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Introduction

1. INTRODUCTION

Fish evolved around 450 million years ago and currently they form the oldest and most
diverse vertebrate group comprising approximately 32,500 recognized species globally. Fish is
one of the most readily available and easily digestible protein sources available to man
contributing nearly 20% of total animal protein consumed by world's population. In addition to
protein, it is also an important source of carbohydrates, vitamins A and D, iron, calcium, and
other mineral salts. The prominence of fish as food source has been mounting ubiquitously with
increase in population and rapid expansion in food industry. It is often overlooked that more
than 500 million people depend, directly or indirectly, on fisheries and aquaculture for their
livelihoods. In addition, fish provides essential nutrition for about three billion people and is
highly traded with more than 37% of production entering international trade (FAO, 2009).

India is bestowed with vast and varied inland fisheries resources comprising rivers and
canals, reservoirs, ponds and tanks, floodplain lakes and wetlands and brackishwaters.
Fisheries sector also plays a vital role in Indian economy through substantial foreign exchange
earnings, employment generation (to about 14 million people) and ensuring nutritional and food
security. The sector contributes to 1.1% of the GDP and 4.7% of the agricultural GDP. Fisheries
sector in India has made rapid strides in recent years. Growing urbanization, globalization and
rapidly changing social structures have had a major impact on the fisheries structure in the
country. The total fish production has shown a phenomenal growth from a meager 0.75 million
metric tonnes in 1950-51 to 8.67 million metric tonnes (Inland: 5.37 million metric tonnes and
Marine: 3.30 million metric tonnes) in 2011-12 (Anon, 2013). India currently occupies 3™ position
in fisheries and 2™ position in aquaculture production of the world next to China (FAO, 2013).

The world's capture fisheries and the livelihoods they support, however, are already
under threat from a range of factors. Aquaculture is the world’s fastest growing food production
system, increasing at a rate of 8% annually. It has the greatest opportunity for increased growth
in supply and production efficiency improvement compared to other agricultural production
systems. Freshwater aquaculture in India is dominated by carps which contribute about 87% of
the total freshwater fish production. The three Indian major carps namely catla (Catla catla),
rohu (Labeo rohita) and mrigal (Cirrhinus mrigala) and three domesticated exotic carps such as
silver carp (Hypophthalmicthys molitrix), grass carp (Ctenopharyngodon idella) and common
carp (Cyprinus carpio) are dominated species of aquaculture. Rohu, Labeo rohita (Hamilton,
1822) is the most important among the three Indian major carp species used in carp polyculture
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systems. It is widely cultured throughout India owing to its high commercial value, good growth
rate, consumer preference, omnivorous feeding habit and acceptability to artificial diets.

Concomitant with the rapid growth, there has been an increased occurrence of problems
that accompany all aquaculture endeavours, especially semi-intensive and intensive ones
leading to diseases and economic losses (Schreck, 1996). Fish under aquaculture conditions
are invariably subjected to physical, chemical and biological changes or stressors such as
handling, crowding, transporting, change in water and sediment quality and microbial load
(Mock and Peters, 1990). In aquaculture, handling fish is inevitable as it is associated with
management procedures such as netting, weighing, grading, vaccination, disease treatments,
etc. Similarly, transporting fish is multiphase and inevitable operation. The transportation of live
fish is a widespread practice in aquaculture from hatchery to farms or from hatchery to markets.
Optimising the packing density for a specified period of transportation is needed to avoid stress
related mortality both during and / or after transportation. Bacteria (biological stressors) are part
of microorganisms present in the ponds and their pathogenic potential may be altered under
physical and chemical characteristics of environment (Walters and Plumb, 1980). Aeromonas
hydrophila, a Gram negative and opportunistic bacterium may cause disease outbreak in
several freshwater fish species including carps (Rahman et al., 1997), particularly when the
animal is under stress. It is the causative agent of the disease known as ‘haemorrhagic
septicemia or ‘motile aeromonas septicemia’ which is related to the lesions caused by bacterium
including septicemia (Guz and Kozinska, 2004). Edwardsiellosis, a disease caused by
Edwardsiella tarda infects fishes causing septicemia (Thune et al., 1993; Yu, 2010). It has been
isolated from number of farmed fish (Meyer and Bullock, 1973).

Exposure of fish to stressors can elicit physiological changes at multiple levels of animal
organization, these alterations are collectively known as stress response. When fish are
subjected acute or chronic stressors their immune system becomes weakened. Consequently
their ability to fight disease is reduced and they then succumb to infections and fall sick. In
severe or prolonged cases, this may lead to death. Acute stressors may lead to sudden
impairment in fish physiology and in extreme cases fish succumb to death. Whereas, chronic
cases are less obvious to the eye, but, result in reduced feeding response, higher feed
conversion ratios and lower profit.

When fish are exposed to a stressor, the physiological stress response is initiated by the
recognition of a real or perceived threat by the central nervous system (CNS). Then the
sympathetic nerve fibers innervate the chromaffin cells, and stimulate the release of
catecholamines via cholinergic receptors (Reid et al, 1996). Because catecholamines,
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predominantly, are stored in the chromaffin cells, their release is rapid and the circulating levels
of these hormones increase immediately with stress (Mazeaud et al., 1977; Randall and Perry,
1992; Reid et al., 1998). The release of corticotropin-releasing hormone (CRH), or factor (CRF),
chiefly from the hypothalamus in the brain, which stimulates the corticotrophic cells of the
anterior pituitary to secrete adrenocorticotropic hormone (ACTH). Circulating ACTH, in turn,
stimulates the interrenal cells in the kidney to synthesize and release corticosteroids or cortisol
into circulation for distribution to target tissues. Then this cortisol influences the increase or
decrease of the metabolic changes, osmoregulatory disturbance and changes in haematological
parameters and ultimately impairment in immune function. All these physiological changes
eventually lead to changes in whole animal performance characteristics such as growth,
swimming capacity, disease resistance, feed intake and aggression behaviour.

Stress mitigation is one of the most challenging tasks in aguaculture and is the most
promising areas of research. Knowledge on haematological and biochemical changes is very
important in monitoring not only the stress and health status of fish, but also serves as diagnosis
of metabolic disturbance and structural and functional status of the body (Blaxhall, 1972;
Rehulka, 2002). Certain blood parameters serve as reliable indicators of fish health. To date,
there have been several studies on the effects of stress on a variety of fish species in
aquaculture (Barton et al., 1980; Gbore et al., 2006, Bailone et al., 2010) However, detailed
study on the effects of acute stressors on haematological and biochemical paramaters including
metabolic enzymes of carps, especially rohu Labeo rohita is scanty (Chatterjee, 2012).
Therefore, the present study is carried out with the following objectives.

1. To evaluate the haematological and biochemical responses of rohu, Labeo rohita
subjected to acute handling.

2. To study the effect of transportation and packing density on the haematological and
biochemical responses of rohu, Labeo rohita.

3. To study the haematological and biochemical responses of rohu, Labeo rohita
experimentally challenged sublethally with bacterial pathogens such as Aeromonas
hydrophila and Edwardsiella tarda.



R .
~SNe

R '\§\\\

Review of Literature

—




Review of Literature

2. REVIEW OF LITERATURE

2.1. Fish stress

Stress is an abnormal physiological condition of fish that results when the fish’s
collective adaptive responses to environmental factors are extended to, or approach its limit
of tolerance. When fish are stressed, or continuously exposed to stress, their immune
system becomes weakened. Consequently, their ability to fight disease is reduced and they
then succumb to infections and fall sick. In severe or prolonged cases, this may lead to
death. Stress can be acute or chronic. Chronic cases though less noticeable often result in
reduced feeding response, higher feed conversion ratios, slower growth rate and, thus, lower
returns in aquaculture systems.

In 1936 a scientist named Hans Selye, upon observing effects of noxious stimuli in
laboratory animals, coined the term “stress” and defined it as ‘the non-specific response of
the body to any demand for change” (Selye, 1936). Stress responses are most consistently
observed in the gills, liver, blood, skin, and components of the urino-genital tract. In addition
to presenting examples of various stressors and corresponding effects, this review highlights
certain challenges of evaluating stress in fish.

2.1.1. Stressors

Throughout the animal kingdom, many types of stressors are universal simply
because the basic needs of most animals are similar. Stressors may arise due to physical,
chemical or biological factors. Universal stressors generally include deviations from optimal
ranges for environmental parameters (e.g., ambient temperature, oxygen supply), insufficient
food availability, inadequate refuge from sunlight or predators, and the demands of social
interactions such as territorial disputes (Nasse and Young, 2000). Other stressors are
unique to certain animal groups or habitats.

As compared to terrestrial inhabitants, fish and other aguatic creatures which live in
a dynamic medium are subjected to a broader variety of stressors because their homeostatic
mechanisms are highly dependent on prevailing conditions in their immediate surroundings.
Stressors for fish may include fluctuations in water salinity, pH, hardness, alkalinity,
dissolved solids, water level or current, and exposure to waterborne pathogens or toxicants.
Fish reared in confinement systems often experience further pressures of crowding,

handling, suboptimal nutrition and nitrogenous waste accumulation (Claudia et al., 2009).

2.1.1.1. Fish-specific stressors
Fishes occupy a remarkably diverse array of habitats. Accordingly, environmental
conditions that might be optimal for one species are inherently stressful for another. Given
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the number of potential stressors, and the fact that fish may be exposed to multiple stressors
simultaneously, the range of potential stress-inducing situations is almost limitless. This
section provides brief descriptions of commonly encountered stressors and the anatomic
sites in which corresponding morphologic effects tend to occur.

Procedures that can intensify the stress response in aquaculture fish include
transportation, sorting, grading, vaccine administration and disease treatment if any
(Burgess and Coss 1982). Additional stressful events include crowding, hypoxia, and
physical trauma, after effects of anesthetics or sedatives and barometric disturbance in fish
harvested at considerable depth. Evidence that these stimuli are intrinsically stressful is
provided by experiments that have documented marked increases in blood cortisol and/or
glucose levels in fish following deliberate handling and transport (Barton, 2002; Acerete et
al., 2004; Hosoya et al., 2007). There may be some benefit to sedating fish before transport
in order to mitigate shipping stress. In a study in which channel catfish (/ctalurus punctatus)
were subjected to stressors such as confinement, high ammonia and oxygen depletion,
sedation resulted in lower cortisol elevations than those observed in control fish (Small,
2004).

The blood of carp Cyprinus carpio (L.) showed lower haemoglobin and haematocrit
values, higher erythrocyte sedimentation rate (ESR) in winter than spring (Murachi, 1959).
Adaptation to elevated temperatures by fresh water teleosts brook trout, Salvilinus fontinalis
(Mitchill) showed an increase in haemoglobin and erythrocytes level and a decline in total
cell volume (Houston and Dewilde, 1969). Studying on the leucocytes numbers of cultured
fish, Enomato (1969) found a decrease in lymphocyte numbers during oxygen deficient
conditions, there was no difference in numbers before and after feeding, and numbers did
not vary between heart blood and tail — cut blood. Dheer et al. (1986) observed that the
higher levels of sodium chloride stress (3.2 g/l — 6.2 g/l) caused reduction in values of blood
parameters.

The increase in ammonia level in blood and muscle tissue after exercise was
reported in rainbow trout (Mommsen and Hockachka, 1988; Wright and Wood, 1988). No
changes were observed in the number of erythrocytes, Hb or Ht in the fresh water Labeo
capensis upon short exposure to sublethal (Hattingh, 1976) and lethal (Smart, 1978) levels
of ammonia. Decrease in haemoglobin and haematocrit after acute exposure to ammonia
has been reported for the African catfish Clarias gariepinus and blue tilapia Oreochromis
aureus exposed to lead and copper (El — Nagar et al., 2001) and Ctenopharyngodon idella
exposed to acute toxicity of ammonia (Salah El — Deen, 1999).

Qayyum and Naseem (1967) reported lowest blood values (haematocrit,
haemoglobin and erythrocyte number) in immature fishes. Vales increased as the fish
advanced towards maturity, and the higher values were found in ripe fishes.

5
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Siddiqui and Nassem (1979) studied the haematology of rohu, Labeo rohita and
observed the haematocrit value ranging from 25.0 to 50.0% with a mean of 34.56%. The
number of erythrocytes ranged from 1.65 to 2.93 (mean 2.29) million/mm® males having
more cells than females (P > 0.05). The leucocytes count ranged from 3,800 to 10,000 mm*
with a mean of 6,250/mm® and difference between male and female count were not
significant.

2.1.2. Stress response

The sum of the physiological changes that occur in fish to physical, chemical or
biological challenges and attempt to compensate is commonly referred to as the stress response
(Wedemeyer et al., 1990). The challenges themselves, if they are severe enough to require an
energy-demanding compensatory physiological response by the affected fish, are referred to as
stress factors, or stressors. Cumulative effect of stressors by acute or chronic that exceed
acclimation tolerance limits of the fish will reduce the probability of survival, (Barton and Iwama,
1991). The physiological changes that occur as fish attempts for compensating stressors are similar in
many ways to those occurring in the higher animals (Wedemeyer et al,, 1990). In response to a
stressful event such as handling or crowding, the hypothalamic portion of the brain stimulates the
pituitary to release adrenocorticotropic hormone (ACTH). ACTH is circulated to the anterior kidney
where it stimulates the interrenal cells to produce cortisol and other corticosteroid hormones. The
sympathetic nervous system stimulates the chrornaffin tissue of the anterior kidney to produce
catecholamine hormones including ‘adrenaline. Both classes of hormones initiate cardiovascular
changes such as increased blood flow and pressure, increase oxygen consumption, and initiate
secondary blood chemistry changes such as hyperglycemia. These physiological changes are
adaptive in nature and normally enable the fish to compensate and improve its probability of
survival. For example, the increased blood flow improves gill perfusion, to the extent that gas
exchange is facilitated. A significant degree of immunosuppression also occurs as a side effect of
the stress response and latent infections can become activated (Barton and lwama, 1991).

Past research works indicate that certain stress responses are well conserved
evolutionarily. In terms of behaviour, an obvious example is the instinctive urge to fight or
flee when faced with an adverse stressor such as predation. Many physiological responses
to stressors are also remarkably comparable among taxonomically diverse animals. For
instance, common among all vertebrates is the stressor-induced secretion of adrenergic and
glucocorticoid hormones; the laiter especially is considered a hallmark of the stress
response (Nasse and Young, 2000). Although fish lack adrenal glands per se, analogous
production and release of adrenal cortical and medullar hormones occur in the inter-renal
cells and chromaffin tissues, respectively, both of which are typically located in the piscine
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anterior kidney. The activities of these hormones are clearly beneficial when acute action
and its consequences take priority, as they elicit a heightened state of alertness, increase
blood pressure and respiration, promote hepatic glycogen catabolism to provide a source of
energy via glucose, and limit excessive tissue damage from inflammatory reactions to
trauma or illness (Nasse and Young, 2000). However, hormonal stress responses that
overcompensate or persist can also have negative effects, such as immune suppression,
depletion of energy reserves, muscle breakdown, and, in fish, interference with
osmoregulation as a result of altered mineral metabolism (Banerjee and Bhattacharya,
1995).

2.1.2.1. Stress response model

The biological model of stress response consists of three major components (i)
recognition of stress to homeostasis (ii) the stress response and (jii) the consequence of
stress. The longer the fish is stressed the longer the immune system is suppressed and
greater the opportunity for disease outbreak. However, disease is only one possible
pathological state. Other effects would be reduced feeding, inability to reproduce, abnormal
behavior or the failure to grow normally. Fortunately most stressor last only a brief time and
the biological cost of coping with them is relatively small (Moberg, 1985).

In order for fish to survive, their physiological systems must be capable of adjusting to
challenges from the numerous naturally occurring changes in the chemical, physical, and
biological conditions in the aquatic environment. These challenges can range from effects of
though water chemistry alterations to behavioral conflicts (Wedemeyer, 1996).

A basic understanding of the physiology of the stress response, and the environmental
alterations to which fish can adapt through this response, is important to identify stressful
rearing conditions and develop methods to mitigate their adverse effects on health and
physiological condition. In fish-transport operations, for example the corticosteroid hormone
response that occurs has been used to show that the stress of the collection and loading
procedures is more severe than the process of trucking itself (Maule et al., 1958). Similar kinds of
information can be used to identify and minimize the stressful effects of other aspects of
intensive fish culture.
2.1.2.2. Paradigm of stress response

The general pattern of the stress response tends to be similar whether the challenge has
resulted from fish cultural procedures (netting, handling, transportation, disease treatments), water
chemistry changes (turbidity, pH, temperature), or behavioral factors (fright, dominance
hierarchies). A convenient paradigm for the stress response (Figure 2) is likely to occur in three
stages:
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Figure 1. A typical paradigm for the stress response (Bruce et al., 2002)
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1. Primary Response or Initial Alarm Reaction (the endocrine system):

Following perception of a stressful stimulus by the central nervous system, corticotrophin
releasing factor from the hypothalamus stimulates the pituitary to release adrenocorticotropic hormone
(ACTH). ACTH is circulated to the interrenal cells in the anterior kidney and stimulates them to secrefe
cortisol. The chromaffin tissue of the anterior kidney is stimulated by the sympathetic nervous system to
release adrenaline and other catecholamine hormones, which initiate a series of compensatory

cardiovascular and blood chemistry changes.

2. Secondary Response or Stage of Resistance (Blood and tissue alterations):

Adaptive changes in blood and tissue chemistry and in haematology begin. These changes
include increased gill Perfusion, elevated blood sugar (hyperglycemia) and reduced blood-clotting
time. Maladaptive changes, such as lynaphopenia, hemorrhagic thymus and interrenal hypertrophy
may eventually occur. Blood electrolyte losses due to diuresis may lead to life-threatening ion
regulatory failure and circulatory system collapse. There is a caloric energy cost for compensation
and growth may be reduced in case of prolonged stress.

3. Tertiary Response or Stage of Exhaustion (whole-animal changes):

The duration or severity of the stressful challenge has exceeded acclimation tolerance
limits and the physiological changes needed to maintain homeostasis have become
maladaptive. Immune protection is impaired and eventually ‘may results in reduced growth,
impaired resistance to infectious diseases. Behavioral changes such as impaired reproductive behavior
may also lead to reduced survival.

4. Quaternary Response (populations, ecosystem):

Recruitment to succeeding life stages may be decreased sufficiently to resutt in population
declines. At the community or ecosystem level, 'disruptions in energy flow through trophic levels may
eventually result in altered species composition.

2.1.3. Measurement of Stress Responses
Various methods have been adopted for evaluating stress responses in fish. Some
of them have been enlisted below
*» Behaviour and whole body or organ weight measurements like condition factor,
hepatosomatic index, and gonad somatic index (Dutta et al.,, 2005; Hosoya et al.,
2006; Spencer et al., 2008).
+ Biochemical assays or hematological assays such as plasma cortisol,

corticosterone, glucose, tissue damage enzymes, heat shock proteins, Lactate

9
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dehydrogenase (LDH), Aspertate amino transferase (AST) and Alanine amino

transferase (ALT) (Acerete et al., 2004; Barton, 2002; Dutta et al., 2005; Hosoya et

al., 2007; lwama et al., 2004; Olse et al., 2008; Trenzado et al., 2008).

» Immune function (Choi et al., 2007).

- Gene expression patterns (Basu et al., 2001, 2002; Van der Meer et al., 2005);

« Measurement of fish steroids in water (Scott and Ellis, 2007); and

« Histology (Dutta et al., 2005; Hosoya et al., 2007, Spencer et al., 2008).
2.1.3.1. Haematological and biochemical indices as stress markers

The individual physiological changes occurring during the stress response can be used
to identify rearing conditions that promote the health and physiological condition of fish in
intensive culture as well as those with potential adverse effects (Table 1) (Wedemeyer et al.,
1990).

The secondary blood and tissue chemistry changes that occur as the result of endocrine
activity can also be used to characterize the severity of stress and the time fish need for
recovery. There are two main advantages: The analytical methods are usually simpler and less
expensive, and secondary changes provide physiological information integrated at a higher level
of biological organization: The most commonly measured secondary changes are serum
enzymes to detect organ and tissue damage, blood glucose as an indirect measure of stress
hormone activity, and blood electrolytes such as CI to, evaluate effects on ion regulation.
Glucose and chloride determinations can also be useful in guiding the development of stress-
mitigation procedures for fish cultural procedures, such as the use of mineral salt -foundations
when transporting fish. The accumulation of lactic acid in muscle or blood (hyperlacticemia) is
also well accepted as an indicator. Lactic acidosis occurs when excessive swimming activity
has been severe enough to have caused an oxygen debt (Dror et al., 2006; Ellaser and Clem,
1987).

Hematological determinations can also provide useful information about the tolerance of
fish to an applied stress factor. For example, acclimation to temperature-induced increases in
oxygen demand by salmonids is commonly accompanied by erythropoesis and increases in
blood haemoglobin. However, the changes are relatively modest by comparison with
cardiovascular and ventilator responses and probably make a minor contribution to acclimation
(Houston et al, 1969). Changes in the blood erythrocyte, count (as approximated by the
haematocrit), or in hemoglobin values following acute stress can also indicate that haemo-dilution
or haemo-concentration has occurred (Fast et al, 2006). Of all the haematological
measurements, blood-clotting time and changes in the differential leucocytes count are among the
most 'sensitive indicators of write stress. Increased leucocytes counts (leucocytosis) are not

10
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Table 1. Physiological test and interprefive guidelines to assess effect of

environmental factors on fish health and physiological status (Wedemeyer et al,.

1990).

Physiological test

Diagnostic significance if results are

Low

High

Erythrocytes

Leukocytes

Haemoglobin
Haematocrit
Glucose
Cholesterol
(plasma)
Cortisol

Total protein

Anemia, haemoglobin, impaired
osmoregulation

Leucopenia due to acute stress

Anemia, haemodilution
Anemia,
Inanition
Gill  chloride cell

compromised, osmoregulation

damage

No recognized significance
Infection, nutritional problems,

renal failure

Stress polycythemia
Leukocytosis due to Dbacterial
infection

Haemoconcentration, gill damage
Haemoconcentration, gill damage
Acute or chronic stress
Haemoconcentration comprised
osmoregulation

Acute or chronic stress

Haemoconcentration

11
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normally associated with stress, but leucopenia does occur during the compensatory response. In
general, stress results in lymphoperia, monocytoperia, and neutrophilia. The end results of all
these effects are suppression of the immune response and increased susceptibility to diseases
(Weclerneyer and Goodyear, 1984).

Changes in metabolic rate as an index of performance capacity affected by stress
can also be estimated by measuring oxygen consumption rate usually in a respirometer.
This provides a basis for estimating the effects of stress on bioenergetics budget and thus on
scope for growth and activity. Nitrogen excretion, amount of food ingested and the gut
absorption efficiency are measured and converted to equivalent units of energy (joules per
hour) (Gbore et al., 2006; Greenwell et al., 2003; Groff and Zinki, 1999; Scott and Ellish,
2007; Cossins et al., 2009).

2.1.3.1.1. Haematological parameters

Fish live in very close contact with the environment, and, therefore, they are
susceptible to physical and chemical changes which may be reflected in their blood
components (Wilson et al., 1998). A thin epithelial membrane separates from the water and
any unfavourable change in the water body is reflected in the blood. The amount of fish
blood generally ranges to 5% of its body weight.

The use of haematological parameters as fish health indicator has been proposed
by Hesser (1960) and blood tissue of fish gives clue about physiology and environmental
condition of fish (Ramawamy and Reddy, 1978). Variations in blood tissue in fish are caused
by environmental stress (Hille, 1982; Aldrin et al., 1982) malnutrition (Casillas and Smith,
1977), gender (Siddiquie and Nasim, 1979; Collazos et al., 1998), fish size (Garcia, 1992),
seasonal difference and breeding (Cech and Wohlschlog, 1981). In order to determine
haematological value of fish, some characteristics of fish and the environment should be
considered. Haematological studies help in understanding the relationship of blood
characteristics to the habitat and adaptability of fish species to the environment. The red
blood cell count, haematocrit and haemoglobin concentration vary with diet, temperature,
season and nutritional status of fish (Barnhart, 1969).

Many fish develop compensatory physiological adjustment for maintenance of
respiratory homeostasis upon exposure to abnormal water quality parameters, which leads
to increase in plasma glucose concentration and a reduction in the blood protein and
haemoglobin concentration (Wood et al., 1989; Wilkie and Wood, 1991; Wilkie et al., 1993)
followed by their recovery.

12
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2.1.3.1.1.1. Total Erythrocyte Counts (TEC) or Red Blood Corpuscles (RBC)

The main function of red blood borpuscles is to serve transport energy to the cells in
terms of oxygen and removing carbon dioxide from the body. The RBC makes up the
majority of the cells. Fish RBC are nucleated, which comforts a life span of about 1.5 yrs
(Bowser, 1993).

Red blood corpuscles counts were once a routine investigation in human
medicine, but because of their inherent errors these have been widely replaced by the
estimation of haemoglobin and haematocrit values and electronic methods have taken over
from visual counts. However, with fish blood, owing to presence of both nucleated
erythrocyte and leukocytes, electronic methods of differential counting are not feasible. The
most commonly used method is the visual counting of cells in a neubaur haemocytometer.
Difference dose arise due to inability to lyse selectively of the erythrocytes and leukocytes
(Hesser, 1960; Mulcahy, 1970).

It has been reported, that Asphyxia leads rapidly to an increase in erythrocyte,
haemoglobin and other blood constituents. Some degree of inverse correlation between
erythrocytes cell size and counts in freshwater teleosts has been recorded (Smith et al.,
1987). The pike Esox luciles seems to have a greater number of cells than most other
species with mean value of 18,93,000/mm?® (Mulcahy, 1970). Sex differences have also been
noticed in pike. However, the means for two sexes were differed narrowly. The values for
erythrocytes in fishes are given as 5 x 10° — 26 x 10°/mm?  with considerable degree of
variation among the species. Correlation between metabolic activity and erythrocyte count
has been well documented in fish (Eisler, 1965).

The amount of erythrocyte count in blood also varies in accordance to lite habit. The
fast swimming species of fishes on an average have more erythrocytes, larger haematocrit
and more haemoglobin compared to less mobile forms; low oxygen in the environment
stimulates erythropoesis and, thus, values for the Haematocrit and haemoglobin increase in
freshwater fishes, which are transferred to water with low oxygen concentration. Henry et al.
(1964) by isotope labelling, estimated a life span of erythrocyte is more than 150 days in
experiment on tench (Tinca tinca).

Sopinska (1984) found that the normal value of RBC count in carp ranges between
1.32x10%ml-1.4x108ml of blood in normal condition which could increase up to 1.63x10%ml|
of blood when fish is susceptible to various types of handling stress. Das and Mukherjee
(2008) reported a decrease in RBC count from 2.09x10%ml to 1.94x10%ml in rohu (Labeo
rohita) subjected to chronic stress (exposed to nuvan). In case of common carp the
erythrocyte number normally ranges between 1.12x10%ml-1.17x10%ml (Dobsikova et al.,
2009). The RBC number decreased from 1.4x10%ml to 1.38x10%ml when fish are subjected
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to long distance (12 hrs) transportation stress (Dobsikova et al., 2006). Paurgholam et al.
(2013) found that when grass cap (Ctenopharyngodon idella) is vaccinated with Aeromonas
hydrophila following exposure to sub lethal concentration of Diazinon, for 30 days the RBC
count decrease from 1.5x10%ml to 1.4x10%ml. The RBC count in Pangasionodon
hypopthalamus decreased from 4.66x10%ml to 4.21x10%ml when they were subjected to
Aeromonas hydrophila infection for 30 days (Phanikumar et al., 2013), where as in
Oreochromis niloticus it increased from 1.02x10%/ml to 1.7x10%/ml (Bailone et al., 2010).

Banergee (1966), found the erythrocyte count to be higher in males than in females
of Anabas testudineus and the same trend was found by Qayyum and Naseem (1967) in
Cirrhinus mrigala. But in contrast Bagchi and Ibrahim (1974) reported that the erythrocyte to
leukocyte ratio was found to be approximately 310:1 in female Labeo rohita. Antarctic fishes,
the blood contains 0.38-1.2x 10° erythrocyte is less than the normal values for teleosts
(Huraea, 1966; Barber et al., 1981). Average number of red blood cells in a number of
marine teleosts of Puerto Rico was 2.3-5.3x 10%/ ul (Saunders, 1983). Elasmobranches in
general show lower erythrocyte number in the blood than teleosts. (0.1-0.4x 106/ ml
(Grodzinski and Hoyer, 1983). However, in the north Atlantic region chondricthyans (shark
and rays) and holocephalans (chimaera) show not only lower haematocrit but also
haemoglobin values than the teleosts (Fange, 1978).

2.1.3.1.1.2. Total Leucocyte Counts (TEC) or White Blood Corpuscles (WBC)

The white blood corpuscles perform the most vital role by preventing from any
external stress as it associated with cellular immunity and with the production of humoral
antibody (Wedemeyer et al., 1990).

The leukocyte counts of fish blood is considerably higher than that of a man or other
vertebrates (Andrews, 1965), accounting to more than 10°/mm3 in some bony fishes
(Puchkov, 1964). Puchkov (1964) also stated that the numbers in the same species of fish
will vary greatly with age, season and sex gland maturation. The pike, Esox lucius (L.)
appears to have a high count ranging from 79,000/ mm3 - 1,37,000/mm3 with the male
showing a wider range than the female. Leucocytes suffer from a fair degree of inherent
error when carried out visually and so great reliance is placed on haematocrit and
haemoglobin estimation as indicators of anaemia. The leukocyte were in the range of
118x 10*/mm? for brown trout Salmo trutta (L.) , 137x 10*/mm?3 for rainbow trout Salmo
gairdneri (R.) and 126x 10*/mm? for brook trout, Salvelinus fontinalis (Mitchill) (Benfey and
Biron, 2000) .

Leukocyte levels could be used as an indicator of some disease or pollution

process upon the fish. Works concerning differential cell counts seems to have been carried
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out on gold fish Carassius auratus (L.) (Watson et al., 1963). Weinerb and Weinerb (1969)
used leukocyte count changes as a means of assessing the systemic response of rainbow
trout Salmo gairdneri (R) to various injections.

High white blood cell counts indicate damage due to injection of body tissue, serve
physical stress, and as well as leukemia. Mishra and Srivastava (1980) reported an increase
in leukocyte count in rainbow trout when they exposed to heavy metals. Some of the most
common causes of heavy metal toxicity are inflammatory lesions associated with tissue
damage, anemia and neoplasia.

According to Phanikumar et al (2013), WBC count in Pangasionodon
hypopthalamus increased from 3.91x10%ml to 6.058x10%ml when they were subjected to
Aeromonas hydrophila infection for more than 30 days, where as in Oreochromis niloticus it
increased from 1.7x10%ml to 3.7x10%ml due to Aeromonas infestation (Bailone et al., 2010).
Das and Mukherjee (2008) reported a increase in WBC count from 19.77x10%ml to 27.79
x10%ml in rohu (Labeo rohita) subjected to chronic stress (exposed to nuvan).

According to Jin Ha Yu (2010) When Silurus asotus were subjected to infestation of
Edwardsiella tarda the WBC count increased from 18.8x10%ml to 33.1x10%ml. Paurgholam
et al (2013) found that when grass cap (Ctenopharyngodon idella) is vaccinated with
Aeromonas hydrophila following exposure to sub lethal concentration of diazinon, for 30
days the WBC count decrease from 26.7x10%ml to 18.58x10%ml. The WBC number
increased from 57.56x10%ml to 79.94x10%ml when common carp (Cyprinus carpio) are
subjected to long distance (12 hrs) transportation stress (Dobsikova et al., 2006). In case of
common carp (Cyprinus carpio) the leukocyte number normally ranged between 50.5x10%/ml
to 57.8x10%ml (Dobsikova et al., 2009). Sopinska (1984) found that the normal value of
WBC count in carp ranges between 33.75x10%ml of blood in normal condition and
45.01x10%ml of blood when fish is susceptible to various types of handling stress. Puchkov
(1974) stated that the numbers in the same species of fish will vary greatly with age, season
and sex gland maturation. He reported that pike Esox lucius (L.) appears to have a high
count among other fishes, ranging from 79000/ mm?® — 137000/mm? with the male showing
wider than the female (Mulcahy, 1970).

