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SUMMARY 

A historical perspective on methylglyoxal research is briefly 
presented, mentioning the documented anticancer and antiviral effects 
of methylglyoxal. The idea and the supporting experimental evidence 
of Albert Szent-Györgyi et al. that methylglyoxal is a natural growth 
regulator and can act as an anticancer agent are mentioned. Previously 
a few in vivo studies suggested safe administration of methylglyoxal. 
However, recent literature abounds with the toxic effects of methyl-
glyoxal. The authors present a brief critical overview of studies 
indicating both toxic and beneficial effects of methylglyoxal and 
suggest that the beneficial effects of methylglyoxal outweigh its toxic 
effects. Encouraged by the studies of Szent-Györgyi et al., the present 
authors undertook systematic investigations to understand the mecha-
nism of the anticancer effect of methylglyoxal. The results of these 
investigations led to the proposal that the fundamental changes in 
malignant cells are critical alterations of glyceraldehyde-3-phosphate 
dehydrogenase and mitochondrial complex I, and methylglyoxal's 

* Author for correspondence: 
Manju Ray 
Department of Biological Chemistry 
Indian Association for the Cultivation of Science 
Kolkata - 700 032, India 
e-mail: bcmr@mahendra.iacs.res.in 

©Freund Publishing House Ltd., 2 0 0 8 175 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 12:10 AM



Vol. 23, No. 1-2, 2008 Biological Effects of Methylglyoxal and Evaluation 
of a Methylglyoxal-Based Anticancer Formulation 

anticancer effect might be mediated by acting on these altered sites. 
Moreover, a new hypothesis on cancer has been proposed, suggesting 
that excessive ATP formation in cells may lead to malignancy. 
Toxicity and pharmacokinetic studies were performed on animals and 
it was observed that methylglyoxal is potentially safe for humans. A 
methylglyoxal-based anticancer formulation was developed and a 
three-phase study of treating a total number of 86 cancer patients was 
carried out. The results appear to be promising. Most of the cancer 
patients benefited greatly and a significant number of patients became 
free of the disease. Contrary to the effect of existing anticancer drugs, 
this methylglyoxal-based formulation is devoid of any toxic effect and 
reasonably effective against a wide variety of cancers. The sympto-
matic improvements of the many patients who died of progressive 
disease suggest that the formulation could also be used for palliation. 
The authors urge the scientific community to test the formulation and 
if found effective then to improve it further. 
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INTRODUCTION: HISTORICAL PERSPECTIVE 

Interest in the biological role of methylglyoxal began almost a 
century ago with the identification in 1913 of an enzyme system in 
animal tissues and in yeast capable of a very rapid conversion of 
methylglyoxal into D-lactic acid. Moreover, a repeated identification 
of methylglyoxal among the products of alcoholic fermentation was 
observed. Thus, in the 1920s, methylglyoxal was widely believed to be 
one of the key intermediates of glucose breakdown. In the early 1930s, 
however, different phosphorylated intermediates of the glycolytic 
pathway were identified, and with the elucidation of the Embden-
Meyerhof pathway of glycolysis, the idea that methylglyoxal was a key 
intermediate of glucose breakdown was abandoned (for review see 
/ I f ) . 
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However, despite the lack of any major interest in the biological 
role of methylglyoxal at that time, from time to time several 
investigators reported the formation of methylglyoxal in different 
biological systems. Moreover, there were intermittent reports of 
several enzymes responsible for the breakdown of methylglyoxal. 
However, those studies did not culminate in a comprehensive 
metabolic pathway of methylglyoxal in any organism (for review see 
/2-4/). 

In late 1950s, antiviral 151 and anticancer 161 effects of methyl-
glyoxal were first reported. In the 1960s, Szent-Györgyi championed 
the idea that methylglyoxal might be capable of regulating cellular 
growth and in turn may act as an anticancer agent /7,8/. Subsequent to 
this idea there was a gradual revival of interest in the biological role of 
methylglyoxal. Soon after, the pathways for metabolism of methyl-
glyoxal were elucidated in mammals, yeast and protozoa. The 
enzymes participating in these pathways were isolated, purified and 
characterized (for review see /2-4,9/). In the meantime, Szent-Györgyi 
and his coworkers were able to isolate methylglyoxal from biological 
samples /10/. 

