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[ Abstract] Methylglyoxal (MG), a highly reactive dicarbonyl compound, is mainly derived from
glucose and fructose metabolism, and can also be derived from food, which is an important ingredient in food
additives. MG can make protein and DNA react to form advanced glycosylated end products (AGEs) , which
is cytotoxic. By directly inducing oxidative stress, MG increases intracellular reactive oxygen species, lead-
ing to cell metabolic disorders and apoptosis. In patients with metabolic abnormalities and diabetes, the ac-
cumulation of this abnormal dicarbonyl metabolite causes an increase in DNA and protein remodeling, lead-
ing to dysfunction of cell and tissue functions, aging and disease. In obese patients with impaired metabolism
and diabetic patients, MG level is significantly increased, which is an important risk signal for metabolic dis-
orders and vascular complications. The systematic metabolism of glyoxalase can detoxify MG and make it into
non-toxic lactate salt to be expelled from the body, which is not enough to produce toxic reaction. Increasing
the activity of glyoxalase 1 can degrade MG and inhibit the production of AGEs to achieve detoxification.
Through the way of detoxifying MG, it provides a new idea for the diagnosis and treatment for diabetes.

[ Key words] Methylglyoxal; Dicarbonyl stress; Obesity; Diabetes mellitus

DOI:10.3760/cma. J. issn. 1673-4157.2019. 02. 007

WA 2 4,05 ORI, 2R DAY RIEFE BT HRARm AT 20 gk —
B 12% P TR B R . MR RER R R BSIBISRI T HE 2 T (MG) RS TERE R
TEib 2 30 4F R K, 2013 4E,5 S AT ILEME RSB b e, BoBiiige & B, MG 1] i,
154 20077, 2014 4E, 7 18 5l 18 4 LI ERGIRAE AR BB IR SR IA T I . A SOt MG K
AN 1% [ B 15% B4 VAR B, 28R AR BE  FOMICHORFST HERAE — 25k



- 102 - [E FR P 0 iR 5 2 7k 2019 4E 3 A58 39 #4552 8 Int J Endocrinol Metab , March 2019, Vol. 39, No. 2

1 MG ByRIERNE

MG J&—Fh 3Lk &9, 430 PR RN AN R
PEo PIIEYER) MG K 3 T WEEEAR 05 S5 A A
JCA R A R = BRI B IR N, A
PEMERY MG K T RER ™ i rh, e Re il & 285
IS S IR &, angost e A 2L
ARAERH K B B B A A T DL AR 4
) MG, {5525 S AL MG i — Fh AN L R IR,
BN AR 2 N 2 S5 Y i R TR . SR, X 4k
ANEPERG MG J2 55T 113 MG /KA 3B B A A
SEA IS,

H R 3% MG ¥ B () 775382 , A ELISA |
PR RO (335 - HR BK BT 3 12 (HPLC-MS/MS ) | JR VG I
PR o PRGN 3 I 7 W PR s 2 R RS S5 3 R
FEO AT S A 225 IR R MG KOs
T A A B A A B AS TR W PR s B & B, MG 7K
SE-25 45 100 nmol/L ~ 400 wmol/ L, A~ [&] #4387 15 2%
FAb BT St 25 m SC B 45 5 . BT Tl MG
ek AR J& HPLC-MS/MS , Al 1 B A~ 1K 19 1fi
MG 7K 2 132 nmol/L, 4 ifg h MG 7K Ky
1 ~5 pmol/L7" |
2 MG R E5Z 888 (Glo) &%

ARG T 5 B A A P 3 e R 2 AR R D Y
MG, 3 H ik 2 MG fRE25 sk Ae#E Glo RGAR M
B, AL C R FLRREHE B AR R R L A
JINE (AR S 8 AU R BB R X R ORI
G RS = A, 255 i DNA RIER (5
FFAHE L, B RN 4 S RE R 2 DL K Ak
58905, Glo R %0 & — Pl (2 )2 N ik 42, 4K 81 45 bk
HEKA AL ME ], F 2445 Glol Al Glo2, MG 54
I KR L F & T8 i R ARTE N7 40, 7€ Glol fi#fk
TR R =) SLG, Glo2 i1k SLG #% fk a d-FL
B2 A LR Eh 4 s AL R B S A E AR 2 41
ARG, IR FLERER A B T LWL e MG T 1
RGN o WEIE A 0 AC ™= Wy B R — R AT .3 W R
I AT LA A AR S R SR K g N A B MG
Glo 348 I 2 B AL A e H R 36 91 7= AR S A0 1
W Glol (314 5 4% e H R v B i IE LL, T LA
TN A D H RN 30820, AT e AL Glol
PRI
3 MG 5EMRERR

