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Review Paper 
The Mechanism of Action and Potential Impact of Flaxseed 
on Gastrointestinal Manifestations in Cystic Fibrosis: A Narra-
tive Review

Background: Cystic fibrosis (CF) is an inherited disease, which leads to death at a young age. No 
definite treatment has yet been found for CF. Therefore, it is important to find new therapeutic 
and medicinal approaches for CF. Flaxseed is an antioxidant dietary and anti-inflammatory 
supplement with a high omega-3 fatty acid content. 

Objectives: In this article, the mechanism of action of flaxseed as a novel supplemental 
treatment for CF is discussed.

Methods: In this review, we searched Iranian traditional medicine (ITM) sources, such as Zakhire 
Kharazmshahi and Canon of Medicine. Then, from inception to October 2020, data sources, 
including Google Scholar and PubMed in the English language were comprehensively explored 
for the mechanism of action of this herbal remedy on CF.

Results: Flaxseed may possess effects on CF gastrointestinal disorders due to its properties, 
including consumer acceptance as a functional food, being the best non-animal reservoir of 
omega 3 fatty acid, alpha-linolenic acid (ALA), and soluble fiber, as well as its anti-inflammatory 
and antibacterial effects with modulating intestinal microbiota. 

Conclusions: Regarding the mentioned potential mechanisms of action, it could be hypothesized 
that flaxseed can be served as a novel medicine for CF.
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1. Context

he cystic fibrosis transmembrane conductance 
regulator (CFTR) protein deficiency causes cys-
tic fibrosis (CF), which is an autosomal reces-
sive disease and is one of the most frequent 
lethal genetic disorders in Caucasian people 
(1). CFTR regulates salt and water transepi-

thelial transport in numerous duct epithelial surfaces 
(2). One in every 2000-3000 live newborns is diagnosed 
with CF. Reduced transepithelial Cl secretion and an 
imbalance in water and epithelial electrolyte homeo-
stasis are caused by CFTR failure (3-5). In patients, se-
rious issues in several tissues, including exocrine pan-
creatic dysfunction and intestinal blockage resulting 
in the absence of CFTR protein and/or its dysfunction 
(6, 7). The digestive complications in CF are due to the 
production of thick and sticky mucus due to impaired 
transfer of water and chloride, which leads to obstruc-
tion of the ducts and prevents the release of digestive 
enzymes into the intestine. Therefore, the digestion and 
absorption of food are impaired in CF (8). Insufficiency 
in pancreatic enzymes leads to malabsorption and mal-
digestion of fat, fat-soluble vitamins, and protein (9). A 
key component of challenging standard clinical care is 
fat malabsorption therapy to optimize the nutritional 
status and growth of patients with pancreatic insuffi-
ciency, like CF (10). So to reduce the CF complications 
in patients, such as failure to thrive, pancreatic enzyme 
replacement therapy (PERT) and optimization of nutri-
tional deficiencies have been used. Also, these parts 
of CF treatment can improve chronic lung disease and 
quality of life (9). Also, anti-inflammatory medications, 
including corticosteroids, ibuprofen, macrolides, anti-
oxidants, and anti-proteinases have been proposed for 
CF for about the last two decades (11).

Because of the intricacy of the medication regimen 
in chronic illnesses, patients only comply with approxi-
mately half of their treatments. Therefore, therapeutic 
objectives and patients’ lifestyles must be adjusted (12). 
Health care practitioners have considered the use of 
complementary and conventional medicine to lessen 
the signs of CF in recent years, and roughly 66% of CF 
patients have utilized one of the alternatives or supple-
mentary techniques (13).

Complementary and traditional medicines are the 
origins of new and usually natural medications. Iranian 
Traditional Medicine (ITM) is one of the oldest and most 
valuable traditional medicine (14, 15). ITM history goes 
back thousands of years ago (16). Iranian Muslim physi-
cians, like Avicenna (980–1037AD), and many others in 

the early medieval had an effective role in the flourish-
ment of ITM (17, 18). Numerous manuscripts by these 
physicians, including the Canon by Avicenna, were used 
as a textbook in western and eastern Universities un-
til the four last centuries (14). These important manu-
scripts were written and practiced in Iran till the three 
last centuries and various Iranian physicians supported 
the subjects or drugs mentioned in these books from 
the 10th to the 18th century with at least 800 years by 
testing and examination (19). 

