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Effect of Sasa Borealis and White Lotus Roots and Leaves on
Insulin Action and Secretion In Vitro
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Dong Wha Jun®, Jin Sun Jang’, Ju Ho Kim’?, and Sunmin Park**

Korea Institute of Oriental Medicine, 'Department of Food and Nutrition, Hoseo University,
‘AsanSi Agricultural Technology Development Center

Abstract Anti-diabetic effects of extracts and fractions of Sasa borealis (SB), white lotus roots (LR) and leaves (LL), and their
mixture were determined in 3T3-L1 adipocytes and Min6 cells by investigating insulin-sensitizing activity and glucose-stimulated
insulin secretion, respectively. SB, LR, LL, and mixture of SB, LR, and LL (3:2:3) were extracted using 70% ethanol, and
mixture extract was fractionated by XAD-4 column chromatography with serial mixture solvents of methano! and water.
Fractional extractions were utilized for anti-diabetic effect assay. SB and LR extracts increased insulin-stimulated glucose uptake,
but not as much as mixture of SB, LR, and LL. Significant insulin-sensitizing activities of 20 and 80% methanol fractions of
SB, LR, and LL mixture extract were observed in 3T3-L1 adipocytes, giving 0.5 or 5 pg/mL each fraction with 0.2 nM insulin
to attain glucose uptake level similar to that attained by 10 nM insulin alone. Similar to pioglitazone, peroxisome proliferators-
activated receptor-y (PPAR-y) agonist, 20 and 80% methanol fractions increased adipocytes by stimulating differentiation from
fibroblasts and triglyceride synthesis. LL extract and 20, 60, and 80% methanol fractions of the mixture suppressed c-amylase
activity, but did not modulate insulin secretion capacity of Min6 cells in both low and high glucose media. These data suggest
20 and 80% methanol fractions contain potential insulin sensitizers with functions similar to that of PPAR-y agonist. Crude extract
of SB, LR, and LL mixture possibly improves glucose utilization by enhancing insulin-stimulated glucose uptake and inhibiting
carbohydrate digestion without affecting insulin secretion in vivo.
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Lab Equlpment New Castle, USA)‘% 35“C°ﬂ/ﬂ et T 5
H71Z(lshin Freeze dryer, Seoul, Korea)dle] B4 2|52 ul
SUTh WY el W oy 2 dle] £3EY) dfRurs
ANE 1gE SHFF 10mLol] HEA degloz BEE & amber-

lite XAD-4 gelS Z18 A48 (A7: 30 mm; Z°]: 300 mm)
o2 ATt old) &ENL vekge) g FAA FA

O = 1w

HSAIZIHA] H,OMI), 20% HIERS(M2), 40% TIER(M3), 60%

AR (M4), 80% HITHE(MS) 2 100% R (M6)2 o] &
Aste] AAEE F AT AEIULG. 4] ReFe
10% dimethyl sulfoxide(DMSO)*l 1 mg/mLE =< & sonicator
E 20F FF A"t AHE glo] B faiAZATHI2). 2a
T A ge ME=LE Ak fsiM A2t BEL 1 100 2

AL 1,000 pg/mLe] FEZ 23 F 344,5-dimethylthiazol-2-y1)-
2,5-diphenyltetrazolium  bromide(MTT) assay kit(Roche Applied
Science, Indianapolis, USAYS AME-&led A% 48-249] formazan
productZ ELISA reader® #8td oz ZFslo] A gsigich
3T3-L1 XM= SMHXY FXg FIHIF|Ie 2&8 Y
A4 ] (Haemacytometen) 2 AlMFE 5 x 10° cells/mLe] AZ
£ 24 well plate®] 7t well®] Y3 phosphate buffer saline(PBS)
2 AFg ¥ 1% bovine serum albumin(BSA: Sigma-Aldrich,
St. Louis, USA) & 3l & IFE XY Dulbecco’s
Modified Eagle Medium(DMEM) BiZ|o|A] 22 ZQF vjjokslgit)
Hi ket & A2 DMEMHJAR w&a9irt 3T3-L1 Afolsl L
(American Type Culture Collection, Manassas, USA)°] DMSO
(control), 10 ug/mL ¥ ¥eg) wizd 9o} )

