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A B S T R A C T   

A group of bioactive, isoprenoid pigments known as carotenoids is mostly present in fruits and vegetables. 
Carotenoids are essential for the prevention of physiological issues, which makes maintaining excellent health 
easier. They are effective functional ingredients with potent health-promoting properties that are widely present 
in our food and linked to a decrease in the prevalence of chronic diseases, including respiratory diseases. Res-
piratory infections are the primary cause of death and life-threatening conditions globally, wreaking havoc on 
the global health system. People rely on dietary sources of carotenoids to reduce a plethora of respiratory dis-
eases such as chronic obstructive pulmonary disease (COPD), lung cancer, asthma, and so on. Carotenoids have 
received a lot of interest recently in several parts of the world due to their therapeutic potential in altering the 
pathogenic pathways underlying inflammatory respiratory diseases, which may improve disease control and 
have beneficial health benefits. This review aimed to provide a thorough understanding of the therapeutic po-
tential of dietary carotenoids in the treatment of respiratory diseases and to identify possible candidates for novel 
therapeutic development.   

1. Introduction 

Respiratory diseases are medical conditions that interfere with how 
air-breathing animals exchange gases by disrupting the lungs and other 
respiratory tissues. They are also known as lung diseases [1]. But apart 
from the lungs, respiratory diseases also include conditions of all the 
respiratory organs, e.g., trachea, bronchi, bronchioles, alveoli, pleurae, 
pleural cavity, respiratory nerves and muscles. The prime breathing 

disorders are- asthma, chronic obstructive pulmonary disease (COPD), 
pulmonary fibrosis, pneumonia, and lung cancer. The most common risk 
factors behind these diseases are- infection, direct or indirect intake of 
tobacco smoke, inhalation of radon, asbestos and other forms of air 
pollutants [2]. Respiratory infections wreak havoc on the global health 
system as they are the leading causes of death and serious illnesses [3]. 
About 3 million people die each year from moderate to severe COPD, 
making it the third greatest cause of death globally — and the numbers 
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are rising [4,5]. Asthma, the most recurrent chronic disease of adoles-
cence attacks 14% of children and around 334 million people worldwide 
and are becoming more prevalent in youngsters [6,7]. Acute lower 
respiratory tract infection is believed to kill about 4 million people 
annually and has been a primary cause of death and disability for de-
cades in both adults and children, especially under 4 years old [8]. 
Youngsters affected by these infections are at the risk of developing 
chronic respiratory diseases later in their life. Influenza-related respi-
ratory tract illnesses cost between 71 and 167 billion USD and kill be-
tween 250,000 and 500,000 individuals each year [9]. In 2015, 10.4 
million people were affected and 1.4 million of them died due to 
Tuberculosis (TB) [10]. Lung cancer, the most recurrent fatal neoplasm 
in the world, kills 1.6 million people yearly, and the frequency is rising 
[11]. 

As people age, their lung function deteriorates, making breathing 
more challenging. It has been discovered that a diet high in carotenoids 
helps older people’s lungs work better. There is no evidence that dietary 
carotenoids are correlated to pulmonary functions outside of β-carotene. 
Some researchers studied the association of carotenoid intake with 
FEV1% (forced expiratory volume in 1 s) and FVC% (forced vital ca-
pacity) as a percentage of predicted value, among 1616 men and women 
aged 35–79 years, living in western New York State and not having any 
respiratory diseases [12,13]. After modifying for the variables such as 
smoking, total caloric intake, and others, using multiple linear re-
gressions, significant correlations between lutein/zeaxanthin and vita-
mins C and E and FEV1% and FVC % were noticed [14]. When all of 
these antioxidant vitamins were scrutinized at the same time, it was 
noticed that vitamin E had the strongest relationship with FEV1% and 
lutein/zeaxanthin had the strongest relationship with FVC %. Differ-
ences in forced expiratory volume in one second and forced vital ca-
pacity associated with a 1 standard deviation decrease in dietary vitamin 
E or lutein/zeaxanthin were equivalent to the effects of 1–2 years of age 
[15]. These findings affirmed the idea that carotenoids, vitamin C and 
vitamin E have a contribution in respiratory health. Many studies have 
unearthed that nutritious antioxidant vitamins including vitamin C, 
vitamin E, and β–carotene are linked to improved lung function [15]. 
Despite the extensive research about vitamins C and E, the data is still 
indecisive [16]. A number of cross-sectional studies have constructed a 
connection between ingestion of β-carotene and respiratory function 
[17], but information on rest of the carotenoids is rare. This scarcity of 
knowledge about more than 600 carotenoids full of antioxidant activity, 
present in our diet is unanticipated [18,19]. Grievink et al. came upon 
that, lung function in an older Dutch population was related to the blood 
levels of carotenoids i.e. lycopene, α-carotene, and β-carotene [20]. The 
level of carotenoids found in blood was found to be positively correlated 
with the respiratory function indices forced expiratory volume in one 
second (FEV1) and forced vital capacity (FVC) in a sample of the general 
population. The most striking connection between the serum caroten-
oids lutein/zeaxanthin and cryptoxanthin is reported [21]. 

This review emphasizes to provide a comprehensive summary of the 
medicinal properties of dietary carotenoids against respiratory diseases 
and identifying promising candidates for novel drug discovery. 

2. Carotenoids: an overview 

Carotenoids are a group of more than 750 pigments which are syn-
thesized organically by plants, algae, and photosynthetic microorgan-
isms. Several plants or plant parts have yellow, orange, or red 
pigmentation as a result of these vividly colored molecules. The majority 
of the 40–50 carotenoids found in the human diet are found in fruits and 
vegetables [22], but they can also be obtained from molds, yeast and 
bacteria. Carotenoids are frequently found in standard concentration in 
body tissues of human and other animals, despite their inability to 
synthesize these molecules in vivo. The reason behind this presence is 
that, carotenoids are absorbed from the food, transferred and stored in 
the body [23,24]. The most familiar dietary carotenoids take in 

α-carotene, β-carotene, lutein, β-cryptoxanthin, lycopene and zeax-
anthin [25,26]. α-Carotene, β-carotene and β-cryptoxanthin, commonly 
called Provitamin A carotenoids, can be transformed into retinol within 
the body. On the contrary, lutein, zeaxanthin, and lycopene are classi-
fied as non-provitamin A carotenoids as they cannot be converted to 
retinol. Though 90% of dietary α-carotene and 50% of dietary β-carotene 
are supplied by the common root vegetable, carrot, other root vegetables 
like beetroot, rutabaga, turnip, celeriac, and radish are not good source 
of carotenoids [27]. 

Since carotenoids are soluble in fat, cooking with oils or fats is a 
crucial factor in their absorption. Leafy vegetables with a deep green or 
orange color contain carotene, or provitamin A. Higher percentage of 
provitamin are linked with deeper hues [28,29]. Among the carotenoids, 
β-carotene is the most plentiful in foods and its provitamin A activity is 
also the highest. It is abundant in buriti (Mauritia vinifera Mart.) [30], 
tucum (Acrocomia mokayáyba Barb. Rodr.), bocaiva, acerola, mango, 
some pumpkin varieties, carrot, nuts, camu-camu (Myrciaria dubia), 
carrot noodles, rose hip fruits, and oil palm [26,30]. Only the tissues of 
plants and algae contain the red pigment lycopene. The most noticeable 
sources of lycopene nowadays are ripe tomatoes and their juices, soups, 
sauces, ketchup, even the processing waste and peel. Even greater 
amount of it is gained from cherry, guava, and guava products; com-
parable concentrations in watermelon and Thai papaya, and in smaller 
proportions in Solo and Formosa papaya varieties [31,32]. 

