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Diacyl glyceryl ethers as the Causative Agent in the Diarrheal
Episode Associated with Consumption of Stromateus stellatus
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Gyeongsang National Univ, Tongyeong 650-160, Korea
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There was an outbreak of food poisoning due to eating well-cooked imported tropical fish, Stromateus stellatus on May, 2000, in
Korea. Gastrointestinal symptoms such as diarrhea (92%), nausea (77%), abdominal pain (54%), vomiting (46%) and headache
(23%) were experienced within 0.5~2 hours (median 1 hour) after eating. Any specific natural toxins were not confirmed concerned
to those poisoning, but large amount of abnormal lipid (23%) was found from the muscle such as 1-O-diacyl glyceryl ethers
(DAGE), which was consisted of 61.8% of total lipid. The 16:0 (66.3%) and 18:1 (15.8%) alkyl chains were dominant in all
alkyl chains of DAGE which were presumed as the causative agent for the diarrheal food poisoning. Oleic acid (1871) was found
as a major fatty acid at the sn-2 or 3 in DAGEs. 0-16:0-18:1-18:1 (16.2%), 0-16:0-18:1-22:1 (14.7%) and O-18:0-18:1-
22:1 (11.0%) were contained as the major molecular species of DAGEs by RI-HPLC.
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A2 2vel dote) 29 #ag 3 FAE FY0l A3
AN AA el 4F 480 95 Aok 19999
2 20004 % 9] et £E FdFe dd YHES A3s
2l (Ministry of Maritime Affairs and Fisheries, 2001), tj -
B oaug AlgEo) A3de ofFolAyr B Lo geXe &
2l Aot e M AR ghol gt WA o] EYEH FUEER
FYg F5HL e 4Fold FhlAE FAE AFHE
g ARAHE BAsY] Y3td UL EE YAl st
HANAZ, TS, ALE, F4A 5 o8 /1A §E sty
ZAALE AN At (Ministry of Maritime Affairs and Fishe-
ries, 2000). 1Y, ol AAFFL R ¢8 vl £
A7 HAY Ee FAHez & g A dsto dAstz
on, FdA & ZAE oyl Yo FES BA R
A= AAolt

g A e o] AEE oy F9 ofel 3t ciguatera
FEolgte SolF AFEo Wdam glow oz e AA
Adez od g2 AgEo Hilg g ez 84 Yo
(Legrand, 1998), %2 YetlME £4 484 dig o o
B 2 AY o|FAAA £3n Yot EF, HIZde AF
A GAAA GRS N2E 27 AFF2E0 Busol (Hu
et al.,, 1995; McMahon and Silke, 1998; Satake et al., 1998) %2
Uty ALE 9FgA FYHe FAR 94 At $H 80
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20009 59 BAtolA= $- uehe dwk HAo] v AL
(gaggez 34) £4 d5d7E 28 4R F HANE F
ZA402 e 4F50 BAPon i YdE Az F
Z2 ol ZA A, $5 Y9 oF = Stromateus stellatus
(Stromateus maculatuse S. stellatus®] &o171% =& 5% o4,
Photo. D& WA o] £& g 2 o=y MR, w7
AY=9) BRI Y T G o) Mgt ojFo 2 AHdA
€ ‘pampanito’ 82 #2191 diacyl glyceryl ether (DAGE)E
g% 3eale Aoz ¥ElA Ud (Hashimoto, 1983). E,
DAGEs 43} 471 ZHA gl Aol AFH A 7159 A}
225 2P R aHt (Kang et al, 1997). €2X e
S. stellatus® AF o A& AAle] 7HgAde] ofn] e Aol A7
A3 (lida, 1971), A2 ot2AEY A Fe)A AYF T oF
ol 9 4FEo] YAFHTGL Hux Aoy (Sato et al, 2000)
I 42 ¢EA A 4

B AFNGME S stellats AR A8 A A5 T4
o] ojfol FAE AUE HEF oFol FFE 5o] A2 AL S
4% 248 Badd

R

Al20f

NEE AFSo] HAEAe FA (20004 59)of zel| A&
Hi Fe WE S stellatus?) fillet —20C2 A% T2 4
ol A3
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Photo 1. Picture of Stromateus stellatus.
(From http://www.ictiochile.terra.cl)

ABLZT AL
z28 8 S stellatus & AT 169E oz 93, A¥, 4
eyl 2 S B ddte HEeR ZAFYTH

Yt MR B4 Y XH E2

ek Qe A ge FYagen, Ad e 2%2 v
Hata] e olMELR 33 £&3Y9 F5F, diethylether
(DEE)S} &2 Eulstd £84 A8 & AA3L DEE &%
F&3e A Naz P

