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WE HM BTREERE (IF) XPRERPG.O B0 O VE I SLPUE . Tk DL 8 JEld Atk db/db /)N BUR @b PR e
O WIROGARES , BEYLS MR AN IF 241, db/m /NECAXTRRAL, IF 4R 24 h 25@/mMEa e, Fisk 8 B, ShHAS
HOc2 #Mifhi, 8 xR, #iA (HG) #41. HGHIF #1. HG+IF+PI3K 5] (LY294002) #H. ffi fl/Nshie s
WA /NEROCEDI RE AR 4k s ELISA HL3FA/NRC IR ids&d) (W LDH. CK-MB) [W78{k; HE F1 Masson 44 iki¥
fli/NELO IELHZU i #2278 4 ;. Western blot VAT E AHICAF 5 i@ B 1Y R 3Rk 84k . 4558 SHBUAH Lh#, TF /MR
BEALIWE . (R EEAL (P<0.05, P<0.001) , ZEO0= MR FHmsamm B/A tEXFE (P<0.001) , £Fik
SR O ERERE | O EABR SO/ R L EBFEK (P<0.05, P<0.001) ; LDH ¥fitk. CK-MB &t Rk
(P<0.001) ; O ULANRAR K5 18] B SR DT AR ¥ 4% 5 O WUR IR A R B FEAIR (P<0.001) 5 D LEHZUY p-PI3K. p-
AKT JKFH B (P<0.01, P<0.001) ., ZEAIME/AKF, IF W B ERBHIESHNMAT RS H (P<0.01,
P<0.001) , JFMAIL LDH #EtkS CK-MB &8 (P<0.01, P<0.001) , #MHF TH)E, FRAEHIEFERSENHET
e, OWURGibR S BRI TEE M & e % (P<0.01, P<0.001) . 4518 IF @i 0% PI3K/AKT {5585, iR
LR

KEEIE DERVEW R BEROR O BEARIEVLES 3-UES; A B
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Intermittent fasting alleviates diabetic myocardial injury through PI3K/AKT
signaling

LI Junshuai', LI Songyang', LI Menghan', WANG Yingchao' , FENG Yujie' , LIU Tiantian?, SUN Zhipeng? , ZHANG Lan’e!

(1. School of Nursing, Shandong Second Medical University, Weifang 261053;2. Dongfang Hospital, Beijing University of Chinese Medicine, Beijing
100078;3. School of Pharmacy, Shandong Second Medical University, Weifang 261053)

Abstract  Objective This study aimed to investigate the ameliorative effect and potential mechanism of intermittent fasting
(IF) on myocardial injury in diabetic mice. Methods Eight-week-old male db/db mice were used to establish a diabetic
myocardial injury model and randomly divided into db/db group and IF group, with db/m mice as the db/m group. The IF
group underwent 24-hour fasting/feeding alternation for 8 weeks. For in vitro experiments, H9¢c2 cell injury was induced by
high glucose, and cells were randomly divided into control group, high glucose (HG) group, HG+IF group, and HG+IF+PI3K
inhibitor (LY294002) group. Cardiac function was assessed by echocardiography. Serum levels of lactate dehydrogenase
(LDH) and creatine kinase-MB (CK-MB) were measured by enzyme-linked immunosorbent assay. Myocardial histopathology
was evaluated using hematoxylin-eosin (HE) and Masson’s trichrome staining. Protein expression of key signaling molecules
was analyzed by Western blot. Results Compared with the model group, IF significantly reduced random blood glucose and
body weight (P<0.05, P<0.001), increased left ventricular fractional shortening (LVFS), ejection fraction (LVEF) and E/A
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ratio (P<0.001), and decreased end-diastolic/end-systolic ventricular wall thickness, ventricular volume and heart-to-body
weight ratio (HW/BW) (P<0.05, P<0.001). IF also decreased serum lactate dehydrogenase (LDH) activity and creatine kinase-
MB (CK-MB) level (P<0.001), alleviated cardiomyocyte hypertrophy and interstitial collagen deposition, and lowered
myocardial collagen volume fraction (P<0.001). The protein levels of p-PI3K and p-AKT in myocardial tissue were
significantly upregulated by IF (P<0.01, P<0.001). In vitro, IF markedly improved the survival rate and viability of HG-
injured cardiomyocytes (P<0.01, P<0.001), and reduced LDH activity and CK-MB level in cell supernatant (P<0.01,
P<0.001). After LY294002 intervention, the above protective effects of IF were reversed, with decreased cell survival and
viability and restored levels of myocardial injury markers (P<0.01, P<0.001). Conclusions IF ameliorates diabetic myocardial
injury by activating the PI3K/AKT signaling pathway.

