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ABSTRACT. The occurrence of M74 syndrome in female sea trout, Salmo trutta m. trutta, belonging to

two populations returning to spawn in Polish rivers in the fall of 2003 and three from pond cultivation

were investigated. Eggs from a total of 250 female specimens were investigated from rivers in northern

Poland (10 – Parsêta, 100 – Miastko, 140 – Œwibno). The study method applied involved comparing the

concentrations in eggs of red (astaxanthin, canthaxanthin) and yellow (lutein, zeaxanthin) carotenoids.

The specific carotenoids were determined with column chromatography (CC), thin layer

chromatography (TLC), and high performance liquid chromatography (HPLC). The eggs of the

investigated female sea trout were divided into three groups according to color: yellow, yellow-orange,

and orange. Fifteen carotenoids were identified in the investigated sea trout females. Red carotenoids

dominated in orange and yellow-orange eggs, while yellow ones dominated in yellow eggs. M74

syndrome was identified in 35 females, which represented 14.0% of all the investigated sea trout.
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INTRODUCTION

The first reported observation of mass mortality in Atlantic salmon, Salmo salar L.,

larvae during the transition period from yolk sac feeding to active feeding was made in

1974 at the Miljö hatchery located on the Mörum River in southern Sweden. These spe-

cimens were gray in color due to skin discoloration, their livers had numerous vacuoles

and low glycogen levels, and many other histopathological symptoms were noted

(Bengtsson et al. 1994). Both eggs and muscles of salmon females with M74 syndrome

have low levels of astaxanthin (Pettersson and Lignell 1999), which is a key factor in

antioxidation (Kurashige et al. 1990). The eggs of females with M74 syndrome are also

yellow in colour due to elevated levels of yellow and reduced levels of red carotenoids.
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Additionally, the eggs of salmon females with M74 syndrome contain large amounts of

long chain highly unsaturated fatty acid (>20:5) (Pickova et al. 1998). The levels of

antioxidants such as �-tocoferol and ubiquinone decrease in the livers of larvae (Covey

et al. 1985, Lundström et al. 1999). The hepatosomatic index, which is the ratio of liver

weight to body weight, also decreases (Nakano et al. 1995). The name of the syndrome,

M74, originates from the location and year in which it was first observed. The symp-

toms of this syndrome are currently seen in the larvae of salmon from rivers in Sweden

(Karlström 1999), Finland (Soivio 1996), and Poland (Czeczuga et al. 2002). All stu-

dies indicate unequivocally that this syndrome occurs fairly frequently in Baltic sal-

mon, while isolated cases have been noted in sea trout, Salmo trutta m. trutta L.

(Amcoff et al. 1999, Bengtsson et al. 1999, Landergren et al. 1999).

During studies of salmon returning to spawn in Polish rivers (Czeczuga et al.

2002), the authors also noted this syndrome among several sea trout females. This

provided the impetus for conducting research on the eggs of the abundant sea trout

population at three different locations in order to determine if the population in Polish

rivers is afflicted by M74 syndrome.

MATERIALS AND METHODS

The eggs for the investigation were collected in late October and early November

2003 from 250 sea trout females returning to spawn in the Parsêta River in the town of

Parsêta (10 females) and the Vistula River in the town of Œwibno (140 females) and

from cultivation ponds at the Miastko hatchery (100 females) supplied with water from

the Studnica River tributary of the Wieprz River in northern Poland. According to the

four-stage scale prepared by the Swedish Salmon Research Institute SR-81494 Alvkar-

leby, Sweden (Börjeson et al. 1996), the eggs belonged to three colour groups.

Following a week of frozen storage at a temperature of -4�C, the eggs were delive-

red to the laboratory of the Medical Academy of Bia³ystok, where, during the subsequ-

ent week, the samples were analyzed with chromatography to determine the carotenoid

contents.

The occurrence of M74 syndrome in female sea trout was studied in the same man-

ner as in female Atlantic salmon (Czeczuga et al. 2002) by determining the amount of

red (astaxanthin, canthaxanthin) and yellow (lutein, zeaxanthin) carotenoids in eggs. If
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the content of red carotenoids was lower than 2.220 �g g-1 raw egg mass (r.e.m.), the

female was included in the group with M74 syndrome (Pettersson and Lignell 1999).

