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Anti-inflammatory and Anti-cancer Effects of Sterol-rich Fraction from
Nannochloropsis oculata by using Saponification

Junseong Kim, H.H.Chaminda Lakmal, Ji-Hyeok Lee, WonWoo Lee and You-Jin Jeon*
Department of Marine Life Sciences, Jeju National University, Jeju 690-756, Korea

The green microalga of the genus Nannochloropsis (class Eustigmatophyceae) is a leading candidate for biofuel
production due to its ability to accumulate high oil content (28.7% of cellular ash-free dry weight). We investigated
the anti-inflammatory and anticancer activities of sterol-rich fraction from nannochloropsis oculata n-hexane (NOH)
extract after saponification of the microalga. Among the fractions with n-hexane, chloroform and ethyl acetate, the
n-hexane fraction showed the highest anti-inflammatory activity in LPS-stimulated RAW 264.7 macrophage as well
as anticancer activity against human leukemia HL-60 cells without the cytotoxity. And the sterol-rich fraction was
obtained from the n-hexane fraction by open silica column under the gradient solvent condition with 100% hexane
(1L), hexane : ethyl acetate (20 : 1, 10:1,5: 1, 1 : 1, v/v). Among the four fractions (NOH-1~4), especially NOH-1
contained the highest content of sterols. NOH1 showed the highest HL-60 (about 85%) and NO inhibitory activities
at the concentration of 100 pg/mL. These results demonstrated that the sterol-rich fraction from N. oculata might be
a useful candidate as anti-inflammatory and anticancer agents for anti-inflammatory and anticancer activity.
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ofih= A WofA] vk o' WHolu F52 4oy E}(Imm
and Kim, 2010). =3, FEHH-2 A M| £, 35 53 42
W7 M| ZE0] Y54 cytokine, nitric oxide (NO) U pros-
taglandin E, (PGE)) 5-2] A5 m7/=4-& &1lsto] WAygich
(Adams and Hamilton, 1984). &3], NO+= A2 U] L-arginine
o] AksES-& ZA5H= NO 4 &4 (inducible nitric oxide
synthases, iNOS)ol| oJaf| WA= =d|, AldA 95 48 AR
o] lipopolysaccharide (LPS)7} tHAA|ZS #}=shH, 243}
H AA27HINOSE HEste] NOO| BAS freghem i,
¥ ZukS-S GulsHA Elth(Anetal., 2014; Chung et al., 2011).

E3E NO= AYA] oAl G50l Hh-g-5h= A A W A=A HE
4o] 311, W] whgol A shabal v AR gL shnl, @
o] o)t ‘34 A7 Aol ToIgtcH(An et al., 2014; Chung et
al., 2011). wh2bA], LPS7F AF=3 A A Eof| A G-E 5= NO
o) S AT 5 G RS QRS ATek Ak 2
© @24 Age] A7 9 e WA e 4T T 2
o= o AZITh
A 20049 SAAO st SEfuhel HA| Al
263%% Aok 78 Alelolglon], @A v
6004FY o]ito] ooz TE Hky gl AlAFo|tHKim et al
2006) A= kg0l AR o2 FAHA o 7B, Al
7 LY Sk U X]ﬁ}% P et
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SOl AR £o) Sterol®] G4k, FY Lt m

TH(Ha et al., 2010; Jin et al., 2009). whebA], TH IS5 & E
ok Aahe] A BAo] SlolH, A% WS AL
2u] Ao] 98< Fole welo] WY=L rk(Imm and
Kim 2010; Aggarwal et al., 2006). ©|2]3t HE52 71otst o,
LPS7} AF=3k t A1 A| 2ol A F- 5= NOS| A4S A8k
AL O] FAS AAT 4= = M= HA 24 AFekaL
ek 2 w9 f-8-5kthar & 4= et

nA =S 2 A AR &F AR, LR77ER] O] o 28 =
A5 AA o R 83t 58 A4kRitk(Fu et al, 2014). =
oF, PN 2= B3-S Sl Al AR A A 13 AR o
o5 o zH sFAEFA A FAAL Al A RA o]
85 4= 9lcK(Teo et al., 2014; Wei et al., 2013). AlTh7}, v) A =
9] 2| abo| b sterolh 28 2| 4320 ti 217} Seel
of $LoL, ufo] o Qg } o Rio| 91w, 2o} n]H|25o)
Aejgdol gt A7k 218% AL QltK(Teo et al., 2014; Wei
etal., 2013; Cha et al., 2010). ©] %, Nannochloropsis oculata
L AR SRR PAS ARE o] gHu, HHYopaol
32 A A AT 68%)0] THE mlA|Z Rl Hla) vl
o} E3E N. oculata= FZ vARFEA viFo] golskar
sterolst} EPA (eicosapentaenoic acid) A3 2] X4 gFeFo] o}
WRIWRA] 7157 AlFE O ZA o] 8712|171 = TH(Patterson et
al., 1994; Jo and Cha, 2010; Fabregas et al., 2004; kim et al.,
2013). 218, oFA7A] &= sterols A0 71A]+= A E|2Al o
ot e ol vl gat Algolet,

