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Linum album Kotschy ex Boiss. as one of the endemic perennial plants in Iran is a natural 

source of lignan compounds. In the present study, the seeds of L. album were collected 

from its natural habitats in four regions of Iran (Aliabad, Jowkar, Dasht-e Arzhan, 

Taleqan). The effects of ecotype and gibberellic acid (GA) pretreatment were evaluated on 

germination traits of L. album seeds in a factorial based on completely randomized design 

with four replications. Also, the capacity of studied ecotypes in regard to 

secoisolariciresinol (SECO), podophyllotoxin (PTOX) and 6-methoxy-podophyllotoxin (6-

MPTOX) production was assayed under in vitro condition by high performance liquid 

chromatography (HPLC) based on completely randomized design with four replications. In 

all studied ecotypes of L. album, seed germination percentage, germination rate and 

seedling growth was significantly improved in response to GA pretreatment. The obtained 

sterilized seedlings were used as in vitro explants that were successfully propagated in MS 

medium without any growth regulators. The in vitro proliferation rate in ecotype of Jowkar 

in terms of shoot number and plantlet biomass was significantly higher than the other 

ecotypes. The highest SECO and PTOX contents were extracted in the Dasht-e Arzhan 

plantlets which were higher (up to four times) than the other ecotypes. Also, the plantlets of 

Dasht-e Arzhan, Taleqan and Jowkar ecotypes showed the highest content of 6-MPTOX. 

According to germination, morphological and phytochemicals traits, the ecotype of Dasht-e 

Arzhan can be considered as a good candidate for breeding programs of improving PTOX 

production in this plant.  

 

INTRODUCTION 

Secondary metabolites are synthesized in a wide 

variety in different plant species and play a key role 

in the interaction of plants with environment 

challenges. Also due to biological activity of these 

compounds, secondary metabolites have been used 

to enhance different aspects of human health, diet 

and welfare [1]. Unlike primary compounds, the 

secondary metabolites are usually restricted to 

particular plant families, genera or even species as 

well as the synthesis and accumulation of these 

compounds may only occur at a specific plant 

development stage in special organs or tissues [2]. 

The in vitro culture of different plant organs or 

tissues (embryo, shoot, leaf, root, etc.) has been 

used in production of secondary metabolites in 

different plant species as an alternative approach, 

especially in species with low growth rate or low 

abundance in the wild. In the method of organ 

culture, secondary products are synthesized in 

similar patterns of a mature plant [3, 4]. Although 

the tissue and organ culture is an alternative 

procedure for the production of different types of 

secondary metabolites but to date the 

commercialization of this method is still a major 

concern. This problem is due to the low 

concentration of produced secondary metabolites 

under in vitro culture systems [5,6].   

The lignans as a group of chemical compounds 

found in plants are derived-polyphenolic 
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compounds through dimerization of substituted 

cinnamic alcohols in phenylalanine metabolism [7]. 

The podophyllotoxin (PTOX) as natural aryltetralin 

lignan is a species dependent compound that is 

synthesized through specific plant secondary 

metabolism. PTOX is the main raw material and the 

precursor for the production of anticancer drugs to 

treat different human cancers [8, 9]. The lignan of 

PTOX and the other related compounds such as 6-

methoxy-podophyllotoxin (6-MPTOX) and 

secoisolariciresinol (SECO) are synthesized through 

the pathways of shikimic acid and phenylpropanoid 

with involving of different enzymes and 

intermediates [10]. The matairesinol is reported as a 

common intermediate in the podophyllotoxin 

production pathway [1]. However, the related sub-

pathways in PTOX synthesis have not been 

completely understood and may vary among the 

different plant species [10].  

For many years, the rhizome of Phodophyllum spp. 

especially P. hexandrum has been the major 

resource for PTOX production. However, excessive 

and incorrect harvesting of this plant and low 

efficiency of solvent extraction method have limited 

the production of PTOX from P. hexandrum [6]. 

