ISSN 1517-6770
Revista Brasileira de

ZOOCIENCIAS

9(1): 7-12, junho 2007

The photoperiod may modulate the carbohydrate metabolism of Bradybaena
similaris (Férussac, 1821) (Mollusca, Bradybaenidae)?!

Tenylle de Almeida Garcia? & Jairo Pinheiro?

! Financial Support: Fundagéo Carlos Chagas Filho de Amparo a Pesquisa do Estado do Rio de Janeiro (FAPERJ)

— Proc. n°E-26/170.523/2003.

2 Corresponding author - Universidade Federal Rural do Rio de Janeiro (UFRR)J), Instituto de Biologia), Departamento de
Ciéncias Fisioldgicas (DCFis), Area de Biofisica. BR465, km7, Seropédica, Rl. CEP 23.890-000. Tel.: +55-21-26821763.
E-mail: jps@ufrrj.br

Abstract. The snail Bradybaena similaris is a pulmonate gastropod with great medical and economic importance. In this study, the
effects of different photoperiods (0, 6, 12, 18 and 24 hours of photophase) on glycogen deposits in digestive gland (DG) and
cephalopedal mass (CM) of B. similaris were analyzed. The higher content of glycogen in the cephalopedal mass was observed in
the snails exposed to a photoperiod composed by 12 hours of photophase, ranging 0.39mg of glucose/g of tissue, wet weight. And
the lowest value was that obtained from snails maintained under six hours of light, 0.01mg of glucose/g of tissue, wet weight. In
digestive gland the maximum and the minimum values were observed to the snails maintained under 24 and 0 hours of light,
respectively. The 12 hours photoperiod resulted in a better rate of synthesis/mobilization of glycogen in the CM of B. similaris. So,
the photoperiod that resulted higher content of glycogen in the DG was that composed by 24 hrs of light.
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Resumo: O fotoperido pode modular o metabolismo de carboidratos em Bradybaena similaris (Férussac, 1821) (Mollusca,
Bradybaenidae). O molusco Bradybaena similaris € um gastrépode pulmonado com grande importancia médica e econémica.
Neste estudo, o efeito de diferentes fotoperiodos (0, 6, 12, 18 e 24 horas de fotofase) foi analisado nos depdsitos de glicogénio na
glandula digestiva (DG) e massa cefalopodeal (CM) de B. similaris. O maior conteddo de glicogénio na massa cefalopodeal foi
observado em moluscos expostos a um fotoperiodo composto por 12 horas de fotofase, variando de 0,39mg de glicose/g de tecido,
peso imido. O menor valor foi obtido de moluscos mantidos sob seis horas de luz, 0,01mg de glicose/g de tecido, peso Umido. Na
glandula digestiva, os maiores e menores valores foram obtidos em moluscos mantidos sob 24 e 0 horas de luz, respectivamente.
O fotoperiodo de 12 horas resultou em uma melhor taxa de sintese/mobilizagdo de glicogénio no CM de B. similaris. Assim, o
fotoperido que resultou em uma maior concentragao de glicogénio na DG foi 0 composto por 24 horas de luz.

Palavras-chave: glicogénio, fisiologia comparada, molusco terrestre.

(Morera & Céspedes, 1971) (Tienco, 1995), and the
digenetic trematodes Eurytrema coelomaticum
(Giard et Billet, 1892) Looss, 1907 (PascHoAL, 1991)
and Postharmostomum gallinum Witenberg, 1923

INTRODUCTION

The snail Bradybaena similaris (Férussac, 1821)
is a pulmonate gastropod, probably came from Asia

(THoME et al., 1996). This mollusc exhibits a great
medical and veterinary importance because it may
be used as an intermediate host by many parasites,
as the nematode Angiostrongylus costaricensis

(AmaTO & BEZERRA, 1989).

Beyond this, the wide distribution of B. similaris
(ArAUIO, 1989) plus to the fact that this snail is a
plague to the agriculture due to its varied food
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requirements bring the need of study aspects of its
biology, as the response to physiological stress.

