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ABSTRACT 
22 healthy volunteers were included in a randomized, placebo-controlled pilot study in order to investigate im-
munomodulatory effects of a concentrated juice, containing the ingredients of a total of 80 different fruits, vege-
tables, herbs, mushrooms, oils, and others (Cellagon aurum®, “CA”). 11 subjects received the concentrated juice 
while 11 were allocated to the placebo group. Stimulated whole-blood cultures were used to assess any treat-
ment-related changes in the response of leukocytes towards experimental immune cell activation. For each of the 
individuals, 5 cultures were performed either immediately before, during, or 3 days after termination of the 7 
weeks treatment. Leukocyte activities were determined by measuring cytokine levels in the supernatants at the 
end of the 48 h of stimulation (induced by the addition of LPS + SE-B + anti-CD28 antibodies). Despite the rela-
tively small number of volunteers, multiplexed cytokine assays revealed a typical T-cell signature of cytokines 
that were increased significantly in the course of CA treatment compared to placebo (GM-CSF, IFNγ, IL-4, 
IL-10, IL-17, TNFβ, all p < 0.05). These preliminary results suggest that CA is able to support leukocyte activa-
tion, in particular that of T-lymphocytes. 
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1. Introduction 
Herbs, vegetables and fruits have been investigated in-
tensely with regard to protective effects they may pro-
vide to human tissues. Many of their activities were 
found to be related to oxygen radical scavenging (re-
viewed for example by [1]), although the clinical benefit 
of this kind of food ingredients was questioned by others 
[2]. Some of these radical scavengers, but also numerous 
other substances from herbs, vegetables and fruits were 
found to have anti-inflammatory effects (e.g. [3,4]). Less 
well characterized are those drugs with so-called immu-
nomodulatory ingredients, which are usually presumed to 
be major constituents of herbal remedies, such as Cone  

flower (Echinacea). Immunomodulation characterizes 
substance effects that are able to support either, or dam-
pen immune cell activities, a rather old concept that ex-
perienced considerable appreciation in the past decade, 
especially in the treatment of more complex diseases, 
like autoaggressive disorders [5,6]. 

The clinical study presented in this paper was designed 
to address the question of whether Cellagon aurum® (CA) 
does affect immune cell activities in vivo. CA is a con-
centrated juice consisting of 80 different natural products 
(Table 1), such as fruit juices, extracts from vegetables, 
mushrooms, and herb, but also different oils, as well as 
micronutrients (such as calcium, iron, coenzyme Q10,  
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Table 1. Nutritional values of Cellagon aurum. 

Nutritional values Intake per day by 20 ml 
CA in 260 ml water % RDI 

Caloric value kj/kcal 150/35  

Protein g 0.7  

Total carbohydrates g 5.0  

Sugar g 3.6  

Total fat fat g 0.5  

Saturated fatty acids g 0.1  

Polyunsaturated fatty acids g 0.3  

Fibers g 3.0  

Sodium g 0.008  

Vitamins   

Vitamin C mg 120 150 

Vitamin E mg 18 150 

Niacin mg 12 75 

Pantothenic acid mg 9 150 

Vitamin B6 mg 2.1 150 

Vitamin B2 mg 2.1 150 

Vitamin B1 mg 1.7 150 

Folic acid µg 200 100 

Biotin µg 75 150 

Vitamin B12 µg 3.8 150 

Minerals   

Calcium mg - - 

Iron mg 4.2 30 

Magnesium mg 56 15 

Zink mg 3.0 30 

Manganese mg 0.60 30 

Copper mg 0.15 15 

Selene µg 8.3 15 

Chrome µg 6.0 15 

Molybdenum µg 7.5 15 

 
lecithin, or L-carnitine). Given the complexity of this 
preparation and the fact that at least some of its constitu-
ents are well-known to contain substances with immu-

