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(GSH-Px). #REMEALET (SOD). WHEAERE (CAT) /KLU IiE E 2 MR AL R F-a (TNF-0) K, FHi5
Jife & B AU FRE IS RIS IR PTIREL (HOMA-IR) . 55 NRE AgHA B PRI K R FBG {H, $#2& 1SI, F#E HOMA-IR,
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4h, NRE FJZE—EFERE_Fa i 5 i+ 2 HK 35E (P<<0.05. 0.01). £5i€  NRE AT B ikt 2 OB IR KR IR, IXTATHE
LR M IR AT, SRS AR PG )y, BRI A TNF-a /K TE R 5.
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Effects of Nelumbinis Receptaculum extract on insulin resistance in type 2 diabetic rats

WANG Si-wei, XIA Dao-zong, FANG Yue-juan, ZHONG Yi-ping
College of Pharmaceutical Sciences, Zhejiang Chinese Medical University, Hangzhou 310053, China

Abstract: Objective To study the effects of Nelumbinis Receptaculum (the seedpod of Nelumbo nucifera) extract (NRE) on insulin
resistance (IR) in type 2 diabetic rats. Methods The experimental type 2 diabetic rats were established by high-fat diet for 4 weeks and
injected with low dose of streptozotocin (STZ, 30 mg/kg). After intervention by ig administration of NRE in low, medium, and high
dose groups (100, 300, and 500 mg/kg) for 5 weeks, the effects of NRE on the levels of fasting blood glucose (FBG), fasting insulin
(FINS), total cholesterol (TC), triglycerides (TG), high density lipoproteins cholesterol (HDL-C), low density lipoproteins cholesterol
(LDL-C), the activities of alanine aminotransferase (ALT), aspartate aminotransferase (AST), and hexokinase (HK), the levels of liver
glycogen, muscle glycogen, liver malondialdehyde (MDA), reduced glutathione (GSH), glutathione peroxidase (GSH-Px), superoxide
dismutase (SOD), catalase (CAT), plasma leptin, and TNF-o were observed. The insulin sensitivity index (ISI) and IR were calculated
accordingly. Results NRE could decrease the levels of FBG, increase IS, reduce the levels of IR, plasma leptin, and TNF-a (P < 0.05
or P <0.01) in type 2 diabetic rats. The dyslipidemia (TC, TG, HDL-C, and LDL-C) and hepatic metabolism (TC, TG, ALT, and AST)
could be improved by NRE (P < 0.05 or P <0.01). NRE could increase the GSH level and antioxidant enzymes activities, and decrease
MDA level. In addition, NRE could increase the glycogens content and HK activity. Conclusion NRE could improve the IR in the
experimental type 2 diabetic rats. It might be related to its effects on improving dyslipidemia, hepatic metabolism, and antioxidant
capacity of hepatic tissue, as well as reducing leptin and TNF-a levels.
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B N AR ACE 3 R N H WP R
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)5 A BEad e R () e 3, H AT EDRE R v
F209 200 7N, BN AERBE R B N U
VI K o 1y e DB P AHE TR A i A 2 B8 PR o 2,
dTBE PRI AT 90% LA L, PRI 2 ROHE PR 9 S I
I RARE A 2 BT ¥ OBk BE 25 F 0 AU I E 2y
o BREFRILHT (IRD 245 1B W I KB Ay 2577 A
T IR A F RN — MRS, BRI e
U A 0T B 25 A 5 1 R B ORI AL DA
Je b B AR 1 AR AR IR S 2 TR bR s
R B BN, R AAAE TR IS
W TR 2 RO L P, %8 IR 2
TBIT 2 BB PR S I RAE ) B2 —

