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ABSTRACT

�Plants offer a variety of sources of substances that can function as nutraceuticals, such as phytotherapeutic 
raw materials, as functional products or as food products in a diet. These substances can affect the respiratory 
system by modulating the human immune system. The mechanism of indirect immunomodulation of the res-
piratory system also occurs through the action of substances in the digestive tract. The presented compounds 
were found in the form of foods, functional foods or nutraceuticals. The aim of this study was to demonstrate 
that plants and the compounds contained within them can be modulators in chronic infectious diseases and 
inflammations of the respiratory system in disease units such as asthma and chronic obstructive pulmonary 
disease (COPD).
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INTRODUCTION

Respiratory diseases are common throughout the 
world. After cardiovascular disease and cancer, they 
account for the largest number of deaths worldwide 
(Global Burden…, 2018).

Asthma is one of the most common chronic respir-
atory diseases affecting the population. It is an inflam-
matory disease of the respiratory system characterised 
by bronchial hyperresponsiveness that causes cough-
ing, shortness of breath and wheezing. The condition 
is caused by the contraction of the smooth muscles of 
the bronchi and their mucous membrane (Kumar et al., 
2017). Due to the various causes of asthma, it can be 
divided into allergic (atopic) and non-allergic (non-at-
opic) asthma. In both cases, a response of the immune 
system occurs during which inflammatory mediators 
are released along with an inflow of immune system 

cells into the respiratory organs (Kumar et al., 2017). 
The aetiology of this disease is not fully understood. 
The causes of this disease include environmental and 
genetic factors. The factors that can increase to the oc-
currence of this disease include the hygiene hypothe-
sis, exposure to allergens and air pollutants, previous 
infections, cold air, stress and physical activity (Ku-
mar et al., 2017). This disease can be burdensome and 
reduces the quality of life of patients, as is the case 
with chronic obstructive pulmonary disease (COPD).

In order to reduce exacerbations and the progres-
sion of this disease, treatment with inhaled and oral 
corticosteroids is used, as well as short-acting beta ago-
nists (SABAs) and long-acting beta agonists (LABAs). 
Leukotriene receptor antagonists (LTRAs), long-act-
ing muscarinic receptor antagonists (LAMAs) and 
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biological drug therapies (omalizumab, mepolizumab) 
are also used, while theophylline is used increas-
ingly rarely (due to side effects) (Quirt et al., 2018).

Chronic obstructive pulmonary disease is a res-
piratory disease most often caused by emphysema 
and chronic pneumonia. The aetiology of this disease 
primarily includes active smoking but also exposure 
to harmful dust (Kumar et al., 2017). Risk factors 
also include genetic factors (alpha1-antitrypsin defi-
ciency), airway hyperresponsiveness and respiratory 
infections. The course of the disease varies from mild 
to severe. The resulting generalised lung inflammation 
is due to external environmental factors. This process 
reduces the flow of air through the respiratory tract. 
Over time, the course of the inflammatory process can 
cause systemic inflammation. Inflammatory mediators 
such as TNF-α (tumor necrosis factor α), IL-6 (Inter-
leukin 6) and others increase the risk of cancer, car-
diovascular disease and metabolic syndrome (Barnes, 
2009; Celli and Wedzicha, 2019). The main symptoms 
of this disease are shortness of breath, coughing and 
the production of sputum. Depending on the concomi-
tant diseases, as well as the course of COPD, clinicians 
have divided the disease into several phenotypes, such 
as exacerbation, obstructive and distension types and 
asthma-COPD overlap syndrome (Schols et al., 2014). 
This disease is a chronic, progressive disease, with sub-
sequent exacerbations of the disease increasing the risk 
of death among patients (Celli and Wedzicha, 2019).

Treatment of COPD is based on the latest standards 
according to an algorithm based on the Global Strategy 
for Diagnosis, Management and Prevention of COPD 
(GOLD) grade. In order to reduce the effects of symp-
toms and inhibit the frequency of exacerbations, β2- 
-adrenergic agonists, inhaled and oral corticosteroids, 
antimuscarinic drugs, mucolytic agents and macrolides, 
theophylline, phosphodiesterase-4 and oxygen thera-
py are used. Non-pharmacological treatment includes 
Pulmonary Rehabilitation – PR (Candela et al., 2019).

In addition to drugs, elements of salutogenesis are 
also used in the treatment of these diseases. These 
include lifestyle aspects, one of which is nutrition. It 
should also be noted that lifestyle and related inter-
ventions, such as appropriate physical activity and nu-
trition, contribute to a better control of asthma (Celli 
and Wedzicha, 2019). In the case of COPD, lifestyle 
interventions primarily include reducing or giving 

up smoking, reducing exposure to negative environ-
mental factors (gases, dust), and frequent influenza 
and pneumococcal vaccinations (Ambrosino and Ber-
tella, 2018). New factors are currently being sought, 
including those used in the past, by means of ethnop-
harmacology – the science of the use of plants, fungi, 
animals, microorganisms and minerals in the past and 
their biological and pharmacological effects.

Chronic and infectious respiratory diseases are 
closely related to the functioning of the immune sys-
tem. By using appropriate phytotherapeutic agents or 
nutraceuticals, it is possible to support the modulation 
of the immune system to some extent. This effect is 
also intended to reduce the incidence of infections 
during the cold season, and thus the formation of ex-
acerbations of chronic respiratory diseases such as 
asthma and COPD. The effects of proper nutrition 
combined with immunomodulation are also related 
to an improvement of the functioning of the intestinal 
microbiota. This mechanism has a positive effect on 
the immune system and the condition of the human 
respiratory system.

