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Abstract—1. The lipid and fatty acid composition from the plasma and hemocytes in Octopus tehuelchus
at different stages of sexual development, was determined.
2. The highest content of lipids was found in females engaged in egg development, and the lowest in

post-spawning and brooding females. Highest levels

occurred during the autumn season in both sexes.

3. Changes were mainly due to triacyiglycerols and diacyiglyceryl ethers.
4. The plasma fatty acid composition did not demonstrate significant changes at different stages of
maturation. The arachidonic acid (20:4 w 6) was present at surprisingly high levels.

INTRODUCTION

The lipid fatty acid composition has been determined
in tissues of several species of octopus (Thompson
and Lee, 1965; Isay and Busarova, 1984; Koning,
1972). As part of a programme concerned with
energy consumption during the female starvation
period (Pollero and Iribarne, 1988) we have recently
determined the lipid and fatty acid composition of
the small species, Octopus tehuelchus. While there is
information in the literature on blood circulating
elements in octopus, this mainly refers to proteins
(Salvato et al., 1979; Miller and Van Holde, 1982;
van Bruggen er al., 1962), but there are no data in
the literature concerning the detailed blood lipid
composition.

The major goal of the present research was to
determine the lipid and fatty acid composition of
plasma and hematic cells in O. tehuelchus specimens
with regard to different stages of sexual development.
O. tehuelchus is a benthic species which dwells in
shallow water in depths ranging from intertidal to
40 m in the San Matias Gulf, Patagonia, Argentina.
During the spawning season, females lay eggs in
empty mollusc shells; there follows a fasting period
culminated by starvation. The mean weight of fe-
males decreases markedly during brooding (Iribarne,
personal communication).

MATERIALS AND METHODS

Sample collection

The animals were collected by scuba diving in shallow
sand bottom water (< 12 m deep) in the San Antonio Bay
(40°40°'S—65°55'W), located on the north side of San Matias
Gulf, Argentina. Thirty to forty specimens were captured in
March, September and November. They were first examined
to determine sex and sexual stages, and then classified as
mature males with spermatophores in the penis, maturing
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females (I), mature females (II), and post spawning or
brooding females (III) (Pujals, 1986). Blood from animals at
each sexual stage was obtained by cardiac puncture. The
blood samples were centrifuged at 2000 g for 15min to
separate hemocytes and plasma. The hemocyte-containing
pellet was resuspended in distilled water. Samples were
frozen and taken to the laboratory for analysis.

Lipid extraction and analysis

Total lipids were extracted with chloroform-methanol
(2:1v/v) following the procedure of Folch er al. (1957).
They were analysed by thin-layer chromatography (TLC)
on plates of Silicagel G using hexane-ether-acetic acid
(80:20:2 v/v) for neutral lipids, and chloroform-methanol-
acetic acid-water (65:25:4:4v/v) or chloroform-acetic
acid-water (50:45:5v/v) for phospholipids. Lipid classes
were indentified as described previously (Pollero and
Iribarne, 1988).

The quantitative determination of the lipid classes
was performed by TLC coupled with a Flame lonization
Detector (FID) in a Iatroscan apparatus model TH-10, after
separation on chromarods type S using a triple develop-
ment: hexane-benzene (70:30v/v) benzene—chloroform—
formic acid (70:25:2 v/v) and chloroform-methanol-water
(70:25:3 v/v). The hydrogen pressure was fixed at 5 kg/cm?
and air flow at 1200 ml/min. Neutral and polar lipid classes
were quantified by comparison with known amounts of
standards run under the same conditions. Total lipids were
calculated by summation of individual lipid weights.

Fatty acid analysis

Aliquots of extracts of total lipids were saponified with
10% KOH in ethanol for 45min at 80°C. The unsaponi-
fiable fractions were extracted with petroleum ether and
discarded. The fatty acids were extracted with petroleum
ether and esterified with 3 N HCl in methanol. Fatty acid
methyl esters were analysed by gas-liquid chromatography
(GLC) in a Hewlett-Packard 5840 apparatus equipped
with a flame detector. A column packed with 10% sp-2330
on Chromosorb WAX was used. Temperature was pro-
grammed for a linear increase of 3°C/min from 140 to
220°C.

