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Abstract. In this paper, the anatomy of normal and metamorphosed stems
from two species of the Ruscus genus (R. hypoglossum L. and R. aculeatus L.)
were analyzed using light microscopy. The structural characteristics of the
two species were presented, with emphasis on the adaptations they present to
environmental conditions. The normal stem from the species R. hypoglossum
shows a greater amount of sclerenchyma fibers in the central cylinder
compared to R. aculeatus; vascular bundles are more numerous in R. aculeatus,
but smaller, with few elements of sclerenchyma, especially near the phloem.
The metamorphosed stem (phyllocladia) shows a similar structural plan to the
two species, with assimilating tissue under the epidermis and colorless tissue
in the central part. The number of vascular bundles differs, they being more
numerous, arranged in a circle, in R. hypoglossum. The anatomical peculiarities
of the investigated species help us to understand their adaptation to the living
environment, and also can help to identify the species when we only have
fragments of the plant's body.
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Comparative anatomy of the vegetative organs from two species of the genus Ruscus L.

Introduction

The genus Ruscus L. includes 6 currently accepted species, two of which (R. hypoglossum L.
and R. aculeatus L.) are found in the flora of Romania (POWO, 2024) [1]. The representatives
of the genus Ruscus attracted the attention of researchers due to their botanical, medicinal and
ornamental characteristics. Studies by various research teams, starting with plant anatomy
and histology and continuing with investigations into medicinal properties, have revealed
interesting details about this genus.

The anatomical studies carried out by Balica and collaborators [2] in 2005 highlighted the
complex structure of the vegetative organs of R. aculeatus, compared with those obtained from in
vitro cultures. Root analysis demonstrated the presence of a thick, compact cortical parenchyma
and a central cylinder with numerous simple vascular bundles of phloem and xylem. The normal
stem shows chlorenchyma in the external area; in phyllocladia (modified leaf-like stems), the
researchers observed a homogeneous assimilative parenchyma and leptocentric concentric
vascular bundles.

Guvencetal,, in 2011 [3], performed comparative studies on the phyllocladia of five different
species of Ruscus and found a consistent structure among them. Collateral-type vascular bundles
vary in number between species, with R. hypoglossum and R. colchicus having more bundles
than Ruscus aculeatus species.

Phenological studies on the species R. aculeatus have shown that this plant has a low rate
of sexual reproduction. Martinez-Palle and Aronne [4] investigated these issues, suggesting
that the lack of pollinators is the main cause of the decline in fruit set. However, research has
shown that plants can form viable fruit when artificially pollinated, eliminating the possibility
of internal physiological deficiencies.

The genus Ruscus is known for its bioactive compounds, especially steroidal saponins, such
as ruscogenin and neoruscogenin, which are used in the treatment of venous insufficiency, varicose
veins, and hemorrhoids. Chemical and pharmacological studies by Mascullo et al (2016) [5]
have deepened the knowledge of these compounds and their therapeutic applicability.

R. aculeatus has also been investigated for its anti-inflammatory potential. Balica et al. (2013)
[6] demonstrated the beneficial effect of steroid saponins in acute inflammation models in rats,
by inhibiting the activity of prostaglandins.

Another direction of research is related to the conservation of the R. aculeatus species through
in vitro propagation techniques. The studies carried out by Banciu and Aiftimie-Paunescu (2012)
[6] showed that plants can be effectively regenerated in controlled environments, contributing
to the repopulation of affected natural habitats and the conservation of genetic material.

The genus Ruscus is a model of interest to botanists and pharmaceutical and ecological
researchers due to its unique characteristics and wide medical applicability.

In this paper we have carried out a comparative study of the aerial vegetative organs from
two species of the genus Ruscus, with the aim of highlighting the particular features related to
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the adaptations of the species to the living environment, with emphasis on the phyllocladia,
particular structures present in the species of this genus.

Material and Methods

For the histo-anatomical analyses, the plant material, represented by fragments of stems and
phyllocladia of Ruscus aculeatus L. and R. hypoglossum L. were preserved in 70% ethyl alcohol.
Cross sections were performed using a manual microtome and a razor blade. The sections
were stained either with ruthenium red (0.05%) and iodine green [7-8]. Microphotographs
were taken using an Olympus C 330 digital camera (Olympus Corporation, Tokyo, Japan), after
observations with an Olympus BX41 (Olympus Corporation, Tokyo, Japan) research microscope.

