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Abstract
Background and objectives: In recent years, Urtica dioica L. has attracted the attention of
researchers due to its significant effect on many diseases, especially diabetes. However, more
research needs to be done in the field of tissue culture and the effect of elicitors on antioxidant
properties and the production of its secondary metabolites. This research aimed to investigate
the best hormonal combination and light conditions effective on nettle callogenesis and the
effect of methyl jasmonate elicitor on its biochemical properties.
Methodology: For this purpose, using stem explants, the effect of different levels of auxin
hormones, naphthalene acetic acid (NAA) (1.5 and 3 mg/l) and 2,4-dichlorophenoxy acetic acid
(2,4 D) (0.5 and 1.5 mg/l) and cytokinin hormone, benzylaminopurine (BAP) (0.5 and 1.5 mg/l)
were evaluated in two light conditions (light and dark) by measuring fresh weight, dry weight
and percentage of callogenesis. The nettle plant's callus growth curve was obtained using liquid
culture. After starting the suspension culture, methyl jasmonate treatment was applied with three
levels of 1, 0.1 and 0.01 mM, and sampling was done at 24, 48 and 96 hours. The enzyme
activity of phenylalanine ammonialyase and polyphenol oxidase and total protein content by
extracting in 50 mM Tris-HCI buffer with 8.8 acidity and total phenol, total flavonoid content
by extracting in 80% methanol was measured using spectrophotometric and standard methods
for control samples and those under different treatments of methyl jasmonate. Also, three
metabolites of quercetin, kaempferol and rutin were measured using an HPLC device with a UV
detector and 18C column stationary phase. Data from the callogenesis experiment were
analyzed in a two-factor experiment in a completely randomized design. The data from
the biochemical and HPLC experiments were analyzed in a split-plot in time design, and the
means were compared with Duncan's test.
Results: According to the results, the best hormonal combination to produce fresh and dry
weight in light conditions includes 1.5 mg/l of NAA and 1.5 mg/l of BAP and in dark
conditions, it includes 1.5 mg/l naphthalene acetic acid and 0.5 mg/l of benzyl aminopurine.
Also, according to the results, naphthalene acetic acid (62.5%) performed better than 2,4-D
(43.5%) in the nettle callogenesis percentage. Lightingwas determined as the best
light condition for callogenesis in nettle, so the amount of fresh and dry weight and percent of
callogenesis in light compared to darkness increased by 4.79, 4.91 and 1.92 times, respectively.
There was an increase in polyphenol oxidase enzyme activity, total phenol and total protein in
some samples treated with methyl jasmonate compared to the control, and no significant
increase was observed in the activity of phenylalanine ammonialyase enzyme and total
flavonoid content. According to the HPLC results, the highest amount of rutin metabolite was
obtained in 96 hours after the addition of the elicitor and at the concentration of 0.01 mM
methyl jasmonate.
Conclusion: The naphthalene acetic acid hormone was more effective than the 2,4-D hormone
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and light conditions than darkness in nettle callogenesis. Methyl jasmonate elicitor increased the
antioxidant property of nettle (48 hours after treatment) by increasing the polyphenol oxidase
enzyme activity. However, compared to the control, it had no significant effect on the
phenylalanine ammonialyase enzyme activity and total flavonoid. Itis suggested that other
concentrations of methyl jasmonate be tested to reach optimal conditions for increasing the
production of secondary metabolites in nettle in vitro culture conditions.

Keywords: Auxin, antioxidant, polyphenol oxidase, secondary metabolite, rutin,
nettle (Urtica dioica L.).
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Table 1. Different auxin and cytokinin concentrations to determine the best hormonal combination of
Urtica dioica callogenesis from internode explant in MS culture medium

Number Code

Auxin + Cytokinin concentration (mg.L™)

A
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No hormones (Control)
1.5 NAA + 0.5 BAP
1.5 NAA + 1.5 BAP

3 NAA + 0.5 BAP
3 NAA + 1.5 BAP
0.52,4-D + 0.5 BAP
0.52,4-D + 1.5 BAP
1524-D + 0.5 BAP
152,4-D+15BAP
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Table 2. ANOVA of hormonal composition and light conditions effects on callus fresh weight, callus dry weight,
and callogenesis percentage of Urtica dioica from internode explant in MS culture medium

M.S.
S.0.V. df. Callus Fresh Callus dry Callogenesis
weight weight percentage
Hormonal composition (H) 8 1.407™ 0.011™ 1240.773"
Light conditions (L) 1 12.322*" 0.111* 12663.516™
HxL 8 1.077™ 0.009™ 771.085™
Experimental error 33 0.169 0.001 227.525
C.V (%) 295 25.7 29.1

**: significant at 1% probability level
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Figure 1. Means comparison of hormonal composition x light conditions interaction on callus fresh weight of

