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Toxic Substance of the Roe of Northern Blenny
IV. Relationship between Lipostichaerin and toxic phospholipid

Mutsuo HaTano

Abstract

The previous paper dealt with the toxic lipoprotein, named Lipostichaerin,
from the roe of Stichaeus grigorjewi, and a certain phospholipid was also proved
to be of toxic material. Therefore, this paper aims to clarify the relation between
Lipostichaerin and a toxic phospholipid.

The saline extract, i.e. Lipostichaerin was toxic but free lipids and remaining
lipids in the roe residue were not. The Lipostichaerin fraction was delipidated
with cold ethanol-ether and then cold ether. The lipid moiety was toxic and the
protein moiety, the apoprotein was non-toxic. Thus, the apoprotein proved to be
innocuous for the mouse.

Furthermore, the lipid moiety was chromatographed on a silicic acid column.
The only Fraction 3, eluted with CHCl;-MeOH-H,O (65:25:4) mixture, was toxie
and it consisted mainly of phosphatidylcholine, small amounts of phosphatidyl-
serine, and an unidentified phospholipid, showing the lowest R¢ value by means
of thin-layer chromatography when using CHCl,-MeOH-AcOH-H,0 (75:20:1:2) as
a solvent.

In conclusion, a certain phospholipid as mentioned above, was a toxic com-
ponent of the Lipostichaerin.

In addition, when Lipostichaerin and toxic phospholipid were inoculated
intraperitoneally into mice, a slight difference in symptoms and lesions was
observed in them.
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HIED s T+ ¥ X HPBROFEME Y REEE T 2 b Lipostichaerin 25 5 T & 2REL 1225
I ENESEYR & OBMRR DV TRAHT D o1, T TRIRHASDD BAANBEORBEHEAIEE—
BIRE—L 3OO TEREN O LBEL T Y, F8HF 59 i3 Lipostichaerin 25K L EA
BT, ZDREMMCEEEZRD T3 BEARS (THREAR) K2V TERREL TN,
Je 33K Fuhrman 6% 43 Cabezon (# &4 D 188) JPEL X h MU -3 Y #BEAKC 20T, %
DOIRRECIZEIII D b/ h o728 Toxic component BEHHED 3V IREHREREALTY
23 3BOIEMTHS 5 LHEL TV 5,

HFix+ H X IO Lipostichaerin & FERIEF MK & OBREZH 50T 2 BN TAER 21T
7 otze € DR Lipostichaerin MK T 2 BEHMTIIBELNED 51T, »OZ ORI icE
HERED HIBOBEESFE: 2DDTHEND L LE2RDIOTT C#ET 3,
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(Laboratory of Food Chemistry, Faculty of Fisheries, Hokkaido University)
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Minced roe 200g

Roe residue

(2:1)

Extract twice with
50ml. of Me,CO and
more 3 times with

50ml. of CHCl;—MeOH

Remaining lipids
non - toxic)

[XXI, 4

Homogenize with 200ml. of
10%NaCl aq. and then
centrifuge, repeated 6 times.

Whole supernatant

Filter through Hyflo—
supercel and then wash
several times with
saline solution

- Saline extracts

Dialyze against

distd. water and

then centrifuge
Precipitate Supernatant
— e

Lyophilize Lyophilize

Sedimenting Lipostichaerin
lipoprotein fraction
(non - toxic) (toxic)

EBAE:

Surface fatty layer

Extract twice
with 100ml. of
Me,CO and more
3 times with
100ml. of CHCl;—
MeOH(2 : 1)

Free lipids
(non - toxic

Fig. 1 Extraction and fractionation of toxic substance

R B LU BR

P i3 Fiske-Subbarow #, N i Micro Kjeldahl %, ®A&i2 Biuret &, EHEOMERIZ Ve
X7 e~ MEESKEHIC L b T EABEREYY ~ 3R T, EARERTeFNRL T Ty
» Btk » TRl 7 DR % 4 X <~ 82 BB X > TRD 12, HRBHCOVTRy 4 BH
5 &% =< b (Mallinckrodt #, 110°C, 24R5HITEHE) 12 X b FEREE, WAIRK Z OMBEREDOK
KR, ME2 < b (TLC) itk > TIREMMERAL 12, TLC OFHIZ Wako gel B-O
DOFL — b (110°C, 3053[ER) THRH#EAEEI? n-Hexane-EtyO-AcOH (90: 10: 1), HAMER & Fik
REEX 5413 CHCly-MeOH-AcOH-H,O (75: 20: 11 2) 2 BBAHI & LTIy, Hanes-Isherwood 3
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Table 1 Toxicity test of each extract

