A AR S R R X 2 BOBE PR A Y /)N BUHEBE 42 ERRy/CREBH
5 1H I AH OC A pY s

I AE PR OB B URR(RETEAREFAMN, KE 300020

FESES RI65 XERERE A XEHS  1001-0408(2019)10-1366-05
DOI  10.6039/j.issn.1001-0408.2019.10.15

W E AR S a0t B %8 (GLTF) 5% 2 A4 km (T2DM) AL A /s SR IR % & 48 % 2 4Ry (ERRY ) /ZRBE AR5 1 T A
%54-% & H(CREBH ) i 2448 % B F 69 % vy, 334 3L M e b AE R 09 B4R AU o o5 ok B BRI TCR /N R, SRR & 48 3 A5 A HR A
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Ay B AR 38 S M3 % ey 3R E B T 1a(PGCla) \CREB 8 ¥ 3% 4080 7% B T 2(TORC2) 89 mRNA R ik K-F, 4R 5Ew4
Yo, BEA A0 RO e M e o T R By KT ¥ R & ISHMA 2 F K (P<0.01) s AR X 2 T K2 28 AR R
Pk B AR R Y RN R B i 2 5% B 08 9m R P4 2% F ERRy .CREBH #9% &) % 12 /K -F & PGCla, TORC2 # mRNA & ik
KPR EIH(P<0.01), HHEA LAE, GLTF &4 40/ R Lk fodf ke By F 3547 BRI 5 ALY ) B & A 2122 F ERRy
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Effects of Total Flavonoids from Psidium guajava Leaves on Related Factors for ERRy/CREBH Signaling
Pathway of Hepatic Gluconeogenesis in T2DM Model Mice

WANG Hong, FU Yu, WANG Lei, JIANG Qian, LIU Hongbin (Tianjin Institute of Medical and Pharmaceutical
Sciences, Tianjin 300020, China)

ABSTRACT OBJECTIVE: To investigate the effects of total flavonoids from Psidium guajava leaves (GLTF) on the related
factors for estrogen-associated receptor y (ERRYy )/cyclic adenosine monophosphate responsive element binding protein H(CREBH)
pathway in liver of type 2 diabetes mellitus (T2DM) model mice, and to investigate the specific mechanism of its hypoglycemic
effect. METHODS: Healthy male ICR mice were collected. T2DM models were established by high-sugar and high-fat diet feeding
combined with repeated intraperitoneal injection of low dose streptozotocin. According to the blood glucose value, model mice were
randomly divided into model group, metformin group (positive control, 0.17 g/kg) , Xiaoke jiangtang capsule group (positive
control, 0.75 g/kg) , GLTF low-dose and high-dose groups(0.047, 0.094 g/kg), with 12 mice in each group. Another 12 normal
mice were included in normal group. Except that normal group and model group were given constant volume of water
intragastrically, other groups were given relevant solution 10 mL/kg intragastrically, qd, for consecutive 21 d. After
administration, fasting blood glucose and serum insulin levels of mice were measured and insulin sensitivity index (ISI) was
calculated. Histopathological changes of liver and pancreas were observed by HE staining. The protein expressions of ERRy and
CREBH in liver tissues were detected by immunoblotting. The mRNA expression of peroxisome proliferator-activated receptor-y
coactivator-1 0. (PGCla)and CREB protein co-activator 2(TORC2)in liver tissue of mice were measured by RT-PCR. RESULTS:
Compared with normal group, the levels of fasting blood glucose and serum insulin in T2DM mice were significantly increased in
model group, while ISI was decreased significantly (P<<0.01). The pathological changes of liver tissue were obvious and a large

number of vacuoles could be seen. The number and volume of islets in pancreatic tissue decreased, and islet cells showed mild

A ST H TPl A R 752 B o P 7 PR A L vacuolar lesions. The protein expression of ERRy and CREBH,

