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Experimental: This study conducted in a CRD with three replications and
Key words: in experimental greenhouse, l.AU., Shahrekord Branch, Iran at
v’ HyssopusofficinalisL. 2012 Experimental treatments included (I) water foliar application

(control), (I1) water + aceton foliar application (as a solvent), (l11-V) 50,
100 and 200 JA pL. The essential oils obtained by hydro-distillation were
v' Essential oil analyzed by Gas Chromatography-Mass Spectrometry.

v GC-MS Results & Discussion: The results of GC-MS showed that the major
components of the oil were cis-3-pinanone (10-39%), trans-3-pinanone (4-
28%) and S-pinene (27-34%). The results of analysis of variance of the
experiment showed that different levels of the foliar application of JA do
have significant impacts on chemical constitutes in the essential oil.Finally,
foliar application of 200 pL JA on some of secondary metabolite
production in H. officinalis oil could be partially changed.

Recommended applications/industries:

Abbreviation: JA: Jasmonic Acid, MJ: Methyl Jasmonate, GC-MS: Gas
Chromatography-Mass Spectrometry uL: Micro liter, M: Molar; ANOVA:
Analysis of Variance, CRD: Completely Randomized Design.

v Jasmonic Acid

Europe and Near East to the region surrounding the
1. Introduction Caspian Sea and cultivated in central and south
European countries, including Russia, Spain, France,
Hyssop (HyssopusofficinalisL.) belongs to the family Yugoslavia, Netherland, Hungary and Iltaly
Lamiaceae familyand is a native plant from southern (Miti¢&Pordevi¢, 2000). This plant grows on dry
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banks and among rocks and ruins with a height ranging
from 50 to 120 cm (Le Strange, 1977; K?nemann,
1999). The leaves are mainly used as an aromatic
condiment (Baytop, 1997). H. officinalishas been
known as a culinary and medicinal herb for hundreds of
years. Hyssop oil finds its greatest use in flavoring
preparations for alcoholic beverages, meat products and
seasonings. It is used in tea blends for cough relief,
antispasmodic effects, and relieving catarrh (Khazaieet
al., 2008).

H. officinalisvar. angustifolius (Persian name:
“Zoofa”) is grown and cultivated in some parts of Iran.
The aerial parts of hyssop are used in Iranian folk
medicine for their asthma, bronchitis, ulcers and
wounds, carminative, antiseptic and antimicrobial
(Zargari 1990; GhasemiPirbalouti, 2009). The essential
oil and extracts isolated from H. officinalis have been
shown to have biological and pharmacological
activities,includinganti-bacterial  (Michalczyket al.,
2012), anti-fungal (Fraternaleet al., 2004), anti-oxidant
(Fern?ndez-L?pezet al., 2003; Kizil et al, 2010),
sedative (Churl et al., 2005), spasmolytic (Mazzantiet
al., 1998), anti-viral (Herrmann Jr&Kucera, 1967;
Kreiset al., 1990), cytotoxic (Renziniet al., 1999),
insecticidal ~ (Pavela, 2004), and antiplatelet
(Tognoliniet al., 2006).Kazaziet al. (2007) reported the
main components of the extracts under different SFE
conditions from H.officinalis cultivated in Iran were
sabinene (4.2-17.1%), iso-pinocamphene (0.9-16.5%)
and pinocamphene (0.7-13.6%).

There are several commercially available chemical
compounds that could be used as elicitors to modify
plant secondary metabolites and subsequently the
bioactivity of medicinal plants. The most well-known
chemical elicitors include salicylic acid (Métrauxet al.,
1990; Van Weeset al., 2000), jasmonic acid and its
derivates (Yazakiet al., 1997; Sharanet al., 1998;
Vazquez-Flota and De Luca, 1998; Palazonet al., 2003;
Arimuraet al., 2005; Zheljazkov and Astatkie, 2012).
Jasmonic acid and its volatile methyl ester, MJ,
collectively termed jasmonates, are regarded as
endogenous regulators that play important roles in
regulating stress responses, plant growth and
development (Creelmanet al., 1997).