Dose*
Mouse .
Extracts Body wt. | Sex melg De‘("ﬁs t;lme,
(8) ml g body wt. )
21.5 3 0.5 25.1 1,16 Survived
Free lipids 24.0 Q 0.6 30.2 1.25 Survived
23.5 ? 0.6 30. 2 1.28 Survived
Lipostichaerin 20.0 ° | 0.3 23.0 115 2%
Eaction 20.5 e | o3 23.0 112 24
21.0 e 0.3 23.0 1.04 30
Sedimenting —k - — — — non-toxic ?
lipoprotein
21.5 3 0.6 23.6 1.10 Survived
Remaining lipids in 21.5 é 0.6 23.6 1.10 Survived
roe residue 2.5 8 0.7 27.5 1.12 Survived

* Route: Intraperitoneal injection
** Not tested but possible non-toxic presumed from the previous report!’.

Table 2 Property of each extract

Extracts Yield*, % N, % P, % |Iod.V.*¥*}Toxicity
Free lipids 3.57 0.17 0. 26 195.6 -
Lipostichaerin fraction | 16,87 11.84 1.22 - +
Sedimenting 0. 30 - - - -
lipoprotein
Remaining lipids in 0. 22 0.43 0.49 143.8 -
roe residue

* in original roe weight
** Wijs’ method

K X HRERITE512,

BB 3 2 TR A A D 510t 196 Tween 60 KESIKICHEMR - BB X ¥ 12D BAE 20-25g
D=y x (NIH) icEBRER (. p.) UZOBRR I DVHEL I, 2—MoRphc 20 Ti@n#
H.(p.o.) BT BHER BRI L 12, '

2e o8

FEFN454E 5 A 1 H, JLHBSEZRRIIRE TIREL 129 X h OFf s i InsL % B iz,

BEMR O & AE:

Fig. 1 iR T &3 9 JRBD> & BB 2Bk U THT- I8 200g % 10% &H/K 200 ml T 6 B L,
BEREsE GEMEE) &Y 2EHES JUHHRE L 2L . LhLERAOFERER &R
ixZhFh Tablel & 2iCRT EBHTH 3,

Table 1 OFEFE X b 5722 & { Lipostichaerin RKAHZ DA FEMELFBD 6h, £ OO FiCiE
I oS oll, BHORED SN VEMEEIX TLC OFBE»S LV 9.7 4 ¥ (63.6%), =
Fa—LERFv (13.09), 3 LR F o —ov (10.1%) HBERST, TI-mHZREROBRENR

BRASFIZ V54K (22.1%), HHRF o~ (22.2%), A7a~ V227NV (12.7%), & X
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Table 3 Toxicity tests of the lipid-and the protein moieties of Lipostichaerin
and sedimenting lipoprotein

Mouse 1 Dose Death
Moiet; Body wt. [&Sex time,
v (g) Route| ml mg mg/ ‘%;obody (hrs.)
Lipid moiety of 20.5 ? t. p. 0.50 21.6 1.05 23
Liposticha,erin 22.0 Q . P. 0. 60 26. 0 1. 05 24
fraction 19.0 3 i. p. 0. 60 26.0 1.37 25
19.0 Q . p. 0. 60 26.0 1.37 20
22.5 ] i. p. 0.34 | 22.7 1.00 Survived
23.5 ? . p. 0.35 | 23.5 1.00 Survived
24.5 ? . p. 0.36 | 24.1 0,98 Survived
Protein moiety* of 19.5 Q i.p. | 0.40 | 26.8 1.387 Survived
Lipostichaerin 20.5 Q . p. 0.46 | 30.8 1.50 Survived
fraction 21.0 Q i. p. 0. 48 32.1 1.50 Suruived
22.0 3 Pp.0.¥40,3+0,3 49.6 2.25 Survived
24.0 ® | p.oxv0 4+0.4 62.1 2.29 Survived
2.0 ? | p.op 4+0.4 62.1 2,59 Survived
Lipid moiety of 19.0 8 t.p. | 0,6 20. 8 1.09 Survived
sedimenting lipo- 19.5 8 i.p. | 0.6 20.8 1.06 Survived
protein 21.5 8 i.p. | 0.7 24.2 .12 Survived

* Protein moiety was prepared by modification of the method of Scanu et al.
** Per os administration; given 24 hrs. after the first dose.

