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and determination of essential oil components capability in intra and inter-specific
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ABSTRACT

Nepeta is one of the largest genera of the Lamiaceae family, and Iran is one of the main centers of origin of the genus.
There are lots of reports related to biological activities of secondary metabolites of Nepeta that shows the importance
of the genus. Quanti? and quality of essential oil SEO) components of 12 accessions of three Iranian Nepeta species,
N. cataria, N. menthoides and N. crassifolia, cultivated in West of Tehran, were studied. Also, EO components
capability on intra and inter-specific relationships was investigated. Plant aerial parts were harvested at full bloom
stage. EO was extracted by hydrodistillation method from shade-dried plant materials. EO was quantitatively and

ualitatively analyzed by GC and GC/MS, respectively. Principal component analysis was used in order to determine
the role of each EO components in intra and inter-specific diversity. The most part of EO yield gw/w) belonged to
“Markazi” accession of N. cataria %2.5%). Main EO component Z) of species were Nepll (4aa,7a,7afi-nepetalactone)
in N. cataria, 1,8-cineole and Nepll in N. menthoides and Nepl (4aa,7a,7aa-nepetalactone), 1,8-cineole and Nepll in
N. crassifolia. N. crassifolia and N. cataria species, respectively, allocated on the first positions based on the quantity
of Nepl'and II. N. cataria had the most total quantity of nepetalactone (97.8-99.1%). Results indicated that
EO components were able to distinguish species, and to identify intra and inter—Sf)ecific relationships. N. crassifolia
and N. cataria species were separated from N. menthoides by cluster and PCA analysis based on EO components.
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Table 1. Information of 12 accessions of three studied Iranian Nepeta species

Species Origin of seeds Accession code  Year of collection
18317, Zarand, Kerman, Iran C20 2004
21030, Behabad, Yazd, Iran C23 2005
. 21132, Bafql, Yazd, Iran C24 2005
N. cataria L.

33531, Bafq2, Yazd, Iran C25 2010
21094, Taft, Yazd, Iran C26 2005
15062, Markazi, Arak, Iran Cc27 2004
13308, Meshginshahrl, Ardabil, Iran M31 2003
. . 13306, Meshginshahr2, Ardabil, Iran M32 2003

N. menthoides Boiss. et Buhse . X
13301, Meshginshahr3, Ardabil, Iran M34 2003
9879, Borujen, Chaharmahal and Bakhtiari, Iran M35 2002
X X 3133, Mazandaran, Mazandaran, Iran Cr29 1998

N. crassifolia Boiss. et Buhse K X

5816, Guilan, Guilan, Iran Cr30 2001

anlllae 9550 Gludigy padlp s LiS Jomo Sliogas ¥ Jgax

Table 2. Characteristics of field location of the studied nepeta germplasm

. . . Annual mean Annual mean Annual Annual mean
. Longitude  Latitude  Altitude Lo s
Location ) ™) (m) temperature humidity precipitations number of
© (%) (mm) sunny hours
West of Tehran, Iran 51°08' 3543 1215 18.05 36.4 132.4 254.3
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Table 3. Chemophysical analysis on soil of nepeta germplasm experimental field

Soil 1 Text Organic Organic H EC N P K Fe Mn Cu Mg Zn
oF samp’e X carbon (%) _matter (%) P (%) (ppm) (ppm) (ppm) _(ppm) _(ppm) _(ppm) _(ppm)
Soil from the Sandy

depth 020 om  Loamy 1.5 27 79 06 02 53 478 45 102 09 344 14
Soil from the - Loamy 16 28 79 06 02 48 S04 54 121 04 348 14

depth of 40 cm  Sandy

Physical and chemical characteristics of soil were commertially analysed by Babol Edaphology Laboratory (Iran).
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Table 4. Essential oil (EO) yield (W/W), number and percentage of identified compounds in EO of 12 accessions of
three Iranian Nepeta species evaluated over two years, along with retention index of the compounds