PR (N0.2015042)
S BTBFSE B R BFSS Iy e 2 i 020-27236137,  increased significantly (P<<0.01). Compared with model

mRNA expression of PGCla and TORCZ2 in liver tissue were

E-mail : wh19860906@126.com group, above blood glucose, insulin indexes and pathological
#ABMEVEE T . WFSE 1 RS A2 Tk changes were improved significantly in GLTF groups. Protein
1i:022-27313851, E-mail: jtss@sina.com expression of ERRy and CREBH, mRNA expression of PGCla
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and TORC2 in liver tissue were decreased significantly (P<C0.05 or P<<0.01). CONCLUSIONS: GLTF showed obvious
hypoglycemic effect on T2DM model mice; its mechanism might be related to inhibiting ERRY/CREBH signaling pathway.

KEYWORDS Type 2 diabetes mellitus; Total flavonoids from Psidium guajava leaves; Estrogen-associated receptor v ; Cyclic

adenosine monophosphate responsive element binding protein H; Peroxisome proliferator-activated receptor-y coactivator-lo; CREB

protein co-activator 2; Mice

T A R R Bk 4 IR B W) 7 4 18 (Psidium guajava
LA, B AR H 3RS RS B T
P SCHRARAE , 25 A AR AR IO HAT BEp R VR, AR
R AT 5 45 R R, T A T R (GLTF) (1 [
B AL 5 400 B S AR A e, M R M O 2 (R
(ERRs) K 5 I 2% 52 /R 7 DNA 454 BURIC 45 448
FLA7 68% MR J5 P i 1544 , 145 ERRa . ERRB . ERRY5% 3
FPIEFYE) RIS IE B, ERRy 2 Bl 5 A il A 174 B 22 0 5
PEATFT 3 Al A G S A2 Ay R TR
La(PGCla) J&— A% 32 AR5l Bhik & IR 7, HAE B ERRy
B0 TR 7, BB RE 2 AR 1R TP SE N i 235 5 7
BRLIRE T, PGCLorE FME H Y 255 B B 4% £ HL AR5+
AT AR R R T O PEAE TS . FRRERR AR A T
4545 8 1 H(CREBH ) j& —Fh - IR R- A 19 P9 o2 X 45 5
SR T FEVR T RS S Ay ik % EEAE Y. CREB
T Sl 0 Y- 2 (TORC2) 1y CREB F 4kt 4
T, HE A AR 3T CREB HYJLAE", % ERRy
HI CREBH X JHF 8 55 A A B B2 R s A O, AR AF 52 )
JH v 1 T TR R R B 22 YRR s S /N1 e O £
F R (STZ) WY 5 7L 1 2 BUBE PR (T2DM) /)y RS AY | 5
i 11 %5 %5 GLTF X}/ BURIE H ERRy/CREBH 15 %53 %
H R DG IR 2 58 1452 R R T LR A 1 LR
BUH, & 75 Ry L T 11 PR B IR V6 97 R A SRl 2= 1
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P T Y 710 IUHE (VT 95 BR PR 7 35 25 B A0 A FR
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ARIF LA RFALA A 5 Ci-L BG27 84445 ( H A Nikon
3] 3 TS-8 BUEL R (418 IR . QL-902 B I Tie i 1771 (Vi
P IR DL RS i3 A R 5 54 18R UKk =g 1 25 Lo AL
(7% Eppendorf /A 7] ) ; Mini-PROTEAN Tetra %I HL 7K 1% |
DYCZ-20C 5 B i1, kAl . DY CP-40C RUEL R4 (b 5iN
— AL 5 7500 BIHESE i R A WEE 2 (PCR) Y
(3£ [E ABI A ) ) s ME203E B i, 743 i K- (| i s
- LA 2 E A BR 2N 7] ) ; VILBER Fusion FX7 % i {%
Z.5t (18 Vilber Lourmat 23 7)) o
1.2 #AREILH

