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Abstract 

Decreased cell function in aged and photo damaged skin appears to be due to abnormalities in 
the signaling pathways that regulate matrix production. In human dermal fibroblasts, TGF-β not only 
functions as primary stimulus for collagen synthesis, but also reduced collagen degradation by 
inhibiting MMP-1 expression. Our studies were designed in order to define the fibroblasts proliferative 
status and molecular basis for changes in collagen homeostasis, induced by three phytocompounds, 
derivatives from triterpenic acids. The screening techniques we used are beads - based flow cytometry 
assay for the quantization of soluble proteins (TGF- β), collagen synthesis and Matrixmetaloproteinases 
(MMP) expression, cell cycle dynamics and successive proliferative generations’ determination after 
fluorescent staining with propidium iodide (PI) and carboxy fluorescein diacetat succin imidil ester 
(CFSE). All three compounds stimulate fibroblasts proliferation, but their action on TGF- β cytosolic 
release is different: the glicosidate form of the phytocompound decrease this cytokine secretion and 
activate the metalloproteinase action as a consequence, but the other compounds stimulate TGF- β, 
having significant impact on matrix proteins relief. The therapeutic targets of the three compounds are: 
wound healing (matrix remodeling action, controlling fibrosis), catalysts of structural proteins 
synthesis, important in chronological ageing. 
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Introduction 
 
TGF –β is a pleiotropic growth factor synthesized by many cells in an organism. It is chemo 
tactic for fibroblasts, stimulating their proliferation, raising the extracellular matrix protein 
synthesis, especially collagen, having as main function the tissues homeostasis regulation [1]. 
The deep effect of extracellular matrix homeostasis modulation is due to TGF –β ability to 
impair the balance between activation and inhibition of matrix metaloproteinases (MMP) at 
gene expression level. TGF-β represents a family of homologous proteins, TGF-β1, TGF-β2, 
TGF-β3, TGF-β1 being the major isoform in tissues and intercellular fluid involved in wound 
healing process, stimulating collagen secretion and matrix turn-over through inhibitory effects 
on MMP. It acts as well as on miofibroblasts differentiation, a specialized cell for the wounds 
contraction, in granulation tissue constituents synthesis and in the organization of collagen 
and fibronectin in the new dermal composite [2].  
In order to understand the significance of TGF- β quantification for proving of 
dermatocosmetic claim, it’s important to define and differentiate the ageing processes: 
chronological and photo-ageing. [3]. 
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Chronological ageing is characterized by a decreased synthesis of proteoglycans, 
glicozaminoglicans and collagen, as well as elastic fiber fragmentation due to matrix 
metaloproteinases activation. In photo-ageing phenomenon, collagen exist in normal quantity, 
but the fibrils are disorganized, observing clumps of elastin and collagen that require as 
therapeutic target the increase of enzymatic digestion [4]. Besides post-translational changes 
of new synthetised collagen molecules, the environmental factors and especially prolonged 
exposure to UV radiation affects a number of matrix metaloproteinases (MMP), serin-
proteases and other proteinases responsible for cleavage of the various components of 
connective tissue [5] These enzymes are found in dermal fibroblasts and inflammatory cells 
and have an increased activity, explaining the extracellular matrix degradation in ageing 
process. As a signaling molecule, TGF-β modulation could be done up-side, correlated with 
the decreased MMP activity and rising the collagen synthesis, important in chronological 
ageing proces for extracellular matrix reconstruction.  As well as, TGF-β could be down-
regulated, leading to MMP’s activation, with antifibrotic action, prevention and treatment 
required in photo-aging. 
Another important aspect of skin tissue homeostasis is the action of growth factors on 
extracellular matrix of dermal fibroblasts [6]. TGF-β inhibits vascular growth and limits 
leukocyte activation and proliferation, functioning as a mitogen in monolayer cultures of 
fibroblasts, epithelial and endothelial cells [7]. Other studies show that TGF-β stimulates “in 
vivo” the synthesis of extracellular matrix proteins and their deposit [8, 9]. Keloid structures 
are characterised by excessive deposits of collagen. TGF-β differently stimulates DNA 
synthesis and collagen expression in this particular type of tissue, being involved in the 
pathogenesis of these skin structures.[10] Cell proliferation and collagen synthesis of 
fibroblasts derived from scar tissue can be positively modulated and controlled by TGF β 
[11]. TGF-β can be activated either by overexpression of integrins (αvβ6 and αvβ8) or by 
metalloproteinases (MMPs), often MMP-2 and MMP-9 [12 - 14]. 
Previous studies on cell culture derived from skin exposed to UV radiation or basal cell 
carcinoma showed activation of MMP-1, MMP-8 and MMP-13, as well as gelatinases A and 
B (MMP-2 and MMP-9) in these specific conditions [15, 16]. MMP-2 and MMP-9 does not 
act on intact collagen but on collagen fragments, already disintegrated by MMP-1. 
Extracellular matrix metalloproteinases are not expressed constitutively in the skin but are 
augmented temporarily in response to exogenous signals such as cytokines, growth factors, or 
different cell – cell and cell- extracellular matrix interactions. [17] It is well known the role of 
MMP-2 and MMP-9 in fibrilar collagen breakdown, after the first attack of colagenases, but 
recent studies prove the colagenolytic activity of both of them, MMP-2 splitting the native 
type I collagen in similar fragments as those generated by colagenases [18]. In addition, 
MMP-9 was shown to splite the fibrillary collagen type I, II and V from the N-terminal 
residue of the non-helical telopeptide. MMP-2 is less active than MMP-9 on enzymatic 
digestion of collagen residues generated by MMP-1, on fibers shrinkage and inhibition of pro-
collagen type I synthesis [19]. It is therefore possible that due to their ability to initiate and 
continue the fibrillar collagen type I breakdown, MMP-2 and MMP-9 play a more important 
role in extracellular matrix remodeling than MMP-1, the classic enzyme studied in this 
process. Hypertrophic scars, impaired proliferative disorder of dermal fibroblasts, are usually 
treated with with steroid hormone medication that improves symptoms, but has serious 
adverse effects. It’s preferably to use non-invasive interventions with natural active 
substances, many recent researches highlighting the potential therapeutic use of medicinal 
plants in skin tissue dysfunction. For example, oleanolic acid effect was demonstrated in 
hypertrophic scars on topical in vivo experimental model of mouse ears, acting on the 
synthesis of collagen I and III, matrix expression metalloproteinaze (MMP) -1 and TGF-β1 
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[20 ]. Ursolic acid (the natural isomer of oleanolic acid) acts on TGF β receptor in Balb / c 
3T3 mouse fibroblasts, being involved in the pathogenesis and progression of fibrotic 
diseases. Molecular dynamics studies suggest interaction between these compounds and the 
hydrophobic region of the receptor dimeric interface, which results in preventing TGF β 
binding to this receptor [21]. Therapeutic potential of traditional medicinal plants is also 
demonstrated by in vivo effect of Centella asiatica on rapid epithelization [20] and 
asiaticoside action on collagen type I synthesis [22]. 
Taking part of modern concerning on phytotherapeutic strategies, our studies are focused on 
mollecular mecanisms definition at human dermal fibroblasts level for three isolated and 
purified components of Salvia officinalis (Lamiaceae family) and Calendula officinalis 
(Compositae family),especially on the collagen metabolism and the main regulating 
factor:TGFβ. Considering regulatory mechanisms having TGFβ as key factor, we propose a 
complete screening of the three compounds at cellular and molecular level ( proliferative 
status, DNA synthesis, MMP2 and MMP 9 modulation, collagen synthesis), in order to define 
their clinical applications at cutaneus tissue. 
 

