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(Abstract] Objective To investigate the effects of Zuogui Jiangtang Qinggan Formula (ZGJTQGF) on the expression of
peroxisome proliferation—activated receptor —y —coactivator la (PGC-1a) and DNA methyltransferase 3A (DNMT3A) in fatty liver

development of transgenic MKR mice with type 2 diabetes mellitus following a high—fat diet. Methods A total of 24 MKR mice
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were randomly divided into control group, high fat model group and ZGJTQGF group. High fat model group and ZGJTQGF group
were fed with high fat diet for eight weeks, and control group was fed with basic diet. After feeding high—fat diet for four weeks, the
Chinese medicine group was treated with Chinese medicine decoction for four weeks, and the other groups were given the same
amount of distilled water. Fasting blood glucose was determined by electrochemical method. The content of triglyceride (TG) and
free fatty acid (FFA) in liver tissue was determined by the kit. HE staining was used to observe the morphological structure and
pathological changes of liver tissue. The mRNA expressions of PGC-la, mitochondrial transcription factor A (TFAM), nuclear
respiratory factor—1 (NRF1), and DNMT3A in mice liver were tested by qRT-PCR, and the protein expressions of PGC-la and
DNMT3A were checked by Western blot and immunohistochemical analysis. Results High —fat diet induced the formation of
nonalcoholic fatty liver in MKR mice. The liver cells had fat droplets of different sizes, which showed fatty changes. Compared with
the control group, the blood glucose, liver index, TG and FFA content of liver tissue in the high—fat model group significantly
increased (P<0.01), the PGC-1a, NRF1, and protein expression of mRNA and PGC-la significantly decreased (P<0.01; the mRNA
and protein expressions of DNMT3A significantly increased (P<0.01). Compared with high—fat model group, ZGJTQGF group had
lower blood glucose, liver index, and TG and FFA content in liver tissues of high—fat diet MKR mice (P<0.01), up-regulated mRNA
expressions of PGC-1a, NRF1, and TFAM in liver and the PGC-1a protein expression (P<0.01), down-regulated mRNA and protein
expressions of DNMT3A (P<0.01). Conclusion ZGJTQGF alleviates hepatic steatosis by regulating the expression of PGC—1a and its

pathway related genes, which may be mediated by inhibiting the expression of DNMT3A and reducing the correlation of PGC-la

DNA methylation.

(Keywords] Zuogui Jiangtang Qinggan Formula; diabetic fatty liver; peroxisome proliferation—activated receptor—y—coacti-

vator la; DNA methyltransferase 3A; Methylation

VTAESR 2 BUMERSA (type 2 diabetes, T2DM) A&
iR B B S 2019 AE B 4.63 10K RN &
# L, EE 1342, A 75%0 T2DM B35 IR AR
TS TE BB 5 1 (non—alcoholic fatty liver, NAFLD),
it — 2L AT 21 2 Ak S S5 s A e,

i AT A 384 B ) TR 2 A —y 380 TR 1
(peroxisomeproliferative activated receptor —y acti-
vation of auxiliary factorlAlpha, PGC—1a)f55 i %
Y2 2 BOBE BRIGVE NG T A B e SRR LR,
1M PGC-la {552 53 DNA AL R B DI
DNA HSEHE RSB G REIR S PGC-1a {751,
I, 43 DNA H L FL B (methyltransferase, DNMT)
Tk, BESE— W PGC- 1o M AR 538 M, ol 3%
W BRI PE I T AT

BRI PERE T I B A i (M5 kg B
FE) PR (B JRZRA) RO BILRR L, 3826 B 4 7 T AR
FE AR TR Ty 1 2 VA RS IO, RERGE RS IR
VN 7 I = W S 0315 SR s H AL 5 R A
WHFE . AT BAT 18 AL 78 5 (R L ] 2 UM IR
i MKR B, A e iR TR SR | B qPL R A MR PR
PR T I A 2B | S B 1 B s S 3 s 2 el
SRR I )T T HUAYT IS AU E PGC-1a,
TFAM NRF1 Fl DNMT3A ik, N5 F /K P45 %
ST AV PGC—Tor B HCAR 5 1 A OG5 R 3%
ik, GERRREDRIRVERR IV I R A R

| B %

1.1 ¥

24 H MKR FUCRTT A2 5l JE R 3 A
FR= ), B 36 B E L AR Be 4R ikl &+
MKR FR, 28 7 SR A8 e Je B0 0 5 AR TS e ot
/NERTE A H S 25 K2 SPF 9 S50 sy v O A 37
TSP 45 . XMBH-202203030004 , 1] 3758 H. 3
B POK B § & 5 IH RIS SPF L g s Y iR o
1.2 ZHFnikF

