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Abstract

Dracocephalum polychaetum Bornm. a species in the Lamiaceae family is a medicinal
herb native to Iran. This study aims to investigate the impact of various concentrations of
methyl jasmonate on the growth, and production of phenolic compounds, as well as the
activity of phenylalanine ammonia-lyase (PAL) and tyrosine ammonia-lyase (TAL) in D.
polychaetum callus under in vitro conditions. For callus induction, hypocotyl sections
were cultured in MS medium supplemented with 4 mg/L BAP+1.5 mg/L NAA.
Following several subcultures, the callus was exposed to concentrations of 0, 10, 25, 50,
100, and 150 puM methyl jasmonate for 14 days. The application of methyl jasmonate
increased fresh weight, callus growth rate, content of phenolic compounds, flavonoids,
flavonols, and the activity of PAL, and TAL enzymes in the treated callus compared to
the control. The highest callus growth rate, total phenolic compounds, PAL, and TAL
enzyme activity were observed in callus treated with 50 uM of methyl jasmonate.
Furthermore, callus treated with 25 uM of methyl jasmonate exhibited the highest fresh
weight. These findings suggested that methyl jasmonate at optimal concentrations of 25
and 50 uM can effectively stimulate the production of phenolic compounds without
adverse impact on callus growth.

Introduction

Dracocephalum polychaetum is a perennial woody herb belonging to the Lamiaceae. The
secondary metabolites of D. polychaetum reportedly include phenolic compounds such
as rutin, naringin, apigenin, quercetin, thymol, rosmarinic acid, and carvacrol.

Plant tissue culture appeared as a viable biotechnological tool for the production of
secondary metabolites in medicinal plants. The production of secondary metabolites, such
as phenolic compounds, can be affected by a variety of biotic and abiotic stresses.

One of the potent elicitors of secondary metabolites is MJ, a volatile methyl ester of
jasmonic acid that prompts plants to respond to biotic and abiotic stress. It regulates and
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improves biochemical pathways to improve plant morphology and physiology, ultimately
enhancing their performance. Exogenous MJ in vitro has reportedly yielded higher levels
of secondary metabolite production, compared to ordinary conditions. Given the
medicinal significance of D. polychaetum and the lack of research on the experimental
enhancements in this plant using biotic elicitors, this study aims to investigate the impact
of various concentrations of MJ on the growth, production of phenolic compounds, and
the activity of the PAL and TAL enzymes in the biosynthesis pathway of these
compounds in D. polychaetum callus.

Material and Method

For hypocotyl explants, D. polychaetum seeds were cultured in Murashige and Skoog
(MS) medium supplemented with 10 mg/l GA3 and incubated at 23°C in darkness. After
germination and seedling growth, to induce callus, hypocotyl explants were cultured in
MS medium supplemented with 4 mg/l BAP, 1.5 mg/l of NAA, 30 g/l of sucrose, and 8
g/l of agar and incubated at 23°C in darkness. After several subcultures, the callus was
exposed to different concentrations of MJ for 14 days. The concentrations used were 0,
10, 25, 50, 100, and 150 uM. The effects of these various concentrations of MJ on callus
growth were determined by calculating the difference between the initial weight of cells
on day 0 and their final weight on day 14. Additionally, the average growth rate of the
callus was examined by measuring the difference in the diameter of the callus on days 0,
7, and 14. Production of phenolic compounds, flavonoids, and flavonols as well as the
activity of phenylalanine ammonia-lyase (PAL) and tyrosine ammonia-lyase (TAL) were
measured by using UV—Vis spectrophotometry. Statistical analyses were performed
using SPSS (version 26), set for a completely randomized design with three replications.
To check the significance of mean values, Duncan's test was applied (P < 0.05). Using
PAST software (version 4.13), principal component analysis (PCA), was used to show
patterns and relationships between the studied physiological and biochemical factors.

Results and Discussion

Jasmonates are a group of phytohormones that regulate plant growth, development, and
defense through intracellular and extracellular signals. One of the effects of MJ is the
production of free radicals, which act as secondary signaling molecules and impact the
phenylpropanoid pathway. This ultimately results in the synthesis of powerful
antioxidants like phenolic compounds. These products may play a role in protecting plant
cells against MJ treatment. Additionally, MJ acts as a signaling molecule and influences
the expression of genes involved in secondary metabolite biosynthesis.

According to the results, applying a low concentration of MJ resulted in increased fresh
weight, callus growth rate, and the content of phenolic compounds, flavonoids, and
flavonols in the treated callus, as well as enhanced activity of PAL and TAL enzymes,
when compared to the control. The callus treated with 25 pM MJ exhibited the highest
fresh weight. Furthermore, the callus treated with 50 uM MJ showed the highest growth,
phenolic compound content, and activity of PAL and TAL enzymes.

These results indicate that an increase in the activity of PAL and TAL at low MJ
concentrations leads to an increase in the production of phenolic compounds as products
of the phenylpropanoid pathway. PAL and TAL enzymes are two key enzymes that
initiate the biosynthesis pathway of phenolic compounds. These findings are supported
by positive and strong correlations between PAL, TAL, and total phenolic compounds.
The results also showed that an increase in MJ concentration reduces growth. Supporting
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these findings, there were negative and strong correlations between MJ with FW and
CGR. The high concentration of MJ may cause excessive production of free radicals in
cells and induce oxidative stress, thus inhibiting cellular growth at high concentrations.

