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Abstract—In various organisms, an array of enzymes is involved in the synthesis and breakdown of methylglyoxal. Through
these enzymes, it is intimately linked to several other physiologically important metabolites, suggesting that methylglyoxal
has some important role to play in the host organism. Several in vitro and in vivo studies showed that methylglyoxal acts
specifically against different types of malignant cells. These studies culminated in a recent investigation to evaluate a methyl-
glyoxal-based formulation in treating a small group of cancer patients, and the results were promising. Methylglyoxal acts
against a number of pathogenic microorganisms. However, recent literature abounds with the toxic effects of methylglyox-
al, which are supposed to be mediated through methylglyoxal-derived advanced glycation end products (AGE). Many dis-
eases such as diabetes, cataract formation, hypertension, and uremia are proposed to be intimately linked with methylgly-
oxal-derived AGE. However methylglyoxal-derived AGE formation and subsequent pathogenesis might be a very minor
event because AGE are nonspecific reaction products that are derived through the reactions of carbonyl groups of reduc-
ing sugars with amino groups present in the side chains of lysine and arginine and in terminal amino groups of proteins.
Moreover, the results of some in vitro experiments with methylglyoxal under non-physiological conditions were extrapolat-
ed to the in vivo situation. Some experiments even showed contradictory results and were differently interpreted. For this
reason conclusions about the potential beneficial effects of methylglyoxal have often been neglected, thus hindering the
advancement of medical science and causing some confusion in fundamental understanding. Overall, the potential benefi-
cial effects of methylglyoxal far outweigh its possible toxic role in vivo, and it should be utilized for the benefit of suffering

humanity.
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Methylglyoxal is a normal metabolite present in var-
ious organisms. Interest in the biological role of methyl-
glyoxal began almost a century ago, but its metabolic
pathways in different organisms have been elucidated
only recently (for reviews, see [1-4]). An array of enzymes
is involved in both the synthesis and breakdown of this
metabolite. Through these enzymes, methylglyoxal is
intimately linked either as a substrate or as a product to
various important metabolites (Fig. 1). For this reason, it
is easy to think that methylglyoxal should have some
important role to play in the host organism. It is difficult
to reject this view as being merely teleological.

Szent-Gyorgyi championed the idea that methylgly-
oxal is a natural growth regulator and can act as a strong

Abbreviations: AGE, advanced glycation end products; 3-DG,
3-deoxyglucosone; HbAlc, glycated hemoglobin.
* To whom correspondence should be addressed.

anticancer agent [5]. Methylglyoxal has been found to
possess strong activity against a number of pathogenic
viruses [6]. In fact, the anticancer effect of methylglyoxal
stemmed from the study of its antiviral effect [ 7]. Recently,
it has been observed that methylglyoxal acts against a
number of other pathogenic microorganisms. [8-10].

Szent-Gyorgyi and other investigators with remark-
able experimental evidences showed methylglyoxal could
arrest growth and/or destroy malignant cells without any
apparent toxic effect to the host [11, 12]. At the same
time, Apple and Greenberg showed significant curative
effect of methylglyoxal on animals harboring a wide vari-
ety of malignant cells [13].

Despite these promising results, until recently nei-
ther academic researchers nor clinicians have made any
attempt to translate this research potential to the benefit
of humankind. On the other hand, recent literature
abounds with the toxic effects of methylglyoxal. For
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Fig. 1. Current understanding of methylglyoxal metabolism in mammalian systems.

example, from the mid 1980s numerous publications have
appeared purporting many deleterious effects of methyl-
glyoxal. It was proposed that this toxic effect is mediated
mainly through advanced glycation end products (AGE)
by reaction of the carbonyl groups in methylglyoxal with
the amino group present in lysine and arginine and in ter-
minal amino group of proteins. Moreover, it was also sug-
gested that many diseases such as diabetes, cataract for-
mation, hypertension, and uremia are intimately linked
with methylglyoxal-derived AGE formation.