FLAESENY SR A HPLC-MS/MS 4 i3 MG 1)

B, B 1 RUFN 2 BUOHE PSR BBE 1K MG e 3 i
FETIERZRAE ., EIMENELSRE LI, 57,8
FIE 3 2H LE , AR5 B I MG i B2 T 38 2 4%,
1 AUBE PR FE 3 LK MG YR BE RT3 5 ~ 6 15,2 Y
B PRI B 2K MG Wk BE VT30 3 ~ 4 4%, M 5 0t AH
X7 B 7 U 0 P UL B 5 10 MG ¥k 3 1 e
MR MBS R G R E " BAEURE
2 RUME PR B LR MG e B R 2 02 fidt i B
B 1.3 A% IR B e BB A B I 2R P 3 2 R OK P
THis 3.7 435, 1 H. MG /K FREEB B & s m™

2018 4FRK P EASD K45 I Lin A& 75 $2 5, R
I EB T DI R IR 28 o0 i W I A LA S AR 1 o K i
&7l MG 7KETHR . MG ] LS 8 [ B fiT DNA
A R IR AL R 7 1) (AGESs ) , AGEs 5 HL 44 iy
FTZ VRGO L A 26 P15 5 3 B O TR 100
AR, XRVORTTI) AGEs SRAE 2 bE PR M HOT &
i A Y EE BN o MG A g — b i S I P g — 9t
FEAL G, 30 E A R A AN R N 5 44 I P
T AT 3, BT P2 R AR ) ATP A2 1,
FEANMEAMHZEGL ST, MG ZE/R P o R
WEALVE A5 8 A T . DNA JE A0 A6 & 9, AR SR
Wil (AGEs 54659, 7= A5 40 i 85 1, MG g K%
ATP il FVE BE AR R A28 104 S Bl , DTS 130 0 i A e
ff N2 M ZRLAARITIR  UESE T MG B 8 1 AR 5 &
HANM RS A (18 1,5 3)

EASD K4 I+ Lin 25548 MG £ 5200 /)N I 5T 41
PR P I8 28 P 400 L PR O 2 3, B89 I 4 7 g &2
B TP -y B3k SR HE PRI IRBE R o 175 5 1Y
—AMAEH . FEHLHAENE Y- 17 (140
faA2(IL) -1 B .IL-6 IL-12 JL-23%5 193815, MIL4
T IL-10Z2 AN ] LI BT 8 IR 7 A S e g 1
CD206/Mrel EE4kH K H F-B.Ym IL-10 £ IL-1 %
TRERFE (| 2,5 3) 1,

EF ) MG Fl AGEs ] )25 B ik HE i, 5 5 ik
SZAR R SNEPER) MG XPA PRI I A 1 22 2B AT —
FE S, TR E R B BT e R B, /0
TR MG A SRMEH S IR RIAKH , 51
SR IOWEAR L, 10 MG (14 7K SF- 5 88 R 0 I & JE
HIARA RSB VIR G, FEME IR I S AR 32 i HE
MU A NIRRT, LK MG R Bt 25 AH B 3G I, 5
MG ¥ B nT 51 % 8 o AU IR A& LA K2 4 i 75 17
SRR W R I RN Y R A fE R s, MG
5505 PRI 83 R 32 30T 0400 I A8 9 A 0E 1



[ i PN 2 iR 2 2019 4E 3 H 45 39 55 2 ] Int J Endocrinol Metab, March 2019, Vol. 39 ,No. 2 - 103 -