Urtica dioica from internode explant in MS culture medium
A: No hormones (Control), B: 1.5 NAA + 0.5 BAP, C: 1.5 NAA + 1.5 BAP, D: 3 NAA + 0.5 BAP, E: 3 NAA + 1.5 BAP, F: 0.5 2,4-D + 0.5 BAP, G:
0524-D+15BAP,H:1524-D+05BAP, I: 1.52,4-D + 1.5 BAP
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 2. Means comparison of hormonal composition x light conditions interaction on callus dry weight of
Urtica dioica from internode explant in MS culture medium
A: No hormones (Control), B: 1.5 NAA + 0.5 BAP, C: 1.5 NAA + 1.5 BAP, D: 3 NAA + 0.5 BAP, E: 3NAA + 1.5 BAP, F: 0.5 2,4-D + 0.5 BAP, G:
0.52,4-D+15BAP, H: 1.52,4-D + 0.5 BAP, |: 1.5 2,4-D + 1.5 BAP
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 3. Means comparison of hormonal composition x light conditions interaction on callogenesis percentage
of Urtica dioica from internode explant in MS culture medium
A: No hormones (Control), B: 1.5 NAA + 0.5 BAP, C: 1.5 NAA + 1.5 BAP, D: 3 NAA + 0.5 BAP, E: 3 NAA + 1.5 BAP, F: 0.5 2,4-D + 0.5 BAP, G:
0.52,4-D + 1.5 BAP, H: 1.5 2,4-D + 0.5 BAP, |: 1.5 2,4-D + 1.5 BAP
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 4. A) Green callus obtained from NAA 1.5 mg.L! treatment and light conditions, B) pale green callus with
a tendency to white resulting from 2,4-D 1.5 mg.L™* treatment and light conditions, and C) callus obtained from
NAA and 2,4-D treatment under dark conditions from Urtica dioica internode explant in MS culture medium
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Figure 5. Urtica dioica callus growth curve in liquid MS culture medium to determine the best time of elicitor
application
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Table 3. ANOVA of elicitor and time after elicitor application effects on phenylalanine ammonia lyase activity,
polyphenol oxidase activity, and content of total phenol, total flavonoids, and total protein in callus from
Urtica dioica internode explant in MS liquid culture medium

M.S.
S.O.V. d.f. Phenylalanln Po_lyphenol Total phenol Tot_al To_tal
e ammonia lyase oxidase flavonoids protein
Mmh{,\'ﬂ‘)asmonate 3 98276.984" 2376.387" 684524.84™ 1159.766™* 6336.20""
Experimental errorl. 8 140878.592 986.339 63474.906 454.229 689.839
P Time (T) 2 260363.941"™ 1616.546" 36013.447m 1369.355™ 1588.79"
M xT 6 260188.068" 5666.249™" 179811.395™ 1903.277" 2076.728"
Experimental error2 16 96156.110 380.813 26987.032 108.497 700.056
C.V (%) 28.84 9.1 6.72 19.65 9.7
n.s., *, ** and ***: non-significant, significant at 5, 1, and 0.1% probability levels, respectively
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Figure 6. Means comparison of methyl jasmonate x time interaction on phenylalanine ammonialyase enzyme
activity in callus from Urtica dioica internode explant in MS liquid culture medium
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 7. Means comparison of methyl jasmonate x time interaction on polyphenol oxidase enzyme activity in
callus from Urtica dioica internode explant in MS liquid culture medium
Means with common letters are in the same statistical group at 5% probability level (Duncan test).



S 25 g5l

Total phenol content (ng.g
IFW)

MJ 0.01

YYF

@24 h
#48 h
W96 h

MJ 0.1 MJ1

Methyl jasmonate concentration (mM)

5085 U8 s ol X Ol senls Jute Jolite 1 Sl anolio —A S
MS ule oS Lima 53 2355+ Sils puies 3l ol oS

Figure 8. Means comparison of methyl jasmonate x time interaction on total phenol content in callus from Urtica
dioica internode explant in MS liquid culture medium
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 9. Means comparison of methyl jasmonate x time interaction on total flavonoids content in callus from
Urtica dioica internode explant in MS liquid culture medium
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 10. Means comparison of methyl jasmonate x time interaction on total protein content in callus from
Urtica dioica internode explant in MS liquid culture medium
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 4. ANOVA of elicitor and time after elicitor application effects on rutin content in callus from Urtica dioica
internode explant in MS liquid culture medium

S.O.V. d.f. M.S.
Methyl jasmonate (M) 3 22.752™"
Experimental errorl 4 0.038

Time (T) 2 72.093"

MxT 6 43.841""
Experimental error2 8 0.658
C.V. (%) 7.63

***: significant at 0.1% probability level
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Figure 11. Means comparison of methyl jasmonate x time interaction on rutin content in callus from Urtica
dioica internode explant in MS liquid culture medium
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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