Results and discussions

The structure of the normal stem of Ruscus hypoglossum shows quantitative variations
between its base, middle and top, reflecting adaptations of the stem according to position and
function.

At the base of the stem (Figure 1a -d), the cross-section has a rounded, irregular shape. The
epidermis is single-layered, consisting of square, isodiametric cells, with straight side walls and
slightly thickened on the outside. From place to place, the epidermis is interrupted by stomata,
consisting of two guard cells and two subsidiary cells, without suprastomatal chambers,
indicating that the plant developed in a high-humidity environment. Beneath the epidermis,
the cortex is made up of parenchyma cells. The endodermis, the last layer of the cortex, contains
simple cells, with uniformly thin walls. Inside the central cylinder is the pericycle, consisting of
6-8 layers of sclerenchyma cells. The vascular bundles are closed, by collateral type, with phloem
oriented outward and xylem inward, the phloem being surrounded by a sheath of sclerenchyma
cells. Some smaller vascular bundles are completely embedded in the pericycle.

In the middle of the stem (Figure 1 e-h), the section is circular, slightly elongated, with a
single-layered epidermis, consisting of small, square cells, covered by a thick cuticle. Stomata
are rare, with the guard cells at the same level as epidermal cells. The cortex is thinner than
at the base of the stem, contains parenchyma cells (with a role in photosynthesis), those near
the epidermis being smaller, and those near the endodermis being larger and thinner-walled.
The central cylinder contains fewer layers of sclerenchyma than at the base, and the vascular
bundles of closed collateral type are protected by a thick layer of sclerenchyma, which surrounds
the phloem.
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Figure 1 - Cross sections through the mature normal stem of Ruscus hypoglossum - the order
of magnification is mentioned in round brackets: a - d: base of the stem (a -x100, b, d - x400, c
- x200), e - h: middle of the stem (e - x100, f,g - x400, h - x1000), : ctx- cortical parenchyma, ep -
epidermis, ph - phloem, scl - sclerenchyma, st - stomata, ssc - substomatic chamber, vb - vascular
bundle, x1 - xylem

At the top of the stem, the cross-section is circular and elongated, with an extension to one
side. The epidermis is single-layered and covered by a thick cuticle, the epidermal cells being
square shaped. Stomata are rarer than in the lower sections. The cortex consists of rounded
cells, with small air spaces between them; next to the ribs, larger parenchymal cells with thin
walls can be observed. The endoderm marks the boundary of the cortex and the central cylinder,
consists of 2-4 sclerenchyma cells layers. Vascular bundles are similar in structure to those
described at the other levels of the stem; they have an important role in supporting the stem.

Figure 2 - Cross sections through the mature normal stem of Ruscus hypoglossum - the order
of magnification is mentioned in round brackets: a - c: top of the stem of the stem (a -x200, b, c-
x400), : ctx- cortical parenchyma, scl - sclerenchyma, st - stomata, vb - vascular bundle.

The structure of the metamorphosed stem in Ruscus hypoglossum shows several distinct
features that differentiate it from ordinary stems (Figure 3). The shape of the cross section is
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similar to that of a normal leaf, corresponding to the morphological appearance of the phyllocladia.
The epidermis consists of small square cells with straight side walls and slightly thickened upper
ones, covered with a thin cuticle. Both the upper and lower epidermis has a similar structure, and
the stomata are few and are located at the same level as the epidermal cells.

Beneath the epidermis an assimilatory tissue can be observed; it consists of cells small and
circular towards the center of the section and rectangular or elongated tangentially towards the
edges and veins. Between the upper and lower assimilatory tissues is the lacunar parenchyma,
consisting of colorless large cells arranged in 2-3 layers, interrupted by veins.

The central cylinder consists of 3-4 layers of sclerenchyma cells and fundamental parenchyma
in its center. The sclerenchyma cells are small, thick-walled and circular, while those in the
underlying parenchyma are larger, thin-walled. The central cylinder contains 3-4 large and 2-3
small vascular bundles, of the collateral type, with phloem facing the center of the central cylinder.

In the mesophyll, vascular bundles are found that form the parallel veins, each surrounded by
a parenchymatous sheath. This sheath is made up of small cells, lacking chloroplasts, and has a
role similar to the endoderm. The conducting fascicles inside the sheath are of the collateral type.

This structure reflects the morphological and functional adaptations of the metamorphosed
stem, contributing to the conduction of sap, as well as to the process of photosynthesis.