ZEVAREREG T T B 18 g 12 12 g Bt
B2 ¢ W6 ¢ 1S9 ¢ R 15 g JBAL 12 ¢,
B84 9 g WREE 9 g AR, ¥ AW R P R 25 K2
LGS FF AR K SeRH 30 min, FiHE
HROW/V=1/8 TINIK B 250 KoK A Fi 25 B b i
B 15 min J5BUEWR, WX BLZY TS8R A,
U B2 2.4 g-ml 4 CUKFAC AL .

H Il = B8 (triglyceride, TG) Ji# 25 B8 Wi IR (free
fatty acid, FFA)IE 15 & (st A= W) TAERIESY
JiF, 5 : A110-1-1,A042-1-1) ; SHZH 2L RNASE
BGAFE (S . B511311-0025) J¥FE 857 & (S
B600020-0200) \Taq PCR FiliR ¥ (4it5 . B110006)
PCR 5197340 A A= T4 TFE (L) By A FRAA 7
Z vl : B-WISE I (B-actin) (it I BLARAE W)L



2023 448 43 &

RE H E 2R 224 http://hnzyydxxb.hnucm.edu.cn 2173

RABRAF],#5 . bs—8770R) ; PGC—1a ,DNMT3A |
A D e 0 U A AR & (b T AR
AR B2 AL L5 bs—7535R , bs—23029R |
PV-0023),
1.3 FENEH

16 G JPS RN ; HAS H 37 7150 4
F 3424623 H74% ; BeckmanAllerga 25R 25 3 ¥4 R 55
O HIL 5 2 3 A 0 ] Realplex2 AU7%¢ 6 2 & PCR
15 HAJR R ] DS-U3 B % 245,
14 K44dE

24 2 MKR R, 8 JA AR 4R A4 T i, Rl L
43 Rt BEAH | A 20 2 UE R 3 I (R 2
DAL, B 8 H, R ARBALAL AN 2y 4l /NS LA
RN R R SR R I 15% % 10 (1%
IR ) ML 8 ], T/ INBRBE T, TR Jiob P s 1 i
JH s AL AR AE - 25 IR B = 11.1 mmol/L, /MR
JH B AR NP RE A S 3 B PR A A s
F70%L) F 754 T2DM 49 NAFLD Fo 28 4 i
X BT DR AR SR | R8s Te/NRAET S, SR
TR 3% 4 JER o 2507 4 L A2 I AT I O A 2
2964 g-kg™! T B 25 25 W50 KPR I R FH 2557
i NS SRR AT AR ) X R AN
NEALHIZH DL AR FHZE K E S 0.5 mL/20 ¢, BK 1
B2 4 J] RS EAREEK 12 b /NEURREE
J& BN B IIE | B SO B0 =, 353 ) 8 (S 4
B=I B /AR B 5 x100%)
1.5 FFHELARESFEMNER

BN B IR e KB 1 2% 5 mm A P ZT
10% B TR 1 , A A3 B0 B HE Qe a5
LS AR
1.6  BFRE TG #0 FFA BORE

BUBT S RTIELHZE, T 9 o/L AR FEER K 4 “CHRl
% 10% W FA)% ;3 000 r/min B0 15 min, B E
o AR IR & BRI E TG 1 FFA &5 TG
BRI GPO-PAP 1, bR AR s FFA FH L (3%

Rl (FFA 580 25 1456 T iORB 7 2 1) g 25 T i T
A5, & 5 ARIIR & B UE L)
1.7 qRT-PCR # iU/ R FFH LR PGC-1a TFAM,
NRF1 #1 DNMT3A B mRNA Rix

