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Effects of Total Flavonoids of Tartary Buckwheat on the Expression of
APP and GSK-38 of Hippocampus in Type 2 Diabetes Mellitus Rats
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' Liaoning University of Traditional Chinese Medicine ,Graduate School;* Liaoning University of

Traditional Chinese Medicine , Department of Biochemistry and. Molecular biology ,Shenyang 110847 ,China

Abstract: Type 2 Diabetes Mellitus can be expected to result in such diabetic encephalopathy characterized by tau hy-
perphosphorylation. It can cause the over expression of B-amyloid protein (AB) derived from numerously decomposed S-
amyloid precursor protein ( APP). In'addition it can cause the neuronal inflammatory responses. Total Flavonoids of Tar-
tary Buckwheat were a group of tartar buckwheat extract that reduces blood sugar and improves glucose tolerance. We de-
tected the expression of GSK-38 mRNA and APP in hippocampus of Wistar rats modeled by STZ by the methods of RT-
PCR and Western Blot. To_observe the effects of Total Flavonoids of Tartary Buckwheat on Pathological Metabolites of
Hippocampus in Type 2 Diabetic Rats. The results showed that it significantly inhibited the expression of both materials
(P <0.05).The study shows. that total flavonoids of tartar buckwheat can reduce the pathological products in the hippo-
campus of rats with-Diabetic Mellitus, prevent and treat diabetic encephalopathy.

Key words.diabetic encephalopathy ; diabetes mellitus ; total flavonoids of tartary buckwheat ;8-amyloid precursor protein
(APP) ;glycogen synthase kinase ( GSK-383)
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1.1 ###l

S S RIS HEPE Wistar KB 78 H ( No.
211002300009706 ) 1L 7 £ A= A= W 4 R A PR A W] 4
180 10 g, HABENLIEH 5 H R BRAE 2 A4,
PR A R B R T RS R (R R T Tk X
ARSI R f4it) o KRR T SPF 5h¥)
SEER PR 22 ~23 °C VR 50% ~70% .

SRS A %% M K #5: ACCU-CHEK fi 4 1Y
(GC11931924) % 27 i A FR 2N ] ; ACCU-CHEK [fif
WHIAAT(24633831 45) & [RiZ W i A PR A

F 2GR B 24 E IR TR ER (1122F032) solar-
bio ; 7522 S T (S 6853 5 1 0 1 2 ) R i b
FrA MY B A 991. 65 mg - o) HAS =25 il 24
PR et B8 5 B (R ER e s il 25 A R A R ) 5 —
FHOBUIIE ( H 26 1 it 5 = ) 25 A BR A | ) 5 iR S 3R
ELISA {7 £, AB142 ELISA &5 £ (201608 )SRB
Jbat sk E 24 RT-PCR 387 & (AKS701 45) ;514
( CHPA194 ); SDS-PAGE ¥t B¢ il %A% % &
(20151222) Solarbio ; & 14 3 BUR 7 4 (20160622,
BCA & 1 & s Al i) & (20160629) HLELA: Y5 —
$t APP(0002) .GAPDH (0010)CST-/2 &l ; HRP 451t
—#1(0026) CST /A H] .

1.2 #%
1.2.1 sh¥rmr et

78 U4 wistar el ( No. 211002300009706 )
LT RAEYHORARA AL KE 180 £10 g, {757
T G X R IR S PR SR 1 RS Bl
MLz g1 6 B RilRda 72 Ko S HALS TheifE
TR AR 25 T BRARDRE SR . R AR BT
Jr( - kg!) TKTEHR 359.235 g iR 200 gk
T 40 g B 100 g BERE 200 ¢ dRFE 12 S,
23 WEPR AR I S IR | I 2 5 2R /K7 (ELISA) L if
0 22 AU HE 8 (IST = L (1/FINS % FBG) , FINS
HAs IR 2 FPG Sy 25 I M) |, 25 1 2 A Bg 4
PEATRERE B A N7 JR ) R PR

P KEES 16 h, S g4 KR Tk H I s
ETJ‘%@%%%%(ZS mg kgil ,{fﬁk"jf 0.1 mmol/L E/‘ﬂ;?
MR WP, pH = 4. 2) 1 23 (2 7 O A5 i SRk