Material and Methods 
 
BIOLOGICAL ACTIVE COMPOUNDS: 

 DERMO U – un-glicosidated compound, with β amirinic structure from Salvia 
officinalis (fam.Lamiaceae) 

 DERMO O - un-glicosidated compound, with β amirinic structure from Callendula 
officinalis (fam. Asteraceae / Compositae) and 

 DERMO OZ - glicosidated compound, with β amirinic structure from Callendula 
officinalis (fam. Asteraceae / Compositae)  

The purified compound Dermo-U is presented as white un-hygroscopic crystals with a 
triterpenic acid content, at least 90 g/100 g powder. Chromatographic profile is shown in fig. 1. 

 
Fig. 1. HPLC analysis of Dermo U  
 
The purified compound Dermo-O is presented as white un-hygroscopic crystals with a 
oleanolic acid content, at least 90 g/100 g powder, according with the HPLC analysis (fig.2).  

 
Fig. 2. HPLC analysis of Dermo O  
 
Dermo Oz, a complex of triterpenic saponins is a yellow-brown slightly hygroscopic powder. 
It is standardized in oleanolic acid - triterpenic aglicon, minimum 30 g/100 g powder.  
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The fig. 3 present a thin layer chromatography which show the presence of the triterpenic 
aglicon after the hydrolysis, as well as HPLC analysis of the hydrolised and un-hydrolised 
compound.  

