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Abstract

The Slybum marianum (L.) Gaertn. is the dicotyledonous herbs of the Asteraceae family that is important in
medical industry. The biological active compound of S. marianum is a mixture of several flavonolignals
generally known as silymarin. The purpose of this study was to optimize S. marianum tissue culture for callus
induction, silymarin production and comparison of some biochemical traits between explants and its derived
calus. In this experimental study, the seeds were surface sterilized and transferred to MS medium to achieve
sterile seedlings. Then, the effects of different concentrations of 2,4-D either alone or in combination with Kin
were investigated on callus induction and silymarin production of root and leaf explants from sterile seedlings.
The experiment was performed in complete randomized design with three replicates. The results revealed that
the highest percentage of callus induction and silymarin accumulation (14.4%) were observed with 0.5 and 1
mg/L 2,4-D and Kin in root explant after one month. The quantitative and qualitative data from HPLC method
revealed that the major flavonolignans in the root and its derived callus was isosilybin B (ISBNB). But the main
component in leaf explant and its derived callus was silydianin (SDN). The results showed that silymarin level
in root and leaf explants was lower than their derived callus. Meanwhile lignin amount in the root and leaf
explants was much higher than corresponding callus. In addition, peroxidase activity was significantly higher in
callus derived from root explant, compared to leaf explant and its derived callus. The current data demonstrated
that callus derived from root explants can be an efficient source for silymarin production.
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component of S. marianum is known as silymarin.
Silymarin is consisting of isomeric flavonolignans

Introduction including, silybinin (SBN A and SBN B),
silyadianin (SDN) silychristin (SCN) and Taxifolin
Plants are known to produce a large number of 13].
natural products which refers to as secondary Silymarin is a phytomedicine particularly used in
metabolites. The secondary metabolites are the treatment of liver disease [4,5]. So far, several
economically important in medicinal and food reports indicated different medicinal properties of
industry. But the concentration of various plant silymarin, such as its role in increasing protein
secondary metabolites is very low and depends on synthesis and cell regeneration [6,7]. Meanwhile,
the physiological and developmental stages [1]. silymarin has anticancer and antioxidant activity
Slybum marianum (L.) Garerth is herbaceous 8.
annual  or biannual plant, native to the Silymarin is usually extracted from the dried fruits
Mediterranean area, which is now widespread in of field-grown plants. Dried fruits of S, marianum
other warm and dry regions [2]. The active contain the highest level of silymarin (4%) [2]. In
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previous study, we measured silymarin amount in
different parts of S. marianum (such as young and
old leaves, root, stem, inflorescence and seeds)
during different months. The data obtained from
HPLC analysis showed that the highest amount of
silymarin was observed in the seeds (32.77 mg/g
dry weight). Also stems collected during May
month showed high amount of silymarin (17.83
mg/g dry weight) [9].

The in vitro production of plant secondary
metabolites is an excellent aternative. Hairy root,
callus and cell suspension can be used as a source
for silymarin production (10, 11). Callus induction
of S, marianum has been previously reported [12].
They showed that flavonolignan content in 2
months old callus (1.5%) was lower than the values
reported for seeds. Hassnloo et al. (2008) reported
callus induction with cotyledons, shoot and root
explants of S. marianum seedlings [13]. They have
also showed the positive effect of picloram on
callus growth and flavonolignan production. Rady
et al. (2014) reported MS medium supplemented
with 0.25 mg/L 2,4-D and Kin are a suitable
medium for growth and maintenance of friable
calus [14]. Other researchers reported calus
induction  from  cotyledon by different
concentrations of mineral element, plant growth
regulators, amino acids and vitamins on MS
medium culture (11). Meanwhile, Cimino et al.,
(2008) found B5 medium supplemented with 0.05
mg/L of BA and 0.5 mg/L of 2,4-D is the best
medium for calus production and biomass
production of S. marianum [15].

Cell suspension culture of S marianum has been
also reported previoudly [2,12]. So far, the effect
of different concentrations of Iron, Calcium, KNo3,
KHPO4, Methyl Jasmonate, Sdlisilic Acid,
picloram and Ag" on silymarin production was
tested in cell suspension culture [7,16]. Silymarin
production by hairy root culture of S, marianum
has been also reported. But flavonolignan level in
hairy root was lower than that is generally found in
dried fruits of S. marianum [10,17].

