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Abstract

In the present investigation we studied some behavioral and immurey words

logical parameters of adult gastropod molllBiomphalaria tenago- -« Circadian cycle
phila, which have been reproducing for several generations uneéfollusk
laboratory conditions. One group of gastropods was kept on a 14Meuroimmunology
light/10-h dark cycle, corresponding to a regular circadian cycle, ahg"ess

another group was exposed to continuous light for 48 h. Animals wafgenavior

studied along (behavioral groups) or immediately after (immunologi-~"~""""""""" "
cal groups) 48 h of regular circadian cycle or continuous light condi-

tions. Stopping/floating, dragging and sliding were the behavioral

aspects considered (N = 20 for regular cycle; N = 20 for continuous

illumination) and number of hemocytes/ul hemolymph was the immu-

nological parameter studied (N = 15 for regular cycle, N = 14 for

continuous illumination). Animals under continuous illumination were
more active (sliding = 33 episodes, dragging = 48 episodes) and
displayed a lower number of hemocytes (78.0 £ 24.27/ul) when
compared with mollusks kept on a regular circadian cycle (sliding = 18
episodes, dragging = 27 episodes; hemocytes = 157.6 £ 53.27/ul). The
data are discussed in terms of neural circuits and neuroimmunological
relations with the possible stressful effect of continuous illumination.

The concept of bi-directional communi-vival (3). The large amount of information
cation between the neuroendocrine and imaccumulated about stress and the immuno-
munological systems is increasingly acceptelibgical system results almost exclusively from
(1,2). This concept rests on the results aftudies on mammals. In particular, the rela-
studies of the effect of various stress conditionship between the hypothalamus-pituitary-
tions on the immunological system and ofdrenal axis and the immunological system
the presence of hormonal characteristics dfas been intensely investigated (4). Among
the response to stress in cells of the immuna@rammals, mice have been the animals most
logical system. frequently investigated in neuroimmunology

Stress can be seen as the most importdaboratories. On the basis of the results ob-
and complex body reaction to ensure suttained with these rodents, knowledge has
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been obtained about the neuroimmunologic@ CTH-like molecule release, which in turn
system of other animals, including inverte-stimulates the release of biogenic amines by
brates. However, invertebrates show veryhe hemocytes of mollusks (3). Several pro-
wide diversity, representing about 2 millioncesses can stress an organism either in a
species distributed among different phyla. natural manner (presence of a predator, etc.)

Nevertheless, some studies have demowr in an artificial manner such as exposure to
strated common characteristics of the neuraold, electric shock, etc. (10), thus creating
immunological system that are shared bwn afferent signal for the defense system
many species in the animal kingdom. Fowhich will activate mechanisms of adapta-
example, the effect of the phenomenon dfion to the new environmental conditions.
stress has also been observed in invertdhis response can be both behavioral and
brates (5,6) and some modulators of thenmunological. The disequilibrium in the
neuroendocrine system and its specific refine adjustment between these neural, endo-
ceptors have been detected in these animalgne and immunological systems can be
(3,7,8). These studies have suggested thlaarmful to the organism and is of no evolu-
not only is the immunological system af-tionary value, as is the case for auto-immune
fected by stress, but there is also an evoluliseases.
tionary line that makes the mechanisms of The objective of the present study was to
the immunological response to stress quitdetermine the possible effect of stress in-
similar between invertebrates and vertebrateduced by continuous illumination on the
Several types of molecules known to béehavior and immunological parameters of
involved in the complex neuroendocrine-Biomphalaria tenagophilaa freshwater snail
immunoregulatory system of vertebrates havihat is an important intermediate host for the
also been detected in several species of iparasiteSchistosoma mansoim South A-
vertebrates, regardless of their position omerica.
the phylogenetic scale (3). Mollusks in par- Adult specimens (11) oBiomphalaria
ticular present relatively complex neural andenagophila(Orbigny, 1835) mollusks were
endocrine systems, although they lack orebtained from the Department of Biology of
gans such as the hypothalamus, the pituitatihe Federal University of Uberlandia where
and the adrenals, i.e., they lack the majahey have been reproducing for several gen-
organs involved in the response to stress @frations.
vertebrates. Initially, forty animals were divided into

