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Abstract

The assessed species, Vitex agnus-castus L., was taken from Thasos, Greece and cultivated in pots for acclimatization
in the botanical garden, to be studied for its medicinal and ornamental use. During the vegetation period, the
morphological and anatomical observations were made. It is an aromatic shrub, with opposite leaves, palmate-
composed of 3-5 (7) lanceolate leaflets, entire margins or serrate-dented, 3-7 cm long and 1.5 cm width. The
transversal sections were made in the root, stem and leaf. In the root and stem, it was observed that the vascular bundle
had a secondary structure. In the epidermis of young stems there are non-glandular hairs and very rarely secretory
hairs. In the pith of stem there were seen the starch granules and calcium oxalate crystals. On the epidermis of rachis
there are non-glandular and secretory hairs. The epidermis of the leaflets is unistratified, with the corrugated walls and
covered by thin cuticle. On the both epidermis of the leaflets there were observed the non-glandular hairs. The
secretory hairs were identified mainly on the lower epidermis. The type of stomata is anomocytic, identified only on the
lower epidermis. The mesophyll is bifacial with palisade tissue toward upper epidermis and spongy tissue toward lower

epidermis.
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INTRODUCTION

In the first taxonomic classifications, the genus
Vitex L. is included in the Verbenaceae family,
with approx. 250 species of trees and shrubs
(Linnaeus, 1753; Jussieu, 1806; Backer, 1965;
Griffiths, 1994; Takhtajan, 2009).

In some recent classifications, the Vitex L.
genus has been transferred to the Lamiaceae
family following morphological,
micromorphological, anatomical and
phytochemical investigations on pollen, petiole,
stems, fruits, between Vitex and Verbenaceae
species, which have provided useful
characteristics in taxonomy (Abbas et al., 2006;
Jamzad et al., 2006; Chantaranothai, 2011).

It grows naturally in Mediterranean countries,
southern Europe, tropical area, West and
Central Asia (Hegi, 1966; Tutin et al., 1972;
Davis, 1982; Donald, 1994; Griffiths, 1994;
Wasson, 2003).

The name Vitex agnus-castus derives from the
Greek word "Chastity" which means virgin,
being used in popular medicine for a variety of
gynecological dysfunctions for over 2000 years
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in ancient Greece, Egypt and Rome (Christie &
Walker, 1997; Chen et al., 2010).

From the plant are uses the fruit, sometimes the
leaves, from which is obtained infusion,
mixture, extract for different applications.

From the chemical point of view, the fruits of
Vitex agnus-castus contain: flavonoids, iridoid
glycoside, p-hydroxybenzoic acid, alkaloids,
essential oils, fatty oils and essential oils such
as linoleic acid, diterpenoids and steroids
(Adams, 2004; Hajdu et al., 2007; Marongiu et
al., 2010; Borges et al., 2012; Toplan, 2015;
Hanane et al., 2016; Hina et al., 2016; Tgn et
al., 2017; Allison et al., 2018; Levchyk et al.,
2018).

The fruit composition have therapeutic effects
for the regulation of the menstrual cycle, for the
treatment of premenstrual syndrome (PMS),
gynecological  disorders, support  the
progesterone secretion, infertility in women
(Mehrangiz et al.,, 2012; Schellenberg et al.,
2012; Mohammad et al., 2015; Berrani et al.,
2018; Mina et al., 2018). In addition, it has
been used to reduce the symptoms of
menopause such as hot flashes, depression, and



sleep disturbances, headaches, rheumatism,
corpus  luteum insufficiency,  disrupted
lactation, acne, antimicrobial, antifungal,

antiepileptic, antioxidant, antitumoral, diuretic,
digestive, insect repellant, larvicidal (Doll,
2009; Sarikurkcu, 2009; Khaled, 2013;
Shenghong et al., 2013; Sakhavar et al., 2013;
Miguel et al., 2014; Franciele et al., 2015;
Katiraee et al., 2015; Yilar et al., 2016; Abeer
et al.,, 2017; Zinat et al., 2017; Keikha et al.,
2018).

The plant also has economic importance.
Aromatic leaves can be used as spices and the
fruits, due to their quick taste, are used as a
substitute for pepper (Hanelt et al, 2001;
Novak et al.,, 2005). Some studies show that
essential oils obtained from different parts of
Vitex agnus-castus have acaricidal potential,
being tested on Tetranychus urticae (Hamid et
al., 2010; Roberta et al., 2016).

The anatomy of vegetative organs is
reconfirmed in the literature (Metcalfe, 1963;
Metcalfe & Chalk, 1983; Toma & Rugina,
1998; Schweingruber et al, 2013; Garner,
2017).

From the data analysis of literature, the Vitex
species have anatomical differences (Abbas et
al., 2006; Bejenaru et al., 2013).

The Vitex agnus-castus species being little
known in Romania, the purpose of this study is
to identify certain anatomical features at the
plants grown in protected space that will be
acclimatised for planting in the field as a
medicinal and ornamental species.