In this context, the observations and the conclusions
of the potential beneficial effects of methylglyoxal have
often been ignored, thus impeding the advancement of
medical science and also causing some confusion in fun-
damental understanding. But, the present review shows
that many of the purported toxic effects of methylglyoxal
are nonspecific in nature. In several cases, the results of in
vitro experiments under non-physiological conditions
have been extrapolated to the in vivo situation, and there
are some contradictory results as well. With this introduc-
tion, we now critically discuss the studies of different
investigators on the role of methylglyoxal in different
physiological phenomena.

AGE FORMATION
BY METHYLGLYOXAL
AND OTHER CARBONYL COMPOUNDS

Because methylglyoxal is supposed to be an impor-
tant precursor of AGE, a brief description of AGE forma-
tion is pertinent here. Some examples of AGE are car-
boxymethyllysine, argpyrimidine, pentosidine, glucosep-
an, DOGDIC, MODIC, etc. The Maillard reaction or
glycation is usually initiated by the reaction of reducing
sugars with lysine and/or arginine side chains and N-ter-
minal amino groups of proteins yielding Amadori com-
pounds (aminoketoses) as primary products. A large
number of compounds formed in later stages of this
process are grouped together as advanced glycation end
products [14-18]. Some of the different AGE compounds
and their possible reaction pathways are described in Figs.
2 and 3.

The examples of chemical reactions shown in the
figures indicate that methylglyoxal alone is not responsi-
ble for AGE formation. Several compounds (including
glucose) that are vitally related to cellular metabolism and
nutrition are also precursors of AGE.
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METHYLGLYOXAL LEVEL IN HUMAN BLOOD

Because methylglyoxal level in tissue and blood can
influence methylglyoxal-derived AGE formation and
might generate subsequent pathological conditions, dif-
ferent studies had measured methylglyoxal levels in
whole blood and plasma of both normal subjects and dia-
betic patients. In the four studies that we cite here there
is a considerable variation in the level of methylglyoxal in
the plasma of normal subjects. We present here the values
in nM: Odani et al. [19], 650 £ 160; Nemet et al. [20],
520 £ 42; Lapolla et al. [21], 194 £ 11; Beisswenger et al.
[22], 123 £ 37. It is interesting to note that the increase
in methylglyoxal level (189 = 39 nM) in diabetic patients
of one study [22] is far below the normal level compared
to two other studies [19, 20] and almost equal to another
study [21]. These results corroborate the comment
“there is no consensus on the physiological concentra-
tion range of methylglyoxal yet” [23]. However, it is like-
ly that different methods used in different studies yielded
different results. In a recent paper, the specificity and
sensitivity of different methods for the estimation of
methylglyoxal and other dicarbonyl compounds have
been evaluated [24]. It has been suggested that derivati-
zation by 1,2-diaminobenzene and detection by gas
chromatography and mass spectrometry is the most suit-
able method. This claim needs validation in different
laboratories, and only after standardizing the method of
methylglyoxal measurement we can arrive at any definite
conclusion.

In vivo IDENTIFICATION OF AGE

Very few relevant AGE have been detected in vivo.
Attempts have been made to identify lysine-arginine and
lysine-lysine cross-links of carbonyl compounds in
human materials. These are glucosepan (derived from
glucose), DOGDIC (derived from 3-deoxyglucosone (3-
DG)), MODIC and MOLD (derived from methylglyox-
al), and GODIC and GOLD (derived from glyoxal) (Fig.
3) [17].

Accurate quantification of these compounds indi-
cated that glucosepan was the dominant compound in
plasma proteins of normoglycemic subjects (median
17.1 pmol/mg protein). In diabetic subjects the levels of
glucosepan were significantly higher (median
29.2 pmol/mg protein). MODIC levels were found to be
in the same range (3.9-4.1 pmol/mg protein) in both
diabetic and non-diabetic groups. A significant correla-
tion was apparent between glycated hemoglobin
(HbAlc) values and the glucosepan, although MODIC
levels were found to be almost independent of HbAlc
concentration. In a separate and similar study of the lev-
els of AGE in human skin collagen and glomerular base-
ment membrane in relation to age and diabetes, it was
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observed that glucosepan is by far the most dominant
compound [18].