Table 4 Properties of the lipid- and the protein moieties of Liposticharein
and sedimenting lipoprotein

Moiety* Recovery, 9, N, % P, % Tod. V. Toxicity
Lipid moiety of Lipo- 15. 22 1,80 2.9 171. 4 +
stichaerin fraction
Protein moiety of Lipo- 84.78 14,06 0. 96 - -
stichaerin fraction ‘
Lipid moiety of sedi- 46. 47 0,80 1.08 160.5 -
menting lipoprotein
Protein moiety of sedi- 53. 563 - - — —*
menting lipoprotein

* Lipid- and protein moieties were prepared with CHCl,-MeOH (2:1) extraction.
** Not tested

TrFonayry (LoF, 14.6%), 3RX7 s FONx2E ) —AT i (13.5%) 2&r b5
Ep o, TALSHRMCDOTIRBREDOBED bNLVERICE 120 L itMRTHS 5,

Lipostichaerin R0l KRS LUEATSOBEOKRE:

Lipostichaerin DfRRERS & BRMAOFU LRI T I D TROC & 3 FETHFS » 12,

b5 Lipostichaerin K4} 10.64g % Zwmikl A - X £ 7~ (2:1) 30ml T4EBHL

L 61g DIFRMS 2H/I2H, LOFETIREABSOEHENE LD TRIC Scanu 69 DFHEEICL 17

MOEY Lipostichoerin K43 1.13g % —20°C T2 g/~ - = —~F (3:1) : 2~F LT Mm%

T EERS (THREHE) 281, (O7RBEHERLSHMEDOIRE 0.18%) 2EEL T35
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Lipostichaerin Apoprotein

Delipidation

0 1 2 3

—— Towards the anode, mm.

Fig. 2 Densitometric traces of electrophoretic patterns of Lipostichaerin and
apoprotein on cellulose acetate.
Condition: The same as previous report.!’ Protein : —— ; Bound lipids: -----

Table 5 Protein components of Lipostichaerin and apoprotein fractions

l Lipostichaerin : Apoprotein

N Migration Migration

L anodic, mm % anodic, mm %
Band-a 0 2.5 0 1.8
Band-b 1.0 3.7 0.9 3.6
Band-c* 2.2 85, 2 2.0 85.7
Band-d 2.8 8.6 2.6 8.9

* Lipostichaerin

EER A A URRECEERRICIIBROLDTH 5, KICHEDIZHiL Sedimenting lipoprotein
(0.70g) ¥ FIIRICEURERS t EATS LML, ChboBERBRLERIZZNE N
Table 3 L 4ITRT EBHTH b, T DFEEE Lipostichaerin K4FDIETTHMNT DA EE 2 EDEAT
ST EESED Shish -1,

BEHSS (FREBAR) oL O0—X7 57— FERTAE:

Lipostichaerin [K43& 7 RBHHEIC DN T e ~X 7% 57 ~ MEBRIKE 2170 o 10b3, % OF
B2 Fig. 2 & Table 5 KRT LB Y TH S, LBEEHEKGRIETRY OBELRAKRTD %,

I bR THREHEOKE ¢ ~ L 2RO Lipostichaerin O 2 EF—Td % %3,
UL LFEEDOE Y FOBBEMECETOMENSS b, CDX5 2BHRICDNT Sodhi 65D L 5
DTV EBZOREEEOPVTRAHTSH 3, LU 7HEAECEESTED bh T & Ll EER
BEENZNDEEZ LN B,

BRESOSE L TOMWE:

Table 3 ITRT L B HEERFHCDOALFELBD 5NIZOT, COREMS 1.238g 27 ABH5
LZa=wl (40g 3x15cm) iZH Y Fraction 1,2 35 X3 ICHHEL 72, ZhFNOESDHEIR & FE
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Table 6 Properties of fractions chromatographed from lipid
moiety on a silicic acid column

