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Labeo gonius % Tf@aai § qd &1 T &5 qAESRS! (AOHAM T GUd) & ORI Fam
% HreIw ud 38t s L-tryptophan  (L-TRP) &7 Y&RT % STENTd @ T8 | 39 @i 9 affad
T B 60 G v et q% smfa e T | ueer wEm 9rR e aEe (27, 30, 33 &R
36’C) % #u% H L. gonius Sfei ¥ iR faww wd et wEate skt &t
TR BT % U St fear mn an | wer % aRvmreEsy g we f5 27 o) 30°C § w=m
frem @ o amrE g TRERET $iR 33 v 36°C W aNE & BRI § | gEr wE,
®3 TG &b G § L. gonius IWHS & [awE, g TEEE AR IE-Aiae qiishans Bl T
FH % 0 ot fear wan on | weRwi @ qeee e dieg % aged s Ty (27°C we da
7.5), T, (27°C wd diwa 5.5), T; (27°C wd dgm 9.0), T, (33°C wdi dwm 7.5), Ts (33°C wd
dige 5.5) AR T (33°C wdl diem 9.0) & s e 7 | uRomw 98 wann ¥ f e o,
U a9Td BRI 4 3N TR & § | &iis, aa|e 8l oreiig iiee ai g % 9gad 99T, &g
TG ¥ oY TR 91 | Uk a9 HRhl B ot died, aea iR enia o A stftre TR
9T T | AT gA SEiRA L-tryptophan @ gwdies L. gonius SIS % fawm wd
immunomodulatory @ gi< & fWu smEfea feen wam | wefwdl @ W@i= iso-nitrogenous STER
L-tryptophan % Sufses = (0, 0.35, 0.7, 1.4 wd 2.1%) &1 Hrow fgamr mn | faem o)
immunomodulatory ¥ffear (§1<0.05) FE=wr & gaen & L-TRP % @19 Rawmn = aw9ei § ol
ST o1 | A4 WO, SRIRA L-tryptophan @ &9 & ®u& H L. gonius ST & qE 9
R @ Al b e & o we % et fear mar en | fafm @ (33°C wE
doer 5.5 @i 33°C ud diom 9.0) @ @A & g wekw & L-TRP % Svimez (0, 0.7, 1.4
g 2.1%) iso-nitrogenous & L& ER Fa@m@T 71 | 39 A9 & qa1 gl b ameia L-TRP
JUTEhRl aiih ¥ GiREm @ "enn § Ud cortisol @I & @ik HHT a i @B B bl g |
Aeromonas hydrophila % w90 &1 AR o7eqa" & URumTEsy 9t aen {6 smea L-TRP &
SMER L. gonius STfaeett § dwavl faRiell ua Siifad T &1 @ g gfoRe § qeRIcTs 9T Sea
HIAT & | TIH STeTTT gg a9 ¢ 6 omeiRka 1.4% L-TRP & =g7aw wr & fafdm v st
(@E Td diee) ® FeM B § GEREs g § | 39 Hecayul Steqe § 9€ @el o Gl § [
serarstl ®l 399 fism aaa % 93 v sR&l td a9 & Raars oe WHEITG fagiva & |
HeE BT 9 § U L. gonius T% Ibicdd SHIE YT % &9 § SEMN Ud TEdd o a%bal ¢ |



ABSTRACT

Four separate experiments were conducted to evaluate the stress responses of
Labeo gonius fingerlings exposed to multiple stressors (temperature and pH) and
its mitigation through dietary L-tryptophan (L-TRP). All the four experiments were
conducted for a period of 60 days each and they are interrelated. First experiment
was conducted to evaluate the growth and physio-biochemical responses of L.
gonius fingerlings exposed to four different temperatures (27, 30, 33 and 36°C).
The results of the experiment showed higher growth rate and normal physiological
activities at 27 and 30°C and causes stress at 33 and 36°C. Second experiment
was conducted to elucidate growth, biochemical and haemato-immunological
responses of L. gonius fingerlings exposed to multiple stressors. Fishes were
exposed to combined effect of temperature and pH viz., Ty (27°C x pH 7.5), T
(27°C x pH 5.5), T3 (27°C x pH 9.0), T4 (33°C x pH 7.5), Ts (33°C x pH 5.5) and T
(33°C x pH 9.0). Results revealed that the stress incurred on exposure to multiple
stressors was more severe than the single stressor. However, combined effect of
temperature and acidic pH stress was higher than the alkaline counterpart. Among
the individual stressor, effect of acidic pH stress appeared to be more severe than
the temperature or alkaline pH stress. Third experiment was conducted to evaluate
the growth and immunomodulatory effect of dietary L-tryptophan on L. gonius
fingerlings. Fishes were fed with five iso-nitrogenous diets containing graded level
of L-TRP (0, 0.35, 0.7, 1.4 and 2.1%). Growth and immunomodulatory response
were significantly (p<0.05) higher in the groups fed with L-TRP compared to control.
Fourth experiment was conducted to study the possible role of dietary L-tryptophan
on stress mitigation of L. gonius fingerlings exposed to multiple stressors. Fishes
were fed with iso-nitrogenous purified diets containing graded levels of L-TRP (0,
0.7, 1.4 and 2.1%) to mitigate the effect of multiple stressors (33°C x pH 5.5 or
33°C x pH 9.0). It was found that dietary supplementation of L-TRP significantly
reduced the effect of multiple stressors by triggering the immunity and reduces the
stress induced cortisol levels. Challenge study also confirmed that supplementation
of L-TRP in diet positively influence the survival rate of L. gonius fingerlings by
resisting the Aeromonas hydrophila infection and resulted better immunity. Results
of the present study suggest that dietary supplementation of L-TRP at a minimum
level of 1.4% is beneficial to mitigate combined effect of multiple stressors
(temperature and pH). This basic information will be useful for researchers to
understand the interactions of multiple stressors, which can subsequently help to
develop mitigation strategies against such stressors and also to establish L. gonius
as an alternative candidate species in aquaculture.
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Introduction



1. INTRODUCTION

Aquaculture is one of the fastest growing sectors in the world,
providing food and nutrition security to millions of people. In India, freshwater
aquaculture is dominated by Indian major carps, which contribute around 85% of
the total freshwater production. India is known for its rich diversity of carps in its
freshwater ecosystems. The country is blessed with 15-20 varieties of minor and
medium carps that have a high potential for freshwater aquaculture (Mohanta et al.,
2008). These carp species can be considered as an alternative to the cultivable
major carp species, for diversification in aquaculture. In India, attempts have also
been made for diversification of the carp polyculture system through inclusion of
new candidate species (Jena et al, 2011). In this context, Labeo gonius can be
considered as one of the potential candidate species for aquaculture (Mohanta et
al., 2008; Jena and Das, 2011; Jena et al., 2011).

Labeo gonius is an important medium-sized carp species once well
distributed in the warm water rivers of south-east Asian countries (Talwar and
Jhingran, 1991; Petr, 1999). It is commonly known as ‘Kuria labeo’ or ‘Gonius’
(Mohanta et al., 2008) and Khursa bata (Chattterji, 1992). Rahman (1989) reported
that the species was once abundant in the rivers, natural depressions and
floodplains all over Bangladesh. In India, it is well distributed in Assam, West
Bengal, Uttar Pradesh, Bihar, Rajasthan, Madhya Pradesh and Punjab in the major
freshwater rivers, reservoirs, lakes, jheels and tanks (Chattterji, 1992; Mohanta et
al., 2008). Munilkumar and Nandeesha (2007) also mentioned that the species is
well distributed in different parts of Northeast India. The fish is easily recognized by
the characteristic silvery scales, the upper part of the body is covered with greenish
and olive-coloured fine scales and the lower part with smaller-sized shiny silvery
scales and lateral line with 75-80 scales (Rahman et al, 2008). The fish has
considerable scope to be component of carp poly-culture system. Since the fish is
herbivorous bottom feeder, it can be cultured as a bottom feeding substitute in
composite fish culture. The species has been widely accepted as cultivable fish in
northeastern region of India, especially in Assam (Jena and Das, 2011). Webber
and Riordan (1976) also reported that ultimate use or consumer acceptance criteria
are considered as essential requirements for a candidate species for aqua-farming.



However, information on several aspects of the fish is scanty. So, generating
research information on different aspects of the species will definitely help to

establish the species to a greater extent.

During the culture period, fishes are exposed to various
environmental changes, which cause degree of trauma (stress) in aquatic
organism’s results detrimental consequences (Reubush and Heath, 1996).
Stressful condition in aquaculture causes growth reduction, reproduction inhibition,
abnormal behavior, immune-depression, decrease in disease resistance and even
death of the fish (Pankhurst and Van der Kraak, 1997; Schreck et al., 1997), which
affect both economic and socio-economic status of the aquaculturist. Stress can be
defined as an assumption of stimulus acting on biological system and the
subsequent responses to that system, and the stimulus is normally referred to as
the stressor, which induces stress and creates the stress responses. Seyle (1950)
gave the most widely accepted definition of stress as, “the sum of all physiological
responses by which an animal tries to maintain or re-establish a normal metabolism

in the face of physical or chemical force”.

The stressful condition in fish is not due to a single stressor but is a
combined effect of many stressors like natural and anthropogenic heavy metals,
radionuclide, temperature, crowding, pesticides, pH, low dissolved oxygen, etc.
Rearing of aquatic organisms in man-made environment has resulted in exposure
to the stressors, which may not be experienced to the same degree in natural
environments (Donaldson, 1981). However, information on the combined effect of
different stressors on growth and physio-biochemical response of fishes is limited.
Understanding the interactions of multiple stressors is the biggest challenge to the
researchers which subsequently help to develop mitigation strategies during

aquaculture practices.

Among the different stressors, temperature and pH are of prime
concern due to their practical utility in aquaculture. Higher temperature can alter the
physiological functions such as thermal tolerance, growth, metabolism, food
consumption, reproduction and to ability to maintain internal homeostasis (Fry,
1971). Similarly, change in water pH causes stress in fish affecting its physiology

and growth (Pickering, 1981). However, there is no information on the combined



effect of temperature and pH stress on growth, biochemical and haemato-
immunological response of L. gonius fingerlings.

Temperature is a major factor, which directly influences metabolism
affecting all physiological processes in ectotherms such as food intake, metabolism
and nutritional efficiency (Brett, 1979; Burel et al., 1996). Thus, water temperature
directly affects the growth of fish. Therefore, knowledge of suitable temperature
range at which fish have a faster growth rate is very important for effective
management of aquaculture systems (Cui and Wootton, 1988). Improved growth
and survival were recorded in composite culture of Indian major carps when water
temperature was 28°C (Chakraborty et al., 1976). However, carps are reported to
thrive well between 18.3 and 37.8°C (Jhingran, 1975). Indian carps are eurythermal

in nature (Kasim, 2002).

Thermal stress is considered as one of the most important aspects in
current aquaculture scenario. It is defined as, “any temperature change that
produces a significant disturbance in the normal functions of a freshwater teleost
and thus decreases its probability of survival” (Elliott, 1981). Thus, thermal stress is
the temperature change that causes disturbances in the homeostasis of an animal.
All definitions of stress, however, share the common premise of stimulus acting on
a biological system and the subsequent reaction of the system (Pickering, 1981).
Water temperature influences oxygen concentration, metabolism, reproduction and
growth of fishes (Fraser et al, 2002). Induction of stress by environmental
temperature variation determines whether an organism adapts to changed
conditions and survives or suffers from physiological disturbances (Peuranen et al.,
2003). Rising temperature up to certain limits favours aquaculture by reducing the
time required to produce marketable sized animals and producing more
generations per unit of space and time. On the contrary, higher temperature
adversely affects the health of aquatic animals by increasing metabolic rates and
subsequent oxygen demand and assisting proliferation, and virulence of bacteria
and other pathogens that cause a variety of patho-physiological disturbances in the
host (Wedemeyer et al, 1999). It has been shown in animal that extreme
temperature changes induce stress in organism and that is characterized by
changes at the physiological (Trot, 2011) as well as the cellular architectural levels
(Egginton and Sidell, 1989).



Water pH is also considered as one of the important parameters for
successful aquaculture production. The optimum pH range for culture of carps is
7.5-8.5 (Banerjea, 1967) and the majority of the Indian carp culture ponds have a
pH in this range. However, fluctuations in water pH can cause stress in fish
affecting its body physiology and growth (Pickering, 1981). A change in water pH
exerted stress in Indian major carps characterized by swelling of erythrocytes,
production of immature erythrocytes and reductions in the total erythrocyte counts,
haemoglobin and serum protein content and also increase in blood glucose (Das et
al., 2006). Water pH plays an important role in maintenance of the homeostasis in
aquatic animals and fluctuations in pH are reported to cause disturbances in acid-
base and ion regulation, and ammonia excretion (Wilkie and Wood, 1996). Brown
et al. (1984) recorded the alteration in cortisol level in rainbow trout exposed to acid
treated water. Li and Chen (2008) also reported that variations in pH can also be
acute toxic to crustaceans, resulting in reductions in rate of survival and growth
among them, sometimes accompanied by serious diseases or mass mortality.

However, the degree of these responses got varied among species.

In this context, application of natural/ synthetic compounds as stress
mitigators in many fish species has been found to be beneficial to overcome this
problem. Some of them are vitamin C, vitamin E, pyridoxine, methyl donor, levan,
etc. These have been proven to be beneficial for their multiple functions. Chung et
al. (2005) mentioned that nutraceuticals can be used to counter stress. Several
studies have indicated that immunostimulants can trigger defense system, even in
stressful conditions and therefore reduces the deleterious effects mediated by
stress (Ishiibashi et al, 1992; Ortuno et al, 2003; Manush et al, 2005).
Considering L-tryptophan function as a cortisol blocker (Lepage et al., 2003; Tejpal
et al., 2009), it can be evaluated as a dietary supplement to mitigate combined
effect of multiple stressors in diverse species to improve protein utilization efficiency

and hence to increase aquaculture production.

Tryptophan is an essential amino acid, which cannot be synthesized in
the body and thus must be obtained from food or supplements. In addition to being
a constituent of protein, it acts as a precursor of neurotransmitter serotonin (5-
hydroxytryptamine/ 5-HT) and nicotinic acid, whereas serotonin is precursor of

melatonin and act as a regulator polysome function and carbohydrate metabolism.



Elevated dietary intake of TRP has been reported to result in increased brain levels
of TRP and elevated rates of 5-HT synthesis and metabolism (Lepage et al., 2002).
Dietary supplementation of TRP, more or less blocked the increase in plasma
cortisol induced by stress (Lepage et al., 2003). Tejpal et al. (2009) also reported
that L-tryptophan supplemented diet mitigated crowding stress and enhanced
growth of Cirrhinus mrigala fingerlings. However, no attempt has been made to
evaluate the possible role of dietary L-TRP supplementation on stress mitigation of

L. gonius fingerlings exposed to multiple stressors.

With these backgrounds, the present study was intended with the

following three objectives:

1. To study the growth and physio-biochemical responses of Labeo gonius

fingerlings exposed to four different temperatures.

2. To elucidate the growth, biochemical and haemato-immunological
responses of Labeo gonius fingerlings exposed to multiple stressors.

3. To evaluate the possible role of dietary L-tryptophan on stress mitigation

of Labeo gonius fingerlings exposed to multiple stressors.
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2. REVIEW OF LITERATURE

2.1 Diversification of Species in Aquaculture

To cope up with the growing demand for food, there is a tremendous
pressure on aquaculture production. In this context, diversification of species has to
play a vital role in days to come. In India, freshwater aquaculture is dominated by
Indian major carps of Cyprinidae Family, which contributes about 87% of the total
freshwater production (ICLARM, 2001). However, India is known for its rich diversity
of carps in its freshwater ecosystems. The country is blessed with 15-20 varieties of
minor and medium carps that have a high potential for freshwater aquaculture
(Mohanta et al., 2008). These carp species can be considered as alternative to the
cultivable major carp species for diversification in freshwater aquaculture. In India,
attempts have also been made for species diversification of the carp polyculture
system through inclusion of new candidates (Jena et al, 2011), which mainly
includes fringe-lipped carp, Labeo fimbriatus; kuria labeo, Labeo gonius; kalbasu,
Labeo calbasu; olive barb, Puntius sarana; silver barb, Puntius gonionotus, etc. In
this context, L. gonius can be considered as one of the potential candidate species

for aquaculture (Mohanta et al., 2008; Jena and Das, 2011; Jena et al., 2011).

2.1.1 Labeo gonius as an alternative candidate species

L. gonius is a medium carp (Talwar and Jhingran, 1991) of Cyprinidae
Family, commonly known as ‘Kuria labeo’ or ‘Gonius’ (Mohanta et al., 2008) and
Khursa bata (Chattterji, 1992). It is one important medium-sized carp species once
well distributed in the warm water rivers of South-east Asian countries (Talwar and
Jhingran, 1991; Petr, 1999). Rahman (1989) reported that the species was once
abundant in the rivers, natural depressions and floodplains of all over Bangladesh.
In India, it is well distributed in Assam, West Bengal, Uttar Pradesh, Bihar,
Rajasthan, Madhya Pradesh and Punjab in the major freshwater rivers, reservoirs,
lakes, jheels and tanks (Chattterji, 1992; Mohanta et al., 2008). Munilkumar and
Nandeesha (2007) also mentioned the well distribution of the species in North-
eastern states. The fish is easily recognized by the characteristic silvery scales, the

upper part of the body is covered with greenish and olive-coloured fine scales and



the lower part with smaller-sized shiny silvery scales and lateral line has 75-80
scales (Rahman et al., 2008).

2.1.1.1 Culture potential of L. gonius

The fish has been identified as an important species for diversification
of aquaculture practices in India (Mohanta et al., 2008; Jena and Das, 2011). It has
a greater scope as a component of carp culture system (Jena and Das, 2011). In a
culture system, it attains more than 500 g in a year, showing its potential as an
important candidate species for culture. Since the fish is herbivorous bottom feeder,
so it can be cultured as a bottom feeding substitute in composite fish culture. It
competes with C. mrigala, L. calbasu, L. fimbriatus and L. bata in composite fish
culture. The species has been widely accepted as cultivable fish in Northeastern
India, especially in Assam because of its high market value and better consumer
preference. Webber and Riordan (1976) also reported that ultimate use or
consumer acceptance criteria are considered as essential requirements for a
candidate species for aqua-farming. Munilkumar and Nandeesha (2007) also
reported the culture of the species in different parts of the North-eastern region. It is
a highly valued fish in North-eastern India (Jena and Das, 2011). L. gonius is also
treated as ornamental fish in its juvenile stage and termed as non-classified
ornamental fish (Mandal et al., 2007).

2.1.1.2 Growth performance of L. gonius

The maximum reported size of L. gonius is 150 cm (Day, 1878; Talwar
and Jhingran, 1991) in natural water bodies, however around 50 cm is more typical
in commercial catches. Rahman (1989) and Hussain and Mazid (2001) reported
that the fish can attain a weight of more than 1.0 kg, with a maximum size recorded
to be 1.4 kg and 61.0 cm. In culture system, L. gonius can reach upto 40 cm in size
and 750 g in weight in one year period. However, small sizes of 100-300g are
easily marketable as compared to 700-800g of Indian major carps. Even though the
growth of the species is little slower compared to L. rohita (rohu) and C. catla (catla)
but it fetches better prices, which compensates the low growth rate. However, its
growth rate is more or less similar to C. mrigala (mrigal) and other bottom feeding
fishes. The culture of the fish has been well-established in North-eastern states,

especially in Assam, as a component of composite fish culture. Since the fish is
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herbivorous bottom feeder, there is a feasibility of substituting C. mrigala with L.
gonius in grow-out carp culture system without compromising the yield, which has
been already proved by Jena and Das (2011). Silver barb (P. gonionotus) and kuria
labeo (L. gonius) showed higher growth potential than rohu (L. rohita) and fringe-
lipped carp (L. fimbriatus) under polyculture in concrete tanks (Jena et al., 2011).
Stocking density of 0.6 million hatchling/ha appears to be the most efficient stocking
density for rearing of L. gonius fingerlings in earthen nursery ponds (Rahman et al.,
2008).

2.1.1.3 Significance of L. gonius

The species is having high consumer preference due to its good
taste. Kalita et al. (2005) reported the medicinal properties of the fish to cure
disease. It is a high valued fish especially in North-eastern states of India (Jena and
Das, 2011) and the growth of the species is comparable with Indian major carps. It
fetches better prices than the other carp species in domestic markets of North-
eastern India. The price of the species is much higher than the Indian major carps,
providing better profit to the farmers. As the fish is bottom feeding in nature, it can
be considered as an alternative to other bottom feeding fishes in composite fish
culture, without compromising the yield and profit (Mohanta et al., 2008).

2.1.1.4 Researchable issues on L. gonius

Even though, L. gonius is considered as a potential candidate species
for diversification of freshwater aquaculture in India, the information on several
aspects like thermal tolerance limit, nutrition and growth, stress and physiology,
health status, etc. are scanty. So, a study on the effect of temperature, multiple
stressors and stress mitigation on the species will be useful in the context of today’s

climate change scenario.

2.2 Stress in Fish Culture: An Emerging Issue

During the culture period, fishes are exposed to several stressors,
such as faulty practices and environmental changes. These frequently cause
various degree of trauma (stress) in aquatic organisms resulting in detrimental

consequences (Reubush and Heath, 1996). Stress is considered as one of the



major problems in aquaculture, where it has been related to growth reduction,
reproduction inhibition, abnormal behaviour and immunodepression, the last
frequently associated with infectious diseases and death (Pankhurst and Van der
Kraak, 1997; Schreck et al., 1997).

2.2.1 Definition of stress

Stress can be defined as an assumption of stimulus acting on
biological system and the subsequent responses to that system and the stimulus is
normally referred to as the stressor, which induces stress and creates the stress
responses. Stress is a confounding term (Schreck, 1981) and the concept (as
applied to biological systems) has long and controversial history primarily because
of difficulties in formulating a universally acceptable definition (Pickering, 1981).
However, Seyle (1950) gave the most widely accepted definition of stress as, “the
sum of all physiological responses by which an animal tries to maintain or re-

establish a normal metabolism in the face of physical or chemical force”.

2.2.2 Type of stressors in fish culture

The cultured organisms are exposed to many stressful activities
during routine aquaculture practices. The commonly encountered stressors in
aquaculture are physical, chemical, biological and procedural stressors
(Wedemeyer et al., 1999). Physical stressors include temperature, light, D.O.,
sound, etc. Chemical stressors include water quality, pesticides, pollution, diet,
metabolic waste, etc. Biological stressors include stocking density, microorganisms
(pathogenic and non-pathogenic), macroorganisms (parasites), lateral swimming
requirements, etc. Procedural stressors include handling, hauling, stocking, disease

treatment, feeding (manual and automated), etc.

2.2.3 Concept of multiple stressors in Aquaculture

In fish, the stressful condition is not due to a single stressor but in fact,
it is a combined effect of many stressors like natural and anthropogenic heavy
metals, radionuclide, temperature (low and high), crowding, pesticides, heavy
metals, pH (low acidic and high alkaline), low dissolved oxygen, etc. These
cumulative stressors may lead to economic loss to the fish culturists attributed to

reduction in growth rate, decrease in disease resistance, immunosuppression and
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even death of the fish. Rearing of aquatic organisms in manmade environment has
resulted in exposure to a number of stressors, which may not be experienced to the
same degree in natural environments (Donaldson, 1981). Ortuno et al (2002)

reported higher cortisol level due to combined effect of multiple stressors.

However, there is very limited research on the combined effect of
different stressors on growth and physio-biochemical response of fishes. Crain et
al. (2008) also mentioned that cumulative effect of multiple stressors on ecological
communities remains largely unknown. Understanding the interaction of multiple
stressors is the biggest challenge to the researchers which subsequently help to

develop mitigation strategies during aquacultural practices.

2.2.4 Stress responses in fishes: An overview

Stressor is a causative factor and stress is a response. Stress
responses in fish have been well documented by Wendelaar Bonga (1997) and
Barton (2002). The stress response of fish follows the general vertebrate pattern
(Weytes et al., 1999). A key element in the response is a switch from anabolism to
catabolism, the animal uses up the energy mobilized as it attempts to avoid or
overcome the immediate threat (Pickering, 1992). The quantum of response may
vary with nature and factors such as age, sex, maturation stage, environmental
temperature, species and strain of fish. Physical, chemical and perceived stressors
can all evoke non-specific responses in fish, which are considered adaptive to
enable the fish to cope with the disturbance and maintain its homeostatic state
(Barton, 2002). There are differences in the generalized stress responses among
different fish species (Vijayan and Moon, 1994) and different stocks or races of the
same species (lwama et al., 1999) differ in their tolerance to applied stressors.
Primary stress responses as well as secondary vary in different fish species, their
developmental stages as well as in individuals within the same species (Barton and
Peter, 1982; Pottinger, 1992). Changes in stress responses may depend on the
type of stress and stress duration. The stress response is therefore an expression
of both genetic and environmental factors (lwama et al., 1992).

When fish and other aquatic organisms experience environmental
disturbances that lie outside the normal range, the effect may be drastic. At the

organism level, a series of physiological changes occur following stressful
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challenges, which are adaptive in nature. These physiological responses are
termed as ‘General Adaptation Syndrome’ (GAS), Seyle (1950). It consists of (1) an
alarm reaction in which catecholamine and corticosteroids “stress hormones” are
released, (2) a stage of resistance during which adaptation occurs and (3) a stage
of exhaustion if adaptation is lost because the stress was too severe or long lasting
(Wedemeyer and Mcleay, 1981). Only a general understanding exists of the
sequence of physiological, behavioural and genetic alterations that occur as fishes

attempt to maintain themselves in the stressful environmental changes.

The physiological systems of fish can be challenged or stressed, by a
wide array of biological, chemical and physical factors. Stress produces effects that
threaten or disturb the homeostatic equilibrium and elicits a coordinated set of
behavioural and physiological responses thought to be compensatory and or
adaptive, enabling the animal to overcome the threats. However, during chronic
stress, the stress response may lose its adaptive value and become dysfunctional,
which may result in inhibition of growth, reproductive failure and reduced resistance
to pathogens (Wendelaar Bonga, 1997; Jobling et al., 1995). It is conventional to
classify stress response as primary (neural and neuro-endocrine responses),
secondary (physiological consequence of such primary response) (Mazeaud et al.,
1977). Wedemeyer and Mcleay (1981) expanded this system to include tertiary
changes; changes in behaviour, growth rate and increased susceptibility to
diseases. Stress response in all vertebrates including fish results in the activation
of the neuro-endocrine system, which brings about changes in metabolism,
osmoregulation and haematology (Barton, 2000). Stress responses in fish have
been broadly categorized into the primary, secondary and tertiary responses
(Barton, 1997; Wendealaar Bonga, 1997).

2.2.4.1 Primary stress responses in fishes

Primary stress responses (Wendealaar Bonga, 1997) include release
of adrenocorticotropic hormones (ACTH) from the adenohypophysis and release of
“stress hormones” (catecholemines and corticosteroids) from the interrenal. In
animals, sensory perception of stress is a prerequisite for stress response. In fish,
an adverse condition stimulates the afferent neural pathway that run in the synaptic

nervous system from the hypothalamus to the chromaffin tissue of the head of
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kidney. Direct stimulation of the chromaffin tissue leads to the release of
catecholamines. Other neurons, within the hypothalamus that run to the
adenohypophysis of the pituitary glands, secrete a neuropeptide that stimulates the
pituitary to produce and release of adrenocorticotropic hormone (ACTH). ACTH
released in the blood stimulates the interrenal cells of the head of the kidney to
produce corticosteroid hormone particularly cortisol. This results in rapid elevation

of plasma catecholamines and cortisol that leads to secondary stress responses.
2.2.4.2 Secondary stress responses in fishes

Secondary stress (Wendealaar Bonga, 1997) responses include
changes in osmoregulatory capacity and ionic balance; blood chemistry and
haematological; metabolic and cellular changes. In fish, cortisol enters liver cells
where it binds to nuclear receptor, resulting in activation of genes that produce a
series of enzymes that have a range of metabolic effects. This results in a suite of
biochemical and physiological changes, which may include hyperglycemia,
hyperlacticaemia, depletion of tissue glycogen reserves, lipolysis and inhibition of
protein synthesis. Other changes may include the osmotic and ionic disturbances,
due to diuresis and loss of electrolyte from the blood and change in haematology
with erythrocytic changes and reduction of white blood cells. Catecholamines in
particular have marked influence on cardiovascular functions; leading to change of
blood circulation, gill perfusion and oxygen carrying capacity of blood.
Corticosteroids, on the other hand, are known to stimulate the ion-transport
mechanism in the gill and kidney. These secondary stress responses are believed
to be adaptive mechanisms and are particularly important for fish to recover from
stress, by maintaining oxygen supply to the tissues, to regain osmotic and ionic
equilibrium and to meet the increased energy demands imposed by exposure to
environmental stressor. Typically these changes persist only for few hours or days,
following acute exposure to the stressor and do not therefore result in any

deleterious effect to the animal.

2.2.4.3 Tertiary stress responses in fishes

Chronic exposure to stressors provokes tertiary stress responses
(Wendealaar Bonga, 1997) that result in a number of pathological changes and

reduction in reproductive success, depression of growth rate and decreased
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disease resistance. Tertiary stress response represents whole animal and
population level changes (Barton, 1997) associated with stress. Thus, when fish are
exposed to environmental stressor, a hierarchy of responses is initiated and if the
stress is severe or long-lasting, successively higher levels of biological organisation
get affected. This signifies that the primary responses are the changes at the
endocrine level; whereas the tertiary responses refer to those changes that can be
easily seen by observing the animal (Jobling et al, 1995). A fish’s or fish
population’s tolerance to environmental alterations thus depends at least in part,
upon the individual fish’s ability to regulate stabilizing processes so as to

accomplish the required physiological or behavioural adaptation (Elliott, 1981).

2.3 Combined Effect of Multiple Stressors

Combined effect of stressors led to deterioration in surface water
quality and the aquatic habitat (Hinton, 1998). Hilton (1998) also mentioned that the
interaction of multiple stressors, coupled with invasions of foreign species and the
export of juvenile fish into aqueducts, has driven several species of fish to near
extinction. Schindler (2011) reported that cumulative effects of climate warming will
affect both water quality and quantity. Climate warming will exacerbate the effects
of acid precipitation. Water resources globally are affected by a complex mixture of
stressors resulting from climate change (Hering et al., 2014). Global warming are
characterised by temperature more frequent extremes (IPCC, 2012) and these are

likely to have negative impact on aquatic organisms (Jentsch et al., 2007).

During the culture, fishes are exposed to number of stressors, which
alter the physiology of fish and ultimately result in death of the fish. However, the
degree of these responses varied among the different species. Among the different
stressors, temperature and pH are of prime concern due to their practical utility in
aquaculture. Higher temperature can alter the physiological functions such as
thermal tolerance, growth, metabolism, food consumption, reproduction and ability
to maintain internal homeostasis (Fry, 1971). Similarly, change in water pH cause

stress in fish affecting its body physiology and growth (Pickering, 1981).

Verma et al. (2007) reported that increasing acclimation temperatures
alters the immune status of Cyprinus carpio advanced fingerlings and persistent

sub-lethal exposure to chlorine augments this temperature induced
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immunosuppression. On exposure to salinity and temperature imparts stress and
significantly influences growth performance and anti-oxidative potential (Akhtar et
al., 2013). Kumar et al. (2012) reported that concurrent exposure of temperature
and endosulfan stress significantly affects the growth performance of L. rohita
fingerlings. Reduced growth rate and food conversion efficiency have been
reported in fish at combined stress of salinity and higher temperature (Likongwe et
al, 1996). Janssens et al. (2014) mentioned that combined effect of extreme
temperature and pesticide stress interacted across metamorphosis on populations
of the damselfly, Ischnura elegans. Concurrent exposure of organisms to
contaminants and warming there is increasing concern that stressors may interact
in a delayed way (Segner, 2011). Such delayed effects are easily overlooked in the
many animals that have a complex life cycle. In rainbow trout, combined effect of
high temperature and high pH reported to increase mortality of the fishes (Wanger
et al, 1997). Dockray et al. (1998) reported that combined effect of warmer
temperatures and sub-lethal low pH appeared to be slightly more costly than either
stressor alone. However, there is no information on the combined effect of high
temperature and pH (low and high) stress on physio-biochemical and haemato-
immunological responses of L. gonius fingerlings.

2.4 Temperature Stress in Fish

Temperature is a major factor, which directly influences metabolism
affecting all physiological processes in ectotherms such as food intake, metabolism
and nutritional efficiency (Brett, 1979; Burel et al., 1996). Thus, water temperature
directly affects the growth of the fish. Therefore, knowledge of suitable
temperatures at which fish have a faster growth rate is very important for effective
management of aquaculture systems (Cui and Wootton, 1988). Improved growth
and survival were recorded in composite culture of Indian major carps when water
temperature was 28°C (Chakraborty et al., 1976). However, carps are reported to
thrive well between 18.3 and 37.8°C (Jhingran, 1975). Indian carps are eurythermal

in nature (Kasim, 2002).

Thermal stress is defined as, “Any temperature change that produces
a significant disturbance in the normal functions of a freshwater teleost and thus
decreases its probability of survival” (Elliott, 1981). Thus, thermal stress is the
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temperature change that causes disturbances in the homeostasis of an animal. All
definitions of stress, however, share the common premise of stimulus acting on a
biological system and the subsequent reaction of the system (Pickering, 1981).
Water temperature influences oxygen concentration, metabolism, reproduction and
growth of fishes (Morgan et al., 1999; Fraser et al., 2002). Induction of stress by
environmental temperature variation determines whether an organism adapts to
changed conditions and survives or suffers from physiological disturbances
(Peuranen et al, 2003). Thermal stress can adversely affect fish health by
increasing metabolic rate and subsequent oxygen demand, invasiveness and
virulence of bacteria and other pathogens that cause a variety of pathophysiological
disturbances (Wedemeyer et al., 1999).

2.4.1 Thermal tolerance in fishes

Thermal tolerance limit of Indian major carps has been well defined by
several workers (Chatterjee et al., 2004; Das et al., 2004, 2005). However, no
attempt or study has been made so far to evaluate the thermal tolerance limit of the
L. gonius. Critical thermal methodology (CTM) is used to estimate thermal tolerance
as the mean temperature at which fish get exposed to slow, constant changes in
water temperature and reach a predefined nonlethal (but near lethal) end point
(Cox, 1974). This method can be used as reliable to envisage the suitability of any
species for aquaculture in different agro-climatic regions (Debnath et al.,, 2006). The
area of the tolerance zone is a useful index of thermal tolerance (Elliott, 1981).
Oxygen consumption is an index of metabolism in freshwater fish (Kutty and Peer
Mohamed, 1975) and is dependent on the acclimation temperatures (Kita et al.,
1996). In fishes, the metabolic responses that are quantified in terms of oxygen
consumption show a linear correlation to temperature due to its direct effect on the
kinetics of the enzyme reactions involved (Hazel and Prosser, 1974; Hochachka
and Somero, 1971). The final preferred temperature may be estimated indirectly
based on the relationship between oxygen consumption and acclimation
temperature (Kita et al., 1996).

Temperature adaptation is an essential physiological phenomenon in
fishes and is dependent on the acclimation temperature (Beitinger and Bennetta,

2000). Over the years many workers have studied the thermal tolerance limit of the
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variety of fishes. Some of them are, Indian major carps (L. rohita, C. catla and C.
mrigala) advance fingerlings (Das et al., 2004), Rohu (L. rohita) fry (Das et al.,
2005), Rohu (L. rohita) and common carp (Cyprinus carpio) fingerlings (Chatterjee
et al, 2004), yellowtail catfish (Pangasius pangasius) fingerlings (Debnath et al.,
2006) and climbing perch (Anabas testudineus) (Sarma et al., 2010).

2.5 pH (Acidic and Alkaline) Stress in Fish

The water pH is the measure of the hydrogen ion (H) concentration.
The pH scale ranges from 0 to 14.0 with a pH of 7.0 being neutral. A pH below 7.0
is acidic and a pH of above 7.0 is basic. Water pH is considered as one of the
important parameters for successful aquaculture production. The optimum pH
range for culture of these carps is 7.5-8.5 (Banerjea, 1967) and the majority of the
Indian carp culture ponds have a pH in this range. However, a change in water pH
can cause stress in fish affecting its body physiology and growth (Pickering, 1981).
The disturbances in the gas exchange, nitrogenous waste excretion, acid-base and
ionic balance due to the change in water pH causes stress in fish affecting its body
physiology and growth (Pickering, 1981). The gill is the primary interface between
fish and its environment for gas transfer, acid-base balance, ion regulation and
ammonia excretion. Water pH plays an important role in maintenance of the
homeostasis in aquatic animals and increases or decreases in pH are reported to
cause disturbances in acid-base and ion regulation and ammonia excretion (Wood,
1989; Wilkie and Wood, 1991; Wilkie et al., 1993; Jensen and Brahm, 1995).

The fish gill is highly permeable to hydrogen ions. The significant
influx of H" at low environmental pH has also marked effect upon the respiratory
homeostasis and osmoregulatory process. The effect of low environmental pH on
fish includes increased branchial loss of ions, reductions in plasma pH,
bicarbonate, Na* and CI~ concentrations, slowing of apical H*/Na® exchanger
process (Ultsch et al., 1981), increased urinary excretion of surplus H* ions for
compensation of the net base loss at branchial epithelium (McDonald and Wood,
1983). Besides increases in blood pH and higher plasma ammonia concentrations,
exposure to high water pH also reduces plasma electrolytes such as Na* and CI7, a
little can increase a reduction in the blood protein and haemoglobin concentration
(Wood, 1989; Wilkie and Wood, 1996; Wilkie et al., 1993).
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Several authors have reported that variations in pH can also be acute
toxic to crustaceans, resulting in reductions in rates of survival and growth among
them, sometimes accompanied by serious diseases or mass mortality (Chen and
Chen, 2003; Li and Chen, 2008). Brown et al. (1984) studied the alteration in
cortisol level in rainbow trout exposed to acid treated water for 21 days. Plasma
cortisol level got increased at pH 5.2. They opined that to increase cortisol level, 8
days of acid treated water at pH 4.7 would be required. Acharya et al. (2005)
reported that exposure of L. rohita fingerlings to to acidic pH 5.5 and alkaline pH 9.0

affects physiological process and structural changes in gill tissue.

A change in water pH exerted stress in Indian major carps (L. rohita,
C. catla and C. mrigala) characterized by swelling of erythrocytes, production of
immature erythrocytes and reductions in the total erythrocyte counts, haemoglobin
and serum protein content and also increase in blood glucose (Das et al., 2006).
However, the degree of these responses varied among the three Indian major
carps. The leucocyte count decreased significantly in C. mrigala at acidic and
alkaline pH, most likely due to the greater stress level at such higher pH change.
Das et al. (2006) confirmed that chronic exposure of Indian major carps to acidic pH
5.5 and alkaline pH 9.0 is harmful as it imparts stress by affecting haemato-

immunological parameters.

2.6 Stress Mitigation in Fish

Stress is considered as one of the major problems in aquaculture,
where it has been related to growth reduction, reproduction inhibition, abnormal
behaviour and immunodepression, the last frequently associated with infectious
diseases and death (Pankhurst and Van der Kraak, 1997; Schreck et al., 1997).
Application of different stress mitigators is found to be beneficial over the years to
overcome these problems. A number of natural and synthetic compounds have
been applied as stress mitigator in many fish species, which have been proven to
be beneficial for their multiple functions. Some of them are vitamin C, vitamin E,

beta glucan, pyridoxine, methyl donors and microbial levan, etc.

Several studies have indicated that immunostimulants can trigger
defence system, even in stressful conditions and therefore reverse the deleterious

effects mediated by stress. Nutraceuticals are used to counter thermal stress
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(Chung et al., 2005). It is reported that supplementation of high protein and vitamin
C reduced the bioaccumulation and stress responses in Channa punctatus (Sarma
et al, 2009). Dietary high protein and vitamin C were supplemented for
ameliorating stress (Manush et al., 2005) in Macrobrachium rosenbergii. Vitamin C
was demonstrated to enhance tolerance to environmental stressors, hypoxic stress
(Ishiibashi et al., 1992) and increase in immunoresistance (Orbach and Laurencin,
1992). Vitamin C and E are used as dietary supplements to overcome stress in
gilthead seabream (Sparus auratus).The results showed that all stress-induced
increase in blood glucose and cortisol levels were lower in fish fed with vitamin C
and/or E-supplemented diet than in fish fed the control diet (Ortuno et al., 2003).
Recent studies have indicated that immunostimulants can trigger defence systems,
even in stressful conditions, and can reverse the harmful effects mediated by stress
(Meena et al., 2012; Wang et al., 2012; De et al, 2013).

L-tryptophan has been used as a growth promoter and also as a
stress mitigator in several fishes. However, responses varied from species to
species. Tejpal et al. (2009) successfully used to mitigate crowding stress in C.
mrigala fingerlings by reducing cortisol level. However, there is no information on
the possible role of dietary L-tryptophan as growth and immuno-modulator and also
as stress mitigator on L. gonius fingerlings.

2.6.1 L-Tryptophan (L-TRP)

Tryptophan is an essential amino acid, which cannot be synthesized
in the body of fishes and thus must be obtained from food or supplements. In
addition being a constituent of protein, it acts as a precursor of neurotransmitter
serotonin (5-hydroxytryptamine, 5-HT) and nicotinic acid, whereas serotonin is
precursor of melatonin and acts as a regulator polysome function and carbohydrate
metabolism (Wittman, 1976; Sidransky et al,, 1981). Deficiency of L-TRP causes

scoliosis, lordosis and renal calcinosis in rainbow trout (Kloppel and Post, 1975).

2.6.1.1 Physiological metabolism of tryptophan

Tryptophan is the precursor of serotonin (5-hydroxytryptamine, 5-HT)
and its availability is a limiting factor for the synthesis of brain 5-HT, both in
mammals (Fernstrom and Wurtman, 1972) and in fish (Aldegunde et al, 1998,
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2000). The first and rate-limiting step in the 5-HT biosynthesis is the hydroxylation
of L-tryptophan (TRP) to 5-hydroxytryptophan (5-HTP) by the enzyme tryptophan
hydroxylase (TPH) (Boadle-Biber, 1993). The enzyme tryptophan hydroxylase adds
a hydroxyl group to ftryptophan's benzene ring at position 5, creating 5-
hydroxytryptophan. Another enzyme, amino acid decarboxylase, removes a
carboxyl group from 5-hydroxytryptophan forming 5-hydroxytryptamine which is
more commonly known as serotonin. Tryptophan hydroxylase (TPH) does not
appear to be subjected to any inhibition of 5-HT (serotonin), the end product of the
reaction pathway. Hence elevation of brain TRP levels results in an increase in rate
of 5-HT synthesis. Since the enzyme TPH catalyzing the hydroxylation of TRP does
not seem to be saturated by TRP in vivo, the rate of this reaction appears to be
restricted by TRP availability both in mammals (Boadle-Biber, 1993) and in teleost
fish (Aldegunde et al., 1998, 2000; Winberg et al., 2001).

Elevated dietary intake of TRP has been reported to result in
increased brain levels of TRP and elevated rates of 5-HT synthesis and metabolism
(Johnston et al., 1990; Aldegunde et al., 1998, 2000; Winberg et al., 2001; Lepage
et al., 2002). In mammals, increased functional release of 5-HT following elevated
dietary intake of TRP has been confirmed using microdialyses and in vivo
voltametry (Boadler-Biber, 1993; Fernstrom, 1983; Fernstrom and Wurtman, 1972).
Serotonin seems to inhibit aggressive behaviour in all vertebrates and the fact that
elevated dietary intake of TRP suppresses aggressive behaviour in rainbow trout,
Oncorhynchus mykiss (Winberg et al.,, 2001) reveals that elevated dietary intake of

TRP in fish also results in increased synaptic 5-HT release.

One important physiological function of tryptophan is its use in protein
synthesis. Since mammals cannot synthesize tryptophan, the proportion that is
metabolized into serotonin and kynurenine is lost for protein synthesis (Floc’h et al.,
2010). In most animals, TRP oxidation is usually incomplete and the enzyme
thought to initiate the principal catabolic pathway is tryptophan pyrolase
(EC1.13.11.11) which occurs mainly in liver (Bender, 1978). In warm-blooded
animals, major proportion (75%) of tryptophan in plasma is bound to protein
whereas in trout very little, if any, tryptophan was found in the bound state. Fish is a
cold-blooded species and similar lack of binding has been found in frog blood by

Fuller and Roush (1973) and Badaway and Evans (1975). There was no relation
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between dietary TRP level and activity of hepatic tryptophan pyrolase (Walton et
al., 1984). In rat liver, the enzyme activity in liver is induced by hydro-cortisone or
tryptophan (Feigelson and Greengard, 1962). However, Brown and Dodgen (1968)
found that administration of ACTH or three glucocorticoids or repeated doses of

tryptophan into channel cat fish failed to induce the liver enzyme.

Badaway and Evans (1975) observed that in some animal species
such as rat, pig and chicken, the enzyme exists as the holoenzyme and apoenzyme
whereas in other species such as cat, sheep and rabbit the apoenzyme is absent.
When the apoenzyme is absent there is no hormonal induction, no stimulation by
haematin and the animals are more sensitive to tryptophan toxicity. Similar
observations were made in trout (no stimulation by haematin or apparent response
to increased tryptophan levels) by Walton et al. (1984) and they also concluded that
control of tryptophan catabolism is more likely to be related to tissue substrate
concentration than levels of tryptophan pyrolase. Alternatively, TRP may be
catabolized by other routes such as indoleamine pathway found in cattle (Yang and
Carlson, 1972). At suboptimal dietary intake, TRP would be required only mainly for
protein synthesis, but once this demand had been met any additional tryptophan
would be oxidized (Walton et al., 1984).

2.6.1.2 L-Tryptophan and Large neutral amino acids

The carrier transporting TRP across the blood-brain barrier is non-
specific, also transporting other large neutral amino acids (LNAA; ie., tyrosine,
phenylalanine, leucine, isoleucine, valine). Brain levels of TRP will thus not only
depend on plasma levels of TRP, but also on plasma levels of other LNAA
competing for the same carrier (Boadle- Biber, 1993; Aldegunde et al., 1998, 2000).
However, Aldegunde et al. (2000) obtained results suggesting that the competition
between TRP and other LNAA for uptake into the brain is less important in rainbow
trout than in mammals. One reason for this could be that the total plasma pool of
TRP is directly available for uptake to the brain, since TRP is largely found in the

free-state in rainbow trout plasma (Rozas et al., 1990).

In mammals, on the other hand, TRP in plasma is primarily bound to
albumin and only the small fraction of free TRP is directly available for uptake into

the brain. The fact that TRP is primarily albumin-bound in blood plasma of
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mammals which spares it from insulin-mediated uptake by muscle and as a
consequence, a meal rich in carbohydrate will increase brain 5-HT synthesis by
inducing insulin secretion, which lowers the blood concentration of LNAA other than
TRP (Fernstrom, 1983). Markus et al (2000) found that a carbohydrate-rich,
protein-poor (CR/PP) food diminished the depressive mood and cortisol response
to controllable as well as uncontrollable laboratory-induced stress in highly stress
prone human subjects. Assuming that the central 5-HT system is involved, Markus
et al. (2000) hypothesised that the effect of CR/PP food on the stress-induced
cortisol response in stress prone subjects is mediated by a stimulation of the 5-HT
pathway connecting the raphe nucleus to the hippocampus, which inhibits HPA
activation (Deakin and Greaff, 1991).

2.6.1.3 Serotonin and its mode action

The organisation and function of the brain serotonergic system seems
to be highly conserved across the vertebrate subphylum (Parent et al, 1984).
Serotonin (5-hydroxytryptamine, 5-HT) is involved in the regulation of the
hypothalamic-pituitary-adrenocortical (HPA) axis in mammals (Chaoulof, 19983;
Dinan, 1996) as well as in the control of the hypothalamic-pituitary-interrenal (HPI)
axis (the teleostean homologue of the HPA axis) in fish (Winberg and Lepage,
1998; Overli @ et al., 1999; Hoglund et al., 2000).

In several studies, the ratio of 5-hydroxyindoleacetic acid (5-HIAA, the
major 5-HT metabolite) to 5-HT brain concentrations has been found to correlate
with plasma levels of cortisol, suggesting that the action of brain 5-HT on the HPI
axis is stimulatory (Overli et al.,, 1999; Hoglund et al., 2000; Winberg and Lepage,
1998). Moreover, treatment with 8-OHDPAT, a selective 5-HT1A receptor agonist,
elevates plasma levels of cortisol in cannulated rainbow trout (Winberg et al.,
1997). However, the role of the brain 5-HT system in the control of the HPI axis is
not clear. Brain serotonergic pathways in mammals are important when coping with
stress, not only by initiating the adrenocortical stress response but also terminating
it (Markus et al., 2000). The brain 5-HT system is not a unitary system and, in
mammals, 5-HT pathways terminating in the hypothalamic paraventricular nucleus

stimulate HPA axis activity, whereas those terminating in the hippocampus inhibit it
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(Jacobson and Sapolsky, 1991; Deakin, 1991; Deakin and Graeff, 1991; Maes and
Meltzer, 1995; Summers et al., 1998; Markus et al., 2000).

In mammals, 5-HT terminals make synaptic contact with corticotrophin
releasing hormone immunoreactive neurons within the hypothalamic
paraventricular nucleus (Liposists et al., 1987) and treatment with 5-HT precursors
such as TRP or 5-HT receptor agonists (8-OH-DPAT) has been reported to
stimulate HPA axis activity, elevating plasma levels of gluco-corticoids (Chauloff,
1998). Thus, the elevation of plasma cortisol in non-stressed fish fed TRP-
supplemented feed could have been mediated by stimulation of the brain 5-HT
system. In this regard, it is contradictory that dietary TRP reduces stress induced
elevation of plasma cortisol, but the reason for this could be elevated negative
feedback as a result of increased basal plasma cortisol by elevated dietary L-

tryptophan in non-stressed group.

Serotonin may also suppress HPI axis activity by inhibiting central
norepinephrine (NE) activity. In mammals, NE stimulates hypothalamic
corticotropin-releasing hormone which in turn has a stimulatory effect on NE activity
(Huether, 1996), creating a positive feedback loop, which seems to be
counterbalanced by an inhibition of the NE system by 5-HT (Aston-dones et. al.,
1991; Engberg, 1992). The central NE system has been suggested to stimulated
HPI axis activity in teleost fish (Overli @ et al, 1999; Hoglund et. al, 2000).
Consequently, by elevating brain 5-HT activity, increased dietary intake of TRP may
suppress the stress-related activation of brain NE system and by that inhibits the
stressed-induced activation of the HPI axis.

Dopamine (DA) effect may be opposite to 5-HT (Winberg and Nilsson,
1993) and L-dopa treatment, which elevates brain DA activity has been reported to
induce social dominance (Winberg et al., 1992) to counteract the stress-induced
elevation of plasma cortisol & brain 5-HT activity in Arctic char, Salvelinus alpinus
(Hoglund, 2001). These results suggest that brain catecholamine systems are
interacting with the 5-HT on the HPI axis. Moreover, catecholamines are
synthesized from L-tyrosine, another essential large neutral amino acid (LNAA),
competes with TRP for uptake to the brain (Fernstrom, 1983). Thus, elevated

dietary intake of TRP may also affect brain NE and DA activity.
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2.6.1.4 L-tryptophan in the diet and growth in fishes

The quantitative requirement of L-tryptophan appears to vary from
species to species. Several studies have been conducted by numbers of workers
on dietary requirement of L-TRP in many species for their growth and other multiple
functions. However, very limited studies on role of L-TRP on growth performance
carps have been conducted over the past. In fact, no attempt has been made to
evaluate the possible role of L-TRP on growth of the L. gonius fingerlings.

Halver (1965) reported 2 g/kg diet as the requirement for Chinook
salmon (Oncorhynchus schwytscha). Walton et al. (1984) found that the dietary
requirement of tryptophan is 2.5 g/kg diet for rainbow trout (Salmo gairdneri). Based
on growth, Wilson et al. (1978) suggested tryptophan requirement for fingerling
channel catfish (/ctalurus punctatus) is about 0.12% of the diet (dry weight basis) or
0.5% of the dietary protein. Nose (1979) reported the dietary requirement of L-
tryptophan for Japanese eel (Anguilla japonica) is 4 g/kg diet. On the basis of the
growth response, the TRP requirement of milkfish juveniles was estimated to be 3.1
g/kg diet (Coloso et al., 1992). Fish fed with low levels of TRP exhibited low weight
gains and poor feed conversion ratios (Coloso et al., 1992).

Diets of C. mrigala fingerling should contain tryptophan at 0.38 g/100g
dry diet, corresponding to 0.95 g/100 g dietary protein for optimum growth and
efficient feed utilization (Ahmed and Khan, 2005). Tryptophan requirement values
reported for L. rohita fingerling is 0.59% (Khan and Jafri, 1993) and 1.13% of
protein (Murthy and Varghese, 1997) which was based on growth data only. Based
on the second-degree polynomial regression analysis of the WG%, FCR and PER
data, the optimum requirement of fingerling L. rohita for L-tryptophan is
recommended in the range of 0.36-0.38% of the diet, corresponding to 0.90-0.95%,
respectively, of the dietary protein for growth and efficient feed utilization (Abidi and
Khan, 2010). Tejpal et al. (2009) also reported the improved growth performance in
C. mrigala fingerlings fed with dietary L-TRP.

Akhtar et al. (2013) reported that dietary supplementation of 1.4%
TRP augments growth in L. rohita juveniles. They also observed higher RNA and
RNA/DNA ratio in L-TRP supplemented groups. Naatjes et al. (2014) reported

increase in body weight gain of pig with supplementation of dietary L-TRP along
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with lysine. Kumar et al. (2014) also mentioned that dietary supplementation of

either 0.7 or 1.4% L-TRP in diet improved growth in L. rohita fingerlings.

2.6.1.5 L-tryptophan and stress mitigation in fishes

Amino acid tryptophan is essential for fish and precursor of serotonin
(5-hydroxytryptamine, 5-HT) with stress-releasing effect (Winberg et al, 2001;
Lepage et al., 2002; Hseu et al., 2003; Hoglund et al. 2005). Fish fed with L-
tryptophan supplemented feed showed elevated plasma and brain levels of L-
tryptophan (Winberg et al., 2001; Lepage et al., 2002).

Feeding the fish with L-tryptophan-supplemented feed for 3 days had
no effect on aggressive behaviour, whereas feeding the fish L-TRP supplemented
feed for 7 days significantly suppressed aggressive behaviour in the fish, an effect
seen at both levels of L-tryptophan supplementation (Winberg et al., 2001). Feeding
rainbow trout with TRP supplement diet for 7 days resulted in slight elevation of
basal plasma cortisol in non-stressed fish. In response to the stress, fish that had
been fed control feed showed elevated plasma cortisol levels, but fish fed with the
TRP-supplemented feed displayed a significant reduction in this stress-induced
elevation of plasma cortisol levels (Lepage et al., 2002).

Feeding the rainbow trout with 3-different levels of (2, 4, 8 times the
TRP of commercial trout feed) TRP supplemented feed for 7-days resulted in dose
dependent decrease in post-stress plasma cortisol levels along with a dose-
dependent elevation of basal plasma cortisol (Lepage et al., 2003). Feeding the
fish with same diet for 3 days had no effect. However, on post-stress plasma
cortisol even though basal plasma cortisol was slightly elevated as compared to fish
fed control feed (Lepage et al., 2003). Following 28 days of elevated dietary intake
of TRP there was no effect on either post-stress or basal plasma cortisol (Lepage et
al, 2008), this may be due to that long term dietary TRP that may activate

compensatory mechanisms, normalizing brain TRP and cortisol release.

TRP supplementation resulted in slightly lower cannibalism than in
controls. However, body weight and total length of TRP groups were significantly
smaller than those of the control. The results indicated that cannibalism among

juvenile groupers could be mitigated by the oral administration of TRP, in addition
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or in place of environmental factors and the recommendation on supplementary
TRP level to be used is 0.5% of dry diet (Hseu et al. 2003).

Aggression is an important part of the behavioural repertoire of
juvenile cod and feed supplemented with TRP suppresses this behaviour (Hoglund
et al. 2005), an effect that seems to be mediated by the central serotonergic
system. Furthermore, TRP-induced decrease in aggression is likely to be most
pronounced in dominant individuals, who consume the larger part of the feed
offered. Thus, decreased size heterogeneity and cannibalism could be expected in
association with TRP supplementation. This effect could be even more pronounced
when combined with other methods for decreasing cannibalism, such as feeding

strategy and optimal stocking densities (Hecht and Pinienaar, 1993).

Dietary supplementations of L-tryptophan have shown mitigation in
crowding stress response in Cirrhinus mrigala fingerlings (Tejpal et al., 2009). The
LDH, MDH, AST and ALT activities were found to be significantly higher in the
control groups and decreasing trend of the enzymes were observed with the
increasing level of dietary L-tryptophan (Tejpal et al, 2009). L-tryptophan
supplemented groups were found to have higher weight gain %, SGR and PER.
Gradual supplementation of L-tryptophan in diet significantly reduced the cortisol
and blood glucose level in stress group (Tejpal et al., 2009).

Control and TRP supplemented groups showed increasing and
decreasing pattern in cortisol and glucose values when experiment progressed
after osmotic challenge (Hoseini and Hoseini, 2010). Both the groups showed
increasing pattern in sodium and chloride values when experiment progressed after
osmotic challenge. Results indicated that TRP supplementation enhanced salt
water tolerance of carp, due to increase in basal cortisol and anti-stress effect of
TRP and possibly increase in serotonergic activity (Hoseini and Hoseini, 2010).

The aggressive behaviour of juvenile mud crab can be suppressed by
supplementation of L-TRP. The survival of juvenile mud crab can be improved with
TRP to 0.5-1% (Laranja et al., 2010) in diet. TRP supplementation resulted to a
significant increase of 5-HT concentration in the haemolymph which was clearly
observed after the fight suggesting that 5-HT plays an important role in suppressing

the agonistic behaviour of mud crab during aggressive encounters (Laranja et al.,
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2010). The juvenile of Brycon amazonicus have aggressive and territorial behaviour
and that a diet containing TRP of 9.4 g/kg feed alter their aggressiveness, without
affecting the stress-related physiological parameters (Wolkers et al., 2011).

Hoseini et al., (2012) reported that dietary supplementation of L-TRP
can reduced the negative effects of stress, minimized toxicity and increased
immune response in fish. Tryptophan is capable to reduce stress response in
common carp by reducing cortisol levels and the effect was more pronounced in
9.9g tryptophan/kg diet (Hoseni and Hoseini, 2013). Akhtar et al. (2013) reported
that dietary supplementation of TRP augments growth, lowers energy demand and
helps in mitigating individual or combined effect of temperature and salinity stress in
L. rohita juveniles. Martins et al. (2013) observed significant reduction in cortisol

level in unstressed fish fed with TRP-supplemented diet.

