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ABSTRACT: AIM To investigate the effect of Pidan Formula in improving skeletal muscle insulin resistance
(TR) in type 2 diabetes mellitus (T2DM) through reversing autophagic flux blockade. METHODS Eight db/m
mice were selected as the control group. Forty db/db mice were randomly divided into the model group, the
metformin group (0.26 g/kg), and the low-, medium-, and high-dose Pidan Formula groups (5.98, 11.96,
23.92 ¢/kg) . Intragastric administration was conducted continuously for 8 weeks. During this period, fasting blood
glucose ( FBG), oral glucose tolerance test ( OGTT ), and body weight were measured regularly. After the
experiment , skeletal muscle was collected and weighed to calculate the organ coefficient. Serum insulin (INS) , C-

peptide (C-P), glycated serum protein ( GSP) , and four blood lipid items ( TG, T-CHO, LDL-C, HDL-C) were
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detected, and the homeostasis model assessment of insulin resistance ( HOMA-IR) was calculated. Hematoxylin-
eosin ( HE) staining, Masson staining and transmission electron microscopy were used to observe pathological
changes in skeletal muscle. Immunohistochemistry was used to detect the expression of p62 protein in skeletal
muscle. Immunofluorescence was used to observe the expression and co-localization of lysosome-associated
membrane protein 2 ( LAMP2) , translocase of outer mitochondrial membrane 20 ( TOMM20) and microtubule-
associated protein light chain 3 I (LC3 II ) in skeletal muscle. Western blot was used to detect the protein
expressions of PINK1, Parkin, Beclin-1, p62, and LC3 I/ I in skeletal muscle. RESULTS Compared with
the model group, the medium-dose and high-dose Pidan Formula groups showed decreased levels of INS, C-P,
GSP, TG, T-CHO and LDL-C (P<0.05, P<0.01), and increased level of HDL-C (P<0.05); the skeletal
muscle structure was intact, the fibrosis area was reduced (P<0.01), and the mitochondrial ultrastructure was
improved ; the protein expressions of PINK1, Parkin, Beclin-1, p62, and LC3 11/ I was decreased ( P<0.05) ;
mitochondrial -autophagosome co-localization was increased, TOMM20 protein expression was increased (P<0.01),
while LAMP2 protein expression was decreased (P <0.01), and the autophagic flux blockade was reversed.
CONCLUSION Pidan Formula can improve glucose and lipid metabolism disorders in db/db mice, and delay
the progression of diabetes. Its mechanism may be related to activating the PINK1/Parkin signaling pathway,
enhancing mitophagy and lysosomal degradation, restoring autophagic flux, thereby improving skeletal muscle
insulin resistance and mitochondrial homeostasis.

KEY WORDS: Pidan Formula; type 2 diabetes mellitus (T2DM) ; skeletal muscle; insulin resistance; PINK1/

Parkin signaling pathway ; mitophagy; mitochondrial homeostasis

2 BIMEPR S (type 2 diabetes mellitus, T2DM )
BEREER, PRI E, CRChRRE AL
TAPEE, B RIEDT (insulin resistance, IR)
VE R HAZ O BRAILTR 2RI S BN 48 2 A 40
TR RS, 58O IR0 S AL . B IUE R
BRI R T ZHLARE, 15T A 52y 80% YA A i AQ
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( sequestosome 1, SQSTM1/p62) &5 FUEBl A B AT
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YIRS 52, U AR-Z S 25601 il s
7, BOR CRZT 2ZR, ORI I 45 2
B HOE SPRE LR AR B -V B S IR 1 oK
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1.1 24 8 H 8 & SPF itk db/m /ML, 1A
Jife 18~21 g; 40 H 8 J& i SPF Z M db/db /)N
B, PRI 36~45 ¢, M A F M TR SCHT LR 5
WABRA T [ SC5 8P A = VeSS SCXK (95)
2021-0013], fzE FAEdLHE T R 25280 sh ) b0 5t
BESL g [ S sl AT UE S SYXK (FE)
2023-018], i 21~23 °C, AHXFEE 40% ~70% ,
12 h/12 h R/ REETERS, H RGBSR, Shst
g AU P TR 2 S 06 B ) 10 3 22 B 2 o A% 0o
(HIL#ES 20248Y3090)

