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‘Sports and Play, injuries as secondary effect’ 

 
“Looking for complete resolution” 

 
Leo Pruimboom and Tom Fox 
 
Abstract 
 
Exercise, sports and play have been and are part of our society. Sports like 
footbal, basketbal and athletics attract billons of people in stadiums with an 
audience  up to 100.000. Footbal is the most popular sport in the whole world. 
Wherever you go, Africa, Asia, Europe, kids could be barefoot, have hardly 
anything to eat, but they have a bal and play.  
In our Western society sports are very important, although more people are 
engaged in watching it than playing themselves. A tendency worrying the 
scientifical, economical and political powers, because of health, absence and 
costs respectvily. Sports is fun, play is even more and people engaging in sports 
state they need it, it gives them self-esteem, control, while the major secondary 
effect of exercise seems to be better health. A great number of individuals do 
their sports in all kind of competitions at local, national and even international 
level. These people suffer injuries, respiratory inflammation, exhaustion, 
depression, and their most feared enemy is chronification of their health 
problems. Chronification of local injury is not rare. Factors such as financial 
pressure, pain fixation, anxiety, confusion and deficient nutrition seem to play a 
major role in sportsmen and women suffering prolonged health problems. All 
these factors lead to the same thing; non complete resolution of inflammation. 
Nonresolving inflammation is a major driver of chronic disease and injury. 
Perpetuation of inflammation is an inherent risk because inflammation can 
damage tissue and necrosis can provoke inflammation. Nonetheless, multiple 
mechanisms normally ensure resolution. Cells like macrophages switch 
phenotypes, secreted molecules like reactive oxygen intermediates switch 
impact from pro- to anti-inflammatory, and additional mediators of resolution 
arise, including proteins, lipids, and gasses. Aside from persistence of initiating 
stimuli, nonresolution may result from deficiencies in these mechanisms when an 
inflammatory response begins either excessively or subnormally. This greatly 
complicates the development of anti-inflammatory therapies. Local resolving 
pathways are influenced by central responses during wound healing and 
inflammation. Hypothalamical axes, including the HPA, HPG, HPGH and the 
HPT, react through afferent input of nerves endings, immune-brain interactions 
and through plasma transport of different danger signals. Further are the 
sympathetic nervous system and the parasympathetic nervous system involved 
in the resolving response after tissue damage and microbial infiltration.  
Less known is the role of the liver and the spleen in resolution of inflammation. 
Controlled reaction and interaction between local, systemic and central 
resolving responses are responsible for the time dependent solution of 
homeostatic disturbances. Disorders in one, two or all responses could produce 
secondary tissue damage and perpetuation of the inflammatory response, 
causing chronic disease, chronic fatigue and prolonged injury. The typical 
vulnerability to respiratory disorders of people engaging in regular, often 
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intense, exercise is based on the so called “open window syndrome”. A 
syndrome caused by a state of immune suppression (adapative at start) 
leading to viral, baterial and microbial susceptibility. Engagement in regular 
exercise demands higher amounts of fat, protein, several vitamins and minerals, 
compared with sedentary people. Nevertheless, the nutritional needs of active 
individuals should be considered normal while sedentary people are ill overall 
and so is their nutritional intake.  
Spontaneous injuries (without physical contact) probably are consequences of 
deficient nutrition, stress and perhaps overload. The last factor is probably very 
relative; do you think that homo sapiens is not capable of running a marathon, 
throwing a javelin or exercise 8 hours a day without injuries, or anyway without 
chronifying injuries? 
 

Introduction 

“When someone declared that life is an evil, Diogenes said: Not life itself, but 
living ill.” 
 
Exercise has been part of human life history since the beginning of hominin 
evolution. Since hominines like Australopithecus were relative short distanced 
“sportspeople”, the latter Homo erectus was far more a long distance runner. 
Male (and often female) hunted big game, like elephants, mousses and wild 
cows named aurochs (figure 1). 
 

 
 
Figure 1 The auroch or wild cow lived in Europe, Asia and the north of 

Africa till 1627, weighted far more than the actual domestic cow 
and was oversized (2 metres long) 

Chase-hunting males and females were able to walk and run for hours till the 
hunted animal was so exhausted that it almost fell down spontaneously. For this, 
hunters had to be able to regulate a row of metabolic challenges including 
thermoregulation, des-intoxication of metabolic debris, energy source 
allocation, maintenance of blood and tissue minerals and right decision 
making. Challenges which have been so demanding that they are considered 
part of human evolution, like bipedestial behaviour, loss and shortening of hair, 
development of eccrine sweat glands (4 million) and dopaminergic neuro-
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anatomy. These adaptations made it possible that homo developed a bigger 
brain, a smaller gut, a restrained amount of muscle mass (see below) and an 
increase of the amount of fat tissue. Obesity is rare in other animals than 
human. The majority of animals will not overeat because of a certain “inhibition-
system” base on satiety (the sensoric satiety centre). A centre which is 
overridden by sweet taste. Domestic dogs will develop gluttony like their human 
owners if dogs eat sweet things like sugar, fruits and refined carbohydrates.  

The remote environment (the western actual society) offers abundant 
nutritional sources which could produce obesity through a so called push 
system. Push-systems are characterized by “a pushing provider” and an 
overfilled production-unit. An expensive way of producing and not valid in 
critical circumstances such as a economical crisis. Cheaper and much 
healthier would be the use of a “pull-system”. The market-demand determines 
the amount of crude material which is necessary for producing the exact 
number of products. People engaged in sports still base their diet on high 
carbohydrate nutrients, low fat and average protein intake. Exercise is the “first 
choice” treatment for pull-system repair and that´s why active people should 
be more healthy than sedentary people. Nevertheless, their diet is highly 
deficient, their brain is push-susceptible and injuries are a logical consequence 
of bad functioning energy allocation systems and systemic inflammation. 
Irregular exercise and doping will  stress this system, producing possibly a so 
called “exercise induced” anorexia athletica. A lack of exercise will disturb pull 
system mechanisms even more, by far outweighing the abundance of 
nutritional resources in our remote environmental. The majority of human being 
overeats but not everybody develops overweight and obesity.  

In the last 30-40 years, Homo obesus, like Diogenes (c. 403-323 B.C.), 
increasingly says “I am a citizen of the world”, thus pointing to the global nature 
of sports, inactivity and obesity. Homo obesus can be considered as a 
metabotrophin deficient species at high risk for multiple health problems and 
needs full medical management. This paper will discuss the evolutionary 
background of exercise and modern sports, the beneficious effects of exercise 
and the possible immune challenges for elite sportsman/women. Exercise is 
always better than doing nothing; chronic strenuous, irregular exercise can be 
deleterious.   
 
Introduction 
 
During the last decade the human being is exposed to a pandemic increase of 
modern chronic inflammatory diseases. All these chronic systemic diseases 
reveal systemic inflammation (Hamer, 2009, Kolb, 2009, Miller, 2009, von Kanel, 
2008), caused by the innate immune system (IIS) unable to respond properly to 
solve endogenous inflammation in the body.  
Inflammation is as old as life exists. Our genes have evolved to solve 
inflammation; a process essential for the Homo sapiens to survive. These genes 
are still almost similar to the genes of our hunting and food gathering ancestors 
100.000 years ago and the core regulation and recovery processes are 
preserved (Macaulay, 1999, Smith, 2004). The control of the inflammation is 
regulated by the ‘self-limited inflammation’ process, Resoleomics (Serhan, 2004, 
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2007, 2008). In the current Western environment, this evolutionary response to 
inflammation starts often subnormal or excessive causing ronresolution (Nathan 
2010).  
Today our genes that solve inflammation operate in a completely different 
environment than for which they were designed. The human being is exposed 
to an enormous change in environment since the industrial revolution. 
Especially the last decades a tremendous acceleration of innovations changed 
our lives completely, such as: the way we move, the kind of labor we do, the 
environmental pollution, the ‘new food’, the speed of life, non-self sufficiency, 
the enormous amount of information we are exposed to and the high 
expectations of life we have set. The question is whether our IIS and its natural 
inflammatory response, Resoleomics,  still functions properly in the current, fast 
changing environment and whether there is a relationship between the current 
disease patterns and the stress-inducing changes in our environment.  
 
