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ABSTRACT

This paper presents the histo-anatomical investigation on the roots, rhizomes,
aboveground stems and leaves of Lysimachia punctata species. In addition, the
pharmacological importance of Lysimachia sp. is highlighted by modern and cutting-edge
researches.

INTRODUCTION

Lysimachia punctata L., spotted (dotted) loosestrife, Primulaceae family, a perennial
species of 50-100 cm tall, grows on riverbanks, swamps and scrubs. It is native to Central
and Southern Europe and naturalized in Northern America (Ciocarlan, 2000).

Underground and aerial parts of Lysimachia species contain some active principles
such as flavonoids (Téth et al., 2012; Sun et al., 2013), polyphenolic acids (Téth et al.,
2012), benzoquinone pigments (Podolak & Strzatka, 2008), essential oil (Détterl & Schéaffler,
2007; Liu et al., 2012), saponosides (Podolak et al., 2010; Koczurkiewicz et al., 2013;
Podolak et al., 2013).

From the pharmacological point of view, the active principles of Lysimachia sp.
exhibit some important actions: cytotoxic, apoptosis-inductive and antitumoral (Podolak
et al., 2005 & 2013; Liu et al., 2010), attenuation of invasive potential of prostate cancer cells
(Koczurkiewicz et al., 2013), diuretic and kidney protective (Lien et al., 2012), antioxidant
(Wei et al., 2012), anti-inflammatory (Zhang et al., 2002), vasorelaxant via endothelium-
dependent mechanism (Lee et al., 2010a), antithrombotic (Lee et al., 2010b), vermifuge
(Challam et al., 2010), anticholecystitis, cholagogue and hepatoprotective (Yang et al., 2011,
Wang et al., 2012), inhibition of adipocyte differentiation and obesity induced by high-fat
diet (Seo et al., 2012).

In the specialty papers, there are scarce and incomplete data concerning L. punctata
histo-anatomy (Shao et al., 2007). The aim of our paper was the histo-anatomical
investigation of the above-mentioned species taking into account its medicinal importance.

MATERIAL AND METHODS

The vegetal material was harvested from L. punctata plants in blossom, in June 2013,
from the surroundings of Orsova City, Mehedinti County, Romania.

The fixation and preservation of roots, rhizomes, aboveground stems and leaves
were achieved in 70% alcohol. The cross-sections were obtained using botanical razor.

After washing with distilled water, the cross-sections were clarified using 10%
sodium hypochlorite (Javel water). Then, the clarifying agent was removed by washing with
distilled water. Congo red—chrysoidine mixture was used for the staining of cross-sections.
Depending on the chemical composition of cell membranes, the reactive induced various
stains: pink to red for cellulose, yellow for suberin, brown for lignified membranes (Andrei &
Paraschivoiu, 2003).

Stained and mounted cross-sections were analyzed on a Kriuss binocular photon
microscope at diverse objectives (x4, x10, x40) and then photographed on a Soligor SR 300
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system adapted to the microscope.

According to some classical authors (Toma & Rugina, 1998), the description of
microscopic cross-sections was accomplished.

The assessment of stomatal index was made using x40 objective (corresponding on
0.037 mm? area) on a Nikon Eclipse 55i binocular photon microscope coupled with a Nikon
DS-Fil1 high definition video camera. Image acquisition and processing were performed
using ImageProPlus ver. 6.0 software package. For each bottom, middle and upper area of
the examined leaf’s limb, the average of 10 analyses were taken into consideration.

RESULTS AND DISCUSSIONS

Structure of root

The root has sinuous round shape and primary structure. From the outside to the
inside of the cross-section, the following tissue sequence was noticed:

A single layer of small prosenchymatous cells with numerous absorptive hairs made
the rhizodermis.

A single layer of small heterodiametric cells with suberin-impregnated walls forms the
exodermis.

The cortical parenchyma is well differentiated, with many reserve substances. It is
made by 10-15 layers of small heterodiametric cells delineating small intercellular spaces.

A single layer of endodermis circumscribes the inner part of primary cortex.

The central cylinder is protected by a single cellulosic pericycle layer. The simple
xylem and phloem conducting fascicles (8—10) are alternately disposed and separated by
cellulosic medullary rays.

The medullary parenchyma is of meatus-type (Figures 1 and 2).