Ciji et al. (2013a) reported that dietary supplementation of L-TRP
modulates growth, immuno-metabolic status and combat nitrite stress in Labeo
rohita juveniles. Ciji et al. (2013b) also reported enhanced non-specific resistance
factors viz., NBT, lysozyme activity and WBC count in vitamin E and L-TRP diet fed
groups compared with control upon challenge with A. hydrophila, which revealed
the role of these two additives in boosting non-specific immunity in L. rohita
juveniles. Dietary supplementation of 1.5% L-TRP, overcome the negative impact
of nitrite stress on steroidogenesis and thyroid hormone (Ciji et al., 2013c).

Fatahi and Hoseini (2013) reported that dietary supplementation of
0.25% L-TRP reduced the Cu toxicity and mortality in Caspian roach. Tejpal et al.
(2014) reported improved in thermal tolerance level and reduced the oxygen
consumption rate in C. mrigala fingerlings fed with 1.36% L-TRP. Akhtar et al.
(2014) reported to mitigate temperature and salinity stress induced stress through
dietary supplementation L-TRP in L. rohita juveniles by reducing AST, ALT and
LDH enzyme activity and increase in AchE enzyme activity. Kumar et al. (2014)
reported that dietary supplementation of L-TRP at either 0.72 or 1.4% in the diet
can reduce thermal stress even up to 38°C in L. rohita fingerlings by reducing blood
glucose and serum cortisol level, aminotransferase, lactate dehydrogenase, malate

dehydrogenase, catalase and superoxide dismutase activities.
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3. Material and Methods

Four separate experiments were conducted to evaluate the stress
responses of Labeo gonius fingerlings exposed to multiple stressors (temperature
and pH) its mitigation through dietary L-tryptophan (L-TRP). All the four
experiments were conducted for a period of 60 days each and they are interrelated.
Different methodologies have been adapted during the present study, which are

discussed below.

3.1 Site of the Experiment

The experimental setup was maintained in the wet laboratory of
Aquaculture Division of the Central Institute of Fisheries Education (CIFE), Mumbai,
India. Subsequent laboratory analysis was carried out in Aquaculture Division and
Fish Nutrition, Biochemistry and Physiology Division of CIFE. Some of the
parameters were estimated in laboratories of other divisions of the institute as well

as outside of the institute.

3.2 Experimental Animal

Animals used for experimental purpose were fingerlings of L. gonius.
The fish fingerlings (6.0-7.0 g) were procured from Jungalbalahu fish farm, Nagaon
District, Assam (India). The fishes were transported in 10 L polythene packing with
sufficient oxygen (10 fish in each pack) by air. On reaching the wet laboratory, they
were carefully transferred to a circular tank (1000 L capacity) of flat bottom and
were left undisturbed the whole night. In order to ameliorate the handling stress, the
fish were given a mild salt treatment the next day followed by antibiotic treatment
using oxytetracycline at the rate of 15 mg/L (APHA, 1998) for first three days in the
same tank. Water exchange (40-50%) was carried out at every alternate day to
maintain conducive water quality in the rearing tank. The stock was acclimatized to
the laboratory condition with proper aeration facility before commencing the
experiments. During the period, fishes were fed with a control diet containing 35%

crude protein.
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3.3 Experimental Designs

3.3.1 Experiment I: Studies on the growth and physio-biochemical responses
of L. gonius fingerlings exposed to four different temperatures.

L. gonius fingerlings of uniform size were randomly distributed into 4
treatments in 3 triplicates. During the experimental period, fishes were exposed to
four different temperatures viz., T1 (27°C), T2 (30°C), T3 (33°C) and T4 (36°C) for a
period of 60 days. The experimental tubs were arranged following a Completely
Randomized Design (CRD). Thermal tolerance study was also conducted under

same acclimatization temperature.

3.3.2 Experiment Il: Studies on the growth, biochemical and haemato-
immunological responses of L. gonius fingerlings exposed to multiple

stressors.

L. gonius fingerlings of uniform size were randomly distributed into 6
treatments in 3 triplicates. Fingerlings were exposed to combined effect of
temperature and pH viz., Ty (27°C x pH 7.5), T, (27°C x pH 5.5), T3 (27°C x pH
9.0), T4 (33°C x pH 7.5), Ts (33°C x pH 5.5) and Ts (33°C x pH 9.0) for a period of
60 days. The experimental tubs were arranged following a Completely Randomized
Design. The pH range (5.5 and 9.0) was selected based on the findings of Acharya
et al. (2005) and Das et al. (2006) on fingerlings of carp species. They have
reported that the chronic exposure to acidic pH (5.5) and alkaline pH (9.0) imparted
stress to the fingerlings. Chronic thermal stress (33°C) was decided based on the
findings of the 1% experiment. Das et al. (2005) also reported that the chronic

exposure to 33°C has imparted thermal stress to the L. rohita fingerlings.

3.3.3 Experiment Illl: Studies on the growth and immunomodulatory
responses of L. gonius fingerlings to dietary L-tryptophan supplementation.

The experiments were set up in 5 distinct experimental groups, each
group having 3 replicates. Five iso-nitrogenous purified diets were prepared with
graded levels of L-tryptophan viz., Control Ty (Basal diet + 0% Tryptophan), T»
(Basal diet + 0.35% Tryptophan), T; (Basal diet + 0.70% Tryptophan), T4 (Basal
diet + 1.4% Tryptophan) and Ts (Basal diet + 2.1% Tryptophan). The experimental

tubs were arranged following a Completely Randomized Design (CRD).
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3.3.4 Experiment IV: Studies on the possible role of dietary L-tryptophan on
stress mitigation of L. gonius fingerlings exposed to multiple stressors.

L. gonius fingerlings of uniform size were randomly distributed into 9
treatments in 3 triplicates. Four iso-nitrogenous purified diets were prepared with
graded levels of L-tryptophan (TRP). Nine treatment groups were T; (No stress x
0% L-Tryptophan), T» (Temperature 33°C and pH 9.0 x 0% L-Tryptophan), Ts
(Temperature 33°C and pH 9.0 x 0.7% L-Tryptophan), T4 (Temperature 33°C and
pH 9.0 x 1.4% L-Tryptophan), Ts (Temperature 33°C and pH 9.0 x 2.1% L-
Tryptophan), Te (Temperature 33°C and pH 5.5 x 0% L-Tryptophan), T,
(Temperature 33°C and pH 5.5 x 0.7% L-Tryptophan), Tg (Temperature 33°C and
pH 5.5 x 1.4% L-Tryptophan), Te (Temperature 33°C and pH 5.5 x 2.1% L-
Tryptophan). The experimental tubs were arranged following a Completely
Randomized Design (CRD).

Temperature and pH stress (both acidic and alkaline) were selected
based on the observations of the second experiment. Based on the findings of 3™
experiment L-TRP level of 0.35% level was ignored because there was less
significance difference between the control and this treatment group on immune

parameters.

3.4 Experimental Unit

Rectangular plastic tubs (100 L capacity) were used as experimental
units throughout the experiment for all the trials. The tubs were covered with
perforated lids. The tubs were initially washed and filled with potassium
permanganate solution (4 mg L") and were left overnight. They were cleaned on
the very next day with chlorine free bore well water. The total volume of the water in
each tub was maintained at 85 L throughout the experimental period. Round the
clock aeration was provided. The aeration pipe in each tub was provided with an air

stone and a regulator to control the air pressure uniformly in all the tubs.

3.5 Chemicals and Glass-wares

The glasswares used throughout the experiment were of neutral glass
of Borosil makes. Chemicals of various companies viz., Sigma, SRL, Hi-media,

Qualichem, Merck, Stressgen, etc.
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3.6 Maintenance of Temperature and pH

The thermostatic water heaters (range up to 50°C from normal) with
specification DTC - PID — 50L X 51B X 52H, General Trading Corporation, Mumbai,
India were used to maintain the water temperature in the experimental tanks. Stock
solution of sodium bicarbonate (NaHCO3) and hydrochloric acid (HCI) were used to
create the different alkaline and acidic conditions, respectively, in water of the

experimental tanks.

3.7 Experimental Diets

No reports were available on the protein requirement of L. gonius
fingerlings. However, related species of Indian major carps attain good growth fed
with 35% crude protein as reported by Renukardhyay and Varghese (1986).
Thereby, in the present study also, purified diets were prepared so as to keep the
crude protein and lipid levels at 35% and 8%, respectively. L-tryptophan was added
in different levels to the experimental diets. Fishes were fed with control diet without
L-tryptophan (diet-1) in experiment 1 and 2, where as they were fed with diet
containing different levels of L-tryptophan in 3" (Diet 1, 2, 3, 4 and 5) and 4" (Diet

1, 8, 4 and 5) experiment.

3.7.1 Formulation and preparation of experimental diets

Purified ingredients such as casein (fat free, Hi-media Laboratories
Ltd., India), gelatin (Himedia Laboratories Ltd., Mumbai, India), cellulose (Himedia
Laboratories Ltd., Mumbai, India), betaine chloride (Himedia laboratories Ltd.,
Mumbai, India), vitamin and mineral mixture (Himedia laboratories Ltd. Mumbai),
vitamin C (SD Fines Chemicals Ltd., India), Carboxymethylcellulose (Himedia
laboratories Ltd., Mumbai, India.), sunflower oil and cod liver oil (procured locally)
were taken for feed formulation. Five isonitrogenous (35%) diets with graded levels
of L-tryptophan (0% in diet-1, 0.35% in diet-2, 0.7% in diet-3, 1.4% in diet-4 and
2.1%in diet-5) were prepared. L-tryptophan was procured from Himedia
laboratories Ltd., Mumbai, India. Ingredients compositions (% dry matter basis) of

the experimental diets are given in Table 1.
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Table 1: Composition (% dry matter basis) of the experimental diets fed to L.

gonius fingerlings in different experiments

Ingredient (% inclusion) Diet-1 Diet-2 Diet-3 Diet-4 Diet-5
Casein(vitamin free)? 30.0 30.0 30.0 30.0 30.0
Gelatin® 10.0 10.0 10.0 10.0 10.0
Dextrin® 10.0 10.0 10.0 10.0 10.0
Starch soluble? 30.0 30.0 30.0 30.0 30.0
Cellulose powder?® 7.92 7.57 7.22 6.52 5.82
Cod liver oil® 4.0 4.0 4.0 4.0 4.0
Sunflower oil° 4.0 4.0 4.0 4.0 4.0
Vitamin C° 0.10 0.10 0.10 0.10 0.10
Vit. Min mix® 195 195 195 195 1.95
Carboxymethyl cellulose(CMC)? 2.0 2.0 2.0 2.0 2.0
Betaine Hydrochloride® 0.02 0.02 0.02 0.02 0.02
Butylated Hydroxy Toluene(BHT)? 0.01 0.01 0.01 0.01 0.01
L-tryptophan (%)? 0.0 0.35 0.7 1.40 2.10
Total 100 100 100 100 100

Himedia Ltd. India; "Procured from local market; °Sd Fine Chemicals Ltd., India;
dComposition of Vit-min mixture (EMIX PLUS) (quantity/2.5 kg): vitamin A
5,500,000 IU; vitamin D3 1,100,000 IU; vitamin B, 2000 mg; vitamin E 750 mg;
vitamin K 1000 mg; vitamin B6 1000 mg; vitamin B2 6 mg; calcium pantothenate
2500 mg; nicotinamide 10 g; choline chloride 150 g; Mn 27,000 mg; | 1000 mg; Fe
7500 mg; Zn 5000 mg; Cu 2000 mg; Co 450 mg; Ca 500 g; P 300 g; L-lysine 10 g;
DL-methionine 10 g; selenium 50 ppm; Satwari 250 ppm; (Lactobacillus 120 million

units and Yeast Culture 3000 crore units).

All the ingredients except gelatin, vitamin mineral mixture, L-
tryptophan and betaine chloride were mixed in a big plastic bowl. Gelatine crystals
were mixed in luke warm water so as to form a jelly like substance. The ingredients
were then mixed with gelatin jelly to form dough with the addition of necessary
quantity of water. BHT was dissolved in oil and mixed thoroughly in the dough. The

dough was then kept for 1 hr for proper conditioning followed by steaming for 5
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minutes in a pressure cooker. The vitamin mineral mixture, vitamin C, L-tryptophan
and betaine chloride were mixed after cooling. Pellets were prepared by using hand
pelletizer having 2 mm diameter size. Finally the pellets were air dried for some
time and kept in oven for 3-4 hrs at 60°C till complete drying. Having dried, the
pellets were packed in airtight polythene bags and labelled properly and kept in dry
moist free place.

3.7.2 Proximate composition of experimental diets

Proximate compositions (% dry matter basis) of the experimental diets
are given in Table 2. In the present study, nutritionally balanced formulated diet

containing all the required nutrients in the optimum level was used.

Table 2: Proximate composition of the experimental diets (% Dry matter
basis) fed to the L. gonius fingerlings

Diet Moisture CP EE Ash DM oM TC* *DE

Diet- 1 8.46 3544 8.57 9.01 91.57 90.98 46.96 406.78
+0.20 +#0.19 +0.32 +0.13 +0.20 +0.13 +0.44 +2.03
Diet- 2 8.37 35.34 8.54 9.09 91.62 9091 47.03 406.30
+0.22 +0.16 +0.47 +0.17 +0.22 +0.17 +0.68 +2.28
Diet- 3 8.49 35.37 853 9.05 91.50 90.94 47.04 406.46
+0.15 +#0.20 +0.21 +0.23 +0.16 +0.23 +0.44 +1.26
Diet- 4 8.64 35.33 8.59 9.07 91.36 90.93 47.01 406.66
+0.20 +#0.18 +0.09 +0.18 +0.20 *0.18 =*0.19 =*1.16
Diet- 5 8.37 3542 8.68 9.16 91.63 90.83 46.95 406.62
+0.14 +#0.20 +0.11 0.17 +0.14 +0.17 +0.30 +0.29

Data expressed as Mean * SE, n=6;

*Total carbohydrate % = 100 - (CP% + EE% + Ash %)

CP-crude protein; EE-ether extract;

DM-dry matter; OM-organic matter;

TC-total carbohydrate; DE- digestible energy;

**Digestible energy (Kcal/100g) = protein% x 4 + lipid% x 9 + carbohydrate% x 4
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The crude protein content of the experimental diets varied from 35.33
to 35.44%, which is supported by Renukardhyay and Varghese (1986), who
suggested that optimum protein requirement of Indian major carp ranging between
30-45%. The carbohydrate content of experimental diets was found to be within the
range of 46.95 to 47.04%. Carbohydrate requirement of carps has been studied by
Sen et al. (1978), who reported 26% carbohydrate level to be present in the diets of
carp spawn, fry and fingerlings for optimum growth. In another study by Mohapatra
et al. (2003), a diet containing 45% gelatinized carbohydrate and 30% crude protein
was efficiently utilized by L. rohita fry. In the present study, lipid level was found to
be 8.53 to 8.68%, which is supported by Mukhopadhyay (1993) who suggested that
7-9% lipid is required for carp grow out stage. In the diets of the present study,
isocaloric (406.30 to 406.78 Kcal/100g feed) and iso-nitrogenous diets were given

to the fingerlings.

3.8 Experimental Set-up and Rearing

L. gonius fingerlings of uniform size were randomly distributed in
different experimental groups. Each group was having three replicates following a
completely randomized design (CRD). Fingerlings of uniform size were stocked in
each 85-L plastic tub. Each tub was covered with a perforated lid to prevent the
animals from jumping out. The experimental conditions were kept same throughout
the experiment. Temperature in each treatment was maintained using thermostatic
controller fitted with sensors (General Trading Corporation, Mumbai, India).
Gradually temperature got increased over ambient water temperature (1°C per day)
to reach the test temperatures and maintained for 60 days. Similarly, gradual
decrease or increase of pH was done from the ambient pH of 7.5 to reach the test
pH (5.5 and 9.0). Stock solutions of sodium bicarbonate (NaHCO3) and hydrochloric
acid (HCI) were used to create the alkaline and acidic conditions, respectively, in

water of the experimental tanks.

Exchange of water from the experimental tank was done on daily basis
to remove the excreta and uneaten feed, and to maintain the pH. Prior to water
exchange, required stock solutions of acid and alkali were added to stored water
kept in separate tanks to create the desired pH of 5.5, 7.5 and 9.0. These waters

with different pH were used to exchange the water in the corresponding

33



experimental tank with similar pH. Water exchange was done every day during
morning hours (8.0-9.0 h) and was followed by final adjustment of pH with addition
of stock solutions of acid or alkali to the tank. The exchange was made slowly to
avoid any stress to animals. The tanks were continuously aerated throughout the
experiments. Water temperature and pH were not adjusted in the tubs of experiment
3. The bore well water was used to exchange the water regularly. However, they
were properly aerated before using for exchanging water. Fish were fed twice daily
with the purified diet. The fish were deprived of feed for one day before performing

the sampling, which was also followed during thermal tolerance study.

3.9 Feeding

Feeding was done @ 3% of their body weight initially and rate was
adjusted accordingly. Daily ration was divided into two parts; about 2/3™ of total

ration was given at 09:00 hours and the rest 1/3" at 18:00 hours.

3.10 Physico-chemical Parameters of Water

Water quality parameters viz., temperature, dissolved oxygen, pH,
free carbon di-oxide, ammonia, nitrite and nitrate were recorded throughout the
experimental period.

3.10.1. Dissolved oxygen and temperature

The dissolved oxygen and water temperature were measured using
the digital oxy-meter 330 (sensitivity 0.01mg O./L, E-Merck, Germany), for all the
treatment and were expressed as mg/L and °C respectively.
3.10.2. pH

Water pH (hydrogen ion concentration) was measured by using a
digital pH meter (pH 325-A, MERCK, Germany) for all the experimental tubs.
3.10.3 Free carbon dioxide

The dissolved free Carbon dioxide was measured by titrimetric

method (APHA, 1998) and calculated using the following formula.
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A XN X 44 X 1000

CO, (mg/L) =
Volume of sample (ml)
Where, A = Volume of titrant (NaOH) and
N = Normality of titrant (N/44)

3.10.4 Ammonia-N

Unionized ammonia nitrogen concentration was measured
spectrophotometrically at 640 nm using UV-VIS spectrophotometer (E-Merck,
Germany) following Phenate method (APHA, 1998) and compared with standard

graph. The concentration was expressed as mgL™"

3.10.5 Nitrite-N

Nitrite nitrogen of water was estimated using colorimetric method
(APHA, 1998), the optical density was measured at 543 nm using UV-VIS
spectrophotometer (E-Merck, Germany) and compared with standard graph. The

concentration was expressed as mglL™".

3.10.6 Nitrate-N

Nitrate concentration was estimated spectrophotometrically at 543 nm
wave length using UV-VIS spectrophotometer (E-Merck, Germany) following the
methodology of APHA (1998) and compared with standard graph. The

concentration was expressed as mglL™".

3.11 Growth Parameters

The growth parameters of the L. gonius fingerlings were assessed by
taking their body weight at 15 days interval. The animals were kept starved
overnight before the body weight measurement. Digital weighing balance was used
to measure the weight of the fishes. The growth performance of L. gonius

fingerlings was assessed using the following formula:
3.11.1 Percentage weight gain
Final weight — initial weight

Percentage weight gain = x 100
Initial weight
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3.11.2 Specific growth rate (SGR)

Ln (Final weight) — Ln (Initial weight)
Specific growth rate = x 100
Experimental periods in days

3.11.3 Food conversion ratio (FCR)
Feed given (dry weight)

Food conversion ratio =
Body weight gain (wet weight)

3.11.4 Feed efficiency ratio (FER)

Net weight gain (wet weight)

Feed efficiency ratio =
Feed given (dry weight)

3.11.5 Protein efficiency ratio (PER)

Net weight gain (wet weight)

Protein efficiency ratio =
Crude protein fed

3.11.6 Survival percentage

Survival percentage was calculated at the end of the experiment by

counting the number of fishes in each tub and was calculated as follows:

Total number of animal harvested
Survival (%) = x 100
Total number stocked

3.12 Biochemical Analysis of Diets

The proximate compositions of the diets and whole fish tissue were

analyzed following the methodologies of AOAC (1995).

3.12.1 Moisture

A known weight of the sample was taken and dried in a hot air oven at
105°C to constant weight and the moisture content was calculated by using the

following formula:

Wet weight of sample — Dried weight of sample
Moisture (%) = x 100
Wet weight of sample
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3.12.2 Crude protein (CP)

Nitrogen content of experimental diets and carcass was estimated
quantitatively by Kjeltec semi-automatic system (Tecador Sweden) and crude
protein was estimated by multiplying nitrogen percentage by a constant factor
(6.25).

CP (%) = Nitrogen (%) x 6.25

3.12.3 Ether Extract (EE)

Ether Extract of experimental diets and carcass was estimated by
Soxtec (Tecator, Sweden) using diethyl ether (boiling point, 40-60°C) as a solvent.
Weight of ether extract

Ether Extract (%) = x100
Weight of the sample

3.12.4 Ash

Ash content of diets and carcass was estimated by taking the sample
in vetrosil crucible and placing it in a muffle furnace at 600°C for 6 hrs.
Weight of ash

Ash % = x 100
Weight of sample

3.12.5 Total carbohydrates

Total carbohydrate of experimental diets and carcass was calculated
by difference method given by the formula:

Total carbohydrate % = 100 - (CP% + EE% + Ash%)

3.12.6 Digestible energy Value

The digestible energy value of experimental diets and carcass was
calculated on the basis of standard physiological fuel value of 4 Kcal/g proteins, 4
Kcal/g carbohydrates and 9 Kcal/g lipids (Halver, 1957). It was calculated as per

the following formula:

Digestible energy (Kcal/100g) = Protein% x 4 + Lipid% x9+Carbohydrate% x 4
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3.13 Body Indices
3.13.1 Hepatosomatic index (HSI)
The hepatosomatic index was calculated by the following formula:
Weight of the liver

HSI = x 100
Weight of the fish

3.13.2 Gastrosomatic index (GSI)
The Gastrosomatic index was calculated by the following formula:
Weight of the digestive tract

GSl = x 100
Weight of the fish

3.14 Sampling Procedure

At the end of the experiment, fishes were collected from each tank
and anaesthetized with clove oil (50 pL L™). Fishes were then dissected out
immediately for different tissues, weighed and kept at -20 °C for enzyme assays
and metabolites. For collection of blood and serum, fish were anaesthetized with
clove oil (50 pL L™"). The blood was withdrawn from the caudal vein using a medical
syringe rinsed with ethylene diamine tetra-acetic acid (EDTA) disodium salt and
immediately transferred to an eppendorf tube containing dried EDTA to prevent
clotting. For collection of serum, blood was withdrawn without the use of
anticoagulant and allowed to clot for some time till the straw colour serum

separated out. This serum was then stored at -20°C for further analysis.
3.15 Analysis of Tissue Enzymes

All the colorimetric assays were carried out using UV-VIS
spectrophotometer (E-Merck, Germany).

3.15.1 Sample preparation

The muscle, gill, liver, brain and intestine of the fish were removed
carefully and weighed. It was homogenized with chilled sucrose solution (0.25 M) in
a glass tube using tissue homogenizer (MICCRA D-9, Digitronic, Germany). The

tube was continuously kept in ice bath while homogenizing. The homogenate was
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centrifuged at 5000 rpm for 20 minutes at 4°C in a cooling centrifuge. The
supernatant was kept frozen at -20°C till further analysis. A 5% homogenate was

prepared for all the tissues.

3.15.2 Enzymes of Protein Metabolism

3.15.2.1 Aspartate amino transferase (AST)

(L-aspartate: 2 oxaloglutarate aminotransferase, E.C. 2.6.1.1)

The AST activity was assayed in the tissue homogenate as described
by Wooten (1964). The substrate comprised of 0.2M D, L-aspartic acid and 2 mM
o~ ketoglutarate in 0.05 M phosphate buffer (pH 7.4). To 0.5 ml of substrate, 0.1ml
of tissue homogenate was added and incubated at 37°C for 1 hr. The reaction was
terminated by the addition of 0.5 ml of 1mM 2,4-dinitrophenylhydrazine (DNPH). In
the control tubes, the enzyme source was added after DNPH solution. The tubes
were held at room temperature for 20 min. Then 5 ml of 0.4 N NaOH solution was
added and the contents were thoroughly mixed. After 10 minutes the OD was
recorded at 540 nm against blank. Enzyme activity was expressed as n mol of

oxaloacetate released/ min/ mg protein at 37°C.

3.15.2.2 Alanine amino transferase (ALT)

(L —alanine: 2-oxaloglutarate aminotransferase, E.C.2.6.1.2)

The ALT activity was assayed in the tissue homogenate as described
by Wooten (1964). The substrate was comprised of 0.2M D, L-alanine and 2 mM a-
ketoglutarate in 0.05 M phosphate buffer (pH 7.4). To 0.5 ml of substrate 0.1ml of
tissue homogenate was added and incubated at 37°C for 1 hr. The reaction was
terminated by the addition of 0.5 ml of 1 mM 2,4-dinitrophenylhydrazine (DNPH). In
the control tubes, the enzyme source was added after DNPH solution. The tubes
were held at room temperature for 20 min. Then 5 ml of 0.4 N NaOH solution was
added and the contents were thoroughly mixed. After 10 minutes the OD was
recorded at 540 nm against blank. Enzyme activity was expressed as n mol of
sodium pyruvate released/ min/ mg protein at 37°C.
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3.15.3 Enzymes of Carbohydrate Metabolism
3.15.3.1 Lactate dehydrogenase (LDH)

LDH (E.C. 1.1.1.27) activity was determined following the
methodology of Wroblewski and Ladue (1955). The reaction mixture was comprised
of 0.1 M phosphate buffer (pH 7.5), NADH solution, tissue homogenate and sodium
pyruvate (0.02 M). The reaction was started by adding substrate sodium pyruvate
and OD was recorded at 340 nm at 30 sec interval for 3 min. The enzyme activity
was expressed as units per mg protein per min at room temperature where 1 unit

was equal to A0.01 OD/ min.

3.15.3.2 Malate dehydrogenase (MDH)

The MDH (E.C. 1.1.1.37) activity was estimated following the
methodology of Ochoa (1955). The reaction mixture was comprised of 0.1 M
phosphate buffer (pH 7.5), NADH solution, tissue homogenate and freshly prepared
oxaloacetate solution. The reaction was started by adding oxaloacetate solution as
substrate and OD was recorded at 340 nm at 30 sec interval for 3 min. The
enzymatic activity was expressed as units per mg protein per min at room

temperature where 1 unit was equal to A0.01 OD/ min.

3.15.4 Enzymes of Oxidative Stress
3.15.4.1 Superoxide Dismutase (SOD)

The SOD (E.C. 1.15.1.1) activity was estimated following the
methodology of Misra and Fridovich (1972). The assay is based on the oxidation of
epinephrine-adrenochrome transition by the enzyme. The reaction mixture
consisted of 50 ul of sample; 1.5 ml phosphate buffer and 0.5 ml epinephrine. The
solution was mixed well and immediately read the change in optical density at 480
nm for 2 min in a UV-VIS spectrophotometer (E-Merck, Germany). One unit of SOD
activity was the amount of protein required to give 50% inhibition of epinephrine

auto oxidation.

3.15.4.2 Catalase

Catalase (E.C. 1.11.1.7) activity was estimated following the
methodology of Takahara et al. (1960). To 2.45 ml of phosphate buffer (50mM, pH
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7.0) , 50 pl of the tissue homogenate was added and the reaction was started by
the addition of 1.0 ml of H>O; solution, the decrease in absorbance was measured
at 240 nm at 30 sec intervals for 2 min. The enzyme blank was run simultaneously
with 1.0 ml of distilled water instead of hydrogen peroxide. The enzyme activity was

expressed as n moles of H-O» decomposed per min per mg protein.

3.15.4.3 Glutathione-s-transferace (GST)

Glutathione-s-transferase (GST) catalyses the conjugation of
glutathione to numerous potentially toxic compounds, include aliphatic, aromatic,
heterocyclic radicals, epoxides and arene oxides. GST activity was determined by

following the methodology of Habig et al. (1974).

3.15.5 Enzyme of Neurotransmission
3.15.5.1 Acetyicholine esterase (AChE)

The enzyme AchE (E.C.3.1.1.7) activity was assayed by following the
methodology of Hestrin (1949) modified by Augstinasso (1957). Acetylcholine
esterase assay system was comprised of 1.0 ml of M/15 phosphate buffer (pH 7.2),
1 ml acetylcholine (0.004 M, pH 4.0) substrate buffer mixture (1:9 dilution) and 0.2
ml of homogenate and incubated for 30 min at 37°C. Alkaline hydroxylamine (2.0
ml) was added to terminate the reaction. The solution was mixed thoroughly and 1
ml of HCI (2:1) was added followed by thorough mixing. Enzyme solution was then
added to the control tubes. The colour was developed by addition of 1 ml of FeCls;
(10%) and OD was recorded at 540 nm after thorough mixing. In this assay, mixing

the solution at every step is very essential to avoid trapping of air bubbles.

3.15.6 Enzyme of Phospho Monoesterase
3.15.6.1 Alkaline Phosphatase (ALP)

The ALP (E.C. 3.1.3.1) activity was determined by following the
method of Garen and Levinthal (1960). The assay mixture was comprised of 0.2 ml
bicarbonate buffer (0.2 M), 0.1 ml of 0.1 M MgCl,, 0.1 ml tissue homogenate, 0.5 ml
of distilled water and 0.1 ml of freshly prepared 0.1M para-nitrophenyl phosphate.

The reaction mixture was incubated in water bath at 37°C for 15 minutes and the
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reaction was stopped by 1.0 ml of 0.1 N NaOH. Optical density was measured at
410 nm.

3.15.7 Enzyme of Gluconeogenic Pathways

3.15.7.1 Fructose-1, 6-diphosphatase (FDPase)
(D FDP-1-Phosphohydrolase; E.C. 3.1.3.11)

FDPase activity from different tissues was assayed by following the
methodology outlined by Freeland and Harper (1959). The reaction mixture was
comprised of 0.1 ml of 0.05 M FDP (pH 7-7.3), 0.1 ml of 0.5 M MgSQy, 0.2 ml of
tissue homogenate and 0.6ml of borate buffer (pH 9.5). The mixture was incubated
at 37°C for 30 minutes and the reaction was terminated by addition of 1 ml of 10%
TCA solution. 1ml of the aliquot of the supernatant was used for P estimation by
following the methodology of Fiske and Subbarow (1925). Activities of FDPase

were expressed as microgram phosphorus released / mg protein / minute at 37 °C.

3.15.8 Enzyme of Pentose Phosphate Pathway

3.14.8.1 Glucose-6-phosphate dehydrogenase
(a-D-glucose-6-phosphate: NADP” oxidoreductase; E.C.1.1.1.49).

The activity of glucose-6-phosphate dehydrogenase in the liver tissue
was assayed by following the methodology of De Moss (1955). The reaction
mixture consisted of 1.5 ml of 0.1 M Tris buffer (pH 7.8), 0.2 ml of 2.7 mM NADP,
0.1ml of tissue homogenate, 1.05 ml of distilled water and 50 pl of 0.2 M G-6-P.
The reaction was started by adding G-6-P. The OD was recorded at 340 nm at 15
second interval for 3 minutes. The enzyme activity was expressed as units/mg

protein/min. One unit was equal to A0.01 OD/min/ml at 25°C.

3.15.9 Enzyme of Energy Metabolism

3.14.9.1 Adenosine triphosphatase (Total)
(Adenosine triphosphate phosphohydrolase, E.C. 3.6.1.3)

The ATpase enzyme was assayed by following the modified method
of Post and Sen (1967). The reaction mixture was comprised of 1.0 ml of 0.1 M
Tris-HCI buffer (pH 7.8), 0.1 ml of 100 mM NacCl, 0.1 ml of 20 mM KCI, 0.1 ml of 3
mM of MgCl,, 0.5 ml of 5 mM ATP and 0.1 ml homogenate. The mixture was
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incubated for 15 min and the reaction was terminated by the addition of 1 ml 10%
TCA. After centrifugation, 2.0 ml of supernatant was processed for estimation of
inorganic P by following the methodology of Fiske and Subbarow (1925). The
ATPase activity was expressed as microgram phosphorus released/ mg protein/

minute at 37°C

3.15.10 Digestive Enzymes
3.15.10.1 Amylase

The reducing sugars produced due to the action of gluco-amylase and
alpha amylase on carbohydrates were estimated using Dinitro salicylic acid (DNS)
method (Rick and Stegbauer, 1974). The reaction mixture consisted of 1% (w/v)
starch solution, phosphate buffer and the tissue homogenate. The reaction mixtures
were incubated at 37°C for 30 min. DNS was added after incubation and kept in
boiling water bath for 5 min. After cooling, the reaction mixture was diluted with
distilled water and absorbance was measured at 540 nm. Maltose was used as the
standard. Amylase activity was expressed as mmole of maltose released from

starch per min at that temperature.

3.15.10.2 Protease

Protease activity was determined by the casein digestion method as
Drapeau (1974). The enzyme reaction mixture consisted of 1% (w/v) casein in
0.05M Tris phosphate buffer (pH 7.8) and incubated for 5 min at 37°C. Then tissue
homogenate was added. Ten minutes later, reaction was stopped by adding 10%
trichloroacetic acid (TCA) and the whole content was filtered. The reagent blank
was made by adding tissue homogenate just before stopping the reaction with TCA
and with no incubation. One unit of enzyme activity was defined as the amount of
enzyme needed to release acid soluble fragments equivalent to A0.001Azso per
minute at 37°C and pH 7.8.

3.15.10.3 Lipase

The lipase activity was assayed by the method of Cherry and Crandell
(1932). The lipase activity was estimated by keeping test and control for each

sample. 1 ml of homogenate and 3 ml of distilled water was added to each tube.
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The control tubes were kept in boiling water bath for 5 min at 100°C, this serves to
inactivate the lipase enzyme in the control tubes. Then 0.5 ml of buffer and 2 ml of
olive oil emulsion were added to the tubes, shaken well and kept for incubation at
37°C in water bath for 24 hrs. When incubation period got over, 3 ml of 95% alcohol
and one drop phenolphthalein indicator were added to each tube and shaken well.
This was titrated against 0.05 N NaOH till the appearance of pale pink colour. The
titre volume was noted and calculated to obtain the activity of lipase in the sample.
The milli equivalent of alkali consumed was taken as a measure of the activity of

the enzyme.

3.16 Determination of Metabolite
3.16.1 Glycogen

Muscle and liver glycogen content was estimated colorimetrically
following the method described by Hassid and Abraham (1957). The tissue was
digested with 30% KOH and 95% ethanol was added. Glycogen was precipitated
upon centrifugation at 5000 x g for 5 min, which was dissolved in distilled water.
Anthrone reagent was added to known quantity of aliquot and mixed by swirling the
tube. The tubes were covered with glass marble and heated for 10 min in boiling
water followed by cooling. The absorbance was recorded at 590 nm. The reading

was compared with standard glycogen and expressed as mg/g wet tissue.

3.17 Ascorbic Acid

Ascorbic acid (vitamin C) in tissue was estimated following the
method of Roe and Keuther (1943). Wet tissue was placed in a pre-weighed test
tube containing 10 ml of chilled 6% Trichloro Acetic acid (TCA). The difference in
the weight indicates weight of the tissue. The sample was then homogenized and
activated charcoal (200-300 mg) was added to the tubes and mixed thoroughly.
The solution was filtered using Whatman filter paper (No. 42). 5 ml of aliquot was
taken in a test tube to which, one drop of 10% thiourea solution and 1 ml of 2,4
dinitrophenyl hydrazine were added. The test tubes were placed in a water bath at
37°C for 3 hours. The tubes were then transferred to an ice bath and 5 ml of 85%

H.SO4, was added drop by drop. The test tubes were allowed to stand for 30
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minutes in ice bath. At the end of 30 minutes, absorbance was measured at OD

540nm against blank along with standard ascorbic acid.

3.18. Total Protein

Quantification of protein in the liver, muscle, gill, brain and intestinal
tissue was carried out by the method described by Lowry et al. (1951). To 0.1ml of
tissue homogenate, 1 ml of 10% TCA was added to precipitate it. The protein
residue was obtained by discarding the supernatant produced after centrifugation at
5000 rpm for 20 min. This residue was dissolved in 0.5ml of 0.1 N NaOH and 0.1ml
of the dissolved protein residue was used for further analysis. Alkaline CuSO, (5
ml) was added to it and left for 10 minutes. To this 1 N folin’s reagent was added
and incubated for 30 min in dark. Reading was taken at 660nm against blank.

Bovine serum albumin was used as standard.

3.19 DNA and RNA

Quantitative determination of nucleic acid in tissue was done by

Pentose analysis (Schneider, 1945) and was calculated as follows:

The DNA content of the nucleic acid extract is given by the following equation:

OD at 600 nm

ug DNA/ml =
0.019

The RNA content of the nucleic acid extract is given by the following equation:

(OD at 600 nm + 0.008) — (ug DNA/mI x 0.013)

ug RNA/ml =
0.116

3.20 Blood Parameters
3.20.1 Collection of blood

The body surface of the fingerlings was cleaned with blotting paper.
Blood was collected from caudal vein with a glass syringe using anticoagulant (1%)
ethylene diamine tetraacetic acid (EDTA) for estimation of blood parameters like
blood glucose, haemoglobin percentage, total erythrocyte count, total leucocyte
count, haematocrit and respiratory burst activity.
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3.20.2. Total erythrocyte count (RBC)

Twenty microlitre of blood was mixed with 3980 pl of RBC diluting fluid
in a clean glass vial. The mixture was shaken well to suspend the cells uniformly in
the solution. Then the cells were counted using a haemocytometer. The following

formula was used to calculate the number of RBC per mm® of the blood sample:

N x dilution

Number of RBC/mm?® =
Area counted x Depth of fluid

N x 200
= —orNx 10000
0.2x0.1
Where N is the total number of red blood cells counted in 5 squares of
the haemocytometer.

3.20.3. Total leucocytes count (WBC)

Twenty microlitre of blood was mixed with 3980 pl of WBC diluting
fluid in a clean glass vial. The mixture was shaken well to suspend the cells
uniformly in the solution. Then the cells were counted using a haemocytometer.
The number of WBC per mm® of the blood sample was calculated using the

following formula:

N x dilution
Number of WBC/mm?® =
Area counted x Depth of fluid
N x 200
4x0.1
=N x 500

Where, N denotes the total number of white blood cells counted in 4

squares of the haemocytometer.

3.20.4 Haemoglobin content

The haemoglobin level of blood was analyzed following the
Cyanmethemoglobin method using Darbkins Fluid (Qualigens). Twenty microlitre of

blood was mixed with 5 ml of Darbkin’s working solution. The absorbance was
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measured using a spectrophotometer at wavelength of 540 nm. The final
concentration was calculated by comparing with the standard cyanmethemoglobin
(Qualigens Diagnostics). The haemoglobin concentration was then calculated by
using the following formula:

OD (T) 251
Haemoglobin content (g %) = X x 60
OD(S) 1000

Where, OD (T) = Absorbance of test; OD (S) = Absorbance of standard

3.20.5 Haematocrit (Hct)

Heamatocrit (Hct-%) was determined following the Wintrobe and

Westergreen method as described by Blaxhall and Daisley (1973).

3.20.6 Nitroblue tetrazolium (NBT)

Nitroblue tetrazolium assay was done by the method of Secombes
(1992) as modified by Stasiack and Baumann (1996). Fifty microlitre of blood was
placed into the wells of ‘U’ bottom microtitre plates and incubated at 37°C for 1 hr to
facilitate adhesion of cells. Then the supernatant was removed and the loaded
wells were washed three times in PBS. Having washed, 50 microlitre of 0.2% NBT
was added and plate was incubated for further 1 hr. The cells were then fixed with
100% methanol for 2-3 minutes and again washed thrice with 30% methanol. The
plates were then air dried. Sixty microlitres 2N potassium hydroxide and 70
microlitres dimethyl sulphoxide were added into each well to dissolve the formazon
blue precipitate formed. The OD of the turquoise blue colored solution was then
read in ELISA reader at 540 nm.

3.20.7 Blood glucose

Blood glucose was estimated by the method of Nelson (1944) and
Nelson and Somogyi (1975). Blood was deproteinized with zinc sulphate and
barium hydroxide, filtered and the supernatant was used for the estimation of
glucose. The supernatant was taken in a test tube, alkaline copper sulphate was
added and placed in a boiling water bath for 20 min. The test tubes were then
cooled to room temperature, arsenomolybdate reagent was added and absorbance

was recorded at 540 nm against a blank.
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3.21 Blood Serum Parameters
3.21.1 Collection of Serum

Each fish was anesthetized with clove oil (at the rate 50 ul per liter of
water) before taking blood from fish. Blood was withdrawn from vena caudalis using
a medical syringe without using 2.7% EDTA solution. Collected blood was then
transferred immediately to a dried eppendorf tube. The tubes were allowed to stand
in tilting position at the room temperature for an hour which allowed the blood to
clot. After blood clotting, the yellow straw color serum was carefully collected and

transferred to another eppendorf tube and stored at -20°C.

3.21.2 Total serum protein

Serum protein was estimated following biuret method (Reinhold,
1953) using the total protein and albumin kit (MERCK, Mumbai, India). Proteins
present in the plasma bind with copper ions in an alkaline medium of the biuret
reagent and produce a purple coloured complex, whose absorbance is proportional
to the protein concentration. Three test tubes labeled as Blank (B), Standard (S)
and Test (T) were taken. Into all the tubes, 1ml of biuret reagent and 2 ml of
distilled water were added. A volume of 0.05 ml, protein standard was taken in the
test tube labeled as standard and 0.05 ml of plasma was added in to the test tube
labeled as test. It was then mixed well and incubated at 37°C for 10 minutes. The
absorbance of Standard (S) and Test (T) were measured against blank (B) in a

spectrophotometer at 630 nm. Total serum protein calculation was done as follows:

Absorbance of Test (T) x 6

Total proteins in gm % =
Absorbance of Standard (S)

3.21.3. Albumin

Albumin was estimated following Bromocresol green binding method
(Doumas et al., 1971). Albumin in a buffered medium binds with Bromocresol green
(BCG) and produces a green colour whose absorbance is proportional to the
albumin concentration. Three test tubes labeled as Blank (B), Standard (S) and
Test (T) were taken. Into all the tubes, 1Tml of buffered dye reagent and 2 ml of
distilled water were added. 0.01ml of albumin standard was taken in the test tube

labeled as standard and 0.01 ml of plasma was added in to the test tube labeled as
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test. It was then mixed well and incubated at 37°C for 10 minutes. The absorbance
of Standard (S) and Test (T) were measured immediately against blank (B) in a

spectrophotometer at 630nm. The calculation was done as follows:

Absorbance of Test (T) X 4

Albumin ingm % =
Absorbance of Standard (S)

3.21.4. Globulin

Globulin was calculated by subtracting albumin values from total
plasma protein.

Globulins (gm %) = Total protein (gm %) - Albumin (gm %)

3.21.5. Albumin- Globulin ratio

Albumin- globulin ratio (A/G ratio) was calculated by dividing albumin

values by globulin values.

Albumin (gm %)

A/G ratio =
Globulins (gm %)

3.21.6 Serum lysozyme activity

For assay of serum lysozyme activity, serum samples were diluted
with phosphate buffer (pH 7.4) to a concentration of 0.33 mg per ml. In a suitable
cuvette, 3 ml of Micrococcus Iuteus suspension in phosphate buffer (Asso = 0.5 -
0.7) was taken, to which 50 microlitre of diluted serum sample was added. The
content of the cuvette was mixed well for 15 seconds and reading was taken in a
spectrophotometer at 450 nm exactly after 60 seconds of addition of serum sample.
This absorbance was compared with standard lysozyme of known activity following
the same procedure as above. The activity was expressed as Unit/min/mg protein
at 37°C.

3.21.7 Biochemical parameters of serum

Serum biochemical parameters like GOT (glutamic oxaloacetate
transaminase), GPT (glutamic pyruvic transaminase), ALP (alkaline phosphatase),
ACP (acid phosphatase), LDH (Lactate Dehydrogenase) were quantified using

respective calorimetric assay kits procured from Merck, Germany and analysis was
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done in auto blood analyser, Spectra Junior (Merck, Germany) following the

standard enzymatic procedures.

3.21.8 Serum cortisol

The DSL-10-2000 ACTIVE® Enzyme Immunoassay (EIA) kit
(Diagnostic Systems Laboratories, Inc., USA) was used for the quantitative
measurement of cortisol in serum. The assay was performed according to the
protocol provided along with the kit. The absorbance was read in the ELISA plate

reader (Biotek Pvt. Ltd., India). Serum cortisol was expressed as ng/mL.

3.21.9 Heat shock protein (Hsp-70)

The assay Designs ™ Anti-Human Hsp70 (total) ELISA (enzyme-
linked immunosorbent assay) kit (Assay Design, Inc., USA) was used for the
quantitative measurement of Hsp-70 in serum. The assay was performed according
to the protocol provided along with the kit and expressed as ng/ml. Hsp-70 was also
analyzed in tissue samples (muscle, gill and liver) with the same test kit. However,

the tissue samples were processed before the measurement of Hsp-70.

Tissue homogenate was prepared in chilled phosphate buffer (50 mM,
pH 7.2) containing 0.1 mM phenyl methane sulfonyl fluoride (PMSF) as protease
inhibitor. The homogenates were centrifuged at 6000 rpm for 20 minutes, at -4°C.
The supernatants were collected in glass vials and stored at -20°C until further

analysis.

3.21.10 Caspase-3 activity

The activity of Caspase-3 enzyme in the serum samples was
determined calorimetrically using the Caspase-3 calorimetric detection kit (Catalog
no. 907-013 procured from assay designs, Stressgen). The assay was performed
according to the protocol provided along with the kit. The amount of chromophore,
p-nitroaniline (pNA), released by caspase-3 activity was quantitated by measuring
the optical density at 405 nm. The absorbance was read in the plate reader (Biotek
Pvt. Ltd., India). Caspase-3 activity was expressed as uM p-NA released/ hr/ mg

cellular protein.
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3.21.11 Thyroid hormones

Thyroid hormones (T3 and T4) were analyzed with an EIA Total T3 Kit
and EIA Total T4 Kit (Adaltis ltalia S.P.A., ltaly). The assay was performed
according to the protocol provided along with the kit and the concentration was

expressed as ng/mL.

3.21.12 Electrolytes

Electrolytes (Na*, K* and CI') in serum samples were analyzed using

an Electrolyte analyzer, Roche (version 9180.0) and expressed as mEq/L.

3.21.13 Osmolality

Serum osmolality was measured using a freezing point depression

Osmomat-030 osmometer (Gonotec, Berlin, Germany) and expressed as Osmol/L.

3.22 Thermal Tolerance Study

3.22.1 Thermal tolerance limit and polygon

Thermal tolerance limit of L. gonius fingerlings was assessed after
acclimated to four different temperatures (27, 30, 33 and 36 °C) following the critical
thermal methodology (CTM) as described previously by Beitinger and Bennetta
(2000) and Das et al. (2004, 2005). Twelve fish (six for CTmin & LTmin and six for
CTmax & LTmax, separately) were randomly selected from each acclimated
temperature and were shifted to separate thermostatic aquaria (Suan Scientific
Instruments & Equipments, Kolkata, India, 52L water capacity, sensitivity + 0.2°C)
for thermal tolerance study. The temperatures of the water in the thermostatic
aquaria were maintained similar to the experimental groups. Dissolved oxygen
concentration was maintained at 5.8 + 0.5 mg/L throughout the thermal tolerance

study by continuous aeration using a 2-HP air blower.

Water temperature in the aquarium was increased/ decreased at a
constant rate of 0.3°C/ min, until loss of equilibrium (LOE) was reached, which was
designated as the CTmax / CTmin (Paladino et al., 1980). The lethal thermal maxima
(LTmax) / lethal thermal minima (LTmin) were determined by further increasing/
decreasing the temperature until the opercula movements were ceased (Tsuchida,
1995 and Kita et al, 1996). This technique has been critically evaluated by
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numerous workers (Das et al., 2004, 2005) and is well established as a powerful tool
for studying the thermal tolerance in fishes (Paladino et al., 1980). A partial thermal
tolerance polygon was generated from the CTnha and CTnyin data by plotting
acclimation temperatures (°C) on the X-axis and thermal tolerance limit (°C) on the
Y-axis. The area of thermal tolerance was calculated from the polygon and
expressed as °C2. The fish were deprived of feed for one day before performing the

thermal tolerance study.

3.22.2 Oxygen consumption rates and temperature quotients (Q1o)

Oxygen consumption rates were measured in a static respirometer
chamber, using a separate group of fish acclimated to different temperatures (27,
30, 33, and 36°C), following the method adopted by earlier investigations Das et al.
(2004, 2005). Briefly, six fish per treatment, acclimated to a particular temperature
were placed individually into a sealed glass chamber (5L) with 6.4 mm thick glass
lid, cut to cover the top portion completely. An opening in the lid fitted with a gasket
to ensure an air-tight seal permitted the insertion of a DO probe. The chamber was
placed inside the thermostatic aquarium set at the respective test temperatures. All
four sides of the aquarium were covered with opaque screens to minimize visual
disturbances of the experimental fish. The oxygen consumption experiment was
carried out for an hour. The initial and final oxygen contents in the static
respirometer were measured using a digital oxy-meter 330 (sensitivity 0.01mg O2/L,
E-Merck, Germany) and the oxygen consumption rates for individual fish were

expressed as mg Oz /kg/ hr.

Similarly another set of 24 fish, maintained at an ambient temperature,
was subjected to an increase in water temperature to reach the test temperatures
(27, 30, 33 and 36°C) in thermostatic aquaria separately, so as to delaminate the
effect of an acute increase of temperature vs. acclimation procedure on oxygen
consumption rate. The temperature quotients (Qo) were calculated to assess the
effect of acclimation on oxygen consumption rate by using the formula (Schmidt-
Nielsen, 1997):

Q1o = (Rate2 /Rate1) (10/Temp2-Temp1)
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3.23 Challenge Study

After the feeding trial, intraperitoneal injection over the fish in various
experimental groups were challenged with the pathogenic isolates of Aeromonas
hydrophila. For this, the pathogenic isolates of A. hydrophila were grown on nutrient
agar for 24hr at 30°C in a BOD incubator. The cells were harvested and washed
thrice in sterile PBS and then re-suspended in PBS at concentration of 10° cells
ml'. The fishes in each experimental group were injected with 0.2 ml of this
suspension intraperitoneally. The mortality (%) was observed in the challenged
fishes up to a week along with the changes in behaviour and morphology. At the

end of week of post challenge, haemato-immunological parameters were studied.

3.24 Histological Study

The fish liver, gill and intestinal tissues were immediately fixed in
neutral-buffered formalin, embedded in paraffin wax, cut at 5 um and stained with
haematoxylin and eosin (H&E) as described by Roberts (1989). Prepared slides
were examined under a light microscope (40X and 160X). The tissues were fixed in
buffered formalin and were dehydrated in 90% alcohol for an hour and three times
in absolute alcohol for 45 min each separately. The samples were then cleared two
times in xylene for 30 min each and embedded in paraffin for 45 min. The samples
were then blocked, allowed to cool, cut on a rotatory microtome at 5um and
mounted sections were dewaxed in xylene and dehydrated serially in alcohol and
then the slides were washed in tap water for 1 min, stained in haematoxylene for 12
min, washed with tap water, dipped in 2% acid alcohol and again washed in tap
water. The sections were dehydrated through 50%, 70% and 90% alcohol for 2 min
each and stained in eosin for 4 min and dipped in absolute alcohol for 1 min. Finally

the stained sections were cleared in xylene for 5 min and mounted with DPX.

3.25 Scanning Electron Microscopy (SEM) study

Gills tissue was sampled for SEM observation. The second gill arch
from each group of fishes was dissected out and kept in normal saline solution. All
the isolated arches were fixed in primary fixative 2.5% glutaraldehyde solution, after
that washed with 0.1M sodium cacodylate buffer at 4°C overnight. The buffer was

changed for three times at the interval of 15 minutes each at same cool
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environment. And then post fixation was done with osmium tetroxide for 2 hours.
Later they were washed with distilled water for 5-10 times. After fixation, the sample
was dehydrated with increasing concentration of ethanol (20%, 30%, 40%, 50%,
60%, 70%, 80 % and absolute ethanol. Having dried, the tissues were mounted on
specimen stubs with double-sided adhesive carbon tabs. These samples are very
sensitive to electron beam. The charging of the specimen causes artifacts and also
focusing problem in the SEM. To avoid the charging, the specimen was coated with
a thin layer (250-300°A) of conducting material viz., gold/palladium using sputter
coater and examined in Philips XL 30 SEM at 10KV with tilt angle of 45°. Using

suitable magnification, micrographs of the tissue outer surface were recorded.

3.26 Statistical Analysis

Data were analyzed using one-way and two-way analysis of variance
(ANOVA) and the significant difference between the treatments was determined by
Duncan’s Multiple Range Test (DMRT) using SPSS 16.0 (SPSS, Chicago, IL,
USA). The mean values of pre-challenge parameters were compared with post-
challenge value by Student’s paired t-test. The level of significance employed was
0.05. Regression analysis was also carried out on some selected parameters.
Oxygen consumption values were mass-adjusted considering mass exponent of

0.80 and reported at standard temperature and pressure (Cech, 1990).
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Results



4. Results

4.1 Experiment 1
4.1.1 Physico-chemical Properties of Water

The physico-chemical parameters of water such as temperature, pH,
dissolved oxygen, free carbon dioxide, ammonia, Nitrite-N and Nitrate-N recorded
in all the experimental groups are given in Table 3. Water temperatures of
experimental groups were maintained at 27, 30, 33 and 36°C during the entire
experimental period. The pH values were recorded within the range of 6.87 to 7.61
during the experimental period. Dissolved oxygen content was recorded with in the
range of 5.89 to 7.29 mg/L and free carbon dioxide (mg/L) was found to be
negligible. The total ammonia, nitrite-N and nitrate-N content was recorded before
water exchange and found to be in the range of 0.15 to 0.27, 0.001 to 0.009 and
0.03 to 0.14 mg/L, respectively.

Table 3: Water quality parameters in rearing tanks exposed to four different
temperatures for a period of 60 days

Treatments pH Dissolved Ammonia Nitrite Nitrate
oxygen -N -N -N
Ty (27°C) 7.43-7.61 6.29-729 0.15-0.19 0.001-0.003 0.03- 0.06
T (30°C) 7.39-755 6.37-717 0.17-0.22 0.002-0.004 0.04-0.08
T3 (33°C) 7.29-744 6.21-6.49 0.20-0.24 0.005-0.006 0.07-0.12
T4(36°C) 6.87-7.11 5.89-6.23 0.21-0.27 0.006-0.009 0.10-0.14

Values expressed in range; Dissolved oxygen, Ammonia-N, Nitrite-N and Nitrate-N

are expressed as mg/L

4.1.2 Growth and Survival

The body weight gain of L. gonius fingerlings exposed to four different
temperatures was recorded at 15 days intervals as shown in Table 4 and Figure 1.
The final body weight gain of the fingerlings decreased significantly (p<0.05) on
exposure to higher temperatures. The highest final body weight was recorded in Ty,

which is not significantly different and T, group and the lowest was in T4 group
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followed by T3 group. After 15 days of exposure, there was no significant difference
in average body weight gain of the fingerlings in different treatment groups, which

varied afterwards.

Figure 1: Body weight (g) gain (at 15 days interval) of L. gonius fingerlings
exposed to four different temperatures for a period of 60 days
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The body weight gain %, SGR, FCR, FER, PER and survival rate of L.
gonius fingerlings exposed to four different temperatures are presented in Table 5.
Body weight gain (%), SGR, FER, PER and survival rate decreased significantly
(p<0.05) on exposure to higher temperature. The higher values were recorded in T4
and T, group and the lowest was in T4 group followed by Tz group. On the contrary,

FCR followed an opposite trend.

