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[HZE] HE WL 12 B P &R Brenz 3 (MICT) 5 v BE A #kis 3 (HIT) X5 I8 & K iU
RAEI o BRAE 2 BEAAESZ 14 (aTnAChR) 57T kB p65(NF-kB p65) FiERIE, ik HEE 5 &
WA AR SD MEPE KRR 32 H 4% BRBE DL BT 3050 Hooy 35 i B e f ] R IR I & L dR A S IR I & MICT
20 EREE HIT 24,4540 8 2. &lsEe MICT 0L 70% B KRB A (VO,,, ) SR TS G159, 5
JEREE HIT 4L 40% ~45%V0,,, F 95% ~99%V 0, (K3 B AT i Gz 8, il i &2 S IR
TEAAITIBE T, 12 B, RHIFANG L (HE) Y @05 4 40K R il 40825 @ K UL
RO NS 5 1 (LDL) &2 NS 1 (HDL) (HI =85 (TG) N IR (FFA) & 18 5 SR 9 B 9 6 AR id
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1%, IfiL 7% LDL[ (65.50+20.65) mg/dL] . TG[ (45.69+7.91) mg/dL] FFA[ (8.76+1.41) mg/dL] & &% &, HDL
[ (53.99+20.65) mg/dL] & AR, 38 a7TnAChR AYZE [ A K, NF-«B p65 W45 658 B fLE [ 3 1k
R, TNF-a B8 H R B R (P<0. 05) o SRR S LA R, SEREE MICT 41 =g & HIT 4
MR TR SR EREL, LDL FFA & 8%, a7nAChR (1) 1952 %08 BE F 2R 11 3235 1 0 hn, NF-«B
P65 FASFE 3450 S B Y B 1 Rk i PR AIG , TNF-o FOZE R IA R BHIR (P<0.05) , S &g iE& MICT 4 Lb4:, &
BB HIT 4/ HDL & [ (67.27+23.32) mg/dL ] ,NF-kB p65 A4 56 5% B 341 ( P<0.05) . =iflgE
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[ Abstract] Objective To observe any effect of 12 weeks of moderate-intensity continuous training ( MICT)
and of high-intensity interval training (HIIT) on intestinal inflammation and the expression of a7 nicotinic acetylcho-
line receptor («7nAChR) and nuclear factor kappa B p65 ( NF-kBp65) in rats fed a high-fat diet. Methods Thir-
ty-two healthy 5-week-old male Sprague-Dawley rats were divided at random into a normal diet and quiet group, a
high-fat diet and quiet group, a high-fat diet MICT group, and a high-fat diet HIIT group, each of 8. The high-fat diet
), while the
alternating with intervals at 95% to 99%

MICT group underwent continuous treadmill exercise at 70% of their maximum oxygen uptake ( VO

high-fat diet HIIT group did treadmill exercise at 40% to 45% of their VO

2max

2max
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of their VO

the morphology of the rats’ intestinal tissue. Serum levels of low-density lipoprotein (LDL) , high-density lipoprotein

mas- The two quiet groups did no exercise. After 12 weeks, hematoxylin-eosin staining was used to observe
(HDL) , triglycerides (TG) and free fatty acids (FFA) were determined, and immunofluorescence double labeling
and western blotting were applied to detect the expression levels of a7nAChR, NF-kB p65 and tumor necrosis factor o
(TNF-a) in the rats’ intestines. Results Compared with the normal diet quiet group, the quiet group on a high fat
diet had, on average, significantly heavier final body weights, lower total food intake, higher serum LDL, TG and
FFA, lower HDL levels, and less protein expression of intestinal & 7nAChR. They showed higher average fluores-
cence intensity and expression of NF-kB p65 and TNF-a protein. Compared with the high-fat diet quiet group, the
high-fat diet MICT and HIIT groups had significantly lighter final body weight, on average, lower total food intake,
lower LDL and FFA levels and higher average fluorescence intensity. They showed significantly greater expression of a
TnAChR and NF-kB p65 protein, and lower expression of TNF-a protein. Compared with the high-fat diet MICT
group, there was a significantly higher HDL content and lower average fluorescence intensity of NF-k -Bp65 observed
in the high-fat diet HIIT group. Moreover, reduced inflammatory infiltration, epithelial damage and mucosal crypt de-
struction were found in the colon tissue sections of both the high-fat diet MICT and HIIT groups. Conclusions

Twelve weeks of either MICT or HIIT can relieve intestinal inflammation resulting from a high-fat diet, at least in rats.

