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Comparative Study for Anti—inflammatory and Anti—obesity Effect of Fractions

from Leaf and Stem of Sasa Borealis

You Bin Ha’, Jae Hyoung Park’, Jun Woo Jang’, Dong Woo Lim!, Jai Eun Kim'*

College of Korean Medicine, 1: Department of Pathology, College of Korean Medicine, Dongguk University

Sasa borealis has long been used in folk remedies and traditional Korean medicine for analgesic, sedative and
anticarcinogenic purposes. To excavate novel natural compounds for treating obesity, we separated leaf and stem and
fractionated. We screened phenolic contents, anti-oxidative and anti-inflammatory properties with the fractions.
Dichloromethane (DCM) and ethyl acetate (EA) fraction from both leaf and stem exhibited high anti-oxidative
properties demonstrated by DPPH, ABTS assay in accordance with their phenolic contents. In addition, DCM and EA
fraction from leaf inhibited nitric oxide (NO) production as well as inducible nitric oxide synthase (iNOS) and
cyclooxygenase-2 (COX-2) in Raw 264.7 cell. Finally, DCM and EA fraction from both leaf and stem significantly
inhibited 3T3-L1 preadipocyte differentiation and decreased intracellular lipid level. These results suggest that DCM
and EA fraction from Sasa borealis may contain therapeutic agent for obesity by attenuating inflammation and

oxidative stress.
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Z3t|(Sasa borealis)= #at, R34 A2 Uiz, &
2uet 3.9 A9l Ao f2|xjo] AU, oL x3ch
9 AotEE A, e L I &g 7|0ste] AHES] fo
ZoolMe 2309 FH5AZE it BE 59 o S A
g3t 5 gtojstolq z3Aje] Y& frEEolat sto] HERR
B, £, FIRY 2502 AMENY UL HiEK, M
&5 59 AYolA &&9d. FUoA APt YR 45 30
A 22 WER, 45, &9 Ugd A7t 22 ojFAL oy,
oo Oigt A3 oA ulEd Aot Y 7HA] iR

£ uaA Hojd FAsSS et E5 7<EJ‘:H
g FE2Y S FEE2 AL o HuEY
mat ofzt 23] £58L C2CI2N BN T HFS "7W
711, Fo ZAIN AMPKO QIAERES-Z Ao,
Glut-4 ¥3de Zypzicty B39’ 131 a
-glucosidase, a-amylase?] ©43lg 49 HS Asfiste &
32 W&ty wugyd®. @ x3gqd FEEAE
syringaresinol, tricin'?, luteolin®, isoorientin?’S9] 2&lo| &
FEo] oty HuEgoy Mo Z=E, 29E FEF, T
H|gt gatet 7)™ jgh A3 ofAl BE§ Aol

ojo & A= I A 2RME A E712 Yk
70% OIIE*% EZXZE(SBEy2 47 4t t2 220, oZotAE
=9 gupdE FEFE0t0] 5783

=
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£ 3]t)(Sasa borealis)= 20159 89 4

ds A7 FYUIH ST 2 300 52 ATU Aot
A0 SA0IA 3UZ Lol AAAE A2 F A At
1 YHOR 2] palw 3 AFALC 100 g9 UsF 37 2
B8 £UE 70% ASLv/VAH T2 $U A BUIZ
og, MedN &St 70% o$HE x2EES rotary

evaporator (Buchii, Switzerland)o|A] &% & Z&{4 500 mlof
galx7ict. gupe] %Hi}é 1831t vI34 BmEvel 3 ¢

2. Ao

Fietsat 5 e = AP0 AHESE 1,1-Diphenyl-2-picr
ylhydrazyl(DPPH), 2,6-di-tert-butyl-4-methylphenol (BHT), 2,
2'-azino-bis 3-ethylbenzenothiazolin-6-sulfonic acid (ABTS),

hypoxanthine, 6-hydroxy-2,5,7,8-tetramethylchroman-2-car
boxylic acid (Trolox), xanthine oxidase, ethylenediaminetetra
acetic acid (EDTA), folin-ciocalteu, sodium bicarbonate, NO
AA% A9 sulfanilamide, naphthylethylenediamine, sodiu
m nitrite (NaNO,), H|gF A& B3tdA] A3 Oil red O, 3-iso
butyl-1methylxantine (IBMX), dexamethasone, insulin, dimet
hyl sulfoxide (DMSO)%} lipopolysaccharides (LPS)S o]At B &
A2k Sigma Aldrich (St. Louis, MO, USA) At9] A|&& tof
sto] AtgataAc).

