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Abstract 
Seasonal changes have been reported to cause fluctuations in biochemical and physiological parameters in 

some organisms. Snails respond to harsh seasonal changes by aestivation which in turn affect haemolymph 

parameters and therefore tend to influence the innate immunity of snails. The aim of the study was to evaluate 

the effect of aestivation on endotoxin-induced protein coagulation and phenol oxidase activity in the African 

giant land snail, Archachatina marginata. Thirty-five (35) snails of average weight 180.72 ± 8.53 g were used 

in this study. The snails, after two weeks of acclimatization, were subjected to total withdrawal of water and 

food for a period of 3 days leading to aestivation. The condition was allowed for a total period of 6 weeks. 

Four (4) snails were sacrificed at two weeks intervals. The haemolymph from the snails was fractionated using 

centrifugation method. Thereafter, endotoxin-induced protein coagulation, endotoxin-induced phenol oxidase 

activity, catalase, SOD and GST activities in each haemolymph fraction were determined. The results obtained 

showed that in the haemolymph, endotoxin-induced protein coagulation exhibited a significant reduction 

(p<0.05) during aestivation but the condition was restored to normal after the re-introduction of feeds and 

water (post-aestivation). Also, there was a significant decrease (p<0.05 in the endotoxin-induced phenol 

oxidase activity in all the haemolymph fractions during aestivation but while there was a progressive increase 

post aestivation. Reduced glutathione (GSH) concentration and the activities of both glutathione-s-transferase 

and catalase showed significant (p<0.05) increase in the endotoxin-induced haemolymph coagulation and 

phenol oxidase activity; superoxide dismutase (SOD) activities displayed a significant (p<0.05) reduction 

during aestivation. The antioxidant system appears to be more active during aestivation while endotoxin-

induced protein coagulation and phenol oxidase activity were negatively affected even post-aestivation in the 

snails. These suggest that the parameters investigated play significant roles in the survival of the snail. 
 

Key words: Protein coagulation, phenol oxidase, antioxidant, aestivation, Archachatina marginata, 

haemolymph. 

 

 

Introduction 
 

Living organisms have evolved mechanisms that 

protect them against pathogenic infection and 

oxidative stress arising from exposure to 

pathogens and metabolic activities (Medzhitov 

and Janeway, 1997). This defense is a primary 

function of the immune system.  The defense 

mechanism can be classified into innate and 

adaptive immunity. Innate immunity is a rapid 

nonspecific first line of defense activities that do 

not require prior exposure of the organism to the 

signal. As a constitutive defense mechanism, 

innate immunity in invertebrates uses   pattern 

recognition receptors (PRRs) usually located on 

the haemocyte membranes of the organism in 

responding to pathogen-associated molecular 

patterns (PAMPs) on the pathogen (Medzhitov 

and Janeway, 1997). 
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The recognition of PAMPs leads to generation of 

responses leading to the destruction of the invading 

pathogen and help protect the organism against such 

pathogens. Lipopolysaccharides, β-1-3-D-glucans 

and peptidoglycan are preserved PAMPs associated 

with Gram negative bacteria, fungi and Gram 

positive bacteria respectively (Medzhitov and 

Janeway, 1997). 

Protein coagulation systems, melanization, 

phagocytosis, cell adhesion, synthesis of 

extracellular matrix, recognition molecules, reactive 

oxygen and nitrogen species, pro-inflammatory 

cytokines, and antimicrobial peptides have been 

reported to be in the mechanisms employed by 

invertebrates for their defense against pathogens 

Nappi and Christensen, 2005). However, 

melanization and protein coagulation systems have 

been reported to be some of the most important 

components of immune system usually employed 

by arthropods (Salawu and Oloyede, 2011;  Salawu 

et al., 2013) 

Archachatina marginata (Achatinidae) is a 

mollusk usually found in the forest and savannah 

areas of West Africa (Raut and Barker, 2002). In 

Nigeria, A. marginata is normally used in the 

preparation of delicacy of good protein source. 

