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Abstract

Background and purpose

The fennel plant, with its scientific name (Foeniculum vulgare L.), is a member of the Apiaceae
family. The Fennel is considered a valuable medicinal plant in traditional medicine in Iran and other
countries, and it has been used to treat many infectious, digestive, and other diseases. Among the
compounds with high medicinal value found in this plant, we can mention the large family of
flavonoids. Considering the unique properties of the fennel plant and its importance in the
pharmaceutical and food industries, and the importance of new methods of plant tissue culture to
produce and increase the amount of plant secondary metabolites, the present research is aimed at
increasing the production of biochemical compounds and secondary metabolites such as rutin,
quercetin, and kaempferol from the callus tissue obtained from this plant, was done using methyl
jasmonate, salicylic acid, and phenylalanine as stimulating agents in different concentrations and
durations.

Methodology

This research evaluated the effect of plant growth stimulants such as methyl jasmonate, salicylic
acid, and phenylalanine in concentrations in three concentrations: 50, 100, and 200 mg/liter coupled
with zero (as a control treatment), was treated for 24, 48, and 96 hours using a 10 x 3 factorial
experiment based on the completely randomized design with three replications on the level of
biochemical compounds including the amount of protein, the activity of peroxidase and

catalase enzymes, accumulation of proline, anthocyanin, and flavonoids as well as the amount of
rutin, quercetin, and kaempferol was analyzed. For this purpose, callus samples obtained
from an MS culture medium containing two mg.I"* NAA and one mg.I"* Kin were treated with the
mentioned growth stimulants for 24, 48, and 96 hours.

Results

According to the obtained results, the amount of protein, accumulation of amino acid proline,
anthocyanin, and flavonoid, as well as the amount of rutin, quercetin, and kaempferol significantly
and at the probability level of 1% under the influence of the two-way interaction of the type of
stimulant the duration of it. Higher concentrations of methyl jasmonate or salicylic acid
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significantly increased the production of proline, flavonoid, and anthocyanin in callus samples
collected from the culture medium. The highest amount of proline accumulation (0.93 pg/mg
protein) was related to the callus tissue collected from the culture medium containing 200 mg/liter
methyl jasmonate for 96 hours. The highest amounts of flavonoid and anthocyanin were 0.25 and
5.45 mg/g of callus weight, corresponding to the culture medium containing 200 mg.I of methyl
jasmonate for 96 hours. The highest peroxidase and catalase enzyme activity was also related to the
culture medium containing methyl-jasmonate at a concentration of 200 mg.It and 96 hours. On the
other hand, according to the obtained results, by increasing the concentration of methyl-jasmonate
to 200 mg.It, the amount of rutin production in the sample of fennel plant callus increased. The
highest amount of quercetin (5.24 mg/gram of callus weight) was related to the culture medium
containing 200 mg.I"t of methyl jasmonate for 24 hours.

Conclusion

According to the results obtained in this research, treatment of callus with higher concentrations
(100 and 200 mg.I"Y) of methyl jasmonate, salicylic acid, and phenylalanine increases the production
of plant secondary metabolites (rutin, quercetin, and kaempferol) in this plant.

Keywords: Salicylic acid, Methyl jasmonate, Quercetin, Rutin, Plant tissue culture and Foeniculum
vulgare.
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Basic culture medium Methyl jasmonate (mg/l)

Salicylic acid (mg/l) Phenylalanine (mg/1)

MS -
MS 50
MS 100
MS 200
MS -
MS -
MS -
MS -
MS -
MS -

50
100
200 -
- 50
- 100

- 200
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Table 2: Mean squares of type, concentration, and duration of plant growth stimulants effects on biochemical
characteristics and secondary metabolites of F. vulgare in vitro culture.