The chromatographic peaks were tentatively identified
after comparing their retention times with those of stan-
dards. The carbon chain length of the acids was checked
by hydrogenation (Farquhar et al., 1959) and rechromato-
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Fig. 1. Total lipids from plasma and hemocytes of

O. tehuelchus at different sexual stages of development.
@: Plasma; %: hemocytes; M: March; S: September; N:
November.

graphy of the staturated methyl esters. The number of
double bonds was confirmed by the separation of methyl
esters by TLC on Silicagel H-AgNO,, followed by GLC of
the separated fractions (Dudler and Anderson, 1975).

RESULTS

Lipid composition

Plasma and hemocyte total lipid content was deter-
mined in specimens of both sexes and females at
different sexual stages. The results shown in Fig. 1
correspond to samples collected in March and Sep-
tember, except for brooding females which were
captured in September and November (in March they
are very scarce, and insufficiently advanced in their
brooding stage). Both plasma and hematic cell lipids
presented variations in accordance with sexual stage.
Minor variations related to seasonal changes were

Table 1. Plasma lipid composition of O.
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also observed. When plasmatic total lipids were
separated by TLC-FID using neutral lipid develop-
ment solvents (see Materials and Methods), seven
spots appeared. By comparison of their R; values
with those of authentic standards run under the
same conditions and by colorimetric tests, they were
identified as indicated in Table 1. Hydrocarbons,
esterified sterols and wax esters were all quantified
together since spots were not sharply separated.
Variable amounts of triacylglycerols, depending on
sexual maturation, were found. Cholesterol, depend-
ing on sexual stage and season, represented in some
cases the major neutral lipid class. By using chloro-
form—methanol-water (70:25:3 v/v/v) as developing
solvents, polar lipids were resolved in three spots.
These were mainly composed of phosphatidylcholine
and phosphatidylethanolamine. Minor amounts of
ceramide-aminoethylphosphonate (included in the
phosphatidylcholine spot) and sphingomyelin were
also identified.

The same lipid classes mentioned above were
identified in the hematic cell extracts, though they
occurred in different proportions to those in plas-
matic extracts. The results summarized in Table 2,
show that cell lipids were mostly composed of phos-
phatidylcholine and cholesterol, the two components
comprising from 54 to 90% of the total lipid content.

Fatty acid composition

The fatty acid composition of plasma samples
from specimens at different sexual stages, is shown in
Table 3. Twenty-two main fatty acid methyl ester
peaks appeared in the GLC chromatograms. Satur-
ated fatty acids of 14, 15, 16, 17, 18, 20 and 22
carbons were detected when the total fatty acids
methyl esters were hydrogenated and re-
chromatographed. Fractionation of the fatty acid
methyl esters by TLC-AgNO,, revealed the presence
of saturated esters and unsaturated compounds of
1, 2, 3,4, 5 and 6 double bonds. Each fraction was
analysed again by GLC to confirm the previously
assigned identification. The results showed that the
most abundant plasmatic fatty acids are: palmitic
(16:0), stearic (18:0), arachidonic (20:4w 6),
eicosapentaenoic (20:5w 3) and docosahexaenoic
(22:6 w 3).

teheulchus at different sexual stages (% w/w)

Females
Males - T T
— I 11 I
Sexual stage M S M S M S N S
Hydrocarbons
Esterified sterols 16.5 12.6 29.3 i1 66.7 8.8 29 ND
Wax esters
Diacylglycerylethers 14.8 1.6 36.5 16.4 1.6 0.8 ND 44
Triacyiglycerols 16.0 1.7 234 422 2.0 23 1.5 35
Free fatty acids 5.5 29 24 12.1 1.5 2.7 5.9 5.1
Cholesterol 25.0 17.6 2.5 7.6 8.9 18.6 12.7 42.0
Total neutral lipids 77.8 36.4 94.1 89.4 80.7 33.2 29.0 55.0
Phosphatidylethanolamine 2.9 7.0 0.3 1.0 1.6 6.9 18.7 2.8
Ceramideaminocthyl ph°SPh°“a'e} 193 544 5.4 96 171 517 512 416
Phosphatidyicholine
Sphingomyelin ND 22 0.2 ND 0.6 22 1.1 0.6
Total polar lipids 222 63.6 59 10.6 19.3 66.8 71.0 45.0

