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Study on recovery of erythrocyte function in one-time exhaustive swimming rats
by ginseng polysaccharide

YANG Jun-jie, ZHAO Da-qing, ZHANG Wan-ying, BAI Xue-yuan, WANG Si-ming
Changchun University of Traditional Chinese Medicine, Changchun 130117, China

Abstract: Objective To investigate the effect of ginseng polysaccharide on the recovery of erythrocyte function in rats with
one-time exhaustive swimming. Methods Rat exhaustion swimming model was divided into control group, exhaustion group,
self-recovery group after exhaustion, and low, middle and high dose groups of ginseng polysaccharide. The degree of oxidative
damage of erythrocyte, ATP, ATPase, SA content in rat serum were detected by ELISA, and the activity of Na*, K*-ATPase and Ca?",
Mg?*-ATPase in rat red blood cells were detected. The level of Band 3 protein in erythrocyte membrane was detected by Western blot
and changes in the activities of key enzymes of glycolysis caused by Band 3 protein were determined. Results After exhaustive
swimming, the red blood cells of rats were damaged by oxidative stress. The anti-oxidant capacity of red blood cells was
significantly lower than that of the control group. The ginseng polysaccharide could promote the recovery of anti-oxidant capacity of
red blood cells in a dose-dependent manner. The content of ATPase and SA were decreased compared with the control group. With
the increase of ginseng polysaccharide concentration, the content of ATP, ATPase and SA were increased gradually. The activities of
Na*, K*-ATPase and Ca?", Mg?*-ATPase were decreased after exhaustive swimming. The ginseng polysaccharide can restore the
function of sodium potassium pump and calcium magnesium pump in a dose-dependent manner. The content of Band 3 protein after
exhaustive swimming was significantly lower than that of the blank control group. The ginseng polysaccharide can restore the
content of erythrocyte membrane Band 3 protein. The activities of the key enzymes of glycolysis, PK, HK and PFK, were adjusted in
a dose-dependent manner. Conclusion Ginseng polysaccharide has a good recovery effect on rat erythrocyte function damage
caused by exhaustive exercise.
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NZ Panax ginseng C. A. Mey. RIINEIZHA
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1.1 FERFESNE

ANZ LW (RESH 80.6%, L5 2019012)
KT R 24 R 27 R FR SR TR R it s B
ik B (SOD). A % (MDA i %4k A i (CAT).
TGS (ROS). MR HRHF (ATP) ELISA 71 &
BB AE R AR AR ; ATP B (ATPase).
MER R (SA) ELISA X7l & ( g AEAR A
A]); Band 3 ELISA i{5fl& (VLI5%Eg %Sl A R 2
A]); PK. HK. PFK (R M BHG AR AR AR A D5
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IESH SCXK (F) -2016-0003; 246k R4 8
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2~3 IREED,
2 &
2.1 EBiR7E
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XPHRAH IR RS, HARSAHRA “2.17 TG
AT K RIS B ) 45 o ERSE RS, X
FRAAAREE 1 h 5 AR BB A IN & T dE AR s AR A4
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2K, TRE], AFLAAM TR i O YR ILER IR
FEE) o TR MR EERENE .
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HRYE SCRRFRIE 7730, B 1 mL Pk Ja R4
JHME T 4 CIREBERR M (pH 7.4, 7.5 mmol/L
WERRZE D 60 mL H, JIA 20 umol/L PMSF, &
GY¥I5E 4 CHMTFiAE 1.5h, 2854 C. 9800
r/min 250 20 min, PEi 4~5 WEE I A AR
11 i %
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TR . WRRUESNTE 04 1. 2. 4. 8. 12, 16
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JEER AR o PRI 4%~ 20% 86 B i, 30 J 1 f
TKFERR & B-3 Ik L BE LR 7e ik )R )G -
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211 GIrESHR
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FIE G, I MZEW T 2R R KT S50
K 2.
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Fig. 1 Effect of ginseng polysaccharide on ROS (A) and ATP (B) at different time of administration (x *s, n = 6)
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S RAE: #P<0.01; SHRAHE: "P<0.01
#P < 0.01 vs control group; P < 0.01 vs model group
2 AZZRENHBARBMEMNZN (X L5, n=10)
Fig. 2 Effect of ginseng polysaccharide on hemolysis rate of

rats with one-time exhaustion (Xx *s, n =10)

JHE (P<<0.01), SOD. CAT /K FHE R (P<
0.05. 0.01), MDA /KFAFEEas; AREHS
TR bR A RE, (HRKERERE KT AS2
WA Z) 5 & e B T 15, B AZS 2T
EHMENRE L E (P<0.05.0.01). 458 LE 1.
34 AEZBEMKRNBEINFME+R ATP.
ATPase. SA /KEgI=2M

L5 REZH LU, AAYZH K BRI H ATP . ATPase.
SA KTHIE R (P<0.01); BEREA KR &IEIR
WAEWSE: NSZHEE2E & eI i T 1B,
BAZZ EEnEHmE IR R WE (P<0.01). 45
RN 2.