The hypothesis of this study was that JA would
have bioactivity or influence plant growth and
development; hence, the JA could be used to promote
or to limit plant growth. Few studies have been done to
investigate the effects of JA foliar application on the

accumulation of secondary metabolites in medical
plants in agricultural systems. Therefore, this study was
done to evaluate the effect of various concentrations of
JA on essential oil content and its composition of
hyssop (H. officinalis) cultivated in greenhouse
conditions.

2.Materials and Methods

2.1. Chemicals

Alkan standard solution Cs-C,4 and jasmonic acid
(JA) were purchased from Sigma—Aldrich Co.
(Steineheim, Germany). Acetone and anhydrous
sodium sulphatewere bought from Merck Co.
(Darmstadt, Germany).

2.2. Plant material and field site description

H. officinalis seeds were obtained from the Pakan
Seed Company, Isfahan, Iran. In the third week of
February 2012, seeds were sown in each plot (0.5m x
0.5m) with plant density of 12 (plants/m?). This
experiment was conducted under plastic greenhouse
conditions at Research Field, 1.A.U., Shahrekord
Branch, ChaharmahalvaBakhtiari province,
southwestern Iran (latitude 32° 20" N, longitude 50°
51" E, altitude 2071 m above sea level). Plants were
grown in a greenhouse in the relative humidity of 60-
65% and, daily and nightly temperatures of 2742 °C
and 2043 °C, respectively. No inorganic fertilizer and
systemic pesticide were used during the experiment.
For the first month (established phase), a watering level
equivalent to 60-65% of soil field capacity was applied
once a day. For the subsequent months, the plots were
irrigated when 50% of soil available water was
depleted (irrigation intervals varied from 2 or 3 days).
The areal parts of hyssop were collected from each pot
before flowering stage (10 June 2012), all of which
were dried at 40 °C in the dark until it reached to a
constant weight. Oil yield based matter dried (v/w) and
chemical composition of essential oils were measured.

2.3. Treatments

Experimental treatments included (1) water foliar
application (control), (II) water + aceton foliar
application (as a solvent), (111-V) 50, 100 and 200 JA
pL. Treatments were foliar-sprayed once at ten days
before harvesting.

2.4. Essential oil isolation
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Fifty gram dried plant material were powered and
subjected to hydro-distillation for 3 h wusing a
Clevenger- type apparatus according to the method
recommended in British pharmacopoeia (British
Pharmacopoeia, 1988). Samples were dried with
anhydrous sodium sulphate and kept in amber vials at
4+1 °C prior to use.

2.5. GC/MS analysis

The essential oils were analyzed using an Agilent
7890,a gas chromatograph (Agilent Technologies, Palo
Alto, CA, USA) with a HP-5MS 5%
phenylmethylsiloxane capillary column (30 m x 0.25
mm, 0.25 pm film thickness). Oven temperature was
kept at 60 °C for 4 min initially, and then, raised at the
rate of 4 °C/min to 260 °C. Injector and detector
temperatures were set at 290 and 300 °C, respectively.
Helium was used as carrier gas at a flow rate of 2
mL/min, and 0.1 pL samples were injected manually in
the split mode. Peaks area percentages were used for
obtaining quantitative data. The gas chromatograph
wascoupled to an Agilent 5975 C (Agilent
Technologies, Palo Alto, CA, USA) mass selective
detector. The EI-MS operating parameters were as
follows: ionization voltage, 70 eV; ion source
temperature, 200 °C. Retention indices were calculated
for all components using a homologous series of n-
alkanes (Cs-C,4) injected in conditions equal to samples
ones. Identification of oil components was
accomplished based on comparison of their retention
times with those of authentic standards and by
comparison of their mass spectral fragmentation
patterns (WILLEY/ChemStation data system (Adams,
2007; McLafferty, 2009).

2.6. Statistical analysis

The data was statistically analyzed using a CRD by
the program SPSS (17.0). Means of the characteristics
were compared by Duncan’s multiple range test at P<
0.05 level.

