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Abstract

Background and objectives: Nepeta, with 300 species, is one of the largest genera in the
Lamiaceae family. Seventy-five species of this genus are distributed in Iran, many of which are
endemic. Due to the medicinal importance and traditional uses of its various species, much
research has been conducted to identify their secondary metabolites. Nepetalactone, cineole, and
phenolic compounds have been reported as their main compounds, and most have medicinal,
antimicrobial, and industrial properties. The amount of these compounds varies in different parts
of the plant and different species and populations. Nepeta bornmulleri Hausskn. ex Bornm. is
endemic to Iran and is a type specimen from Kerman province. Although secondary metabolites
have been studied in many species of this genus, more research is needed on N. bornmulleri.
Therefore, the morphology, quantity, and quality of antioxidant compounds and essential oils
were investigated in the plant's two vegetative and generative parts.
Methodology: Vegetative (stem and leaf) and generative (flower and fruit) parts of N.
bornmulleri were collected in May 2023 from Rayen city (Kerman province) at an altitude of
2450 meters. The used generative parts were 80% flowers and 20% unripe fruits. The size of the
plant, its vegetative form, and the structure of the inflorescence and flower were examined and
photographed with the naked eye or stereomicroscope so that researchers could identify them
quickly. Biochemical compounds, including phenolic compounds and essential oil, were studied
in vegetative and generative parts. Total phenolic compounds, including total phenols,
flavonoids, and anthocyanins from fresh samples, were studied by spectrophotometric method.
The phenolic compounds and anthocyanins profile were investigated using dried samples with
HPLC. The analysis of essential oil was done using dry samples with gas chromatography (GC)
and gas chromatography coupled to a mass spectrometer (GC/MS). Essential oil extraction was
done by distillation with water using Clevenger. The experiment was conducted in a completely
random design, including two types of vegetative (stem and leaf) and generative (flower and
fruit) organs with three replications.
Results: Morphological studies of N. bornmulleri showed that in the studied area, the height of
the species is about 10-25 cm with hairy basal (rosette) leaves, apical and dense head-like
inflorescence, purple-blue synpetal corolla with bilobate apex, synsepal calyx. The Androecium
comprises four purple stamens of equal length (didynamous stamens) and an upper pistil with
tetra-achene schizocarp fruit surrounded by persistent sepals. The total content of phenols,
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flavonoids, and anthocyanins in flowering branches (generative) was significantly higher than in
leaves and stems (vegetative parts). The profile of phenolic and anthocyanin compounds by
HPLC showed that ten phenolic compounds and three anthocyanin compounds were identified
in the generative part, and six phenolic compounds and two anthocyanin compounds were
identified in the vegetative part. The most phenolic compound observed in both vegetative and
generative parts was luteolin, while malvidin-glucoside was recorded as the most anthocyanin
compound. The amount of malvidin-glucoside in the generative part was twice that of the
vegetative part. The percentage of essential oil in vegetative and generative parts was observed
at 0.2 and 0.1, respectively. In the essential oils of vegetative and reproductive parts,
respectively, 10 (69.41%) and 16 (89.29%) identified compounds and 9 (14.59%) and 4 (6.21%)
unidentified compounds were reported, which in total 84% and 95.5% constituted the essential
oil.The main components of the essential oil of the vegetative part include spatholenol (31.2%),
1,8-cineole (14.5%), hexadecanoic acid (10.6%), myrtenol (9.7%), caryophyllene oxide (6.4%),
and trans-pinocarveol (4.4%). In the generative part, 1,8-cineole (31.7%), spatholenol (16.2%),
myrtenol (14.14%), dihydro nepetalactone (6.92%), trans-pinocarveol (6.7%), pinocarovone
(5.2%) and caryophyllene oxide (4.5%) were the main components of the essential oil.
Conclusion: Based on the results, the quantity and quality of phenolic compounds, anthocyanin,
and essential oil in the generative part were higher than in the vegetative part of the studied
species. So, it is suggested that the generative parts of the plant be used to obtain antioxidant
compounds. The amount of nepetalactone, which is significant in most species of Nepeta, was
relatively low in this species, while spatholenol and 1, 8-cineole were the main compounds.
Considering the numerous medicinal and industrial applications of the two dominant species
combinations on the one hand and the exclusivity and limited distribution of the species on the
other hand, it is essential to preserve its different populations.