1.2 o5 XA BEITHER, XZ, AR,
JREE RS farit, BRETR. BIE . BRMZ. AN
FEGAS, 29p030 B AL R s KRR W (5
) ARRZAFE () FE$S LSD153202309010040) ;
R XN (b R R ERHARAR, #it5
D9351) . /NS ZE (insulin, INS) ., C ik (C-
peptide, C-P) ELISA £ illial7m & (DU 3 5 45
YR AR A F], S E-EL-M1382, E-EL-
MO0354) ; HifLMLiE & H  (glycated serum protein,
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GSP) . SJH[EEE (total cholesterol, T-CHO) . H i
=g (uiglyceride, TG) . 1% % K Jig & A A0 & B3
(low-density lipoprotein cholesterol, LDL-C) , &% &
B HAH[E B2 (high-density lipoprotein cholesterol
HDL-C) il & (F st ey TR,
fit 5 A037-2-1, Al111-1-1, A110-1-1, A113-1-1,
A112-1-1) 5 Gluta FIEWR (FBBEEH, 2.5%) (dt
AR A BRA R, %5 BL911A) ; PTEN ¥
S 1 (PTEN induced kinase 1, PINK1) | A4
FEE H 2 ( Parkinson protein 2/E3 ubiquitin protein
ligase, Parkin/PARK2)., “F @ £ 1 ( Beclinl,
BECN1) $ifk (R =IEAEYHARARRA A, it
5 23274-1-AP, 14060-1-AP . 11306-1-AP); ZkHi
{RANE SR S i 20 (translocase of outer mitochondrial
membrane 20, TOMM20) . AR (' sequestosome-
1, SQSTM1/p62) Hithk (HUMAELEYFERAGRRA
A, fit'5 ET1609-25, HA721171); &M KEH
1 #2%% 3 beta ( microtubule-associated protein 1 light
chain 3 beta, LC3B) Hif&k (3EE GeneTex 2], #it
Z GTX127375) ; HRP-FHi 4 IgG+HRP-FEHi /R
IeG Hifk (AP LEAY TERARA A, #5
BA1056) ; HBEBOLRbR & (R 307 AR YR
HFARAR], #t5 AFIHCO033)

1.3 LB Gold-Accu &R MAMAL (¥ =4
AR IR I AR A B R 5 JT-12) B ZUB KL
JB-Lo BUZH AL (IR FAHIRAHA ) ;
UCe BT ML (F2[E Leica 23 H] ) ; Tissuelyer-
241 RIRE AR A GUHEAL (IR E S0 A A R
) ;5 HI-16KR B 65 3 v VR 20 ML ()R AT A
INARHRAA R A] ) 3 SpectraMaxM3 22 I g i fL Al
ML (EHE Molecular Devices 23 /] ) 3 JY600E #Y
TR KA T VKA (ERUR AR DT K IR
AP ; ChemiDoe XRS + % % ik W14 & 4t
(Z€ [# Bio-Rad 23 7] ) ; cellSens Entry A% %K 4
BX53 RO il . SXZ71 A% 6 ik 28tk ol it 1%
ARG (HABMELAF) ; H-7650 ZLE
M (HAHSLAH])

2 TIiE

2.1 MEFHE AR, XS, AR KE M
SELfn . SRR, IR, BREC. JREAN, RIS IR
9:12:9:12:6:9:9:5:9:6: 6 WHHK
W, B SORLES, 75% CEEIRI 12 hJ5 80 °C [R1if
B3 U, BRR2 h, SRR, SR 10 fi
JKIRHL 2 h JFRGE 2 0, BK 2 h, 8, Bk