The carbohydrates are the source of energy to
the snails (Joosse, 1988), and, in the snails, they are
stored as glycogen and galactogen, being the first
one the main source of general energy, and the
second one is restricted to the albumen gland and it
serves only to the reproductive process (GERAERTS,
1992). The content of the glycogen are deeply
influenced by the physiological conditions of the
snails, as food availability, presence of parasite, abiotic
alterations (Becker, 1980, LivINGSTONE & ZwaaN, 1983).
The mobilization of glycogen reserves occurs when
the glucose content in the hemolymph is reduced,
under stress conditions, as starvation (PINHEIRO, 1996)
and parasitism by larval trematodes (PiNHEIRO &
Awmarto, 1994, Azevepo et al., 1997) these deposits are
highly reduced in B. similaris. The photoperiod is
related to the exposition of an organism to the light,
specially in relation to the effects on reproduction,
development and growth.

According to Van Eik & Joosse (1981), in Lymnaea
stagnalis (Linnaeus, 1758) the photoperiod exerths
an influence on the catalitic activity of the enzyme
UDP-galactose 4-epimerase, which converts the
UDP-glucose in UDP-galactose, an initial step to the
polimerization of galactose. The epimerase activity
was reduced when the snails were exposed to short
days conditions and increased under long days. The
study showed that the photoperiod has an effect on
the ovipository activity and the increase in the lenght
of the day results in an increase of this activity. So,
the UDP-galactose 4-epimerase from the albumen
gland reflects the presence of a mechanism of
adaptation in the snails to a long day photoperiod.

Factors associated to temperature and
photoperiod influence the neuroendocrine control
of ovulation and egg laying in Helix aspersa (Muller,
1774). In Helix pomatia (Linnaeus, 1758), the
photoperiod influences the olfactory estimulation
(Voss et al., 2002). Effects of the photoperiod on the
hormonal behaviour and the oviposition in L. stagnalis
is knew (DocTerOM et al., 1983).

In spite of the existence of studies about the
influence of photoperiod on reproduction of different

snails species, there is not information about the
influence of this abiotic factor on the glycogen
deposits of the molluscs. So, the purpose of this study
is to analyze the influence of different photoperiods
on the glycogen reserves in digestive gland (DG) and
cephalopedal mass (CM) of B. similaris.

MATERIAL AND METHODS

Snails collection and maintenance

Specimens of B. similaris were manually collected
from plants of gardens located at BR465, km 9,
Seropédica, RJ, Brazil. The snails were oberved
through their transparent shell to investigate the
presence of larval trematodes, as metacercariae of
P. gallinum and samples of snails randomly chosen
were dissected to verify the larval stages of
trematodes in their soft tissues. The snails free of
infection were maintained under laboratory
conditions (20 e 25°C), in glass vivaria with earth at
the bottom, moistened with tap water in alternate
days (LeaHy, 1984). The snails were fed with fresh
lettuce leaves ad libitum.

Establishment of photoperiods

The snails with 10mm of shell diameter were
divided in groups of 20 specimens, and each group
was exposed to a different photoperiod (0, 6, 12, 18
and 24 hours of photophase). The light exposition
was made through three lamps (100W). The
exposition to different photoperiods was made by a
week. The experiments were made in duplicates,
using two groups of 20 specimens to each
photoperiod analyzed.

Biochemical analysis

After a week the snails were dissected early
morning (at about 8 hours). The shells of the living
snails were removed with tweezers and the tissues
of DG and CM were separated, pooled according
to the photoperiod, weighed and stored at -10°C
until their utilization.

The glycogen extraction was made according to
PinHEIRO & GoMes (1994) and its determination was
made by the 3.5 dinitrosalicylic acid (3.5 DNS)
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(SumnER, 1924), being the results expressed as mg of
glucose/g of tissue, wet weight. The
sprectrophotometrical analysis were made in
triplicates.

The chromatographic analysis of the
polysaccharides extracted was made according to
ViLLELA et al. (1973) and PinHEIRO & Gomes (1994).

Statystical analysis

The results were expressed as mean + standard
deviation and the Tukey-Kramer’s test was used to
compare the mean values. The polynomial
regression was applied to verify the relation between
the carbohydrates contents and the different
photoperiods (a=5%) (GraphPad InStat, GraphPad
Prism, Prism Inc.).

REesuLTs AND Discussion

The snails maintained under 0, 6 and 24 hours of
photophase presented lower content of glycogen in
CM than those observed to snails maintained under
12 and 18 hours of light (Tab.1). The highest content
of glycogen was observed to the snails exposed to 12
hours of light, ranging 0.39mg of glucose/g of tissue,
wet weight, and this value was significantly different
than those obtained in other photoperiods. The
polynomial regression analysis did not revealed a
positive relation between the photoperiod and the
glycogen concentration in the CM tissue in B. similaris
(r>=0.67) (Fig. 1).