AR ORI, TP {ENGE IR JiiA4E
PAEFITT %% 5% Nelumbinis Receptaculum i 3%
£l (Nymphaeaceae) fE#)3% Nelumbo nucifera Gaertn.
PTERAEHE, MEmRTT . W, W, HE, B
ki ™ BURHTSTR I, W2 B ot L
AN FRIBE . IR ¥ SRR AT
SEPERIPO, S S AT B AN 2
HKbsy, HABSRMKZ I EED, RIS,
A 32 e B TCOWH P A 28K B ) LA AN L T, (R
A FIHLARIAS B9, AU 4 4 24 S 3% s 3R
(Nelumbinis Receptaculum extract, NRE) X /R
K IR FRITAEH

AL % 2 TOBE R R BB, #R3F NRE X
2 TURE BRI IR, MR IR IASE 5 (TNF-0)
AP, A OGBS P, AR i F0H R S K-
(RIEIA, A7 B A A I 2 a3 48 B 22 47 240
1BIT IR MR RIR I ACIE 259 535 Hetilt,  JF oAk —
AU 7 24 BEAE ] Rl R N, F S R B A A
1 w8l
11 # 5

ME B, WL AP B 25 K57 v 250 A7 IR 2 w3
i, WL B 2 K R L R R B AT 2T E Ny
#% Nelumbo nucifera Gaertn. [{TA64C. BElRIETH
2 (STZ). FrRIRZE M, 25 [H Sigma A+]; #hi
meAk S, FACEH TR St AR, HE2R
e 23R4T FR 2 ) s BEAIADRL, WiVLAs B Ry B s
W R L RERE L i i . leptin AT TNF-o
UM e o iR, el ARk (Rl AR
ANl AR SJHEEE (TCO. =B H M (TG).

G G HE B (HDL-C). %5 g & (A IH
[EE (LDL-C). WAL (ALT). K&
RIRAIEHASHE (AST). JFRE R, DLBEIR . R
By (HK) M akier, magsshisag (L) f
PR N B (MDA, i8R BEH K (GSHD.
B IEH IS LB (GSH-Px). &AL AL B
(SOD). 45 fLEEE (CAT) MEikmler, Mt
J A TREIT ST o

1.2 K

Tk SD KL 60 H, &R (200+£20) g, H
R S S B AT R s m R AL, AR
SCXK (") 2008-0016. T F& T-HiiT i BE 25 K2# 5
YysEge oy, BB K.

1.3 FEUE

MR . %' [ Accu-Chek I R4t, f6H % %
Al FA2004 B OROF, RIS A R A
F]; FD-1C-80 VAT, b at B Fe S0 A 4%
AIRAT; 7020 4 HBhAEM ST HAHA
Lambda 12 48 a] W66 EEAL, Perkin Elmer;
BIO-RAD Highri, LM%

2 Fk
2.1 NRE 8y%1%&

A s 2N R 1 20 H 7, T 50% L
30 (RN EL T 80 ‘CHEEX 1.5 h, /5 & IEHE B,
AURT, AR E & 2 29.7%, #&H.
22 SRR &

FEmb Rl 69%, FRTEY 10%, FEh 10%, R
10%, AH[EEE 0.5%, frh 0.5%, HWILA 2R}
B o
23 HRFmARERGEIOURSE, A7

60 JUMEME SD K, At (200+20) g, &
MAERZE 1 G, BEHUE 8 HAE AR, 457
PR SR Hgy 52 JUKR ARG T m itk
Feo 4 FJE, WEAURR 1 kM ip % 0.1 mol/L.
pH 4.5 FHiIRaz i, LR K 1tk ip STZ 30
mg/kg (JT 0.1 mol/L. pH 4.5 ¥y B 28 i v fitt,
BUHBLEG . 3d 52k 12h, MR,
e 2 HE g (FBG) {H. LA 11.1 mmol/L<FBG
5 <<33.3 mmol/L MAsufE, iffi Bl RIS I AL h K
flo 2 J5 5l FBG i, kHL FBG {HAaE 1
KNERHEANIER S . PUEHIRTI KR 40 K, Bl
gy 054, R4 8 K, ArRAREAYZ, PHEX A
(HEA% %1 20 mg/kg), NRE ik, . &s&E (100,
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300. 500 mg/kg) 4, #i541¥sig 452, BiM4] ig
SRR, AREEE LS TR TRE; X REA ig SFE AR
MK, WEDLILRBGTRE, LAY 5 G, 25 12h,
PRI K SR, B SR AL, 250y, 43 i, —80 C
TRAEFEI . KRUARAESS, BUFFREFIILA, AR
o3 AR 0.2 g Ze AT I FLZARIILIAT, AR T o6l
AN, —80 CARAFAFIN.
2.4 HALIEtRNE