The immune system was created to protect body 
against both internal and external factors. These in-
clude bacteria, viruses, fungi, parasites, substances 
(mainly toxic, i.e. heavy metals; toxins of bacterial, 
e.g. exotoxins; plant, e.g. alkaloids, peptides and pro-
teins; organic solvents; air pollution, e.g. polychlorin-
ated biphenyl) and neoplasms. This system consists of 
many complex mechanisms, the main task of which 
is immunity, which is the ability to actively and pas-
sively protect the body through actions belonging to 
innate and acquired immunity (Gołąb et al., 2017).

Immunity can be modulated by immunomodula-
tors – compounds that exhibit stimulating or suppres-
sive properties, i.e., those that stimulate or suppress 
the reaction of immune system. Immunostimulants ac-
tivate or induce immune system mediators (proteins, 
hormones, chemical substances, antibodies). Immu-
nosuppressants, on the other hand, act in opposition 
to immunostimulants by inhibiting or controlling the 
body’s response (Bryniarski, 2018; Nagoba and Da-
vane, 2018). Modulating compounds can be used to 
improve the body’s immune response or to reduce the 
negative effects of over-reactivity in autoimmune and 
chronic diseases. Chemical substances that do this are 
found in food, particularly in plants.
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For many years, there have been hypotheses about 
the link between the axis of the intestine and other hu-
man organs. The first and most famous interaction, 
which is the gut-brain axis, was demonstrated by Ivan 
Pavlov at the beginning of the 20th century, who re-
ceived the Nobel Prize in Physiology and Medicine in 
1904 for his work on the physiology of digestion (Pav-
lov, 1910), mainly associated with the cephalic phase 
of gastric and pancreatic secretion along with classi-
cal reflexes (Filaretova and Bagaeva, 2016). Later, the 
above axis was also shown in connection with micro-
biota. The first mention of the gut-lung axis system 
was published in the Journal of Immunology in 2000 
Cooke et al. (2000). Further studies have confirmed 
the link between damage caused by inflammation of 
the digestive system and respiratory diseases (Barcik 
et al., 2020; Budden et al., 2017; Chung, 2017; Dumas 
et al., 2018; Zhang et al., 2020). 

Modulation of the immune system through bacte-
ria and the metabolites they produce (such as SCFa, 
Short-chain fatty acids) in the gastrointestinal tract can 
have both positive and negative effects on microorgan-
isms in the respiratory system. The effect on this type 
of modulation depends on diet, transmission of new 
microorganisms, contaminants, smoking, and the in-
take of prebiotics and probiotics (Anand and Mande, 
2018; Budden et al., 2017; Dumas et al., 2018).

The aim of this publication is to present the current 
knowledge on the influence of plants and their com-
pounds in the diet on the immune system in respira-
tory diseases such as asthma and COPD. The topics 
it covers include plant-based foods that support the 
treatment of inflammatory diseases of the respiratory 
system. This publication also takes into account the 
indirect effects that have immunomodulatory poten-
tial in the above-mentioned diseases. It also contains 
mentions of compounds of plant origin that may show 
potential in the future in further studies involving cells 
and inflammatory mediators of the immune system.

SELECTED BIOACTIVE COMPOUNDS

Prebiotics
Recommendations and studies in chronic respiratory 
diseases such as asthma, COPD and respiratory tu-
berculosis show that a higher daily intake of fibre in 
a diet reduced the risk of disease and the frequency 

of exacerbations. For men with COPD, risk reduction 
occurred with an intake of ≥36.8 g of fibre (Kaluza et 
al., 2018). For women, a recent study showed a fibre 
intake of ≥26.5 g (Szmidt et al., 2020). In this group, 
the consumption of fruit and vegetables was the high-
est, and the consumption of processed meat the lowest. 
Indicators such as C-reactive protein (CRP) were low-
est in this group. CRP is one of the markers of COPD. 
Moreover, this is also due to chronic colonisation by 
undesirable bacteria (Butler et al., 2019). Therefore, 
an appropriate amount of fibre should be recommend-
ed, in particular for patients with conditions such as 
asthma, COPD or pulmonary tuberculosis. However, 
under the supervision of a phisician, dietician, certi-
fied specialist in nutrition. It would also be advisable 
to focus on the supply of fibre during a stabilised lung 
disease without progression stages – e.g. stages ≥C in 
COPD. The researchers (Schols et al., 2014) reported 
that greater intake of dietary fibre has been consist-
ently associated with reduced COPD risk, better lung 
function and reduced respiratory symptoms. As shown 
by (Fonseca Wald et al., 2014) it should also be noted 
that increasing fibre intake above 25 g/d reduces the 
risk of gastrointestinal diseases, mainly colorectal 
cancer. A decrease in the negative immune response 
in the gastrointestinal tract acts to positively modulate 
lung inflammation (Fonseca Wald et al., 2014; Raftery 
et al., 2020).

