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ABSTRACT Objective: To explore the effect of moxibustion on the aerobic exercise capacity of rats living low and training high
under simulated altitude training and its mechanism. Methods: Forty male Wistar rats were randomly divided into four groups: A, B, C,
and D. Group A: Rats swim freely until they drown in (13.5% 0.5%) O, environment, and then take bilateral "Zusanli" and "Guanyuan"
for intervention, moxibustion for each point for 15 minutes per day; Group B: same training method as group A , No moxibustion inter-
vention; C group: the same moxibustion method as group A, no training; D group: no intervention. Measure rat body mass, limb grip, first
drowning time, one-time exhaustion ECG and hemoglobin, erythropoietin, vascular endothelial growth factor content, observe skeletal
muscle tissue morphology, detect Hipper-lindau protein (PVHL), Transcription elongation protein 8 (Elongin-@), induced hypoxia factor
1 (HIF- I o) protein expression levels. Results: There were no deaths and other abnormalities in each group, and the body weight in-
creased steadily, and the difference between the groups was not statistically significant (P>0.05); comparison of limb grip F,>F>Fg>F,,
(P<0.05); first drowning The swimming time of group A was longer than that of group B (P<<0.05); ECG showed HR,<<HR-<<HRz<<
HRD, one-time exhaustion time S,<<S.<<Sp<<S,, cardiac coefficient MB>M,>My>M,, T wave TB>T,, ST segment STz>ST, (P<<0.05);
HB content detection showed: compared with group D, group A was the highest, group C was the second, group B was the smallest (P<<
0.05); compared with group D, group B EPO, VEGF decreased (P<<0.05), EPO and VEGEF increased in group C (P<<0.05). Compared
with group A, EPO and VEGEF in group B and C decreased (P<<0.05); skeletal muscle of group A was higher than that of B, C, D The
three groups are arranged neatly, the diameter of the muscle fibers is uniform and the arrangement is neat and tight. Compared with group
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D, group A had the highest HIF- | o content, followed by group B, and group C was the smallest (P<<0.05); compared with group D,

group A had the lowest expression of PVHL and Elongin-@, group B was the second, and group C was the smallest (P<0.05). Conclusion:

Moxibustion of Zusanli and Guanyuan can improve the aerobic exercise capacity of rats; the mechanism may be related to improving the

muscle fiber structure disorder and relieving cardiac compensation in simulated low-living and high-training rats.
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24h 5, FART 6 HARA 20% ZH3H(0.5 mL/100 g)iF i
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BrBEEs ik 1.5 mL 2 #% 0.5h, L4 3000 r/min, B0 15
min, 5325 0% , BEFL, IR, B, g 46 i, ELISA ;U & E-
PO VEGF Jt#% i OD {H , BA ™ 4% FR i) o vd W Fadeft it
SERRE TR T AR 2, i BT A RE AR

1.4.7 T A EJ1E 3% (Western blot)ill € HIF- I o« ,PVHL,Elongin-B
HFRIEKE  KREBUNLS TS SR S8R 458, BOSNIL B
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6.2 cm, B[, BCA {7 &I B VR BE , A L2 i 2
RIPA JE# 7R (1 5, 100°C & 5 min A5% . SDS-PAGE $Ei%
k54 %2 PVDF I I, 5% W= EH A 1 h, A —3it
(B-actin 1:4000, A4k 1:1000),4 CHEE 7%, TBST Pefs)s
A ZH0(1:5000) = I E 1 h, @28, [ H Image J(1.52a)
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FHICH T, 752 HIF- | Aa {553 % GO(Gene Ontology)/3#4%
R, GO SrHT WA IR BE A= Wi AR LA K e (5 15 10 X S 1R 7 g
TTPRIEALA IR it GO & A/ Hrod I T iR G LR s A i A=
YrFORe PE &R0,
1.6 GitEFHiE

SR FH SPSS 22.0 AT 25500, THRTORHIA S
Frifi2E (ot $) 3R, FEASIHOT 26 7700 USRI Ry 22
(One—way ANOVA) /AT, 4521 1] i PR B3O St 317 7258 o
R 2 7 2508, 4507 26 55 F LSD ik il ATk 56 5 Jr 25 AR SF i
K H Tamhane's T2 (4831455174087, (P<0.05)h 2 R BA
guitE

2 BR

KBRS R ], — B B R A, TEAE T RN R S
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2.1 BAKRERETHILE

A2 K B TR ZE I 5.0 d.7 d 14 d.21 d.28 d)fasE
TR 1, A AN 2 R G AR SL(P<0.05) s AT LE
BWER TG E X ILP>0.05),
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Table 1 Comparison of rat body weight changes (x* s, g)

Groups 0d 7d 14d 21d 28d
A 201.1%+ 0.18 241.5% 0.41 291.8% 0.62 316.8+ 0.28 330.7+ 0.11
B 199.8+ 0.23 251.4+ 0.79 297.8+ 0.85 327.1+ 0.95 346.3+ 0.21
C 203.4+ 0.51 246.9+ 0.84 306.4+ 0.63 331.0+ 0.38 358.8+ 0.72
D 202.5+ 0.28 253.6% 0.19 302.1+ 0.84 329.6+ 0.25 356.1+ 0.62