WORBEE W, W £ 255 10 g/mL, 7335 - A7
F=20 CrKFET, 5 FH TG K SR R
2.2 sk NEUENPERSE G,
40 H db/db /R 2 RSS2 19 25 I LA ( fasting
blood glucose, FBG) 7K, # FBG /K =11.1
mmol/ L M MAERL /NG KA AR /N BB ML 43 Ay A
TIZH . U4 (0.26 g/kg) M ITAE .
EFIE (5.98, 11.96, 23.92 g/kg), X MEZH A
FERIZHHE W 45T 5 mL/kg AEHER /K, — FFXUIRZH A
JlsE )y 450 L VE B S T AR = 2, R
W, Free 8RB,
2.3 HA=E., FBG, 2IR#EAZ(OGTT) M2 M
BB IR, BEDE RN R A FBG
KA, B2 JE AT 1 W O A AR T (oral
glucose tolerance test, OGTT) 3C5 . /NRMEHE %4
2 o/kg HiZIHE, KA, SRS 30, 60,
120 min IfiKEZKF, THEMZ TR (AUC), 2
o OGTT-AUC= [ (25 MG i 7K S+ 45 45 b 17 1ef J
30 min MAEAKF) x0.5/2] + [ (Hi#HETATE 30
min 7K+ 25 8% 6 /5 60 min LK) x
0.5/2] + [ (ARG 60 min MUK+ 24
WIS 120 min MOBEKE) x1.0/2],
2.4 B 8 e, SA/MREEE 12 h, B
J T S G O LU A RR I, B IR BRIBCIL , i
4 hJEE.C, WEREME, ET-80 CUkFH T,
HUBrt e L (ARFE B ML), FRE 0 SR i,
HHEBAHILARL, AXNEFHILRELE= (DEEH
WU/ /NEUATE) x100% . HF4BEPLE 3 H/h
BUEEEL, BU1 mmx2 mm K/NHZ, B A 2.5%
R HEATRE E ; AR 2 By, — A 4%
ZREBREE, 75— WA GREE, RET
-80 C VKA,
2.5 fiEk A ARA W B M B E KR I K
(HOMA-IR) 3 SRAtR AN/ BRI TE GSP |
TG, T-CHO, LDL-C, HDL-C 7K°F, ELISA £ il
INS, C-P/KF, PR R AHIHEEL (homeostatic
model assessment of insulin resistance, HOMA-IR), 7%
.y HOMA-IR= (INSxFBG) /22.5.
2.6 FEAET RMEMRERINALARMEHN I
R T 2. 5% G R AR B LA 2L, TR R
A 1% DEACERIEAT R e, SR EELK, TN
M5, MM, BT 37 CHUE SRR H R
PIH, Bl B Y6 15 min, T, 7E3B5H
T AR,
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2.7 BRMALRKEFEN BHEEET 4% £
BP0, oK sk, 70% |
80% . 90% Jo/K L BERR LK, AkSEE, P14,
Kb, HORIBRS, JoK CBE R 90% | 80% . 70%
LR FE K, 4y i f7 HE, Masson % ff,
70% . 80% . 90% L BE K oK & BRI AR, ik
PR E o, fE G2 W AR T OWEE, Hirf, Masson
Yot J5 R JH Image) FAF 50 U0 v BHPE AR, JF4%
HS A SPSS 17. 0 #AF AT 08T

2.8 HRILML p62 FE emAEE  HUEE
ML) J, &K A F R ABURIEE W,
P K 6 min, KK 8 min FEATHRPE L,
T 3% 3o S Ak S BH W PN U 1 e AR A e, T i TG R
FIPE S P, = R B 30 min J5 25 R 3T,
Wm—dt, 4 CHELR, WHN =9, ERFE
1 h, DAB W, JRARRE Y, HHEREE FIETE
S FEE, R Image) BB BT (Am BE
2.9 FRMULL L TOMM20, LC3 1T % 9% 3% bk =2
BgE  RBOEIOE = ORF AU, X
PIR AT E A . RS | BRI O K, Ok
P1E K 6 min, KA 8 min HATHRIEE , 3% 114
AL EBH W7 i S8 AL B 30 min, % 0 3t B W BB 30
min, JENLC3 M Hifk, 4 CMF LR, W=t
JREEE TSA ek, MUGH Tt B, B A5
i TOMM20 $ifk, 4 CIEF LR, RHS DAPL K
PUEOCTE KB R R E R, e B T 0
%2, K H Image] BAFIHT D EIREE

2.10  Western blot i #& M| & # MU 4L 47 PINKI1,
Parkin, Beclin-1, p62. LC3 Il & & &k HUHAF
HHNLAH ALY 50 mg, H0A S & EE 065 A
RIPA 2492 i, vk EWPES | 24# 5 12 000 r/min
B0 15 min, BUEIEW, BICMEEM, BCA BERM
WIS IR, FUKIGHEIE . S, I PINKL, Parkin,
Beclin-1, p62, LC3 1l ., B-actin —PT, 4 CHF T
W, WHBFE M P, ECL ML CIH 17
6, SKRH Image Lab {43847 K BEAH 4381, VA B-
actin j\ﬂj‘]i‘, TR BEMEARE,

2.11 %t o4 dlad SPSS 17. 0 #F#k 47 4b
H,OFEERILL (x+s) FoR, MFRIESHMEA
[B) FL R B R R D7 22 08T, AL Ia) 9 o L Ase i)y 22
FFIR FH 5 )5 0 B 1SD K 56, 7 22 AR S5FIR
Tamhane’ s f6:56 ; [F12H 2215 8] A5 b4 R A B 42 I
T 2000, A AN R BRI A 50 SR - Greenhouse-
Geisser 3 HEAT B, [A) 4 AS [R] Bf 1] 650 Bb %% R
84

