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(BE) B WEEH % 2 545 (type 2 diabetes mellitus, T2DM) K F. 8 B 1 B X 7 8 B % #% % (phosphoenolpyruvate
carboxykinase, PEPCK) . #] %7 # -6k B B (glucose—6—phosphatase, G6Pase) i & 71 %t B ¥ —a(tumor necrosis factor—o, TNF-t) | &
24 oA % -6 (interleukin-6,11-6) .C— 5 ii & 1 (C—reactive protein, CRP)#1 i B % (adiponectin, APN) % 5 HF i 4 5 £ M % 45 47 09 &
e, MR JE AR S A fA JE AR T 3 0 o0 MR AR AL AL, O B 8 A e R B SRR R AR, FiE 60 R Wistar A AL h = B4 10 R
AraE M4 50 R, A 41R ] E b e T DR B B IR 4T/ B 4% IR T & (streptozotocin, STZ)#] 4 T2DM K BB AL 44 & 4 i 2
40 R AN A EA Y FHBA —FRXMARKASBETHA,EA10R, BUALTHL Y EEEETLH6RAE, 28054
b4 A B 31 2% B 1 % (fasting blood glucose, FBG);ELISA # il i1 7% TNF-a IL-6 .CRP %7 APN 4 & ;RT—qPCR # il PEPCK #2
G6Pase % F (mRNA) % i ; % 9% 41 {4 Il PEPCK 7 G6Pase % 1 %3k %R 5 2 G4 i B A 4 K K FBG B % 7t & (P<0.01); 1L
7 TNF- IL-6 .CRP & F EF+ APN &K T (P<001); i 41 4 PEPCK G6Pase mRNA K % 1k 15 33 i (P<0.01), 5 A 41 o de , 2
T A = B A R K A 59T 4 FBG & % K (P<0.01) ; Mz % TNF-a IL-6 ,CRP & *F T ¥ ,APN & F E F (P<0.05) ; if 41 4
PEPCK .G6Pase mRNA & 1 % 1k #  (P<O01); FLEK & 657 418 5 303 41 b L 30 R B AL (P<005)., 458 3 %9 4 1K T2DM A
BLFBG A-F, HAERHA T 5 T8 T2DM A Bt TNF-o 116 CRP AP F1 £ APN AF, #m fF4 4 PEPCK G6Pase mRNA
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Effects of Yam Gruel on Hepatic Gluconeogenesis of Type 2 Diabetic Rats
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(Abstract] Objective To observe the effects of yam gruel on phosphoenolpyruvate carboxykinase (PEPCK), glucose-6-
phosphatase (G6Pase), tumor necrosis factor—a (INF-w), interleukin-6 (IL.-6), C-reactive protein (CRP), adiponectin (APN) and other
indicators related to hepatic gluconeogenesis in rats with type 2 diabetes (T2DM), and to explore the hypoglycemic mechanism of
yam gruel from the perspective of hepatic gluconeogenesis, so as to provide a scientific basis for the clinical application of
yam gruel. Methods 60 Wistar rats were randomly divided into the control group (2=10) and model groups (n=50). Rats in model groups

were fed with high—sugar/high —fat diet, and combined with an intraperitoneal injection of low—dose streptozotocin (STZ) to
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induce T2DM rats model. T2DM rats were selected and randomly divided into the model group, the yam gruel group,
the metformin group, and the combined treatment group. Ten rats in each group. After 6 weeks of continuous gavage of the
corresponding drug in each group, an automatic biochemical analyzer was used to detect fasting blood glucose (FBG) levels.
ELISA kits were used to detect the concentrations of serum TNF-a, [L-6, CRP and APN. The mRNA expressions of PEPCK
and G6Pase were detected by RT-qPCR. The protein expressions of PEPCK and G6Pase were detected by immunohistochemical.
Results Compared with the control group, the FBG levels in the model group were significantly increased (P<0.01), the serum
levels of TNF-a, IL-6 and CRP were increased while the serum levels of APN were decreased in the model group (P<0.01),
both mRNA and protein levels of PEPCK and G6Pase in the liver tissues were significantly elevated in the model group (P<0.01).
Compared with the model group, the FBG levels were significantly decreased in the yam gruel group, the metformin group and
the combined treatment group (P<0.01), the serum levels of TNF-a, IL-6 and CRP were decreased, while the serum levels of
APN were increased in the yam gruel group, the metformin group and the combined treatment group (P<0.05), both mRNA
and protein levels of PEPCK and G6Pase in the liver tissues were significantly decreased in the yam gruel group,
the metformin group and the combined treatment group (P<0.01). And the combined treatment group showed better efficacy
than the yam gruel group (P<0.01). Conclusion Yam gruel has an effect on lowering FBG in T2DM rats, and its mechanism may be
related to the down-regulation of serum TNF-a, IL-6, CRP, and the up-regulation of APN levels in T2DM rats, and then
reducing the expressions of mRNA and protein levels of PEPCK and G6pase to inhibit excessive hepatic gluconeogenesis.

