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WHAT ARE PLANT STEM CELLS? 

Stem cells are undifferentiated cells, found in all multicellular organisms, that can divide (by mitosis) and 

differentiate into various types of specialized cells. Their principal defining characteristics are: 

1. The capacity to reproduce themselves through self-renewal 

2. The ability to generate differentiated cells 

Stem cells may be found both in animals and in plants. 

In mammals, there are two main types of stem cells found in 

various tissues: embryonic stem cells and adult stem cells. 

Embryonic stem cells are totipotent, meaning that they can 

form any type of cell. However, adult stem cells are pluripotent, 

and can only form a few types of particular differentiated cells. 

Plants also have stem cells (or meristematic cells) that are the source of the organism’s growth. There are 

two types: shoot meristem cells and root meristem cells. The meristem is the embryonic tissue formed by 

totipotent cells, capable of regenerating new organs (leaves, flowers, etc) or even the entire plant. In short, 

plant stem cells or meristematic cells are undifferentiated cells for the purpose of reproduction; they 

control plant repair and vertical (primary or apical meristem) and horizontal (secondary meristem) growth.  

The plant’s stem cells have a uniformly thin wall of pectin, a large nucleus, very few vacuoles, plastids in the 

proplastid stage, and numerous ribosomes and mitochondria. Stem cells are small (10-15 μ in diameter), 

with a dense cytoplasm, and the nucleus can occupy more than 50% of the cell volume. The predominance 

of the nucleus is closely connected with the fact that proliferative activity in these cells is intense, involving 

nuclear and plasmatic growth for continued production of new cells. 

This is also the reason for the large number of ribosomes, linked to intense protein synthesis activity. These 

small organs are also multiple, and the mitochondria are particularly numerous (up to more than 100-150 

per cell). 

Stem cell maintenance in plants depends on signals from the micro-environment and on epigenetic control 

(keeps stem cells undifferentiated), similarly to what occurs in the stem cells of mammals. 
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PROVITAL STEM CELLS COLLECTION 

Provital is developing a new line of active ingredients, based on plant stem cells. The first launch in the 

Provital Stem Cells Collection is CITRUSTEMTM. 

CITRUSTEMTM is produced from stem cells obtained from the orange (Citrus 

sinensis). These stem cells contain amino acids, especially proline and 

betaines (proline betaine and glycine betaine); as well as organic acids, 

sugars, peptides and proteins. Proline and various betaines, such as proline 

betaine, act as osmoprotectants and cryoprotectants when they accumulate 

in the cellular cytoplasm. They protect the cell from saline or temperature 

changes and maintain the osmotic cell balance in response to stress (Nolte, 

1997).  

In addition, another defense mechanism in Citrus stem cells against 

oxidative stress is the expression of Cit-SAP, a protein with considerable homology to glutathione 

peroxidase (GP) in mammals, which protects against high levels of free radicals (Holland, 1993). 

When applied topically, the stem cells of CITRUSTEMTM bring these defense mechanisms to our skin, to 

protect cutaneous cells against attacks. 

CITRUSTEMTM stem cells are obtained from a renewable source of plant material. Therefore: 

- We are not dependent on the orange's natural availability. 

- We know the origin of the raw material and detail its traceability. 

- Its cultivation is sustainable and ecological, since it does not use chemical products such as 

fertilizers or pesticides. 

- To obtain 1 kg of extract from conventional oranges, 45 liters of water are needed. Whereas, to 

produce 1 kg of CITRUSTEMTM, only 0.95 liters of water are needed for the whole process. 

- A protocol has been developed for obtaining these stem cells without applying genetic 

modifications. 

- Stem cells are obtained through a cell lysate without solvents; we use only glycerine. 

- Using this technology, and depending on the treatment applied to the cells, we can obtain various 

extracts, with a high content of certain secondary metabolites. 
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DEVELOPMENT OF THE ORANGE STEM CELLS LINE 

The process for obtaining orange stem cells 

consists of the following steps: 

1) DEVELOPMENT OF A PROTOCOL FOR IN 

VITRO MICROPROPAGATION OF CITRUS 

SINENSIS 

In this first stage, a renewable source of plant 

material is obtained: in vitro plants in sterile 

conditions. These plants will be the starting 

material for carrying out the entire process of obtaining plant cell cultures. 