3.Results and Discussion

The color of extracted oil was yellow. The oil
yields of studied treatments ranged between 0.77 to
0.86% (v/w), based on dry weight. Statistical analysis
indicated that there was no significant difference
between treatments for oil yield (Table 1). There also

was no significant difference between treatments for
total dry matter of hyssop.

The chemical constituents identified by GC-MS, are
presented in Table 1. Totally, thirty eight components
were identified representing more than 85-99% of the
oil composition. The analysis of essential oils detected
major compounds, Vviz. cis-3-pinanone, trans-3-
pinanone, B-pinene, B-phellandrene, trans-
caryophyllene, myrtenol, germacrene D, elemol,
bicyclogermacrene, a-pinene, B-myrcene, sabinene and
pinocarvone (Table 1 and Fig 1-3).In this study, the
essential oils obtained from hyssop
containedoxygenated  monoterpenes,  monoterpene
hydrocarbons and sesquiterpenes. Similarly, Ozeret al.
(2005) reported that the major constituents in the
essential oil obtained by hydro-distillation from the
aerial parts ofH.of?cinalis L.
subsp. angustifolius (Bieb.) collected from Turkey
were pinocarvone (36.3%), pinocamphone (19.6%), B-
pinene  (10.6%), 1,8-cineole  (7.2%), and
isopinocamphone (5.3%). The results of earlier studies
indicated the major volatile constituents obtained from
the aerial parts of H. officinaliswere sabinene, iso-
pinocamphene, pinocamphone, camphor and B-pinene,
a and B-phellandrene, germacrene D, myrtenol and
pinocamphene (Garget al., 1999; Miti¢&DPordevic,
2000; Chalchatet al., 2001; Fraternale et al., 2004;
Khazaieet al., 2008).

The result of analysis of variance indicated that
different levels of the foliar application of JAhad a
significant impact on the main constitutes in the
essential oils of hyssop (Table 1). Percentages cis-3-
pinanone, trans-3-pinanone, B-pinene, B-phellandrene,
myrtenol, and a-pinene amounts in oils of
H.of?cinalis under foliar application 200 pL JA
decreased (Fig 1-3). Decreased amount of these
constitutes in plants grown under JA (200 pL) foliar
application might be attributed to stress condition,
which would activate the synthesis of secondary
metabolites. On the other hand, content of
sesquiterpenes group including trans-caryophyllene,
germacrene D, elemol and bicyclogermacrene
increased under JA 200 pL treatment (Table 1). The
results of present study revealed that the foliar
application of JA 200 pL caused significantly increased
sesquiterpenes in comparison with monoterpenes.

JA and MJ are known as transducers of elicitor
signal transduction that results in the biosynthesis of
plant secondary metabolites. They act as inducers of



GhasemiPirbaloutiet al., Journal of Herbal Drugs, Vol. 4, No. 1: 7-14, 2013

phytoalexins (Zhao et al., 2005). Accumulation of JA has also been implicated as the signal molecule
isoflavonoids, as phytoalexins, was enhanced in responsible for increased synthesis of nicotine, an
vitrocultures of Puerarialobata(Willd.) Ohwi(Thiem insecticidal compound produced by Nicotianasylvestris
and Krawczyk, 2010).Ashrafiet al.(2012) reported that upon leaf wounding (Zhenget al., 1997). JAs are
the foliar application of JA (100 pL) have increased produced and accumulated in plants, but exogenous
thymol and carvacrolcontents in essential oil obtained application of JA and MJ can elicit secondary
from Thymus daenensis aerial parts. JA and its metabolite accumulation in defense response induction

derivatives are known to stimulate production of (Thiem and Krawczyk 2010).
secondary metabolites in plants (Sanzet al., 2000). JAs
have been shown to regulate the synthesis of various
secondary metabolites including caffe-oylputrescine in
tomato leaves (Chen et al., 2006), anthocyanins(Zhao
et al., 2005; Uppalapatiet al., 2005) and defense-related
volatiles (Thaleret al., 2002; Ament et al., 2004). JA
induces the production of ajmalicine and catharanthine
in Catharanthusroseus (Vazquez-Flota and De Luca,
1998), rosmarinic  acid and  shikonin in
Lithospermumerythrorhizon  (Yazakiet al., 1997),
scopoletin and scopolin in Nicotianatabacum (Sharanet
al., 1998) and taxol and paclitaxel in Taxus sp. cell
suspensions (Palazonet al., 2003).Induction of plant
secondary metabolite accumulation by the JA signaling
pathway is not limited to certain types of metabolites,
but includes a wide variety of plant secondary products

