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The lp!id composition of the pineal organ from the rain-
bow trout (Oncorhynechus mykiss) was delermined io e5-
tablish whether the involvement of this argen In the
comtrel of circadian rhythms is reflected by spesific
adeptations of Hpid eowponition. Lipld comprisad 4.9%
of the Hague wet welght and trincylglysercls weore the
major lipid cless present (47% of wial lipid). Phos-
phatidyicholine (PC) was the principal polar lipid, and
stnaller proportions of other phosapholipids and choles-

sumnd wrare slen nessoent Plosmainmens sembeibisdod 110,
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of the ethanolamine glycerophosphelipide (EGP). No
carebrosides were detected, The fatty aold composition
of aiscylgiycerols was generally stmilar to thai of totel
lipids in which ssturated, monocunsaturated and
polyunssioraied fatty acids (PUFA) were pressnt in al-
most equal proporiicos. Each of the polar lipid clesses
bad a specifie faity acid compodition. Wiith the sxcepiion
of phosphatidylinesitel (PL, o which 20408 eomprissd
27.4% of the toial fatty scide, 22:80-3 wae the principal
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nevar axceeded 8.0% of the fatty arclds in any Hpid class.
The predominant moleculsr species of PC were
18:0/23:80-3 and 16:0/18:1, whiech accounted for 38.2 and
28.5%, respectively, of the tolal walecular species of this
phoipkolipid. Phosphatidylethenolamine (PE) con-
tained the highest lovel of di-28:80-3 (13.46%) of any phos-
pholipid. There was sise 4.5% of this molscuiar opecae
in phosphatidylsering (FS) and 4.1% in PC. In PE, the
species 16:0/2248, 18:1/22:8 and 18:0/22:8 totslled 45.1%,
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moelecular species. The most abundent moleculsr
sp\ecian of Pl was 18:0/2040-8 (37.8%). The lipid composi-

tinn of the hlnﬁﬂl argan nf ﬁmut and nnr‘hmﬂnrlv tha
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molecular a;:ecies eomponiuun o!' P, is more sin'nla.’r to
the compesition of the reting then that of the beajn.
Lipids 28, 311-317 (1684).
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the pineal organ of the brain are essential components

of the circadian ayatem that messures the period and
phase of the daily light-dark cyelo and ultimately con-

tmls rhythmic processes (1,2). ln keeping with t}ua role,
the pineal srgan of fish contains photoreceptor cells that
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high-parformance liquid ch ?;"m';i;g?&?(;,' "HPTIC, high-parfar-
munte thin-dayer chromatography, PO, phasphatdylcholing, PE,
phmplmudylwmmoiammo, P, phwpbahdy!glym i, phos-
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fatty acds; 8M, sphingomyelin: TAG, trisoyigiycerols. Malecular
apecies are abbreviated as fallows: . £., 16:0/22:6 PC in I-poimitoyl-
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ceptors of the relina (3,4). The photoreceptor cells from
both tissues translate the light-dark information into a

nevral sntent of arcitatney nepratlromanitiar (8% amd o
DEUra: cutpul ol eXalatery NEUTGLIBNMMLLLET (o) SNd &

rneurchormonal output in the form of melatonin (3). In
addition ta be‘mg multimeasenger colls, the phawmwp
lﬂ)’ W}lb UI uu: uu.mu.{ Wml BRye B%RFU uxuuum&:wra un.u
can transduce information supplied by other eternal
(s:mh &5 ternperature} or :fmenml {calechol-amines,
HOeROsIne, JLIOIN8R) IBCLOFYE. Yy NOreRs retinal !ﬂf‘lﬂm!\ln
sols preferentinlly in an autocrine/paracrine manner,
the malatonin secreted hy the pineal contributes largely

to the eireunlatine lovele and may be invalvad in the con.
g 1 41 0 i Lhe con-
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tro! of seasonal eventa, pa.rur:ulnrly raproduction, in vor-
tebrates (3,68},

The s@ &C@m‘ﬁ; uhuuumnap:un of the retiua and brain
of vartebrates, including fish, are known to eontain high
levels of the mlmaaturawd fatty acid (PUFA) 22:6n-3
{5,10}). Within the relina, the 22:6n-3 ie apparently con-
centrated in the membranous outar aegments of the phe-
toreceptor rod cells (11), and these cells ianlated from

fmnﬂ retina exhibit & selertive uplake of 22:6n-3 in pitro

(12). A requirement for 22:60-3 in the visusl process has
bren demonstiraied in studies with newborn primates
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visual scuity is affected by deprivation of 22:6n-3 during
postnatal devsfopment of the infant (13). Peruxidation of
22:6n-3 is one of the primary eventa ohserved in inher
ited or traumatically induced photoreceptor degenera-
tion (8,14).