Retention ___a-Thujene a-Pinene Sabinene f-Pinene Myrcene p-Cymene  Limonene  1,8-Cineole y-Terpinene _ Terpinolene
Index 928 939 974 978 991 1025 1029 1031 1058 1088
g
7 — o — o — [n} — o — o — [n} — [n} — [n} — o — o
s 6% 5 3 F % F Y3 F OF OF O} OEOEOEY OEEOE R OG OB
3 I~ I~ I~ I~ I~ I~ I~ I~ I~ == = = = = = = = SIS
20 - - - - - 0.1 - - 04 0.6 - - - - - - - - - -
23 - - - - - - - - 04 02 - - - - - - - - - -
N 24 - - - - - - - - - 04 - - - - - 0.1 - - - -
Nepeta cataria 6 ~ ~ _ ~ _ _ ~ _ 03 06 _ ~ ~ _ _ N _ _ _ ~
27 - - - - - - - - - - - - - - - - - - - -
25 - - - - - - - - - - - - - - - - - - - -
N. crassifolia Cr29 - - 0.6 03 - - 03 0.2 1.7 16 19 - - 03 374 280 - - - -
. i Cr30 - - - - - - - 0.6 - 1.0 - 35 - - - 136 - - - -
M31 0.5 0.3 12 1.1 - - 2.0 1.5 74 65 25 06 - 06 581 628 28 - 15 18
N menthoides  M34 0.5 03 12 1.1 - - 2.1 1.8 6.4 64 24 03 - 05 615 589 26 - 05 20
. M35 03 03 1.0 1.0 - - 1.5 1.8 5.8 62 15 05 - 08 567 554 1.7 - 08 28
M32 1.0 0.6 1.0 - - 29 24 73 53 26 04 - 07 547 518 28 - 10 33
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Continued table 4. Essential oil (EO) yield (W/W), number and percentage of identified compounds in EO of 12
accessions of three Iranian Nepeta species evaluated over two years, along with retention index of the compounds

Retention Linalool d-Terpineol ~ Terpinene4-ol  a-Terpineol Citronello] 4aa,7a,7ax11:]Nep clalactone Nery! 4aa, 7o, Taf¢-Nepetalactone
Index (Nepl) acetate (Nepll)
1098 1164 1176 1187 1226 1360 1362 1387
g [n} [n} In} In} In} [n} [n} [n}
Se — — — — — — — —
s 4% 5 3 5 3 3 ¥ OF ¥ OE ¥ 3 5 0§ %3 3 5
2 S - - - - - - - > - - - - - - - -
C20 - - - - - - - - 03 0.1 30.6 220 - 64.8 69.5
C23 - - - - - - - - 02 0.1 233 203 - - 72.6 722
N, cataria C24 - - - - - - - - 04 - 285 212 - - 67.1 69.7
. C26 - - - - - - - - 0.7 02 114 10.1 - - 845 789
c27 - - - - - - - - - - - 114 - - - 789
C25 - - - - - - - - - - - 30.7 - - - 59.5
N crassifolia Cr29 02 03 - - 0.6 0.2 1.1 0.5 4.6 49 415 444 1.0 2.8 3.1 11.7
o Cr30 - - - - - - - - - - - 559 - - - 155
M3l 32 25 18 1.5 2.6 19 3.1 24 - - - 11 - - 57 99
N. menthoides M34 27 27 1.6 1.5 2.7 1.6 29 2.6 - - - 04 - - 4.6 9.9
: M35 20 29 19 1.5 2.1 12 35 24 - - 0.2 15 - - 10.8 136
M32 2.6 29 1.6 1.6 2.8 2.0 3.6 3.7 - - 1.5 1.3 - - 5.0 145
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Continued table 4. Essential oil (EO) yield (W/W), number and percentage of identified compounds in EO of 12

accessions of three Iranian Nepeta species evaluated over two years, along with retention index of the compounds
4aa,1p,7aa-

Caryophyllene Total identified Number of

Retention Nepetalactone Faxizi-ene Valencene Spathulenol oxide Viridiflorol compounds identified EO yield

Index in EO (%) compounds in EO (%)

