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Treatment of a number of cancer patients suffering
from different types of malignancies by
methylglyoxal-based formulation: A promising
result
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Summary

Previous in vitro and in vivo studies had shown remarkable anticancer effect of methylglyoxal. A recent toxicological
study with four different species of animals has shown that methylglyoxal is potentially safe for human consumption
(Ghosh et al, 2006). We have developed an anticancer formulation with methylglyoxal as the principal ingredient.
To test the efficacy of this formulation, 46 patients suffering from different types of malignancies in different stages
of the disease were randomly chosen: brain -2, head and neck -2, gastrointestinal —11, lung -6, gynecological -6,
breast -3, urological —4, hematological —2, prostate —2, gall bladder -1, pancreas —2, others —5. The effect of the
formulation on overall survival, regression of the tumours and general well being of the patients were analyzed. The
follow-up of the patients ranged from 4-56 months. The results of the study show that 18 (39%) patients had
complete remission, 18 (39%) patients had partial regression and/or stable disease condition, whereas 8 (17%)
patients had progressive disease. In addition to the measurable improvement of the majority of the patients there
was remarkable improvement in the quality of life of nearly all the patients. There was no significant adverse side
effect in almost all the patients. The significant antitumour effect of methylglyoxal against a wide variety of cancer
suggests that all the different types of cancer may have common altered site(s). Our next task will be to further
improve this treatment and to evaluate its efficacy with a large number of patients.

1. Introduction Methylglyoxal is a normal metabolite (Ray and Ray,
1981, 1987, 1998; Cooper, 1984; Murata et al, 1986). It
has the potential to act specifically against malignant cells
(Szent-Gyorgyi, 1979; Ray and Ray, 1998). Recent
research has indicated that methylglyoxal is tumouricidal
(Ray et al, 1991; Halder et al, 1993; Biswas et al, 1997). It
inhibits both glyceraldelyde-3-phosphate dehydrogenase
(Halder et al, 1993; Ray et al, 1997a) and mitochondrial
complex I (Ray et al, 1994; Ray et al, 1997b) of
specifically malignant cells. Due to the catalytic activities
of these two enzymes, nearly 85% of the cellular ATP is
generated. The inhibitory effect of methylglyoxal on these

An ideal anticancer drug should either kill cancerous
cells or totally arrest their growth and this effect should be
specific, so that normal cells are not adversely affected.
Then only, an anticancer drug will be truly effective to
treat cancer patients without any adverse side effect. At
present none of the anticancer drugs that is being used has
effect specifically against cancerous cells. For this reason,
these drugs are moderate to highly toxic and their efficacy
to kill cancerous cells or arrest their growth is often
variable.
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enzymes of malignant cells depletes their ATP pool
rendering these cells non-viable (Ray et al, 1991; Halder et
al, 1993; Biswas et al, 1997). In contrast, methylglyoxal
has no inhibitory effect on these enzymes of normal cells
(Biswas et al, 1997; Ray et al, 1997a, b). These findings
also suggest the possibility of alternation of these two
enzymes in malignant cells.

The anticancer effect of methylglyoxal had also been
tested in vivo (Apple and Greenberg, 1967; Apple and
Greenberg, 1968; Egyiid and Szent-Gyorgyi, 1968). As
early as 1967 it had been observed that methylglyoxal has
significant curative effect on animals bearing a wide
variety of cancers (Apple and Greenberg, 1967; Apple and
Greenberg, 1968). Moreover, when mice, which were
inoculated with malignant cells and then treated with
methylglyoxal, no tumour developed and the mice
remained completely healthy (Szent-Gyorgyi, 1968).
Subsequent in vitro and in vivo studies from different
laboratories had corroborated this remarkable anticancer
effect of methylglyoxal (Conroy, 1979; Elvin and Slater,
1981).

Despite these promising results, which had been
documented in the literature, the efficacy of methylglyoxal
in treating cancer patients had not been tested till recent
past. This apathy probably stems from the widespread
belief that methylglyoxal is toxic (Lee et al, 1999; Murata-
Kamiya et al, 2000; Morgan et al, 2002; Bourajjaj et al,
2003; Kumar et al, 2004; Chang et al, 2005). However, we
had tested in vivo, whether methylglyoxal has any toxic
effect with four different species of animals. This study
was primarily intended to evaluate whether methylglyoxal
is potentially safe for consumption by cancer patients and
also to have an idea of its safety margin. Besides
monitoring the general physical and behavioural
conditions of the animals, several biochemical,
histological and pharmacokinetic parameters were studied.
These studies had indicated that this compound is
potentially safe for consumption by cancer patients (Ghosh
et al, 2006).

So, based on our toxicity study on animals, our in
vitro studies on human and animal tissue samples as also
the anticancer effect of methylglyoxal that had been
documented, we had developed an anticancer formulation
with methylglyoxal as the principal ingredient. A pilot
study to test the efficacy of the formulation with 18 cancer
patients had been done and the results were promising. A
report of the study had been published (Ray et al, 2001).

The present study was undertaken to further evaluate
the formulation. So the objectives were to evaluate the
following: 1.The formulation if taken orally in daily
divided doses can lead to tumor shrinkage and/or no
recurrence. 2. Whether the formulation can produce pain
relief and improve quality of life in cancer patients. 3. Can
the formulation prolong survival of cancer patients? 4.
Moreover to assess if the formulation has any toxic effect.

The present paper describes our studies of the
treatment of forty-six patients who were suffering from
different types of cancer. The results corroborating our
earlier findings do indicate that the methylglyoxal-based
formulation may be a truly effective, non-toxic anticancer
drug.
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I1. Patients, Materials and Methods

A. Patients

1. Selection criteria for inclusion

1.Histopathological proof of cancer. 2.Patients should have
residual / recurrent tumor or high chance of recurrence of tumor.
3.Performance status in the Karnofsky scale, 30 and above.
4.Both male and female subjects to be enrolled. 5.Any type of
cancer. 6.Patient has to agree not to enroll in any other cancer
drug trial simultaneously. 7.Patient has to agree not to start
simultaneous radiotherapy and/or chemotherapy.

2. Exclusion criteria

1.Female cancer patient who may be pregnant. 2.Patient
under concurrent radiotherapy and/or chemotherapy. 3.Patient in
terminal cancer stage

Between November 2000 and March 2005 a total number
of 46 patients were enrolled in the study. There were 20 males
and 26 females. There median age was 60 years (range 37 to 83
years). The patients, chosen at random had different types of
malignancy confirmed by radiological and histopathological
evidences. A few of the patients received no prior treatment;
some other were surgically treated and then received
chemotherapy and/or radiotherapy; some patients were surgically
treated but received no chemotherapy or radiotherapy. However
the patients who received chemotherapy were chemo refractory
and had developed further metastasis. The patients' performance
status in the Karnofsky performance scale (KPS) was in the
range of 30-100 (Cassidy et al. 2002a). All patients gave written
informed consent to this treatment.

Basal level evaluation included a complete history and
physical and clinical examinations, histopathology reports,
laboratory assessment by biochemical tests and microscopic
observations of blood, radiological tests such as CT
(computerized tomography) scan, USG (ultrasonography), MRI
(magnetic resonance imaging) and also tumor markers. Other
diagnostic procedures were according to patients’ symptoms.

