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Quantitative and qualitative study of essential oil in some accessions of Nepeta spp.
and determination of essential oil components capability in intra and inter-specific
relationships analysis
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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—sFecific relationships. N. crassifolia
and N. cataria species were separated from N. menthoides by cluster and PCA analysis based on EO components.

Keywords: Nepeta spp., Lamiaceae, essential oil, nepetalactone, intra and inter-specific relationships.
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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 . i
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
or 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
-1 — o — o — [n} — o — o — [n} — [n} — [n} — o — o
Species % 3 § g 5 5 5 5 5 5 5 5 5 53 8 § 5 § £ 5§ 5
3 I~ I~ I~ I~ I~ = = = = == = = = = = = = = =
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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LS 5 Gylosk azls ol eads v byl Jlo 50 b
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 @-Terpineol Citronello] 4aa,7a,7ax11:]Nepetalactone 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 - — — — —
ses 4% 5 3 5 3 _3WE F ¥ 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 0.3 - - 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 2.7 2.7 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 2.9 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,74,7aa- E-f- Caryophyllene Total identified Number of

Retention Nepetalactone Farnesene 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
P! 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)
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