Key words intermittent fasting; diabetic myocardial injury; phosphatidylinositol 3-kinase; protein kinase B

BB E Bropi R I B % Cinternational diabetes federation, IDF) ##f iR, 4xERK 20~79 % () i 4FE b
PRI B HE Ok 5.89 14, @it 90%1 3y 2 KK (type 2 diabetes mellitus, T2DM) , %
A BRI R A 3L A Bk 2 — T2 o R O JUL A3 477 A2 8 FE 4 B T R Al b O AR R 00 JUE 5 K AN Ty
R HE B, RN OEIKR., OEERMOMS S &k RelEes, HiFRREE, RASFHOE,
2 5] 2 48 B 40 A1 BB FE T ) B S A 14

[B) &1 T £ Cintermittent fasting, IF) A2 VA 97 58 JR I B — PR & T HURBE D), BE A 205 i A |
MG, 505 g B R BURME S i iy B 4B D Rel. BT R I, IF Redd o & 2= 0 S 00w 2 M3, RIS
Mg, FRAERE. ik, SGERERE S B OIS scie R, IF o] FEK db/db /s B4
i & RS RICH, B, RS RAE R KPEL, IF e B — @ O g R ER P SR, 1F
P OBE PR i o0 WL A R HPL ) oK 52 4 e B . B W AT R B, B TS BE UL RE 3- B
(phosphatidylinositol 3-kinase, PI3K) Fl& H¥AF B (protein kinase B, AKT) i #%7E o L4l 1) 17
W BRI S S R R T OCEEE DO, BEIRIRE T, PBBK/AKT {55l Eg 24, HAF 570
T HIBE R 1 /K P 2 2 PR AR Y, IF B 75 3% PI3BK/AKT A5 5 I 25038 4 R 8 O LA 43 i AN TE 28 . AR
FU 5 AE [ B TF X T2DM 75 & O LA A7 ) 2 38 4 FH S LA

1 ##FTTIE

1.1 A
1.1.1 K3

SIS EN Wik ] SPF et C57BLKS/T /N (db/db /N, 20 R, K& 35~40 g; db/m /MR, 10
R, R 18~20 g) , 8 W, SLIREIYIE A 75 M E L AR A R A F[SCXK (F7) 2022-0016],
FFRF RS ERNKZESH L HO[SYXK (B 2019-0016], i 20~26 °C, EJE 40%~70%. FT
HENY LI LR RR R Lo B 2 2> fik il (2021SDL400) , FF ™k # 57 3R S
1.1.2 48pE

H9¢2 4iiffl R(ATCC® CRL-1446™) o [E g #i R K= 2 K L0 = 7. x40 AR S
= PR R AR v o RS R85 72 38 (Dulbecco’s modified Eagle medium, DMEM) 357 3E3E 4T #F
SAERIGFR, BT SLREHEE 10~20 AAAI4H .
1.2 FERFISH

