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Abstract
Inflammation has an important role in the pathogenesis of many diseases. The aims of the present research 

were to assess the effectiveness of a combination of Astaxanthin, Lycopene rich Tomato extract (Lyc-O-Mato®) 
and Carnosic acid, at low concentrations, to prevent the release of the inflammatory mediators from LPS stimulated 
macrophages in vitro an in vivo using a mouse model of peritonitis. Addition of low concentrations of Astaxanthin 
Lyc-O-Mato® and Carnosic acid to peritoneal mouse macrophages 1 h before addition of LPS for 24 h caused a 
synergistic inhibition of NO, PGE2 and TNFα secretion. The supplementation of a nutrient combination in drinking 
water resulted in attenuation of basal, but not stimulated, superoxide production by recruited neutrophils to the 
peritoneal cavity and in inhibition of inflammatory mediators production by peritoneal macrophages. Our results 
indicate a potential use of these combinations in many inflammatory states.
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Introduction
Peripheral neutrophils and macrophages have an important role 

in host defense but also participate in the pathogenesis of a variety 
of diseases, including autoimmune diseases, and inflammatory 
disorders [1]. Inflammatory stimuli such as lipopolysaccharide (LPS) 
and interferon-γ activate macrophages to produce a variety of pro-
inflammatory cytokines such as interleukin-1β (IL-1β and tumor 
necrosis factor-α (TNFα) and other inflammatory mediators including 
prostaglandin E2 (PGE2) and nitric oxide (NO), which are generated 
by the activity of cyclooxygenase-2 (COX-2) and inducible nitric 
oxide synthase (iNOS), respectively. These inflammatory mediators 
are involved in the pathogenesis of many human diseases [2-4]. 
Consequently, a common strategy for reducing the initiation and 
progression of inflammation-associated diseases is based on suppressing 
the production of inflammatory mediators [4,5]. 

Carotenoids and phenolics are associated with beneficial health 
effects, which are attributed to the consumption of fruits and 
vegetables and are related at least in part to their antioxidant activity 
[6-8]. Astaxanthin (3,3-dihydroxy-beta, beta-carotene-4,4-dione) 
belongs to the xanthophyll subclass of carotenoids. Several studies 
have demonstrated that Astaxanthin possesses powerful antioxidant 
properties, both in vitro and in vivo, especially as an inhibitor of LDL 
oxidation [9]. Lycopene is a naturally occurring non pro-vitamin A 
carotenoid found mainly in tomato and tomato products [10] with 
potent antioxidant properties [6]. Phenolics compose the major class 
of plant-derived antioxidants. The commonly used spice and flavoring 
agent rosemary, derived from the leaves of the plant Rosmarinus 
officinalis L, possesses potent antioxidant properties [8,11]. 

Several studies have reported the anti-inflammatory effect of 
different carotenoids, including Astaxanthin, lycopene, and of phenolic 
Carnosic acid [12-14]. These phytonutrients have been shown to 
inhibit the production of pro-inflammatory mediators, such as NO, 
interleukins, TNF-α, COX-2, and the transcription nuclear factor- κB 
(NF- κB), by stimulated macrophages [12,13,15-17]. However, high 
concentrations of these compounds were needed to achieve a significant 
inhibition. Considering that phytonutrients exist in nature and in our 
diets prevalently in combinations, the present study was originated 

to study whether given together at low concentrations, will result in 
synergistic amplification of their efficacy to inhibit the production of 
inflammatory mediators by stimulated phagocytes in vitro. In addition, 
the present study aimed to determine whether their putative anti-
inflammatory effects are also exerted in vivo using a mouse model of 
sterile peritonitis. 

Materials and Methods
Isolation and culture of macrophage

Peritoneal macrophages were collected from the peritoneal cavity 
of 6-8 week old male ICR mice (Harlan, Israel) after an intraperitoneal 
injection of 1.5 ml of thioglycolate broth (4%) 4 days before harvest, as 
previously described [18]. Peritoneal macrophages were washed three 
times with PBS followed by hypotonic lysis of erythrocytes, yielding a 
highly enriched (90-95%) macrophage cell population. Macrophages 
were identified by FACS analysis using FITC-conjugated rat anti-mouse 
F4/80 (MCA497F) (Serotec, Oxford, England) by flow microfluorimetry 
on FACS (Becton Dickinson, Mountain View, CA). For each sample, 
10,000 light scatter-gated viable cells were analyzed. Peritoneal 
macrophages (1 x 106 cells/well) were cultured in 96-well plates at 
37°C in 5% CO2 atmosphere in RPMI 1640 medium containing 10% 
FCS, 2 mm L-glutamine; 100 U/ml penicillin; 100 μg/ml streptomycin 
(Beit-Haemek, Israel). Cells were stimulated with 100 ng/ml LPS from 
Salmonela enterica serotype typhimurium in the absence or presence of 
Astaxanthin, Lyc-O-Mato®, or carnosic acid and their combinations. LPS 
was purchased from Sigma, Israel. Astaxanthin and Lyc-O-Mato® were 
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supplied by LycoRed Natural Products Industries Ltd. (Beer-Sheva, 
Israel). Two preparations of Natural Astaxanthin were used throughout 
the study and acted very similarly. One preparation of Astaxanthin was 
a 20% oleoresin, and the other preparation of Astaxanthin was 13.5% 
oleoresin. Lyc-O-Mato®, tomato oleoresin, (consists of lycopene 6% 
and contains additional tomato phytonutrients such the carotenoids 
as carotene, phytoene, phytoene as well as natural tomato tocopherols 
Carnosic acid (98.5% pure) was purchased from Alexis Biochemicals 
(Lousen, Switzerland). The phytonutrients were dissolved in DMSO 
(in a final concentration of 5 mM). The mixture was vortexed and 
incubated in a water bath at 37°C (with shaking) for 10 min, sonicated 
in a sonicator bath for 15 sec X 3 times. For final concentrations of 
phytonutrients appropriate volumes from the stock solution were 
added to warmed culture medium. To the control tubes appropriate 
volumes of DMSO (0.1-0.2%) were added. The % inhibition in each 
tube test was calculated in relation to its control.

