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The effect of high glucose on the proliferation of bone marrow-derived
mesenchymal stem cells of mice
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Abstract: In order to study the mesenchymal stem cells (MSCs) effect of carbohydrate supplementation for athletes
by studying the effect of glucose in different concentrations on the proliferation of MSCs, the authors pretreated cell
lines C3H10T1/2 of MSCs of mice with 5.0 and 22.5 mmol/L glucose respectively for 48 h, then continuously cul-
tured them with glucose in different concentrations (5.0~500.0 mmol/L) or alternatively cultured them with
50.0~150.0 mmol/L and 22.5 mmol/L glucose for 12 h, measured the proliferation activity of 24~192 h cells by
means of methylthiazolyldiphenyl-tetrazolium bromide/thiazolyl blue tetrazolium bromide (MTT) assay, and re-
vealed the following findings: 1)the proliferation activity of the cells cultured with 22.5 and 50.0 mmol/L glucose
was the best, and the glucose was called as normal glucose, while the glucose whose concentration was lower or
higher than normal glucose was called as low glucose or high glucose; 2)when MSCs were pretreated with 22.5
mmol/L normal glucose and then continuously cultured with glucose in different concentrations, as compared with
normal glucose, 100.0~300.0 mmol/L high glucose had a short-term proliferation promoting function; 3)longer-term
high glucose culturing restrained cell proliferation. The said findings indicate that high glucose has a short-term pro-
liferation promoting effect on MSCs pretreated with normal glucose.
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[&] 725 41 il (mesenchymal stem cells, MSCs)/2 /&
THRZM—RZRE T, FEAEAE T A4
e, DS Aoy B o BHHE MSCs
BA SRR AYIGTARE S A Z 10 73 LTS RE , 765 B AR N ER
(RINAEE N A AT Ak A 20, 3B HoAT 23 A R LA
L. BN BB SR 2 AN RE ST . TSR
B, IR i2 shREE = MSCs HOFH IS PERITRS AR 1" W)
i, MSCs 25 T iz stk B as Lo e i #2 w
TR, B a i e MSCs TR T 2
ST I A R A A A AR R L T
EEANAEIEFEAN AL, HEMAT R Tz SO Fe s
SRINT, MSCs HEFEIE PERARKS- BN B3 18 S i sz
FHMHI, ML, BFSE MSCs HEFER ez 3h B E a4 L
PEAE | $EeEiash RUIZRCR BAT R = S

[ NARDI S, E W 3710 0 i i <71 51 NG 19520 |1} 6 e 2
IBHNEREN T s, fsshar, . Jeik
T BERL AR e 0, BERBAESF IR Al . $2
e LB IR 5 R | BRARIE 3 5 TG T T LR
Jiff(creatine kinase, CK)ZKF-, [AJRSLEEMIH] iz 3 T3k
TSR 5 I IAE SN . AR #E5 2 A 1 B JUL T
Az, AR SPENLA B, ek shfe k™,
TNy, FMHE— AT 60 g/h 5 1 g/min""™,
Depner S5"WFFY 4D FEAN[RIHR LA 4 MRS SRS R LA
@fiﬁﬁ(delayed onset muscle soreness, DOMS)%EH*E F
. TR, SHMTARR AL, 2l
B PR R R R A A RN TiEE) 24 h s
JOL PR A R O %, TR U Y O R AE T A R
(interleukin, IL)-13 HITL-6 ME HFEi5 . Zehnder 25
XFis Bl AMRERT DOMS 1 8% U [ S5 AL A 4
PR B2 YRS R 3, 123 AME(>10 o/kg)
F DOMS F ML EAEIZ 35 24 h UG it —
WL, iz5IE DOMS 1Y B WA r LR £h
ANTCHLBERR Eh/ W A LR 25 1, 3 T ) 422 0 o JUL
P o IXSEFTEERIR 3B A 52 30 HE IR AR
Femlo SR, X—HERe® S MSCs BT IE A M
NEZE .

AR SR RITFEAN ) 3 A W v X MSCs 4 RS2
M MSCs # B2 457 i 3l DM IR BEARASRE 25, DR
FAMEHR BEPS AR .

