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A b s t r a c t 

Introduction: Linum usitatissimum seed or flax seed is known as a potential 
candidate as a remedy to treat various diseases in many traditional medi-
cines around the world. In the current study, the antioxidant, cytotoxicity, 
and anti-human lung cancer properties of Linum usitatissimum seed were 
investigated in in vitro conditions. 
Material and methods: Antioxidant activity of the plant was analyzed using 
radical scavenging activity and ferrous ion chelating assay. 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay was used 
to evaluate anti-lung cancer properties of the plant.
Results: The plant extract scavenged 2,2-diphenyl-1-picrylhydrazyl (DPPH) as 
a  free radical with an IC50 of 34.2 ±0.9 µg/ml. The plant was also found to 
be rich in phenolic compounds with 294.8 ±2.3 mg GAE/g for total phenolic 
content. Cell viability of Linum usitatissimum seed was very low against lung 
poorly differentiated adenocarcinoma (PC-14), lung moderately differentiated 
adenocarcinoma (LC-2/ad), and lung well-differentiated bronchogenic adeno-
carcinoma (HLC-1) cell lines without any cytotoxicity towards the normal cell 
line. The best anti-human lung cancer properties of Linum usitatissimum seed 
against the above cell lines were observed in the case of the PC-14 cell line. Ac-
cording to the above findings, Linum usitatissimum seed may be administered 
for the treatment of several types of human lung cancer in humans. According 
to the results, the IC50 values of plant extract against lung poorly differentiated 
adenocarcinoma (PC-14), lung moderately differentiated adenocarcinoma (LC-
2/ad), and lung well-differentiated bronchogenic adenocarcinoma (HLC-1) cell 
lines were found to be 392, 483, and 564 µg/ml, respectively. 
Conclusions: It appears the recent formulation can be used as a novel che-
motherapeutic supplement in humans.

Key words: Linum usitatissimum seed, anticancer, cytotoxicity, human lung 
cancer, chemotherapeutic supplement. 
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Introduction

There are some organs in the body with clear 
functions. The lung is the most important organ in 
respiratory gas transformation such as CO2 and O2 
[1]. Cancer, emphysema, tuberculosis, pulmonary 
hypertension, Chronic obstructive pulmonary dis-
ease (COPD), cystic fibrosis, bronchitis, allergies, 
tuberous sclerosis, influenza, pneumonia, and 
asthma are the main diseases of the lung. The com-
mon signs of lung adenocarcinoma are dysphagia, 
shortness of breath, wheezing, coughing up blood, 
weight loss, chest pain, fatigue, weakness, shoul-
der pain, cough, and hoarseness. Lung adenocar-
cinoma symptoms are blurred vision, headaches, 
seizures, and weakness [1–3]. Of course, familial 
predisposition, air pollution, exposure to radon gas, 
diesel exhaust, asbestos fibers, smoking, and radi-
ation therapy increase the occurrence of lung ade-
nocarcinoma [3]. Radiation therapy, targeted thera-
py, immunotherapy, chemotherapy, and surgery are 
the therapeutic options for lung adenocarcinoma 
[4]. Due to the high side effects of chemotherapy, 
researchers are studying new formulations such as 
herbal medicine to treat lung adenocarcinoma [5].

Science history is an enticing field of humani-
ty’s interdisciplinary knowledge and study. Medi-
cal science is one of the interesting fields of sci-
ence history throughout the world, as the ancient 
civilized nations have a long medical history with 
world-famous citizens [6]. From ancient times and 
when man entered the world, he always strove 
for a better livelihood to meet his needs. In this 
regard, gaining valuable experiences created only 
by chance has led to the use of nature to improve 
life for consecutive years [6, 7]. The most valuable 
experience that is now a relic of the ancients and 
the wealth gained from them by modern man is 
plants as the most natural substances around 
him for the treatment and even prevention of 
diseases, which of course is easier than cure [8, 
9]. The science of using medicinal plants is one 
of the most important medical sciences in the 
world and its importance was such that some 
countries tried to plant and harvest some of the 
most important ones [6, 7]. Today, despite the 
high volume of chemical products with chemical 
sources, as well as the occurrence of various and 
incurable diseases, and the rapid treatment of dis-
eases with synthetic drugs that reduce the pain 
and suffering of the disease, replacing medicinal 
plants for their treatment, which has a treatment 
process almost as long as chemical drugs, seems 
difficult and even unlikely [8–10]. Ethnomedicinal 
herbs as a source of necessary chemical composi-
tions gained much attention to treat, control, and 
prevent many ills and promote body health [11, 
12]. Many plants are used for their antibacterial 
properties [13, 14]. Due to the current progression 

