5529 %45 10 1] FEXRAFFERE Vol. 29,No. 10
202345 H Chinese Journal of Experimental Traditional Medical Formulae May,2023

e VA BTG T X6k 2 U PR A & 1 AE 10 K P B 5 PR s
MKR /) S IR A 1 52 i

E—a, G55, BRE, GET, wr
(P EZHKXFE, kiF 410208)
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Effect of Zuogui Jiangtang Qinggan Prescription on Glucose and Lipid Metabolism in
MKR Mice with Type 2 Diabetes Mellitus and Non-alcoholic Fatty Liver Disease
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[Abstract] Objective: To investigate the mechanism of Zuogui Jiangtang Qinggan prescription (ZJQP)
in improving glucose and lipid metabolism in loss of skeletalmuscle-specific insulin-like growth factor-1 receptor

function (MKR) mice with type 2 diabetes mellitus (T2DM) and non-alcoholic fatty liver disease (NAFLD).
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Method: NAFLD was induced by high-fat diet feeding for 8 weeks in MKR mice, which were randomly
divided into model group, metformin group (0.067 g-kg') , and ZJQP high and low-dose groups (14.8,
7.4 g-kg'). Ten FVB mice of the same age were used as the normal group. After 8 weeks of drug treatment, the
oral glucose tolerance test (OGTT) was performed, the serum was taken to detect triacylglycerol (TG) and total
cholesterol (TC) , and the wet weight of the mouse liver was weighed. Haematoxylin-eosin (HE) staining and
oil red O staining were performed to assess histopathology of liver. The mRNA expression and protein expression
of Fork head box protein O1 (FoxO1), phosphoenolpyruvate carboxykinase (PEPCK) , glucose-6-phosphatase
(G6Pase) , and apolipoprotein C3 (ApoC-1Il ) in liver tissues were detected by real-time fluorescent quantitative
PCR (Real-time PCR) and Western blot, respectively. Result: As compared with the normal group, the levels
of fasting blood glucose, liver index, serum TG, TC, and OGTT of mice in the model group increased
significantly (P<0.01). As compared with model group, the fasting blood glucose and liver index of the mice in
the metformin group and the ZJQP group decreased significantly (P<0.01), the serum levels of TG and TC in
the high-dose ZJQP group decreased significantly (P<0.05, P<0.01), and the OGTT of mice in the metformin
group and the high-dose ZJQP group improved (P<0.05). In histopathology, as compared with the normal
group, mice in the model group showed decreased lipid droplets and vacuoles in hepatocytes, and their volumes
became larger. Compared with the model group, the ZJQP group and metformin group showed that the lipid
droplets in liver tissues were reduced, the vacuoles in liver cells were reduced, and the volume was smaller. At
the molecular level, as compared with the normal group, the mRNA and protein levels of FoxO1, PEPCK,
G6Pase, and ApoC-1ll in liver tissues of mice in the model group were significantly up-regulated (P<0.01). As
compared with the model group, the mRNA and protein levels of FoxO1, PEPCK, G6Pase, and ApoC-1I in the
ZJQP group was significantly decreased (P<0.01). Conclusion: ZJQP can improve the glucose and lipid
metabolism of T2DM with NAFLD and repair the pathological damage of liver, which may be through
regulating the expression of FoxO1l, PEPCK, G6Pase, ApoC- Il -related proteins in liver tissues to achieve the
effects of regulating lipid, lowering glucose, and delaying hepatic steatosis.

[Keywords] Zuogui Jiangtang Qinggan prescription; MKR mice; type 2 diabetes mellitus; non-
alcoholic fatty liver disease; glucose and lipid metabolism
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M ZE VA, DA B BA B 5% S 48 51, & 9 L 0 T 2% A< T
i A7 B 2 555, 5 30 4 S 50 A 5T K B2 A A I T O
il S 5 o B A e S 3R R AT 4 A B 7 A
PES Z 0 R E T R IT R LR
ifF 95 & B XS HE 2K 11 O1(FoxO1) /i R s I =X 7A T
1% ¥2 P I (PEPCK ) /4] %4 ¥ 6 5 2 i (G6Pase) 2
() 2% 151 B0 AT LASE i) I f 7K 7 R B FoxO1 M RE

1020 IR VR S G A U] I BB O A SR B o — 2
PR 72 U9 [ 8 375 BT 97 %F MKR /)y BRUFF 41 21 FoxO1 .
PEPCK .G6Pase . ApoC- Ill &3k 1 5 Wi, LA 43 B Hiek
S5 W5 Mg A8 09 AL 2E TR IR K 18 R T2DM & I
NAFLD (1% #1157 4> T ) 52 30 52 .

