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Abstract: To explore the physicochemical properties of Viola philippica Polysaccharide (VPP) and its effect on the
exercise endurance in mice, the physicalcochemical properties of crude and purified polysaccharides were determined. The
serum biochemical metabolism indexes and liver oxidative stress levels of mice were measured after exhaustive swimming
experiments. The results showed that VPP could be separated and purified into two main components, VPP-A (55.45%)
and VPP-B (45.32%), which were further purified to yield VPP-A1 and VPP-B1. The weight-average molecular weights of
VPP-A1 and VPP-BI were 2.532x10° and 5.843x10° g/mol, respectively. VPP-A1 was composed of mannose, glucose, and
fucose in a molar ratio of 1.76:1.00:0.21, whilst VPP-B1 was composed of glucose, fucose, and glucuronic acid in a molar
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ratio of 1.00:1.160:1.73. Both VPP-A1 and VPP-B1 had certain water- and oil-holding properties, as well as good thermal

stability. Compared with CON, the exhaustive swimming time of mice in the VPP, VPP-A1, and VPP-B1 groups increased

significantly by 74.26%, 31.99%, and 45.83% (P<0.05), respectively, their hepatic glycogen and muscle glycogen contents
significantly increased by 151.18%, 52.44%, 77.48%, and 117.26%, 50.53%, 74.53%, respectively (P<0.05), and their blood
lactate and blood urea nitrogen levels were significantly reduced by 50.23%, 23.24%, 32.50% and 56.94%, 33.63%, 45.01%,
respectively (P<0.05). Meanwhile, VPP, VPP-A1, and VPP-B1 all significantly improved the activities of antioxidant

enzymes in the mice’s livers, reduced their contents of malondialdehyde, and alleviated oxidative stress damage to their

livers. In summary, VPP had a significant improving effect on the exercise endurance of mice, and such an effect of the crude

polysaccharide was greater than those of the purified polysaccharides. This study provides a research foundation for the in-

depth development of Viola philippica polysaccharide into sports functional foods.
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Table 1 Chemical composition content of polysaccharide in Viola philippica (%)
SAEER g LB AE HEBEER el 5B eSS FRER A
VPP 68.47 £2.57 15.68 £0.84 3.26+0.94 18.37£0.47 0.94 +0.05 1.21 £0.04 8.64+0.12
VPP-A1l 87.69 £2.61 16.94 £ 0.95 / 0.74 £0.01 0.75+0.03 1.67 £0.08 /
VPP-A2 88.42£2.83 17.22+1.02 537+1.22 0.66 +0.04 0.82 +£0.05 1.78 £0.06 3.28 £0.35
a 25¢ ——Wﬂawg*N£%§ s VPP-B1 H S WERE b & E R 4E 5, VPP-Al K
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Fig.1 Elution curve of Viola philippica polysaccharide
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Fig.2 Electron microscopy scanning image of polysaccharides
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Fig.3 Molecular weight distribution of Viola philippica
polysaccharide
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®2 EWMT ZHESFE. FHNEMFEYZetalB LlE

Table 2 Determination of molecular weight, average particle size and average zeta potential of Viola philippica polysaccharide

SHEXE EHHTE (Mw)/(g/mol)

#3345 F (Mn)/(g/mol)

