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[ Abstract ] Objective To explore the effect of riboflavin on pathological myocardial hypertrophy and fibrosis in
mice induced by transverse aortic constriction (TAC), and to preliminarily explore the relationship between this effect and
short-chain acyl-CoA dehydrogenase (SCAD). Methods The C57BL/6 mice were randomly divided into 4 groups (n=10):
sham operation+normal saline (NS) group (sham—+NS group), TAC+NS group, sham-+riboflavin group, and TAC+
riboflavin group. The mice in each group were gavaged continuously for 5 weeks from 1 week before the operation to 4
weeks after the operation, and the gavage dose of riboflavin was 20 mgekg '=d~'. The systolic blood pressure of the tail
artery of the mice in each group was detected at the 5" week after the operation, the cardiac structure and function of the mice
were evaluated by echocardiography, the heart weight/body weight ratio and heart weight/tibia length ratio were calculated,
and the morphological changes of mice hearts were observed; the mRNA expression levels of cardiac hypertrophy markers
in mice, the expression levels of mouse myocardial collagen, and the expression and enzymatic activity of SCAD were
detected, and the contents of coenzyme flavin adenine dinucleotide (FAD) in myocardial SCAD, adenosine triphosphate

(ATP) and free fatty acid were detected. Results Riboflavin could improve TAC surgery-induced pathological myocardial
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hypertrophy and fibrosis in mice; at the same time, it increased myocardial FAD content, SCAD protein and mRNA expression

levels, SCAD enzyme activity, myocardial ATP content, and decreased myocardial free fatty acid content (all P<<0.01).

Conclusion Riboflavin can improve pathological myocardial hypertrophy and fibrosis in mice. This effect may be achieved

by increasing myocardial FAD content, promoting myocardial SCAD expression, enhancing myocardial fatty acid B oxidation,

and improving myocardial energy metabolism.

[ Key words | riboflavin; short-chain acyl-CoA dehydrogenase; energy metabolism; pathological myocardial

hypertrophy; myocardial fibrosis
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J Bk IR LA I A I EURG ( short-chain acyl-CoA
dehydrogenase, SCAD ) REHF 5 MEAME AR HE NS 17 IR
(9 B AL o ATIBT T R L TR DU S /5
vl R L SCAD FYERIA T, e s HFR kR
VAR A O UIEJRE . SEZEC ) R AR
R PRI A% R (flavin adenine dinucleotide,
FAD) J& SCAD (%l ">, 2 5 N5iM B &1L
HLFA%id, 72 AAIR )5 R N 5 A Y e B2
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E3k54a%% (transverse aortic constriction, TAC )
TR R UL RIZF AL 2
ABESEH TAC T A £ /N B B UL JE A 2T
ALY, JFUB RS T, WA RN
PR O WU S £F Ak b VR .

1 #RFA%E

1.1 TACFK5zh4hn4 44 H 8~10 &% SPF
9L C5TBL/6 /N, ¥iEtt, R 20~25 g, WA
IR EFSLR S L, s A PR IE S
SYXK (%) 2018-0002, J TAC F A&/ B
FRPEC WU R LT 4R, AR 0.45 mm fL
RHER . 6-0 45414k . kR (1290) | 4-0 42/,
FARU/NEAT K= SEFLEE, BF AL/
T ZER AL

