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HE BH HIREREA Sz h s e D R h i E AN THLE . RS shp s e fe fHop T i o
FiE B, N TIRHEIRA R TR S LA ) Z U 0 A AR T ML, BRATHE 18 H 6~8 AR M CSTBL/6 /)N
FUBEALSY M IEF X IR (C) . 500 mg/kg AAFRANFTE AL (M) H11 000 mg/keg A ZBRAMR T (H), TH4L4dfi
6d, 12 )5BS RN QTT) ARG (GTT) K482/ BUSE S REUSHE AR 2 5. X8 &8
MIPEFR A R &k . Western blot Kl 4% /L InsR/IRS 1/PI3K/AKT {5 S 6 1 . TEHIERE |, i HRMERS BARIEA
SRAZ Bl S R B A E R ATBEMLI, 4530 H 6~8 JEIS HEE CSTBL/G /NRBENL 2 M IEH X R4 (CS). AHRiE3)
THiLl (ES) Frfg Az sk a B EmAb T4l (EG)e ESH/NRTHEA B85 T ; EG A/ REA Ei8 8h T i
[ HEFT 1 000 mg/kg B ERR AN S H1. T A4 Ao d, 10 EEEMER L. R 7 #—HR 145 B2 % 5Y InsR/IRS 1/
PI3K/AKT {5 538 BEIG PE R VE RTRIALHT . 1 Jext 7k C2C12 JUE A I A TR RE A 2R T10 (0. 0.5, 1. 3. 5. 10 mmol/L),
T AR A T TR L . FHISBFSK 23 Ak C2C L2 U 4R 73 X AR (C) . AT (G) AT ZRIK & MK801
(SRARZ IR NMDAR M) +Hi2h (GK). GAGMMIEFTS mmol/L A2 MR T ; GMZHANMI7E 5 mmol/L A2 ik T 1 5]
i #EFT 50 pmol/L MK801 T, 24 h %tk J5, fdi FHl Western blot &l 2 if InsR/IRS1/PIBK/AKT {5 Sl kidi k. &R 5
CA/NEAMLL, MAFHA/NRIFEARSEIR S/, ITTH GTT L T L4351 T i ARt A i 2 s, MAL/NRCEBE L
IRS-1 Fl p-Akt 2 A B2 R, HLAA/DNEE#Ip-InsRB. IRS-1. p-AktFlp-mTOR 2 25 B3 Fill; 5 CSZH/N U
I, ESH/NEIEAZEMR & w3 TR, ITT AIGTT AT AR BEREAR, &8 p-InsRB. IRS-1. p-AktFlp-mTOR 4
MR LIF; EGA/NR B BTFs R34 70 0 #4284k ;5 0 mmol/L 44 fR T- T ZHMiAH L, 5 mmol/L #3242 T-Fil4
i p-InsR, p-IRSI. p-PI3K. p-AKT K FH KL W E TM; 5CHALIMEMLIL, G4 p-InsRB. p-IRS-1. p-PI3K Fil p-Akt
FHRBEE FH, GKANMMSERARSY IR EE, 8 KA SE 3T DUl i AP S0 & 10 0 6 5 il
Bk, XHE S BRI InsRARS /AKT {5 S BTG MRS TR A OC . WIRT, A2l —FE5 2 gl 5885 JLNMDAR
454, M InsR/RS I/PI3K/AK T A5 5 M BRI P

KA DU, ARossh, B B RBUENE, InsRARS1/PI3K/AKT
HESES G042, Q4939 DOI: 10.16476/j.pibb.2025.0189 CSTR: 32369.14.pibb.20250189

B 55 AR AL IR T = B JBR 5 B A Al i) B v OB L R R 3R IALAE B IR IUE A . B
R, Tl S A Rk RS RBUBMER RIS AR, W SRR
(insulin receptor, InsR) %543 7% T i IRSs/PI3K/ WA IR R | JHFAER M (endoplasmic
AKT 26 {55 R LA (i 00, pumag e retiovlom, ER) DZRC, i LA S F DL
S E MRV IT, Uk b 2R g 0 BRI S 5 DO
B, JRBZEAPT (insulin resistance, IR) &4 2/, w TR A AN S A (21XD1403200) ¥ HIH .