Proximate analysis of A. marginata’s meat showed 

about 12–60% protein, 0.05–0.8% fat and 45–50 

mg/kg iron (Cobbinah, 1997). Generally, the 

locomotory, feeding and reproduction activities of 

snails are at the peak in the night (Yoloye, 1994; 

Ademolu et al., 2011) . The nocturnal disposition of 

snails has been reported to be a mechanism 

employed by the organism in reducing loss of body 

moisture that is usually experienced during the day 

(Odiete, 2011) In South western Nigeria; the 

African giant land snail is included in recipes for 

the treatment of different diseases and ailments. The 

traditional medicine practitioners make preparations 

containing snails or its haemolymph capable of 

restoring fertility, virility and to cure smallpox 

(Akinnusi, 1998). Snail haemolymph is also used to 

bring about relief to pains experienced during 

labour and also for the replenishment of blood loss 

in pregnancy and during delivery. The A. marginata 

meat is very rich in proteins, iron and calcium but 

contain very low amount of sodium, fat and 

cholesterol (Ogunsanmi et al., 2003) which may be 

responsible for its use in the treatment of 

hypertension, anaemia, atherosclerosis, and obesity. 

A. marginata has complex and multifaceted 

immune system, majorly comprised of phenol 

oxidase activity and haemolymph protein 

coagulation (Salawu et al., 2011; Salawu et al., 

2013). Being the first line of defense, innate 

immunity plays an important role in the survival of 

an organism against pathogens. The invertebrate 

protein coagulation systems are important in the 

defense of invertebrates against microorganisms 

(Salawu et al., 2011). Phagocytosis, agglutination, 

encapsulation and protein coagulation are processes 

usually employed by crustaceans in their defense 

against pathogens. These reactions are induced by 

PRR-PAMP interactions (Pereyra et al., 2009; 

Vasquez et al, 2009). The invertebrate coagulation 

systems are exemplified by those in the Limulus 

crab (Salawu et al., 2015),  A. marginata (Salawu et 

al., 2011, Salawu et al., 2013)), Sudanonautes 

africanus (Salawu and Oloyede, 2011) and Uca 

tangeri (Salawu et al., 2015). 

The aim of this study was to establish whether 

nutritional deprivation experienced during 

aestivation affected the ability of A. marginata to 

respond to injury and infections and determine its 

effect on antioxidant components of the snail 

haemolymph.  

 

Materials and methods 

Animals and reagents  
Thirty five (35) Archachatina marginata of average 

weight 180.72 ± 8.53 g were obtained from Institute 

for Agricultural Research and Technology 

(IAR&T), Ibadan, Oyo State, Nigeria. A sample of 

the snails was identified and authenticated in the 

Department of Zoology, University of Ilorin with 

the voucher number 023/ZLY. The sample was 

deposited with the Department as reference sample. 

Escherichia coli endotoxin (10 EU/ml) was 

obtained from the Department of Biochemistry, 

University of Ilorin, Ilorin, Nigeria. Distilled water, 

L-DOPA, hydrogen peroxide (0.059M), 0.05M 

carbonate buffer (pH 10.2), 0.3mM epinephrine, 1-
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chloro-2,4-dinitrobenzene (20 mM), reduced 

glutathione (0.1M), 0.1M phosphate buffer (pH 

6.5), Ellman’s reagent, precipitating reagent and 

other chemicals used were of analytical grade  

obtained from  the Department of Biochemistry, 

University of Ilorin, Ilorin, Nigeria and 

Biochemistry Department, IBB University Lapai, 

Niger State, Nigeria. The use of animals was 

approved by the Ethics Committee of the 

Department of Biochemistry, University of Ilorin, 

Ilorin, Nigeria. 

Endotoxin handling 
Pyrogenic stock solution was handled carefully with 

sterile surgical gloves. All other reagents used were 

common laboratory analytical reagents. The 

Material Safety Data sheets of the common reagents 

used are available from literature. None of the 

material/chemicals used required additional 

information in terms of its toxicity/pathological side 

effects. 

Haemolymph extraction 

The snails were gently washed with hands under 

running tap to remove dirt from their shells and 

foot. The haemolymph was obtained by apical 

cracking method (Ogunsanmi et al., 2003) The fresh 

haemolymph obtained per animal was between 20 

and 25 ml in volume and pooled together. The 

haemolymph was fractionated as described by 

Salawu et al., (2011). Briefly, equal volumes of 10 

mM EDTA in 10 mM phosphate buffer pH 7.4 

containing 0.142 M NaCl and 0.18 M glucose were 

added and centrifuged at room temperature, 800g 

for 10 min (Kopácek and Söderhäll, 1993). The 

supernatant was collected as A. marginata plasma. 