Lutein and zeaxanthin exist in green and deep green herbs such as 
broccoli, parsley, spinach and Brussels sprouts [33]. Acerola, pumpkin 
and common leafy vegetables are all great suppliers of lutein and 
β-carotene. The consumable flower of Tropaeolum majus L. 53 is a 
fantastic source of lutein, and it may also be present in large portions in 
caja (Spondias lutea) and camu-camu (Myrciaria dubia). Chlorella vulgaris, 
Chlorella sorokiniana MB-1, and the native microalgae Scenedesmus 
obliquus CNW-N are specimens of lutein producing microalgae. Pequi 
(Caryocar villosum) and the natural aquatic microalgae Chlorella sac-
charophila have prominent levels of zeaxanthin [34,35]. 

3. Therapeutic activity of carotenoids in respiratory diseases 

3.1. Asthma 

Asthma is a common inflammatory condition of the airways that 
causes the bronchi to tighten and swell, additionally producing exces-
sive mucous. Due to this, breathing becomes hard and is accompanied by 
dyspnea, coughing, and expiratory wheezing. Some people may only 
experience asthma as a minor inconvenience [36–38], while a serious 
issue for others that forestalls their ordinary lives and in some cases even 
result in a severe respiratory disease. Even though asthma attacks can’t 
be cured, their symptoms might be managed. It’s crucial to keep records 
of signs and symptoms since the nature of asthma attacks might fluc-
tuate over time and also varies from person to person. The common signs 
and symptoms are- shortness of breath, chest tightness, angina, 
wheezing when exhaling, sleep apnea, coughing and whistling. Attacks 
are exacerbated by a respiratory virus, such as a cold or the flu [39]. 
Increased oxidative stress and impaired antioxidant defenses are linked 
to asthma. Foods contain powerful antioxidants called carotenoids, 
which may prevent asthma by limiting oxidative damage [40]. The 
growing prevalence of asthma and the complications accompanying 
with disease management are the major priorities for the researchers 
[41], and the quest for natural anti-asthmatic components for supple-
menting the conventional therapy is ongoing. Dietary carotenoids, based 
on their structure and pharmacology, are anticipated to express favor-
able anti-asthmatic effects in the body for disease control [42]. An 
experiment lead by Hazelwood et al. displayed how lycopene supple-
mentation improved allergic inflammation in a mouse model of Allergic 
airways disease (AAD). AAD was induced in BALB/c mice by intraper-
itoneal sensitization to lycopene supplement- or control-treated oval-
bumin (OVA) and intranasal exposure. The degree of influence of the 
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supplementation on the infiltration of inflammatory cell into bron-
choalveolar rinse fluid, goblet cell populations within the airways, blood 
and tissue of the lungs, regional lymph node ovalbumin (OVA)-specified 
release of cytokine, IgG1 levels in serum and performance of lungs in 
AAD were studied. Infiltration of eosinophil in bronchoalveolar rinse 
fluid, blood and tissue of the lungs and goblet cell counts within the 
airways, were decreased by supplementation. Additionally, lycopene 
supplementation reduced the Th2-associated cytokines IL-4 and IL-5 
that were released in response to ovalbumin. These findings inferred 
that lycopene supplementation minimized allergic inflammation both in 
the lungs and blood vessels by reducing the action of Th2 cytokine. 
Therefore, lycopene supplementation might be used to prevent asthma 
[43]. In another experiment by Hwang et al., the protective effects of 
astaxanthin on asthma were tested using the OVA-induced mice model. 
In the test groups, 50 mg/mL astaxanthin was given orally, which sup-
pressed the resistance, Newtonian resistance, flexibility, tissue elastance 
and tissue damping of the lungs. Moreover, astaxanthin inhibited the 
IL-4, IL-5 and total number of cells, while it escalated the IFN-γ in the 
BALF. Astaxanthin exposure decreased the overall IgG1, IgE and 
OVA-specific IgG1 and increased IgG2a and OVA-specific IgG2a in the 
sera. These findings astaxanthin possibly hold potential for curing 
asthma by the activation of Th1-mediated cytokine and inhibition of 
Th2-mediated cytokine (Table 1) [44]. 

Song et al. conducted a study to decide if lutein controls the in-
flammatory agents in murine asthma model induced with ovalbumin. 
Lutein administration notably inhibited the hyperresponsiveness of the 
airway caused by OVA-induced asthma. It also caused a remarkable 
mitigation of the invasion of inflammatory mediators into the bron-
choalveolar washing. In addition, lutein weakened the Th2 response 
which was elevated in OVA-induced mice. These findings illustrate 
lutein as a powerful inhibitor which can lower the immunologic re-
actions of Th2 (Table 1) [45]. Another experiment by Zhu et al., re-
ported that bixin protects mice against bronchial asthma though 
modulating PI3K/Akt pathway (Fig. 1). Bixin treatment ameliorates 
chronic airway inflammation and hyperresponsiveness, as well as pre-
vents airway remodeling in a chronic asthmatic mouse model. In vitro 
experiments indicated that Bixin suppressed the epithelial mesenchymal 
transition induced by signaling of TGF-β. In addition, administration of 
Bixin also restored the steroids sensitivity in a mouse asthma model 
resistance to the glucocorticoids treatment [46]. 

3.2. Acute Lung Injury (ALI) and Acute Respiratory Distress Syndrome 
(ARDS) 

Acute respiratory distress syndrome (ARDS) and acute lung injury 
(ALI) are both serious medical diseases that can cause hypoxemia, 
diffuse infiltration on chest X-rays, hypercapnia, and significant loss in 
lung compliance. These are the symptoms of an inflammatory reaction 
of the lung that cause insults both directly and indirectly [47,48]. Me-
chanical ventilation is a crucial part of the treatment of ALI or ARDS, 
generally used to tackle the life-threatening hypoxia and hypercapnia 
caused by various underlying conditions like burns, aspiration, trauma, 
pneumonia, shock or sepsis [49,50]. But mechanical ventilation is 
responsible for causing serious harm to the lungs, observed in both 
clinical and experimental examination. The damage occurs due to 
barotrauma, periodic shutting and resuming of the alveoli and over-
inflation. These conditions are together termed as "ventilator-associated 
lung damage"(VALI) [51,52]. VALI’s actions can also activate inflam-
matory responses in lungs and blood circulation which ultimately bear 
the risk of causing dysfunction or failure of multiple organs or system 
[53]. 