IR 2 At 1 2 BUBE PR (type 2 diabetes mellitus, R
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TR AFZ AL 428 19 5 22 SRR R AIL A XS 11 AR il
FEA R IR RO 2

BHER, —MEZDRIELTFEALER, M5
PR IT 200 AR5 B B, 1T HL A S 51 2 (1) fh 22 3
BT R, A ERR A RN B AN By, W
BRG], ORGS0 ZWHAT
SRS R TE A 2R & R N S LA & 2= A
MR UIAEC 0 [FR, BORBZ B9 &
WG AR & w3 5 AR AL AN T2DM 1Y % E
N sy TR A = S | A NI A = 7 7L
(monosodium glutamate, MSG), A% AYENEHIE
A, g HE AN R R SRR Y B
R, MSGHA 3 finnl Ge < T B0H 6 AR
Hn33% o MR, BERS A N-HIIE-D-RAH
fR %K (N-methyl- D-aspartate receptor, NMDAR)
FEPUA (AN ENIFA SETP2F) A &R A DG
FERTHE B FRAN TR (AN Z MERE AN I H IR
Bl UE S ELA R 5 2R UBE | SR IR RN
EIFERSASAIRE ST Ot HENT, S E AR T L
BEARAILIA I B R AU, AR IR,

A RIS B AN TASE o R 5 2 U, BB IR
AT > 22 SR, X—BEE RS THL
Hil AR E I . AR, EPAREE A
SRR W IE s RIKN AR Z Y & kB
FOAE S X B gs gy AU (exercise-
responsive metabolites) AL 1] UL A4 /8 is s A #5
AR S5 B FALR AL AR R, Wi e hir 2
PIR A BT IR BRAL T LR T A A 4, 202048,
Contrepois %5 ' T Cell %z 3 W 212 3 7 F K 1%
t, TR B AR B g G & T il & 0 = 5
R, AR T AR AR & B 4 8 DA Eazs sl &
(32 3l 1] A 2 R AR I LEE 75 A AR5 2
R it 7 AR WoR A AR T is S R R LA
PR B SR 0, HL, Bl IEA R R
R o s AL AT RE SR A AR LI B
X, Bz 3l ] BEIE L3 i UL PR ZH 20T 45 R A B R
D EIAS R T i

LT, 1 R BURPERR R A A T2DM
G I EZREAILE], ENARAER R STEIA A
R S BT RARDE, A s Bl mT LA i A ) 2 sk
%, BIIEARAR S E, ARiss). HAHREA
FR . R RBUSRME = FHZ MR EY] . T, &
WA AT B 3l AT LA E o PR IRE PR AS 2 R Fr a3
SERMUANE B RS, o T RE EiRR, AR

il A AN g T TS W S IR AR R P A 2 R
Tt e AR 2R U AR A O s B 8
XA s BT I N ERU TR R 1 7 O W 4%
RPRTEA Az s ik 8 R UV e, JF o
B HXF B 8% LR & R 52 1K (insulin receptor,
InsR) /R & & % K K % 1 (insulin receptor
substrate 1, IRS1) /B J§ Bt WL B 3 W 7@
(phosphoinositide 3-kinase, PI3K) /& H % fi§ B
(protein kinase B, AKT) 15 7 i [ 1 14 09 5% 1 ;
e T A A E R IR 5 NMDAR 1] 77 41 it + 70 52 56
R R 4 2 MR/NMDAR il 75 4 75 InsR/IRS1/PI3K/
AKT {5 5 s v b 2R R

1 M7

1.1 XWH4E

SR . LA 6~8 JEIE CSTBL/6 Mtk /N (11
AL AL AR AT IR AR S m %
%o FTWINRIAFE T LA T KR SPF X8 305
sy, R SR E /MG RIS 12 W12 h, IR E R
23°C£1°C, /)RR I PR SR 1 F iR e S 56
ERARA T T T, 18 H/NRBENL R 1E
FXTIEZE (C) . 500 mg/kg AR FRANTT T T4l (M)
11000 mg/kg A2 MRANE T FZH (H), 26 H.
C 2H /N BUIE W i) 3 1 ) i i AR BV BRER K, M
ZH N H 2N B3 37 1 500 mg/kg AT 1 000 mg/kg 5]
WA, £ 5 s aEmLid, 301
/NERBERLS MIEH XTHRAL (CS) . HEEsh T
(ES) g s shik & A A TH4d (EG),
2 10 Ho CS ALIEH 1157 Y W] B S5 R A 2
Rk, ESAHizsh T [FHE B SR FUEHEK,
EG dliz o) T Hi Ay [Rl B 1 1 000 mg/kg 7] i 4 24
2. FTA ¥ K s s d B4 B AR 2= B B2
WA B ZS B3 SRS BLECR AR P E T, 18R
BS54 102772022DW023

