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WE B WROMER SRR A AU S 5 5 22 BURME P A/ RS AE 2L, oA ki s A A v S Ak
B, Ak E5E, W TIRVMEAR A SR & T 5 MU S AUk i AL AT BEMLE], K 18 H 6~8 JEIl i CSTBL/6
INEBEHLAY M IE# 4 IE4L (C) . 500 mg/kg B A FRANFE T4 (M) 11 000 mg/kg 7+ & BRANE T (H) . T Hi4l+ i
6 A/, 12 JE 5 MBS R (ITT) A A I (GTT) A4 41/ BUBE S 3R U i A i 2 . X9 &
MG AR 2R & i . B TENIEYL (Western blot) 5 IU-#% Ul InsR/IRS1/PIBK/AKT {55 BTG M o ZERLEERN 1, #F—2F
PRI SRR TE AT 2 sh g i e 1) 22 MUk P /B RN AT REAIL, H5 30 H 6~8 JA & Ik CSTBL/6 /INERUBEHL4) by IE 5 %o IR
4 (CS). AHRZshTHdl (ES) ARG /RN T4l (EG). ESAV/MNRHATIG A AZ s T ; EGA/MR
AT G2 S T RIEEAT 1 000 mg/kg 4 ZRAN T T 1, THIALT W6 d/JE, 10 BEEAER o A T — S5 & ik
7 InsR/IRS1/PI3K/AKT 555 8 B T P AU AE AL, 15 Jext o4k C2C12 WU A MO BEA TR BE A 2R T30 (0. 0.5, 1. 3. 5.
10 mmol/L), ff A 2 MR T I E . BEJR BFI0K 04k C2C12 WU AN 3 Xt R4 (C) . AR T (G) AR
FREKA MK801 (7A &R % A NMDAR #fil5]) +Wi4dl (GK). GAAMMEIETTS mmol/L A& R T 1l; GM AL4NIirE 5 mmol/L
BT I RIS 47 50 pmol/L MK801 T, 24 h TS5 HS, {11 Western blot 5l 41 il InsR/IRS 1/PI3K/AKT 1553
W, R 5 C4/NEML, HAUNRIEARSERR & . ITTMGTT M Tl B2 e (M4E R E4k), M4k
FUB AR LIRS Al p-AKT & H R A BE T, HA/NEUEH M p-InsRB. IRS1. p-AKT Mp-mTORE R LETIH; 5CS
/N, ESH/NRIEHR A RIR S8 0% N, ITTH GTT LR | A o 5 FAC, B lp-InsRp. IRS1, p-AKT Fl
p-mTORZEFARE FIH, EGAVNR LR Irilfstrty e i M2 ;5 0 mmol/L A48 T AUMIAH L, 5 mmol/L 544
B2 T FAH 432 p-InsRB . p-IRS1. p-PI3K., p-AKT KA WETH; 5 CHAMMALL, GLHAM p-InsRB. p-IRS1. p-PI3K
M p-AKTH [1FRA B N, GKAMMAEARBHLEEL, &It K EIEshn] LI i BRAIE A 4 208 & ik
SRS RS, X AT AE S BRI InsR/IRS /AK T {5 53 B I P A 56 . RIS, SR IRIE I—FHE 540 F I gt 54
BEAUN-FIE-D-RAEFRZ 1 (NMDAR) 254, H0iHl InsR/IRS1/PI3K/AKT {5538 B 1 14

xR NER, ARz, B, B ERBUEME, InsR/ARS1/PIBK/AKT
FESES  G804.2, Q493.9 DOI: 10.16476/j.pibb.2025.0189 CSTR: 32369.14.pibb.20250189

i 55 2R SR AEATLAAR IUARE 1 v R % B 4T L 4 8 11 (insulin resistance, IR) &4 "2/, IR JEARJFEAI2 AU
R RR R, T S s 22k BEJRON (diabetes mellitus type 2, T2DM) 45 Z fif
(insulin receptor, InsR) Z44& G T IEIR &) 28 32 1K DO PR R, PR B e i 5
B 5 2R ILAE B B LA 55 7o T AR IR A 3R AR