226803 mhgsnhnhmda are known to be major com.
ponents of rod outer segment membranes in frag and rat
{15,18). Recent analysss of the phospholipids of the
brain and retins of trout and cod have shown that di-
22:6n-3 molecular species are major constituents of
phoaphatidylahuﬁne (PC), phuﬁphmidyﬂath&mmmim
{PE) and phesphatidylserine (P8) in these tissues and
that this i particularly true of the retina, where the
gmounts ars consmderably higher than those found in
terrestrin]l mammals (17.18) The importance of 22:6n-3
in the visual process of fish is aiso indicated by the ob-
servation that the propoertion of di-22:61-3 in the phog-
pholinid of the developing syes of herving larvee in-
c:raam \ﬂnt.h age a6 the roda are recruited into the photo-
receplor population (19). The results of these nutritional

abudise smd tha oeoseros nf ‘5m.ﬁ nmnnnf‘a nf‘ di. 2958
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phospholipid in the photoreceptors of the retina suggest
that 22:66-3 has an essential and unique role in the pri-
mary events sssociated with the absorption and trans-

duction of photons. This might be of crucial importance
for the photaperiodic cantrol of the production of mes-

sagwe, gueh aan melatonin,
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R.J. HENDERSON ET AL

By analogy with the retina, it is probable that 22.6n-3
ia a major PUVFA of the lipids in the photoreceptor cells
of the fish pineal organ. To examine this hypothesis, we
determined in the present study the detailed lipid
composition of the trout pineal with particular attention
to the PUFA contont and molecular species of phospho-
lipids. As far as we are aware, the detailed lipid compe-
sition of the pineal organ from fish has ool been re-
ported previously and only a limitad emount of informa-
tion is available on the lipida of the organ from
mammals (20,21). Information gained from the analysis
of the trout pimal argan is of basic impnrt.ance A8 rmame
malian pinealocytes are accepted ss being phylogensti-

cally derived from the fish pineal photorecaptor eells (2).

MATERIALS AND METHODS

Fish and pineal organs. Rainbow trout (Oncorhynchus
mykiss) of average weight 800 g were obtained from o
comamercial fish farm (Pisciculture Bellet, Angouleme,
France} where they had been maintained under natural

. b B e b e T nd e S

u.li‘lulu.uua UF WE LT BASIRRERII R LA B mlu lewlﬂlwd Ou'u
hundred fish were killed by decapitation. Pineal argans
were removed immediately from the fish, frozen in liquid
nitrogen and stored at —-85°C until {uken for analysis.
Chemicals and solvents, Phospholipase C from Boeil-
fus cereus was purchased from Boehringer Corporation
iLondon) Lid. (Lewes, Bast Sussex, Engiand). Oxaiyl
chloride and anthracene 8-carboxylic acid were supplied
by Aldrich Chemieal Co. (Gillingham, Dorset, England)

;!lI.I n('!\ﬂv rhemirale and bischemisals were pnrnhnund

sis OF CHROIMETalE & DIO0LO8NIC8:0 Wars Vranased

from Sigma (Ponle, Dorset, England), and sclvents of
high-pesformance liquid chrometography (HPLC) grade

warmeny B nd o Fathbes Fhamisale (e iloehy
Were GukaiNed MM Malnois LO2MICais L wWlsR8Iour,

Peeblesshire, Scatland).