o]l AN SN ERR N, oculatao) N2E 7%
g AFOEA O 24 FAS HA 0= i uj Rl N. oculata
£ sterol®] IS S| 7)== Z&2 <l saponification 717
2 o sterol £E82 20513, o] 50] YFT Y A3}

Mz H 2
OlMZF B

2 Ao ARH FRA mIMER N oculata= RSl
& v RF 2o =R B wol ARESIYTE N. ocu-
lataS: v|%F317] $J3l 1/2-Si B A|E Cha et al. (2010)2] B
o] wpe} A 25} chAggarwal et al., 2006). ]2} 3= 1 Loj|
NaNO, (75 mg), NaH,PO,-H,O (5 mg), Na,EDTA (4.36 mg),
ZnSO,-7H,0 (22 ug), FeCl,-6H,0 (3.15 mg), CuSO,-5H,0
(9.8 ug), CoClL-6H,0 (0.01 mg), MnCl,-4H,0 (0.18 mg),
Na MoO,-2H,0 (6.3 ng), thiamine HCI (0.1 mg), biotin (0.5
ug) 9 B, (0.5 ug Y& &al5kelaL, pH 82 245 ¢, 121°C
of| A 1587t Hgsto] £2-Si v 2| 2 AR £2-Si vjA 2
26°C, 60% s FAIBHAA 1247F &3 712 she N.
oculata’s BT o] 5 v FAS & 27104 F/2-Sivj
A 100 mL, 500 mL <=2 2 A|cf 8jfs}lcH Aggarwal et al.,

2006).
OJMIEZF 2| Sterols £&

N. oculata v}joFob © 2 HLE] sterols 25 A Z+= Kim et al.
(2011)2] WHE o]-gsto] AAIsHAT). &, N. oculata vl ¥
500 mLZ 1 M ethanolic NaOH®} 4o} 1587} ghz3lo] 3=
Z3+93L, N. oculata®] 4= A A5}7] I3l 105°C 2-20) 4]
124171 B0 AZAFTE A2 2100 mL three-neck jacketed
glass reactorE AME-5F0] 0.5M NaOHE &3 saponification
311t} Saponification 5= 3t n-hexane $=&&= open silica
column 5-3f] hexane : ethyl acetate (20:1,10:1,5:1,1:
1, viv) 2722 Ha|slo] NOHI, NOH2, NOH3 % NOH4&
8= a9lth(Fig 1).

Total sterol &tz

Total sterol®] A=E Liebermann-Burchard Nath et al.
(1946)2] Wl of wha} =2 8}%3ch. Liebermann-Burchard A] 9F
9] AlZ+ Acetic anhydride 220 mL¥}- glacial acetic acid 200
mLE &3§F5}a1 sulfuric acid 30 mLS 37} 23519 17 stan-
dard= 200 mg =9 A~ H =2 glacial acetic acid 100 mLoj| &=
o] Z-A o] Hukslgict. NOH £ %(NOH1, NOH2, NOH3
2 NOH4) A&+ 2 mgS glacial acetic acid 1 mLoj| =0 2+
Ao Haskolth 96 well platesS A3l ZFzF Aeksto] 10
= 58 RESAIZL 5 625 nmol A S35 57 5Ho] sterols€]
s Al

= O

>

E

AF AN 22 A € (murine macrophage cell line)?] RAW
264.7 A2 $H=tA| 2328 (KCLB; Seoul, Korea) 2 2 H-E
ELQF dbo} penicillin-streptomycin 100 units/mL¥} 10% fetal
bovine serum (FBS)¢| $H+¥ DMEM HJ 2| (GIBCO, Grand
Island, NY, USA)E A-8:3}] 37°C, 5% CO, -27]9] 4]
Fatalom, 3ol gt HA Al v ofS Al slrH(Wei et al.,
2013; Cha et al., 2010). 217F N Aj3£2] HL-60 (human
promyelocytic leukemia cells) Al 22555 Fh=Af| 225523 (Ko-
rean Cell Line Bank, KCLB) 2. 2 5-g| £-0F ¥to} 100 units/mL
9] penicillin-streptomycin (GIBCO)Z} 10%2] fetal bovine se-
rum (FBS; GIBCO)©] -8l RPMI 1640 (GIBCO)S A5
o] 37°C, 5% CO, -27]0l| A viFatel om, At v 3~4
ol gt HA AJ3YsGIT

