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Abstract
Upon understanding the boosting role of carotenoids on the endogenous anti-inflammatory system, it is vital to explore their 
role in reducing the use of high doses of non-steroidal anti-inflammatory drug (NSAIDs), and their mediated secondary 
toxicity during the treatment of chronic diseases. The current study investigates the carotenoids potential on inhibition of 
secondary complications induced by NSAIDs, aspirin (ASA) against lipopolysaccharide (LPS) stimulated inflammation. 
Initially, this study evaluated a minimal cytotoxic dose of ASA and carotenoids (β-carotene, BC/lutein, LUT/astaxanthin, 
AST/fucoxanthin FUCO) in Raw 264.7, U937, and peripheral blood mononuclear cells (PBMCs). In all three cells, carot-
enoids + ASA treatment reduced the LDH release, NO, and PGE2 efficiently than an equivalent dose of carotenoid or ASA 
treated alone. Based on cytotoxicity and sensitivity results, RAW 264.7 cells were selected for further cell-based assay. 
Among carotenoids, FUCO + ASA exhibited an efficient reduction of LDH release, NO, and PGE2 than the other carotenoids 
(BC + ASA, LUT + ASA, and AST + ASA) treatment. FUCO + ASA combination decreased LPS/ASA induced oxidative 
stress, pro-inflammatory mediators (iNOS, COX-2, and NF-κB), and cytokines (IL-6, TNF-α, and IL-1β) efficiently. Further, 
apoptosis was inhibited by 69.2% in FUCO + ASA, and 46.7% in ASA than LPS treated cells. A drastic decrease in intracel-
lular ROS generation with the increase in GSH was observed in FUCO + ASA compared to LPS/ASA groups. The results 
documented on the low dose of ASA with a relative physiological concentration of FUCO suggested greater importance for 
alleviating secondary complications and optimize prolonged chronic disease treatments with NSAID’s associated side effects.
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Introduction

Global incidences of chronic diseases drastically escalated 
due to systemic inflammation mediated by oxidative stress 
under many circumstances (Reuter et  al. 2010; GBD 
2017). Currently, upon understanding the boosting role of 
carotenoids on the endogenous anti-inflammatory system, 
it is important to elucidate the carotenoid's influence on 
higher doses of NSAIDs and mediated toxicity during 
chronic disease conditions. Natural compounds such as 
terpenoids, flavonoids, polyphenols, and vitamins are rec-
ognized as pivotal bioactive dietary supplements and they 
found to be associated with a decreased risk of chronic 
diseases. Recently, bio-functionality of natural compounds 
has been concomitant with the intracellular signalling cas-
cades, thereby influencing the gene expression related to 
progression or control of specific health problems, includ-
ing cancers and other chronic diseases (Knekt et al.2002; 
Fletcher and Fairfield 2002; Han et al. 2005; Fiedor and 
Burd 2014; Cory et al. 2018; Raju et al.2021). Among 
natural compounds, carotenoids were extensively screened 
from the past 3 decades due to their predominant accumu-
lation in human tissues and their circulation in the blood 
via dietary consumption of fruits, vegetables, and micro-
bial sources (Khachik 1997; Sommerburg et  al. 1998; 
Scarmo et al. 2010; Kotake-Nara and Nagao 2011; Egg-
ersdorfer and Wyss 2018). Epidemiological and clinical 
studies demonstrate that regular dietary intake of carote-
noids-rich foods reduce the risk of atherosclerosis, can-
cers, and age-related degenerative diseases. In this context, 
many notable studies have correlated the plasma carote-
noid level and decreased risk of oxidative stress and 
inflammatory responses (Haegele et  al. 2000; Hozawa 
et al. 2007; Thomson et al. 2007; Buttala et al. 2012; Kaul-
mann and Bohn 2014; Cocate et al. 2015; Park et al. 2022). 
Though, the influence of carotenoids on biochemical and 
molecular levels of anti-inflammatory activity is exploring 
previously. However, the efficiency of individual or mix-
ture of carotenoids at relative physiological concentrations 
against secondary toxicity/complications induced by 
potent anti-inflammatory drugs is not detailed. Generally, 
the progression of chronic diseases occurs through the 
production of pro-inflammatory cytokines, interleukin, 
tumor necrosis factor (TNF-α), and mediators of inflam-
mation, for instance, reactive oxygen species (ROS), reac-
tive nitrogen species (RNS), and prostaglandin E2 (PGE2) 
in cells and tissues (Kaulmann and Bohn 2014). In general, 
macrophages are preferred to evaluate in vitro, since they 
perform three vital functions such as antigen presentation, 
phagocytosis, and immunomodulation through the produc-
tion of cytokines and growth factors. Further, macrophages 
play a role in the initiation, maintenance, and 