Because of the interesting biological effects of
silymarin and its increasing worldwide demand, in
current research, we investigated the effect of
different concentrations of plant growth regulators
(2,4-D and Kin) on callus induction and silymarin
production on different explants of S. marianumin
tissue culture medium.

Materialsand M ethods
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Plant Materials and Seed Collection

The seeds of S marianum were harvested from
north of IRAN area The seeds were washed in
running tap water for about 30 min. Surface
sterilization was carried out by immersing in 20%
(V/V) commercial bleach solution (containing two
drops of tween 20) for 20 min. The seeds were
then washed 5 times with sterile distilled water
under laminar air-flow hood. The sterilized seeds
were cultured into 100 ml capacity jars containing
20 ml Murashige and Skoog (MS) (1962) medium
supplemented with 30 g/L sucrose and 8 g/L agar at
pH 5.7 prior to autoclaving at 121 °C for 20 min.
Five seeds were grown in each culture jar [18]. The
cultures were incubated at 25+2 °C and 16h
light/8h dark photoperiod in a growth chamber for
4 weeks. Germinated seedlings were used as a
source of root and leaf explants.

Callus Induction

Segments of root and leaf were cultured on MS
basal medium containing 30 g/L sucrose, 8 g/L
agar, Bs vitamins and different concentrations of
2,4-D (0, 0.1, 0.5, 1, 1.5 and 2 mg/L) either alone
or in combination with Kin (0, 0.1, 0.5, 1, 1.5and 2
mg/L). The pH of different media was adjusted to
5.7 prior to autoclaving at 121 °C for 20 min. The
cultures were placed in a growth chamber at 16h
light/ 8h dark photoperiod and 25+2 °C. Twenty
replicates per each treatment were used and
arranged in a completely randomized design. The
cultures were grown for 30 days before recording
percentage of callus production, fresh and dry
weight measurement, determination of total phenol,
total flavonoid, lignin, silymarin level, HPLC
analysis and enzyme activity.

Flavonolignan Extraction

Flavonolignan extraction has been done according
to Cacho et al., (1999) method [2]. To remove fats,
the dried and powdered callus was treated with
ethyl acetate for 5 h. Then Flavonolignan was
extracted from the dried residue with 10 mL of
methanol at 40 °C for 8 h. Methanol solution was
evaporated under vacuum on a rotator evaporator
instrument. The dried residue was re-dissolved in 2
mL of methanol and kept at 4°C in the dark.

Silymarin Level
Spectrophotometric Method

M easurement by

Silymarin level was measured
spectrophotometrically as described by Hassanloo
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et al., 2005 [16]. In brief, The methanolic extract (1
mL) was added to 2 mL aliquot of 24-
dinitriphenilhydrasine- sulfuric acid and then
placed in a water bath for 50 min at 50 °C. The
solution was made up to 10 mL with KOH-
methanol 10%. One milliliter of this solution was
added to 20 mL aiquot of methanol and the
mixture was centrifuged. Then agueous phase was
diluted to 50 mL volume with methanol.
Absorbance was determined at 490 nm by
spectrophotometer (Shimatzu-Japan). To measure
silymarin, equation 1 was used, using the specific
absorbance (A1%1cm= 537).

% Silymarin=
Ax50x50x10x100/A1%1cmx100xM

HPLC Anaysis

The amount of flanonolignan components were
determined by High performance liquid
chromatography (HPLC) (Hitachi) equipped with a
Nucleosil Cign (250 X 5 mm) column and
aUV/VIS detector, a Diod Array pump and a
Merck  Hitachi7100-L  software for peak
integration. Mobile phase was a mixture of
methanol and water (10:1 v/v). The mobile phase
was filtered using 0.45um membrane filter
(Milipore) and degassed by vacuum prior to use.
The flow rate was 1mL/min and flavonolignans
were detected at 288 nm. All solvents were HPLC
grade (Merk).