in the methodology of herbal extraction, ethno-
medicinal plants are extracted in various sorts 
[15, 16]. One of the medicinal plant compound 
extraction methods is aqueous extraction [7, 8]. 
In recent years, interest in aqueous extracts for 
pharmacological experiments has increased, and 
it appears that the aqueous extracts have been 
useful to treat, control, and prevent animal and 
human bacterial infections [9–11]. 

In recent years, it has been shown that tradi-
tional medicine herbs play an important role in 
the prevention and treatment of various cancers. 
Some of these plants are used directly to treat can-
cer, and some reduce the toxic effects of chemo-
therapy drugs [4–6]. One of these plants is Linum 
usitatissimum. It is an annual, diploid, herbaceous 
plant with erect stems and lanceolate leaves with 
blue petals. Linum usitatissimum seeds are avail-
able in two colors, brown and golden yellow. This 
plant is cultivated every year in a  large number 
of countries including the United States, Argenti-
na, Uruguay, India, Austria, Hungary, and China. It 
is also considered native to the Middle East and 
has grown as a plant in hot and dry climates of 
Iran [12–14]. Linum usitatissimum seed oil con-
tent varies between 42% and 59%. Linum usita-
tissimum seed dry matter decomposition showed 
that it contains 41% fat, 28% dietary fiber, 21% 
protein, 4% ash and 6% other carbohydrates such 
as sugar, phenolic acid, lignan and hemicellulose. 
Linum usitatissimum seed is a valuable source of 
phenolic and antioxidant compounds and one 
of the richest sources of the healing chemical is 
α-linolenic acid. Linum usitatissimum seed has the 
most appropriate ratio of omega-3 and omega-6 
fatty acids [15–17]. This seed contains a  type of 
soluble fiber called mucilage. Of course, most 
plants contain the chemical lignan, but Linum usi-
tatissimum seed contains about 75 times more 
of this healing chemical than any other plant. 
Experiments measuring phenolic compounds, fla-
vonoids and the percentage of free radical scav-
enging confirmed the existence of large amounts 
and high inhibitory power of these compounds in 
Linum usitatissimum seed oil extract [16, 17]. The 
presence of phenols, flavonoids, saponins, tan-
nins, terpenoids, proteins, cardiac glycosides, and 
functional groups in Linum usitatissimum seed 
was confirmed [15–17]. Linum usitatissimum seed 
reduces the growth of existing tumors, and other 
chemical compounds in Linum usitatissimum seed 
called lignans appear to prevent the formation of 
new tumors [12]. Lignans are plant compounds 
that inhibit the activity of estrogen in cells and 
reduce the risk of some cancers. The lignans with 
the highest content in Linum usitatissimum seeds 
are derivatives of secoisolariciresinol diglucoside 
(SDG), which is converted to the biologically ac-



Antioxidant, cytotoxicity, and anti-human lung cancer properties of Linum usitatissimum seed aqueous extract in in vitro conditions:  
a pre-clinical trial study 

Arch Med Sci� 3

tive lignans enterodiol and enterolactone by bac-
teria in the large intestine of humans and other 
animals [18, 19]. The structure of enterodiol and 
enterolactone resembles an endogenous estro-
gen. This similar structure gives them the ability 
to bind to estrogen receptors and exhibit anti-can-
cer and antioxidant activity. The α-linolenic acid 
in Linum usitatissimum seed protects against the 
formation of cancer clones due to its high antioxi-
dant activity [12, 18, 19].

In the present study, we determined anti-lung 
adenocarcinoma effects of Linum usitatissimum 
seed aqueous extract against PC-14, LC-2/ad, and 
HLC-1 cell lines. 