1 ##

1.1 ¥ Ksh Wk SPF 4 5 UL 50 1B %
FRAERKKMF-1Z kDR s gk (MKR) /MR 40 2,
S U 9 S A 5 e B DR O F 5 0 5
A TE ) e T R 2 K A 5L G B ) bl SPF R T
T 3% [ 52 9% B4 ff 4T AT IR 5 SYXK () 2019-
0009 ], 4 H AR BE 2o ny AN TS5 W %8 . SPF
ZLFVB/NEL 10 2,6 J %, W B b 5t 48 B AR Wy RHE
JBEA A7 BR A W) S5 2l W A 7 G R IE S SCXK(5t)
2019-0008 . FIr 43 3 ¥ ¥ 48 35 46 12 h/12 h W 1% 22 8
(AR AE I B0 R, 78 IR (22+2) °C, M4 IR B (50+
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10)% i 53 i i 3% . BT A 2l ) 552 56 140 4R 4 91 mig
B 24 K2 S 06 Sl 4 B BRI A 3 R PROAT , TR R
e 24 K 2% 5 — i ) I B 5 40 30 ) 40 B 25 1 S ik
(#LHES ZYFY20201229) .,

FVB /)5 8 Ji # /i 19 MKR /) B 7 L5
TR 35 5 8 R IS 19 MKR /N RS T L 5 i 1 ek 4]
F5 ot I DRE (X 3 4R 15% F 3, 1% AH [ )
TLI3 A8 Y A= A BRA WL L )5 4w 6% 1019004
1.2 9P Rl & A VAREMEE I (A # 12 g,
WE18 g 212 g IR 12 g WiE6 g 129 g,
PR 1S g BB4 9 g MR 9 ) T 151 i v 15 2 K24
— B & B BE WA A, T H 0 R S 2 R 2 o B R B
TR HAZ Y2 A7 A 2020 4F R (R AR N R 3L R 24
MY R AE , FR R R 2 R AR 2 AR B T R M AR 2 AR
R 0.75 gemL (KK = 4]) . 1.5 g¢mL"' (&
Rl dl) o AR R = B OB 25 1 Vg it Bt 5 25 A
BN ), 41 U 325 20023370, #LK 500 mg/H) , i %4
W W (W R W 25 A RA A, B2
H20058338, #L#% 1 g/2 mL) , 74 25 2 iy [ W 5 b I
R — R E R 1122 25 17 .

1.3 KA M E(=HEED LA HS
23929316) ; & A [E B (TC) H 0 =R (TG) ik 7 &
(g o g AW TR 5T T, 155 40 0 o AT11-1-1
A110-1-1) 5 I E T A BR 11 (1g) G . ApoC- T 47T
& (FoxO1 Hi & . #% iR 1k (p) -FoxO1 HT /& . PCK1 $it
& . G6Pase HL ik . N2 B-l sl & H (B-actin) HL AR (R
DT 1% v A MR A R W) 165 43 5 o AS014
PA5-116572. AF301660. AP0172. A2036, A21168.,
AC026) ; 4 41 RNA SR EGR ) & 5 R B A
fiti 5% =X ;2 W (RT-PCR) Easy™ | 52 i} 9% )¢ & & PCR
(Real-time PCR) Easy™-SYBR Green [ ( il #B 4% Fr
A AR A R A AL S 4> 38 RE 03011, RT-
02021.QP01014),
1.4 X% GA3 MM AL (=AY A FE ),
5418R/5702R B iy 3 ¥ ¥k 250 ML (I m AN S 3 =
I E8TF %A BR S W) ) EnSpire2300 % 22 3y B Bl b5 43
MrAX Gy PerkinElmer 23 &) ; YP1002N AU #, 1K
o E A R AL A R A ) ) CFX96 Y Real-
time PCR 1% ( 3% [ Bio-Rad 24 7 ) ; YD-315 &I 4J] A #L
(AT 4 4R 4 06 #5541 ) s BA210T B 18 i3 e (52 1)
Motic A 1] ) ; DY Y-6C %l H1 yik fL .DYCZ-40D 4 %% i
A A —EWRHECABRA ) .
2 Ak
21 PNERER U RS
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10 H . T2DM 45 Jf NAFLD #i R 20 (BRI 4H ) —
WUIRAL(6.7x107 g-kg™) 2 VA FEMETE T 7 = AR
4 (14.8.7.4 g-kg'). [F#H FVB/NR 10 HAE R IE &
Ho HFHDH G TN YRS 8 . IEHH .
T2DM 4 I NAFLD #% #4 21 3 Az 55 /R L2818 K .
JEL R BN LA BT 4

