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Growth Inhibitory Effects of Omega-3 Unsaturated Fatty Acid against Cancer Cell Lines
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Abstract — The inhibitory effect of omega-3 such as linolenic acid (LNA), docosahexaenoic acid (DNA) and eicosap-
entaenoic acid (EPA) on the growth of normal cell lines and cancer cell lines was evaluated by 3-[4,5-dimethylthiazol-2-y1]-
2,5-diphenyltetrazolium bromide (MTT) and 2,3-bis-2-methoxy-4-nitro-5-sulfophenyl]-2H-tetrazolium-5-caboxanilide (XTT)
methods. LNA was found to decrease the cell viability of human oral epithelioid carcinoma cells (KB) in the MTT assay,
whereas EPA appeared to inhibit the cell adhesion activity of human skin melanoma cells (SK-MEL-3) in the XTT assay
analysis. DPPH radical scavenging activity was examined on LNA, DHA and EPA at the concentration of 100 uM, where
they showed about 53% scavenging activity. These results suggest that omega-3 unsaturated fatty acid has a potential anti-

cancer activity.
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Abe]] Blate] B33} ARAto] Az YeRllE AEE/do]
W2 7 BAAKES Zolg) o5 AT ol 2lste] AAHEnt
I Baslgitt, ¥hde] Motaung 57 233} AHARS ¢l A
PG AlEFo H#jshd, EPAQ} ALA(alpha-linolenic acid}=
A7 FEolA AETAPE FEE T B skt
#Ho|= Bougnoax®} Menantean®™= -S4} 23S -?']??l
CErdel HoA LAdinoleic acid)?} 22 n-6 E¥35} A9k
dutA o7 kA9 g A=k, 2v7t-3 Bs) ] WA
3’»} OA(oleic acidy= oot ¥l = whA|oll A QALY A
AAFT T Bt 319 0n), Cario-Andre 59& n-6 X3}
Z]Hc]":l% AZIIAL glo] Aol AbshA] S4E Jo
ew, 7 A3} 3Rl ZAF (melanoma)e] H¥-E 7ML
i3 B8l9lom, Ghosh'®= n-6 B33} 2Ak1 AA7L Q14
AFA kel e EX3E B9, Jones 5109 AAS) W
& tiAK= phospholipased] B35 F7HA17) 1, tidtAl| EofA
cycloxygen-ase(COX)$} lipoxygenase(LOX)2| 2|5 S7HA)A
AR S X3 ths Bal 5ol itk
ol £ A= 2vl7) 34149 E.J—ﬁ’ ApAte] vkl Al
FELE A wet e 2102 81331 9le], LNA, DHA
2 EPA7} T)%-e} :rL 73t A|FEEe| "}E}‘ﬂ% NE=AE BRI
F2 0%, AGAEL] NIH3T3 A5 AT} b3l 4]
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SIFEAT AT Y QA FRITE AET] LNA, DHA
9 EPAZ s5E2 x)glsla 480710) A3 3, AE AES
£ Uolu7] g5t MTT A1, X 7258 o
7] 181ed XTT A2 s Ash, DPPH.J AL S =
Apom, AYAEe) BE ALY Pt dvAA B3 A

Alste] frofd AuE Qglle] nashs woltt,
SERE

Ale}

A Eujoke| AL-23F Minimum Essential Medium(MEM)#}
Dulbecco's modified eagle medium(DMEM) % fetal bovine
serum, penicillin, streptomycin, fungizone A]2k-2 Gibco/BRL
(Grand Island, NY, USAMAelA  Fdst3l o, 3-4,5-
dimethylthiazol-2-y1]-2,5-diphenyltetrazolium  bromide(MTT)
A& 2,3-bis-[2-methoxy-4-nitro-5-sulfophenyl]-2H-tetrazolium-
5-caboxanilide(XTT) Ao Al4-3+ AleF 9 linolenic acid
(LNA), docosahexaenocic acid(DHA), eicosapentaenoic acid
(EPA)= Sigma Chemical Co.(St. Louis, MO, USAX}ellA -]
33t}

Ci=e
A e

*2& CO, incubator(Vision Scientific Co., Buchean,
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Korea)Z AHE3kl o, MEZF72 AL Tukd AR
(Marienfeld Co., Mergentheim, Germany)Z ©]-£-3$ith. MTT

Aeko= ELISA reader(Spectra max 250, Molecular Devices,
Sunnyvale, US.A)E ARE3IITY.

