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Diacyl glyceryl ether as the major muscle lipid in Stromateus stellatus

and its hydrolyzability by lipase and oral acute toxicity on mice

TsuyosHI SATO, HWAN-S00K SEO, YASUSHI ENDO AND KENSHIRO FUJIMOTO*

Graduate School of Agricultural Science, Tohoku University, Sendai, Mivagi 981-8555, Japan

A Stromateidei fish, Stromateus stellatus, caught in the South Atlantic Ocean has been presumed to be respon-

sible for food poisoning, with diarrhea as the major symptom. The muscle lipids were analyzed to be mainly com-

posed of the equivalent mixture of diacyl glyceryl ethers and triacylglycerols. The major alkyl and acyl compo-

nents in diacyl glyceryl ether were 16:0 and 18:1 respectively. Pure diacyl glyceryl ether prepared from

Stromateus stellatus muscle was highly resistant to hydrolysis by porcine pancreatic lipase, however, co-existence

of triacylglycerol as the substrate accelerated hydrolysis. Oral acute toxicities of diacyl glyceryl ether and its

hydrolyzates were compared with wax ester and triacylglycerol on mice starved for 24 h. The toxicity was found

to be in decreasing order as follows: glyceryl ether >monoacyl glyceryl ether > diacyl glyceryl ether > wax ester.

The simultaneous ingestion of triacylglycerol with diacyl glyceryl ether enhanced the toxicity of diacyl glyceryl

ether. These results suggested that the use of fishes containing diacyl glyceryl ether for food shoud be careflly

considered.
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RHE Ry I<xv AR TINEVFUHTHRES N,
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72,17
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B 10mg# lmLoOry RV ARCEPL, &8
o< k757 4 — (71— /Kieselgel 60, Merck, Ger-
many ; BEIGE/ ANFY Y VI FLT—F) (713,
v/v)) FEWTHEEL, 50%H,SO, %~ EEH% 120°C
ThEL, IREEBH L, REMAREREEL 2R, A
7 raAF Y TLC-FID g (O F/7Ba<11y F S
m; BRBE/ ANFY v VL FLI—F)b: ¥
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BRIy T FILT—F) AT —5b (1:4,v/v)
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v T—5) 10mg iIZZ&EK 10mL =z, 1,3
(i EME D ) /8—+, Lipozyme RM IM (Rhizomucor
miehei g13€, EC3.1.1.3, Novo Nordisk, Denmark) 10
mg #FAVWT37CT20h f VF aX—=FL7ADHL, N
F49 10mL ¢ 3 [mEHH L7z, g FT VBT
K« BFEESEL, 5EUH TLC (71— I /Kieselgel 60,
Merck, Germany ; "FH 2 : Y LFINT—F)I=7:3,
v/v) TR, JL—hra—¥3Iv6GITX /) —IVE
WAWEHEH%, 366 nm OFEMNEERH L THRHEL, €
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Ty 5V EEEO GLC 54,
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H1= /A CP-SIL 88. (0.25 mm x50 m, Chrompack,
Netherland)

iy %s : FID.

H T LAEE 170 25 225°C £ ¢ 3°C/min THIE.
(=721, 70 I NVIT—F-23-0-4V Y5
VBEAKICOWTIE, FAiRA 4C/min i L)

HEAL B L UBRHEHERE : 250°C.

Fr T —H A Ny

FE ¢ 1.0 mL/min.

A7)y FHi50 1

B$ WIR) N—F (T & D invitro MK DR K
F gy /8—+ (EC3.1.1.3, 750~1400 units/g, F1%
) 20mg I L CAY by Z S (L NE R
PREFTRME), Vo 7 AT AT (T AT A XD
He B8, Y7V YT —FI/ )T IS
Jro—)VEEW Ry <y ZDHRAEE DAGE/
TAG (56 : 44, w/w), V7V 7 UYL -5,
E)TVNNIEIINI—FILD5EBICHOWTin
vitro D IR G fERBR % 4T - 72,0 S EHEOAHE (10
mg, 50 mg), 1% Z o a—)LEEF U A 0.4mL, 45
9%CaCl, 1mL, 5% 7S5V 7 T h%&tr 0.25M kU 2#
% (pH8.0) 16.6 mL » 4= 37°C T30 min £ v/ F 2
N— bt Lz, RIGHK, "FHv/ox/—V /&
(30:20:0.1,v/v/v) 20mL TRIG% k&, #FL75H
#%, EEIc>WCTLC-FID (my F/ra<woy R
S-M ; BEABE/ N+ v VILF VI —5): ¥
(80:20:1,v/v); #EE/TH-10, v F1av) ik vhg
BHEB A GH L /oo KD RRABRESFHBIZOWTS
[EIfTVS, SFEHE +SD. TR L 72,

