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Chapter 2. Introduction. A review of the literature on the subject of dissertation 

 

Jasione montana L. (Sheep’s bit scabious) (Figure 1) is usually a biennial, rarely annual, 

overwintering plant belonging to the Campanulaceae family. It is one of the 20 representatives of 

the genus Jasione. The valid taxonomic name of this species was first described by Carl von Linné 

[1]. It is a small perennial, usually 15–65 cm tall. It has a slender, shining white or yellowish-white 

tap root with numerous fibrous lateral branches. The aerial parts of the plant included green, erect 

or decumbent stalks. The alternate foliage morphology shows great variability according to the 

location. The lower parts have abundant branching and rich foliage, while the upper half lacks 

foliage and branching. The leaves are alternately arranged and single, villous, linear-oblong to 

linear-lanceolate and blunt-tipped. The flowers are surrounded by a series of bracts. Outer bracts 

are ovate to triangular, serrated or incised, while involucral bracts vary in terms of their outline, are 

narrow with deep incisions, in linear-oblong to lanceolate shapes, and are densely villous. The 

inflorescence is composed of 5–200 flowers with distinct pedicels that are typically irregularly 

arranged, narrow, ligulate with an acute apex, and are blue or, occasionally, pink or white in colour. 

The fruit of J. montana forms an oblong, acute capsule, while the brown or sometimes white seeds 

are ovoid-shaped and smooth [2,3]. 

 

 
Figure 1. A depiction of the morphology of Jasione montana L.  

[i-flora.com, 2022] 

 

The centre of distribution of J. montana is in Europe, including Poland. Moreover, its 

presence has also been noted in Morocco, Tunisia, Algeria, Russia and Turkey, and it has also been 

introduced to the north-eastern areas of the United States of America [3]. In Central and Eastern 

Europe, it can be found mainly in pine forests, on sandy terrain in forest and forest-steppe areas, 

cliffs, sand dunes, as well as wastelands and semi-natural communities. The plant does not have 

high environmental requirements. It is growing well on acidic, calcium-poor, well-drained soil of 

low fertility, both in sunny and semi-shady areas [2,4]. In addition, the plant can accumulate 

arsenic, and can thus serve as a natural indicator of soil pollution. The accumulation of other heavy 

metals, such as cadmium, lead, copper, chromium and zinc in the aboveground parts and roots of  

J. montana has also been proven [5,6].  

In the earliest literature regarding J. montana, published in 1629, Sheep’s bit scabious had 

already been recognized as a typically garden plant. There were also reports stating that this plant 

could have been used as feed for sheep (for this reason the name Mountain Sheep’s Scabious 

occurs in old British literature). In addition, very limited literature sources identify J. montana as a 

milky plant [2]. From an ethnopharmacological point of view, interesting reports are provided by 

Belorussian folk medicine specifying J. montana as a plant with sedative effects in the case of 
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restless sleep in children [7]. So far, few literature sources report the presence of two flavonoid 

compounds characterized as 5,7,3',4'-tetrahydroxyflavone (luteolin), and luteolin 7-O-β-D-

glucoside (cynaroside) in the aboveground parts of J. montana, at the full flowering phase [8]. 

Additionally, the presence of an anthocyanin derivative in the flowers, as well as delphinidin 

inulin, and unspecified flavonoid and alkaloid compounds in the vegetative organs were detected 

[2].  

In modern medicine, drugs made from natural compounds and plant materials are important 

elements for the growth of the drug research and development industry. Among the classes of plant 

secondary metabolites studied thus far, flavonoids, including luteolin and its derivatives, are 

distinguished by multiple beneficial biological activities. Among others, they exhibit anti-

inflammatory, immunomodulatory, antihypertensive and oxidative stress-modulating activity. In 

addition, by modulating signalling pathways at each stage of carcinogenesis, they may display 

therapeutic effects in various neoplasms, especially skin cancer [9], especially because the current 

state of knowledge supports the evidence of beneficial effects of combination therapies consisting 

of conventional anticancer drugs together with medicinal plants and their bioactive compounds 

[10–12]. The developments in phytochemistry, phytotherapy, as well as the discovery of new 

mechanisms of action, and  new active ingredients is leading to breakthroughs in natural drug 

research. However, there is a need to develop plant matrix safety studies. At the moment, there are 

no sufficient publications regarding neither the presence of biologically active compounds  in 

aboveground parts of J. montana nor the evaluation of their biological activity. Thus, this plant can 

be a promising source for obtaining biologically active compounds, especially polyphenolic 

compounds, with a wide range of pharmacological activities and possible therapeutic effects. 
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Chapter 3. The objective of the work including the rationale for undertaken research 

with reference to publications comprising the doctoral dissertation 

 

The scientific aim of the doctoral dissertation was the detailed characterization of the 

chemical composition of the aboveground parts of Jasione montana L., including the preparation of 

selected extracts and fractions, undertaking attempts of isolation of active compounds and 

assessing their biological activity. 