4. Conclusion

Plant secondary metabolites are unique sources for
pharmaceuticals, food additives, flavors and other
industrial materials. Accumulation of such metabolites
often occurs in plants subjected to stresses including
various elicitors or signal molecules. Jasmonic and
salicylic acids compounds have long been observed to
be transducers of elicitor signals for the production of
plant secondary metabolites. JA (200 pL) could be
used as foliar application in H.of?cinalis for increasing
phenolic components includingcarvacrol and thymol.
Phenolic components production in lemon balm could
be partially changed by supplementation of different

. . . . . elicitors.
including terpenoids, flavonoids, alkaloids, and
phenylpropanoids plus many other types of secondary iggg
metabolites in most plants (Zhao et al., 2005). 16.00
Therefore, the JA signaling pathway is generally 14.00
regarded as an integral signal for biosynthesis of many g 20
plant secondary products (Zhao et al., 2005). g 100
Increasing evidence indicates that JA-induced changes § Egg
in secondary metabolism constitute a ubiquitous plant g 0 |
defense response (Gundlachet al., 1992; Memelinket 2,00
al., 2001; Goossenset al., 2003; Zhao et al., 2005). 0.00

JA50 JA100 JA200 WATER ACETON
Treatments

Fig 1. Effect of foliar application of JA on B-pinene content

Table 1.Effect of JA foliar application on some of main components contents in H.of?cinalis oil

Treatments  B-phellandrene  B-Myrcene Pinocarvone Myrtenol Caryogr_lyllene Germlgcrene g::%g:g;]e Elemol
JA50 2.36 2.29 4.16 3.82 1.49 3.11 0.00 0.00
JA100 2.54 244 2.01 3.77 1.57 3.24 2.73 0.00
JA200 0.56 0.99 2.01 0.73 5.82 13.19 10.17 17.26
Water 6.10 1.95 0.00 2.95 1.45 3.10 2.60 0.00
Acetone 0.00 1.15 0.00 3.17 1.03 0.00 0.00 2.98

10
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Fig 3. Effect of foliar application of JA on cis-3-
pinanonecontent

References

Abbaszadeh, B., SharifiAshourabadi, E., Ardakani,
M.R. and Paknejad, F. 2005. Effect of spraying of
nitrogen fertilizer on Melissa officinalis L yield in
the greenhouse condition.lran J. Med Aroma
Plants., 21: 207-216.

Adams, R.P., 2007. Identification of essential oil
components by gas  chromatography/mass
spectrometery, 4th Ed., p. 456, Allured Publishing
Corporation, Carol Stream, IL.

Akhondzadeh, S., Noroozian, M.,Mohammadi, M.,
Ohadinia, M., Jamshidi, A.H. and Khani, K.
2003.Melissa officinalis extract in the treatment of
patients with mild to moderate Alzheimer's disease:
a double blind, randomised, placebo controlled trial.
J NeurolNeurosurg Psychiatry., 74: 863-866.

Allahverdiyev, A., Duran, N., Ozguven, M.and Koltas,
S. 2004. Antiviral activity of the volatile oils of
Melissa officinalis L. against Herpes simplex virus
type-2.Phytomedicine., 11: 657-661.

Ament, K., Kant, M.R.,Sabelis,M.W., Haring,
M.A. and Schuurink, R.C. 2004. Jasmonic acid is a
key regulator of spider mite-induced volatile
terpenoid and methyl salicylate emission in
tomato. Plant Physiol., 135: 2025-2037.