Nz 8¢ ¥ Adol= HycloneAHLogan, UT, USA). 9]
Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine
serum (FBS), penicillin-streptomycin, Dulbecco's
Phosphate-Buffered Saline (DPBS)E AFg35t9ith  iNOS,
COX-2, beta-actin®] antibody®?} anti-rabbit IgG peroxidase
antibody+= SantacruzAl(Dallas, TX, USA)Q] A|&& AL}t

3. DPPH, ABTS =0zt 4~A4% (DPPH, ABTS assay)

Z3] 529 DPPH radical AH%& free radicald] tf
3 Y2 73 Bondet o WHE WSt S5t
oetgo] %91 0.3 mM DPPH &% 760 plet Zt 238 Mz, H]
A7 Ev FHUET 40 plE 7heto] & Est & 302 A

st9ict. o|& DPPH 899 E%:Z microplate

reader (Molecular Devices, Sunnyvale, CA, USA)S 0]8&35}9
515 nmold SRstick AAgelse ARAFEE wRsHe)
g% uge WEge mXNsigch P4 TEEAEL BHTY
Ascorbic acidg AM&stEct.

Z3t] &89 ABTS radical AA&AL Van den Berg&s
o] ¥E Wsto s 57401 = 7.4 mM 9] ABTS
9} 2.6 mM9] potassium persulfateS &35t0o] A9 ot4ofA
2407t & WRSAIICE 24X & ABTS ‘.ﬂ_%%
phosphate buffer (pH 7.4)0] 3|XA|AH &T4w
2 stgich. 34" ABTSO 23] 23 Mz
= HAEMNES 10 20 (v/v)o2 1087 ¥3A7l & 1croplate
reader £ ©o|&sto] 732 nmolN FFEE FAsHHG. ¢ U=
2A2 trolox® AHB3IRon Zatt ohewt ze Yoz AN
steict.

sodium

. . o (HM2lZ SZE-AET 535)
Radical scavanging activity (%)= N x100
HIMEZ E3E

4. Superoxide anion 27% (Superoxide anion assay)

23 %59 superoxide anion AA%E xanthine
oxidase®] 9Jgl tetrazolium salt (NBT)Q] =2 formazan dye
BPAA s8E FAsto] skt 3 mM hypoxanthinext
1.42 mM NBT, 30 mM EDTA ¢ z3ltj £&& H& Ag& &
grsto] 387F Wk A|Z T o]& 0.5 U/ml9] xanthine oxidaseE
7181l phosphate bufferg 2% Bu7t 3 mlo] H =& HJtst
o] Egotdtt. 204 2027 ¥g & 560 nmox] FFE=E
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microplate reader2 0|83l ZA519ct. YA xrEXI=Z
ascorbic acidS Argstoct.

5 F msdd 2
3 A% &7 74 8 FE29 He T
folin-ciocalteu A|oFZ o] &3t Yoz F4stgct. 40 plof &
Z&80] 200 plo] Folin-ciocalteu®t 1160 plo] FH4S &
st 327t ¥k2AJFCH o]% 600 ple] 2% sodium carbonates
asla 2A|17F SoF 9tAo]A ¥rSAJZTH EW L2 microplate
o]g3to] 765 nmollA FsIAct ThYFt FEO| gallic

acid2 7|z2M02 zHste] 1 T2 AAtetQrt.

