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INTRODUCTION 

In recent times, functional food is becoming increas-
ingly popular globally and not without reason. The first 
information about nutraceuticals comes from 1980, when 
Japanese researchers, in following the science and philo-
sophical tradition of the Far East, abandoned a clear separa-
tion between food and medicine. At that time, the definition 
of functional food was also established. Accordingly, food 
has a natural origin, and due to specific modifications, they 
can be used for preventing and treating diseases, protect-
ing the health, and extending the patient’s lifepan. Food, in 
order to be considered as functional, must necessarily have 
health-promoting effects (apart from the obvious nutrition 
functions) confirmed by numerous and reliable controlled 
studies [1]. Additionally, these foods should also be similar 
to conventionals, and, what is very important, the product 
should have its beneficial effects at the recommended dosage 
corresponding with standard consumption. What is worth 
mentioning is that functional food (not like dietary supple-
ments - capsule, tablet, or powder) is derived from natural 
components and should be consumed as part of the proper, 
daily diet. The beneficial properties of functional food can 
be used against cancers, coronary heart disease, high blood 
pressure, respiratory disease, inflammations, viral infections 
and civilizational diseases (different kinds od dementions, 
cardiovascular diseases e.g.). Functional food supports the 
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treatment of existing diseases, promotes physical and mental 
well-being, and inhibits the aging process [2]. Many plant 
extracts can activate mucous that forms along the respiratory 
tract to combat microbes and make the removal of unwanted 
foreign bodies much easier. In functional food, the plant con-
stituents that provide both taste and food aroma can be also 
used as expectorant antitussive antimicrobial and irritation 
soothers in the respiratory system. Thanks to appropriate 
modifications, functional food may increase mucin secre-
tion, eliminate numerous pathogens, reduce inflammation, 
and also by tearing apart hydrogen bonds, can decrease the 
viscosity of the mucus secreted into the respiratory tract [2].

THE IMPACT OF FUNCTIONAL FOOD ON THE 
DEVELOPMENT AND TREATMENT OF ASTHMA 

Asthma is a heterogeneous disease, most often char-
acterized by chronic inflammation of the respiratory tract 
that is associated with wheezing, shortness of breath, and 
coughing. The existing classification indicates extrinsic (so-
called atopic) and intrinsic (non-atopic) forms of asthma. In 
the first case, the inflammatory process is initiated by the 
reaction of allergens with IgE antibodies, located on mast 
cells and basophils receptors. Bronchoconstrictor media-
tors and proinflammatory cytokines are secreted, this in turn 
stimulates the migration of eosinophils and lymphocytes 
to the local area of inflammation. However, the impact of 
allergens and IgE on the formation of non-atopic asthma 
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has not been demonstrated [3]. Some irregularities in the 
cytokine profile were also observed. Furthermore, a reduc-
tion in the release of interleukin 12 (IL-12) by macrophages 
was noted, and subsequently, the advantage of differentia-
tion of Th0 lymphocytes into Th2 lymphocytes, triggering 
excessive amounts of interleukin 4 and 5 (IL-4 and IL-5) 
and simultaneously caused deficiency of Th1 lymphocytes. 
Some scientists speculate that the main reason for changes 
in the phenotype of Th0 lymphocytes in Th2 is increasingly 
rare exposure to any respiratory infections in childhood [4]. 
It has also been shown that atopic asthma may resemble non-
atopic asthma over time. The whole inflammatory process 
does not depend so much on contact with the allergen, but 
on the mediators released from pro-inflammatory cells.

Asthma is currently divided into 4 grades of GINA 
severity [4]: 

Episodic asthma – with short attacks less than 1 time 
a week, night attacks less than 1 time a month, no symptoms 
between exacerbations. Peak expiratory measurement (PEF) 
is above 80% of predicted norm, PEF fluctuations are below 
20%, with normal PEF after diastolic drug administration. 
Seizures are closely related to occasional exposure to 
a specific allergen particle, recognized by E antibodies or  
T cells in the air, food and environment. Skin tests may help 
patients to „decode” the cause of the seizure, if they know 
about the nature of their own unique allergy and note the 
circumstances of 2 subsequent incidents.

