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Synergistic Intervention of Resistant Starch and Ganoderma lucidum Spore Powder on Glycolipid Metabolism and

Oxidative Stress in Diabetic Rats

JIANG Yu-mei, YANG Yan, CHEN Xiao-shan, ZHOU Zhong-kai*
(School of Food Engineering and Biological Technology, Tianjin University of Science and Technology, Tianjin

Abstract: Objective: To investigate the mechanism of action of resistant starch (RS) and Ganoderma lucidum spore powder
(GLSP) on glycolipid metabolism and oxidative stress in type 2 diabetic rats. Methods: Diabetic rats were induced by
streptozocin (STZ). The effects of RS and GLSP on blood glucose, blood lipid and oxidative stress index were investigated.
Results: RS and GLSP could improve the content of blood glucose and exert antioxidant effect. While RS had stronger
antioxidant capability than GLSP, GLSP had an advantage in improving lipid metabolism disorder over RS and there
was a synergistic effect between them. The antioxidant capacity was further enhanced through the intervention with RS.
Conclusion: The mode of synergistic intervention and simultaneous consumption of RS and GLSP can effectively reduce
blood glucose, improve lipid metabolism, and enhance antioxidant capability. This mode is a better dietary intervention
method of preventing diabetes and improving diabetic symptoms.
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L1 #. MRS

WEE i FESprague-Dawley (SD) K48 H, &&=
250~280 g, HA BRI ZE F F R} 2 P L ot
PREE, YFANIESR S SCXK- () 2012-004. K R AR
EHOBL T A MR =18.0%, MR =4.0%, M%<
5.0%, K7<10.0%, K5 <8.0%, #51.0%~1.8%:
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Fedn, PivEIER 5 R ZM PR e h3:1, HRER
KR il 2 ORI 58 04 it

IMiE S HHFEEE (total cholesterol, TC) iR &
Him =85 Ctriglyceride, TG) MMRFIE. EHENRE
FEE EE Chigh density lipoprotein cholesterol, HDL-C)
KR &, B (malondialdehyde, MDA) & lisk
Flfr. M4 (reactive oxygen species, ROS) &5
. EEAYBLEE (superoxide dismutase, SOD) il
WG A H I E Y8 (glutathione peroxidase,
GSH-Px) ik & B st e TR T .
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ZT W, WEE TR N E KR E230 °C, X B
180 °C, 73 Z A ity I g e 5 G0 JHLARE
122 SRR ST KB 2 77 R

48 JSDARRBENL > AIEF A, X AL, itk
(RS4D) « REMTHA (GLSPAD) . HutEiek flR 2
A IR MEFRZH (RS+GLSPALD) , PLiEieh flR 2l
TRhaMH (hFEH , BH8 K. KRS T 5
kBl @R -G, EEARRIEERE. oK, H
REHKRIYEECAEEIK12 WG R H STZ 50 mg/ke,
72 hE kU BEAL LR, 397 T 16.7 mmol/L, H bR I i 1
BRI e B H R BRIA 4k 4 IRt R R R4 T, BitE ek 4
He TR A RRPIMEEm2 g B, RZM AR
HTHARRRZM TR g #H, JUEERMRZHT
A PSR B SN2 ¢ (RSFIRZHILLGI A3 1,
SIANERED  PUMETER A R Z Ak U A H 4 T
R B AL 2 gl .