T\
o

reader&

6. Al uik £ A

7o A EQl Raw 264.7 NZQt X|HHARLA|EQ 3T3-L1
AxE FFH 238 (KCLB)oA] Fufiste] AdielgstAct. 10%
9] FBS9} 1%9] penicillin-streptomycing $H-3-5H= DMEMOJA]
dlgstsich. AZE 37C, 5% COgt SAEl: @e ¥ F&
incubatorofl A vjFstET BE M EE 60-70%2] YEoA Aof
stgon, A 471 10 passage’t WAl %t MEE AP A§
shgit.

7. = =g &7

Nz NMEZ9 ZXL EZ-Cytox cell viability assay kit
(Daeil Lab Service, Seoul, Korea)s ©o]g3sto FAst¢ct. 96
well culture plateo] Raw 264.7 A£2 well @ 1x10* 7]9] We
S 24N7F 59 DMEMO] vjgstgict. o2 5x9
w8 FEEZ 24/ ¢ A oF 10 pl9 Ez-Cytox:
mediumo]] 715t 2A|17t 59 37°Cojlx] wjgsigict. ZAmpe
microplate reader& ©0]-85}0] 450 nmoX EF =& £X35}0] H]
Azbol] tist A8 Arlie] &8s %2 AAste] Ueh)9ict.

2 seeding $t

8. opd4td A Aslls (NO assay)

Z349 £719 99 559 opIME B dAlsZ FIL
st Raw 264.7 AIZS well G 4x10° 7J7} H =2 6 well
plated] seedingdtgich. 24Xt Wi & 7+ BE £&E5FE& 50 p
g/ml =27} El& & 16A]7Hs9 AA25ta, LPS (1.5 pg/ml)ES
A alate] 24|17t SO 37°C9] CO, incubatoro]A] istgict. o]

Az 45 (50 u)Z $7st0]
35l om 58 £ microplate readerg 0|85t 540 nmof|A]
T g A5t thdst =% 9] nitric oxide standard®t &
B 57 ZAas vlwsto] FJsteto] eI

=3F9] griess reagent®} &

ok rlolv ok

d

9. Western blotting

Raw 264.7 AlZo]A LPSE2 §&9 COX-2 ¢ iNOS THuld
o W] thgt x3Acho] &3S Western blotg o]§ato] it}
2tt. NO assay? Z2 279 #E ¢ ANz 27
Radioimmuno-precipitation assay (RIPA) &0 g2 Chuixl.g
2istoict. AR e BCA Y Wyl met Watolct

o r+m for

2+0] uiAlS Mini-Protean tetra Cell (Bio-rad)E ©]£35}9
10% SDS-polyacrylamide gelof]A] 120V, 2A]7ts9 X719 % &
1A]Zt =9t PVDF membrane® 2 transferstgt}. 5% skim
milko]A] 1A]7t =9 blocking & primary antibody (3% skim
milk, 1:1000)2 #Ag]5tx 4°ColA] YA incubation 3}git}.
washing & secondary antibody (1% skim milk, 1:2000)oA] 1
AJ7t incubation & ECL (neuronex, Seoul, South Korea)z
membraneg 7H4513ict.
10. A|YRALAZ B3t AA5 L Oil Red O GM
1) AGALA L 73

Rk AL L(3T3-L1)E well G 4x10° 7}7} E|= 2 seeding
st & 1 yM dexamethasone, 0.5 mM IBMX, 10 pg/ml insulin
Bet §E2 Aasto] 48K\7H0H lkato] & AMAER B
SAZT. Algdole 50 pg/mlY w22 A& Ast 4 At
vjFstH A #3HE WAt
2) Oil red O EM

Oil red O —“r'—‘?g‘g 100% isopropanold] o0]1 Z 3740 6:
H]-&2 &35t § 0.45 ym syringe filter2 o3}sto] GAoHS
y|stdch B31A|71 A4t JZE 10% formalin Mo A7t
g 2 0 £4l9 Oil red O §Aoz 15237 GG
42 washing 3stitt. @4 Zde dojgdez
isopropanolo]] t}A] Oil Red O& zojufjo] 520 nmOofA]
zxst9t.
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Separate pat of Leaf and Stem