2.2 BEKRRAIR. GRS A LR

A5 LR LR BE e IB B U IR AT e S5 R A3k 2. i
JBe I BRI EITUT A 4k, D 41/, B .C 4N T %
ZIal. A4 B.CHILEZESFAGIH#E X (P<0.05),B.CH

5 D A, =5 A T L (P<0.05),B .C A #2570
GEiT 7 L(P>0.05) . F W 2k S A I RENG 1 R R B
J1, LA B G RCR .

R 2 BSEAKXRAEJEH. ORI &G 5,8

Table 2 Comparison of total grasping power of forelimbs, hindlimbs and limbs of rats in each group (xt s, g)

The first week The second week The third week The fourth week
Groups
F H L F H L F H L F H L

318.56+ 302.24+ 698.77+ 488.78+ 39849+ 97523+ 73226 549.26% 1401.26 798.26+ 613.41% 1621.28

A 0.35 0.87 0.30 0.36 0.41 0.82 0.87 0.43 + 0.20 0.21+* 0.87°% £ 0.34**
32899+ 299.79+ 68231+ 47525+ 401.26x 916.71x 65490+ 51731% 1299.85 756.75+  529.19% 1501.18

B 0.34 0.45 0.92 0.98 0.73 0.19 0.62 0.93 + 047 0.62* 0.71%*: *+ 0.66%
33345+ 301.23% 659.77+ 45536 388.83+ 701.74+ 66798+ 508.92+  1308.26 754.13r 540.44+  1488.76

¢ 0.63 0.89 0.20 0.21 0.64 0.88 0.82 0.94 + 0.66 0.87* 0.75*%  + 0.23*
327.34+  299.87+ 643.92+ 45536+ 388.83+ 701.74+ 47888+ 43371+ 898.78+ 513.92+ 49851+ 101554

0.11 0.49 0.40 0.21 0.64 0.88 0.23 0.09 0.37 0.91%* 0.92"*  + 0.81™*

Note: *Compared with group A, P<<0.05; “‘compared with group B and C, P<<0.05; * compared with group D, P<<0.05. F replace forelimb; H replace hind
legs; L replace Limbs
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23 LAHKBEKRHEEE (P<0.05),A 415 B C 4 b4 22 5 A S it2# 5 L (P<0.05),B .C
BAERBERBAKIHE 3 3, A A KRB K, D HRE, HAHURESESITEE X (P>0.05), SEII% .k ZFHRA1E
B.CHAFHZI, B.CHE DK, ZRAFH#EL it TFHR—Es,

3 BEXRERBTHIE(E s,min)

Table 3 The first drowning time of each group of rats (x* s, min)

Groups 0d 7d 14d 21d 28d
A 5.90 7.510% 12.79+# 17.36** 25.07*%
B 6.46 7.11 11.31* 15.18* 19.72%
C 6.02 7.23 11.25% 16.21* 21.78*
D 5.99 6.46™* 7.67"* 8.55™ 9.79"*

Note: *Compared with group A, P<<0.05; ‘compared with group B and C, P<<0.05; * compared with group D, P<<0.05.

24 FHOBELR ZH. A.C4Y5 DA I, 270 5438 L (P<0.05),B 4H 5
B K B8 5 S B E O L E(ECG) L3R 4,A R A C I 2 T A G2 L (P<0.05),A .C 4l th 22 7 04

i, D 4R, B.C AN T EZE ., AAKFAHBER &L (P>0.05), B.CARFSEZNHBLSEBaEE,

K, CHRZ BAHH =, DAL, SAMEFHAERITEE A DARRARBILO I 2, A 4.0 HEmEE ST B.C 4,

X (P<0.05), BAHAKRE.OIERE K, BAS A CDAERY  SIRIIZREE G RGeS TR AR RO AL I 58 71 348 T+ £z 3h

A EE L (P<0.05),A.C.D ALK ERFIRGEIT¥E X G, HEM.ON S AR,

(P>0.05), B4 Tk ST Bk, D /N, A CHANTF %

4 —RENBEIRCRAGCE 5)

Table 4 One-time exhaustion index summary (vt s)

Cardiac coefficient ECG wave
Heart rate /min Exhausted time /S -
Groups , , (mg-g") (xt 5)
(xt 5) (£ 5) _
(vt 5) T wave ST segment
A 369+ 2 F 4831.15+ 1.124* 2.4673% 0.024 0.069% 0.059*# 0.044% 0.0124*
B 427+ 3% 4227.34+ 1.67*% 3.1232+ 0.075% 0.163% 0.013*: 0.094% 0.007*
C 406+ 2% 4327.85+ 1.21* 2.7632% 0.078 0.073% 0.015* 0.053% 0.037*
D 432+ 5% 3721.15% 1.49%* 2.7645% 0.053 0.061x 0.024%* 0.041% 0.023"*

Note: *Compared with group A, P<<0.05; ‘compared with group B and C, P<<0.05; ¢ compared with group D, P<<0.05.