% 5 A PDI P AR FFZ/am  FY Zeta &/mV

VPP-Al 2.532x10° 1.825%10° 0.864 853.47 -23.74
VPP-B1 5.843x10° 5.322x10° 0.735 674.35 -30.75
R 3 KEHT SHERATEAM
Table 3 Monosaccharide composition of Viola philippica polysaccharides
e | | ﬁ%’ééﬂﬁx% | .
H %4 (Man) #EHE Glu)  EEHE (Fuo) # EABELER (GlcUA)
VPP-Al 57.25+0.87 32.48+1.02 6.47+0.34 / Man:Glu:Fuc=1.76:1:0.2
VPP-BI / 20.35+0.82 23.64+1.11 35.18+1.35 Glu:Fuc: GlcUA=1:1.16:1.73
R4 BT SHEREK ISR R AL
Table 4 Water-holding and oil-holding properties of
— EWRRR R polysaccharide from Viola philippica
/H\ 2 HERA MR (g/g) Frib e/ (g/g)
M VPP 1.72 +0.04 3.18+0.11
VPP-Al 1.61+0.03 3.32+0.13
J\JL JL — VPP-BI VPP-A2 1.68 £0.05 3.61£0.15
10 20 30 40 27 BT ZAER AR E AT
YR BRI 6] / min
B 4 S T SIS R Bk E a 100
Fig.4 Chromatographic diagram of the monosaccharide 80
composition of Viola philippica polysaccharides . eolk — VPP-Al
E: A HEME, B #EME, C EEME, D ¥ HBER, n;;m TVeeR
B 40, AU, G M, H A, Ea
20+
2.6 BMHT L oER A ik Fr AR I E o S
SRR A R BRI R B, SO T T 7T R T
RE ARy M B 2 B B AL R I R AR . BTN A Z W/ C
PERE KPS T 1.6 KT 3 |F, v DUE £ s in 771 b 2Ff — VPP-Al
AT R, B0 B BB B FIORG B2, 22 Bl KRR 0f - VPP-BI
PERT 30, BA MM ARG 2 L]
TP WEMENESEIANEER. ME4T S ]
Al R T SRR NEREARE L8 2|
LI, R 31-36 2, WHRIERTEH 3
AT DA £ 0 A9 W TR R A B R, 4 -l
TEH T HLZHE (VPP) [ FF /K M B T 4 b % B T T TS
VPP-A1 fl VPP-B1, ifi VPP Hjl#£ Z KT VPP-AL WA/ C
A1 VPP-B1, HEMEZPE VPP-BI KR FIRr i 14 E 5 1L T S ERE ST

Py T e 2 HE VPP-AL. AT B E
UG R AR AN R 1t 2 W D R K A o i 2
TS

Fig.5 Thermogravimetric analysis curve of Viola philippica
polysaccharides

A a AETWMAE; b Mo MEHLA.
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Table 5 Effects of Viola philippica polysaccharides on body weight of mice
. NRAE/g
%0/ %15 %2R % 3 R % 4 %50

CON 20.35+0.85° 21.84 +1.02° 23.05+0.68" 25.22 +1.05° 27.33+1.72° 29.78 £ 1.87°
FElbE S BE 20.67 £0.74* 22.08 £0.87° 23.17+£0.87" 2545+1.12° 37.18 +1.53" 30.15+2.14°

VPP 19.68 £0.61° 21.89 £1.33" 22.86 +0.96" 25.07 £1.35° 27.86 + 1.46" 28.96 +2.55°
VPP-Al 20.13 £0.82° 21.79 £0.83" 22.89 +0.83° 2497 +1.24° 27.15+20.1° 29.74 +1.89°
VPP-B1 19.87 £0.79° 20.92 +0.64" 23.15+0.92° 25.14 £ 1.16° 27.93 £0.68" 30.26 £1.82°

E: R AERMRANINEFHEEATREARE 2R (P>0.05).

M5 7] %1, VPP-A1 Fl VPP-B1 #4 4) fift ¥4 A4
3AEY B, AEMAGEERE . B BIREE
50~150 ‘C, VPP-Al il VPP-B1 JFi & R[4 74 18.94%
M 19.12%, EMEFEERZHT 2N G KM
R, ZHENSHERZHFEKIER, WHE—Ens s
KBV, B BOR B i 2 200~350 °C, VPP-AL Al
VPP-B1 Jii & | B& 5 51 8 75.45% F1 74.16%, %
TEMEFY BN SR A2 T R BN o il 71, M B R B
& 22 W PN B R AT A Ak SR B R R S,
Ah, SR B VPP-AL B FA AR B B s T
VPP-B1, i8] VPP-A1 #1 VPP-B1 ¥ A & T, M,
Pk 2 B SRS E PERL S, VPP-AT B HRE 5 1 R
T VPP-B1PY, 55 = B BEAE 450~600 C, P FH
ZHERETERRN, BT TR, EBREERZh
CERIIBRAL AR K 7. TSRS Dm0 51
TEWFFLIR YT 22 W RN EA S 2 B AR AT, 2R 0
ZHENE - B B 3 AN, X ARSI
ST ZHE IR iR e AR, HX 3 MBI
PR IR AR R S A T 4G SR AR AL