Dry under shade for 48h BT

Chopping
Add T0% Eduanel (3 L) 0
l Leaf and Stens (300 §) individually
Exwact with stirrer, 72 b, BT

Crude extract

Fuaporae, 95°C
Dissobve at Water {500 ml)

l Add Hexane (500 mil)
Mh

Water Hexane
I fractics (500 ml)
l 1 Add Dichloromethane (200 ml)
b
Waler Dichloronsethane
| fraction (500 ml)
l Add Etkl acetate (500 e}
b
Water Ethd acetale
] fraction (500 o)
l l Add Butasal (300 i)
24h
Water Butanal
Fraction (500 el) Fraction (500 ml)

Fig. 1. Schematic diagram for preparation of crude extract and
fractionation of Sasa Borealis.

11. Statistical analysis
4 Ane B £ BEVAR BASAL So49 A5
SigmaStat 3.59] student's t-test (paired t-test) &g A3}
o] p<0.05, p<0.01 &0 Tt {4 £F2 et 71F
A A3t BAMof| Microsoft Excel, Graph Pad Prism (version

MM
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1. =31 28 %*%8° DPPH, ABTS &tz 47% (DPPH,
ABTS assay)

2349 dat £7]9] 5% %29 DPPH 2ttjZtat ABTS gt
gz 2752 025 mg/ml9 FF F=olq =5t DPPH
assay 2% 9 FEIA JHotAE0lE FH AAFZ
81.57%% FAH=F BHTY 4759 77.70% Hch axprt 9
ot £7] &2+ HEE2U|Y 2&a £9E £Eo] 7
7} 69.43%, 67.24%9) AA502 71 =9ttHTable 1).

250 #&¥ ABTS assay 23t 9 5529 3¢ 2&E &
oA 87.41%2 7P Hold 2752 HoFglod, fI2aY
i} oot Elo]E F&oA] 85.46%, 86.25%% H|LE &WE
eIt 271 2589 3¢ 592 A 85.64%2 M
Hold 538 HJon tf3oz odoAEo|E £Eo] 80.69%
o] 275& YEUtKTable 1).

2. 23] B3 F&ZF9] Superoxide anion A% (Superoxide
anion assay)

23419 9, £7] 589 289 zMELE Fol2 7%
£ o 0.167 mg/mle] 2EF HEA Ayt
anion assay Z¥ o FEF 29 F FEE% & A
70.60%, 65.64% ©°| 2ol& 2758 UEhjglon F7|As
valoA 71.11%, T2 220jet 2&oA 69.40%, X
A 67.69%0 gole 2A5S Uehjch @H 2L
Ascorbic acide 75.38%9] 20]2 AA5E UK Table 1).

superoxide

I 37] 2529 b 2 § H=TY
SolA odoElolE, 2z auY, YHE 202 Tk
¥olth 58] Qut 3719 Wi P o”oAHolE ¥
so|Al 7bg & Uelton] 22 8.79%, 8.06%2 4% FFC
2 ¥/ depit €8 g2zzog 2soA: it 2]
247k 3.79%, 5.17% 2 ol Aot Ygich. Ay} 2 £
t Aoz A ms ol WaE ckTable 1).

P
>t
=
1o
HS,

4. 23] 258 #89 A= =4

Raw 264.7 & 0] &3l cell viability A Ay 23] Y55
21 E715E5F 254 50 pg/ml o]5te] HEolA 24A7F A
2] & BE MEA dizo] Hlste] 90% o] viabilityS
EUgloen So AE =45 YehiiA] EUchFig. 2).