Conclusion

This study presents the first report on the enhanced production of phenolic compounds in
D. polychaetum callus under MJ treatments. In summary, a low concentration of MJ was
found to increase the growth, activate the phenylpropanoid pathway, and enhance the
production of total phenolics, flavonoids, and flavonols. These findings lead to the logical
conclusion that using low-risk elicitors like MJ is an effective strategy for improving the
overproduction of phenolic compounds in plants that are typically produced in very low
amounts under controlled conditions.

Keywords: Callus, Medicinal plants, Methyl jasmonate, Phenolic compounds.
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Figure 1- Effect of the methyl jasmonate (MJ)
concentrations (0, 10, 25, 50, 100 and 150 uM) on the
(a) Fresh weight, and (b) Callus growth rate (CGR) in
: The weight difference of AD. polychaetum callus.
the callus from Day 0 to Day 14. Data are mean values
of three replicates + SE. Dissimilar letters indicate

significant differences based on Duncan’s test
(P<0.05).
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Figure 2: Effect of the methyl jasmonate (MJ)
concentrations (0, 10, 25, 50, 100 and 150 pM) on the
(a) total phenol content; (b) flavonoid content and (c)
flavonol content in D. polychaetum callus. Data are
mean values of three replicates + SE. Dissimilar letters
indicate significant differences based on Duncan’s test
(P<0.05).
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replicates + SE. Dissimilar letters indicate significant
differences based on Duncan’s test (P<0.05).
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Figure 3. Effect of the methyl jasmonate (MJ)
concentrations (0, 10, 25, 50, 100 and 150 puM) on the
(a) TAL activity and (b) PAL activity in D.
polychaetum callus. Data are mean values of three
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Table 1- Trait correlation between different traits of D. polychaetum callus under methyl jasmonate treatment. MJ:
Methyl jasmonate, CGR: Callus growth rate. FW: fresh weight, TPC: total phenolic compound, TFD: total flavonoid
content, TFL: total flavonol content, TAL: tyrosine ammonia lyase, PAL: phenylalanine ammonia-lyase.

MJ FW CGR TPC TFD TFL PAL TAL

MJ 1

FW -0.668" 1
CGR -0.665™ 0.589" 1

TPC -0.233 0.547" 0.415" 1

TFD 0.706™ -0.495" -0.398 0.092 1

TFL 0.567" -0.146 -0.296 0.074 0.489" 1
PAL -0.197 0.634™ 0.197 0.801" 0.039 0.210 1
TAL -0.135 0.545™ 0.130 0.664™ 0.008 0.425" 0.865™ 1
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Figure 4- PCA biplot of the analyzed responses of D. polychaetum callus to methyl jasmonate (0, 10, 25, 50, 100 and
150 uM) treatments. CGR: Callus growth rate. FW: fresh weight, TPC: total phenolic compound, TFC: total flavonoid

content, TAL: tyrosine ammonia lyase, PAL: phenylalanine ammonia-lyase.

Je YL s ble jo ub) Hlge 5ol i
20T d 558 5 4 015 n ) D sl
RS s Jb s NS s A S slag—aly S5
Andi et al., ) sls i Jes ‘_;LA&_:.;}:H
Cul S piomen L(2019; Sohn et al., 2022
Sl s Sl e A5 5 ST 55
Glacble U sl Coow slad s 0553 55T
Bl A Hlee g Ks Dlse il Jize (VL
Cewd 4 g0 l5 b 4lie (Yazdanian et al., 2021)
Carum carvi ol . JS" ¢ hass opl 53 ode
T8) Syl i 31y e | sl i 33
b5 als 0L 1) by & 5 op it GY g0 S
A edal e i e s Bl 05
bl 5 eioees (Rahmati et al., 2023)

QUWB.-J::A)Y‘}AJJS:AYQ(MGW&@}}:

&

Sx
A im0 5l (255 bl

oS 0353 SOy sn sl LS 55 &S A
by (Jslw 03515 0353 SIS b malize
Sohn et al.,)w@rgaxu,ougfttegj}g
S SRl s LaeS e 5,88 4 (2022
Ol i U ol jen LSl 55 o0 s U glacJ gl
SedeT Cvsty gl ol jy il 5503555
P gl ble PCA I ol mli 51 S
o glacbale 5 ¢S o 1) Ay S gomnler fie
B L e R R
Liy o &S ol LU, ol oS b Sees
Se dasly Ob gawle fite Calibes glalLile
ool bl Vel () Jyds) 5,05 550
oo e 5 Ly S o5 s Dl gl e