B. Composition of the formulation and

treatment schedule

A stock solution of 0.45 M methylglyoxal is essentially the
main component of the formulation to treat cancer patients.
Methylglyoxal was obtained from either Sigma Chemical
Company, St. Louis, Mo, U.S.A. or Fluka Chemic GmbH,
Buchs, Switzerland.

Each patient received orally at a time 8 ml of 0.45 M
methylglyoxal diluted in 60 ml of water, followed by a tablet of
chewable vitamin C containing 400 mg of sodium ascorbate. The
patients received this treatment 4 times/day at regular interval.
Taking the drug on an empty stomach is not recommended. This
is equivalent to the ingestion of 30mg methylglyoxal /kg of body
weight/day, considering a person of 60 kg body weight. Each
patient also received orally a mixture of the B vitamins twice a
day: B, Smg, B¢ 2.5 mg, B, 5 ug and B; 7.5 mg. This mixture is
usually a standard composition of vitamin B complex available.

The duration of treatment at the same or at a reduced dose
was determined by evaluating the response and general condition
of the patient (see below).

The dose of methylglyoxal for the treatment was
determined based on the previous in vivo studies describing the
treatment of cancer-bearing animals (Apple and Greenberg,
1967; Apple and Greenberg, 1968; Egyiid and Szent-Gydrgyi,
1968) and also our previous pilot study on cancer patients (Ray
et al, 2001).

Institution’s Ethics Committee for the Tests on Human
Subjects approved the protocol of treatment and Drugs Controller
General of India also issued a clearance.
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C. Treatment evaluation

Response was evaluated by different tests performed as
well as quality of life, performance status according to Karnofsky
scale.

A complete response was defined as the complete
disappearance of all objective parameters of the disease. A partial
response was defined as more than 25% or greater decrease in
the tumour mass of measurable lesions initially selected as
targets, without progression at any other site with an improved
quality of life.

A stable disease was defined as less than 25% decrease or
less than 25% increase in the tumour mass of all measurable
lesions initially selected as targets. Progressive disease
corresponded to an increase of 25% or more in all measurable
lesions initially selected as targets, or appearance of any new
lesion not previously identified.

Toxicities were evaluated by different analyses performed
as well as by clinical symptoms and patients' subjective feeling.
These analyses include routine blood tests, biochemical
evaluations of different organs such as liver, kidney, heart as well
as ECG, echo ECG etc.

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 (4-

56 months). So a statistical analysis of the response to treatment
could not be performed. However we had compared the response
of our treatment against the usual outcome by the conventional
treatment.

II1. Results

A. Characteristics of the patients

Between November 2000 and March 2005, total 46
patients, who were followed up for at least 10 weeks were
enrolled in the study. Follow-up ranged from 4 to 56
months. Patients suffering from different types of cancer
are as follows: Brain tumour-2, head and neck-2,
gastronitestinal-11, lung-6, gynecological-6, breast-3,
urological-4, hematological-2, prostate-2, gall bladder-1,
pancreas -2, others-5, total - 46.

Maximum performance status in the Karnofsky scale
was100 and minimum was 30. The details of the patients'
conditions and history of the disease and prior treatment, if
any at the time of inclusion of methylglyoxal treatment are
presented in Table 1.

Table 1. Patients' characteristics and history of the disease and treatment before the time of inclusion to methylglyoxal (MG) treatment

(October 2000 to September 2005)

*P Age Type of cancer Other diseases  Time of
N /Sex (Diagnosis) detection
1. 61 Ca ethmoid Aortic September
M Neuroendocrine Ca of  calcification 1997
ethmoid sinus,
metastasis, recurrence
2 53 Ca breast Diabetic October
F Ca breast with bone 1999
metastasis.
3 64 Ca gall bladder Diabetic, December
F Moderately pneumobilia, 2000
differentiated Renal calculus
infiltrating papillary (left),
adenocarcinoma of hypertensive.
gall bladder with
metastasis to the
lymph node
4 59 Ca kidney February
M Bilateral renal cell 2001
carcinoma,
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Previous Disease status and QOL at  Started
Treatments start MG
Surgically treated. =~ Neuroendocrine Ca of October
(Recurrence ethmoid sinus (surgically 2000
March 1999). treated) with calvarial
Radiotherapy metastasis. Nasal bleeding,
which did not difficult to open the eye of
help much the affected side
Operation on Ca breast (operated), Bone November
December 1999 metastasis in the manubrium 2000
3 cycles of sternum and L4 and L5
chemotherapy and  vertebral segments with
12 cycles of severe pain in whole body,
radiotherapy pallor, difficult to walk and

move
Operation on Moderately differentiated February
January 2001. infiltrating papillary 2001
Patient refused to  adenocarcinoma of Gall
take Bladder (operated) with
chemotherapy or metastasis to the lymph
radiotherapy node, too weak to walk,

pallor, no appetite.
Renal Operated L-kidney, Huge May
angiography of mass in right kidney (5.6X 2001
right kidney - 5.2 cm),
March 2001(mass  high serum lactic
5.6x5.2cm). dehydrogenase (693units/1)
radical Severe weight loss and

nephrectomy of weakness.
L-kidney- April

2001 (mass

7.9x7.8cm)

Patient refused to

take

chemotherapy or

radiotherapy (risk

in radiotherapy)
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March
2001

Ca stomach

Well differentiated
adenocarcinoma of
stomach infiltrating in
the serosal coats,
multiple lymph nodes
involved

Ca stomach
Moderately
differentiated
infiltrating signet cell
carcinoma
(adenocarcinoma) of
stomach, with
metastasis in peri
gastric and coliac
lymph nodes

Ca skin

Primary well
differentiated
squamous cell
carcinoma of skin
(nodular growth in
left leg), Secondary
(adenocarcinoma) in
pancreas and in liver.

May 2001

November
2000

Diabetic and
Cardiac patient,
simple renal
cysts- bilateral
kidneys,
degenerative
change in
dorso-lumber
vertebrae

Chronic
Bronchitis

Multiple myeloma,
with bone metastasis

January
2001

October
2000

Ca urinary bladder,
multiple papillary
transition cell
carcinoma-grade 11

Ca tongue
Squamous cell
carcinoma at base of
the tongue.

August
2001
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Partial
gastrectomy and
feeding
jejunoscopy on
April 2001
Patient refused to
take
chemotherapy or
radiotherapy.
Partial
gastrectomy May
2001

Patient refused to
take
chemotherapy or
radiotherapy

Excision of lesion
of left leg-
November 2000
Radiotherapy 30
cycles—
(December 2000
to January. 2001)
After that
secondary
(adenocarcinoma)
in pancreas, in
liver & metastasis
in abdominal
nodule (retro
peritoneal mass).
Patient refused to
take
chemotherapy

6 cycles of
chemotherapy
then

patient refused to
take further
chemotherapy for
severe side effect
without benefit

TURBT in
December 2000.
Patient was
asymptomatic for
3 months

4 cycles of
chemotherapy and
23 cycles of
radiotherapy
without any
benefit,
progressive
disease,

Well-differentiated
adenocarcinoma of stomach
(partial gastrectomy),
involvement of multiple
lymph nodes, occult blood
in stool.