The various carotenoids in the sea trout eggs were determined with column chromato-

graphy (CC), thin layer chromatography (TLC) using various solvent combinations

(Czeczuga 1986), and high performance liquid chromatography (HPLC).

Sub-samples of eggs were homogenized, and then hydrolyzed in a 10% methanolic

KOH solution in a nitrogen atmosphere, in the dark, at room temperature, for 24 hours.

The extract obtained was placed either on a column (Quickfit) filled with Al2O3 (CC) or

a glass plate coated with silicon gel (Merck Co) (TLC). The various CC and TLC frac-

tions were then rinsed with various solvent mixtures. After the eluents of the various

fractions obtained were evaporated and then redissolved in one of four solvents (petro-

leum benzine, hexane, acetone, ethanol), readings were taken of the maximum absorp-

tion in UV and VIS. Details of column chromatography (CC) and thin layer

chromatography (TLC) can be found in the paper by Czeczuga (1986).

Some of the carotenoids were determined with high performance liquid chromato-

graphy with the two-phase ion-exchange process. Ion-exchange reagent (Shimadzu) was

added to the appropriate amount of extract. A Shimadzu SCL-6B gradient programmer

and a Rheodyne 7125 injector were used during the HPLC process. A Shimadzu SPD-6A

spectrophotometer was used to determine the UV and VIS absorbed by the various caro-

tenoids. The fluorescent properties of some of the pigments were investigated with a Shi-

madzu RF-535 detector. Details regarding high performance liquid chromatography can

be found in the work by Mantoura and Llewellyn (1983).

Specific carotenoids were identified by comparing their data with that of standards:

a) general appearance of the column chromatogram; b) spectra in UV and VIS; c) ratio

of epi- and hypophases in hexane and 95% ethanol; d) values of Rf from thin layer chro-

matograms according to Kraus and Koch (1996); e) presence or absence of the allylic

OH groups determined with the test with CHCl3; f) epoxide test; g) spectral analyses (cf.

Vetter et al. 1971).

The pigment standards used were carotenoids from Hoffman-La Roche, Switzer-

land, the International Agency for 14C Determinations, Denmark, and Sigma Chemical

Co., USA. The quantity of the carotenoids was determined with a spectroscope in UV

and VIS according to Davies (Czeczuga 1986). The structure of individual carotenoids

is presented according to Straub (1987) and Czeczuga (1988).
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RESULTS

According to the scale applied, the eggs of the 250 female sea trout investigated belon-

ged to three pigmentation groups. In 23 females, the eggs were orange (9.2% of all females),

while in 192 they were yellow-orange (76.8%), and 35 females had yellow eggs (14.0 %).

Fifteen carotenoids were detected in the investigated eggs (Table 1, Fig. 1).

TABLE 1

List of carotenoids from the investigated material

Carotenoid
Summary
formula

Structure
(see Fig. 1)

Semisystematic name

1. �-Carotene C40H56 A - R - A ���-Carotene

2. �-Cryptoxanthin C40H56O A - R - C �,�-Caroten-3-ol

3. Neothxanthin C40H56O B - R - D �,�- Caroten- 3-ol

4. Lutein C40H56O2 C - R - D ���-Carotene-3,3’-diol

5. 3’-Epilutein C40H56O2 C - R - D ���-Carotene-3,3’-diol (stereoisomeric)

6. Tunaxanthin C40H56O2 D - R - D �,�- Carotene- 3,3’-diol

7. Zeaxanthin C40H56O2 C - R - C �,�-Carotene-3,3’-diol

8. Antheraxanthin C40H56O3 C - R - E 5,6-Epoxy-5,6-dihydro-���-carotene-3,3’-diol

9. Deepoxyneoxanthin C40H56O3 C - R - F 6,7-Didehydro-5,6-dihydro-���-carotene-3,3’-diol

10. Mutatoxanthin C40H56O3 C - R1 - G 5,8-Epoxy-5,8-dihydro-���-carotene-3,3’-diol

11. Diatoxanthin C40H54O2 C - R1 - H 7,8-Didehydro-���-carotene-3,3’-diol

12. 3’-Hydroxyechinenone C40H54O2 C - R - I 3-Hydroxy-���-carotene-4-one

13. Adonixanthin C40H54O3 C - R - J 3,3’-Dihydroxy-���-caroten-4-one

14. Canthaxanthin C40H52O2 I - R - I ���-Carotene-4,4’-dione

15. Astaxanthin C40H52O4 I - R - J 3,3’-Dihydroxy-���-carotene-4,4’-dione

The overall carotenoid content in the investigated eggs ranged from 4.197 to 7.483