The deposits of glycogen in muscular tissue of
snails are resulting from the balance between the
food intake and the locomotory activity during the
period of observation. This relation is evidenced
when the snails were maintained under extreme
photoperiods (0 and 24 hours of light). The snails
are most active in the nocturnal period (JUNQUEIRA et
al., 2003), due to the lowest temperature and
increasing of the moisture at this time. So, the
molluscs exposed to 0 hours of light presented an
increased physical activity, moving itself most
frequently, increasing the probability of the snails
found the food supplies. But the group of animals
exposed to 24 hours of light, showed a reduced

Table 1. Glycogen content in the cephalopedal mass (CM) and in the
digestive gland (DG) of Bradybaena similaris, as mg of glucose/g of
tissue, wet weight, maintained under different photoperiods for a
week.

Glycogen content

Photophase N (mg of glucose/g of tissue, wet weight)
(hours)” X +SD
CM DG
0 3 0.0752 + 0.0169*° 0.0792 +0.0171%
6 3 0.0111 + 0.0074 0.4164 +0.0747°
12 3 0.3878+0.0601°  0.3246 + 0.0173"
18 3 0.1449 +0.0060° 03246 +0.0364"
24 3 0.0523 + 0.0201% 0.5751 + 0.0329°
* Two groups of 20 snails were used in each photoperiod analyzed.
X +SD =mean + standard deviation. N = number of biochemical determinations. a, b, ¢, d = means
with significant difference among them (o = 5%)
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Figure 1. Relation between glycogen content, expressed as mg of
glucose/g of tissue, wet weight, in the cephalopedal mass (CM) of
Bradybaena similaris maintained under different photoperiods for a
week. Two groups of 20 snails were used in each photoperiod analyzed.

activity, begining an estivation process and this situation
limited the movements of the snails and consequently
reduced the food meeting.

In L stagnalis there are photoregulated enzymes,
as UDP-galactose 4-epimerase, that catalyzes the
conversion of UDP-glucose to UDP-galactose, being
the catalytic activity of this enzyme increased when
the day lenght is made greater and the galactogen
content raises in response to the increasing of the
catalytic activity of this enzyme (Van ELk & JoossE,
1981). This was observed in B. similaris that
presented higher concentrations of galactogen at
photoperiods composed by 18 and 24 hours of light
(Garcia & PiNHEIRO, 2005).
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Thus, the lowest values of glycogen content in CM
tissue presented by the snails maintained under six
hours of light, may be related to the fact of these
animals were most active, resulting in a waste of energy
and reducing of glycogen deposits in this site. In the
present study the food consumption was not
quantified, but, although the snails presented a higher
locomotory activity, we may infer that the food intake
was not great enough to compensate the energetic
waste of the major locomotion of them. Besides this,
the fact of these snails were maintained in the dark 18
hours, take to a high rate of galactogen production,
constituting another factor that justify the lower values
to the glycogen content once that the galactogen is
produced from the glucose that is converted to
galactose by the UDP-galactose 4-epimerase.

Gowmor et al. (1989) and Gomot (1990) reported
that the photoperiod composed by long days
stimulates the reproduction in H. aspersa and
reflects an intense synthetic activity in the albumen
gland. There must be a compensation of the
inhibitory effects of the low temperature by the
longest photoperiod. Mebina et al. (1988) also
observed that the spermatogenesis in this species of
mollusc is accelerated at long days, being the
differentiation of spermatocyte Il to spermatide most
sensible to photoperiod alterations.

The highest content of glycogen in DG was
observed to the snails exposed to 24 hours of light
(Tab.1), that presented, at mean, 0.57mg of glucose/
g of tissue, wet weight. When compared to the values
observed to the snails exposed to the other
photoperiods, this value was significantly higher and
different than other. The lowest value was observed
to the snails maintained in the dark (Oh photophase),
0.08mg of glucose/g of tissue, wet weight (Tab.1),
being significantly different than the results obtained
with the other groups of snails. The snails exposed
to 6, 12 and 18 hours of light presented the following
content of glycogen in the DG 0.42, 0.32 e 0.32 mg
of glucose/qg of tissue, wet weight, respectively, and
there was not significant difference among them.

