ACTA ICHTHYOLOGICA ET PISCATORIA
Vol. VI, Fasc. 2 ] Szczecin 1976

Marek K. JURKOWSKI

Riochemistry

THE FATTY ACIDS COMPOSITION IN EGG LIPIDS OF PIKE, Esox lucius L.
FROM THE PUCK BAY AND LAKES NEAR LIPUSZ

SKEAD KWASOW Tk .USZCZOWYCH W LIPIDACH IKRY SZCZUPAKA (Esox lucius L.)
Z ZATOKI PUCKIEJ I JEZIOR OKOLIC LIPUSZA

Department of General Chemistry,
Institute of Biological Medicine, Academy of Medicine, Gdansk

The composition of fatty acids was determined in eggs of
pike inhabiting some inland lakes and the Baltic’s Puck Bay.
The acid percentage composition was found to vary in each
lipid series. Additionally, considerable differences were reve-
aled in quantities of the C-24:0; C-24:1, and C-24:2 acids
present. In brackish water pike eggs no amount of the follo-
wing acids was detected: C-20:1, C-23:1, and C-23:2 in pho-
spholipids, C-18:0 in cholesterol esters, C-16:4 in triglycerides.
The acids listed above are present, although in very small
quantities, in eggs of pike from inland waters.

INTRODUCTION

In the brackish waters of Poland, e.g., in the Puck Bay, many freshwater fish species
that have adapted their life habits to the ecological specificity of these waters can be
encountered. The basic difference between inland waters and those of the Puck Bay lies
in the presence of inorganic salts (6—7% as converted to NaCl) in the latter. Some of
these “adapted” fish species, for instance perch (Perca fluviatilis L.) display a higher
growth rate in their first year of life when compared to the species’ representatives living
in fresh waters (Jurkowski, 1973); other species , like pike (Esox lucius L.) show a lower



10 Marek K. Jurkowski

growth rate (Skéra, 1973). These variations in growth rates can be accounted for by
different, both qualitétive and quantitative, composition of organic substances controlling
the embryonic development and contained in an egg cell ready to be fertilized. A very
important group of egg organic substances is formed by lipids contained (as pho-
spholipids) in cell plasmatic walls and — as triglyceridesproviding the major energy source
for the developing embryo. Changes occurring in the egg lipids composition can severely
affect growth rate in the first year of fish life. The present paper attempts to find an
answer to the question of how the Puck Bay waters salinity influences the composition of
fatty acids in egg lipids of pike dwelling in these waters. The results obtained were
compared to the data collected from the same species infabiting lakes in the vicinity of
Lipusz, the lakes having no connection with the Puck Bay whatsoever so that any possible
migration of fish is excluded.

MATERIAL AND METHODS

Eggs were obtained from fishes commercially caught in April 1975 in the Puck Bay
and lakes near Lipusz. The individuals captured were at the gonad maturity stage VI
(Meyer scale). The eggs were collected form live individuals'by a light pressure applied to
fish abdomens. In order to exclude variation in the biochemical composition resulting
from individual characters, eggs derived from a few specimens were mixed together, 10-g
samples being then withdrawn for lipid extraction.

The reagents used were: chloroform, methanol, ethyl ether, potassium dichromate
(K,Cr,0,), NaCl glacial acetic acid, concentr. sulphuric acid (all produced by BOCh,
Poland), BF3 in methanol, hexane, and cholesterol (BDH, England), lecithin (Koch-Light
Ltd., England), and glycerol trioleinate (Fluka AG, Switzerland).

Lipids were extracted by Bligh and Dyer (1959) method using choloroform/methanol
and separated into series by thin layer chromatography (TLC) using 10X20 cm glass
plates covered with 2 mm-thick layer of silica gel {G. Merck). The developing mixture
used consisted of 80:20:0.25 (v/v).hexane: ethyl ether:glacial acetic acid. The lipids were
sprayed with 0.02% solution of rodamine 6G in 96% ethanol. Glycerol trioleinate,
lecithin, and cholesterol were used as standards.