Szent-Györgyi and his collaborators provided strong theoretical 
arguments and experimental evidence in support of the anticancer 
effect of methylglyoxal /7,8,10,11/. Egyiid and Szent-Györgyi showed 
that when methylglyoxal was injected into mice along with sarcoma 
180 cells, no tumour developed and the mice remained completely 
healthy / l l / . At the same time, Apple and Greenberg with remarkable 
experiments showed that methylglyoxal significantly inhibited tumour 
growth and in some cases produced indefinite survivors among mice 
bearing leukemia, lymphosarcoma, adenocarcinoma, sarcoma 180 and 
other varieties of tumours /12,13/. Other investigators had also 
observed similar therapeutic activity of methylglyoxal in cancer-
bearing animals /14,15/. Moreover, there was no report of adverse 
toxic effects on the cancer-bearing animals during treatment with 
methylglyoxal. On the other hand, it was observed that methylglyoxal 
acts specifically against malignant cells. When exogenous methyl-
glyoxal was added to human leukaemia HL60 cells in culture, 
inhibition of growth and toxicity was induced; the LD50 was 0.24 mM. 
Methylglyoxal, however, did not induce any toxicity in differentiated 
cells, neutrophils, under similar culture conditions /16/. 
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Of all the methylglyoxal catabolising enzymes present in cells, 
glyoxalase I is the most powerful and ubiquitous /2-4,9/. Several 
inhibitors of glyoxalase I had been synthesized, and it was found that 
some of these inhibitors potentiated the anticancer effect of methyl-
glyoxal /17,18/. When S-D-lactoylglutathione, a product of glyoxalase 
I, was added to human leukaemia cells in culture, inhibition of growth 
and toxicity were induced /19/. 

However, in spite of these promising results, till recently neither 
academic researchers nor clinicians made any attempt to translate this 
research potential to the treatment of cancer patients. Because methyl-
glyoxal has some growth-inhibitory properties, this apathy probably 
stems from the belief that methylglyoxal would be toxic. Moreover, 
there was no systematic study to ascertain whether methylglyoxal acts 
specifically against malignant cells and spares normal cells. And if 
that would be the case, then what is the precise mechanism of the 
anticancer effect of methylglyoxal? 

AGE FORMATION BY METHYLGLYOXAL 
AND ITS BIOLOGICAL EFFECTS 

In contrast, recent literature stresses the toxic effects of methyl-
glyoxal. For example, from the mid-1980s, numerous publications 
have appeared purporting many deleterious effects of methylglyoxal. It 
was proposed that this toxic effect is mediated mainly through 
advanced glycation endproducts (AGE) by reaction of the carbonyl 
groups in methylglyoxal with the amino group present in lysine, 
arginine and in the terminal amino group of proteins. Moreover, it was 
also suggested that many diseases, such as diabetes mellitus /20/, 
cataract formation /21/, hypertension 1221 and uremia /23/, are 
intimately linked with methylglyoxal-derived AGE formation. 

A detailed discussion on this issue is beyond the scope of this 
paper. In brief, the authors' view in this regard is that the formation of 
AGE is known to be a non-specific process. Thus, methylglyoxal-
derived AGE formation and subsequent pathogenesis might be a very 
minor event. Moreover, in many cases the results of in vitro experi-
ments in non-physiological conditions were extrapolated to in vivo 
situations. Some experiments showed contradictory results and were 
differently interpreted. We briefly present here some representative 
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studies on AGE formation by methylglyoxal and some other carbonyl 
compounds and their biological effects. 

Different carbonyl compounds as precursors of AGE 

Some examples of AGE compounds are argpyrimidine, pentosi-
dine, carboxymethyl-lysine, glucosepan, DOGDIC, MODIC, GOLD, 
MOLD, etc. As mentioned above, the formation of AGE is a very non-
specific process. For example, several important and indispensable 
metabolites, such as glucose, gIucose-6-phosphate, fructose, ribose, 
ascorbic acid, etc., are all involved in the formation of AGE /24-29Λ 

