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Effect of Aerobic Exercise plus Glutamine
Supplement on Expression of Muscle NF-xB
MPO and MCP-1 mRNA of Type 2 Diabetes
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Abstract : Objective ; To investigate the effects of aerobic exercise or/and glutamine (Gln) sup-
plement on expression of muscle nuclear factor-kB ( NF-kB) , myeloperoxidase ( MPO) and
monocyte chemotactic protein-1 (MCP-1) mRNA, as well as serum level of fasting blood-glu-
cose (FBG) ,insulin (ISN) and of glucagon-like peptide 1(GLP-1) of Type 2 Diabetes Melli-
tus(T2DM). Methods : Sixty male Sprague-Dawley (SD) rats (179. 8 £19. 2 g) were ran-
domly divided into control group (C,n=26) and diabetic group (D,n=34). After 4 weeks of
regular diet or high fat diet respectively, the rats in the diabetic group were injected intraperito-
neally with streptozotocin (35 mg/kg) to induce the T2DM model.as soon as the model was
induced , the rats in each group were further divided into 4 groups: quiet group (CQ,DQ) , ex-
ercise group (CE,DE) ,Gln group (CG,DG) , exercise plus Gln group (CEG,DEG). The rats
in exercise groups performed swimming for 6 weeks,in Gln groups fed with 2% (w/w) L-
Gln for 6 weeks. Abdominal aorta blood was harvested for testing FBG,ISN and GLP-1, gas-
trocnemius muscle for muscle NF-¢B, MPO and MCP-1 mRNA. Results: T2DM rats without
exercise (DQ) had more expression of NF-¢B.MCP-1 and MPO mRNA , higher FBG and lower
INS and GLP-1 than control group(CQ). 6 weeks swimming (DE) or Gln supplement (DG)

55



2012«

obviously decreased NF-¢B, MCP-1 and MPO mRNA and FBG level and increased ISN and
GLP-1 in T2DM rats. Effect of swimming plus Gln supplement(DEG) showed more suppres-
sion on NF-kB mRNA expression of T2DM than the sole Gln supplement (DG) , and similar
to the sole exercise (DE); on MCP-1 mRNA showed similar effects as sole Gln supplement
(DG) , but stronger than sole exercise (DE) ;on MPO mRNA showed similar effects as either
sole exercise (DE) or sole Gln supplement (DG) ; on FBG and GLP-1 showed effects more
than either sole exercise(DE) or sole Gln supplement (DG) , on ISN showed similar effects as
sole exercise (DE) or sole Gln supplement (DG) . Conclusion: Chronic aerobic exercise or Gln
supplement obviously reduced expression of NF-¢B, MPO and MCP-1 mRNA and FBG level,
increased GLP-1 and ISN level of T2DM. Combination of swimming and Gln supplement
showed stronger effects on decreasing inflammatory cytokines and FBG, increasing GLP-1 of
T2DM than either sole swimming or sole Gln supplement, but on ISN the combination showed
no more effects.

Key words:type 2 diabetes mellitus ; exercise ; glutamine ; glucagon-like peptide 1;inflamma-

