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Abstract

Almost all metabolic processes in an organism alternate through high and low activity

phases with a regular periodicity of nearly 24 h. These daily/diel variations are governed by

factors such as light, weather conditions, availability of food or predator activity. The

immune system in fish is expected to follow the same routine based on external cues from

the environment which it lives. The present study was carried out to investigate such

daily/diel variations in selected immune parameters such as serum lysozyme and

peroxidases activity, total serum globulin level and peripheral blood leukocyte count in

Oreochromis mossambicus. The fish were maintained in semi natural condition

(i.e.12L:12D). The results showed significant rise in serum peroxidases and lysozyme

between 0200 h and 0600 h of the day and serum cortisol exhibited elevated level between

2200 h and 0600 h. Total serum globulin exhibited peak concentration from 1400 h to 1800 h.

Thus suggesting the possibility of rhythmic functioning of immune system in O.

mossambicus.
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Almost all physiological variables investigated till date in animals and humans display

biological rhythms and immune system is no exception to this phenomenon. The pineal

gland via its secretory product, melatonin, influences the light–dark rhythm in most

vertebrates including fish [1]. Circadian rhythms are daily variations or oscillations in

behavior and physiology that are critical for maintaining homeostasis in an organism.

Circadian rhythms seem to be the result of the expression of the so-called ‘clock genes’ and

their synchronization by environmental and endogenous factors, mostly by light. Rhythmic

variations have been reported in the activity of a number of vertebrate immune system

components [2] as well. Circadian rhythmicity in circulating cells, lymphocyte metabolism

and transformability, circulating hormones and other substances exerts various actions on

different targets of the immune system. Immune cells such as human peripheral blood

mononuclear cells have been shown to express clock genes (hPer1, hPer2, hPer3, hDecl) in a

circadian manner [3]. Circadian changes in the circulation of T, B, or natural killer (NK)

lymphocyte subsets in peripheral blood and in the density of epitope molecules on their

surface, are related to cell reactivity to antigen exposure [4]. Changes in lymphocyte subset

populations can depend on time of day-associated changes in cell proliferation in

immunocompetent organs and/or on diurnal modifications in lymphocyte release and its

traffic among lymphoid organs. Literature on rhythms and daily variations involved in fish

immune system is scarce. The influence of a photoperiod on humoral innate immune

response in gilthead sea bream, Sparus aurata and sea bass, Dicentrarchus labrax has been

reported earlier [1]. Core clock genes such as Clock, Period, Bmal, and Cryptochrome have

been shown to rhythmically express in zebrafish, Danio rerio [5]. Daily variations in immune

function have direct implications for health and disease states [2]. Hence, the present study

was carried out with objective of finding the possible diel variation in selected immune

parameters of Oreochromis mossambicus. Serum lysozyme activity and serum peroxidases

activity were measured to assess nonspecific immunity. Total serum globulin level was

measured to assess general specific immunity in tilapia, O. mossambicus. These immune

functions were chosen based on the relative ease in performing these assays in short time.

Peripheral blood leukocyte count was also performed, as these cells are the source of the

above mentioned serum immune molecules.
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Fish

The fish, O. mossambicus (n = 120) weighing 50 ± 5 g of both the sexes were obtained from a

local farmer and were maintained at ambient, uncontrolled temperature of 28 ± 2 °C under

natural photoperiod (12L:12D) in a 150 l fibre reinforced plastic (FRP) tanks at a stocking

rate of 4 g l  (grams per litre) i.e. 10 fish per tank/group. A total of twelve tanks/groups were

maintained. The first set of six tanks/groups was utilized for serum based assays and second

set of six tanks was used for haemotological

Results

The results showed a clear pattern of diel variation with significantly higher concentration

of serum lysozyme (Fig. 1) (F{5,54} = 2.56, P < 0.05) and serum peroxidases (Fig. 2)

(F{5,54} = 3.15, P < 0.02) from 0200 h to 0600 h, and cortisol (Fig. 3) exhibited significantly

higher concentration (F{5,54} = 23.02, P < 0.001) from 2200 h to 0600 h. Total serum globulin

exhibited significant (F{5,54} = 3.08, P < 0.02) peak concentration from 1400 h to 1800 h

(Fig. 4). Thus, all the above parameters showed typical robust

Discussion

Fish can detect daily and seasonal changes in surrounding environment and adjust their

physiological condition and behavior to the changes. Among the environmental factors,

light and water temperature are considered to be important to fish [15]. In the present

study, serum cortisol showed a typical S-Shaped rhythm with higher concentration in the

morning and lower concentration during night which is similar to that of humans [16] with

a peak at early morning. Earlier studies on diel variations

Acknowledgements

The authors gratefully acknowledge Council for Scientific and Industrial Research (CSIR) for

the Senior Research Fellowship granted to C. Binuramesh with which the present work was

carried out.