2) INDUCING AND OBTAINING INITIAL PLANT STEM CELLS THROUGH INDUCED CELL 

DEDIFFERENTIATION 

The best explant (leaf, stem or root) is selected in order to carry out induced cell dedifferentiation. 

Attributes of the medium are chosen to encourage development of the initial stem cells. At the end of this 

stage, some of the first incipient masses of stem cells, named calluses, will appear, which will become the 

starting material for the following stage. 

3) GROWTH MEDIUM OPTIMIZATION: CALLUS MASSES 

The healthiest incipient callus masses are selected and submitted to various types of culture media. We 

thus obtain calluses that show ideal growth rates 

and friability characteristics (capacity for 

disintegration) for establishing an initial cellular 

suspension.  
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4) OBTAINING INITIAL LIQUID CULTURES OF PLANT STEM CELLS. BIOMASS PRODUCTION SYSTEMS 

OPTIMIZATION AND STUDY OF THE COURSE OF GROWTH AND CELL VIABILITY UNDER OPTIMAL 

GROWTH CONDITIONS 

With this study, and using modified culture parameters (absence of light, 25+1ºC for 14 days), optimal 

cultivation conditions for growth of our orange stem cells are obtained. 

 AGING AND ORDER 

As we age, many of the biological processes of our body slow down; this also happens with the skin. In the 

case of fibroblasts, their capacity to proliferate is reduced, and they lose part of their functionality. Thus, a 

smaller amount of structural elements, such as collagen and 

elastin, is synthesized. Collagen and elastin fibers become 

scarce and disordered, and consequently the extracellular 

matrix becomes disorganized and unstable. At the same 

time, there is an increase in metalloproteinases and 

cytokines, causing reactions that speed up this disintegration. 

For these reasons, the dermis loses density and the skin 

shows signs of aging: 

- Elasticity diminishes and wrinkles appear. 

- The structure of the microrelief becomes anisotropic. As a result, the skin loses its smoothness and 

silkiness. 

Fig. 1. Photographs of Citrus sinensis stem cells , taken under microscope. 
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For a better understanding of those structural changes that take place over time, we will now look at how 

our skin is structured. 

The surface of human skin consists of primary and secondary parallel grooves, their intersections creating 

triangular and rectangular patterns, typical of each area of the skin. This microrelief structure shows as an 

orderly arrangement in young skin, particularly marked on the wrists and forearms.  

The edges of corneocytes, which represent the tertiary lines, are invisible to the naked eye, as are the 

quaternary lines, which are also extremely fine. They form a network in the membrane of the corneocytes. 

The characteristics of the microrelief of the primary 

lines depend on the structure of the papillary dermis, 

the uppermost layer of the dermis. These lines affect 

skin properties such as smoothness and silkiness. The 

direction and depth of these primary lines vary 

according to their location on the body, but also in 

relation to age and under the influence of certain 

environmental factors. As a result of these factors, the 

innate polygon pattern is affected, becoming 

anisotropic, and the irregularity index of the skin increases (Piérard, 2003). These changes are also 

associated with a progressive loss of density and dermal atrophy, as well as loss of elasticity and a greater 

tendency to form wrinkles.  All of this herald skin atrophy, with the wrinkles and creases common to aging. 

To maintain a youthful appearance, the internal structure of the skin must be well structured and 

organized. 
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SKIN ARCHITECTURE 

1. THE ORGANIZER: THE COLLAGEN VI NETWORK 

In the skin, fibroblasts are found in a matrix that contains various types of collagen and non-collagenous 

proteins, synthesized by the fibroblasts themselves; among these, collagen VI differs by forming an 

extracellular globular microfibrillar network. 

Collagen VI is mainly found in the papillary dermis, the upper part of the dermis, but may also be found in 

other parts of the skin, such as around hair follicles and blood vessels. 

