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Abstract: The genus Artemisia includes a large number of aromatic plants that produce secondary
metabolites with numerous applications in the health, cosmetics, food and pest management sectors. However,
relatively little is known of the dedicated organs where many of these metabolites are synthesized and accumulate.
In this context, the aim of this paper was to identify the essential oil-secreting tissue of Artemisia abrotanum L.
(Asteraceae) popularly known as southern wormwood. The morphology of its secretory tissue was studied using
optical microscopy, transmission electron microscopy (TEM) and scanning electron microscopy (SEM). For the first
time, secretory structures composed of stalked bicellular glands have been identified in the leaf sinuses on the
abaxial side of the leaf blades. These secretory structures have not been described before in vascular plant taxa
indigenous (native or naturalized) to Romania, but were reported in other Asteraceae species worldwide.

Keywords: Artemisia abrotanum, secretory tissues, essential oil, scanning and transmission electron
microscopy.

Introduction

Artemisia abrotanum L. (Asteraceae), known worldwide as southern wormwood or in
Romanian folk medicine as "God’s wood”, is a bush with a tall stem that can grow up to 30-100
cm tall. It has pinnately divided leaves with linear, narrow lobes and small, globular, stalked
nodding flower-heads. It is a species of South-West Asian and South European origin, grown in
gardens as an aromatic and ornamental plant [26]. Little interest, however, has been paid to study
the botanical, chemical, and pharmacological importance of this species, although it was
considered to be “the most widespread aromatic plant in peasant gardens” and was frequently
used in religious ceremonies and rituals [5]. Chemically, A. abrotanum leaves contain essential
oils, tannins, bitter substances, flavonoids, coumarins, polyphenolic carboxylic acids and choline
[8; 14]. A more in-depth study of the polyphenolic compounds in Abrotani herba was conducted
by Baiceanu et al. [1]. In terms of pharmacological properties and phytotherapeutic indications,
the plant is known to have cholagogue, hepatoprotective, emmenagogue and vermifuge effects
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[12-14]. Recent studies on the biological activity of extracts from the above-ground parts of the
plant and/or derived essential oils have provided evidence of other possible applications related
to their antibacterial, antifungal, antioxidant, anticancer and antiallergic properties [15; 21], as
well as biocontrol agents in pest management [29] or as a source of valuable cosmetic
ingredients [9]. Additionally, a recent review shows the great potential of Artemisia plants in the
food and dietary supplement industry [33].

Although A. abrotanum is considered an aromatic medicinal plant, the essential oils and
the secretory structures responsible for their synthesis have been less studied. Studies on the
chemical essential oil profile in fresh (0.475%) and dried (0.4-1.4%) A. abrotanum plants have
been reported by Gildemeister and Hoffman [10], with a maximum content registered before the
flowering stage. Carbonyl (45.6%) and alcoholic functional groups (18%) were identified as
components of the essential oils [10]. In Romania, the first research on A. abrotanum essential
oil was conducted by Radu et al. [25], who investigated the essential oil content and its
accumulation dynamics during different vegetative stages. They reported a 1.05-2.10% content
of essential oils in dry leaves, with a maximum content at the begining of the flowering stage and
identified eucalyptol as the main component of the essential oil through TLC (Thin Layer
Chromatography). Later, Tibori et al. [31] also confirmed by GC (Gas Chromatography) that
eucalyptol (1,8-cineole) is the most important oil component (38%) in A. abrotanum. However,
Burzo et al. [6] reported only 17.59% eucalyptol in A. abrotanum, possibly due to differences in
the local climatic and environmental conditions under which the plants grew. Other studies were
focused on the enrichment of A. abrotanum essential oil with eucalyptol through fractional
distillation [2; 3]. Another survey reported 0.24 ml/100 g vp essential oil content in Abrotani
herba originating from experimental crops grown at SCDPMA — Fundulea [11]. Investigations
on the essential oil's antimicrobial and antifungal properties were also reported [30], while other
studies targeted the introduction of this medicinal plant into experimental cultivation systems
[24; 27].

The morphology and density of secretory structures are considered taxonomic trademarks
for the identification of Artemisia species and the certification of medicinal plants [19].
Moreover, considering the importance of specific biosynthesis and/or accumulation sites
identification, it is necessary to investigate the vegetative organs of species with therapeutic
potential. Therefore, our study provides a more comprehensive microscopic identification and
additional evidence for the correct identification of the secretory structures responsible for
essential oil production in A. abrotanum.

Material and Methods

Fresh samples of leaves of A. abrotanum were collected in August 2022 from plants
cultivated in Cluj-Napoca. The voucher specimen was identified and deposited in the herbarium
of “Alexandru Borza” Botanical Garden from Cluj-Napoca under number CL 672119.