JIK# (insulin receptor substrates, IRSs) /#fgTEEL
FEARAIBLEI & 4%, 0 M FER-E- 88 LR A 220 i )

Fi 3 #4E# (phosphoinositide 3-kinase, PI3K) /4 [
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E . FFIEN M (endoplasmic reticulum, ER)
N B ESEORA SR E, DLAGR F g
M RIS % o WL, WRAIZIHILREEE
JIkE 5% 2 B R AL X T R T A 28 B e it
BREE,

BHER, —MEDRIELTFEARR, M5
PR IT 200 AR R N, 1T HL 3 J2 55 22 (1) #if 28 3
BT i, A ERAE RN EAIE S, MR
TR, ECENES . 2007
WA s, RIS 2R & s S ML S 2=
TURPE R R DIAR DG 0, [RIA, Bk 2 i A 5T
RIL, PEIAZRR S m IG5 ASE A1 T2DM 1Y
J A DU B AL 0 2 A DG O A, R R AN
(monosodium glutamate, MSG), A% AYENEHIE
A, SR HE AR T AR SRR RO Y B
RN, MSGHA i3 finnl Ge 2 T B0H & B R
BE33% 1 MR, BRI N-HE-D-RA
2 22 {& (N-methyl-D-aspartate receptor, NMDAR)
FEPUA] (A& ENIFA 367055 ) A @R HAH G
PR E SR AN FER] (A A R A AR IDE H K )
B UE S ELA 1 5 2R USE | SR IR RN
FIFERRASIRE ST VO FR R, s =R T LA
REARAILIA I B R AU, , R IR,

A4 1B B R AN ARG TR 5 3R R, s IR
A RCTFB 202 BRI, X — IR 5 Tl
Wl AR ] Ak, A RN E S
SRR, Bahag RN Z Y & E ke
A X s gs Fyme A (exercise-
responsive metabolites) AN A] LK 16 7512 3 A #5
@R 5 1 FALGRIR AL R R, e hFZE
PIR A B IG PR AL T I TE R T I A P 202048,
Contrepois % ) 7E (L) (Cell) K FMZATEZ
g FEGET, IEAREARIEE G i TR
EWEAER , AT R, 4RLUA
iz dhoh F Wiz sh T a] DL E R L F
EIEAR AR & . AR B RRARIEE5)
IR LR BRI E B A R P I, s Bk
RG22 & s AL T e SRR =R “ %
B YA DG, Bz ghe] e B LN ZH 200 4
AR B IR DRI R 5 o

g LTk, I R AU AR IR R T2DM
P I RIS, B AR AR R SRR
PR O TR ARG, T 4802 Bl AT LAY 5 Jl 5% 2R ek

P, BIIEARRAR S E, ARizdl. HAEE
R, RS REUEME —H2ZEEREY, T, &
WFFE A AT 48as Bh T DL i PR AR PR 7 R 2 3
SHALIRER S R U . b T RAE bk, ArsR
T e A R AN T T T S P SE B R IE PR A R
i T JE ML R AR R AR AR O, B
1A s s N RUEL RS &R i ORI A A
AIRAEA Fs s3Ik 5 Z Ut e, IF
Mt =B 5 L InsR/ARS 1/PI3K/AKT 175 5 18 B 1
(s, i i A 2 BRI & NMDAR 0 il 57 41
TS IR R4S A /NMDAR Sl 76947 InsR/IRS 1/
PI3K/AKT {5 538 B 1 1 vh AR

