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A Novel Approach for the Identification of Highly

Polyunsaturated Glycerolipid Molecular Species, and
Their Functional Benefits
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Abstract: Chromatographic behavior of individual glycerolipid molecular species including highly
polyunsaturated fatty acid bounded form was analyzed in detail. And a novel approach for the identifi-
cation of glycerolipid molecular species on reverse phase chromatography rest on the additional theo-
rem of chemical potential of individual functional groups in glycerolipid molecule was suggested. As an
example of health benefit of phospholipid molecular species containing high amount of DHA, antitumor
promotional effect of them were demonstrated, and they were successfully synthesized, then the syn-
thesized and natural occurring ones were applied as antitumor boosting liposomes.
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Fig.1 Determination Example of Major Phospholipid
Molecular Species of Fish Muscle.
Tuna meat phosphatidylcholine (PC) was derived into
acetyl diacylglycerol and then injected into Hitachi
Liguid Chromatograph (HPLC) Model 638-50
equipped with twin 8 X 250 mm LiChrosorb RP-18
columns using Shodex RI Model SE-11 as a detector.
The eluting solvent used was isopropanol/acetone/
methanol/acetonitrile (1:1:3:4, v/v) at a flow rate
of 1.5 mL/min. Peaks numbered as 5, 6, 7 were
recovered, then methylesterified and subjected to
fatty acid composition analysis. The results are
depicted as an inserted table’.

eak_mumber
T e | » 2 3 “ 5 s
14:0 21.3 30.6 34.6 446
16:1 53.0 47.7 28.3 19.0 19.6 9.7
20:5 47.0 52.3 50.4 36.2 15.6 8.3
22:6 14.2 30.2 37.9
Carbon number
34 42.6 63.3 32.2 10.8
36 95. < 90.0 57.4 5.7 41.7 89.2
38 10,0 3i.0 26.1
Carbon number
20:5 1430 1&:0! PA:O
34 ez 269633 [Bo:g32-2 hoisho-8
20 5| 16:1 16:1] 1631 zz:g] ].A:Ol
36 ]16:195‘< 20:5‘9‘*0 20:5[57" zo:sl 5.7 fraigere? |paiee9 2
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Fig. 2 Determination Example of Minor Phospholipid
Molecular Species of Fish Muscle®.
Salmon meat PC was derived into acetyl
diacylglycerol and then injected into the same HPLC
system as in Fig. 1. Peaks numbered from 1 to 6 were
individually recovered, then methylesterified and
subjected to fatty acid composition analysis. The
results are depicted as an inserted table.
I: Molecular species composed of highly unsaturated
fatty acids such as (20 : 5n-3, 20 : 5n-3), (20 : 5n-3,
22 6n~3) and (22 : 6n-3, 22 . 6n-3).
I11: Molecular species composed of generally found
fatty acids such as 16 : 0 or 18 : 1 in combination with
20 1 5n-3 or 22 : 6n-3 such as (16 : 0, 20 : 5n-3), (16 : 0,
22:6n-3),(18: 1,20 :5n-3) and (18 1, 22 : 6n-3).
IT & IV: Others.
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Fig. 3 Relationship between Relative Retention Time and Total Acyl Carbon Number and
Relationship between Relative Retention Time and Total Double Bonds of
Phospholipid Molecular Species on Reverse Phase HPLCY.

Natural occurring PCs were derived into acetyl diacylglycerols and then injected
into the same HPLC system as in Fig. 1.

(x and v are variables of acyl carbon number and number of double bonds,
respectively. For example, x can take 14, 16, 18,20, 22 ---and ycantake 1, 2, 3,4,5 --+)
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Fig. 4 Relationship between Relative Retention Time and Total Acyl Carbon Number
and Relationship between Relative Retention Time and Total Double Bonds of
Triacylglycerol Molecular Species on Reverse Phase HPLCY.

