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Abstract  

Ruscus aculeatus L. is an endangered plant species with medicinal and ornamental value, protec-
ted under the Habitat Directive. Micropropagation opens new directions for its ex situ conservation, as 
well as to generate large scale material for natural population reinforcement or for commercial 
purposes. In this respect we have established a long term in vitro culture to preserve ex situ its valuable 
germplasm and, as well as potential resource of plant material.  To optimize the multiplication of the 
preserved material, various formulation of basal MS (Murashige and Skoog) culture medium were 
tested. From all tested combinations, a content of 5.37 µM NAA auxin (1-aphthylacetic acid) with 22.20 

µM cytokinin BAP (6-benzylaminopurine) gave the best rate of shoot regeneration. The efficiency of the 
multiplication rate reached an average of 24 shoots per explants and culturing a single explant could 
produce more than 240 000 of shoots following 3 subcultures, within only 24 weeks. 
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1. Introduction 

Ruscus aculeatus L. (Butcher’s broom) is a perennial evergreen sub-shrub from 
Ruscaceae sensu stricto family (KIM et al., 2010 [1]).  Originating from Mediterranean 
region, the species is spread in western and southern Europe where vegetates through forests, 
meadows and open rocky places. 

Currently, the species is endangered by population reductions due to habitat alteration, 
the lack of seed production caused by pollination failure (MARTINEZ-PALLÉ and 
ARONNE, 2000 [2]) and also because of the intense harvesting for medicinal uses or for 
floral bouquets. At European level it is protected under the Habitat Directive, being included 
in the Annex V (Habitat Directive [3]).  

There are a number of studies related to the medicinal properties of this plant, due to the 
synthesis of secondary metabolic compounds, including some bioactive saponins like 
ruscogenin and neoruscogenin (GÜVENÇ et al., 2007 [4]; MARI et al., 2012 [5]). In modern 
herbalism Butcher's broom is used mainly due to its positive effect upon varicose veins and 
hemorrhoids (CHEVALLIER, 2001 [6]).   
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Apart from its medicinal value the species is widely planted in gardens and parks because 
is very decorative due to its evergreen glossy lance-shaped cladophylls bearing bright- red 
berries in autumn and winter.  

Taking into account the species uses to meet the demand for good quality raw material 
but also, species rarity and the decrease of wild populations, we have previously developed a 
suitable protocol for in vitro regeneration, multiplication and preservation of this species 
(BANCIU and BREZEANU, 2008 [7]; BANCIU and AIFTIMIE-PAUNESCU, 2012 [8]). 
The regenerative lines could be preserved through in vitro collection but the amount of the 
preserved material is limited. In this respect is of particular interest to obtain high 
multiplication rate of the preserved material. This study reports an efficient and reproducible 
protocol to optimize the multiplication of the preserved vitroplants in order to generate 
sufficient amounts of good quality plant material. 
 
2. Materials and methods 

Multiplication experiments were conducted on samples of stock plants maintained in 
long term cultures (over 7 years) within Institute of Biology Bucharest (IBB) in vitro 
collections. The explants (hypertrophied rhizome fragments bearing shoot primordial - Figure 
2a) were cultured on different formulations of multiplication medium. All multiplication 
media used were based on Murashige and Skoog (MS) salts (MURASHIGE and SKOOG, 
1962 [9]) containing 3% (w/v) sucrose. The media were further supplemented with various 
concentrations and combinations of growth regulators namely 6-benzylaminopurine (BAP), 
Kinetin (Kn), 1-naphthylacetic acid (NAA) and 2,4-Dichlorophenoxyacetic acid (2,4D), as 
shown in Table 1. The medium was solidified with 0.8% (w/v) agar after the pH was adjusted 
to 5.8, autoclaved at 1210C for 20 minutes at 15 psi, and finally dispersed into culture vessels 
of 200 mL capacity at 60 mL per vessel. Cultures were maintained at 22 + 2 0C under a 16/8 
hours light/dark photoperiod at 3000 lux light intensity. The number of shoots per explants, 
obtained at the end of the multiplication stage is referred to as the rate of shoot multiplication. 