Moderately differentiated
infiltrating adenocarcinoma
of stomach (partial
gastrectomy) with
metastasis in peri gastric and
coliac lymph nodes

Primary well differentiated
squamous cell carcinoma of
skin (excision of nodular
growth of left leg),
Secondary
(adenocarcinoma) in
pancreas,& in liver, raised
LFT and CPK value (basal).

Multiple myeloma, bone
metastasis with severe pain
in head and whole body,
pallor, difficult to walk and
move, no appetite (Hb
5.5g/dl, platelet 80,000,
WBC 6000), at start two
unit of blood

transfusion.

Heamaturia (sometimes
clotted blood), severe pain,
heaviness in lower abdomen

A mass lesion at base of
tongue extending to the
vallecula and right pyriform
sinus.

Very poor quality of life,
could not walk, eat, severe
pain, very weak, voice
chocked, feeding
gastrostomy suggested.

May
2001

June
2001

August
2001

September
2001

July
2001

November
2001



11.

12.

13.

14.

15.

16.

51

60

46

75

Acute myeloid
leukemia

Ca ovary
Moderately
differentiated serous
papillary
adenocarcinoma of
ovary with metastasis
in omentum

Ca breast,

Ca kidney

Ca ovary
Adenocarcinoma of
ovary, endometriosis
in other ovary, uterus
leiomyoma,
adenomyosis uteri
Ca lung

Squamous cell
carcinoma of lung, rib
metastasis,
in-operable.
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Piles, right
ovarian cyst

Diabetic, gall
bladder stone,
pleura-
pulmonary
inflammatory
changes with
effusion, mild
hydronephrotic
changes in both
kidneys

Diabetic and
Cardiac patient,
degenerative
changes in
knee, ankles,
hands, feet &
dorsal
vertebrae.

Prostatomegaly
Grade II,
prostatic
urethral
collapse

Pulmonary
Koch’s treated
for 6 months

January
2002

December

2000

August
1999

April
2002

March
2002

Oral
chemotherapy

2 cycles, then
patient refused
further
chemotherapy due
to toxicity.

Laparotomy of
tumours Dec.
2000, 6 cycles
chemotherapy
May 2001,
recurrence in right
adnexa with
loculated
collection in the
pelvis April 2002,
and patient
refused to take
further
chemotherapy.
Operated
September 2000,
radiotherapy
completed
November 2001,
then on herbal
treatment,
multiple skeletal
metastasis — bone
scan on May 2002
- collapsed L1
vertebra

Stone removal
from left kidney
on March 2002,
nephrectomy on
right kidney on
April 2002,
patient refused to
take
chemotherapy or
radiotherapy.
Hysterectomy
April 2002
Refused
chemotherapy

May 2002
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Hb 9.1 gm/dl, Total WBC
35,000, 84% blast cells , 5%
neutrophil, Nomoblast C
occasional, severe
weakness, too weak to walk,
no appetite, sleeplessness,
feels heart palpitation,
cardiomegaly, ECG within
normal, admitted on trial
after 2 units of blood
transfusion

Ca Ovary (laparotomy),
Recurrence in right adnexa
with loculated collection in
the pelvis April 2002,
Bleeding / discharge per
vagina granulomatous
growth vaults — bleeds on
touch, ascites, pleural
effusion,

high CA-125 value.

Ca Breast (operated) with
multiple skeletal metastasis
with collapsed L1 vertebra,
severe pain , breathing
problem, sleeplessness, no
appetite.

Cakidney (nephrectomy of
right kidney with
prostatomegaly Grade II)

Ca Ovary, anorexia, weight
loss,
Ca 125- normal range

At start irregular mass lesion
in right upper lobe, ribs
erosion, severe excruciating
pain, severe weakness,
unable to walk, increased
urea, breathing problem,
loss of appetite. Patient had
feature of prostatism.

April
2002

May
2002

June
2002

June
2002

June
2002

September
2002
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Ca oesophagus
Invasive moderately
differentiated
squamous cell
carcinoma of
esophagus,
in-operable

Ca buccal mucosa
well differentiated

infiltrating Squamous

cell carcinoma of

buccal mucosa (right)

Ca ovary
Endometroid
adenocarcinoma of
ovary

Calung

Extensive
adenocarcinoma of
right lung, bilateral
cerebral and
cerebellar metastasis,
also some polyps in
both maxillary
antrum

Unknown
Metastatic deposit of
adenocarcinoma in
right lung with
pleural effusion,
lymph node

involvement, primary

unknown

Ca breast
Adenocarcinoma of
left breast

Ca colon
Adenocarcinoma of
colon infiltrating
through musculature
into the outer serosa,
lymph nodes with
reactive changes,
ascites, bilateral
pleural effusion.

Cortical cyst in
right kidney

Cardiac patient,
high choles-
terol

Diabetic,
Multiple cystic
lesions in brain

Diabetic,
hypertensive,
fundus gastritis

Prostatomegaly,
lumber spondy-
losis

May 2000

March
2002

August
2001

October
2002

April
2001

April
1999

March
2003
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Chemotherapy
and radiotherapy
completed.
Recurrence in
August 2002 with
lung and
bronchial
metastasis

Buccal mucosal
growth and retro
molar growth-
Excised April
2002, followed by
radiotherapy 30
cycles, again local
recurrence with
nodal metastasis,
modified radical
neck dissection
and wide excision
and skin grafting
done. Refused to
take
chemotherapy
Operated,
chemotherapy
taken

No chemotherapy
or radiotherapy
due to poor
general condition
of patient

Chemotherapy 8
cycles,
radiotherapy full
course
December 2002 —
whole body bone
scintigraphy
shows disease
progression
Modified radical
mastectomy done
followed by local
radiotherapy and
chemotherapy (6
cycles) then
recurrence
Exploratory
laparotomy done.
Then
hemicolectomy
and ileotranverse
end to end
anastomists with
4 units of blood
transfusion, no
chemotherapy or
radiotherapy

Irregular narrowing of
esophagus with distortion of
mucosa, dysphagia, pain,
weight loss, loss of appetite,
increased alkaline
phosphatase value

Well differentiated
infiltrating squamous cell
carcinoma with local
recurrence and nodal
metastasis. Alkaline
phosphatase level high.