St &M QIS Nitric oxide (NO) AN 7}
471¢] NOH

H3E(NOH1, NOH2, NOH3 2 NOH4)°|
LPS7} AF=3t tf 4] A2 NO Aol 432 & 5= U= A S
3Fel5kgith RAW 264.7 A| 222 10% FBS7) 271¥ DMEM
H| 2| & o]-&3}o] 1.5%10° cells/mLE 243+ & 24 well plate
o ¥&slal, 225 A|ESFLPS (1 ug/mL)E FA] o) 225t
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Dried N. ocluata (25 g)
{15.3%)}

— Saponification of extract
{22.7%}

{}:sterol contents

n - Hexane (NOH, 452.1 mg)
{34.7%}

Chloroform (NOC, 889.2 mg)
{18.11%}

Ethyl acetate (NOE, 1233.7 mg)
{1.1%}

— Open silica column (gradient solvents with n-hexane:ethylacetate (100:0~1:1, v/v)
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Fig. 1. Purification procedure of 4 fraction from Nannochloropsis oculata (A). Quantification of total sterol contents of the each fraction
(NOH1, NOH2, NOH3 and NOH4) by Liberman-Burchard assay (B).

2411 7F vkt A E NO2 F2 Griess A|2H 1% (w/v)
sulfanilamide, 0.1% (w/v) naphylethylenediamine in 2.5%
(v/v) phosphoric acid-& ©]-8-sto] Al|szujFH oA =453
o, AlEHF ARl 100 Lo} Griess AJ2F 100 L& &35}
o] 96 well platesof| 4] 102 5-9F HF-g-A) 71 3 540 nmo| A &%
=5 =439 th(Adams and Hamilton, 1984; An et al., 2014;
Chung et al., 2011).

96 well platesol] E3=5}0] 24A17F vjSFSE & A BE =g
(12.5, 25, 50, 100 ¥ 200 ug/mL)Z H7}sto] 37°C, 5% CO,
2710 A v Fst STt 24417 HEQE i e £, 2 mg/mLo] 5
L2 A 23t 3-(4,5-dimethylthiazol)-2,5-diphenyltetrazolium
bromide (MTT, Sigma, St. Louis, MO, USA) 89 50 uLE
W7kt s 2Ao]4 3a02 wrstelrh Plaies 2,000
pmol|A] 1057F YA E st ZAAHA iR S A A o}
<, 2+ wello] dimethylsulfoxide (DMSO, Sigma) 150 uLE 7}

MTT
assay alo] MTTS] 3Hlof| o]l A4 = formazan A AES 88471

4719 NOH #38&E(NOHI, NOH2, NOH3 ¥ NOH4)°| &
ohol A|3E9] Aol gt o] BIE 7R A1E 25 9]
3f|, MTT assayS <333} tt. HL60 A|3E(1 X 10° cel/mL)E

%, microplate reader (Bio-TEK instrumenis. Inc., Winooski
Vermont, WI, USA)E AR8-519] 540 nmol|A] S4 =5 &4
SFILE. ZF Almtel tieh Hat 3 ¢S FFekslen, t=
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(Haetal, 2010).

sH 24

Aslsict

i

RE B 22 mean + SD 2 & YERATH =3
+ SPSS (SPSS Inc., Version 12.0) Z 2 1348 0]-8-3}
wastelon, 7t AR S PRATH Fole Pe
229} 4] analysis of variance?} Duncan’s range testo]] 23f| &
3} tH(Cha et al., 2010).