Contribution of methylglyoxal and other carbonyl compounds in AGE 
formation 

Although many studies had implicated methylglyoxal-derived AGE 
formation with different pathological conditions of the host, in 
contrast several studies had shown that methylglyoxal plays a very 
minor role in AGE formation and subsequent toxic effects. In a study 
to accurately quantify AGE compounds in vivo, it was observed that 
glucosepan, a glucose-derived AGE, was the dominant compound in 
plasma of normoglycemic individuals (median 17.1 pmol/mg protein), 
whereas the levels of glucosepan were significantly higher in patients 
with diabetes mellitus (median 29.2 pmol/mg protein). In contrast, 
MODIC (a methylglyoxal-derived AGE) levels were found to be in the 
same range in both the non-diabetic (4.1 pmol/mg protein) and 
diabetic (3.9 pmol/mg protein) groups. A significant correlation was 
apparent between values of glycated haemoglobin (HbA|C) and 
glucosepan, although MODIC levels were found to be almost indepen-
dent of HbAic concentration 1211. Surprisingly, these investigators 
could not detect MOLD (another methylglyoxal-derived AGE) in the 
plasma of either non-diabetic or diabetic individuals, in contrast to the 
results of other investigators /30,31/. Moreover, in a separate study it 
was reported that glucosepan is by far the most dominant AGE com-
pound in human skin collagen and glomerular basement membrane in 
relation to age and diabetes mellitus /29/. 

In another study, it was shown that imidazolones, which are the 
reaction products of the guanidino group of arginine with 3-deoxy-
glucosone (3-DG), a reactive intermediate of the Maillard reaction, to 
be epitopes of AGE-modified proteins produced in vitro. The 3-DG 
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level was found to be significantly higher in patients with diabetes 
mellitus in comparison to healthy individuals. The concentration of 3-
DG in erythrocytes was also significantly and positively correlated 
with HbA|C /25/. Previously it had also been shown that serum levels 
of 3-DG were elevated in both diabetic /32/ and uremic /33/ patients. It 
is to be noted that methylglyoxal has no role in this scheme. Glucose 
alone can produce 3-DG. Glucose reacts non-enzymatically with 
protein amino groups to form a Schiff base, which is converted to 
Amadori rearrangement products, and the latter can then undergo 
multiple dehydration and rearrangements to produce 3-DG, a highly 
reactive carbonyl compound. Moreover, monoclonal antibodies raised 
against the AGE products did not react with the incubation solution of 
arginine and methylglyoxal or glyoxal /25/, although formation of an 
imidazolone ring was reported to be present in the incubation solution 
of an arginine residue and methylglyoxal /34/. 

Increased methylglyoxal level in diabetes mellitus and resulting 
complications 

A voluminous literature exists on the relationship of methyl-
glyoxal-derived AGE formation and subsequent diabetic complica-
tions /20,35,36/. It was suggested that the increased level of glucose in 
patients with diabetes mellitus results in increased methylglyoxal 
formation, which subsequently glycates many proteins, and these 
altered proteins are primarily responsible for many deleterious effects 
on the host. However "there is no consensus on the physiological 
concentration range of methylglyoxal yet" 1221. This comment is 
corroborated by the results of six studies we refer to below. For 
example, the plasma concentrations of methylglyoxal in healthy rats 
were found to be 5 μΜ /37/ and 14 μΜ /38/ in two separate studies. 
Methylglyoxal concentrations of healthy human individuals and 
patients with diabetes mellitus were also measüred. In the four studies 
that we cite here there is considerable variation in the level of methyl-
glyoxal in the plasma of normal subjects. We present here the values 
in nM: Odani et al. /23/, 650 ± 160; Nemet et al. /39/, 520 ± 42; 
Lapolla et al. /40/, 194 ± 11; and Beisswenger et al. /41/, 123 ± 37. It 
is interesting to note that the increase in methylglyoxal level (189 ± 
39) in the diabetic patients of one study /41/ is far below the normal 
level compared to the other two studies /23,39/ and almost equal to 
that in another study /40/. It is likely that different methods used in the 
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various studies yielded different results. Only after standardizing the 
method of methylglyoxal measurement can we can arrive at any 
definite conclusion. 