4.1.3 DNA, RNA and RNA/DNA Ratio

DNA, RNA and RNA/DNA ratio in liver and muscle tissue of of L.
gonius fingerlings exposed to four different temperatures are presented in Table 6.
DNA content in both the tissues did not vary significantly (p>0.05) on exposure to
higher temperature. RNA and RNA/DNA ratio in both the tissues decreased
significantly (p<0.05) on exposure to higher temperature. The higher values were
recorded in Ty and T, group. The lowest value was recorded in T4 group followed by
T3 group. A linear relationship was observed with weight gain % and RNA,
RNA/DNA ratio of L. gonius fingerlings (Figure 2 & 3).
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Figure 2: Relationship between weight gain % and RNA content in muscle and
liver tissue of L. gonius fingerlings exposed to four different temperatures for
a period of 60 days
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Figure 3: Relationship between weight gain % and RNA/DNA ratio in muscle
and liver tissue of L. gonius fingerlings exposed to four different
temperatures for a period of 60 days
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Table 4: Body weight (g) gain (at 15 days interval) of L. gonius fingerlings exposed to four different temperatures for a

period of 60 days
Treatment Initial 0-15 days 0-30 days 0-45 days 0-60 days
T, (27°C) 6.46%+0.08 8.86°+0.25 10.94°+0.19 13.21°+0.43 15.37°+0.26
T2 (30°C) 6.452+0.09 8.73%+0.16 10.66°° +0.16 12.70°+0.36 14.88°+0.07
T5(33°C) 6.512+0.09 8.43% +0.11 10.28% +0.12 11.56° +0.35 12.84°+0.17
T4 (36°C) 6.54+0.10 8.13%+0.10 9.74°+0.15 10.40%+0.14 11.26%+0.09
P-Value 0.545 0.061 0.003 0.002 0.001

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean + SE, n=3 (each replicate is having 12 fish)



Table 5: Growth and survival of L. gonius fingerlings exposed to four different temperatures for a period of 60 days

Treatments Weight gain % FCR FER PER SGR % survival
Ty (27°C) 138.09°+1.17  1.84°#0.02  0.54°+0.01 1.54°+0.01 1.45°+0.01  100.0°+0.00
T2 (30°C) 130.74°+226  1.90°#0.03  0.52°+0.01 1.49°+0.03 1.39°+#0.02  100.0°+0.00
T3 (33°C) 97.16°+3.78 2.42°+0.08  0.42°+0.02 1.17°+0.03 1.13°+0.03 94.45> +2.77
T4 (36°C) 72.26%+1.23 3.07%+0.05  0.33%+0.01 0.92% +0.01 0.91%+0.01 77.78%+2.76

P-Value 0.001 0.001 0.001 0.001 0.001 0.001

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean * SE, n=3 (each replicate is having 12 fish for growth parameters)
FCR: Feed conversion ratio; FER: Feed efficiency ratio;

PER: Protein efficiency ratio; SGR: Specific growth rate
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Table 6: DNA, RNA and RNA/DNA ratio of L. gonius fingerlings exposed to four different temperatures for a period of 60

days

Treatment Muscle Liver
Mg DNA/mI Mg RNA/mlI RNA/DNA ratio ug DNA/mI Hg RNA/mlI  RNA/DNA ratio
Ty (27°C) 0.22+0.02 0.38°+0.02 1.74°+0.04 1.28+0.01 0.68°+0.04 0.53°+0.03
T2 (30°C) 0.20+0.01 0.34°+0.03 1.69°+0.02 1.27+0.02 0.62°+0.02 0.49°+0.02
T3 (33°C) 0.21+0.01 0.27%+0.01 1.30°+0.02 1.28+0.02 0.56%+0.01 0.42%+0.01
T4 (36°C) 0.21+0.01 0.22%+0.01 1.11%+0.02 1.27%0.01 0.46%+0.02 0.37%+0.02
P-Value 0.421 0.001 0.001 0.520 0.001 0.002

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean * SE, n=6
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Table 7: Glycogen, ascorbic acid and body indices (HSI and GSI) of L. gonius fingerlings exposed to four different
temperatures

Treatments Glycogen Ascorbic acid Body indices
Muscle Liver Muscle HSI GSI
Ty (27°C) 1.25°+0.14 12.93°+0.84 131.48°+2.26 1.45°+0.21 2.64%+0.41
T2 (30°C) 1.18%°+0.07 11.58°+0.70 126.23°+3.47 1.36°+0.11 2.52%+0.28
T3 (33°C) 0.89%+0.09 8.43%+0.59 87.05°+2.76 1.18%+0.18 2.27°+0.51
T4(36°C) 0.74%+0.04 5.77%+0.41 68.51%£1.70 0.81%+0.09 2.13%+0.23
P-Value 0.015 0.001 0.001 0.030 0.379

Values in the same column with different superscript differ significantly (p<0.05);
Data expressed as Mean + SE, n=6 (n=9 for body indices);

Glycogen: mg glycogen/g tissue;

Ascorbic acid: microgram/g wet tissue;

Hepatosomatic Index (HSI) and Gastrosomatic Index (GSI) are expressed as %
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4.1.4 Body Indices

Body indices (HSI and GSI) of L. gonius fingerlings exposed to four
different temperatures are presented in Table 7. HSI decreased significantly
(p<0.05) on exposure to higher temperature. The higher values were recorded in T,
and T, group. The lowest value was recorded in T4 group followed by T3 group. GSI

values of different experimental groups did not vary significantly (p>0.05).

4.1.5 Tissue Glycogen

Glycogen content in liver and muscle tissue of L. gonius fingerlings
exposed to four different temperatures is presented in Table 7. Glycogen content in
both the tissue decreased significantly (p<0.05) on exposure to higher temperature.
The highest tissue glycogen was recorded in Ty, which is not significantly different

and Tz group. The lowest value was recorded in T4 group followed by T3 group.

4.1.6 Ascorbic Acid

Ascorbic acid in muscle tissue of L. gonius fingerlings exposed to four
different temperatures is presented in Table 7. Ascorbic acid in muscle tissue
decreased significantly (p<0.05) on exposure to higher temperature. The highest
ascorbic content was recorded in T4, which is not significantly different from T»

group. The lowest value was recorded in T4 group followed by T3 group.

4.1.7 Enzymatic Activity in Tissues

4.1.7.1 Enzymes of protein metabolism (AST and ALT)

AST and ALT activity in liver and muscle tissue of L. gonius fingerlings
exposed to four different temperatures are presented in Table 8. AST and ALT
activity in liver and muscle tissue increased significantly (p<0.05) on exposure to
higher temperature. The lowest AST and ALT activity was recorded in Ty group and
the highest value was in T4 group followed by Ts group. However, there was no
significant difference (p>0.05) between Ty and T, group. AST and ALT activity was

higher in muscle tissue than the liver tissue.
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Table 8: AST, ALT, LDH and MDH enzyme activity in tissues of L. gonius fingerlings exposed to four different
temperatures for a period of 60 days

Treatments GOT/AST GPT/ALT LDH MDH

Liver Muscle Liver Muscle Liver Muscle Liver Muscle
T (27°C) 15.04°+0.59 19.94°+0.51 5.28°+0.38 7.41°40.35  3.32°%0.37 4.77°#0.38 2.08°+0.14  3.19°+0.38
T2(30°C) 17.78°+0.63 22.57°+0.60 7.29°+0.56 9.25°t0.48  3.78°+0.34 521°#0.33 2.22°40.18  3.58°+0.45
T5(33°C) 31.17°+1.14 3856°+257 12.37°+1.01 14.97°+0.74 9.02°+0.41  10.18°+0.63 7.16°+0.40  8.59°+0.69
T4+(36°C) 47592 +1.59 52.30°+1.47 17.76°+0.76 24.44°+0.90 13.66° +0.66 15.63%+0.69 11.11°+0.84 14.15°+0.61
P-Value 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean * SE, n=6;

AST activity was expressed as n mol of oxaloacetate released/ min/ mg protein at 37°C;

ALT activity was expressed as n mol of sodium pyruvate released/ min/ mg protein at 37°C;

LDH and MDH activity was expressed as Unit/min/mg protein at 37°C
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Table 9: AchE, catalase, SOD and GST enzyme activity in tissues of L. gonius fingerlings exposed to four different

temperatures for a period of 60 days

AchE Catalase SOD GST
Treatments _ _ _ _ _ _
Brain Liver Gill Liver Gill Liver Gill
T, (27°C) 6.12°+0.06  3.53°+0.26  6.69°+0.46  11.84°+0.49 25.04°+0.67 0.367°+0.01  0.465° +0.01
T»(30°C) 5.95°40.12  3.87°+0.35  7.46°+0.58  12.61°+0.28 25.44°+0.27 0.382°+0.01  0.476°+0.01
T5(33°C) 471°+0.22  6.76°+0.40  12.02°+0.60 19.74°+0.45 34.061°+0.73 0.586°+0.01  0.704° +0.01
T4 (36°C) 3.93+0.26 10.80°+0.86 17.21°+0.66 26.75°+0.54 43.687+0.44 0.799°+0.02  1.08%+0.02
P-Value 0.001 0.001 0.001 0.001 0.001 0.002 0.002

Values in the same column with different superscript differ significantly (p<0.05);
Data expressed as Mean * SE, n=6;

Catalase: Nano moles H;0, decomposed / min / mg protein at 37°C;

SOD: micromole /mg protein/min at 37°C;

GST: units /mg protein;

AchE: micromoles acetylcholine hydrolyzed / mg protein / min at 37°C
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Table 10: FDPase, G6PDH and ATPase enzyme activity in tissues of L. gonius fingerlings exposed to four different
temperatures for a period of 60 days

Treatments FDPase G6PDH ATPase
Liver Gill Liver Muscle Liver Gill
Ty (27°C) 8.72°+0.43  28.94°+1.02 11.41° +0.35 6.45° +0.42 2.89°+0.11 5.31°+0.25
T2 (30°C) 12.97°+0.75  34.88° +1.61 11.59° +0.31 5.70° +0.52 3.04°+0.14 5.54°+0.13
T3 (33°C) 27.46° 117  59.11°+223  8.52° +0.60 4.41% +0.63 3.27°+0.10 5.96°+0.15
T4(36°C) 41.44°+2.64  91.96%°#2.32  6.512 +0.71 3.16° £0.42 3.98%+0.15 6.95°+0.21
P-Value 0.001 0.001 0.001 0.009 0.002 0.001

Values in the same column with different superscript differ significantly (p<0.05);
Data expressed as Mean * SE, n=6;

FDPase: microgram phosphorous released / mg protein / minute at 37°C;
G6PDH: A 0.01 optical density / mg protein / minute at 37°C;

ATPase: microgram phosphorous released / mg protein / minute at 37°C
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4.1.7.2 Enzymes of carbohydrate metabolism (LDH and MDH)

LDH and MDH activity in liver and muscle tissue of L. gonius
fingerlings exposed to four different temperatures are presented in Table 8. LDH
and MDH activity in liver and muscle tissue increased significantly (p<0.05) on
exposure to higher temperature. The lowest value was recorded in Ty group and the
highest value was in T4 group followed by Ts group. However, there was no

significant difference (p>0.05) between Ty and T2 group.

4.1.7.3 Enzyme of neurotransmission (AchE)

AchE activity in brain tissue of L. gonius fingerlings exposed to four
different temperatures is presented in Table 9. AchE activity in brain decreased
significantly (p<0.05) on exposure to higher temperature. The highest value was
recorded in Ty group and the lowest activity was in T4 group followed by T3 group.

However, there was no significant difference (p>0.05) between T1 and T2 groups.

4.1.7.4 Enzymes of oxidative stress (Catalase, SOD and GST)

Catalase, SOD and GST activity in liver and qill tissue of L. gonius
fingerlings exposed to four different temperatures are presented in Table 9.
Catalase activity in liver and gill tissue increased significantly (p<0.05) on exposure
to higher temperature. The lowest activity was recorded in T1 group and the highest
activity was in T4 group followed by Tz group. However, there was no significant
difference (p>0.05) between Ty and T, group.

4.1.7.5 Enzyme of gluconeogenic pathways (FDPase)

FDPase activity in liver and qill tissue of L. gonius fingerlings exposed
to four different temperatures is presented in Table 10. FDPase activity in liver and
gill tissue increased significantly (p<0.05) on exposure to higher temperature. The
lowest value was recorded in Ty group and the highest activity was in T4 group
followed by T3 group.

4.1.7.6 Enzyme of energy metabolism (ATPase)

ATPase activity in liver and gill tissue of L. gonius fingerlings exposed

to four different temperatures is presented in Table 10. ATPase activity in liver and
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gill tissue increases significantly (p<0.05) on exposure to extreme higher
temperature. The lowest value was recorded in Ty group and the highest activity
was in T4 group. There was no significance difference between Tq, T, and T3

groups.

4.1.7.7 Enzyme of pentose phosphate pathway (G6PDH)

G6PDH activity in liver and muscle tissue of L. gonius fingerlings
exposed to four different temperatures is presented in Table 10. G6PDH activity in
liver and muscle tissue decreased significantly (p<0.05) on exposure to higher
temperature. The highest activity was recorded in T1 and T2 group and the lowest

activity was recorded in T4 group followed by T3 group.

4.1.7.8 Enzyme of phospho monoesterase (ALP)

ALP activity in muscle and liver tissues of L. gonius fingerlings
exposed to four different temperatures is presented in Table 11. ALP activity in all
the tissue increased significantly (p<0.05) on exposure to higher temperature. The
lowest activity was recorded in Ty and T» group and the highest activity was in T4
group followed by T3 group.

Table 11: ALP and protease enzyme activity in tissues of L. gonius fingerlings
exposed to four different temperatures for a period of 60 days

Treatments ALP Protease
Muscle Liver Intestine
Ty (27°C) 12.01°+1.04 32.38°+1.38 17.91°+0.53
T2 (30°C) 14.61° +1.15 36.40°1.77 16.69° +0.63
T3 (33°C) 28.47° +1.18 69.80°+1.57 14.72° +0.81
T4 (36°C) 48.58% +1.75 95.33%+2.43 13.82% +0.65
P-Value 0.001 0.001 0.009

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean * SE, n=6;

Protease activity as mmole of tryosine released/min/g protein at 37°C;

ALP: nanomoles P-nitrophenol released / mg protein / minute at 37°C
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4.1.7.9 Digestive enzyme (Protease)

Protease enzyme activity in intestinal tissue of L. gonius fingerlings
exposed to four different temperatures is presented in Table 11. Protease activity in
intestinal tissue decreased significantly (p<0.05) on exposure to higher temperature.
However, amylase activity did not vary significantly (p>0.05). The highest activity

was recorded in Ty followed by T» group. The lowest activity was recorded in Ty

group.

4.1.8 Haemato-immunological Parameters

4.1.8.1 Erythrocyte (RBC), haemoglobin (Hb) and haematocrit (Hct)

RBC, Hb and Hct count of L. gonius fingerlings exposed to four
different temperatures are presented in Table 12. WBC count in serum decreased
significantly (p<0.05) on exposure to higher temperature. The highest count was
recorded in Ty followed by T, group. The lowest count was recorded in T4 followed

by T3 group.

4.1.8.2 Leucocyte (WBC) count

WBC count of L. gonius fingerlings exposed to four different
temperatures is presented in Table 12. WBC count in serum decreased significantly
(p<0.05) on exposure to higher temperature. The highest count was recorded in T4

followed by T» group. The lowest count was recorded in T, followed by T3 group.
4.1.8.3 Respiratory burst activity (NBT)

Respiratory burst activity of L. gonius fingerlings exposed to four
different temperatures is presented in Table 12. NBT values decreased significantly
(p<0.05) on exposure to higher temperature. The highest activities were recorded in
T group. However, there was no significant difference (p>0.05) between T; and T»

group. The lowest activity was recorded in T4 group followed by T5 group.

4.1.8.4 Blood glucose

Blood glucose level of L. gonius fingerlings exposed to four different

temperatures is presented in Table 12. Blood glucose level increased significantly
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(p<0.05) on exposure to higher temperature. The lowest value was recorded in T4

followed by T» group. The highest value was recorded in T4 followed by T3 group.

4.1.8.5 Total serum protein, albumin (A), globulin (G) and A-G ratio

Total serum protein, albumin, globulin and A-G ratio of L. gonius
fingerlings exposed to four different temperatures are presented in Table 13. Total
serum protein, albumin and globulin values decreased significantly (p<0.05) on
exposure to higher temperature. The highest value was recorded in T, followed by
T> group. The lowest value was recorded in T4 group followed by T3 group. On the

contrary, A-G ratio shows an opposite trend.

4.1.8.6 Serum lysozyme activity

Serum lysozyme activity of L. gonius fingerlings exposed to four
different temperatures is presented in Table 13. Lysozyme activities decreased
significantly (p<0.05) on exposure to higher temperature. The highest value was
recorded in Ty group. However, there was no significance difference between T;

and T.. The lowest value was recorded in T4 followed by T3 group.

4.1.9 Serum Enzyme Activity

Serum GOT, GPT, ALP, ACP and LDH activity in serum of L. gonius
fingerlings exposed to four different temperatures are presented in Table 14. The
enzyme activities increased significantly (p<0.05) on exposure to higher
temperature. The lowest activity was recorded in Ty. However, there was no
significance difference between T; and T,. The highest activity was recorded in Ty

group followed by T3 group.

4.1.10 Serum Cortisol

Cortisol levels of L. gonius fingerlings exposed to four different
temperatures is presented in Table 15. The cortisol level in serum increases
significantly (p<0.05) on exposure to higher temperature. The lowest cortisol value
was recorded in Ty group. However, there was no significant difference (p>0.05)
between T1 and T2 group. The highest cortisol was recorded in T4 group followed

by T3 group.
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Table 12: Total leucocytes (WBC), total erythrocyte (RBC), hemoglobin (Hb), Haematocrit (Hct), NBT and blood glucose of
L. gonius fingerlings exposed to four different temperatures for a period of 60 days

Treatments WBC RBC Hb Hct NBT Blood glucose
(10%cells'mm®  (10°%cells/mm?) (g/dL) (%) (Asa0) (mg/100 mL)
Ty (27°C) 218.50°+1.8 1.98°+0.04 9.63°+0.30  29.10°40.46  0.324°+0.01 38.22°+0.20
T2 (30°C) 211.17°+2.09 1.88°+0.02 9.46°+0.34  28.37°40.24  0.310°+0.01 40.06°+0.48
T3 (33°C) 184.31°+5.20 1.76°+0.03 6.92°+0.11  18.78°+0.34  0.224°+0.01 53.07°+0.90
T4 (36°C) 163.13%+3.45 1.54%+0.04 6.12°4#0.05  16.42%+0.42  0.192%+0.01 61.71%+0.75
P-Value 0.001 0.001 0.001 0.001 0.001 0.001

Values in the same column with different superscript differ significantly p<0.05);
Data expressed as Mean * SE, n=6;

NBT (Respiratory burst activity) expressed in optimal density at 540 nm
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Table 13: Total protein, albumin, globulin, A/G ratio and serum lysozyme activity in serum of L.

to four different temperatures for a period of 60 days

gonius fingerling exposed

Treatments Total protein Albumin (A) Globulin (G) A/G Ratio Serum lysozyme
(g/dL) (g/dL) (g/dL)
T; (27°C) 3.92°4+0.03 0.87°+0.02 3.05°40.05 0.28°+0.01 375.95°49.48
T2 (30°C) 3.79°+0.11 0.84°+0.03 2.95°40.08 0.29°+0.01 375.16°+6.61
Ts(33°C) 2.81°+0.04 0.70°+0.02 2.11°+0.03 0.33°+0.01 254.16°+4.91
T4 (36°C) 2.06+0.03 0.59%+0.02 1.48%+0.03 0.40%£0.02 213.44%+7.46
P-Value 0.001 0.001 0.001 0.001 0.001

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean * SE, n=6;

Serum lysozyme activity is expressed as unit/ min/ mg serum protein at 37°C



Table 14: Serum enzyme activity of L. gonius fingerlings exposed to four different temperatures for a period of 60 days

Treatments sGOT (IU/L) sGPT (IU/L) sALP (IU/L) sACP (IU/L) sLDH (IU/L)
Ty (27°C) 25.57°+0.59 9.83°+0.39 95.80%+1.35 19.97°41.33 6.26°+0.37
T2 (30°C) 28.31°+0.66 11.81°40.53 100.41°42.37 22.31°+1.06 6.69°+0.36
T5(33°C) 41.89°+1.13 17.61°+0.96 133.27°+1.64 29.07°+1.19 11.58°+0.77
T, (36°C) 58.07°+1.52 26.82%+0.91 159.38%+3.01 35.89%+1.07 17.20°+0.54

P-value 0.001 0.001 0.001 0.001 0.001

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean * SE, n=6;
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Table 15: Hsp-70 expression, cortisol, caspase-3 activity and thyroid hormones (T3 and T4) of L. gonius fingerlings
exposed to four different temperatures for a period of 60 days

Treatments Hsp-70 expression Cortisol Caspase-3 Thyroid hormones
(ng/mL) (ng/mL) (ng/mL)
Muscle Gill Liver Serum Serum Serum T3 T4

T; (27°C) 1.18%+0.03 2.62°+0.15 3.10°+0.11 5.35°+0.21 97.25°+2.65 17.87°+0.71 1.35%+0.04 21.36°+0.37
T (30°C) 1.23%+0.05 2.93°+0.28 3.54°+0.31 6.19°+0.26 103.55°+1.52 19.07°+0.78 1.26°+0.07 20.30°+0.93
T3 (33°C) 1.25%0.05 4.85°+0.45 6.24°+0.32 15.29°+0.63 156.20°+2.20 24.97°+0.23 0.77°+0.03 15.87°+0.57
T4 (36°C) 1.28%+0.06 5.94°+0.34 8.74%+0.19 22.95%+0.87 189.50%+2.50 32.63°+0.63 0.63°+0.04 13.21%+0.55
P-Value 0.519 0.001 0.001 0.001 0.001 0.001 0.002 0.001

Values in the same column with different superscript differ significantly (p<0.05);
Data expressed as Mean * SE, n=6;

Activity of caspase-3 is expressed as p-NA/ hr / mg of protein
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4.1.11 Hsp-70 Expression

The quantitative expression of Hsp-70 in serum, liver, gill and muscle L.
gonius fingerlings exposed to four different temperatures is presented in Table 15.
The Hsp-70 expression was significantly higher (p<0.05) in T3z and T4 treatment
group. The lowest value was recorded in Ti group. However, there was no
significant difference (p>0.05) between Ty and T, group. The expression of Hsp-70

in muscle was not significantly varied.

4.1.12 Caspase-3 Activity

The caspase-3 activity of L. gonius fingerlings exposed to four
different temperatures is presented in Table 15. Caspase-3 activity in serum
increases significantly (p<0.05) with higher water temperatures in T3 and T4. The
lowest caspase-3 activity was recorded in Ty group. However, there was no
significant difference (p>0.05) between Ty and T, group. The highest caspase-3

activity was recorded in T4 group followed by T3 group.

Figure 4: Relationship between weight gain % and T3 hormone in serum of L.
gonius fingerlings exposed to four different temperatures for a period of 60
days
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4.1.13 Thyroid Hormones (T3 and T4)

Thyroid hormones thyroxine (T4) and tri-iodothyronine (T3) levels in
serum of L. gonius fingerlings exposed to four different temperatures are presented
in Table 15.The serum thyroid hormone (T3 and T4) levels decreased significantly
(p<0.05) on exposure to higher temperature. The highest T3 and T4 hormone was
recorded in Ty and T, group. The lowest was recorded in T4 group followed by T3
group. A linear relationship was observed between weight gain % and thyroid
hormone levels of L. gonius fingerlings (Figure 4 & 5).

Figure 5: Relationship between weight gain % and T4 hormone in serum of L.
gonius fingerlings exposed to four different temperatures for a period of 60
days
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4.1.14 Thermal Tolerance Study
4.1.14.1 Thermal tolerance limit

Thermal tolerance limit of L. gonius fingerlings acclimated to four
different temperatures is given in Table 16. Thermal tolerance limit of the fingerlings
is widely influenced by the acclimated temperatures. Critical thermal maxima, CTnax
and critical thermal minima, CTnmi, increased significantly (p<0.05) with increasing
acclimation temperatures. Similarly, Lethal thermal maxima, LTmax and Lethal
thermal minima, LTmin increased significantly (p<0.05) with increasing acclimation
temperatures. A thermal tolerance polygon over the range of 27 to 36 °C had a
calculated area of 256.24°C? (Figure 6).
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4.1.14.2 Oxygen consumption rate

The oxygen consumption rates of L. gonius fingerlings with and
without acclimated (mgQO./kg/hr) are presented in Table 17. Oxygen consumption
rate increased significantly (p<0.05) with increasing acclimation temperatures.
Similarly, oxygen consumption rates also significantly (p<0.05) differ without

acclimating at different temperatures.

Table 16: Thermal tolerance limit of L. gonius fingerlings acclimated to four
different temperatures

Acclimated Parameters

temperature CTuax (°C) LTmax (°C) CTuin (°C) LTwin (°C)
27°C 40.979+0.049 41.63°+0.040 12.72°+0.042 12.24°+0.025
30°C 41.89°40.045 42.41°+0.049 13.62°+0.038 13.25°+0.034
33°C 42.69°+0.035 42.99°+0.021 13.99°+0.049 13.68°+0.045
36°C 43.05°+0.053 43.42°+0.041 14.39%+0.021 13.97°+0.039

Mean + SE  42.15+0.167 42.61+0.141 13.67+0.130 13.29+0.137

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean * SE, n=6

Table 17: Oxygen consumption rates in acclimated and non-acclimated
condition of L. gonius fingerlings at four different temperatures

Temperatures Oxygen consumption rates (mgO- /kg/ hr)
Acclimated group Non-acclimated group
27°C 72.78% +1.420 73.67%+2.850
30°C 87.75° +2.966 93.84° +2.351
33°C 111.31° +2.392 120.30° +3.472
36°C 119.37% +2.457 157.23% £3.202
Mean + SE 97.80+4.021 111.2616.691

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean * SE, n=6
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Figure 6: Thermal tolerance polygon of L. gonius fingerlings over four
acclimation temperatures (27, 30, 33 and 36 °C) using CTnax and CTp,, values.
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Table 18: Temperature quotients (Qio values) of L. gonius fingerlings
acclimated to four different temperatures

Temperatures Temperature Temperature quotients
differences (Q10 values)
27-30°C 3°C 1.865°
30-33°C 3°C 2.209°
33-36°C 3°C 1.2622
27-36°C (Acclimated) 9°C 1.722%
27-36°C (Non-acclimated 9°C 2.3228

Different superscript letters in the same column indicate significance difference

77



4.1.14.3 Temperature quotient (Q1o)

Temperature quotients (Q1o values) of L. gonius fingerlings acclimated
to four different temperatures is presented in 18. Temperature quotient (Qqo) was
found to be 1.72 for acclimated fish and 2.23 for non-acclimated fish over the range
of acclimation temperatures (27-36°C). Final preferred temperature estimated from
the Q1o value (1.865) was between 27-30°C and (2.209) 30-33°C.

4.1.15 Histological Study

4.1.15.1 Gill tissue

Histoarchitecture (H&E 40X) of gill tissue of L. gonius fingerlings was
found to be normal at 27°C (Plate 1) and 30°C (H&E 40X) (Plate 4). However, gill
tissue showed loss of secondary lamellae in the lower half of the filament at 33°C
(H&E 160X) (Plate 7). In another slide, gill tissue showed marked loss of primary
and secondary lamellae at 33°C (H&E 160X) (Plate 8). Similarly, gill tissue showed
extensive loss of secondary gill lamellae, atrophy of primary lamellae and
congestion at the branchial arch at 36°C (H&E 40X) (Plate 11). In another slide, gill
tissue showed complete loss of gill lamellae at 36°C (H&E 160X) (Plate 12).

4.1.15.2 Intestinal tissue

Histoarchitecture of intestinal tissue of L. gonius fingerlings was found
to be normal at 27°C (H&E 160X) (Plate 2) and 30°C (H&E 160X) (Plate 5).
However, Intestinal tissue showed mild loss of brush boarder at the mucosa at 33°C
(H&E 160X) (Plate 9). Similarly, intestinal tissue showed degeneration of mucosa at

some places and vacuolation in the lamina propria at 36°C (H&E 160X) (Plate 13).
4.1.15.3 Liver tissue

Histoarchitecture of the liver tissue of L. gonius fingerlings was found
to be normal at 27°C (H&E 40X) (Plate 3) and 30°C (H&E 160X) (Plate 6). However,
liver tissue showed diffuse vacuolation of the hepatocytes at 33°C (H&E 160X)
(Plate 10). Similarly, liver tissue showed extensive vacuolation at 36°C (H&E 160X)
(Plate 14).
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Plate 1: Histoarchitecture of Plate 2: Histoarchitecture of normal
normal gill tissue of L. gonius intestinal tissue of L. gonius
fingerlings at 27°C (H&E 40X) fingerlings at 27°C (H&E 160X)

Plate 3: Histology of normal liver Plate 4: Gill tissues of L. gonius
tissue of L. gonius fingerlings at  fingerlings at 30°C showing normal
27°C (H&E 40X) architecture (H&E 40X)
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Plate 5: Histology of intestinal tissue Plate 6: Histoarchitecture of normal
of L. gonius fingerlings at 30°C liver tissue of L. gonius fingerlings
showing normal structure (H&E at 30°C (H&E 160X)

160X)

Plate 7: Gill tissue of L. gonius Plate 8: Gill tissue of L. gonius
fingerlings showed loss of fingerlings showed marked loss of
secondary lamellae in the lower half primary and secondary lamellae at
of the filament at 33°C (H&E 160X) 33°C (H&E 160X)
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Plate 9: Intestinal tissue of L. gonius  Plate 10: Liver tissue of L. gonius

fingerlings showed mild loss of fingerlings showed diffuse
brush boarder at the mucosa at 33°C vacuolation of the hepatocytes at
(H&E 160X) 33°C (H&E 160X)

Plate 11: Gill tissue of L. gonius Plate 12: Gill tissue of L. gonius
fingerlings showed extensive loss fingerlings showin%severe damage

of secondary gill lamellae, atrophy of  of gill lamellae at 36
primary lamellae and congestion at
the branchial arch at 36°C (H&E 40X)

C (H&E 160X)
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Plate 13: Intestinal tissue of L. Plate 14: Liver tissue of L. gonius
gonius fingerlings showed fingerlings showed extensive
degeneration of mucosa at some vacuolation at 36°C (H&E 160X)
places and vacuolation in the

lamina propria at 36°C (H&E 160X)

4.1.16 Scanning Electron Microscopy (SEM) study
4.1.16.1 Gill tissue

At 27°C, SEM photograph (Magnification 400X) of the gill tissue of L.
gonius fingerlings showed normal structure of primary and secondary gill lamella
(Plate 15). Similarly 30°C, SEM photograph (Magnification 500X) showed normal
structure of primary and secondary gill lamella (Plate 16). At 33°C, SEM photograph
showed damaged of the primary lamella and loss of secondary lamellae alongside
the damaged primary cells (Plate 17). In another SEM photograph at 33°C
(Magnification 350X), showed necrotic secondary lamellae appearing as shreds of
tissue (Plate 18). Thin layers of netlike structure at the dark background are
probably mucus was also noted. At 36°C, SEM photograph (Magnification 200X)
showed extensive loss of secondary lamellae and damaged of the primary lamellae
at some places (Plate 19). In another SEM photograph (Magnification 200X) at

36°C, severe damaged of the lamellar tissues were observed (Plate 20).
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Plate 15: SEM photographs of the gill tissue of L. gonius fingerlings at 27°C
(Spot Magnification 400X) showing normal structure of gill (P- Primary lamella
and S- Secondary lamella)
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Plate 16: SEM photographs of the gill tissue of L. gonius fingerlings at 30°C
(Spot Magnification 500X) showing normal structure of gill (P- Primary lamella
and S- Secondary lamella)
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Plate 17: SEM photographs (Spot Magnification 350X) showed the gill
structure of L. gonius fingerlings at 33°C and ambient pH 7.5. Damaged of the
primary lamella (dp). Observe the loss of secondary lamellae alongside the

damaged primary cells (ds)
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Plate 18: SEM photographs showed the gill structure of L. gonius fingerlings
at 33°C (350X). Observe the necrotic secondary lamellae appearing as shreds
of tissue. Thin layers of netlike structure at the dark background are probably

mucus
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Plate 19: SEM photographs showed the gill structure of L. gonius fingerlings
at 36°C (Spot Magnification 200X). Observe the extensive loss of secondary
gill lamellae (ds) and damaged of the primary lamellae at some places (dp)
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Plate 20: SEM photographs showed the gill structure of L. gonius fingerlings

36°C (Spot Magnification 200X). Severe damaged of the lamellar tissues were
observed
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4.2 Experiment 2

4.2.1 Physico-Chemical Properties of Water

The physico- chemical parameters of water such as temperature
(°C), pH, dissolved oxygen (mg/L), free carbon dioxide (mg/L), ammonia (mg/L),
Nitrite-N (mg/L), Nitrate-N (mg/L) were recorded and the average value of all the
experimental groups are given in Table 19. The water temperature of the
experimental groups was maintained at 27°C in Ty, T2 and Ts, whereas it was
maintained at 33°C in T4, Ts and Tg during the experimental period of 60 days. The
pH values of experimental groups were maintained at 7.5 in T4, 5.5 in Tz and 9.0 in
T3, whereas pH was maintained at 7.5 in T4, 5.5 in Ts and 9.0 in Te during the

experimental period of 60 days.

The dissolved oxygen content of all the experimental tubs was
recorded within the range of 5.85 to 7.21 mg/L. Free carbon dioxide (mg/L) was
found to be negligible during the entire period. The total ammonia, nitrite- N and
nitrate-N content was recorded before water exchange and found to be in the range
of 0.15 10 0.29, 0.002 to 0.012 and 0.04 to 0.15 mg/L respectively.

Table 19: Water quality parameters in rearing tank during the 60 days of
experimental period

Treatments Dissolved = Ammonia- N Nitrite-N Nitrate-N
oxygen
Ty 6.49-7.21 0.15-0.18 0.002- 0.004 0.04-0.06
T 6.13-6.89 0.20- 0.26 0.005 - 0.009 0.07-0.13
T3 6.25-7.05 0.19- 0.23 0.005 - 0.007 0.05-0.10
T4 6.23 -6.57 0.19- 0.24 0.004 - 0.007 0.06-0.09
Ts 5.85-6.33 0.23- 0.29 0.008-0.012 0.13-0.15
Ts 5.92 -6.39 0.22- 0.28 0.008 - 0.011 0.12-0.14

Values expressed in range

Dissolved oxygen, Ammonia-N, Nitrite-N and Nitrate-N are expressed as mg/L
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4.2.2 Growth Parameters

The body weight gain of L. gonius fingerlings exposed to multiple
stressors was recorded at 15 days intervals is shown in Table 20 and Figure 7. The
final body weight gain of the fingerlings differed significantly (p<0.05) in all the
treatments. The highest final body weight was recorded in Ty group and the lowest
was in Ts group followed by Ts group. After 15 days of exposure, effects of stressors

are more prominent in all the treatment groups.

The body weight gain % SGR, FCR, FER, PER and survival rate of L.
gonius fingerlings exposed to multiple stressors are presented in Table 21. Body
weight gain %, SGR, PER, FER and survival rate decreased significantly (p<0.05) in
Ts and Tg treatment groups followed by T, T4 and T3 group. However, there was no
significant difference (p>0.05) between T3 and T4 group. The highest body weight
gain (%) was recorded in Ty group and the lowest was in Ts group followed by Te
group. On the contrary, FCR shows an opposite trend. The effect of temperature

and/or pH stress was significantly higher after 15 days of exposure.

Figure 7: Body weight (g) gain (at 15 days interval) of L. gonius fingerlings
exposed to multiple stressors for a period of 60 days

Average body weight gain of L. gonius fingerlings
. 16.5
D 155 -
= 14.5 - ——T1 -E=-T2 T3
13.5 -
% 125 | =>=T4 —=%T5
i 11.5 -
10.5 -
S 95-
o 89
o 7.5 -
S 65 - w
> 5.5 -
< 45 . . . .
0 days 15 days 30 days 45 days 60 days
Time period in days

87



Table 20: Body weight (g) gain (at 15 days interval) of L. gonius fingerlings exposed to multiple stressors for a period of

60 days

Treatment Initial 0-15 days 0-30 days 0-45 days 0-60 days
T4 (27°C x pH 7.5) 6.56%+£0.09 8.89°+0.25 10.96+0.19 13.26%+0.40 15.49%+0.28
T, (27°C x pH 5.5) 6.62°+0.11 8.33%°+0.13 9.75°+0.08 11.27°+0.10 12.40°+0.20
Ts (27°C x pH 9.0) 6.61%+0.10 8.57°°+0.08 10.41°40.11 11.95°40.18 13.15°40.26
T4 (33°C x pH 7.5) 6.59%+0.08 8.45%°+0.11 10.15°+0.26 11.58°°+0.15  12.93°°+0.23
Ts (33°C x pH 5.5) 6.66%+0.11 8.04%+0.14 9.18%+0.14 9.84%+0.12 10.65%+0.19
Te (33°C x pH 9.0) 6.647+0.08 8.15%+0.07 9.49%+0.18 10.30°+0.10 11.14%+0.21
P-Value 0.494 0.015 0.002 0.001 0.001

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean + SE, n=3 (each replicate is having 12 fish)
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Table 21: Growth and survival of L. gonius fingerlings exposed to multiple stressors for a period of 60 days

Treatments Wt. Gain FCR FER PER SGR Survival
Temperature
27°C 107.60°+7.39 2.28°+0.11 0.45°+0.02  1.27°+0.07  1.21°+0.06  92.59°+2.57
33°C 74.65%45.55 3.05%0.17  0.34%0.02  0.95°+0.06  0.92°+0.05  78.70°+3.14
pH
7.5 116.26°+9.01 2.13°+0.13  0.48°+0.03  1.35°+0.08 1.27°40.07  94.44°+2.78
5.5 73.72%46.24 3.07%+0.21 0.34%+0.02  0.94°+0.06  0.92°+0.06  79.17°+3.57
9.0 83.40%+7.02 2.80%0.19  0.37%+0.02  1.03°+0.07  1.01%+0.06  83.33°+4.81
Temperature x pH
T1 (27°C x pH 7.5) 136.32°+1.08 1.84°+0.01 0.54°+0.01  1.53°+0.01 1.43°+0.01 100.0° 0.00
T, (27°C x pH 5.5) 88.19°+1.42 2.60°+0.03 0.39°40.01  1.08°0.02 1.05°+1.01  86.11°+2.78
T3 (27°C x pH 9.0) 99.01%+0.99 2.38%+0.03  0.42°t0.01  1.18%+0.02  1.15%0.01 91.66™ +4.81
T4 (33°C x pH 7.5) 96.71%+1.22 2.41°¢0.01  0.419+0.01  1.17°+0.01 1.129+0.01  88.90° +2.78
Ts (33°C x pH 5.5) 59.97%+1.85 3.53%0.10  0.28%0.01  0.80°+0.02  0.78%+0.02  72.22%+2.77
Ts (33°C x pH 9.0) 67.78°+1.20 3.21°+0.06  0.31°+0.01  0.88°+0.02  0.86°+0.01  75.00%+ 4.80

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean + SE, n=3 (each replicate is having 12 fish for growth parameters)

FCR: Feed conversion ratio; FER: Feed efficiency ratio;

PER: Protein efficiency ratio; SGR: Specific growth rate
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Figure 8: Relationship between weight gain % and RNA content in muscle and
liver tissue of L. gonius fingerlings exposed to multiple stressors for a period
of 60 days
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Figure 9: Relationship between weight gain % and RNA/DNA ratio in muscle
and liver tissue of L. gonius fingerlings exposed to multiple stressors for a
period of 60 days
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4.2.3 DNA, RNA and RNA/DNA Ratio

DNA, RNA and RNA/DNA ratio in liver and muscle tissue of of L.
gonius fingerlings exposed multiple stressors are presented in Table 22. DNA
content in both the tissue did not vary significantly (p>0.05) among different
treatments. RNA and RNA/DNA ratio in both the tissue decreased significantly
(p<0.05) in Ts and Tg treatment groups followed by T,, T3 and T4 group. However,
there was no significant difference (p>0.05) between T3 and T4 group. The highest
value was recorded in Ty group and the lowest was in Ts group followed by Ts group.
A linear relationship was observed between weight gain % and RNA, RNA/DNA ratio

of L. gonius fingerlings (Figure 8 & 9).

4.2.4 Body Indices

Body indices (HSI and GSI) of L. gonius fingerlings exposed to multiple
stressors are presented in Table 23. HSI value decreases decreased significantly
(p<0.05) in Ts and Tg treatment groups followed by T,, T3 and T4 group. However,

GSl value did not vary significantly (p>0.05) among different treatments.

4.2.5 Tissue Glycogen

Glycogen content in liver and muscle tissues of L. gonius fingerlings
exposed to multiple stressors is presented in Table 23. Glycogen content in liver and
muscle tissue decreased significantly (p<0.05) in Ts and Te treatment groups
followed by T, T3 and T4 group. The highest value was recorded in T group and the

lowest was in Ts group followed by Ts group.

4.2.6 Ascorbic Acid

Ascorbic acid content in muscle tissue of L. gonius fingerlings exposed
to multiple stressors is presented in Table 23. Ascorbic acid content in muscle tissue
decreased significantly (p<0.05) in Ts and Tg treatment groups followed by T, T3 and
T4 group. However, there was no significant difference (p>0.05) between T3 and T4
group. The highest value was recorded in T4 group and the lowest was in Ts group

followed by Te group.
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Table 22: DNA, RNA and RNA/DNA ratio of L. gonius fingerlings exposed to multiple stressors for a period of 60 days

Treatments Muscle Liver
Mg DNA/mI Mg RNA/mlI  RNA/DNA ratio pg DNA/mI Hg RNA/ml  RNA/DNA ratio
Temperature
27°C 0.20%+0.01 0.31°+0.02 1.53°+0.08 1.28%+0.01 0.58°+0.02 0.46°+0.02
33°C 0.20%+0.01 0.24%+0.01 1.20%+0.05 1.27%+0.01 0.48%+0.02 0.38%+0.02
pH
7.5 0.212+0.01 0.33°+0.02 1.58°+0.09 1.28%+0.01 0.60°+0.02 0.47°+0.02
5.5 0.20%+0.01 0.24%+0.02 1.18%+0.05 1.27%+0.01 0.47%+0.02 0.31%+0.02
9.0 0.20%+0.01 0.27%+0.02 1.312+0.08 1.27%+0.01 0.52%+0.03 0.41%+0.02
Temperature x pH
T, (27°C x pH 7.5) 0.213+0.01 0.37°+0.02 1.79°+0.03 1.29%+0.01 0.65°+0.01 0.51°+0.01
T» (27°C x pH 5.5) 0.20%+0.01  0.26°°+0.01 1.29°+0.01 1.287+0.01 0.52°+0.01 0.41°+0.01
T3 (27°C x pH 9.0) 0.19%+0.01  0.30°°+0.01 1.50°+0.07 1.28%+0.02  0.58°+0.01 0.469+0.02
T4 (33°C x pH 7.5) 0.212+0.01 0.28°+0.02 1.38°+0.03 1.27%+0.01 0.55%+0.01 0.43%°+0.02
Ts (33°C x pH 5.5) 0.20%+0.01 0.21%+0.01 1.087+0.01 1.26%+0.01 0.42%+0.01 0.34%+0.01
Ts (33°C x pH 9.0) 0.213+0.01  0.23%+0.01 1.14%+0.03 1.27%+0.01 0.46°+0.02 0.37°+0.02

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean + SE, n=6
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Table 23: Glycogen, ascorbic acid content and body indices (HSI and GSI) of L. gonius fingerlings exposed to multiple

stressors for a period of 60 days

Treatments Glycogen Ascorbic acid Body indices
Muscle Liver Muscle HSI GSlI
Temperature
27°C 1.01°+0.06  9.8°+0.82 101.09°+8.06 1.26°+0.07  2.77°#0.10
33°C 0.81%+0.03  6.5°+0.53 67.71°+4.81 1.01%£0.06  2.50°+0.14
pH
7.5 1.04°+0.08  10.47°+1.09  108.94°+10.51 1.29°+0.07  2.49%+0.20
5.5 0.79°+0.03  7.70°+0.63 77.79°+5.86 1.11%£0.08  2.61%+0.12
9.0 0.90%+0.05  6.30%0.75 66.48°+6.37 1.02%+0.09  2.79°+0.13
Temperature x pH
T, (27°C x pH 7.5) 1.20°+0.05 12.67°+0.86 132.30°+2.38 1.38°+0.10  2.94%+0.19
T, (27°C x pH 5.5) 0.84%+0.03  7.49°°+0.48  79.30%+2.31 1.12%+0.10  2.62°+0.18
T3 (27°C x pH 9.0) 0.98°+0.05  9.31°+0.46 91.67°+1.32 1.28°+0.12  2.75%+0.19
T4 (33°C x pH 7.5) 0.88%+0.07 8.26°+0.55  85.60°+1.10 1.16*+0.07  2.65%+0.36
Ts (33°C x pH 5.5) 0.75%+0.04  5.12%+0.61 53.65%+1.53 0.91®+0.12  2.37%+0.18
Ts (33°C x pH 9.0) 0.812+0.04 6.11%+0.28  63.89°+2.87 0.94°+0.10  2.36%+0.17

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean + SE, n=6 (n=9 for body indices);

Glycogen: mg glycogen/g tissue; Ascorbic acid: microgram/g wet tissue;

Hepatosomatic Index (HSI) and Gastrosomatic Index (GSI) are expressed as %
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4.2.7 Enzymatic Activity in Tissues
4.2.7.1 Enzymes of protein metabolism (AST and ALT)

AST and ALT activity in liver and muscle tissue of L. gonius fingerlings
exposed to multiple stressors are presented in Table 24. AST and ALT activity in
liver and muscle tissue increased significantly (p<0.05) in Ts and Te treatment groups
followed by T, T3 and T4 group. However, there was no significant difference
(p>0.05) between T3 and T4 group. The lowest activity was recorded in T1 group and

the lowest was in Ts group followed by Ts group.

4.2.7.2 Enzymes of carbohydrate metabolism (LDH and MDH)

LDH and MDH activity in liver and muscle tissues of L. gonius
fingerlings exposed to multiple stressors are presented in Table 25. The activity in
liver and muscle tissue increased significantly (p<0.05) in Ts and Tg treatment groups
followed by T,, Ts and T4 group. However, there was no significant difference
(p>0.05) between T3 and T4 group. The highest value was recorded in T1 group and

the lowest was in Ts followed by Teg group.

4.2.7.3 Enzyme of neurotransmission (AchE)

AchE activity in brain tissue of L. gonius fingerlings exposed to multiple
stressors is presented in Table 26. AchE activity in brain tissue decreased
significantly (p<0.05) in Ts and Tg treatment groups followed by T, T3z and T4 group.

The highest activity was recorded in Ty group and the lowest was in Ts followed by Tg

group.

4.2.7.4 Enzymes of oxidative stress (Catalase, SOD and GST)

Catalase, SOD and GST activity in liver and gill tissue of L. gonius
fingerlings exposed to multiple stressors are presented in Table 26. The activities in
liver and qill tissue increased significantly (p<0.05) in Ts and Tg treatment groups
followed by T,, Tz and T4 group. However, there was no significant difference
(p>0.05) between T3 and T4 group. The lowest value was recorded in Ty group the
highest was in Ts group followed by Tg group.
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4.2.7.5 Enzyme of gluconeogenic pathways (FDPase)

FDPase activity in liver and gill tissue of L. gonius fingerlings exposed
to multiple stressors is presented in Table 27. FDPase activity in liver and gill tissue
increased significantly (p<0.05) in Ts and Te treatment groups followed by T,, T3 and
T4 group. However, there was no significant difference (p>0.05) between T3 and T4
group. The lowest value was recorded in Ty group and the highest was in Ts group

followed by Tg group.

4.2.7.6 Enzyme of pentose phosphate pathway (G6PDH)

G6PDH activity in liver and muscle tissue of L. gonius fingerlings
exposed to multiple stressors is presented in Table 27. G6PDH activity in liver and
muscle tissue decreased significantly (p<0.05) in Ts and Te¢ treatment groups
followed by T, T3 and T4 group. However, there was no significant difference
(p>0.05) between Tz, T3z and T4 group. The highest activity was recorded in T1 group
and the lowest was in Ts group followed by Te group.

4.2.7.7 Enzyme of energy metabolism (ATPase)

ATPase activity in gill and liver tissue of L. gonius fingerlings exposed
to multiple stressors is presented in Table 27. ATPase activity in liver and gill tissue
decreased significantly (p<0.05) in Ts and Te treatment groups, followed by T, and
Ts. However, there was no significant difference (p>0.05) between Ts and T2 group
and Te and T4. The highest activity was recorded in Ty group and there was no

significance difference between Ty and Ta.

4.2.7.8 Enzyme of phospho ponoesterase (ALP)

ALP activity in liver, muscle and intestinal tissue of L. gonius fingerlings
exposed to multiple stressors is presented in Table 28. ALP activity in muscle, liver
and intestinal tissue increased significantly (p<0.05) in Ts and Ts treatment groups
followed by T,, Tz and T4 group. However, there was no significant difference
(p>0.05) between T3 and T4 group. The lowest value was recorded in Ty group and

the highest was in Ts group followed by Tg group.
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Table 24: AST and ALT enzymes activity in tissues of L. gonius fingerlings exposed to multiple stressors for a period of 60 days

Treatments ALT
Liver Muscle Liver Muscle
Temperature
27 °C 25.35°+2.83 30.28°+2.84 8.83°+1.15 11.66°+1.40
33°C 44.21%+4.07 48.79%+4.02 15.84°+1.36 24.48%+2.70
pH
7.5 22.31°+3.23 27.02°+3.24 8.10%+1.51 10.54%+1.62
5.5 45.76%45.13 50.32%+5.05 16.35%+1.79 24.10%+3.52
9.0 36.54a+4.32 41.28%+4.29 12.57%+1.63 19.57%+3.57
Temperature x pH
T, (27°C x pH 7.5) 15.17°+0.69 19.87°+0.76 4.82°+0.29 6.97°+0.31
T» (27°C x pH 5.5) 34.42°+0.87 39.15°+0.96 12.49°+0.50 16.33%+1.02
T3 (27°C x pH 9.0) 27.019+0.81 31.83d+0.75 9.199+0.88 11.69°+0.59
T4 (33°C x pH 7.5) 29.46°+0.89 34.179+0.93 11.38%+0.78 14.129+0.48
Ts (33°C x pH 5.5) 57.09°+1.56 61.48%+1.38 20.20%+0.91 31.87%+0.74
Ts (33°C x pH 9.0) 46.07°+1.36 50.73%+1.41 15.90°+1.08 27 .47°+1.11

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean * SE, n=6;

AST activity was expressed as n mol of oxaloacetate released/ min/ mg protein at 37°C;

ALT activity was expressed as n mol of sodium pyruvate released/ min/ mg protein at 37°C
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Table 25: LDH and MDH enzymes activity in tissues of L. gonius fingerlings exposed to multiple stressors for a period of 60 days

Treatments
Liver Muscle Liver Muscle
Temperature
27°C 8.51°+1.27 9.87°+1.24 6.36°+1.14 8.06°+1.17
33°C 14.37%+1.16 15.97°+1.25 11.75%1.04 13.82%+1.11
pH
7.5 7.06°+1.39 8.45°+1.37 5.14°+1.31 6.96°+1.39
5.5 15.10%+1.22 16.81%+1.40 12.23%+1.23 14.51%+1.38
9.0 12.15%+1.49 13.49%+1.47 9.80%+1.29 11.36%1.27
Temperature x pH
T, (27°C x pH 7.5) 4.01°+0.16 5.44° +0.19 2.25° +0.11 3.90° +0.11
T» (27°C x pH 5.5) 12.51° +0.71 13.79° +0.60 9.05° +0.46 11.58%+0.79
Ts (27°C x pH 9.0) 9.019 +0.67 10.379 +0.82 7.13% +0.84 8.729+0.83
T4 (33°C x pH 7.5) 10.12% +0.50 11.47% +0.57 8.04° +0.37 10.02+0.57
Ts (33°C x pH 5.5) 17.69% +0.51 19.84% +0.52 14.75%+0.80 17.44%+0.60
Ts (33°C x pH 9.0) 15.29° +0.87 16.60° +0.66 12.46°+0.72 14.01°+0.64

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean + SE, n=6;

LDH and MDH specifies activity expressed as Unit/min/mg protein at 37°C
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Table 26: AchE, catalase, SOD and GST enzyme activity in tissues of L. gonius fingerlings exposed to multiple stressors
for a period of 60 days

Treatments AchE Catalase SOD GST
Brain Liver Gill Liver Gill Liver Gill
Temperature
27 °C 5.18°40.27  5.91°+0.65  10.04°+0.93 16.79°+1.67 31.89°+1.88 0.509°+0.04 0.618°+0.04
33°C 3.90%0.26  11.10%1.12 17.37°#1.45 26.34%+1.91 45.19°+3.38 0.755°#0.05 0.931%+0.06
pH
7.5 5.43°+0.33  5.33°+0.83  9.31°+1.16  15.12°#1.89 28.96°+1.83 0.469°+0.05 0.581°+0.05
5.5 3.76%40.29 11.22%1.51 17.11%#1.94 27.12%4+221 46.04°+3.78 0.743%+0.06 0.901%+0.08
9.0 4.44%+0.33 8.97%+1.24 14.71%+1.93 22.39°+2.46 40.63°+3.77 0.685%+0.05 0.843%+0.08
Temperature x pH
T, (27°C xpH7.5) 6.11°40.10 3.50°+0.20  6.76°+0.23  10.95°+0.55 25.13°+0.67 0.462+0.01 0.366+0.01
T, (27°C x pH 5.5) 4.35°+0.19  7.89°+0.22 12.86°+0.51 22.31°+0.72 37.90°+0.55 0.625°+0.01 0.609°+0.02
Ts (27°C xpH9.0) 5.09°+0.23 6.36°+0.21  10.50°+0.80  17.08°+0.69  32.97°+0.87 0.567°+0.01 0.553°+0.01
T4 (33°C x pH7.5) 4.76°+0.29 7.15°+0.24 11.86°+0.41 19.31940.59  33.79°+0.43 0.599%+0.01 0.572°+0.01
Ts (33°C x pH 5.5) 3.18%+0.17 14.55%+0.46 21.38%0.63 32.02°+0.73 50.83%1.14 1.077%+0.02 0.877%+0.02
Te (33°C x pH 9.0) 3.78%+0.23 11.89°+0.92 18.90°+0.54 28.04°+1.05 45.28°+0.76 1.017°+0.01 0.817°+0.01

Values in the same column with different superscript differ significantly (p<0.05); Data expressed as Mean * SE, n=6;

AchE: micromoles acetylcholine hydrolyzed / mg protein / min at 37° C;

Catalase: Nano moles H20» decomposed / min / mg protein at 37°C;

SOD: micromole /mg protein/min at 37 °C; GST: units /mg protein
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Table 27: FDPase, G6PDH and ATPase enzyme activity in tissues of L. gonius fingerlings exposed to multiple stressors

for a period of 60 days

Treatments FDPase G6PDH ATPase
Liver Gill Liver Muscle Liver Gill
Temperature
27°C 22.22°+3 54 48.9545.44 9.14°+0.75 5.12°+0.48 1.96%+0.22 4.08%+0.30
33°C 39.35%+3.25 82.45+6.19 7.07%+0.41 3.56%+0.32 1.99%+0.26 4.113+0.44
pH
7.5 18.50°+4.21 44.04°+6.83 9.93°+0.77 5.51°+0.57 3.07°+0.11 5.69°+0.24
5.5 40.42°+3.83 81.64°+8.16 6.56°+0.52 3.46°+0.37 1.36%+0.05 3.10°+0.16
9.0 33.44%+4.10 71.40%+8.19 7.72%+0.64 4.04%+0.52 1.49%+0.05 3.49°+0.10
Temperature x pH
Ty (27°C x pH 7.5) 9.15°+0.54 28.97°+1.03 11.51°40.34 6.59°+0.41 2.86°+0.09 5.25°40.27
T2 (27°C x pH 5.5) 32.40°+2.63 64.34%+4.21 7.07%+1.04  3.88%+0.58  1.47%+0.04 3.38%+0.12
Ts (27°C x pH 9.0) 25.10%+1.32 53.53%+2.81 8.83°+0.81 4.90°+0.65 1.58°+0.04 3.62°+0.12
T4 (33°C x pH 7.5) 27.84°%+1.14  59.12°+2.22 8.36+0.62  4.44%+0.53 3.29°+0.09 6.13°+0.10
Ts (33°C x pH 5.5) 48.44%+1 .40 98.96°+3.97 6.26°+0.42 3.04%+0.41 1.28%+0.05 2.83%+0.22
Ts (33°C x pH 9.0) 41.77°+3.58 89.29°+2.72 6.617+0.38 3.17°+0.43 1.39%+0.02 3.35%+0.15

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean * SE, n=6;

FDPase: microgram phosphorous released / mg protein / minute at 37°C;

G6PDH: A 0.01 optical density / mg protein / minute at 37°C;

ATPase: microgram phosphorous released / mg protein / minute at 37°C
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4.4.7.9 Digestive enzyme (Protease)

Protease enzyme activity in intestinal tissue of L. gonius fingerlings
exposed to multiple stressors is presented in Table 28. Protease and lipase activity
in intestinal tissue decreased significantly (p<0.05) in Ts and Tg treatment groups
followed by T,, Ts and T4 group. However, there was no significant difference
(p>0.05) between T3 and T4 group. The highest activity was recorded in T group and

the lowest was in Ts group followed by Te group. Amylase does not show any

significance difference.

Table 28: ALP and Protease enzymes activity in tissues of L. gonius fingerlings

exposed to multiple stressors for a period of 60 days

Treatments ALP Protease
Muscle Liver Intestine
Temperature
27 °C 25.63°+3.75 58.70°+7.52 15.72°+0.71
33°C 46.60%+5.38 97.34%+8.14 13.39%+0.32
pH
7.5 18.81°+3.42 47.99°+8.55 16.21°+0.92
5.5 48.41%45.72 99.17°+10.10 13.06%+0.33
9.0 41.12%45.43 86.89%+7.60 14.40%°+0.56
Temperature x pH
Ty (27°C x pH 7.5) 11.41° +0.84 29.08°+2.10 18.119+£0.70
T2 (27°C x pH 5.5) 36.13°+1.83 76.88° +1.84 13.67%°+0.27
T3 (27°C x pH 9.0) 29.36% +1.10 70.14% £1.12 15.38°+0.69
T4 (33°C x pH 7.5) 26.21% +1.69 66.91°° +1.71 14.31°+0.35
Ts (33°C x pH 5.5) 60.70°+3.09  121.48%+3.09 12.44%+0.31
Ts (33°C x pH 9.0) 52.88°+2.79  107.63°+2.74  13.42%°+0.34

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean + SE, n=6;

Protease activity as mmole of tryosine released/min/g protein at 37°C;

ALP: nanomoles P-nitrophenol released / mg protein / minute at 37°C

4.2.8 Haemato-immunological Parameters

4.2.8.1 RBC, WBC, haemoglobin (Hb) and haematocrit (Hct)

RBC, WBC, Hb and Hct of L. gonius fingerlings exposed to multiple

stressors are presented in Table 29. The counts decreased significantly (p<0.05) in
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Ts and Tg treatment groups followed by T, T3 and T4 group. However, there was no
significant difference (p>0.05) between T3 and T4 group. The higher value was

recorded in Ty group and the lowest was in Ts followed by Ts group.

4.2.8.2 Respiratory burst activity (NBT)

NBT activity of L. gonius fingerlings exposed to multiple stressors is
presented in Table 29. NBT activity decreased significantly (p<0.05) in Ts and Ts
treatment groups followed by T,, T3 and T4 group. However, there was no significant
difference (p>0.05) between T3 and T4 group. The lowest value was recorded in Ty

group and highest was in Ts group followed by Ts group.

4.2.8.3 Blood glucose

Blood glucose level of L. gonius fingerlings exposed to multiple
stressors is presented in Table 29. Blood glucose level increased significantly
(p<0.05) in Ts and Tg treatment groups followed by T,, T3 and T4 group. However,
there was no significant difference (p>0.05) between T3 and T4 group. The lowest

value was recorded in T group and highest was in Ts group followed by Ts group.

4.2.8.4 Total serum protein, albumin (A), globulin (G) and A-G ratio

Total serum protein, albumin, globulin and A-G ratio of L. gonius
fingerlings exposed to multiple stressors are presented in Table 30. Total serum
protein, albumin and globulin decreased significantly (p<0.05) in Ts and T followed
by T,, Tz and T4 group. However, there was no significant difference (p>0.05)
between T3 and T4 group. The higher value was recorded in T group and the lowest

was in Ts followed by Ts group. On the contrary, A-G ratio shows an opposite trend.