nomodulating activities e.g. chamomile [7,8], hops [9], 
grape seeds [10], broccoli [11], vitamins [12-17], etc., 
this study aimed specifically at testing changes in im-
mune cell function during CA intake. For this purpose 
the TruCulture® test system was chosen, because it ena- 
bles the testing of leukocyte activities ex vivo, i.e.: after 
these cells were exposed to the biologically active ingre-
dients of CA in vivo [18]. The TruCulture® test system is 
based on “bed-side cell cultures” and therefore avoids 
numerous artifacts common to other assays testing leu-
kocyte function. This is achieved by cultivating peri-
pheral blood immune cells directly in the syringe used to 
draw the blood, i.e. in their natural environment (whole- 
blood). Hence, these cultures can be set up without any 
delay between the blood draw and starting these cultures. 
Moreover, the examination of immune cell activities can 
be performed without the usual preparation of leukocytes, 
what otherwise would have introduced further cell stress. 
And finally, the inter-assay variability is reduced to a 
minimum, because the complete procedure consists of 
just one step, i.e.: the blood draw. This makes it possible 
to obtain reliable results with rather low numbers of trial 
subjects. 

The cells were incubated in these syringe-tubes under 
stimulating conditions, mimicking the presence of bac-
terial infection: bacterial lipopolysaccharide (LPS, sti-
mulating cells of the innate immune response; [19]) was 
combined with staphylococcal enterotoxin-B (SE-B, ac-
tivates T-lymphocytes in an antigen-specific manner, 
while involving innate antigen-presenting cells; [20]), 
plus antibodies against CD28, a surface molecule that is 
required for potent upregulation of T-cell activities [21]. 
This type of activation represents a broad, physiological-
ly relevant trigger of defense responses of immune cells. 

2. Material and Methods 
2.1. Study Design 
This nutrition study was conducted as an explorative, 
mono-centric, randomized, double-blind, placebo-con- 
trolled study in healthy outpatient subjects in Berlin 
(Germany) between August and December 2012. The 
effect of Cellagon aurum® (CA) on treatment-related 
changes in the response of leukocytes (ex vivo cytokine 
expression) was compared to placebo. The study was ap- 
proved by the Ethics Committee of the Charité, Berlin 
(Germany) and was carried out in accordance with the 
declaration of Helsinki/Hong Kong 1989/Somerset 1996 
as well as the ICH-GCP guidelines (CPMP/ICH/135/95). 

2.2. Study Population and Treatment 
Twenty-two healthy subjects were included in this study. 
They had to meet the following inclusion criteria: age 
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between 18 - 40 years, nonsmokers with a good general 
state of health, and written consent to participate. The 
main exclusion criteria were as follows: any type of acute 
or chronic diseases or known allergies, vaccination or 
surgery within the last 6 months before or during the cli- 
nical trial, intake of any supplements, pre-/probiotics or 
drugs known to influence the immune system 14 days (d) 
before and during the investigation, known sensibility to 
one of the ingredients of the study product, as well as 
pregnancy or nursing. 

CA is a concentrate made of 80 ingredients (Hans- 
Günter Berner GmbH & Co. KG, Germany), the corres-
ponding placebo, identical in appearance, was a fruit 
juice concentrate containing orange and apple juice, mi- 
neral water, fructose, apple extract, citric acid, potassium 
sorbate, sucralose sweetener, beta-carotene and carmine, 
natural flavors without any additional vitamins or miner-
als, comparable in caloric value to CA (Hans-Günter 
Berner GmbH & Co. KG, Germany). 

Subjects were randomly assigned to receive CA or 
placebo. The study participants were instructed to take 
two times daily 10 ml of CA or the corresponding place-
bo, mixed with 120 ml drinking water or mineral water 
preferred at breakfast and dinner over a period of 7 
weeks. 

Twenty-two subjects met the inclusion criteria and did 
not violate the exclusion criteria and were randomized 
into this nutritional trial. Two of the 22 participants were 
excluded from the study at V3 (one: elevated CRP-values 
due to sunburn; one: venous disease). From these partic-
ipants no efficacy values from V4 and V5 are available, 
therefore they were exclude from the full analysis set 
(FAS) population. Thus 20 subjects represent the FAS 
population (see Figure 1). Since all of them adhered to 
the study protocol they represent the valid case analysis 
set (VCAS). 

