2026 57 A HoR 2 July 2026
a8 T Chinese Traditional Patent Medicine Vol. 48 No. 7
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0.05), SIRT1, PGC-la, PPARa HARIKFEL (P<0.05), SHIAIALLE, Z-LMILE . Hfl ik gl 2 — W XUIRZH
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ABSTRACT: AIM To investigate the effect and underlying mechanism of Shenqi Tangluo Pills ( SQTL) in
improving hepatic lipid deposition in type 2 diabetic mellitus (T2DM) db/db mice. METHODS Twelve 7-week-
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old db/m mice were selected as the blank group. Sixty age-matched db/db mice were randomly divided into a
model group, a metformin group (0.26 g/kg), and low-, medium- and high-dose SQTL groups (19, 38 and
76 g/kg) , with 12 mice in each group. The mice were administered drugs via continuous gavage for 8 weeks. Body
weight and fasting blood glucose (FBG) were monitored, and the liver index was calculated. Pathological changes
and lipid deposition in liver tissues were observed using HE staining and oil red O staining. Biochemical assay kits
were used to detect the levels of TC, TG, LDL-C, and HDL-C in liver tissues. The mRNA and protein expressions
of CPT1A, ACOX1 and FAS in liver tissues were detected by RT-qPCR and immunofluorescence, respectively. The
protein expressions of SIRT1, PGC-loo and PPARa in liver tissues were determined by Western blot.
RESULTS Compared with the blank group, the model group showed significantly increased body weight, FBG
and liver index (P<0.05); disordered hepatic pathological structure and increased lipid droplet content ( P<
0.05) ; elevated levels of LDL-C, TG and TC ( P<0.05) and decreased HDL-C level ( P<0.05) in liver tissues;
downregulated mRNA and protein expressions of CPTIA and ACOX1 (P<0.05) and upregulated mRNA and
protein expression of FAS (P<0.05); and downregulated protein expressions of SIRT1, PGC-la, and PPARa
(P<0.05). Compared with the model group, the high- and medium-dose SQTL groups and the metformin group
exhibited significantly decreased body weight, FBG and liver index (P <0.05); alleviated hepatic pathological
damage and reduced lipid droplet content ( P<0.05); decreased levels of LDL-C, TG and TC (P<0.05) and
increased HDL-C level (P<0.05) in liver tissues; upregulated mRNA and protein expressions of CPT1A and
ACOX1 (P<0.05) and downregulated mRNA and protein expression of FAS (P<0.05) ; and upregulated protein
expressions of SIRT1, PGC-la and PPARa (P<0.05). CONCLUSION Shenqi Tangluo Pills can improve
blood glucose and hepatic lipid deposition in T2DM mice. The mechanism may be related to the promotion of
hepatic fatty acid oxidation via the activation of the SIRT1/PGC-1a/PPARa pathway.

KEY WORDS: Shenqgi Tangluo Pills; type 2 diabetes mellitus; SIRT1/PGC-la/PPARa pathway; lipid

deposition; fatty acid oxidation

P © A B I 48 KAyl i 23 S T/ [
Bz PR DAAE P IR R AE Y 2 B IR
5 (type 2 diabetes mellitus, T2DM) HAH WL, &
JIF AW R 905 9] ) 90% ~95% "2 B 2045 4, 4
BRME PR R AT 3] 7. 832 42 AR ER
ZEURYT T2DM Y 5 X 3 B A5 X PRR 1 R4 B )
FEpELGPI IR, TR BE253R9T T2DM HAT MR
A S SRR LR TE B AR 53 1 S ik 1
T WK, MBS &R LA, R
P ETIG RATSE CIESE, S LS IALRE L A%
LR ALY T2DM PR SR B | B K-
FRFEgE™ s [l L mh i oe & 3, 2 L% ALRE
DR BRI /N L) IR S B TR B e AR, (HLH:
FARBLH i AV

WFoE & B, UURRAE B 7 2 MG 1
(silent information regulator factor 2 related enzyme 1,
SIRT1) Al i i el 42 ik 40 A 0y il A% 448 B ) DR 2 1
v ¥4 3%  F-1a ( peroxisome proliferator-activated
receptor y coactivator-lae, PGC-la) 2 &4k, LU
T A Sk 0 il R 385 58 ) BT 32K o (peroxisome
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15 g, IRN45 g, HAHEE60 g) kA4 A Hf
R RFMIREERE, 2N EZ R e A2y
FHN E G IRPE RIS E NI, R e nKiR i
1h, B 5 SCKRE 40 min, U85 A
IR AKRE 40 min, SIFUEWR, W42 1 ¢/mL,
., FRR X (5 ABZ4625) , WA
5% bt st R R 25 RAF