4.2.8.5 Serum lysozyme activity

Serum lysozyme activity of L. gonius fingerlings exposed to multiple
stressors is presented in Table 30. The activity decreased significantly (p<0.05) in Ts
and Tg treatment groups followed by T,, T3 and T4 group. However, there was no
significant difference (p>0.05) between T3 and T4 group. The higher value was

recorded in T4 group and the lowest was in Ts group followed by Te group.
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Table 29: Total leucocytes (WBC), total erythrocyte (RBC), hemoglobin (Hb), haematocrit (Hct), NBT and blood glucose of
L. gonius fingerlings exposed to multiple stressors for a period of 60 days

Treatments WBC RBC Hb Hct NBT Blood glucose
(10°cells/'mm®) (10°cells/mm?®) (g/dL) (%) (Asa0) (mg/100mL)
Temperature
27°C 193.21°+7.22 1.83°+0.05  8.03°+0.53 22.27°+1.77 0.261°+0.02  48.51°+2.66
33°C 163.57°+5.10 1.56°#0.05  6.18°+0.24 15.13°+0.88 0.190%+0.01 62.60°+2.42
pH

7.5 201.07°+8.84 1.87°+0.07  8.58°+0.68 23.82b+2.38 0.279°+0.02  45.55°+3.39
5.5 161.46°+5.65 1.55°#0.06  6.10°%+0.27 15.18a+1.09 0.189%+0.01 61.70%+3.10
9.0 172.64%+6.52 1.66°#0.06  6.64°+0.32 17.10a+1.39 0.209%+0.01 59.42%+3.03

Temperature x pH
T, (27°C x pH 7.5)  220.17d+3.51 2.01°+0.05  10.10%+0.32 29.119+0.52 0.325°+0.01 38.01°+0.45
T» (27°C x pH5.5)  172.63b+3.83 1.67°+0.04  6.68°+0.11 17.55°+0.44 0.217°+0.01 54.88°+0.89
T3 (27°C x pH9.0)  186.82c+1.80 1.79c+0.03  7.33°%:0.08 20.14°+0.59 0.241°+0.01 52.66%+0.36
T4 (33°C xpH7.5) 181.97bc+3.75 1.73bc+0.02  7.09%°+0.10 18.53°+0.25 0.232°°+0.01  53.10°+0.62
Ts (33°C x pH 5.5) 150.29a+4.46  1.43a+0.05  5.51%+0.06 12.81%+0.34 0.161%+0.01 68.53%+0.76
Te (33°C x pH9.0) 158.46a+2.84  1.52a+0.04  5.94%+0.08 14.05%+0.08 0.177%+0.01 66.18°+0.41

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean * SE, n=6;

NBT (Respiratory burst activity) expressed in optimal density at 540 nm
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Table 30: Total protein, albumin, globulin, A/G ratio and serum lysozyme activity of L. gonius fingerling exposed to

multiple stressors for a period of 60 days

Treatments Total protein Albumin (A) Globulin (G) A/G Ratio Serum lysozyme
(g/dL) (g/dL) (g/dL)
Temperature
27 °C 3.18°+0.21 0.76°+0.03 2.41°+0.18 0.32°+0.01 299.45P+23.33
33°C 2.20°+0.16 0.612+0.03 1.59%+0.14 0.39%+0.02 210.10%+10.99
pH
7.5 3.39°+0.26 0.79°+0.04 2.61°+0.22 0.31°+0.01 320.89°+31.53
55 2.17%+0.20 0.612+0.03 1.57%40.16 0.40%+0.02 209.75%+13.87
9.0 2.512+0.21 0.672+0.03 1.84%+0.17 0.372+0.02 233.68%+15.43
Temperature x pH
T4 (27°C x pH 7.5) 3.96°+0.09 0.86°+0.01 3.10°+0.09 0.28°+0.01 390.74°+7.85
T2 (27°C x pH 5.5) 2.60°+0.06 0.68°+0.01 1.92°+0.05 0.36°+0.01 240.09°+4.72
Ts (27°C x pH 9.0) 2.96°+0.08 0.75%+0.01 2.22940.07 0.33%0.01 267.529+2.55
T4 (33°C x pH 7.5) 2.829+0.05 0.71°+0.01 2.12°+0.03 0.34°+0.01 251.04%45.48
Ts (33°C x pH 5.5) 1.74%+0.07 0.53%+0.01 1.21%40.06 0.44%+0.02 179.40%+4.36
Ts (33°C x pH 9.0) 2.05°+0.06 0.59°+0.01 1.46°+0.05 0.41°+0.01 199.82°+6.21

Values in the same column with different superscript differ significantly (p<0.05); Data expressed as Mean * SE, n=6

Serum lysozyme activity is expressed as unit/ min/ mg serum protein
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Table 31: Serum enzyme activity of L. gonius fingerling exposed to multiple stressors for a period of 60 days

Treatments sGOT (IU/L) sGPT (IU/L) sALP (IU/L) sACP (IU/L) sLDH (IU/L)
Temperature
27 °C 36.03°+2.84 13.92°+1 .41 122.08°+7.51 29.08°+2.40 11.47°+1.30
33°C 54.72%+4.07 26.94%+2.70 160.71%+8.12 38.05%2.07 19.55%+1.72
pH

7.5 32.78°+3,24 12.92°+1 .63 111.42°+8.54 25.07°+2.47 10.03°+1.39
5.5 56.29%+5.14 26.53%+3.56 162.54%£10.10 39.50%+2.04 20.09%+2.03
9.0 47.05%+4.31 21.81%+3.66 150.23%+7.61 36.13%+1.74 16.42%+2.13

Temperature x pH
T; (27°C x pH 7.5) 25.61+0.76° 09.34+0.48° 92.49+1.69° 19.76+1.01° 6.97+0.11°
T, (27°C x pH 5.5) 44.93+0.94° 18.68+0.70° 140.26%3.09° 35.05+0.62° 15.67+0.79°
T3 (27°C x pH 9.0) 37.53+0.86° 13.74+1.14° 141.40+2.78% 32.44+0.81% 11.78+0.83°
T4 (33°C x pH 7.5) 39.95+0.91¢ 16.56+0.28° 130.33%2.10¢ 30.37+1.20¢ 13.09+0.56°
Ts (33°C x pH 5.5) 67.65+1.65° 34.38+1.09° 184.83+1.842 43.94+0.88% 25.15+0.60?
Ts (33°C x pH 9.0) 56.56+1.32° 29.87+0.84° 166.98+1.10° 39.83+0.89° 21.06+0.64°

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean + SE, n=6
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Table 32: Hsp-70 expression, cortisol and caspase-3 activity in L. gonius fingerling exposed to multiple stressors for a

period of 60 days
Treatments Hsp-70 expression (ng/mL) Cortisol (hg/mL) Caspase-3
Muscle Gill Liver Serum Serum Serum
Temperature
27 °C 1.20%40.29  4.02°+0.44 5.01°+0.56 12.95°+1.89 140.96°+11.22  21.92°+1.18
33°C 1.27%40.37  6.12°+0.38 8.08%+0.58 21.71%+1.56 181.02°+5.58 30.71%+1.17
pH

7.5 1.18%+0.04 3.77°+0.58 4.54°+0.66 10.96°+2.28 129.61°+14.12  20.94°+1.54
55 1.28%40.04  6.16°+0.40 8.13%+0.74 22.41%+1.89 184.99°+6.15 30.27%+2.18
9.0 1.25%40.05  5.28%+0.62 6.97%+0.80 18.61%+1.89 160.89°+7.59 27.73%+2.28

Temperature x pH
T1 (27°C xpH 7.5)  1.13%0.03  2.529+0.05 3.08%+0.16 5.88°+0.28 98.16°+1.93 17.55°+0.39
T» (27°C x pH 5.5)  1.25°+0.06  5.40°°+0.26 6.63°+0.51 18.51°%+1.11 172.40°4.01 25.33°+0.48
T3 (27°C x pH 9.0)  1.22%+0.04  4.14°+0.38 5.30°+0.45 14.45%+0.34 152.33%+4.04 22.69%+0.24
T4 (33°C x pH 7.5)  1.24%+0.05  5.02°+0.37 5.99°°+0.22 16.06%+0.37 161.06%+1.89 24.349+0.31
Ts (33°C x pH 5.5)  1.312+0.06  6.91%+0.42 9.62%+0.50 26.29%+1.25 197.57%+3.82 35.01%+1.01
Te (33°C x pH9.0)  1.27°+0.04  6.43%+0.69 8.64%+0.43 22.78°+0.69 184.44°+3.69 32.77°+0.74

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean * SE, n=6;

Caspase-3 enzyme activity is expressed as p-NA/hr/mg of protein
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4.2.9 Serum Enzyme Activity

Serum GOT, GPT, ALP, ACP and LDH enzyme activity of L. gonius
fingerlings exposed to multiple stressors are presented in Table 31. The values
increased significantly (p<0.05) in Ts and Te treatment groups followed by T, T3 and
T4 group. However, there was no significant difference (p>0.05) between T3 and T4
group. The lowest value was recorded in Ty group and the highest level was in Ts

group followed by Tg group.

4.2.10 Serum Cortisol

Cortisol level of L. gonius fingerlings exposed to multiple stressors is
presented in Table 32. The cortisol level in serum was significantly higher (p<0.05) in
Ts and Tg treatment group followed by T,, T3 and T4 group. However, there was no
significant difference (p>0.05) between T3, T4 and Ts group. The lowest cortisol value

was recorded in Ty group. The highest value was in Ts followed by Tg group.

4.2.11 Hsp-70 Expression

The quantitative expression of Hsp-70 in serum, liver and gill tissue of
L. gonius fingerlings exposed to multiple stressors is presented in Table 32. The
Hsp-70 expression was significantly higher (p<0.05) in Ts and Ts treatment group

followed by To, T3 and T4 group. The lowest expression was recorded in T1 group.

4.2.12 Caspase-3 Activity

Caspase-3 activity of L. gonius fingerlings exposed multiple stressors is
presented in Table 32. Caspase-3 activity in serum was significantly higher (p<0.05)
in Ts and Te treatment group followed by T», Tz and T4 group. The lowest caspase-3
activity was recorded in T group. The highest caspase-3 activity was recorded in Ts

group followed by Tg group.

4.2.13 Thyroid Hormones (T3 and T4)

Thyroid hormones (T3 and T4) levels of L. gonius fingerlings exposed
multiple stressors are presented in Table 33. The T3 and T4 hormone levels in

serum decreased significantly (p<0.05) in Ts and T treatment groups followed by T,
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T3 and T4 group. The higher level T3 and T4 hormone was recorded in T group. The
lowest level was recorded in Ts followed by Tg group. A linear relationship was

observed between weight gain % and thyroid hormone levels (Figure 10 & 11).

Figure 10: Relationship between weight gain % and T3 hormone in serum of L.
gonius fingerlings exposed multiple stressors for a period of 60 days
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Figure 11: Relationship between weight gain % and T4 hormone in serum of L.
gonius fingerlings exposed multiple stressors for a period of 60 days
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Table 33: Thyroid hormone (T3 and T4), electrolytes and osmolality in serum of L. gonius fingerling exposed to multiple

stressors for a period of 60 days

Treatments Thyroid hormones (ng/mL) Electrolytes (mEqg/L) Osmolality
T3 T4 Na* K* Cr (Osmol/L)
Temperature
27 °C 0.95°+0.05 17.16°£0.61  137.11%t2.47  4.31%+0.31  127.01%#2.36  0.266°+0.008
33°C 0.612+0.09 13.52°+0.91  132.78%3.05 4.77%+0.29  123.22°+2.45 0.254°+0.009
pH
7.5 1.04b+0.12 18.09°+1.06  143.83°+1.76  3.62°+0.32 132.83°+0.75 0.286°+0.009
55 0.58a+0.05 13.09°%+0.72  129.83%+2.32  5.12%+0.19  120.33%#2.22  0.245%0.006
9.0 0.72a+0.07 14.84°+0.95  131.17%42.73  4.88%+0.25 122.17°#2.50 0.251%+0.007
Temperature x pH
T, (27°C x pH 7.5) 1.30°+0.04 20.26°+0.61  145.33°+3.19  3.46°t0.49  133.67°t0.88 0.291°+0.015
T2 (27°C x pH 5.5) 0.68°°+0.04 14.43°+0.64 132.33%+2.90 4.93%+0.30 122.67°+3.48 0.251%*+0.008
Ts (27°C x pH 9.0) 0.87°+0.03 16.799+0.68  133.67%+1.86 4.60%+0.40 124.68%°+4.40 0.256%°+0.007
T4 (33°C x pH 7.5) 0.78%°+0.03  15.92b°+0.73 142.33°+1.76 3.83°°+0.47 132.01°°+1.55 0.281°°+0.013
Ts (33°C x pH 5.5) 0.49%+0.05 11.76%£0.61  127.33°+3.48 5.30°+0.23  110.01%+2.65 0.239%+0.008
Te (33°C x pH 9.0) 0.57%+0.05 12.80%+0.51 128.67°t5.24 5.17°+0.24  119.67%+2.33  0.245%+0.011

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean + SE, n=6
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4.2.14 Serum Electrolytes (Na*, K* and CI")

Serum electrolytes (Na*, K" and CI") L. gonius fingerlings exposed to
multiple stressors are presented in Table 33. Na* and CI levels in serum decreased
significantly (p<0.05) in Ts and Tg treatment groups followed by T», Tz and T4 group.
The higher values were observed in T group. The lowest level was recorded in Ts
followed by Ts group. However, there was least significant difference among T, and

T4 group. On the contrary, K levels followed an opposite trend.
4.2.15 Serum Osmolality

Serum osmolality of L. gonius fingerlings exposed to multiple
stressors is presented in Table 33. Serum osmolality decreased significantly
(p<0.05) in Ts and T treatment groups followed by T,, T3 and T4 group. The higher
values were observed in Ty group. The lowest level was recorded in Ts followed by

Te group. However, there was least significance difference among T and T4 group.

4.2.16 Histological Study

4.2.16.1 Gill tissue

Histoarchitecture of qill tissue (H&E 40X) of L. gonius fingerlings
found to be normal at Ty group (Plate 21). At T, group, gill tissue (H&E 40X)
showed mild congestion at the branchial arch (Plate 24). At T; group, gill tissue
(H&E 160X) showed mild hyperplasia of secondary lamellae (Plate 27). At T,
group, gill tissue (H&E 40X) showed loss of secondary lamellae in the lower half of
the filament (Plate 30). At Ts group, gill tissue (H&E 160X) showed haemorrhages
in the branchial arch (Plate 33). Another view at Ts group, gill tissue (H&E 160X)
showed accumulation of mononuclear cells in inter-lamellar space and congested
branchial arch (Plate 34). At Te group, gill tissue (H&E 40X) showed thinning of

primary lamellae and marked loss of secondary lamellae (Plate 37).

4.2.16.2 Intestinal tissue

Histoarchitecture of intestinal tissue (H&E 160X) of L. gonius
fingerlings found to be normal at T4 group (Plate 22). At T, group, intestinal tissue
(H&E 40X) showed sloughing of the mucosa (Plate 25). At Tz group, intestinal
tissue (H&E 160X) showed minor damage (Plate 28). At T4 group, intestinal tissue
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(H&E 160X) showed mild loss of brush boarder at the mucosa (Plate 31). At Ts
group, intestinal tissue (H&E 160X) showing marked destruction of sub mucosa
and mucosal layer (Plate 35). At Tg group, intestinal tissue (H&E 40X) showed
severe desquamation of the lamina propria (Plate 38). Another view at Tg group,
intestinal tissue (H&E 160X) showed desquamation of the intestinal mucosa (Plate
39).

4.2.16.3 Liver tissue

Histopathology of liver tissue (H&E 40X) of L. gonius fingerlings found
to be normal at ambient temperature Ty group (Plate 23). At T, group, liver tissue
(H&E 160X) showed mild vacuolated haepatocyte (Plate 26). At Tz group, liver
tissue (H&E 160X) showed moderate degeneration of hepatocytes (Plate 29). At T,
group, liver tissue (H&E 160X) showed diffuse vacuolation of the hepatocytes
(Plate 32). At Ts group, liver tissue (H&E 160X) showing marked necrosis,
extensive vacuolation of the hepatocytes and obliteration of the architecture (Plate
36). At Te group, liver tissue (H&E 160X) showed moderately vacuolated
haepatocyte (Plate 39).

Plate 21: Histoarchitecture of normal Plate 22: Histoarchitecture of normal
gill tissue of L. gonius fingerlings at intestine tissue of L. gonius
ambient temperature 27°C and fingerlings at ambient temperature
ambient pH 7.5 (H&E 40X) 27°C and ambient pH 7.5 (H&E 160X)
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Plate 23: Histology of normal liver Plate 24: Gill tissue of L. gonius

tissue of L. gonius fingerlings at fingerlings showed mild congestion

ambient temperature 27°C and at the branchial arch at ambient

ambient pH 7.5 (H&E 40X) temperature 27°C and low acidic pH
5.5 (H&E 40X)

Plate 25: Intestinal tissue of L. Plate 26: Liver tissue of L. gonius
gonius fingerlings showing fingerlings showed mild
sloughing of the mucosa at 27°C vacuolated haepatocyte at 27°C
and low acidic pH 5.5 (H&E 40X) and pH 5.5 (H&E 160X)
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Plate 27: Gill tissue of L. gonius Plate 28: Intestinal tissue of L.
fingerlings showing mild hyperplasia gonius fingerlings showing minor
of secondary lamellae at 27°C and damage at 27°C and high alkaline
high alkaline pH 9.0 (H&E 160X) pH 9.0 (H&E 160X)

Plate 29: Liver tissue of L. gonius Plate 30: Gill tissue of L. gonius

fingerlings  showing moderate  fingerlings showed loss of

degeneration of hepatocytes at 27°C secondary lamellae at high

and high alkaline pH 9.0 (H&E 160X) temperature 33°C and ambient pH
7.5 in the lower half of the filament
(H&E 40X)
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Plate 31: Intestinal tissue of L.
gonius fingerlings showed mild
loss of brush boarder at the

Plate 32: Liver tissue of L. gonius
fingerlings showed diffuse
vacuolation of the hepatocytes at
high temperature 33°C and ambient

mucosa at high temperature 33°C
and ambient pH 7.5 (H&E 160X)

Plate 33: Gill tissues of L. gonius
fingerlings showed haemorrhages in
the branchial arch at high
temperature 33°C and low acidic pH
5.5 (H&E 160X)

pH 7.5 (H&E 160X)
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Plate 34: Gill tissue of L. gonius
fingerlings showing accumulation
of mononuclear cells in inter-
lamellar space and congested
branchial arch at 33°C and low
acidic pH 5.5 (H&E 160X)



Plate 35: Intestinal tissue of L. gonius
fingerlings showing marked
destruction of sub mucosa and
mucosal layer at high temperature
33°C and low acidic pH 5.5 (H&E
160X)

Plate 37: Gill
fingerlings showed
primary lamellae and marked loss of

tissue of L. gonius
thinning of

secondary lamellae at 33°C and
high alkaline pH 9.0 (H&E 40X)
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Plate 36: Liver tissue of L. gonius
fingerlings showing marked necrosis,
extensive vacuolation of the
hepatocytes and obliteration of the
architecture at high temperature 33°C
and low acidic pH 5.5 (H&E 160X)

Plate 38:
gonius fingerlings showed severe
desquamation of the lamina propria
at high temperature 33°C and high
alkaline pH 9.0 (H&E 40X)

Intestinal tissue of L.



Plate 39: Intestinal tissue of L. gonius Plate 40: Liver tissue of L. gonius
fingerlings showed desquamation of fingerlings  showed moderately
the intestinal mucosa at high vacuolated haepatocyte at high
temperature 33°C and high alkaline temperature 33°C and high alkaline
pH 9.0 (H&E 160X) pH 9.0 (H&E 160X)

4.2.17 Scanning Electron Microscopy (SEM) Study

4.2.17.1 Gill tissue

SEM study of gill tissue after 60 days of experimental period, indicate
ultrastructural changes in gill tissue of L. gonius fingerlings in all the treatments.
However, rate of changes varies from treatment to treatment. At Ty group, SEM
photograph (Spot magnification 250X) of qill tissue showed normal structure of
primary and secondary gill lamella (Plate 41). At T, group, SEM photograph (Spot
Magnification 200X) showed the disintegration of lamellar tissues (Plate 42). At T;
group, SEM photograph (Spot Magnification 200X) showed marked necrotic
lamellar tissues with disintegration of the secondary lamellae (Plate 43). At Ta
group, SEM photograph (Spot Magnification 350X) of gill tissue showed loss of
secondary lamella alongside the primary damaged cells (Plate 44). At Ts group,
SEM photograph (Spot Magnification 200X) showed the damage primary lamellae
and fragmented secondary lamellae (Plate 45). At T¢ group, SEM photograph (Spot
Magnification 120X) showed severe loss of secondary lamellae and necrotic

primary lamellae are evident as clumped (Plate 46).

115



Plate 41: SEM photographs (Spot Magnification 250X) showed the normal gill
structure of L. gonius fingerlings at ambient temperature 27°C and pH 7.5 (P-
Primary lamella and S- Secondary lamella)

Plate 42: SEM photographs (Spot Magnification 200X) showed the gill
structure of L. gonius fingerlings at ambient temperature 27°C and low acidic
pH 5.5. Disintegration of lamellar tissues (dl) was observed
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ami
27 degree C and pH9:0

Plate 43: SEM photographs (Spot Magnification 200X) showed the gill
structure of L. gonius fingerlings at ambient temperature 27°C and high
alkaline pH 9.0. Markedly necrotic lamellar tissues with disintegration of
secondary lamellae (ds) are evident in the SEM.

Plate 44: SEM photographs (Spot Magnification 350X) showed the gill
structure of L. gonius fingerlings at 33°C and ambient pH 7.5. Damaged of the
primary lamella (dp). Observe the loss of secondary lamellae alongside the

damaged primary cells (ds).
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Plate 45: SEM photographs (Spot Magnification 200 X) showed the gill
structure of L. gonius fingerlings at high temperature 33°C and low acidic pH
5.5. Observe the damaged primary lamellae (dp) and the fragmented
secondary lamellae (fs)

Plate 46: SEM photographs (Spot Magnification 120X) showed the gill
structure of L. gonius fingerlings at high temperature 33°C and high alkaline
pH 9.0. Severe loss of secondary lamellae and necrotic primary lamellae (np)
are evident as clumped
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4.3 Experiment 3
4.3.1 Physico-chemical Properties of Water

The physico-chemical parameters of water such as temperature
(°C), pH, dissolved oxygen (mg/L), free carbon dioxide (mg/L), ammonia (mg/L),
Nitrite-N (mg/L) and Nitrate-N (mg/L) were recorded in all the experimental groups
are given in Table 34. Water temperature of all the experimental groups was
recorded within the range of 27.0 to 27.8°C. There was no variation in pH values
and recorded within the range of 7.43 to 7.69. Dissolved oxygen was recorded with
in the range of 6.18 to 7.31 mg/L and free carbon dioxide (mg/L) in water was found
to be negligible in entire tanks. The total ammonia, nitrite- N and nitrate-N content
of all the experimental tubs was recorded before water exchange and found in the
range of 0.12 to 0.20, 0.001 to 0.006 and 0.03 to 0.07 mg/L respectively.

Table 34: Water quality parameters in rearing tank during the 60 days of
experimental period

Treatments °C pH DO Ammonia-N Nitrite-N Nitrate-N

Ty 27.0- 7.43- 6.18- 0.12- 0.001- 0.03-
27.7 7.62 7.26 0.17 0.004 0.07
T 27.2- 7.29- 6.20 - 0.12- 0.002- 0.04-
27.7 7.63 7.19 0.19 0.005 0.07
Ts 271- 7.38- 6.19- 0.15- 0.001- 0.03-
27.8 7.69 7.31 0.20 0.004 0.05
Ty 27.3- 7.52- 6.22- 0.15- 0.002- 0.04-
27.7 7.69 7.26 0.19 0.006 0.06
Ts 27.0- 7.44- 6.28- 0.14- 0.003- 0.03-
27.6 7.64 7.25 0.18 0.004 0.04

Values expressed in range; DO: Dissolved oxygen; Temperature is expressed as

°C; Dissolved oxygen, Ammonia-N, Nitrite-N and Nitrate-N are expressed as mg/L

4.3.2 Growth Parameters

The body weight gain of L. gonius fingerlings fed with graded level of
L-TRP was recorded at 15 days intervals is shown in Table 35 and Figure 12. The
final body weight gain of the fingerlings differed significantly (p<0.05) with increase
in in L-TRP supplementation. The highest final body weight was recorded in Ty4

group and the lowest was in T1 group. However, there was no significant difference
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(p>0.05) among T4 and Ts group. After 15 days of rearing, body weight gain of the
L. gonius fingerlings varied significantly among all the treatment groups.

Figure 12: Body weight (g) gain (at 15 days interval) of L. gonius fingerlings
exposed to dietary L-tryptophan supplementation for a period 60 days
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The body weight gain %, SGR, FCR, FER, PER and survival rate of L.
gonius fingerlings fed with graded level of L-TRP are presented in Table 36. Body
weight gain (%), SGR, FER, PER increased significantly (p<0.05) with increase in
L-TRP supplementation. The highest value was recorded in T4 group and the
lowest was in T1 group. On the contrary, FCR follows an opposite trend. During the

entire experimental period, there was no mortality of fish.

4.3.3 DNA, RNA and RNA/DNA Ratio

DNA, RNA and RNA/DNA ratio in liver and muscle tissue of L. gonius
fingerlings fed with graded level of L-TRP are presented in Table 37. DNA content
in both the tissues did not vary significantly (p>0.05) with increase in L-TRP
supplementation. RNA and RNA/DNA ratio in both tissue increased significantly
(p<0.05) with increase in L-TRP supplementation. The lowest value was recorded
in Ty. The highest value was recorded in T4 group, which was not significantly
different from Ts and T3 group. A linear relationship was observed weight gain %
and RNA, RNA/DNA ratio of L. gonius fingerlings (Figure 13 & 14).
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Table 35: Body weight (g) gain (at 15 days interval) of L. gonius fingerlings to dietary L-tryptophan supplementation for a

period 60 days
Treatment Initial 0-15 days 0-30 days 0-45 days 0-60 days
T:(0.0% L-TRP) 6.42°+0.07 8.56%+0.15 10.61°40.15 12.77°40.24 15.05°+0.24
T2(0.35% L-TRP) 6.39%+0.04 8.81%+0.25 10.89°°+0.19 13.07°°+0.39 15.42°°+0.26
T3(0.70% L-TRP) 6.40%+0.07 8.92%°+0.17 11.18%°+0.22 13.73%+0.18 15.79%+0.18
T4 (1.40% L-TRP) 6.49%+0.09 9.07%°+0.13 11.68%+0.25 14.213+0.30 16.33%+0.21
Ts(2.10% L-TRP) 6.41%+0.09 9.16%+0.15 11.50%+0.15 13.99%+0.25 15.96%+0.16
P-Value 0.405 0.149 0.019 0.021 0.014

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean + SE, n=3 (each replicate is having 12 fish)

121



Table 36: Growth and survival of L. gonius fingerlings to dietary L-tryptophan supplementation for a period 60 days

Treatments Weight gain % FCR FER PER SGR Survival %
T1(0.0% L-TRP) 134.23°+1.45  1.84°t0.03 0.54°+0.01  1.53°+0.02  1.41°+0.01 100
T, (0.35% L-TRP) 141.29°+265  1.80°+0.01 0.56®+0.01 1.57°°+0.01 1.47°+0.02 100
T3(0.70% L-TRP) 146.75%+2.73  1.77%+0.02 0.57°+0.01 1.59%+0.02 1.51%+0.02 100
T4(1.40% L-TRP) 151.83%+2.43  1.74%+0.01 0.58°+0.01  1.62°#0.01  1.54%+0.02 100
T5(2.10% L-TRP) 148.96°+1.44  1.79%+0.01 0.56%+0.01 1.58%+0.01  1.52%+0.01 100
P-Value 0.002 0.019 0.016 0.015 0.001 -

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean + SE, n=3 (each replicate is having 12 fish for growth parameters)

FCR: Feed conversion ratio; FER: Feed efficiency ratio;

PER: Protein efficiency ratio; SGR: Specific growth rate
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Figure 13: Relationship between weight gain % and RNA in muscle and liver
tissue of L. gonius fingerlings to dietary L-tryptophan supplementation for a
period of 60 days
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Figure 14: Relationship between weight gain % and RNA/DNA ratio in muscle
and liver tissue of L. gonius fingerlings to dietary L-tryptophan
supplementation for a period of 60 days

Relationship between weight gain % and RNA/DNA ratio

2.5

y = 0.0284x - 2.0509

5 | R2 =0.9758
9o
[
< 15
E . y = 0.0035x + 0.0431
s 1 - ¢ Muscle MLiver R2=0.9186
05 - - =

0 ' | ' ' '

130 135 140 145 150 155

Weight gain %

123



Table 37: DNA, RNA, RNA/DNA ratio and body indices (HSI and GSI) of L. gonius fingerlings to dietary L-tryptophan

supplementation for a period 60 days

Treatment DNA and RNA in muscle DNA and RNA in liver Body indices
Hg Hg RNA/DNA ug Hg RNA/DNA HSI GSI
DNA/mI RNA/ml ratio DNA/mI RNA/ml ratio

T;1(0.0% L-TRP)  0.22%+0.01 0.399+0.02 1.79°¢0.02 1.28°+0.01 0.66°t0.01 0.529+0.01 1.34%+0.20 2.69°+0.36
T2(0.35% L-TRP) 0.22°+0.01 0.43°+0.01 1.92°40.05 1.28%+0.01 0.68°°+0.01 0.53°9+0.01 1.46%+0.21 2.84%+0.22
T3(0.70% L-TRP) 0.21%+0.01 0.45°°+0.02 2.11°+0.02 1.30%+#0.01 0.72°+0.01 0.55°°+0.01 1.41%+0.13 2.96%+0.41
T, (1.40% L-TRP) 0.22°+0.01 0.50°+0.01 2.28%#0.03 1.30°%#0.01 0.77%#0.02 0.58°+0.01 1.50°+0.19 3.09%+0.28
T5(2.10% L-TRP) 0.227+0.01 0.48%+0.01 2.18%+0.06 1.29%+0.01 0.74®+0.01 0.57%°+0.01 1.49°+0.30 3.07%+0.22

P-Value 0.362 0.002 0.001 0.136 0.002 0.002 0.637 0.411

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean * SE, n=6
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Table 38: Glycogen, ascorbic acid, AST and ALT in tissues of L. gonius fingerlings to dietary L-tryptophan
supplementation for a period 60 days

Treatments Glycogen Ascorbic acid GOT/AST GPT/ALT
Muscle Liver Muscle Liver Muscle Liver Muscle
T1(0.0% L-TRP)  1.32%+0.10 12.62°+0.73  131.79°+3.59 15.39°+0.73 20.05°+0.82 5.25°+0.40  7.26%+0.37
T2(0.35% L-TRP) 1.37%#0.08 12.97°9+0.95 136.33%°+4.10 15.29°°+0.52 19.56°+1.07 5.07®°+0.43 6.95% +0.39
T5(0.70% L-TRP) 1.44+0.06 13.38°°+0.20 140.76™+4.09 12.23*°+0.99 16.65°+0.87 3.62®+0.58 5.58 +0.49
T4+(1.40% L-TRP) 1.52+0.05 14.49%+0.15 147.26%+4.38 10.12®+0.14 1522 +0.65 2.80°+0.54 4.95% +0.53
Ts(2.10% L-TRP) 1.552+0.09 14.97°+0.20 151.35°+4.30 9.18%+0.77 13.53%+0.75 2.31°+0.32  3.83%+0.57
P-Value 0.255 0.044 0.041 0.001 0.001 0.004 0.002

Values in the same column with different superscript differ significantly (p<0.05);
Data expressed as Mean + SE, n=6 (n=9 for body indices);

Glycogen: mg glycogen/g tissue; Ascorbic acid: microgram/g wet tissue;

Hepatosomatic Index (HSI) and Gastrosomatic Index (GSI) are expressed as %;

AST activity was expressed as n mol of oxaloacetate released/ min/ mg protein at 37°C;

ALT activity was expressed as n mol of sodium pyruvate released/ min/ mg protein at 37°C
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4.3.4 Body Indices

Body indices (HSI and GSI) of L. gonius fingerlings fed with
graded level of L-TRP are presented in Table 37. HSI and GSI did not show
any significance difference. However, higher values of GSI were observed in L-

TRP fed groups then the non L-TRP fed counterpart.

4.3.5 Tissue Glycogen

Glycogen content in liver and muscle of L. gonius fingerlings fed
with graded level of L-TRP is presented in Table 38. Glycogen content in liver
tissue increased significantly (p<0.05) with increase in L-TRP supplementation.
The lowest value was recorded in Ty group. However, there was no significant
difference (p>0.05) between T4 and T2 group. The highest value was recorded in
Ts group, which did not significantly differ from T4 group. However, there was no
significant (p>0.05) difference in glycogen content in muscle tissue.

4.3.6 Ascorbic Acid

Ascorbic acid in muscle of L. gonius fingerlings fed with graded
level of L-TRP is presented in Table 38. Ascorbic acid in muscle tissue was
significantly (p<0.05) higher in the L-TRP supplemented groups. The lowest
value was recorded in T1 group. However, there was no significant difference
(p>0.05) between T and T, group. The highest value was recorded in Ts group,

which is not significantly different from T4 group.

4.3.7 Enzymatic Activity in Tissues

4.3.7.1 Enzymes of protein metabolism (AST and ALT)

AST and ALT activity in liver and muscle of L. gonius fingerlings
fed with graded level of L-TRP are presented in Table 38. AST and ALT activity
in liver and muscle tissue decreased significantly (p<0.05) with increase in L-
TRP supplementation. The highest value was recorded in Ty group and the
lowest activity was in Ts group followed by T4 group. However, there was no

significant difference (p>0.05) between T1 and T2 group.
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4.3.7.2 Enzymes of carbohydrate metabolism (LDH and MDH)

LDH and MDH activity in liver and muscle of L. gonius fingerlings
fed with graded level of L-TRP are presented in Table 39. LDH and MDH activity
in liver and muscle tissue decreased significantly (p<0.05) with increase in L-
TRP supplementation. The highest activity was recorded in Ty group and the
lowest activity was in Ts group followed by T4 group. However, there was no

significant difference (p>0.05) between T1 and T2 group.

4.3.7.3 Enzyme of neurotransmission (AchE)

AchE activity in brain of L. gonius fingerlings fed with graded level
of L-TRP is presented in Table 39. AchE activity in brain increased significantly
(p<0.05) with increase in L-TRP supplementation. The lowest value was
recorded in Ty group and the highest value was recorded in Ts group followed
by T4 group. However, there was no significant difference (p>0.05) between T
and T, group.

4.4.7.4 Enzymes of oxidative stress (Catalase, SOD and GST)

Catalase, SOD and GST activity in liver and gill tissue of L. gonius
fingerlings fed with graded level of L-TRP are presented in Table 40. Catalase
activity in liver and gill tissue decreased significantly (p<0.05) with increase in L-
TRP supplementation. The highest value was recorded in Ty group and the
lowest value was recorded in Ts group followed by T4 group. However, there

was no significant difference (p>0.05) between T4 and T, group.

4.3.7.5 Digestive enzymes (Protease, amylase and lipase)

Protease, amylase and lipase enzyme activity in intestinal tissue of
L. gonius fingerlings fed with graded level of L-TRP are presented in Table 41.
The protease and amylase enzyme activity in intestinal tissue increased
significantly (p<0.05) with increase in L-TRP supplementation. The lowest value
was recorded in T{ group and the highest value was in Ts group followed by T4
group. However, there was no significant difference (p>0.05) between T and T,
group. Lipase activity does not show any significance (p>0.05) difference among

different treatments.
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Table 39: LDH, MDH and AchE enzyme activity in tissues of L. gonius fingerlings to dietary L-tryptophan supplementation

for a period 60 days

Treatments LDH MDH AchE
Liver Muscle Liver Muscle Brain
T1(0.0% L-TRP) 4.83° +0.52 6.29° +0.52 3.729 +0.55 4.619 +0.43 6.25° +0.10
T2 (0.35% L-TRP) 4.45% +0.40 5.82°° +0.53 3.43% +0.40 4.41° +0.37 6.49° +0.22
T3(0.70% L-TRP) 3.33% +0.28 4.45% +0.65 2.47" +0.31 3.35> +0.35 7.79% +0.46
T4 (1.40% L-TRP) 2.83%+0.32 3.41% +0.41 1.98% +0.25 2.46° +0.30 8.39% +0.72
T5(2.10% L-TRP) 2.59%+0.18 3.05% +0.40 1.79%0.19 2.32° +0.26 8.86° +0.57
P-Value 0.005 0.004 0.012 0.004 0.010

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean * SE, n=6;

LDH and MDH specify activity expressed as Unit/ min/ mg protein at 37°C;

AchE: micromoles acetylcholine hydrolyzed/ mg protein/ min at 37°C
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Table 40: Catalase, SOD and GST enzyme activity in tissues of L. gonius fingerlings to dietary L-tryptophan
supplementation for a period 60 days

Treatments Catalase SOD GST
Liver Gill Liver Gill Liver Gill
T:1(0.0% L-TRP)  456%+0.36 7.119+0.33 11.13°+0.55 25.28°+0.67 0.406° +0.01  0.501°+0.02
T2(0.35% L-TRP)  4.22°+0.23 6.56°+0.35 10.22°+0.49 24.12°+0.76 0.389° +0.01  0.490" +0.01
T3(0.70% L-TRP) 3.31°+050 5.25° +0.34 8.09°+0.58 20.77°+1.19 0.327° +0.02  0.407% +0.04
T4(1.40% L-TRP) 2.45%+0.35 4.47*+056 6.48%+0.42 1854®+0.76 0.275%+0.03  0.362?+0.03
T5(2.10% L-TRP)  2.10+0.23 3.85°+0.48 5.33°+0.44 16.03°+0.92 0.239%+0.03  0.338%+0.02
P-Value 0.002 0.001 0.001 0.001 0.002 0.006

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean * SE, n=6;

Catalase: Nano moles H>O. decomposed/ min/ mg protein at 37°C;

SOD: micromole/ mg protein/min at 37°C;

GST: units /mg protein
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Table 41: Digestive enzymes activity in tissues of L. gonius fingerlings to
dietary L-tryptophan supplementation for a period 60 days

Treatments Protease Amylase Lipase

Intestine Intestine Intestine

T1(0.0% L-TRP)  18.40°+0.77 14.19°%0.22  5.94%+0.24
T2(0.35% L-TRP)  19.89°#0.92  14.56™ +0.39  6.25°#0.44
T3(0.70% L-TRP)  22.39°+0.46 15.59%°+0.97 6.72% +0.31
T4+(1.40% L-TRP) 24.27®+0.57 16.54* +0.74  7.17°+0.53
T5(2.10% L-TRP)  25.27°+0.38  17.28°+0.60  7.27%+0.50
P-Value 0.001 0.031 0.191

Values in the same column with different superscript differ significantly (p<0.05);
Data expressed as Mean + SE, n=6;

Amylase activity as mmole of maltose released/ min/ g protein at 37°C;
Protease activity as mmole of tryosine released/ min/ g protein at 37°C;

Lipase activities expressed as units/ mg protein

4.3.8 Haemato-immunological Parameters (Pre and post challenge)

4.3.8.1 Erythrocyte (RBC) count, Haemoglobin (Hb) and Haematocrit (Hct)

RBC, haemoglobin and haematocrit values of L. gonius fingerlings fed
with graded level of L-TRP are presented in Table 42. The values increased
significantly (p<0.05) with increase in L-TRP supplementation. The lowest value
was recorded in Ty group. However, there was no significant difference (p>0.05)
between T and T2 group. The highest count was recorded in Ts group, which is not
significantly (p>0.05) different from T3 andT4 group. RBC count, haemoglobin and
haematocrit of different experimental groups challenged with Aeromonas
hydrophilla are given in Table 42. All the parameters follow the similar trends as of

pre-challenge study, though overall lower values were observed in post-challenge.

130



4.3.8.2 Leucocyte (WBC) count

WBC count of L. gonius fingerlings fed with graded level of L-TRP is
presented in Table 43. The values increased significantly (p<0.05) with increase in
L-TRP supplementation. The lowest value was recorded in T group. However,
there was no significant difference (p>0.05) between T; and T» group. The highest
count was recorded in Ts group, which is not significantly (p>0.05) different from T3
and T4 groups. WBC counts of different experimental groups challenged with A.
hydrophilla are given in Table 43. All the parameters follow the similar trends as of

pre-challenge study, though overall higher values were observed in post-challenge.

4.3.8.3 Respiratory burst activity (NBT)

NBT value of L. gonius fingerlings fed with graded levels of L-TRP is
presented in Table 43. The values increased significantly (p<0.05) with increase in
L-TRP supplementation. The lowest value was recorded in T group. However,
there was no significant difference (p>0.05) between T; and T» group. The highest
value was recorded in Ts group, which is not significantly (p>0.05) different from T4
group. NBT value of different experimental groups challenged with A. hydrophilla
are given in Table 42 and follows the similar trends as of pre-challenge study,

though overall higher values were observed in post-challenge.

4.3.8.4 Blood glucose

Blood glucose levels of L. gonius fingerlings fed with graded level of
L-TRP is presented in Table 43. Blood glucose level decreased significantly
(p<0.05) with increase in dietary L-TRP supplementation. The highest value was
recorded in T¢ group, which not significantly different from T, group. The lowest
value was recorded in Ts followed by T. group. Blood glucose of different
experimental groups challenged with A. hydrophilla are given in Table 42 and follow
the similar trends as of pre-challenge study, though overall higher values were

observed in post-challenge.
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Table 42: Total erythrocyte (RBC), hemoglobin (Hb) and haematocrit (Hct) of L. gonius fingerlings to dietary L-tryptophan

supplementation for a period 60 days (Pre and post challenge)

Treatments RBC (10°cells/ mm®) Haemoglobin (g/dL) Haematocrit (%)
Pre Post Pre Post Pre Post
T1(0.0% L-TRP) 1.99°40.02 1.73°®+0.06  10.01%+0.28  8.58"®+0.29  27.80°*+0.70  24.88%%+0.17
T2(0.35% L-TRP) 2.04°*+0.06  1.80°F+0.05 10.32°°*+0.19  9.19°®+0.50  29.39°"+0.89  26.93°®+0.44
T3(0.70% L-TRP) 2.14°+0.03  1.95°%+0.06  10.90°*+0.31 10.12°*+0.32 30.54®*+0.66  28.83°*+0.35
T4(1.40% L-TRP)  2.25%440.07  2.12%+0.05  11.58®4+0.31 10.68™*+0.27 31.20®*+0.55  29.98%"+0.97
Ts(2.10% L-TRP) 2.31%40.05  2.19%*+0.04  11.94*4+0.08 11.03*+0.49  32.59%*+0.90  31.45%*+0.13
P-Value 0.004 0.001 0.003 0.002 0.011 0.001

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean * SE, n=6;

Different superscripts (A and B) in the same row (pre and post challenge) signify statistical differences (p<0.05) in paired t-test
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Table 43: Total leucocytes (WBC), NBT and blood glucose of L. gonius fingerlings to dietary L-tryptophan

supplementation for a period 60 days (Pre and post challenge)

Treatments

WBC (10°cells/ mm?®)

NBT

Blood glucose (mg/100 mL)

Pre

Post

Pre

Post

Pre

Post

T1(0.0% L-TRP)
T-(0.35% L-TRP
T5(0.70% L-TRP
T4(1.40% L-TRP
T5(2.10% L-TRP
P-Value

)
)
)
)

216.13°4+4.72
222.74*A+3.85
229.05%"+3.23
234.98%4+2.64
237.13%4+2.26
0.008

222.68°*+2.28
229.13°A+4.71
239.75"2+2.70
251.47%+2.88
253.02%°13.87
0.001

0.330% +0.01
0.341% +0.01
0.384°A+0.01
0.401°* +0.01
0.417% +0.01
0.001

0.349%4+0.01
0.389% +0.01
0.446° +0.01
0.475"8 +0.01
0.495% +0.01
0.001

38.23°*+0.19
37.87°4+0.43
37.01°°4+0.31
36.39%%+0.63
35.63*'+0.35
0.007

43.09%+0.11
41.71°8+0.36
37.30°%+0.39
36.90%%+0.47
35.99%+0.19
0.001

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean * SE, n=6;

Different superscripts (A and B) in the same row (pre and post challenge) signify statistical differences (p<0.05) in paired t-test

NBT (Respiratory burst activity) expressed in optimal density at 540 nm
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Table 44: Total protein, albumin (A) and globulin (G) in serum of L. gonius fingerling to dietary L-tryptophan

supplementation for a period 60 days (Pre and post challenge)

Treatments Total protein (g/dL) Albumin (g/dL) Globulin (g/dL)
Pre Post Pre Post Pre Post
T,;(0.0% L-TRP) 3.97%40.03  3.40°®+0.06  0.876%*+0.01 0.803°®+0.01 3.10°4+0.03  2.60°%+0.07
T2(0.35% L-TRP) 4.04%40.04  3.71°°+0.09  0.890°**+0.01 0.837°°®+0.01  3.17°%+0.08  2.89°%+0.08
T3(0.70% L-TRP) 4.28°°+0.03  3.92°2+0.12  0.917°*+0.01  0.877®"+0.01  3.37°%+0.03  3.04°*+0.11
T4 (1.40% L-TRP) 4.45"%+0.05  4.26*+0.05  0.933%"+0.01 0.910*+0.01  3.52*+0.05  3.35**+0.05
Ts(2.10% L-TRP) 4.68%+0.04  4.46%+0.05  0.955%+0.01 0.917%+0.01 3.67%°+0.06  3.54*+0.09
P-Value 0.001 0.001 0.003 0.002 0.001 0.001

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean * SE, n=6;
Different superscripts (A and B) in the same row (pre and post challenge) signify statistical differences (p<0.05) in paired t-test
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4.3.8.5 Total serum protein, albumin and globulin

Total serum protein, albumin (A) and globulin (G) of L. gonius
fingerlings fed with graded level of L-TRP are presented in Table 44. Serum
protein, albumin and globulin increased significantly (p<0.05) with increase in
dietary L-TRP supplementation. The lowest value was recorded in Ty group.
However, there was no significant difference (p>0.05) between T1 and Tz group.
The highest value was recorded in Ts group followed by T4 group. Total serum
protein, albumin and globulin of different experimental groups challenged with A.
hydrophilla are shown in Table 44. All the parameters followed the similar trends as
of pre-challenge study, though overall lower values were observed in post

challenge.

Table 45: A/G ratio in serum of L. gonius fingerling to dietary L-tryptophan
supplementation for a period 60 days (Pre and post challenge)

Treatments A/G ratio

Pre Post

T;(0.0% L-TRP)  0.287°+0.01  0.310°®+0.01
T»(0.35% L-TRP)  0.280b°"+0.01  0.290°°®+0.01
T5(0.70% L-TRP)  0.270®"+0.01  0.287°*+0.01
T4(1.40% L-TRP)  0.267*+0.01 0.273%*+0.01
T5(2.10% L-TRP)  0.257%+0.01  0.261%*+0.01
P-Value 0.006 0.013

Values in the same column with different superscript differ significantly (p<0.05);
Data expressed as Mean * SE, n=6;
Different superscripts (A and B) in the same row (pre and post challenge) signify

statistical differences (p<0.05) in paired t-test

4.3.8.6 Albumin (A) and globulin (G) ratio

A-G ratio of L. gonius fingerlings fed with graded level of L-TRP is
presented in Table 45. A-G ratio decreased significantly (p<0.05) with increase in
dietary L-TRP supplementation. The highest value was recorded in T;{ group.

However, there was no significant difference (p>0.05) between T1 and T. group.
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The lowest value was recorded in Ts group followed by T4 group. A-G ratios of
different experimental groups challenged with A. hydrophilla are shown in Table 45.
A-G ratio followed the similar trends as of pre-challenge study, though overall

higher A-G ratio was observed in post challenge.

Table 46: Serum lysozyme activity of L. gonius fingerling to dietary L-
tryptophan supplementation for a period 60 days (Pre and post challenge)

Treatments Serum lysozyme
Pre Post
T; (0.0% L-TRP) 374.59%+4.66 386.24°+4.37
T2(0.35% L-TRP) 393.25%+7.51 397.39%+7.51
T3(0.70% L-TRP) 430.87°*+5.76 455.26°%+5.25
T4(1.40% L-TRP) 456.73%%+6.48 481.24"8+2 49
Ts(2.10% L-TRP) 481.5524+8.42 538.19%%+5 52
P-Value 0.001 0.001

Values in the same column with different superscript differ significantly (p<0.05);
Data expressed as Mean * SE, n=6;

Different superscripts (A and B) in the same row (pre and post challenge) signify
statistical differences (p<0.05) in paired t-test;

Serum lysozyme activity is expressed as unit/ min/ mg serum protein 37°C

4.3.8.7 Serum lysozyme activity

Serum lysozyme activity of L. gonius fingerlings fed with graded level
of L-TRP is presented in Table 46. Lysozyme activities increased significantly
(p<0.05) with increase in dietary L-TRP supplementation. The lowest value was
recorded in Ty group. However, there was no significant difference (p>0.05)
between T{ and T, group. The highest value was recorded in Ts followed by T4
group. Serum lysozyme activity of different experimental groups challenged with A.
hydrophilla are shown in Table 46 and follow the similar trends as of pre-challenge
study, though overall higher serum lysozyme activity was observed in post

challenge.
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Table 47: Serum enzyme activity of L. gonius fingerling to dietary L-tryptophan supplementation for a period 60 days (Pre

and post challenge)

Treatments sGOT (IU/L) sGPT (IU/L) sLDH (IU/L)
Pre Post Pre Post Pre Post
T: (0.0% L-TRP) 25.35% +0.48  27.60®+0.79 9511025 12.94®+0.48 6.56" +0.24  8.29% +0.28
T2(0.35% L-TRP) 2443 +039  26.61®°+0.28 867 +0.29 12.04°®+0.17 5.97°*+0.34 7.70°® +0.27
T5(0.70% L-TRP) 18.84°A +0.66 20.23°® +0.56  7.06°+0.38  8.58"® +0.33 4.91°A+0.13 6.11°B +0.21
T4 (1.40% L-TRP) 15.41°* +0.57 16.50°* +0.29 598" +0.18 6.52**+0.34 4.30®*+0.31 5.08%" +0.14
Ts(2.10% L-TRP) 13.39* +0.56 14614 +0.25 511*+022 550" +0.40 3.57%0.29 4.12* +0.60
P-Value 0.001 0.001 0.001 0.001 0.002 0.001

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean * SE, n=6;

Different superscripts (A and B) in the same row (pre and post challenge) signify statistical differences (p<0.05) in paired t-test
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4.3.9 Serum Enzyme Activity (Pre and post challenge)

GOT, GPT and LDH activity in serum of L. gonius fingerlings fed with
graded level of L-TRP are presented in Table 47. The activities decreased
significantly (p<0.05) with increase in dietary L-TRP supplementation. The high
value was recorded in Ty group and lowest activity was recorded in Ts group.
Serum enzyme activity of different treatments challenged with A. hydrophilla is
shown in Table 52. All the parameters follow the similar trends as of pre-challenge
study, though overall higher activity of sGOT, sGPT and sLDH were observed in

post-challenge.

Table 48: Cortisol hormone levels of L. gonius fingerlings to dietary L-
tryptophan supplementation for a period 60 days (Pre and Post challenge)

Treatments Cortisol (ng/mL)
Pre Post
T:(0.0% L-TRP) 99.7394 +3.14 111.51%8 +3.09
T.(0.35% L-TRP) 94.229+2 70 102.32°® +4.06
T3(0.70% L-TRP) 75.21°* +1.40 78.84°" +2 43
T4(1.40% L-TRP) 66.85°" +1.42 71.75%* +1.93
Ts(2.10% L-TRP) 58.72%" +3.37 66.35* +2.01
P-Value 0.001 0.001

Values in the same column with different superscript differ significantly (p<0.05);
Data expressed as Mean * SE, n=6;

Different superscripts (A and B) in the same row (pre and post challenge) signify
statistical differences (p<0.05) in paired t-test

4.3.10 Serum Cortisol (Pre and post challenge)

Serum cortisol level of L. gonius fingerlings fed with graded level of L-
TRP is presented in Table 48. Cortisol decreased significantly (p<0.05) with
increase in dietary L-TRP supplementation. The highest value was recorded in T+
group. However, there was no significant difference (p>0.05) between Ty and T,

group. The lowest value was recorded in Ts followed by T4 group. Cortisol follows
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the similar trends as of pre-challenge study, though overall higher values were

observed during post-challenge.

4.3.11 Thyroid Hormones (T3 and T4)

Thyroid hormones (T3 and T4) level of L. gonius fingerlings fed with
graded level of L-TRP are shown in Table 49. It was found that L-TRP had a
significant effect (p<0.05) on thyroid hormones. The T3 and T4 hormone levels in
serum increased significantly (p<0.05) with increase in dietary L-TRP
supplementation. The higher level of T3 and T4 hormone was recorded in T4 group,
which is not significantly different from T; and Ts treatment group. The lowest level
was recorded in T1 group followed by T> group. A linear relationship was observed
between weight gain % and thyroid hormone levels of L. gonius fingerlings (Figure
15 & 16).

Figure 15: Relationship between weight gain % and T3 hormone in serum of
L. gonius fingerlings to dietary L-tryptophan supplementation for a period of
60 days
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Table 49: Thyroid hormones (T3 and T4) of L. gonius fingerlings to dietary L-
tryptophan supplementation for a period 60 days

Treatments Thyroid hormones (ng/mL)
T3 T4
T1(0.0% L-TRP) 1.38°+0.08 23.29°+0.69

T»(0.35% L-TRP) 1.57°°+0.10  23.88°°+0.46
T3(0.70% L-TRP) 1.93%+0.20  25.78%+0.64
T4 (1.40% L-TRP) 2.26°+0.18  27.58°+0.63
Ts(2.10% L-TRP) 2.15%+0.21 26.80°+0.81
P-Value 0.014 0.009

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean = SE, n=6

Figure 16: Relationship between weight gain % and T3 hormone in serum of
L. gonius fingerlings to dietary L-tryptophan supplementation for a period of
60 days
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4.3.12 Survival % in Challenge Study

After 60 days of experimental trail all the experimental groups were
challenged with A. hydrophila and the observation was made for a week. The
percentage survival is depicted in Table 50 and Figure 17. The 100% survival was
recorded in Ts followed by T4 group. The lowest survival was recorded in T group

followed T, and T3 groups.

Table 50: Role of dietary L-tryptophan on survival (%) of L. gonius fingerlings
for a period of 60 days (Post- challenge)

Treatments Survival %
T1(0.0% L-TRP) 70.46+3.47°
T2(0.35% L-TRP) 78.94+2.03%
T3(0.70% L-TRP) 84.80+6.05™
T4(1.40% L-TRP) 93.94+3.03%®
T5(2.10% L-TRP) 100.040.02

P-value 0.002

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean £ SE, n=10

Figure 17: Survival % of different experimental groups fed with dietary L-
tryptophan (mean + SE) after challenge with Aeromonas hydrophila
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4.4 Experiment 4

4.4.1 Physico-chemical Properties of Water

The physico-chemical parameters of water such as temperature
(°C), pH, dissolved oxygen (mg/L), free carbon dioxide (mg/L), ammonia (mg/L),
Nitrite-N (mg/L) and Nitrate-N (mg/L) recorded in all the experimental groups are
given in Table 51. The ambient water temperature was maintained at 27°C in T;
experimental group while the temperature in other experimental groups (T2 to Ty)
kept steady at 33°C to ensure chronic thermal stress to the animal during the entire
experimental period of 60 days. The ambient pH 7.5 was maintained in T
experimental group as control group (without stress). In order to impart chronic pH
stress, pH 9.0 was maintained in four experimental groups from T, to Ts and pH 5.5
in four other experimental groups from Ts to Tg during the entire experimental period.
The dissolved oxygen concentration was recorded with in the range of 5.81 to 7.29
mg/L. Free carbon dioxide (mg/L) in water was found to be negligible in the entire
experimental period. The total ammonia, nitrite and nitrate content of experimental
tubs was recorded before water exchange and found to be in the range of 0.14 to
0.29, 0.002 to 0.013 and of 0.03 to 0.14 mg/L respectively.

Table 51: Water quality parameters in rearing tank during the 60 days of
experimental period

Treatments DO Ammonia - N Nitrite-N Nitrate-N

Ty 6.21-7.29 0.14-0.19 0.002-0.005 0.03-0.07
T 5.90-6.29 0.22-0.28 0.008-0.012 0.10-0.14
Ts 5.89-6.33 0.20-0.27 0.007-0.010 0.11-0.12
Ty 5.87-6.37 0.21-0.27 0.009-0.012 0.13-0.13
Ts 5.95-6.43 0.23-0.28 0.009-0.012 0.12-0.13
Ts 5.88-6.31 0.24- 0.28 0.009-0.013 0.11-0.14
T7 5.91-6.32 0.23-0.29 0.007-0.011  0.13-0.13
Ts 5.79-6.37 0.22-0.28 0.009-0.012 0.12-0.14
To 5.81-6.40 0.21-0.28 0.008-0.011  0.10-0.14

Values expressed in range; DO; Dissolved oxygen; Hardness, Ammonia-N, Nitrite-N

and Nitrate-N are expressed as mg/L
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4.4.2 Growth Parameters

The body weight gain of L. gonius fingerlings in different experimental
groups were recorded at 15 days intervals is shown in Table 52 and Figure 18. Body
weight gain decreased upon exposure to multiple stressors, while it increases
gradually (p<0.05) with increase in dietary L-tryptophan supplementation. Lowest
values were observed in Tg and T, group, whereas the higher values were observed

in Ts, Tg, T4, T4 and Tg treatment groups.

The body weight gain %, SGR, FCR, FER, PER and survival rate of L.
gonius fingerling in different experimental groups are shown in Table 53. Body
weight gain %, SGR, FER, PER and survival rate decreased upon exposure to
multiple stressors, while it increases gradually (p<0.05) with increase in dietary L-
tryptophan supplementation. Lowest values were observed in Tg and T2 group,
whereas the higher values were observed in Ts, To, T4, T4 and Tg treatment groups.

On the contrary, FCR values follow an opposite trend.

