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What’s cooking?  Notes from the Editor’s pot    
 
 
Greetings and Happy New Year to IMARS members as we begin this second year of 
IMARS HIGHLIGHTS. 
 
We begin the New Year on a very positive note.  Below are the names of the winners of 
the young investigator writing competition, along with the titles of their essays.  The 
essays were judged independently and anonymously. In the Biomedical Sciences 
category there was also a consensus that an honorable mention should be awarded. 
The Editorial Board and Executive Council of IMARS congratulate the winners on their 
efforts. The essays will be published in the March issue of IMARS HIGHLIGHTS.   
 
 
     FOOD SCIENCES 
 

Suji George, University of Mumbai 
 

Can non-enzymatic glycation sites in proteins be predicted? 
 
 

BIOMEDICAL SCIENCES 
 

Ashay Bhatwadekar, Queen’s University Belfast 
 

A Puzzle between PPARγ and Advanced Glycation 

 
     Honorable Mention 
 

Ina Nemet, Case Western Reserve University, Cleveland,  
and Rudjer Boskovic Institute, Zagreb 

 
 

Thiamine and Benfotiamine as potential scavengers of methylglyoxal 
 
 
 
 
 
Correspondence concerning the topics covered in this or previous issues can be sent to 
the editor at the address below. 
 
Susan Thorpe 
thorpe@mail.chem.sc.edu  
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Maillard Reaction to reduce food allergy: weak and contrasting evidence up to 
now. 
 
by Vincenzo Fogliano 

 Allergic reactions to foods are a widespread and emerging phenomenon. They affect 
people of all ages, ethnicities and geographic regions. In only a few cases are allergic 
reactions life-threatening but many subjects suffer chronic disability because of them. 
 
 It is easy to imagine that the structural changes caused by the Maillard Reaction 
(MR) on proteins have the potential to modify the specific IgE-binding ability of many 
allergens. Particularly when the allergenic peptide contains lysine or arginine residues 
binding with a carbohydrate moiety could profoundly modify the protein-protein interaction 
which is the initial event in the allergic cascade. 
 
 A recent paper by Nakamura and coworkers (1) published in the Journal of 
Agricultural and Food Chemistry demonstrates that the Maillard Reaction of squid 
tropomyosin with ribose reduced the allergenicity of this protein. Similarly, a previous paper 
by Gruber and coworkers (2) reported that incubation of the major cherry allergen Pru av 1 
with glucose and ribose reduce IgE-binding activity and, even more pronounced effects were 
observed when the protein was reacted with glyceraldehyde and glyoxal.  On the other hand, 
it has been shown that on scallop tropomyosin sugar linked through the MR caused an 
increase in allergenicity (3) and that the main peanut allergen proteins, namely Ara h1 and 
Ara h 2, increased their allergenicity both with roasting or with the Maillard reaction with 
glucose (4). 
 
 The findings of these preliminary studies clearly indicates that there is not a direct 
way to reduce allergenicity by MR. This is not surprising considering that the protein sites 
undergoing the MR are not specific and many lysine and arginine residues are 
simultaneously modified. It is also true that the extensive protein cross-linking, occurring in 
many cases when a protein solution is incubated with very reactive carbohydrates, could 
mask the allergenic epitopes. However, the aggregation could also generate high molecular 
weight polymer which can be much more immunogenic than the single polypeptides. 
 
 In some proteins preferential sites of reaction with carbohydrates have been 
identified (5,6), thus suggesting that there is the possibility to control the MR limiting the 
protein derivatization at these sites. This means that for some allergens, where the epitopes 
responsible for the IgE-binding are known, it may be possible to address the whole process 
to specifically modify these sites. In this framework the MR with different carbohydrate could 
by a potential tool to reduce protein allergenicity. 
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Sensory neurons respond to AGEs with oxidative stress and apoptosis: a new 
insight on diabetic neuropathy? 
 
