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Table 1. Characteristics of the field of the studied Nepeta species.

R Oyge Sludin slaaiss S e sla Sy -) Jguo

. Z. . S0 )0
S sl S Oy oy [CATRWR O daoyd S csb R SloyS as)yo . : ’
Soil characteristics 0 gt (0 o ; s =tk H o9 Sl glesle
Clay (%) Silt (%) Sand (%) Soil texture oS p 1
FC (%) EC (dSm") Organic
CCE (%)
matter (%)
oalo L
Data 26 48 26 SGM; ‘16‘91 15 12.5 7.28 3.70 0.78
andy loam
R R POUMLSRWIRS oo i JB o e . L R L
B 50y S B sl 6 B i 5 N
S sla T RO s s s o lengw 5 Ca (%) Available Mg (ppm) - O & HE s JEom
- . ] vailable pm . . . .
Soil characteristics O Available P (ppm) O RS O Fed OF
Available N Available Cu Available Mn Available Zn Available
(ppm) (ppm) (ppm) (ppm) Fe (ppm)
16.2 14.7 278 0.08 11 1.27 7.92 1.93 1.51
sl Cogb, (nSilee .
' . _ 29b; (Sl L Sl slajs, olass ' i
g elas | aYlo glos aeS sl Sl Yl s, ol
Ll | gl 5l el . AVl glos aig Annual Olaisy
bidlgn sla osl> Annual minimum sVl Mean of annual initati HAN
. L, Annual maximum e precipitations Number of frost Oz
M deorological duaracter: % temperature (C) absolute humidit
ologic clers . temperature (C) Annual mean y (mm) days Number of
Altitude (m) p (%) y .
temperature (C) o rainy days
oals
Data 985 91 224 157 46 308 1 17 97
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Table 2. Information of seven Nepeta species studied in this research along with their collecting location.

455 oBig) 5 5x5leez Jomo el Glesz El el o)leds
Species Collecting site and habitat Altitude (m) Collection date Herbarium
voucher No.
N. assurgens Hausskn. & . 3323 8636
Bornm. ex Bornm. + Kerman province, Darb-e-Behesht 20.09.2017 ANRRCIH
N. kotschyi Boiss. K . 47 km after Darb 7838
var. persica (Boiss. erman province, after Darb-e
persica ( ) Behesht 2350 28.09.2017 ANRRCIH
Jamzad T
N. teucriifolia Willd.subsp. Kerman province, Rayen, 3831 29.092016 24580
teucriifolia’ Hezar mountain o FUMH
N. glomerulosa Boiss. Kerman province, Bardsir, 2749 26.09.2015 23503
subsp. glomerulosa Ghalehaskar o FUMH
X X Khorassan Razavi province, Zoshk, 46489
N. binaloudensis Jamzadt Binalud mountains 2400 29.09.2015 FUMH
N. racemosa Lam. 1250 2703
var.crassifolia (Boiss. & Tehran province 12.09.2016 FUMH
Buhse) A.L.Budantzevt?
. . . 44565
N. cataria L. Khorassan Razavi province, Mashhad 1010 20.08.2017 FUMH

ttEndemic of Iran, 1-. This name is a synonym of N. fissa, 2- This name is a synonym of N. crassifolia
4l ol a5 N crassifolia ass -Y widl ob o5 N fiSS@ 45551 )l og0

L

Fig.1. Cultivated species in the field at flowering stage.1: N. racemosa var. crassifolia, 2: N. cataria, 3: N.

teucriifolia subsp. teucriifolia, 4: N. kotschyi, 5: N. assurgens, 6. N. glomerulosa, 7: N. binaloudensis.
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.N. binaloudensis N N. glomerulosa :# N. assurgens :0 N. kotschyi :¥ subsp. teucriifolia
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Fig. 2. Flavonoid standard (quarcetin) curve.
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Fig. 3. Total phenolic standard (gallic acid) curve.
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Table 3. Mean comparison of evaluated characteristics in studied Nepeta spciese.