M|=Zuye¥

LNA, DHA % E 1ol

EPAS] /A2 cigt Mlz=/d 7} oAl
tigt NEEAAS S48] Hsi, %J&tﬂ&ﬂ ol i} si-et
WA A Fokake NTH3T3 A5 AIEWIH3ST3)Y: MEM Hj
Zof|, M-gthshy Aol FgRke: AUA] S-S AF AL
(SK-MEL-3)8} 14 772939 MEKB)= RPMI 1640
X e| 10% fetal bovine serum, penicilin@5 unit/m/) %
fungizoneS F7keto] ARBSISITE AlES) wieke 25 37°C, &
= 95%, §A7EA FE 5% 8% 71(CO, incubator, Vision
ALgERITh AE-ES stk

Scientific Co., Buchean, Korea.)&

A} uiek3t flask®] MIEE 0.25% trypsin-EDTAZ *2j3lo] A

ﬁ-s— Peleh %, Tuk® DFAAIE olg3le] A7} 5x
0* cellymP} FIEE AE F-Hae Edch

MTT HEMY

Mosmann®] #1Pe] &J5to}, NIH3T3 A5 AlZ 8 914
HREAE AT 2 QA Y AMES 7 wjRET]el 5
X 10% cellym! MZ5E @1 24A17F vk ¥, LNA, DHA 2
EPAS] AE54S 54317 $i8te], LNA, DHA % EPAE 7
ZF FEH(, 25, 50 2 100 pM)E 78kt 48417 vkt &
a4 el zAst MTT(Sigma Chemical Co.) 50 pg/m/t ¥3
B s A7k 3ARE vieF F wiekdts W21, dimethyl-
sulfoxide(DMSO)Z 2 ml/well® o] 5837 220 wh2] 3}
MTT formazans 2318131, &3> ELISA reader® MTTY
TS ZHslo] YT vla ZARIS

XTT HEEMY

Laminin-coated plate:= laminin 1 mg2 PBS 2 m/ol &3)|3}
o YWaare] RashEa H oAl laminin® §%(20 mg/m)E
AAslo], 2+ PBS 07 345l o] §4S 24 well plate
2] Z} wellell 200 W 531 sEe<t 11x2A1Z1 H, PBS
2 T MAEsle] 3% Bovine Serum Albumin(BSAYE 7 well
o) 200 W4 d7}E & B0 & 0hg A|Aski PBSE T
A% AT

HjoFEl NIH3T3 A5 AZ9) A JF-ZA4F AE 4 Q)
A FAEATY AE 5x104 cellsm! Al Z5E laminin . F
coating3t HjoFE7 ol ¥ 24417 wjdst §, MTT AP
o e upHo® INA, DHA 9 EPAS Y1, ThA] 48A|71 Hl)
oFet &, wix)= 2AAHA AAST PBSE 7 ¥ A&
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o} 7]l XTT(2,3-bis-[2-methoxy-4-nitro-5-sulfophenyl]-2H-
tetrazolium-5-caboxanilide)?} 3813, 2 wellel] 200 p 3
8LL, 4~6ARF <t wiket & 450 nmellAl ELISA reader® &
FEE SA.