 
By Alejandro Gugliucci  
 
 Diabetic neuropathy (DN) is a main diabetic complication shown by the DCCT and the 
UKPDS to respond to tight glycemic control. It is a life-threatening condition involving both 
peripheral and autonomic nerves which results, among other manifestations, in loss of 
sensation in lower limbs that contribute to foot ulcers, as well as impotence and gastrointestinal 
dysfunction (1-2). The polyol pathway, enhanced oxidative stress and advanced glycation end 
products (AGEs) are among the factors implicated in the pathogenesis of diabetic neuropathy 
(2-5). Their effects are possibly exerted via direct nerve tissue damage or mediated by 
endothelial injury or vascular dysfunction. 
 
 

 
 
Figure. Sensory neurons (dorsal root ganglia, DRG) express RAGE and its activation 
leads to oxidative stress and apoptosis, via Akt phosphorylation and increased 
phosphoinositide 3-kinase activity (the scheme is this author’s interpretation of the paper) 
 
 The dorsal root ganglia (DRG) primary sensory neuron is the key cell in the sensory 
pathway. However, most of the research in the area had so far concentrated on axonal 
degeneration, or on the receptor for AGE (RAGE) expressed in endothelial and Schwann cells 
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(2-5). Interactions between AGEs and RAGE would facilitate endoneural vascular dysfunction, 
leading to microangiopathy in the peripheral nerve. The attention turned only recently to DRG, it 
was found that a marked degeneration of these neurons is present in DN, and that their 
mitochondria are particularly affected. DRG mitochondria are clearly susceptible since they are 
the site of reactive oxygen species production in the hyperglycemic neuron (6).  These findings 
paved the way for the recent investigation by Andrea Vincent et al, who demonstrate the role or 
RAGE in DRG apoptosis (7).  
 
 The authors used rat DRG neurons in primary cultures. As illustrated in our Figure, they 
first demonstrate the presence of RAGE in these neurons and its activation by known ligands 
such as S-100 calgranulins. In a series of elegant experiments, they started dissecting the cell 
signaling mechanisms that produce apoptosis and oxidative stress as endpoint corollaries of the 
RAGE activation. As summarized in our Figure, they present evidence suggesting DRG respond 
to RAGE occupation mainly through Akt phosphorylation and increased phosphoinositide 3-
kinase (PI-3K) activity. This cascade ultimately results in NADP(H) oxidase activation and 
oxidative stress, as well as caspase 3 activation and DNA damage. The serine/threonine protein 
kinase Akt/Protein kinase B is the cellular homologue of the viral oncogene v-Akt. Several 
receptors induce the production of second messengers that activate PI-3K). Akt is located 
downstream of PI-3K. The effects are blocked by sRAGE (soluble fragment of the receptor), 
RAGE antibodies and the antioxidant alpha lipoic acid. In the same model, glucose also 
produces oxidative stress and DNA damage, which is inhibited only by the latter, showing 
therefore at least 2 different damage pathways are functioning in parallel. Judicious use of 
"extracelular signal-regulated kinase" (ERK) as well as PI-3K inhibitors, allows the authors to 
strengthen their conclusion. 
 
 
 The molecular mechanisms of AGE-RAGE interactions in the development of diabetic 
neuropathy still remain speculative, but this article gives a new twist for further exploration by 
showing, for the first time a direct role of the RAGE axis on sensory neurons leading to oxidative 
stress and possibly to degeneration. Diabetic neuropathy imposes a considerable burden on a 
patient's quality of life and the health-care system (1,4). Despite the prevalence and severity of 
DN there are no effective treatments. This work also points to putative palliative therapeutic 
alternatives by demonstrating a clear blocking effect for the soluble RAGE and alpha lipoic acid.  
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Do green tea polyphenols inhibit protein glycation? 
 
By Teruo Miyazawa 
 
 
 
 Green tea, derived from the leaves of Camellia sinensis L, is one of the most popular 
drinks in the world.  Recent biological studies have succeeded in demonstrating that green 
tea has numerous positive benefits on human health.  These properties of green tea can be 
ascribed to tea leaf constituents, especially, polyphenolic compounds.  The major green tea 
polyphenols are (-)-epigallocatechin-3-gallate (EGCG), (-)-epicatechin-3-gallate (ECG), 
(-)-gallocatechin-3-gallate (GCG), (-)-epigallocatechin (EGC), (-)-epicatechin (EC), and 
(+)-catechin.  A typical cup of green tea drink contains between 100-200 mg catechins, of 
which 40-80 mg is EGCG.  Although there is much interest in the bioactivity of green tea 
polyphenols, the anti-glycative function of green tea polyphenols has been little 
characterized. 
 
