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Results obtained using multifactorial stress model (air-exposure, submergence, hypoxia) showed
that elevation of RBC, HB, Ht and blood glucose was linearly correlated with progressive stress
uniformly. Submergence caused rapid stress with blood glucose reaching 50% elevation within
60 min. Hypoxic water with access to air had very little effect on blood glucose. Similarly,
lowering the temperature significantly affected the blood parameters. The air-exposure model
was also used for testing lysozyme activity and phagocytosis assay during stress. Plasma
lysozyme was significantly lower in air stressed fish. Submergence increased the number of
granulocyte, lymphocytes and activity of phagocytic cells. Spleen and kidney lysozyme activity
increased significantly. The titer of total non-specific immunological increased during
submergence. But no such effect was observed in air-exposure. These results suggest that
submergence stress in stimulating non-specific defense system in the air-breathing fish,
Osphronemus olfax. This is the first report that submergence stress is playing the role of an
immunomodulator in an air-breathing fish.
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INTRODUCTION

Osphronemus olfax is an exotic air-breathing fish introduced
in to Madras in 1865 — 66 (Anonymous, 1962). It is now all
established in India in both brackish and freshwater. It is a
useful culture and ornamental fish. Generally, air-exposure,
submergence, temperature changes are some of the routine
stress exposure to ornamental fishes during handling,
transportation and marketing. Fish being the inhabitant of
closed environment, becomes a useful model in assessing the
effects of environmental stressors on physiological,
biochemical and immunological parameters (Vashist, Kumari
and Jamail, 2000). The effect of various environmental
stressors like toxicants (Kumar and Patri, 2002; Khare and
Singh, 2002), air-exposure (Natarajan, 1987; Rani, 1994;
Vijayalakshmi, 1996; Raveendran, 2000 and Sasikala, 2001)
and plant extracts (Mannan, 2002; Parimala, 2002 and Tamil
selvi, 2002). Most fish species regulate certain haematological
parameters accord in to environmental conditions (Val et al.,
1990). Emersion produces a significant rise in the RBC count,
Hb content and Hct value in the blood of Macropodus cupanus
(Parthi et al., 2000) and Channa striata (Rani, 1944) induced
marked wvariations in the blood cells. Among all the
characteristics, haematocrit values can be utilized as a
parameter of stress response, as it is rapid, practicable and
quantitative (Chavin, 1973). Stress in general influences
the blood sugar level (Chavin and Young, 1970), lactic acid
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content and haematological values (Singh et al., 1976). Blood
glucose appeared to a be sensitive and reliable indicator of
environmental stress in fishes (Nemcsok et al, 1981) and
increase in blood glucose of fish is an usual response to most
stressors. Recently, enzyme changes (Natarajan, 1985;
Caberoy and Quintio, 2000 and Mannan, 2002) and
immunological modulations (Melamed et al., 1999; Aaltonen
et al, 2000 and Sasikala, 2001) are identified as valid
biomarkers in stressed conditions in freshwater fishes. Stress is
known to be immunosuppressive in fish. Lysozyme activity,
which seems to responsive to stressors, in similar between
primary and secondary stresses (Maule et al, 1996).
Lysozyme is a leucocyte enzyme important in bacterial killing.
Increase in lysozyme level increases the protective
mechanism. Lysozyme kills some bacterial pathogens (Grende
et al., 1988) and probably participates in microbe killing. The
influence of stress on plasma lysozyme has been widely
reported (Yin et al., 1995; Mclamed et al., 1999; Findlay and
Munday, 2000 and Aaltonen et al., 2000). Increase in IgM titer
suggests activation of some protective or compensatory
mechanism. Cadmium exposure initially reduced the IgM titer
but after two weeks of exposure the IgM titer increased in
Ictalurus melas (Albergoni and Viola, 1995). In the present
investigation an attempt has been made to stimulate the filed
stress conditions in the laboratory and to design a stress
induced non-specific immune response model in Osphronemus
olfax.
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MATERIALS AND METHODS

Osphronemus olfax weighing 11 — 16g were commercially
collected from local source and acclimated to the laboratory
conditions for 15 days at 28°t1°C. Air-exposed stress was
imposed by gradually siphoning the freshwater from the tank
without handling fish, thus minimizing disturbances prior to
sampling. After 6 hr of air exposure, fishes were collected
from the tank using a net. The RH inside the tank was 100%.
The air movement over the tank was nil. The temperature of
the tank was 28°C. Twelve fishes were also air-exposed for 6
hr to 18°C. For normoxic submergence, fishes were kept in the
aquarium for at least 24hr before a wire netting was immersed
under the surface of the water to prevent the fishes from
coming to the surface to gulp air. The fishes thus submerged
had no access to gulp atmospheric air. The O, content of the
aquaria had a mean O, concentration of 6.8mg/l. The water in
the aquaria was made hypoxic by vigorously bubbling it
though the aeration columns with pure N, until the O, content
was fell to 2.5mg/l. Water PO, was continuously monitored by
an O, electrode. The temperature throughout the submergence
tests varied from 28°C + 0.5°C. suitable controls were
maintained without any stress.