 
Fig. 3. Analytical characterisation of Dermo-Oz: Thin layer chromatography(TLC) identification (a) and high 
pressure liquid chromatography (HPLC) analysis (b) up - before hydrolysis, down - after hydrolysis 

 The substances was tested comparing with the corresponding solvent control (DMSO). The 
positive control for the specific action was vitamin C (L-ascorbic acid) 10µM. The tested 
doses was established based on preliminary studies on cytotoxicity and metabolic activity, as 
follow: Dermo U: 0.5 µM -3µM, Dermo O : 5µm - 15µM si Dermo – Oz: 1µM - 10µM. 
CELL CULTURES 
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The experiments were performed on HS27 standardised cell line (HPA Culture collection 
catalog no. 94041901), passages 15-22. The cells were adhered 48h. on 12.5cm2 culture flasks, 
in Dulbecco’s modified Eagle’s medium containing 10% fetal bovine serum, 1% 
antibiotic/antimycotic and incubated at 370C in 5%CO2 athmosphere. After preliminary studies, 
the optimum time of action were established for the tested compounds, function of the target 
cellular parameter. Thus, cell cycle sequence is influenced in the first 24 hours of compounds 
action. The enhancing of genetic material synthesis is then reflected in proliferation modulation, 
significant differences in this parameter appearing after 48 and 72h. Cell division is more 
pronounced at 24 hours of action, the percentage of cells in DNA synthesis phase being 
extremely low at 72 hours treatment with substances. Instead, the proliferation rate rise in time, 
the proliferation index was higher after 72 hours. Collagen synthesis, TGFβ and 
metalloproteinases expression could be optimally quantified at 48 or 72 hours, in order to allow 
accumulation of these proteins in the culture medium in a detectable amount. 
ASSESMENT OF CELL PROLIFERATION AND SUCCESIVE GENERATION 
PROGRESSION - evaluated by fluorescence quantification of CFSE (carboxy fluorescein 
diacetat succin imidil ester) labeled probes by using a flow-cytometer BD FACSCanto II 
and data interpretation by using a specific soft, FCS Express – proliferation module, which 
enables calculation of purposeful statistic parameters: proliferation index (Ip), division index, 
number of generations, percent of cells in 0 generation (which are not dividing). CFSE is a 
cell permeant fluorescein-based dye which covalenty attaches to cytoplasmic components of 
cells, resulting in uniform bright fluorescence.[24] Upon cell division, the dye is distributed 
equally between daughter cells, allowing the resolution of up to eight cycles of cell division 
by flow cytometry. The fluorescence intensity of CFSE is acquired as photomultipliers signals 
on green fluorescence FITC-A, the first proliferative generation having the maximum 
fluorescence intensity. The analysis of fluorescent response is done based on “dot plot” and 
histograms representations, according to the model shown in fig. 4. 
 

 
Fig. 4. Representation of proliferative succesive generations of HS 27 fibroblasts, induced by DERMO-U 
compared with the solvent control (DMSO); This model of flow cytometry analysis show the rising proliferation 
index for the bio-complex treated  
 