 According to a recent paper, Babu et al. (1) have investigated the anti-glycative 
effect of green tea polyphenols on streptozotocin-induced diabetic rats.  After oral 
supplementation of green tea polyphenol extract (300 mg/kg/day) to diabetic rats for 4 weeks, 
they found that the extent of protein glycation and the concentrations of lipid peroxides in the 
heart were decreased. 
 
 Vinson and Zhang (2) have investigated the effect of green tea on cataracts in 
streptozotocin-induced diabetic rats.  Plasma and lens lipid thiobarbituric acid-reactive 
substances and protein glycation were reduced after supplementation of green tea for 3 
months.  
 
 These reports (1,2) provide in vivo evidence of green tea polyphenols as  
anti-glycative agents, but the detailed molecular mechanisms are unknown.  Further study is 
needed to evaluate the anti-glycative effect of green tea polyphenols in diabetic condition. 
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Red wine antioxidants and heterocyclic amine formation: new evidence in the 
Maillard Reaction-antioxidant relationship 
 
 by Vincenzo Fogliano 

 

 The presence of mutagenic Heterocyclic Amines (HAs) in foods depends on many 
factors such as cooking method, time and temperature, the presence of relative amounts of 
precursors, enhancers and inhibitors, lipids, antioxidants and water content (1).  In particular, 
supplementation with antioxidants is considered to be an effective measure to reduce Has 
production because of the hypothetical free radical pathways leading to their formation (2). 
Single antioxidant compounds and complex mixtures of antioxidants have been 
demonstrated to be effective in suppressing HAs formation. It is likely that this effect is the 
final result of a variety of actions interfering at various steps of HAs formation. In fact, 
antioxidants can act as inhibitors along the different pathways of the reaction, preventing 
mutagen formation, by acting both as free radical quenchers and free radical scavengers. 
 
 The experimental work carried out using food-extracts or whole-foods as sources of 
antioxidants is a potential easy-to-use tool to reduce the HAs dietary intake. Pre-treatment 
with phenolic antioxidants derived from tea and olive oil results in a marked reduction of HA 
formation. Therefore cooking meat and fish together with fats, spice or antioxidants 
containing seasoning may be useful to lessen the levels of carcinogenic HAs produced. In 
this respect Mediterranean way of cooking can be regarded as particularly suitable, as it is 
based on the use of sauces and spices rich in antioxidants.  
 
 Some years ago it was shown that burgers fried in extra virgin olive oils having high 
concentrations of phenolic compounds have between 20 and 50% less HAs; the effect is lost 
when refined olive oil is used and strongly reduced after one year of storage as a 
consequence of phenol hydrolysis during extra virgin olive oil storage [3].  In a recent paper 
from the Skog’ group (4) red wine marinade, which is a typical ingredient in Mediterranean 
recipes for cooking meat, was assayed to verify the effect on HA formation during frying. 
Red wine marinade reduced the formation of some of the HAs during chicken breast frying. 
PhIP (2-Amino-1-methyl-6-phenylimidazo[4,5-b]pyridine), with a reduction of up to 88%, was 
the most minimized amine, but the formation of Harman (1-methyl-9H-pyrido[3,4-b]indole) 
was enhanced.  
 
 The possibility of relating the nature and the concentration of the antioxidants used in 
the different experiments to the effect on HA formation represents a stimulating challenge for 
research in this field. The practical objective of reducing dietary HA exposure is combined 
with the need to understand the role of antioxidants in the development of the Maillard 
Reaction which is still a “grey box” for Maillard chemists. It is clear that to achieve this goal 
the complete chemical characterization of the system studied is a mandatory prerequisite. 
Unfortunately in this particular case the three red wines used have very similar total phenol 
concentration while the flavonoid and anthocyanin composition was not reported.  
Nonetheless, the study emphasizes the complex effects of the food antioxidants on the 
Maillard Reaction leading both to the formation or inhibition of HAs during cooking. 
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Effective blocking of dietary Maillard products absorption: a therapeutic novelty 
for renal failure? 
 