2.8 RN T L4 /DN RAR T E A A 98 Uik
it 5] By % o

MRS EIED, A5 S5 R RS EA ], &4 B
Ji & BRI, A BIAE S AT A SEIR B 1. 2.
3. 4. 5B, CON. PHMEXFHE (R ZZHE). VPP,
VPP-Al. VPP-BI 41[A)/NG A JfT & ¥ A7 1E 035 25 5
(P>0.05). ULHARZZHE. KAuth TH 2 HEfI2ith
ZWESS /N SR AR T B I R E R, /N R
B RIRINE T IERRAREK, REPZAMRE
ZREREAEH T 2N AR A BEAER . A
Kl 6 %, 5 CONAHLEL, PBHMEXTHEZH. VPP, VPP-Al.
VPP-B1 4/ R sl vk B ) 73 ) 2 3 3 i 1 52.69%
7426%- 31.99%. 45.83% (P<<0.05). 5 FH Xt iR 20
AL, VPP /N B 7k g TR B2 3R R T 14.13%.
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5 VPP 4L EE, VPP-A1 41. VPP-B1 41/)s &l (1) /135
WUk 1) 3 ) SB35 A T 24.26% 16.32% (P<<0.05).
AL, EAEH T Sl 2 B /S SROE sl o i AE
FIBAEHZ R EE, X 5 1t 745 Al
R, HhAML R EZ RS EH R T2
B, AIRER R e T 2 R ik f s B T
—L AR, SECRA G T A 2 MRS A BT
Bl Bbah, SKAEH T ERYEZ M = /N R 3l 71 3%
REZG TR0, S 5255 B
FUMR SR S 2 A RN 25 22 800 /N BRI B9 57 1 FL B
HEE R RSN ZHT13 2 IR 22 B 0 57 1 FH 22
TR hE . XA S Rt — e sealifh 5 13 2
(IR 22 W8 B Ll b P 2 W o R AR e
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Fig.6 Effect of Viola philippica polysaccharides on
swimming time in mice

i B ERBBEFEATHENELZRRE (P<0.05).
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MG & EYREERE (P<0.05, FHliEm T
115.43%. 151.18%. 52.44%. 77.48% A 88.21%.
117.26%- 50.53%. 74.53%. 5 VPP-Al i lt,
VPP-Bl /N HGAIMG S B M EERE T
16.43% A1 15.94% (P<<0.05). 4, 5 CON #LL,
B % HE . VPP. VPP-Al. VPP-B1 ZH/) B I3
BLA. BUN & &7l W& F#1K 1 39.92%. 50.23%.
23.24%. 32.50% M 51.21%-. 56.94%. 33.63%-
45.01% (P <0.05). 5 VPP-Al #f Lk, VPP-B1 41
/NERUMIE BLAL BUN & & 700l 235 B A% T 12.06%.
17.16% (P<<0.05). LFR&ERER, RZZHEAE
TEHLT 22 0 35 HA B R A2 /0N BROFE R s A LR S
EIEM, [RS8 B A PR L AR A0 1M R 2R ZEUKF
MVER, REFLAEH T 2 AR RE /N RIZ
i IHER. MBS RS RE R, Sk
B A BB 2 BEAE L, R T 2 B R
Pemn T /N RAR R R, R BRI T BLAL
BUN & 534k, Bai %PV FFERF 50K DLUE U R
PE 2208 I 25 A T /N B N 55 AR = . FEACHIE
FUERACHN T TR 22 W B v /D BRAS P R DR 2 B R PRI
U= & B R EAR TR 2 H