Silymarin Standard Solution

Stock standard solutions were prepared by
dissolving of 0.7 mg of standard silymarin and
silibinin in ImL of methanol (Sigma, USA). The
stock solutions were diluted with methanol to reach
a series of solution at different concentrations. The
obtained data from the analysis of each standard
solution were plotted against corresponding
concentrations to draw the standard curve. The
quantity of flavonolignans in each sample was
determined from standard curve (R?=0.93). The
average retention times for taxofillin (TXF),
silychristin (SCN), silydianin (SDN), silybin A
(SBNA), silybin B (SBNB), isosilybin A (ISBNA)
and isosilybin B (ISBNB) were 3.56, 3.96, 4.86,
12.72,14.14, 16.69 and 18.58 min, respectively.

Determination of Total Phenolic Content

Total phenolic content were measured using the
Folin- Ciocalteau method [19]. For this purpose,
0.1 mL of extracted solution, 0.1 mL of aqueous
Folin-Ciocalteaur reagent (50% v/v) and 2.8 mL
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digtilled water were mixed in a test tube,
thoroughly. Then2 ml 2% sodium carbonate was
added. The mixture was kept 30 min at room
temperature in the dark before measuring
absorbance at 720 nm. All measurements were
repeated tree times and results were expressed as
Gallic acid equivalents.

Determination of total Flavonoid Content

Total flavonoid content was measured by
aluminum chloride method as described by Chang
et al. (2002) [20]. In brief, 0.5 mL of plant extract
was mixed with 0.1 mL of 10% aluminum chloride,
0.1 mL of 1M potassium acetate, 1.5 mL of 80%
methanol and 2.8 mL of distilled water. The
mixture was kept 40 min at room temperature in
the dark. The absorbance of the samples was
measured at 415 nm. Quercetin was used as the
standard flavonoid. All  measurements were
performed in triplicate and results were expressed
as quercetin equivalents.

Determination of Lignin Content

The lignin content was measured by acetyl bromide
digestion [21]. All samples were powdered and
passed through a sieve with 100 ym apertures. The
samples were digested with solutions of 25 %
(w/w) acetyl bromide in acetic acid. The reaction
mixture were boiled at 70 °C for 30 min and then
cooled with ice and transferred to a 50 ml
volumetric flask containing 2 M sodium hydroxide
and acetic acid. The lignin content was determined
by measuring the absorbance at 280 nm using the
Specific Absorption Coefficient value for lignin, 20
g’ litrecm™

PAL Activity Measurement

Fifty mg of fresh explants tissues or callus were
homogenized in 0.05M TrissHCI buffer, pH=8,
containing 0.8 mM Mercaptoethanol and 1% (w/v)
PVP. The homogenate was filtered and centrifuged
at 14000 g for 15 min at 4 °C. The PAL activity
was determined by detection of produced cinnamic
acid and the assay performed according to
Syklowska-Baranek et al. method (2012) [22]. The
reaction mixture was consisted of 1 ml trisHCL
buffer (pH8), 0.1 ml enzymatic extract, 0.5 mL |-
Phe (10 mM). After incubation at 37°C for 1 hour,
the reaction was stopped by addition of0.1 mL
HCL (0.1 N). The absorbance of the samples was
measured at 290 nm.

Antioxidant Enzymes Activity Measurement
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To prepare crude enzyme extracts, fresh leaves
(0.05 g) were ground with 2 ml of 0.1 M cool
phosphate buffer (pH 6.8) as described by Kar and
Mishra (1976) [24]. The obtained homogenate was
then centrifuged at 15000 g for 15 min at 4 °C. The
clear supernatant was used for assaying the
activities of catalase (EC 1.11.1.6) and peroxidase
(EC 1.11.1.7).

Catalase activity was determined by monitoring the
destruction of H,O, at 240 nm [23]. The reaction
mixture in a final volume of 3 mL contained 50
mM phosphate buffer (pH 6.8), 100 yL enzyme
extract and 15 mM H,O, The decrease in
absorbance at 240 nm was recorded with a
spectrophotometer (Shimadzu UV-160).

The peroxidase reaction mixture in a final volume
of 3ml contained 20 mM guaiacol, 25 mM
phosphate buffer (pH 6.8), 40 mM H,0, and 10 pL
from the crude enzymes extract. The increase in
absorbance at 470 nm due to tetra-guaiacol
formation was recorded spectrophotometrically.