Total plasmatic lipids were extracted from groups of 3-23 animals.
Lipid classes were identified by colour tests and quantified by TLC-FID. ]
ND: not detectable; M, S. and N: samples collected in March, September and November, respectively.
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Table 2. Lipid composition of hemocytes of O. teheulchus (% wiw)

Females
Males o
I 11 1
Sexual stage M M S M S N S
Hydrocarbons
Esterified sterols ND ND ND ND 1.6 ND 4.2 29
Wax esters
Diacylglycerylethers ND ND ND ND ND 1.2 ND 1.5
Triacylglycerols 53 ND 2.1 ND 52 ND 5.0 ND
Free fatty acids 7.8 1.8 13.6 1.9 30 1.5 11.7 25
Cholesterol 37.8 35.7 4.7 30.3 30.9 283 23.6 31.7
Total neutral lipids 50.9 37.5 60.4 322 40.7 31.0 4.5 38.6
Phosphatidylethanolamine 28 11.9 9.3 6.5 1.3 11.4 245 7.5
Ceramideaminoethyl phosphonate
Phosphatidylcholine } 46.3 48.7 24.6 60.3 47.4 55.8 31.0 51.9
Sphingomyelin ND 1.9 5.7 1.0 10.6 1.8 ND 2.0
Total polar lipids 49.1 62.5 39.6 67.8 59.3 69.0 55.5 61.4

See footnote to Table 1.

DISCUSSION

The total lipid content of plasma samples reached
a maximum in March and a minimum in September,
respectively. Measurements carried out on plasma
lipids during other seasons of the year demonstrated
intermediate levels (results not shown). Since the
highest values were found in March, and were inde-
pendent of sex and sexual stage, they are ascribable
to an increase in overall food intake during this
season. Moreover, this is consistent with the weight
increase of the specimens observed in this period
(Iribarne, personal communication). The same trend,
although more subtle, was also observed in the blood
cell lipids. It can, therefore, be speculated that this
finding indicates some role played by hemocytes in
the lipid transport. Uptake and transport of certain
lipid classes by hematic cells, has also been previously
reported in other aquatic molluscs following in vivo

Table 3. Plasmatic fatty acid composition of O. rehuelchus (% w/w)

Females

Fatty acids Males I 1 HI
14:0 1.1 2.2 1.5 1.7
15:0 1.1 1.8 1.2 13
16:0 18.6 18.8 18.3 15.7
16:1 4.0 5.2 45 44
17:0 1.4 1.9 13 1.4
17:1 1.5 1.6 12 2.0
18:0 15.4 9.9 10.5 8.7
18:1 8.1 9.6 89 6.7
18:2w6 2.1 2.0 22 2.1
18:3w6 t 0.8 t 0.5
18:3w3 0.4 0.9 0.6 0.6
20:1w9 1.5 1.8 4.2 4.6
20:2w6 0.7 1.0 1.2 1.2
20:3w6 0.7 0.7 0.5 t

20:4w 6+ 22:1* 9.4 10.4 10.8 11.1
20:4w3 t 1.0 t t

20:5w3 8.6 15.6 12.4 10.9
22:3w3 39 1.5 1.2 2.2
22:4w6 3.6 0.9 3.6 44
22:4w3 2.7 0.3 1.9 31
22:5w3 4.4 2.5 43 5.3
22:6w3 10.8 9.6 9.7 12.1

Fatty acid methyl esters were analysed by GLC in a SP-2330 column,
before and after hydrogenation and AgNO,-TLC separation.
Minor peaks are not included.

*22:1 acid represents a small quantity of the value.

t: trace.

and in vitro labelling experiments (Pollero et al., 1985;
Pollero, 1987). However, the relative proportion of
lipids in O. tehuelchus plasma and hemocytes,
strongly indicates that most of the lipids are carried
in association with plasma.

A previous study performed on O. tehuelchus dem-
onstrated that female gonads contained higher levels
of lipids than other tissues, and that this could be
attributed to oogenesis since the gonadal lipid con-
tent increased in mature animals and decreased im-
mediately after spawning (Pollero and Irebarne,
1988). Similar changes were also found in gonads of
other aquatic invertebrates (Pollero ez al., 1979, 1983).
Thus, the noticeable enhancement of circulating
lipids observed in O. tehuelchus females at stage I,
might indicate a mobilization of nutritional material
toward the gonads when the females are engaged in
oocyte maturation. Both in mature and brooding
females (stages Il and III, respectively) the total lipids
from plasma and hemocytes are comparatively low.
Although lipids seem to play an important role in
the gamete maturation, it has been demonstrated in
0. teheulchus that they do not contribute as a main
energy source during exercise or fasting. Under these
conditions, the energy-providing role is mainly
played by proteins and to a minor extent by glycogen
(Pollero and Iribarne, 1988). These observations
would explain the decrease of circulating lipids in
mature and brooding females.