Lz‘pid extraction and anaiysis. After thawing, the
puma; OTEALB WELe ’W‘Elg‘ncu and iransferred to a Teflon-
in-glass homogenizer. The organs were homogenized in
37 mL of chloroform/methanol (2:1, vo]fvol) essent.ially

ag npmnnnn nv l hﬂ‘lhﬂ (‘ﬂ}'! m .ﬂ!!__.’!‘ﬂct. BD]{‘IE amwznt

was ramoved under g stream of nitrogen and the result-
ing lipid axtract desiceatod overnight under vacuum in &

mearn kol hnl-u\ "I‘hn in'hn nmd  samtants wars bhnh
PICWOIELIEG: Wil &5 ATia COKvdiwe

reweighed Lo obtain the weight of the lipid extract which
was redissolved in chlomfomu‘methanol {2:1, volfvol)

PO S [ W Sy . Ju. NS S 4 o Al NP
- *419 3 uu.u'\eu unuur BRI HLIOUSEXIEIC L RAMEOETE) db T 18 L 2o
tween acalysea.

To establish the !ipid class mmposition, aliquot.s of

nmn axiract were Rlln‘lP(‘l’ﬂﬂ 1] msrn-npnnnnﬂnne Lﬂll.l-

l.ayer chromatography (HPTLO) alongmde authentic
standards using hexa.ne!dmthyl ethnr/glacml acetic acid

llﬂ!ﬂl’]‘x hw U'!\.I l an I‘.HA mmlnmnn ﬂl'\l\lhﬂlt l‘l'li‘ tl\ﬂ annn-

e e

ration of neutral_ led classes and maethyl ncat-ate!pm-
pan-2-ol/chloroform/methanol/(.25% (wiivel} ag. KCl

{95-95-GE-101-Q by vnil for the genaration of nalar Lhnide
Vind iad danda a0 00, 3F Vs, aten OO SCPATRRIGN OX QAT sAPIGs.

To confirma which polar lipid ¢lasses were present,
aliquots of total lipid were aleo subjected to two-dimen-

il TEEWDT M ML . Yo s d bl e o b
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tern described previously was used for development in
the RArst dimension and chloroform/acetone/methanol/
by vol} was employed for

PN
acotie acid/water {10:4:2:2:1,
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development in the sscond dimension. Developed chro-
matograms were visualized with copper acetate in phos-
phori:, acid (23) L'Lpid clase composition was quanti-
tated by double-development HPTLAC coupled with scan-
ning densitometry, ss deseribed elsewhere (24).
Estimates of the relative amounts of the plasmalogen
and the discyl forma of ethancolamine givcerophospho-
lipids {EGP) were obtained by acid hydrolysis of the iso-
lated EGP ir situ on an HPTLC plate followed hy chro.
mategraphy and quantitative phospbate staining as de-
scribed by Bell and Dick (25).

For the analysis of fntty agid composition, individual
npm classes were ucpuruu:u uy iwo-dumensional TLC on
20 x 20 cm glaze plates coated with silica gel G 60 (0.25
mumn thick) using the solvent systems described here. The
st.parawu clagsses were \'IBUBHRG Dy spraylng lﬂﬂ ('.'III'D—
matogram with 0.1% 2", 7-dichloroftuorescein in metha-
nol contaiming 0.01% butylated hydroxytoluene and by
viewing uwnder wilraviolet light. Teiscylgiycorois (TAGs)
were purified by redeveloping the chromatogrem in the
reverse direction of the second development using

Tamcrm e a Fdiableerl ndb ormfaloaial maanblie aatd (OMNNCYF bxe coall
Jll:.buuauxuun:; Sulsiyialiar LE8UT alia Wouv.avis, UY YOy

afler removal of the individual pelar lipid classes. The
fatty acide of the separated lipid classes were converted
to their methy! esters on the adsorbent by adcd-cat-
alyzed transesterification (22). An aliquot of total lipid
wae also snbjected to the aame prncedum The resulting
faity scid methyl esters wers purified by HPTLL and re-
covered from the adsorbent with hexane/diethyl ether
(11, volfvol).