 
By Alejandro Gugliucci  
 
 Circulating Maillard products are extremely high in end stage renal disease (ESRD) 
patients, since the kidney plays a key role in their elimination by filtration, reabsorption and 
metabolism (1-3). They have been linked to the accelerated atherogenesis that characterizes 
this phase of renal failure (3-5). Due to their impaired excretion, retention of absorbed food 
Maillard products is particularly striking in ESRD patients (1,3,6). Avoiding foods with browning 
products has been advocated as one palliative measure in these patients (6). A less stringent or 
more pleasant approach would be to be able to enjoy the organoleptic properties of Maillard 
delicacies while avoiding their absorption. In a recent article, Seiji Ueda et al. report the results 
of a clinical trial that show the benefit of AST-120 in curtailing the deleterious effects of 
absorbed AGEs in ESRD patients (7). 

 

 
 
Figure. AST-120 blocks AGEs absorption and decreases circulating AGEs in renal failure patients 
(the scheme is this author’s interpretation of the paper) 
 
 AST-120 has been used in Japan for several years as an alternative to charcoal-based 
compounds, to decrease absorption of indols and other molecules that are considered uremic 
toxins (8). The investigators hypothesized that AST-120 would also block AGEs absorption and 



 10

not only decrease circulating AGEs but their atherogenic effects as well. They conducted a 
clinical trial on non-diabetic patients in ESRD (n=10) and measured several parameters before 
and after 3 months of treatment (compared to a control subset of age and renal function-
matched patients). As we illustrate in the Figure, AST-120 treatment resulted in a significant 
decrease (25-40%) in circulating AGEs (glucose-derived AGEs, glyceraldehyde-derived AGEs 
and CML). To demonstrate an antiatherogenc effect, the authors went on to incubate human 
umbilical vein endothelial cells in the presence of patient sera obtained before and after the 
treatment (see Figure). They measured the expression of three atherosclerosis-related genes: 
monocyte chemoattractant protein 1 (MCP-1); vascular adhesion molecule-1 (VCAM) and the 
receptor for AGE (RAGE). All three markers were decreased after treatment. Finally the authors 
showed in vitro direct proof of absorption of CML (an AGE) by AST-120.  
 
 Two limitations of the study are the low number of patients involved, and the use of 
immunological techniques to measure the AGEs. As previously reported in the Highlights by 
Miyata, there are inherent problems in AGE detection with antibodies. However, the comparison 
here is done with the patients as their own control, therefore the results are valid.  Although 
more research needs to be done to definitely establish the former as an effective treatment to 
retard atherogenesis in ESRD patients, this article paves the way for that by showing, for the 
first time, a clear beneficial effect for AST-120 therapy on Maillard products and their effects. 
This adds a new, potentially important property to a drug that is already in use and may offer a 
tool for research on the AGE-hypothesis for the pathogenesis or accelerated atherosclerosis in 
renal failure. 
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Suppressed colonization of Helicobacter pylori by food protein-derived 
melanoidins 
 
By Teruo Miyazawa 
 
 
 
 Helicobacter pylori which is the major cause of peptic ulcer and gastric cancer, 
infects half of the world population (1).  The adhesion of H. pylori to the gastric mucosa is a 
critical first step in host colonization by H. pylori.  Previously, it has been reported that acidic 
polysaccharides inhibit the adhesion of H. pylori urease to mucin (2).  Hence, certain acidic 
polymers may have a similar effect in inhibiting the adhesion of H. pylori to gastric mucin. 
 
 Because melanoidins derived from the Maillard reaction are acidic polymers, 
Hiramoto et al. (3) recently studied the inhibitory activity of melanoidins on the adherence of 
H. pylori urease to gastric mucin.  These authors found that food protein-derived melanoidins 
inhibited the urease-gastric mucin adhesion.  In particular, melanoidin I prepared from casein 
and lactose suppressed colonization of H. pylori in mice. 
 
 Melanoidins are not only a source of the flavor and browning of heat-treated foods 
but also have a variety of physiological activities, such as anti-mutagenic and anti-oxidant 
functions.  Generally, H. pylori eradication therapy involves administration of proton pump 
inhibitors along with antimicrobials.  However, this reports show us the new possibility of 
melanoidins and the foods that contain them as therapeutic agents. 
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