Since there has been a long-term increase in the number of in-
dividuals suffering from lung injury, one of the primary goals of research 
is to identify bioactive molecules as potential therapeutic candidates for 
the treatment of ALI and ARDS. Crocetin, a natural apocarotenoid from 
crocus flower was observed to lower the expression of reactive oxygen 

species (ROS) and inflammatory components. Yang et al. examined the 
influence of crocetin on acute lung injury generated by lipopolysac-
charide (LPS) in vivo (Fig. 2). The mice were pretreated with 50 and 
100 mg/kg doses of Crocetin. It minimized the LPS-induced lung 
hydropsy and histological variations, maximized LPS-mediated function 
of superoxide dismutase (SOD) and reduced respiratory myeloperox-
idase (MPO) activity. In addition, Crocetin treatment considerably 
lessened LPS-induced mRNA and expression of proteins which are 
important for MCP-1, IL-6 and TNF-α in lung tissue. Furthermore, the 
expression of phospho-IκB as well as the activity of NF-κB was decreased 
by crocetin in LPS-induced alteration of lung tissues. These outcomes 
direct that crocetin can protect mice against LPS-induced acute lung 
injury (Table 1) [54]. In another experimental study by Li et al., the 
influence of β-carotene to activate the JAK2/STAT3, NF-κB and MAPK 
signaling cascade was explored after introduction of LPS in cells of 
RAW264.7 and macrophages of the peritoneum. The findings depicted 
that β-carotene appreciably inhibited LPS-induced discharge of IL-6, 
IL-1β, TNF-α and their gene expression. LPS-triggered stimulation of 
JNK/p38 MAPK, IκB/NF-κB p65 and JAK2/STAT3 signaling pathway 
was considerably diminished by β-carotene while the extent of reduction 
depended on the dose (Fig. 2) So it can be decided that, LPS-mediated 
inflammation could be attenuated by β-carotene as it inhibits the 
JNK/p38 MAPK and NF-κB, JAK2/STAT3 signal transduction pathways 
in macrophages (Table 1) [55]. 

Wang X. et al., investigated whether allicin could reduce LPS‑in-
duced ALI in newborn rats and tried to discover the probable mechanism 
underlying it. Allicin notably lowered the concentration of TNF‑α, 
interleukin‑6 and malondialdehyde, and elevated the activity of super-
oxide dismutase in the bronchoalveolar lavage solution of LPS‑admi-
nistered rats. Moreover, by using western blotting and ELISA techniques, 
it was discovered that allicin administration escalated the synthesis of 
Bcl‑2 protein and diminished the action of caspase‑3/− 9 respectively, 
and elevated phosphorylated‑Akt protein levels and phosphatidylinosi-
tol 3–kinase (PI3K) in neonatal rats with LPS‑induced ALI (Table 1). The 
outcomes of the study proposed that allicin cure LPS‑induced ALI in 
neonatal rats by relieving inflammation, oxidative stress and apoptosis 
via the PI3K/Akt signaling pathway. Thus it may be used for progression 
of a new drug for treating ALI [56]. 

3.3. Chronic obstructive pulmonary disease (emphysema and chronic 
bronchitis) 

COPD is an inflammatory condition that obstructs the airways and 
airflow limits of the lungs, thus it becomes troublesome to breathe freely 
[57]. COPD is one of the leading global health problems responsible for a 
significant portion of the chronic morbidity and mortality worldwide. It 
is the fourth major cause of mortality worldwide and its prevalence and 
mortality can be expected to rise further [58]. From the Global Initiative 
for Chronic Obstructive Lung Disease, we came to know that in 2012, 
around three million patients lost their lives due to COPD, which was 6% 
of total deaths globally [59]. COPD is primarily caused by biological 
modulators like inflammation and oxidative stress which are caused by 
free radicals, released as a result of smoking and lack of antioxidant-rich 
foods in regular diet [60,61]. Emphysema and chronic bronchitis are the 
two main kinds of COPD that can be distinguished. Emphysema is an 
accelerating lung condition due to which the lung tissue degrades 
slowly, the alveoli in particular (tiny air sacs). Eventually, the air sacs 
burst due to the damage and a single large air pocket is formed, 
replacing the multiple small alveoli. As a result, the injured lung tissue 
has a smaller surface area, which restricts air, which prevents oxygen 
from passing through the circulation. Additionally, the obstruction 
gradually overfills the lungs, making breathing difficult [62]. However, 
current experimental findings affirmed that dietary carotenoids exhibit 
good treatment opportunities for lung emphysema patients. For refer-
ence, a study denoted that β-cryptoxanthin reversed nicotine-affected 
lung SIRT1 to normal range and suppressed nicotine-induced 
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Table 1 
Preclinical experimental findings on the use of dietary carotenoids in respiratory diseases.  

Respiratory Diseases Compound Study model Doses/Conc. Results References 

Acute lung injury and 
Acute respiratory 
distress syndrome 

Crocetin In vivo (male and 
female ICR mice) 

50 and 100 
mg/kg 

Crocetin suppressed the NF-κB pathway, which decreased 
lipopolysaccharide-induced acute lung damage (ALI). 

[54] 

Crocin In vivo (male BALB/C 
mice) 

50 mg/kg Crocin effectively protected against LPS-induced ALI, and the 
protective actions of crocin may be due in part to iNOS inhibition. 

[108] 

Lutein In vivo (male Swiss 
albino mice) 

40 and 100 
mg/ kg 

Lutein inhibits the ROS/NF-kB/MAPK pathway, which can help to 
alleviate CP-induced pulmonary damage. 

[109] 

Fucoxanthin In vitro (RAW264.7 
cells) 

0–20 μM LPS-induced upregulation of pro-inflammatory cytokines (IL-1, IL-6, 
iNOS, COX-2, and TNF-α) was reduced by fucoxanthin via the AMPK/ 
NF-κB signalling pathway. 

[110] 

β-carotene In vitro (RAW264.7 
cells) 

50, 75 and 
100 μM 

In macrophages, β-carotene reduced LPS-induced inflammation by 
inhibiting the NF-κB, JAK2/STAT3, and JNK/p38 MAPK signalling 
pathways. 

[55] 

Allicin In vivo (male Sprague- 
Dawley neonatal rats) 

80 mg/kg Through the PI3K/Akt pathway, allicin reduced LPS-induced ALI in 
born rats by reducing oxidative stress, inflammation, and apoptosis. 

[56] 

Lycopene In vivo (male BALB/c 
mice) 

100 mg/kg Lycopene demonstrated protective effects on an LPS-induced mouse 
model of ALI 

[111] 

In vivo (male and 
female ICR mice) 

80 mg/kg Lycopene attenuated oleic acid-induced ALI [112] 

Astaxanthin In vivo (C57BL/6 J 
mice) 

100 mg/kg Astaxanthin prevented against lipopolysaccharide-induced acute lung 
injury and sepsis by blocking activation of the MAPK/NF-κB signalling 
pathway 

[113] 

In vivo (C57BL/6 J 
mice) 

60 mg/kg/ 
day 

Astaxanthin protected ALI in mice, and the mechanism behind this 
protection could be related to reduced NF-κB P65 expression and 
inflammatory response 

[114] 

In vitro (RAW264.7 
cells) 

20 mg/kg Astaxanthin inhibited the TLR4/MyD88 signalling pathway and 
attenuated LPS-increased inflammatory factors in vitro 

[115] 

In vivo (C57 mice) 100 mg/kg ASTA reduced lung inflammation and oxidative damage in mice 
induced by OTA exposure through the Nrf2 signalling pathway 

[116] 

Asthma Bixin In vivo (female BALB/c 
mice) 

50 mg/kg or 
100 mg/ kg 

Bixin suppressed allergic airway inflammation and reversed 
glucocorticoids resistance, as well as alleviated airway remodelling 
and airway hyperresponsiveness (AHR) in asthmatic mice 

[46] 

Crocetin In vivo (C57BL/6 J 
mice) 