(Keywords) type 2 diabetes; hepatic gluconeogenesis; yam gruel; fasting blood glucose
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{¢ , Horr 2 BB (type 2 diabetes mellitus, T2DM)
JiF ki B o 90912, T2DM K93 3 i85, I A4 22 1
0 R HE B 2 R DU B 28 U S AH A R 4
SRS, R LS T2DM 2 04 B Al H
HR T B S A 49 o G R A R O, B SOk
FIE , T2DM B85 K A5 R 5y 49y K D % i A 7 JiT U 3o
JE AR S A28 N MM S 2B e O BRI TR
SRR, S EBCFBG Tk o AT, W A
(A2 A 55 T S A B DD AR OGP, 78 T2DM B &
BEALS Y W 4 A AR 6E 5 R B a0 R 1R T
F IR BE R F—o(tumor necrosis factor—o, TNF—at) |
1 4 A 2 -6 (interleukin—6, 11.-6) .C—JZ V£ 11 (C—
reactive protein, CRP)SEREIH NN, i3 PI3KAktFoxO1
o AMPK i 1% . # fie U5 5% 5 /5 OC i PEPCK. Al
GOPase HYFIA (i T A S A0 48 im0 n WL M
TE BERE 9 £ B2 T SUSFIEEARE S A2 6 18k T2DM Biiif i
BT KL

TR 2 i T TR R 2 R Y T R e R 1
[Fi) A2 2 PR 5 B e oy T A SRR A I PR 2
JERRRIRI IR T, BA BRI RE AL, &
UK KB 2T 2 (R 2 P S0 ) h i 2 24 i

J5 U UREZH A A R B 0 R A8 4R 2F T2DM
AR K R i 18 P BB AT A AR 3 e
JIg Wi B (short—chain fatty acids, SCFAs) )& &, F#
ARG i AR A AP B R B R L AN TE A . A
FUAE AT T S Al L, WL F505 X T2DM K BT
JUE W 5 £E G i (PEPCK . G6Pase ) mRNA | 2 H &
TNF-a IL-6 .CRP gk % (adiponectin, APN) Fll z3
[ 111K (fasting blood glucose, FBG)® 52, it —
G347 FCBERE AL, Ay S 0 1 I R N P B A T 4 it
P2 AR

