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Study on the antioxidant activity and skeletal muscle metabolic regulation
function of balenien

WANG Meng-Lin', XU Wei-Kang', CHEN Zhong-Tao', YUAN Peng-Xiang'", YANG Min'",
LUO Yi-Yuan®, JIANG Tong’*
(1. College of Food and Pharmacy, Zhejiang Ocean University, Zhoushan 316022, China; 2. College of Traditional
Chinese Medicine, Zhejiang Pharmaceutical University, Ningbo 315500, China; 3. National Institute for Nutrition and

Health, Chinese Center for Disease Control and Prevention, Beijing 100050, China; 4. Key Laboratory of Public Nutrition
and Health, National Health Commission of the People’s Republic of China, Beijing 100050, China)
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metabolism-related indicators, and its biosafety within the experimental dose range. Methods Mice were used as
the experimental subjects and were administered different doses of balenine by gavage for 4 consecutive weeks.
Physiological changes were monitored throughout the study, including body weight and the weights of major organs
such as the liver, kidney and spleen. Hematoxylin-eosin staining was performed to evaluate tissue morphology.
Antioxidant capacity was assessed by measuring malondialdehyde levels as well as the activities of catalase, total
superoxide dismutase and glutathione peroxidase. The expression levels of 4 kinds of myosin heavy chain subtypes
and genes related to energy metabolism were assessed using real-time quantitative reverse transcription polymerase
chain reaction to evaluate skeletal muscle metabolic function. Results Compared with the control group, balenine
administration at all tested doses did not induce significant changes in body weight or major organ weights. Tissue
structures remained intact without observable pathological lesions. Low-dose balenine significantly reduced the level
of the lipid peroxidation product malondialdehyde and increased catalase and glutathione peroxidase activities.
Meanwhile, low-dose balenine upregulated the expression of myosin heavy chain Ila and peroxisome
proliferator-activated receptor-y coactivator-1a. Conclusion Within the experimental dose range, balenine exhibits
good biosafety, effectively improves the in vivo antioxidant status, and exerts positive regulatory effects on skeletal
muscle metabolism and muscle fiber-type-related indicators. These findings provide scientific support for the
potential use of balenine as a functional food ingredient.

KEY WORDS: balenine; antioxidant activity; skeletal muscle metabolism; muscle fiber type

BAILE A 5T, 5 ML AR, TR
0 3 = RS ILAE LA 5 RLRE Ty DA, MR LR R
B R i, (OERRPMATILIR G A BT RS, I8
Tl Dbt pes ey TESE EE TN USSR S L
S NI MR MHC ) M‘HCHa Y ELBI, AR UL MHCHIT Y kb
S, At BRI B R Ny, D O A NP DR AR, R, X
S I £ SR T SRR
AT B S g RN SRR R A S, i
AN PR . SO AT 3 o PRSI, RARRASTT, SRR
AR, BT T sy Pt AR SRRSO ft 2 A5
AT SRR . LR, Harb B B LA it *fmw;ﬁ@$m%ﬁ%MME?%mm%ﬁﬁﬁ@?
o g o U ARSI, ST ML TS5 A
PO R TR A TS ALK . RSLIAE B wﬁmgﬁffﬁﬁfﬁWﬁfmxﬁﬁ’ﬁﬁ%ﬁm*
SR o IR g N RER AR -

’ i B LR e BRI/ R T 15 35 L
SR SR, BRI SAITRMERIRERER ok g ot it oA At 9 Xk DU
SRR, SIUK RIDUBRHILE, SRR g o s isiomm, Ao be 0

PLAT S AORUEERFLAGRERE ), A5 BT RIMIE oy e e o de s B A R B, BB R 0
W, IR PSR TOATE, JATOSTRET™ 50 gy e o ) A A B M K 5 R A
%ﬁgzﬁiié%ﬁ%#EZ= bk e, g ONSRILIRAER PR AR AR SRR, S
- TR 7 b FE R AL T S 2 B T A

AR TR b P TS AR TS, L R K

R AR, JCEH ARG E R mIUARE R, 1 MRS

WHLE sh e, BT IR 1 F 4% (myosin heavy chain,

MHC) A0, BT dewidi sy 4 Mhmge 11 HRESIR

T, 4350 9 UK 2 1 # 4% (myosin heavy chain, MHC) I T | i LK (265 = 95%, H AR KPR & B AL\, H
MHC Ha %1 . MHC IIx #SF1 MHC 1Ib B8 ks — R 7E& FURHR BT H 22 (Lampris guttatus) 1R . 6 JES M
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C57BL/6 /N BU[SPF %%, SEue sh ¥y 4 7= ¥F v iF 5 -
SCXK(#5)2022-0006], fT4/NFIRFE T-WiTLiG e K2 sh¥
SEgHLy, SEE Y VAT UE S SYXK(#7)2024-0044.
YIS )y 5 E A WL R S sh Y AR A 5 e 2
Lo AL UE, g S 2024084,