1 HESH®

1.1 IWH4AE

P, LA 6~8 JiiE CSTBL/6 MEE /N (11
VLI ERE LR RHE R A IR AR sLmixt
%o LHYINRIAFE T IR E K SPF X3 555
b, IR E WS ER 12 W12 h, iR =R
(23+1) °C. /N R PEMESR 1 RS R R 1 20505
AR T LK, 18 H/NRBENL A 1E
WXL (C). 500 mg/kg AR FTETHIZH (M)
F11 000 mg/kg AN T WAL (H), &6 H.
C 41/ IN BUIE 1) 3% 04 [R] ek B AR R A R K, M
ZHATH 4L/ R3S S 500 mg/kg A1 000 mg/kg 77
BARR. 7FAREsh B ARL S, 30 H
ANERFEHLAT AIEH XL (CS) . AR THid
(ES) A EisshikGRaAmMa T a4l (EG),
T 10 H o CS 4 IE 1 572 04 [F] B 1 SRR R A 2
EhoK, ESULE s 7 A [ B AR AR R A B K,
EG 4 iz g T iy [ i 3 1H 1 000 mg/kg 771 i 4 2
2. A0 K sl SEgs B IR R E R 2e R
WA PR B At e (A BB SR ARE P 0k 4T, (e B
BS54 102772022DW023

Y S . LA C2C12 AL 40 i Sy S 56 % 5
(g 3 rh ERERE AN, Ik VS A5
WATIREE . ERAR T HsLs T, RIEa =R
T I R AU A 53 LR 6 41 : 0 mmol/L
ZH. 0.5mmol/LZH . 1 mmol/LZH . 3 mmol/L ZH .
5 mmol/L 41 . 10 mmol/L 4 . 7F A& % W 5% 1k
NMDAR #il50 FHisc g, Ak VS 4 ok LA
341 X4 (). FERTHA (G) MAE
PRI MK801 (424 1% 52 & NMDAR #i il 71)) T
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W (GK). CHAMMIC T ; G4z
S mmol/L A& T-1i; GM 40 ii7E 5 mmol/L &2
PR U [ B 12847 50 pmol/L MK801 i,
1.2 BRIEFHTFMAR

AMRAAME BN T RSB Zh E
Mash % . EIERas s THiET, #17 1kd. R
W3 dryE i tkis s, W), MG IO, BRI
B3 % N 0 m/min & V. 5 min, 10 m/min iz 3]
10 min, 14 m/miniz s 10 min, FfJ5IF4R IERI25)
T, 1EAGE ST WA 4G M 12 m/min, 52 J8
BHEHN 2 m/min B % 20 m/min, &30 T 1 %/,
6 d/Ji, 104,
1.3 MRESBRINFETRARMNAMES KB T 0
WES

TE/N A AN TS, TR A RTE
HE R s A e, DR s, %h
FT-BOR PR E T, W i Sk R E A
AEN (BRI ) B H 43 2 R A 3 A =R 88~
126 mg/kg ', [A]A 7F Tabassum 55 ) f9ffF55 24,
KR ER A EF N 103 mg/kg, THRIB I
SR AR R N I b 7 7 1 AR Bl A
o R ED/N AN R S AR
i, DA d BRI AR Ry [a) 8, AWPoR IS T
500 mg/kg. 1000 mg/kg M~ 7 & I g /N FR AT i
I . BEAR AR T 0.9% A HEK PR
SIPHTHEE , 6 d/JE, FE10~12JH,

TEAIMIA 2R TPt b, AR T Tk B2
Z i NAE C2C12 4 il rh FF & iy it 53 B il 1 i
M B @A A 40 mmol/L A & R,
HAW AR 05, 1. 3, 5, 10 mmol/L, T i
24 h, [AFEHL, AHESEH 50 pmol/L MKS801 i+ i
WM RESH I AR R E P,
14 BREBHESEMMEEELRENR

SN T R AT Z & (insulin
tolerance test, ITT) M3 7' MEXFT, B i
INEARRIAEE 6 he MY H, 7ELdrny i,
FHFFE, /NS TT . ARAEER . A EE KR A
R 75% RS . 1 mlUJCHE SRS . OB i
BAAC, D% THRTER . 0 SR AR AR/
B LI TTPR /N BRARE , %R 0.7 IU/Kg
By ZR TR A A HN BB R R SR
HE e/ DRI TR RS, WK ZEN