Neutral lipids, mainly triacylglycerols, diacylgly-
ceryl ethers and some minor polar lipids, constitute
the major total lipid fraction in the plasma of
maturing females. The energy-providing role of
triacylglycerols is well-known and has been widely
established in other organisms. The amount of
diacylglyceryl ethers is surprisingly high as compared
to the low levels found in other O. tehuelchus tissues
(Pollero and Iribarne, 1988). Although the energy
function of diacylglyceryl ethers has not been proved
beyond doubt, it is known that in bivalve molluscs
they decrease significantly during the starvation
period (Pollero and Brenner, (1981). Thus the en-
hancement of both triacylglycerols and diacylglyceryl
ethers in the plasma of maturing females may be
consistent with the idea of a plasmatic supply of
energy for oocyte development. The less polar frac-
tion, composed of hydrocarbons, esterfied sterols and
wax esters, represents in some cases an important
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lipid fraction, but their functions and seasonal
fluctuations are not easily explained in the context of
this research.

The principal difference between the lipids in
hemocytes and in plasma is the predominance of
phosphatidylcholine and free sterols in hemocytes.
Phosphatidylcholine is particularly lamellophilic and
it is an important component of cell membranes.
Therefore, its accumulation in the hematic cells might

« 7+ be considered as an indicator of its functions in
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membrane organization. We have not attempted to
identify all the sterols, but have considered only
cholesterol since it comprises more than 90% of total
sterol classes (results not shown). Since cholesterol is
also a biological membrane constituent, its high
concentration in hemocytes could be attributed to
its accumulation in the cell membrane. However,
another physiological role of hemocytes must be
considered since even if fluctuations in the sterol
proportions of membranes are possible, depending
upon the tissue, the total sterol-phosphatydilcholine
radio always remains less than one (Irazu et al.,
1988). We found that in O. tehuelchus hemocytes, this
ratio indicates changes dependent on seasonal and
sexual stages, but it is inverted in mature females
collected in March. This leads us to suggest that
cholesterol is partly carried by hemocytes. This
hypothesis is supported by a recent demonstration
of cholesterol transport by hematic cells in bivalve
molluscs (Pollero, 1987).

The qualitative composition of plasmatic fatty
acids is the same as the one we initially found in tissue
analyses of O. tehuelchus (results not published). No
major changes in the quantitative fatty acid com-
position related to plasma transport at different
stages of sexual maturation were found, either. The
overall fatty acid spectrum corresponds to the general
aquatic pattern, where the acids of linolenic series
(w3) prevail over those of the linoleic series (w®6).
However, it is worth noticing that the proportion of
saturated fatty acids, mainly represented by palmitic
and stearic acids, is particularly high in all the stages.
There is also a high arachidonic acid concentration in
comparison with other marine molluscs including
Octopoda (Issay and Busarova, 1984). Although this
fatty acid is known to be abundant in freshwater
invertebrates, it is usually present only in small
amounts in marine species (no more than 4%).
However, the levels of arachidonated attained in
O. tehuelchus are of the same order as those found in
freshwater bivalves and crustaceans (Pollero er al.,
1981; Gonzalez Baro and Pollero, 1988). This finding
seems to be rather anomalous, and is at variance with
all other data on cephalopods currently reported in
the literature where the eicosapentenoic and docosa-
hexaenoic acids are found to be the major poly-
unsaturated fatty acids in the tissues (Forneris et al.,
1981; Josephs, 1982). A valid explanation for this
high quantity of circulating arachidonic acid cannot
be derived from the results obtained in the present
study. However this unusual level might be related
with the eicosanoid production or to some special
requirement of membranes.

Further research will be necessary to learn in detail
about the mode of lipid transport in cephalopods. To
this end, we are studying the chemical and physical
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characteristics of some lipoproteic fractions isolated
from O. tehuelchus.
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