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mRNA KK &% (P <0.05,P <0.01) . £5i: i BEERE A BEAR IR , FEA 19/ FT, AL 7T G 2l o 30 ) FFA 355 1) PKC
AR LN B T AK2 ,PGCla 335 1 RE B F2 745 R R HUME IR AR

[R@iA] R, 2 BRI ; R IRIIRR, S MEs C; MR MR 2, o S AL W g6 58 0 T 32 44 5 B O
AT la

[hE4ZES] R22;R242;R2-031;R285.5 [ XEtFRiZm] A [XEHS] 1005-9903(2018)16-0152-05

[doi] 10.13422/j. cnki. syfjx. 20181522

[P HARMHE]  hip://kns. enki. net/kems/detail /11.3495. R. 20180516. 1028. 028. html

[ M4 HARRE ] 2018-05-16  14:22

Effect and Mechanism of Flavonoids from Mori Folium on
Blood Glucose Level in Diabetic Rats
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[ Abstract | Objective: To elucidate the effect and mechanism of flavonoids from Mori Folium ( FM) on
improving blood glucose in diabetic rats. Method: After successful modeling by intraperitoneal injection of
streptozotocin (STZ) , twenty-four 8-week-old male SD rats were randomly divided into model group, Pioglitazone
group, FM group with 8 rats in each group according to their levels of blood glucose and body weight, and another
8 normal SD rats with the same age were also used as a normal group. After treatment for 6 weeks, their fasting
blood glucose ( FBG ), cholesterd ( CHO ), total triglyceride ( TG ), free fatty acids ( FFA ), aspartate

aminotransferase ( AST) , fasting insulin (Fins), and homa insulin-resistance ( HOMA-IR) were measured. Real-
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time fluorescence quantitative polymerase chain reaction ( Real-time PCR) and Western blot were used to quantify
the mRNA and protein expressions of certain targets in the liver. Result: As compared with the normal group, the
body weight, FBG, Fins, HOMA-IR, CHO, TG, FFA were significantly increased in model group (P <0.05,
P <0.01); the mRNA and protein expressions of protein kinase C ( PKC) were increased significantly in model
group (P < 0.05, P <0.01), but the mRNA expressions of adenylate kinase2 ( AK2), and peroxisome
proliferator activated receptor gamma coactivator 1-alpha (PGC-l1a) were decreased significantly (P <0.05, P <
0.01). As compared with the model group, body weight, FBG, Fins, HOMA-IR, CHO, TG, and FFA were
significantly decreased in FM group (P <0.05, P <0.01); the mRNA and protein expressions of PKC in liver
tissues were decreased significantly (P <0.05, P <0.01), but the mRNA expressions of AK2, and PGC-1a were
increased significantly in FM group (P <0.05, P <0.01). Conclusion: It was demonstrated that FM may play an
anti-diabetic effect by inhibiting the PKC pathway induced by FFA and improving the energy homeostasis based on

the expression of AK2 and PGC-la.
[ Key words |

flavonoids from Mori Folium; type 2 diabetes; free fatty acid; protein kinase C; adenylate

kinase 2 ; peroxisome proliferator activated receptor gamma coactivator 1-alpha
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Xof B kAR T 2R (STZ) 175 S B R R 5 K BRI s 4 T
a0 S BRUBE T E 26 1 R C (PKC) |, B 1R U8l
2(AK2) , 3o S ALy g 58 ) V0 2 Ay il B T
T 1a(PGCla) % F23k , H1F 5 v 5% i (v K& 4% V5
B
1 #
1.1 ¥ 8 JAl: SPF gtk SD KR 32 K, K&
(200 £20) g, Fy b 5T 4 38 A 4 3h 9 5L 5 oL, Bh
I TT3E 5 SCXK ( 51)2006-0009, B H 4856
oK, THE 21 ~25 C, 8 E 45% ~65% ,12 h/
12 hot HE PR 406 2R 38 B PR PR % 1 R A BIF 5T 48 2R
Z: B [ v B B 2 B b B S Ak B B 5 9T B ) S
(oBLIE