2.1.3.1.1.3. Haematocrit

Haematocrit (Ht) is a measure of cellular function of blood and is determined as the
packed cell volume. The increase in heart beat and the need for higher oxygen intake could
cause an increase in number of moving erythrocytes and, thereby Haematocrit value.

This is also used as stress index because it is very simple to determine even if
standard values have to be validated for each species before they can be correctly used
(Reddy and Letherland, 1995).
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Increase in Ht values may indicate stress induced spleenic release of red blood
cells. The Haematocrit value of fish blood generally ranges from almost 0 to more than 50%
in actively swimming, and surface feeding fishes. However in most teleosts it ranges
between 20% and 40%. The haematocrit, hemoglobin concentration and other hematological
parameters are highly sensitive to physiological changes, for instance those occurring due to
stress (Soivio and Oikari, 1976). Contraction of spleenic vessels may force stored red cells
into the general circulation (Fange and Nilson, 1985) in stress conditions.

Sopinska (1984) found that the normal value of haematocrit value in carp ranges
between 27.13% and 35.80% which could be as high as 44.50% and 49.80% when fish is
subjected to various types of handling stress. Paurgholam et al. (2013) found that when
grass cap (Ctenophayngodon idella) is vaccinated with Aeromonas hydrophila following
exposure to sub lethal concentration of diazinon, for 30 days the PCV value decrease from
22.6% to 19.7%. According to Jin Ha Yu (2010) when Silurus asotus are subjected to
infestation of Edwardsiella tarda the PCV value decreased from 31.6% to 14.7%. When
Oreochromis was subjected to Aeromonas infestation the PCV value increased from 18.83%
to 21.86% (Bailone et al., 2010). According to Phanikumar et al. (2013), PCV value in
Pangasionodon hypopthalamus decreased from 42.79% to 35.16% when they are subjected
to Aeromonas hydrophila infection for more than 30 days.

2.1.3.1.1.4. Haemoglobin

Fish hemoglobin is a possible indicator of oxygen -binding capacity of the blood.
Though it is easy to measure but it is not a very sensitive stress indicator and as a result of
this mostly haematocrit value is preferred for estimation of stress (Bruce et al., 2002).
Dobsikova et al. (2006) found Hb content 9.4 g% in case of normal common carp (Cyprinus
carpio).

Apart from the special case of the ice fishes, most oxygen in the blood is carried by
blood hemoglobin which results from p" dependent configuration changes in the
haemoglobin molecules, and oxygen is unloaded at the site just where it is needed by the
fish (Chpman and Hall, 1996).

Hagfishes and lampreys have monomeric haemoglobin, but in all other fishes it is
tetrameric (as they are in the mammals). Different hemoglobin may occur in one fish,
perhaps to adopt the gas transport system to changing conditions, as in the migratory
American eel (Anguilla rostrata) where haemoglobin molecule has a high oxygen affinity in
seawater than in freshwater (Chapman and Hall, 1996).

The anaemic condition in fish results from an un-usually low number of red blood
cells or low concentration of haemoglobin in the red blood cells. Significance of the changes
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may be understood in terms of reduced oxygen consumption in fish resulting in death due to
heavy metal pollution (Christensen et al., 1972).

Das and Mukherjee (2008) reported a decrease in haemoglobin from 5.77 g/dl to
3.47 g/dl in rohu (Labeo rohita) subjected to chronic stress (exposed to nuvan). According to
Jin Ha Yu (2010) when Silurus asotus are subjected to infestation of Edwardsiella tarda the
Hb value decreased from 3.25 g% to 60 g%. According to Phanikumar et al. (2013), Hb
value in Pangasionodon hypothalamus decreased from 14.03 g% to 12.11g9% when they are
subjected to Aeromonas hydrophila infection for more than 30 days. Paurgholam et al.
(2013) found that when grass cap (Ctenopharyngodon idella) is vaccinated with Aeromonas
hydrophila following exposure to sub lethal concentration of diazinon, for 30 days the Hb
value increased from 5.0g% to 6.5g%.

2.1.3.1.2. Biochemical indices as stress markers
2.1.3.1.2.1. Glucose

Glucose is a carbohydrate that has a major role in the bio-energetic of animal being
transformed to chemical energy (ATP) which in turn can be expressed as a mechanical
energy (Luycas, 1996). Blood glucose has been shown to be a sensitive biochemical
indication of environmental stress for a number of pollutants (Table 2). The blood sugar level
represents a dynamic balance between the rate at which the sugar is entering into the blood
stream from the liver and the rate at which it is being removed by the body tissue from the
blood.

Bakhtavathsalam and Reddy (1982) reported that the increased blood sugar level
contribute an active flux of metabolites. Greaney (1978) has also observed that different
concentrations of toxicant interfere carbohydrate metabolism. The elevated blood glucose
levels reflect an increase in the rate of muscle carbohydrate where high energy demand was
met due to brisk and erratic movements (Ravichandran et al., 1995). When fish absorbs little
oxygen from the environment, the respiratory metabolism is depressed and therefore, stored
intracellular glycogen is utilised. Under such condition, the hyperglycaemic hormone is
released for the degradation of glucose. This glucose leaks into the blood causing
hyperglycaemia (Bhattacharaya et al., 1987).

Glucose increase is a general response of fish to acute pollutants, including
organophosphates (Svobodova, 1999; Srivastava, 1981; Singh and Srivastava, 1982; Mishra
and Srivastava, 1980; Nataranjan, 1989; Gill et al., 1990; Babient et al., 1995; Sancho et al.,
2000). Plasma glucose level increased during the acute (96 hrs) but not affected during the
sub chronic (8 weeks) exposure of selenium (Hossam et al., 2009). The stress hormones
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Table 2. Plasma glucose (mmol/l} values of different species before and after stress

Species Stressor Pre- Post- Exposure References
stress  stress

Bald notothen Temperature Acute Lowe and
(Pagothenia 0.5 10 Davison (2005)
borchgrevinki)
Coral trout Capture and Chronic  Frisch and
(Plectropomus maculates) handling 0.6 0.9 Anderson (2005)
Emerald rockcod Temperature Chronic  Lowe and
Trematomus bernacchii 05 05 Davison (2005)
Rainbow trout Copper and air Chronic  Gagnon et al.
(Oncorhynchus mykiss) exposure 0.1 0.2 /Acute (2006)
Nile tilapia Electroshock Acute Barreto and
{Oreochromis niloticus) 0.2 0.4 Volpato (2006)
Nile tilapia Social stressor Acute Barreto and
(Oreochromis niloticus) 0.9 0.7 Volpato (2006)
Atlantic cod Nitrite exposure Chronic  Siikavuopio and
(Gadus morhua) 0.17 0.23 Seether

(2006)
Channel catfish Handling Chronic  Welker et al.
(Ictalurus punctatus) 0.7 0.8 (2007)
White sturgeon Air exposure Acute Zuccarelli et al.
(Acipenser 0.6 0.7 (2008)
transmontanus)
Common carp Transportation Acute Dobsikova et al.
(Cyprinus carpio) 0.2 0.7 (2009)
Rohu Transportation Acute Chatterjee et al.
(Labeo rohita) 0.2 0.8 (2010)
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such as catecholamines, cortisol and other may be influenced by the internal or external
conditions in the history of the fish (anoxia, pollution, nutritive stress, physical stress) (Reid
et al., 1998) and known to increase blood glucose, (Van Raaji et al., 1995).

Though the glucose level is an indicative to acute and chronic stress response to
the teleosts, however, it is less responsive to elasmobranches. Amount of glucose level may
be influenced by species, rearing history and other environmental factors such as
temperature and diet (Chatterjee et al., 2009).

Barnhart (1969) suggested an average blood sugar normal range of 75 — 150
mg/100ml for Rainbow trout. Svoboda (1999) showed that the glucose level increased in
common carp from the level of 5.5 mg/dl to 7.9 mg/dl when they were subjected to handling
and transportation stress. Datta et al. (2002) observed that plasma glucose level increased
as a result of glycogenolysis in muscle and liver of Labeo rohita. When Oreochromis
subjected to Aeromonas infestation the glucose value decreased from 85.42mg/dl to
42.81mg/dl. According to Rehulka et al. (2002) the normal plasma glucose level for rainbow
trout is 4.63 mmol/l. According to Jin Ha Yu (2010) when Silurus asotus are subjected to
infestation of Edwardsiella tarda the glucose value decreased from 35.5 mg/dl to 14mg/dl.

2.1.3.1.2.2. Total proteins

The serum proteins in fish blood have not been studied in details in fishes. Among
the serum proteins identified, most of the fish serum contain albumin like protein ,a number
of ca®* binding proteins (like Ceruloplasmin, Vitllogennin), blood clotting proteins (like
fibrinogen and prothrombin), metal binding protein (like transferrin), immunoglobulin,
lipoproteins (High density lipoproteins HDL, and Low density lipoproteins LDL) and hormone
binding proteins (steroid binding proteins) (Chapman and Hall. 1996).

Apart from albumin or para-albumin, there is very little information available on
phylogenic distribution of the proteins. Most of the information about these proteins is
descriptive, (i.e. molecular weights, binding characteristics, electrophoretic mobility), with
very little information available as to the amount in plasma.

Serum protein forms approximately 80% of the blood solutes. The plasma protein in
fish ranges from 2-8 g/dl (Fleccher, 1984; Farrell et al., 1983; Miller et al., 1963; Sandnes et
al., 1988; Hunn and Greer, 1990) and appears to be fairly constant within and among the
fish species. The physiological range of total protein in case of Cyprinids normally ranges
between 2.10 g/dl to 5.76 g/dl (Nicula et al., 2010).

The plasma protein is altered mainly by changes in plasma volume. An increase is
caused by a shift of fluid from the plasma to the intracellular compartment, and a decrease
may be due to hydration in plasma .The fluid shifts out of the plasma is caused by an
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osmotic imbalance between the extracellular and intracellular compartments and any stress
that induce such an imbalance can lead to increase in plasma protein. Total serum protein
increased in rainbow trout in response to strenuous exercise and exposure to low pH
(Milligen and Wood, 1982). Reduction in plasma protein is generally associated with
prolonged starvation (Love, 1982) and severe stress (Stevens, 1968). Increased total protein
is generally associated with dehydration, and in some cases of chronic liver disease.
Decreased protein level might associate with starvation and mal absorption or mal nutrition
(Pagana and Kathleen, 1998). According to Rehulka (2002) the total plasma protein level for
rainbow trout is 10.8 g/dI.

2.1.3.1.2.3. Cholesterol

Most of the fishes with the exception of elasmobranchs and garpike, are
hypercholesterolemia. In the agnathids, approximately 50% of the cholesterol is carried by
LDL (Low density lipoprotein), whereas in elasmobranchs and teleosts, 60-90% of the
cholesterol is constituted by HDL (High density lipoprotein) (Babin and Vernier, 1989).

Plasma cholesterol levels show considerable intra-specific as well as inter specific
variability. For example serum cholesterol in Pacific salmon varied from 300 mg/dl to 1470
mg/dl (Robertson et al., 1961) and in the Atlantic cod values ranged from 399 mg/dl to 1598
mg/dl (Larsson and Fange, 1977). These extreme individual variations are no doubt linked to
difference in diet, activity, and sexual development. Generally, the highest plasma
cholesterol levels tend to be seen in both male and female prespawing fish and also appear
to be linked to the active feeding. Upon spawning, plasma cholesterol tends to drop, though
more so in females than in male. In female migrating Pacific salmon, plasma cholesterol
reached highest value of 635 mg/dl, but in spawned fish, cholesterol levels dropped
precipitously, to 126 mg/dl (Robertson et al., 1961).

Although not as extensively studied, nonsalmonid teleosts tend to show the same
general trends: In prespawing sea bass, plasma cholesterol levels peak at about 900 mg/di
and fall to about 350 mg/dl in spawning fish (Fernandez et al., 1989). Similarly, in plaice
(White et al., 1986) and the stripped mullet, Mugil cephalus (Digiulio, 1993), peak plasma
cholesterol levels (225 mg/dl and 300 mg/dl,) were seen in the summer month when fish
were actively feeding and lowest levels (150 mg/dl) were seen when fish were spawning.
According to Rehulka et al. (2002) the plasma cholesterol level for rainbow trout is
0.72mmol/l.
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2.1.3.1.2.4. Triglycerides

Triglycerides (TG) are the primary storage of lipid in most fish species and are
readily mobilized in response to physiological demand. Triglycerides released from storage
site are transported in the plasma in association with LDL (Low density lioprotein). Fatty
acids released from triglycerides by the action of extra cellular lipases, are taken up by the
tissue, and the glycerol is transported back to the liver via the plasma.

As is case with the other lipids, the level of plasma TG varies throughout the life
cycle of fish and is affected by such factors as sexual maturation, smoltification (in the
salmonids), spawning and nutritional status. In the salmonids, smoltification generally results
in a depletion of body lipids, reflected in a reduction in plasma TG levels from 1100 mg/dl in
parr to 700 mg/dl in smolts (Sheridan, 1989).

In all teleosts species examined, the highest levels of plasma TG are associated
with the period of peak feeding in preparation for spawning. In feeding prespawing plaice,
channel catfish, and Arctic char, plasma TG levels peaked at 100 mg/dl, 600 mg/dl and 750
mg/dl respectively (Mckay et al., 1985; White et al., 1986). During the period of spawning,
plasma TG levels generally decline by about 20% to 50%. The extent of the decline appears
to related to the levels of activity during spawning. The more active fish (e.g. Arctic char)
experience a greater decline in TG levels (McKay et al., 1985; Sheridan, 1989).

Longer the starvation period, greater is the decline in triglecride levels. In sea bass
starvation for 40 days, plasma TG levels dropped from 560 mg/dl to 280 mg/dl and after 150
days, TG levels fell to about 70 mg/dl (Zarmmit and Newsholme, 1979). Likewisein Arctic
char that have ceased feeding due to low temperature, plasma TG levels fell by about 60%
to 200 mg/dl after 60 days (Danulat et al., 1989).

Generally elasmobranchs tend to have lower plasma TG levels than do teleosts and
are less depend on physiological and nutritional state of the animal. In spotted and spiny dog
fish, plasma TG levels ranging from 30 mg/dl to 120 mg/dl ( Zammit and Newsholme, 1979;
Garcia et al., 1992) and at least in the spotted dogfish, were unaffected by 100-150 days of
starvation (Zammit and Newsholme, 1979) or sexual maturation (Garcia et al,, 1992). The
difference may be explained by the fact that elasmobranches do not mobilize lipid reserve as
triglycerides, but rather as ketone bodies, which is supported by the absence of detected
free glycerol in the plasma (Zammit and Newsholme, 1979). According to Rehulka (2002)
the plasma triglycerides level for rainbow trout is 0.47mmol/l.
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2.1.3.1.2.5. Urea

The sources of urea which serves as the animal’'s most abundant organic osmolyte
is synthesised by the ornithine urea cycle in the liver. In some euryhaline elasmobranchs
plasma urea level reduces when animals are placed in dilute seawater and conversely and
increases when fish are exposed to concentrated seawater. In lemon shark, plasma urea,
however, remained constant in the face of changing salinities (Watts and Watts, 1974;
Perlman and Goldstein, 1988).

A reduction of food intake over a period of several weeks can reduce plasma urea
in elasmobranchs and hence their ability to hyperosmoregulate. Plasma urea increased
almost immediately after refeeding (Hay Wood, 1973).

in freshwater fishes urea is present in very low levels (1 — 10 mM) and plays a
significant role in osmoregulation. Uric acid is formed by the degradation of purines, primarily
in the liver and white muscle. Uric acid is generally converted to urea for execration so
serum level of urea becomes typically low in the amniotelic fishes like carps. In rainbow
trout, plasma uric acid ranges from 40-100mM (Hille, 1982). Plasma uric acid is not
commonly measured therefore data available on phylogenetic trends, effects of starvation,
and seasonal variation are very mearge.

According to Rehulka (2002) the plasma urea level for rainbow trout was found to
be 0.9 mmol/l under control condition. In Cyprinus carpio urea level ranged between 0.97
mg/dl and 1.43 mg/d! under normal condition but increased up to 2 mg/dl to 2.64 mg/dl under
different environmental stressed condition, (Yang et al., 2003). The urea nitrogen level could
increase 1.2 mmol/L to 1.7 mmol/L when subjected to nitrite poisoning (Kubuley et al., 2002).
According to Jastrzebska et al. (2011) urea level in common carp might vary between 1.66
mg/d! and 6.33 mg/dl.

2.1.3.1.2.6. Creatine and creatinine

Creatine is an amino acid that is an end product of the metabolism of glycine,
arginine and methionine and is found primarily in the white muscle. It's levels in plasma are
typically low, 10 mmol/l 80 mmol/l. (Sandnes et al., 1988), and appear to be unaffected by
stress (Wells et al., 1977). Creatine is not metabolized further and is execrated by kidneys
(Daly et al. 1980 &1985). Creatinine is a precursor for the high energy phosphate or
phospocreatine. The source of creatine in fish is unclear.

The necessary enzyme for synthesis of creatine have been found in carp, but are
absent or undetectable in the pacific hag fish (Eptatertus), a shark (Prionus sp) and ray

(Urolophus sp) (Van pilsum et al., 1972). Creatinine is known to be supplied in sufficient
quantities through diet (Danulat and Hochachna, 1989). Creatine level did not vary much
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due to starvation up to 6 weeks (Danulat and Hchachka, 1989). Danulat and Hochachka
(1989) have have also suggested that the difference between creatine level in flounder and
trout may reflect differences in swimming activity or nutritional status.

According to Yang et al. (2003) the creatine level in carp normally ranges from 0.47
mg/dl to 0.53 mg/dl under normal condition but could be increased up to 0.93 mg/d! to 1.03
mg/dl under stressed condition. Plasma creatine levels can be used as rough indicators of
glomerular filtration rate and kidney functions (Maita et al., 1984). Low levels of createnine
and uric acid have no significance but increasing their values indicates several disturbances
in renal system (Maxine and Benjamin, 1985). Increased level of creatine is also an indicator
of kidney damage, muscular dystrophy and physical excretion of organism (Masopust,
1998).

2.1.3.1.2.7. Serum enzymes

Plasma /serum enzymes are broadly classified into two categories (a) plasma
specific enzymes, having function and purpose in the blood; and (b) plasma non-specific
enzymes that are derived from moribund cells (Gowenlock, 1988). Measurement of the
activities of the plasma non-specific enzymes has diagnostic potential in fish toxicology and
pathology because enzyme activities can often be related to cell damage in specific organ.
For example the liver is rich in Glutamic oxaloacetic transaminase (GOT) and Glutamic-
pyruvate transaminase (GPT) and changes in plasma levels of these enzymes are indicative
of liver dysfunction (Racicot et al., 1975).

There are also methodological considerations that can influence the interpretation
of plasma enzyme activities. In rainbow trout, the method of blood sampling influenced the
activity of at least two plasma non-specific enzymes: Lactate dehydrogenase (LDH), and
Creatine phosphokinase (CPK). These enzymes which are abundant in skeletal muscle are
greater in blood sample via caudal puncture than via cardiac puncture.

The increment of Aspertate amino transferase (AST) and Alanine amino transferase
(ALT) often related to activity of liver. Fish liver is a major organ involved in metabolic
process (Pacheco and Santosh, 2001) e.g. glucose utilizing, glucose producing and glucose
storing (Lerman et al.,, 2004). The increased ALT and AST value in fish reveals enzymes
exporting from liver into blood stream (Yang and Chen, 2003; and Perez-Rostro et al., 2004).
This implies increase energy consumption in fish (Fernandez, 1989) and also indicates
hyper hepatic metabolism (Barcellos et al., 2003).

AST and ALT are frequently used in diagnosis of damage caused by pollutants in
various tissues such as liver, muscle and gills (De la Tot et al, 2000). It is generally
accepted that increased activity of these enzymes in extracellular fluid of plasma is a

23



Review of Literature

sensitive indicator of even minor cellular damage in the liver of the fish. AST and ALT are
quantitatively important in transmission of amino acids, thereby, allowing interplay between
carbohydrate and protein metabolism during the fluctuating energy demand of the organisms
in various adaptive situations (Verma et al., 1981). Moreover, Palikova et al. (2010) stated
that ALT and AST are most frequently tested .enzymes in fish or indication of cyanobacterial
toxicity of microcystins.

Lactate dehydrogenase (LDH) is mainly used to detect tissue alterations and as an
aid in the diagnosis of anaemia, gill and liver disease (Banaee et al., 2008). Most authors
reported increased plasma LDH concentration in various fishes e.g. Anguilla (Ceron et al.,
1997 and Sancho et al, 2000), Puntius conchonius (Gill et al., 1990), Heteropneustes
fossilis (Singh and Srivastava, 1982) and Channa striata (Natarajan, 1989) following acute
effects of organophosphorous pesticides including diazinon. The levels of LDH in Labeo
rohita were increased with cypermethrin (Philip et al., 1995 and Das and Mukherjee, 2003).

According to Rehulka (2002) the plasma AST, ALT and LDH level for rainbow trout
were 13.74 pkat/l, 1.67 pkat/l 24.90 pkat/l, respectively. According to Jin Ha Yu (2010) when
Silurus asotus were subjected to infestation of Edwardsiella tarda, the AST value increased
from 120 U/l to 600 U/. Paurgholam et al. (2013) found that when grass cap
(Ctenopharyngodon idella) is challenged with Aeromonas hydrophila following exposure to
sub lethal concentration of diazinon, for 30 days the ALT value increased from 5.4 p/L to 7.2
WL, AST value increased from 44 (/L to 59.5 p/L and LDH value decreased from 1625.5 w/L
to 1121.5 L.

2.1.3.1.2.8. Cortisol

Cortisol is the principal corticoid secreted by the inter-renal tissue (steroidogenic
cells) located at the head kidney of teleosts fish (Iwama et al., 1999). Hormone is released
by the activation of the hypothalamus pituitary inter-renal axis (HP! axis) (Mommsen et al.,
1999), When an organism undergoes stress conditions, the hypothalamus releases
corticotrophin releasing factor (CRF) towards blood circulation. This polypeptide further
stimulates secretion of adrenocorticotrophic hormone (ACTH) from the anterior pituitary
gland (Fryer and Lederis, 1986), which finally activates the release of cortisol by the inter-
renal tissue (Mommsen et al., 1999). Plasma cortisol (nmol/l) values of different species of
fish before and after stressed is given in Table 3. Dynamics of Cortisol and Catecholamine in
the production of glucose is represented in Figure 2.

In experiments of acute stress (Davis et al, 2006), cortisol reached highest
concentration after 1 hour of stress and returned to basal level after 6 hour (lwama et al.,
2006). It has been suggested that after stress, the cortisol levels of fish returns to basal level
to avoid tissue damage (Wendelaar Bonga, 1997). Common dentex (Dentex dentex)
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Table 3. Plasma cortisol (nmol/l) values of different species of fish before and after

stress

Species Stressor Prestress Poststress Exposure  References
Atlantic salmon Sea lice 99 339 Chronic Bowers et al.
(Salmo salar) challenge (2000)
Atlantic salmon Confinement 27 151 Sadler et al.
(Salmo salar) Acute (2000)
Atlantic salmon Confinement 27 124 Acute Sadler et al.
(Salmo salar) (2000)

Brook trout Handling and 19 242 Acute Benfey and
(Salvelinus fontinalis) confinement Biron (2000)
Brook trout (triploid) Handling and 2 146 Acute Benfey and
(Salvelinus fontinalis) confinement Biron (2000)
Pallid sturgeon Confinement 5 16 Acute Barton et al.
(Scaphirhynchus albus) (2000)

Pallid sturgeon Handling 5 8 Acute Barton et al.
(Scaphirhynchus albus) (2000)
Rainbow trout Handling and 77 698 Acute Benfey and
(Oncorhynchus mykiss) confinement Biron (2000)
Sea bream Crowding 13 358 Chronic Ortuiio et al.
(Sparus aurata) (2001)
Rainbow trout female Trapping 57 764 Acute Clements et al.
(Oncorhynchus mykiss) (2002)
Rainbow trout Trapping 380 Acute Clements ef al.
(Oncorhynchus mykiss) 16 (2002)
Walleyes Capture and 33-315 380-480 Acute Barton et al.
(Stizostedion vitreum) transport (2003)
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Figure 2. Dynamics of Cortisol and Catecholamine in the production of glucose where (+)
sign indicates positive modulation and (-) sign indicates negative modulation.
((Moberg1985,1992)
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increased its cortisol levels immediately after handling and then returned to the basal level
after 8 hours (Moralles et al., 2005). Carp (Cyprinus carpio) increased plasma cortisol when
retained in anglers-keep nets but returned to basal levels within 4 hours (Pottinger, 1998).

Cortisol is widely used both as long term and short term stress index, even if it may
be influenced by species, feeding reproductive cycles, seasonal cycles, photoperiod,
husbandry condition and sampling. (Pickering and Potinger, 1983; Audet et al., 1986;
Pickering et al., 1987; Lowe et al., 2005; Vijayan and moon., 1994; Pickring and Pottinger,
1998; Reddy et al., 1995; Thorpe et al., 1897; Wandellar Bonga, 1997; Barton, 2002).

Though cortisol is used primarily as an endocrine response and as an indicator of
stressor in aquaculture system, it has some multiple functional role including liver
metabolism, immune function and osmoregulation. It is a predictable indicator of magnitude
and duration of acute stress (Pickering and Potinger, 1982).

Resting levels as low as 5 ng/ml have been reported for salmonids by Pickering et
al. (1985), although studies on other teleosts (Peter et al, 1978; Lamba et al., 1983;
Venkatesh et al., 1989), reported higher levels ranging between 10 ng/ml and 50 ng/ml. In
metabolically active species such as salmonids and cyprinids, cortisol elevations as high as
400-600 ng/ml have been reported while species of intermediate activity such as largemouth
bass (Micropterus salmonids) had levels around 200 ng/ml and inactive species such as the
gar (Lepiososteus sp) and Bowfin (Amia calva) had peaks around 50-60 ng/ml (Davis and
Parker, 1990).
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3. MATERIALS AND METHODS

3.1. Experimental site

All the experiments were carried out in the wet and post-graduate laboratories of the
Department of Fisheries Resource Management, Faculty of Fishery Sciences, Chakgaria,
Panchasayar, Kolkata 700094, India (Lat. 22° 82'N; Long. 88° 20'E).

3.2. Experimental fish

Healthy and active advanced fingerlings of rohu (Labeo rohita) (Plate 1) were used for
the experiments. The fish were procured from Naihati fish market, North 24 Parganas, West
Bengal and transported in double layer oxygen packed polythene bags to the wet laboratory of
the Department. They were then transferred to Fiberglass Reinforced Plastic (FRP) tanks (500
L) filled with tap water (chlorine free) and left undisturbed whole night. The stock was acclimated
under well aerated conditions. During the acclimation period the fish were fed with commercial
feed MFC (Mohan Feeds and Chemicals) containing 32% protein @ 3% of the body weight,
twice a day. Manual water exchange (20-25%) was done daily after siphoning out the left out
feed and excreta. Tap water from the same source was used in all experiments.

3.2. Stressors

The physiological effects of acute stressors viz., (i) handling — short term and long term
(ii) transportation and (iii) experimentally challenged with bacteria were assessed.

3.3. Chemicals and glasswares

The glasswares used throughout the experiment were of Borosil, Riviera and Scott
Duran makes. Chemicals of various makes viz. Sigma, SRL, HiMedia and Merck were used in
the present investigation.

3.4. Experimental protocol
3.4.1. Handling stress
3.4.1.1. Acute short term (single handling) stress

Acute short term (single handling) stress experiment was carried out on 27.05.2013. Six
numbers of uniform sized (18.50 — 19.50 cm) acclimated rohu (Labeo rohita) were transferred to
each pre-cleaned, dried and well aerated experimental glass aquaria of 50L capacity, filled with
30L of water. The upper side of the aquaria were completely covered with net piece and tied
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with the help of rubber belt to avoid jumping of fishes. Four experimental groups in duplicate
were made namely - one control (C) (undisturbed/ unstressed) and three acute single handling
stress groups (ASHS1, ASHS2 and ASHS3). The fish were maintained for seven days in
aquaria, during which they were fed at 3% body weight with the same feed as used during
acclimation. Manual water exchange (20-25%) was done daily after siphoning out the left out
feed and excreta. The fish were starved and left undisturbed for 24h prior to experiment. Stress
groups consisted of the fishes subjected to acute handling (Plate 2) (chasing, netting and
releasing back) for 5 min (ASHS1), 10 min (ASHS2) and 15 min (ASHS3). The fish from each
group were caught by scoop net and blood samples collected as described in section 3.4.3 for
further analysis.

3.4.1.2. Acute long term stress

Acute long term stress study was performed for seven days from 27.05.2013 to
03.06.2013. Six numbers of uniform sized (18.50 — 19.50 cm) acclimated rohu (Labeo rohita)
were transferred to each pre-cleaned, dried and well aerated experimental glass aquaria of 50L
capacity, filled with 30L of water. The upper side of the aquaria were completely covered with
net piece and tied with the help of rubber belt to avoid jumping of fishes. Four experimental
groups in duplicate were made namely - one control (C) (undisturbed/ unstressed) and three
acute long term handling stress groups (ALHS1, ALHS2 and ALHS3). The fish were maintained
for seven days in aquaria, during which they were fed at 3% body weight with the same feed as
used during acclimation. Manual water exchange (20-25%) was done daily after siphoning out
the left out feed and excreta. The fish were starved and left undisturbed for 24h prior to
experiment. Stress groups consisted of the fishes subjected to acute long term handling
(chasing, netting and releasing back) for 5 min (ALHS1), 10 min (ALHS2) and 15 min (ALHS3)
on daily between 5.30 pm and 6.00 pm for seven days. The feeding and maintenance was
continued during this period also as described in section 3.4.1.1. The fish from each group were
caught by scoop net and blood samples collected as described in section 3.4.3 on the
termination day of experiment for further analysis.

3.4.2. Transportation stress

The transportation stress response and changes in biochemical and haematological
indices were investigated in advanced fingerlings (14.00 — 15.00 cm) of rohu (Labeo rohita)
transported from Naihati to the Department on 17.06.2013 and 18.06.2013. About 10 fish were
caught from the rearing pond of a local hatchery in Naihati, and held in hapa for 24h without
feeding. The first blood sample from this group was taken as described in section 3.4.3 at the
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Plate 1. Experimental fish: Rohu (Labeo rohita)

Plate 2. Fish subjected to acute handling stress
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hatchery itself before they were taken to market and marked as BD (before disturbance), which
was taken as control. The fish in the rearing pond were also starved for 24h before
transportation. The pond fish were caught for further transportation. The second blood sample
(Plate 4) was taken after they were transported to the Naihati fish market (10 min from hatchery)
by placing them in an open large aluminum container, locally called ‘handi, (Plate 3) (100 L
capacity; filled with 40% water and placed with 30 kg fish/handi) on a tricycle and this group was
marked as BT (before transportation).