Fraction Eluent (ml) Yield, 9 N, % P, % Iod.V. | Toxicity
1 CHCl, (200) 20,9 0.07 <0,01 176, 8 -
2 MeOH (300) 58.3 1,86 3.42 156, 1 -
3 CHCl,-MeOH-H,0* 20,8 1.87 3,33 128, 9 +
(200)

*65:25:4, V|V

Table 7 Toxicity tests of fractions chromatographed from lipid
moiety on a silicic acid column

Mouse Dose* .
Fraction | Body wt. | Sex Dea}t;l;s time,
(2) ml mg mg/g. body wt. (hrs.)
1 23.0 3 0.70 29.7 1.29 Survived
22.0 Q 0.70 29.7 1.35 Survived
22.5 @ 0. 50 20.3 0.90 96
9 24.0 Q 0. 50 20.3 0.85 Survived
26.0 3 0.40 16.3 0. 63 Survived
26,0 3 0.40 16. 3 0. 63 Survived
21.5 3 0.60 13.1 0. 61 40
3 22,0 3 0. 60 13.1 0. 60 46
22.0 Q 0. 65 22.0 1.00 26
21,0 e 0. 62 20.9 1.00 26

* Route: Intraperitoneal injection

PRMUIEERIETable 6 * TIRARTELHTH 5,

Fraction 3 (BitMBRES) OBR:

Table 6 & 7 DfER I b oasv s - x4 7 —u -k (65: 25: 4) TEHIN S Fraction 3 €D
HEHENED bN1zDT TLC (Fig. 3) it & b BRERITZ o1z, COWERY 5 Fraction 3 13 31
OBISEHELET 55 /505 Dragendorff RIFHIED R, E 0.56 DHR (FE& 93.6%) HEX
LOTHY, COLDRBICFFIHIELORAML xR T yFoVa Yy (VL FY) DR E
E—EL 1o Wi R; {8 0.30 OHH (FH3.5%) id Ninhydrin FiSBETIME b &7 r F0
€)Y (F779) EEABNELDTH B, 27 Ry fH 0.13 OHR(EHR 2.9%) 13 Dragendorff
RISt T Ninhydrin FISHEM.ED § DT, » Fraction 1 & 2ICRELSFELEVEDTH 5, U
P o TEM : OREMED S Db DM FH X W IPROBHRBREET 5D THY, 7 /HIF
BEO 1%L HEE L2, 12 Lipostichaerin O REH D L OMHADERIKN 0.6% TD 5,

ORI T D WERR

Lipostichaerin & Z M 4 Dk h B HFEBEER v v 2 2 ZhERAEEL, SERDOBR LR
HEZOEE 21T/21 Table8 & 935 L Fig. 4 WRTHEREH.

Table 9 & Fig. 4 DF5ED 5 Lipostichaerin ¥ < ¥ X 3RO REERE (Cloudy swelling), /I
BEBEDF ML (Congestion, Hemorrhage), B & 'BROIEX (Enlargement), BERNS Ik
U T (Serous fluid) @ § b4 bh, —FEMBHRER <y 2 CRFROBRER /M
OB, MBS X FBROHMHBED bhiz, T TRARIIESENEOBMERE R DV TET
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-
L
e
G
T
E
.

Fraction 2 Fraction 3
(Solvent I) (Solvent 1I) (Solvent II)
Plate : Wako gel B-0, 0.25 mm, activated for 30 min., at 110°C
Solvent I : n-Hexane-Et,0-AcOH (90: 10: 1)  Solvent II : CHCl;-MeOH-
AcOH-H,0 (75: 20: 1: 2)
A: Sterol esters or Hydrocarbons B: Triglycerides C: Diglycerides D: Free
sterols F: Monoglycerides F: Phospholipids G: Phosphatidyl ethanolamine
H: Phosphatidyl choline 1: Phosphatidyl serine J: Unidentified amino-
phospholipid (toxic component ?)
Fig. 3 Thin-layer chromatograms of fractions chromatographed from lipid moiety on
a silicic acid column (Plate 1)