AN M 5256 . LA C2C12 R AL 20 i Sy 52 56 % 5
(g A EREBE M), B VS RS
WATIRERE . AR T IsLs T, IR EmnR
Tk B A VE AL 53 LA 6 41: 0 mmol/L
H. 0.5mmol/LZ . 1 mmol/LZH. 3 mmol/LZH . 5
mmol/LZH . 10 mmol/L 4., 7EA &3 1A NMDAR
GRS g T, RNV AR5 LU 34
XA (C) . AR T (G) MBAMRKA
MKS801 (4% & ik 52 & NMDAR il i %) ) T #i 4l
(GK)o CHAMMITC T ; G 4HAEESZ 5 mmol/L
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MEEES, %: HRIEHEIERBAS RERIGERD ZFRENERTEIFHR 3

RER T ; GMZHi7E 5 mmol/L A2 iz T i [A]
i #EFT 50 umol/L MK 801 T,
1.2 BRIEFFHRAR

ARBFTEA E M5B s T W7 %2 M Zhu 55 2V
iz sh i % . TEIERGEsh T Hinr, #1748 K 1K,
I3 disE N EIE S, W], MG TOHE, MRk
Mz sh 77 %5 8 0 m/min & W 5 min, 10 m/min i& 3]
10 min. 14 m/miniz3} 10 min, Bf)5IF461IERIE3)
T, ERGE ST W 4G M 12 m/min, 52 J8#
AN 2 m/min B % 20 m/min, &3 TFHER 1K,
R 6xR, 10/,

1.3 NRESBRIETRARNARS SR TH
R

/NRARERAN e T HUSE R, BT AR
H R s A AE, DLSCHAAE BRSO, #b
FEFBok i s, ib—2m i SO R E
N (BRI ) 4 H A Z R A i 88~126
mg/kg ', [R]AHFE Tabassum 55 3 fUF 58 24, K
LA E R YT 7 103 me/ke, FEFRIRIZFIE
SRR A M AN T = 1 0 sh P AR50
FZIREVNR T T AR BT iR, D
A BIR G EARH) AR, ARWFFEE$E T 500 mg/
kg. 1000 mg/kg P4~ TF /N U 2 e A 7 i0F
5. BRRMARIET 0.9% 2E B K 5 IR &) 31T
#HE, BHed, H10~12)H.

TEANMA SR T, AR T 1k B
2% {i NAE C2C12 41 g T JE RO AFF 53 2 il 1 AHGE
e B 5E A 40 mmol/L & & R RE R, il
HLR AR AL 0.5, 1. 3, 5, 10 mmol/L, T i 24
h, [FREHL, ASHFFEH 50 pmol/L MK801 1y T it ifk
FE RS AT E P
14 BREHESEERMEEERN K

S ABEIE 7 Z AT IR S ZE i & (insulin
tolerance test, ITT) M3k 27, MEXAT, BFAFML
INEIRERIEEE 6 he MY H, ELF N,
FRHETFE, /NG TT . FRAEER . A K ECE
R 75% 5K . | mlJCE S . O i
BALC, D% THeER . 0 S HACE AR/
Bl SCH AR TTAR /N B, #2110 0.7 IU/Kg JiR
S Z TSR TR A HN BB 2 R AR
ME v/ DRI T RE, WK
HBUNR, (AR TPORS AR i/ BUR R . T
J& . /NET TIHRHE S 22 24 1 mmol/L iy B4R, #E4
— L, AR I A T AL A I R i

Ko FEFTA/INRASEZ MBEIRZE s, He IR RIAE
AT I R B e S RV W . T AR — RS
SERPIFARTERT, e B R A T A 2 A
ICSEEE 15, 30, 60, 120 min 4 N A] 25 /N B
MHE, FrAMNRZE A S, BNl R SR8,
aip

SR I F AT A HET & (gluocose
tolerance test, GTT) ik %' A FT, FFML
INEIRERTZE R 16 he MY H, 7ELHERI R, BR
HERS AR AR K C B I A A WA, ARSI
AN E] ITT, SEIR IR ATAR /N A, Felf 1
g/kg H AT B S 7R o A LN B A W 1 T AR
Fo 7N BRBRIC T VR AL MR R R 1T T, %
B /RS Z MR ZE R S, = BRIE I
JUE R S A A o R SR ERT ITT P
1.5 MEASES=KIN