22 MEACRE WA —REESREEE ALK
BB, 2Tk IR /DN B 478 Bk HR R T R AIE B m. , 4 °C |
3000 r-min” .0 10 min( 50242 6 cm) 4R UM -
Fok BRI IS, O S8 8 IR 2O R L R AT
Fris B4,

2.3 KU bR

2.3.1 A5 HE IBE KB R (OGTT) MM )i — Ik
HEH SR AR A K (12 h) B R i, FH R
RIS 75 25 W Bl S R H/N B 20%
ZBE 10 mL-kg", JF 43 5 THE H 30.60.120 min J5 &
1S A AT B It 0 A OB L 2 W R ORI AR
1AL (AUG) .

2.3.2 EfkdEtr RN IMNIE#H1T TG . TC R £ .
Foe a0 U B B R VR R AT R

233 JFMEH LB ML HFARER - (HE) 3
 : HUAS 4 /0N BB 43 JF T 41 27 22 5% FP R 1 22 24 h )5
J K, B A S 3R Al 20 Y R, R R e e R
UL TR B K 2R IROK R VRS 4T HE Je o, v
PERSIE R, TG BB %

THEL O Yo, LA A 40 IF A 8VE T /N i
VKRR Y] 7, Z8 1 /K B s T2 O QLM e £5, 70% &
WAy Ak s I K R Y, ZE A8 K i vk, W 1R £ 9% vh
(PBS)iR % ; 2% vh H i B A, Tl BB g .
2.3.4 Real-time PCR £l AT I 41 21 mRNA 7K °F-

JHE RNA 42 B0 2 B IE 20 20 RNA, R H]
e S PCR D k| MR 4l 3 % St 171 6 100 W) 43 36 7 it
RNA, 15 %] cDNA, F LA cDNA M4 547 58 H /Y
SEH . RNARFR R 20 pL, 15 RN 45 195 °C T AR
£ 3 min, 95 °CAE M 15 5,60 °CiE k 20 s, 7 2 40 7K .
e 2R DL 22 ik TSR AR X A i . DA NCBI M 3 48
F LT HF mRNA JF 41,38 F Prime 5.0 8 ¢F 33151
Yy, Bk LZ 1,

2.3.5 HEHREEEIL L (Western blot) K il /) BT
MEAZUE HRE BUFIEA SR AR B E AR
P e 4R AR AL ERE 10 L, LIRSS SRS
TR B R A 9 £ B, £ P 10 min, TBST ¥ %
3 ¥, il A FoxO1(1:1 000) ., PEPCK (1:2 000) .
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Table 1 Primer sequences 24 Sty BUEM LY £ s#EIN, R A SPSS
i FAL(S-2) KIEPD 5.0 AR AL B B ST AT L 2 AL RV R
FoxOl1 L TTTCGTCCTCGAACCAGCTC 107 f?{a\ﬂf,j}ﬁ‘?ﬁ \ﬁﬁf?@éfﬁiﬁﬁ%ﬁ*ﬁﬂ:ﬁ
P TACACCAGGGANTGCACGTC 7 4L H i s 75 7 W5 S 0 22 5% 1 U5 F Dunnett 73
PEPCK L TGGAAGGTCGAATGTGTGGG 203 *ﬁ%;P<0.05 %%%ﬁ‘ﬂ‘ﬁ%i+%%?Xo
T it CAGTAAACACCCCCATCGCT 3 &R
G6Pase I J# CCGGATCTACCTTGCTGCTC 105 3.1 /B 2SO i ﬁg HFBEFS B L OGTT 1 52 i
N if GCATTGTAGATGCCCCGGAT YR S SR 4 R L R A — U 4
ApoC-1I % GTCCGATATAGCTGTGGTGGC 131 &EUH Ig%‘%;{%‘{jﬁam:ﬁ% \{&%ﬂ%éﬁ%ﬂgmﬁﬁ—%i bﬂ
i CTGGAGTTGGTTGGTCCTCA (P<0.01) ,{H %% 20 [] 25 16 1B 25 R T 42 8 X
B-actin i GCAGATGTGGATCAGCAAGC 102 {% = %;EE , £ 4 i) ﬁk)ﬁi%%%%ﬁ“%%ﬁ Y., 5

Fi# AGGGTGTAAAACGCAGCTCAG

G6Pase (1:2 000) . ApoC-1I (1: 1 000) . p-FoxO1
(1:2500) .B-actin(1:5 000)—¥T ,4 °CHEF 1 % ,
K TBST VEME 3 W . F A L EHT % 1gG(1:6 000)
90,37 °CHEE 60 min, i ] ECL A2 kG 5 X
B 1 min, 765 & N5 X G20 A B W vh