1 ¥ 57F*E

1.1 S5 sh¥)

i B M Wistar KB 60 H, SPF 2%, K i &
(150£10) g, F1 b9 3 35 5 52 56 3 W0 A7 BR 3¢ 41 24
] 3R T A B 2 KA S5 B ) b0 VR TR
5 :SYXK ([ )2014-0005], 558 5 H, & H 22 &l
12 h, &0 (25+2) C 98 REF 55%+5% ., 5 38 1]
b b A At R 24 K 2 g i S e b BRI IR R R
TEEH(BC T W F 2 10.0% 5610 15.0% FERE 4% 0 [ B |
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HE R 2 R AE 2 2 B R R A S R
FH B A P L 245 1 e — U ) K R KR 4 AR
1. STZ(3EH Sigma 22 7)) s FFATR Ay o ([ 2y
%1&%1&*%5&/\31)-*Fﬂﬁ:EﬁmﬂJ&(*jﬂ%ﬂ%
i 5% 52 1 2545 BR A & ) ; PEPCK Hi4& (Immunoway 2%
i) ; G6Pase P& (Sabbiotech 23 ) ; DNA 2 B izt 7
&, TNF-a IL-6 .CRP APN F§ B¢ G it & (b
BERHE R AR B H R A
1.3 T2
JUBH 2 Jy fig kL BEAL (JUPH 0 A BR 22 A ) 5
AUS811 42 B 3 AE AL 3 Hr A (3 [ DL 5 & 4 W) ) 5 i
IKHL RIS Ry B 57 B A BR2S A) ) 5 i 300 A AL
(TRIIEFE N B Y7 B A FRA H ) s DNA §7 384 (355
E ABI 23wl ) 9% 6 &8 PCR X (WK A F Corbett
23] ) ELX808 Y fiff Bk 4 92 A6 W A (3¢ B BIO-TEK
NI
1.4 TR T
141 ZhWd i s 60 H KBS W M MR 1
JAlJE  BEPLEEH 10 HAE Ry a8 (LA, 457 3 3 1 R i
%;ﬁ%so CUPE SRy T B2, 253 o g v W ) s R
JE AR AR, IR H Y SR L RO R KRR A
i, LA DL 25 mg/kg B9 R I AT 2 IR
19%STZ W (AR 2 d) ;25 1AL IR) 25 I 1 S5 A [
B YRR IR G2 P TS 72 h IS R ER KGR L,
PIAERI H 2 %X FBG=11.1 mmol/L & T2DM K Fil i #%
FR e,
AT AL 40 H, s 80%, 1 5
I A K B AR AR 8 35 5 — YK FBG A (1 3 1K 2E 17 4
5 R BB R LA B2 S HUR AL
T U AR BB T A B 10 H
142 EHHmmiles SR(EEEhSRE)hE
905 10 1 4 T 1, OF- 45 G B R 98 A S
skt R HHC AR M2 150 g, R 125 ¢,
YIA OAKEERHL, sk 50 mL T 80HT,250 mL ik
A KEBE 30 s J5FESCK AW S RN 30 s,
U IR/ QB U L N[5 TR e s O ) =
250 mL, EHIKE R 0.5 o/mL, B = 37 CEH,
143 Tk T HUbE 4K R DL 1A
BHESR, R POK, B HE L ORER 1 IR H

SRehti6 R, S A MR 4 T AE IR KES
HHURA G T EBRMEE , AU 457 = 3L
W25 B IR T AL 4h T B0R 5 — HOBUINR
HYHEE HEF RN 15 ml/(kg-d), Hb KRR
XU 25 25 432 8 100 mg/ (kg - d) HHAA08,
1.5 brRAsREE

HH 6 ARG, KA ALK 12 h,2%)%
U L 22 0 3 SRR T, P 25 SR I 6 i B 4% 21
KM F sk 10 mL, — 34 88 41 F FBG 4
W, — 03 850 J5 Bl G F-80 CARAE, T TNF-a,
IL-6 .CRP APN Al , M ifit f , 782 HH G i TR T) i
FR B, BUIFBE 4140 100~200 mg, ] 4 CHER 2%
PR K R UE 3, TC IR AR TS, — 13 AU
FRiciy 1.5 mL EP 4, AR A P BRI 8 2
-80 CUKFEIRAE, 1T PEPCK ,G6Pase mRNA £l ;
— Oy E T 4% 2 KPR, T PEPCK G6Pase &
FRE I
1.6 FEARAI
1.6.1 PEPCK .G6Pase mRNA Kiilll RT-qPCR ¥
I AT 20 23 b PEPCK .G6Pase mRNA ) A % 3¢ 1k

it =80 CUKA B VR A7 1) I IIE 20 40 5 it )
HRAE RNA $2 B & UL JR IR AS B RNA, JE X
FLAEAT R B RN 40 AT #E NCBT 25080 i 9 A 48
K PEPCK mRNA J¥%1 fl G6Pase mRNA J¥%] ,iz
FH Primer Premier 5.0 #& 1 H 45 3 K AN = 5L H 1Y)
K PEBI ), Oligo 6.0 Ky 10 H AR S 1 514 v 51 WL
F 1M B2 i S iR & BT A B eDNA 55— 4k
KA 7500 52 AT %% 2 & PCR R 4817 & 1 PCR
B4 35 ARSI, RT—qPCR R B 454 4n T .94 CHiAR
P£ 30 5,94 CAEMES 5,60 CiR KIEfH 34 5,3 40
MG, JCEESFEAR K GAPDH CT fH, R 27420