Nonresolving inflammation can take distinct histologic forms (figure 1, Nathan 
2010). These can succeed each other or coexist in different sites in an affected 
organ. 
 

 
 
Figure 1 Different histological examples of nonresolution situations of 

human tissues. (A) Atherosclerosis. Plaque from a human carotid 
artery containing macrophages stained with anti-CD68. 
(B) Obesity. Abdominal adipose tissue from an obese mouse with 
necrotic-adipocytes (asterisks) surrounded by macrophages. 
Nuclei of some T cells are stained with anti-Foxp3. 
(C) Rheumatoid arthritis. Synovium from a human knee infiltrated 
by lymphocytes, monocytes, and activated fibroblasts. Cells in the 
joint space (top), mostly neutrophils, are lost in sample 



 
 

 5 

preparation. 
(D) Pulmonary fibrosis after conditional overexpression of TGF-b. 
Collagen is stained blue; smooth muscle cells are stained brown. 

 
Unresolved inflammation is normally due to tissue damage combined with 
microbial infiltration, pre-injury stress syndromes, nutritional deficiencies, lack of 
energy (ATP), and other factors functioning as a so called second hit (Van de 
Sande 2011, Horton 2007). Multiple etiological possibilities of nonresolving have 
been described so far and include lack of omega 3 fatty acids, disturbances in 
the omega 6/omega 3 index, vitamin C deficiency, Zinc deficiency, vitamin D 
deficiency, psychosocial stress, deficiency of arachidonic acid, insufficient 
protein intake, high carbohydrate diet and even genetic factors (Das 2011, Das 
2010, Zhoua 2010, Peterson 2008). Whatever the reason, chronic inflammation 
and secondary tissue damage leading to nonresolving is always related with 
failure of wound healing, possibly leading to perpetuation of injuries. Resolving 
interventions for people suffering from disease in general and specifically those 
suffering from sports-injuries should therefore target local, systemic and central 
resoleomics pathways including tissue specific responses, hepatic resolving 
mechanisms and central neuro-endocrinological processes (Klank 2010, 
Anderson 2010, Tracey 2010).  
 
 
Complete resolution of wound healing; healing the injury 
 
Wound healing should be considered as a complete coordinated proces 
involving all humans systems including the immune system, the endocrinological 
system, the nervous system and even psychology. Factors disturbing normal 
wound healing are (figure 2): 
 

• Mikrobias (Bakteries, Virus, etc.) 
• Oxigen deficiency 
• Chronic use of medicines (NSAID, cortisol)  
• Doping 
• Lack of macrophage migration  
• Repetition of injury 
• Lack of DHA, EPA, L-arginine and other proteins 
• Intoxication 
• Spleen “silencing” 
• Chronic Stress  
• Lack of thyroid hormone 
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Figure 2 Causes of nonresolution of inflammation and its´consequences 

(Nathan 2010) 
 
 
The immune system is made for short, intensive reactions with a beginning, a 
platform phase and finishing in a maximum period of 4 days. Next to that, the 
immune system „knows“ about external danger with possible infiltration of 
microbies and therefore reacts always as if these were present. Internal 
wounds, such as ankle sprains and other connective tissue injuries are 
responded as if microbies would be present. The immune reaction to internal 
wounds could therefore be excessive, producing a reaction like a roller coaster 
in the centre of a big city, producing possible secondary damage. Secondary 
damage, or absence of a normal immune response after injury can cause 
serious complications. These complications can be produced by several factors 
(Broughton 2006): 
 

1. Over/under-production of pro-inflammatory cytokines 
2. Dramatic increase in energy and protein turnover (up to 150%) 
3. Muscle waisting 
4. Deficiency of L-methionin (connective tissue) and L-arginine 

(macrophage migration - NO) 
5. Deficiency of L-glutamine and BCAA´s (wound healing) 
6. Deficiency of Manganese (Mn), Magnesium (Mg), Copper (Cu), 

Potassium (Ca), Iron (Fe) (co-enzymes during connective tissue 
repair), Zink (Zn) (Re-epitilisation), Vitamin A, B, C, E and Zn 
(Immunfunction and inhibition of neutrophils) and deficiency of 
DHA/EPA as resolving compounds if inflammation 

7. Failure of necessary energy allocation capacity; from vital organs to 
the immune system and connective tissue repair 
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8. Hyperproduktion of High-Mobile group box 1 and uric acid producing 
a hyper-activity of the innate immune system (figure 3, Tracey 2010) 

 
 

 
 
Figure 3 The normal reaction following an immunological challenge such 

as wound healing or infection. High-Mobile group box 1 and uric 
acid are strong enough to produce a septic and non-septic shock 
syndrome (Tracey 2010) 

 
The most important „secondary effects“ of sports 
 
Engaging in regular exercise improves the individual´s general health, including   
cognitive functions, emotional stability, immune function and life expectancy 
when compared with sedentary people (Pruimboom 2011). Looking at Western 
active people and comparing them with individuals form tribes such as the San 
(Bushmen) in the Kalahari dessert, Haile Gebreselassi of Ethiopie and the Kiwi, 
than Western active people are more injured, suffer respiratory disorders and 
hardly can win a marathon anymore. So observing three groups of people, the 
sedentary individual, the active Western individual (exercising 4 – 5 hours a 
week) and the people engaging in real activity (every day 3 – 8 hours), only the 
latter should be considered „normal“ although they are not the norm. Hunter-
gatherers show higher bone density, thicker bones and significant more muscle 
mass than even the best trained western individual (Webb 2006, Webb 2007) 
 
The secondary effects of sports and play in Western society include: 
 

• improvement of general health 
• (perpetual) injuries (muscle, skeletal and connective tissue) 
• respiratory disorders (chronic bronchitis, astma) 
• gut disorders 
• exhaustion 
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The first „secondary“ effect of regular exercise is obviously very positive. The 
other ones are deleterious, but are preventable. People still living as hunter-
gatherers are much less susceptible for these secondary effects; Why? Because 
of food intake? Genes? Environment? 
 
The major difference is that healthy active people start exercising very soon 
when the motor-system (including bones, muscles, heart, connective tissue) are 
developing (McAllister 2010). Stronger muscle insertion, larger and more muscle 
cells, chronicity of use of motor units (opposite to late start of moderate and 
severe activity – rhytmic contraction) and location of the immune system at the 
outside of the body are just a few benefits of early life (often strenous) exercise.  
 
Local resolution of injury; a role for L-arginine, L-glutamin, BCAA and overall 
amino acids/protein intake 
 
Every wound healing reaction shows the same chronological sequence (figure 
4). The first 48 hours energy is allocated to the innate immune system which, 
once activated, uses upto 450 – 700 kcal/24 hours (Staub 2010). The major 
energy source for the activated innate immune system is glucose (fat and 
glutamin are secondary energy source in activated immune cells) and uptake 
is insulin dependent.  
 
 

 
 
Figure 4 The chronology of wound healing. Activated neutrophils infiltrate 

the damaged tissue to whipe out all possible microbes. 
Macrophage migration into the wound eliminates wound debris 
and phagocytes the neutrophils. After eliminating debris the 
macrophages produce growth factors and wound healing starts. 
Energy is first used for the immune system and second for wound 
healing 

 
The local inflammatory reaction can be fueled by local energy sources such as 
fat in adipose tissue, the breakdown of local connective tissue (table 1) and 
circulating glucose (Staub 2010). The chronology of the inflammatory response 
is a kind of default plan (figure 5, Bosma 2011). First neutrophils are activated 
through NfkB activation and subsequent macrophage migration inhibiting 
factor, impeding the migration of macrophages at start. After „sensing“ and 
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eventually killing of possible microbes, neutrophils will uptake DHA, AA and EPA 
out of the exsudate (edema) and convert them in so called resolving 
substances; lipoxins, resolvins, protectins and maresins. At the same time, local 
produced cortisol (by keratinocytes, melanocytes) induces the production of 
the counterplayer of MIF, called miacrophage migration factor, being nitric-
monoxide (NO, Das 2010). Long term activation of the innate immune system 
could give rise to (severe) atrophy of neighbouring tissues such as muscle, skin 
and tendons (table 1). NO production, a derivate from L-arginine, is induced by 
lipoxins, resolvins and cortisol, inducing migration of macrophages, finishing the 
inflammatory reaction and starting wound healing (figure 4 and 5). 
 