I HRE R
1.1 EZEMRFNEE

C3H10T1/2 At RN BB BER IR MSCs, 14 F
rrERERE LRI s FERE B9 JCHE Dulbecco £i
=1 Eagle i%?%%(Dulbecco's modified Eagle medium,

DMEM)4 H Gibco 2AH]; G4 115 H 3 E Hyclone
oy Al oy FHOJE mE Mg JE PO M (the 3-(4
5—dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bro-
mide, MTT)ZH AR HE0A G0 [ 3 = RAEWH AR
s He A IR A £ E Sigma A H]
1.2 YHpRIEFE R AR

DH LRGSR

¥ C3H10T1/2 AR T 22.5 mmol/L ¥ D-F %
Wi 10% 2R M3 . 100 pe/ml FHZE. 100 wg/ml
ARG DMEM 355858, B TAB B0 5%
TARARER . MORNREE | 37 CCRYAIMIEE SRR PR W
FUEBEHAAL , AR, BRI

2) R 2 PR S

(1) AN TRDHE o i 0 4 34 5 B 460 22 A WV 32 5% 57 40
it o

BB KA, L 1000 AR S BERERD T 96
MR, 43R D-HIAERE 5.0 F122.5 mmol/L fiYs
FEHELKFRE, 48 h J5TFUATH, 22.5 mmol/L H A Hikb H
Y S AR RIVREE D-HZ915(5.0. 22.5. 50, 100, 150,
200, 300, 500 mmol/L)AYEFEHEE SR, 5.0 mmol/L %]
BE AL R TR 4 TR [FIR . DR HE(5. 22.5. 50,
100, 150, 200, 250. 300 mmol/L)HI¥EFEHEREFE

AR RIS, LR 6 do FH MTT A4 A
PEFRIEME, BH 1 K. JFIEWTR: BHLINA 10 pL
JREHE N 5 of/L B MTT, 37 CHEE 4 h, WG
e, AL A Z W JE E B (Dimethyl  Sulphoxide ,
DMSO)150 wL, FhERG & LEEEZEGIRS 10
min, FEFFRIXBIORADS50 B, SEE)IE 570 nm &b
B2 (optical density, X A))fE

Q) ANRDRHR BE2EFr 12 h 5940 .

BOS B A KA, L 1000 AN/AFLISE FERERR T
96 FLHR T, KM 22.5 mmol/L % FEIEIE S 48 h J5HF
RITES, SR AN IR AR BE 12 h 28R, 4rd
WF: A: N-N(22.5 mmol/L $F£2853%); B: H50-H50(50
mmol/L $5£:557%); C: H100-H100(100 mmol/L $5£25%
7%); D: HI50-H150(150 mmol/L. $F£E159%); E.
H50-N(50 mmol/L Fl 22.5 mmol/L ZEHEF:); F:
H100-N(100 mmol/L. F1 22.5 mmol/L fé%iﬁ‘%), G:
H150-N(150 mmol/L Fl 22.5 mmol/L 3¢%5355%), Hrh,
A—D JXFIRA, E—G JMEH . KA EER 12 h
Bl , LSR8 Ao FH MTT A6 20 oy s o v e
BH 1R, HiER L,
1.3 FitFEaiE

K HI SPSS 16.0 H A 85t Btk I35 + Arife
Z(x 53R, WAE ARSI FEA TRS:, 24
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] LA P R T 220007 . P<0.05 B W & RSt
225, <001 A EAIER WENS TR
TGRSR B, AHIFST I i e

SRR AT o R TARAT N B 4 XHE Y LY
{8, XA AE 5 A2 4 0.618 A IRETHHIL
X, JPRHE SO e R R, Rl 5 BAFIEST E
TrHas, XRESE W EmZER/NTEHET 027, K
T 027 (H/NFEAT 047, KT 047 (H/ANF 5T
0.80 KT 0.80 73l LR “FE WA EmER" T
VPERESR", “BEMERER M AER B EEE
TH2E57 . AR SCER AT ST ah , AN 5 0 i 2 2
BORER2ZEFRT 0.80,