LI B-actin, FoxO1 %5 [ 3% i & & 1F , F QuantityOne

TE B A1 b A, AR 2 /)N BRURT 8 430 K% 25 T il vl . 3
n(P<0.01) . SHIAIL] R, — W OBUICAL K2 22 VA B
W BT 5 20 1 148 2500 3 B AR (P<0.01) , — HF UMK
G 2 VA B W T Iy i 7 e A S O b B T R
(P<0.01) . #5278 BT L 4 i s o a4 2 T
15, FE 30 min B IfiWE (8 38 B W H . 115 AUC AT 40,
SRR e #, L F RUIRAE K 2 A [ 35 A O s 7
Y AUCE I Z %R (P<0.01) . WLFE2H1E 3,

F2 AAKBEBFEHFAMNEENRERE FEHNTHELBEAIFNE (f£5,n=10)
Table 2 Effect of Zuogui Jiangtang Qinggan prescription on body weight, liver index, fasting blood glucose and AUC of mice in each group

(x+s,n=10)
a1 Wikigkg'  AREERE 24 FNFHEH% ijffﬁ;% 24/?3%3?‘@
EH 4 24.97+2.94 4.61+0.36 4.87+1.01 4.47+1.08
PRI 20 24.94+3.82 7.43+0.62% 16.78+3.56 18.14+4.43%
BN ZH 6.7x107 25.60+4.93 6.28+0.63" 16.27+6.06> 7.74£1.539
e VA B 3 I O A9 k4 14.8 26.21+4.31 5.61+1.14Y 17.93+3.74 12.40+8.01
e VA R 3 I O e ¥ ik 1 7.4 25.56+4.29 4.91+1.05% 17.2543.59” 8.05+3.95
T 5 IE R A AV P<0.05,PP<0.01; 5B R 40 H B > P<0.05,% P<0.01( % 3-% 6 )
x3 EAMBEBERANEANRERENTZI (3xs,n=10)
Table 3 Effect of Zuogui Jiangtang Qinggan prescription on glucose tolerance of mice in each group (x+s,7=10)
21 5 /g kg 0 min/mmol'L" 30 min/mmol-L" 60 min/mmol-L" 120 min/mmol-L" AUC
W 4.47+1.08 11.71+3.63 7.09£2.07 4.83+1.74 14.71+3.58
FERI 2 18.14+4.43% 23.49+5.46% 20.97+5.39% 15.36+3.70” 39.69+6.96>
U 6.7x10% 7.74£1.53Y 21.15+4.80 16.43+4.48" 10.69+4.29% 30.1846.35"
A VA R T O AR R) ek 4 14.8 12.40+8.01 22.31+4.48 19.46+5.57 14.20+5.35 34.91+6.96
A VA R T O v R ek 4 7.4 8.05+3.95" 20.65+7.11 18.56+4.97 12.84+5.78 31.53+8.02%

3.2 XP/NEIMAR A 52 m 5 0E R A R, A A /)N
L TC. TG 8 % T+ (P<0.01) ; 5B RI4H Mo e, —
OB ZH K A VAL 8 3 JH T v 7)o 4 3% 0T L) B i
WA TC & i (P<0.05,P<0.01) ; SRR 20 #5022

VST 65 % 3 T 7 v ) o 2 0T DA B B R AIE TG & = (P<

0.05). WLzK4,

3.3 X/NERUFAHZUR B AR by 52 HE Je 45

BT T S < A N = W 1 A N L o Y S S o
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x4 ERBEBEBFFANEENMNRTG. TCHEME (3+5,2=10)
Table 4 Effect of Zuogui Jiangtang Qinggan prescription on TG

and TC in mice of each group (x+s,n=10) mmol-L"'
215 ?ﬂJ%l TG TC
/g kg
iEH 1.53£0.08  3.77+0.33
LA 2 1.91£0.24”  5.51+0.65
ZHUBUNRZH 6.7x107  1.81+0.18  4.55+0.66"’
Fe VA REREGE B 5 IR el 14.8 1.80£0.16  5.00+0.22
LAMEREE IO sl 7.4 1.60£0.16”  4.15+0.49"

(x100)