gHiists

DPPHel| &J3t 34852 Hatano 59 9P| oJslod, 7t
fraction= 25, 50, 100, 200, 500 ppm(99.5% ethanol)2] 57}
FEE AT €% 0.1 mi(control: 99.5% ethanol)*]l 0.1 mM
DPPH £94(99.5% ethanol) 1.9 miZ 7}3l5ict. Vortex mixers:
1037 sk &, 37°ColA] 30% 52t incubation T} ©%
spectrophotometerS o] €310 515 nmollA] SZ =S =419
o}, oF thE FER= L-ascorbic acidE 25, 50, 100, 200 ppm
(99.5% ethanol)®} 471%] T2 ZAEI] 3813t 2 A&
o] gtsla-8-2 DPPHO th$k %A}5o 5 (Electron donating
ability, EDA%)"¥3} IC; A (DPPH radical 3438 50% JAlsk=
g BQd w ¥5)E Jehgich

EDA (% )=Controéf))l;g.(;18?)rrll§)1e P.D. 100

Sample OD. : NEE 713 AP T3
Control O, : 15 th2l ethanold 7)3t AERe F34%

IC,, &3

LNA, DHA 9 EPAY] IC;, Z24-& w9kl NIH3T3 AR5
AE QA FF-ZAE A 9 ) PR AES 2
HloF87] G 510 cellymi® Y 2477 v %, 1, 25, 50,
100 uM®] LNA, DHA % EPAZ 3713l 4847 miakst %,
MTT H%E slof o1& 2ol dist 50% AAE=ER ICx2 3
F 2410 28] Falnt.

MIZe| e BOIHH 2

AEe] B8 |4 A gk 915to], NIH3T3 AR5 A9}
QA T BE AT 1 01X TReANE)el A)E= Zkzh AER
Z %, LNA, DHA 9 EPAZ Aalsle) MTTS Helshr] 2o, =
% vl (laverted Microscope, Olympus, Japan)© % #5151},

SAHX2|

Ao FAXE Students' t-testol] F=aH.0n, F-AA
77dL- one way ANOVA t-test®} Hl@ 3} 2™, p-valueZ} 0.05
vkl A AR KOst ZAoE I
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Fig. 1 - Molecular structures of linolenic acid, docosahexaenoic acid
and eicosapentaenoic acid.
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Fig. 2 - The cytotoxic activity of LNA, DHA, EPA by the MTT
method on NIH3T3 fibroblasts. Significantly different from
the control value: *»<0.05 (Students' t-test).
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Fig. 3 - The cytotoxic activity of LNA, DHA, EPA by the XTT
method on NIH3T3 fibroblasts.

AHDHA ¥ EPA)YET} 5571 F71ghe] wel, NIH3T3 A%
A FEFol tfgt X AEE2 ol 1 2Asigion, 100 uM
LNA 55014 SAA0 % fo4 % #aErkp<0.05). LNA
2] HAA| FE(504.5 uM)y= DHAS) #2014 355(855.8 uM)
o] 1.7 o) BEEgioH, EPAY HA0M4) 55(1,138.3 uM)
o vlste] 23dZ E/go] A BREUCE ol £ AE 4
&89 7t S7BRs 2 LNAY NIH3T3 A-45 AT
gt AlE=Ago] 2 il 71qlgity AzkAc), NIH3T3 A
FE AEFE AZEA] I8k 11740l EPA>DHA>LNA <=
A2 o] IAEHFg. 2).
B33} AMF LNA, DHA @ EPAS] NIH3T3 A% A2
off gt Al R3] Paldule] ojshd, A 4E82] X
&R0 BX3} Aol AE a5 g4 ARS 7
a} 23} %/\}6} xn 94&14 71—/\0}@3} J_ﬂ x]ug-/}_}gq ,q]g
F259) 84 A9 vlEshl 743890H, 1~100 uM H 9
o] 5%l LNA, DHA @ EPA £33} gl B8 07
folde] B gkrh LNAY HA3A %5(755.4 pM)
= DHAS] #2207 55(833.4 uM)2] 1.18] EAo) #aks|9)
om, EPAY] #H2oA F5(1,068.8 uM)el vlsto] 1.48% &
o] EA AREQY, X Babeo gL NT *@ 2]
43} 7o) LNAS) NIH3T3 A+% AZF] st &
ER 0] FAEJY. NIH3T3 AH5 AlEFo] tigh A% 7
250 Y744 EPA>DHASLNAS] A& 7haso] g3t
=T (Fig. 3).