Bonferroni 3%, P<0.05 #TREFEASGITHEZ L,
3 #R

3.1 Mg st db/db b RARRE . B RILAR 2
e WRA/NRIES AW, RS R,
MG R, B A FIACE,; BRALA /NG 3R
o, WEMERE, BAHBIFANEEN; SHAAH
oA, — FHXUNICZR L Jy 45 7] 5 20 /D BRUH IR
&, BERLAGHENIASGE, WK R, 5
BORIZA L, MNZAZ55S 6 Ja T in, JAUE Iy e Rl i 4
/NIRRT (P<0.05)

. SR AL, P<0. 05,
1 RT3 db/db /INREFERIFM (X5, n=8)
Fig. 1 Effect of Pidan Formula on body weight of db/db

mice (x+s, n=8)

WK 2 Fios, 4525 8 JilJe, SXIRAL e, #
T/ RE LR ZRIT (P<0.01) ; SHRIZH H
B, FOBUIRZE BT 2% 790 40N Bl LR 2
JH& (P<0.01),

T SXFER4IIEr, * P<0.01; SHERA L, P<0. 01,
B2 ®4AHdb/db /NRBHIEE (x5, n=8)
Fig.2 Skeletal muscle coefficient for db/db mice in

each group (x+s, n=8)

3.2 J§#% 7 2 db/db N & FBG K -FF= OGTT-AUC
v R 1R, XFRRAUNRIRERE ; 5XF
FRZ Hed, #ERZH /N B FBG 7K S Bt st 1] %2 K 1iif -
& (P<0.01), OGTT-AUC ¥l (P<0.01); A&
RIHHeEs, %425 4 FRE, —H XU/ B FBG 7K
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TR (P<0.01) 5 45245 8 JAmE, — HXUIRAL 0

WHH ., EFEYL/NE FBG /K FEFEL (P<0.01)
£ 1 %4 db/db /MR FBG KFEF OGTT-AUC tb# (mmol/L, xs, n=8)

Tab.1 Comparison of FBG level and OGTT-AUC in db/db mice in each group (mmol/L, X+s, n=8)

OGTT-AUC /v (P<0.05) .

215 HY S AR 4524 4 R #4524 8 JEI R OGTT-AUC
X} & 21 5.36+0. 35 5.16+0. 45 5.40+0. 93 19.93x2.21
AL 16.38+1.95* 25.89+5. 83 29.53+3.43 ™ 64.54x1.95*
—HSUNRZ] 16. 69+2. 06 11.41=1. 55 11.89+3. 82% 50. 50+7. 39%
B ge 5 AV k2 17.55+3.21 20.99+5. 75 25.98+5. 10 61.00+4. 26
JI ey v ) 2 17.01£1. 69 19.13+1.29 14.29+1. 49* 54. 08+6. 56*
i ge e 1] 4 17.80+1.18 20. 09+2. 89 12. 33+0. 90%* 56. 73+4. 47%

. 5XFREA R, P<0.01; SHAIL L, * P<0. 05, P<0. 01,

3.3 Mo 2t db/db N R F AR AR
B3 s, SRR s, BEARYAL/NERUIALYE INS |
C-P. GSP. TG, LDL-C. T-CHO 7KF-#1 HOMA-IR
178 (P<0.01), HDL-C /K FFEME (P<0.01);

MLy INS, C-P, GSP, TG, LDL-C, T-CHO /K¢
FI HOMA-IR YA (P<0.05, P<0.01), —HIRL
JIRZH AR s 5 v | R4 HDL-C ZKSETHE (P<
0.05, P<0.01),

SRRV A, Y SUNIEE I T 2% 5 2 2H /N B

. SXTHAIEL, ™ P<0.01; SRR AL, P<0. 05, P<0. 01
B3 &4 db/db/NRIME INS, C-P, GSP, TG, LDL-C, T-CHO, HDL-C 7KE#1 HOMA-IR (x*s, n=8)
Fig.3 Serum INS, C-P, GSP, TG, LDL-C, T-CHO, HDL-C levels and HOMA-IR in db/db mice in each group

(xxs, n=8)