Natural occurring triacylglycerols were injected into the same HPLC system as
in Fig. 1 except that acetone/acetonitrile (3 : 1, v/v) was used as eluting solvent.
18 0 18 1 18 1 18 1 x 0 20 y 18 v

ajl8 1i, bl18 1f, cj18 1, 4|18 2|, e|20 4|, f|20 4|, g18 14,
x 0 x O x 1 x 1 20 4 20 4 22 1
18 0 18 1 18 2 18 3 16 0 16 0 16 0

h|18 0], il18 1i, ;{18 2|, k18 3|, 1118 0}, m(18 2|, nj16 O
18 y 18 y 18 y 18 y 18y 18 y 18 v

(x and v are variables of acyl carbon number and number of double bonds,
respectively. For example, x can take 14, 16, 18, 20, 22 --- and y can take 1, 2, 3, 4,
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Fig. 5 Relationship between the Increased Chemical
Potential of a Certain Glycerolipid Molecular Species
(App) and that of the Original Glycerolipid Molecular
Species {Aua) in Accordance with the Increase in
Chemical Potential (Auyx) due to Increase in Acyl
Carbon Number.
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Fig. 6 Relationship between the Decreased Chemical
Potential of a Certain Glycerolipid Molecular Species
(Aug) and that of the Original Glycerolipid Molecular
Species (Auy) in Accordance with the Decrease in
Chemical Potential (—Apx) due to Increase in Acyl
Double Bonds.
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Fig. 7 Relationship between Relative Retention Time of a Molecular Species of a Triacylglycerol versus Total Acyl Carbon
Number or Number of Total Double Bonds when the Fatty Acid Residue is Substituted®.
Lines from A, to A, demonstrate the lines of 16 : 0 — 18 . 1 substitution.
Lines B, and B, demonstrate the lines of 16 ; 0 — 18 : 2 substitution.
Line C, demonstrates the line of 16 ; 0 — 18 . 3 substitution.

Lines are:

A;:(18:0,16:0,18: 10-9)—(18:0, 18 : 1n~9, 18 : 1n-9)

Az (16:0,16:0,16:0—~(16:0,16:0,18: In-9—(16 10, 18 1n-9, 18 : In-9)—(18 : 1n-9, 18 : In-9, 18 : 1n-9)
Az (16:0,16:0,18: 2n-6)—(18 : 2n-6, 16 . 0, 18 : 1n-9)—(18: 2n-6, 18 : 1n-9, 18 : 1n-9)
Ag(16:0,18:2n-6,18: 2n-6)>(18 : 1n-9, 18 : 2n-6, 18 : 2n-6)

B,:(18:2n-6,16:0, 18 : 1n-9)—(18 : 1n-9, 18 : 2n-6, 18 : 2n-6)

By (16:0,16:0,16:0—(16:0,16:0, 18 : 2n-6)—>(16: 0, 18 : 2n-6, 18 : 2n-6)—(18 : 2n-6, 18 : 2n-6, 18 : 2n-6)
C:(16:0,16:0,16:01>(16:0,16:0, 18 :3n-3)—(16: 0, 18: 3n-3, 18 : 30-3)—(18 : 3n-3, 18 : 3n-3, 18 : 3n-3)

Points are:

1.(18:0, 16:0, 18: 1n-9), 2.18:0, 18 1n-9, 18:1n-9), 316:0, 16:0, 16:0), 4.(16:0, 16:0, 18 1n-9), 5.16:0,
18:1n-9, 18 1n=9), 6.(18 : 1n-9, 18 1n-9, 18! 1n-9), 7.(16: 0, 16 : 0, 18 : 2n-6), 8.(13 : 2n-6, 16 : 0, 18 : 1n-9),
9.(18:2n-6, 18 1 1n~9, 18 : 1n-9), 10.(16 : 0, 18 : 2n-6, 18 : 2n-6), 11.(18 : 1n-9, 18 : 2n-6, 18 : 2n-6), 12.(18 : 2n-6,
18:2n-6, 18 : 2n-6), 13.(16 . 0, 18 : 3n-3, 18 3n-3), 14.18 : 3n-3, 18 : 3n-3, 18 : 3n-3)