Also the ambiguous points in the podophyllotoxin 

production pathways make its chemical synthesis 

uneconomical under laboratory condition [9]. 

Nowadays applied biotechnological means are 

attracted the attention of several researchers for 

PTOX production [5]. Bahabadi et al. [11] 

suggested that biotechnological methods can be a 

viable alternative way for the production of PTOX 

and the related products in Linum album. 

Yousefzadi et al. [12] assayed the potential of more 

than 40 plants and fungal species for PTOX 

production under in vitro conditions. These authors 

reported that among the studied species, the 

extracted PTOX from in vitro plantlets of 

Podophyllum spp., Callistris drummondii and the 

Iranian Linum species (L. album and L. persicum) 

were in significant amounts. Also, the results of 

Ahmadian Chashmi et al. [7]; Bose et al. [13]; 

Esfandiari et al. [14] and Mikac et al. [15] 

confirmed that the Linum spp. including L. album 

are valuable and alternative sources of 

podophyllotoxin and other important lignans. It 

seems that developing a large-scale culture of L. 

album under in vitro condition can provide the 

required PTOX of different medicine industries.  

It should be noted that the content of secondary 

metabolites is influenced by genetic factors and may 

vary between plant species even within species. 

Environmental conditions have also considerable 

effects on quality and quantity of active substances 

in medicinal plants [16]. So that in the present study 

the seeds of L. album (white flax) were collected 

from four different regions of Iran and their 

germination traits were tested. Also, under in vitro 

condition, the production capacity of these ecotypes 

in regards to PTOX, SECO and 6-MPTOX was 

investigated. Finally, the superior ecotype was 

selected based on germination traits, morphological 

and phytochemicals characteristics of in vitro 

proliferated plantlets.  

MATERIALS AND METHOD 

Plant Material  

The seeds of L. album were collected from natural 

habitats in four regions of Iran including Aliabad 

(Hamadan province), Jowkar (Hamadan province), 

Dasht-e Arzhan (Fars province) and Taleqan 

(Alborz province). The geographical coordinates of 

the collected sites are presented in the Table 1. 

Identification of ecotypes was conducted by Dr. 

Vahideh Nazeri Jounghani, and voucher specimens 

(voucher number: 6491) have been deposited at the 

Herbarium of Faculty of Agricultural Sciences and 

Engineering, University of Tehran. 

 

Table 1. Geographical origins of the of Linum album Kotschy ex Boiss.ecotypes from different part of Iran Linum album 

Kotschy ex Boiss. ecotypes. 

Ecotype No Collecting place Province Altitude (m) Latitude (N) Longitude (E) 

1 Dasht-e Arzhan Fars 1990 29° 39′ 51° 59′ 

2 Aliabad Hamadan 2134 34° 41′ 48° 38′ 

3 Jowkar Hamadan 1751 34° 22′ 48° 40′ 

4 Taleqan Alborz 1938 36° 09′ 50° 41′ 
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Assay of Breaking Seed Dormancy in 

Different Ecotypes of L. album 

The 1000 seed weight of each collected ecotype was 

measured and due to endogenous and exogenous 

dormancy of L. album (white flax) seeds, the first 

experiment was performed to assay the effect of 

gibberellic acid (GA) pretreatments to break 

dormancy of white flax seeds. For this purpose, after 

washing with running tap water for 24 h, the seeds 

were treated with distillated water as control and 

GA (1000 ppm) for 24 h at 4 °C. The mucilage of 

seeds' surface was removed by thin fabric. After that 

the seeds were sterilized with 5% sodium 

hypochlorite for 15 min and then rinsed three times 

with distilled water. The pretreated seeds (50 seeds) 

were placed in sterile petri dishes containing filter 

paper and then kept in a growth chamber at 25 ± 1 

°C. Root emergence (at least one millimeter long) 

was considered as germinated. Germinated seeds 

were counted daily so that the counting was done 

continuously until the end of germination (after 21 

days). At the end of experiment, the germination 

percentage, germination rate, seedling length, root 

length, as well as fresh and dry weight of seedlings 

were measured. The effect of ecotype and GA 

treatment on germination traits of L. album seeds 

was performed in a factorial based on completely 

randomized design with four replications and 50 

seeds per replicate. 