In a relatively recent publication reporting in vitro
experiments, it has been shown that human hemoglobin
was modified by methylglyoxal, forming the hydroimida-
zolone derivative of arginine residues. Specific arginine
residues that were modified in hemoglobin were also
shown. These results suggested to the authors that this
type of modification might be in vivo, rendering physio-
logical relevance to their study [25]. However, as men-
tioned above, no correlation was found between HbAlc
and methylglyoxal-derived AGE in vivo [17].

INVOLVEMENT OF METHYLGLYOXAL
IN VARIOUS PATHOLOGICAL CONDITIONS

As mentioned above, methylglyoxal has been impli-
cated with several pathological conditions. Besides dia-
betes, some examples are cataract formation, diabetic
retinopathy, familial amyloidotic polyneuropathy, mood
disorder, etc. However, a critical survey of the literature
indicates that some important metabolites and derivatives
of these metabolites might be involved with these patho-
logical processes, and the role of methylglyoxal might be
very minor.

Cataract formation and methylglyoxal. For example,
metabolism of methylglyoxal and the formation of
methylglyoxal-modified proteins have been linked with
the development of senile and diabetic cataract due to
significantly increased concentration of methylglyoxal in
the lenses of diabetic subjects and subsequent glycation-
derived AGE formation [26-29]. However, it has been
shown that incubation of bovine and human lens protein
digest with 5 mM glucose-6-phosphate lead to the forma-
tion of fluorescent yellow pigments and cross-links simi-
lar to those reported in aging and cataractous human
lenses [30]. Moreover, the protein LM-1 was originally
discovered and isolated from acid hydrolysate of crystallin
from human cataractous lens. It was found to increase
with age and in diabetic patients, and its levels correlated
with the overall degree of lens pigmentation. However, it
was shown that methylglyoxal is not involved in its forma-
tion as a cross-link involving lysine residue [31]. Studies
on the role of fructose in glycation and cross-linking of
proteins suggested that a significant proportion of human
ocular lens proteins had reacted with fructose in vivo [32,
33]. Interestingly, it was also found that chemical modifi-
cation of a-crystallin by methylglyoxal enhanced its
chaperon function. The authors concluded that post-
translational modifications by methylglyoxal might be a
protective mechanism against environmental and meta-
bolic stresses on eye lens [34].

Methylglyoxal and diabetic retinopathy. In diabetic
retinopathy, there is selective loss of intramural pericytes.
In studies on the role of AGE in the loss of pericytes
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through apoptosis, it has been observed that chronic
exposure to methylglyoxal-modified BSA [35] or methyl-
glyoxal-modified fibronectin [36] or methylglyoxal alone
[37] or methylglyoxal-derived hydroimidazolone [38]
lead to a significant increase in pericyte apoptosis. On the
other hand, surveys were conducted to assess the biologi-
cal risk factors for diabetic retinopathy, and it was con-
cluded that high blood glucose level [39, 40] and high sys-
tolic blood pressure [40, 41] are major risk factors for this
disease. To understand the mechanism of pathogenesis of
diabetic retinopathy, elevated levels of extracellular car-
bonic anhydrase have been implicated in one of the stud-
ies with diabetic retinopathy [42]. Another study pro-
posed a model for diabetic retinopathy implicating the
perturbation of redox regulation by glutaredoxin in
hyperglycemia [43].

Using a microwave irradiation quenching technique
and enzymatic estimation, retinas of diabetic rats were
studied in vivo. It has been observed that polyols are
increased dramatically; this indicates that glucose metab-
olism downstream of hexokinase is not elevated. Rather,
metabolism upstream from glucose, such as the sorbitol
pathway and polyol pathway, are increased [44].

These studies suggest that methylglyoxal may not be
involved in diabetic retinopathy and, if it is involved at all,
it plays a very minor role.