It is involved in cellular adhesion and in the union of various proteins of the extracellular matrix (ECM), 

meaning that it acts as a bridge between cells and the interstitial connective tissues, playing a very 

important role as mediator of matrix cell interactions. For example, in the basal lamina, collagen VI interacts 

with various components such as collagen IV and perlecan, suggesting an anchoring of the basal membrane 

with the underlying connective tissue (Kuo, 1997). 

Another function of the microfibrillar network of collagen VI is to act as a scaffolding for the formation of 

fibril collagen networks and, by interconnecting with the fibronectin microfibrillar system, to develop the 

matrix' supramolecular structure (Petrini, 2010). This tri-dimensional structure helps to arrange the various 

matrix components in an ordered and organized manner, thus producing a perfectly structured matrix. 

Elastin also forms part of this matrix, being a protein with structural functions that gives elasticity to tissues, 

in contrast with collagen, which provides resistance.  

To see the relationship between the various components of the extracellular matrix, in 2010 Petrini et al. 

performed a topographic analysis of the elastin network, particularly the fibronectin network, which 

showed quantitative differences between those components, in apparently smaller quantities than the 

collagen VI microfibrillar network. However, each of them form a scaffolding of filament proteins with a 

similar alignment and interconnections between them, suggesting that collagen VI, fibronectin and elastin 

interact and cooperate to form a single supramolecular structure. In the following image from the Petrini et 

al. article, we can see the similarity of alignment, which indicates the interaction and cooperation between 

fibronectin (blue), collagen VI (green) and elastin (red). 
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Moreover, in vitro experiments suggest that collagen VI participates in various processes such as fibroblast 

propagation or maintenance of tissue homeostasis. For this reason, the collagen VI network may have a 

fundamental role in repair processes such as scar formation, and tissue development and organization. In 

addition, a protective effect has been observed in exogenous type VI collagen in fibroblasts exposed to UV 

radiation (Wu, 2011). Fibroblasts treated with collagen VI showed a reduction of DNA fragmentation and 

apoptosis caused by ultraviolet rays.  

Collagen VI acts as a base for organizing various components, binding cells to the matrix, and thus 

forming an orderly and well-structured tri-dimensional matrix. 

2. THE PROTEIN OF YOUTH: ELASTIN 

According to Pugliese, elastin is the true protein of 

youth. No protein contributes as much to our appearance 

as elastin; a deficiency of it leads to flaccid and dull-

looking skin (Pugliese, 2001).  

Elastin is secreted mainly by fibroblasts in the form of a 

soluble precursor, tropoelastin. Elastin, along with 

fibrillin, is the structural component of elastic fibers. 

The reticular dermis of the skin, the lower layer of the dermis, is formed by thick parallel elastic fibers, 

whereas the papillary dermis contains finer elastic fibers in perpendicular formation. This continuous elastic 

network gives elasticity to the skin, from the reticular and papillary dermis to the epidermis. 

Elastin, and therefore, elasticity, can be degraded by various factors: 

- Exposure to the sun causes loss of integrity in the elastic fibers, which leads to a marked reduction 

in elasticity, manifested in wrinkles and creases. 

Fig. 2. Image taken from article by Petrini, 2010 



 
 

 

V02-10/14 72800-10 
 
 

 

- During intrinsic aging, premature proteolytic degradation starts, with deterioration of EMC dermal 

component remodeling, causing an alteration in organization and a loss of elastic fibers, meaning a 

progressive loss of elasticity. 

- As our fibroblasts age, they lose the ability to synthesize elastin. Therefore damaged elastic fibers 

cannot be replaced, and the skin loses elasticity and resistance. 

Elastin is responsible for maintaining the elasticity and resistance of a healthy and rejuvenated skin.  

3. THE FACILITATOR: ADAMTS2 AND COLLAGEN 

Collagen fibers are the main components of dermal structure. Like other ECM 

proteins, collagen is produced within the cell as a precursor and must be 

transported to the extracellular space to be able to function. This precursor, named 

procollagen, contains extension peptides in the amino (N) and carboxy (C) 

terminals. These parts of the procollagen molecule give it solubility and movement 

within the fibroblast while it is being formed. 