1392 1457 1493 1575 1580 1593 ° P
g

] ol ol = ol = ol ol = = = ol = = = = = = =
Species i 5§ 83 5 3 5 53 B8 5 B B 5 3 5 B 5 g § 3
E © > > > > > > > > > > > > > > > > > >
C20 35 6.4 0.1 04 - - - - - - 03 0.5 99.9 99.6 7 8 1.1 1.7
C23 32 5.8 0.1 03 - - - - - - 03 0.5 100.0 99.5 7 7 1.4 0.7
Nepeta cataria C24 2.8 7.3 - 0.5 - - - - - - 03 04 99.2 99.5 5 7 12 0.8
C26 2.7 8.8 - 0.6 - - - - - - 0.4 0.5 100.0  99.6 6 7 1.1 1.1
c27 - 8.8 - - - - - - - - - - - 99.1 - 3 - 25
C25 - 8.3 - - - - - - - - - - - 98.5 3 - 2.0
N. crassifolia Cr29 0.3 1.1 - - - - 2.4 1.1 0.6 0.9 - - 97.3 98.1 15 15 03 0.3
: i Cr30 - 3.1 - - - - - - - - - - - 93.1 - 7 - 0.7
M3l - - - - 19 1.9 - - - - - - 943 99.2 14 15 0.5 0.9
N. menthoides M34 - - - - 15 3.0 - - - - - - 93.0 93.0 14 15 0.7 0.7
. M35 - - - - 25 2.8 - - - - - - 91.9 94.7 15 15 0.8 1.1
M32 - - - - 24 4.1 - - - - - - 93.3 95.4 15 15 0.7 0.6
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Table 5. Eigenvalues, the percent of variance, the percent of cumulative variance and the coefficient of specific

vectors of the first two components obtained from principal components analysis (PCA)

Essential oil compound PC1 PC2
o-Thujene 0.25 0.06
o-Pinene 0.26 -0.01
p-Pinene 0.26 0.03
Myrcene 0.25 0.00
Limonene 0.25 -0.08
Linalool 0.26 0.04
Citronellol -0.03 -0.43
4aa,7a,7aa-Nepetalactone (Nepl) -0.16 -0.24
4aa,70,7af-Nepetalactone (Nepll) -0.21 0.22
4aa,7f,7aa-Nepetalactone (NepllI) -0.23 0.17
Neryl acetate -0.03 -0.43
o-Terpineol 0.26 0.02
Sabinene -0.07 0.09
p-Cymene 0.02 -0.04
Terpinene-4-ol 0.25 0.03
1,8-Cineole 0.25 -0.08
E-f-Farnesene -0.15 0.19
Viridiflorol -0.15 0.19
Terpinolene 0.25 0.06
o-Terpineol 0.26 0.06
Valencene 0.25 0.06
Spathulenol -0.03 -0.43
Caryophyllene oxide -0.03 -0.43
Eigenvalues 14.83 4.89
Variance (%) 61.78 20.38
Cumulative variance (%) 61.78 82.16
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Figure 1. Dendrogram of cluster analysis constructed from quantitative data of essential oil components in 12 Nepeta
accessions of N. cataria (C), N. menthoides (M) and N. crassifolia (Cr). Bootstrap values (1000 replicates) are

presented at each node (Coph. corr. 0.98)
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Figure 2. Biplot of principal component analysis (PCA) based on quantitative data of essential oil components in 12
Nepeta accessions of N. cataria (C), N. menthoides (M) and N. crassifolia (Cr)

Nazemiyeh et al. i)li5 b (6530 glacuS 5
A i (aeys YER) T gL (2009)
Sonboli et al. %,1;5 sdo g (duo,0 YY) Jotiew
31 i (e, YYA) Josews A (2009)
A gpSoslail (asys YYIY) T eSS
I, I eSS jga> (2014) Kahkeshani et al.
50,5 5,158 N. menthoides 4565 bl jo 50
dII eSS Jols ilal 255 dw ggomme lagy]
AMT (et codfar (oA o 1 eSS
omilel ode isu Gleieds 1) s 0 VIV 4 VP
Gk &5l Jjo ol oy las @i ol o
2T osSVES 2l iagsy 5l Jols gl
g il yea> N menthoides 455 il
GSoslal as s < /F-V/D oogazme o 1 eSYLLS
AN sz 90 Egesne o] Cawddy i gb
SVEIO) T eaSYLLS 5 (duoyo OVA-PYIA) Joiimw
N &5 0 il svee idu olgieas (duo,0 4/
B sl ey Gub ol ool lis menthoides
yeam N crassifolia a8 uwilwl oS 5 550 50
WY o-Fa oo o T g 1T d glayeaS VLS
-lo-Va WY -fa (IV)  esYis-Wi-Va
OeSYb-to-Va LY whfa g (V) oesVles