=y A
Mouse £74%cld] o8 S5 AgAH +44 Yre 7¥
st 2435 259 PHE F280) N84 YEe S4L

AAY AFE9 B9 (Quilliam and Wright, 1995) 3 cigua-
tera £AEY (Lewis, 1995) ¢ #3to 54L& SX YL, F84
HEe Box EAuY (Kawabata, 1978)) whet 248 0.1%
acetic acid2 F&3to 54 FA34gch ¥¥, AF A& of
3ol mouse HF F o9 AT FAUT WA A
o¥sl 7|e} F4& BEd FAFAY 23 J1GIEY AR
Eo YJd4Eo2 €382 domoic acide high performance
liquid chromatography (HPLC, Spectra Physics P-4000)& AH&
sto] #45E D (Wright et al, 1989).

AExMo 24

A4 94 %L IATROSCAN A& silicagel rod-SII (10 cm) Z
12 AH8-8to] hexane-DEE-acetic acid (90:10:1, viv/v) 8%
2 A7H%F IATROSCAN TH-10 TLC/FID Analyzer (IATRON
Laboratories, Tokyo) 2 #4383t}

EX|H xgiel 24

AAE A0CSH (190 3o H3F AWAHE methyl
ester3t8te] Omegawax 320 capillary 29 (30 mX 0,32 mm, Supe-
lco, USA) oA gas-liquid chromatography (GLC, Shimadzu
GC 14A, Shimadzu, Japan)2 438 7} Aie AAHE
NELZ YehiAo 28e 180T A 3C/minZ 230C7HA] ¢&
Z29)A injector ¥ FID detectors 250CE FA AN £43}
Het

DAGEY| 22| & =4 &4

Ad dAFE TLC plate (Kieselgel Fiss, 2X20 cm, Thickness
0.25 mm, Merck, USA) ol HH ¥ hexane-DEE-acetic acid (85:
15:1, viviv) 492 273t DAGE #33te &< &
o2 o} DEEZ %3 ch ¥4, 529 DAGE® 1N KOH/95%
ethanol® 75ColA 5087 ZAsd thg 108 F B2 H4F
DEEZ glyceryl ether (GE) g#& F&3t%, A §42 IN
HCIZ %33 ®s€ A44H& DEEEZ FE39 47 hexane
-DEE-acetic acid (90:10:1, vvv)E EF&u2 & TLCHIA
AARA S &4 GES s dA.

Aupate F2)A o] Auratst FU3A methyl esterdtste] Ch-
romopack CP-SIL 88 (50 mX0.25 mm, Supelco) ZH& °]&¥
GLC (GC-380, GL Science, Japan) 2 434t} GE (11.8 mg)
€ 3mLY F4 oAEH perchloric acid (HCIO.) 2%&2 7}t
of AgolA 3087 v AA GEY 23-O-isopropylidene =4
g Z2A%F %Y EL 713l DEER F%3%t (Hanahan et
al, 1963). %% isopropylidenc AT hexane-DEE-acetic
acid (90:10:1, v & EREWMZF TLCAA E3ta (48
mg) AT $98 Yoz EAZdgon, GC/MS (Column:
5% PH Me Siloxane, 30 mX0.32 mm, GLC: HP 6890, Hewlett
Packard, MS: JMS-700, JEOL, Japan) 2 33t

LA

Zn o 13

AEs 4

S. stellatus2 Z}d A& AHT AL 40dolA 500H 9]
29 JUEAN F 1650102 ©1F F5 F4E JE A
133e2 AA 4ARA F 81% Y EF &S JHRAT. 44 v
2AE F oY AL o85S 30g oY AFHHE | LHIAA
on FEE 08~2A (HFE 1AZD oA olgF F4L
W

19 58E Nag ¥A Yotz 1F A= A& AR
EEgon, 30g oldte A% AT e T4 UE
UA gtk $5 #249 4L vhy) 9 AGA 3L YE
WA ook out, Fig. 19 VERA vhsh Zo] o spA Sl &

(%

Fig. 1. Symptoms of the food poisoned patients (n=13) after
consumption the fish.
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FHoz Uyeitow 13 ol 44} 34L& e B2 %R
AR gron, WaAAE (77%), BF (54%), TE (46%), 5%
(31%), oA2lE (23%), 2F (16%) T T2 A} o] F
=8 HAE F2402 g AFVAY FAdE & F AU

S. stellatus (S. maculatus) 43 A AgelA 44 $-2471 3
AU Be AFEo] A Ado) ojn) RHPOY (lida, 1971;
Sato et al, 20000 I S48 LaA YA Rt & EAM A
uEz Aoz AZgr)