L2 255l ok B i (s 3 g ik B4

AMRAFE, LS 15013104) 5 il i (Fins ) 3K 57 &
(Jb Rt A3 A Wy AR BIF 98 9T, 41t 5 20162400316) ;5
2 WO 7 ) G, H I =R (TG ) 370 &, 5 R[]
(CHO) 5 &, W 25 i Wi 2 (FFA) 50 &, RITT4
IR FE AW (AST) iR & (hAEdb =AW RH
ety A R 28w, 4t 5 43 9 2 YZB/ 3t 0111-2013,
YZB/ 5% 146961 ,YZB/ 5 0698-2010, YZB/ 5% 06997-
2010, YZB/[E 2080-2003) ; PCR iz % i 577 & ( £
[ Promega 7\ #, % 5 0000076581 ) ; PKC, AK2,
PGCla mRNA 5|¥ A TAY TR (L) BMhE
F 2y ®] & ;T 1 PKC Antibody, PGC-1a Rabbit
mAb,B-WLEh & 1 ( B-actin) HT i, FHi 4 I 41 (5
CST 2> &, it 5 43 51 4 2056, 2178, 4970, 14708 ) ;
ECL % 6% ( % [ Bio-Rad 24, it 2 170-5060) ;
STZ( 32 [H Sigma 7y #] , L5 S0130) ;trizol ( 32 [H Life
Technologies /A &) , L= 98903 )

1.3 f#% 7160 A4 [ s B0 ( H A H LA
Al) 5r-911 4 [ G v EO b BB R 2R 8
M EA L) 5 E9032 Y g bR A ( 3 [ Promega 23] )
7500 #9520} 5% % 52 B PCR( Real-time PCR) % ( 24 [
ABI 23 d] ) ; Mini-P3 U 5 B A Pk AL S0 7% B 5 B AN,
Gel Doc 1000 #U %t & B 1% & 4t ( 3% E Bio-Rad
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2 FHik

2.1 W 5425 SD RRIE N PEM SR 1 4,
it A S5 £ B AL R I 8 I SRy TR 2 7 3 e Rk R 5 L
A RE T R 5 8 JA S AR K, R R
STZ i 55 (45 mg-kg™') . 72 h J5 K I & 4% i if0
B BEALIMBE=11. 1 mmol- L™ HFa & 3 d % Wi
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FR) AR AR A AR 2 24 50 e e PR A SR T AR R AT R R
FI &, A% F R 4 0.005 g- kg 'y % b i 41
8 gekg ' FTA 25 R B AR K E B 4 25 I %
0.01 mL-g ™ "M B 15 45 25, oA A 4 DL S5 IR BRLAE
BRERK IR/ H L #SE6 ],

2.2 LB AR KA I I v

2.2.1 FRACRESLHE  #Egi o i et
NI TE S 1% T L 22 BRI, I8 2 3l Jok B, 5
O IO T R A7 18 5 3 ) ORI I, R
B, TR PS5

2.2.2 —ERME WHEEHRKR - BRRE
CRPMOIRZS W6 S5 00 B 65 ) |, 4 J8 A6 0 4 7 &
25 I KE o

2.2.3 MOV AE AL AR A I 2 A A Al A
25 R ILBE (FBG ) , i % 325 46 I ifL 3% CHO, TG, FFA,
AST, Fins, 7+ 5 B & 5 i 5T 18 2 (HOMA-IR) =
FBG x Fins/22. 5,

2.2.4 ¥ H Real-time PCR # I/ #8 5¢ mRNA ik
RAF 19 R BT 20 21, wizol 32 48 MU B RNA; R 4
G()ScriptTM Reverse Transcription System i 77| & & %
% ,iBk 25 °C,5 min, FEAf 42 °C 1 h, K 70 C,
15 min, 75 %] ¢cDNA ; qPCR Master Mix 20 pL Jz [ &
AP KRR 495 C 10 min, 95 C 15 5,60 C
1 min( 340 KAFEFF) ;95 C 15 5,60 C 15 s .
R 2 MO R S T A A H bR IR R A
FIRE 1,

*1 5#F75
Table 1 Primer sequence
ElE7) 731 K /bp

PKC i 5'-GAAGAGAACTGGCAGGCACT-3’ 23
T 5'-GAGAAGAAGAGGCTCATAGGC-3’ 23

AK2 i 5'-ACTCAAGCCCATCCTCTGTG-3' 22
N 5'-TGAGCTTGTTGTTCATCTCGC-3’ 19

PGC-la % 5'-GGGTGGAAGTCTTTGGTCTC-3’ 20
T 5 -TTGTGGTTTGGAATCTGCTAGC-3' 22

GAPDH % 5'-TGGAGCAGGGAAGCASTGA-3’ 21
N 5'-GACGATGAGAGTGAGAAGGT-3’ 23

2.2.5 FHEHRPEEI L (Western blot) £ I #H OC &

M7k KREUT44 L. RIPA 8 1 24/ W 12 B0 &

FH;100 C,5 min & HAEPE;100 V 1 h & H UK

15 V1 h 2 ik 5 15 3RS 0% 8 3 41 30 min, —#1

(1:1000)4 CHFE bR TBST PEE, 40 (1:1 J7)
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FWRIFE 1 hy RO R, B S A A
Image J 7.0 BG40 87, H & 5 NS F B-actin
KB PR R R B L A KF .