Proliferation of L. album under in vitro 

Culture   

For disinfection and production of sterile seedlings, 

after washing with running tap water for 24 h, the 

seeds were sterilized with 70% ethanol for one min 

and then 5% sodium hypochlorite for 10 minutes. 

Although by this method the fungal symptoms were 

removed but the bacterial contamination was still 

observed in the seeds. To control the bacterial 

contamination, the seeds were washed with an 

antibiotic, vancomycin (20 ppm) for five minutes 

and then rinsed with distilled water. Finally, the 

seeds were soaked in milton sodium 

dichloroisocyanurate solution for 24 h. Using this 

method, the fungal and bacterial contamination were 

well controlled. According to the results of the 

germination experiment as reported in previous part, 

pretreatment by GA (1000 ppm) was applied for 

improving seed germination. Then the seeds were 

cultured in MS medium [17] and were placed in a 

dark place at 20 °C [18]. After three days, more than 

50% of seeds showed germination. The obtained 

sterilized 8-10 day – old L. album seedlings were 

used as explants for in vitro propagation. Shoot 

explants (10–12 mm long) were excised from the 

seedlings and transferred to MS medium. All the 

cultures maintained at 25±1 °C under 16/8 h 

photoperiod. For further proliferation, the sub-

culturing was carried out on the same media every 

two weeks for three months. In the obtained 

plantlets, the morphological and phytochemical 

characters were assayed.  

The cultured media contained MS mineral, vitamins, 

sucrose (3% w/v) and solidified with agar (0.8% 

w/v) [17]. The pH of the media was adjusted to 5.7 

and then autoclaved for 20 min at 121 °C. The 

studied morphological traits included the number of 

shoots per plantlet, the length of the highest shoot, 

fresh and dry weight of plantlets. The assay of 

ecotype effect on morphological traits of 

proliferated L. album plantlets was carried out on 

the base of completely randomized design with four 

replications and six samples per each replicate. 

Assay of Phytochemical Traits in the 

Propagated Plantlets 

The lignan compounds including 

secoisolariciresinol (SECO), podophyllotoxin 

(PTOX) and 6-methoxy podophytotin (6-MPTOX) 

were measured in in vitro proliferated plantlets. For 

this purpose, 1 g dry tissue from the pooled mixture 

of six samples was homogenized with 10 mL 80% 

methanol. The extraction was placed on ultrasonic 

apparatus (Parsonic 7500S) for 90 min. Then equal 

amounts of water and dichloromethane (10 mL) 

were added to the obtained solution and shaken for 

15 min. The mixture was then centrifuged at 4000 

rpm at 10 °C for 20 minutes. After centrifugation, 

the lower phase (dichloromethane phase) was 

collected and dried by aeration. To the dried sample, 

2 mL of HPLC grade methanol was added and 

centrifuged at 1000 rpm for 10 min. The supernatant 

was used for quantification of SECO, PTOX and 6-

MPTOX. The content of the lignan compounds was 

measured by the high-performance liquid 

chromatography (HPLC Waters 2695 USA). A 

Waters liquid chromatography apparatus consisting 

of a separation module and a PDA detector (Waters 

996 USA) was used for the HPLC analysis. Data 

acquisition and integration was performed with 

Millennium 32 software. Injection was carried out 

by the auto sampler injector. The chromatographic 
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assay was performed on a 25 cm × 4.6 mm with pre-

column, Eurospher 100-5 C18 analytical column 

provided by KNAUER reverse phase matrix (5 μm) 

and elution was carried out in a gradient system 

with acetonitrile as the organic phase (solvent 

A:70%) and distilled water (solvent B: 30%) with 

the flow-rate of 1 ml/min. Peaks were monitored at 

280 nm wavelength. Injection volume was 20 µL 

and the temperature was maintained at 25 °C [12]. 

