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Abstract  

It is known that in plant life anthocyanins play important biological role in attracting polinating 
insects towards flowers having red, purple or blue colored petals or sepals and also towards the epicarp 
of some fruit. The animals that feed on these fruits help disseminate the plant species whose pericarp has 
such features. 

However, less known is the influence of anthocyanins on the plant organism at the endocellular, 
tissue or organ level. Our cytological studies on wild Sedum telephium ssp. maximum L. showed that 
some of the epidermal cells from stems or leaves of this species that have been stung by insects such as 
Hyalopterus pruni and Mysus cerasi, are generating a small ellipsoidal outgrowth of about 0.5 – 1mm in 
lenght at the spot of the sting. This progressively turns red-scarlet and it gets surrounded by a circular 
double layered ring of cells intensely red colored. Such coloration is due to the anthocyanins that 
accumulate in vacuoles of cells from the injured tissues. 

In the area where the insects (aphids) stung, under the action of their saliva, lysis of the wall of the 
epidermal, of the external bark cells or of the mesophyll cells occurs. This leads to the loss of the 
endocellular content whereas the cells from their close proximity show dense corpuscular deposits. On 
the semi-thin sections treated with „epoxy tissue stain” these deposits gain a dark purple coloration. 

The presence of anthocyanin rich cells in the areas of Sedum telephium ssp. maximum L. stems and 
leaves stung by aphids could be considered as a „barrier” type reaction with anti-stress effect on the 
affected tissues.  This could prevent or limit the toxic action of the insect saliva, following their feeding 
on the sap of such plants.. 
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1. Introduction 
Secondary metabolites synthesised by plants play various roles both in their lives and in 

regards to their effect in regulating plant reaction towards other organisms present in the 
rizosphere or in ecosystem. They influence not only the nature, composition and density of 
the „partners” existing in a certain area, thus increasing the effectiveness of plant fight against 
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phytopathogens, but also, in some cases, the secondary metabolites can facilitate the 
symbiosis with taxonomically diverse species. 

The biosynthetic process of secondary metabolites is coded in the genome of every cell. 
This process is expressed when the cells from the tissues of organs that carry out such 
biosynthesis became differentiated enough to be able to perform and sustain the physiological 
and biochemical processes involved in this type of syntheses.  

Plants which synthesise and accumulate in their cells - sometimes only in certain organs 
or tissues- secondary metabolites (of many more types when compared with other living 
organisms), are using these compounds in the process of adaptation to the environment for 
survival. As plants are not able to move from an inappropriate environment into an optimal 
one, the secondary metabolites are attracting the insects that are making pollination, help in 
seed dispersal, etc. 

Secondary metabolites often play a role in increasing plant disease resistance. Sepúlveda-
Jiménez et al. (2004) found that the infiltration of sugar beet leaves with pathogens such as 
Pseudomonas syringae pv. tabaci or Agrobacterium tumefaciens stimulates betacyanins 
synthesis in the affected cells [1]. These are purple-red colored secondary metabolic by-
products. The same authors have also identified the presence of such pigments on the edge of 
injured beet foliar tissues [2]. According to Boo et al. (2010) the synthesis of secondary 
metabolite such as beta-alanine can be influenced by several factors: light, temperature, 
nutrients or growth regulators [3]. Furthermore, Simon (1997) specified that in the organs of 
many mature or old plants, the vacuolar content of some cells turns red due to the 
accumulation of anthocyanin pigments [4]. 

The color of anthocyanins depends on the pH of the vacuolar content. Their color can 
change from red (acid pH) to purple (neutral pH) or blue (basic pH). 

Secondary metabolites have various effects, affecting not only the producing plants but 
also other living organisms. Most of them are also used as phytotherapeutic compounds, 
fragrances, flavors or as insecticides, herbicides to mention a few. Natural pigments have 
antioxidant effects. For example anthocyanins or bethacyanins can be used in medicine as 
phytopharmaceutical antioxidant compounds or they can even be used as food dyes. Since 
1967, Combier mentioned the presence of leuchoanthocyanins and flavonoids in the cells of 
Crassulaceae plants [5]. 