R G S (T TR (1) B
WABRAF, D799586) FEMIARTAC & A AR 2
FIATIFEEFR AN, T 30 min LA b, WA K N
340 nm, {HHZERKME, RS, 7F96 L
UV 5 fLHR O A #5050, 1827, S EDE sk
340 nm 4b 20 s BFA I YE(E R A1 F1 5 min 20 s A
W YGAE A2, TEAA =42 - A1, VIbr 1V W vk B
(umol/L) A x i, FRvfEVATRT NI AA A y B, 221
FRUEM L y=hoctbo FHEARFLAA RA T RIS F] x
B, FeLIFRRAREN A i B 2R 5 1
1.6 ZEHRIREFIWestern blot

BG—UGssi THi24h)5, /NEEEE6h, b
J 8 i W T B 2 TU kg R R o R AT IR S R A
S PRI B BT 10 min i, SR P #RUE A
IeBE/INER, FIES LA T IR 22550 . BRI 20 mg B
BEAUIMA 0.4 ml RIPA TAEW . 2I2RHLAEES , 4 °C,
35 Hz, EEBIRENBWEARNHLW . KL
i, 1AIBE 15 miniR4) 1~2's, HE 27K, 4°C, 12
000 rpm, 5.0 15 min, B IE D 4 8 R
i BCA & (32K, P0010) Xf.E k1T
JEFE . 424 h TSRS, SNA 10 pmol/L JBE 5
ZRER A AU AR 1 100 nmol/L,  PASERUR S 2R
ESE MRS . DL 6 FLANRE IR B (BEFLES
FeH2ml), AEFLIN20 pl RS ZE AR (10 pmol/L) .
PG S min J5 ABREESREE, A IxPBS 315 S 50iE
VE3 W, KBR1xPBS, JiIMA 200 ul RIPA TAEHRHEEL
AR AT 2L 2 A R R A TR K B
PAE
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@LW%HEHWE%%%EEF@ TR
P E R E S, PR E S, A H
PR H U B . Tublin 1: 20 000 (Proteintec,
11224-1-AP) . GAPDH 1: 1 000 (Servicebio,
GB12002) . InsRB 1: 1 000 (CST, 3020) . p-
InsRB 1: 1 000 (CST, 3024) ., IRS-11: 1 000
(CST, 2382). p-IRS-1 1: 1000 (CST, 2384).
PI3K p35 1: 1000 (CST, 4257). p-PI3K p35 I:
1000 (CST, 4228). Akt1: 2000 (CST, 4691).
p-Akt 1: 1000 (CST, 4060) ., mTOR 1: 1 000
(M4 : %), ET1607-71) . p-mTOR 1: 1 000
(CST, 2971). GLUT4 1: 1000 (CST, 2213).
TBST WG E — 40, FRRUEGRS L ECL
et BN G, TROGUER G e, il
J Image JERAG M B A A&y I FE(EL
1.7 Sit=EHHh

fifi FH| GraphPad Prism 4K £ 17 S 56 £ 98 (1) &b
B B s DA R R o RSN R T 2=
Tl I N S Sl ST T a‘fF‘ﬁEﬁ
sFIG KK . P<0.05 025 HARG 2F
S, *FIFEIR P<0.05, **F173R P<0.01,

2GR

21 KPASBIETRIENNRBERAGSRS
EMERERS BN
2.1 KA E R AR 7 T WG /N BRUE 2R 43 R
i

12 A& TR, HA/DRIERSER
SEREETE (P<0.05, B, M4/NREHRS

A BETRE (P>0.05, K1),
2.1.2  KINAR R AN T T TR /)N A TR 28 ek
PR AR

12 A A RAh s T w5, @ ITT # GTT 2k
TEAR 7N B T 5 2R SR A A T i (181 2) .
FEITT ML H, HA /MR 15 min (P<0.01, & 2a)
130 min MBHE (P<0.05, Kl2a), LAMITT fHhk
TEREE S T C4/MNR (P<0.01, E2b); M4
ANEAN 15 min IR 23 = C4L/hEL (P<0.01,
K 2a), 76 GTTIHEH, HZH/ME 30 min F160 min
MAEE (P<0.01, El2c¢), LK GTT Mgk il
WEETCH/NR (P<0.01, K 2d); MZH/NEAM
PRI

Dunnett’

P
N
=]
|
HH*

H

Circulating glutamate (uM)
£
(=]

(=)

C M H

Fig. 1
glutamate
C vs H:

glutamate intervention group; H:

Effect of glutamate supplementation on plasma

#P<0.05. n=6. C: control group; M: 500 mg/kg

1 000 mg/kg glutamate

intervention group.