R1 ASZENHBARIMA ROS. SOD. MDA, CAT KRS (X £s5, n=10)

Table 1 Effect of ginseng polysaccharide on oxidative damage index of RBC in rats with one-time exhaustion (X *s, n = 10)

ZH 51 il /(mg-kg ™) ROS/(U-mL™") MDA/(nmol'mL™")  SOD/(ng'mL™")  CAT/(ng'mL™")

St — 20.95+2.16 1.18+0.03 1.13+0.14 1.57+0.07
LR — 56.93 +0.93% 1.3340.25 0.4440.02% 0.3340.07%#

HE — 44.35+7.09 1.314+0.07 0.48+0.02 0.5340.09

I EZ 30 43.66+4.68 1.06+0.11 0.67%0.01" 0.60+0.12

60 38.56+1.56* 0.904+0.01™ 0.7940.11" 0.9740.31

100 28.66+3.60* 0.87+0.15" 0.84+0.06™ 1.02+0.11"

Hx A *P<0.01 #P<0.01; SEEBALLE: "P<0.05 "P<0.01, TX[F

#P<0.01 "P<0.01vs control group; "P < 0.05 P <0.01 vs model group, same as below

Fz2 ABZEXNBARILE ATP. ATPase. SA KFHIFM (X £, n=10)
Table 2 Effect of ginseng polysaccharide on ATP, ATPase, and SA in serum of rats with one-time exhaustion (X *£s, n = 10)

2H 51 FlE/(mg-kg ™) ATP/(nmol-mL™) ATPase/(nmol-L1) SA/(ng-L™)
it — 6.54£0.66 636.75420.79 94.45+8.46
eic] — 3.1040.12# 555.63429.96% 66.13£5.32%
HIKE — 3.8840.08 558.00+£45.61 78.71+4.59*
NS Z Pk 30 4.874+0.79™ 567.95+34.75 81.6745.52*
60 6.61+0.38™ 635.404+27.71** 87.45+7.49"
100 7.66+0.26™ 705.62415.06™ 106.46+4.99™
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35 AEZHENSKRODBEHNEIM Na,
K*-ATPase. Ca’", Mg2*-ATPase ;& JIHISMR

xR A g, BAA KR T9M Na',
K'-ATPase. Ca’>", Mg®"-ATPase i /7 & FF (P<
0.0D); BEHEIMHAKE: NSZHA2)E
ZL4Hff Na*, K'-ATPase. Ca®', Mg>"-ATPase 7 /71U &
T, HAZZHafgdmEaRitinE (p<
0.01). SR NFE 3.

3.6 AZZEXNARNIBEENEIMAEE Band 3
IKEHIF2 M

0 B AL L8, BT K B 40 40 B JiE B Band
3K R (P<<0.01); HIREHKRLHE
JE Band 3 AKFREAIKE S NSZHSY)E
YA Band 3 SR A/KFHET R, HASZ
PEm R R E SRR EE (P<0.01). RN

%3,

£R3 ASLEX KB Na*, K*-ATPase. Ca?*, Mg?-ATPase ;& TN HAREEE Band 3 /KIS (X £5, n=10)
Table 3 Effect of ginseng polysaccharide on activities of Na*, K*~ATPase and Ca**, Mg?*-ATPase and Band 3 level in RBC of

rats with one-time exhaustion (X £s, n =10)

#H 51 7 E/(mg'kg') Na', K'-ATPase/(umol-mL™'-h™")  Ca?>*Mg?*ATPase/(umol-mL~"-h™")  Band3/(pg-mL™")
pagi — 0.3740.02 9.38+1.51 59.27+1.95
it — 0.08+0.00" 2.76+0.39* 32.814+7.70%
HIKE — 0.114+0.01" 3.19+0.91 40.00+2.26
NS 2 30 0.24+0.02" 4.07+0.82 45.46+5.30"

60 0.314+0.01" 5.03+1.14" 49.84+2.15"
100 0.3540.00" 6.20+1.20™ 57.88+9.55*

Western blotting 45 R& K EE TG BR, 5
X RRZH Lh e, A2 KRR A 40 B Band 3 25 FA3RIE
ACFIHE T (P<0.01), AREHARERF, A
B LWL G A Band 3 & FREKF
Fi, BAZZHEREHRENREEE (P<
0.05). ZH MK 3.
37 AEZHIARBRNEBEEE
4488 PK. HK. PFK j&AISH

JI193IE B J5 K R AL PR R A OGBS PK. HK
& 15X B LU R R B, PR3 J1AH O B4
THEARE, AWREHSEE A KEE A
WEBIEFKFY, NSZREYE, SEEI15E
WA, HEEIE TN S 2= 2R . 45
RILKE 4.
4 e

