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Carotenoid pigmentation of varions tissues of Salmonidae - . (234)
has often attracted attention pf many 1nveatigatqrs. They have |
atudied quallitative composition of carotenoid pigments 1q'1ﬂd1-
vidual species (33, 35, 37, 38, 39), thé\pigmeﬁt contents in |
some tissues of Salmonidae (8 41, 43), and utilization and meta~
bolism of carotenoida (u7, 42).;It is balievad that vitality of
the offspring depends on the amount or carotenoid pigmenta in
the fish egge (43, 46) and that carctenoids have an important
role in the life of fish (23, 28). However, this problem has not
yet been studied sufficiently. |
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A strong carotenoid rigmentation of such important tissues

~ as the ovaries withlfheir membranes, muscles and skin of Salmoni-

dae, which.differentiates them from other grouﬁs evidently ré—_
flects some special forms of relations betvoen_Salmonidna and
the environment or appears to be due t;~sone peculiarities in
the metabolism of Salmon;daq.-In each instinco this is takon‘aa-
evidence that special physiological mechanisms exist in th;so Iish;.-

This paper presentS'résults of a study of qualitativo

composition and dynamics of carotenoids in Salmonidae.

Material and Methods

Qualitative composition and the amount of pigménts were

studied in eggs of coho salmon (Oncorhynchus kisutch Walbaum),

sockeye or red salmon (O, nerka Walbaum) from the Paratunka
River bagin (Kamchatka), chum salmon (0. keta Walbaum) from

the Av'&avayam River (Kaméhatka), pink salmonA(Of gorbuscha

Walbaum) from the 1sland of Sakhalin, Siberian char (Salvelinus

_ leucomaenis PallaS) from Lake Dal'nee (Kamchatka), landlocked

and anadromous Dolly Varden char (S, malma Walbaum) from the

Dalinaya River (Kamchatka), cutthroat trout * (Salmo clark;;
Richardson) from Chernaya Reké farm {(Black Sﬁa coast of Caucasus)*#®,
rainbow trout (S. irideus Gibbona) from "R0psh1" (Leningrad region),
steelhead salmon (S, gairdneri Richardaon) from North America,

Sevan trout (S. ischchan Keasler), salmon S..trutta caspius Kessler

from the Kura River, Baltic salmon and Atlantic salmon (S, salar

Linné) from Kola Peninsula,

# In the Russian text referred to as '"rainbow trout? aimilarly

to 8, irideus Gibbons. Translator's note.
##% On appropriate feeding a red stripe appeared on the 1ower Jaw
of males of this trout; it is characteristic of only S. clarkii.n
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‘'Expenditure qf Qarbtenoids during the embryonal poriod

was determined in eggs of Khmchatka gcoho salmon, Baltic salmon

and Sakhalin pink salmon. Eggs of coho salmon developed in Willi-

amson's frame apparatus with spring water supply, eggs of.piﬁk
salmon developed in flow-through cells and bBaltic salmon eggs

in cells with standing water which v&s:periodically changed‘(onéo
each 2 days). | ;

‘Sakhalin pink salmon at the stage of alevins was studied
in the Aquarium Division of VNIRO (All—quqn-Scientific-Rqsearch
Institute of paritime Fisheries and 0c6§nograph7). Alévina wére
kept in flow-through aoo-liter tanks at 1o°c.

The material for studies of marine period of life was

collected in summer (June‘throungugnst) 1963 in the Pacific

Ocean. Samples'were taken of skin, muscles, eggs and 11vor4of

chum salmon, pink salmon, sockeye, coho, spring salmon (Q. tscha-

wytscha Walbaum), Kamchatka salmon (S,'pgnahinensiafPéllaq),
Dolly Varden char and also Siberian char fron’littoral regions
of islands Shikotan and Iturup. Skin of fish in breeding dress
was also studied. Skin of sockeye or red salﬁon,'chum salmon,
pink salmon and coho was transported from Kamchatka and skin.of
spawned—out 0, masu Brevoont from Sakhalin,

Methods deecribediby Kanomi;su‘and Aoe (ua) were used
in the invesfigation of carotenoid ﬁiggent-;-éarqtenoida were

identified by absorption spectra which were determined by means

of a SF-10 spectrophotometer. Pigment mixtures were separgted

by columﬁ chromatography on calcium oxide'(ueed for 1solhtion

of carotene) and aluminum oxide (used for separation of xantho-

phylls) and by paper chromatography by Sapozhmnikov's method (9) . -

(235)




for eeparating astaxanthin from other xanthophylls.

A part of the material was proceaaod while fresh and
another part, from marine and spawning periods of 1ire, was
preserved in glycerol and transported to the site of processins.
Lipids from the tissue were extracted w;th acptone. Soft tissues
"such as muacles;'eggs and liver were tfitqréfed with énhjdroaa
sodium sulfate but the skin wa§ extracted without coﬁminutiog..

Results of Investigations

Pigments of mature eggs

_ Sﬁectra of chtone extracts of Salmonidaé eggs (Fig. 1,
2 and 3) can be divided into‘two groups: |
Absorption spectra in theAfprn of smooth curves with a
single absorption méﬁimum at wa&elength‘of approximately 480.qn
(Fig. 1), , - Y
'absorption spectra with more than one inflection 6n the
absorption curve (Fig. 2 and 3). | |
Only one carotenoid pigment is known to have a ainsle
absorption maximum at 480 mp'in acetone. It is astaxanthin, fouﬁd .
by many invéstigatora in muscles of'aalmon; trout‘egga and shp;la
of many crustaceans. Thus,astakanthinf(dikéto-dioxy—carotene’
appearé to be the basic carotenoid pigment (carotenoid) iﬁ the
. eggs of sockeye or red, coho, chum, pink, éteelﬁead and Atlantic
salmon. |
’Absorﬁtion spectra with curves which have more than one
peak can also be divided into 2 groups: | .
Spectra with shoulders at 420~435, L45-450 and 475480 mp;
epectra with shoulders at 425-430, 450-455 and 480-485 mp; - (236)

The former is characteristic of lutein-dioxy-o{-carotene, -
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Wavelength in mp
Fig. 1. Absorpilon rpectra of acetone extracts of eggs of various

salmonidae:

1 ~ sockeye or red salmon; 2 - Atlantic salmon from Kola

Pen;nspla' 3 - coho,qq - chuml 5 = pink salmon.
which has been fouhd-by Steven (47) in ﬁuacles, eggs and skin of
brook trout and the 1a£ter of zeéxanthin (dioxy- 'caroteno) as.
the structural isomer of 1utein. Thus, the eggs of Caspian aalmon,'

.baltic salmon and raimnbow trout contain lutein but the eggs of
char and Sevan trout contain zeaxanthin.'

The next stage of the study of qualitative couposition »
of carotenoid pigments in eggs included determination of the.pre-
sence of other carotenﬁid components( In many-igsténcea, the .
nature of abéofption spectra alone shows evidence of the presenco
of other components. Thus the presenco 6! astaxanthin could defi-
nitively be-suspected in theAegga of Baltic and'ca$pian selmon and
in rainbow trout. Paper chromatography according to Professor
Sapozhnikova (19) allowed the detection of astaxanthin in eggs

of Baltic and Caspian salmon, rainbow trout and Siberian char.



Pl j Fig. 2. Absorptioh spectra of ‘acetone

| extracts of rainbow trout eggs

A : - (1), Caspian salmon eggs (2)

. l ' | and Baltic salmon eggs (3, 4, 5)e -
|

AN
?ffi R 1 S ' } Whén petroleum ether was used to deve-.
] _L\ A\l | : | lop the chromatogram, astaxanthin ra-

N—+—{ . pldly separated from other carotenoids‘

N g,77_,1.h

™ T R T

Wevelongth in = vas a pink band.

Column chromatography was
uséd to determine carotene in fish eggﬁiapd to test the homoge;
neity of xanthophylls, Carotene was not fdund in any instance,
Eggs of the Far-Eastern salmon of the Oncorhzgchus genus contained
only astaxanthln which sometimes resolved into 2 fractions. Bailey
(35) assumed that they were different stereoisomers of astaxanthin.
Eggs of Salmonidae contained considérable.amqunts of steroids in
additidn.to carotenoid pigmenté. Their‘amount vas especially
large in eggs of Casbiah salmon, landlocked Dolly Varden char

and in trout.

‘Portions of eggs from various
females of Baitic salmon coﬁtained
'astaxanﬁhin and lutein in various
ratios. Three portions of the Baltic

salmon eggs were studied. They could

be called.‘iyellow", "orange™ and ''red",

EY 1 ' N E
L WO W0 80, S0 K- w0 S0 s .
Wavelenﬁtn in mp

Fig. 3. Absorption qpectra of acetone extracts of eggs of Dolly
Varden char (1), Siberian char (2) and Sevan trout (3).




- Table 1

Pigments of mature fish eggse
: : * o * Pigment
Species of fish A L Z contents
| —s%
Sockeye B A
mi c«.tOI‘ . . . . L] - 3 R — 8 9—'10 ‘ 9 6
d“]gf . y » . T e . * . . : :*; © e —— &( ) .
CoRO « « v & s v o v 4 e e e e + N — 63-—92(72)
Chum . » ] » . . - * . - + - - i 60 l
Plnk sallﬂon . . . . . . . L4 + " -.- N - 0 %“"l m(! “’
é% 1c salmpon . . . . . .. + — - | 2§7 . ,
salmon .+ . . . . . . +.. - - :.2,50 )
Rsiinbo¥v %u . . . . . » .. + + E - H olsm N :
rou v e e e . + AN - 0,768 . - -
Salmon . : R N
Baltjc e + s e e e a & + . + . — 0,426—1,855(1 03)
Casglan . . s . 3 LI . ) + + - 0.145“‘031
Sevan trou . + - e 1,95 .
Landlocked Siberian char . -+ R + 0,547
A.n%%romous Dolly Varden char . + L= i (l),ﬁq
g%rch e e e e e e I 0,06 -
urgeon [ . L] . . . . - V- + 0,554 .
Starred si,urgeon e . . — — + " 0,024

A - astaxanthin, L - lutein, Z - z"eaxéiﬁliini\.

AN
[ X
RN

4\. y
"\ "™ \

Wavelength in mp
Fige. 4.

——
1;20 40 460 480 500 520 540

Absorption spectra
of acetone extracts of eggs

of ruff (1), sturgeon (2),
river perch (3) and starred

sturgeon (4)

The red one contained little lutein,

, the yellow ono had about the same

contents of each of both pigments

and the orange one was intermediate

. between the yellow and red portions

as regards tgze pignents.

Table 1 presents data on (237)

‘quantitative composition of pigments

in mature egga of fish under study.

A~study'of eggs of £ish of

other system;atic groups (verbatim -

translator's note) proved that

L
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accumulation of carotenoids in fish eggs does not appear to be

typical of Salmonidae. Eggs of ruff (Acerina cernua), perch

(Perka fluviatilis), sturgeon (Acipenser 5ﬂldenstad§;)kand

starred sturgeon (é,istellafus) contained the carotenoid zea-
xanthin as well (Fig. 4).