The pellets were washed in 10 mM phosphate 

buffer pH 7.4 containing 0.1 M CaCl2 and 

centrifuged at 800g for 10 min. The supernatants 

were discarded and the pellets harvested as 

haemocytes and then homogenized in a 10-mM 

phosphate buffer pH 7.4 containing 10 mM EDTA. 

The homogenate was suspended in the same buffer 

and adjusted to the initial volume of the 

haemolymph collected. 10 ml of the  homogenate, 

haemocyte lysate (HL) was centrifuged at 800g for 

20 min and the supernatant collected as HL 

supernatant (HLS). The pellet cytosol free 

haemocyte lysate debris (HLD) containing the 

haemocyte membranes was washed twice in 1 ml 10 

mM phosphate buffer pH 7.4, suspended in the 

same buffer and then made up to the initial 

haemolymph volume that yielded the HLD. The 

fractions were stored frozen for subsequent 

analysis. 

Coagulation reactions in the HL, HLS, HLD and 

plasma 

Borosilicate glass tubes and pipettes previously 

depyrogenated by dry heating in an oven at 250°C 

for 30 min (Radhakrisnan, 2009) were used for this 

experiment. A 0.1 EU in 0.1 ml distilled water was 

added to 0.8 ml of HL and 0.1 ml of 0.1 M CaCl2. 

The same procedure was repeated using HLS, HLD 

and plasma, respectively. Four replicates were 

prepared for each haemolymph fraction. A control 

was also prepared in quadruplicates for each 

fraction using endotoxin-free water (≤ 0.025 

EU/ml). The reaction mixtures were incubated at 

37°C for 1 h. Coagulants were observed in each 

tube and then fixed to the bottom of the tubes by 

centrifugation (Vasquez et al., 2009) while 

supernatants were discarded. The pellets were then 

dissolved in 0.9% w/v sodium chloride solution for 

protein content determination. 

Determination of protein content in the 

coagulants obtained from HL, HLS, HLD, 

plasma and the controls 

The total protein contents of each fraction and 

its control were determined using Biuret reaction  

(Gornall et al., 1949).  

Phenoloxidase activity 

To investigate the effect of aestivation on PO 

activity in the haemolymph materials isolated from 

the A. marginata, a method described by Salawu 

and Oloyede (2011) was used. Aliquots (0.1 ml) of 

plasma and HLS were added to 0.2 ml of 5 mM l-

DOPA, 1.7 ml bicarbonate buffer, 0.1M pH 8.0, and 

0.1 ml LPS solution equal to 1EU. Blanks were 

prepared in parallel using endotoxin-free water to 

replace endotoxin. Four replicates of all samples 

were prepared and incubated at 37°C. Absorbance 

(at 460 nm) of each mixture was measured at time 0 

(immediately upon endotoxin addition) and after 10 

min; this time frame allowed for measures of the 
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conversion of L-DOPA to dopachrome. From these 

values, the △A460 nm/10 min was determined and 

used to reflect general PO activity in each sample.  

 

Determination of Catalase Activity 

Catalase (CAT) activity was assayed for by 

measuring the rate of disappearance of H2O2 using 

the method of Beers and Sizers (1952). The reaction 

mixture contained 3.0 ml of 50 mM phosphate 

buffer (pH 7.4), 1.0 ml of (0.06M) H2O2 and 0.1ml 

of enzyme extract diluted to keep measurements 

within the linear range of the analysis. The 

disappearance of peroxide was followed 

spectrophotometrically at 240 nm. One unit 

decomposes one micromole of H2O2 per minutes at 

25ºC and pH 7.4. Decrease in absorbance was 

monitored at 240 nm immediately after the addition 

of the appropriate diluted enzyme source. Decrease 

in absorbance was monitored at 240 nm for 2 min 

immediately after the addition of the appropriate 

diluted enzyme source 

 

Determination of Superoxide Dismutase (SOD) 

Activity 

SOD activity was determined by measuring its 

ability to inhibit the auto oxidation of epinephrine  

using the method of Misra and Fridovich (1972) 

The 3 ml reaction mixture contained 2.5 ml of 50 

mM carbonate buffer (pH 10.2), and 0.2 ml of 

appropriately diluted enzyme source. The reaction 

was initiated by the addition of 0.3 ml of freshly 

prepared 0.3m M epinephrine to the mixture which 

was quickly mixed by inversion. The reference 

cuvette contained 2.5 ml buffer, 0.3ml of substrate 

(epinephrine) and 0.2 ml of distilled water. The 

increase in absorbance at 480 nm was monitored 

every 30 seconds for 150 seconds.  