S

21t

ag
d
2

Zt ZEZE09 total sterols &2F H|w

Terpene A 29| sterols> o8] 7HA] MAA|E9] W7 57}
3} a2 2l3) 3159 2,000 mg WA 3,000 mg2] sterols= 4]
HE A WY 7]50] == A 0= A Q. Sterols
Aot 1 A Foll A4t e 2ol8l=tl SAES
7k & Alof] of 2] slelEdat A F = 15t sterols?] o] 7
et 18 ER sterolsS S40] S5 leiAde A L
= A Fsh= Aol St LA nlA| 275 F2 sterols©] 4]
F7F 2L Sl ol F STHAIHE 53], A1 AdRe] Al
O] A Zofl 2] iz o AF 5o A = A oh i g
o] ekl BHuEgieh webd A @SS flste] HSA
B0 Ql n-hexane S o]-8-5to] 12 sFQict. Z| L, u|A| 2Fof ok
& | o] Sl sterols /g A e 2Hgo 9lo] & B adt &
Az AeERE 24, 715 dAZ A 7, @5 S 2HE
Ash @3 A4 A, A A A 9 dF Aetate A
%] o] Qlth(Park et al., 2011; Lee and Shin, 2011). 0] A=
B/ nA 272 N. oculataol] sterols¥} -2 218 25 7
frokal e A= deA Qloh A S ¥Rt N. oculata©]]
NaOH, KOH 5-2] 3+A1S 2 7}3) saponification2 51 of]
2 Zgho] b Eof {2 A HAFY, sterol 5o A8/ = m F
A AT HE 8- S, sterol 7= 7]-81 F-of Lo Z¢
7} A3t Aol 28 & 4= Qlrk saponificationS 913t 24
2 NaOHE A®5}91 11, n-hexane £-2]5-3 saponification &
T2 U 2+ vl ws)eie). A k= saponification A2 15.3%
9] sterols®] $FFS H-G-3111, 3= 22.7%% saponificationS
5}7] AETh 37} B £ sterols®] oS e 9] A}
of et & A= AXE N. oculata (25 g)E saponification 3}
o] n-hexane (452.1 mg), chloroform (889.2 mg), ethyl acetate
(1,233.7mg)= &= 531 aL 22F9] sterols ] g2 241 3t 2
3}, n-hexane B8 &o||A] 34.7%E 714 1k-2 sterols THFS 7}
A= A& Helgitt. o]of ule} n-hexane #-8E-2 open silica
columna ARE-3t] NOH1 (47.3 mg), NOH2 (199.1 mg),
NOH3 (60.4 mg) 2 NOH4 (48.2 mg)E £2]3ch He]H A]
F29 A= NOH19] sterols gFFo] 100%= 7Y -8 shafe

[e]
2 tFsHA sterols®] ko] EAfsk= A
NOHI1 9|4 sterols Frgo] 7H =] 12 A
%{eh(Fig, 1).

& M3 /St Nitric oxide (NO) SAx|Eat

A5 7i&2 (cytokines, prostaglandins % NO)
A& E3) ATl FURelo|x] Fa3t o
T T Bk otleh, 954 AYolA FUH VL wt
(Kim et al,, 2013). £3], NOX= NO 3H4 4 (inducible iso-
forms of NO synthase, iINOS)o]| €J3]| L-arginine 2. ZF-¢ A}
E= FHAIR of] 7HA] BE8HA 2Hof Tolsh, A=
3, A7 A, HoRks 9 Eoleh 5ol ¥eigtth. NOH
£3]5(NOH1, NOH2, NOH3 ! NOH4)2 u}-9-A A A3
2l Raw264.7 A 3zof| ] 2]5ke] NO A/ Al avtE -5k 2
3}, 27} thE NO 434 Al EHE LERITH(Fig. 2). Sterols
£ open silica columnE 53f &%k NOH1-2 25 ug/mL+F
B S UEtH, 100 png/mLe= 52 2448 Hof 5= o&

>
-
)
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Fig. 2. Anti-inflammatory activities on pre sample treated RAW
264.7 cells and cell viability after LPS (1 pg/mL) induction. NO
production of the RAW 264.7 cells after the treatments of NOH1,
NOH2, NOH3 and NOH4 (A). Cell viability of RAW 264.7 cells
after LPS induction with or without the samples (B). Values are
mean = SD of three times.
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202 NOAG A AatE Holges 213 gl 4= qiok Al
AEAZEO A E NOHIZ A=/ 0] gl AS 24l sl
NOH32} NOH4= NOH1 .t} 2t} FHoJu NO A &S 1
ot} A5/ o] 2 AL E}l aF3lTh(Fig. 2). ¢ 2HE 53l
I = 9= FE-2 sterols7} @o] THrEO] USHE w2
e HAloh #har & <= QIR sterols @] gl w2t sterols
£ 714 Bl T2 NOHI014] 3.8 240l SAo] gz B
THs e o] WhEelA| Ak Lok AL B sHet. N
oculata S| A £2] 3} sterols+= phytosterol 2 terpene | € o]t}
34 S 2 B-carotene, retinol, lutein 50| A=Y o] &2
52 HYRES, st 2 getol] Ak Btk g4 9l
th. N. oculataol| A} £-2]3F sterols= 7| 2 A 1LS2} H| W 3| A 3}
Aol et 2d o] A bl gl tieh At ol X
3w o] gkom NOY A& AAsh= A o2 A UrhAd-
ams and Hamilton, 1984; An et al., 2014; Chung et al., 2011).
2MZ HHAN Fat