DHEYAH BN DD, EWHISD 134 X cARAIIEL & 7 — Vil 2 5L 1R JFBE & RO e

*, BEEELEVB A ERED T A0, BHY VIREEGFEWERE T v BRI b3

BLBLELATND, THRFEHLDOIIPROEKT € RO 2 — F AR ERE & 2 —

AIYRYS X AGEEICAE L, BIE O~ 9 2T DN T 2 OER, BIBRETR 2 5 OV R AT R
321 —



b Xk K 2 & # [XXI, 4

Table 8 Onset of symptoms in affected mice, caused by intraperitoneal
injection of Lipostichaerin and toxic phospholipid

Lipostichaerin | Toxic phospholipid
(Dose, mg/g. body wt.) (1.1) (1.0)

Dullness of the hair coat 10-13* 3-4

and, piloerection
Developed visual disturbance 15-18 6-8

and photophobia
Staggering gait and marked 20-24 16-20

paralysis in limbs
Loss the reflex and convulsion 30 24
Diarrhea Not appeared Appeared

* Hours after injection

Table 9 Autopsy of affected mice, inoculated with tow toxic substances

Lipostichaerin Toxic phospholipid
Liver Cloudy swelling Cloudy swelling
Spleen Enlargement Hemorrhage
Kidney Enlargement Hemorrhage
Intestine Congestion and hemorrhage | Extended hemorrhage
Intracelial fluid | Serous fluid None

(See Fig. 4)

PHRET AL L BT BREOHEHRNENDZOMSHZE L CHBICHY 2 ROBBETDH 30K
KU, /NBEOFRHIMIGERE TH DERBEREIEICE 5 3 CORMBEM MEAZED T 5, RERIC
BT H Lipostichaerin & BMHEBIBEEE ~ v A0 RICETOMESZID 5N COC &
BT 3BT OCTRERTRNE L LT B,

ERBIUBE

FH X HIREE% 1096 REOKTHBMU THIZ Y #EEE, B EEHRE IIEmHEE VT Y
AT e AHEERRF L IR KEHO Y REAECOABESED bz, T Y #EEEI
#PO Tif~7z Lipostichaerin (¥ 325, Db Dit Scanu 5 DF I & - C B & BEH
4 (THREAHE) KHBEL, 3 5RFERRMUEREER S COLES LAY, BAMSNCITE
oz olz, TTICRALW PRI E T :~ Me MY P o B2ERIRTHSHIMEL S0
TERREL TV, COLE b TEEAECEENEEL N & BTH®L T 3,

FREBICIB O T U 12 Lipostichaerin K4y kb2 ma ki a - 22 7 ~VHIHIc > TELRT:
BEMY 2T ABI I A0 FOHELIFESR Zunila - 2427 = - k(6525 )ik -
THEHIN ZEHCHEELED 5, TLC DR S C OB DIEEH Ninhydrin KRS O R,
i 0.13 OWELFEL 3OO THEHFRVEL, TV BEBEED1EEHEINT, COLDSEI
Lipostichaerin OIREMIHHI0.6% Th 2, T OBHET & 7 BISE I BEIEISEI 3 HEIEL 220
e ERRBTREBEHELHAL TV EbDEEALRS, IHRIDIDLDNTIHTTRE
D ORHHILDD, BRED »0 ) L EFBIRECEESEC L OEHEL TN, FOBET
BRIZOHE - MRBARSTH oD EEA LN, KERERSSHLLICE L FH X IR
Toxic component (37 3 VBEHO1BIC L3 bDEHERINT,
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7¢3s Lipostichaerin & FHHBEE % < ¥ ACHEROHTHREL IZER, BROELIR BT
LETOMELGED bh, B REISMPENTR THIBEOBABECRENEDON S
P, LT ERHECRFF LW Ox ~ F VRIBFEER Y 2B SR E—BL TV 3,

i &

BRI O TRIBHIEE 2 b - AR EE A HAMNBER S & RS BRS¢
& bIC I IERME BB DHBE : HBBEHN L L 2 L LRELVEL BHOELRT 5,

X [23
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PLATE I

Fig. 4 Macroscopical symptoms of affected mice, inoculated with Lipostichaerin
and toxic phospholipid (Plate 2)



Bull. Fac. Fish., Hokkaido Univ., XXI; 4 PLATE I

stomach

intestine

(A) (B)

(e)

Fig. 4. Macroscopical symptoms of affected mice, inoculated with Lipostichaerin and
toxic phospholipid
(A) Lipostichaerin

) 'Toxic phospholipid (C) Normal
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