Faity arid mnrhvl AR'A'rn WAL IR ﬂnnlu-vnﬂ nn 8 Packard

& WA SLaL TROUE Q807 ars = BLERPS

439 gas chmmar.ngraph aquipped wlth a fused silica cap-
illary column (50 m x 0.22 mm i.d.) coated with FFAP

phaooo (RIE W Rlinm Ha itnd Kinodnm o

phase (8.5, Milion Eeynes, United Kingdom), Sam-
ple application wae by vn-column injection, and hydro-
gen was used as the carvier gas. During the course of an
gy oot e s o Bty WEm al e ey e oo oD A

e .
H.IJ.H.IJMH, WiE U¥En RS TAIPICGL AL GRAL Wk AR AL AP l.ll"

crease from 50 to 225°C. Samples were also analyzed
uging An Omegawe.x 260 fused silica column {30 m x

e TTEF ¥ o3 E WFE
Il I.EI mm ICL mummnﬂm R, L., ]‘_-Em Uﬂl(&lmﬂ!

dom) with the oven tamnperature pmgrammed from 50 to
260°C. Fatty acid components were identified by refer-
ange 10 o well-charasienged ieb oul latiy acid mixture,
and the unsaturated nature of components was con-
ﬂrmed by re-analysis of samples after catalytic hydro-

nnnnnnnnnnnn = 78) Tho oanarntad sameanmowbs wrowa
gwuuuu O¥EL hwrg. 440 BDOPaLBRcL LURpULcUYs ol

quantitatad using a recording integrator inked to the
chmmatogmph

ﬂnaavsa.s L2 f molacular amusx A 5uu-1ig L0y it
lipid was separated into the component phoaphohplds
by HPTLC alongmde 20 b of & cod retina total hpld

nmnnnm ll.lll'lﬂ' l'l'lPl’.l'l'UI nmﬂmmnmnﬂnvamucnlnmﬂ

fom#mathnnow 25% (vaul) 8q. KCl (25 26:25:10:9, by
vol} as the developing solvent. The standard spots and

tho edos of tha hnnrl: of nineal arean linids were viguanl-
a0 SLg0 O W2 DRNGS Ol RINSA. QIgall JApPelE wene ViBllal

ized by exposure to iodine vapor, and the bands of ad-
sorbent, containing PC, PS, phosphatidylincaitel (PI)

e ) D aneneen  ooames e bt mlnba N

ana EGL, WETe nuu._uc"‘ul from the PIavE, The [ttty
lipids ware hydrolyzed on the silica with phespholipase
C using a two-phase sysbe m of 1 ml diethy] ether and
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- perature uader nitrogen for 2 h (26). At the end of the
incubation period, 1,2-diradylgiveercls were exiracted,

d—ad doum nnder nitrosen and Enn"v demiocatad undar
oried Gown unger nitrogen ana 0 caemacatad und

vacuum for 1 h. 8-Anthroyl chloride was prepared from
a-gnr.hracene carboxylic aeid and oxalyl chloride as de-

2 f b ot mf LTS T diewe desdenla T . S
ﬂﬂlm l-lJ' Dl €5 G 1610 4 LIS ullﬂu’lﬂljhlﬁlulﬂ Were xe-

rivatized and purified by a modification of the method of
'I‘akn:mura and K.ito (28) aa deau'ibad elsawhere (19}

AP e omna cem s o

Yt =
T__’_!ﬂ I-Ll-'d..l!&'d. "EL\VI.'L HCVI uenvnuveu Wele n-:muvau

during the final HPTLC purification atep, The 1,2-dia-

cyl-3-anthrocyl-sn-glycerols were separated by HPLC at
18-20°C on an ODS column (28 w 8,48 pm, B [Feaal ng__ﬁ_lgle

A PRI R o L0, L

size; Beckman Instruments UK Lid., ngh Wycombe,
Buckinghamshive, United Kingdom) using a Pye Uni-

camn PI4018 numn {(Pve 1n T 6 i bt h ey
CaIR »wavaw PUIDE ¥ DIEIM &b, wRIMONGES,

England) and two isocratic solvent systams, methanol/
propan- -Z-ol (4:1, vol/val) at a flow rate of 1.0 mUmm,

mrmmbemamid o P fanmeron o ol PP amBandt mb om R mmda

unu BLEVITINE BEEH BRE WILJRRNI—4—LEE K £ ouby Vs YULY B 2 LIUW 1Ok
of 1.0 mL/min as described by Takamura and Kito (28).
Faaks were detected using s Waters 470 scanning fluo-
rescance detector (Millipore UK Lid., Edinburgh, Scot-
land} with excitation and emisaion wavelengtha of 880
and 460 nm, respectively, and quentified using a Shi-
madzn CRIA recording integrator (Anachem, Lutoen,
United Kingdom). Feaks were identified by their rela-

tive retention time using 16:0/22:6n-3 ss a reference
rmanlr Th.darmeahorosnnviolvaomal 20 3580 3 R Mhale

PR b AT RALRRIIRAT S A S AL T S A Y e B bR L 8 T AR Ty AR LA S A AT

Prep, Elysian, MN) was also availeble for direct com-
parison of retention times, aa were a range of samples of
known composition (rom previous studies (17,18,29)
Each sample wes chromatographed three times in each
solvent systero and the standard deviations calculated.
Where final peak areas were calculated by subtraction,
the standard deviations of the contributing peaks were
added to give the final error.

