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Abstract

BACKGROUND: Studies have suggested that intervention for the expression of brain-derived neurotrophic factor and nuclear factor-«B in the skeletal muscle is
beneficial to improve the glucose and lipid metabolism of the skeletal muscle. Whether exercise has a positive intervention effect on the above indicators in the
skeletal muscle of type 2 diabetic rats is rarely reported.

OBJECTIVE: To observe the effects of aerobic and resistance exercises on the expression of brain-derived neurotrophic factor, nuclear factor-kB and
inflammatory indexes in the skeletal muscle of type 2 diabetic rats.

METHODS: Type 2 diabetic rats were made through high-fat and high-sugar diet combined with low-dose streptozotocin and randomly divided into diabetic
control group, diabetic aerobic exercise group and diabetic resistance exercise group. In the diabetic control group, the rats were randomly divided into a

quiet control group, an aerobic exercise group, and a resistance exercise group. The aerobic and resistance exercise lasted for 8 weeks. After 8-week exercises,
fasting blood glucose, insulin resistance index, triglyceride, total cholesterol, low density lipoprotein, wet weight of gastrocnemius muscle and mass fraction

of gastrocnemius muscle were measured. Hematoxylin-eosin staining was used to observe the changes of gastrocnemius muscle structure, The changes of
interleukin-1B, interleukin-10 and tumor necrosis factor-a in gastrocnemius muscle were detected by ELISA. The expression of brain-derived neurotrophic
factor and nuclear factor-kB in gastrocnemius muscle were detected by western blot.

RESULTS AND CONCLUSION: Compared with the quiet control group, fasting blood glucose, insulin resistance index, triglyceride, total cholesterol, low

density lipoprotein of all diabetic rats increased; the wet weight of gastrocnemius muscle decreased, and microscopic examination indicated skeletal muscle
atrophy and inflammatory lesions; the expression of nuclear factor-kB in skeletal muscle increased, and the level of tumor necrosis factor-a increased; and the
expression of brain-derived neurotrophic factor protein in skeletal muscle increased significantly. After 8 weeks of exercise, compared with the diabetic control
group, all the blood glucose and lipid indexes in the two diabetic exercise groups decreased, inflammatory cell infiltration, atrophy and degeneration of skeletal
muscles were reduced, the wet weight and mass fraction of gastrocnemius muscle increased, the expression of nuclear factor-kB and tumor necrosis factor-a
in skeletal muscle decreased, and the expression of brain-derived neurotrophic factor increased significantly in the diabetic aerobic exercise group. Compared
with the diabetic aerobic exercise group, the fasting blood glucose and nuclear factor-kB expression in skeletal muscle were significantly reduced in the diabetic
resistance exercise group (P < 0.05), the wet weight and mass fraction of gastrocnemius muscle increased significantly (P < 0.05); however, the blood lipid
indexes were significantly lower in the diabetic aerobic exercise group than the diabetic resistance exercise group (P < 0.05, P < 0.01). To conclude, both aerobic
exercise and resistance exercise can promote the expression of brain-derived neurotrophic factor in skeletal muscle of diabetic rats and improve blood lipid
metabolism. Resistance exercise can reduce the expression of nuclear factor-kB protein, reduce the level of tumor necrosis factor-a, improve the inflammation

of skeletal muscle, and improve blood glucose level in diabetic rats.
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0 5|= Introduction

Jioi Y P i 2278 352 K1 (brain-derived neurotrophic factor,
BDNF) £ £ A 2R A B LS A L AL 2R 1) )2 A7 7E, Horp
B #% WL/ 1) BDNF A] 7% AMPK/CREB/PGC-1a {5 il B, {2
BERG BT Y. B UL 90 () BDNF AT 38 et 55 43 b (1 /6 %
VT RAR B ANMIEE, 25 mpEAH . KWz ) AT
R ERE PR KRR AR 2 41 21 b BDNF R0k, {2 TR
WAL, AR IE R PRI K B R BDNF S0 RO e o

KT kB J2& #RE G I I B () B B R 3%, HE kT
FEAEMEIR SR o ETAIML A R 1B A A 5 6 SRR
RAT, FEUEBNIOE RN, 51ES8UES, &
WLREE AR e BOI W 7C SR 08 3 BB PR K R
BN T «BBEK, PRARILJORE N, o B B L o
B 71 5% TPt FELIZ B 0B R 95 B 86 WL A% PR 5 «B A 98 5 R+
FAERE S CESN