Methylglyoxal and familial amyloidotic polyneuropa-
thy. In adipose tissue of three familial amyloidotic
patients, argpyrimidine was found to be present at a con-
centration of 162.40 + 9.05 pmol/mg protein. It was con-
cluded that it was a methylglyoxal-derived AGE product.
But no significant difference was observed in either glu-
cose or methylglyoxal concentration between the sample
patients and the control subjects [45]. From these results
one may, however, easily and rightly conclude that
“methylglyoxal-derived AGE formation” is just a coinci-
dence, and methylglyoxal plays no role in this disease.

Peritoneal dialysis and methylglyoxal. Peritoneal dial-
ysis (PD) and hemodialysis are common treatments for
patients with reduced or absent renal function. It was sug-
gested that long term PD leads to peritoneal injury.
Glucose degradation products in heat-sterilized or non
heat-sterilized peritoneal dialysis fluid (PDF) contribute
to the bio-incompatibility of this fluid. It has been sug-
gested that not only AGE but also 1,2-dicarbonyl com-
pounds were formed during heat sterilization of glucose-
based PDFE. Glyoxal and methylglyoxal already present in
the dialysis fluid reacted with peritoneal matrix proteins,
accounting for the gradual loss of peritoneal membrane
function that is often observed in patients subjected to PD
[46, 47].

However, another study where the effects of individ-
ual glucose degradation products (GDP) on apoptosis of
cultured human neutrophils and peripheral blood
mononuclear cells were investigated showed that in con-
trast to the effect of methylglyoxal, glucose and other
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GDPs accelerated cellular apoptosis. Among the differ-
ent GDP found in the heat-sterilized PDE 3,4-
dideoxyglucos-3-ene (3,4-DGE) accelerated cellular
apoptosis even at a concentration of 25 uM. In contrast,
no cytotoxicity was observed following the addition of
methylglyoxal, acetaldehyde, formaldehyde, or 3-DG at
concentrations found in PDE It was concluded that 3,4-
DGE is the main proapoptotic factor [48]. Other investi-
gations also corroborated this finding [49, 50].

In vivo VERSUS in vitro EFFECT

A search in the literature on the biological effects of
methylglyoxal indicates that the results of many in vitro
experiments have been extrapolated to the in vivo situa-
tion (for a discussion and references, see [51]). However,
it is obvious that in vivo and in vitro conditions can show
vastly different results. It was shown that only 5 mM glu-
cose could completely inactivate malate dehydrogenase, a
vital enzyme present in both mitochondria and cytosol
[52]. Obviously in vivo malate dehydrogenase remains
active despite the presence of glucose. The same authors
showed that fructose was a superior glycating agent to glu-
cose, and 5 pg/ml a-crystallin, a lens protein, can com-
pletely protect from this inactivation. Even aspirin had a
moderate protection against this glycation.

In a study of yeast protein glycation, enolase 2 was
identified as the primary methylglycation target in yeast.
Two other glycolytic enzymes, aldolase and phosphoglyc-
erate mutase, and three heat shock proteins were also gly-
cated. However, in the same paper the authors showed
that despite the activity loss of the enzymes in a glycation-
dependent way, glycolytic flux and glycerol production
remained unchanged [53]. These results suggest that
despite the methylglyoxal-derived glycation of protein the
organism has excellent resilience for maintaining cellular
homeostasis. In a very recent publication on protein gly-
cation of yeast enolase, marked differences between in
vivo glycated enolase and purified enolase glycated in vitro
were revealed [51].