(200) B

A B

5 7R 20 W] DL A0 M A BB K, SR ERL L M R 2
25, 5 R 18 I AR A 5 7 U R 3 I O 2 e
P UL 2L 240 e G 22 2 Dl A, 2 i/ o LIRS 1

HHEAN ORI 2R S N S SN = W i A
ZL YT AR R AL mT DL R A AR, BRI s T2y
W 20 i i o A B E ARAT BT ks, DA UK A ks
T o W, 76 VA B B I O e R B A L ZE VA
¥ T 7710 790 2 2 o ] O 380 2 LA I R 1 T
W2,

C D E

TE:ALIE W2 BRI C. W XSUNRAH ; D. 7 U W AT 7 A 500 k281 5 . 2 U1 g 45 1 e 790k 4L (P 2 D 3 ) )

E1 EEMEESRAMFAARERSHIME (HE)

Fig. 1 Effect of Zuogui Jiangtang Qinggan prescription on pathological morphology of liver tissue (HE)

(x100)

(x200)

B2 AVFMREEFAMFAREHRFENZM (ML0)

Fig. 2 Effect of Zuogui Jiangtang Qinggan prescription on fatty lesions of liver tissue (oil red O)

3.4 X FoxO1l,PEPCK. G6Pase. ApoC- I mRNA
TRV W 525 A4l i, B 4] FoxO1 .
PEPCK . G6Pase . ApoC- ll mRNA % ik /K °F i & IF
1 (P<0.01) ; S BERIAL e #5, — B OUDRZE A 22 U e
I HF )7 5 AR 7441 FoxO1 ,PEPCK .G6Pase . ApoC-
Il mRNA £ 5K FEAG, 22 7 HA G L
(P<0.01), & HAMAZ MK ZER LRI ¥*E L.
UE

3.5 X p-FoxO1,PEPCK ,G6Pase, ApoC-1IIl % 11 %
B 525 [ AR, RN R p-FoxOl .
PEPCK .G6Pase . ApoC- Il {1 2 4 % ik K B & T+
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(P<0.01) ; S5 RERIZH L%, — F UK ZE 0 2 0T 6 il
JF 5 8 57 i 41 RIG R £ 4] p-FoxO1 . PEPCK , ApoC-
I 26 14 2 35 1 B 98 /0 (P<0.05, P<0.01) , — F UK £
VA2 U i W5 3 5 55 39 i 4 G6Pase B [ % 15 B 12
I /b (P<0.05, P<0.01) , 72 9 B W5 35 JF 5 1% 57 =2 41
G6Pase 7 4 ik SRR #5225 LG 5 L.

L6 K 3.
4 ifig

Wt e [ 22 % R e, B e IR AR O U AR
A, RO 2 0 R B AR 1 T T2DM AR S e &
TR IR Ty & IF ZFhOOF RAE . T2DM 3 R &
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x5 EAKEREBEFAXNEZANR FoxO1 . PEPCK.G6Pase . ApoC-Il mRNA FiEKFHEIE (x+s,n=5)
Table. 5 Effect of Zuogui Jiangtang Qinggan prescription on FoxO1, PEPCK, G6Pase, ApoC-Il mRNA expression levels in mice of each

group (x£s,n=5)

215 /g kg FoxO1 PEPCK G6Pase ApoC-1II
EH A 1.01+0.11 1.05+0.24 1.02+0.12 1.10£0.21
H TR 2 1.45+0.08> 2.50+0.35” 1.91+0.38% 2.41+0.32%
T RUIRZH 6.7x102 0.71+0.06" 1.46+0.15" 0.63+0.14" 1.27+0.25%
e A R I O AR k4 14.8 0.64+0.129 1.53+0.31¥ 1.13+0.23% 1.64+0.08"
Je VA R 3 IV e ) e 2 7.4 0.86+0.06* 1.85+0.10% 0.87+0.35% 1.05+0.39%

K6 LVAME¥EFIFANZA/NR p-FoxO1.PEPCK.G6Pase ApoC-Il E A KX

Y8 (x+s,n=5)

Table 6 Effect of Zuogui Jiangtang Qinggan prescription on p-FoxO1, PEPCK, G6Pase, ApoC-Ill protein (x+s,n=5)

2153 Fl /g ke p-FoxO1/FoxO1 PEPCK/B-actin G6Pase/B-actin ApoC-1Ill /3-actin
IEH 4 0.57+0.12 0.84+0.05 0.42+0.02 0.64+0.07
BRI 1.43£0.12% 1.37+0.22% 1.56+0.58” 2.1340.23%
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' Z1rh FoxO1 WY 85 M2tk /K- T B, R mi> 1 e R H

A B 64 D E
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Fig. 3 Electrophoresis of FoxO1, PEPCK, G6Pase and ApoC-1ll

protein in liver tissue of mice in each group
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