1 EPE 2EE Tt

fut B Sy

wrEeolv

10 UM rosiglitazone (positive control;
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SmithKline Beecham, Cidra, USA)#} #3829l 025 upMe]
dexamethasone(DEX; Sigma-Aldrich, St. Louis, USA), 0.5 mM<]
1-methyl-3-isobutylxanthine(IBMX; Sigma-Aldrich, St. Louis, USA),
10 pg/mLe] Q1& €l (Sigma-Aldrich, St. Louis, USA)9} & %8

ato] 4 FF ESMAALL Al HiXE wskely BEabgnEd
21°] DMSO E+= rosiglitazone 5 $283 FaE2 zgsin
645t BlFstATt. 6 Aol AlEe glycerol ©] E3tEe] 91X
%2 lysis buffer®2 823 & 2% tiglyceride 82 Trinder
ki B &AL, ML, e=hHE Fgsiinh(12,14). w3k AZole) o

Wd S Bio-Rad’s protein assay kit(Bio-Rad Laboratory,
Hercules, USA)S. = =431}

3TILT RSME Lz Bg M3

A wjFst = 3T3-L1 H-FoRES 75em’ flaskel] $H413]
A W71 Felelc). wjoke ) weke ehdal A A 22l
_f,f_ 0_1;._ E_Q ‘3;{10 Lﬂoi 301 Eo]- BHOkb‘]— 201011 gg_]_]%ﬂ/g]
EE EZET DMEM §02 AR wpre) Fro} A EE
A3 AEE 10-159 Alelo] X 4F AFE sldvh it
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ol ¢xls] iﬂ% -’F ‘RlE% H?OP SA= Well platecl] &7] A

F

_6]—0 ]’—1— /\»\1_
2% DMEMeIA 12 A]/P ol At Fe
HEPES &e102 37°CelA] 30% $9F wj¥et & 1 uCimLe)
[MCJ2-deoxy-glucose 9 1 mM EEZ-S H7Fs}aL 22°Col|A] 308
S}t vigste] 2] AlmfRe) 4 HEZE Heo) ATuE
olEd Yor FMArH(12,14). ¥lSo|H) T HHE )
A3k7] 218lA glucose transporter 4GLUT4)] 2H8-8 oA 5=

s IS o
_‘\JJ;E%]’E‘ 3]'

cyto B(Sigma-Aldrich, St. Louis, USA)%} 7 vl a9 e we]
EER ol g “Hﬁl AR o] 5d L] & 48
o AZE 10mM Ex%o] 353 PBSOE AAEE 05N

NaOH= A& ol tirh(12,14). Ral€ A ZE
AL FiE tCe) B

FAtog =
HE} counter(Packard Bioscience,
Downers Grove, USA)E &4ttt 7F welld] whalaleke pRg
2 AFEA 0.5N NaOHE A 2l8l7] Aol| lysis buffer® A XS
€517 3¢ Bio-Rad protein assay kit® 2431t}
NEdS 2R FEEY O EFE9
A PIAE S BABP] fsiA] o
DMSO® 1 mg/mLoZ =<1 3 o]
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well plate® #5338 F %% E=Y DMEM wix|ol|lA] wleks
o 70% confluent S-S W AHFE LW DMEM H|AZ W
atod 1647+ BRI} o] wellES 52 UFo] W2 AFR
F5 % Krebs Ringer Bicarbonate(KRB) 8402 w3alal, i
A Wk Sek T KRB wixE wEeigith KRB S
115mM NaCl, 47mM KCI, 1.2mM MgSO,, 128 CaCl,, 12
KH,PO, 25mM Hepes, 84%(w/v) NaHCO(pH 74) =223l
0.1% BSAZ Alzslgrh 47k} KRB 89 7HzF DMSO, 5 pg/
mLWje e 2 9z zIidle] F8E EE 2.5nM exendin4
(positive control; Sigma-Aldrich, St. Louis, USAy& A2k £ 30
B 5ot Brulre dade Fg wjAd $aE ded TR
2x3s19rt ¢+ X radioimmunoassayd 2= Linco ¢
< kit(Linco Research, St. Charles, USA) & ARS-3HATH19).