For optical microscopy (OM) investigations, freshly collected leaves were cut into small
pieces of 0.5-1 cm and stained with Sudan Red [34], then rinsed with water and included in
glycerine as a mounting agent of the specimen on the microscope slide. The stained fragments
were analysed with an Olympus BX51 light microscope at 10x, 20x, and 40x magnifications.
Secretory structures with specific red coloration (essential oils) were searched for on the surface
of the analysed fragments.
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For semi-thin sections, leaf segments were embedded, after fixation, in epoxy resin. The
resin blocks were sectioned using the Leica UC 6 ultramicrotome (Leica Microsystems,
Germany). The thinner sections (250-400 nm) were collected using a glass capillary and
mounted on standard glass slides. The slides were heated until the water has evaporated and the
sections have adhered to the supporting slide. Epoxy-embedded specimens were stained with
epoxy tissue staining solution containing toluidine blue and basic fuchsin [28]. The glass slide
was gently heated until a yellow-green ring began to form around the stain drop. Evaporation
was halted by rinsing with distilled water. The slides with semi-thin sections were dried and
examined using the Olympus BX 51 light microscope at 10x, 20x, 40x magnifications and by
immersion at 100x magnification.

Transmission electron microscopy (TEM) analysis was performed according to Leopold
et al. [18]. For this survey, the leaves were prefixed in 2.7% glutaraldehyde (Sigma-Aldrich-
Sigma Chemical Co. Ltd., St Louis MO, USA) for 60 minutes, then washed with saline
phosphate buffer (PBS) four times. Following the second fixation (1.5 hours) with osmium
tetroxide, the samples were washed four times with PBS. After 24 hours of dehydration in
increased acetone concentrations, the samples were embedded in Epon 812 resin [20], kept for
72 hours at 60°C for polymerization, then sectioned and double stained with Pb (lead) citrate and
uranyl acetate and examined under the transmission electron microscope (Jeol JEM 1010,
Tokyo, Japan)

The protocol for scanning electron microscopy (SEM) was previously described by
Ciorita et al. [7]. For SEM examination, leaves were prefixed immediately after dissection by
immersion in 2.7% glutaraldehyde solution in 0.1 M PBS, pH 7.2. After 1 hour, the
glutaraldehyde solution was removed and the samples were rinsed four times with 0.1 M PBS.
Afterwards, the leaves were cut in half and then dehydrated by placing them in increased acetone
concentrations, as follows: 30 minutes in 30% acetone in water, 30 minutes in 50% acetone, and
30 minutes in 70% acetone, 1 hour in 80% acetone, 1 hour in 90% acetone, and 4 hours in 100%
acetone, changing the acetone every hour. Subsequently, the samples were placed in
hexamethyldisilazane:acetone solution (1:2, 1:1, 2:1, 1:0, each for 1 hour). All steps were
performed at 4°C. The samples were coated with a 9 nm layer of gold using a turbomolecular
pump for sputtering - Quorum Q 150T ES (Quorum Technologies London UK) and examined
with a HITACHI SU8230 SEM apparatus (Hitachi, Tokyo Japan). All reagents were purchased
from Sigma Aldrich (Merck, Bucharest, Romania).

Results and Discussions

SEM analysis (Fig. 1A-F) revealed both glandular and non-glandular hairs (trichomes) on
the leaf surface. Non-glandular trichomes were evenly distributed on the upper surface of the
leaves, while arranged in two rows in longitudinal grooves on the abaxial leaf surface (Fig. 1A-
D). Non-glandular protector hairs are dense, filamentous, curly, interwoven and whitish (Fig. 1
A-E). On the lower surface of the leaf, among these non-glandular trichomes, sunken elliptical
glands with bilobed external appearance are observed (Fig. 1B-E). These glands are about 60 x
30 um in size, slightly constricted in the middle and are more frequent in the grooves from the
lower side of the leaves. They present a rigid and opaque cell wall, turgid and fragile (Fig. 1D).
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Fig. 1: Leaf surface structure under SEM in Artemisia abrotanum. A: Branched pubescent stems, Scale
bar = 100 mm; B-C: Abaxial side with two grooves filled with filamentous non-glandular trichomes (ng.t) and
mature bicellular secretory glands (b.g) with bilobed external appearance, Scale bar = 200 um; D-F: Abaxial side
with non-glandular trichomes (ng.t) and bicellular mature secretory glands (b.g). Scale bar = 100 um, 50 um, 20
pm.

The longitudinal and transverse semi-thin cross-sections of the leaves revealed a circular
central part flanked by two lateral circular lobes and delimited by two upper and lower grooves.
The central part of the leaf is composed of several layers of continuous palisade cells
surrounding the midvein and revealing a few air lacunae (Fig. 2). Semi-thin cross-sections also
revealed secretory stalked structures (glandular hairs) in the groove area on the abaxial side of
the leaves. These glandular hairs present a small, thin pedicel which seems easily detachable
during histological processing.