Material and methods

Preparation of the plant extract 

The seeds of Linum usitatissimum were ground 
and macerated in ethanol : water (70 : 30) for  
48 h. Next, the solvent was evaporated using 
a Heidolph evaporator (50°C). Then the obtained 
extract was dried under a hood.

Determination of total phenolic content 
(TPC)

The methods of Mohsen Abadi et al. were used 
to evaluate the total phenolic content (TPC), total 
flavonoid content (TFC), radical scavenging activi-
ty (RSA) and ferrous ion chelating (FIC) of the plant 
extract [20].

1 ml of Folin-Ciocalteu’s reagent (10% in dis-
tilled water) was added to 1 ml of the plant extract 
(100 µg/ml in methanol) and 3 ml of distilled wa-
ter. After 10 min, 4 ml of Na2CO3 (5%) was added 
and shaken vigorously. The reaction mixture was 
put in a dark place for 2 h at room temperature. 
The absorbance was read at 760 nm using a Cary 
50 UV-Vis. instrument. The analyses were repeat-
ed three times. The extract TPC was measured ac-
cording to mg GAE/g extract (GAE), that is, mg of 
gallic acid equivalent per gram of dried extract.

Determination of total flavonoid content 
(TFC)

1 ml of AlCl3 in methanol (2%) was poured into 
2 ml of the plant extract solution (100 µg/ml). The 
mixture was kept at room temperature for 30 min. 
Next, the absorbance was read at 415 nm. The 
analyses were carried out in triplicate. A standard 
curve of rutin was used to calculate the extract 
TFC in terms of mg RuE/g extract.

Determination of radical scavenging 
activity (RSA) 

3 ml of the extract in methanol (20–100 µg/ml) 
was added to 2 ml of DPPH (0.1 mM). Then, the re-

action mixture was stirred and kept in a dark place 
for 1.5 h. Next, the optical density was read at  
517 nm. The result was compared to the positive 
controls of butylated hydroxytoluene (BHT) and 
α-tocopherol (Toc). The assay was run in triplicate. 
The following equation was used to calculate the 
RSA: RSA% = [(Ac – As)/Ac] ×100. Ac is the control 
(DPPH solution without extract) absorbance; As is 
the extract absorbance (extract with DPPH solu-
tion).

Ferrous ion chelating ability assay

200 µl ferrozine (5 mM) was added to 100 µl 
of FeSO4 (2 mM), 1 ml of the plant extract solu-
tion in methanol (80–320 µg/ml), and 2 ml of 
distilled water. The reaction mixture was vibrated 
and incubated at room temperature for 10 min. 
The mixture absorbance was analyzed at 562 nm. 
All measurements were carried out three times. 
EDTA and AscA (ascorbic acid) were used as the 
positive controls. The following equation was used 
to express the plant extract FIC: % Inhibition =  
((A

c
 – A

s
)/A

c
) × 100. A

c
 is the control (contains 

FeSO4, ferrozine, and water) absorbance, and A
s
 is 

the sample absorbance. 

Determination of anti-human lung 
adenocarcinoma effects of Linum 
usitatissimum seed 

In this assay, different human lung cancer cell 
lines, i.e., lung poorly differentiated adenocarcino-
ma (PC-14), lung moderately differentiated adeno-
carcinoma (LC-2/ad), and lung well-differentiated 
bronchogenic adenocarcinoma (HLC-1) cell lines, 
and also a normal cell line (HUVEC), were used to 
study the cytotoxicity and anti-human lung cancer 
potential of the Linum usitatissimum seed aqueous 
extract using the common cytotoxicity test i.e., 
MTT assay. 15 ml of RPMI 1640 medium contain-
ing 10% FSC (10 mg/ml penicillin and 100 mg/ml  
streptomycin) in a  culture flask was placed in 
a CO2 incubator for 2 h to equilibrate the medium. 
Under safe conditions (using insulated gloves and 
goggles) the frozen cell vial was removed from the 
nitrogen storage tank. To avoid the possibility of 
explosion of the vial (due to the possible entry of 
liquid nitrogen into the vial), loosen the lid, after 
disinfecting the outer surface of the vial with 70% 
alcohol, under the hood to remove nitrogen gas. 
Close the vial lid again and immediately melt it 
in a pan at 37°C. The melting process should be 
completed in about 1 min and the cells should be 
prevented from overheating. The medium was 
added dropwise to the vial and then its contents 
were taken out and centrifuged with the medium 
in 15 ml sterile test tubes. After centrifugation, 
the supernatant was removed and the cells were 
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suspended again in the medium and transferred 
to a  pre-prepared flask containing the medium 
and FBS and incubated [5]. 