Figure 1. Cross-section through L. punctata root. Congo red—chrysoidine staining, x100.
1 — Rhizodermis, 2 — Exodermis, 3 — Cortical parenchyma, 4 — Endodermis,
5 — Pericycle, 6 — Xylem fascicle, 7 — Phloem fascicle,

8 — Medullary parenchyma.
»® L

Figure 2. Cross-section through L. punctata root. Congo red—chrysoidine staining, x400.
1 — Endodermis, 2 — Pericycle, 3 — Xylem fascicle, 4 — Phloem fascicle, 5 — Medullary
ray, 6 — Medullary parenchyma.
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Structure of rhizome

The rhizome shows sinuous round shape and secondary structure because of libero-
ligneous cambium. In cross-section, from the outside to the inside, the following histological
sequence is remarked (Figure 3):
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Figure 3. Cross-section throug L. punctata rhizome. Congo red—chrysoiine staining, x100. 1 — Epidermis, 2 —
Hypodermis, 3 — Cortical parenchyma, 4 — Endodermis, 5 — Phloem tissue, 6 — Xylem tissue.

The epidermis is made of a single layer of isodiametric cells, with thickened external
and internal tangential walls and thin radial walls. Tangential external walls are bulged and
covered by a thin cuticle.

The bark is constituted of a single layer of hypodermis, with small cells, nearly
isodiametric, uniformly disposed and alternative with epidermal cells. The cortical parenchyma
is well represented by 15-17 meatus-type cellular layers with reserve substances. To the
inner part of the cross-section, a single layer of endodermis with Caspary’s thickenings on
the lateral walls bound the bark.

Generated by the libero-ligneous cambium, the conducting tissues are predominantly
secondary and arranged in two concentric rings. The phloem tissue forms a thin ring to the
outside, being made by sieve tubes, annex cells and phloem parenchyma. Medullary rays
are pluricellular, uniseriate, cellulosic. The xylem tissue forms a thick ring to the inside,
being made by big caliber secondary xylem vessels uniformly dispersed in the libriform
tissue mass. Medullary rays are pluricellular, uniseriate, lignified. The primary vessels
have small diameter and are accompanied by xylem parenchyma.

Meatus-type medullary parenchyma occupies the rhizome’s center (Figures 4—6).
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Figure 4. Cross-section through L. punctata rhizome. Congo red—chrysoidine staining, x100. 1 — Cortical

parenchyma, 2 — Endodermis, 3 — Phloem tissue, 4 — Libero-ligneous cambium, 5 — Xylem tissue, 6 —
Medullary parenchyma.
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Figure 5. Cross-section through L. punctata rhizome. Congo red—chrsoidine staining, x400. 1 — Epidermis, 2 —
Hypodermis, 3 — Cortical parenchyma, 4 — Reserve substances.

Figure 6. Cross-section through L. punctata rhizome. Congo red—chrysoidine staining, x400. 1 — Cortical
parenchyma, 2 — Endodermis, 3 — Phloem tissue, 4 — Libero-ligneous cambium, 5 — Secondary xylem
vessel, 6 — Libriform tissue.

Structure of aboveground stem

The aboveground stem has four-rib round shape and secondary structure. In cross-
section, from the outside to the inside, the following tissue sequence was found:

The epidermis is made of a single layer of flattened small cells, with thickened
external and internal tangential walls and thin radial walls. Here and there, pluricellular
uniseriate or bicellular tector hairs and glandular hairs are observed.

The angular collenchyma is well represented at the four ribs level.

The cortical parenchyma is from meatus-type with periphloemic sclerenchyma caps
to the inner part.

The conducting tissues are predominantly secondary and organized in two
concentric circles.

The phloem tissue is poorly developed, including sieve tubes, few annex cells and
phloem parenchyma. Medullary rays are pluricellular, uniseriate, cellulosic.

Developed by libero-ligneous cambium, the secondary xylem tissue is well
represented by big caliber secondary xylem vessels arranged in radial rows in the libriform
tissue mass. The primary vessels are few and accompanied by xylem parenchyma.
Medullary rays are pluricellular, uniseriate, lignified. In longitudinal radial section, the xylem
vessels show reticular, curly and spiral thickenings.

Meatus-type medullary parenchyma is well represented into the central part of the
aboveground stem (Figures 7-10).
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Figure 7. Cross-section thrbugh L. ‘rpunctata aboveground stem. Congo red—chrysoidine staining, x40.
Overview.
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Figure 8. Cross-section through L. punctata aboveground stem. Congo red—chrysoidine staining, x400. 1 —

Cortical parenchyma, 2 — Sclerenchyma cap, 3 — Phloem tissue,
4 — Libero-ligneous cambium, 5 — Secondary xylem vessel.
»
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Figure 9. Cross-section through L. punctata aboveground stem. Congo red—chrysoidine staining, x400. 1 —
Primary xylem vessel, 2 — Xylem parenchyma, 3 — Medullary parenchyma.