RESULTS

The lipid content and lipid claes composition of trout
pineal organ are presenied in Table 1. Avound 4.9% of
the wel weight of the pineal organs was lipid, of which &l-
most helf (47%) was in the form of TAG. PC was the
najor polar lipid present (16.6% of total kpid), followed

TABLE 1
Liplds of Trout Pinea! Organ: Lipld Clase Compaaition?
Lipid clasy 9 Total lipid
Cholegtoeyl astors 83adi
‘irtewpistyeorols 308 ki
Froo fatty acids 84208
Chalegterol BTx04
iNhacyloivearnie IE=0l
Ethsoolemine glycarophoapholipids 9.9 x 0.8
Phosphatidylglyeere] 14201
Phosphatidylinositol 32203
Fhosghatidylserine 34203
Phosphatidyicholine 16.5 = 0.8
17201

Sphingomyelin

TYuluer are moans = ) ﬁﬁ of three detarminations.
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LAPID COMPOSITION OF TROUT PINEAL ORGAN

by EPQ (9.9%). No choline plasmalogens were detectad,

whereas ethanolaming plasmalogens accountsd for 11%
nf the iotal EPDOG ﬁ-hf\hnn Pl amd Pq each acenunted for

R BATNEm seidh ol B i RN Gds & @ Ree Ak

less than 5% of the total lipid, and both phosphatidyl-
glycerol (PG) and spingomyelin (SM) were present at leas
h"‘n&ﬂ 2%. N\l n.nu'."uuhuul GE CBT EUIUBI&B‘B were I.H.‘HR:CI‘II
Palmitic scid (16:0) comprised 23.7% of the fatty acids
in the total lipids and was the most abundant fetty acnd

P P, P, G
un HIH UI[“.‘.HJ GrEaAn L aiarne 14! LI'IF mﬂng\_l__ngg[.nrnm

18:1in-9 and po}yumaturated 22:8n-3 accounted for 17.6
and 12.4%, reapectively, of the toisl fatty scids. Overall,

agtupated monounsatursted and nalvinaatnratad f‘“b‘

acids accounted for similar proportions of the total lipid
fatty acids. The fatty acid composition of TAGs (Table 2}

advnilne tas &Lﬁb At'll.- Eabad Timsd ok
BURRAT wotE: LIDIG :uuluuxu

the propurtlon of 18: 2n—6 (12 8%) was notably h:gher
and that of 16:0 lower, than in total lipids. .

Ao Mna-a“
Who Feladiag

TABLE 2

Fatty Acid Composliion {wi®) of Total Lipld and Lipid
Clrsses from Trout Pineal Organ®

LT [T e Ty

Acyl ehain Totai Hpad TAG PO EixP
1420 2.9 3.5 0.6 0.2
15:0 0.8 0.2 .3 4.3
16:0DMA —_— e - [+ X
16:0 2.7 174 340 107
16;1n-§ — — 0.6 —
16:1n-7 5.8 8.0 13 a7
17:0 0.6 9.4 9.3 0.3
18:00MA e e s 0.4
18:10-80MA _ —_ - 2.2
PR in-TIHMA —_— — —_— LY as
18:0 1.2 4.2 5.4 10.2
18:1n-9 17.6 185 183 10.3
18:1a-? 4.0 .7 2.4 a9
18:2n-6 9.3 12.8 1.8 34
i8:3n-3 1.2 240 e 0.3
20:1n-8 2.5 3.1 0.4 1.4
20:20-6 0.6 1.2 0.4 0.8
20:3n-8 0.4 0.2 03 0.4
20:4n-8 18 0.8 20 7.2
20:30-3 —_— 0.2 — —
20:40-3 0.9 14 0.3 0.6
2&:5n-3 3.5 3.9 4.6 48
22111 1.7 20 — —
22:in-8 4.3 0.3 — —
32:4n-8 0.1 0.3 e —
22:6n-8 s 0.2 0.2 N4
22:5n-3 1.2 1.8 1.3 2.2
22:6n-8 12,4 12.6 24.6 360
-9 0.7 0.1 — 0.4
Unidentified ¢.8 i4 a9 @7
Tots! saturated 36.3 25.8 40.6 23.3
Totsl monounsaiuraied 25 887 230 9.8
Total PUFA 1.2 371 356 56.2
Total n-3 15.2 219 6.8 43,9
Tatal n-6 12.0 15,2 4.7 123
n-3/n-§ 1,60 144 &35 3.57