anti-inflammation process, as they take part in the auto 
regulatory loop to produce a wide range of signals, which 
involves both beneficial and detrimental effects in inflam-
mation. Therefore, therapeutic intervention studies tar-
geted macrophages to explore the various bioactive mol-
ecules, including carotenoids to manage inflammatory 
diseases. It has been known that the generation of above 
optimal levels of oxidative stress elicits a wide range of 
responses in the macrophages, such as activation of P13K, 
PTEN, NIK, and MAPKs signaling mediators linked to 
NF-κB regulation (Han et al. 2005; Kaulmann and Bohn 
2014; Finkel and Holbrook 2000; Li and Engelhardt 2006). 
Currently, administration of many potent anti-inflamma-
tory drugs and nutrients is practiced for treating chronic 
diseases, such as cardiovascular diseases and cancer; how-
ever, they might possess adverse events, especially when 
exposed to higher doses with prolonged treatment (Ray-
burn et al. 2009; Hossain et al. 2012; Ittaman et al. 2014; 
McNeil et al. 2018). Currently, clinicians recommend and 
practice synthetic drugs to treat chronic inflammatory dis-
ease. However, chronic usage of potent non-steroidal anti-
inflammatory drugs (NSAIDs) results in gastrointestinal 
ulcerations, bleeding, hepato-renal dysfunction, organ fail-
ure, and skin reactions (Rainsford 1999; Sostres et al. 
2010; Morris et al. 2009; Lavie et al. 2017; Rothwell et al. 
2018). Optimization of drug doses for effective control of 
inflammation with lesser/nil side effects is of utmost 
importance and needs to be evaluated precisely. The ben-
efit of such targeted treatments or therapy may depend on 
a delicate balance between conquer inflammation and 
inferring normal cellular function. In this context, selec-
tively targeting specific NF-κB subunits, IκB proteins, or 
kinases through natural compounds may improve thera-
peutic efficacy and minimize systemic toxicity. Previously, 
we demonstrated that secondary toxicity inhibition in nor-
mal cells when treated with anticancer drug plus carote-
noids without compromising cytotoxicity and selective 
killing of cancer cells. Further, we hypothesized that the 
mechanistic difference of anticancer drug doses on the 
mitigation of secondary toxicity and improved therapeutic 
efficiency of a low dose of the anticancer drug with carot-
enoids on cancer therapy (Vijay et al. 2018). Although 
carotenoids and their products are identified in blood and 
tissues, no studies were attempted to correlate their role in 
chronic inflammation-mediated or secondary complica-
tions of high dose NSAID drug treatments. Nevertheless, 
studies have reported that carotenoids inhibit pro-inflam-
matory mediators and exert anti-inflammatory effects by 
inhibiting MAPKs, including JNK, ERK, p38, and NF-κB 
regulation in lipopolysaccharide -induced pro-inflamma-
tion (Kaulmann and Bohn 2014; Choi et al. 2016; Zhao 
et al. 2017). Aspirin (acetylsalicylic acid, ASA) is a widely 
known anti-inflammatory drug used to treat chronic 
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inflammatory conditions by inhibiting pro-inflammatory 
mediators in humans and animals (Thun et al. 2002; Dan-
nenberg and DuBois 2003; Bosetti et al 2009; Cuzick et al. 
2009; Elwood et al. 2009). In contrast to these aspects, 
several reports have demonstrated secondary complica-
tions of prolonged usage of the moderately high dose of 
NSAID, particularly aspirin (Chan et al. 2005; Rothwell 
et al. 2018). The mechanism of these drugs is possibly 
mediated through the hindrance of prostaglandin-endop-
eroxide synthase or cyclooxygenase (COX) enzymes 
(Rainsford 1999). The cytotoxic damage of ROS/RNS 
depends on their concentration and balance between 
endogenous antioxidant molecules or enzymes. When this 
equilibrium is imbalanced, cells are exposed to the above 
threshold levels of reactive oxygen species thereby induc-
ing oxidative stress. Under oxidative stress or an imbal-
anced situation, cells required external antioxidants to 
mitigate the oxidative stress, thus avoiding oxidative-
mediated insults. Oxidative stress is an important factor in 
the biomedical realm since it is associated with various 
chronic diseases. Carotenoids are well-known antioxidants 
that can block oxidative stress by interacting with the 
nuclear factor erythroid 2–related factor 2 pathway, 
enhancing its translocation into the nucleus, and activating 
antioxidant enzymes. In this context, upon understood the 
potential anti-inflammatory function of carotenoids, we 
hypothesized to test the role of carotenoids against higher 
dose of NSAIDs and its associated secondary toxicity in 
chronic diseases treatments. Further, we used macrophages 
cells as model system to explore carotenoids role in mini-
mization of high dose of aspirin mediated secondary toxic-
ity in macrophage cells pre-treated with LPS. We intend 
to test and evaluate the influence of carotenoids which are 
recognized as vital molecules circulated in blood and tis-
sue with a minimal dose of aspirin as a potent drug mol-
ecule with no or less secondary toxicity in Raw 264.7, 
U937, and peripheral blood mononuclear cells (PBMCs). 
Also, the current study also covered the therapeutic effi-
ciency of different carotenoids of unique structural proper-
ties combined with aspirin against impeding secondary 
complications.

Materials and methods

Chemicals

Standard lutein (99%), β-carotene (98%), astaxanthin (99%), 
fucoxanthin (98%) bovine serum albumin, propidium iodide 
(PI), Poly-d-lysine, 4,6-diamidino-2-phenylindole dilac-
tate (DAPI), propidium iodide (PI), poly-d-lysine, acrid-
ine orange (AO), ethidium bromide (EtBr), aspirin (ASA), 
and cell culture grade dimethyl sulfoxide (DMSO) and 

tetrahydrofuran (THF) (stabilized with 0.25% BHT) were 
obtained from Sigma–Aldrich (St. Louis, MO, USA). All 
other chemicals and solvents used were of analytical and 
HPLC grade purchased from Sisco Research Laborato-
ries (Mumbai, India). Dulbecco's modified eagle medium 
(DMEM), Roswell park memorial institute medium (RPMI), 
fetal bovine serum, antibiotic–antimycotic solution, cal-
cium, and magnesium-free phosphate buffer saline, 3-[4, 
5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide 
(MTT), trypan blue, cell culture consumables and neutral 
aluminum oxide (particle size: 70–230 mesh) were obtained 
from Hi-Media chemical laboratories (Mumbai, India). PE 
Annexin-V Apoptosis detection (Batch: 6,179,925) assay kit 
was purchased from BD pharmingen (BD Bioscience, San 
Diego, CA), ELISA kit (R and D Systems Inc., MN, USA). 
BCA assay reagent procured from Thermoscientific (USA). 
β-actin, iNOS, TNF-α, COX-2, IL-1β, IL-6, and NF-κB pri-
mary antibodies purchased from Cell Signaling Technol-
ogy, Inc (USA). Goat anti-rabbit/mouse IgG-HRP secondary 
antibodies and western blotting luminol reagent purchased 
from Santa Cruz Biotechnology (Santa Cruz, CA, USA). 
CLX-posure™ film (8 × 10 inches) procured from Thermo 
Fisher Scientific (USA).

LC–MS (APCI) + analysis

The isolated carotenoids from spinach [β-carotene (BC) and 
lutein (LUT)], shrimp [astaxanthin (AST)], and seaweed 
[fucoxanthin (FUCO)] by open column chromatography 
were quantified (n = 3) from the HPLC peak area of respec-
tive reference standards before cell culture treatments (San-
geetha et al. 2010; Sowmya et al. 2017). The peak identity 
and λmax of individual isolated carotenoids were confirmed 
with their retention time, UV–Vis, and LC–MS (APCI)+ 
spectra of standards recorded under similar conditions (Lak-
shminarayana et al. 2008). The details of conditions adopted 
for purification and quantification were similar to the previ-
ously described (Vijay et al. 2018). The purified carotenoids 
fractions obtained by column chromatography showed high 
purity (%) of BC (97 ± 2), LUT (96 ± 2.3), AST (95 ± 3), and 
FUCO (96 ± 2.1) under standard condition.

