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Anti-fatigue Effects of Mulberry Anthocyanins in Mice

YANG Shu, HUANG Xuying, TU Han, LIU Zhong, LIU Xin’

(Pharmaceutical Preparation Section, Wuhan Fourth Hospital, Wuhan 430034, China)

Abstract: Objective: To study the anti-fatigue effects of mulberry anthocyanins (AM) and discuss the mechanism in mice.
Methods: After preparation and analysis, the the antioxidant activity AM was evaluated. The mice were randomly divided
into the quiet group, the aerobic exercise group, the model group, the low, medium and high does groups (the AM dosage
were 100, 200 and 400 mg/kg/d, respectively), and exhaustive swimming test were performed. After mouse were orally
administered for 4 weeks, the fatigue-related biochemical indicators were measured to evaluate the anti-fatigue effect of
AM, such as the levels of blood lactic acid (Lac), blood urea nitrogen (BUN) and malondialdehyde (MDA) the activities of
superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px). Meanwhile, the anti-fatigue mechanism was explained
by the relative expression levels of Nrf2 and HO-1 mRNA. Result: After enrichment and purification, the contents of active
components in AM were increased, and showed the antioxidant capacity that equivalented to vitamin C. Compared with the
model group, the low, medium and high does groups were significantly prolonged exhaustive swimming time (P<0.05), as
well as the exercise capacity was increased. The medium and high does of AM significantly decreased the levels of Lac and
BUN (P<0.05), the activities of LDH and CK (P<0.05) in rat blood, improved the activity of SOD and GSH-Px, as well as
low-regulate the level of MDA, 8-OHdG and ROS (P<0.05) in muscle. Furthermore, AM significantly increased the
expression levels of Nrf2/HO-1 mRNA in muscle (P<0.05). Conclusion: AM could improve the ability of the antioxidant
capacity to exert anti fatigue effect through regulating Nrf2/HO-1 signaling pathway.
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Bl 5 28 5 K I P T, #h2s se S ke i s,
AR TR] . S | AT ) T AR 200 55 BTl
Shrs ik (A AL S R (AT, 2 55 2 SV S 114 2 B B
Z—, WAL SR = . WLARSR . AT EEdRL.
PETT T REAEREIR, P TR T TAERCR A1 5T
Hro WEEWISEERM, BT SR R I A
Fh 3, SRR R AU 3R G A i a3 DI AH OGN 21,
I, BB T R T 20, 2. SRS TR LS,
DAVE RPN [ 3, s AR S A5 457, SR AILAR Y
APEHLRE, AR ST, 2B SR IR
YRR T 2 Ak . SR DU ST IR 3
i, LIRS 2 AT Y25 RS RO, InjE X
BHS . SEALREED) | Fe e SR GRS 45

FEE(Mulberry ), /&R (Morus alba Linn.)
ISRAESE, 4 530 | S2IR4E; B O RERHT AT 1, a5
EE, A7 RIS e, &2 B M E i 5 =
P FREPEFEEEEAT . gib R AR b
SRR Sy, LA M 0B T B RS SR
VER P 255 UR AL DT A&, FREEWGR T EAELD)
KA H YSErh 25 s, BT SR . 2= HEE S0
T, ety R R h —JEE BN MW ST, AR
HREREZR B IR WS ST RER -, T
B Al SN2 AR, UK A 3R -3-O- A FI R
RGBHFR-3- 25N A CIHE R 3 -3-O- A A b4
DRI IR B AR A O B, AE (o B s bt E ik
WEPENOL, [EI, SREAE AT R PR A L PR
A, WISHAIE 57 . MPRIG . BEEAEN 1 R, SRR
O B A IR AR, W BP U S B T . SR,
SEECAR T VL, B i IR I B IRIR B . FESREEPTIY
5 HIE P, o6 T REAC AT DU 95 7E FH T 88
>, IR R B TR T A FIH o AR5 R
AB-8 KFL#INE . HPLC 435l £ . /AT SEE A
FEHCY), I wFoR R O IR NS MNP E TS
P, DI SEA L U Bepe 55 A E AL, S idk—25
TR SRR SIS SRR B SR AR s
1 MR5RE%