A)
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=
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= 404
)
204
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concentration H D E B w
(ng/ml)
(B)
1404
& 120
Z 100
= 80
S 604
= 40
o
204
0-
SBE fraction 10 25 50 10 25 50 10 25 50 10 25 50 10 25 50
concentration H D E B W

(ng/ml)
Fig. 2. Effect of fractions from Sasa Borealis (A) Leaf and (B) Stem

extraction on Raw 264.7 cell viability for 24 h. H; hexane, DCM;
dichloromethane, EA; ethyl acetate, BU; buthanol, W; water extraction

5. LPS2 ZIAEl Raw 264.7 A ZolX] NO A A5

=309 27|19 A9 5F FEE9 o24E AAS2 Nitric
oxide standard®t &%= A ZAALS vlwsto] Fgstsig oy
ofgfo] £2¥ AAEE U}t Raw 264.7 AZ+= LPS (1.5
ng/ml)E At Fo|N FdiEZe] Hs 74 o] NO A/gol
F7tetdct. o =3 £&22 & F80|A LPSO| 9Jgt NO
B8 FAstA RISl 53] £712 o FEglo] dEotA
EolE, d2z=Hg A Hold NO AY AAsHS UE
i gick(Fig. 3).

Table 1. Antioxidant activities and total phenolic contents (TPC) of different fractions from leaf and stem of Sasa Borealis

Fraction Inhibitli:)opnpl;'ate(%) ABTS Inhibition rate(%) NBT reduction rate(%) TFC (mg CE/g extract)

Leaf Stem Leaf Stem Leaf Stem Leaf Stem
Hexane 16.70+£0.48 8.93+0.59 13.23+2.65 24.53+0.38 13.16+£1.94 7.75+0.66 16.95+0.38
Dichloromethane 41.75+0.68 69.43+0.22 85.46+0.21 68.90+0.11 57.44+0.89 69.40+1.07 37.98+0.66 51.77+0.38
Ethyl acetate 81.57+0.22 52.86+1.28 86.25+0.18 8069+0.28 59.83+0.30 6068+1.29 8791+1.74 8068+2.01
Butanol 63.20+2.08 67.24+0.58 87414011 85.64+0.11 70.60+0.30 67.69+0.89 36.66+0.38 30.75+0.38
Water 22.86+1.83 27.75+2.22 51.24+1.02 35.17+0.69 65.64+0.51 71.11+0.30 8.41+0.38 12.35+0.38

BHT 76.69+0.58
Axcorbic 89.34+0.11 75.38+0.51

Trolox 46.20+0.39
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Fig. 3. Effect of Leaf and Stem fraction of Sasa Borealis extraction on
nitric oxide production. H; hexane, D; dichloromethane, E; ethyl acetate,
B; buthanol, W; water extraction

6. LPS2 7t&tel Raw 264.7 M| Zo|A ¥ Chldl wry ZAxt
Z30j9] iNOSet COX-29] o] njxl: TS
9J3]] western blot2 AA|st1 1 ZAuE tjx7o wWynl vLs
Act. LPSE AastglS f vl wls] iNOSQ] o] 7.2
W2 Zrletgon, doie fI22ue £2o] 1.2812 iNOS
TAE 7P ARG AdAstg o, ofdotAElo]E &2 2.44]
2 Uepdth 7] 25204t dEotAEHolE £&o] 0.8¥12
R AAsE HojFglon, thgog A FEo] 2.4d]2 ¢
33 a35 BARCH %71 Z2%80 A F&20 H|5) A,

2 2EdA Hold dX5S Uerdch

Eg COX-29] 7%, LPS A2 o] "] v|3] 2.8u)7}
S71tglen, A £&FoAe Ay 22U #2o] 77
2.38), 16W2 oA &3t YERRAL, F7] FEEIAE AL
#&lo] 2.0812 COX-2 WdL AAIoI%cHFig. 4).

17266122464662427083.16.0

iINOS a -
131kDa - y -
12823163337392058323432
COX-2
(OkDa L e - |
p-actin | e e |
42kDa
SBE fraction HDEBWHTUDETB W
50 pg/ml I 1 1
" ; Leal el Stem
! +LPS (1.5 pg/ml)

Fig. 4. Western blot image representing iNOS and COX-2 inhibitory
effect of fractions from Sasa Borealis leaf and stem extraction. Fold
change of protein level was normalized to the B-actin level.