Cataract formation and methylglyoxal 

Metabolism of methylglyoxal and the formation of methylglyoxal-
modified proteins has been linked with the development of senile and 
diabetic cataract /21,42-44/. On the other hand, it has been shown that 
incubation of bovine and human lens protein digest with 5 m M 
glucose-6-phosphate or 5 m M glucose led to the formation of fluores-
cent yellow pigments and cross-links similar to those reported in aging 
and cataractous human lenses. However, the effects with glucose-6-
phosphate were significantly more pronounced. Moreover, the co-
valent non-disulphide cross-links observed in proteins of senile and 
cataractous lenses were primarily conjugated with glucose-6-phos-
phate and far less conjugated with glucose, 17% and 5% of total 
proteins, respectively /45/. These results suggest that methylglyoxal 
might have a very minor role, if any, in the development of senile and 
diabetic cataractous lenses. As methylglyoxal is formed as a glycolytic 
bypass downstream of glucose-6-phospate, the effects of glucose and 
glucose-6-phosphate would be expected to be same if methylglyoxal is 
involved in the process. 

Fructose-dependent glycation 

In this connection it is worthwhile to mention that some studies 
have shown that fructose is a superior glycating agent than glucose. 
For example, in vitro experiments have shown that fructose could 
glycate malate dehydrogenase more efficiently than glucose 146/. In 
another study, when bovine serum albumin (BSA) was incubated at 
physiological temperature and pH with either glucose or fructose, 
formation of carboxymethyl-lysine was observed, and the yield of 
fructose-modified BSA was up to 17-fold higher than glucose-
modified BSA /47/. 

Methylglyoxal-derived carboxymethyl-lysine and pathogenesis 

Carboxymethyl-lysine (CML), albeit not exclusively, is a methyl-
glyoxal-derived AGE. It has been suggested that C M L accumulates in 
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long-lived tissue proteins with age and it has been implicated in the 
development of pathology in diabetes mellitus, atherosclerosis /48/ 
and hypertension /38Λ In contrast, it has been suggested that CML is a 
relatively inert product, both chemically and metabolically, so might 
have a role in limiting the consequences of protein glycation in the 
body /49/. 

Presence of carboxymethyl-lysine and argpyrimidine in cancer tissues 

Using immunological techniques, the presence of both CML and 
argpyrimidine has been detected in several human cancerous tissues 
and it has been implicated in the pathogenesis of cancer 1501. 
However, normal cells upon transformation to malignant cells and 
with progression of the disease acquire many phenotypic charac-
teristics. Very few of these are specific for cancer. Moreover, as 
mentioned above, both CML and argpyrimidine are not exclusively 
methylglyoxal-derived AGE. This proposition is corroborated by the 
report that when rabbits were fed 1% cholesterol diet and water 
containing 10% fructose there was marked accumulation of argpyrimi-
dine and carboxymethyl-lysine /51/. 

Some potential beneficial effects of methylglyoxal-dependent protein 
modification 

α-Crystallin, a small heat shock protein, prevents protein aggre-
gation under various stress conditions through its chaperone-like 
properties. Previously, it was demonstrated that methylglyoxal modi-
fication of α-crystallin enhances its chaperone function and may thus 
affect transparency of the lens 1521. Recently it has been demonstrated 
that besides α-crystallin, methylglyoxal also modifies four client 
proteins of α-crystallin. It has been suggested that minor modifications 
of client proteins and α-crystallin by methylglyoxal might prevent 
protein aggregation and thus help maintain transparency of the aging 
lens 157)1. 

Another study observed that methylglyoxal on reaction with an 
arginine residue rapidly suppresses mitochondrial permeability, 
thereby preventing the possible deleterious effect of high Ca2+ and 
ganglioside /54/. 
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In vitro incubation of human erythrocytes with methylglyoxal 

During a recent study on the antimalarial activity of methylglyoxal, 
it was observed that a 4-day treatment of uninfected erythrocytes with 
2 mM methylglyoxal caused no morphological abnormalities nor cell 
lysis, thus showing that methylglyoxal does not produce any random 
toxic effect /55/. However, in another recent study on human erythro-
cytes, it was concluded that methylglyoxal impaired energy production 
and antioxidative defence, enhanced phosphatidylserine exposure of 
circulating erythrocytes, eventually resulting in anemia and deranged 
microcirculation /56/. 

In vivo effects of methylglyoxal 

Despite the assumption of the toxicity of methylglyoxal, very few 
in vivo studies have been carried out on the toxicity of methylglyoxal. 
In one such in vivo study, a single intraperitoneal injection of 
methylglyoxal (400 mg/kg body wt.) in mice resulted in an increase in 
aniline hydroxylase activity in liver microsomes after 24 h. Methyl-
glyoxal also decreased glutathione content in the liver, while the 
activity of serum glutamate pyruvate transaminase was increased. 
Other changes were also noted. These results suggested to the 
investigators the onset of liver injuries /57/. 