100 µmol/L Crocetin treatment significantly reduced the severity of an ovalbumin 
(OVA)-induced asthma in mice and significantly increased the levels of 
TIPE2 and Foxp3 in Treg cells and the number of Treg cells 

[117] 

All-trans retinoic 
acid 

In vivo (female BALB/c 
mice) 

400 μg/ 
mouse 

Attenuated airway inflammation by inhibiting Th2 and Th17 response 
in experimental allergic asthma 

[118] 

Lutein In vivo (female BALB/c 
mice) 

10 mg/kg Lutein regulated inflammatory mediators in OVA-induced murine 
asthma model 

[45] 

Lycopene In vivo (male BALB/c 
mice) 

8 mg/kg Lycopene supplementation reduced allergic inflammation in the lungs 
and systemically, by decreasing Th2 cytokine responses; thus, showed 
protective effect against asthma 

[43] 

In vivo (rats) 10 and 20 
mg/kg/day 

Lycopene were effective in the treatment of allergic rhinitis, asthma, 
etc. and this effect was found to be stronger with increasing doses of 
lycopene 

[119] 

Carotene In vivo (rats) 30 mg/kg Carotene exhibited potential benefits for consumption as nutritional 
adjuncts in asthmatic disease 

[120] 

Fucoxanthin In vivo (female BALB/c 
mice) 

10 mg/kg or 
30 mg 

Fucoxanthin suppressed the synthesis of pro-inflammatory cytokines, 
eotaxin, and reactive oxygen species in BEAS-2B cells and lowered 
monocyte cell adhesion to the cells 

[121] 

Astaxanthin In vivo (female C57BL/ 
6 mice) 

50 mg/kg Astaxanthin demonstrated therapeutic potential to treat asthma via 
inhibiting Th2-mediated cytokine and enhancing Th1-mediated 
cytokine 

[44] 

In vivo (male Hartley 
guinea-pigs) 

10 mg/kg Astaxanthin significantly reduced asthma-associated inflammation in 
asthmatic guinea pigs 

[122] 

Chronic obstructive 
pulmonary disease 

β-cryptoxanthin In vivo (male A/J 
mice) 

10 and 20 
mg/kg/day 

β-cryptoxanthin supplementation at two different doses was associated 
with reductions of the nicotine-promoted emphysema in mice treated 
with nicotine 

[63] 

Lycopene In vivo (ferrets) 2.2 or 6.6 
mg/kg BW/ 
day 

Lycopene demonstrated protective effects against NNK/CS induced 
COPD which is associated with maintaining a pulmonary cholesterol 
homeostasis, through the regulation of the impaired reverse 
cholesterol transport 

[64] 

In vivo (male C57BL/6 
mice) 

25 or 50 mg/ 
kg/day 

Lycopene repaired lung damage in emphysema caused by cigarette 
smoke exposure via decreasing the levels of TNF-α, IFN-γ and IL-10 

[67] 

In vitro (SAMP1 mice 
strain) 

5 mg Lycopene abundantly prevents SAMP1 mice from the development of 
smoke-induced emphysema 

[68] 

Astaxanthin In vivo (male BALB/c 
mice) 

50 mg/kg Astaxanthin protected against oxidative stress via Nrf2 and 
ameliorates cigarette smoke-induced emphysema 

[64] 

In vivo (male C57BL/6 
mice) 

0.02%(w/w) Astaxanthin suppressed cigarette smoke-induced emphysema through 
Nrf2 activation in mice 

[123] 

In vitro (RAW264.7 
macrophages) 

10 and 20 
mg/kg 

Astaxanthin showed therapeutic and prophylactic potential in the 
airway inflammatory response associated with COPD 

[124] 

Lung cancers Alpha carotene In vivo (C57BL/6 male 
mice) 

2.5 µg Alpha carotene decreased matrix metalloproteinase (MMP)− 2, − 9, 
and urokinase plasminogen activator invasion, migration, and activity, 

[80] 

(continued on next page) 
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tumorigenesis and emphysema in the lungs of A/J mice [63]. β-cryp-
toxanthin supplement reinstalled the nicotine-inhibited production of 
lung SIRT1, RAR-β and p53 compared to that of the reference group, 
escalated the probability of survival, and diminished the phosphoryla-
tion of AKT and amount of lung IL-6 mRNA (Fig. 3). The outcomes of the 
experiment showed that β-cryptoxanthin is a prophylactic substance 
against emphysema and SIRT1 is a likely target [63]. Rakic et al., noted 
that lycopene antagonized tobacco-induced COPD by regulating reverse 
cholesterol shift in ferrets. Results displayed that, at an elevated dose, 
dietary lycopene considerably reduced emphysema, NNK/CS-generated 
chronic bronchitis, and preneoplastic lesions, considering squamous 
metaplasia and asymptomatic adenomatous hyperplasia, when con-
trasted with the NNK/CS control [64]. Crocin (50 mg/kg) also assisted 
mice with cigarette-induced COPD by inhibiting inflammatory pathways 
mediated by PI3K/Akt. Crocin therapy lessened the number of lym-
phocytes, neutrophils, macrophages and other such inflammatory cells. 
Crocin also decreased the penetration of peribronchial inflammatory 
cells and the concentration of proinflammatory cytokines like TNF-α, 
IL-6, and IL-1β in lung tissue and BALF. The effect of Crocin on stimu-
lation of the NF-κB pathway caused by cigarette smoke was also over-
ridden by insulin-like growth factor 1, a PI3K activator (Table 1) [65]. 

The anti-inflammatory and antioxidant activity of nutritional sup-
plement of lycopene was researched in two in vivo experiments using 
mice models to find out if it is beneficial for emphysema caused by 
chronic exposure to cigarette smoke. Lycopene was administered at 
25 mg/kg and 50 mg/kg body weight in C57BL/6 mice. After 60 days of 
treatment, the harmful reactions of long-term cigarette smoke in pa-
tients consuming 12 cigarettes/day was reduced [66,67]. Both of the 
doses of lycopene decreased lipid peroxidation, DNA destruction and 

increased redox equilibrium. The therapy also elevated the actions of 
SOD, glutathione (GSH) and catalase (CAT) and lowered the levels of 
TNF-α, interferon-gamma (IFNγ) and IL-10. However, neither of the 
doses was able to successfully stop the weight loss caused on by 
long-term cigarette usage. A previous research conducted by the same 
researchers, where 25 and 50 mg/kg BW/day doses of lycopene were 
given after only five days of cigarette exposure, not long enough to 
produce emphysema, noted that lycopene therapy diminished the acti-
vation of neutrophil and entry of macrophage into the BALF, and also 
lowered IL-10, IFNγ and TNF-α levels (Table 1 and Fig. 3) [66,67]. In 
another in vivo experimentation, senescence-accelerated mouse (SAM) 
model was used to estimate the relation between age-dependent pro-
gressions of emphysema and examine the effect of lycopene supplement 
on the development of emphysema. For this, the mice were exposed to 
cigarette smoke for 30 min per day, five days per week, for eight weeks 
to mimic senile lung and then tomato juice carrying 5 mg of lycopene 
was administered which showed repressing effect on the formation of 
cigarette smoke-induced emphysema. It appeared that dietary lycopene 
supplementation have beneficial impact on cigarette smoke-induced 
bronchiolitis, chronic obstructive lung disease, and emphysema [68]. 