1.1 MRS

FEMAES (Mulberry) 2019 4F 5 AW H L4
TR XOKSRAL L T Y, W5 CS57TBL6J Mtk
/N 60 L, 7 L, AAE(20.8+1.03) g, JbE4EEF]E
S B EEARAT B ], SRS SCXK(51)2019-
0008; /Iy B4 28w 3%, H H B FUVEROK, 1] 357 1 B
22~24 °C, FHXHBJE K 40%~60%; FLIL (Lac) . FRZ
A (BUN) | {HPEA(ROS)IAHI & M@ty T
FRA BRAF; ZLIRG SN (LDH) . AR (CK) . &
EALY S ALEEF(SOD) . TN (MDA . &t H ki
EALYEEF(GSH-Px) . 8-F2FL WA &1 (8-OHAG) ik
Fl& DR EMEHEAT IR F; TRIzol 35
A at SR A RS 7 514 e 2iane 12
B AR S DRSS E Y R 25 R

A BRA T A3 2R -3-O-# 4 HE(C3G, 4l = 98%) .
RALFEZR-3-O-FZEHEH (P3G, 4l =98%) . KIHEET
2R-3-O-H 7P (D3G, 4iF =98%) g4
YRR R A R (agigal) | iR (aial)  Jb
ST ORI T F s BRSO v ER /KB I . 281K
[SHIS

ZIJHEMEHR{ (Spectramax i3x) . &7 R 12500
#HL(Sorvall STI6R) . iUl { (Attune NxT) 5%
AR IR B A RS 75 w5 Z0AH (435 {2 (A gilent
1260) ZHACEH A RA T B8 2% KT (New
Classic ME) T = Mg 4 &) -FC 7 22 42 H1 5 Hf ko il
(Mini-PROTEAN® Tetra) {HiRAEATEZr=MmA R
ONT SRR E B A KL (Direct-Q3) 25 [E BRTLAE A
HE 5 (SW-CI-2FD) S YA R A R
A SIS ARARIR VKA (DW-HL340) Rl KIR
BHE B B F] o
1.2 LWHE
1.2.1 RELOTEOHIES KRR ISR A
J&, A 4 1EAFRAY 60% B (& 0.05% EEAR )
PRI, TR AR, i 08, A58 UM 7000 r/min 25
> 10 min, B VB, T, VESRE Y G185
& P IR T8 ik s fe, Bic il s 100 mg/mL 7K
W, VEREH R (MY) B H . 1 AB-8 KFLWIE
(2.6 cmx60 cm) Vi fb, T EREHE, 2 mLb -l 1:15, 85
FH; FEBFW(MY) _EFE, # 5 30 min; B/ KK H
3AEAEARFIK | 40%. 60%. 80% Z WA IR e, Wi
3 3 BV/h, B 20 mLUYKEEPENGAE, &5 7P,

O3 RS S FRBGE R Y C3G. P3G, D3G FRAES,
PC i BV A AR S TR, A5 TR BE R 1.0 mg/mL; K
B W AN TRV BRI TR 5 b ol T8 A, o BE A R, ol %
AR VR S A s B # (0.05, 0.1, 0.2, 0.4, 0.6,
0.8 mg/mL)i#4T HPLC 43-#7, £l C3G. P3G. D3G
e SIS T RR AR 2R R ) R

HPLC M 2 & A6 A1 (A% 25 41 Kromasil
100-5C g (0 3% 4 (5 um, 250x4.6 mm) ; ¥i 3 A K
0.1% H /K5 (A) FTH B5 (B ) 5 B 3 e LRR 7 R
0~5 min 93%—90% A, 5~10 min 90%—80% A,
10~15 min 80%—75% A, 15~20 min 75%—65%%,
20~25 min 65%—65% A, 25~30 min 65%—60% A,
30~32 min 60%—92% A, 32~35 min 92%—92% A;
Tk | AR SRR RS E A 1.0 mL/min., 25 °C.,
525 nm Al 10 pL.

