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Abstract

The effect of fenithrotion (FS) on the functionality of two models of crustacean lipoproteins was studied. Models
used were a high density plasma lipoprotein (HDL) that is involved in the lipid–tissue exchange, and a lipovitellin
(LV), the main source of embryo nutrients, which presents two forms only distinguishable in its lipid composition.
The relative influence of lipid and apoprotein compositions on the FS effect in lipid transfer was comparatively evalu-
ated using liposomes prepared with lipids obtained from both lipoproteins. FS treatment of HDL modified the transfer
of lipids to and from hepatopancreas, diminishing the uptake of phosphatidylcholine and triacylglycerols and increas-
ing its capacity to release both lipids to the tissue. Likewise, FS increased the transfer of phophatidylcholine to the
embryonic tissue from both LVs and from liposomes. It was assessed that apoproteins are involved in the transfer
of phosphatidylcholine to tissues, though they are not involved in the changes produced by FS concerning the affinity
of this lipid to lipoprotein systems.
� 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Decapod Macrobrachium borellii, like other
crustaceans [1,2], exhibits a high density lipopro-
tein (HDL) which transports plasma lipids and
has a high content of phospholipids and moderate
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amounts of triacylglycerides (TAG). The HDL
protein portion contains three polypeptides of
124, 26, and 23 kDa, respectively [3]. The function
of this circulating lipoprotein in the exchange of
lipids with hepatopancreas was studied; its capac-
ity to transfer free fatty acids (FFAs) and phos-
phatidylcholine (PC) to tissue as well as to
uptake acylglycerides from the latter was assessed
[4].
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Lipovitellin (LV), another lipoprotein system
studied in M. borellii, is the main nutritional
source in the vitellus which is consumed during
the embryogenesis [5]. Proteins and lipids of LV
are both consumed by the growing embryo, being
the latter consumed selectively. This leads to differ-
ent LV forms (LVe and LVl) which appear at early
and late stages of the embryonic development,
respectively. Their apoprotein compositions and
lipid/protein ratios are quite similar, but not their
lipid compositions, being the PC and TAG con-
tents higher in the latest stages of development [6].

The effect of the organophosphorous insecticide
fenitrothion (FS) on these crustacean lipoproteins
was studied, assuming that, as it modifies mem-
brane structures in M. borellii [7] and in some
other organisms [8–10], it would also affect lipo-
protein structures. Then, it was corroborated that
FS penetrates both lipoproteins, producing fail-
ures in the lipid package, and this structural
change markedly alters its physiological behavior
like the free fatty acid transfer [3,6]. We have
found that FS affects in a similar fashion arachnid
lipoproteins that exert a double function, lipid
transport and respiratory pigments [11].

The present study shows further data on the
structural changes caused by FS, on the functions
of circulating and vitellinic lipoproteins in M. bor-

ellii. It is mainly focused on the uptake and release
of different lipids between circulating HDL and
hepatopancreas, as well as from the vitellinic LVs
(at early and late stages) to the embryonic tissue.
The influence of lipid and apoprotein composi-
tions upon lipid transfer was comparatively evalu-
ated using liposomes built up with lipids of both
lipoproteins.
2. Materials and methods

2.1. Biological and chemical materials

Adult males and ovigerous females were col-
lected during spring and summer (October–Febru-
ary) from a water course close to the Rio de la
Plata river, Argentina, and kept in glass aquaria
containing tap water at room temperature (20–
25 �C) until used.
[1-14C]Palmitic acid (57.0 mCi/mmol and 99%
radiochemically pure) and phosphatidylcholine,
LL-a-dipalmitoyl, [dipalmitoyl-1-14C] (111 mCi/
mmol and 97% radiochemically pure) were pur-
chased from New England Nuclear (Boston,
MA). All chemicals were of analytical grade.