faA-yE (2211C, #OKFE BOVOGEN A#]) ;5 DMEM (6124116, [ Gibco AR 5 il
(T1300, JEHEZEEEREARATD ; AMMEAR (lactate dehydrogenase, LDH) X% (A020-2-
2, MEENEY TREMFID ; PR NE LE MB (creatine kinase-MB, CK-MB) i{#l& (H197-
1-1, R EY TREMTH) ; PI3K Hilk (4257, £EH CST AF) ; BEMRABEIEHULEE 3-8
(phosphorylated phosphatidylinositol 3-kinase, p-PI3K) Pufk (4228, F[E CST A#F) ; AKT $ifk
(4691, EE CST A #) ; BRI EHEEF B (phosphorylated protein kinase B, p-AKT) Hiik
(4060, £[E CST 2w ) 5 H b #E-3-58 8 M = & (glyceraldehyde-3-phosphate dehydrogenase ,
GAPDH) #ifk (60004-1, 3£[H Proteintech AR 5 IHifh IgG =P (SA00001-2, 3[H Proteintech
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INENYIEB TS AR RS0 (Vevo 3100 LT, HA FUJIFILM A #])) ; E-Blot fh & Mt Sl R4
(Touch Imager, L5 FHRrAEMAFHERAA) ; mEMKEE OHL (5804R, #E[E Eppendorf A
CIDR
1.3 KW AHZE
13.1 h¥&EB R 55 H

L 8 JH e HEPE db/db /N BRF A PR Lo LA DB A, db/db /N BRBERL 22 AT (db/db) 2 A1 TR) R
el e (IF) 4, R R db/m /ANEOXTRRAL, A4 10 X o IF 20RH 24 h 582258 24 h H dit
BRGHAT: R EBYOK, FRZE 8 . o IRA MBI R H 4 75 R IR .
1.3.2 B 54E

Z 8 Dong SFUAM S 77k, KA H9c2 20 M F i 30k FR w0 WL A0 B S 20, 3% B 0 20
(control, Ctrl) . fE## Chigh glucose, HG) ZH. @b+ B LW & (HGHF) 4. &b+ ek mr &+
77 (HGHIF+LY294002) 41, LA 33 mmol/L HG ¥ F40MI 48 h, FFIEAT 10%M6 4 ML i (115 77 5
HE IR A0 24 h BEAASNME R .
133 BEMLIAE. KRENE

2 A DN - 2H /)~ B B AL LB A 5T = R AR AL
1.3.4 IhiBE

KIUNE PR AL N B O DI RE AR, SRR 3 SO A I, BOPEME R, THE A O =S
15> % (left ventricular ejection fraction, LVEF) . #24h%i%i% (left ventricular fractional shortening,
LVFS) . Wik ] 7 0> = J5 B2 J& J¥ (left ventricular posterior wall thickness at end-systole,
LVPWs) . &F5K R IHZE.0 % J5 BEJE JE (left ventricular posterior wall thickness at end-diastole,
LVPWd) . LEOEEFIKAKIABF (left ventricular end-diastolic volume, LVEDV) . A0 Z U 45 K
2% F (left ventricular end-systolic volume, LVESV) M &F5k 5115 &F 5K B 1A — 2 J 1 978 06 {8 3% B b
(ratio of early to late diastolic mitral inflow velocity, E/A) .
1.3.5 EEBX R I BHXEE ( enzyme-linked immunosorbent assay, ELISA )

2 ELISA {7 & i 45, A2l LDH A1 CK-MB #J 221k
1.3.6 FARFE-FL ( hematoxylin-eosin, HE ) & F1 Masson S

ONHRE 4% 2 RHEEE 25, Ak, Uk, 2547 HE 5 Masson Jeta, PPAL 0L
H AL B AR AL
1.3.7 AR EERFIE-8 ( cell counting kit-8, CCK-8) &4 TR R

218 CCK-8 127 & it B 45, ar il 48 4 41 i A7 05 22
1.3.8 MEMETE ( methyl thiazolyl tetrazolium, MTT ) %4l Z8BEiE A1

I MTT BRI G U, A L0 3
1.3.9 Western blot i% il E 18X & B RiX

RELONERD, —HMHPREEE. Wik, ¥%EE, BF PBK. p-PI3K. AKT. p-AKT X
GAPDH H)—$Hiid &, MAX MK ZHME 1 he ¥ AGREE, £/ Image J 1.0 HAF 7 H HArsk
i AR A -
1.4 FiFFEFE