Sl oals 5)I5F @iss pl il s (VD)

(2012) Zomorodian et al. )5 &b
SO IIT eaSYLLS g duo 0 DO-OA asals (o 1T eSS
G pSoill No cataria &¢5 1> duoyd Ye-YV/Y aials
1,1 eSS (2009) Safaei-Ghomi ez al. .l o0
g8 oyl il s cp i oy AVIY ey
LI 5 I sl VES rizran o] io S (J8yne
A0S (g pSoslal s, VY o YV ety ol jay
Morteza-Semnani & Saeedi 0 L5155 o
II sV Jols uill s3> 4w gaazme (2004)
XA Sl3aos s 5 1, T GgiSVES 5 Syt Ao
ol 5o bl sdes isu laieds o0 11/ 9 VYD
sl las a5eS

B G5y 2 el Giagy ) Job @l
sz |y (0o, OA/D-YAIR) 1T ,gxSYLS N. cataria
II g T (gla eSS ocpizran ol lias il e
Ao, OIA-AA g 0o, VeN-Y oY lpeeds ol jay
WAl (6 S o3l

Mojab et al. N. menthoides 45 5,90 ;5
sy ey FIN a1 oA (2009)
Nazemiyeh et al. 5,5 By uilul odes
S )5 99 Eg9azme (2009) Sonboli et al. 4 (2009)
saae i oy 1y st AN 5 T 5V
Eaoma  ,o ol lid ais pl o il



v lodigy 5l ploosgs uilul (2.8 g (oS gy i) Ken g g0l FeA

P LogsYS ja> dudiy iz GladisS il
«(Mahboubi et al., 2011) N. persica slaisS
Rustaiyan et al., 2000a; Dabiri & ) N. racemosa
Rustaiyan et ) N. cephalotes (Sefidkon, 2003b
J(al., 2000b; Sefidkon & Jamzad, 2007
«Sefidkon & Jamzad, 2007) N. mirzayanii
Sonboli et al., 2004; Sefidkon et al., ) N. crispa
Sefidkon et ) N. rivularis N. eremophila (2006
Rustaiyan & Nadji, ) N. binaludensis «(al., 2006
Sefidkon & Shaabani, 2004; ) N. meyeri (1999
N. bornmuelleri 4 (Esmaeili et al., 2006
Oty ilos ST 5138 1) (Akhgar et al., 2014)
Dabiri & 5,155 Gub «5SYLS jogp! ol Hlade
(%o, AY/#) N. crassifolia ,» (2003a) Sefidkon
I eSYLS jeas o uimed Cowl 0ads ooy oyl
Javidnia et al., 2002; ) N. persica sladisS o
«(Khajeh et al., 2010; Shafaghat & Oji, 2010
Rustaiyan et al., 2000a; Dabiri & ) N. racemosa
Sefidkon ) N. pogonosperma «(Sefidkon, 2003b
Sonboli et al., ) N. crispa (& Akbarinia, 2003
Sefidkon & Shaabani, 2004; ) N. meyeri (2004
N. heliotropifolia «(Esmaeili et al., 2006
Sajjadi, ) N. sintenisii ¢ (Rustaiyan et al., 2006)
N. betonicifolia 445 ;> Il ,gSYLS s> 4 (2005
Slade (e el 0ol Lo (Salehi et al., 2012)
Sl b coiia dIL g I slapgsbys
(%o, #AN) N. meyeri ,» (2006) Esmaeili et al.
4, (2004) Morteza-Semnani & Saeedi 4
Ll 00 oasline (ausjo AV/Y) N crassifolia

N. menthoides 485 () JS&) slabg> 4325 jo
5 05 Aol gy 48 s 5T 5 5l zassn
Lol o ol g ol lax Ve Opulog coles
Ablon Lodigy iz SeegignSt ganadb mli
J&4 “Budantsev, 1993”) j553s ot b
s N. cataria slaaieS (Jamzad et al., 2003 ;|
5 (Nepeta sect.) aliw isw 0 N. crassifolia
(Spicatae sect.) 555 sy o N. menthoides 4545
w5 sl

oSV (2004) Morteza-Semnani & Saeedi
ol owlel e S5 1 ds,e MY leas THT
LT oSV eizmen lap] s )7 (3155 43S
30,8 g pSoslail il jo asje B/ ol reed
Olyeds T eSS (2003a) Dabiri & Sefidkon
Q30,5 (6 S0l 4T pl uilul o 1) as s AY/P
Olets IV g I (slapy eSS j9a2 (riizmen o
Ly ombol jo oo 17 Glieas VeSS (S5
Matloubi Moghaddam & Hosseini .asols Las
YYIN ety SV (sl jegiles il (1996)
ol jo ) a0 1 Gl Jeiw-Ad) 5 asy
aiiwilyd izen g 30,8 50158 N crassifolia
S olobis uilel o 1) VI eSS