Figure 3 - Cross sections through the metamorphosed stem of Ruscus hypoglossum - the order of
magnification is mentioned in round brackets: a - overall image (x100), b - detail from the central
area with vascular tissues (x200), c, d - details from the area lateral (x400): asm. p - assimilatory
parenchyma, cll. p - colorless parenchyma, ctx- cortical parenchyma, scl - sclerenchyma, vb -
vascular bundle.
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In the normal stem of Ruscus aculeatus, observations were made in three distinct sections:
base, middle and tip, emphasizing the anatomical differences of each area.

At the base of the stem (Figure 4 a-d), the section is circular, with irregular ridges on the
outline. The epidermis is unilayered (consisting of a single layer of square cells), tightly joined
together, with thin side walls and thickened upper/lower ones. This epidermis is covered by a
thick cuticle. The cortex, immediately below the epidermis, consists of 3-4 layers of assimilatory
tissue. Below itis the cortical parenchyma, consisting of large, thin-walled cells. The fundamental
parenchyma from central cylinder, in which vascular bundles are dispersed, consists of large,
round cells, with slightly thickened and lignified walls, especially in the external area, with
spaces between them (meats). Compared to Ruscus hypoglossum, in Ruscus aculeatus there
are more vascular bundles, but also more sclerenchyma. The xylem vessels are smaller in size,
similar to those of the phloem.

v 2 B

Figure 4 - Cross sections through the mature normal stem of Ruscus aculeatus - the
order of magnification is mentioned in round brackets: a - d: base of the stem (a-x100, b, c
-x200, d - x400), e - h: middle of the stem (e - x100, f-h - x400), : ctx- cortical parenchyma,
ep - epidermis, ph - phloem, scl - sclerenchyma, vb - vascular bundle, xI - xylem.

In the middle of the stem (Figure 4 e-h), the epidermis is still unilayered, with small and
square cells, covered by a thick cuticle. Under the epidermis, there are 2-3 layers of assimilatory
tissue, with cells containing chloroplasts. The rest of the cortex is made up of large, thin-
walled cortical parenchyma cells. Fundamental parenchyma has large cells, between which are
observed closed collateral conducting bundles, formed by xylem and phloem. The parenchyma
cells are slightly sclerified in the external area. The more developed vascular bundles, located
deep in the central cylinder, have phloem protected by few sclerenchyma fibers.

At the top of the stem (Figure 5), the epidermis is similar, being thin, single-layered, with
small, equal cells, covered by a thick cuticle. The cortex consists of external parenchyma, with
smaller, rounded cells near the epidermis, but the rest of the cells are large, thin-walled. In
the central cylinder there are numerous closed collateral vascular bundles. The fundamental
parenchyma has large, thin-walled cells. In the thickness of the pericycle, conductive bundles
are observed in formation, in which the phloem is more developed than the xylem.
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Figure 5 - Cross sections through the mature normal stem of Ruscus aculeatus - the order of
magnification is mentioned in round brackets: a - c: top of the stem of the stem (a -x200, b, c-
x400): ctx- cortical parenchyma, ep - epidermis, vb - vascular bundle.

The structure of the metamorphosed stem in R. aculeatus (Figure 6): the epidermis is single-
layered, the epidermal cells are square shaped, approximately equal in size, with thin side walls
and the upper ones covered with a thick layer of cuticle. A few stomata can be observed on both
the upper and lower epidermis which cannot be differentiated.

The mesophyll is made up of 4 - 5 layers of assimilating parenchyma cells, with an irregular
shape, predominantly circular, slightly larger in size compared to the epidermal cells and
with meats between them. Layers of similar cells can be observed under both epidermises,
constituting another factor that does not allow their differentiation.

Between the assimilatory tissues, there is the lacunar parenchyma made up of similarly sized
and thin-walled, colorless cells.

Figure 6 - Cross sections through the metamorphosed stem of Ruscus aculeatus - the
order of magnification is mentioned in round brackets: a - overall image of the central
area (x200), b - overall image of the lateral area (x200), c - details from the lateral area
(x400): asm. p - assimilatory parenchyma, cll. p - colorless parenchyma, ep - epidermis,
vb - vascular bundle.

Veins are represented by conducting bundles of closed collateral type, surrounded by a
relatively fascicular sheath, consisting of 3-4 layers of parenchymal cells closely united with
each other, with the role of support and protection. At the level of the vascular bundles, both the
phloem vessels arranged towards the lower epidermis and the xylem vessels, directed towards
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the upper one, are well developed. Our observations differ from those of Balica et al., 2005 [2],
who described vascular bundles of leptocentric type at this level.