Figure 18: Role of dietary L-tryptophan on body (g) weight gain (at 15 days
interval) of L. gonius fingerlings exposed to multiple stressors for a period of
60 days
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multiple stressors for a period of 60 days

Table 52: Role of dietary L-tryptophan on body weights gain (g) (at 15 days interval) of L. gonius fingerlings exposed to

Treatment Initial 0-15 days 0-30 days 0-45 days 0-60 days

T+ (No stress) 6.73+0.10 8.97°+0.25 11.04%+0.21 13.33%+0.39 15.56°+0.25
T2(MS1x0.0% L-TRP)  6.84+0.07 8.22%+0.05 9.64%+0.18 10.57%+0.16 11.38%+0.22
T3(MS;x0.7% L-TRP)  6.78+0.03 8.67°°+0.06 10.59°°+0.10 12.12°°+0.17% 13.15°+0.25
T4(MS; x 1.4% L-TRP)  6.79+0.07 8.95°+0.16 10.85°%+0.11 12.73+0.25 14.81°+0.26
Ts(MS; x 2.1% L-TRP)  6.76+0.04 9.12°+0.13 11.16%+£0.20 13.61°+0.25 16.31°+0.26
Te (MS2 x 0.0% L-TRP)  6.85+0.05 8.14%+0.17 9.24%+0.11 10.13%+0.11 10.79°+0.16
T7(MS2 x 0.7% L-TRP)  6.81+0.04 8.45%+0.08 10.26°+0.11 11.76°+0.17 12.91°+0.18
Tg(MSz x 1.4% L-TRP)  6.77+0.05 8.80°°+0.12 10.81%°+0.08 12.71°°+0.15 14.53°+0.21
To(MS; x 2.1% L-TRP)  6.76+0.05 8.90°+0.17 10.94%°+0.23 13.34%+0.31 15.99%+0.23

Values in the same column with different superscript differ significantly (p<0.05);
Data expressed as Mean + SE, n=3 (each replicate is having 12 fish)
MS;: Multiple stressors1 (33°C x pH 9.0); MS,: Multiple stressors2 (33°C x pH 5.5)
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Table 53: Role of dietary L-tryptophan on growth and survival of L. gonius fingerlings exposed to multiple stressors for a

period of 60 days

Treatments Weight gain % FCR FER PER SGR % survival

T4 (No stress) 131.27°42.33  1.88“+0.03  0.53°+0.01 1.50°+0.02 1.40°:0.02 100.0%#0.00
T2 (MS;x 0.0% L-TRP) 66.30°+1.50 3.25°+0.07  0.31°+0.01 0.87°+0.02 0.85°+0.02 77.77%+2.77
T3 (MS1x 0.7% L-TRP) 99.97°+4.25 2.50°0.10  0.40°:0.02 1.13°%0.05 1.10°0.04 83.33%°%°+4.81
T4 (MS; x 1.4% L-TRP) 117.98%+1.87  2.04%+0.04  0.49°+0.01 1.39°+0.03 1.30%#0.02 91.67%+4.81
Ts(MS; x 2.1% L-TRP) 141.11%+2.92 1.77'+0.03  0.57'+0.01  1.60'+0.03 1.47°+0.02 97.22%+2.77
Te (MS; x 0.0% L-TRP) 57.43%+1.29 3.65%+0.10  0.27%+0.01 0.77%+0.02 0.75%+0.01 72.22'+2.77
T7(MS; x 0.7% L-TRP) 89.64°+3.30 2.55°40.08  0.40°40.02 1.11°:0.04 1.07°#0.05 80.55°+2.77
Ts (MS; x 1.4% L-TRP) 114.57%42.40  2.09°+0.05  0.48°+0.01 1.35%+0.03 1.27°+0.02 88.89°+2.78b
To (MS;2 x 2.1% L-TRP) 136.42°+4.50 1.81'40.04  0.55°+0.02 1.56°+0.04 1.43°:0.03 94.45%2.77

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean + SE, n=3 (each replicate is having 12 fish for growth parameters);
FCR: Feed conversion ratio; FER: Feed efficiency ratio;

PER: Protein efficiency ratio; SGR: Specific growth rate

MS;: Multiple stressors1 (33°C x pH 9.0); MS,: Multiple stressors2 (33°C x pH 5.5)
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4.4.3 DNA, RNA and RNA/DNA Ratio

DNA, RNA and RNA/DNA ratio in liver and muscle tissue of of L.
gonius fingerlings in different experimental groups are shown in Table 54. DNA
content in both the tissue does not vary significantly (p>0.05) upon exposure to
multiple stressors and dietary L-tryptophan supplementation. RNA and RNA/DNA
ratio in both the tissues decreases upon exposure to multiple stressors, while it
increases gradually (p<0.05) with increase in dietary L-tryptophan supplementation.
Lowest values of RNA and RNA/DNA ratio were observed in Tg and T, group,
whereas the higher values were observed in Ts, To, T4, T4 and Tg treatment groups.
A linear relationship was observed between weight gain % and RNA, RNA/DNA ratio
of L. gonius fingerlings (Figure 19 & 20).

Figure 19: Role of L-tryptophan on relationship between weight gain % and
RNA in muscle and liver tissue of L. gonius fingerlings exposed to multiple
stressors for a period of 60 days
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Figure 20: Role of L-tryptophan on relationship between weight gain % and
RNA/DNA ratio in muscle and liver tissue of L. gonius fingerlings exposed to
multiple stressors for a period of 60 days
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4.4.4 Tissue Glycogen

Glycogen content in liver and muscle tissue of L. gonius fingerling in
different experimental groups is shown in Table 55. Glycogen content in liver and
muscle tissues decreases upon exposure to multiple stressors, while it increases
gradually (p<0.05) with increase in dietary L-tryptophan supplementation. Lowest
values were observed in T and T, group, whereas the higher values were observed

in Ts, Tg, T4, T4 and Tg treatment groups.

4.4.5 Ascorbic Acid

Ascorbic acid in muscle tissue of L. gonius fingerling in different
experimental groups is shown in Table 55. Ascorbic acid in muscle decreases upon
exposure to multiple stressors, while it increases gradually (p<0.05) with increase in
dietary L-tryptophan supplementation. Lowest values were observed in Tg and Tz
group, whereas the higher values were observed in Ts, Tg, T1, T4 and Tg treatment

groups.
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Table 54: Role of dietary L-tryptophan on DNA, RNA and RNA/DNA ratio of L. gonius fingerlings exposed to multiple
stressors for a period of 60 days

Treatment Liver Muscle
Mg DNA/ ml Hg RNA/ml RNA/DNA ratio pg DNA/ml pg RNA/ml RNA/ DNA ratio

T (No stress) 0.20%+0.01 0.36°+0.01 1.78%+0.03 1.29%40.01  0.67°+0.01 0.52+0.01
T2(MS1x 0.0% L-TRP) 0.20%+0.01 0.24%+0.01 1.17%+0.01 1.27°+0.01  0.46°+0.01 0.37%+0.01
T3 (MS1x 0.7% L-TRP) 0.20°+0.01 0.30°+0.01 1.50°+0.05 1.29740.01  0.57°40.01 0.44°+0.01
T4 (MS+ x 1.4% L-TRP) 0.20°+0.01 0.34%+0.01 1.71%+0.02 1.29°+0.02  0.62°+0.01 0.48°+0.01
Ts (MS1 x 2.1% L-TRP) 0.20°+0.01 0.38+0.01 1.86'+0.03 1.26%£0.01  0.74'+0.01 0.58°+0.01
Te (MS; x 0.0% L-TRP) 0.20%+0.01 0.21%+0.01 1.10°+0.03 1.28%+0.01  0.43%#0.01 0.34%+0.01
T7(MS; x 0.7% L-TRP) 0.213+0.01 0.27°+0.01 1.31°+0.04 1.28%+0.01  0.54°+0.01 0.42°+0.01
Ts (MS; x 1.4% L-TRP) 0.213+0.01 0.33%+0.01 1.63°+0.04 1.28%+0.01  0.60%+0.01 0.47°+0.02
To (MS; x 2.1% L-TRP) 0.20°+0.01 0.37°+0.01 1.83'+0.03 1.287+0.01  0.72'+0.01 0.56°+0.01

Values in the same column with different superscript differ significantly (p<0.05);
Data expressed as Mean * SE, n=6;
MS;: Multiple stressors1 (33°C x pH 9.0); MS,: Multiple stressors2 (33°C x pH 5.5)
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Table 55: Role of dietary L-tryptophan on glycogen and ascorbic acid content
in tissues of L. gonius fingerlings exposed to multiple stressors for a period of
60 days

Treatments Glycogen Ascorbic acid
Muscle Liver Muscle

T+ (No stress) 1.33%+0.12 12.84°9+0.57 131.90%2.27
T>(MS;x 0.0% L-TRP)  0.64®+0.04 5.77°+0.39 63.90°+2.87
Ts(MS1x 0.7% L-TRP)  1.01°9#0.08  9.62°¢+0.59 93.83%+1.15
T4(MS;x 1.4% L-TRP)  1.24%+0.05 11.81+0.88  125.01+2.44
Ts(MS1x 2.1% L-TRP)  1.45°+0.12  13.869+0.61  138.779+2.98
Te (MS2x 0.0% L-TRP)  0.53°+0.03  4.12°%0.50 53.73%+1.52
T7(MS2x 0.7% L-TRP)  0.84°#0.02  8.01°%0.28 80.71°+2.01

Te(MSz x 1.4% L-TRP)  1.20%+0.04 11.19%°+0.57 117.94°+1.93

To(MSz x 2.1% L-TRP)  1.38%+0.05 13.509+0.33  134.96%2.70

Values in the same column with different superscript differ significantly (p<0.05);
Data expressed as Mean + SE, n=6;

Glycogen: mg glycogen/g tissue; Ascorbic acid: microgram/g wet tissue;

MS;: Multiple stressors1 (33°C x pH 9.0); MS,: Multiple stressors2 (33°C x pH 5.5)

4.4.6 Enzymatic Activity in Tissues
4.4.6.1 Enzymes of protein metabolism (AST and ALT)

AST and ALT activity in liver and muscle tissue of L. gonius fingerlings
in different experimental groups are shown in Table 56. AST and ALT activity
increases upon exposure to multiple stressors in both the tissue, while it decreases
gradually (p<0.05) with increase in dietary L-tryptophan supplementation. Highest
values of AST and ALT were observed in Tg and T, group, whereas the lower values

were observed in Ts, T, T4, T4 and Tg treatment groups.
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4.4.6.2 Enzymes of Carbohydrate Metabolism (LDH and MDH)

LDH and MDH activity in liver and muscle tissue of L. gonius fingerlings
in different experimental groups are shown in Table 57. LDH and MDH activity
increases upon exposure to multiple stressors in both the tissue, while it decreases
gradually (p<0.05) with increase in dietary L-tryptophan supplementation. Highest
values of LDH and MDH were observed in Tg and T, group, whereas the lower

values were observed in Ts, To, T+, T4 and Tg treatment groups.

4.4.6.3 Enzyme of neurotransmission (AchE)

AchE activity in brain tissue of L. gonius fingerlings in different
experimental groups is shown in Table 57. AchE activity decreases upon exposure to
multiple stressors in brain, while it increases gradually (p<0.05) with increase in
dietary L-tryptophan supplementation. Lowest values were observed in Tg and Tz
group, whereas the higher values were observed in Ts, T, T4, T4 and Tg treatment

groups.

4.4.6.4 Enzymes of oxidative stress (Catalase, SOD and GST)

Catalase, SOD and GST enzyme activity in liver and gill of L. gonius
fingerlings in different experimental groups is shown in Table 58. The enzyme
activities increase upon exposure to multiple stressors in both the tissues, while it
decrease gradually (p<0.05) with increase in dietary L-tryptophan supplementation.
Highest values were observed in Tg and Tz group, whereas the lower values were

observed in Ts, Ty, Ty, T4 and Tg treatment groups.

4.4.6.5 Enzyme of gluconeogenic pathways (FDPase)

FDPase activity in liver and gill of L. gonius fingerlings in different
experimental groups is shown in Table 59. FDPase activity increases upon exposure
to multiple stressors in both the tissues, while it decreases gradually (p<0.05) with
increase in dietary L-tryptophan supplementation. Highest values were observed in
Te and T, group, whereas the lower values were observed in Ts, To, T1, T4 and Tg

treatment groups.
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for a period of 60 days

Table 56: Role of dietary L-tryptophan on AST and ALT in tissues of L. gonius fingerlings exposed to multiple stressors

Treatments GOT/AST GPT/ALT
Liver Muscle Liver Muscle

T+ (No stress) 15.39'9 +0.76 19.96" +0.76 4,919 +0.29 7.06" +0.31
T2 (MS1 x 0.0% L-TRP) 46.16° +1.04 50.82° +1.41 16.03b +1.08 27.55°+1.11
T3 (MS1x 0.7% L-TRP) 27.74° +0.52 31.979 +0.75 9.65% +0.76 14.85%+0.97
T4 (MSq x 1.4% L-TRP) 17.95% +1.07 22.87° +0.86 6.76% +0.46 9.39°+0.71
Ts (MS; x 2.1% L-TRP) 13.979 +0.81 18.80° +0.75 3.939+0.61 6.76+0.59
Te (MS2 x 0.0% L-TRP) 57.17% +1.56 61.57% +1.38 20.29% +0.91 31.96°+0.74
T7(MSz x 0.7% L-TRP) 32.18° +0.83 37.48°+1.33 12.58° +0.50 17.42°40.77
Ts (MS2 x 1.4% L-TRP) 20.68e +0.61 25.69° +0.70 8.05% +0.53 11.56°£0.97
To (MS2 x 2.1% L-TRP) 14.819 +0.75 19.579 +0.90 4.24° +0.50 7.40'+0.96

Values in the same column with different superscript differ significantly (p<0.05);

Data expressed as Mean + SE, n=6;

AST activity was expressed as n mol of oxaloacetate released/ min/ mg protein at 37°C;
ALT activity was expressed as n mol of sodium pyruvate released/ min/ mg protein at 37°C;
MS;: Multiple stressors1 (33°C x pH 9.0); MS,: Multiple stressors2 (33°C x pH 5.5)
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exposed to multiple stressors for a period of 60 days

Table 57: Role of dietary L-tryptophan on LDH, MDH and AchE enzyme activity in tissues of L. gonius fingerlings

Treatments LDH MDH AchE

Liver Muscle Liver Muscle Brain
T (No stress) 4109+0.16 5.539+0.19  2.33" +0.12  3.98f +0.11  6.11° +0.12
T2(MS1x0.0% L-TRP) 15.59°+0.87 16.69°+0.66 12.55°+0.72 14.11° +0.64 3.74%® +0.25
T3(MS1x0.7% L-TRP)  9.17°+0.67 10.53%+0.81 7.94® +0.61  9.78°+0.76  4.99°° +0.18
T4(MS1 x 1.4% L-TRP) 5.95%+0.48 7.32%+0.73 4.41% +0.44 6.14® +0.48 5.7%°+0.36
Ts(MSy x2.1% L-TRP)  3.96°+0.67 4.55°+0.82  2.79" +0.84 411" +0.83  6.65 +0.36
Te(MS2x0.0% L-TRP)  17.78%+0.51 19.90°+0.54 14.84+0.79 17.53% +0.60 3.16°+0.18
T,(MS2 x 0.7% L-TRP)  12.57°#0.72 13.88°+0.60 10.13°+#0.90 12.20° +0.51 4.48°° +0.38
Te(MS, x 1.4% L-TRP)  6.98°+0.51  7.96°+0.38  6.09° +0.48  8.04° +0.73 5.53%+0.35
To(MS;x 2.1% L-TRP)  4.269+0.72 5.379+0.71  3.64'+0.72 5.09% +0.79  6.31% +0.32

Values in the same column with different superscript differ significantly (p<0.05); Data expressed as Mean * SE, n=6;
LDH and MDH activity expressed as Unit/min/mg protein at 37°C;

AchE: micromoles acetylcholine hydrolyzed / mg protein / min at 37°C;

MS;: Multiple stressors1 (33°C x pH 9.0); MSz: Multiple stressors2 (33°C x pH 5.5)
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4.4.6.6 Enzyme of pentose phosphate pathway (G6PDH)

G6PDH activity in liver and muscle of L. gonius fingerlings in different
experimental groups is shown in Table 59. G6PDH activity decreases upon
exposure to multiple stressors in both the tissue, while it increases gradually (p<0.05)
with increase in dietary L-tryptophan supplementation. Lowest values were observed
in Te and T2 group, whereas the higher values were observed in Ts, Tg, T4, T4 and Tg
treatment groups.

4.4.6.7 Enzyme of energy metabolism (ATPase)

ATPase activity in liver and gill of L. gonius fingerlings in different
experimental groups is shown in Table 59. ATPase activity decreases upon
exposure to multiple stressors in both the tissue, while it increases gradually (p<0.05)
with increases in dietary L-tryptophan supplementation. Lowest values were
observed in Tg and T, group, whereas the higher values were observed in Ts, Ty, Ty,

T4 and Tg treatment groups.

4.4.6.8 Enzyme of phospho monoesterase (ALP)

ALP activity in liver and muscle tissues of L. gonius fingerlings in
different experimental groups is shown in Table 60. ALP activity increases upon
exposure to multiple stressors in tissues, while it decreases gradually (p<0.05) with
increase in dietary L-tryptophan supplementation. Highest values were observed in
Te and T, group, whereas the lower values were observed in Ts, To, T1, T4 and Tg

treatment groups.

4.4.6.9 Digestive enzyme (Protease)

Protease activity in intestinal tissue of L. gonius fingerlings in different
experimental groups is shown in Table 60. The enzyme activity decreases upon
exposure to multiple stressors in intestine, while it increases gradually (p<0.05) with
increase in dietary L-tryptophan supplementation. Lowest values were observed in Tg
and T2 group, whereas the higher values were observed in Ts, To, Ty, T4 and Ts

treatment groups.
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exposed to multiple stressors for a period of 60 days

Table 58: Role of dietary L-tryptophan on catalase, SOD and GST enzyme activity in tissues of L. gonius fingerlings

Treatments Catalase SOD GST
Liver Gill Liver Gill Liver Gill

T (No stress) 3.599+0.21 6.859+0.23 11.04'+0.55 25.229+0.67 0.386%+0.01  0.492'+0.01
T2(MS:x 0.0% L-TRP) 11.68°+0.92 18.99°+0.54 28.13°+1.05 45.37°+0.76 0.837° +0.02  1.048° £0.02
Ts(MS1x 0.7% L-TRP)  6.519+0.21  10.74°+0.73 17.90° +0.72 33.13°0.87 0.593° +0.01  0.717% +0.01
T4(MS1 x 1.4% L-TRP)  4.45°+0.44 751°+0.75 12.66°+0.44 27.27%+0.43 0.402'+0.02 0.512'+0.01
Ts (MS1x 2.1% L-TRP) 2.959+0.21 5.36°+0.78  6.88°+0.69  20.68" +0.87 0.370%" +0.01  0.465" +0.02
Te (MS2x 0.0% L-TRP)  14.64%+0.46 21.45°+0.63 32.112+0.73 54.26°+2.24 0.897°+0.02  1.106%+0.02
T7(MS2x 0.7% L-TRP)  7.98°+0.22 12.95°+0.51 22.40°+0.72 37.66°0.59 0.629°+0.01  0.755°+0.01
Te(MS2x 1.4% L-TRP)  4.98°+0.44 877°+0.50 14.57°+0.50 29.18°+0.95 0.416°+0.01 0.551°+0.01
To(MSzx 2.1% L-TRP)  3.479+0.23 6.459+0.47 7.719+0.71 22.319"+0.55 0.3769"+0.02 0.482%"+0.02

Values in the same column with different superscript differ significantly (p<0.05); Data expressed as Mean * SE, n=6;
Catalase: Nano moles H»0, decomposed / min / mg protein at 37°C;

SOD: micromole /mg protein/min at 37°C); GST: units /mg protein;

MS;: Multiple stressors1 (33°C x pH 9.0); MSz: Multiple stressors2 (33°C x pH 5.5)
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exposed to multiple stressors for a period of 60 days

Table 59: Role of dietary L-tryptophan on FDPase, G6PDH and ATPase enzyme activity in tissues of L. gonius fingerlings

Treatments FDPase G6PDH ATPase
Liver Gill Liver Muscle Liver Gill

T (No stress) 9.26'+0.52  29.11%9+0.97  11.54°+0.35 6.76°+0.54 2.94%+0.10  5.36°0.29
T2(MSyx 0.0% L-TRP)  41.93°+3.58  91.29°+3.05  6.71%+0.40  3.23%+0.42  1.40%+0.05 3.31%+0.13
Ts(MS1x 0.7% L-TRP)  22.77°+1.05  50.19°+0.94 8.46°+0.63 4.49ab+0.41 1.91°+0.13  3.95°+0.32
T4(MSi x 1.4% L-TRP)  11.17+0.84  32.49°+1.82 10.90°°+0.69 6.37°+0.46 2.45°°+0.24  4.71°%+0.32
Ts (MSy x 2.1% L-TRP)  8.31'+0.65 24.83%+1.78  12.26°+0.61  7.60°t0.33  3.03'+0.17 5.46°+0.27
Te (MS2 x 0.0% L-TRP)  49.19%1.51  99.89%3.66  6.26°t0.47  3.13%+0.35  1.26°t0.07  2.83%0.22
T7(MS2 x 0.7% L-TRP)  31.40°+2.58  60.92°+3.63  7.43%+0.75 4.15%+0.38  1.84°+0.21  3.68%+0.26
Te(MSz x 1.4% L-TRP)  15.14°+1.26  34.18%1.92  9.60°+0.63  5.48"+0.40 2.37°°+0.20  4.19°°%+0.39
To(MS2x 2.1% L-TRP)  9.21'+0.44  25.919+1.49  11.69°+0.29 6.81°+0.48 2.73%'+0.21  4.95%+0.33

Values in the same column with different superscript differ significantly (p<0.05);
Data expressed as Mean * SE, n=6;

FDPase: microgram phosphorous released / mg protein / minute at 37°C;
G6PDH: A 0.01 optical density / mg protein / minute at 37°C;

ATPase: microgram phosphorous released / mg protein / minute at 37°C;

MS;: Multiple stressors1 (33°C x pH 9.0); MS,: Multiple stressors2 (33°C x pH 5.5)
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Table 60: Role of dietary L-tryptophan on ALP and protease enzyme activity in
tissues of L. gonius fingerlings exposed to multiple stressors for a period of 60
days

Treatments ALP Protease

Muscle Liver Intestine
T; (No stress) 12.06'+0.85 29.687%+1.89  18.17°+0.69
T2(MS1x 0.0% L-TRP)  52.70°+2.96 102.64° +2.73  13.34%+0.36
T3(MS1x 0.7% L-TRP)  29.019+0.99 63.87°+3.30  15.71°+0.74
T4 (MSyx 1.4% L-TRP)  17.03°+0.93 36.27°+1.51  17.11%+0.38
Ts(MSy1x2.1% L-TRP)  8.98'+0.64 22.019+2.00  19.45+0.40
Te (MS2x 0.0% L-TRP)  60.54%+2.93 112.012+3.36  12.47%+0.29
T7(MS2x 0.7% L-TRP)  35.38°+1.16  72.55°+3.80  14.40°°+0.61
Te(MS2x 1.4% L-TRP) 21.56°+1.02 42.48°+3.38  16.37%+0.41
To(MS2x2.1% L-TRP)  10.56'+0.41  26.219+1.20  18.86'+0.49

Values in the same column with different superscript differ significantly (p<0.05);
Data expressed as Mean * SE, n=6;

ALP: nanomoles P-nitrophenol released/ mg protein/ minute at 37°C;

Protease activity as mmole of tryosine released/ min/ g protein at 37°C;

MS;: Multiple stressors1 (33°C x pH 9.0); MS,: Multiple stressors2 (33°C x pH 5.5)

4.4.7 Haemato-immunological Parameters (Pre and post challenge)
4.4.7.1 Erythrocyte (RBC) count, haemoglobin (Hb) and haematocirt (Hct)

Erythrocyte (RBC) count, haemoglobin (Hb) and haematocirt (Hct)
count of L. gonius fingerlings in different experimental groups are shown in Table 61.
The values decreased significantly upon exposure to multiple stressors, while it
increases gradually (p<0.05) with increase in dietary L-tryptophan supplementation.
Lowest values were observed in Tg and T, group, whereas the higher values were
observed in Ts, To, Tq, T4 and Tg treatment groups. RBC count, haemoglobin and

haematocrit of different experimental groups challenged with Aeromonas hydrophila
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are given in Table 61. All the parameters followed the similar trends as of pre-

challenge study, though overall lower values were observed in post-challenge.

4.4.7.2 Leucocyte (WBC) count

Leucocyte (WBC) count of L. gonius fingerlings in different
experimental groups is shown in Table 62. The values decreased significantly upon
exposure to multiple stressors, while it increased gradually (p<0.05) with increase in
dietary L-tryptophan supplementation. Lowest values were observed in Tg and Tz
group, whereas the higher values were observed in Ts, Tg, T1, T4 and Tg treatment
groups. Total leucocyte (WBC) count of different experimental groups challenged
with Aeromonas hydrophila are given in Table 62 and followed the similar trends as
of pre-challenge study, though overall higher values were observed in post-
challenge.

4.4.7.3 Respiratory burst activity (NBT)

NBT value of L. gonius fingerling in different experimental groups is
shown in Table 62. The values decreased significantly upon exposure to multiple
stressors, while it increases gradually (p<0.05) with increase in dietary L-tryptophan
supplementation. Lowest values were observed in Tg and T2 group, whereas the
higher values were observed in Ts, Ty, Ty, T4 and Tg treatment groups. NBT activity
of different experimental groups challenged with A. hydrophila are given in Table 62
and follows the similar trends as of pre-challenge study, though values higher values

were observed in post-challenge.

4.4.7.4 Blood glucose

Blood glucose level of L. gonius fingerlings in different experimental
groups is shown in Table 62. Blood glucose levels increased significantly upon
exposure to multiple stressors, while it decreased gradually (p<0.05) with increase in
dietary L-tryptophan supplementation. Highest values were observed in Tg and T,
group, whereas the lower values were observed in Ts, Tg, T4, T4 and Tg treatment
groups. Blood glucose of different experimental groups challenged with A. hydrophila
are given in Table 62 and follow the similar trends as of pre-challenge study, though
overall higher values were observed in post-challenge.
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4.4.7.5 Total serum protein, albumin (A), globulin (G) and A-G ratio

Total serum protein, albumin, globulin and A-G ratio of L. gonius
fingerlings in different experimental groups are shown in Table 63 and 64. Total
serum protein, albumin and globulin decreased significantly upon exposure to
multiple stressors, while it increased gradually (p<0.05) with increase in dietary L-
tryptophan supplementation. Lowest values were observed in Tg and T, group,
whereas the higher values were observed in Ts, To, T4, T4 and Tg treatment groups.
On the contrary, A-G ratio follows an opposite trend. Serum albumin, globulin, total
serum protein and A-G ratio and lysozyme activity of different experimental groups
challenged with A. hydrophila are shown in Table 63 and 64. All the parameters
follow the similar trends as of pre-challenge study, though overall higher A-G ratio
and lower serum albumin, globulin and total serum protein was observed in post

challenge.

4.4.7.6 Serum lysozyme activity

Serum lysozyme activity of L. gonius fingerlings in different
experimental groups is shown in Table 64. The activity decreased significantly upon
exposure to multiple stressors, while it increased gradually (p<0.05) with increase in
dietary L-tryptophan supplementation. Lowest values were observed in Tg and Tz
group, whereas the higher values were observed in Ts, T, T4, T4 and Tg treatment
groups. Serum lysozyme activity of different experimental groups challenged with A.
hydrophila are shown in Table 64 and follow the similar trends as of pre-challenge

study, though overall higher lysozyme activity was observed in post challenge.

4.4.8 Serum Enzyme Activity

GOT, GPT, ALP, ACP and LDH enzyme activity in serum of L. gonius
fingerling in different experimental groups are shown in Table 65. Serum GOT, GPT,
ALP, ACP and LDH increased significantly upon exposure to multiple stressors,
while it decreased gradually (p<0.05) with increase in dietary L-tryptophan
supplementation. Highest values were observed in Tg and T, group, whereas the

lower values were observed in Ts, Ty, T1, T4 and Tg treatment groups.
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Table 61: Role of dietary L-tryptophan on RBC, hemoglobin (Hb) and haematocrit of L. gonius fingerlings exposed to
multiple stressors for a period of 60 days (Pre and post challenge)

Treatments RBC (10°cells/ mm?®) Hb (g/dL) Hct (%)
Pre Post Pre Post Pre Post

T (No stress) 2.06%4+0.02 1.81%+0.04  9.84%%+02.3  8.20°®+0.09 29.07°**+0.51  24.23°®+0.53
T2 (MS;x 0.0% L-TRP) 1.55%4+0.01 1.37%40.03  5.99*+0.12  5.71%+0.11 14.26%*+0.25  12.53%*+0.18
T3 (MS1x 0.7% L-TRP) 1.79°4+0.04 1.69°%+0.03  8.03°*+0.23  7.12°%+0.14 20.58"*+0.47  18.79°+0.36
T4 (MS1 x 1.4% L-TRP)  1.99°*+0.03 1.94°*+0.01  9.34°%+0.23 8.61°*+0.26 27.71°+0.66  25.88%+0.71
Ts(MSyx 2.1% L-TRP)  2.11°%+0.02 2.07%+0.03  10.45°*+0.22 9.63°*+0.05 30.54"+0.43  28.16°*+0.41
T (MS2 x 0.0% L-TRP) 1.47%4+0.02 1.27840.03  5.77*+0.29  5.19%%+0.22 13.14%+0.24  11.27%+0.36
T7(MS; x 0.7% L-TRP) 1.78°2+0.03 1.72°240.04  7.68°"+0.28  6.94°%+0.07 19.67°"+0.48  18.18"+0.14
Ts (MS; x 1.4% L-TRP) 1.93°*4+0.05  1.91d**+0.03  8.77°°+0.20  8.34°*+0.27 26.43°*+0.45 24.91°*+0.86
To(MSz2x 2.1% L-TRP)  2.08°*+0.03 2.04"+0.03  9.88%"+0.30 9.12°*+0.06 29.68°"+0.52  27.79%+0.45

Values in the same column with different superscript differ significantly (P<0.05); Data expressed as Mean * SE, n=6;
Different superscripts (A and B) in the same row (pre and post challenge) signify statistical differences (p<0.05) in paired t-test;
MS;: Multiple stressors1 (33°C x pH 9.0); MSz: Multiple stressors2 (33°C x pH 5.5)
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stressors for a period of 60 days (Pre and Post challenge)

Table 62: Role of dietary L-tryptophan on WBC, NBT and blood glucose of L. gonius fingerlings exposed to multiple

Treatments WBC (10°cells/ mm°) NBT Blood glucose (mg/100 mL)
Pre Post Pre Post Pre Post
T (No stress) 215.77%+2.67 218.86**+1.41 0.329"+0.01 0.347°*+0.01 38.83"+0.32  43.15%+0.39

T, (MS; x 0.0% L-TRP
Ts (MS; x 0.7% L-TRP
T+ (MS1 x 1.4% L-TRP
Ts (MS1 x 2.1% L-TRP
Te (MS2 x 0.0% L-TRP
T2 (MSz x 0.7% L-TRP
Te (MSz x 1.4% L-TRP
(

)
)
)
)
)
)
)
To (MS2 x 2.1% L-TRP)

156.83%+1.54
188.34°+2.79

208.32cd"+3.44

224.61°+3.58
150.84%+2.77
179.69°*+5.12
204.44°%+3 34

218.10%"+2.28

158.09%+1.53
198.49°+4.59
225.50°%+2 42
238.22°%+4.26
153.15%+3.67
191.97°*+2.18
220.87°%+6.08
235.999"+3.15

0.182°+0.01
0.254%+0.01
0.319%*+0.01
0.3429%+0.01
0.168%+0.01
0.236°*+0.01
0.311°4+0.01
0.337"9%+0.01

0.196%+0.01
0.307°%+0.01
0.375%+0.01
0.406°%+0.01
0.182%+0.01
0.297°2+0.01
0.365%+0.01
0.397%%+0.01

64.70°+0.36
51.99%°+0.13
50.83%+0.53
37.58"+0.35
66.87%+0.41
53.52°4+0.42
41.82°%+0.85
38.03"+0.52

67.53°%+0.63
53.56°*+0.75
41.95%*+0.86
38.95"+1.29
70.42%8+0.69
55.39°+0.74
42.9994+0.58
39.72°"+0.43

Values in the same column with different superscript differ significantly (p<0.05); Data expressed as Mean * SE, n=6;

Different superscripts (A and B) in the same row (pre and post challenge) signify statistical differences (p<0.05) in paired t-test;
NBT (Respiratory burst activity) expressed in optimal density at 540 nm;

MS;: Multiple stressors1 (33°C x pH 9.0); MSz: Multiple stressors2 (33°C x pH 5.5)
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exposed to multiple stressors for a period of 60 days (Pre and post challenge)

Table 63: Role of dietary L-tryptophan on total serum protein, albumin (A) and globulin (G) of L. gonius fingerlings

Treatments Total protein (g/dL) Albumin (g/dL) Globulin (g/dL)
Pre Post Pre Post Pre Post

T+ (No stress) 3.94%+0.06  2.86"°+0.06  0.850"+0.01 0.713%°+0.01  3.09%'+0.05  2.15°°+0.08
T2(MS1x0.0% L-TRP)  2.09°*+0.03  1.68°%+0.02  0.613°"+0.01 0.507°+0.01  1.48°*+0.03  1.17%+0.03
Ts(MS1x 0.7% L-TRP)  2.75%+0.04  2.39°%+0.09  0.690%“+0.01 0.610°*+0.01  2.06°*#0.05  1.78°*+0.01
T4(MS;x1.4% L-TRP)  3.61°*+0.07  3.33°*+0.08  0.793°*+0.01 0.776**+0.01 2.81%*+0.06 = 2.55%+0.06
Ts(MS1x2.1% L-TRP)  4.16%+0.04  3.80"+0.11  0.863"+0.01 0.840™+0.02  3.29"+0.03  2.96*+0.09
Te(MS2x 0.0% L-TRP)  1.84*+0.03  1.44%®+0.02 0.560**+0.01 0.420%°+0.01  1.28**+0.03  1.02%+0.04
T7(MS2x 0.7% L-TRP)  2.61°%+0.04  2.37°*+0.07  0.660°*+0.01 0.617°*+0.01  1.95°*+0.05  1.75°*+0.08
Te(MS2x 1.4% L-TRP)  3.52°*+0.07  3.20°*+0.08  0.773%+0.01 0.757°*+0.02 2.74%+0.07  2.44%+0.08
To(MS;x2.1% L-TRP)  4.039“+0.04  3.71":0.11  0.853"+0.01 0.827"+0.01 3.17°"+0.04  2.88°*+0.11

Values in the same column with different superscript differ significantly (p<0.05); Data expressed as Mean * SE, n=6;
Different superscripts (A and B) in the same row (pre and post challenge) signify statistical differences (p<0.05) in paired t-test;
MS;: Multiple stressors1 (33°C x pH 9.0); MS,: Multiple stressors2 (33°C x pH 5.5)
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stressors for a period of 60 days (Pre and post challenge)

Table 64: Role of dietary L-tryptophan on A/G ratio and lysozyme activity of L. gonius fingerling exposed to multiple

Treatments

A/G ratio

Serum lysozyme activity

Pre

Post

Pre

Post

T4 (No stress)
T2 (MS1x 0.0% L-TRP)
T3(MS1x 0.7% L-TRP)
T4 (MS1 x 1.4% L-TRP)
T5(MS1 x 2.1% L-TRP)
T (MS2 x 0.0% L-TRP)
T7(MS2 x 0.7% L-TRP)
T (MS2 x 1.4% L-TRP)
To (MS2 x 2.1% L-TRP)

0.273°4+0.01
0.470%+0.01
0.333°4+0.01
0.280°*+0.01
0.263°*+0.01
0.470%+0.01
0.340+0.02
0.280°4+0.01
0.266°*+0.01

0.333%%+0.02
0.430%+0.02
0.347°°*+0.01
0.307°%*+0.01
0.283%+0.03
0.413%+0.03
0.353°*+0.02
0.310°°%+0.01
0.290%+0.01

340.89%4+4.16
195.18"%+3.95
260.26°*+4.56
320.26%+2.97
353.39"+4.68
176.4224+2 32
254.13%+2.60
310.13%+2.60
346.31°"+3.76

366.58%"+6.11

209.25°2+1.66
293.19%%+3.25
389.68'9%+3.77
403.36"°+3.07
186.44%+1 .22
279.09%+1.97
381.45%+2.19

397.259"8+2 30

Values in the same column with different superscript differ significantly (p<0.05);
Data expressed as Mean * SE, n=6;

Serum lysozyme expressed as unit/ min/ mg/ serum protein;

MS;: Multiple stressors1 (33°C x pH 9.0); MSz: Multiple stressors2 (33°C x pH 5.5)

162



Table 65: Role of dietary L-tryptophan on serum enzyme activity of L. gonius fingerling exposed to multiple stressors for
a period of 60 days

Treatments sGOT (IU/L) sGPT (IUL) SALP (IU/L) SACP (IU/L)  sLDH (IU/L)

T+ (No stress) 25.72°+0.91 9.17'9+0.34 94.889+1.63 20.18'+0.58 6.919+0.33
T2(MS1x 0.0% L-TRP) 53.69°+1.39 29.28°+0.84 167.02°+2.27 39.37°+1.22 21.11°+0.64
T3 (MS1x 0.7% L-TRP) 43.06°+1.60 19.56°+0.57 130.79°+1.76 30.56%+1.81 12.719+0.39
T4 (MSq x 1.4% L-TRP) 29.05d°+0.70 10.96%+0.99 99.60%+2.01 21.95°+0.89 8.38%+0.57
Ts (MS; x 2.1% L-TRP) 24.98°+0.66 8.589+0.69 89.64%2.85 18.62'+1.16 6.53%+0.43
Te (MS2 x 0.0% L-TRP) 65.70%1.71 33.11%+0.64 177.61%+2.48 43.92°+0.64 24.40°+0.49
T7(MSz x 0.7% L-TRP) 46.82°+1.53 21.98°+0.66 138.80°+1.82 35.02°+1.25 15.57°+0.78
Ts (MS2 x 1.4% L-TRP) 31.63%+1.95 12.74°+0.45 104.98°+1.60 23.80°+0.71 9.39°+0.32
To (MS2 x 2.1% L-TRP) 25.38%+0.58 8.84'9+0.86 93.019+1.74 19.98+1.22 6.86/9+0.68

Values in the same column with different superscript differ significantly (p<0.05);
Data expressed as Mean + SE, n=6;
MS;: Multiple stressors1 (33°C x pH 9.0); MS,: Multiple stressors2 (33°C x pH 5.5)
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4.4.9 Serum Cortisol

The serum cortisol level of L. gonius fingerlings in different
experimental groups is shown in Table 66. Cortisol level increased significantly upon
exposure to multiple stressors, while it decreased gradually (p<0.05) with increase in
dietary L-tryptophan supplementation. Highest values were observed in Tg and Tz
group, whereas the lower values were observed in Ts, Tg, T4, T4 and Tg treatment
groups. Cortisol level of different experimental groups challenged with A. hydrophila
is shown in Table 66 and follows the similar trends as of pre-challenge study, though

overall higher value was observed in post- challenge.

Table 66: Role of dietary L-tryptophan on cortisol of L. gonius fingerling
exposed to multiple stressors for a period of 60 days (Pre and post challenge)

Treatments

Cortisol (ng/mL)

Pre

Post

T1 (No stress)
T2(MS1x0.0% L-TRP
T3 (MS1x0.7% L-TRP
T4 (MS+ x 1.4% L-TRP

Ts (MS2 x 0.0% L-TRP
T7(MS2 x 0.7% L-TRP
Tg (MS2 x 1.4% L-TRP

100.56°+3.38
187.68™+4.59
152.26°*+4.33
109.50%°+3.44
87.359+2.88
206.67*+5.28
163.43°*+3.31
119.31%4+5.69

117.81°B+2.58
210.41°5+4.96
159.67%+5.36
111.01"%+3.94
89.829%+1.91

224.93%%+6.10
179.08°%+3.27
127.28%/+2.42

( )
( )
( )
Ts (MS; x 2.1% L-TRP)
( )
( )
( )
( )

Ty (MS, x 2.1% L-TRP 94.09'9"+2 87 97.5194+4.09

Values in the same column with different superscript differ significantly (p<0.05);
Data expressed as Mean + SE, n=6; Different superscripts (A and B) in the same row
(pre and post challenge) signify statistical differences (p<0.05) in paired t-test;

MS;: Multiple stressors1 (33°C x pH 9.0); MS,: Multiple stressors2 (33°C x pH 5.5)

4.4.10 Hsp-70 Expression

Hsp-70 level of L. gonius fingerling in different experimental groups is
shown in Table 67. Hsp-70 levels increased significantly upon exposure to multiple
stressors, while it decreased gradually (p<0.05) with increase in dietary L-tryptophan

supplementation. The high level of Hsp-70 was recorded in Tg and T, treatments
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whereas the lowest was in Ts and Tgtreatment groups. Serum cortisol does not show

significant difference (p>0.05) among T4, Ts, and Tg treatments.

Table 67: Role of dietary L-tryptophan on expression of Hsp-70 of L. gonius
fingerling exposed to multiple stressors for a period of 60 days

Treatments Hsp-70 expression (ng/mL)
Gill Liver Serum

T+ (No stress) 3.01%+0.07 2.50%0.10  5.81"9+0.26
T2 (MS1x 0.0% L-TRP) 8.71%+0.46 6.42°£0.54  22.89°+0.69
T3 (MS1x 0.7% L-TRP) 5.30°+0.48 4.18°+0.43  14.28°+0.33
T4 (MSq x 1.4% L-TRP) 3.75°+0.37 2.90%0.21  7.37°+0.50
Ts (MS; x 2.1% L-TRP) 2.88%+0.29 2.50°+0.19  5.279+0.26
Te (MS; x 0.0% L-TRP) 9.65%+0.53 6.95%0.51  26.13%+0.91
T7(MS2 x 0.7% L-TRP) 6.45°+0.54 5.23°+0.23  17.57°+0.73
Ts (MS2 x 1.4% L-TRP) 4.15%+0.47 3.11°+0.37  8.06°+0.30
To (MS2 x 2.1% L-TRP) 2.85%+0.14 2.47°+0.15  5.7319+0.32

Values in the same column with different superscript differ significantly (p<0.05);
Data expressed as Mean * SE, n=6;
MS;: Multiple stressors1 (33°C x pH 9.0); MS,: Multiple stressors2 (33°C x pH 5.5)

4.4.11 Thyroid Hormones (T3 and T4)

Thyroid hormones (T3 and T4) levels of L. gonius fingerlings in different
experimental groups are shown in Table 68. The serum T3 and T4 levels decreased
significantly upon exposure to multiple stressors, while it increased gradually
(p<0.05) with increase in dietary L-tryptophan supplementation. It was found that the
T3 and T4 hormone levels varied significantly (p<0.05) among different experimental
groups. Lowest values of T3 and T4 hormone were observed in Tg and T» group,
whereas the higher values were observed in Ts, To, T4, T4 and Tg treatment groups.
A linear relationship was observed between weight gain % and thyroid hormone
levels of L. gonius fingerlings (Figure 21 & 22).
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Figure 21: Role of L-tryptophan on relationship between weight gain % and T3
hormone in serum of L. gonius fingerlings exposed to multiple stressors for a
period of 60 days
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Figure 22: Role of L-tryptophan on relationship between weight gain % and T4
hormone in serum of L. gonius fingerlings exposed to multiple stressors a
period of 60 days
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Table 68: Role of dietary L-tryptophan on Thyroid hormones (T3 and T4), electrolytes and Osmolality of L. gonius
fingerlings exposed to multiple stressors for a period of 60 days

Treatments Thyroid hormones (ng/mL) Electrolytes (mEq/L) Osmolality
T3 T4 Na* K* Cr (Osmol/L)
T, (No stress) 1.36%°+0.04 21.42%+0.34 146.33'+2.19  3.339+0.43 134.33°+0.88  0.294°+0.016

0.68%+0.03 12.92°+0.50 128.00%+4.58 5.20°+0.26 119.33%+2.03 0.243%+0.012
0.94°+0.13  15.79°+0.70 135.00°+2.64 4.53%°+0.35 124.00%°+1.53 0.263%°°+0.004
1.29%+0.05 19.50°°+0.85 138.67°%+1.76 4.03°9+0.18 128.67°°+2.03 0.272°°%+0.007
1.45°+0.06 22.40°+0.33 144.33°+1.45 3.63°°+0.29 132.00%°+1.55 0.287%+0.005
0.56°+0.04 11.88°t0.64 124.67°#2.03 5.37°+0.30 117.67°+2.91  0.238%+0.007
0.77°+0.08 14.94°+0.58 133.67°+2.91 4.77%+0.35 124.67°°+2.91 0.254%°+0.010
1.22940.05 18.49°+0.70 136.67°%+2.71 4.10°°+0.46 126.67°'+1.45 0.270°°°°+0.004
1.41%°40.06 21.63°+0.73 142.67%+2.33 3.70°%+0.29 131.33%+1.20 0.281°%°+0.009

T2(MS1x0.0% L-TRP
T3 (MS1x0.7% L-TRP
T4(MS+ x 1.4% L-TRP
T5(MS1 x 2.1% L-TRP
T (MS2 x 0.0% L-TRP
T7(MSz x 0.7% L-TRP
Tg (MS2 x 1.4% L-TRP
(

)
)
)
)
)
)
)
To (MS2 x 2.1% L-TRP)

Values in the same column with different superscript differ significantly (p<0.05);
Data expressed as Mean + SE, n=6;
MS;: Multiple stressors1 (33°C x pH 9.0); MS,: Multiple stressors2 (33°C x pH 5.5)
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4.4.12 Serum Electrolytes (Na*, K* and CI")

Serum electrolytes (Na*, K" and CI) level of L. gonius fingerlings in
different experimental groups are presented in Table 68. Na* and CI levels in
serum decreased significantly (p<0.05) significantly upon exposure to multiple
stressors (p<0.05), while it prevented the loss of ions with increase in dietary L-
tryptophan supplementation. Lowest values of Na* and CI" were observed in Tg
and T, group, whereas the higher values were observed in Ts, To, Ty, T4 and Tg
treatment groups. On the contrary, K* levels in serum increased significantly
(p<0.05) significantly upon exposure to multiple stressors (p<0.05), while it
prevent the increase with increase in dietary L-tryptophan supplementation.
Highest values of K" was observed in Ts and T2 group, whereas the lower values
were observed in Ts, Ty, T4, T4 and Tg treatment groups.

4.4.13 Serum Osmolality

Serum osmolality level of L. gonius fingerlings in different
experimental groups is presented in Table 68.The serum osmolality decreased
significantly (p<0.05) upon exposure to multiple stressors, while it prevented the
loss with increase in dietary L-tryptophan supplementation. Lowest values of
osmolality was observed in Tg and T, group, whereas the higher values were

observed in Ts, To, Ty, T4 and Tg treatment groups.

4.4.14 Survival % in Challenge Study

After 60 days of experimental trial, all the experimental groups were
challenged with Aeromonas hydrophila and the observation was made for a
week. The percentage survival of L. gonius fingerlings in different experimental
groups is presented in Table 69 and Figure 23. The percentage survival
decreased significantly (p<0.05) upon exposure to multiple stressors, while it
increased gradually (p<0.05) with increase in dietary L-tryptophan
supplementation. Lowest survival % was recorded in Tg and T, treatments

whereas the highest was in Ts and Tg groups followed by T4 and Tg group.
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Table 69: Role of dietary L-tryptophan on % survival of L. gonius
fingerlings exposed to multiple stressors for a period of 60 days (Post
challenge)

Treatments % survival

T (No stress) 68.44% + 3.40
T2(MS1x 0.0% L-TRP 59.09% + 4.55
T3(MS1x 0.7% L-TRP 72.58" +1.45
T4+(MS; x 1.4% L-TRP 77.02%° + 3.22
Ts (MS; x 2.1% L-TRP 85.60% + 3.06
Te (MS2 x 0.0% L-TRP 51.52° +1.51
T7(MS2 x 0.7% L-TRP 70.47°° + 4.09
Ts (MS2 x 1.4% L-TRP 74.50 + 4.38

)
)
)
)
)
)
)
T (MSz x 2.1% L-TRP) 80.05% + 2.56

Values in the same column with different superscript differ significantly (p<0.05);
Data expressed as Mean + SE, n=10; MS;: Multiple stressors1 (33°C x pH 9.0);
MS,: Multiple stressors2 (33°C x pH 5.5)

Figure 23: Role of L-tryptophan on % survival of L. gonius fingerlings
exposed to multiple stressors for a period of 60 days (Post challenge)
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Discussion



5. DISCUSSION

5.1 Experiment 1

Temperature is a major factor, which directly influences metabolism
affecting all physiological processes in ectotherms such as food intake, metabolism
and nutritional efficiency. Therefore, knowledge of suitable temperatures at which
fish have a faster growth rate is very important for effective management of
aquaculture systems. Fish physiology is inexplicably linked to temperature and fish
have evolved so as to cope with specific hydrologic regimes and habitat niches.
Therefore, their physiology and life histories will be affected by alterations induced
by climate change. As it strengthens over time, global climate change will become a
more powerful stressor for fish living in natural or artificial systems. Therefore,
increasing global temperatures can affect individual fish by altering physiological
functions such as thermal tolerance, growth, metabolism, food consumption,
reproductive success and the ability to maintain internal homeostasis in the face of
a variable external environment. In this backdrop, the present experiment was
designed to study the growth and physio-biochemical responses of Labeo gonius

fingerlings exposed to four different temperatures.

5.1.1 Physico-Chemical Properties of Water

In our experiment, we maintained a low stocking density and
continuous aeration in order to avoid any confinement stress and ammonia
accumulation in rearing tanks. Along with these, regular exchange of water in the
rearing tank helps us to maintain the physico-chemical parameters of water such as
pH, dissolved oxygen, free carbon dioxide, ammonia, nitrite-N and nitrate-N within

the optimum range of requirements for the fish as suggested by many authors.

Temperature plays an important role in regulating the metabolism of
animals; therefore an optimum range of temperature is required for optimum
metabolic activity, which in turn gives maximum vyield. As our experiment is
temperature dependent, so we maintained desired water temperatures (27, 30, 33
and 36°C) required for our experiment. Water pH is considered as one of the
important parameters for successful aquaculture production. The optimum pH
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range for culture of carps is 7.5-8.5 (Banerjea, 1967), and the majority of the Indian
carp culture ponds have a pH in this range. In the present study also, water pH was
within the range of 6.87-7.61 in all the experimental groups, which is quite favorable
for fish culture. The dissolved oxygen level in water varies with a large number of
factors such as water temperature, metabolic rate, biomass density, etc. The
dissolved oxygen in different experimental tubs was recorded to be within the range
of 5.89-7.29 mg/L, which is within the optimum range of 6-7 mg/L for cyprinids
suggested by Huet (1975). From the above result, it is assumed that dissolved
oxygen content was optimum throughout the experimental period, which might be
due to efficient aeration. Toxic concentrations of ammonia for short-term exposure
are between 0.6 and 2 mg/L (EIFAC, 1973). The suggested value of ammonia in
water ranges from 0 to 0.1 mg/L (Jhingran, 1991), which is in agreement with the
recorded range of 0.15-0.27 mg/L in the present study. Nitrite-N concentration was
recorded in the range of 0.001-0.009 mg/L, which is well within the permissible
range for pond aquaculture (Boyd and Trucker, 1998). Nitrate-N level in a
productive pond can be within 0.1-5.0 mg/L (Boyd and Trucker, 1998). In the
present study, nitrate-N (0.03 to 0.14 mg/L) was below the toxic level. Nitrite-N and
nitrate-N levels were within the permissible limits for warm water fish (Boyd, 1982).

5.1.2 Growth and Survival

In the present study, weight gain %, SGR, FER, PER and survival %
decreased, whereas FCR values increased significantly (p<0.05) on exposure to
higher temperature 33°C as compared to ambient temperature groups, which was
further aggravated at 36°C. The decrease in growth rate upon exposure to higher
temperature can be attributed to re-allocation of energy towards maintenance and
repair under stress (Kumaraguru and Beamish, 1986). Das et al. (2005) also
observed reduction in the growth rate, survival percentage and feed conversion
efficiency in L. rohita fingerlings reared at higher temperature. Akhtar et al. (2011)
also reported similar findings. Reduced growth rate and food conversion efficiency
have been reported in fish at combined stress of higher temperature and salinity
(Likongwe et al, 1996). On the contrary, the higher growth rate, survival
percentage and feed conversion efficiency were observed at 27 and 30°C. The

higher weight gain may be attributed to improved dietary protein utilization at
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ambient temperature. Das et al. (2005) and Akhtar et al. (2011) also reported

higher growth rate and feed conversion efficiency at ambient temperature.

5.1.3 Body Indices

In the present study, HSI decreases significantly (p<0.05) on
exposure to higher temperature 33°C as compared to ambient temperature groups,
which was further aggravated at 36°C. The reduced values in the fishes exposed to
higher temperature may be due to thermal stress. However, GSI did not vary
significantly among the different treatment. Ciji et al. (2011) also reported higher
HSI values in Labeo rohita fingerlings reared at ambient water temperatures than

the higher temperature.

5.1.4 DNA, RNA and RNA/DNA Ratio

In the present study, RNA and RNA/DNA ratio decreases significantly
(p<0.05) on exposure to higher temperature 33°C as compared to ambient
temperature groups, which was further aggravated at 36°C. The reduced values in
the fishes exposed to higher temperature can be correlated with the lower growth
rate incurred due to temperature stress. The ratios between these two nucleic acids
were reported to reduce, when the fishes were exposed to high temperatures
(Spigarelli and Smith, 1976) or heavy metal salts (Kearns and Atchison, 1979). On
the contrary, higher RNA and RNA/DNA ratios were observed at 27 and 30°C. The
higher RNA and RNA/DNA ratio can be correlated with higher growth rate observed
during the study. A strong positive correlation has been reported between nucleic
acid concentration and specific growth rate (Bulow, 1970; Bulow et al, 1981;
Haines, 1973; Fukuda et al.,, 2001). As the RNA content is related to rate of protein
synthesis, the RNA/DNA ratio can be used as an index of growth (Smith and
Buckley, 2003; Akhtar et al., 2012a). We did not observe any significant change in
DNA levels due to temperature change, and our findings are in support of Leslie

(1955) who found that DNA content per somatic cell is constant within a species.

5.1.5 Tissue Glycogen

Glycogen breakdown takes place due to effect of catecholamine

epinephrine/ nor epinephrine. Catecholamine epinephrine / nor epinephrine induce
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glycogenolysis through beta- adrenoreceptors (Sheridan and Muir, 1988). Several
researchers have studied glycogenolysis in response to various stressors. Increase
in glucose and concomitant decrease in glycogen on exposure to various
environmental toxicants has been reported (Singh and Aggarwal, 1986). Nakano
and Tomlinson et al. (1967) observed that all types of stress elevated the secretion
of catecholamine which in turn increased the breakdown of glycogen and elevated
blood glucose level. In the present study, glycogen content in liver and muscle
tissues decreased significantly (p<0.05) on exposure to higher temperature 33°C as
compared to ambient temperature groups, which was further aggravated at 36°C.
The glycogen content was of liver was found to be higher than the muscle tissue.
The increase in glucose and concomitant depletion in glycogen shows that the
glycogen was utilized for energy to cope with the temperature induced stress. The

depletion of glycogen was lowest observed at 27 and 30°C.

5.1.6 Ascorbic Acid

Vitamin C is a major water soluble antioxidant and is capable of
maintaining sulphydryl compounds in a reduced state, particularly in several redox
reactions (Deshpande et al., 2002). Teleost do not have an active L-gulonolactone
oxidase, the terminal enzyme in the ascorbic acid synthesis pathway (Dabrowski,
1990a). Thus, fishes are sensitive to a threshold level of vitamin C as they are
unable to synthesize it de novo (Dabrowski, 1990b). Vitamin C is considered to play
an important role in animal health as antioxidants, inactivating damage of free
radicals produced during normal cellular activity from various stressors (Chew,
1995) have been reported, confirming protective roles of vitamin C. Cruz de
Menezes et al. (2006) and Norouzitallab et al. (2008) also reported that vitamin C is
well known for its anti-oxidative property and has also been used as an immuno-
modulator in aquaculture. In the present study, ascorbic acid content in muscle
tissue decreased significantly (p<0.05) on exposure to higher temperature 33°C as
compared to ambient temperature groups, which was further aggravated at 36°C.
The decrease in ascorbic acid content in tissue at higher temperature groups could
be attributed to its maximum utilization to reduce free radicals produced during
temperature stress. Das et al. (2009) also reported decrease in ascorbic acid
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content at higher temperature. Similar results were also found in thornfish,
Therapon jarbua (Forskal) when exposed to thermal stress (Chien et al., 1999).

5.1.7 Enzymatic Activity in Tissue
5.1.7.1 Enzymes of protein metabolism (AST/GOT and ALT/GPT)

Transaminases are the enzymes that redistribute amino nitrogen
among amino acids, forming new amino acids with the amino group from the pre-
existing ones. Non-essential amino acids required for growth and other metabolic
processes are produced by this manner. Amino acids are the major source of
energy in teleost (Belinski, 1974). Fishes utilize proteins and lipids prior to
carbohydrates (Demeal, 1978). Stress hormone cortisol induces gluconeogenesis,
which mobilize the protein source and lipid source for glucose synthesis. The most
important aminotransferases are aspartate amino transferases (AST) and alanine
amino transferases (ALT) (also called glutamate oxalo acetate transaminase or
GOT and glutamate pyruvate transaminase or GPT). AST transfers the amino
group of aspartic acid to a-keto glutarate and converts to glutamic acid forming
oxalo acetate. ALT transfers the amino group from alanine to a-keto glutarate
forming glutamic acid pyruvate. The pyruvate and oxalo-acetate thus formed are
responsible for the synthesis of non-essential amino acids like alanine, aspargine,
glutamine, etc. which in turn helps in protein synthesis and hence growth of the
animal. Apart from this the amino acids are deaminated or transaminated to
produce TCA cycle intermediates also helping in energy production in the form of
ATP (De Silva and Anderson, 1995).

In the present study, AST and ALT activity in liver and muscle tissues
increased significantly (p<0.05) on exposure to higher temperature 33°C as
compared to ambient temperature groups, which was further aggravated at 36°C.
The higher activity of both the transferase creating higher free amino acid
mobilization to produce higher glucose to cope up with the stress incurred due to
higher temperature. Similar observation was made by Verma et al. (2006) in
Cyprinus carpio at higher temperatures. The increase in activity indicates greater
mobilization of amino acid for glucose production via gluconeogenesis for glucose
production to cope with stress (Chatterjee et al., 2006). Knox and Greenland (1965)

also reported that elevated levels of transaminase activity during stress would lead
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to increased feeding of ketoacids in to TCA cycle, there by affecting oxidative

metabolism.