Human retinal pericytes, when incubated with high
glucose (30 mM), did not undergo apoptosis despite
accumulation of methylglyoxal. However, treatment with
a combination of high glucose and an inhibitor of glyox-
alase I, the enzyme primarily responsible for the break-
down of methylglyoxal, resulted in apoptosis.
Interestingly, overexpression of glyoxalase I in these peri-
cytes protected the cells against this inhibitor plus high
glucose, suggesting the critical involvement of glyoxalase
I in cellular defense [54]. This study also suggests that a
very high concentration of methylglyoxal is needed to
induce apoptosis in retinal pericytes. Moreover, glyox-
alase I when present can act as a defense mechanism of
the cells even in diabetes, which in turn might increase
the methylglyoxal level.
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Previous studies by Apple and Greenberg [13] and
Egyud and Szent-Gyorgyi [11] on methylglyoxal treat-
ment of cancer-bearing animals showed that cancer cells
were destroyed without affecting the host. Moreover,
these methylglyoxal-treated animals also produced
healthy liters [11]. However, very few studies have been
made on the effect of methylglyoxal administration to
animals. In one such study, there was a report of toxicity
on administration of methylglyoxal to rats [55]. However,
a detailed toxicity study, both acute and long term with
four species of animals, both rodent and non-rodent with
different doses of methylglyoxal through oral, subcuta-
neous, and intravenous routes showed no adverse effects
on the animals [56].

SOME POTENTIAL BENEFICIAL EFFECTS
OF METHYLGLYOXAL

Antimalarial activity of methylglyoxal. Recently anti-
malarial activity of methylglyoxal has been reported [8].
Proliferation of the malaria parasite, Plasmodium falci-
parum, was inhibited by methylglyoxal with 1Cs, of only
0.2 mM. Dihydroxyacetone was also antiproliferative to
the parasite but with 1C;; of around 3 mM. A 4-day treat-
ment of uninfected erythrocytes with 2 mM methylglyox-
al neither caused any morphological abnormality nor cell
lysis, showing that methylglyoxal does not at random pro-
duce any toxic effect. Moreover, only 15% inhibition of
rabbit glyceraldehyde-3-phosphate dehydrogenase was
observed on incubation of 2.5 mM of methylglyoxal for a
period of 2 h, corroborating the earlier result on the effect
of methylglyoxal on this enzyme [57]. Moreover the anti-
malarial activity of methylglyoxal [8] was corroborated by
an earlier report of antimalarial activity of S-p-bro-
mobenzylglutathione diethyl ester, an inhibitor of glyox-
alase I, which is responsible for the breakdown of methyl-
glyoxal. The median inhibitory concentration was around
5 uM [58].

Activity of methylglyoxal against Staphylococcus
aureus. In a very recent publication, Mavric et al. have
shown that the active principle of the well-known anti-
bacterial property of New Zealand manuka
(Leptospermum scoparium) honey is methylglyoxal [10].
The minimally inhibitory concentration against St
aureus was 1.1 mM. The amount of methylglyoxal in
manuka honey was found to be 38-761 mg/kg. It has also
been shown that the amount of methylglyoxal present in
an antibacterial wound gel, a pharmaceutical product,
was around 310 mg/kg.

Effect of methylglyoxal and AGE on mycobacterial
infection. Apoptosis and activation of macrophages play
an important role in the host response to mycobacterial
infection. Elevated levels of methylglyoxal and AGE dur-
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ing mycobacterial infection of macrophages, leading to
apoptosis and activation of the macrophages, have been
demonstrated. Moreover, global gene expression profiling
of methylglyoxal-treated macrophages revealed a diverse
spectrum of functions induced by methylglyoxal, includ-
ing apoptosis and immune response. These observations
suggested novel intervention strategies against infectious
diseases in which methylglyoxal and AGE play critical
roles [9].

Antiviral effect of methylglyoxal. The antiviral activi-
ty of methylglyoxal has been briefly mentioned in the
introductory section. To elaborate, in 1957 de Bock et al.
screened the growth inhibitory effect of a number of com-
pounds towards a strain of influenza virus. In experiments
with chicken embryo, they showed that a number of o-
ketoaldehydes were active, and methylglyoxal almost
topped the list [6]. The antiviral activity of methylglyoxal
has also been found against New-Castle disease and
influenza [59], foot and mouth disease [60], and other
viruses by other investigators [61]. Surprisingly, no study
on the antiviral effect of methylglyoxal was pursued
thereafter.