N. crassifolia 4545 3,50 )0 yol> gl gl
00/ T giSYLS c52 dw Egomme a5 ol olis
g (ao,o WWIP-YA) oA (oo, FE/F
ol sdee isn (oo 0V VY-V0/0) IT eSS
assls (o I aaSYLLS ¢ pizmad a0 oo JoS25 |,
A (6 8ol g8l il o aus e VY=Y

doy ] ilol soes oS 5 a5 Ludigy 51 olodisS
A510,95 5 i (el Cawnl 5l ol eSS
12 oSV i Il Lty chlihe (slocisS
e S5 5 ol slie ol 3 (Ve
Pl 2 8l @ e bopalel e sl
il oo el Bl ] 0l 5 So5glem

sl Ghagh o adllas o550 sloaiss (nm )
Sk 5l g N crassifolia 4565 eSS e s
Iy Jol o> N. cataria 4¢3 Il gSYES ol 5ue
Ol Oy mizod diols  plais] st
a5 5l S 9 i Glesg yo T esYLGS
Ol a5l ol (6 ,.505lul (s )0 AMA) N. cataria
AVIA-AAN) N. cataria 4¢3 il (o SV S
ol ¥ USs ol plas| sgza |, ol a5 (as )
L dslio )0 andllas 5 50 slosgs 5 laigS a5 das o
Slayognl 9 oeSYS (IS (e Sl 1 Kuss
Q50 18 adg dx 0« SISEa ] ead olwlis

S5 89y 2 Olpl o A F 50 slaiegh



£.q VWAV 5ol oF 8,Les FR 5,00 ool nl SLEL psle

60 -
(a)
® 4aa,7a,7ac-Nepetalactone
€ 40
=
z
20
T — T — T T 1
Cr30  Cr29 C25 Cc20 c24 c23 c27 C26 M35 M32 M31 M34
100 (B)
M 4aa,7a,7ap-Nepetalactone
g
2 50 1
z
0 - I =
C26 c27 c23 c24 Cc20 c25 Cr30 M32 M35 Crz29 M31 M34
10

W 4aa,7B,7a0-Nepetalactone (c)

Neplil (%)

C26 c27 C25 c24 C20 Cc23 Cr30 Cr29 M31 M32 M34 M35

Z

[ Total nepetalactone isomers identified in essential oil (©)

g

Total Nep (%)
Ul
o

c27 C25 €23 c24 c20 C26 30 Cr29  M32 M35 M31 M34

LJI-Y afl-Fa (A) N. crassifolia 4 N. menthoides Nepeta cataria sesgs 1o ;giSVLLS (sla yog il duoyo ¥ S
OFESYLLS S (D) g eSYl-Wi-Ya LoV dal-Fa (C) (g5 Yis-Lo-Ya WY JLal-fa B) «gSVli-Wi-Ya

Figure 3. Percent of nepetalactone isomers in Nepeta cataria (C), N. menthoides (M) and N. crassifolia (Cr)
accessions; (A) 4aa,7a,7aa-Nepetalactone, (B) 4aa,7a,7af-Nepetalactone, (C) 4aa,7f,7aa-Nepetalactone and (D)
total nepetalactone

sl Ko alfle cuigh o Vb nSin ooy
N. crassifolia 458 3| axlllas 5,50 0545 50 .08 ,5

O JS8) catls i 51 3o 1, alaigaises,s

D (G098 Timme Cuigi g0 LB yo 3 9V 8L wblyy )5 leoogs wlold oo pl o
Jol Lol addie g0 ¢ Lol sloaddie 4y 450 o slrodss ¢ uiedy Sy N cataria 45 5| e
Om S9ee £95 5l weyd AVINF goama )3 pgo 4 Sl s gy 0 YL g 65
WS g 1) swym 5 sleosy g lbaiss sleosys N, menthoides 455 5 pioren