Fig. 2: Semi-thin cross-sections of the leaves: I.I - lateral lobe; u.g — upper groove; l.g — lower
groove; e - epidermis; v.b — midvein; p.c — palisade cells
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Transmission electron microscopy (TEM) technique revealed bicellular glandular hairs
consisting of a basal stalked cell, and a more elongated terminal secretory cell, with a small
constriction between the cells and a thickened cell wall (Fig. 3A-E). This might explain the
resistance to penetration and why the dye reagent Sudan 111 was unable to cross the cell wall and
enter the secretory cells. Inside these cells, TEM sections revealed numerous essential oil
droplets (oil-bodies with light content) (Fig. 3B-C). These secretory structures seem to be in an
early developmental stage and are sunken in the epidermal tissue. Over time, the two secretory
cells grow and become approximately equal in length (Fig. 3E-F). Glandular hairs present a thin,
short-stalked basaloid cell (Fig. 3A-B), which we suppose to be is easily detachable during
processing. The fragility of this stalk might explain a possible ready detachment of these
glandular secretory structures which then appear loosely distributed between the epidermal cells
in the grooves found on the abaxial side of the leaves. Higher magnification images
revealed essential oil droplets located in the cytoplasm and a large central vacuole (Fig. 3F).
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- T v 4 T e T
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Fig. 3: TEM of secretory glands of Artemisia abrotanum. A: Stalked secretory gland at early developmental stage
- one-cell stage, Scale bar = 10 um; B-C: Secretory gland with thickened cell walls an essential oil drops at
early developmental stage - one-cell stage, Scale bar =5 um, 3 um; D: Two-cell stage — unequal cells,
Scale bar = 5 um.; E-F: Two-cell stage — equal cells with large vacuoles filled with essential oils (oil-bodies
with light content), Scale bar = 10 um; e.g — early stage secretory gland; s — stalk (pedicel); o.b — oil
bodies; N = nucleus; t.w — thickened secretory cell wall; b.g - bicellular secretory gland; V — vacuole.
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Most Artemisia species produce essential oils in the secretory hairs found on the surface
of aerial organs but also through the secretory ducts in the parenchyma tissue [16]. We note that
such secretory structures of essential oils have not been described/reported in any Romanian
autocthonous [native or naturalized?] vascular plant species, but they are known and reported in
other Artemisia species [19; 23] or in some other Asteraceae species [4; 22].

A. abrotanum leaf histoanatomy was previously described based on optical microscopy
by Toma and Rugina [32]. The authors reported rare tetracellular glandular secretory hairs on the
petioles. However, these structures cannot justify the high essential oil content reported in A.
abrotanum and their accumulation in the leaves. Other researchers described branched stems
with penate sectated leaves, pubescent on the lower side with unicellular and pluricellular
tectorial hairs in Abrotani herba [11]. Yet, none of these studies have revealed the lower grooves
filled with loosely distributed secretory glands described in the present paper. In other related
species, such as Artemisia absinthium (wormwood), the authors reported ellipsoidal, slightly
constricted secretory cells [4], while glandular hairs have been described in other Compositae
species [22]. Histo-anatomical studies of vegetative organs have also been carried out in other
Artemisia species: A. absinthium, A. annua, A. vulgaris [4; 17; 22].

Conclusions

Essential oil secretory structures of A. abrotanum were studied by optical microscopy,
transmission electron microscopy (TEM) and scanning electron microscopy (SEM). Semi-thin
cross-sections revealed a circular central part flanked by two lateral circular lobes, delimited by
two upper and lower grooves. The leaflets were covered by elongated, dense non-glandular
protector hairs on both sides. On the abaxial side of the leaves, in the grooved area, among these
hairs, stalked bicellular glands with opaque cuticle were detected. In the assimilatory
parenchyma tissue (chlorenchyma), elongated palisade cells were observed beneath and
perpendicular to the epidermis. Mature secretory glands revealed a large central vacuole
surrounded by a dense layer of cytoplasm with numerous essential oil droplets. This is the first
report to provide additional evidence for the correct identification of the secretory structures
responsible for the large amounts of essential oils reported in A. abrotanum. Such structures have
both taxonomic and medicinal importance.

Funding: This work was funded through the Core Project BIORESGREEN, subproject BioClimpact,
project no. 7N/03.01.2023, project code 23020401 and Projects for Excellence Financing in RDI, project
2PFE/2021.
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TESUTUL SECRETOR DIN FRUNZELE DE ARTEMISIA ABROTANUM L. (ASTERACEAE)

(Rezumat)

Genul Artemisia include o mare varietate de plante aromatice care produc metaboliti secundari cu potential

de utilizare 1n industria farmaceutica, cosmetica, alimentara si a combaterii daunatorilor. Cu toate acestea, Se CUNOSC
relativ putine aspecte despre organele specializate in care se sintetizeaza si se acumuleaza acesti metaboliti. In acest
context, scopul acestui articol a fost de a identifica tesuturile secretoare producatoare de ulei volatil la specia
Artemisia abrotanum L. (Asteraceae), cunoscuta si sub numele de Lemnul Domnului. Morfologia tesutului siu
secretor a fost studiata utilizdnd tehnicile microscopiei optice, a microscopiei electronice de transmisie (TEM) si
electronice de baleiaj (SEM). Sunt descrise, pentru prima data, structuri secretoare formate din peri glandulari
bicelulari, pedicelati, dispusi pe partea inferioara in santurile laciniilor foliare. Aceste glande secretoare nu au mai
fost descrise la plantele vasculare din Roménia, dar sunt cunoscute si mentionate in literatura de specialitate
internationala la alte specii de Asteraceae.
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