Four distinct fractions were obtained after treating the chromatograms with rodamine
6G solution; they were made up by cholesterol esters (CE), triglycerides (TG), free
cholesterol (C), and phospholipids (PL). CE, PL, and TG were scraped off from the plates
and extracted from the gel using 2:1 (v/v) chloroform: methanol for PL and the
developing agent for CE and TG.

Methyl esters were obtained as in Metcalfe, Schnitz, and Pelka (1966). The gas
chromatography of esters was performed in a flame ionization detector ”Chromatoprep”
chromatograph. 2mX4 mm (inner diameter) glass columns filled with 12.5% of 2:1
DEGS:PEGA (Ap. Sci. Lab. St. Col., USA) on Chromosorb W (Johns. Manville Inc., USA)
were used. The temperatures of the oven, detector, and injector were 182, 200, and
230°C, respectively. Argon of 35 cm®/min. flux (1-10°°A amplification) served as the
carrying gas.
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The results obtained were compared to the similar data collected for the rape (Brassica
nupus) oil, the latter being used as an internal standard containing fatty acids of 12—24
carbon atoms and 1—4 unsaturated bonds basing on these acids’ methyl esters retention
time logarithm.

RESULTS AND DISCUSSION

Table 1 illustrates the fatty acids weight percentage composition in separated lipid
series obtained from pike eggs. Apart from quantitative differences in acid contents, the
results obtained reveal that some quantitative variations do exist as well.

In egg lipids of the Puck Bay pike, the following acids were not detected: C—20:1,
C—23:1, and C—23:2 in phospholipids, C—16:4 in triglycerides, and C—18:0 in
cholesterol esters, all these acids being present in the freshwater pike eggs lipids. In view
of the fact that the differences observed concern the acids present in very small
quantities, it is difficult to offer an explanation of the differénces, although the fish diet
influences the fatty acid composition to a minimum degree only (Kluytmans and Zandee,
1973). Similarly to Aclman (1967) and Kluytmans and Zandee (1973) we found small
amounts of linoleic and linolenic acids; these are not synthesized de novo by pike but are

indispensable in the synthesis of highly unsanturated long-chain fatty acids.

"~ In contrary to the results obtained by Kluytmans and Zandee (1973), pike of the two
habilitats yielded eggs of a considerable content of the C—24:0 and C—24:1 acids in all
the lipid series and C—24:2 acid in CE. We also found two acid containing more than four
unsaturated bonds, but due to the lack of suitable standards they were impossible to
identify. In our opinion, the unidentified acids denoted as A and B (Table 1) are the
C—20:5 and C—22:6 acids, respectively, which had been found in other works on the
problem.

Similarly to lipids of male gonads (Kluytmans and Zandee, 1973), the eggs of pike of
the two habitats were found to contain the C—23:1 acid and small amounts of the
C—23:2 one, but the C—22:3 was not detected. Particularly large quantities of these acids
were present in the cholesterol esters fraction of lipids.

Table 2 shows differences that exist between the percentage composition of fatty acids
in lipids and their saturation degree. In lipids of both pike groups, acids of a single double
bond prevail. More saturated acids are present in pike from lakes. Reverse in the case in
highly unsaturated fatty acids with two and more double bonds; these make up 13.9 and
as much as 29.7% of all the fatty acids in pike from lakes and from the Puck Bay,
respectively. The fatty saturation degree and their amount in fish organisms depend, to a
large extent, upon the temperature of the actual habitat of fish: the lower the water
temperature, the higher percentage of synthesized highly unsaturated acids (Ackman,
1967). Although no relevant comparative studies of water temperatures in the Lipusz
lakes and Puck Bay were carried out, both the fact of the Puck Bay pike spawning being
delayed by ca 1 month as compared to the situation in the Lipusz lakes (own
observation) and the data obtained on the quantities of highly unsaturated fatty acids
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Fatty acid composition in egg lipids of pike from fresh- and brackish waters

(data expressed as weight percentages)