PR MR, 1 W/ w, S T 2 K 2 w e
T2t 225 AW 4 DR I s v - 25 MU K T2 7. 0
mmol + L™ BEALA N 5 412 FUME bR R B 7 4
(14 H) 95554 B m A EA (14 1) 95554 5
B PR A (14 H) | w955 22 S B IR s 4 (14
H BB sET: 2 H) , P25 20 ( AU T
PRI ) o FFFFE S B i I 4L P 24 2
S TSR S 200 mg - (kg o) VTR
BEETR 100 mg - (kg - d) " FEFEEE B 50 mg -
(kg = d)™, ZHIXUIK 100 mg= (kgpe d)™, %4 51 il
0.8 mg -+ (kg -« d)"; ksl 119 K, BT RHE
I, 0 5 I B e I 2R TRk, — SRk = AR ST
Ja Tk EWUTA R BRI S 202, Kl GSK-38 mRNA
Je APP [N iR 1500
1.2.2 ¥mIEARA T &

F A S 2 A R RV B IR, A BB £ 2% I
B REATHT L (ELISA ) I 2 K BRI v e 5 25 /K7, AR
i SCHR R Vb e ) R U AR F A 2 ST = Ln (1/
FINS* FBG) ( FINS 25 Jif i /5 225 FPG: 25 J& Il
#5) ', RT-PCR A6 Kk FliF 25 GSK-38 mRNA [1)
AN FRIATE O B 100 mg 7 6 K U 2021, 1 ml-
Trizol 3357 2 3 24/ 4, n A 0. 2 ml EAGIRA) G
HE, 12000 rpm Z5.00 15 min LIAi#E RNA, 527K
ARG AR RS DI B TR A) i B 5 2900 10 min , WiE%
RNA JiiE, {4 1 ml fi DEPC /KBELRLH) 75% £
M RS FE S B0 5 min 52 RNA BY¥ERS, 183
ZPEJE N 30 wLDEPC 7K ff . RNA ¥ W B ),
FHER AN 66 REE T E 260 1280 nm Ay GRE , I
THA RNA Fve BRI I RE e a0f i S 70 6 i W g
1744, GSK-38 L 1{iE 51 ¥ : 5'-TCGTCCATCGATGT-
GTGGTC3', T W Bl #): 5-TTGTCCAGGGGT-
GAGCTTTG-3' , & i i : 202 bp, i KR .60 C,
S S5 SN A s Mgel, 2w, 10 + RT Buffer 1 pl,
ddH20 3. 75 uL, dNTP Mix 1 pL, RNase inhibitor
0.25 pL,AMV Reverse Transcriptase XL 0.5 pL, I
TG4 0.5 WL, A RNAT wL, B W AR R
10 pL, #47 R % R, PCR B M :5 + PCR
Buffer 10 wL, K #2518 7K 28.75 pL,TaKaRa Ex Taq
HS 0.25 uL, F-1 Primer 0.5 uL, KE 7MWK 0.5
pL, B WARZ K 40 wL, PCR ¥ 3 245 :94 C
AP 3 min, 94 CA8PE 30 5,60 CHE P30 5,72 C
FEAf 1 min, #4730 MEIR

fifi F Western-Blot 346 I K BRI 2 v APP [ 4H
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X PR3 45 - v SR A R R X 2 B IR K iR T APP K GSK-3B RIA S A5 17

XFRIBIEOL B 100 mg 15 L5 20 2L 59 A%, FH R P I 1
I FEA SIS, 2 4 °C 12000 rpm E5.0> 5 min,
R DWW, RIS E L, BAC IR TR A &
LFEE AL 20 wL, M FLJK Marker 5 plL, R H
SDS-PAGE &M (10% ) HL K , HL UK i A% v e 2 S
e NC I, OB J5 55 I, vk A0 e %, AR 41 e
5-10 min J5 (FA08) , A4l 7K o 400 H B0 ) 40 IR,
PR, Bld LK IS 5% 3R, A K
VB4R 37 CHNEREY 1.5 h 73 . Els I,
TBST FHEHR 26 3 (3 min/¥k) . —¥HL(1:1000)
T4 CWE LR, Ik —Pi)5 , BH TBST TR I
Pk 3 (10 min/¥K) , INA —Ht(1:2000) J7,37 CK
W1 h T h B RO SR A W B )
e 1: L) T EP & iR S S AN B 4tk R H
Py — 2 ] 200wl e s P PR R0 B B I
BAGASRSI B (1 5ty IR BE  FA RS E A T 510 AT
1.2.3 %t 54