%7-0 D RPI I (log 100.0)73=0.667 L KD S B, [
Lrzuw b 755LEC, PIF LA VEDF LA VB
(18:1n-9) 1 7% M7- b o RPI X (log 952.8) /3=0.993
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log RRT #* 5 LB ORBBIENERZR IO RPI (0 24
BEPBELRL - RPIEHD) 2EHTE LY, 2
EZEMY FaYAFTI) AL O L ITERKOAFED
WSR2 EE121E22:6n-3 & 20:5n-3 DN F 2 &
log RRT BRI ORBEI S FHEY —- 27 D logRRT 2D

i2, (22:6n-3) 184720 O RPL#35kH 52 EHTE
Lo Thbh, VAaYRY I IAL NV FIYFAFHT
J 4 ¥ (22:6n-3, 20:5n-3, 20:5n-3) ® RRT 25 106.1
Tdh BT LD log RRT=2.026 255k b, 2.026=

(22:6n-3) 1%#247- 0 0 RPI+0.667+0.667 DEF4EH D

AZEH B, (22:6n-3) 1BEWYA 1) D RPI=2.026-

0.667-0.667=0.692 L EH XN 5%, .
Ihb 3T OIEIEEEEE O RPLIEHE B 727200

T3, (22:6n-3, 22:6n-3, 22:6n-3), .(22 : 6n-3,



22 :6n-3, 20: 5n-3), (22:6n-3, 22:6n-3, 18:1n-9),
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18:1n-9, 18:1n-9), (18:1n-9, 18:1n-9, 18:1n-9) ®
RRT 2T RTRKDBIEVNETH B, 2 z2iE
(22:6n-3, 20:5n-3, 18:1n-9) DHFEE, log RRT=0692+
0.667+0.993 £ %1, RRT 2R 5 &, 22491k 5%, #
BIZLZZM) A IR F T4 VO RRT X100 TH
57, Fig. 8" @A FH L4 TGIZB T AEROBHE
Mz 7060 THET RS, (22:6n-3, 20: 5n-3,
18:1n-9) DOEHIEREIL 7.06 X 224.9/100=15.88 4L 3t
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Fig. 8 Prominent Molecular Species of Sand Flounder
Muscle PC on Reverse Phase HPLC™.
Same HPLC system was used as in Fig. 4 except that
single 4 X 250 mm Supersphere RP-18 non end cap
column was used.

Apirg CREBEMTE AL R Y IO, sn-3 M
BB VIBEOFERTIR ) v u— L ERICHES
LTWwW5 3 REHEFHM® 3 KT rsEd, £
DDETROBFICLARED (-0 rh) HF&h
WKhbEdICary 7+ A= ariigEbds, ZOEL

Contribution Potential toward log RRT* of the Individual Triacylglycerol

Molecular Species on Reverse Phase High Performance Liquid

Chromatography™
Fatty acid Contribution potential Fatty acid Contribution potential
residue toward log RRT* residue toward log RRT?
14:0 0.847 18 : 2n-6 0.861
16:0 1.033 18:3n-3 0.740
18:0 1.178 20 :3n-3 0.834
16 : 1n-9 0.861 20 : 4n-6 0.781
18 : 1n-9 0993 20 : 5n~3 0.667
22 :6n-3 0.692

*We defined this as relative retention potential index (RPI) in the text.

Table 2 Comparison of the Predicted and the Empirically Determined log RRT of the Individual
Triacylglycerol Molecular Species on Reverse Phase High Performance Liquid Chromatography ™.

Predicted retention Empirically determined Relative

Peak No. Molecular species time (min) retention time (min)  deviation
1 (20 : 5n-3, 20 : 5n-3, 20 : 5n-3)** — 7.06 —
2 (22 : 6n-3, 20 : 5n-3, 20 : 5n~3)*2 - 746 —
3 (16 : 1n-9, 20 : 5n-3, 20 : 5n-3) 11.06 11.05 0.1%
4 (16 : 1n-9, 20 : 5n-3, 22 : 6n-3) 1172 1177 0.4%
5 (18 : 1n-9, 20 : 5n-3, 20 : 5n-3) 14.99 14.89 0.7%
6 (18 : 1n-9, 20 : 5n-3, 22 : 6n-3) 15.88 15.94 04%
7 (16 : 0, 20 : 5n-3, 20 : 5n~3) 1644 16.89 2.7%
8 (16:0,16 : 1n-9, 20 : 5n-3) 25.69 25.70 =0%
*!1 See Fig. 8 .