The content of lignan compounds was calculated 

according to standard curves of SECO, PTOX and 

6-MPTOX. For this purpose, different 

concentrations of SECO, PTOX and 6-MPTOX at 

10, 50, 100 and 200 ppm were prepared and mixed 

with each other. Then the obtained solution was 

injected to HPLC and the content of SECO, PTOX 

and 6-MPTOX used for drawing the standard curves 

of each compound. The results were reported as mg 

of each compound per g of plantlet dry weight. The 

assay of ecotype effect on lignan compounds of 

proliferated L. album plantlets was carried out on 

the base of completely randomized design with four 

replications and six samples per each replicate 

Statistical Analysis 

All data were analyzed using SPSS software 

(ver.16.0). LSD tests at p≤ 0.05 were used to 

comparison mean values of each trait between 

different ecotypes.  

RESULTS 

The analysis of the means difference for 1000-seed 

weight was significant. The 1000-seed weight of 

collected seeds from Taleqan (3385 mg) and Dasht-

e Arzhan (3262.5 mg) was significantly higher than 

Aliabad (2812.5 mg) and Jowkar (2761.75 mg) 

ecotypes (Fig. 1).  

The results of the analysis of variance showed a 

significant effect of GA pretreatment on seed 

germination. The white flax seeds begun to sprout 

24 h after culturing. In all four studied ecotypes, GA 

considerably improved germination percentage and 

germination rate of treated seeds. In the GA 

treatment, the highest germination percentage was 

observed in Taleqan ecotypes (94.37%) followed by 

Dasht-e Arzhan (87.18%) and Jowkar (86.87%) 

ecotype. The seeds of Aliabad with 77.07% showed 

the lowest germination percentage (Table 2). The 

seeds of Aliabad ecotypes despite showing the 

lowest germination percentage, had the higher 

germination rate (0.435 day) compared to other 

studied ecotypes. The seeds of Taleqan ecotype with 

the highest germination percentage showed the 

lowest germination rate (Table 2).  

 
Fig. 1 The 1000 seed weight of different Linum album 

Kotschy ex Boiss. Ecotypes. Different letters indicate 

significant difference by Duncan multiple range test at p≤ 

0.05.  

The growth of obtained seedlings in regard to 

height, fresh and dry weight as well as root growth 

was significantly influenced by GA pretreatment. 

GA treatment considerably improved the seedling 

and root growth. In the treated seeds, the highest 

seedling height (191.58 mm) and root length 

(122.58 mm) were observed in Dasht-e Arzhan 

ecotype, which were not significantly different from 

seedlings of Jowkar ecotype. In the GA treatment, 

the fresh and dry weight of obtained seedlings of 

Dasht-e Arzhan, Jowkar and Taleqan ecotypes did 

not show a significant difference. The biomass of 

Aliabad ecotype was considerably lower than the 

other studied ecotypes (Table 2). 

According to the results of the first experiment, for 

improving seed germination of studied ecotypes GA 

was used for seed pretreatment in the next in vitro 

experiments. The GA pretreated seeds were 

successfully germinated in MS medium and the 

obtained seedlings were then proliferated under in 

vitro condition (Fig. 2). Analysis of variance 

showed the non-significant differences on four 

studied L. album ecotypes in regard to shoot height. 

The data analysis of shoot number and plantlets 

biomass revealed significant differences among the 

ecotypes. The highest shoot number, fresh and dry 

weight of plantlets were observed in ecotype of 

Jowkar. The dry weight of propagated plantlets of 

Dasht-e Arzhan and Aliabad had no significant 

difference with those of Jowkar ecotype.  

a

b b

a

0

500

1000

1500

2000

2500

3000

3500

4000

Dasht-e

Arzhan

Aliabad Jowkar Taleqan

1
0

0
0

-s
ee

d
 w

ei
g
h

t 
(m

g
)

Ecotype

164 



Abdollahpoor et al. 