Embryonal period -
It is known that animals cannot synthesize carotenoids

(8. The accumulation of carotenoide in the fish egg cells at
the time of ovulation is not completed during embryogenesis, It
' can only decrease due to utilization or, remain unchanged if the
plgments are not cpnsumed or, if fha§'do not break down'sponta-
neously. fhgreforé; the qﬁantitj of the compounds utilizéd can
be the first extgrnal evideﬁce of_whether»the compound pa:tici-
pated in.the process. | |

Several experimenta were carried out with fish egge of
various Salmonidae. Eggs of Baltic salmon (Daugava River) develop- ’
ed for more than a nmonth.in enameled vessels at 5 and 1o°c. The
experiment showed (Fig. 2) that the consumption of pigments was
negligible, only 0.14% a month in egge incubated at 5° c, but
considerably higher at 10 c,’that is 3,55% a month. The eggs were
incubated at 10°¢C un&er variéus conditioﬁa: in:dgfknass and under . ‘(233)
11lumination with 300 or 3000 lux (1ﬁminescen§ lamp BS 30w), |
- Expenditure éf plgments was the.same in dark and under iliumié
nation with 300 lux-(3.55% per month) but, several times bhigher:
at 3000 lux, that is 20.1% of the imitial smount in a momth, It
is interesting that. at stronger illumination, in addition to.in-
creased expenditure of cérotenoide, hatching of alevins was in- -

creased.



| - Table 2.
Expenditure of carotenoids during the embryonal period

of development in eggs of salmonidae

Fish e - Illumi-|Days Expendi ture
- nation jof of carote~"
¢ . [in 1u t.| E E | .
. x jexpt,.} i b4 nolds = *
Baltic salmon " T
| o 35 | 0,634 | 0,633 '
1o 0 . 35 |.0.634 | 0.612 555
10 300 |, 35 [ 0634 | 0612 3,55
Pink saluon e 3000 35 | 0,634 | 0,504 | 20,10
Coho salmon 1°8,5—4,0 1 8-‘-' 12(5) 0810807 2o
, 0 40— — 2,30

s J.n:.tlal absorbance, ke =~ final absorbance

*
Withln a month, as percentagé of initial amount

@ggs of pink salmon, obtained as early as at tho-a;ago-
of 'eyes", were 1ncubated'at 10°C in complete darkness. Expendi-

ture of carotenoids was 7. , 5% per month (Cf. Table 2).

Increased consumption of pigments due to the effects of
heat and light on developing eggs suggeated-that these were non-

sPedific effects of all kinds of radiation energy on carotgnoids..

Table 3
Absorbance \E) of carotenoids in pink salmon eggs under the effect

of a radloactlve element (9 Sr)

Experiment (curie/liter)

-, Control sa0— | sio— | g0

10,730 l 0,620 | 0,69 ‘ 0,650 -
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An experiment was set up in which pink salmon eggs were
held in vater containing a radioactive element 9°Sr. After in—
cubation for 1.5 month, in running water which contained the
~radioactive compound, the pigmént content was lower in control |
eggs (pure running water) thah‘in experimental hétches (Table 3)*,

Most experiments were set up with developing eggs of

coho salmon (80 analyses). This permitted with reasonable assuran-

ce conclusions on the expendifura of qaroténbids during the ‘
embryonal period of the devefopment §f coho‘salmdn and the'ak-»
clusion of fluctuations of molar absorbance of pigments which can
occur ;n developing eggs,'as hgs baeﬁ mentioned’before.* Expenditure
of pigments after fertilization tﬁrough hatching was highér than
10% of the initial amount. Very likely, the utilization of caro-
tenoids in Sélmonidae eggs can fluctﬁaﬁe té‘a considerable extent

in various species depending, most of all, on temperature,

Stage of alevihs

It is characteristic of the alevin stage that carotenoids
pass from yolk into skin. As soon as alevina start active feeding 3
carotenoids present in the food enter their organisms,

The first lipophores can be détécted in the £in plica_of.coho
and steelhead salmon as early aé a wqek after hatcﬁing..Hoﬁever,
massive transport of-carotenoid pigments from the yolk sac into'
glkin in Salmonidae starts at the stage of aleviﬁs. Here it is
"possible to observe phenomena which are inﬁbrtant for understgnd-
ing metabolism of carotan&ids‘in Salmoﬁidaé.' ‘

First, there do exist Bpecific diffarences in lipophoric
pigmentation of the skin of alevina. There are only yellow

céllular pigments called xXanthophores in the sldin of chum and

(23¢
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pink salmon, red cellular pigments called orythrephores can be

found, in addition to xanthopheres, in the skin of sockeye or
red ealhon, cohe salmon, rainbow irout and steelhead and Baltic
salmon alevins. | | |
Lipophoric pigmentation of the integument was noted in
alevins even before commencement of active feeding, and in.
larger fry when they were starved or were fed rations free of
carotenoids. in such instance, there are no doubts ‘about the
origin of carotenoids: they eome from the yolk sac.'?ish,such
as Far-Eestern and steelhead salmon Qith a simﬁle compos;tioh
of yolk pigmenta;_were of special interest. Only astaxanthin,
an orange-red pigment, is present in the yolk‘of these fish.
Appearance of a yellow carotenoid in the skin of alevins of |
these fiéh indicated structural changes in the pigment nolecule,
as well as, piochemical enzymatic mechanisma, which caused such
e feaction.
. Changes.in the quantitafive composition of cafotenoid
pigments in the bedies of pink salmom alevins were observed,
particularly, because the red pigment had been completely trans-
formed into a yellow one after its migretion into the skin of
these_fish;_lmmediately after hatching,.elevins were placed into
a large tenk (200 liters) with running water 'ax.xd.n'xaintained at 10%. .
| As the plgment accumulated iﬁ the skin of alevins, the
maxima of absorption spectra at 422, K45 and 475 Qu were more
clearly marked; tnis correeponded to'the‘abeorption spectrum of
taraxanﬁhin (8). From the relative heights of absorption maxima
it can be concluded that the total anou;t of the plgment in ale-

vins initially decreased, and increased again as alevinsZEtarted" L
* Confusing formulations in the original text - translator's note.
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to feed on‘larvac of chironomids, chn,pink saimon alevins
started feeding on. oligochaetés, the plgment from their sid.'n
finally disappeared Lutein. accumulated in skin of pink salmon
alevins which were feeding on chironcmida. ‘After some time, lutein
‘replaced the "alevin pigment" taraxanthin, |

Aievins of Clark trout‘hatched in the Chernoréchansk
Farm {Caucasus) from eggs which were vcty poor-in carotenoids

(cecause'ofbirregqlar feeding of the breed stock on foods de&oid
of carotenoids), rapidly acquifed,signs characteristic}of this .
.species, i.e, red edging on fins and.the lower jaw, éfter'fhey
_ had been fed with cyclops. | - |

Stage of fingerlings

The fish can be called fingerlings as long as they are
several times smaller than sexually mature fish., The termt"stage
of fingerlingé" has a more-specific meaniﬁg for migratory salmon,
because it partially coincides with the.freahwater‘period of o
life of sexually immature fish; After cheir descent 1n.the sea;
the fingerliﬁgs, as a rule, are rarely.avaiiable for observation;
~ later on they appear in scientific and commercial catche*, but
by that time, because of the large size 0f the fish, the defi-
nition of "the fingerling" ‘does not apply. _

" In this paper the_term "the fingerling" will be usedv. 240)
when discussing migratory Salmonidae to.dcsignate fish, which ‘
did not, even once, descend in the sea gahd when.diacussiné fresh—
~ water Salmonidae to designate fiech, which did not, even once
'spawn but have their gonads in the stage of Jjuveniles or "II"

Siberlan and pink salmon tinger;inga_weighed no more

than one gram at the time of‘deBCending in the sea in their first - -
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year of life. Fingerlings of these species are called the young

of the year (O+). Fingerlings_of other speciles of migratory
(anadromoﬁs) Salmonidéellive in fresh water until stage 1+ ;:
‘24-,.3-f, or even L4+ and can achieve_a ﬁeight!of 100 g. Coho
salmon fingerlings weighing 300, 400, 500 even 1300 g can be
found in Lake Dal'nee, However, this 1s:ﬁdt typical of saimon.
Usugllj the weight of anadromous aalmon'(smOlt);ia 20 to 50 g.
o - In some species the meaning of "tfﬁfingerling" becomes
complicated, because dwarf sires, wh;ch,aléo were called neotenic
sires by L.S, Berg (4) do exist. Neotenic forms;areuknown‘in>
migratory salmon of the Salmo species (4), char of the Salvelinus
species (22); sockeye or redvsalmon (11), coho (?7) and masu
salmon (O, maéu}(#). Often, the dwar f sires do not differ in
dimensidds, from large smolt §f migratory forms. A
Qualitati&e_composition and the amount of caroienoid
pilgments were studied in fingerlings'orlpink salmomn (in tanks);
coho, sockeye or red salmon and char from Lake Dal*nee (Kamchatka).
In addition, later on few data will be'presented on &ature land-
locked char - Dolly Varden.and Siberian'char, of which‘carotenoid
composition of the muscular tissue, gqvaries with their membranes
and some other organs were studied. -

Carotenoids in skin and fins of‘juvenilés

Extracts of bright stf&v coloﬁr were obtained invall -
inétances when finé and skin were extfacted with.acetohe (finger-
lings of pink and chum salmon, sockoye or.ted salmon, coho, Baltic
salmon and char). 1t was impossible to detect a small amount of
an drange plgment, astaxanthin, in such extracts only by means

of chromatography. Erythrophores can be found easier in skin .
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by examining fresh skin or skin fixed in glycerol under micro-

scope. Erythrophores in skiﬁ‘of,Salﬁbnidao alyays-contain asta-
xanthin (48); the red pigmeﬁt in the skin‘of other fish fapilies
can be different in nature, e,g. pterine (8).

| o o " Table &
‘ Erythrophores and xanthophores in skin of Salmonidae fingerlings
Fish species B Xantho- Erythro- " Location of

Chum Ball'llOn e« & s e v s e o [}
Pink salmon « o« . .+ « « 4 . &

phores  phores - erythrophores
Dolly Varden char . . e e e . -+ 4 « « fins, spbts
Salmon _— ‘ | »
BaltiC o« o 4o o 4 .4 o -+ -t . . the same
Casplan . « v o v v o4+ . e |
steelhead . v . . . . . 4 4+ . . fine, diffusively .
_ ‘on sides ‘
Rainbow trout « o « « . . . . o 4+ .. fins
Clark trout . . . . . .. .. + ~+ . « .fins, lower jaw
COMO 4 e e e e e e e e 4+ . . fins, diffusively
o ’ : on sides
Sockeye or red salmon . . . . -+ - . 0 mmm———
_Spring.salmon e e e e e+ - S -
-+

Data on the results of studies of skin of fingerlings of various ,(241)_

‘Salmonidae are presented in Taﬁle e |

_.Presence df‘astaxanthin in saﬁples‘of skin which contained
grythrophoreé was proved By.paper chrbmatoéraphy; When anaiyzing |
absorption spectra of skin extracts, it was proved that the yellow
pigment of xanthoPhores was partially cém@ased of lﬁtein and
partially of zeaxanthin isomers. The possibility cannot be ex-
cluded that in & number of cases both the closely related pig-
ments are present in skin, but as usualx, one of them is predo-

minating.

v e
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_ Table '5
Pigments in skin of juvenile Salmonidae ‘

Fish species _ Age Asta- Iutein Zea-
‘ ‘ ‘ _ xanthin .~ - xanthin
Pink salmon .+ « « . + o« .« O+ - t -
Spring salmon . . . . . o . 1+ - ‘e -
Sockeye or red salmon . . . L+ et 34+ - -+ -
Coho 5almon . . . o .-s o« o O+ ,14+ ,2+ + + -
Rainbow trout . . . « . . . 2+ B ) - -+
Baltic salmon . . . . . . . 1+ + -+ -
Dolly Varden char . . R 'S , 2+ 4 - -

Carotenoid contents were determined in skin of sockeye

or red. salmon, coho salmon énd bolly Varden char from the Dal'nays

- River (Kamchatka).