Mild chronic asthma – with short attacks more than 2 
times a week, night attacks more than 2 times a month, no 
symptoms between exacerbations. PEF is above 80% pre-
dicted, fluctuations 20-30%, and shows normal PEF after 
diastolic drug administration. The pattern depends on fre-
quency of contact with the allergen. Skin tests can still make 
it easier for a patient to „find” the cause, if they are con-
vinced of the nature of their allergy and can make a note of 
several subsequent events. The occurrence of seizures after 
supper is characteristic, hence the nocturnal symptoms. Per-
forming tests can help to „discover” the cause of a seizure 
if the afflicted can identify which component of their daily 
diet is pathogenic. Since tests with standardized food aller-
gens are often false-negative, fresh produce testing should 
be performed.

Severe chronic asthma – with frequent day and night 
attacks, constant symptoms, limited physical activity, hospi-
talization in the last year and life-threatening attacks. Here, 
PEF at resting is below 60% with fluctuations above 30% 
and being abnormal despite medication. The pattern depends 
on the constancy of contact with the alergen [4,5]. 

An asthma attack is often accompanied by wheezing, 
tightness of the chest, shortness of breath and coughing, 
all of which may regress spontaneously or after use of 
appropriate medicines. Most commonly, in asthma therapy, 
corticosteroids as an oral inhalation is used. Clinical trials 
conducted on the possibility of using herbal medicines have 
shown a significant improvement on sleep quality, reduc-
tion in the amounts of coughing attacks and their intensity 
in patients with recognized asthma of allergic etiology who 
regularly use herbal infusions (containing chamomile, anise, 
cumin, saffron, fennel, black cumin) compared to those 
receiving placebo [5]. Diet and nutrition can significantly 

have an impact on creation and development of chronic 
inflammation in the respiratory system. As stated in the 
study, asthmatics have notably lower lycopene and vitamin 
A levels in blood serum, compared to control groups of 
healthy individuals [6]. Moreover, it has also been shown 
that a diet rich in fish or functional food enriched with 
omega-3 fatty acids has a protective effect on the respira-
tory system in the case of allergic asthma. In particular, anti-
inflammatory effects of oleic and hexadecanoic acid were 
observed, which indicates that these can be successfully 
used in the treatment of asthma [7]. In addition, it has been 
observed that eating fresh fruit rich in vitamin C reduces 
the incidence of asthma and improves respiratory function 
in children (Swee-Ling and Suahila 2016). 

An extract obtained from Euphorbia hirta L. may be 
a promising food additive. It contains phytol along with its 
isomer (3,7,11,15-tetramethyl-2-hexadecen-1-ol), essential 
oils, alkaloids, tannins and saponins. This plant is being used 
successfully to treat asthma and lung diseases in Africa. 
Moreover, the plant contains vitamin K and E - popular anti-
oxidants that prevent the development of inflammation in the 
respiratory tract [8]. A study has shown that phytols found in 
the extracts are produced by the hydrolysis of chlorophyll.

Another plant, Nigella sativa L. (black cumin) also 
demonstrates anti-asthmatic effects. In randomized control 
studies, 29 patients with asthma were tested. Fourteen 
individuals served as a control group, while fifteen people 
were treated with 0.1% Nigella sativa extract at a dose of 
15 mg/kg body weight. Significant improvement (decreasing 
number of asthmatic attacks, no wheezing) were seen in the 
patients using the extract compared to the control group [8]. 

Asystasia gangetica L. is a very popular medicinal plant 
in Nigeria and was tested for its spasmolytic and anti-inflam-
matory properties. Its potency was found to be dependant 
on the solvent used for extraction. Other plants with proven 
anti-asthmatic potential are Allium sativum (garlic), Allium 
ascolanicum (shallot), Anacardium occidentalis (cashew), 
Zingiber officinale (ginger), Mimosa pigra (mimosa), 
Eugenia aromatica (clove). All of these can be a rich source 
of extracts and components for functional foods use [9].

