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The water content and blood volume of the snails decrease significantly upon
aestivation. The apparent increase of the monovalent cations (Nat+ and
K+) and anion (cI-) in blood is actually due to dehydration of aestivated
snails. There is an increase in the levels of divalent cations (Cat+ and
Mg++) and anion (So,~) but this is unrelated to dehydration., The
lowering of pH of blood during aestivation may be due to a decrease in bicar-
bonate content. A specific relationship is observed between the chemical
ingredients of blood and the size (weight) of active and aestivated snails,
The coefficient of partial correlation analysis suggests that there is a positive
correlation between the sum of cations and sum of anions after the effect of

weight is taken into consideration.
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Introduction

Generally, snails inhabiting arid regions under-
go aestivation, ¢ dormant state, during
summer in order to escape from desiccation.
The period of aestivation may last for 34
months. However, induced aestivation in
the laboratory mey extend up to 2 or 3 years.
In recent years, there hes been considerable
growth of knowledge about the various meta-
bolic aspects of snails in relation to aestivation
(Wilbur & Yonge 1966). However, the lite-
rature pertaining to the role of inorganic tons
during aestivation-stress is rather scarce. The
inorganic ion composition of blood of various

terrestrial, freshwater and marine molluscs
has been reviewed by Robertson (1966) and
Prosser (1973).  Burton (1968a,b, 1971)
made an extensive study on the cation levels
of blood of several terrestrial pulmonates and
attributed much of the variability to the
species-specificity. However, little attention
has been paid to the anionic composition
(except chloride) of blood of invertebrates.
In view of the paucity of information regard-
ing the levels of chemical ingredients of blood
in relation to size and aestivation in the terres-
trial snails, the present work has been
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undertaken as a prelude to the understanding
of the physiological functions of blood during
aestivation of the garden snail, Cryptozona
ligulata.

Material and Methods

The animals were collected from the fields
in and around Tirupati during the months of
September to February and maintained in
the laboratory. These were fed ad libitum
with fresh greens like cabbage and raddish
leaves. The active snails were not fed on
the day prior to experimentation, so as to
eliminate apy variation in the blood compo-
sition due to differential feeding. In order
to induce aestivation some of the well-fed
snails were allowed to crawl overnight on
filter papers, kept at the bottom of the glass
troughs. These were then wiped dry and
kept for 4 months in closed wooden boxes
maintained at 30°4-1°C by heating with an
electric bulb. The snails aestivated for four
months as well as the active snails were used
for investigation.

After the snails were cleaned and dried
with filter peper, the blood was collected
into test tubes kept in ice by breaking the
shell at the visceral coils. The blood was
centrifuged at 6000 rpm and the clear super-
natant was used immediztely for analysis.
Sometimes blood was pooled from two to
four snails of similar size.

Sodium &¢nd potassium jon concentrations
were estimated by flame photometer (Elico
model CL-22), calcium by Clark and Collip’s
method (Oser 1965), magnesium by Hesagowa
and Tohuku (Milton & Waters 1955), chlo-
ride by Sendroy’s method (Robertson &
Webb 1939), bicarbonate by the method of
Segal (Henry 1966), inorganic phosphate by
Fiske and Subbrow’s method (Oser 1965),
blood volume as described by Lee (1961),
total carbohydrate by the method of Carrol
et al. (1956), total protein by the method of
Lowry et al. (1951), free aminoacids (TNPS)
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by Moore and Stein (1954) and total lipid
by the method of Folch et al. (1957). The
water content of blood represented as 9, g wt.
was determined by weighing one ml of blood
collected from the snails before and after
keeping in hot air oven kept at 110°C for
two days.

The chemical ingredients of blood were
estimated in 50 individuals divided into
10 size groups ranging from 2.5to 7.0 g in
weight. Five individuals of approximately
similar size were chosen to represent each
size-group. The least square regression
equation (¥ = a -+ bX) was employed to
study the influence of weight on the consti-
tuents of blood.

Results and Discussion

The levels of inorganic and organic consti-
tuents in the blood of active snails and snails ,
aestivated for 4 months are presented in
table 1. The cation contents in blood of
active C. ligulata, exhibited a great variation,
over certain other terrestrial snails (Burton
1968a,b).  Burton (1968a) reported that
the snails, Arigntia and Cepaea, collected
from the same region, differed markedly in
ionic composition of their blood, while there
was no significant difference in the cation
contents of blood between the German and
British specimens of Cepaea nemoralis.
There was significant increase in the levels
of sodium, calcium, magnesium, chloride and
sulphate ions (29.25%, 41319, 67.007,
29.51% and 41.59 % respectively) in blood of
the aestivated snails over the controls. Though
potassium and phosphate contents in the
aestivated snails increased by 30.229%; and
38.46 9 respectively, these showed no statistical
significance. The water content in the blood
of aestivated snails of C. ligulata decreased
significantly (to the extent of 29.08%) indi-
cating the prevalence of dehydration during
aestivation. The per cent increase in the
major inorganic constituents like sodium and
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Table 1 Chemical ingredients in the blood of active and aestivated snails, C. ligulata, The values are the
mean--SD of 10 groups consisting of five snails each

