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Abstract

This study was devised to purify the compound from tuna that have cytotoxic activities against various can-
cer cell lines and to observe its immunopotentiating activities. The cytotoxic compound was partially puri-
fied 277 fold, from petroleum ether extract (crude extract) of tuna by silicic acid column chromatography
(fraction D) and thin layer chromatography (Spot 1 ). Cytotoxic activity was monitored using human colon
cancer cell, HCT-48. The active compound (Spet I} was composed of seven materials which are fatty acids
of four kinds (C1s:0, C16:0, C17:1 and Cis o) and unknown three fat materials. The active compound has cyto-
toxic activities against various cancer cell lines, that is, murine leukemic lvmphocytes (L1210, P388) and hu-
man rectal (HRT-18) and colon cancer cells (HCT-48, HT-29). The patterns of size distribution of HCT-48
cells in the medium containing tuna extract were shifted to direction of the small size region. Also, the mi-
croscopic shape of HCT-48 cells were shrinked and distracted. The number of plaque forming cell and im-
munoglobin fraction of serum protein obtained from tuna-treated mice were increased, but natural killer cell
activity was not affected.
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Gas Chromatograchy / Mass Spectrometry(GC
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Fig. 1. Growth curves of HCT-48 celis in the culture medium
containing various amount of crude tuna extract,
o — O Control ®—® :30ug/ml
V= i 60ug/ml v ¥ 120pg/ml
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Fig. 2. The cytotoxic activity of each fraction (100xg/ml)
separated by silicic acid column chromatography
against growth of HCT-48 cells.
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Table 1. The cytotoxic activily of each fraction separated by
sificic acid column chromatography against HCT-48
cells

Fraction Weight  Total Activity Recovery
yield activity
(mg) {units) {unitsf me) {%o)
Crude extract* 700 11900 17
Fraction A** No activity NDY
B 105 No activity ND
C 40 2891 7 24
D 133

6118 46 51

*Crude extract (700mg of petroleum ether extract) was loaded
on siticic acid column (2.5 x 28crmy
#*Fraction A : Only petroleum ether fraction
B : Pet, ether : ethyl ether 1 9 : 1 (v/v} fraction
C 1 Pet, ether : ethyl ether 3 81 2 (v/v) fraction
D : Pet. ether @ ethyl ether ; 7 2 3 {v/v) fraction

ND* 1 Not determined
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Fig. 3. Growth curves of HT-29 cells in the medium contain-
ing tuna extract (100g/ mi).
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Fig. 4. Growth curves of HRT-18 cells in the medium con-
taining tuna extract (T00ug / mi).
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& —% 1 Fraction D
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Fig. 5. Growth curves of P388 cells in the culture medium
containing tuna extract (3ug/ml).
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Fig. 6. Silica-gel thin layer chromatogram of crude tuna ex-
tract and each fraction by silicic acid column chro-
matography.
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Fig. 7. The cytoiexic activity of each fraction (100pg/mi)
separated by TLC against growth of HCT-48 cells.
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V% Spot | ¥—% :Spot I
Table 2. The partial purificaiion of cyiotexic active com-

pound from twna

Procedure Weight  Total Activity  Purification
yield activity  (units/mg}  fold
(g) {units)

Tuna 1000 415,060 8.4 1

Pet. ather 249 415,000 16.7 42

extraction

Silicic acid

column chro-

matography 4.7 211,650 43.0 112.5

: Fraction O

Thin layer

chromatography 0,07 7,778 111.1 277.7
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activity (units/mg)7} 7t A Al SAEE 167, 450 ¥
111432 2rbsbgich A meee] 94 A2 A4
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i - 347
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Fig. 8. Growth curves of L1210 ceils in the culture medium
containing compound (3ug/ml) obtained from each
step of purification.
OO 1 Controf
7 —W : Fraction D

® — @ : Crude extract
¥ —% : Spot |

Junitel] & 5HE = ke eyl

elR]i= o3k 7| $is] silicic acid column chro-
matographyel| A 41-2 fraction DE 100ug/mlxx 2
HCT-48 A vkl el H7)sled 7247 Zol wjjoksl
wA, AE mofg driA o 3AE 44 Fig 10

ofl el ol ARl A, B, C= W27 o 2 4] Al xEe)
Roh=s 7%71-4_; vjef Al 7bel A ghel whel M L
} =W HoF v Re], Hadeg 24 5988