 

 
 
Table 1 Collagen/connective tissue breakdown to fuel the activated 

immune system during activation at the start of wound healing 
 
 
 

 
 
Figure 5 The chronology of events during wound healing – inflammatory 

reaction. The exsudate provides DHA, AA and EPA to induce the 
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production of resolving compounds. Cortisol and resolving 
compounds induce the production of NO, necessary for the 
migration of macrophages (M-Ph), phagocyting debris and 
quiescent neutrophils. The production of NO is dependent of L-
arginine (Bosma, Wetten, Pruimboom 2011) 

 
 
 
NO is produced out of L-arginine (figure 6, Lauer 2002) through activity of NO 
synthases. The resulting NO is responsible for vasodilatation, Macrophage 
migration, immune-inhibition and induction of production of connective tissue. 
 

 
Figure 6 The production of NO out of L-Arginine. 
 
Desneves found that normal wound healing demands up to 9 gramms of L-
arginine every 24 hours (Desneves 2005). Nutrients high in L-arginine content are 
almonds (2.47/100 gr.), cashew nuts (2.17/100 gr), shrimps and salmon (1.79/100 
gr.). Using L-arginine as wound healing formula has been proven to be highly 
effective even in healing of the most difficult wounds like decubitis (Schols 
2009). A so called wound healing formula should include vitamin C, L-arginine, 
zinc, omega 3 fatty acids and vitamin E, as concluded by Schols and Theila in a 
meta-analysis about wound healing and decubitis (Schols 2009, Theilla 2007).   
 
Figure 7 shows an intervention with L-arginine, omega 3 fatty acids, vitamin C, 
Zinc and vitamin E in an person with prolonged decubitis. After 9 weeks of 
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treatment the wound (which had been open for more than 6 months) was 
almost completely healed. 

 
 
Willow bark plays a special role in curing injuries and finishing the inflammatory 
response after  tissue damage. Willow bark belongs to the most effective pro-
solution natural substances with the working mechanism having been 
discovered very recently (Bonaterra 2010). Willow bark seems to influence 
almost all pathways related with inflammation, including inhibition of TNF (figure 
8), induction of immunological cell apoptosis (which NSAID´s don´t do), 
decrease of COX-2 expression (which facilitates a switch or flip-flop reaction of 

Figure 7 
 
Wound healing with the 
wound healing formula 
containing omega 3 fatty 
acids, L-arginine, vitamin C, 
vitamin E and Zinc. 
Foto a is baseline, b after 3 
weeks of treatment and c 
after 9 weeks of treatment 
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pro-inflammatory in anti-inflammatory function) and inhibition of translocation 
of NfkB to the nucleus (Bonaterra 2010). Interesting is the fact that the activity of 
willow bark seems to be mediated by the total willow bark extract including 
active substances such as naringenine, salicin, salidroside and salicortin (figure 
9). This makes it plausible that the use of other naringenine, salicin, salidroside 
and salicortin containing substances/nutrients could have a significant 
synergistic effect of the use of willow bark as a natural medicine for 
inflammatory disorders, impaired wound healing and probably even chronic 
pain syndromes. Important naringenin sources are citrus fruits (Otaki 2009), 
whereas salicin and other salicilic compounds are mostly found in organic 
carrots, garlic, onions, and koriander is such an amount that these nutrients 
could (and perhaps) should be considered nutritional medicines (Baxter 2001).  
 
 

 
Figure 8 Willow Bark extract (STW) and derivates inhibit the production of 

TNF-alfa more effective than aspirin and similar to diclofenac 
(Bonaterra 2010) 

 

 
 



 
 

 13 

Figure 10  
Workload in 
exercise 

Figure 9 The composition of total willow bark extract; all active substances 
seem to be of essential for the anti-inflammatory effect of this 
natural medicine (Bonaterra 2010) 

 
 
 
Immune suppression and respiratory disorders; the open window syndrome 
 
Physical activity causes homeostatic changes in the human body. These 
changes can also be found in the immune system. The higher the intensity or 
the amount of activity the more impact can be found due to these alterations. 
This is of course  more evident in topsporters. Some examples: Sprinters exercise 
regularly from 20 to 24 times per week – each workout taking more than 2 
hours. This results in a weekly exercise amount of about 50 hours. Triathlon-Long-
distance (3,8 km swimming; 180 km cycling and a whole marathon) requires the 
following weekly exercise-amounts: 15 - 18 km swimming, 600 - 900 km cycling 
and 140 - 160 km running. In other topsporters daily amounts of exercise of more 
than 6 to 8 hours are not rare. From these examples can be seen that total 
exercise amounts are much higher than in a usual working week. Total amount 
of energy expenditure is he same. On usual racing days cycle racers spend 
about 600 to 10.000 kcal per day. In 6-day races it’s even up to 12.000 kcal / 
day. Apart from the amount of metabolic pressure there is a problem of caloric-
intake. And also the liquid supply is difficult: in the Tour de France, the daily 
amount of liquid intake can be more than 20 l. Here sophisticated changes 
between load and rest are very important. Generally the workload-period is a 
kind of homeostatic disturbance. Performance capability falls within this period. 
Figure 10 shows this development. 
 

 

One of the basic rules to prevent overtraining is work out at the moment the 
body shows the highest regeneration ratio.– the next workload will occur on a 
higher level and repeating this will cause an increase of physical capability.  
During exercise, especially in high intensity exercise, the organism is exposed to 
various potentially threatening situations: heat, hypoxia and acidosis. This may 
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have deleterious effects on parts of the immune system. On the other hand 
advantagous effects of regular physical exercise have been reported in several 
publications (Matthews 2002, Waschbisch 2009, Jeurissen 2003, Pedersen 2006, 
Hollmann 2000). Taken together the opinion of the last 20 years has been that 
high intensity exercise is able to suppress functions of the immune system (e.g. 
IgA levels in the upper respiratory tract, lowered lymphocytes in response to 
exercise, the so-called “open-window-hypothesis”, figure 11).  
 

 
 
Figure 11 The open window hypothesis. Intense exercise produces a pro-

inflammatory state (neutrophils upregulated) while other immune 
cells are down-regulated. Growth hormone and cortisol (like 
substances) could counter this effect (Klarlund Pedersen  2000) 

 
In contract to these findings athletes show a better immune function analogue 
to their amount of aerobic activity (Hollmann 2000). Lowered immune function 
in athletes is more frequent with a) higher number of workout units and b) 
higher intensities. Usually this happens when these athletes are overtrained. This 
may also be a reason for the improved immune function that can be reported 
among people who are regularly physical active in aerobics. Research has 
shown that receptors responsible for the identification of pathogens (toll-like-
receptors, TLR) are downregulated by regular physical activity. These TLR’s are 
seen as a link between the innate and the adaptive immune-system. As 
physical exercise activates the innate immune-system, a downregulation of the 
TLR’s can be seen an adaptive effect or something called “immune tolerance” 
(Cooper 2007).  In the end the usage of physical activity is again a matter of 
dosage. But there is more about the preventive effects of physical exercise 
concerning immunological functions. The work of researchers like BK Pedersen 
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shows that muscles are able to produce several cytokines during work which 
are usually responsible for inflammation. In the state of chronic low grade 
inflammation the cytokines TNF-alpha, IL-6 and c-reactive protein (CRP) belong 
to the most important players within this circuit. TNF-alpha is produced by 
adipose tissue and stimulates the production of IL-6. This enhances the 
production of C-reactive protein in the liver and promotes insulin resistance 
(Figure 12 and 13). Produced the muscles the cytokines do not act 
inflammatory but anti-inflammatory (Figure 14). The most important cytokine in 
this case is IL-6. Normally it is found in response to pathogens or stress – acting as 
a mediator or signal transducer for neutrophils invading tissue. Muscular IL-6 
inhibits one of the main inflammatory cytokines TNF-alpha. Concerning to this, 
muscle derived IL-6 acts anti-inflammatory (Pedersen 2005). Beyond that, 
additional muscle derived substances have influence on immune function. 
Recent data show that glutamine, an amino acid responsible for the function 
of immune cells is produced by skeletal muscle. This semi-essential amino acid is 
an important energetic source for leukocytes. It regulates gene expression and 
protein activity in leukocytes, mesangial cells, and hepatocytes and influences 
signal transduction in leukocytes, neurons, and hepatocytes (Lagranha 2007). 
The amounts of muscle derived production increase after short term exercise 
while long term exercise decrease plasma glutamine (Costa Rosa 2004). This is 
interesting as glutamine is also produced by intestinal bacteria and also kown 
as one of the main energy-providing substance for epithelial cells. Glutamine is 
known as one of the three amino acids that build glutathion. Glutathion works 
as the possibly most important anti-oxidative substance in the intracellular 
space (human muscle cells contain more glutathion than glycogen). The 
activity of the enzymes catalyzing the activity and amount of this molecule is 
influenced predominantly by regular aerobic exercise (Gomez-Cabrera 2007). 
In top sport athletes there is broad recommendation for supplementing 
glutamine before or after intensive physical activity - e.g. workout or 
competition (Cordain 2005, Favano 2008, Lagranha 2008).  
L-Glutamine supplementation is safe and effective in a wide range of problems 
in people engaged in physical exercise, including respiratory disorders, gut 
problems, immune suppresion, viral susceptibility and even burn out. The use of 
20-30 gramms a day has no-side effects and could have beneficial effects on 
immune function, tissue strength, muscular performance, respiratory disorders 
and energy, although more research has to be done (Wang 2012, Gleeson 
2008). 
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Figure 12 Cytokines in chronic 
low grade 
inflammation 