TIETH R AR Rk
xz1 519F5
519 sl
PEPCK-F 5-TCGGACACTACCTGGAACAC-3"
PEPCK-R 5-TCCTGGTTGACTTGCTCTGT-3"
Gobpase-F 5-TGGTTACTTCTACTCTCGCTATCTT-3"
G6pase-R 5-TCTGGAGGCTGGCATTGTA-3"
GAPDH-F 5-~ACGGCAAGTTCAACGGCACAG-3-
GAPDH-R 5-GAAGACGCCAGTAGACTCCACGAC-3"
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1.6.2 PEPCK G6Pase #& IR 4 28 Ak A i i
IEL1 21 PEPCK \G6Pase 2 [ FHXF ik ik, #AE
IR ELRUNE A IE A L 2 4% % B HEE [ G —
LI ) )R KPR s R (Fr s
MR IE 16 2 il pH 6.0, 5 JE B S 2 min)—FH
T PN U o A (3% ik SR A U TR, I
JEIEE 25 min)— ILTE £ ] (3% BSA, 2 i & 1]
30 min)—Jill—#HL(PEPCK Hl G6Pase [Hi ¢ LLBII35 4
1:100,4 CH# & 1 %) — i — 5t (HRP #3ic , % i 07
A 50 min)—DAB (% (FHH: A7 B 0)— 52 GL 41 g
B (R ARRE Y 3 min)—BiKE F—RERBGIFH
Image-Pro Plus 6.0 FCEFFEAT 4047, 7155 B 1 40 i 3=
1.6.3 TNF-a.IL-6 CRP APN #{ll 2 M8 ELISA
PR A UL AT SR 4 Sl R AR T 45 2 R BRI
5 1 TNF-a  IL-6 ,CRP (APN ¥ &t
1.6.4 FBG &l R F 4 H 8 2E 464 B {0 45 21
K FBG 7K,
1.7 it ahr

KM SPSS 25.0 et~ F AT 0B, LA “xs”
FORTH R VEREEA . Z AN AR B A A RS Sy
i R U 2y 220007, 0E— 5 W LU AR, 2557
KM LSD #5: , J5 22455 K ] Dunnett’s T3 %00 A
FEG IR R ARG 56 A5 30 15 5 2 P<0.05 2
A G L,

2 R

2.1 KRB Befs O b A

TEAR S % e g 2 id fe b, A A KRB B A A

W G, HETE S IE R oAl & 4R BUA TR I
KEPIZREE  H F TS BRIEEL R AR
ROK ek B bR /2 A HE 4 0 2 B
22 HKHKHK FBG L

HEH 6 G, 525 AU i, BRL 4K R FBG
BETHE (P<0.01); 5HAI A e Ewilsal . —
UL G A 367 4K B FBG i 3% P& 41K (P<0.01) 5
HEREIRIT ALK BR FBG %5 25 75 985 21 B3 AR B o 1] db
(P<0.01), W% 2,

R 2 BHEKR FBG L& (x+s,n=10)
2151 FBG/(mmol - L")

25 141 5.10£0.59
LT 4] 21.95+2.33%%*
BRI 12.88+1.45%
ORI 11.55+0.86"
AR A 9.43+0.95%44
F 1 201.893
PAH 0.000

52 FAL L, *4P<0.01; SR AL LR, ¥P<0.01; 5 B B 4l
I #, 24P<0.01

2.3 A KR TNF-a 1L-6 .CRP APN L3
HEH 6 AR, 525 A4t BRI K R
TNF-a IL-6 ,CRP /K- .35 |- 7+ (P<0.01) ,APN 7K-F-
BT ST B (P<0.01) S RE R LA S pioki 41,
XA FIR 536 97 4 K R TNF-o IL-6 ,CRP
IK A REAR, R I APN /K SF- 8% T+ 5 (P<0.05) ; H.
KA VA T 20 A S ok 20 SO B (P<0.05) o DL
%3,
2.4 FHAKBHIFAL PEPCK .G6Pase mRNA H.4%
HEHE 6 FJE, 555 AU iR, BRI R BUF4

#3 FHKRRBMF TNF-a [L-6 ,CRP APN bLE (v+5,n=10)