On the other hand, in an in vivo study in rats, it was observed that 
methylglyoxal had a significant protective effect against the ulcero-
genic effects on the stomach of several necrotizing agents, such as 
ethanol, sodium chloride and sodium hydroxide /58/. 

Somewhat detailed in vivo toxicity studies on animals are available 
in two relatively recent publications, one by Berlanga et al. /59/ and 
another by Ghosh et al. /60/. However, the results of these two studies 
are apparently contradictory. Berlanga et al. noted many degenerative 
changes on administering 50-75 mg methylglyoxal/kg body weight to 
rats, five days per week for 7 consecutive weeks. They observed 
impairment in wound healing; methylglyoxal treatment also arrested 
growth, increased serum creatinine, induced hypercholesterolaemia 
and impaired vasodilatation, compared with saline controls. Ghosh et 
al. treated four species of animals, both rodents and non-rodents, with 
different doses of methylglyoxal via oral, subcutaneous and intra-
venous routes, and found no toxic effects on the animals (see below). 
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STUDIES TO UNDERSTAND THE MECHANISM OF THE 
ANTICANCER EFFECT OF METHYLGLYOXAL 

Regarding the mechanism of the anticancer effect of methyl-
glyoxal, Szent-Gyögyi proposed that it is due to its growth inhibitory 
effect, which in turn is mediated through the inhibition of protein 
synthesis /61/. In fact, methylglyoxal has been found to be growth 
inhibitory for a variety of prokaryotic and eukaryotic cells (for other 
references see /2-4,7,8,61/). However, there was no systematic investi-
gation to understand whether the growth inhibitory effect of methyl-
glyoxal is qualitatively different in malignant cells than its effect on 
normal cells, although there was a brief preliminary report in this 
regard /16/. 

In 1991, Ray et al. observed that methylglyoxal is tumoricidal. 
When Ehrlich ascites carcinoma (EAC) cells were incubated for 20 
min in the presence of 5 mM methylglyoxal, more than 90% of the 
cells became non-viable. Moreover, when these methylglyoxal-treated 
EAC cells were inoculated into healthy mice, no tumour developed. It 
had also been observed that ascorbic acid significantly augmented the 
tumoricidal effect of methylglyoxal 1621. 

The study was extended with a wide variety of post-operative 
human tissue samples, both normal and malignant, and also with 
animal tissues and human normal and leukaemic leukocytes. The 
results of all these studies convincingly demonstrated that methyl-
glyoxal inhibited mitochondrial respiration and glycolysis of malig-
nant cells, but methylglyoxal had no inhibitory effect on mitochondrial 
respiration of the variety of normal cells tested (with one exception, 
see belowj. This inhibition of mitochondrial respiration and glycolysis 
critically reduced ATP levels in malignant cells rendering them non-
viable. Moreover, ascorbic acid significantly augmented the anticancer 
effect of methylglyoxal. These inhibitions were determined to be via 
inhibition/inactivation of mitochondrial complex I and glyceralde-
hyde-3-phosphate dehydrogenase. Experimental evidence has also 
been obtained which strongly suggests that in malignant cells both 
these enzymes are critically altered and methylglyoxal acts on these 
altered sites. As two pathways for ATP generation were found to be 
strongly inhibited by methylglyoxal, the malignant cells became non-
viable/62-68/. 

However, in all the normal types of cells tested, methylglyoxal was 
found to inhibit mitochondrial respiration in only cardiac cells /64/. 

184 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 12:10 AM



D. Talukdar et at. Drug Metabolism and Drug Interactions 

Creatine, which is abundantly present in these cells, could completely 
protect against the inhibitory effect of methylglyoxal. Thus creatine 
may act against the possible deleterious effect of methylglyoxal on 
cardiac cells. However, it has been observed that creatine could not 
protect the mitochondrial respiration of malignant cells, EAC cells, 
against the inhibitory effect of methylglyoxal 169/. 

Based on these results and considering the role of ATP in 
biological systems, a new hypothesis had been proposed, which sug-
gests that excessive ATP formation in cells may lead to malignancy 
Π0/. This proposed hypothesis conjointly with the results gathered 
regarding the anticancer effect of methylglyoxal demanded that the 
efficacy of methylglyoxal in treating cancer patients should be tested 
urgently. Such testing required and included preclinical studies, such 
as toxicity and pharmacokinetics, and clinical studies with various 
types of cancer patients. 