HEE (R ZETHIL):

pARE i b =328 S

“COFISHE, AN R,
HMAARER”, (EEAN): “SbfFm, mHE=,

SEMAR RS, TIHIHER, BRZHEE”,
mﬂZ@%%%TUM%ﬁ“”ﬁmzm 1=
Z BE, MgeAdR, AAFEMH . ASHEAKATA,
E%E%W%%ﬁ%%ﬁ?%ﬁmk?ﬁﬁ%@,
WRERESS, It H J1umia 3l 5]k i e R U B 21
I WURSE A2 P 1, 7= 2R A 2T A0 B Dh e 32
o NS LME IR fERI 2 Z2G120, AR50 E IR

B-actin
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Q'- *
< 107 #
g
Q0.5

0
XHEE OBA AE 30 60 100
NS ZHE/(mg-kg™)

XA R #P<0.01; SHEBANE: "P<0.05
#P <0.01 vs control group; "P < 0.05 vs model group

B3 ASZREXNHBELMAEE Band 3 FRIEHFIT
Fig. 3 Effect of ginseng polysaccharide on expression of

erythrocyte membrane Band 3 after exhaustion
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4 ASZHENIMITERRXHEEE PK. HK. PFK $/0d
Fig. 4 Effect of ginseng polysaccharide on PK, HK, and PFK
of red blood cell glycolysis
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B I8 ST AR AR i P () R T A 2R DG
WHER . ABFFRNIIMEIZ3) )5, 2403 RE A8 1k A
£ F NS 20 b T8 A ROOS 2 40 40 i
DhReMIMK AR o dsd f B RN ) () e, 38+
NS Z WX} 13518 5 Ja R R AL 40 B Dh Re Vi 52 AE I
SEERTMIT ], S22 e I S AR An A T B A AR 3
A, uEiEslfE KRN ROS.
MDA #REZHTmE, a4E SiEREICAL
DLk SR 4k FE A L8 P #5123, SOD. CAT 52713
B, R R 4251 h)g, S
FEL, SA A HEMG TR A TR E . HUEA
AL IR R T, S A T A1 i RN 2 A ik — 2
. 5% 1 hE, SEEAAMIL, FAZiEEE

R PRI K. RiE s IHFE R R
&, METH ATP Fl ATPase &8 F[%. 44251 h
Ji, BHZHBEETRHHEKEES. SA N N-
LA 4 L R BT v B B B R B AT AR, AL
TG40 M RERE A B R o, A A0 IR T 2 Ak 1
B, J1dEiash)fa, SA FRED, Ui
JEEER)Z . NS ZW)E, SA FERAR
IEH /K. Band 3 8 AE V40 B 4L 8 HIE AKX
41, feFFE MM T E . 3 H Band 3 HH
PERLT 2 A P iE— I BH 5 7 adie, 0 2L T
ERIEAE e EEEERRY, A, Band 3 &
5 R T A T 2 A LA P S VR MR A R AR 1R
TS G, A M) RESZ R, L1
H Band 3 BRI TR, SEHAM, &%
SAAANEREBS, HEREKRBE. @
Western blotting &5 5 1l 71, HRIAHMLIL, #2452
AR Band 3 2 &I B RELS 2555 210
MKE . 920, Na¥, K-ATPase N EE K7, &
YT 0 i E L (AN FEIE RS, YRR A T
IERIfRE . Ca?", Mg?'-ATPase /& 4ERFAIMO 4G . 55
PHTIIEEYR, Mg Vr % BRI BN 17,
TERE AR R IEHEAER, J13missh 25l Ca?,
Mg**-ATPase 1% /1 F B, FELLIMEHN Ca?Hh £,
WIS Ca® P B A B 1 AR TG g g T e
WEARZK AR, AR AR VIR BB,  [RII SAE K &
H AT OEE M N, 330 A SN R R 4T
YU RS o AR SEEG 25 R B IRA H NS L HE S, Na™,
K*-ATPase. Ca®", Mg®"-ATPase i /78 & & T 157!
4, YA NS 22 0 RE R 1R 2T 41 i P9 A1 B8 13 B 11l
BRI T EARARU B M, 361 ORI 2L 4t
FH T A LT 40 M TG 20 i i) 25 e ek e, R AR
BRI AL A2 . Band 3 A2 51 TTHERE
fifig A, [RITTRE AR Y B 7] Band 3 BRI REIA . 7]
wigahid fa, AMMThREZ L, RERARESZ
S Y M pERE R ot PK. HK. PFK V& /13 R B%,
KNS LW, SR, PK. HK. PFK
TETRE . ASHIEFT 832 3l 3 BOK B 2140 i
Thfe 2450 5] EE L0 40 M Band 3 & A8k, #E Y
WHTRE A DS IG (1)35 JEAT WA AR T, 24 PR TR A
FIRFEALHE A fF IR A

PAEZBEvs N sl IR Nl SN g = ST E - T 5% I
= B P E AR A . LLA MR R
HERN S, ARBIEREN B HERMES], H
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