Nepeta species T

o5 S o5l sla S5 N.t N.b N.r N. g N.c N.a N.k
Measured characteristics
(232) J5 aeigs 0.66°  025°  035° 036% 029  031° 026
Total iridoid (Absorbance)
S395gdl8 (slgize
Flavonoids content (mg Quercetin 14221 104.54>  68.19' 4318 100.51° 80.47%¢ 942"
in100 g”! of DW)
g Js
Total phenol (mg GAE in100 g of ~ 464.25'  44430% 283380 186.43° 250.69¢  378°  04.53*
DW)
FRAP (mM Fe(Il) g 81.10°  78.73% 7159  68.57c  66.69° 77.04%® 7672
DPPH assay 117.33¢ 1309 269.2° 201.23° 287.33* 192.84° 237.3°
(ICso pg ml™)
(39 o7 )bl 200 006¢ 018«  048b 020 029° 0.74°  024°

Essential oil (%)(v/w)

Values are means of triplicate assays. Means with different letters in the same rows are significantly different at
P < 0.05 on the basis of LSD.T N. teucriifolia subsp. teucriifolia (N. t), N. binaloudensis Jamzad (N. b), N.
racemosa var. crassifolia (N. r), N. glomerulosa (N. g), N. cataria (N. ¢), N. assurgens (N. a), N. kotschyi (N. k).
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Fig. 4. Correlation of (a) TP and DPPH free radical scavenging activity (ICsopppn g, DPPH/mL), (b) TP and FRAP
(mmol Fe?* g! dry plant material).
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Table 4. Percentage of identified compounds in essential oils of seven cultivated Nepeta speciese.

o ,Les lbeuS 5 o ok fINt Nb  Nr N.g Nc N.a Nk
Compounds : :
No fRI1 RIc
1 (E) -2-Hexenal 848 948 - - - - 0.13 - 0.23
2 Tricyclene 919 919 - - - - - 0.13 -
3 o-Thujene 925 926 - 0.50 tr - tr 0.12 -
928
4 o-Pinene 933 932 032 0.61 043 032 0.14 3.6l Tr
5 Camphene 947 Ziz - 0.1 tr - tr 0.10 -
6 Benzaldehyde 959 959 - - - - - - Tr
7 Sabinene 972 973 - 0.83 0.23 - 0.13 1.72 -
8 1-Octen-3-ol 976 976 - - - 0.23 - - 0.13
9 -Pinene 977 978 - 1.82  1.22 - - 4.6 -
10 3-Octanone 985 985 - - - - tr 0.2 0.2
11 Myrcene 990 992 - 044  0.12 0.12 tr 2.81 Tr
12 3-Octanol 995 994 - - 0.12  0.21 - - 0.11
13 n-Decane 1000 999 10.11  0.10 - 2.10  0.12 - -
14 o-Phellandrene 1004 1006 - 020  0.11 0.12 - - -
15 a-Terpinene 1017 1016 - 0.31 0.00 0.10 tr 0.22 -
16 p-Cymene 1024 1024 021 420 033 1.00  0.11 0.10 -
17 Limonene 1028 1029 0.10 032 0.21 330  0.11 0.20 -
18 1,8-Cineole 1030 1031 040 19.61 9.42 .70 052 16.81 -
19 (Z)-B-Ocimene 1036 1037 - 0.23 0.51 Tr tr 0.92 0.10
20 (E)-B-Ocimene 1046 1046 - 0.10  0.11 042 010 0.22 0.41
21 y-Terpinene 1057 1057 - 0.40 - - tr 0.22 -
22 "isl'si‘l?;?:“e 1066 1067 - 050 011 152 & 023 -
23 n-Octanol 1068 1068 - - - - tr - -
24 trans-Linalool 1071 1071 ) ) i i i ) )
oxide
25 Terpinolene 1088 1089 - 0.30 - 0.21 0.12  0.20 -
26 Linalool 1099 1098 - 1.20 021 1.42 tr 0.91 0.10
27 n-Undecane 1100 1100 021 - - - - - -

3-Methyl butyl 2-

28 ethyl butanoate 1104 1101 - 0.12 - - - 0.21 -

29 n-Nonanal 1105 1105 0.31 - - - tr - -

30 Isopentyl 1106 1106 - - - ; ; 0.12 -
isovalerate
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Table 4. Continued.
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32
33
34
35
36
37
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39
40
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42
43