Table 1

Methyl esters

Egg lipids of pike from lakes

Egg lipids of Puck Bay pike

| ofacids CE TG PL.°| Total { CE TG PL Total
14:0 0.6 1.7 5 0.9 1.0 + 1.1 0.9 0.7
14:1 + 1.3 + 0.4 1.5 + 0.7
14:2 0.7 0.7 0.6 0.6 + 0.6 0.1
14:3 + + + + 2.5 + 1.1
16:0 5.1 12.0 13.2 11.2 4.8 8.2 21.7 7.6
16:1 , 5.0 19.9 10.0 11.3 1.4 12.0 9.3 7.3
16:2 1.3 2.4 1.9 2.0 4.7 3.0 2.3 3.5
16:3 2.4 1.2 1.4 1.9 3.3 1.1 2.4
16:4 + + + + 0.7 +
18:0 1.5 2.9 7.6 2.5 5.2 3.4 2.8
18:1 12.0 25.5 13.3 16.5 4.8 19.9 15.5 12.6
18:2 3.3 6.0 4.3 4.8 2.0 4.5 1.6 3.2
18:3 + 2.2 1.0 1.2 3.6 1.7 + 2.2
18:4 0.9 1.4 + 0.5 4.3 3.6 0.9 3.3
19:1 2.1 3.9 2.4 2.5 5.0 1.9 0.8 3.2
20:0 + 1.9 0.9 1.0 1.5 1.2 + 1.1
20:1 0.5 2.0 1.9 1.9
20:2 4.9 1.2 + 2.6
20:3 1.4 0.7 1.2 4.2 + 2.4
20:5? (A) 7.3 1.3 3.6 1.6
21:1 0.9 1.9 6.4 0.5 + 2.0 + +
22:0 3.0 0.9 1.1 4.1 1.7 1.8 2.8 2.1
22:1 9.4 2.9 8.1 7.4 3.9 6.8 7.3 5.8
22:2 + + + + + +
22:6 7 (B) 7.3 1.3 3.6 1.6
23:1 2.1 + 0.5 .34 1.3
23:2_ 2.0 + + 0.4 2.7 1.0
24:0 9.3 1.4 1.7 4.0 3.8 2.3 3.0 3.1
24:1 30.7 8.3 24.6 23.1 16.8 18.3 27.6 20.1
24:2 1.4 0.3 1.7 0.7

CE — cholesterol esters

TG — triglycerides

PL — phospholipids

+ — acid amount less than 0.5%

unoccupied space in the table — fatty acids not

found
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Table 2
Fatty acids summarized in order of their unsaturation degree
(data extracted from Table 1)
Number 6f unsaturated bonds Eggs from lake pike Eggs from Puck Bay pike

(%)’ (%)
0 23.8 17.4
1 62.2 52.9
2 8.1 11.1
3 3.8 8.3
4 0.5 3.3
5 1.3 1.6
6 0.2 54

point out the Puck Bay water temperature to be lower than that prevailing in shallow
lakes.

When our data are compared to those collected by Kluytmans and Zandee (1973), the
differences between the first and those reported by the above mentioned authors for pike
ovaries clearly emerge. Unfortunately, no conclusion can be drawn from this comparison
due to the lack of a gonad maturity stage being stated for the fishes examined by the
authors. A relatively high percentage of 24 carbon atom acids occurring in egg lipids in
the two groups of pike (27.4 and 23.9% in the lake and Puck Bay pikes, respectively) is
an interesting fact. Similar acids as well as those of 25 carbon atoms were found by Glass,
Krick, and Eckard (1974) who, however, reported no quantitative data obtained during
their studies.
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Translated: mgr Teresa Radziejewska