UM, i FHREA RS AR BRI 1/ N AR . T4
J5 . NBT TIPS £ 2 1 mm LY, BT
I, BRI i e A T 3R A9 MU ie 5t . FF
BT /N BRI FE LR UM ZE oS, F IR RE RIS
s T S R 2 VR . TR AR SR — RS e ST E
AT, B S 2 BRI RE AR AN 2 A0 e 26
15, 30, 60, 120 min 4 4~ &) 25 A /)N 5 I AR
FRAMREE A, BN RFRZE , Bk
SN T R34 T #i A B & (gluocose
tolerance test, GTT) ik 2% MK FT, o500
AINREETTEEE 16 he MY H, ELE N, B
HER AR AR /K C B () R A A WA, ARSI
A ITT, SCE I AR AT FR i/ UK E, I
1 g/kg 57 2 B S 00 3 A L/ B 2 A 1 1
R NERBRIC 7 R I B A2 [R] 1T T,
TR /N R RS R, i R TR R A it
P s T S A AR W o e SRV IR IT T I
1.5 mMEB/ASERSERN
RSV (T A TR () B
WHBRAF, D799586) 7EMHARTHL B4 IH R . 2
HEAT T B AR AL, FH% 30 min DA b, KR
340 nm, ffHZEBKME, A, 796 L
UV B £ LR o A #5850, IRA), S Epe
340 nm &k 20 s B AW EEE A1 F1S min 20 s B 41
JCREAE A2, THE AA=A2-A1. D)F5 HE T WO B
(nmol/L) Ay xill, FRUEFSWXT I AA Ny y il 25l
et 2k y=hkoctb, WEFEARFLAARAT RS 3 x A,
Te IR BB RN A h 5 2R 3 it
1.6 FZEHFREFZEBRENITE (Western blot)
g —WEsh THi24 h)5, /NEEEE6h,
J E a2 TU kg R PR ) R AT IR S B (5
ST IS B B 10 min J, SR FH R N F
WFE/INER, FIB LR A T IR 225055 . FRI20 mg H
BEWUIMA 0.4 ml RIPA TAEW . SJHALAEE, 4°C,
35 Hz, EREBIKENREMWEARHLEER . KL
24, IR 15 miniR2) 1~2s, EE 21K, 4°C,
12 000 r/min, #5.0> 15 min, HBC b5 BPh 8 1 5
JR . T BCAIRHIG (GExK, P0010) Xf B
HIRATE . 0024 h PSS RS, A 10 pmol/L
i 5 28 R A L 2R B AR 1 100 nmol/L, - LASE AR
BRESEBIEE . L6 fLAEE IR B (4
LEEFHE2 mD), &AL 20 pl BB S E WK
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(10 umol/L) o #4715 5 min J5 BRI F I, MMA 1x
PBS ¥ 5] S EIEBE 3 . ZBR 1xPBS, JIA 200 pl
RIPA TAEW 42 A Mo & 1 B itk A7 R 2k, 8 H
T PRI BRI E VK A

i1 10% SDS-PAGE 43 25 8 [ )it J5 A 75 Bt
P B P RCE A S, P a dk, A
LR F W B . Tublin 1: 20000 (Proteintec,
11224-1-AP) . GAPDH 1: 1000 (Servicebio,
GB12002) . InsRB 1: 1000 (CST, 3020) .
p-InsRB 1 : 1 000 (CST, 3024). IRSI 1: 1 000
(CST, 2382) . p-IRS1 1: 1000 (CST, 2384) .
PI3K p35 1 : 1000 (CST, 4257). p-PI3K p35 1:
1000 (CST, 4228). AKT 1:2000 (CST, 4691).
p-AKT 1: 1000 (CST, 4060). mTOR 1 : 1000
(M 42 4= ¥, ET1607-71) . p-mTOR 1 : 1000
(CST, 2971). GLUT4 1: 1000 (CST, 2213),
TBSTIEVEE & —ht, FRUERE A ECL
e R G, TRICUZRG e fg. il
FH Image J 353 B 8 1 BT 5% IR BEAA
1.7 FitZEHH

