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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-Gyorgyi 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-Gyérgyi er 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
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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

/).
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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
12-4/).

In late 1950s, antiviral /S/ and anticancer /6/ effects of methyl-
glyoxal were first reported. In the 1960s, Szent-Gyo6rgyi 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-Gyoérgyi
and his coworkers were able to isolate methylglyoxal from biological
samples /10/.

Szent-Gyorgyi 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-Gyorgyi showed
that when methylglyoxal was injected into mice along with sarcoma
180 cells, no tumour developed and the mice remained completely
healthy /11/. 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 LDso 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 /22/ 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, glucose-6-phosphate, fructose, ribose,
ascorbic acid, etc., are all involved in the formation of AGE /24-29/.

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) and
glucosepan, although MODIC levels were found to be almost indepen-
dent of HbA|. concentration /27/. 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 | /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” /22/. 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 uM /37/ and 14 uM /38/ in two separate studies.
Methylglyoxal concentrations of healthy human individuals and
patients with diabetes mellitus were also meastired. 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. 1t
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 mM
glucose-6-phosphate or S mM 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 /46/. 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 CML 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 /38/. 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 /50/.
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

o-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 a-crystallin enhances its chaperone function and may thus
affect transparency of the lens /52/. Recently it has been demonstrated
that besides «-crystallin, methylglyoxal also modifies four client
proteins of a-crystallin. It has been suggested that minor modifications
of client proteins and a-crystallin by methylglyoxal might prevent
protein aggregation and thus help maintain transparency of the aging
lens /53/.

Another study observed that methylglyoxal on reaction with an
arginine residue rapidly suppresses mitochondrial permeability,
thereby preventing the possible deleterious effect of high Ca>* 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 er 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-Gyogyi 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 /62/.

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 below). 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/.
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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 /69/.

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
/70/. 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 ef 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 /60/. 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 /71/.

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.
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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 200S. 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.

187
Authenticated | xajibim@mail.ru

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



Biological Effects of Methylglyoxal and Evaluation
of a Methylglyoxal-Based Anticancer Formulation

'PaAIaSqO d1am urdpe ] (pxg=u)

Jelr o1Aeyaq U1 sa3ueyo OU pue ("3 ‘aInixa) ey ‘Wydom 0’1 €0 0¢ Apnis Kyporxol 1oy 33uig
Apoq ur sz 3ueyd () SINION 0) |BUI X2 ON "SAEP (6 01 dn

PHAIISQO ATIM S[EWIIUR 3.] JO SUONIPUOD |E2ISAYd |eIoUan) ey

(tx0z =w

*}33JJ9 95:9APE OU PaOMCUS MT LIBWI 3U0q Pt & WNUILOr.p - - S0 Apnjs [eai3ojoisty ;0. i dn NN
‘usz1ds ' Kupmy ‘I2A1 JC LOrUNUEXI B130[0;S H

31T -3y (Ex9p=u)

1D '0€- (W) Y1 €070~ (W) X “16- (3%1) A :(sKep o€ ¥ : 10 Apnys anours osewreyd 1oj sydnjny
10§ pajeai)) . usunean fexo413[AQaw Jo asop ¥ | .3y Y (8=
"PaA1asqo 219m wiay.ed

[emorAeyaq ur sH3treyd ou pue (*939 ‘amnyxa) arey 1Yd om (Fxo=u)

Apoq ui saueyd ou) SANIDIX0) [BUINXS ON "sAep g 01 dn £0 10 01 Apnys Anarxo; 10y afdil ny
PAAI3SqO 2I9M STE LIUB 3 JO SUONIPUO [edisAyd [e1at an

pS'ST-(3NWD 1O '9°€ (9xzs=U)

Y61 0-(WAL608-BYDA 9ITO- (W'Y : = 0 Aprus snounjoseuwreyd 10§ 3(3uig
= (1) ™) *9€'€¥6°61 - ((wjomu) 3 "¢~ (utur) sury ey,
PaA123qO 219m WIa),2d

[eIr oraeyaq U SaFweyd ou pue (239 ‘9In)xal ey WyBrom 01 £0 0¢ (8 X 9 = ,u) Aprus Ad1%0) 10§ 3[BuUIg
£poq ur sa3ueyd ou) SANIOIX0) [BIL )X ON] ‘SAEp (6 01 dn