Ardelean et al. (2012) studied the influence of growth regulators on different types of 
explants taken from Sedum telephium ssp. maximum L. vitrocultures and innoculated on sterile 
culture media. It was found that a red-raspberry color was present in the cells of the vitroleaflets, 
stems and even on the tip of the roots (in meristem and in calyptral cells) [6]. Such coloration was 
attributed to the presence of anthocyanins in the vacuolar content of those cells. 

It is interesting that these anthocyanin pigments are not present in the rhizodermis cells, in the 
root elongation zone or in root hairs and are also missing from the stomata cells of aerial organs.  
These pigments accumulate only in some epidermal cells or in some of the cells from the first 
layers of the foliar mesophyll or in stem bark. Such a differential reaction process of the cells 
belonging to the same tissue is a phenomenon that cannot yet be explained. 

In the case of plant vitrocultures, the type and concentration of growth regulators or of 
sucrose as well as the environmental factors in the growth chamber can influence anthocyanin 
synthesis in the vitro-cultivated cells. Such synthesis can also occur in cells from suspension 
cultures if they posses the required genetic information. 

It is also interesting that Sedum telephium ssp. maximum L plants septically grown in soil do 
not exhibit this phenomenon as long as they are juvenile. As wild Sedum telephium ssp. maximum 
L. plants growing in the natural environment are exposed to stress factors such as direct solar 
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light, the epidermis of organs exposed to air (stems and leaves) turns red in time. It was 
surprising, that by studying Sedum telephium ssp. maximum L. plants growing naturally, we 
noticed the presence on their stems and leaves of some ovoid epidermal formations resembling 
lenticels (Pl.I, Fig. 1-4). These formations initially appear as outgrowths (Pl. I, Fig. 1-3) and 
afterwards, a „dismantling” of the cells in their central region was observed [7]. 

What caught our attention was that most of the epidermis of the stems and leaves was not red 
colored, but at a short distance from these formations, under the stereo-microscope, the presence of 
a mono or a bi-cellular ring with anthocyanins colored vacuoles was observed (Pl. I, Fig. 3). This 
seemed as if they constituted a „barrier” delimitating this zone from the rest of the epidermis cells. 

These observations determined us to further extend our studies of this species by performing 
macroscopical as well as optical and transmission electron microscopy investigations, in order to 
identify endocellular modifications in the cells containing such pigmentation in their vacuolar 
content, compared with the neighbouring cells having colorless vacuoles.  

 
Plate I, Fig. 1-4. The aspect of outgrowth formations on the stems of the wild Sedum telephium ssp. maximum 

L. plants from the natural environment. Fig.1. macroscopic aspects of: a – green stem; b – red-raspberry colored 
stem with lenticular type formations. Fig.2. microscopic aspect (ob. 20x) of fresh, unprocessed stem epidermis 
showing cells with different intensities of the red-raspberry coloration or colorless. Fig.3. still green stem area 

with cells without anthocyanins showing outgrowth formations surrounded by a ring of cells with anthocyanins 
(ob. 10x). Fig.4. detail (ob. 40x) of such outgrowths. Abbreviations: igr – incipient outgrowth, gr – firm 

outgrowth, cra – cell ring with anthocyanins, ep- epidermis. 
. 

2. Materials and methods 
The examination of the hystological and cytological structures of wild Sedum telephium 

ssp. maximum L. adult plants stems and leaves was done using both optical and electron 
(transmission) microscopy.  
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The preparations for microscopy were made either from fresh tissue samples (collected 
from the surface of organs using a blade) that were examined in a drop of water or fixed and 
processed as semi or ultra-thin sections stained with „Epoxy tissue stain”.  

Sample processing was done according to literature methods [8, 9] as outlined below.  
Tissue samples were fixed in 2.7% glutaraldehyde, for one hour, followed by post 

fixation in 2% osmic acid. The samples were then dehydrated by immersing in baths with 
increased acetone concentrations. After dehydration, the plant samples were embedded in 
Epone 812. The sections in the Epone blocks were made using a Leica UC6 microtome, the 
staining and contrastation was done with lead citrate and uranil acetate solutions. The 
preparations were examined using transmission electron microscopy Tecnai 12. Biotwin, 
images were acquired with a Mega View 3 Later digital camera and processed using Corel 
Phot Paint 12 software. 