It follows from data in Table 6 that there 1s more
pilgments in the skin of young char than in the skin of young
Far-Eastern salmon* in addition, there is more pigments in the
skin of coho than in the skin of the young of sockeye or red
salmon., At the age of 2+ the young of red salmon containad
less pigments per square unit of skin:thgn younger soékeyé (1+4),
but, the total pigment (carotenoid) contents in the skin

Table 6
Cardtenoid contents in skin of the young of sockeye and coho salmon

and Dolly Varden char

; _ _ Pigment con- Pobal Number
Fish species  |age | Weignt, [SOMETAIIONs | onount, of Iish
- . L ng / n’ _ mg . lunder
et e A & . 5 study
Sockeye or red salmon | 1+ |5 93.9-7.9) 20(15 0-27.0) | 0,0420,095--0 055) e
D124 |61 (49-96) | 10,5(8,0—12,5) -|'0,159(0/135—0/192) | 4
Coho salmon | 14 {2,9(1:545,9) | 25,5(20,034,0) | 0,025(0,018—0,037) | 9
Dolly Varden char . .| — [5,0(0,4—14,4)( * 151(80—215) | 0,259(0,093—0,816) | 6
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of larger juveniles (2+QQ was iarger_thaﬁ in small yaﬁriings.

Caro t enodi d 8 in muscles o f'.
f ingerlings were studied in Far-EaBtern salmon (sock--
eye or red salmon, coho, spring and pink salnon), Dolly Varden
char, Baltic salmon’ and rainbow trout. It must be noted that
the meat of fingerlings of a majority of Salmonidae contains
only traces of carotenoid pigmeﬁta; Their meat is white. The
origin of yellow coloration of concentrated extracts of finger-
| ling muscles is mainly due to 11pids,'§articnlar1y steroids.
Thus, when working with fingerlinse, particularly with the small
ones, and even when determining the proeence of carotenoids, we
should resort to column chromatography. Carotenoids are only in
traces in the muscles of sockeye or red salmon aged O and 1=,
coho O4-y 1+ and 2+, char up to 15 cm long (evidently, aged
up to 2+) and rainbow trout weighing up té 250 g (from'"Skhodnya"
farm). In all fish mentioned the goﬁads were very small: less
than 100 mg in females and several milligramg'in males, The pre-
sence of carotenoid pigments was cléarly marked in muscles: in
fingerlings of sockeye of-red salmon over 20 g; in rarely fouﬁdl
fingerlings of coho weighing more than 100 g; in char weighing
100 g and in Baltic salmon fingerlings of about 20 g.

When studying absorption spectra of acetone'ektracté of |
fingerling muscles, it has clearly been established that muscles
- of sockeye or red salmon and coho contained astaxanthin and muscles
of char (brook trout) and Baltic salmon contained yellow xantho-
phylls, Spectral characﬁéristics of yellow xanthophyll present
.in muscles>of char evidenced zeaxanthin while the xanthophyll

with 3 absorption maxima found in salmon and rainbow trout

(242)
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Fig. 5. Absorption spectra of acetone -
extracts of muscles of Sevan -
trout (1), Dolly Varden char (2),
Siberian char (3), the young of
sockeye or red salmon (4), Keam-
chatka trout (S, mxgiss)(5), the
young of coho (6), and the young
of Baltic salmon (7).

fingerlings was lutein (Fig. 5)e .

Chromatographic investigation

of pigments in coho and sockeye or red

420 4ho 460 480 %00 520 510
Wavelength in mp . salmon indicated that muscles ofhthese

salmon did not contain any. carotenoids other than astaxanthin.
Astaxanthin.was detecﬁed by.gél riltrdiiog in extracts of muscles
of Dollé Varden char, Bsaltic salmon and rainbow trout. Ih-addition,
.analysis of muscles of ffeshwater Salmonidae~auch as Siberian
char, Kamchatka trout (S. ﬁikiss) and Sevan trout qther than

fiﬁgerling weight and age, revealed zeaxanthin and astaxapthin

(Table 7).

Table 7
Qualitative composition of carotenoids in muscles of freshwater
Salmonidae and juveniles of anadromous species.
Fish species - Astaxanthin ILutein Zeaxanthin
Sockeye or red Salmom « « . o+ o o ' - -
~Coho SALMON o v v o 4 v e e e - - -
Baltic salmon . « + + + « .o o o &

+

Raj.nbow tI‘OU.t - . . . . . Y . » . +
Kamchatka trout « ¢« ¢« ¢« &« ¢« ¢ o &
Sevan trout . . 4 . o4 400 4 e

Dolly Varden char . . + « . «. .+ &

tH+++++4

4+

ﬁiberian char « o o+ o o ¢ o ¢ o @
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L o 'htw Fig. 6. Astaxanthin_ccntents
. . o -+ - (concentration) in muscles
of the young of sockeye (1)

and of "dwar fs" of various
weight (2)

in m‘u scles  of finger~

lings were determined in ‘sock-

Wejght of fln5erlings> ‘ eye or red salmon. Juveniles
in grams '

-1 year of age or more were
studied. Forty nine fingeriings-were aha;yzed. Astaxanthip con-
tents in their muscles flucfuated from traces (0.000 mg%) in
Jjuveniles, weighing 3 to 17.g, to one mgk in large fish in
their second or third years of life (80-150 g).

Statistical analysis revealed a 11near correlation be-

tweeh,the welght of fingerlings and astaxanthin concentration

~in th;ir muscles. The correlation coefficient was 0.82. It is

interesting to cqmbare‘carotenbid contents in muscles of juve-
niles gnd'd“arf sires or fed salmon :roh Lake Dal'nee (Fig. 6).
Until may of the year of Bpawning, the. carotenoid contents in
musclesiof the "dwarfs" did not differ from the contents in Ju-
veniles of the-same welght, but in'May'the_amount of astéxanthin
started to increase and in August to Scptember reached up to 3% mg%
Also were analyzed 5 fingerlings of sockeye or red salmon -
from Lake blizhnee (basin of the Paratunka River in Kamchatka),
which weighed 3.7, 6.8, 6 9, ? 2 and 13.3 g. We did not succeed
in determining the amount of pigment.in fingerling muscles, be-

causé it was quite small., nevertheless, we were able to detect by

Carot enoid contents

(243)
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hromatogrdphy the presence of traces of astaxanthin. Finger-’

1ings of sockeye or red salmon from Lake Blizhnee very quickly

, attained weight of 20 g or more; at that time 1arge amounts of

the pigment started to accumulate in their nuscles,
Caroteno 1.d co ntents in finger-
ling ovardies and their membranes were determined in
Far-EéSterh éalmonidae. Because of the low weight of the ovaries
and their membranes in small fingerlings, no data were obtained
on the qualitative composifiop and the amount of pigmehts present;
A réliable quantitative analysis could be carried out with 
muscles ﬁeighing‘nof less than 300'mg. It is neceséary, therefére,

to combine samples from several fingerlings which were caught

- at the same time, had the same length, and the same weight of

the bodies and gonads. Extracts of ovaries‘plus their membranes of
coho and sockeye or red salmon fingerlinga bontained énly‘free
astaxanthin, which waé also fﬁund in the ovaries pius their mem-
branes of Siberian char fingerliﬁgs. In,ovariés ahd»membranes»of
Dolly‘Varden and Siberian char fingérlinge,'zeaxantnin was found
in addition (Table 8). | |

. _ Table. 8
Qualitative composition of carotenoid pigments in ovarles plus
membranes 1n,Juvenile Salmonidae

Fish species : , Pigment

‘ COhO Salmcn . L) 4 . 14 . » . - L) . 14 Ld * * ABtaX&nthin

Sockeye or red SALMON o« o o o o o o & o . Astaiénthin
Siberian char . + « « + + « « « + « o+ o » Astaxanthin, zeaxenthin
Dolly Varden char T I R Zeaxanthin

The study of biochemistry.of gonadbtropins in juveniles
of sockeye or red salmon is connected with the study of problems .

of dwarf slres. A part of red salmon juveniles matures in some
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water reservoirs (particularly, in Lake Dal'nee) without descend-

ing‘in the sea. At the late stages of sexual development the ‘ 4(244)
"qwarfs" can easlily be recognized by the'outer look of thelr

gonads: they are larger than in jﬁveniles of the same weight, -

' However, the queetion as to how early the Juveniles 8et them-

selves for the develoPment in fresh water or for development

which is characteristic of migratory fieh, remains unsettled.

Mature eggs of "dwarf! females are much smaller than mature

“eggs of migratory salmon. Since an essential point in establish-

iﬁg the stage of sexual maturity-in~femeles is the determination
of oocyte dimensions, such criteria of maturity are yoorly appli-
cable to dwarf females. ‘Differences in biochemical quality of

the ovaries plus membranes in red salmon juveniles could be,
thereforé expected if there were differences in biological
qualities between dwarf fish and 3u§eniles_of migratery fish
belonging to the same school. Astaxanthin contents were determined
in ovaries plus their nembranes of juveniles of sockeye or red

salmon from Lake Dal'nee‘and.from the Dal'naya River through

- Fig. 7. Astaxanthin contents .
— (concentration) in

. ®| ‘the ovaries and their membra-
"] nes of sockeye juveniles:

"1 - juveniles with low pig-

Q‘f: -ment contents in oocytes;
‘jé.§ | 2 = juveniles with high
‘ " pigment contents;
-3 = dwarf sires.
T

Weight of ovaries and thelr membranes.
in grams
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which the juveniles descend from the lake. In addition, the
total content of acetone-soluble lipids (so-called raw fat)
was determined to calculate the carotenoid pigment contents in
- lipoéhonﬁria; g:g."fatty,inélusicns‘in‘occytes. | |
Fludnaﬁions in the astaxanthin contents of fed salmon

ovaries plus membranes were véfy iarge, tha£ is from 0.08 to

‘3,5 mg%h. Figure 7 shows thaﬁ the data can be dividedvinto 2 groups

based on qualitative differences,'or more precisely, these data
represent two clearly distinguishable groups. One group of such
data characterizes-a part‘of Juveniles with a low weightAof
gonads which contain relatively littie céroténoid pigﬁents (ﬁhe
welght of gonads was less than 1 g and the pigment contents 0.08
to 0.52 mg%). The other group of fish contained much ﬁore asta-
xanthin in ovaries plus their membrénes.(l.a-s,s_mg%),_Fish,ﬁoth
with small and iarge‘gonads,belonged to the latter grouﬁ{ This
group appeared as though qoﬁpleted with dwarf sires (Fig. 7).

Plotting .the data in ldgarithm;c scales straightens the
lines.that show dependencg.of ﬁhe carotenéid content on ﬁhe *
wéight of gonads (Fig. 8). This makes it possible to extrapolate
_ the trend of the procésses. Data in figute 8 have proven thaf
the same results in the developmeﬁt éf gonads can be achie&éd
iﬁ both groups of fish, but the differences are- quite large at
early stages of gonadoggnesis. o |

To get an idea about the astaxanthin cdntent in ovaries
~ plus their mewbranes in coho juvenilesrffom.Lake Dal'nee, a
sample of the_ovaries plus membrahes‘ﬁboled from 11 fish, was
analyzed. the astaxanthin content in c&holjuﬁenile ovaries

abpeared to be much higher than in the ovaries 6f_sockeye or.

(245)
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S
- ' . -
3 0’/”5f7 { Fig. 8. Astaxanthin content
- - ‘ - in ovaries and their
?ﬁ ' : membranes of the young of
N A " the sockeye and in dwarfs
N ‘ot (Logarithmic scale): :
R o+ 2 .1 - "dwarfs"; 2 - fingerlings
S 03 with high pigment contents;
N 3 = fingerlings with low
N - pigment contents.
€ 2r
B
§ - .
\§7 1 7 ' 3o ‘ 4

| . Losarithm of ihe weight of ovaries.'
l ' . and their membranes

‘ - o L - Table 9
| ' ' Astaxanthin content in the ovaries and membranes of coho fingerlings

Weight in grams of ~ Oocyte ‘ Astaxanthin
fingerlings gonads. diameter content in mg¥%
15-23 (19.6) 0.152 . 0.3-0.7 ©.5 3.9

red salmon Juveniles (Table 9).