Y& BT TE 1 B A0 HA 25 3R B 40E 3 o i A 4K 8 1
MR T PiBHE ), Ptz B s MR A M RER I T
Fizsh 7, U TR HE— 5 R A R R B B
Kb 2 B PR 955 K B #% UL BDNF. ¥ [Rl 7 kB K 4 FE TR bR 1K)
RO, BRI AR E B o 2 BB PR K RO AR A i T
REALH o

1 #RFN753E Materials and methods
1.1 &4t R eSS RN, sEabErL S, BT
XRS5, AR LR H R R T Z 0 #r .
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1.2 BFEJAE SZEGT 2016 4F 4 H £ 2019 4 1 H #E R#R
UNEEATSEmEST ) £ TN e R =i e st Y/ R S
OTER, FrRIRARK - 4Tt ELISA FI Western blot I
PIAE BT Lo A P 2 25 S rp 0 6 A

1.3 ##t+

1.3.1 SERENY 6 JERS SPF 2% SD HEME KB, /45 & 160-180 g,
FH A B SE B8 B A BR A J1 384, Zh%4 5 20160811, 3]
VINRFRAE AR B 5 ( E XA E L RIS 3R 5% 5 e = )
BSERG Dr . B EIR 21-23 °C, FHXHE S 40%-60%. ST
5675 % th B AR & 2 B sh ) S B A0 RS 0 ikt % Sedthitk
24y 2018024A.

1.3.2 FEAGH STZ 377 ( S Sigma A F] ); ELISA Pl A
HHARF & = g/ & 1B( $¢ 5 ERCO07, NeoBioscience
AFE )N E A & 10( % 5 ERC004, NeoBioscience /A ] )
K0 983 2R HE Al T a % 5 ERC102a, NeoBioscience A 7 );
Western blot 32 {3 F 144 43 72 $T BDNF Hifk ( 55 ET1606-
42, Epitomics A ®] ). P #% B T «B #1144 ( $% 5 ER0815,
Epitomics 24 ) ).

14 ik

1.4.1 2 BUBEPRIGSNPIERE 570 KRB 2 BB PR i
BEZH RO HRZH, 2 BOH PR 1k A5 2H K R i v g v P £ TR
7% 8 i G, Wt — IR/ NI IR 1 % (30 mg/keg) M s
S ST 2 AP SROPE K RUREZY BT, R i v DR R
FN16% FEH T, 40% g, 44% BE; IR K R AE A i
TRIRSE 8 A, FLN 1% JHEREN. 2% JHERE. 10% J& i,
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20% JERE. 67% HRLIAEL®, DAL AaDRh ) o A A S 56 B
LRGN /NGIE

SLERTHPIE T A2 T AV AR K (B RE

EEEN: WA EURBURRLIZ B0t 2 B R s K SR B UL o o g e e 2
ERET BT «B & [ RIEFRRAEAR FARHR 10T

MREBELCHE 25 AT O L3081 B 7 47 2 BURE R 5 A i

FROETIAERIERR: 1

EIFESIMOEM:  SPF 6 Ak SD Mtk KR, 14 & 160-180 g

HYIRIERSER:  SD KR, MEETLIsARARIRE, 31145 20160811

EAERARIEIR - R R 9 3 AR A K BT v T e B IR 9% 8 B S, 4% 30 mg/ke
FIRRETAC B I — R MR e i S R A 1 R

MIBEBRNE GBI RE, 2 BURE IR K R BEAL Y B PR o o R4

ke (n=8). W IR A LB BN (n=9) F0¥E B HLIHIZ N4 (n=9).
SR BENL 3 J e F 5t R4 (n=8). 15 Hizzh4H (n=8). PifH
IBEUH (n=8). Xif HR 4% 4L 4k S0 B IR R L IR, W DR 4% 4L 4k
S AR R R

SERERIIEMNIERR: TR IRIE B 25 72 h 5 R A8 UM R A AR A b, 75
BFAEPUAER L, AR IR = 16.7 mmol/L NI A!