245y

Mouse 27 FAPHE o] 48 F4 S4AEANE 25E 01
% acetic acid® 7}9 F&% £44 YE L moused) 5 FA
39S Aol domoic acid TN F4F FAEHA dF F9
£ scratch3te $4¢ o4 Yehd ey 2447 ol E AFY3A]
srgrom 717184 o8te] domoic acide HEHA $%ch
@, 244 EANE A HFE oY ciguatera® § mouseE
NAA 7 e oJHY FA EHEE HEHA d%th

$H ZHAA F22F AAHE moused BT FAF AL,
mouse AZ9 120 ol FAAE 5T 2AL UYehlA gste
3

U120 o)4e) T AAS AT FAY AL FEAN 423
57 ofg Qe F2o] & on FojFo) Fetd wat
I Axs Astgo w3, B FA19 A%, mouse AFY 1/40
AgERAe 59e 4L JehhA gkod 12004 39t
2% 1987t 2959 AgEan, U 2ntEe A5 34
Aa pasgoy 3YARA AgEAl gk

=2 = (=]
%9 YubdE 24 FF 609%, @A 148%, AF 230%,
32 12224 $Eue A% I/ AFRG &8 I A2
Ad Fgo] B EAL YERIAT (Jeong et al, 1998). 53l
A A9 2A4< Bw DAGE 618%, 4249 triglyceride (TG)
353%, ZRAAE 1.1%, @354 2880 47 07%, FEHAW
A 03% 8 JVello] dAgte) dubA ojF7t TGE FAHELR
st v)3te o] o] DAGEZF FAELZ dfHo] AAth

DAGEE 48 34 ol 52ME BAFA Foif7E EZ
Q) ojFoz LA gled 53 A Bo ARE tF
DAGE’} #6499 Ut (Shimma, 1982). Karnovsky et al.
(1946) & #3057 2152 B4F A% AL WA 5% )3
|1 o]% DAGEE 2% oldtegtn st ou, Mori et al. (1972)&
RAAE 28 dM o 8§ HIFoF (Stromateus maculatus, Cu-
biceps gracilis, Centrolopus sp)E4A AA9 50% ol%de]
DAGE#Z 34t} Iida (1971)% YA AF S maculatus®]
28 48 A3 (201%) F BAHNE (164%)9 U5l
DAGE#Z B8t ojFo) wat A9 zAo] 34 dFS ¢
4 ok

BRI PN =Y
FAAY A 24E BAE FHE Table 191 iRt E

o)FF - A - o4

-3 ¥
Table 1. Fatty acid composition in total lipid (area %)
Saturates % Monoenes % Polyenes %
14:0 590 14:1(n-7) 004 18:2(n-6) 093
15:0, iso 035 16:1(n-7) 659 18:2(n4) 012
15:0 anteiso 012 16:1(n-5) 026 18:3(n-3) 097
15:0 040 17:1(n-10) 008 18:4(n-3) 202
16:0, iso 007 17:1(n-8) 038 18:4(n-1) 009
16:0 1106 18:1(n-9) 2739 20:3(n-3) 036
phytanic 046 18:1(n-7) 027 20:4(n-6) 128
17:0 040 18:1(n-5) 066 20:4(n-3) 132
18:0 306 20:1(n-11) 656 20:5(n-3) 446
19:0 006 20:1(n-9) 117 21:5(-3) 027
20:0 060 20:1(n-7) 006 22:2(n6) 034
22:0 013 22:1(n-11) 515 22:3(n6) 012
2430 010 22:1(n-9) 488 22:4(n-6) 043
2:1(n7) 030 22:5(n6) 033
241 (n9) 097 22:5(n3) 117
24:1 (n-7) 127 22:6(n-3) 686
241 (-5) 019
Total 2270 56.23 21.06

AW AL 16107 11.1%, 17} XA A9+ 1811
(097 274%, IEEEX3} AN E 22:6 (n-3)7 69%E
A 2z FAMre g ey, &8, 17 BX3} Aol
AAY s6%2A ¥3 2 AEEE3} Adate] 26 o] e AA
o} gut o) FE) HjEte 17} BES} AAte] Frake] i ¥
3 2 SBT3 APAare] v go] Wt (Jeong et al, 1998).

DAGE®] X|t}A 8l alcohol =4

DAGEE A4d GEZ E#idte] AL methyl esterZ,
GE¥ acetonation®] 98} isopropylidene fr=A 2 2zt Z 3
o GCAA 2482 (Fig 2). 53], GEY A% GC/MSA
98t £3} jon (M*), M-15 (CH;) ion 2 base peakZA4] iso-
propylidene 59 fragment ion% m/z 10191 YEIU< ion
peakdll eJste] 10709 4&& $H3%ch (Hayashi and Kawasaki,
1985).