2 FERESH
2.1 C3H10T1/2 YHAEIETE B IEHE IR E

C3H10T1/2 2 A FHAS[R) i A Wik B 35 97 2 i
4351 22.5 mmol/L A4 FE 1 1 3)F1 5 mmol/L(FE 2)
TRALHE 48 h,

WGiit 2 RkE, R 12 KW, 144 h BP9 A
FERY AP 22510 22,5, 50 mmol/L, 3 3 MR
IFMRIEE G, 144, 168 Fi1 192 h BORSEEAL, B4%H fefde
TR B A 22.5 mmol/L. A T X SBR[ A A
WREE ST AN, ARBIE T A 2 B 5 P e (v

(I HERR N, AT s T IR 0 A A B AR
R R . IR E X, C3H10T1/2 4l & ]
J A 55 5% e HE AT AR SN B SR Y O B R B 2 225
mmol/L,

MERZERKA, £ 1 Y, N 225 mmol/L
5 50.0 mmol/L. —E %A W EMER . R 3IKW, HA
N-N. H50-H50 1 H50-N Z[6]— %A © 555
B, T DO ge it 22 5 i R 4h R 2 50
mmol/L.,
2.2 ¢MBEIETE BRI

MG 255 A EE , A TFIERE(22.5 mmol/L), &
WA 2 2 e I BN . 3 1 32, 50, 100 Al
150 mmol/L M 24 h %] 96 h {EFF4HEIEHE ; 200 mmol/L
M 24 3] 48 h {2 JEAHMIIEFE ; 300 mmol/L £ 24 h {2 HE4H
Motss, 2 FH, 100, 150, 200 1250 mmol/L 7
24 h e M AE % 3 P, H50-H50 A1 H100-H100
£ 24 h PEFM IS ; H50-N £ 48 F11 72 h {2 JE40 i
HAFH ; H100-N F1 H150-N 7£ 24 F1 48 h fi7F 20 B35
MOE 2SI, AXTTIER(22.5 F1 50.0 mmol/L),
ARG FEASON AR F TR B AR 1 A T e e
FRSEHEAKNE o 100 F1 200 mmol/L 7E 24 h {4 58
150 mmol/L 7F 24 F1 48 h #RIEIELH LA

Fz 1 IEFEFIAIE 48 h EARERERE AREIRT ) C3H10T1/2 K EFETEE LB EE)
B 18] /h 5 mmol/L 22.5 mmol/L 50 mmol/L 100 mmol/L 150 mmol/L 200 mmol/L 300 mmol/L 500 mmol/L
0 0.159+0.027 0.146+0.018  0.136+0.014 0.122+0.017 0.155+0.013 0.133+0.034 0.152+0.023 0.153+0.019
24 0.155£0.0217  0.253+0.027  0.366£0.030”  0.429+0.026”  0.448+0.032  0.409+0.030°  0.321+0.014”  0.030£0.008”
48 0.158£0.027”  0.415+0.007  0.465£0.027"  0.565£0.043”  0.637+0.046”  0.603+0.040°  0.438+0.012 0.038::0.006”
72 0.346£0.067”  0.63140.056  0.720£0.024"  0.869+0.060”  0.845+0.0487  0.668+0.045 0.478+0.059”  0.005+0.006”
96 0.799+£0.033”  0.885+0.044  1.004+£0.056”  1.026+0.036”  0.947+0.041"  0.845+0.039"  0.522+0.022”  0.007::0.006”
120 1.236£0.0317  1.384+0.026  1.383+0.023 1.288+0.037%  1.262£0.049”  1.067+0.025  0.580+0.007”  0.009+0.006”
144 1.583+0.064”  1.706+0.050  1.676+0.048 1.605+0.064”  1.340+0.066>  1.106+0.025”  0.562+0.040”  0.003::0.003”
5 22,5 mmol/L ZL}b4%, 1)P<0.05, 2)P<0.01, £+ Z/hEFEZZHF KT 0.80
R2 RFETAIE 48 h EAREFERE RRERTE C3H10T1/2 (AAEAYIETEEME CL B EE)