4% 2 WP (4L /R A M RHA R A W), ke
M. =AWkt SNEECGrira, E2 R RGIA PR A
Fl); T A U TE 7% 2 % IR (radio-immunoprecipitation
assay, RIPA) . 7t H kid A AL Wi (glutathione peroxidase,
GSH-Px)Il i 1X 7 & G = RAEW B ARA R F]); Trizol 1
(525 15596026, 3 [EFEIR KM /KRB A A]); W
(malondialdehyde, MDA & 7 & . S0 & 1Lk L il
(total superoxide dismutase, T-SOD)ill i& 5 & (Fd 5 2%,
Y TR R T, i AL S (catalase, CAT)KIMIXF] &
(3% H,0p ARHfENRL) . AT 7 IR AR 1 ok I 10 &
(bicinchoninic acid protein assay kit, BCA)(Br iR AE¥IH AR
FRZ\F]); PrimeScript™ RT reagent Kit with gDNA Eraser &
& PCR JfE il &[5 H BAYH AR FRAH]
SupRealQ Purple Universal SYBR qPCR Master Mix (U")(F§
UM MERE A IR BB AT IR A Rl ), iR S-SR A M EE R
J¥i (reverse transcription-polymerase chain reaction, RT-PCR)
FE G (WA LAY AR A R R - AL
(hematoxylin and eosin, HE)Yt A i & 2% CUR LN H AR A
FRA
1.2 UF58&E

H1 D) BERAL AR S (1 Vi ak e A R A BR 2
Hl); HH-3A KO I 7K 7 5 (A A3 2% 1 3 A BR 2 \));
OV75W R E T RN N IR 36 A4 W BT B A BR 2
H); HI750R 7538 65 2 VR 5 O ALY R A 36 2 AU AR T
A RN F]); XPR204S/AC B FRF-[REFE 0.001 g, HFR:#E)
FER Z R (P DA B2 ], Nano-300 fm aE B BEAL (b
P AL ARG BR 2 H); ETC811 Plus PCR A (AL 5T < A 3
AR A RN F]); QuantStudio™ 5 SZINHOE PCR R4
FERR CHEROT MDA R R ] MY-20 F45UZH 41
W e (LI 5 S0l R A BRA F]); LDZF-75L-1 37305

1.3 WA
131 HWA%YH

6 JEIHEM: C57TBL/6J /N B IRIFRAE IR S (24+1) °C
RGN . SRR IR 2 12 h AR5 12 h B
LRGN, WA A b AROK o S TT UA R Se AT
W1 TR AR B A SR . /D RgERE ALk 3 4, X R
H(N 4), SEIURARFI AL 4), SIS I E4HH
M), Bl 6 J, AT A 4 JHREE LR wid), X

R AR K, A AR R o 7 2 2 40 I S LR
(50 mg/mL Al 100 mg/mL), ¥ BIKF R 10 pLl/g 1K
B, SFIESHR 0.5 mg/(g s d)FI 1 mg/(g*d). FK:
WA A E D RIATE .
132 BAFHHALE

SERARE, NS 12 h), (LH Bk H
Fe RS0 A % HANFE . AbFE T i R BMER 3, %5k
TG LR ) RAHKACHER . Abst)E 7 Bl
FESUFAE RELAIE |V IUE K% Ji5 R IR B Hir UL (tibialis anterior, TA)
ME DL (gastrocnemius, GA). Hk{f#l(extensor digitorum
longus, EDL). Lt H fa[il(soleus, SO)JFFRE . £ LHLFEE LA
HAFERG/PRIKEWN AT
133 “ABREZR

PN AL . BE . BAET 4%2 RH b it
TR, NNEHS Bt de R R R Jr B A BR 2w
AW R, T HE Qe o, SARier Yl T 482
U =38
134 AZ@, BANHEAH, SRR, S
Pk it B Ak o Bl 4 AR 2

(N

RAGRACE L Z- BRI MDA &, B 80 mg AF4H 4!
A 9 F5URFR RIPA 28 Wik, TEVKIBS51F T e b s, &
OIFBCET . B E R BCA TEFEATINE . B
0.1 mL /NEUFIESI 3 05 BN E ). oK LBz
(%5 FVE )RR MER (FRE . 10 mmol/L FRAES) I TAEW 1,
J3HL 0.1 mL /P EUFH ARSI 0 5 R3Ot BRAE Y LA
WL, F REAGR G U A AT SO N AR IR, 7E 532 nm SN
% ¥ (optical density, OD)H, %551k nmol/mg prot 4 Ff7 i1
B, BHMNARE 3N EYFER .