Amin, G.R., 1991. Popular medicinal plants of Iran,
Ministry of Health Publication, Tehran.

Arimura, G. and Kost Boland, W. 2005. Herbivore-
induced, indirect plant defences.
BiochimicaetBiophysicaActa., 1734: 91-111.

Asgari, F. and Sefidkon, F. 2004.Essential oil
composition of Melissa officinalis L.From different
region.lran J. Med Aromatic Plants., 20: 229-237.

Ashrafi, M., GhasemiPirbalouti, A., Rahimmalek, M.
and Hamedi, B. 2012 Effects of foliar application of
jasmonic acid (JA) on the essential oil chemical
composition of Thymus daenesisCelak.J Herbal
Drugs., 3: 75-90.

Bayat, M., AzamiTameh, A., Ghahremani, M.,Akbari,
M.,  EjtemaeiMehr, S., Khanavi, M.and
Hassanzadeh, G. 2012. Neuro-protective properties
of Melissa officinalis after hypoxic-ischemic injury
both in vitro and in vivo.DARU J Pharm Sci., 20:
42.

Bisset, N.G. and Wichtl, M. 2001. Herbal Drugs and
Phytopharmaceuticals, CRC Press: Boca Raton,
London, New York, and Washington DC.

British  Pharmacopoeia Commission, 1988.British
Pharmacopoeia. Her Majesty’s Stationery Office,
London, pp: 137-138.

Canadanovic-Brunet, J., Cetkovic, G., Dijilas, S.,
Tumbas, V., Bogdanovic, G., Mandic, A., et al.
2008. Radical scavenging, antibacterial, and
antiproliferative activities of Melissa officinalis L.
Extracts.J Med Food., 11: 133-143.

Carnat, A.P., Carnat, A., Fraisse, D. and Lamaison, J.L.
1998. The aromatic and polyphenolic composition
of lemon balm (Melissa officinalis L,
subspofficinalis) tea.Pharm ActaHelv.,72: 301-305.

Chen, H., Jones, A.D. and Howe, G.A. 2006.
Constitutive activation of the jasmonate signaling
pathway enhances the production of secondary
metabolites in tomato. FEBS Lett.,580: 2540-2546.

Chung, M.J., Cho, S.Y.,Bhuiyan, M.J., Kim, K.H. and
Lee, S.J. 2010. Anti-diabetic effects of lemon balm
(Melissa officinalis) essential oil on glucose- and
lipidregulating enzymes in type 2 diabetic mice.
Brit J Nutr., 104: 180-188.

Cohen, R.A., Kucera, L.S. and Herrmann Jr, E.C. 1964.
Antiviral activity of Melissa officinalis (lemon
Balm) extract. P SocExpBiol Med., 117: 431-434.

Creelman, R., Tierney, M and Mullet, J. 1997.
Jasmonic acid/methyl Jasmonate accumulate in
wounded soybean hypocotyle and modulate wound



GhasemiPirbaloutiet al., Journal of Herbal Drugs, Vol. 4, No. 1: 7-14, 2013

gene expression. Proc.Natl. Acad. Sci. U.S.A.,89:
4938-4941.

Fraternale, D., Ricci, D., Epifano, F.andCurini, M.
(2004).Composition and antifungal activity of two
essential oils of hyssop (Hyssopusofficinalis L.).J.
Essent Oil Res., 16(6), 617-622.

Dastmalchi, K., Dorman, H.J.D., QOinonen, P.P,
Darwis, Y., Laakso, l.and Hiltunen, R.
2008. Chemical composition
and Invitroantioxidative activity of a lemon balm
(Melissa officinalis L.) extract. LWT-Food Sci
Technol., 41: 391-400.

Dastmalchi, K., Ollilainen, V., Lackman, P.,
BoijeafGenn?s, G., Dorman, H.J. et al.
2009.Acetylcholin-esterase  inhibitory ~ guided
fractionation of Melissa officinalis L. Bioorg. Med.
Chem., 17: 867-871.

de Sousa, A.C., Gattass, C.R., Alviano, D.S., Alviano,
C.S,, Blank, AFF. and Alves, P.B. 2004. Melissa

officinalis L. essential oil: antitumoral and
antioxidant activities. J. Pharm. Pharmacol.,
56: 677-681.