Metastasis in left inguinal
lymph node, weakness,
sleeplessness, loss of
appetite

Extensive adenocarcinoma
of right lung, bilateral
cerebral and cerebellar
metastasis, also some polyps
in both maxillary antrum,
blurred vision, imbalance,
ataxic gait, vertigo, severe
neck pain, cough,
hemoptysis, fatigue liver,
pleural effusion, high SGOT
and SGPT value

Multiple bone and brain
metastasis, raised alkaline
phosphatase and cholesterol,
pallor, breathing problem,
malignant pleural effusion

Developed multiple bone
metastasis- November 2002,
severe pain in whole body,
weakness

Adenocarcinoma of colon,
laparotomy done, infiltrating
through musculature into the
outer serosa, lymph nodes
with reactive changes , Very
poor general condition , high
grade fever, hospitalized for
4 days, patient was
stabilized with supportive
treatment

September
2002

October
2002

October
2002

November
2002

January
2003

April
2003

April
2003
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Leiomyosarcoma
Hemangiopericytoma,
lung metastasis,
intraperitoneal
(Leiomyosarcoma)

Ca brain

Bilateral corpus
callosal glioma (SOL)
in frontal region, in-
operable

Ca kidney
Transition cell
carcinoma, grade II-
III of renal pelvis
with invasion to
adjacent renal
parenchyma,
metastasis in lymph
node and liver
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Bilateral
pneumonitis,
diabetic,
hypertrophy of
prostrate,
bronchitis

May 1997  Exploratory
laparotomy
followed by
chemotherapy in
May1997, huge
intraperitoneal
tumour from right
omentum inherent
to sigmoid colon
and bladder
peritoneal fold,
recurrence 2002,
again
chemotherapy,
March 2003-
recurrent lesion,
(mass in right
pelvis, close
contact with

sigmoid colon and

urinary bladder)
and

lung metastasis
(two nodular
lesion in left
lower lobe of

lung)
May 2003

Prostate
enlarged

May 2002  Nephrectomy
(right) May 2002,
second operation
September 2002-
metastatic lymph
node over right
Iliac vessels.
Then 4 cycles
chemotherapy
(November 2002-
February 2003),
severe bone
marrow
depression, heavy
bleeding from
nose, occasional
black out, 4 units
of blood
transfusion,
platelet 21,500,
stopped further
chemotherapy,
after 4 months-
enlarged lymph
nodes in both
upper and lower
part of neck
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Recurrent
hemangiopericytoma (in
abdomen) metastasis in right
pelvis and metastatic
infection etiology (two well
defined nodular lesions in
left lower lobe) lung
metastasis.

Bilateral corpus callosal
glioma (SOL) in frontal
region.

Behavioral changes,
incontinence of sphincters
occasionally observed for
last 45 days, slowing of
activity

Ca kidney with metastasis in
lymph node over right Iliac
vessels. Severe bone
marrow depression and
enlarged lymph nodes in
both upper & lower part of
neck

April
2003

June
2003

June
2003
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31
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Leiomyosarcoma
Leiomyosarcoma of
uterus with liver
(right lobe) metastasis

Ca Ovary
Lung metastasis with
effusion and ascites,

Calung
Moderately
differentiated
adenocarcinoma in
left lung, solid lump
(7.6 x 7.2 cm)

Ca breast
Infiltrating ductal
carcinoma (grade II)
metastasis in axillary
lymphnodes.

Ca stomach
Moderately
differentiated
adenocarcinoma of
stomach

Cortical cyst in
left kidney

April
2003

February
2003

November
2002

October
2003
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Chemotherapy
done but no
improvement

Laparotomy on
April 2003,
May 2003-
Chemotherapy,
patient gradually
deteriorated

March 2003 to
May 2003 —

3 cycles of
chemotherapy, 6
units of blood
transfusion, lump
increased from
7.6X72cmto9
x9.2x 6.7 cm,
June 2003 to July
2003,
radiotherapy (30
cycles)
November 2002
modified radical
mastectomy,
December 2002 to
May 2003 - 8
cycles
chemotherapy,
May 2003 to
August 2003 -
radiotherapy
completed
November 2003
partial
gastrectomy with
oesophageal
gastrostomy with
feeding
jejunostomy,
developed luminal
narrowing,
difficulty in
taking food,
repeated
oesophageal
dilation done, no
specific benefit.

Leiomyosarcoma of uterus
with liver (right lobe)
metastasis, two large and
one small masses in right
lobe of liver, high level
SGOT and alkaline
phosphatase CA-125 raised
Ca Ovary with lung
metastasis. Effusion and
ascites, poor general
condition, severe headache,
pallor, left eyelid-dropping,
no appetite, no movement,
bowels after 7 days, high
CA-125 value (357U/ml)
Ca lung with pleural
effusion, very weak, pallor,
bowels not clear, hard
breathing, occasional
gastritis

Ca breast (operated),
Infiltrating ductal carcinoma
(grade II) metastasis in
axillary lymph nodes,
estrogen receptor—weakly
positive,

progesterone receptor —
positive

Moderately differentiated
adenocarcinoma of stomach
(gastrectomy), oesophageal
gastrostomy with feeding
jejunostomy, repeated
oesophageal dilation,
difficulty in taking food

June
2003

July
2003

August
2003

Nov
ember
2003

December
2003



32 75
M
33 70
F
34 55
F
35 54
F
36 47
M
37 63
F
38 66
F

Ca prostate
Bone metastasis

Ca oesophagus
Infiltrating
adenocarcinoma in
oesophagus with
occasional focus of
squamous metaplasia,
lung metastasis (?)
Ca stomach
Diffused infiltrating
grade III
adenocarcinoma of
stomach with
metastasis to lesser
curvature lymph
node, small fluid in
pouch of Douglas
Ca Uterus
Adenocarcinoma,
endometrial
involvement of
myometrium

Ca pancreas
Carcinoid carcinoma
in pancreas with
metastasis to liver and
lymph nodes, obstruct
at ileocaecal junction
by concentric mass.
Primary in colon
Unknown
Adenocarcinoma in
ascites fluid with liver
metastasis, origin
unknown

Ca stomach
Adenocarcinoma of
stomach with
metastasis in
perigastric and
omental lymph nodes
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Patient with
cerebral attack
and
hyperinflatted
both lungs.

Dilated
oesophagus —
achalasia, cyst
in left lower
lobe of apical
segment

Diabetic,
cardiac and
hyper-tensive
patient

Diabetic, tiny
calculi in gall
bladder, a
simple cortical
cyst in left
kidney

A large
calculus in
lumen of gall
bladder

Diabetic patient
with bi-pedal
oedema

July 2003

February

2004

February

2004

December

2003

April
2004

May 2004

April
2004

Second prostate
operation in July
2003 followed by
an orchidectomy
in August 2003,
haematuria started
December 2003,
and operation
could not be
conducted due to
blood pressure
fluctuation, bone
metastasis. 1
cycle of
chemotherapy in
January 2004,
severe health
deterioration,
stopped
chemotherapy
Patient strongly
against surgery
and
chemotherapy.

Partial
gastrectomy on
February 2004

Hysterectomy, of
uterus in
December 2003,
then 50 cycles of
radiotherapy

Laparotomy for
obstruction. right
hemicolectomy,
April 2004

Hysterectomy of
uterus on May
2003, leiomyoma
of uterus. May
2004 -huge
ascites with
endomatous
transverse
mesocolon and
mesentery —
percicerlasis done
Lower radical
gastrectomy
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Ca prostate (operated) with
bone metastasis, very weak,
haematuria, bed ridden, no
appetite, irregularities in
stool and urine, pain in
whole body

Difficulty in taking food,
low appetite, weakness,
nausea.

Ca stomach, (partial
gastrectomy) with
metastasis to lesser
curvature lymph node,
pallor, enlarge cardiac size,
high glucose, urea and
creatinine level in blood

Ca uterus (operated)
followed by 50 cycles of
radiotherapy. Hypo echoic
small area on right side of
bladder (enlarged lymph-
node?)