3.4. Lung cancer 

Lung cancer is a major type of carcinoma, formed in tissues of the 
lungs, generally inside the cells lining the air passages. It is the leading 
type of cancer responsible for majority of the cancer mortality in men 
and women worldwide [69]. Primary lung cancer is classified into two 
types according to the nature of cells in which the cancer develops [70]. 
The most recurrent lung cancer type is non-small-cell lung cancer or 

Table 1 (continued ) 

Respiratory Diseases Compound Study model Doses/Conc. Results References 

but enhanced tissue inhibitor of MMP (TIMP)− 1, − 2 protein 
production 

Lutein In vitro (A549 cells) 0–50 µM Lutein suppresses the PI3K/AKT signalling pathway and causes 
apoptosis 

[81] 

Lycopene In vivo (C57BL/6 mice) 6 mg/kg Lycopene prevents tumorigenesis [82] 
In vitro (A549 cells) 0–10 μM Lycopene plays a role in tumorigenesis suppression via a variety of 

mechanisms, including suppressing NF-κB 
[125] 

In vitro (A549 and 
HeLa cells) 

10 mmol/l Lycopenoic acid which is the active metabolite of lycopene may be 
used as a chemopreventive drug in the fight against lung cancer 

[126] 

Astaxanthin In vitro (A549 and 
H1703) 

2.5–20 μM In non-small cell lung cancer cells, astaxanthin produced synergistic 
cytotoxicity and cell growth suppression, as well as lower levels of 
phospho-AKT (Ser473) and Rad51 expression 

[83] 

In vitro (H1650 or 
H1703 cells) 

20 μM Astaxanthin inhibits MKK1/2-ERK1/2-mediated TS expression, which 
is a key regulator in increasing pemetrexed-induced cytotoxicity in 
NSCLC cells 

[127] 

In vivo (C57BL/6 J 
female mice) 

100 mg/kg Macrophages and neutrophils were reduced in BALF, while 
lymphocytes were unchanged 

[124] 

Pulmonary fibrosis Lutein In vivo (C57BL/6 J 
female mice) 

100 and 200 
mg/kg 

Lutein has a protective impact against pulmonary fibrosis by 
decreasing inflammation, oxidative stress, and increasing antioxidant 
potential 

[87] 

Lycopene In vivo (rats) 4 mg/mL Lycopene lowering of plasma TNF-α and NO levels, as well as the 
down-regulation of TNF-α in the lungs, all contribute to the alleviation 
of pulmonary fibrosis 

[88] 

Crocin In vivo (rats) 20 mg/kg Crocin has anti-inflammatory benefits; down-regulation of TLR4, IL-10 
expression, and ultimately, down-regulation of tissue expression of 
TNF-α and TGF-1β is the major route engaged in the documented anti- 
fibrotic actions 

[89] 

In vivo (rats) 20 mg/kg Crocin suppressed the bleomycin-induced decreases in catalase, 
superoxide dismutase, and tPA mRNA levels while enhancing PAI-1 
mRNA expression 

[128] 

Astaxanthin In vivo (C57BL/6 J 
female mice) 

5 mg/kg To reduce pulmonary fibrogenesis, astaxanthin inhibits activated 
fibroblast proliferation and migration, and mitochondria-mediated 
signal pathways 

[90] 

In vivo (C57BL/6 J 
female mice) 

50 mg/kg Astaxanthin successfully inhibited AHR, inflammatory cell infiltration 
in the lungs, mucus hypersecretion, lung fibrosis, and caspase-1 and 
caspase-3 expression 

[44] 

In vitro (A549 and 
MRC-5 cells) 

30 and 40 
μM 

Astaxanthin prevents pulmonary fibrosis from progressing by blocking 
transdifferentiation, reducing proliferation, and inducing apoptotic in 
activated cells 

[91]  
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NSCLC consisting about 87% cases. Three types of NSCLC are-squamous 
cell carcinoma, adenocarcinoma, and large-cell carcinoma [71,72]. The 
second type of lung cancer is small-cell lung cancer which is less 
frequent but advance more rapidly than NSCLC [73]. Though lung 
cancer can attack anybody, there are numerous risk factors that multiply 
the possibilities of developing it, among which the most prominent one 
is smoking [74]. It is blameworthy for nearly 9 out of 10 and 8 out of 10 
cases of lung cancer in men and women respectively (Table 1) [75]. In 
general, there are no signs or symptoms present in the primary stages of 
lung cancer but in later stages, symptoms such as: chronic coughing, 
trouble breathing, hemoptysis, emaciation, coughing headaches and 
inexplicable fatigue are observed [76]. 

The number of lung cancer patients are increasing to a substantial 
amount and is predicted to be almost 20 million by 2030 [77,78]. As a 
result, the main goal of cancer research is to identify controllable 
oncogenic alterations related to the emergence of cancer. Several cancer 
biomarkers have been linked to carotenoids, it has been suggested [79]. 
The anti-metastatic action of α-carotene against Lewis lung carcinoma 
(LLC) was demonstrated in an experiment using LLC-xenografted 
C57BL/6 mice in combination with taxol. Examination of the cell cul-
tures unveiled that α-carotene effectively suppressed invasion, reloca-
tion and actions of matrix metalloproteinase-2 (MMP-2), MMP-9 and 
urokinase-type plasminogen activator (uPA) but elevated the expres-
sion of plasminogen activator inhibitor-1 (PAI-1), tissue inhibitor of 
MMP-1 (TIMP-1), and TIMP − 2 proteins (Fig. 4). Results from the mice 
model disclosed that lung metastasis was impressively lessened by 
α-carotene intake (5 mg/kg) while primary tumor growth was not 
affected. Moreover, α-carotene treatment appreciably reduced expres-
sion of integrin β1 protein but enhanced expression of TIMP-1 and PAI-1 

protein without changing expression of TIMP-2 protein and phosphor-
ylation of focal adhesion kinase (FAK) protein in respiratory tissues. 
Altogether, α-carotene significantly slows down LLC metastasis and lung 
metastasis in LLC-induced mice [80]. Another research revealed that 
lutein hinders cell growth and stimulates apoptosis using the 
PI3K/AKT/mTOR signaling route in A549 human non-small-cell type 
lung cancer cells [81]. To establish the molecular mechanism man-
ifested by lutein to instigate apoptosis in A549, a double-staining pro-
cedure was performed utilizing TUNEL and DAPI smearing assays. The 
results showed that lutein controls the phosphoinositide 3-kinase 
PI3K/AKT signaling molecules, which are occasionally deregulated in 
cancerous state, and induces apoptosis in A549, suggesting that it may 
work as a potent natural anticancer drug against lung cancer with few 
side effects [81]. 

Jiang et al. explored to see if lycopene could aid the impact of anti- 
PD-1 therapy on lung cancer. Lycopene helped anti-PD-1 to increase the 
amount of IFN-γ and IL-1 while decrease the concentration of IL-10 and 
IL-4 in the spleen of LLC-injected mice. The CD4 + /CD8 + ratio was 
raised in the spleen and IFN-γ-expressing CD8 + T cells were elevated in 
tumor tissues due to lycopene therapy. It reduced PD-L1 expression by 
triggering JAK and suppressing phosphorylation of AKT upon activation 
of IFN-γ. These results suggested that lycopene could be turned into a 
promising ancillary drug to ameliorate the efficiency of anti-PD-1 
therapy by synergistic action (Fig. 4) [82]. Another examination by Ko 
et al. discovered that astaxanthin can cause down-regulation of Rad51 
expression by inactivating AKT kinase to intensify cytotoxicity gener-
ated by mitomycin C in NSCLC cells of human [83]. Astaxanthin treat-
ment obstructed the viability and expansion of two NSCLC cells, namely 
H1703 and A549. It lowered the expression of Rad51 and protein level of 

Fig. 1. Effects of dietary carotenoids against asthma.  
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phospho-AKT (Ser473) in a dose and time-dependent style. In addition, 
constantly active AKT (AKT-CA) vector expression redeemed the mini-
mized level of Rad51 mRNA and protein in non-small cell lung cancer 
cells treated with astaxanthin (Table 1) [83]. 