PAAISSQO 2I9M S[EWIUE Y} JO SUONIPUOD [edishtd [e1auan :asnop

SNO2UBINIqNS | SNoudARIjuU] [®10

juamyeal) o) asuodsaa / s1djauwesed paAlIsqQ

(#ep nydram £poj jo

JUIW}EII) 50 ISOD PUR If OJA]

SIIPN)S JUIIIPIP PUE [RUWUY

Vol. 23, No. 1-2, 2008

juaunean o) astodsal pue siv)ewered paAIdasqo pue s[ewiue Jo s2193ds U1 J1Ip N0 Yum Apnys anauryoseuueyd pue £)191X0]

13714Vl

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




Drug Metabolism and Drug Interactions

D. Talukdar et al.

*fpL 09/ S39U13Ja1 Ul [1R33p Ul pAyuasaid 31am sy,
*3JI|-J[BY UOHBUIWIIR = ¥1) JUB)SUOD 9Je] UOHBUIIIS = Y ‘SouRIed]d Apoq [¥)0] Juaredde = D) ‘UonNqLISIp Jo awnjoa juaredde
= A “uesuod ajes uondiosqe yuaredde = *y **)) 0] swin = X ‘UONEBAUSODOD POO|q WNWIXEW = *™7) :s1a)ourered snsunjosruLeyd JUSI3LJIP JO SUOHEBIAIQQE = q

*sdnos3 jo saquinu x dnosd yoes Ul S[EUNUE JO JIqUINU = U

"PaBURYOUN PIUTEWIAI INOIABYSq PUE UONIPUOD [eaisAyd
[BI2uan) “(UTRIq “2[ISNUI) ISBUTY JUNELIID pUe ISBUD| UNBIID
‘(poojq ajoym) wiqojBowsey ‘ssejeydsoyd surpexfe ‘aseisy
-suen) ojeedse ‘Oseld)SuUeN) SUIUB[E PUR SUIUNEAID ‘BaIn
‘2s00n|3 WSS Ul poAIsqo aram saFueyo JueoyIuBIS ON

£0

10

01

(1 x 9 =u) adnny

:qa)1q pue 3o(g

‘PAA13SqO 1oM WIdYRd

[emorAsyaq ur sa8ueyd ou pue (*039 UM%} Irey ydom
Apoq ur saBueys ou) SANIINXO0] [BUIAX3 ON ‘sAep 09 0} dn
PAAIISQO 1M S[RUIIUR ) JO SUONIPUOD [ed1sAyd [eI3u2D)

£0

1’0

€S0

(Z x ¢ = u) Apms £y101%0) 10§ (NN

qqey

"(ure1q “5[osnur) ISBUD{ SUNEIIO PUR ISEUD UL ‘(POO]q
ajoym) miqojBowaey ‘ssejeydsoyd surey[e ‘oseidjsuen
ajepedse ‘aseidjsuel) SUIUE[E PUB JUTUNEAIO ‘Bam

‘3800N[3 WINISS UI PIAIISQO 1M SaSueyo juesyudis oN

0’1

Aprus Tearuray01q 1oy a[dnniy

‘PAA13SqO 1M wiayed

[eInolAeyaq ul sadueyd ou pue (*9)3 ‘a1mxa) ey Yydom
Apoq ur sa3ueyd ou) SaNIdIX0) [BUINX3 ON sAep ()9 03 dn
PIAISSQO 219M S[RUIIUE AU} JO SUONIPUOD [ed1sAyd [eIsuan