EHEESENE OKRTEME. BSRIGEE. =B, SR E R,

Eiton CEEREA; OEmILRR MR 255 @HA
i — AL Qe SR A LA A AR 4k @ ELISA KK BRUHE %
Wi Agnia /35 18 43 10 RO RSER T a 7K F
A fk; © Western blot #5711 BDNF FI%E 1 kB ik

B TIRER  FRR I RE SIS ST, KA

38

RIBRERSHUE: LT RE BT F B sh ) SL I B2 0 ikt (% it
#E54 2018024A)

1.4.2 RS AR 26 WA PRI K R BEAL ) A RE PRI

ZE (n=8) Wi IRIAH EIzsh 4 (n=9) FpE IR mHiFHIZ 3N
(n=9). XFHRLHBENL 7 v aeigst A (n=8). H4Hizshd (n=8).
PiHIES) (n=8). X WA, %1z 3hH AP fHE 3 4%
SRl EiR R RS, WEIRE L ERE . R IR IS B AR TR
SR 3 Bh 20 4k 8 v R e b p R g g
1.43 EETE
BEENFR: BaiEs), FEEsIEAMERREGEE
HHRFEMYENZR 3 d 5, % 20 m/min 38 BT 50 6 125,
BRI 1h, 5d/ 8, LI 8 |7,
MAEHAR: B AENCH IS, Pz ah 4 AR
TR IE B ALK ROE N TC BRI 2R 4 A5, IR 3L 1IRM™,
I 25 2% K B2 99 33 4T 3 Ik 50%1RM., 75%1RM. 90%1RM
J 1RM 7 BRI % BEAT 1IRM IIZEIN, B ASRESERE 3 Ik
Jets, W CLSEFRSEBIREUCNIR . KRBRIRETH G, KRE
2min, 5d/ &, FLilg: 8 JE 7,
15 EEIRIEH
1.5.1 EabfEbrilid 8 Mizzh/E4A & 12 h, Ml g Mk
MEHESE. ZEHMm. i E RS ERED . %HED
FARPUIRH =[ = MLAE (mmol/L)x I R & 3= (mU/L)/22.5]
THE R & = AP 4

1.5.2 M SN 8 Fizah)a 72 h, RBREEK R 51741
B KR EERAL, BOK R e ML, R FR a5
KBS P00 7 2 JHE J UL o o, DR {000 e i JUL o 2 P~ 3501
it A SRR E I R R HER U 4L
(mg/g)= HEM LR 5t &7 3518 (mg)/ KA & (g). A1 HE
TN &R %R, T J5 42 ELISA F Western blot A& ill; /2
MIHEAIUE T 40 g/L 2 R T 25 AR - fHareta.

FHEA GBI BT SIRFIRS O JE, Hil& RIS, R
F ELISA ARSI (1 40 PR A 35 1B 4t A 36 10 MR R 5K
K7 a KPR, BT S E 4R S s W 1 AT

2 40 g/L 2 5 [ 2 I HE A NVAHL R i K . 1285
YR Ty E, EhnEfepibge ., HEMER. e
ITBE R AR IR, Bk ) JeqE 40 % T SR AR A, 7
PR T ELUL LR ) X IR A 100 551 400 £5 BB, WS EL R
a5,

Western blot 75l BDNF F1#% HF kB [F321k . BUETE
FERALZE U8R, $RIUEE A, BEAEMEESRER,
WRUGHEAT EREHRIK . BRIECRIEL A1, I\ BDNF FI#Z A ¥ kB —
PR E PR, FIAMR 3 RAAGEERAER, 5
%] Western blot 547 . {# F Image J 1.50i 14 % A4 73 B 2% 47
KA H 8 BDNF A% A1 kB MK EE 5 NS EA
B-actin K FEAH 1 LUAE N H 8 A A R =
1.6 Zit=oAr  HR{E A xts £7x. 18 Graphpad Prism 8
F1 SPSS 25.0 Wi AT e it /v . K IR Z SIS, dHIA HhER
K FH LRI 25 2240 BT (One-Way ANOVA)., it 25 1 72 bl P <
0.05, HpH &3 1 7 bRk P<0.01,

2 258 Results

2.1 FEshMEEHH SLIHHR,  DRURE PR 5 0 KRR
HET K38 5] 7 BOK B AR 40477 52 Wl 15 B JUL 98 P D T s
Ak, BAZHG 7 R,

22 ZARRAEM A, MR EE I Ae o g KA L AR
F1 LB LERER, St A AL, B RS H KR
AREMAETE R, RS RIBUREOT S SRR o R
Eb, 2 AW PRI IS B 20 205 I TR AR R B 2R R PHE 20 B AR
(P < 0.01), Hrr bR PR IS sh 4L ks BE SR T bR A
Fizzh4 (P<0.05).