tory cytokines ; insulin
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. NF-«B,MPO  MCP-1
Gln T2DM ( 10% . 8%, 20%, 0.1%,
(fasting blood-glucose FBG) | INS, GLP-1 61.9%), 4 D 35
NF-kB.MPO  MCP-1 . mg/ kg (streptozotocin STZ, sigma) ,72 h
FBG >=16. 7 mmol/L.  T2DM
1 s <C16. 7 mmol/L 15 mg/kg s
1.1 3 4
SPF SD( Sprague-Dawley) 60 (
),179.84+19.2 g.3~4 / , (CQ,DQ) . (CE,DE).Gln (CG.DG) . Gln
23°C£2°C, 50% 5%, 12 h(8:30~ (CEG,DE® (1), (
20:30 ) B 30C£2C), 1 3 15 min/ 3 30 min/
1.2 2 3 45 min/ , 3 60 min/ . 3~6 60
1 (C min/ ,6 / (
.26 ,212.8+10.9 @ (D .34 ., ), 5~10 min,
220.4+25.6 g), ., C . Gln 2% (w/w) L-Gln,
( ) ,D
1
Table 1 Groups of Animals
n
training food number
(CQ 6
Gln  (CGH) +2%GIn 6
(CE) 6 7
+Gln (CE® 6 +2%GIn 7
(DQ) 7
Gln  (DG) +2%GIn 7
(DE) 6 8
+GIn  (DEG) 6 +2%GlIn 8
1.3 Forward primer CCC ATC CAC CAT GCT TTA TTA G.Re-
6 48 h verse primer ACA ACA CTG GCA TCA CTA CCG T,
3, 2 (E 1 ., MCP-1. Forward primer ATG CAG TTA ATG CCC
sDEG 1, . CAC TC, Reverse primer TTC CTT ATT GGG GTC AG
) 1 (CEG , ) CAC, 18S rRNA: Forward primer CAT TCG AAC
12 h, 4 h, 10% GTC TGC CCT ATC A, Reverse primer GGG TCG GGA GTG
) —80°C . GGT AAT TTG,
s 1/3 RNA :1)50 mg 1 ml Trizol
s o reagent , o 2) 5 min, 0.2 ml .
1.4 15 sec, 10 min, 3)4 C 12 000 g
1.4.1 15 min, 4) 1.5 mlEP , 0.5 ml
FBG Super GLUCOTM ;s INS  GLP- , , 10 min, 5)4 °C 12 000 g 10 min,
1 ( 6) , 1ml75% (DEPC )
ShangHai BlueGene Biotech CO. ,LTD) . . 74 °C 7500 g 5 min, 8) s 15
1.4.2 min, 30 uL DEPC
PCR( real-time PCR) NF- cDNA : 1) RNA 1pg,
kB.MPO  MCP-1 mMRA R (Takara PrimeScriptTM RT reagent Kit)
. NF-kB: Forward primer CTC 5xPrimeScriptTM  Buffer 2 pL, PrimeScriptTM RT Enzyme

AAG AAC AGC AAG GCA AGC AC, Reverse primer AGA
GGT GTC GTC CCA TCG TTA GG G, MPO .