SEGPY, etbanolamine glyecrophosphelipide; PC, phosphalidy!-
choline: TA(G, trincylglvearnls; PUFA, polyunsaturated fattv acida;

DMA, dimethylacetals.
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TABLE 8
Fatty Acid Compositlon (wt%) of Lipid Classss from Trout

B nad Do wo ®
AR ST g

Axyl chain Pl PS G BM
14:0 a3 [ a8 4.8
16:0 0.4 07 03 0.4
16:¢ 14.0 0 318 184
18158 - R - i
16:in-7 — 8.3 17.0 0.5
100 a7 g4 0.8 0.6
18:0 338 383 5.4 B.6
18:1n-8 53 £5 158 a5
18:15-7 1.3 28 0.2 1.9
1.8 1.4 BB 2.2
0.3 G4 2] e
o2 1.2 14 0.4
3.2 0.4 L1 | K]
23 — 1.8 10
27.4 1.0 i8 0.5
24 dn-a [+ ] o 0.5 .2
S0:En-R 5.7 1.3 18 09
28:1n-11 — - — -
AR e — — 0.8
Zddn-E s X-3 o4 a9 oot
22:5n-6 — 0.4 — —
2%:5u-3 Q.4 3.0 0.7 0.2
22:60-3 i+ 29.4 3.8 23
240 s — — a.8
24:1n-9 0.4 ~— e 459
Tinedentified 0.4 a8 S 1.3
Total saturated 48.2 4285 177 318
Torel moasuiosaturated 1.2 186 4.1 58.2
Tozal PUFA 4373 a58.2 7.1 B3
Total n-3 133 34.1 23.5 432
Total 6 28.8 4. 13.6 4.7
oy 4K RA% 178 0,89
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*00, phosphatidylglyeerol; PI, pheaphutidylincsitel; P8, phoa-
phatidylserine; 5M, sphingomovelin; PUFA, polyunsalurated falty
sedda.

Bach. of the polar lipid classes had a specific fatty acid
composition. In PC, 16:0 end 22:60-3 were the principal
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the total fatty acids present in this phesphelipid

{Table 2). In contrast, 16:0 comprised only 10.7% of the
fatty acida in EQP, whereas the level of 22:6n-3 (36%:)

was the highest ohgerved in any lipid class. As a conse-
quence, the total content of PUFA in EGP (58.2%) was
the hl-hm& of all llnhl glpzesn ﬂnlh the EQGP frection

produced dimethyl peatals by u'au_am@mﬁmm of 10
alk-1’-eny!l linked ather chains.

Pl was unique amang the Hmrl clogsss in that 20:4n-8

WES & major mmponeu& and acwmxwd for 27.4% of the
fatty scids, whereas 22:6n-3 comprised only 7.0%
{Table 3). As s conseguence, the overall ratic of n-d to
n-86 PUFA in PI was the lowest of any hgnd ¢lags, The
asturated fatly acid 18:0 was also & major fatty acid in
PI PH was charactarized by a high eantent of 18:0 snd