F1 | FEXRTEME BRBSFRMITAMMAERFERLE (s, n=7)

Table 1 | Comparison of fasting blood glucose, insulin resistance index,
blood lipid metabolism of rats among groups

45 FREMAE  BREEAST =B SHERE REEEEA
(mmol/L)  Fa% (mmol/L)  (mmol/L) (mmol/L)

LRI 4.46%0.82 3.35:0.23  0.440.19 1.87#0.55 0.28+0.15

HHAZ3H 3.80£0.93 2.88+0.84  0.50£0.15 1.52#0.26 0.210.04

PibHizsh 4 3.8840.61 2.91+0.74 0.71#0.29 1.81:0.43 0.37:0.10

W PR 22 21.3245.95° 11.45+1.74° 7.88+1.09° 11.13#3.24° 5.09+1.72°

1.8740.22 2.50£0.78° 0.85+0.34*
3.99+0.18"° 4.60+1.49°* 2.98+1.71°"

WERRR A US54 9.7242.28 6.89+1.38%
WERRRHULIZ N4 6.78+1.51°% 5.27+1.707

Tk G B4, P<0.05, °P<0.01; SHEIRF L, P<0.05, P<0.01;
SRR AIEEh 4L, P<0.05, P<0.01
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MAEZE

gt BTG, B PR & 2R BRI vl L[]
AL FENR B B R bR 3 B T o S50 PR R HR A AR LL R
2 ANHE SRR IS B = H v, s I RO 25 B iR R 2 B
iR F% (P<0.01, P<0.05), HAviEpRIEA s shH =1
T T R R i AR BRI TRE SR B L2 3 4H
(P<0.05, P<0.01).

23 ZAXRMMILER AR ENFOLKR F2HE2 LR
N, 8 JIBENITHIG, St BAHEL, BE IR % 40K BRUHE
J I o B R 35 T & (P<0.01, P<0.05); SHlER %%
AL, 2 KBRS B 4 HER WL i 2 2 2 3G (P < 0.01),
508 PR 22 LA LG, B PR A S8 B 4HE i WL & 4y 2
RIS, EHIEERTEEER X (P>0.05), b
PRI 7 BELAZ 2 4 JHE Ji WL 8 5B St v T R s 2 4L (P <
0.05).

#2 | SAXRSHRIERBARRH RO (%ts, n=7)

Table 2 | Comparison of wet weight and mass fraction of gastrocnemius
muscle of rats among groups

ZH 5 JHERA LR & (g) JHERA LR & 4351 (me/g)
TR HRAL 3.19£0.12 5.17+0.17
HEZahH 3.110.19 5.29+0.59
Pibizsh4 3.3240.26 5.65+0.49
PRI 2 R AL 2.3540.29° 5.11%0.45
BRI Az sl 2.76+0.16™ 5.53+0.47
W PRI HLBEL Iz B 21 2.96+0.24* 5.85+0.62°

vk HarEH i, P <0.05, °P<0.01; SHEREALLE, P<0.05, ‘P<
0.01

2.4 BAKAMINH AN - e R BE3HRER,
G IRA . AR AP Sh UL 4E MRS 8 55 3
&, WURS W L0, 4R RIBERZAIE.
A DB A A A DL R A RS, AN A 5 T T e
B i, S TV ED. T,
R DB S £ 4R AR P IR AE AR A0 IR, g s sh A ATt
BELIZ 2 2 A5 A DL F07 4 V2 0 o 3 PR s 2 i 2 ] L JJLEH 27
45, AYAVERIEE R AR, AR IR R LA A 2
FhR M A 2 DMHEIRI IS AN 4E AR PE L 5 4t i )
A5 190 SO0 PR 2 i 2HL ) S 0 B

25 ZAXRRAFBHIKERIFLEKR FRIME4SER, 8
BER)TFHE, SHEMBENERIBAENIEE, 5%
o HRZELAE LG, R SR % 2K B B Al A 2 10 R R
@, At 2R LR E R L (P>0.05). 52En
AUAREL,  BE R 22 i 2K B SR UL R R SR SE R T a K
A 2 FHir (P < 0.05), B FR i A7 4812 2h A b I8 IR FE R o 7K
BT S, ARG U0 R R L (P> 0.05);
50 PR 2 AU B, BB PR A R I2 3 A MR R SRR T a
KRR RS, a2 R REEE (P>
0.05), ¥R Bt bH iz 2 A bR A FE IR 1 o KB R B (P <
0.05).