) Slesii 51 aoys FUVA sl aidge (Y S) 5 5 S 8 ¥ dinRie 9) piaSie iz



v lodigy 5l ploosgs uilul (2.8 g (oS gy i) Ken g g0l AR

Locnlple Sal ClS e SO 00 (o S0
ioilesl 5 e Jelge 00,5 JleS L i
S5 sl 5 U ) ol slaosls Bl oe
ol Ll 50 pwyy 9y90 sbadisS g leesys
50 lrosly & 4z L I cudls laciis e
w2 Oloy e 53 ahe )3 BlalS il Jol b
5 Sl Conds a glabde LB i U plgiee
2l omizman Els Glipabl boy] Guilol (oS 5
5 09,0 G09S 50 bl (sl gaallS 1 S

Al e lodigy iz (g1isS

S ol
ol Hblray oljer Ly 550 Wb L,
e‘é)dé 9 )S.w..v ‘G\.’JUQA b)yo LQLQC\.J; ‘SwLM.:oL;
235 oo

30 ohg slaylopy als polie wls plais! sgzay
—WT -l GlacuS 5 as ol ylas Jol adlge
W el isedd e ol
Oy ot AN Vg 5 Jorin 5
O 95 5l e p e oredlly g Jori -l
(e (O Jeaz) ails 1) leosy g ladisS
5 syl il Jsbs e slocaS s
Lobye £985 5l it (yuden annSlolde )5
Sy |, Slpess 3l as o Yo/VA oS pgo adlfe
G s (0 Jeaz) wails 1) s e olaisl
Sl 35 5] ol saizes S o lol slaailye

o5 ol I

Slrosgs 4 wal Cuwsts >0 pol> ubios s

REFERENCES

1.

2.

10.

11.

12.

13.

14.

Adams, R. P. (2004). Identification of essential oil components by gas chromatography/ quadrupole
mass spectroscopy. Allured Publishing Corp., Carol Stream, USA.

Akhgar, M. R., Ghazanfari, D. & Rahbari, H. (2014). Chemical composition of the essential oils
from leaves, flowers, stems and roots of Nepeta bornmuelleri Hausskn. ex Bornm. Iranian Journal
of Medicinal and Aromatic Plants, 30(2), 223-230. (in Farsi)

Bernath, J. (2002). Strategies and recent achievements in selection of medicinal and aromatic plants.
Acta Horticulturae, 576, 115-128.

Dabiri, M. & Sefidkon, F. (2003a). Chemical composition of Nepeta crassifolia Boiss. & Buhse oil
from Iran. Flavour and Fragrance Journal, 18(3), 225-227.

Dabiri, M. & Sefidkon, F. (2003b). Chemical composition of the essential oil of Nepeta racemosa
Lam. from Iran. Flavour and Fragrance Journal, 18(2), 157-158.

Esmaeili, A., Rustaiyan, A. H., Masoudi, S. & Nadji, K. (2006). Composition of the essential oils of
Mentha aquatica L. and Nepeta meyeri Benth. from Iran. Journal of Essential Oil Research, 18(3),
263-265.

Formisano, C., Rigano, D. & Senatore, F. (2011). Chemical constituents and biological activities of
Nepeta species. Chemistry & Biodiversity, 8(10), 1783-1818.

Hammer, @., Harper, D. A. T. & Ryan, P. D. (2001). PAST: palaeontological statistics software
package for education and data analysis. Palaeontologia Electronica, 4(1), 9 p.

Hussain, J., Jamila, N., Gilani, A., Abbas, G. & Ahmed, S. (2009). Platelet aggregation,
antiglycation, cytotoxic, phytotoxic and antimicrobial activities of extracts of Nepeta juncea.
African Journal of Biotechnology, 8(6), 935-940.

Jamzad, Z. (2013). Flora of Iran, No.76: Lamiaceae family. Agricultural Research, Education and
Extension Organization, Research Institute of Forests and Rangelands, Tehran. (in Farsi)

Jamzad, Z., Chase, M. W., Ingrouille, M., Simmonds, M. S. J. & Jalili, A. (2003). Phylogenetic
relationships in Nepeta L. (Lamiaceae) and related genera based on ITS sequence data. Taxon,
52(1), 21-32.