B A1 /INBURT B I 2 2, I B 2 2L RNA
PREBGRH SR BUS RNA | SR M6 BE
TEHIREE BT g B RNA, Bl A0S S48 £, LA
Oligo(dT) N5 |y ittA T e sk ) i, PCR 51 ISR 1,
H¢ ¢DNA, HH Bio—Rad CFX Maestrol 1.0 Real-Time
RGN H R R AT 90 e s, PCR U 5%
P AR 95 °C,30 s, 1AM, PCR A 95 C,
15 ;60 °C,15 s;72 °C,30 s;40 PMEH LA B-actin
YERNZ: 2795 B mRNA (AN 2k 5,
1.8 Western blot #& il PGC-1a 1 DNMT3A K9 &
BARIE

PP LA RIPA (40 i 24 f# W ) 11 PMSF
(EE B ERR) vk 24 #4030 min J5,4 C
12 000 r/min 0> 5 min, Y8 I, BCA Ll &
VR, T 109%~12%SDS 2 75 # I e B Jie 32647 H
UK, B G TERHIN E 20% H B 28 il
LUK 2 PVDF i, #%88 )5 d & T TBS i)
o BERSTE SR T 5 5% RIS TBST HhdfiA] 1 h,
VeV JE AR () —$i4% 1:1 000 1 LRGBS 4 °C
R R, IR RIEE 3 YK (15 min/iK), Fl HRP
FEREE I PR, % 1gG SR E 2 h, %5 H
ECL b2 26 S AEBE I UR 731 R 4t (Bio—Rad
N R AR A o3 At R BE A 53 B
1.9 GRBAHAANZERN PCC-1a MEBRFRIX

B 5 L UMb ™A e R TR G 0 B 5 A 7 45
1R ANEENTE, PBS BUR—HT/EA X R, 20
PHPEZHZUVE BT R LA A B R AR B (5
SR B A B,
1.10 Sit=4ah

A S KR SPSS 26.0 Geit- #4748t
0T, BRI “xes " RN, Z A LR IR IEZS 531

xR 1 BRNERTNASEES

HH EM51¥(5'—3") S5 (5'—3") 1K Mbp
PGC-1a CGCTG CTCTT GAGAA TGGAT AT GTCAT ACTTG CTCTT GGTGG AA 157
TFAM GAGCA GCTAA CTCCA AGTCA G GAGCC GAATC ATCCT TTGCC T 181
NRF1 AGCAC GGAGT GACCC AAA AGGAT GTCCG AGTCA TCA AA GA 147
DNMT3A GCTCG GACCC CGCAA CT AGGAA TTGCC GTGGT CTTTG T 164
B-actin GCTGT CCCTG TATGC CTCT AGGTC TTTAC GGATG TCAAC G 462




2174 1 v BE 25 K2R 243 htp://hnzyydxxb. hnuem.edu.cn

2023 45 43 %

B 1 FALBRERESFETL(HE,x400)

TE: A IR B IR ; P 20574

KRR 7 22004, 0] )5 2255 R LSD K, J7
ZANFF R GamesHowell(A )R 5 ; AR IEZS 34
VERY RITBRIR. P00S % RIS X

2 &R

2.1 EAMEEEFFAXSEERE MKR RATRE
ARSI

e R AT L KRR MKR BRUIFZHSUIT /N4y
IEH AR HES | A A /INIE &, M%7 T
AR s SRR YA MKR R0 00 L5k 18 /)
WOPERE S 3 2 07 41 MKR T ZUIR I P 1
FEWT R BGE  TEULIE 1,
2.2 AVAREMES RT3t BRI AE R AT IS S0 A0 &2

RO PR N R = ey R RN (1 R N g
AR R IA G L (P<0.01) . SElg
BRRIZE LA, ek 2l SRR AT i A1 IR | I i
FIFHREOY A UGS, 25 A G L (P<0.01),
W2,

% 2 AIAREMETE AT /R AR R

AT 5B BN (355 ,n=8)

kg KPR

415 ik HHEEU (x107)

NHRZH 8324053 21.350+2.14  1.098+0.104  5.143+0.034
FIREBIRIZ] 12.2120.46%% 25.21+3.38%% 2.231+0.143%* 8.849+0.101**
GiEpp|

0 SXTIRLE LA, #P<0.05, #*P<0.01 ; 5 s AR L%, “4P<0.01

8.78+0.49%" 24.14+1.82  1.5640.073* 6.488+0.058""