o] 5-50l A sterols= A HA oF Al2oF R Al A
H| A gt Al EZE AFEAIZIH, GAEE FAsHE T-AlE
o) 7le= 57 A7l Ao 2 AEA QUth 3 DNATHAS}
g olA= DNAE #afistal Al 2857 AollA= Gl
GAE AAsl= Aoz A A QJck(Park et al., 2006; Lee
et al., 2006). o] %9 sterols= LAIE Ao tigt a7} H
ojit Aoz A Qlrt. ofof & ¢4l= NOHE I7Fa At
A HL60o A 2jsto] GhAsE A7golA] aiks AR A7,
NOH2E A|&J3t = A moflA] B oA 0= oPA|aL oA
A7t ol A2 2l sHYItKFig. 3). o] Ak of2] =4
o] Aof A= ARG T sterolsE w2l E Wl B &2 4=
UEt = 21& SRRtk NOH3o|L NOH4 2] 7-%- NOHI1 2
OF W2 550l 12,5 pg/mLAFE] PAIE A olA] avprh £
Ao & 4= QLo A2 AEE oA NOH3Z}F NOH42] 79
RAW 264.79| 4 Al2£=4d(Cytotoxicity)o] = A2 <l 3

120 @ 12.5ug/mLE 25 ug/mL 03 50 pg/mL M 100ug/mL
100 | — * ICg, value
— b : ?;,.3 «  NOH1: 55.21 pg/mL
S s} N7 . NOH2: > 100 pg/mL
= i ﬁ;:g: NOH3: 21.99 pg/mL
£ o g;gg: L NOH4: 33.05 pg/mL
3 r * - R
© E3 <
3 “f NG
i | A
20 <) 75 o
M7 A ]
Control  NOH1  NOH2  NOH3  NOH4

Fig. 3. Anticancer activities of the four fractions NOH1, NOH2,
NOH3 and NOH4 separated from the hexane fraction. The cells
with or without the sample were incubated for 24 h and cell viabil-
ity was evaluated by MTT assay. Values are mean + SD of three
times.

%CHFig. 2). sterolsE 71 Wol o-7-5kL 3li= NOH19]| A 3
& Aol ni7 A 2 Al Z5A4o] glar /o] Holdt &
o] EAfeh= A= el 815laL, o] A= sterolo] ¢FA|2E
Alol= a7t Stk AS FHEth AlZsidol &4 & 7
71578 Aol ook A= ARE- sh7] o= A EsHA] ¢
7] diZell NOH10] of2] S| 7Hd 87t w2 Ala=
AyzhEITy,

2 5= N. oculata®] B-2- A& FHgo] sterols7} 3Hr= o]
U AL R of|if=]o] o] wheh, N. oculataZ t4 = n-hex-
ane2 ARE-5lo] B384l A]8]AL saponificationS 53 sterols
£2]3}91 1L, saponification A, 2] sterols $FFo| o= 7S
5101 g 4= 911t} Saponification=- 317] A Xt} gt 39 sterol

Feol F71et A& ghlstlaL, ®efgt sterolsE ©]-8-5fo] Tf
AAZ 2 RAW 264.7 Al 25 53l NO /4 Al azts 24l
gF A3, sterols o] W NOH1 A &ofl 4 NO A4 oAl &
T} A Uehgo o] MmE A w3t Uehba] gk thgo
2 N. oculata©l| 4] E-2]3} sterolsE ©]-8-5}o] Q7@ ool A
Q1 HL60 A322] oA Z3HE &1t A, sterols TaFo]| W
NOH1 A|2elA] QA olAl s} vehihs 22 shelshl
t}. N. oculata2 5 €] E2]3F NOH1-S dZa} gfoto] st
BIE Yo kAol thgt Ftk aefRielE NOHI,
NOH3, NOH4 B =2 245 Hol= A& gl & 4= 9l
O, A1E5A Q1 A F PR 7IA] ar ek A ]
do] §li= NOHI1o] M4 f-eff 7|54 =249 7 74
o] Ltk AL 3¢l 519 tH(Lee et al., 2006).

oot ot fn

AL AL

o] ER(AANS 201249 W&H} FFALA LY 2
A S A YE ol 3E AU (NRF-
2012H1B8A2025863)
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