EEKRTEE I R B R kR
i — N EE GRS S BRI I & B R R
Y5 AGEs F: 30 4 M5 40545 G o 3-JI58 B 7 24 A )
(DG) Fl MG #B 0] DL B AR A o0, S 308 IR
JEl Bl e AR RN RN D B i o AT P98 R B, #E
BN ARG PR I 1 I £ IS H MG A7 A 1 &
THEALZ =4 (MG-H1 ) [ 1L 3 7K -5 14 5 45 508
FIEAE S WRTE R B, I S8 BN B R
TR R BRI 24k K Glol By FEARHS & d MG T
B R, MG Tt & S B R IR RE S
WL B sh KRR R AL S (1 & A, AT S B0 AR
2 R G E N BT /R 2% 16 R E 4 AR A, R W] RES
e 2 A SRS R 28 DA i ke R g (1 3,8 3)
4 PFRIEZHRENEAET

Glol W Afi 8 HoA A0 d ¥ 1) MG, J2 MG f#
B SOOI GE PR 3G i Glol (3¢5, mT LD
il AGEs ByA= B, I8 556 o7 JORN sk 22 1 e A DG
i 5 R AT LA K T3 W DR s ' s B LA AR 4 5 &
RE (PR B . Moraru 250 BIF 5% & B, B 5% SR g 35 1K
Glol MyEEH J5 , MG 7K F-2s W] & 7t 5, [ B & B i
2 FRUE PR 95 0 R AIE i 5 R HE B AE A i b
Glol S sk Mtk MG W5 B, - H. 2] 14 PR
e LA DI RE B, 46 0 T Glol FRik iR
] Glol i S I Ak BE, 1 el LA IR 1E 1
EEY, bRy (1) 78 38 iy % % b <
5 pmol/ LI HL T, %F A 3 2 ik P9 Bz 200 Jif A it & 4%
TR B AT dE AN M A . (2) AW
MG BEALEREE AL BE JT o (3) 0 40 4204k N T 1Y
KHEH TR K 7 B2 AT 2 (Nef2) f[R] B, v i
IRF I PR 32 7000

98 B, — F SO 2 S MICRD 2 P kv Ak ]
DU MG, AR L3 MG 7K, 22 it PR S 1 I i
o 722 RV PRs #2205 2 , (2 2 SR 2 R kv Ak
i R BB RS (R AT B MG, 3R B #3010 H i, (H 2
e HARE , B2 A B st A o
AT, BRI T LI A R S o Rk A B 5T
R BE TR — PR AT AR, SR g
XA AT LA 200 el 25 i PR s A8 8 1) SR I ROIR A
BHL1E B P TORE , 3005 P W Do il 1 3 P, 1M 3% MG
TRV B B A, [R5 SR p e 2R 25 5
AT DA = FPBR 2R 7 S It 1% 5 2, A 2 Ao 25 200 i
SRR RE IE B, MBS 2 i 22 iR s ph (5
TR (R XA o LAt I 22 19 5% i 1 AN B

LB 3 8 HesE T MG %484k iy 384 1 5% Wi, %ot
MG 52 [ 5Uf1 DNA A: 1l AGEs I JC B %A FI 1
o AHDCHIFIEUE B, A 208 AN s 5 A 2 R 1Y) JIK B 2%
AT DABH IE MG B =k 5 w7 380, (EL 2 12 S5 g ) e oy P
%, B9 R AL RCRIRIE . A iR e —Fh
RIRM PR AT AW, J&— PP TR , 280 52 R
FFIALEL AT DLd /> MG S350 T e B i AT i i 7,
AT LIRS Glol BYTEIE, (H i R BT RGBT

F X 22 2 B (IRES) A 2 25 4 % Glol
W & ¥ Ur IR VR F T 4R 45 3 & 19 Glol 35,
tRES 38 AMP 54k 85 [ J#F ( AMPK ) 38 5317 ol i
iR TR (%) 75 AL 38 N NAD | 3035 sirtuin-1, DA 1T 34
T Nef2, 5z 20T AT 3 22 SRR/ 95 2 R 2 1 TR
(LKB1) #75 AMPK 38 4%, AMPK 3 i 38075 25 (1 3 A
RS Nef2 , 38 ] DL 1% 24 2 1 L Ui 9K h
Nrf2 AR JE D FE K72 0 /1N PR ) 780 250 i s 1 A
YEFAAT LA tRES BTG PEREAR, 107248 2 R > 30 mg
F AT LA 1 B 2 A 1% 7 2 e R R Ak, O EL IR dE AR 4
A (RES-18 1z WG, i LA AT (RES-8 iz K (1 Bk
BB BT IG KRBT
5 Glol FSFIMIGEKRH R

