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II. Anatomical Characteristics and Volatile Oil

1K.F. El-Sahhar, 2Rania M. Nassar and 3Hend M. Farag

1,2,3Department of Agricultural Botany, Faculty of Agriculture, Cairo University, Giza, Egypt.

Abstract: This paper is the second part in a study concerning with various botanical characters of
mugwort (Artemisia vulgaris L.). This piece of work aimed to study the anatomical structure of various
plant organs and composition of the volatile oil. Data obtained could be summarized as follows: The
root system of mugwort plant is wholly developed as adventitious roots. The epidermis consists of a
single parenchymatous cell layer, followed by a cortex of 5-6 layers of parenchyma cells containing
resinous or mucilage substances and ended with an endodermis. The pericycle follows the endodermis
as the outermost layer of a pentarch stele. Secondary growth takes place in the usual manner. The
rhizome is cylindrical in outline. The epidermis comprised a single layer. A hypoderm is present. The
cortex consists of 10-12 parenchyma cell layers. The vascular cylinder composed of some 10 collateral
bundles in a ring. Adventitious root primordia are arising in areas of ground tissue between the vascular
bundles through the interfascicular cambium. The pith constitutes about 70% of the whole transverse
section area. Groups of storage parenchyma cells are distributed in pith, cortex and primary xylem. The
stem outline at its apical portion is strongly ridged and fluted. These ribs are comparatively smaller in
size in case of the median portion of the stem. However, the stem at its basal portion is almost
cylindrical in outline. The anatomical structure of various portions of the main stem is generally
indifferent. The epidermis is composed of a single layer contains stomata and trichomes. A  zone of
2-3 layers of chlorenchyma cells follows the epidermis, except at the angles being of collenchyma cells.
The non-chlorophyllous parenchyma of the cortex consists of two more layers. The stele consists of
some 18 collateral bundles relatively differed in size. The interfascicular cambium is absent. Medullary
rays on xylem side form connective tissue of well lignified cells. The pith consists 50-70% of the
whole area of the transverse section. Leaves simple and dorsiventral. Epidermal cells compact of thin
cuticle layer with abundant of crystalline deposits on their surface. Stomata of anisocytic or anomocytic
type  and trichomes of various types. At the midrib region, both upper and lower epidermis are almost
convex. The palisade tissue consists of one layer occupies about one-half of the whole mesophyll
thickness. The spongy tissue consists of two loosely arranged layers. The vascular bundle of the
principle vein is accompanied from above and below by a mechanical tissue. The petiole is more or
less boat-shaped. It has an arc of three vascular bundles. Capitulum comprised some 18 flower buds.
Calyx absent. Corolla consists of five united petals. Androecium comprised five stamens. Gynoecium
included two united carpels of one basal ovule in the ovary. Volatile oil at flower bud stage comprised
19 components, increased to 32 components at opened flowers stage. Camphor was the main
component.
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INTRODUCTION

This is the second part in a study concerning with various botanical attributes of Artemisia vulgaris L.
(mugwort). The first part of this investigation (El-Sahhar et al., 2010) dealt with the morphology of the plant.
In this piece of work the anatomical structure of various plant organs and the volatile oil composition are
considered.

As far as the authors are aware, previous anatomical studies of mugwort are very rare. Stover (1951)
discussed the arrangement of vascular bundles in the stem and stated that in Asteraceae the interbundle tissue
becomes thick walled and lignified.
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Cronquist (1981) added that the stem of Asteraceae is often showing well developed secondary growth, even
when herbaceous and with initially separate vascular bundles. Barney and DiTommaso (2003) mentioned that
seeds of mugwort are ridged, brown, oblong with a narrow base (1-2 mm long) and have minute bristles at the
apex. The cotyledons of seedlings, although rarely seen, are egg-shaped and lack petioles. 

Cronquist (1981) and Takhtajan (2009) mentioned that stomata are anomocytic or occasionally anisocytic.
Petiole is commonly with an arc of vascular bundles. Gland-dotted or not gland-dotted, aromatic or foetid, or
without marked odour.