2.2. Hepatopancreas and plasma HDL lipid labeling

Radioactive palmitic acid was administered to
groups of 4–8 adult shrimps at intermoult stage,
which were maintained in aquaria at room temper-
ature. Each animal was injected with 2 lCi
(35 nmol) radioactive fatty acid as ammonium salt
in water into the cephalic sinus [4]. After 16 h incu-
bations, hepatopancreas was dissected and hemol-
ymph extracted. Hemolymph was obtained by
punction in the cephalic sinus using a thin-needled
syringe containing 0.1 N sodium citrate as antico-
agulant at 4 �C [4]. Hematic cells were separated
by centrifugation at 100g for 10 min. Labeled plas-
ma and hepatopancreas were used for lipid analy-
sis in the experiments of lipid transference.

2.3. Lipoprotein isolation and liposome preparation

Hemolymph from adult shrimps was obtained
as described [4]. Eggs were obtained from gravid
females, and the embryonic developmental stage
was determined as described by Lavarias et al.
[12]. They were discriminated at early and late
stages.

Eggs were homogenized in 3 ml phosphate buf-
fer, 50 mM, pH 7.4, and sequentially ultracentri-
fuged at 10,000g for 20 min, and then at
100,000g for 60 min. Lipovitellins were isolated
from the final supernatant (cytosolic fraction).
Plasma and egg lipoproteins were isolated by den-
sity gradient ultracentrifugation. One milliliter of
plasma or egg cytosolic fraction was overlayered
on 3 ml NaBr solution (density 1.26 g/ml) contain-
ing 0.01% sodium azide, and centrifuged at
178,000g at 10 �C for 24 h in a Beckman L8
70 M centrifuge, using an SW 60 Ti rotor. Saline
solution of the same density as that of samples
was centrifuged in parallel to determine relative
densities, and to check the appropriate gradient
formation. The total volume of the tubes was frac-
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tionated from top to bottom into 0.2 ml aliquots,
and the protein content of each fraction was mon-
itored spectrophotometrically at 280 nm. The zone
in the gradients containing the plasma lipoprotein
(HDL) (density 1.10–1.14 g/ml) or the lipovitellin
(density 1.18–1.19 g/ml) was separated as a whole
fraction. Two forms of a lipovitellin, LVe and
LVI, were obtained from eggs collected at the early
and late stages of embryo development,
respectively.

Total lipids were extracted from HDL, LVe,
and LVl, and used for liposome preparation (LP-
HDL, LPe, and LPI, respectively). Extracts con-
taining 6 mg lipid and 0.5 lCi 14C PC (4.5 nmol)
were dry evaporated, hydrated with 1 ml of
50 mM potassium phosphate buffer, pH 7.4, vor-
texed, and extruded through polycarbonate mem-
branes with pore diameters of 50 nm (Avestin,
Ottawa, Canada).

2.4. In vitro labeling of LV and HDL lipid

Eighteen milligrams of lipoproteins, LVs, and
HDL, was incubated with [14C]PC liposomes at
37 �C for 30 min in 1 ml of 50 mM potassium
phosphate buffer, pH 7.4. After incubation, plas-
ma and vitellus labeled lipoproteins were isolated
from the remaining liposomes (LPs) by density
gradient ultracentrifugation as described. The pro-
tein content of each fraction was monitored spec-
trophotometrically at 280 nm. Radioactivity in
each fraction was measured by liquid scintillation
counting in a Wallac 1214 Rack Beta apparatus.
One tube containing a NaCl solution (density
1.04 g/ml) instead of plasma was centrifuged
simultaneously and fractionated to determine the
density of the fractions by monitoring the refrac-
tion indexes. Fractions corresponding to densities
1.10–1.14 and 1.18–1.19 g/ml, showing an increase
of A280 and radioactivity, were pooled and their
protein content was measured colorimetricaly [13].

2.5. Embryo isolation

Embryos from late developmental stage were
isolated from yolk by breaking the vitellin sac un-
der a stereoscopic microscope (Nikon). Early stage
embryos were further purified by Percol discontin-
uous density gradient (Pharmacia LKB, Uppsala,
Sweden), with solutions of 100, 50, and 25% di-
luted with 75 mM NaCl, according to Heras et
al. [5].