In mollusks, the major cells of the immu-an experimental group (N = 20) and a control
nological system are the circulating hemogroup (N = 20). Each group was maintained
cytes or amebocytes. Such cells are classi a glass aquarium (50 x 28 x 35 cm) con-
fied into two main groups, the hyalinocytestaining water under identical physicochemi-
and the granulocytes. They are present in theal conditions at room temperature @b
hemolymph and body fluids of mollusks andfor three days of adaptation to the experi-
they are defense cells since they encapsulateental situation and two days of observa-
and phagocyte foreign pathogens (9). Thetfon. Before the experiments, the snails were
also contain ACTH-like materials and bio-treated for the hatching 8chistosommira-
genic amines such as adrenaline, noradreneidia that might have infected them by expo-
line and dopamine. Furthermore, a similasure to light and to a temperature oPQ8
cascade of reactions occurs in vertebrateprovided by a 60-W incandescent lamp lo-
Thus, incubation of hemocytes in mediunctated at a distance of 40 cm for 30 min (12).
containing molecules, such as corticotroThe animals were fed lettuce leawaeklibi-
phin releasing hormone (CRH-like), inducegsum During the two days of observation, a



Light-induced changes in Biomphalaria 1541

Panasonic M 9000 camera with a minimunwas negative for all animals.
luminous sensitivity of 3 lux was used to In general, the animals submitted to dis-
record the movements of the animals. Theuption of the circadian rhythm showed
observations were recorded on cassette tapiaigher locomotor activity. With respect to
during sessions of 20 consecutive min thresliding behavior, the activity of the experi-
times a day, at 8:00, 15:00 and 21:00 mental animals (33 episodes) was higher
Luminosity was 200 lux during the day (8:00than that of control animals (18 episodes)
and 15:00 h) and approximately 10 lux a{P<0.05, Table 1). Dragging behavior was
night (21 h). also observed more frequently (N = 48 epi-

The filmed data were analyzed using thesodes) than in control animals (N = 27 epi-
behavioral table of Jurberg (13,14). The besodes) (P<0.05, Table 1). In agreement with
haviors were quantified by summing the tolocomotor behavior, control animals ex-
tal number of each behavioral expressiopressed greater stopping-floating behavior
over a period of 120 min and the groups were
Compared StatiStica"y by ﬂxé test, with the Table 1 - Number of sliding, dragging, and stop-
level of significance set at P<0.05. ping-floating episodes presented by the two

The control group was submitted to a 9roups of mollusks during the 2 days of the ex

X K i periment, determined according to the behavioral

natural light-dark cycle, with 14 h of light e of Jurberg (13,14).
(about 160 lux) and 10 h of darkness (ap-
proximately 10 lux), whereas the experi-
mental animals were exposed to 48 h of

*P<0.05 and **P<0.001 compared to control (x2
test).

continuous illumination (200 lux). Behavior Circadian Continuous
Another group of 29 adult specimens cycle illumination
obtained from the same source and housedSliding @ .
under the same conditions as previously de- pragging 27 48*
scribed was used for the immunological Stopping-floating 120 71
study. We used 29 adult specimen8igim-
phalaria tenagophila(11) divided into an Figure 1 - Number of hemocytes
experimental group (N = 14) and a control 1807 B Gircadian cycle per ul hemolymph (mean =+
group (N = 15). [ Continuous illumination S_E'M) in animals ke.pt ur?der con-
160 1 ditions of regular circadian cycle

The periods of adaptation (3 days) and
experimentation (2 days), recording time and
periods and all other variables analyzed in

or of continuous illumination.
*P<0.001 compared to circadian
cycle (Student t-test).

this study were selected on the basis of pre- g 120
vious observations in our laboratory. £
Hemolymph was obtained by puncturing % .
the cephalopodal mass with a sterilized Pas- ; .
teur pipette (15), transferred to a test tube g g
and mixed. After blood cell mixing, a known §
volume of hemolymph was placed in a § 604
Neubauer chamber for hemocyte counts. The
hemocytes of each mollusk were counted 40