KA A EN S E FBG. TC. TG,
HDL-C. LDL-C. ALT. AST. HPHJE. ALK 5 .
HK, iR fabrill e R %, i IR & 1
AT, 1 TC. HDL-C WsE 45 Bt SLsh Bk ke
fifitkfa% [Al, Al=(TC—HDL-C)/HDL-C].

AR E IS 2 (FINSD, FRH R
FURIER ASD BT IR 8% (HOMA-IR) &1,

ISI=In[1/(FINS X FBG)]

HOMA-IR=FBGXFINS/22.5

Pl ELISA G S sR AT A, M & 54K
BRI 98 28 A% TNF-00 7K

P SRR G SR AT 4R AT, DU &% 2 K R
MDA. GSH. GSH-Px. SOD. CAT /K-,
25 GithbiE

Fi A5 $eda 4 1 SPSS 13.0 e vH # kAT A3,
PG LLX £5 Ko, AL ZE 54405 22 T A TR 56
AN E U T E T R (AT A
3 #£R
31 —RRRTEMER

TR USRS R, SiERWE, BEA
PR, YOKE. IRERSEEREIER, A5y
e BIRYZHOK RS PHEEBE, ZhEIRLE, BRTH.
Wik, I EZIR, 2R, 26, MR NRE
iy s R A DL R A% 4 I 20 At IR S R 4
FRABLERPRER, (R PR
32 FARBEKRE RIS A0

B b, BRSO AR R i s 2
ik (P<<0.01), %3245 FlJG, NRE K. . mil
ZH LA B 1) W 20 K B AR o S B A5 2 21 1) A7 e
I, Horp, NRE Hh m s a ] DL e 51 4K B
R BRI (P<<0.01). 5wl i, #Emg
KEIFEFEBRE TS (P<0.0D), 4325 5 JH)5,
NRE ™1 7l A Atk 41 i 2K U i B
RIZH W B IR (P<<0.05), 1f1 NRE {5 E4] LR
Mg #2R% (P>0.05). W% 1.

IS

]

hut

& 1 NRE M¥ERFEKXRMAKRE RIFIEHF MW
(xts,n=8)

Table 1 Effects of NRE on body weight and liver indexes
of diabetic rats (x +s ,n=8)

g1 il ) 14&)/%%;5&%/ E+‘EJH‘%&/
(mgkg™) (gd™) (mg-g )

pagiGt — 0.66+0.04  27.28+0.84
i) — 0.15+0.01% 5857+1.89%
ne A% 371 il 20 0.56+0.03" 49.58+2.84
NRE 100 0.26+0.01" 57.68+2.28
300 0.31+0.02" 50.8343.13"

500 0.67+0.05" 46.2141.29"

Lixt et #P<001: SEURAIE: P<005 "P<001, A
#p < 0,01 vs control group; ‘P < 0.05 P < 0.01 vs model group,
same as below

3.3 ¥ KR FBG B9

2 4 JE R EERE, 457 STZ {0 3d )&,
MEF FBG H, BB AR FBG B T4
= (P<<0.05), Ui 2 FROBEPRI IR #5725
255 JilJG, NREG. . sl gl amtbis s 2ok il
FBG BTG, JRIA ARG, o mflEdl
bt 41 2H B B P oA 53 (P<<0.01). LR 2.