B 18] /h 5 mmol/L 22.5 mmol/L 50 mmol/L 100 mmol/L 150 mmol/L 200 mmol/L 250 mmol/L 300 mmol/L
24 0.308£0.056”  0.369+0.027 0.362:£0.032 0.404+0.035"  0.43140.047°  0.434+0.0382)  0.404+0.028"  0.344+0.021
48 0.448+0.047"  0.5010.039 0.4850.054 0.497+0.037 0.457+0.0217  0.461=0.018"  0.437£0.024”  0.413+0.014”
72 0.683£0.047”  0.894+0.017 0.909+0.062 0.9030.045 0.908+0.045 0.755+0.054”  0.655+0.047”  0.456=0.023%
96 0.885+0.081%  1.254+0.088 1.160+0.075 1.048+0.070?  0.962+0.031  0.872+0.079”  0.738+0.059”  0.545:+0.082%
120 1.676£0.047”  1.878+0.084 1.964+0.098 1.918+0.115 1.645£0.1017  1.521£0.088”  1.247+0.100°  0.870+0.087”
144 1.931£02152  2.420+0.152 2.422+0.157 2302+0.296”  1.945+0.2002  1.621£0.112”  1.352+0.104”  0.879:+0.058”

15 22,5 mmol/L ZEtE, 1)P<0.05, 2)P<0.01, £+ 2K FETEZF KT 0.80
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R3 SEMEMZBEFRAAEEREARRARE C3HI0T1/2 AR ETEE M LR EHE)

i 14 /h N-N H50-H50 H100- H100  H150- H150 H50-N H100-N H150-N
24 0.125+0.033  0.135+0.033  0.143+0.034  0.129+0.033 0.139+0.038 0.157+0.040"”  0.167+0.015%®
48 0.177+0.016  0.232+0.029” 0.217+0.023%  0.192+0.014  0.222+0.026”  0.203+0.018"  0.203+0.024"
72 02774£0.060  0.294+0.052  0.277+0.048  0.247+0.021 0.331£0.045"”  0.293+0.020  0.275+0.028
96 0.504+0.050  0.440+0.086"  0.334+0.042?  0.314+0.063%  0.485+0.058 0.456+0.066  0.353+0.045%
120 0.632+0.089  0.498+0.125Y  0.333+£0.0617  0.357+0.052%  0.474+0.156°  0.405+0.075°  0.406+0.172%
144 1.173£0.269  0.887+0.199” 0.671£0.144%  0.481+0.118%  0.947+0.208%  0.840+0.186>Y  0.627+0.110?
168  1.364+0.131  1.150£0.209” 0.819+£0.165%  0.713£0.1207  1.298+0.157 1.075+0.184%Y  0.887+0.162%
192 1.826+0.236  1.514+0.150” 1.052+0.168%  0.972+0.1477  1.585+0.2377  1.455+0.188>"  1.369+0.223%"

5 N-N 201038, 1)P<0.05, 2)P<0.01, E ¥ ZHhEFTEFZF KT 0.80; FoAAR FIE LM ZHABALE, 3)P<0.05, 4)P<0.01.

2.3 {HREIE5E B9H0 B RN

MG F R, AT IER#22.5 mmol/L), A%
BEERZAMHIZNT ; BRT 50 mmol/L LIAh, mibidsemt
(] (A RS A TR A0

WA B2 M BE, X FIEME(22.5 F1 50.0
mmol/L), SRS R R, (G
FEGET 22 5B/ MR 22 o (B IR LA £ ] e
43 72 (AL 1), ST BRI AT 2 ARS8 (A
222)0500 mmol/L =g I HIAS Y S 4e i 22 57— 8K 1),
e AR, S50 122 S A AR ZE R

3 Wit
3.1 HEEHEREXS MSCs IEFETHRERI TN

HIREAR . BRI, s A )
REANA], 4EFRHZ N RE S HER S Y A0S TR A A 5
NRE—MEMTiE . SR, MAT4aLsEsrh, ATFEE K
Sy F AR AN ] 115 S 98 B TR AR A AN G — R B B

