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 Abstract. Scopolia carniolica Jacq. is a medicinal species of Solanaceae, harvested from the 
Romanian spontaneous flora for its atropine and scopolamine content. We have analyzed the 
anatomical structure of the vegetative organs (rhizome, root, stem and leaf) and the biometrical 
parameters of the leaf blade (vascular islet, stomatal index and palisade ratio), in order to establish the 
main specific characters and differential elements useful for the correct identification and for avoiding 
the impurification of medicinal products. The characteristic structures for the rhizome and root are the 
secondary ones, mainly with parenchyma elements and lacking in mechanical fibres; the stem has a 
primary becoming secondary structure, bicolateral vascular bundles with cambium in the interior and 
between them and endoderma as starch layer. The sand cells are characteristic for rhizome, root and 
stem structures. On the leaf surface were identified protector multicellular trichomes and specific 
secretory and glandular ones. 
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INTRODUCTION 
 

Scopolia carniolica Jacq., the henbane bell, is a perennial species native to Romanian 
flora. It prefers shaded, humid places and humus soils in beech forests. The plant belongs to 
the Solanaceae family, being known and used for its tropane alkaloid content. The most 
important alkaloids extracted from the plant rhizome are atropine and scopolamine. We have 
previously identified two stations in the spontaneous flora from which the medicinal product 
was harvested (HtefI nescu, 2001). 

Previous anatomical studies concerning the Romanian species were performed in the 
general context of medicinal plants anatomy (Toma, 1998) or in desire to establish the main 
differences between products harvested from this species (leaf, underground parts) and the 
similar harvested from Atropa belladonna L., in order to avoid the impurification of the latest 
(Cucu, 1961). 

Taking into consideration that the medicinal product – Scopoliae rhizoma – was 
widely harvested for industrial purposes from the spontaneous flora and the studies upon the 
Romanian species were reduced, we aimed to perform a thorough study upon it. This paper 
presents the anatomical studies. 
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MATERIALS AND METHODS 

 
The plant material was harvested in May 2001 in SI cuieu (Cluj, Romania) area and in 

June 2006 in Cluj-Napoca area. The plant identification was performed in the Department of 
Pharmaceutical botany of the University of Medicine and Pharmacy Cluj-Napoca. 

We have examined cross-sections through the vegetative organs: rhizome, root, stem 
and leaf (petiole and blade) of Scopolia carniolica Jacq. and superficial sections of the leaf 
blade. The material used was either conserved in 70c ethanolic solution (for the cross-
sections) or fresh (for the superficial sections). 

The preparates analyzed were made by the histological technique, using microtome 
(American Optical) cutting and inclusion in Canada balm or manually cutting and inclusion in 
gelatine-glycerine or water (TI ma=, 1976; Cri=an, 2005). The cross-sections were stained 
using carmine alum - iodide green reagent, Congo red – crysoidin reagent and toluidine blue 
reagent. 

The preparates were studied using an optical microscope Olympus CX31 and 
photographed with an Olympus SP-350 camera. Dried and pressed blade leafs were analyzed 
by electron microscopy (JEOL JSM-5510LV Scanning Electron Microscope). 

The biometrical parameters of the leaf were analyzed on preparates with superficial 
sections of the fresh leaf blade or fragments of entire leaf blade (Moiceanu, 1997). The 
vascular islet and the stomatal index were measured with a projection microscope (Visopan-
Reichert). The palisade ratio was determined using the optical microscope (Olympus CX31). 
 

RESULTS AND DISCUSSIONS 
 
 Rhizome cross-sections showed a secondary structure with strongly developed 
parenchyma elements and lacking in mechanical fibers (Figure 1.a, Figure 1.b). The xylem 
vessels are rare and disposed as rays. The suberous tissue is well developed with 4-5 cell 
layers (Figure 2.a). The main characteristic element is the presence of sand cells in the cortical 
region, as well as in the secondary phloem and xylem (Figure 1.a, Figure 2.b), that are 
characteristic for the Solanaceae (Metcalfe, 1965, TI ma=, 2004). The parenchyma cells 
contain a great quantity of starch grains (Figure 2.b). 
 

  a    b  
 

Figure 1. Cross-section through Scopolia carniolica Jacq. rhizome 
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Figure 2. Details of the cross-section through Scopolia carniolica Jacq. rhizome 
 

The root structure is a typical secondary one (Figure 3), the largest region being the 
secondary xylem. In the external cortical region we emphasized the presence of circular great 
intercellular spaces disposed in circle. 
 The main part in the secondary xylem is occupied by parenchyma elements and the 
vessels are disposed in annual rings. Similar to the rhizome structure, there are no mechanical 
fibers. The sand cells are well represented in all regions. 
 

 
 

Figure 3. Cross-section through Scopolia carniolica Jacq. root 
  

The stem structure is primary, with the beginning of a secondary one (Figure 4.a). The 
cortical area is well developed, with large oval-rounded parenchyma cells and rare sand cells. 
The external part forms a lacunar collenchyma (Figure 4.b). 
  
