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Although many studies on immune modulatory materials have used RAW 264.7 cells, few have used
T cell-derived TK-1 cell lines. Moreover, although some studies have investigated the efficacy of plant-
derived B-sitosterol, few have examined the immunomodulatory activity of its analogue, daucosterol.
In this study, B-sitosterol and daucosterol were isolated from D. batatas and identified by nuclear mag-
netic resonance spectroscopy. To evaluate the immune-enhancing or inhibitory effects of the isolated
phytosterols, the expression levels of the inflammatory response genes COX-2, TNF-q, IL-6, and iNOS
were analyzed by RT-PCR. The relative expression levels of TNF-a and iNOS in RAW 264.7 cells were
increased more than threefold with [-sitosterol treatment comparing to those of untreated control. In
the case of TK-1 cells, the expression level of TNF-a was decreased and the expression level of iNOS
was increased in a [B-sitosterol concentration-dependent manner. The expression levels of COX-2, TNE-
a, and IL-6 increased by approximately 0.7-1.2 times in RAW 264.7 cells treated with daucosterol com-
pared to those of untreated control, but iNOS expression decreased by 0.8-0.18 times. In the case of
daucosterol-treated TK-1 cells, the expression levels of TNF-a, IL-6, and iNOS were markedly reduced
from those of TK-1 cells treated only with lipopolysaccaride. As a conclusion, B-sitosterol treatment
increased TNF-a and iNOS expression levels in RAW 264.7 cells, thus exerting an immune- boosting
effect. However, in TK-1 cells, iINOS expression increased while TNF-a expression decreased, indicat-
ing an immunosuppressive activity of B-sitosterol. Daucosterol appears to exert an immunosuppress-
ive effect in both macrophages and T cell lines by inhibiting iNOS expression in RAW 264.7 cells and
greatly inhibiting the expression of TNF-a, IL-6, and iNOS in TK-1 cells.
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garatAl OITOV] Row, T FAA AFek(1ligE)E vH(Dio-
scorea batatas) = Fvk(Dioscorea japonica)®] B2 &7 E
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+ phytosterol®] & &<l BsitosterolS FHES L HHYA

59 7iA, 4% oAl E50] e ALz Hid H gle
U, @5 A 717 33 A7 Aads AAG LA AA
QTH2, 23, 27, 32]. £¢ B-sitosterol®] frAHA ¢l daucosterol
_q] 751 A549 ,r{]fﬂ' /1-“:1_/] &/\lg o%x.“—;g} g-]]n/\ uﬂ&
%53}E a%5ol HiFol H¢ ARE 2A4= Akd 1t 9
o, CD4 + T M Z A IFNy (interferon )9 IL-2¢] &3
77t jﬂmo‘/}l’“ o ¥y g4 24 75 B
ATAse 79 ATH15, 25].

SS9 F5 FA oM, NF-kB (nuclear factor kappa-

light-chain-enhancer of activated B cells)= iNOS (inducible
nitric oxide synthase), IL-6 (interleukin 6), TNF-a (tumor
necrosis factor-alpha), COX-2 (cyclooxygenase 2) &3 #Z-&
A4 AR TR FARUT3, 8, 29, 30]. TNF-a= €5
S5 cytokine®] S22 BHSH DAAE, BE T AL,
AQEHAE S A BE AZoAA A4, FulETH31]. vl
Z TNF-aE 1109 28 F55 F3 CD4+ T A2 5434
%S dAEE Ao Bud v Adohp2e8].