NO production assay

NO levels in the supernatant of cell cultures were determined by 
assaying nitrite concentration using Griess reagent and sodium nitrite 
as a standard [19]. 

PGE2 measurement

Supernatants were collected from resting and LPS-stimulated 

cells and immediately stored at -70°C. PGE2 levels were in cell 
culture supernatants were determined by Elisa Kits (R7D Systems, 
Minneapolis, MN, USA).

TNFα production assay

Concentrations of TNFα in cell culture supernatants were 
quantified by ELISA kits (Biolegend Inc., San Diego, CA, USA). 

Cell survival

Cell viability was assessed by cell count using trypan blue exclusion 
or by the colorimetric MTT ([3-4, 5 -dimethylthiazol-2-yl]-2,5-
diphenyl-tetrazolium) metabolic activity assay as done before [20]. 
For MTT measurement cells were cultured in 96 well plates. MTT 
was dissolved in medium (5 mg/ml) and added to each sample in an 
amount equal to 10% of the culture medium volume. After incubation 
for 4 h, the formazan crystals were dissolved in 100 mM HCl, 10% 
Triton X-100 all in isopropanol in equal volume to culture medium, the 
medium only served as a background. Absorbance intensity measured 
by a Thermomax Microplate Reader (Molecular Devices, Melno Park, 
CA, USA) at 570 nm with a reference wavelength of 690 nm. 

Mouse model of sterile peritonitis

Six to eight weeks old male ICR mice (Harlan Laboratories, Israel), 
were fed ad libitum rodent chow (#19520 Kofolk, Pethach Tikva, Israel) 
and free reverse osmosis filtered water. This study was performed 
after approval by Ben-Gurion University of the Negev committee 
for ethical care and use of animals in experiments, Authorization 
No. IL-4.05.2009. Mice (average weight 30 gr) were housed in static 
microisolator cages in 12:12 light dark cycles 18-26°C degrees and 
30-70% relative humidity. Mice received in their drinking water a 
supplementation of Astaxanthin, Lyc-O-Mato®, Carnosic acid at the 
ratio of 0.5:1:1 (36, 81.2, 50 µg/ml respectively) during 7 days before 
induction of peritonitis. The molar ratio was determined from the in 
vitro studies. The supplementation was prepared in micro-emulsion 
containing: 0.3% ascorbyl palimtate, 0.3% alpha tocopherol, 9.34% 
medium chain triglycerides 13% polysorbat 80 and 77.6%. The micro-

emulsion without any nutrients served as placebo. The animals drank 
4 ml/water per day; thus, the phytonutrient intake of Astaxanthin, Lyc-
O-Mato®, Carnosic acid was 4.9:10: 6.6 mg/Kg/day, respectively. 

 Sterile peritonitis was induced by injection of a sterile thioglycollate 
solution (4% w/v in PBS) to the peritoneal cavity. Neutrophils are 
recruited to the peritoneal cavity during the first 24 h and then 
replaced by monocyte-macrophages. Peritoneal cells were harvested 
after 24 h to isolate neutrophils or after 4 days to isolate macrophages 
using three washes of the peritoneal cavity with 8 ml RPMI medium. 
Peritoneal cells were washed three times with PBS followed hypotonic 
lysis of erythrocytes, yielding a high homogenous (90%) neutrophil 
cell population harvested 24 h after the induction of peritonitis. 
Homogenous (90%) macrophage cell population collected 4 days later. 
Peritoneal cell populations were identified by flow microfluorimetry on 
FACS (Becton Dickinson, Mountain View, CA) using FITC-conjugated 
rat anti-mouse neutrophils (MCA771F), FITC-conjugated rat anti-
mouse F4/80 (MCA497F), and FITC-conjugated rat anti-mouse CD3 
(MCA500F) (Serotec, Oxford, England) for the characterization of 
neutrophils, monocyte-macrophages and lymphocytes, respectively.

Superoxides production by neutrophils

Superoxide anion (O2
-) release was measured as the superoxide 

dismutase-inhibitable reduction of ferricytochrome c by the microtiter 
plate technique as described before [21]. Neutrophils (5 × 105 cells/
well) suspended in 100 µl HBSS were stimulated with PMA (50 ng/
ml). The reduction of ferricytochrome c was followed by a change of 
absorbance at 550 nm at 2 min intervals for 30 min on a Thermomax 
Microplate Reader (Molecular Devices, Melno Park, Calif., USA). The 
maximal rates of superoxide generation were determined and expressed 
as nanomoles O2

-/106 cells/ 10 min using the extinction coefficient E550 
= 21 mM-1 cm-1.

Statistical analysis

Data are presented as the mean ± SEM. Significant differences 
from control conditions were determined using either one- or two-way 
analysis of variance (ANOVA) followed by a posteriori Bonferroni’s 
test for multiple comparisons provided by GraphPad Prism version 
5.00 for Windows (GraphPad Software, San Diego, CA, USA).