QIF| mESME MEF0! chst MESY

E3X3} AW LNA, DHA @ EPAQ) Q1A 53208 A5
of thel Al A& NIHITS AH5 ARl g, F5o
gk 2EAo] =1A &éﬂiiﬂ} QA DAL Mol s
FAA| F=o] Aol 23Pd, EPAQ16.1 pMllA 73 st

AE=/3o] YERth. EPAS] AT AFEE2 LNA249.2 uM)R.
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Concentration (nM)

Fig. 4 — The cytotoxic activity of LNA, DHA, EPA by the MTT
method on SK-MEL-3. Significantly different from the
control value: *»<0.05, **»<0.01 (Students' t-test).

o} 1.2v]2) gt AEsAdo) #aE o, DHA(361.8 uM)e]
M3 *@%ﬁ-f«%&ﬂ:}‘& L7a0e] et sl FAEICH A
AEgol 931, 100 uM LNA 5504 %»&ﬂ@j =2 F9
Ado) 01ﬂ0w4(p<001) 100 uM DHA sxold EAZo= &
oo FEEATHP <0.05). A4 F57 52 EPAE 50 uM
2} 100 M F5ellA] %ﬁﬂ@i Freel dATHp<0.01).
A FHRZE Aol izt AE E499] 77742 DHA>LNA>
EPAY) 47 Zhaso] BaEdrh(Fig. 4) 319

2323} A9 LNA, DHA @ EPAS] Q14 s)5-E% A5
of ek ME RS XTT ABEA o 249% “ﬁﬁron B
3}13:1 ggﬁ x]uowﬂg = (;ix% o 7 }935} o] 11}1?,
L A *ﬂz F-A58 NIH3T3 Ah5 ATl it Al
4&10] 5_7“ erzl-goar/], EPA-/I ﬁ)\
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Fig. 5 - The cytotoxic activity of LNA, DHA, EPA by the XTT
method on SK-MEL-3. Significantly different from the
control value: *p<0.05, **$<0.01, ***p<0.001 (Students'
t-test).
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9] N Fagel g4o] #EE9lor, DHAY 294 55 110 —e—1iNA

(310.0 Mol ¥I3}o] 13812 AE H2%590 Ao A B Ig;‘i
o 100 .

Hloh QA HREZAE x| th3t AE B&Eo] FAL
NIH3T3 AH5 AlEso] sk M Balsrt} 52 4o &
Z= 9tk LNAZ 50 uM &%} 100 WM F500M Ao Z
felAdo] A2 (p<0.01), 100 uM DHA SXo04 B4
Hog feAol AN p<0.01), 25 uM EPA E 504 5E
AR frelidol BAEY] AFBIGAT A FF-ZAF A
o] of$t AIE Fabse] 11732 LNA>DHA>EPAS] 4%
5ol wAs3IckFg. 5.0

CIX| FUSALAE MESFO Chet MZSM

EE35} 2 LNA, DHA 2 EPAQ) Q1A 72hAk9lE A)
Fo]| tist AL A4S NIH3T3 AHE AEel= g, Ax
Aol A BEHYCH, £3) LNAQ AEEAGL Qx4 I
o Azl AxEAnct Zsh SP=EReH, QA A
UF AEY AZ BEEE O AEAY 5L gEHoR I
2315t} QA TRAEINE AlZo gt HaodA] v 2
ol &, LNA112.1 pMolA 713 738k Asesdo) Vel
t}h LNAS] Al A&E8-2 DHA442.9 uM)ET} DIR 4u¢] 7
3 AEEAdo) BEEYOH, EPAG3LI uM)Y) AT A& en
Th= oF 3uie] 7t MEEAo] ST AE AE Sl 9
3w, DHAE 50 uM 558 100 pM EEoA BAZ R §9)
Aol AL, 25 uM EPA FEoIMRE BAACR $24o)
FREATHY <0.05, p<0.01). 1TZAT TS Bx3] xukilojlx
 BAEA YL AEEA0] 25 uM LNAA EolshAd s
UERE] ARSI QA FRAETIRE Al thEt A2
A9) W7AL DHA>EPA>LNAY A2 Zhaso] #2459
th(Fig. 6).216