%2 NRE X#ERH AR FBG B98N (x+s,n=8)
Table 2 Effects of NRE on FBG of diabetic rats (x +s,n=8)

i/ PRI FBGI 45245 FBG/

4L (mgkg™  (mmol-L™h (mmol-L ™)
pagiGt — 6.41+0.23 6.40+0.25

A — 23.74+2.26"  28.81+1.47%

nE A% 271 Wil 20 23.92+1.98" 1541+0.93"
NRE 100 23.10+2.68%  21.27+0.65"
300 23.85+1.88%  20.40+2.70"

500 2417+0.99% 12.70+1.167

3.4 X KER FINS. ISI #1 HOMA-IR B& 0

B0 b, BT RS FINS, IR 2
FThm, ISIEE N, ZREH (P<0.01); S5
AR, NRE L. . @R FINS, IR
B BRAIS, I1SI B2y, 22 57 5 3% (P<<0.05.,0.01),
H RO, WK 3.
35 X ARIMASH S 8IS

A, BRI KR TC. TG,
LDL-C. Al ¥ %&F v, MRS 1EHT HDL-C
BEBL, ZREF (P<0.01); S,
NRE {i%. " miiflE 4l K RS TC. TG. LDL-C.
Al 0 W B#{%, HDL-C ¥ & 7t (P<<0.05. 0.01),
H BRI SR W3R 4.
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%3 NRE MHERBAR FINS. ISIF1 IR B9800 (x+s,n=8)
Table 3 Effects of NRE on FINS, ISI, and IR of diabetic rats (x +s ,n=8)
21 5 F/(mg-kg ™) FINS/(mU-L™h IS HOMA-IR
X I — 18.96+0.88 -4.7840.06 5.3940.33
A — 38.18+1.34% -6.99+0.07" 48.96 +3.34"
NEE A 1) 1 20 27.51+1.59" -6.05+0.12" 18.84+3.12"
NRE 100 32.77+£1.49" -6.5440.08" 31.16+2.24"
300 32.09+£1.72" -6.41+0.15" 28.38+3.55"
500 24.71+1.63" -5.63+0.28" 13.48+3.89™
R4 NRE WHERBARMLIEREENE (x+s,n=8)
Table 4 Effects of NRE on blood lipid metabolism of diabetic rats (x+s,n=8)
215 F&/(mgkg™) TC/(mmolL™) TG/(mmol-L™) HDL-C/(mmol-L™") LDL-C/(mmol-L™%) Al
X I — 2.17+0.09 1.1540.04 1.39+0.05 0.48-0.02 0.56+0.02
A — 9.76+0.36" 3.07+0.12% 0.68+0.02% 6.87+0.28" 13.35+0.15%
LA 1) 20 7.04+0.25™ 2.08+£0.13" 0.95+0.05" 4.62+017" 6.41+0.23"
NRE 100 7.82+0.40" 2.52+0.11" 0.83+0.04" 5.53+0.22" 8.42+0.41"
300 7.72+0.32" 2.360.09" 0.91+0.04" 5.20+0.21" 7.56+0.30"
500 5.29+0.07" 1.71+0.05™ 1.15+0.04™ 3.16+0.05" 3.62+0.09™

3.6 XAKRIMEEZF TNF-a KFEBIZ
Xl

F7

PO, ASUHEZE K BRUIALTS P 3 TNF-a

*

(xts,n=38)

5 NRE M#ER®BARMEBE TNF-0 BI50H

APEETH R (P<<0.01); SEAYZILLES, NRE K.
rh SRR RS T8 2R TNF-a 7K B 2 B
(P<0.05. 0.01), HEIFIREMAINE. W5,
3.7 FAKRAFAE ALT. AST. HK JETEFNATHER .
AILEE R 7K F Ry 52 mm

ERT A LA, ARZH KRR ALT A1 AST i
PEEET S (P<0.01), FFBEEL. WUBEEZKT & HK
TP R E BRI (P<<0.01). SHEAIZIEEEL, NRE i,
R DL SIS S AU BUFFAE ALT. AST ¥
PERLRRRAG, AR, USRS & HK SRR 2T
H (P<<0.05. 0.01), HSEHFEMHWE. WA 6.