F 9«2‘4’ e FAE '%'—51 °ét- %*6‘ 44 frac-



A F2EY g o d9as

/O
Q
5
£ °o— ¢
w
[ ]
\
) V-——._._,__v
-
—
1]
A
o 4
=
-
)
Ll
(%]
&
(]
—
s L \._\_‘_“_/V'—-\v
> y
VE A
O L L |
Q 24 48 72

INCUBATION TIME({HOURS)

Fig. 9. Growth curves of HCT-48 cells in the medium con-
taining compounds (1008 /ml) obtained from each
step of purification,
0 =~ o : Controt
V%7 : Fraction D

@ — ® : Crude extract
¥—-¥ ! Spat |

Table 3. One unit (3g) of active compound obtained from
each step of purification

L1218 HCY-48 HT-29 HRT-18 P388
Crude extract 2.2 60 64 54 2.5
Fraction D 1.2 22 34 34 1.4
Spot | 0.7 9

7y & Mz z7] BEE size distribution analyzer
2 ojgsted A& ARE Fig. 11e] =4 &eir}. Fig
1(A)= fraction D& 100ug/ml H7}sbe] v okslal A
0, 24, 48Aell AP HCT-48 A2
distribution (at manometer}2- viehE zio]cl. 0 hourd)
30~ 50 cubic micron (c.m.)oll 52 EE3E 7o} A7t
o] HAge] wte} 10~20 cm OB FES AR
»dek, (B), (0% size distribution analyzer (stop at full
scale) 2 G4 A B3 A 24207, 4842 o oks &

—_
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Fig. 11. Size distribution curves of HCT-48 cells incubated

with or without tuna axtract*,

{A} Overall changes of size distribution curves of
HCT-48 cells incubated with tuna extract for 0,
24 and 48 hours.

(B) Peaks of size distribution curves of HCT-48 cells
incubated with or without tuna extract for 24
hours.

{C) Peaks of size distribution curves of HCT-48 cells
incubated with or without tuna extract for 48
hours.

*Tuna extract : fraction D (100 pg/ml)

FEE AT & A 7e] A 48X 7teE
10cm. #T2.2 size peakrl Z B HAZE dodch
v ) ET8 A ERE 30~50 cm.dl Al major size
peakS B} mpa}a] fraction D7} ok Eef =45}
of cell volumee] Folx] = vtz AlE A7) & oF

alek.
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Fig. 1¢. Photomicrographs of HCY-48 cells mcubated with or without fraction D (1004 g/ ml) from tuna exiract (x 200).
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i FEEE DHASI EPAERY &1

Tuna extract ] DHAS} EPAS] ghak2 ot 7] ¢ &) of
#7240 Z|uEAl standard (Cra-22) 2 DHAS} EPAE re-
tention timeg AA% F AFZ Fshe] & gas
chromatogram$] 2241 A3 Table 40 v}ebliglcl.
Peak no. 3e¢] 24.7%% 7} #He okg Al Fi-
C16:02] palmitic o] c}-& 2 & peak no. 202) DHAZ}
18.8% 5 #2138l 9ir}. Peak no. 95 Cis: 14 oleic acid
2 133%E A g2 A dpike) ol vd. EPAE peak
no. 1724 3.25%7} 2=+ ¢l 4}

T FAH Fol| R FA 34 &£37) ¢)= fraction
Do 23}t gas chromatograme] 241 A 25 Table 59
thebigd el 370 major peakr}t o} =u DHAL EPA
= EAEA

Table 4. Gas chromatographic analysis* of tuna crude ex-
tract on capillary column

PkNo Conc PkNo Conc PkNo Conc
1 3,6615 9 13.3541 7 3.2512
2 1.1592 16 3.315 18 1.5279
3 24 7890 1 1.267 19 1.1264
4 5.8977 12 0.8311% 20 18.8777
5 1.2108 13 0.44568 2 4.6258
6 1.5665 14 0.3781 22 0.8731
7 0.832 15 0.7171 23 2.2197
B 6.5188 16 1.5507

Total 100

*GC conditions : See Table 5

Table 5. Gas chromatographic analysis* of fraction D from
tuna extract on capillary column

PkiNo Conc PkNo Conc PkNo Cong
1 1.1138 & 3.0478 11 1.3939
2 0.7129 7 99124 12 (.8222
3 36,142 8 23.3467 13 0.9116
4 4.0568 9 19.9214
5 0.6561 10 5.9625