Once outside the cell, the enzymes joined to the membrane, known as collagen 

peptidases, cleave the free terminals of the procollagen molecule. The 

metalloproteinase ADAMTS2 is the enzyme responsible for cutting the N-propetides 

from the procollagens I/III.  This step is necessary for the collagen molecules to 

function normally and be assembled in the extracellular matrix. If the monomers retain the N-propeptides, 

they form fine fibers that are abnormally interlaced and disorganized, weaker and more liable to 

degradation. In fact, ADAMTS2 mutations cause cutaneous fragility in rats, due to a distorted morphology 

and an abnormal weakness of collagen I (Li et al., 2001), and in humans they cause the Ehlers-Danlos 

syndrome, characterized by slack skin (Colige et al, 2004). Furthermore, it has also been observed that 

ADAMTS2 levels in rats diminish with age (Misra, 2007).  

ADAMTS2 is responsible for cutting procollagen terminals, so that collagen can form and those fibers can 

develop that give tensile strength to the skin, being responsible for dermal structure. 
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4. EPIDERMAL STABILIZATION: KERATINOCYTE TRANSGLUTAMINASE (TGase 1) 

Epidermal keratinocytes coexist at various stages of 

differentiation, corresponding to the different layers of 

the epidermis. Keratinocytes are in continual renewal, 

and differentiate progressively from the basal layer, 

where we find basal keratinocytes or epidermis stem 

cells, to the corneal layer, where the layer of dead cells 

or corneocytes is formed (keratinocytes that are 

completely differentiated and have lost the nucleus and 

the cytoplasmic organelles) in the form of scales. At 

each stage of differentiation, the keratinocytes display specific markers such as different keratins and 

keratinocyte transglutaminase. It is calculated that it takes one or two months for full differentiation, 

although this transition slows down with age.  

TGase1 is an enzyme belonging to the transglutaminase family, which catalyzes bridge formation between 

proteins, giving rise to polymers that are very resistant to proteolytic degradation and necessary for the 

organism to create a stable barrier and stable structures. Specifically, TGase 1 is essential for assembly and 

organization of the structures of the epidermal barrier. TGase 1 is present in the spinous and granular layers 

of the epidermis, its function being to form the cornified envelope (CE), interlacing the various insoluble 

proteins, such as involucrin and loricrin, so as to confer resistance to the corneocyte against physical, 

chemical and enzyme attacks (Hernandez-Martin, 2005). TGase 1 also contributes to forming the lipid 

envelope, linking long chains of ω-hydroxyceramides with CE proteins, mainly involucrin (Eckert, 2005). 

TGase 1 needs proteolytic activation, and its activity is calcium dependent. In fact, calcium treatment 

increases TGase 1 levels and activity, and keratinocytes can be induced to begin cellular differentiation. For 

aged skin, and thus for aged keratinocytes, there is a reduced differentiation capacity even in the presence 

of calcium and thus a lower capacity for cell renewal and wound healing (Berge, 2008). 

The loss of thickness in the age-atrophied epidermis is accompanied by a reduction in epidermal 

differentiation markers, such as TGase1, which disrupts and alters scaling and the water-retaining capacity 

of the corneous layer (Contet-Audonneau, 1999). 

Increase in the production of TGase 1 involves better organization and assembly of the epidermal 

structures. 
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IN VITRO EFFICACY 

1. EFFECT ON FIBROBLASTS: GENE EXPRESSION MODULATION 

A study was performed, which included 64 genes, and an evaluation was done regarding the effect of 

treatment with 0.1% CITRUSTEMTM on the genes. The following genes, connected with the quality and 

structure of the extracellular matrix, considerably increased their level of expression: 

GenID Gene % control* 

COL6A1 Type VI Collagen alpha 1 239 

ELN Elastin 251 

ADAMTS2 ADAM metallopeptidase with 

trombospondin type1 motif, 2 

245 

*Control expressed as 100% 

 

2. EFFECT ON FIBROBLASTS: STIMULATION OF PROLIFERATION 

When fibroblasts age, their capacity to proliferate is progressively reduced, until they reach replicative 

senescence (Hayflick’s limit). A model of aged fibroblasts (passage 17) was used to determine the effect of 

CITRUSTEMTM on the proliferation capacity of aged human dermal fibroblasts. Cellular viability after 72 

hours was measured and compared with young fibroblasts (passage 7). 