251 TNF-a/(pg-mL™) IL-6/(pg-mL™) CRP/(pg-mL™) APN/(ng-mL™)
4l 18.76+2.26 15.52+2.23 5.010.79 7.87+0.88
IR 27.38+5.33%% 26.03+3.04#% 7.44+0.44%% 5.50+1.27%%

EHW Ul 23.91+2.77" 22.31+3.68" 6.71+0.22% 6.89+1.33
TR AL 23.50+3.71" 22.75+2.83" 6.56+0.22" 6.73+1.28"
e gl 19.85:+3.45"% 18.55+1.51%44 5.60+0.53%44 8.07+1.12%4

FAH 8.898 21.695 38.472 7.480

PH 0.000 0.000 0.000 0.000

TE 52 AL HHE, #+P<0.01 5 52 L #E L *P<0.05,%P<0.01 5 5 35 B 4 L 85, P<0.05, #4P<0.01
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PEPCK ,G6Pase mRNA £ik/K V% FF+(P<0.01);
SRRV LA B sk A H SUNCA RN BB T A
KB40 40 PEPCK .G6Pase mRNA % ik 7K 3F ¥ %
R (P<001); HIK G — H U2 KL PEPCK
G6Pase mRNA A 7K 150 58 754 20 BEAIK (P<0.01) .
W3 4,

xR 4 BAHKRIFAHEL PEPCK,.G6Pase mRNA Lb % (x+5,n=10)

415 PEPCK mRNA G6Pase mRNA
ek 1.04+0.05 0.96+0.08
R 2 6.36:0.34%* 7.08+0.25%*

EHURH 4.61+0.18" 5.20+0.13*
= XUAR 2.82+0.17%4% 4.54+0.16%%
AT 2.26+0.48%44 3.31=1.01%42

F 528.411 228.637

PAH 0.000 0.000

52 FH L, #4P<0.01; GBI T EE,#P<0.01; 5 5 Bk 41

HAE, 24P<0.01
2.5 HAKFBHFHL PEPCK G6Pase [ HL#4

HEE 6 G, 575 A R, B2 K U140

PEPCK ,G6Pase #& [ #3i5/K V- i 3% L F+(P<0.01) ;
SRRV L B ok A L H SUNCA R BB 97 4
K ERHF4141 PEPCK ,G6Pase & 17615k F 3% T %
(P<0.01); HEE G IR YT 4 K B PEPCK ,G6Pase 75 [
PRI E BRI AR (P<0.05), WR S5, 1,

3 iFie

RIER NS5 T T2DM K H I RGEH) & 4 R R
R 2016 4E B —T0 RS EN R, TNF-o L~
6 .CRP /K F 19 5% Th e M APN 7K - 4 S 4 Ui /> m]
HAh0 T2DM % A 1 RURS: o A S 56 45 S R, B UK

AR
B 1 &AKRIFELSR PEPCK,G6Pase T H RIE L& (4l 1k, x400)

HHURA

K5 HHKRIFALR PEPCK,G6Pase T B Eb % (x+s5,n=10)

2051 PEPCK G6Pase
25 (41 42.99+4.05 41.50+3.58
75 21 74.98+5.59% 71.3125.17%%
HHRA 66.73+1.64" 63.90+2.20%
AR 63.99+2.65% 63.49+2.68"
AT A 60.28+4.92%" 57.99+3.74%45
FA1H 51.409 57.298
PIE 0.000 0.000

W5 A A, #*¥P<0.01; S AT A] LA, #P<0.01; 5 Z Hk 4l
H#,24P<0.01

1) i 6 % B AIL T2DM K UL TNF-a  IL-6 .CRP
KA, ThE APN ZKF- 9 B = B SUIR 24 ) Bk
FHBT R T A S 0K R e M 2 I T AL R — R
AR, PR AT S0 K 2 T o E e
L 24 F F50E A 8 9 M 3 R R AR R . 4 A T AR
W ¥ SCFAs © 94 ik 5 fE % 98 20 TNF —o IL-6 ,
CRP S5 RAEF I BRI, 5380, 35 b S5 i Rt
B B, E R OSUIC AN BT e i Y S A L b
Fo g AR BR YT 6 JH i E fE T T2DM A LA
APN YR . A UL S 08 R g o 8 1 B i 25 2k
W2 5 5 0E RN W 28 il B, R A B ST R,
= OBUIRBE > R R F TNF-a T1L-6 B9 63K, 7F
—EFEE BRI AE I R Bk 5 X
R4S & 1o B, B0 98 A FH 2 — 25 i s i L 52
F¢ 4 I R T2DM AR & 76 IR 25 1 S iy 1 Bh &2 0
B IX — L BRAF O