The cell lines were cultured in RPMI 1640 me-
dium containing penicillin (100 IU/ml), strepto-
mycin (100 IU/ml), glutamine (2 mmol) and 10% 
fetal bovine serum (FBS). They were incubated at 
37°C and in an atmosphere containing 0.5 CO2. 
Cells began to grow in 75 cm2 T-flasks in 15 ml 
medium with an initial number of 1–2 × 106 cells. 
After three days and covering the flask bed with 
the cell, the adhesive layer on the bottom of the 
flask was separated enzymatically using trypsin- 
verson and transferred to a sterile test tube for 10 
min at 1200 rpm. The cells were then suspended 
in a fresh culture medium with the help of a Pas-
teur pipette and the suspension was poured into 
100-well plate flat wells (for cell culture) using an 
8-channel sampler of 100 μl. One column of wells 
was kept cell-free and as a blank containing only 
culture medium. Another column was considered 
to contain culture medium and healthy cells and 
other columns were considered to contain culture 
medium and cell line cells. One of these columns, 
which contained culture medium and cells and did 
not contain Linum usitatissimum seed aqueous ex-
tract, was considered as a control [5, 6].

The plates were incubated in the incubator for 
24 h to return the cells to normal from the stress 
of trypsinization. After this time, suitable dilutions 
of the prepared Linum usitatissimum seed aqueous 
extract (0–1000 µl/ml) and 100 μl of each dilution 
were added in columns to the plate wells (thus, 
the final concentration of the studied compound 
in the wells was halved. Therefore, the concentra-
tions were prepared twice as high to reach the final 
concentration after being added to the well). The 
cells were incubated for 37 h at 37°C and 5% CO2 
in the atmosphere. After 72 h, 20 μl of MTT solu-
tion (5 mg/ml) was added to each well. The plates 
were incubated for 3 to 4 h and then the residue 
was removed and 100 μl of DMSO was added to 
each well to dissolve the resulting formazan. After 
10 min, using shaking of the plates, the optical 
absorption of formazan at 570 nm was read using 

a plate reader. Wells containing cells without Linum 
usitatissimum seed aqueous extract were consid-
ered as a control and the optical density of wells 
without cells and only culture medium was con-
sidered as a blank. The percentage of cell viability 
was calculated using the following formula [5, 6]:  

Cell viability (%) = � × 100Sample A.
Control A. .

The closer the obtained value is to the IC50 of 
Linum usitatissimum seed aqueous extract, the 
stronger is the cell viability activity of the material. 
The graph of the IC50 of the Linum usitatissimum 
seed aqueous extract was produced by drawing 
the percent inhibition curve versus the Linum usi-
tatissimum seed aqueous extract concentration. 
First, three stock samples with variable concentra-
tions (0–1000 µg/ml) of Linum usitatissimum seed 
aqueous extract were prepared. Then, a serial di-
lution was prepared from each sample, and IC50 
of the above samples was measured separately, 
following which their mean was calculated [6].  

Qualitative measurement

The obtained results were loaded into the 
SPSS-22 program and evaluated by one-way  
ANOVA, accompanied by the Duncan post-hoc 
check (p ≤ 0.01).

Results and discussion

Antioxidant activity

The antioxidant activity results of the plant ex-
tract are tabulated in Table I. According to the re-
sults the extract was rich in phenolic compounds 
with TPC of 294.8 ±2.3 mg GAE/g. The value of 
53.7 ±1.2 mg RuE/g was measured for the plant 
TFC. These results are less than those of the Zhou 
et al. report [21]. The plant extract scavenged the 
free radical of DPPH with IC50 of 34.2 ±0.9 µg/ml, 
which is less than BHT as a positive control. Zhou 
et al. reported more radical scavenging activity for 
Linum usitatissimum seed extract with 19.3 ±1.1 
µg/ml [21]. However, 49.50 µg/ml was reported in 
another previous study [22]. The chelating activity 