VY Sl cemin s obmy oy 85l ems 5l Jlo ( aLE a5 p ke

4 H202 (5Ll g jlnST b (6, S
SISl 5 oS a8 ol ge (5w 5
STy 5 La b 5ls s e Jsdw s S13T
Jts JeS 55 SISOl 4 3 5 1Sl 5T
4 5 0d elol Dby ST L ST L g ot s
Khanpour-) .x_s:)f@ L s gadyl cd-
oA Juol S bl (Ardestani, 2015
SLS 5 lsme I o Dbl e
f 3 sm B 3 dh D6 5 A3 55008 ¢ S
Ol Caliine Do oy (Socas o 5 (s
9 JdE L Oliseuls foe cble oy aS sls
3515 355 Sols sme 5 Lot (Sind U3 55550
O gamnl Jute Chale (21580 L das o 0L &S
545 ke 53 eddslml 15 5153 Vet
B s Ly 58 g 53 OLS 5 (pl paad
Slagbasy plosl polal 4Bl 131 sl
g 5 S GRIP 5o WS e B iy
b glain s 05)3 SiS 5o 4 5l gl sl
~ J=e (Ram et al.,, 2013) cwloui i)l 5
ladleb 4 5 g KIS Sl b b gl
S 5 e AE ST s e
b ablie Cogor Jgbw Yool ol sty JLid
o cedb A5 GLadLSGly o g Dl
oty ad g M 5 Lads 606 ¢ b OLS 5
Sl YL slaclale s b ol Lol 3l
Ssd g odalin IS0 LS (ol e jy talS STl
sl b Sl i a5 5 sk Vx| &S
33 (0381 Jled slaai ) ROS ada 51 5157
) SBelid 4 o 5 Hles YL sl bl
SLag 3T Lo ma 53 Jb OS5 (6,8 ,1 5 5
NP PN . Y U B VRO T N Ty

33 (P O gl 3 B R
L &S 43 O. sanctum 50O. basilicum s« &
Cal Srals oy Oligeuler foe Ll 2050
LS IS ,s (Mathew & Sankar, 2012)
JO o sl ble Ll Caw Allium jesdianum
DL Dl gaaler e Y g5 o Ve 500
A odalin 5055 5 Al &5 SRl Glad Cbl
YU o ble Yl (Yazdanian et al., 2021)
Grb ) sz 5 iy gl U ol Ji20
GBIl o 1 i A 5 5 551 55 slow!
Ly Sl gl 4 T e (J g 0530157
st 2 GME I 8 LS 5 g aalS
ol 0l DS 5 o 5w g
gL ot I (i b DS
Db alr fite 5 Aes (o0 5T 8 (SASI ST
a0 0l p 1L IS IS0 Ol e 4y
3 oS Il ) (ol Jolge 0L (2B Glagly
o L5La(,.ij',§T s S US (s 5 (oS g L

Sl e oo 4 s $U slac e i
Jsbos 55 DS 5 ol mazd 5 LOT oS i
o5 L adlie 5 olT Gl il 2
Gharechahi et al., 2013; ) &jls ;5 oo ssldS|
i s 45 LS 5 ol (L et al., 2022
2 Olglp oS e s JeS ks slaes £
O s 05550m 5 03,58 4 035 Olozst L
15 4 5> gV il 457 Aot i (5 8
W51 55T SladlSisly (glm 2 5 sl
L;LAQ‘.»\:.J‘G'ST ¢! .(Dumanovic¢ et al., 2021)
0585 ol Ll gadmte sla S5, L8
03,8 raals 0350 sl ol5T gladSesl,
36k slaos 035 N (LS O5nS]



W —uj/Dracocephalum polychaetum Bornm.olS . )5 55 Jb SULS 5 g 5 d b » Sligewls e sk

03l (F ab o 5 G S

4 TAL 5PAL (slag 5T o led 2530 L oo
J s oS 2 5 (ST slan 5T O e
5 SN (S SLS 5 et S5l
= Lol S o llST s (dgisdls
IS 5T 39 ol 23l SR Sl
s Dl ei 4l Gl il oy g
P gl sl KLt 51 (SO omans
Ss—digr e dame Lot s 53 oS
050k p e w4 i (Ferrer et al., 2008)
Iy b ol 5 Iy 5« sli& JITAL sPAL
s e i 25 Ll bl sl oS s
Wl oS e b (ALE Glad e p)les
P Jr (25 Lol sl | L b el fio
(ST i dlaz 51 21 Glagmal j5p a1y
050k p H0T w)¥ oS Jb ol S|
e GAAST Lo 5T b L oS S
Bavi et al., 20215 ) 5 5 oo el OT 2 s o
Ehsanpour &,Maleki, 2018; Zhang & Liu,
skt (sl gmmes EaliRl Ol e 55 onl 512015
Olge by Srrss ol 3 Jsde 5 s Dl
2 ils TAL 5 PAL (sl 5T Clled 51 30
bl 5T ol o ol3 gime 5 e (Smnen 555
ol oS AU Wil o (i DS 5l o
e (Soan 32y s Al p e
PAL (glo g 5T allab ¢ 5 DS 5 o s i
ol oo 28 edas 0L 5 055 L TAL,
sad,y bim 30T s e s SLS 5
J== slacble s Jslw i o bl
L g ol plasil ha g5 5o il DU paal
L h_m‘)r.b .(2022) o1,5Kan s Ben Romdhane

