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Seasonal Variations in the Heart and Skeletal Muscles of the Tropical Lizard
Hemidactylus flaviviridis Ruppel: A Biochemical Study
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Seasonal changes in the levels of certain metabolites (protein, glycogen and lipids) and enzymes in the
heart and gastrocnemius muscle of the tropical lizard, Hemidactylus flaviviridis, were studied
biochemically. Measurements were made during different seasons, viz. monsoon (Jul-Sept), autumn
(Oct-Nov), winter (Dec-Jan) and summer (Apr-June). During winter, a marked overall decline in the
enzyme levels and metabolic levels, was observed in both the muscles (heart, gastrocnemius).
Gastrocnemius muscle protein content. the levels of LDH and alkaline phosphatase activity of the heart
showed elevations during winter. These variations have been correlated with the annual cyclic changes in
lizards during various seasons. Compared with the heart muscle the gastrocnemius muscle undergoes
marked functional alterations in different seasons.
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Introduction

Rhythmicity i1s a fundamental biological
characteristic of metabolic processes in various
vertebrate groups (Van Cauter & Aschoft 1989). In
the case of lizards, seasonal variations in the levels
of certain enzymes (Isovoranu & Cilievici 1965,
Farzana & Hasnain 1972, Shakila et al. 1972) have
been shown. Similarly lizards have shown changes
in carbohydrate and lipid reserves as a function of
season (Dessauer 1953, 1955, Dimaggio &
Dessauer 1963, Afroz et al. 1971, Gaflney &
Fitzpatrick 1973, Avery 1970, 1974).

Most of these investigations, however, have
been made on the animals inhabiting colder
climates (Smith 1960, Avery 1970. Fekete 1971).
Very few reports are available on seasonal
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variations of enzymes and metabolites in tropical
lizards. such as Hemidactvius flaviviridis. The
present investigation deals with a biochemical
study of seasonal changes in the levels of certain
enzymes and metabolites in the heart and
gastrocnemius muscle of this lizard. The
comparative biochemical study reveals that due to
seasonal changes metabolic varations occur in the
gastrocnemius and the cardiac muscles studied.

Materials and Methods

Animals and Muscles

Experiments were performed on the hcart and
gastrocnemius muscles of the common Indian
lizard, Hemidactvius flaviviridis. Animals of both
sexes were procured locally from their natural
habitat. The animals were assorted according to
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their size to ensure possible similarity of age groups
for various measurements. The lizards used for
making measurements in winter were collected at
the end of November and kept under natural
conditions in the laboratory. Animals were killed
always at a fixed time of the day and biochemical
measurements were repeated under uniform
conditions during various seasons. Data were
grouped season-wise as follows: Winter
(December-January); spring (February-March);
summer (April-June); monsoon (July-Septem-
ber) and autumn (October-November).

Biochemical Measurements

At least five to eight animals were taken in each
group studied. The heart and gastrocnemius were
dissected out from the animals and were
immediately processed biochemically for various
enzymes such as SDH (EC 1.3.99.1); LDH (EC

1.1.1.27); o-GPDH (EC 1.1.1.18); acid
phosphatase (EC 3.1.3.2); m-ATPase (EC
3.6.1.3); phosphorylase (EC 2.4.1.1) and

metabolites like glycogen, protein and lipids. SDH
activity was determined by the method of
Nachlas et al. (1960a) and of DPN-linked
dehydrogenases (LDH and o-GPDH) by the
method of Nachlas et al. (1960b) and Fried et al.
(1961} respectively. The procedures used for
determining the activity of these enzymes were
based on the reduction of INT [2p-lodophenyl)
3-(p-nitrophenyl) 5-phenyl tetrazolium chloride]
as the artificial electron acceptor. The protein
content was determined using the Folin-phenol
method of Lowryetal. (1951). The activities of the
various dehydrogenases are expressed as the
amount of formazan formed (pg) per mg protein
per min.

Acid and alkaline phosphatases were estimated
according to the method of Taff and Scott (1958).
The method of Perry (1955) was used for the assay of
myofibrillar ATPase (m-ATPase) with slight
modifications. The method of Buell et al. (1958)
was employed to determine phosphorylase
activity. The activation of these enzymes were
expressed as moles of inorganic phosphate
released per minute per gm wet weight of the tissue.
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Inorganic phosphate was determined by the
method of Fiske and SubbRow (1925). Glycogen
content of the tissue samples was estimated as
described by Montogomery (1957). Lipid content
was expressed as percentage of dry weight of the
sample according to Rose (1967). All enzyme
assays were carried out at 30°C.