3.5. Pulmonary fibrosis 

Pulmonary fibrosis is a persistent and progressive and most routinely 
diagnosed interstitial lung disease (ILD), that arises from an atypical 
mechanism of wound recovery in tissues of the alveoli as a feedback to 
repetitive lung damage in genetically vulnerable population [84]. Some 
factors that contribute to the progression of pulmonary fibrosis have 
been discovered, despite the fact that the etiology of the disorder is not 
fully understood. Such as- alveolar injury, infection, pollution, aspira-
tion, dust and fibers [85]. The prognostication of pulmonary fibrosis is 
quite insufficient. Currently there are only two anti-fibrotic agents, 
nintedanib and pirfenidone which are approved by the FDA for mini-
mizing symptoms of the disease (Table 1) [86]. 

Dietary carotenoids have gained support as a potential therapy for 
pulmonary fibrosis. Utilizing a mouse model in which lung fibrosis was 
induced with bleomycin, researchers investigated the anti-fibrotic effi-
cacy of lutein. Administration of 100 and 200 mg/kg dose of lutein 
blocked the weight reduction and mortality caused by bleomycin. It also 

weakened bleomycin affected rise of total cell count, differential cell 
count and myeloperoxidase, inflammatory cell incorporation in pul-
monary tissue. Likewise, lutein treatment reinstated action of superox-
ide dismutase decreased by bleomycin introduction. The cumulative 
findings showed that lutein has anti-inflammatory, anti-oxidative, and 
anti-oxidative stress capabilities that may be useful in the fight against 
pulmonary fibrosis (Fig. 5) [87]. Another trial disclosed that lycopene 
present in tomatoes partly cures the pulmonary fibrosis generated using 
bleomycin in test rats. The inhibition of TNF-α, oxidative stress and ni-
tric oxide (NO) levels in plasma and the decrease in receptors for TNF-α 
in lung cells play a part in the mitigation of PF in rats treated with 
lycopene [88]. 

Zaghloul et al. examined the significant anti-fibrotic, antioxidant and 
anti-inflammatory potentials of crocin to counter pulmonary fibrosis 
caused by BLM. Crocin promisingly lowered BLM-affected lung damage 
and its impact was equivalent to the established anti-fibrotic agent 
halofuginone. The anti-fibrotic, anti-inflammatory and antioxidant ac-
tivities noticed are assumed to be the curative action of crocin. The 
major mechanism of the anti-inflammatory actions seen is the down- 
regulation of IL-10 and TLR4 expression. Anti-fibrotic activities result 
due to down-regulation of TGF-β1 and TNF-α tissue expression, and 
antioxidant effect is caused by the deformation of HO-1 and Nrf2 
pathways [89]. Astaxanthin also prolonged noncoding RNA, enervated 

Fig. 2. Effects of dietary carotenoids against Acute Lung Injury (ALI) and Acute Respiratory Distress Syndrome (ARDS).  
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pulmonary fibrosis through mitochondria-induced signaling pathways, 
and inhibited fibroblast proliferation and migration [90]. Astaxanthin 
also relieved lung fibrosis both in vitro and in vivo by obstructing pro-
liferation, averting lineage reprogramming, and encouraging apoptosis 
of stimulated cells. It hampered the propagation of activated MRC-5 and 
A549 cells at average repressing levels of 30 and 40 μM, respectively. To 
conclude, astaxanthin could partly block the propagation of pulmonary 
fibrosis and mitigate the symptoms by stopping transdifferentiation, 
repressing multiplication and triggering programmed death of activated 
cells [91]. 

4. Clinical status 

Carotenoids are fat-soluble pigments present in fruits and vegetables 
that give them their bright colours of yellow, orange, red, and green. 
Carotenoids such as β-carotene, β-cryptoxanthin, zeaxanthin, lycopene, 
and lutein are abundant in human blood, accounting for nearly 90% of 
the entire plasma pool of carotenoids. Increased plasma carotenoid 
levels may boost immune response and reduce the risk of infectious 
illnesses. Acute respiratory infections are the most common type of in-
fectious diseases [92]. 

One of the best indicators of fruit and vegetable consumption is 
serum carotenoid levels. The primary serum carotenoids and the food 
intake they usually constitute are α-carotene and β-carotene (oranges, 
carrots and green leafy vegetables), zeaxanthin and lutein (corn and 
green leafy vegetables), and β-cryptoxanthin (citrus and watermelon), 
and lycopene (tomato) [93]. In a study of healthy people aged 35–79 
years without respiratory disease in western New York State, only 
β-cryptoxanthin, and no other carotenoids, was independently associ-
ated with lung function [94]. 

There has not been much research on the association between serum 
carotenoids and lung function in older and more impaired populations. 
The people receiving significant dosages of β-carotene supplementation 
were found to have an increased lung cancer risk in two large preventive 
trials in high-risk populations. Despite these dismal results, blood 
β-carotene at baseline was positively linked with lung function in one of 
these studies, and β-carotene intake was positively associated with 
pulmonary function in a cross-sectional investigation. It is unclear 
whether the observed link between β-carotene consumption and pul-
monary function is caused by β-carotene alone or additional carotenoids 
and nutrients connected with β-carotene intake, according to a number 
of theories that have been put out to explain this discrepancy [95]. More 
than 600 carotenoids have been identified to date, with many of them 
(such as β-cryptoxanthin, lutein/zeaxanthin, β-carotene, and lycopene) 
having high antioxidant properties [96,97]. 

Among the carotenoids, β-cryptoxanthin is the carotenoid most 
associated with lung function, followed by lutein and zeaxanthin. When 
analysed individually, β-carotene, β-cryptoxanthin, lutein/zeaxanthin 
and retinol were favourable inter-related with forced expiratory volume 
(FEV), whereas β-cryptoxanthin, lutein/zeaxanthin, and β-carotene 
were positively related to force vital capacity (FVC). However, when all 
of the serum parameters were taken into account, β-cryptoxanthin was 
found to have strongest relationship with both FEV and FVC. In addition 
to β-cryptoxanthin, only retinol and lutein/zeaxanthin showed inde-
pendent effects on FEV (retinol) and FVC (lutein/zeaxanthin) [93,98]. 
Because consumption of high-carotene foods is linked to other lifestyle 
choices that may influence lung function, studies concentrating on di-
etary intake raise questions about the true nature of the link between 
these carotenoids and lung function. [99,100]. Thus, measuring carot-
enoids levels in the blood has been suggested as a way to investigate this 

Fig. 3. Effects of dietary carotenoids against emphysema.  
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link. In epidemiologic investigations, the interrelationship of serum 
carotenoids and their correlation with pulmonary function has not been 
explored concurrently. Few epidemiologic studies have looked at blood 
carotenoids and lung function, and just one research, conducted in a 
group of older Dutch people, assessed several antioxidant carotenoids 
(Table 2). The strongest links to lung function were found in this study 

for α-carotene, β-carotene, and lycopene, however serum levels of 
α-carotene and lycopene were lower than in the United States [20]. 

