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Fig.1: Glandular and non-glandular trichomes of N.binaludensis and N.cataria leaves surface by SEM micrograph.
The peltate glandular trichomes four celled (arrow) of N.binaludensis and one celled (above left). Glandular and
non-glandular (arrow head) trichomes of N.binaludensis (above right), Glandular and non-glandular (arrow head),
trichomes of N.cataria (down right), the peltate glandular trichomes of N.cataria (down left). Scale bars: Figures,
(above right) =200 pum, (above left) = 20 um, (down right) = 100 pum, (down left) = 20 um.
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Figs 2. Two Nepeta species nutlets-and their surfaces ornamental and areol, by SEM. Nutlet shape (above right) and
areol (arrow head) N.binaludensis, species, Nutlet shape (down right) and areol (arrow head) in N. cataria species and
surface ornamental (above left) N.binaludensis species, surface ornamental (down left) N.cataria species. Scale bars:
Figures, (above right and down right) =200 um, (above left and down left) = 10 um.
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Table.1 Comparison of studied nutlets characters of two Nepeta species
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Table 2. Analysis of variance for essential oils percent, two Nepeta species studied.
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o lows sbib pasls Ll olSs S p o Sk pasls ol aluS S p o)
(RI) Compound %of Compound RI) compound %of
NO.  Retention Retention compound
index index
N.binaludensis N. cataria
1 923 Tricyclene 0/049 925 a-Thujene 0/042
2 926 a -Thujene 1/245 932 a-Pinene 0/266
3 933 a -Pinene 4/331 948 Camphene 0/009
4 948 Camphene 0/151 972 Sabinene 0/511
5 973 Sabinene 0/252 977 B-Pinene 2/225
6 977 B-Pinene 10/39 990 Myrcene 0/02
7 991 Myrcene 1/641 999 n-Octanal 0/023
8 1000 Unknown 6/239 1002 Unknown 0/045
9 1006 a Phellandrene 0/309 1024 p-Cymene 0/065
10 1016 a -Terpinene 2/652 1028 Limonene 0/062
11 1024 p-Cymene 9/71 1030 1,8-Cineole 0/228
12 1028 Limonene 2/214 1069 n-Octanol 0/048
13 1030 1,8-Cineole 14/76 1099 Linalool 0/025
14 1036 (Z)-B-Ocimene 0/904 1104 n-Nonanal 0/012
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15 1046 (E)- B-cimene 0/166 1138 trans-Pinocarveol 0/024
16 1057 y-Terpinene 4/478 1144 Camphor 0/013
17 1066 cis-Sabinene hydrate 0/287 1176 Terpinen-4-ol 0/068
18 1088 Terpinolene 1/279 1190 a-Terpineol 0/021
19 1099 Linalool 1/826 1196 Myrtenal 0/023
20 1104 Isopentyl  2-methyl 0/196 1360 4a-a,7-o, 7a-a-Nepetalactone 17/865
butanoate
21 1121 cis-p-Menth-2-en-1- 0/573 1388 4a-a,7-o,7a-B-Nepetalactone 721766
ol
22 1126 a -Campholenal 0/164 1393 4a-a,7-B,7a-o-Nepetalactone 2/468
23 1137 Nopinone 0/151 1419 (E)-Caryophyllene 0/733
24 1138 trans-p-Menth-2-en- 0/582 1452 a-Humulene 0/077
1-ol
25 1144 cis-Verbenol 0/203 1457 (E)-B-Farnesene 0/408
26 1162 Pinocarvone 0/246 1581 Caryophyllene oxide 0/606
27 1166 8-Terpineol 3/613 1607 Humulene epoxide 11 0/038
28 1176 Terpinen-4-ol 4/199 Total 99/405
29 1184 p-Cymen-8-ol 0/326
30 1190 a -Terpineol 6/966
31 1196 Myrtenal 0/71
32 1199 Unknown 3/459
33 1207 trans-Piperitol 0/249
34 1218 trans-Carveol 0/164
35 1236 n-Hexyl2-methyl 0/225
butanoate
37 1290 Thymol 1/743
38 1298 Carvacrol 0/58
39 1359 4a-o,7-a,7a-a- 1/199
Nepetalactone
40 1374 o-Copaene 0/208
41 1383 B-Bourbonene 1/016
42 1391 4a-a,7-B,7a-o- 0/853
Nepetalactone
43 1399 Unknown 1/406
44 1427 B-Copaene 0/085
45 1475 y-Muurolene 0/282
46 1479 Germacrene D 0/183
47 1485 (E)-B-lonone 0/239
48 1493 Valencene 0/127
49 1510 (2)-a-Bisabolene 0/271
50 1522 8-Cadinene 0/427
51 1581 Caryophyllene oxide 0/117
52 1599 n-Hexadecane 0/437
53 1843 6,10,14-trimethyl-2- 0/292
Pentadecanone
54 1991 Manoy! oxide 1/388
Total 85/694
\
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The Study of Micromorphological and Essential oil Analysis of
Nepeta binaloudensis and Nepeta cataria (Lamiaceae)