1.3 X# SIRTI, PGC-la, PPAR« . [AEE Bl A5
R 55 RS 1A ( carnitine palmitoyltransferase 1A ,
CPTIA), e Bt M A A 1L B 1 (acyl-CoA
oxidasel , ACOX1 ). B Wf M & B ( fatty acid
synthase, FAS) Hi{& (3€[H Signalway Antibody 2%
A, $T%5 27523, 27583, 41359, 32761, 55418,
48282) ; B-actin, WIFEHTR I, WFEHUNR T
(AR IE BEAE I AR A RS2 |, 5 200068-
8F10, 511203, 511103); Molpure ® 4 Jifl/ 2 21 i
RNA i 7 & . Hiaff I 1st Strand ¢cDNA Synthesis
SuperMix for Qpecr ( gDNA digester pius ), Hieff
UNICON @ Universal Blue qPCR SYBR Green Master
Mix [BEEYRHL (Bl BRHhARAH, #its
19221ES50, H9405020, H6412070 ]; TC, TG,
HDL-C, LDL-C X7 & (a4 TR i
AR E, S 20220615, 20220617, 20220615,
20220615) .,

L4 A& (RER ROl (IR IR % AL
I A ABRAF) ; SpectraMax i3X EEFRAL (€
Molecular Devices 7y 7l ) ; T B HL yK 8 | %% B A#
HUKA, BB PCR A (SEE Bio-Rad A F]) 5 1%
FOUL (AR EYBHARAT) ;. 2 HIIH
TR (AR R AR AT 5 R
SR (25 Pultton A H]) 5 96 3 i SE I 5
JGE R PCR AL (WU i B2 A RA ) o

2 Ak

2.1 A% P12 Hdv/m /MRAENZEA
A, KA E N db/db /N BEHL
Oy RERIA . RO e SR L L
M, A 12 H, Z A5 /0 BB
B g IR b IO AL A B B 4
T 76, 38, 19 g/kg 24k, —HIRUMAHE S &5 7
0.26 g/kg MBI L, 25 11 2 FVSE AU 20 3 o 27
TERBUZEMK, R 1R, L8,

2.2 PRARE, EM A (FBG) A ME 45
el RRGA)E, NEEEEAZK 120, FRE/N
AT, I 28 R # KR 1L DU AE 25 B B ( fasting

blood glucose, FBG) ., JRIFALFE )5 HUFME, FRaE T
i, TPEIFRERR B, A Oh IS = IR
A X 100%

2.3 HE 2EeNBFAB B FHET  B/NEUTF
HAUHN 4% 2 5K P [, 280 B SRl K
B PIR ., Wil AR RO g s, K,
EE ) N R e 2R T A UL 3 A A S S
2.4 b4 O FEMKITARIE R AREL A
ZUE T AL 2 e Wb 2 24 h, ATk AR
HJE, H OCT W Fl s, & FikEY A iLh,
VIR R 8 ~10 wm WY Fr o X0 R # 47 [ 5 |
getn | HMEARSE R, BEETOLF R MR T T
WEE

2.5 AKX AEKRITFHL TG, TC, HDL-C,
LDL-C & -F ¥4 TG, TC., HDL-C, LDL-C
AAEF GV, e 42 TG, TC, HDL-C,
LDL-C 7K,

2.6 o JE %k AW 204 CPTIA, ACOXI,
FAS & éa &k BUFAZUANYI A, PBS mryk/Em
CPT1A (1:200), ACOX1 (1 :200)., FAS (1 :
200) —Pi, 37 CHEIEIFH 30 min, PBS wyk)E
THEIRME 1 h, PBS shyk)5 i H DAPI R E
MRESEHFE 10 min, B R 5 T2O0 MG T WL
R, I Image J BEXTH B8 Y26 R
[ER A Vi