5. Safety and toxicity of carotenoids 

Carotenoids can be obtained from both fore milk and hind milk of 
mothers, and they are extensively dispersed in the human diet. The US 
FDA (Food and Drug Administration) has repeatedly approved supple-
ment manufacturers ’Generally Recognized As Safe’ labels for a variety 
of carotenoid-rich products, including palm oil carotenoids, lutein-, 
zeaxanthin-, and lycopene-containing products, some of which are 
tomato-based and also contain the colorless carotenoids phytoene and 
phytofluene. [99,101]. 

Dietary carotenoids, in particular, are safe at amounts substantially 
higher than those observed in people who eat a conventional diet. As a 
result, the EFSA (European Food Safety Authority) has issued in-
structions for safety limits of daily consumption of some carotenoids, 
mentioned in some circumstances as appropriate daily intakes (ADI) 
[100]. For example, the ADI for lutein obtained from flower extract of 
Tagetes erecta used as an additive is calculated to be 1 mg/kg/day, while 
that for lycopene is 0.5 mg/kg/day [102]. Although no ADIs for mixed 
carotenes and/or β-carotene have been defined, it is regarded safe to 
consume them as additives at amounts less than 15 mg/kg/day [103]. 
Intakes of 0.75 mg/kg/day of zeaxanthin (as a food supplement ingre-
dient) do not cause any deleterious effects to health. The EFSA has set an 
ADI of 0.3 mg/kg/day for β-apo-8-carotenal, one of the apocarotenoids. 
When used as a food additive, annatto includes the apocarotenoids, 
namely bixin (6 mg/kg/day) and lower levels of norbixin 
(0.3 mg/kg/day) as ADIs respectively [100,104]. Given these findings, it 
is obvious that consuming significant amounts of carotenoids (far higher 

Fig. 4. Effects of dietary carotenoids against lung cancer.  

Fig. 5. Effects of dietary carotenoids against pulmonary fibrosis.  
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Table 2 
Clinical findings on the use of dietary carotenoids in patients with respiratory diseases.  

Respiratory Diseases Compound Study model Doses/Conc. Results References 

Lung infections / Chronic 
obstructive pulmonary 
disease (COPD)/ Acute 
lung injury and Acute 
respiratory distress 
syndrome 

Serum α-carotene, 
β-carotene 

1002 women, aged 65 years and older – Positive association between higher 
serum α-carotene and β-carotene 
concentrations and FEV1 and FVC (all 
p < 0.05) in separate multivariate 
linear regression 
models 

[95] 

Serum carotenoids 
(α-carotene, β-carotene, 
lycopene, β-cryptoxanthin, 
zeaxanthin, and lutein), 
α-tocopherol 

noninstitutionalized Dutch, elderly age 
65–85 years (n = 5528) 

– Particularly α-carotene, β-carotene, 
and lycopene were positively 
associated with lung function in the 
elderly 

[20] 

Lycopene 15 clinically stable COPD patients and 15 
healthy non-smoker control 

20 mg/day Significant increases in mean SOD, 
and CAT levels (p < 0.001), and 
significant decreases in mean MDA, IL- 
6, IL-b, and TNF-a levels (p = 0.001, 
p < 0.001, p = 0.002, p < 0.001, 
respectively) were observed 

[129] 

β-cryptoxanthin 22 smokers, if they had smoked more 
than 100 cigarettes in their lifetime 
-veterans 

– Correlation between dietary 
β-cryptoxanthin and the high serum 
level of this compound with the 
decreased rates of COPD were 
observed 

[130] 

α-tocopherol and β-carotene 29,133 participants 50 mg/day 
and 20 mg/ 
day 

Results indicate no benefit from 
supplementation with α-tocopherol or 
β-carotene on the symptoms of COPD 

[131] 

Asthma Serum carotenoids 
(β-carotene, lycopene, 
β-cryptoxanthin, zeaxanthin, 
and lutein) 

General population sample (aged 35–79 
years) from Erie and Niagara Counties 
(New York), recruited as part of an 
ongoing series of population-based case- 
control studies (n = 2409) 

– Correlation between dietary 
β-carotene and β-cryptoxanthin and 
the high serum level of this compound 
with the decreased rates of asthma 
were observed 

[93] 

Serum carotenoids 
(β-carotene, lycopene, 
β-cryptoxanthin, zeaxanthin, 
and lutein) 

School children (aged 4–18 years) in 
Ongkaluck district of Thailand, during 
November and December 2010 (n = 423) 

– There was no significant difference in 
dietary intake of carotenoids and skin 
carotenoid level between asthmatic 
and non-asthmatic children. Skin 
carotenoid level significantly 
correlated with dietary carotenoids 
intake. Carotenoids’ intake and skin 
carotenoid levels were found to be not 
associated with the risk of asthma in 
Thai children. 

[132] 

Serum carotenoids 
(β-carotene, lycopene, 
β-cryptoxanthin, zeaxanthin, 
and lutein) 

Adults with stable asthma (n = 15) and 
healthy controls (n = 16) 

– Compared to healthy controls, subjects 
with asthma had lower whole blood 
levels of total carotenoids, 
β-cryptoxanthin, lycopene, lutein, 
α-carotene and β-carotene compared 
to healthy controls. Whole blood, but 
not plasma or sputum, carotenoid 
levels are deficient in asthma. Plasma 
carotenoid levels reflect airway 
carotenoid levels and when plasma 
levels are improved using oral 
supplements this is reflected in the 
airway 

[133] 

Lycopene Asthmatic adults (n = 137) 45 mg/day for 
14 weeks 

Improved clinical asthma outcomes by 
suppressing airway inflammation 

[134] 

Lycopene Asthmatic adults (n = 32) 45 mg/day for 
10 days 

Suppression of airway inflammation 
improved clinical asthma results. 

[135] 

Lycopene Asthmatic adults (n = 20) 30 mg/day for 
7 days 

Lycopene has a preventive effect 
against exercise-induced asthma when 
taken on a daily basis. 

[136] 

Tuberculosis Lutein + Zeaxanthin, 
β-cryptoxanthin, total 
lycopene, α-carotene, and 
total β-carotene) 

180 case patients with viable samples and 
709 matched controls 

– Vitamin A supplementation among 
individuals at high risk of tuberculosis 
may provide an effective means of 
preventing tuberculosis disease. 

[137] 

Cancers β-carotene 29,133 males aged 50–69 years old, who 
were heavy cigarette smokers 

20 mg/day Unexpectedly participants receiving 
β-carotene (alone or in combination 
with vitamin E) had a significantly 
higher incidence of lung cancer and 
total mortality. 

