second experiment was conducted to
investigate acute anoxia on stress in hybrid catfish (Clarias gariepinus Burchell x C. macrocephalus Gunther).
Catfish, 20.03 ± 7.55g body weight and 13.87 ± 1.89 cm body length, were exposed to anoxia for 40 min. The
results show that blood clotting time (min) and serum cortisol (µg/dl) were significantly different in
experimentals at p<0.05. Fish body weight (g), body length (cm) and % hematocrit (Hct) was statistically non-
significant with differences of p 0.05. Hybrid catfish exposed to the acute anoxia condition showed significant
stress response.  Hybrid catfish are well able to live in a variety of DO conditions.
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INTRODUCTION
Aquatic environments influence the physiology

of fishes. Among biological, physical and chemical
factors, the most common change is the fluctuation of
dissolved oxygen (DO). Drastic changes in oxygen
availability are especially observed in euthrophic earth
ponds. Usually, DO is present at very low
concentrations in the early morning and high
concentrations in the late afternoon. An escape
behavior is not feasible, and fish respond with
compensatory mechanisms to survive in the changing
environment. Reductions of the DO level in the water
column induce stress in fish.(1)  The common response
to any stressor is a release of cortisol followed by
changes in blood and metabolism.(2)  Fish need oxygen
to aerobically generate energy for locomotion,
biosynthetic process, and to maintain their
metabolism. Therefore, DO reduction can reduce fish
growth rate, feed consumption(3) and activities.(4)

 Hybrid catfish (Clarias gariepinus Burchell x
C. macrocephalus Gunther) is an artificially cross
bred fish using female Thai walking catfish, C.
macrocephalus, and male African catfish, C.
gariepinus.(5) This hybrid catfish is an important
aquacultural species because of its fast growth rate
and high disease resistance. Catfish is an air-breathing
species and can survive under anoxic conditions.(6,  7)

Under low DO circumstance, this fish attempts to
increase its oxygen extraction capacity.  These changes

occur at the behavioral, physiological and tissue
levels.  However, lack of oxygen can induce both
acute and chronic stress in fish.(6) It is important to
understand the fish stress response under fluctuations
in DO.

The present study was undertaken to clarify the
hybrid catfish response under acute anoxic condition.
Primary and secondary indicators of physiological
stress response were also investigated.

MATERIALS AND METHODS
This research was comprised of 2 experiments.

The first experiment was conducted to control DO
without catfish. The second experiment was designed
to study fluctuating DO on catfish.

Experiment 1. Sodium sulfite de-oxygenated
 Six 1x1x1 m fiberglass tanks were divided into
2 groups. Three fiberglass tanks with and without
aeration were control and treatment group,
respectively. Each fiberglass tank contained 254 L
de-chlorinated water. Throughout the experiment, DO
was monitored by oxygen meter (YSI model 57,
USA). Stock solution Na2SO3 was prepared by
dissolving 50g Na2SO3 in 500 ml de-ionized water.
The 100,000 mg Na2SO3/l stock solutions were gently
poured into each treatment fiberglass tank. Air
temperature, water temperature, DO and Na2SO3
volume were recorded.
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Experiment 2. Effects of fluctuating DO on hybrid
catfish
Hybrid catfish
 Hybrid catfish, 20.03 ± 7.55g body weight and
13.87 ± 1.89 cm body length, were purchased from a
private fish farm at Chachoengsao province. All
catfish were acclimated for 2 weeks in an aquarium
for adaptation to the new rearing and feeding
condition. Once a day, catfish were fed to satiation
with commercial pellet feed. Daily, 30% water change
was done. One hundred and fifty hybrid catfish were
divided into 2 groups, control and treatment. Each
group was comprised of 5 replicates.  For each
replicate, 300 L fiberglass tanks (1x1x1 m) had 15
fish.  All fish were starved for 1 day before starting
the experiment.

Acute anoxia
Control groups were air-stone provided. DO

was monitored between 5.8-6.2 ppm by oxygen meter
(YSI model 57, USA). There was no aeration in the
Treatment group. The stock solution, 100,000 mg
Na2SO3/l, added into treatment group for DO
depletion. DO dropped to 0 ppm within 20 min. This
period is termed pre-anoxic condition. Fish were
exposed to anoxic condition, 0 ppm DO, for 40 min.
Then air-stones were added into the fiberglass tank
and DO gradually increased.  This condition is referred
to as post-anoxia.

Blood parameters
One fish from each fiberglass tank was

randomly selected at 0, 5, 10, 15, 20, 30, 40, 50, 60,
65, 70, 75, 80, 85 and 90 min. After tranquilization
with 5 ml clove oil/l, blood was taken from the caudal
vein by tuberculin syringe (Nipro, Osaka, Japan).

The glass slide method was used to determine
blood clotting time. One drop of fish blood was placed
on a clean glass slide, and then the needle-tip was

moved up and down to check for fine thread of blood.
Timing of fine thread development was recorded.

Whole blood was collected in heparinized
capillary tube for haematocrit (Hct, Heamatocrit
centrifuge, SR10000, Thailand). All capillary tubes
were centrifuged at 11,000 rpm for 5 min and %Hct
was recorded.

Blood serum was cortisol investigated (Radio
Immunoassay “Coat-A-Count Cortisol”, Diagnostic
Products Corporation (DPC), USA). Fish serum, 25
µl, was mixed well with 1 ml Iodinated cortisol (125I)
by vertical shaking for 1 min. All test tubes were
incubated at 37°C for 45 min, and then cortisol
concentration (µg/dl) was counted for 1 min in a
gamma counter.