2.3 GEilsEr i SR SPSS 19.0 Ffd b R,
F x5 Fom Al 0m) b, 6 AL Oy 22 57 PR LSD 4
B, AN R 2 ST R HAES BR8P < 0. 05 RIR
AR BHEESR,

R

3.1 FR0FEE KR MR 5IEE 4
B L3R, A58 70 2 R BRLR Jo 4k Y J 14 o (P < 0..05)
(£2),HHEHAZR . ZR . ZB . EETOLESFH
S SRR LR, SR A DL 1 E R B G
3.2 FEWMEEIA KRR FBGC WM SIEW A
BB K R FBG B A5 1R % J 1A 4 K B T
(P <0.05); 58 R4 L #5, 5 3 i 40 K BRI v
FBG W2 FEAIK (P <0.01) , I B 45 10 7 I [ A9 SE 1<
IRTRE U

R2 RMHEWNIEREKXBRETEN FBG MM (x+s5,n=8)
Table 2 Effect of flavonoids of Mori Folium on body weight and
FBG in diabetic rats(x +s,n =8)

) j‘ﬂjiﬁ_] N FBG/ mmol-L ™!
/g+kg /8 THE TH3IME THieM
EH - 287221025 413:0.62 4402032 468104
LY - 398901532 11.25+1.18" 15.36 +2. 13" 18.57 1.29"
WA BIE 0.005 37156 +17.24° 10.89+1.07 7.83 0.64Y 7.16 +0.29"
FOHEERD 8.00 35253 +14.86Y 11L.4L2+1.14 9.12+0.47" 7.07 +0.36"

FE:SIERMHLEYP<0.05,7P<0.01; 5HAH HE P <
0.05,YP<0.01(%£3~6[[),

3.3 FOPEE XK RS B (IR) W2 5
1EH 4 R, R 4 K B Fins, HOMA-IR /K 5F & 3%
FHE (P <0.01) ; 5BIRIAH b, mb A% 51 R 21 | 5%t
i 41 K B Fins, HOMA-IR /K & 1§ (P < 0. 05,
P<0.01), %3,

®3 RMHEMNARBEEZMAKZE (2 +5,n=8)

Table 3 Effect of flavonoids of Mori Folium on IR in diabetic rats

(x+s,n=8)

205 #l&/g kg™ Fins/mU-L™! HOMA-IR
IEH - 8.12 +0. 64 1.45 £0.57
gy - 16. 12 +1.33% 14.37 £1.17%
kA% 1) i 0. 005 10.53 +1.25% 3.26 £0. 64"
B | 8. 00 12.13 1. 159 4.32 +1.03Y

3.4 RO RIS SFIIRER RN HIER
L HE, B2 R B CHO, TG, FFA JK 7 B 8 Tt &
(P<0.05,P <0.01); 5A8 B2 FL &5, LA 51 B 24
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it # 4 K B CHO, TG, FFA /K FEAL (P <
0.05,P<0.01), L34,

x4 RMEMMARMAEE FHEAZW(x£s,n=8)

Table 4 Effect of flavonoids of Mori Folium on serum lipid, AST in

diabetic rats(x £s,n=8)

o Flik CHO el FFA AST
/gkg™ /mmol-L™' /mmol-L™'  /mmol-L”'  /U-L7!
E% - L2015 0322016 050003 6412+217
iR - 213+0.06° 2.8 +0.08° 0.89+0.02° 63.36x3.34
A FIEL 0.005  1.11+0.03” 0.87+0.09" 0.56+0.07 61.85+4.45
ZMHEE 800  0.97+0.06" 0.45+0.04" 0.40£0.02" 65.02+1.87

3.5 F b E R xF oK B IE PKC, AK2, PGC-la
mRNA FIKM M 5 1E % 41 L, A 41 K B
fIF PKC mRNA ik 8 0 2 7+ 5 (P <0.01), AK2,
PGC-lae mRNA Fik i i FFEAL (P <0.01) ; 5L A
2H A, SR B 41 K BUFIE PKC mRNA 3k &2
ZREAL (P <0.01),AK2, PGC-1a mRNA % ik i i
FTHE (P <0.01), 03k S,