�g g-1 r.e.m. (mean 5.895 �g g-1 r.e.m.). The dominating carotenoid in the yellow eggs was

yellow. In the orange eggs the contents of carotenoids ranged from 3.785 to 6.059 �g g-1

r.e.m. (mean 4.593 �g g-1 r.e.m.). The yellow-orange eggs contained these carotenoids in

quantities ranging from 2.118 to 3.018 �g g-1 r.e.m. (mean 2.724 �g g-1 r.e.m.), while yellow

carotenoids occurred in the range of 0.906-2.102 �g g-1 r.e.m. (mean 1.682 �g g-1 r.e.m.).

The content of red carotenoids in the orange and yellow-orange eggs was higher than

the threshold (2.220 �g g-1 r.e.m.) for individuals with M74 syndrome, while in the yel-

low eggs it was below this value. M74 syndrome occurred in 35 females or 14% of the

investigated females. No females with M74 syndrome were noted in the population from
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the Parsêta, while the most were noted in the population from Miastko (9.2%). Only 4.8%

of the population that spawned in the Vistula River (Œwibno) was affected (Table 2).

TABLE 2

Carotenoid content in sea trout eggs of different color

Specification Ranged

Number of females 250 (Miastko – 100, Parsêta – 10, Œwibno – 140)

Colour of eggs:

– yellow eggs 35 (Miastko – 23, Parsêta , Œwibno – 12)

– yellow – orange eggs 192

– orange eggs 23

Total content of carotenoid, µg g-1 5.895 (4.197-7.483)

Content of red carotenoid (A), µg g-1:

– yellow eggs 1.682 (0.916-2.103)

– yellow – orange eggs 2.724 (2.118-3.018)

– orange eggs 4.593 (3.785-6.059)

Content of yellow carotenoid (B), µg g-1:

– yellow eggs 2.275 (2.248-2.286)

– yellow – orange eggs 2.008 (1.804-2.128)

– orange eggs 1.384 (0.912-1.612)

Ratio A/B (red carotenoid /yellow carotenoid):

– yellow eggs 0.74

– yellow – orange eggs 1.36

– orange eggs 3.32
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DISCUSSION

The authors’ research (Czeczuga et al. 2002) on the occurrence of M74 syndrome

in female salmon returning to spawn in Polish rivers indicated that this syndrome

occurred at a higher frequency (75.7%) than in sea trout (14%). The percentage of

afflicted female salmon among those returning to Swedish rivers was as high as 95% in

some of them (Karlström 1999), while in sea trout this figure was well under twenty

percent (Landergren et al. 1999). This might be related to the different feeding biology

during migrations of the individuals of these two species. It is known that sea trout feed

during spawning migrations while salmon do not (Bartel 2000). However, with regard

to salmon it can be assumed that astaxanthin metabolically reduced to zeaxanthin is

not supplemented by food since this carotenoid is not consumed, and the quantities of

astaxanthin in such specimens decrease rapidly. A similar phenomenon is seen in spe-

cimens of chum salmon, Oncorhynchus keta (Walb.), that do not feed during spawning

migrations (Kitahara 1983, Ando 1986, Ando and Hatano 1987).

As previously noted, the most sea trout with M74 syndrome occurred in the

populations from Miastko and those returning to spawn in the Vistula River (Œwib-

no), while the small population from the Parsêta was comprised exclusively of heal-

thy females. The higher percentage of afflicted specimens in Œwibno was probably

related to the higher concentrations of chloroorganic compounds in the Vistula River

due to its large catchment area (Backlund et al. 1993). Does the same apply to the

water in the ponds where sea trout were cultivated in the town of Miastko? Mycologi-

cal studies of the fungal development on the eggs of these three sea trout populations

indicated that the eggs of females returning to the Parsêta River are also the most resi-

stant to fungal infections. While 40 species of fungus developed on the eggs of sea

trout from Œwibno and 34 on those from females from Miastko, only 25 zoospore

aquatic fungi occurred on the eggs of females returning to spawn in the Parsêta River

(Czeczuga et al. 2005).