TOXICITY AND PHARMACOKINETIC STUDY OF METHYLGLYOXAL 

With this intention, Ghosh et al. made a thorough investigation on 
the toxicity and pharmacokinetics of methylglyoxal according to the 
protocol that is generally suggested for any potential drug intended to 
be applied to humans /60/. 

For this study, four species of animals, mouse, rat, rabbit and dog, 
were chosen and subjected to methylglyoxal treatment through oral, 
intravenous and subcutaneous routes. Both acute (treatment for only 1 
day) and repeat dose study (treatment for around one month) toxicity 
tests were carried out. The animals received 0.1-2 g of methyl-
glyoxal/kg body weight/day depending on whether the tests were for 
acute or repeat dose toxicity study, and also on the routes of administ-
ration and the species tested. It was observed that methylglyoxal had 
no deleterious effect on the physical and behavioural pattern of the 
treated animals. Studies on several biochemical and haematological 
parameters of methylglyoxal-treated rats and dogs and histological 
studies of several organs of methylglyoxal-treated mice were per-
formed. These studies indicated that methylglyoxal had no apparent 
adverse effect on some vital organs of these animals. Fertility and 
teratogenicity studies with rats that were subjected to repeat dose 
toxicity testing showed that these animals produced healthy litters, 
suggesting no apparent deleterious effect on the reproductive organs of 
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the treated animals as well as on the offspring. Detailed pharmaco-
kinetic studies were also undertaken in mice after oral administration 
of methylglyoxal 160/. The study protocols and the results obtained are 
presented briefly in Table 1. 

Ghosh et al. also re-investigated the therapeutic potential of 
methylglyoxal on cancer bearing animals. Previous in vitro study had 
indicated that the anticancer effect of methylglyoxal was augmented in 
the presence of ascorbic acid /62/. Moreover, endogenously available 
creatine in cardiac cells could protect these cells from any possible 
deleterious effect of methylglyoxal /69/. That creatine has some anti-
cancer property had also been previously reported by other 
investigators ΠΜ. 

A PILOT CLINICAL STUDY WITH METHYLGLYOXAL 

After the above-mentioned toxicity and pharmacokinetic study, and 
with the appropriate clearance from the regulatory authorities, Ray et 
al. tested the efficacy of a methylglyoxal-based anticancer formulation 
in treating a small number of cancer patients /72/. This pilot clinical 
study was long overdue. 

The objectives of the pilot clinical study were to show: 1. whether 
the formulation taken orally in daily divided doses could lead to 
tumour shrinkage; 2. whether the formulation could provide pain relief 
and improve the quality of life in cancer patients; 3. whether the 
formulation could prolong the life span of cancer patients; and 4. to 
assess whether the formulation has any toxic effect in cancer patients. 

The study design, which included selection criteria for inclusion 
and exclusion of the patients, composition of the formulation and 
treatment schedule, and treatment evaluation, was described in detail 
in our previous publication /73/. The basic ingredients of the formula-
tion are methylglyoxal (25 mg/kg/day) and ascorbic acid (2 g) in four 
divided doses. Commercially available methylglyoxal was purified by 
distillation and resin treatment. It was observed that the untreated and 
treated methylglyoxal had the same in vivo effects. Due to the very 
low yield of methylglyoxal upon purification, methylglyoxal which 
had not been further purified was used routinely. However, each lot of 
methylglyoxal was checked for possible toxicity and efficacy by 
experiments on animals. 

186 
Authenticated | xajibim@mail.ru

Download Date | 6/16/12 12:10 AM



D. Talukdar et al. Drug Metabolism and Drug Interactions 

The study was divided into three phases. In the first phase (pilot 
study) of our study, 24 patients were included. The patients were 
suffering from different types of malignancies: gastrointestinal - five 
patients; haematological - four; head and neck - three; gynaecological 
- three; breast - three; liver - two; respiratory organs - one; kidney -
one; pancreas - one; gall bladder - one; and other - one patient. 