23 AEVABEFEERTAXHINRATRE TG #1 FAA B9
5%t B L s R A AL AR 24 7 ZH IR TG

HFAA S EZERBAGIHFESL(P0.01), 5= EE

I LS, 25074 TG Tl FAA & B34 i, 225

WA EREL(P<0.01), TS,

2.4 EVAREMEBF A SIEIRE MKR RATHIRIPGC-

1a , TFAM NRF1 #1 DNMT3A mRNA 3RiXH9 &0
55 R LA, i BRI 41 PGC— 1o\ NRF1 Al

% 3 ZVIBEMEFRT A NRBTAE TG #1 FAA £ 2/
BN (x+s ,n=8 , wmol/g)

2171 TG FAA
popiisticl 25.69+2.38 31.642.41
o i 51.1245.48%:* 96.46+7.87%*

R g 35.54+3.214%

T SO R LU, ##P<0.01; S R BB LA, ~2P<0.01,

56.89+5.214%

TFAM mRNA F55 N, 11 DNMT3A mRNA 3k Fif

SEE G E X (P<001), S5ElErin 4 1 #
247 4 fE i PGC—1a NRF1 Hil TFAM mRNAZ
ik, N DNMT3A mRNA %3k, 2R WE G
S(P<0.01), TEWLFE 4,

R 4 BHMNR PGC-1a NRF1,TFAM #1 DNMT3A mRNA
FRIE LB (ks ,n=6)

4151 PGC-la NRF1 TFAM

X RRZ

FIIBRAIZE 0.49820.032%% 0.627+0.053%% 0.513£0.034%% 0.744£0.045%*

25 0.687+0.04144 0.8440.035%% 0.7960.053%2 0.582+0.0282%

DNMT3A

0.812+0.042  1.232+0.093  0.985+0.084  0.385+0.023

TE SR LU, #4P<0.01 ; 5 E IR &L, 24P<0.01,

2.5 Western blot il Z A& HEFF A SERE
MKR FRAFERAE PGC-1o #1 DNMT3A FE A RIZHIZ

S0 R LR, MR R AU A 2575 4] PGC-1a
FEHFIE T, M DNMT3A Ak M, 255
BT (P<0.01) ;5 E A RId] Fh i, 2y
HEE LA RENE K E MKR L PGC-1a R IL, F
] DNMT3A %Kik, 22 5 8 it L (P<0.01),
UL 2,
26 GREHLALFKRNAFMEESFAXSER
& MKR FRBF4A PGC-1a BHRIZBIHM

B B B R PGC-1a B /A TE L
Yoo 5 A, 78 MKR R4 PGC-1a &1
1=, R R IRE MKR ERUH-40 i B s b | 26 0 Fb
T ITBERS N PGC- 1o FE AR TA, TR 3,



2023 4E56 43 & 1 v BE 25 K2R 243 htp://hnzyydxxb. hnuem.edu.cn 2175
0.5+ D
0.45 *k
0.4 0.5
PGC_la — — o — — —— 92 kDa i
. 035 AA < oa]
8 037 ¥
pocin [ 12102 < 05 %0 an
o =
(o] -
DNMT3A s s SSm—— — - s 30 kDa 4 02 %oz
0.154 -
Bactin [ W W S —— > (D1 s - 01
e RS =— 005
1 2 3 4 5 6 .
i o
M4 EARERA R4 AEA A A

2 AAREBEEIF A SEGRE MKR REFEPGC-1a #1 DNMT3A EBRIZAZMN (n=3)
12X B 3—4 R IER A ; 5—6.70 207 20 ; 50 BERAH LA, ##P<0.01 ; S R R AR oA, 24P<0.01

- . RN Y

v BT "‘/' "'7, %
¥ 3
"". OTETY B AP
2

s R e

-

3 ZABEESFTAXEAERE MKR REFRE PCC-1o B AFIEBISMN (22402, x400)
AT HRAL; BRI BRRR AN s C.HR 25 4

3 iFit

TM2D " NAFLD )% A AR EFEEE I, IE N 3
SRR B B RS Z AR UERIG YT Oy SR,
B 25 7E R IE IR PR PE AR5 JHF e dab ple e 10-10 fgle bR
PR DT I, 3 FCfR PRRR A5, i BE 2 A 9
1837 TR AR A | HL T B RO AN T
G TOH AR AR R R R A ik
W R 45 RN AR TR AL T ) A2
WM DT, BRI o IR TR I 9 MKR B A R
BT, AR IS L ALT AST LR K11,