2.6 %8 K A B 8L BDNF BAZE F kB & & R ikbiz %4
FIE 5 S5 R EoR, 52Epnt AL A, Hl PRI #5241 BDNF 4

672 | PEHEATIEWAR | 55264 | 5558 | 2022928

FIR KB S 5 (P < 0.01), Hrfobl R A A2 3l 2H BDNF 2§
I FRIA B = T PR iR 2 (P < 0.01)0 5 22ifnt B2 LU L,
B R 2% A% R 1 «B R R IA BB & (P < 0.01); S5H#IR
R ER A LLEL, 2 DRI IZ BN A R kB B Rk PR
(P<0.01, P<0.05), HHhERIGHLIHIZEN4 T «B HH
FIB B BAK T B W SR e R 2 (P < 0.01) FTRE PRI A s
N4l (P <0.05),

3 | BEKXRBBAKERRNEER (xts, n=7, ng/L)
Table 3 | Comparison of inflammatory indexes in skeletal muscle of rats
among groups

451 B % 1B B4 % 10 JHEAEH F
o R4 700.82+35.50 256.88+14.20 24.46£1.59
HERIZEBH 703.07+59.33 253.52+46.15 24.09+4.20
iz zh A 690.29+42.30 256.88+30.39 23.50£1.05
FEIRIA 2 e 675.80+30.68 241.18+6.19 29.18+1.50°
IR A Rz sh A 713.75£58.07 236.32+16.96 27.06+2.77
PERRPIIZEIA 688.63123.80 246.85+7.41 25.08+2.96°

Fork: GuEIRA LR, *P<0.05; SHERIFG 2 HELE, P<0.05

R4 | FEXRERNREREHREEREFRZET B EERIAELR
(xts, n=7)

Table 4 | Comparison of brain-derived neurotrophic factor and nuclear

factor-kB protein expression in skeletal muscle of rats among groups

2H 51 Ji U P A 227 R IR AR
G R AL 0.79+0.07 0.420.02
R 0.93+0.14 0.41£0.01
HibHizsh A 0.9740.21 0.43+0.04
WE PRI 22 1.28+0.20° 0.9440.14°
Wi PR a3 4l 1.53%0.10% 0.720.06"
FEIR RSB IZ 3h 4 1.31£0.20° 0.55+0.04°*

R Gui AL, P<0.01; SRURERHALLE, P<0.05, P<0.01;

SR BB, P <0.05

3 i}i¢ Discussion

31 RRE SRR K S dE . ol Ao B LS 8 B
S S PR K B IURE IR A BRI PR -2
K BRI RE A L BE FE BR 3 E T e. A EIE S AP IZ 3 B
B S 0 R R K R B IR AR, LW BRI A R s sh 4L it i
fabs ( =B, S HE R, [REEREA) WEAR TR
JRPLBHIZ 34 (P < 0.05, P <0.01), ¥5JRIEPLBHIZ 3) 4 2 E
I 5 TR PR A s Bh 4 (P < 0.05), RHIHHIBshk
R R T PiBHIZE 3N, PiBHE 3 o oA i ) g
Ttk T s sh A 7 iz s fopE R fg 4 LS 2
SARNTZT, RET AR 8 JEAG 12 B B L bR R
KR % PI3K-PKB 55 i %, Ji/ s =T, (RibpE R &
B, INPRE. BRSO, BRI IORERT M . HiBHiEBhiE
IRV R SRS R 4 S SRR R A O R
5 AR AL ) 18 e % UL e A 2 5 E AT 4R A 9 5 B
W2 PR fE 77, 3 7 2 281 R0 2 ot ot A PR P B I R A
N RIS B I IZ B35 RE et 2 BN PR N\ I AR B AR
W WRRE Eh A I RCR o 2 5 T, AR BB
SIS HR IR I IS B 7E SR IR AR FAREE R, 1R
T — D AT A A 5T
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Figure 1 | Comparison of fasting blood glucose (A), insulin resistance
index (B), triglyceride (C), total cholesterol (D) and low density lipoprotein
(E) of rats among groups
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