Neither animals nor fish are able to synthesize carotenoids de novo; the only orga-

nisms able to do this are bacteria, cyanobacteria, algae, fungi, and vascular and non-va-

scular plants (Goodwin 1981). In healthy salmon and sea trout specimens, the main

carotenoids are the red ones such as astaxanthin and canthaxanthin (Czeczuga and

Che³kowski 1984, Czeczuga and Bartel 1989). Astaxanthin and canthaxanthin are
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absorbed along the full length of the alimentary tract (Hardy et al. 1990) from ten to

twenty times more effectively than lutein and zeaxanthin (Schiedt et al. 1985). Part of

the astaxanthin is metabolically reduced to zeaxanthin, especially during anadromous

migrations of Pacific salmon that do not feed (Kitahara 1983). Carotenoids, including

red ones, move from the alimentary tract and are deposited in the liver, skin, muscle tis-

sues, and ovaries, and metabolic reduction occurs in the skin and muscle tissue. Caro-

tenoids are deposited in the ovaries in the form of the lipovitellin complex and the

corresponding carotenoid. Serum astaxanthin and canthaxanthin are combined with

the protein deposited in the liver and create lipoproteins (HDL), and some of them are

oxidized in the liver (Nakamura et al. 1985, Schiedt et al. 1985, Ando 1986). As Ando

(1986) reported, in salmonid fish vitellogenin (a precursor of egg yolk protein) partici-

pates in the transfer of astaxanthin from the muscles to the gonads of adult females.

Carotenoid metabolism in salmonids occurs primarily in the skin and muscle tissues of

adult specimens, which retain approximately 90% of the astaxanthin (Schiedt et al.

1985, Ando 1986, Torrissen et al. 1989). Astaxanthin and canthaxanthin are only par-

tially degraded in the alimentary tracts of salmonids (Foss et al. 1987, Storebakken et

al. 1987).

The eggs of females with M74 syndrome, as noted earlier in this paper, have low

levels of carotenoids, especially astaxanthin, with a simultaneous increase of yellow

carotenoids, especially zeaxanthin (Pettersson and Lignell 1999, Czeczuga et al. 2002).

The primary carotenoid in all parts of the bodies of healthy specimens of species from

the genus Salmo is astaxanthin. However, how should this phenomenon be interpreted

– when the level of one carotenoid decreases the other increases, at nearly the same

total level of carotenoids in the eggs of healthy and M74-afflicted females (Czeczuga et

al. 2002). The most likely hypothesis is transformation through the reduction of

astaxanthin into zeaxanthin. The metabolism of astaxanthin into zeaxanthin in fish is

known (Torrissen et al. 1989). The phenomenon of the reduction of astaxanthin into

zeaxanthin was determined in specimens of chum salmon during anadromous migra-

tion (Kitahara 1983). This was confirmed next by Ando (1986) and Ando and Hatano

(1987). Studies conducted on rainbow trout, Oncorhynchus mykiss (Walb.), indicated

that astaxanthin is metabolically reduced to zeaxanthin in both wild and farm-raised

specimens of this species (Schiedt et al. 1986, Al-Khalifa and Simpson 1988). Additio-

nally, the metabolic reduction of astaxanthin to zeaxanthin also occurs in other
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non-salmonid marine species such as mackerel, Gneumathoprus japonicus Hat., or yel-

lowtail, Seriola quinqueradiata Temminck & Schlegel (Matsuno et al. 1985).

As many studies have indicated (Schiedt et al. 1985, Hardy et al. 1990, Marck et al.

1990, Choubert et al. 1994), astaxanthin and canthaxanthin, along with other carote-

noids, are absorbed by the alimentary tract and then transferred to the liver, where

some may undergo oxidation. As was mentioned earlier in this paper, in healthy speci-

mens carotenoids are linked with protein and transported by the serum to the skin,

muscle tissues, and, during spawning, to the female gonads. In specimens from the

genus Salmo, this refers to red carotenoids, especially astaxanthin. Adult specimens

deposit primarily astaxanthin and canthaxanthin in the muscle tissues (Schiedt et al.