RESULTS AND DISCUSSION
As shown in Figure 1, DO dropped from 6 to 0

ppm within 20 min and lasted for 3 hrs.  After 3 hrs,
air-stones were applied in the water tank and DO was
raised.  The 180 ± 0.63 ml stock solution, 100 ppm
Na2SO3, was added to 300 L de-chlorinated water.
Therefore, 7.1 ppm Na2SO3 will be used for the
second experiment. The reaction is shown as equation
1.(8)

2 Na2SO3+O2 → 2 Na2SO4         … (1)

Table 1 shows water quality parameters in the
experiment. These parameters were in the normal
range for fish growth.(9)  Hybrid catfish averaging
weights and lengths of 20.03 ± 7.55g and 13.87 ± 1.89
cm was not significantly different (Figure 2). The
variability of sizes among species is considerable.(10, 11)

All fish were tranquilized before taking blood. Hence,
there are no other parameters which induce stress
condition in fish except the DO level.
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Figure 1. DO depletion by adding 7.1 ppm Na2SO3 (mean ± SD, n=3).
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Table 1. General water quality in experiments 1 and 2.

Parameter Unit Value (mean ± SD)

Water temperature °C 28 ±  0
Air temperature °C 30 ± 0
DO mg/l 5.60 ± 0.57
pH - 8.3 ± 0.6
Alkalinity mg/l 89.5 ± 7.8
Hardness mg/l 119.00 ± 24.04
Ammonia mg/l 0.05 ± 0.07
Nitrite mg/l 0.0395 ± 0.0375
Nitrate mg/l 1.70 ± 0.14
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Figure 2. Mean ± SD. of hybrid catfish body weight (A), body length (B) and Hct (C) is shown statistically
non significant difference (p  0.05, ANOVA, Duncan).
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Three stages of DO with 15 hybrid catfish are
shown in Figure 3.  DO dropped to 0 ppm at 20 min.
All fish in treatment groups were exposed to anoxia
for 40 min and then brought back to normoxic
condition. The observations were recorded for
treatment groups.  All fish were lethargic and were
gasping at the air-water interface.  This may indicate
the most immediate adjustment to hypoxia and anoxia
condition. Catfish can survive in anoxic condition by
increasing oxygen uptake from air through an
accessory breathing organ, the dendrite. In normoxic
conditions, all fish utilize DO from water through
gills. Hybrid catfish have a great tolerance to hypoxic
and anoxic conditions(7) similar to Nile tilapia
(Oreochromis niloticus), goldfish (Carrasius auratus),
and the common carp (Cyprinus carpio).  Those
morphological and anatomical adaptations are present
in air-breathing species to cope with DO constraints.(6)

Blood clotting time and serum cortisol was
strikingly increased at statistically significant levels
(Figure 4). Both clotting time and cortisol were increased
in response to acute oxygen depletion, and then returned

to normal levels after the DO concentration was
increased.

Blood clotting time has been claimed to be an
indicator of stress in crustacean.(12-14)  However, data
for blood clotting time in catfish are scarce. The speed
of blood clotting is easy to measure and could be a
useful indicator of stress, nutritional diseases, and the
presence of bacteria and environmental pollutants.(15)

Blood clotting is particularly practical as only a small
amount of blood is needed. The determination is
rapidly and easily made in field or laboratory.

Cortisol is involved in hydro-mineral balance,
energy metabolism,(11) and is a physiological index of
primary stress.(16, 17)  The primary response of catfish
to an anoxic stressor is the secretion of cortisol by the
inter-renal cells into the blood stream.(18, 19)  Continuing
stress response to acute anoxia condition in hybrid
catfish is non-existent. Serum cortisol returned to
basal levels. Within 30 min, catfish recovered from
the stress induced levels. Cortisol levels in this study
indicate that anoxia is not stressful to catfish.
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Figure 3. DO presence in experiment with 3 conditions: pre-anoxia, anoxia and post-anoxia.

There was no statistically significant difference
in %Hct in hybrid catfish in normoxia and anoxia
conditions (Figure 2). The %Hct is an indicator of
secondary stress response(2) and is typically a response
to hypoxic and anoxic exposures.(4)  The hematocrit
levels were studied in bonnethead sharks (Sphyrna
tiburo) and it was found that hypoxic condition (DO = 3
ppm) caused no significant response.(20)  In contrast,
Lykkeboe and Weber(21) and Wood and Johansen(22)

found that hematocrit of carp and eel increased under
hypoxic condition. The %Hct in hypoxia and anoxia is
higher than %Hct in normoxia and is expressed through
increase in ventilation volume,(20) increased oxygen

uptake, increase in the blood viscosity and increase in
the number of red blood cells.(4, 23)  Hematocrit levels
have been suggested to be a response to living in
environments with variable oxygen availability as well.

In conclusion, hybrid catfish that were exposed
to acute anoxia conditions effectively compensated for
reductions in DO. Anoxia was expected to elicit a
significant stress response but this was not the case.
Catfish are well adapted to and able to compensate for
living in a variety of DO levels. Further research is
needed to examine gill and dendrite, those structures
directly in contact with DO in the water column.
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Figure 4.  Blood clotting time (A) and serum cortisol (B) are shown as mean ± SD (n = 5). Different upper
case letters indicate significant differences at p < 0.05 (ANOVA, Duncan).
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