TOABOIHUSHRER 4 HRICREEE< Y A
(BARZZTNWVY—HG) KE17g 5% —IC O 5-TE
SOSBICH, ZRZNICLUT OFEE & @l

LElL7ce WAT PSR, 797 AL ATV (3
LUAZHEDHE - BR), Q) vTvisy k)L
T—5), Y77yt il—57) (DAGE)/
U7 yra—)b (TAG) BE&YW Ghyva<xv X
DRFHIEE DAGE/TAG (56 : 44, w/w), B)E /T
V7YY NVT—F), O)Z7 UL ILI—FILD6R
FHZ oW, BAs—aveFRL TRROREL, B
G U TRE TS L 7o, SRR O B ik S BRE2
HARSAVICHEL, BHEBIE< Y ZADOKED 1/40,
1/80, 1/160, 7 27U+ )b —F L OIMKG f#
MIOT NI UL T —FIILHYSELVERRE L
foo AR 24 h R AHRICHEHE S L, £ ORITEI]
kel (F-2, BiBRES) 2527/, BE5E®2 ARO~Y
ADOFREH, FBEE LB LUCIERZEHEL 7o, #, AR
BRI HILRFERF R EEH AR FEREASIC L VA
REZHTIT-> 72,

& e

Stromateus stellatus OFEH AN FKBRICHEL 725k
VORI E31.2+2.3cm, KE(L524+131¢g T
Btz BIREGEIISHED 156~25% TH -7z, #
Wl IC & TN AIREOER S EMHEICEH 6, Wi
NOWMETLY T IV V)V I —F I HR47~60%
ERUT YT Y E =LA 32~49% TH D, WET
90% Dbx&os, £FATSICET v 7 AT AT
SR SN p o 7oy RICHRA LIS O B 4 Tl BT
DWTCHIT L7 &5, HIETiMED A EEERR TG 2
Zipo 7o, OB TIE U7 7)o —viE
W5 72 - 72 (Table 1), F/-KE T, BEEEIK
<, FPUTVIVZ IR —)UIFES T, U VEEE L
BERRRIEA S ER S T > T2 — 77, IBER TIIMBE R
LR RILD, Ty 7 AT ATFIVHAERST (84%),

Table 1. Lipid content and composition in various organs of Stromateus stellatus

Liver Sexual gland

Muscle
(6)*! Male (3) Female (3) Male (3) Female (3)
Lipid Content (%) 20.0£5.0 12.1+£2.1 10.9+3.2 2.1+£0.8 5.6+0.6
Lipid class (%)
WE*? 0 0 0 0 84.2+3.9
DAGE 54.7+1.5 0 0 0 0
TAG 40.8+1.7 94.6+1.4 72.1+1.4 0 0
FFA 0.9+0.2 25+14 20.8+1.6 34.8+5.0 0
ST 0.4+0.3 tr 0.6+0.3 4.6+0.3 1.4+2.8

PL 1.2+0.3 2.0£1.0 3.9+1.0 58.0£6.3 14.2+9.5

*1 Number of sample fish.
*2 WE, wax ester; DAGE, diacyl glyceryl ether; TAG, triacylglycerol; FFA, free fatty acid; ST, sterol; PL, phospholipid.
Values are shown as the mean + SD.
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Takada Y D5 HrfE & & < —FK L 7=,

CTUNT NI —FTIOTILFEI)NEEE LU
BER 7T —FIOTIVFIL#EL T
16:0,18:1,14 : 0DJHIZ% <, FIC16:0(L50%
EEEVEAZR L/ (Table 2), /2737 Y+
UL T — 7 VORISR A Table 2 IR L7c, 7
VL EN T B IEMME I R FH 14~24 TRERR ST
B, EXFZEAVALAVET, T/ L VESEEOH