1986), where both of these carotenoids form complexes with actiomyosin (Heumo et al.

1989). Metabolic reduction occurs in the skin and partially in the muscles (Schiedt et

al. 1985, Ando 1986). In specimens afflicted with M74 syndrome, it can be supposed

that the reduction processes of astaxanthin to zeaxanthin are activated. As a result of

this, two oxygen atoms split off from the astaxanthin molecule and, through adonixan-

thin, a zeaxanthin molecule is formed. Adonixanthin is noted in sea trout eggs (Czeczu-

ga et al. 2002). Perhaps the decrease in red carotenoid concentration should be

explained by their usage as antioxidants. In specimens with M74 syndrome, not only

do the number of cells in the liver decrease and numerous vacuoles form (Lundström et

al. 1996), above all else, liver function is significantly affected. The level of antioxidants

decreases significantly, lipid peroxidation increases, enzymes are activated that incre-

ase antioxidation protection, and, above all, the level of thiamine decreases (vitamin B1)

(Cowey et al. 1985, Börjeson et al. 1996, Amcoff et al. 1998, Lundström et al. 1999).

Anthropogenic pollution in the Baltic Sea, especially of chloroorganic compounds,

also causes reproductive disturbances in other fish species. This affects both the open

and coastal waters of the Baltic (Bengtsson et al. 1999). The mortality of cod, Gadus

morhua L., eggs is high as is larval deformation. Further, high mortality has been noted

in herring, Clupea harengus L., eggs from the northern part of the Baltic. High mortality

has also been observed in European perch, Perca fluviatilis L., fry, as have gonad defor-

mations in burbot, Lota lota (L.), from the Bay of Bothnia and in roach, Rutilis ruti-

lis (L.), from the southwest coast of Finland. This is one of many causes and it might be

a fundamental cause of declining population numbers of many marine species of fish in

the Baltic Sea. Yolk sac fry mortality syndrome, which is similar to M74, has also been
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described in coho salmon, Oncorhynchus kisutch (Walb.), chinook salmon, Oncorhyn-

chus tshawytscha (Walb.), rainbow trout, brown trout, Salmo trutta m. fario L., and

lake trout, Salvelinus namaycush (Walb.), from the Laurentian Great Lakes in North

America. This is known as Early Mortality Syndrome (EMS) in the literature (Brouwer

et al. 1989).
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STRESZCZENIE

WYSTÊPOWANIE SYNDROMU M74 U TROCI (SALMO TRUTTA M. TRUTTA L.)

WCHODZ¥CYCH NA TAR£O DO RZEK POLSKI W DORZECZU WIS£Y

Badano wystêpowanie syndromu M74 u samic troci, Salmo trutta m. trutta, nale¿¹cych do dwóch

populacji wchodz¹cych na tar³o do rzek polskich jesieni¹ 2003 i trzeciej hodowanej w stawach. Przebadano

razem ikrê 250 samic, w tym 10 z Parsêty, 100 z Miastka i 140 ze Œwibna (rzeka Wis³a, pó³nocna Polska). W

badaniach tych porównywano koncentracjê w ikrze czerwonych (astaksantyna, kantaksantyna) oraz ¿ó³tych

karotenoidów (luteina, zeaksantyna). Poszczególne karotenoidy oznaczano stosuj¹c chromatografiê kolum-

now¹ (CC), cienkowarstwow¹ (TLC) oraz wysokosprawn¹ chromatografiê cieczow¹ (HPLC). Pod wzglêdem

zabarwienia ikra badanych samic troci nale¿a³a do trzech grup: ¿ó³ta, ¿ó³to-pomarañczowa i pomarañczo-

wa. W ikrze badanych samic troci ustalono obecnoœæ 15 karotenoidów, wœród których w ikrze pomarañczo-

wej i ¿ó³to-pomarañczowej dominowa³y karotenoidy czerwone, w ikrze ¿ó³tej – ¿ó³te (rys. 1, tab. 1 i 2). Usta-

lono wystêpowanie syndromu M74 u 35 samic, co stanowi 14,0% wszystkich przebadanych samic troci.
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