MATERIALS AND METHODS

The plants of Vitex agnus-castus of about 50
cm high were brought from Thasos, Greece at
the beginning of August 2018 and planted for
acclimatization in the pots, in the greenhouse of
the University of Agronomic Sciences and
Veterinary Medicine of Bucharest (USAMYV).
The Bucharest is located at 44°24'49" North
latitude and 26°5'48"”, East longitude, 90 m
altitude and temperate-continental climate, with
585 mm/year rainfall and 10.86°C the average
of the temperature.

During the vegetation period, morphological,
micromorphological and anatomical
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observations were made. Biometric
measurements were performed at the leaves,
and some anatomical measurements. The
average was obtained from 10 measurements.
The both epidermis were exfoliated and
assessed.

For anatomical analysis of cross-sections were
performed in very young vegetative organs
(roots, stems, leaves) which were clarified with
Chloral-hydrate coloured with the Carmine -
Alaunte and Iodine Green (Luchian et al.,
2018).

The observations, images and measurements of
the anatomical structures were made with the
optical microscope Leica DMI1000 LED,
Camera video Leica DFC295 the
Stereomicroscope Leica S8 APO, and SEM,
belonging to the Laboratory of Microscopy and
Plant Anatomy of the USAMYV of Bucharest.

RESULTS AND DISCUSSIONS

After planting, the plants were formed new
composed leaves with five, rarely three leaflets,
elliptical-lanceolate, with 3-7 c¢m long and
about 1.5 cm wide with the entire margin or
finely toothed in the middle part.

Analysing the internal structure of the
vegetative organs this is similar to the literature
data.

Anatomy of root

The contour of the cross section is circular,
with a secondary structure for the most part.
From the outside to the inside there are
observed: the peridermis (suber, phellogen,
phelloderm), primary cortex and the central
cylinder (Figure 1).

The rhizodermis is early exfoliated and
replaced on the outside by the suber generated
by the felogen. The suber consists of 2-5 rows
of elongated, suberified cells with the first rows
being exfoliated.

The phelloderm is parenchymatous tissue,
consisting of 2-4 rows of isodiametric cells
with thin walls. The cortex of primary origin is
reduced to a row of cells. The vascular tissues
are collateral, of secondary origin, generated
from the cambium and consisting of two
concentric rings.



Figure 1. Cross section in the root of Vitex agnus-
castus: per - peridermis; par - parenchyma;
ph - phloem; scl - sclerenchyma; Xy - xylem;
mr - medullary rays

The ring of secondary phloem, located on the
outside of cambium, is very thin at about 22.73
um, consisting of sieved vessels, annexe cells
and parenchyma. At the exterior of the phloem
were observed small and thin fragments of
sclerenchyma of primary origin, originating
from pericycle.

The ring of secondary xylem is thick, approx.
210.53 pum, with a lot of libriform, strongly
lignified, disorderly dispersed and metaxylem
vessels with large diameter in average of 30.37
pm.

Anatomy of stem

The stem structure corresponds to the data from
the speciality literature.

In the annual stems, the contour of the cross
section is oval, with 4 edges, consisting in the
epidermis, cortex and central cylinder (Figure
2).

The epidermis is formed by one layer of cells
with about 25 um thick and covered by a thin
cuticle. In the epidermis were observed non-
glandular, unicellular or multicellular hairs,
with a conical to sharp peak of about 36.4 um
long.

On the epidermis of the young stems were
sporadically  identified the multicellular
secretory hairs with 2 (3) cells, with spherical
secretory cell (Figures 3 and 4).

In the literature have not been reported the
secretory hairs in the epidermis of the stem
(Yunus et al., 2008).

In the young stems, under the epidermis is the
collenchymatous tissue more developed on the
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Figure 2. Cross section in the stem of Vitex agnus-
castus: ngh —non glandular hairs; col — collenchyma;
per — peridermis; ph — phloem; sc — sclerenchyma;
Xy — Xylem; mr — medullary rays; pit — pith

Figure 3. Cross section in the stem of Vitex agnus-
castus: ep — epidermis; ngh — non glandular hairs; sh —
secretory hairs; per — peridermis; ph — phloem; scl —
sclerenchyma; xy — xylem; pit — pith

edges followed by the suber, phellogen and
phelloderma.

The primary cortex is reduced to 1-2 rows of
cells.

In some stems there were observed also the
lenticels (Figure 5).
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Figure 4. Micromorphological analysis of the stem
(SEM 800X)

In the mature stem, the epidermis is replaced by
the suber generated by the phellogen,
consisting on 2 (3) rows of elongated cells.

In the central cylinder, the vascular tissues are
collateral, consisting of two concentric rings,
generated by the cambium.

At the outside of cambium is a thin ring of
phloem and inside of it is a thick ring of the
xylem.

At the base of the secondary xylem there was
observed a thin primary xylem from place to
place.