/NERBERLGY A 4 20 (BT +2E 37K (normal
saline, NS) 41 (n=10) . TAC+NS4 (n=12) .
WEAR+EEEZH (n=10) M TAC+ £ 4
(n=12) . R EBFERN20mg kg '+d ',
5% TR +NS £H A1 TACHNS 48 H 246 NS, %
H/ANRTAREGA 1, TAREARELLE 254 4.
TAC+NS 4 J¢ TAC+#18 & 4/ AR T AR F o
MARJGAAET: 2 B, A 40 H/ANRAH T8k, A
5 S B AT R 22555
1.2 XA EHAE Pk RNA REGRH & (B/RTE
B L PRI A PR A, 4855 213000 ) ;5 Y
SYBR Green qPCR Filii i ( 2 FE 4L /R A= W Bl 4%
HIRAH, 585 2111063 ) ; #ZiE K (£ Sigma
2y #), 55 WXBD2883V ) ; Bl $it GAPDH . 7%
B B R (554510013030 ) . it $iL SCAD B 7 [
Prik (585 00012655) . RPUKEEA T vk
Prik (5245 00095883 ) . bl A I me
ok (4845 00086215) . Pt o FigWALEh & A
( a-smooth muscle actin, o-SMA ) FATZREHUIA (52
5 BCO017554) . Pl 4t (925 2000216 ) 04
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H & [# Proteintech 28 7] ; $L %2 —HT ( 5L [E Abcam
2w, 55 215219536 ) 5 SCAD b IR & (56
[El GENMED A Hl, %45 1-2020412-10) 5 FRJH%
iR B I R & (5855 20200103 ) | i B AR T
BRI R R £ (625 20211221) . ATP A it 511
& (525 20211216 ) H0 [ FE 5t AR ) TR
S8 /N BUFAD Kl 3 50 & (b i XU A= 9 B
AR, 585 202112) o 058K K (atrial
natriuretic peptide, ANP ) . Jxifik ( brain natriuretic
peptide, BNP) . B- JJLERFE H #%5% ( B-myosin heavy
chain, f-MHC) 2551 YIFF o A TAEY) TR (B
) ABRA R G
Ifil 31 SB0890 ( 54 [E KENT A+ ) 5 #8414

T (22 Thermo A w] ) 5 VR R B0 AL
(IR DAV PR AR ), —80 CAIRIE
VKA CRZBUD R ZE iy L a8 e A R AR ) 5
Multiskan FC 4= F ZhilEpR{ ( 5[ Thermo AH] ) ;
Nano-1000 3 £ 53 0% BE 31 (BT M BB A s A B
AT ) 5 7500 Fast S 26 B PCR R 4L (K
ABIA T ) 3 HE WKL/ 4L (3 Bio-Rad
/NF] ) 3 ChemiScope 3000 mini fb27 & YEAY ( i
R R A ) o

1.3 R EFPRK % E Z S JEAR E 6 (heart
weight/body weight, HW/BW ) | S JEi2F K & b
( heart weight/tibia length, HW/TL ) ##m K5
55 A A A U BRES R s klici R. R
/NELIN 6 YR, [B] B 2 min, BOEAME. W/
HW. BW 5 TL s, 1% HW/BW Hl HW/TL,
14 RECHELRE FARFHE S RLEER
AR /N, R B P 235 3 SR R Gkl
ANERC BESS A D REHE AR, L IE s/ RO ) 1A,
BM M, e H/NRE R ALER
BE J&& i (left ventricular posterior wall thickness
at end-diastole, LVPWd) . W% R £ L =E G
BEJELFE (left ventricular posterior wall thickness at
end-systole, LVPWs ) . &F 5K R W22 0 == fij BE JE
B (left ventricular anterior wall thickness at end-
diastole, LVAWA ) . Wi AR 200 28 BT BEJSEE (left
ventricular anterior wall thickness at end-systole,
LVAWs ) . ZE0 % &5 AR WIS (left ventricular
internal dimension at end-diastole, LVIDd) . Z.0»
FEWAE AW 4L (left ventricular internal dimension

at end-systole, LVIDs ) . A LEFFEAINA (left
ventricular end-diastolic volume, LVEDV ) . ZEDVE
Wi AR HH 25 (left ventricular end-systolic volume,
LVESV) | ZE0E S 4534% (left ventricular ejection
fraction, LVEF ) FlIZ5.02s 50 4555 % ( left ventricular
fractional shortening, LVFS) .