Recommended articles

−1



References (39)

J.E. Kaplan et al.

Rhythmic patterns in phagocytosis and the production of reactive oxygen species

by zebrafish leukocytes
Comp Biochem Physiol A: Mol Integr Physiol (2008)

A.I. Esquifino et al.

Circadian organization of the immune response: a role for melatonin
Clin Appl Immunol Rev (2004)

S. Espelid et al.

Effects of cortisol and stress on the immune system in Atlantic salmon (Salmo

salar)
Fish Shellfish Immunol (1996)

C. Binuramesh et al.

Effect of sex ratio on the immune system of Oreochromis mossambicus (Peters)
Brain Behav Immun (2006)

M.J. Quade et al.

A rapid, direct assay to measure degranulation of bovine neutrophil primary

granules
Vet Immunol Immunopathol (1997)

O.H. Lowry et al.

Protein measurement with the folin phenol reagent
J Biol Chem (1951)

B. Doumas et al.

Albumin standards and the measurement of serum albumin with bromcresol

green
Clin Chem Acta (1971)

J.E. Thorpe et al.

Diel and seasonal changes in resting plasma cortisol levels in juvenile Atlantic

salmon, Salmo salar L
Gen Comp Endocrinol (1987)

A.D. Pickering et al.

https://www.sciencedirect.com/science/article/pii/S1095643308011161
https://www.sciencedirect.com/science/article/pii/S1529104904000509
https://www.sciencedirect.com/science/article/pii/S105046489690011X
https://www.sciencedirect.com/science/article/pii/S0889159105001492
https://www.sciencedirect.com/science/article/pii/S0165242797000482
https://www.sciencedirect.com/science/article/pii/S0021925819524516
https://www.sciencedirect.com/science/article/pii/0009898171903652
https://www.sciencedirect.com/science/article/pii/0016648087902176


Seasonal and diel changes in plasma cortisol levels of the brown trout, Salmo

trutta L
Gen Comp Endocrinol (1983)

J.A. Singley et al.

The adrenocortical–hypophyseal response to saline stress in the goldfish,

Carassius auratus L
Comp Biochem Physiol (1975)

View more references

Cited by (35)

Plant polysaccharides used as immunostimulants enhance innate immune

response and disease resistance against Aeromonas hydrophila infection in fish
2016, Fish and Shellfish Immunology

Show abstract

Spotlight on fish: Light pollution affects circadian rhythms of European perch but

does not cause stress
2015, Science of the Total Environment

Show abstract

Toxic effects of chlorpyrifos on lysozyme activities, the contents of complement

C3 and IgM, and IgM and complement C3 expressions in common carp (Cyprinus

carpio L.)
2013, Chemosphere

Citation Excerpt :

…In addition, small sections of kidney and spleen were sampled and stored at −80 °C for RNA

isolation. Lysozyme activities in fish serum, hepatopancreas, kidney, and spleen were determined by

the method of Binuramesh and Michael (2011). Bacterial suspension of M. lysodeikticus was obtained

by dissolving cold dried bacterial powder with 0.04 M PBS (pH 6.2 and OD520nm = 0.3–0.5).…

Show abstract

https://www.sciencedirect.com/science/article/pii/0016648083901399
https://www.sciencedirect.com/science/article/pii/0300962975900511
https://www.sciencedirect.com/science/article/pii/S1050464816306817
https://www.sciencedirect.com/science/article/pii/S0048969714018051
https://www.sciencedirect.com/science/article/pii/S0045653513007583


Rhythms in the endocrine system of fish: a review
2017, Journal of Comparative Physiology B: Biochemical, Systemic, and Environmental Physiology

Chronic stress due to high stocking density in open sea cage farming induces

variation in biochemical and immunological functions in Asian seabass (Lates

calcarifer, Bloch)
2014, Fish Physiology and Biochemistry

Understanding the role of host hemocytes in a squid/Vibrio symbiosis using

transcriptomics and proteomics
2012, Frontiers in Immunology

View all citing articles on Scopus

View full text

Copyright © 2011 Elsevier Ltd. All rights reserved.

All content on this site: Copyright © 2024 Elsevier B.V., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI

training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.

https://doi.org/10.1007/s00360-017-1094-5
https://doi.org/10.1007/s10695-014-9909-8
https://doi.org/10.3389/fimmu.2012.00091
http://www.scopus.com/scopus/inward/citedby.url?partnerID=10&rel=3.0.0&eid=2-s2.0-79952185831&md5=31ac2896396b1b4448b7bfb6add52ac4
https://www.sciencedirect.com/science/article/pii/S105046481100012X
https://www.elsevier.com/
https://www.relx.com/