fifi FH GraphPad Prism #4347 5% 5 £ic i 1) &b
B, B DO S E bR R R s o SRR R 7 22
oM LE S 3 Al K DL b A R B 2 R, IR uEAT
Dunnett’ s S5 K56 . P<0.05 N2 R BHIKRG %=
Yo *FIFFEIR P<0.05, **F1*F R P<0.01,

2 g4 R

21 KPASBRIETHRENNRERASSRS
EMERERS RN
211 KA E IR A 7o T W i/ BRIE A A A
T

12 AR AN T 05, H4l/hRIGHA 2R
SREEE (P<.05, F1), M4A/NRIERS
AR IR ETE (P>0.05, El1),
212 KINARZRRAN 7T TR AR /) B B 5% 2R ek
PR A T

12 B A4z T s, @ ITT 1 GTT >k
TEAR 7N B I 5 2R APk A b T e (181 2) .
FEITT P, HAL/NE 15 min (P<0.01, [#]2a)

120

80

i
H

40

Circulating glutamate/(umol-L™")

0

C M H
Fig. 1 Effect of glutamate supplementation on plasma
glutamate
C vs H: "P<0.05. n=6. C: control group; M: 500 mg/kg glutamate

intervention group; H: 1 000 mg/kg glutamate intervention group.

130 min (P<0.05, & 2a) IMUFEE, DIITT ik
THEAEES T CH/NR (P<0.01, E2b), M4l
/NERAY 15 min MOBEE 255 T C 41/ (P<0.01,
K 2a). 76 GTTIMHXH, HAL/ME 30 min A1 60 min
MBHE (P<0.01, KEl2¢), LI GTT #hgk T
FE T CH/MRL (P<0.01, El2d), MZ/NERAHX
i R E
2.1.3 KA 2 b 78 T kAR /)N BB L InsR/
IRS1/PI3K/AK T 51 s id 1

2 AR AR AT, DNRSETEES R
PO, RS BOREASI A% UL InsR/IRS 1/PI3K/
AKT {5538 [H OC B A 1 B IR 1b 7K 7 B e L
(AR S 2 UEE (E3) . 5 4/, HAL/N
L H 8% UL p-InsRB (P<0.01) . IRS1 (P<0.05) .
p-AKT (P<0.01) F1p-mTOR (P<0.01) #&[47ik
BETHE, MA/NKIRST (P<0.01) Al p-AKT
(P<0.05) FHEHRBRE N,
22 ASBEIEHIBERSIHERKNMNRERER
e = 51EEE S E MR
221 AR IR 554 S SRR N BRI IR A 2
[irgetil

108G, K441/ RAIG A &R &
(K4), S5cS4l/MNaALE, ES4/NRIGAS &R
T E TR (P<0.05), EGA/NEIEHSEIR T
wILEZ (P>0.05).

i
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Fig. 2 Effect of glutamate supplementation on ITT and GTT
Blood glucose and AUC during the test of mice in each group after 12-week glutamate supplementation. (a, b) Blood glucose during the ITT and the
AUC of ITT. (c, d) Blood glucose during the GTT and the AUC of GTT. C vs M: **P<0.01; C vs H: “P<0.05, *P<0.01. n=6. C: control group; M:
500 mg/kg glutamate intervention group; H: 1 000 mg/kg glutamate intervention group. ITT: insulin tolerance test; GTT: glucose tolerance test. AUC:

area under curve.
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Fig. 3 Effect of glutamate supplementation on phosphorylation of InsR/IRS1/PI3K/AKT signaling components in the muscle
Representative Western blots (a) and summarized data (b) for InsR/IRS1/PI3K/AKT signaling components. C vs M: *P<0.05, **P<0.01; C vs H: “P<
0.05, #P<0.01. n=6. C: control group; M: 500 mg/kg glutamate intervention group; H: 1 000 mg/kg glutamate intervention group.
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Fig. 4 Effect of aerobic exercise and glutamate supplementation on plasma glutamate

CS vs ES: #P<0.05. n=6. CS: control group; ES: exercise intervention group; EG: exercise combined with glutamate intervention group.