Culture and treatments of PBMCs, RAW 264.7 
and U937 cells

Peripheral blood mononuclear cells (PBMCs) were isolated 
according to the method of Yoshiaki et al. (1999) with slight 
modifications. In brief, 10 mL of blood was drawn from a 
healthy volunteer and added into a tube containing 0.5 M 
EDTA. Diluted 10 mL blood (1:1 dilution with PBS) was 
carefully layered over 10 mL of Ficoll-Paque gradient and 
centrifuged (1600 rpm for 30 min at 4 °C). The centrifuged 
sample consists of different layers from top to bottom as in 
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the following order; Plasma–Platelets–PBMC–Ficoll–Red 
blood cells (with granulocytes). The upper plasma and plate-
lets layer discarded, and the buffy coat of PBMCs is care-
fully aspirated and transferred to a fresh tube. Then, PBS 
added to PBMCs to make up the volume to 50 ml and cen-
trifuged (1200 rpm for 10 min at 18 °C). The supernatant 
fraction discarded, and the pellet was re-suspended in PBS 
and centrifuged again (3000 rpm for 10 min at 18 °C) to 
obtain a cell pellet, and this process repeated three times. 
Then pellet was mixed in RPMI-1640 medium, then PBMCs 
cells counted and seeded (density of 4 × 105) in a tissue cul-
ture grade 96-well plate for experiments detailed elsewhere. 
Macrophage cells (RAW 264.7 and U937) were procured 
from NCCS (Pune, India). PBMCs (RPMI) and RAW 264.7 
(DMEM) cells were cultured as a monolayer, and U937 cells 
(RPMI) were cultured as a suspension in media supple-
mented with 10% heat-inactivated fetal bovine serum, 100 
U penicillin, and 100 μg/mL streptomycin. Cells maintained 
in 95% of humidified atmospheric oxygen and 5% CO2 at 37 
ºC in a carbon dioxide incubator. Macrophages wee regu-
larly passaged (twice a week), and passages between 4 and 
20 were considered for experiments. Exponentially grow-
ing cells (70–90%) were seeded (5 × 103 cells/ well) in a 
96-well plate supplemented with 200 μL culture medium 
and incubated for 24 h. Then, cultures were pre-stimulated 
with 1 μg/mL of lipopolysaccharide (LPS), subsequently 
replenish with 200 μL serum-free media containing 20 μM 
carotenoids (BC or LUT or AST or FUCO), and parallel 
control was maintained and incubated for another 24 h. In 
this study, we chose 20 μM carotenoids as a saturated con-
centration for screening to establish the anti-inflammatory 
activity of selected cell lines (Sowmya et al. 2015). Based 
on the cell survival and sensitivity to carotenoid treatment 
on PBMCs and macrophages (reduced % cell viability), we 
selected RAW 264.7 cells as a better model for further drug 
interaction study (Supplementary Fig. 1). For the elucidation 
of anti-inflammatory drug interaction with carotenoids, we 
selected aspirin (ASA) as a chemical model drug (a common 
drug widely used to treat chronic inflammation) to under-
stand the secondary complications in the prospect of pro-
longed usage Vs chronic inflammation (Cuzick et al. 2009; 
Elwood et al. 2009; Graham 2006; Carlson et al. 2013). 
Before the drug interaction study, we screened different 
ASA concentrations ranging from 0 to 3 µM and selected 
0.8 µM as a minimal cytotoxic dose (85–90% cell viability) 
to test all other biochemical and molecular levels in com-
bined treatment with carotenoids. Briefly, cells were treated 
with 20 µM purified carotenoids (BC or LUT or AST or 
FUCO) with a minimal anti-inflammatory drug of ASA as 
established. The combination of 20 µM carotenoid (Suga-
wara et al. 2001) with 0.8 µM ASA resulted in a higher 
percentage of cell death within 6 h of treatment. Therefore, 
we used lower carotenoid concentration (2–10 µM) for 12 h 

treatment. Unfortunately, the selected carotenoids concentra-
tions were relatively equivalent to attainable physiological 
concentrations of 0.4–5.0 µM as reported earlier (Kaplan 
et al. 1990; Prince and Frisoli 1993; Liu et al. 2000; Hadad 
2012). Each carotenoid is delivered separately with a suit-
able solvent system (Sowmya et al. 2015). BC and LUT were 
delivered in THF, whereas AST and FUCO were delivered 
in DMSO. For combination treatment of ASA and carot-
enoid prepared in a respective solvent system and delivered 
one after the other within a permissible limit not to exceed 
0.5%. Vehicles used for the delivery of specific carotenoids 
treated alone were considered as control groups. Carotenoid 
combination with ASA was solubilised with DMSO and 
diluted with DMEM before cell treatment. After combina-
tion treatment, cell viability was measured by MTT assay 
(Lakshminarayana et al. 2013). The viability of control cells 
is represented as 100% (Vijay et al. 2018). The percentage of 
viable and dead cells was analyzed using a trypan blue dye 
exclusion method. The cells were trypsinized, washed with 
PBS, and counted before and after each experiment using a 
hemocytometer (Sowmya et al. 2015).

Cellular uptake of carotenoids

Macrophages cells (106 /mL) treated (12 h) with aspirin 
plus carotenoids were harvested, washed with DMEM, 
and extracted carotenoid (s) with suitable solvent systems. 
Carotenoids content of all the treated cells was quantified 
by HPLC and expressed after subtracting the carotenoids 
content of adherent to the cell surface determined at 4 °C 
(Sowmya et al. 2017).

Lactate dehydrogenase assay

The cytotoxicity induced by carotenoids plus ASA or only 
ASA or without them (control) was quantitated by measuring 
lactate dehydrogenase (LDH) release using the LDH assay 
kit according to the manufacturer’s instructions (Thermo 
Fisher Scientific, USA). Cytotoxicity of experimental sam-
ples was measured as %LDH release against control cells 
without LPS treatment. Cells treated with 1% Triton X-100 
are referred to as positive control. A value of > 5% LDH 
release into the culture media was considered cytotoxic.

Nitric oxide scavenging assay

Nitric oxide (NO) scavenging activity of carotenoids plus 
ASA was measured as per the established procedure with 
slight modifications (Islam et al. 2013). In brief, PBMCs and 
macrophages cells (106 cells/mL) were seeded separately 
on 24-well tissue culture plates and pre-incubated for 12 h 
at 37 °C to achieve stable culture adherence. Further, LPS-
stimulated cells treated either with or without carotenoids plus 
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ASA or incubated only ASA for another 12 h to monitor NO 
production by measuring nitrite levels in the culture media 
using Griess reagent.

Determination of PGE2 levels

PBMCs and macrophages (106 cells/ mL) pre-incubated with 
LPS were treated with carotenoids plus ASA or only ASA or 
without them (control) for 12 h. After incubation, a PGE2 level 
in the macrophage cell lysate was determined using an enzyme 
immunoassay kit (Thermo Fisher Scientific, USA) according 
to the manufacturer’s protocol. Celecoxib (3 μM) was used as 
a positive control (Soontornchaiboon et al. 2012). Based on 
the efficiency of cytoprotection and toxicity levels, further, we 
selected RAW264.7 cells as a better model system and FUCO 
(epoxy-carotenoid) as an efficient carotenoid molecule to elu-
cidate other cell-based assays unless otherwise mentioned.

Measurement of pro‑inflammatory cytokines 
production

The inhibitory effect of carotenoid combination with ASA 
on the pro-inflammatory cytokines (IL-1β and TNF-α) and 
COX2 production in LPS (1 μg/ml) treated macrophage 
was assessed according to the manufacturer protocol using 
mouse ELISA kit (R and D Systems Inc., MN, USA). The 
supernatant of cell lysate was used for measuring pro-
inflammatory cytokines.

