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Abstract 

The physiology of Pila globosa (Indian apple snail) under heat shock was analyzed by measuring activities of two anti-

oxidative enzymes and one oxidative enzyme in selected tissues. The temperature set points for the experiments were based 

on the climatic variations the snail gets exposed during an annual period in the specific geographical region. From the 

tissues of hepatopancreas, gills and foot, the enzyme activities were assessed to understand the compensatory mechanisms 

the snail utilizes by physiological adjustments. The results indicated that catalase (CAT), Glutathione-S-transferase (GST) 

and Lactate dehydrogenase (LDH) had tissue specific variations and play role in homeostasis. The study assumes 

significance with rising temperatures on earth due to global warming and also supports in understanding adaptive 

capabilities of these amphibious snails. 
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Introduction 

Animal adaptations for life in stressful environments typically 

include adjustments at multiple fronts like behavioral, 

biochemical, physiological etc. The phylum Mollusca is one of 

the largest invertebrate phyla within the animal kingdom which 

has evolved successfully and presenting a widespread 

distribution being able to survive in both aquatic and terrestrial 

environments. Pila globosa (Indian apple snails)are endemic to 

South India and are found in semi-arid regions of Andhra 

Pradesh state. The snail gets exposed to temperatures above 40
0 

C during summer months and in some conditions enter into 

aestivation (summer sleep) when water bodies dry up. Being 

cold blooded animals they get exposed to range of temperatures 

during a day–night cycle. Fluctuations of temperatures in the 

habitat possibly create stress for the organisms leading to 

alterations in metabolism and further increases  free radical 

formation
1
.  Free radicals are reactive radicals  and can trigger a 

chain reaction targeting cellular components such as nucleic 

acids, proteins and cell membrane
2
. To avoid free radical 

damage the body has a protection system of antioxidants which 

includes antioxidant enzymes. 

 

 Previous studies on snails showing the effect of environmental 

stress were,  the physiology of Pila globosa under aestivation  

was analyzed by understanding the oxidation of  glucose-U-
14

 c 

and glycogen synthesis in various tissues
3
. Catalase activity was 

reported in heart and foot of Pila globosakept for 14 months in 

aestivation
4
. The effect of anoxia and aerobic recovery  on the 

antioxidant defenses of the marine periwinkle, Littorina littorea 

L., was assessed in hepatopancreas and foot
5
. The enzymes 

glutathione reductase (GR), glutathione peroxidase (GPox), 

superoxide dismutase (SOD), catalase (CAT) were investigated. 

These analyses showed that the antioxidant defenses were 

important in maintaining cellular homeostasis among molluscs. 

The current research effort utilized heat stress as a model stress 

condition to derive the biochemical signatures to detect 

alterations in enzymatic components. The activities of two anti-

oxidative enzymes catalase (CAT), Glutathione-S- transferase 

(GST) and one oxidative enzyme Lactate dehydrogenase (LDH) 

in selected tissues of hepatopancreas, gills and foot were 

examined. 

 

Material and Methods 

Specimen collection: The snail specimens of Pila globosa were 

collected from lakes, ponds, and rivers of Ananthapur district, 

Andhra Pradesh as shown in figure-1. These snails were 

maintained in specially made cement tanks with regular changes 

of water and provided with leafy vegetables. 

 

Heat Shock Experimental Setup: A total of 28 specimen 

snails having a body weight of 50 +5 g. were selected. For heat 

stress experiment the snails were shifted to water baths as 

shown in figure-2 maintained at 30
0
C, 36

0
C and 42

0
C for three 

days. The snails were continuously observed for three days at 

36
0
C and 30

0
C and only one day for 42

0
C as the samples did not 

survive for more than 24 hours.  After every 12 hours four 

specimens were sacrificed at each temperature point. The 

hepatopancreas, gill and foot mass tissues were isolated and 

utilized for enzymatic studies. 
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Figure-1 

Sampling site (area in red) of Pila globosa collection. The area shown in green is the approximate known distribution of 

genera Pila 

 