FIATIE S S DL« + 5 265, I FH G M2 W
SPSS14. 0 #4777 225017, P <0.05 FonA b EPE2E R

2 #R

3R 12 w5 20 K BRUBE 8 2% B0 $0 A 1%
DL 1, w55 R 2 IR 2 3R BURAE H0 5 0 IR A L
ER&(P<0.05),

YT IR T I 45 4L B 7K T BB 5 R A
JERFE B AR A0 L2 2, BEA 2 0 R Lt R IS &
MK 3E A 25 7 (P< 0,05 )5 1 57 4
SV P R AL V2 SRR LR
AR T R, A B 255 (P<0.05) § By
21 50T HRZEL A L 1 5 2 BORR A B W, A i B k2
(P <0.05) ;%354 S e Rl a2 V254
SRR AT e BRI B 2R U R R A
P25 (P <0:05)

%20 K BRI E2H 21 GSK-38 mRNA 5 GAPDH
mRNA AR IR TEDLILER 3, (8] 1, 550 IR b A, A5
TR BRI 4 2 GSK-38 mRNA 35 i 4% i (P
<0.05 )y i FRA7 G i | A VG 24 2 IR AL A
A &8I, GSK-38 mRNA RikB R T E(P <0.05) .

F1 @AF L2 WESAXRESEHBIEHTUBER(x +5,1=6)

Table 1 ~ Changes of ISI inRats after Feeding for 12 weeks( x5 ,n=6)
205 Jo 5 AR AL
Group ISI

Xt B84 Control

ERETARLZE S 58 Highfat diet cage-5

0.0185 £0.00614
0.0101 +0.00412"
0.0097 +0.00407"
0.0125 +0.00557"
0.0121 +0.00498"

0.0117 +0.00450"

T G RAL R P <0.05,
Note ; Compare with control” P.<0.05.

R BRTFEREREMERAXRNESEEESBIEBTUER(x £5,n=6)
Table 2 Changes of Blood Glucose and ISI in Rats after Tartary Buckwheat Total Flavonoids( x s ,n=6)

25 ik S BRI 2 U A
Group Glucose level(mmol - L) ISI
X} B[ Control 4.286 +0.302 0.0200 +0.00196

B2 Model
e o IR IR 41 Total Flavonoids of Tartary Buckwheat-L
R 04 H R Th K R4 Total Flavonoids of Tartary Buckwheat-M
IR A KT R = 77 i 4 Total Flavonoids of Tartary Buckwheat-H

PG 2440 Metformin and Rosiglitazone

28.957 £0.439" 0.0038 +0.00035"

19.343 +0. 458 0.0041 +0.00040
5.929 +0.431% 0.0154 +0.00133%
8.857 +0.355% 0.0112 +0.00074%

4.871 +0.263% 0.0186 +0.00059%

TE SRR AR P <0. 05, S RILH A P <0.05,
Note ; Compare with control' P <0. 05, Compare with model'’ P <0.05.
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%3 SAKXRBDAGH CSK3B mRNA BIFRIE (v £ ,n=6)
Table 3  The expression of GSK-38 mRNA of hippocampus in each groups( x+s,n =6)

2151
Group

GSK-38 5 GAPDH mRNA 3RiAJu# i L {H
GSK-38 and GAPDH mRNA

expression optical density ratio

X5} BB ZH Control
BRI Model

PG 254H Metformin and Rosiglitazone

e T IR 2 4H Total Flavonoids of Tartary Buckwheat-1.
i W3 2H Total Flavonoids of Tartary Buckwheat-M

JEVHE R = 7] & 20 Total Flavonoids of Tartary Buckwheat-H

0.0878 +0. 00669
0.4178 +0.02903"
0.4604 £0.03119

0.2604 +0.018862
0.3444 £0.03018%

0.1978 +0.01385%

VE s X IRAL LY P <0. 05, SHERL LY P <0.05,
Note : Compare with control'? P <0. 05, Compare with model"’ P <0. 05.

6 5 4 3 2 1M

1000bp
700bp
500bp
400bp
300bp
GSK-38 202bp 200bp
100bp

GAPDH 500bp

1000bp
700bp

500bp
400bp
300bp

200bp
100bp

Bl &AKXRBDELSD GSK ~38mRNA 1 GAPDH mRNA Fix
Fig. 1 The expression of GSK —3BmRNA and GAPDH.mRNA of hippocampus of rats in each group
T : M Marker; 1. X BRZH 2 BRI 53 3875732 SOBTIR IR0 420 34 A5 22 R B IR eh R B 20 5 < 7 5 22 R v ) 4156 - P 2441
Note : M : Marker; 1 ; Control ;2 ; Model ;3 : Total Flavonoids of Tartary Buckwheat-1.;4 ; Total Flavonoids of Tartary Buckwheat-M;5 ; Total Flavonoids of