In concern of the volatile oil obtained from mugwort herb, Aboutabl et al. (1998) analysed the volatile oil
(0.65%) hydrodistilled from leaves and stems of Artemisia vulgaris (collected from Egypt), by GC-MS.
Hydrocarbons constituted 66.12% of the volatile oil, with monoterpenes comprising 38.42% and sesquiterpenes
27.7%. The main monototerpenes were α - phellandrene (17.3%), β - superscript 3-carene (4.27%) and camphene
(4.19%). The main sesquiterpenes were transisoelemicin (15.14%) and γ-elemene (8.82%). Oxygenated
compounds amounted to 31.64% of the volatile oil, with lyratol (15.14%) being the major compound. Several
compounds were found in traces and constituted together 2.56% of the volatile oil.

Haggag et al. (2000) mentioned that the volatile oil of Artemisia vulgaris fresh arial parts (0.16% v/w) was
found to contain 112 identified components (thujone 36.92%) is the major one.

Hudaib and Aburjai (2006) stated that the composition of the volatile oil hydrodistilled from the aerial parts
of Artemisia herba-alba Asso. growing in Jordan was determined by GC and GC/MS. The oil yield was 1.3%
(v/w) from dried tops (leaves, stems and flowers). Forty components corresponding to 95.3% of the oil were
identified, of which oxygenated monoterpenes were the main oil fraction (39.3% of the oil), with α- and β-
thujones as the principal components (24.7%). The other major identified components were: santolina alcohol
(13.0%), Artemisia ketone (12.4%), trans-sabinyl acetate (5.4%), germacrene D (4.6%), α - eudesmol (4.2%)
and caryophyllene acetate (5.7%). The high oil yield and the substantial levels of potentially active components,
in particular thujones and santolina alcohol, in the oil of this Jordanian species make the plant and the oil
thereof promising candidates as natural herbal constituents of antimicrobial drug combinations.

In the first part of this study (El-Sahhar et al., 2010) the morphology of mugwort plant was investigated.
This is the second part of the study where consideration is devoted to the microscopical characteristics. In
addition, the volatile oil produced by the herb was followed up from qualitative and quantitative points of view.

MATERIALS AND METHODS

The field work procedure was mentioned in the first part of this study (El-Sahhar et al., 2010). Specimens
for microscopical analysis included the adventitious roots developed on rhizomes of the herbaceous cuttings,
the rhizomes, the main stem (apical, median and basal internodes, 10 months old), the leaf (blade, throughout
successive ages, and petiole) and the inflorescence at flower bud stage. Microtechnique procedures given by
Nassar and El-Sahhar (1998) were followed. Specimens were killed and fixed for at least 48 hrs. in F.A.A. (10
ml formalin, 5 ml glacial acetic acid, 25 ml distilled water, 60 ml ethyl alcohol (95%). After fixation, materials
were washed in 50% ethyl alcohol, dehydrated through a normal butyl alcohol series and embedded in paraffin
wax (m. p. 56-58O C). Ten micron tissue sections were cut with a rotary microtome and placed on slides
containing Haupt's adhesive and formalin. Sections were stained with safranin-light green or crystal violet-
erythrosin before mounting in Canada balsam and cover slips attached. Slides were analysed microscopically
and photomicrographs of the permanent sections were taken. Epidermal structure of mugwort leaves was
investigated using scanning electron microscopy at the Central Laboratory of NRC , Dokki, Giza, Egypt. The
specimens were mounted after dehydration on the copper specimen holder stub with double - sides adhesive
discs and coated with a thin layer of gold palladium using Edwards sputter coater unit S 150 A , England. The
specimens were examined in different positions using different magnifications by JXA-840 A model Electron
Probe Microanalyzer – JEOL, Japan. Samples of leaves and flowering stems were collected to obtain the volatile
oil at flower bud stage (September) and opened flowers stage (October). Water distillation of the volatile oil
was conducted with each sample (100 g) in duplicate for 3 hrs. in a glass apparatus (Anon., 1980). Volatile oil
(%) and yield/plant were calculated on fresh weight basis. GLC technique was adopted to separate and detect
the volatile oil constituents. GLC, Unicam Pro-GC chromatograph was used under the following conditions:
column: 3% OV-17, Methyl silicone on chromosorb-WHP; sample volume: 0.5 ml.; temperature: initial temp.
70O C, initial time 5 min., rate 8O C/min, final temp. 200OC, hold time 40 min, injector temp. 250 OC, detector
temp. 300OC; gases flow rate: N2 30 ml/min, H2 33 ml/min, air 330 ml/min.
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RESULTS AND DISCUSSION

The Adventitious Roots:
As inferred earlier, propagation of mugwort occurs principally via fragments of the shallow rhizomes which

gave transplants. Such rhizomes develop adventitious roots at the nodes to fix the plant in soil and to absorb
the required water and minerals from the soil. Hence, the root system of mugwort plant is wholly developed
as adventitious roots (El-Sahhar et al., 2010).