Javidnia, K., Miri, R., Safavi, F., Azarpira, A. & Shafiee, A. (2002). Composition of the essential oil
of Nepeta persica Boiss. from Iran. Flavour and Fragrance Journal, 17, 20-22.

Kahkeshani, N., Razzaghirad, Y., Ostad, S. N., Hadjiakhoondi, A., Shams Ardekani, M. R.,
Hajimehdipoor, H., Attar, H., Samadi, M., Jovel, E. & Khanavi, M. (2014). Cytotoxic,
acetylcholinesterase inhibitor and antioxidant activity of Nepeta menthoides Boiss & Buhse essential
oil. Journal of Essential Oil Bearing Plants, 17(4), 544-552.

Khajeh, M., Yamini, Y. & Shariati, S. (2010). Comparison of essential oils compositions of Nepeta
persica obtained by supercritical carbon dioxide extraction and steam distillation methods. Food and
Bioproducts Processing, 88, 227-232.



4R

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

VWAV 5l o 5,Les FA 6 g0 ool nl SLel pole

Kraujalis, P., Venskutonis, P. R. & Ragazinskiene, O. (2011). Antioxidant activities and phenolic
composition of extracts from Nepeta plant species. FOODBALT, 79-83.

Mahboubi, M., Kazempour, N., Ghazian, F. & Taghizadeh, M. (2011). Chemical composition,
antioxidant and antimicrobial activity of Nepeta persica Boiss. essential oil. Herba Polonica, 57(1),
62-71.

Matloubi Moghaddam, F. & Hosseini, M. (1996). Composition of the essential oil from Nepeta
crassifolia Boiss. & Buhse. Flavour and Fragrance Journal, 11(2), 113-115.

Miceli, N., Taviano, M. F., Giuffrida, D., Trovato, A., Tzakou, O. & Galati, E .M. (2005). Anti-
inflammatory activity of extract and fractions from Nepeta sibthorpii Bentham. Journal of
Ethnopharmacology, 97, 261-266.

Misi¢, D., Siler, B., Gasi¢, U., Avramov, S., Zivkovi¢, S., Nestorovi¢ Zivkovi¢, J., Milutinovi¢, M.
& Tesi¢, Z. (2015). Simultanecous UHPLC/DAD/+HESI-MS/MS analysis of phenolic acids and
nepetalactones in methanol extracts of Nepeta species: a possible application in chemotaxonomic
studies. Phytochemical Analysis, 26, 72-85.

Mojab, F., Nickavar, B. & Hooshdar Tehrani, H. (2009). Essential oil analysis of Nepeta crispa and
N. menthoides from Iran. Iranian Journal of Pharmaceutical Sciences, 5(1), 43-46.
Morteza-Semnani, K. & Saeedi, M. (2004). Essential oils composition of Nepeta cataria L. and Nepeta
crassifolia Boiss. and Buhse from Iran. Journal of Essential Oil Bearing Plants, 7(2), 120-124.
Mozaffarian, V. (1998). Dictionary of Iranian Plant Names. Farhang Moaser, Tehran. (in Farsi)
Mozaffarian, V. (2013). Identification of medicinal and aromatic plants of Iran. Farhang Moaser,
Tehran. (in Farsi)

Mutlu, S. & Atici, O. (2009). Allelopathic effect of Nepeta meyeri Benth. extracts on seed
germination and seedling growth of some crop plants. Acta Physiologiae Plantarum, 31, 89-93.
Nazemiyeh, H., Razavi, S. M., Asnaashari, S., Talebpour, A. H., Ghahramani, M. A. & Imani, Y.
(2009). Chemical composition of the essential oil of Nepeta menthoides Boiss & Buhse.
Pharmaceutical Sciences, 14(4), 283-289. (in Farsi)

Németh, E., Bernith, J. & Héthelyi, E. (2000). Chemotypes and their stability in Achillea
crithmifolia W. et K. populations. Journal of Essential Oil Research, 12, 53-58.

Pojarkova, A. 1. (1954). Nepeta. In: Flora of the USSR. Academy of Science of the U.S.S.R.,
Moskva-Leningrad.