Tartary Buckwheat-H ;6 ; Metformin and Rosiglitazone
KK R S 41 20 APP {4 AN 1 1% 150 AL
K2,3¢ 4, BT ZH 55 %08 IR 20 L0 5 O B T 1) 20 21
APP R8N, A BFMEIES (P <0. 05) 5 W57 4 5
R P25 S AT LA, W T A 4L APP 3Rk
b A RFEEZES (P <0.05)

3 it

AERBFGTHL R |2 SRR IR K RUE 5 GSK-33
TEVETLE APP UK R, S B <A D ORET B
AN X I R B R i
IR HRAERE S, B R AT IR S R4
Y BT TRNTIA N GSK-38 5 APP Al {f
A7 2 TRV BRI R B FR A R X I 2975 ) e 2
PR T HISC 2R 9T . 535 22 RE R T 22 P
HACEE BT LIRS TG0 R A L b
B RS, B EE 2RI R, HokR AR 25
BAE A KRR 2 T 104 325 A
ORI 22 -3- A 280 25 7 M e 5 B2 AL 5 9 i
T R LW | LG 70 40P 35 AR 1 i 3 o
I3, RERS AT 5 0L | 725 LA IR S | R

25T e e 2445 250 R4 R 6% W PR L G
R BN VER, AN B 20 R A PRI 41
FAFEEDT E R UL F5 22 2 B R X R s i i 25
FHMRGE . ASWFIE 27 T 2 RO PR K BB AL, L)
TEFEAE BT AR T 2 TR PR K L T
GSK-338 mRNA K APP KIKMY5Z M, 45 R KW, 3
IR T RE N S 5 B VO PR 9o K BRUIARE , 990+ VA
T2 41 GSK-38 mRNA J% APP ()% ik , Ho 4 257 i
9100 mg - (kg - d) "R EAHE

2 FUBE PRI H A B T B A RRAE R R S R kT,
3 ZHEHU A0S GSK-38 §3% tau % (i Wi 1k
T AN 2 ICLT A4 45 (NFTs ) 7 tau 8 11 BE
FRALSE AD fe I IR ER R B W FE A R
i g B Z M GSK-38 mRNA 3 B H 24 okt e 5
ZHEHUNM D NFTs 1 8% 7E H o

BE IR I AD FE AR [ S AR R Bk APP R
AP [ RAE S AB YR AR
SINHAKE TR ok R B H SR T
Z2TTIE B I, TR TG AD REpkas ) o
HARFFE 3R, AB VB AT T RGE I —Fh B ZE TN
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B2 AXRBDELS APP 71 GAPDH EH R
Fig. 2 The expression of APP and GAPDH protein of hippocampus of rats in each group
T LR HRLH ;2 AN 53 . 3 575 BB ;4 . P 254
Note ;1 : Control ;2 : Model ;3 ; Total Flavonoids of Tartary Buckwheat ;4 ; Metformin and Rosiglitazone

R4 BAKXRBDALF APP WHEXRIE( v 25,0 =4)
Table 4 Relative expression of APP in each groups( x s ,n =4)

20 51
Group

APP 5 GAPDH & [ 3R 15 6% 1% LU fH
APP and GAPDH protein
éxpression optical density ratio

Xif B8 4] Control
AU ZH Model

o

Fi e BRI ZH Total Flavonoids of Tartary Buckwheat

PG 2420 Metformin and Rosiglitazone

10. 9003 + 0. 82806
40.6878 +1.12713"
24.2151 +0. 82069%

16.7560 +0.91329%

T SR LD P <0.05, S LA P <0.05,
Note ; Compare with control' P <0.05 , Compare with model'’ P <0. 05.
JIKCAMPs) BATRSR BT AEH . VBN APP 4 A%
il I 7 HE Y 40-BY 42 SRRl B, AB BETE AT ALY
TRIT DT T IR B R 1 R B, HTUAR AR A o 32 SR
FMZH L p AR R I P Je e o W T
APPJE I Bl A 3R, APP 73 it A= i 1 AB 7 A
G BEME P BB [T AT e R G R AE A R e A H
SIS e 32 45 R R R SRR ™ o e
SN AT REIEAT 0 ] RIS NVIRAAR T APP K,
PEMIREAR APP Py i | A2 T & ZR AT

25 L TR, 1 IR B T R A IR 2 UM IR
R BRI, P JRE 5 2R AT i 3 B M o 22 g B
R o SR 22 B TR I 5 BT Jy 20T
RESZHC A DT il /U 52 B 5 R ARBT Y APP 7= A 5
EAEAF TR R A5 5 Sl i, X AR S R
IERNI1DE RN
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