X FH SPSS 27.0. Image J 1.0 F1 GraphPad Prism 9.0 % {347 404 20 #7895 B S 2 Bop e
% (x +5) Fok. ZALBRKEGESHARTTEFEN, RHABEHFETZEMH (ANOVA) B4
LSD %, ARF&H Dunnett’s 73 ka3 sidE 280k 5. BL P<0.05 NZERA SR L.
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2 &R
2.1 IF P&{K db/db /NERESFENL M AEFNE =

xR g, AN R BENL MR . AR E R EE N (P<0.001) 5 IF THiE, /DRI
ML IR 3 0% (P<0.05, P<0.01, P<0.001) , {&FREEZFIL (P<0.05, E1) .

. 40+ e SRR ER
A % ook k *;* % 1§#* db/m group B 80
- E 304 *% X% i T IR - Eiiki: | kxk ¥
55 —8 1 = —T‘ db/db group 60
g & v £ o ) &0
E _g ';0_-_ 1) B T £ 2L o =
= i IF group i By |
=9 = E
g 2 -
= 2 10— =g
25 &—o —¢—& R
E
&
0 | T | | \ 0- Y - 5
“‘J‘ Y
0 2 4 6 8 10 \@ %0@ %63\;&' O& ’%}"v
il RIS AT
pr o X %‘*’3 &
Time/week ' &g

VE: A: BENLIMPES B B: RFEED. SXBAME, "P<0.001; SHMAMLEL, *P<0.05, #P<0.01, *¥P<0.001,

1LIF T3 db/db /s BREEHLILEEAN AR S (x £ 5, n=8)
Note. A, Random blood glucose level. B, Body weight change. Compared with db/m group, “**P<0.001. Compared with db/db
group, *P<0.05, #P<0.01, **P<0.001.

Figure 1 Effects of IF intervention on random blood glucose and body weight in db/db mice (X * § , n=8)

22 IF BEKE dv/db /INR IO RETNBEFERS

INERE R (] 2A) Bor, SRR, BSR40 E LVFS Al LVEF )83 T
(K 2B. 2C, P<0.001) , LVPWd fl LVPWs ¥E# & (K 2D. 2E, P<0.001) , LVESV Hl
LVEDV #1&ZJ& (B 2F. 2G, P<0.01, P<0.001) , E/A ZZE[&L (& 2H, P<0.001) , H.2E/
f&Jii f (heart weight/body weight, HW/BW) RN (& 21, P<0.001) , $E7xBiA2H /N B0 JIE
W74 AN EF ok ThRe PR rS ;s SACRA AL, TF /N LVFS 1 LVEF ¥ EZEH i (P<0.001) ,
LVPWd I LVPWs )i Z &K (P<0.05) , LVEDV Al LVESV ¥ & F[FME (P<0.05) , E/A Z&T+
& (P<0.001) , HW/BW ZZ K (P<0.001) , 78 IF T-1 A 203 db/db /B0 I Th RE A .
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T A~C: NGB A OB ERN A O BRI R A0 o ZNE; Dy B A0S EF 5K AR G BE R RS O S 4R R B
JEIEs Fy G: AOZEWARIARERAGTKAREAM; H: B/AWE; I OE/M4FE. S0BAMLL, “P<0.01, "P<0.001; 5%
HAAAHEL, #P<0.05, ##P<0.001.

2 IF F%t db/db AN ROAE I RERISEI (X £ 5, n=8)
Note. A~C, Echocardiographic detection of LVFS and LVEF. D/E, LVPWd and LVPWs. F/G, LVESV and LVEDV. H, E/A. I, HW/BW.
Compared with db/m group, *"P<0.01, **"P<0.001. Compared with db/db group, *P<0.05, *#P<0.001.