Prebiotics play a significant role in the human mi-
crobiota. It should be noted that this microbiota has 
a proven effect on the human immune system. As in-
dicated by the World Gastroenterology Organisation 
(WGO) guidelines (WGO, 2017), the main immuno-
logical benefits of this microbiome include activation 
of local macrophages to increase the presentation of 
antigens to B lymphocytes and to increase secretory 
IgA (Immunoglobuline A) production, modulation of 
cytokine profiles, and inducing tolerance in food anti-
gens (WGO, 2017). In the case of prebiotics, however, 
cytokine modulation and IgA production occur. These 
immunological benefits are due to the synergistic ef-
fect of probiotics and prebiotics in pharmacological 
and nutritional intervention (WGO, 2017). There is 
evidence that several probiotic strains (LGG, Lactoba-
cillus rhamnosus; Lactobacillus reuteri DSM 17938 
250–500, Lactobacillus casei DN-114 001, Lactoba-
cillus casei Shirota) and prebiotic oligofructose are 
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useful in the immune response during winter flu epi-
sodes and reduce the incidence and duration of upper 
respiratory tract infections (WGO, 2017). However, 
these responses do not directly affect the causes of 
the diseases. In addition, prebiotics also modify mi-
crobiota to reduce intestinal permeability and toxin 
translocation (Panasiuk and Kowalińska, 2019). Thus, 
this reduces the risk of dysbiosis, which in later states 
causes the cascading development of many chronic 
diseases. This is one of the basic mechanisms for al-
lergic diseases, including asthma (Gilbert et al., 2018). 
This is demonstrated, for instance, by the link between 
increase of cytokine IL-8 and dysbiosis, asthma and 
other respiratory diseases. In the case of a decrease 
in the number of intestinal microbiota typical for hu-
mans – a decline in the percentage of bacteria such 
as Bacterioides (e.g. B. fragilis, B. vulgatus, B. uni-
formis), Firmicutes (e.g. Lactobacillus, Clostridium, 
Enterococcus, Ruminococcus, Veilonella, Staphylo-
coccus leei), Actinobacteria (Bifidobacterium) – the 
Proteobacteria (e.g. Enterobacteriacae – e.g. Esche-
richia coli, Shigella flexneri; Klabsiella sp., Proteus 
mirabilis) content increases rapidly (Blaut, 2018; 
Bourlioux et al., 2003; Bryniarski, 2018; D’Argenio 
and Salvatore, 2015; Panasiuk and Kowalińska, 2019). 
Other studies have shown a similar relationship, apart 
from the decline of Firmicutes (Lactobacillus) bacte-
ria in COPD. This change also increases the risk of 
colonisation of the colon by pathogenic bacteria such 
as: Salmonella spp., Shigella spp., Staphylococcus au-
reus, Campylobacter jejuni, Yersinia enterocolitica, 
Listeria monocytogenes (Malinowska et al., 2017). 
The mechanism of infection with Salmonella spp. 
and/or Shigella spp. can lead to the conclusion that the 
ultimate inflammatory agent – leakage of neutrophils 
and erythrocytes into the lumen of the large intestine – 
was activated by C-X-C motif chemokine ligand 8 (in-
terleukin IL-8) through an active toll like receptor 5 
(TLR5). The above process occurs as a result of the 
transition from homeostasis of intestinal microbiota – 
eubiosis, through inflammation, to bacterial translo-
cation – dysbiosis. The resulting process of bacterial 
translocation (e.g., due to the above-mentioned mech-
anism) can be transferred from the digestive system to 
the respiratory system through the blood and lymphatic 
vessels (the concept of the gut-lung axis). This is how 
neutrophils (which appeared as a result of increased 

recruitment of granulocytes in the pathophysiology 
of intestinal inflammation), along with IL-8, can be 
transferred to the respiratory system (migration with 
bacteria) (Bryniarski, 2018; Dumas et al., 2018; Pa-
nasiuk and Kowalińska, 2019). The resulting effect is 
a kind of flywheel in the cycle of further inflammatory 
reactions in the possible migration of lymphocytes 
and TNF-α, IFN-γ (Interferon gamma) mediators to 
the digestive system. This leads to a further deteriora-
tion in the condition of the gastrointestinal and respira-
tory microbiota (Barcik et al., 2020; Bryniarski, 2018; 
Panasiuk and Kowalińska, 2019; Zhang et al., 2020). 
Special attention should be paid to neutrophils and 
IL-8, which are distinguished by having elevated con-
centrations in asthma and COPD (Ram et al., 2011). 
Microorganisms in the gut and lungs contribute to the 
development of asthma and its exacerbations (Barcik 
et al., 2020). Dietary fibre intake in population stud-
ies showed reduced COPD incidence and improved 
lung function. More and more studies are also indicat-
ing some effectiveness of a suitable diet in combina-
tion with probiotics in chronic systemic inflammation 
in patients with cystic fibrosis. Particular attention 
was paid to fibre and fats affecting the microbiome. 
A systematic review showed that supplementation 
with Lactobacillus rhamnosus GG on a mouse model 
of pneumonia (Pseudomonas aeruginosa) reduced in-
flammation and led to a reduction in intestinal dysbio-
sis and transition to eubiosis. Similar properties were 
demonstrated by Lactobacillus reuteri – a decrease 
in Proteobacteria population, improvement of diges-
tive system function, Lactobacillus GG – restoration 
of microbiota close to normal levels by a reduction 
in inflammation and a reduced number of undesirable 
microorganisms, Bifidobacterium longum BB536 – an 
increase in Faecalibacterium population, anti-inflam-
matory and immunomodulatory effects. A diet en-
riched with oligosaccharides increases the number of 
Bifidobacterium and reduces the frequency and sever-
ity of exacerbations of lung symptoms (Fig. 1) (Na-
goba and Davane, 2018; Panasiuk and Kowalińska, 
2019; Szmidt et al., 2020).

