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Antioxidant and lens aldose reductase and PTP1B inhibitory

effects of Nelumbo nucifera Rhizomes

Hyun-mi Kim

Graduate School of Education, Pukyong National University

Abstract

Nelumbo nucifera Gaertn., a perennial aquatic-plant, which was distributed
throughout Asia, including India, China, the Middle east-and Egypt. In particular,
the rhizomes' of N. nucifera, have been used foodstuffs as well as traditional
medicines in China, India'and Korea. Various pharmacological activities of the N.
nucifera rhizomes, including antimicrobial, antioxidant, antiobese, antidiabetic,
anti-Alzheimer, and' antihypertensive effects have been reported. However, the
diabetic complications effect of*the rhizomes is unclear, and its antidiabetic and
antioxidant effects_is -yet.limited. Therefore, the preventive and therapeutic
potency against oxidative stress and diabetic complications of Nelumbo
nucifera were evaluated via the 1,1-diphenyl-2-picrylhydrazyl (DPPH), total
reactive oxygen species (ROS) assays, as well as the rat lens aldose
reductase (RLAR) and the human recombinant aldose reductase (HRAR)
assays. In addition, the anti-diabetic effect of the rhizomes was determined
via the protein tyrosin Protein tyrosine phosphatase (PTP) 1B assay.

The MeOH extract of the N. nucifera rhizome exhibited marignal



antioxidant effects, however the EtOAc fraction exerted significant
antioxidant effects with 1Csy values of 3.21 and 11.06 pg/ml, by compared
with respective positive controls, L-ascorbic acid (ICsp 5.16 pg/ml) and
trolox (ICso 5.19 pg/ml) in the DPPH and total ROS assays, respectively.
Also, the N. nucifera rhizome showed remarkable RLAR inhibitory effects
with ICsp values of 7.70 ug/ml, by compared with positive control, quercetin
(ICso 3.28 pg/ml), however, no HRAR inhibitory effects within test
concentration (f.c. 50 pg/ml). Interetingly, the EtOAc and n-BuOH fractions
exerted predominant inhibitory effects with respective 1Csy values of 0.15
and 0.68 pg/ml in the RLAR assay; 10.76 and 33.95 pug/ml in the HRAR
assay. In the PTPIB assay, the CH,Cl, fraction, along with the AR
inhibitory EtOAc and n-BuOH fractions appeared significant inhibitory
effects with ICsy values of 4.09, 0.85, and 6.76 pg/ml;-by compared with a
positive control, ursolic acid (ICsp 1.80 pg/ml). Since tryptophan was
previously isolated to be antidiabetic components, the PTP1B inhibitory
effect of this compound was evaluated in this study. This .component
showed great PTP1B inhibitory effect with an ICs, value of 4.75 pg/ml.

In conclusion, the above results suggest that the rhizomes of of N. nucifera,
and tryptophan contained within them, would clearly have potential uses in
the development. of therapeutic or preventive agents for oxidative stress,

diabetic complications;.and diabetes.

vi
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UH(Yang et al., 1985; Kim et al., 2002).

30,

o A E4S et =l olis methylcorypalline<>

ox
offl
=

o Ao (ks3] ol A 5t, 2002), dimethylcoclaurine> A5 3 <t

(+35-8],01 %4 ,2002), higenamine> 41738} &4 (cardiotonic

rJ

o,
e

activity)(Chung et al., 2000), B-sistosterol<> phytosterolZ4 &7 F#2H =
ZHe, AW g AW asrl e Ao® Hauwa 9 om(Jung e
al., 2003) Kaempferol, quercetin % isoquercetin?} 7' flavonoids, tannic

acid?} 2 polyphenold}3t= T o] A% (Lee et al., 2006), $1%(Quan, 2002),



AT(Hu et al, 2002) E A (Ling et al, 2005)°] o= sHF-F o] 9o
Frtsta s Yeal 9= Ao R BT
Aol gk YIS UE TS AHEWE dYd FE=9 free

radical 2~A 28-S 3 4kst &4 (Cho et al, 2003; Wu et al., 2003),
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il

alkaloid compound@r flavonoids compoundiﬂ SHIV &4 (Kashiwada et al.,
2005), F==2o 1A IS A A (La Cour et al, 1995; Kim et al.,
2005)7} 3H]WF &4 (Ono et al., 2006; Ohkoshi et al., 2007) 5©] K%l
Ao Az AM = RS AT} st (Sohn er al., 2003; Rai et al.,
2005)0], Aol M= alkaloid ZHgo2 <13 |L2E  (Huang, 1993),
21749+ (Dictionary of Chinese crude drugs, 1977)3} @313} (Shoji et al,
1987) &4 sol &4 Ut

A7 AW FUEHE FAE A= A

#

Koo, 1993; Kim e al., 2002). %3t AT £o gAEle o
FH2HEe] AAE A FEF sto] ML FshA]7]al (Han and Koo,
1993; 3ok=f, 1998; Kim et al, 2002), AZAALEZQ oA =TS
st 7199 ZE A a3 Sle] o= Q1& Awj 4 5=
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Ak A 3lolt} (Abuja and Albertini, 2001). 28 A efol A= A4 el
o H|&l free radical B A7} FX o] A oL} A, FAfelA A
Ao Hike7E Frkste] AdaA FH S-S ZHskA E ok (Williamson et
al., 1993; Cameron and Cotter, 1995; Giugliano et al., 1996).