ifiat iR HPLC (i ac 4, s ir SRy i v
AT (C3G. P3G, D3G) & i, B IFESY, Hedn . ¥
IR, PRASREAL O PRI, T/ NS .
1.2.2 HrEALIEMEE SR DPPH A HEIH R
RIS 1.2.1 W F glifb A s i) REE AT SR I,
BCH BRI, 4E2E 3R C VENBHME25 040, i e
A 10 pg/mL, SrHT PRI AE ARTE T
1.2.3 SEEeshsra . ez 5maE /(60 H) &
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N PERIFR IS, BEVLS T . A A Bl | FER
2] SRR L PR A, 2t 6 4, A
10 2o ik, b g/ BUH SRR o i o e
B 2524, AR IR A A TS g0 2l 2R, SR o s
A1 100, 200, 400 mg/kg, Ho e 2l /N FRUE B AR
HFHERIK

e /N BROE B 1R 3% A 40s sh gl /N BB R
K 10 min, B BP I T 52 k7K 43 TE & 1] 37 5 AR 80 25 Fn
i H L RN B R T B SRS B g ik S
5, I FEE 4 8 . AR SCEGim il i B 2 R A
FRZE B i HE (S HUCMS202111089), S2iaHaAE
-6 B SR g i SE 50 sl s PRV RS e -
1.2.4 TEWFIK SIS0 74524 30 min 5, Y
HAMIG. . /N BB R T 5% AR5 4T
22, MR A WFOR AR KR 30 cm., 7Ki& 242 °C)
AT EWEIK LS . S/ NEELERITIR AIK 10 s, Toik
KA, BISA/NER et a] . ARE]RE 1 JE, i85/
ERUA EE YR DK g s TR] O
1.2.5 /RIS MAALREAIEE  FER RIS,
30 min J&, SR 2% S U2 4R ORI/ B, iR
BREC M., B T PHLHEEH ' 7000 r/min B 0> 10 min,
15 5w, fites H o

SOFERR F AR BE /N B, BN BRUBRER-E-H5 WL, FH 4 °C
A FRER KB, WK 4R /K 53, B T80 °C vk
KA RAE, BfRES o
1.2.6 MIEAFERRMNRE BRI, 250G
G Ud BH 5, I 52 1L 7% P Lac. BUN /9 & &, LDH,
CK BYHfFG T o
1.2.7 /NEVEBEULE AL BFE PRl e B IR EB%
WL, = B350 & Ui B 15, I B #5 UL ROS il
MDA . 8-OHdG &4, SOD Hil GSH-Px HIMEHE /7.
1.2.8 /DEUVEBSL mRNA AHXFRAKFEM e BUh
AR SRR S, SR TRIZOL yAH2ICHE-#
WL RNAN Sl 5840-43 56 CEEDI E OD g/
OD,g, HEAE(1.8~2.0), #fiaE 5 RNA ¥R . BS54 18
J G SRl S U BH A5 A T3 5L 5k, LAH: cDNA 724
MI5E Nrf2 Al HO-1 mRNA #4555 F635 K5 (5 1), ik
B B-actin fE N2, DL Nrf2 il HO-1 mRNA 5 g-
actin FRik & i HUEAE i K FAEXT B K-

# 1 Nrf2, HO-1 #1 g-actin 95|97 51

Table 1 Primer sequence of Nrf2, HO-1 and f-actin

e S1YF5 (5-3") Jita KB (bp) Tm(°C)
fractin GATGAGATTGGCATGGCTTT Forward 20 53
CACCTTCACCGTTCCAGTTT Reverse 20 55
NE2 ACATGGAGCAAGTTTGGCAG Forward 20 55
TGGAGAGGATGCTGCTGAAA Reverse 20 55
GAAATCATCCCTTGCACGCC Forward 20 57
CCTGAGAGGTCACCCAGGTA Reverse 20 60