123 WLEFR R K 712
FHKREG R E, B0, H i
A 5 25 BEIMBEAE 1 IR AR IKER 25 )5 MK = 3l kR IfiL
2 000 r/min 0> 10 min, A& K R 35 FE AR B AR TC
TG. HDL-C/K-FF1 %4k B s Ar MDA K- X ROS
SOD. GSH-Pxifith. TC: HE§vk; TG: E§ik; HDL-C:
YU B8 SOD: ##%ik; MDA: TBAVL; GSH-Px:
Ebfiidk: ROS: b330, LA AR FRIN G 1 ™ i 42 18
S B AT AR
1.3 HRiaem
K HSPSS 11.048 v 3 A 1247 048 0 o R ERAHLTAT L
BRI RN R R, P<0.05NAREMESR.
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Table1 Effect of RS and GLSP on body mass in type 2 diabetic rats
kil

- gl 72h 14 2/ 3 4

A 2062£72  2168£6.6° 2350433 2454£40  2490£33 260052
R 2040%78 2012494 2026193 18124143 2162%13.1 204.6+182°
RS# 201868  2010£73  203.0+9.0 1952485 2133481 2138£99°
GLSPAL  2026%80 2033£73" 199.0+66 2013£155 21255129 2208+ 146"
NGk 205739 2053149 2016439 2044135 2183%144 237+129°
RSHGLSPAL  206.0£55  2014+54" 2000474  2045+169 2113163 2134242

VE: RSN EREARIFROREREE (P <0.05). FFA.

mRIR, SHRBYGAERETLEEZN (P>
0.05) , VEEHAH A, 72 hbERPE AL G 25 B 4
W& TR R B R ECT B A (P<0.05) , &
P2 a2 RG2S (P>005) o 4 58T HER
ERE SRR 22 5, SERRRE R 1 2> B35 5o
EIGRAIER RS, M08 TR AL i AT =T e
J5, SRIEIZETEIN (RSYL. GLALFIRS+GLSP4D) , #iHI#
FIRALEAFIFRRE FIRE S0 R AIER K E -
2.2 BUMETER RO R Z TR TT 2L R K BRI K P
158

F2 Gl AR ZRE X IR R AR B K PR R

Table2 Effect of RS and GLSP on blood glucose in type 2 diabetic rats
. MHEVKE/ (mmollL)
ik
T2h 1 J 1A 3 4
EEA 59106 58408 57403 58408 6.2£0.5"

TR 23E10°
RS4L 286424
GLSP4L 308427
thiFA 315422
RSHGLSPAL  333+13

300433 301416 31.043.0° 302+17
289463 NNy 01463 206%5.0°
282483 B3+7 255475 243482
301427 302441 272455 255453
301422 313429 28440 293439’
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2 IR B2 BERS + GLS PR [A] 4H W W B AIC (P<<0.05)
GLSPAL M FEWK W BT R4 (P<0.05) ;
3 AR RSH BN IR . RS+ GLSPA I B ik 5 P& K
(P<0.05) ; 4 JAZHRIRSYL. WrH4. RS+GLSP
2H IMBE R PRI AR BT BT R R %, RS GLSPA. th
) 2H o B B R R T IR (P<<0.05) , HANE
T16.7 mmol/L. RS i A 5 534K T RS +GLSPA
(P<<0.05) , Ui BHRSH BB IMBE K ThAE .
23 PUMETER AR Z AR s 1A PR KB TC. TG
FHIHDL-C/KF- 5

#3 Gl R ZRFEN DERERBARTC, TG

HDL-C/K 5w
Table3 Effect of RS and GLSP on TC, TG and HDL-C in type 2
diabetic rats
) TGk E/ TCHJE/ HDL-C¥# %/
(mmol/L) (mmol/L) (mmol/L)

IEH 4L 0.285+0.010° 2.96+1.20° 2.9940.20"

X R 2L 2.915+1.260 5.57+1.90" 1.324+0.20°
RSZH 1.009+0.390° 4.48+0.20° 2.354+0.80"
GLSPZH. 1.487+0.700° 4.58+1.20° 2.5740.60"
EE: 0.644+1.700" 3.9640.30° 2.7940.10"
RS+GLSP4L 0.913+1.300° 4.17+0.80° 2.59+0.20"

