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ABSTRACT

Increasing evidence indicates that enhanced peripheral carbonyl stress markers exist in subtype of 
schizophrenia, although it may not be the primary cause.

This study aimed to investigate whether plasma concentrations of methylglyoxal, 3-deoxy-glucosone, 
and glyoxal, which are reactive intermediates of protein metabolism in carbonyl stress, are changed in 
patients with schizophrenia and can function as potential biomarkers for schizophrenia with enhanced 
carbonyl stress.

Plasma concentrations of these di-carbonyls were simultaneously estimated in 40 patients with schizo-
phrenia and 40 healthy controls. 

As a result, no statistically significant differences were observed in mean plasma concentrations 
of three di-carbonyls between patients and controls. However, a remarkable increase in methylglyoxal 
concentrations was observed in four patients but not in controls. This increase was not found with regard 
to 3-deoxyglucosone and glyoxal both of patients and controls.

Our correlation analysis showed that both the plasma methylglyoxal and glyoxal concentrations were 
significantly correlated with 3-deoxyglucosone concentrations in 40 patients and 40 controls. However, the 
plasma methylglyoxal concentrations did not show any significant correlation with the glyoxal concentra-
tions in the patients or the controls. In four patients with extremely high methylglyoxal levels, the plasma 
methylglyoxal and glyoxal concentrations were not correlated to the 3-deoxyglucosone concentrations. 

Methylglyoxal is a physiological substrate of the glyoxalase system, and the accelerated accumulation 
of this compound lowers the glyoxalase I activity. 

These results suggested that this increase in four patients with high methylglyoxal levels may indicate 
the presence of a subtype of chronic schizophrenia that is associated with enhanced carbonyl stress.
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SD: Standard deviation 
r: Correlation coefficient 
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License. To view the details of this license, please visit (http://creativecommons.org/licenses/by-nc-nd/4.0/).

INTRODUCTION

Biomarker analysis has not yet been included in the diagnostic criteria for patients with 
schizophrenia; however, it is very important to identify potential biomarkers for this disease to 
avoid its heterologous expression and understand its pathogenesis and molecular basis of each 
substance implicated.

Recent reports have revealed some interesting evidences indicating that oxidative stress affect-
ing a possible pathophysiological mechanism in schizophrenia1-4 and carbonyl stress affecting the 
peripheral tissues are involved in the pathophysiology of schizophrenia.5 Especially, increasing 
evidence indicates that enhanced peripheral carbonyl stress markers exist in subtype of schizo-
phrenia, although it may not be the primary cause.5-8 Previous study reported regarding a missense 
polymorphism of glyoxalase I (GLO I) in patients with schizophrenia resulting in 50% GLO I 
dysfunction and a significant increase in the advanced glycation end product (AGE), pentosidine, 
in the peripheral blood of patients with chronic schizophrenia compared with controls.6 Patients 
with high pentosidine levels had genetic factors that revealed decreased GLO I activity. Their 
studies have been conducted to examine the use of pentosidine as a disease biomarker.6,8

GLO I and certain aldehyde reductase and dehydrogenase isozymes detoxify reactive carbonyls 
and a-oxoaldehyde glycating compounds (methylglyoxal, glyoxal, and 3-deoxyglucosone and 
others).9,10 GLO I also represents a part of the enzymatic defense against glycation.11,12 Accord-
ingly, decreased GLO I activity results in insufficient detoxification of the reactive di-carbonyls, 
the intermediates of AGE formation, with accelerated accumulation of di-carbonyls and AGE 
formation in vivo,12 and further influence the clinical features in schizophrenia.13

Methylglyoxal (MGO), Glyoxal (GO), and 3-Deoxyglucosone (3-DG) are normal metabolic 
products and are well-known reactive a, β-di-carbonyl intermediates in AGE formation. MGO, 
GO, and 3-DG react with proteins, nucleotides, and lipids through various pathways,12 forming 
N-carboxyalkyl amino acids, imidazolones, and imidazolium salts.14-16 As shown in Fig. 1, 
AGEs, including pentosidine, can be formed via GO generated from metal-catalyzed autoxida-
tion of glucose, MGO generated from non-enzymatic fragmentation of triose phosphates11 and 
Amadori product. 3-DG induces AGE formation in the early stage of Maillard reaction. MGO is 
a physiological substrate of GLO I and is mainly metabolized to the unreactive D-lactate by the 
glyoxalase system (GLO I and GLO II) in the presence of glutathione, thus, its detoxification 
is reflected by GLO I dysfunction12 (Fig. 1).

These di-carbonyl compounds are vital reactive intermediates that induce AGE formation; 
however, because of their instability in the atmosphere, there are no reports of their use as 
biomarkers for schizophrenia with enhanced carbonyl stress.