The anatomical structure of mugwort adventitious roots was investigated through transverse sections of
adventitious roots developed on the herbaceous cuttings. The transverse section as shown in Fig. (1) reveals that
the root has completed its primary state of growth and starts its secondary growth. The epidermis consists of
a single layer of thin-walled parenchymatous cells. The cortex follows the epidermis being composed of five
to six layers of thin-walled parenchymatous cells with triangular intercellular spaces. Parenchyma cells
containing resinous or mucilage substances are main characteristics of the cortex. The innermost layer of the
cortex is a uniseriate endodermis. The casparian strips are, however, difficult to be distinguished in the
transverse sections. The pericycle follows the endodermis to the inside and constitutes the outermost layer of
the stele. Secondary growth starts and takes place in the usual manner. The cambial strips located on the inner
face of the phloem begin their activity, producing a few number of xylem vessels towards the inside and small
amount of secondary phloem towards the outside. The pericyclic cells undergo periclinal and anticlinal divisions.
The periclinal divisions cause an increase in the  number  of  pericyclic layers in the radial extent. The stele
is of pentarch type. A metaxylem vessel, relatively large in its diameter, occupies the root center forming a solid
core.

The Rhizomes:
The anatomical structure of mugowrt rhizome was investigated in form of transverse sections taken from

fragments of the rhizomes. The transverse section shown in Fig. (2) indicates that the rhizome of mugwort plant
is cylindrical in outline. The epidermis is composed of a single layer. The epidermal cells are relatively small
in size, nearly square in shape and covered with a thin layer of cuticle. Stomata are present and trichomes are
observed.

A hypoderm is present and consists of one layer of thin-walled subepidermal cells which separate the cortex
from the epidermis. The cortex composed 10 to 20 layers of thin-walled compact parenchyma cells.

The vascular cylinder is formed of some 10 collateral bundles being arranged in a ring. The bundles are
simple in their structure. The xylem of each collateral bundle comprised a few number of primary vessels
arranged in parallel rows, each row comprised 2-3 vessels embedded in storage parenchyma cells. The vascular
bundles are separated from one another by a wide distance of ground tissue. Adventitious root primordia are
arising in areas of ground tissue between the vascular bundles through the interfascicular cambium.

The pith consists of relatively large polygonal parenchyma cells which tend to decrease in size towards the
periphery. Worthy to note that the pith constitutes about 70% of the whole transverse section area. Groups of
storage parenchyma cells are distributed in the centre of the pith as well as in the cortex and also accompanied
the primary xylem as mentioned earlier. These groups of storage parenchyma cells may contain mucilage or
resinous substances. Rogerson et al. (1972) found that reserve polysaccharides are stored at high levels in
rhizomes of mugwort.

The Main Stem:
The Apical Internode:

The apical portion of the main stem, represented by internode directly below the shoot apex, was studied
from the anatomical point of view at the age of ten months as it represents the primary structure of the main
stem. The transverse section shown in Fig. (3) reveals that the stem surface of mugwort plant, at its apical
portion, is strongly ridged and fluted; i.e., the stem is polygonal in outline. Similarly, Chiej (1984) stated that
mugwort stem is erect and angular. Epidermal cells are nearly square in shape and covered with a thin layer
of cuticle. Stomata and non-glandular hairs are present in the epidermis. The non-glandular trichomes are found
in three types; namely, uniseriate, two armed and woolly hairs.The ribs on the stem consist largely of
collenchyma. It is clear that collenchyma constitutes the chief mechanical tissue of the axis and forms the ridges.
The cortex in the grooves between the ridges consists of three to four layers of parenchymatous cells, the outer
layer, underlying the epidermis, is chlorenchyma. 