The training increases the intestinal expression of & 7nAChR protein, and reduces the expression of NF-kBp65 and
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TNF-a. HIIT is superior to MICT in its effects.

[ Key words] Intestinal inflammation; Nuclear factor-kappa Bp65; Tumor necrosis factor-a; o7 nicotin-
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AL, TS K i 18 P R AR ™ 2 A
WRER ILAE , 75 L AUARH 28 5 G REZE L , 52 R AE
P A RS ARE o E i T A T
AT Y o7 BLARB £ FEAR B8 32 1K ( 7 nicotinic ace-
tylcholine receptor, a7nAChR ) , 411 i #% ¥% 5% A T «B
p65 ( nuclear factor-kappa B p65, NF-kB p65) RIE(F 5
T % P Dk D R YR AR I F o (tumor necrosis fac-
tor-ou, TNF-c0) BEJHL , FE T A ARHTRAF |, 1238 % AR
) RERBE BT A& 188 5, 400 ) i — 368 g ) 9 b 8 i 1
RIEF KT FRIIEREE

12 ] $g m AR AR K T |39 5 2K S 22 5 4
X e A 2 B B0 1 38 98 0 B AR SN PR s AT BT IR
PERIV . 00 R oke, B 1Y vl A 5 HE 2 i B
( moderate-intensity continuous training, MICT ) # 1A
A PR 3 AR AE B 57K SF 959 i 1 D RE AR A, T =
5 B [B] B2 31 ( high-intensity interval training , HIIT) #{
A BESE B rh AR A 28 2% A M S 4 1 o3 A i 28
DIBE' . aTnAChR fE ki bl 2 Bt 4 3 [ v 1) S
S AR 3l B g 7K P 2 08 XA 25 R AE I 1K
S i T 4 i BAT AR . MICT Rl HIT 2 45
fEIE L B2 i % 18 o7nAChR . NF-kB . TNF-a i) £ 3K,
JRAR I R IR G 1 P 20l T8 R AE B9 VE T, DL S A
12 Bl 75 G0 1 38 A AE 1 5 W = AR AF AR 22 5, (A
WAV, B, AW 58 X6 = B i 6 1) 37 10 I 4 K

SIEAT 12 J& A9 MICT = HITT —F 3, 5 33 Hx K
T RAE .«7TnAChR NF-kB p65 255200 , LA 4 e ig
i B T U I 3 AR AE T (L S B0 AR B

MRS ik

— Y S

PRI 5 JE % fdt B HE 1 Sprague-Dawley (SD) K B
32 B B Bl TR A AR EOR A BRA A [ AR 71 AT
IE% SCXK (L) 2015-0001 ], KB %, A i it
KL, ASROEIR MR (50£5) % , PRIE L 22 ~
25 °C . @RISR 1 RS i BMBENLE T Rk
g R R | N I L wR A = IR G B MICT
41 EfRIE R HIT 41,4940 8 N, Wil EZidsn T
M TR R (B T 22.47% KA A ) 65.42% g
i 12.11% ; HERE B I 3.42 kCal/g) , Wh B I 22 4 |
FRRE R MICT 4 | = iRlE & HUT 4945 T miAg ik
RFE (FEHE BT 20% KACE Y 35% ST 45% ; BE &
SRy 4.73 kCal/g)

= B P

L FEZALAR : ZH-PT BUR U & (2807,
LSM710 RO £ 0 fBE (F2 7)) |, Fusion FX A
G255 (WL ), SCIENTZ- 11 758 74 35k 200 it 3 e AL
(T =), Bio-Rad 8 FHHLIKAX (=) .