ENRICHED FOODS AND CHRONIC OBSTRUCTIVE 
PULMONARY DISEASE (COPD)

Chronic obstructive pulmonary disease (COPD)  
is a major respiratory disease and the third leading cause  
of death in the world after coronary heart disease and stroke. 
The symptoms of this clinical condition manifest by airway 
obstruction and chronic respiratory failure combined with 
permanent inflammation. Chronic obstructive pulmonary 
disease can be often caused by toxins inhalation, including 
those derived from cigarette smoke. These toxins induce 
chronic inflammation of the respiratory system and alveoli, 
followed by chronic bronchitis and bronchiolitis, and ulti-
mately emphysema. Moreover, hyperplasia of the glands 
secreting mucus into the respiratory tract, inflammatory 
infiltration and pulmonary fibrosis can occur.

Fruits and vegetables rich in vitamins C and E can be 
useful in preventing and treating COPD. Research has 
noticed that smokers with high oxidative stress are more 
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susceptible to antioxidant supplementation. For non-smokers,  
the daily protective dose of vitamin C is 60 mg/day, while 
for smokers it is 100mg/day [10]. The contained kaempferol, 
isorhamnetin, quercetin, engelerin and caffeine n-butyl ester 
of the the genus Similax, as well as the gingerol obtained 
from ginger Zingiber officinale were found to inhibit acti-
vation of factor NF-kB, which is involved in the formation  
of the inflammatory process in the respiratory system [1].  
In addition, the curcumin present in Curcuma longa was 
shown to be effective in the experimental treatment of bron-
chitis and emphysema. Its effect on the reduction of COPD-
specific molecular parameters, the amount of oxidants, and 
the extent of inflammation have been underlined [3].

Traditional Chinese Medicine is a valuable source of 
plant material for the production of functional food. The 
effectiveness of many plant extracts (schizander, crotch, 
ginger, ginseng) has been reported. These are known to 
enhance the antigen-specific antibodies located in the respi-
ratory mucus and to increase the resistance of the respi-
ratory tract itself, as well as to reduce inflammation [1]. 
The traditional medicine of India and Mexico can also be 
extensively mined for functional food uses. For instance, 
Ocimum sanctum L. (holy basil) is useful in the treatment 
of bronchitis and cold; Argemone ochroleuca L., because 
of its berberine content, relaxes tracheal muscles and this is 
helpful in the treatment of COPD; Thyme extract (Thymus 
vulgaris L.) inhibits endothelin-induced tracheal contraction 
which also benefits asthma and COPD patients [11].

IMPACT OF DIET ON THE PREVENTION  
OF ALTITUDE SICKNESS

A common definition of mountain sickness was estab-
lished during the Lake Louise Conference international sym-
posium, where the main theme concerned various aspects of 
hypoxia and its impact on the human body. At that time, all 
known symptoms of the high-altitude disease were collected 
and adjusted to severity (Table 1) [12].
Table 1. Lake Louise criteria [12]

Condition Symptoms

Acute Mountain Sickness  
(AMS)

Headache, breathlessness, insomnia, 
nausea, anorexia

High-Altitude Cerebral Edema 
(HACE)

Changes in mental state or motor 
coordination, people with already 

developed or not developed acute high 
mountain disease

High-Altitude Pulmonary Edema 
(HAPE)