The inner layers of the cortex comprised thin walled compact parenchyma abutting the vascular cylinder
forming a well defined starch sheath.
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The vascular bundles are arranged in a ring and separated from one another by the ground tissue. The stele
consists of some 18 collateral bundles. Each bundle included a well defined fibrous cap abutting the primary
phloem which is followed by procambium and primary xylem. The vessels of primary xylem are arranged in
5 to 8 parallel rows.

Worthy to state that vascular bundles are lying on the radii which pass through the stem angles (ridges);
i.e., numbers of both the ridges and the vascular bundles are similar. 

The pith occupies a large portion of the section and consists of polygonal parenchyma cells with relatively
small triangular intercellular spaces. The pith is connected with the cortex through modularly rays 5 to 7 rows
wide.The ground tissue is characterized by a system of schizogenous (resin) secretory  canals lined with an
epithelium. Takhtajan (2009) mentioned that Asteraceae plants develop two secretory systems; i.e., articulated
laticifers (mostly Chicorioideae) and schizogenous resin canals. The two secretory systems largely alternative
rather than coexistive.

The Median Internode:
The transverse sections through the median portion of the main stem of mugwort plant at the age of ten

months were examined microscopically and photomicrographed (Fig. 4). As mentioned earlier, flowering stage
starts when plants of mugwort aged about ten months. At this age, the main stem almost attains its maximum
length. From anatomical point of view, it is obvious that the main stem at its median portions is often ribbed,
but the ribs are comparatively smaller in size than those associated with the apical internode (Fig. 3).

The anatomical structure of the median portion of the main stem is generally indifferent with that of its
apical portion. The epidermis is composed of a single layer contains stomata and trichomes. The outer walls
of the epidermis are somewhat thickened and covered with a thin layer of cuticle. The ribs of the stem consist
mainly of collenchyma cells. The zone of chlorenchyma cells which follows the epidermis, except at the angles,
is two or somewhat three layers in width. The non-chlorophyllous parenchyma of the cortex consists of two
layers occupying the region between the chlorenchyma and the vascular cylinder.

The vascular bundles are arranged in a ring separated from one another by the ground tissue. The stele
consists of some 18 collateral bundles relatively differed in size. The interfascicular cambium is absent.
Therefore, the adjacent bundles are distinct from one another, except that the medularly rays are occluded on
the xylem side of the ring forming connective or conjunctive tissue of well lignified cells. It is clear that the
portion of the ray adjacent to the phloem does not mature as connective tissue.

The pith consists of polygonal parenchyma cells with relatively small intercellular spaces. Worthy to note
that the area of the pith constitutes more than 70% of the whole area of the transverse section.

The Basal Internode:
The anatomical structure of the basal internode of the main stem of mugwort plant was investigated at the

age of ten months in form of transverse sections. It is obvious that the main stem at its basal portion is almost
cylindrical in outline. The pith still intact and the vascular cylinder is in a secondary state of growth where the
vascular bundles showed periclinal divisions in cambium zone producing secondary phloem outside and
secondary xylem inside (Fig. 5).

The epidermis consists of one layer, the epidermal cells are relatively small in size, nearly square in shape
and covered with a relatively thick layer of cuticle. A few number of trichomes is observed. Worthy to mention
that, although the epidermis is still intact and periderm is not formed yet, lenticles are observed and often appear
as a vertically or horizontally elongated mass of loose cells that protrudes above the surface of the basal portion
of the main stem. The cortex beneath the epidermis composed two to four layers of compact parenchyma cells.

The vascular cylinder composed some 14 collateral bundles being arranged in a ring. The adjacent bundles
are distinct and separated from one another by medullary rays of ground tissue. It is clear that the medullary
rays are occluded on the xylem side of the ring forming conjunctive tissue of well lignified cells. The portion
of the ray adjacent to the phloem does not mature as connective tissue. Secondary growth is observed and xylem
vessels are arranged in radial rows embedded in lignified cells.

The pith consists of polygonal parenchyma cells with relatively small intercellular spaces and constitutes
about 50% of the whole area of the transverse section.
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The Leaf:
The Leaf Blade:

Structure of mugwort leaf blade was elucidated using light microscopy. In addition, leaf epidermal
anatomical features were investigated using scanning electron microscopy.