The fish were then packed in sealed double layer oxygen packed polythene bags (30L)
(Plates 5 and 6) containing one fourth of water and three fourth of oxygen and transported for
2.5 h in a motor vehicle from Naihati fish market, North 24 Parganas to the Department of
Fisheries Resource Management, Faculty of Fishery Sciences, Chakgaria. The fish were
transported at three stocking densities, viz., 500 g/bag, 1 kg/ bag and 1.5 kg/ bag in duplicate.
The third blood samples were taken immediately after transportation from each bag separately
and were marked as AT1, AT2 and AT3 (immediately after transportation) for stocking densities
of 500 g/bag, 1 kg/ bag and 1.5 kg/ bag, respectively.

3.4.3. Bacteriological stress

The study on bacteriological stress was carried out for 7 days between 30.06.2013 and
07.07.2013. Twelve numbers of uniform sized (13.00 — 14.00 cm) acclimated rohu (Labeo
rohita) were transferred to each pre-cleaned, dried and well aerated experimental glass aquaria
of 50L capacity, filled with 30L of water. The upper side of aquaria were completely covered with
net piece and tied with the help of rubber belt to avoid jumping of fishes. The fish were
maintained for seven days in aquaria, during which they were fed at 3% body weight with the
same feed as used during acclimation. Manual water exchange (20-25%) was done daily after
siphoning out the left out feed and excreta. The fish were starved and left undisturbed for 24h
prior to experiment. Two bacterial fish pathogens, viz., Aeromonas hydrophila (N10P) and
Edwardsiella tarda (CGH9) exhibiting LDsg values 2.37x10° cells/fish and 3.16x10° cells/fish,
respectively, obtained from the Department of Aquatic Animal Health, Faculty of Fishery
Sciences, were injected (intramuscular) (Plate 7) to evaluate the stress response in terms of
haematological and biochemical changes. The sub-lethal doses used in the present study were
2.40x107 cells of Aeromonas hydrophilaffish and 1.70x10’cells of Edwardsiella tardalfish. The
fish in control tank were injected with 0.1 ml of physiological saline. Experiment was carried out
in duplicate. The blood samples were taken after 6h as well as after 7 days of post-injection
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Plate 4. Blood sample collection before transportation
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Plate 5. Oxygen packing before transportation

Plate 6. Packing of fish in double layered polythene bag
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Plate 7. Intramuscular inoculation of Aeromonas hydrophila
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from each aquarium. The feeding and maintenance was continued during this period also as
described in section 3.4.1.1.

3.4.3. Collection of blood and serum samples

(a) Blood collection: In order to minimize the possible variations in blood parameter
values, the technique was standardized as follows and same technique was used for collection
of blood samples in all the experiments. The fish were sampled from the experimental aquaria
using scoop net with minimum handling stress and transferred into plastic buckets containing
water of the same temperature and immediately anaesthetized with clove oil (50ul/L). The
blood from the experimental fishes was drawn (Plates 8a and 8b) using 1 ml sterile disposable
plastic insulin syringes (30G) through cardiac puncture. The use of plastic syringes is a
necessary precaution with fish blood because contact with glass results in shortened
coagulation times (Smith et al., 1952). The anticoagulant used was tri-sodium citrate (3.8% w/v)
and blood samples were collected in 1.5 ml eppendorf tubes rinsed with anticoagulant to
prevent coagulation and used for the estimation of red blood corpuscles (RBC), white blood
corpuscles (WBC), haemoglobin and haematocrit values.

(b) Serum collection: The blood was also collected by syringe without anticoagulant and
placed in 1.5 ml eppendrof tube (Plates 9a 9b) and kept overnight in a refrigerator in a slanting
position; while the blood clots giving a straw coloured supernatant at the top. Then it was
centrifuged at 4000 rpm for 4 min to get the clear serum at the top. The supernatant was
collected by micro centrifuge to another eppendroff tube and stored in deep freeze (-20°C) for
further analysis of biochemical parameters.

3.4.4. Analysis of blood and serum samples
3.4.4.1. Haematological parameters
3.4.4.1.1. Total Erythrocytes Count (TEC)

The total erythrocytes count (TEC) or Red Blood Corpuscles (RBC) of fish blood was
made in Neubauer’s counting chamber using RBC diluting fluid (Dacie’s fluid) (Annexure 1).
Twenty microlitre (ul) of the collected blood sample from the eppendroff tubes after thorough
shaking was sucked into a micropipette and immediately diluted to 3980 pl of RBC diluting fluid
(Plate 10) in a test tube (1:200 ratio). The diluted blood was mixed by tilting the tube gently
avoiding destruction of the cells. Some of the diluted blood solution was drawn into the

micropipette and expelled out touching the tip of the pipette to the edge of the cover slip on the
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Plate 8(a) Plate 8(b)

Plates 8(a) and 8(b). Collection of blood for haematological and biochemical analyses

Plate 9(a) Plate 9(b)

Plates 9(a) and 9(b). Collection of serum for haematological and biochemical analyses

36



Plate 10. Estimation of red blood corpuscles

Plate 11. Estimation of white blood corpuscles
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counting chamber. The capillary action will draw the diluted blood into the chamber. Then
counting was done under binocular research microscope (40X) (Olympus iNEA). The cells
occurring in five small squares at the centre of the grid with a total area of 0.02 mm?® (1/50 of
1mm?) were counted for erythrocytes. The dilution was 1:200; therefore the number of cells
occurring per mm® was calculated as follows:

Number of cells counted in 5 small squares X 200 (dilution)

. 3
Number of cells occurring per mm™ = -
0.2 (total area counted)x0.1(depth of the fluid)

3.4.4.1.2. Total Leukocytes Count (TLC)

The total leukocyte count (TLC) or White blood corpuscles (WBC) of fish blood was made
in Neubauer's counting chamber using Shaw's WBC diluting fluid (Shaw’s WBC diluting fluid:
Annexure — 2) (Plate 11). The dilution procedure was the same as mentioned in RBC counting
procedure. The numbers of cells were counted in four large squares (1 mm® each) under
binocular research microscope (40X) (Olympus iNEA). The total leukocyte count was

expressed as follows.

Number of cells counted in 0.1 mm® X 200 (dilution)
4 (total area counted) x 0.1 (depth of the fluid)

Number of cells occurring per mm® =

3.4.4.1.3. Haematocrit (Ht)

The haematocrit (Ht) value was determined by microhaematocrit centrifugation (Plate 12).
The haematocrit tubes (HiMedia, 7 cm x 11 mm) were taken and 2/3" of their total lengths were
filled with blood by capillary attraction and surface tension and one end of the tubes were sealed
with plasticine. The capillary tubes were placed in to the grooves of the centrifuge, so that the
sealed end was away from the center. The centrifugation was done at 10,000 rpm for 10 min.
The tubes were then taken out and the haematocrit value (Ht) was calculated as given below
and expressed as the percentage fraction of blood cells in the total volume.

H tocrit value (HE)( din%) = Height of R.B. C.column % 100
aematocrit value expressed in %) = ——— height of the column
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Plate 12. Haematocrit measurement

Plate 13. The haemoglobin estimation using Sahli’s haemoglobinometer
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3.4.4.1.4. Hemoglobin concentration (Hb)

The haemoglobin concentration in percentage was determined by acid haematin method
using Sahli's haemoglobinometer (Plate 13). The graduated tube was filled with 1/10 N HCI up
to the lowest mark;, i.e., 10. Then 20 pl of blood was transferred to the tube and mixed properly
by the stirring rod and kept stand for 15 min. The colour developed by the reaction of
hemoglobin with dilute acid, producing acid-haematin, was matched colourimatrically with that of
the standard by slowly and drop-wise adding distilled water or 1/10N HCI. When the colour
matched, the reading was taken immediately as hemoglobin % or g/dl.

3.4.4.2. Biochemical parameters
3.4.4.2.1. Serum glucose

The serum glucose was determined by using glucose test kit (Span Diagnostics Ltd.)
following GOD-POD method. To 1500 pl of the reagent solution [containing phosphate buffer
(pH 6.50), 100 mmol/L, GOD 215000 U/L, POD 21600 U/L, 4-AAP 0.28 mM/L, phenol
preservative 10 mmol/L] taken in a clean and dry test tube, 20 ul of serum was added.
Simultaneously, a standard, using standard glucose (100 mg/100 ml), and a blank (only reagent
solution) were prepared (1500 pl each). The contents in each test tube were mixed thoroughly
and incubated at room temperature for 10 min. Then the absorbance of the contents were taken
at wavelength of 505 nm using Photometer (Model: 5010 v5+, Robert Riele KG, Berlin) after
zeroing it with blank. Final glucose concentration was found by putting the absorbance values

(optical density) into standard formula and expressed as mg/dl.
3.4.4.2.2. Total serum protein

The total serum protein was determined by using protein test kit (Autopak Diagnostics
Ltd.) following Biruet method. To 1000 pl of reagent solution (containing sodium hydroxide
3.8mol/L, pottasium sodium tartrate 0.1mol/L, cupric sulphate 33 mmol/L, potassium iodide 30
mmol/L, surfactant 20g/L) taken in a clean and dry test tube 10 ul of serum was added.
Simultaneously, a standard, using standard protein (BSA 60 g/L) and a blank (only reagent
solution) were prepared (1000 ul each). The contents in each test tube were mixed thoroughly
and incubated at room temperature for 20 min. Then the absorbance of the contents were
taken at wavelength of 505 nm using Photometer (Model: 5010 v5+, Robert Riele KG, Berlin)
after zeroing it with blank. Final protein concentration was found by putting the absorbance
values (optical density) into standard formula and expressed as g/dl.
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3.4.4.2.3. Serum triglycerides

The triglyceride was determined by using triglyceride test kit, (Span Diagnostics Ltd.)
following GPO-PAD, end point assay method. Ten pl serum sample was taken and serum
triglycerides were measured at room temperature by following the kit procedure through
Photometer (Model: 5010 v5+, Robert Riele KG, Berlin; Plate 14). The triglycerides
concentration was calculated by putting the absorbance values as 505 nm (optical density) into
standard formula and expressed as mg/dl.

3.4.4.2.4. Serum urea

The urea was determined by using urea test kit (Span Diagnostics Ltd.) following Urease
Berthelot, end point assay method. Ten pl serum sample was taken and serum urea was
measured at room temperature by following the kit procedure through Photometer (Model: 5010
v5+, Robert Riele KG, Berlin). The urea concentration was calculated by putting the absorbance
values as 578 nm (optical density) into standard formula and expressed as mg/dl.

3.4.4.2.5. Serum creatinine

The creatinine was determined by using creatinine test kit (Span Diagnostics Ltd.)
following Modified Jaffe's Reaction, Initial Rate Assay, method. One hundred pl serum sample
was taken and serum creatinine was measured at room temperature by foliowing the kit
procedure through Photometer (Model: 5010 v5+, Robert Riele KG, Berlin). The creatinine
concentration was calculated by putting the absorbance values as 505 nm (optical density) into
standard formula and expressed as mg/dl.

3.4.4.2.6. Serum alanine aminotransferase (ALT) and aspartate aminotransferase
(AST)

The ALT and AST were determined by using ALT and AST test kits (Span Diagnostics
Ltd.) following Modified UV (IFCC), and kinetic assay method. One hundred pl serum sample
was taken and serum ALT and AST were measured at room temperature by following the kit
procedure through Photometer (Model: 5010 v5+, Robert Riele KG, Berlin). The ALT and AST
concentrations were calculated by putting the absorbance values as 340 nm (optical density)
into standard formula and expressed as IU/L.
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Plate 14. Photometer 5010 v5+ (Robert Riele KG, Berlin) used for biochemical analyses
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3.4.4.2.7. Serum Lactate dehydrogenase (LDH)

The LDH was determined by using LDH (P-L) test kit (Crest Biosystem) following
modified IFCC method. Twenty pl serum sample was taken and serum LDH was measured at
room temperature by following the kit procedure through Photometer (Model: 5010 v5+, Robert
Riele KG, Berlin). The LDH concentration was calculated by putting the absorbance values as

340 nm (optical density) into standard formula and expressed as U/L.

3.4.4.2.8. Cortisol

To estimate cortisol levels in fish serum, the cortisol test EIA kit (AccuBind Elisa
Microwells, Cortisol test system) was procured from Monobind Inc, Lake Forest, USA. The
procedure follows the basic principle of enzyme immunoassay, where there was competition
between unlabeled antigens for a fixed number of specific monoclonal anticortisol antibody
binding sites. The amount of enzyme-labeled antigen bound to the antibody was inversely
proportional to the concentration of the unlabeled analyzer present. Unbound materials were
removed by decanting and washing the well. One hundred pl TMB chromogen solution to each
well was added and incubated at room temperature for 15 min and as well as in dark condition.
After that a strong acidic (1N HCI) stopping solution was then added and the degree of
enzymatic turnover of substrate was determined by dual wavelength absorbance measurement
at 450 and 620 nm. The serum cortisol level was expressed in pg/dl serum.

3.4.5. Analysis of water quality parameters

Important water quality parameters like temperature using thermometer (N.S. Dimple
thermometer -305 MM), pH using pH paper (HiMedia) and dissolved oxygen by following
Winkler's method (APHA, 1998) were measured after taking the blood samples from each
experimental aquarium.

3.4.6. Statistical analysis

The results of haematological and biochemical indices are expressed as means
standard deviation throughout. Student’s two tailed t-test (paired design) was used to test the
significant differences (P<0.05) among stressed groups as well as between stressed and
unstressed (control) groups (Snedecor and Cochran, 1980).
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Table 4. Summary of haematological and biochemical indices analyzed

Parameters Sample Instruments used Kit or chemicals used

analyzed

Total erythrocyte Blood Neubauer's counting chamber  Dacies RBC diluting fluid

count (TEC) or red

blood corpuscles

(RBC)

Total leukocyte Blood Neubauer's counting chamber ~ Shaw's WBC diluting fluid

count (TLC) or whitw

blood corpuscles

(WBC)

Hemoglobin Blood Sahli's haemoglobinometer 1/10 N HCI

Haematocrit Blood Micro centrifuge and
Haemometer scale

Glucose Serum Photometer 5010 v5+ (Robert Glucose test kit, GOD-POD, End point assay
Riele KG, Berlin) and Kinetic assay; Span Diagnostics Ltd.

Total serum protein Serum Photometer 5010 v5+ (Robert Total protein kit, Biuret method; Siemens Lid,;
Riele KG, Berlin) Autopak Diagnostics Ltd.

Triglycerides Serum  Photometer 5010 v5+ (Robert Triglycerides test kit. GPO-PAP, End point
Riele KG, Berlin) assay; Span Diagnostics Ltd.

Urea Serum Photometer 5010 v5+ (Robert Urea test kit, Urease Berthelot, End point assay;
Riele KG, Berlin) Span Diagnostics Ltd.

Crealinine Serum Photometer 5010 v5+ (Robert Creatinine test kit, Modified Jaffe's Reaction,
Riele KG, Berlin) Initial rate assay; Span Diagnostics Ltd.

Alanine amino- Serum  Photometer 5010 v5+ (Robert  ALT test kit, Modified UV (IFCC), Kinetic assay;

transterase (ALT) Riele KG, Berlin) Span Diagnostics Ltd.

Aspartate amino- Serum  Photometer 5010 v5+ (Robert AST test kit, Modified UV (IFCC), Kinetic assay;

transferase (AST) Riele KG, Berlin) Span Diagnostics Ltd.

Lactate Serum  Photometer 5010 v5+ (Robert ~ LDH (P-L) test kit, MOD. IFCC method, Crest

Dehydrogenase Riele KG, Berlin) biosystem

(LDH)

Cortisol Serum Photometer 5010 v5+ (Robert Cortisol test EIA kit AccuBind Elisa Microwells,

Riele KG, Berlin)

Cortisol test system, Product Code: 3625-300.
Monobind Inc. Lake Forest, USA
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Results

4. RESULTS

In the present study haematological and biochemical changes in rohu (Labeo rohita)
subjected physical and biological stressors were analysed and the results obtained are
presented below.

4.1. Acute single handling stress

Variations in haematological and biochemical parameters of Labeo rohita subjected

acute single handling stress are presented in Table 5.

4.1.1. Haematological parameters
4.1.1.1. Total erythrocyte count (TEC) or Red blood corpuscles (RBC)

The mean total erythrocyte count in the unstressed fish (control) was lower
(1.15+0.05x10° no/ml) and increased due to handling procedure. The TEC values were found to
be 1.30+0.00x10° no/ml, 1.45+0.05x10° no/ml and 2.00+0.01x10° no/ml when fish were
subjected to 5 min (ASHS1), 10 min (ASHS2) and 15 min (ASHS3) acute single handling stress,
respectively (Table 5; Figure 3).
4.1.1.2. Total leukocyte count (TLC) or White blood corpuscles (WBC)

In the present study, the mean total leukocyte count in the unstressed fish (control) was
lower (51.50+0.05x10° no/ml) which showed an increase trend with acute and chronic handling
duration. The mean TLC values in rohu subjected to 5 min (ASHS1), 10 min (ASHS2) and 15
min (ASHS3) acute single handling stress were found to be 85.00+02.00x10° no/ml,
91.50+0.05x10° no/ml and 99.00+2.00x10° no/ml, respectively (Table 5; Figure 4).

4,1.1.3. Haemoglobin

In the unstressed (control) fish haemoglobin content was 3.80+0.20 g/dl. Maximum
haemoglobin content (4.10x£0.00 g/dl) was recorded in ASHS3 (fish subjected to 15 min acute
single handling stress) where as minimum value (3.10+0.10 g/dl) was found to be in ASHS1
(fish subjected for 5 min acute single handling stress) (Table 5; Figure 5). An intermediate value
of 3.8010.20 g/dl was noticed in ASHS2 (fish subjected to 10 min acute single handling stress).

4.1.1.4. Haematocrit

The mean haematocrit value in the unstressed (control) fish was comparatively lower
(14.20+0.30 %) and increased with the duration of acute single handling stress, i.e. it was
22.00+£1.00 % for 5 min (ASHS1), 24.50£1.10 % in the case of 10 min (ASHS2) and 26.25+
0.75 % in the case of 15 min (ASHS3) (Table 5; Figure 6).
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Results

Figure 3. Variation in total erythrocyte count (TEC) (nox10°/ml) of Labeo rohita subjected to acute
single handling stress

Figure 4. Variation in total leukocyte count (TLC) (nox10°/ml) of Labeo rohita subjected to acute single
handling stress

Figure 5. Variation in haemoglobin (g/dl) of Labeo rohita subjected to acute single handling stress

Figure 6. Variation in haematocrit (%) of Labeo rohita subjected to acute single handling stress
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4.1.2. Biochemical parameters

4.1.2.1. Glucose

The mean glucose level is represented in Table 5 and Figure 7. The mean glucose level
in the unstressed fish (control) was significantly lower (30.00+1.00 mg/dl) and increased due to
handling procedure. The glucose levels were found to be 45.00+£1.00 mg/dl, 61.00+1.00 mg/d|,
74.50+0.00 mg/dl when fish were subjected to 5 min (ASHS1), 10 min (ASHS2) and 15 min
(ASHS3) acute single handling stress, respectively.

4.1.2.2. Total protein

The mean total protein level in the unstressed fish was significantly higher (2.545+0.040
g/dl) which, however, decreased with the duration of handling stress (Figure 8). Mean protein
contents were 2.3910.00 g/dl in fish subjected to 5 min acute single handling stress (ASHS1),
2.4510.05 g/dl in case of 10 min (ASHS2) and 2.23+0.11 mg /di in the case of 15 min (ASHS3)
(Table 5; Figure 8).

4.1.2.3. Triglycerides

Table 5 and Figure 9 illustrate variation in mean triglycerides in rohu subjected to acute
single handling stress. The mean triglyceride content in the unstressed (control) fish was
24.00+2.00 mg/dl. It increased with the duration of handling stress. Maximum triglyceride
(46.50+1.00 mg/dl) was recorded in ASHS3 (fish subjected to 15 min acute single handling
stress) where as ASHS1 (fish subjected for 5 min acute single handling stress) had 41.00£0.00
mg/dl and an intermediate value of 43.00+1.00 mg/dl was noticed in ASHS2 (fish subjected to
10 min acute single handling stress).

4.1.2.4. Urea

The mean urea concentration in the unstressed (control) fish was 3.95+0.5 mg/dl which,
however, increased with the duration of handling stress. Mean urea contents were 5.60+0.60
mg /dl in fish subjected to 5 min acute single handling stress (ASHS1), 6.60+0.60 mg/dl in case
of 10 min (ASHS2) and 7.00+1.00 mg /dl in the case of 15 min (ASHS3) (Table 5; Figure 10).
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Results

Figure 7. Variation in serum glucose (mg/dl) of Labeo rohita subjected to acute single handling stress

Figure 8. Variation in serum total protein (g/dl) of Labeo rohita subjected to acute single handling

stress

Figure 9. Variation in serum triglyceride (mg/dl) of Labeo rohita subjected to acute single handling

stress

Figure 10. Variation in serum urea (mg/dl) of Labeo rohita subjected to acute single handling stress
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4.1.2.5. Creatinine

Fluctuation in mean creatinine content is represented in Table 5 and Figure 11. The
mean creatinine in the unstressed (control) fish was 0.36+0.03 mg/dl. Maximum creatinine
(0.40+0.02 mg/dl) was recorded in ASHS3 (fish subjected to 15 min acute single handling
stress) where as ASHS1 (fish subjected for 5 min acute single handling stress) had 0.35:0.01
mg /dl and an intermediate value of 0.39+0.00 mg/dl was noticed in ASHS2 (fish subjected to 10

min acute single handling stress).

4.1.2.6. Alanine aminotransferase (ALT)

In the present study, the minimum ALT level (10.00+1.00 IU/L) was found in the
unstressed rohu (control), and it showed an increased trend with acute and chronic handling
duration (Table 5; Figure 12). The mean ALT values in rohu subjected to 5 min (ASHS1), 10 min
(ASHS2) and 15 min (ASHS3) acute single handling stress were found to be 28.00+£2.00 |U/L,
28.00+2.00 IU/L and 36.00+3.00 IU/L, respectively.

4.1.2.7. Aspartate aminotransferase (AST)

Table 5 and Figure 13 depict variation in AST levels during the present investigation.
The lowest level of AST (41.00+2.00 IU/L) was found in the unstressed rohu (control), and it
showed an increased trend with acute and chronic handling duration. The mean AST values in
rohu subjected to 5 min (ASHS1), 10 min (ASHS2) and 15 min (ASHS3) acute single handling
stress were found to be 56.00+3.50 IU/L, 58.00+2.00 IU/L and 60.00+3.00 IU/L, respectively.

4.1.2.8. Cortisol

Table 5 and Figure 14 illustrate variation in mean cortisol level observed in the present
study. The mean cortisol level in the unstressed (control) fish was 20.00+2.00 pg/dl which,
however, increased with the duration of handling stress. Mean cortisol levels were 30.00+1.00
Hg/dl in fish subjected to 5 min acute single handling stress (ASHS1), 53.00+2.00 ug/dl in case
of 10 min (ASHS2) and 56.00+0.00 ug /di in the case of 15 min (ASHS3).
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Figure 11. Variation in serum creatinine (mg/dl) of Labeo rohita subjected to acute single handling

stress

Figure 12, Variation in serum alanine aminotransferase (1U/L) of Labeo rohita subjected to acute single

handling stress

Figure 13. Variation in serum aspartate aminotransferase (IU/L) of Labeo rohita subjected to acute

single handling stress

Figure 14. Variation in serum cortisol (ug/dl) of Labeo rohita subjected to acute single handling stress



Results

4.2. Acute long term handling stress

Fluctuations in haematological and biochemical parameters of Labeo rohita subjected

acute long term handling stress are presented in Table 6.

4.2.1. Haematological parameters
4.2.1.1. Total erythrocyte count (TEC) or Red blood corpuscles (RBC)

Table 6 and Figure 15 represent variations in TEC level. The mean TEC was found to be
1.17+0.01x10® no/m! in fish subjected to acute long term stress for 5 min (ALHS1) daily. It
increased to 1.18+0.02x10° no/ml of blood when subjected for 10 min (ALHS2) and the highest
value of 1.32+0.03x10° no/ml of blood was recorded when subjected for 15 min (ALHS3) (Table
6 and Figure 15).

4.2.1.2. Total leukocyte count (TLC) or White blood corpuscles (WBC)

The mean TLC values in rohu subjected to acute long term stress for 5 min/day
(ALHS1), 10 min/day (ALHS2) and 15 min/day (ALHS3) were recorded as 52.00+1.00x10°
no/ml, 56.00%2.00x10° no/ml and 59.00+3.00x10® no/ml, respectively (Table 6; Figure 16).

4.2.1.3. Haemoglobin

There was an increased trend in haemoglobin content of rohu subjected to acute long
term handling stress. Fish subjected to 5 min acute long term handling stress (ALHS1) had
mean haemoglobin level of 3.90+0.10 g/dl which increased to 4.20+0.10 g/dl and 4.25+0.00 g/dl
in cases of fish subjected to 10 min (ALHS2) and 15 min (ALHS3) acute long term handling
stress, respectively (Table 6; Figure 17).

4.2.1.4. Haematocrit

Mean haematocrit changes are illustrated in Table 6 and Figure 18. Mean haematocrit
values recorded in the present study were found to be 11.09+037 %, 13.99+0.33 % and
16.9520 % in rohu subjected to 5 min (ALHS1), 10 min (ALHS2), and 15 min (ALHS3) acute
long term handling stress, respectively.
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Figure 15. Variation in total erythrocyte count (TEC) (nox10°/ml) of Labeo rohita subjected to acute
long term (7 days) handling stress

Figure 16. Variation in total leukocyte count (TLC) (nox10?/ml) of Labeo rohita subjected to acute long
term (7 days) handling stress

Figure 17. Variation in haemoglobin (g/dl) of Labeo rohita subjected to acute long term (7 days)
handling stress

Figure 18. Variation in haematocrit (%) of Labeo rohita subjected to acute long term (7 days) handling

stress.
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4.2.2. Biochemical parameters

4.2.2.1. Glucose

The mean glucose level was found to be 57.00+2.00 mg/dl, 83.56+0.50 mg/dl and
113.50+1.00 mg/dl in fish subjected to acute long term stress for 5 min (ALHS1), 10 min
(ALHS2) and 15 min (ALHS3) daily, respectively (Table 6; Figure 19).

4.2.2.2. Total protein

Table 6 and Figure 20 portray fluctuations in protein content of rohu subjected to acute
long term handling stress. Minimum protein content (1.82+0.07 g/dl) was observed in fish
subjected to 15 min acute long term handling stress (ALHS3). Whereas the values recorded in 5
min handling stress (ALHS1) and 10 min handling stress (ALHS2) were found to be 2.10+0.10
g/dl and 1.91£0.26 g/dl, respectively.

4.2.2.4. Triglycerides

Mean triglyceride values recorded in 5 min acute long term handling stress (ALHS1), 10
min acute long term handling stress (ALHS2) and 15 min acute long term stress (ALHS3) were
found to be 54.00+2.00 mg/dl, 57.00+4.00 mg/dl and 74.50+1.50 mg/dl, respectively (Table 6;
Figure 21).

4.2.2.4. Urea

Variations in urea content in rohu subjected to acute long term handling stress are
represented in Table 6 and Figure 22. Maximum urea content (6.45+2.00 mg/dl) was observed
in fish subjected to 15 min acute long term handling stress (ALHS3). Whereas the values
recorded in 5 min handling stress (ALHS1) and 10 min handling stress (ALHS2) were found to
be 4.75+0.00 mg/dl and 5.95+0.05 mg/dl, respectively.

4.2.2.5. Creatinine

There was an increased trend in creatinine of rohu subjected to acute long term handling
stress (Table 6; Figure 23). Fish subjected to 5 min acute long term handling stress (ALHS1)
had mean creatinine level of 0.535+0.025 mg/dl which increased to 0.645+0.025 mg/dl and
0.74510.03 mg/dl in cases of fish subjected to 10 min (ALHS2) and 15 min (ALHS3) acute long
term handling stress, respectively.
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Results

Figure 19. Variation in serum glucose (mg/dl) of Labeo rohita subjected to acute long term (7 days)

handling stress

Figure 20. Variation in serum total protein (g/dl) of Labeo rohita subjected to acute long term (7 days)

handling stress

Figure 21. Variation in serum triglyceride (mg/dl) of Labeo rohita subjected to acute long term (7 days)

handling stress

Figure 22. Variation in serum urea (mg/dl) of Labeo rohita subjected to acute long term (7 days)

handling stres
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4.2.2.6. Alanine aminotransferase (ALT)

The mean ALT values in rohu subjected to acute long term stress for 5 min/day
(ALHS1), 10 min/day (ALHS2) and 15 min/day (ALHS3) were recorded as 14.00£1.00 UL,
33.00+0.00 IU/L and 33.30+0.00 IU/L, respectively (Table 6; Figure 24).

4.2.2.7. Aspartate aminotransferase (AST)

The mean AST values in rohu subjected to acute long term stress for 5 min/day
(ALHS1), 10 min/day (ALHS2) and 15 min/day (ALHS3) were recorded as 44.00+1.00 UL,
52.50+0.50 IU/L and 53.00+0.00 IU/L, respectively (Table 6; Figure 25).

4.2.2.8. Cortisol

Table 6 and Figure 26 depict mean cortisol variations in rohu subjected to acute long
term handling stress. Maximum cortisol content (60.00+2.00 pg/dl) was observed in fish
subjected to 15 min acute long term handling stress (ALHS3). Whereas the values recorded in 5
min handling stress (ALHS1) and 10 min handling stress (ALHS2) were found to be 26.00+1.00
ug/dl and 29.00+1.00 pg/dl, respectively.

4.3. Transportation stress

Variations in haematological and biochemical parameters of Labeo rohita subjected
transportation stress are presented in Table 7.

4.3.1. Haematological parameters
4.3.1.1. Haemoglobin

Haemoglobin content showed significant variation with transportation stress as well as
density of packing in the present investigation (Table 7; Figure 27). The mean Hb value in fish of
BD group (before disturbance — control) was 3.80+0.02 g/dl and it increased to 4.05+0.15 g/di
before transportation (BT). The mean Hb values further increased to 5.40£0.00 g/d! in 500 g/bag
packing density (AT1), 4.70+0.02 g/dl in 1.0 kg/bag packing density (AT2) and 5.20+0.02 g/dl in
1.5 kg/bag packing density (AT3) immediately after transportation .
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Figure 23. Variation in serum creatinine (mg/dl) of Labeo rohita subjected to acute long term (7 days)
handling stress

Figure 24. Variation in serum alanine aminotransferase (IU/L) of Labeo rohita subjected to acute long
term (7 days) handling stress

Figure 25. Variation in serum aspartate aminotransferase (IU/L) of Labeo rohita subjected to acute
long term (7 days) handling stress

Figure 26. Variation in serum cortisol (mg/dl) of Labeo rohita subjected to acute long term (7 days)
handling stress.
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Results

4.3.1.2. Haematocrit

The present investigation implied a significant variation in haematocrit vaiue with
transportation procedures (Table 7; Figure 28). Mean haematocrit in the undisturbed fish (BD)
were significantly lower (14.20+0.30 %) and increased as the transportation procedure begun.
Before transportation (BT) it was 18.9310.28 %, and increased to 27.82+0.82 %, 34.9610.96 %,
and 36.93+1.93 % in the fish packed at the rate of 500 g/bag (AT1), 1 kg /bag (AT2) and 1.5
kg/bag (AT3).