€0

1o

01

(¥ x ¢ = u) Apms A3101x0) 10§ (AN

189

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



Biological Effects of Methylglyoxal and Evaluation

Vol. 23, No. 1-2, 2008

of a Methylglyoxal-Based Anticancer Formulation

900 1290100 uo pasdxg
‘uoisnyya

remajd yim Sunj

pue pue[3 [euaipe ys|

Ul 33UaLNd3I 900z [udy Kaupny ya[ Jo Kwoyoarydau (ewrouroreo
‘900T Yore (syiuow ) 9002 100T [eolpel pue Lsupny 100z | 1@d euarereig) | A
01 dn voissiwiaz p[dwo)) |  1quiadag Key | w3u yo Ayderdoidue feusy | Areniqa,f Koapnyy | #9 v/€
(da1suapradLy
‘Sn[no[eo [BUAI
Yo ‘eriqownsud
"asop ‘olaqelp)
N7 ‘aN | soueudurew SISB)SBIIW [BPOU PIM
(sywuour g/) LUL 1002 0002 (ewourdresouspe) |
uolissiwal Ad[dwo) |  Sumunuo) A18Nn1qo,] pajean A[eading | Iaquiass( ppeiquen | ;99 €12
(onaqerp)
sisejsejouw
NT ‘AN#e aep [ Adelayyorper aU0q YIIM 20UILINDAI
(squowr [g) / €002 000Z pue Adesayiowayd 4q 6661 (ewouroresouspe) d
uolssiul 9)adwo) Isndny 19QUISAON | Pamo[[o] pajean A[[ea1ding 1290100 yseaag | /66 /X
dn-mojjo) (L EL L ET] »ToquEnN
ysey/ O juneg
(L00Z Linr) TOO pue | uonsdpom ay) Jo yuom uonaNIp X3Q-| SnoIAdxg
SN)B)YS ISBISIP JUISAIJ )] | -9duommo) JUSWIBAT) SNOIAIIG Joayeq sisoudsiq | P3v | / Emwo...—

Apmys [] aseyd snoraaid mo ur orsstual 3)9]duios Jpun a1om oym sjusned g Y JO SUOHIPUOD JUISAI

[4C gL AAN

190

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



Drug Metabolism and Drug Interactions

D. Talukdar et al.

TI0ISIOXd

sisejse|au [epou

dn-mojjoy | :omu0d :s0] apm urede ‘siseiseatu PIM (EWOUIdIRd
Jjooepisel INNT AN| '3P$00T ePOU I 1M 30U \M 131 [19> tmourenbs
(spuow p7) [ :aquuirdag [e20] "Adelotpopel 2007 Sunenjyur) 4
uoiss waJ 2 Adwo) [ /500¢ KN | 200Z 329010 Aq pamoyjoj pasi:vg PR BS0d1 W [BONY | /TG 81/6
NT dN
(squow zg) ajep 0 7002 2702 (ewouroresouspe) d
uorsstwal Rdwo) | 00z cunf aunf Awo)a219)sAH Yorepy AieAQ | /8p SI/8
uoned paw
joaepise | INNT'AN| dnmo;oj (Are8>w 0 yisord)
(sprous Z1) yo[usy 2002 7002 (ew Ouid 8. OUIPIY) W
uo ssjwal p9dwo) | E0uT Ae aunf Auropoc daN judy Asupny | /z9 pI/L
(aseasip
NA ‘C(IN tAje1ou:3:p Wened
Jyoeye Wesy o0} JeIpIes fue 9 13qerp)
anp HOOT YoreW pandxg SISEISE} U 2UOq iIm
(syeow z7) 2007 6661 (w01 resouape) d
uorsstwal adwo) | $00Z Yorew aunp Ppa eoxn AJ[ed/3mg isn3ny iseaag | 0L £1/9
ajep
[n/sop (vmoundaed
NT aN | soueusjurewx 1133 uoyisuey)
Isquow ¢/) pim 1007 | (LEYN.L) uonoasas mowm 000z | Aseqpded apdynm) d
uosstur i apapdtio ) | 00T Lore AIng 13ppE[q [BIyiaIn SUBL], 129010 Joppe[q Areuup) | /c8 6/S
dn-mo(joJ dn
JoorzpiIse[ ITINT AN | -MO[[0] 120, SISEI sejaul fepou yiim
(stpuow gz) | U / €007 1002 fwoisofnfaf Juzpoay 1012 {rwoursresouape) N
uo ss wax 2 aidwc) sndny/ | pue Awo 91185 [e red Yl e gaswo)S | ,89 S/