Apoptosis detection by Annexin FITC and PI staining

Apoptosis detection was performed with FITC Annexin V 
apoptosis detection kit (BD pharmingen, BD Bioscience, 
San Diego, CA) according to the manufacturer’s instruc-
tions. Briefly, after 12 h (LPS stimulated) of incubation of 
macrophages either with or without carotenoids plus ASA or 
only ASA treatments were harvested, washed with ice-cold 
PBS, and then centrifuged at 3000 rpm for 5 min at 4 °C. 
The cell pellet was re-suspended in ice-cold binding buffer, 
then added FITC Annexin V (1 µL/mL) and PI (10 µL/mL) 
solutions were in a sample tube and incubated at room tem-
perature for 15 min in dark condition before flow cytometry 
analyses (Sowmya et al. 2015). The typical apoptotic mor-
phological changes and nuclear condensation of cells were 
observed under a fluorescence microscope using appropriate 
staining similar to a previously reported our group (Sowmya 
et al. 2017).

Analysis of cell cycle distribution, reactive oxygen 
species, and glutathione levels.

Cells (106 cells) treated (12 h) with carotenoids plus ASA or 
only ASA were harvested, washed, and re-suspended in PBS. 

Then cells were stained with DCF-DA (10 μM) for 15 min 
in 5% CO2 at 37 °C and immediately subjected to FACS 
analysis. The intercellular ROS levels were measured after 
calibration of flow cytometry with negative (unstained) and 
positive control (50 μM H2O2) cells. The results expressed 
as fluorescence intensity of dichlorofluorescein in control, 
treatments, and positive control. For the analysis of GSH, 
cell lysate was prepared and used as per the previous method 
with slight modifications (Sowmya et al. 2017). The cell 
cycle progression of treated cells was analyzed using flow 
cytometry (Vijay et al. 2018). Briefly, after incubation either 
with control or LPS or ASA* or ASA + FUCO were har-
vested and washed with the ice-cold PBS and centrifuged 
at 3000 rpm for 5 min at 4 ºC. The cells grown as a mon-
olayer included both harvested by trypsinization and floating 
in the medium. The cell pellet was re-suspended in an ice 
cold binding buffer, followed by FITC Annexin V (1 μL/
mL) and PI (10 μL/mL) solutions were added. Sample tubes 
incubated for 15 min in a dark at room temperature before 
flow cytometry analyses (Sowmya et al. 2017). The process-
ing of cell pellet, cell lysate, protein estimation, and reagent 
preparation is done as per the standardized procedures by 
our group Sowmya et al. (2015).

Western blot analysis

Cells (10 × 106 cells) treated with ASA and its combina-
tion with FUCO were washed twice with ice-cold PBS and 
lysed using ice-cold lysis buffer, and then centrifuged at 
10,000 rpm for 10 min at 4 °C to obtain a supernatant. The 
total protein content in the supernatant of cell lysate was 
estimated using a BCA assay. Cell lysate (30 μg protein) 
was separated on 10% SDS-PAGE and electro-blotted onto 
nitrocellulose membranes. Then, membranes were blocked 
for 1 h using a blocking buffer and incubated overnight at 
4 °C with respective antibodies such as β-actin (loading 
control), iNOS, TNF-α, COX-2, IL-1β, IL-6, and NF-κB. 
The primary antibody was detected using HRP labeled goat 
anti-rabbit/mouse immunoglobulin G secondary antibod-
ies. A chemiluminescence kit (Santa Cruz Biotechnology, 
Santa Cruz, CA) was used to visualize the protein bands. 
Three X-ray film exposures (10–15 min) of the same blots 
were scanned and calculated protein expression levels using 
densitometry analysis in each membrane.

Statistical analysis

The data were analyzed for normality using Shapiro–wilk 
test. It was rejected that means the data was non-normal. 
Since the objective of the present work was to compare the 
effect of different groups and different levels of carotenoids 
concentration on % cell viability. Two-way ART ANOVA 
used whenever the effect was found significant. Post hoc test 
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(pairwise comparisons using BH method) was carried out 
to find the source of significance. The data and results were 
represented graphically using boxplots and interaction plots.

Results

Influence of a combination of different 
carotenoids with ASA on macrophages and PBMCs 
cell viability.

The cell viability/toxicity levels of purified carotenoids 
were comparable to standard carotenoids results with no 
significant difference. The macrophages (RAW 264.7 and 
U937) and PBMCs treated (24 h) with an increasing con-
centration of each carotenoid significantly increased the 
cell viability in a dose-dependent manner (Figs. 1, 2, 3). 
The cell viability percentage confirmed the cytoprotective 
activity of carotenoids in all the treated cells (Figs. 1, 2, 3). 
Further, the IC50 concentration of each carotenoid on cell 
viability of macrophages/ PBMCs found in the following 
order: FUCO > LUT > AST > BC (Table 1). The cells were 
pre-incubated with LPS was treated with a minimal cyto-
toxic dose (85–90% cell viability) of ASA plus physiological 
equivalent concentration/dose of carotenoids significantly 
increased cell viability by 66% (BC), 78% (LUT), 70% 
(AST), and 77% (FUCO) in RAW 264.7 cells as compared to 
only LPS treated cells, respectively. Likewise, in U937 cells, 
the cell viability was found to be 58% (BC), 63% (LUT), 68% 
(AST), and 69% (FUCO), while in PBMCs, it found to be 
51% (BC), 62% (LUT), 63% (AST) and 67% (FUCO). These 
results demonstrated that the carotenoid combination with 
ASA significantly increased cell viability compared to an 
equivalent dose of individual carotenoid or ASA treatment 
in LPS- treated cells (Figs. 1, 2, 3 and Table 1). Furthermore, 
ASA treated with FUCO or LUT increased cell viability 
more significantly than the combination with AST and BC 
in pre-treated LPS. The IC50 value of ASA* was found to be 
1.5 ± 0.3 μM in RAW 264.7, 2.2 ± 0.3 μM in U937 cells, and 
1.4 ± 0.2 μM in PBMCs treated cells. There is no significant 
difference found in cell numbers between control (untreated) 
and vehicle control, demonstrating that up to 0.5% of DMSO 
or THF does not affect cell growth (Fig. 1, 2, 3). Overall, 
these results attributed that treatment with a physiological 
concentration of carotenoids (~ 5 µM) with low-dose ASA 
(~ 0.3 µM) has shown efficiency in macrophages and PBMCs 
growth compared to carotenoid or ASA alone treatments in 
the LPS pre-incubated cells. The synergistic influence of 
carotenoids combination with ASA on cell growth/prolif-
eration in all three cell types was evident and found to be 
in the following order FUCO > LUT > AST > BC (Table 1). 
Moreover, cellular uptake of carotenoids in RAW 264.7 cells 
was higher in individual carotenoid-treated cells than in the 

carotenoid combination with the ASA group. The results 
clearly demonstrated that there is a significant difference 
in the % cell viability between treated different groups and 
concentration of carotenoids (except under the two control 
groups) in all the three cell lines (Figs. 1, 2, 3 and Table 2.). 
Furthermore, interaction between concentration and group 
observed (Figs. 1C, 2C, 3C and Table 2.).