The pigment content (determined as zaaxanthin) and the
sum of lipids were determined in Dolly Varden and Siberian char,

All char individuals spawned the first times, weighed 280-305 g,

Table 10

Carotenoid confents in the ovaries and their

'membrénés of Dolly Varden char

-Weight |Oocyte  |Pigment Fat
of diameter, content, | content,
gonads,g| mm _ ‘mg¥ %
2,8 0,8—1,3 0,32 2,53
3.4 1,6—1,8. 0,46 2,39
3,4 1,8 0,81 2,68
2.9 1,2-1,5 - 0,08 3,65
2.5 11—15 - 0,42 2013
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T abl e 11

Carotenoid contents in the ovaries and their membranes

and in muscles of Siberian char

Welght of Oocyte Contents of o Stage of
' dia~ ~ maturity
_ : , plgmenhs fat pigments .
fishf gonaQQ qeter in  Tin in
kg 8 mm  |ovaries|ovarieg|muscles,
mg% % mgh
0,5 6,6 1,0 1,49 4,47 0,59 11
0,2 0,9 0,8 | 0,50 3,3 .| 0,65 - 1l
0,4 5,0 1,2 0,60 . L77 0,60 H—I11
0,7 21,0 1,8 .0,35 8,17 0,70 —1I
1,9 45,0 3,0 1,26 7,50 0,73 n

'their ovaries plus membranea weighed 2.45-3, kO g and the diametor

- of oocytes was O. 8-1 8 mm.,

As evident from Table 10, the carotenoid content in ovaries.

and their membranes of Dolly Varden char can fluctuate regardless
of the stage of maturity (all fish wére'at the stage II-III).
Later.on,severai tens of Dolly Yardenlchar~specimens were openedu-
and in some of them very pale ovaries, which contained little
carotenoids, were found. The colsuf'of Doll& Varden char méat
widely fluctuated from'quite white to pinkborange., A
Siberian char specimens subjected to analysis (Table 11)
- were of very different weight. Of fi#e~£1éh caught, only one
- could be called fingerling (it weighed 170 g), while the others
welghed 400 to 2000 g. Ovaries contained eggs of various generan'
tions but the largest eggs predominated.
The material collected from trout is too smali to be

used for evaluatioﬁ of the dynamics of carotenoids in trout

(246)
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during the sexual cycle.

Carotenoids were not found in the liver of sockeye salmon .
fingerlings but were found in the liver:of char and also in the.
alr bladder of fingerlings.

Marine period of life

Majority of Salmonidae ‘are migratory fish although fresh-
water species and forms do exist among_them. All species oanare

Eastern salmon (Oncorhynchus), with the exception of two Japanese

ondemic species and the sockeye, coho and masu salmon desoend in’
the seafénd live there for Oné_or_moretyeors under the conditionS'
of marine éalinity. The gonus.of noble salmon (Salmo) consists of
both migratory and'fréshwatef speclies., Majority of migfatbry also
comprises freshwater forms. The éame_can oe said abou£ the genus

Salvelinus.

Qualitative composition of carotenoid plgments

" Liver. Acetone extracts were prepéred with 4 g samplés of
liver from sockeye, cﬁum and pink salmon. Spectrophotometry of
yellow extracts indicated that large amounts of steroids, absoro-_
ing 1light in the region between ultraviolet and visible parts of

- the spectrum, were present. Column chromatogrophy showed that ca-

rotenoid pigments seldom appeared in the liver of Far-Eastern salmon’

(traces of some yellow carotenoid were. found in 2 of 23:1nstancea).

Skin., Coloration of salmon of the genus Oncorhynchus

and Atlantic sslmon from Kamchatka (3._penshinensis) is typical

of marine pelagic fish the sides are silvery, the dorsum dark
with. dark blue tint and the fins havo a neutral gray colour.
Differences can be found only in the character of melanization,

A study of skin under miscoscope evidenced the presence of
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" Fig. 9. Absorption spectra of acetone

extracts of marine salmonidae
skin: | .

© 1 =Siberian char; 2 - sexually immature

Dolly Varden char; 3 - kelt of Dolly
Varden charj .

6 - Atlantic salmon from Kamchatkaj
k, 5, 7, 8 = various representatives.
of the Oncorhynchus genus.

xanthophores suggesting that only yellow

1

xanthophylls_occurred and astaxanthin

1 was absent in skin. Astaxanthin could

be found besides yellow xanthophylls-

" in marine char skin, as it contained

erythrophores in addition to xanthophores.

'’ Absorption spectra of acetone

extracts of marine salmon skin showe¢ (Fig. Q) that yelloi

pigments 1n salmon skin are basically composed of'lutein,'>“

brobably, w1th a small admixture of violaxanthin. Zeaxanthin

NN
N
\ ‘\\§\
R\
) 7

.'-‘""\

W20 0 460 18] 800 520 540 560
¥avelength in i1

was the wain.carotenoid pigment in
‘the skih_of marine cnar..Large'
5 .améﬁnts of a pigment wnich had its
absorption spectrum similar to that
.of mutatochrome (c;@raxanthin) wﬁs_

present in the skin of spawning char.

f Fig. 10. Absbrption_spectra of acetone

extracts of ovaries and their
membranes of salpmonidae in the
. sea: ‘ _
1 - Atlantic salmon from Kola Peninsulaj;

! 2 ~ Atlantic salmon from Kamchatkaj

3 - sockeye or red salmon; L4 - spring ..

salmon; 5 -~ chum salmon; 6 - pink salmon.. =

247)
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Fig. ll. Absorptlon spectra of extracts
of muscles and ovaries with
their membranes of char from
the sea.,

Ovaries and their membranes of'

1 - Dolly Varden char; 2 - Siberian char;

‘Muscles of:

r//%////’ : . :' 3 - Dolly Varden char; L - Siberian char.
A7 NN | |

NS
S\

Muscles of all specles under .

study from the sea had clear orange

: - coloration. Absorption spectra of ex-
Y20 40 Y0 40 S0 S S : . : ~ ,
_ tracts of muscles from all species of
Wavelensth in . ' . : :
the Oncorhynchus genus and from Kam- .

Achatka salmon evidenced presence of asﬁaxanthin (Fig. 10). Zea-~
xanthin was the main caroteﬁoid pigment in char muscles. dolgmn.
chromatography showed that astaxanthin was the only carotenoid
present in ﬁuséles of sockeye, pink,'chum; coho, spring and Kamé-.
chatka salmon. Astaxanthin was found, in addition to zeaxanthin,
in muscles of Dolly Varden and Siberian char.

Ovaries of Salmonidae were rich in carotenoid pigments.
It was established by means of spect;oéhotometric (Fig. 11) and
chromatographic methods that the ovéries §f Far-Eastern and Kam~
chatka saimop contained only astgxanfhin, the ovaries of Sibérian
" char contained astaxanthin and 2eaXanthin, and the ovaries of
. Dolly varden char contained zeaxanthin. | |

Testes of Salmonidaé contained small amounts of asta- (248)
xanthin which'was,qvidenfly, located in the.linings (tnnica |

vaginalis testig? - ﬁranslator's note).
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C.a r'o.t enoid content was studied in
muscles of sockaye or red salmon (41 fish), chum salmon (48 tisﬁ)
and pink salmon, and it was found -that asﬁaxénthin content in the
muscles of sockeye salmon 1ncreased:proportionally,fo the growth
of fish which Qére at the matﬁrity stage,II._Astaxanthin-content'
in muscles remained .at the séme level (as the fish developed -
added by traﬁélator).from stége II-III to the stage III. In muscles
of pink and chum salmon no increase of astaxanthin c§ncentfation
(contents) was found (Fig.jla).
. Carotenoid éontent‘in.the ovaries and their membranee of

‘marine Salmonidae changed_proportionallyvto mqtpggtion of oocytéa.

*
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Fig. 12, Astaxanthin content in muscles of Far-Eastern salmonidae
during their marine period of life:

1 - sockeye or red salmon; 2 = chum salmon; 3 -~ pink
salmon, (Roman letters denote stages of maturity in the
sockeye or red salmon, using a six-point scale).



Table 12

Astaxanthin content in the ovaries and theif’membranea of coho
- salmon during their marine period of life

--Ovary-number:

Index . —— k

' TR T B R B B 5 6
Oocyte diameter inmm . . . ..| 24 (33 |35]| 42| 42|49
. Pigment content in mg% . . ..| 41|36 25|34 25| 21

ot

In pink, chum and sockeye salmon a marked incraaso of the pigmont

concentration, depending on the growth of oocytes, was observed
(Fig. 13). A decrease of the pigment concentration prﬁportional
to the growth of oocytés was observed in the ovaries and their
membranes of coho salmon lTable 12).

Carotenoid content ih nafural food of‘Sglmonidae

Carotenoid which accumulate in Salmonidae, originate

exclusively from their food. Quélitative composition and pigment

contents were, therefore, studied in some invertebrates on which
Salmbnidae £eed; .
 Qualitative composition of pigments was studied in 200~

plankton from several Kam- N

chatka lakes. Paper chroma-

togrépﬁy of lipids in plankton,'

Flig. 13. Astaxanthin content in ' : o .

. oocytes of Far-Eastern = | - co .
salmonidae in the sea depending ‘ ‘
. on the diameter of oocytes: A

1 ~ sockeye or red salmony -
2 -~ chum salmon; 3 - pink
salmon,

(249)
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~consisting of Cyclo s; Diaptomﬁs and Daphnia apeciés produced

_ three coloured zones; two red zZones corrgbponded to free and

esterified astaxanthin and a yellow_zone.tO‘lufein.

Opossum . shrimp \Neo@ggis intermedia) from areas_lqcated ‘
directly above the mouths §f ramchatka rivers.cohtained lﬁtein,-
and various.Calanus copepodé from the ﬁéhring Seé contained only
astaxanthin. ''he latter pigment is also present 1n.euphasiid ‘
crustaceans. |

Fresnwatér molluscs of the lLinnea species contained lutein (2509

and, larvae of chironomids (a mixture of Chironomus plumosus and

€h, tunmii) Zeéxanthin. Oligochaetés (Enchitréus albidus), which

are often used for feeding the young of Salmonidae in hatcheriee
qontained a very small amount of an unknown.pigment when grown

on white-bread. SeQeral-analyses_were:also carried out with the
stomach contents of chﬁm, pink, and soékeye salmdn_from.thQVPacific
Ocean. Food chips contained plankton'crustaceané and pteropod -

molluscs (quantitativa data presented in Table 13). ‘
‘ , ‘pable .13 }
Carotenoid pigment contents in various natural foods of Salmonidae

Material Qualitative Concentra= Note
composition - tion, mg¥ ’
Zooplankton Astaxanthin, lutein . Lake Dal'neo, 1960:
3.0 August, _
" 3.2 - September,
5.0 February,
, _ | 11,0 - April
Zooplankton Astaxanthin 128 . Lake Zelenoe, Sept. 1960
Zooplankton Astaxanthin, lutein 35.2 " L.Topolovoe, Sept. 1960
Larvae of -~ Districts near moscow,
chironomids Zeaxanthin 5.87 April 1963
Limnea species  ILutein 1433 L.Dal'nee, July 1963
Gastric contents Astaxanthin 4e8 Chum salmon
in marine salmon 3.9 Chum salmon
‘ S5e1 . Pink salmon .
6.2 Sockeye salmon

L.6  Sockeye salmon

e r— o A T i ot o s s med e i T A B e C e eme g v gt am mm Amene ampmamar e
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Period of spawning R