Knowing that nutritional supplements with anti-in-
flammatory effects have an important role in CF ther-
apeutics as an adjunctive therapy. In this study, we at-
tempted to introduce flaxseed, an Iranian traditional 
herbal medication, as a supplemental therapy for CF. In 
various Iranian medieval medical writings, this herbal 
medication is often referenced. Possible mechanisms 
and functions of flaxseed in CF were also investigated 
in this study. 

2. Materials and Methods

 The purpose of this review was to look at the impact 
of flaxseed on gastrointestinal signs induced by sticky 
and thick secretions in CF patients’ gastrointestinal 
ducts. ITM sources, such as Zakhire Kharazmshahi and 
Canon of Medicine were used to find relevant data, 
while data sources, like Google Scholar and PubMed, 
were searched without time constraints from concep-
tion to October 2020 using a mix of keywords, such as 
CFTR, cystic fibrosis, alpha-linolenic acid, flavonoids, 
omega-3, functional food, and gut microbiota. Flaxseed 
was investigated to determine the mechanism for ac-
tion potentials of flaxseed on CF.

3. Results

Flaxseed is approved to treat colon damage from laxa-
tive misuse, chronic constipation, diverticulitis, and ir-
ritable colon by the German Commission E. It is also 
used as a mucilage in the treatment of gastritis and 
enteritis. It is allowed for use as a local inflammatory 
poultice when applied externally (20). Also, flaxseed is 
a beneficial medicinal herb for the gastrointestinal tract 
and respiratory system according to its pharmacological 
effects, which were mentioned in ITM sources (Table 1) 
(21, 22).

Cystic Fibrosis in Iranian Traditional Medicine

Although CF is not addressed in ITM sources, it is cat-
egorized as a disease caused by the formation of viscous 
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secretions in the bodily ducts. We discussed flaxseed 
as a single herb indicated by ITM for the treatment of 
sticky, thick airway secretions and its benefits based on 
the current research. In ITM publications, flaxseed is 
the most often prescribed herb for various illnesses (22, 
23). Flax (Linum usitassimum) belongs to the Linaceae 
family (24). Almost all parts of the flaxseed are used for 
various purposes (25, 26). The use of flaxseed has been 
common among people since ancient times (27). To-
day, in more than 50 countries, mostly in the Northern 
hemisphere, flaxseed is cultivated (28). Protein, fat, in-
soluble and soluble fibers, phenolic substances, linatine, 
trypsin inhibitor, lignans (phytoestrogens), vitamins, 
minerals, and selenium can be found in flaxseed (29). 
Flaxseed has anti-inflammatory properties as well (30-
35). Flaxseed has been shown to slow the development 
of atherosclerosis (36-38), lower blood sugar in type 2 
diabetics (39, 40), change the bacterial ecology in the 
intestines of animals (41, 42), and has anti-cancer prop-
erties (43, 44). 

Flaxseed is described in traditional Iranian literature 
and is commonly utilized in ITM as a therapy for sticky 
and thick secretions (22). In this review, we tried to in-
troduce the potential effect of flaxseed on the polyun-
saturated fatty acids (PUFAs) malabsorption in CF pa-
tients.

Expected mechanisms of action of flaxseed in CF gas-
trointestinal manifestation

Based on the main physiopathological opinions about 
CF, it seems that flaxseed can be a hypothetical choice 
for the development of herbal complementary medi-
cine to manage gastrointestinal disorders due to CF. The 
reasons for this hypothesis are as follows:

Flaxseed is increasingly welcomed by consumers as a 
functional food (28, 45). It is a good reservoir of alpha-
linolenic acid (ALA) (28, 46) and omega-3 fatty acids (25, 
26, 47). The amount of ALA in flaxseed is about 55% and 

ALA is one of the active biological components in flax-
seed, which nutritionists and medical researchers are 
interested in it due to its potential health benefits (48). 
Flaxseed also includes roughly 30% of fibers in food, 
one-third of which are soluble viscous fibers (mucilage) 
(49). Increased fiber intake to 30g per day with addi-
tional water may alleviate gastrointestinal symptoms 
in certain persons with recurrent abdominal pain and 
increase energy intake and appetite in many patients on 
the CF diet, which is generally low in fiber (50).