  

Table 2 The effect of gibberellic acid pretreatment on seed germination traits of different Linum album Kotschy ex Boiss. 

ecotypes  

Gibberellic 

acid (ppm) 
Ecotype 

Germination 

percentage 

(%) 

Germination 

rate (day) 

Seedling 

length 

(mm) 

Root 

length 

(mm) 

Seedling 

fresh weight 

(mg) 

Seedling 

dry weight 

(mg) 

0 

Dasht-e Arzhan 57.50 cd 0.215 d 131.85 bc 85.82 bc 490.80 b 49.97 bc 

Aliabad 53.15 d 0.163 e 106.14 cde 69.35 bc 401.10 bc 59.05 ab 

Jowkar 52.88 d 0.233 d 65.25 e 24.87 d 333.95 c 35.85 c 

Taleqan 65.63 c 0.208 d 86.25 de 65.55 bc 328.75 c 39.95 c 

1000  

Dasht-e Arzhan 87.18 ab 0.333 b 191.58 a 122.58 a 668.25 a 62.42 ab 

Aliabad 77.07 b 0.435 a 111.18 cd 54.30 cd 423.00 bc 39.82 c 

Jowkar 86.87 ab 0.335 b 162.65 ab 99.25 ab 665.75 a 65.95 a 

Taleqan 94.37 a 0.280 c 135.53 bc 77.08 bc 627.32 a 56.27 ab 

Values followed by the same letter within a column indicate not significantly difference (p< 0.05). 

 

 
Fig. 2 The production of sterilized seedling of L. album under in vitro condition (Dasht-e Arzhan ecotype) 

 

 

Table 3 The morphological traits of propagated plantlets of different Linum album Kotschy ex Boiss. ecotypes under in 

vitro condition 

Ecotype Shoot length (cm) Shoot number (per plantlet) Plantlet fresh weight (g) Plantlet dry weight (g) 

Dasht-e Arzhan 14.25 a 22.70 b 2.99 b 0.34 ab 

Aliabad 11.54 a 16.75 b 3.03 b 0.36 ab 

Jowkar 12.92 a 40.50 a 5.16 a 0.45 a 

Taleqan 11.92 a 13.80 b 2.02 b 0.26 b 

Values followed by the same letter within a column indicate not significantly difference (p< 0.05). 

Table 4 The phytochemical content of propagated plantlets of different Linum album Kotschy ex Boiss. ecotypes under in 

vitro condition 

Ecotype 
SECO  

(mg/g DW) 

PTOX  

(mg/g DW) 

6-MPTOX 

 (mg/g DW) 

Dasht-e Arzhan 0.045 a 0.057 a 0.100 a 

Aliabad 0.015 b 0.012 b 0.005 b 

Jowkar 0.018 b 0.031 b 0.046 ab 

Taleqan 0.011 b 0.022 b 0.094 a 

Values followed by the same letter within a column indicate not significantly difference (p< 0.05). 

DW: dry weight; SECO: Secoisolariciresinol; PTOX: Podophyllotoxin; 6-MPTOX: 6-methoxy-podophyllotoxin 

The results showed that the Taleqan ecotype had the 

lowest efficiency in terms of the studied traits under 

in vitro condition (Table 3).  

The phytochemical compounds assay of in vitro 

plantlets of L. album showed significant differences 

among the four studied ecotypes. The highest 

amount of SECO (0.045 mg/g DW) was found in 
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the Dasht-e Arzhan plantlets, which was up to four 

times higher than the other ecotypes. The SECO 

content in the other three ecotypes had not 

significant differences with each other (Table 4). 