At the time of'spémning'some Salmonidae undergo consider-

able changes wi{h regard to qaroteﬁoid mptaﬁolism. Especially
noticeable 1s.tﬁe accumulation. of cérotenoida in the skin of
some Salmonidae species., In Far-Eastern Balmonida§ the skin be-
comes heavi}y colored with.carotenoiQB:»Brﬁeding colour caused
by carotenolds was also evident in other Salmonidae (genera
Salmo and Salvelinus). Freshwater representatives of the geﬁus
Salmo do not possess brightly marked breeding dress but, more
‘ precisely, are quite brightly colored thrqhghout thelr entire
period of life. o ' | -

Changes during breeding period of.the plgment contents
in muscles and ovaries plus their memifanes-vere studied with
sockeye or red salmon from Lake Dal'nee as an example., A ﬁoﬁth
after entering the spawning watér reserVOif until the commence;
ment of spawning, muscular tiésue in SSth males and females de~
colorized to such extent that<the'muscies did not contain ahy
carotenoid pigment at all. Ovaries with their membrahes-becamé
brightly colored at this time and their growth more than doubled.
Hence, it folloked that a process of mobilizing carotenoid pig-
ments 1n-oocytes had téken.place.'l¢ accumulation of cayoténoidsi
" occurred in the testicular.fluid..f |

Analyses were carried out on=tissues‘6f sbékeye salmon
caught in the Dal'naya Rivér‘at‘the time of upstream migratidn
into Lake Dal'nee, and at the time of spawning which began, on
an'avergge, a month after enterihg the iake. Data on the pigment
contents of &uscles, ovaries with their membranes, and skin are

presented in Table 1k,

@



apectra of the Salmonidae akin (Fia. 1#) indicate that ssta-
- xanthin (or more. exactly 1ts estor, aa was shown by a phase
assay) is the basic pigmant or rod parts of the skin, Yellow
parts of skin,are coloured-with ono,or several pigments which
have three aﬁsorption>maX1ﬁa_(ﬁbands? in the ériginal Ruesian ﬂh
' -toxt - translator's note) _ |
It was provad by absorption apoctra of skin extracts
. that'éstaxanthin was present in red parts of the skin of anadro;
noﬁa dockeye_or red,.coho and chum 8almon. Yellow parts of chum
: salmon skin contained lutein. Skin of pink‘salmon, mdwarf"
Vsockefe.and ski# on the head of sockeye salmon contained a
mixture of yellow pilgments (Fig. 15-18).
. The . following resulta on epiphasic 1ipid fractions from
the skin of Salmonidae.were obtained by chromatography on alu-
‘minum oxide columns. | _
I. Skin of sockeye salmon: a. astaxénthin;von the colummn

the pigmeént gave several bands and each fraction had the same

‘

Fig. 1l4. Absorption spectra of whole
skin of salmonidae at spawn-
ing:
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1l - body skin of the sockeye or red
salmon; 2 -« red parts of the skin-
of chum salmon; 3 - "dwarf" sockeye;
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Table 1y

Carctenoid contents in the sockeye salmon tissues

during spawning period

o : Muscles, mg% Skin, mg/m2 “l
Nou ; ’ Engs, mgk
males. | femalea malea femalesl
i y l
At the tlme of heading to spawn ,
A B 3,40 - 4,20 '] 14,6 12,2 7,0
o2 3.40 .| 410 | -10.3 11,6 - 6,40
3 3,30. © 4,00 12,4 9,3 7,0
4 3,24 [ 394 S92 |- 10,2 7.4
5 3.18 3.88 12,6 16,5 7,2
Mean 330 | 400 | a0 | e |72
At ‘the time of .spawning
1 Traces | Traces | . 320 170 . 10,40
2 > y - 316 168 | 10,20
3 » o 224 . 1444 8,90 -
4 ¥ » . 280 140 8,94
-5 » D 256 {126 9,06
Mean 0,00 “0,00 | . 219 | 149 9,50

I£ follows from Table 14 that considerable changes in
the pigment contents in various tissues oécurred at the time
‘when the fish prepared for spawning.. o

Changes in thé pigment cpntents in tisaues of char were:
of the same nature as in Far-Eastern‘Salmdnidé.e: the pigmént
content considerably increased in the skin and was manifested
by more intensive coloration of red zones on the body surface
and on fins.while carotenoids were absent in musclea. However,
‘the plcture was not uniform in char:iiﬁ'a part of Dolly_Vardén
char and in Siberian char with sexual products in fluid form,

~ meat of some was completely or partially decolorized, Femaies
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with nondecolorized meat wefe more freQueﬁtly found than maies;
Studieslweré»cénducted on carotenoid pigﬁénts ih.the
skin of fpgghw§tgf salmon such as the‘éockeyé from Lake pél'nee,
coho from the Dal'naya Rivef, chum salmon from the Av'yaééyam
Rivar, pink salmonifrom the Ozernaya Rive:,,Kamchatka river
salﬁon (Salmo mykiss Walbaum) fro& the Plotnikova&é River, and
char from Lake Dal'nee (Kamchatka). In addition, skin of Seven
trout and»Atléntic'salmon‘from_Kola Pehihéqla was analyzed. The
variety of breeding coloration in Salmonidae ié being explained
by the inflﬁencefof the colénr composifion of chromaﬁophofeg,
Thus, an olive colour is produéed when black and'brown melano-
phores céme §lose‘to jellow xanthéphorés. Mixing of melanopho-
res with erythrophores can give various tints of red, scarlet
and violet colours. If a conbiderableacontraction of melanophores
appeafs, thus breaking off aécess oflair.to the surface of.skin,
two quite puréAcolours remain - red.and.yellqw. Red‘parta'of |
the skin always'contain erythr&phores aﬁd‘xénthophores, whiie A o
xanthophores predominate'in yelloﬁ parﬁs of tne‘body. At the |
time of spawning the amount of lipqphorea in skin of Salmonidae
isAso iarge,'and distributed_sé thick that one can speak ab&ut
them as a compact lipophoric‘layer. Suéh layer was 5 p thick in | (25@
the skin of_sockeye>and coho salmon..In’genefaI, melanophbres
lie under»the lipophoric lé&er; being»similar to a black or
. brown screen, on the béckgréund of which the colour tint of

lipophores can vary to a considerable extent.

It is quite clear that two carotenoid pigments, a yeilow;
and a red One,_participate to a lesser extent in the formation : |

formation of breeding coloration in Salmonidae. Even absorption
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spectra of the. Salmonidae skin (Fig. 14) indicate that asta-
xanthin (or more exactly 1ts ester, as was shown by a phase
assay) is the basic pigment or red parts of the skin, Yellow
parts of skin .are coloured with one or several pigments which_(
have three absorption maximé ("baﬁds" in the original Russian
text - translator's note). | |

It was proved by absorption spectra of skin extracts

that astaxanthin was present 1n red’ parts of the skin of anadro-'-.

- mous sockeye or red; coho,and.chum salmon. Yellow pgrts Qf-chum
salmon skin contained lutein. Skin of pink salmon; "dwar "
éockeée and skin on the head of.éockeje salmon'contgined a
mixture of yellow pigments (Fig. 15-18).

The following results on epiphasic lipid fractions from
the skin of Salmonidae were obtalned by phromatography on alu-

minum oxide columns.

I. Skin of sockeye salmon: a. astaxanthin; on the column

the pigment gave several bands and each fraction had the same

~)
-

skin of salmonidae at sPawn—
ing:

Fig. 1. Absorptlon spectra of whole L;,g/;;; S\\
N, ,
. ]

1 - body skin of the sockeye or red
salmon; 2 - red parts of the skin’
of chum salmon; 3 - "dwarf" sockeye;
L - coho salmon; 5 - head skin of
the sockeye; 6 - yellow parts of
the chum salmon skin, ‘ :
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absorption maximum, Most_likely, théy were various esters of
astaxanthin; b, a yellow, rapidly moving-frgction; a pigment,
which was isolated 15 a much smaller quantity than astaxanthin, (253

evidently, was lutein.

II. Skin of dwarf sockeye contalned two fractions in

addition to astaxanthin: a. lutein (a fapid fraction) and b.

zeaxanthin (a slow fraction, Fig. 15). |
‘ IIX. Skin on the head of sockeye salmon contéined two
pigments: a. lutein (a rapid fractionm, . Fig.wls); b. a.pigment ‘
with absorption spectrum similar to aurochrome (slow fraction).
Iv. Skin of the coho salmon, !wo orange fractions were

obtained (Fig. 16) and, evidently, neither appeared~to be a
.single rigment solution. - b

‘¥s Chum salmon, Fractions 1solated by chromatography

‘ of extracts of the red parts of skim
" ‘

. //y\\\ | : were not pure (Fig. 17),

VI. In addition to some asta-
xanthin, lutein and aurochrome were
 present in the pink salmon skin.
. VIL. Zeaxanthin and lutein
(Fig. 18) were f_ound in the skin of

2 . S S
Yg\ A Pig. 15. Absorption spectra of pigments

/\\jq\ : from the skin of spawning sock-
N

Dy T

eye or red salmont :
. 1 - whole extract. of body skin; 2 - whole
/ﬂ\(\\ 1. extract of the skin of head; 3 - lutein
' from the skin of head; 4 - so-called
p ,
N

. "aurochrome'" of the skin of head; 5 -~ |
TN lutein from the skin of body. _ »

AN
¢
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the Kamchatka river salmom.
~VIIL. In addition to zeaxanthin,jastaxanthin.waa found
in. the skin of spawning Siberian aﬁd Dolly Varden char,
IX. Zeaxanthin and astaganthin were foundAin Sevan trout
skin,. | o |
- KXo Astaxanthih, lutein and the pigment with a spectrum
similar to awrochrome Were ﬁrqsent»in the skin of Atlantic sal-
mon from Kola Peninsula. | | ' |
Table 15 |

Qualitative composition of carotenoida in the skin of spawning

Salmonidae

Number Fish species . Pigments .

-1 ‘iSockeye or red salmon; Astaxanthin, 1utain, aurochrome
2 Sockeye or red salmon dwarfs; Astaxanthin, lutein, zeaxanthin '
3 Cbho; . Astaxanthin, neurosporin

I Chum; o ‘ - Lutein, astaxanthin, neurosporim
5 "Pink salmon; " . Lutein, éurochrome, astaxanthin
6 Dolly Varden char; Zeaxanthin, astaxanthim

7 "Siberian char; ‘ A ZeaXahthin,_astaxanthin

8 Kamchatka trout (S. mykies); Lutein, zeaxanthin, astaxanthin
9 Sevan trout; _ Zeaxanthin, astaxanthin

10 Atlantic salmon from'xola..~ Aétaxanthin, lutein, aurochrome

Peninsula .