 
 

Table 1 – Growth regulators content of multiplication media 
 

Media 
variants 

Growth regulator concentration µM 
2.4D NAA Kn BAP 

M1 2.26 - 4.64 - 
M2 - 10.74 - - 
M3 0.45 - - 4.44 
M4 0.22  - 2.22 
M5 - 0.26 - 22.2 
M6  0.53  4.44 
M7 - 5.37 - 22.2 

 
 

Histological observations were made on samples prepared by standard sectioning 
method using a hand microtome (RUZIN, 1999 [10]). The sections through the proliferating 
tissues (of about 25-30µm), were stained with a solution 1% (w/v) safranin, dehydrated at 
room temperature in graded ethanol series (5 to 100 %),  cleared with xylene and finally 
mounted in synthetic resin (Entallan) and analyzed under a Nikon Eclipse E200 microscope. 
The micrographs were recorded with a Nikon Coolpix 5400 digital camera and the 
photographs with a Panasonic Lumix DMC-FZ38 digital camera, respectively.  
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3. Results and discussion 
The explants originating from long-term cultures show different responses under various 

formulated multiplication media.  The percentage of responsive explants differed in a wide 
range (from 1 to 90) as shown in Figure 1. The best rate of responsive explants and shoot 
multiplication was achieved on medium M7 (supplemented with 22.2 µM BAP and 5.37 µM 
NAA) within 8 weeks after inoculation, with an average of 24.2 shoots/explant (Figure 2c). 
Good results were obtained also onto M5 medium where the average of shoot multiplication 
was 16.2 shoots/explant and onto M6 variant with an average of 9.1 shoots/explants. Low rate 
of shoot multiplication were registered onto M3 medium (4.3 shoots/explant), M2 (3.2 
shoots/explant) and M4 (1.3 shoots/explant).  The most undesirable morphogenetic response, 
for our purpose, was obtained onto M1 medium where 60% of explants generated a non-
organogenic callus.  
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Figure 1. Explant response to different formulations of multiplication media 

(Data correspond to mean + SD with no significant differences at p=0.05) 
 
 

According to our previous studies (BANCIU and BREZEANU, 2008 [7]; BANCIU and 
AIFTIMIE-PAUNESCU, 2012 [8]) an efficient shoot regeneration from primary rhizome 
explants could be achieved onto media supplemented with BAP and NAA with the balance 
favouring the cytokinins. Current results shows also a highly stimulative effect of BAP onto 
shoot multiplication from explants derived from long term cultures (Figure 2a-c). Histological 
investigation shows that newly developed shoot have two different origins: onto the 
hypertrophied rhizome and also onto the axillary meristems of the shoots. Upon rhizome 
tissues BAP shows a stimulative effect for cortical parechymatous cells and also for cambial 
cells. Some cortical cells which are organogenic competent, dedifferentiate in actively 
dividing cells (meristemoids - Figure 2d) and evolves in buds of cortical origin which emerge 
onto rhizome surface (Figure 2e) and regenerate shoots. Moreover, BAP stimulate the 
existing meristematic tissue of the rhizome (cambial tissue) from which differentiate clusters 
of buds (Figure 2f) that emerge onto the rhizome surface (Figure 2g) and further regenerate 
clusters of shoots.  
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Figure  2 – Multiplication stages in Ruscus aculeatus onto M7 medium – a - initial explants, b - 3 weeks after 
inoculation , c – multiplicated shoots 8 weeks after inoculation,  d - meristemoids in cortical parenchyma,  e – 
emerging bud of cortical origin,  f – multiple bud primordia of cambial origin,  g – emerging bud of cambial 

origin (Bar scale: a,b,c – 1cm; e,f,g - 250µm; d - 50µm) 
 

The main difference between these two types of rhizome buds is that those of cambial 
origin show vascular connections with maternal tissues while the cortical buds do not.  To 
these de novo regenerated buds, add the pre-existing dormant buds which are also stimulated 
by BAP to grow and to regenerate shoots. Another important morphogenetic pathway is that 
which occurs at shoot axillary meristems level, that are stimulated to multiply and to develop 
multiple axillary buds and subsequent shoots.  As a result the initial explants could generate 
multiple clusters of shoots of different origin. 
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Although there are some reports about the beneficial effects of auxin 2,4D upon shoot 
regeneration in R. aculeatus (MOYANO et al., 2006 11]; IVANOVA et al., 2008 [12]) our 
results show a low efficiency of this auxin in combination with both kinetin and BAP. A 
possible explanation could be the explants source which is different, in our study the explants 
are from long term cultures and seem to respond different from the primary explants 
originating from wild plants. 