Pace et al. (2019) point out that a diet rich in com-
plex carbohydrates, antioxidants, which are found in 
leafy vegetables and mushrooms, has a beneficial ef-
fect on the intestines, inhibiting oxidative stress. Di-
ets that have a negative effect on intestinal microbiota 
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leading to dysbiosis are fat-rich, low-fat and protein-
rich diets (especially proteins of animal origin), as 
well as diets rich in salt and the so-called Western diet, 
i.e., an high-protein and fat (saturated) diet (≥100 g 
protein / day / over 25% of total energy) characterised 
especially by the consumption of highly processed 
animal-derived proteins, fried products, simple sugar 
and/or refined carbohydrate, and little consumption 
of fruit and vegetables (Blaut, 2018; Hawrelak and 
Myers, 2004; Jobin et al., 2020). Scientists have also 
found that a salt-rich diet cannot be followed during an 
infection (Jobin et al., 2020).

Fatty acids
Fatty acids play many roles in the physiology of hu-
man nutrition and its functioning. One of these in-
cludes anti-inflammatory properties that affect human 
immune activity. These fatty acids include n-3 and n-6 
PUFAs (polyunsaturated fatty acid) (Calder, 2006). 
The fatty acids from the n-6 family include linoleic, 
γ-linolenic, dihomo-γ-linolenic, arachidonic, docosa-
tetraenoic and docosapentaenoic acids. Fatty acids of 
the n-3 family include α-linolenic, stearidonic, EPA 
(eicosapentaenoic acid), docosapentaenoic and DHA 
(docosahexaenoic acid) acids. Many studies using 
Randomised Controlled Clinical Trials (RCTs) have 
focused on the effects of n-3 and n-6 fatty acids of 
animal origin, the source of which is fish oil (EPA and 
DHA). It is worth adding that PUFAs such as n-3 and 

n-6 fatty acids could theoretically be classed as prebi-
otics. Currently, many concepts suggest that PUFAs 
could be considered as a prebiotic in the future, given 
recent research (Cunningham et al., 2021; Gibson et 
al., 2017; Spacova et al., 2020). This is due to their 
partial use by gastrointestinal microbiota (Gibson et 
al., 2017). Among other things, n-3 fatty acids have 
anti-inflammatory, anti-allergic and immunostimula-
tory properties. Plant products rich in alpha-linolenic 
fatty acids (ALA) include linseed oil, nuts and rape-
seed oil (Sikorski and Staroszczyk, 2017). In addition 
to the main sources of EPA and DHA, i.e. fatty sea 
fish, fish oils, freshwater fish and krill, these fats are 
also found in oils obtained from marine algae in the 
group of edible algae such as red algae (Rhodophyta), 
brown algae (Phaeophyta) and green algae (Chloro-
phyta) (Fig. 2) (Afonso et al., 2019; Amjad Khan et al., 
2017; Schmid et al., 2018; Usher et al., 2015; Sikorski 
and Staroszczyk, 2017). 

These are the main sources of EPA and DHA in 
a vegetarian and vegan diet, therefore they may be of 
particular importance in patients with respiratory dis-
eases who are on this diet. It is worth noting that in 
the absence of EPA intake through food, the ingested 
ALA in a vegetarian diet or its reserves in the body are 
converted by desaturation and elongation into eicosap-
entaenoic acid (EPA) (Botham and Mayes, 2015). This 
is most evident in inflammatory conditions. In the case 
of the above pathway during subsequent reactions, 

Fig. 1. Diagram showing the effect of consumed plants on Bifidobacterium 
and Lactobacillus bacteria with immunomodulatory potential
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DHA biosynthesis is not entirely sufficient (Baker et 
al., 2016).

According to taxonomy, the divisions of red and 
green algae are currently classified as being part of the 
plant kingdom (Guiry and Guiry, 2020; Kopcewicz, 
2012). In view of the above, it is reasonable to men-
tion red and green algae as potential plant sources of 
EPA and DHA in the diet, especially in inflammatory 
processes. Another interesting source of n-3 fatty ac-
ids is transgenic plants (genetically modified organ-
isms, GMOs; Amjad Khan et al., 2017). In 2014, 
scientists from the United Kingdom became interested 
in the production of fatty acids from plant sources by 
creating the first farm for the breeding of modified 
Camelina sativa L. (Usher et al., 2015). Recent stud-
ies carried out by West et al. (2020) confirm that the 
consumption of oil from transgenic seeds of Camelina 
sativa L. increases the EPA and DHA concentration in 
human blood and is as effective as fish oil. The argu-
ment for doing this is the excessive consumption of 
the world’s food resources and the attempt to improve 
the availability of PUFAs to the world’s population 
(Amjad Khan et al., 2017). This is also supported by 
the concept of a Planetary Diet, beneficial for health 
and for the planet (Willett et al., 2019). This diet con-
sists in limiting the consumption of red meat and ani-
mal products, highly processed products and simple 
sugars. It is also rich in fruit and vegetables, followed 
by whole grains, legumes, unsaturated vegetable oils 

and starchy vegetables. This part of the diet also in-
cludes meat and dairy products, but in limited quan-
tities (Willett et al., 2019). Enriched foods were also 
mentioned as a source of EPA and DHA in the diet – 
mainly milk due to its taste being the most acceptable 
to the consumer (Sikorski and Staroszczyk, 2017).