Q)R A B

K WST-1 #:5E T-SOD ¥ 77 . FREL 40 mg JIFZH41,
A9 fERFRA BRER K G F oK EBTREAI3, B0 JE Bk
WHTREN ., EOWRERERA BCA HillE. 7EX 1K
FL. XA AL L W L B D RE 2 AL R A A
W, F 37 °CiFHE 20 min /5, 7€ 450 nm K FillE OD
H, 25 LA U/mg prot HELN R, BAIFEARE 3 N4EY

()i AL = il

K FHHBR BRI E CAT 1577 B 40 mg FAZUMA
600 uL RIPA MR, #5.0oJm B3 F ARG . 26 Pk i 3
it BCA BEMZE o B 10 L /) BUHFEH LS 38 H i /e il g
BREG, [FIBTEOT B SRR s 18 . BEIA 100 pL
65 mmol/L H,0,, 1R5)J5 T 37 °C/KIBIFE 60 s; Bi)57E H
B X IR AN 10 uL REIEESL . SONEEE TR, Tal 5
A 100 pL i 3, #ieilR AP BRAC B, 7E 405 nm KT
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& OD fH, %53 L)L U/mg prot NN FN, AR E 3
MEYFEL .

(DA BT ot AL Pl

B 40 mg FFAHZUM A SR i 513, vk BB,
B ER W AR AR SR IR B R BCA EIE S
AT SRR TR, FE 412 nm AN E A TR
FEREME, S5RLL U/mg prot R EL 2R, AR E 34>
EYEEE

1.4 RT-PCR %

K Trizol i:4F TA #4758 RNA $RIUS, A ivi%s ¢
R G UL AR, KRS RNA %, 5% cDNA,
FHF-80 °CHRMF FARIEA . LA 18S YENNS A, X MHC
Ila, MHC IIb. MHC IIx. MHC I. PNFAFRNIG RS 4
(pyruvate dehydrogenase kinase 4, PDK4) . i 8 AL ¥y Bl A8 5
WS Z ARy IS F 1a (peroxisome proliferator-
activated receptor gamma coactivator 1-alpha, PGC-1a). (%
&5 3 (uncoupling protein 3, UCP3)Flid ALYy HlE A5
Wy # 3% % {&K (peroxisome proliferator-activated receptors,
PPARs)I) mRNA FAXF R IK 5 A T8 5400, B2/ NRIs
3AEYHEE, B RNA AT D0 = R4 ek
2SN R A FE R B B PIIR R AT, B A O (e
fiortr. BARGIIRRSIE B 1.

*1 514977
Table 1 Primer sequences
LK 44k FF41(5'—3")
188 F: GTAACCCGTTGAACCCCATT
R: CCATCCAATCGGTAGTAGCG
MHC I F: TGTGAAACCTTTGGTCATGC
a R: TGATTGCTTGCAAAGGAACTT
MHC IIb F: TCTGTTGAGAGGTGACAGGAGA
R: TCTGCAGAATTTATTTCCGTGA
MHC II F: CAAGTGCAGGAAAGTGACCA
* R: TTATCTCCCAAAGTTATGAGTACAAA
MHC I F: AGTCCCAGGTCAACAAGCTG
R: TTCCACCTAAAGGGCTGTTG
PDKA4 F: AAAGGACAGGATGGAAGGAATCA
R: TTTTCCTCTGGGTTTGCACAT
PGC-1 F: GAGGAAAGGAAGACTAAACGGCCA
e R: GCCAGTCACAGGAGGCATCTTT
UCP3 F: GGAGTCTCACCTGTTTACTGACAACT
R: GCACAGAAGCCAGCTCCAA
PPARs F: GAGGGGTGCAAGGGCTTCTT