Leaf Blade Structure Using Light Microscopy:
The anatomical structure of leaf blades representing different simple leaves developed on the main stem of

mugwort plant throughout successive ages of their entire life span was investigated in form of transverse
sections. It is clear that all investigated blades have nearly the same structure (Figs. 6 and 7). Leaves are
dorsiventral; i.e., the palisade tissue is located on the adaxial side of the blade and the spongy tissue on the
abaxial one. Compact arrangement of epidermal cells and presence of thin cuticle layer, stomata and trichomes
are the main features of the mugwort leaf epidermis. At the midrib region, both upper and lower epidermis are
almost convex. The palisade tissue consists of one layer of cells which elongated perpendicularly to the surface
of the blade being characterized by an abundance of chloroplasts. The palisade tissue occupies about one-half
of the whole thickness of the mesophyll. The spongy tissue is composed of two layers of chlorenchymatous
loosely arranged cells with many wide intercellular spaces.

The vascular bundle of the principle vein is relatively large in size and accompanied from above and below
by a mechanical tissue. The vascular bundle is oriented with the xylem directed toward the adaxial surface and
the phloem toward the abaxial one.

Leaf Epidermal Structure Using Scanning Electron Microscopy:
Referring to mugwort leaf morphology, the epidermis toward the adaxial surface is dark green in colour

, whereas the abaxial surface is whitish in colour indicating the presence  of silvery-white abundant hairs. This
was confirmed through the microscopic examination given below.

Fig.(8) illustrates a scanning electron micrograph of the adaxial  leaf epidermal cells in mugwort. The
epidermal cells have irregular shape, being of wavy marginal. Abundant of crystalline deposits formed on the
epidermal cell surface. Stomata either of anisocytic type, each consists of three cells (may be unequal in size)
enclosing the guard cells, or of anomocytic type, i.e., without any subsidiary cells develop on both of the leaf
epidermal surface, being more abundant on the abaxial one. Worthy to note that stomata formed at a depressed
level compared with the remainder of epidermal cells.

Mugwort develops non-glandular trichomes of various types on both epidermal surfaces. Fig. (9) presents
a scanning electron micrograph of the two-armed trichomes developed on leaf epidermis. Crystalline deposits
formed on both of the leaf epidermal cells and the developing trichomes.  Fig .(10) illustrates another types of
trichomes , i.e., the uniseriate trichome and glandular trichome of a capitate type. 

Abaxial surface of mugwort leaf blade  shows a high distribution of long fibrous-hairy like non-glandular
trichomes. These trichomes are fibrous at ends, tubular at their base and associated with crystal-likedeposits.
Such abundant woolly trichomes with crystalline deposits make protection available for mugwort leaves (Fig.11).

The above mentioned description of mugwort epidermal cell features is in agreement with that given by
Köln and München (1978) and Hayat et al. (2010).

The Leaf Petiole:
The petiole of mugwort leaf as seen in the transverse section (Fig. 12) is more or less boat-shaped with a

distinct groove at one side (the upper surface). The lower surface is distinctly rounded. Two small wings are
observed at the adaxial corners, each had accessory small bundle embedded in its ground tissue. The petiole
is bounded by a uniseriate epidermis of nearly square-shaped cells. The outer walls of  the epidermis are
somewhat thickened and covered with a thin layer of cuticle. Stomata are present, but trichomes are rarely
found. Generally, there are two layers of collenchyma cells underlying the epidermis. The ground tissue consists
mostly of relatively large polygonal parenchyma cells. There are three main bundles embedded in the ground
tissue. The largest one (the median) is located in the center of the section, the two lateral bundles lay equidistant
from the central bundle; i.e., the petiole has an arc of vascular bundles. This agrees with the petiole description
of Asteraceae given by Cronquist (1981). The vascular bundle is oriented with the xylem directed towards the
adaxial surface and the phloem towards the abaxial one. Each bundle is surrounded by a sheath of one layer
of parenchymatous cells.
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The Flower Buds:
Microscopic examination of mugwort inflorescence confirmed the previously mentioned morphologic