 

1. The characterization of the active components obtained from the aboveground parts of  

J. montana was carried out based on: 

a. qualitative analysis of the water, water-methanol and methanol extracts and selected 

fractions from J. montana obtained by using multistage extraction with solvents of 

increasing polarity: diethyl ether, ethyl acetate and n-butanol by high-performance liquid 

chromatography (HPLC), including the LC–PDA–ESI–MS/TOF technique (publication 

I); 

b. a multi-stage procedure for the isolation of polyphenolic compounds using low-pressure 

liquid chromatography (LPLC) with the use of various carriers: polyamide, Sephadex 

LH-20, and HPLC (publication I); 

c. full structural characteristics of the isolated flavonoid compounds using chromatographic 

analysis of hydrolytic decay products (TLC) and spectral analyses: UV, nuclear magnetic 

resonance: 1H and 13C NMR, and final structural characterization obtained via mass 

spectrometry [electrospray ionization–mass spectrometry (ESI–MS)] (publication I); 

d. description of a new analytical method with simultaneous determination of the 

quantitative content of flavonoid compounds in the abovementioned extracts and 

fractions obtained from J. montana by using the HPLC–PDA technique (publication II). 

2. The evaluation of the anticancer activity of extracts and fractions from aerial J. montana and 

three isolated and identified flavonoid compounds in a C32 skin melanoma cells (CRL-1585) 

model was carried out based on (publication I): 

a. evaluation of cytotoxic activity by measuring cell viability using the BD Horizon™ 

Fixable Viability Stain 520 by flow cytometry; 

b. assessment of the induction of apoptosis in C32 cells using fluorescent staining of 

conjugated annexin V with fluorescein isothiocyanate and propidium iodide by flow 

cytometry; 

c. evaluation of the mechanism of apoptosis by cytometric measurement of the change in 

mitochondrial membrane potential and the activity of selected caspases: -3, -8, -9 and -10; 

d. evaluation of the influence on the phases of the cell cycle and the ability to induce/inhibit 

the process of autophagy. 

3. The assessment of wound healing properties of extracts and fractions from J. montana and 

their isolated and identified flavonoid compounds was carried out based on (publication II): 

a. spectrophotometric determination of the degree of inhibition of elastase in an in vitro 

model and assessment of antioxidant activity by means of the DPPH and FRAP methods; 

b. measurement of collagen type-I biosynthesis, as well as evaluation of the selected pro-

inflammatory cytokines secretion in a normal human dermal fibroblast cell line (PCS-

201-012) model by flow cytometry; 

c. evaluation of the potential to stimulate migration and proliferation of fibroblasts by 

bioimaging using a phase contrast microscope. 

4. The comparison and description, based on global literature, of knowledge about the 

application of chromatographical techniques in the analysis of luteolin and its derivatives 

(publication III). 

5. A review of studies describing luteolin and its derivatives as potential therapeutics in skin 

cancers, including related pathways and therapy (publication IV). 
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Chapter 4. The achievement of scientific objectives, concise summary of research 

materials and methods, research results, summary and discussion with 

reference to publications comprising the doctoral dissertation and 

identification of prospects for further research in the subject 

 

The experimental methods applied during the research did not require the approval of the 

Bioethics Committee. 

 

4.1. Plant material  

 

The aerial parts of J. montana were collected from their natural environment in the Puszcza 

Knyszyńska area (N53°15´20.9ʺ; E23°25´41.5ʺ) near the Supraśl region (Podlasie Province, 

Poland) in the period of June–August 2017 and 2018. The plant material was air-dried in ventilated 

premises with limited light conditions (publication I and Supplementary material to publication 

II). The species’ identity was confirmed according to the scientific botanical literature and its 

morphological depiction [13]. A herbarium specimen with selected plant elements of J. montana 

(JM-15029) was deposited at the Department of Pharmacognosy at the Medical University of 

Białystok. 

 

4.2. Preparation of extracts and fractions 

 

To prepare the H2O (JM1), 50% MeOH (JM2), and MeOH (JM3) extracts for further 

studies, the raw plant material (5 g per sample) was pulverized and subsequently extracted with 65 

mL of the above-mentioned solvents by using a heating mantle and radiator (5 × 45 min). The 

extracts after filtration were dried to evaporation of the extraction solvents under reduced pressure 

at a controlled temperature of 40±2 °C. The residues of extracts were lyophilized using a freeze-

drier after suspension in water. As a consequence, the extracts were obtained in the following 

amounts: JM1 – 1293 mg; JM2 – 1238 mg; and JM3 – 858 mg. Furthermore, the plant material 

(130 g) was purified in a Soxhlet extractor with the following extraction solvents: extraction petrol 

(1.5 L × 8 h), and CHCl3 (1.5 L × 8 h) according to the continuous extraction method, and finally 

extracted with MeOH (20 × 3 L) and 50% (v/v) MeOH (3 L) for 45 min each time. The MeOH 

extracts were aggregated, denuded of the extraction solvent, and their ballasts were eliminated 

through precipitation with water. The obtained water extract formed the basis of further exhaustive 

fractionations through liquid–liquid extraction with different solvents of increasing polarity: CHCl3 

(35 × 200 mL), Et2O (JM4: 50 × 200 mL), EtOAc (JM5: 98 × 200 mL) and n-BuOH (JM6: 45 × 

200 mL). All fractions were lyophilized using a freeze-drier after evaporation to dryness. The 

following amounts of the fractions were obtained: JM4 – 8.5 g; JM5 – 29 g and JM6 – 38.5 g, and 

were used for further experiments. The CHCl3 fraction obtained in one of the stages of the raw 

material purification process was not used for further analyzes (publication I and II). 