 

 a     b    c 
 

Figure 4. Cross-section through Scopolia carniolica Jacq. stem 
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 A specific element is the presence of the endoderma which is clearly delimited and 
represents a starch layer (Figure 4.c). The bicolateral vascular bundles are disposed in circle, 
the main element being the xylem. The cambium is present in the interior of the vascular 
bundles, as well as in between them. Some phloem islands are present in the pith region. The 
sand cells are more frequent in the pith area. 

The cross-section through the petiole (Figure 5.a) shows a typical form with 
prominences, the two in the superior part being more developed. Among the epidermal cells 
there are long multicellular trichomes, especially on the superior part, and small secretory 
trichomes. A collenchyma with large intercellular spaces is situated under the epidermis, 
especially in the prominence areas. The great central vascular bundle is formed by rays of 
xylem vessels, phloem and sclerenchyma fibers. There are other small symmetrically vascular 
bundles, the ones in the superior prominences being well developed. The central part of the 
structure is filled with parenchyma cells. 

 

   a    b 
 

Figure 5. Cross-section through Scopolia carniolica Jacq. petiole (a) and leaf blade (b) 
 

The cross section of the leaf blade (Figure 5.b) shows the great prominence 
correspondent to the midrib vein with the great central vascular bundle with similar structure 
to the vascular bundle in the petiole. Under the epidermis is situated a collenchyma with large 
intercellular spaces. The blade has a bifacial structure with two cell layers forming the 
palisade parenchyma in the superior part and several cell layers forming the lacunar 
parenchyma in the inferior part. At the leaf surface, among the epidermal cells there are long 
multicellular trichomes (Figure 6.a) and small secretory ones (Figure 6.b), the latest being 
found especially on the inferior proeminence of the midrib vein. 

 

 a  b 
 

Figure 6. Multicellular trichome (a) and secretory tricome (b) on the surface 
of Scopolia carniolica Jacq. leaf blade  
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 a  b  
 

 c   d 
 

Figure 7. Glandular trichomes (a, b) and stomata (c, d) on the surface 
of Scopolia carniolica Jacq. leaf blade 

 
 Specific glandular trichomes with the gland formed by 7-8 cells and the support of 2-3 
cells (Figure 7.a) were identified on the leaf blade surface. Trichomes with the support formed 
by 5 cells were also identified (Figure 7.b) those being considerate until now to be specific 
only for A. belladonna leaf blade (Cucu, 1961). The epidermis contains anizocythic stomata 
(Figure 7.c), specific for Solanaceae family (TI ma=, 2004). The average stomatal diameter, 
determined at electron microscope (Figure 7.d), is 25.75 µm. 

The biometrical parameters were determined as following: the vascular islet of 6.5 for 
the superior leafs and 4.85 for the inferior ones, the palisade ratio of 5, confirming reference 
data that indicates this parameter as differential diagnose criteria (Wallis, 1967) and the 
stomatal index of 82.33 for the superior leafs and 87.66 for the inferior ones. 
 

CONCLUSIONS 
 

The rhizome and root of Scopolia carniolica Jacq. have specific secondary structures 
with predominant parenchyma elements and lacking in mechanical elements. The xylem 
vessels in the root are disposed in annual rings. 

The stem has a primary structure with the beginning of a secondary one. The vascular 
bundles are bicolateral with phloem islands emerging in the pith area. The endoderma is well 
differentiated, consisting in a starch layer. 

The sand cells are characteristic for the rhizome, root and stem structures. 
On the leaf surface were identified typical secretory trichomes and glandular ones, the 

latest with 2-3 cells support or 5 cells support similar to A. belladonna leaf. Protective 
multicellular trichomes were also identified. 

The determined biometrical parameters for the leaf confirm the reference data 
indicated for the palisade ratio and can be used as criteria of identification for medicinal 
products.  
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REZUMAT 
 

STUDII ANATOMICE ASUPRA ORGANELOR VEGETATIVE 
ALE SPECIEI SCOPOLIA CARNIOLICA JACQ. 

 
 Scopolia carniolica Jacq. este o specie medicinalI  apar5inând familiei Solanaceae, recoltatI  
din flora spontanI  a României pentru con5inutul în atropinI  =i scopolaminI . În lucrare se analizeazI  
structura anatomicI  a organelor vegetative (rizom, rI dI cinI , tulpinI  =i frunzI ) la specia Scopolia 
carniolica Jacq. provenitI  din flora spontanI  a României; de asemenea, sunt determina5i indicii 
biometrici (insuli5a vascularI , indicele stomatic =i ra5ia palisadicI ) pentru frunzI , în scopul stabilirii 
caracterelor specifice =i a elementelor diferen5iale utile în identificarea corectI  =i evitarea 
impurificI rilor pentru produsele vegetale medicinale. Structurile caracteristice pentru rizom =i rI dI cinI  
sunt cele de tip secundar, cu predominan5a elementului parenchimatic =i lipsa fibrelor mecanice; 
tulpina prezintI  o structurI  primarI  cu început de structurI  secundarI , fascicole libero-lemnoase 
bicolaterale, cambiu intra- =i interfascicular =i endoderma bine diferen5iatI  sub formI  de teacI  
amiliferI . Prezen5a celulelor oxalifere cu nisip este caracteristicI  pentru rizom, rI dI cinI  =i tulpinI . La 
suprafa5a frunzei au fost identifica5i peri tectori pluricelulari =i peri secretori sau glandulari 
caracteristici. 