Being found in areas with limited nutritional and water resources (atleast part of the growing
season), species of the genus Ruscus exhibit several anatomical adaptations in their stems that
help them thrive in their specific environments. One of the most notable adaptations in Ruscus
species is the presence of cladodes. Cladodes are flattened, leaf-like structures that are actually
modified stems. In Ruscuss species, the leaves on the stem are reduced to small, scalelike, and
membranous structures due to the transformation of the stem into photosynthetic cladodes
[3]. Since they have reduced or absent true leaves, the cladodes take over the function of
photosynthesis [9-10]. This adaptation reduces water loss and makes the plant more efficient
in arid environments. The flat structure also maximizes the surface area for light absorption
while minimizing water loss, which is crucial in dry and shaded habitats [11-12].

The normal and metamorphosed stems (cladodes) of Ruscus species are covered with a thick
cuticle, an important adaptation to prevent water loss. A cuticle is a waxy layer that acts as a
barrier against desiccation, helping the plant conserves moisture in environments where water
is scarce [13-14].

Stomata are often reduced in density or absent on the stem surfaces of Ruscus species. This
reduction is another way the plant conserves water, as fewer stomata mean less opportunity for
water vapor to escape, a vital adaptation for surviving in dry conditions [9-14].

The sclerenchyma presents in the stems of analyzed Ruscus species, particularly around the
vascular bundles (xylem and phloem), provide mechanical support and protect the vascular
tissues. This adaptation ensures structural stability and enhances the plant's ability to transport
water and nutrients efficiently, even under conditions of water stress (Raven et al., 2005).

At the same time, the vascular bundles in Ruscus species are adapted to efficiently transport
water and nutrients in environments with irregular water availability. The presence of well-
differentiated xylem (water-conducting tissue) and phloem (nutrient-conducting tissue) ensures
that the plant can survive periods of drought and recover when water becomes available [15].

Many Ruscus species have a compact and bushy growth habit. This minimizes the surface
area exposed to the sun and wind, further reducing water loss through evaporation [13]. The
dense arrangement of stems and cladodes also helps the plant capture and retain moisture,
essential in drier environments.

Conclusions

This study examines the anatomy of normal and metamorphosed stems (phyllocladia)
in Ruscus hypoglossum and Ruscus aculeatus using light microscopy, focusing on structural
adaptations to environmental conditions. In R. hypoglossum, the central cylinder contains more
sclerenchyma fibers compared to R. aculeatus, which has more, but smaller, vascular bundles
with fewer sclerenchyma elements. The metamorphosed stems of both species share a similar
structure, with assimilating tissue beneath the epidermis and colorless tissue in the central
part. However, R. hypoglossum has fewer, larger cells in the central tissue, while R. aculeatus
has more, but smaller, cells. R. hypoglossum also has more vascular bundles (3-4 large and 2-3
small), arranged in a circle and surrounded by a common sclerenchyma sheath.

In both species, the true leaves are reduced to small, scalelike structures, while the
photosynthetic function is taken over by cladodes. These adaptations minimize water loss and
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maximize light absorption, making Ruscus species highly efficient in dry, shaded habitats. The
anatomical features discussed provide insight into their environmental adaptations and could
help in species identification from plant fragments.
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K. Tumyk, H. locTun
A.H. Ky3a ambiHdarbl Acca yHusepcumemi, fccol, PymbiHus

Ruscus L eki TYKbIM/JaCbIHBIH, BereTaTUBTI MyLIeJ/iepAiH, CaJbICThIPMaJibl aHATOMMSACHI