Figure 10. Longitudinal radial section through L. punctata aboveground stem. Congo red—chrysoidine
staining, x400. 1 — Epidermis, 2 — Bicellular tector hair, 3 — Glandular hair.

Structure of leaf’s limb

In cross-section, the leaf’s limb shows the following histological order:

The upper epidermis is made of a single layer of heterodiametric big cells, with
thickened external and internal tangential walls and thin radial walls. The external walls are
bulged and covered by a thick cuticle. From point to point, anomocytic stomata, bi- and
pluricellular uniseriate tector hairs are found.
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The mesophyll is made of a single layer of palisade tissue to the ventral side and 3—
4 layers of lacunose parenchyma to the dorsal side. The palisade cells are tall, leaving
small intercellular spaces. The lacunose parenchyma cells are small, irregular in shape,
leaving big aeriferous spaces. Into the leaf's mesophyll, collateral libero-ligneous fascicles
are found.

The lower epidermis is made of a single layer of smaller cells compared to the upper
epidermis. The lower epidermal cells have thickened external and internal tangential walls,
and thin radial walls. Here and there, anomocytic stomata, long uniseriated pluricellular
tector hairs and bicellular glandular hairs are exhibited.

The leaf’s limb has bifacial dorsiventral structure from amphistomatic type. Through
the separation of both upper and lower epidermis, anomocytic stomata are found.

In cross-section, the median rib is prominent to the dorsal side. At the ribs’ level, a
central big libero-ligneous conducting fascicle was found. The xylem tissue, located to the
ventral side, is made of xylem vessels arranged in radial rows and separated by cellulosic
medullary rays. The phloem tissue, located to the dorsal side of leaf’s limb, is made of sieve
tubes, annex cells and phloem parenchyma. At this level, the medullary rays are also
cellulosic. At the median rib’s level, the conducting fascicle is seated in a homogenous mass of
fundamental parenchymatic tissue (Figures 11-13).

For L. punctata leaf’s limb, our investigation shows a stomatal index of 21.4-21.8
(Figures 14 and 15).

Figure 11. Cross-section through L. punctata leaf’s limb. Congo red—chrysoidine staining, x400. 1 — Upper
epidermis, 2 — Tector hair, 3 — Palisade parenchyma, 4 — Lacunose parenchyma, 5 — Lower epidermis.

Figure 12. Cross-section through L. punctata leaf's median rib. Congo red—chrysoidine staining, x400. 1 —
Upper epidermis, 2 — Tector hair, 3 — Leaf parenchyma, 4 — Libero-ligneous conducting fascicle.
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Figure 13. Cross-section through L. punctata leaf’'s median rib. Congo red—chrysoidine staining, x400. 1 —
Leaf parenchyma, 2 — Xylem tissue, 3 — Phloem tissue,
4 — Medullary ray.

Figure 14. L. punctata upper epidermis. Congo red—chrysoidine staining, x400.
1 — Anomocytic stomata.

Figure 15. L. punctata lower epidermis. Congo red—chrysoidine staining, x400.
1 — Anomocytic stomata, 2 — Tector hair insertion.
Structure of petiole
In cross-section, the petiole has a half-round shape and the following tissue
sequence from outside to the inside (Figure 16):

Figure 16. Cross-section through L. punctata petiole. Congo red—chrysoidine staining, x100. 1 — Epidermis, 2
— Tector hair, 3 — Glandular hair, 4 — Fundamental parenchyma, 5 — Conducting fascicle.

A single layer of small cells with thickened internal and external tangential walls and
thin radial walls makes the epidermis. At this level, many uniseriated bi- and pluricellular
tector and glandular hairs are found.

Into the homogeneous fundamental meatus-type parenchyma, three libero-ligneous
conducting tissues arranged on an arch are observed: a big one, half-round, centrally
disposed fascicle and other two small fascicles.
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CONCLUSIONS

The histo-anatomical investigation on the vegetative organs of L. punctata species
was accomplished. The root has sinuous round shape and primary structure. The rhizome
shows sinuous round shape and secondary structure due to the libero-ligneous cambium.
The aboveground stem is characterized by four-rib round shape, secondary structure and
periphloemic sclerenchyma caps to the inner part of the cortical parenchyma. The leaf’s
limb has bifacial dorsiventral structure from amphistomatic type. Anomocytic stomata are
found on both upper and lower epidermis. The petiole has a half-round shape and three
libero-ligneous fascicles.
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