1.5 pasHAfen  BUR/NEORE, ¥
e RBEVIE VI, FH 4% 25 BB W, A
SR, 3 ilidE T SCAD e ey . H-E
Jufn . RIRAELLY A, ZMEEE R (wheat germ
agglutinin, WGA ) 44,

1.6 SCAD B4 7% M B 5 i 8.8 . 7 B N5 By Bk .
ATP FAD &2 SRR T 5 4 7454
1.7 G Repadksen  BGE Y K/ /N AL
WA, 59K Bl 2, RIRASLEEH. W
5 570 nm ERANCE R, K HACA BCA HFE &
PR 2 25 505, FEM A LL 10% SDS-PAGE
Gy . MBS F R OB R 1 7% 2 PVDF B, H
TBST ¥ L E LUK, SR )5 K PVDF A BT
HHY 5% 4= 1L 2 11 (bull serum albumin, BSA)
thE iR EA 90 min, S3®FIHBZA, 7300 E —bt
SR, VERE, IR RIEE B 1 h, RS
Bl AR RS FBE Y

1.8 gPCR & @ 4& B/ B0 LA 21 B RNA,
it FH A 43 6 6 B2 110 2 RNA 28 596 8,
B SR L cDNAL AR 8 1285700 &2 156 B 5 L 1 cDNA
FC LY AR R IR DN, SR 270 IR AR
i mRNA R IRIK -, £ FF i 4 I 25 5 UL GAPDH
¥ —A4k. SCAD L iE 519 )F 51K 5-TGGCGACG-
GTTACACACTGT-3', Fii#5I ¥ %1k 5-CGAG-
CTCACCCATCTTCTTAAC-3'; ANP I ¥ 51 %) ¢
51} 5“TGGCGACGGTTACACACTGT-3', Tiit5]
Y F %) 4 5~AAGCTGTTGCAGCCTAGTCC-3';
BNP 351 9% %) M 5“TGGGAGGTCACTCCTA-
TCCT-3', FiiF51#1F5) M 5“-GGCCATTTCCTCCG-
ACTTT-3'; f-MHC L3515 5k 5'-CGGACCTT-
GGAAGACCAGAT-3', T~ iif 5| ¥ ¥ 51 A 5-GAC-
AGCTCCCCATTCTCTGT-3"; WJEEH 1T LiiFsl
Y %1 N 5-AGGCTTCAGTGGTTTGGATG-3,
T U519 % 51l 5-CACCAACAGCACCATCGT-
TA-3'; & MBS ¥)7 50 5-CCCAACC-
CAGAGATCCCATT-3', N ii# 51 ¥ ¥ 51 A 5-GA-
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AGCACAGGAGCAGGTGTAGA-3"; a-SMA
5 ¥ 5 R 5-TCCAGAGTCCACAATACC-

AG-3', TSI ¥ F 51k 5-AATGACCCAGATTA- 2.1 Ak Z b REF k4 & . HW/BW & HW/TL
TGTTTGAGACC-3'; GAPDH |- it 51 ¥y J¥ 5 M WNE 1A B, TAC FARJE/INEE Sk
5-AGGAGTAAGAAACCCTGGAC-3', Tty  #EBMRTAR+NS ATt (P<0.01) , BHE R
5% 5-CTGGGATGGAATTGTGAG-3', B 5 TAC+ 1% 8 R 24/ B 8l ik e e 3 TAC+
1.9 %tz a2 N Imagel AL IEY) F g NS4l TR (P<0.01) . WK 1B, 1Cfim, TAC
S A B ENE I 45 5%, SPSS 21.0 Bk trse FARJG/MNE HW/BW FITHW/TL & ( P#7<<0.01) ,
o THERLL Y 2s 2R, BHMILECRHS s R #EE 5 TAC+ & 3 41/ ’LHW/BW Al
IR J7 200l ¢ K. KK ifE () R 0.05, HW/TL # TAC+NS 4l T (P3<0.01) .
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Fig1 Comparison of tail artery systolic blood pressure and ratios of HW/BW and HW/TL of mice in each group
A: Changes of systolic blood pressure; B: Changes of HW/BW ratio; C: Changes of HW/TL ratio. | mmHg=0.133 kPa. "P<<0.01 vs
sham+NS group; ““P<<0.01 vs TAC+NS group. n=10, x+s. HW: Heart weight; BW: Body weight; TL: Tibia length; NS: Normal

saline; TAC: Transverse aortic constriction.