separately. Experiments were carried out in

a double-blind way and data were analyzed 20+

statistically by the Studerttest, with the

level of significance set at P<0.05. 0-
The test for miracidium contamination

Groups
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(N = 120 episodes) than experimental anidragging and a decreased expression of inac-
mals (N = 71 episodes) (P<0.001, Table 1}ive motor behaviors such as stopping-float-
The animals submitted to disruption ofing in animals with a disrupted circadian
the circadian rhythm presented a significantycle compared to control animals exposed
reduction (P<0.001) in hemocyte numbeto a regular cycle. Continuous light may
(78 £ 24.27 hemocytes/ul hemolymph) tharactivate changes in neuronal circuits, which
the animals kept under a normal cycle (157.6ay transform a behavior into another. Stud-
+ 53.27 hemocytes/ul hemolymph). The reies on adult mollusks of the genGdione
sults are shown in Figure 1. and on larvae of amphibians of the genus
The present data support the classical vieenopushave shown that separate although
that stress can affect the immunological reinterlinked circuits are related to changes in
sponse both in invertebrates and vertebratéghaviors such as floating to permit the ani-
(3,10,16). Stress can increase or decrease tmal to swim rapidly in the presence of envi-
immunological ability depending on the timeronmental stimuli. IrClione, these circuits,
of stimulation and on the species, although idenoted generators of central patterns, are
general it causes immunosuppression. A stredscated in the podal ganglia (18).
ful stimulus applied to mollusks for prolonged  Figure 1 shows a reduced number of
periods of time may activate the defenséemocytes in animals submitted to a dis-
mechanisms of the animal, which reacts aaupted circadian cycle compared to the ani-
cording to the circumstance (10). mals exposed to a regular cycle. Inhibition of
In the present study we observed aspects tife immunological system by the neural sys-
the defensive system such as the behaviori@m probably occurred under conditions of
and immunological response to conditions ofontinuous illumination. Light is known to
continuous illumination in gastropod mollusksinhibit the transformation of serotonin to
of theBiomphalaria tenagophilapecies. This melatonin in mammals. Thus, the light that
condition, which disrupts the circadian cyclehits the retina stimulates the suprachiasmat-
may function as a stressful situation for thesi nucleus of the hypothalamus and results in
animals. In primates and rodents, exposure tacreased serotonin levels and decreased
light leads to alterations in the circadian cyclesnelatonin levels. This neuromodulator in-
which may provoke neuroendoctrine variationdhibits corticotropin release and therefore in
which in turn interfere with immunomodula- the presence of light there will be activation
tion (16). An example is the circadian varia-of the adrenal corticosteroid system through
tion in leukocyte levels in humans. Althoughan increase in the serotonin/melatonin ratio
the total number of these cells is relatively(16). Although corticosteroids are immuno-
constant throughout the day, the number fuppressive, serotonin is known to selec-
granulocytes and monocytes is higher duringvely activate T lymphocyte proliferation
the daylight period and the number of lympho{19). Thus, hemocytes may be subjected to a
cytes is higher during the night. This variatiormore general regulatory system in which an
is related to the type of adrenergic receptors dncrease in corticosteroid-like substances may
the surface of the cell membrane (17). Thedead to inhibition of the proliferation of these
data led us to infer that a possible disruption afells or even to their migration to organs
these circadian cycles may affect the numbeautside the hemolymph. Although mollusks
of cells during both the diurnal and the nocturdo not possess the hypothalamus-pituitary-
nal cycle, and consequently alter the immunadrenal axis involved in the above process,
response of these animals. there must be a system functionally similar
Table 1 shows an increased expression ¢6 this, since many of these hormones are
active motor behaviors such as sliding antbund in their hemolymph and receptors for
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these substances were detected in their hgtance is involved in the transformation of a
mocytes (3). The data in Table 1 and Figurélight behavior by changing slow swimming

1 show that the animals submitted to disrupto rapid swimming (18). Our results permit
tion of the circadian cycle presented greataurs to suggest that the same may be occurring
mobility and lower hemocyte expression. ltwith the mollusks studied in the present in-
is possible to imagine that a type of circuitvestigation. A substance such as serotonin
dedicated to each aspect of regulation magself or a similar agent whose levels are
be involved in each case (20). Thus, continuncreased by light may simultaneously cause
ous illumination may activate a motor circuitthe decrease in number of hemocytes in the
while at the same time deactivating a circuihemolymph and the increase in the sliding/
related to the neuroimmunological axis. An-dragging behaviors observed in the animal
other possibility is that a neuromodulator issubmitted to continuous illumination. In fu-
involved in these circuits, activating one andure research it should be very interesting to
deactivating the other. For example, serotcevaluate how these monoamines, especially
nin is known to activate the production ofserotonin, are actually involved in such modu-
corticosteroids, which are immunosuppreskatory mechanisms of behavioral and immu-
sive agents. In the mollugklione this sub- nological responses.

and migration of immunocompetent in-
vertebrate hemocytes. Proceedings of the
National Academy of Sciences, USA, 86:
626-630.

omphalaria glabrata, the intermediate host
snail of Schistosoma mansoni, at differ-
ent depths in water in laboratory condi-
tions. Memdrias do Instituto Oswaldo
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