In the present study, we determined the estimated plasma concentrations of MGO, GO, and 
3-DG, substrates of protein metabolism in carbonyl stress, simultaneously using a highly selec-
tive and specific assay, electrospray ionization liquid chromatography-mass spectrometry. We 
investigated whether the plasma concentrations of these parameters were changed in patients 
with schizophrenia and if these 3 di-carbonyls could function as potential biomarkers for chronic 
schizophrenia that enhanced carbonyl stress.
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MATERIALS AND METHODS

Patients
Fresh plasma samples were obtained from 40 Japanese patients with chronic schizophrenia (all 

patients’ duration of illness were over 20 years and all patients were hospitalized in Higashiowari 
National hospital, mean age; 49.2 years, SD; 8.8 years) and 40 healthy Japanese controls (mean 
age; 41.2 years, SD, 8.7 years, Table 1). The patient group comprised 28 male (mean age, 49.9 
years; SD, 8.9 years) and 12 female (mean age, 47.5 years; SD, 8.8 years) subjects. The control 
group comprised 23 male (mean age, 42.8 years; SD, 8.2 years) and 17 female (mean age, 40.0 
years; SD, 9.6 years) subjects.

No significant differences were found in the mean values and distribution of gender and 
age between patients and controls. Schizophrenia was diagnosed according to the Diagnostic 
and Statistical Manual of Mental Disorders, Fourth Edition with consensus from experienced 
psychiatrists. Furthermore, available medical records and family information were considered. All 
patients included in the study had a severe clinical condition, with no significant differences in 
physical factors, disease duration, or pharmacological treatment.

Control subjects were recruited from the hospital staff after confirming the absence of mental 
illness based on a short interview conducted by experienced psychiatrists.

Fig. 1 Flow chart showing the production pathway of 3 di-carbonyl compounds
These di-carbonyls lead to the generation of advanced glycation end products (AGEs).
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No patient or control subject had diabetes mellitus or renal dysfunction (estimated glomerular 
filtration rate > 60 ml/min).

All participants provided written informed consent to participate, and study protocol was 
approved by the ethics committee of all participating institutions (Nagoya University Research 
Center of Health, Physical Fitness and Sports, Aichi Medical University, and National Hospital 
Organization Higashiowari National Hospital).

All the plasma samples were separated within 15 minutes after blood collection to prevent the 
autoxidation of these di-carbonyls, sealed with nitrogen and stored at −40°C prior to analysis.

Measurement of MGO, GO, and 3-DG
The plasma levels of these compounds were simultaneously measured in 40 Japanese patients 

and 40 healthy Japanese controls using an electrospray ionization liquid chromatography-mass 
spectrometry (ESI/LC/MS). For the mass spectrometric analysis, the formation of MGO, GO, and 
3-DG derivatives on reaction with 2, 3-diaminonaphthalene was performed as per a previously 
reported method.17

In this study, these derivatization reactions including incubations, extractions and evaporations 
were performed at 4°C under nitrogen atmosphere.

All the derivatized di-carbonyl compounds were injected into a reversed-phase high-
performance liquid chromatography and analyzed with ESI/LC/MS using a LTQ-Velos mass 
spectrometer (Thermo fisher, USA).

To identify and confirm the structures of each di-carbonyl derivative, daughter ions (positive 
ions) were trapped and monitored with an electrospray/mass spectrometry/mass spectrometry 
(ESI/MS/MS) system.

Quantitative analysis of the three di-carbonyl compounds was performed according to each 
protonated molecular ion peak area ratio obtained by the selected ion monitoring mode spectra. 
The correlation coefficient between the added MGO standard concentration and peak area (m/z: 
195) ratio was 0.99 (regression equation: y = 1079.7x + 5503.9, with standard concentration 
range from 10 ng/ml to 500 ng/ml ), between the GO standard concentration and peak area 

Table 1 Clinical characteristics and plasma 3 di-carbonyl compound levels  
in patients with schizophrenia and control subjects

Schizophrenic patients Healthy Controls

Number of subjects 40 40

Gender (Male/Female) 28/12 23/17

Age (years)  49.2 ± 8.8 41.2 ± 8.7

Disease duration over 20 years none

Family history 12/40 none

MGO (ng/ml)
(Minimum – Maximum) (ng/ml)

118.3 ± 58.2
(46.6 – 266.8)

120.2 ± 42.7
(34.9 – 198.5)

GO (ng/ml)
(Minimum – Maximum) (ng/ml)

42.7 ± 16.4
(16.2 – 90.4)

51.7 ± 27.7
(18.2 – 112.3)

3-DG (ng/ml)
(Minimum – Maximum) (ng/ml)

48.0 ± 10.8
(24.4 – 82.1)

48.6 ± 17.0
(17.9 – 91.4)

MGO: Methylglyoxal, GO: Glyoxal, 3-DG: 3-Deoxyglucosone.
Data are expressed as means ± standard deviations (range).
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ratio (m/z: 181) was 0.98 (regression equation: y = 398.5x + 1558.8, with standard concentration 
range from 5 ng/ml to 500 ng/ml ), and between the 3-DG standard concentration and peak area 
ratio (m/z: 285) was 0.99 (regression equation: y = 1240.0x + 5204, with standard concentration 
range from 5 ng/ml to 500 ng/ml).