In case of fresh preparations studied under optical microscope, on some of them we 
gradually added 1N NaOH solution to capture the color change of the anthocyanins from the 
vacuolar content (Pl. II, Fig. 1 and 3). The color initially changed from raspberry-red to blue 
and at the end the anthocyanins were completely discollored and the epidermis structure was 
much clearer (Pl, II, Fig. 4). 

The most representative macroscopic or microscopic images were photographed and 
some of them presented in plates I – VI. 

 
3. Miscanthus Results and discussions 

The images in plates I and IV suggest that at the caulinar and foliar epidermis level of 
Sedum telephium ssp. maximum L. are present a type of cellular formations that could be 
„glandular” structures and not lenticels.  

Longer and careful examination of Sedum telephium ssp. maximum L. plants led us to 
understand what generates these structures. Thus, we observed the presence of small insects 
in the younger part of the wild plants and especially in the branching zone of inflorescences 
(Pl. V, Fig. 4). These insects were injuring the surface of plant stems and leaves. In the case 
of vitro cultures, such phenomenon was not observed. 

Plates III and IV, show the aspect of epidermis on the surface of Sedum telephium ssp. 
maximum L. stem seen under the stereo magnifier. It can be observed that the epidermis 
contains more or less intense red colored cells due to the presence of anthocyanins in their 
vacuolar content. The scars caused by insects, illustrated in plate V, figures 1-4, show a 
particular structure, being ellipsoidal, multicellular with a higher or a lower anthocyanin 
content. The central area of the ,,scar” caused by insects is thinner, mainly in the preparations 
obtained from the stems (Pl. III, Fig. 1 – 4  and Pl. IV, Fig. 2 and 4). 

Plate V shows two insect species that parasite on Sedum telephium ssp. maximum L. wild 
plants, grown in septic conditions or in the laboratory. The insects are aphids from 
Hyalopterus genus, probably H. pruni. The aphids are small, wingless, green insects, 1.5 -2.6 
mm in lenght. In plate V, Figure 2, another insect was also identified, on the stem, in the area 
of inflorescence branching. The insect is Mysus cerasi that together with Hyalopterus, 
inhabits the epidermis of Sedum plants. 

The scars that form following aphids bite on the stems and leaves of Sedum telephium 
ssp. maximum L. are between 0.5 – 1 mm in lenght and parallel with the lenght of the organ. 

Plate VI, figures 2 – 6 show optical microscope details of the semi-thin sections stained 
with „epoxy tissue stain”. The preparations were obtained by transversal sectioning of the 
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scars present on the stems. This enabled us to identify the cytological changes produced in the 
areas stung by the insects, presented in Plate V, figures 1-4. 

As it can be observed in figure 1, plate VI, the stem epidermis has cells with very fine 
corpuscular formations that are probably of anthocyanin nature. The external bark has no 
vacuolar deposits. However, as shown in figures 2 – 6, plate VI, at the place where the 
epidermis was stung by aphids, a disintegration of the epidermal and cortical cellular wall 
structure occurs. In the vacuolar content of the bark cells, massive corpuscular deposits appear, 
with some of them occupying the entire vacuole (Pl. VII, Fig. 1 and 2). In the electron 
micrographs shown in Pl. VIII, Figures 1 and 2, a deterioration of the epidermal (Fig. 1) and 
peripheral bark (Fig.2) cell walls can be observed.  As the deterioration progresses, it affects the 
integrity of the cells leading to the disintegration of the endocellular structure and to cell death.  

 
 
 

 
 

Plate II, Fig. 1 – 4. Optical microscopic aspects of adult wild 
Sedum telephium ssp. maximum L epidermal cells showing areas rich in 
raspberry-red anthocianins: Fig 1- fresh preparation kept in water (ob. 

20x); Fig. 2 - transversal semi- thin section through the stem close to the 
growths present in patches on the epidermis surface (ob. 100x with 

immersion);  Fig.3 - fresh preparation treated with 1N NaOH solution 
(ob. 20x); Fig. 4 -  fresh preparation discolored after treatment with 1N 

NaOH solution (ob. 40x with immersion). Abbreviations: gr – outgrowth, 
ec – epidermal cells without anthocyanins, eca – epidermal cells with 

anthocyanins, vda – vacuolar deposits with anthocyanins, V- vacuole, cw-
cell wal, cyt- cytoplasm. 

