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Valorization

In the following paragraphs we will describe the value is of our work for 
society and the economy. Furthermore, we will highlight which target 
population will benefit from our newly developed model and therapeu-
tic strategy. Finally we will shortly describe the innovation of our model 
and the utilization of our knowledge.

Social and economic value of the current thesis 

Sepsis is a major health problem, which are associated with high rates of 
morbidity and mortality. The reported incidence varies between 75 to 300 
per 100,000 patients worldwide [1], with mortality rates of approximately 
25%. However, if complicated by multiple organ failure due to an im-
paired microcirculation, the mortality rates doubles [2]. This results in 
high socio-economic costs. As described in chapter 2 of this thesis, an 
imbalance in NO production by NOS3 and NOS2 is hypothesized to 
play a key role in the development of multiple organ failure during sepsis 
and inflammatory conditions [3,4]. Therefore, restoring NO production 
from arginine by the proper cells and enzymes in these conditions has 
been the subject of numerous studies over the past decades [5-14]. Thus 
far, there is no definite treatment, so that the search for good therapeutic 
interventions is still ongoing. Previous nutritional interventions focussed 
on arginine supplementation, but the outcomes of these treatments dif-
fered widely [14-25], with either increased [21], unchanged [9,14,19], 
or decreased morbidity and mortality. 
 The disparate outcomes of the human studies appear to result from 
the experimental animal models used to simulate and treat sepsis. Thus 
far, the acute sepsis model, which takes only a few hours, is usually used, 
but this model does not cause arginine deficiency. Therefore, the first 
goal of the current thesis was the development of an experimental model 
that mimics the human arginine-deficient state during endotoxemia. As 
described in detail in Chapter 4, we developed a mouse model with an 
18h infusion of endotoxcin that causes a decreased arginine availability 
and a diminished NO production and decreased microcirculation in jeju-
nal tissue as found in septic human patients. Since our model mimics the 
human situation better with respect to the functional arginine deficiency 
than previously used models, new interventions tested in this model may 



Chapter 13

312

be better suitable to have outcomes that better predict efficacy in humans 
that the previously used acute models.  
 To develop a new therapeutic approach for sepsis, we first investi-
gated whether arginine would be a suitable substrate in our model. As 
hypothesized, the results of our study show that arginine supplemen-
tation did not restore arginine availability and microcirculation during 
endotoxemia. Therefore, we conclude that arginine is not a suitable sub-
strate for the treatment of these disturbances in NO production. 
 In this thesis we further showed that L-citrulline supplementation is 
a good therapeutic strategy to restore the arginine availability in the cells 
of the jejunum during experimental endotoxemia. L-citrulline supple-
mentation even resulted in an improved microcirculation and mainte-
nance of the gastro-intestinal barrier in healthy athletes. Based on these 
beneficial results of L-citrulline supplementation, the findings during our 
study are potentially of high social and economic value for the medical 
society and the world of sports. 

Target population

The results of this thesis are of interest to several target groups within the 
research field and health care. At first, the results presented in this thesis 
provide new insights for the development of specific nutritional supple-
ments for patients with a disturbed arginine metabolism, such as septic 
patients. Therefore, the data of thesis may be of special interest to pharma-
ceutical companies to develop new nutritional formulas for clinical usage 
in patients with disturbances in arginine metabolism. In, line these results are 
important for health care workers in the field of intensive care medicine, 
which deal with these septic patients daily. However, this arginine defi-
ciency is not only present in inflammatory conditions, but is also present 
in abnormal fracture healing [26], disturbed wound healing [27]and cardio-
vascular diseases [28-30]. Therefore, the results of this thesis, will be of 
interest to a much broader audience, including surgeons, cardiologists, 
and investigators in the biomedical field with special interest in endothe-
lial dysfunction and microcirculation. Also, athletes and investigators in 
the field of sport medicine are likely to be interested, based on the bene-
ficial results of L-citrulline supplementation during strenuous exercise. 
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Knowledge utilization

The knowledge obtained from our research in the area of nutritional sup-
plementation in patients with arginine deficiency will be valorized through 
its application in future studies focused on improved metabolism during 
inflammatory conditions. The knowledge received from this thesis can 
already be incorporated in the current standard treatment of critical ill 
patients, focusing on enhancement of the microcirculation. Furthermore, 
as already mentioned in the previous paragraph the insights from our 
studies will help to develop nutritional strategies targeting the endothe-
lial function is several different pathophysiological states. This eventually 
will lead to a less social economic cost based on a decreased hospital-
ization and diminished morbidity and mortality.

Innovation

The search for a good therapeutic strategy to maintain a functional micro-
circulation during sepsis and endotoxemia has been the subject of many 
different studies over the past decades. However, experimental studies 
used acute sepsis models, which are not a reliable model to study the 
human situation. In this regard, the present thesis exhibits various novel 
findings and insights. First, the experimental model described in this  
thesis is the first model, which uses a prolonged endotoxemia to test the 
therapeutic strategies targeting the arginine availability and metabolism. 
Furthermore, our results are the first to show that citrulline is a suitable 
substrate to improve arginine availability and microcirculatory function 
during inflammatory conditions, and, therefore, may be a promising new 
therapeutic strategy in patients. The novelty of the model and therapeutic 
approach has not gone unnoticed, as we were awarded the International 
Sepsis Forum award of the European Society of Intensive Care Medicine 
(ESICM) in 2010 for the best new research on therapeutic interventions in 
the treatment of human sepsis. These studies will serve as basis for future 
studies that address arginine and NO deficiencies in human patients, 
especially in the (critically) ill. 
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