Cain pancreas
(hemicolectomy) with
metastasis to liver and
lymph nodes, high SGPT,
SGOT and alkaline
phosphatase levels in blood,
marker high (HIAA) —
14mg/24 hrs
Adenocarcinoma in ascites
fluid with liver metastasis,
unknown primary. Very
high CA-125 value (600.00
U/ml), ESR - high, SGOT —
marginally raised.

Adenocarcinoma of stomach
(operated) with metastasis in
perigastric and omental
lymph nodes, weakness by
hyper acidity

February
2004

February
2004

February
2004

April
2004

April
2004

May
2004

May
2004



39

40

41

42

43

44

45

43

Talukdar et al: Treatment of malignancies by methylglyoxal-based formulation

Ca oesophagus
Infiltrating squamous
cell carcinoma in
oesophagus, infrahilar
para oesophageal
nodes, lymph nodes
of celiac group
metastatic deposit of
squamous cell
carcinoma

Ca pancreas
Infiltrating malignant
glands in the stroma
indicating
adenocarcinoma
(grade III) in pancreas
as likely primary

Ca prostate
Adenocarcinoma —
Grade I1I prostate

Ca colon

Well differentiated
adenocarcinoma of
rectosigmoid colon
with serosal and
mesenteric and lymph
node involvement
with metastasis in
liver

Ca brain
Glioblastoma
multiforma
(astrocytoma, Grade
V)

Ca stomach

Poorly differentiated
(Grade IV)
adenocarcinoma of
stomach with
metastasis in
perigastric lymph
nodes (inoperable),
metastatic lesion in
left lobe of liver ,
extensive locally
advanced growth in
distal stomach with
pancreatic
involvement.
Pancreatic/ sub
pyloric
lymphadenopathy,
locally unresectable

Calculi in gall-  July 2004
bladder

Diabetic, January
pancreatic 2004
calcifica-tion,

pneu-mobilia

Diabetic August
(insulin- depen- 2003
dent), carbuncle

operation on

September

2004 followed

by cerebral

attack

Hernia with December
anemia 2004
Diabetic, November
hypertensive 2004
Calcification in  January
right lobe of 2005

liver, dilated
left renal pelvis
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Lower end
esophagectomy
and partial
gastrectomy, 3
units of blood
transfusion

Pancreatic
gastrostomy on
January 2004 then
6 cycles of
chemotherapy up
to June 2004

Bilateral
Orchidectomy on
November 2003,

Laparotomy on
November 2004

November 2004-
left temporal
craniotomy and
decompression of
tumor. February
2005-
radiotherapy
completed (34
cycles)

January 2005-
exploratory
laparotomy for
locally advanced
Ca-distal
stomach, anterior
gastrojejunostomy
done with feeding
jejunostomy

Infiltrating squamous cell
carcinoma in esophagus
(esophagectomy and partial
gastrectomy)

Ca head of pancreas,
(gastrostomy), high SGPT,
SGOT, alkaline phosphatase
values, severe pain

Adenocarcinoma of
prostrate (bilateral
orchidectomy), weight loss,
weakness, difficulty in
urination with burning
sensation, PSA (34.3 ng/ml)
increased.

Adenocarcinoma of
rectsigmoid colon
(laparotomy) with serosal
and mesenteric involvement,
lymph node involvement,
with metastasis in liver, rise
in SGPT, SGOT and
alkaline phosphatase values

Glioblastoma multiforma
(astrocytoma, Grade IV)
(operated) and completed
radiotherapy, rise in SGPT,
SGOT and alkaline
phosphatase values

Ca- stomach (laparotomy)
with metastasis in
perigastric lymph nodes,
liver and pancreas. Raised
SGOT and alkaline
phosphatase values

July
2004

Aug
ust
2004

September
2004

December
2004

February
2005

February
2005
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45 57 Ca colon Renal cyst in April
F Moderately left upper pole, 2003
differentiated psychiatric
adenocarcinoma of patient
recto sigmoid colon
with serosal invasion
and nodal metastasis
46 73 Calung Hiatus Hernia, September
M Small cell Erosive fundal 2003

adenocarcinoma of
left lung

gastritis,
bilateral renal
cyst and right
sided Para
pelvic cyst,
wall calcified in
both carotid
arteries,
calcified
nodules in left
parietal and
frontal regions

PN, patient number; QOL, quality of life

B. Response to treatment

Table 2 shows the outcome of treatment by
methylglyoxal to the patients. Of the 46 patients, 7 died
due to progressive malignant disease, whereas 3 patients
died due to causes other than malignancy. Some patients
who have at present no sign of the disease however
continuing the treatment but at a reduced dose. Most of
these patients strongly desire to continue the treatment for
fear of recurrence. The KPS of the patients improved.

Because it is very difficult to present quantitative
results of the different tests that had been performed such
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May 2003- high
anterior resection
May 2003 to
October 2003- 6
cycles of
chemotherapy.
December 2003-
enlarged left
pelvic lymph
nodes and small
para aortic lymph
nodes noted.
December 2004-
persistent
enlarged
lymphadenopathy,
bilateral nodular
lesion in lung,
January 2005-
oral
chemotherapy,
after 2 cycles
developed hand
foot syndrome
and severe
toxicity, stopped
further
chemotherapy
October 2003- 3
cycles of
chemotherapy
December 2003-
complete
pneumonectomy
of left lung, post
operative 3 cycles
of chemotherapy,
June 2004- left
sided pleural
effusion

January 2005-
recurrence in
bronchogenic
mass, metastasis
in right lung again
started
chemotherapy but
without benefit,
patient refused
further
chemotherapy

Ca- recto sigmoid colon
(resection) with serosal
invasion and nodal
metastasis in para aortic
lymph nodes and bilateral
lungs (both lungs fields)
patient developed severe
toxicity for chemotherapy
and hand foot syndrome,
weakness, breathing
problem, pain, high CEA
and alkaline phosphatase
values

Ca- left lung (complete
pneumonectomy) metastasis
in right lung with pleural
effusion, breathing problem,
bronchogenic mass

as CT scan, USG, routine blood tests,

Febuary
2005

March
2005

biochemical
evaluations of different organs of all the 46 patients,

Tables 1 and 2 qualitatively summarize the patients’
conditions at the time of inclusion to the treatment and
response to the treatment respectively. We have all the
relevant data in our records.

From Table 2 it appears that of all the different types
of malignancies that have been tested our formulation
appears to be most effective in the case of gastrointestinal
cancers. Moreover, for carcinoma of gall bladder there is
at present no chemotherapy available ( Cassidy et al,
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2002b). The recurrence after surgery is also high. The one
case of carcinoma of gall bladder (patient no3) that we
have treated is free of recurrences for the last fifty six
months after surgery.

In addition to the measurable improvement as
observed such as through computerized tomography (CT)
scan, ultrasonograms (USG), blood test, the quality of life
dramatically improved almost from starting the
methylglyoxal treatment. The most remarkable
improvement in this regard is the relief from pain. There
were no mentionable side effects in almost all the patients.
The only observable side effect was acidity in the stomach
of some of the patients. This is probably due to the fact
that both methylglyoxal and ascorbic acid, the main
ingredients of the formulation are acidic in nature.
However this mild adverse effect could be managed by
standard antacid formulations available in the market.

There are many reports in the literature, which
suggest that methylglyoxal may be responsible for many
adverse effects related to diabetes. However our study
shows that methylglyoxal has no adverse effect on the
blood glucose level of all patients some of them are
diabetic also.