MR3IFT~, TEHAT4 FWIRIG, TGKFMEE&
Syl IER 4. thRIZ4H. RS+GLSP4l. RS4L. GLSP
4. KA. BARIEHATGK TR T X 4. RS
MGLSP# (P<<0.05) , HETWHEFERSA . GLSP
H. WAH. RS+GLSPAHTG/K T8 ZF (KT XA
(P<<0.05) . TC/K LR S50 nl 2 IEH . PR
RS+GLSPZL. RS41. GLSP4l. XA, #%TFAHTCK
FHEEETIERH (P<0.05) , HFEHEIIEH. RS
HAMGLSPAHMTC/KF 3% FEAL (P<0.05) . HDL-C/K
P MK F 7 2 B 4L . RSAL. GLSP4L. RS+GLSP
. iR, EFWH. & TWAHDL-C/KF & & T
XA (P<0.05) , GLSPALFtmBHE, AIIERATLE
FMER (P>0.05) , PHFE4HDL-C/K 1 nE TRS+
GLSP4L (P<0.05)

2.4 DUETERIATR Z AR TSR PRI K B A B
Al

®4  HilkER R ZR PR 1RRRAKRE RS RER

Table4 Effect of RS and GLSP on oxidative stress in type 2 diabetic rats
5l MDA/ ROSIE//  GSH-Pxi&i/i/  SODif A/
A (nmol/mL) (U/mL) (U/mg pro) (U/mg pro)

EWA 6.4911.89"  53.96+3.75' 1689.65% 220.13" 210.65+7.68"
ot A 11.24+4.19" 65.12+7.51° 1323.26+216.12" 179.26+3.74
RS# 9.69+241° 60.541+4.75" 1975.74+379.19° 279.75+5.8¢°

GLSPA 9.68+2.73°  61.12£4.16" 1785.26+259.74" 289.13+3.97°
iEEE 6.71+0.50°  55.26+2.64" 2232.374310.73° 310.69+6.85
RS+GLSPAH  7.02£3.64" 59.65£3.63" 2195.75£340.74° 290.21+8.64°

WRAFT 7R, MDAKF MK 2 & 2 50 2 1B 5 4
A4 . RS+GLSPZ . GLSP4L. RS AN R4 .
X4l . RSYL. GLSPALMIMDA K F & T 1E & 41
(P<0.05) , TiWrE4LARS+GLSPAL MDA KT
5, FEEEFH (P>0.05) . HFRLEMDAKK
FGLSPA. &4, RS (P<0.05) . RS+GLSP
HAMDAKAL T3 4L, RS (P<0.05) . ROSIE
PEMAR B & o 2 IEH 4. PhA4l. RS+ GLSP4L.
RSZH. GLSPZHAIXMRZH .t FIHMROSHEPER T X I
. RS4L. GLSP#4. RS+GLSP4 (P<0.05) , HIE
WHBEIL (P>0.05) « HREHROSHEMY & T IEH
H (P<0.05) , HAHIEZER LG TH#E L. GSH-PxiF
AR 20 DX 4. IEH 4. GLSP4L. RS4I.
RS+GLSP4. hFH. RSH. thIA4H. RS+GLSP
H¥mTEWRM (P<0.05) , MBAMKRTHAZH
(P<0.05) , GLSPALAIRS#L. th[A4l. RS+GLSPZ
ZREE (P<0.05) , th[A4. RS+GLSPH ZF 3%
(P<<0.05) . SOD&H ML R & 7 il 2 0t 2 . 1B
20, RS4l. GLSP4l. RS+GLSP4L. thFIZH. IE# 4.
%o} HE H SODYE P 14 & 3 1K T GLSPAL FIRS 4. RS+GLSP
4. WEA (P<0.05) . RSAISODIH AL T GLSP4L.
PrE 4. RS+GLSPA (P<<0.05) , GLSPZLMIRS+
GLSPZHSODE MK TR (P<<0.05)
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0 T K S 6 B ) I A A S A 0 R AN (R T T 4 b
JRIP R TIURE AR 52
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AU IR Nt s, B AR, TN T &2
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AR ZREL, T ALY P R PR 7 K BRI K
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