Statistical Analysis

Anaysis of variance (ANOVA) and Duncan's
multiple range test at p=0.05 significant level were
used to analyze data via SAS software (version 9).

Results

Cadlus Induction

The effect of different concentrations of 2,4-D and
Kin on the calus induction of root and leaf
explants of S marianum is represented in table 1.
No callus was induced in the MS medium without
2,4-D and Kin plant growth regulators. Addition of
24-D without Kin to MS medium showed
stimulating effects on callus induction, after one
month. Among 36 different combinations of 2,4-D
and Kin treatment, callus induction was only
observed in 11 treatments. Data from analysis of
variance showed that different concentrations of
2,4-D and Kin had significant effect (P<0.05) on
callusinduction of root and leaf explant (Table 2).

It seemed that by increasing 2,4-D concentration
along with Kin, the callus induction has been
increased significantly in root explants. The highest
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percent of calus induction were observed in root
explants grown on MS medium supplemented with
1, 1.5and 2, 1.5 mg/L 2,4-D and Kin, respectively.
In addition, the morphology of the produced callus
was friable and white in color (Fig. 1). Whereas,
maximum callus induction in leaf explants was
observed on MS medium supplemented with 0.5
and 1 mg/L 2,4-D and Kin, respectively. Most of
the produced callus were whitish yellow and friable
(Fig. 1E). Means comparison of the effect of
explant type revealed that leaf explant is the most
responsive to induce callus formation (Fig. 2A).

Callus Biomass Yield and Silymarin Production

The effect of 2,4-D and Kin treatments on callus
biomass and silymarin amount was shown in Table
1.While the highest callus induction frequency
(98%) in root explants was observed in MS
medium supplemented with 1 and 1.5 mg/L 2,4-D
and Kin, the combination of 0.5, 1 mg/L 2,4-D and
Kin gave the highest amount of silymarin amount
(14.4%) in obtained callus. Meanwhile maximum
silymarin percent in derived calus from leaf
explants was also observed on the MS medium
supplemented with 0.5, 1 mg/L 2,4-D and Kin,
respectively.

The highest fresh and dry weight were recorded in
derived callus from leaf explants which grown on
the MS medium contained 0.5, 1 mg/L 2,4-D and
Kin, respectively. Data from analysis of variance
showed that different concentrations of 2,4-D and
Kin had significant effect (P<0.05) on fresh weight
and silymarin content of root and leaf explant.
Meanwhile, type of explant and interaction
between type of explant and different
concentrations of 2,4-D and Kin had significant
differences (P<0.05) on fresh weight and silymarin
content of root and leaf explant (Table 2).

Means comparison of the effect of explant type
revealed that leaf explant is the most responsive to
produce higher fresh weight, but root explant
produced the highest percentage of silymarin
content (Fig. 2B, D). Meanwhile, the current data
showed that there was no significant difference in
dry weight of callus derived from root and leaf
explants (Fig. 2C).
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Fig. 1 A) Inflorescence, B) seeds, C) Sterile seedling of Slybum marianum (L.) Gaertn., D) Root -derived callus on MS
medium supplemented with 1 and 1.5 mg/L 2,4-D and Kin, E) leaf -derived callus on MS medium supplemented with 0.5
and 1 mg/L 2,4-D and Kin.
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Fig. 2 Means comparison of the effect of explant type on A) calus induction, B) fresh weigth, C) dry weigth and D)
silymarin amount of Slybum marianum (L.) Gaertn.. Different letters within each column indicate significance at P<0.05 by
Duncan's multiple range tests.
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Table 1 Effect of different concentrations of 2,4-D and Kin on Callus induction, Callus quality, fresh weight, dry weight and
silymarin content of root and leaf explants of Slybum marianum (L.) Gaertn.. Different letters within each column indicate
significance at P<0.05 by Duncan's multiple range tests.