2. ] 95 ARG P (hematoxylin-eosin,, HE )
Peta 0 & A5 Sk I kB (nuclear factor-kappa B,
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NF-kB) —#T . B-Actin — 3T , B i ALY HL 230
FEUE R (SEEP) ,aTnAChR — i (™) |

=g

TG LA S IR B L A A AT i B
T, m R IEE MICT 4 @IS & HUT 1755 30
T, @ah ARG B8 (B 25°) 45—
28 H18:00~21.00 #17, 3L 12 i, MG EahmE
2 J B A SCRR R T8 A0 3 S R IR MICT 41 L
70% i K% A & ( maximal oxygen uptake, VO, ) FJ5%
JERFELIEAT L 6532 81 (36 ~ 45 min) , & Ji§ I £ HIT
H UL 40% ~45% VO, (5 min) Fl 95% ~99% VO,, ..
(4 min) BSREEACEHATHIG g, $t 4 8 B 1R2 4
RS SR AR ) . REBR 2 A 24T 1 Yk 3 1
A A, 0 O K B I 3l 9 B IR AT B S i T
Wi fe K2 Bl RE ) I 1) L 65 3 R R 250, WD R
10 m/min, &2 min HEEHBIE 1 K (2 m/min) , HE K
ST, i s DL I B B, DAL R AY 1 U BE R 100%
VO, B

O FEACR AR 5 A0 B

T 12 B e 4505 48 h BUb . BOM R4S &
12 h, 2R H 10% 7K 558 (0.04 ml/kg) I8 s 7 5 JpR e
R, BRI ARG I AR [ 5 (0 KT TR g b
fiff R BRI 7840 5 B8, 1 5 ml 3 SO SR BRI
10 ml, F 4 °C .3 500 r/min & .0 20 min, BILTE, &
T-20 CORFF, HBUOR R ES T A #RER K e, 0 =
il K B, O U B i) T 4 C R -80 C R AF
#H.

i HE QLB 545 I HAUE A&

AR RIVEVKARDT R, #6147 HE 365, R H]
G BB LSS 4 4R B I R IE S A 8 0 1
OU, AR SN (RN | B B 55 ) BRI U AN R AE R
HEREDE

7N M3 B B 7 e I

T=20 °C VKA H R R BRI A, XTI 37 P 2% B
f&# H (low density lipoprotein, LDL) | BEEEIREAX
(high density lipoprotein, HDL) , H il = ( triglyceride ,
TG) Ui E5 IR WA (free fatty acid, FFA) & FEA TR
PRAE L4 A e BN S U AT

L A REETOER LA

R A E 58 6 WU bR I8 ¥, W58 R R4S g 4 21
o7nAChR \NF-kB p65 3 [19¢ 0 i 53 B . B vk
PR B O 2 0, & T W, o o g &2
10 min, 0.5%TritonX-100 %5 8% 20 min , B L 2% i
¥ ( phosphate buffered solution, PBS) /% ¥t 3 X, K
5 min, YIh, LA 10% L2 I3, T 37 °C HEAR 14
50 min, fill A —#T (a7nAChR H BE L B4 1+ 100,

NF-kB p65 fi ke LU 1 < 800) ,4 CHFF IR, PBS
PR W, B S min, IMATOEHR LI — 41,37 CIFE
1 h, 2FEEOCERAE . PBS BEUE 4 R 47,6- K AE-
2-IKFLM|WE (47 6-diamidino-2-phenylindole , DAPT) J&{f
10 min, PBS VL 3 W, NPT 2 6 IGR B R, BT
DLW TSR, H Image J #2600 B
AT

J\  Western blot 3461

PR ELEHH S R WAL 1] (0.2 mg = 200 L)
TRAT, M A U 0 B BIL T A 0 Bf, 4 °C /R 2 h,
13 000 r/min 0> 20 min, B EIEW . SR ZE 0k iR
= (bicinchoninine acid , BCA) M E & AWK, + ke B
PR AN (sodium dodecyl sulfate, SDS) — 2R TN 45 it Jiig it
JEE LYK ( polyacrylamide gelelectrophoresis, PAGE ) 73 5
FEdh ¥ 78 2 R AW — 98 £ M 5 ( polyvinylidene
fluoride ,PVDF) I, FH 5% M fig Wik = JhEF AT 2 h,
AU (NF-kB p65 BBl 1 : 1000, TNF-a
P BELLBI R 1+ 1000, a7nAChR FBE LM 1 2 1000,
B-Actin TR LB A 1 = 5000) ,4 CME LR, A
5% NG W5 #5104 VU MR IS, LA 3 9 Ak 2 & O (en-
hanced chemiluminescence, ECL) & W & N & ¥, F
Image J BRAFIREANT K BEAE, L) B-actin NS HEH,
THEA AT AR RN,