NADPHE F &A= ©]-&3}i= Aldose reductasei= polyol pathway (Fig. 1)
o] Zu §42A 319 aldo-keto reductase®|t}. polyol pathway & T i
A Fosh qas stha A AT glucose HIAMERE

T}F.(Maccari et al., 2005; Lee et al., 2005).
| .
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e
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How 1% a¥TFo] complications UO7|= 7]HSE polyol
pathway®] ©]7} (Sato and Rifkin, 1979), oxidative stress (Williamson et al.,
1993), myo-inositol®] 742} Na', K'-ATPase &/39] 74 (Greene et al.,
1987) o] Hirxo] k. glucoser= Aol T2 oA Yoz AL
H™ insulin®ll o]l celllZ ¥ 5 dif-io] sl thrte 2=
polyol pathways ‘&3dle] A= A2 <F 3% & 3S}} (Greene et al.,
1987). Lejut AR BAAZAE, FARAA, "EAEe JIdT T2

Frdol 2ol insulinel]l ]E8HA] (@R kel 9@l glucose”t A
Hug, G o addo] FEEW o]g AE f glucosedd <
g &AditAFe] XA E AL, aldose recuctases A SHAIA A AFEIY oF
2-48] 2] glucose”’} polyol pathways A A sorbitolZ} fructese”} AJ4d ¥t}
(Travis et al., 1974; Malone etral., 1980). =2 ¥ sorbitol> A3 W] A5+
S7HE 7HAe L AlE FHAEe et BalAd TS THALA
.

Aldose reductase inhibitor = AF&E 11 Q&= 3SHE-Z A succinimide %

glucose

Z| 91 minalrestat, tolrestat, zopolrestat, epalrestatg]r imidazoline-2,4-dionen -r

=
A Q1 sorbinil 5] AT} ©]E compoundt aldoes reductaseE A5t &

Alol aldehyde reductases AAIA B TS Y%¥ 714 compound$!



Z93};k=E (advanced glycation endproducts, AGEs)S A AI7]& A=
gk ol wm otE g 9w gWEe tehle Aeln
(Kawanishi et al., 2003). o] &3t 3 k= 9] side-effects Wi-ol] Xt} <F
he

=S 7]go]al k. Aldoes reductase A @ E A= HAZA =

+
iz

Fﬁi

hal, Aol AL aldoes reductase HAAE AAEZHEH Fuxt

ol

anthraquinones, alkaloids, terpenoid, Z2]il flavonoids &©°| <& ATh
(Kawanishi et al., 2003; Fernandez et al., 2005).
T s ndFo] FIEY celll2 FYE F alGAANA BA
o® thAFEAl %3 glucoseol] oE EAdAFAFo] AAEHIL, aldose
recuctaseS LA SIAIA AT EIS] oF 2-49]9] glucose”} polyol pathway=
73 sorbitol?} fructose”} A4d ¥ ©f(Travis et al., 1974; Malone et al., 1980)
X% sorbitol> AXE W-AFES F7HE AL AlE FHAES x4
st Fwd g7 A A

AL noded) WEE FEEZHE &Ao] =2 fraction
fractionoll A /& o}v]:=AbE FelstSl=H ©] 3}3HE°] X< tryptophan
o2 Y9G tryptophan> Sl9jH o= s
S FYHdo =z TAaA T (Lee et al., 2001). O] =4
T A &9 Eol9= tryptophans EFF E U E I3tEE5C] add

=z = &k =
Ao FETF 9

o
e
oY
ol
K
I

Protein tyrosine phosphatase (PTP)+= i 2ol tyrosine X715 E1413}A]
7= 2aEA AxU AEd2 ) it Fedt 98-S HEeth vE
PTP-a, leukocyte antigen-related tyrosine phosphatase (LAR), SH2-domain-
containging phosphotyrosine phosphatase (SHP2)¢} #2 theFst PTP7} Q&
Y AT HNDE 2Hsed Hostas oy 53] PTPIBEAE <

H ﬂd>
e

Asl= Ze3k PTP 84 2t1 &84 9t} PTPIB &

==
sHd 3t A= receptor (IR) WF o} e} 17 receptor substrate (IRS)



el A ) wk-S-3ho] &1 4FskA] 71 th(Johnson et al., 2002; Asante-Appiah and
Kennedy,2003). ©] &49 &L IR signaling cascadeE A A|stal &
A A& AejolA wAEtE PTPIB S S7HA| AR ol 2 (Ahmad
et al, 1997), J1&EH WA ®istE fdedtta delx] 9 th(Elchebly et

al., 1999) . d=d AZHGA Y} v7HAE leptin Al Y 9 A PTPIB

of oa| ZAawE=d ol o] &4} leptin AT AGA AN E #gah=
7S 4 Ftl(Johnson ef al., 2002). L2 P& PTPIB &4 A4S 7HAA
ZIAY THFES AN 7] E inhibitorS HEEE AL A 28 G