description (El-Sahhar et al., 2010). It was found that flowers are found in a capitulum and the capitula are
found in spike like clusters at the top of the plant. Flowers of each inflorescence first differentiate as flower
buds through September to mid-November. The inflorescence is surrounded by two series of bracts known as
phyllaries. Heads are discoid and ray flowers are absent. Disc flowers are very small, about 15-30 flowers which
develop densely on the central part of the receptacle, bisexual at the center of each head but may occasionally
be female on periphery. Calyx is absent. Corolla comprised five united petals tubular with five recurred lobes.
Androecium consists of five stamens epipetalous alternating with the petals, with syngenesious stamen, anthers
pointed at the base and filaments free. Gynoecium is a compound pistil of two united carpels, uniloculate ovule
solitary, basal and ovary inferior, stigma is long growing up through the anther tube.

The transverse sections through mugwort capitulum, at the stage of flower buds as seen in Fig. (13) indicate
that capitulum is surrounded by two series of bracts. The flower buds are some 18 in number. The calyx, of
each flower bud, is absent. Corolla, in transverse section, consists of five united petals. The corolla tube consists
of two epidermal layers with two to three layers of loosely arranged paranchymatous cells in between. There
are five small vascular strands extending through the tubular portion of the corolla. The androecium comprised
five stamens, each consists of a two-lobed four-loculed anther borne on the filament. Filament of the stamen
is almost rounded in shape, bounded by uniseriate layers of nearly square-shaped cells. Its ground tissue consists
of three layers of parenchyma cells. There is a vascular strand located in the center of the filament.

Gynoecium comprised two united carpels supplied by vascular strands running through a mesophyll of 5-7
layers of polygonal parenchymatous cells. The ovary has one basal ovule.

The aforementioned description of flower buds is in conformity with that mentioned by Judd et al. (1999)
about Asteraceae plants.

At the extent of authors knowledge publications dealing with the anatomical structure of Artemisia vulgaris
L. in particular are rare.

Analysis of the Volatile Oil:
The volatile oil of mugwort herb was isolated at two growth stages; the first one at flower bud stage and

the second stage when flowers opened.  In replicate distillations at both growth stages the quantity of volatile
oil was the same, being 0.8% v/w and volatile oil yield of 0.129 ml. per plant. Abutabl et al.(1998),however,
found that the volatile oil of mugwort herb was 0.65% v/w. On the other hand, Haggag et al. (2000) recorded
a volatile oil percentage in mugwort herb of only 0.16% v/w. 

The volatile oil is a pale yellow or somewhat greenish yellow mobile liquid, having an aromatic powerful
smell. 

As a result of G.L.C. analysis, it was found that mugwort volatile oil at flower bud stage was composed
of 19 components (Fig.14 A). For ease of reference, the components were designated 1-19 according to their
retention times and their various characteristics are given in Table (1). According to the detector response 8 out
of 19 designated components were identified. However, the other unidentified components were only present
in extremely small or trace quantities. Camphor (38.173%) was found to be the main component of mugwort
volatile oil at flower bud stage, followed by camphene (21.369%) and the least of the identified
components was myrtenol (1.851%).

At the second investigated stage, i.e., opened flowers stage, G.L.C. analysis (Fig. 14B) proved that the
volatile oil components increased to 32 components, 12 out of them were identified according to their retention
times (Table,1). Camphor (18.655%) still on top recording the highest concentration among volatile oil
components. The second was verbenone (15.213%) while camphene (12.784%) which was the second at flower
bud stage became the third at opened flowers stage. On the other hand, β-pinene (1.466%) recorded the least
concentration.

In essence, camphor was the main component of the volatile oil of mugwort grown in Egypt. This finding
is in accordance with that of Mucciarelli et al. (1995), since they proved that camphor and 1.8-cineole
characterized the volatile oil of some Artemisia species among which Artemisia vulgaris L. is one of them.
Moreover, Teixeira da Silva (2004) and Barney et al.(2005) recorded similar results to those given in this study.
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Fig. 1: Transverse section of adventitious root of mugwort transplant.
A-     Whole section (X 45)
B-     Magnified portion of A. (X 92).