7. 230 28 329 AYHFAE FAA ax

239 E71% 99 5% FE=29 HW A7 A2 it
23t oA &% Oil Red O ML 53] Qlstgict. 1 Axt o
=89 3% UI220E, oLotAEolE £ Folgt Fo}
AA s Bt £7] £&529 F¢ U2 22WER o HotA
HlolE Zo] vRet Br2 2etE AdAstgen ROt a5
HoZlcH(Fig. 5).

(A)

0.5+
*
i — s
E 04- - =
=
o~
¥ 0.3
-
2
B 0.2
-
2
Z 0.14
<
0.0-
SBE fraction - H D E B W
(50 pg/ml)
(B) 0.5
ok
E 0.4 o e
1
o
2 0.3
g
3 021
-
g
Z 0.1
=
0.04
SBE fraction - H D E B W
(50 pg/ml)
CON DeM DeM EA
(Leaf) (Léﬂl) (Slem) (Stem) (Stem)

Fig. 5. Inhibitory effect of fractions from (A) Leaf and (B) Stem of
Sasa Borealis extract on 3T3-L1 preadipocyte differentiation was
investigated with Oil Red O staining.

Rl

gg Ade /A 2222 gAatet o gk gt
A7 wHE A Aok % AFoIAE =3 A 710 =3
g 4Ee i OI220Y, oEotAEoE, REE R 2 9
o] FAtet FatE vl @t LPSE Raw 264.7 NZo] S35 A5

dgFe mietsty, uobrt 3T3-L1 H|THRIZA| RO
gHolstgict. o5 Foll gt =Y At £7]

28 Fol4 Atg7l0l o3t ety AEAE aRKoR Nl
T GEHEE A0 AYAE BI}E oFets AL MY
sturt stict.

Faet S22 FohE W, At 2] A oAb olE
(EA) 2 C2220]S(DCM)IA h2 2o Hlsto] Hold Pt

b2 UEMIT. 53] 9 olotAEolE FE2 DPPH%

ABTS Al 2iA A75°] F3oH Uetdey o= 7MY =2
s 3RS UEpd ZAntet Ax|steh mES chopst °}°‘E17<l g
4%, W7 2 A8 w3k SO choke RS Uk oz
LA AT, oA g e o, Fist 5o rl°1‘c} z
A 70% gL 2FEE9 AHoAEHolE FEoA FIIAQI
s 7|gislE 4 Ao

Nitric oxide (NO)+= prostaglandini} ¢80} & 43x d&
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0j7f 22 2 inducible nitric oxide synthetase(iNOS)o]] 9]3}o
theF =T Y NO: IL-6, TNF-09} Z2 cytokineg A3
Atstel 2l BRAYY NSy, £NEY 59 ST I
02 94FE YEAVIL 43NN WARLS ot AV §
dsto2 NO9 wdo] 242 o|% proinflammatory cytokine?]
=93 439 5270 glo] Faslt ¥ A70lN LPS2 7%
g Raw 264.7 AZIN Uit 719 B0l TEHoR Iz
2ol ROEOlS $HAN A% S92 TR gou
NO2| Aol ARSI A aAlstoitt. T oY AEIN &
T oA 9ryd-S Western blot WS Eaf &HQlgh Ay °‘.L}
57]9) 2z JotiEclE B0y oX= iNOS ¥
g2 FAZ & Ytk B3 99 d222uHy qYchiEolE
BN COX-20) WEF T¢ AT AL LAY 5 Yook

w3 AN E A= triglycerides?] FA3t 72 FEHA
=X 87 AR So|d QAALe] wryo] LrE], atxel
H[THARIE flellA= RWAE Zehabgo] #ojsh= PPARye}
C/EBPaE Z3oh= HARIAES 2/4& dAlsh: Zol e 5
% Aoz AU EF XA ATEAat AYAR "=
cytokineS EZ s proinflammatory QIALeF Zgisl Zoz ©1
91 gon® wetd 9 AN At d2z2uHs o
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