At least two of the following symptoms: 
sleep apnoea, weakness or decrease 

physical endurance, chest tightness or 
embolism, and auscultatory crackling or 
wheezing in at least one lung, cyanosis, 

rapid breathing, increased heart rate

Altitude sickness is mainly caused by reduced oxygen 
availability as a result of lowered atmospheric pressure 
(hypobaric hypoxia). Despite the fact that the percentage of 
oxygen in the atmosphere is constant (about 21%), as a result 
of the altitude increase, the atmospheric pressure decreases, 
and the air becomes increasingly thinner. All this in a short 
time and without proper physical preparation of the body 
gives symptoms of hypoxia. The most effective method of 
adapting to the low-pressure conditions is an appropriate 
acclimatization, sometimes lasting even several weeks. 
Persons whose acclimatization did not proceed properly or 

was intentionally abandoned are exposed to various types of 
altitude diseases, including acute mountain sickness (AMS – 
Acute Mountain Sickness), high altitude pulmonary edema 
(HAPE – High-Altitude Pulmonary Edema), high altitude 
brain edema (HACE – High-Altitude Cerebral Edema) or 
the much milder ‘alpine headache’. Because each organism 
is different, climbers also react differently to changes in 
altitude. Hence, it is very difficult to predict who will get 
symptoms and who will not. The course consists of accli-
matization – whole series adaptation processes that must 
carry the body to become accustomed to the reduced oxygen 
content in the blood.

Through knowledge of genomics, proteomics, metabo-
lomics, transcriptomics, it becomes easier to understand 
the mechanism by which high-altitude diseases are caused. 

It has been shown that hyperbaric hypoxia, associated 
with mountain anorexia and impaired intestinal absorption, 
induces weight loss. The level of oxygen saturation in the 
body is also significant, saturation about 70% is necessary 
for maintaining adequate absorption in the small intestine. 
In the past, scientists have repeatedly argued over the role 
of carbohydrates during acclimatization - whether it have 
an impact on fat metabolic activity, if the carbohydrate level 
depends on the altitude, and whether extensive physical 
exercise at sea level has a positive effect on alpine sickness. 
There is little evidence that prolonged (or sudden) exposure 
to high activity increases the demand for a particular micro-
nutrient, although there are reports of the benefits of addi-
tional iron and vitamin E supplementation [13]. Studies on 
the effects of temperature and energy expenditure, however, 
suggest that in the case of exposure to ultraviolet radiation 
with a reduced oxygen level in the atmosphere, supplemen-
tation with antioxidants would be indicated. So, what would 
happen if all these ingredients were supplied via food intake 
rather than by the traditional vitamin tablets? 

At high altitudes, prolonged consumption of vitamins and 
other substances with antioxidant properties can prevent the 
slowing of blood flow and tissue changes due to free radical 
release [14]. Effective usage of functional foods can aid in 
maintaining or increasing blood flow, as well as positively 
affecting the deformability of the red blood cell membrane, 
thus improving oxygen transport to tissues, hence having 
beneficial effects on the body acclimatizing to mountain alti-
tudes. The dietary mechanisms affecting membrane fluidity 
include supplementation with polyunsaturated fatty acids 
and carbohydrate. Moreover, it also seems reasonable to 
supplement the diet with iron preparations that support the 
synthesis of hemoglobin at high altitudes [15].

In 2002, a group of Spanish climbers attempted to climb 
the 710 m high Jannu Mountain in the Himalayas. The aim 
of the study was to analyze and evaluate the diet used by 
the climbers. All participants of the expedition aged 27 to 
42 years had considerable mountain experience and were 
in excellent physical condition. The experiment showed 
that the climber’s daily caloric demand was in the range of 
3800-6000 kcal depending on the physical activity carried 
out during the climbing.

Observed weight loss (15% at an altitude of 5300-8000 m)  
can significantly affect the weakening of both mental and 
physical conditions [13]. Some studies suggest that taking 
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in a certain amount of carbohydrates improves blood oxy-
genation and provides a more efficient source of energy 
compared to fats and protein. Consuming proteins at the 
appropriate, recommended level, in combination with liquid 
glucose, was shown in research to have a positive effect 
on the proper functioning of the body in high catabolism 
situations. As demonstrated, the diet used during the Jannu 
mountain trip (rich in fats, low in carbohydrates) was not 
conducive to acclimatization, because the metabolism  
of excessive amounts of fats required increased oxygen 
supply, which in turn was at the expense of hypoxia of other 
tissues. It should be noted that insufficient carbohydrate 
intake results in weaker muscle strength and liver regen-
eration, leading to hyperglycemia, protein catabolism and 
weight loss. 