GLTF B8 [ f1 R LT B 245 b2 A 5% e il 770 w0 il
7,15 3.5 kg IR A A 700 g BB s B AR A R (R
H S EE R AL, S 1 13220042) 28 K rp EE 2GR
H 24 4 e T BRI R  a Bk & IR R 0 AR R A B
1 (P. guajava L.) )T 1] $h R — AU (R 35 i
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it 5% 52 258 BRA /1, 5 - AALT649, A% - 0.5 g/ F) 5
TH V63 B W e 38 (3% PR R AR 250 AT R BE AR A /)L b5
160902, Bk : 0.3 g/fi) 5 STZ 15 ( 3% [H Sigma-Aldrich
NE]L S 0 S0130, MUK - 500 mg) ; [ 5 2% 5 G st
Fl& Attt 7 AU E R BT IT) 5 % ERRy 2 SO |
% CREBH £ e FEHUIAR | BRBEIR H i i i 20 (GAPDH)
BT BEBUIA R L AE AR P AR IC E PR 1gG —ht (b
ISR AE W) HR A R H] ) s PVDF i (36 [ Millipore
N 5 B4l RNA $RBGRG | S siialn) £ L 52} PCR it
# 4 . 5xRNA Loading buffer( H 4 Takara 23 7] ) ; Hi4xisk
BB b g T A M e R b X 1 T £ EL L O
1.3 5|4

PGCla . TORC2 Fll GAPDH 5 | ¥ ¥ th Kt 22 T+ R 45
VR RA R AR P H 1,
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Tab 1 Primer sequence
HERAHR Hbuligl TR bp
PGCla i#:5'-CGGTACCCCTGTGCTCTCTCT-Y 126
25" -GCTCGAGCCAGCTCOCGAAT-Y
TORC2 Fif:5'-TACGGTGCGGAGATTGTGTC-Y' 11
;5" -ACAGCCCGAAGTCCGTTATC-3
GAPDH 35" -AAGAGGGATGCTGCCCTTAC-Y 119
Fii#:5'-TACGGCCAAATCCGTTCACA-Y'
1.4 ¥

SPF 2% ft JiE 1 P ICR /)N B 90 L, A5 & ok 16~18
g, W [ b 43 R ARSI sh B AR AT BRA | sl B
VFATHES- : SCXK (52)2016-0006, /)% 6 B8 T T
LB 20~25 °C VR EE 40% ~T70% 1 R 55 vh . Fir )
e S nab ERIr e e SRS AN S B A Ry WAR I S ¥ 6]
BRL 2 ] b v AR v i ) Sk 35 Ak A o 20 9% JREARE
15 % %670 2 % JH [ E5F1 0.3 % RHEL
2 Ak
2.1 S BEESHRY

I /N RS T SR R RS PR TR 1 AT
BEALEER 12 /N IE & 4, HA/ DR AGERR 4], 1E
WA/ B AR SR 25 T SERN AL 5 1 AR 2 /N BR e A s A v
TR ZEMESE 4 T8 SR JG AR ANER /K 24 h, B T4 STZ
V(100 mg/kg, IFFHEIRGE MBCA T RIFLH] ) qd , 275
2~3 W HATAL /N ST R BRI G 00 1A K, DA A R I
B >11.1 mmol/L Ky T2DM BERY il a7 0 (5 1R 5

HERERL ) CIRAS RS/ B 60 B, e 23 1 I
ALY AR 2 | — FEXUIRZH (B Met 4H,0.17 g/kg; 7+
R A 1 AR FH 500 S DA A 3 T RO 40 BT 45 ) L T 8 [
e gE2H (RP XKIT 4, 0.75 g/kg s 57 4055 75 % [A] Met 2 )
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FI GLTF I . &5 77 40 (B GLTF-L 40 .GLTF-H 4 , 7 &
439124 0.047 ,0.094 g/kg , LAIRES T T 7] 5 AR 4 52
e R ) A 12 Ko S AW LUK s 1)
Be i, IR, AR ST . BRIE & 41RO R 2/ N
SERBUKAN A B2/ N IAE B R N 20, 2R 21
FHEIM 10 mL/kg, qd, 2L 21 d. 45253 1a] bR 1E 5 4191,
HA/INRARER S, T mt e AR TR
2.2 INRZRE M AEFNER B =K AT