Ju. gt orik

K SPSS 24.0 fREE =48 or Hr Ak BRI | 4%
AR LG 7 22 55 W BER LA (2 2s) JE
KFon, THESLHHS SIEESZHAHZ T
RS AREA ¢ K3, DL AR IR 1 42 20 S X
B, % MICT 5 HIT BT FUSCR EAT 704 lU 8, SR
AR 5 25 40 B, P PR LG BCR ) B/ B 3 25 Tk
(least significant difference, LSD) , P<0.05 £/~ 2 57
gGiite e X

# R

— A HRER T 12 G RE e R

THUET, 4 AR RPIIR IR E i, 2% LG 2F
B (P>0.05), THlE, 5% 8% E 2 Hd b, &
JEREE LA R R AARERE BHEEREKRMIK(P<
0.05) ; SE AR IE 4l AL, Mg e MICT 4 75
JEREE HIT A MAKRERR SEEEKRM(P<
0.05) ; FARMEE MICT 415 & ARE S HIT 41 K AL
Rl BEEE LK, ZR LS FE L (P>0.05),
W#E 1,

A GURET I 12 J8 S A T i oA LA

553050 R B iR AL LU, B R B R R
1% LDL TG .FFA & 4w , HDL & i (P<0.05) ;
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1 A4URETW 12 BEMARE BEREHE(g,54s)

205 5% [UE NG LR Mg EE
SRl e wrg il 8 210.78+5.61 544.36+20.40 2425.01+148.46
(=)l 8 214.06+11.95 661.30+31.68° 2011.84+77.40°
E g MICT 4 8 218.33£9.26 543.33+35.60" 1849.50+100.87"
E S E £ HIT 41 8 212.91+4.69 509.95+26.99" 1758.58+72.20"

T U R A A LA, P<0.05 5 5 i i R 2 ¥ 4 L8, P<0.05

R2 A4 HURBUTI 12 S B9 ML B BT B U4 (mg/dL, x5 )

21531 %k LDL HDL TG FFA
SRl iy ewrg il 8 28.28+9.76 112.99+47.85 39.81+10.93 6.62+1.52
(=) e il 8 65.50+20.65° 53.99+20.65° 45.69+7.91° 8.76+1.41°
FIRIE £ MICT 41 8 34.03+15.76" 54.03+27.00 41.16£10.17 6.51+1.04"
ARG E HIT 41 8 37.96+6.94" 67.27+23.32 39.48+5.94" 6.73+1.48"

T 5 U R AL H A, P<0.05 ;5 R IR R 2 4 He 488, P P<0.05 5 S5 IR IRE T MICT 41 4%, © P<0.05

LR RREE LA LR, IR E & MICT 41 S IEHE &
HIIT 4079 LDL . FFA 7 33K (P<0.05) , m s HE &
HIIT #4 HDL & 8% 5 (P<0.05) , TG & ##K (P<
0.05) ; S IRIEL MICT 2H [bA%, IR e HIIT 2H 1Y
HDL & 845 (P<0.05) , W2,

= A W KRS ALY A HE Jeash

HE N E LR S I S RS R Y 45
FHIELE R 5238 s RN NG B e 2L vl D45 i s ss 454
AT , 25 B R 1R Bt 2 A 7 B, PR A4 i 5 i />
AEA RN RIS ; 5 IRE S LR d L,
R NG MICT 4170/ Bg e & HIIT 41/ 45 i 41 211)
RN RIS, b Rz 354475 B 786 65 e 15 e R ik
Do VA BRI R MICT A1 HIIT 34 ] U 4% i g Ji
KB, WK 1,

HiRREEMICTA

FiR R HIITA

TE RO KR BB S i | 21 (5 Sk 3R 45 I R ] I e
1 4 HRBES AL KRR BT K (HE 326, x100)