& Agsted AREE oy} WA Rk Y]Ee] W HS dEd

lens aldose reductase A4l &4 2! human recombinant aldose reductase < #l| 2+
A APE AABIR 2T PTPIB enzyme Aldfste] d&d WAES 5
Al o2 7k 35 e S 59 7led AEFS=EA9 AL

a7te gelstuat shgick

X
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Aldose reductase

T»

NADPH NADP*

High
concentration
glucose

Diabetic Complication
Neuropathy, nephropathy,
retinopathy, cataracts,

and cardiovascular disease

Fig. 1. Mechanism of Diabetic complication

: Polyol pathway (Kador et al., 1985).
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2 AFo A AFESE A (Nelumbo nucifera Rhizomes)™ 200710 2¥

bo Adstel AAdET A4S RUE

[-40
r
N
&L
>
o
=
4
r
ol
20
&
4
X
ol

sho] ALESIAR A% BES B Ao Raidth (NO.200702).

2. AleF 2 717

2-1. Al

L-Glyceraldehyde (G4802), B-nicotinamide adenine dinucleotide phosphate
(NADPH, N1630)3} quercetin (positive control):= Sigma (St. Louis, MO,
USA)ZHEH FYsAct  NaH,PO,, KH,PO,7} NaOH= Yakuri Pure
Chemicals Co:, Ltd. (Osaka, Japan), Na;HPO,+= Junsei Chemical Co., Ltd.
(Tokyo, Japan) 56 748} 31t}

2-2. 717]
UVE  VARIAN = UV-Visible spectrophotometer®}  s=ATA] UV

spectrophotometer (Ultrospec 2100 pro, Amersham Biosciences, U.S.A.)E

Agatel =g stele,



AL (Nelumbo nucifera Rhizomes)®] MeOH F% %2 7z} &vwj'd 73
HA L scheme 1914 YERASITE Az A2 (2009 st S

W71E &g 71 B F 1LY MeOHS ¥ F F874 oA
A FE3AT a8l FE9L oIS rotary vaccum evaporatore=
o e How v 23] ¢ RiEste] F
34.56g MeOH FE NS AATE 1 5 MeOH F5 559 oF 1gS &4
Ay B F=HAS H8l vialol Ho} desiccatoro] R st v
33.56 g H,O: MeOH (9/1, vv)2] EFEv2 52 vt 38 Zu7]d
ol FFe CHCLE o] 718455 Rol £ *% (sodium sulfate,
anhydrous)®= #|2]8t th5 FF3atqlth olek & WHOE © §HEstd
H

CH,ClL, ¥3 129 g& At} w3t 6

>
ofo
ol
=L
£
off
A
ol
=
38
i)
do

oL

)

7bete] 359 EtOAc 7F8%-E ol EtOAc &% 04 g ASIth =3

t

n-BuOH| tieiA = sdsk WS Alsiet] 459 n-BuOH it 242 ¢
7 3= HO FHE 2945 g& Stk BEE B3I of 01 g& A
w7

218 S Y3l vialoll o}l desiccatorel] | X3S} T}



Nelumbo nucifera Rhizomes

(200g)
‘ MeOH (70°C reflux, 1 LX3 times)

Concentrated MeOH extract (34.56 g)

‘ H,0:MeOH:CH,Cl, (9:1:10, w/v)

CH,Cl, fr. (1.29 g) H,0 layer

EtOAc
EtOAc fr. (0.40 g) H,O layer
n-BuOH
n-BuOH fr. (2.42 g) H,O fr. (29.45 ¢g)

Scheme 1. Extraction and fractionation‘procedure of

Nelumbo nucifera Rhizomes.
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4. in vitro 23

4-1. DPPH radical 27 &4

DPPH radical AAWRES ekt 3Abst A ow FR st
AbgElal 9lem 53] phenol ¥ aromatic 3}3HE9] A3t &9
=Ao] Wol A& HY o] th(Blois, 1958).

dFo] 9E<Q diphenylpicrylhydrazine A}Alo] 7FA|3L Q& 479
A2E el 520nmel A A3k 5 bandE Hol= SAS 7ML th
a8y phenol ¥ Zo] FAY HAAE AFsTE A FAA9)
WS-k Fw Fol A ZH-E Ay hydrogen radicalS o} phenoxy
radical = AAsHA At ol SAA FF band®= ApEFAAL QFA g