AL (RES-#8 Bz 2 Jn 4 A 78 AR B AR H Y
YRR BFR R 29 24 IR ATREAL R OWUE &
RSN 2E SCHERIFFE o 25 R, 52 L, IR
JiE3#E (90 mg tRESHI120 mgfe {e 25) n i 4= B 4N 1L
HRZAML Y Glol Y& PEXG N 27 % |, i 2% MG ¥R &
WD 37% o AE R E AR fE SZ 3K (MR E AR A >
27.5 kg/m*) v, 55 IR R ARG 5% , 48 ) it P IR
8% , AT Ji: 25 Jike 5 28 AUk 388, B /B i Aot R B
3% ,JREKFHEAK 9% ' o AT WL, Glol 7 5
AT DARSEARAE JhE FOBE PR s S8 2 1) 25 T B s I p 7K
S BN I 2 AU R AR DR B O 1) I R 3
J&  TEY S M AS T A B I AR AR T BE S OM I
IREGPIRIT 9 —Fh B e £
6 BE

PRI N O — RO RE ZE AL A PR A
JHE R BRI B AR S A B il A I & A & A i AR
EEMCIEN . & 58N A NTEE R, 7T 5]
LR (1 50FT DNA SEAG 34 2, 33040 i 2 210 g
HIR L B Ak 580 . BT MG iz /b AR
SCHl X MG BRI AR AR LS K e 45 )y
HEAT IR, A BE AR I 1122 3 72 70 VIR B MG 5 HE
BUGEE . EAMELESEAT 2P AR50, S w PR o



- 104 -

[ i g AL B AR AR 2019 4F 3 A 45 39 45 2 1)

Int J Endocrinol Metab,March 2019, Vol. 39,No. 2

AR B S F A AE AR YT T I R i Ae . BT
LAY (RES-f8 J7 REXA Y Glol i3 357 ] LI 57 Glol
(O, oF TSk BoHR PR S8 8 A B it A 9 i
A AR AR 5, 1 33 PR RCR AR R B, 0 o
BERRET R IR 7 AN RE S aE i 2 i PR, R H

IV EERIZN
& % X #
[1] Carracher AM,Marathe PH,Close KL. International Diabetes Fed-

[2]

(3]

[4]

[5]

[6]

(7]

[8]

[9]

[10]

[11]

eration 2017 J]. J Diabetes, 2018 ,10 (5 ) : 353-356. DOI. 10.
1111/1753-0407. 12644.

Arroyo-Johnson C, Mincey KD. Obesity epidemiology worldwide
[J]. Gastroenterol Clin North Am,2016,45(4) :571-579. DOI.
10.1016/j. gtc. 2016.07.012.

Nemet I, Varga-Defterdarovi L, Turk Z. Methylglyoxal in food
and living organisms [ J ]. Mol Nutr Food Res,2006,50 (12):
1105-1117. DOI;10. 1002/ mnfr. 200600065

Degen J,Hellwig M, Henle T. 1,2-dicarbonyl compounds in com-
monly consumed foods[ J]. J Agric Food Chem,2012,60(28) :
7071-7079. DOI:10. 1021/jf301306g.

Nigro C, Leone A, Raciti GA, et al. Methylglyoxal-Glyoxalase 1
balance ; the root of vascular damage[ J]. Int J Mol Sci,2017,18
(1) :pii; E188. DOI;10.3390/ijms18010188.

Pastor-Belda M, Fernandez-Garcia AJ, Campillo N, et al. Glyoxal
and methylglyoxal as urinary markers of diabetes. Determination
using a dispersive liquid-liquid microextraction procedure com-
bined with gas chromatography-mass spectrometry[ J]. J Chromatogr
A,2017,1509:4349. DOI;10. 1016/j. chroma. 2017.06. 041.
Maessen DE, Stehouwer €D, Schalkwijk CG. The role of methylg-
lyoxal and the glyoxalase system in diabetes and other age-relat-
eddiseases[ J]. Clin Sci (Lond),2015,128 (12) . 839-861.
DOI:10. 1042/CS20140683.