213 KIS S b 78 T BRI B % L InsR/
IRS 1/PI3K/AK T 51 #ih 1k

2 AR AR TG, ADNRSETTER S R
T PRGBS ORI UL InsR/IRS 1/PI3K/
AKT {55 38 [ G B VBRI 1h 7K 7 B - % L
i i RAgUEME (B13) . 5 CAl/MNRAEL, HAl/h
BLH B85 WL p-InsRp (P<<0.01) . IRS-1 (P<0.05) .
p-Akt (P<<0.01) #lp-mTOR % 4 %35 B & N
(P<0.01); M4 /NELIRS-1 (P<0.01) #1p-Akt
(P<0.05) HEHFRLRZE N,

22 B/RBEIMEHBERSIHRENBRBERAER
BB s 518RE S ZH RN
221 AR AN 554 s SRR AR/ BRAEFR A 2

o i RN,

10 il T WE , K45 4/ BRI 5 2 R
(Kl4), H5CSA/NFAALL, ESHL/NRIGH
T E TR (P<0.05),
R EZ (P>0.05),
222 BEIR MK S54SR I H /N
TR U AR A BT 2 2500

10 TS, @ ITT A GTT K345 /N LAY
il &5 28 U E A A R i (11 5) o ZE ITT Ik
g1, ESZH/MR 30 min (P<0.01, K 5a) #1160 min
MAE (P<0.05, &l Sa), LAIKITT HiZe T A i
FRT CS4H/MRL (P<0.05, K5b); EG 4/
ITT 506 JC i E A8tk . 78 GTT I, ES 41/
30 min (P<0.05, [& 5¢) H160 min I B {H (P<

=
EG 4/ IEH A 2R



XXXX; XX (XX) Mess, %. ARIENETERFBEASRBIERESSHRENERMNEITE 5.

15-
T e l-cwm-mn b
;. 104 : 400
R N S| —=
g g =
?Il 5 ‘x'"'---... b 2 o 201
- ) o TR =
c
= = 1+
2 1 . . \
o 15 3 45 a0 o 5
Time after insulin injection (min) C
[ o= 181
= -~ C - M = H 1500+
E
o] r
2 124 - -
g {1000,
= —
=2 8 =
64 y 3
3 Sl [
E' <
0 3 ol 9l 120 o T iy
Time after glucose injection (min) C M H

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,
control group; M: 500 mg/kg glutamate intervention group; H:

GTT: glucose tolerance test. AUC: area under curve.

0.05, E5¢c), DI GTTHZ Fimf i KT CS
H/NEL (P<0.01, B 5d); EGZH/MR GTT 24E TG

BEZ.
2.2.3 AR AN S AT Sz Bl SR IR R/ BRI

WLInsR/IRS 1/PI3K/AK T 538 [ 116 4 A 38

10 A FE , /INERGHEA 7 IR 5 26 A5 530 IS
B i JBURE A 15 8% JUL InsR/IRS1/PI3K/AKT {5 53
% OC i B, ORI 7K Tk o W R UL i I 2R e
% (E6). 5CSH/NFAMLEL, ESZ/N B p-
InsRB (P<0.01). IRS-1 (P<0.01). p-Akt (P<
0.01) M p-mTOR (P<0.05) HHFEHREF LM,
5 CSA/NRAEE, EG 4L/ Bl #& WL & 1 4%
Ko EA
2.3 NMDAR#H] I 3 Bl 55 & =UER T 8 43 4L C2C12
A& 4R InsR/IRS1/PI3K/A K Ti& %3 14 O %L iz
231 AR T TR AR M 55 43tk C2C12 )L
A Ml InsR/IRS 1/PI3K/AK T f%3 P

HEMR T W24 W5, UM 2= A5 5
BT, B S BURE RS I InsR/IRS1/PI3K/AKT 15 53
8 DG PRI 7K TR o IR L P i I 2R AR
(K7). 50 mmol/L A2 MR T WAL : 1 mmol/
L. 10 mmol/L A& T 24 h)5, InsREHEHE
KB FETH (P<.05), 5 mmol/L A% R T 124 h
Ji, pInsREFEBEE T (P<0.05); 10

d) Blood glucose during the GTT and the AUC of GTT. C vs M:
1 000 mg/kg glutamate intervention group. ITT:

#p<0.01. n=6. C:

insulin tolerance test;