Cl e piomen (Hashemyan et al., 2020)
Sl b 28Ty 5l Lol 55T ladlSSsl,
Lo Lo 5T clagnis  adaz 1 d sl 0550
05 Ol 53 kS o 5 0 &SUS7 5 (sl
G DS s s 53 g0 S 5T
ABL) sdel S @ @L:S balde bl ol
Carum o8 w IS )3 Jb Gl goms inss,
e Y505 S 00 5 Y0 Glac ke 55 50 carvi
o3l Lolamsl s 4y Hldae oy iy OU ganl>
N 6Fusly g Hlas YL Cale 5
Rahmati et ) Cwlodd Joli |, b OLS 5
Sssd Al e gl eloeas @l 2022
e Y ges e Ve 500 YO glac bl
ol Allium jesdianum s J\S 5 U galo-
23 Uil el glacile ol el
slad sl 5 |57 L5 (JS Jb (6l e
Slag 5 B Aall & gad 4 o oSl 0 JIS
ey s U ol Jitn JY g0 5 a0
Yazdanian ) 4% ol ol ke g 53 il
2 odd plowil s sla ey, et al,, 2021
Thevetia peruviana Jg—a O g uilewyw
L8 _.sILS (Mendoza et al., 2018)
.(Hashemyan et al., 2020) Teucrium polium
Hypericum perforatum J g & geuilw s
S oS A Kes (Wang et al., 2015)
5 ol Sl Al DU el s
Wl 5la ot DS (g 552
Fi 3 s SIS (sl 5T EIleb S o
o8 LSS e L5 4 e JB OLS S

LTS NG UL REPEn- Sy s PRS- U P PPy



VY Sl cemin s obmy oy 85l ems 5l Jlo ( aLE a5 p ke

Cote DI oS e Bl js ub) oS
¢S e ol Cpoman AE Ad ) 8l o)
o5 o 058 b (gl 8 sl b )
A5 il s TAL 5 PAL (slag 5T oo
oIS 5o Lad 5 5 a5 (b DL 5
Spss oml 45 A5 D. polychaetum. al_;
Sligauler e ;¥ 50 Sa b 5 Y0 claclale
B DS 5 Slen 53 il ity e
plaS i WS u sy e SIL ol e
oS Ll S Ol st s il 5 e e Lo il
@b s S s JB oS 5l
W5 e St i s 1§ J
s PAL L;Lar,_ﬂg.__juéﬁ.x_:u)‘uu olS 5

ol § g g0 ) oS WG M Lo L TAL

Sl Kl
Sy Shyds il e allis pl 08w
ol ol 3 Calo ) shie 4y Olgiol o8l

References

Andi, S. A., Gholami, M., Ford, C. M., &
Maskani, F. (2019). The effect of light,
phenylalanine and methyl jasmonate,
alone or in combination, on growth and
secondary metabolism in cell suspension
cultures of Vitis vinifera. Journal of
Photochemistry and Photobiology B:
Biology, 199, 111625.
https://doi.org/10.1016/j.jphotobiol.201
9.111625

Barros, J., & Dixon, R. A. (2020). Plant
Phenylalanine/Tyrosine Ammonia-
lyases. Trends in Plant Science, 25(1),
66-79.
https://doi.org/10,106/j.tplants.2019.09.
011

Loles 5153 TAL 5 PAL o 5T clles )31
23 JS A5 5 Jb (gl gomn Sl peler e
53 .ol il 58l Phoenix dactylifera o8
53 hIA Ols (Kicas 4 5 6 Ko s
c)‘._.fb‘ GLB QL;; Ls‘jMJPAL rifTﬁﬂ:J\*’
L sl womes (Rubio et al., 2021) Cwlod s
STAL 5 PAL o 5T b d eSS sl

21y g s M DS 5 S (gl s
313 Gl el 4 o Olomy 5 oS sS,
s g cpl 4 (Ziotek et al., 2016)
o= TAL 5 PAL k;l_a(,.i};T Cdlas 5
S dS 53 LS SLS 5 i o 2t b bl
b gaml fze ¥ 50 Ka b Sl Lo Hles

..3}4.

S o>

2 LS 5 g s Dbseale Je

p oAb als , D, polychaetum aL:f LY
oo &S Ol e 4 S el e (s ol

Bavi, K., Khavari-Nejad, R. A., Najafi, F., &
Ghanati, F. (2021). Stimulation of
phenolic compounds production in
Zataria multiflora Boiss. cell suspension
culture through salicylic acid elicitation.
Journal of Plant Research (Iranian
Journal of Biology), 34(4), 806-817.
https://plant.ijbio.ir/article 2098 8a791
3b5e2350d1be590a2b61690bc3a.pdf

Beaudoin-Eagan, L. D., & Thorpe, T. A.
(1985). Tyrosine and Phenylalanine
Ammonia Lyase Activities during Shoot
Initiation in Tobacco Callus Cultures.
Plant  Physiology, 78(3), 438-441.
https://doi.org/10.1104/pp.78.3.438

Ben Romdhane, A., Chtourou, Y., Sebii, H.,
Baklouti, E., Nasri, A., Drira, R., Maalej,


https://doi.org/10.1016/j.jphotobiol.2019.111625
https://doi.org/10.1016/j.jphotobiol.2019.111625
https://doi.org/10,106/j.tplants.2019.09.011
https://doi.org/10,106/j.tplants.2019.09.011
https://plant.ijbio.ir/article_2098_8a7913b5e2350d1be590a2b61690bc3a.pdf
https://plant.ijbio.ir/article_2098_8a7913b5e2350d1be590a2b61690bc3a.pdf
https://doi.org/10.1104/pp.78.3.438

Vo

—wj /Dracocephalum polychaetum Bornm.olS . )5 ;3 Jb SUS 5 Wy 5 dd) » Sligewls e sk

03l (F ab o 5 G S

Boroomand, N.,

M., Drira, N., Rival, A., & Fki, L.
(2022). Methyl jasmonate induces
oxidative/nitrosative stress and the
accumulation of antioxidant metabolites
in Phoenix dactylifera L. Biotechnology
Letters, 44(11), 1323-1336 .