DETERMINATION OF CELL CYCLE SEQUENCE 
DNA amount measurements by flow cytometry are possible due to the specific label of DNA 
with propidium iodide (PI) fluorochrome. Fluorescence intensity is proportional to cell dye 
quantity, corresponding with the DNA quantity to which it had been bound. The isolation and 
label of the nuclei in cell suspensions is done using Cycle TEST PLUS DNA Reagent (BD 
PHARMINGEN), data were acquired with FACS CANTO II flow cytometer, and the cell 
cycle analysis is performed with FCS Express software – DNA cell cycle module [27]. 
TGF-β EVALUATION 
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Reagents:  Human TGF beta1 Single Plex Flex Set (BD CBA);  Human Soluble Protein 
Master Buffer Kit (BD CBA) 
Principle of method: BD™ Cytometric Bead Array (CBA) is a flow cytometry application 
that quantify multiple proteins simultaneously. The capture beads and detector reagent are 
incubated with an unknown sample containing recognized analytes(in our particular case 
TGF-β), and sandwich complexes  (capture bead+ analyte + detection reagent) are formed. 
These complexes can be measured using flow cytometry to identify particles with 
fluorescence characteristics of both the bead and the detector. (detection shown by APC-A / 
PE-A coordinates). The analysis of the results (standard curve for each cytokine and 
concentration calculation) are done with FCAP Beads Array software.  
COLLAGEN SYNTHESIS EVALUATION THROUGE HYDROXIPROLINE EVALUATION IN 
CULTURE MEDIUM OF FIBROBLASTS 
The metabolism of collagen and its regulation was studied by spectrophotometry, measuring 
the Hydroxyproline, a post-translational product of proline hydroxylation, having a restricted 
and unique distribution in collagen molecule. The evaluation of OH-Pro concentration in 
culture media allows the indirect estimation of total collagen content synthetised by cells from 
a specific treated sample. The hydroxiproline level is correlated with that of biosynthetised 
collagen (1 mg of collagen correspond to 0.0122mg Hyp) [25]. OH-Pro content was assessed 
by a modification of the method of Woessner (1961). Samples (culture medium) were 
hydrolyzed for 6h in the presence of an equivalent amount of perchloric acid (70%) at 1200C. 
The OH-Pro was oxidized with chloramine, and the resultant pyrrole has reacted with p-
dimethylaminobenzaldehyde in the presence of perchloric acid. The absorbance of each 
sample was analyzed by spectrophotometry at 550 nm and the OH-Pro content was relative 
quantified to a standard curve generated using synthetic OH-Pro (Sigma Chemical Co.).  
MATRIX METALOPROTEINASES EXPRESSION ANALYSIS – GELATIN –ZYMOGRAPHY 
METHOD 
Considering the correlation of the two proteolytic enzymes (MMP2 and MMP9) with the 
TGF- β factor, as well as their role in extracellular matrix disruption, or skin tumor 
development, we assessed the enzymatic activity of MMP2 and MMP9 based on a gelatine – 
zymography method described by Herron et al. [25, 26]. In order to evaluate the 
biocompounds influence on MMP’s activity, the culture media samples were separted by 
SDS-Page using 10% acrylamide copolymerized with gelatine (0,1 mg/ml). After 
electrophoresis, the gel was rinsed twice with 2,5% Triton X-100 for 30 minute, twice with 
H2O for 15 minute and incubated for 24 h at 370C in incubation buffer (50mM Tris-HCl, 5 
mM CaCl2 and 5 µM ZnCl2, pH 7,5). Gelatinase was indetified following staining of the gel in 
0,25% Coomasie blue R250 and destaining in MeOH:Acetic acid:H2O (40:10:50, v/v). The 
digested area appeared clear on a blue background, indicating the location of gelatinase. 
Protein standards were run concurrently and approximate molecular weights were determined. 
STATISTICS 
Experimental data were statistically processed and the results are presented as mean ± SD of 
six parallel determinations. Significant statistical difference between the sets of analytical 
results was calculated with Student t-test 
 
Results and discussions  
 
Assesment of cellular proliferative status through successive generations’ determination and 
cell cycle sequence analysis 
The experimental results presented below are centralized as proliferation index (IP) and the 
amount of cellular percent in different cell cycle phases, defining the cellular division: S 
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(DNA synthesis), G2/M (the entrance in mitosis) (Table 1) The cellular division is more 
pronounced after 24h. of compounds action, the cellular precent in DNA synthesis phase 
being extremely low after 72h. Instead, the rate of proliferation is growing in time; the 
proliferation index was higher after 72h). Increased synthesis of genetic material prepared 
accelerating proliferation. 
Table 1. Proliferative status express as proliferation index (IP) and mitotic progression (cellular percent in S and 
G2/M phases) modulated by bio-complexes at different times of cultivation (24h., 48h., 72h.) 

 
It is important to perform kinetic tests, in order to highlight the maximum point of cellular 
activity for different target parameters. The compounds with positive effect on stimulating cell 
multiplication and fibroblasts turn-over rate could act either as a short term agents on cell cycle 
sequence, rising the S or G2/M phase, inducing in time the increase of proliferative index, either 
from the begining, directly on the proliferative status. Dermo – U acts immediately on dermal 
fibroblasts, being active after 24h of action on cell culture, on cell proliferation, as well as DNA 
multiplication. After 72h, the effect remains only on proliferative index, as a consequence of the 
past growth of cell division (the percent of mitotic cells rised at 24h and 48 h. respectively). 
Dermo - Oz action starts slower at 48h., but it persist and amplify over time. Dermo - O does 
not impact on the rate of multiplication of fibroblasts. The active doses for Dermo - U are 
0.5µM and 1µM, and 1 µM and 10 µM for Dermo - Oz. 
Modulation of TGF-β, a soluble protein regulating the breakdown / synthesis balance of 
collagen 
DERMO - O 10µM si DERMO - U 0.5 µM act at 48h. of action as a rising factor for TGF-β 
concentration in extracellular media. This fact could inhibit the metaloproteinases activity and 
stimulate the collagen synthesis, reconstructing the extracellular matrix, with a positive effect 
on intrinsec chronological ageing. Dermo - Oz 1µM and 10 µM inhibit implication for the 
metaloproteinases activation, with antifibrotic positive consequences in scare healing 
processes and photo-ageing. After 72h. of action Dermo - O10µM  and DERMO - U 0.5 µM 
maintain their stimulatory action on TGF-β secretion. As well as, Dermo - Oz 1µM support 
the TGF-β inhibition, indicate the MMP’s activation and tissue remodeling action (Table 2). 
Collagen synthesis evaluation through hydroxiproline quantification from fibroblasts culture 
medium  
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Table 2. TGFβ concentration in extracellular medium induced by bio-complexes at different times of  fibroblasts 
cultivation (48h and 72h.) 