 
 

Plate III. Fig. 1 – 4. Elipsoidal growths on the stem epidermis 
surface of wild Sedum telephium ssp. maximum L. adult plants. The 

epidermis is colored in different shades of red due to the anthocyanins 
accumulated in the cells vacuolar content, some of these cells being 

mostly around the growths area (Figs. 1- 4). All the photographs were 
taken under the stereo magnifier. Abbreviations: g – outgrowths 

occured due to insect bite; cea- caulinar epidermis with anthocyanins, st 
– stem, hz – hypocellular (rarefied) zone, ep- epidermis. 

 
       

 
 
 
 

Plate IV,  Fig 1 – 4. Stereo magnifier view of the ovoidal scars 
on the leaves of wild Sedum telephium ssp. maximum L. adult plants. 

The scars look like outgrowths generated at the sites where the 
parasiting insects stung. Figs. 1,3 scars on the leaves; Fig. 2,4 scar on 
the stem after the falling of the leaves, with a ovoid outgrowth under 

it produced by insect bite. Abbreviations: ep – epidermis, gr – 
outgrowths left on the leaf after insect attack,  lb.a - leaf base with 

anthocyanin containing epidermis, l – leaf, st – stem, sc – scar left on 
the stem after the leaf fell off, ins – insect, hz –hypocellular (rarefied) 

zone. 
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Plate V, Fig. 1- 4.  The main insects that populate the stems and 
leaves (green or red) of wild Sedum telephium ssp. maximum L. 

plants. Figs. 1,4 aphids from Hyalopterus genus; Fig. 2 some Mysus 
cerasi insects. Abbreviations: st – stem, ins – insect. 

 
 
 
Such cell disruptions in the area where the aphids 

stung it is likely to be caused by the insect secretions, part of the injected liquid having pecto-
cellulose enzymes. It is possible that the accumulation of anthocyanins in those areas (Pl. VI 
Fig. 3 – 6; Pl. VII, Fig. 1 and 2, and Pl. VIII, Fig. 1 and 2) to act as a „anthocyanin antistress 
barrier”  to prevent the penetration of insect secreted liquid in the deeper tissues.  

  
 
 
 

Plate VI, Fig. 1 – 6.  Optical microscopy images 
of transversal semi-thin sections of wild Sedum 

telephium ssp. maximum L. mature plants in 
anthesis phase, made through the  peripheric area 

of the adult stems, and colored with cu „epoxy 
tissue stain”. Fig.1 the epidermis and the first 

bark layer underneath the epidermis. Fig. 2 – 6 
images from the outgrowths, in the area where 

the epidermis was stung by insects; figure 2 show 
incipient stages of the epidermal structure 

damage and accumulation of anthocyanins in the 
vacuolar content mainly in the cells of the 

external bark; abreviations: ew- epidermal wax 
formation, ep – epidermis, epa – epidermis with 

anthocyanins, vad – vacuolar anthocyanin 
deposits, epd – desintegrating epidermis, extb – 

external bark, db – deeper bark, cad – corpuscular 
anthocyanin deposits, V – vacuole, Va – vacuole 

with anthocyanins, scar- scar. 
 
 

These studies prove once more that anthocyanins play various roles in plant life, they 
being pigments that also have antistress effects. However, it is still unclear the form in which 
anthocyanins are present in plant cells and the antistress effects of each of them. They could 
be leuchoanthocyanins (colorless) or anthocyanins that may appear red, purple or blue 
depending on the pH of the vacuolar content. While their protective role in plants is relevant, 
the antioxidant effect of anthocyanins in humans and animals is unquestionable. Such aspects 
will be elucidated in future studies more so because the majority of plant origin food and 
drugs are valued for their antioxidant properties. 

So we emphasise the fact that the stems and leaves of Sedum telephium ssp. maximum L. 
from the wild or grown in the laboratory in septic conditions, when exposed to direct sunlight, 
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their epidermis undergo a coloration process. This process is present only in the areas where 
the epidermal cells were under direct incidence of solar radiations. 