*? Standard (reference) peaks.
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ZOREY, ui & w, OFEDE— (6=0) DELED
B =pi s BRI T BN, Wy & py DH M ER B L
R p<pi+u; &R BT EPEPNL, FEH
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YNVEOTHMD ) OEEFKREL LD, ZEHEEHN
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INJHEHSNSL BB EEREIND, BE, PLEYV =
FONY VA VR LR Lo K FREY —
JORRT &7 Y NVEOERZEBEBLIUFRRT LT VNV
ROB_EEZEHREOBRBRIZOVWTsn-1LE 2% KX
LTy L2k 2B, Fig. 9 © X5 sn-2 LD
BEREHERT, YIHWVEF Iy VOB EEIC
LAFHEROBEE LY DEBRICEESNSRBILE
ASHIBE L 720 728 2T Fig. 9° D& 48 & 49 S
51 & 52 ZRESBOBEE BRSNS B EZRD,

3 JUtOBRESFEO/OYMIS74—ICBHS
ER{EDZE

A TR S DK VIKE S ) L u g 04 FHESH
ZBWT, 7% b7 T 2 DREBAPTEEEOREICK
XLLFS L, BB BREBOET = LE 5 758
REHREFHLI LT RB L, $4bb, 20:50-38
X0°22:60-3 X DRAEH TGHFRIZBTL, TE
F/TEMZRYN (301, v/v) HREIMEE LR
Fig. 100 2R T & 912 - 1I5CHEICHBEE (Rs) A%
Bl 2 BAENED NI ZOWKEDOFEIL, Rs
ZRTTERALS DIEHS N,

Rs=(1/4)a-1)N, 6

Thbb, TOXRTS=k/(K+1) EEEL, kK PH

s, ANV F1oFek, a=ksk, P5ERE, N
PHHBBREHZPETELE, a-1DHEIBWT, o255
LARET TS T AL 3a/ T <0i2kbZE LD, & -
SABEX TS L a DEAFKEL Y, Rs DAL
B EBEINS, —H, AT ABRENERRE
(BN/2T=0) LEOEE TN, DBIZBWTaN/OT<
012, BRIEEDT T ON/OT> 0ol 2O
TEDS, H T ARENSHFREE TIEEVIT CERE
BA LAY, Rs b LET 2%, BREELTICESE,
NG RBEEFTTAIEICLY, BREBHELT ST
LASRENT, §OEIIBVTIXS 29 T ARE T TH
BT B E /T RAZEDS, I AREETW
BIEIZLY, SOBIKREL LY, RedbHETH L

PEpNI, DEoZ b, H 7 AREFHREE

(BN/2T=0) IZHET S T TIE, 795 2REFEVE
o-1 O, N, DH, §OHETRXTHLYKRELEEZ LD
ZEiZhY, BREEEMTRs RERICELY, TE
F/TERFSMUN (311, v/v) BEBEMEE LRI
W -15TCHEBEICER LS MBEXD o 25, EEBED
HPLC A#Tic BV Tit, REREOBRE LML ZRE
LBREREFEE o~ MEE LW T &Ik b,

4 XREYVEESTEOB#SLIUYE

OBBEHAPCOFTFELZHL,IIL T HFT,
EBOBEE LT, KO LERVHLAY,
@ (sn-11fL16:0, sn-2{L 22:6n-3) ODTEIED
ZVAENREEHD 2,

@ (sn-1fL£16:0, sn-2 I 20:5n-3) IZFAITLE VN,

® BEASHMEBER+OSTFETHS (20:50-3,
22 :6n-3), (22:6n-3, 22:6n-3) B X °
(20:5n-3, 20:5n-3) HWEMTIIHEIIESIN
Tw55Y, (20:5n-3, 20:5n-3) FIEFITAH R\,