 
 

Figure 13 Physical activity and 
neurodegeneration 
diseases 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 

 

Figure 14  Expression of cytokines in sepsis and physical exercise (Pedersen 2005) 
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Exercise and the gut; a need for probiotics in topsports 
 
 Nutritional practices that promote good health and optimal athletic 
performance are of interest to athletes, coaches, exercise scientists and 
dietitians. Probiotic supplements modulate the intestinal microbial flora and 
offer promise as a practical means of enhancing gut and immune function. The 
intestinal microbial flora consists of diverse bacterial species that inhabit the 
gastrointestinal tract. These bacteria are integral to the ontogeny and 
regulation of the immune system, protection of the body from infection, and 
maintenance of intestinal homeostasis. The interaction of the gut microbial flora 
with intestinal epithelial cells and immune cells exerts beneficial effects on the 
upper respiratory tract, skin and uro-genital tract. The capacity for probiotics to 
modulate perturbations in immune function after exercise highlight their 
potential for use in individuals exposed to high degrees of physical and 
environment stress. Probiotics show a wide range of effects on different 
functions of the immune system in people engaged in exercise (Cox 2010). Not 
only gut function seems to be normalized but also susceptibility for respiratory 
disorders is significantly reduced by the use of probiotics.  
Figure 15 shows the pathways in which the use of oral probiotics are involved 
(West 2011). 
 

 
 
Figure 15 The use of oral probiotics and immune system functions.  

Regulation is through multiple pathways 
 
Recent research shows that daily intake of probiotics is essential for maintaining 
gut health, immune function and resistance against respiratiry disorders in 
people engaged in regular exercise (citation of Gleeson 2011): 
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“The purpose of this study was to examine the effects of a probiotic supplement 
during 4 mo of winter training in men and women engaged in endurance-
based physical activities on incidence of upper respiratory-tract infections 
(URTIs) and immune markers. Eighty-four highly active individuals were 
randomized to probiotic (n = 42) or placebo (n = 42) groups and, under double-
blind procedures, received probiotic (PRO: Lactobacillus casei Shirota [LcS]) or 
placebo (PLA) daily for 16 wk. Resting blood and saliva samples were collected 
at baseline and after 8 and 16 wk. Weekly training and illness logs were kept. 
Fifty-eight subjects completed the study (n = 32 PRO, n = 26 PLA). The proportion 
of subjects on PLA who experienced 1 or more weeks with URTI symptoms was 
36% higher than those on PRO (PLA 0.90, PRO 0.66; p = .021). The number of URTI 
episodes was significantly higher (p < .01) in the PLA group (2.1 ± 1.2) than in the 
PRO group (1.2 ± 1.0). Severity and duration of symptoms were not significantly 
different between treatments. Saliva IgA concentration was higher on PRO 
than PLA, significant treatment effect F(1, 54) = 5.1, p = .03; this difference was 
not evident at baseline but was significant after 8 and 16 wk of 
supplementation. Regular ingestion of LcS appears to be beneficial in reducing 
the frequency of URTI in an athletic cohort, which may be related to better 
maintenance of saliva IgA levels during a winter period of training and 
competition.“ 
 
Total protein intake, carbohydrates and fatigue; the myth defeated 
 
One of the longest existing paradigms in sports has been the supposed need of 
high carbohydrate in people engaged in regular exercise. Recent research 
challenges this “dogma” and gives evidence that high carbohydate intake 
can even be deleterious for health and performance in sport.  
Enhanced inflammation, reduction of beta oxidation and loss of 
endurance/sprint performance have been shown to be direct consequences 
of high carbohydrate intake (CHO) in (top) sporters (Deppner 2010, Guerra 
2010, van Proeyen 2010). CHO intake increases pro-inflammatory cytokine 
production during recovery, inducing inflammatory disorders (figure 16, 
Deppner 2010).  
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Figure 16 Increased inflammatory profile in athletes with high CHO  
 
Protein turnover is increased in active people (table 2) and therefore higher 
protein intake is needed.  
 

 
 
Table 2 Protein turnover in active people.  
 
Research shows that high protein intake (35 en%) and training in a fasting state 
are the most effective interventions to induce metabolic flexibility; the 
capability to use fat as energy source when it´s available (van Proeyen 2010), 
while high glucose intake reduces this vital function (Citivarese 2005). Metabolic 
flexibility, as said the capability to use fat as major energy source when fat is 
available, should be considered “the secret” of long distance runners such as 
Bekele and Gebresellasi. Training in a fating state, the use of protein and fat as 
most important macronutrients and, if necesarry supplementation of protein 
powder, are interventions to make Western people competitive againin 
comparance with African athletes. 
 
Non-injured people should therefore use 1.5 – 2.0 gramms of total protein/kilo 
body weight/day to cover their basic needs for maintenance of performance, 
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tissue viability and immune functions. A person with a body weight of 70 kilo 
also needs: 
 
1.5 – 2.0 x 70 = 105 – 140 gramms protein/day 
 
100 gramm chicken breast  22 gramms of protein 
100 gramm salmon    20 gramm of protein 
100 gramm mushrooms   19 gramm of protein 
 
Supplemental protein powder should contain all amino acids in an optimal 
relationship.  
 
Conclusion 
 
Sport and play are necessary and normal traits of modern human behavior. The 
most important secondary effect of exercise is a better global health. Injuries, 
fatigue and other typical disorders (such as respiratory inflammation) belong to 
the most feared limitation factors of people engaged in sports. Nutrition, 
famine/feast, rest/exercise and the use of certain supplements can improve 
wound healing, prevent new injuries, increase performance and optimize 
immune function. The use of the nutritional, exercise and supplemental 
pyramids developed by the pioneers in clinical PNI, could provide a western 
active phenotype capable of competing with people who are engaged in 
activity since early life (supplemental material) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 21 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Literature 
 
1-49 
 
1. A randomized, double-blind, futility clinical trial of creatine and minocycline 

in early Parkinson disease. Neurology 2006;66(5):664-71. 
2. Adam O, Beringer C, Kless T, Lemmen C, Adam A, Wiseman M, et al. Anti-

inflammatory effects of a low arachidonic acid diet and fish oil in 
patients with rheumatoid arthritis. Rheumatol Int 2003;23(1):27-36. 

3. Alma MH, Mavi A, Yildirim A, Digrak M, Hirata T. Screening chemical 
composition and in vitro antioxidant and antimicrobial activities of the 
essential oils from Origanum syriacum L. growing in Turkey. Biol Pharm Bull 
2003;26(12):1725-9. 

4. Amagase H. Clarifying the real bioactive constituents of garlic. J Nutr 
2006;136(3 Suppl):716S-725S. 

5. Amanlou M, Dadkhah F, Salehnia A, Farsam H, Dehpour AR. An anti-
inflammatory and anti-nociceptive effects of hydroalcoholic extract of 
Satureja khuzistanica Jamzad extract. J Pharm Pharm Sci 2005;8(1):102-6. 