SK £tAD KWASOW TEUSZCZOWYCH W LIPIDACH IKRY SZCZUPAKA
(Esox lucius L.) Z ZATOKI PUCKIEJ I JEZIOR OKOLIC LIPUSZA

Streszczenie

Niniejsza praca przedstawia wyniki badan nad sktadem kwaséw ttuszczowych w lipidach ikry
szczupaka (Esox lucius L.) zyjacego wytacznie w wodach stodkich (jeziora) lub stonawych (Zatoka
Pucka). Materiat do badan uzyskano z dojrzatych samic ztowionych w potowach przefnyslowych w
kwietniu 1975 r. Analize lipidéw przeprowadzono w oparciu o chromatografie cienkowarstwowa,
analiz¢ kwaséw ttuszczowych w oparciu o chromatografie gazowg ich estréw metylowych.
Znaleziono réznice w sktadzie kwasow ttuszczowych w lipidach ikry obu rodzajéw szczupaka
zaréwno iloScjowe jak i jakosciowe. W lipidach ikry szczupaka z Zatoki Puckiej nie stwierdzono
nastepujacych kwaséw ttuszczowych: w fosfolipidach C—20:I; C—23:1 i C-23:2 w tréjglicerydach
C-16:4, w estrach cholesterolu C—18:0, ktére to kwasy wystepuja w matych iloSciach w
odpowiednich lipidach ikry szczupaka z jezior. Na podstawie uzyskanych rezultatéw trudno okreslic
czym spowodowany jest brak ww, kwaséw tfuszczowych. W obu rodzajach ikry znaleziono duze ilosci
kwaséw t}. o 24 atomach wegla, wéréd ktérych dominuje iloSciowo kwas o jednym wigzaniu nienasy-
conym, ponadto kwas C—24:2 znaleziono wytacznie we frakcji estréw cholesterolowych. Uzyskane

wyniki poréwnano z literaturg dotyczaca podobnych badari na szczupaku oraz innych gatunkach ryb.

COCTAB HUPHMX KEACHOT B LWINZAX HKPH UJKU (&S0X LUCIUS L.)
i3 NYUKOR BYXTH 11 O3EP PAMOHA NNIYIA

Peznue

3 palboTe NpPELCTaBJEHH pe3ynbTaThl MCCIEZOBAHUA COCTaBa KUPHHX KMCIOT B
aununax UKpe uykn (dsox lucius L.) 0GuUTapued B NPECHOBOAHHX BOZOEMAX
(osépa) umi conoHoBarThx (llynxas 6yxra). MaTepuanm ANA UCCHEZLOBAHUA OhJ B3AT
13 B3DOCHHX CaMOK, BHJIOBIEHHHX B [EpUOZ NpOMHCIa B anpene 1975 r. Ananus
JUIUZOB BHJ IPOBELEH Ha OCHOBE TOHXOCJOAHO# XpomaTorpaduu, aHanIU3 HUDHEX
KUCJIOT - Ha OCHOBE I'a30BOf XpomMaTorpaduy CIOXHHX METUIOBHX 3pupoB. B coc-
TaBe HMDHHX KUCJAOT B NUNMASX UKDH OOCOUX BUZOB WyKM OCHEDYHEHH KAK KOJIUUE-
CTBEHHHE, TAK U KAUSCTBEHHHE DA3NUUNA. B MANKZAX MLpH WyKd U3 [yuKoi 6yx-
Thl HE OblJli GOHEPYKEHH CHEAYKHUNAE HKUPHBE HUCIOTH: B OCPONUNULAX - C-20:1;
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C-23:1; C-23:23 B TPUTNNIEPUIAX - C-16:4; B CIOHHHX 3{upax XONECTeplHAa
- C-18:0; [OCIEAHME COLSPHATCA B HEOONBUKX KOJNWUECTBAX B COOTBETCTBYOUIX
NUNUZAX UKDPH O3EPHOR WyKU.

Ha OCHOBE MNONYUEHHHX pE3yNbTATOB TPYyZHO ONpEZENATh, UeM Bb3BAHO OTCyT-
CTBJE BHUEHA3BAHHHX XUPHHX KUCJIOT. B uipe 060UX BUZOB uyKil OCHaPYHEHO
OCNIBOE KONMYECTBO MUPHHX KNCIOT C 4 aTomMamyi yIid, CPEAN KOTOpHX B KOJIN-
YeCTBEHHOM OTHOWEHWUV MpeolnaZaeT OAHOOCHOBAHAA HEHACHUEHHAR KUCIoTa, &,
KpoMe TOr0, KUCIOTa C-24:2 OoCHapyieHa TONBXO BO PPEKNNN CIOXRHEX XOJEecTe-
PUHOBHX 3(QUpPOB.

[lonyuyeHHEEe pEe3yNbTaTs CPABHUIM C NUTEpPaTyDHEIMU HEHHBIMU, KaCAWUKMUCH
NOJOCHHX WCCIELOBAHUA WYKN ¥ IPYyTUX BUZOB pHO.
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