In vitro a-amylase inhibitor £t

a-amylase(Sigma-Aldrich, St. Louis, USA)T 50mM sodium
phosphate -8-2© Z(pH 6.8) 5 mg/mLE &4 A7), 71431 718
A A (Sigma-Aldrich, St. Louis, USAYS SHTE 05%= A=
8 & Tgols |19 HlgE AU} EE FAAxd RS
I mg/mLé F%= DMSOE 0]al o]Z2 PBSE 3|45t A}
gatoinh Wy e, WAy 2o FEE T O EFE
o) FYEL S0pugmLel FER ARSI o] vk gele 37C
ol A} 1A17F gt wikA T, 12417F Foll 150 uLel 02 M NaOH

B R AT

o o

Q =
a-amylase®] B4S sk g2t FEEFH 29
o o]

ol g6l DMSORHS Helgh ZloA AP=E frel X

o2 AT A= DMSOWHS Aeladle w AdE=

2 TEw ool Bisl wWE He) 9 e 23] FEE &
FEe] RS Y3E u fe el Aol FaveE A
52 MRS R ALSATH14).

EAH 2|

RE Az d A o)) ke fiet Hetd xEUAR
st JehASITE - AgelA Wi e, WE YR
257 1 T80 RHEE3 tlZE(contro)T}e
AL one-way analysis of varianceZ A5 7 & Alo]e
zpolE Tukey testZ AEATH &

2 p<0.0582 Pk

PEE g 2
3T3L1 XMMZOIM Qlg2lel s20| WE ZEe M &7t

B Aol 3T3-L1 Aol 1% 0, 02, 06, 1, 5, 10,
15aMe AHelgh & xeg 44 RS S40e W led
=Tt 10nM7HRAE lEd STt Zrietel ulel 2rg 4F
7k Z7HEIA T, 10nMEE e e FRdAE AEd B
off w2 AEiRe] L 4Fd Aol fThFig. 1). &, 10
M Q& FEvh QS F4AE 53 A4 B2 vep
e Y B2 o] B oslelHE el&dl Fol vldste] <)
&Y Ago] 7Y 1 ol F7le gethe A% ¢ 7
AT

ool A28 e ARe MzAE 573 Ao] A=

Glucose uptake
(dpm/ug protein)

0 0.2 0.6 1 2 5 10 15
Insulin (NM)

Fig. 1. Insulin-dependent glucose uptake by 3T3-L1 adipocytes.
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Fig. 2. Effect of Sasa borealis and white lotus roots and leaves
extracts and the fractions of the mixture on the cell proliferation
of 3T3-L1 cells by MTT assay. The data were expressed by the
percent cell proliferation with the 1 mg/mL extracts and fraction
treatments based on that with the vehicle (DMSO).



50 ODMSC OLR WLL MSBE @ Mix BRG,
®€ 50
20
25
o o 30
@3
§gzo
T 10
0

0.5 ug/mL 5 ug/mL

Extracts

ODMSO OM! M2 EM3 EBM4 EM5 EIM6 CORG

;

Glucose uptake
{dpm/ug protein)