6. Ambalavanar R, Moritani M, Moutanni A, Gangula P, Yallampalli C, Dessem 
D. Deep tissue inflammation upregulates neuropeptides and evokes 
nociceptive behaviors which are modulated by a neuropeptide 
antagonist. Pain 2006;120(1-2):53-68. 

7. Banerjee B, Bagchi D. Beneficial effects of a novel IH636 grape seed 
proanthocyanidin extract in the treatment of chronic pancreatitis. 
Digestion 2001;63(3):203-6. 

8. Barnes MJ, Jen KL, Dunbar JC. The effect of CNS opioid on autonomic 
nervous and cardiovascular responses in diet-induced obese rats. 
Peptides 2004;25(1):71-9. 



 
 

 22 

9. Bourre JM. [The role of nutritional factors on the structure and function of the 
brain: an update on dietary requirements]. Rev Neurol (Paris) 2004;160(8-
9):767-92. 

10. Braat H, van den Brande J, van Tol E, Hommes D, Peppelenbosch M, van 
Deventer S. Lactobacillus rhamnosus induces peripheral 
hyporesponsiveness in stimulated CD4+ T cells via modulation of 
dendritic cell function. Am J Clin Nutr 2004;80(6):1618-25. 

11. Broughton G, 2nd, Janis JE, Attinger CE. The basic science of wound 
healing. Plast Reconstr Surg 2006;117(7 Suppl):12S-34S. 

12. Broughton G, 2nd, Janis JE, Attinger CE. Wound healing: an overview. Plast 
Reconstr Surg 2006;117(7 Suppl):1e-S-32e-S. 

13. Brown DG, Krupp JJ. N-methyl-D-aspartate receptor (NMDA) antagonists as 
potential pain therapeutics. Curr Top Med Chem 2006;6(8):749-70. 

14. Bryant M, Cassidy A, Hill C, Powell J, Talbot D, Dye L. Effect of consumption 
of soy isoflavones on behavioural, somatic and affective symptoms in 
women with premenstrual syndrome. Br J Nutr 2005;93(5):731-9. 

15. Budancamanak M, Kanter M, Demirel A, Ocakci A, Uysal H, Karakaya C. 
Protective effects of thymoquinone and methotrexate on the renal injury 
in collagen-induced arthritis. Arch Toxicol 2006. 

16. Calcinaro F, Dionisi S, Marinaro M, Candeloro P, Bonato V, Marzotti S, et al. 
Oral probiotic administration induces interleukin-10 production and 
prevents spontaneous autoimmune diabetes in the non-obese diabetic 
mouse. Diabetologia 2005;48(8):1565-75. 

17. Capodice JL, Bemis DL, Buttyan R, Kaplan SA, Katz AE. Complementary and 
alternative medicine for chronic prostatitis/chronic pelvic pain 
syndrome. Evid Based Complement Alternat Med 2005;2(4):495-501. 

18. Cardona D. [Pharmacological therapy of cancer anorexia-cachexia]. Nutr 
Hosp 2006;21 Suppl 3:17-26. 

19. Carrero JJ, Lopez-Huertas E, Salmeron LM, Baro L, Ros E. Daily 
supplementation with (n-3) PUFAs, oleic acid, folic acid, and vitamins B-6 
and E increases pain-free walking distance and improves risk factors in 
men with peripheral vascular disease. J Nutr 2005;135(6):1393-9. 

20. Chen HS, Lipton SA. The chemical biology of clinically tolerated NMDA 
receptor antagonists. J Neurochem 2006;97(6):1611-26. 

21. Chen ZW, Ma CG, Xu SY. [Mechanism of analgesic action of hyperin]. Yao 
Xue Xue Bao 1989;24(5):326-30. 

22. Cheng JK, Chen CC, Yang JR, Chiou LC. The antiallodynic action target of 
intrathecal gabapentin: Ca2+ channels, KATP channels or N-methyl-d-
aspartic acid receptors? Anesth Analg 2006;102(1):182-7. 

23. Cheng JK, Chiou LC. Mechanisms of the antinociceptive action of 
gabapentin. J Pharmacol Sci 2006;100(5):471-86. 

24. Damas JK, Boullier A, Waehre T, Smith C, Sandberg WJ, Green S, et al. 
Expression of fractalkine (CX3CL1) and its receptor, CX3CR1, is elevated 
in coronary artery disease and is reduced during statin therapy. 
Arterioscler Thromb Vasc Biol 2005;25(12):2567-72. 

25. Daulhac L, Mallet C, Courteix C, Etienne M, Duroux E, Privat AM, et al. 
Diabetes-induced mechanical hyperalgesia involves spinal MAPKs 
activation in neurons and microglia via NMDA-dependent mechanisms. 
Mol Pharmacol 2006. 



 
 

 23 

26. Delporte C, Backhouse N, Erazo S, Negrete R, Vidal P, Silva X, et al. 
Analgesic-antiinflammatory properties of Proustia pyrifolia. J 
Ethnopharmacol 2005;99(1):119-24. 

27. Edwards T. Inflammation, pain, and chronic disease: an integrative 
approach to treatment and prevention. Altern Ther Health Med 
2005;11(6):20-7; quiz 28, 75. 

28. Gadotti VM, Schmeling LO, Machado C, Liz FH, Filho VC, Meyre-Silva C, et 
al. Antinociceptive action of the extract and the flavonoid quercitrin 
isolated from Bauhinia microstachya leaves. J Pharm Pharmacol 
2005;57(10):1345-51. 

29. Gonzalez S, Astner S, An W, Goukassian D, Pathak MA. Dietary 
lutein/zeaxanthin decreases ultraviolet B-induced epidermal 
hyperproliferation and acute inflammation in hairless mice. J Invest 
Dermatol 2003;121(2):399-405. 

30. Grimble RF, Tappia PS. Modulation of pro-inflammatory cytokine biology by 
unsaturated fatty acids. Z Ernahrungswiss 1998;37 Suppl 1:57-65. 

31. Grzanna R, Lindmark L, Frondoza CG. Ginger--an herbal medicinal product 
with broad anti-inflammatory actions. J Med Food 2005;8(2):125-32. 

32. Gulcin I, Kufrevioglu OI, Oktay M, Buyukokuroglu ME. Antioxidant, 
antimicrobial, antiulcer and analgesic activities of nettle (Urtica dioica 
L.). J Ethnopharmacol 2004;90(2-3):205-15. 

33. Hajhashemi V, Ghannadi A, Jafarabadi H. Black cumin seed essential oil, as 
a potent analgesic and antiinflammatory drug. Phytother Res 
2004;18(3):195-9. 

34. Han JS. Acupuncture and endorphins. Neurosci Lett 2004;361(1-3):258-61. 
35. Hung RJ, Zhang ZF, Rao JY, Pantuck A, Reuter VE, Heber D, et al. Protective 

effects of plasma carotenoids on the risk of bladder cancer. J Urol 
2006;176(3):1192-7. 

36. Huyghebaert N, Vermeire A, Rottiers P, Remaut E, Remon JP. Development 
of an enteric-coated, layered multi-particulate formulation for ileal 
delivery of viable recombinant Lactococcus lactis. Eur J Pharm Biopharm 
2005;61(3):134-41. 

37. Jeong SM, Hahm KD, Shin JW, Leem JG, Lee C, Han SM. Changes in 
magnesium concentration in the serum and cerebrospinal fluid of 
neuropathic rats. Acta Anaesthesiol Scand 2006;50(2):211-6. 

38. Karatay S, Erdem T, Yildirim K, Melikoglu MA, Ugur M, Cakir E, et al. The effect 
of individualized diet challenges consisting of allergenic foods on TNF-
alpha and IL-1beta levels in patients with rheumatoid arthritis. 
Rheumatology (Oxford) 2004;43(11):1429-33. 

39. Kaur R, Singh D, Chopra K. Participation of alpha2 receptors in the 
antinociceptive activity of quercetin. J Med Food 2005;8(4):529-32. 

40. Kim HK, Kim JH, Gao X, Zhou JL, Lee I, Chung K, et al. Analgesic effect of 
vitamin E is mediated by reducing central sensitization in neuropathic 
pain. Pain 2006;122(1-2):53-62. 