KRB LG 2 R, SN FEEEAEKE h G,
D R BBt A 00 22 TR it b 7K Y 5 SR 7 4 BEOC IR 3sk BB, SR
RS SR R 223 I 38 e 5 R KO, FF e A =T T
Ji 8 25 R B (IS < IST=1g[ 1/ (23 i i A < 23 i 1fiL 375
JR 5 2K
2.3 INREFARIR ALK RIEFERE

/N ERUBCIR 2K 5 AR BE , 5] O g i F— 1 JHF R 2L 21
BT 10% P ESER P 48 h A, K, £ M A 47
R OUREE 4 pm) ARG AT IR AR - 21 (HE) Y, 76
WA T AL L AR PR AR
2.4 /INRAFALRF ERRy . CREBH & B RIAKFE#N

SR FH A 2 B0 1k AT RGN o I 4L AR R 4 RN
GLTF 45l 20 4 B0 6 HU/INER T 43 IHZH 200 i Nk, o
AR R R 2 a0 i, SRR R 1, LA S s i vk
WATEME R, S &E 1T SDS-PAGE BEI /7 5 )5
DL 35 5 R8 2) PVDF X I, FH 5% R I W5 3 2 i B 141
1 h, 535 A ERRy T4 (1:500) .CREBHHTA(1:500)
N2 GAPDHJ{{A(1:1000), T4 CRERMFF LR ;K H
FH IxTBST %M 10 minx3 ¥, SR 5 IIA Z 4t (1:3 000) ,
T2 N G HE A 7 60 min; 1 xTBST PEE 10 minx3
W, BBk o SRR R G A TR, >R Im-
age J 1.42q 5F5r BT K BEAE, L) ERRy .CREBH &5 |1 45417
5 GAPDH 45417 9 K AR 2 L AR /R BAR &R A Rk
Ko
2.5 INREFZHLAF PGClafl TORC2 mRNA RiskE
i

RS E i PCRYESEA TR o 15 4 R I
GLTF 4550 2 45 W 6 /N B8 20 440, SR R R 4l
RNA $2 B $2 B0 RNA , 21 R stk 5] & il 15
cDNA. K% 5E i PCR LIS PCR N o S v A
F:Mix 12,5 pL, | R U520 B 124 10 pmol/L,
¢DNA 2 L, ] ddH.O #M & % 20 pL. SR 5544295 C7E
130 5;95 CiB k 305,60 CHEAH 34 s, 40 MEH, F
FH 272%™ L GAPDH i N2, Kl 4 41 /N FL PGCla
TORC2 ) mRNA Fik7KF
2.6 FitFEFE

K SPSS17.0 2 Ak X Bt A e it o3 A THE B
BHAY + 5 o, A R AR 2 25081 P<
0.05 A ZEFA G L.
3 #HR
3.1 FBANRHTIEMAE . MmiERSZEKERISIE

5 2 b, AR ZE /N RO 2 I IR i 3
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EV/ S SRR SINE N EIERTE {2 -2 SR N ey =}
X(P<0.01) ; SRERIL FAE , 2% 45 25 2 /N B 25 I L b
LR 5 5 2R 742 b 25 ARG TS T4 S 3 T ey, 22 54
AGEHEE L (P<0.058 P<0.01) . &Z/NEl25
VW 035 % 2P B ISTIEL LR 2.

®2 BANBRHZEMmME MEFRERRKERISIE

(xxs,n=12)
Tab 2 Fasting glucose, serum insulin and ISI value of

mice in each group(xts,n=12)

i 2SR mmol/L SEIEHRSE, pIlU 181
E54 8674050 3133766 —240+0.12
B 25194386 5086+ 14,88 —3.08£0.15"
Metd 18.05+4.05% 3047+10.90° —2.69+0.15"
XKJT4] 19654432 35474583 —282+0.14*
GLTF-L4 18.49+4.04% 30424374 —271+0.12%
GLTE-HY 173743.61% 05+43T —281+0.10%

e HIEH A L, " P<0.01; HRIEIL] AL, "P<<0.05,7P<<0.01
Note: vs. normal group, * * P<<0.01; vs. model group, “P<<0.05,
"P<0.01