22:6n-3, coupled with g low content of 16:0, PG wasg rich

DOCKET
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in monounsaturated fatty acids and PUFA which com-

prsed 44,1 and 37.1%, respectively, of the total fatly
aemde in thia n}mnnnﬁnhn\ﬂ {Tehls 23 Tho lavale of 18: 107
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and 18:10-7 (1? 0 and 10,2%) in PG were highar than in

any other lipid cless, and, of all the phospholipids PG

had the highest contemt of 18:20-6. In S5M mors than

half (68.2%) of the fatty acids were monsunsaiurated,

mam]y due to the presence of & very lugh pmpomnn of
il

e

14 l léﬂ ‘i"mi !‘t RS mmrmmm ﬂnl_';? Q :;!‘,i_:»

acids (Table 3).
In all lipid classes, 20:5n0-3 was present in small

amounts and nover pxcesded B5.0% of the comnonent
AmMoUnis ang never sxgtesdadl DU whe fampanant

fatty acids. The long chain monoenoic fatty acid
22:1n-11 obsewed in total lipid was concentrated in

PBASE  warl o mrvicmndriad Foom pwenncen d TBE ol blua Fab
LA, WARTS u« ALLOUNWG WO altune o O Wi laur

acids. Of all the lipid elasses, TAG also contained the
higheat level of 14:0.

The principa! moecular apecies of PC, PE, PG and FT
are pmenbeﬁ in Table 4. Two molecular species pre-
dominated in PC, namely 16:0/22:6n-3 and 16:0/18:1,
which scrounted for 392 and 28.5%, raspectively, of the

fLLM LA Lk L) gl 13 LA RREITL

total molecular epecies of thia phospholipld KthUFA, di-
saturated and di-monounssturated apeciss sach ooro-

n-mﬂ&d Tma &Lnn aer ft}wn intsl DT and O‘u:. M"""ﬂ‘ af

e AR W A 8k

monounsaturated-PUFA speties totalled 4.9%, within
which 18:1/22:86-3 was t.'he major component. Molecalar

................ Loy N0 RSN UL U ARV SRR Juuy B4
BUI’JUH uuxuuxum Ak l)ﬂ'a WETE denumnv HOUNA&IIL LN

FPE. Di-22:6n-3 mmpnmd 13.0% of the total, and
16:0/22:6 and 18:1/22:6 were both present at levels of
more than 16%. In PS, 18:0/2260-3 sccounted for almast
half (43.8%) of the total molecular apecies, and
16:0/22:6n-3 was the only othsr species present at a level
of grester than I0% The most sbundant molecular
apecies of PI was 18:0/20:4n-8 which accounted for 37.8%.
Anolher species containing 20:4p-6, 16:0/20:4n-6, cora-

mataad TA D af dhe eoslnsnine poaeian of Bl ae;d
POEet e AW G B INDECUMRT BpRNiEE O: &2 ANo

18:0/20:5n-3 sccounted for 10.8%, the highest level for a
species containing 20:5n-3 observed in any of the phos-
phalipids sxamined.

DHSCUSHION

Although the pineal organ is an adjunct of the brain, it
is known to have evolved from a well-differentisted pho-

fpmmmanbivs neoacse ihat o Buenenile soneideosad ta ha o
wrecepaves OIgRD a8 If Foquiluy ORELeies 8 1t 8

functional third eye in lower vertebrates (3. In fact, to
dete, the properties eatablished for the pineal photore-
ceptors have been extended to the retinal photoroceptors
and vice versg (3). The rogjor difference between the
pinssl and retina relates to the neuronal organization,
which ie siraple ip the pinsal but complex in the retine,
‘mul. ploeal phuwmpwra make contact with second
order neurons that send their gxons to brain centers.

Revinal photorsooptory, on the other hand, ars in contact
with bipolar celle thet, in turn, communicate with gan-
giion cells and numerous interneurons that are present
(horizontal, amacrine, interpexiform cells). Conse-
quently, the ratio of phetoreceptors to other neurcos is
much higher in the pinesl than in the retina, and the
lipid composition of the pineal organ can be expectad to