41. Kirk GR, White JS, McKie L, Stevenson M, Young I, Clements WD, et al. 
Combined antioxidant therapy reduces pain and improves quality of life 
in chronic pancreatitis. J Gastrointest Surg 2006;10(4):499-503. 

42. Kisko G, Roller S. Carvacrol and p-cymene inactivate Escherichia coli 
O157:H7 in apple juice. BMC Microbiol 2005;5(1):36. 



 
 

 24 

43. Klein G, Kullich W, Schnitker J, Schwann H. Efficacy and tolerance of an oral 
enzyme combination in painful osteoarthritis of the hip. A double-blind, 
randomised study comparing oral enzymes with non-steroidal anti-
inflammatory drugs. Clin Exp Rheumatol 2006;24(1):25-30. 

44. Kohama T, Inoue M. Pycnogenol alleviates pain associated with pregnancy. 
Phytother Res 2006;20(3):232-4. 

45. Kohama T, Suzuki N, Ohno S, Inoue M. Analgesic efficacy of French maritime 
pine bark extract in dysmenorrhea: an open clinical trial. J Reprod Med 
2004;49(10):828-32. 

46. Kong AN, Owuor E, Yu R, Hebbar V, Chen C, Hu R, et al. Induction of 
xenobiotic enzymes by the MAP kinase pathway and the antioxidant or 
electrophile response element (ARE/EpRE). Drug Metab Rev 2001;33(3-
4):255-71. 

47. Kumar S, Boehm J, Lee JC. p38 MAP kinases: key signalling molecules as 
therapeutic targets for inflammatory diseases. Nat Rev Drug Discov 
2003;2(9):717-26. 

48. Lai J, Ossipov MH, Vanderah TW, Malan TP, Jr., Porreca F. Neuropathic pain: 
the paradox of dynorphin. Mol Interv 2001;1(3):160-7. 

49. Lanzotti V. The analysis of onion and garlic. J Chromatogr A 2006;1112(1-
2):3-22. 

50. Laughlin TM, Bethea JR, Yezierski RP, Wilcox GL. Cytokine involvement in 
dynorphin-induced allodynia. Pain 2000;84(2-3):159-67. 

51. Lee BH, Jeong SM, Lee JH, Kim JH, Yoon IS, Lee JH, et al. Quercetin inhibits 
the 5-hydroxytryptamine type 3 receptor-mediated ion current by 
interacting with pre-transmembrane domain I. Mol Cells 2005;20(1):69-73. 

52. Lee EH, Faulhaber D, Hanson KM, Ding W, Peters S, Kodali S, et al. Dietary 
lutein reduces ultraviolet radiation-induced inflammation and 
immunosuppression. J Invest Dermatol 2004;122(2):510-7. 

53. Lee JC, Kumar S, Griswold DE, Underwood DC, Votta BJ, Adams JL. Inhibition 
of p38 MAP kinase as a therapeutic strategy. Immunopharmacology 
2000;47(2-3):185-201. 

54. Li H, Shi Z, Yusanyin M. [Effects of garlicin tablet on plasma endothelin and 
nitric oxide in patients with coronary heart disease and angina pectoris]. 
Zhongguo Zhong Xi Yi Jie He Za Zhi 1999;19(11):670-1. 

55. Llorens F, Miro FA, Casanas A, Roher N, Garcia L, Plana M, et al. Unbalanced 
activation of ERK1/2 and MEK1/2 in apigenin-induced HeLa cell death. 
Exp Cell Res 2004;299(1):15-26. 

56. Lopez-Molina D, Navarro-Martinez MD, Rojas Melgarejo F, Hiner AN, 
Chazarra S, Rodriguez-Lopez JN. Molecular properties and prebiotic 
effect of inulin obtained from artichoke (Cynara scolymus L.). 
Phytochemistry 2005;66(12):1476-84. 

57. Lucas HJ, Brauch CM, Settas L, Theoharides TC. Fibromyalgia--new concepts 
of pathogenesis and treatment. Int J Immunopathol Pharmacol 
2006;19(1):5-10. 

58. Makris A, Thornton CE, Xu B, Hennessy A. Garlic increases IL-10 and inhibits 
TNFalpha and IL-6 production in endotoxin-stimulated human placental 
explants. Placenta 2005;26(10):828-34. 

59. Marson P, Pasero G. [The Italian contributions to the history of salicylates]. 
Reumatismo 2006;58(1):66-75. 



 
 

 25 

60. Martin TM, Benghuzzi H, Tucci M. The effect of conventional and sustained 
delivery of thymoquinone and levodopa on SH-SY5Y human 
neuroblastoma cells. Biomed Sci Instrum 2006;42:332-7. 

61. Meeks JP, Mennerick S. Feeding hungry neurons: astrocytes deliver food for 
thought. Neuron 2003;37(2):187-9. 

62. Meotti FC, Luiz AP, Pizzolatti MG, Kassuya CA, Calixto JB, Santos AR. Analysis 
of the antinociceptive effect of the flavonoid myricitrin: evidence for a 
role of the L-arginine-nitric oxide and protein kinase C pathways. J 
Pharmacol Exp Ther 2006;316(2):789-96. 

63. Milligan E, Zapata V, Schoeniger D, Chacur M, Green P, Poole S, et al. An 
initial investigation of spinal mechanisms underlying pain enhancement 
induced by fractalkine, a neuronally released chemokine. Eur J Neurosci 
2005;22(11):2775-82. 

64. Miranda MS, Sato S, Mancini-Filho J. Antioxidant activity of the microalga 
Chlorella vulgaris cultered on special conditions. Boll Chim Farm 
2001;140(3):165-8. 

65. Moreno-Labanda JF, Mallavia R, Perez-Fons L, Lizama V, Saura D, Micol V. 
Determination of piceid and resveratrol in Spanish wines deriving from 
Monastrell (Vitis vinifera L.) grape variety. J Agric Food Chem 
2004;52(17):5396-403. 

66. Muhl H, Chang JH, Huwiler A, Bosmann M, Paulukat J, Ninic R, et al. Nitric 
oxide augments release of chemokines from monocytic U937 cells: 
modulation by anti-inflammatory pathways. Free Radic Biol Med 
2000;29(10):969-80. 

67. Najm WI, Reinsch S, Hoehler F, Tobis JS, Harvey PW. S-adenosyl methionine 
(SAMe) versus celecoxib for the treatment of osteoarthritis symptoms: a 
double-blind cross-over trial. [ISRCTN36233495]. BMC Musculoskelet 
Disord 2004;5:6. 

68. Narita M, Kaneko C, Miyoshi K, Nagumo Y, Kuzumaki N, Nakajima M, et al. 
Chronic pain induces anxiety with concomitant changes in opioidergic 
function in the amygdala. Neuropsychopharmacology 2006;31(4):739-
50. 

69. Niers LE, Timmerman HM, Rijkers GT, van Bleek GM, van Uden NO, Knol EF, et 
al. Identification of strong interleukin-10 inducing lactic acid bacteria 
which down-regulate T helper type 2 cytokines. Clin Exp Allergy 
2005;35(11):1481-9. 

70. Nomura M, Tsukada H, Ichimatsu D, Ito H, Yoshida T, Miyamoto K. Inhibition 
of epidermal growth factor-induced cell transformation by tannins. 
Phytochemistry 2005;66(17):2038-46. 

71. Nonn L, Peng L, Feldman D, Peehl DM. Inhibition of p38 by vitamin D reduces 
interleukin-6 production in normal prostate cells via mitogen-activated 
protein kinase phosphatase 5: implications for prostate cancer 
prevention by vitamin D. Cancer Res 2006;66(8):4516-24. 

72. Norwood AA, Tan M, May M, Tucci M, Benghuzzi H. Comparison of potential 
chemotherapeutic agents, 5-fluoruracil, green tea, and thymoquinone 
on colon cancer cells. Biomed Sci Instrum 2006;42:350-6. 

73. Noyan-Ashraf MH, Sadeghinejad Z, Juurlink BH. Dietary approach to 
decrease aging-related CNS inflammation. Nutr Neurosci 2005;8(2):101-
10. 