Fern?ndez-L?pez, J., Sevilla, L., Sayas-Barber?, E.,
Navarro, C., Marh, F. and Pérez-Alvarez, J.A.
2003. Evaluation of the Antioxidant Potential of
Hyssop (Hyssopusofficinalis L.) and Rosemary
(Rosmarinusofficinalis L.) extracts in Cooked Pork
Meat. J. Food Sci., 68: 660-664.

Renzini, G., Scazzocchio, F., Lu, M., Mazzanti, G.
Salvatore, G. 1999. Antibacterial and cytotoxic
activity of Hyssopusofficinalis L. oils. J. Essent Qil
Res., 11(5), 649-654.

Garg, S.N., Nagvi, A.A,, Singh, A, Ram, G. and
Kumar, S. 1999, Composition of essential oil from
an annual crop of Hyssopusofficinalis grown in
indian plains. FlavourFragr. J., 14: 170-172.

Gharib, F.A.E., 2006. Effect of salicylic acid on the
growth, metabolic activities and oil content of basil
and marjoram.Int J Agr Biol., 4: 485-492.

Gharib, F.A.E., 2007. Effect of salicylic acid on the
growth, metabolic activities and oil content of basil
and marjoram.Int J Agr Biol., 9: 294-301.

Ghassemi-Dehkordi, N,  2002. Iranian  Herbal
Pharmacopoeia. Ministry of Health and Medical
Education, Tehran, Iran, pp. 468-469.

Goossens, A., H?kkinen, S.T., Laakso, I., Seppanen-
Laakso, T., Biondi, S., et al. 2003.A functional
genomics approach toward the understanding of

secondary metabolism in plant
cells.ProcNathAcadSci USA., 100: 8595-8600.

Gundlach, H., Midller, MJ., Kuchan, T.M. and
Zenk,M.H. 1992. Jasmonic acid is a signal
transducer in elicitor-induced plant cell cultures.
ProcNathAcadSci USA., 89: 2389-2393.

Heitz, A., Carnat, A., Fraisse, D., Carnat, A.P. and
Lamaison,J.L. 2000.Luteolin 3'-glucuronide, the
major flavonoid from Melissa officinalis subsp.
officinalis. Fitoterapia., 71: 201-202.

Hohmann, J., Zupko, ., Redei, D., Csanyi, M., Falkay,
G., Mathe, I. and Janicsak, G. 1999.Protective
effects of the aerial parts of Salvia officinalis,
Melissa officinalisand Lavandulaangustifoliaand
their constituents against enzyme-dependent and
enzyme-independent  lipid  peroxidation.Planta
Med., 65: 576-578.

lvanova, D., Gerova, D., Chervenkov, T. and
Yankova, T. 2005. Polyphenols and antioxidant
capacity of Bulgarian  medicinal  plant.J
Ethnopharmacol., 96: 145-150.

Khazaie HR, Nadjafi F. and Bannayan M. 2008.Effect
of irrigation frequency and planting density on
herbage biomass and oil production of thyme

(Thymus vulgaris) and hyssop
(Hyssopusofficinalis).Ind Crops Prod., 27: 315-321.
Koliopoulos, G., Pitarokili, D., Kioulos, E.,

Michaelakis, E.and Tzakou, O. 2010. Chemical
composition and larvicidal evaluation of Mentha,
Salvia, and Melissa essential oils against the West
Nile virus mosquito Culexpipiens.Parasitol Res.,
107: 327-335.

Koytchev, R., Alken, R.G.and Dundarov, S.
1999. Balm mint extract (Lo-701) for topical
treatment of recurring
herpeslabialis. Phytomedicine., 6: 225-230.