Constituents Active Aestivated % Change ‘" test
INORGANIC (mM/1)
Sodium 114.36-+24.27 147.814+29.21 +29.25 P<0.02
Potassium 2.2540.89 2.934+1.18 +30.22 NS
Calcium 4.2341.71 5.924+1.80 +41.37 P<0.05
Magnesium 3.004-1.84 5.01%1.73 +67.00 P<0.05
ZCations 123.85+24.07 161.674:33.83 +30.53  P<0.02
Chloride 113.88-425.43 147.49432.54 +29.51 P<0.05
Bicarbonate 10.0043.11 7.1242.53 ——28.80 P<0.05
Phosphate 2.214+1.14 3.064+1.30 +38.46 NS
Sulphaie 1.1340.44 1.6040.52 +41.59 P<0.1
Y Anions 127.23+30.10 159.184-36.88 +25.11 P<0.1
Water (2, g wt) 91.85+0.85 65.144+3.26 —29.08 P<0.001
Blood volume (ml/snail) 1.58+0.44 1.1140.37 —29.57 P<0.05
Blood volume (ml/100 g snail,
without shell) 39.38+2.38 33.62+1.38 —14.47 P<0.001
ORGANIC (mg/100ml)
Total carbohydrates 111.19+23.39 56.214+23.31 —52.14 P<0.001
Glucose 62.13+13.56 21.68+6.56 —65.11 P<00.001
Total protein 2257.00+175.25 2043.004-201.20 — 9.45 P<0.01
TNPS 11.1441.73 19.444-2.63 +74.50 P<0.001
Total lipid 711.00450.04 483.004-90.58 —31.91 P<0.001

NS, Not significant

chloride in blood is closely related to the
extent of decrease in the water content of
blood. It has been shown that the water
loss in the aestivating gastropods is essential
for lowering the physiological activities
(Schmidt-Nielson et al. 1971), and thus the
dehydration seems to be an essential pre-
requisite for the onset of summer sleep.
The percent increase of calcium content in
blood of aestivated snails was more than the
magnitude of dehydration of blood. This
might have been caused by the release of
calcium from the other tissues of the body,
like mantle and shell, the latter becoming
very brittle on aestivation. Robertson
(1953) showed that an inactive species of
crab possessed a higher amount of magnesium
in its blood than an active species. Meenak-
shi (1956) observed reduction in oxygen
consumption of the snail, P. virens, after
inject'ng an aqueous solution of magnesium

chloride into blood. Therefore, the observed
increased concentration of magnesium in
blood is likely to cause a reduction in the
metabolic rate of aestivating snails, which
remains to be confirmed through further
investigations.

The elevated level of chloride in blood of
aestivated snails corresponds to the loss of
water in blood. On the other hand, there
was a significant decrease in bicarbonate
content (—28.8%) correlated with a decrease
in the pH of blood (from 7.7040.02
to 7.6540.04) during aestivation. The
significant increase in the sulphate content
can be linked with the protein catabolism in
the sense that inorganic sulphate is formed
largely from the oxidation of sulphur atoms
which are released during protein break-
down. In blood of aestivating snails total
protein content decreases significantly,
accompanied by an increase of free amino
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Table2 Ionic composition of the blood of active and aestivated snails expressed as “index” (F %=(Ci)/ Z(Ci) x 100)
and potential contribution of each ion to the total osmolar concentration

Ions F% % Osmolar concentration
Active Acstivated Active Aestivated
Sodium 92.34 91.42 45.55 46.05
Potassium 1.81 1.81 0.90 0.91
Calcium 3.41 3.66 1.68 1.84
Magnesium 2.42 3.10 1.19 1.56
Total 99.98 99.99 49.32 50.36
Chloride 91.95 91.22 43.35 45.95
Bicarbonate 8.07 4.40 3.98 2.22
Phosphate 1.78 1.89 0.88 0.95
Sulphate 0.91 0.99 0.45 0.49
Total 102.71 98.50 50.66 49.61
Osmolar concentration 251.06 320.94

(mOsm) (Calculated)

(Ci®), Individual cation or anion concentration
2/(Cit), Total concentration of cations