 

Determination of Glutathione-S-Transferase 

(GST) Activity 

The activity of the phase II biotransformation 

enzyme GST was detected by the procedure of 

Habig et al., (1976) using 1-chloro-2,4-

dinitrobenzene (CDNB) as substrate. 

 

 

Determination of Reduced Glutathione (GSH) 

The concentration of GSH was determined using 

the method of Ellman et al., 0.2ml of the sample 

was added to 1.8 ml of distilled water and 3ml of 

the precipitating reagent was mixed with the 

sample. The mixture was then allowed to stand for 5 

minutes and then filtered. At the end of the fifth 

minutes 1ml of the filtrate was added to 4 ml of 

0.1M phosphate buffer and finally, 0.5ml of the 

Ellman’s reagent was added. A blank was made 

with 4ml of the 0.1M phosphate buffer, 1ml of 

diluted precipitating solution and 0.5 ml of the 

Ellman’s reagent. The optical density was measured 

at 412 nm. GSH concentration was proportional at 

that wavelength and the estimate was obtained from 

the GSH standard curve.  

 

Protein Content Determination 

Protein contents were determined using Biuret 

method as described by Gornall et al., (1949) using 

bovine serum albumin as a standard.  All enzyme 

activities were calculated per milligram of protein 

per minute and expressed as a percentage of the 

control.  

  

Statistical analyses 

The results were analyzed using a one-way analysis of 

variance (ANOVA) followed by a paired t-test. Values 

were considered significantly different at p < 0.05, using 

Graphpad Prism 5. 

 

Results 

The endotoxin-induced protein coagulates obtained 

from haemolymph fractions (plasma, haemocyte 

lysate, haemocyte lysate supernatant and haemocyte 

lysate debris) of Achachatina marginata   pre-, 

during and post aestivation periods are presented in 

Figure 1. All the haemolymph fractions were 

positive for endotoxin-induced coagulation reaction 

throughout the experimental periods. The endotoxin 

induced protein coagulates significantly (p<0.05) 

decreased with increase aestivation periods as 

compared to pre aestivation period while in post-

aestivation periods the total protein contents of all 

the coagulates significantly (p<0.05) increased with 

increase post aestivation periods.  
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Figure 1:  Endotoxin-induced protein coagulation in the haemolymph fractions of Archachatina marginata pre-, during and 

post aestivation 

Phenol oxidase activity in A, maginata haemolymph 

and its fractions before, during and after aestivation 

are presented in Figure 2. The phenol oxidase 

activities significantly (p<0.05) and progressively 

decreased during the aestivation periods and 

remained insignificantly different after rehydration 

but at six weeks post aestivation a significant 

increase (p<0.05) was observed when compared with 

the pre aestivation and aestivation periods. 

 

 

 

 

 

 

 

 

Figure 2:  Endotoxin-induced phenoloxidase activity in the haemolymph/ haemolymph fractions of Archachatina marginata 

before, during and post aestivation 
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The superoxide dismutase activity in the 

haemolymph of A. maginata pre aestivation, during 

aestivation and post aestivation are presented in 

Figure 3. Except in the whole haemolymph where 

the enzyme activity showed an irregular pattern, the 

SOD activities in other haemolymph fractions 

significantly (p<0.05) and progressively decreased 

during the aestivation periods and remained 

insignificantly different after rehydration but at four 

weeks post aestivation a significant increase 

(p<0.05) was observed when compared with the 

aestivation periods. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3:  Specific activity of superoxide dismutase in the haemolymph/ haemolymph fractions of Archachatina 

marginata before, during and post aestivation. 