JHF PR S5 A 2 WL 2 R ) B T R 2 Y L
() R UR (HRAE T2DM 2855 BAS BL T , I bE 57
A B R OBR VR BE T 5 L T PEPCK #ll G6Pase J& I IE

U AR U
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WS AE Y 2 A SCHE M FR S AT PEPCK Hl G6Pase it
Ji A 2 i I JUE R S 2 01 3R bR AR 3 S 4
f1h i R R AR SO R s S ) T TR
F FARIT 4141 PEPCK ,G6Pase FY %L PR 8 1 345 7K
-, ELC A SUNR 24 49y T 5 B AV B 9 . 3 7 i
Wal eSS~k 7 T2DM K B TNF-o IL-6 ,CRP
KFFIEJE APN ZKSFA5 56, ATREALIE"Y, (1)TNF-a |
IL-6 .CRP 55 R MEH 7 By 34 fn2x T4 IRS (5 55 =
B, I PI3K A Akt B @R 1k, iF— BRI Fox-
01 & H 8RR ALK F-, i 38 PEPCK F1G6Pase 1)
Rk, S BUF ML BB 4. (2)TNF-o IL-6 .
CRP 7KF EJH#1 APN 7KF-F B 24 ml Al AMPK %
P, JET 3G i PEPCK I G6Pase %3k &t fiff JIF JE b
SAE RGO 2018 AF I — T S P F 5T Kk B 2 A
Wy ] RE 3 gk 2 ik 98 RE I e I S A4 S 34 o £
FHo T2DM F % FH 254 — W XU L300 ai S A S
A Sy HC SR BRI 12 0K e 24 A A R
L 22 25 T, 24 5 R SUNREER & 3397 I, 4 DI ] 48
s A ) P AU 3o 3 R U BE D

FEA% FBG J& T2DM 1Y FZRYT HbRZ —, AL
g R oR  EHR T W6 JA BN A %A FBG,
K 5 JE RO RS URT S A A — B, EE AL —
Wk L 245 28 o T, L 24 B A% 24 3R 43 A 1A AR
S TR IZ B S ST S R B, 1 25 4
Yy HUE AT LA 60 mg/kg W7 B ST 8 A g g
B 68 B AIC T2DM. H 500 &5 i i — T, ooy 7
Bl 5 T 18 PEPCK G6Pase I1) 3 PH ik /K V-4 %,
LEE TSy 1L 245 LLFF R 5 A O A R S R
VERISRAE T AT R . bR SE I S H S 00K v 7
PR A B I B B 4 8 KB HOE B B8
5 mL(F A2 2.5 @) BI A R 3 PEPCK . G6Pase
B MR BARFBG KV, T Rg Ak 5 9510k 42
AR 1L 24 P i Z2 R G, 2R A3 22 8] A 7 AR A
RS B RO A7 5 F 4 J5 40 BT 35 3906 1 A AU
gy Mk — L5, HOBUIRAE R i6 5 T2DM 1 —
L 25, Wk BLRE A8 i T 98 PEPCK Hl G6Pase
23k, BEAR AT, LU AR B8R 4
I 3ok S 26 B TR A FBG, S5 B 5 — F UK

4950 JFF FUE Ao 85 S5 A LA 4 R 306 (8 D fe
FBG T R B T i &

L5 L RTIR AR SRR TR /N e N
T 6 JH BRIl A 24 R Ik T2DM K B FBG 7J<¥,#H
A W AL 0T BB 5 T U T2DM K B 7 TNF -
IL-6 .CRP /K-F-#1 L3 APN 7K, 1 o /b i 2H 21
PEPCK .G6Pase (1L PR FIE 13234, 300 H-EHE 5 A=
K [ R B RS BN, ) T bp e 1
s HFEBEAE F A7 6 I PR T2DM A8 33 76 il H — H W
T4 e A 24 0 6 Al B £ S 95 08 1) S R 0
Ay 5 0 B A A I DA P 5 T R T SR A A

S % CHk
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