Explant PGR(mg/L) Callus Callus quality Fresh Dry weight (g)  Silymarin (%
induction (%) weight(g) DW)
2,4-D Kin
Root 1 0 199 whitish yellow, friable  0.24+0.01 h 0.02+0.0f absent
Root 1.5 0 21f whitish yellow, friable 0.3+0.05 h 0.02+0.001 f absent
Root 2 0 21f whitish yellow, friable  0.25+0.03 h 0.02+0.002 f 1.45+0.50 e
Root 0.1 0.1 72b whitish yellow, friable  0.42+0.07 g 0.03£0.0 ef 2.34+0.56 d
Root 05 0.1 19f whitish yellow, friable  0.28+0.07 g 0.025+0.002 f 2.30+0.34d
Root 0.5 1 52d whitish yellow, friadble  0.87+0.05e 0.024+0.001 f 14.44+12 a
Root 1 1 6lc whitish yellow, friable 0.9+0.04 e 0.022+0.003 f 2.80+0.27 cd
Root 1 15 98a whitish yellow, friable  1.8+0.08d 0.035+0.001 e 8.24+15b
Root 15 15 20 of whitish yellow, friable  0.45+0.02 g 0.022+0.003 f 1.8+0.34 e
Root 15 2 79b whitish yellow, friable  0.32+0.04 h 0.023+0.003 f 1.24+045¢€
Root 2 15 9% a whitish yellow, friable  0.73+0.04 e 0.300+£0.01 b 2.40+0.65d
Leaf 1 0 18¢g whitish yellow, friable  0.45+0.06 g 0.032+0.01 e absent
Leaf 15 0 31f Light green, friable 0.54+0.04 g 0.038+0.06 e 2.45+0.30d
Leaf 2 0 50d whitish yellow, friable 0.88+0.1 e 0.034+0.04 e 3.67+1l.1c
L eaf 0.1 0.1 11i whitish yellow, friadble  0.98+0.1 de 0.053+0.0d 3.04+0.78 cd
Leaf 0.5 0.1 209 Light green, friable 0.86+0.03 e 0.045+0.02d 1.65+0.20 e
L eaf 05 1 77 a whitish yellow, friable  12.33+0.05a 0.870+0.3a 8.11+156 b
Leaf 1 1 70c whitish yellow, friable  8.3+0.12b 0.400+0.08 b absent
Leaf 1 15 60c whitish yellow, friable  4.5+0.28 ¢ 0.200+0.05 ¢ 4,22+0.46 c
Leaf 15 15 65¢ whitish yellow, friable  0.78+0.03 e 0.032+0.01 e 170050 e
Leaf 15 2 38e whitish yellow, frigdble  0.88+0.06 e 0.023+0.01 f 3.45+044c
Leaf 2 15 65c whitish yellow, friable  6.2+0.67 b 0.240+0.07 ¢ 2.43+0.95d

Table 2 Analysis of variance of effect of 2,4-D and Kin concentrations (PGR), explant and interaction between PGR and
explant on callus induction, fresh weight, dry weight, and silymarin content of callus derived from leaf and root explants of

Slybum marianum (L.) Gaertn.

FVaue
Source of variance df  Callusinduction (%) Fresh weight (g) Dry weight (g) Silymarin (%)
PGR 14 72198 81.14 0.37™ 414793
Explant 2 525" 1760.48" 0.16™ 621.85
PGR x Explant 28 17876 141.18” 0.59™ 341.08"
Error 90
"and” means non-significant and significant on 5% probability levels.

Comparison of some secondary metabolites level
between leaf and root explants and corresponding
calus

To determine some secondary metabolites level
such as: total phenol, total flavonoid and total
lignin, we selected derived callus from root and
leaf explants which showed the highest level of
total silymarin in the medium culture. The tota
flavonoid of both root and leaf explants was similar
to derived callus. But total flavonoid amount was
higher in root and its derived callus compared to
leaf explants and corresponding callus (Fig. 3A).

The measurement of total phenol showed an
obvious difference between root explants and

derived callus. But there is not any significant
difference between leaf explants and corresponding
calus (Fig 3B). Meanwhile, the obtained data
indicated that lignin level in root and leaf explants
was much higher than corresponding callus (Fig.
30).

The current results indicated that total silymarin
amount in callus was higher than corresponding
explants. The highest level of total silymarin was
observed in callus derived from root explant. While
total silymarin in root explants was 4.35% dry
weight, it was 14.4% dry weight in corresponding
callus. Interestingly leaf and root explants showed
similar total silymarin amount (Fig. 3D).
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Table 3 HPLC analysis results of silymarin components (mg/g Dry weight) in rootandleaf explants, callus derived from root
and leaf explants of Silybum marianum. Taxofillin (TXF), Silychristin (SCN), Silydianin (SDN), Silybin A (SBNA), Silybin
B (SBNB), Isosilybin A (ISBNA) and Isosilybin B (ISBNB). Different letters within each column indicate significance at
p=0.05 by Duncan's multiple range tests.