4.3.2. Biochemical parameters
4.3.2.1. Glucose

Glucose level varied with transportation stress as well as density of packing in the
present research. The mean glucose level in fish of BD group (before disturbance — control) was
30.00+2.00 mg/dl and it increased to 41.00+3.00 mg/dl before transportation (BT). The mean
glucose values further increased to 52.50+3.50 mg/dl in 500 g/bag packing density (AT1),
61.00+2.00 mg/dl in 1.0 kg/bag packing density (AT2) and 62.00+1.00 mg/d! in 1.5 kg/bag
packing density (AT3) immediately after transportation (Table 7; Figure 29).
4.3.2.2. Total protein

The serum protein altered with transportation procedures as well as density of packing in
comparison to undisturbed fishes. The mean total protein level in the unstressed fish (BD) was
relatively higher (8.2810.28 g/dl) and decreased with the stress. It decreased as the
transportation procedure proceeded. The value was 7.53+0.27 g/dl before transportation (BT).
Immediately after transportation it further declined to 4.42+0.21 g/dl, 2.00+0.37 g/dl, and
3.81+0.10 g/dl in fish stocked at 500 g/bag (AT1), 1 kg /bag (AT2) and 1.5 kg/bag (AT3),
respectively (Table 7; Figure 30).

4.3.2.3. Triglycerides

The serum triglycerides showed variation with transportation procedures as well as
density of packing in comparison to undisturbed fishes. The mean triglcerides in the unstressed
fish (BD) was relatively lower (24.00+2.00 mg/dl) and it increased with the stress. The value
increased to 39.00+3.00 mg/dl before transportation (BT). Immediately after transportation it
further increased to 54.00+2.00 mg/dl, 58.50+1.50 mg/dl, and 81.50+1.50 mg/d! in fish stocked
at 500 g/bag (AT1), 1 kg /bag (AT2) and 1.5 kg/bag (AT3), respectively (Table 7; Figure 31) .
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Figure 27. Variation in haemoglobin (g/dl) of Labeo rohita during transportation procedure

Figure 28. Variation in haematocrit ( %) of Labeo rohita during transportation procedure
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Figure 29. Variation in serum glucose (mg/dl) of Labeo rohita during transportation procedure

Figure 30. Variation in serum total protein (g/dl) of Labeo rohita during transportation procedure

Figure 31. Variation in serum triglyceride (mg/dl) of Labeo rohita during transportation procedure

Figure 32, Variation in serum creatinine (mg/dl) of Labeo rohita during transportation procedure
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4.3.2.4. Creatinine

Variations in creatinine level in rohu subjected to transportation stress in Table 7 and
Figure 32. The mean creatinine level in fish of BD group (before disturbance — control) was
0.350+0.030 mg/dl and it decreased to 0.350+0.000 mg/dl before transportation (BT). The mean
creatinine values further increased to 0.445+0.035 mg/d! in 500 g/bag packing density (AT1),
0.590+0.030 mg/dl in 1.0 kg/bag packing density (AT2) and 0.65010.030 mg/dl in 1.5 kg/bag
packing density (AT3) immediately after transportation.

4.3.2.5. Alanine aminotransferase (ALT)

The serum ALT level varied with transportation stress as well as density of packing in
the present research and the results obtained are presented in Table 7 and Figure 33. The
mean ALT level in fish of BD group (before disturbance — control) was 10.00+1.00 IU/L and it
increased to 16.00+0.00 IU/L before transportation (BT). The mean ALT values further
increased to 18.00+2.00 1U/L in 500 g/bag packing density (AT1), 24.00+4.00 |U/L in 1.0 kg/bag
packing density (AT2) and 32.00+2.00 IU/L in 1.5 kg/bag packing density (AT3) immediately
after transportation.

4.3.2.6. Aspartate aminotransferase (AST)

The present investigation also implied a significant variation in AST levels with
transportation procedures. Mean AST in the undisturbed fish (BD) was low (24.00+2.00 1U/L)
and increased as the ftransportation procedure begun. Before transportation (BT) it was
25.00+1.00 IU/L, and increased to 28.00+0.00 1U/L, 29.00+2.00 IU/L and 35.00+1.00 IU/L in the
fish packed at the rate of 500 g/bag (AT1), 1 kg /bag (AT2) and 1.5 kg/bag (AT3), respectively
(Table 7; Figure 34).

4.3.2.7. Lactate dehudrogenase (LDH)

The present study revealed a variation in mean LDH level with transportation stress as
well as density of packing. The mean LDH level in fish of BD group (before disturbance —
control) was 71.00+6.00 IU/L and it increased to 133.00+3.00 1U/L before transportation (BT).
The mean glucose values recorded were 133.00+3.00 IU/L in 500 g/bag packing density (AT1),
134.00+2.00 IU/L in 1.0 kg/bag packing density (AT2) and the highest value of 192.00+2.00 IU/L
in 1.5 kg/bag packing density (AT3) immediately after transportation (Table 7; Figure 35).
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Figure 33. Variation in serum alanine aminotransferase (1U/L) of Labeo rohita during transportation

procedure

Figure 34. Variation in serum aspartate aminotransferase (IU/L) of Labeo rohita during transportation

procedure

Figure 35. Variation in lactate dehydrogenase (1U/L) of Labeo rohita during transportation procedure

Figure 36. Variation in serum cortisol (ug/dl) of Labeo rohita during transportation procedure
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4.3.2.8. Cortisol

The changes in serum cortisol during transportation procedure are depicted in Table 7
and Figure 36. The mean cortisol level in the unstressed fish (BD) was relatively lower
(20.00+2.00 pg/dl) and increased as the transportation procedure begun. The value was
29.00+3.00 pg/dl before transportation (BT). Immediately after transportation it further
augmented to 52.00+2.00 ug/dl, 55.00+1.00 pg/dl, and 56.00+0.00 pg/dl in fish stocked at 500
g/bag (AT1), 1 kg /bag (AT2) and 1.5 kg/bag (AT3), respectively.

4.4. Bacteriological stress
Alterations in haematological and biochemical parameters of Labeo rohita subjected

bacteriological stress are presented in Table 8.

4.4.1. Haematological parameters

4.4.1.1. Total erythrocyte count (TEC) or Red blood corpuscles (RBC)

In the present investigation the mean TEC value of control (initial) rohu was
1.2620.03x10°® no/ml of blood. After 6 hrs the TEC increased to 1.40+0.04x10° no/ml of blood
and after 7 days it further increased to 1.45+0.01x10° no/ml of blood when subjected to
Aeromonas hydrophila inoculation at sublethal dose (Table 8; Figure 37). Likewise the TEC
values in rohu increased to 1.32+0.01x10° no/ml of blood and 1.42+0.00x10® no/ml of blood
when subjected to Edwardsiella tarda inoculation at sublethal dose for 6 hours and 7 days,
respectively (Table 8; Figure 37).
4.4.1.2. Total leukocyte count (TLC) or White blood corpuscles (WBC)

The mean TLC value of rohu in control (initial) was 44.00+2.00x10° no/ml of blood. After
6 hrs it increased to 64.00+3.00x10° no/ml of blood, however, after 7 days it decreased to
46.50+0.50x10° no/ml of blood when subjected to Aeromonas hydrophila inoculation at
sublethal dose (Table 8; Figure 38). The mean TLC values obtained were 49.50+0.50x10° no/ml
of blood and 41.20+1.50x10° no/ml of blood after 6 hours and 7 days, respectively, when rohu
was experimentally challenged with Edwardsiella tarda at sublethal dose (Table 8; Figure 38).
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4.4.1.3. Haemoglobin

In the present study the haemoglobin level of control (initial) rohu was 4.00+0.20 g/d| of
blood. After 6 hrs the value decreased to 3.80+0.00 g/dl and after 7 days it increased to
4.10+0.20 g/dl when subjected to Aeromonas hydrophila inoculation at sublethal dose. (Table 8;
Figure 39). However, the haemoglobin concentration values in rohu initially increased to
4.10+0.20 g/dl after 6 hrs while decreased to 4.00+0.00 g/dl after seven days when
experimentally infected with sublethal doses of Edwardsiella tarda (Table 8; Figure 39).
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® Aeromonas hydrophila B Edwardsiella tarda

W Aeromonas hydrophila 8 Edwardsiella tarda
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Figure 40

Figure 37. Variation in total erythrocyte count (TEC) (nox10°/ml) of Labeo rohita challenged with
sublethal doses of Aeromonas hydrophila and Edwardsiella tarda

Figure 38. Variation in total leukocyte count (TLC) (nox10’°/ml) of Labeo rohita challenged with
sublethal doses of Aeromonas hydrophila and Edwardsiella tarda

Figure 39. Variation in haemoglobin (g/dl) of Labeo rohita challenged with sublethal doses of

Aeromonas hydrophila and Edwardsiella tarda

Figure 40. Variation in haematocrit ( %) of Labeo rohita subjected to challenged with sublethal doses

of Aeromonas hydrophila and Edwardsiella tarda
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4.4.1.4. Haematocrit

The mean haematocrit value of rohu in control (initial) was 15.00+1.00 %. After 6 hrs it
increased to 24.80+1.80 %, however, after 7 days it decreased to 18.22+0.22 % when
experimentally challenged with Aeromonas hydrophila inoculation at sublethal dose (Table 8;
Figure 40). The mean haematocrit values obtained were 24.40+2.40 % and 23.42+2.42 % after
6 hours and 7 days, respectively, when rohu was experimentally challenged with Edwardsiella
tarda at sublethal dose (Table 8; Figure 40).

4.4.2. Biochemical parameters
4.4.2.1. Glucose

The present study indicated that glucose level of unstressed (control) rohu which was
68.00+2.00 mg/dl increased to 73.00+1.00 mg/dl after 6 hrs and decreased to 71.50£1.50 mg/dl
after seven days in experimentally infected with sublethal dose of Aeromonas hydrophila (Table
8; Figure 41). Similar trend was observed in Edwardsiella tarda infected (sublethal level) rohu in
which glucose level rose to 70.00+1.00 mg/dl and remained at the same level even after seven
days (Table 8; Figure 41).

4.4.2.2. Total protein

The mean protein content of rohu in control (initial) was 3.18+0.18 g/dl. After 6 hrs it
decreased to 2.491+0.49 mg/dl, however, after 7 days it increased to 2.89+0.07 mg/dl when
experimentally challenged with Aeromonas hydrophila infection at sublethal dose (Table 8;
Figure 42). Likewise, the mean protein content obtained were 3.15+0.15 mg/dl and 3.31+0.05
mg/dl after 6 hours and 7 days, respectively, when rohu was experimentally challenged with
Edwardsiella tarda at sublethal dose (Table 8; Figure 42).

4.4.2.3. Triglycerides

In present study the triglyceride level of uninfected fish was 54.00+2.00 mg/dl. But after
6 hrs it increased to 110.00+1.50 mg/dl and 79.00+1.50 mg/dl when it was challenged with
sublethal doses of Aeromonas hydrophila and Edwardsiella tarda, respectively (Table 8; Figure
43). Atfter 7 days it the corresponding values declined to 81.50+1.50 mg/dl and 58.5+1 mg/dl in
Aeromonas hydrophila and Edwardsiella tarda infected fish.
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Figure 41. Variation in serum glucose (mg/dl) of Labeo rohita challenged with sublethal doses of
Aeromonas hydrophila and Edwardsiella tarda

Figure 42. Variation in serum total protein (g/dl) of Labeo rohita challenged with sublethal doses of
Aeromonas hydrophila and Edwardsiella tarda

Figure 43. Variation in serum triglyceride (mg/dl) of Labeo rohita challenged with sublethal doses of
Aeromonas hydrophila and Edwardsiella tarda

Figure 44, Variation in serum urea (mg/dl) of Labeo rohita challenged with sublethal doses of
Aeromonas hydrophila and Edwardsiella tarda
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4.4.2.4. Urea

The mean urea content of rohu in control (initial) was 3.95+0.5 mg/dl. After 6 hrs it
increased to 7+1 mg/dl, however, after 7 days it decreased to 5.6+0.6 mg/dl when
experimentally challenged with Aeromonas hydrophila infection at sublethal dose (Table 8;
Figure 44). Likewise, the mean urea level obtained were 6.6+0.6 mg/dl and 5.3+0.6 mg/d| after
6 hours and 7 days of post infection respectively, when rohu was experimentally challenged with
Eadwardsiella tarda at sublethal dose (Table 8; Figure 44).

4.4.2.5. Creatinine

In the present analysis uninfected rohu had creatinine level of 0.28+0.02 mg/dl. But after
6 hrs it increased to 0.44+0.02 mg/dl but again declined to 0.291£0.01 mg/dl when subjected to
Aeromonas hydrophila inoculation at sublethal dose (Table 8; Figure 45). Similar trend was
observed in fish experimentally challenged with Edwardsiella tarda, wherein corresponding
values after 6 hrs and 7 days were found to be 0.32+0.02 mg/dl and 0.27+0.01 mg/dl,
respectively (Table 8; Figure 45).

4.4.2.6. Alanine aminotransferase (ALT)

In the present study the mean ALT level of uninfected (control) fish was 21.00+£1.00 |U/L.
But after 6 hrs it increased to 59.00+2.00 IU/L, however, after 7 days it decreased to 31.00+£2.00
IU/L in rohu experimentally challenged with Aeromonas hydrophila inoculation at sublethal dose
(Table 8; Figure 46). Similarly, mean ALT level increased to 27.00+2.00 IU/L after 6 hrs and
decreased to 21.00+2.00 IU/L after 7 days in rohu subjected to Edwardsiella tarda inoculation at
sublethal dose (Table 8; Figure 46).

4.4.2.7. Aspartate aminotransferase (AST)

In the present study the AST level of unaffected fish was found to be 37.00+2.00 IU/L.
But after 6 hrs it increased to 67.00+2.00 IU/L in Aeromonas hydrophila inoculated rohu and
remained at 37.004+2.00 1U/L when subjected to Edwardsiella tarda inoculation at sublethal
doses (Table 8; Figure 47). After 7 days it decreased to 34.00+2.00 IU/L in Aeromonas
hydrophila inoculated fish and 36.00+4.00 IU/L in Edwardsiella tarda inoculated ones. There
existed significant differences (P<0.05) in ALT between control and Aeromonas hydrophila
inoculated rohu (Table 8; Figure 47).
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Figure 45. Variation in serum creatinine (mg/dl) of Labeo rohita challenged with sublethal doses of
Aeromonas hydrophila and Edwardsiella tarda

Figure 46. Variation in serum alanine aminotransferase (IU/L) of Labeo rohita challenged with
sublethal doses of Aeromonas hydrophila and Edwardsiella tarda

Figure 47. Variation in serum aspartate aminotransferase (IU/L) of Labeo rohita challenged with
sublethal doses of Aeromonas hydrophila and Edwardsiella tarda

Figure 48. Variation in lactate dehydrogenase (IU/L) of Labeo rohita challenged with sublethal doses

of Aeromonas hydrophila and Edwardsiella tarda
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4.4.2.8. Lactate dehudrogenase (LDH)

In the present investigation uninfected rohu had LDH level of 109.00 IU/L. But after 6 hrs
it increased to 170.00+4.00 1U/L but declined to 76.00+2.00 1U/L when subjected to Aeromonas
hydrophila inoculation at sublethal dose (Table 8; Figure 48). Likewise, the mean urea level
obtained were 6.60+0.60 mg/dl and 5.30+0.60 mg/dl after 6 hours and 7 days of post infection
respectively, when rohu was experimentally challenged with Edwardsiella tarda at sublethal
dose (Table 8; Figure 48).

4.4.2.0. Cortisol

The mean cortisol content of rohu in control (initial) was 19.00+1.00 pg/dl. After 6 hrs it
increased to 30.00+2.00 pg/dl, however, after 7 days it decreased to 24.00+1.00 ug/dl when
experimentally challenged with Aeromonas hydrophila infection at sublethal dose (Table 8;
Figure 49). Likewise, the mean cortisol content obtained were 25.00+1.00 pg/dl and 23.00+2.00
ug/dl after 6 hours and 7 days, respectively, when rohu was experimentally challenged with
Edwardsiella tarda at sublethal dose (Table 8; Figure 49).

& Aeromonas hydrophila  m Edwardsiella tarda

Serum Cortisol (ug/dl)

Control {(C) 6 hours 7 days

Post infection duration

Figure 49. Variation in cortisol (Lg/dl) of Labeo rohita challenged with sublethal doses of Aeromonas

hydrophila and Edwardsiella tarda
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Discussion

5. DISCUSSION

Stress is an unavoidable component in aquaculture practices which is associated with
transportation, handling, netting, water and sediment quality, vaccination and disease treatment
which causes immunosuppressant and as a result of this fish not only subjected to various
physiological changes but also succumb to diseases when exposed to such acute stressors
(Mock et al, 1990). In aquaculture practices the understanding of fish stress response is
essential to avoid stress-related problems, and to improve fish quality, optimizing productions.
Haematological and biochemical parameters have been acknowledged as valuable tools for
monitoring fish health, confirming maturation and monitoring any changes in the quality of water
and related soil. Information on haematological and biochemical indices of fish, though, very
essential for early diagnosis of disease and studying the effect of stress (Wedemeyer and
Nelson, 1984), their ranges of normal values of the key biochemical parameters are still
undefined for different species in different aquaculture conditions. In the present study
haematological and biochemical changes in rohu (Labeo rohita) subjected different stressors
were analysed and the results obtained are discussed below.

Transporiation of fish seeds from hatchery to farms is stressful, yet it is an inevitable
procedure in aguaculture practices. Optimizing the packing density is very much imperative to
avoid stress and stress-related mortality. Fish transportation at the packing density of 1.5 kg/bag
(200 g/l) from Naihati market is the general practice. Though the abrasion in polythene bags
during transportation was not quantified in the present study, but was evident in significant
differences that were observed in higher packing densities. A cumulative of 30% mortality was
recorded during and after transportation in fish transported at the rate of 1.5 kg/bag, however,
there was no such mortalities in other two packing densities.

In general all the water quality parameters analysed in different sets of experiment were
within the tolerance limits of carps. The water temperature recorded (24.00 — 33.00°C) during
the present study was well within the conducive limits for the growth of Labeo rohita fingerlings.
Carps are reported to thrive well between 18.3 and 37.8°C (Jhingran, 1982). Water pH observed
in the present study ranged from a minimum of 6.80 to a maximum of 7.90 which is also well
within the acceptable limits for carps, which are known to thrive well in pH between 6.70 — 8.10
(Victor and Connors, 2004; Tuladhar, 2003) found that pH range within 6.7 — 8.1 has given good
result regarding the growth studies of Catla catla. The dissolved oxygen content varied from

4.20 to 5.10 mg/l in different sets of experiment except during transportation procedure. These
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values are well within the prescribed limits of 3.6 to 6.0 mg/l (Victor et al., 2004). Dissolved
oxygen content was 3.70 mg/l before transportation which was reduced to 1.30 — 1.50 mg/,
0.72 — 0.80 mg/l and 0.48 — 0.52 mg/l in AT1 (500 g/bag packing density), AT2 (1 kg/bag
packing density) and AT3 (1.5 kg/bag packing density) respectively. Aravindakrishnan et al.
(2011) have reported decrease in dissolved oxygen from an initial value of 5.6 mg/l to 3.4 mg/l,
5.4 mg/l to 1.56 mg/l, 7.2 mg/! to 0.22 mg/l in waters where rohu (Labeo rohita), catla (Catla,
catla) and mrigal (Cirrhinus mrigala) were transported for one hour. From the present study it
was clear that the fish in the packing density of 1.5 kg/bag consumed large amount of dissolved

oxygen due to greater demand for increased metabolic rate.

5.1. Haematological parameters
5.1.1. Total erythrocyte count (TEC) or Red blood corpuscles (RBC)

Total erythrocytes or Red blood corpuscles (RBC) play an important role in
transportation of energy to the cells in terms of oxygen and removing carbon dioxide from the
body. The TEC makes up the majority of the blood cells. Fish RBC are nucleated and have life
span of about 1.5 yrs (Bowser, 1993).

5.1.1.1. Acute single handling stress

The mean total erythrocyte count in the unstressed Labeo rohita (control) was
1.15+0.05x10° no/ml which increased significantly due to handling procedure. The TEC values
were found to be 1.30+0.00x10° no/ml, 1.45+0.05x10° no/ml and 2.00+0.01x10° no/m! when
fish were subjected to 5 min (ASHS1), 10 min (ASHS2) and 15 min (ASHS3) acute single
handling stress, respectively. There existed significant differences (P<0.05) in TEC values
between control and ASHS3 group, ASHS1 and ASHS3 groups and ASHS2 and ASHS3
groups.

5.1.1.2. Acute long term handling stress

The mean TEC was found to be 1.17+0.01x10° in Labeo rohita subjected to acute long
term stress for 5 min (ALHS1) daily. It increased to 1.18+0.02x10° no/ml of blood when
subjected for 10 min (ALHS2). The highest value of 1.99x10° no/mi of blood was recorded when
subjected for 15 min (ALHS3). Significant differences (P<0.05) were noticed between
unstressed (control) group and fish subjected for 10 min and 15 min acute long term stress as
well as between ALHS1 and ALHS3, and ALHS2 and ALHS3 groups. The results corroborated
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with the findings of Sadler et al. (2000) who reported increased RBC count in Atlantic salmon
Salmo salar. The RBC count of unstressed female remained at 0.94x10° no/ml of blood, which
was increased to 0.97 x10°% no/ml of blood, due to handling stress, However, they opined that
RBC count does not show any significant impact in case of short term acute stress. Aberu et al.
(2009) also found that in pacu (Piaractus mesopotamicus) RBC count increased from 2.30x10°
no/ml of blood in control group to 2.40x10° no/ml of blood, due to 5 min acute handling. The
mean RBC count in jundia (Rhamdia quelen) was significantly higher in stressed fish (1.70x10°
no/ml of blood) than control (1.5x10° no/ml of blood) (Leonardo et al., 2003). Contrary to the
present study, Gobore et al. (2006) found in Clarias gariepinus the RBC count decreased from
0.73x10° no/ml to 0.70x10° no/mi of blood and in Tilapia zilli the RBC count decreased from
1.10x10° no/mi to 1.05x108 no/ml when they are subjected to handling stress.

5.1.1.3. Experimentally challenged bacterial infection stress

In the present investigation the mean TEC value of control Labeo rohita (initial) was
1.26+0.03x10° no/mi of blood. After 6h the TEC increased to 1.40+0.04x10° no/mi of blood and
after 7 days it further increased to 1.45+0.01x10° no/mi of blood when subjected to Aeromonas
hydrophila challenge at sublethal dose. Likewise, the TEC values in Labeo rohita increased to
1.32+0.01x10° no/ml of blood and 1.42+0.00x10° no/ml of blood when subjected to
Eadwardsiella tarda challenge at sublethal dose for 6h and 7 days, respectively. The TEC values,
however, did not differ significantly (P>0.05) between control and after 6h in both the cases.
There was a significant difference (P<0.05) between control and 7 days post-challenge groups
in both the cases. The difference between the 6h and 7 days post-Edwardsiella tarda
challenged groups was also significant. Likewise, in Nile tilapia (Oreochromis niloticus) the RBC
increased from 1.02 x10° no/ml of blood to 1.09x10° no/ml of blood when experimentally
injected with sublethal dose of Aeromonas hydrophila (Bailone et al., 2010). According to
Pourgholam et al. (2013), when grass carp (Ctenopharyngodon idella) was subjected to
Aeromonas hydrophila challenge at sublethal dose for a long duration, the RBC count
decreased from 1.80x10° no/m! of blood to 1.70x10° no/ml of blood, which is not in accordance
to the present finding. Phanikumar et al. (2013) observed that when pangus (Pangasianodon
hypophthalmus) were subjected to Aeromonas hydrophila challenge at sublethal dose for a long
duration the RBC count decreased from 4.66x10° no/mi of blood to 4.21x10° no/mi of blood,
which they have attributed to hypochromic microcytic anaemia. Decreased RBC values also
indicated that such cells are being destroyed by the leukocytosis activity. In rainbow trout
(Oncorhynchus mykiss) the RBC counts decreased from 1.00x10° no/ml of blood to 0.50x10°
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no/ml of blood when subjected to Aeromonas hydrophila challenge at lethal dose for long
duration (Rehulka et al., 2002).

The elevated red blood cells in the circulation (erythropoesis), is presumably a first
mechanism through which fish might compensate for higher metabolic rate which invariably
prevails in stressed conditions (Wepener et al., 1992). A second mechanism by which fish might
compensate for poor oxygen uptake during stress conditions is via the release of a large
number of mature red biood cells in the general circulation. This is thought to be stimulated by
b-adrenergic action on the hemopoietic tissues, which contract and release stored mature red
cells (Wepener et al, 1992). This mechanism might, however, compensate for short term
oxygen concentration variations in blood or water (Nespolo and Rosenmann, 2002). The spleen
is a small organ in relation to body mass in teleosts, yet it provides an appreciable reservoir of
erythrocytes which, under the control of the autonomic nervous system, may be released rapidly
into the circulation (Fange and Nilsson, 1985). Adjustments to blood characteristics are very
common when fish are exposed to stress which includes adrenergically mediated red blood cell
swelling and release of red blood cells from the spleen (Val, 1993; Randall and Perry, 1994) as
reported in tambaquii, Colossoma macropomum (Moura, 1994) and also when fish are
asphyxiated (Bonnet, 1929; Yamamoto ef al., 1985) and hence may acclaim for the increase in
RBC as observed in the present investigation. Generally, red blood cells undergo premature
destruction by intravascular haemolysis in circulation. This may be caused by trauma to the
RBC, either by natural complement activation process to the RBC or by exogenous toxins
(Cooper and Bunn, 1988). The gradual shrinkage and ultimate disintegration of RBC might have
contributed to the poorer value of RBC count and Ht values (Homechaudhuri et al., 1986).
Removal of dysfunctional erythrocytes from the blood circulation due to oxygen shortage might
also have also caused the reduction in TEC as observed by some authors (Gbore et al., 2006;
Phanikumar et al., 2013).

5.1.2. Total leukocyte count (TLC) or White blood corpuscles (WBC)

The white blood corpuscles (WBC) perform the most vital role by preventing from any
external stress as it associated with cellular immunity and with the production of humoral
antibody (Wedemeyer et al.,, 1990). Leukocytes are involved in the regulation of immunological
function and their numbers increase as protective response in fish to stress. Their counts in fish
blood are considerably higher than that of a man or other vertebrates (Andrews, 1965).
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5.1.2.1. Acute single handling stress

In the present study, the mean total leukocyte count in the unstressed fish (control) was
51.50+0.05x10° no/ml, which showed an increasing trend with acute and chronic handling
duration. The mean TLC values in Labeo rohita subjected to acute single handling stress
(ASHS) for 5 min (ASHS1), 10 min (ASHS2) and 15 min (ASHS3) were found to be
85.00+02.00x10° no/ml, 91.50+0.05x10° no/mt and 99.00+2.00x10° no/ml, respectively. There
existed significant differences (P<0.05) in TLC values between control and all the stressed
groups, ASHS1 and ASHS3 groups and ASHS1 and ASHS3 groups.

5.1.2.2. Acute long term handling stress

The mean TLC values in Labeo rohita subjected to acute long term stress for 5 min/day
(ALHS1), 10 min/day (ALHS2) and 15 min/day (ALHS3) were recorded as 52.00+1.00x10°
no/ml, 56.00+2.00x10° no/ml and 59.00+3.00x10° no/ml, respectively. However, there was no
significant differences (P>0.05) between control and stressed fish as well as among the
stressed fish.

On the other hand, the mean WBC count in jundia (Rhamdia quelen) was significantly
higher in stressed fish (3.20x10° no/ml of blood) than control (2.90x10® no/ml of blood)
(Leonardo et al., 2003). Gbore et al. (2006) found in Clarias gariepinus the WBC count
increased from 1.29x10” no/ml of blood to 4.20x10? no/m! of blood and in Tilapia zilli the WBC
count increased from 1.72x10° no/ml to 1.80x10° no/ml when they were subjected to handling

stress and their findings are in concurrence with the present resuit.

5.1.2.3. Experimentally challenged bacterial infection stress

The mean TLC value in control Labeo rohita (initial) was 44.00+2.00x10* no/ml of blood.
In 6h post-Aeromonas hydrophila challenge group, it increased to 64.00+3.00x10° no/ml of
blood. However, in 7 days post-Aeromonas hydrophila challenge group, it decreased to
46.50+0.50x10° no/ml of blood. The mean TLC values obtained were 49.50+0.50x10* no/mi of
blood and 41.20+1.50x10® no/ml of blood after 6h and 7 days, respectively, in Edwardsiella
tarda challenged Labeo rohita. The TLC values differed significantly (P>0.05) between control
and in 6h post-challenged Labeo rohita as well as 6h and 7 days post-A. hydrophila challenged
rohu. However, there was no significant difference between (P>0.05) between control and 7
days post-challenged Labeo rohita. However, the difference in TLC values between 6 hours and
7 days post-Edwardsiella tarda challenged rohu was significant (P<0.05). According to
Pourgholam et al. (2013), when grass carp (Ctenopharyngodon idella) were subjected to
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Aeromonas hydrophila challenge at sublethal dose for a long duration the WBC count increased
from 1.90x10° no/mi of blood to 2.70x10 no/ml of blood, which upholds the present findings.
Similarly, Phanikumar et al. (2013) also reported that when pangus (Pangasianodon
hypophthalmus) are subjected to Aeromonas hydrophila infestation at sublethal dose for a long
duration the WBC count increased from 3.91x10° no/ml of blood to 6.05x10 no/mi of blood.
Likewise, Bailone et al. (2010) found in Nile titapia (Oreochromis niloticus) when experimentally
challenged with sub lethal dose of Aeromonas hydrophila, WBC count increased from
18.19x10° no/ml of blood to 37.66x10° no/ml of blood, and their report also concurred with
present result. Sopinska (1984) observed increase in leukocytes from 40.51+ 10.65 X 10°
no/mm to 72.16+ 7.48X 10° no/mm in carps subjected to transportation stress.

The TLC may increase with stress as they are involved in the regulation of
immunological function and as a protective response stress in fishes (Hymarathi and Rao, 1999;
Santhakumar et al.,, 1999; Nussey et al., 2002). The reports of Wiasow and Dabrowska (1990)
and Svobodova et al. (1999) showed a decrease in leukocyte count in fish exposed to stress.
Stressors induce the secretion of adrenocorticotropic hormone (ACTH) stimulating the adrenal
cortex activity (Fryer, 1975). The result is the mobilization of protective mechanisms including
the leukocyte system of the body (Sopinska, 1984). Increased leukocytes seem to be the result
of an alarm reaction occurring during stress as observed in the present study, which is also
confirmed by results obtained by Weinreb (1958).

The stress induced elevation of plasma cortisol has a direct cytolytic effect on
lymphocytes (Wiiki et al, 1989; Engelsma et al., 2003). Lymphocytopoenia in stressed fish
might occur due to the extravasations of the cells and their penetration into the epithelium of
gills, skin or intestine. The movement of immune cells during stressful periods is influenced by
stress hormones; therefore, the mobilization of neutrophils and macrophages that form the first
line of defense may be important for survival (Ruane et al., 2002).

In experimentally challenged Labeo rohita, the TLC was found to be decreased from
initial values to 7 days post-challenge, probably due to prolonged stress leading to impairment
in leucopoiesis resulting in reduction of TLC. Probably the immune system initially stimulated
leukocyte production (Hymarathi and Rao, 1999; Nussey et al., 2002) to compensate the WBC
loss, resulting in increased number in later days. Pourgholam et al. (2013) attributed increase in
leukocytes in A. hydrophila inoculated grass carp Ctenopharyngodon idella to increase in the
levels of respiratory burst.
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5.1.3. Haemoglobin
The transport of oxygen from the site at which it is acquired to the remaining parts of the
body in which it is needed is the primary function of the blood pigment, haemoglobin (Hb).

5.1.3.1. Acute single handling stress

In the present study there was an irregular trend in haemoglobin content of Labeo rohita
subjected to acute single handling stress. The mean haemoglobin value in the unstressed
(control) fish was 3.80+0.20 g/dl. Maximum haemoglobin content (4.10+0.00 g/dl) was recorded
in ASHS3 (fish subjected to 15 min acute single handling stress); whereas minimum value
(3.10+£0.10 g/dl) was found to be in ASHS1 (fish subjected for 5 min acute single handling
stress). An intermediate value of 3.80+0.20 g/dl was noticed in ASHS2 (fish subjected to 10 min
acute single handling stress). There existed significant differences (P<0.05) in haemoglobin
content between control and AHSS3 groups, ASHS1 and ASHS3 groups.