 
Figure-2 

Schematic diagram showing the heat shock temperature set points used this for this study.Water baths as shown are 

maintained at 30
 0 

C, 36
 0
 C and 42

0
. After every 12 hours four specimens were sacrificed at each temperature point. The 

hepatopancreas, gill and foot mass tissues were isolated and utilized for enzymatic studies 

 
Tissues selected for the study: i. Hepatopancreas: The 

hepatopancreas occupies the coiled visceral mass of the shell. It is 

large, soft, triangular, brownish to dirty green in color. It`s 

function is similar to liver of mammals and is also involved in 

intracellular and extracellular digestive processes. ii. Gills: The 

gills or ctenidium is the organ of aquatic respiration situated on 

the extreme right side of the mantle cavity closely situated next to 

dorso- lateral wall of the brachial chamber. iii. Foot: The large, 

strong, muscular and ventral part of the body forms the foot. It is 

roughly triangular in shape in a fully expanded animal. The foot 

bears operculum on its dorsal side and it fits completely into the 

mouth of the shell. 

 

Enzymes assays: Catalase (CAT): The activity of anti- oxidative 

enzyme catalase was measured by monitoring the disappearance 

of hydrogen peroxide   spectrophotometrically at 240 nm
6
. CAT 

activity was expressed as decomposition of one micromole of  

H2O2  per minute at 25°C and pH 7.0 (Units/mg. wet tissue). The 

specific activity of the CAT was obtained by calculating protein 

concentration to express as Units per mg protein. 
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Glutathione-S-Transferase (GST): The activity of anti-oxidative 

enzyme glutathione-S-transferase activity was measured using 1-

chloro-2, 4 dinitrobenzene (CDNB) as substrate
7
. One unit of 

GST activity is defined as the amount of enzyme producing one 

µmol of GSH-CDNB conjugate/min. The specific activity of GST 

was obtained by calculating with protein concentration to express 

as Units per mg protein. 

 

Lactate Dehydrogenase (LDH): The activity of oxidative enzyme 

lactate dehydrogenase was determined by reaction velocity of 

decrease in absorbance at 340 nm resulting from the oxidation of 

NADH
8
. One unit causes the oxidation of one micromole of 

NADH per minute at 25°C and pH 7.3. The specific activity of 

the LDH was obtained by calculating protein concentration to 

express as Units per mg protein 

 

Statistics: Results were analyzed by student t-test and a p value < 

0.05 was considered statistically significant 

 

Results and Discussion 

Results: At 42
0
C heat shock: The anti-oxidant enzymes catalase 

and GST showed steep rise in the hepatopancreas at 42 
0
C after 

24 hours (figure-2). The rate of activities almost doubled in both 

cases. The foot and gills tissues had minimal changes with respect 

to catalase activity. GST activity was more in the foot after 24 

hours of exposure at 42 
0
C. The oxidative enzyme LDH (figure-2) 

displayed a different trend with gills having highest activity (> 

800 u.mol/mg/protein) after 24 hours of heat shock. The 

hepatopancreas exhibited lower activity than foot after 12 hours. 

 

At 36
0
C heat shock: The activity of the enzymes at 36 

0
C and 30

0
 

C had similar pattern for catalase and GST activities. For heat 

shock at 36
0 

C the catalase levels (figures-3-4) displayed 

significant change (p<0.05) in hepatopancreas. Foot and gills 

followed identical activity levels till 60 hours after which the 

higher activity was observed in foot. The GST enzyme activity of 

hepatopancreas was two-fold higher than in gills and foot (figure-

4). The foot presented enhanced activity of 4000 

u.mol/mg/protein compared to gills at the end of 72 hours of heat 

shock. The Lactate Dehydrogenase (LDH activity) (figure-4) was 

highest in gills with significant changes (p<0.05) compared to 

hepatopancreas and foot (<500 u.mol/mg/ protein). 

 

At 30
0
C heat shock:  Heat shock response at 30

0
 C showed no 

significant changes compared to 42
0
 C and 36

0
 C. The 

hepatopancreas indicated slight variation of catalase (figure-5) 

and GST (figure- 5). In gills and foot changes were insignificant. 

The oxidative enzyme LDH in gills (p<0.001) revealed maximum 

changes upto 60 hrs of heat shock. Foot had higher LDH activity 

than hepatopancreas (figure-5). 

