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Methylglyoxal: a New Target in CKD
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Methylglyoxal (MGO)

Glucose, Fructose

MGO
Food, drinks, smoking, DM

hypertension, renal dysfunction

AGE Oxidative stress Inflammation

Vascular injuries, renal injuries, retinopathy, dementia

Aldehyde compound mainly via glycolysis

MGO is a very reactive aldehyde-delivertive involved in many biological processes 
such as AGE formation,  glycation-methylation of DNA, transcriptional  factors, etc



CKD (GFR<45ml/min/1.73m2)

• Vascular injuries (heart, brain , kidney, eye)

• Inflammations, Oxidative stress

• Insulin resistance

• Salt sensitive hypertension

• Immune dysfunctions

• Anemia (shortened life span, EPO)

• Cognitive dysfunction

MGO may play important roles in pathophysiology 



nM

（Nakayama K, Am J Nephrol 28(6), 871-878, 2008)
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ESR spectrum

H2O2 (10mM)

MGO (3.9 mM)

Hydroxyl radical

（Nakayama M, et al. Redox Rep 12; 125-133, 2007)
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MGO is a very reactive substance

A new radical is produced by reacting with H2O2
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15th TMFC

INFUSE ;1mL/min

Drainage

Chamber;
Single pass infusion

Thermometer;
Keep 37℃ in 
the chamber

■ REAL-TIME FLUORECSENT MICROSCOPY

Ex:480nm
CCD camera
Emi:535nm
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MGO increases ROS in endothelial cells

100µM MGO

control

Vehicle MGO infusion continuously



MGO
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(Miyazawa N,et al. Free Radic Res 44:101-107.2010.)
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INFUSE ;1mL/min

Drainage

Chamber;
Single pass infusion

Thermometer;
Keep 37℃ in 
the chamber

CCD camera

tip

Microperfusion of mTAL

~measurement of Mit ROS~
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GlucoseGlucose



MGO causes

• Vascular injuries (heart, brain , kidney, eye)

• Inflammations, Oxidative stress

• Insulin resistance?

• Salt sensitive hypertension

• Immune dysfunctions

• Anemia (shortened life span)

• Cognitive dysfunction

MGO is elevated in CKD



MGO enhances salt sensitivity of BP in SD rats

* p<0.01 vs HS or MGO
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(Guo Q, et al; J Hypertension 27; 1664-1671, 2009) 



MGO increases ROS in the kidney
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(Guo Q, et al; J Hypertension 27; 1664-1671, 2009) 



MGO decreases insulin sensitivity
(M value: insulin sensitivity）

インスリ ン抵抗性弱い

インスリン抵抗性強い
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Insulin sensitivity high
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Glucose clamp in conscious rats



Dahl salt-sensitive rats

H2O2 is high even under low Na

H2O2 reacts with MGO

Chen. Hypertension Res: 2013 ;36:361-7 



MGO increases BP in Dhal S fed low Na

mean±SE
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Glomerular sclerosis index
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Chen. Hypertension Res: 2013 ;36:361-7 



Control MGO-12w MGO-4W MGO-CAND

Markers of oxidative stress and inflammation in the kidney



Control MGO-12w MGO-4W MGO-CAND

Collagen deposition and perivascular fibrosis in the heart

Chen. Hypertension Res: 2013 ;36:361-7 
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†

＊P<0.05 vs CON, 
† P<0.05 vs GN

Pyridoxamine reduced albuminuria in Thy-1 nephritis



MGO causes

• Vascular injuries (heart, brain , kidney, eye)

• Inflammations, Oxidative stress

• Insulin resistance

• Salt sensitive hypertension

• Immune dysfunctions

• Anemia (shortened life span)

• Cognitive dysfunction

MGO is elevated in CKD

Nephrol Dial Transplant (2008) 23: 3096–3102 

doi: 10.1093/ndt/gfn218 

Advance Access publication 28 April 2008 
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Abstract pathology may be linked to enhanced oxidative stress in 



MGO and Brain（Pubmed 116）

• Cognitive dysfunction in DM

Brain Res. 21;1469:82-91.2012

• Alzheimer: high MGO in spinal fluid：

(Ann N Y Acad Sci 1043; 211-216, 2005)

• MGO causes β-amyloid misfolding：

(J Alzheimers Dis.30；63-73,2012. Neurochem 99; 1413-1424, 2006)

• MGO causes hipocampus damages：

(Brain Research 1006; 157-167, 2004;Intern J Biochem & Cell Biol

40; 245-257, 2008)

• MGO-producing semicarbazaise-sensitive amine oxidase (SSAO) is 

high in serum and blood vessels in Alzheimer：

(Neurosci Lett 321; 121-21, 2002:Neurosci Lett 384; 183-187, 2005)

• GLO-1 abnormality in some nervous diseases：

(Neurosci Lett 438; 196-199, 2008)



Is it relevant in human?
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In DM ROS ehances RAS and vice versa
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ARB decreases urinary AGT

S Ogawa et al, Biomarker Insights 4: 97-102, 2009.
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y = 0.6584x - 0.1335

R2= 0.1268
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A：Urinary 8-OHdG B：Urinary 8-epi-PGF
2α

Change in urinary AGT corelates with changes in ROS

S Ogawa et al, Biomarker Insights 4: 97-102, 2009.
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Baseline MGO and parameters (Ogawa S, et al Hypertension 56: 471-476, 2010)
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(Ogawa S, et al Hypertension 2010. 56: 471-476)

Plasma MGO and parameters after 5 years



Changes in GFR

Plasma MGO levels at baseline (nM)
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Plasma MGO and parameters after 5 years
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(Li B, et al: Experimental Diabetes Research 2012(In Press))

Stress responses by Nrf2 andKEAP1

ARE: antioxidant  response element

Nrf2

degradation
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Changes in GFR



Ongoing 

• Oral pyridoxamine on peritoneal fluid MGO 

level in CAPD patients

• Oral pyridoxamine in schizophrenia

• Oral pyridoxamine in CKD patients

~Inhibition of MGO at right phases~
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