reflect that of the photereegplor cells.
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LIPED COMPOSITION OF TROUT PINEAL ORGANM
TABLE 4
Muoloculsr Bpooies of Phosphbolipids from Trowl Pinsal Orgen®
Speciss PC PE 5 5
Di-PU¥A
20:57226 DRTERIRY 10+ 0.0 08200 -
PR el 4.1 0.4 1802 0.3 4.9 5 00 8.3 = 0.0
35228 1L.0x401 46403 4501 01200
SaturstedPUFA
pE S ety 12=01 38 =01 0T w02 88201
183205 87204 42=01 18203 4.0 =08
154328 332216 201201 180202 W03 =08
Lot A0 0.2 Zax .l 161 4083
16:0/22-5 21x 03 18201 Ii=gl 062402
18:0/20:5 12503 3701 37x03 801
1807224 172032 86203 448502 TEx08
LBA2i4 0.5 0.3 272014 a6+ 0.1 378w 1.0
18:0%2:5 1.6 202 06x02 4701 04w 0l
Monvunsawwrated PUFA
161206 98 x0.1 05201 0701 0.2 =08
18100 B9 e 0] 37201 - 0.7 4.0
180298 28217 154 2 04 Bie 140 06« 0.6
iR a4 - 26201 el 4102
18:5/22:5 06201 tleat 13x01 -
Di-satureted
I8LA80 8.8 0.1 81 & 00 Li=gid -
Satuwrated/monounestursied "
16:0/18:1 o2 L0 13504 282 6.0 G203
18181 2801 02201 Dge 00 63200
Di-monourwaturaied
18:1/18:1 08201 08x01 12=0.1 08 x 0.0
20:1/18:1 - - 03200 -

*Values arv wel% aad are means of iwipticaie determinaliong I 8D, I wae ssruosod deat the roest sataraied Dsbiy mcidn wors
kscated on the en-l positins. Molseulsr species cantaining winor fatiy acids or latiy meid isomers were Tt revolved from the
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The lipid content of the truu& pimal {(4.9% of wet

sxrgntaalmt Y Yo Yo v st b Tar Tooon Tl ron oo Baindonzn o o o i sl Pz o Enne
R i3 BaaniiaEs :;a.uu..w; ;muwuy wuwuvﬂ WRERE MHADG BT

the brain and retina (8.8 and 3.1%, mspectwely) of the
same species (10). However, the lovel of TAG in the lipid
of the pineal {47%) is considerebiy bigher than the 8.4
and 30% found in the lipid of the brain spd reting, but
is nevertheless closer to the latter. The levels of TAG in
braing and retina of trout are known to be higher than
in the seme Hssues from cod (10). An influsncing factor
may %n the "a.ct that the treut examined were farmed
fisk, 1t ie well known thet farmed Gah, ﬁ‘uﬂumﬁi trout,
have higher lipid contenta in their flesh than their wild
countarparts (30). Whether the lipid cless content of
newrel lissues differs betwoen wild and farmed fish or
whether high TAG levels are a specific feature of the
lipids of trout neural lissuce remains to be established,
A potable feature of the brain of fish gnd animals in
general is the high proportion of EGP in the totsl lipid
( H} 31) In both cod and teout, the EGPJ?C mtm m htmn
bLipid is &?ﬁmmﬁiﬁij 1 {100, The level of EGP in the
pinenl lipid is motsbly lower than that of PC, the
EGP/PC ratic being 0.6:1. This valus is closer to the

0.7:1 ohgerved for the raiio of these two phospholipids in
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the reting of both tmut fmd cod (10) The athancv‘mmine

plasmalegen content of the piveal 8 oiuch Jower than
that of fish brain (36-38% of EGP) (25) and closer to that
of retina (<6% of EGP; Bell, M.V, unpuhlished dais).
The absence of cerebrosides in the lipida of the pineal is
also more typical of reting than brain, as is the Jow
amount of ethacolamine plasmelogens (31). The ab-
sence of cardiolipin in sigruficant aroounts in pineal
lipids is unusual as this lipid class is & comuuon compo-
nent of mitochondrial memhranea and has been found in

PN INDNP Sr. J SN NS T I e | - . |
up;u B BLWENL BIVHEL wu: i Poliig uuu TELEE %J-Vh

The total lipid and component lipid classes of the
pmml organa, with the &mepmn of SM, were charac-
taricnd by contents of PUFA. Nevertheless, the con-
wnt of PU?A in the tetal Hpdd of trout organ (31.2%) is
lower than the corresponding values of 41.4 end 40.6%
reported for the hrain and retina, respectively, of the
same specien (10}, mnd is considershly less than the
WF& content (43, ﬁ%) of total ligid from vat pineal (20).
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claasas conforms to well established patkerns. For exam-
ple, the long-chain monosnoic fatty acid 22:In-11 oe-
curred only in TAG. The abeence of this fally aaid, which
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