Values of different levels of activities were taken
as mean +standard error (n 5-8) and the

significance of comparisons between two
consecutive seasons was considered.
Differences between means were also

determined by analysis of variance (ANOVA)and
confidence limits based on the critical values for a
two-tailed  distribution.  Differences were
considered significant at 2p < 0.05. The two sets of
tests finally showed almost the same degree of
significance. However, for convenience sake the
comparisons as shown in tables 1-3 have been
emphasized. The results were also analysed by
calculating student’s ‘t’ test at 5% level (p <
0.05).

Results and Discussion

The results are presented in figures 1-3 and tables
1-3.

SDH (figure 1A): The gastrocnemius muscle
showed maximum SDH activity during monsoon.
It was followed by a significant decrease during
autumn. No marked change in the enzyme activity
occurred further during the remaining seasons.
The heart tissue, however, exhibited a minimum
activity of this enzyme during winter. It was
followed by a marked increase in the activity
during spring and a decline during summer as
compared to the preceding period. It was followed
by an increase in activity in the following
meonsoon. No significant chanhges occurred further
during autumn.

o-GPDH (figure 1B): The gastrocnemius
muscle a-GPDH exhibited a sharp decline in its
activity after monsoon, reaching a minimum level
during winter. The activity, however, showed a
marked increase in spring and summer. The heart
enzyme showed a peak activity during monsoon
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Table 1 Activity of succinate, lactate and a-glycerophosphate dehydrogenases of heart and muscle (gastrocnemius) of the lizard,
Hemidactylus flaviviridis in different seasons in/ug formazan/mg protein/minute

Season SDH LDH a-GPDH

Heart Muscle Heart Muscle Heart Muscle
Monsoon 14.90+2.73* 5.3240.175 602.46+33.29 872.50+18.38 19.85+0.54  56.57+1.01
(Jul.-Sep.) p<0.001° p <0.050 p<0.001 p <0.001 p<0.001
Autumr 1535+1.06 24130009 372]15£81.5 3063012582 9.83+1.17 22.80+6.35
(Oct.-Nov.) p<0.001 p<0.010 p<0.001 p<0010
Winter 5.80+0.93 1.98+0.10 659.35+3.86 122.70+599 6.11+1.43 0.86+0.15
(Dec.-Jan.) p <0.001 p <0.001 p<0.001 p<0.025 p<0.001-
Spring 16.00+1.26 1.87+0.195  277.10+6.97 1077.15+29.96 11.26+0.34 10.321+0.25
(Feb.-Mar.) p<0.010 p<0.010 p<0.001
Summer 10.93+045  2.68+0.088 524.36 £102.99 881.061+107.79 9.91+3.17 19.24+1.01
(Apr.-Jun.)
Summer vs Monsoon p<0.001 p<0.010 p<0.001
Summer vs Winter p<0.001 p<0.001 p<0.001 p <0.001

*Mean + standard error of the mean for 5 to 8 animals
bSignificance of comparison, between two consecutive seasons only where p <0.05

Table 2 Activity of acid phosphatase, alkaline phosphatase, adenosine triphosphatase and phosphorylase of heart and muscie
(Gastrocnemius) of the lizard, Hemidactylus flaviviridis in different seasons in u moles Pifgm wet weight of tissue

Acid phosphatase Alkaline phosphatase Adenosine triphosphatase Phosphorylase

Season Heart Muscle Heart Muscle ' Heart Muscle Heart Muscle

Monsoon 4.86+0.37° 2.57+0.153 2.94+0.89 1.08+0.082 5.33+0.196 1.65+0.028 3.57+0.869 3.76 +0.349

(Jul.-Sep.) p<0.001° p <0.005

Autumn 5204089 4.02+0.121 4.26+0.71 2.23+0.083 3.16+0.42 1.61+0.212 6.84+1.03 4.73+0.096

Oct.-Nov.) p<0.025 p<0001 p<0.001 p<0.050 p>0.025
but <0.05

Winter 4.18+1.48 2.621+0.448 4.31+0.50 0.891+0.096 0.99+0.15 1.2440.173 3.50+0.52 2.87+0.66

(Dec.-Jan.) p>0.010 p<0.050 p<0.010 p<0.001 p<0.050

but <0.02

Spring 6.7540.037 6.31+0.892 5.37+0.213 1.60+0.316 1.631+0.122 1.361+0.170 14.92+0.39 6.05+1.07

(Feb.-Mar.) p<0.001 p<0.050 p <0.001

Summer 2.35+£0.216 3.07+0.818 4.95+0.53 1.38+0.155 1.58+0.387 1.20+0.069 9.47+0.32 5.7410.080

(Apr.-Jan.)