Table 3 The least square regression equations showing the relation between the concentrations of the constituents

of blood and the weight of the active and aestivated snails

Constituents mM/1 Active Aestivated
Sodium 33.254-16.16W 44.99+424.15W
Postassium —0.9440.64W —1.04+0.92W
Calcium —1.684+1.18W —0.32+1.44W
Magnesium 3.07+1.21W —0.51+1.27TW
Sum of cations 26.73-+19.35W 50.03-+25.96W
Chloride 25.59417.58W 55.89+420.96W
Bicarbonate —0.89+2.1TW —0.464-1.73W
Phosphate —0.19+0.79W 0.92+0.91W
Sulphate —0.39+0.30W 0.05+40.36W
Sum of anions 22.744-20.81W 53.54-25.69W
Total carbohydrates (mg/100 ml) 29.49416.28W 1.78412.43W
Glucose (mg/100 ml) 15.054+9.38W 2.56+4.36W
Total protein (mg/100 mi) 1591.334132.54W 1462.70+ 132.56W
TNPS (mg/100 mI) 4.96+1.21W 11.774+1.75W
Total lipid 540.30+ 33.95W 218.49+ 60.61W

All correlation coefficients are between 0.85 and 0.98 (P <20.001) except total carbohydrates (r==0.71, P<0.01)



504 S K rupanidhi

acids (TNPS), indicating a degradation of
proteins.

The ratio of blood volume percent of active/
aestivated was 1.14. The osmolar concen-
tration on aestivation rose by a factor of 1.27
and there was not much variation in the
ion indices and the potential contribution of
each inorganic ion to the total osmolar con-
centration (table 2) of blood of active and
aestivated snails (except for a slightly higher
magnesium and lower bicarbonate), which
clearly indicate that the elevation in inorganic
constituents is mostly due to the dehydration
effect.

A clear relationship was observed in C.
ligulata between blood composition and body
weight in both active and aestivated snails

References

Burton R F 1968 Ionic regulation in the snail, Helix
aspera;, Comp. Biochem. Physiol. 25 501-508

—— 1968b Jonic balance in the blood of pulmonates;
Comp. Biochem. Physiol. 25 509-516

——— 1971 Natural variations in cation levels in the
blood of three species of land snail (Pulmonata:
Helicidae); Comp. Biochem. Physiol. 39 267-275

Carrol N V, Longley R W and Roe J H 1956 Glycogen
determination in liver and muscle by use of anthrone
reagent; J. Biol. Chem. 220 583-593

Folch J M, Lees M P and Sloane-Stanely G H 1957
A simple method for the isolation and purification
of total lipid from animal tissues; J. Biol. Chem.
226 497-509

Henry R J 1966 Clinical chemistry: Principles and
Techniques (London: Harper and Row Ltd. Publ.)

Lee R M 1961 The variation of blood volume with
age in desert locust (Schistocera gregaria Forsk);
J. Inst, Physiol. 6 36-51

Lowry O H, Rosebrough N J, Farr A L and Randall
R J 1951 Protein measurement with the Folin Phenol
Reagent; J. Biol. Chem. 193 265-275

Meenakshi V R 1956 Physiology of the hibernation
of the apple snail Pila virens Lamark; Curr. Sci.
25 321-322

Mendel B, Kemp A and Myers D K 1954 A colori-
metric micro method for the determination of
glucose ; Biochem. J, 56 639-645

(table 3). The computed value of the coeffi-
cient of partial correlation between the sum
of anions and sum of cations was found to
be 0.6773 and 0.8965 for active and aestivated
snails respectively. This suggests that the
increase in the size of smails influences the
rise in the concentration of either cations or
anions, and each in turn would have been
responsible for the other.

Acknowledgements

The author is thankful to Dr R F Burton of
the Institute of Physiology, University of
Glasgow, for going through the manascript
and making valuable suggestions; and to
Dr B P Naidu for the guidance.

Milton R F and Waters W A 1955 Methods of Quanti-
tative Microanalysis (London: Edward Arnold
Publ.)

Moore S and Stein W H 1954 A modified ninhydrin
reagent for the photometric determination of
amino acids and related compouads; J. Biol, Chem.
211 907-913

Oser B L 1965 Hawk’s Physiological Chemistry 14th
edn. (New York: McGraw-Hill Co.)

Prosser C L 1973 Comparative Animal Physiology
3rd edn. (Philadelphia: W.B. Saunders Co.)

Robertson J D 1953 Further studies on ionic regula-
tion in marine invertebrates; J. Exp. Biol 30
277-296

——, 1966 Osmotic and ionic regulation; in Physiology
of Mollusca Vol. 1 283-3038 (New York: Academic
Press)

——, and Webb D A 1939 The micro estimation of
sodium, potassium, calcium, magnesium, chloride
and sulphate in sea water and body fluids of marinz
animals; J. Exp. Biol. 16 155-157

Sehmidt Nielsen K, Taylor C R and Shkdnik A 1971
Desert snails: Problems of heat, water and food;
J. Exp. Biol, 55 385-398

Wilbur K M and Yonge C M 1965 Physiology of
Mollusca (New York: Academic Press)