Table 2. Alkyl and acyl compositions of DAGE, MAGE
and TAG in Stromateus stellatus

Alkyl composition Acyl composition (%)

(%)

TAG* DAGE MAGE
10:0 0.5 14:0 6.3 4.0 3.9
12:0 1.0 14:1 0.4 0.5 0.9
14:0 8.3 16:0 18.9 6.9 5.3
15:0 1.9 16:1n-7 6.3 3.9 5.7
16:0 57.3 17: 0 nd 1.6 0.7
16 : 1 1.3 18:0 4.7 3.4 3.0
17:0 0.7 18:1 xn-9 31.8 40.6 30.7
18:0 3.5 18:2 n-6 1.1 1.0 14
18:1 12.8 18:3 n-3 nd 1.6 3.0
others  12.7 18:4 n-3 2.3 14 2.8
20:0 0.1 1.0 nd
20:1 n—11 5.7 5.5 11.9
20:5n-3 3.1 1.8 4.6
22:1n-9 8.5 14.3 16.7
22:5n-3 nd 1.0 1.6
22:6 n-3 8.7 8.3 3.8
24:1n-9 nd 1.8 2.1
others 2.1 1.4 1.9

* TAG, triacylglycerol; DAGE, diacyl glyceryl ether; MAGE,
monoacyl glyceryl ether.

ek, fr, e A

65% iz, TA a2 (EPA, 20 : 5n-
3), Fauyn+v 18 (DHA, 22 :6n-3) O45HE
FiEFENEN1.8%,83% THo/z, ¥/, EZELDS
N—FRRECERD TN )2 )V —F IOy %
GHLIcEIAh, VAVEFANVIOVI P ANT ) O —
WHRERG TH -/ &I —H LB TV T
JEUYNI—=F N ED IRV RIGTHL 72/ 7T
W)YV I—TIVOBIEHEB L Y7 b7 UL
WL =TI EFERIL IR L ICh, U A VBRI Y
TIUWAER LD A7e <, 20 0 1 %o 7o, SEIE
AL L3 BRI THD, T/ TN
T UNT—FIVOEREE T B HEEE 2 (v O i RiEE K
ERBL TWALDEfEEINS, FPUT VLT UL

O — )VOREREERR & T— 7 VIR BEIC L L Tz,

By O NN—E(C LMk BRRAER (in vitro)
PR\ Y /S —EIC & B oK o figaliR C i R iR o 7
O, BHEICAT PO XSHMENT AT 0 HLRAEL
72w 7 AL AT I TR % 1T - 7z, Table
ST VIR Y N —¥ L RIS SR/ OREHBR AT L
7o AT b X SRR TIRINKG D & A, G
WETe IS RERFIICIEIN L 7o FHICEBEEN DI WBE I3
RIGEIC R ) 7307 ) in—bidbh s L hE- T
Tlprotie —H, U w7 AT AT IV BT IEHEIEREES,
WERET VO — VTR, RKEMTF T4 < ks g
PEFE RN LRSI N,

WICHE Y ARV AOFARMEBIEE L LU 2hh O 8
L7V 77 U2 ) VT —F VDK EHFT - 1=
ZTOFR, VTN T IR INI—FIVDRAEHEE L L
T EITIE L A K n g, FEED Ko @it

CHE L kT, UL, V77 UYL I—F
WP D77 utn—ViREY (Rya~<y XHK
NEE, DAGE/TAG (56 : 44, w/w)) % B L L -5

Table 3. Lipid composition after incubation with porcine pancreatic lipase (20 mg) in vitro (%)
Pollack liver oil WE DAGE DAGE/TAG (56 : 44, w/w)
Before*! After Before  After Before After Before After

Substrate weight (mg) 50 10 50 10 50 10 50 10
DAGE*? 0 0 0 0 100 98.0+0 98.0+0 56.0 51.3+0.6 2.2+0.5
WE 0 0 100 100 100 0 0
TAG 100 72.3+1.9 16.0+2.0 0 0 0 0 44.0 13.3+0.6 0
FFA 11.3+0.5 52.3+2.5 0 0 0 0 14.0+1.0 48.6+2.3
Fatty alcohol 0 0 0 0 0 0 0 0
DAG and/or MAGE*? 105+1.3 9.3+0.6 0 0 1.0+0 1.0+0 18.0+1.7 37.2+3.5
MAG and/or GE 0.8+0.9 21.0+2.6 0 0 1.0£0 1.0+0

3.3+1.2 12.2+3.8

*1 Lipid composition before and after the incubation with pancreatic lipase.