The results of catalase activity in the haemolymph of 

A. maginata  pre aestivation, during aestivation and 

post aestivation are presented in Figure 4. The 

enzyme activity in the haemolymph and its fractions 

significantly (p<0.05) and progressively increased 

during the aestivation periods but significantly 

(p<0.05) reduced towards initial observation.  

Glutathione-S-transferase activity in the 

haemolymph of A. maginata pre aestivation, during 

aestivation and post aestivation are presented in 

Figure 5. The enzyme activity in the haemolymph 

and its fractions significantly (p<0.05) and 

progressively increased during the aestivation 

periods but significantly (p<0.05) reduced towards 

what was observed in the pre aestivation period after 

rehydration. 
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Figure 4:  Specific activity of catalase in the haemolymph/ haemolymph fractions of Archachatina marginata before, during 

and post aestivation 

 

 

 

 

 

 

 

 
Figure 5:  Specific activity of Glutathione-S-Transferase in the haemolymph/ haemolymph fractions of Archachatina 

marginata before, during and post aestivation 
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The results of reduced glutathione (GSH) in the 

haemolymph of A. maginata pre aestivation, during 

aestivation and post aestivation are presented in 

figure 6. In the plasma of A. marginata, GSH 

concentration showed an irregular pattern during 

and after aestivation when compared with pre 

aestivation observation. This observation may be 

due to fluctuations in some of the activities that 

involve reduced GSH. Also, fluctuation in its 

synthesis and ROS generation may be another 

factor.  

 

 

 

 

 

 

 

 

 

Figure 6:  Concentration of reduced Glutathione (GSH) in the haemolymph/ haemolymph fractions of Archachatina 

marginata before, during and post aestivation 

Discussion 

Snails are one of the most important components of 

the invertebrate community of the terrestrial 

ecosystems in West Africa (Raut and Barker, 2002). 

They are widespread and abundant in all types of 

ecosystems. Snails are poikilothermic animals 

usually affected by factors such as high temperature 

which usually make them go into aestivation that 

may affect their immune response (Zimmerman et 

al., 2010). Aestivation, being a structural, 

physiological and behavioural response to 

desiccation, probably plays a role in the dynamics of 

haemolymph changes in land snails as haemolymph 

ionic concentration is said to show seasonal 

fluctuations, strongly influenced by hydration, 

feeding and acid/base balance (Langley, 1979). 

Aestivation is a state of animal dormancy, similar to 

hibernation, characterized by inactivity and a 

lowered metabolic rate that is entered into by some 

animals in response to high temperatures and arid 

conditions. It takes place during times of heat and 

dryness, the hot dry season.  

Usually, organisms on aestivation appear to be in 

a temporary state of dormancy, as the organism can 

quickly return to a normal state and their 

physiological state can be rapidly reversed. It has 

been reported that Otala lactea, a snail native to 

parts of Northern Africa and Europe, come out of 

their dormant state within few minutes of being 

introduced to a wet environment (Crawford, 2012). 
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The primary biochemical and physiological interests 

of aestivating animals are to conserve energy by 

rationing the use of stored energy, retain water to 

stabilize macromolecules, cells and tissues of the 

body, and eventually get rid of the nitrogenous end 

products generated (Storey and Storey, 2012) The 

reduction in metabolic rate during aestivation brings 

about decrease in the synthesis and degradation of 

macromolecules.  This can be deleterious as arid 

conditions and high temperatures may be prolonged 

for months (Storey and Storey, 2012).  

In this study, endotoxin-induced coagulation in 

the A. marginata plasma fraction as well as other 

haemolymph fraction decreased significantly as the 

days of aestivation progressed from 2 to 6 weeks and 

recovery was observed to increase gradually from 2 

post aestivation through 6 weeks post aestivation. 

The observed pattern suggests that the animals are 

more prone to infection as the defense mediated by 

haemolymph coagulation induced by Gram negative 

bacteria particles (endotoxin) became affected 

negatively by aestivation and the length of the time 

of aestivation (Figure 1). The result indicates a 

possible depletion of the coagulable proteins present 

in the haemolymph as the starvation is prolonged 

during aestivation, hence reduction of the endotoxin-

induced coagulation. This finding corresponds to the 

observed variation in total protein content of whole 

haemolymph, plasma and each of the other fractions 

of the haemolymph during and post aestivation. This 

indicates that aestivation caused by withdrawal of 

food and water in the snails negatively affects total 

haemolymph protein as well as the ability to respond 

to endotoxin-presenting bacteria such as E. coli. 