2.7 RT-qPCR % # o) A 48 2% CPT1A, ACOX1,
FAS mRNA &35 RO LR ZUS RNA,
BT R I A A% S, A 5xgRNA, 4x
Hifair 1 ddH,0 T 8 BKE TR A G, T Bk 54X
v, WEREM R 25, 55, 85 C. JeHE R 5E
Ja AT, RN AR 95 C W AE M 5 ming
95 CAEM: 10, 60 CiBk30s, T 40 K, KRH
P S N NSRS eSS LT il SR
WHA BB ABRAFA, FH0LE1L,

x1 351%F7%
Tab.1 Primer sequences

JEIA 51917751 K/ bp

CPT1A 1EIn] 5'-GAAGCCTTTGGGTGGATATGTGA-3’ 147
JZ 7] 5'-ATGGAACTGGTGGCCAATGAG-3’
ACOX1  1EI7 5'-AGCTGGCTTTGTGGTAAGCTG-3' 87
JZ 6] 5'-AGAATGATTGTAGAGGCTGCTCTG-3’
FAS  1E[A] 5'-AGCATCTCCGAGAGTTTAAAGCTG-3’ 158
JZ 1] 5'-TCCAACGGGCTGAATTTCTG-3’

GAPDH IE[7] 5'-AAATGGTGAAGGTCGGTGTGAAC-3’ 90

JZ ] 5'-CAACAATCTCCACTTTGCCACTG-3’
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2.8 Western blot % #& M AT 41 4% SIRT1. PGC-la.
PPARa & & & & HL 0.1 g FFAZU85 #E, A
RIPA 2L#IRGHEATAIHE, $eHUEE A, SR BCA 34
ERAWREE TR, %% PVDF B, HHEH
TBST P, A 1 : 1 000 F B f# SIRT1. PGC-
la., PPARa —HiHI 1 : 5 000 F B B-actin —9i,
T4 CWE R, HUH TBST YL, it : 5 000
B — 40, ZaEE 1 h, TBST Y5, ECL 1k
RGN R, I BE RS R AR S, B
Image J HCIFXTEE 1 450 R BEAE AT 5307 .

2.9 %itF 4 il GraphPad Prism 9.0.0 K
PEBEATAL R, R POR LIS B bR i 25 (x2s)

FOR, LB G IES M, A SR R
N7 22030, 77 22 55 I 9 W FL %5 R ] LSD ik,
i 2T LLECR IS R e T2 5, P<0. 05
HEFEAGHE Y,

3 #R

3.1 A& I T2DM ) R4 F %, FBG F=AF
MEFR R Hra K2 Fon, SR E, B
/N . FBG FIFAE 48 ¥ F+ & (P<
0.05); SEMALE, L% ILmE ., TRlEd
IS /N BRI BT i . FBG R 48 BB 1%
(P<0.05),

K2 BANRERE. FBG MPFREIEHLLE (x+s5, n=10)

Tab.2 Comparison of body weight, FBG and liver index of mice in each group (x+s, n=10)

20 51 LNpiveY JF A 50 % FBG/(mmol-L™")
SHA 30. 50+2. 04 2.77+0. 23 6.97+0. 74
PRI ZH 50. 81£3.29* 4.33+0.36* 28. 12+4. 61
LM L 45.202. 66* 3.01+0. 27* 18.23+2. 73*
bl AL R 2 47.30+4. 46* 3.29+0. 66" 21.18+3. 41*
SLEES LR 2 49. 67+3. 44 3.84+0. 68 23.88+2.25
Z U 47.75+2. 89* 3. 34x0. 45* 18.73+1.51%

E. 5 A4IHE, * P<0.05; SERIL A, *P<0.05,

3.2 AkHEL AT T2DM s R4 0% 2 5 E AL
e W1 s, 2 BA/D BT H RS T
Wi, FFARMIE SIS, BB Ass), RIS
BAVH/NEUIF R G RR] , MEAZ 4R, B
A—0RaT A, SRR AR A AR ; S
RIZH LR, A4 24 2 /) BT 20 2 295 0 46 40 A 32 0l
B, RUERIEEES/N, Ieiasiaid,

1 HHNRITHL HE & (x400)
Fig.1 HE staining of liver tissue of mice in each group
(x400)

3.3 HRLEL I T2DM s AT H 208 R AR 6
Hem WME 2, K3, SHE/NRIFHLIH
2200

ARF LT NG ;. BORLL/N UL SR T & =14
(P<0.05), #BsrEEN A, IEZEATEW,; 55
BRI, LML ILm . 7l 4 — BSR4
AN ZUIR T & k> (P<0.05), 4z AT
i

B2 FHHEHNFRIFHZMIOEE (x800)
Fig. 2 Oil red O staining in liver tissue of mice in each

group ( x800)