Results
Synergistic inhibition of proinflammatory mediators by 
addition of combinations of Astaxanthin, Lyc-O-Mato® and 
carnosic acidto LPS-stimulated macrophage

The dose response effect of Astaxanthin on NO secretion in culture 
supernatants of peritoneal macrophages was studied. Astaxanthin was 
added at different concentrations 1 h before addition of 100 ng/ml LPS 
to peritoneal macrophages cultured for 24 h at 370C. The secreted NO 
was determined in the cell culture supernatant. As shown in Figure 
1A, Astaxanthin in the range of 0.1-20 µM caused a dose dependent 
inhibition of NO production. Astaxanthin in this range did not affect 
cell survival of LPS stimulated macrophages (Figure 1B). We next 
studied whether combinations of Astaxanthin with another carotenoid 
(Lyc-O-Mato®) and a polyphenol (Carnosic acid) exert a synergistic 
inhibition of NO production. Addition of 1 µM Lyc-O-Mato® to 
Astaxanthin in a range of 0.1-2 µM caused a dose dependent synergistic 
inhibition of NO production (Figure 2A and B). Similarly, addition of 1 
µM Carnosic acid to Astaxanthin caused a dose dependent synergistic 
inhibition of NO production (Figure 2C). Addition of both 1 µM Lyc-
O-Mato® and 1 µM Carnosic acid to Astaxanthin in a range of 0.1-2 µM 
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resulted with a higher synergistic inhibition of NO production (Figure 
2D).

Similar effects were obtained with respect to TNFα (Figure 3A-D) 
and PGE2 (Figure 4A-D). 

The phytonutrients combination interfere with the inflammatory 
process in vivo

The next question addressed was whether the phytonutrients 
combination interfere with the inflammatory process in vivo as well. 
To this end, we used a mouse model of sterile peritonitis. As described 
in detail in the materials and method section, mice were given 
phytonutrient mixture or placebo in drinkable water before induction 
of sterile peritonitis with thioglycollate for 7 days. The molar ratio was 
0.5:1:1 for Astaxanthin, Lyc-O-Mato® and Carnosic acid, determined 
from the in vitro studies. This ratio resulted in a significant inhibition 
of NO production that was not significantly different from using a 
higher concentration of Astaxanthin (2 M). The quantity of Lyc-O-
Mato® used in the present study was 10 mg/kg as done in the previous 
in vivo study [22]. At twenty-four hour, the number of neutrophils 
recruited to the peritoneal cavity (the site of inflammation) and their 
activation status were determined. As presented in the Figure 5A, 
there were no differences in the number of recruited neutrophils to 
the site of inflammation in mice receiving the nutrient mixture (mix) 
compared with mice receiving placebo. The means ± SEM in mice 
receiving nutrient for 7 days before peritonitis induction was 2.35 ± 
0.45 x 107 neutrophils compared with 2.15 ± 0.23 x 107 neutrophils in 
mice receiving placebo. Figure 5B presents superoxide production by 
peritoneal neutrophils. These cells are primed due to the thioglycollate 
peritoneal injection and reflect the situation of the cells in a site of 
inflammation. As shown in Figure 5B, there is a significant (p<0.001) 
reduction (49%) in the release of superoxide by neutrophils from 

mice receiving the nutrient mixture compared with neutrophils from 
control mice receiving the placebo (3.82 ± 1.52 and 7.48 ± 1.53 nmoles 
O2/106 cells/min, respectively). However, stimulation of the neutrophils 
(as in the case of infections) resulted with an effective release of 
superoxides, 7.5-fold higher than without stimulation (Figure 5C). 
Superoxide production by peritoneal neutrophils of mice on nutrient 
supply showed a 17% reduction (p=n.s.) compared with cells of mice 
on placebo (28.96 ± 2.01 and 34.84 ± 3.39 nmoles O2/106 cells/min, 
respectively). 

The anti-inflammatory effect of the nutrient treatment on 
pro- inflammatory agents release by macrophages at the site of 
inflammation was also determined. Peritoneal macrophages were 
isolated and cultured in the absence or presence of 100 ng/ml LPS for 
24 h. The supernatant of the cultured peritoneal cells was analyzed for 

A. Preincubation of macrophages with Astaxanthin in a range of 1-20 µM for 1 
h before addition of LPS caused a dose dependent inhibition of NO production 
determined at 24 h in the cell supernatant. B. Astaxanthin did not affect cell 
survival determined by MTT. The results are the means ± SEM from three 
experiments each performed in triplicates. 

Figure 1: Dose dependent inhibition of NO production by Astaxanthin.

A. Preincubation of macrophages with Astaxanthin in a range of 0.1-2 µM 
for 1 h before addition of LPS caused a dose dependent inhibition of NO 
production determined at 24 h in the cell supernatant. B. Synergistic inhibition 
of NO production caused by addition of 1 µM Lyc-O-Mato® to Astaxanthin. C. 
Synergistic inhibition of NO production caused by addition of 1 µM Carnosic 
acid to Astaxanthin. D. Synergistic inhibition of NO production caused by 
addition of 1 µM Lyc-O-Mato® and 1 µM Carnosic acid to Astaxanthin. 