Statistical Analysis
Mean and SD were estimated and data were compared using unpaired t-test or the Mann–

Whitney U-test (both 2-tailed).
Plasma concentrations of the three compounds were compared between the 40 patients and 

40 controls using the Mann–Whitney U-test.

RESULTS

Table 1 showed the characteristics of patients with schizophrenia and healthy controls.
No significant differences were found between groups in the mean values or distribution of 

gender and age. No correlation was found among plasma levels of the three di-carbonyls and age 
in patients (MGO: r = 0.139, P < 0.05; 3-DG: r = −0.018, P < 0.05; GO: r = −0.179, P < 0.05) 
or controls (MGO: r = 0.051, P < 0.05; 3-DG: r = 0.182, P < 0.05; GO: r = 0.076, P < 0.05).

Plasma accumulation of MGO, GO and 3-DG in patients and controls was depicted in Fig. 
2, respectively.

From our results, no statistically significant differences were observed in the mean plasma 
levels of the three di-carbonyls between patients and controls using Mann -Whitney’s U test 
(Fig. 2A to C). No correlation was found among plasma accumulations of these carbonyls and 
the disease duration or family history.

However, a remarkable increase in MGO concentrations (higher than mean + 2 SD) was 
observed in four patients with schizophrenia (10%) but not in controls (Fig. 2A).

As shown in Fig. 2B and 2C, this di-carbonyl increase was only found in MGO levels of 
the patient group, whereas this was not observed with regard to 3-DG and GO both of patients 
and controls.

The correlation analysis showed that the plasma MGO and GO concentrations were both 
significantly correlated with the plasma 3-DG concentrations in 40 patients (MGO: r = 0.450, 
p < 0.05; GO: r = 0.491, p < 0.05) and in 40 controls (MGO: r = 0.456, p < 0.05; GO: r = 
0.484, p < 0.05). In contrast, plasma MGO concentrations did not show any significant positive 
correlations with the GO concentrations in the patient (n = 40, r = 0.191) or control (n = 40, 
r = 0.350) group.

In four patients with extremely high MGO levels (> 2 SD higher than that in controls), 
there was no significant correlation of the plasma MGO, and GO concentrations with the 3-DG 
concentrations.

These four patients showed severe clinical conditions similar to those in the other 36 patients 
in this study; however, each psychological symptom was different in the two groups.

Clinically, there was no significant difference in the average total scores of the positive and 
negative syndrome scale (PANSS) in the four patients with extremely high MGO levels (average 
total PANSS 111.3, mean age 51.0 ± 9.1 years, and mean MGO concentration 242.1 ± 27.1 
ng/mL) and eight randomly selected patients (average total PANSS 105.8, mean age 48.3 ± 8.0 
years, mean MGO concentration 76.4 ± 30.4 ng/mL). We confirmed that the number statistically 
required for comparison with the four patients with high MGO levels was doubled, and then we 
determined their PANSS scores for eight randomly selected cases. However, the scores for each 
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Fig. 2 Plasma concentrations of 3 dicarbonyl compounds in 40 patients  
with chronic schizophrenia and 40 healthy controls

Fig. 2A: Plasma concentrations of Methylglyoxal (MGO) 
Fig. 2B: Glyoxal (GO) 
Fig. 2C: 3-Deoxyglucosone (3-DG) 
Four patients with extremely high MGO concentrations (> 2 SD higher than the mean in controls) were indicated 
with * (n = 4). Values were compared with the 2-tailed Mann-Whitney U test. Error bars indicate mean and SD.
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psychological category were different between the two groups. Although there were no differences 
in the positive symptoms of the PANSS, unpaired t-test showed significant differences in the 
negative symptom such as emotional withdrawal (p < 0.05) and tension (p < 0.01) (Table 2).

DISCUSSION

This study aimed to investigate whether three di-carbonyl compounds can function as better 
potential biomarkers for chronic schizophrenia with enhanced carbonyl stress than the previously 
reported AGE biomarkers.18-21

Previous studies regarding schizophrenia with enhanced carbonyl stress have been conducted 
to examine the use of pentosidine, one of the well-known peripheral blood AGEs, as a disease 
biomarker.6-8,11-13

It is very important to reveal the exact impact of an increase in plasma concentrations of 
these reactive di-carbonyl compounds with decreased GLO I activity. First, this is because GLO 
I is responsible for the detoxification of MGO and other reactive 2-oxoaldehydes, and second, 
it impacts the inhibition of the formation of some AGEs, including pentosidine.