Since separation of pigments from the chum and coho sal-
mon skin was unsatisfactory, an attempt was made_to separate such
pignmnents by paper chromatography. As a result two fractions
were obtained - a yellow and a red one, Ihe red fraction (slow.
fraction), as anticipated, proved to be éataxanthin; and the

yellow one was a pigment not found before in Salmonidae; the

fiqst peak of its avsorption specirum was’réduced (in size - added
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" by translator) and the two other
vﬁére of thenéamé magnitude. Similar
ébsorptioﬁ spectra aré_pharacteristic
of carotenoids in fruit - pefh&droe
1yco§enes§ Evidently, this pigment
has'pseudﬁ-rings with one or more
double'bonds hydrdgénéted»(S).
Data on qualltative compoéi-
k tion of cérotenoidq in the skin of -
- Salmonidae ét'the time of spaﬁhing
are presentéd in Table 15, '

vbiscuésion of results

Qualitative composition of careotenold

plgmentation in Salmonidae

Astaxanthin, lutein and

. Tig. 16. Absorption spectra of the plgments

from the spawning coho salmon skin:
1 -~ whole extract of body skin; 2, 4 - im=-
pure fractions obtained by chromatography on
aluminum oxide; 3 .- so-called '"neurosporin'
obtained by paper chromatography;
5 - astaxanthin.,

i.fig. 17. Absorption spectra of the skin of -

spawning chum salmon:
1 -~ whole extract of red parts of the skinj
2 - impure orange fraction obtained by
partition on aluminum oxide; 3 - pigments
from yellow parts of skin; 4 - astaxanthing

© 5 - a“neurOSporinulike pignent.
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zeaxanthin are basiq'pigmenis in Salmonidae; two of them are
always present in.fhe organism of each memper of Salmoﬁidae.
Taraxanthin.was fbund in the skin of élevins and early finger-.
lings of pink, Baltic and steelhead salmon. Evidently, tara-
xanthin appears. in the skin of alevins of all Salmonidae. whose- .
eggs contain astaxanthin. At the breeding time,epoxyderivatives
of pigmeﬁts and pizments similar to h&drogenated'lycopenes_'
-appeared in the skin,

'D.M. Steven (47, 48) and - (255)

1y . : H. Hartmann (41) emphasized that
they found carotene, though in
small amounts, in eggs of brown -

(Salmo trutta trutta) and rainbow

trout. Authors of this paper aid
Aot find carotene even once in -

tissues of Salmonidae, Also other

rss =

% researchers (44, 46) did not fimd
_,// . . carotene in Salmonidae. Obviously,

0 \\\\\\ . _ "some artifacts, resulting from

/ "\ . ) : .

| '\\\ §§\\\»- severe treatment of the pigment
= e _ _

420 440 460 480 500 520 540 560 ’ during‘saponificati_on, were con-

Yo
(

Wavelengih in w sidered by Steven and

Fig., 13. Absorption spectra of the ,
skin of the Kamchatka trout Hartmann to be carotene.
(S._mykiss) and 'twert' sires of the ’
sockeye or red salmon:
1 - whole extract of the "dwarf"
skin; 2 - lutein from the "dwarf"
skin; whole extract of the Kam-
chatka trout skin; L4, 5 - zeaxanthin
from the skin of the Kamchatka
trout and "dwarfs", :
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'l'able 16 presents data on qualitative composition of

xanthophylls in Salmonidae under study.

Ta ble 16
Qualitative composition of xanthbphyllé in~salmqnidae

. Ceem o eeges man

' Musc- .-} Skin (during the

Specien 1 les Eggs | Skin breeding period)
i ‘l ] - ) '
Salvelinus malma A4 2 2A° -
S. alpinus A (& : . )
S. leucomaenis A A A ZA .
Salmo trutta AL AL QLL AL
S. trutla caspius AL AL ;
g. salar basltlcu.sd b A ' AL ' GLA
S, salar (Scandin. ‘A > L.
S. ischchan™ AZ AZ GZA
S. gairdnerii A ‘A AtL.
S. irideus AL AL ZA
S. clarkii - LA Ju
S. penshynensis A A VL
8 mykiss . ZX\ V A 4
ncorhynchus nerka A L
0. keta ' ‘A A E
O, kisutch . A A Eg
0. gorbuscha A A LCA :
Q. tschawytscha A A
O. masu A A ‘ A.Z

Notez: A~ asta’anthin, L - 1ute1n, Z -zeaxanthiu, T .- tara-
xanthin, N - & nsurosrorin-like pigment, C = a pigmont similar
to citroxanthin (v ulochrnﬂe), V - v1olaxanth1n.

+ - in the skin of alevins, + + - in the tdwarf" form,

Astaxanthin was found in eggs of all sPecies under study
except Dolly Varden char. In addition ‘to astaxanthin, lutein was
found in eggs of rainbow and brown trout and Baltic and Caspian
salmon, and zeaxanthin in eggs of Dolly Varden and Siberian char
and Sevan trout. | |

Astaxanthin was found in muscles of all species under
study. Lutein and zeaxanthin were present together with asta-
xanthin in muscles of thosé.fish.which contéined these plgments

in eggﬁo
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Astaxanthin was not found in the skin of fish at the

time when they had typical coloration of pelagic fish and lead

a pelagic way of lifa (that 18 in Salmonidae of the genera Onc o~

rhynchus and Salmo at their marine period of 1ife), in the young

of sockeye salmon inhabitating the pelagic pafts of lakes, and
in the young of spring salmon. These fish contain énly a yellaw
pigment in their skin; basiqally:it appearp to be luteih (finger-
ling and marine stages of life in the sockeye, coho, chum, pink
and Caspién salmon, fingerlings of Baltic salmon and marine.

~ Atlantic salmon from Kamchatka). In char, rainbow trout and
Sevan trout the yellow pigment in sk1n-wés ieaxanthin;

Both lutein and zeaxanthih were found together in thé'
‘skin of dwarf sockeye and also in the Kamchatka river salmon
(S, mykl ss) at the breedinb time. '. .

Astaxsnthin was founa-in skin of benthic and broék'fish
(Dolly Varden char, brown and rainbow trout Kamchatka river
salmon, Sevan trout), in the young of coho salmon, in alevins
and fry of sockeye salmon, as -well as in skin of all Salmonldae
at the spawning time.

‘in addition to zeaxanthin, a pigment similar to auro-
chromé (which'was found in tﬁe skin of héad_1n sockeye and in

the skin of spawning pink salmon),participated in forming breeding

coloration in Salmonidae *, Moreover thia pigment was also found

in the skkin of Dolly Varden kelt (a fiah descending in the Bea
after spawning). Evidently, this’ pigment - a furanoid - is formed
by oxidation of lutein, zeaxanthin or astaxanthin at the ‘time

when the breeding coloration fades.

Ib is not clear from the original text whether it was the pigment':;
under study or aurochrome , Which was found in the fish mentioned -

translator's note.

(256)
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The yellow pigment, present in red parts of skin in

apawning coho .and chum salmon, appeared to be a product of
‘partial break-down of lutein or astaxanthin. Absorption spectrum
of this pigment was the same as that of hydrolycopenesl(ﬁgidroro-
iikepinov“ in the original text evidently misspelled ~ translator's
note). | | | | :
Carotenoids are always present in the skin in the form
of esters of fatty acids, i.e. they appear always as oxycarote- :
noids and xanthophylls).
Qualitative compoeition'of pigments in muscies and ovaries
with their'ﬁembranes (eggs) does-not change in Salmonidae during
- their entire length of life., The same qualitative composition ‘
" cen be found even in such greups,df fish‘that lead a different
way of life, as 1ong as they belong to the same species. Thue,
the same composition of pigments in muscles and oocytes occurs
in migrating and freshwater forma of Dolly Varden and Siberian -
char, in migrating and freshwater (dwart) sockeye in brook trou@

and anadromous Caspian salmon.

Relations between carotenoids in food and body

It was demonstrated long ago thaﬁ caroteﬁoids in fish‘
originate from food (8). Fish lose pigments after some time , if
their food does not contain carotenoids. Feeding tish, which
have lost thelr pigments, with food rich in carotenoids, restored A
the characterlstic prignmentation., Steven (47, 48) 4in his experi-
ments, using qualitative data, showed ‘that carotenoid composition
of food affected the ratip of lutein to astaxanthin_in the bodies
of brown trout. irout maintained on a diet free of carotenoids

were almost not pigmented. When such trout were fed food rich in . . - .
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astaxanthin, normal amounts of astaxanthin and lutein accumulated

ip their bodies within 35 days. Thus, the reaction '
‘Aastaxanthin —— lutein .
proceeded without difficulties in Salmonidae.
o Suppleméotation of food with carotcne did not result
in the restoration of nofmol contents of xanthophylls, i.e.,
there does not exist any mechanism in the organisms of Salmo~
nidae accomplishing the reaction
carotene  ~—-» anthophylls.

Supplementation of food with lutein caused 1ts increase
in the bodies, but did not induce accumulation of astaxanthin.
This means that thecreaction

lutein —> astaxaothin o
18 not possible in the bodies of Solmoﬁidoo. Sufplemontation

of food with astacin did not cause accumulation of lutein and

astaxanthin. Hirao (42) reported that aynthetic1apo-2-carotena1‘

cannot replace carotenoids in the food of rainbow trout.
Results'of'GXperimehta presented.1n>this paper glve

evidence that lutein accumulated in pink salmon fingerlings

which were supplied with food thot contaioad zeaxanthin (larvae

~ of chironomids). This means that in Salmonidae, the reaction
zeaxanthin —> lutein’ R

nroceeds without difficultiea. The reaction ia based on dis-

placement of a double bond in the ionone group. Accumulation

of taraianthin in the skin'of pink and stoolhoad‘salmon alevins,

.while utilizing the yolk sac that containod Qxclusively asta-

xanthin, indicated that a biochomical mechanism catalyzing the

(257)
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reaction
astaxanthin -——»  teraxanthin

do;s exist. | N

For this reason, the reactions of converting astaxanthin
into 1utein, taraxanthin, furanoid derivatives and plgments with_
pseudo-rings can be assumed.as possible in Salmonidae. Lutein
and zeaxanthin can be substituted mutually but~they'cann6t be
transformed into astaxaﬁthin,'i&ga the displacement of carbo- -
xyl and éarbonyl groups inlthe jonone éections of'carotenoids
is not possible in Salmonidae; only ghé cleavage.of a carbonyl
group from the molecule is possible, The-féregoing_statements.
indicate that astaxanfhiﬁ is an "essenfialﬁ.compound fqr Salﬁo-
nidae.

vhe main source of astaxanthin for fish are crustaceans,
Astaxanthin was found in many freshwater as well as marine ¢ruse
tacenas (8, 37, 45). Astaxanthin was also detected in some in--
éects, particularly in locﬁsts (8). It is remarkable that Kam-
chatka river salmon (S, mykiss), feeding mainly on benthos \mol—‘.

luscs and insect larvae) -and fish (Gasterosteus, Pungitius and

Salvelinus species), contain very little astaxanthin, but the
sockeye salmon, féeding mainly on crusﬁaceans,'accumulateimainly
'aétaxanthin. @enerally, preseﬁce of 6né of-the Yellow piéments,
that is zeaxanfhin or lutein, in muscles and ovaries with their
‘membranes is charaéteristic of river fish such as trout-and_
char. This indicates that the specles adapt to accumulate the
pipgment thét is wost avallable. | |

\

Defiecit of carotenoids in food, e.g. when artificiaily
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\rearing fish leads to their decreased contents in varioua
organs and tissues. S, Murayama and M. Yanase (kG) showed that
rainbow trout from fish farms contained little carotenoid pig—
ments, particularly astaxanthin, in their eggs. Evidenily,,thé
food of trout in these farms contained little astaxanthin. Ob=-
viously, a deficlency of astaxanthin in féqd‘in'farms fhat

rear tréut, char and salmoﬁ, leads not only £§‘a formatioﬁ of
sexual products of unsatisfactory valuev(aé will be showﬁ iaterj
but even to incomplete exploitation of the growth potential By
fish, Supplementing food Qi@h {carotehdid ~_added by.translator)
ingredients faﬁérably affected the Salmonidae. Good results

were obtained when shrimp f;ouf (36) was added to the food for

bull trout (Salvelinus lepechind). Weight 1nd1ces 1n‘trout im-
proved when fed with crustaceansA(a food‘rich in-astaxanihin)
as compared with control trout which ﬁere.féd fish and meat,

Feeding of Salmonidae in fresh water hés been studied
quite well (7, 8, 11, 13, 14). In agreement with published data,
char feed on benthos (lafvae of'insééts~and molluscs), aerial
insects and fish. Tﬁéy consume quite large amounts of fish eggRs
at the time when Salmonidae and stickleback (Gasterosteiéae) aré '
spawning. Also crustaceans present 1# stomachs of swallowed can
- serve as a sour#e of astaxanthin for char,‘in.addition to plank-
ton and benthié crustaceénag which appear seldom in char ratioms,
A stud& of deficiency of yellow pigments iﬁ'char was unnecessary,
because such plgments are presgnt'in‘sufficient amounts in-mbl- :
luscs and larvae of 1naects. |