Source of variation df MS
Protein Peroxidase Catalase Proline flavonoid Anthocyanin
Elicitor (A) 9 0.02 ™ 1009.06 ** 11246.23 ™ 0.12™ 0.02™ 475
Time (B) 2 0.007 ™ 696.89 ™ 8009.91 ™ 0.049 ™ 0.02™ 3.88™
Ax B 18 0.001™ 157.12 2693.58 0.003 ™ 0.001 ™ 0.23™
Erorr 60 0.001 113.76 2234.30 0.002 0.001 0.10
CV(%) 15.12 10.51 19.98 12.09 18.99 13.94

**: significant at 1% level of probability.
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Figure 1- The effect of the type, concentration and duration of using different elicitors on the (A): Protein and (B):

Proline content of the callus samples callus of F. vulgare

under in vitro conditions. The means followed by a common

letter does not have a significant difference at the 5% probability level.
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Table 3.The effect of the type and concentration of plant growth stimulants on Catalase and Peroxidase activities of
fennel (F. vulgare) in in vitro culture.

Type and Concentration of Elicitor Perqmdase . Cat_alase .
(umol H202 mint mgProtein) (umol H20; mint mg*Protein)
MS+ 2 NAA+ 1 Kin (Control) 114.66 737.08 ®
50 (mg) Methyl jasmonate 115.95 @ 716.13 ®
100 (mg) Methyl jasmonate 125.602 714.04 %
200 (mg) Methyl jasmonate 126.302 745,98 @
50 (mg) Salicylic acid 100.47 ¢ 650.04 ©
100 (mg) Salicylic acid 112.62 be 699.00 e
200 (mg) Salicylic acid 106.52 b¢ 736.22
50 (mg) Phenylalanine 101.11°¢ 690.01 b¢
100 (mg) Phenylalanine 111.71b¢ 690.28 P
200 (mg) Phenylalanine 109.77 ™ 737.61 %

R R WA J\A:,\Clzwjz Sl sl S s O )l 6Lmu.§;L.A
The means followed by a common letter do not have a significant difference at the 5% probability level.
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Table 4. Effect of duration of using plant growth stimulants on Catalase and Peroxidase activities of fennel plant (F.
vulgare) in in vitro culture.

Time Peroxidase Catalase

(hour) (umol H,02 min"t mgProtein) (umol H,0; min"t mgProtein)
24 109.34° 690.24 °
48 108.62 ° 716.74
96 119452 727.94 2

515 4055 0 Jlas] o 55 (513 gme BV S xe 3> shls LSl
The means followed by common letter do not have a significant difference at the 5% probability level
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Figure 2- The effect of the type, concentration and duration of using different elicitors on the flavonoid (A) and Anthocyanin (B)
contents in the callus of F. vulgare under in vitro conditions. The means followed by common letters do not have a significant
difference at the 5% probability level.
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Table 3. The mean squares of the effects of the elicitor type, and duration on the secondary metabolites production in the callus

samples of F. vulgare under in vitro conditions.

Source of variation df - MS -
Rutin Quercetin Kaempferol
Elicitor (A) 9 56.93 ™ 1.61™ 0.63 ™
Time (B) 2 16.63 ™ 0.53™ 0.07 ™
Ax B 18 5.78™ 0.24™ 0.05™
Erorr 60 1.02 0.03 0.007
CV(%) - 11.09 3.27 2.57

**: significant at 1% level of probability.
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Figure 3- The effect of the type, concentration and duration of different elicitors on the Rutin (A), Quercetin (B), and Kampferol (C)
in the callus of F. vulgare under in vitro conditions. The means followed by a common letter do not have a significant difference at
the 5% probability level.
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Table 4. The degree of correlation between the calculated traits of callus samples of F. vulgare treated with stimulants
in different concentrations and durations in in vitro conditions

Treatment Rutine  Quercetin  Kaempferol Protein Peroxidase Catalase Flavonoid Anthocyanin
Rutine 1

Quercetin 0.55** 1

Kaempferol ~ 0.55**  0.54** 1

Protein 0.65**  0.49** 0.43** 1

Peroxidase 0.42** 0.15 0.40** 0.34** 1

Catalase 0.24* 0.19 0.23* 0.21* 0.49** 1

Flavonoid 0.66**  0.46** 0.54** 0.85** 0.53 0.41** 1

Anthocyanin  0.65**  0.52** 0.40** 0.58** 0.27** 0.24* 0.64** 1

** *significantly at 1 and 5% of probability level, respectively
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Figure 4. Callus samples collected from MS medium containing 2 mg L* NAA and 1 mg L'* BAP along with 200 mg L methyl
Jasmonate for 96 h (A), 100 mg L of salicylic acid for 96 h (B), and control without elicitor (C).
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