 
 

 26 

74. Noyan-Ashraf MH, Wu L, Wang R, Juurlink BH. Dietary approaches to 
positively influence fetal determinants of adult health. Faseb J 
2006;20(2):371-3. 

75. Nucera E, Schiavino D, Buonomo A, Roncallo C, Pollastrini E, Lombardo C, et 
al. Oral rush desensitization with tomato: a case report. J Investig Allergol 
Clin Immunol 2006;16(3):214-7. 

76. Ojewole JA. Analgesic, antiinflammatory and hypoglycaemic effects of 
ethanol extract of Zingiber officinale (roscoe) rhizomes (zingiberaceae) 
in mice and rats. Phytother Res 2006;20(9):764-72. 

77. Ojewole JA. Antinociceptive, anti-inflammatory and antidiabetic properties 
of Hypoxis hemerocallidea Fisch. & C.A. Mey. (Hypoxidaceae) corm 
['African Potato'] aqueous extract in mice and rats. J Ethnopharmacol 
2006;103(1):126-34. 

78. Okuyama S, Lam NV, Hatakeyama T, Terashima T, Yamagata K, Yokogoshi 
H. Mycoleptodonoides aitchisonii affects brain nerve growth factor 
concentration in newborn rats. Nutr Neurosci 2004;7(5-6):341-9. 

79. Pace MC, Mazzariello L, Passavanti MB, Sansone P, Barbarisi M, Aurilio C. 
Neurobiology of pain. J Cell Physiol 2006;209(1):8-12. 

80. Parcell S. Sulfur in human nutrition and applications in medicine. Altern Med 
Rev 2002;7(1):22-44. 

81. Park EK, Kim MS, Lee SH, Kim KH, Park JY, Kim TH, et al. Furosin, an 
ellagitannin, suppresses RANKL-induced osteoclast differentiation and 
function through inhibition of MAP kinase activation and actin ring 
formation. Biochem Biophys Res Commun 2004;325(4):1472-80. 

82. Parvizpur A, Ahmadiani A, Kamalinejad M. Probable role of spinal 
purinoceptors in the analgesic effect of Trigonella foenum (TFG) leaves 
extract. J Ethnopharmacol 2006;104(1-2):108-12. 

83. Parvizpur A, Ahmadiani A, Kamalinejad M. Spinal serotonergic system is 
partially involved in antinociception induced by Trigonella foenum-
graecum (TFG) leaf extract. J Ethnopharmacol 2004;95(1):13-7. 

84. Pellicer F, Lopez-Avila A, Coffeen U, Manuel Ortega-Legaspi J, Angel RD. 
Taurine in the anterior cingulate cortex diminishes neuropathic 
nociception: A possible interaction with the glycine(A) receptor. Eur J 
Pain 2006. 

85. Penalver P, Huerta B, Borge C, Astorga R, Romero R, Perea A. Antimicrobial 
activity of five essential oils against origin strains of the 
Enterobacteriaceae family. Apmis 2005;113(1):1-6. 

86. Peng XM, Zhou ZG, Glorioso JC, Fink DJ, Mata M. Tumor necrosis factor-
alpha contributes to below-level neuropathic pain after spinal cord 
injury. Ann Neurol 2006;59(5):843-51. 

87. Puri V, Chandrala S, Puri S, Daniel CG, Klein RM, Berman NE. Ghrelin is 
expressed in trigeminal neurons of female mice in phase with the estrous 
cycle. Neuropeptides 2006;40(1):35-46. 

88. Ricci D, Giamperi L, Bucchini A, Fraternale D. Antioxidant activity of Punica 
granatum fruits. Fitoterapia 2006;77(4):310-2. 

89. Roberfroid MB. Introducing inulin-type fructans. Br J Nutr 2005;93 Suppl 1:S13-
25. 

90. Rohdewald P. A review of the French maritime pine bark extract 
(Pycnogenol), a herbal medication with a diverse clinical 
pharmacology. Int J Clin Pharmacol Ther 2002;40(4):158-68. 



 
 

 27 

91. Roller M, Pietro Femia A, Caderni G, Rechkemmer G, Watzl B. Intestinal 
immunity of rats with colon cancer is modulated by oligofructose-
enriched inulin combined with Lactobacillus rhamnosus and 
Bifidobacterium lactis. Br J Nutr 2004;92(6):931-8. 

92. Roller M, Rechkemmer G, Watzl B. Prebiotic inulin enriched with oligofructose 
in combination with the probiotics Lactobacillus rhamnosus and 
Bifidobacterium lactis modulates intestinal immune functions in rats. J 
Nutr 2004;134(1):153-6. 

93. Rosa AO, Lin J, Calixto JB, Santos AR, Rodrigues AL. Involvement of NMDA 
receptors and L-arginine-nitric oxide pathway in the antidepressant-like 
effects of zinc in mice. Behav Brain Res 2003;144(1-2):87-93. 

94. Rosa KA, Gadotti VM, Rosa AO, Rodrigues AL, Calixto JB, Santos AR. 
Evidence for the involvement of glutamatergic system in the 
antinociceptive effect of ascorbic acid. Neurosci Lett 2005;381(1-2):185-
8. 

95. Schroecksnadel K, Winkler C, Wirleitner B, Schennach H, Weiss G, Fuchs D. 
Anti-inflammatory compound resveratrol suppresses homocysteine 
formation in stimulated human peripheral blood mononuclear cells in 
vitro. Clin Chem Lab Med 2005;43(10):1084-8. 

96. Serhan CN, Chiang N. Novel endogenous small molecules as the 
checkpoint controllers in inflammation and resolution: entree for 
resoleomics. Rheum Dis Clin North Am 2004;30(1):69-95. 

97. Sharma S, Kulkarni SK, Agrewala JN, Chopra K. Curcumin attenuates thermal 
hyperalgesia in a diabetic mouse model of neuropathic pain. Eur J 
Pharmacol 2006;536(3):256-61. 

98. Shen Q, Zhang R, Bhat NR. MAP kinase regulation of IP10/CXCL10 
chemokine gene expression in microglial cells. Brain Res 2006;1086(1):9-
16. 

99. Shoham S, Javitt DC, Heresco-Levy U. Chronic high-dose glycine nutrition: 
effects on rat brain cell morphology. Biol Psychiatry 2001;49(10):876-85. 

100. Sinis N, Birbaumer N, Schwarz A, Gustin S, Unertl K, Schaller HE, et al. 
[Memantine and Complex Regional Pain Syndrome (CRPS): effects of 
treatment and cortical reorganisation]. Handchir Mikrochir Plast Chir 
2006;38(3):164-71. 

101. Smits HH, Engering A, van der Kleij D, de Jong EC, Schipper K, van Capel 
TM, et al. Selective probiotic bacteria induce IL-10-producing regulatory 
T cells in vitro by modulating dendritic cell function through dendritic cell-
specific intercellular adhesion molecule 3-grabbing nonintegrin. J Allergy 
Clin Immunol 2005;115(6):1260-7. 

102. Springfield EP, Amabeoku G, Weitz F, Mabusela W, Johnson Q. An 
assessment of two Carpobrotus species extracts as potential 
antimicrobial agents. Phytomedicine 2003;10(5):434-9. 

103. Steinlechner B, Dworschak M, Birkenberg B, Grubhofer G, Weigl M, Schiferer 
A, et al. Magnesium moderately decreases remifentanil dosage required 
for pain management after cardiac surgery. Br J Anaesth 2006;96(4):444-
9. 

104. Stenvinkel P, Pecoits-Filho R, Lindholm B. Gene polymorphism association 
studies in dialysis: the nutrition-inflammation axis. Semin Dial 
2005;18(4):322-30. 



 
 

 28 

105. Subarnas A, Wagner H. Analgesic and anti-inflammatory activity of the 
proanthocyanidin shellegueain A from Polypodium feei METT. 
Phytomedicine 2000;7(5):401-5. 

106. Suh H, Song D, Huh S, Son K, Kim Y. Antinociceptive mechanisms of 
dipsacus saponin C administered intrathecally in mice. J 
Ethnopharmacol 2000;71(1-2):211-8. 

107. Suh HW, Song DK, Son KH, Wie MB, Lee KH, Jung KY, et al. Antinociceptive 
mechanisms of dipsacus saponin C administered 
intracerebroventricularly in the mouse. Gen Pharmacol 1996;27(7):1167-
72. 