Sadat-Hosseini, M.,
Moghbeli, M., & Farajpour, M. (2018).
Phytochemical components, total phenol
and mineral contents and antioxidant
activity of six major medicinal plants
from Rayen, Iran. Natural Product
Research, 32(5), 564-567.
https://doi.org/10.1080/14786419.2017.
1315579

Chang, C.-C., Yang, M.-H., Wen, H.-M., &

Chern, J.-C. (2002). Estimation of total
flavonoid content in propolis by two
complementary colorimetric methods.
Journal of Food and Drug Analysis,
10.(3).  https://doi.org/10.38212/2224-
6614.2748

Dumanovic, J., Nepovimova, E., Nati¢, M.,

Kuca, K., & Jacevi¢, V. (2021). The
Significance of Reactive Oxygen
Species and Antioxidant Defense
System in Plants: A Concise Overview
[Review]. Frontiers in Plant Science,
11.
https://doi.org/10.3389/fpls.2020.55296
9

Durairaj, T., Alagappan, C., Suresh, S. S. R.,

Efferth, T.

& Ramasamy, V. (2018). An
Introductory ~ Chapter: Secondary
Metabolites. In V. Ramasamy & S. S. R.
Suresh (Eds.), Secondary Metabolites
(pp. Ch. D). IntechOpen.
https://doi.org/10.5772/intechopen.7976
6

(2019).  Biotechnology
Applications of Plant Callus Cultures.
Engineering, 5(1), 50-59.
https://doi.org/10.1016/j.eng.2018.11.00
6

Ehsanpour, A. A., & Maleki, M. S. (2018).

Effect of salicylic acid on total phenol,
flavonoid, anthocyanin and PAL and

TAL enzymes in tomato (Solanum
lycopersicum Mill) plants. [ranian
Journal of Plant Biology, 9(4), 55-68.
https://doi.org/10.22108/ijpb.2018.1030
92.1013

Ferrer, J. L., Austin, M. B., Stewart, C., Jr.,

& Noel, J. P. (2008). Structure and
function of enzymes involved in the
biosynthesis of phenylpropanoids. Plant
Physiology and Biochemistry, 46(3),
356-370.
https://doi.org/10.1016/j.plaphy.2007.1
2.009

Gharechahi, J., Khalili, M., Hasanloo, T., &

Salekdeh, G. H. (2013). An integrated
proteomic approach to decipher the
effect of methyl jasmonate elicitation on
the proteome of Silybum marianum L.
hairy roots. Plant Physiology and
Biochemistry, 70, 115-122.
https://doi.org/10.1016/j.plaphy.2013.0
5.031

Golkar, P., Amooshahi, F., & Arzani, A.

(2017). The effects of salt stress on
physio-biochemical traits, total phenolic
and mucilage content of Plantago ovata
Forsk under in vitro conditions. Journal
of Applied Botany and Food Quality, 90 .
https://doi.org/10.5073/JABFQ.2017.09
0.028

Halder, M., Sarkar, S., & Jha, S. (2019).

Elicitation: A biotechnological tool for
enhanced production of secondary
metabolites in hairy root cultures.
Engineering in Life Sciences, 19(12),
880-895.

https://doi.org/10.1002/elsc.201900058

Hartmann, T. (2007). From waste products

to ecochemicals: Fifty years research of
plant secondary metabolism.
Phytochemistry, 68(22), 2831-2846.
https://doi.org/10.1016/j.phytochem.200
7.09.017

Hashemyan, M., Ganjeali, A., & Cheniany,

M. (2020). Effect of Methyl Jasmonate
and Salicylic Acid Elicitors on the
Production of Secondary Metabolites


https://doi.org/10.1080/14786419.2017.1315579
https://doi.org/10.1080/14786419.2017.1315579
https://doi.org/10.38212/2224-6614.2748
https://doi.org/10.38212/2224-6614.2748
https://doi.org/10.3389/fpls.2020.552969
https://doi.org/10.3389/fpls.2020.552969
https://doi.org/10.5772/intechopen.79766
https://doi.org/10.5772/intechopen.79766
https://doi.org/10.1016/j.eng.2018.11.006
https://doi.org/10.1016/j.eng.2018.11.006
https://doi.org/10.22108/ijpb.2018.103092.1013
https://doi.org/10.22108/ijpb.2018.103092.1013
https://doi.org/10.1016/j.plaphy.2007.12.009
https://doi.org/10.1016/j.plaphy.2007.12.009
https://doi.org/10.1016/j.plaphy.2013.05.031
https://doi.org/10.1016/j.plaphy.2013.05.031
https://doi.org/10.5073/JABFQ.2017.090.028
https://doi.org/10.5073/JABFQ.2017.090.028
https://doi.org/10.1002/elsc.201900058
https://doi.org/10.1016/j.phytochem.2007.09.017
https://doi.org/10.1016/j.phytochem.2007.09.017