Phe food of salmon fingerlings in rivers practically

does not contain astaxenthin but only interchangeable.yellow
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pigments; however, salmon fingerlings in rivers do not usually
reach such dimensiens-at which astaxanthin stafts to accumulate
in thelr muscles and ovaries withlmembranes.;Freshwater forms
of fish and large fingerlings appear,particularly, in speciles
of Far-Eastern salmon, which spend their fingerling stage in
lakes rich in z00piankton.ePerhaps; pfotracted residence of
these species (sockeye, coho and mese salmon) in fresh water

is possible, particularly, because their food is rich in asta-

xanthin,

Caroteneid dynamics in the bodies ef Salmenigae during‘ontogeneeis
In contrast td'etatements made by M. Gloﬁer et al.(39),
our experiments 1nd1cated that durlng the embryonal period of .
development utilizatlon of carotenoids amounted to several -
percent of their initial contents in the ‘eggs. Moreover, it was
found that the consumption of carotenoids in eggs depended on
the conditions of their development. (Increased - added by trans-
lator) temperature illumination and radioact1v1ty increased the
consumption of caroten01ds in a time unit. This phenomenon was
connected with an accelerated rate of the development of embryos,
Nonepecifie action of various kinds of_rediatien energy on egg
plgments gave evidence that similar, if not.even the same, effects
(of radiatlon energy - added by translater) mey 1nfluence the eggs.
Yfu. B, Kudryaﬁov et _al, (12) explained the breakdown of carote-
noids irradiated in a lipid solution by indirect effects of free
radicals formed in the lipids., Evidently, the same mechanisms
affect the acceleration of many- developmental processes and, con- .

sequently, the rate of embryonal development in general. It is

not yet clear whether carotenoid play a role of “"extinguishers" . =

IN
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of free radicals or, whether they are the source for their
fdrmation. | ‘ 4 . :

Utilization of carotenolds continued after the hatch of
alevins.,ItAis not khowﬁ whether conéumption of carotenoids has
any ph&siologicalAsigﬂificance at that time or, whether it appears .
-to be a natural breakdown of relativély unstable compounds due.
to the effects of light,

| It vas possible to éstablish that the young of fish pr?-
served a certain, sufficiently stable, concentration of carote-
_noids in skin prov1ded that their food contained eufficient amounta
of carotenoids. Steroids, which also are yellow but of amother
tint, started to accumulate in xanthophorea if the food contained
qulte a small amount of" carotenoids. rhe colour of pink salmon
fingerlings which had fed on carotenoid-defigient food-(oligOo& -
chaetes), was unnatural, that is‘lettuce—green. ,

Viable, carotenoid-free trout obtained by D.M, Steven_(AB)-
cannot be considered fully valuable fop l1fe under natural con-.
ditions, because it ié knéwn that unnaturally coloured organisms
fall prey to predators first (49). Ko.aerious attention has been
paid to carotenoid diet in the young fish in fish hatcheries. |
Only traces of carotenoids were'fpuna‘in.fingerl;ngs of £he Cas;
»p:l.'an salmon from the Chimkent fish férn, and in trout fingerlings
from the fish farm in Chernaya Reka., However, the unnaturally
coloured young of fish.arernot fullyAvaluablé. Fish usually have
various coloration 1rre3pective vafious periods of 1ife. The
smallest'fingeflings of the sockeye (below O.S.g) conﬁain'asta—
‘xanthin in . their skin, larger fingerlings (yeaﬁlings)-cqntain

. less pigments in their skin than the young of the year. This is -
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connected withvthe fact that thé youﬁg of the sockeye live ‘
in the littoral parts of_lakés for some time after leaving the
redd, and later become pelagic fish. The young of bhe coho salmon
are moré firmly bound to littoral areas and brooks and have a
tjpical parr coloration: this is not true for the lake-sockeye,
Char, whose siin gontéins even mbre'caroténoids, are bound to
the water-reservoir_bottom even firmer than the young of the coho,
Carotenoid contents in skin of Salmonidae at-their»marine

beniod of life are about the same as 1ﬁ the pelagic sockeye.
Hence,it follows that thevfunctional rolé of pilgments in.skin'
is the same, that is, to produce*maskiné_coioration. Hirao et al,
(42) studied carotenoid pigments in the skin of 26 species ofl
marine fish and found that absorptioh spéctfa of skin pigments
were identical with transmission spectré oflsea‘water. TﬁiS*
gives pelagic fish an imbression of natural gray colorationm,
when viewed under W#ater. | |

| Appearénce-of carotenoid:pigments‘iﬁ muscles, their accu;
mulation up to_thé maximum and diséppearéncé_at the time of-

spawning, were investigated in several speciép of Salmonidae,

'Astaxanthinisyarted to accumulate in the muscles of sockeye

juveniies when they reached about 20 g of weight and continued

to accumulate,prqportionally to the weight 1ncfease until the
maturity stage LI-III of their gonads. Latef on, astaxan;hin
content (concentration) remained-constanﬁ in themuscular tissue
until the ﬁeginning of the epawning peribd; when carotenoids

from mugcles were mobilized into ovaries and their membranes

and skin, 'l'here are no reasons to assume. that different conformi-

ty with the dynamics of carotenoids in fish muscles could be -

(259)
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found in other species of Salmonidae. Unfortunately, it was.

not possible_to catch and analyze chgm,'pink énd~coho salmon
weighiné between 20 and 500 g, when astaxanthih céncentration
increased in their musclem. individuals of these fish speciés
caught already possessed maximum concentrationrbf pigmenta in
thelr muscles, | | |

The dynamics of carotenoids in mﬁsclos of other fish |
species were studled 1n less details. Insufticient material
on Dolly Varden and Siberian char allow us to'judge only the.
maximum pigment concentration in muscles, but, because there
is very little pigments in muscles of char Juvenlles, it can
be assumed that the natﬁre of their accumulation is the same
" as in the sockeyé salmén.muscles.-rhis has glso been shown by
Steven's data on the dyﬁamicslor carotenoids in trout muscles (47).

When the fish prepared for_spdwning, cafotenoids_in:
many Salmonidae weré transported partially or completely into
ovaries and their membranes and in skin.AWithoﬁt exception,
complete discoloration of meat was observed in all representéQ

‘tives of the Oncorhynchus genus. In char the transport of caro=

tenoids from the muscles into skin and eggs, evidently, proceedéd
to the extent fequired; _

Accumulation of carotenoids.in cocytes of the specles
under study proceeded to various extents. Xanthophyll content in
méture’oocytes_of various species fiuqtuated from a fraction of
a mg% to 10 mg¥%. Dynamics of the accumulation procgsé was diffe-
rent in various groups. In freshwater species such as the Siberain
and Dolly Varden char and brown trout, no large fluctuations in the

pighent conceﬂtration in ococytes were.observed;even:if some différehéaa.



did occur - , it was impossible to explain them in terms of

the degree of maturity of sexual products.

The pigment accumulation in oocytes of migratory Far-
Kastern Salmonidae is quite a complicated problem. The general-
feature of all species under. study'(sockeye, coho, chum and
pink salmon), is an increased concentration-of'astexanthin du=
ring the breeding period. There also are common teatures in the
nature of the pigment accumulation in the early stages of gonad-.
development.

An incrcase of pigment concentrationlin the ovaries-and
their membrenes wae‘observed in sockeye, chﬁm and pink selmon
during their marine period of life; in the eoho, on the other
hand, assessing within the limitatioms of small amount of material,
the pigment concentration rather decreased et that time.

Balanee of carotenold accumdlatien in bodies of the
sockeye salmon during ontogen381e from fertilized eggs to spawn-
ing (Fig. 19) can be calculated from the data obtained. The cal~
culation was carried out for hypothetic fish which. had lived M
for three years in fresh water and for three years in the.eea.
Sockeye eal&on with such a life cyeievaypeer very seldom, becaﬁse
fish, which had lived for three years. in fresh water, spend a
Year in the sea, while fish descending in the see at the age of
1 to 2 years, live in the sea for 3 years. However, euch»an
| assemption permitted to show the»relations between pigments in

the bodies of fingerlings of various growth groups and to separate

the marine fish into groups according to maturity stages (Fig. 19).

The sockeye salmon usually paesed'throug&~etages‘11 and 1I-ITI

during the first 1 to 2 yeers of life in the sea and the stage

(260)
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III and higher , in the last year of their life. Fig. 19 '

’ s L]
iltustrates the role of muscles-as“a repository of plgments,

The total amount of carotenoids in the sockeye salmon bodies
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Fig. 19, Distribution of carotenoids in the bodies -
of males (a) and females (b) of sockeye or
red salmon during their lifetime.
M¥* - "upstream migration", -
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increased several thousand times in the course of life as com- (261)
pared with the carotenoid contents in the eggs. After the ab-
sorption of egg yblk; all carotenoids cbncentrated in the skin.
When the fish attained 20 g of weight, the carotenoid pigments

started to accumulate in muscles. the portion of carotenoids
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in muscles increased until the end of'thelmarine period of life-
and, at the time of entering fivers; it reached 0;9. “in females
(probably printer's error - translator's ﬁote) and ‘as much as
98% in males. Carotenoid contents‘(portién) in the ovaries and
thelr membranes ap?eared conéiderably-high.in the lg§t~year of
‘1ife in‘the sea, wﬁen sexual érgahs intensively‘grew, and reached
o maximum of 68» at the time of spawning. Phis gives rise to
an impression that the residues (truly , E they are qulte consi-
derable) of pirments that did not participate in the composition
of eggs in females, were transported into skin, In male salmon
carotenoids were transportsd-into skin completely.

Functional importénce of carotenoid‘pigmenta

Since carotenoids accumulated in muscles and were trans-
ferred into eggs and skin when the fish~prepabed for spawniﬁg,-
it follows that the muscles were the place:where these compounds
were deposited. 1t was not yet proven whgther carotenoids play
any metaﬁolic role in-musdles.:ihe muécles do.nét functionh as
the""repositofy" §f cérotgnoids‘in all fish. This role is played

by fish'liver of the Perciformes order. In some Gobrildae very.

large amounts or carotenolds accumulate in the liver, coloring

this organ brightly ofange. it was also noted (45) that in lump-

fish (Cyclopterus lumpus) carotenoids are transferred from the
liver into other tissues.>In some'Salm§nidae the 1ivér,.in addi-
tion to nuscles, is the place where carotenolids concentrate.-Ca-
rotenoids were found by the author of this paper in the 1iver of
char, by B. von Euler (38) in the liver of noble salmon, and by
Steven in the iiver of trout (48). Liver of all_Far-Eastern

. Salmonidae very seldom contain even traces of carotenoids and do
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not appear to be the site of their regular accumulation,
- Carotenoids are found in muscles in the form of stable

lipoprotein complexes. They are transportqd'into other organs

and tissues by bipod in the form of lipoid micelles, stabilized
with ﬂ-globuun. | ;

~ For ‘the grééter part of iifé}bf fish the function of
carotenoids in skin is, obviously, to participate in the for-
" mation of protective coloratibn, ;;g; the‘qéroteﬁoidg have a
physical function. The quéstion'of ;hé function in coloration
during breeding is more complicated. A.f. Smirmov (24) shqwed
" that the antikeratiniéing role of carotenoids prohotes regené-
ration of skin during theibreeding périod. Skin beéomes lbosen-
ed, scales partially résorbed and sunken in the depth of skin,
Such a state of skin aéceleratéé gas exchange in skin, pérti-
cﬁlarly reépiration. Smirnov's assumption (34) that carotenoids
in the"skiﬁ of spawning salmon stimuiate_respiration (oxygen
uptake) by 'activatiﬁg moieculér oxygen through the mechaniem
of peroxides was_not-proven'because ﬁd peroxide éompounds were
found in the skin of spawning salmon (33).