However, cellular uptake of carotenoids from the unique 
carotenoid treatments or in combination with ASA resulted 
in the following order: AST < LUT < FUCO < BC (Table 1). 
The treatment of ASA with a carotenoid combination did not 
affect the cellular uptake of carotenoids (Table 1).

Cytotoxicity influence of carotenoids plus ASA 
treatments in LPS‑stimulated macrophages 
and PBMCs

The cytotoxicity influence of carotenoids plus ASA treat-
ments in LPS-stimulated macrophages and PBMCs is 
shown in Fig. 4. The LDH assay demonstrated an appar-
ent increase of % LDH in the culture medium of the LPS-
treated group. Whereas the percentage of LDH release was 
lower by 75 and 62% in FUCO + ASA, followed by 62.5 and 
56% in LUT + ASA (%), 56.2 and 52% in AST + ASA, 37.5 
and 38% in BC + ASA, and 33.3 and 30% in ASA treated 
groups of in RAW 264.7 and U937 cells compared to LPS 
alone treated cells, respectively. Similarly, LDH levels in 
PBMCs was lowered by63.4% in FUCO + ASA, 51.2% in 
LUT + ASA, 36.5% in AST + ASA, 19.5% in BC + ASA, and 
26.8% in ASA treated cells compared to LPS treated group. 
This observation indicates that FUCO + ASA treatment 
increased cell viability significantly compared to the other 
carotenoids plus ASA-treated groups against LPS-stimulated 
inflammation.

Combined treatment of carotenoids with ASA 
on nitric oxide scavenging and PGE2 levels 
in macrophages and PBMCs.

The combination of carotenoids with ASA treatments sig-
nificantly decreased the LPS-stimulated NO production 
in RAW 264.7 and U937 cells treated with FUCO + ASA 
(58.8% and 53.4%),  LUT + ASA (44.4% and 32.8%), 
AST + ASA (39.8% and 30.2%), BC + ASA (30.2% and 
22.6%), and ASA (28.9% and 20.1%) as compared to only 
LPS treated cells, respectively. Likewise, NO levels in 
PBMCs significantly decreased after the treatment of 
FUCO + ASA (51.1%), LUT + ASA (46.5%), AST + ASA 
(40.1%), BC + ASA (31.3%), and ASA (30.2%) than 
the LPS treated cells. Correspondingly, PGE2 levels 
decreased in RAW 264.7 and U937 cells treated with 
FUCO + ASA (62.5% and 52%), LUT + ASA (45% 
and 39.8%), AST + ASA (42% and 34.4%), BC + ASA 
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Fig. 1   A Boxplot of percent 
cell viability of Raw 264.7 cells 
treated different groups (I) and 
concentrations (II). B Percent-
cell viability of Raw 264.7cells 
treated different concentration 
(I) of carotenoids and groups 
(II). C Interaction between 
treated group and concentration 
(I) and concentration and group 
(II) of mean of cell viability 
in Raw 264.7 cells. CON con-
trol; LPS lipopolysaccharide; 
ASA aspirin; BC β-carotene; 
LUT lutein; AST astaxanthin; 
FUCO fucoxanthin. Control 
(CON) represents a treatment of 
THF or DMSO vehicle alone. 
Refer to Table 1 for abbrevia-
tions and treatment doses
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Fig. 1   (continued)
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Fig. 2   A Boxplot of percent 
cell viability of U397 cells 
treated different group (I) and 
concentration (II). B Percent 
cell viability of U397 cells 
treated different concentration 
(I) of carotenoids and groups 
(II). C Interaction between 
treated group and concentration 
(I) and concentration and group 
(II) of mean of cell viability 
in U937 cells. CON control; 
LPS lipopolysaccharide; 
ASA aspirin; BC β-carotene; 
LUT lutein; AST astaxanthin; 
FUCO fucoxanthin. Control 
(CON) represents a treatment of 
THF or DMSO vehicle alone. 
Refer to Table 1 for abbrevia-
tions and treatment doses
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Fig. 2   (continued)



3 Biotech (2023) 13:223	

1 3

Page 11 of 22  223

Fig. 3   A Boxplot of percent cell viability of PBMCs treated different 
groups (I) and concentrations (II). B Percent cell viability of PBMCs 
treated different concentration (I) of carotenoids and groups (II). C 
Interaction between treated group and concentration (I) and concen-
tration and group (II) on mean of cell viability in PBMCs. CON con-

trol; LPS lipopolysaccharide; ASA aspirin; BC β-carotene; LUT lutein; 
AST astaxanthin; FUCO fucoxanthin. Control (CON) represents a 
treatment of THF or DMSO vehicle alone. Refer to Table 1 for abbre-
viations and treatment doses
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(31.3% and 28.7%), and ASA (30.2% and 23.4%) com-
pared to LPS alone -treated cells, respectively. Likewise, 
PGE2 levels decreased in PBMCs cells treated with 

FUCO + ASA (51%), LUT + ASA (40.8%), AST + ASA 
(31.4%), BC + ASA (23.3%), and ASA (22.2%) com-
pared to LPS treated cells (Fig. 5A and B). These results 

Fig. 3   (continued)
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strongly suggest that the FUCO + ASA combination has 
shown higher protection against LPS-induced inflamma-
tion than other carotenoid and ASA combination groups. 
Based on the cytoprotection and toxicity levels, we chose 

RAW264.7 cells and FUCO (epoxy-carotenoid) as effi-
cient carotenoid molecules to elucidate other cell-based 
assays.