22 HEEMNDIEARECHBALERGH A R 0.01) ; 5 TACHNSZHAHL, TAC /) FAZ 85 &
mE 2 s, S5 FEAR+HNS A, TAC FARG B 50 LA B A AR s (P<<0.01) o [RIRS,

/N B LVEF, LVFS, LVIDs, LVIDd, LVESV, 5 FARANS 4 A1 H, TACHNS 41/ 5L L4
LVEDV ¥ [% it ( P<<0.05, P<<0.01) , LVAWs, AU O IR JE AR W) ANP . BNP #1 f-MHC 1
LVAWd, LVPWs, LVPWd #7175 (P34<0.01) , mRNA FikAEB I (PH<0.01) , ML EE
R TAC FARJG /N AE T 9 80 IR JE AL HEHJE, 5 TACHNS 4140, TAC+HEE R4/

EEF A5 DI REFR A . 5 TACHNS A AH I, TACH# L5 mRNA ZKFREIE (P <<0.01, K 3D~
# % 2 LVEF, LVFS, LVIDs, LVIDd, LVESV 3F) o DL ESSRERUI B RWEE | TAC TR
LVEDV ¥ J} & (P<0.05, P<<0.01) , LVAWs, 47N B B O LA JEE o

LVAWd, LVPWs, LVPWd ¥ f& (% (P<<0.05, P< 24 HEAF AP gieas e SFEAR+
0.01) , R R T TAC FARSENHENE NS, TAC FAINE T/ e Mk 6] 5 s A
SO VR JEE I IE &7 45 DT RE A L4 R L R 0 AR (B 4A. 4B) ; TACHNS 41/
23 HREMDRBBEES G Hw W B O 2 () o J DR i 5 ) BB S A AR By v 1
3AIR, ST AR+ENSHMIL, TACHNSZA/ME i T AR+ENSH (P#4<0.01, Bl 4C, 4D) ; LIl
BUR B O UL, Oy RERAR O N5 HERMER S (K4E) |, IRIFEN 1. BREE
5 TACHNS AR, TACHH% i K 241 /)N B0 %5 BE . a-SMA & (& 4F~41) F1mRNA (& 4]~
AR DEERR, WK 3B, 3C iR, TACHNS  4L) KK EHE TRTFAR+FNSH(PH<0.01),
ZH/INERC LR MRS A AR S TR NS 4 (P< 5 TACH+NS ZHAf L, TACH A% B K 4 Ae.0 %5 a) it
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Fig2 Comparison of echocardiographic results of mice in each group

A: Changes of echocardiography; B-K: Changes of specific parameters of echocardiography. "P<<0.05, "P<C0.01 vs sham+NS group;

2P<0.05, ““P<<0.01 vs TAC+NS group. n=10, X1 5. NS: Normal saline; TAC: Transverse aortic constriction; LVEF: Left ventricular

ejection fraction; LVFS: Left ventricular fractional shortening; LVAWs: Left ventricular anterior wall thickness at end-systole; LVAWd:

Left ventricular anterior wall thickness at end-diastole; LVPWs: Left ventricular posterior wall thickness at end-systole; LVPWd: Left

ventricular posterior wall thickness at end-diastole; LVIDs: Left ventricular internal dimension at end-systole; LVIDd: Left ventricular

internal dimension at end-diastole; LVESV: Left ventricular end-systolic volume; LVEDV: Left ventricular end-diastolic volume.

2.5 HEHEAD RS ILLLLE SCAD £k | B &M
A FAD 22 t%ww ST AR+HNSAML, TAC+
NS 4.0 L2 SCAD gt FE A ( P<<0.01,
Kl 5A. 5B) ; R FAAE, 5 TACHNS
HAH, TACHZH K4 SCAD $OEsR RN ( P<
0.01) . TAC FEH /N O AL SCAD H H (K
C. 5D) FImRNA (& 5E) /KF-HEAE (PH<