R: CACTTGTTGCGGTTCTTCTTCTG

1.5 HIEAE

SEFH SPSS 26.0 Fl GraphPad Prism 9.5 %4 % %
WATET T S A B, AR 2% Fas R R O 2 00
HATHER, DL P<0.05S fE M ZES BEA S EE X WA E
bR

2 FER5HH

2.1  #ERBAXT C57BL/6 /N A IRIEFRAV SN

AL CS7BL/6 /N AIIAREE (B WL E B KR A TR
BB =R B, 15K 2 PR, SRR ARG 2l
NRRE ERE K ES, SRE R R E R, (R
555 JAH BV FFE(P>0.05). X—RE AR LIRS E
ks KA SRR A R — 30 R BRIk B/ R
A AR ARSI E BT 1 AR R, UK R o] e 8 ik & i S
JIE AR R AR 2L 3 3 4 SRR, SR RALIAR HL, AR
B WL T 5 T 9 ER (B 2 BT 3(P>0.05), mil
EATAANE, CAMRRWH TR p-H ARG
SR T IA A R Iss — B B0 -, DT s 36 JUL P S R4
£ 4 PR, 3 A EREEE REBU/NP>0.05) ANIF) ] AL
JRALHEXT C5STBL/6 /NERAIAEE | BB UL E i S A B a4y
R AN R

# 2 HBLBKXT C57BL/6 /NRAAE RSN (g, n=6)

Table 2 Effects of balenine on the body weight of
C57BL/6 mice (g, n=6)

JEI % N L H
1 21.15+1.09 22.07+0.68 21.34+1.70
2 22.09+1.13 22.61+1.20 21.87+1.50
3 23.05+1.43 23.47+1.26 23.03+1.54
4 23.30+1.42 23.69+1.16 23.35+1.60
5 23.87+1.50 24.12+1.14 22.37+1.55

3 AT/ R BRI EZRF I (mg/g, n=6)

Table 3 Effects of balenine on skeletal muscle weight in mice

(mg/g, n=6)
415 TA GA EDL SO
N 1.99+021  5.69+0.22  0.43£0.13  0.32+0.05
L 2.07£0.10  5.98+0.28  0.47£0.03  0.34%0.03
H 2.00£0.13  5.65£0.30  0.47£0.06  0.33%0.03

®4 BEEES5REHEH(mg/g, n=6)
Table 4 Organ weight and organ index (mg/g, n=6)

45 JFIVEE I B kA %
N 36.99+3.06 2.61+0.14 11.4720.56
L 36.70+2.82 2.58+0.07 11.86+0.55
H 36.32+3.60 2.62+0.33 11.12+0.88

2.2 ERRLAKXT C57BL/6 /NRLBLAF T AN

B 1S5 R, Fra A ag/ NREIAE . RETE A% B R
PGB OFFIE R, R B 2 s . AR
B, NIRRT L, A2 R HED 4R 5T, RILE
filo MBS, MEY, RS . I
FiASPE . IRFEE RPEA MR . IR, ARE S %
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KW, KA A AR L RASIER, RIS .
M a S . FIELL AR, B/MESS R,
MNHESREST, IR, RVIHRLGIE R . [, &
WLEE B AT A K i AR VRS BT A A 4 . 50 IR
AR LE, A0 e g LR Ak 3020 fr) 32 2 0 2% 2 2R 45 2
W ks o AR, BOE R EERN, fniEs
T LR XS CSTBL/6 /)N BUR IR . MU A ' e 38 1k
W f) 20 i A

H:ACNZH, BF; B. L4, Bl C.HAH, Wik D. N4, JFiE;
E. L #, JIFE; F H £, JFHE; G N £, BB H. L £H, BOE;
LH4, k.

B LR CS7BL/6 /NEURF . . B A1 SRR3R Ak 14 52 i

(HE 4418, x20)
Fig. 1 Effects of balenine on histopathological changes in liver,
spleen and kidney tissues of C57BL/6 mice (HE staining, x20)