The results are expressed as % NO inhibition and are the means ± SEM of 
3 independent experiments each in triplicates. The horizontal lines represent 
the calculated additive effect, the effect above this line represent synergistic 
inhibition. * - p<0.01, ** - p<0.001, *** - p<0.0001, significant increase from the 
additive effect. 
Figure 2: Dose dependent synergistic inhibition of NO production by 
combinations of Astaxanthin, Lyc-O-Mato® and Carnosic acid.
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NO production, PGE2 production and TNFα production. As shown in 
Figure 6A, there is a reduction (significance p<0.01) in NO production 
by peritoneal cells harvested from mice who drank the nutrient 
compared with placebo; 2.35 ± 0.36 compared with 3.72 ± 0.48 µM, 
respectively after 1 week of treatment. Similarly, there was a reduction 
(significance p<0.001) in PGE2 production by peritoneal cells harvested 
from mice undergoing nutrient drinking compared with placebo, 1.75 
±0.26 compared with 2.72 ± 0.33 ng/ml (Figure 6B) TNF production 

by peritoneal cells harvested from mice undergoing nutrient drinking 
was significantly lower (p<0.01) compared with placebo, 64.1 ± 11.9 
compared with 110.5 ± 17.7 pg/ml (Figure 6C). 

The body weights of each mouse on the first day of the of nutrient 
or placebo supply and at termination were measured. There was no 
difference in weight gain between the groups studied (35.2 ± 0.8 gr and 
34.2 ± 1.0 gr for the mix treated mice and the control mice, respectively). 

Discussion
The present study demonstrate that addition of Astaxanthin, 

Lyc-O-Mato® and Carnosic acid at low levels, caused a significant 

Macrophages were treated as described in Figure 2A. At 24 h TNFα 
production was determined. B. Synergistic inhibition of TNFα production 
caused by addition of 1 µM Lyc-O-Mato® to Astaxanthin. C. Synergistic 
inhibition of TNFα production caused by addition of 1 µM Carnosic acid to 
Astaxanthin. D. Synergistic inhibition of TNFα production caused by addition 
of 1 µM Lyc-O-Mato® and 1 µM Carnosic acid to Astaxanthin. 
The results are expressed as % TNFα inhibition and are the means ± SEM of 
3 independent experiments each in triplicates. The horizontal lines represent 
the calculated additive effect, the effect above this line represent synergistic 
inhibition. * - p<0.01, ** - p<0.001, *** - p<0.0001, significant increase from the 
additive effect.
Figure 3: Dose dependent synergistic inhibition of TNFα production by 
combinations of Astaxanthin, Lyc-O-Mato® and Carnosic acid.

A. Macrophages were treated as described in Figure 2A. At 24 h PGE2 
production were determined. B. Synergistic inhibition of PGE2 production 
caused by addition of 1 µM Lyc-O-Mato® to Astaxanthin. C. Synergistic 
inhibition of PGE2 production caused by addition of 1 µM Carnosic acid to 
Astaxanthin. D. Synergistic inhibition of PGE2 production caused by addition 
of 1 µM Lyc-O-Mato® and 1 µM Carnosic acid to Astaxanthin. The results are 
expressed as % PGE2 inhibition and are the means ± SEM of 3 independent 
experiments each in triplicates. The horizontal lines represent the calculated 
additive effect, the effect above this line represent synergistic inhibition. * - 
p<0.01, ** - p<0.001, *** - p<0.0001, significant increase from the additive effect. 
Figure 4: Dose dependent synergistic inhibition of PGE2 production by 
combinations of Astaxanthin, Lyc-O-Mato® and Carnosic acid.
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synergistic inhibition of the production of proinflammatory 
mediators from LPS stimulated macrophages in vitro. Moreover, 
this nutrient combination supplemented to drinking water, resulted 
in a significant anti-inflammatory effect in a mouse model of sterile 
peritonitis in vivo, as shown by the reduced release of spontaneous 
superoxides by neutrophils arriving at the site of inflammation; at the 
peritoneal cavity, and the reduced production of proinflammatory 
mediators by macrophages recruited to the peritoneal cavity. The 
nutrient combination supplementation, however, did not affect 
the rate of superoxide production from stimulated peritoneal 
neutrophils. The results suggest that the nutrient feeding was 
effective in preventing the delirious effect of neutrophils in the site of 
inflammation, but did not affect their potential to release superoxides 
when attacked by infection.

Previous studies [12,15,23-26] have reported the inhibition of pro-
inflammatory mediators secretion by LPS stimulated macrophages 

using high doses of each of the ingredients (Astaxanthin, Lyc-O-
Mato® or Carnosic acid). Similar to those studies we show here that 
addition of Astaxanthin to LPS stimulated macrophages caused a 
significant dose dependent inhibition of NO production. Moreover, 
oral supplementation with Astaxanthin demonstrated a significant 
reduction in oxidative stress, hyperlipidemia and biomarkers of 
inflammation [9,27], in LDL oxidation [9], in plasma levels of 12- 
and 15-hydroxy fatty acids [27], in DNA damage and in CRP plasma 
levels [28]. Therefore, Astaxanthin appears safe, bioavailable when 

A. The effect of the phytonutrient mixture supplementation (Mix) on the number 
of neutrophils recruited to the peritoneal cavity analyzed at 24 h of peritonitis 
induction. 
B.C. The effect of the phytonutrient mixture supplementation on superoxide 
production by the peritoneal neutrophils unstimulated (B) and stimulated by 50 
ng/ml PMA (C). Significant differences for treated mice compared with placebo 
control mice ** - p<0.001, N.S – no significant differences, (two tailed t test). 
Figure 5: In vivo inhibition of neutrophil recruitment and the release of 
superoxides by phytonutrients mixture supplementation in a mouse model of 
sterile peritonitis.

