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Adaptation to thermal stress in the freshwater eurythermal teleost
Sarotherodon mossambicus: Lactate dehydrogenase activity
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Abstract. LDH activity decreased in the osmoregulatory organs and increased in the nonosmoregulatory organs from the small and large individuals of S. mossambicus on adaptation
to both cold and warm temperatures, relative to normals at room temperature. In any size
group, the activity was generally higher in the brain and white muscle, lower in the gill and
intermediate in the liver, red muscle, kidney and intestine. The enzyme activity was sizedependent, irrespective of adaptation temperature it was higher in the organs from the large
individuals than in those from the small ones. However, the variations in the % LDH activity in
the organs between the small and large individuals were very slight in magnitude and
inconsistent in direction. The metabolic efficiency to adapt to thermal stress decreases with
size.
Keywords. Thermal-adaptation; Sarotherodon mossambicus; lactate dehydrogenase activity;
osmoregulatory organs; non-osmoregulatory organs.

1. Introduction
There are several studies on lactate dehydrogenase activity (LDH) in fish and other nonpiscine poikilotherms adapted to thermal stress (Hazel and Prosser 1974; Tsukuda and
Ohsawa 1974; Mary et al1976; Tsugawa 1976). However, most of these studies were
confined to its isozyme patterns, rather than its activity per se. Hence this glycolytic
enzyme has been studied in different organs of S. mossambicus adapted to cold and
warm temperatures to assess the degree and direction of its adaptation to thermal stress
in these organs. In view of the importance of osmoregulation in adapting to thermal
stress (Umminger 1975; Catlett and Millich 1976) the organs selected included both the
osmoregulatory (gill, kidney and intestine) and non-osmoregulatory (brain, liver, red
muscle and white muscle) ones. In as much as abilities to adapt to thermal stress in fish
are size-dependent (Parvatheswararao 1977) this study was carried out on the animals
of two size groups to assume the influence of size on the enzyme adaptation to thermal
stress.

2.

Materials and methods

The collection, maintenance and adaptation-time of the fish were as described earlier
(Radhakrishnaiah and Parvatheswararao 1981). The fish were divided into two sizegroups, small (10 g ± 2 g) and large (50 g ± 2 g), and were adapted separately to cold
(20°C ± 0'5°q and warm (35°C ± 0'5°q temperatures, while those maintained at
room temperature (27'5°C ± 0'5°q alongside served as controls. On completion of
adaptation, the gill, kidney, a part of the intestine, brain, liver, some red muscle from the
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lateral line region and some white muscle from the anterodorsolateral region of the
trunk were dissected out from each fish in a sterilised cold room at ISOc. The LDH
activity was estimated in the cytosolic fraction of these organs using the colorimetric
method of Srikantan and Krishnamoorthy (1955) as modified by Govindappa and
Swami (1965). Protein content was estimated by using folinphenol reagent method
(Lowry et at 1951) and the enzyme activity was expressed as J1g forrnozan/mg
protein/hr.

3.

Results

3.1

Imer-organ differences

LDH activity in the different organs of S. mossambicus varied to different degrees on
adaptation to thermal stress and these variations were in opposite directions in the
osmoregulatory and non-osmoregulatory organs. Thus, relative to normals at room
temperature, on adaptation to both cold and warm temperatures, the activity decreased
significantly (P <0,(02) in the ormoregulatory organs whereas a significant
(P <0'(02) increase was observed in the non-osmoregulatory organs (figure 1A).
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Figure I. A. LDH activity (JIg formozan/mg protein/hr) in the different organs from the
small (.
.) and large (0-------.0) individuals of S. mossambicus adapted to cold.
normal and warm temperatures. Each point is a mean of six estimations and vertical bars
indicate standard deviations. B. LDH activity in the different organs studied from the small
(.
.) and large (0'-'--'-·0) individuals of S. mossambicus adapted to cold and warm
temperatures expressed as \ of its normal activity at room temperature. which is fixed at 100.
(C: cold (20'C); N: normal (27'5°C); W: warm (35'C))
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Further, irrespective of the size, the enzyme activity was maximal in the brain and white
muscle, minimal in the gill, and intermediate in the liver, red muscle, kidney and
intestine in the sequence indicated. However, there was not much significant ditTerence
either in the enzyme activity or its cold- and warm-induced shifts between the brain,
white muscle and liver as well as between the kidney and intestine.

3.2

Influence of body-size

The LDH activity was size-dependent, irrespective of adaptation temperature, being
significantly (P < 0,(02) higher in the organs from the large individuals of the fish than
in those from the small ones (figure lA). Further, the variations in the ~.~ LDH activity
(the activity at cold- and warm-adapted temperatures was converted as ~.~ of its normal
activity at room temperature, which is fixed 1(0) in the organs between the small and
large individuals were also compared (figure 1B). These variations were slight in
magnitude and inconsistent in direction. However, generally the ~~ LDH activity was
higher in most of the organs from the small individuals of the fish than in those from the
large ones.