 Phenol oxidase activity is involved in melanin 

production, a molecule that plays a significant role in 

the innate defense system of invertebrates (Smith 

and Soderhall, 1991). Studies have shown that 

phenol oxidase (PO) is usually present in the 

haemolymph of arthropods in an inactive form 

(ProPO) and always activated proteolytically to an 

active form of PO either by exogenous agents or an 

endogenous activator system. In its active form, 

phenoloxidase, a copper-dependent enzyme, 

catalyses melanin synthesis, a common response of 

invertebrates to entry of an infectious agent (Kong et 

al., 1988; Soderhall and Cerenius, 1998; Lee et al., 

1998). The role played by the enzyme in defense 

mechanism involves deposition of pigment melanin 

derived from tyrosine-based substrates like L-3,4- 

dihydroxyphenyl alanine (L-DOPA).  

In this study, phenol oxidase reaction induced by 

endotoxin was noticed to occur in the haemolymph 

and all its fractions before aestivation, during 

aestivation and after aestivation even though at 

different rates. In the previous study, the reaction 

observed in the plasma was suggested to be mediated 

by haemocyanin in Sudanonautes africanus (Salawu 

and Oloyede, 2011). The reaction is more 

pronounced in the HLS especially before aestivation 

and at two weeks into aestivation. This is contrary to 

what was reported by Salawu and Oloyede (2011) 

that phenoloxidase reaction induced by endotoxin is 

more pronounced in the plasma of the freshwater 

crab. The reaction catalysed by the enzyme became 

drastically reduced as the duration for aestivation 

proceeded from 2 to 6 weeks (Figure 2). However, 

the conditions were not fully restored post-

aestivation except in the HLS which appears 

significantly improved 6 weeks post aestivation. This 

suggests that prolonged aestivation of the snail may 

damage some defense mechanism of the snail. It is 

then advisable that commercially reared snail should 

be well catered for to prevent them from going into 

aestivation. The immune response is usually dictated 

by the exposure of organisms to different assaults 

and attacks. Studies have shown that the crayfish 

phenol oxidase cascade is not stimulated by Gram 

positive bacteria (Pereyra et al., 2012) but the 

organism responds to microbial attack through 

protein coagulation system (Soderhall and Cerenius, 

1998). This study therefore shows that the strongest 

immune response under certain natural, 

environmental or nutritional condition may not be 

the most useful form of defense for a given organism 

under different conditions (Raberg et al., 1996, 

Sheldon and Verhulst, 1996 ) 

 The link between the metabolic demands during 

seasonal variations and oxidative stress biomarkers 

in poikilotherms has been reported (Van der Oost et 

al., 2003). Studies have shown a reduced 

antioxidative defense when there is a decrease in 
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metabolic rate (Edward, 2000; Linda et al., 2000). In 

terrestrial animals, both natural and anthropogenic 

factors (xenobiotics) have been implicated in the 

imbalance observed in the reactive oxygen species 

(ROS) generation arising from oxidative stress and 

their removal (Halliwell and Gutteridge, 2007).  In 

aerobic organisms, enzymes with antioxidant activity 

such as superoxide dismutase-SOD, catalase-CAT, 

glutathione reductase-GR, glutathione peroxidase-

GSH-Px and phase II biotransformation enzyme like 

glutathione-S-transferase (GST) are usually involved 

in the elimination of ROS generated during 

metabolic reactions. The SOD dismutates superoxide 

radical to H2O2 while the H2O2 produced is 

subsequently metabolized into harmless substance, 

water (H2O) by the actions of CAT, and GPX.   

Reduced glutathione (GSH), a non-enzymatic 

antioxidant component in the body also contributes 

to the removal of ROS Van der Oost, 2003). The role 

of antioxidant biomarkers in the survival of 

organisms such as fish( Antό et al., 2003; Li et al., 

2008; Vidal et al., 2002), snails, (Borković et al, 

2001), crustaceans (Geracitano, 2004), mussels ( 

Aras et al., 2009; Regoli et al., 2011) and annelidae 

(Oliva  et al., 2012) when subjected to both 

nutritional and environmental stress have been 

reported.   