VY Sl cemin s obmy oy 85l ems 5l Jlo ( aLE a5 p ke

and Antioxidant Capacity of Teucrium
polium L. in-vitro. Iranian Journal of
Plant Biology, 12(2), 61-76. [In Persian]

https//:doi.org/10.22108/ijpb.2020.118410.
1164

Ho, T.-T., Murthy, H. N., & Park, S.-Y.
(2020). Methyl Jasmonate Induced
Oxidative Stress and Accumulation of
Secondary Metabolites in Plant Cell and
Organ Cultures. International Journal of
Molecular Sciences, 21 (3), 716.
https://www.mdpi.com/1422-
0067/21/3/716

Hu, X., Li, W., Chen, Q., & Yang, Y. (2009).
Early signal transduction linking the
synthesis of jasmonic acid in plant. Plant
Signaling and Behavior, 4(8), 696-697.
https://doi.org/10.4161/psb.4.8.9181

Iannicelli ,J., Guariniello, J., Tossi, V. E.,
Regalado, J. J., Di Ciaccio, L., van
Baren, C. M., Pitta Alvarez, S. L, &
Escandon, A. S. (2020). The “polyploid
effect” in the breeding of aromatic and
medicinal species. Scientia
Horticulturae, 260, 108854.
https://doi.org/10.1016/j.scienta.2019.1
08854

Jamzad, Z. (2013). A survey of Lamiaceae
in the flora of Iran. Rostaniha, 14(1), 59-
67.
https://doi.org/10.22092/botany.2013.10
1317

Jan, R., Asaf, S., Numan, M., Lubna, & Kim,
K.-M. (2021). Plant Secondary
Metabolite Biosynthesis and
Transcriptional Regulation in Response
to Biotic and Abiotic Stress Conditions.

Agronomy, 11(5), 968.
https://www.mdpi.com/2073-
4395/11/5/968

Khanpour-Ardestani, N. (2015). Effect of
methyl jasmonate on antioxidant
enzyme  activities, phenolic and
flavonoid compounds in Scrophularia
striata cell culture. Journal of Plant
Research (Iranian Journal of Biology),
27(5), 840-853. https://doi.org/27508

Khodami, M., Abbasnejad, M., Sheibani, V.,
Mobasher, M., Mehrabani, M., Anaie
Goodary, A., & Salari, S. (2011).
Evaluation of the analgesic and
anxiolytic effects of Dracocephalum
polychaetum. Physiology and
Pharmacology, 15(3), 444-454 .

Li, C., Xu, M., Cai, X., Han, Z., Si, J., &
Chen, D. (2022). Jasmonate Signaling
Pathway Modulates Plant Defense,
Growth, and Their Trade-Offs.
International Journal of Molecular

Sciences, 23(7), 3945.
https://www.mdpi.com/1422-
0067/23/7/3945

Madani, H., Escrich, A., Hosseini, B.,
Sanchez-Muiioz, R., Khojasteh, A., &
Palazon, J. (2021). Effect of Polyploidy
Induction on Natural Metabolite
Production in  Medicinal Plants.

Biomolecules, 11(6), 899.
https://www.mdpi.com/2218-
273X/11/6/899

Marchiosi, R., dos Santos, W. D.,
Constantin, R. P., de Lima, R. B.,
Soares, A. R., Finger-Teixeira, A.,
Mota ,T. R., de Oliveira, D. M., Foletto-
Felipe, M. d. P., Abrahdo, J., &
Ferrarese-Filho, O. (2020). Biosynthesis
and metabolic actions of simple phenolic
acids in plants. Phytochemistry Reviews,
19(4), 865-906.
https://doi.org/10.1007/s11101-020-
09689-2

Mathew, R., & Sankar, P. D. (2012). Effect
of methyl jasmonate and chitosan on
growth characteristics of Ocimum
basilicum L., Ocimum sanctum L. and
Ocimum gratissimum L. cell suspension

cultures. African Journal of
Biotechnology, 11(21), 4759 .

Mehrabani, M ,.Roholahi, S., & Foruomadi, A.
(2005).  Phytochemical  studies  of
Dracocephalum  polychaetum  Bornm.
Journal of Medicinal Plants, 4(16),36-42 .

Mendoza, D., Cuaspud, O., Arias, J. P.,
Ruiz, O., & Arias, M. (2018). Effect of
salicylic acid and methyl jasmonate in
the production of phenolic compounds in


https://doi.org/10.22108/ijpb.2020.118410.1164
https://doi.org/10.22108/ijpb.2020.118410.1164
https://www.mdpi.com/1422-0067/21/3/716
https://www.mdpi.com/1422-0067/21/3/716
https://doi.org/10.4161/psb.4.8.9181
https://doi.org/10.1016/j.scienta.2019.108854
https://doi.org/10.1016/j.scienta.2019.108854
https://doi.org/10.22092/botany.2013.101317
https://doi.org/10.22092/botany.2013.101317
https://www.mdpi.com/2073-4395/11/5/968
https://www.mdpi.com/2073-4395/11/5/968
https://doi.org/27508
https://www.mdpi.com/1422-0067/23/7/3945
https://www.mdpi.com/1422-0067/23/7/3945
https://www.mdpi.com/2218-273X/11/6/899
https://www.mdpi.com/2218-273X/11/6/899
https://doi.org/10.1007/s11101-020-09689-2
https://doi.org/10.1007/s11101-020-09689-2