4.

Discussion

At enhanced temperatures the anaerobic metabolism through glycolysis increases in
fish (Somero 1973) and this appears to hold good in the non-osmoregulatory organs of
S. mossambicus in which the LDH activity increased on warm-adaptation. Further, there
is a suggestion that in fish, when adequate quantity of substrate to the organ is not
provided either through the protein or lipid metabolism, stepping up of glycolysis even
under decreased temperatures may be considered adaptive (Hazel and Prosser 1974).
Perhaps, this may be the reason for the increased LDH activity in the nonosmoregulatory organs of S. mossambicus adapted to cold.
In fish, osmo- and iono-regulations play a vital role during thermal-adaptation
(Umminger 1975; Catlett and Millich 1976) and this requires a considerable amount of
energy to the osmoregulatory organs, the gill, kidney and intestine. So, with the
evidence of the pronounced increase in the oxidative metabolism in these organs
(Radhakrishnaiah 1983), the decreased LDH activity presently observed suggests that
these organs may depend to a greater extent on energetically more efficient oxidative
metabolism to meet their higher energy demands during thermal stress and as such, the
decrease in the energetically less efficient glycolysis is possible. Further, it is known that
the metabolic rate and hence energy expenditure increases in poikilotherms like
S. mossambicus on adaptation to both cold and warm temperatures (Anantakrishnan
and Kutty 1974). Thus the increase in LDH activity in the non-osmoregulatory organs
indicates that these organs may be relying more on glycolysis to meet their enhanced
energy demands during thermal-adaptation.
Glycolysis and glycolytic enzymes are much more pronounced in the white muscle of
fish than in the other organs (Mac Leod 1960; Hazel and Prosser 1974), and the
maximal LDH activity in the white muscle is in agreement with this generalisation.
Except the suggestion that the white muscle is concerned to improve its tensiontemperature relation (Brown 1957), there is no information about the role(s) of this

118

K Radhakrishnaiah

effector organ during thermal-adaptation of fish. However, what little role it plays
involves some energy expenditure which perhaps is mostly met by stepping up
glycolysis. This is also evident from the increased LDH isozyme patterns in this organ of
some fish during thermal stress (Somero 1973; Bolaffi and Booke 1974). The much
lesser LDH activity in the red muscle than that in the white muscle, as observed in the
atlantic hagfish, Myxine glutinosa (Mellgren and Mathisen 1966) coincides with the
suggestion that the red muscle in fish, unlike the white muscle, is predominently
oxidative in its metabolic activity (George 1962). However, being involved in many
functions during thermal-adaptation such as, slow long-lasting contractions, supply of
energy compounds to the white muscle and even thermoregulation, the glycolysis in the
red muscle may also be involved to some extent for the supply of the energy
compounds. The brain is known to playa very important role in integrating the various
physiological processes involved in thermal-adaptation (Lagerspetz 1974). Hence to
meet its high energy requirement during thermal-adaptation the glycolysis may be
stepped up as indicated by the increased LDH activity in addition to the stepping up of
oxidative metabolism (Radhakrishnaiah 1983). Reports on the increased lactate
oxidation and LDH isozymes in the liver of fishes during thermal stress (Hochachka
1969; Tsukuda and Ohsawa 1974; Tsugawa 1976) reflect the increase in glycolytic
activity as well as lactate cycle for which liver is known to be the centre. Possibly even in
S. mossambicus the increased LDH activity in the liver on adaptation to thermal stress
indicates enhanced activity ofglycolysis and/or lactate cycle,hence enhanced metabolic
energy production.
Metabolic rate in animals is known to be size-dependent, being higher in the smaller
individuals than in the larger ones (cf:Parvatheswararao 1977). Recent studies indicate
that such direction in the size-metabolism relation is applicable to oxidative metabolism but not to glycolysis, though this is also size-dependent, has a diametrically opposite
direction, being higher in the large individuals than in the small ones (Bashamohideen
and Parvatheswararao 1976). Accordingly, at any temperature of adaptation, a higher
LDH activity was observed in the organs from the large individuals of S. mossambicus
than in those from the small individuals: It indicates that with the increase in body size
of the fish, probably, the efficiency of oxidative metabolism decreases and that of
glycolysis increases and thus the overall metabolic efficiency will be higher in the small
individuals of the fish than in the large ones. Further, the more utilisation of
energetically less efficient glycolysis by the small individuals of S. mossambicus, as
evident by the higher %LDH activity in most of the organs, than the large individuals
along with the lesser utilisation of energetically more efficient oxidative metabolism
(Radhakrishnaiah 1983) indicates that probably the small individuals expend lesser
energy to adapt to the imposed thermal stress than the large ones. These results thus
coincide with the generalisation that the gross efficiencyof the fish in stress media tends
to decrease with increasing size and decreasing metabolic rate (Kinne 1964).

