
217

Braz J Med Biol Res 33(2) 2000

Zinc in phosphate granules

Zinc accumulation in phosphate
granules of Ucides cordatus
hepatopancreas

Departamentos de 1Anatomia and 2Histologia e Embriologia,
Centro de Ciências da Saúde, Universidade Federal do Rio de Janeiro,
Rio de Janeiro, RJ, Brasil
3Programa Zona Costeira, Instituto de Pesquisas Jardim Botânico,
Ministério do Meio Ambiente, Rio de Janeiro, RJ, Brasil

J.D. Corrêa Junior1,
S. Allodi2,

G.M. Amado-Filho3

and M. Farina1

Abstract

Amorphous phosphate granules are present in vertebrate and inverte-
brate organisms. The functions attributed to these structures depend
on their mineral contents and organic matrix composition. In the
present study we have determined zinc concentrations in the hepato-
pancreas of the crab Ucides cordatus from regions contaminated with
zinc, and the elemental composition of hepatopancreal phosphate
granules. Organisms were collected from the contaminated areas of
Sepetiba Bay (SB) and Guanabara Bay (GB), and from a non-contami-
nated area, Ribeira Bay (RB). The first two sites are located near the
metropolitan region of Rio de Janeiro city, Brazil. Atomic absorption
spectroscopy (AAS) showed a significant difference (P<0.05) for zinc
concentration in the hepatopancreas from organisms collected at the
contaminated sites GB (210 ± 20 µg/g dry weight) and SB (181 ± 16
µg/g dry weight) compared to the non-contaminated site RB (76 ± 14
µg/g dry weight). Phosphate granules isolated from hepatopancreatic
tissue were studied by electron diffraction (ED), energy dispersive X-
ray analysis (EDX) and electron spectroscopic imaging (ESI). ED of
granules presented no diffraction spots, indicating that these struc-
tures are in an amorphous state, while EDX of granules isolated from
a contaminated area contained P, Ca and Zn. Mg, Cl and Fe were also
found in some of the spectra. ESI showed that O, P and Ca were
colocalized in the mineralized layers of most granules observed. The
correlation between the results obtained by AAS and those obtained
by microanalytical techniques suggests that the hepatopancreatic gran-
ules of U. cordatus may be related to the phenomenon of heavy metal
retention.
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The crustacean decapod Ucides cordatus
is a crab of high ecologic and economic
importance in forests and is an important
organism associated with biogeochemical
cycles of several elements in mangrove eco-
systems. The species U. cordatus is widely
distributed from the south of Florida (United

States of America) to the northern region of
Santa Catarina State (Brazil). This organism
is a source of proteins for several human
communities (1,2). In Rio de Janeiro State
(southeastern Brazilian region), U. cordatus
has been collected from three bays with dif-
ferent levels of metal pollution: Ribeira Bay
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(RB), located near the city of Angra dos
Reis, for which no metal pollution or indus-
trial activity has been reported, Sepetiba Bay
(SB), characterized by heavy metal (mainly
zinc and cadmium) contamination, and
Guanabara Bay (GB), characterized as being
impacted by effluents (including heavy met-
als) generated by the domestic and industrial
park of the metropolitan region of Rio de
Janeiro (3). The ranges of zinc concentra-
tions (µg/g) in superficial bottom sediments
(fraction <0.75 µm) reported in the literature
are: 50-470 for GB (4), 184-938 for SB (5)
and 8-83 for RB (6). Heavy metal pollution
may have deleterious effects on aquatic or-
ganisms because of their persistence and
potential accumulation in biota (7). Along
evolution, aquatic organisms developed
mechanisms of sequestration, transport and
excretion of metals; among them is the in-
corporation of metals into insoluble gran-
ules (8-11). Amorphous phosphate granules
are intra- and extracellular granules, com-
monly surrounded by a membrane, with di-
ameters ranging from 0.5 to 5 µm and com-
posed of concentric layers of an organic
matrix associated with minerals (12,13). They
are generally developed in organs that have
digestive, storage or excretory (detoxifica-
tory) functions such as the hepatopancreas
and cecum in crustaceans, digestive gland,
midgut and kidney in mollusks, and Mal-
pighian tubules in insects. In invertebrates,
different types of granules have been de-
scribed and characterized as carbonated,
oxalated, sulfated, and phosphated structures
that present high affinity for cations (9,14,15).