Flaxseed as a functional food

Nutritional deficiency remains a big concern in CF pa-
tients. The CFTR mutation causes nutritional deficien-
cies by causing the development of excessively sticky 
and thick mucus, which interferes with the digestion 
and absorption of nutrients, particularly fat-soluble vi-
tamins and fat, and prevents the entry of digestive en-
zymes into the intestine. Therefore, food is not digested 
or absorbed properly in CF, resulting in maldigestion and 
malabsorption. Bacterial overgrowth, intestinal inflam-
mation, exocrine pancreatic insufficiency, dysfunction 
of enteric circular muscle, and bicarbonate and bile acid 
secretion impairment are known as associated compli-
cations in CF patients (8). The essential fatty acid (EFA) 
abnormal metabolism is a current issue in CF patients 
(51) and they have fewer EFAs in their plasma than the 
normal control group (52). Accordingly, omega-3 fatty 
acid supplementation shows effective therapeutic ef-
fects (53). More than ten studies have evaluated the 
potential and clinical benefits of omega-3 fatty acid 
supplements in CF (52). Therefore, a necessary part of 
multidisciplinary care for CF patients is nutritional man-
agement. Despite ongoing nutritional disputes from di-
agnosis, the principal goals of nutritional management 
are to ensure normal growth, and development and to 
produce and maintain the intake of high-quality nutri-
tion throughout life (54-56).

Table 1. Pharmacological effects of flaxseed on the gastrointestinal tract and respiratory system according to ITM sources

The Human Body System Flaxseed Effects

Gastrointestinal tract

Relieving inflammation of the stomach and intestines
Relieving pain and ulcers of the gastrointestinal tract

Laxative effect as well as the cessation of diarrhea
Anti-inflammatory effects on the liver

Respiratory system

Clearance and separation of the sticky mucus 
Bronchodilation

Clearing airways sputum more easily
Effective on rhinitis and sinusitis
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Plant-based foods are especially considered a simple 
way to incorporate the conceptions of health via natu-
ral products into our diet (57). Requisition for medicinal 
plants is increasing due to a growing recognition that 
most natural products have no side effects, are non-
toxic, and are easily available at a low price. Medicinal 
plants are also rich in antioxidant compounds, which are 
known to help the human body defend against many 
disorders, inflammatory conditions, digestive complica-
tions, arthritis, and diabetes. Due to the growing bur-
den of these diseases, it becomes more essential than 
ever to survey the use of nutritionally-rich natural foods 
in the development of generally consumed functional 
foods (58). Various definitions exist for functional foods 
as follows: 1. ‘Healthful products, consisting of modi-
fied food or ingredient that may supply health benefits 
over traditional ingredients’ (59), 2. ‘Foods that possess 
physiologically active compounds and thus, supply a 
health benefit over basic nutrition’ (60).

The importance of flaxseed as a functional food in the 
world’s food chain is being established (45). Due to its 
potential health profits and great nutritional profile, 
flaxseed has become a significant ingredient in diets, 
particularly designed for special health benefits (28). 
Also, flaxseed according to the previously mentioned 
in this essay is a good source of ALA as a part of PUFA; 
thus, it seems that flaxseed could be used as a function-
al food for EFA disorder in CF patients.

Flaxseed and gut microbiome-dependent malnutrition

Microbes in the gastrointestinal tract (for example, 
gut microbiota) work with the human host to perform 
a number of functions that the host alone cannot per-
form. Although it is incompletely understood, the gut 
microbiota is involved in a variety of host functions, 
including intestinal function and development, drug 
metabolism, and micronutrient synthesis. Also, gut 
microbiota plays an important role in harvesting, stor-
ing, and consuming energy obtained from the diet (61). 
Recently published studies have shown that human dis-
eases, including CF, are associated with gut microbiota. 
In addition, chronic inflammation of the intestine, even 
in the absence of gastrointestinal symptoms, is present 
in most CF patients. Although there are studies on the 
relationship between inflammation and gut microbiota 
composition in CF, only one study showed that there is 
a relation between gut microbiota and intestinal inflam-
mation in CF that suggests the key role of the intestinal-
pulmonary axis in the CF evolution (62). Thus, in this 
part of the essay, we hypothesized that flaxseed with its 

anti-inflammatory effects could be a beneficial herb for 
malnutrition due to gut inflammation in CF.