Figure 2 Echocardiographic parameters and HW/BW in mice from different groups ( X * § , #n=8)

2.3 IF ## db/db /NER B0 BLR {5

Sxt R b, BAMAH/NRIME LDH M. CK-MB S E¥ B %I (B 3, P<0.001) ; IF F
Tif5, db/db /N LDH i ME F %, CK-MB kb (P<0.001) o iXLegh JERAT, 1F Af i i i O
WL 03 br B TG M R, o /N RO LA
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W SXTR4IMEL, UP<0.001; SHEAAMEL, #P<0.001.

3 IF %f db/db /MR ¥ LDH 3G 15 CK-MB &M (X £ 5, n=6)
Note. Compared with db/m group, **P<0.001. Compared with db/db group, **P<0.001.

Figure 3 Serum LDH activity and CK-MB levels in mice from different groups ( X £ § , n=6)

2.4 IF & db/db NREOALARRE

HE #:t0 5 Masson &5 R Box, Sxf A LA, R A /N B O AL 40 1 A 480 i AR 2 =25 189
(P<0.001) , SIWIELERAL. IF THUG, UL RBET LR Z D (B 4A~4C, P<0.001) .
XA R, R AL B O LI SR 2T 4R 35 AR, R AR = A e R, B ke O R
A, O WLTE] BT A I ) 2T AEAL AR FE 3 3 3G 0 (P<0.001) o BbAh, AEHIZE /N AR 0o LIRS S 28 AR 40 2
(collagen volume fraction, CVF) & EFE (P<0.001, & 4D~4F) , {H IF 4N Ao LR 5 A0 o 4
JEL IR SR 21 4 X 25 /b (P<0.001) 5 RJRAEBUF IR ZFEIC (P<0.001) , RH] IF FTBEA XY O
WLET 4L .
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e A FANRONAZ HE Bt dh LB (4000 5 B: 54/ RO 2 Masson L E (400%) 5 C: S 4/NRO LA
B ARG AR D: WL R 4EL K SEit; B I A B 40K P8t F: CVF Sit. SxidMtt, " P<0.001;
SRR, #P<0.001.

4 1F 0N RO DB SR BB & I (X £ .5, n=6)

Note. A, HE staining images of myocardial tissue in each group (400%). B, Masson’s trichrome staining images of myocardial tissue in each
group (400x). C, Statistical histogram of cardiomyocyte cross-sectional area of each group. D, Statistics of myocardial interstitial fibrosis
level. E, Statistics of perivascular fibrosis level. F, Statistics of CVF. Compared with db/m group, ~*P<0.001. Compared with db/db
group, “#¥P<0.001.

Figure 4 Effects of IF on myocardial histopathology in mice ( X * § , n=6)

2.5IF EEFAS PBK/AKT {5 518 BV BEES L 7K F

ALKV ZTH, SHRAME, BAHNR O p-PIBK. p-AKT & A BRI /KT8 E T
(P<0.01, P<0.001, & 5A~5C) , 1H PI3K 5 AKT W EAREJLFLZI (B 5D, 5E) ; £ 1F T
WijE, bFiREEBEA T AR g BB (P<0.01, P<0.001) , PI3K 5 AKT S EAFKE
KW ZR,

MK EH, SABAMt, BAHAFP p-AKT. p-PI3K H A B L /KT8 % FiF
(P<0.001, & SF~5H) , 1 AKT #l PBK MEEAREBESHZELEEZR (F 51, 5D ; &
IF TG &5 FiRE Ak 2L (P<0.01, P<0.001) , PI3K Al AKT M E A FILEK
AR R L . JHI LY294002 T-HiJ5, AHET HGHIF 41, p-PI3K Al p-AKT & A Rk /KT8
F T (P<0.01, P<0.001) , UiBd LY294002 HEfE A RN HZ 8 #
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Ctrl group HG group  HGHF group HGHF+LY294002 group

— — ——— —— - 85 kDa
PEEE - - = 601D

Pi3K 85 iDa

o R ———— ...
axr [ —— | 00s

GAPDH | " GHEED S G SS—— — —

MK PDHH ) kAT

AKTIGAPDH protein level

37 kDa

[®)
us)