U 4 20K BB o7nAChR Hil NF-kB p65 4

L AR AL R, mIR R R K A g B
NF-«kB p65 A4 5 i B 40 (P<0.05) 5 5 = i
JiE L A EL , i AE E & MICT 4 = JR B & HIIT
2 «7nAChR [1F-3 58 658 B2 19 ( P<0.05) , NF-xB
p65 M- 258 ok FE R AL (P<0.05) s 5 R IR &
MICT 2H Fe %5, @ IS RE R HIIT 41 NF-«B p65 - 15%
HesR AR (P<0.05) . _EiRSE R4 R . MICT FITHIIT
AT s PR K B o7nAChR %65 235, FEAIK
NF-kB p65 ¢ 6 # 35, H HIT YRR E ] 8, I
*3 K2,

3 4AHKFEHIE o7nChR Fl NF-kB p65 ({525 5 ik

THL (7+s)
20 51 % a7nChR NF-kB p65
W B 8 176.83+29.44 87.83+18.70
e eI B Al 8 135.54+26.60 133.54+17.13"
FIBEIER MICT 4 8 162.04+10.03"  100.95+14.85"
FAEEE HOT 4 8 179.35+7.81" 95.21+20.28"

T 5 2 L8R, P<0.05 ; 5 @ BRI & 22 ¥ 4 1L 3R, P P<
0.05; S E IR REE MICT 41 H#:,©P<0.05

. 4 HRFMHIE «7nAChR NF-kB p65 . TNF-a [
B SRS

5 E G R H AL LR, IR B L A KR
J7i a7nAChR Y2 FH %3k &2 8K ( P<0.05) , NF-«kB
p65 \TNF-a (35 H R IA & 8w (P<0.05) 5 5 m IE G
T R, IR MICT 41 s & HIT 4
o7nAChR [ R A B R (P<0.05) ,NF-kB p65 |
TNF-o Y85 R 8 8 8K (P<0.05) . $&725 MICT
A1 HIIT 34 7 3 fin &5 B i & KB 1 a7nAChR 2
2% ik, I 2> NF-xB p65, TNF-a & H £ ik, W
#4 A3,
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100um
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100pum

100um
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100um 100um

100um
==

T DAPT 4R S Y (6 (5 {5) , o 7nAChR S e (£1(0) ,NF-kB p65 JE e (o (44 ¢) , LR 4 100 wm
B2 441K RSN e ve LRk B (x200)

s, . -0 R - W

S i DS 3 S LS DS P S b:3 i
& & ¢t $37 & & ¢t $37 & & ¢t $37
" @@'9'- « @/g_“}?"-@@ %}l\‘ R @%}3’& o @/gﬂ'- « @/g_“}?"-@@ %}l\‘ R @%}3’& o @/gﬂ'- o ‘@%ﬁo@%}& . @%}6&
A ® LA % LN S A % SN L
B3 44 KEHE a7nAChR NF-kB p65 TNF-o BYZE [k 0
x4 4 HKFEIHIE «7TnAChR NF-kB p65 TNF-a F 75 [ 33K 00 (2ts)
4151 %k a7nAChR NF-kB p65 TNF-a

W E N A 8 1.01+0.28 0.78+0.13 0.88+0.15
FERE A 8 0.52+0.14* 1.08+0.14 1.18+0.11*
ENBREE MICT 41 8 0.88+0.15" 0.760.11" 0.94+0.14"
IR HIIT 41 8 0.89+0.24" 0.75+0.07" 0.91+0.13"

T GG AL, P<0.05; 5 R IR 2 dl L4, P<0.05

W’

RAEAF T8 NF-xB 15 16 LR R i TNF-o 55
THEZ JOE N TR L9 2 ST I B2 A HILH

T 015 M 5 00 38 6 PR A OF 90 3
BRI A AT , B ATl i
W R R B NS O i LT i
WA TR NF-<B 465 (3 54 B, 31 % BLA th 3



A e 5 RS

2024 4F 12 A% 46 55 12 Chin J Phys Med Rehabil , December 2024, Vol.46,No.12

- 1077 -

TS VEAR AT S AE L AR B 5 RIEBT " ARBFIE
Xof vei M K LI M 3 2 4 A7 L%, ok B H: i T AR
ARANAECER DD W ot W 32 461, 06 ) B 2B V7 B,
BT 55 MR 02 B B e YR P T Bz 3 375 1 16 45
3‘%[]2-13: R