TEAHE L I A5 IR 7 22RO A4 i A
i ,PGC-1a fi£ 3#F NRF1 % ik NRF1 K5 I 4
TFAM, HE TR LR 14 DNA(mtDNA) %% SR ]
e HELRLAAR AR WG B, AT 8] 422 S A i R A AH O Tl
BTN B, Ak PGC-1a A H
RS i A P R DR 1[5 A o il AR 1 4 5
PG SZ A a(peroxisome proliferator—activated receptor
o, PPAR«) | B 55 TCFES G B Fl-1c(sterol reg-
ulatory element binding protein—lc, SREBP-1c) %
RN, e T AR TR TR B A4k , 0 iR
B, S IR AR, N AR B PGC—
lo RIKFH SRR RERFLFNENITR B E AT
Arge 2 BUBEPRIGPENG 07 ITF K A ) 32 AL, AR 5

1o BRI E MKR FUFHEPGC-1a NRF1 FITFAM
1) mRNA 235 B3 R % (P<0.01),PGC-104E 1335
.42 3 T B (P<0.01) , 5 ACHIFS AT BAHT A B 55 5 R
KA MKR il PGC-1a ¥ SREBP-1c 33k 7K
I MR 25 52—t R E IR IR MKR B
JEER PGC—1a TR, BRI AR I RENR T, IR W R
B4 N, BRI TR & B i, R B2 I AN AR
SRR ; 22 AR RE S I e JRE R v A 17 i
/INELPGC-Ta K3k, #E— LY PGC-1af5 518
%, BN AR

DNA Ak 55 05 PR S T A0 1) & A 25 D)
AH GBIl > R R RS 1) A/) A WSB/EI)
JNEL, FFAE DNMT1 #1 DNMT3A F 3, 2 F Ak piots
55 IR ST HE R B A5 475 fnb 3 AH DG A b 2 A f v
M, FFAs 5% T PGC-la JA BT AL, F3PGC-
Lo FRIKWAD, ASE P BRI MKR BUTIE
DNMT3A ik B EHNN, 5 PGC-1a Fk B M,
AHIFFE A AHEN | 7T BE PGC—-1a £77E DNA HIRAL 5
HLAWE T PCGC-1a Rk 22 HRERIE N I T-H0iR 7
J& , F BB E MKR FRUFAE DNMT3A mRNA FIEEH
FR ) B E R, PGC-1a W25 BT, UL E
FIREIE R I DNMT3A K3k, 70 PGC-1o FAEAL,
ik PGC-1a ik, Ja/ LR BTHEA

ARSI A RN | 22 VA BEREE 5 7T 9845



2176 1 v BE 25 K2R 243 htp://hnzyydxxb. hnuem.edu.cn

2023 4R 43 5

PGC—1Low J FHLAR 53 [t Jk PR 2 36 R ekl 2 i M JHF 1)
K WA FoKIAIESE T %5 Ty B W DR v 1 B
U5 IR i 6 I LA PR PP E T . TR A8, 52
75 AT UM S IR MKR BUFIE DNMT3A JE R 3%
1k HENZSE T8 id R DNMT3A ik, 8/b PGC-
la DNA AL, T fE#E PGC-1a 3K, — 200
5 NG G AH DG HE R 235, Wl I NG T A
AW S BN S0 i — 2D AR AP S8 | 1
ATl AT TR AR 2H 55 A PGC-1o J7 81
FAIKT-Je PGC-1o T lEH  TRABIE 22 A REARNE
I 56T DNA H AL BRI PGC-1 8 FE B R
WE PRI AR T A/ FH AL

S Lk

[1] KHNEIZER G, RIZVI S, GAWRIEH S. Non-alcoholic fatty liver
disease and diabetes mellitud]]. Advances in Experimental Medicine
and Biology, 2021, 1307: 417-440.

[2] SAKAI M. Exploring the signal-dependent transcriptional regu-
lation involved in the liver pathology of type 2 diabetes[]]. Dia-
betology International, 2023, 14(1): 15-20.