3.4 A LHEL I T2DM D KA L TG, TC,
HDL-C. LDL-C K-F8¥ve W5 4 i, H555H
Mk, BRIP4 TC, TG, LDL-C /K
YT (P<0.05), HDL-C /KEREME (P<0.05);
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®3 BANRREHSERE (xss, n=3) (P<0.05), HDL-C /KTt (P<0.05), S-LHE
Tab.3 Comparison of lipid drop content in mice of each BAE = A /D BT 4 2R TC. LDL-C 7K &A%
group (x=s, n=3) (P<0.05), HDL-C 7K EFHE (P<0.05) .
AL Wi AFIXE 3 dak (OD/ ) 3.5 A bAE% LA T2DM A R 448 ACOX1 .
:fEéﬂ 100112 CPTIA. FAS & @4+ mRNA k) vh & 3~
70 28] 2.93+0. 48" — N
L AL AL L 12s0. 20" 5. &S5 PR, 5 AAE, BRI RAT4E
Z L5 [EIPI =R . 0.
e S e S E e 1.25+0.21* ACOXIT, CPTIA & H A mRN‘A %jjj FEAL (P <
LR AL R4 2.8120.77 0.05), FAS Ml mRNA £ikF+E (P<0.05);
U4 1.2120. 14" SRR R, S e ILmE . PRE A
HE: A IALIERR, © P<0.05; SHUNLLILE:, *P<0. 05, IRAL/NEUF 4141 ACOXT, CPTIA #E 1 #1 mRNA %

SRR IR, SO, PR P BTHE (P<0.05), FAS AT mRNA ZIKFEIT
WAL /N BT 40 40 TC. TG, LDL-C K FEH Mk (P<0.05),
x4 FHANRFEAL TG, TC, HDL-C, LDL-C KF b (mmol/L, xxs, n=10)
Tab.4 Comparison of TG, TC, HDL-C and LDL-C levels in liver tissue of mice in each group (mmol/L, x+s, n=10)

451 TC TG HDL-C LDL-C

IS 2.39x0. 34 0. 8220. 04 1.2120. 13 0.3320. 02
FEAIL] 4.260.28" 1.90+0. 24 0.74x0. 04" 0. 66+0. 09 *
SRR e ) B4 3.00+0. 31% 1. 08+0. 15* 1. 15+0. 04* 0. 36=0. 04*
Eam S LIt 3.61=0. 33" 1.52+0. 17* 0.92=0. 03" 0. 58+0. 04*
SRS IR B 41 3.91+0. 45" 1.70+0. 21 0. 86+0. 03" 0. 60+0. 06"
T XU 3.18=0. 38" 1.29+0. 20* 1. 1420. 04" 0. 42+0. 06"

W 5aAAE, * P<0.05; SHH HE,*P<0.05,

B3 FHENMRFFEARACOX1I EHRERALEE (x800)
Fig. 3 Immunofluorescence staining of ACOXI1 protein in liver tissue of mice in each group ( x800)
3.6 A st T2DM s RAF4847% SIRT1, PGC- PPARa tEHFGAFEAL (P<O0. 05); SRR LE,
la, PPARa &G REMHra WE 6, L6 i, 5 LWL, iRlE gl A = OSUIZH /N B 2H 2R
A R, BRI N BT 4 SIRT1, PGC-la,  SIRT1, PGC-la, PPAR« 8 HZFGAEITHE (P<0.05)
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B4 RENRIFALA CPTIA EARERILEE (x800)

Fig. 4 Immunofluorescence staining of CPT1A

protein in liver tissue of mice in each group ( x800)

5 HBE/NRIFAL FAS EARERILEE (x800)

Fig. 5 Immunofluorescence staining of FAS protein in liver tissue of mice in each group ( x800)

4 itig

T2DM 1) FEREZ — RS X Hht, Ak
WEARACZEHL, IR IR 5 R AU G e B &
iR Z AL EZ I . db/db /N EUE DL
R AR BRBE A FAAE Y H ) T2DM A8 5 A28
T2DM SR AR L, ASZ 8 e db/db /N EAE N
2202

TG, RIUBA L /NRAE 16 JE S I S B4 T
i, FBG R HEHE BTk i ; T JE s B 2 ok A% iR
JEFHE 285 #4 25 AL, FF BE B B 0 B R, TCL TG,
LDL-C /K F T+ 5, HDL-C 7K FAR, 25/ B
PR A 3R AL, A /NARBE I T2DM 48
“PEEET, HIRHLR Rttt kg R S
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R5 BHNRIFHZE ACOX1, CPTIA,