In this study, except in the whole haemolymph 

(WH) of A. marginata where an irregular pattern of 

SOD activity was observed, the plasma and the 

haemolymph fractions showed significant decrease 

in the activity of SOD as the aestivation period 

progressed but increased significantly post 

aestivation (Figure 3). The elevated SOD activity 

observed in the whole haemolymph at two weeks 

into aestivation suggests a sudden burst of 

superoxide radicals mop up caused by aestivation. 

However, as the aestivation progresses, the SOD 

activity became reduced and almost normalized. 

However at week 2 and 4 post aestivation SOD 

became increased and later became reduced 6 weeks 

post aestivation in the whole haemolymph (WH).  

However the pattern of SOD activities showed 

variation in different haemolymph fractions. The 

SOD activity became restored even above the pre 

aestivation levels in the HLS.  This finding agrees 

with earlier reports which indicate that depending on 

the availability of nutrients, season-related growth 

rate, reproductive status and other factors, the 

activity of antioxidant defense system and other 

biomarkers fluctuates significantly throughout the 

year (Borković, 2001) Some aspects of seasonal 

variations in antioxidant defense have been observed 

in the tissues of many aquatic organisms, such as 

thin-lip gray mullet (Pavlović, 2004), mussel 

(Regoli, 2011; Bocchetti, 2008), horse mussel 

(Lesser and Kruse, 2004), blue mussel (Manduzio , 

2004 )and in the digestive gland of brown mussels 

(Wilhelm, et al., 2001). Seasonal variations have 

also been observed in the levels of pathogens, 

pollutants and natural exposure to oxidative stress 

(Sheenan and Power, 1999).  

However, over production of active oxygen 

compounds arising from severe stress can 

overwhelm the ability of the antioxidant system to 

get rid of oxidants thereby resulting in oxidative 

damage. Tissues are protected from reactive oxygen 

species generated due to stress arising from 

environmental factors like air pollution, drought and 

chilling by both enzymatic and non-enzymatic 

systems. Nutritional restriction, and stress, both of 

which are experienced during aestivation leads to an 

elevated concentration of activated oxygen species in 

susceptible organisms’ tissue (Wise and Naylor, 

1987; Hodgson and Raison, 1991). This suggests a 

relationship between antioxidant enzyme activity and 

seasonal variation. 

The results obtained in this study shows that 

glutathione-S-transferase activity became 

significantly elevated at week 4 and   week 6 into 

aestivation but later, 2 weeks post aestivation, 

dropped sharply and reduced in the whole 

haemolymph and this trend is almost the same in all 

the haemolymph fractions except for a slight 

variation in the post aestivation levels of glutathione-

s-transferase (Figure 5). This suggests a need to 

boost the level of reduced glutathione in the 

haemolymph probably as a result of depletion of the 

store of GSH as the aestivation progressed and 

increased formation of GS-SG. Increase in activity 

of glutathione s-transferase corresponds to the 

increase in reduced glutathione (Figure 6) in week 6 
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of aestivation. To survive harsh conditions posed by 

seasonal variation, aestivating animals enhance their 

antioxidant defenses and elevate some immune 

related proteins. This is a widely used strategy across 

all forms of hypo-metabolism. These physiological 

and biochemical concerns appear to be the core 

elements of hypo-metabolism throughout the animal 

kingdom. This suggests that animals that aestivate 

appear to go through nearly the same physiological 

processes as animals that hibernate (Kenneth, 2001). 

 

Conclusions: From this study, it is observed that 

starvation and withdrawal of water from A. 

marginata led to aestivation. Aestivation in the snail  

led to reduction of total haemolymph proteins and 

endotoxin-induced haemolymph protein 

precipitation, phenol oxidase activity and increased 

level of activity of antioxidant enzymes-SOD  and 

catalase as well as increase in the activity of 

glutathione-S-transferase, signifying progressive 

increased oxidative stress from 2 to 6 weeks of 

aestivation. Termination of aestivation and 

availability of food and water to the snails brought 

about partial restoration of some of the measured 

parameters. However, phenol oxidase activity was 

not fully restored post-aestivation in the whole 

haemolymph. This may limit the survival of A. 

marginata when assaulted post-aestivation with 

pathogens. 
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