*2 See abbreviations for Tables 1 and 2.

*3 DAG, diacyl glycerol; MAG, monoacyl glycerol; MAGE, monoacyl glyceryl ether; GE, glyceryl ether.

Values are shown as the mean+SD. (#=5)
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i, REEALOCBEIE YT VLT UYL T T
BIFEAE TR mh - o, HEHEADWEEICR
FOT VT )R — VIR R A L RIC YT
YW UEY NI —F I & KGR E e, Eiz
DT IV U UV T —F IV OISR o ) T B
T/ T U= oW T JIRFIC Ik 5
AR AT - 72/, KT WY A= Tz L A Yk
GEINTEhotc (F—ARET),
TYZBROSMEMHAEE Table 4 (CIEEZEI A& O
B 5 #O~ Yy ADKEEER LI, PUTVIVT U4
O—Lipbl b A7 M7 XM TIAED 1/40 B4
BORS L CLHREORA BRSNS, T/ FR%D
BELEREI S BESh o7, LL, E7UE
) RIEBOEN T, Ty 7 AL ATV EEE L /-BE L
DLYT VNI )Y T —F VARG LB CTHER
MVIAEL L, OB SERI N, BEORBL o<
Y AN EEOF A & HLICEHIEOTNERL L B/E, HO
Felfl, HRi « THRIRELBZE SN, S HICEOERDE
ATELDEFFEE L7 (Table5), Y77 )y
T—FIE LCEDMKG Y OB T 5 &, 7
DNV LZ=FII>E /TN )Y L—-TI >
TNV =T/ P )TV o — LR
B> T T —FIVOIEE 75 - 72 BT
UYL —TIOHEITELS, FEOSUL I
I—TIWVEESLIHOY Y ZDORTEXREE < Ko7,
BORLGEZ6BRBOBE T/ )L —F I
I >WT, Behrens B » T LDsy OMEMBAE L L
ThAE, 1.2x1080mg/kg bix -7z, T/BEEND
TR BT ONTIRTEREED Lcs, PhuvwksE&E T
b IARESMTENS, BLANBEL 5 5EORAE
XNz, /TN UYLV T =TI OWTE S
DEY VI —FIOREENIOERL CIEBEORS
BCHBAY T/ CO3REORGETIHIEC L
< AFIEWIC A A o fahy, 80% Ll b=y ATH

KHEDIETHN, BHILHEE1% < RbNh,
% £

AR TE TR A EIER &3 5 RhEZEERILA
LENLRY I AOHABEDO Wi 21TV, £
TH-T2V TN TV Y I T =57 L CFDIKS
W D~ 7 2R N 2B O % 1T - 7o BAREIT
VT I T —FI55%, FUT VLT
O—)41% SIFIFHEEOERREEYW TH - 1,

FEROPFETIE, VTV UYL I —FILOHEAL
WL 80~90% & BRI L <9 /v TV 7 Y
CUNLZ—=TVHALANNELDIKGRYTh5H 7))
VI —FIVOREMT D77 ) rn—L L0k
HH0ODT v 7 AL DFEWY EEN, BEICOWTL
e, BHo THROTHE G END DA Hy 7 g T
B o 72,19 ] 21, Alexander 5133 <7 A2 3.4%
TN T DIV I-T I EESER T, Jhidv A
1PE47-0 39 mg/ HOERE - KL 655, 24
FIFE L Th 2 A LERIEED DN /c b LT 5D,