B R 20 M A AR R TR LR IR TR A L g
EXRFL . IO IESE" I AT REN R &
(function—specific homeostasis, FSH)“R_MIEEVE\,%%TEN‘%
AP RSN G SR BN . FSH 4R IIRE )0 ER
FERFERTURABAILE] . AL T FSH BYDIRERRA “1ET)
fE”, B FSH BYTIRERR N IR IIBE™ . ENIZIRE
SRIET “RIMTNRE”, BeApiE U, IENYIRER R
(0o BEAE AT A RE TR S T, U200 ML 04 8 1
SRITTIBWT R A R 58 )05 (s s A A Ak T34
%] jE.-%?s}(]{)l”olifemtion—specifi(z homeostasis, PISH), # I
(A A PISH 23 IFR A IEMERIIEAE PISH, ¥R AR
Tl T IERE AR AR O R B b, AT RO
PISH, SEUIUHINGE TR, FOrmgEE "R, 4y
C2C12 A ULAMHL E U4 B (4 SEARR A 22.5 mmol/LL,
AR G 2E S R R IERE 22.5 mmol/L, %
ERZE R BYIENE, 22.5 F11 50.0 mmol/L, % 2 &,
22.5 F150.0 mmol/L AMEBLA E RS, M HIES %

SR, XGRS 22 5 I MR E S, STk
2SR 25 mmol/L A ATHEE A X R, o 3R i
FESHIIEREE S0 IR SR AT E 2 22 R R TT

AEARTIE DS GE A 4ERRR A BIAE 48 h RYFIAL I
Fo E15R 2 WHERW], PUEHE 48 h )5 S e
FRl), ARHETAL BEAY mRCEE (e A, (H M b 3
R BB AT LA EORE FOUA £ P AT AR50 8 LW
AEBR AR B 5 T XHIRBEBIE N RE ST, (HFEAIR
TSR S O HRPTRE ) o XU, EORE FAL R
YA B T B RO A RE 00 R R, SRR IRR AR T
C3H10T1/2 2 5 I 5H RE
3.2 JEESHEXT C3H10T1/2 A Z Ay HEFE IR

AW E WO B =S RA e MSCs HY5/ 1Y
VERT. AW RSt mbl” Flalakt: ="
(Intermittent high glucose, THG)XEAC A 'E/IME F 4l
AN e BT AR R BV /N ask R IS4 A
R TR B0 bk 1 A ST W WL4E i (vascular smooth muscle
cells, VSMCS)1221 O N PN R 4 i (human retinal
endothelial cells, hRECs)™ % HAfEBEFHME, T HLI
WvE b 0 RVERTCRRSE M T o R
{HASR AR, XU Sk P ITBRY “mlE” SCPr BJE T
AMIFE S IR LA, % BRI A58 A Y
AR . Pt SXSEHE =™ PR a0 S br
FJET 3.0 T RRE R EARA TR e R RO

F T R G BN, RN IERE AL FEAST, X
BEPALF SR B FEAN AT . 4L PISH AMEAEHTIR
S, mHANR R e AR s B A OE , 4ERF PISH
AR S 18 L )38 6 PR 8 A3 R o A T UL 17 T )
WEEATEME—RY, BN TUAR R . —SRIE
TP ) FE SO AE R — SR NG . vV 2R TUARE B 1Y
FEA W T LA ST A R4 RS — £ U4 5 T2
i NYENIRGF o TR FAL AT DAL — 4% (E D)3
)33V B T A B ) T DU 6 AN B 7 40
SRR AL PR 25 AT TE U B ) O AR T . AT S
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Pm, U AE— 2R E N I e A os B bl
A 0] DR HE A B 30E . T 5 B4 7%
T 1) TE DUL3E 25 ) DR R VR DR IE S B . 28K, 1
HLHIAE Rt — LS ST . AFRER, 23
PAELSRAT BT MSCs ARIET M FRAL N, , AN RIT I
WAL T MSCs DRSS AT