MixI 0.5 pL, Oligo dT Primer (50 M) 0.5 pL, Random 6
mers (100 pM) 0.5 pl, RNase Free dH, O 10 pl, 2)
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:37 C 15min, 85 C 5 min, cDNA —80°C DE FBG, Gln DG
o FBG CG FBG o Gln
PCR : PCR (TaKaRa SYBR® , DEG FBG .
Premix Ex Taq™ II) PCR s (DE ) GiIn (DG ) s CEG
25 pl: SYBR® Premix Ex Tag™ I (2x)12. 5 pL, PCR For- FBG « 2,
ward Primer (10 pM) 1 pl., PCR Reverse Primer (10 pM) 1 2.1.2 GLP-1
pl,cDNA 1 pl, ddH, O 25 pl, N GLP-1
PCR : 95 C 10 min; 95 C 10 . o DQ
sec; 60°C 20 sec; 72 C 15 sec; 35~138 GLP-1 cQ
, 72 C 5 min, DE GLP-1 ,
1.5 CE GLP-1 . Gln
SPSS 17. 0 o DG GLP-1 , CG GLP-1
+ (X+SD) Gln , CEG
.Gln DEG GLP-1 , DEG
o (DE ) GIn (DG) ., CEG
t ; Gln (CG ) , (CE )
« 2,
o P<C0. 05, 2.1.3 INS
P<0.01, .GIn INS
) . DQ
2 INS CQ.CE.CG CEG o
2.1 FBG.,GLP-1 INS DE CE INS Gln
2.1.1 FBG DG INS ,  CG
N FBG o Gln s DEG INS
, Gln ( DQ ), (DE ) Gln (DG
o DQ FBG )
CcQ o CE CEG INS C 2,
2 6 GIn INS.GLP-1 FBG
Table 2 Effects of 6 Weeks Swimming and Glutamine Supplement on Blood INS,GLP-1 and FBG of Rats
-1
FBG(mmol/L) GLP-1(ng/ml) INS (ng/ml)
CQ (n=6) 7.3241.03 0.794+0.07 1.8940.19
CG (n=6) 7.55+1.87 0.7940.03 2.1240.33
CE (n=6) 7.13+£1.28*% 0.8840.08 2.2540.49%
CEG (n=6) 7.91£2.52 1.08+0.28%* 2.2040. 30
DQ (n=6) 22.9141.03%% 0.6240.11%% 1,420, 107 7 % < kokowx
DG  (n=6) 20. 1141, 3940 * 1. 2840, 2844 * 1. 7340, 15% *kHHA
DE (n=6) 18. 4841, 2544%% 1.3240. 16%*A4 1. 7440, 13 % *HKuxA
DEG (n=6) 16. 7141, 20840 o 1. 7840, 142400 # %k 1.9740. 1744
cQ ,# P<<0.05,% # P<{0.01; CG , % P<<C0.05,% % P<<0.01; CE ,% P<C0.05,% % P<
0.01; CEG . P<C0.05,3% 3% P<{0.01; DQ LA P<0.05,A/A P<<0.01; DG .Yy P<<0.05,% ¥ P
<0.01; DE ,&O P<0. 05,00 P<0.01,
2.2 NF-«B.MPO MCP-1 mRNA s CG o Gln DEG
2.2.1 NF-kB mRNA NF-«kB mRNA Gln
T2DM NF-xB mRNA (DG ) s (DE )
N DE o CEG NF-kB mRNA
CE NF-kB mRNA (CE ) Gln cG )
Gln DG NF-«kB mRNA (CE DE ) Gln (CG



. NF-«<B,MPO  MCP-1
DG , NF-«kB mRNA 2.2.3 MCP-1 mRNA
C 3. .Gln MCP-1 mR-
2.2.2 MPO mRNA NA y Gln .GIn
.Gln MPO mRNA o DQ
, . MCP-1 mRNA
DQ MPO mRNA EQ Gln T2DM
CcQ o Gln (DE DG (CE DE >
T2DM (DE DG ) (CE MCP-1 mRNA . Gln DEG
G MPO mRNA . Gln MCP-1 mRNA Gln (DG )
CEG DEG MPO mRNA , (DE ,  CEG
(CE DE » Gln (CG DE ) (CE > Gln cG
C 3, C 3,
3 6 Gln NFxkB.MCP-1 MPO

Table 3 Effects of 6 Weeks Swimming and Glutamine Supplement on NF-kB, MCP-1 and MPO mRNA Expression of Rats Muscle