It has been shown that the hepatopancre-
atic granules of Helix aspersa and Carcinus
maenas consist predominantly of pyrophos-
phate and orthophosphate anions respec-
tively, with calcium and magnesium as cat-
ions. The crab accumulates metals of group
�a� such as magnesium and calcium (11,16).
It is believed that the incorporation of Mg2+

into the calcium pyrophosphate lattice may
account for the amorphous state of the gran-

ules, permitting the incorporation of other
cations into the structure (11,16).

In the present study we compared the
zinc concentration in hepatopancreatic tis-
sue of U. cordatus between a group of organ-
isms collected from contaminated (GB and
SB) and non-contaminated (RB) areas by
atomic absorption spectroscopy (AAS). Us-
ing energy dispersive X-ray analysis (EDX)
we detected the principal elements of the
hepatopancreatic granules. Elemental maps
of oxygen, phosphorus and calcium were
obtained from ultrathin sections of isolated
granules by electron spectroscopic imaging
(ESI).

U. cordatus specimens were sacrificed
by mechanical lesion of the supra-esoph-
ageal ganglia and the hepatopancreatic tis-
sue was dissected. For determination of zinc
concentration in tissue, ten crabs were col-
lected from each contaminated (SB, GB)
and non-contaminated (RB) area. Each
sample was dried for 96 h at 70oC until
constant dry weight and then ashed for 48 h
at 400oC. Samples were digested with pure
HNO3, HCl and H2O2 and resuspended in 10
ml 0.1 M HCl. Zinc concentrations were
determined by AAS (Varian AA-1475,
Springvale, Australia). For each collection
site the samples were processed in triplicate.
The results are reported as µg Zn/g hepato-
pancreas dry weight. One-way ANOVA fol-
lowed by the multiple comparison Tukey
test was performed to compare the results of
zinc concentration. For the analytical elec-
tron microscopy studies, isolated granules
were obtained by chemical digestion of a
hepatopancreas homogenate with 20%
NaOCl in distilled water. The homogenate
was centrifuged at 1500 g for 15 min. After
repeating digestion and elution several times,
a clean pellet was obtained and rinsed with
distilled water to remove NaOCl. A drop
rich in isolated granules was deposited on a
formvar-covered copper grid and air-dried.
Another part of the purified pellet was dried
and embedded in Epon resin. Ultrathin sec-
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tions (@ 40 nm) were obtained with an ultra-
microtome (model RMC XT 6000-XL, Re-
search and Manufacturing Co., Inc., Tucson,
AZ, USA) with a diamond knife and col-
lected on copper grids. The isolated granules
were studied by X-ray microanalysis with a
JEOL 2000FX transmission electron micro-
scope equipped with a Tracor Nothern ana-
lytical system. ESI was performed with a
Zeiss CEM 902 transmission electron mi-
croscope with an in column Castaing-Henry
spectrometer (17).

Organisms collected at the contaminated
sites (GB = 210 ± 20 µg/g and SB = 181 ± 16
µg/g) showed significantly higher zinc con-
centrations in the hepatopancreas (one-way
ANOVA, Tukey test, P<0.05) than the or-
ganisms collected at the non-contaminated
site (RB = 76 ± 14 µg/g) (Figure 1). Mineral
granules were found to be amorphous as no
defined rings were observed by electron dif-
fraction (ED) (data not shown). EDX showed
characteristic peaks of Mg, P, Cl, Ca, and Zn
in purified granules from an organism col-
lected in GB (Figure 2a). The spectrum indi-
cates that the granule is composed of a phos-
phate matrix. Note that Zn occurs in signifi-
cant amounts in these structures. ESI showed
that O and P are colocalized in the most
mineralized layers (Figure 2b,c), indicating
that the granules are composed of a phos-
phate matrix in an amorphous state, also
containing Ca (Figure 2d). However, as indi-
cated by the Ca image, different levels of
calcification may be present in different rings
of the same granule because the Ca content
is not completely colocalized with O and P
(see arrow in Figure 2d).