5.1.7.2 Enzymes of carbohydrate metabolism (LDH and MDH)

Lactate dehydrogenase is the terminal enzyme of the glycolysis
(Embden-Meyerhoff pathway) pathway, which converts lactate to pyruvate in the
presence of coenzyme NADH which is converted to NAD®. Thus, lactate
dehydrogenage helps in maintaining the glycolysis cycle by supplying NAD®. In
presence of enough oxygen, pyruvate enters the Kreb’s cycle but when there is an
oxygen shortage in the tissue, pyruvate is converted to lactate (Murray et al., 2000).
Generally LDH activity increases in stress viz. temperature stress (Grigo, 1975),
starvation stress (Vijayaraghavan and Rao, 1986). The increase in LDH activity is
attributed to the production of preferred substrate (Lactate) for gluconeogenesis
under thermal stress (Chatterjee et al., 2006). A significant increase in LDH activity
was observed at higher acclimation temperature (Verma et al., 2006) that may be
due to higher production of lactate, indicating oxygen limited condition in the cell. In
the present study, LDH activity in liver and muscle tissues increased significantly
(p<0.05) on exposure to higher temperature 33°C as compared to ambient
temperature, which was further aggravated at 36°C. The result suggest animals
under thermal stress showed increased lactate production for gluconeogenesis,
which is supported by Chatterjee et al. (2006) and Verma et al. (2006).

Malate Dehydrogenase (MDH) is an enzyme of TCA cycle, which
oxidizes malate to oxaloacetate, using NAD" as the electron acceptor. The activity
of MDH showed an increase during gluconeogenesis and oxaloacetate is formed
from the deamination of aspartate and malate or phosphoenol pyruvate from
pyruvate. The conversion of oxaloacetate to malate in the mitochondria and the
reverse in cytoplasm is catalyzed by MDH (Das, 2002c). Verma et al. (2006)
observed that there was a significant increase in MDH activity in C. carpio
fingerlings acclimated at higher temperatures in order to use the product
(oxaloacetate) due to the higher activity of AST for production of more energy
(ATP), which may be utilized for other physiological activities. Glucose might have
therefore mobilized through non-carbohydrate source; mainly by protein, as

transaminase activities were more at higher temperatures. In the present study,
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MDH activity in liver and muscle tissues increased significantly (p<0.05) on
exposure to higher temperature 33°C as compared to ambient temperature groups,
which was further aggravated at 36°C. The higher activity of MDH is indicative of
greater activity of TCA cycle due to increased energy demands during stress. This
is supported by the findings of Das et al. (2006), who found elevated MDH activity

in fishes at higher temperature.

5.1.7.3 Enzyme of neurotransmission (AchE)

Acetyl choline esterase (AchE) is one of the most widely used
enzymes as a biomarker for environmental pollution. Biomarkers are defined as
biochemical, cellular or physiological variations which can be measured in an
organism as response to an environmental perturbation or a contamination event
(Livingstone et al., 1997). Among different biomarkers, a prominent position is
occupied by the measure of acetylcholine esterase inhibition. Acetylcholine is
widely distributed in nervous tissue, stored and released from the synaptic vesicles.
It helps in the depolarization in an adjacent neuron and thus passes nerve impulse.
Acetylcholine is rapidly destroyed by choline esterase, a group of related enzymes
which are hydrolytic in action (Stowe, 1969). It is well known that some pesticides
inhibit AchE which increases the acetylcholine and stimulates the medullary cells to
release catecholamine (Stowe, 1969) and also increase in aberrant behaviour
(Murthy et al., 1984; Jones et al., 1999). Increased catecholamine may affect the
activity of enzymes involved in glycogen synthesis and glycogenolysis. Thus,
temperature has an effect on physiological parameters as well as
neurotransmission. In the present study, AchE activity in brain tissue decreased
significantly (p<0.05) on exposure to higher temperature 33°C as compared to
ambient temperature groups, which was further aggravated at 36°C. This indicates
that decreased activity of AchE enzyme was due to stress acquired at higher
temperature. Similar observation was made by Verma et al. (2006) in C. carpio at

higher temperature.

5.1.7.4 Enzymes of oxidative stress (Catalase SOD and GST)

Under normal physiological conditions animal cell produces reactive
oxygen species (ROS) such as H.O, O,, OH" that may damage most cellular

components leading to cell death. When the rate of ROS generation exceeds that
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of their normal, oxidative stress occurs. Oxidative stress results when the
antioxidant defenses are overcome by pro-oxidant forces and reactive oxygen
species are not adequately removed (Sies et al, 1986). Living organisms are
protected from the danger of reactive oxygen species (ROS) by several defense
mechanisms including antioxidant enzymes such as superoxide dismutase,
catalase, glutathione peroxidase, glutathione reductase, etc. Antioxidants also act
in conjunction with these enzymatic defenses. Superoxide dismutase (SOD), a
cytosolic enzyme that is specific for scavenging superoxide radicals (O2) is
involved in protective mechanisms within tissue injury following oxidative process
and phagocytosis. Catalase (CAT) is another major primary antioxidant defense
component that works primarily to catalyze the decomposition of H.O. to H-0,
sharing this function with glutathione peroxidase (GPX). Therefore both these
enzymes detoxify H,O, derived from SOD activity. In the presence of low H,O,
levels, organic peroxides are the preferred substrate for GPX. However at high
H-O2 concentrations they are metabolized by CAT (Yu, 1995). Changes in
antioxidative enzymes can be used as stress indicators in fish (Akhtar et al., 2010;
Ciji et al., 2012). In the present study, catalase, SOD and GST activity in liver and
gill tissues increased significantly (p<0.05) on exposure to higher temperature 33°C
as compared to ambient temperature groups, which was further aggravated at

36°C. The increased activity indicates oxidative stress due to higher temperature.

5.1.7.5 Enzyme of phospho monoesterase (ALP)

Alkaline phosphatase is zinc containing metallo-enzyme, which plays
an important role in metabolism of phosphorus in the body. It is involved in
membrane transport, glycogen metabolism, protein synthesis, calcium absorption
and many other physiological processes including secretary function. In the present
study, ALP activity in liver and muscle tissues increased significantly (p<0.05) on
exposure to higher temperature 33°C as compared to ambient temperature groups,
which was further aggravated at 36°C. The higher ALP activity may be due to
hydrolysis of high- energy phosphate bonds to liberate phosphate ions to combat
stressful condition or higher metabolic rate. Similar observation was made by

Verma et al. (2006) in C. carpio fingerlings.
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5.1.7.6 Enzyme of gluconeogenic pathways (FDPase)

In the present study, Fructose-1, 6-Diphosphatase activity in liver and
muscle tissues increased significantly (p<0.05) on exposure to higher temperature
33°C as compared to ambient temperature groups, which was further aggravated at
36°C. The increase in FDPase activity with increasing temperature indicates that
gluconeogenic pathway gets activated to cope with the increasing metabolic
demand at higher temperature. A consistent increase of transaminase might have
provided the substrate for gluconeogenesis (Suarez et al., 1987; Moon and Foster,
1995). Hence, higher temperature may increase energy demands in the L. gonius

fingerlings by increasing FDPase activity.

5.1.7.7 Enzyme of pentose phosphate pathway (G6PDH)

Glucose-6-phosphate dehydrogenase is an enzyme of the pentose
phosphate pathway or hexose monophosphate shunt. It mediates the conversion of
glucose-6-phosphate to 6-phospho-gluconolactone using NADP* as a coenzyme
and releases NADPH. This pathway activity increases when the requirement of
NADPH increases especially during the synthesis of fatty acids, cholesterol and
sphingolipids (lipid anabolism). NADPH produced is also required by NADPH
oxidase in producing superoxide anions for destroying phagocytosized material. So
the enzyme activity may increase with increase in phagocytosis (Das, 2002b). In
the present study, G6PDH activity in liver and muscle tissues tissue decreased
significantly (p<0.05) on exposure to higher temperature 33°C as compared to
ambient temperature groups, which was further aggravated at 36°C.The enzyme
activity was higher in liver compared to muscle. The lower G6PDH activity at higher
temperature is also reported by Verma et al. (2006) in C. carpio fingerlings. Similar
reduction in G6PDH activity with increased cortisol concentration was observed by
Tripathi and Verma (2003) in fishes. Lower activity of enzyme at higher temperature

might be due to higher cortisol level.

5.1.7.8 Enzyme of energy metabolism (ATPase)

It hydrolyzes a high-energy phosphate of ATP and utilizes that energy
for the simultaneous transport of three Na* ions outward and two K* ion inward
across the plasma membrane (Das, 2002a) i.e. ATPase hydrolyzes the high energy
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phosphate (ATP) and utilizes the energy to maintain ionic gradient across the
plasma membrane. The activity of this enzyme is inhibited by the depletion of
substrate ATP or due to some organochlorines. Stress leads to imbalance in
osmoregulation. In freshwater Na* and CI ions are lost and in marine water the ions
are gained (Mazeaud et al. 1977). In the present study, ATpase activity in gill and
liver tissues increased significantly (p<0.05) on exposure to extreme higher
temperature 36°C as compared to ambient temperature groups. However, we did
not observed any significance difference at 27, 30 and 33°C.The increase in
ATpase activity may be attributed to osmoregulatory stress. Similar observation
was made by Verma et al. (2006) in C. carpio fingerlings.

5.1.7.9 Digestive enzyme (Protease)

In the present study, protease enzyme activity in intestinal tissue
decreased significantly (p<0.05) with increase in rearing temperatures. The lower
activity was recorded at higher temperature 33°C as compared to ambient
temperature groups, which was further aggravated at 36°C. The decrease in
enzyme activity at higher temperature indicates inappropriate utilization of nutrients
due to thermal stress. Prabhu (2012) also reported to decrease in protease activity

on exposure to elevated temperature and endosulfan stress.

5.1.8 Haemato-immunological Parameters
5.1.8.1 Erythrocyte (RBC), haemoglobin (Hb) and haematocrit (Hct)

In the present study, RBC, Hb and Hct count decreased significantly
(p<0.05) on exposure to higher temperature 33°C as compared to ambient
temperature groups, which was further aggravated at 36°C. This indicates reduced
blood oxygen carrying capacity at higher temperatures. The decreased count could
be due to the erythrocytic cell lysis of blood cells and an increased removal of
RBCs from the circulation as suggested in carp (Jensen, 1990; Knudsen and
Jensen 1997) or haemodilution (Wedemeyer et al, 1984). Reduction in serum
protein content in in the present study also supports the view of erythrocytic cell
lysis and haemodilution. Akhtar et al. (2011) also reported reduced RBC and Hb

count in L. rohita fingerlings at 33°C and higher count at ambient temperature.
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5.1.8.2 Leucocyte (WBC) count

Leucocytes (WBC) play an important role for enhancing non-specific
or innate immunity, which is considered as an indicator of the health status of fish
(Roberts, 1978). The leukocytes are involved in regulation of immunological
function in the organism (Santhakumar et al., 1999). In the present study, WBC
count decreased significantly (p<0.05) on exposure to higher temperature 33°C as
compared to ambient temperature groups, which was further aggravated at 36°C.
This may be due to increased basal cortisol level, which reduces leucocyte count
either due to increased apoptosis, reduction in leucocyte proliferation or leucocyte
redistribution or weakening the leucopoiesis process. Verma et al. (2007) also
reported reduction in leucocyte in C. carpio fingerlings on exposure to higher
temperature, which was exacerbated on concurrent exposure of temperature and
chlorine stress. Similarly, Akhtar et al. (2011) also reported reduced WBC count in

L. rohita fingerlings at 33°C and higher values at ambient temperature.

5.1.8.3 Nitroblue tetrazolium (NBT)

The phenomenon known as respiratory burst gives a measure of
oxygen dependent defense mechanism in vertebrate phagocytic cells, wherein
there is generation of reactive oxygen intermediates with powerful anti-microbial
activity (ltou et al., 1997). Increased respiratory burst activity can be correlated with
increased bacterial pathogen killing activity of phagocytes (Sharp and Secombes,
1998) and hence a better immunity. The respiratory burst activity of phagocytes
was measured by reduction of NBT by intracellular superoxide radicals produced by

leucocytes.

In the present study, NBT activity decreased significantly (p<0.05) on
exposure to higher temperature 33°C as compared to ambient temperature groups,
which was further aggravated at 36°C. Verma et al. (2007) also reported reduction
in NBT activity on exposure to higher temperature, which was exacerbated on
concurrent exposure of temperature and chlorine stress in C. carpio fingerlings.
Similarly, Akhtar et al. (2011) also reported reduced NBT activity in L. rohita

fingerlings at 33°C and higher values at ambient temperature.
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5.1.8.4 Blood glucose

Glucose is one of the most important sources of energy for the
animals and glucose has been studied as an indicator of stress caused by physical
factors (Manush et al., 2005). Nakano and Tomlinson (1967) observed that all types
of stress elevated the secretion of catecholamine which in turn increased the
breakdown of glycogen and enhanced blood sugar level. The elevation of blood
sugar levels in fish by both corticosteroids and catecholamines makes it the ideal
parameter to study the secondary stress response, on activation of direct
sympathetic (Chromaffin tissue) as well as humoral (internal tissue) pathways
(Wedemeyer and Mcleay, 1981). In the present study, blood glucose level
increased significantly (p<0.05) on exposure to higher temperature 33°C as
compared to ambient temperature groups, which was further aggravated at 36°C.
Das et al. (2009) also reported increase level of blood glucose at higher
temperature and low level at ambient temperature. The reason for increase in blood
glucose may be due to higher cortisol levels, which is a hyperglycemic hormone.
Nakano and Tomlinson (1967) also observed that all types of stress elevated the
secretion of catecholamine which in turn increased the breakdown of glycogen and
enhanced blood sugar level. Another reason could be increased in glycolysis is also
indicated by increased LDH activity in liver and muscle due to higher production of
lactate. Similar observation was made by Suarez and Mommsen (1987), Moon and
Foster (1995) and Verma et al. (2006). Positive correlation between glucose level

and temperature acclimation is reported by Costas et al. (2012).

5.1.8.5 Albumin (A), globulin (G), A-G ratio and total serum protein

Proteins are the most important compounds in the serum, and its
concentration is used as a basic index for the health status of fish (Buchanan et al.,
1997). Among the serum protein, albumin and globulin are the major proteins,
which play a significant role in the immune response (Kumar et al, 2007). The
gamma globulin fraction is the source of almost all the immunological active protein
of the blood. Globulins like gamma globulins are absolutely essential for
maintaining a healthy immune system. Serum albumin and globulin values in the

fishes treated with different immunostimulants were always found to be higher than
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control. An increase in the serum protein, albumin and globulin levels are thought to
be associated with a stronger innate response in fishes (Wiegertjes et al., 1996).

In the present study, serum total protein, albumin and globulin levels
decreased significantly (p<0.05) on exposure to higher temperature 33°C as
compared to ambient temperature groups, which was further aggravated at 36°C
group. On the contrary, A-G ratio increases significantly. The serum protein
reduction may be attributed to protein catabolism, the process converting blood and
structural protein to energy, to meet the higher energy demand during the prevailing
stress. Haemolysis of erythrocytes, already been observed in the present study,
also might have caused dilution of the plasma volume contributing to some extent
in such reduction of serum protein content (Das et al., 2004). Verma et al. (2007)
also reported reduced level of serum total protein, albumin and globulin on
exposure to higher temperature. Akhtar et al. (2011) also reported reduced protein

and albumin in L. rohita fingerlings at 33°C and high values at ambient temperature.

5.1.8.6 Lysozyme activity

Lysozyme is known to act as an important innate defense mediator
against parasitic, bacterial and viral infections, and in response to infection, its
activity is found to increase in fish blood (Ingram, 1980). Lysozyme plays important
role in innate immunity by lysis of bacterial cell wall and thus stimulates the
phagocytosis of bacteria (Ellis, 1990). Lysozyme activity can be affected by
stressors, infectious micro-organisms (Mock and peters 1990). Temperature also
plays an important role in regulating lysozyme activity in fish (Ndong et al., 2007).
An increased level has been considered a natural protective mechanism in fish
(Ingram, 1980). In the present study, lysozyme activity decreased significantly
(p<0.05) on exposure to higher temperature 33°C as compared to ambient
temperature groups, which was further aggravated at 36°C. Dominguez et al.
(2005) observed reduction in plasma lysozyme of Nile tilapia when exposed to 33°C
from 28°C. Akhtar et al. (2011) also reported to reduced lysozyme activity in L.
rohita fingerlings at 33°C and high values at ambient temperature. Similar
observation was made by Mock and Peters (1990), strong stressors reduced the
lysozyme level in rainbow trout. Jeney et al. (1997) also reported reduced lysozyme

activity in rainbow trout due to transportation stress. This may be due to higher
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cortisol levels, which protects these cells from apoptosis and stimulates non-

specific immune system during stress condition.

5.1.9 Serum Enzyme Activity
5.1.9.1 Serum GOT/AST and GPT/ALT

In the present study, AST and ALT activity in serum increased
significantly (p<0.05) on exposure to higher temperature 33°C as compared to
ambient temperature groups, which was further aggravated at 36°C. The higher
activity of both the transferase creating higher free amino acid mobilization to
produce higher glucose to cope up with the stress incurred due to higher
temperature, this is supported by Verma et al. (2006) and Chatterjee et al. (2006).

5.1.9.2 Serum ALP and ACP

In the present study, ALP and ACP activity in serum increased
significantly (p<0.05) on exposure to higher temperature 33°C as compared to
ambient temperature groups, which was further aggravated at 36°C. An increase in
the activity of the two enzymes with increasing temperature is indicative cell
damage in liver, intestine or kidney. These findings are supported by Vasudevan
and Sreekumari (1998) and Kumar et al. (2006).

5.1.9.3 Serum LDH

In the present study, LDH activity in serum increased significantly
(p<0.05) on exposure to higher temperature 33°C as compared to ambient
temperature groups, which was further aggravated at 36°C. The result suggests
animals under thermal stress showed increased lactate production for
gluconeogenesis, this is supported by Chatterjee et al. (2006) and Verma et al.
(2006).

5.1.10 Serum Cortisol

Corticotropin-releasing hormone (CRH) or factor (CRF) released from
hypothalamus of the brain stimulates corticotrophic cells of anterior pituitary
(adenohypophysis) to secrete adrenocorticotropic hormone (ACTH), which

stimulates interrenal cells (adrenal cortex homologue) to synthesize and release
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corticosteroids particularly cortisol (Balm et al, 1994). This is the principal
corticosteroid in fish (Henderson and Garland, 1980; Pickering, 1993; Schreck,
1996). The steroid hormone cortisol is widely accepted as an indicator of stress in
fish, generally increases after exposure to physical stressors (Schreck, 1981;
Barton and Ilwama, 1991; Wendelaar Bonga, 1997; Barton, 2002). Plasma cortisol
level is a general indicator of stressful conditions in vertebrates, particularly in fish
(Pickering et al., 1989). Environmental parameters including temperature and other
stressors have been shown to affect the cortisol response (Barton et al., 1988;
Lankford et al., 2003; Davis, 2004; Tejpal et al., 2009; Hoseini and Hosseini, 2010;
Costas et al,, 2012; Kumar et al., 2014). In the present study, serum cortisol level
was significantly higher (p<0.05) on exposure to higher temperature 33°C as
compared to ambient temperature groups, which was further aggravated at 36°C.
The higher cortisol level indicates higher secretion of cortisol due to stress incurred
by higher temperature, which lead to immunosuppression in L. gonius fingerlings.

5.1.11 Hsp-70 Expression

Members of heat shock protein 70 (Hsp-70) are highly conserved
proteins of about 70 kDa and play important roles in protein folding. Levels of these
proteins increase when cells are under stress. Environmental temperature
influences both the basal and induced levels of HSPs (Das et al, 2005). The
sensitivity, lack of stressor specificity and highly conserved nature characterize
HSPs as potential environmental biomarkers (Sanders, 1993). The environmental
temperature also strongly influences both the basal and induced levels of HSPs
(Dietz and Somero 1992).The intensity of the HSP induction by chemical stressors
is also dependent on the environmental temperature (Hatayama and Hayakawa,
1999). Under normal physiological conditions HSPs are not apparent in many
organisms (Currie et al, 2000), but some show detectable levels (Dietz and
Somero, 1992; Hardewig et al., 2000). Large amounts of constitutive HSP70 have
been detected in salamanders, turtles and fish (Yu et al, 1994). Moreover, the
same or related species of animals from different ecological habitats may show

different degrees of heat shock HSP expression (Tomanek and Somero, 1999).

In the present study, quantitative expression of Hsp-70 was
significantly higher (p<0.05) on exposure to higher temperature 33°C as compared

184



to ambient temperature groups, which was further aggravated at 36°C. The higher
quantitative expression of Hsp-70, suggests cross protection against chronic stress
imparted due to higher elevated temperature. HSPs, temperature associated stress
indicators, are expressed differently with varying temperature (Mohapatra et al.,
2013). Das et al. (2006) reported that an increase in temperature can linearly
induce Hsp production in L. rohita fingerlings. Mohapatra et al. (2014) also reported
higher quantitative expression of Hsp-70 at higher temperatures. The expression

Hsp-70 in muscle tissues was significantly low as compared to others tissues.

5.1.12 Caspase-3 Activity

Caspases are aspartic acid proteases which takes part an important
role in the apoptosis process. There are two groups of caspases taking part in
apoptosis, as initiators and executioners. Caspases 2, 8, 9 and 10 are initiators and
caspases 3 and 6 are executioners (Mary Lini et al,, 2013). In the present study,
caspase-3 enzyme activity in serum of L. gonius fingerlings was studied and found
to increased significantly (p<0.05) on exposure to higher temperature 33°C as
compared to ambient temperature groups, which was further aggravated at 36°C.
The high level of caspase-3 enzyme activity may be related to the enhancement of
programmed cell death due to the temperature stress. The apoptosis might be due
to the failure of cellular defense mechanism under excessive stressful condition (Li
et al, 2012). Our results are also supported by the finding of (Mosser et al., 2000). A
diverse range of stimuli including UV irradiation, cytotoxic drugs, growth factor
deficiency, heat shock and viral infection have been shown to induce apoptosis in
various cell types (Vaux, 1993). During apoptosis, members of the caspase
protease family are activated, and the cells undergo rapid death (Yuan et al., 1993;
Henkart, 1996). Induction of the stress responsive heat shock protein (Hsp-70)
observed during the present study may also accelerate apoptosis in various fish
tissues (Stenslokken et al,, 2010; Yamashita et al., 2010).

5.1.13 Thyroid Hormones (T3 and T4)

The thyroid hormones thyroxine (T4) and tri-iodothyronine (T3) are
known to play an important role in fish growth (Miwa and Inui, 1985) and early
development (Brown, 1997). Arjona et al. (2008) also reported that the thyroid
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hormones are known to play key roles on growth, development, and reproduction
and stress responses in fishes. A decrease in T3 and T4 levels was reported in fish
under stress (Klaren et al., 2007). When fish are exposed to stressors the levels of
thyroid hormones have been demonstrated to be decreased (Deane et al., 2001).
Specific metabolic functions of thyroid hormones have been documented in a
number of studies, which correlate with its growth-promoting activities (Gorg, 2007).
In the present study, thyroid hormone levels in serum decreased significantly
(p<0.05) on exposure to higher temperature 33°C as compared to ambient
temperature groups, which was further aggravated at 36°C. The reduced growth
rate in the fishes exposed to higher temperature can be correlated with the low

level thyroid hormone levels and vice versa.

5.1.14 Thermal Tolerance Study

5.1.14.1 Thermal tolerance limit and polygon

Thermal tolerance limit of the L. gonius fingerlings is widely influenced
by the acclimated temperatures. With increasing acclimation temperatures mean
values of CTmax, CTmin, LTmax and LTmin of L. gonius fingerlings increased
significantly (p<0.05). It is obvious from the results that the thermal tolerance of
fishes is dependent on the thermal exposure history before the experiment, which is
regarded as acclimation. The strong relationship between the acclimation
temperatures and the thermal tolerance level of L. gonius fingerlings supports
evidence that temperature adaptation is an essential physiological phenomenon in
fishes and is dependent on the acclimation temperature (Beitinger and Bennetta,
2000). These results are in agreement with the findings of our earlier investigations
on Indian major carps (L. rohita, C. catla and C. mrigala) advance fingerlings (Das
et al., 2004), Rohu (L. rohita) fry (Das et al., 2005), Rohu (L. rohita) and common
carp (Cyprinus carpio) early fingerlings (Chatterjee et al., 2004), yellowtail catfish
(Pangasius pangasius) fingerlings (Debnath et al, 2006) and climbing perch
(Anabas testudineus) (Sarma et al., 2010). Fish have specific behaviour in
response to thermal acclimation, beyond which breakdown occurs, leading to stress
and production losses due to anorexia, disease outbreak and ultimately death.
Debnath et al. (2006) reported that the thermal tolerance study is considered as a

useful approach in assessing the impact of climatic change and culture potential of
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any candidate fish species. From this preliminary study, it is evident that thermal
tolerance limit of L. gonius is comparable to Indian major carps, indicating their

potential for diversifying freshwater aquaculture.

The area of the tolerance zone is a useful index of thermal tolerance
(Elliott, 1981). Thermal tolerance polygon of L. gonius fingerlings over the range of
acclimated temperatures (27-36°C) was calculated as 256.24°C% There is no
parallel report on CTM test in this species. Indian carps are eurythermal in nature
due to their capacity to tolerate wider range of temperature (Kasim, 2002). Data
extracted from earlier investigation of Das et al. (2004) in Indian major carps (L.
rohita, C. catla, C. mrigala) and rohu (L. rohita) early fingerlings (Chatterjee et al.,
2004), reveals the similar zone of thermal tolerance polygon. Results of the present
findings also indicated that the thermal tolerance zone of L. gonius fingerlings is
within the range of Indian major carps, which support its tolerance capacity to

temperature variations.

5.1.14.2 Oxygen consumption rates

Rate of oxygen consumption increased significantly with increasing
acclimation temperatures (p<0.05). Oxygen consumption is an index of metabolism
in freshwater fish (Kutty and Peer Mohamed, 1975) and is dependent on the
acclimation temperatures (Kita et al., 1996). In fishes, the metabolic responses that
are quantified in terms of oxygen consumption show a linear correlation to
temperature due to its direct effect on the kinetics of the enzyme reactions involved
(Hazel and Prosser, 1974; Hochachka and Somero, 1971). Absolute values of
oxygen consumption rate were comparable to our earlier investigation in Indian
major carps (Das et al, 2004), early fingerlings of L. rohita and C. carpio
(Chatterjee et al., 2004) and P. pangasius (Debnath et al., 2006).

5.1.14.3 Temperature quotient (Qqo) value

Temperature quotient (Q1o) was found to be 1.72 for acclimated fish
and 2.23 for non-acclimated fish over the range of acclimation temperatures (27-
36°C), which indicates that acclimation procedure has played vital role to maintain
the homeostasis of L. gonius over the test temperatures. Final preferred

temperature estimated from the Qi value was between 27-30°C (1.865) and 30-
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33°C (2.209). So, culturing the species <33°C and > 27°C will be an ideal condition
for better growth and maximization of the species. The point where the Qo for
oxygen consumption starts to decrease with increasing acclimation temperatures
also corresponds to the optimal temperature for growth (Kita et al.,, 1996). Thus the
final preferred temperature may be estimated indirectly based on the relationship
between oxygen consumption and acclimation temperature (Kita et al, 1996).
Tsuchida (1995) and Kita et al. (1996) have reported that the preferred temperature
coincides with the optimum temperature for growth (Brett, 1971; Kellog and Gift,
1983). Das et al. (2004) reported that final preference temperature for Indian Major
Carps in the range of 31-33°C, which is comparable to the L. gonius species. They
also hypothesized that the point at which Qio diminishes related to acclimation
temperatures corresponds to the optimal temperature for growth, because the
decrease in Qo indicates that the metabolism of the species has decreased and
that more energy for growth is available, similar to that obtained for L. gonius

exposed to different acclimation temperatures.

5.1.15 Histological Study

In the present study, histological study was carried out at the end of
the experiment in gill, liver and intestinal tissue of L. gonius fingerlings exposed to
four different temperatures. Histological study confirms that structural changes in
gill, liver and intestinal tissues of L. gonius fingerlings increased significantly
(p<0.05) on exposure to higher temperature 33°C, which was further aggravated at

36°C. However, there were no changes were observed at 27 and 30°C.

The gills, which participate in many important functions in the fish,
such as respiration, osmoregulation and excretion, remain in close contact with the
external environment and particularly sensitive to changes in the quality of the
water are considered the primary target of the contaminants (Camargo et al., 2007;
Fernandes et al, 2003). Kaoud and El-Dahshan (2010) also reported the
histological alteration due to prolonged exposure to heavy metal resulted in
respiratory, osmoregulatory and circulatory impairment. Dash et al. (2011) reported
damaged qill lamella at higher acclimated temperature. These reports support the
present finding on the alteration of the gill structure of L. gonius fingerlings 33°C at

become severe at 36°C.
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The most common alterations in the liver of the fingerlings in the
present study at higher temperatures are vacuolation of the hepatocytes. The
vacuolation of the hepatocytes might indicate an imbalance between the rates of
synthesis of substances in parenchymal cells and rate of their release into circular
system (Gernhofer et al, 2001). Liver of fish is sensitive to environmental
contaminants because many contaminants tend to accumulate in the liver and
exposing it to a much higher levels than in the environment, or in other organs
(Heath, 1995). Dash et al. (2011) also reported vacuolation of haepatocyte at

higher acclimated temperature.

According to Bhatnagar et al (2007), the observed irritation and
destruction of the mucosa membrane of the intestine, hampers absorption. The
histological alterations in the intestine of the studied fish are in agreement with
those observed by many investigators about the effects of different toxicants on fish
intestine (Hanna et al, 2005; Cengiz et al, 2006). Epithelial degeneration,
inflammatory cells infiltration in the sumucosa as well as submucosal edema was

seen in the intestine of tilapia fish exposed to carbofuran (Soufy et al., 2007).

Result of the histological study confirmed that there are no changes or
damage in tissues at 27 and 30°C, whereas changes begin at 33°C and become
severe at 36°C. So, rearing the species 27-30°C will be an ideal condition not only
for better physiological activity but also better growth and survival of the species.
Otherwise, we have to find an alternative stress mitigation measure. The
histological alterations in all the tissues are due to the prolonged exposure of the
fingerlings to higher elevated temperatures. However, the rate of changes depends
on the amount and time of exposure. The changes at higher temperatures are a
clear indication of stress which may be due to increase in metabolic activity,

accumulation of toxic metabolites, oxygen deprivation, etc.

5.1.16 Scanning Electron Microscopy (SEM) of Gill Tissue

Gills are vital structures for fish, since they are the main site for
gaseous exchange (Hughes, 1966) as well as partially responsible for
osmoregulation (Gonzales and McDonald, 1992), acid base balance (Goss et al.,
1992), excretion of nitrogenous compounds (Sayer and Davenport, 1987) and taste

(Rios and Fanta, 1998) through surrounding environment to the body. Hence, qill
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plays a very important physiological function in case of fish. Fish gills can be used
as model for studies on environmental impact (McKim and Erickson, 1991). Laurent
and Perry (1991) consider the morphologic changes in gills, as a consequence of
environmental changes, as adaptive attempts in conserving some physiological
functions. It has been shown in animal that extreme temperature changes induce
stress in organism and that is characterized by changes at the physiological (Trot,

2011) as well as the cellular architectural levels (Egginton and Sidell, 1989).

SEM study confirmed the results of the histological study. No
ultrastructural changes in gill tissue of L. gonius fingerlings at 27 and 30°C,
whereas changes begin at 33°C and become severe at 36°C. Fish gills were taken
into consideration for present investigation as they were in direct contact with
environment and therefore, gills could be good indicators of water quality. McKim
and Erickson (1991) reported that fish gills can be used as model for studies on
environmental impact. Conduction of heat between the environment and fish is
mediated through the gills; hence, gills are regarded as the heat exchanger.
Therefore, gills are considered to be the most appropriate organ for indicating
thermal pollution (Alazemi et al., 1996) and consequently in all the pollution studies
in gill tissues of fish should be invariably become an organ of paramount importance
to assess the magnitude of damage. Fish exposed to high temperatures may suffer
respiratory stress and nervous disorders. Increasing water temperature exerts a dual
effect on their oxygen demand-supply ratio. Warmer waters carry less dissolved
oxygen, yet the oxygen uptake by aquatic organisms is increased due to their higher
metabolic rate. Earlier investigations on various fishes indicated that metabolic
activity increased with increasing acclimation temperatures (Manush et al., 2004;
Debnath et al., 2006). Electron microscopy study of the qill tissue of freshwater
prawn tissue showed damaged at higher acclimation temperature (Manush et al.,
2007). Das et al. (2014) also observed damaged lamellae at temperature extremes
in electron microscopy study. Laurent and Perry (1991) consider the morphologic
changes in gills, as a consequence of environmental changes, as adaptive attempts
in conserving some physiological functions. From our results, it is evident that long-
term exposure to increasing temperatures may cause respiratory stress, which

ultimately may leads to death of the species.
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5.2 Experiment 2

During the culture period, fishes are exposed to several stressors,
such as faulty practices and environmental changes. These frequently cause
various degree of trauma (stress) in aquatic organisms resulting in detrimental
consequences. In fish, the stressful condition is not due to a single stressor but in
fact, it is a combined effect of many stressors, which leads to reduction in growth
rate, decrease in disease resistance, immunosuppression and even death of the
fish. Understanding the interaction of multiple stressors is the biggest challenge to
the researchers which subsequently help to develop mitigation strategies during
aquaculture practices. Conversely, information on the combined effect of different
stressors on growth and physiological responses of fishes is limited. In this
backdrop, the present experiment was designed to elucidate the growth,
biochemical and haemato-immunological responses of L. gonius fingerlings

exposed to multiple stressors (temperature and pH).

5.2.1 Physico-chemical Properties of Water

In our experiment, we maintained a low stocking density and
continuous aeration in order to avoid any confinement stress and ammonia
accumulation in rearing tanks. Along with these, regular exchange of water in the
rearing tank helps us to maintain the physico-chemical parameters of water such as
dissolved oxygen, free carbon dioxide, ammonia, nitrite-N and nitrate-N within the
optimum range of requirements for the fish as suggested by many authors.

Temperature plays an important role in regulating the metabolism of
animals; therefore an optimum range of temperature is required for optimum
metabolic activity, which in turn gives maximum yield. In the present study, water
temperature was maintained at 27°C as an ambient temperature in Ty, T2 and T3
experimental group, which is comparable to the optimum temperature (28°C)
suggested by Chakraborty et al. (1976) for carp culture, while the temperature in
other experimental groups (T4, Ts and Te) kept steady at 33°C to ensure chronic
thermal stress to the animal during the entire experimental period of 60 days. The

chronic thermal stress was decided based on the findings of the 1%

experiment.
Das et al. (2005) also reported that the chronic exposure of L. rohita fingerlings to

33°C has imparted thermal stress fingerlings.
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The water pH was maintained at 7.5 as an ambient pH in Ty and T4
experimental group, which is within optimum range (7.5-8.5) as suggested by
Banerjea (1967) for carp culture, while the pH in other experimental groups kept
steady at 5.5 (in T2 and Ts) and 9.0 (in T3 and Ts) to ensure chronic pH stress to the
animal during the entire experimental period of 60 days. The pH range (5.5 and 9.0)
was selected based on the findings of Acharya et al. (2005) and Das et al. (2006)
on fingerlings of carp species. They have reported that the chronic exposure to

acidic pH (5.5) and alkaline pH (9.0) imparted stress to the fingerlings.

The dissolved oxygen level in water varies with a large number of
factors, such as water temperature, metabolic rate, biomass density, etc. In the
present study, dissolved oxygen level was recorded within the range of 5.85-7.21
mgL™", which is within the optimum range 6-7 mg/L for cyprinids suggested by Huet
(1975). From the above result, it is assumed that dissolved oxygen was optimum
throughout the experimental period, which might be due to efficient aeration. Toxic
concentrations of ammonia for short-term exposure are between 0.6 and 2 mg/L
(EIFAC, 1973). The suggested value of ammonia in water ranges from 0 to 0.1
mg/L (Jhingran, 1991), which is in agreement with the recorded range (0.15- 0.29
mg/L) in the present study. Nitrite-N concentration was recorded in the range of
0.002 - 0.012 mg/L, which is well within the permissible range for pond aquaculture
(Boyd and Trucker, 1998). Nitrate-N level in a productive pond can be within 0.1-5.0
mg/L (Boyd and Trucker, 1998). In the present study, nitrate-N (0.04 to 0.15 mg/L)
was below the toxic level. Nitrite-N and nitrate-N levels were within the permissible

limits for warm water fish (Boyd, 1982).

5.2.2 Growth and Survival

In the present study, weight gain %, SGR, FER, PER and survival %
decreases, whereas FCR values increases significantly (p<0.05) on exposure to
low acidic pH (5.5), high alkaline pH (9.0) and higher temperature (33°C) stress as
compared to ambient temperature and pH, which was further aggravated by
combined effect of temperature and acidic (33°C x pH 5.5) or alkaline pH stress
(33°C x pH 9.0). The decrease in growth rate upon exposure to temperature and/or
pH induced stress can be attributed to re-allocation of energy towards maintenance
and repair under stress (Kumaraguru and Beamish, 1986). Das et al. (2005) and
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Akhtar et al. (2011) also observed reduction in the growth rate, survival % and low
feed conversion efficiency in L. rohita fingerlings reared at higher temperature.
Reduced growth rate and food conversion efficiency have been reported in fish at
combined stress higher temperature and salinity (Likongwe et al., 1996). On the
contrary, the higher growth rate, survival percentage and feed conversion efficiency
was observed ambient temperature and pH group. The higher weight gain may be
attributed to improved dietary protein utilization at ambient temperature and pH.
Das et al. (2005) and Akhtar et al. (2011) also reported similar finding in L. rohita

fingerlings reared at ambient temperature.

5.2.3 DNA, RNA and DNA/RNA Ratio

In the present study, RNA and RNA/DNA ratio decreases significantly
(p<0.05) on exposure to low acidic pH (5.5), high alkaline pH (9.0) and higher
temperature (33°C) stress as compared to ambient temperature and pH, which was
further aggravated by combined effect of temperature and acidic (33°C x pH 5.5) or
alkaline pH stress (33°C x pH 9.0). The reduced values in the fishes exposed to
temperature and/or pH induced stress can be linked with the lower growth rate
incurred due to stress. The ratios between these two nucleic acids were reported to
reduce, when the fishes were exposed to high temperatures (Spigarelli and Smith,
1976) or heavy metal salts (Kearns and Atchison, 1979). On the contrary, the
higher RNA and RNA/DNA ratio was observed ambient temperature and pH group,
which can be correlated with higher the growth indices observed at ambient
temperature and pH. A strong positive correlation has been reported between
nucleic acid concentration and specific growth rate (Bulow, 1970; Bulow et al.,
1981; Haines, 1973; Fukuda et al., 2001). As the RNA content is related to rate of
protein synthesis, the RNA/DNA ratio can be used as an index of growth (Smith
and Buckley, 2003; Akhtar et al, 2012a). We did not observe any significant
change in DNA levels in both the tissue, and our findings are in support of Leslie

(1955) who found that DNA content per somatic cell is constant within a species.

5.2.4 Body Indices

In the present study, HSI decreases significantly (p<0.05) on
exposure to low acidic pH (5.5), high alkaline pH (9.0) and higher temperature
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(33°C) stress as compared to ambient temperature and pH, which was further
aggravated by combined effect of temperature and acidic pH (33°C x pH 5.5) or
alkaline pH stress (33°C x pH 9.0). The reduced values in the fishes may be due to
temperature and/or pH stress. However, GSI did not vary significantly among the
different treatment. Ciji et al. (2011) also reported higher HSI values in Labeo rohita

fingerlings reared at ambient water temperatures than the higher temperature.

5.2.5 Tissue Glycogen

Glycogen breakdown takes place due to effect of catecholamine
epinephrine/ nor epinephrine. Catecholamine epinephrine/ nor epinephrine induce
glycogenolysis through beta- adrenoreceptors (Sheridan and Muir, 1988). Several
researchers have studied glycogenolysis in response to various stressors. Increase
in glucose and concomitant decrease in glycogen on exposure to various
environmental toxicants has been reported (Singh and Aggarwal, 1986). Nakano
and Tomlinson et al. (1967) observed that all types of stress elevated the secretion
of catecholamine which in turn increased the breakdown of glycogen and elevated
blood glucose level. In the present study, glycogen content in liver and muscle
tissues decreased significantly (p<0.05) on exposure to low acidic pH (5.5), high
alkaline pH (9.0) and higher temperature (33°C) stress as compared to ambient
temperature and pH, which was further aggravated by combined effect of
temperature and acidic (33°C x pH 5.5) or alkaline pH stress (33°C x pH 9.0). The
increase in glucose and concomitant depletion in glycogen shows that the glycogen
was utilised for energy to cope with the temperature and/or pH induced stress. The

depletion of glycogen was lowest in ambient temperature and pH group.

5.2.6 Ascorbic Acid

Vitamin C is a major water soluble antioxidant and is capable of
maintaining sulphydryl compounds in a reduced state, particularly in several redox
reactions (Deshpande et al., 2002). Teleosts do not have an active L-gulonolactone
oxidase, the terminal enzyme in the ascorbic acid synthesis pathway (Dabrowski,
1990a). Thus, fishes are sensitive to a threshold level of vitamin C as they are
unable to synthesize it de novo (Dabrowski, 1990b). Vitamin C is considered to play

an important role in animal health as antioxidants, inactivating damage of free
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radicals produced during normal cellular activity from various stressors (Chew,
1995) have been reported, confirming protective roles of vitamin C. Cruz de
Menezes et al. (2006) and Norouzitallab et al. (2008) also reported that vitamin C is
well known for its anti-oxidative property and has also been used as an immuno-
modulator in aquaculture. In the present study, ascorbic acid content in muscle
tissue decreased significantly (p<0.05) on exposure to low acidic pH (5.5), high
alkaline pH (9.0) and higher temperature (33°C) stress as compared to ambient
temperature and pH, which was further aggravated by combined effect of
temperature and acidic (33°C x pH 5.5) or alkaline pH stress (33°C x pH 9.0). The
decrease in ascorbic acid content could be attributed to its maximum utilization
during temperature and/or pH induced stress. Das et al. (2009) also reported
decrease in ascorbic acid content at higher temperature. Similar results were also
found in thornfish, Therapon jarbua when exposed to thermal stress (Chien et al.,
1999).

5.2.7 Enzymatic Activity in Tissue
5.2.7.1 Enzymes of protein metabolism (AST/GOT and ALT/GPT)

Transaminases are the enzymes that redistribute amino nitrogen
among amino acids, forming new amino acid with the amino group from the pre-
existing ones. Non-essential amino acids required for growth and other metabolic
processes are produced by this manner. Amino acids are the major source of
energy in teleost (Belinski, 1974). Fishes utilize proteins and lipids prior to
carbohydrates (Demeal, 1978). Stress hormone cortisol induces gluconeogenesis,
which mobilize the protein source and lipid source for glucose synthesis. The most
important aminotransferases are aspartate amino transferases (AST) and alanine
amino transferases (ALT) (also called glutamate oxalo acetate transaminase or
GOT and glutamate pyruvate transaminase or GPT). AST transfers the amino
group of aspartic acid to a-keto glutarate and converts to glutamic acid forming
oxalo acetate. ALT transfers the amino group from alanine to a-keto glutarate
forming glutamic acid pyruvate. The pyruvate and oxalo-acetate thus formed are
responsible for the synthesis of non-essential amino acids like alanine, aspargine,
glutamine, etc. which in turn helps in protein synthesis and hence growth of the

animal. Apart from this the amino acids are deaminated or transaminated to
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produce TCA cycle intermediates also helping in energy production in the form of
ATP (De Silva and Anderson, 1995).

In the present study, AST and ALT activity in liver and muscle tissue
of L. gonius fingerlings increased significantly (p<0.05) on exposure to low acidic
pH (5.5), high alkaline pH (9.0) and higher temperature (33°C) stress as compared
to ambient temperature and pH, which was further aggravated by combined effect
of temperature and acidic (33°C x pH 5.5) or alkaline pH stress (33°C x pH 9.0).
The higher activity of both the transferase with temperature and/or pH stress,
creating higher free amino acid mobilization to produce higher glucose to cope up
with stress. Similar observation was made by Verma et al. (2006) in C. carpio with
temperature stress and in Tilapia with confinement stress (Vijayan et al., 1997). The
increase in activity indicates greater mobilization of amino acid for glucose
production via gluconeogenesis for glucose production to cope with stress
(Chatterjee et al., 2006). Knox and Greenland (1965) also reported that elevated
levels of transaminase activity during stress would lead to increased feeding of

ketoacids in to TCA cycle, there by affecting oxidative metabolism.

5.2.7.2 Enzymes of carbohydrate metabolism

Lactate dehydrogenase is the terminal enzyme of the glycolysis
(Embden-Meyerhoff pathway) pathway, which converts lactate to pyruvate in the
presence of coenzyme NADH which is converted to NAD®. Thus, lactate
dehydrogenage helps in maintaining the glycolysis cycle by supplying NAD*. In the
presence of enough oxygen pyruvate enters the Kreb’s cycle but when there is an
oxygen shortage in the tissue, pyruvate is converted to lactate (Murray et al., 2000).
Generally LDH activity increases in stress viz. temperature stress (Grigo, 1975) and
starvation stress (Vijayaraghavan and Rao, 1986). The increase in LDH activity
attributed to the production of preferred substrate (Lactate) for gluconeogenesis
under thermal stress (Chatterjee et al., 2006). A significant increase in LDH activity
was observed at higher acclimation temperature (Verma et al., 2006) that may be
due to higher production of lactate, indicating oxygen limited condition in the cell. In
the present study, LDH activity in liver and muscle tissue of L. gonius fingerlings
increased significantly (p<0.05) on exposure to low acidic pH (5.5), high alkaline pH

(9.0) and higher temperature (33°C) stress as compared to ambient temperature
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and pH, which was further aggravated by combined effect of temperature and
acidic (33°C x pH 5.5) or alkaline pH stress (33°C x pH 9.0). The LDH activity in
different treatment groups suggesting that the animals under stress showed
increased lactate production for gluconeogenesis, this is supported by Chatterjee et
al. (2006) and Verma et al. (2006).

Malate Dehydrogenase (MDH) is an enzyme of TCA cycle, which
oxidizes malate to oxaloacetate, using NAD" as the electron acceptor. The activity
of MDH showed an increase during gluconeogenesis and oxaloacetate is formed
from the deamination of aspartate and malate or phosphoenol pyruvate from
pyruvate. The conversion of oxaloacetate to malate in the mitochondria and the
reverse in cytoplasm is catalyzed by MDH (Das, 2002c). Verma et al. (2006)
observed that there was a significant increase in MDH activity in C. carpio
fingerlings acclimated at higher temperatures in order to use the product
(oxaloacetate) due to the higher activity of AST for production of more energy
(ATP), which may be utilized for other physiological activities. Glucose might have
therefore mobilized through non-carbohydrate source; mainly by protein, as
transaminase activities were more at higher temperatures. Result also strengthens
the fact that higher temperature induces amino acid mobilization (alanine,
aspartate). In the present study, MDH activity in liver and muscle tissue of L. gonius
fingerlings increased significantly (p<0.05) on exposure to low acidic pH (5.5), high
alkaline pH (9.0) and higher temperature (33°C) stress as compared to ambient
temperature and pH, which was further aggravated by combined effect of
temperature and acidic (33°C x pH 5.5) or alkaline pH stress (33°C x pH 9.0). The
higher activity of MDH is indicative of greater activity of TCA cycle due to increased
energy demands during temperature and/or pH stress. This is supported by the
findings of Das et al. (2006).

5.2.7.3 Enzyme of neurotransmission (AchE)

Acetyl choline esterase (AchE) is one of the most widely used
enzymes as a biomarker for environmental pollution. Biomarkers are defined as
biochemical, cellular or physiological variations which can be measured in an
organism as response to an environmental perturbation or a contamination event

(Livingstone et al., 1997). Among different biomarkers, a prominent position is
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occupied by the measure of acetylcholine esterase inhibition. Acetylcholine is
widely distributed in nervous tissue, stored and released from the synaptic vesicles.
It helps in the depolarization in an adjacent neuron and thus passes nerve impulse.
Acetylcholine is rapidly destroyed by choline esterase, a group of related enzymes
which are hydrolytic in action (Stowe, 1969). It is well known that some pesticides
inhibit AchE which increases the acetylcholine and stimulates the medullary cells to
release catecholamine (Stowe, 1969) and also increase in aberrant behaviour
(Murthy et al., 1984; Jones et al., 1999). Increased catecholamine may affect the
activity of enzymes involved in glycogen synthesis and glycogenolysis. Thus, stress
has an effect on physiological parameters as well as neurotransmission. In the
present study, AchE activity in brain tissue of L. gonius fingerlings decreased
significantly (p<0.05) on exposure to low acidic pH (5.5), high alkaline pH (9.0) and
higher temperature (33°C) stress as compared to ambient temperature and pH,
which was further aggravated by combined effect of temperature and acidic (33°C x
pH 5.5) or alkaline pH stress (33°C x pH 9.0). Similar observation was made by

Verma et al. (2006) in C. carpio fingerlings at higher temperature.

5.2.7.4 Enzymes of oxidative stress (Catalase, SOD and GST)

Under normal physiological conditions animal cell produces reactive
oxygen species (ROS) such as HxO, O2, OH  that may damage most cellular
components leading to cell death. When the rate of ROS generation exceeds that
of their normal, oxidative stress occurs. Oxidative stress results when the
antioxidant defenses are overcome by pro-oxidant forces and reactive oxygen
species are not adequately removed (Sies et al, 1986). Living organisms are
protected from the danger of reactive oxygen species (ROS) by several defense
mechanisms including antioxidant enzymes such as superoxide dismutase,
catalase, glutathione peroxidase, glutathione reductase, etc. Antioxidants also act
in conjunction with these enzymatic defenses. Superoxide dismutase (SOD), a
cytosolic enzyme that is specific for scavenging superoxide radicals (O2) is
involved in protective mechanisms within tissue injury following oxidative process
and phagocytosis. Catalase (CAT) is another major primary antioxidant defense
component that works primarily to catalyze the decomposition of H.O. to H-0,
sharing this function with glutathione peroxidase (GPX). Therefore both these

enzymes detoxify HoO, derived from SOD activity. In the presence of low H>O»
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levels, organic peroxides are the preferred substrate for GPX. However at high
H.O. concentrations they are metabolized by CAT (Yu, 1995). Changes in
antioxidative enzymes can be used as stress indicators in fish (Akhtar et al., 2010;
Ciji et al.,, 2012). In the present study, catalase, SOD and GST activity in liver and
gill tissues of L. gonius fingerlings increased significantly (p<0.05) on exposure to
low acidic pH (5.5), high alkaline pH (9.0) and higher temperature (33°C) stress as
compared to ambient temperature and pH, which was further aggravated by
combined effect of temperature and acidic (33°C x pH 5.5) or alkaline pH stress
(33°C x pH 9.0).

5.2.7.5 Enzyme of phospho monoesterase (ALP)

Alkaline phosphatase is zinc containing metallo-enzyme, which plays
an important role in metabolism of phosphorus in the body. It is involved in
membrane transport, glycogen metabolism, protein synthesis, calcium absorption
and many other physiological processes including secretary function. In the present
study, ALP activity in liver, gill and muscle tissues of L. gonius fingerlings increased
significantly (p<0.05) on exposure to low acidic pH (5.5), high alkaline pH (9.0) and
higher temperature (33°C) stress as compared to ambient temperature and pH,
which was further aggravated by combined effect of temperature and acidic (33°C x
pH 5.5) or alkaline pH stress (33°C x pH 9.0). The higher ALP activity with
temperature and/or pH stress may be due to hydrolysis of high- energy phosphate
bonds to liberate phosphate ions to combat stressful condition or higher metabolic
rate. Similar observation was made by Verma et al. (2006) in C. carpio fingerlings.

5.2.7.6 Enzyme of gluconeogenic pathways (FDpase)

In the present study, FDpase activity in liver and gill tissues of L.
gonius fingerlings increased significantly (p<0.05) on exposure to low acidic pH
(5.5), high alkaline pH (9.0) and higher temperature (33°C) stress as compared to
ambient temperature and pH, which was further aggravated by combined effect of
temperature and acidic (33°C x pH 5.5) or alkaline pH stress (33°C x pH 9.0). The
increase in FDPase activity with temperature and/or pH stress indicates that
gluconeogenic pathway gets activated to cope with the increasing metabolic
demand at temperature and/or pH stress. A consistent increase of transmaninase
might have provided the substrate for gluconeogenesis (Suarez et al.,, 1987; Moon
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and Foster, 1995). Hence, temperature and/or pH stress may increase energy
demands in the L. gonius fingerlings by increasing FDPase activity.

5.2.7.7 Enzyme of pentose phosphate pathway (G6PDH)

G6PDH is an enzyme of the pentose phosphate pathway or hexose
monophosphate shunt. It mediates the conversion of glucose-6-phosphate to 6-
phospho-gluconolactone using NADP* as a coenzyme and releases NADPH. This
pathway activity increases when the requirement of NADPH increases especially
during the synthesis of fatty acids, cholesterol and sphingolipids (lipid anabolism).
NADPH produced is also required by NADPH oxidase in producing superoxide
anions for destroying phagocytosized material. So, the enzyme activity may
increase with increase in phagocytosis (Das, 2002b).

In the present study, G6PDH activity in liver and gill tissues of L.
gonius fingerlings decreased significantly (p<0.05) on exposure to low acidic pH
(5.5), high alkaline pH (9.0) and higher temperature (33°C) stress as compared to
ambient temperature and pH, which was further aggravated by combined effect of
temperature and acidic (33°C x pH 5.5) or alkaline pH stress (33°C x pH 9.0). The
lower activity of enzyme at temperature and/or pH stress might be due to higher
cortisol level. The lower activity of G6PDH at higher temperature is reported by
Verma et al. (2006) in C. carpio fingerlings. Reduction of G6PDH activity with
increased cortisol concentration was reported by Tripathi and Verma (2003) in

fishes.

5.2.7.8 Enzyme of energy metabolism (ATpase)

It hydrolyzes a high-energy phosphate of ATP and utilizes that energy
for the simultaneous transport of three Na* ions outward and two K* ion inward
across the plasma membrane (Das, 2002a) i.e. ATPase hydrolyzes the high energy
phosphate (ATP) and utilizes the energy to maintain ionic gradient across the
plasma membrane. The activity of this enzyme is inhibited by the depletion of
substrate ATP or due to some organochlorines. Stress leads to imbalance in
osmoregulation. In freshwater, Na* and CI ions are lost and in marine water the

ions are gained (Mazeaud et al., 1977).
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In the present study, ATpase activity in gill and liver tissues of L.
gonius fingerlings decreased significantly (p<0.05) on exposure to low acidic pH
(5.5) and high alkaline pH (9.0) stress as compared to ambient temperature and pH
group, which was further aggravated by combined effect of temperature and acidic
(33°C x pH 5.5) or alkaline pH stress (33°C x pH 9.0). However, there was no
significance difference among ambient temperature and 33°C group.

5.2.7.9 Digestive enzyme (Protease)

In the present study, protease activity in intestinal tissue of L. gonius
fingerlings decreased significantly (p<0.05) on exposure to low acidic pH (5.5), high
alkaline pH (9.0) and higher temperature (33°C) stress as compared to ambient
temperature and pH, which was further aggravated by combined effect of
temperature and acidic (33°C x pH 5.5) or alkaline pH stress (33°C x pH 9.0). The
decrease in enzyme activity with temperature and/or pH stress indicates is due to
inappropriate utilization of nutrients. Prabhu (2012) also reported to decrease in

protease activity on exposure to elevated temperature and endosulfan stress.

5.2.8 Haemato-immunological Parameters

5.2.8.1 Erythrocyte (RBC), haemoglobin (Hb) and haematocrit (Hct)

In the present study, RBC, Hb and Hct count of L. gonius fingerlings
decreased significantly (p<0.05) on exposure to low acidic pH (5.5), high alkaline
pH (9.0) and higher temperature (33°C) stress as compared to ambient temperature
and pH, which was further aggravated by combined effect of temperature and
acidic (33°C x pH 5.5) or alkaline pH stress (33°C x pH 9.0). This indicates reduced
blood oxygen carrying capacity in both the stressed groups. The decreased value
could be due to the erythrocytic cell lysis of blood cells and an increased removal of
RBCs from the circulation as suggested in carp (Jensen, 1990; Knudsen and
Jensen, 1997) or haemodilution (Wedemeyer et al., 1984). Reduction in serum
protein content in in the present study also supports the view of erythrocytic cell
lysis and haemodilution. Akhtar et al. (2011) also reported reduced RBC, Hb and
Hct count in L. rohita fingerlings at 33°C and higher count at 26°C. Das et al. (2006)
also reported significant reduction in RBC and Hb count at acidic pH 5.5 and

alkaline pH 9.0 in Indian major carps.
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5.2.8.2 Leucocyte (WBC) count

Leucocytes (WBC) play an important role for enhancing non-specific
or innate immunity, which is considered as an indicator of the health status of fish
(Roberts, 1978). The leukocytes are involved in regulation of immunological
function in the organism (Santhakumar et al,, 1999). A reduced white blood cell
count is usually used a biochemical indicator of immunosuppression caused by
various stressors (Kopp et al. 2010).

In the present study, WBC count of L. gonius fingerlings decreased
significantly (p<0.05) on exposure to low acidic pH (5.5), high alkaline pH (9.0) and
higher temperature (33°C) stress as compared to ambient temperature and pH,
which was further aggravated by combined effect of temperature and acidic (33°C x
pH 5.5) or alkaline pH stress (33°C x pH 9.0). This may be due to increased basal
cortisol level, which reduces leucocyte count either due to increased apoptosis,
reduction in leucocyte proliferation or leucocyte redistribution or weakening of the
leucopoiesis process. Verma et al. (2007) also reported reduction in leucocyte in C.
carpio fingerlings on exposure to higher temperature, which was exacerbated on
concurrent exposure of temperature and chlorine stress. Similarly, Akhtar et al.
(2011) also reported reduced WBC count in L. rohita fingerlings at 33°C and higher
values at ambient temperature. Das et al. (2006) also reported reduction in
leucocyte count at acidic pH 5.5 and alkaline pH 9.0 in Catla catla and Cirrhinus
mrigala fingerlings.

5.2.8.3 Nitroblue tetrazolium (NBT)

The phenomenon known as respiratory burst gives a measure of
oxygen dependent defense mechanism in vertebrate phagocytic cells, wherein
there is generation of reactive oxygen intermediates with powerful anti-microbial
activity (ltou et al., 1997). Increased respiratory burst activity can be correlated with
increased bacterial pathogen killing activity of phagocytes (Sharp and Secombes,
19983) and hence a better immunity. The respiratory burst activity of phagocytes
was measured by reduction of NBT by intracellular superoxide radicals produced by

leucocytes.