& AT AHKD. batatas)| A E2]ske] FAH T phytoster-
01°J B-sitosterol 7+ daucostelrolhCL LPSE A v t4
zo] TK-19] Z+7} ¢
%, u% z3 era 011}01 TNF-a. IL-6, COX-2 % iNOS9J
A fre 9 94 24 715e E48te Hd 29 249,
phytosterol A& & 4% =4 7179 7|2 A8 E

31 45xd JARAL 7154 B 8 VS wd

e’
HU
#a
0z
iC3

=
Z% 4FeR(D. batatas)‘_ TFAFAA F3k] 10 kg
F 60Tl Al MeOH 20 12 33] #7972
FZ9 & rotary vacuum evaporator (Buchi,
Switzerland)E A}&3}¢] Z.}%Pﬂi%w MeOH %% 840 g
(vield: 84%)S A Th MeOH FZ & 840 g& S/ 1519
YA 711 579 Hexanes Z7tate] 4352 Hexanes
I 4EF38ke] Hexane 3+ 66.88 g

(yield: 8.0%)% AT BA F5 A7 22 ‘Hii
834 < Fot] CHCh 2833

TEoR YT ¥, CHLCL 8 E(079 g, yield: 0.09%)—5
silica gel (Merck 7734) column®] ZW 33l hexane:EtOAc
(10:0-37) &l 2 H7sted £9 DI~Do= 2Tk ALaHA
£YE D6% silica gel (Merck 7734) column®] Z @3}l
Hexane:BtOAc (5:5—4:6) &1 & 713+ compound 3& &
23t A th(Fig. 1A). =3 Hexane TI &< silica gel (Merck
7734) column®l| 933 Hexane:EtOAc (8:2)9] &2 Z 70

~

bRl

2259 th(Fig. 1A). ©]F £33 =9
g5 compound €& -NMRJJr PCNMRE o] g3t £4
& A3}, compound 32 daucosterol (B-sitosterol-3-O-3-D-
glucopyranoside), compound 10 B-sitosterol= Q1 %1 S
B o] t& APl ol &3kt 4 E compound 3, 102
Hypersil Gold Column (5 um, 250 mm * 4.6 mm)< A-8-3}¢]
methanol:acetonitrile & &71(30:70 — 0:100)° 4] flow rate
1 ml/min® & HPLC £4& 33 ¥ Image ] (NIH, USA)
Z2IPE o] &dtq £EF FUstA

34} compound 10&

ME B
2 AL UANESFT RAW 26475 THZF N X9 TK-
< AE39 T RAW 2647 M ZFE KCLB (Korean Cell
Line Bank, Korea)oll A #9392 H, TK-1 A3 ATCC
(American Type Culture Collection, USA)o Al F43te] AH-&
39T RAW 2647 10% FBS (Gibco, USA)SH 1% anti-
biotics-antimycotic (Gibco, USA)E #7}% DMEM (Welgene,
Korea) #l 2 ol A ] 43} &8 TK-12 10% FBS (Gibco, USA)
¢} 1% antibiotics-antimycotic (Gibco, USA)E % 7}3t RPMI
1640 (Welgene, Korea)oll A &3ttt ol g7 37T,
5% CO, = oAM A mFetidet. HoAA &2, 43 B-
sitosterol ¥ daucosterol dimethyl sulfoxide (DMSO,
Sigma-Aldrich, USA)& &l & 3o} ¥ SAd & &
Agol A&l
Mz 4ZEs B4
B-Sitosterol@ daucosterolS Al ZFo| Z+zt A g3 &, A
3 w5 Aolo mE AE AEES U] gk MTT
assayS AA3AT 7 MEFE 96-well plated] 4.0x10"
cell/wello] H =% B33 wjds &, B-sitosterold} dau-
costerol®] FE7} 10, 20, 50 uMo] HEE A5 & 717 A8}
ATk F7HE 24A1F v g Fo] MTT solution (5 mg/ml)<
Zh well & 10 pl® A7bstar 443 F<k wl et 015%
DMSO (Sigma-Aldrich, USA) 100 ulE ety 1587 o
gk ¥ microplate reader (Inﬁmte 200, Tecan Trading AG,

Switzerland)E ©] 43}4 540 nmol A FFE=E SAH3H .