2.6. Effect of FS on lipid transfer between HDL and

hepatopancreas

A fraction of 250 ll complete hemolymph con-
taining HDL as the only lipoprotein was pre-incu-
bated with 20 and 40 ppm FS with agitation and at
room temperature for 2 h. To study the effect of
FS on the uptake of different lipids by HDL, the
labeled hepatopancreas (donor) was incubated
with unlabeled hemolymph plasma containing
FS-treated HDL (acceptor). Incubations were
done in 50 mM potassium phosphate buffer, pH
7.4, 0.25 M sucrose, with the addition of 5 ll
(50 KIU) aprotinin as protease inhibitor in a final
volume of 330 ll. To determine the effect of FS on
the release of lipids from FS-treated HDL, labeled
plasma (donor) was incubated under the same con-
ditions described above with unlabeled hepatopan-
creas (acceptor). Both experiments were carried
out in a shaker bath at 27 �C for 30 min, being
the donor/acceptor ratio 70–90 mg hepatopan-
creas/125 ll hemolymph. Hemolymph without
FS treatment was incubated simultaneously as
control.

2.7. Effect of FS on phosphatidylcholine transfer

from LVs to embryos

Labeled LVs (3 mg protein) and labeled LPs
(1 mg lipids) were preincubated with 20 ppm of
FS in 50 mM potassium phosphate buffer, pH
7.4, for 2 h at room temperature. Pools of 30 em-
bryos isolated at early and late developing stages
were incubated with the FS-treated LVs and LPs
at 27 �C. Afterwards, embryos were removed and
washed with cold potassium phosphate buffer.

Another series of experiments was designed to
study the probable role of HDL apoproteins in
PC transfer. For this reason, isolated native
HDL and liposomes from HDL lipids, both of
them labeled with [14C]PC, were utilized. Also,
labeling transfer from these systems to hepatopan-
creas was compared, as described previously.
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2.8. Lipid extraction and analysis

Total lipids from hepatopancreas and plasma
HDL were extracted following the procedure de-
scribed by Folch et al. [14]. Lipid classes were sep-
arated by HP-TLC on Merck plates, using
hexane–diethyl ether–acetic acid (80:20:1.5 v/v)
for neutral lipids, and chloroform–methanol–ace-
tic acid–water (65:25:4:4 v/v) for polar lipid analy-
sis. Radioactivity distribution in different lipid
classes was detected by scanning proportional
counting using a Berthold LB-2723 Dunnschicht
Scanner II apparatus (Germany). Appropriate
standards, run simultaneously, were visualized by
exposure to iodine vapors.

Embryos containing [14C]PC were homoge-
nized, lipids were extracted, and their label as well
as that in the remaining LVs and LPs were quan-
tified by scintillation counting.
3. Results

3.1. Effect of FS on the HDL capacity to uptake and

release lipids

Shrimps were incubated in vivo with radioactive
palmitic acid to obtain hepatopancreas and hemol-
ymph HDL labeled in their lipid moiety. Both tis-
sue and lipoprotein were used as donors/acceptors
in the experiments of lipid transfer.
Fig. 1. Effect of 20 and 40 ppm FS on the uptake of different lipids by
three experiments ± SD.) Control without FS is considered 100%.
differences with respect to control: *P < 0.05.
Results on the transfer of labeled lipids from
hepatopancreas to HDL showed that FS-treated
lipoprotein significantly decreased the uptake of
PC and TAG by the hemolymph (Fig. 1). The up-
take of such lipids was decreased around 57 and
68%, respectively, in samples pre-treated with
20 ppm FS. When the pre-treatment was done
using 40 ppm of FS (Fig. 1), the fall in the PC
and TAG uptake was 58 and 80%, respectively.