Fig. 3   (continued)
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Effect of carotenoids plus ASA combination 
treatment on oxidative status, generation 
of intracellular ROS, and cell cycle progression 
in RAW 264.7 cells

The effect of a relative physiological dose of carot-
enoids with a low-dose of the anti-inflammatory drug 
on the oxidative status of RAW 264.7 cells is shown 
in Fig. 6A and B. The cells treated with FUCO + ASA and 
ASA have significantly reduced GSH levels by 48.8% and 
37.4% in LPS pre-incubated cells compared to LPS alone 

Table 1   Influence of 
carotenoids combination with 
ASA on cytotoxicity and 
cellular uptake of carotenoids in 
macrophages and PBMCs

The data represent mean ± SD (n = 5). Values not sharing a common superscript letter within a column 
under individual or combination treatments are significantly different (p < 0.05) as determined by one-way 
ANOVA followed by Tukey’s test. ASA*-IC50 concentration; ASA, minimal dose of ASA (10–13% cell 
survival) in RAW 264.7 (0.1 µM), U937 (0.21 µM) and PBMCs (0.17 µM), respectively
CON control; ASA aspirin; BC β-carotene; LUT lutein; AST Astaxanthin; FUCO fucoxanthin

Experimental groups IC50 values (µM) Cellular uptake
(p moles/106cells)

RAW 264.7 U937 PBMCs RAW 264.7 U937 PBMCs

Individual treatments
 ASA* 1.5 2.2 1.4 – – –
 BC 20.6 22.3 22.3 310 ± 4.2c 255 ± 3.3 d 327 ± 4.3d

 LUT 21.1 22.3 22.3 411 ± 4.8b 342 ± 5.6 b 449 ± 4.1b

 AST 23.5 24.2 24.2 467 ± 7.3a 446 ± 3.9a 498 ± 3.9a

 FUCO 22.6 23.4 23.4 382 ± 5.5b 311 ± 5.1 413 ± 2.9c

Combination treatments
 BC + ASA 6.1 6.9 6.5 79 ± 2.3d 78 ± 3.4d 89 ± 2.9d

 LUT + ASA 8.2 9.4 8.8 131 ± 3.1c 135 ± 2.8c 149 ± 3.3c

 AST + ASA 7.3 7.8 7.3 259 ± 4.5a 334 ± 3.9a 397 ± 5.7a

 FUCO + ASA 5.1 6.1 5.3 163 ± 5.2b 199 ± 4.7b 204 ± 3.1b

Table 2   Two-way ART ANOVA for analysis of carotenoid concentra-
tion and its combination treatment of ASA in three different cells

Inference: The main effects of group and concentration of carot-
enoids are significant. That is, the % cell viability differs signifi-
cantly between different groups. Similarly, it also differs significantly 
between different concentrations. The p value for corresponding to all 
the three sources; group, concentration and the interaction is almost 
zero, which is a clear indication that the different sources are highly 
significant. Post hoc test results: Since the main effects and the inter-
actions were found significant, post hoc test (pairwise comparisons 
using BH method) was carried out to test out the source of signifi-
cance. Groups: The results say that, there exists significant difference 
between any two groups. Concentration: The same was true, with 
respect to the concentration between any two levels of the concentra-
tion there exists significant difference. Interaction effect: Most of the 
pairwise combinations were found to be significant

Source df df of error F value p value

Raw 264.7 cells
 Group 5 60 137.848  < 2.22e-16***
 Concentration 4 60 311.383  < 2.22e-16***
 Group: Concentration 20 60 40.199  < 2.22e-16***

U937 cells
 Group 5 60 144.737  < 2.22e-16***
 Concentration 4 60 332.778  < 2.22e-16***
 Group: concentration 20 60 35.223  < 2.22e-16***

PBMCs
 Group 5 60 109.386  < 2.22e-16***
 Concentration 4 60 326.054  < 2.22e-16***
 Group: concentration 10 60 57.108  < 2.22e-16***
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Fig. 4   Effect of combined treatment of carotenoids with ASA on LPS 
induced LDH to release in macrophages and PBMCs incubated for 
12  h. The data represent mean ± SD (n = 5). a,b,c,d,e,fValues not shar-
ing common superscript letters between treatment groups are signifi-
cantly different (p < 0.05) from their respective control as analyzed 
by one-way ANOVA followed by Tukey's test. Refer to Table 1 and 
Fig. 1 for abbreviations and doses for treatment groups
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treated cells, respectively. Likewise, treatment of FUCO 
with ASA decreased intracellular ROS generation by 33% 
and 15% (Fig. 6B). Whereas the percentage (%) of ROS 
in the positive control (H2O2) cells was found to be 65%. 
The FUCO combination with ASA treatment (12 h) on 
cell cycle distribution analyzed using flow cytometry is 
shown in Table 3. The relative percentage of apoptotic cells 
decreased by 69.2% in FUCO + ASA, and 46.7% in ASA 
treated RAW 264.7 cells as compared to LPS treated cells. A 
significant change in morphology and nuclear condensation 
was observed in cells treated with carotenoid plus ASA than 
any other treated groups (Fig. 6C). This confirms the influ-
ence of FUCO on the protection against the LPS-induced 
damage.

Role of FUCO with ASA on LPS‑induced IL‑1β, COX‑2, 
and TNF‑α expression

The effect of FUCO combination with ASA on the produc-
tion of pro-inflammatory cytokines (IL-1β and TNF-α) 
and COX-2 in cells incubated (12 h) with LPS is shown 
in Fig. 7A–C. The combined treatment of FUCO and ASA 
significantly reduced IL-1β, COX-2, and TNF-α production 
by 68.4%, 59.7%, and 35.3% compared to LPS-treated cells, 
respectively.

Effect of FUCO combination with ASA 
on the regulation of NF‑κB‑regulated gene 
expression in RAW 264.7 cells

The influence of FUCO or its combination treatment with 
ASA on the suppression of NF-κB regulation is shown 
in Fig. 8. To determine the efficient reduction of NO and 
PGE2 production by FUCO + ASA treatment in LPS-
induced cells, we further analyzed other LPS-induced inter-
mediate pro-inflammatory markers (iNOS, COX-2, IL-1β, 
TNF-α, and NF-κB protein expression) in RAW 264.7 cells 
(Fig. 8). The expression of iNOS, COX-2, IL-1β, TNF-α, 
and NF-κB significantly increased in macrophage cells 
treated with LPS compared to ASA or FUCO + ASA groups. 
However, FUCO combination with ASA significantly down-
regulated the expression of iNOS (1.3 and 2.1 fold), COX-2 
(1.0 and 2.2 fold), IL-1β (1.1 and 2.3 fold), TNF-α (1.4 and 
2.8 fold), and NF-κB (1.0 and 2.7 fold) as compared to LPS 
treated cells, respectively.