W —xj/Dracocephalum polychaetum Bornm.olS .5 55 Jb SUS 5 g 5 dd) » Sligewls e sk

03l (F ab o 5 G S

plant cell suspension cultures of
Thevetia  peruviana. Biotechnology
Reports, 19, e00273.
https://doi.org/10.1016/j.btre.2018.¢002

73

Morimoto, S., Goto, Y., & Shoyama, Y.
(2004). Production of Lithospermic Acid
B and Rosmarinic Acid in Callus Tissue
and Regenerated Plantlets of Salvia
miltiorrhiza.  Journal of  Natural
Products - J NAT PROD, 57.
https://doi.org/10.1021/np50108a020

Namdeo, A. (2007). Plant cell elicitation for
production of secondary metabolites: a

review. Pharmacognosy Reviews, 1(1),
69-79 .

Purwianingsih, W., Febri, S., & Kusdianti.
(2016). Formation flavonoid secondary
metabolites in callus culture of
Chrysanthemum  cinerariefolium  as
alternative provision medicine. AIP
Conference  Proceedings, 1708(1).
https://doi.org/10.1063/1.4941150

Rahmati, E., Khoshtaghaza, M. H., Banakar,
A.,, & Ebadi, M. T. (2022).
Decontamination  technologies  for
medicinal and aromatic plants: A
review. Food Science and Nutrition,
10(3), 784-799.
https://doi.org/10.1002/fsn3.2707

Rahmati, M., Golkar, P., & Tarkesh, M.
(2023). Effects of methyl jasmonate
elicitation on the carvone and limonene
contents, phenolic compounds and
antioxidant activity in caraway (Carum
carvi L.) callus cultures. Natural
Product Research.
https://doi.org/10.1080/14786419.2023.
2169862

Ram, M., Prasad, K. V., Singh, S. K., Hada,
B. S., & Kumar, S. (2013). Influence of
salicylic acid and methyl jasmonate
elicitation on anthocyanin production in
callus cultures of Rosa hybrida L. Plant
Cell, Tissue and Organ Culture
(PCTOC), 113(3), 459-467.
https://doi.org/10.1007/s11240-013-
0287-1

Ruan, J., Zhou, Y., Zhou, M., Yan, J.,

Khurshid, M., Weng, W., Cheng, J., &
Zhang, K. (2019). Jasmonic acid
signaling pathway in plants.
International Journal of Molecular
Sciences, 20(10), 2479.
https://www.mdpi.com/1422-
0067/20/10/2479

Rubio, E., vera reyes, 1., Sepulveda, E.,

Ramos-Valdivia, A., & Trejo-Tapia, G.
(2021). Secondary metabolite
production and related biosynthetic
genes expression in response to methyl
jasmonate in Castilleja tenuiflora Benth.
in vitro plants. Plant Cell, Tissue and
Organ Culture (PCTOC), 144, 1-14.
https://doi.org/10.1007/s11240-020-
01975-3

Singleton, V. L., Orthofer, R., & Lamuela-

Raventds, R. M. (1999). Analysis of
total phenols and other oxidation
substrates and antioxidants by means of
folin-ciocalteu reagent. In Methods in
Enzymology, 299, 152-178).
https://doi.org/10.1016/S0076-
6879(99)99017-1

Sohn, S. I, Pandian, S., Rakkammal, K.,

Largia, M. J. V., Thamilarasan, S. K.,
Balaji, S., Zoclanclounon, Y. A. B.,
Shilpha, J., & Ramesh, M. (2022).
Jasmonates in plant growth and
development and elicitation of secondary
metabolites: An updated overview.
Frontiers in Plant Science, 13, 942789.
https://doi.org/10.3389/fpls.2022.94278
9

Taghizadeh, M., Nasibi, F., Kalantari, K. M.,

& Benakashani, F. (2020). Callogenesis
optimization and cell suspension culture
establishment  of  Dracocephalum
polychaetum Bornm. and
Dracocephalum kotschyi Boiss.: An in
vitro approach for secondary metabolite
production. South Afirican Journal of
Botany, 132, 79-86.
https://doi.org/10.1016/j.sajb.2020.04.0
15

Taghizadeh, M., Nasibi, F., Kalantari, K. M.,


https://doi.org/10.1016/j.btre.2018.e00273
https://doi.org/10.1016/j.btre.2018.e00273
https://doi.org/10.1021/np50108a020
https://doi.org/10.1063/1.4941150
https://doi.org/10.1002/fsn3.2707
https://doi.org/10.1080/14786419.2023.2169862
https://doi.org/10.1080/14786419.2023.2169862
https://doi.org/10.1007/s11240-013-0287-1
https://doi.org/10.1007/s11240-013-0287-1
https://www.mdpi.com/1422-0067/20/10/2479
https://www.mdpi.com/1422-0067/20/10/2479
https://doi.org/10.1007/s11240-020-01975-3
https://doi.org/10.1007/s11240-020-01975-3
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.3389/fpls.2022.942789
https://doi.org/10.3389/fpls.2022.942789
https://doi.org/10.1016/j.sajb.2020.04.015
https://doi.org/10.1016/j.sajb.2020.04.015