Total 100

*GC conditions
Bp-20 (25m x 0.33x#mx0.25¢m) Oven temperature :
180°C to 200°C (1° C/ min)
Detector : FID (range 102, atten. 3) Casrier gas 1 Helium (
0.5Kg/cm?)

ol DHAZE wol 2sle] 9l Aoz o
A ool B ALY A4 o FEFME 22 E
2] 18.8%7) DHAZA] 7| =2] Byel Q0§e of &=
gleh. 2| fraction Dol = DHAZE gl8o2 obal®
o el A GARNE Beol HoE Mol DHASE
= hE gk 3L T e AR ERsbe zlez

A7,

Gas Chromatography/Mass spectrometry (GC

/MS)

Fig. 12% Spot 2] GCZ ssiste] o2 chro-
matogram 2241 Spot [ o] 77}A] Aol Eitw]e] 2
2 "odF 53 ik 709 2 peakAd Eol ©ls) mass
spectrometryi 2% ARE Fig. 13o] vJetilgdoh
A, B, C, 2 Dol el retention timee] 1.472, 2,936,
4.805 % 54572 47}x] A E-2 library search®& %5}
o] 7i& Ealel tetradecanoic acid(Cia:o0), hexadeca-
noic acid(Cis:0), heptadecene-(8)-carbonic acid{1)
(C17: ) octadecanoic acid (Cis:o}E Fal =gl E,
f 2 Goll v}elyt retention timeo] 8.541, 16.614
22.485%) B3R L library searchS £ ojw E=zlqiz]
Fald & gdddh 727 #E 47bx] FEE wna
crude extract®} gas chromatographyelj A &£ ge] =)
e Aoz B8 YLERA, 050 B4 AR
opd 7hgAde] ek weba) gaiE A 922 371 AR

TIC of DATA:PNIBS.D
5. QE+5y
4.5E457
:B G
4.86+59 F
1.58457
4 3.0E+57
H
] 2.5E454
2
T 2.BE+54
1.5E45 ? E
LBEs] L 11
5.86449 R S
5 ia 15 20 25 1a
Time (min.]

Fig. 12. Gas Chromatogram of tuna extract{Hewlett-Packard
59801 GC/Hewlett-Packard 5988 MS) : Seven
major peaks were detected. GC conditior : Column
HP-1{10m x 0.33 gam x 0.2mm} Det. temp. : 280°C
Inj. temp : 300° C Carrier gas : He (1ml/ min).

*TIC : Total ion current
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Fig. 13. Mass spectrometric analysis of seven peaks (A, B, C,
D, E, F, & G) from gas chromatography of tuna ex-
tract.

&7 -4 E

Fol 54 Aol Qi Ao} ohd7h 22H™, o] & %
a7 Yais Aae 34ert 7l HPLC(High
Pressure Liquid ChromatographviE =338} z} frac-
tiong FeolA] 3ot 3A1-2 EA 5T o] FAlo] gl
Ao el d4 B, NMR(Nuclear Magnetic Reso-
nance) @ MS 5& thA FHIEZA T RS
%4 ole Aes Az

2 d 1 ol
g aelw A #5E 5180 AE J_Lr =olgh
T (5-180%} 5] 5% FA FojAle] dakg 1)
gHel| 4 o1& NK A £ 3H43-8 Table 6o L1e} 9“4 =
thE R & Al¥ o) faTFrche ozte] 24 F1E
Holul vl gl B4 F7HE % 5wk 2 group
o AR e prh Fe] 7 e uk AL shgle
v} AR A2 i en R (data unknown) ZA F
FEe) NK Alxe] 84 Z7bdliz A8s 54 &8
o = gigdeh

22 @i M=o 0ixl= Sk

Lymphoid cellsell @15t 3 #3452 odelny) 9
a, obF AHe] sA 2 dEad 33 FEE (frac-
tion D& 592F Fodgk & T-dependent antigengl
sheep RBCE A5 2 747#8}e] 54 % splenocytes2- 91
of &8N YA AxpE ST AAES Table 7o
Elflgdet 2L spleen cell 1009 40708 2-an)
Al A7) 2w g ot Al E S-S 105 S07) = 26l
7heF Zrbabgict. oleldt £¥ut 94 A ¥EE plasma