The polynomial regression analysis revealed a
strong positive relation (r=0.88) between the
glycogen content in the DG and the time of exposition

to the light (y=0.16 + 0.015x) (Fig. 2).
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Figure 2. Relation between glycogen content, expressed as mg of
glucose/g of tissue, wet weight, in the digestive gland (DG) of
Bradybaena similaris maintained under different photoperiods for a
week. Two groups of 20 snails were used in each photoperiod
analyzed.

The snails maintained 24 hours under the light
reduced their metabolic activity, moving through by
lower distances and staying buried for many hours.
These facts take to a reduction on the energetic
expenditures of the animal, which is reinforced by
the little amount of glycogen found in the CM of the
snails maintained under this photoperiod. Also, the
glycogen deposits in DG are not extensively used by
the animals, being more elevated than the values
observed in the other groups. The snails kept under
0 hour of photophase, had higher physical activity,
reducing the muscular deposits and from the DG,
due the major mobilization rate of this polysaccharide,
justifying the results obtained in the present study.

Thus, we can conclude that the photoperiod
constituted by 12 hours allow a better relation in the
rate of synthesis/mobilization of glycogen in the CM
of B. similaris, while the photoperiod that resulted in
a higher content of glycogen in the DG was that
composed by 24h of light. In spite of the great number
of studies about the effects of the photoperiod on
the behaviour and reproduction of molluscs, there
was not clear information about the effects of this
abiotic factor on the glycogen reserves in these
animals. The knowledgement on the interference of
the photoperiod with the glycogen deposits, may be
useful in snails control programs and, consequently,
of the parasites transmited by them. This is the first
study where this relation is investigated using as a
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model the snail B. similaris, due its medical, veterinary
and economic importance, but complementary
studies must be made to gave us more information
on this subject.

ACKNOWLEDGEMENT

To Drs. Solange V. P. B. Brandolini (UFRRJ, RJ,
Brasil), Aleksandra M. de Oliveira and Melissa Q.
Cardenas (UFRJ, RJ, Brasil) for the valuable
suggestions to this study.

REFERENCES

AwmaTo, S.B. & BezERRA, J.C.B. 1989. Parasitismo natural de
Bradybaema similaris (Férussac, 1821) por
Postharmostomum Gallinum Witenberg, 1923.
Memodrias do Instituto Oswaldo Cruz 84: 75-79.

ARrAUJO, J.L.deB. 1989. Moluscos de importancia econémica
do Brasil. I. Xanthonychidae: Bradybaena similaris
(Férussac, 1921) (Mollusca, Gastropoda, Pulmonata,
Stylommatophora). Revista Brasileira de Zoologia 6:
583-592.

Azevepo, V.P.B.de; PINHEIRO, J.; GomEs, E.M.& CHacas, G.M.
1997. Variagdo do contetido de galactogénio da glandula
de albimen de Bradybaena similaris em consequéncia
da infecgdo com Eurytrema coelomaticum. In: XII
Reunido Anual da FESBE, Caxambu,Brasil. pp.274.

Becker, W. 1980. Metabolic interrelationship of parasitic
trematodes and mollusks, especially Schistosoma
mansoni in Biomphalaria glabrata. Zeitschrift fur
Parasitenkunde 63: 101-111.

DocteroMm, G E.; THusseN, R. & VaN LoenHouT, H. 1983. Effect
of the photoperiod on the time schedule of egg mass
production in Lymnaea stagnalis, as induced by ovulation
hormone injections. General and Comparative
Endocrinology 49(2): 255-60

Garcia, TA. & PINHEIRO, J. 2005. A atividade reprodutiva de
Bradybaena similaris Férussac, 1821 (Mollusca,
Gastropoda) € influenciada pelo fotoperiodo. In: Resumos
do XIX Encontro Brasileiro de Malacologia. Rio de Janeiro,
Brasil, pp..

GeraerTs, W.P.M. 1992. Neurohormonal control of growth
and carbohydrate metabolism by the light green cellsin
Lymnaea stagnalis. General and Comparative
Endocrinology 86: 433-444.

Gowmor, A. 1990. Photoperiod and temperature interaction
in the determination of reproduction of the edible snail,
Helix pomatia. Journal of Reproduction and
Fertilization 90: 581-5.

Gowmor, P.; Gomor, L. & GrirronD, B.. 1989. Evidence for a
light compensation of the inhibition of reproduction by
low temperatures in the snail Helix aspersa. Ovotestis
and albumen gland responsiveness to different conditions
of photoperiods and temperatures. Biology and
Reproduction 40: 1237-45.