Fig. 2: Transverse section fo mugwort rhizome.
A-     Whole sectiohn.
B-     Magnified portion of A.
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Fig. 3: Transverse section of apical internode of the main stem of mugwort plant at the age of ten months.
A-     Whole section.
B-     Magnified portion of A.

Fig. 4: Transverse section through the median portion of main stem of mugwort plant at the age of ten months
A-     Whole section.
B-     Magnified portion of A.
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Fig. 5: Transverse section of the basal internode of the main stem of mugwort plant at the age of ten months.
A-     Whole section.
B-     Magnified portion of A.

Fig. 6: . Transverse section through blade of mugwort leaf at main stem median portion of plant aged two 
months. (X 96).

Fig. 7: Transverse section through blade of mugwort leaf developed at main stem median portion of plant aged 
seven months. (X 144).
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Fig. 8: A  scanning  electron micrograph  of the  adaxial leaf epidermal cells in mugwort  (Scale bar = 100
µm).

Fig. 9: A scanning electron micrograph of the adaxial surface in mugwort leaf blade showing the two armed
trichomes (Scale bar=100 µm)

Fig. 10: A scanning electron micrograph of the adaxial surface in mugwort leaf blade showing the uniseriate 
trichomes (Scale bar= 20 µm).

Fig. 11: Abaxial surface of mugwort leaf blade showing a high distribution of fibrous, hairy like non glandular
trichomes and crystalline deposits on the surface of the trichomes. (Scale bar =50 µm).
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Fig. 12: Transverse section through the petiole of mugwort leaf from plants aged seven months. (X 52).

Fig. 13: Transverse section through mugwort capitulum, in stage of flower buds.
A-       Whole section. (X 24)
B-       Magnified portion of A. (X 82).

Table 1: Characteristics of the components of Artemisia vulgaris L. volatile oil at flower bud and opened flowers stages found in the
peaks of the corresponding chromatograms. ( R.T. : Retention time).

Peak Flower bud stage Opened flowers stage
------------------------------------------------------------------------ -------------------------------------------------------------------------
Components R.T.(mins) Conc. (%) Components R.T.(mins) Conc. (%)

1 Unidentified 0.5 8.109 Unidentified 0.617 2.845
2 Unidentified 0.967 21.588 Unidentified 1 8.717
3 Traces 17.267 0.255 Traces 10.45 0.046
4 Verbenone 18.017 12.795 Traces 11.883 0.645
5 Traces 18.483 1.504 Traces 12.4 0.225
6 Estragol 18.833 4.232 Traces 12.883 0.265
7 Trans-Verbenol 19.433 6.598 Traces 13.267 1.011
8 Myrtenol 20.217 1.851 β-Pinene 13.567 1.466
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Table 1: Continued.
9 Traces 21 0.69 Traces 14.15 0.505
10 α-Phellandrene 21.567 2.832 1.8-Cineole 15.05 3.571
11 Camphene 22.1 21.369 Traces 16.233 0.405
12 Camphor 23.5 38.173 Traces 16.7 0.157
13 β-Caryophyllene 24.633 4.569 Traces 17.083 1.93
14 Traces 25.6 0.647 Verbenone 18.183 15.213
15 Traces 26.3 1.903 Traces 18.467 2.483
16 Traces 28.533 1.369 Estragol 18.833 7.759
17 Traces 29.967 0.517 Trans-Verbenol 19.433 9.061
18 Traces 32.433 0.207 Lavandulol 19.817 4.068
19 Traces 34.833 0.811 Myrtenol 20.2 2.574
20 -- -- -- Traces 21 0.98
21 -- -- -- α-Phellandrene 21.567 3.462
22 -- -- -- Camphene 22.117 12.784
23 -- -- -- Terpinen-4-ol 22.717 4.255
24 -- -- -- Camphor 23.367 18.655
25 -- -- -- β-Caryophyllene 24.55 4.218
26 -- -- -- Traces 25.567 0.753
27 -- -- -- Traces 26.217 1.088
28 -- -- -- Traces 28.467 0.724
29 -- -- -- Traces 29.883 0.375
30 -- -- -- Traces 32.6 0.14
31 -- -- -- Traces 34.667 0.787
32 -- -- -- Traces 38.95 0.834

Fig. 14: Gas chromatogram of Artemisia vulgaris L. volatile oil obtained using water distillation Column : 3%
OV-17, methyl phenyl silicone on chromosorb - WHP, at initial temp.70?C for 5 min; rate 8?C/min;
final temp. 200?C and hold time 40 min.