Likewise, the lipoprotein treatment using the
same insecticide concentrations produced a dose-
dependent lipid release increment, from the labeled
HDL to the acceptor hepatopancreas (Fig. 2). In
this regard, the release increment for PC and
TAG was 19 and 157%, respectively, when treating
the lipoprotein with 20 ppm FS. PC and TAG re-
lease in samples pre-treated with 40 ppm FS was
274 and 328% higher than in controls (without
treatment with the insecticide).

Free fatty acid and diacylglyceride transfer,
although quantitatively important, were unaltered
by the FS presence, under our experimental
conditions.

3.2. Labeling in vitro of lipoproteins with radioactive

PC

When [14C]PC liposomes were incubated with
purified HDL and LV, a portion of the radioactiv-
ity was transferred to lipoproteins. Figs. 3 and 4
show the incorporation of [14C]PC to LV and
HDL from the hepatopancreas. (Values represent the average of
Student�s t test was used to compare the significance of the



Fig. 2. Effect of 20 and 40 ppm FS on the release of different lipids by HDL to the hepatopáncreas. (Values represent the average of
three experiments ± SD.) Control without FS is considered 100%. Student�s t test was used to compare the significance of the
differences with respect to control: *P < 0.05.

Fig. 3. Total proteins (� absorbance at 280 nm), radioactivity (n), and density (m) distribution after ultracentrifugation of LVs
preincubated with [14C]PC liposomes.

Fig. 4. Total proteins (� absorbance at 280 nm), radioactivity (n), and density (m) distribution after ultracentrifugation of HDL
preincubated with [14C]PC liposomes.
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HDL, respectively. In both cases, the protein and
radioactivity profiles obtained after ultracentrifu-
gation in density gradient showed consistent max-
ima which evidenced the PC uptake by the
lipoproteins. The transfer of PC from the so-la-
beled lipoproteins to either embryos or hepatopan-
creas was studied.

3.3. Effect of FS on PC release from LV to embryos

Treatment of lipovitellins with FS led to an in-
crease of PC transfer to the acceptor embryonic
tissue, disregarding the fact that lipoprotein or em-
bryo was obtained at early or late development
stages (Fig. 5). A similar behavior was noted in
the PC transfer from labeled and FS-treated lipo-
somes to acceptor embryos. In all these cases, in
either LVs or LPs at early (LVe and LPe) or late
(LVI and LPI) stages, the transfer of phospholipid
to tissue (early or late embryos) increased around
8–40% compared to controls.

3.4. Effect of lipoprotein components on the PC

release

LVe, LVI, HDL, and liposomes prepared with
their lipids (LPe, LPI, and LP-HDL) were incu-
bated, without FS treatment, with embryos and
Fig. 5. FS effect on PC transfer from lipoproteins and liposomes to em
embryo development. LPe and LPl were prepared using LVs lipids.
performed in triplicate.
hepatopancreas. Our aim was to determine
whether either the lipid composition or the pres-
ence of apoproteins affected per se the PC transfer
from lipoproteins to tissues. Results are shown in
Fig. 6. There was a marked increase in the amount
of PC released by whole lipoproteins when com-
pared to that released by liposomes, though their
lipid compositions were the same. Such a differ-
ence was observed in both lipovitellin and HDL.
4. Discussion

Hemolymph circulating lipids in M. borellii are
exclusively associated to the high density plasma
lipoprotein (HDL) which exchanges free fatty
acids and acylglycerides with the hepatopancreas
[4]. Incubations in vivo using labeled fatty acids re-
sulted in radioactivity-incorporated lipids such as
PC, DAG, FFA, and TAG in hepatopancreas as
well as in HDL; then they were used to evaluate
the effect of fenithrotion (FS) upon the lipid trans-
fer in the hemolymph-hepatopancreas binary sys-
tem. The treatment of HDL with FS led to an
altered lipoprotein capacity for the uptake and re-
lease of lipids. The decreased uptake in parallel
with the increased release of these lipids by HDL
under FS administration suggests an affinity dimi-
bryos. LVs were isolated at early (LVe) and late (LVl) stages of
Early and late embryos were PC acceptors. Experiments were