The effect of the phytonutrient mixture supplementation (Mix) on the release 
of NO (A) PGE2 (B) and TNFα (C) by LPS stimulated peritoneal macrophages 
analyzed at 4 days of peritonitis induction. Significant differences for treated 
mice compared with placebo control mice are marked with * - p<0.01, ** - 
p<0.001, (two tailed t test).
Figure 6: In vivo inhibition peritoneal macrophages proinflammatory mediators 
release by phytonutrients mixture supplementation in a mouse model of sterile 
peritonitis.
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given orally and is suitable for further investigation in humans. The 
results of the present study demonstrate for the first time a significant 
synergistic inhibitory effect in the production of pro-inflammatory 
mediators and of cytokines from LPS stimulated macrophages by 
addition of Lyc-O-Mato® or Carnosic acid at low concentrations, in 
the range of their human plasma levels after dietary supplementation 
[29-32]. Addition of 2 µM Astaxanthin with 1 μM Lyc-O-Mato® 
and 1 µM Carnosic acid (addition of 4 µM nutrients) caused 48.8 ± 
3.4% inhibition of NO production similar to the inhibition caused 
by addition of 10 µM of Astaxanthin (50.8 ± 3.2%). The mechanism 
behind the synergistic action between the different compounds may 
be attributed to different physico-chemical properties and/or their 
preferential location in the membranes that may enable a better 
effect. The synergistic effect of the phytonutrients may also be due 
to the differences in the subcellular compartment of the polyphenols 
and the carotenoids that may enable a better and cooperative 
antioxidant effect resulting in the synergistic effect. Xanthopylls, 
such as Astaxanthin, span the membranes with the polar end groups 
anchored at polar sites of the membranes, while lycopene lacking 
hydrophilic substituents, remains entirely within the inner part of the 
membrane and increases motional freedom of lipid polar head groups 
[33] Polyphenols and their derivatives are localized in the lipid bilayer 
membranes or on the bilayer-water interface among the polar head 
groups of the lipids [34,35]. Since each compound in the combination 
was reported to be an antioxidant [6,33,36] their mutual presence 
in different compartment of the membrane, may synergistically 
enhance each compound’s scavenging of the immediate superoxide 
production and their effect on cell signaling leading to production of 
other pro-inflammatory mediators. 

As shown convincingly in the present study, using the combination 
of natural ingredients at appropriate combinations, affords a 
significant advantage in treating inflammation: i. use of natural 
compounds in low concentrations, ii. Inhibiting concomitantly a 
number of pro-inflammatory mediators, in contrast to the action 
of drugs usually targeted against a single inflammatory agent. The 
advantage of this combined anti-inflammatory approach was recently 
corroborated by a study which substantiated the relevance of treatment 
of the inflammatory processes with the use of medication capable of 
combined blockage of iNOS, COX-2 expression [37]. The inhibition 
of TNFα by this supplementation seems as beneficial as the common 
treatment with anti TNFα antibodies [38,39].

Taken together, our results demonstrate a significant anti-
inflammatory effect of the nutrient supplementation (Astaxanthin, 
Lyc-O-Mato® and Carnosic acid) that caused a significant lower 
release of pro-inflammatory mediators by peritoneal macrophages. 
Furthermore, this the nutrient supplementation caused lower priming 
of the neutrophils arriving to the site of inflammation, as detected 
by much lower levels of the release of spontaneous free radicals. It 
is pertinent to note that similar to in vitro results, LPS stimulation 
of peritoneal macrophages from mice fed with the ingredients 
supplementation released significantly lower levels of PGE2, NO and 
TNFα Moreover, superoxide production from stimulated peritoneal 
neutrophils of mice receiving the supplementation did not differ from 
neutrophils from the placebo mice. Thus, while nutrient feeding may 
prevent the harmful effect of neutrophils and macrophages at the site of 
inflammation, it should not suppress their potential to release sufficient 
superoxides when challenged by infection. Thus, the results indicate a 
potential use of these combinations for anti-inflammation involved in 
many inflammatory diseases and aging processes. 

Acknowledgement 

We thank Lycored Ltd. for providing us the natural tomato extract and 
Astaxanthin preparations. This work was supported in apart by a grant from Lycored 
Ltd. Beer Sheva, Israel. Lycored Ltd. Did not have any role in the performance of 
the experiments or in the analysis and interpretation of the data presented in this 
paper.

References

1. Trowbridge H (1990) Immunological aspects of chronic inflammation and 
repair. J Endod 16: 54-61.

2. Simons R, Junger W, Loomis W, Hoyt D (1996) Acute lung injury in endotoxemic 
rats is associated with sustained circulating IL-6 levels and intrapulmonary 
CINC activity and neutrophil recruitment--role of circulating TNF-alpha and IL-
beta? Shock 6: 39-45.

3. Guslandi M (1998) Nitric oxide and inflammatory bowel diseases. Eur J Clin 
Invest 28: 904-907.

4. Ritchlin C, Haas-Smith S, Li P, Hicks D, Schwarz E (2003) Mechanisms of 
TNF-alpha- and RANKL-mediated osteoclastogenesis and bone resorption in 
psoriatic arthritis: a novel method for lower-extremity immobilization after free-
flap reconstruction of posterior heel defects. J Clin Invest 111: 821-831.

5. Leach M, Hamilton L, Olbrich A, Wray G, Thiemermann C (1998) Effects of 
inhibitors of the activity of cyclo-oxygenase-2 on the hypotension and multiple 
organ dysfunction caused by endotoxin: a comparison with dexamethasone. Br 
J Pharmacol 124: 586-592.

6. Mascio PD, Kaiser S, Sies H (1989) Lycopene as the most efficient biological 
carotenoid singlet oxygen quencher. Arch Biochem Biophys 274: 532-538.