3.4 &7 st db/db s R BB LLE 2R HE S T AL
#9 %o HE Jemab B ULIE 4A, ] R4l /N BRUL

RIS . Wi, [FEZ N RIS
Masson 40,25 5 DLIK 4B ~4C, A HI 5 X} R4

WAL SR, HE 20 BERY 2 /)N RRUPLSR AL
AL 2L, A AT O 3 I S A4 4 R N A FAL
U, LI WS /N BUTLAN DR 254544
Ak, WURHRERE ST, NIET 4Rl
7 5 5 2/ BROULAA R 25 R Bl s, SCRT

P, RN 2H /N B i UL B R DO AR i (P <
0.01), KUIBIRINTES TR 4Efe, LI
Bl JUUSRJBE . LA Rk TTORR O R BEReAE ;. A58
TIZH e, — HOSUNRAE AR T v | 7R 2/ B
MUK IFEDIR A (P<0.01)
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. AN HE 4, BN Masson Yo, C EBRIAHSURIEA B, SXHBA LT, ™ P<0.01; SR IR, *P<0.01,
E4 FHd/db /MEERNEALREZTN (X5, n=8)

Fig. 4 Histopathological changes in skeletal muscle of db/db mice in each group (x+s, n=8)

3.5 BT 3t db/db N SR B UL 48 B AR B 45 A 4G
Fom WS R, STRBAUNRE BRI Z 457,
LRMIRZEM R SE R RRRIBHES A3 IR R . TBA
BN, RS S B AL S . AR /N B
WU L™ E ARk B, ARz itk (&
AHLEF 60% LA I 2t sz B) | Loh A i 25 14 Wy

B RGLORR AME (ZLEFR) 5 MO 5 IR
/N BRI LTS PTOLEE B B 22 ORI e IR 1A
ZERETL s WRORTT R R R T Y OUIRZE /N B
L AL, B ILAORA H g, ZORLRZE Y
K AR RE A

B 5 &4 db/db /NRBRIMBRIGHEWL (%13 000)
Fig. 5 Ultrastructural changes in skeletal muscle of db/db mice in each group (%13 000)

3.6 M7t db/db > KB 8 AL PINK1/Parkin 4>
FHEERAEAR LT R LG T e WK 6A~
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EHTFE (P<0.05, P<0.01); SHAHIZ AR,
JgLmE v R 2N B B L PINKL, Parkin
Beclin-1, p62 & LC3 I/ 1 B FEKLBEME (P<
0.05, P<0.01), B JrRAIa2H p62 KB
fiX (P<0.01), —HIXUIK4L PINK1, p62 & H KA
YIFEAE (P<0.05, P<0.01),

i5h, LC3N/ T p62 fHHRELEIFE LT
B, X SRR AR RS R N
X —B %R, i p62 byt (K66~
6H) #HTHRIN, 4585 Western blot —%%, &/~ H
Wit AR5 A Tl 5 O T BEAZ 404

E. SXEALHE, T P<0.05, ™ P<0.01; SEEMAIE,*P<0. 05, P<0.01,
6 %48 db/db /NEBEAEL PINK1, Parkin, Beclin-1, p62 % LC311/ I EEKRIE (x5, n=4)
Fig. 6 PINK1, Parkin, Beclin-1, p62 and LC31I/ I protein expressions in skeletal muscle of db/db mice in each group

(xxs, n=4)
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3.7 Moy 2t db/db D REEAR ARG R W
I TA~TB FIizR, 55X s, AR /N B 8%
L LAMP2 SE £ IATHE (P<0.01); SHIAIAH L
B, UHOBUICAE R 45 9] e 4 /DS BRI
LAMP2 AL (P<0.01), fE 7C~7D i
N, SXFIRA R, AL /N B RS L TOMM20

FIKFEAL (P<0.01); SHAIA 0, —HBUIA
FISE 7 4% 57 12 2H /DS B % UL TOMM20 %35 T+ &
(P<0.05, P<0.01); %% LC3 ik Western
blot —%(, RPEVOCIEM BN, 5XF A i,
FEAIZH /N BB S UL TOMM20 5 LC3 45 43t i
A, By RS R A R

. SR,  P<0.01; S84 A, P<0.05,% P<0.01,
E7 %48 db/db /NERBEEIL LAMP2, TOMM20 ¥ LC3 SER LR (X5, n=6)
Fig.7 Immunofluorescence staining of LAMP2, TOMMZ20 and LC3 in skeletal muscle of db/db

mice in each group (x+s, n=6)

ST, FEEENRATT, QORiR [ I PR
REJC I RO SR A5 S AL R AL AR, 25
T RV O A A AR G B Y, HUR

4 it
H Ve R A AR S R O NS, B
TN A WEARTE B, R ) 2 A R R A 1) 420 72
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