Table I. Total phenolic content (TPC), total flavonoid content (TFC), DPPH radical scavenging activity (RSA), and 
ferrous ion chelating ability (FIC) of Linum usitatissimum seeds extract

Varaiable TPC [mg GAE/g extract] TFC [mg RuE/g extract] RSA IC50 [μg/ml] FIC IC50 [μg/ml]

Linum usitatissimum 
seed extract

294.8 ±2.3 53.7 ±1.2 34.2 ±0.9 234.5 ±1.4

BHT – – 23.9 ±1.2 –

TOC – – 46.2 ±2.6 –

EDTA – – – 59.2 ±1.5

AscA – – – 1247.2 ±2.8

Values are presented as means ± SD (n = 3).
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of the plant extract was measured for IC50 of 234.5 
±1.4 µg/ml, which was less than in the Zhou et al. 
study [21]. 

Investigation of anti-human lung cancer 
effects of Linum usitatissimum seed

The MTT assay is a  colorimetric procedure 
based on reducing and breaking of yellow tetra-
zolium crystals by the enzyme succinate dehydro-
genase to form insoluble purple crystals. In this 
method, unlike other methods, the steps of wash-
ing and collecting cells, which often cause the loss 
of a number of cells and increase the work error, 
have been eliminated and all test steps from the 
beginning of cell culture to reading the results 
with a photometer are performed on a microplate, 
so the repeatability, accuracy and sensitivity of the 
test are high [7–10]. If the test is performed on 

cells attached to the plate, an appropriate number 
of cells (about 2,000 cells) must first be cultured 
in each of the wells. Then we select the control 
and test wells and add the appropriate amount of 
mitogen or drug to the test wells and place the 
plate in the incubator for the required time so that 
the desired substance affects the cells [11]. At the 
end of the incubation time, the supernatant is 
discard and 200 μl of culture medium containing 
0.5 mg/ml of MTT solution is added to each well 
and it is placed again in a carbon dioxide incuba-
tor for 2 to 4 h at 37°C. During incubation, MTT 
is regenerated by one of the enzymes of the mi-
tochondrial respiratory cycle i.e., succinate dehy-
drogenase. The regeneration and breakage of this 
ring produce purple-blue crystals of formazan that 
are easily detectable under a microscope. At the 
end, the optical absorption of the resulting solu-
tion can be read at 570 nm and the cell number 

Figure 1. Anti-human lung cancer properties (cell viability (%)) of Linum usitatissimum seed (concentrations of 
0–1000 µg/ml) against lung well-differentiated bronchogenic adenocarcinoma (HLC-1: A), lung moderately differ-
entiated adenocarcinoma (LC-2/ad: B), lung poorly differentiated adenocarcinoma (PC-14: C), and HUVEC (D) cell 
lines. The numbers indicate the percent of cell viability in the concentrations of 0–1000 μg/ml of Linum usitatissi-
mum seed against several human lung cancer cell lines
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can be calculated using a standard curve. For each 
cell line, there is a linear relationship between the 
number of cells and the light absorption of the fi-
nal solution. Therefore, to examine each cell type, 
a standard curve related to the same cell line must 
be drawn and used [10, 11].

In the present study, the cytotoxicity of Linum 
usitatissimum seed was explored by studying its 
interaction with normal (HUVEC), lung poorly dif-
ferentiated adenocarcinoma (PC-14), lung mod-
erately differentiated adenocarcinoma (LC-2/ad), 
and lung well-differentiated bronchogenic adeno-
carcinoma (HLC-1) cell lines by MTT assay for 48 h. 

The interactions expressed as cell viability 
(%) were observed at different Linum usitatissi-
mum seed concentrations (0–1000 μg/ml) with 
the four cell lines which are shown in Figure 1. In 
all the cases the % cell viability decreased with 
increasing Linum usitatissimum seed concentra-
tions. The IC

50 values of Linum usitatissimum seed 
against lung poorly differentiated adenocarcino-
ma (PC-14), lung moderately differentiated ade-
nocarcinoma (LC-2/ad), and lung well-differenti-
ated bronchogenic adenocarcinoma (HLC-1) cell 
lines were 392, 483, and 564 µg/ml, respectively 
(Table II). 