There are a lot of reports of reduced symptoms and 
occurrence of bronchial asthma, infectious diseases, 
chronic obstructive pulmonary disease and inflamma-
tion in cases of supplementation or adequate supply of 
n-3 acids in the diet (Duffney et al., 2018; Frączek et 
al., 2019; Lemoine et al., 2019; Parolini, 2019; Pizzini 
et al., 2018; Whyand et al., 2018; Zhai et al., 2018). 
A high ratio of n-6 to n-3 acids in the diet (n-6/n-3 = 
7.5:1) resulted in lower values of the Tiffeneau-Pinelli 
index (an indicator that assesses obstruction – FEV1/
FVC) in spirometric studies of lung function assess-
ment, impaired cognitive function of patients and their 
overall quality of life in the American population aged 
66 (Lemoine et al., 2020). Similar values were ob-
tained in the case of children between 5 and 12 years 
of age (Brigham et al., 2019). As the consumption of 
n-6 acids increased, the risk of exacerbation of asth-
ma, symptoms and activities such as respiratory prob-
lems, the need to use β-agonists, and reduced activity 
increased. Increased intake of n-3 acids and a higher 
n-3/n-6 ratio have been observed to reduce the like-
lihood of patients experiencing asthma exacerbations 
(Lemoine et al., 2020). The consumption of n-3 acids 

Fig. 2. Diagram showing the sources of n-3 acids (PUFAs) such as: α-linolenic, eicosapentaenoic, 
docosapentaenoic and docosahexaenoic acids found in plants
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additionally suppresses the negative effects of immune 
activity caused by saturated fatty acids (Zhai et al., 2018).

Nitrates
For many years it was believed that nitrates (NO3-, 
NO2-) had a negative impact on human health. This 
was due to the influence of nitrates on the risk of N- 
-nitrosation, compounds belonging to N-nitrosamines 
(NDEA – N-nitrosodiethylamine, NMEA – N-nitro-
soethylmethylamine, NPYR – N-nitrosopyrrolidine, 
NPIP – N-nitrosopiperidine). These compounds are 
highly carcinogenic to the human body (Sikorski and 
Staroszczyk, 2017). Recently, NO3- has been found 
in addition to the source of nitric oxide in the body 
from L-arginine ingested with food (Jones, 2014). Re-
search now shows that nitrates (NO3-, NO2-) from 
vegetables and drinking water do not increase the risk 
of cancer (Clements et al., 2014). This statement was 
referred to by the International Agency for Research 
on Cancer (IARC) in 2006 based on epidemiologi-
cal studies (Clements et al., 2014). It has been found 
that the consumption of fruit and vegetables rich in 
nitrates is associated with the simultaneous supply of 
vitamin C, a strong antioxidant suppressing the N- 
-nitrosation reaction (Clements et al., 2014; Song et 
al., 2015). Scientists have long been interested in the 
beneficial effects of nitrogen compounds on body. The 
breakthrough moment was the 1998 Nobel Prize in 
Physiology or Medicine, awarded jointly to Robert F. 
Furchgott, Louis J. Ignarro and Ferid Murad for their 
discoveries concerning nitric oxide as a signalling 

molecule in the cardiovascular system. The conclu-
sions of these studies were later used in the nutrition 
of athletes. The resulting NO converted from nitrates 
from fruit and vegetables (Fig. 3) has a positive ef-
fect on the body’s efficiency during exercise (Carter et 
al., 2020; Clements et al., 2014; Frączek et al., 2019; 
Jones, 2014).

Currently, research is being conducted on dietary 
nitrate intake in patients with cardiovascular diseases, 
COPD, asthma and those in convalescence after Acute 
Respiratory Distress Syndrome (ARDS) (Alidadi et 
al., 2020). Promising studies have shown a decrease 
in the concentration CRP, IL-6 and TNF-α concen-
trations in venous blood when consuming vegetables 
rich in nitrates. These vegetables include many of the 
plants listed in the DASH diet (Dietary Approaches 
to Stop Hypertension) (Clements et al., 2014). Veg-
etables rich in nitrates (>250 mg/100 g of fresh prod-
uct) are mainly green vegetables – celery, watercress, 
lettuce, red beetroot, lamb’s lettuce, spinach and 
rocket (Frączek et al., 2019; Hord et al., 2009). The 
most frequently consumed nitrate-rich vegetables are 
beetroots, which on average contain 281.6 mg of ni-
trates per 100 g of fresh produce in Europe (Ekart et 
al., 2013). Apart from nitrates, beetroots also contain 
many other beneficial ingredients. Their roots consist 
of carbohydrates, proteins and minerals such as po-
tassium, sodium, calcium, and vitamins such as vita-
min C and folates (Clements et al., 2014). They also 
contain prebiotics such as fructo-oligosaccharides (Jo-
vanovic-Malinovska et al., 2014). Their juice contains 

Fig. 3. Diagram of the pathways of the formation of nitric oxide (NO) in the human body 
obtained from food
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an average of 930 mg of nitrates per 250 ml of product 
(Clements et al., 2014). Nitrate in a plant-based diet 
is involved in modulating the immune function of the 
human body (Raubenheimer et al., 2019). A study by 
Raubenheimer et al. (2019) in 65-year-olds showed 
the effects of beetroot juice consumption (140 ml) 
on the content of monocytes and granulocytes in the 
blood plasma of the subjects after 3 hours, along with 
a decrease in their blood pressure. An appropriate in-
take of nitrates in vegetables (in the form of beetroot 
juice 140 ml (i.e., 521 mg of nitrates) / before exercise) 
improves physical performance in COPD patients 
during rehabilitation and during outpatient oxygen 
treatment (8 weeks) (Alidadi et al., 2020; Carter et al., 
2020; Ekart et al., 2013; Hord et al., 2009; Jovanovic- 
-Malinovska et al., 2014). However, there are no stud-
ies related to long-term dietary nitrate intake with 
consideration of inflammatory factors and long-term 
immunity. Hezel et  al. (2015) performed such a test 
on mice (Hezel et al., 2015). Their result showed an 
increased survival rate in the study group (Rauben-
heimer et al., 2019). Researchers show that the activ-
ity of immune cells, such as leukocyte recruitment, is 
reduced by dietary intake of nitrates among rodents 
(Raubenheimer et al., 2019). Table 1 presents an over-
view of the research on the effects of dietary nitrate 
intake before rehabilitation in patients with respiratory 
diseases.