Discussion

This study demonstrated the influence of carotenoid effi-
ciency on minimizing the secondary toxicity associated with 
NSAIDs on the selective inhibition of inflammatory media-
tors in macrophages and PBMCs (Fig. 9). Earlier, studies 
have reported that inhibition of pro-inflammatory media-
tors by high doses of carotenoids (lycopene, β-carotene, and 
lutein) (Bai et al. 2005; Feng et al. 2010), and polyphenols 
(carnosic acid, resveratrol, or gallic acid) (Ciz et al. 2008; 
Hadad 2012) in LPS-stimulated macrophages. Currently, 
we reveal the inhibitory effect of pro-inflammatory media-
tors by combination treatment of carotenoids plus ASA at 
a lower concentration/dose, which is relatively equivalent 
in the range of human plasma levels. LPS pre-treated (1 h) 
macrophages were incubated (12 h) with carotenoid plus 
ASA resulting in significant inhibition of NO and PGE2 pro-
duction (Fig. 5). Specifically, combined FUCO and ASA 
inhibited efficiency compared to other carotenoids combined 
with ASA. Previous studies have demonstrated a remarkable 
synergistic effect of carotenoids with polyphenols (Fuhrman 
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Fig. 5   Effect of combined treatment of carotenoids with ASA on 
PGE2 (A) and nitrite (B) levels in LPS induced macrophages and 
PBMCs incubated for 12  h. The data represent mean ± SD (n = 5). 
a,b,c,d,e,fValues not sharing common superscript letters between treat-
ment groups are significantly different (p < 0.05) from their respective 
control as analyzed by one-way ANOVA followed by Tukey's test. 
Refer to Table 1 and Fig. 1 for abbreviations and treatment doses
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et al. 2000; Lo et al. 2002; Linnewiel-Hermoni et al. 2015) 
and vitamins (Liu et al. 2008). Our findings indicated a low-
dose of carotenoid plus ASA combination mechanistically 

linked to the down-regulation of iNOS, TNF-α, and COX-2 
by regulating NF-κB expression (Figs. 7 and 8). However, 
their expression level is more prominent in cells treated with 
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ASA or LPS. Often, the reactive oxygen species (superoxide 
and nitric oxide levels) play a role in host defense (Baran 
et al. 1996) at optimum levels; however, their intensity 
when crossing the threshold levels (oxidative stress) may 
increase inflammatory responses, ultimately damaging the 
cells (Kaulmann and Bohn 2014). Furthermore, the reac-
tion between reactive oxygen species/free radicals resulted 
in peroxynitrite (ONOO) production, the most toxic deriva-
tive of NO, which can cause immense cellular damage and 
induce chronic inflammation (Grisham et al. 1999). The 
generation of superoxide radicals by NADPH oxidase and 
coupled oxidative stress occurs due to xenometabolism, 
stimulated by lifestyle-associated factors, and microbial 
infections. These situations resulted in the activation of 
diverse cell signalling by optimizing MAP kinases regula-
tion and NF-κB gene expressions, eventually up-regulating 
the gene expressions encoding pro-inflammatory markers 
(Kaulmann and Bohn 2014). Carotenoids are linked to their 
action against oxidative stress mechanisms and allied cell 
signalling. Exploring vital nutraceuticals to prevent sec-
ondary complications and mediated oxidative stress due to 
xenobiotics or synthetic chemotherapeutic drugs requires 
an elaborative study. Consequently, interference with their 
actions is of significant relevance to repairing the inflam-
matory process, which is one of the primary aims to reduce 
chronic inflammation and our current hypothesis. Despite 
the adverse cardiovascular and gastrointestinal effects of 
non-steroidal anti-inflammatory COX-2-inhibitory drug 
(Graham 2006) is widely used to treat inflammatory dis-
eases (Baron and Sandler 2000). By and large, LPS is 
known to mediate oxidative stress and up-regulate super-
oxides, NO, PGE2, and expression of COX-2, iNOS, and 
TNF-α through NF-κB regulation in macrophages. In the 
present study, elevated levels of NO and PGE2 by LPS were 
optimized by combined treatment of carotenoids plus ASA 
(Fig. 4). Alternatively, few studies explored TNF-α antago-
nists for treating chronic inflammatory diseases; however, 
this approach impels a greater risk, particularly gastric 
ulcers (Sostres et al. 2010). As revealed persuasively, this 

study opinion that combinations of a permissible dose of the 
potent anti-inflammatory drug like ASA with a vital natural 
compound like carotenoid FUCO could be more appropri-
ate for treating chronic inflammation. Further, this approach 
may help prevent secondary toxicity concomitant with the 
optimization of drugs with carotenoids contrary to the high 
dose of NSAIDs for the effective control of inflammation 
associated with secondary complications. Previously, Hos-
sainet al. (2012) suggested the benefit of a combined anti-
inflammatory and anti-cancer drug approach substantiating 
the relevance of treatment for preventing inflammation that 
can control iNOS and COX-2 expression. In our study, the 
combined treatment of FUCO + ASA has shown significant 
inhibition of iNOS and COX-2 expression compared to 
ASA or LPS alone treated cells. Nonetheless, optimization 
of COX-2 expression to control the inflammatory process by 
the combinational treatment of FUCO + ASA is a promising 
approach to persistent over-expression of COX-2 complica-
tions. This observation gives a greater advantage for various 
therapies. This indicates that NSAIDs like ASA control the 
pro-inflammatory markers activation at low doses; however, 
up-lifting its action by FUCO as compared to a high dose 
of drug-mediated secondary toxicity documented with LPS 
alone treatment. So far, no detailed studies are available 
with this concept, which may be due to a lack of efficiency 
in natural compounds vs. chemically derived drugs at low 
doses. However, certain studies have revealed the synergis-
tic influence of carotenoids with other phytocompounds on 
oxidative stress and allied chronic problems (Fuhrman et al 
2000; Hadad 2012; Linnewiel-Hermoni et al. 2015). Stahl 
et al. (1998) have shown that a combination of lycopene 
with β-carotene was more protective against oxidative dam-
age than the treatment of lycopene with lutein, emphasizing 
the opinion that the differences related to physicochemical 
properties of carotenoids and their location in the mem-
brane. It has been attributed that xanthophylls span the mem-
brane through a polar end group attached at the membrane 
polar sites, whereas hydrocarbon carotenoid lycopene and 
β-carotene lack hydrophilic substituents and remain placed 
within the membrane affecting fluidity. Furthermore, they 
can influence defense mechanisms against reactive oxygen 
species and free radicals by improving the defense system 
(Agamey et al. 2004).

The efficiency of the combination treatment of carot-
enoids with ASA is attributed to involving a few potential 
ways, such as counteracting aspirin derivatives as antioxi-
dants may reduce the burden of carotenoid reaction with 
the ROS or free radicals and their reactant products such as 
peroxynitrite in the cytosol. Alternatively, reduced oxidative 
stress by aspirin may activate carotenoids ability to scavenge 
or deactivate ROS and mediate stress more porously. Since 
the efficiency of FUCO as an antioxidant is decided based 
on oxidative stress or oxygen tension levels at the cellular 

Fig. 6   Effect of combined treatment of carotenoid (FUCO) with ASA 
on glutathione (GSH) levels (A) and Intracellular ROS generation in 
RAW 264.7 cells pre-treated with LPS (B) (Cells treated with H2O2 
(ROS, 65%) was considered a positive control). Morphological obser-
vations of carotenoid (FUCO) and their combination with ASA in 
RAW 264.7 cells with ethidium bromide and acridine orange stain-
ing (C) (arrows indicate early and late apoptotic cells (200 ×). DAPI 
was used as a nuclear marker). The microscopic field for ethidium 
bromide and acridine orange staining and DAPI are different with the 
same cell lineages. Refer to Table 1 and Fig. 1 for abbreviations and 
treatment doses. The data represent mean ± SD (n = 5). a,b,c,dValues 
not sharing common superscript letters between treatments are sig-
nificantly different (p < 0.05) as analyzed by one-way ANOVA fol-
lowed by Tukey's test. Refer to Table 1 and Fig. 1 for abbreviations 
and treatment doses