2.10 26T £ 8T/ RO IR S AL R
20

WURLERI 2 a3, PR &7 4 K&

(VE T 4, A 75 4 M Sk RLBOK S SR s, T
PR 25 S 40 M 8 IR oo S A A Tl S T
SFEAM RSO, RE XA . P
N I8 I — o i it R B v 2 B N PG A B 1
2 AT 20 Bl 1) S84 LIRS BT BLASE = LA 1 32 ) it
J1. MWFTHHI, 5 CON ALk, BHYEXTEE. VPP,
VPP-Al. VPP-B1 4/ R AFHE MDA & & & 3 P& IK
(P<<0.05), Préa BG83 TR (P<0.05),
T AL T A B W B2 A s B9 55 /) BRI 44k
N K SF O /E . 5 CON M Ek, VPP. VPP-AL.
VPP-B1 41 /)N BT IE MDA & & 7> 5l & 2 K T
58.27%-. 27.34%. 34.41% (P<<0.05), SOD &t
HIEZETHE T 80.87%- 27.29%. 35.15% (P<<0.05),
CAT & M 70 il & 2 F & 17 92.07%. 28.39%-
39.40% (P<<0.05), GSH-Px iEMES M EET & T
92.55%-. 33.86%. 52.02% (P <0.05). Y 4h, 5
VPP-Al #itk, VPP-B1 41/ AT/ MDA & & & 3%
B T 9.74% (P<<0.05), SOD. CAT. GSH-Px i
PR ZETHE T 6.17%-8.57%-13.57%(P<0.05) .
RS, KT B RS T I3 T /N R
JHF WU 24 M 0 R A S 1, B A T O 400 PR 52 31 4R
R I E R, HoSR e TR 22 HE PRI 4 i 41
K IO R AL T A 2 08, 2iiu1s 2 1R
PEZ R ER T h 2 hE .

&6 EWLMT ZHEXINRATER. PR, MFLERFIMN AR 3R Rk F a0

Table 6 Effects of Viola philippica polysaccharides on hepatic glycogen, muscle glycogen, blood lactate, and blood urea

nitrogen levels in mice

P! HG/(mg/g) MG/(mg/g) BLA/(mmol/L) BUN/(mmol/L)

CON 6.35+0.86° 475 +0.58° 1523 +1.38" 14.84 £2.17"
EREF Sy 13.68 +1.12° 8.94+0.72° 9.15 +1.08" 7.24 +0.62°

VPP 15.95 +1.35° 10.32 0.63° 7.58 +1.14° 6.39 +0.42°
VPP-Al 9.68 + 1.05 7.15+0.51 11.69 +2.34° 9.85+0.39"
VPP-BI 11.27 £0.94° 8.29 +0.49° 10.28 +2.01° 8.16 +0.45°

E: R AR IR INEFHEEATEREFH (P<0.05), THR.

R7 ERMT ZHENRATIER B EMRELEE NI

Table 7 Effects of Viola philippica polysaccharide on the content of malondialdehyde and the activity of antioxidant enzymes in

the liver of mice

el SOD/(U/mg) CAT/(U/mg) GSH-Px/(U/mg) MDA/( nmol/mg)

CON 68.47 +7.82° 12.36 +1.25° 214.36 + 18.35° 8.34 +0.85"
(GRS 9 101.26+9.47°  21.69+2.01° 384.08 +21.47" 4.82 +0.42°

VPP 123.84 £ 11.35°  23.74+2.42° 412.75 +26.18" 3.48 £0.39°
VPP-Al 87.16 * 8.05" 15.87 +1.68" 286.94 +27.05° 6.06 = 0.81°
VPP-BI 92.54 +6.18° 17.23 +1.72° 325.87 + 17.64° 5.47+0.63
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2 HOKIZ IR ZBETTE 15 B K AE Hh TR 2 HE
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