@ vudrEmiic#iyse, FLL (sn-11L
16:0, sn-2f222:6n-3) BV (sn-1HL16:0,
sn-2 i 20:5n-3) ORI T B,

—F, BEEHEIY O 4 TIREEIC (sn-114016:0,
sn-21722:6n-3) &L, IhEHEEL L Tsn-1,31
BRI AR—EELEFRAFY =B A 2EHEES
L, sn-1fD16:0 ZBIRWICHEBESEHIEPTE,
sn-2 [ 22:6n-3 (DHA) HERVVPCER/B I LA
TEL, 20 VIFEIZELS DHADOEENE 25
(Table 39) Z &6, 4BEHFECOBEIHFEN L,
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Fig. 9 Relationship between Relative Retention Time of Molecular Species of Diacylglycerolipid in the Form of
Dinitr(gbenzoyl Derivative versus Total Acyl Carbon Number or Number of Total Double Bonds on Reverse Phase
HPLCY.

Retention time of (12: 0, 12: 0) is regarded as 1.00.

The superscript on the alphabet shows the acyl carbon number or number of double bonds substituted position (o
for sn-1 and § for sn-2). ’

Lines A and B are for the acyl carbon number substitutions, and lines from C to F are for the acyl double bonds
substitutions.

Lines with the same alphabet are parallel to each other though there is a slight difference between that for sn-1 and
that for sn-2 positions; The sn-1, 2- and the sn-1, 3- positional isomers are all discriminated here.

Points are:

1.(16:0,16:0), 2.(18:0, 16:0), 3.(16 : 0, 18 : 1n-9), 4.(18:0, 18 : 1n-9), 5. (16 : 0, 18: 2n-6), 6.(18: 0, 18 : 2n-6),
718 :1n-9, 16 1n-9), 8.(18 : 1n-9, 18:1n-9), 9.(16:0, 20 : 4n-6), 10.(18: 0, 20 : 4n-6), 11.(18: 0, 22 : 4n-6), 12.(16: 0,
22 . 4n-6), 13.(16 : 0, 20 : 5n-3), 14.(18: 0, 20 : 5n-3), 15.(18: 0, 22 : 50-3), 16.(16 : 1n-9, 20 : 4n-6), 17.(18 ; 1n~9,
20 . 4n-6), 18.(18: In-9, 22 : 4n-6), 19.(16: 0, 22 : 6n-3), 20.(18 : 0, 22 : 6n~3), 21.(18 : In-9, 20 : 5n-3), 22.(18 : 1n-9,
22 :5n-3), 23.(16 : 1n-9, 22 : 6n~3), 24.(18 : 1n~9, 22:6n-3), 25.(16: 0, 16 : 0), 26.(16: 0, 16 : 1n-9), 27.(16 : 1n~9,
16 . 1n-9), 28.16:0, 18 In-9), 29.(16: 0, 18:2n-6), 30.(18: 0, 18: 1n-9), 31.(18:0, 18 2n-6), 32.(18: 1n-9, 18: 1n-9),
33.(18 . 1n-9, 18:2n-6), 34.(14 .0, 20 4n-6), 3514 : 0, 20 : 5n-3), 36.(16 : 1n-9, 20 : 4n-6), 37.(16 : 1n-9, 20 : 5n-3),
38.(16 .0, 20 : 4n-6), 39.(16 : 0, 20 : 5n-3), 40.(16: 0, 22 : 4n-6), 41.(16: 0, 22 : 5n~3) and (18 : 1n-9, 20 : 40-6),
42.(18 : 1n-9, 20 :5n-3), 43.(18 . 2n-6, 20 : 4n-6), 44.(18 : 2n-6, 20 : 5n~3), 45.(18: 0, 20 : 4n-6), 46.(18 : 0, 20 : 5n-3),
47.(18:1n-9, 22 :4n-6), 48.(18 . 1n-9, 22 5n-3), 49. 18: 1n-9, 22 :6n-3), 50.(18:0, 22 : 4n-6), 51.(18: 0, 22 : 6n-3),
52.(18:0, 22 : 6n-3)
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5-1 DHARSEUIEEDAE N—¥ A, BB L, T AT VERRIGDETI
KEY VIRETHRLEWHTEE sn-2 L DHA & o TERT DKRTOBREEHET) e gL %
BOGFHETH L, ZOFFRITEHMDOIAKDIEL D 5 Bo KRR —F A, FIZAKGFOTIMC & o THEEAL
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Fig. 10 Relationship between Resolution Value (Rg) and
Temperature of the Column on Reverse Phase HPLC.Y
Each symbol represents means of ten chromato-
graphic runs.