22.2  WEBRINANE 55 A AUz SR E /N U
F UL RN AW S RN

10 AT 15, # ITT A GTT KBS /N LAY
i 5 2% AR AN A AR 5 (&1S) . 7R ITT K
Hr, ESZH/NEL 30 min (P<0.01, & 5a) #160 min
(P<0.05, [&l5a) ImAE{E, AR ITT e F i fL
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30 min (P<0.05, & 5¢c) #1160 min (P<0.05, &l
Sc) I, LUK GTT ik Fmifl (P<0.01, K
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AL
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Fig. 5 Effect of aerobic exercise and glutamate supplementation on ITT and GTT

Blood glucose and AUC during the test of mice in each group after 10-week intervention. (a, b) Blood glucose during the ITT and the AUC of ITT.
(c, d) Blood glucose during the GTT and the AUC of GTT. CS vs ES: *P<0.05, **P<0.01. n=8-10. CS: control group; ES: exercise intervention

group; EG: exercise combined with glutamate intervention group. ITT: insulin tolerance test; GTT: glucose tolerance test. AUC: area under curve.
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223 AAMRIAMISSA Rz s iR IE R /DA 1 (Fe). 5 CSAUVNEAMLIL, BS 41/ BRUE#5 L

WLInsR/IRS 1/PI3K/AK T 518 f16 P At 28y

10 BTG, /NREATIE S A5 5 S
B i TR Az I H- 8% UL InsR/IRS 1/PI3K/AKT 5 538
P OB AR AR A AT A ST i B LI JBRE 5% 3R Uk

(2)

s ES EG u

p-mTOR (Ser2448) = == == == == == =— - — =] 289
U Yy Y Y rr1 Iy | 289

p-IRS1 (Ser302) | e ik B
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AKT | o o o e —————— | 60

GAPDH | e e e | 34

p-InsRB (P<0.01) . IRSI (P<0.01). p-AKT (P<
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5 CSH/NEAMLL, EG /N3 UUTINE
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Fig. 6 Effect of aerobic exercise and glutamate supplementation on phosphorylation of InsR/IRS1/PI3K/AKT signaling

components in the muscle
Representative Western blots (a) and summarized data (b) for InsR/IRS1/PI3K/AKT signaling components. CS vs ES: *P<0.05, **P<0.01. n=5. CS:

control group; ES: exercise intervention group; EG: exercise combined with glutamate intervention group.

2.3 NMDAR#H] I 3 Bl 55 & KUER T 8 43 4£ C2C12
AILE 4 B InsR/IRS 1/PI3K/AK T 2% & 14 B R4 M2
231 A EmR T TOR A v T I sk C2C12 )L
B M InsR/IRS 1/PI3K/AK Tl {175 1

KRR T 24 05, TS (G S W5%
BOTE L BE S BURERS I InsR/IRS1/PI3K/AKT 5 5 18
5SS ARl A v S IFA ) ) N s
(7). 50 mmol/L A& THZIAH L : 1 mmol/L,
10 mmol/L A2 T 24 h )5, InsR MEHFEIAD
F TR (P<0.05), 5 mmol/L A% T 24h)5,
p-InsR EEFH £ IA R E FH (P<0.05); 10 mmol/L %
M TW24h)5, IRSIMEHRXEEF FHE
(P<0.05), 1. 3. 5. 10 mmol/L A4 & T i 24 h
J&, p-IRSIZE MW F1d (P<0.01); 1 mmol/L4
RMRT W24 h)5, PBK ME A ELDE T
(P<0.05), 10 mmol/L &R T-1i24 h)5, PI3K A
FHFABE T (P<0.01), 1. 3. 5. 10 mmol/L