2.5 FEERRBRENARKEFILR B 3 RN WULERAERE Jr LA 4 AR RN 28 B0 i 5t

JCBVI LRI 1, 08 HE Je@RIBEE IR . A 1B, A LER4E , 4R oAl . C 2B i LAR S SR 91 B
A LA HES ST LT FARR/N 20 WLETAEHES A 5% WLET 4k ELARR/IN 2T, AR MBI AT , WLET 4 HES B2 5%, WLET
FE® . B4 LTRSS ZEEL R AL, LT 4RI ] 4EHESNECN B . D AR o), HED 3 5F

- NS
1 KRB HE 6
Fig.1 HE staining of rat rectus femoris
iE:al,bl,cl, dI(HE #£&,% 10);a2,b2,c2,d2(HE £, % 20)
Note: al, bl, cl, d1 (HE staining, x 10); a2, b2, ¢2, d2 (HE staining, X 20)

2.6 &4AKE HB.EPO,VEGF &2t VEGF &, D w5, B.CANT - HZ. Al
K40 KB HB . EPO VEGF &g W 5% 5. A 4 HB .EPO,  B.C ZHILH, ZH A S5 L (P<0.05);B.C ALK, Z ST
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Geite i (P>0.05), Il 2 LRI — TR s X IOC SRECHI.
FyHhas R AT Sz ShRe 1 (B i R Ss s g 4R Tk

% 5 KKK HB.EPO,VEGF & EItE
Table 5 Comparison of the contents of HB, EPO and VEGF in each group of rats

Groups HB(g/L) EPO(U-L") VEGF(pg/mL)
A 203.995+ 0.345¢ 45.69% 0.24¢ 7.2211% 0.1238"
B 133.401% 0.786*: 38.83% 0.11% 6.9995+ 0.8736%
C 187.141% 0.9927%: 40.62+ 0.98*: 6.2975% 0.9807*
D 101,999+ 0.904% 33.76% 0.06™ 6.1076 0.1384"

Note: *Compared with group A, P<<0.05; ‘compared with group B and C, P<<0.05; * compared with group D, P<<0.05.

2.7 FHEKREHEF PVHL, Elongin-B HIF- | o RZEKFLE L (P0.05); 5 B ALK, A 4R EMES HIF- | o RikTHR
KK U IEZH 40 PVHL Elongin-B \HIF- [ o 5[ HJK  (P<0.05),PVHL . Elongin-B % ik %K (P<0.05); 5 C 4 L # A

WE 2, 5DALE,AMH BH.CHRRENES HIF-1 o E 4 HIF- | o #1353 5(P<0.05), PVHL Elongin-B 4 [ ik

FI 5 1 % 4 (P<0.05) ,PVHL  Elongin-B [ #AFER(P<0.  [#{IR(P<0.05).

05), B.C #H PVHL Elongin-g .HIF- | ax 35 TS 245

Maker A B c 0
HIF-la  0.21£0.03 1.03%0.08°% 0.87%0.05= 0.43%0.05~ 0.31%0.02%*
PVHL _ PVHL 0.89£0.01 0.38%0.014% 0.41+0.084 0.54+0.074 0.84%0.09%*
ElonginrB 0.94+0.06 0.32%0.03*% 0.39+0.02* 0.59%£0.03* 0.89+0.047*
Elongin-g
B-action 0.91%x0.02  0.93%0.03 0.77%0.08 0.57%0.09  0.89%0.08
B-acuon m
& 2 &4BKE PVHL, Elongin-B HIF- | o i%7KFE K western blot &7 Bl (xx s)
Fig.2 The expression levels of PVHL, Elongin-B, HIF- I o and western blot strips of rats in each group (vt s)
Note: *Compared with group A, P<<0.05; “‘compared with group B and C, P<<0.05; * compared with group D, P<<0.05.
2.8 STRING £#f 8% if HIF- [ o« {5573 15 T lif EPO,VEGF [H {775 2 N B Af:

STRING A:¥)f% B 2% ¥k 43 HIF- 1 o AW # I REFIAN  CFKR.
g UL 3. &55R WoR . BilF PVHL 1 \Elongin-B 4 1 i

HIF1AN

observed Coexpression in cbzerved Coexpression in

EPO Homo sapiens cf.hrro’(_:.:n sms (transferred
m
\u

N\ -
@ s \ vw”" :
of -
Q aonoennnne
L/ $R23% N

B 3 STRING ZBE(EHHTE
Fig.3 STRING protein interaction analysis diagram
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TEREMNO, U1 B RERA T e ML 4 5 H Z AL T il
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DhoC JULZE 4 10075728 B BG0 , JC JULEF 438 R, O I e 4 77 385 o
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