VY Sl cemin s obmy oy 85l ems 5l Jlo ( aLE a5 p ke

& Ghanati, F. (2019) .Evaluation of
secondary metabolites and antioxidant
activity in Dracocephalum polychaetum
Bornm. cell suspension culture under
magnetite nanoparticles and static
magnetic field elicitation. Plant Cell,
Tissue and Organ Culture (PCTOC),
136(3), 489-498.
https://doi.org/10.1007/s11240-018-
01530-1

Thakur, M., Bhattacharya, S., Khosla, P. K.,
& Puri, S. (2019). Improving production
of plant secondary metabolites through
biotic and abiotic elicitation. Journal of
Applied Research on Medicinal and
Aromatic Plants, 12, 1-12.
https://doi.org/10.1016/j.jarmap.2018.1
1.004

Vergara-Martinez, V. M., Estrada-Soto, S.
E., Valencia-Diaz, S., Garcia-Sosa, K.,
Pefia-Rodriguez, L. M., de Jesus
Arellano-Garcia, J., & Perea-Arango, 1.
(2021). Methyl jasmonate enhances
ursolic, oleanolic and rosmarinic acid
production and sucrose induced biomass
accumulation, in hairy roots of
Lepechinia  caulescens. PeerJ, 9.
https://doi.org/10.7717/peerj.11279

Vogt, T. (2010). Phenylpropanoid
Biosynthesis. Molecular Plant, 3(1), 2-
20. https://doi.org/10.1093/mp/ssp106

Wang, J., Qian, J., Yao, L., & Lu, Y. (2015).
Enhanced production of flavonoids by
methyl jasmonate elicitation in cell
suspension culture of Hypericum

perforatum. Bioresources and
Bioprocessing, 2(1), 5.
https://doi.org10- 1186/s40643-014-
0033-5

Wuyts, N., De Waele, D., & Swennen, R.
(20006). Extraction and partial
characterization of polyphenol oxidase
from banana (Musa acuminata Grande
naine) roots. Plant Physiology and
Biochemistry, 44(5), 308-314.
https://doi.org/10.1016/j.plaphy.2006.0
6.005

Yazdanian, E., Golkar, P., Vahabi, M., &
Taghizadeh, M. (2022). Elicitation
effects on some secondary metabolites

and antioxidant activity in callus cultures
of Allium jesdianum Boiss. & Buhse.:
methyl jasmonate and putrescine.
Applied Biochemistry and
Biotechnology, 194, 601-619.
https://doi.org/10.1007/s12010-021-
03643-4

Yu, X., Zhang, W., Zhang, Y., Zhang, X.,
Lang, D., & Zhang, X. (2018). The roles
of methyl jasmonate to stress in plants.
Functional Plant Biology, 46(3), 197-
212 .https://doi.org/10.1071/FP18106

Zhang, X., & Liu, C.-J. (2015). Multifaceted
Regulations of Gateway Enzyme
Phenylalanine Ammonia-Lyase in the
Biosynthesis of  Phenylpropanoids.
Molecular  Plant,  8(1), 17-27.
https://doi.org/10.1016/j.molp.2014.11.
001

Zhang, Y., Cai, P., Cheng, G., & Zhang, Y.
(2022). A Brief Review of Phenolic
Compounds Identified from Plants:
Their  Extraction, Analysis, and
Biological Activity. Natural Product
Communications, 17(1).
https://doi.org/10.1177/1934578x21106
9721

Ztotek, U., Szymanowska, U., Karas, M., &
Swieca, M. (2016). Antioxidative and
anti-inflammatory potential of phenolics
from purple basil (Ocimum basilicum L.)
leaves induced by jasmonic, arachidonic
and p-aminobutyric acid elicitation.
International Journal of Food Science &
Technology, 51(1), 163-170.
https://doi.org/10.1111/ijfs.12970


https://doi.org/10.1007/s11240-018-01530-1
https://doi.org/10.1007/s11240-018-01530-1
https://doi.org/10.1016/j.jarmap.2018.11.004
https://doi.org/10.1016/j.jarmap.2018.11.004
https://doi.org/10.7717/peerj.11279
https://doi.org/10.1093/mp/ssp106
https://doi.org10-/
https://doi.org/10.1016/j.plaphy.2006.06.005
https://doi.org/10.1016/j.plaphy.2006.06.005
https://link.springer.com/journal/12010
https://link.springer.com/journal/12010
https://doi.org/10.1007/s12010-021-03643-4
https://doi.org/10.1007/s12010-021-03643-4
https://doi.org/10.1071/FP18106
https://doi.org/10.1016/j.molp.2014.11.001
https://doi.org/10.1016/j.molp.2014.11.001
https://doi.org/10.1177/1934578x211069721
https://doi.org/10.1177/1934578x211069721
https://doi.org/10.1111/ijfs.12970

	https://ijpb.ui.ac.ir/?lang=en
	Journal of Plant Biological Sciences
	E-ISSN: 3041-9603
	Vol. 15, Issue3, No. 57, Autumn 2023
	Document Type: Research Paper
	Received: 09/06/2024  Accepted: 17/07/2024