As per research, 3-DG is rapidly reduced by 3-DG reductases to form 3-deoxyfructose, 
which is normally excreted via the urine.22 GO is produced by the lipid peroxidation system23 
and induces mutation via glyoxal-DNA adducts.24 MGO is formed via the triose phosphate 
isomerase-catalyzed elimination reactions of dihydroxyacetone phosphate in the intracellular gly-
colysis system. An unusual increase in triose phosphate levels may not only lead to the aberrant 
production of cytotoxic MGO but also to the occurrence of various metabolic disorders in vivo.

These reactive di-carbonyls are very unstable in the atmosphere and decompose due to 
the degradation of derivatization agents during sample processing for the estimation of their 
concentrations. Therefore, a reliable estimation of their concentrations in physiological systems 
is difficult. To our knowledge, there are no reports on their potential use as biomarkers for 
diagnosing schizophrenia with enhanced carbonyl stress.

To identify and determine the plasma concentrations of three di-carbonyls, we performed the 
most advanced methods, employing derivatization with 2, 3-diaminonaphthalene19 and detection 
using the ESI/LC/MS system with high selectivity and accuracy. These reactions were performed 
quickly and quantitatively in cooling condition, and each derivative sample was stable under 
aerobic conditions during the ESI/LC/MS measurement. In this method, the samples can be identi-
fied and quantified simultaneously in the selected ion monitoring mode in a single measurement 
within 20 minutes at low temperature (8°C).

Accordingly, this study is the first to report the exact plasma concentrations of the di-carbonyl 
compounds in patients with chronic schizophrenia.

Thus, although there was no significant difference in the mean plasma concentrations of the 
three di-carbonyl compounds between the patients and controls, we found a remarkable increase 
only in the MGO concentrations in four patients with chronic schizophrenia (> 2SD, n = 4, 
10%) as shown in Fig. 2A.

The correlation analysis showed that both MGO and GO concentrations were significantly 
correlated to 3-DG concentrations in 40 patients and 40 controls; however MGO concentrations 
showed no significant correlation with GO concentrations in patients or controls.

In four patients with extremely high MGO concentrations, the MGO and GO concentrations 
were not significantly correlated with 3-DG concentrations.

In fact, these four patients did not have high 3-DG levels.
Thus, in our study patients with extremely high MGO accumulation may have had different 
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metabolic pathways, including dysfunction of GLO I activity as compared to those (n = 36) 
with chronic schizophrenia. Furthermore, the increase in plasma MGO concentrations indicated 
the presence of a specific subtype of schizophrenia associated with enhanced carbonyl stress.

A recent study reported significant differences between mean serum pentosidine levels in 
chronic schizophrenia patients and controls, and it showed some patients with extremely high 
pentosidine levels (11.8%) had a severe clinical condition.7 However, Katsuta et al. showed that 
mean serum pentosidine levels were not significantly altered in patients with acute-stage schizo-
phrenia compared with controls and did not change according to clinical course. Furthermore, 
their study results showed extremely high pentosidine levels were only shown in patients with 
schizophrenia (> 2 SD, n = 14, 10.2 %) but not in controls.8 In our present study, the four 
cases with high MGO levels were found to have carbonyl stress, and they showed similar severe 
clinical conditions to the other 36 patients, although each psychological symptom was different 
among them.

These results are consistent with the study by Katsuta et al,8 although they used serum 
pentosidine levels as a peripheral carbonyl stress marker in schizophrenia patients. 

The mechanism responsible for high MGO levels in patients with schizophrenia could be 
partly attributed to GLO 1 dysfunction; however, additional unknown factors may be involved.

From the psychological aspect, there was no significant difference in the average total scores 
in the PANSS in the four patients with extremely high MGO concentrations and another eight 
randomly selected patients in this study, as shown in Table 2.

A comparison of the above mentioned two groups showed no significant differences in the 
positive symptoms of PANSS; however, the following tendency with respect to the negative 
symptoms was believed to be attributable to the significant differences observed in the PANSS in 
the four patients with extremely high MGO concentration: high scores for emotional withdrawal 
(p < 0.05) and tension (p < 0.01) can make confusion about social communication with healthy 
individuals challenging for these patients.

CONCLUSION

In conclusion, extremely elevated plasma MGO concentrations in patients with chronic 
schizophrenia indicate the presence of a disease subtype associated with enhanced carbonyl stress.
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