1.3 HEEAIE
AR S E A 3 UK, 45 R (x+s) ok, SR

SPSS 19.0 HRA4XF S BRI THA R 28 7 254534, L
4 [a] 24 5%, I Origin 9.0 £ & . P<0.05 ik K
HA 2R
2 HERESH
21 REUREENHIESSH

C3G. P3G. D3G &FRFH FE P AL ML
5, BB S5 uE 1B e b AT S SRR E
1 C3G. P3G. D3G M & 5 M P E TG AT T
4381, C3G. P3G, D3G MUbn#Efhignk 2 proR, H
HPLC EEUNE 1 iR, S RFLMIR e alifb)s, 5
FEAE AT H AR g I 4 45D Bl ARG, HE €3G P3G,
D3G S9N 9.1%. 20.9%. 7.6%. 5FREHIE
YyrbE, gifbfa RELE AT C3G. P3G, D3G U
AT 193.5%. 190.3%. 171.4%. DPPH H
FHIETE BRaCEG R, REH Y | aifb 5 EAL A
T, 4422 C 19 DPPH H HH3ERZRTHIN 46.1%.
88.4%. 90.6% . FEALCOTEHA RIFmdia i,
LT REMEY P TR TR, 7E4E
ORGSR D, ROR AR (0T 2R . 2 hEAE 4y
JoE AT IR B, FEAIR T SRR B T A A 1
B, AT T A iPT AR e S . B, dm i
TR A il D A B SR B H i LAY A4, $ET 46
RS, DR UL, SR RE e E
TFrHUE o7 8% 120

# 2 C3G. P3G, D3G & HEIE bt & i 5 & i
Table 2 Standard curve equation and the content of

C3G, P3G, D3G
oy AR ERNC A | A%
ke (R?) (mg/mL)  zifpy  4ifb)5
%gggg Y=‘i‘;25%376"7 09993 0.05-0.8 3.1 91
Kg?gg' Y=3l%g‘gl’“ 09996  0.05-0.8 72 209
igggg' Y=21%282114"7 09985  005-08 28 7.6

XL YA BARBR E (mg/mL) | TR

22 RERGEXNNRAEFARESN

s shE, YUARER AN FAUISRE I AN 2, Hh
BB = T WLRIBRIR S 57 eIk, 1S pUA iz shhe
Ji. W NS . R K LR R TR R 2y
SR PO SV, J1iEiz shisf el iRm0 . B
SR T iEshEE S0, e 3 A, BRI /N R
WEDK 1 3k B [A] 22 B SE B 05 B W R e B, 5
1 JE/NBUE B 1is 3h, H9R T YUz 3hse ) 5 2Lt
J1, I RE T UFk J1vEestal, 2810, 55 2 JEIFFELG, 7
BRI 32 Bl i A, Bt T B fr far, T = 9
S P E B AR, TEAR KRG 25, K. . &5
/N BRATEK 1t Tl 43328 13.8541.23, 15,91+
1.15. 19.48+1.04 min. SARIZH LbAE, IR, v, =it
ZH /)N BRIRUK T3 Bt Al 43 5B T 94.5% . 125.6% .
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A 3007 S AR SN UAHESS | AR BT TEARRR I, A
250 D3G P3G PR o7 FREBRAREERT, K 2 "IN, S2eipd Lh e, A
5 20} < FE BN/ RUILT T Lac, BUN £ it 6 i 3bE 2 57
£ 150 (P>0.05) . 5474012 30 2H s, BERIZH /N BRULTE
% 100- Lac. BUN & 55051 5k & THE T 102.3%. 64.6%(P<
= 504 0.05) . TEIEH BYEAL T, HLUANEY Lac, BUN #4340
oLf A TR PR AS . AT USSR, LA LS
-50 . : : : : : ) JE AT BT AR ARSI, LUK FEA LA BE &5 1974
L e . Lac. BUN A sk /N T LM sl th 1 e
B 500+ 2 i, A s H/ NEUAN T Lac, BUN ZKF4%
o) D3G IR, AR AAEICRPE ST . BRI, M1z Bk BERT, A4
5 PIOREFRNER (BT 43 Vit . [R1AS, HILAARAL THERAECER
E 300 =, K&EM Lac. BUN JGiE4 i, HERLTARDY, SR A
s a00] [ GC P3G PRI RCOT 7, AT AR ZE/NBUA A Lac, BUN ¥
2 o0l REHUH T, 7 SRR
0 4+-Jyh UL | 1.0 A
0 5 10 15 20 25 30 35 3 0.8
(B4 IHF15] (min) 5 g
? 400 1 : 0.2 i
@i 300 C3G P3G ol ' |
5 200 BB B B B B
% F& eSS
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Fig.1 HPLC chromatogram of mulberry anthocyanin extract gisor 5 T
VAR (A) | R (B) SAULIR FEAEEIF(C). 2 ool %T//
3 REALO XS/ UG DK ] Y5 Ef 5ol
Table 3 Effect of mulberry anthocyanin on the loading
swimming time of mice 0 S S D D D
ST (min) S NN
2151 % N
WO R M HBE 4 R )
ﬁ%ig u : : : : : .IEI 2 FRFEWATX/NRMIE I.‘ac\ BUN ‘ZZUEE"J%HIEJ
. Fig.2 Effect of mulberry anthocyanin on the concentration of
BERIAL  8.61+0.41 9.43£0.57 7.22+0.82 7.1940.94 7.051.36