7. Clinton S (1998) Lycopene: chemistry, biology, and implications for human 
health and disease. Nutr Rev 56: 35-51.

8. Offord E, Mace K, Ruffieux C, Malnoe A, Pfeifer A (1995) Rosemary 
components inhibit benzo[a]pyrene-induced genotoxicity in human bronchial 
cells. Carcinogenesis 16: 2057-2062.

9. Iwamoto T, Hosoda K, Hirano R, Kurata H, Matsumoto A, et al. (2000) Inhibition 
of low-density lipoprotein oxidation by astaxanthin. J Atheroscler Thromb 7: 
216-222.

10. Khachik F, Carvalho L, Bernstein P, Muir G, Zhao D, et al. (2002) Chemistry, 
distribution, and metabolism of tomato carotenoids and their impact on human 
health. Exp Biol Med (Maywood) 227: 845-851.

11. Aruoma O, Halliwell B, Aeschbach R, Loligers J (1992) Antioxidant and pro-
oxidant properties of active rosemary constituents: carnosol and carnosic acid. 
Xenobiotica 22: 257-268.

12. Rafi M, Yadav P, Reyes M (2007) Lycopene inhibits LPS-induced 
proinflammatory mediator inducible nitric oxide synthase in mouse macrophage 
cells. J Food Sci 72: S069-074.

13. Mengoni E, Vichera G, Rigano L, Rodriguez-Puebla M, Galliano S, et al. (2010) 
Suppression of COX-2, IL-1beta and TNF-alpha expression and leukocyte 
infiltration in inflamed skin by bioactive compounds from Rosmarinus officinalis 
L. Fitoterapia 82: 414-421. 

14. Ohgami K, Shiratori K, Kotake S, Nishida T, Mizuki N, et al. (2003) Effects of 
astaxanthin on lipopolysaccharide-induced inflammation in vitro and in vivo. 
Invest Ophthalmol Vis Sci 44: 2694-2701.

15. Feng D, Ling W, Duan R (2009) Lycopene suppresses LPS-induced NO and 
IL-6 production by inhibiting the activation of ERK, p38MAPK, and NF-kappaB 
in macrophages. Inflamm Res 59: 115-121. 

16. Lee SJ, Bai SK, Lee KS, Namkoong S, Na HJ, et al. (2003) Astaxanthin inhibits 
nitric oxide production and inflammatory gene expression by suppressing I 
(kappa)B kinase-dependent NF-kappaB activation. Mol Cells 16: 97-105.

17. Kim YH, Koh HK, Kim DS (2010) Down-regulation of IL-6 production by 
astaxanthin via ERK-, MSK-, and NF-kappaB-mediated signals in activated 
microglia. Int Immunopharmacol 10: 1560-1572.

18. Raichel L, Berger S, Hadad N, Kachko L, Karter M, et al. (2008) Reduction 
of cPLA2alpha overexpression: an efficient anti-inflammatory therapy for 
collagen-induced arthritis. Eur J Immunol 38: 2905-2915.

19. Szaingurten-Solodkin I, Hadad N, Levy R (2009) Regulatory role of cytosolic 
phospholipase A2alpha in NADPH oxidase activity and in inducible nitric oxide 
synthase induction by aggregated Abeta1-42 in microglia. Glia 57: 1727-1740.

https://doi.org/10.1016/S0099-2399(06)81564-5
https://doi.org/10.1016/S0099-2399(06)81564-5
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2362.1998.00377.x/abstract;jsessionid=74DE98188F2F4F8060C7D6922BDD7A3B.f02t04
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2362.1998.00377.x/abstract;jsessionid=74DE98188F2F4F8060C7D6922BDD7A3B.f02t04
https://doi.org/10.1002/micr.30020
https://doi.org/10.1002/micr.30020
https://doi.org/10.1002/micr.30020
https://doi.org/10.1002/micr.30020
https://dx.doi.org/10.1038%2Fsj.bjp.0701869
https://dx.doi.org/10.1038%2Fsj.bjp.0701869
https://dx.doi.org/10.1038%2Fsj.bjp.0701869
https://dx.doi.org/10.1038%2Fsj.bjp.0701869
https://doi.org/10.1016/0003-9861(89)90467-0
https://doi.org/10.1016/0003-9861(89)90467-0
https://doi.org/10.1111/j.1753-4887.1998.tb01691.x
https://doi.org/10.1111/j.1753-4887.1998.tb01691.x
https://doi.org/10.1093/carcin/16.9.2057
https://doi.org/10.1093/carcin/16.9.2057
https://doi.org/10.1093/carcin/16.9.2057
https://www.scienceopen.com/document?vid=169e84e7-02c4-484a-a8ec-14973e2647de
https://www.scienceopen.com/document?vid=169e84e7-02c4-484a-a8ec-14973e2647de
https://www.scienceopen.com/document?vid=169e84e7-02c4-484a-a8ec-14973e2647de
https://doi.org/10.1177/153537020222701002
https://doi.org/10.1177/153537020222701002
https://doi.org/10.1177/153537020222701002
https://doi.org/10.3109/00498259209046624
https://doi.org/10.3109/00498259209046624
https://doi.org/10.3109/00498259209046624
https://doi.org/10.1111/j.1750-3841.2006.00219.x
https://doi.org/10.1111/j.1750-3841.2006.00219.x
https://doi.org/10.1111/j.1750-3841.2006.00219.x
https://doi.org/10.1016/j.fitote.2010.11.023
https://doi.org/10.1016/j.fitote.2010.11.023
https://doi.org/10.1016/j.fitote.2010.11.023
https://doi.org/10.1016/j.fitote.2010.11.023
http://iovs.arvojournals.org/article.aspx?articleid=2162995
http://iovs.arvojournals.org/article.aspx?articleid=2162995
http://iovs.arvojournals.org/article.aspx?articleid=2162995
https://dx.doi.org/10.1007%2Fs12263-010-0195-5
https://dx.doi.org/10.1007%2Fs12263-010-0195-5
https://dx.doi.org/10.1007%2Fs12263-010-0195-5
http://www.molcells.org/journal/view.html?year=2003&volume=16&number=1&spage=97
http://www.molcells.org/journal/view.html?year=2003&volume=16&number=1&spage=97
http://www.molcells.org/journal/view.html?year=2003&volume=16&number=1&spage=97
https://doi.org/10.1016/j.intimp.2010.09.007
https://doi.org/10.1016/j.intimp.2010.09.007
https://doi.org/10.1016/j.intimp.2010.09.007
http://onlinelibrary.wiley.com/doi/10.1002/eji.200838545/abstract
http://onlinelibrary.wiley.com/doi/10.1002/eji.200838545/abstract
http://onlinelibrary.wiley.com/doi/10.1002/eji.200838545/abstract
https://dx.doi.org/10.1186%2Fs12974-017-0811-z
https://dx.doi.org/10.1186%2Fs12974-017-0811-z
https://dx.doi.org/10.1186%2Fs12974-017-0811-z