108. Toker G, Kupeli E, Memisoglu M, Yesilada E. Flavonoids with antinociceptive 
and anti-inflammatory activities from the leaves of Tilia argentea (silver 
linden). J Ethnopharmacol 2004;95(2-3):393-7. 

109. Trayhurn P, Bing C. Appetite and energy balance signals from adipocytes. 
Philos Trans R Soc Lond B Biol Sci 2006;361(1471):1237-49. 

110. Ueno C, Hunt TK, Hopf HW. Using physiology to improve surgical wound 
outcomes. Plast Reconstr Surg 2006;117(7 Suppl):59S-71S. 

111. Vardar-Unlu G, Candan F, Sokmen A, Daferera D, Polissiou M, Sokmen M, et 
al. Antimicrobial and antioxidant activity of the essential oil and 
methanol extracts of Thymus pectinatus Fisch. et Mey. Var. pectinatus 
(Lamiaceae). J Agric Food Chem 2003;51(1):63-7. 

112. Verdu EF, Bercik P, Verma-Gandhu M, Huang XX, Blennerhassett P, Jackson 
W, et al. Specific probiotic therapy attenuates antibiotic induced 
visceral hypersensitivity in mice. Gut 2006;55(2):182-90. 

113. Vernon SD, Nicholson A, Rajeevan M, Dimulescu I, Cameron B, Whistler T, et 
al. Correlation of psycho-neuroendocrine-immune (PNI) gene expression 
with symptoms of acute infectious mononucleosis. Brain Res 
2006;1068(1):1-6. 

114. Vinciguerra G, Belcaro G, Cesarone MR, Rohdewald P, Stuard S, Ricci A, et 
al. Cramps and muscular pain: prevention with pycnogenol in normal 
subjects, venous patients, athletes, claudicants and in diabetic 
microangiopathy. Angiology 2006;57(3):331-9. 

115. Visser E, Schug SA. The role of ketamine in pain management. Biomed 
Pharmacother 2006;60(7):341-348. 

116. Watkins LR, Martin D, Ulrich P, Tracey KJ, Maier SF. Evidence for the 
involvement of spinal cord glia in subcutaneous formalin induced 
hyperalgesia in the rat. Pain 1997;71(3):225-35. 

117. Watkins LR, McGorry M, Schwartz B, Sisk D, Wiertelak EP, Maier SF. Reversal 
of spinal cord non-opiate analgesia by conditioned anti-analgesia in the 
rat. Pain 1997;71(3):237-47. 

118. Whitehouse M. Coxibs and their aftermath: an (opinionated) commentary, 
based on some historical viewpoints. Inflammopharmacology 
2005;13(4):403-17. 

119. Whitehouse MW. Prostanoids as friends, not foes: further evidence from the 
interference by cycloxygenase-inhibitory drugs when inducing tolerance 
to experimental arthritigens in rats. Inflammopharmacology 
2005;12(5):481-92. 

120. Wieseler-Frank J, Maier SF, Watkins LR. Glial activation and pathological 
pain. Neurochem Int 2004;45(2-3):389-95. 



 
 

 29 

121. Wilson AW, Medhurst SJ, Dixon CI, Bontoft NC, Winyard LA, 
Brackenborough KT, et al. An animal model of chronic inflammatory 
pain: pharmacological and temporal differentiation from acute models. 
Eur J Pain 2006;10(6):537-49. 

122. Wolf AM, Wolf D, Rumpold H, Enrich B, Tilg H. Adiponectin induces the anti-
inflammatory cytokines IL-10 and IL-1RA in human leukocytes. Biochem 
Biophys Res Commun 2004;323(2):630-5. 

123. Zanjani TM, Sabetkasaei M, Mosaffa N, Manaheji H, Labibi F, Farokhi B. 
Suppression of interleukin-6 by minocycline in a rat model of neuropathic 
pain. Eur J Pharmacol 2006;538(1-3):66-72. 

124. Zhang JH, Huang YG. The immune system: a new look at pain. Chin Med J 
(Engl) 2006;119(11):930-8. 

125. Zhang WY, Liu HQ, Xie KQ, Yin LL, Li Y, Kwik-Uribe CL, et al. Procyanidin 
dimer B2 [epicatechin-(4beta-8)-epicatechin] suppresses the expression 
of cyclooxygenase-2 in endotoxin-treated monocytic cells. Biochem 
Biophys Res Commun 2006;345(1):508-15. 

126. Zweigner J, Jackowski S, Smith SH, Van Der Merwe M, Weber JR, Tuomanen 
EI. Bacterial inhibition of phosphatidylcholine synthesis triggers apoptosis 
in the brain. J Exp Med 2004;200(1):99-106. 

 
1) Rush, AJ. STAR-D: What have we learned? Am J Psychiatry. 2007;164-201  
2) Pigott, et al. Efficacy and Effectiveness of Antidepressants: Current 

Status:Psychother Psychosom. 2010;79(5):267-79.   
3) Bourre, JM: J. Nutrition, Health & Aging: Vol 10(5) 2006: 377-385. Effects of 

nutrients (in food) on the structure and function of the nervous system: 
update on dietary requirements for brain: Part 1: micronutrients.  

4)Miller HL :et al.: Clinical and biochemical effects of catecholamine depletion 
on antidepressant-induced remission of depression. Arch Gen Psychiatry. 
Vol.53( 2):117-128.  

5) Spillmann MK. Et.al.; Tryptophan depletion in SSRI recovered depressed 
outpatients. Psychopharmacology (Berl)2001, May;155 (2):123-127  

6) Maes M.,et al.:Hypozincemia in depression. J Affective Disorders; 
31(2):13Maes M.: “Lower serum zinc in major depression is a sensitive 
marker of treatment resistance and of the immune/inflammatory 
response in that illness” Biol Psychiatry: 42(5):349-358 (1997). 5-140 (1994)  

7)Maes M.Et.al.: Lower serum zinc in major depression in relation to changes in 
serum acute phase proteins. J. Affect Disord 1999:56(2-3):189-194   

8)Methylenetetrahydrofolate Reductase (MTHFR) Genetic Polymorphisms 
(C677T variant) and Psychiatric Disorders: A HuGE Review: Am J 
Epidemiol 2007;165:1–13  

9)Coppen A, et al.: Enhancement of antidepressant action of fluoxetine by folic 
acid: a randomized, placebo controlled trial. J Affect Disord: 
2000:60(Nov.):121-130  

10)Rutten: Epigenetic Mediation of  Environmental influences in Major Psychotic 
Disorders Schizophrenia Bulletin; 2009: Vol 35 (6):1045-1056  

11)McGowan: the epigenetics of social adversity in early life: Implications for 
mental health outcomes. Neurobiology of Disease (2010): In Press  

12)Hedelin, M. Dietary Intake of Fish, Omega 3’s, Omega 6 PUFA’s and Vitamin 
D and the pPrevalence of Psychotic Symptoms in a Cohort of 33,000 
Women from the General Population. BMC  Psychiatry 2010 (10): 38; 1-13  



 
 

 30 

13)Wilkins CH., et al.: Vitamin D deficiency is associated with low mood and 
worse cognitive performance in older adults. Am J Geriatric Psychiatry, 
2006 Dec;14(12):1032-40   

14)Van Praag: Depression, glucose tolerance, peripheral glucose uptake and 
their alterations under the influence of anti-depressive drugs of the 
hydrazine type. Psychopharmacologia (Berlin) 1965;8:67-78.)  

15)Cassidy, F. et.al.: Elevated Frequency of Diabetes Mellitus in Hospitalized 
Manic-Depressive Patients. Am J Psychiatry 1999;156 1417-1420.   

16)Weiss JH., et.al.: Zn(+2): a novel ionic mediator of neural injury in brain 
disease. Trends Pharmacol Sci 2001: 21(12):112-3  

17)Lindenbaum J. et.al.: Neuropsychiatric disorders caused by cobalamin 
deficiency in the absence of anemia or macrocytois. N Engl J Med 
1988;318:1720-1728.  

18)Vogiatzoglou, A. Determinants of Methylmalonic Acid in a Large Population: 
Implications for Assessment of Vitamin B12 Status. Clinical Chemistry 
(55)12: 2198-2206 (2009) 

 