R 8.5940.38 10.56+0.41 12.27+0.77 12.8+0.91 13.85+1.23"
lEd  8.62+0.36 11.88+0.59 13.85+0.84 15.140.94 15.91+1.15"
FREA 8.5140.42 13.2240.78 16.1+0.97 18.85+1.02 19.48+1.04"

T SRR, #2253, P<0.05,

176.3%(P<0.05), H 55 E AL A0 A AE T 1 RO 5¢
Fo FREZPPUE TR ISR —3™, iR
LERRI T REAL O E N R E R RS, 7T
AR N2 shifit 17, 2B /N AZ st TR, HAT
BT STVE
23 REMBEXGEER SN

Lac. BUN 43 5ilJ&b . &5 s it =4, Hok

Lac. BUN in serum of mice
T SRR, RS B P<0.05; S EZshl
B, MREEFDE P<0.05; SHEAMALE,  REEFBE
P<0.05; & 3~I%] 6 [Al,

A%, . SRR/ NS T Lac, BUN HeBEEIK
KK, SR EAOHITER BRI SR . SHARIZH
Fbas, AR FI L 40 Lac #1 BUN ¥ BE I I k25
(P>0.05); H1 . @4 Lac ¥ )& 43 B W FHREAR T
18.8%. 35.3%(P<0.05), BUN ¥ B4 1) i Z FHAK T
28.9%. 36.4%(P<0.05), =l=E4 BUN IKEZES5H
FasshdH LR FMWZEF(P>0.05), EiRIFE S H &
SRS N AEOITPUE ST RO S IR — 2, nT R
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W &4 SO ETRSHER

P TR Y SR A B RIS, e g AR
o, SEWURT Y REAA AT /D, Tk AkE D
ETIRL B LRGN, SEEEAE T BT
W, W80 T 3z B b oBE 2 AR 1 5 4y i, 45 Lac.
BUN ¥ BERRAIC . DAk, SEEEAE G 7T 2% R Py vl
& | AR SR IR 1) A3 fd A G, s i i M
T, RIEPR SR -
24 RETGEXEIRARIFIE

LDH S22 1 SRR, 110 LR S A0 i Y
it CK JEAEUEREREA I AR, 5400 Py R s % %
YJAHE . LDH. CK B ArAE TALR i, Hig e
SNIB BB BE RFEAR, 2 B HZ Bl £ et 935
eI, HE 3 WA, ST L L g, A ARs Bl
ZH/INERIM VS P CK Fl LDH 36 1 TG i 25 1 2% 5 (P>
0.05) ., S5A%ZEsh4 i, BERIZH /N R CK
Al LDH 7 M W2 T T 26.9%. 42.2%(P<0.05) .
A HIB s BERAIK, PURM ST/ N, RNa s s
. M4t i sha, XHE-as L T, (1S
LRSI TR, LDH 1 CK 5 &58 B, IF
TR, FHt, ARz sh4E /D RUnyE LDH Fi
CK ¥ F3 51, AR 2 /N BRI 7 h CK 1 LDH 7% 1
DUFPRSH T