191

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



Biological Effects of Methylglyoxal and Evaluation

Vol. 23, No. 1-2, 2008

of a Methylglyoxal-Based Anticancer Formulation

(Asupry yay u1 354
[eo1105 ‘19ppE[q [[e3
1 1{nofea “o1aqeIp)

uo[02 ul ATewiug
‘sapou yduwi| pue IaA1]
NT‘aN 0} sISejseIow PHrm
(syyuows Op) Awo0123]09 $00Z | (ewourores prouidred) N
uotssiwal 92[dwo) | Sumunuo) 00z [udvy -ty 1y3u ‘Kwojorede [udy seonued | /op 9¢ / $1
NT°‘aN aep
(sypuowr op) 11 /S00T Aderayorper £q £00Z (ewourdresouape) d
uotsstwal 99[dwo) | 1aquisydag $00Z Tudy | pamojjo] parean A[jeordmg | Iaquiaoa(g sy | /56 SE/ €T
uone(ip [eaeydosao Aoupyy
NT ‘aN pareadar £q pamojjoy YJa] ut 1540 [eONI0)
(sypuour pp) €00Z Kwioysounfol Suipaoy €00T (ewouroresouape) I
uoisstwal ap(dwo) |  Sumunuo) I2quIod(] Pm Lwopoansed enseg 1390120 wpewos [ sz 1€/
sapou ydwK|
uonedIpaw dn Aderayotper Arefpixe u sisejselows
Jo a1epIse] M N'T ‘AN | -MmO[[0] 150] pue Adelayjowrayd M (BwouldIes
(stpuour 91) | udW / HOZ £€00T £q pamojjoj Awolog)sewr 2002 [eronp 3unenjiyur) d
uoissiwal 9a1dwo) 1sndny IaqUISAON Jeotpel paryIpoj | 19qUISAON yseaag |  /0S 0E/ 11
(s1sojApuods
Jaquinj ‘Ajedowr
-ojejsord) uoisnyyoa
dn-morjoj SIsowoj<eu s [emnad [e1age]iq
dn-mojjoy 0} 150] PLS C3 pUS 9STaASURY 02T ‘SYIOSe ‘sise)s
Jo a1epIsE 1B N'T ‘AN uay} 500 puE Aw0303]00mwaY “EjoW [epou yim
(sypuows o) 1sndny £q pamojjoj €007 (ewourores0UapR) W
uorssiwar 23dwo) | /5007 ey €00T Yore KAwojorede] K103e30[dxX7 yorep wo) | St €T/01

192

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



Drug Metabolism and Drug Interactions

D. Talukdar et al.

"95BaSIP JOYI0 0} SNP PAIP = N(T ‘A[euniou SuiAl] = N'T {Inown) ou = (N 44
*/EL] 99URISYAI JO Z J|qE], Ul J3GUNU STIOIARL] 4

193

dn-mojjoy dn Adeayporper
Jo21epIse[ A N1 AN | -MO[[0] I50] £q pamojjoy mowmy (eiwoynnuw
(spprouwr [[) | uay /S00Z $00Z Jo uotssaidwooap pue $002 “ewlo)se[qol[3) W
uoIss| WAl 3)2[d wo) Iaquana(] Areniqaf | Awojoruend feiodwa) Yoy | 19quvAON weaqg | /Sp €v /81
mno
p21dO "900Z Yorey u! (eruioy) siselser: w
UOJ0D U JDUILINIAI ‘9007 | 9007 Y21e [BF OU pre JDAT} UM
Areniga] (spuowr 61) /9002 po( T $00T (ewoIoreaouape) | A
0) dn uoisstwal a)adwo)) Aren1qag Jaquadsa(g AwoyoredeT | .loquidca(q uojo) 4y /Ll
(1op:e[q
|red ur 1no ed)
S1Se)S€) N [B] OU
asop U1 m (B UOUIDTED
N7T 'dN | @oueuajurews Awroyoansesd fenred {130 suourenbs
(spucw /) gm pue fwo3033e|[do: 30 ureiy yut) A
uoIss WAl 9jwo) [ umunro)n 00z AInf pva 1m0 | $00T A sndeydosaQ | /4§ 6€/91
(ewapao [epad
atop =19 {im d11aqe p)
N7 'dN | saueud urews SISE)SR[OU [BPIU UM
(sypuous g¢) Qs 00T (ewou ore:ouare) i
uoisstwal 3)9(diuo) [ Bumuruo) $00Z AeJN | Awo0)oansed [BdIpel 19mOT] judy Pewns | ,89 8€ /51

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

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 /71/.

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 /1/. 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 /6/ properties. The theoretical arguments and experimental
evidence of Szent-Gyorgyi 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 Egylid and Szent-Gyorgyi /11/ 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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