SEOEBMERE BRI ST AT Iyl
I—7I)VOF5EIZIEED 1/160 Tid 106 mg/ H & 7%
0D, Alexander 5D 1 H DO ERBOHIHEB - 7=,
Alexander H 3 C D5 & % KBS TH RREFHD
o 72OITH L, AEIOFERTEHY T VILs )L
T—7I)VaREED 1/160 & —mE5 LcHE, e L
o AT OUEH 1L PC72 5 728, Wih & (KEAAD
L, BLUOESSEE SN, 1/80 B THERL LA
TL, mEIBE SN, 403 106 mg/ B RO L
ANV TR G- L7 - 7273, Alexander 59 2S£ H
W5 L TEIEIRT: - 72 2.7 EEZ B L L 7o E, O
DEDITFERBPRONI-Z L0, RO HREMEN
R - 7o Ll H, TOERODEWIE, Alexander
LY REROR S E L TCUT VIV UYL —F )b
TEZ 7O L, AERTIE 24 Bfiifa s, Bk

Table 4. Changes in body weight of mice given DAGE and other lipids during 2 days

Dose*!
1/40 1/80 1/160 1/320 1/640 1/1280
TAG*? 1.7+0.7(5)*3 — — — —
WE ~3.2+0.8(5) —-1.0+£0.9(5) —1.7+£0.5(5) — — —
DAGE —4.4+1.7(7) —-2.7+0.5(6) —-3.7+0.9(6) — — —

DAGE/TAG (56 : 44, w/w) —-45+04(6) -4.0+1.2(6) —3.9+1.4(6) — — —
MAGE — -31+3.1(6) —-3.5+2.6(6) —3.0+2.6(6) —
GE ~4.8+0.8(5) —45+0.7(7) —-44+09(6) —-2.4+£2.9(7) -0.9+2.9(6) -3.2+3.0(5)

*1 Ratio of administered sample/body weight.
*2 See abbreviations for Table 1-3.

*3 Numbers of tested mice.

Values are shown as the mean +SD.
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Table 5. Acute toxicity of orally administered DAGE and other lipids on mice
Death rate (%)

Group Ratio of administered sample/body weight Diarrhea rate (%)*!
1 day ~2 day
TAG*? 1/40 0/5 0/5 0) 0/5 0)
WE 1/40 0/5 0/5 (0) 2/5 (40)
1/80 0/5 0/5 (0) 2/5 (40)
1/160 0/5 0/5 0) 2/5 (40)
DAGE 1/40 0/7 4/7 (57) 3/7 (43)
1/80 0/6 0/6 (0) 3/6 (50)
1/160 0/6 1/6 an) 0/6 0)
DAGE/TAG 1/40 2/6 6/6 (100) 6/6 (100)
1/80 1/6 4/6 (100) 6/6 (100)
1/160 0/6 0/6 0) 0/6 0)
MAGE 1/160*3 1/6 1/6 an 5/6 (83)
1/320%3 1/6 1/6 17 3/6 (50)
1/640%3 0/6 0/6 0) 4/6 (67)
GE 1/40% 3/5 4/5 (80) 5/5 (100)
1/80*3 7/7 7/7 (100) 6/7 (86)
1/160%3 6/6 6/6 (100) 6/6 (100)
1/320%3 2/7 3/7 (43) 5/7 (71)
1/640*3 0/6 0/6 0) 1/6 an
1/1280*3 0/5 1/5 (20) 2/5 (40)

*1 Rate causing diarrhea or lipid leakage from the vent.

*2 TAG, triacylglycerol; WE, wax ester extracted from Stenobrachius leucopsarus; DAGE, diacyl glyceryl ether extracted from Stromateus stellatus;
MAGE, monoacyl glyceryl ether; GE, glyceryl ether.

*3 Hydrolysates of DAGE were administered at the aquimolar level to DAGE.

TG Lt b L E 2N 5, HILERICAEY
B> TV B EFEREDOBINIHEN S H 7205 BT
HeRBEE LIoh, ZODICEEPRCERCLO L
HESNS, 5, T—FIVIRBICKT HEakEEO
fliic M7z » T, MAEOHESLMORFEN S DFEED
HEMGOEBCOCTH LR NZ ALERH H &
Bbhsb,

TV T NI IV =TT WER Y X — D
& B i vitro DK RICK LIEIIE AR LTI EA L
DR Tspr oo, FUT I a— L ICHEE
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