i, v Rl /N BRI T CKOFN LDH 3614
BIIRBEAR, 5RFAEOTTAAATIRAREIOC R . 515
HIZH Fhd, b E 2 LDH JE 4 51 B AR T
21.2%. 28.9%, CK &M W EREIL T 22.9%. 28.2%
(P<0.05), &iFliE4 LDH. CK W&k 54 Eis 804
TCBETEIEF(P>0.05), HURRESY | isshitiss s
SN O DIAHSE, JB P AA . PLsg . PLRT ST
AT R A, VR ST, TR 5700, &
BT BAT RPN S M E A RIE T, A Bk
MRS ALY B BE T, TS O ML o PR3 1 R
PRI F g 227, BRIk, 590 e 4 UL IR 4 23 495 0,
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Fig.3 Effect of mulberry anthocyanin on the activity of LDH
and CK in serum of mice

T2, 20 i R 375 P AR, 7237 2 v i LDH Al CK
MITEPEREAR . 2 DR EIRFEHH, REAL A TR
38 i AR M LA SR N BEEE T, I iz shisifhs, &
YEDU 57 IVE
25 REGEHWNEHETFHEMD

ROS J&—2A A b TER A 3%, 5t gn
MRS . B JE . AR P15 AT DNA 45, S8 01k o7 14t
i, EI, B ROS AYr=A= ok FL R, ATl 3% 4

300 300 300
200 200 200
35000
A
1004 100 100 30000 | i
#
0 0 0 % 25000 X T .
10° 10* 10° 10* 10° 10 :u: 20000 " I #
E 2 FEE Rl BimIZg : 1 :
g K 15000 | 7
5 |300 300 300 hoy .
] B 10000 2
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Fig.4 Effect of mulberry anthocyanin on the content of ROS in skeletal muscle of mice



- 382 - £ Tl B

AN B, A R T MRz o700, hE 4 nl A, 5%
e bhfe, 7Rz shdd L AR/ NELEFEE L ROS &
T (P<0.05) . fEisshid 2, PLAELAYI0
TSN, LA R AUARM A SIEFE, SRR A
LA SiE R SR, M s e, MUAY A L
FsE A R G0, P RIZH /N FRAAR A ROS K
EHERR W T (P<0.05), B HLRFRRAZE
WL, 38 AR AR 5 AR 57l

fiG. v AL/ BB R L ROS & ik
B, SRELEOTAAAERIAR DG R . SRR L
B, P EFE L ROS SR BIFEME T 20.6%.
43.3%. 54.4%, HAFFERE M2 5 (P<0.05) . =il
20 ROS & 54 &z sh4H B E M2 5 (P>0.05) .
B2 B EA O PIE LTSI G R, RE A
FRIvERR A 3, BAT RAFIPLEIRSCERE, 285G
LIRS, REIOTTVERPUET, nT ISR A
ROS FEALH T =L s B 8, MesEALN 3, KT
755 IVER
2.6 REXGEWENWRHHZN

SOD Fl GSH-Px /24 PN EEZL il =P e b7
T H VTS BRI, ATk B B R AL AR A
BEWr F i 35| &l 28545, M & P s bzl
e, MDA 8-OHAG 1E RPN EALEE S AbRE
JENRIT . DNA 435115 A 3L B ==, dEl s
TN, 522 el /N BUR Lo, A5 480 sh 4 /s BUE R UL
SOD #1 GSH-Px 14 . MDA #1 8-OHdG & & J¢ it
EEZES(P>0.05) . S5 50S sha bhig, ARARIZH /INRRL
‘H 8% L SOD. GSH-Px i 1k & 2 % Ik ( P<0.05),
MDA #1 8-OHdG & & i 3 T =1 (P<0.05) . 7Eiz3))
SRR, BRSPS =2 T HERR T R A 3L, RIS
WA NPTEA LR R TSR, AR AR S LR B RE
J1, AP AN e g 2P0, (H Ik, H5iE s /NEL SOD.
GSH-Px 1M B3 T 55, MDA 8-OHAG &g HAAR
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