%5 RMEM KR PKC,AK2,PGC-1a mRNA X500
(xxs,n=6)
Table 5 Effect of flavonoids of Mori Folium on PKC, AK2,

PGC-1a mRNA expression in liver of rats(x +s,n=6)

ric R :, 0.

practn DD GED G >
D

A B C
A TER B BRIZE  C. MRS BRI 20 5 D. 5% 0 8 A 21
E1 /NEBFEE PKC,PGC-la EEFRILAE Kk
Fig.1 Electrophoresis of PKC,PGC-1a protein expression in liver of

mice

x6 RMHEMX AXRAE PKC,PGC-la EAREMNHM (x +5,
n=6)
Table 6 Effect of flavonoids of Mori Folium on PKC, PGC-la

protein expression in liver of rats(x +s,n=6)

24 51| Hlf/g kg ! PKC/B-actin PGC-1a/B-actin
EH# - 1.13 £0. 11 1.42 +0. 12
FEAR - 2.14 20.07% 0.72 +0.02%
HiE A %) il 0. 005 1.53 0. 05% 1.08 0. 17%
F M- 8.00 1.21 £0.03% 1.53 £0.05%

4153 /j”f . PKC AK2 PGC-la
% - 0.98 0. 06 1.06 +0. 02 1.12 £0. 07
LY - 1.87 £0.05%  0.67 +0.05%  0.57 £0.03%
MRS SIE]  0.005 1.13 £0.04%  0.74 £0.04 1.28 0. 14"
FM-#E] 8.00  0.8120.09" 1.46+0.07Y 1.76 £0.15%

3.6 FFHECERXTR R IE PKC,PGC-1a £ 1 £ i5
MIRZ 5 IEH A R, AR K BRI IE PKC EH
FKEFBETE (P <0.01) ,PGC-1a H I KIL & I
FIEAC(P <0.01) ; SR 2] He e, nik A% 510 i 24 L 5
I B 2 K FRFFAIE PKC 25 R A i B E BRI (P <
0.01) ,PGC-la HHAFRL R B IHE (P <0.05,P <
0.01), WK 1,%6,
4 itig

IR 1 (5R) 25 B 4l i 1 ik 35 L2 b FRoms 14 %
RN BN BESE R B, W B IR Wi R (FFA)
2 T 8 5 3% A 1 R L A ik S PR B 7 IR Bk D
2 RO PR B R R B W FFA K SF B 8 T
O — T S B, VS FFA K S SR T
SAE UL/ P & IRV A R, M IS W6 T G B
FEA JKF- (4 A T8 I 23 40K 61 A 4 2680 M 40 B0 RDBH it

B EE Y L B, FRA XP8E R & A K R &
KEZ, F2PhEN TR HBWE . AR
PSR, Rk b AE YRS H S 2
T T ) 5 LA R T I W T B O & RE B PR, o &
I B T A Sy R A I, B 0 I 0 R B 2R 40 L
EME AL 2188 K OF 3G I A B R A I B DL &
P s AR e B, 5 R AE 65 W1 0 1
R PR K BRUAY 25 It A 7K S L I R B B K,
SRR — B

PKC — 7 4fl i P 1) [R) T, 2 50 A 0 %) 4 A
4,5 A5 DAG i@ i PKC 4 5 0 B iR 1k 12 2
e B R R B A A, R D
fi# o FFA Z: 555315 28 4 W6 (9 08 5, 38 2ot 412 3F 15 1k
Wi A PG PKC ARk KBS R B E
FII L AKD A P9 4 R T 1 SR R T
12 FR IR T 40 M 2R R 9 B 38 ) 98 T AMP i) ADP
(5G4 ADP,ATP, dATP 94 " . PGCla &
E T AR Y B B DT, BB S 02 0 IR T R 1Y
Ak AU g FFA K- T i 5% i 2 fig
SRR, T R, HE BB S ARTER R
PR, R 2H K BRI TS 5 FFA 7K F R, PKC mRNA Al
B PKOF B R i AK2, PGCla ¥ 5t K OF 22 %)
T A B, S0 B T BB 8K 2K B AK2 , PGCla %%
SRFIA M PKC Rk,

M R R BB R —,
A W B BB VR R, 8 A B AR T FFA KOF, 40
il FFA 5% /) PKC B2 LA ik #E R T AK2,PGCla
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