Of the 20 subjects of the FAS population 13 were 
woman and 7 men. All the study participants were classi-
fied as Caucasian. With respect to baseline characteris-
tics, there were no statistically significant differences be- 
tween the two study groups (Table 2). 

During the study period, five visits (see Table 3: V1— 
screening, V2—randomization and dispensation of the 
investigational product; V3—at the fourth day of intake  

of the investigational product; first TruCulture® from 
blood cells; V4—after 14 d of intake of the investigational 
product; second TruCulture® from blood cells; V5—final 
visit at day 56 ± 2 and 3 d after the last intake of the in- 
vestigational product; third TruCulture® from blood cells) 
were performed in the practice of the investigator. 

2.3. Outcome Measures 
Ex Vivo TruCulture® tests 
The TruCulture® test system consists of a closed sy-

ringe-tube, described in detail elsewhere [18]. In brief, 
the blood is drawn into these tubes, containing a proprie-
tary culture medium, supplemented with the experimen-
tal stimulants LPS (from E. coli, O55: B5; Calbiochem, 
 

 
Figure 1. Flow chart of the study population. 

 
Table 2. Mean (±SD) baseline characteristics of the study 
population. 

Study population 

 CA (n = 9) Placebo (n = 11) p-value 

Age (years) 27.9 ± 5.7 32.7 ± 6.9 0.107 

Sex (m/f) 3/6 4/7 1.0 

Height (cm) 173.1 ± 7.2 170.4 ± 8.7 0.467 

Body weight (kg) 67.9 ± 7.5 62.0 ± 7.9 0.131 

BMI kg/m2 22.6 ± 1.5 21.3 ± 1.7 0.070 

 
Table 3. Study course. 

Visit purpose V1 (1 - 7 d before V2) V2 (d 0) V3 (d 4) V4 (d 14 ± 2)  V5 (d 56 ± 2) 

 Screening Inclusion Dispensation:  
CA Placebo Control # Control #2 End of ingestion 

after 53 days Control #3 End of study 

Blood X X X X  X 

TruCulture®  Baseline #1 #2  #3 

Urine X X X X  X 
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Germany), SE-B (from S. aureus; Bernhard-Nocht-In- 
stitute, Germany), as well as anti-CD28 antibodies 
(Beckmann-Coulter, Germany). Within 15 min from the 
blood draw, the plungers of these syringe tubes were 
broken away and the tubes were transferred into a 
dry-block thermostat (VLM GmbH, Germany), where 
they were incubated for a total of 48 h at 37˚C. Then the 
culture supernatants were harvested and stored below 
−18˚C until shipping on dry ice to EDI GmbH, where 
they were kept below −18˚C until testing cytokine con-
centrations, without any interruptions of the cold chain. 

Cytokine Assays 
Multiplexed analyte profiles (MAP, Myriad RBM, 

Austin TX, USA) were used to determine the concentra-
tions of cytokines, chemokines, growth factors, and other 
leukocyte activation markers in the supernatants of the 
TruCulture® whole-blood cultures. In brief: Upon arrival 
at EDI GmbH, all samples were stored at −80˚C until 
tested. The mixture of sample and capture microspheres 
were thoroughly mixed and incubated at room tempera-
ture for 1 hour. Multiplexed cocktails of biotinylated 
reporter antibodies for each multiplex were then added 
and incubated for an additional hour at room temperature. 
Multiplexes were developed using an excess of strepta-
vidin-phycoerythrin solution. Analysis was performed in 
a Luminex 100/200 instrument and the resulting data 
stream was interpreted using proprietary data analysis 
software developed at Rules-Based Medicine. Unknown 
values for each of the analytes localized in a specific 
multiplex were determined using 4 and 5 parameter, 
weighted and non-weighted curve fitting algorithms in-
cluded in the data analysis package. 

The panel of activation markers, shown in Table 4 
was measured from these samples. 

Safety and Tolerability 
As concurrent variables the tolerability of the investi- 
 

Table 4. Measured markers. 