The plantlets of Dasht-e Arzhan also showed the 

highest PTOX content 1.84, 2.59 and 4.75 times 

more than its content in Jowkar, Taleqan and 

Aliabad ecotypes, respectively (Table 4). According 

to the reported results in Table 4, the highest content 

of 6-MPTOX was obtained in the plantlet of Dasht-e 

Arzhan (0.1 mg g-1 DW) and Taleqan (0.094 mg g-1 

DW) ecotypes followed by Jowkar ecotype (0.046 

mg g-1 DW). The plantlets of Aliabad ecotype 

showed the lowest content of 6-MPTOX which 

considerably was lower than the other ecotypes 

(Table 4). The HPLC chromatogram of lignans 

analysis in studied L. album ecotypes was depicted 

in Fig 3. 

 

 
Fig. 3 The HPLC chromatogram of lignans analysis in a: 

standard and b: Dasht-e Arzhan ecotype of L. album 

DISCUSSION 

The obtained results revealed the considerable 

variations in the 1000-seed weight among the 

studied L. album ecotypes. The results of Kiani [18], 

and Kiani et al. [19] also demonstrated the 

significant differences in the seed traits of Iranian L. 

album ecotypes. The differences in the seed 

characteristics of different ecotypes were attributed 

to this notice that flowering and seed filling 

processes are affected by genetic factors, 

morphological, physiological and ecological 

characteristics as well as their interaction [20].  

Ashrafi et al. [21] reported the very slow 

germination of L. album seeds due to exogenous and 

endogenous dormancy. In the present study the seed 

pretreatment of L. album ecotypes using gibberellic 

acid considerably improved seed germination, seed 

rate and seedling growth. The effect of GA on seed 

breaking dormancy and improving germination of 

different species of Linum has been previously 

reported by Samadi et al. [22]. Many physiological 

and molecular mechanisms regulate seed dormancy. 

The accumulation of growth inhibitors especially 

abscisic acid (ABA) causes the embryo dormancy of 

seeds; however, the dormancy breaking is 

associated to increasing the growth promoter 

compounds that reduces the effect of growth 

inhibitors [23]. The enchantment of seed 

germination in GA treatment is attributed to 

eliminating the chilling requirement of treated seeds 

[24]. In addition to endogenous dormancy, the 

presence of mucilage on the seed coat of L. album 

causes a physical barrier which rinsing seeds by 

water eliminated this barrier. In the studied 

ecotypes, the highest germination percentage and 

germination rate were obtained in Taleqan and 

Aliabad ecotypes, respectively. The growth of 

seedlings in ecotype from Dasht-e Arzhan in regards 

to height and biomass were more prominent than the 

other studied ecotypes (Table 2). Similar results 

were found by Ashrafi et al. [21] in different species 

of Linum genus. Despite these results, Mahdavi and 

Alasvandyari [25] reported no significant 

differences in seed germination traits among the L. 

usitatissimum ecotypes. The variation in seed 

dormancy and germination traits of different 

ecotypes may reflect the differences in climatic 

conditions of their habitats [23,24]. It is reported 

that the environmental conditions during seed 

maturation may have a greater effect than genetic 

factors in the seed dormancy level and germination 

potential [26]. 

Under in vitro condition, up to 50% of cultured 

seeds in all studied ecotypes of L. album were 

started to germinate after three days and the 

germination of seeds was completed after 8-10 days. 

The obtained seedlings (Fig. 2) were used as in vitro 

b 

a 
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explants that were successfully propagated in MS 

medium without any growth regulator. According to 

Lalaleo et al. [6] reports the best condition for 

growth and organogenesis of L. album was free 

plant growth regulators medium either in light or in 

darkness conditions. Increasing the secondary 

metabolites without reduction of the biomass is the 

main point in optimizing production of plant active 

substances through biotechnological process [1]. 