The best cytotoxicity results and anti-human lung 
cancer potential of our Linum usitatissimum seed 
were observed in the case of the PC-14 cell line. 

Oxidation from reactive oxygen species can 
cause cell membrane disintegration, damage to 
membrane proteins, and DNA mutation that re-
sult is the onset or exacerbation of many diseases 
such as cancer, liver damage, and cardiovascular 
disease. Although the body has a defense system, 
constant exposure to chemicals and contami-
nants can lead to an increase in the number of 
free radicals outside the body’s defense capacity 
and irreversible oxidative damage [7–9]. There-
fore, antioxidants with the property of removing 
free radicals play an important role in the preven-
tion or treatment of oxidation-related diseases or 
free radicals. Extensive molecular cell research on 
cancer cells has developed a targeted approach to 
the biochemical prevention of cancers with the 
goal of stopping or returning cells to their pre-can-
cerous state without any toxic doses through nu-
trients and drugs. Numerous studies have been 
performed on using natural compounds as an-
ti-cancer agents in relation to appropriate antiox-
idant activity [10, 11]. It seems the high anti-lung 
adenocarcinoma properties of Linum usitatissi-

mum seed aqueous extract are related to its anti-
oxidant activities. 

In conclusion, Linum usitatissimum seed extract 
was found to be rich in phenolic compounds and 
a potent herbal product to scavenge free radicals 
of DPPH. The Linum usitatissimum seed was also 
assessed in biological applications such as radi-
cal scavenging and anticancer (adenocarcinoma) 
activities. The Linum usitatissimum seed exhibit-
ed good antioxidant properties, even better than 
the reference standard molecule. It also showed 
significant cytotoxic activities against common 
human lung cancer cell lines, i.e., lung poorly dif-
ferentiated adenocarcinoma (PC-14), lung mod-
erately differentiated adenocarcinoma (LC-2/ad), 
and lung well-differentiated bronchogenic adeno-
carcinoma (HLC-1) cell lines. 

Acknowledgments

The authors extend their appreciation to the 
deanship of Scientific Research at King Khalid 
University, Abha, KSA for supporting this work un-
der grant number R.G.P.2/122/42, and the work 
was supported by the Taif University Researchers 
Supporting Project Number (TURSP-2020/99), Taif 
University, Taif, Saudi Arabia.

Conflict of interest

The authors declare no conflict of interest.

R e f e r e n c e s
1.	Thun MJ, Hannan LM, Adams-Campbell LL, et al. Lung 

cancer occurrence in never-smokers: an analysis of 13 
cohorts and 22 cancer registry studies. PLoS Med 2008; 
5: e185.

2.	Taylor R, Najafi F, Dobson A. Meta-analysis of studies of 
passive smoking and lung cancer: effects of study type 
and continent. Int J Epidemiol 2007; 36: 1048-59.

3.	Hecht SS. Lung carcinogenesis by tobacco smoke. Int  
J Cancer 2012; 131: 2724-32.

4.	Alsharairi NA. The effects of dietary supplements on 
asthma and lung cancer risk in smokers and non- 
smokers: a review of the literature. Nutrients 2019; 11: 
725.

5.	Szymusik I, Kosinska-Kaczynska K, Krowicka M, Sep M,  
Marianowski P, Wielgos M. Perinatal outcome of in vi-
tro fertilization singletons – 10 years’ experience of one 
center. Arch Med Sci 2019; 15: 666-72.

6.	Kayar Y, Agin M. The relationship between demographic 
and anthropometric characteristics and diabetic compli-
cations and number of hospitalizations in hospitalized 
diabetic patients. Arch Med Sci Civil Dis 2019; 4: e7-
15. (b) Michalak SS, Rupa-Matysek J, Hus I, Gil L. Unex-

Table II. IC
50 of Linum usitatissimum seed in the anti-human lung cancer test

HLC-1 LC-2/ad PC-14 HUVEC

IC50 [µg/ml] 564 ±0 483 ±0 392 ±0 –



Antioxidant, cytotoxicity, and anti-human lung cancer properties of Linum usitatissimum seed aqueous extract in in vitro conditions:  
a pre-clinical trial study 

Arch Med Sci� 7

plained anemia in the elderly – a real life analysis of 981 
patients. Arch Med Sci 2020;16(4):834–841. 