HumanCytokine MAP A* HumanCytokine MAP B* 

GM-CSF IL-8 BDNF IL-15 

IFN-γ IL-10 Eotaxin IL-17 

IL-2 MCP-1 ICAM-1 IL-23 

IL-3 MIP-1α IL-1α MMP-3 

IL-4 MIP-1β IL-1β SCF 

IL-5 TNFα IL-1ra VEGF 

IL-6 TNFβ IL-12p40  

IL-7  IL-12p70  

*List of abbreviations: see supplementary data. 

gational product was evaluated by both the subjects and 
the investigators at the end of the study. The following 
ratings were used for it: “very good” “good”, “moderate” 
or “poor”. The safety and tolerability of the product was 
additionally evaluated by the documentation of adverse 
events. 

2.4. Statistical Evaluation 
The data were supplied by EDI GmbH, the provider of 
the cytokine assay as raw data. Statistical analysis was 
performed with SYSTAT (V 12.0, Systat Software Inc.). 

Cytokines exhibit high inter-individual differences to-
gether with remarkable intra-individual long-term stabil-
ity [18,22]. Also in this study, cytokines of the individual 
with the lowest values and the one with the highest value 
differed by factors between 3 (IL-10) and 1072 (IL-2). 
Neither parametric nor non-parametric methods can han-
dle such differences sufficiently. Individual z-standardi- 
zation is normally used in such situations, but for this 
purpose at last 5 values without treatment influence are 
needed for each individual, which was not possible for 
this exploratory or a proof-of-concept-study. Thus, for 
the comparison of the groups, we calculated the differ-
ences between the visits #2 (baseline, immediately before 
starting the treatment) and #3 (after 3 days of treatment = 
labelled “acute” effects in the graphs below), visits #2 
and #4 (2 weeks of treatment = “2 wks”), and visits #4 
and #5 (2 - 4 days after ending the treatment = “EOTrt- 
mt”) for each individual and tested these variables with a 
t-test for independent samples, along with a Mann- 
Whitney-U-Test as a back-up in case of major differenc-
es in the variances between the groups, which had to ex-
pected. 

From all cytokines determined in this study, GM-CSF, 
IFNγ, IL-2, IL-4, IL-10, IL-17 and TNFβ were selected 
for closer analysis based on a first graphical evaluation of 
the time course of all individuals. 

3. Results 
No drop-outs due to undesired events occurred during the 
observation phase of this clinical study. 11 of the 11 
subjects from the placebo group and 9 out of 11 from the 
active treatment group finished the trial with a sufficient 
number of visits and data points to allow a proper statis-
tical evaluation of their results. 

3.1. Cytokine Response 
As could be expected, not all cytokines responded 
equally well to the treatment. Compared to baseline, no 
notable changes during CA intake could be observed for 
the following parameters (data not shown in this paper): 
IL-3, BDNF, Eotaxin, Factor VII, ICAM-1, IL-7, IL-15, 
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MMP-3, SCF, VEGF. 
For a series of other functional endpoints changes 

were observed for just one or very few subjects only (IL- 
1α, IL-1β, IL-1ra, IL-5, IL-6, IL-8, IL-12p40, IL-12p70, 
IL-18, IL-23, MIP-1α, MIP-1β, MCP-1, TGFβ, TNFα). 
However, as this occurred in both treatment groups (CA 
and placebo), it was not possible to reliably differentiate 
treatment-specific effects from random shifts in cellular 
activities (e.g. due to minor environmental challenges in 
some individuals, which must be considered a normal 
phenomenon in healthy persons). Also these results will 
not be shown in this paper. 

On the other hand, six parameters were modulated 
more consistently (GM-CSF, IFNγ, IL-4, IL-10, IL-17, as 
well as TNFβ). These reached statistically significant 
differences either between the treatment groups after 3 
days of CA ingestion (no such difference was detected 
between these two groups at baseline), and/or as differ-
ences within the CA group when comparing visit #2 
(baseline immediately before starting CA intake) to visit 
#3 (after 3 days of treatment); no obvious change in the 
course of treatment was detected in the placebo group. 
These results are shown below in more detail (see   
Figures 2 and 3). 