The regulation of the internal concentra-
tions of trace metals in crustaceans occurs by
several pathways, e.g., the mechanisms to
excrete sufficient quantities of metals in-
volving active transmembrane transport, in-
ducible synthesis of proteins (metallothio-
neins and other proteins) and incorporation
of metals into insoluble granules (8,9). In
decapod crustaceans, the hepatopancreatic
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Figure 1 - Zinc concentration in
the hepatopancreas of U. corda-
tus crabs from the contaminated
areas of Guanabara Bay and
Sepetiba Bay, and from a non-
contaminated area of Ribeira
Bay. Data are reported as means
± SD for 10 crabs from each area.
The hepatopancreatic zinc con-
centration found for the con-
taminated areas was significant-
ly higher (*P<0.05) compared to
the control area (Tukey test).
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Figure 2 - a, X-Ray microanalysis spectrum of a typical hepatopancreatic granule isolated
from a crab collected in the contaminated area of Guanabara Bay. Note the presence of
magnesium, phosphorus and calcium, typical of phosphate intracellular granules, and zinc.
Chlorine is also present, but it could be from NaOCl used for digestion. Oxygen is not
detectable in the spectrum because of the beryllium window of the detector. Copper peaks
come from the electron microscope grid. b, Electron spectroscopic image (ESI) of oxygen in
a granule from a contaminated region. White rings correspond to higher contents of the
element inside the structure. Section thickness, @ 40 nm. c, ESI of phosphorus in the same
granule showing that phosphorus and oxygen (see previous figure) are colocalized inside
the structure. d, ESI of calcium inside the same granule as in the previous two figures. The
arrow shows a region where the calcium content is very low as compared to oxygen and
phosphorus. Bar = 0.5 µm.

tissue is involved in ion and nutrient storage,
synthesis of several substances, and accu-
mulation and elimination of heavy metals
(8,11).

The significantly higher (P<0.05) hepato-
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pancreas Zn content in organisms from the
two contaminated regions (GB and SB) com-
pared with that from the non-contaminated
one (RB) indicates that the hepatopancreas
may act as a storage site tissue when Zn is
present in high concentrations in the envi-
ronment, as observed in the contaminated
sites.

Bryan and Langstom (18) suggested that
decapod crustaceans can restrict Zn uptake
to maintain more or less constant body loads
independent of environmental concentra-
tions. This was also shown by Pedersen and
Lundebye (19) when studying metallothio-
nein and stress protein levels in the midgut
glands of the shore crab Carcinus maenas.
On the other hand, Simmons et al. (20) con-
cluded that metals from the food may be
taken into the phosphate granules of Carci-
nus maenas. In this way, an extensive metal
analysis in both sediments and hepatopan-
creas, or in vitro experiments are needed to
determine if U. cordatus regulates Zn con-
centrations in the hepatopancreas.

In the present study we detected zinc in
amorphous phosphate granules. The basic
elemental composition of the granules was
O, Mg, P, and Ca. When the amorphous
material is complexed with a divalent cation
it may stay in a noncrystallized state, with
the cation acting as inhibitor of crystalliza-
tion (15,21); as a consequence, because of

their solubility, these structures could be
used to determine the bioavailability of heavy
metals in the environment (20). The Cl peak
seen in the spectrum (Figure 2a) is probably
due to its NaOCl content used during or-
ganic digestion. The O, P, and Ca maps
shown here (Figure 2b,c,d) indicate that cat-
ions other than Ca may compete for the same
lattice sites inside the amorphous phosphate
structure of the granule, because one of the
rings of the calcium map of the granule in
Figure 2d presents a small calcium content
when compared to the O and P images of the
corresponding ring. The presence of Zn in
the structure could be responsible for a de-
crease in Ca concentration. This fact is in
agreement with Simkiss and Taylor (11) who
showed that snails fed on a diet rich in Zn
presented higher Zn and lower calcium lev-
els inside the granules as compared with
those fed a normal diet.

The association between data obtained
by AAS, EDX and ESI suggests that amor-
phous phosphate granules can contribute to
the process of heavy metal accumulation,
explaining in part the high concentration of
Zn detected in hepatopancreatic tissue from
contaminated specimens. In particular, ESI
may further contribute to the understanding
of ion transfer between the solid phase of the
granule and the solution.
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