ANTICANCER EFFECT OF METHYLGLYOXAL

The anticancer effect of methylglyoxal has been
briefly mentioned in the introductory section. It appears
that the most remarkable positive effect of methylglyoxal
arose from the studies of anticancer effect of methylgly-
oxal. As early as 1958, the anticancer effect of methylgly-
oxal was first studied and effective response was obtained
[7]. These studies stemmed from the study of antiviral
effect of methylglyoxal. Because virus is one of the
causative agents of cancer, it was thought that methylgly-
oxal might have some anticancer effect. Szent-Gyorgyi
and his collaborators in their pioneering work on the bio-
logical role of methylglyoxal put forward strong evidence
for the anticancer and growth inhibitory effect of methyl-
glyoxal [5]. Egyud and Szent-Gyorgyi showed that when
methylglyoxal was injected into mice along with sarcoma
180 cells, no tumor developed and the mice remained
completely healthy [11]. They even produced healthy off-
spring. However, the duration of the treatment was short,
and methylglyoxal treatment began just after tumor inoc-
ulation. They also found that in tissue cultures methylgly-
oxal was more sensitive to malignant cells than to normal
cells.

Apple and Greenberg showed that methylglyoxal sig-
nificantly inhibited tumor growth and in some cases pro-
duced indefinite survivors among mice bearing leukemia,
lymphosarcoma, adenocarcinoma, sarcoma 180, and
other varieties of tumor at daily dose level of approxi-
mately 80 mg/kg of body weight. A single dose of about
225 mg/kg of body weight significantly inhibited
advanced leukemia and produced indefinite survivors
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among mice bearing either lymphosarcoma or carcinoma
[13]. The in vivo anticancer effect of methylglyoxal was
augmented in the presence of glyceraldehyde [62].
Similar therapeutic activity of methylglyoxal towards
cancer-bearing animals has also been obtained by other
investigators [12, 56].

Numerous studies have shown that methylglyoxal
acts against a wide variety of tumors. For the sake of
brevity, we mention here only some of these studies.
Methylglyoxal is toxic to human neuroblastoma cells in a
dose-dependent manner above concentration of 0.15 mM
with a LDy, of approximately 1.25 mM. At the concen-
tration of 5 mM methylglyoxal, the viable cells were only
6% [63]. When exogenous methylglyoxal was added to
human leukemia HL-60 cells in culture, inhibition of
growth and toxicity was induced; the LDs, was 0.24 mM.
Methylglyoxal, however, did not induce any toxicity in
differentiated cells, i.e. neutrophils under similar culture
conditions [64]. Methylglyoxal produced an apoptotic
response of human MCF7 breast and RKO colon cancer
lines. However, overexpression of glyoxalase II inhibited
the methylglyoxal-induced apoptotic response of the
cells. Glyoxalase II acts in tandem with glyoxalase I for
the breakdown of methylglyoxal to D-lactate. Likewise,
cells deficient in glyoxalase Il were hypersensitive to
methylglyoxal-induced apoptosis [65]. Methylglyoxal was
also able to induce severe (>99%) cell death in 24 h in
human prostate cancer cells [66]. The activities of glyox-
alase I and/or glyoxalase II were found to be higher in
several cancer cell lines [67-69]. However, there are con-
tradictory reports too [70].

Experiments with plant system had also yielded sim-
ilar results [71, 72]. Treatment of malignant tissues of dif-
ferent plant species by optimal concentration of methyl-
glyoxal in combination with ascorbic acid has shown the
regeneration of normal buds and plantlets in high fre-
quency [71]. Methylglyoxal can also induce differentia-
tion of plantlets from calluses and can act as a complete
substitute for kinetin in this regard [72].