Summer vs p<0.025 p<0.005 p>0.005

Monsoon but <0.01

Summer vs p<0.001 p<0.050 <0.001 p<0.001 p>0.010

Winter but <0.02

*Mean +standard error of the mean for 5 to 8 animals
bSignificance of comparison between two consecutive seasons indicated only where p <0.05
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Table 3 Glycogen, lipids and protein content of heart and muscle (gastrocnemius) of the lizard, Hemidactylus flaviviridis in different
seasons
Glycogen* Lipids** Protein*
Season
Heart Muscle Heart Muscle Heart Muscle
Monsoon 2.8340.311* 1.20+0.225 81.50+0.037 78.56+0.606 96.17+11.53 81.354+5.23
(Jul.-Sep.) p<0.001 p>0.025 p>0.025
but <0.05 but <0.05
Autumm 2.55+0.467 0.96+0.074 90.12+1.10 78.85+4.424 129.61+2.39 200.451+42.67
(Oct.-Nov.J p<0.010 p<0.050 p<0.005 p<0.050
Winter 2.51+0.47 1.15+0.09 78.26+3.Q 60.10+4.0 73.56+12.31 311.20+10.29
(Dec.-Jan) p>0.005 p>0.010 p <0.001 p<0.001
but <0.01 but <0.02
Spring 0.51+0.067 0.52+0.185 77.37+5.0 87.65+3.0 70.40+10.0 184.35+10.93
(Feb.-Mar.) p<0.010 p<0.010 p<0.005
Summer 2.2640.05 0.82+0.063 80.613.0 98.83+0.50 133.50+12.77 117.78+7.73
(Apr.-Jun.)
Summer vs Monsoon p<0.001 p<0.010
Summer vs Winter p<0.010 p<0.001 p<0.025 p<0.001

AMean + standard error of the mean for 5 to 8 animals

®Significance of comparison between two consecutive seasons indicated only where p <0.05

*In mg/gm wet tissue
**As % of the dry weight of tissue

but declined during autumn reaching a minimum
in winter. There was a slight increase in the enzyme
activity during spring. Thereafter no significant
change occurred during summer.

LDH (figure 1C): Gastrocnemius muscle LDH
activity was at a maximum during spring. The
activity declined during summer. No significant
change was found in the enzyme activity during
monsoon. There was a sharp decline in the activity
during autumn reaching a minimum level during
winter. The heart muscle LDH activity, however,
showed a peak during winter followed by a sharp
decline during spring, and further followed by
marked increase during summer. No significant
change was observed in the enzyme activity during
monsoon and a marked decline occurred during
autumn followed by a maximum increase during
winter.

Protein (figure 1D): Protein level of heart was at
its mimmum during winter. Protein levels were

unchanged in spring, however, they showed a
marked increase during summer. A significant
increase - was observed during autumn.
Gastrocnemius muscle, however, showed a
maximum concentration of protein during winter.
There was a sharp decline in protein levels in the
following spring and summer. No significant
change occurred in the next monsoon. It was
followed by a sharp increase 1n its level during
autumn and reached the maximum level during
winter. ’

Acid phosphatase (figure 2A): The heart and
gastrocnemius muscles showed almost a similar
pattern of change in the levels of acid phosphatase
enzyme activity during different seasons. The
activity was minimum during winter. It
significantly increased during spring, however, it
markedly declined in. summer. No further
significant changes were- observed in the
gastrocnemius muscle during monsoon. Heart
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Figure 1 A-D Variation in certain enzymes and protein
content of heart and gastrocnemius muscles of lizard
during different seasons (A, SDH; B, -GPDH; C,
LDH and D, protein)

muscle, however, showed an increase in its activity
during this period.