The plantlets of studied ecotypes did not show 

differences in the shoot height. The in vitro 

proliferation rate of Jowkar ecotype in terms of 

shoot number and plantlet biomass was significantly 

higher than the other ecotypes. However, the 

plantlet dry weight in the ecotypes of Dasht-e 

Arzhan and Aliabad did not show statistically any 

differences with Jowkar ecotype (Table 3). The 

differences in genotypes and geographical 

conditions are responsible for the variation in 

response of different ecotypes under in vitro culture 

[3, 22]. 

Nowadays due to climatic changes and plant 

challenging with environmental conditions, in vitro 

culture is the interest of many researchers for the 

sustainable production of secondary metabolites 

[15]. The low yield of podophyllotoxin in the 

commercial source of this compound from 

Podophyllum hexandrum rhizomes (up to 5% of dry 

weight) caused the introduction of alternative 

natural sources of podophyllotoxin [6]. In the last 

decades, several alternative sources of 

podophyllotoxin such as Linaceae, Cupressaceae, 

Lamiaceae, Polygalaceae and Podophyllaceae have 

been identified [9, 27]. Assay their capacities for 

lignan accumulation showed that some Linum 

species can be promising sources of PTOX [28]. 

Also, Baldi et al. [29] reported that the production 

of podophyllotoxin through in vitro culture of 

Linum spp. had a higher potential in comparison to 

in vitro cultures of other plants. The L. album as 

Iranian endemic plant is not extensively cultivated 

so that in vitro cell or tissue culture can be favored 

over the whole plant culture for the production of 

lignan metabolites [5]. However, the main step in 

optimizing the biotechnological production of 

secondary metabolites is the evaluation and 

selection of the elite plant lines with high quantity 

and quality of these compounds [4]. The production 

of lignan compounds especially PTOX from in vitro 

culture of L. album were investigated by several 

researchers [5, 7, 30] but most of these literatures 

focused on cell cultures of L. album. The results of 

Empt et al. [30] as the first published paper on 

lignans production in cell culture of L. album, 

reported the accumulation of PTOX up to 0.5 % in 

dry weight of samples. In the present study, 

significant differences were found in the SECO, 

PTOX and 6-MPTOX content in the in vitro 

plantlets of L. album ecotypes. The highest SECO 

and PTOX contents were obtained in the Dasht-e 

Arzhan plantlets being up to 4 times higher than the 

other ecotypes. Also, the plantlets of Dasht-e 

Arzhan, Taleqan and Jowkar ecotypes showed the 

highest content of 6-MPTOX. Among the studied 

ecotypes, the in vitro produced plantlets of Aliabad 

had the lowest potential in regard to the studied 

lignans in this study (Table 4). Differences in 

phytochemical contents within a species found in 

various ecotypes may reflect the differences in 

environmental conditions of each particular region 

[26, 31]. The PTOX content in Dasht-e Arzhan 

plantlets (0.057 mg g-1 dry weight) was higher than 

the findings of Esmaeilzadeh Bahabadi et al. [32]; 

Sedaghat et al. [33] who reported 18 and 5 µg 

PTOX per g dry weight in cell cultures of L. album. 

However, discrepancy among the results of 

literatures may be related to differences in 

genotypes [31], climatic and edaphic conditions of 

collecting area [15] type of explant [4], culture 

media [12], extraction methods and assay apparatus 

[12].  

CONCLUSION 

In the present study the seed germination, 

morphological traits and lignans production of four 

Iranian L. album ecotypes were evaluated under in 

vitro condition. Generally, the obtained results 

showed that GA pretreatment was efficient in 

enhancement of seed germination and seedling 

growth of L. album ecotypes. Also, the studied 

ecotypes were successfully proliferated under in 

vitro condition. The assay of SECO, PTOX and 6-

MPTOX contents indicated a significant variation of 

these compounds among the four Iranian L. album 

ecotypes. The plantlets of Dasht-e Arzhan that were 

collected from Fars province showed the highest 

content of the lignans compounds. With 

consideration of highest growth and the lignan 

content in the Dasht-e Arzhan ecotype, this ecotype 
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can be suggested for further breeding programs as 

an alternative source of PTOX production.  
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