T T F ET A E(B-sitosterol, daucosterol)©]

) = 9T U] Ao
ZF(1.0x10° cell/well)E 2447+ Sk wj o
& % lipopolysaccharide (LPS, 1 ug/ml)E A &l3t1, ¥
B-sitosterol¥} daucosterol2 Z+Z} 10, 20, 50 M| FE=Z A
g3t 1247 B F7F vl 3 o TRIzol (Gibeo, USA)<
o] §3}a] RNAE
Tecan Trading AG, Switzerland)Z

233 microplate reader (Infinite 200,
Agetel Aud F
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Fig. 1. Isolation and determination of extracted compounds from D. batatas. (A) Schematic drawing for extraction and isolation
of compounds 1-10 from D. batatas. Subsequently, compound 3 was determined to daucosterol and compound 10 was de-
termined to B-sitosterol. (B) HPLC chromatogram for determining identities of isolated B-sitosterol and daucosterol. HPLC
was performed a with C18 reverse phase column (Hypersil Gold Column, 5 um 250x4.6 mm) and the linear gradient solvent
system from 30:70 to 0:100 of methanol:acetonitrile. Right axis, solid line: {-sitosterol, left axis, dotted line: daucosterol.

iScript™ ¢DNA synthesis kit (Bio-Rad, USA)E o] &3}a] SAHAE|
cDNAE A3 Yo, B AN A AR BHF+EFHASD)E 7]
sttt A 749 o] FF-& gelsty] Hd FATH £4
Reverse Transcription-Polymerase Chain Reaction 2 SPSS version 12.0 (Chicago, USA) Z2I17& o] &3}
(RT-PCR) one-way ANOVA (analysis of variance) #4< 3311,

RT-PCR Z & & A& oligo primer & 7]4 E-& Table 1] Duncan’s test® p<0.05 FFA FAH o4& HAA
Uetiith ®e #d fAA slgets EE primers At
NCBI Primer BLAST ZZ 13 0 & A2 H, ufo] o~

(Seoul, Korea)ell &AS =33t PCR #&2 Ex-Taq A 1

(Takara, Japan)< ©]-&38}91 2™, Z PCR products= 2719 &

% Quantity One (Bio-Rad, USA) ZZI1#& o] &3} ANz 22| & SH

mGAPDH #2749 B¢ vlud e 33 Axs AFFEERRE 29 482 'HNMRE "CNMR
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Table 1. Primer sequences of selected genes related inflammation used in RT-PCR

Gene Oligonucleotide sequence (5 -3') Product size (bp)

TNF-a F: CTCCCTCCAGAAAAGACACCA R: TTGCTACGACGTGGGCTAC 312

COX-2 F: CAACACCTGAGCGGTTACCA R: CTGCTCTGGTCAATGGAGGC 320

IL-6 F: GAGTTGTGCAATGGCAATTCTG R: GGAAATTGGGGTAGGAAGGACT 309

iNOS F: ACAGGGAGTTGAAGACTGAGAC R: GCACAAGGGGTTTTCITCACG 309
mGAPDH F: GGAGAGTGTTTCCTCGTCCC R: TCCACGACATACTCAGCACC 313

Table 2. 'H- and ®C-NMR spectral data for B-sitosterol and daucosterol extracted from D. batatas

Measured spectra

Identified compounds Basic properties

H-NMR (400MHz, pyridine-ds)

C-NMR (100MHz, pyridine-ds)

[-sitosterol

-mp : 137-140C

+ white amorphous
powder

* IR Vmax cm -1 3410
(OH), 1464 (C=Q)

§ 0.69 (3H, s, CH-18), 0.82 (3H
d, J=6.6 Hz, CH-29), 0.84
d, J=6.6 Hz, CH-26), 0.86
d, J=7.7 Hz, CH-21), 0.90
d, CH-19), 1.07 (3H, s, CH-19),

§ 37.5 (C-1), 32.2 (C-2), 713 (C-3), 42.8 (C-4),
1420 (C-5), 121.2 (C-6), 325 (C-7), 295 (C-8),
3H, 505 (C-9), 369 (C-10), 213 (C-11), 408 (C- 12),
3H, 424 (C- 13) 571 (C-14), 245 (C-15), 28.