TAZ "o § sod AAT mtgAeR ddsd, 1 o
Aldste]  JmeAie] DPPHO] A2 A fojAA Ha FRERE
AasHA HEZ ghgo) Mol mapdelq mHoR Wi FF Lo
AArE SHTLEZN radical 2ATAHS & = AU (Figd)

[ Yokozawa et al., 1998;Hatano et al., 1989].
Z} Al&9] DPPH radicalell o3t &A= S92 o3 2o 7+

7)
T A 5(1.25 -120pgmL)= MeOH®l| =1 ¥ 160p L& F3dle] 1.5%

J

107'M %2 MeOHO| &A1 71 DPPH €9 40p Lo & =339},

o] ®kg Ao Aoy 0%z TR

Rl

Sk % microplate reader
spectrophotometer ~~ VERSAmax(U.S.A)= 520  nmollA FTHEE
SAFe=MN  radical AARAEES WEEE YERa 50%
AEE(CsE pg /mL 22 pME 1 d)S Axtetict. SHX& 33
5 Adete] 42 AHE Fd G2 e AH(Scheme 2)[Yoshida
et al., 1989; Yamasaki et al.,1994].

k>

=
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[] []
N’ NH
0,N NO, 0,N NO,
+ ArOH ﬁ + ArO
pH 5.0 - 6.
NO, NO,

DPPH (DPPH)H
520 nm (purple) 520 nm (yellow)

Fig. 3. DPPH radical scavenging action of antioxidants [ArOH].
(Blois, 1958)
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MeOH solution of Sample at various concentrations 160 pL

Methanolic solution of DPPH(1.5>10™*M) 40 uL

l

Shaking vigorously (10-20 sec)

l

Standing at room temperature for 30 min

l

Measurement of optical density at 520 nm

Scheme 2. Measurement of DPPH radical scavenging activity.
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4-2. HAAEF B A &4

s e 1 oo)de HlE A AAE VWA SPdeR EAT S
Qe FRES frel7(free radicalet i S, o] 5 AAHQ AT E:
Wl dee] Al olEA Al EE o3t RAME S3 AWt
WA Aol e AR FE&AEC] o] FErlEd F74 whEste] 1

R4l o] radicalo] ] &=H| ©]&S reactive oxygen species(ROS)2} SHCH(Fig.4).
A Abstell o)g AETA A9 A ARE SAs] A8, Ax
AN A HEF probe?l DCFH-DAE o]&3te] AE Axe 24
To APAcR AY FAcs WHE ol&ste, o= AMsH
gz o) TAE = 7] Al =
A THHempel et al., 1999; Wang and Joseph,1999). DCFH-DA:= QHA S H]
G BAE Axoll-HA wat At MUl EA)5HE esteraseol
93] deacetylation¥] ] H|&E FA 3 =21 2" 7-dichlorodihydrofluorescin
(DCFH)Z A gt}

rr

Fel
=
22
S
e
o[o

DCFH+= (A2 &4 A&7t EAstE 5235 ity o 334
iR 2',7'-dichloroﬂuorescin(DCF)7} A & B 2 (Fig5), ©] 3]

WEe Sddtond M BHAET 53, 0,9 27 A

o,

=

o

o,

AFe 4 A7 Frh(LeBel and Bondy, 1990). 121} DCFH-DATE &
aFo Y e Solidol gl7] wWitel L A&l thA ARk

#A7F ATt (Delia et al., 1997):

Scheme 3° YEFH 0], -7 Wistar rats(H5 150-200g)2] A4 3

kidney homogenateE =H|3}al, ©] A& extractt} compound®] oJe] FE9]

rr

-

et &35te] 12.5mM DCFH-DAE 50mM phosphate buffer(pH 7.4)
solution®. & 3| A8} H7}sk & 587 w)eksi),

/¥l reactive oxygen species(ROS)+ microplate fluorescence

spectrophotometer(Bio-Tek Instruments Inc., Winooski, VT)Oﬂ A excitation

14



wavelength 485nm 9} emission wavelength 530 nmolA 2}z 30&3F

=733 tH(LeBel and Bondy, 1990). 3% =7 S7lekAl &2 AL

=S 4~73%l], DCFH7} AF3 m] A ko m =2

/\316‘4::51- ﬂ.z‘g%o] %]'}‘6] )&g;_&.g 2
-O

=
Forst 2dds ovgt
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ROS
. The Radicals
Molecular Superoxide 0,™

. Hydroxyl OH=

Peroxyl, alkoxyl RO, RO*
Oxides of nitrogen NO= NO,"

T
Free radicals

The Nonradicals
Hydrogen peroxide H,0,
Hypochlorous acid HOCI
Ozone Q,
Singlet oxygen 10,

Cancer, aging,
arteriosclerosis,

arthritis and

Damage
DHA, lipids,
proteins and

carbohydrates

rheumatoid

allergy

Fig. 4. Oxidative Damage by Reactive Oxygen Species.
( Free Radic. Biol. Med. 20; 675, 1996)
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2',7-Dichlorodichydrofluorescein diacetate
(DCFH-DA)