Concerning the role of.carotgnéidé in oocytes, f; Gudvin

S) postulated‘thﬁt the ppesence.of garoteng}da in a free, un-
esterified forms appears illusive, eépqcially'from thé viewpoint
of metabolic and not physical functions in develoﬁing eggs. The
process of accumulating carotenoids in immature oocytes sets
in gradually and assumes some metabolic foles in developing

oocytes during maturation process in ovaries. It has been

proven (34) that the peaks of astaxanthin accumulation in func tio=

- nal elements of ovaries, that is in lipochonmdria, coincided with . -

(262)
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the time of enhanced nitrogen metabolism, and, consequently,

with loading of the internal medium of the organism with nitrogem-.
containing metabolites. A break on the curvp,"expreesihg carqtenoid>'

accumulation in oocyte lipochondria; 1ndicates,that_there was
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Fig. 2C. Astaxanthin cénteht in lipoéhondria of oocytes 1xi
sockeye or red salmon during the freshwater (1)
(fingerling) and marine (2) periods of life.
a sharp rise in the-astéxénthin accumulation in lipochomdria
immediately after thevdescent of fisﬁ'in'the.sea (Fig. 20) .
Metabolic changes due to effects of fluctuating salinity oécurred
in fish (1);‘Accumulatioﬁ of toxic nitrogen—céntaining mgﬁabolitea :
was also observed in the organisnsAhfta; entering fresh watﬁr
for spawning (16); at this time a pra-spanning rise in asta-
xanthin acdumulation_inAbocytes was observed;
 fhe peak of carotenoid concentration in eggs at spawn-
ing was pfesent in all migratéry salmén-apeqies under study.

This leads to a hypothesis that the role of carotenocids in

. ococytes is connected with én increased resistance of some inm-

portant oocyte strucﬁures to poisoning dpe to nitrogen-cqntaining:‘
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metabolites, This is also evidenced by the resulis of experi-

ments with develeping salmon eggs (33). It was proven (32) that
- the coho eggs, being rieher in pigmente, were ﬁore resistant
to the~effecf of endogeneoua ammonia than the rainbow trout
‘eggs (Fig. 21). It cen be assumed that free xanthophylls take
part in an emergency cycle of ammonia detoxication at the timc-
when basic systene (es8. the ornithine .cycle) are overloaded.
' The fluidity stage V is characterized by the presence
of eocytes in the body cavity, unconnepted to the blood circu-
latory system. Evidenfly,-tﬁis 15.:es§oneib1e for pre-sparﬁieg
poisoning in.completely mature eggs, and can lead te'tﬁeir
irreversible overmaturation (55 It 13; particulaily, the poi-A
soning of eggs that explains the etriking decrease of the 1eve1
of cellular respiration in oocytes before: discharge (ogg depo- |
sition). | .
Before deposition of eggs, the maximum of carotenoid

concentration was observed both in oocytes and in ooccyte- 1ipo-

chondria. 0bv1ously, the role of carotenoide lies 1n diminiening.

intoxication of oocytes. at stage v. This_alOne can explain a
higher pereentage of fertilized eggs in rainbow trout which.
contain more carotenoid pigﬁenfe (46).

The.amount'of carotenoid pigﬁents eorrelates quite‘

closely with the flow rate of water in speawning grounds of

Salmonidae, i.e, also in their redds, Water flow rate in spawn-

ing grounds of several Salmonidae species was determined by
Krobkin and Krogius (1l&), and Vasil'ev and Yurovitskii (6).

Conmbining their data, and coﬁparing them with data on the asta-

xenthin contents in egge, which»were characteristic of certein‘..

(263)
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species made possible to pick a line of pink chum, coho and

-sockeye salmon with 1nverse relationship between the pigment

contents and water flow rates on spawning grounds (Table 1?)'
- ‘ ' Table 17
Dependence of pigmentation of Salmonidae eggs #n the
- water flow rate on spawning grounds

Species L Flow rate (m sec.) ‘Astaxanthin- content (ng%)
Pink salmom o . . . . « o o 0¢3 .~ 142 - 1.2

Chum salmom . . « + + + « » Oudl = 0,9 1.65

Coho 5alMOm o v o « o o o 0 0u2 = 0,3 6

Sockeye or red salmonm . . . - 0.1 : .9

o

0.05

0625

N BT R B
Time of occurrence of death to embryos
in minutes

Fige. 2l. Dependence of the time of occurrence of death to embryos

of coho (1) and rainbow trout (2) on ammonia concentration
in water.,

An interesting viewpoint concerning'functional‘impoxt~
ance of carotenoid pligments was published by Smirnov (23) and

Soin (25, 26, 27) who noted that the inteﬁsity of carotenoid
pigmentation of various fish correlated with the conditions

under which their eggs developed. The main emphasis was laid
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on the avallability of oxygen. 'he authors concluded that the -

carotenoids in eggs seemed to ‘have a fuhction:td.stimnlate con=-
sumption of oxygen at its 1$w.ievel in watef. In this connection,
Smirnov (23) introduced the foiloivingv chemical shemes:

. carotenoid +-02 — peroxide'-f- caréﬁgnbi¢f+va.o : (1}'.f £

cafotenéf+ 02:-—-1xgn£hophyll o S _ (2)': o

However, presence of carotenoids of hydfocarbon nature
in fish eggs is quite qﬁestionable_(in ﬁnésign: carotenolds hydroé
carbons - translator's noﬁe)-and, in addition, at the present
time, equation (2) is considered impossible. In agreement with | (264)
recent studies (20), hydroxyls and carbonyls of xanthophylls" |
are not capable of'participating in the.metabolisﬁ of o#jgen.

At the present time the following systems (18),Ain which éaréte—
nbids participate in okidétion, are considéred p@ssible:-
| violaxanthin = antéraxanthin,~ |

zeaxanthiﬁ ——— anteraxénthin - lutein,

- violaxanthin ——%‘énteréxanthin.-—A zeéxanﬁhin.

- A carotenoid époxide>appéérsitovbe,an indispensable member '
of each system; mentioned above; Only oxygeﬁ of the epoxide and
furanoid groups can be liberated and, thus, participate in oxi-
dation processes, Nevertheless , carotahoid epoxides have not
been found in eggs of Salmouidée. | _

Also, several objections'could be raised to Model 1,
suggested by Smirnov. It is knowﬁ thgt peroxides of polyenes V
decompose with simultaneous breaksown of the carbon cha;h of thé_
compound. in such event, if carotenoids iould participate in
oxidation, thelir expenditure shouid ;onsiderably be higher than

. observed, Caroﬁenoids would be rgpidly_apent because"the breékdOWn 3
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_ reaction of carotenoids is irreversible in 11ving'organisms;

in addition, alse, other objections (33) were‘raieed against a
"peroﬁide“ scheme of carotenoid -participation,in.the respiration
of eggs. Basically, the objections are as follows: decomposition
of peroxide der1Vatives of polyenes is catalyzed by peroxidases
which were :ound only 1n protoplasmiC‘structures of developing
eggs, Where‘carotenoids are not rresent; while, peroxidases are
absent in yolk which contains carotenoids. Caro%enoids alone do
not indicate to possess peroxidase acpiﬁityAin living organisms,

Results of Hartmannfs experiments (41),;whieh were set‘
up to prove that astaxanthin in~trout eggs stimﬁlates taxis and
mobility of spermatozoids, though promising, were refuted by
Goodwing (40). '

Antihistamine‘properties of carotenoids, perhaps, are
important in numbing (deedening) the aensitivity of pain-sensing _
and tactile receptors in skin at the time of difficult migration '
to the spawning grounds, preparation of redd and impetuous |
‘spawning period. _ ,

Carotenoid plgments, probably;Aplay some fole in the
counteraction'against developing fungai flora on skin, since
general and unpigmented fish, 1if injﬁred, became-govered_With'

_ Seprolegnia much more than the fieh in bfeeding dress,

As regards the role of carotenoid pigments as an element
of breeding coloration, oﬁe even»'-cahnot completely exclude its
function of'protectiQe coloration.’Aliﬁough Selmonidae.are'colour-.A
ed very brightly at the time of spawning, it should not be for=-

gotten that they spawn 1n.fa11, close to the banks covered Witp

grass and trees which also are brightly coiqured. Reflection qf
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ficult to distlnguish. Furthermorc, .some fish, e.8s the coho,

‘usually hide under the banks when chasad.

Besides, it is not known how red and yellow colours are

_ perceived by the eyeS‘of spawning salmon. It‘is quite possiblo

that the red coloration simply replaces black melanOphoric pig-_A
mentation._

The assumption, which has existed for a long time, that

' harmful metabolitea are accumulated in the skin of spa!ning sal-

mon, is not baselees. When studying the akin of spawning salmon,

foul smelllng compounds were noted upon boiling alcoholic X~

tracts of skin. Such‘phenomeuonjwas not observed in éxperimeﬁta
with.the_skin of fish free of breeding Changéa. it can be assumed

that, at the spawning time, the skin 1s’thc place'where degrcdaticn (265)
products of prctein métabolicm are bound; carotcnoids play a role

in absorhing such products.

Conclusions

1. Quélitatiue compogition of carotenoid pigmentc in'nus; l.
cles and ovaries of Salmonidae is constant 'throughout their life,

2. Qualitative composition of carotenoids in the skin, chan-
ges during the life cycle anc is: different at the stagéa of alevins)
fingerllngs and the marine and spawning periods. o

3. various speciea (of Salmcnidae - added by translator)
often differ in their qualitativo composition of carotensid pig—

ments in muscles, ovaries and skin. _

4. Three xanthophylls were found in muscles and ovaries:
astaxanthin, lutein and zeaxanthin. Astaxanthin alcne.or.in combina~"
ticns-with lutein and zeaxanthin can be present in muscles.aud oVéricq

of Salmonidae. A
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5. Besldes lutein, zeaxanthin and astaxanthin, the

following pigment derivatives appeared in the akin of Salmo~

nidae at certain periods of life' baraxanthin, violaxanthin,
a plgmnent similar to aurochrome and neurosporin. A

6. Muscles were the site where carotenoids were depo-

stted in 411 Salmonidas, and the liver, ia addition, vere such |

site in representatives of ‘the Salmo and Salvelinus genera.
7. Presence of carotenoids in fine structures such as

the air bladder and tunica vaginalis testis (testicular lining)

can be connected with antikeretinizing propertiea of carotenoids.
8e Presence of carotenoids in oocytes 1s most probably

connected With their resistance to harmful effects of endo-

geneous and exogzeneous amines. .. -

9{ Presence of‘carotenoida in skin‘is connected with

.phototropid reactions (coloration) of the organism and with

~antikeratiniz1ng properties of carotenoids, particinating 1n

pre-spawning changes in skin. _

10. Astaxanthin appears to be an’ "essential"vcompound _
forVSalmonidae. 1t cannot be synthesizad 1n'the organism from
other'compounds, even of quite simiiai cemposition, and must
be administered with food. Other xanthOphyils present in the

organisms of Salmonidae, can be-synthesiied‘rrom'astaxanthin

‘and, to a small extent by 1nﬁerconversion from each other,

11, Eggs which contain more carotenoid pigments, give
a higher percentage of fertilization and are more resistant -

to deficient water £low rates, and hence, to the’ resulting

increase of the metabolite contents in water.
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12, Carotencid pigments must be_preseht in the raticns

of the young of Salmonldae. rood rich in xanthophylls consists
of marine- and many: freshwater crustéceans, larvae of chironomids,
and eggs of benthic fish, | . L

13. In fish farms raising trout, great attention should
.be paid to the carotenoid contents in the rations of ‘the breed-.

ing herd. tood for females must contain astaxanthin,
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