BREAMRTW24h)5, pPBKEHZE FM (P<
0.05); 3. 10 mmol/L #FZ R T 124 hJ5, p-AKT
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Abstract Objective To explore the role and potential mechanism of circulating glutamate in enhancing insulin
sensitivity by aerobic exercise. This research may provide a novel strategy for preventing metabolic diseases
through precise exercise interventions. Methods To investigate the effects of elevated circulating glutamate on
insulin sensitivity and its potential mechanisms, 18 male C57BL/6 mice aged 6 to 8 weeks were randomly divided
into 3 groups: a control group (C), a group receiving 500 mg/kg glutamate supplementation (M), and a group
receiving 1 000 mg/kg glutamate supplementation (H). The intervention lasted for 12 weeks, with treatments
administered 6 d per week. Following the intervention, an insulin tolerance test (ITT) and a glucose tolerance test
(GTT) were conducted. Circulating glutamate levels were measured using a commercial kit, and the activity of the
skeletal muscle InsR/IRS1/PI3K/AKT signaling pathway was analyzed via Western blot. To further investigate the
role of circulating glutamate in enhancing insulin sensitivity through aerobic exercise, 30 male C57BL/6 mice
were randomly assigned to 3 groups: a control group (CS), an exercise intervention group (ES), and an exercise
combined with glutamate supplementation group (EG). The ES group underwent treadmill-based aerobic exercise,
while the EG group received glutamate supplementation at a dosage of 1 000 mg/kg in addition to aerobic
exercise. The intervention lasted for 10 weeks, with sessions occurring 6 d per week, and the same procedures

were followed afterward. To further elucidate the mechanism by which glutamate modulates the InsR/IRS1/PI3K/
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AKT signaling pathway, C2C12 myotubes were initially subjected to graded glutamate treatment (0, 0.5, 1, 3, 5,
10 mmol/L) to determine the optimal concentration for cellular intervention. Subsequently, the cells were divided
into 3 groups: a control group (C), a glutamate intervention group (G), and a glutamate combined with MK801
(an NMDA receptor antagonist) intervention group (GK). The G group was treated with 5 mmol/L glutamate,
while the GK group received 50 umol/L MKS801 in addition to 5 mmol/L glutamate. After 24 h of intervention,
the activity of the InsR/IRS1/PI3K/AKT signaling pathway was analyzed using Western blot. Results Compared
to the mice in group C, the circulating glutamate levels, the area under curve (AUC) of ITT, and the AUC of GTT
in the mice of group H were significantly increased. Additionally, the expression levels of p-InsRp, IRS1, p-AKT,
and p-mTOR proteins in skeletal muscle were significantly downregulated. Compared to the mice in group CS,
the circulating glutamate levels, the AUC of ITT, and the AUC of GTT in the mice of group ES were significantly
reduced. Additionally, the expression levels of p-InsRf3, IRS1, p-AKT, and p-mTOR proteins in skeletal muscle of
group ES mice were significantly upregulated. There were no significant changes observed in the mice of group
EG. Compared to the cells in group 0 mmol/L, the expression levels of p-InsRp, p-IRS1, p-PI3K, and p-AKT
proteins in cells of group 5 mmol/L were significantly downregulated. Compared to the cells in group C, the
expression levels of p-InsRp, p-IRS1, p-PI3K, and p-AKT proteins in the cells of group G were significantly
downregulated. No significant changes were observed in the cells of group GK. Conclusion Long-term aerobic
exercise can improve insulin sensitivity by lowering circulating levels of glutamate. This effect may be associated
with the upregulation of the InsR/IRSI/AKT signaling pathway activity in skeletal muscle. Furthermore,
glutamate can weaken the activity of the InsR/IRS1/PI3K/AKT signaling pathway in skeletal muscle, potentially
by binding to NMDAR expressed in skeletal muscle.
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