 

 
Figure-3 

Enzyme activity levels in hepatopancreas, gills, foot of Pila globosa measured as µ.mol//min/mg.protein (Y-axis) vs. No. of 

hours of heat shock at 42
0
C (X-axis). A total of 12 snails were utilized, four snails for each time point. A total of 12 snails 

were utilized, four snails for each time point. 
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Figure-4 

Enzyme activity levels in hepatopancreas, gills, foot of Pila globosa measured as µ.mol//min/mg.protein (Y-axis) vs. No.of 

hours of heat shock at  36
0
C (X-axis). A total of 28 snails were utilized, four snails for each time point. 

*
p < 0.05,  

**
 p < 0.001 

 
Figure-5 

Enzyme activity levels in hepatopancreas, gills, foot of Pila globosa measured as µ.mol//min/mg.protein (Y-axis) vs. No.of 

hours of heat shock at  30
0
C (X-axis). A total of 28 snails were utilized, four snails for each time point. 

*
p < 0.05, 

**
 p < 0.001 
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Discussion: Global warming involves not only a rise of air 

temperature, but also more frequent heat waves in many regions 

on earth, and is predicted to intensify physiological stress 

especially in extremely changeable habitats
9
. Pila globosa in its 

habitat gets exposed to varied climatic changes especially with 

respect to summer temperatures ranging from 25
0
 C to 45

0
 C. To 

understand one important compensatory mechanism, the anti-

oxidant enzyme response, the snails were subjected to three 

temperatures 30
0
 C, 36

0
 C, 42

0
C.  The considerably high activity 

of catalase (CAT) and Glutathione-S-transferase (GST)
10

 in 

hepatopancreas highlighted tissue specific phenomena of the 

anti-oxidative enzymes
10-11

. The difference  in induction of these 

enzyme activities responding to temperature changes indicated 

the differences concerning the inducibility of stress, as similar 

variations were observed for heat shock response in Antarctic 

intertidal limpet Nacellaconcinna
12

. Pila globosa which 

undergoes seasonal aestivation regularly might have developed 

this strategy of higher activity levels of catalase and GST to 

scavenge free radicals resulting from thermal stress. Likewise, 

N.magellanica experienced extreme fluctuations of temperature 

in its high shore habitat and thus expressed high levels of CAT 

and GST
13

. The increase in temperature stimulates all metabolic 

processes which also leads to enhanced oxygen consumption 

and therefore might increase free radicals as a consequence of 

intensified metabolism. Enhanced environmental temperature 

induces oxidative stress and was reported in marine snail, 

Pernaviridis
14

, and fish Carassius auratus
15

. The activity of 

both CAT and GST were found to be elevated in hepatopancreas 

compared to gills and foot due to the fact that hepatopancreas is 

a metabolically very active organ because of its multiple roles in 

digestion, absorption, excretion etc.  

 

Lactate dehydrogenase (LDH) being an oxidative enzyme 

presented a different trend in all these conditions. Gills had 

significantly higher activity at all the temperatures since it is in 

direct contact with the conditions and also  mutilation to 

membranes was also observed
16

.  Evidence was found that heat 

stress disrupting normal coupling of electron transport chain to 

oxidative phosphorylation and also drop of ATP levels
17

. 

Further, reduced oxygen levels due to high temperatures a 

possible scenario of anaerobic glycolysis leading to conversion 

of NADH and pyruvate to NAD+ and lactate by LDH was 

necessitated otherwise glycolysis cycle will end. A similar study 

in the land snail Helix pomatia regarding glycolysis cycle for 

anaerobic production of energy was reported
18

.  

 

Conclusion  

In conclusion, due to rising temperatures and temperature 

fluctuations worldwide, fresh water organisms in semi-arid 

regions will make metabolic adjustments. In the short term 

before significant genetic changes occur, organisms such as Pila 

globosa whose physiological adaptation mechanisms are likely 

limited to a particular thermal tolerance window, will survive 

only within a particular geographical area. These results 

indicated the role of CAT, GST as protective enzymes during 

heat stress in the tissues of hepatopancreas, gills and foot of Pila 

globosa. On the other hand the significance of LDH activity was 

also understood during this analysis 
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