E3x3} 29k LNA, DHA 9 EPAY] QLA Fk-23wiekE A

110 —— L NA
3 -~ DHA
(s}

[&] *
k) 80 *
* * %k
E—% %
3 80
[
@
£
5 70 xx
0
Kol
© * Kk
= 60 1
Z
50
0 25 50 75 100

Concentration (uM)

Fig. 6 - The cytotoxic activity of LNA, DHA, EPA by the MTT
method on KB. Significantly different from the control
value: *p<0.05, *¥p<0.01, ***»<0.001 (Students' t-test).

70

XTT absorbance (% of control)

60
0 25 50 75 100

Concentration (uM)
Fig. 7 - The cytotoxic activity of LNA, DHA, EPA by the XTT

method on KB. Significantly different from the control
value: *p<0.05 **p<0,01, ***p<0.001 (Students' t-test).

F3o| Uigt AlE B35S XTT 3Ry os =43 djol
o34, Al AF-ZAF AES A9AY, 5 &M 7
A3l9om, NIH3T3 A5 A3 tigt AX 23sRn 5
T Ao IA BRI AE 252 48 LNAQ 73
ToliE, 25 uM LNA FRoxi5E SAZ R foio] AL
o, FEUF S7HERE S48 FAAE A gAY
($p<0.01, p<0.001). 25 uM DHAS$} 25 uM EPA s=o)M FE
2AH 0 foido) giglont, 50 uM DHASH 100 uM EPA 5
Eofids LNARCTE A B2bze] E4do) 4 #E=rh LNA
o] AR EE(245.4 pMy= DHAS] HA0A] E%(487.6 uM)
v} ok ule] 743t Edo) BAEG o, EPAS] A4 F&
(362.2 uM)ell wlshd oF 15812 AMx F35e] &4 Aol of
g e Aol pAEH A AT Mol st Al

r

¥ 2359] UzM2 DHA>EPA>LNAY| A2 Zaso] &
A=) ArkFig. 7.0

HIAEAMHO|| o5t LNA, DHA ¥ EPAQ] MIZSM

B33} 294k LNA, DHA 2 EPAS] AAMIEQ] NIH3T3 4
FE AEF} SAEQ] A HRIZHF NEF 9 A 7
FAIEE AESO] OISt AZEAS v|wshd, Table A 2

Table I The cytotoxic activity of LNA, DHA and EPA by the
colorimetric method®

IC5p (M)
Cell line MTT XTT
INA DHA EPA INA DHA EPA

NIH3T3 5045 8558 11383 7554 8334 1068.8
SK-MEL-3 2492 3618 2161 3981 3100 2342
KB 1121 4429 3313 2454 4876 3622

?LNA, DHA and EPA was examined in four concentrations in
triplicate experiments. "IC, represents the concentration of a
LNA, DHA and EPA required for 50% inhibition of cell growth.