In addition to Tables 1 and 2, which summarize the
patients' conditions before and after the treatment we
present a very brief summary of the outcome of the
treatment in Table 3. Seventy eight percent of the patients
are greatly benefited. Especially effective in cancer of
gastrointestinal tract (colon, stomach, oesophagus), ovary,
kidney, gall bladder and tongue. Quality of life improved
and life span increased for most of the patients with partial
regression and/or stable disease condition. Even for some
patients who had progressive disease, their quality of life
improved.

Table 2. Outcome on quality of life and disease status of the patients after methylglyoxal (MG) treatment

PN Duration Date of Last Outcome of treatment on quality of life and disease status Status at last
of MG follow up / follow-up and
treatment Medication comments
(months)

1. 38 December March 2001 and July 2002 biopsy reports of nasal exudates showed inflamed = Good regression,
2003, then mucosa with inflammatory exudates and necrotic tissues, no viable tumour. normal life till
lost contact June 2002 CT scans of brain and para nasal sinus — regression, no other last medication.

abnormality. September 2003 CT guided biopsy of vertebra - no tumour seen.  *ND, LN
September 2003- radiotherapy due to back pain on spine.

2 34 August 2003 July 2001- CT scan of chest showed no metastasis. October 2001 USG of Excellent
whole abdomen showed no metastasis. Bone scan January 2002 — remission, normal
Improvement of the lesions at the manubrium sterna and lower lumber life till last
vertebrae. Radionuclide whole body bone scan December 2003 - No bony medication.
involvement /metastasis. ND, LN

3 56 Continuing August 2001- Echocardiography report normal, October 2001- CT scan of Excellent
with whole abdomen normal, CEA- normal. August 2002, September 2003 and remission, normal
maintenance July 2004- USG reports and October 2002- CT scan report showed no life till date.
dose evidence of tumour. ND, LN

July 2004 -teleradiogram of chest normal. July 2004- blood report normal
except plasma glucose value.

4 53 Continuing CT scan and USG reports showed mass in right kidney slightly decreased Excellent
with after 3 months, then remained static about 7 months, again started to decrease, remission, normal
maintenance after 5 months it again remained static for about 29 months. During that time  life till date.
dose it changed from solid mass to hypo echoic sol. December 2004- no detectable = ND, LN

mass in right kidney and no recurrence in left kidney.

5 28 August 2003 June 2002 and November 2002 USG showed normal, then patient complained  Excellent
then lost of abdominal pain., August 2003 -biopsy report of designated gastroscopic remission, normal
contact mucosal bits from gastrojejunal stomal ulcer showed no malignancy , benign life till last date of

stomal ulcer with chronic gastritis. medication.
ND, LN

6 52 Continuing CT scan and USG of whole abdomen showed no recurrence, no further Partial response,
with metastasis , no ascites up to 40 months. Then right sided pleural effusion and normal life
maintenance bilateral cystic ovary adherent to uterus was developed. October 2004- without any major
dose operation, histology report showed metastatic adenocarcinoma deposit in both  complaint.

ovaries (Krukenberg tumour) with spread to the body of the uterus and wall RD, LN

of the cervix but peritoneal fluid had no malignancy. March 2005 -USG
showed minimal pleural effusion, minimal ascites, cystilis bilateral mild
hydronephrosis, CA-125 report - normal . Reports September 2005
(Biochemical / Marker / Radiological) showed no abnormality.
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10.

11.

12.

13.

26

21

51

15

13

22

September
2003

then lost
contact

April 2003
then opted for
surgery and
chemotherapy

Continuing
with
maintenance
dose

January 2003
then lost
contact

April 2003

December
2002

March 2004
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February 2002-CT scan showed reduction in retro peritoneal mass and static
in liver lesion. May 2002, August 2002, April 2003 -blood report within
normal. April 2003- CT scan data showed static in retroperitoneal mass but
reduction in liver lesion

Hemoglobin percentage and platelet count gradually increased from 8.6 to 9.9
gm/dl from 80,000 to 2,60,000 respectively within 5 months and remained
almost constant till last date of medication. On April 2003 MRI of
lumbosacral spine showed osteoporosis, L4-L5 and L3-L4 degenerative disc
disease with bulging annulus causing neuroforaminal narrowing and L4-L5
central canal stenosis and focal lesion of myeloma in right half of L4 body
and in right iliac bone

After 3 months USG report showed in urinary bladder wall thickened and
adherent soft tissue mass. Then after 12 months 2 sessile mass (25 x 24 mm-
left side, 14 x 12 mm- right side). After 17 months normal wall thickness and
one nodulated mass over right lower border of urinary bladder wall. Recent
radiological data shows normal wall thickness and no mass in urinary
bladder, no lymphadenopathy, vesical sol (17 X 17mm) in left posterolateral
wall

Symptomatic improvement, good quality of life, pain reduced, can walk,
good appetite, no burning feeling within one month and gradually improved
and maintained till last date of medication. After 5 months CT scan of the
neck showed mild focal thickening at the base of the tongue with involvement
of epiglottis and periepiglottic region, no cervical lymphadenopathy. After 13
months thickness reduced, no lymphadenopathy (checked by ENT specialist)
Symptomatic improvement, could walk and sleep, gained appetite.
Fluctuation of hemoglobin percentage (13.6-7.2gm/dl) required blood
transfusion during treatment.

USG report: January 2003 normal.

Blood report:

Period Hb Total Neutrophil Lymphphocyte Blast cell
(gm/d) Count(%) (%) (%) (%)

May-02 119 3700 29 63 not done
Jun-02 9.6 6900 18 76 not done
Jul-02 7.8 34100 4 6 8
Aug-02 7.6 75000 4 9 8

Sep-02 7.2 110000 15 11 70
Oct-02 82 8400 67 30 2

Jan-03 10.1 5500 24 46 20
Apr-03 9.6 4900 30 52 16

Expired June 2003 probably due to septicaemia

Symptomatic improvement, bleeding stopped, gained appetite. After 3
months oesophago-gastro-duodenoscopy reports -hiatus hernia, peritoneal
fluid contained RBC. After 6 months USG report showed ascites (slight), left-
sided pleural effusion, bilateral dilated renal pelvis, heterogeneous sol in
uterine fossa (secondary?).

Expired, February 2003

Symptomatic improvement, pain reduced, could walk, good appetite normal
sleep within a short period. December 2003 radiological data of dorso-lumbar
spine showed - scoliosis with diffuse ostopenia, multiple partial compression
collapse, spondylotic changes with marginal osteophytes. March 2004 CT
scan of brain-normal. Blood —normal

Expired, March 2004 due to heart attack.
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Good regre-ssion,
stable disease,
normal life till
last date of
medication.

RD, LN
Excellent
remission, normal
life upto March
2003 without any
complaint. Initial
good response.
On April 2003
patient
complained back
pain. MRI done,
patient opted for
chemotherapy
SD

Good regression,
normal life till
date.

RD, LN

Good response,
normal life till
last date of
medication.
RD, LN

Progressive
disease but
hematologically
improved, partial
regression, good
quality of life,
occasional
anemia.