W52 kB, MSCs 25 T iz sh itk B g n B =
R, MSCs REUSHFLAL MR AIML™ , 2 ahHfibifE
TR MSCs 1EPE T SR RO, f2 kLT
B2 OSSN 34K, SR Az s R
J3— IR B, Tk F R [ RBR A . (IR
YEZEhiR M I s &, Esshii. B JaikfT
R E R KA B, B RELEE OB ) -4 |
P BRI 5 B . RIS Al T CK
KA R e iz sh S B0 Sh AL 5 1 S E
SO SRS A LA ATz sl
LA, SRTT, B MSCs AR
Gl ASHESE A 25 TR AR |- R I BT b LA
fIEHE MSCs HBHAFER, HENIGE BERL A4S PT e 2
TR HERIN MSCs PSS FRORAM S S M I | A 2 B i
WL 385 A 34k, D fE ks shis i i B A
3.3 KHASHENT C3H10T1/2 R 2 A& FE HNH

JSAE I TE] Y v b T AR R A B A 1A 5, SR,
— H R R MK, T RE ST r= ket
YEH, RAEH T3 FiE P4 (Reactive oxygen species,
ROS)A: K™, Ml 405 o Zhang 25
FH 30 mmol/L bt 7R 553 5% 145 9 B AR AR 9 d,
it 3 KA E ez st , 55 7 RIS o K
JLAN M A 00 7 5] A o Zhang SF"WF R, L
Z 5.0 mmol/L XFIEZH, & 16.5 mmol/L £53% 72 h J5
FEiG W E 0K B MSCs AU o Cramer S8 HF 58 & BHL,
K TR R S 2 ] LARACAS MSCs YA Tk
FIFT A RIRETE LS 380, AT R T e e et
BRI et e 77, — BRI e, #HA
Tt MSCs HFEVEH] . I LAATHRR iR, B
BEAMBI A AR . FHIERER IR0 48 h s, TR
[ A MR 5 7 , 300 mmol/L Sl eSS 4 KITiR
BRI MG . T 5 mmol/L ATARTIAL FEZH 48 h
J5i , AR AR R 3R, A5 BRI AL B
FOZERE, AR =R H A AR A T AT T

SCHRBIFFE 3 A h , 328 Sh A MIR I — AN AL 60
g/h 5% 1 g/min""™, QUERAMEAR 2425 5 H B I,
AL B ST 2% INERAZ sh MR R A LR A 7 Miles
PRI, 5 6 okg ML, Z3h/EEIZIFN 104
of(kg + )Y R BE R BUMYE T AT 9 AE 1 g TRBE R -

a (tumor necrosis factor—a , TNF-a), 1L-18/6 & C
B FURCEAR G, eoh, AR R di s R
PRIl CK AR ] A ™, 5 ILEY ROS KohE
AP UYUBE IR G RZ BAM R X e P RAE Y
20 AL R T LR LA G 1, 2z sk
PGB IEIR o WFFE I, R T Y e 5 7 410 o)
MSCs SEFEIGPEFIFEAEAE™ . MSCs HEFH IR PR
R B8 S R 2 B AT T A 21 A
TIGERRH], Toib R Rt m R IR0 S AL e il
B3R, —DAEHIRAEE R, #REAT ] MSCs HE5HAY
VERT, SRR S B0is s B UL in
PGB S AEIR A BE S S5 MSCs SEFE G T B
Ko Nk, JET MSCs MBEUH, 18 A SRR
T B D T AR HE AT

AHIFE U P S 28 B ALV FSH BEIE R S7 40 i f
HERE R AR RS20 5 3, IESS/NEL C3HITOT1/2 4 5
RN S ) TE AR R 22.5 1 50.0 mmol/LL; 287
WA B e I A A, Y = RS E A
KRFIRTES X 20 A3 AE AN A

RWFFEHR, 850 R BRI R T MSCs (5%
TEEFERENT , AMRERT ML UE T MSCs ThfgEeAE Y
JOFE, T EAMER AR . MR, AR 4,
TURBR AT, N — LA PRER RS 3k L
DRI AMIERILE sh I RO 2R LAV MSCs S5 1
52, DN MSCs I8 Ff B A4 iz s st . feikiz gh
PG TEREBT A ST

5% -
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