Anpgatna. Byn kymbicta Ruscus TykbiMzaceiHblH eki TypiHiH (R hypoglossum L. oHe
R. aculeatus L.) KanbInThbl >koHe MeTaMop¢do3Fa ylIblpaFaH cabGaKTapblHbIH aHATOMMSCHI KapblK
MUKPOCKOIUACBIHBIH, KeMeriMeH TaiajaHzabl. Eki TypAiH KypbUIBIMIBIK CHUNATTaMaJjaphbl,
oJIapAbIH, KOpIIaFaH opTa »afFdailiapbiHa 6eliMjesyiHe 6aca Haszap aygapbuiabl. R. hypoglossum
TYpiHEeH KaJbllTbl cabafblH R aculeatus-neH cajbICTBIpFaHZA OPTaJbIK LUJIAHApPAET]
CKJIepeHXMMa TaJ/IlIbIKTapbIHbIH, KOl MeJillepiH KepceTeAi; TaMblp LIOFbIpaapel R. aculeatus-
Ja Kel, bipak Killipek, CKJiepeHXMMa 3JieMeHTTepi acipece ¢siosMma kaHbIHAA a3. MeTamopdosra
ylibIparaH e3ek (wiokjaazya) eki Typre ykcac KypbUIBIMABIK KOCHap/bl KepceTexi, 3Mu-
JepMHUC acTblHJAA acCUMWISLHUSJIBIK YJNa >X9He OpTaiblK Oesiringe Tycci3 yiama 6ap. Kan
TaMbIpJIapbIHbIH, WIOFBIPJApbIHbIH, CaHbl dPTYpJi, oOJlap Kemn, IlleHO0ep TYpiHAe OpHa/lIacKaH,
R.hypoglossum.3epTTeneTiH TYp/epAiH aHaTOMUSJIbIK epeKlIeniKTepionap by Tipllisik eTy opTacbiHa
GelliMJiennyiH TYyciHyre KeMeKTece[i, COHbIMeH KaTap 6i3/le Tek eciMAik JeHeciHiH ¢parmeHTTepi
6oJiFaH Ke3/ie TYpAi aHbIKTayFa KeMeKTece/i.

Tyuinai cesaep: R. hypoglossum, R. aculeatus, e3ek, GUIIOKJIa A, aHATOMHUS.

K. Tumyk, U.H. TocTun
Acckuli yHusepcumem umeHu A. H. Ky3a, Accwbt, PymbiHus

CpaBHUTe/IbHAsl aHATOMUS BereTaTUBHBIX OPraHoOB JABYX BU/I0B paCTEHUHU poja
Ruscus L.

AHHOTanusAa. B jaHHOH paGoTe MeToAaMH CBETOBOM MHMKPOCKONMH MPOaHAJU3UpPOBaHA
AHAaTOMHSI HOPMAJbHBIX W MeTaMOpPpU3UPOBAHHBIX CTeGJeld JABYX BHJI0OB paCTeHUU Poja
Ruscus (R. hypoglossum L. u R. aculeatus L.). llpefcTaB/ieHbl UX CTPYKTypHble XapaKTePUCTUKU
C y4yeTOM HWX aJanTalldd K YCJOBUSAM OKpyKawined cpeabl. [lokazaHo, 4YTO pacTeHHs
R. hypoglossum uMeroT GoJiblliee KOJIMYECTBO BOJIOKOH CKJIEPEHXHMMBI B IEHTPAJbHOM IWIMH/pE MO
cpaBHeHMUIO C R. Aculeatus. OJHaKO COCYyIUCThIE MY4YKH y pacTeHus R. aculeatus 60/1ee MHOTOYHCJIEHHbIE
U GoJsiee MeJIKME, C HeOOJIbIIMM KOJHWYECTBOM 3JIEMEHTOB CKJIEPEHXHMbI, OCOOGEHHO BOJIH3U
¢dJs103Mbl. MeTaMopdr30BaHHBIN cTebenb (QUIIOKIAAMSA) UMEET Y 000UX BHJIOB PACTEHUH CXO0XK U
XapaKTepHU3yeTcs aCCUMUINPYIOL e TKAaHbIO N0, 3NMUAEPMUCOM U 6eCIBETHON TKAHBIO B LIEeHTPATbHOU
yacTu. YUC/I0 cOCyUCThIX My4YKOB pasiudaeTtcsd, y R. hypoglossum oHU 60jiee MHOTOYHCJEHHBI U
pacrnosioxkeHbl 1Mo Kpyry. Takum o6pa3oM, aHaTOMUYECKHe OCOOGEHHOCTH HCCJIe/[OBAaHHBIX BHU/IOB
[OMOTAIOT HAaM MOHSTh MeXaHW3Mbl UX aJlaliTAlMI0 K cpeJle OOMTaHUs, A TaKKe MOTYT MOMO4Yb B
UJIeHTUPHKAIIMY BU/IA 110 OT/IeJIbHBIM GparMeHTaM pacTeHus.

KniwueBsle cioBa: R. hypoglossum, R. aculeatus, cre6eb, pUIIOKIa 1S, AHATOMUS.
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