0.01) , MiAZEZEHEY 5 SCAD & H Al mRNA £ik
TR (PYJ<<0.01) . SCAD g (& S5F)
F.0> HILZH 20 SCAD % i FAD 1 % & (&1 5G)
A ERE AR, DL LSRR, B RUGE T
TAC FARFEARELIEONUE R ML 41k, vTRES
HAL O U441 FAD K| 358 SCAD MBI 1
PP L SCAD kA %,
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Fig3 Comparison of myocardial hypertrophy indexes among mice in each group
A: Hematoxylin-eosin staining; B: Wheat germ agglutinin (WGA) staining; C: Myocardium cross sectionl area detected by WGA

staining; D: mRNA levels of ANP in myocardial tissues detected by quantitative polymerase chain reaction; E: mRNA levels of BNP

in myocardial tissues detected by quantitative polymerase chain reaction; F: mRNA levels of f-MHC in myocardial tissues detected by

quantitative polymerase chain reaction. "P<<0.01 vs sham—+NS group; ““P<C0.01 vs TAC+NS group. n=6, X+s. NS: Normal saline;

TAC: Transverse aortic constriction; ANP: Atrial natriuretic peptide; BNP: Brain natriuretic peptide; B-MHC: B-myosin heavy chain.
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/NERC LA L ATP 5 f AR (P<<0.01) I A
OB R i e & ¥ T m (P3<<0.01) 5 5
TAC+HNS 4 M Ht, TACH 8 K 41.0 JILLH 4L ATP
T (P<0.01) . I FIC WLV B B 105 e
WL (P1<0.01) o LU EZ5 R E R AT
A A O LRSI 2 B AR Ak . Bl o ILRE A
W, IR RO LR S RN £F 44k

3 it i

JIE TR B AL XS T 0 L A8 0 1) % 7
Ko AR R, BEIIFR B A LI SCAD 7E
S B O MU JEE | O WLET AR AR AL 3 R B WL
rh gk R, 853 SCAD 41 i ik 75 A FAD J2
ek ST ER e SR =5 SCAD ik . B4 hn.o LR 7 i

Bk, s O ILEE AR, MmN FEAEO L
HE JE 2R i Al 14212 A SCAD il H: A il
FAD 7RIS . B5R AR IR B A Ak n] Re e s
R ER M O WUIE IR S A 4E A iR A2 o

W BRI TR 5E . kit A ik
VIl NG DR B 4t . A A s Bl 25 - S B

SRR IR R P SR L R
158 W RO, R LIRS B BV AL B R

TG R R B AR Y IR L R B A R A
o FAD SRR RS H -z — " oF

X B FAD FE R 278 1) J8 35 11 IR w5 R s I R A
He Al S YA o, A0SR 1 Bh RN o 2

SCAD it Z i £ % 28 i A% 4 2R 7 I e RE AR 2k
3, AR FAD KPR . SCAD [l 1 A 2
FIFRIAAKTFETHE . PLEIE R R W e ot
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Fig4 Comparison of myocardial fibrosis degree among mice in each group

A, C: Cardiac interstitial collagen area and statistical results; B, D: Cardiac perivascular collagen area and statistical results; E:

Myocardial hydroxyproline content; F-I: Protein expression levels of collagen I, collagen I, and a-SMA in myocardium of each

group detected by Western blotting; J-L: mRNA expression levels of collagen I, collagen I, and a-SMA in myocardium detected

by quantitative polymerase chain reaction. "P<<0.01 vs sham+NS group; ““P<0.01 vs TAC+NS group. n=6, x+s. NS: Normal

saline; TAC: Transverse aortic constriction; LV: Left ventricle; 0-SMA: a-smooth muscle actin; GAPDH: Glyceraldehyde-3-phosphate

dehydrogenase.
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Fig5 Comparison of myocardial SCAD expression, enzyme activity and FAD content of mice in each group

A: Left ventricular SCAD expression levels measured by immunofluorescence staining; B: SCAD immunofluorescence intensity

statistics of myocardial tissue; C, D: Protein expression levels of SCAD detected by Western blotting; E: mRNA expression levels

of SCAD detected by quantitative polymerase chain reaction; F: SCAD enzyme activity in myocardial tissues; G: FAD content of

myocardial tissues.

"P<<0.01 vs sham~+NS group; ““P<0.01 vs TAC+NS group. n=6, x+s. SCAD: Short-chain acyl-CoA

dehydrogenase; FAD: Flavin adenine dinucleotide; NS: Normal saline; TAC: Transverse aortic constriction; DAPI: 4°,6-diamidino-2-

phenylindole; AFI: Average fluorescence intensity; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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