 

 

 

 

These genes are capable of improving the extracellular matrix structure; thus, the skin 

regains the properties and global appearance of a youthful and healthy skin 
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Cell Treatment % Control 

P17-NHDF 

P7-NHDF Control 402 

P17-NHDF Control 100 

P17-NHDF CITRUSTEMTM (0.03%) 108 

P17-NHDF CITRUSTEMTM (0.1%) 111 

P17-NHDF CITRUSTEMTM (0.3%) 123 

This data shows a dose dependent tendency by CITRUSTEMTM to stimulate proliferation of fibroblasts. As a 

result, collagen synthesis is increased, as well as that of other key elements in the extracellular matrix. 

3. EFFECT ON KERATINOCYTES: STIMULATION OF TGase 1 PRODUCTION 

Keratinocytes (NHEK) cultured in a medium with low calcium levels were treated with the active ingredient, 

producing a marked and statistically significant increase of TGase 1, determined by fluorescence intensity.  

  

CITRUSTEMTM incraeses the synthesis of extracellular matrix structural elements 
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Fig. 3. Increase of TGK expression in keratinocytes 

CITRUSTEMTM increases TGase 1 production, which involves greater organization and 
assembly of epidermal structures, in other words, a more structured skin 
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IN VIVO EFFICACY 

The efficacy of CITRUSTEMTM  was evaluated in vivo on a panel of 20 women between 41 and 55 years of 

age (average=49.4), who used a 3% formula of CITRUSTEMTM, which was compared with a placebo formula, 

applied twice a day for 56 days.  

1. EFFECTS ON THE SKIN: MICRORELIEF IMPROVEMENT 

The effects on the corneous layer were evaluated by a stripping process, followed by a microscopic analysis, 

and graded by a trained expert.  

The clarity of the microrelief was evaluated on a clinical scale of 13 points (0= microrelief without lines; 12= 

regular primary and secondary lines, with small regular and defined polygons). 

Sharpness 

Product T0 T56 % increase 

Placebo 5.60 5.65 0.89 

CITRUSTEMTM (3%) 5.35 5.95 11.21* 

CITRUSTEMTM - Placebo   10.3* 

* statistically significant (Wilcoxon, p<0.05) 

In the photo on the left, T0, the skin is not very reticulated; we can only distinguish the main lines. But in 

Active, T0 Active, T56 

Improvement of the microrelief is the visible result of a well-organized and 
structured dermis, which translates into skin with a smooth, velvety feel. 
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the photo on the right, T56, taken at the same amplification, besides the main lines we can also see many 

more secondary lines, giving rise to smaller polygons within the larger polygons, meaning that we can see 

structuring of the microrelief. 

 

2. QUALITY OF THE STRATUM CORNEUM: SCALES 

Normal skin desquamation occurs when the keratinocytes, after moving apically for 14 days, are then 

individually released. But with age, this process slows down, leading to an accumulation of fine scales and a 

dull, rough skin. Stimulation of differentiation and desquamation in aged skin leads to a regenerated and 

smoother skin. 

The quality of the stratum corneum was graded clinically on a scale of 13 points (0= incohesive stratum 

corneum, with many scales; 12= regular fine surface without scales). 

Skin appearance 

Product T0 T56 % increase 

Placebo 4.20 4.45 5.95 

CITRUSTEMTM (3%) 4.00 4.70 17.50* 

CITRUSTEMTM - Placebo   11.6* 

* statistically significant (Wilcoxon, p <0.05) 

 

3. BIOMECHANICAL PROPERTIES 

The viscoelastic properties of the skin were measured with an MPA 580 Cutometer. This device measures 

deformation and recuperative power of a cutaneous area subject to mechanical suction. 

The ratio Ur/Ue (R5) is a parameter selected to quantify skin age, because it represents elastic recovery 

(ability of the skin to recover after deformation), independently of skin thickness. As immediate recovery 

declines with age, the elasticity index (Ur/Ue) also declines. 