Vitamins C and E
An adequate supply of fruit and vegetables in the daily 
diet has a positive effect on the human body’s immune 
system. The most beneficial components influencing 
these functions, apart from macronutrients, are mainly 
vitamins E and C. Patients with pulmonary diseases 
such as asthma, COPD, lung cancer and chronic in-
fections such as tuberculosis are characterised by hav-
ing a greater deficiency of vitamins A, C and E in the 
body. The presence of increased deficiencies in the 
past, during childhood, also increase the risk of de-
veloping asthma and allergic diseases in the future. 
An adequate supply of these vitamins is beneficial for 
improving the quality of life of patients in the long 
term (Oh et al., 2017; Whyand et al., 2018). Vitamin E 
supplementation (400 IU/d) and the adequate intake of 
vitamin A from food show anti-inflammatory proper-
ties in patients with COPD (Collins et al., 2019).

Quercetin
Quercetin is a polyphenolic flavonoid. It has a polycy-
clic structure with numerous hydroxyl groups attached 
to the aromatic rings. It has anti-allergic and antioxi-
dant properties. It shows beneficial effects on allergic 
rhinitis and atopic dermatitis (Jafarinia et al., 2020). 
Quercetin, supports the proper development of the in-
testinal microbiota (Blaut, 2018). According to Mlcek 
et al. (2016), polyphenols have the ability to inhibit 
mast cells, inhibit the release of histamine, suppress 
eosinophilic inflammation and have a relaxing effect 
on smooth muscles due to the change in cytokines 
produced. The authors also point to epidemiological 
studies carried out in Finland and the United Kingdom 
indicating that the impact of quercetin intake is associ-
ated with a lower incidence of asthma (Mlcek et al., 
2016). The most statistically significant of these was 
the high consumption of apples (Mlcek et al., 2016). 
Similar studies were also carried out in Australia on 
asthma and the Netherlands related to COPD. Querce-
tin consumption lowered the severity of COPD and 
asthma exacerbations, reducing the risk of developing 
rhinoviruses (Cesarone et al., 2020; Farazuddin et al., 
2018).

Nigella sativa
Nigella sativa L. – Nigella belongs to the plant family 
Ranunculaceae (EFSA, 2018). It is a spice, ornamen-
tal and medicinal plant. It is commonly referred to as 
Black cumin in foreign nomenclature. The products 
with medicinal properties are the seeds and the oil pro-
duced from them. Infusions, decoctions or tinctures 
made from the seeds of Nigella sativa L. are also used 
in medicine. The chemical composition of the seeds 
includes substances such as fatty acids, protein, alka-
loids, saponins, flavonoids and essential oils. In the 
case of seeds, unsaturated fatty acids such as linoleic, 
oleic, α-linolenic and eicosadienoic acids are mainly 
present in the oil. The saturated fatty acids are mainly 
composed of palmitic acid. According to EFSA (Euro-
pean Food Safety Authority), the substances found in 
the seeds of this plant included in the botanicals data-
base include thymoquinone (essential oil component), 
nigelimine (alkaloid; EFSA, 2018). 

Recent scientific reports have found ample evi-
dence indicating the beneficial effects of cold-pressed 
oils extracted from cumin in the phytotherapy of 
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Table 1. Review of studies related to the effects of dietary nitrate intake before rehabilitation on patients with respiratory 
diseases

Dose and 
form of 

administration

Study group / 
placebo Methods / Measurements Results Summary References

140 ml BRJ / 
orally, before 
each exercise

n = 20, age 
67.6 ±8.5 years, 
BMI 25.2 ±4.7 kg/
m2, FEV1% 27 
±8.1%

ETC, evaluated 3 hours after 
ingestion.

Extended exercise time: 194.6 
s (89.1–1200.0) for subjects 
compared to 159.1 s (78.6–
785.0) for placebo.

Administration of nitrate in the 
diet extends the time of exercise 
in patients with COPD who 
require ambulatory oxygen.

Pavitt et al. 
(2018a)

140 ml BRJ / 
orally, 3 hours 
before each 
exercise  
for 56 days

n = 122, age 76 ±11 
years, BMI 27 ±7 
kg/m2, FEV1% pre-
dicted 49 ±18%

The study consisted of 2 
weeks of strength and endur-
ance training, and 8 weeks of 
education. The results were 
checked on the basis of ISWT.

Nitrate supplementation 
increased ISWT distance: 
60 m for subjects vs 30 m 
for placebo (95% CI 10, 40) 
p = 0.008.

Administration of nitrate in 
combination with rehabilitation 
increases exercise capacity in 
COPD patients.

Pavitt et al. 
(2018b)

70 ml BRJ/d 
orally or 
through gastric 
tube, for 14 
days

n = 22, n BRJ = 
11, n PL = 11, age 
= 68.5 years, BMI 
= 30.6 ±1.9, after 
ARDS, mechanical 
ventilation, ICU = 
3.45 d

Hospital stay from study = 
9.5 d. Assessment of physical 
activity in hospital after ICU 
discharge and after discharge 
from hospital. Measurement 
of the concentration of nitrates 
and nitrites from venous 
blood before administering 
the juice and 2–3 hours after 
administration.