Same HPLC system was used as in Fig. 8.

[J: Rs between (20 : 5n-3, 20 : 5n-3, 20 : 5n-3) and
(20 :5n-3, 20 : 5n-3, 22 : 6n-3).

@R between (20 : 5n-3, 20 : 5n-3, 22 : 6n-3) and
(20:5n-3, 22 : 6n~3, 22 : 6n-3).

@: Rs between (20 : 5n-3, 22 : 6n-3, 22 : 6n-3) and
(22 :6n-3, 22 :6n-3, 22 . 6n-3).

Table 3 Fatty Acid Composition of the Substrate Squid PC
and the Produced LPC after Partial Hydrolysis in
Super Critical Carbon Dioxide Medium.™

Produced LPC

Fatty acids  Substrate squid PC

14:0 1.62 0.13
16:0 34.03 0.83
16 : 1n-9 0.58 0.06
18:0 135 ) 101
18 : In-9 2.94 0.13
20:0 0.03 0.13
20 : 4n-6 0.92 0.91
20 : 5n-3 840 10.82
22:6n-3 39.90 83.93

T5, B®ILKSBEREZZ T VEE W5 RKED
ZEEELCLE )0, BREIUCFEFSERENCEE
BV, £IT, RAKYS—F A, FEIERLELTD,
IRATNVEEGEDLRENIEAEZ L WEORE %
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THRLAEZA, FIVAT I FAERSHEEZ R RIS
Fo, IR AFVARBICY 7 M ThZ b o
o LAL, ZOBATHINRIZ SLHBICEE o712
ZERE, TATNERRIGORBEHTEEIVAT I
PBRBEZEoTWA I EPHEEEN, £2T, WET
KBWTZRATFVERIGET) 2 &I, RISHE
KBWTRTSEDOFRNAT I FIZL o TRBWEER
BHoo, BBMCRFIVATI FOEERZTITAZ L
Lo THEFEHr AT VEREICY 7 €52 L
2HAI-E A, Fig. 119 DX HI290 ENBDIES

f‘%’é &:::{K:'Q f:o

5-2 DHAR&ARY CIEBEOHEEDICH
DHA®EEY) VIBEOEBRMEEL LThETHL M
ool bk, MBESLHER L LD ICEEEROFT M -
FIZVER S8 72812 4 & M B I 5L 5 AR e M g 110
Thb, THEPGITHE, BENZHEENFIEE
D, RBWTHHIZTERT 5. £DT% Caco-2 fMfam
TEEHEEOT VMK LTS, FiEOMSbEE
ERMEMEITHD b, Caco-2 Mgz LTIz &Iz
FAT77FVNMEY Y (PS) HEED DHA F&HY g
B H R BN S 2 L AR L2200,
T%bb, 20:5n-3 (IPA) 84%, DHA40.7% % &4
APCHOLRRATyFVNEEBIESICLD PS £
LT, BB M) oo bEEER T 5 8E
MELZFATE A, BEES MU T LAOBEMEIMCEL
TDHABSEPSZAETAZILIZLY, Hfbo 138
BTHLTNAYFAT 75 —LEEESH 2 #FICENS
TEBBOONT. Z0E D) RAIRSEHERERE AR
LB AR A, Z0% DHA BAHY VIR
9%, &L ICDHA AR PE GEEEO T VB
LTec-myc # VEBEFOBEBHEL T LT L9
W E N2, In vivo DEBRTIX, DHA KSR Y VI§
Br )Ry —24bT52 212X, FRERTESL:
WAHEFAE (Meth A) ®< %X (Fig. 122%) &0
BEL-BHE (sp2) Oy AICx LToRmBEE DY
WD BTz, BEREWTZ &2, TAY 7 A0KEEY
OZTEEREREEWE Y DHABEAEY VIBE U R
V—AIHET AL, MBRRWICY Y AT 55