Kreis, W., Kaplan, M.H., Freeman, J., Sun, D.K., Sarin,
P.S. 1990. Inhibition ofHIV replication by Hyssop
officinalis extracts. Antiviral. Res., 14: 323-337.

Leung, AY. and Foster, S. 1996. Encyclopedia of
common natural ingredient used in food, drugs and
cosmetics. John Wiley & Sons, Inc, New York.

Michalczyk, M., Macura, R., Tesarowicz, I., and
Bana$, J. 2012.Effect of adding essential oils of
coriander (Coriandrumsativum L) and hyssop
(Hyssopusofficinalis L.) on the shelf life of ground
beef. Meat Science, 90(3), 842-850.

Malatyali, E., Tepe, B., Degerli, S. and Berk, S.
2012.In  vitro  amoebicidal  activities  of



GhasemiPirbaloutiet al., Journal of Herbal Drugs, Vol. 4, No. 1: 7-14, 2013

Saturejacuneifoliaand  Melissa  officinalis  on
Acanthamoebacastellanii cysts and
trophozoites.Parasitol Res., 110: 2175-2180.

Masakova, N.S., Tseevatuy, B.S., Trofimenko,
S.L.andRemmer, G.S. 1979. The chemical
composition of volatile oil in lemon-balm as an
indicator of therapeutic use.Planta Med., 36: 274.

Mazzanti, G., Lu, M., Salvatore, G., 1998.Spasmolytic
action of the essential oil from Hyssopusofficinalis
L. var. decumbens  and its major
components.Phytothera. Res., 12: S92-S94.

McLafferty, F.W. 2009.Wiley Registry of Mass
Spectral Data, 9" ed. Wiley, Inc., Hoboken, NJ.

Memelink, J., Verpoorte, R.and Kijne, J.W.
2001.0RCAnisation of jasmonate-responsive gene
expression in alkaloid metabolism.Trends Plant
Sci., 6: 212-219.

Meétraux, J.P., Signer, H., Ryals, J., Ward, E., Wyss-
Benz, M., Gaudin, J., et al. 1990.Increase in
salicylic acid at the onset of systemic-acquired
resistance in cucumber. Science.,250: 1004-1006.

Mimica-Dukic, N., Bozin, B., Sokovic, M.and Simin,
N. 2004.Antimicrobial and antioxidant activities of
Melissa officinalis L. (Lamiaceae) essential oil.J
Agric Food Chem., 52: 2485-2489.

Miroliaei, M., Khazaei, S.,Moshkelgosha, S.and
Shirvani, M. 2011. Inhibitory effects of Lemon
balm (Melissa officinalis L.) extract on the
formation of advanced glycation end products.
Food Chem., 129: 267-271.

Mozaffarian, V. 2008.A dictionary of Iranian plant
names.FarhangMosavar Press, Tehran, Iran.

Ozer, H., Sahin, F., Kilig, H. and Giilliice, M.2005,
Essential oil composition
of Hyssopusof?cinalisL.subsp. angustifolius (Bieb.)
Arcangeli from Turkey.FlavourFragr. J., 20: 42—
44,

Palazon, J., Cusid?, R.M..Bonfill, M., Morales, C. and
Pi?0l,M.T. 2003. Inhibition of paclitaxel and
baccatin Il accumulation by mevinolin and
fosmidomycin  in  suspension  cultures  of
Taxusbaccata. J Biotechnol., 101: 157-163.

Pavela R. 2004. Insecticidal activity of certain
medicinal plants.Fitoterapia., 75: 745-749.

Sadraei, H., Ghannadi, A.and Malekshahi, K. 2003.
Relaxant effect of essential oil of Melissa officinalis
and citral on rat ileum contractions.Fitoterapia., 74:
445-452.

Sanz, M.K., Hernandez, X.E., Tonn, C.E. and Guerreio,
E. 2000.Enhancement of tessaric acid production
in Tessariaabsinthioides cell suspension
cultures.Plant Cell Rep., 19: 821-824.