*#p<0.0l; Cvs H: *P<0.05,

mmol/L A& R T 24 h )5, IRSI MEFIEREEE
T (P<0.05), 1. 3. 5. 10 mmol/L A% R T i
24 hJ5, p-IRSI & 11 & F M (P<0.01); 1
mmol/L A& MR T 24 h 5, PI3K BEHFEIALE
T8 (P<0.05), 10 mmol/L A% T i24 h )5,
PBK SHEHEXEE N (P<001), 1. 3., 5,
10 mmol/L A& M2 T#i24 h)5, p-PBKEMBE T
¥ (P<0.05); 3 mmol/L., 10 mmol/L %% iz 1 il
24 h 5, p-AKT & 11 % F M (P<0.05), 5
mmol/L #F & M2 T 24 hJ5, p-AKT &1 5.%& FiH
(P<0.01); 10 mmol/L 422 T #i24 hf5, mTOR
MEARIEBEE T (P<0.05); 10 mmol/L 74
M2 T #i24 hJ5, GLUT4 & 1 %£i5 0 & T ¥
(P <0.05),
2.3.2  NMDAR#HFHIHI 55 4 2 R F M54k C2C12
WA 4 MU InsR/IRS 1/PI3K/AK T 4175 1 A 507
THi24 hm, AT 2205530 0
B 5 JRURE K69 InsR/IRS 1/PI3K/AKT {5 53 fig 56 4k
B BRI Ab 7K ST F 2 B 441 A 1 Je 5 25 AU (141
8). W JoHiE s>k C2C12 LA 41 i ¢ 15 NMDAR
(Kl8a), HCAl4Aftt, G414iMflp-InsRB. p-
IRS-1., p-PI3K p85 fll p-Akt EHEIL T E FiH (P
<0.05), GKAZMAHEARBIH TR EEL (P
>0.05).
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P-MTOR (Ser2448) [ i wee s e sy oo b | 289KD
mTOR [ BS &= « &5 &5 &5 F8 E= | 2890
PIRS-1 (Ser302) (NG 8 S s s B0 | 1500

IRS-1 | 180kD
p-InsRp (Tyr1150/1151)

———— 95KD

- —

InsRp
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p-PI3K p85 (Tyrdss) ‘— — G —— — -—-‘ 85kD

P-AKT(Serd73) | s s e s swm o e | 6OKD
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u'

=
1

Relative protein expression levels
normalized by GADPH

A v\“s“ R v_\v.s\ ?\3"" Vq\‘&“" p.\“ ?,p‘\d ‘“10“ “\‘0“

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;

Cvs 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.

= 1204 s
=

£ T
5 80— 1
s

=

=1)]

£ 40—

=

=

=

o 0 1 T

CS ES EG

Fig. 4 Effect of aerobic exercise and glutamate supplementation on plasma glutamate

CSvs ES: *P<0.05.n=6.CS: control group; ES: exercise intervention group; EG: exercise combined with glutamate intervention group.
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a 15+ b
~ €S & ES -+ EG 1000~
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&) <
0 0
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159 1500
—
-
% 10 5 1000
po— [
Y )
S 5] 8 5004
= -
C —-— CS -a ES -+ EG
0

0 T T T T T
0 15 30 60 120

Time after glucose injection (min)
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. »=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.

cs ES EG
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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.
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Representative Western blots (a, b) and summarized data (c) for InsR/IRS1/PI3K/AKT signaling components, and NMDAR of C2C12.
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Abstract Objective To explore the role and potential mechanism of glutamate in enhancing insulin sensitivity
by aerobic exercise. This research may provide a novel strategy for preventing metabolic diseases thorugh 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
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 group combined
with glutamate supplementation (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/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 three
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 pumol/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 (4UC) of ITT, and the AUC of GTT in
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the mice of group H were significantly increased. Additionally, the expression of p-InsR B, IRS-1, p-Akt, and p-
mTOR proteins in skeletal muscle was 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-InsR B, IRS-1, p-Akt, and p-mTOR proteins in skeletal muscle
was significantly upregulated. There were no significant changes observed in the mice of group EG. Compared to
the cell in group 0 mmol/L, the expression levels of p-InsR B, p-IRS-1, p-PI3K, and p-AKT proteins in group 5
mmol/L were significantly downregulated. Compared to the cells in group C, the expression levels of p-InsR B, p-
IRS-1, p-PI3K, and p-AKT proteins 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/IRS1/Akt
signaling pathway avtivity 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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