3.2 BE/NFRIFREFEARARFEFTH

3.2.1 JFAZL IEFAUN BN AR SR AR
TLAR PR BRI, A DI A8 S AR R DL S i) Jo R DL
ZEAR LI LE T e/ K TR N sl kO RS ZR 4
YR DL AR s AR /N BT /N S5 AR B AN T
240 G R B OIR SO, ] LR S 3 5 4% 4
22/ RUREZIN -5 R T 200 6 e i B 28 P 72 P A HE
BB AT i el %, e b GLTF-H 41 o35 ROCR 80

o AU/ BUTFZH 20 By Rl R LA 1

E. GLF—Lé -
Bl Sa/NREFARRKES R HE (HE R, x100)

Fig 1 Pathological micrographs of liver tissue of mice

F. GLTF-H#1

in each group (HE staining, x100)
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3.2.2 BRARAZL  IEH AN BSR4 /N B 5 40 i A
DL BH S8 AR Ak 5 R /) FRUBRE 5 55 H 9ol ARFRVAR /N J
S S5 2 B A YL A 5 % 2 24 2D B R e 5% e s Y
L IA s ARBU A Ir R . £5 41/ BUBRAR 414
PR A LI 2.

E. GLTF-L4{

F. GLTF-H#{
2 BANRRIRERFEFBHE (HE $,%x100)

Fig 2 Pathological micrographs of pancreatic tissue

of mice in each group (HE staining, x100)

3.3 KANMRAIFAL D ERRYFI CREBH & B RiE
K

5 IE R A H g, B A2 /N BRI A1 40 ERRYy |
CREBH W2 1 &5 /KF ¥ B E TR, 2R WA 511+
B (P<0.01) ; SHEAIA] HL 4, GLTF 4557 i 241 /N BRUFF
41 41h ERRy . CREBH [ 25 [ 23K 7KW1 g 35 PR AR, 22
S G E L (P<<0.05 B P<<0.01) . &% 2H/NEUIF
2141+ ERRy .CREBH [ 25 [ HL UK B DL RT3, B8 T 3RaA7K
O 4

ERRy_ CREBH *‘h :‘ ~.

i
IEW4 BRY] GLTF-  GLTF-
L4l H4l
A. ERRyZE [ B. CREBHZ 1

3 &HENFRFAL DS ERRyF CREBH ZE B H ik E
Fig 3 Electrophoregrams of ERRy and CREBH pro-
tein in liver tissue of mice in each group
34 HH/NRIFHALH PGCla, TORC2 ) mRNA Fik
K
5 OEE A bR, BT AL/ BRI 4141 P PGCl
TORC2 ) mRNA KK K-F-35 85 Th i, 22 5 29 A 4L it

W4 BRI GLTF-  GLTF-
L4l H4

FEHE 2019FEF0FFE 108

2.5 R 7 — 2.0

CREBH/GAPDH
S &

e
5

IEW4L BURL] GLTF-L41 GLTF-H4L ! IERAL B4 GLTE-L41 GLTF-H41
A. ERRYZ [ B. CREBH %[
TE: SIER AL, " P<<0.01; SHERI He4LE,"P<<0.05,"P<<0.01
Note: vs. normal group, ™ *P<<0.01;vs. model group,”P<<0.05,"P<<
0.01

4 FHENRFHELH ERRyFI CREBH HEHFKIX
IKE(x+s,n=06)
Fig 4 Protein expression levels of ERRy and CREBH
in liver tissue of mice in each group(x+s,n=>6)

R (P<0.01) ; AL AL, GLTF 4% 7l i 41/ B
JF4 214 PGClo,, TORC2 ) mRNA 7K-F-44 {2 3 RAIG, 22
S G2 B L (P<0.05 8% P<<0.01) . 4% 41 /) B
PGCla . TORC2 [y mRNA ik /K F- WK 5.