 
Changes from a) GM-CSF (Test for unpaired samples) b) IFNγ (Test for unpaired samples) c) IL-4 (Test for unpaired samples) 

visit #2 to visit #3 

 
t-Test: p = 0.053  

MWU-Test: p = 0.021  

 
t-Test: p = 0.221 

MWU-Test: p = 0.014  

 
t-Test: p = 0.045  

MWU-Test: p = 0.037  

visit #2 to visit #4 

 
t-Test: p = 0.623  

MWU-Test: p = 0.540 

 
t-Test: p = 0.078 () 
MWU-Test: p = 0.138 

 
t-Test: p = 0.534 

MWU-Test: p = 0.239 

visit #4 to visit #5 
 

 
t-Test: p = 0.613 

MWU-Test: p = 0.454 

 
t-Test: p = 0.026  

MWU-Test: p = 0.017  

 
t-Test: p = 0.698 

MWU-Test: p = 0.676 

Figure 2. GM-CSF (a), IFNγ (b), and IL-4 (c) release in stimulated whole-blood cultures. Comparison of placebo and CA 
group, upper panels = delta response after 3 days of treatment (visit #3—baseline visit #2); center panels = delta response 
visit #4 (14 days of treatment)—baseline, lower panels = delta response visit #5 (2 - 4 days after end of treatment)—visit #4. 
MWU = Mann Whitney U Test.  = stimulated,  = inhibited; red circles: placebo group; blue cross: CA treatment. 
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Changes from a) IL-10 (Test for unpaired samples) b) IL-17 (Test for unpaired samples) c) TNFβ (Test for unpaired samples) 

visit #2 to visit #3 

 
t-Test: p = 0.036  

MWU-Test: p = 0.063 () 

 
t-Test: p = 0.022  

MWU-Test: p = 0.014  

 
t-Test: p = 0.018  

MWU-Test: p = 0.006  

visit #2 to visit #4 

 
t-Test: p = 0.100 

MWU-Test: p = 0.020  

 
t-Test: p = 0.168 

MWU-Test: p = 0.102 

 
t-Test: p = 0.147 

MWU-Test: p = 0.119 

visit #4 to visit #5 
 

 
t-Test: p = 0.692 

MWU-Test: p = 0.970 

 
t-Test: p = 0.368 

MWU-Test: p = 0.239 

 
t-Test: p = 0.155 

MWU-Test: p = 0.119 

Figure 3. IL-10 (a), IL-17 (b), and TNFβ (c) release in stimulated whole-blood cultures. Comparison of placebo and CA group, 
upper panels = delta response after 3 days of treatment (visit #3—baseline visit #2); center panels = delta response visit #4 (14 
days of treatment)—baseline, lower panels = delta response visit #5 (2 - 4 days after end of treatment)—visit #4. MWU = 
Mann Whitney U Test.  = stimulated,  = inhibited; red circles: placebo group; blue cross: CA treatment. 

 
The cytokines indicating significant immunomodula-

tory effects by CA treatment can all be related to T-lym- 
phocyte activities: GM-CSF, IFNγ, IL-4, IL-10, IL-17, as 
well as TNFβ (see Figures 2 and 3). All of these cyto-
kines were found increased in the culture supernatants of 
these donors when comparing visit #2 (baseline, imme-
diately before starting CA ingestion) to visit #3 (after 3 
days of CA ingestion). For IFNγ the difference between 
visits #4 and #5 showed a significant reduction in the 
stimulated release of this cytokine compared to placebo 
(Figure 2). 

There was only one mediator, IL-10, for which a sig-
nificant increase in its release could still be detected also  

at visit #4 (day 14 of CA treatment, see Figure 3). 

3.2. Safety and Tolerability  
All measured clinical parameters, body weight, tempera-
ture, heart rate and blood pressure remained almost con-
stant during the study, with no significant differences 
between the two study populations (data not shown). The 
global assessment of tolerability for both treatments was 
rated at the end of the study. Both investigators and sub-
jects rated the tolerability of CA or placebo in 100% of 
the cases as beeing “good” or “very good” (p = 1.00; p = 
1.00, respectively). Only one of the 20 participants re-
ported an adverse event (headache of moderate intensity), 
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which was considered to be not related to the intake of 
the investigational product. 