5.1.3.2. Acute long term handling stress

There was an increased trend in haemoglobin content of Labeo rohita subjected to acute
long term handling stress. Fish subjected to 5 min acute long term handling stress (ALHS1) had
mean haemoglobin level of 3.90+0.10 g/dl which increased to 4.20+0.10 g/dl and 4.25+0.00 g/dl
in cases of fish subjected to 10 min (ALHS2) and 15 min (ALHS3) acute long term handiing
stress, respectively. The Hb values, however, did not differ significantly (P>0.05) between
control and all other stressed group, as well as among the stressed groups.

The present study validated the findings of Sadler et al. (2000) who reported a similar
trend in the case of Atlantic salmon (Salmo salar) where the haemoglobin level of unstressed
female was 8.37 g/dl, which then decreased to 7.97 g/dl and further dropped to 6.88 g/dl.
However, its level increased to 7.10 g/dl at later stages. This implied that haemoglobin may not
show any significant impact in case of short term acute stress. Such an irregular trend was also
observed by Aberu et al. (2009) in pacu (Piaractus mesopotamicus). In their study, they have
recorded the Hb level of 12.50 g/dl in unstressed (control) fish, which increased to 12.80 g/dl
due to 5 min acute handling and then it reduced to 12.00 g/di when fish was subjected to 15 min
handling stress. Leonardo et al. (2003) did not find any significant change in haemoglobin
concentration in jundia (Rhamdia quelen) due to short term acute stress, which further
established the fact that short term acute stress may not have impact on haemoglobin content
of blood.
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5.1.3.3. Transportation stress

Haemoglobin content showed significant variation with transportation stress as well as
density of packing in the present investigation. The mean Hb value in fish of BD group (before
disturbance — control) was 3.80+0.02 g/dl and it increased to 4.05+0.15 g/dl before
transportation (BT). The mean Hb values further increased to 5.40+0.00 g/dl in 500 g/bag
packing density (AT1), 4.90+0.02 g/dl in 1.0 kg/bag packing density (AT2) and 5.20+0.02 g/dl in
1.5 kg/bag packing density (AT3) immediately after transportation. The haemoglobin content
differed significantly (P< 0.05) between BT and AT1, AT2 and AT3 groups. However, there was
no significant differences (P>0.05) among the packing densities immediately after
transportation.

The result obtained by Dobsikova et al. (2006) in case of common carp (Cyprinus carpio)
showed increase in haemoglobin from 3.20 g/dl to 3.62 g/dl when subjected to 12h
transportation stress. Similar findings were also observed by Dobsikova et al. (2009) in case of
common carp (Cyprinus carpio) where Hb value of control fish was 102.00 g/L, which increased
to 103.54 g/L due to 12 h transportation. Sopinska (1984) also reported increase in Hb value of
carp blood from 7.83 mg/dl to 8.01 mg/dl, when carps are subjected to transportation stress.
However, Anthony et al. (1961) found a decreased in the Hb level in Tilapia guinensis from 5.33
mg/dl to 3.76 mg/dl when subjected to acclimation after capture, which deviates from the other
reports and the present findings.

5.1.3.4. Experimentally challenged bacterial infection stress

In the present study the haemoglobin level of control Labeo rohita (initial) was 4.00+0.20
g/dl of blood. In 6h post-Aeromonas hydrophila challenge group, at sublethal dose, the value
decreased to 3.80+0.00 g/d! and in 7 days post-challenge group it increased to 4.10+0.20 g/dl.
The haemoglobin concentration values in Labeo rohita initially increased to 4.10+0.20 g/dl 6h
post-Edwardsiella tarda challenge; while it decreased to 4.00+0.00 g/dl in 7 days post-
Edwardsiella tarda challenge group. However, there was no significant differences (P>0.05) in
haemoglobin between control and stressed fish as well as among the stressed fish also for both
Aeromonas hydrophila challenged and Edwardsiella tarda challenged Labeo rohita. According
to Pourgholam et al. (2013), when grass carp (Ctenopharyngodon idella) was subjected to
Aeromonas hydrophila challenge at sublethal dose for a long duration, the Hb level decreased
from 5.4 g/dl to 4.6 g/dl which corroborate the present findings. Similarly, Phanikumar et al.
(2013) also observed decrease in haemoglobin content from 14.08 g/dl to 12.11 g/dl in pangus
(Pangasianodon hypophthalmus) subjected to Aeromonas hydrophila challenge at sublethal

82



Discussion

dose for a long duration. Correspondingly, Rehulka et al. (2002) also recorded a similar trend
(reduction in Hb from 6.00 g/dl to 4.20 g/dl) in rainbow trout (Oncorhynchus mykiss) when
experimentally challenged with Aeromonas hydrophila at sub lethal dose. Furthermore, Jin ha
Yu (2010) experimentally challenged Silurus asotus with Edwardsiella tarda and found that
haemoglobin reduced from 3.25 g/di to 1.60 g/d| after 48h injection.

Usually haemoglobin concentration seems to be less influenced by acute stress.
Changes in the haemoglobin content of blood in response to the environment might be either
due to change in the number of erythrocytes or due to change in the haemoglobin concentration
of the individual cells. It has been shown that fishes produce haemoconcentration, as a strategy
for increasing oxygen carrying capacity of blood during stress conditions or during high energy
demand. Anthony (1961) suggested that the oxygen carrying capacity of cell might increase due
to elevation in metabolic rate under stress condition through enhanced haemoglobin content
and haemoglobin-oxygen affinity. Increased oxygen carrying capacity, based on direct
measurement or inferred from elevated haemoglobin, has also been noted in a number of fish
including chronically hypoxic killifish (Greaney and Powers, 1978), trout (Swift and Lloyd, 1974;
Soivio et al., 1980) and eels (Wood and Johansen, 1972). The decreased Hb trend may be a
result of swelling of RBC as well as poor mobilization of haemoglobin from spieen to other
hemopoeitic organs (Scott et al., 2007).

5.1.4. Haematocrit

Haematocrit refers to the ratio of erythrocytes to plasma in the blood and measures the
packed cell volume of the erythrocytes contained in the blood or measure of cellular fraction in
the blood and expressed as a percentage of plasma volume (Ht %). There exists a positive
correlation between the haematocrit value and the total erythrocyte count of the fishes. Any
increase in haematocrit may indicate stress induced spleenic release of red blood cells. The
blood haematocrit in the present study showed a significant variation with acute handling
periods in comparison to control.

5.1.4.1. Acute single handling stress
The mean haematocrit value in the unstressed Labeo rohita (control) was comparatively
lower (14.20+0.3%) and increased with the duration of acute single handling stress, i.e. it was
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22.00+1.00% for 5 min (ASHS1), 24.50+£1.10% in case of 10 min (ASHS2) and 26.25+0.75% in
case of 15 min (ASHS3). There were significant differences (P <0.05) in haematocrit values
between control and each of the stressed group. The differences among the stressed groups

was, however, insignificant (P>0.05).

5.1.4.2. Acute long term handling stress

The mean haematocrit values recorded in the present study were found to be
11.09+037%, 13.99+0.33% and 16.95+0.00% in Labeo rohita subjected to 5 min (ALHS1), 10
min (ALHS2), and 15 min (ALHS3) acute long term handling stress, respectively. Haematocrit
values differed significantly (P<0.05) between control and each of the stressed group, as well as
between ALHS1 and ALHS2, ALHS1 and ALHS3 and ALHS2 and ALHS3 groups. The present
results are in concurrence with the findings of Sadler et al. (2000) who reported increase in Ht
level of Atlantic salmon (Salmo salar) from 32.50% (unstressed) to 35.70% due to handling
stress. Similarly, Aberu et al. (2009) found that pacu (Piaractus mesopotamicus) had higher Ht
level (36.90%) when subjected to 5 min acute handling stress than that of unstressed (34.50%)
one. Giulia et al. (2008) recorded significantly higher mean Ht level in stressed sea bass
Dicentrarchus labrax L. (35.00%) than control (25.00%). On the other hand, Leonardo et al
(2003) did not find any significant change in haematocrit value in jundia (Rhamdia quelen) due
to short term acute stress.

5.1.4.3. Transportation stress

The present investigation also implied a significant variation in haematocrit value with
transportation procedures. The mean haematocrit value in the undisturbed fish (BD) was
14.20%, which increased significantly as the transportation procedure begun. Before
transportation (BT) it was 18.93%, which increased to 27.82%, 34.96%, and 36.93% in the fish
packed at the rate of 500 g/bag (AT1), 1 kg /bag (AT2) and 1.5 kg/bag (AT3). The haematocrit
values did not differ between AT2 and AT3 groups (P>0.05).

A significant increase in Ht level was also reported in juvenile tambaqui (Colossoma
macropomum) where Ht level in undisturbed fish was 25.00%, which was increased to 30.00%
before transportation and further it increased to 32.00%, 34.00%, 32.00% and 32.00%
immediately after transportation and then decreased to 23.00%, 28.00%, 27.00% and 26.00%
after 24h of transportation in fishes transported at 78 kg/cubic meter,156 kg/cubic meter, 234
kg/cubic meter and 312 kg/cubic meter packing densities, respectively (Gomes et al., 2003).
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Dobsikova et al. (2009) reported that in case of common carp (Cyprinus carpio) where Ht value
of control fish was 42.00% which remained same in case of 7 h and increased to 46.00% after
12 h transportation. The results of the present study also coincided with the findings of
Dobsikova et al. (2006) who noticed an increment in Ht value from 32.00% to 36.00% in
common carp (Cyprinus carpio) when subjected to 12 h transportation stress. Sopinska (1984)
also documented increased haematocrit value from 35.80% to 49.80%, when carps were
subjected to transportation stress. However, Aberu et al. (2008) did not observe any variation in
Ht in the case of juvenile matrinxa (Brycon amazonicus) subjected to 4h transportation stress
rather it decreased to 32.00% after 24h of transportation.

5.1.4.4. Experimentally challenged bacterial infection stress

The mean haematocrit value in control Labeo rohita (initial) was 15.00%. After 6 h of
challenge with Aeromonas hydrophila at sublethal dose it increased to 24.80%; however, after 7
days of challenge it decreased to 18.22%. The mean haematocrit values obtained were 24.40%
and 23.42% after 6h and 7 days of challenge with Edwardsiella tarda at sublethal dose. Bailone
et al. (2010) observed a decrease in Ht level from 26.33% to 22.33% in Nile tilapia
(Oreochromis niloticus) when subjected to Aeromonas hydrophila challenge at sublethal dose.
They argued that this event is occurred due to insufficient inoculation to provoke blood
alteration. According to Pourgholam et al. (2013), when grass carp (Ctenopharyngodon idella)
was subjected to Aeromonas hydrophila challenge at sublethal dose for a long duration the Ht
level decreased from 21.20% to 1.70%. They suggested that alteration in the hematological
parameter were brought as an anaemic condition due to decreased synthesis of red blood cells
and erythrocytes in the bone marrow when fishes were subjected to long term stress.
PhaniKumar et al. (2013) observed that when pangus (Pangasionodon hypopthalamus) were
challenged with Aeromonas hydrophila at sublethal dose for a long duration, the Ht level
decreased from 49.79% to 35.16%. Similarly, Jin ha Yu (2010) found decreased Ht value in
Silurus asotus when experimentally injected with subletha lethal dose of Edwardsiella tarda from
31.6%- 14.7% after 48 h of injection. These results are in agreement with the present one.

During stress situations, elevated haemoglobin and haematocrit increases the oxygen
carrying capacity of blood and, thus, the oxygen supply to major organs in response to higher
metabolic demands (Ruane et al., 1999). Most teleosts are oxygen regulators (Hughes, 1973;
Rantin and Johansen, 1984), in that they maintain a constant metabolic rate despite a decrease
in ambient oxygen saturation that is achieved mainly by increasing the respiratory volume
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(Randall, 1982) and adjustments in the oxygen carrying capacity/affinity (Boutilier et al., 1987;
Weber and Lykkeboe, 1978) which thereby increases the blood volume.

5.2. Biochemical indices / stress markers

5.2.1. Glucose

Serum glucose level is the most commonly measured indicator of secondary phase
stress response in fish (Wedemeyer et al., 1990), which is relatively easy to measure and
inexpensive. The increased result of glucose causes as a result of cortisol induced
gluconeogenesis, as a result, blood glucose changes are often been used as direct measure of
altered cortisol reaction. Blood glucose level may vary according to season and water
temperature, and glucose concentration in fish decreases with age and size (Cossinss et al.
1982).
5.2.1.1. Acute single handling stress

The mean glucose level in the unstressed Labeo rohita (control) was 30.00+1.00 mg/di
which increased significantly due to handling procedure. The glucose levels were found to be
45.00+£1.00 mg/dl, 61.00x1.00 mg/dl, 74.50+0.00 mg/di when fish were subjected to 5 min
(ASHS1), 10 min (ASHS2) and 15 min (ASHS3) acute single handling stress, respectively.
There were significant differences (P<0.05) in glucose levels between control and each of the
stressed group as well among the stressed groups.

5.2.1.2. Acute long term handling stress

The mean glucose level was found to be 57.00+2.00 mg/dl, 83.56:£0.50 mg/dl and
113.50+1.00 mg/dl in fish subjected to acute long term stress for 5 min (ALHS1), 10 min
(ALHS2) and 15 min (ALHS3) daily, respectively. There existed significant differences (P<0.05)
in glucose levels between control and each of the stressed group as well among the stressed
groups. The present results conform with the findings of Svoboda et al. (1999) in common carp
(Cyprinus carpio) where the glucose level of unstressed fish remained at 4.50 mmol/l (81.072
mg/dl) where as it increased to 7.00 mmol/l (126.112 mg/dl) due to short term acute handling (5
min). Abero et al. (2009) also found increased glucose level from 58.00 mg/d! to 88.00 mg/dI
after 5 min and 90.00 mg/di after 30 min of acute handling. Serum glucose values were highly
variable (25.10-154.00 mg/dl) in juvenile haddock (Melanogrammus aeglefinus) exposed to long
term handling stress (Hosoya et al., 2006). According to Giulia et al. (2008) the glucose level
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increased from 60.00 mg/dl to 120.00 mg/dl in Dicentrachus labrax due to short term acute
stress.

5.2.1.3. Transportation stress

Glucose level varied with transportation stress as well as density of packing in the
present research. The mean glucose level in fish of BD group (before disturbance — control) was
30.00+2.00 mg/di, which increased to 41.00+3.00 mg/dl before transportation (BT). The mean
glucose values further increased to 52.50+3.50 mg/dl in 500 g/bag packing density (AT1),
59.00+2.00 mg/dl in 1.0 kg/bag packing density (AT2) and 62.00+1.00 mg/dl in 1.5 kg/bag
packing density (AT3) immediately after transportation. Serum glucose showed significant
differences (P<0.05) between BT and AT2 as well as BT and AT3 groups. Dobsikova et al.
(2006) noticed increase glucose levels from 8.20 mmol/l (147.73 mg/dl) to 8.70 mmol/l (156.74
mg/dl) and 9.40 mmol/l (169.35 mg/dl) in common carp when transported for the durations of 7h
and 12h, respectively. The present results also in agreement with the findings of Abreu et al.
(2008) recorded on juvenile matrinxa (Brycon amazonicus) where glucose level increased from
45.00 mg/dl to 102.00 mg /dl when subjected to 4h of transportation stress. A significant
increase in glucose level was also found in juvenile tambaqui (Colossoma macropomum) where
glucose level in unstreessed fish was 100.00 mg/dl, which increased to 125.00 mg/dl before
transportation and further it increased to 140.00 mg/dl, 200.00 mg/dl and 220.00 mg/di after
transportation and then decreased to 80.00 mg/dl, 140.00 mg/dl, 135.00 mg/di after 24h of
transportation in packing densities of 78 kg/cubic meter, 156 kg/cubic meter, 234 kg/cubic meter
and 312 kg/cubic meter, respectively (Carlos et al., 2003). Similar results were also obtained by
Chatterjee et al. (2009) in rohu fry (Labeo rohita) where glucose value of control fish was 9.00
mg/dl, which increased to 12 mg/dl and 18 mg/d! after 12h of transportation, and 14 mg/dl and
25 mg/dl after 24h of transportation and 26 mg/dl and 38 mg/d! after 36h of transportation when
packed in 40 g/l and 80 g/l packing densities, respectively.

5.2.1.4. Experimentally challenged bacterial infection stress

The present study indicated that glucose level of unstressed Labeo rohita (control) which
was 68.00+2.00 mg/dl, which increased to 73.00+1.00 mg/dl after 6h of challenge and then
decreased to 71.50+1.50 mg/dl after seven days of experimental challenge with sublethal dose
of Aeromonas hydrophila. Similar trend was observed in Edwardsiella tarda infected (sublethal
level) rohu in which glucose level rose to 70.00+1.00 mg/dl and remained at the same level
even after seven days. However, there was no significant difference (P>0.05) in glucose levels
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between control and stressed fish as well as among the stressed fish in both the cases of A.
hydrophila and E. tarda challenged Labeo rohita. Bailone et al. (2010) reported similar findings
when Nile tilapia (Oreochromis niloticus) was subjected to Aeromonas hydrophila infection at
sublethal dose with the glucose level increasing from 21.91 mg/dl to 34.17 mg/dl.

In suboptimum or stressful conditions (internal or external) the chromaffin cells release
catecholamine hormones, adrenaline and non-adrenaline hormone toward blood circulation
(Reid et al., 1998). These stress hormones in conjunction with cortisol mobilize and elevate
glucose production in fish through glucogenesis and glycogenolysis pathways (lwama et al.,
1999) to cope with the energy demand produced by the stressor for the “fight of fright” reaction.
This might be the cause to raise glucose levels in the present study under stressed conditions.
The glucose production is mostly mediated by the action of cortisol which stimulates liver
gluconeogenesis and also halts peripheral sugar uptake (Wedemeyer et al., 1990). Glucose is
then released (from liver and muscle) toward blood circulation and enters into cells through the
insulin action (Nelson and Cox, 2005). Umingel (1977) reported that blood sugar has a direct
correlation to metabolism. The increase in blood sugar noticed in the present study could be
attributed to differences in respiration and activity as pointed out by Ghosh (1987) as the
metabolic rate is known to increase at altered normal conditions. Omoregie et al. (1990)
reported that tilapia showed marked hyperglycemia response to stressed environmental
conditions as a result of incomplete metabolism of the blood sugar due to impaired
osmoregulation. When fish absorbs little oxygen from the environment, the respiratory
metabolism is depressed and, therefore, stored intracellular glycogen is utilized. Under such
conditions, the hyperglycemic hormone is released for the degradation of glucose. This glucose
leaks into the blood causing hyperglycemia (Bhattacharya et al., 1987). The general opinion is
that the ‘stress’ initiates glycogenolysis in the liver and this results in hyperglycemia (Menten,
1927). Tondon and Joshi (1973) showed that the blood glucose increased rapidly for the first 2h
after stress and rose to 190% of the pre-stress value. Hattingh, (1976) found increase of
glucose levels up to 170% with concomitant decrease in haemoglobin concentration and
haematocrit.

5.2.2. Total protein

Proteins are important structural and functional molecules in the body. The amino acids
from proteins may be used for synthesis of new molecules, or may be burned for energy.
Healthy rates of protein synthesis require a homeostatically regulated nitrogen balance, which
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compares the rate of incorporation of new proteins into tissue to the rate of protein breakdown
to supply energy demands.

5.2.2.1. Acute single handling stress

The mean total protein level in the unstressed fish was significantly higher (2.55+0.040
g/dl), which, however, decreased with the duration of handling stress. Mean protein contents
were 2.3910.00 g/dl in fish subjected to 5 min acute single handling stress (ASHS1), 2.44+0.05
g/dl in case of 10 min (ASHS2) and 2.23x0.11 mg /dl in the case of 15 min (ASHS3). There was
no significant difference (P>0.05) in protein content between control and stressed groups.

5.2.2.2. Acute long term handling stress

Minimum protein content (1.82+0.07 g/dl) was observed in fish subjected to 15 min acute
long term handling stress (ALHS3). Whereas the values recorded in 5 min handling stress
(ALHS1) and 10 min handling stress (ALHS2) were found to be 2.10+0.10 g/dl and 1.9110.26
g/dl, respectively. Significant difference (P<0.05) in protein content was noticed between control
and ALHS3 group. The present result is analogous to Sadler et al. (2000), who found a
decrease in protein level from 2.37 g/dl to 1.83 g/dl and 1.93 g/dl to 1.40 g/dl due to acute
handling in Atlantic salmon (Salmo salar). Gbore et al. (2006) found decrease in protein content
from 2.37 g/dl to 2.21 g/dl in Tilapia zilli and from 5.29 g/dl to 5.06 g/dl in Clarias gariepinus
when subjected to handling stress and their findings also corroborated with the present study.
The mean total protein level in jundia (Rhamdia quelen) was significantly higher in stressed fish
(9 g/d!) than control (5 g/dl), (Leonardo et al., 2003) and this result contradicted our findings and
earlier reports. They attributed this fact to mobilization of protein as a substrate for hepatic
glucogenesis.

5.2.2.3. Transportation stress

The serum protein altered with transportation procedures as well as density of packing in
comparison to undisturbed fishes. The mean total protein level in the unstressed fish (BD) was
relatively higher (8.2810.28 g/dl), which decreased with the stress. It decreased as the
transportation procedure proceeded. The serum protein value was 7.53+0.27 g/dl before
transportation (BT). Immediately after transportation it further declined to 4.42+0.21 g/dl,
2.37+0.37 g/dl, and 3.81+0.10 g/d! in fish stocked at 500 g/bag (AT1), 1 kg /bag (AT2) and 1.5
kg/bag (AT3), respectively. Serum total protein showed significant differences between BT and
each of the groups of AT (P<0.05). Similar findings were also observed by Dobsikova et al.
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(2009) in common carp (Cyprinus carpio) where total protein level decreased from 33 g/l to 31
g/l when subjected to 7 h and 12 h transportation stress, respectively. Whereas the present
result did not corroborate the finding of Dobsikova et al. (2006) recorded in common carp
(Cyprinus carpio) where total protein level increased from 29.8 g/l to 31.1 g/l when subjected to
7h transportation stress.

5.2.2.4. Experimentally challenged bacterial infection stress

The mean protein content of Labeo rohita control (initial) was 3.18+0.18 g/dl. After 6h of
challenge with Aeromonas hydrophila infection at sublethal dose it decreased to 2.49+0.49
mg/dl, however, after 7 days of challenge it increased to 2.89+0.07 mg/dl. Likewise, the mean
protein contents of rohu when infected with Edwardsiella tarda at sublethal dose were 3.15+0.15
mg/dl and 3.31+0.05 mg/dl after 6h and 7 days of challenge, respectively. Rehulka et al. (2002)
noticed a decline in protein level from 35 g/dl to 12 g/dl in rainbow trout (Oncorhynchus mykiss)
subjected to Aeromonas hydrophila infection at sublethal dose for long duration. In the same
way, Jin Ha Yu (2010) found in Silurus asotus experimentally injected with sublethal dose of
Edwardsiella tarda the total protein value decreased from 3.01 mg/dl to 2.69 mg/dI after 48 hof
injection.

Amino acids are the most important anabolic nutrient, and can be used to synthesize
structural and functional proteins of the body. Before amino acids can be oxidized for energy,
they must have the amine group removed, a process called deamination. The deaminated
amino acid molecule is converted to pyruvic acid, or a Krebs cycle ketoacid intermediate.
Deaminated amino acids may also be reconverted to cortisol and contribute to
gluconeogenesis. An increase in serum protein might be due to caused by a shift of fluid from
the serum to the intracellular compartment and a decrease can be caused by hydration in serum
due to osmotic imbalance between extracellular and intracellular compartments (Milligen and
Wood, 1982). The reduction in total protein can also be ascribed to its increased catabolism
caused by inflammation by infectious diseases (Oehulka and Minaoik, 2007). Protein loss in
rohu might also be affected by kidney damage, external lesions and reduction inprotein
synthesis in liver (Jin ha Yu, 2010).
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5.2.3. Triglycerides

Triglycerides are the storage and transportation system for lipids in the blood.
5.2.3.1. Acute single handling stress

The mean triglyceride content in the unstressed Labeo rohita (control) was 24.00+2.00
mg/dl. It increased with the duration of handling stress. Maximum triglyceride (46.50+1.00
mg/dl) was recorded in ASHS3 (fish subjected to 15 min acute single handling stress) where as
ASHS1 (fish subjected for 5 min acute single handling stress) had 41.00+0.00 mg/dl and an
intermediate value of 43.00+1.00 mg/dl was noticed in ASHS2 (fish subjected to 10 min acute
single handling stress). There were significant differences (P<0.05) in triglycerides between
control and each of the stressed groups as well as ASHS1 and ASHS3 groups.

5.2.3.2. Acute long term handling stress

Mean triglyceride values recorded in 5 min acute long term handling stress (ALHS1), 10
min acute long term handling stress (ALHS2) and 15 min acute long term stress (ALHS3) were
found to be 54.00+2.00 mg/dl, 57.00+4.00 mg/dl and 74.50+1.50 mg/dl, respectively. There
were significant differences (P<0.05) in triglycerides between control and each of stressed
group as well as AHLS1 and AHLS3 groups.

5.2.3.3. Transportation stress

The serum glycerides showed variation with transportation procedures as well as density
of packing in comparison to undisturbed fishes. The mean triglcerides in the unstressed fish
(BD) was relatively lower (24.00+2.00 mg/dl), which increased with the stress. The serum
glycerides value increased to 39.00+£3.00 mg/dl before transportation (BT). Immediately after
transportation it further increased to 54.00+2.00 mg/dl, 58.50+1.50 mg/dl, and 81.50+1.50 mg/di
in fish stocked at 500 g/bag (AT1), 1 kg /bag (AT2) and 1.5 kg/bag (AT3), respectively. Serum
triglycerides showed significant difference between BT and AT2 as well as BT and AT3 groups
(P<0.05).

5.2.3.4. Experimentally challenged bacterial infection stress

In present study the triglyceride level of uninfected Labeo rohita was 54.00+2.00 mg/dl.
But after 6h of challenge with Aeromonas hydrophila and Edwardsiella tarda it increased to
110.00+1.50 mg/dl and 79.00+1.50 mg/dl, respectively. After 7 days of challenge the
corresponding values declined to 81.50+1.50 mg/dl and 58.5+1 mg/dl in Aeromonas hydrophila
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and Edwardsiella tarda infected fish. There existed significant differences (P<0.05) between
control and stressed fish as well as among the stressed fish also between Aeromonas
hydrophila and Edwardsiella tarda infected Labeo rohita. Such trend is comparable with studies
of Rehulka et al. (2002) who demonstrated initial increase and then decrease in triglycerides in
rainbow trout (Oncorhynchus mykiss) subjected to Aeromonas hydrophila infection at sublethal
dose for long duration. They reported a decrease in triglyceride from 0.78 mmol/l (1.408 mg/dl)
to 0.47mmol/l (0.846 mg/dl). A disorder of elevated serum triglycerides was considered as
secondary response to stress. It may be associated with a predisposition to premature coronary
artery disease (www.nutrition.gov; www.nhlbi.hih.gov).

5.2.4. Urea

Urea is a major metabolic product containing ammonia, which is toxic to the body. It
must be quickly filtered from the blood by the kidneys and its transport plays a vital role in
nitrogen elimination and osmotic homeostasis (Saston, 1984).

5.2.4.1. Acute single handling stress

The mean urea concentration in the unstressed Labeo rohita (control) was 3.95+0.50
mg/dl, which, however, increased with the duration of handling stress. The mean urea contents
were 5.60+0.60 mg /dl in fish subjected to 5 min acute single handling stress (ASHS1),
6.6010.60 mg/dl in case of 10 min (ASHS2) and 7.00+1.00 mg /dl in the case of 15 min
(ASHS3). Significant differences (P<0.05) in urea were observed between unstressed group
and ASHS3 as well as between AHSS1 and AHLSS2, and AHSS1 and AHSS3 groups.

5.2.4.2. Acute long term handling stress

Maximum urea content (6.45+2.00 mg/dl) was observed in fish subjected to 15 min
acute long term handling stress (ALHS3). Whereas the values recorded in 5 min handling stress
(ALHS1) and 10 min handling stress (ALHS2) were found to be 4.75+0.00 mg/dl and 5.95+0.05
mg/dl, respectively. Significant differences (P<0.05) in urea were observed between unstressed
group and fish subjected for 5 min long term acute stress as well as between AHLS1 and
AHLSC2, and AHLS1 and AHLS3 groups. The present results are comparable with the findings
of Leonardo et al. (2003) who recorded significantly higher mean urea level (6 mg/dl) in jundia
(Rhamdia quelen) than unstressed one (3 mg/dl).
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5.2.4.3. Experimentally challenged bacterial infection stress

The mean urea content of Labeo rohita control (initial) was 3.95+0.50 mg/dl. After 6h of
challenge with Aeromonas hydrophila at sublethal dose it increased to 7.00+1.00 mg/dl,
however, after 7 days it decreased to 5.60+0.60 mg/dl. Likewise, the mean urea levels obtained
were 6.60+0.60 mg/dl and 5.30+0.60 mg/dl 6h and 7 days of post-Edwardsiella tarda infection
respectively, at sublethal dose. However, no significant difference (P>0.05) in urea between
control and infected (either with Aeromonas hydrophila or Edwardsiella tarda) rohu were
noticed. Rehulka et al. (2002) have shown in rainbow trout (Oncorhynchus mykiss) subjected to
Aeromonas hydrophila infection at sublethal dose for long duration the urea level increased from
0.50 mmol/l (1.40 mg/dl) to 1.80 mmol/l (5.04 mg/dl) and their findings are in accordance with
the present one. Urea is transported via the blood to the kidneys and it is integrated to the
urinary concentration mechanism in the kidney. It was generally considered that urea was
passively transported across biological membranes by diffusion. Lately, specific transporters for
urea have been identified in the renal medulla (Kata, 1996;) where urea was transported
actively (Kawakami, 1998; Borgnia, 1999). Leung et al. (1996) suggested that co-transporters,
like the Na+-cortisol co-transporters, behave as urea channels. Urea co-transporters may
account for urea re-absorption in the proximal tubule and can have a role in the movement of
urea across the serum membranes in the intestine, thyroid gland and brain. This finding
suggested that urea transport was coupled with substrate transport provides strong evidence
against an osmotic mechanism for substrate-coupled water flow. Thus, it appears that a high
blood urea concentration recorded in the present study is likely to be a sign of stress associated
with the increase in the cortisol level (Borges et al., 1986).

5.2.5. Creatinine

Creatinine is a protein produced by muscle and released into the blood. The amount
produced is relatively stable in a given animal. The creatinine level in the serum is, therefore,
determined by the rate at which it is being removed, which is roughly a measure of kidney
function. If kidney function fails, the creatinine level will rise.
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5.2.5.1. Acute single handling stress

The mean creatinine in the unstressed Labeo rohita (control) was 0.3301£0.030 mg/dl.
Maximum creatinine (0.400+0.020 mg/dl) was recorded in ASHS3 (fish subjected to 15 min
acute single handling stress); whereas ASHS1 (fish subjected for 5 min acute single handling
stress) had 0.350+0.010 mg /dl and an intermediate value of 0.390+0.000 mg/dl was noticed in
ASHS2 (fish subjected to 10 min acute single handling stress). However, there was no
significant difference (P>0.05) in creatinine between control and stressed groups as well as
among the stressed groups.