I

ns n3 ng

= LA
: ZE
® =
&1 k!
B X o
£ 55
=i ==
2 =
Z T

= =

¥: A: Western blot /&3l &% 41/ R0 WA PI3K. p-PI3K. AKT. p-AKT & B REHREIELSE; B: p-PI3K/PI3K & EAH %1%

BRI C: p-AKT/AKT & HHA RIEE W D: PI3K/GAPDH £ (/X F£ik/KF; E: AKT/GAPDH &AM RiL/KF; F:

Western blot £l 2 41.0o AN M PI3K. p-PI3K. AKT. p-AKT & [ARKEMREMELTE; G: p-PIBK/PI3K & (M X R IE & L AH;
H: p-AKT/AKT & AMXRIEREE; 1: PI3K/GAPDH & AMNRIE/KF; J: AKT/GAPDH & FAMX RIEKF. XA
tb, *P<0.01, **P<0.001. SHEMEE AR, #P<0.01, " P<0.001. 5P+ &rtwr a4 met, 1P<0.01, TP<0.001.

5 A LUK, IF T Wi PBR/AKT 15 5@ (x 5, n=6)

Note. A, Representative Western blot bands showing the protein expression of PI3K, p-PI3K, AKT and p-AKT in mouse myocardial tissue of
each group. B, Relative protein expression ratio of p-PI3K/PI3K. C, Relative protein expression ratio of p-AKT/AKT. D, Relative protein
expression level of PI3K/GAPDH. E, Relative protein expression level of AKT/GAPDH. F, Representative Western blot bands showing the
protein expression of PI3K, p-PI3K, AKT and p-AKT in cardiomyocytes of each group. G, Relative protein expression ratio of p-PI3K/PI3K.
H, Relative protein expression ratio of p-AKT/AKT. I, Relative protein expression level of PI3K/GAPDH. J, Relative protein expression
level of AKT/GAPDH. Compared with db/m or Ctrl group, “P<0.01, **P<0.001. Compared with db/db or HG group, #P<0.01, **P<0.001.
Compared with HG+IF group, 11P<0.01, 17/P<0.001.

Figure 5 Protein expression of the PI3K/AKT signaling pathway in myocardial tissue and cardiomyocytes from different groups ( X £ § , n=6)

2.6 IF i@t Fifl PBK/AKT (5 S B HREAIERIPIER

YA R, g PI3K #0753k — B 50 AE IF 0h b ILZH M 45405 () AR VR« S50t FR 2 AH
b, b Al A O WL BT R S /1 (P<0.001, & 6) , & OUIRGiREY LDH KIiEHEYS
CK-MB & & (P<0.01, P<0.001) . IF T¥i)5, nEEuHE LR h, A4 RaES5E 7,
F%{. LDH 5 CK-MB B (P<0.01, P<0.001) . #4b, PI3K $55MEHHI7] LY294002 1), IF
G IR AR N A B R I ES (P<0.01, P<0.001) o FH] IF 7] FELREZZ MR = 0 S A0 O LA ff 452
157, HATREMKH T IF W0E R 2 (5 5 im i
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E: A: CCK-8 Bri4HMAETS %, B: MTT &% /7, C: ELISA A& LDH; D: ELISA & CK-MB; 55t 4041
tb, *P<0.01, ™P<0.001; SmkiHAHEL, #P<0.01, " P<0.001; 5 kE-+a] &k k&4 AMmE, P <0.01, 1P<0.001.

6 ZHMLAKF R IF T T b O LR R (X £ 8, n=6)
Note. A, Cell survival rate detected by CCK-8 assay. B, Cell viability detected by MTT assay. C, LDH level detected by ELISA. D, CK-MB
level detected by ELISA. Compared with Ctrl group, “"P<0.01, **P<0.001. Compared with HG group, #P<0.01, *#P<0.001. Compared with
HGHIF group, 7P<0.01, T7P<0.001.

Figure 6 Effects of IF intervention on high glucose-induced myocardial injury at the cellular Level ( X T § , n=6)
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