Sample TXF SCN SDN SBNA SBNB ISBNA ISBNB .TOtaI.
Silymarin
Root 0.55+0.05b 0.037+0.05¢c  0.43+0.02c 0.03+0.01d 0.34+0.005 ¢ 0.51+0.05b 0.97+0.05¢ 2.86+0.2¢
Callus 0.15+000 ¢ 0.63+0000 b 1.24+0.05b 1.68+000a 1.4+0000 a 3.58+0.05a 25.2+0000 a 33.88+0.05a
Leaf 0.506+0.03 b 0.855+0.04a  1.35+t0.15b 0.274£0.024c  0.419+0.011c 0.211+0.038c 0.335+0.015cd  3.949+0.21c
Callus 0.87+0.02a 0.98+0.06 a 3.86+0.21a 0.66+0.043b 0.76+0.030 b 0.39+0.026 ¢ 1.24+0.022 b 8.76+0.15b
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Fig. 5 A) Cataase, B) Peroxidase, C) PAL activity of root and leaf explants, callus derived from root and leaf explants of
Slybum marianum. The data were obtained from three independent experiments. Data are means +SE. Columns with
different letters indicate significant differences at p<0.05, according to the Duncan’s test.

HPLC Analysis Results for Silymarin Constituents was significant difference between silymarin means
in root explant and its derived callus (Table 4). It
was interesting that the amount of silymarin in
callus derived from root was much higher than root
explant. The highest amount of silymarin was
observed in callus derived from root explant (33.88
mg/g DW). The major flavonolignan in the root
and its derived callus was isosilybin B (ISBNB).
But the main component in leaf explants and
derived callus was silydianin (SDN) (Table 3).

To quantify the main constituents of silymarin, the
HPLC method was selected. HPLC anaysis
identified seven isolated components; taxofillin
(TXF), sdlychristin (SCN), silydianin (SDN),
silybin A (SBNA), silybin B (SBNB), isosilybin A
(ISBNA) and isosilybin B (ISBNB) from the
explants and their derived callus (Fig. 4). The
amount of silymarin in root and leaf explants was
2.86 and 3.94 mg/g dry weight, respectively (Table
3). Data from analysis variance showed that there
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Enzyme Activity Measurement in Root and Leaf
Explants Versus Derived Callus

We further analyzed catalase, peroxidase and
phenyl alanine ammonia lyase (PAL) activities in
the explants and their corresponding callus. The
obtained data showed that catalase activity in leaf
explant was significantly higher than root explants.
However catalase activity did not show any
significant difference between derived callus from
root and leaf (Fig. BA).

Table 4 Anaysis of variance of effect of explant on
silymarin amount of callus derived from leaf and root
explants of Silybum marianum (L.) Gaertn.

Source of variance df FVaue
Explant 2 38.866

In addition, peroxidase activity was significantly
higher in derived callus with respect to root
explants. There was not any significant difference
in peroxidase activity between leaf explants and
derived callus (Fig. 5B).

Significant differences were observed in PAL
activity between root explants and its
corresponding callus. But there was not any
significant difference in PAL activity between leaf
explant and its derived callus (Fig. 5C).

Discussion

So far severa efforts have been concentrated on
silymarin in vitro production under controlled
conditions. But the amount of produced silymarin
in invitro condition was lower than that obtained
from field grown plants. In current study, the effect
of plant growth regulators on callus induction and
flavonolignans production of S. marianum has been
studied. The fully expanded young leaves and roots
segments were used for callus induction.
Interestingly, addition of 2,4-D together with Kin
to MS medium showed significant induction rate in
callus induction. This is because auxin facilitates
cell elongation; cell division and callus formation
in the medium culture and cytokinin promote cell
division and differentiation [25,26].