Acknowledgements

This investigation was carried out during the author's stay in Sri Venkateswara
University, Tirupati, and was supported by a grant from CSIR, New Delhi. Thanks are
due to the late Prof. V Parvatheswararao for his invaluable guidance.

LDH

activity on thermal-adaptation in S. mossambicus

119

References
Anantakrishnan K Rand Kutty M N 1974 Mortality and breathing rate at high ambient temperature in the
cichlid fish. Tilapia mossambica Peters; Indian J. Exp. Biol. 12 55-59
Bashamohideen Md and Parvatheswararao V 1976 Size-metabolism relation in animals-A critical
evaluation;Zool. An:. 196333-337
Bolaffi J Land Booke H E 1974 Temperature effects on lactate dehydrogenase isozyme distribution in
skeletal muscle of Fundulus helerocli/us; Compo Biochem. Physiol. 848 557-564
Brown DES 1957 Temperature-pressure relation in muscular contraction in Influence of /emperature on
biological syslems (ed) F A Johnson (Washington DC: American Physiological Society), p. 48-70
Catlett R Hand Millich D R 1976 Intracellular and extracellular osmoregulation of temperature acclimated
goldfish, Carassius aura/us L; Compo Biochem. Physiol. A55 261-269
George J C 1962 A histophysiological study of the red and white muscle of the mackerel: Am. Midi. N al. 68
487-494
Govindappa S and Swami K S 1965 Electrophoretic characteristics of subcellular components and their
relation to enzyme activities in amphibian muscle fibers; Indian J. Exp. Bioi. 3 209-212
Hazel J and Prosser C L 1974 Molecular mechanisms of temperature compensation in poikilotherms;
Ph ysiol. Re~. 54 620-677
Hochachka P W 1969 Intermediary metabolism in fishes in Fish Physiology' (eds) W S Hoar and D J Randall
(New York: Academic Press) Vol. I pp. 351-389
Kinne 0 1964 The effect of temperature and salinity on marine and brackish water animals II. Salinity and
temperature salinity combinations; Oceanoqr. Mar. Bioi. Ann. Ret'. 2 281-339
Lagarspetz K Y H 1974 Temperature acclimation and the nervous system; Bioi. Rec. 49 477-514
Lowry 0 H, Rosebrough N J, FaIT A L and Randall R J 1951 Protein measurement with the Folin phenol
reagent; J. Bioi. Chern. 193265--276
Mac Leod R A 1960 Some aspects of carbohydrate metabolism in fishes in Comparative physiology of
carbohydrate me/abolism led). A W Martin (Seattle: University of Washington Press) pp. 89-124
Mary E, Ramsay J and Eby D 1976 Effect of temperature on pyruvate metabolism in the frog. The role of
lactate dehydrogenase isozymes; Compo Biochem. Physioi. 853 145--148
Mellgren S I and Mathisen J S 1966 Oxidative enzymes, glycogen and lipid in striated muscle. A histochemical
study in the Atlantic hag-fish (Myxine qlutinosa L); Z. Zellforsch. Mikrosh. Anal. 71 169-188
Parvatheswararao V 1977 Size- and thermal-dependence in the metabolism of tissues of a freshwater fish.
Etroplus maculatus (Bleeker); Indian Bioi. 9 1-8
Radhakrishnaiah K 1983 Adaptation to thermal stress in the freshwater eurythermal teleost. Sarorherodon
mossambkus Energetics-A balance sheet; Proc. Indian Natl. Sci. Acad. (Communicated)
Radhakrishnaiah K and Parvatheswararao V 1981 Adaptation to thermal stress in the freshwater
eurythermal teleost, Sarotherodon mossambicus I. Time-course; Indian Zool. 5 21-28
Somero G N 1973 Thermal modulation of pyruvate metabolism in the fish. Gillich/)'s mirabilis: The role of
lactate dehydrogenase; Compo Biochem. Physiol. 844205-209
Srikantan T Nand Krishnamoorthi C R 1955 Tetrazolium test for dehydrogenase; J. Sci. Ind. Res. 14
206-207
Tsugawa K 1976 Direct adaptation ofcells to temperature. Similar changes of lactate dehydrogenase isozyme
patterns by in l';/ro and in SilU adaptation in Xenopus laevis; Compo Biochem. Physiol. 855 259-263
Tuskuda Hand Ohsawa W 1974 Effect of temperature acclimation on the isozyme pattern of liver lactate
dehydrogenase in goldfish. Carassius auralUS L; Anno/. Zool. Jpn. 47 206-214
Umminger B L 1975 Low temperature resistance adaptations in the killifish. Fundulus heteroclitus in
Physiological Ecology of Estuarine organisms (ed.) F J Vemberg, (California: University of South
California Press) pp. 59-71