2',7'-Dichlorodihydrofluorescein
(DCFH, non fluorescent)

2',7'-Dichlorofluorescein
(DCEF, fluorescent)

Fig. 5 . Assay of the mhibitory activity on the ROS generation.
(Label'and Bondy, 1990)
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Samples at various concentrations (10 pl)

l

LPS treated rat liver homogenate (190 pl)

l

0.125 mM 2,7'-Dichlorodihydrofluorescein diacetate (DCFH-DA, 50 ul)

l

2’ 7'-Dichlorodihydrofluorescein (DCF)

l

Measurement of fluorescence intensity
(For 30 min at 5 min intervals)
Excitation wavelength 460 nm

Emission wavelength 530 nm

Scheme 3. Measurement of total ROS scavenging activity.
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4-3. Aldose reductase A 23
4-3-1. 429 Ax

Aldose reductase 214l &35 S574317] 9Igh @49 ZA|+= Hayman and
Kinoshita (1965)7} A}-&-3F W& W 3dste] $=h35} T}
AF9 oA FAHAE AFstal, 2 FEF wet 8% =

T A 1719 sodium phosphate buffer (pH 6.2) 0.5 ml2] phosphate buffer&

b

7Fsle]  homogenizationd}AtE.  ©]E  4TCoA] 10,000 rpmS=Z 207t

ARSI AFHE FHste] gAY o2 AFESI3ITE (Scheme 4).
4-3-2. ¥4

1.5 ml A% 18l potassium phosphate beffer (pH 7.0) 621 ul¢} &4 90
BAE 9 plet

pl, &2 NADPH (1.6 .mM) 90 pl, DMSOe°] 9o =
upx]ul o 2 7] A9l pL-glyceraldehyde (0.05 M)=- 90 ul 2+zt o] FHE-g-

ZA4%k = (02 T35 - 47 324G A7) % 10,000

Inhibition (%) = {1- (Acont - Asam) / Acont} % 100

At ZANEE 9US W9 547
At ZANEE ¥4 RS W) SR



7}7ko] S A15.9] aldose reductase A A &S ICs value® LFEFUY AT
o= £a 4%l NADPH #4E 50% oAlsh= $%& pgml 52 uM
Z YEH ko2 log-dose G A curveZF-E A4S T
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Rat lens homogenization in sodium phosphate buffer (pH 6.2)

Centrification at 10,000 rpm and 4 C  for 20 min.

l

Supernatant (enzyme preparation)

l

621 pl potassium phosphate buffer + 90 ul NADPH
+ 90 pl enzyme + 9 pl test sample

l

90 ul DL-glyceraldehyde

l

Measurement of absorbance change at 340 nm for 4 min

Scheme 4. Measurement of Rat lens aldose reductase

inhibitory activity.
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4-4. Human Recombinant Aldose reductase <A 23

4-4-1. &40 9

Human Recombinant Aldose reductase 24| &= A3 3 a42¥
ZA&= Hayman and Kinoshita (1965)7} AF&3% WHS W3 slo

8 5} TH(Scheme 5).

4-4-2. A HA

1.5 ml 219 FF4le] potassium phosphate beffer (pH 7.0) 621 ple} &4 90
pl, &4 NADPH (1.6 mM) 90 ul, DMSO°| =<1 =AHAE 9 wet

4

npx ko 2 7] 4 ¢l pL-glyceraldehyde (0.05 M) 90 pl-2}7 o] Zulk-g-of
900 ulE 340 nmeoll A 1+-%F U/V visible spectrophotometer® =74 5}¢]
NADPH &% %= Ha&& 573353

Human Recombinant Aldose reductase A€ %= Tl WA Ao =

Tt

7}7+o] =4 A2 2] Human Recombinant aldose reductase & A &4 S 1Cs,

valueZ YEFJQTE o] Za4A92 NADPHO 7AE 50% A= =
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32 M

i

£

'J'g/ — M 1 — - 7 1=
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Human Recombinant homogenization in sodium phosphate buffer (pH 6.2)

Centrification at 10,000 rpm and 4 C  for 20 min.

l

Supernatant (enzyme preparation)

l

790 pl sodium phosphate buffer + 100 ul NADPH

+ 5 ul enzyme + 5 pl test sample

l

100 pl DL-glyceraldehyde

l

Measurement of absorbance change at 340 nm for 1. min

Scheme 5. Measurement of - Human Recombinant

aldose reductase inhibitory activity.
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4-5. Phosphatase 1B 9 A &4

PTPIB #.4: (human, recombinant):= BIOMOL international LP( USA)= -
B Fstslon g4 @42 p-nitrophenyl phosphate (p-NPP)E 7| &= 3}

of Stk b 5o WS Fustel 4P WNS WP AHthScheme

ol

6). (Na et al., 2006) A& 10 ul2} &4 10 pl, PTP1B buffer [0.1 M NaCl, ImM
EDTA, ImM DTT (dithiothreitol)] 30 ul & 35 C, 5~10-=%} preincubationA] %!
< 714 (pNPP) 50 ul & #H7kste 35 T, 2043 incubationdt ¥ 10M