The results of the treatment of the 24 patients indicated that 11 
patients were in 'excellent' physical condition, and the condition of 
five patients was 'good'. Five patients opted out of the study, and 
three patients died during the course of treatment. We considered the 
condition of the patients as 'excellent' when the patients were leading 
an almost normal life and the disease was apparently in remission. 
'Good' condition indicated that although the patients had some ail-
ments, these were not life-threatening at that time and their condition 
was more or less stable /72/. 

SECOND PHASE OF TREATMENT OF CANCER PATIENTS 

Encouraged by the results of our pilot clinical study, we undertook 
the second phase of our treatment of cancer patients. For this, a total of 
46 patients were enrolled in the study between November 2000 and 
March 2005. The longest follow up was for 56 months and the average 
was for 18 months. 

It appeared from this study that 35 patients benefited greatly. The 
formulation was found to be especially effective for cancers of the 
gastrointestinal tract, ovary, kidney, gall bladder and tongue. Quality 
of life improved and life span increased for most of the patients, with 
partial regression and stable disease condition. Even for some patients 
who had progressive disease, their quality of life was significantly 
improved. 

A detailed description of the 46 patients treated during this phase 
of our study is given in a previous paper /73/. The description included 
patient characteristics, history of the disease, and treatment received 
before the time of inclusion to methylglyoxal treatment, and the 
outcome on quality of life and disease status of the patients after 
methylglyoxal treatment. The results of this study indicated that 18 
patients were in complete remission, 18 patients had partially regres-
sive disease, and in eight patients the disease was progressive. Two 
patients were not able to be evaluated. 
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Not all the patients who were inducted into our study kept in 
contact with us for follow up of their disease status. We only have full 
records of those patients who maintained regular contact with us. In 
Table 2 we describe the present condition of the patients who were in 
complete remission in the second phase of our study. According to the 
patients' choice, some of them are continuing to take methylglyoxal at 
a maintenance dose, while for some the treatment has been terminated. 

One patient with carcinoma of the kidney (bilateral renal cell 
carcinoma, patient no. 3 in Table 2) was in complete remission and 
with excellent quality of life for 58 months. However, after that period 
the patient developed lung metastasis with plural effusions and died in 
October 2006. 

Another patient with carcinoma of the colon with lymph node and 
liver metastases was in complete remission up to 15 months (patient 
no. 17 in Table 2). A recurrence of malignancy occurred at the site of 
the previous operation and the patient opted out of methylglyoxal 
treatment. 

In the partial remission group of our second phase study, three 
patients were/are in regular follow up and continued methylglyoxal 
treatment. Of these three patients, one with adenocarcinoma of the 
lungs died due to progressive disease. One patient with adeno-
carcinoma of the stomach was in remission up to 40 months. Then 
there was recurrence in the ovary, which was surgically operated. 
Again she remained stable for another 10 months and after that 
developed pleural effusions and died due to progression of the disease 
after 60 months ΠΜ. 

THIRD PHASE OF TREATMENT OF CANCER PATIENTS 

After the completion of our second phase of study we continued 
our treatment of cancer patients. This was the third phase of our study, 
and included 16 patients. The treatment period was from May 2005 to 
July 2007. The inclusion and exclusion criteria, the dose and mode of 
treatment were similar to our previous studies /72,73/. In this study the 
number of patients with each type of malignancy was as follows: 
gastrointestinal - three; urological - one; gall bladder - two; breast -
two; brain - one; gynaecological - one; haematological - two; prostate 
- one; unknown - two; other - one. The follow up was for 6-26 
months. The details of the patients' condition, history of the disease, 
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and treatment if any at the time of inclusion for methylglyoxal 
treatment are presented in Table 3. 

Table 4 briefly summarizes the outcome of methylglyoxal 
treatment in the third phase of our study. In this study four patients 
(patient nos. 1, 3, 5, 6) were in stable condition for a significant period 
of time without any major complications. However, they died later due 
to progressive disease and/or other complications. Other patients who 
are continuing treatment are either in stable condition or are in 
remission. 

DISCUSSION 

We started this paper with a brief description of researchers' 
intense effort at the beginning of the last century to place methyl-
glyoxal on the metabolic map /l/. However, since it was established 
that methylglyoxal is not a component of the main glycolytic pathway 
the research on methylglyoxal has been sporadic. Research even at this 
early phase had shown that methylglyoxal has antiviral /5/ and 
anticancer 161 properties. The theoretical arguments and experimental 
evidence of Szent-Györgyi et al. /7,8,10,11,61/ that methylglyoxal can 
be used as an anticancer agent led to a surge in research on methyl-
glyoxal, and by the end of the 1980s the metabolic pathway of 
methylglyoxal was firmly established in different organisms /2-4,9/. 