Increase in plasma nitrate 
(mean increase 219.2 μM,  
p = 0.002) and level of nitrite 
(mean increase 0.144 μM,  
p = 0.02), little effect on 
improving physical activity. 
Lower limb strength index 
at discharge = 22.1 ±3.2 vs 
placebo 16.9 ±2.4 kg, respec-
tively, p = 0.29.

The use of nitrate-rich juices 
during the period of convales-
cence after ARDS was found to 
be feasible, safe and to increase 
the concentration of nitrates and 
nitrites in the blood. The impact 
of the intervention on physical 
and mental functions was found 
to be minor.

Files et al. 
(2020)

140 ml BRJ/d 
orally, for 7 
days

n = 18, age 66.6 
±7.5, BMI 25.9 
±3.4, FEV1% pre-
dicted 69.2 ±16.3

REE and metabolic response 
during submaximal cycling 
test, SCT, plasma levels of 
nitrates and nitrites, plasma 
biomarkers of the heart (e.g., 
cardiac troponin T, Nt-proBNP 
and CK) and BP.

Plasma nitrate and nitrite 
concentrations increased 
on days 1 and 7 after juice 
administration, i.e., from T0 to 
T1; 256 ±132 to 634 ±345 nM; 
p < 0.001) compared to day 
7 (T0 to T1; 245 ±165 to 501 
±358 nM; p = 0.003).

Acute and 7-day sodium nitrate 
supplementation does not in-
crease mechanical performance, 
lowers BP and modulates 
cardiac markers in patients with 
mild to moderate COPD.

Beijers et 
al. (2018)

140 ml BRJ/d 
orally, for 14 
consecutive 
days

n = 8, n BRJ = 
4, n PL = 4, age 
62.9 ±7.1, BMI 
25.6 ±5.1, FEV1% 
predicted 55 ±19

ISWT, blood pressure, lung 
function, quality of life, 
exhaled nitric oxide (eNO), 
and plasma nitrates / nitrites 
(NOx).

Significant increase in NOx 
(p < 0.05) and 14.6% increase 
in ISWT distance (+56 m, 
p = 0.00004) in the BRJs 
tested.

The 14-day dietary nitrate sup-
plementation was well tolerated 
and increased the amount of  
NO metabolites and exercise 
capacity in COPD. There was  
no effect on lung function, BP, 
or quality of life.

Kerley et al. 
(2019)

140 ml of BRJ 
for 8 weeks / 
3 hours before 
exercise; at 
least 12 out of 
16 sessions

n = 165, n PL = 87, 
n BRJ = 78, age 
62–78, BMI = 27, 
FEV1% predicted 
53

PR, ISWT test, quality of life 
parameters, PAL, endothelial 
function assessment by flow 
dilation, lean mass, blood 
pressure.

Exercise capacity increased 
more in the BRJ group than in 
the PL group, median (IQR) 
change in ISWT distance 
+60 m (10.85) vs +30 m 
(0.70), estimated treatment 
effect 30 m (95% CI 10 to 40); 
p = 0.027. Supplementation 
had an effect on SBP: BRJ 
group –5.0 mm Hg (–5.0, –3.0) 
compared to the PL group 
+6.0 mm Hg (–1.0, 15.5).

Nitrate supplementation  
in the diet seems to be  
a well-tolerated and effective 
strategy for increasing benefits 
during the rehabilitation  
of patients with COPD.

Pavitt et al. 
(2020)

BRJ – beetroot juice, BMI – body mass index, FEV1% – forced expiratory volume in 1 s, ESWT – extracorporeal shock wave 
therapy, ISWT – incremental shuttle walk test, ARDS – acute respiratory distress syndrome, ICU – intensive care unit, eNO – ex-
haled nitric oxide NOx, nitrogen oxides, PL – placebo, PR – pulmonary rehabilitation, COPD – chronic obstructive pulmonary 
disease, Nt-proBNP – N-terminal prohormone of brain natriuretic peptidepeptide, CK – creatine kinase, PAL – physical activity 
level, IQR – interquartile range, SCT – submaximal cycling test, SBP – systolic blood pressure, BP – blood pressure, REE – resting 
energy expenditure.
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asthma (Birrell et al., 2015; Han and Shi, 2019; Ikhsan 
et al., 2018; Khaldi et al., 2018; Koshak et al., 2017a; 
2017b; Koshak et al., 2018). Black cumin oil has been 
shown to have immunomodulatory effects in various 
inflammatory conditions and also helps to reduce tu-
mour tissue proliferation (Shabana et al., 2013). Thy-
moquinone contained in nigella oil as stated by Koshak 
et al. (2018) inhibits inflammatory mediators in T 
lymphocytes and monocytes. The authors (Koshak et 
al., 2018) also found an increase in prostaglandin E2 
(PGE2) production in lung epithelial tissue cells due to 

consumption of cumin oil. Confer Gołąb et al. (2017) 
indicate that some prostaglandins have a significant ef-
fect on decreasing NK cell activity, as do drugs such 
as hydrocortisone (a corticosteroid). A beneficial ef-
fect for an increase in PGE2 may occur in asthma as 
well as in COPD (Birrell et al., 2015). This may sug-
gest that in addition to the use of cumin oil in asthma, 
its use in COPD would also be recommended. The 
overall improvement of patients with asthma during 
the use of preparations obtained from Nigella sativa L. 
(>4 weeks) is associated with reduced severity, better 

Table 2. List of compounds of plant origin with mediators and cells of the immune system in asthma, COPD

Mediators, cells, effects Immunomodulatory effect Asthma  
or COPD References

Th2 cytokines (IL-5, IL-4, IL-13) ↓ FOS, GOS + Bifidobacterium breve 
M-16V

asthma Van De Pol et al. 
(2011)