Table 5 Effects of NRE on levels of leptin and TNF-a

in serum of diabetic rats (x +s,n=8)

s I e TNF-o/
(mgkg™)  (ng-mL") (ng-mL™)
R — 8.72+0.44  0.214+0.01
B — 17.59+0.91"  0.3940.01"
Nt 41 20 12.41+0.51" 0.34+0.01"
NRE 100 14.38+0.63" 0.34+0.01"
300 13.194+0.57"  0.324+0.01"
500 9.87+0.30" 0.26+0.01"

%6 NRE M#ER®F AR ALT. AST. HK SEMEFIRAFHER. MBEREKTHEM (X+s,n=8)
Table 6 Effects of NRE on activities of ALT, AST, and HK in liver and levels of liver glycogen, muscle glycogen of diabetic

rats (x+s,n=8)

#51 FliE/(mgkg )  ALT/QU-L™ AST/(IU-L™Y B IS (mg-g ) JUUBER/(mg-g Y HK/(U-g™Y)

X — 40.69+1.51 116.37+4.40 11.94+0.48 3.31+0.13 4.634+0.19
| — 98.14+3.81"%  174.65+7.07" 7.48+0.31% 1.47 +0.06™ 2.23+0.09"
N A% 271 Wi 20 78.32+3.29" 147.69+4.58" 9.33+0.51" 2.24+0.08" 3.25+0.16"
NRE 100 80.07+3.21" 151.62+6.10" 8.99+0.40" 1.93+0.09" 2.96+0.13"
300 75.62+3.13" 148.18+5.72" 9.18+0.45" 2.17+0.09 3.18+0.14"
500 57.16+0.47"  128.93+2.00"  10.98+0.70" 2.75+0.10" 4.03+0.117
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3.8 M KERBTAEBE RSBS00
Eixt A i, AL K RUIE TC. TG B i
ZThE (P<<0.01), NRE . HiflEH B RERIA

F 7 NRE M#ERFARITAEBERAIFAIZM(x £ ,n=8)
Table 7 Effects of NRE on lipid metabolism in liver
of diabetic rats (x+s ,n=8)

BUHFE TC. TG 7K*F (P<<0.05. 0.01), NRE &

Sillh=v]
- . e N e a Ll oL
1 2 FIALE A 271 i 21 A 3 2 BRI O SRUHFAE TCL TG 7K e (mgkg D) TC/(mmol-g~)  TG/(mmol-g™)
¥ (P<<0.01). W 7.
i o Jﬁ%‘ - , pogi — 1.4640.06 0.9340.04
39 MWARRIFALIREEE BRI s 6124025 2054000
D e S —hie P . - . U, . IR VN
xR, BRI AT MDA 22Tt
B (P<0.01), H GSH. GSH-Px. SOD. CAT j& "7 20 308+0137  1304005"
PEX B R (P<<0.01), NRE K. W', &= NRE 100 4.7940.22" 1.76+0.08"
B B IRACR BUIFIE MDA 7K, B S 3 v JHE JUE 300 4234+0.18"  1.59+0.07"
H SR, W3k 8.
#z 8 NRE WHERFBEARIFHELAMAUENNZIE (x+s,n=8)
Table 8 Effects of NRE on antioxidant capacity in liver tissue of diabetic rats (x +s ,n=8)