Sharafzadeh, S., Khosh-Khui, M. and Javidnia, K.
2011.Effect of nutrients on essential oil
components, pigments and total phenolic content of
lemon balm (Melissa officinalis L.).Adv Environ
Res., 5: 639-646, 2011.

Sharan, M., Taguchi, G., Gonda, K., Jouke, T.,
Shimosaka, M.,Hayashida, N.andOkazaki, M. 1998.
Effects of methyl jasmonate and elicitor on the
activation of phenylalanine ammonialyase and the
accumulation of scopoletin and scopolin in tobacco
cell cultures. Plant Sci., 132: 13-19.

Szabo, E., Thelen, A.and Petersen, M. 1999. Fungal
elicitor preparations and methyl jasmonate enhance
rosmarinic acid accumulation in suspension cultures
of Coleus blumei. Plant Cell Rep., 18: 485-489.

Taherpoura, A., Maroofi, H., Rafie, Z. and Larijani, K.
2012. Chemical composition analysis of the
essential oil of Melissa officinalisL.  from
Kurdistan, Iran by ~ HS/SPME ~ method  and
calculation of the bio-physicochemical coefficients
of the components.Nat Prod Rep., 26: 152-160.

Thaler, J.S.Farag, M.A. Pare, PW.and Dicke, M.
2002. Jasmonate-deficient plants have reduced

direct and indirect defences against
herbivores. EcolLett., 5:764-774.
Thiem, B. and Krawczyk, A. 2010.Enhanced

isoflavones accumulation in methyl jasmonate-
treated in vitro  cultures of  kudzu
(PuerarialobataOhwi).HerbaPolon., 56: 48-56.

Triantaphyllou, K., Blekas, G.and Boskou, D. 2001.
Antioxidant properties of water extracts obtained
from herbs of the species Lamiaceae. Int J Food
SciNutr., 52: 313-317.

Uppalapati, S.R., Ayoubi, P., Weng, H., Palmer, D.A,,
Mitchell, R.E., Jones, W.and Bender, C.L. 2005.
The phytotoxincoronatine and methyl jasmonate
impact multiple phytohormone pathways in tomato.
Plant J., 42: 201-217.

Van Wees, S.C.M. and Glazebrook, J. 2003. Loss of
non-host  resistance  of Arabidopsis NahG to
Pseudomonas syringae pv. phaseolicola is due to
degradation products of salicylic acid. Plant J., 33:
733-742.

Vazquez-Flota, A. and De Luca, V. 1998.Jasmonate
modulates development and light-regulated alkaloid



GhasemiPirbaloutiet al., Journal of Herbal Drugs, Vol. 4, No. 1: 7-14, 2013

biosynthesis in Catharanthusroseus.
Phytochemistry., 49: 395-402.

Venkutonis, P.R., Gruzdiene, D.,Trizite, D.and Trizite,
G. 2005. Assessment of antioxidant activity of plant
extracts by different methods. ActaHorticulturae.,
677:99-107.

Walker, T.S., Bais, H.P. and Vivanco, J.M.
2002.Jasmonic acid-induced hypericin production
in cell suspension cultures of
HypericumperforatumL.  (St.  John’s  wort).
Phytochemistry., 60: 289-293.

Yazaki, K., Takeda, K. and Tabata, M. 1997. Effects of
methyl jasmonate on shikonin and dihydro-
echinofuran production in Lithospermum cell
cultures. Plant Cell Physiol., 38: 776-782.

Zargari, A., 1992. Medicinal plants.Tehran University
Press, Tehran, Iran.

Zhao, J., Davis, L.C. and Verpoorte, R. 2005. Elicitor
signal transduction leading to production of plant
secondary metabolites. Biotechnol Adv., 23: 283-
333.

Zheljazkov, V.D. and Astatkie, T. 2012. Distillation
waste water can modify peppermint (Mentha x
piperita L.) oil composition. Ind Crop Prod., 36:
420-426.

Zheng, ZP., Krumm, T. and Baldwin,
1.T.1997 Structural requirements of jasmonates and
mimics for nicotine induction in
Nicotianasylvestris.J Cheml Ecol., 23: 777-2789.