4. Discussion 
The clinical study presented above was performed to in- 
vestigate immunomodulatory properties, potentially re-
lated to the ingestion of a concentrated juice (CA) a 
preparation of fruits, vegetables, mushrooms, oils and 
numerous other ingredients (80 different in total). 

Usually, such products are mainly thought to exert ra-
ther non-specific effects via either improving the supply 
of vitamins, or the presence of antioxidants. Despite the 
fact that in the CA juice tested in this clinical trial surely 
considerable amount of vitamins and antioxidants (such 
as polyphenols, flavonoids, etc.) are present, it would be 
inadequate to assume that these alone could have caused 
the changes observed during this study. For example, 
other constituents are well-known for their effects on im- 
mune cells, such as docohexaenoic acid (DHA) from Shi- 
zochytrium sp. [23], selenium [24], L-carnitine [25], zinc 
[26], etc. Multi-component mixtures of biologically ac-
tive constituents, like CA, must indeed be expected to 
potentially generate more complex interactions with hu-
man physiology. Each constituent may show effects on 
different sub-systems of the human body (e.g. on mucos-
al secretions, the mucosal epithelial cells, various organs, 
immune cells, the neuro-endocrine system, but also—last, 
but surely not least—the intestinal microbiota, which 
again can generate additional secondary effects). Thus, 
the more complex such mixtures, the less likely it will be 
possible to trace back certain effects to just one of these 
ingredients. In the end, preparations like CA can only be 
judged by their net effects on certain physiological func-
tions in vivo. It was therefore the purpose of this clinical 
investigation to examine possible shifts in immune cell 
activation as a measure of what the ingestion of CA may 
change with regards to defense reactions or inflammatory 
processes. 

The current results indicated little or no effect on the 
innate part of the human immune system in vivo, but ra-
ther suggested T-cells to mainly benefit from CA intake. 
This was rather surprising, because the typical immuno-
modulators of herbal origin, such as Echinacea, so far 
were described to exert their effects predominantly via 
improving functions of cells of the innate immune sys-
tem, such as macrophages [27], which could also be con-
firmed by clinical trials [28]. One of the biggest advan-
tages of testing substance effects ex vivo after oral inges-
tion is that this application route usually eliminates the 
risk for artificial immune cell activation by LPS, which is 
not only a common (but harmless upon ingestion) con-
taminant of natural preparations. In addition, it is one of 
the most powerful leukocyte-activating agents, belonging 

to the pathogen-associated molecular pattern (PAMP) 
molecules. During normal gut passage the intestinal epi-
thelia potently block bacterial endotoxins from triggering 
inflammatory responses, unless gut leakage occurs or 
high-fat meals are consumed [29]. In in vitro experiments 
such molecules often mimic or even override potential 
effects generated by the plant-specific compounds [30]. 

The whole-blood culture model used in these experi-
ments to detect immunomodulatory activities of CA 
made it possible to investigate immunomodulatory ef-
fects ex vivo under in vivo-like, pathophysiologically re- 
levant conditions. The latter were established by using 
pro-inflammatory activators, triggering immune cell res-
ponses similar to those seen during infectious diseases 
(by combining the monocyte activator LPS, a polyclonal 
T-cell stimulant SE-B and a co-stimulatory antibody, 
anti-CD28). By means of this a moderate, physiological 
(=combined) activation of different leukocyte popula-
tions was achieved that was able to reliably show both, 
stimulating as well as inhibitory activities of CA ingre-
dients. Although these experiments were performed us-
ing a relatively small group of volunteers (n = 20 in both, 
the verum and the placebo group), the activity profile de- 
monstrated a relatively clear picture: All cytokines that 
showed significant changes following CA ingestion 
(GM-CSF, IFNγ, IL-4, IL-10, IL-17, TNFβ) can be as-
signed to different T-cell subsets [31]. Except for IL-10 
(see below), all other cytokines peaked on day 3 of treat- 
ment (compared to baseline on day 0). The kinetics sug-
gest that soon after starting CA ingestion, the T-lym- 
phocytes respond more efficiently to stimulation (mode 
of action so far unknown). When tested again after 14 
days of treatment, this enhancing effect for GM-CSF, 
IFNγ, IL-4, IL-17, and TNFβ could not be detected any-
more. 