In the present study, NBT activity of L. gonius fingerlings decreased

significantly (p<0.05) on exposure to low acidic pH (5.5), high alkaline pH (9.0) and
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higher temperature (33°C) stress as compared to ambient temperature and pH,
which was further aggravated by combined effect of temperature and acidic (33°C x
pH 5.5) or alkaline pH stress (33°C x pH 9.0). Verma et al. (2007) also reported
reduction in NBT activity on exposure to higher temperature, which was
exacerbated on concurrent exposure of temperature and chlorine stress in C.
carpio fingerlings. Similarly, Akhtar et al. (2011) also reported reduced NBT activity

in L. rohita fingerlings at 33°C and higher values at ambient temperature.

5.2.8.4 Blood glucose

Glucose is one of the most important sources of energy for the
animals and glucose has been studied as an indicator of stress caused by physical
factors (Manush et al., 2005). Nakano and Tomlinson (1967) observed that all types
of stress elevated the secretion of catecholamine which in turn increased the
breakdown of glycogen and enhanced blood sugar level. The elevation of blood
sugar levels in fish by both corticosteroids and catecholamines makes it the ideal
parameter to study the secondary stress response, on activation of direct
sympathetic (Chromaffin tissue) as well as humoral (internal tissue) pathways
(Wedemeyer and Mcleay, 1981).

In the present study, blood glucose level of L. gonius fingerlings
increased significantly (p<0.05) on exposure to low acidic pH (5.5), high alkaline pH
(9.0) and higher temperature (33°C) stress as compared to ambient temperature
and pH, which was further aggravated by combined effect of temperature and
acidic (33°C x pH 5.5) or alkaline pH stress (33°C x pH 9.0). Das et al. (2009) also
reported increase level of blood glucose at higher temperature and low level at
ambient temperature. Das et al. (2006) observed higher blood glucose at acidic pH
5.5 and alkaline pH 9.0 in C. catla and C. mrigala fingerlings. The reason for
increase in blood glucose may be due to higher cortisol levels, which is a
hyperglycemic hormone. Nakano and Tomlinson (1967) also observed that all types
of stress elevated the secretion of catecholamine which in turn increased the
breakdown of glycogen and enhanced blood sugar level. Another reason could be
increased in glycolysis is also indicated by increased LDH activity in liver and
muscle due to higher production of lactate. Similar observation was made by
Suarez and Mommsen (1987), Moon and Foster (1995) and Verma et al. (2006).
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5.2.8.5 Albumin (A), globulin (G), A-G ratio and total serum protein

Proteins are the most important compounds in the serum, and their
concentration is used as a basic index for the health status of fish (Buchanan et al.,
1997). Among the serum protein, albumin and globulin are the major proteins,
which play a significant role in the immune response (Kumar et al, 2007). The
gamma globulin fraction is the source of almost all the immunological active protein
of the blood. Globulins like gamma globulins are absolutely essential for
maintaining a healthy immune system. Serum albumin and globulin values in the
fishes treated with different immunostimulants were always found to be higher than
control. An increase in the serum protein, albumin and globulin levels are thought to
be associated with a stronger innate response in fishes (Wiegertjes et al., 1996).

In the present study, serum total protein, albumin and globulin levels
decreased significantly (p<0.05) on exposure to low acidic pH (5.5), high alkaline
pH (9.0) and higher temperature (33°C) stress as compared to ambient temperature
and pH, which was further aggravated by combined effect of temperature and
acidic (33°C x pH 5.5) or alkaline pH stress (33°C x pH 9.0). On the contrary, A-G
ratio increases significantly. The serum protein reduction may be attributed to
protein catabolism, the process converting blood and structural protein to energy, to
meet the higher energy demand during the prevailing stress. Das et al. (2006) also
reported reduction in total serum protein at low acid pH 5.5 and high alkaline pH 9.0
in C. catla and C. mrigala fingerlings. Haemolysis of erythrocytes, already been
implicated in this species in the present study, also might have caused dilution of
the plasma volume contributing to some extent in such reduction of serum protein
content (Das et al., 2004). Verma et al. (2007) also reported reduced level of serum
total protein, aloumin and globulin on exposure to higher temperature, which was
exacerbated on concurrent exposure of temperature and chlorine stress. Akhtar et
al. (2011) also reported reduced albumin in L. rohita fingerlings at 33°C and high

values at ambient temperature.

5.2.8.6 Lysozyme activity

Lysozyme is known to act as an important innate defense mediator
against parasitic, bacterial and viral infections, and in response to infection, its

activity is found to increase in fish blood (Ingram, 1980). Lysozyme plays important
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role in innate immunity by lysis of bacterial cell wall and thus stimulates the
phagocytosis of bacteria (Ellis, 1990). Lysozyme activity can be affected by
stressors, infectious micro-organisms (Mock and Peters, 1990). Temperature also
plays an important role in regulating lysozyme activity in fish (Ndong et al., 2007).
An increased level has been considered a natural protective mechanism in fish
(Ingram, 1980).

In the present study, lysozyme activity decreased of L. gonius
fingerlings increased significantly (p<0.05) on exposure to low acidic pH (5.5), high
alkaline pH (9.0) and higher temperature (33°C) stress as compared to ambient
temperature and pH, which was further aggravated by combined effect of
temperature and acidic (33°C x pH 5.5) or alkaline pH stress (33°C x pH 9.0).
Dominguez et al. (2005), who observed a reduction in plasma lysozyme of Nile
tilapia when exposed to 33°C from 28°C. Akhtar et al. (2011) also reported to
reduced lysozyme activity in L. rohita fingerlings at 33°C and high values at ambient
temperature. Similar observation was made by Mock and Peters (1990), strong
stressors such as transportation or acute water pollution reduced the lysozyme
level in rainbow trout. Jeney et al. (1997) also reported reduced lysozyme activity in
rainbow trout due to transportation stress. This may be due to higher cortisol levels,
which protects these cells from apoptosis and stimulates non-specific immune

system during stress condition.

5.2.9 Serum Enzyme Activity
5.2.9.1 Serum GOT/AST and GPT/ALT

In the present study, amino transferase (AST and ALT) activity in
serum of L. gonius fingerlings increased significantly (p<0.05) on exposure to low
acidic pH (5.5), high alkaline pH (9.0) and higher temperature (33°C) stress as
compared to ambient temperature and pH, which was further aggravated by
combined effect of temperature and acidic (33°C x pH 5.5) or alkaline pH stress
(33°C x pH 9.0). The higher activity of both the transferase with temperature and/or
pH stress, creates higher free amino acid mobilization to produce higher glucose to
cope up with stress, this is supported by Verma et al. (2006) and Chatterjee et al.
(2006).
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5.2.9.2 Serum ALP and ACP

In the present study, ALP and ACP activity in serum of L. gonius
fingerlings increased significantly (p<0.05) on exposure to low acidic pH (5.5), high
alkaline pH (9.0) and higher temperature (33°C) stress as compared to ambient
temperature and pH, which was further aggravated by combined effect of
temperature and acidic (33°C x pH 5.5) or alkaline pH stress (33°C x pH 9.0). An
increase in the activity of the two enzymes with temperature and/or pH stress is an
indicative of cell damage in liver, intestine or kidney. These findings are supported
by Vasudevan and Sreekumari (1998) and Kumar et al. (2006).

5.2.9.3 Serum LDH

In the present study, LDH activity in serum of L. gonius fingerlings
increased significantly (p<0.05) on exposure to low acidic pH (5.5), high alkaline pH
(9.0) and higher temperature (33°C) stress as compared to ambient temperature
and pH, which was further aggravated by combined effect of temperature and
acidic (33°C x pH 5.5) or alkaline pH stress (33°C x pH 9.0). This suggests animals
under chronic temperature and/or pH stress showed increased lactate production
for gluconeogenesis; this is supported by Chatterjee et al. (2006) and Verma et al.
(2006).

5.2.10 Serum Cortisol

Corticotropin-releasing hormone (CRH) or factor (CRF) released from
hypothalamus of the brain stimulates corticotrophic cells of anterior pituitary
(adenohypophysis) to secrete adrenocorticotropic hormone (ACTH), which
stimulates interrenal cells (adrenal cortex homologue) to synthesize and release
corticosteroids particularly cortisol (Balm et al, 1994). This is the principal
corticosteroid in fish (Henderson and Garland, 1980; Pickering, 1993; Schreck,
1996). The steroid hormone cortisol is widely accepted as an indicator of stress in
fish, generally increases after exposure to physical stressors (Schreck, 1981;
Barton and Iwama, 1991; Wendelaar Bonga, 1997; Barton, 2002). Plasma cortisol
level is a general indicator of stressful conditions in vertebrates, particularly in fish
(Pickering et al., 1989). Environmental parameters including temperature and other

stressors have been shown to affect the cortisol response (Barton et al., 1988;
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Lankford et al., 2003; Davis, 2004; Tejpal et al., 2009; Hoseini and Hosseini, 2010;
Costas et al., 2012; Akhtar et al., 2012b).

In the present study, cortisol level in serum of L. gonius fingerlings
increased significantly (p<0.05) on exposure to low acidic pH (5.5), high alkaline pH
(9.0) and higher temperature (33°C) stress as compared to ambient temperature
and pH, which was further aggravated by combined effect of temperature and
acidic (33°C x pH 5.5) or alkaline pH stress (33°C x pH 9.0). The high level of
serum cortisol indicates secretion of cortisol due to chronic temperature and/or pH
stress, which leads to immunosuppression in L. gonius fingerlings. However, the

intensity varies with the amount of exposure.

5.2.11 Hsp-70 Expression

Members of heat shock protein 70 (Hsp-70) are highly conserved
proteins of about 70 kDa and play important roles in protein folding. Levels of these
proteins increase when cells are under stress. Environmental temperature
influences both the basal and induced levels of HSPs (Das et al., 2005).  Besides
by classical heat shocks, HSP synthesis is induced by a wide range of stressors
(Das et al., 2005). Heat shock protein synthesis has also been reported during
oxidative stress, patho-physiological conditions (Hendrick and Hartl 1993; Yu,
1995). The sensitivity, lack of stressor specificity and highly conserved nature
characterize HSPs as potential environmental biomarkers (Sanders, 1993). Under
normal physiological conditions HSPs are not apparent in many organisms (Currie
et al, 2000), but some show detectable levels (Dietz and Somero, 1992). Large
amounts of constitutive HSP70 have been detected in salamanders, turtles and fish
(Yu et al., 1994). Moreover, the same or related species of animals from different
ecological habitats may show different degrees of heat shock HSP expression
(Tomanek and Somero, 1999).

In the present study, Hsp-70 expression in serum and tissues of L.
gonius fingerlings increased significantly (p<0.05) on exposure to low acidic pH
(5.5), high alkaline pH (9.0) and higher temperature (33°C) stress as compared to
ambient temperature and pH, which was further aggravated by combined effect of
temperature and acidic (33°C x pH 5.5) or alkaline pH stress (33°C x pH 9.0). The

expression Hsp-70 in muscle tissues was significantly low as compared to others
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tissues and serum in all treatments groups. The high levels of Hsp-70, suggests
cross protection against the chronic temperature and/or pH stress. However,
expression varies based on the amount of exposure. Das et al. (2006) reported that
higher temperature can linearly induce Hsp production in L. rohita fingerlings.
HSPs, temperature associated stress indicators, are expressed differently with
varying temperature (Mohapatra et al., 2013). Mohapatra et al. (2014) also reported
quantitative expression of Hsp-70 at higher temperatures. HSPs are also
considered to be the key markers for fluctuating temperature and it has been shown

that the protective mechanism of an animal (Hartl, 1996).

5.2.12 Caspase-3 Activity

Caspases are aspartic acid proteases which takes part an important
role in the apoptosis process. There are two groups of caspases taking part in
apoptosis, as initiators and executioners. Caspases 2, 8, 9 and 10 are initiators and
caspases 3 and 6 are executioners (Mary Lini et al., 2013).

In the present study, caspase-3 activity in serum of L. gonius
fingerlings was studied and found to increased significantly (p<0.05) on exposure to
low acidic pH (5.5), high alkaline pH (9.0) and higher temperature (33°C) stress as
compared to ambient temperature and pH, which was further aggravated by
combined effect of temperature and acidic (33°C x pH 5.5) or alkaline pH stress
(33°C x pH 9.0). The high level of caspase-3 activity may be related to the
enhancement of programmed cell death due to temperature and/or pH stress. The
apoptosis might be due to the failure of cellular defense mechanism under
excessive stressful condition (Li et al., 2012). However, the activity varies based on
amount stress incurred to the organism. Our results are also supported by the
finding of (Mosser et al., 2000). A diverse range of stimuli including UV irradiation,
cytotoxic drugs, growth factor deficiency, heat shock and viral infection have been
shown to induce apoptosis in various cell types (Vaux, 1993). During apoptosis,
members of the caspase protease family are activated, and the cells undergo rapid
death (Yuan et al, 1993; Henkart, 1996). Induction of the stress responsive heat
shock protein (Hsp-70) observed during the present study may also accelerate
apoptosis in various fish tissues (Stenslgkken et al., 2010; Yamashita et al., 2010).
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5.2.13 Thyroid Hormones (T3 and T4)

The thyroid hormones thyroxine (T4) and tri-iodothyronine (T3) are
known to play an important role in fish growth (Miwa and Inui, 1985) and early
development (Brown, 1997). Arjona et al. (2008) also reported that the thyroid
hormones are known to play key roles on growth, development, and reproduction
and stress responses in fishes. A decrease in T3 and T4 levels was reported in fish
under stress (Klaren et al., 2007). When fish are exposed to stressors the levels of
thyroid hormones have been demonstrated to be decreased (Deane et al., 2001)
Specific metabolic functions of thyroid hormones have been documented in a

number of studies, which correlate with its growth-promoting activities (Gorg, 2007).

In the present study, thyroid hormone levels in serum of L. gonius
fingerlings decreased significantly (p<0.05) on exposure to low acidic pH (5.5), high
alkaline pH (9.0) and higher temperature (33°C) stress as compared to ambient
temperature and pH, which was further aggravated by combined effect of
temperature and acidic (33°C x pH 5.5) or alkaline pH stress (33°C x pH 9.0). The
reduction in T4 hormone level was much higher than the T3 hormone. The reduced
growth rate in the fishes exposed to chronic temperature and/or pH stress can be
linked with the reduced level of thyroid hormone levels and vice versa. During the

study, a linear relation between weight gain % and thyroid hormone was observed.

5.2.14 Serum Electrolytes (Na*, K* and CI")

Water pH plays an important role in maintenance of the homeostasis
in aquatic animals and changes in pH are reported to cause disturbances in acid-
base and ion regulation and ammonia excretion (Wood et al., 1989; Wilkie and
Wood, 1991; Wilkie et al., 1993; Jensen and Brahm, 1995). The fish gill is highly
permeable to hydrogen ions. The significant influx of H* at low environmental pH
has also marked effect upon the respiratory homeostasis and osmoregulatory
process. The effect of low environmental pH on fish includes increased branchial
loss of ions, reductions in plasma pH, bicarbonate, Na® and CI~ concentrations,
slowing of apical H"/Na* exchanger process (Ultsch et al., 1981), increased urinary
excretion of surplus H* ions for compensation of the net base loss at branchial
epithelium (McDonald and Millican, 1981). Besides increases in blood pH and

plasma ammonia concentrations, exposure to high water pH also reduces plasma
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electrolytes such as Na* and CI7, reduction in the blood protein and haemoglobin
concentration (Wood et al., 1989; Wilkie and Wood, 1991; Wilkie et al., 1993).

In the present study, Na® and CI" in serum of L. gonius fingerlings
decreased significantly (p<0.05) on exposure to low acidic pH (5.5), high alkaline
pH (9.0) stress as compared to ambient temperature and pH group, which was
further aggravated by combined effect of temperature and acidic (33°C x pH 5.5) or
alkaline pH stress (33°C x pH 9.0) group. On the contrary, K* follows an opposite

trend on exposure to temperature and/ or pH stress.

The fish qill is highly permeable to hydrogen ions. The main structural
target of H" is likely to be the gills and the physiological target is likely to be ion
regulation (McDonald, 1983). The variations in water pH are reported to cause
disturbances in acid-base and ion regulation and ammonia excretion (Wood et al.,
1989; Wilkie and Wood, 1991; Wilkie et al., 1993; Jensen and Brahm, 1995).
Numerous researchers have reported decrease in Na® and Cl" on exposure to low
acidic and high alkaline pH in fishes (Ultsch et al., 1981; Wood et al., 1989; Wilkie
and Wood, 1991; Wilkie et al., 1993). The rise in serum K" and decline in Na* level
in the present study can also be correlated with the inhibition of Na*/ K" - ATPase
enzyme activity observed during the present study. Jensen et al. (1987) also
explained that the inhibition of Na*/K'- ATPase enzyme results in tissue K" efflux

and Na* uptake in fish.

5.2.15 Serum Osmolality

In the present study, osmolality in serum of L. gonius fingerlings
decreased significantly (p<0.05) on exposure to low acidic pH (5.5) and high
alkaline pH (9.0) stress as compared to ambient and higher temperature (33 °C)
group, which was further aggravated by combined effect of temperature and acidic
(33°C x pH 5.5) or alkaline pH (33°C x pH 9.0) stress. The reduction of serum
osmolality can be correlated mainly with the reduction of serum Na* and CI levels
observed during the present study. McDonald and Millican (1992) also mentioned
that the sodium is the major cation in the blood of fishes and together with chloride
contributes most to the serum osmolality. McDonald and Millican (1992) have

argued that electrolyte measurements are more reliable than measurement of
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serum osmolality and osmotic effects can be monitored by Na® and CI

measurements.

5.2.16 Histological Study

In the present study, histological study was carried out at the end of
the experiment in gill, liver and intestinal tissue of L. gonius fingerlings exposed to
multiple stressors. Histological study confirms that structural changes in gill, liver
and intestinal tissues of L. gonius fingerlings increased significantly (p<0.05) on
exposure to low acidic pH (5.5), high alkaline pH (9.0) and higher temperature
(33°C) stress as compared to ambient temperature and pH, which was further
aggravated by combined effect of temperature and acidic (33°C x pH 5.5) or
alkaline pH stress (33°C x pH 9.0). However, there were no changes at ambient
temperature 27°C and pH 7.5 group.

The gills, which participate in many important functions in the fish,
such as respiration, osmoregulation and excretion, remain in close contact with the
external environment and particularly sensitive to changes in the quality of the
water are considered the primary target of the contaminants (Camargo et al., 2007;
Fernandes et al, 2003). Kaoud and El-Dahshan (2010) also reported the
histopathological alteration due to prolonged exposure to heavy metal resulted in
respiratory, osmoregulatory and circulatory impairment. Dash et al. (2011) reported
damaged qill lamella at higher acclimated temperature. These reports support the
present finding on the alteration of the qill structure of L. gonius fingerlings exposed

to temperature and/or pH stress.

The most common alterations in the liver of the fingerlings in the
present study at temperature and/or pH stress are vacuolation of the hepatocytes.
The vacuolation of the hepatocytes might indicate an imbalance between the rates
of synthesis of substances in parenchymal cells and rate of their release into
circular system (Gernhofer et al., 2001). Liver of fish is sensitive to environmental
contaminants because many contaminants tend to accumulate in the liver and
exposing it to a much higher levels than in the environment, or in other organs
(Heath, 1995). Dash et al. (2011) also reported vacuolation of haepatocyte at

higher acclimated temperature.
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According to Bhatnagar et al (2007), the observed irritation and
destruction of the mucosa membrane of the intestine, hampers absorption. The
pathological alterations in the intestine of the studied fish are in agreement with
those observed by many investigators about the effects of different toxicants on fish
intestine (Hanna et al, 2005; Cengiz et al, 2006). Epithelial degeneration,
inflammatory cells infiltration in the sumucosa as well as submucosal edema was

seen in the intestine of tilapia fish exposed to carbofuran (Soufy et al., 2007).

Results of the histological study confirmed that there are no changes
or damaged in histoarchitecture of tissues at ambient temperature 27°C and pH 7.5,
whereas changes occur at pH (5.0 and 9.0) and temperature (33°C) stress, which
become severe on exposure to their combined effect. So, rearing the species at
ambient temperature and pH will be an ideal condition not only for better
physiological activity but also better growth and survival of the species. Otherwise,
we have to find a stress mitigation measure to overcome the problems incurred due
to temperature and/or pH stress. Histological alterations in all the tissues are due to
the prolonged exposure of the fingerlings to temperature and/or pH stress.
However, the rate of changes depends on the amount and time of exposure. The
changes are a clear indication of stress which may be due to increase in metabolic

activity, accumulation of toxic metabolites, oxygen deprivation, etc.

5.2.17 Scanning Electron Microscopy (SEM) of Gill Tissue

Gills are vital structures for fish, since they are the main site for
gaseous exchange (Hughes, 1966) as well as partially responsible for
osmoregulation (Gonzales and McDonald, 1992), acid base balance (Goss et al.,
1992), excretion of nitrogenous compounds (Sayer and Davenport, 1987) and taste
(Rios and Fanta, 1998) through surrounding environment to the body. Hence, qill
plays a very important physiological function in case of fish. Fish gills can be used
as model for studies on environmental impact (McKim and Erickson, 1991). Laurent
and Perry (1991) consider the morphologic changes in gills, as a consequence of
environmental changes, as adaptive attempts in conserving some physiological
functions. It has been shown in animal that extreme temperature changes induce
stress in organism and that is characterized by changes at the physiological (Trot,
2011) as well as the cellular architectural levels (Egginton and Sidell, 1989).
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In the present study, SEM study confirms the results of the histological
study. Ultra-structural changes in gill tissue of L. gonius fingerlings increased
significantly (p<0.05) on exposure to low acidic pH (5.5), high alkaline pH (9.0) and
higher temperature (33°C) stress, as compared to ambient temperature and pH
group, which was further aggravated by combined effect of temperature and acidic
(33°C x pH 5.5) and alkaline pH stress (33°C x pH 9.0).

Fish gills were taken into consideration for present investigation as
they were in direct contact with environment and therefore, gills could be good
indicators of water quality. McKim and Erickson (1991) reported that fish gills can
be used as model for studies on environmental impact. Conduction of heat between
the environment and fish is mediated through the gills; hence, gills are regarded as
the heat exchanger. Therefore, gills are considered to be the most appropriate
organ for indicating thermal pollution (Alazemi et al., 1996) and consequently in all
the pollution studies in gill tissues of fish should be invariably become an organ of
paramount importance to assess the magnitude of damage. Acharya et al. (2005)
reported that exposure of L. rohita fingerlings to to acidic pH 5.5 and alkaline pH 9.0

affects physiological process and structural changes in gill tissue.

Fish exposed to temperature and/or pH stress may suffer respiratory
stress and nervous disorders. Increasing stress level exerts a dual effect on their
oxygen demand-supply ratio. Warmer waters carry less dissolved oxygen, yet the
oxygen uptake by aquatic organisms is increased due to their higher metabolic rate.
Earlier investigations on various fishes indicated that metabolic activity increased
with increasing acclimation temperatures (Manush et al, 2004; Debnath et al.,
2006). Electron Microscopy study of the gill tissue of freshwater prawn tissue also
showed damaged at higher acclimatization temperature (Manush et al., 2007). Das
et al. (2014) also observed damaged lamellae at temperature extremes in electron
microscopy study. Laurent and Perry (1991) consider the morphologic changes in
gills, as a consequence of environmental changes, as adaptive attempts in
conserving some physiological functions. From the results of the study, it is evident
that long-term exposure to temperature and/or pH stress may cause respiratory
stress, which ultimately may leads to death of the species.
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5.3 Experiment 3

In aquaculture system, application of dietary supplements is found to
be beneficial as growth promoter, immunomodulator and also as a stress mitigator.
A number of natural and synthetic compounds have been applied as in many fish
species such as vitamin C, vitamin E, beta glucan, pyridoxine, methyl donor,
microbial levan, etc. These have been proven to be beneficial for their multiple
functions. Tryptophan is an essential amino acid, which cannot be synthesized in
the body and thus must be obtained from food or supplements. In addition to being
a constituent of protein, it acts as a precursor of neurotransmitter serotonin and
nicotinic acid. However, there is no information on the application L-TRP as dietary
supplement on Labeo gonius species. Hence, the present experiment was intended
to evaluate the growth and immunmodulatory responses of L. gonius fingerlings to

dietary L-TRP supplementation.

5.3.1 Physico-chemical Properties of Water

In our experiment, we maintained a low stocking density and
continuous aeration in order to avoid any confinement stress and ammonia
accumulation in rearing tanks. Along with these, regular exchange of water in the
rearing tanks helps us to maintain the physico-chemical parameters of water such
as temperature, pH, dissolved oxygen, free carbon dioxide, ammonia, nitrite-N and
nitrate-N within the optimum range of requirements for the fish as suggested by
many authors.

Temperature plays an important role in regulating the metabolism of
animals; therefore an optimum range of temperature is required for optimum
metabolic activity, which in turn gives maximum yield. The water temperature was
maintained within the range of 27.0-27.8°C as an ambient temperature in all the
experimental groups, which is comparable to the optimum temperature (28°C)
suggested by Chakraborty et al. (1976) for carp culture. Water pH is considered
as one of the important parameters for successful aquaculture production. The
optimum pH range for culture of carps is 7.5-8.5 (Banerjea, 1967) and the majority
of the Indian carp culture ponds have a pH in this range. In our experiment also,
water pH was within the range of 7.43-7.69 in all the experimental groups, which is

quite favorable for culture. The dissolved oxygen concentration in water varies with
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a large number of factors such as water temperature, metabolic rate, biomass
density, etc. In the present study, dissolved oxygen content in all the experimental
groups was recorded to be within the range of 6.18- 7.31 mg/L, which is within the
optimum range 6-7 mg/L for cyprinids suggested by Huet (1975). The higher

dissolved oxygen values might be due to efficient aeration.

Toxic concentrations of ammonia for short-term exposure are
between 0.6 and 2 mg/L (EIFAC, 1973). The suggested value of ammonia in water
ranges from 0 to 0.1 mg/L (Jhingran, 1991), which is in agreement with the
recorded range (0.12 - 0.19 mg/L) in the present study. Nitrite-N concentration was
recorded in the range of 0.001- 0.006 mg/L, which is well within the permissible
range for pond aquaculture (Boyd and Trucker, 1998). Nitrate-N level in a
productive pond can be within 0.1- 5.0 mg/L (Boyd and Trucker, 1998). In the
present study, nitrate-N (0.03 to 0.07 mg/L) was below toxic level. Nitrite-N and
nitrate-N levels were within the permissible limits for the warm water fishes (Boyd,
1982).

5.3.2 Growth and Survival

In the present study, weight gain %, SGR, FER and PER values
increased and FCR decreased significantly (p<0.05) with increase in dietary L-TRP
supplementation. The augmented growth indices of L. gonius fingerlings with L-
TRP supplementation might be owing to the growth promoting functions of L-TRP.
Walton et al. (1984) recorded increase growth rate with increase in dietary TRP
supplementation in rainbow trout. Tejpal et al. (2009) also reported increase WG %,
SGR % and PER in C. mrigala fingerlings supplemented with L-TRP in diet. The
higher growth rate in L-TRP supplemented groups is also supported by the finding
of Kim Kyu et al. (1987). Tryptophan is needed not only for body protein deposition
but also for synthesis of a neurotransmitter serotonin, involved in regulation of feed
intake, resistance to stress and animal behaviour (S‘eve, 1999). The improved FCR
observed in L-TRP supplemented groups suggests that the level of tryptophan
incorporated in the diet was neither deficient nor excess. Our findings are also in
agreement with the findings of Tejpal et al. (2009) in C. mrigala fingerlings. We also

observed 100% survival in all the experimental groups, which suggest no negative
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effect of dietary L-TRP on survival rate. Laranja et al (2010) also reported

improved survival of juvenile mud crab fed with L-TRP in diet.

5.3.3 DNA, RNA and RNA/DNA Ratio

In the present study, RNA and RNA/DNA ratio increases significantly
(p<0.05) with increase in dietary L-tryptophan supplementation. The increased RNA
and RNA/DNA ratio can be correlated with higher growth indices observed during
the study in L. gonius fingerlings. During the study, a linear relationship between
weight gain % and RNA & RNA/DNA ratio was observed. A strong positive relation
has been reported between nucleic acid concentration and specific growth rate
(Bulow, 1970; Bulow et al., 1981; Haines, 1973; Fukuda et al., 2001). As the RNA
content is related to rate of protein synthesis, the RNA/DNA ratio can be used as an
index of growth (Smith and Buckley, 2003; Akhtar et al, 2012a). We did not
observe any significant change in DNA levels due to dietary L-TRP
supplementation, and our findings are in support of Leslie (1955) who found that

DNA content per somatic cell is constant within a species.

5.3.4 Body Indices

In the present study, HSI and GSI does not show any significant
(p>0.05) difference among the treatments. Kim et al. (1987) also reported that HSI
was not influenced by dietary tryptophan supplementation in rainbow trout. Similar
finding are also reported by Ciji (2011) in L. rohita juveniles. However, GSI shows
higher values in the group supplemented with L-TRP in diet of the fingerlings. The
higher values may be correlated with the improved growth performance in L-TRP

supplemented group as compared to non L-TRP fed counterpart.

4.3.5 Tissue Glycogen

In the present study, glycogen in liver tissues increases significantly
(p<0.05) with increase in L-TRP supplementation. However, there was no
significant change in glycogen content of the muscle tissue. Several researchers
have studied glycogenolysis in response to various stressors. Increase in glucose
and concomitant decrease in glycogen on exposure to various environmental

toxicants has been reported (Singh and Aggarwal, 1986). Nakano and Tomlinson et
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al. (1967) observed that all types of stress elevated the secretion of catecholamine
which in turn increased the breakdown of glycogen and elevated blood glucose
level. Hence, the higher glycogen content in L-TRP supplemented groups indicates

normal deposition glycogen reserves and organism are in unstressed condition.

4.3.6 Ascorbic Acid

Vitamin C is a major water soluble antioxidant and is capable of
maintaining sulphydryl compounds in a reduced state, particularly in several redox
reactions (Deshpande et al., 2002). Teleosts do not have an active L-gulonolactone
oxidase, the terminal enzyme in the ascorbic acid synthesis pathway (Dabrowski,
1990a). Thus, fishes are sensitive to a threshold level of vitamin C as they are
unable to synthesize it de novo (Dabrowski, 1990b). Vitamin C is considered to play
an important role in animal health as antioxidants, inactivating damage of free
radicals produced during normal cellular activity from various stressors (Chew,
1995) have been reported, confirming protective roles of vitamin C. Cruz de
Menezes et al. (2006) and Norouzitallab et al. (2008) also reported that vitamin C is
well known for its anti-oxidative property and has also been used as an immuno-

modulator in aquaculture.

In the present study, ascorbic acid in muscle tissue increases
significantly (p<0.05) with increase in L-TRP supplementation, suggest better
immunity of the fingerlings. The present findings are in congruence with the
observations of Kumar (2008) in L. rohita fingerling. Vitamin C was demonstrated to
increase in immunoresistance (Li and Lovell, 1985; Navarre and Halver, 1989;
Hardie et al, 1991; Orbach and Laurencin, 1992).

5.3.7 Enzymatic Activity in Tissue

5.3.7.1 Enzymes of protein metabolism (AST and ALT)

Transaminases are the enzymes that redistribute amino nitrogen
among amino acids, forming new amino acid with the amino group from the pre-
existing ones. Non-essential amino acids required for growth and other metabolic
processes are produced by this manner. Amino acids are the major source of
energy in teleost (Belinski, 1974). Fishes utilize proteins and lipids prior to

carbohydrates (Demeal, 1978). Stress hormone cortisol induces gluconeogenesis,
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which mobilize the protein source and lipid source for glucose synthesis. The most
important aminotransferases are aspartate amino transferases (AST) and alanine
amino transferases (ALT) (also called glutamate oxalo acetate transaminase or
GOT and glutamate pyruvate transaminase or GPT). AST transfers the amino
group of aspartic acid to a-keto glutarate and converts to glutamic acid forming
oxalo acetate. ALT transfers the amino group from alanine to a-keto glutarate
forming glutamic acid pyruvate. The pyruvate and oxalo-acetate thus formed are
responsible for the synthesis of non-essential amino acids like alanine, aspargine,
glutamine, etc. which in turn helps in protein synthesis and hence growth of the
animal. Apart from this the amino acids are deaminated or transaminated to
produce TCA cycle intermediates also helping in energy production in the form of
ATP (De Silva and Anderson, 1995).

In the present study, AST and ALT activity in liver and muscle tissues
decrease significantly (p<0.05) with increase in L-TRP supplementation, which can
be correlated with the lesser amino acids mobilization for energy production could
be the reason. The present findings are in congruence with the observation of
Kumar (2008) in L. rohita fingerling, Tejpal et al. (2009) in C. mrigala fingerling and
Ciji (2011) in L. rohita juveniles.

5.3.7.2 Enzymes of carbohydrate metabolism (LDH and MDH)

Lactate dehydrogenase is the terminal enzyme of the glycolysis
(Embden-Meyerhoff pathway) pathway, which converts lactate to pyruvate in the
presence of coenzyme NADH which is converted to NAD®*. Thus, lactate
dehydrogenase helps in maintaining the glycolysis cycle by supplying NAD*. In the
presence of enough oxygen pyruvate enters the Kreb’s cycle but when there is an
oxygen shortage in the tissue, pyruvate is converted to lactate (Murray et al., 2000).
In the present study, LDH activity in liver and muscle tissues decrease significantly
(p<0.05) with increase in L-TRP supplementation, which can be correlated with
reduction of energy demands due to L-TRP in diet. The present findings are in
congruence with the observation of Kumar (2008) in L. rohita fingerling, Tejpal et al.

(2009) in C. mrigala fingerling and Ciji (2011) in L. rohita juveniles.

Malate Dehydrogenase (MDH) is an enzyme of TCA cycle, which

oxidizes malate to oxaloacetate, using NAD* as the electron acceptor. The activity
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of MDH showed an increase during gluconeogenesis and oxaloacetate is formed
from the deamination of aspartate and malate or phosphoenol pyruvate from
pyruvate. The conversion of oxaloacetate to malate in the mitochondria and the
reverse in cytoplasm is catalyzed by MDH (Das, 2002c). In the present study, MDH
activity in liver and muscle tissues decrease significantly (p<0.05) with increase in
L-TRP supplementation, which can be correlated with the reduction of energy
demands due to L-TRP in diet. The present findings are in congruence with the
observation of Kumar (2008) in L. rohita fingerling, Tejpal et al. (2009) in C. mrigala
fingerling and Ciji (2011) in L. rohita juveniles.

5.3.7.3 Enzyme of neurotransmission (AchE)

Acetyl choline esterase (AchE) is one of the most widely used
enzymes as a biomarker for environmental pollution. Biomarkers are defined as
biochemical, cellular or physiological variations which can be measured in an
organism as response to an environmental perturbation or a contamination event
(Livingstone et al., 1997). Among different biomarkers, a prominent position is
occupied by the measure of acetylcholine esterase inhibition. Acetylcholine is
widely distributed in nervous tissue, stored and released from the synaptic vesicles.
It helps in the depolarization in an adjacent neuron and thus passes nerve impulse.
Acetylcholine is rapidly destroyed by choline esterase, a group of related enzymes
which are hydrolytic in action (Stowe, 1969). It is well known that some pesticides
(organophosphates and carbamates) inhibit AchE which increases the
acetylcholine and stimulates the medullary cells to release catecholamine (Stowe,
1969) and also increase in aberrant behaviour (Murthy et al., 1984; Jones et al.,
1999). Increased catecholamine may affect the activity of enzymes involved in
glycogen synthesis and glycogenolysis. In the present study, AchE activity in brain
tissue increased significantly (p<0.05) with increase in L-TRP supplementation. The
present findings are in congruence with the observation of Kumar (2008) in L. rohita

and Tejpal et al. (2009) in C. mrigala fingerling and Ciji (2011) in L. rohita juveniles.

5.3.7.4 Enzymes of oxidative stress (Catalase, SOD and GST)

Under normal physiological conditions animal cell produces reactive
oxygen species (ROS) such as H.O, O,, OH" that may damage most cellular

components leading to cell death. When the rate of ROS generation exceeds that

219



of their normal, oxidative stress occurs. Oxidative stress results when the
antioxidant defenses are overcome by pro-oxidant forces and reactive oxygen
species are not adequately removed (Sies et al, 1986). Living organisms are
protected from the danger of reactive oxygen species (ROS) by several defense
mechanisms including antioxidant enzymes such as superoxide dismutase,
catalase, glutathione peroxidase, glutathione reductase etc. Antioxidants also act in
conjunction with these enzymatic defenses. Superoxide dismutase (SOD), a
cytosolic enzyme that is specific for scavenging superoxide radicals (O2) is
involved in protective mechanisms within tissue injury following oxidative process
and phagocytosis. Catalase (CAT) is another major primary antioxidant defense
component that works primarily to catalyze the decomposition of H.O. to H-0,
sharing this function with glutathione peroxidase (GPX). Therefore both these
enzymes detoxify H,O, derived from SOD activity. In the presence of low H,O,
levels, organic peroxides are the preferred substrate for GPX. However at high
H2O2 concentrations they are metabolized by CAT (Yu, 1995). In the present study,
Catalase, SOD and GST activity in liver and qill tissues decrease significantly
(p<0.05) with increase in L-TRP supplementation, which indicate improvement of
health status even in unstressed condition by reducing oxidative changes. The
present findings are in congruence with the observation of Kumar (2008) in L. rohita

fingerling and Ciji (2011) in L. rohita juveniles.

5.3.7.5 Digestive enzymes (Protease, amylase and lipase)

Digestive enzyme activity can be used as an indicator of food
acceptance and to some extent can serve as an indicator for digestive capacity in
relation to the type of feed offered (Suzer et al., 2007). Breakdown of large nutrient
into small absorbable subunits in the digestive tract of the animal depends largely
on available nutrients (Cho, 1987).

In the present study, protease and amylase enzyme activities in
intestinal tissue increase significantly (p<0.05) with increase in L-TRP
supplementation. However, dietary L-TRP did not influence the lipase activity. The
higher protease activity can be correlated with the efficient utilization of nutrients for
the specified purpose and also with higher growth rate observed during the study.

Growth rate of fish depends on digestive capacity or metabolic activity required for
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protein synthesis (Blier et al. (1997). There is no available literature to support the

increase amylase activity due to dietary L-TRP supplementation.

5.3.8 Haemato-immunological Parameters
5.3.8.1 Erythrocyte (RBC), haemoglobin (Hb) and haematocrit (Hct)

In the present study, RBC, haemoglobin and haematocrit count
showed higher values in the groups supplemented with L-TRP in diet, which can be
correlated with immune enhance properties of L-TRP through stimulation of
erythropoiesis process. The present findings are in congruence with the
observation of Ciji (2011) and Ciji et al. (2013b) in L. rohita juveniles.

During post-challenge period, RBC, haemoglobin and hematocrit
count of L. gonius fingerlings was significantly lower in the experimental groups fed
without L-TRP supplemented diet, which might be due to bacterial stress. Foda
(1973) also reported decreased Hb content in Atlantic salmon due to furunculosis
caused by Aeromonas salmonicida. A decreased Hb content was also observed in
L. rohita fingerlings after challenge with A. hydrophila (Misra et al., 2006). However,
RBC, Hb and Hct count in L-TRP supplemented groups remains high, though
overall lower values were observed as compared to pre-challenge. This suggests
immune enhance properties of L-TRP through stimulation erythropoiesis process.
The present findings are in congruence with the observation of Ciji (2011) and Ciji
et al. (2013b) in L. rohita juveniles.

5.3.8.2 Leucocyte (WBC) count

Leucocytes (WBC) play an important role for enhancing non-specific
or innate immunity, which is considered as an indicator of the health status of fish
(Roberts, 1978). The leukocytes are involved in regulation of immunological
function in the organism (Santhakumar et al., 1999).

In the present study, WBC counts increases significantly (p<0.05) with
increase in L-TRP supplementation in L. gonius fingerlings, suggests immune
enhance properties of L-TRP through stimulation of leucopoiesis process. The
present findings are in congruence with the observation of Kumar (2008) in L. rohita
fingerling, Ciji (2011) in L. rohita juveniles and Ciji et al. (2013b) in L. rohita
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juveniles. Hoseini et al. (2012) also reported that dietary supplementation of L-

tryptophan can increased immune response in fish.

During post- challenge period, overall higher values were recorded as
compared to pre-challenge. This suggests immune enhance properties of L-TRP
through stimulating leucopoiesis process. The present findings are in congruent
with the observation of Kumar (2008) in L. rohita fingerling and Ciji (2011) in L.
rohita juveniles. Ciji et al. (2013b) also reported enhanced non-specific resistance
factor (WBC count) in vitamin E and L-TRP diet fed groups compared with control
upon challenge with A. hydrophila.

5.3.8.3 Nitroblue tetrazolium (NBT)

The phenomenon known as respiratory burst gives a measure of
oxygen dependent defence mechanism in vertebrate phagocytic cells, wherein
there is generation of reactive oxygen which intermediates with powerful anti-
microbial activity (ltou et al, 1997). Increased respiratory burst activity can be
correlated with increased bacterial pathogen killing activity of phagocytes (Sharp
and Secombes, 1993) and hence a better immunity. The respiratory burst activity of
phagocytes was measured by reduction of NBT by intracellular superoxide radicals

produced by leucocytes.

In the present study, NBT values increased significantly (p<0.05) with
increase in L-TRP supplementation suggesting increased bacterial pathogen killing
activity of phagocytes and hence, better immune status of L. gonius fingerlings. The
present findings are in congruence with the observation of Ciji (2011) and Ciji et al.
(2013b) in L. rohita juveniles. Hoseini et al. (2012) also reported that dietary

supplementation of L-tryptophan can increased immune response in fish.

During post- challenge period, overall higher values were recorded as
compared to pre-challenge. This suggests immunostimulating properties of L-TRP.
It has been shown that tryptophan can reduce the immunosuppressive effect of live
hot virus and amplify specific protective immune response against herpes simplex
virus (Adams et al., 2004). Emadi et al. (2010) also showed that dietary tryptophan
increased the serum levels of interferons and immunoglobulins in chickens of
Infectious Bursal Diseases Virus (IBDV) challenged broiler chickens. Ciji et al.

(2013b) also reported enhanced non-specific resistance factor (NBT) in vitamin E
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and L-TRP diet fed groups compared with control upon challenge with A.

hydrophila.

5.3.8.4 Blood glucose

Glucose is one of the most important sources of energy for the
animals and glucose has been studied as an indicator of stress caused by physical
factors (Manush et al., 2005). Nakano and Tomlinson (1967) observed that all types
of stress elevated the secretion of catecholamine which in turn increased the
breakdown of glycogen and enhanced blood sugar level. The elevation of blood
sugar levels in fish by both corticosteroids and catecholamines makes it the ideal
parameter to study the secondary stress response, on activation of direct
sympathetic (Chromaffin tissue) as well as humoral (internal tissue) pathways

(Wedemeyer and Mcleay, 1981).

In the present study, blood glucose level decreases significantly
(p<0.05) with increase in L-TRP supplementation in L. gonius fingerlings, which can
be correlated with inhibitory role of L-TRP on release of cortisol, hence reducing
glucose levels. Another possible reason might be of efficient utilization of glucose
from the blood due to L-TRP in diet. The present findings are in congruence with
the observation of Kumar (2008) in L. rohita fingerling. However, Ciji (2011) did not

observe any significant changes in L. rohita juveniles with dietary tryptophan.

During post-challenge period, blood glucose level of L. gonius
fingerlings was significantly higher in the groups fed without L-TRP supplemented
diet, which might be due to bacterial stress. However, the blood glucose level in L-
TRP supplemented groups remains low, though overall higher values were
recorded as compared to pre-challenge. This suggests immunostimulating
properties of L-TRP in L. gonius fingerlings.

5.3.8.5 Albumin (A), globulin (G), A-G ratio and total serum protein

Proteins are the most important compounds in the serum, and its
concentration is used as a basic index for the health status of fish (Buchanan et al.,
1997). Among the serum protein, albumin and globulin are the major proteins,
which play a significant role in the immune response (Kumar et al, 2007). The

gamma globulin fraction is the source of almost all the immunological active protein
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of the blood. Globulins like gamma globulins are absolutely essential for
maintaining a healthy immune system. Serum albumin and globulin values in the
fishes treated with different immunostimulants were always found to be higher than
control. An increase in the serum protein, albumin and globulin levels are thought to
be associated with a stronger innate response in fishes (Wiegertjes et al., 1996).

In the present study, the serum total protein, albumin and globulin
levels increased and A-G ratio decreases significantly (p<0.05) with increase in L-
TRP supplementation in L. gonius fingerlings, suggesting to stronger innate
response in L. gonius fingerlings. Wiegertjes et al. (1996) substantiate supported
our findings. The present findings are in congruence with the observation of Ciji
(2011) and Ciji et al. (2013b) in L. rohita juveniles.

During post-challenge period, serum total protein, albumin and
globulin levels of L. gonius fingerlings was significantly decreased and A-G ratio
increases in the experimental groups fed without L-TRP supplemented diet. This
may be due to vascular leaking of serum proteins because of increased
permeability due to bacterial stress. Similar observation was made by Misara et al.
(2006) in L. rohita juveniles. However, serum total protein, aloumin, globulin levels
remains high and low A-G ratio in L-TRP supplemented groups though overall
variations were recorded as compared to pre-challenge. This suggests immune-
stimulating properties of L-TRP in L. gonius fingerlings. Tryptophan has been
shown to reduce the immunosuppressive effects of challenge virus on immunity by
increasing the production of interferons and immune-globulins in chickens (Emadi
etal., 2010).

5.3.8.6 Lysozyme activity

Lysozyme is known to act as an important innate defence mediator
against parasitic, bacterial and viral infections, and in response to infection, its
activity is found to increase in fish blood (Ingram, 1980). Lysozyme plays important
role in innate immunity by lysis of bacterial cell wall and thus stimulates the
phagocytosis of bacteria (Ellis, 1990). Lysozyme activity can be affected by
stressors, infectious micro-organisms (Mock and Peters, 1990). Temperature also

plays an important role in regulating lysozyme activity in fish (Ndong et al., 2007).

224



An increased level has been considered a natural protective mechanism in fish
(Ingram, 1980).

In the present study, lysozyme activity increases significantly
(p<0.05) with increase in L-TRP supplementation in L. gonius fingerlings, suggests
immune-stimulating properties of L-TRP. It has been reported that oral
administration of 300 mg of tryptophan to rats enhanced phagocytosis by
macrophages and the innate immune response (Esteban et al., 2004). The present
findings are in congruence with the observation of Ciji (2011) and Ciji et al. (2013b)
in L. rohita juveniles. Hoseini et al. (2012) also reported that dietary

supplementation of L-tryptophan can increased immune response in fish.

During post-challenge period, overall higher values were recorded as
compared to pre-challenge. Among the entire group, serum lysozyme activity was
lower in the group supplemented without L-TRP in diet, which might be due to
bacterial stress. Mock and peters (1990) also reported reduced lysozyme activity in
fish affected by infectious micro-organisms. The higher lysozyme activity in L-TRP
supplemented groups suggests immune-stimulating properties of L-TRP in L.
gonius fingerlings. Watson and Petro (1984) also reported that the dietary
supplementation of 0.22% L-TRP increased the resistance to bacterial and parasitic
infections in rats. Ciji et al. (2013b) also reported enhanced non-specific resistance
factor lysozyme activity in vitamin E and L-TRP diet fed groups compared with
control upon challenge with A. hydrophila.

5.3.9 Serum Enzyme Activity

In the present study, AST, ALT and LDH activity in serum decrease
significantly (p<0.05) with increase in L-TRP supplementation. The reduced activity
of AST and ALT can be correlated with lesser amino acids mobilization for energy
production. The lower LDH activity in L-TRP supplemented group suggests
reduction of energy demands due to L-TRP in diet. The present findings are in
congruence with the observation of Kumar (2008) in L. rohita fingerling, Tejpal et al.
(2009) in C. mrigala fingerling, Ciji (2011) in L. rohita juveniles, Akhtar et al. (2014)

in L. rohita juveniles and Kumar et al. (2014) in L. rohita fingerlings in tissue LDH.

During post-challenge period, serum enzyme activity of L. gonius

fingerlings was significantly higher in the experimental groups fed with L-TRP
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supplemented diet, which might be due to bacterial stress. However, the value in L-
TRP supplemented groups remains low, though overall higher value observed as
compared to pre-challenge. This suggests immune-stimulating properties of L-TRP

in L. gonius fingerlings.

5.3.10 Serum Cortisol

The serum cortisol level observed in the group fed without L-TRP
decreased significantly with increase in L-TRP supplementation, which indicates
proper utilization of dietary L-TRP for the reduction of cortisol even in unstressed
condition and resulted better immunity. The present findings are also in congruence
with the observation of Tejpal et al. (2009) in C. mrigala fingerling and Ciji (2011) in
L. rohita juveniles. Martins et al. (2013) also observed significant reduction in

cortisol level in unstressed fish fed with TRP-supplemented diet.

During post-challenge period, cortisol level of L. gonius fingerlings
was significantly higher in the experimental groups fed with % L-TRP supplemented
diet, which might be due to bacterial stress. However, the value in L-TRP
supplemented groups remains low, though overall higher value observed as
compared to pre-challenge. This suggests immune-stimulating properties of L-TRP
in L. gonius fingerlings.

5.3.11 Thyroid Hormones

The thyroid hormones thyroxine (T4) and tri-iodothyronine (T3) are
known to play an important role in fish growth (Miwa and Inui, 1985) and early
development (Brown, 1997). Arjona et al. (2008) also reported that the thyroid
hormones are known to play key roles on growth, development, and reproduction
and stress responses in fishes. Specific metabolic functions of thyroid hormones
have been documented in a number of studies, which correlate with its growth-

promoting activities (Gorg, 2007).

In the present study, thyroid hormone levels in serum increased
significantly (p<0.05) with increase in L-TRP supplementation. The higher growth
rate in the fishes fed with dietary L-TRP can be related with the thyroid hormone
levels as the groups with lowest growth rate showed the lowest T4 and T3 levels

and vice versa. During the study, a linear relation between weight gain % and
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thyroid hormone was observed. Ciji et al. (2013c) and Akhtar et al. (2013) also
reported that dietary supplementation of L-tryptophan increased thyroid hormone

level in L. rohita juveniles.

5.3.12 Survival % in Challenge Study

In India, A. hydrophila is one of the major bacterial pathogen, known
to cause a variety of diseases in fish such as hemorrhagic septicemia, infectious
dropsy, tropical ulcerative disease and fin rot leading to heavy mortality in
aquaculture farms (Kumar and Dey, 1988; Karunasagar et al., 1997). In the present
study, highest survival % was recorded in the groups supplemented with L-TRP in
diet, which indicates positive influence of L-TRP on the survival of L. gonius

fingerlings by resisting the A. hydrophila infection.

The higher survival could be an enhancement of macrophagocytic
activity, as indicated by the respiratory burst activity as well as serum lysozyme
activity in L-TRP supplemented groups. The low survival in the group supplemented
without L-TRP in diet can be correlated with the higher level of induced cortisol
observed during the study. Increased in cortisol level reduces the leucocytes count
either due to increased apoptosis, reduction in leucocytes proliferation or
leucocytes redistribution. Cortisol has been shown to suppress immunoglobulin
production by lymphocytes and reduce the production of various intercellular
mediators, such as prostaglandin, thereby reducing disease resistance resulting
from stressful environmental condition (Wedemeyer etal, 1996; Reddy and
Leatherland, 1998).
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5.4 Experiment 4

During the culture period, fishes are exposed to environmental
changes. These frequently cause various degrees of trauma (stress) in aquatic
organisms resulting in detrimental consequences. In fish, the stressful condition is
not due to a single stressor but is a combined effect of multiple stressors. These
stressors may lead to reduction in growth rate, decrease in disease resistance,
immune-suppression and even death of fishes, thereby affecting both economic
and socio-economic status of the aquaculturist. To overcome this, numbers of
natural/ synthetic compounds have been found to be beneficial as stress mitigator
in many fish species. In this context, considering L-tryptophan function as a cortisol
blocker, it can be evaluated to use as a dietary supplement to mitigate combined
effect of multiple stressors and to improve the protein utilization efficiency in fish
and hence aquaculture production. In this backdrop, the fourth experiment was
designed to study the possible role of dietary L-TRP on stress mitigation of Labeo

gonius fingerlings to multiple stressors (temperature and pH stress).

5.4.1 Physico-chemical Properties of water

In our experiment, we maintained a low stocking density and
continuous aeration in order to avoid any confinement stress and ammonia
accumulation in rearing tanks. Along with these, regular exchange of water in the
rearing tanks helped us to maintain the physico-chemical parameters of water such
as dissolved oxygen, free carbon dioxide, ammonia, nitrite-N and nitrate-N within

the optimum range of requirements for the fish as suggested by many authors.

Temperature plays an important role in regulating the metabolism of
animals; therefore an optimum range of temperature is required for optimum
metabolic activity, which in turn gives maximum yield. The water temperature was
maintained at 27°C as an ambient temperature in Ty experimental group, which is
comparable to the optimum temperature (28°C) suggested by Chakraborty et al.
(1976) for carp culture, while the temperature in other experimental groups (T to
To) was kept steady at 33°C to ensure chronic thermal stress to the animal during
the entire experimental period of 60 days. The chronic thermal stress was decided

1St

based on the findings of the 1* experiment. Das et al. (2005) also reported stress to

L. rohita fingerlings on chronic exposure to 33°C.
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The pH 7.5 was maintained as an ambient pH in Ty experimental
group, which is within optimum range (7.5-8.5) as suggested by Banerjea (1967) for
carp culture, while the pH in other experimental groups kept steady at 9.0 (in T, Ts,
T4 and Ts) and 5.5 (in T, T7, Tg and Tg) to ensure chronic pH stress to the L. gonius
fingerlings during the entire experimental period of 60 days. The pH range (5.5 and
9.0) was selected based on the findings of Acharya et al. (2005) and Das et al.
(2006) on fingerlings of carp species. They have reported that the chronic exposure

to acidic pH (5.5) and alkaline pH (9.0) imparted stress to the fingerlings.

The dissolved oxygen level in water varies with a large number of
factors such as water temperature, metabolic rate, biomass density, etc. The
dissolved oxygen level in different experimental tubs was recorded to be within the
range of 5.81- 7.29 mg/L, which is within the optimum range 6- 7 mg/L for cyprinids
suggested by Huet (1975). From the above result, it is assumed that dissolved
oxygen was optimum throughout the experimental period, which might be due to
efficient aeration. Toxic concentrations of ammonia for short-term exposure are
between 0.6 and 2 mg/L (EIFAC, 1973). The suggested value of ammonia in water
ranges from 0 to 0.1 mg/L (Jhingran, 1991), which is in agreement with the
recorded range (0.14- 0.29 mg/L) in the present study. Nitrite-N concentration was
recorded in the range of 0.002-0.013 mg/L, which is well within the permissible
range for pond aquaculture (Boyd and Trucker, 1998). Nitrate-N level in a
productive pond can be within 0.1- 5.0 mg/L (Boyd and Trucker, 1998). In the
present study, nitrate-N (0.03- 0.14 mg/L) was below the toxic level. Nitrite-N and

nitrate-N levels were within the permissible limits for warm water fish (Boyd, 1982).

5.4.2 Growth and Survival

In the present study, weight gain %, SGR, FER, PER and survival %
decreased, whereas FCR values increased significantly (p<0.05) on exposure to
multiple stressors in the Tg group (33°C x pH 5.5) followed by T group (33°C x pH
9.0) without L-TRP supplementation. The decrease in growth rate upon exposure to
multiple stressors can be attributed to re-allocation of energy towards maintenance
and repair under stress (Kumaraguru and Beamish, 1986). Das et al. (2005) also
observed reduction in growth rate and survival percentage in fishes exposed to
higher temperature. Similar findings are also reported by Akhtar et al. (2011).
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Reduced growth rate and food conversion efficiency have been reported in fish at
combined stress of salinity and higher temperature (Likongwe et al., 1996).

However, weight gain %, SGR, FER, PER and survival % increased,
whereas FCR decreased significantly (p<0.05) with increase in dietary L-tryptophan
supplementation. Dietary supplementation of either 1.4 or 2.1% L-TRP improved
growth indices in stressed groups. Walton et al. (1984) recorded improved growth
performance with increase in dietary TRP supplementation in rainbow trout. The
higher growth rate in L-TRP supplemented group is also supported by the finding of
Kim Kyu et al. (1987). The augmented growth rate and improved FCR in stress
exposed groups due to TRP supplementation might be owing to the stress-
mitigating functions of TRP as reported by various authors (Lepage et al., 2002;
Tejpal et al., 2009; Ciji et al., 2013a; Akhtar et al., 2013; Fatahi and Hoseini, 2013).
Tryptophan is needed not only for body protein deposition but also for synthesis of
a neurotransmitter serotonin, involved in regulation of feed intake, resistance to
stress and animal behaviour (S‘eve, 1999). Laranja et al. (2010) also reported

improved survival of juvenile mud crab fed with L-TRP in diet.

5.4.3 DNA, RNA and RNA/DNA Ratio

In the present study, RNA and RNA/DNA ratio decreased significantly
(p<0.05) on exposure to multiple stressors in the T group (33°C x pH 5.5) followed
by T2 group (33°C x pH 9.0) without L-TRP supplementation. The reduced values in
the fishes exposed to multiple stressors can be correlated with the lower growth
indices incurred due to stress. The ratios between these two nucleic acids were
reported to reduce, when the fishes were exposed to high temperatures (Spigarelli

and Smith, 1976) or heavy metal salts (Kearns and Atchison, 1979).

However, RNA and RNA/DNA ratios increased significantly (p<0.05)
with increase in dietary L-tryptophan supplementation. The increased RNA and
RNA/DNA ratio can be linked with higher growth indices observed during the study.
During the study, a linear relation between weight gain % and RNA, RNA/DNA ratio
was observed. A strong positive relation has been reported between nucleic acid
concentration and specific growth rate (Bulow, 1970; Bulow et al,, 1981; Haines,
1973; Fukuda et al., 2001; Akhtar et al., 2013). As the RNA content is related to

rate of protein synthesis, the RNA/DNA ratio can be used as an index of growth
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(Smith and Buckley, 2003; Akhtar et al., 2012a; Akhtar et al., 2013). We did not
observe any significant change in DNA levels due to dietary tryptophan
supplementation, and our findings are in support of Leslie (1955) who found that

DNA content per somatic cell is constant within a species.