S. stellatus®] GE¥ Table 29 vehd ule} o] T3 16:0
GE7} 663% 2 7t Bgton, o1F A &2 18:1 GEZ} 158%,
14:0 GE7} 65%, 18:0 GE7} 43%9 €024 A (lida,
1971) o1yt HFAAEA (Mo et al, 1972)9) S. maculatus®l B3}
o] 16:0 GE¥ U4 Aeon, 18:1 GEE 8T thh 2AY]
go] 9t} )@ 24L& 4% 249 (Berryteuthis magister,
Gonatopsis makko)®) W% &8 DAGEY GE 24 (Ha-
yashi and Kawasaki, 1985)% #AFstout, A8t 4o} 9]
DAGEY ¥ #9¥ alcohol 24 (Shimma, 1982; Hanahan et al,
1963) o)+ Centrolupus sp.9} DAGE®l £%¥ GE (Mori et al,
1972)7} 18:1 GEE F4&22 3& AREe d& x4oA

8 A ASE F 1639 AWdel AEHJLH, olF
18:1>22:1>20:19) €02 17} B¥3F ity vl go] ¥3te
o EAMAE 16:07% 14:00] Btk £3], 22:1 (192%)%
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Fig. 2. GLC chromatogram of long chained alcohols in DA-
GEs.
Table 2. Fatty acid chains of 1-O-alkyl diacylglycerol
(area %)
S. stellatus
GE fatty acid
14:0 6.5 42
15:0 1.7
151 04
1610 66.3 6.2
1611 1.8 5.0
17:0 09
17:1 0.6 tr
18:0 43 29
18:1 15.8 37.6
18:2 13
20°1 17 10.1
20:5(n-3) 30
22:1(n-11) 19.2
22:5 (n-6) 13
22:6 (n-3) 5.1
24:1(n-9) 41

2001 (10.1%) 9] Z24u7F Fob FAAY At 24Te 24
o} Aok ¥ FAA=AT vwEdd 2y 18119 HEL
g oy 1 oo AaEY 2L & AolE UYERL
olg 2% DAGEE /% offd QoA T4 alkyl chain®l
v} Auhibel 242 ofFolut XY wE} A HgSE Al
AFaFg Tt

DAGE 2xl& =4
H2 Endo et al. Q001)& 94AY ZHE& o]43 HPLCE
DAGEE #3339 A} 2AAR £4831 MSol st A3

© e AEde olZdE Y MFodA YT S stellatusd]
DAGE £A4%& Z%33T |80l AT AR F9¢ 2d#
HPLC 2 59% &0 =A&dAM B4 ¥£AE9 chromatog-
ram¥ ¥2E9 24E 42 Fig. 3 2 Table 39 Y ATt Ch-
romatogram’d ol M= 2071 9] DAGE ¥2£9 peak’t AEHYL
o, 19709] peak7t FREHALY, AAZ 1670 peaks] HFO| 7}
FEAY 53, GEY 74 AR 46 AEHA &A™ A
A (24:DE X3S o] A

9y BAFo2A FAEL alkyl chain®l 16:0, acyl”ld] 2&
9 18:1 (oleic acid) & 7 BAFo] 162% S HEHIAL, o]
alkyl chain®ll 16:0, acyl”1ol 18:15 22:1-& 7}3 ¥xpFe] 147
%, alkyl chain®l 18:0, acyl7}ol 289 1818 7I3 £XF 0]

14

11

12

4 19

\b 21 22

0 20 4IO 60

Retention time(min.)

Fig. 3. RI-HPLC chromatograms of DAGEs.

Table 3. Composition of the DAGEs extracted from S. stellatus

Retention time %
Peak No. (min.) DAGE (area)
5 1228 0-14:0-18:1-22:6 12
6 1299 0-14:0-18:1-20:5 0.7
7 1420 0-16:0-18:1-22:6 42
8 15.18 0-18:1-16:0-20:35 18
9 16.42 0-18:0-18:1-22:6 38
10 1792 0-18:0-18:1-20:5 17
11 19.14 0-14:0-18:1-18:1 9.0
12 2046 0-1420-16:0-181 59
13 21.12 0O-18:1-18:1-18:1 59
14 22.64 0-16:0-18:1-18:1 162
15 2442 0-16:0-16:0-18:1 9.1
16 26.75 0-18.0-18:1-18:1 110
17 29.26 0-16:0-18:0-18:1 55
18 31.88 0-16:0-18:1-22:1 147
19 34.80 0-16:0-18:1-24:1 42
20 3795 0-16:0-18:1-22:1 52
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110% ¢} o)t 3, alkyl chaindl 16:08 713 249 2
A vl $o) 714 Eo} GEE T8 alkyl chaing F8E°] 1610
A A3 Ao, o) HF As GEE TANE T alkyl
chainolu AWHake] T u e AL §H, ol 2 e 3
QoA o]qF Y o]F DAGE £4% =4 (Endo et al,
20003 vl Be ZAHE ot gstoy FHEL AY ¥
23 20050 22:6% T REEXE AWNS 2EE B
AZE EFAsgoy o] A% dE Aate F X8 A