NaOH 10 pIZ o] ¥F$ 243 405 nmoll A SH =S Aol 24084
S Ak
sample—sample color.. .
% inhibition = (1— 1100

control
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Sample(inhibitors) 10 pl  +
PTPIB Enzyme 10 ul +

PTPIB buffer 30ul +

l

35°C incubation for Smin~10min

l

NPP Substrate 50 pl

l

35 C-1incubation for 20min

l

10M NaOH:10 pl

l

Check at 405 nm

Scheme 6. Measurement of Phosphatase 1B inhibitory

activity.
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5. SAIAE

BE A3E 3+ RTHEAE UEAA, 942 Student’s r-test
(Systat In., Evaston, III., U.S.A)Z HZ3IA T 72 52 p<0.05,p<0.01,
p<0.001= AZ38Fth.

rr
=<
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m. 23 9 w7

1. in vitro A€

1-1. DPPH radical 274 &4

Ao MeOH FE= ¥uF olY g CH,Cl, EtOAc, n-BuOHY} H,0 =
Eo| tlgk DPPH radical &~ 45 A olw dxE== o
¥A49Q kA= de] deA] 9= L-ascorbic acid & AElsle] 1 &
= A wlaskeitt
A9 MeO

H
5z By

FEEY 225 EH 9& CHCL, EtOAc, n-BuOH, H,0 #
E Table 19 YEWILE 1 F EtOAc #38 &9 A
ICso A7} 321 ug/ml & FE=3 295 5 7 2 2AE8 S YE

i, o2 eFE <l L-ascorbic acid 2] ICso 4] 5.16 pg/mlE 5718k 74
gt AAEH S e

)
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Table 1. DPPH radical scavenging effects of the MeOH extract

and soluble fractions of MeOH extract from Nelumbo nucifera

Rhizomes
Extract and ICso(ug/mt)

fractions Mean N SEM

MeOH 162.42 + 3.67

CH,ClL, 113.28 + 0.91

EtOAc 3.21 + 0

BuOH 10.88 + 0.14

H,0 154.30 + 1.07

L-ascorbic acid 5.16 + 0.03

29



120.00

100.00

.00 /A_ﬁ—;‘ﬁ o
/ —=— CH2CR2
P S —A— EtOAc

scavenging effects(%)

60.00
A/ /< / —%— BuOH

40.00 —*— H20
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Fig.6. Concentration-dependant DPPH radical scavenging effects
of the MeOH extract and soluble fractions of MeOH extract from

Nelumbo nucifera Rhizomes.
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1-2. ST AN 9A &4

A9 MeOH F=E 27 olye}l CH,Cl, EtOAc, n-BuOH¥ H,0 &3

CH,CL, EtOAc, n-BuOH, H,O

I aRYH I

=]
=

3%

2] MeOH

ol

"0

T
o

9]
LHER T, o

UelWith. 1% EtOAc 3 &

Table 29I

=
A=

g

o]
}\(—)]E

ICs %17} 11.06 pg/ml =

Z9FE-2] Trolox?] ICsy %] 5.19 pg/mlol

53 1253 9& CH,CL, EtOAc, n-BuOH, H,O

=
T

Aol MeOH
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Table 2. Total ROS scavenging effects of the MeOH extract and
soluble fractions of MeOH extract from Nelumbo nucifera

Rhizomes

ICso(1g/mé
Extract sols )

and fractions
Mean + S.EM

MeOH 44.15 + 1.34
CH,Cl, 28.65 + 1.04
EtOAc 11.06 + 1.66
BuOH 24.64 + 1.25
H,O 105.25 + 10.31
Trolox 5. b 0.3
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Fig.7. Concentration-dependant total ROS scavenging effects of

the MeOH extract and soluble fractions of MeOH extract from

Nelumbo nucifera Rhizomes.
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1-3. A2 B3 E9 aldose reductase & A A

A MeOH F=+= ¥4 of2t CH,Cl, EtOAc, n-BuOH¥ H,0 &8
Eo gt aldose reductase 1A S-S SASIAT) ojuf 2FEZE O
A9l aldose reductase HA| A= & 4l A 2= quercetin (Varma et al.,
1975; Varma et al., 1977; Leuenberger, 1978)2 A Bisle] 1 &S 7 H]
WA T

Aldose reductase A EAS &<l

0

O

171 98 A+e] MeOH FEE3}

25 E 9& CHCL, EtOAc, n-BuOH, H,0 3 &9] 248 7 A3}o]

Table 3o YEFWATE 15 EtOAc #3E9] 4L ICy 171 0.15 pug/ml

2 FEEW} BIE T M 2 JAZAHS YEUY, dizE

quercetin®] ICs, =% 3.28 ug/mlE 57}dhs 7223k o Ag4S Yey
e

A9 MeOH F=53 12ZHEH 92 CH,ClL, EtOAc, n-BuOH, H,0

_1 (

=9 FX aldose reductase A €4S Fig 8ol YEFWIEL.