RESULTS

Six hour air-exposure stress (at 28°C) significantly increased
almost all haematological and non-specific immune defense
parameters in O. olfax (Table — 1). Imposition of cold (18°C)
produced significant changes in the RBC, Hb, Ht, blood
glucose, lactate and immunological variables (Table — 2).
Normoxic submergence stress increased the immunoglobulin,
plasma lysozyme and granulocyte counts. Blood glucose and
lactate contents were unaffected. Hypoxic submergence stress
elevated all the parameters significantly. Kidney played an
important role in secreting lysozyme (+222.84%) to combat
stress. The increase in the lactate content (+141.94%)
definitely indicate the triggering of carbohydrate metabolism
towards anaerobic side. Among the stress induced variations,
blood glucose seems to be more valuable as its changes are
clearly stress dependent. Changes in the blood lactate follows
same pattern.

DISCUSSION

The influence of stress on blood glucose has been widely
reported by Wedemeyer (1972). It is considered to be an easy
and inexpensive indicator of stress (Biron and Benefey, 1994)

Table 1. Air-exposure stress on non-specific immune response of Osphronemus olfax at 18°C

Parameters Control Air-exposed % change
RBC (x10%/mm’) 3.19+0.34 5.91+0.67 +35.27
Hb (g/100ml) 16.32+0.79 20.4 +£0.80 +25
Ht (%) 47.0+1.10 67.51+3.40 +43.64
Blood glucose (mg/dl) 64.9 +30.6 129.5+£6.52 +99.54
Lactate (mg/1) 30.8+ 1.00 8.45+ 3.40 +174.35
Lysozyme activity (mg/ml)
Plasma 2150 + 1215 4500 £ 2100 +109.30
Spleen 0.40+ 0.20 0.96 + 0.70 +140
Kidney 68.00 £ 20.6 140.00 +28.1 +106.62
Immunoglobulins (IgM) 20.9 +1.52 584 +1.92 +179.43
(mg/ml)

Data are given as mean+ S.E. N= 6, All values are significantly different controls P<0.05

After air-exposure and submergence stress fishes were
quickly collected without any disturbance and blood was
collected from the caudal vein. The blood sample was
separated into plasma and red cells by centrifugation at
5500rpm for 5 mins. The plasma was stored frozen at -4°C and
remaining blood samples were used for estimations of
hematological parameters RBC, Hb and Ht contents were
determined following Dacie and Lewis (1969). Blood glucose
was determined by the GOD — period method (Noll, 1974) and
lactate by a modification of the method of Noll (1974) by
using a spectrophotometer. Serum immunoglobulin was
measured by an enzyme linked immunoabsorbent assay
(ELISA) as described by Aaltonen et al. (1974). Lysozyme
activity was measured by the turbidometric assay as described
by Parry et al. (1965). Blood smears were prepared and
stained with May-Giemsa and the number of granulocytes and
lymphocytes per 10,000 red blood cells were measured. These
counts were then recalculated as cells per unit (Imm®) volume
of blood. Phagocytic assay was done after Kakuta (1997). All
data were statistically analyzed by applying the methods
described by Zar (1984).

Various stressors affecting fish, mainly under intensive
cultural conditions are reported in the literature. The most
important seems to be handling, which can be considered a
multi-factorial stress. It includes transfer, exposure to air,
temperature shifts, submergence, fish density, water quality
etc. Therefore the present purpose of our study was to develop
a simple standard procedure that is closely related to handling
stress and could easily be used as laboratory model. The multi-
factorial stress used in this study involves part of the above
described stress components (i.e, air-exposure and
submergence) and can be considered as a model.  The result
indicates that blood glucose changes (Kakuta, 1997) are easily
identifiable for any stress induced variations. Among the
stressors, hypoxic submergence seems to be more vulnerable
to this species. Similarly, cold exposure stimulates adaptive
changes in the haematology and immunology. Air-exposure
and normoxic submergence alone lowered the plasma
lysozyme activity. On the other hand, hypoxic submergence
and cold exposure stimulated the enzyme secretion. It can
therefore be suggested that the decrease in the plasma
lysozyme may be due to its consumption during stress while it
is increase in immune organs may indicate a reaction of the
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tissues to re-establish homeostasis. Air-exposure and
submergence stress increased the RBC count, Hb and Ht level
in the eel, Anguilla bengalensis (Parthi, 2000). These stressors
interfere with the ability to utilize O, at the tissue level which
results in anoxia and a consequent increase in the
accumulation of glucose. The increased accumulation of
glucose may be due to increased glycogenolysis or under
utilization of glucose at the tissue level. Air-breathing fishes
are known to accumulate glucose during stressful situations
(Rotland et al, 1997). In general, the hyperglycemia stress
response in closely related with internal activation. One of the
first responses to a stressor such as air-exposure is the release
of stress hormones, adrenaline, noradrenaline and cortisol
(Espelid et al., 1996). The release of these catecholamines and
cortisol triggers a broad suite of biochemical changes known
collectively as secondary stress responses. The type and length
of stress we used in our study is entirely new. These studies
were intended to mimic conditions that are routinely
encountered in aquaculture. Lysozyme is a leukocyte enzyme
important in inflammation and bacterial killing. Lysozyme
levels were significantly higher in stressed than in unstressed
controls, suggesting a protective mechanisms. The
accumulation of lactate during stressful situations and its
consequent clearance is definitely a hormonally mediated
response. The slow accumulation of lactate after normoxic
submergence indicate that for Osphronemus olfax it is not a
stressful situation. Air-exposure and hypoxia submergence
alone triggers lactacidosis.
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