Exogenous application of an intermediate ratio of
auxin and cytokinin induces callus formation (27).
Meanwhile, 2,4-D is a synthetic auxin which
induce calus formation much higher than other
types of auxin. The optimum concentrations of
auxin and cytokinin for calus induction vary
among different species. In current research we
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found that 1and 1.5 mg/L 2,4-D and Kin were the
most effective concentrations for callus induction
in root explants.

Means comparison of the effect of explant type on
callus induction showed that leaf explants are more
effective, compared to root explants. This finding
was contradicted with other researchers who
reported that the cotyledon explants was the best
for callusinduction [13,15].

According to obtained data supplementing MS
media with different concentrations of Plant growth
regulators influenced callus induction and
silymarin accumulation. The highest amount of
fresh weight and total silymain has’ been seen in
callus derived from root explants which induced on
MS medium supplemented with 1,1.5 mg/L and
0.5, 1 mg/L 2,4-D and Kin, respectively. This
findings shows that callus biomass did not correlate
with  silymarin  production in investigated
concentrations of 2,4-D and Kin.

Our preliminary experiment revealed that 0.5 and 1
mg/L 2,4-D and Kin concentration had an
induction effect on total silymarin production on
callus derived from root explants to reach 14.4 %
dry weight. Silymarin is usually isolated from the
dried fruits of S marianum. The dried fruits
contain the highest amount of silymarin (1-4%).
Cacho et al. (1999) reported that the flavonolignan
content in 2 months old callus was lower than the
values obtained for fruits [2]. A likely explanation
for this discrepancy is that they tried with
cotyledons explants of S. marianum to induce
callus formation. On the other hand, Rahnemaet al.
(2008) used hairy root culture method to produce
silymarin. But the yield percentage was lower than
that is generally extracted from dried seeds of S
marianum [10]. El sheriff et al. (2013) found the
highest total silymarin concentration (up to 6.98%
dry weight) in the in vitro regenerated shoot tip
culture explants when exposed to gamma
irradiation [28].

Data from HPLC analysis revealed while the main
component in the leaf explants and derived callus
was silydianin (SDN), the major flavonolignans in
the root and its derived was isosilybin B (ISBNB).
Thisisin agreement with some previously reported
results in S. marianum tissue culture. El Sherif et
al. (2013) reported that the major component of
silymarin in the in vitro regenerated shoot tip
explants under gamma irradiation treatment was
ISBNB [28]. So far, several researches have shown
that the main component (both quantitatively and
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therapeutically) of silymarin is SBN (2, 16). Our
previous study aso showed that the major
flavonolignan in dried fruits collected from IRAN-
Gorgan is SBNB (9). Saba et al., (2000) revealed
that the amount of total silymarin and its
component depends on developmental stage and
composition of medium in the S. marianum tissue
culture [29].

The comparison of some antioxidant enzyme
activity in the explants and their derived callus
showed that peroxidase enzyme activity in root
explants and its derived callus was higher than leaf
explants and its  corresponding  callus.
Flavonolignans are synthesized from the
phenylalanine produced by the shikimic acid
pathway. The phenylalanine ammonia-lyase (PAL)
is one of the most important enzymes which
catalyze deamination of phenylalanine to produce
coumaric acid. In the next steps, chalcone synthase
(CHS) catalyzes the condensation of three acetyl
units from malonyl-CoA with p-coumaryl CoA to
produce naringinin chalcon [30, 31].

Toxifolin, a precursor of silymarin biosynthesis, is
derived from naringinin chalcone. It has been
demonstrated  that  silymarin  is  formed
biosynthetically from toxifolin and coniferyl
alcohol (alcoholic monomeric precursor of lignin
biosynthesis), in an oxidative process which
catalyzed by peroxidase enzyme [32]. The current
results suggest that induction of peroxidase activity
plays a significant role in flavonolignan
metabolism in root explants and its corresponding
calus.

The current data reveadled that there is not any
significant difference between root explants and its
corresponding callus in total flavonoid level. But
there is an inverse relation between root explants
and its derived callus with lignin and total
silymarin content. These results explain the
importance of lignin biosynthesis in growth and
development of root organ.

Conclusion

As a summary, callus induction from root explants
can be a suitable source for silymarin production.
In our experiment, 0.5 and 1 mg/l 2,4-D and Kin
strongly induced callus induction and silymarin
accumulation in root explants.
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