o Q& 3o mdEgo] A|&EH oxidative stress?} = 71E Il
]
7131, 23/3% toxic aldehydesi= aldose reductaseS <dSFAIAH A/ el <]

oF 2-44] 2] glucose”} polyol pathwayS 7 A sorbitolZ} fructose”} AJ4d ¥ th

S

o]&= ROSE AAAAZITh A ¥ ROS+ toxic aldehydese] A4S 31

O

(Travis et al., 1974; Malone et al., 1980; Williamson et al., 1993; Maccari et al.,
2005; Lee et al., 2005).- A P3G A flavonoids+= DPPH, ONOO™ 1&] il
ROS 53 72 free radical2 478} AsIsHA o] B 1% v} (Jung er
al., 2003; Aderogba et al., 2007; Bae et al., 2007; Monagas et al, 2007). 7= &t
kst ed S YE &= flavonoid compound®] aldose reductase®l] gt & A
g4 oy EdE 9 HAE QO™ (Varma et al., 1975; Varma et al.,

1977; Leuenberger, 1978; Jung et al., 2002; Enomoto ef al., 2004; Lee et al., 2005),
o= flavonoide] 3= 3t HilslelAd o] <3| aldose reductase &3S o
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A gckar BarE vl (Costantino ef al., 1999; Lim ef al., 2001; Kawanishi ef al.,
2003; Kim et al., 2006; Ramana et al., 2006).
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Table 3. Aldose reductase inhibitory activities of the MeOH

extract and soluble fractions of MeOH extract from Nelumbo

nucifera Rhizomes

IC5¢(ug/ml)
an (fhf‘rt';?tcitons ug/ml inhibition (%)
average SEM
Quercetin 5 66.84 + 2.63 3.28 0.02
1 47.86 + 0.71
100 82.61 + 1.09 7.70 0.17
MeOH 10 66.41 + 2.35
5 40.00 + 2.86
100 80.98 + 0.55 7.32 0.12
CH,Cl, 10 70.31 + 0.00
5 45.72 + 1.42
100 79.89 + 1.63 0.15 0.01
10 87.50 + 1.56
5 79.29 = 2.15
EtOAc I 7458 20 0.00
0.2 64.21 + 2.88
0.04 18.35 + 4.43
100 66.00 + 6.00 0.68 0.05
10 82.19 + 0.00
BuOH 5 7312 =r 0.02
1 62.38 =3 1.62
0.2 31.22 + 2.11
00O 100 61.34 + 1.33 77.30 2.77
2 10 15.07 + 9.9
100 98.50 + 0.23 41.33 7.74
Tryptophan 10 22.82 + 9.86
2 -28.60 + 25.76




120.00

100.00
—~  80.00
X
e
E 60.00 A X
£ / / /
p=
2 40.00 o
= S /
=
= 20.00 « v
000 1 / 1 1 1 1
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Fig.8. Concentration-dependant Aldose reductase

—¢— MeOH
—=— CH2C2
—4— EtOAc
—— BuOH
—*—H20

—8— Tryptophan

—+— Quercetin

inhibitory

activities of the MeOH extract and soluble fractions of MeOH

extract from Nelumbo nucifera Rhizomes.
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8 5-°] Human Recombinant aldose reductase <} A &4

e

1-4. 929

Aol MeOH F&+& ¥4t o}y g} CH,ClL, EtOAc, n-BuOH¥} H,0 8
E-o] )3 Human Recombinant aldose reductase &I A &S =A 3} o]
w gzekEalE uxAe stz gy geld JdE quercetin?)

591 succinimide =A<l

b

Aldose reductase inhibitor = A& %11 Y=
Epalrestats A sto] 71 A& 37 vjaLsqint
A2 MeOH FE==3 12HE 9 CH,CL, EtOAc, n-BuOH, H,O +

slge] BAATE Table 4] JEMATL T F EOAc LB BHL

ICso X7} 10.76pg/ml 2 FE523 232 Z 714 2 2ASHS e

A9 MeOH FE=w=3 12 5FH 92 CHCL, EtOAc, n-BuOH, H,O

8] 9] 5% Human Recombinant aldose reductase &34 €733 Fig.9°l

LFERSA T

r_{
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Table 4. Human Recombinant Aldose reductase inhibitory
activities of the MeOH extract and soluble fractions of MeOH

extract from Nelumbo nucifera Rhizomes

ICsp(1g/mé
Extract sols )

and fractions
Mean + S.EM

MeOH >50
CH,CL, >50
EtOAc 10.76 + 0.18
BuOH 33.95 + 0.05
H;0 >50
Epalrestat 0.04 + 0
Quercetin 1.43 + 0.07
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Fig.9. Concentration-dependant Human Recombinant Aldose

reductase inhibitory activities of the MeOH extract and soluble

fractions of MeOH extract from Nelumbo nucifera Rhizomes.
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1-5. Phosphatase 1B & #| &4
A2 MeOH F==¥7 olygl CH,ClL, EtOAc, n-BuOH¥ H,0 #3¥