According to one research, barley skin and flaxseed 
supplements in the diet of developing pigs affected the 
gastrointestinal microbiome’s growth, composition, and 
function, depending on the physicochemical qualities of 
the source of dietary fiber and the intestinal segment 
(63). One study showed that extra virgin olive and flax-
seed oils could affect intestinal microbiota, increase in-
testinal immunity, and help maintain metabolic health 
in mice (64). One study found that flaxseed had anti-
inflammatory, antibacterial, and antispasmodic effects 
through a variety of pathways that could offer promising 
potential for the treatment of inflammatory bowel dis-
ease (IBD) (65). One study found that daily consumption 
of flaxseed mucilage for six weeks could improve insulin 
sensitivity and intestinal microbiota in obese individuals 
(49). Also, flaxseed oil inhibited prostaglandin E2 (PGE2) 
(30). PGE2 inhibits macrophage, neutrophil, and Th1 
function and enhances Th2, Th17, and T regulatory re-
sponses (35). As a result, flaxseed oil has the potential 
to modulate immunological responses. Flaxseed oil also 
reduces inflammation caused by arachidonic acid (AA) 
by decreasing the inhibitory capacity of both lipoxygen-
ase and cyclooxygenase, which are involved in the me-
tabolism of AA (30).

Flaxseed and omega-3

For normal growth and function in the human body, 
PUFA, linoleic acid (LA) (n-6 or, 18:2 omega-6), and al-
pha-linolenic acid (ALA) (n-3 or, 18:3 omega-3) are nec-
essary and should be obtained from a dietary source. 
Omega-3 fatty acids have been found to play a crucial 
role in membrane integrity and anti-inflammatory re-
sponse. Some of the benefits of omega-3 fatty acids in 
inflammatory diseases and the fabrication of AA from 
LA, consisting of docosahexaenoic (DHA) and eicosa-
pentaenoic (EPA) acids, include lowering the production 
of proinflammatory metabolites from the omega-six 
fatty acid family and enhancing the biologically less-
active omega-3 end products. The exact mechanism of 
reduced LA levels in CF is unknown. The enhancement 
of the omega-six fatty acid pathway’s metabolism has 
been identified as a possible mechanism (52, 53).

All dietitians recommend including an omega-3 fatty 
acid source in the diet, and flaxseed is the ideal omega-3 
fatty acid source for those who do not consume fish (25, 
26). ALA is a key component of flaxseed, which is an 
important source of omega-3 fatty acids in vegetarian 
diets (25, 26, 47). It is also one of the most important 
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PUFAs (66). Flaxseed oil has six times the quantity of 
omega-3 found in fish oil. Much clinical research has 
shown a link between oral PUFAs and anti-inflammatory 
actions in the body. Oral delivery of omega-3 fatty acids, 
such as DHA, ALA, and EPA from fish oil or flaxseed oil, 
suppresses the production of pro-inflammatory eico-
sanoids and cytokines, including IL-1b, TNF-a, prosta-
glandin E2, and thromboxane B2 (67).

3. Conclusions

CF is one of the most common lethal diseases among 
Caucasians. The buildup of abnormally thick mucus due 
to impaired chloride and water transport due to CFTR 
mutation caused digestive problems in CF patients. 
Digestive enzymes are prevented from entering the in-
testine due to the effect of the thick and sticky mucus 
on obstructing the gastrointestinal ducts. This conse-
quently results in impaired digestion and absorption of 
food, especially fat, fat-soluble vitamins, and omega-3. 
Therefore, nutritional deficiency may occur in these 
patients. The herbal substance, flaxseed, presented in 
this study for the complementary management of CF is 
supported by classical Iranian traditional texts as well 
as recent investigations. Although there are no specific 
in-vitro studies about the effect of flaxseed on CFTR, ac-
cording to the research stated, flaxseed is a functional 
food suggested for the treatment of disorders with 
excessive sticky and thick secretions. This review pre-
sented some of the ingredients of this herb and also its 
effects on CF nutritional deficiency due to its potential 
nutritional value as the best reservoir of omega-3 fatty 
acid to non-fish eaters, and a good reservoir for ALA 
as a part of PUFA; thus, it seems that flaxseed could 
be used as a functional food for EFA disorder in CF pa-
tients. Also, by reducing the inhibitory capability of both 
lipoxygenase and cyclooxygenase in AA metabolism, it 
exerts anti-inflammatory actions by inhibiting PGE2 and 
AA-induced inflammation indicating this medicinal herb 
as a potential anti-inflammatory herb that could be a 
beneficial agent for malnutrition due to CF gut inflam-
mation and gastrointestinal microbiome dysbiosis. This 
functional food may be a good complement and alter-
native to traditional drugs with fewer side effects. To 
develop standard pharmaceuticals as supplemental and 
alternative therapies for CF, systematic validation stud-
ies are required. Some of the components found in this 
plant seem to be useful in the development of novel 
medications.
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