Instead, when activated experimentally again after 2 
weeks of taking CA, the formation of IL-10 seems to still 
be upregulated in this phase of CA treatment. IL-10 can 
either be produced by leukocytes of the innate part of the 
immune system, or certain T-lymphocytes. However, 
none of the other marker cytokines of the innate immune 
cells (IL-1, TNFα, IL-6, etc.) was affected by CA treat-
ment. It seems therefore reasonable to assume that the 
secretion of this inhibitory cytokine was either generated 
by helper T cells of type 2 (Th2; [32]) or regulatory T 
cells (Treg; [33]). These latter two are also known to be 
delayed in their course of activation compared to Th1 
and Th17 cells, which must be regarded the source for 
the additional amounts of GM-CSF, IFNγ, IL-17, and 
TNFβ found in the supernatants of CA treated individu-
als after 3 days of ingestion. The only other Th2 cytokine 
that responded to CA application was IL-4, although this 
was found increased on visit #3 only. 
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The fact that for IFNγ a significant withdrawal effect 
was observed at visit #5 can be regarded another sign of 
CA acting mainly on T cells. 

As IL-10 is one of the few cytokines that do have an-
ti-inflammatory (downregulating) activity, these results 
suggest a real modulatory effect by CA in that it im-
proves the capacities of immune cells to secrete, upon 
activation, both, pro- and anti-inflammatory mediators. 
Moreover, IL-10 does have additional functions in the 
terminal differentiation of germinal center B cells into 
immunoglobulin-secreting plasma cells. Thus, it may be 
speculated that CA, in a more indirect manner, may also 
help setting up antigen-specific production of antibodies 
[34]. This could easily be investigated in a next clinical 
study measuring antibody titers in vaccinated volunteers 
treated with CA compared to placebo.  

The small study population is a limitation of this study. 
Therefore these results can only be regarded as prelimi-
nary results and have to be confirmed in a larger study 
population. 

Nevertheless, these results indicate a clear correlation 
between the ingestion of CA and the changes in immune 
cell activities in healthy volunteers as tested by whole- 
blood assays. These effects seem to result in an enhanced 
response of T-lymphocytes to activation as it occurs in 
infectious diseases. The very low rate of adverse events 
together with the overall good compliance demonstrates 
the safety and the consumers’ acceptance of the study 
product. 
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BDNF: Brain-derived neurotrophic factor 
Eotaxin: Eotaxin 
GM-CSF: Granulocyte/monocyte colony-stimulating fac- 
tor 
ICAM-1: Intercellular adhesion molecule-1 
IFN-γ: Interferon gamma 
IL-1α: Interleukin-1 alpha 
IL-1β: Interleukin-1 beta 
IL-1ra: Interleukin-1 receptor antagonist 
IL-2: Interleukin-2 
IL-3: Interleukin-3 
IL-4: Interleukin-4 
IL-5: Interleukin-5 
IL-6: Interleukin-6 
IL-7: Interleukin-7 

IL-8: Interleukin-8 
IL-10: Interleukin-10 
IL-12p40: Interleukin-12 p40 
IL-12p70: Interleukin-12 p70 
IL-15: Interleukin-15 
IL-17: Interleukin-17 
IL-23: Interleukin-23 
MCP-1: Monocyte chemoattractant protein-1 
MIP-1α: Macrophage inflammatory protein-1 alpha 
MIP-1β: Macrophage inflammatory protein-1 beta 
MMP-3: Matrix metalloproteinase-3 
SCF: Stem cell factor 
TNFα: Tumour necrosis factor alpha 
TNFβ: Tumour necrosis factor beta 
VEGF: Vascular endothelial growth factor 
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