Citation:  Solomonov Y, Hadad N, Levy R (2018) The Combined Anti-Inflammatory Effect of Astaxanthin, Lyc-O-Mato and Carnosic Acid In Vitro and 
In Vivo in a Mouse Model of Peritonitis. J Nutr Food Sci 8: 653. doi: 10.4172/2155-9600.1000653

Page 7 of 7

Volume 8 • Issue 1 • 1000653
J Nutr Food Sci, an open access journal
ISSN: 2155-9600

20. Sagy-Bross C, Hadad N, Levy R (2013) Cytosolic phospholipase A2alpha 
upregulation mediates apoptotic neuronal death induced by aggregated 
amyloid-beta peptide1-42. Neurochem Int 63: 541-550.

21. Levy R, Malech HL (1991) Effect of 1,25-dihydroxyvitamin D3, 
lipopolysaccharide, or lipoteichoic acid on the expression of NADPH oxidase 
components in cultured human monocytes. J Immunol 147: 3066-3071.

22. Hadad N, Levy R (2012) The synergistic anti-inflammatory effects of lycopene, 
lutein, beta-carotene, and carnosic acid combinations via redox-based inhibition 
of NF-kappaB signaling. Free Radic Biol Med 53: 1381-1391.

23. Bai S, Lee S, Na H, Ha K, Han J, et al. (2005) beta-Carotene inhibits 
inflammatory gene expression in lipopolysaccharide-stimulated macrophages 
by suppressing redox-based NF-kappaB activation. Exp Mol Med 37: 323-334.

24. Bonvissuto G, Minutoli L, Morgia G, Bitto A, Polito F, et al. (2010) Effect of 
Serenoa repens, lycopene, and selenium on proinflammatory phenotype 
activation: an in vitro and in vivo comparison study. Urology 77: 248.e249-216. 

25. Ciz M, Pavelkova M, Gallova L, Kralova J, Kubala L, et al. (2008) The influence 
of wine polyphenols on reactive oxygen and nitrogen species production by 
murine macrophages RAW 264.7. Physiol Res 57: 393-402. 

26. Speranza L, Pesce M, Patruno A, Franceschelli S, de Lutiis MA, et al. (2012) 
Astaxanthin treatment reduced oxidative induced pro-inflammatory cytokines 
secretion in U937: SHP-1 as a novel biological target. Mar Drugs 10: 890-899.

27. Karppi J, Rissanen TH, Nyyssonen K, Kaikkonen J, Olsson AG, et al. (2007) 
Effects of astaxanthin supplementation on lipid peroxidation. Int J Vitam Nutr 
Res 77: 3-11.

28.  Park JS, Chyun JH, Kim YK, Line LL, Chew BP (2010) Astaxanthin decreased 
oxidative stress and inflammation and enhanced immune response in humans. 
Nutr Metab (Lond) 7: 18.

29.  Kucuk O, Sarkar F, Sakr W, Djuric Z, Pollak M, et al. (2001) Phase II randomized 
clinical trial of lycopene supplementation before radical prostatectomy. Cancer 
Epidemiol Biomarkers Prev 10: 861-868.

30. Yeum K, Booth S, Sadowski J, Liu C, Tang G, et al. (1996) Human plasma 
carotenoid response to the ingestion of controlled diets high in fruits and 
vegetables. Am J Clin Nutr 64: 594-602.

31. Walfisch Y, Walfisch S, Agbaria R, Levy J, Sharoni Y (2003) Lycopene in 
serum, skin and adipose tissues after tomato-oleoresin supplementation in 
patients undergoing haemorrhoidectomy or peri-anal fistulotomy. Br J Nutr 90: 
759-766.

32. Miyazawa T, Nakagawa K, Kimura F, Satoh A (2011) Plasma carotenoid 
concentrations before and after supplementation with astaxanthin in middle-
aged and senior subjects. Biosci Biotechnol Biochem 75: 1856-1858.

33. Britton G (1995) Structure and properties of carotenoids in relation to function. 
FASEB J 9: 1551-1558.

34. Tarahovsky YS, Muzafarov EN, Kim YA (2008) Rafts making and rafts braking: 
how plant flavonoids may control membrane heterogeneity. Mol Cell Biochem 
314: 65-71.