Fig. 6. Percent of PC transfer from lipoproteins and liposomes to tissues. Error bars represent SD of the mean (n = 3). Student�s t test
was used to compare the significance of the differences between LVs and LPs: *P < 0.05.
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nution of both lipids for the HDL when the insec-
ticide damages its structure. We have already
observed that FS penetrates into the HDL of
M. borellii, causing structural alterations evi-
denced by changes in the parameters that show
the degree of lipid package. Although such alter-
ation is produced in the core as well as in the
peripheral area, its effect is more notorious in the
inner part of the lipoprotein [3]. Both lipids in
which affinity for the lipoprotein is apparently al-
tered show different responses to structural
changes produced by FS. Thus, TAG affinity
seems to be more affected than that of PC, espe-
cially at high concentrations of the insecticide.
The fact that TAGs, due to their polarity, are lo-
cated in the lipoprotein hydrophobic core, and
that this region is the most affected by FS, may ex-
plain the greater release and lesser uptake of TAG
compared with PC. Results also indicated that FS
action on the behavior of both lipids is dose-de-
pendent. Although FS modifies the behavior of
the two acylglycerides above-mentioned, the up-
take and release of FFA and DAG by the lipopro-
tein are not markedly modified. These data are not
consistent with previous results which evidenced a
lower uptake of palmitic acid when administered
as ammonium salt [3]. However, it must be noted
that in the present experiments, the donor was
not a soluble salt but a tissue.

Recently, we have demonstrated that PC is one
of the lipids supplied by LV to the embryo. Be-
cause of this fact, at different embryogenesis
stages, two forms of this lipoprotein (LVe and
LVl) that have different lipid compositions arise
[6]. Also, that study evidenced that FS alters the li-
pid package in both LV forms as well as in lipo-
somes prepared with its lipids (LPe and LPl). We
have just demonstrated that the transfer of PC
from either LVs or LPs to the embryos is altered
by FS. Results show that this alteration is quite
similar to that discussed above, concerning the li-
pid release from HDL to hepatopancreas. This
means an apparent diminution of the lipoprotein
affinity for PC and consequently, a greater transfer
of this lipid to the tissue. The fact that the pesticide
could alter PC uptake in the tissue; may be dis-
carded since when embryos were treated with FS
and incubated with labeled LVs, the lipid uptake
was not increased as compared with the non-trea-
ted embryos. Increases in the transfer of PC from
LPe and from LPl to the embryo in liposomes
pre-incubated with FS were similar. This shows
that differences in the lipid composition of LPs
are not enough to modify any physiological alter-
ation caused by the insecticide. Also the effect of
FS upon PC release in lipoproteins does not seem
to be influenced by the presence of apoproteins,
since the pesticide similarly affects PC release
either from lipoproteins or liposomes.

Those control systems without FS administra-
tion showed that net amount of PC transferred
from lipoproteins to the tissue was always greater
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than the one transferred from liposomes to the tis-
sue. This occurrence was observed in PC transfers
either from LVs to embryos or from HDL to the
hepatopancreas. Although apoproteins do not af-
fect the alteration produced by FS on PC affinity
of these systems, but they influence the transfer
of this lipid, which under physiological conditions
is released from lipoproteins to tissues. This possi-
ble lipid–protein interaction might imply an order-
ing effect of the lipid phase exerted by the
apoproteins, similarly to the one already described
in other lipoprotein systems [15,16]. This seems to
indicate that an appropriate structure of the lipo-
protein is necessary to release a larger amount of
PC to tissues.

In brief, the present work shows that a liposol-
uble insecticide may disturb the usual lipid ex-
change, not only in hemolymph but also in
vitellus leading to gross alterations in its normal
functioning.
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