2.3 EFALAKXT CS7BL/6 /MNRITE AR X IEFRAIS2 N
5 X5 B A L, AR = UURRZH /N BRUFIE H MDA &%
i PR AIN(P<0.05) . FEPLAAL IS )7 18, T-SOD & 1 7¢
- ZH 1] 2 R 1 B L 35738 Ak (P>0.05) . S IRZHAR L, i ULk
R 20 (P<0.05) I s I 41.(P<0.01) ) CAT Gty 3%
Frim. SXFREAALL, mAEAR GSH-Px 161 &
(P<0.05), AT LUE H, S ALK VT 38 ok S 2 R AICA J od 4
L2771 MDA 1 & i, F4&F+ CAT 55 GSH-Px & I, if
T4 s R e e Ak RE 01, 25 R ILE 2,
2.4 EREALAKXT C57BL/6 /)sFRAJLEF 4 2R BY B 2201
i 3 R, SXTHRAAE, USR] AL/
BN MHC 1la 7 mRNA FAHRT 2R 5 i 2 55 (P<0.05),
i MHC I %Y, MHC 1Ib B4 Jx MHC IIx 7 mRNA )3k K
S TE i 2 AR A (P>0.05) o BFRRB, AR eSS BIFEAR
WAMEFI IR E M DA e B 225, UL MHC [ BRI MHC
Ila BURREFMNER 42 DUE AR 2, HERR ka2
BonEE, B EA B PUEST HEE; W MHC Ix B
MHC IIb BIAF 4 F BB R RE, ZORiABE R D,
PUI% 55 HE ARG, Beab, LT 428 B AR AR 5
LRI RE R ACPIR A B VIO, SRR A= WA 1 £ ik =

SAACAC I AE 7 iR, 38 2 T BN Lk S Ak R R LT 4
(W MHC Ia) e B3P & & MHC 1RIF MHC Ia %
JULEF 2k 1 5 ULAEE 5 26 B LR TSR i B ARk g 071 MR i
UKL BRS MHC Ta BLLT 4R SE RN 0k EIRBLE,
BT S LR T 0 25 14 B JULETF 42 AR 3G 03 T4FAE Y
AEALAE L

4r 800 -
g 3
o 3k 2 600 f
on on
£ E
3 S 400
£ 5
2 ?
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=

320 .

240F x

CAT/(U/mg prot)

N

S
GSH-Px/(U/mg prot)

[e2]
S

N H N L H
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215 il

e F R 25 57 0 2 (P<0.05), [ 3 [R]; **F m 4] 25 i i
(P<0.01), Kl 4,
&2 EELRRXT C57BL/6 /ISR ST EALFE R A5 0 (n=3)

Fig. 2 Effects of balenine on hepatic antioxidant indices in
C57BL/6 mice (n=3)

U# 16 %4-

o ®

®iaL B3l
z
2°r
!
'él
O
T
:0

—_
N

—_
[\S]

MHC IIx mRNAFHXT R R MHC I mRNAFIXT
N

(=]

N L H
4151 4153

MHC Ila mRNAFXT 5 &

I3 EILIKXS C57BL/6 /N UL £F 4ESE B 5200 (n=3)
Fig.3 Effects of balenine on muscle fiber types in
C57BL/6 mice (n=3)
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2.5 EFALAKXT C57BL/6 /NER B BRAl REE RS &
ERIEHI SN

mE 4 FiR, FE0E. @A E KT HR, /R
ML PGC-la. mRNA 1 K35 K P 8% B2 B 3 FiA
(P<0.01), S5XT R L, =4 PDK4, UCP3 F PPARs
G SRIL TR 1 2B KT 2 BT (P>0.05); T i 7 & 41
R R AR KOF R R R A (P>0.05) . WFSE R B,
PGC-1o AJVERHEHTE RlFl1d $TG PPARs S5 4% % (R
U LR 0L A g R IR S . kLA g R
KB BR LER 2 ) S Ak B e b . IR 4] PDK4. UCP3 HlI
PPARs U2 FFEHMARRE FR, XFTRERE B 0T iiEst
B2 2 ) W PE TS . PGC-1a Z8 R KA W14 LI A%
OV T, AROSME SELORLIR IG5 S T Rg, HE g iR A ik
BRI, R AR ARV O, R AL
BEATREM L TR PGC-1a 33K, H5R T bR T e
FEAR B LR 2 26700 ) SR AL T Ak

04 e -
ﬁ3' =z O6F ok
& E
1?2- S o4t sk
Z z
% £
1' 52
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g0 EO
UH 4 I 4
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i< <
<2F < 2+
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215 251

K4 UL C5TBL/6 /N Bl i JILRE I AU AR SCIE ] R ik i
R (n=3)
Fig. 4 Effects of balenine on energy metabolism-related gene
expression in skeletal muscle of C57BL/6 mice (n=3)
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GSH-Px (11, #t— 2 SCRpm UK AE ST AL I 1Y g A

WAET . TR, R R E UK B B T PGC-1a 5
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W B LT AESE TR SRR HA — € BT A A o g 7R ft
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