) f # i — 4
3 ! * % —— 3 * * _ﬁ_{

PGC1e/GAPDH
TORC2/GAPDH

IEH4 B4 GLTF-L4H GLTF-HZ4 IEH4H #UR4 GLTF-L4 GLTF-H4
A. PGCla mRNA B. TORCZ mRNA

e SRR A, " P<0.01; SR LAk, *P<<0.05,%P<<0.01
Note: vs. normal group, ** P<<0.01; vs. model group, "P<<0.05,
#p<0.01

B5 HH/NRFHLF PGCloFl TORC2 B mRNA
FiLKF (x+s5,n=06)
Fig5 mRNA expression levels of PGCla and TORC2
in liver tissue of mice in each group(x+s,n=6)

4 g

T2DM B 5 B R S R AN K 959% DL L, B9
IR A O I LA A 7 R R TR, A R
T2DM 4 H M K- BAT B S8 o AW AR 5
3 0 A 2 WA L B G 22 R W PR K )
BRIAIZR o Al I S A S 2, 3R I R A= v
3T AL LA S HRAM ) B Ao B S A ) A R0
SRR YT RO 1) SRR AR O o
B, GLTF RE . 5 P AR AT S5 A Rk il e 1 i 2 = TN )
2 ¥ % T (PEPCK ) 711 4] %3 4 -6- % % i (G-6-Pase) HY
mRNA AR, S 7n FREREAE -5 4l g e A=A
Ko ABFFEAEFTA TAE R ILAE b PR3 T GLTF il i
ERRYy/CREBH 5538 [ 45 P 5 A6 1 ELARHIL I

USRI R T6 9T T2DM (2 8L 254y, Kb
ROR 2, HHRRRE AL -5 1 A S A A O 0
163 W W 5 20 AR A0 R Iy By 22— R 82l i
IR b B RCR W™, 55 GLTF A — & [ Ik . A
IR A PR 245 it A Ay B o B 2%
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AL A W PRI B, T 208 L Ak P B 1 7 38R
A&, ERRyBHE I AE IS N 7 PGClai Z 5 1, 1l
o 9B R 32 A R % Je A 45 5 ) CREBH JA 8l R,
CREBH {41t i TORC2 H AL A BEHE ™, Fe 28 )T
Wl 52 1 P A B iF——PEPCK 1 G-6-Pase”——3JF1fij
PE R S AR A B AR . AR IR R, SRR A
AR, AR 2 /) B s TR T AR R B2 3K P 2 35 T
ISTAE it 2 B 5 PR 2 A2 B d v DR s 06 )
B E WD RTINS R R S i s . AR
RUZH A, GLTF #4511 5 2H /N BB AR 46 s A B2 78 4k
YIB e , W] GLTF R .2 4035 T2DM B AL/ FLAY
U 5 5 2R K Y-, X JH 200 L AR ke 5 200 L 25 A — o DR
YER o SRy BN AR i PCRIEAGIN S SR R, 5
IE A H A BRI BRI 1 4P ERRy .CREBH W 2 [
Fik /K K PGCla, TORC2 Y mRNA 2 ik /K -3 i 2
ThiEs  $278 T2DM FEAY/INGUITIE ERRy/CREBH {5 53 #%
BRG] A, GLTF 4557 /e 41/ U4 2L
3R R 2 T B mRNA A 7K1 I 3 BEAR, 4R
GLTF ] GEil L 1 i) ERRy/CREBH {75 53 i A1 il JFE ATk
BRI A PR RE VR T

25 BT , GLTF RERE MK T2DM BEAY /)N B 2 1 1
W I e 5 ZEOKF- B ISTAH, JF AR IR I 414U AR A
JE PRS2 TR 2H 2 v g 5 S AR s RE TR R I
ERRy .CREBH (14 143k 2 PGCla . TORC2 /) mRNA
Feik. XN GLTF %t T2DM AR/ N B B AR P AL
AT g5 IR FIE ERRY/CREBH {5 53 4 6
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