PD,DC

Progressive
disease,
symptomatic
improvement,
ascites reduced.
PD, DC
Excellent
response, normal
life till last date of
medication.

ND, DN
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May 2003
then lost
contact

June 2004

January
2003

April 2003
opted again
for
chemotherapy

May 2004
then lost
contact.

January 2004

June 2003

September
2004

May 2004
opted again
for
chemotherapy

Continuing

April 2004

November
2003

then lost
contact
October 2003

After 6 months USG report showed normal left kidney, clear renal fossa on
right kidney, prostatomegaly (grade II). After 13 and 18 months, both USG
showed similar results with previous. Teleradiogram chest —normal
throughout the medication. No recurrence or metastasis.

Recent CT scan and USG of whole abdomen, CA 125, liver function test
reports — normal. No recurrence, no metastasis.

Symptomatic improvement. Pain, weakness and breathing problem reduced,
gained appetite within a short period.
Expired February 2003

Symptomatic improvement. Pain reduced, gained appetite within a short
period. After 5 months CT scan showed oesophageal wall thickening for a
length of 6 cm.

April 2004 — all radiological (USG, X ray) and all biochemical reports were
within normal, No recurrence or metastasis.

Symptomatic improvement, no weakness, gained appetite, normal sleep
within a short period. After 3 months blood and CA125 reports - normal.
After 10 months USG - lymph nodes slightly decreased (from 3.6 X 2.5 cm to
3.3X 2.3 cm).

Expired February2004 due to heart attack.

Symptomatic improvement, pain reduced, normal gait, no hemoptysis, normal
vision within short period. After 4 months- clinically status quo, blood report-
within normal except high SGPT, SGOT and plasma glucose. After 4 months
X-ray chest, after 6 months USG - whole abdomen showed- right sided
pleural effusion. After 5 months brain scan - lesion & nodes slightly
decreased in size.

Expired July 2003.

Symptomatic improvement within short period. April 2003- MRI showed
large cystic lesion with haemorrhage in the right parietooccipital region and
cystic lesion with separations in left parietooccipital region. Also focal
enhancing lesion involving dura of left parietooccipital region. After 9
months MRI of brain on September 2003 showed marked regression of
parenchymal and dural lesion as compared to MRI of April 2003.
Symptomatic improvement, pain reduced, no weakness within a short period.
Bone scan report showed improvement.

Symptomatic improvement , normal life within a short period. .
After 9 and 17 months- CEA and blood reports - within normal.
After 17 months - USG report — normal, no recurrence.

After 3 months CT scan of whole abdomen and chest showed status quo
except slight increase in size of left lower lobe pulmonary nodule. After 9
months CT scan of whole abdomen showed minimal increase in size of
lesion.

Symptomatic improvement. Non-evaluable.

After 3 months USG showed hepatic secondary while no other appreciable
change, increase in the size of nodes in neck.
Expired November 2003
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Excellent
response, normal
life till last date of
medication.

ND, LN

Excellent
remission, normal
life till date

ND, LN
Progressive
disease,
symptomatic
improvement
PD, DC
Progressive
disease,
symptomatic
improvement

PD

Excellent
remission, normal
life till last date of
medication

ND, LN

Stable disease,
normal life till
last date of
medication

ND, DN

Stable disease,
symptomatic
improvement and
clinically status
quo for 4 months.
Reduction of
brain lesion.

SD, DC

Partial remission,
normal life till
last date of
medication

RD, LN

Partial regression,
normal life till
last date of
medication

PD

Excellent
remission, normal
life till date

ND, LN

Stable disease,
normal life till
last date of
medication

SD, LN

Quality of life
improved.

Progressive
disease. No
improvement
PD, DC
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December
2003 opted
again for
chemotherapy
March 2004

April 2004
opted again
for
chemotherapy

August 2004

Continuing
with
maintenance
dose

December
2004

May 2004
opted for
operation
followed by
chemotherapy
and lost
contact

May 2004

Continuing

Continuing

September
2004

opted for
chemotherapy
Continuing

Continuing

November
2004
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After 3 months - decrease in SGOT, alkaline phosphatase values,
USG - multiple large hypoechoic lesion and few small hypoechoic lesions in
both lobes, others normal.

Symptomatic improvement, no weakness, gained appetite, normal sleep,
normal vision within a short period. Reduction in CA 125 value. Radiological
data showed reduction of pleural effusion and ascites. Expired May 2004.
Symptomatic improvement, gained appetite, reduced breathing problem
within a short period. Significant reduction of lesion in left lower lobe.
Improvement - solid mass changed to soft tissue mass. After 8 months patient
was suffering from fever, cough and weakness due to tuberculosis infection
(Koch'’s infection) in pleural fluid. Patient improved gradually after treatment
of tuberculosis.

No recurrence, good quality of life.

No difficulty in taking food. After 6 months USG whole abdomen, after 10
months barium meal X-ray follow up, after 13 months USG whole abdomen
showed- normal. Recent barium meal X-Ray report and blood report shows
normal. No evidence of recurrence or metastasis or ascites.

Symptomatic and clinical improvement and this improvement maintained for
10 months. Almost no pain, stopped haematuria, could walk, gained appetite ,
PSA reduced. Biochemical report — normal, radiological report — non-
evaluable

Expired January 2005 due to old- age cardiac problem.

Symptomatically improved, gained appetite. After 4 months CT scan showed
identical with initial results (February 2004). Maintained status quo.

Symptomatic improvement.

Expired June 2004 due to heart failure during endoscopy.

Recent CT scan of lower abdomen and biochemical reports - normal , no
recurrence, no metastasis.

After 14 months chest X Ray - normal. Recent CT scan of whole abdomen —
no abnormalities, biochemical report — normal, Markers: Chromogranin A,
Elisa — normal, 24 hrs. urinary 5-hydroxy, 3-indole acetic acid (SHIAA)
excretion - normal

Symptomatic improvement. Reduction of CA 125 value (from 600 to
6.9U/ml) within 1 month, required occasional ascites removal, others
remained status quo. After 4 months CA 125 began to rise.

Recent radiological report showed no recurrence, no metastasis, biochemical

report — normal

Recent USG of whole abdomen - normal, blood report - normal, no problem
in taking food, no recurrence

Symptomatic improvement, pain reduced,.
Expired December 2004
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Stable disease.
Gradually
improved

SD

Partial regression.
SD,DC

Good response.
Clinically ,
radiologically and
symptomatically
improved till last
date of
medication

SD

Excellent
remission, normal
life till last date of
medication

ND, LN
Excellent
remission, normal
life till date.

ND, LN

Symptomatic and
clinical
improvement till
last date of
medication.