Keywords: Essential oil, phenolic compounds, Nepeta bornmulleri Hausskn. ex Bornm.,
1,8-cineole, nepetalactone.
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Figure 1. Morphological structure of Nepeta bornmulleri at generative stage; A: general view of the plant in a
habitat (grown on a stony slope), B and C: hairy rosette leaves and flowering branches with head-like
inflorescence, and D: inflorescence with a permanent, colored, and hairy calyx and synpetalous bilobate white-
pink corolla
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Figure 2. Inflorescence and flowers structure of Nepeta bornmulleri; A: apical inflorescence, B-G: structure of
inflorescence, flower, and fruit with streomicroscopy, C: bilobate corolla and anthers, D: young tetraachene fruit
and anthers, E and F: young and dehiscent (longitudinal dehiscence) anthers, respectively, and G: mature
tetraachene fruit
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Table 1. ANOVA of two vegetative (stems + leaves) and generative (80% flowers + 20% fruits) parts effects on

total content of phenolic compounds at full flowering stage in Nepeta bornmulleri

S.O.V. d.f. Total phenol content Total flavonoids content Total anthocyanins content
Plantorgan 1 3.7 30.7 233"
C.V. (%) 1.2 8.5 10

*: Significant at 5% probability level
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Figure 3. Total phenol content (by spectrophotometry method) of Nepeta bornmulleriin two vegetative (stems +
leaves) and generative (80% flowers + 20% fruits) parts at full flowering stage

Means with common letters are in the same statistical group at 5% probability level (Duncan test)
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Figure 4. Total flavonoids content (by spectrophotometry method) of Nepeta bornmulleriin two vegetative
(stems + leaves) and generative (80% flowers + 20% fruits) parts at full flowering stage

Means with common letters are in the same statistical group at 5% probability level (Duncan test)
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Figure 5. Total anthocyanins content (by spectrophotometry method) of Nepeta bornmulleriin two vegetative

(stems + leaves) and generative (80% flowers + 20% fruits) parts at full flowering stage
Means with common letters are in the same statistical group at 5% probability level (Duncan test)
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Table 2. Phenolic compounds (by HPLC method) of Nepeta bornmulleri in two vegetative (stems + leaves) and
generative (80% flowers + 20% fruits) parts at full flowering stage

Concentration (ug.mg* DW)

Phenolic compounds

Vegetative parts Generative parts
Benzoic acid 11.58 11.66
Rutin 328 13.66
m-Coumaric acid 23.2 10.42
Caffeic acid 30.6 21.94
Luteolin 455 37.04
Kaempferol 11.9 10.67
Gallic acid - 10.75
Quercitrin - 13.04
Quercetin - 23.57
Apigenin - 9.92
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Table 3. Anthocyanin compounds (by HPLC method) of Nepeta bornmulleri in two vegetative (stems + leaves)
and generative (80% flowers + 20% fruits) parts at full flowering stage
Concentration (mg.g™ DW)

Anthocyanin compounds

Vegetative parts Generative parts

Malvidin-3-O-glucoside 12.4 25.54
Cyanidin-3-glucoside 0.6 3.81
Cyanidin-3-rutinoside - 0.66

(o500 /¥ + Jf'//v) el (3,;+ aB8lu) o9, iS5 43 (Nepeta bornmulleri) ol a5 il 2l =% Jsos
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Table 4. Essential oil components of Nepeta bornmulleri in two vegetative (stems + leaves)
and generative (80% flowers + 20% fruits) parts at full flowering stage

Component RI Vegetative parts (%) Generative parts (%0)
1,8-cineole 1042 145 31.71
spathulenol 1573 31.15 16.21
myrtenol 1205 9.74 14.14
dihydro nepetalactone 1465 2.94 6.92
caryophyllene oxide 1577 6.42 4.48
trans-pinocarveol 1142 4.36 6.71
pinocarvone 1158 2.95 5.18
B-pinene 985 - 2.94
p-cymene 1032 - 1.39
a-campholenal 1129 - 1.25
B-bourbonene 1380 - 14
trans-verbenol 1144 - 0.93
terpinen-4-ol 1171 0.58 0.62
a-terpineol 1175 - 0.53
cuminaldehyde 1248 - 0.74
sabinene 979 - 0.34
hexadecanoic acid 1962 10.56 -
tricosane 2298 0.5 -
Unknown 9 compounds (14.59%) 4 compounds (6.21%)
Total oil composition 84% 95.5%

RI: retention index
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