Z-o] th3t Phosphatase 1B JAIEAHS =A5Hth oluf thxotE=

rr

Ursolic acid?t tryptophanS 1 &5}

1
Aol MeOH F=E3 12 5EH 9 CH,ClL, EtOAc, n-BuOH, H,O0

5129 AL E Table 5o YEFRTL 1% EtOAc R EO FAL
ICsp =217} 0.85 pgml = #9= 5 7FF 2 A S YEhdH, tix
°F= <! Ursolic acid®] ICso 74| 1.80 pg/mlell <3 st= A LS Yyl
=

r2

9] MeOH FE==3¥ 124HEH ¥ CH,.CL, EtOAc, n-BuOH, H,O

3 & 9] FX'H Phosphatase 1B A &4 & Fig.100] YEFH T

i
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Table 5. Phosphatase 1B inhibitory activities of the MeOH
extract and soluble fractions of MeOH extract from Nelumbo

nucifera Rhizomes

ICsp(1g/mé
Extract sols )

and fractions
Mean + S.EM

MeOH 23.67 + 0.91
CH,CL, 4.09 + 0.28
EtOAc 0.85 - 0.21
BuOH 6.76 + 0.31
H;O0 > 50
Tryptophan 4.75 k- 0.08
Ursolic acid 1.80 - 0.11
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Fig.10. Concentration-dependant Phosphatase 1B inhibitory
activities of the MeOH extract and soluble fractions of MeOH

extract from Nelumbo nucifera Rhizomes.

45



=
po
I
vl
i
rit

ke foly el o &y 9 4EX A9 MeOHFEE
T8 =g o1&t in viro AHE AAEIY. s S-S FAs]
?1al DPPH radical 27 &4, SAMLFE AAH4AZE LFE
T G FHT A E4E Fstr] 918 aldose reductase
izl 24, HRAR SAZY HEs AAsiglen Jdad #Aeds
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1. <9 MeOH F==%5F olYgt CH,Cl, EtOAc, n-BuOH, H,0 &
3 5o thsle] DPPH radical 227 A, -EA A4S A A&
A, Aldose reductase &1 A 24, HRAR A &4 2 PTP 1B A&

4 Ade Fasta,

2. A9 DPPH radical &7 &4 EtOAc(ICsy 3.21 pg/ml), n-
BuOH(ICso 10.88 pg/ml) &itolA =& &8-S HEFHUT. o 4
H24 AZODPPH radical &7 2AS Ad AR giFE

EtOAcE &3} p-BuOHE Ho] £A43S o 4 2k

3. AA WelA A ST S AT SH e wHe= 3
Aol Al BAE SAAaT o B33 probe?l DCFH-DA
7} 7% 345 wE DCFE A== 7141 o]§35ke] e

MeOH F%E 3 CH,Cl, EtOAc, n-BuOH, H,0 #3 & )3l A

O:

MaZE A aHRE =438 th DPPH radical 27 A xE

st 2A% S BYW EtOAc(ICs, 11.06 pg/ml), n-BuOH(ICs, 24.64
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pg/ml) oA w2 AAEaHRE HEATH

Aldose reductase G A &S &R13517] {3 A MeOH FE+=

mlo

_7;:
I 22 HE A& CH.CL, EtOAc, n-BuOH, H,0 &3 &9 &4
AMEGIT 71 F EtOAc w8 =9 &4 ICs 47F 0.15 pg/ml
2 FE=EY F9E Mg & AAEL S YERUE, dRokE

ol quercetin®] ICs, =X 3.28 ng/mlEs S7}she 2E3s A4

of

9] MeOH FE& 7 ofyel CH.Cl, EtOAc, n-BuOH¥} H,0
=8 Z° dld Human Recombinant aldose reductase A &3S =
ottt ol gzotE=RE ARl tstAE del dEA
= quercetin?} Aldose reductase inhibitor 2 AF-8-% 31 Q&= 3}t
=2 A ‘succinimide =] Epalrestats A®sle] 71 A4S &
7 vttt Ad EtOAc(ICs 10:76 pg/ml), n-BuOH(ICs, 33.95
pgml) FFoAM F2 Al gdE e AT

A0l MeOH F=E7 CH,ClL, EtOAc, n-BuOHT} H,0

g Phosphatase 1B A 2SS SA T oldf dR2FE=+

Ursolic acidE A®8slo] 71 &S b/ Hlalstith. 1 < EtOAc

B850 A ICy-FX7F 085 pgml 2 & T 71 2 <
pragel

o=l Ursolic acid®] ICso <=3 1.80 pg/ml

AT FEE 1A FAARAM Y 7l HE 9= st

e 754 HELRA AR U9
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