5.2.5.2. Acute long term handling stress

There was an increased trend in creatinine of rohu subjected to acute long term handling
stress too. Fish subjected to 5 min acute long term handling stress (ALHS1) had mean
creatinine level of 0.535+0.025 mg/dl mg/dl, which increased to 0.645+0.025 mg/dl and
0.7454+0.03 mg/dl in fish subjected to 10 min (ALHS2) and 15 min (ALHS3) acute long term
handling stress, respectively. Significant differences (P<0.05) in creatinine were noticed
between unstressed and fish subjected each of the stressed group as well as between ALHS1
and ALHSC3 groups.

5.2.5.3. Transportation stress

The mean creatinine level in fish of BD group (before disturbance — control) was
0.350+0.030 mg/dl and it increased to 0.390+0.000 mg/d! before transportation (BT). The mean
creatinine values further increased to 0.445+0.035 mg/dl in 500 g/bag packing density (AT1),
0.560+0.030 mg/d! in 1.0 kg/bag packing density (AT2) and 0.520+0.030 mg/dl in 1.5 kg/bag
packing density (AT3) immediately after transportation. There was no significant difference
(P>0.05) in creatinine level between BT and AT1. However, significant differences existed
(P<0.05) between BT and AT2 as well as BT and AT3 groups.

5.2.5.4. Experimentally challenged bacterial infection stress

In the present analysis uninfected Labeo rohita had creatinine level of 0.28+0.02 mg/dl.
But after 6h of challenge with Aeromonas hydrophila at sublethal dose, it increased to 0.32+0.02
mg/dl and then declined to 0.29+0.01 mg/dl after 7 days of challenge. Similar trend was
observed in fish experimentally challenged with Edwardsiella tarda, wherein corresponding
values of 6h and 7 days post-challenge were 0.4410.02 mg/dl and 0.27+0.01 mg/d,
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respectively. There existed significant difference (P<0.05) in creatinine between control and 6h
of post-Aeromonas hydrophila infection. However, difference was insignificant (P>0.05)
between and control and 7 days post-infection group. There was no significant difference
(P>0.05) in creatinine between control and Edwardsiella tarda infected rohu. Normally creatinine
is generated by skeletal muscle through the breakdown of creatinine phosphate for energy. A
specific, saturable, sodium and chloride dependent creatinine transporter responsible for
creatinine uptake across the serum membrane has been described for skeletal muscle, heart,
smooth muscle, fibroblasts, neurolastoma and astroglia cells, as well as for red blood cells and
macrophages (Fitch, 1977; Daly, 1980, 1985).

5.2.6. Alanine aminotransferase (ALT) and Aspartate aminotransferase (AST)
Aminotransferases (alanine aminotransferase, ALT and aspartate aminotransferase,
AST) catalyze the interconversion of amino acids and a-ketoacids by transfer of amino groups.
They play a role of a link between carbohydrate and protein metabolism. Stress may damage
enzyme systems by blocking active sites, immobilization of essential metabolites, modification
of membrane structure and its permeability. Changes of aminotransferase activities may also
cause the disturbances of Kreb’s cycle and decrease the level of cycle intermediates. They are
detected in blood serum, in the cytoplasm, mitochondria and in various tissues, the activities of
which reflect the cell physiological status (van der Oost, 2003; Martinez-Porchas et al., 2011).

5.2.6.1. Acute single handling stress

In the present study, the minimum ALT level (10.00+1.00 IU/L) was found in the
unstressed Labeo rohita (control), and it showed an increased trend with acute and chronic
handling duration. The mean ALT values in rohu subjected to 5 min (ASHS1), 10 min (ASHS2)
and 15 min (ASHS3) acute single handling stress were found to be 28.00+2.00 IU/L, 28.00+2.00
IU/L and 36.00+3.00 1U/L, respectively. There existed significant differences (P<0.05) in ALT
level between control and each of the stressed groups as well as between ASS2 and ASHS3
groups. In the present study, the lowest level of AST (41.00+2.00 IU/L) was found in the
unstressed rohu (control), and it showed an increased trend with acute and chronic handling
duration. The mean AST values in rohu subjected to 5 min (ASHS1), 10 min (ASHS2) and 15
min (ASHS3) acute single handling stress were found to be 56.00+3.50 IU/L, 58.00+2.00 IU/L
and 60.00+3.00 IU/L, respectively. Significant differences (P<0.05) in AST levels between
control and each of the stressed groups as well as between ASHS1 and ASHS3, and AHSS2
and AHSS3 groups were noticed.
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5.2.6.2. Acute long term handling stress

The mean ALT values in rohu subjected to acute long term stress for 5 min/day
(ALHS1), 10 min/day (ALHS2) and 15 min/day (ALHS3) were recorded as 14.00+1.00 IU/L,
33.00+0.00 IU/L and 23.00+0.00 IU/L, respectively. There existed significant differences
(P<0.05) in ALT level between control and ALHS2, and control and ALHS3. Other differences
were insignificant. The mean AST values in rohu subjected to acute long term stress for 5
min/day (ALHS1), 10 min/day (ALHS2) and 15 min/day (ALHS3) were recorded as 44.00+1.00
IU/L, 52.50+0.50 IU/L and 53.00+0.00 IU/L, respectively. There were significant differences
(P<0.05) in AST levels between control and ALHS2, and control and ALHS3 groups. Other
differences were insignificant (P>0.05). The results of the present study are comparable with the
observations of Leonardo et al. (2003), where the mean ALT (30.00 IU/L) and AST (75 IU/L)
levels were significantly higher in stressed fish than control jundia, Rhamdia quelen (ALT: 20.00
IU/L and AST: 400 IU/L, respectively).

5.2.6.3. Transportation stress

The serum ALT level varied with transportation stress as well as density of packing in
the present research. The mean ALT level in fish of BD group (before disturbance — control)
was 10.00+1.00 IU/L and it increased to 16.00+0.00 IU/L before transportation (BT). The mean
ALT values further increased to 18.00+2.00 IU/L in 500 g/bag packing density (AT1),
28.00+4.00 IU/L in 1.0 kg/bag packing density (AT2) and 32.00+2.00 IU/L in 1.5 kg/bag packing
density (AT3) immediately after transportation. The serum ALT showed significant differences
between (P<0.05) BD and BT2 groups as well as BD and BT3 groups. Similar results were
obtained by Dobsikova et al. (2009) in common carp (Cyprinus carpio) where ALT level
increased from 1.17 pkat/l (70.059 IU/L) to 1.60 pkat/! (95.80 1U/L) and 2.12 pkat/l (126.945
IU/L) when subjected to 7 h and 12 h transportation stress, respectively. The present results
also corroborated with the findings of Chaterjee et al. (2009) in Labeo rohita juveniles where
ALT level increased from 0.44 pkat/l (26.347 IU/L) to 1.45 pkat/l, (86.826 IU/L) 4.62 pkat/l
(276.64 IU/L) and 7.36 pkat/l (440.716 IU/L) when subjected to 12h, 24h and 36h transportation
stress, respectively.

The present investigation also implied a significant variation in AST levels with
transportation procedures. Mean AST in the undisturbed fish (BD) was low (24.00+2.00 1U/L)
and increased as the transportation procedure begun. Before transportation (BT) it was
25.00+1.00 IU/L, and increased to 28.00+0.00 IU/L, 31.00+2.00 IU/L and 35.00+1.00 IU/L in the
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fish packed at the rate of 500 g/bag (AT1), 1 kg /bag (AT2) and 1.5 kg/bag (AT3), respectively.
Similar findings were reported by Dobsikova et al. (2009) in common carp (Cyprinus carpio)
where AST level increased from 1.5 pkat/l (89.82 IU/L) to 2 pkat/l (119.76 1U/L) and 3.5 pkat/l
(209.58 1U/L) when subjected to 7h and 12h transportation stress, respectively. Present results
corroborate the finding of Chaterjee et al. (2009) in Labeo rohita juveniles where AST level
increased from 23.05 IU/L to 32.36 IU/L, 46.00 IU/L and 61.01 IU/L when they were subjected
to 12h, 24h and 36h transportation stress, respectively. The trend was alike in the experiment
conducted by Dobsikova et al. (2006) in common carp (Cyprinus carpio) where AST level
increased from 2.2 pkat/l (131.736 IU/L) to 3.4 pkat/l (203.592 |U/L) when subjected to 7h
transportation stress.

5.2.6.4. Experimentally challenged bacterial infection stress

In the present study the mean ALT level of uninfected Labeo rohita (control) was
21.00+1.00 IU/L. But after 6 h of experimental challenge with Aeromonas hydrophila at sublethal
dose it increased to 59.00+2.00 IU/L. However, after 7 days of challenge it decreased to
31.00+2.00 IU/L. Similarly, the mean ALT level increased to 27.00+2.00 IU/L after 6h
experimental challenge with Edwardsiella tarda at subiethal dose, which then decreased to
23.00+2.00 IU/L after 7 days of challenge. There existed significant difference (P<0.05) in ALT
levels between control and Aeromonas hydrophila infected rohu. The difference in ALT levels
between control and Edwardsiella tarda infected rohu was insignificant (P>0.05). Rehulka et al.
(2002) have shown in rainbow trout (Oncorhynchus mykiss) when subjected to Aeromonas
hydrophila infestation at sublethal dose for long duration the ALT level increased from 1.83
pkat/l (109.58 IU/L) to 4.90 pkat/l (293.41 |U/L). According to Pourgholam et al. (2013), when
grass carp (Ctenopharyngodon idella) was subjected to Aeromonas hydrophila infection at
sublethal dose for a long duration the ALT level increased from 6.2 IU/L to 13.2 IU/L which was
analogous to the present findings.

In the present study the AST level of unaffected fish was found to be 37.00+2.00 IU/L.
But after 6h of experimental challenge with Aeromonas hydrophila at sublethal dose it increased
to 67.00+2.00 IU/L. The value remained at 37.00+2.00 IU/L when subjected to Edwardsiella
tarda challenge at sublethal dose. After 7 days of challenge, it decreased to 34.00+2.00 IU/L in
Aeromonas hydrophila infected fish and 36.00+4.00 IU/L in Edwardsiella tarda infected ones.
There existed significant differences (P<0.05) in AST levels between control and Aeromonas
hydrophila infectedd rohu. The difference in AST levels between control and Edwardsiella tarda
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infected rohu was insignificant (P>0.05). Rehulka et al. (2002) recorded increased level of AST
from 12.11 pkatl (726.35 IU/L) to 13.74 pkat/l (824.125 IU/L) in rainbow trout (Oncorhynchus
mykiss) when subjected to Aeromonas hydrophila infection at sublethal dose for long duration.
According to Pourgholam et al. (2013), when grass carp (Ctenopharyngodon idella) was
subjected to Aeromonas hydrophila infestation at sublethal dose, the AST level increased from
50.8 IU/L to 53.2 IU/L which was comparable with the present findings. Similarly, Jin HaYu 2010
recorded increase in AST from 100 IU/L to 400 IU/L and 600 IU/L in 24h and 48h post-
Edwardsiella tarda challenged Silurus asotus, respectively.

The catalytic activity of these serum enzymes when they are subjected stressors are
known to increase due to leakage of these enzymes from hepatic cells (Hilmy et al., 1987 and Li
et al., 2004) and these enzymes further accelerate synthesis and induction of more enzymes,
when fish remains in stress for more duration (Campbell et al., 1984). In the present study
activities of two transaminases increased significantly generating higher free aminoacid
mobilization, which in turn might have produced glucose to cope up with the stress. It is
noteworthy to mention here that glucose level also increased in stressed fish in the present
investigation. Higher packing density can also be stressful as observed in the present study.
Because of liberation of these enzymes in the blood stream, when the hepatic parenchyma was
damaged (Tietz , 1987) the changes in biochemical level under the effect of heavy metal toxicity
might result in impairment of energy requiring vital processes and, thus, gives an idea about
health of the fish population (Martinez-Porchas et al., 2011). The AST was used as clinical
diagnostic tool and it was associated with cell necrosis of the liver and skeletal or cardiac
muscle, starvation and lack of vitamin E. The serum ALT was an acute hepatic damage good
marker (Coppo et al, 2002). At the other hand, aminotransferase are the organ-specific
indicators for stress effects and determination of transaminases in serum has proved in
diagnosis of liver damage (Van der Oost et al., 2003).

5.2.7. Lactate dehydrogenase (LDH)

Lactate dehydrogenase also called lactic dehydrogenase (LDH) is an enzyme found in
the cells of many body tissues, including the heart, liver, kidneys, skeletal muscle, brain, red
blood cells, and lungs. It is responsible for converting muscle lactic acid into pyruvic acid, an
essential step in producing cellular energy. Lactic dehydrogenase test is used to detect tissue
alterations and as an aid in the diagnosis of anemia, and liver disease (Merrit, 2011).
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5.2.8.1. Transportation stress

The present study revealed a variation in mean LDH level with transportation stress as
well as density of packing. The mean LDH level in fish of BD group (before disturbance —
control) was 71.00+6.00 IU/L and it increased to 133.00+3.00 IU/L before transportation (BT).
The mean LDH recorded were 133.00£3.00 IU/L in 500 g/bag packing density (AT1),
134.00+2.00 IU/L in 1.0 kg/bag packing density (AT2) and the highest value of 192.00+2.00 IU/L
in 1.5 kg/bag packing density (AT3) immediately after transportation. The serum LDH showed
significant difference (P<0.05) between BD and each of the BT groups. The trend observed by
Dobsikova et al. (2009) in common carp (Cyprinus carpio) where LDH level increased from 9.5
pkat/l to 12 pkat/l and 13.5 pkat/l when subjected to 7h and 12h transportation stress is
analogous with the present one. The present results also coincided with the findings of
Chaterjee et al. (2009) recorded in Labeo rohita juveniles where LDH level increased from 109
IU/L to 234.74 IU/L, 253.88 IU/L and 307 IU/L when they were subjected to 12h, 24h and 36h
transportation stress, respectively. Similarly, common carp (Cyprinus carpio) showed increased
LDH values from 10.2 pkat/l to 14.7 pukat/l when transported for 7h (Dobsikova et al., 2006).

5.2.8.2. Experimentally challenged bacterial infection stress

In the present investigation uninfected rohu had LDH level of 109.00 IU/L. But in 6 h
post-Aeromonas hydrophila challenged fish, it increased to 170.00+4.00 IU/L and then declined
to 76.00+2.00 IU/L in 7 days post-challenge. Significant differences (P<0.05) between control
and Aeromonas hydrophila infected rohu (both after 6h and 24 hours) were noticed. Similar
trend was observed in fish experimentally challenged with Edwardsiella tarda, wherein
corresponding values after 6h and 7 days were found to be 117.00+2.00 IU/L and 79.50+0.50
IU/L, respectively. There was no significant difference (P>0.05) between control and
Edwardsiella tarda infected rohu. Rehulka et al. (2002) have shown in rainbow trout
(Oncorhynchus mykiss) subjected to Aeromonas hydrophila infection sublethal dose for long
duration that the LDH level decreased from 25.97 pkat/l to 24.9 pkat/l. According to Pourgholam
et al. (2013), when grass carp (Ctenopharyngodon idella) was subjected to Aeromonas
hydrophila infestation at sublethal dose for a long duration the LDH level increased from 110.8
IU/L to 145.6 IU/L, which was comparable with the present study. The increase of the LDH
activity could be explained by the elevation in the anaerobic catabolism of blood cortisol and
due to the damage of the liver and muscle tissues (Rui and Zuzuki, 1997; Van-Raaij et al., 1996;
Oruc and Uner, 1998 and 1999). When disease or injury affects tissues containing LDH, the
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cells release LDH into the bloodstream, where it is identified in higher than normal levels
(Schrager, 2001).

5.2.9. Cortisol

Fishes display a wide variation in their physiological responses to stress, which is clearly
evident in the serum corticosteroid changes, chiefly cortisol. The characteristic elevation in
circulating cortisol during the first hour after an acute disturbance can vary by more than two
orders of magnitude among species and genetic history appears to account for much of this

interspecific variation.

5.2.9.1. Acute single handling stress

The mean cortisol level in the unstressed Labeo rohita (control) was 20.00+2.00 pg/dl
which, however, increased with the duration of handling stress. Mean cortisol levels were
30.00+1.00 pg/dl in fish subjected to 5 min acute single handling stress (ASHS1), 53.00+2.00
Hg/dl in case of 10 min (ASHS2) and 56.00+0.00 ug /dl in the case of 15 min (ASHS3). There
were significant differences (P<0.05) in cortisol levels between control and each of the stressed
fish as well as then ASHS2 and ASHS3 groups.

5.2.9.2. Acute long term handling stress

Maximum cortisol content (60.00+2.00 ug/dl) was observed in fish subjected to 15 min
acute long term handling stress (ALHS3). Whereas the values recorded in 5 min handling stress
(ALHS1) and 10 min handling stress (ALHS2) were found to be 26.00+1.00 ug/di and
29.00%1.00 pg/dl, respectively. There existed significant differences (P<0.05) in cortisol levels
between control and each of the stressed groups. The present findings corrobotate with Sadler
et al. (2000), who reported that Atlantic salmon (Salmo salar) subjected to acute handling stress
had higher cortisol levels (75.5 pg/dl and 74.3 pg/dl) than unstressed ones (24.6 ug/dl and
32.6 pg/dl). According to Giulia et al. (2008) the cortisol level increased from 200 pg/dl to 600
Hg/dl in Dicentrachus labrax due to short term acute stress, which was also in accordance with
the present findings. Hosoya et al. (2006), recorded noticeable variation in serum cortisol in
juvenile haddock (Melanogrammus aeglefinus), and reported an increase in cortisol level from 5
ug/dl to 45 pg/dl when they were exposed to acute handling stress and 37 pg/dl to 56 pg/di
when subjected to 1 week handing every day. When rainbow trout (Oncorhynchus mykiss) was
subjected to acute stress serum cortisol level increased significantly from 1.5 pg/dl to 5.5 ug/di
(Kubuley et al, 2002). Similarly, the mean cortisol level in jundia (Rhamdia quelen) was
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significantly higher in stressed fish (180 pg/dl) than control (35 pg/dl) (Leonardo et al., 2003).
On contrary to the present findings and earlier reports, Svoboda et al. (1999) observed
decrease in cortisol form 650 mmol/l (23.4 pg/dl) to 630 mmol/l (22.68 pg/dl) in common carp
(Cyprinus carpio) subjected to short term acute handling (5 min).

5.2.9.3. Transportation stress

The serum cortisol changed with transportation procedures as well as density of packing
in comparison to undisturbed fishes. The mean cortisol level in the unstressed fish (BD) was
relatively lower (20.00+2.00 pg/dl) and increased as the transportation procedure begun. The
value was 29.00+3.00 pg/dl before transportation (BT). Immediately after transportation it further
augmented to 52.00+2.00 ug/dl, 56.00+1.00 pg/dl, and 56.00+0.00 pg/dl in fish stocked at 500
g/bag (AT1), 1.0 kg /bag (AT2) and 1.5 kg/bag (AT3), respectively. The serum cortisol showed
significant differences (P< 0.05) between BT and ATs (of all the packing densities). Dobsikova
et al. (2009) reported increased cortisol levels in common carp (Cyprinus carpio) subjected to
transportation stress. The cortisol level increased from 258.57 ng/ml (25.85 pg/dl) to 283.38
ng/ml (28.33 pg/dl) and 301.94 ng/ml (30.19 pg/dl) when subjected to 7h and 12h transportation
stress, respectively. According to Aberu et al. (2008) cortisol level increased from 40 ng/ml (4
Hg/dl) to 120 ng/ml (12 pg/dl) in juvenile matrinxa (Brycon amazonicus) transported for 4h. A
significant increase in cortisol level was also found in juvenile tambaquii (Colossoma
macropomum) from 80 ng/ml (8.0 pg/dl) (before disturbance) to 125 ng/ml (12.5 pg/dl) before
transportation and further it increased to 140 ng/ml, (14.0 pg/dl) 200 ng/ml, (20.0 pg/dl) 180
ng/ml (18.0 pg/dl) and 220 ng /ml (22.0 pg/dl) immediately after transportation and then
decreased to 60 ng/ml, (6.0 ug/dl) 140 ng/ml, (14.0 pg/dl), 110 ng/ml (11.0 pg/dl) and 135 ng/mi
(13.5 pg/dl) after 24 hrs of in case of 78 kg/cubic meter, 156 kg/cubic meter, 234 kg/cubic meter
and 312 kg/cubic meter packing densities, respectively (Carlos et al., 2003). Contrary to the
above findings, Dobsikova et al. (2009) recorded decrease in cortisol level from 213.3 ng/mi
(21.33 pg/dl) to 206.6ng/ml (20.6 pg/dl) and 201.6ng/ml (20.16 pg/dl) in common carp when
subjected to 7h and 12h transportation stress.
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5.2.9.4. Experimentally challenged bacterial infection stress

The mean cortisol content of Labeo rohita control (initial) was 19.00+1.00 pg/dl. In 6h
post-Aeromonas hydrophila challenged fish it increased to 30.00+2.00 pg/dl. However, the 7
days post-challenged fish recorded a decrease in cortisol to 24.00+1.00 pg/dl. Likewise, the
mean cortisol content obtained were 25.00+1.00 pg/dl and 23.00+2.00 pg/dl after 6h and 7
days, respectively in experimentally challenged rohu with Edwardsiella tarda at sublethal dose.
There existed significant difference (P<0.05) between control and Aeromonas hydrophila
infected fish (after 6h). The difference between the cortisol levels of control and Edwardsiella
infected rohu was however, insignificant. Cortisol is commonly used as an indicator of the
degree of stress experienced by fish (Barton and lwama, 1991; Wendelaar Bonga, 1997). When
fish are exposed to a stressor, the physiological stress response is initiated by the recognition of
a real or perceived threat by the central nervous system (CNS). The sympathetic nerve fibers,
which innervate the chromaffin cells, stimulate the release of catecholamine via cholinergic
receptors (Reid et al, 1996, 1998). The chromaffin tissue (adrenal medulla homologue) is
located mainly in the anterior region of the kidney in teleostean fishes (Reid et al., 1998). As
catecholamines, predominantly epinephrine in teleostean fishes, are stored in the chromaffin
cells, their release is rapid and the circulating levels of these hormones and increase
immediately with stress (Mazeaud et al., 1977; Randall and Perry, 1992; Reid et al., 1998). The
release of cortisol in fishes is delayed relative to catecholamine release. The pathway for
cortisol release begins in the hypothalamic-pituitary-interrenal (HPI) axis with the release of
corticotrophin-releasing hormone (CRH), or factor (CRF), chiefly from the hypothalamus in the
brain, which stimulates the corticotrophic cells of the anterior pituitary to secrete
adrenocorticotropic (ACTH). Circulating ACTH, in turn, stimulates the interrenal cells (adrenal
cortex homologue) embedded in the kidney to synthesize and release corticosteroids into
circulation for distribution to target tissues. Cortisol is the principal corticosteroid in teleosts
(Sangalang et al., 1971; Idler and Tsiiyuki, 1958; Hanson and Fleming, 1979; Barton et al.,
1998). This might be the reason for elevation in cortisol under stressed conditions.
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6. SUMMARY AND CONCLUSION

Fisheries sector plays a vital role in Indian economy through substantial foreign
exchange earnings, employment generation and ensuring nutritional and food security.
Aquaculture is the world's fastest growing food production system, increasing at a rate of eight
percent annually. Rohu, Labeo rohita (Hamilton, 1822) is the most important among the three
Indian major carp species used in polyculture systems. |t is widely cultured throughout India
owing to its high commercial value, good growth rate, consumer preference and acceptability to
artificial diets. Rapid growth of aquaculture also resulted in increased occurrence of problems
leading to diseases and economic losses. Fish under aquaculture conditions are invariably
subjected to physical, chemical and biological stressors. Exposure of fish to such stressors can
elicit physiological changes. Stress mitigation is one of the most challenging tasks in
aquaculture and is the most promising areas of research. Haematology and biochemistry play
an important role in monitoring not only the stress and health status of fish, but also serves as
diagnosis of metabolic disturbance and structural and functional status of the body. However,
detailed study on the effects of acute stressors on haematological and biochemical paramaters
including metabolic enzymes of carps, especially rohu (Labeo rohita) is scanty. Therefore, the
present study is carried out to assess the effect of acute physical and biological stressors on the
haematological and biochemical responses in rohu Labeo rohita (Hamilton, 1822). The results
obtained are summarized below.

The blood parameters at different stressors revealed a specific trend of significant
increase or decrease with the severity of stressor. However, the lowest values were mostly
observed in the control fishes.

The mean total erythrocyte count (TEC) showed increasing trend with stress and rate of
increment was more in acute single handling stress where highest value was found in ASHS3
(15 min acute handling) (2.00+0.00 x10° no/ml) and the lowest value was noticed in control
(1.150.05 x10° no/ml).

Total leukocyte count (TLC) exhibited a sharp increasing trend with stress and rise was
more in acute single handling stress where maximum value was found in ASHS3 (15 min acute
single handling) (99.00+2.00x10° no/ml). In bacteriological stress total TLC value did not differ
much in comparison to other stressor factor.

Haemoglobin and haematocrit contents did not reveal a specific trend of significant
increase or decrease with the rise in stress level. The Hb content was maximum (5.20+0.20
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g/dl) in fish subjected to acute single handling stress, however, the peak Ht value (41.20£0.03
%) was observed in AT3 (in fish packed at 1.5 kg/bag after transportation).

The total protein was the only parameter that showed a declined trend. The maximum
protein content (8.28+0.28 g/dl) was observed in unstressed fish where as minimum value was
noticed in ALHS3 (1.81+0.07 g/dI)

Serum glucose and serum cortisol increased with the severity of stress subjected to
different stressors. The peak glucose was observed in fish subjected to acute long term
handling stress in higher stocking density (113.5+1.5 mg/dl). The cortisol content was maximum
(60.00+2.00 ug/dl) in fish subjected at acute long term handling stress, whereas the cortisol
concentration was lowest in the control fish (19.00+1.00 pg/dl).

Serum ftriglycerides and serum urea did not display a specific trend of significant
increase or decrease with the rise in stress. However, the peak triglycerides value was noticed
in bacteriological stress. Highest level of triglycerides (81.50+1.50 mg/dl) and urea (7.00+1.00
mg/dl) were found after 6 hours of Aeromonas hydrophilla inoculation where as the lowest
triglycerides (24.00 +2.00 mg/dl) as well as lowest urea (3.95+0.50 mg/dl) value was found in
control fish.

Serum creatinine level also did not illustrate significant difference with any stress though
highest level (0.65+0.02 mg/dl) was recorded in case of transportation stress at highest
stocking density (AT3) and the lowest value was recorded in (0.28+0.02 mg/dl).

All the serum enzymes flaunted a drastic increase trend with different stressors. Highest
level of alanine aminotransferase (333 |U/L) and aspartate aminotransferase (60.00 +2.00
IU/L) were found in ALHS3 (15 min/day) acute long term handling stress, where as the lowest
alanine aminotransferase (10+1 IU/L) and aspertate aminotransferase, (37+2.00 IU/L) were
found in the control fish. Highest level of lactate dehydrogenase (192.00+2.00 IU/L) was found
AT3 (in fish packed at 1.5 kg/bag after transportation) as against lowest level of 71.00+6.00 1U/L
found in unstressed fish.

Although the blood parameters varied differently at different stress factor but in a general
observation of each blood parameter showed a sharp increase with severity of stress factor.
And higher increasing trend was observed at acute single handling stress as well as Aeromonas
hydrophila inoculated fish.
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Packing was found to have a profound effect on water quality. Temperature has
increased after transportation while dissolved oxygen declined in all the packing densities with
profound decrease in the bag containing 1.5 kg/bag.

Haematological and biochemical parameters have been acknowledged as valuable tools
for monitoring fish stress and health. The ranges of normal values of key biochemical
parameters are still undefined for different species in different aquaculture conditions. The
results of this research provide the knowledge of the characteristics of haematological
parameters of rohu, Labeo rohita. Acute single handling stress is found to be more severe than
that of acute long term handling considering the sensitivity of parameters. Based on the results
of the present study from physiological point of view an appropriate packing density for fish
transportation for 2-3 h duration should be 1 kg/bag (1 kg/7.5 | of water) approximately as
against 1.5 kg/bag (1.5 kg/ 7.5 | of water) as in practice. Aeromonas hydrophila infection caused
more severe effect on the haematological and biochemical responses of Labeo rohita than
Edwardsiella tarda infection. Although many of the parameters indicated altered physiological
conditions of fish, it can be concluded that all the parameters may not serve as good indicators
of stress. Nevertheless, parameters such as serum glucose, total protein, alanine
aminotransferase, aspartate aminotransferase and cortisol showed higher sensitivity to acute
stressors evaluated in the present study. Further studies are, therefore, recommended under
different stress conditions to formulate suitable stress mitigating strategy.

105






References

8. REFERENCES

Abreu, J. S. D., Sanabria-Ochoa, A. I., Goncalves, F. D., and Urbntainati, E. C. (2008). Stress
responses of juveline matrinxa after transport in a closed system under different loading
densities. Ciencia Rural Santa Maria, 38(5): 1413-1417.

Abreu, J. S., Takahashi, L. S., Hoshiba, M. A., and Urbinati, E, C. (2009). Biological indicators of
stress in pacu after capture. Braz. J. Biol., 69 (2): 415-421.

Acerete, L., Balasch, J. C., Espinosa, E., Josa, A., Tort, L. (2004). Physiological responses in
Eurasian perch (Perca fluviatilis, L.) subjected to stress by transport and handling.
Aquaculture, 237:167-178.

Akinrotimi, O. A., Uedeme- Naa, B., and Agokei, E. O. (2010). Effects of acclimation on
haematological parameters of Tilapia guineensis. Sci. World Journal, 5(4): 1-4.

Aldrin, J. F., Messager, J. L., and Saleun, S. (1982). Analyses sanguineous de turbots
d'eleuages immature (Scophta/musmaximus L). Aquaculture, 40: 17-25.

Andrews, R. (1965). Comparative Haematology. New York: Grune and Stratton, 128-140.

Anon. (2013). Annual Report 2012-2013. Department of Animal Husbandry, Dairying and
Fisheries, Ministry of Agriculture, Govt. of India.

Anthony, E. H. (1961). The oxygen capacity of goldfish (Carassius auratus L.) blood in relation
to thermal environment. J. Exp. Biol., 38, 93-107.

Audet, C., Munger, R. S., and Wood, C. N. I. (1988). Long-term sublethal acid exposure in
rainbow trout (Sahrio gairdneri) in soft water: Effects on ion exchanges and blood chemistry.
Godf. Fish. Aquat. Sri., 45: 1387-1398.

Aravindaksan, P. K., Singh, S. K., Sarkar, B., Majhi, D., Jena, J. K., Pani, K. C.,Muduli, H. K.,
Ayyappan, S., Mohapatra, B. C., and Sarangi, N. (2011). Oxygen consumption of carps
during live transportation. /ndian J. Fish., 58(4): 67-70.

Audet, R. J., Mancera, J. M., Munoz, J. L., Wendelaar Bonga, S. E., & Flik, G. (1986). The
stress response of the gilthead sea bream (Sparus aurata L.) to air exposure and
confinement. Journal of Endocrinology, 163: 149-157.

Babin, F. J., and Vernier, J. M. (1989). Plasma lipoproteins in fish. J. Lipid Res., 30: 467-489.

Babinet, B. A., Pankhurst, N., and Wells, R. M. G. (1995). Effect of artificially elevated plasma
cortisol levels on blood parameter in the teleosts fish Pagrus auratus | (Sparidae)
Comparative Biochemistry and Physiology, 106: 157-162.

106



References

Bagchi, G.V., and lbrahim, A. L., (1974). Vitamin C deficiency in Channa punctatus Bloch. J.
Fish. Biol., 23:89-90.