The ring of secondary phloem is very thin at
about 52.70 pm, consisting of sieved vessels,
annexe cells and thin layer of parenchyma. At
the exterior of the phloem were observed
fragments of sclerenchyma.

The ring of secondary xylem with a thickness
of 181.17 um with irregularly dispersed vessels
in the basic libriform is separated by the
medullary rays. The metaxylem vessels have an
average diameter of 30.80 um.

The pith is a well-developed parenchymal
tissue in which have been observed starch
granules and prismatic calcium oxalate crystals

(Figure 6).

Anatomy of leaf rachis

The shape of leaf rachis is semicircular in cross
section in accordance with the data from the
literature (Figure 7).

The structure of the rachis consists of the
epidermis, collenchyma and fundamental
parenchyma with vascular tissues.
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Figure 5. Cross section in the stem of Vitex agnus-
castus: le — lenticels

Figure 6. Cross section in the stem of Vitex agnus-
castus: cr - calcium oxalate crystal; sg - starch
granules

The epidermis is represented by the single layer
of isodiametric cells of approximate 25 pm and
covered by thin wax layer.

From place to place, on the epidermis there are
observed the typically multicellular non
glandular hairs with an average length of about
80 pm and also secretory multicellular hairs 2
(3) cells of approx. 20 pum long with the
spherical secretory cell.



Figure 7. Cross section in the leaf rachis of Vitex
agnus-castus: ep.ad — adaxial epidermis;
hip — hypoderma; ngh —non glandular hairs;
sh — secretory hairs; col — collenchyma;
pf — fundamental parenchyma; ph — phloem;
xy — xylem; scl — sclerenchyma

Under the epidermis there is one layer of
collenchymatous cells but it is multi layered on
the adaxial corners of the rachis.

Into the fundamental parenchyma it was
observed one big central vascular bundle and
two minor vascular bundles in the adaxial
corners.

The vascular bundles are collateral with a
primary structure, delimited by sclerenchyma
tissue.

The phloem is thin, consisting of sieved
vessels, annexe cells and little parenchyma. The
xylem has vessels arranged in ray strings,
separated by cellulosic parenchyma.

Anatomy of the leaflets

The epidermis, seen from the front is made up
of cells with strongly corrugated walls (Figure
8).

The leaflets are hypostomatic of anomocytic
type and annexe cells similar to epidermal cells,
reconfirmed by the data from the literature
(Figures 9 and 10).

In the cross-section of the leaflet, the midrib is
strongly prominent on the underside with a
unistratified epidermis and a thin cuticle. On
the epidermis of midrib are observed non-
glandular hairs and very rarely the secretory
hairs (Figure 11 A).
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Figure 10. Micromorphological analysis of the lower
epidermis (SEM 1500X)

In the fundamental parenchyma of the median
rib there is a collateral vascular bundle, similar
to the one in the rachis.

Both leaflets epidermis are unistratified with
isodiametric cells and covered by a thin cuticle.



Figure 11. Cross section in the leaflet of Vitex agnus-
castus: A. midrib; B. leaflets; ue — upper epidermis;
le — lower epidermis; sh — secretory hairs; ngh — non
glandular hairs; pf — fundamental parenchyma; ph —
phloem; xy — xylem; tp — palisade tissue; st — spongy
tissue

The upper epidermis has cells of about 11.80
pm larger than the lower epidermis which is
about 7.12 pm.

In both epidermises there we observed non-
glandular hairs, usually unicellular, with a
conic-sharp tip.

The secretory hairs are particularly present in
the lower epidermis along the ribs and this is
also mentioned in some speciality papers
(Mamoucha et al., 2016).

The mesophyll is bifacial type with palisade
tissue toward upper epidermis and spongy
tissue toward the lower epidermis (Figure 11
B).

Palisade tissue consists of a single layer of
slightly elongated cells, rich in chloroplasts,
without inter cellular spaces and with approx.
16.59 pm thickness.

The spongy tissue consists of two rows of
isodiametric cells with a lower content in
chloroplasts and intercellular spaces of approx.
29.65 pm thickness.

In the mesophyll there were observed the
Calcium oxalate crystals and vascular bundles
of collateral type were present.

In the studies of Yunus et al., published on
2008 year, there were not identified the
secretory hairs on the epidermis of the leaflets
and under the upper epidermis it was identified
a layer of hypodermis.
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CONCLUSIONS

After anatomically analysing the structure of
young roots, stems and leaves of Vitex agnus-
castus  species  were identified some
characteristics:

The structure of the root is mainly secondary.
On the epidermis of the stem there were
identified non-glandular hairs and rarely the
secretory hairs.

In some stems there were observed the
lenticels.

The leaflets are hypostomatic with anomocytic
type of stomata.

In both epidermis of the leaflets there were
present the non-glandular hairs but also
secretory hairs, especially in the lower
epidermis, along of the ribs.

The mesophyll of leaflet is bifacial type with
only one cell layer of palisade parenchyma
toward upper epidermis and two cells layer of
spongy parenchyma toward the lower
epidermis.
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