Of all the methylglyoxal catabolizing enzymes pres-
ent in cells, glyoxalase I is most potent and ubiquitous.
Several inhibitors of glyoxalase I have been synthesized
and tested for their possible anticancer activity. It has
been observed that appropriate concentration of some of
these inhibitors caused several-fold increase in toxicity
against malignant cells [73]. The polyphenol curcumin
was found to hamper the growth of breast cancer (JIMT-
1, MDA-MB-231), prostate cancer PC-3, and brain
astrocytoma 1321N1 cells. However, no effect on growth
or vitality of human primary hepatocytes was observed. It
was also observed that the growth inhibitory effect of cur-
cumin was mediated through inhibition of glyoxalase I
[74].

Methylglyoxal has been found to be tumoricidal.
When Ehrlich ascites carcinoma (EAC) cells were incu-
bated in the presence of methylglyoxal, more than 90% of
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the cells became non-viable. Moreover, when these
methylglyoxal-treated EAC cells were inoculated into
healthy mice, no tumor developed. It was also observed
that ascorbic acid significantly augmented the tumorici-
dal effect of methylglyoxal [75]. On further investigation,
it was observed that methylglyoxal inhibited the respira-
tion of EAC cells, a wide variety of human post-operative
malignant tissues, and also of leukemic leukocytes. But
when other experimental conditions were the same,
increased concentration of methylglyoxal had no effect
on the respiration of various normal tissues and leuko-
cytes of healthy humans [75, 76]. The inhibitory effect of
methylglyoxal on the respiration of a wide variety of
malignant human post-operative tissues supports the
studies of Apple and Greenberg [13, 62].

Studies on the glycolysis and mitochondrial respira-
tion of EAC cells and normal and leukemic leukocytes
suggested that mitochondrial complex I and glyceralde-
hyde-3-phosphate dehydrogenase are altered specifically
in malignant cells, and methylglyoxal acts on these
altered sites to elicit its anticancer effects [57, 75-78].
Based on these results the new hypothesis that excessive
ATP production may lead to malignancy was proposed
[79].

As mentioned above, Apple and Greenberg showed
remarkable curative effect of methylglyoxal on mice bear-
ing a wide variety of cancers [13, 62]. From these results,
it was logical to immediately investigate the efficacy of
methylglyoxal in treating cancer patients. However, the
first paper that reported the testing of methylglyoxal in
treating cancer patients was as late as 2001 [80]. The study
was extended to a larger number of cancer patients, giving
promising results [81, 82]. It was found that methylglyox-
al is quite effective in treating cancer patients who were
suffering from a wide variety of cancers. Moreover,
methylglyoxal is apparently devoid of any toxic effect, in
contrast to other anticancer drugs that are now widely
used. However, these studies need validation with greater
numbers of cancer patients in different centers.

That methylglyoxal is effective against so many dif-
ferent types of malignant cells lends support to the view
that different types of malignant cells have common and
specific altered site(s).

CONCLUDING REMARKS

This review has critically evaluated both the reported
toxic and beneficial effects of methylglyoxal and suggests
that the potential beneficial effects of methylglyoxal far
outweigh its possible toxic effects. It has not been proved
that methylglyoxal significantly contributes to the sug-
gested deleterious effects on the host. Compared to the
voluminous in vitro work, the in vivo studies are very lim-
ited. Moreover, many related carbonyl compounds,
which are vital for cellular metabolism and nutrition,
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might also be linked with similar effects in the organism.
Can we dispense with these nutrients? Any compound or
even a metabolite has some potential adverse effect on the
host however small this effect may be. The effect of a par-
ticular compound must be judged by balancing the bene-
fit and adversity. The reported activity of methylglyoxal
against a number of pathogenic microorganisms and its
anticancer properties raise the question whether methyl-
glyoxal is a natural defense of the host especially for
mammals. However, due to the mindset of a large of num-
ber of researchers the potential beneficial effects of
methylglyoxal are not being translated resulting in a seri-
ous deterrent to the advancement of medical science. The
primary effects of methylglyoxal, which can be translated
to the benefit of suffering humankind, are its activities
against a number of pathogenic microorganisms and its
anticancer effects. We appeal to academics, clinicians,
research administrators, and pharmaceutical companies
to translate this research potential to the benefit of
humankind.
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