DHA-PC yield (mol%)
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Formamide (M) and moisture (O) contents (wt%)

Fig. 11 Relationships between the Desired DHA Bounded
PC Yield versus Moisture Content, and Formamide
Content on Phospholipase A; Mediated Esterifi
cation System™,

Reaction mixture: lyso PC 110 mg, DHA 180 mg,
glycerol 5,500 mg, phospholipase A, 60 mg, CaCl,
3 umol, formamide 0.5 mL.

Reaction condition: 40°C, 48 h, decompression
(132-165 Torr).
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Fig. 12 Antitumor Effect of DHA Bounded Phospholipid and
Soy Phospholipid Liposomes on Meth-A Fibrosar-
coma-bearing BALB/c Mice®?®,

PS: phosphatidylserine prepared by transphosphati
dylation of PC.
Data are shown as means +S.D. (0=6) **P < 0.01
versus Control.

BEEEIMET S RO (Fig. 132), T4
DHA #&EY VIREURY — A2 BIZF b2 LRSS
L7272 ¢, MESENCHESEI METLIED
RSNz (Fig. 14), #E, V VIEEVYRY —LAHIC
FIUVBBEREBETIELZEICLIST, FMYra—
FURY —AERET L), HICHEZRBELLZZTT
b, BEP-CEF M rta—-F1 v 78R TLE
Yo ZHZENDL, Fig. 14IZBVWTFHF b ra—rY v
BBEYVERY—LE, FMHVBEREYEY —ABOHEHM
RBEREOMT, HEBEICES - -0, HfLE
FERIZBVWTLF I rya— MY VIREYYRY — LD
EWICTECLE oD EEEIN, MEOHKEIC
L HAMERR R MY a— ML, MNELEICH
ELECRBIETHFRIIYR Y LRI RTINS
X9 hol/z® LBbNb, Fig. 124 12801 T
MEEUSRRL-BHICES 2 Ed 2007 LisE
AbNi, Thbb, HBFEYKRY—LACIE DHA BAR
PSE#BML TV dicw 707y — VB nEEE
LIEB A L7-2k, BLUSEY Ry — 2088 VB
WhAFhBEZLICE T, FYHBEOEEKBEITS D
DEEEL, BRUEREEDORLS (Fig. 15%)
2RI ThHD, BE, KEYVRE (V) —-VvE
WEMPC +V / — VEREERPS) VARV — L% B
SMBELTHYVRY -2 270 77—V T774-1 4
FLICHRIMLCEEL, 57 v 7 AV —X&W&HELI-E
HEBIUVEEZHBLE JT4-1 OS2 kO
#%, DHA KGR V5% (DHA #&% PC+DHA
FEBPS) VRY—-AERMLAJI4-1<70 77—
UHMBIERRMOMBEINIEIVEL DS TV I R
Y—X%HY AH (Fig. 16°), /- Table 4% iR L7
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Fig. 13 Changes in Tumor Weight % against Body Weight of