7.	Katata-Seru L, Moremedi T, Aremu OS, et al. Green syn-
thesis of iron nanoparticles using Moringa oleifera ex-
tracts and their applications: Removal of nitrate from 
water and antibacterial activity against Escherichia coli. 
J Mol Liq 2018; 256: 296-304. 

8.	Sangami S, Manu M. Synthesis of green iron nanoparti-
cles using laterite and their application as a Fenton-like 
catalyst for the degradation of herbicide Ametryn in wa-
ter. Environ Technol Innov 2017; 8: 150-63.

9.	Beheshtkhoo N, Kouhbanani MAJ, Savardashtaki A, et 
al. Green synthesis of iron oxide nanoparticles by aque-
ous leaf extract of Daphne mezereum as a  novel dye 
removing material. Appl Phys A 2018; 124: 363-9.

10.	Radini IA, Hasan N, Malik MA, et al. Biosynthesis of iron 
nanoparticles using Trigonella foenum-graecum seed 
extract for photocatalytic methyl orange dye degrada-
tion and antibacterial applications. J Photochem Photo-
biol B 2018; 183: 154-63.

11.	Oganesvan G, Galstyan A, Mnatsakanyan V, et al. Phe-
nolic and flavonoid compounds of Ziziphora clinopodioi-
des. Chem Nat 1991; 27: 247.

12.	Singh KK, Mridula D, Rehul J, Barnwal P. A  potential 
source of food, feed and fiber. Crit Rev Food Sci Nutr 
2011; 51: 210-22.

13.	Yari Z, Mirmiran P, Moslehi N. 2014. Effects of flaxseed 
and its nutritional components on the metabolic syn-
drome and associated risk factors. Iran J Endocribol me-
tabolism 2014; 16: 211-20.

14.	Lewis JE, Nickell MD, Thompson LU, Szalai JP, Kiss AA, 
Hilditch JR. A  randomized controlled trial of the effect 
of dietary soy and flaxseed muffins on quality of life 
and hot flashes during menopause. Menopause 2006; 
13: 631-42.

15.	Esmaeilzadeh BS, Sharifi M, Safaie N, Behmanesh M. 
Enhancement of lignan and phenylpropanoid com-
pounds production by chitosan in Linum albumcell cul-
ture. J Plant Biol 2012; 4: 13-25.

16.	Muir AD, Westcott ND. Flax: the Genus Linum. Taylor 
and Francis Inc., New York 2003.

17.	Prasad K. Secoisolariciresinol diglucoside from flaxseed 
delays the development of type 2 diabetes in Zucker rat. 
J Lab Clin Med 2001; 138: 32-9.

18.	Fukumitsu S, Aida K, Ueno N, Ozawa S, Takahashi Y, Kob-
ori M. Flaxseed lignan attenuates high-fat diet-induced 
fat accumulation and induces adiponectin expression in 
mice. Br J Nutr 2008; 100: 669-76.

19.	Manni L, Cajander S, Lundeberg T, et al. Effect of exer-
cise on ovarian morphology and expression of nerve 
growth factor and alpha (1) - and beta (2)-adrenergic 
receptors in rats with steroid-induced polycystic ovaries. 
J Neuroendocrinol 2005; 17: 846-58.

20.	Mohsen Abadi Z, Mahdavi B, Rezaei-Seresht E. Contents 
of aerial parts of salvia leriifolia benth. J Chem Health 
Risks 2016; 6: 185-94.

21.	Zhou X, Huang N, Chen W, et al. HPLC phenolic profile 
and induction of apoptosis by Linum usitatissimum 
extract in LNCaP cells by caspase3 and Bax pathways. 
AMB Express 2020; 10: 203.

22.	Han H, Yılmaz H, Gulcin I. Antioxidant activity of flax-
seed (Linum usitatissimum L.) shell and analysis of 
its polyphenol contents by LC-MS/MS. Record Natural 
Products 2018; 12: 397-402.


	_GoBack
	_Hlk63612188
	_ENREF_4
	_Hlk63611320