Rabbani, M., Sajjadi, S. E. & Mohammadi, A. (2008). Evaluation of the anxiolytic effect of Nepeta
persica Boiss. in mice. Evidence-Based Complementary and Alternative Medicine (eCAM), 5(2),
181-186.

Rustaiyan, A. H., Jamzad, M., Masoudi, S. & Ameri, N. (2006). Volatile constituents of Nepeta
heliotropifolia Lam., Mentha mozaffarianii Jamzad and Ziziphora persica Bunge. three labiatae
herbs growing wild in Iran. Journal of Essential Oil Research, 18(3), 348-351.

Rustaiyan, A. H., Khosravi, M., Larijany, K. & Masoudi, S. (2000a). Composition of the essential
oil of Nepeta racemosa Lam. from Iran. Journal of Essential Oil Research, 12(2), 151-152.
Rustaiyan, A. H., Komeilizadeh, H., Monfared, A., Nadji, K., Masoudi, S. & Yari, M. (2000b).
Volatile constituents of Nepeta denudata Benth. and N. cephalotes Boiss. from Iran. Journal of
Essential Oil Research, 12(4), 459-461.

Rustaiyan, A. H. & Nadji, K. (1999). Composition of the essential oils of Nepeta ispahanica Boiss.
and Nepeta binaludensis Jamzad from Iran. Flavour and Fragrance Journal, 14(1), 35-37.
Safaei-Ghomi, J., Djafari-Bidgoli, Z. & Batooli, H. (2009). Volatile constituents analysis of Nepeta
cataria from central Iran. Chemistry of Natural Compounds, 45(6), 913-915.

Sajjadi, S. E. (2005). Analysis of the essential oil of Nepeta sintenisii Bornm. from Iran. Daru,
13(2), 61-64.

Salehi, P., Sonboli, A., Khaligh, P. & Mirzajani, F. (2012). Essential oil composition and antioxidant
activity of different extracts of Nepeta betonicifolia C.A. Meyer and Nepeta saccharata Bunge.
Flavour and Fragrance Journal, 26(8), 736-743.

Sefidkon, F. & Akbarinia, A. (2003). Essential oil composition of Nepeta pogonosperma Jamzad et
Assadi from Iran. Journal of Essential Oil Research, 15(5), 327-328.

Sefidkon, F. & Jamzad, Z. (2007). Essential oil composition of four Iranian Nepeta species (N.
cephalotes, N. bornmuelleri, N. mirzayanii and N. bracteata). Journal of Essential Oil Research,
19(3), 262-265.

Sefidkon, F., Jamzad, Z. & Mirza, M. (2006). Chemical composition of the essential oil of five
Iranian Nepeta species (N. crispa, N. mahanensis, N. ispahanica, N. eremophila and N. rivularis).
Flavour and Fragrance Journal, 21(5), 764-767.

Sefidkon, F. & Shaabani, A. (2004). Essential oil composition of Nepeta meyeri Benth. from Iran.
Flavour and Fragrance Journal, 19(3), 236-238.



40.

41.

42.

43.

44,

v lodigy 5l ploosgs uilul (2.8 g (oS gy i) Ken g g0l #AY

Shafaghat, A. & Oji, K. (2010). Nepetalactone content and antibacterial activity of the essential oils
from different parts of Nepeta persica. Natural Product Communications, 5(4), 625-628.

Sonboli, A., Gholipour, A., Yousefzadi, M. & Mojarrad, M. (2009). Antibacterial activity and
composition of the essential oil of Nepeta menthoides from Iran. Natural Product Communications,
4(2),283-286.

Sonboli, A., Salehi, P. & Yousefzadi, M. (2004). Antimicrobial activity and chemical composition
of the essential oil of Nepeta crispa Willd. from Iran. Zeitschrift fiir Naturforschung, 59c, 653-656.
Tepe, B., Daferera, D., Tepe, A. S., Polissiou, M. & Sokmen, A. (2007). Antioxidant activity of the
essential oil and various extracts of Nepeta flavida Hub.-Mor. from Turkey. Food Chemistry, 103,
1358-1364.

Zomorodian, K., Saharkhiz, M. J., Shariati, S., Pakshir, K., Rahimi, M. J. & Khashei, R. (2012).
Chemical composition and antimicrobial activities of essential oils from Nepeta cataria L. against
common causes of food-borne infections. International Scholarly Research Network Pharmaceutics, 1-6.