Bailone, R. L., Martins, M. L., Mourino, J. L. P., Vietra, F. N., Pedrotti, F. S., Nunes, G. C., and
Silva, B. C. (2010). Haematology and agglutination titer after polyvalent immunization
and subsequent challenge with Aeromonas hydrophila in Nile tilapia. Arch Med Vet., 42:
221-227.

Bakhtavathsalam, P. C., and Reddy, D. H. (1982). The haematological assessment of the health
of fresh water fish. A review of selected literature. Journal of Fish Biology, 4: 593-604.

Banaee, M., Mirvagefei, A. R., Rafei, G. R., and Majazi Amiri, B. (2008). Effect of sub-lethal
Diazinon Concentrations on Blood Plasma Biochemistry, International. Journal
Environmental Research, 2(2): 189-198.

Banerjee, S., Bhattacharya, S. (1995). Histopathological changes induced by chronic nonlethal
levels of mercury, and ammonia in the small intestine of Channa punctatus (Bloch).
Ecotoxicol. Environ. Saf., 31.62-68.

Banerjee, V. (1966). Sci. & Cult., 32: 326-327.

Barber, B. A. (1981). Haematology. Principle and Procedure (3rd) Lea and Fabinger,
Philadelphia, 46:78-122.

Barcellos, L. J. G., Kreutz, L. C., De Souza, C., Rodrigues, L. B., Fioreze, I., Quevedo, R. N.,
Cericato, L., Soso, A. B., Fagundes, M., Conrad, J., Lacerda, L. A. and Terra, S. (2003).
Hematological changes in jundia (Rhamdia quelen Quoy and Gaimard Pinelodidae) after
acute and chronic stress caused by usual aquacultural management, with emphasis on
immune suppressive effects. Aquaculture. 237: 229-236.

Barcellos, L. J. G., Nicolaiewsky, S., De Souza, S. M. G., & Lulhier, F. (2003). Plasmatic levels
of cortisol in the response to acute stress in Nile tilapia, Oreochromis niloticus (L.),
previously exposed to chronic stress. Aquaculture Research, 30: 437-444.

Barnhart, S.G., Chakondi, N. S. and Yant. R. D. (1969). Application of compensatory growth to
enhance production in Labeo rohita. Journal of the World Aquaculture Soc., 32:81-89.

Barreto, R. E., & Volpato, G. L. (2006). Stress responses of the fish Nile tilapia subjected to
electroshock and social stressors. Brazilian Journal of Medical and Biological Research,
39: 1605-1612.

Barton, B. A., A. B. Rahn., Feist, G., Bollig, H., and Schreck, C. B. (1998). Physiological stress
responses of the freshwater chondrostean paddlefish (Polyodon spathula) to acute
physical disturbances. Comp. Biochem. Physiol., 120A:355-363.

107



References

Barton, B. A., Bollig, H., Hauskins, B. L. & Jansen, C. R. (2000). Juvenile pallid
(Scaphirhynchus albus) and hybrid pallidshovelnose (S. albusplatorynchus) sturgeons
exhibit low physiological responses to acute handling and severe confinement.
Comparative Biochemistry and Physiology, 126: 125-134.

Barton, B. A., Haukenes, A. H., Parsons, B. G., & Reed, J. R. (2003). Plasma cortisol and
chloride stress responses in juvenile walleyes during capture, transport, and stocking
procedures. North American Journal of Aquaculture, 65: 210-219.

Barton, B. A., Peter, R. E., and Paulencu, C. R. (1980). Plasma cortisol levels of fingerling
rainbow trout (Salmo gairdneri) at rest, and subjected to handling, confinement,
transport, and stocking. Can. J. Fish. Aquat. Sci., 37:805-811.

Barton, B. A., Peter, R. E., and Paulencu, C. R. (2002). Plasma cortisol levels of fingerling
rainbow trout (Salmo gairdneri) at rest, and subjected to handling confinement, transport
and stocking. Can. J. of Fish. Aquat. Sci., 37: 805-811.

Barton, B., and Iwama, G. K. (1991). Physiological changes in fish from stress in aquaculture
with emphasis on the response and effects of corticosteroids. An. Rev. Fish Dis., 1: 3-
26.

Barton, T. H., and Iwana, H. L. (1991). Nutrition an integrated approach. John Wiley and Sons,
Inc. New York. 542 p.

Basu, D. L. A. (1949). Some experimental data regarding the Indian Major Carps. Proceeding of
National Institute of India, 17(4):34-39.

Basu, I. P. and Dabowski, U. H. (1949). An o-toluidine method for body fluid glucose
determination. Clin. Chem., 7:32-39.

Basu, N., Nakano, T., Grau, E. G., Iwama, G. K. (2001). The effects of cortisol on heat shock
protein 70 levels in two fish species. Gen Comp Endocrinol., 124:97-105.

Benfey, T. J., & Biron, M. (2000). Acute stress response in triploid rainbow trout (Oncorhynchus
mykiss) and brook trout (Salvenis fontinalis). Aquaculture, 184: 167-176.

Bhattacharya, T., Ray, A. K., and Bhattacharya, S. (1987). Blood glucose and hepatic glycogen
interrelationship in Channa punctatus (Bloch): A parameter of non lethal toxicity with
industrial pollutants. Indian J. Exp. Biol., 25: 539-541.

Blanhall, P. C. (1972). The haematilogical assessment of the health of freshwater fish, a review
of selected literature. J. Fish. Biol., 4: 593-604

Bonnet, V. (1929). De l'influence de heamarragie et de I'asphixie sur le nombre des hématies
dans le sang circulant des verte'bre's inferieurs. J. Physiol. Path. Gin., 27, 735-740.

108



References

Borges, D. W., and Munro A. L. S. (1986). Haematological assesement of rainbow trout Salmo
gairdneri. Richardson and Atlantic salmon salmo salar. L., infected with Renibacterium
salmoninarum. Journal of Fish Diseases, 9:194-204.

Borgnia, P. H. M., Pepels, P., Helfrich, S., Hovens, M. L. M., & Wendelar Bonga, S. E. (1995).
Endorphin and MSH in concert from the corticotrophic principle released by Tilapia
(Oreochromis mossamnbicus) melanotropes. Peptides, 16: 463-469.

Boutilier, R. G., Dobson, G., Hoeger, U., and Randall, D. J., (1987). Acute exposure to graded
levels of hypoxia in rainbow trout (Salmo gairdneri metabolic and respiratory
adaptations. Resp. Physiol., 71: 69-82.

Bowers, J. M., Mustafa, A., Speare, D. J., Conboy, G. A., Brimacombe, M., Sims, D. E. and
Burka, J. F. (2000). The physiological response of Atlantic salmon, (Salmo salarL.) to a
single experimental challenge with sea lice, (Lepeophtheirus salmonis). Journal of Fish
Diseases, 23: 165—-172.

Bowser, K. and Manning, R., (1993). Membranes as the critical targets in cellular heat injury and
resistance adaptation. In: Temperature Adaptation of Biological Membranes (Cossins, A.
R. Ed.), London, Portland Press, 185-203.

Bruce, N. (2002). Microbial safety of produce from wastewater-fed aquacuiture.285-295. In R. S.
V. Pullin, H. Rosenthal and J. L. MacClean (eds) Environment and aquaculture in
developing countries. ICLARM Conf. Proc., 31, 359.

Burgess J. W., Coss, R. G. (1982). Effects of chronic crowding stress on midbrain development:
Changes in dendritic spine density and morphology in jewel fish optic tectum. Dev
Psychobiol., 15:461-470.

Campbell, E. J., and Dickinson, C. J. (Eds.) (1984). Bulletin of Butler and Tanner Ltd. London,
Clinical pathology.

Campbell, T. W. (1984). Blood biochemistry in lower vertebrates. /n: 55th Annual Meeting of the
American College of Veterinary Pathologists (ACVP) & 39th Annual Meeting of the
American Society of Clinical Pathology (ASVCP), ACVP and ASVCP (ed).

Carlos, A. R. M. Araujo-Lima, Roubach, R., Adriana, R., Chippari-Gomes and N. P. Lopes.
(2003). Eftect of fish density during transportation on stress and mortality of juveline
tambaqui Colossoma macropomum. Journal of the World Aquaculture Society. 34(1):
76-84.

Casillas, E., and Smith, L. S. (1977). Effect of stress on blood coagulation and haematology in
rainbow trout (Salmo gairdneri). J. Fish Biol., 10: 481-491.

Cech, J. J., and Wohischlag, D. E. (1981). Seasonal patterns of respiration, gill ventilation and
haematological characteristic in the striped mullet Mugil cephalus. Bull. Mar. Sci., 31:
112-119.

109



References

Ceron, R. A. and Seljelid, R. (1997): The immunomodulatory effect of LPS, laminarin and
sulfated /aminarin {B (1,3)-D-g!ucan) on Atlantic salmon, Salmo salar L., macrophages in
vitro. J. Fish Disease, 75: 175-185.

Chan, L. W., Meyer, R. K.. and Donaldson, E. M. (1978). Radio immunoassay estimation of plasma
gonadotropin levels in the spawning pink salmon. Gen. Comp Endocrinol., 21: 69-76.

Chapman and Hall, (1996). Physiology of Fish in Intensive Culture Systems. Northwest
Biological Science Center National Biological Service, U.S. Department of the Interior.

Chatterjee, N., Pal, A. K., Manush, S. M., Das, T., Mukherjee, S.C., (2004). Thermal tolerance
and oxygen consumption of Labeo rohita and Cyprinus carpio. J. of Therm. Biol.,
29(6):265-270.

Choi, K., Lehmann, D. W, Harms, C. A,, Law, J. M., 2007. Acute hypoxia-reperfusion Changes
in free and total plasma cortisol levels in juvenile haddock Comp Biochem. Physiol.,
146:78-86.

Christensen, N. (1972): Inhibition of histamine release from mast cells by nigellone. Ann.
Allergy., 70 (3): 237-42.

Clements, S. P., Hicks, B. J., Carragher, J. F., and Dedual, M. (2002). The effect of a trapping
procedure on the stress response of wild rainbow trout. North American Journal
Fisheries Management, 22: 907-916.

Collazos, M. E., Ortega, E., Barriga, C., and Rodriguez, A. B. (1998). Seasonal variation in
hematological parameters male and female Tinca tinca. Mol. and Cell. Biochem., 183:
165-168.

Copper, D., and Bune, A. J. (1988). Glucan administration potentiates immune defense
mechanisms of channel catfish, Ictalurus punctatus Rafinesque. J. Fish Dis., 75: 295-
304.

Coppo, J. A., Mussart, N. B. and Fioranelli, S. A. (2001-2002). Physiological variation of
enzymatic activities in blood of bullfrog, Rana catesbeianna (Shaw, 1802). Reviews of
Veterinary, 12/13 (1-2): 22-27.

Cossins, A. R. and Raynard, R. S. (1987). Adaptive responses of animal cell membranes to
temperature. In: Temperature and Animal Cells, (Bowler, K & Fuller, B.J., Eds.)
Symposia of the Society for Experimental Biology, Cambridge, 95-111.

Cossins, A. R., Williams, D. R., Foulkes, N. S., Berenbrink, M., Kipar, A. (2009). Diverse cell-
specific expression of myoglobin isoforms in brain, kidney, gill and liver of the hypoxia-
tolerant carp and zebrafish. J. Exp. Biol., 212:627-638.

Daly, R. A., Ingebrigsten, K., Horsberg, T. E., and Seljelid, R. (1980) (1985): Intestinal
absorption of immunomodulatory laminarin and derivatives in Atlantic salmon, Salimo
salarL. J. Fish Dis., 17: 579-589.

110



References

Danulat E., and Hochachka, P. W. (1989). Creatine turnover in the starry flounder, Platichthys
stellatus. Fish Physiol. Blotech., 6:1-9.

Das, B. K. and Mukherjee, S.C., (2008). Sublethal Effect of Quinalphos on Selected Blood
Parameters of Labeo rohita (Ham.) Fingerlings. Asian Fisheries Science, 13: 225-233.

Das, B. K., and Mukherjee, S. C. (2003). A histopathological study of carp (Labeo rohita)
exposed to hexachlorocyclohexane. Veterinarski Arhiv., 70(4), 169-180.

Datta, S. and Rizza, H. F. (2002). Relationship between spleen, platelets and factor levels.
Blood. 32:16-43.

Davis, K. B. & Peterson, B. C. (2006). The effect of temperature, stress, and cortisol on plasma
IGF-I and IGFBPs in sunshine bass. General and Comparative Endocrinology, 149:
219-225.

Davis, K. B., and Parker, N. C. (1990). Physiological stress in striped bass: effect of acclimation
temperature. Aquaculture. 91, 349-358.

De la Tore, F. R., Salibian, A., and Ferrari, L. (2000). Biomarkers assessment in juvenile
Cyprinus carpio exposed to waterborne cadmium. Environ. Pollut., 109: 227-278.

Dheer, J. M. S. (1986). Haematological and haemopoietic response to sodium chloride stress in
fresh water air-breathing fish Channa punctatus Bloch. J. Fish Biol., 28:119-128.

Di Giulio, R. T., Habig, C. and Gallagher, E. P. (1993). Effects of black rock harbor sediments
on indices of biotransformation, oxidative stress and DNA integrity in channel catfish.
Aquatic Toxicol., 26: 1-22.

Dobsikova, R., Svobodova, Z., Blahova, J., Modra, H., and Velisek, J. (2006). Stress response
to long distance transportation of common carp. Acta Vet. Brno., 75: 437-448.

Dobsikova, R., Svobodova, Z., lahova, J., Modra, H., and Velisek, J. (2009). The effect of
transport on biochemical and haematological indices of common carp. Czech J. Anim.
Sci., 54(11): 510-518.

Dror, C. R. C. and J. H. Leonhardt, 2006. Analysis of growth of Piaractus mesopotamicus and
Clossoma macropomum in semi-intensive polyculture with artificial feeding and organic
fertilizer. Revista UNIMER, 15: 211-22.

Dutta, T., Acharya, S., Das, M.K. (2005). Impact of water quality on the stress physiology of
cultured Labeo rohita (Hamilton-Buchanan). J Environ Biol., 26:585-592.

Eisler, R. (1965). Erythrocyte counts and haemoglobin content in nine species of marine
teleosts. Chesapeake Sc., 6: 119-120.

El- Nagar, J. T. (1997). Phyletic divergence and specialization for pelagic life in the antarctic
nototheniid fish Pleuragramma antarctcum. Comp. Biochem. Physiol., 118: 1095-1101.

111



querences

Ellaser, E.E., 2006. Histological lesions in cutthroat Salmo clarke exposed chronically to the
insecticide endrin. Am. J. Pathol., 64, 321-336.

Engelsma, H. J., and Frott, H. K. (2003). The haematology of Labeo Rohita. J. Fish. Biol.,
13:12:19.

Engelsma, M. Y., Hougee S., Nap, D., Hofenk, M., Rombout, J. H., Van Muiswinkel, W. B. and
Lidy Verburg-Van Kemenade, B. M., (2003). Multiple acute temperature stress affects
leukocyte populations and antibody response in common carp, (Cyprinus carpio L). Fish
and Shellfish Immunol., 15:397-410.

Enomato, Y. (1969). Some notes on the fluctuations of the immature leukocyte number in the
blood of cultured fish. Bull. Tokai reg. Fish. Res. Lab., 58:191-201.

Fange, J. P., and Nielson, N. O. (1978): Effect of temperature on inflammatory response in
rainbow trout. J. Pathol. Bacteriol., 105: 257-268.

Fange, R. and Nillson, S. (1985). The fish spleen: structure and function. Experientia, 41: 152-
158.

FAO, 2013. Global Aquaculture Production Statistics for the year 2011 [online].

FAO. 2009. The State of World Fisheries and Aquaculture 2008. FAO Fisheries and
Aquaculture Department. Rome. 176 pp. (available at
www.fao.org/docrep/011/i0250e/i0250€00.htm).

Farrell, A. P. and Jones, D. R., (1992). The heart. In Fish physiology, Hoar W.S, Randall D.J &
Farrell A.P (Eds.) Volume XII, Part A: The cardiovascular system. San Diego, Academic
Press.

Farrell, A. P., and Munt, B. (1983). Cholesterol levels in the blood of Atlantic salmon. . Comp.
Biochern. Physiol., T5A, 239-242.

Farrell, Y. U. and Robertson, G. |. (2002). Physiological effects of simulated high-density
transport of Atlantic cod (Gadus morhua). Aquaculture, 118:48:52.

Fast, M. D., Hosoya, S., Johnson, S. C. and Afonso, L . O. B. (2008). Cortisol response and
immune related effects of Atlantic salmon subjected to short and long term stress. Fish
and Shellfish Immunology, 24: 194-204.

Femandez, J., Gutierrez, J., Carillo, M., Zanuy, Z., and Planas, J. (1989). Annual cycle of plasma
lipids in sea bass, Dicentrarchus labrax L.: Effects of environmental conditions and
reproductive cycle. Comp. Biochem. Physiol., 93A:407-412.

Fitch, K. and Johnson , P. (1977). Human life science- Holt, Rinechart and Winston, Inc.
Newyork. during thermal adaptation in fresh water fishes. J. Fish Biol., 45:38:45.

112



References

Fletcher, G. L., Kao, M. H., and Haya, K. (1984). Seasonal and phenotypic variations in plasma
protein antifreeze levels in a population of marine fish, sea revan (Hernitripterus
arnericanus-). Con. Zoology., 41:819-824.

Frisch, A. J., & Anderson, T. A., (2005). Physiological stress response of two species of coral
trout (Plectropomus leopardus and Plectropomus maculatus). Comparative Biochemistry
and Physiology part A, 140: 317-327.

Fryer, J. L. & Lederis, K. (1986). Control of Corticotropin secretion in teleost fishes. American
Zoolgist, 26: 1017-1026.

Gagnon, A., Jumarie, C. & Hontela, A.(2006). Effects of Cu on plasma cortisol and cortisol
secretion by adrenocortical cells of rainbow trout (Oncorhynchus mykiss). Aquatic
Toxicology, 78: 59-65.

Garcia, F., Pilarski, F., Onaka, E. M., Moraes, F.R., and Martins, M. L (2007). Hematology of
Piaractus mesopotamicus fed diets supplemented with vitamins C and E, challenged by
Aeromonas hydrophila. Aquaculture, 271: 39-46.

Garcia, M. P., Echevarria, G., Martinez, F. J., and Zamora, S. (1992). Influence of blood
sample collections on the haematocrit value of two teleost: rainbow trout (Oncorhynchus

mykiss) and European sea bass (Dicentrarchus labrax L). Comp. Biochem. Physiol.,
101: 733-736.

Gbore, F. A., Ogini, A. M., Adewole, A. M. and Aladetan, J. O. (2006). The effect of
Transportation and Handling Stress on Haematology and Plasma Biochemistry in
Fingerlings of Clarius gariepinus and Tilapia zilli. World Journal of Agricultural Sciences,
2 (2): 208-212.

Ghosh, T. K. (1987). Effect of organophosphorous compound on some metabolite levels of the
fish, Barbus stigma. Env. Biol., 5(4): 638-642.

Gill, B., Kreutz, L. G. (1990). Previous chronic stress does not alter the cortisol response to an
additional acute stressor in jundia (Rhamdia quelen) fingerling. Aquaculture, 253: 317-
321.

Gomes, L. C. Araujo-Limba CARM, Chippari Gomes, A. R. (2003). Transportation of juvenile
Tambiquii (collosoma macropomum) in a closed system . Braz J Biol 66: 493-502.

Gomes, I. C., Chippari-Gomes, A. R., Lopes, N. P., Roubach, R., Araujo-Lima, Carm and
Urbinati, E. C., 2003a. Effect of fish density on the stress physiological\

Gowenlock, A. H. (1988). "Vailey's Practical Clinical Biochemistry. Heinemann Medical Books,
London.

Greaney, G. S. and Powers, D. A., (1978). Allosteric modifiers of fish hemoglobins: in vitro and
in vivo studies on the effect of ambient oxygen and pH on erythrocyte ATP
concentrations. J. Exp. Zool., 203: 339-349.

113



References

Greenwell, M. G., Sherrill, J., Clayton, L. A. (2003). Osmoregulation in fish mechanisms and
clinical implication. Vet Clin Exot Anim., 6:169-189.

nd
Grodzinski, K. A. and Hoyer, A. A. (1983): Statistical procedures for Agricultural Research. 2
Ed. John Wiley and Sons. New York, 680.

Groff, J. M., and Zinkl, J. G. (1999). Hematology and clinical chemistry of cyprinid fish Common
carp and goldfish. Veterinary clinical North American exotic animal practice, 2: 741-776.

Guz, L., and Kozinska, E. (2004). Antibiotic susceptibility of Aeromonas hydrophila and A.
sobria isolated from farmed carp (Cyprinus carpio L). Bulletin Veterinary Institute
Pulawy, 48: 391-395.

Hamilton-Buchanan, F. (1822). An Account of the Fishes of River Ganges and its Branches.
George Ramsay and Co., London, vii+405pp, 39 pp.

Hansell, D. A., and Boyd, C. E. (1936). Uses of hydrated lime in fish ponds. Proc. Annual Conf.
Southeast. Assoc. Fish and wildlife Agencies, 34:543-567.

Hanson, R. C. and Fleming, W. R. (1979). Serum cortisol levels of juvenile bowfin, Amia calva:
Effects of hypophysectomy, hormone replacement and environmental salinity. Comp.
Biochem. Physiol., 63A:499-502.

Hattingh, J. (1976). Blood sugar as an indicator of stress in the freshwater fish, Labeo capensis
(Smith). Journal of Fish Biology, 10: 191-195.

Haywood, G. P. (1973). Hypo-osmotic regulation coupled with reduced metabolic urea in the
dogfish, Poroderma africanum.: An analysis of serum osmolarity, chloride and urea. Mar. Biol.,
23: 121-127

Henry, R. J., Cannon, D. C., and Winkleman, J. W. (1964). Clinical chemistry, principles
chemistry, principles and techniques. 2™ edition, Harper and Row. New York, USA. 541-
553.

Hesser, S. A., and Pandey, N. L. (1960). The haematological assessment of the health of fresh
water fish: A review of selected literature. J. of Fish. Biol., 5:23-31.

Hillie, S. (1982). A literature review of the blood chemistry of rainbow trout, Salmo Salmo gairdneri
Rich. J. Fish Biol., 20: 535-569.

Hilmy, V., Delventhal, H., and Klinger, H., (1987). Influences of heated, recirculated water and
heated well water on several physiological and haematological parameters of channel
catfish, Ictalurus punctatus reared at two stocking densities. In: Heated Effluents and
Recirculation Systems, (K. Tiews, Ed), Berlin: Heenemann Verlagsgesellschatt,
Aquaculture, 59:185-190.

114



References

Homechaudhuri, S. (1986). Aeromonas induced alterations in activities of catalase, alkaline
phosphatase in the freshwater fish channa punctatus (blotch). Sci. Cult., 77 (5-6) : 222-
225.

Homechauduri, M., Mukherjee, S. C. Jain, A. K. and Mukherjee, A., (1991). Histopathological
and Electron Microscopic Studies of Gills and Opisthonephros of Rohu, Labeo rohita to
Acute and Subchronic Aflatoxin B1 Toxicity. Asian Fish. Sci., 16: 257-268.

Hosoya, A., Johnson, S. C., lwama, G. K., Gamperl, A. K., and Afonso, L. O. B. (2006).
Changes in free and total plasma cortiso! levels in juveline haddock exposed to long
term handling stress. Comparative Biochemistry and Physiology, 146 (Part A): 78-86.

Hosoya, S., Fast, M. D., Jojnson, S. C. and Afonso, L. O.B. (2007). Cortisol resonse and
immune related effects of Atlantic salmon (Salmo salar) subjected to short term- and
long term stress. Fish and shell fish immunology, 24: 194-204.

Houston, A.H., and Dewilde, M.A. (1969). Thermoacclimatory variations in the haematology of
the common carp (Cyprinus carpio). J. of Exp. Biol., 49:71-81.

Hughes, G.M., (1973). Respiratory responses to hypoxia in fish. Am. Zool., 13:475-489.

Hunn, J. B., and Greer, |. E. (1990). Calorimetric and refractometric estimates of total plasma
protein in striped bass. Morone saxatilis (Walbaum). J. Fish Biol., 36: 617- 618.

Huraea, S.L. and Pillai, T .V. R. (1966). Handbook of Fish Culture in Indopacific Region FAQ
Fishery Biology Technical Paper No.17 pp .204.

Hymarathi, H. P. and Rao, H. 1. (1999). Changes in urine flow rate and haematocrit value of
Rainbow trout (Salmo gairdeneri Richardson) exposed to hypoxia. J. Fish. Biol.,
45:53:59.

Ibrahem, M. D., Mostafa, M. M., Arab. R. M. H., and Rezk. M. A. (2008). Prevallence of
Aeromonas hydrophila infection in wild and cultured Tilapia nilotica in Egypt. 8"
international symposium on Tilapia in aquaculture.

Idler, D. R., and Tsiiyuki, H. (1958). Biochemical studies on sockeye salmon during spawning
migration. |. Physical measurements, plasma cholesterol and electrolyte levels. Can.].
Biochem. Physiol., 36: 783-791.

lwama, G. K., Afonso, L. O. B. & Vijayan, M. M. (2006). Stress in fishes. In: Evans, D. H. &
Claiborne, J. B. The Physiology of fishes.. Taylor and Francis, 3rd edition. USA. . 601:
319-342.

lwama, G. K., Afonso, L. O. B., Todgham, A., Ackerman, P. & Nakano, K. (2004). Are hsps
suitable for indicating stressed states in fish. Journal of Experimental Biology, 207:15-19.

115



Rg“erences

lwama, G. K., J. C. MvGeer, N. J. Bernier. (1999). The effect of stock and rearing history on the
stress response in juvenile coho salmon (Oncorhynchus kisutch). ICES Mar. Sci. Symp.,
194: 89-104.

Jastrzebska, Beata, Philippe Ringler,? David Lodowski,' Vera Moiseenkova-Bell,’ Marcin
Golczak,! Shirley A. Miller,? Krzysztof Palczewski,”” and Andreas Engel (2011).
Rhodopsin-transducin heteropentamer: three-dimensional structure and biochemical
characterization. J Struct Biol., 176(3): 387-394.

Jhingran, V.G. (1982). Fish and fisheries of India. Hindustan Publishing Co. India, pp.656.

Jin, Ha Yu., Han Jo, J. and Woo Park, S. (2010). Haematological and biochemical alterations in
Korean catfish, silurus asotus, experimentally infected with Edwardsiella tarda.
Aquaculture research, 41: 295-302.

Kata, J., Tsuchida, S. and Setoguma, T., 1996. Temperature preference and tolerance and
oxygen consumption of the marbled rock-fish, Sebastiscus marmoratus. Mar. Biol.
125:467-471.

Kawakami, H., Shinohara, N. and Shaki, M. (1998).The non specific immunostimulation and
adjuvant effect of vibrio anguillarium bacterin, B-glucan, chitin a freunds complete
adjuvant against Paseurella piscicida infection in yellow tail. Fish Pathology, 33: 287-
292.

Kubuley, A., and Ulukoy, G. (2002). The effects of acute stress on rainbow trout. Turk J. Zool.
26: 249-254.

Lamba, V. J., Coswamni. S. V. and Sundararaim B. |. (1983). Circannual and cirea.dian variations in
plasma levels of steroids (cortisol, estradio1-1713, estrone and testosterone) correlated with
the annual gonadal cycle in the catfish, Heteropneustes fossilis, Block. Gen. Comp.
Endocrinol., 50: 205-225.

Larsson, A., and Fange, R. (1977). Cholesterol and free fatty acids (FFA) in the blood of marine fish:
Comp. Biochem. Physioil. 57B: 191-196.

Leonardo Jose, G. B., Luiz Carlos, K., Laura Beatriz, R., Irineo, F., Rosmari Mezzalira, Q.,
Leonardo, C., Jaqueline, C., Auren Benck, S., Michele, F., Luciana de, A. L. and Silvia,
T. (2003). Short communication haematological and biochemical characteristics of male
jundia: Changes after acute stress. Aquaculture Research, 34: 1465-1469.

Lerman, C. L., Lappe, R., Crestani, M., Vieira, V. P., Goida, C. R., Schetinger, M. R. C.,
Baldisserotto, B., Mores, G., and Mores, V. M. (2004). Effect of different temperature
regime on metabolic and blood parameter of silver catfish Rhandia quelen. Aquaculture,
239: 497-507.

Leung, K. Y., Yeap | V., Lam, T. J., and Sin, Y. M. (1996). Morphological changes in carp
epithelial cells infected with Aeromonas hydrophila. Journal of fish Disease, 19:167-174.

116



References

Li, X. Y., Chung, I. K., Kim, J. |., and Lee, J. A. (2004). Subchronic oral toxicity of microcystin in
common carp (Cyprinus carpio L.) exposed to Microcystis under laboratory conditions.
Toxicol., 44: 821-827.

Love, R. M., (1982). The Chemical Biology of Fishes. New York: Academic Press. 3: 149-176.

Lowe, C. J., & Davison, W. (2005). Plasma osmolarity, glucose concentration and erythrocyte
responses of two Antarctic northern fishes to acute and chronic thermal change. Journal
of Fish Biology, 67: 752—766.

Luycas, G. J., & Taylor, M. H. (1996). The effect of cortisol treatment on carbohydrate and
protein metabolism in Fundulus heteroclitus. General and Comparative Endocrinology,
48: 76-83.

Maita, M., Shiomitsu, K., and lkeda, Y. (1984). Health assessment by the climogram of
hemochemical constituents in cultured yellow tail. Bull. Jap. Soc. Scient., 51: 205-211.

Martinez-Porchas, M., Hernandez-Rodriguez, M., Davila-Ortiz, J., Vila-Cruz,V. and Ramos-
Enriquez, J. R. (2011). A preliminary study about the effect of benzo[a]pyrene (BaP)
injection on the thermal behavior and plasmatic parameters of the Nile tilapia (
(Oreochromis niloticus L.) acclimated to different temperatures. Pan-American Journal of
Agquatic Sciences, 6(1): 76-85.

Masopust, J. (1998).Clinical biochemistry. Demanding and evaluation of biochemical
investigation. Karolinum Praha.832.

Maule, A. G., Schreck, C. B., Bradford, C. S., and Barton, B. A. (1998). Physiological effects of
collecting and transporting emigrating juvenile Chinook salmon past dams on the
Columbia river. Transactions of the American Fisheries Society, 117: 245-261.

Maxine, M. and Benjamin, B. S. (1985). Outline of veterinary clinical pathology. 3™ edition,
Colorado State Univ., Printed in India at Rekbha printers PVT. Ltd., New Delhi-110020.

Mayer-Gostari, N., Flik, G., and Pang, P. K. T. (1992). An enzyme-linked immunosorbent assay for
stanniocalcin, the major hypocaleemic hormone in fish. Gen. Comp. Endocrinol.

Mazeaeed, H. K., and Nyholm, K. (1977). Coagulation: Current research and clinical application.
New York: Academic Press, 234.

Mazeaud, M. M., Mazeaud, F., and Donaldson, E. M. (1977). Primary and secondary effects of
stress in fish. Trans. Am. Fish. Soc., 106: 201-212.

Mc Kay, G. H., and Gjerde, F. Y. (1985). Effect of dietary protein level ration level on excretion
of ammonia in common carp, Cyprinus carpio. Comparative Bioch. Physiol., 123:21:34.

Merritt D. F. (2011) Vulvovaginitis. In: Kliegman R. M, Behrman R. E, Jenson H. B, Stanton B.
F, eds. Nelson Textbook of Pediatrics. 19th ed. Philadelphia, Pa: Saunders
Elsevierchap, 543.