Joossk, J. 1988. The hormone mollusks. pp.89-140. In: JanFer
H. & Dwner R.G.H. (ed). Invertebrate Endocrinology.
Vol 2. New York, USA.

JUNQUEIRA, F.O.; D‘AviLa, S.; Bessa, E.C.deA. & PrezoTo, F.
2003. Relacdo entre idade e ritmo de atividade em
Bradybaena similaris (Férussac, 1821) (Mollusca,
Xanthonychidae) em condi¢des de laboratério. Revista
de Etologia 5: 41-46.

Leanv, W.H. 1984. Comportamento e caracteristicas anatomo-
funcionais da reproducdo em Bradybaena similaris
(Molusco Pulmonado). Ciéncia e Cultura (S&o Paulo)
36:1389-1392.

LivingsTong, D.R. & Zwaan, A. 1983. Carbohydrate metabolism
of gastropods. pp.177-242. In: WiLBur, K.M. (ed). The
Mollusca. Vol 1, New York, Academic Press..

Mepina A.; GriFFonD, B. & Gowmor, P. 1988. Influence of
photoperiod on differentiation of male cells in Helix
aspersa. An autoradiographic study. Reproduction,
Nutrition and Development 28: 617-23.

PascHoat, S.V. 1991. Eurytrema coelomaticum (Giard et
Billet, 1892) Looss, 1907 em Bradybaena similaris
(Ferussac, 1821) - Rota de migracéo e consequiéncias
do parasitismo sob os enfoques biolégico e histologico.
Tese de Mestrado. Universidade Federal Rural do Rio de
Janeiro, Seropédica, Rio de Janeiro, Brasil. 94p.

PiNHEIRO, J. 1996. Influence of starvation on the glycogen
and galactogen contents in the snail Bradybaena similaris
(Férussac, 1821) (Mollusca, Gastropoda). Arquivos de
Biologia e Tecnologia 39: 349-357.

PINHEIRO, J. & AmaTo, S.B. 1994. Eurytrema coelomaticum
(Digenea: Dicrocoelidae): the effect of infection on
carbohydrate contents of its intermediate snail host,
Bradybaena similaris (Gastropoda, Xanthonychidae).
Memodrias do Instituto Oswaldo Cruz 89(3): 407-410.

PiNHEIRO, J. & Gowmes, E. M. 1994. A method for glycogen
determination in molluscs. Arquivos de Biologia e
Tecnologia 37: 569-576.

SUMNER, J.B. 1924. The estimation of sugar in diabetic urine
using dinitrosalicylic acid. Journal of Biological
Chemistry 62: 287-290.

Revista Brasileira de Zoociéncias 9 (1):7-12. 2007



12. GaRrciA & PINHEIRO

TromE, W.J.; Sitva, A.V.pa & SanTos, D.D.pos. 1996. Manual
de aulas praticas de Zoologia: Estudo Morfo-
Anatémico de um Molusco Sigmureta. Porto Alegre,
Cadernos EDIPUCRS 12, Série Zoologia 2. Pontificia
Universidade Catdlica de Rio Grande do Sul, 25p.

Tienco, S.A.R.C. 1995. Estudo da helmintofauna dos
moluscos em areas de ocorréncia de angiostrongilose
abdominal no Brasil. Tese de Doutorado. Universidade
Federal Rural do Rio de Janeiro, Seropédica, Rio de
Janeiro, Brasil. 91p.

Van ELk, R. & Joossk, J. 1981. The UDP-galactose 4-epimerase
of the albumen gland of Lymnaea stagnalis and the effects
of photoperiod, starvation and trematodes infection onits
activity. Comparative Biochemistry and Physiology
70B:; 45-52

ViLLELA, G.G.; BaciLa, M. & TastaLpl, H. 1973. Técnicas e
Experimentos de Bioquimica. Rio de Janeiro, Editora
Guanabara Koogan S.A., 552p.

Voss, M.; BucHerT, C. & MissreLDER, C. 2002. Influence of
photoperiod on the behavioral responsive to olfactory
stimulation in the snail Helix pomatia. Institute of Zoology,
University of Kiel, Germany 51(1): 79-83.

Recebido: 01/08/2006
Revisado: 25/09/2006
Aceito: 25/10/2006

Revista Brasileira de Zoociéncias 9 (1):7-12. 2007