0.5 ug/mL

Fractions 5 ug/mL

Fig. 3. Effects of Sasa borealis and white lotus roots and leaves
extracts and the fractions of the mixture on glucose uptake by
3T3-L1 adipocytes. Sasa borealis (SB) and white lotus roots (LR)
and leaves (LL) extracts and the fractions (M1-M6) of the mixture
extracts (Mix) of SB, LR and LL were administered at the levels of
0.5 and 5 ng/mL in the presence of 0.2 nM insulin. Rosiglitazone (1
and 10 uM; commercial insulin sensitizer, PPAR-y agonist) was
considered as a positive control. M1-M6: 0.2 nM of insulin + each of
methanol 0, 20, 40, 60, 80, and 100% fractions of the Mix. DMSO:
Treatment of 0.2 nM of insulin + DMSO(solvent of M fractions).
*><Values on the same column with different superscripts (a, b, c) were
significantly different at p < 0.05.
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Fig. 4. Effects of Sasa borealis and white lotus roots and leaves
extracts and the fractions of the mixture on triglyceride
accumulation in 3T3-L1 adipocytes. Sasa borealis (SB) and white
lotus roots (LR) and leaves (LL) extracts and the fractions (M1-M6)
of the mixture extracts (Mix) of SB, LR and LL were administered at
a level of 10 pug/mL in 3T3-L1 fibroblast differentiation with
differentiation inducers. After differentiation, 3T3-L1 adipocytes
were continuously treated with all fractions for 6 more days.
Triglyceride contents in the adipocytes were measured at 10 days
from the Iinitiation of differentiation. Rosiglitazone (10 pM:
commercial insulin sensitizer, PPAR-y agonist) was considered as a
positive control. M1-M6: Each of methanol 0, 20, 40, 60, 80, and
100% fraction of the Mix. DMSO: treatment of DMSO (solvent of
M fractions). “**“Values on the same column with different
superscripts (a, b, ¢, d) were significantly different at p <0.05.
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el Aakiol] #2% Ehﬁ*o‘c’l o)l F 8%k alofANk ¢l
=9 7(161—1&0] ol A&
2 JAdHA = @eth e ]
A2 ARS-Ho] & Ao Qled HHIE FIAE ‘ZF%%O]E}.
7V WA ARE-sE7] AlEEE Aol sulfonylurea A&
A2 #e] weEe] MRt EAlEes Ky, channeloﬂ RIS
Z8-5la] o] channeld o} Fo2A] AlEuke] depolarizations}

W DMSO OLR oLL CSB O Ex4
8
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E 5
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o L

2 mM Glucose 20 mM Glucose

EDOMSO OM1 OM2 BM3 OM4 OMS OME MEEx4
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O = N W bH oo ~N @

20 mM Glucose

2 mM Glucose

Fig. 5. Effect of Sasa borealis and white lotus roots and leaves
extracts and the fractions of the mixture on insulin secretion in
Miné6 cells. Sasa borealis (SB) and white lotus roots (LR) and leaves
(LL) extracts and the fractions of the mixture extracts (Mix) of SB,
LR and LL were administerad at a level of 5 pg/mL in Min6 cells in
low glucose (2 mM) or high glucose (20 mM) KRB media for 1 hr.
Insulin contents secreted during 1 hr incubation was determined bty
radioimmunoassay kit. Exendin-4 (2.5 nM; commercial insulinotropic
agent) was considered as a positive control. M1-M6: Each of
methanol 0, 20, 40, 60, 80, and 100% fractions of Mix extracts.

Cao] AZUR FYAFIeE ¢dede] BHE EF2A7)= Usr
S éxlxﬂ(msulm secretagogues)©| TH26,28). 2#1d| o] ki
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Fig. 6. The effect of Sasa borealis and white lotus roots and leaves
extracts and the fractions of the mixture on a-amylase activity.
Enzyme inhibitory activity against o-amylase was observed
spectrophotometrically at pH 6.8 and 37°C using 1 mM soluble
starch as a substrate and 0.01 units/mL enzyme in 50 mM phosphate
saline buffer when 50 pg/mL M1-M6 fractions separated from the
mixture extracts (Mix) of Sasa borealis (SB) and white lotus roots
(LR) and leaves (LL) were administered in the enzyme reaction. The
data were expressed by the percent inhibition of c-amylase by
fractions based on the inhibition by the vehicle(DMSO). M1-M6:
Each of methanol 0, 20, 40, 60, 80, and 100% fractions of the Mix.
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