[138] 

β-carotene 18,314 asbestos workers and smokers 30 mg/day 
+ 25,000 L 
Uretinol/day 

Overall lung cancer incidence was 
increased by 28% in the supplemented 
subjects and total mortality was also 
increased 

[139] 

β-carotene 22,071 males [140] 

(continued on next page) 
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than usual dietary intakes) is safe (Table 3). 
Due to unexpected mixed-negative results from two large trials that 

evaluated the notion that -carotene lowers cancer risk, the use of dietary 

supplements in carotenoids research has been thoroughly reevaluated. 
According to the cancer prophylaxis research, α-tocopherol, β-carotene 
(ATBC), supplementing smokers with α-tocopherol, β-carotene, or both 
for 5–8 years should minimize the risk of lung cancer and other cancers. 
A total of 30000 Finnish men smokers aged 50–69 were randomly 
assigned to one of four groups: α-tocopherol (50 mg/day), β-carotene 
(20 mg/day), α-tocopherol+ β-carotene, or placebo. There was no 
reduction in the incidence of lung cancer among the males who got 
α-tocopherol, and there was no proof of an interconnection between 
α-tocopherol, and β-carotene in terms of the risk of such malignancy. 
Surprisingly, men who received β-carotene had a greater rate of lung 
cancer than men who did not [105]. 

Concurrently, the Carotene and Retinol Efficacy Trial (CARET), 
which included 18,000 smokers, former smokers, and asbestos workers, 
studied the effects of supplementing with 30 mg carotene/day + 25,000 
IU/ day retinyl palmitate on lung cancer risk. After finding almost 400 
additional lung cancer incidents after four more years on an average, the 
experiment ended prematurely. Therefore, the researchers found that 
daily blend of β-carotene with retinyl palmitate could cause a negative 
effect on lung cancer incidence, and increase the likelihood of dying 
from cardiovascular complications, lung cancer, and other diseases 
caused in frequent smokers or asbestos workers. [100,106]. These 
studies’ conclusions diverge from those of other research on supple-
mental β-carotene. Oral supplementation with doses up to 50 mg 
β-carotene on alternate days for up to 12 consecutive years seemed to 
have no negative effects on health in the Physicians’ Health Study, 
which included 22,000 non-smoking male physicians. A supplement 
with a vitamin E and selenium additive comprising 15 mg of β-carotene 

Table 2 (continued ) 

Respiratory Diseases Compound Study model Doses/Conc. Results References 

50 mg every 
other day) 

there was no significant effect-positive 
or negative-of 12 years of 
supplementation of beta-carotene on 
cancer 

β-carotene 25,802 adults – 28 individuals developed oral or 
pharyngeal cancer. Serum analyses 
indicated that prediagnostic serum 
levels of all the major individual 
carotenoids, and particularly 
β-carotene, were lower among the case 
group than among controls selected 
from the same cohort 

[141] 

β-carotene 18,314 smokers, former smokers, and 
workers exposed to asbestos 

30 mg of 
β-carotene per 
day 

There were 388 new cases of lung 
cancer, yielding a relative risk of such 
cancer of 1.28 among the subjects who 
received beta carotene and retinyl 
palmitate, as compared with those 
who received placebo. 

[142] 

β-carotene 22,071 male physicians, aged 40–84 
years of age 

50 mg on 
alternate days 

No significant differences in the 
number of cases of lung cancer (82 in 
the beta carotene group vs. 88 in the 
placebo group) 

[139] 

β-carotene and lycopene 35 lung cancer patients and 33 healthy 
people 

– This study is the first comparison 
between dietary intake of carotenoids 
and their serum concentrations in 
participants with and without lung 
cancer. In spite of a higher dietary 
intake of β-carotene and lycopene (as 
their dietary sources, fruits and 
vegetables) by lung cancer patients, 
serum concentration of β-carotene and 
lycopene were significantly lower than 
those without lung cancer. This 
condition probably is caused by an 
increased oxidative stress, lower 
absorption and bioavailability of 
carotenoids, and/or any probable 
isomeric change of carotenoids in the 
body of lung cancer patients due to an 
increased oxidative stress. 

[143]  

Table 3 
Sources of the main carotenoids found in humans and daily intakes ranges.  

Carotenoid Daily intake 
ranges (mg) 

Sources References 

α-Carotene 0.16 – 2.43 Carrots, palm oil [100] 
β-Carotene 0.92–8.80 Carrots, palm oil, gac oil, buriti, 

mango, sweet potato, apricot, 
green vegetables 

[100] 

β-Cryptoxanthin 0.04 – 1.36 Mandarins, tangerines, papaya, 
red pepper, persimmon, 
pitanga 

[25,100] 

Lutein 
+ zeaxanthin 

0.83 – 4.11 Sastra, green vegetables, egg 
yolk, pumpkin, sea buckthorn, 
marigold flower (lutein) Sastra, 
corozo, sapote, quince, orange 
pepper, red pepper, Chinese 
wolfberry, buriti, sea 
buckthorn, marigold flower 
(zeaxanthin) 

[100,105] 

Lycopene 0.83 – 9.43 Tomato, red papaya, red guava, 
watermelon, sarsaparilla, rose 
hip 

[144] 

Phytoene 2.00 Tomatoes, apricots, red 
peppers, carrots, red 
grapefruits, oranges 

[145] 

Phytofluene 0.70 Tomatoes, apricots, red 
peppers, carrots, red 
grapefruits, oranges 

[145]  
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administered for 5 years was found to have an overall protective benefit 
for stomach cancer and total mortality in the Chinese Linxian inter-
vention study, which comprised 30000 predominantly non-smokers and 
participants of both genders. When these four intervention trials are 
compared, some intriguing findings emerge. On the one hand, differ-
ences in the amount and form of β-carotene, co-administration with 
various compounds, unequal duration of interventions, and lifestyle 
factors affecting health (e.g., cigarette vapour or asbestos). Patients in 
the CARET studies and ATBC studies who were already at a higher risk of 
lung cancer were given large doses of -carotene (smokers and asbestos 
workers). In comparison to the other studies, these high dosages resulted 
in much greater plasma levels [99,106]. 

Animal (such as cancer-induced ferret or A/J mice subjects) as well 
as human research have now shown that certain factors, such as 
excessive drug intake, either pharmacological or dietary, as well as 
smoking can have a significant impact on the outcome of β-carotene 
supplementation at high dose. In animal subjects and non-smoking, 
apparently fit people, carotenoid supplement are frequently related 
with positive outcomes. Particularly, cell culture and in vivo studies 
examining the influences of β-carotene on lung carcinoma have shown in 
studies such as CARET and ATBC that, the negative effects of carotene in 
the lungs of smokers may contribute to the generation of oxidative 
metabolic products and other degradation materials from β-carotene 
[100,107]. In this consideration, there is mounting evidence that 
oxidative metabolites of carotenoids can have either good or harmful 
consequence relying on a variety of parameters, including their levels, 
which are mostly determined by the dosage and the amount of carot-
enoids or derivatives of carotenoids deposited within the tissue. 

6. Conclusions and future visions 

Dietary carotenoids and their mechanisms of action have been 
thoroughly investigated for therapeutic potential. Some carotenoids 
show promise in the treatment of respiratory disorders and may be the 
most effective alternative therapy. Although some clinical documenta-
tion for some carotenoids has been documented, a comprehensive 
evaluation of the toxicological aspects and interactions with other 
therapeutics is warranted. Detail studies on compositions, dose forms, 
pharmacokinetic parameter assessment, and safety are required. The 
identification and isolation of more potent carotenoids, as well as their 
mechanisms of action and compositions, should be the direction for 
future research. This research could pave the way for newly found drugs 
to enter clinical trials. Therefore, it has been determined that additional 
research into dietary carotenoids may result in the development of a 
novel class of therapeutic drug with immense potential and value. 
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