44
45
46
47
48
49
50
51
52

53

54
55
56
57
58
59
60
61

62

63

o M T ol 5 ol gt (loc S dulio

Aalol =¥ Joux

1'2232;2”1 12 12 - - - 03 - . -
Cis'p'l\/ll‘fﬁtlh'z'en' 121 121 - 010 - 030 - 012 -
a-Campholenal 1126 1126 091 - - 0.50 - 0.11 -
allo-Ocimene 1128 1128 - - - - - 0.10 -
trans-Pinocarveol 1138 1138 0.71 0.10 0.33 - tr 0.22 -
Geijerene 1141 1141 - - - - - 0.1 -
trans-Verbenol 1144 1144 2.00 - - - - 0.11 -
Camphor 1145 1145 - tr 0.10 1.10  0.11 - -
Citronellal 1152 1154 - - 0.12 241 - 0.10 -
Pinocarvone 1162 1162 - 0.10 - - tr 0.10 -
8-Terpineol 1166 1166 - .12 041 - tr 0.92 -
Borneol 1167 1168 - - - 1.90 - - -
Terpinen-4-ol 1177 1178 - I.11 040 271 tr 0.42 -
p-Cymen-8-ol 1185 1185 0.62  0.10 - - - - -
Cryptone 1186 1186 - 0.12 - - - -
o-Terpineol 1190 1190 - 2.50 - 2.60 tr 1.90 Tr
Methyl salicylate 1194 1194 - - 0.90 - 0.12 - 0.20
Myrtenal 1196 1196 0.80 0.12  0.20 - - - -
Myrtenol 1196 1196 - - - - - 0.20 -
n-Dodecane 1219 1219 12.60 tr - 231 tr - -
n-Decanal 1205 1205 0.4 - - - - - -
Verbenone 1207 1207 1.2 - - 0.3 - - -
trans-Carveol 1219 1217 0.31 050 4.12 - 0.80 220 2.71
Citronellol 1228 1228 - - - - - 0.10 -
Nerol 1229 1229 - - - 1.10 - -
Neral 1238 1238 - - - 0.41 - 0.10 -
Carvone 1244 1244 - - - 0.32 - - -
Geraniol 1255 1254 - - - 1.60 tr tr -
Geranial 1269 1268 - 0.11 - 0.60 - 0.12 -
Bornyl acetate 1287 1287 - - - 2.90 - - -
5-Elemene 1336 1336 - - - - - 0.10 -
N‘:;':t‘;z;‘:;zi'e“('l) 13ss 130 490 s972 5761 281 1980 5551 7.6l
Neryl acetate 1366 1366 - - - 1.00 - - -
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Table 4. Continued.

64 a-Copaene 1376 1376 241 - - 0.70 - - -
65 B-Bourbonene 1384 1384  1.70 - - - - - 0.2
66 Geranyl acetate 1388 1388 - - - 5.4 - - -

4a-a,7-B,7a-a-
67 Nepetalactone 1392 1391 290 090 1851 1.80 73.90 2.71 86.00

amn

68 n-Tetradecane 1401 1402 5.92 - - 1.00 - - -
69 Methyl eugenol 1407 1407 - - - - - 0.11 -
70 B-Funebrene 1413 1413 140 - - - - - -
71 (E)- 1419 1421 1.31 - 0.30 7.82 - 0.50 -

Caryophyllene
72 trans-a.- 1438 1438 - - - 320 - - -

Bergamotene
73 (Z2)-B-Farnesene 1447 1447 - - - 1.82 - - -
74 Geranyl acetone 1453 1453 0.81 - - - - - -
75 a-Humulene 1454 1453 - - - 12.70  0.12 0.12 0.11
76 (E)-B-Farnesene 1458 1457  2.80 - 0.42 - 0.81 tr 0.10
77 Neryl 1486 1486 - - - 2.51 - - -
isobutanoate