117



References

Meyer F. P. & Bullock G. L. (1973) Edwardsiella tarda, a new pathogen of channel cat fish
(Ictalurus punctatus). Applied Microbiology, 25,155-156.

Miilligan, C. L., and Wood, C. M. (1982). Disturbances in hematology, fiuid volume distribution and
cardiovascular function associated with low environmental pH in the rainbow trout, Salmo
gairdneri. J. Exp. Biol,. 99: 397-415.

Miller, R. R. (1963). Man and the changing fish fauna of the Southwest. Papers of the Academy
of Science, Arts and Letters. XVI.

Milligen, C. L., and Wood. C. M. (1982). Regulation of blood oxygen transport and cell ph. after
exhaustive activity in rainbow trout (Sainio gairdneri) and flounder (Platichthys stellatus). J.
Exp. Biol., 133: 262-282.

Mishra, S. and Srivastava, A. K. (1980). The acute toxic effects of copper on the blood of a
teleost. Ecotoxicol. Environ. Saf., 4: 191-194,

Moberg, G. P. (1985). Biological response to stress:key to assessment of animal well being? G.
P. editor animal stress. American Physiological society, Bethesda, Maryland 27-49.

Moberg, G. P. Mench, J. A., Mayer, S. J., and Krulisch, L. (1992). Stress diagnosis, cost and
management in the well being of agricultural animal in biomedical and agricultural
research. Scientist Center for animal Wellfare, Bethesda. 58-61.

Mock, A. and Peters, G. (1990). Lysozyme activit in rainbow trout. Stress by handling, transport
and water pollution. J. Fish Biol., 37: 873-885.

Mommsen, T. P., and Walsh, P. J., Hochachka, P. W., and Mommsen, T. P., (1991). Urea
synthesis in fishes: Evolutionary biochemical perspectives. "Biochemistry and Molecular
Biology of Fish” Book Elsevier. Amsterdam, New York.

Mommsen, T. P., Vijayan, M. M., and Moon,T. W. (1999). Cortisol in teleosts: dynamics,
mechanisms of action, and metabolic regulation. Rev. Fish Biol. Fish., 9: 211-26.

Mommsen. A.F. and Hockachka, G.B. (1988). Studies on the effect of water pollution in fishes
with special reference to haematology. Ph.D. Thesis, University of Rajasthan, Jaipur,
India.

Morales, A. E., Cardenete, G., Abellan, E. and Rejon- Garcia, L. (2005). Stress related
physiological responses to handling in common dentex. Aquaculture Research, 36(1):
33-40.

Mostafa, A., Hanna, E., Mamoon, E. F., and Faiehy, A. A. (2000). Changes in the
haematological parameters of carp, induced by Laminarin and Nigella sativa oil during
the motile Aeromonas septicemia disease. Egypt. J. Aquat. Biol. And Fish., 4(2):43-93.

Moura, M. A. F. (1994). Efeito da anaemia, do exercicio fisico e da adrenalina sobre o baco e
eritrocitos de Colossoma macropomum (Pisces). Thesis, PPG INPA/FUA.

118



References

Mulcahy, M. F. (1970). Blood values in the pike, Esox lucius (L.). J. Fish Biol., 2: 203-209.

Murachi, S. (1959). Haemoglobin content, erythrocyte sedimentation rate and haematocrit of the
blood in the young of the carp, Cyprinus carpio (L.). J. Fac. Fish. Anim. Husb. Hiroshima
Univ., 2: 241-247.

Nakano, T. and Tomlinson, K. (1967). Catecholamine and carbohydrate concentration rainbow trout
(Salmo gairdneri) in relation to physical disturbance. J. Fish Res. Board Can., 24: 1701-
1715.

Nandi, J. (1962). The structure of the interrenal gland in teleost fishes. Univ. Calif. Publ. Zool.,
65:129-212.

Nasse, R. M., Young E. A. (2000). Evolutionary origins and functions of the stress response. In:
Fink G, ed. Encyclopedia of Stress, San Diego: Academic Press, 2: 79-84.

Nasser, H. I. L, and Sovio, S. (2006). Studies on haematology of Indian Major Carps.
Aquaculture, 21: 56:62.

Natarajon, T. & Tamilson (1989). Catecholamine and carbohydrate concentration in rainbow
trout (Salmo gairdnri) in relation to physical disturbance- J. Fish res. Board Can. 24:
1701-1705.

Nelson, D. L., and Cox, M. M., (2005). Lehninger Principles of Biochemistry. 4th Eds. W. H
Freeman and Co. New York. pp. 1013.

Nespolo, R. F., and Rosenmann, M. (2002). Intraspecific allometry of haematological
parameters in Basilichthys australis. J. of Fish Biol., 60: 1358-1362.

Nicula, M., Bura, M., Simiz, E., Banateam —Dunea, |., Patruica, S., Marcu, A., lunca, M. and
Szelei, Z. (2010).Researches concerning reference values assessment of serum
biochemical parameters in some fish species from Acipenseridae, Cyprinidae, esocidae
and salmonidae family. Anim.Sci. Biotech., 43(1):498-505.

Nussey, S. D. (2002). Water quality management in aquaculture. CMFRI Special bulletin, pp.
96.

Oehulka, J. and Minao|, K. B. (2007) Blood parameters in brook trout Salvelinus fontinalis
(Mitchill, 1815), infected by columnaris disease. Aquaculture Research, 38:1182-1197.

Olse, R. E., Sundell, K., Ringo. E., Mykelbust, R., Hansen, T., Karlsen., O. (2008). The acute
stress response in fed and food-deprived Atlantic cod, Gadus morhua L. Aquaculture,
280: 232-241.

Omoregie, E., Ofodike, E. B. C., Keke, R. 1., (1990). Tissue chemistry of O. niloticus exposed to
sublethal concentrations of Gammalin-20 and Acetellice 25EC. J. Aqua. Sci., 5: 33-36.

119



References

Ortuno, J., Esteban, M. A., Meseguer, J. (2001): Effects of short-term crowding stress on the
gilthead seabream (Sparus aurata L.) innate immune response. Fish Shellfish Immun.,
11: 187-197.

Oruc, E. and Uner, N. (1999). Effect of 2,4-Diamin on some parameters of protein and
carbohydrates metabolism in the serum, muscle, and liver of Cyprius carpio.
Environmental pollution, 105 : 267-272.

Oruc, E., and Uner, N. (1998). Effect of azinphosmethyl on some biological parameters in blood,
muscle, and liver tissues of Cyprinus carpio (L.) Pest. J. Biochem. and Physio., 62: 65-
71.

Pagana, Kathleen Deska. (1998). Mosby's manual of diagnostic and laboratory tests.

Pancheo, M., snd Santos, M. A. (2001). Tissue distribution and temperature dependence of
Anguilla anguilla EROD. Activity following exposure to model inducers and relationship
with plasmacortisol, lactate, and glucose levels.

Periman, D., and Goldstein, L. (1988). Nitrogen metabolism. In “Physiology of Elasmobranch
Fishes” (T. J. Shuttleworth, ed.), Berlin, Springer-Verlag. 253-275.

Pérsez-Casanova, J. C., Rostro, L. O. B, Johnson, S. C., Currie, S. & Gamperl, A. K. (2004).
The stress and metabolic responses of juvenile Atlantic con Gadus morhua L. to an
acute thermal challenge. Journal of Fish Biology, 72: 899-916.

Peter, R. E., Hotela, A., Cook, A. F., and Paulence, C. R. (1978). Daily cycles in serum cortisol
levels in the gold fish: Effects of photo period, temperature, and sexual condition. Can. J.
Zool. 56: 2443-2448.

Phani Kumar, M., and Sree ramulu, K. Sree. (2013). Haematological changes in Pangasius
hypothalamus infected with Aeromonas hydrophilla. International J. of Food, Agriculture
and Veterinary Sciences, 3(1): 70-75.

Phillip, G. H., Reddy, P. M. and Sridevi, G. (1995). Cppermethrin- induced in vivo alterations in
the carbohydrate metabolism of fresh water fish, L. rohita. Ecotoxic. Environ. Saf., 31:
173-178.

Pickering AD. (1981). Stress and Fish. London: Academic Press., pp 367.

Pickering, A. D. and Pottinger, T. G. (1987). Crowding causes prolonged leucopenia in salmonid
fish, despite interrenal acclimation. Journal of Fish Biology, 30: 701-712.

Pickering, A. D., (1981). The concept of biological stress. In: Pickering, A.D. (Ed), Stress and
Fish. Academic Press, London, pp. 1-9.

Pickering, A. D., and Pottinger, T. G. (1983). Seasonal and Diel Changes in plasma cortisol levels
of the brown trout, Salmo trutta L. Gen. Comp. Endocrinol., 49: 232-239.

120



querences

Pickering, A. D., Pottinger, T. G. and Christie, P. (1982). Recovery of the brown trout, Saimo
truta L., from acute handling stress : a time course study. J. of Fish Biology., 20: 229-
244,

Pottinger, T. G. 1998. Changes in blood cortisol, glucose and lactate in carp retained in anglers’
keepnets. Journal of Fish Biology, 53: 728-742.

Pourgholam, R., Hassan, M. D., Kakoolaki, S., Khoshbavar Rostami, H. A., Mokarrami Rostami,
A., Pourgholam, M. A. (2013). Sum haematological and Biochemical changes in blood
serum of Grass carp (Ctenopharyngodon idella) vaccinated with Aeromonus hydrophila
following exposure to sublethal concentration of diazinon.lranian J. of Fish.Sci.,12(1):
12-13.

Puchkov, F. B. E., and Kaushik, S. L. (1974). Digestible energy in dietary sorghum, wheat bran
and rye in common carp (Cyprinus carpio L.). Aquaculture, 56(3):123-128.

Puchkov, N. V. (1964). The white blood cells. In Techniques for the investigation of Fish
physiology, (Eds. Pavlovskii, E. N.). Jerusalem: Israel program for Scientific
Translations, pp. 1-15.

Qayyum, A., and Naseem, S. M. (1967). A haematological study of mrigala, Cirrhinus mrigala
(Hamilton). Curr. Sci., 36(16): 435-436.

Racicot, J. C., Gaudet, M., and Leray, C. (1975). Blood and liver enzymes in rainbow trout
(Salmoo gairdneri Rich) with emphasis on their diagnostic use: Study of CCl, toxicity and a
case of Aeromonas infection. J. Fish Biol., 7: 825-835.

Rahman, M. F., Siddiqui, M. K. J. (1997). Hematological and Clinical Chemistry Changes
Induced by Subchronic Dosing of a Novel Phosphorothionate (RPR-V) in Wistar Male
and Female Rats. Drug and Chem. Toxic., 29 (1): 95-110.

Ramawamy, M. and Reddy, G.T. (1978). A Comparative study of haematology of three air-
breathing fishes. Proc. Indian Acad. Sci., 12: 381-385.

Randall, D. J. and Perry, S. F., (1994). Catecholamines. In: Fish Physiology, Volume XII B. W.
S. Hoar, D. J. Randall and A. P. Farrell (Eds). New York. Academic Press, pp. 255-300.

Randall, D. J. and S. F. Perry. (1992). Catecholamines. /n W. S. Hoar and D. J. Randall (eds.),
Academic Press, New York. Fish Physiology,12B: 255-300.

Randall, D., (1982). The control of respiration and circulation in fish during exercise and
hypoxia. J. Exp. Biol., 100: 275-288.

Randall, H. I. and Prey, (1992). Gas exchange in fish. In: Fish Physiology,. The Nervous
System, Circulation and Respiration, W. S. Hoar and D. J. Randall (Eds.). New York.
Academic Press, 4: 253-292.

121



References

Rantin, F.T. and Johansen, K., (1984). Responses of the teleost Hoplias malabaricus to
hypoxia. Env. Biol. of Fishes, 11: 221-228.

Ravichandran, M., and Reddy, G. T. (1995). A Comparative study of haematology of three air-
breathing fishes. Proc. Indian Acad. Sci., 12: 381-385.

Reddy, H. R., and Nilson, G. K. (1995). Digestive functions in teleost fishes. In: Fish Nutrition.
Academic Press, New York,

Rehulka, J. (2002). Aeromonus causes severe skin lesions in Rainbow trout (Onchorhynchus
mykiss): Clinical pathology, haematology and Biochemistry. ACTA VET. BANO. 71: 351-
360.

Reid, S. G., Bernier, N. J. & Perry, S. F. (1998). The adrenergic stress response in fish: control
of catecholamine storage and release. Comparative Biochemistry and Physiology, 120:
1-27.

Reid, S. G., Bernier, N. J. and Perry, S. F. (1998). The adrenergic stress response in fish:
Control of catecholamine storage and release. Comp. Biochem. Physiol., 120C:1-27.

Reid, S. G., Vijayan, M. M., and Perry, S. F. (1996). Modulation of catecholamine storage and
release by the pituitary-interrenal axis in the rainbow trout (Oncorhynchus mykiss). J.
Comp. Physiol., 165B: 665—676.

Reid, S. R. and Nilson, G. K. (1998). Digestive functions in teleost fishes. In: Fish Nutrition.
Academic Press, New York.

Robertson, D. H., Krupp, M. A., Favour, C. B., Hanes, S. and Thomas, S. F. (1961). Physiological
changes occurring in the blood of Pacific salmon (Oncorhynchus tshawytscha)
accompanying sexual maturation and spawning. Endocrinology, 68: 733-746.

Rostami, A. and Pourgholam, M. A. (2013). Some hematological and biochemical changes in
blood serum of Grass carp vaccinated with Aeromonas Hydrophila following exposure to
sublethal concentration of diazinon. Indian Journal of Fisheries Sciences, 12(1): 12-23.

Ruane, N. M., Carballo, E. C. and Komen, J., (2002). Increased stocking density influences the
acute physiological stress response of common carp Cyprinus carpio (L.). Aquacul.
Res., 33: 777-784.

Ruane, N. M., S. E. Wendelaar Bonga, and P. H. M. Balm. (1999). Differences between rainbow
trout and brown trout in the regulation of the pituitary-interrenal axis and physiological
performance during confinement. Gen. Comp. Endocrinol., 113: 210-219.

Rui, M. and Zuzuki, K. T. (1997). Cooper in plasma reflect its status and subsequent toxicity in
the liver of lee rats. Res. Commun. Mol. Pathol. Pharmacol., 95: 335-346.

122



R(ferences

Sadler, J., Pankhurst, N. W., Pankhurst, P. M. and King, H. (2000b). Physiological stress
responses to confinement in diploid and triploid Atlantic salmon. Journal of Fish Biology,
56: 506-518.

Sadler, J., Wells, R. M. G., Pankhurst, P. M. and Pankhurst, N. W. (2000a). Blood oxygen
transport, rheology and hematological responses to confinement stress in diploid and
triploid Atlantic salmon, Salmo salar. Aquaculture, 184: 349-361.

Salah, F. H. L. and EI-Deen, N. (1999). The physiological response of fishes to a deficiency of
cyanocobalamin and folic acid. J. Fish. Biol., 14: 97-104.

Sancho, E., Ceron, J. J. and Ferrando, M. D. (2000). Cholinesterase activity and hematological
parameters as biomarkers of sublethal molinate exposure in Anguilla anguilla.
Ecotoxicology Environ. Safe., 46: 81-86.

Sanders, B., Pascoe, V., Nakagawa, P. and Martin, L., (1988). Persistence of the heat-shock
response over time in common Mytilus mussel. Mol. Mar. Biol. Biotechnol., 1: 147-154.

Sandnes, K., Lie, 0, and waagbo, R. (1988). Normal ranges of some blood chemistry parameters
adult farmed Atlantic salmon, Salmo salar. J. Fish Biol., 32:129-136.

Sangalang, G. B., M. Weisbart, and Idler, D. R. (1971). Steroids of a chondrostean:
Corticosteroids and testosterone in the plasma of the American Atlantic sturgeon,
Acipenser oxyrhynchus Mitchill. J. Endocrinol., 50: 413—421.

Santhakumar, M., Balaji, M., and Ramudu, K., (1999). Effect of sublethal concentration of
monocrotophos on erythropoietic activity and certain haematological parameters of fish
Anabas testudineus (Bloch). Bull. Environ. Contam. Toxicol., 63: 379-384.

Saston,W. T. C., Morphy, D., Robinson, T. Vargas, E., Tau, J. K., Chang, A. (1984). Amino acis
fragment of leptin inhibits feeding in the rat Endocrinology, 137: 5182-5185.

Saunders, R. L., and Dustin, J. (1992). Increasing production of Atlantic salmon smelts by
manipulating photoperiod and temperature. World Aquaculture, 23: 43-46.

Saunders, R. L., Henderson, E. B., Hat llion, P. R., Johnson, C. E., and J. G. Bales. (1983). Effects of
low environmental pH on smolting of Atlantic salmon (Solmo solar). Canadian Journal of
Fisheries and Aquatic Sciences, 40:1203-1211.

Schreck, C. B.(1996). Immuno modulation: endogenous factors. In: Iwama, G., Nakamishi, T.
(eds.). The fish immune system: organism pathogen and environment. Academic press,
London , 311-337.

Schreck, C. B.(1996). Immunomodulation: Endogenous factors. In: Iwama, G., Nakanishi, T.
(Eds.),. The Fish Immune system: Organism, Pathogen and Environment. Academic
Press, London, pp. 311-337.

123



References

Schrger, G., Pourrier, M., Melnyk, P., and Nattel, S., (2001). Differential distribution of cardiac
ion channel expression as a basis for regional specialization in electrical function. Circ.
Res., 90: 939-950.

Scott, A. P., Ellis, T. (2007). Measurement of fi sh steroids in water. Gen Comp Endocrinol.,
153:392-400.

Selye, H., (1936). A syndrome produced by diverse nocuous agents. Nature 138: 32-34.

Sheridan, M. A. (1989). Alterations in lipid metabolism accompanying smoltification and seawater
adaptation of salmonid fish. Aquaculture, 82:191-203.

Siddiqui, D. L. J., and Naseem, J. T. (1979). Feed deprivation and re-feeding on alternation of
protease in Tilapia Oreochromis mossambicus. Zoological Studies, 45(3): 208-305.

Siikavuopio, S. 1., & Saether, B-J. (2006). Effects of chronic nitrite exposure on growth in juvenile
Atlantic cod, Gadus morhua. Aquaculture, 255: 351-356.

Singh, A. H., Srivastava, A. K. (1982). Studies on the haematology of certain fresh water
teleosts-V. Thrombocytes and the clotting of blood. Anat. Anz. Bd., 124: 368-174.

Small B. C. (2004). Effect of isoeugenol sedation on plasma cortisol, glucose, Melanogrammus
aeglefi nus) exposed to long-term handling stress. Aquaculture, 255: 67-89.

Smart, C. G., Lewis, W. M. & Kaplan, H. M. (1978). A comparative morphologic and physiologic
study of fish blood. Progve.Fish. Cult., 14: 169-172.

Smith, B. J., Beleau, M. H., Waterstrat, P., Tucker, C. S., Stiles, F., Bowser, P. R., and
Brown, L. A. (1987). Biochemical reference range for commercially reared channel
catfish. The Progressive Fish Culturist, 49: 108-114.

Soivio, A. and Nyholm, K. (1976). Notes on haematocrit determinations on rainbow trout, Salmo
gairdneri. Aquaculture, 2: 31-35.

Soivio, A., and Oikarim (1976). Haematological effects of stress on a teleosts esox luscious L. J
Fish Biol., 8: 397-411.

Soivio, A., Nikinmaa, M. and Westman, K., (1980). The blood oxygen binding properties of
hypoxic Salmo gairdneri. J. comp. Physiol. Biol., 136: 83-87.

Sopinska, A. (1984). Effect of physiological factors, stress, and disease on haematological
parameters of carp, with a particular reference to leukocyte pattern. ACTA Ichthyological
Et Piscatoria., XIV: 1-2.

Sopinska, A., Volpato, G. L. (1984). Agonistic profile and metabolism in alevins of the Nile
tilapia. Physiological Behavior, 57: 75-80.

124



References

Spencer, P., Pollock, R., Dubé, M. (2008). Effects of un-ionized ammonia on histological,
endocrine, and whole organism endpoints in slimy sculpin (Cottus cognatus). Aquat
Toxicol , 90: 300-309.

Srivastava, A. K. (1981). Studies on the haematology of certain fresh water teleosts-V.
Thrombocytes and the clotting of blood. Anat. Anz. Bd., 124: 68-174.

Svoboda, M. (2001). Stress in fish-a review. Bull RIFCH Vodnamy, 37: 169-191.

Svobodova, Z., Kalab, P., Dusek, L., Vykusova, B., Kolarova, J. and Janouskova, D. (1999).
The eftect of handling and transport on the concentration of glucose and cortisol in blood
plasma of common carp. Acta. Vet. Brno. 68: 265-274.

Swift, J. D. and Lloyd, R., (1974). Changes in urine flow rate and haematocrit value of rainbow
trout (Salmo gairdneri Richardson) exposed to hypoxia . J. Fish Biol., 6: 379-387.

Thorpe, J. E., McConway, M. G., Miles, M. S., and Muir, J. S. (1987). Diel and seasonal changes in
resting plasma cortisol levels in juvenile Atlantic salmon, Sal mo scilar L. Gen. Comp.
Endocrinol., 65: 19-22.

Thune R. L, M. C. Johnson, T. E. Graham and R. L. Amborski. (1986). Aeromonas
hydrophila hemolysin: Purification and examination of its role detection in O-group
channel catfish lctalurus punctatus. J. Fish Diseases, 9: 55-61.

Tietz, N. W, (Ed.), (1987). Fundamentals of Clinical Chemistry. Philadelphia: WB Saunders Co.

Trenzado, C. E., Morales, A. E., Higuera, M. (2008). Physiological changes in rainbow trout held
under crowded conditions and fed diets with different different levels of vitamins E and C
and highly unsaturated fatty acids (HUFA). Aquaculture, 277: 293-302.

Tuladhar, B. (2003). Comparative study of fish yields with plant protein sources and fish meal.
Our Nature. 1: 26-29.

Ummingel, B. L. (1977). Relation of whole blood sugar concentrations in vertebrates to standard
metabolic rate. Comp. Biochem. and Physiol., 55: 457-460.

Val, A.L. (1993). Adaptations of fishes to extreme conditions in fresh waters. In: The vertebrate
gas transport cascade. Adaptations to environment and mode of life. J. E. P. W. Bicudo
(Ed). CRC Press, Boca Ration. 43-53.

Van der Meer, D. L. M., Van Den Thillart, G. E. E. J. M., Witte, F., De Bakker, M. A. G., Besser,
J., Richardson, M. K., Spaink, H. P. Leito, J. T, D., and Bagowski, C. P. (2005). Am. J.
Physiol. 289: R1512-R1519.

Van der Oost, R., Beyer, J. and Vermeulen, N. P. E. (2003). Fish bioaccumulation and
biomarkers in environmental risk assessment: a review. Environmental Toxicology and
Pharmacology, 13: 57-149.

125



References

Van Pilsum, J. F., Stephens, G. C. and Taylor. D. (1972). Distribution of creatine,
guanidinoacetate and the enzymes for their biosynthesis in the animal kingdom. Implications
for phylogeny. Biochem. J., 126: 325-345.

Van-Raaij, M. T, M., Van-den-Thillart, G. E. E. J. M ;Vianen, G. J.; Pit, D. S. S. ; Balm, P. H. M.
and StefFens, A, B. (1996). Subtract mobilization and hormonal changes in Rainbow
Trout (Oncorhynchus mykiss.L) during deep hypoxia and subsequent recovery. J. Comp.
Physiol., 6766,7: 443-452.

Van-Raaji, W. B. (1996). Physiological mechanism of marine pollutant toxicity. Academic Press,
New York, 564.

Venkatesh, B., Tan, C. H., and Lam, T. J. (1989). Blood steroids in the goldfish Measurement of six
ovarian steroids in small volumes of serum by reverse-phase high-performance liquid
chromatography and radioimmunoassay. Gen. Comp. Endocrinol., 76: 397-407.

Verma, S. R,, Rani, S., and Delela, R. C. (1981). Isolated and combined effects of pesticides on
serum transaminases in Mystus vittatus (African catfish). Toxicol. Lett., 8: 67-71.

Victor, H.U. and Connors, T.J. (2004). Effects of temperature, hypoxia and activity on the
metabolism of juvenile Atlantic cod. J. Fish. Biol., 56 : 23-27.

Vijayan, M. M., Pereira, C., & Moon, T. W., (1994). Hormonal-stimulation of hepatocyte
metabolism in rainbow-trout following an acute handling stress. Comparative
Biochemistry and Physiology Part C, 108: 321-329.

Walters, G. R., Plumb, J. A. (1980). Environmental stress and bacterial infection in channel
catfish. J. Fish Biol., 17: 177-185.

Watson, L. J., Shechmeister, I. L., and Jackson L. L., (1963). The haematology of goldfish,
Carassius auratus. Cytologia, 28: 118-130.

Watts, R. L., and Watts, D, C. (1974). Nitrogen metabolism in fishes. In "Chemical Zoology" (M.
Florkin and B. T. Scheer, eds.), Academic Press, New York, 8: 369-446.

Weber, R. E. and Lykkeboe, G., (1978). Respiratory adaptations in carp blood influences of
hypoxia, red cell organic phosphates, divalent cations and CO, on haemoglobin-oxygen
affinity. J. of Comp. Physiol., 128: 127-137.

Wedemeyer, G. (1984). Some physiological consequences of handling stress in the juvenile
coho salmon (Oncorhynchuc kisuch). J. Fish. Res. Bd. Can. 29: 1780-1783.

Wedemeyer, G. A. (1996). Stress-induced ascorbic acid depletion and cortisol production in two
salmonid fi shes. Comp. Biochem. Physiol., 29: 1247-1251.

Wedemeyer, G. A., Barton, B. A. & McLeay, D. J. (1990). Stress and acclimation. /n: Schreck,
Methods for Fish Biology. MD: American Fisheries Society, Bethesda. pp. 491-527.

126



References

Wedemiever, G. A., and McLeay, D. J. (1981). Methods for determining the tolerance of fishes to
environmental stressors. In "Stress and Fish” (A. D. Pickering, ed.). Academic Press,
London. 247-275.

Weinreb, E. & Weinreb, S., (1969). A study of experimentally induced endocytosis in a teleost.
Zoologica, N. Y., 54: 25-34.

Weinreb, E. L. (1958). Studies on the histology and histopathology of the rainbow trout Salmo
gairdneri irideus. |. Haematology: Under normal and experimental conditions of
inflammation. Zoologica, N. Y., 43: 145- 154

Welker, T. L., Lim, C., Yildrim-Askoy, M. & Kelsius, P. H. (2007). Effect of buffered and
unbuffered tricaine methanesulfonate (MS- 222) at different concentrations on the stress
responses of channel catfish, Ictalurus punctatus Rafinesque. Journal of Applied
Aquaculture, 19: 1-18.

Wells, G.Y. (1977). Exercise physical conditioning blood coagulation and fibrinolysis. Thromos.
diathes. Haemorrh., 31: 23-28.

Wendelaar-Bonga, S. E. (1997). The stress response in fish. Physiological Reviews, 77: 591-
625.

Wepener, V., Van Vuren, J. H. J., and Du Preez, H. H. (1992). Effect of manganese and iron at
neutral and acidic pH on the haematology of banded tilapia (Tilapia sparrmanii). Bull.
Environ. Contam. Toxicol., 49: 613-619.

White field, A. K., and Blaber, J. M., (1986). The effect of temperature and salinity on Tilapia
rendalli Boulenger. J. Fish. Biol., 9: 99-104.

Wiikii, E., Andersen, K., Uglenes, |. and Egidius, E. (1989). Cortisol-induced increase in
susceptibility of Atlantic salmon, Salmo salar, to Vibrio salmonicida, together with the
effects on the blood cell patterns. Aquaculture, 83: 201-215.

Wilkie, M. P., Wood, C. M. (1991). Nitrogenous waste excretion, acid-base regulation and
ionoregulation in rainbow trout (Onchorhynchus mykiss) exposed to extremely alkaline
water Physiol. Zool., 64: 1069-1086.

Wikie, M. P., wright, P. A., lwama, G. K. and Wood, C. M., (1993). The physiological response
of the Lahontan cutthroat trout (Onchorhynchus clarki henshawi), a resident of highly
alkaline Pyramid lake (pH 9.4) to challenged at pH 10. J. exp. Biol., 175: 173-194.

Wilson, J. M., Vijayan, M. M., Kennedy, C. J., Iwama, G. K., and Moon, T. W. (1998).
Naphthoflavone abolishes interrenal sensitivity to ACTH stimulation in rainbow trout.

Wiasow, A., Dabrowska, T. C. (1999). The effect of physical disturbance, hypoxia and stress
hormones on serum components of the plaice, Pleuronectes platessa L. Comparative
Biochemistry and Physiology, 93A: 455-461.

127



References

Wood, C. M., Perry. S. F., Wright, P. A, Bergman, H. L., and Randall, D. J. (1989). Ammonia and
urea dynamics in the Lake Magadi tilapia, a ureotelic teleost fish adapted to an extremely
alkaline environment Respir. Physiol., 77: 1-20.

Wood, S. C. and Johansen, K., (1972). Adaptation to hypoxia by increased Hb O, affinity and
decreased red cell ATP concentration. Nature, Lond., 237, 278-279.

Wright, P. A., Randall, D. J., and Wood, C. M. (1988). The distribution of ammonia and H* between
tissue compartments in lemon sole (Parophrys vetulus) at rest, during hypercapnia and
following exercise. J. Exp. Biol., 136: 149-175.

Wright, R. A. (2001). Liming fishponds, Alabama Cooperatives extension system, Alabama
AGM and Auburn Universities.

www.nhlbi.hih.gov accessed on 13:5:13

www.nhlbo.hih.qov accessed on 27:3:13

www.nutrition.gov accessed on 13:12:12

www.stanfordheahthpromotion.network accessed on 03:5:13

Wybenga, M. P., Wood, C. M., (1971). Nitrogenous waste excretion, acid-base regulation and
ionoregulation in rainbow trout (Onchorhynchus mykiss) exposed to extremely alkaline
water Physiol. Zool., 64: 1069-1086.

Yamamoto, K., Itazawa, Y., and Kobayashi, H. (1985). Direct observations of fish spleen by an

abdominal window method and its application to exercised and hypoxic yellowtail. Jap. J.
Ichthyol., 31: 427-433.

Yang, J. L., and Chen, H. C. (2003). Eftects of gallium on common carp (Cyprinus carpio):

Acute test, serum biochemistry, and erythrocyte morphology. Chemosphere, 53: 877-
882.

Zarnmit, V. A., and Newsholme, E. A. (1979). Activities of enzymes of fat and ketone-body
metabolism and effects of starvation on blood concentrations of glucose and fat fuels in
teleost and elasmobranh fish. Biochem.J., 184: 313-322.

Zuccarelli, M. D., Kusakabe, M. K., Nakamura, |., Prentice, E. F., Young, G., and Ingermann, R.
L. (2008). Acute stress response of Kootenai River white sturgeon Acipenser

transmontanus Richardson reflected in peritoneal fluid and blood plasma. Journal of Fish
Biology, 72:1831-1840.

128



 mitgs

-
SR ERNRRRY e

E




ANNEXURE - |

Composition of Dacie’s fluid or RBC diluting fluid

Annexure

Chemicals Proportion
Formaldehyde 1.00 ml
Trisodium citrate 3.13g
Brilliant cresyl blue 0.10g

Distilled water

100 ml




Annexure

ANNEXURE - Il

Composition of Shaw’s W.B.C. diluting fluid

Chemical used Proportion
Glacial acetic acid 3.00 mi
Gention violet 10.00 mg

Distilled water 97.00 ml

1
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