L FlE/ GSH/ MDA/ GSH-Px/ SoD/ CAT/

o (mg-kg™) (hmol-mg %) (nmol-g™%) (Umg™) (Umintmg™)  (umol'mintmg™)
pogi — 19.13+0.73 163.23+ 6.44  127.394+5.13 20.75+0.81 65.38+2.55
FBEI — 7.264+0.31%  462.63+18.57%  59.13+2.43% 7.9440.31% 31.68+1.25%

ML A% 371 20 11.5340.55" 349.66+16.12" 79.38+3.71" 12.45+0.49" 42.64+1.79"
NRE 100 10.94+0.39" 374.31+16.00" 74.82+3.66" 10.68+0.51" 39.824+1.94
300 12.34+0.59" 345.14+15.54" 81.30+3.55" 12.80+0.58" 43.90+1.88"
500 16.88+0.10"  254.08+ 9.50" 105.74+3.02" 17.51+0.35" 57.96+2.02"

4 g AR, IR MERA G, BRI b, A4

I (R T S B PR R B 2 BRI, e R
AL AT IR UR SR N . AT 45 SRR, NRE W
SRR TR R I R I BT, R
WA . IR BB R UK G, IS5 2 Ak
PRIGI R A R R R, 2B PR BRI AL 2
—o AWFFUR I EARBE R FRUIMLE FINS 7K
TR KR, AR MR B 2T, FLIBE R 258
JRIEHOH B RRAG, RPN T AR IR
REAR A0 A AU B 5 25 1 UM W) 2 PRI
NRE $2 5 18 R 9 K BRI & 28 i gk, $ik 1
IR EMR

K B 28 A B = AN & 5 Dl s b, 8
HALA IR A AL, JLIRLRIIY L TG, TC.
LDL-C #4%, HDL-C MM, A suue s Rk,
BRI K RIS T TG. TC. LDL-C. Al {1 B4
1, HDL-C B NF%, HHidRgi R —3: 1l NRE
RE B S DB B P 1 L 1D T ARG e o NRE 5
G AR 7 4D D DT g L v o ) A 2 B 35

K SR B A AR EC L AR FE R R A 4%, 3R
WA TG, TC {HM W FK, ALT Fl AST i& Mt
.

HEWT L IR [R]85 PR 1 (1 3R IE S 3ih
PEASAAT O, H RTITSU 2 102 TNF-o Fi 25 09,
TNF-o & —F AT Z DhRer s PEdn e+, 59
TP S A A 2 VA OC, I B RIA ] e A
s R IRMCL, 98 2 e T PR RE R (K 7=, 2 I 7 4 i
SRR TN ML) — it , L5508y 35 2 T A XL
e YT PO, KIS 5 SR S B B s K SR
FM TNF-a BHE T . 47 NRE VGITE, BRI
K BRI 8 2R TNF-o0 B 8 FAIG

AT W% () 2 28 B A 3 L. T
B I 4 il RO S A g A 5 2 T IOTB A 82 1) 7 2%
SRR . 2 BOBRIR K BB IR iR 2 . &
JRIR AR, RSz AR W] NRE AJAf 2 0% bR
K BB SRR LR S it A B R 3, . HK V& 1 9
BN, M 2 BB RE KR IR,
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AL S I N SRV 2 ) — S
FRAEMY, WFFL R, HLAN SOD A GSH-Px i1k
St B A IIRE ) N, IS A AR PR
MDA HiZ, SEWUAS~EKE A I, fEHK
IR, A5zt 4 B oR NRE W L s 44U i
SOD. CAT jiif%, ik MDA (& . t4r, NRE &
ReX A2 GSH ¥ & GSH-Px 351k, iX K W]
FORTHE I (R BT B

B2, NRE mJ Wik 2 RUR R K R IR,
T MR AT REAR, $emiF 2 BT taE ), B
I AT TNF-o K1 o AT IRAHIT NRE [
TAORER 2 2B PR IR 43T WL RIS S, UR 2
RO PRI S SLFEARIEVRIT 25T e B 5 B o
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