Alkaline phosphatase (figure 2B). The heart
showed a minimum level of alkaline phosphatase
activity during monsoon. The enzyme activity
increased gradually until spring and then again
slightly decline until it reached to its minimum
level during monsoon. Gastrocnemius muscle
exhibited an increase in the enzyme activity
during, autumn and spring. The increase being
significant (p<0.001) during autumn compared
with the preceding monsoon period. There was a
significant decline (p <0.050) in its activity during
winter following autumn.

m-ATPase (figure 2C): Ca** activated
myofibrillar ATPase activity of the gastrocnemius
muscle, during various seasons showed no
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Figure 2 Variations in certain hydrolytic enzymes in
heart and gastrocnemius muscles of lizard during
different seasons (A, acid phosphatase, B, alkaline
phosphatase; C, m-ATPase; and D, phosphorylse)

significant change. Heart muscle, however,
exhibited a sharp increase in the level of the enzyme
during'monsoon. It dropped to a minimum level
during winter, followed by an increase during
spring. No significant change occurred in the next
summer.

Phosphorylase (figure 2D): The heart and
gastrocnemius muscles showed almost a similar
pattern of changes during various seasons. In both
the tissues the activity was markedly reduced
during winter. The heart muscle showed a sharp
increase in the enzyme activity as compared to
gastrocnemius during spring. It was followed by
decreases during summer and monsoon. The
decrease was significant in the heart tissue.

Glycogen (figure 3A): The pattern of changes in
glycogen levels was almost similar in both the
tissues. There was no significant change in
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Figure 3 Variations in metabolities of heart and
gastrocnemius muscles of lizard during different
seasons (A, glycogen; B, lipid)

glycogen content of these tissues during winter as
compared with the preceding autumn period. The
glycogen level was dropped during spring. An
increase in the glycogen content, however,
occurred during the following summer in the heart
muscle. The change was non significant in the
following monsoon period.

Lipids (figure 3B): The lipid content of the heart
did not change during different seasons except a
marked increase during autumn. Gastrocnemius
muscle, however, showed a marked decrease in
lipids during winter. It was followed by a
significant increase gradually during spring and
summer,

Discussion
It is well known that variability of the patternof

metabolism in ectothermic vertebrates depends on
the seasons. In lizards, out of the two reserve food
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materials, glycogen and lipids, it seems that
glycogen stored in the two muscles is not used until
the spring and the animals appear to survive the
winter period quite easily.

The decrease in glycogen catabolizing enzyme
phosphorylase levels during winter may be the
result of the low temperature. The low levels of
phosphorylase observed during winter as
compared with that in autumn indicate a relative
decline in the glycogenolytic activity. The heart
and muscle tissues were found to maintain the
levels of glycogen store only under the stress of
spawning and appeared to survive the long
wintering period quite easily. a-GPD activity
showed a marked decline in both the muscles
during winter as compared to the preceding
period. This may be indicative of a relative decrease
in the rate of utilization of lipid during this
period.

It appears that the heart being a vital organ, does
not exhibit very drastic seasonal variation
(Mukherji & Deb 1963). Low SDH activity during
winter (may be due to inactive state of animal)
exhibits a marked decline in the oxidative
metabolic capacity. However, the significant
increase of SDH, observed during spring may play
an important role in providing energy to the vital
organ through increased oxidative metabolism.

The LDH activity declines significantly during
winter 1n gastrocnemius muscle. The decline
during winter may be associated with the lowered
physical activity in these animals (Pollock 1973,
Talesara & Mala 1977). The heart muscle is unique
in the sense that it shows an increase in LDH
activity during winter as compared with the
activities in autumn and summer but no change in
summer and monsoon periods. This may indicate
that the heart with a low SDH and a high LDH
activity during winter can still maintain its
minimum function during winter.

The decline. in the oxidative enzyme (SDH)
activity of the various tissues in the lizard during
winter implies a considerable reduction in the
aerobic pathway of energy metabolism leading to a
reduction in total ATP synthesis. A low level of
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ATPase and diminished synthesis of ATP may
indicate a decline in functional capacity of the
muscle tissue during winter.

Acid phosphatase, a lysosomal enzyme,
catalyses the hydrolysis of orthomonophosphoric
esters. The reasonably low levels of this enzyme
during winter in comparison to its high activity
level during summer may indicate a loss in the
functional lysosomal activity of the muscular
tissue.

Alkaline phosphatase has been implicated in
membrane transport activities in general
(Shakila et al. 1972). The low activity observed
in gastrocnemius muscle during winter may be
related with the lowered metabolic rate induced by
the low temperature in the lizard during winter.

A significant increase in the gastrocnemius
muscle protein concentration observed in the
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