However in vitrocultures, as the Sedum telephium ssp. maximum L. phyto- innocula are not 
illuminated by sunlight but by white light emitted by fluorescent tubes, they show a random 
coloration in raspberry-red of numerous epidermal cells. This could be due to the presence of 
sucrose and of some growth regulators in the culture medium [10, 11]. In the literature it is not 
explained why only some cells contain anthocyanins and others not. For example stomata cells 
do not contain anthocyanins but are surrounded by epidermal cells that have their vacuoles 
intensely colored with these pigments. Presently, our studies focus on elucidating the effect of 
light and light wavelenght on anthocyanin accumulation in Sedum callus cells. It is worth noting 
that at Sedum telephium ssp. maximum L. phyto- innocula even the apex of adventitious roots, 
exposed to the aseptic athmosphere from the culture container, turns red [12]. This is yet hard to 
explain because the roots that are immersed in the agarized medium with lack of oxygen do not 
suffer from this process. It is possible that in this case, the oxygen from the air is triggering red 
colored anthocyanins synthesis in the cells to counteract, due to their antioxidant effect, the 
strong oxygenating action of the atmosphere from the culture container, which can endanger the 
physiological processes that take place in the cells in that area. 

 

 
 

Plate VII, Fig. 1 and 2.  Stereomicroscopy (ob. 100x) aspects of transversal semi-thin sections through the 
elipsoidal outgrowths caused by aphid bites on the wild Sedum telephium ssp. maximum L. plants, stained with 

„epoxy tissue stain”, where: figure 1 shows area of cell disorganisation present in the middle of the outgrowth on 
the epidermis and on the bark (fig. 2), with rich anthocyanin deposits. Abbreviations: da – massive anthocyanin 
vacuolar deposits, Va – vacuoles with small anthocyanin corpusles; N – nucleus; cyt – cytoplasm; cw -  cellular 

wall; zd – rarefied zone with cell disorganization; V – vacuole without anthocyanin; dac – corpuscular 
anthocyanin deposits. 
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Plate VIII, Fig. 1 and 2. TEM 
micrographs showing cytological 

ultrastructural aspects of the central 
area of the epidermal outgrowth caused 

by aphid bites on the stem of wild 
Sedum telephium ssp. maximum L. 

plants. Fig. 1–  innitial phase of 
epidermal cellular wall disintegration; 
Fig. 2 – total disintegration stage of the 
epidermis and even of the first layer of 

the bark. Abbreviations: ced – 
epidermal cellular disorganisation; 

bcwd – bark cell wall disorganisation; 
V – vacuoles without antocyanins; dac 
– corpuscular anthocyanin deposits; Va 

– vacuoles with small anthocyanin 
corpuscles; N – nucleus; cyt – 

cytoplasm; cw – cellular wall; hz – 
hypocellular (rarefied)  zone with 

cellular disorganisation. 
 
 
 
 

 
Conclussion 

Stings by aphids such as Hyalopterus (possibly H. pruni) or Mysus carasi on the stems or 
leaves of Sedum telephium ssp. maximum L. plants from the wild or grown in septic 
environment cause the formation in the affected area of the epidermis of elipsoidal 
outgrowths of 0.5-1 mm in lenght. These are initially surrounded by a double layered ring of 
epidermal cells rich in red –purple colored anthocyanins present in the vacuoles, the process 
extending locally and beneath, to the external bark cells. 

Optical and electron microscopy observations showed that in the area stung by insects, 
the epidermal cells exfoliate and gradually the underlying cortical cells disintegrate and lose 
their endocellular content. Consequently, in the central area of the outgrowth, under the 
microscope, a hypocellular (rarefied) perimeter can be observed with disorganised and dead 
cells. This alteration of the celular structure in the area stung by insects suggests that in the 
liquid secreted by them, some pecto-cellulose enzimes are present, that cause a lysis of the 
cellular wall, allowing the insects to feed on the nutrients from the plant. As a reaction to this, 
the host plant generates a blockage of this zone by cells rich in anthocyanins, at a certain 
distance from the epidermal outgrowth in the affected area. These anthocyanins are also 
present in the external bark cells under the epidermis. 

At the microscope, in the remaining live cells, the anthocyanins are present in the vacuolar 
content as corpuscles or dense formations, black colored (in the preparations for electron 
microscopy) or dark purple in the semi-thin sections stained with „epoxy tissue stain”. 
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These studies determined us to consider that anthocyanins could have a protective 
antistress role in plants. 
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