Some scientists have conducted research into the use 
of antioxidants as anti-inflammatory and oxidative stress-
reducing substances. Among the plants that were researched, 
special attention was given to Ginkgo biloba (Ginkgo 
biloba). The use of ginkgo biloba as an ingredient of func-
tional food for athletes was found to be most justified. Its 
strong influence on blood vessel conditions (including 
cerebral vessels) and impact on cognitive functions and 
memory has been known for centuries. In addition, it was 
found to inhibit the formation of blood clots that could result 
in serious damage to health or death for people staying at 
high altitudes in states of chronic hypoxia [16].

Subsequent reports about the effectiveness of natural 
substances in the process of acclimatization made refer-
ence to studies on the use of the popular Mediterranean 
plant Sideritis scardica or Iron plant. Traditionally, infusions 
from the flowers and stems of this interesting plant have 
been considered a panacea for many diseases. Investigations 
demonstrate that it has anti-inflammatory, antiseptic and 
soothing effects. More importantly, the extract was found 
to be helpful in all diseases related to respiratory failure.  
In addition, infusions of iron plant was discovered to lower 
blood pressure, which has a positive effect on the entire 
circulatory system and is desirable during acclimatization. 
It also has antioxidant effects and prevents the development 
of oxidative stress at significant heights. 

The chemical composition of sideritis extract also 
deserves attention as it contains, among others, flavonoids, 
diterpenes, steroids, iridoids, coumarins, lignans and 
essential oils [17]. The presence of polyphenols, including 
hydroxy-cinnamic acid, is most likely responsible for the 
beneficial effects in acclimatization, namely, enabling an 
increase in blood flow to the brain, an increase in oxygen 
saturation, a decrease in height-induced headache, and 
an increase in climber’s cognitive functions. The action 
mechanism of the extract is related to the ability of poly-
phenols to prevent the reuptake of monoamine neurotrans-
mitters. Researchers also compared effects of Sideritis 
scardica extract with Gingko biloba extract. Compared 
to the control group receiving placebo, the group treated 
with sideritis extracts showed better and faster recovery 
time and the ability to exert greater effort. What is more,  
Sideritis scardica was found to be more effective when 
tested for hemoglobin oxygenation enhancement and 
increased oxygen saturation in the prefrontal cortex during 

cognitive tests [18]. Therefore, thanks to its properties, this 
plant could be a perfect material for the production of func-
tional food supporting acclimatization.

Bee bread is another noteworthy substance. It is a sub-
stance produced by bees and it is a complex of pollen mixed 
with honey and preserved by bees in a fermentation process. 
The chemical composition of bee bread is extremely rich 
and contains proteins (10-40%), carbohydrates (fructose 
and glucose), saturated and unsaturated fats (phospholipids 
and phytosterols), polyphenolic compounds (flavonoids, 
phenolic acids, leukotrienes, catechins), triterpenic com-
pounds (oleanate and ursulic acid), as well as huge deposits 
of micro- and macroelements. Its strengthening effect has 
been recognized by climbers for many years. In addition,  
it has been shown to stimulate the haematopoietic system  
to produce hemoglobin and erythrocytes, even in cases 
where iron supplementation were not effective. This property  
is extremely valuable for acquired acclimatization in the 
high mountains [19].

CONCLUSIONS

Globally, respiratory diseases are one of major causes  
of death. Unfortunately, modern medicine cannot completely 
heal many of the afflicted. Ancient literature and traditional 
medicine can help to solve this problem. Since time imme-
morial, plants have been successfully used in treating respi-
ratory diseases due to their antitussive, expectorant, spasmo-
lytic and antipyretic properties. Thanks to our knowledge  
of science, we can focus on acquiring specific compounds 
for specific purposes. To avoid the use of classic medicines, 
the an emphasis can be placed on prevention. Functional 
foods, in addition to preventive action, can support the treat-
ment of already existing diseases.
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