We can conclude that for long term preserved shoots of R.aculeatus the best choice for 
shoot multiplication is cultivation onto an MS basal medium supplemented with 22.20 µM 
BAP and 5.37 µM NAA. Under the stimulative effect of this combination of growth regula-
tors multiple organogenetic pathways occur and result in a high rate of shoot regeneration.  
With an efficiency of multiplication of 24 shoots per explants, culturing a single explant could 
produce more than 240000 of shoots following 3 subcultures within only 24 weeks. The 
calculation was made on the basis of 15% losses of the obtained shoots per subculture. 
 
4. Acknowledgments  

This study was supported by the research grant RO1567 -IBB06/2014 funded by 
Romanian Academy and also by Program Partnerships in Priority Domains – PN II developed 
with the support of MEN-UEFISCDI,  Project no.273/214. 
 
References 

(1) J.H. KIM, D.K. KIM, F. FOREST, M.F. FAY, W.M. CHASE, Molecular phylogenetics of 
Ruscaceae sensu lato and related families (Asparagales) based on plastid and nuclear DNA 
sequences. Annals of Botany, 106,  775,790 (2010). 

(2) E. MARTINEZ-PALLÉ, G. ARONNE, Pollination failure in mediterranean Ruscus aculeatus L. 
Botanical Journal of Linnean Society, 134, 443,452 (2000). 

(3) Habitat Directive - http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/ - accessed on 1.07.2014 
(4) A. GÜVENÇ, E. ŞATIR, M. COŞKUN, Determination of Ruscogenin in Turkish Ruscus L. Species 

by UPLC. Cromatographia, 66 (1), pp 141,145 (2007). 
(5) A. MARI, A. NAPOLITANO, A. PERRONE, C. PIZZA, S. PIACENTE, An analytical approach to 

profile steroidal saponins in food supplements: The case of Ruscus aculeatus. Food Chemistry, 
134(1), 461,468 (2012). 

(6) A. CHEVALLIER, The encyclopedia of medicinal plants. Dorling Kindersley Publishing, London, 
England, 2001, 336 pp. 

(7) C. BANCIU, A. BREZEANU, The regenerative in vitro potential of explants from somatic tissues 
with different origin in Ruscus aculeatus L., In: CACHIŢĂ-COSMA D. (Ed.) Vegetal 
Biotechnologies for XXI century, Ed. Risoprint, Cluj-Napoca, 2008, pp.62,68.  [In Romanian]. 

(8) C. BANCIU, A. AIFTIMIE-PAUNESCU, In vitro propagation of rare species Ruscus aculeatus L., 
and histological peculiarities of the regenerants. Annals of Oradea University, Biology Fascicola, 
19(1), 67,73(2012). 

(9) T. MURASHIGE, F. SKOOG, A revised medium for rapid growth and bioassays with tobacco 
tissue cultures. Physiologia Plantarum, 15, 473,497(1962). 

(10) S.E. RUZIN, Plant microtechnique and microscopy. Oxford University Press, New York USA, 
1999, 322 pp. 

(11) E. MOYANO, M. MONTERO, M. BONFILL, R.M. CUSIDO, J. PALAZON, M. PINOL, In vitro 
Micropropagation of Ruscus aculeatus. Biologia Plantarum, 50(3), 441,443(2006). 

(12) T. IVANOVA, C. GUSSEV, Y. BOSSEVA,  M. STANILOVA, T. STOEVA In vitro regeneration 
of Ruscus aculeatus L – effective micropropagation by shoot cultures. Propagation of Ornamental 
Plants, 8(1), 39, 41 (2008). 

 