Myeloma sp2 Bearing BALB/c Mice on Agaricus
Encapsulated Squid PC/PS Liposomes Therapy™.
Squid phospholipid is exclusively rich in DHA
bounded PC.
The following samples were administrated 20 days
after myeloma sp2 tumor (1.5 X 10° cells)
implantation. Liposome: Squid PC/PS liposomes
(1.0 mg/mL), Agaricus. Agaricus water extract
(0.5 mg/mL), AaL: Agaricus (0.5 mg/mL) and squid
PC/PS liposome (1.0 mg/mL) mixture, and AeL:
Agaricus (0.5 mg/mL) encapsulated squid PC/PS
liposomes (1.0 mg/mL as phospholipids) were all
administrated in the same term from days 0 to 21.
Significance relative to control is indicated by
asterisks (*p < 0.05, ** P < 0.001) and squid PC/PS
liposome versus Agaricus encapsulated liposomes by
(3% P < 0.05), ANOVA (n=7).
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Fig. 14 Tumor Weight % against Body Weight of Myeloma

sp2 Bearing BALB/c Mice on Chitosan Coated Squid
PC/PS Liposomes Therapy.
Control: distilled water served, Liposome:
1.0 mg/mL squid phospholipids liposome
(PC/PS/Cholesterol=9/1/10 molar ratio) served,
Chitosan: 5.0 mg/mL chitosan served, Liposome+
Chitosan: chitosan (5 mg/mL)}+squid phospholipid
(1 mg/mL) liposome mixture served, and Chitosan
coated Liposome: chitosan—coated (5 mg/mL) squid
phospholipid liposome (1 mg/mL) served.
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Fig. 15 Effect of DHA Bounded Phospholipid and Soy Phospholipid
Liposomes on Viability of Meth-A Fibrosarcoma Cells and
Macrophage-like J774-1 Celis®.

Data are shown as means +S.D. (n=6) ** P < 0.01, *P < 0.05

versus 0 pg/mL

Fig. 16 Enhancement of Phagocytic Effect of DHA Bounded
Phospholipid Liposomes on Macrophage-like J774-1
Cells®.
(A): Control, (B): DHA bounded PC/PS liposome
added (10 mg/mL).
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7zo —7F, Fig. 13 OFOREIZB W TId DHA FEHY
VEIRBURY - A& TNS DHA BAEE PS /MG L
EOMMBIZEBRINTRYAETN T L REENE
ZbNize #2C, MMBEEREL/NE EEME TV

L, DHABABPCOAIVEALYEY —L L
DHA# S PC+DHA KGR PSURY — L EhEFN
OMMIEENLEBICOWTEEDE (kg )
PNEBESETHERMLEZ S, PEAEYD DHARKBER
PC+DEAHABMPS YRy — 20 MMBIEENLER
OFA, DHABBHPCOALINVEAIRY —L LD
SWAYHELEBRTLIENREDLN, LIL, &
LITHFZ P IYLNYTINTY)Eu— (DGDG) %
TEBICHEAAAZYRY — A TiE, DHA &% PS
DEBREFNRSASNR L BoTLE o7, DGDG i
ANISY DTk E KIS R O R E RN % [k
SHBIETHONSYS, DHABRAGR ) Vg o
FTIEPSOMMEBE N LAEEREEZERbETY
LHH RSB TBEEINT, INLOBRIBELTN LY
BRI - E@BVIEFICEMTHL I ERT—HER S
7oo BAREOWIN, ZBICELCE [VVEY VIRE
EEMRBRIC PN TRINE NG ] L HBEMITITN
bNTWEBEY, FOEEFEAEMEbho TRV, &
B FADBADHELT, B FHEOENIL > THIL
DAENFPERRBIENEZONDL, BEREAOEE
PR D RBHLERO—2OTH Y, SHOMEERE

Table 4 Phagocytic Enhancement of Macrophage-~like J774-1 Cells Induced by

26)

Liposomes®™.
Concentration Soy PC/PS liposome 2-DHA-PC/PS liposome
(ug/mL) @w @» ® @ W % ® (%
0 55.0 100.0 121 100.0 55.0 100.0 12.1 100.0
5 56.3 102.3 120 99.6 60.0 109.1 134 1107
10 74.3 135.1 11.8 98.2 84.6 153.8 14.0 115.6
25 78.3 142.3 11.9 985 96.6 175.7 152 1261

(A) Number of phagocytic cells/300 cells X 100(%)

(B) Number of beads/Individual phagocytic cells
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