A. Flower bud stage.
B. Opened flower stage. 

67



Aust. J. Basic & Appl. Sci., 5(6): 56-68, 2011

REFERENCES

Aboutabl, E.A., A. El-Azzouny and S.I. El-Dahmy, 1998. Composition of the essential oil of Artemisia
vulgaris L. grown in Egypt. Journal of Essential Oil Bearing Plants, 1(1): 21-27.

Anon., 1980. British Pharmacopoeia vol. 2. London. Her Majesty's Stationary Office, pp: A 110-111.
Barney, J.N. and A. DiTommaso, 2003. The biology of Canadian weeds. 118. Artemisia vulgaris L. Can.

J. Plant Sci., 83: 205-215.
Barney, J.N., A.G. Hay and L.A. Weston, 2005. Isolation and characterization of allelopathic volatiles from

mugwort (Artemisia vulgaris). Journal of Chemical Ecology, 31(2): 247-265.
Chiej, R., 1984. The Macdonald Encyclopedia of Medicinal Plants. Macdonald & Co. (Publishers) Ltd.,

London, Entry 44.
Cronquist, A., 1981. An Integrated System of Classification of Flowering Plants. Columbia Univ. Press,

N.Y., U.S.A., pp: 1262.
El-Sahhar, K.F., R.M. Nassar and H.M. Farag, 2010. Morphological and anatomical studies of Artemisia

vulgaris L. (Asteraceae). I. Morphological characteristics. Journal of American Science , 6(9): 806-814.
Haggag, M.Y., M.E. El-Tantawy, F.I. Ahmed and M.M. Shams, 2000. Study of chemical composition,

antimicrobial and anthelmentic activity of the essential oils of Artemisia vulgaris L. and Santolina
chamaecyparissus L. cultivated in Egypt. Quality Control of Drugs, Vaccines and Natural Products 5th Scientific
Conference, National Organization for Drug Control and Research, Meridien Hotel-Cairo, 1-3 April (2000). No

54.
Hayat, M.Q., M. Ashraf, S. Jabeen, N. Shaheen, Gh. Yasmin and M.A. Khan, 2010. Taxonomic implication

of foliar epidermal characteristics with special reference to stomatal variations in the genus Artemisia
(Asteraceae).Int.J.Agric.Boil., 12(2): 221-226. 

Hudaib, M.M. and T.A. Aburjai, 2006. Composition of the essential oil from Artemisia herba-alba grown
in Jordan. Journal of Essential Oil Research, 18(3): 301-304.

Judd, W.S., C.S. Campbell, E.A. Kellogg and P.F. Stevens, 1999. Plant Systematics: A Phylogenetic
Approach. Sinauer Associates, Sunderland, MA., U.S.A.

Köln, N. and M.E. München, 1978. Contributions to the systematical anatomy of the Anthemideae : The
stomatal apparatus. Pl. Syst. Evol., 130: 167-190.

Mucciarelli, M., R. Caramiello and M. Maffei, 1995. Essential oils from some Artemisia species growing
spontaneously in north-west Italy. Flavour and Fragrance Journal, 10: 25-32.

Nassar, M.A. and K.F. El-Sahhar, 1998. Botanical Preparations and Microscopy (Microtechnique). Academic
Bookshop, Dokki, Giza, Egypt, pp: 219. (In Arabic).

Rogerson, A.B., S.W. Bingham, C.L. Foy and J.P. Sterrett, 1972. Influence of Fenac on anatomy and
carbohydrate reserves in mugwort rhizomes. Weed Science, 20(5): 445-449.

Stover, E.L., 1951. An Introduction to the Anatomy of Seed Plants. D.C. Health and Company Boston, pp:
274.

Takhtajan, A., 2009. Flowering Plant. (2nd. Edit.) Springer Science + Business B.V. Media,  pp: 647.
Teixeira da Silva, J.A., 2004. Mining the essential oils of the Anthemideae. African Journal of

Biotechnology, 3(12): 706-720.

68