 

The stratum corneum will be more cohesive, with fewer scales, and the skin will have a 
silky appearance and feel smooth to the touch 



 
 

 

V02-10/14 72800-16 
 
 

 

Ur/Ue (R5) 

Product T0 T56 % increase 

Placebo 0.832 0.838 0.79 

CITRUSTEMTM (3%) 0.810 0.908 12.12* 

CITRUSTEMTM - Placebo   11.3* 

* statistically significant (t student, p<0.05) 

- 75% of volunteers gave a positive response 

- A maximum increase of 52.7% was achieved 

Ur/Uf is the ratio of immediate shrinkage against total deformation, also referred to as biological elasticity. 

The age-related decline in Ur/Ue and Ur/Uf has been shown with various studies. Ryu et al. found in 2008 

that R7 is one of the parameters most affected by age, shown in the following graph where we can see a 

negative correlation. 

  

  

Fig. 4. Correlation curve between age and R7 paramter in the arm (Ryu, 2008). 



 
 

 

V02-10/14 72800-17 
 
 

 

 Ur/Uf (R7) 

Product T0 T56 T56 - T0 % increase 

Placebo 0.633 0.634 0.001 0.09 

CITRUSTEMTM (3%) 0.613 0.675 0.062 10.15* 

CITRUSTEMTM - Placebo    10.1* 

* statistically significant (t student, p<0.05) 

- 85% gave a positive response  

- a maximum increase of 47.6% 

According to the graph above, 0.05 units of R7 are lost over 10 years.  As we can see, 0.06 units are 

regained by our CITRUSTEMTM ingredient. 

 

4. CLINICAL EVALUATION 

Skin appearance was evaluated by a trained evaluator, analyzing face halves (left and right) with a visual 

grading system from 1 to 9. Higher values represent an improved overall aspect (complexion, tone, 

luminosity, radiance, uniform color, etc).  

Radiance 

Product T0 T56 % increase 

Placebo 5.30 5.70 7.55* 

CITRUSTEMTM (3%) 5.30 6.15 16.04* 

CITRUSTEMTM - Placebo   8.5* 

* statistically significant (Wilcoxon, p<0.05) 

The skin firmness of the cheeks was determined by touching and stretching, with a grading from 1 to 9.  

 

 

With CITRUSTEMTM, your skin recovers the elasticity that it had 12 years 
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Firmness 

Product T0 T56 % increase 

Placebo 5.45 5.65 3.67* 

CITRUSTEMTM (3%) 5.40 5.95 10.19* 

CITRUSTEMTM - Placebo   6.5* 

* statistically significant (Wilcoxon, p<0.05) 

The appearance of wrinkles was evaluated in the area beside the eyes (crow’s feet), using a photographic 

scale of 7 levels from 0 to 6, according to the Skin Aging Atlas Vol. 1, Caucasian Type, R. Bazin & E. Doublet. 

Wrinkles 

Product T0 T56 % decrease 

Placebo 3.58 3.47 3.17* 

CITRUSTEMTM (3%) 3.54 3.19 9.89* 

CITRUSTEMTM - Placebo   6.7* 

* statistically significant (Wilcoxon, p<0.05) 

 

CONCLUSIONS 

 CITRUSTEMTM, obtained from orange stem cells, 

increases the expression of genes capable of improving 

the structure of the extracellular matrix.  

CITRUSTEMTM organizes and redensifies the dermis 

structure, by increasing the synthesis of the elements 

forming the extracellular matrix.  

A structured dermis translates into a regular and defined 

microrelief. The skin recovers its smooth and velvety feel.  

CITRUSTEMTM renews the appearance of the skin, increasing firmness, reducing 
wrinkles and improving global complexion earlier 
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The skin appears renewed, wrinkles are reduced, and its global aspect is improved.  It looks younger.  

With CITRUSTEMTM, the skin regains the elastic properties of a skin 12 years younger. 

COSMETIC APPLICATIONS  

 Global anti-age lines 

 Facial rejuvenating cosmetics 

 Anti-aging preventative cosmetics 

 Cellular regenerator 

 Intensive facial treatments 

 Make-up with treatment 

RECOMMENDED DOSAGE 

The recommended dosage of CITRUSTEM™ is 2 – 4%. 
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