Introduction

The Nepeta is one of the largest genus of Nepetoide subfamily, in the Lamiaceae family with about 79 species in Iran.
Most of the species are perennial rarely annual with different vegetative forms, leaves covered with trichome.
Glandular trichomes are widely distributed all over the aerial part of Nepeta species, and their largely to its great
importance and their structures can vary widely among plants species. Some species contain monoterpenes,
sesquiterpenes, cyclopentanoid iridoids derivatives and nepetalactones which they are used in folk medicine as,
diaphoretic, diuretic, antitussive, febrifuge agent. In the present work, scanning electron microscopy (SEM) was used
to determine the nutlet micromorphology and also micromorphology and distribution of the glandular trichomes of
Nepeta binaludensis “an Iranian endemic species” and Nepeta cataria in order to improve the knowledge of the species
and to evaluate the usefulness of this feature for phytochemical and systematic purpose. The chemical composition of
its essential oil was also analyzed. This paper provides a detailed description of trichome morphology and nutlet in
Nepeta binaludensis and Nepeta cataria species growing in Iran, by scanning electron microscopy (SEM), and
evaluates the systematic significance of such characteristics.

Materials and Methods

The research was conducted in research garden of Agricultural Faculty of Ferdowsi University of Mashhad during
2017. Seeds of two Nepeta species were provided by Institute of Plant Sciences in Ferdowsi University of Mashhad.
The seeds were cultivation in greenhouse and the seedling (10 cm long) were transplanted in the field. During the
summer aerial parts of the plants were harvested at flowering stage, dried in shade, and (30 g) were hydro distilled for
3 husing Clevenger apparatus. For SEM study, leaves were fixed with 3% glutaraldehyde in 0.1 M sodium phosphate
buffer, pH 7.2 for 30 min at 4 °C. After washing in water the material was dehydrated through an ethanol gradient and
critical point dried. Specimens were mounted onto SEM stubs using double-sided adhesive tape and coated with
palladium. For nutlets observation, seed were directly mounted onto aluminum stubs using double-sided adhesive tape
and coated with palladium and photographed.

Result

Based on the obtained data, the surface leaves of both species (N. binaludensis and N.cataria) was observed for
glandular and non-glandular trichomes distribution. (The glandular trichomes of the peltate types). Trichome density
and size was variable as 7-21mm? leaf surface (63-77 um) in N. binaludensis and as 20-30 mm? leaf surface (47-67
pim) in N.cataria. In both species only one types of glandular trichome was identified. Peltate trichomes comprise of
a basal cell situated in the leaf epiderm with a four-celled secretory head. Nutlets of Nepeta were blackish-brown or
brown in color. One type surface ornamentation, can be distinguished: smooth-type.

The nutlet ornamental pattern was smooth type with finely granulated in N. binaludensis and reticulate pattern in
N.cataria species. Water-distilled essential oil of the aerial parts of two species cultivated in field, were analyzed by
GC and GC/MS. In essential oil of N.binaludensis and N. cataria, 51 and 26 components were identified, respectively.
The main components of the essential oil of N. binaludensis were 1.8-cineole (14.8%), p-Pinene (10.4%) and p-
Cymene (9.8%). Main compounds of the essential oil of N. cataria were 4a-a, 7-a, 7a-p-Nepetalactone (72/76%) and
4a-a, 7-a,7a-o-Nepetalactone (17.86%). Depending on the composition of key compound identified in essential oils,
Nepeta species have been divided in two groups.

Conclusions

Depending on the composition of main compound identified in the essential oils, Nepeta species have been divided
in two groups. On the basis of our research N. binaludensis belong to 1.8-cineole chemotype and of N.cataria belong
to the nepetalactone chemotype. The leaves of N. binaludensis, N.cataria have be glandular and non-glandular
trichomes. One types of glandular trichomes are identified: Peltate trichomes.Trichomes are distributed at the surface
of leaves, having various functions and are extremely variable in the plants, plant organs location, density, form,
therefore their morphology and structure could be of taxonomical importance in plant. Glandular trichomes contain
or secrete substances which are widely used in pharmaceutical and cosmetic as well as in pesticide industry. The
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variation in the structure, morphology, density, secretion and function is noticed among these trichomes distributed
on different plant organs. Nutlet surface can be useful as a taxonomic characteres.

Keywords: Essential oil; Glandular trichomes; Micromorphology; Nepeta; SEM
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