Tahle 6, The effect of tuna-extract treatment on natural killer
(NK) cells activity of mice

% Cytotoxicity

Croup Animal no. Mean 5. E.
1 2 3

C (Control group) 1.5 32 1.7 2.134+0.53

T (Tuna treated) 54 33 238 383079

S (5-180 innoculated) 72 63 37 5.43+1.04

TS (5-180&Tuna treated) 5.0 4.3 4.6 4.634.0.20

S.E.¥ : Standard error
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Table 7. Plague forming cells by spleen of mice treated with
tuna extract

PFC/10* cells of spleen

Group Animal no. MeanS.E*
1 2 3 4 5

Control 47 44 16 54 40 40.2+6.4

Tuna extract 90 87 99 9% 80 90.4+3.3

treated group

S.E.* & Standard error

cellza] olZe] AMAZ &2 secretiond] 2|8
plaquert FA Sl wetd o 24 7] HE 2%

o Fol= gA HA A x5 HrE v
A &% 2ot

EE H®E globulingl S%£0 0|R|= HE

ControlF-& A aF Az T2 wate]|, STFL sRBC
(sheep Red Blood CelhZ 7+atxl Az Feolx TSTE
tuna extract® 597} B2} a5 5 sSRBCE zHabsl
groupe|tl. Z+ groups] AH 2 ¥ AL g cellu-
jose acetate electrophoresisS <~ 8] HA a9
748 4.2 A 1S Table 8¢l & w3}t

Table 8. Fraction of serum protein from mice treated with
sRBC and tuna

Mean +S.E.* {Relative %)

Fraction C group S group TS group
Albumin 66.6+1.4 36.3+1.5 440+1.8
a i-giobulin 7.6+0.8 11.7+0.8 74+05
a 2-globulin 4.9+0.7 h.84-1.0 5.0x0.6
B-globulin 58409 28.5+1.2 240407
r-globuiin 65+1.1 17.5+2.4 19.5+1.4

*S. E. : Standard error

C group : Normal animal

S group : Group with sRBC

TS group : Group with tuna ext & sRBC

C72] albumin®] - relative %7} 66.6%% 4| dj @St
2 TSHL 36.4% B 44.6%5 B9 v} & albumin frac-
tion®] Apekal b s sl g ot TSEL STl vl
Ao 72 relt) 27 y-globulin fractions] 7§
L CFel )8 S E TSE RE @A E0E RE L
=) TSF-o] SR} y-globulin fractione] 2} A E e %
7} =ik, y-globuling o2l F74 immunoglobulin

o2 FAE ZeR fYw {4 Axgd vixe o

el ot ’él‘sé A atof A plasma cell48] M= im-

munoglobuling] ¥4 R 2/1& 71A & 7o)l
7ief o} ol X ghehy Alzbdn

Bt A AR old -':r‘-%‘?‘i B der &
S7h e BH AEE val Ads, A4l L5t
= AEQ] L1210 2 P388, Q1A A4 L HCT48,
HT-29 % HRT-18% tiAbe 2 whA M2 dojA = A3
o] ol HA-S & sl D2 A =
37122 walv] 4l ofeisba Wesd 1Y 4
datojeh. In virowlokiel g el A AAgAEsl
HCT-484] i 3], crude extract:= vkl 1mlig} 60ug
Fhal ZAle] 2dl 2 o A = g).o.o (T unit), o1& column
chromatography <>31s}e} -2 fraction DE»] 1 unit
22pge] ™, oA TLCE hef o2 Spot 12] 1 unit:
pg o2l WAL 2779 Frheisdct. Spot [ &
GC/MSe) 23] 77k} A ko] Aol EFERA
Z 4717 ARL Cuaio, Croio, Crror, B Cra: o8l A
o2 gele] Feiom, a3
% A e BaEA Rskeh o A A A2
HT-293 HRT-18e & crude extract?] 1 unit2 64
#2 % 54uge] gl 2w fraction D2] 1 unitel] 8l whale oF
& 7 AE 25E of 3dugelsdet. wmat, 432 Wy
A elslw A Zel 112105 P388& 4 crude extract
2] 1 unitel] Fsbs kL 2~2.5uge]w, fraction D2
e 12-tapgo 2 33 FEE9] AZ T4 o
A mgyy s Az oA Az
Eorow, okl o] FHd mped Avte] Aeolrl
= fractlon Dy& A 7had okl ol 4 wl ek
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