FAS EB 7 mRNA RiLLb# (xxs, n=3)

Tab.5 Comparison of protein and mRNA expressions of ACOX1, CPT1A and FAS proteins in liver tissue of mice in each

group (x+s, n=3)

g B HREEIORYERS mRNA 35
ACOX1 CPTIA FAS ACOX1 CPT1A FAS

EHH 120. 76+17. 94 98.71+15.21 67.61x12.79 1.03+0. 33 1.01x0. 19 1. 00+0. 07
TR 2 55.43+12.63" 43.61+10.98*  139.25+22.27" 0.21x0.09 " 0.37+0.07 " 2.52+0.73"
Z-EREg AL A 112. 58+18. 68* 88.09+10. 82* 76.62+13. 47* 0.97+0. 30* 0.99+0. 15* 1. 19+0. 34*
E AW £ S I EIb | 100. 50+17. 68* 77.01+11. 80* 90. 74+12. 15* 0.90=+0. 16* 0. 77+0. 13* 1. 38+0. 28*

Z-EELE ALK R 64.30+14.95 52.33+11.38 123.87+21. 34 0. 46+0. 09 0.48=0. 10 1.79+0. 39
b ) 105. 75+15. 50% 82.36+10. 58" 83.93+12. 08* 0.96+0. 13* 0. 89=+0. 14* 1. 10+0. 10*

. HaHAE, * P<0.05; SEMALE,*P<0.05,

B6 /AR SIRTI, PGC-la, PPARa EHEHE
Fig. 6 Protein bands of SIRT1, PGC-1a and PPAR« in

mice of each group

*6 HBHNRIFHAL SIRT1, PGC-1a, PPARa EHRIA
L% (xxs, n=3)

Tab.6  Comparison of protein expressions of SIRTI1,
PGC-1a and PPARa in liver tissue of mice in
each group (x+s, n=3)

2157 SIRTI PGC-la PPARa
A 1.20+0.21 1.07+£0.19  1.110.14
AL 0.53+0.12"  0.51+0.11" 0.57+0.11*

LR ILETIEA 1.18£0.21%  1.03£0.18*  1.09=0. 14*

SR FIRA  1.09£0. 17 0.9420.16*  1.02x0. 14*

SLR IURFIEL]  0.940. 19 0.81+0.12  0.89+0.21

R 1.09+0. 16"  0.98+0.16*  1.05x0.13"

E. 52 A4IHE, * P<0.05; S AL, #P<0. 05,
FOKRIAREIR R, e, ASREIE R
BRI B e S, SEOUEFIEER, #Eng|
RIFHERR BTN . S LWL LS TE B AR % 1 7 1 i
fili b, BOLVEVES . =k, e, REEHRAE,
FRBmAE 2R, REH PRI, ARk
W, SEAELIE, Z-UES LS 2 fE ] BRIV
TR . FBG KT UEHE £, i n] s AT U g 2 25
PRI BE R B AT 5 i, st R B A R g A O

bR, $RS-LRES ILRE NS s AT IIENG B URR
CPT1A JZ2— b Jlig % %@L%,ﬁk%%%%
HEALRALR K A R 7 R L 1 ACOXT A i
SEALDIREIRNIE DTR B AU ML Rt , o 1811 i 017 1R
SRR SCHER T FAS J&—Fi G I R & i OC
W, TR W AR ORI T B b R 4 O R A
FVST, A 0 AET B 9T R B, B ACOXT

CPTIA ik, T H FAS ik, TM%%%%@%
1k, 3% HepG2 A Ig I tEAS . AL R, 5

%Eﬁ%ﬁ,@ﬂﬁ$mﬁﬁ%AQMLCWM
FIRFEAL, FAS RikTFhiey; SHEAALE, S
KAL) AT Fh i /NP 21 ACOXT, CPT1A %
HZ, FRAR FAS ik, Uil -EEgs L] et
BRIWIRREAL, el AR iR .

SIRT1 J&— P A M e i 1 — A% 2 (NAD+)
M T8 TR, 2 i 2SR AR A AR 35 %) SR
F, 28 fif JEWE A 0 A8 PE 20 SIRT st 2 3k nl
BRIFMERG AR, OIS AL, KA AR
AP HR SIRTL fY 36 4 v] 9K &2 B8 B AR 5 b
YIS RDL, ETIERMAS . PCC-1a E—
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