35. Kosinova P, Berka K, Wykes M, Otyepka M, Trouillas P (2012) Positioning of 
antioxidant quercetin and its metabolites in lipid bilayer membranes: implication 
for their lipid-peroxidation inhibition. J Phys Chem B 116: 1309-1318.

36. Corsi L, Dongmo BM, Avallone R (2015) Supplementation of omega 3 fatty 
acids improves oxidative stress in activated BV2 microglial cell line. Int J Food 
Sci Nutr 66: 293-299.

37. Sklyarov A, Panasyuk N, Fomenko I (2011) Role of nitric oxide-synthase 
and cyclooxygenase/lipooxygenase systems in development of experimental 
ulcerative colitis. J 62: 65-73.

38. Zerbini CAF, Clark P, Mendez-Sanchez L, Pereira RMR, Messina OD, et al. 
(2017) Biologic therapies and bone loss in rheumatoid arthritis. Osteoporos Int 
28: 429-446.

39. Billmeier U, Dieterich W, Neurath MF, Atreya R (2016) Molecular mechanism of 
action of anti-tumor necrosis factor antibodies in inflammatory bowel diseases. 
World J Gastroenterol 22: 9300-9313.

https://doi.org/10.1016/j.neuint.2013.09.007
https://doi.org/10.1016/j.neuint.2013.09.007
https://doi.org/10.1016/j.neuint.2013.09.007
http://www.jimmunol.org/content/147/9/3066
http://www.jimmunol.org/content/147/9/3066
http://www.jimmunol.org/content/147/9/3066
https://doi.org/10.1016/j.freeradbiomed.2012.07.078
https://doi.org/10.1016/j.freeradbiomed.2012.07.078
https://doi.org/10.1016/j.freeradbiomed.2012.07.078
https://doi.org/10.1038/emm.2005.42
https://doi.org/10.1038/emm.2005.42
https://doi.org/10.1038/emm.2005.42
https://doi.org/10.1016/j.urology.2010.07.514
https://doi.org/10.1016/j.urology.2010.07.514
https://doi.org/10.1016/j.urology.2010.07.514
http://www.biomed.cas.cz/physiolres/pdf/57/57_393.pdf
http://www.biomed.cas.cz/physiolres/pdf/57/57_393.pdf
http://www.biomed.cas.cz/physiolres/pdf/57/57_393.pdf
https://doi.org/10.3390/md10040890
https://doi.org/10.3390/md10040890
https://doi.org/10.3390/md10040890
https://doi.org/10.1024/0300-9831.77.1.3
https://doi.org/10.1024/0300-9831.77.1.3
https://doi.org/10.1024/0300-9831.77.1.3
https://doi.org/10.1186/1743-7075-7-18
https://doi.org/10.1186/1743-7075-7-18
https://doi.org/10.1186/1743-7075-7-18
http://cebp.aacrjournals.org/cgi/pmidlookup?view=long&pmid=11489752
http://cebp.aacrjournals.org/cgi/pmidlookup?view=long&pmid=11489752
http://cebp.aacrjournals.org/cgi/pmidlookup?view=long&pmid=11489752
http://www.ajcn.org/cgi/pmidlookup?view=long&pmid=8839505
http://www.ajcn.org/cgi/pmidlookup?view=long&pmid=8839505
http://www.ajcn.org/cgi/pmidlookup?view=long&pmid=8839505
https://doi.org/10.1079/BJN2003955
https://doi.org/10.1079/BJN2003955
https://doi.org/10.1079/BJN2003955
https://doi.org/10.1079/BJN2003955
https://doi.org/10.1271/bbb.110368
https://doi.org/10.1271/bbb.110368
https://doi.org/10.1271/bbb.110368
http://www.fasebj.org/cgi/pmidlookup?view=long&pmid=8529834
http://www.fasebj.org/cgi/pmidlookup?view=long&pmid=8529834
https://doi.org/10.1007/s11010-008-9766-9
https://doi.org/10.1007/s11010-008-9766-9
https://doi.org/10.1007/s11010-008-9766-9
http://pubs.acs.org/doi/abs/10.1021/jp208731g
http://pubs.acs.org/doi/abs/10.1021/jp208731g
http://pubs.acs.org/doi/abs/10.1021/jp208731g
https://doi.org/10.3109/09637486.2014.986073
https://doi.org/10.3109/09637486.2014.986073
https://doi.org/10.3109/09637486.2014.986073
http://www.jpp.krakow.pl/journal/archive/02_11/pdf/65_02_11_article.pdf
http://www.jpp.krakow.pl/journal/archive/02_11/pdf/65_02_11_article.pdf
http://www.jpp.krakow.pl/journal/archive/02_11/pdf/65_02_11_article.pdf
https://doi.org/10.1007/s00198-016-3769-2
https://doi.org/10.1007/s00198-016-3769-2
https://doi.org/10.1007/s00198-016-3769-2
https://doi.org/10.3748/wjg.v22.i42.9300
https://doi.org/10.3748/wjg.v22.i42.9300
https://doi.org/10.3748/wjg.v22.i42.9300

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Isolation and culture of macrophage
	NO production assay
	PGE2 measurement
	TNFα production assay
	Cell survival
	Mouse model of sterile peritonitis
	Superoxides production by neutrophils
	Statistical analysis

	Results
	Synergistic inhibition of proinflammatory mediators by addition of combinations of Astaxanthin, Lyc-
	The phytonutrients combination interfere with the inflammatory process in vivo 

	Discussion
	Acknowledgement
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	References