J. Pharm. Soc. Korea
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£ vks} 2ol, 7} EX3} At [C;& SAEF Rt FAA
XollA] Fol AZEAo] oRgt Ziog BT YMEF
Bl AESAL B35 AgAte] wet 24 Vel LNA
9] NIE AEZS tigt Al FARITGF AET st
294 FE112.1 WMy QA IF-SAF ML) HAaNA 5
T@2492uM) Rt} 22819 st AEEAS JEpdlod,
NIH3T3 A-fFE AZFo] #HAA 55(504.5 pMET} oF 45
o] A5t AEEAC] BFHY o, T B3} AR} A
X QEE0] 7P w2 A7ETE 9A HATh LNAS AlE
450 AT oJshd, QA PARAITGT AEZF| gt
HAA FE2454 uM)= AA ARIZNF AL F oA
FE398.1pM) Bt 1689) 735t A F35S Ve on
NIH3T3 -5 AT H2A) F5(755.4 pM)ETF oF 3.1
o] 7 Al Faso] BT LNAS Az &g
o34, A FRAITIUE AETTE AIEEA0] A, A
HR-ZAF AF ) NIH3T3 A5 AET o2 HE5Y
o Zradh= Fido] FEFITE DHAY AlE &) tigh ¢
A T7ERETLE AET gt HaA FE(442.9 M=
LA FHF-ZAF M| FHA A 55(361.8 uM) B} 1.2:12]
okt AIEEAS JERd o, NIH3T3 A5 AlEFo] 29
Al F5(855.8 uM)ETE oF 1.99] 73t AEE/Jo] A2AFH )
DHAS| A F-2-59] ATl s, ) I35
AT 3 HAA F5(487.6 uM)= A BRI AZE A
F9 HAAA FE@E10.1 uM) B} LeHle] kst AE Babs
< YEhon, NIH3T3 AR5 AlZFel] HA4 F=(8334
pMETH oF 1.79] 733t ME F-ago] 29t} DHAS Al
o] A7) JFh, NIH3T3 AR5 AZFge vEA), @)
A D FBAFT NEFTT AEEA] Ak, QA PG
% AI¥EF9} NIH3T3 AR5 AEF2) 42 AEEA) 7t
3= @do) TEESIT EPAY Ale] E/974] <j3ld, DHA
o] AEEAANE A JRFAF AEF-2] AMEFo] 3,
QA TFAITE AE 9 NIH3T3 A5 AZF] A7 A
ESAO] Fdshs ddo] A EPAS] Al AEE] o
S QA RTINS ATl st HA0A] FE(331.3 uM)
£ A FRIZNF ALY HAYA $E(216.1uM) Bt 1.5
Ble] okt MEEA-S YERI O, NIH3T3 A5 AXESol
294 FE(1138.3 pM)=ET} oF 3.49] A AEEA 0] A
T NIH3T3 HF2 AEFo] cheh Al A&&3 Ax 73
59 M7 EPA>DHASLNA <A 2 ZHAado] #2Eglo

o, Q1A TREAE AT thek AT LS AL PR

743 DHA>LNA>EPAS] A2 ZAEg oH, Q1) 77
FARLE AT e AL LRI AL $A5) NS

DHA>EPA>LNAS A Z 7HAEo] #aE i), ghhamel o
AT 7P S LNAY Ajxe] tigk X338 M A
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Fig. 8 — The radical scavenging activity of LNA, DHA and EPA by
the DPPH method.
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Photo 1 - Inverted photomicrograph of NIH3T3 fibroblasts treated
with MTT for additional 24 hours after incubation in
unmodified medium (control) for 2 days x100. Most cells
had abundant cyptoplasm and cytoplasmic process.

Photo 2 - Inverted photomicrograph of NIH3T3 fibroblasts treated
with MTT for additional 24 hours after incubation in 100 WM
EPA containing medium for 2 days x100. Most cells were
formed cell cluster and number of cells were decreased.

Photo 3 - Inverted photomicrograph of SK-MEL-3 cells treated
with MTT for additional 24 hours after incubation in
unmodified medium (control) for 2 days x100. Most cells
had abundant cyptoplasm and cytoplasmic process.

Photo 4 - Inverted photomicrograph of SK-MEL-3 cells treated
with MTT for additional 24 hours after incubation in
100 uM EPA containing medium for 2 days X100, Most
cells were formed cell cluster and number of cells were
decreased (arrow: apoptotic body).

Photo 5 - Inverted photomicrograph of KB cells treated with MTT
for additional 24 hours after incubation m unmodified
medium (control) for 2 days x100. Most cells had
abundant cyptoplasm and cytoplasmic process.
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Photo 6 — Inverted photomicrograph of KB cells treated with MTT
for additional 24 hours after incubation in 100 uM EPA
containing medium for 2 days X100. Most cells were
formed cell cluster and number of cells were decreased.
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