[3] WU J B, GULATI S, TEAGUE A M, et al. AMPK regulates
DNA methylation of PGC-la and myogenic differentiation in
human mesenchymal stem cells[J]. Stem Cells and Development,
2023, 32(5/6): 131-139.

[4] SRBEA, WANSE, W W S ZSVARERG BT Xt 2 RURE R
B MKR BUIR W& LRSI I SE8e 75 7% 44K, 2011,
17(5): 140-143.

[5] Jmeamte, T, sk 5%, 45 AR S MR RE R X R A
IR /Nl SREBP-1e Rk AYFZMA[]. ALH PR IF 24,
2013, 36(8): 534-537, 577.

(6] muande, my b, BH O EE, SF. 2 BUMEDRI A IR PR 0
SIEARNNESE[)). B RF IR 2E 2235, 2011, 20(1): 77—
80.

[71 £ W, # 1%, &S, 5. DNMT3A 4% Drpl XFF AR 40
MU AL ISTE RS AR T S]] h 23 E R, 2022, 38(10):
1542-1547.

[8] LIU N, WANG G, LIU C, et al. Non-alcoholic fatty liver disease
and complications in type 1 and type 2 diabetes: A Mendelian

randomization study[J]. Diabetes, Obesity and Metabolism, 2023,

25(2): 365-376.
[9] MINGRONE G, CASTAGNETO-GISSEY L, BORNSTEIN S R. New
horizons: Emerging antidiabetic medications[J]. The Journal of
Clinical Endocrinology and Metabolism, 2022, 107(12): e4333-e4340.
[10] 4= 8, Wk, 87 8 % R AR IR BNETR 2 BURERE
GRS PERE DT IF)). BRVEHER, 2020, 41(5): 653-655.
ZIBARH, B, 1 2R, S ZZEREEE IR TN 2 BUBE IR
B IR PERG 07 PE T MKR L Visfatin (552> T A9 52 0[]).
IR P EE 2 R4, 2023, 43(4): 585-590.
ZHAO X T, AMEVOR F K, CUI Z F, et al. Steatosis in

[1

—

[2

—

metabolic diseases: A focus on lipolysis and lipophagy [J].
Biomedicine & Pharmacotherapy, 2023, 160: 114311.

[13] YANG X, LIU Q, L1Y, et al. The diabetes medication canagliflozin
promotes mitochondrial remodelling of adipocyte via the
AMPK-Sirt]1-PGC-1a signalling pathway[J]. Adipocyte, 2020, 9
(1): 484-494.

[14] RAFFAELE M, BELLNER L, SINGH S P, et al. Epoxyeicosatrienoic

=

intervention improves NAFLD in leptin receptor deficient mice by
an increase in PGCla—HO-1-PGCla-mitochondrial signaling[J].
Experimental Cell Research, 2019, 380(2): 180-187.

[15] KRISTENSEN C M, DETHLEFSEN M M, T@NDERING A S, et

—

al. PGC-1la in hepatic UPR during high—fat high—fructose diet
and exercise training in mice[J]. Physiological Reports, 2018, 6
(15): e13819.

[16] FRHUF, Mante, wy i, S5, P9I O G RE IR 7E 2 B
PR A I ERRIHT NS FE P SRR AT FPERAESAAE, 2015,
35(2): 415-418.

[17] ELDOR R, NORTON L, FOUREAUDOT M, et al. Increased
lipid availability for three days reduces whole body glucose
uptake, impairs muscle mitochondrial function and initiates op-
posing effects on PGC—la promoter methylation in healthy sub-
jects|J]. PLoS One, 2017, 12(12): e0188208.

(18] RN, b e, BERE, 55.DNA HUEALAE 2 BRI RFRY T oD
B FEHEIE). AL frRlaE, 2023, 35(7): 925-934.

[19] TRYNDYAK V P, HAN T, FUSCOE J C, et al. Status of hep-
atic DNA methylome predetermines and modulates the severity
of non-alcoholic fatty liver injury in mice[J]. BMC Genomics,
2016, 17: 298.

[20] SU X M, CHU Y P, KORDOWER J H, et al. PGC-la pro-
moter methylation in Parkinson’s disease[J]. PLoS One, 2015,
10(8): €0134087.