◂
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levels, certain carotenoids behave as pro-oxidants at higher 
oxygen tension (Agamey et al. 2004; Burton and Ingold 
1984). Further, the synergistic action of FUCO with ASA 
may be due to the electrophilicity and polarity of the mol-
ecules, which is more for activated translocation of NF-κB 
transcription factor from the cytosol to the nucleus. Hence, 
FUCO was found to be more actively involved in the inhibi-
tion of NF-κB expression as compared to other carotenoids. 
β-Carotene is highly recognized as non-polar and spans 
its membrane within the lipophilic region, whereas cyto-
sol mobilizes those molecules that are hydrophobic. Sev-
eral studies have documented that the regulation of NF-κB 
gene expression is one of the key signalling pathways to 
induce apoptosis. In contrast, under induced inflammatory 
conditions (LPS/H2O2), enhanced levels of ROS and their 
reactants stimulate phosphorylation of NF-κB-IκB com-
plex and execute translocation of NF-κB transcription fac-
tor into the nucleus for further regulation of NF-κB gene 
expression. Since carotenoids/FUCO as antioxidants could 
down-regulate oxidative stress-mediated NF-κB transloca-
tion into the nucleus. In this context, carotenoids may act as 
superior antioxidants at cellular levels with a concomitant 
reduction in peroxy-nitrite and ROS radicals (Fig. 9B). The 
reaction mechanism between carotenoids and ROS may pro-
duce oxidative cleavage products. Previously our research 
group (Lakshminarayana et al. 2008), we speculated that 
enzymatic and oxidative cleavage products might also affect 
the regulation of antioxidant and anti-inflammatory tran-
scription systems (Fig. 9B); however, the mechanism is not 
much detailed (Arathi et al. 2015, 2018). Recently, Taka-
tani al. (2021) identified and elucidated the pivotal roles of 
fucoxanthin‐derived apo-carotenoids against LPS-induced 
macrophages and adipocytes. The mechanistic differences 
of inflammation found in the treatment of either low-dose 
of ASA or a combined physiological dose of carotenoid 
with ASA may be due to elevated oxidative stress through 

multifactor ROS controlled MAPKs pathway (Feng et al. 
2010). Earlier studies have correlated the carotenoids-medi-
ated are down-regulation of NF-κB through the MAPKs 
pathway (Feng et al. 2010; Kaulmann and Bohn 2014). This 
study unrevealed the potential anti-inflammatory property 
of marine carotenoid FUCO as it alleviates/reduces second-
ary complications of ASA and is also more significant than 
other carotenoids. The differences between carotenoids may 

Table 3   Effect of ASA and ASA + FUCO on cell cycle distribution 
and induction of apoptosis in RAW-264.7 cells

The data represent mean ± SD (n = 5). Values not sharing com-
mon superscript letters within a column are significantly different 
(p < 0.05) as analyzed by one-way ANOVA followed by Tukey’s test. 
Refer to Table 1 and Fig. 1 for abbreviations and treatment doses

RAW 264.7

Experimental 
groups

Cell cycle distribution (%) Apoptosis (%)

G0/G1 S G2/M

CON 57.8 ± 0.6b 23.1 ± 1.6b 18.5 ± 1.8b 0.6 ± 0.2a

LPS 75.1 ± 0.2d 13.2 ± 0.8a 11.7 ± 0.1a 78.4 ± 1.2d

ASA* 59.9 ± 1.3c 23.2 ± 1.5b 18.9 ± 1.5b 33.1 ± 1.3c

ASA + FUCO 40.3 ± 1.7a 38.5 ± 1.7c 21.2 ± 0.8c 21.3 ± 2.1b
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Fig. 7   Influence of carotenoid plus ASA treatment on TNF-α (A), 
IL-1β (B) and COX-2 (C) protein concentration against pre-treated 
with LPS in RAW 264.7 cells. The data represent mean ± SD (n = 5). 
a,b,c,d Values not sharing a common superscript letters between treat-
ments are significantly different (p < 0.05) as analyzed by one-way 
ANOVA followed by Tukey's test. Refer to Table  1 and Fig.  1 for 
abbreviations and treatment doses
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occur due to the chemical and structural properties of carot-
enoids. These results provide greater insight into marine 
carotenois, particularly to combat anti-inflammatory drugs 
mediated secondary drug toxicity in cardiovascular diseases 

and cancer treatments. Prevention of cancer at the primary 
level is considered an important public health issue, and 
using selective drugs for chemoprevention is equally vital 
for effective treatment (Wild et al. 2015). Also, many studies 

Fig. 8   Effect of carotenoids on 
NF-κB, COX-2, iNOS, TNF-α, 
IL-6 and IL-1β expression in 
RAW 264.7 cells treated for 
12 h. Panels A and B represent-
ative of western blot analyses; 
panels C and D represent the 
densitometric analysis of three 
different determinations in 
RAW 264.7 cells. The data 
represent mean ± SD (n = 5). 
a,b,c,dValues not sharing com-
mon superscript letters between 
treatments are significantly 
different (p < 0.05) as analyzed 
by one-way ANOVA followed 
by Tukey's test. Refer to Table 1 
and Fig. 1 for abbreviations and 
treatment doses
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attempted to elucidate the possible anti-cancer effect of 
aspirin with extensive research work. However, few studies 
address its effectively on breast, gastric, colorectal, lung, 
and prostate cancer control (Patrignani and Patrono 2015; 
Cuzick 2017; Bosetti et al. 2020). It has attributed that about 
50% of cancers can be prevented by evading risk factors and 
implementing evidence-based treatment strategies (Colditz 
et al. 2006). In contrast, studies have reported an inverse 
relationship linking the incidence of various cancers and 
cardiovascular disease mortality with using high doses of 
aspirin. In this context, the preliminary evidence of the pre-
sent study suggested that the application of a potent drug 
like ASA with carotenoid shown with lesser or no second-
ary toxicity is considered vital for further exploitation under 
in vivo models.

In the present study, the synergistic anti-inflammatory 
action of ASA with FUCO observe at a low dose than a 
higher dose of ASA treated alone (Fig. 9A and B). However, 
exploration of the proper dose of ASA for the potential anti-
inflammatory effect in animals should be determined through 
clinical trials. Although, NSAIDs provide long established 
commonly used medications, their use as a combination of 
treatment with specifically recognized nutraceutical agents 
is a new and promising approach to treat chronic diseases. 
Additionally, bioactive efficiency, proper dosage, and long-
term side effects of the ASA and FUCO combination in vivo 
conditions need to be detailed and most warranted.
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