-kB/ 18 s -1/ 18 s / 18 s
NF-«B /18s mRNA MCP-1 /18 s mRNA MPO /18s mRNA
CQ  (n=6) 1 1 1
CG (n=6) 0.52+0. 27 0.28+0.06%% 0.437+0.26%%
CE (n=6) 0.21£0.097 0.32+0.08%% 0.54+0.28%%
CEG (n=6) 0.19+0.08% 0.52+0.13%7% 0.53+0.29
DQ (n=6) 3. 261, 05 F # Rk x * 6.4141, 347 #Kkk 5.78+0.88%%
DG (n=6) 2. 44750, 78% # KK H LK * 2. 4040, 84040 Kk 111220, 40AL* *
DE (n=6) 1. 9340, 487 #hKkHHAL 5.84+1. 327 #kkLl 2. 2540, 5984%%
DEG (n=6) 1,470, 57k*k3 3. 0140, 754400 # KKk 1.5741. 74%*
cQ ,# P<C0.05,% # P<{0.01; CG ,% P<C0.05,% % P<<0.01; CE ,% P<C0.05,% % P<<
0.05; CEG ¥ P<C0.05.% 3% P<<0.01; DQ ,/\ P<<0.05./A/\ P<<0.01; DG ,Y P<<0.05,% v P
<0.01; DE . P<<0.05,00 P<C0.01,
3 [27.30] . MCP*l
STZ s MCP-1 INS
T2DM 28] o , MCP-1 INS
, , T2DM .6 [21.30] .
, T2DM NF-«B, MCP-1 MCP-1 S
MPO  mRNA s MPO ( polymorphonuclear neutrophils . PMN)
T2DM . Wei Y PMN tJ . MPO
Zeyda D% . ( hypochlorous
T2DM G033 - NF-xB acid , HOCD) , MPO-H, O, -Cl- s
, NF-«B INS o , MPO-
(2,281 | . NF-«B 1B B H., O, , HOCI
1kB (1B , tel | MPO
kinase , IKK) , IKK kB, LB N N
, » NF-«B
NF-«B TNF-a,MCP-1,1L-1 Lol T2DM FBG
s INS -1 (insulin receptor . ISN , NF-«kB mRNA MCP-1
substrate-1,IRS-1) INS mRNA ISN , MPO
25 MCP-1 s R
, MCP-1 bl - T2DM T2DM (n7.24)
MCP-1 b1 ,6 T2DM NF-
MCP-1 , kB, MCP-1 MPO ; ISN ,
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FBG . Golbidi Sriwijitkamol [ s o , 6
1L-6 ,1L-6 TNF-a 5ln (DEG ) T2DM NF-«B mRNA
IL-18 , IL-10  IL-1ra Gln (DG ), (DE
kB , NF-«B [24] ) . MCP-1 mRNA Gln (DG
TNF-a 7, ) . (DE ) . MPO
MCP-1 [4,22.28] MCP-1 mRNA (DE ) Gln
[223 | MCP-1 . (DG ) . FBG. GLP-1
(43 (DE ) GIn (DG ) . ISN
T2DM ISN , ISN (DE ) Gln (DG ) . .
. o, FBG . Gln .
T2DM .6 T2DM Gln Ll .
NF-«<B. MCP-1  MPO ;
FBG, ISN , , ., Gln
T2DM , GLP-1 ,
[1.23] . 6
T2DM GLP-1 . . 4
GLP-1  GLP-1 INS INS TzDM
. GLP-1 , . . INS
GLP-1 , T2DM . T2DM
. Gln
Gln o ) T2DM MPO, NF-«B MCP-
20%. 80 g ) i 1 mRNA , GLP-1 INS . FBG,
. , Gln . T2DM Gln
: Gln ) . . T2DM
) i s Gln R
s Gln
Gln s ,
. Gln 12,15 [1] -2 0.
DM o ) DM o ,2011,33(3) :248-252.
) 2] S
. GLP—lr , o ’
’ INS ’ B 2008,24(4) ;551-555.
’ GLP-1 GLP-1 [3] BERLIE H.HURREN K M.PINELLI N R. Glucagon-like pep-
T2DM S tide-1receptor agonists as add-on therapy to basal insulin in pa-
,6  GIn T2DM MPO,NF-xkB  MCP- tients with type 2 diabetes: a systematic review [ J]. Diabetes
1  mRNA , MPO.MCP-1  mRNA Metab Syndr Obes,2012,5,165-174.
. NF-xB mRNA ) [4] BOELENS P G.NIJVELDT R J, HOUDIJK A P, et al. Gluta-
Gln mine alimentation in catabolic state[J]. J Nutr,2001,131(9 Sup-
’ T2DM ’ pl) :25695-2577S.
7 NF-B [5] DEFRONZO R A, ABDUL-GHANI M. Type 2 diabetes can be
 Gln T2DM GLP-1 INS prevented with early pharmacological intervention[]J]. Diabetes
7 Care,2011,34 Suppl2:5202-209.
’ FBG ’ [6] GREENFIELD J R.FAROOQI I S, KEOGH | M, ez al. Oral
Gln T2bM glutamine increases circulating glucagon like peptide 1. gluca
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