3H, (C-16), 563 (C-17), 125 (C-18), 19.2 (C-1 )
364 (C-20), 190 (C-21), 343 (C-22), 265

Py

" '[FQE%S m/z 415 543 (1H, d, J=52 Hz, H-6)  (C23), 461 (C-24), 294 (C-25), 19.6 (C-26),
200 (C-27), 234 (C-28), 12.6 (C-29)

daucosterol mp : 280-282C § 0.6 (3H, s, CH-18), 0.86 (3H, 6 37.0 (C-1), 30.3 (C-2), 78.1 (C-3), 40.0 (C4),

. 3 1409 (C-5), 121.9 (C-6), 32.2 (C-7), 32.1 (C-8),

- white amorphous d, J=6.6 Hz, CH-28), 0.89 (3H, 514 (C-9), 375 (C-10), 215 (C-11), 399 (C-12)

powder d, J=6.6 Hz, CH-29), 0.92 (3H, ' S T T !

IR Vmax cm -1 3371

(OH), 1050 (glycosidic
C-0)
GlucoseQ

- FAB-MS m/z 577
[M+H]" H-6)

(
(
d, J=6.6 Hz, CH-26), 0.94 (3H,
d, ]=7.7 Hz, CH-21), 1.07 (3H
s, CH-19), 5.06 (1H, d, ]=7.7 Hz,
anomeric H), 535 (1H, d, J=Hz,

425 (C-13), 569 (C-14), 257 (C-15), 295
(C-16), 569 (C-17), 12.2 (C-18), 20.0 (C-19),
364 (C-20), 194 (C-21), 342 (C-22), 264 (C-23),
461 (C-24), 300 (C-25), 21.3 (C-26), 192 (C-27),
234 (C-28), 120 (C-29), 1026 (C-1'), 754 (C-2),

5),

),
785 (C-3), 717 (C-4), 78.6 (C-5), 629 (C-6))

F; forward primer, R; reverse primer

o, 2+ B4 A3 Table 20 AAGT 24 &S o] F
AP NEE AE37] sk, 3HE NEY AR 2 55
RP-HPLCE ©] &3k #2313} th(Fig. 1B). B-Sitosterol 2
daucosterol2 95% °]4¢ 52 EHHUSS &olstd.

B-Sitosterolat daucosterol2 2|5t HAN T MEE9
] m

Akeko A Bg] A3 B-sitosterol @ daucosterol?] * 2] ol
e Aze A% 9 AE nxE JEFS BA 7] st
MTT assayE 33t ¥t} B-Sitosterol 10, 20, 50 M T EZ
2]k RAW 264.7 Al = 904%, 93.6%, 87.82% ] A A&
&&, TK1 M= 871%, 83.6%, 793%2) M E AEES 33l
o 9t} (Fig. 2A). Daucosterols 10, 20, 50 uM< 24417+ A ]
Aol RAW 26478 98.0%, 91.3%, 848%2] A E A& &<, TK-
19] 79 995%, 100.3%, 98.6% AE HE&S JEPYT. F
std 50 pM ] B-sitosterol A8 Alddl= ZE A EAA 80%
oj2te] &S Btk Daucosterol 50 IME # 2] 3 RAW
2647 MEAA 85% o] ME AELEE BHoH, TK-1
A ZA M= 986% o4 HEEE AT 4 AT 2744

% 2 B-sitosterol®} daucosterol® 22+ 2T

Aol 50 pM &
7R 80% oo HEES YEE AL I

I
dstAi.

LPS A2|AIZH| [ME HF 2 cytokine?l LUHE Hs
ona]-x% o= :qo:l oq:[Lo]] o ] ].%Q ol_

AZ 9} Hlwsle], TK-1 MZE didoz 4 g
5 4d FAAY B AT E BAS dFEIE A9 JiTh
w2} B-sitosterolF} daucosterol®] H%F HH

< 437 A, LPS Ag7F TK-1 Al E
gelstnzt sttt LPSE AglshA &&
Az dEFE 00 F, LPS A 1243 ?‘«] TAFE 12
85T, 24A7F AT & To) WEeke AYH o2 HwEt
ATk LPS Mg & 247k vk Aol COX-2& 263 fold, TNF-
CLl: 3.74 fold, IL-6= 1.02 fold, iINOSE= 14.95 fold & F7}sl+=

ﬂ?lo}%l‘:}(Flg 2B).