NF-«kB J& R AE 7 5 30 H B 4% 0 5 5% 5, NF-
kB p65 BHFEFAILX Y RBFFEXT 4 A KB
T AAE T NF-kB p65  TNF-a 1 # kG B #E4T T 46
M S5WEE, 25 0 kB, 12 ) s B g 2 MR K B s 1
HEUH LT BB S50 5 R AEIR A, H NF-«B
p65 TNF-a 2 335 W I e 3838 Ji 2 MR 77 1 KB,
P2 UESE T = BRI B T A A OE NF-«B RIE(S
M 5 A i AE

ABEGE T, Zead 12 J8 BRI SR R B
Ji it e ME A, (R E W R R B T E G AT
FEAGE , 5 e B B0 19 5 FE AR RH ST A 4
W, Sl — B M kL A A T BE ik E M T g
ZEHLAEDE S RAE M M S8 P 2608 P ARG 14 9 0 A
B RRFE M2 AR AT i B £ BB, 1 T
W40 i % 177 (9 o« 7nAChR 24, JE I 0] NF-«B %5
RAE A 5 OGN BB RAE ™ AHE 5T it
— LR, 12 AR EIRREE S35 T KEMIE «7TnAChR
B SRR A B R M, 3R 5 IR I & X i 1
o7nAChR fY2:35 F1 E 6 BE T 46 38 6 00 0y s il 1T — 72
AT

KU R 32 Bl T AR i 3 AR RE S I, L3 B
LA th 22 FhHLH SL R 40 AR R, 8
BT LU i 1 TR B AR AS R IR 2 0 7 it
I AEFH T Toll #£3Z2 1K 4 ( Toll-like receptors 4, TLR-4)/
NF-wB 55538 % , M1 B A 55 A I 2 K BLIY i 3 ¢
JiE SN 5 38 T L3 o S 22 D) R 3 sk 348 ok S
S, W iEiE g, RAEPLRERY . A
KR, iz 3l AT a5 g 18 TR RE LT B - AR
& ( hypothalamic-pituitary-adrenal axis, HPA ) i , 3k 3%
SR R A 28 1 1 R S U AR, 2 T A 8 Y i Al 4k
FERRLR T A, 3B Bl 2R RIS i ko
Pl ARk E iR 5 R o s T B
P2 ARBRTE KRB, Z3d 12 Y MICT 5% HIT +
i, K S SRR A, 1 VR A 5 ME B f k3 B3 NF-
kB p65 TNF-o 323K B i FEAK, $27R 2 Fhiz sl 7 &
P mT AT e O I £ 7 R 19 g 4 IR R RRUL A4 1y
Jig 107 5 ek, U/ A S HE AR W I dE A BUB S B
Ei7 L (TR

ARz 3l J7 28 % W 18 R AE 1 003 AR N (R FE
AR R A fap i T, HIIT %8 MICT 78 FEAR P 0 S 105 2 4= .
e 1 i i At fb T OO BB A RSN

A, v o )2 By SXnT fE ok G 2 0, B HIT
P PR 0 0 S 5 ok T 2R T 1 O T P RICR T
MICT ) | AHFFE45 5 WoR |, 12 J& i) MICT = HIIT
1N 2= = S N W R N R 1 N R R D
HITT 8 350 BB e, $2 7R HINT G B8 4 Hb £ F K
TE A 2T A A C R I 8

H SRS, B A 2 o vl LA R iR R L
oy LIS A ) o7nAChR & 13635, T o 3% 1%
AL A Ih B8 5 4 RE R AR ST R, MICT 5
HIIT 7] figid ok F# s o7nAChR B3k, 30 K 0%
{55 NF-xB 1956 5, 5 &80 I 18 R IE 1 &
A Hid DL HINT B3R A hr

2z bRk, 12 JE 8 MICT 5 HIT ¥ 7] ok 3% 55 I8
JE B K R I8 R EAR S, H N8 o«7nACKR A
F35, FEAR NF-kB p65 . TNF-a 2535, H HIIT B34
BOCR BT, HAHLHI AT BB 5 a7nAChR/NF-kB {5538 %
A,

s 2 X m
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