Simultaneously, studies on the anticancer effect of methylglyoxal 
gained momentum. As detailed above, in vitro experiments with 
human and animal tissues and in vivo studies in animals should have 
led to the immediate testing of methylglyoxal to treat cancer patients. 
However, we had to wait until 2001 to obtain publication of such a 
study /72/. 

The results of the two previous publications on the treatment of 
cancer patients by a methylglyoxal-based formulation /72,73/ and the 
present study demonstrated that this formulation is effective against a 
wide variety of cancers. This observation is similar to the results of the 
treatment of cancer-bearing animals by methylglyoxal, as reported by 
Apple and Greenberg and other investigators /11-15/. This efficacy of 
a single compound/formulation against a wide variety of cancers 
suggests that different types of malignancies have a common altered 
site(s), and methylglyoxal acts on these site(s) which are altered 
specifically in malignant cells. 
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Regarding the response of patients to treatment, it was observed in 
our studies that in addition to improvement, as observed by radio-
logical, biochemical and tumour marker tests, almost all the patients 
showed an improvement in the quality of life. There was relief from 
pain and cessation of bleeding. The remarkable feature of this 
formulation is that it has no adverse side effect. This and the sympto-
matic improvements of the patients suggest that this formulation can 
be used also for palliative treatment of cancer patients. The mode of 
treatment and supplementation of the formulation with some synthetic 
and/or natural compounds should also be considered. It is expected 
that intravenous and/or peritumoural injection may significantly 
improve its efficacy. Supplementation of the formulation with creatine 
and/or glyoxalase inhibitor might also be tested /17-19,60,71/. Similar 
to all form of cancer treatment, early diagnosis is advantageous. 
Because methylglyoxal acts specifically against malignant cells it also 
has the potential to destroy metastases. However, if vital organs are 
irreversibly damaged then it is very difficult to bring patients back to 
normalcy. 

However, there are some important limitations of the present and 
previous studies from our laboratory. There was no statistical analysis 
of the response to treatment. This is because the patients included in 
our study suffered from different types of cancer and were at different 
stages of the disease. Moreover, they received treatment for different 
time periods. For these reasons a statistical response to treatment 
could not be performed. However, we have compared the response of 
our treatment against the usual outcome by conventional treatment. 

Another limitation is the inability of defining the time for termina-
tion of treatment. Different patients had different types of malignancy 
and were at different stages of the disease, and their response to 
treatment was not uniform. Because a malignant cellular mass can re-
grow from even a single malignant cell, and it is very difficult to 
identify the presence of a few malignant cells in the body, it is 
advisable to continue the treatment at a maintenance dose taking into 
account the fact the methylglyoxal has very little if any toxic effect as 
compared to that of existing chemotherapeutic agents. 

Despite these limitations, the methylglyoxal-based formulation is a 
reasonably effective non-toxic anticancer formulation, and our primary 
intention in publishing these papers is to draw the attention of the 
scientific community to this fact. 
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A lot has been written recently on the toxic effect of methyl-
glyoxal, which is supposed to be mediated thorough methylglyoxal-
derived AGE formation. Without going into a detailed discussion on 
this issue, we have summarised our opinion and cited some relevant 
publications. In brief, methylglyoxal-derived AGE formation and 
subsequent pathogenesis might be a very minor event. Moreover, any 
drug or even a metabolite has some toxic effect, however little this 
might be. The effect of a particular compound must be assessed by 
balancing the benefits and side effects. There are several published 
papers, including those of Egyiid and Szent-Györgyi / l l / and Apple 
and Greenberg /12,13/, that methylglyoxal is well tolerated in vivo. 

Finally, we appeal to academics and clinicians to test the efficacy 
of this formulation with a wide number of cancer patients at different 
centres. There are many anticancer drugs available, which are mode-
rately to highly toxic, and their efficacy is often variable. Only after 
thorough testing on cancer patients can its efficacy/toxicity be 
ascertained and further improved. Without testing in cancer patients, 
mere in vitro experiments and in vivo studies on animals cannot assess 
the efficacy of the methylglyoxal-based formulation. 
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