5.4.4 Tissue Glycogen

In the present study, glycogen content was assessed in liver and
muscle of different experimental groups. The glycogen content decreased
significantly (p<0.05) on exposure to multiple stressors in the Tg group (33°C x pH
5.5) followed by T, group (33°C x pH 9.0) without L-TRP supplementation. The
glycogen content of liver was found to be higher than the muscle tissue. In this
study, the increase in glucose and concomitant depletion in glycogen shows that
the glycogen was utilized for energy to cope with the stress. Several researchers
have studied glycogenolysis in response to various stressors. Increase in glucose
and concomitant decrease in glycogen on exposure to various environmental
toxicants has been reported (Singh and Aggarwal, 1986). Nakano and Tomlinson et
al. (1967) observed that all types of stress elevated the secretion of catecholamine
which in turn increased the breakdown of glycogen and elevated blood glucose
level. However, the glycogen content in both the tissue increased significantly
(p<0.005) with increasing L-TRP supplementation, which could be attributed to
lesser depletion of glycogen content. Hence, it may be inferred that
supplementation of L-TRP in diet will reduce combined effect of temperature and

pH stress in L. gonius fingerlings.

5.4.5 Ascorbic Acid

Vitamin C is a major water soluble antioxidant and is capable of
maintaining sulphydryl compounds in a reduced state, particularly in several redox
reactions (Deshpande et al., 2002). Teleosts do not have an active L-gulonolactone
oxidase, the terminal enzyme in the ascorbic acid synthesis pathway (Dabrowski,
1990a). Thus, fishes are sensitive to a threshold level of vitamin C as they are
unable to synthesize it de novo (Dabrowski, 1990b). Vitamin C is considered to play
an important role in animal health as antioxidants, inactivating damage of free

radicals produced during normal cellular activity from various stressors (Chew,
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1995) have been reported, confirming protective roles of Vitamin C. Cruz de
Menezes et al. (2006) and Norouzitallab et al. (2008) also reported that vitamin C is
well known for its anti-oxidative property and has also been used as an immuno-

modulator in aquaculture.

In the present study, ascorbic acid content was assessed in muscle of
different experimental groups. The ascorbic acid content decreased significantly
(p<0.05) on exposure to multiple stressors in the T group (33°C x pH 5.5) followed
by T2 group (33°C x pH 9.0) without L-TRP supplementation. The decrease in
ascorbic acid content in tissue at higher stress groups could be attributed to its
maximum utilization to reduce free radicals produced during stress. Das et al.
(2009) also reported decrease in ascorbic acid content at higher temperature.
Similar results were also found in thornfish Therapon jarbua (Forskal) when
exposed to thermal stress (Chien et al., 1999). However, the ascorbic acid content
in muscle tissue increased significantly (p<0.005) with increasing level of L-TRP in
the diets, which could be due to stress mitigation role of L-TRP. Hence, it may be
inferred that supplementation of L-TRP in diet will reduce combined of temperature
and pH stress in L. gonius fingerlings. The present findings are in congruence with
the observations of Kumar (2008) in L. rohita fingerling. Dietary high protein and
vitamin C were supplemented for ameliorating stress (Manush et al, 2005) in
Macrobrachium rosenbergii. Vitamin C was demonstrated to enhance tolerance to
environmental stressors (Ishibashii et al., 1992) and increase in immunoresistance
(Li and Lovell, 1985; Navarre and Halver, 1989; Hardie et al, 1991; Orbach and

Laurencin, 1992).

5.4.6 Enzymatic Activity in Tissue
5.4.6.1 Enzymes of protein metabolism (AST and ALT)

Transaminases are the enzymes that redistribute amino nitrogen
among amino acids, forming new amino acid with the amino group from the pre-
existing ones. Non-essential amino acids required for growth and other metabolic
processes are produced by this manner. Amino acids are the major source of
energy in teleost (Belinski, 1974). Fishes utilize proteins and lipids prior to
carbohydrates (Demeal, 1978). Stress hormone cortisol induces gluconeogenesis,

which mobilize the protein source and lipid source for glucose synthesis. The most
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important aminotransferases are aspartate amino transferases (AST) and alanine
amino transferases (ALT) (also called glutamate oxalo acetate transaminase or
GOT and glutamate pyruvate transaminase or GPT). AST transfers the amino
group of aspartic acid to a-keto glutarate and converts to glutamic acid forming
oxalo acetate. ALT transfers the amino group from alanine to a-keto glutarate
forming glutamic acid pyruvate. The pyruvate and oxalo-acetate thus formed are
responsible for the synthesis of non-essential amino acids like alanine, aspargine,
glutamine, etc. which in turn helps in protein synthesis and hence growth of the
animal. Apart from this, the amino acids are deaminated or transaminated to
produce TCA cycle intermediates also helping in energy production in the form of
ATP (De Silva and Anderson, 1995).

In the present study, tissue specific AST, ALT activity was assessed
in liver and muscle of different experimental groups. The activity of the enzyme
increased significantly (p<0.05) on exposure to multiple stressors in the Tg group
(33°C x pH 5.5) followed by T. group (33°C x pH 9.0) without L-TRP
supplementation. The activity of both the transferase increased with increasing
stress, creating higher free amino acid mobilization to produce higher glucose to
cope up with stress. Similar observation was made by Verma et al. (2006) in C.
carpio i.e. the enzyme activity increases with increasing acclimation temperatures;
in Tilapia after being exposed to confinement stress (Vijayan et al., 1997). The
increase in activity indicates greater mobilization of amino acid for glucose
production via gluconeogenesis for glucose production to cope with stress
(Chatterjee et al., 2006). Knox and Greengard (1965) also reported that elevated
levels of transaminase activity during stress would lead to increased feeding of

ketoacids in to TCA cycle, there by affecting oxidative metabolism.

However, the activity of both the transferases decreased significantly
(p<0.05) with increasing level of L-TRP in the diets. As there was less activity in the
dietary L-TRP supplemented groups, which indicate lesser amino acids mobilization
for energy production could be the reason. Supplementation of either 1.42 or 2.1%
L-TRP caused maximum reduction in the activity of the enzyme both in muscle and
liver. Hence, it may be inferred that supplementation of L-TRP in diet will reduce
combined effect of temperature and pH stress in L. gonius fingerlings. The present

findings are in congruence with the observation of Kumar (2008) in L. rohita
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fingerlings, Tejpal et al (2009) in C. mrigala fingerlings, Ciji (2011) in L. rohita
juveniles, Ciji et al. (2013a) in L. rohita juveniles, Akhtar et al. (2014) in L. rohita

juveniles and Kumar et al., (2014) in L. rohita fingerling.

5.4.6.2 Enzymes of carbohydrate metabolism (LDH and MDH)

Lactate dehydrogenase is the terminal enzyme of the glycolysis
(Embden-Meyerhoff pathway) pathway, which converts lactate to pyruvate in the
presence of coenzyme NADH which is converted to NAD®. Thus, lactate
dehydrogenage helps in maintaining the glycolysis cycle by supplying NAD*. In the
presence of enough oxygen pyruvate enters the Kreb’s cycle but when there is an
oxygen shortage in the tissue, pyruvate is converted to lactate (Murray et al., 2000).
Generally LDH activity increases in stress viz. temperature stress (Grigo, 1975),
starvation stress (Vijayaraghavan and Rao, 1986), confinement stress (Chatterjee,
2003). The increase in LDH activity attributed to the production of preferred
substrate (Lactate) for gluconeogenesis under thermal stress (Chatterjee et al.,
2006). A significant increase in LDH activity was observed at higher acclimation
temperature (Verma et al., 2006) that may be due to higher production of lactate,
indicating oxygen limited condition in the cell. In the present study, tissue specific
LDH activity was assessed in liver and muscle of different experimental groups.
The activity of the enzyme increased significantly (p<0.05) on exposure to multiple
stressors in the Ts group (33°C x pH 5.5) followed by T group (33°C x pH 9.0)
without L-TRP supplementation. The higher enzyme activity suggesting the animals
under stress showed increased lactate production for gluconeogenesis, this is
supported by Chatterjee et al. (2006) and Verma et al. (2006). LDH activity
decreased significantly (p<0.05) with increasing level of L-TRP in the diets
indicating the stress mitigating properties of L-TRP. Supplementation of either 1.42
or 2.1% L-TRP caused maximum reduction in the activity of the enzyme both in
muscle and liver. The present findings are in congruence with the observation of
Kumar (2008) in L. rohita fingerlings, Tejpal et al. (2009) in C. mrigala fingerlings,
Ciji (2011) in L. rohita juveniles, Ciji et al. (2013a) in L. rohita juveniles, Akhtar et al.
(2014) in L. rohita juveniles and Kumar et al. (2014) in L. rohita fingerling.

Malate Dehydrogenase (MDH) is an enzyme of TCA cycle, which

oxidizes malate to oxaloacetate, using NAD* as the electron acceptor. The activity
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of MDH showed an increase during gluconeogenesis and oxaloacetate is formed
from the deamination of aspartate and malate or phosphoenol pyruvate from
pyruvate. The conversion of oxaloacetate to malate in the mitochondria and the
reverse in cytoplasm is catalyzed by MDH (Das, 2002c). Verma et al. (2006)
observed that there was a significant increase in MDH activity in C. carpio
fingerlings acclimated at higher temperatures in order to use the product
(oxaloacetate) due to the higher activity of AST for production of more energy
(ATP), which may be utilized for other physiological activities. Glucose might have
therefore mobilized through non-carbohydrate source; mainly by protein, as
transaminase activities were more at higher temperatures. Result also strengthens
the fact that higher acclimation temperature induces amino acid mobilization
(alanine, aspartate) in C. carpio fingerlings. In the present study, tissue specific
MDH activity was assessed in liver and muscle of different experimental groups.
The activity of the enzyme increased significantly (p<0.05) on exposure to multiple
stressors in the Te group (33°C x pH 5.5) followed by T2 group (33°C x pH 9.0)
without L-TRP supplementation. Higher activity of MDH is an indicative of greater
activity of TCA cycle due to increased energy demands during stress. This is
supported by the findings of Das et al. (2006), who found elevated MDH activity in
fishes at higher temperature. The dietary supplementation of L-TRP significantly
(p<0.05) decreased the MDH activity both in liver and muscle indicating the stress
mitigating effect of L-TRP. Higher activity of MDH indicates greater activity of TCA
cycle due to increased energy demands. Lower activity of MDH in the stressed
group fed with TRP supplemented diet suggested that the supplementation of
dietary TRP may help in reducing energy demands in the L. gonius fingerlings.
Supplementation of either 1.4 or 2.1% L-TRP caused maximum reduction in the
activity of the enzyme both in muscle and liver. The present findings are in
congruence with the observation of Kumar (2008) in L. rohita fingerling, Tejpal et al.
(2009) in C. mrigala fingerling, Ciji (2011) in L. rohita juveniles, Ciji et al. (2013a) in
L. rohita juveniles and Kumar et al., (2014) in L. rohita fingerling.

5.4.6.3 Enzyme of neurotransmission (AchE)

AchE is one of the most widely used enzymes as a biomarker for
environmental pollution. Biomarkers are defined as biochemical, cellular or

physiological variations which can be measured in an organism as response to an
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environmental perturbation or a contamination event (Livingstone et al, 1997).
Among different biomarkers, a prominent position is occupied by the measure of
acetylcholine esterase inhibition. Acetylcholine is widely distributed in nervous
tissue, stored and released from the synaptic vesicles. It helps in the depolarization
in an adjacent neuron and thus passes nerve impulse. Acetylcholine is rapidly
destroyed by choline esterase, a group of related enzymes which are hydrolytic in
action (Stowe, 1969). It is well known that some pesticides (organophosphates and
carbamates) inhibit AchE which increases the acetylcholine and stimulates the
medullary cells to release catecholamine (Stowe, 1969) and also increase in
aberrant behaviour (Murthy et al., 1984; Jones et al., 1999).

In the present study, AchE activity was assessed in brain of different
experimental groups. The activity of the enzyme reduced significantly (p<0.05) on
exposure to multiple stressors in the Ts group (33°C x pH 5.5) followed by T2 group
(33°C x pH 9.0) without L-TRP supplementation. The reduced activity of
acetylcholine esterase activity indicates stress to the animals induced by combined
effect of temperature and pH stress. Similar observation was made by Verma et al.
(2006) in C. carpio at higher temperature. In L-TRP treated groups the enzyme
activity is higher and the minimum reduction was found in the group fed with diet
containing either 1.4 or 2.1% L-TRP. This indicates the stress mitigating property of
L-TRP in L. gonius fingerlings. The present findings are in congruence with the
observation of Kumar (2008) in L. rohita fingerling, Tejpal et al. (2009) in C. mrigala
fingerling, Ciji (2011) in L. rohita juveniles, Ciji et al. (2013a) in L. rohita juveniles
and Kumar et al., (2014) in L. rohita fingerling.

5.4.6.4 Enzymes of oxidative stress (Catalase, SOD and GST)

Under normal physiological conditions animal cell produces reactive
oxygen species (ROS) such as H.O, O,, OH" that may damage most cellular
components leading to cell death. When the rate of ROS generation exceeds that
of their normal, oxidative stress occurs. Oxidative stress results when the
antioxidant defenses are overcome by pro-oxidant forces and reactive oxygen
species are not adequately removed (Sies et al, 1986). Living organisms are
protected from the danger of reactive oxygen species (ROS) by several defense

mechanisms including antioxidant enzymes such as superoxide dismutase,
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catalase, glutathione peroxidase, glutathione reductase, etc. Antioxidants also act
in conjunction with these enzymatic defenses. Superoxide dismutase (SOD), a
cytosolic enzyme that is specific for scavenging superoxide radicals (O2) is
involved in protective mechanisms within tissue injury following oxidative process
and phagocytosis. Catalase (CAT) is another major primary antioxidant defense
component that works primarily to catalyze the decomposition of H.O, to H-0,
sharing this function with glutathione peroxidase (GPX). Therefore both these
enzymes detoxify H,O, derived from SOD activity. In the presence of low H,O,
levels, organic peroxides are the preferred substrate for GPX. However at high
H-O2 concentrations they are metabolized by CAT (Yu, 1995). Changes in
antioxidative enzymes can be used as stress indicators in fish (Akhtar et al., 2010;
Ciji et al., 2012; Ciiji et al., 2013a).

In the present study, catalase, SOD and GST activity was assessed in
liver and gill tissue of different experimental groups. The activity of the enzyme
increased significantly (p<0.05) on exposure to multiple stressors in the Tg group
(33°C x pH 5.5) followed by T, group (33°C x pH 9.0) without L-TRP
supplementation. The higher activity of the enzymes decreases significantly with
increasing L-TRP supplementation and the lowest activity was found in the group
fed with either 1.4 or 2.1% L-TRP. This indicates that oxidative stress is lower in the
L-TRP fed groups than the group fed without L-TRP. Thus, L-TRP is known to have
anti-oxidative properties in mitigating oxidative stress brought about by combined
effect of temperature and pH stress in L. gonius fingerlings. The present findings
are in congruence with the observation of Kumar (2008) in L. rohita fingerlings,
Tejpal et al. (2009) in C. mrigala fingerlings, Ciji (2011) in L. rohita juveniles, Akhtar
et al. (2013) in L. rohita juveniles, Ciji et al. (2013a) in L. rohita juveniles and Kumar

et al. (2014) in L. rohita fingerlings.

5.4.6.5 Enzyme of phospho monoesterase (ALP)

Alkaline phosphatase is zinc containing metallo-enzyme, which plays
an important role in metabolism of phosphorus in the body. It is involved in
membrane transport, glycogen metabolism, protein synthesis, calcium absorption
and many other physiological processes including secretary function. In the present

study, ALP activity was assessed in liver and muscle of different experimental
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groups. The activity of the enzyme increased significantly (p<0.05) on exposure to
multiple stressors in the Tg group (33°C x pH 5.5) followed by T2 group (33°C x pH
9.0) without L-TRP supplementation. The higher enzyme activity may be due to
hydrolysis of high- energy phosphate bonds to liberate phosphate ions to combat
stressful condition or higher metabolic rate. Similar observation was made by
Verma et al. (2006) in C. carpio fingerlings. However, L-TRP supplementation
reduces the ALP activity in both liver and muscle. It indicates that combined effect
of temperature and pH stress was decreased as L-TRP supplementation in feed
increased. The present findings are in congruence with the observation of Kumar
(2008) in L. rohita fingerling and Mohapatra et al. (2014) in L. rohita fingerling.

5.4.6.6 Enzyme of gluconeogenic pathways (FDpase)

In the present study, fructose 1, 6- diphophatase activity was
assessed in liver and muscle of different experimental groups. The activity of the
enzyme reduced significantly (p<0.05) on exposure to multiple stressors in the Tg
group (33°C x pH 5.5) followed by T2 group (33°C x pH 9.0) without L-TRP
supplementation. Lower activity of FDpase at higher temperature stress is reported
by Verma et al. (2006) in Cyprinus carpio fingerlings. The higher in FDPase activity
with  multiple stressed without L-TRP supplementation group indicates that
gluconeogenic pathway gets activated to cope with the increasing metabolic
demand due to combined effect of temperature and pH stress. A consistent
increase of transmaninase might have provided the substrate for gluconeogenesis
(Suarez et al., 1987; Moon and Foster, 1995). The significantly lower activity of this
enzyme in the dietary L-TRP supplemented groups indicates that dietary L-TRP
may lower gluconeogenic pathway activity by reducing the cortisol level. Hence,
supplementation of dietary TRP may help in reducing energy demands in the L.
gonius fingerlings by reducing FDPase activity. The present findings are in

congruence with the observation of Kumar (2008) in L. rohita fingerlings.

5.4.6.7 Enzyme of pentose phosphate pathway (G6PDH)

G6PDH is an enzyme of the pentose phosphate pathway or hexose
monophosphate shunt. It mediates the conversion of glucose-6-phosphate to 6-
phospho-gluconolactone using NADP* as a coenzyme and releases NADPH. This

pathway activity increases when the requirement of NADPH increases especially
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during the synthesis of fatty acids, cholesterol and sphingolipids (lipid anabolism).
NADPH produced is also required by NADPH oxidase in producing superoxide
anions for destroying phagocytosized material. So the enzyme activity may

increase with increase in phagocytosis (Das, 2002b).

In the present study, glucose-6-phosphate dehydrogenase activity
was assayed in liver and muscle of the fish of different experimental groups. The
enzyme activity was higher in liver compared to muscle. The activity of the enzyme
reduced significantly (p<0.05) on exposure to multiple stressors in the Tg group
(33°C x pH 5.5) followed by T. group (33°C x pH 9.0) without L-TRP
supplementation. Lower activity of G6PDH at higher temperature is reported by
Verma et al. (2006) in Cyprinus carpio fingerlings. Similar reduction in G6PDH
activity with increased cortisol concentration was observed by Tripathi and Verma
(2003) in fishes. Lower activity of enzyme due to combined effect of temperature
and pH stress might be owed to higher cortisol level. The significantly higher activity
of this enzyme in the dietary L-TRP supplemented groups indicates that dietary L-
TRP may increase phagocytic activity by producing superoxide anions or have role
in lipogenic activity. Pentose phosphate pathway also provides ribose-5-phosphate,
which is used for the synthesis of nucleic acid. The higher nucleic acid synthesis
has direct relation with growth of the fish. The higher growth in L-TRP fed groups
can thus be related with higher G6PDH activity. The present findings are in
congruence with the observation of Kumar (2008) in L. rohita fingerlings.

5.4.6.8 Enzyme of energy metabolism (ATpase)

It hydrolyzes a high-energy phosphate of ATP and utilizes that energy
for the simultaneous transport of three Na* ions outward and two K* ions inward
across the plasma membrane (Das, 2002a) i.e. ATPase hydrolyzes the high energy
phosphate (ATP) and utilizes the energy to maintain ionic gradient across the
plasma membrane. The activity of this enzyme is inhibited by the depletion of
substrate ATP or due to some organochlorines. Stress leads to imbalance in
osmoregulation. In freshwater Na* and CI ions are lost and in marine water the ions
are gained (Mazaeud et al, 1977). In the present experiment, the activity of
ATPase was assayed in gill and liver of L. gonius fingerlings in different

experimental groups. The activity of the enzyme decreased significantly (p<0.05) on
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exposure to multiple stressors in the Tg group (33°C x pH 5.5) followed by T group
(33°C x pH 9.0) without L-TRP supplementation. However, with increase in L-TRP
supplementation the ATPase activity increases. This result suggests that the
osmoregulation stress was higher on exposure to multiple stressors, which was
improved by supplementation of L-TRP in diet. The presence of L-TRP in feed
might have maintained the osmoregulation and prevented ion imbalance by
reducing the stress level. The present findings are in congruence with the
observation of Kumar (2008) in L. rohita fingerlings and Ciji (2011) in L. rohita

juveniles and Akhtar et al. (2013) in L. rohita juveniles.

5.4.6.9 Digestive enzyme (Protease)

In the present experiment, the activity of protease was assayed in
intestinal tissue of L. gonius fingerlings in different experimental groups. The activity
of the enzyme reduced significantly (p<0.05) on exposure to multiple stressors in the
Ts group (33°C x pH 5.5) followed by T» group (33°C x pH 9.0) without L-TRP
supplementation. Prabhu (2012) also reported to decrease in protease activity on
exposure to elevated temperature and endosulfan stress. However, with increase in
L-TRP supplementation increased protease activity in intestinal tissue. Digestive
enzyme activity can be used as an indicator of food acceptance and to some extent
can serve as an indicator for digestive capacity in relation to the type of feed offered
(Suzer et al., 2007). The higher protease activity can be correlated with the efficient
utilization of nutrients for the specified purpose and also with the higher growth rate
observed during the study. Growth rate of fish depends on digestive capacity or
metabolic activity required for protein synthesis (Blier et al., 1997). Breakdown of
large nutrient into small absorbable subunits in the digestive tract of the animal

depends largely on available nutrients (Cho, 1987).
5.4.7 Haemato-immunological Parameters

5.4.7.1 Erythrocyte (RBC), haemoglobin (Hb) and haematocrit (Hct)

In the present experiment, RBC, Hb and Hct count of L. gonius
fingerlings in varied significantly (p<0.05) in different experimental groups. RBC, Hb
and Hct counts decreased significantly (p<0.05) on exposure to multiple stressors
in the Ts group (33°C x pH 5.5) followed by T2 group (33°C x pH 9.0) without L-TRP
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supplementation. This indicates reduced blood oxygen carrying capacity in both the
stressed groups. The decreased value could be due to the erythrocytic cell lysis of
blood cells and an increased removal of RBCs from the circulation as suggested in
carp (Jensen 1990; Knudsen and Jensen, 1997) or haemodilution (Wedemeyer et
al., 1984). Reduction in serum protein content in in the present study also supports
the view of erythrocytic cell lysis and haemodilution. Das et al. (2006) also reported
significant reduction in RBC and Hb count at acidic pH 5.5 and alkaline pH 9.0 in
Indian major carps. Akhtar et al. (2011) also reported reduced level of RBC, Hb and
Hct count in L. rohita fingerlings at 33°C. The reduced blood oxygen carrying
capacity can be compensated either through increasing oxygen affinity and
capacity of Hb and/or increase in RBC production. Hence, with increase in L-TRP
supplementation RBC, Hb and Hct count increases, suggesting immune
enhancement properties of L-TRP through stimulation of erythropoiesis process.
Hoseini et al. (2012) also reported that dietary supplementation of L-tryptophan can
reduced the negative effects of stress and increased immune response in fish. The
present findings are also in congruence with the observation of Ciji et al. (2013a) in

L. rohita juveniles.

During post-challenge period, RBC, Hb and Hct count of L. gonius
fingerlings significantly decreased in the groups fed with 0% L-TRP supplemented
diet, which might be due to bacterial stress. Foda (1973) also reported decreased
Hb content in Atlantic salmon due to furunculosis caused by Aeromonas
salmonicida. A decreased Hb content was also observed in L. rohita fingerlings
after challenge with A. hydrophila (Misra et al., 2006). However, RBC, Hb and Hct
count in L-TRP supplemented groups remains high, though overall lower RBC, Hb
and Hct value was observed as compared to pre-challenge. This suggests immune
enhance properties of L-TRP through stimulation erythropoiesis process. The
present findings are in congruence with the observation of Kumar (2008) in L. rohita

fingerling and Ciji (2011) in L. rohita juveniles.

5.4.7.2 Leucocyte (WBC) count

Leucocytes (WBC) play an important role for enhancing non-specific
or innate immunity, which is considered as an indicator of the health status of fish

(Roberts, 1978). The leucocytes are involved in regulation of immunological
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function in the organism (Santhakumar et al., 1999). In the present experiment,
WBC count of L. gonius fingerlings varies significantly (p<0.05) in different
experimental groups. WBC count decreased significantly (p<0.05) on exposure to
multiple stressors in the Tg group (33°C x pH 5.5) followed by T2 group (33°C x pH
9.0) without L-TRP supplementation. This may be due to increased basal cortisol
level, which reduces leucocyte count either due to increased apoptosis, reduction in
leucocyte proliferation or leucocyte redistribution or weakening the leucopoiesis
process. Verma et al. (2007) also reported reduction in leucocyte in Cyprinus carpio
fingerlings on exposure to higher temperature, which was exacerbated on
concurrent exposure of temperature and chlorine stress. Similarly, Akhtar et al.
(2011) also reported reduced WBC count in L. rohita fingerlings at high
temperature. Das et al. (2006) also reported reduction in leucocyte count at acidic
pH 5.5 and alkaline pH 9.0 in Catla catla and Cirrhinus mrigala fingerlings.
However, with increase in L-TRP supplementation WBC counts increases. This
may be due to role of L-TRP on reduction of basal cortisol level and capacity to
stimulate leucopoiesis process in L. gonius fingerlings. Hoseini et al. (2012) also
reported that dietary supplementation of L-tryptophan can reduced the negative
effects of stress and increased immune response in fish. The present findings are
also in congruence with the observation of Ciji et al. (2013a) in L. rohita juveniles.

During post-challenge period, overall higher WBC value was
observed as compared to pre-challenge. However, the values were not significant
in 0% L-TRP supplemented group. The higher significant values in the L-TRP
supplemented groups suggest immune enhancement properties of L-TRP through
stimulating leucopoiesis process. The present findings are in congruent with the
observation of Kumar (2008) in L. rohita fingerling and Ciji (2011) in L. rohita
juveniles. Ciji et al. (2013b) also reported enhanced non-specific resistance factor
(WBC count) in vitamin E and L-TRP diet fed groups compared with control upon

challenge with A. hydrophila.

5.4.7.3 Nitroblue tetrazolium (NBT)

The phenomenon known as respiratory burst gives a measure of
oxygen dependent defense mechanism in vertebrate phagocytic cells, wherein

there is generation of reactive oxygen intermediates with powerful anti-microbial
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activity (ltou et al., 1997). Increased respiratory burst activity can be correlated with
increased bacterial pathogen killing activity of phagocytes (Sharp and Secombes,
19983) and hence a better immunity. The respiratory burst activity of phagocytes
was measured by reduction of NBT by intracellular superoxide radicals produced by

leucocytes.

In the present experiment, NBT values of L. gonius fingerlings varied
significantly (p<0.05) in different experimental groups. NBT value decreased
significantly (p<0.05) on exposure to multiple stressors in the Tg group (33°C x pH
5.5) followed by T group (33°C x pH 9.0) without L-TRP supplementation. Verma
et al. (2007) also reported reduction in NBT activity on exposure to higher
temperature, which was exacerbated on concurrent exposure of temperature and
chlorine stress in Cyprinus carpio fingerlings. Similarly, Akhtar et al. (2011) also
reported reduced NBT activity in L. rohita fingerlings at high temperature. However,
with increase in L-TRP supplementation NBT activity increases, suggesting
increased bacterial pathogen killing activity of phagocytes and hence, better
immune status of L. gonius fingerlings. The present findings are also in congruence

with the observation of Ciji et al. (2013a) in L. rohita juveniles.

During post-challenge period, overall higher NBT values were
observed as compared to pre-challenge. However, the values were not significant
in 0% L-TRP supplemented groups. The higher values in the L-TRP supplemented
groups suggest immunostimulating properties of L-TRP. It has been shown that L-
TRP can reduce the immunosuppressive effect of live hot virus and amplify specific
protective immune response against herpes simplex virus (Adams et al, 2004).
Emadi et al. (2010) also showed that dietary tryptophan increased the serum levels
of interferons and immunoglobulins in chickens of Infectious Bursal Diseases Virus
(IBDV) challenged broiler chickens. Ciji et al. (2013b) also reported enhanced non-
specific resistance factor (NBT) in vitamin E and L-TRP diet fed groups compared

with control upon challenge with A. hydrophila.

5.4.7.4 Blood glucose

Glucose is one of the most important sources of energy for the
animals and glucose has been studied as an indicator of stress caused by physical
factors (Manush et al., 2005). Nakano and Tomlinson (1967) observed that all types
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of stress elevated the secretion of catecholamine which in turn increased the
breakdown of glycogen and enhanced blood sugar level. The elevation of blood
sugar levels in fish by both corticosteroids and catecholamines makes it the ideal
parameter to study the secondary stress response, on activation of direct
sympathetic (chromaffin tissue) as well as humoral (internal tissue) pathways
(Wedemeyer and Mcleay, 1981). Ample of literature exists on the rise of glucose

level on application of various stressors.

In the present experiment, blood glucose level of L. gonius fingerlings
varied significantly (p<0.05) in different experimental groups. Blood glucose level
increased significantly (p<0.05) on exposure to multiple stressors in the Tg group
(33°C x pH 5.5) followed by T, group (33°C x pH 9.0) without L-TRP
supplementation. Das et al. (2009) also reported increase level of blood glucose at
higher temperature. Das et al. (2006) observed higher blood glucose at acidic pH
5.5 and alkaline pH 9.0 in Catla catla and Cirrhinus mrigala fingerlings. The reason
for increase in blood glucose may be due to higher cortisol levels, which is a
hyperglycemic hormone. Nakano and Tomlinson (1967) also observed that all types
of stress elevated the secretion of catecholamine which in turn increased the
breakdown of glycogen and enhanced blood sugar level. Another reason could be
increased in glycolysis is also indicated by increased LDH activity in liver and
muscle due to higher production of lactate. Similar observation was made by
Suarez and Mommsen (1987), Moon and Foster (1995) and Verma et al. (2006).
However, with increase in L-TRP supplementation reduces the blood glucose
levels. The decrease in blood glucose level in dietary L-TRP supplemented groups
could be inhibitory role of L-TRP on release of cortisol, hence reducing glucose
levels. Another possible reason might be of efficient utilization of glucose from the
blood due to L-TRP in diet. The lower blood glucose content in L-TRP fed groups
indicated stress-mitigating role of tryptophan (Lepage et al, 2002; Tejpal et al.,
2009) is an effective mitigator of multiple stress in L. gonius fingerlings. Tejpal et al.
(2009) have reported decrease in blood glucose levels in C. mrigala when fed with

tryptophan-supplemented diets.

During post-challenge period, blood glucose level of L. gonius
fingerlings was significantly higher in the groups fed with 0% L-TRP in diet, which

might be due to bacterial stress. However, the blood glucose level in L-TRP
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supplemented groups remains low, though overall higher value was observed as
compared to pre-challenge. This suggests immune-stimulating properties of L-TRP
in L. gonius fingerlings. Hoseini et al (2012) also reported that dietary
supplementation of L-tryptophan can reduced the negative effects of stress and

increased immune response in fish.

5.4.7.5 Albumin (A), globulin (G), A-G ratio and total serum protein

Proteins are the most important compounds in the serum, and its
concentration is used as a basic index for the health status of fish (Buchanan et al.,
1997). Among the serum protein, albumin and globulin are the major proteins,
which play a significant role in the immune response (Kumar et al, 2007). The
gamma globulin fraction is the source of almost all the immunological active protein
of the blood. Globulins like gamma globulins are absolutely essential for
maintaining a healthy immune system. Serum albumin and globulin values in the
fishes treated with different immunostimulants were always found to be higher than
control. An increase in the serum protein, albumin and globulin levels are thought to
be associated with a stronger innate response in fishes (Wiegertjes et al., 1996).

In the present experiment, serum total protein, albumin and globulin
levels of L. gonius fingerlings varied significantly (p<0.05) in different experimental
groups. The values decreased significantly (p<0.05) on exposure to multiple
stressors in the Tg group (33°C x pH 5.5) followed by T» group (33°C x pH 9.0)
without L-TRP supplementation. On the contrary, A-G ratio increases significantly.
The serum protein reduction may be attributed to protein catabolism, the process
converting blood and structural protein to energy, to meet the higher energy
demand during the prevailing stress. Das et al. (2006) also reported reduction in
total serum protein at low acid pH 5.5 and high alkaline pH 9.0 in Catla catla and
Cirrhinus mrigala fingerlings. Haemolysis of erythrocytes, already been implicated
in this species in the present study, also might have caused dilution of the plasma
volume contributing to some extent in such reduction of serum protein content (Das
et al., 2004). Verma et al. (2007) also reported reduced level of serum total protein,
albumin and globulin on exposure to higher temperature, which was exacerbated
on concurrent exposure of temperature and chlorine stress. Akhtar et al. (2011)
also reported reduced protein and albumin levels in L. rohita fingerlings at high
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temperature. However, with increase in L-TRP supplementation, the serum total
protein, albumin and globulin levels increases and A-G ratio decreases, suggesting
to stronger innate response in L. gonius fingerlings. Wiegertijes et al. (1996)
substantiate supported our findings. The present findings are also in congruence
with the observation of Ciji et al. (2013a) in L. rohita juveniles.

During post-challenge period, serum total protein, albumin and
globulin levels of L. gonius fingerlings significantly decreases and A-G ratio
increases further in the experimental groups fed with 0 % L-TRP supplemented
diet. This may be due to vascular leaking of serum proteins because of increased
permeability. Similar observation was made by Misara et al. (2006) in L. rohita
juveniles. However, serum total protein, albumin, globulin levels in L-TRP
supplemented groups remains high, though overall lower value was observed as
compared to pre-challenge. This suggests immunostimulating properties of L-TRP
in L. gonius fingerlings. Tryptophan has been shown to reduce the
immunosuppressive effects of challenge virus on immunity by increasing the

production of interferons and immunoglobulins in chickens (Emadi et al., 2010).

5.4.7.6 Lysozyme activity

Lysozyme is known to act as an important innate defence mediator
against parasitic, bacterial and viral infections, and in response to infection, its
activity is found to increase in fish blood (Ingram, 1980). Lysozyme plays important
role in innate immunity by lysis of bacterial cell wall and thus stimulates the
phagocytosis of bacteria (Ellis, 1990). Lysozyme activity can be affected by
stressors, infectious micro-organisms (Mock and peters 1990). Temperature also
plays an important role in regulating lysozyme activity in fish (Ndong et al., 2007).
An increased level has been considered a natural protective mechanism in fish
(Ingram, 1980).

In the present experiment, serum lysozyme activity of L. gonius
fingerlings varied significantly (p<0.05) in different experimental groups. The
lysozyme activity decreased significantly (p<0.05) on exposure to multiple stressors
in the Tg group (33°C x pH 5.5) followed by T group (33°C x pH 9.0) without L-TRP
supplementation. Dominguez et al. (2005) observed a reduction in plasma
lysozyme of Nile tilapia when exposed to 33°C from 28°C. Akhtar et al. (2011) also
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reported to reduced lysozyme activity in L. rohita fingerlings at 33°C. Similar
observation was made by Mock and Peters (1990), strong stressors such as
transportation or acute water pollution reduced the lysozyme level in rainbow trout.
Jeney et al. (1997) also reported reduced lysozyme activity in rainbow trout due to
transportation stress. This may be due to higher cortisol levels, which protects
these cells from apoptosis and stimulates non-specific immune system during
stress condition. However, with increase in L-TRP supplementation increases the
serum lysozyme activity, suggesting their immune-stimulating properties. It has
been reported that oral administration of 300 mg of L-TRP to rats enhanced
phagocytosis by macrophages and the innate immune response (Esteban et al.,
2004). The present findings are also in congruence with the observation of Ciji et al.

(2013a) in L. rohita juveniles.

During post-challenge period, overall higher lysozyme activity was
observed as compared to pre-challenge. However, the values were not significant
in the groups supplemented with 0% L-TRP in diet. The higher values in the L-TRP
supplemented groups suggest immunostimulating properties of L-TRP. Dietary
supplementation with 0.22% L-tryptophan reported to increase the resistance to
bacterial and parasitic infections in rats (Watson and Petro, 1984). Ciji et al.
(2013b) also reported enhanced non-specific resistance factor viz., lysozyme
activity in vitamin E and L-TRP diet fed groups compared with control upon
challenge with A. hydrophila.

5.4.8 Serum Enzyme Activity

5.4.8.1 Serum AST/GOT and ALT/GPT

In the present study, AST and ALT activity was assessed in serum of
different experimental groups. The activity of the enzyme increased significantly
(p<0.05) on exposure to multiple stressors in the Tg group (33°C x pH 5.5) followed
by T2 group (33°C x pH 9.0) without L-TRP supplementation. The higher activity of
both the transferase increased with temperature and/or pH stress, creating higher
free amino acid mobilization to produce higher glucose to cope up with stress, this
is supported by Verma et al. (2006) and Chatterjee et al. (2006). However, the
activity of both the transferases decreased with increasing level of L-TRP in the

diets. As there was less activity in the dietary L-TRP supplemented groups, which
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indicate lesser amino acids mobilization for energy production could be the reason.
Hence, it may be inferred that supplementation of L-TRP in diet will reduce
combined of temperature and pH stress in L. gonius fingerlings. Mohapatra et al.
(2014) also reported the decreased AST and ALT activity in serum with
supplementation of dietary probiotics in L. rohita fingerlings. The present findings
are also in congruence with the observation of Kumar (2008) in L. rohita fingerlings,
Tejpal et al. (2009) in C. mrigala fingerlings, Ciji (2011) in L. rohita juveniles, Ciji et
al. (2013a) in L. rohita juveniles, Akhtar et al. (2014) in L. rohita juveniles and

Kumar et al. (2014) in L. rohita fingerlings.

5.4.8.2 Serum ALP and ACP

In the present study, ALP and ACP activity was assessed in serum of
different experimental groups. The activity of the enzyme increased significantly
(p<0.05) on exposure to multiple stressors in the Tg group (33°C x pH 5.5) followed
by T2 group (33°C x pH 9.0) without L-TRP supplementation. An increase in the
activity of the two enzymes with temperature and/or pH stress is an indicative of cell
damage in liver, intestine or kidney. These findings are supported by Vasudevan
and Sreekumari (1998) and Kumar et al. (2006). However, L-TRP supplementation
reduces the ALP and ACP activity in serum. It indicates that combined effect of
temperature and pH stress was decreased as L-tryptophan supplementation in feed
increased. Kumar et al. (2006) also reported reduced level of SALP and sACP in in
L. rohita fingerlings when fed with probiotic enriched diet. Mohapatra et al. (2014)
reported the decreased ALP and ACP activity in serum with supplementation of
dietary probiotics in L. rohita fingerlings. The present findings are also in

congruence with the observation of Kumar (2008) in L. rohita fingerlings.

5.4.8.3 Serum LDH

In the present study, LDH activity was assessed in serum of different
experimental groups. The activity of the enzyme increased significantly (p<0.05) on
exposure to multiple stressors in the T group (33°C x pH 5.5) followed by T2 group
(33°C x pH 9.0) without L-TRP supplementation. The higher enzyme activity
suggests the animals under stress showed increased lactate production for
gluconeogenesis, this is supported by Chatterjee et al. (2006) and Verma et al.

(2006). LDH activity decreased significantly (p<0.05) in the groups fed with diets
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supplemented with L-TRP indicating the stress mitigating properties of L-TRP.
Supplementation of either 1.4 or 2.1% L-TRP caused maximum reduction in the
activity of the enzyme. The present findings are in congruence with the observation
of Kumar (2008) in L. rohita fingerlings, Tejpal et al. (2009) in C. mrigala fingerlings,
Ciji (2011) in L. rohita juveniles, Ciji et al. (2013a) in L. rohita juveniles, Akhtar et al.
(2014) in L. rohita juveniles and Kumar et al. (2014) in L. rohita fingerlings.

5.4.9 Serum Cortisol

Cortisol is also widely accepted as an indicator of stress in fish,
generally increases after exposure to stressors (Wendelaar Bonga, 1997; Dauvis,
2004; Tejpal et al., 2009; Hoseini and Hosseini, 2010; Costas et al., 2012; Akhtar et
al., 2012b). In the present study, the highest serum cortisol was found in Tg and Tz
group fed without dietary L-TRP, indicates secretion of cortisol due to stress caused
by multiple stressors. Gradual decrease in serum cortisol level in the stress groups
fed with the increasing level of dietary L-TRP confers that dietary L-TRP mitigates
the combined effect of temperature and pH stress in L. gonius fingerlings.
Supplementation of either 1.4 or 2.1% L-TRP caused maximum reduction in the
cortisol level. The present findings are in agreement with observations of Lepage et
al. (2002) for Oncorhnchus mykiss, Tejpal et al. (2009) for C. mrigala, Hoseini and
Hosseini (2010) for C. carpio, Ciji et al. (2013c) in L. rohita juveniles and Akhtar et
al. (2013) in L. rohita juveniles. Hence, it can be concluded that increased cortisol
levels normally led to immunosuppression in fish and therefore, dietary TRP
supplementation may result in a positive immune-modulation at high stressful
condition. Serotonin has been known to implicated in both epinephrine and cortisol
regulation in fish during stress (Fritsche et al., 1993; Winberg and Nilsson, 1993;
Winberg et al., 1997).

Similar trend of was observed for cortisol after challenge with A.
hydrophila but the mean value was higher than the pre- challenge, this may be due
to increased level of stress incurred due to bacterial challenge. Significant reduction
of cortisol was observed in the L-TRP fed groups in comparison to non L-TRP fed
counterparts. Stress reducing factor producing by L-TRP (Tejpal et al., 2009) might
have lowered the cortisol levels in L-TRP fed fish during bacterial challenge and
resulted better immunity.
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5.4.10 Hsp-70 Expression

The Hsp-70 expression increased significantly (p<0.05) on exposure
to multiple stressors in the Tg group (33°C x pH 5.5) followed by T, group (33°C x pH
9.0) without L-TRP supplementation. The higher expression of Hsp-70 in serum
and other tissues suggesting cross protection against the lethal stress incurred due
to combined effect of temperature and pH stress. Das et al. (2006) reported that
higher level of Hsp production in L. rohita fingerlings to combat thermal stress.
Mohapatra et al. (2014) also reported quantitative expression of Hsp-70 at higher
temperatures. In both the stressed group, gradual increase in dietary L-TRP
reduces the HSP expression significantly. Stress reducing factor producing by L-
TRP (Tejpal et al, 2009) might have lowered the Hsp levels in L-TRP fed fish
exposed to combined effect of temperature and pH and resulted better growth and
immunity. Among the TRP supplemented groups, maximum reduction of Hsp level
was found with supplementation of either 1.4 or 2.1% L-TRP. Mohapatra et al.
(2014) reported the dietary supplementation of probiotics reduces the quantitative

expression of Hsp-70.

5.4.9 Thyroid Hormones

Thyroid hormones are known to play key roles on growth,
development, reproduction and stress responses in fishes (Arjona et al., 2008). A
decrease in T3 and T4 levels was reported in fish under stress (Klaren et al., 2007).
Specific metabolic functions of thyroid hormones have been documented in a
number of studies, which correlate with its growth-promoting activities (Gorg, 2007).
In the present study, thyroid hormone levels (T3 and T4) in serum decreased
significantly (p<0.05) on exposure to multiple stressors in the Tg group (33°C x pH
5.5) followed by T2 group (33°C x pH 9.0) group without L-TRP supplementation.
The reduction in T4 level was much higher than the T3 hormone. The reduced
growth rate in the fishes exposed to multiple stressors can be correlated with the
thyroid hormone levels as the groups with lowest growth rate showed the lowest T3
and T4 levels and vice versa. The low level of thyroid hormone recorded in stressed
groups increase significantly (p<0.05) with increase in dietary L-tryptophan
supplementation. During the study, a linear relation between weight gain % and

thyroid hormone was observed. Dietary supplementation of either 1.4 or 2.1%
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increased T3 and T4 hormone levels. Ciji et al. (2013c) and Akhtar et al. (2013)
also reported that dietary supplementation of L-tryptophan improved thyroid

hormone level by combating stress in L. rohita juveniles.

5.4.12 Serum Electrolytes

In the present study, Na* and CI" in serum of L. gonius fingerlings
decreased significantly (p<0.05) on exposure to multiple stressors in the Tg group
(33°C x pH 5.5) followed by T» group (33°C x pH 9.0) without L-TRP
supplementation. The fish gill is highly permeable to hydrogen ions. The main
structural target of H* is likely to be the gills and the physiological target is likely to
be ion regulation (McDonald, 1983). The variations in water pH are reported to
cause disturbances in acid-base and ion regulation and ammonia excretion (Wood
et al., 1989; Wilkie and Wood, 1991; Wilkie et al,, 1993; Jensen and Brahm, 1995).
Numerous of researchers have reported to decreased in Na* and CI on exposure to
low acidic and high alkaline pH in fishes (Ultsch et al., 1981; Wood et al., 1989;
Wilkie and Wood, 1991; Wilkie et al., 1993). The rise in serum K" and decline in
Na* in the present study can also be correlated with the inhibition of Na*/K*™ ATPase
enzyme activity observed during the present study. Jensen et al. (1987) also
explained that the inhibition of Na*/K* ATPase enzyme results in tissue K* efflux
and Na* uptake in fish. However, supplementations of L-TRP in diet able prevent
the loss of ions in L. gonius fingerlings on concurrent exposure to multiple
stressors. Hoseini and Hosseini (2010) also reported that supplementation of L-
TRP in diet of common carp able to withstand osmotic stress.The improved Na*/K*
ATPase enzyme activity observed during the present study in L-TRP supplemented

group can also be correlated to maintenance of Na* and K* levels in serum.

5.4.13 Serum Osmolality

In the present study, osmolality in serum of L. gonius fingerlings
decreased significantly (p<0.05) on exposure to multiple stressors in the Tg group
(33°C x pH 5.5) followed by T. group (33°C x pH 9.0) without L-TRP
supplementation. The reduction of serum osmolality can be correlated mainly with
the reduction of serum Na* and CI levels. McDonald and Millican (1992) reported

that the sodium is the major cation in the blood of fishes and together with chloride
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contributes most to the serum osmolarity. McDonald and Millican (1992) have
argued that electrolyte measurements are more reliable than measurement of
serum osmolarity and that osmotic effects can be monitored by Na® and CI
measurements. However, supplementations of L-TRP in diet able inhibit the loss of
ions in L. gonius fingerlings on concurrent exposure to multiple stressors. The
maintenance of Na" and CI” during the present study can be correlated with the
normal osmolality value. Hoseini and Hosseini (2010) also reported that

supplementation of L-TRP in diet of common carp able to withstand osmotic stress.

5.4.14 Survival % in Challenge Study

A. hydrophila, one of the major bacterial pathogens in India, is known
to cause a variety of diseases in fish such as haemorrhagic septicaemia, infectious
dropsy, tropical ulcerative disease and fin rot leading to heavy mortality in
aquaculture farms (Kumar and Dey, 1988; Karunasagar et al., 1997). In the present
study the highest percentage of survival was registered in the groups supplemented
with L-tryptophan and no stress group. Present study shows that supplementation
of dietary L-tryptophan had a positive influence on the survival of L. gonius
fingerlings by resisting the A. hydrophila infection. The higher survival could be an
enhancement of macrophagocytic activity, as indicated by the respiratory burst
activity as well as serum lysozyme activity by dietary supplementation of L-TRP.
The low survival in 0% dietary L-TRP supplemented group is due to more serum
cortisol levels. The WBC count was lower in the stressed group fed with 0% dietary
L-TRP supplemented diet; this may be due to increased basal cortisol level.
Increase in cortisol level reduces leucocytes count either due to increased
apoptosis, reduction in leucocytes proliferation or leucocytes redistribution. Cortisol
has been shown to suppress immunoglobulin production by lymphocytes and
reduce the production of various intercellular mediators, such as prostaglandin,
therefore reduces disease resistance resulting from stressful environmental
condition (Wedemeyer et al., 1996; Reddy and Leatherland, 1998).
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Summary



6. SUMMARY

In today’s climate change scenario, environmental degradation and
disease outbreaks are the major constraints to aquaculture production. During the
culture period, fishes are exposed to various environmental changes, which cause
degree of trauma (stress) to the fish. The stressful condition in aquatic environment
is not only due to a single stressor, but it is a combined effect of many stressors.
They can adversely affect the survival, growth and reproduction of fish. Reducing
the level and exposure time of stressors and minimizing the effect of stressors, lead
to better survival, growth and production. Hence, understanding the interactions of
multiple stressors is the biggest challenge to the researchers which can
subsequently help to develop mitigation strategies during aquaculture practices. In
this backdrop, the present study was conducted to evaluate the stress responses of
Labeo gonius fingerlings exposed to multiple stressors (temperature and pH) and
its mitigation through dietary L-tryptophan (L-TRP) in four different experiments.
Considering its potential as an alternative candidate species in aquaculture, L.

gonius was selected for the study.

First experiment was conducted to evaluate the physio-biochemical
responses of L. gonius fingerlings exposed to four different temperatures (27, 30,
33 and 36°C) for a period of 60 days. The results of the experiment showed normal
physiological activities at 27 and 30°C and causes stress at 33°C and 36°C, which
in turn affect the growth and survival of the animal. Growth rate of the fingerlings
was significantly higher at 27 and 30°C (p<0.05), which decreased with increase in
temperature. Reduction in weight gain % at higher temperatures also followed a
linear relationship with RNA, RNA/DNA ratio and thyroid hormones thyroxine (T4)
and tri-iodothyronine (T3) indicating depression of the growth indices due to stress.
Higher temperatures significantly increased the cortisol level, blood glucose, SOD,
catalase, GST, caspase-3 activity, AST, ALT, LDH, MDH, ALP, FDpase activity and
reduction of AChE, G6PDH, liver glycogen, RBC, haemoglobin, haematocrit and
WBC indicating stress to the fish. Reduction of NBT, lysozyme activity, serum
protein, albumin globulin and increased in A/G ratio at higher temperatures
indicated immune-depression of the species due to stress. However, quantitative
expression of Hsp-70 at higher temperatures suggests the cross protection of the
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fish to thermal stress. Histological study of qill, liver and intestinal tissue and
Scanning Electron Microscopy (SEM) studies of gill tissue ascribed the changes at
higher temperatures. Thermal tolerance study carried out under the acclimation
temperature 27, 30, 33 and 36°C deliberates that acclimation temperature
significantly influences the thermal tolerance limit and oxygen consumption rates of
the L. gonius fingerlings (p<0.05).

Second experiment was conducted to elucidate the growth,
biochemical and haemato-immunological responses of L. gonius fingerlings
exposed to multiple stressors. Fishes were exposed to combined effect of
temperature and pH viz, Ty (27°C x pH 7.5), T» (27°C x pH 5.5), Ts (27°C x pH
9.0), T4 (33°C x pH 7.5), Ts (33°C x pH 5.5) and Tg (33°C x pH 9.0) for a period of
60 days. Results of the interaction study revealed that the chronic exposure of L.
gonius fingerlings to multiple stressors is more severe than the single stressor
(p<0.05). However, combined effect of temperature and acidic pH stress was higher
than the alkaline counterpart. Among the individual stressor, acidic pH stress was
severe than the temperature or alkaline pH stress. It was found that temperature
and/or pH stress had a significant adverse effect (p<0.05) on fingerlings. Growth
rate and survival of the fingerlings were affected significantly (p<0.05) on exposure
to temperature and/or pH stress. Reduction in weight gain % at temperature and/or
pH stress showed a linear relationship with thyroid hormones thyroxine (T4) and tri-
iodothyronine (T3) suggesting depression of growth indices. Increased levels of
cortisol, blood glucose, caspase-3 enzyme, SOD, catalase, GST, AST, ALT, LDH,
MDH, ALP, FDpase and reduction of AChE, G6PDH, RBC, haemoglobin,
haematocrit and WBC indicates severe stress to the organisms. Reduction of NBT,
lysozyme activity, total serum protein, albumin and globulin and increased in A/G
ratio at temperature and/or pH stress indicated immune-depression of the species
due to stress. However, higher quantitative expression of Hsp-70 in serum, gill and
liver suggests the cross protection of the fingerlings against these stressors.
Reduction of serum electrolytes (Na" and CI) and osmolality and inhibition of
Na*/K* ATPase activity appeared to be one of the significant effects of pH
fluctuations either alone or in combination with thermal stress. Histological study of
gill, liver and intestinal tissue and Scanning Electron Microscopy (SEM) study of gill

tissue ascribed the visual confirmation of the changes. However, rate of changes

254



was different depending on the extent of exposure.

Third experiment was conducted to evaluate the growth and
immunomodulatory responses of L. gonius fingerlings to dietary L-tryptophan
supplementation. Fishes were fed with five isonitrogenous diets containing graded
level of L-tryptophan (0, 0.35, 0.7, 1.4 and 2.1%) for a period of 60 days. Growth
rate and immune response of the fingerlings were significantly (p<0.05) higher in
treatment groups fed with L-TRP compared to control group. Higher weight gain %
observed in L-TRP supplemented groups showed a linear relationship with RNA,
RNA/DNA ratio and thyroid hormones thyroxine (T4) and tri-iodothyronine (T3)
attributed growth promoting effect of L-tryptophan. Dietary supplementation L-TRP
also significantly increased the lysozyme activity, NBT, albumin and globulin,
specifying its immunomodulatory property. Challenge study confirmed that
supplementation of L-TRP in diets of L. gonius fingerlings positively influence the
survival rate by resisting the Aeromonas hydrophila infection and resulted better

immunity.

Fourth experiment was conducted to elucidate the possible role of
dietary L-tryptophan on stress mitigation of L. gonius fingerlings exposed to multiple
stressors. Fishes were fed with iso-nitrogenous purified diets containing graded
levels of L-TRP (0, 0.7, 1.4 and 2.1%) to mitigate effect of multiple stressors (33°C
x pH 5.5 or 33°C x pH 9.0). Dietary supplementation of 0.7% L-TRP significantly
reduced the stress incurred due to combined effect of temperature and pH by
reducing the cortisol levels, blood glucose and oxidative enzymes and increasing
the lysozyme activity, NBT, total serum protein, aloumin and globulin. However,
stress level reduced to the extent comparable with the control group (No stress)
with 1.4% L-TRP supplementation in diet and improved further with 2.1% L-TRP
indicating its stress mitigating property. Dietary supplementation of L-TRP
enhanced the weight gain %, SGR and PER, suggesting improvement of growth
indices through mitigating stress. Challenge study conducted under this experiment
also confirmed that supplementation of L-TRP in diets of L. gonius fingerlings
positively influence the survival rate by resisting the A. hydrophila infection and
resulted better immunity. The results obtained in this experiment indicate that
dietary L-TRP mitigates the effect multiple stressors (combined effect of
temperature and pH) and enhances the growth of L. gonius fingerlings.
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Following conclusions were made from the present study:

v The physiological activities of L. gonius fingerlings were normal at 27 and 30
%C. Higher temperatures cause stress, which ultimately affect the growth and
survival of the animal. Hence, rearing the species within the range of 27 to
30°C will be an ideal condition for normal physiological activity, better growth

and survival.

v Acclimation temperature significantly influences the thermal tolerance limit

and oxygen consumption rates of the L. gonius fingerlings (p<0.05).

v' Temperature and/or pH stress had a significant adverse effect (p<0.05) on

fingerlings. However, rate of changes depends on the extent of exposure.

v' The stress incurred on chronic exposure to multiple stressors was more
severe than the single stressor. However, combined effect of temperature
and acidic pH stress was higher than the alkaline counterpart. Among
individual stressor, effect of acidic pH stress appeared to be more severe

than the temperature or alkaline pH stress.

v Dietary supplementations of L-TRP positively influence the survival rate of L.
gonius fingerlings by resisting the Aeromonas hydrophilla infection and

resulted better immunity.

v Dietary supplementation of L-TRP at a minimum level of 1.4% is useful to

mitigate combined effect of multiple stressors (temperature and pH).

This basic information will be useful for researchers to understand the
interactions of multiple stressors in today’s climate change scenario, which can
subsequently help to develop stress mitigation strategies. This will be a reference
baseline data on stress mitigation of L. gonius and other tropical species having
similar physiological background. However, further intensive study is required on
molecular physiology for better understanding of the interactions of multiple
stressors and also for stress mitigation. The findings of the present study will help
to establish L. gonius as an alternative candidate species for diversification in

aquaculture.
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APPENDICES

Abbreviations

Description

ANOVA
CRD
SE

%

EE

DM

OM

DE

TC

CP
FCR
FER
PER
SGR
DO
CO:
AST
ALT
GOT
GPT
LDH
MDH
SOD
GST
AChE
ALP
ACP
FDPase
G6PDH
ATPase

Analysis of Variance

Completely Randomized Design
Standard Error

Percentage

Ether Extract

Dry Matter

Organic Matter

Digestible Energy

Total carbohydrate

Crude Protein

Feed Conversion Ratio

Feed Efficiency Ratio

Protein Efficiency Ratio

Specific Growth Rate

Dissolved Oxygen

Carbon di-oxide

Aspartate Amino Transferase
Alanine Amino transferase
Glutamate oxalo acetate transaminase
Glutamate pyruvate transaminase
Lactate dehydrogenase

Malate dehydrogenase
Superoxide dismutase
Glutathione-s-transferace
Acetylcholine esterase

Alkaline phosphatase

Acid phosphatase

Fructose-1, 6-Diphosphatase
Glucose-6-phosphate dehydrogenase

Total adenosine triphosphatase



Hb :  Hemoglobin

RBC . Red Blood Cells

WBC . White Blood Cells

NBT : Nitroblue tetrazolium

Hct :  Haematocrit

Hsp . Heat shock protein

H&E : Haematoxylin and eosin
SEM :  Scanning Electron Microscopy
CT™M . Critical Thermal Methodology
LTM . Lethal Thermal Methodology
CTimax :  Critical Thermal maximum
CTmin : Critical Thermal minimum
LT max :  Lethal Thermal maximum
LTmin :  Lethal Thermal minimum

g : Gram

Kcal :  Kilocalorie

mg : Milligram

n mole : Nano mole

ppm : Parts per million

U : Units

Mg : Microgram

Cfu :  Colony forming unit

ng : Nano gram

Pg : Pico gram

dl . Deciliter

L . Liter

L-TRP : L-Tryptophan

MS; . Multiple stressors;

MS, . Multiple stressors;