78 allo- 1460 1460  1.00 - - - - - -

Aromadendrene
79 Germacrene D 1481 1483 - - - - - 0.10 0.62
80 (E)-B-Ionone 1486 1486 1.20 - - - - - -
81  Bicyclogermacren 1496 1496 - - - - - 0.21 -

e
82 B-Bisabolene 1508 1508 - - 0.41 1.31 - - 0.20
83 y-Cadinene 1514 1514 0.50 - - - - - 0.12
84 - 1521 1521 - - - 1.90 - - -
Sesquiphellandren
e
85 8-Cadinene 1523 1525 0.1 - - 1.70 - - ;
86 Spathulenol 1578 1577 14.81 0.13 1.90 - tr 0.41 0.12
87 Caryophyllene 1581 1583 12.43 0.12 1.11 9.00 0.81 0.40 0.11
oxide
88 n-Hexadecane 1600 1600  2.81 - - - - - -
89 Humulene 1610 1610 - - - 9.90 - - -
epoxide II
90 epi-a-Cadinol 1641 1641  2.60 - - - - - -
91 (Z)-Methyl 1650 1650 - - - - - - 0.11
jasmonate

92 a-Cadinol 1654 1654 142 - - - - - 0.23
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Table 4. Continued.

93 Geranyl valerate 1660 1660 - - - - - - 0.11

94 n-Tetradecanoic 1769 1769 491 - - - - - -
acid

95 n-Octadecane 1800 1800 1.30 - - - - - -

96  6,10,14-trimethyl- 1846 1846 3.61 - - - - - -
2-Pentadecanone

ombol js oads slolis slacyS 5 Slows 37 35 33 48 36 50 26

Number of identified compounds in EO
st glolid slacuS 5 IS aos 99.11 9830 99.71 9892 9835 99.81 99.74

Total identified compounds
in EO (%)

(‘5‘0’0 /@)5) wl.w‘ DJS'LQL 22 0.06 ¢ 0.18< 0.48° 0.20< 0.29°¢ 0.74° 0.24¢
Oil yield (%,v/w)
RIITRII (literature retention index), Rlc (calculated retention index), tr - trace (<0.05%). f1N. teucriifolia subsp.
teucriifolia (N. t), N. binaloudensis Jamzad (N. b), N. racemosa var. crassifolia (N.r), N. glomerulosa (N. g), N.
cataria (N. ¢), N. assurgens (N. a), N. kotschyi (N. k).
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Comparison of Phytochemical Composition and Antioxidant Activity of
Seven Nepeta species Cultivated in Mashhad

F. Z. Amirmohammadi, M. Azizi* and S. H. Nemati'

In the present research, phytochemical composition and antioxidant activity of seven Nepeta
species (Nepeta teucriifolia subsp. teucriifolia, N. assurgens, N. glomerulosa, N. cataria,
N. binaloudensis, Na. racemosa var. crassifolia) from field cultivated plant (Research garden
of Agricultural Faculty of Ferdowsi University of Mashhad) in a completely randomized design
with 3 replications were investigated. Total iridoid, flavonoid content (FC), total phenol (TP)
content and antioxidant capacities (AC), were determined using spectrophotometer. The
essential oils, were analyzed by GC/MS. The TP content ranged from 186.47 to 464.25 mg of
gallic acid equivalents (mg (GAE) 100 g'! DW). The highest and the lowest amount of FC with
values of 43.08 and 142.20 (mg quercetin equivalents 100 g! DW) for N. glomerulosa and N.
teucriifolia subsp. teucriifolia respectively. The AC values of the species ranged from from 117
t0 287.33 pg mg-1 DW extract (by DPPH method) and from 66.678 to 81.096 Mm Fe (by FRAP
method) respectively. The highest and lowest amount of essential oil percent (v/w) was obtained
in N. assurgens (0.74) and in N. fissa (0.06), respectively. Depending on the result of this
research, on the basis of main compound identified in the essential oils, Nepeta species have
been divided in to three groups. First group species like; N. teucriifolia subsp. teucriifolia and
N. glomerulosa which contain Caryophyllene oxide and Humulene as their main compounds.
The species of the second group contain Nepetalactone isomers and 1.8-cineole as their key
compounds. These species including N. binaloudensis and N. assurgens species. The species of
the last group contain Nepetalactone as their key compounds; this species including; N. cataria,
N. kotschyi, N. racemosa var. crassifolia.
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