EE ¥tz Hel I

DAGEZS| £4

B ATA 8 stellatusE AT AHRAA AAb T HFE
244 Yoy mouseE A4 E EAARAME 3E 54
& YehdA gt Iida (1971)€ S maculatus 5% A2
GE°ll #ste] HudWA o] of&& A& Aol dAte] ¢
#7F Yok & v gloh 2213 batyl alcohol EE Aol &9
EA3ES mouseol Al B7IRE FAA & 2 W 23T
&A4bo] dtke Ao] Bus Ao (Agduhr et al, 1934), mousel
th & batyl alcohol®] LDs, (H&FAHE 3g/kg ololat 3
391t (Berger, 1948). =& Kang et al. (1997)& DAGE7} &3
F47) astd Abgo] AFAY dolu HA F 759 AR
2Ae 2ARsgn A9k 28, Kaneda et al. (19552
02g2l batyl alcohol ¥ cerachyl alcohol€& mouseolAl 1783t
A Eosted e B o)L AT Fgen, I o] o
2 21 (Alexander et al, 1959; Sandler, 1949; Mangold, 1972;
Hardy and Mackie, 1971; Kamiya, 1982) | M= GE7t §8& &
Aol ittx it & AYAME mouse AFS 1/20 o1} 5
93 tt%e DAGE ¥# AZE T4 $4E& Uehllo iy
d EAolgr] Boe 233 Fu 4AFeldn 44€

Brohult (1963)°l 93%, A& 315 BHF 10~100 mg9 batyl
alcoholo] 4338= GEE 4% AFo24H 47T 3o
B 7N S stellatus A2 & A H4F5LS GEE £
3 £ g a0t FE3H, ol o7& H&de FH
de eyt AgEe] YAl b GEE ¥/E oFE A
Aste] AN FEF) 23HA) oo} Y Ao FHEG.
a8y, gol AFE e Bige] iy 48 FEY AF
vl3te] 23] 4%9 GEE FAF AJE2A YAd dF &
AN AAAN Bg 23 F5E IFS EA4 Fodx ¢S
AF7} $H ol Ao} &8, GEE v#F T T AF S 4 &
7ol AFE RAAC ddtde FAIY JE F /1EE 4
Aot o)t HAE AFES uiste o] BLIHUI FA

a8y, GEE M2¢ M54 2t AAEY 482ME o H
2 19} (Hayashi and Kawasaki, 1985) ©1& o &&& it
olRE9 &4z A2 olfel 7l

(@] [¢]
R =

20009 59 RN 9 WEA S stellatus 23] PG

o124 AA -

SEEREE T

A AFEe] AAREE #9387 A3t 2AE Hde o
3 2,

AZE FAEY FA4L 05~247 (HZ 1A F4o] A7
g9em 38 42 237A9 HA (92%), W&2AE (77%),
BE (54%), TE (46%), % (31%), oA (23%), T4
(16%) 59 £22 JEY,

ol £2E2REHE AFE5Y TFARY W AUE HEE
AZHA gsten diacyl glyceryl ethers (DAGEs)E 93 3
§ 5o} Ado] oF (23%) FHH AUt

AN 99e2 FASE DAGEY alkyl chaindle 1610,
18:10] FARPen 8/l ttE F4 alkyl chain®] &F &
£50] 91923, DAGEs9 sn-12¢] AEE F8 AWAL oleic
acid (18:1Delgich

DAGEsE 743 EA2L 0-16:0-18:1-18:1 (162%), O-
16:0-18:1-22:1 (147%), 0-18:0-18:1-22:1 (11.0%)°] &€
TAAQRIA

2Ael 2

DAGE #A% #43 GE 24 £49 §x3td FA 4& To-
hoku University ™399} Yasushi Endo 225 ¢ # AE X el Al
ZAEFYT B, 2NN 24 245 FA BAAER A
B9 nFdA FA=HY
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