YRHA 07 TK-1 Al ZE9 A%+ LPS A
HYHA Az #d F7he d443h7] o2
Nl F= A v A YA gt AT, 2

PHos d4F dd A FETEYgE vastle 1,
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Fig. 2. (A) Cell viabilities of RAW 264.7 cells and TK-1 cells. Both cells were treated with lipopolysaccharide for 24 hr, respectively.
Then, cell viability was measured by MTT assay. (B) Immune-related gene expressions in LPS-stimulated RAW 264.7 and
TK-1 cell lines. COX-2, TNF-q, IL-6 and iINOS mRNA expression in LPS-stimulated both cell lines treated with LPS (1 pg/ml)
for 12 or 24 hr were measured. All levels of relative gene expression for 24 hr were compared with those expression levels
for 12 hr designed to 1. Data represent the means + S.D of triplicated experiments. Sharing the same alphabet indicates no
significant difference between the two groups (p<0.05).

TK-1°] LPSE 24A17F %<k 28] & COX-2& 1.03 fold, TNF-a
+= 391 fold, IL-6= 2.62 fold, INOS= 181 fold 2.2 F+4 4}
uHg oko] Zrtagth AHH O TK1AE LPS A gl 9
3 cytokine IL-65 33t %5 #d AA TNF-q, iNOS
of wdo]l A FEHAL e FAsAT
B-Sitosterol ¥ daucosterol 2|7} RAW 264.7 Lj
Az A L0 o)X L&
B-Sitosterol®] & F3le] LPS| 2|3
2 oA E5< B3] Y3te] LPSE @
RAW 264.7 M| Z ol B-sitosterolS 10, 20, 50 pM 2
A & 1247k, 2447 5 COX-2, TNF-q, IL-6, iNOS %

3 A=

N

1% WSl 8
FHse

b
ot

o o)
o= 1T
TERE Z

I~

7}
kil

N

E

=|.o] A

o M E 7+ A2 A primerg ©]-&3t4 RT-PCRE&
st LPSEE A ANz Hluste] Jido=
4319t BSitosterol S 12417 52t A28t & W COX-2
o A5 1.0~1.35 fold9] EHFS YEtA o, IL-69 45
0.9 41 0.98 fold] Hd k& e TNF-a8 7% 10, 20
M A A ol = 6.2 fold, 50 uM A Aol & 7.8 fold2 T ¥
Z7Vskg T =38, INOSY 7%+ 10, 20, 50 uM B-sitosterol
o A7) F=o we} 747t 28, 48, 85 fold= 11 L Fo] 747t
S7tete A& ERls i th(Fig. 3A). A#H 22, B-sitosterol

o]

A Aol RAW 2647 M Zof A o] EF0HE2 HF & AR
of Fd F7HE 53t U IA fEHE ALE gAY,
DaucosterolS $EH 2 1247 B9 g3 AT A
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Fig. 3. (A) Effect of B-sitosterol on COX-2, TNF-q, IL-6 and iNOS mRNA expression in LPS-stimulated RAW 264.7 cells. Cells
were treated with B-sitosterol (10, 20, 50 M) and LPS (1 pg/ml) for 12 hr. (B) Effect of daucosterol on COX-2, TNF-q,
IL-6 and iINOS mRNA expression in LPS-stimulated RAW 264.7 cells. Cells were treated with daucosterol (10, 20, 50 uM)
and LPS (1 pg/ml) for 12 hr. And the levels of each gene expression showed relatively after comparing to the level of
only LPS-treated cell designed to 1. Data represent the means = S.D of triplicated experiments. Sharing the same alphabet
indicates no significant difference between the two groups (p<0.05). BS; B-sitosterol, DCS; Daucosterol.



COX-29] 7% 10, 50 uM&] A& Aol Z+Z} 0.88 fold, 0.92
fold= WebTh TNF-a®] 7= 20, 50 uM A 2] Aol 242
118 fold, 1.08 foldZ Ath 2 0.2 okalA F7}13 @S
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