RD, DN

Stable disease,
symptomatic
improvement
SD

Symptomatic
improvement
Excellent
remission, normal
life till date

ND, LN
Excellent
remission, normal
life till date

RD, LN

Progressive
disease, quality of
life improved.
PD

Excellent
remission, normal
life till date

ND, LN
Excellent
remission, normal
life till date

ND, LN
Progressive
disease,
symptomatic
improvement

PD, DC
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41 13 Continuing Within 3 months symptomatic improvement in urinary obstruction, feeling Good response,
almost normal. PSA reduced. normal life till
date without any
specific
complaint.
ND, LN
42 10 Continuing Symptomatic improvement. Within 2 months SGPT, SGOT and alkaline Excellent
phosphatase values - within normal. Recent CT scan of whole abdomen - remission, normal
normal, endoscopy study - moderate degree of antral gastritis, blood reports - life till date
within normal, no recurrence, no other abnormalities. ND, LN
43 8 Continuing September 2005 CT scan of brain suggested no abnormal enhancement of Excellent
residual/ recurrent mass, others normal. Blood report - SGPT, alkaline remission, normal
phosphatase, SGOT- normal. life till date
RD, LN
44 8 Continuing Symptomatic improvement. Biochemical and clinical reports — normal, Normal life till
radiologically not evaluated. date, without any
specific
complaint.
SD
45 8 Continuing Symptomatic improvement. Weakness reduced, no pain, breathing problem Stable disease,
reduced, normal skin in palm and foot within a short period. Recent X-Ray quality of life
report of chest — status quo, USG report — normal. Biochemical report — almost normal,
normal except high alkaline phosphatase values (maintained status quo), with some
Marker CEA — normal complaint.
SD
46 7 Continuing Symptomatic improvement, no breathing problem. After 4 months CT scan of  Stable disease,

thorax and neck showed status quo.

normal life till
date.
SD

*ND — no tumour, LN - living normally, RD — regressive disease, SD — stable disease, PD — progressive disease, DC — died of cancer,

DN - died due to other disease

Table 3. A summary of the effect of methylglyoxal-based formulation on 46 patients suffering from different types of

cancer

Period of observation: October 2000- September 2005

Longest follow-up: 56 months
Average follow-up: 18 months
Complete remission: 18 (39%) patients
Partial regression/stable: 18(39%) patients

Progressive: 8 (17%) patients
Not evaluated: 2
Total: 46 patients

IV. Discussion

The results presented in this paper show that
methylglyoxal in combination with ascorbic acid could
deliver significant beneficial effects to a group of cancer
patients. Total forty-six patients were included in the study
and these patients were suffering from different types of
cancer. The study period for the patients was 4 to 56
months. The remarkable finding of this drug regimen is
that it is effective against a wide variety of cancer. This is
in sharp contrast to other anticancer drugs now widely
used. This remarkable effect of methylglyoxal over a wide
range of cancer type suggests that all the different types of
cancer may have common altered site(s) and which is
targeted by methylglyoxal. In fact as mentioned before
previous in vitro studies in our laboratory with animal and
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human tissue materials had suggested that the glycolytic
enzyme glyceraldehyde-3-phosphate dehydrogenase and
mitochondrial complex I might be specifically altered in
malignant cells (Halder et al, 1993; Ray et al, 1994, 1997a,
b; Biswas et al, 1997).

As mentioned in the Introduction that despite the
documented anticancer property of methylglyoxal it had
not been tested till recently for treating cancer patients. On
the other hand, methylglyoxal bisguanylhydrazone, a
derivative of methylglyoxal had been used to treat human
medulloblastoma xenografts in nude mice with no success
(Friedman et al, 1986). This compound when tested to
treat to cancer patients had been found to be toxic and with
little beneficial effect to the host (Gastaut et al, 1987).
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This apathy of using methylglyoxal possibly stems
from the widespread belief that, methylglyoxal is toxic.
Recently, numerous papers have appeared in the literature,
which mostly with in vitro studies under non-physiological
conditions have shown that methylglyoxal reacts with
arginine, lysine and free terminal amino groups in proteins
resulting in AGE (advanced glycation end products)
formation. The possibilities of many deleterious effects of
methylglyoxal in the body have been extrapolated based
mostly on these in vitro studies. The notable complications
are related to diabetes, hypertension and cataract
formation (Lee et al, 1999; Morgan et al, 2002; Bourajjaj
et al, 2003; Kumar et al, 2004). Evidences have also been
put forward that methylglyoxal is mutagenic (Murata-
Kamiya et al, 2000) and induces reactive oxygen species
formation (Chang et al, 2005).

On the other hand as mentioned before several in
vivo and in vitro studies suggest that methylglyoxal may
have some beneficial effects too particularly to higher
animals. It inhibits mitochondrial respiration and
glycolysis of malignant cells, whereas these functions of
normal cells are unaffected (Halder et al, 1993; Ray et al,
1994, 1997a,b; Biswas et al, 1997; Ray and Ray, 1998).
There is a report that methylglyoxal rapidly suppresses the
mitochondrial permeability transition thereby preventing
from the possible deleterious effect of high Ca** and
ganglioside (Speer et al, 2003). Methylglyoxal can also
protect gastric mucosa against different necrotizing agents
(Al-Shabanah et al, 2000).

The most remarkable beneficial effect of
methylglyoxal had originated from the in vivo studies by
Szent Gyorgyi and colleagues and Apple and Greenberg,
which showed the curative effect of methylglyoxal on
cancer-bearing animals (Apple and Greenberg, 1967;
Apple and Greenberg, 1968; Egyiid and Szent-Gyorgyi,
1968; Conroy, 1979). From the results of all these studies
it is logical to conceive that many of the purported in vitro
toxic effects of methylglyoxal may be counteracted by
many countervailing reactions in intact living animals. Our
previous investigation on the possible toxic effect of
methylglyoxal supports this conjecture. Pharmacokinetic
studies had indicated that methylglyoxal is appropriately
cleared from the body (Ghosh et al, 2006).

The apparent lack of toxicity of methylglyoxal-based
treatment and also the wide applicability deserve that it
should be further studied. Because methylglyoxal is a
normal metabolite, the presence of several active
catabolyzing enzymes such as glyoxalase I may diminish
its efficacy (Ray and Ray, 1998; Ghosh et al, 2006;
Cooper, 1984). There are several synthetic inhibitors of
glyoxalase I (Creighton et al, 2003). By in-vivo
experiments it should at first be ascertained whether these
compounds are non-toxic and effective in augmenting the
anticancer effect of methylglyoxal. Then some of these
compounds in combination with methylglyoxal could be
used to treat cancer patients.

Mode of treatment should be another consideration.
It is expected that intravenous and/or peritumoural
injection may significantly improve the efficacy. Similar
to all form of cancer treatment early diagnosis is
advantageous. Because methylglyoxal acts specifically
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against malignant cells it has the potential to destroy
metastasis also. But if vital organ(s) are irreversibly
damaged then it is very difficult to bring back the patients
to normalcy.

At present combination chemotherapy is widely used
in the treatment of cancer. Recently besides our work a
paper has appeared describing a study of treatment of non-
Hodgkin lymphoma by two different combinations of
drugs, one of which contained methylglyoxal. However,
the drug combination, which contained methylglyoxal
showed no better results (Chamorey et al, 2005). In our
present work, we show that only methylglyoxal in
combination with ascorbic acid is quite effective in
arresting tumour growth and in some cases could
completely eliminate the malignant tissues. Previous in
vitro study from our laboratory with human tissue
materials had shown that the anticancer effect of
methylglyoxal was significantly augmented in presence of
ascorbic acid (Ray et al, 1991).

Finally, our next task will be to further evaluate the
efficacy of methylglyoxal and ascorbic acid treatment
using a large number of patients and different types of
cancers at different stages of the disease. If found effective
then to further improve the treatment.
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