 
The experimental results concerning the biocompounds action on collagen biosynthesis are 
presented in Table 3. It is highlighted a dose-effect response for all tested compounds, 
especially after 72h. of action. 
 
Table 3. Total synthetised collagen in fibroblasts culture media expressed as Hydroxyproline concentration (µg / 
2*105 cells/ml) induced by active bio complexes at 48 and 72 h of stimulation 

 
 
Matrix metaloproteinases expression analysis – gelatin –zymography method 
Culture supernatant was analyzed after 48h and 72h of substances action, which allow the 
accumulation of interest enzymes in detectable quantities. Results are presented in Fig. 5. 
Electrophoretic gels were scanned and the image processed to estimate the light intensity of 
MMP2 and MMP9 specific bands (according to molecular weight markers migrate in parallel 
with samples). Activating enzyme (gelatinase A and B) are characterized by high light 
intensity, corresponding to an enhanced protein digestion (gelatin embedded in gel 
electrophoresis). Dermo-Oz (all tested concentrations) immediate action (48h.) is 
distinguished and sustained at 72h., activating MMP-2 as well as MMP9, with tissue 
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remodeling action, digesting the imperfect deposits of fibrilar collagen. DERMO-U and 
DERMO-O act only after 72h., especially on MMP-9 activation, with positive consequences 
on qualitative restoring the extracellular matrix. 

 
Fig. 5. Gelatin substrate gel zymography demonstrating MMP-2 and MMP-9 activity from culture media of 
normal human fibroblasts HS-27. Molecular weight markers are in the farthest right lane with molecular weights 
indicates in the ordinate. (a) 48h and (b) 72 h of action  
 
Conclusions 
 
Experiments conducted by us converge to demonstrate differential effects of the three 
compounds, with related chemical configurations but complementary actions at the level of 
cutaneous tissue. 
Dermo - U immediately acts on dermal fibroblasts, being active at 24h. of treatment, both on 
cell proliferation and DNA synthesis. After 72h., the effect is sustained only on proliferation 
index, as a consequence of previously increasing cell division (% of mitotic cells at 24h and 
48h). The compound modulates TGF-β secretion, conducting to the rise of structural proteins 
synthesis. Based on these experimental data we prove the Dermo-U quick effect on fibroblasts 
cellular turn-over, amplified by collagen synthesis potentiation. Active doses are in the range 
0.5-1μM. The callenduloside complex Dermo - Oz and Dermo - O compound have a slowly 
effect on cell cycle and proliferation, inducing a weak stimulation only after 48h/72h of action 
on fibroblasts culture. Thus, it was proved the “retard effect” on fibroblasts growth and 
multiplication, which recommends the association of these biocompounds with those with a 
faster effect (Dermo - U). However, it should be noted the Dermo - Oz effect on decreasing 
TGF-β secretion, associated with extracellular matrix metaloproteinases, important process in 
tissue remodeling through enzymatic digestion of imperfect fibrilar deposits. The antifibrotic 
effect of Dermo - Oz is completed by Dermo - O which stimulates the TGF-β secretion, 
conducting to the rise of structural protein synthesis having an improved fibrilar organisation. 
Both Dermo - O and Dermo - Oz induce the proteic turn-over acceleration, with clinical 
application in dermal remodeling and photo-ageing treatment. Dermo - Oz is active at 1-10 
μM ranges, Dermo - O at 10 - 15 μM. TGF-β, essential pleiotropic factor in fibroblast 
functionality, acts as a switch of cellular activity, directing towards division and proliferation, 
sustained by protein synthesis (Dermo - U for example), or, when its depletion occure (Dermo 
- Oz action), towards the enzymatic system activation to remodeling the extracellular matrix, 
without dramatic consequences at cell multiplication level. 
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