Rabbani N,Xue M, Thornalley PJ. Activity, regulation, copy number
and function in the glyoxalase system[ J]. Biochem Soc Trans,
2014,42(2) .419-424. DOI.10. 1042/BST20140008.

Thornalley PJ. Glyoxalase 1--structure ,function and a critical role
in the enzymatic defence against glycation [ J]. Biochem Soc
Trans,2003 31 (Pt 6) :1343-1348.

Xue M, Rabbani N, Thomalley PJ. Glyoxalase in ageing[J].
Semin Cell Dev Biol,2011,22(3) :293-301. DOI. 10. 1016/j.
semedb. 2011.02.013.

FLAE, BEIL, SR, A, RSSO €08 - H5 I 5T v A T SR
WRF MK PR M Rk (1] g sS4
#2,2013,33 (8):1182-1186. DOI: 10. 3969/j. issn. 1674-
8115.2013.08.030.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Xue M, Weickert MO, Qureshi S, et al. Improved glycemic control
and vascular function in overweight and obese subjects by glyox-
alase 1 inducer formulation [ J]. Diabetes,2016,65 (8) :2282-
2294. DOI:10.2337/db16-0153.
Adolphe JL,Drew MD ,Huang Q, et al. Postprandial impairment of
flow-mediated dilation and elevated methylglyoxal after simple
but not complex carbohydrate consumption in dogs[ J]. Nutr Res,
2012,32(4) :278-284. DOI; 10. 1016/j. nutres. 2012. 03. 002.
B AR M PR T R AEVR YT ORI s e 2 T RE(T ).
] B 25 2% 7, 2006, 15 (18) : 1530-1534. DOI: 10. 3321/j.
issn:1003-3734.2006. 18. 006.
Xue M, Weickert MO, Qureshi S, et al. Improved glycemic control
and vascular function in overweight and obese subjects by glyox-
alase 1 inducer formulation [ J]. Diabetes, 2016, 65 (8) :2282-
2294. DOI:10.2337/db16-0153.
Tezuka Y ,Nakaya I, Nakayama K, et al. Methylglyoxal as a prog-
nostic factor in patients with chronic kidney disease[ J]. Nephrology
(Carlton) ,2018. DOI.10. 1111/nep. 13526.
Genuth S, Sun W, Cleary P, et al. Skin advanced glycation end
products glucosepane and methylglyoxal hydroimidazolone are in-
dependently associated with long-term microvascular complication
progression of type 1 diabetes[ J]. Diabetes,2015,64 (1) :266-
278. DOI:10.2337/db14-0215.
Spanos C, Maldonado EM, Fisher CP, et al. Proteomic identifica-
tion and characterization of hepatic glyoxalase 1 dysregulation in
non-alcoholic fatty liver disease[ J]. Proteome Sci,2018,16:4.
DOI:10. 1186/512953-018-0131-y.
Moraru A, Wiederstein J,Pfaff D, et al. Elevated levels of the re-
active metabolic methylglyoxal recapitulate progression of type 2
diabetes[ J]. Cell Metab, 2018,27 (4):926-934. DOI: 10.
1016/j. cmet. 2018. 02. 003.
TRAK . 225 BRI B BN W B SR el 28 52 45 R
TR AR SR S ThBE B MGO NF-«B H954m [ J]. w52 22
Bk ,2017,20 (12) :52-53. DOI: 10. 3969/j. issn. 1673-
5110.2017.12.018.
Meeprom A, Chan CB, Sompong W, et al. Isoferulic acid attenu-
ates methylglyoxal-induced apoptosis in INS-1 rat pancreatic -
cell through mitochondrial survival pathways and increasing
glyoxalase-1 activity[ J]. Biomed Pharmacother,2018,101:777-
785.DOI:10. 1016/j. biopha. 2018.01.017.
Hwang SL,Lin JA,Shih PH et al. Pro-cellular survival and neu-
roprotection of citrus flavonoid: the actions of hesperetin in PC12
cells[ J]. Food Funct,2012,3(10) :1082-1090. DOI: 10. 1039/
¢2{030100h.

(W3 B 4:2018-07-10)

(S 4 o)