SCFA =, eosinophils % ↓, neutrophils % ↓, macrophages % ↑, 
lymphocytes % =, FEV1% predicted ↑, FeNO ppb ↑

inulin, fibre + Lactobacillus acido-
philus LA-5, Lactobacillus rhamno-
sus GG, Bifidobacterium animalis 

subspecies lactis BB-12

asthma McLoughlin et al. 
(2019)

Neutrophils % ↓, eosinophils % =, leukocyte counts = omega-6 and exposure of pollution 
(PM 2,5) and/or PM10

asthma Brigham et al. (2019)

TNF-α ↓, IL-8 ↓, FEV1 ↑ omega-3 COPD Pizzini et al. (2018)

FEV1 ↑ omega-3, omega-6 COPD Zhai et al. (2018)

IgE ↓, COX ↓, eicosanoid synthesis ↓ omega-3 asthma/
COPD

Whyand et al. (2018)

TNF-α ↓, IL-8 ↓, IL-4 ↓, NF-κB NF-κB ↓, histamine ↓, IFN-γ ↓, 
CD40 ligand ↓

quercetin asthma Mlcek et al. (2016)

Th1/Th2 stability, IgE ↓ production by lymphocyte B, histamine ↓, 
eosinophils % ↓, neutrophils % ↓

quercetin asthma Jafarinia et al. (2020)

IFN-γ ↓, TNF-α ↓, Ligand 1 ↓, Ligand 3 ↓, Ligand 10 ↓, MUC5AC 
expression ↓, mucin expression ↓, accumulation of CD8+ T cell ↓, 

% of macrophages ↓, goblet cells ↓

quercetin COPD Farazuddin et al. 
(2018)

eosinophils % ↓, IgE = Nigella sativa L.  
(thymoquinone, nigelimine)

asthma Koshak (2017b)

IL-2 ↓, IL-6 ↓, PGE2 ↓ in T-lymphocytes and monocytes Nigella sativa L.  
(thymoquinone, nigelimine)

asthma Koshak et al. (2018)

FEV1 ↑, IFN-γ =, IL-4 =, PEF = Nigella sativa L.  
(thymoquinone, nigelimine)

asthma Han and Shi (2019)

IL-4 ↓, NO ↓ Nigella sativa L.  
(thymoquinone, nigelimine)

asthma Khaldi et al. (2018)

Histamine ↓, TNF-α ↓, NF-κB ↓, leukotriene C4 ↓, 5-lipoxygenase ↓ Nigella sativa L.  
(thymoquinone, nigelimine)

asthma Ikhsan et al. (2018)

Peroxidation of lipids ↓, FEV1 ↑, FVC ↑, TNF-α vitamin A, E COPD Collins et al. (2019)

NF-κB – nuclear factor κB, FeNO ppb – fractional exhaled nitric oxide, COX – cyclooxygenase, PEF – peak expiratory flow, 
NO – nitric oxide, FVC – forced vital capacity, ↓ – decrease, ↑ – increase, = – it remains unchanged or the change is insignificant.
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disease control based on a meta-analysis by Han and 
Shi (2019) as well as a review of studies by Koshak et 
al. (2017a). The immunomodulatory effect of cumin 
extracts (50–100 mg/kg b.w.) is comparable to that of 
theophylline, but it takes 8 times the dose per kg b.w. 
of extract than theophylline to achieve a similar sup-
portive effect (Boskabady et al., 2010; Zainab et al., 
2019). The effect of reducing inflammation, improv-
ing lung epithelial tissue cells may also occur among 
compulsive smokers using this type of phytotherapy 
(Khaldi et al., 2018). A reduction in blood histamine 
and eosinophilia levels has been demonstrated in rats 
(Ikhsan et al., 2018; Koshak et al., 2017). Further stud-
ies related to the effects of extracts and oils extracted 
from cumin on the respiratory system in the near fu-
ture should include more extensive in-vivo clinical 
studies in humans.

In Table 2, a list of compounds of plant origin with 
mediators and cells of the immune system is given, 
including diseases such as asthma, COPD.

CONCLUSIONS

In summary, nutrition has a significant impact on the 
functioning of the immune system. Compounds found 
in plants affect cells of the lymphatic system, includ-
ing the immune response. The resistance of this sys-
tem is shaped throughout human life, while its activity 
decreases with age. Similarly, however, the incidence 
of respiratory diseases is inversely proportional.

Physical activity and following the principles of 
healthy eating, taking into account the healthy eating 
pyramid, reduces the risk of death related to respira-
tory diseases (Jarosz et al., 2020). Taking into account 
nutritional recommendations, one should pay special 
attention to fluid supply and fruit and vegetable con-
sumption. Consumption of the right amount of fats 
and proteins influences the indirect modulation of the 
respiratory system thanks to its support of the diges-
tive and immune systems. The use of the presented 
nutraceuticals with proven effects on improving the 
immune system also positively affects the respiratory 
system. The combination of physical activity and the 
use of functional foods and nutraceuticals also increas-
es the therapeutic effect. Such activities are aimed at 
reducing the frequency of exacerbations in chronic 
respiratory diseases, thanks to the improvement of 

homeostasis, i.e., striving to balance the biological 
processes of the human body.

By improving the condition of immune system, 
and thus reducing the risk of bacterial and viral infec-
tions thanks to vaccination, hygiene and an appropri-
ate lifestyle, we can significantly extend quality of life 
and reduce the mortality rate of people with chronic 
respiratory diseases. 
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