 

4.3. Realization of scientific aims 

 

4.3.1. Analysis of the phytochemical profiles of J. montana extracts and fractions by means 

of LC–ESI–MS 

 

The first step in evaluating the general characteristics of the prepared extracts (JM1–JM3) 

and fractions (JM4–JM6) was the evaluation of the phytochemical analysis by means of the liquid 

chromatography–photodiode array detection–electrospray ionization–mass spectrometry (LC–

PDA–ESI–MS/TOF) method. LC–ESI–MS analysis was performed (Kinetex XB-C18 reversed-

phase chromatography column, 150 × 2.1 mm, 1.7 𝜇m (Phenomenex, USA); 

UPW:MeCN:HCOOH). The compounds were analyzed in an MS detector in both positive and 

negative ionization modes. The data obtained by chromatographic separation allowed for the 

preliminary identification of 25 polyphenolic compounds, indicating at the same time the rich 

qualitative composition of the tested plant material (Table 1) (Figures S1-S2 in Supplementary 

material to publication I). As expected, the high content of free aglycones [peaks 22–25], with the 
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dominant peak belonging to 22 (luteolin), was correlated with the extraction of the raw material 

with MeOH (JM3), while JM1 and JM2 were rich in glycosides. It was observed that the 50% 

MeOH extractant (JM2) was more effective than H2O (JM1). The dominant component in most of 

the extracts tested was 22, while the second most represented compound was 12 (luteolin 7-O-

glucoside). Its presence was also detected in glycoside-rich extracts JM1, JM2, JM4, and JM5. 

The composition of studied fractions (JM4–JM6) was symptomatic of the selectivity of the 

extraction process for specific groups of compounds. The analysis documented that in the JM4 

fraction, aglycones were predominate – mainly 22 and 23 (apigenin). In addition, 12, as well as p-

coumaric acid and its derivatives [peaks 3, 10] with a characteristic absorption maximum of 310 

nm in the ultraviolet-visible (UV-VIS) spectrum, were also present. Moreover, JM5 contained di- 

and triglycosides [peaks 9, 14, 15] with specific loss of fragments [M–162±H]+/–, [M–146±H]+/-, 

and [M–132±H]+/–, which correspond to O-hexose, O-pentose and O-deoxyhexose, respectively. 

Furthermore, aglycones substituted with a linear glycoside molecule [peaks 9, 14] as well as 

unsubstituted compounds were shown in JM5 [peak 15]. JM6 contained a multicomponent 

mixture of flavonoid glycosides and was devoid of free aglycones (publication I). 

 
Table 1.  Qualitative analysis of extracts/fractions (JM1–JM6) from Jasione montana performed by means 

of the liquid chromatography–mass spectrometry (LC–MS) method. 

Peak 
Rt 

(min) 

UV-VIS 

maxima (nm) 
[M–H]– ions (m/z) [M–H]+ ions (m/z) Identified compounds 

1 4.60 260 191, 217, 235 86, 136, 276 unknown 

2 14.53 260,294 109, 153, 277 93, 137, 213, 248 unknown 

3 19.29 256, 310sh 93, 183 94, 302 p-coumaroyl acid derivatives 

4 20.79 268, 330 565, 771 302, 538, 773 unknown 

5 21.61 272, 330 593 415, 432, 595 flavonoid derivatives 

6 22.53 268, 336 609 287, 449, 611 luteolin O-hex-hex 

7 23.40 268, 338 563, 741 287, 449, 565, 743 luteolin O-hex-pent-hex 

8 24.41 268, 340 609 287, 449, 611 luteolin O-hex-hex 

9 25.59 268, 348 285, 579 287, 449, 581 luteolin 7-O-sambubioside (s) 

10 25.87 310 119, 162 91, 119, 147, 165 p-coumaric acid (s) 

11 26.11 268, 338 593 271, 433, 595 apigenin O-hex-hex 

12 26.84 258, 266, 348 447, 895 287, 449 luteolin 7-O-glucoside (s) 

13 26.99 268, 326 593 287, 449, 595 luteolin O-hex-deoxyhex 

14 27.46 250, 268, 336 285, 447, 609, 755 287, 449, 611, 757 luteolin O-hex-hex-deoxyhex 

15 27.85 268, 330 269, 563 271, 418, 565 apigenin O-deoxyhex-O-deoxyhex 

16 28.76 268, 335 285, 447, 579, 769 287, 449, 581, 771 luteolin O-hex-pent-feruloyl 

17 29.27 268, 330 285, 431 286, 433 flavonoid derivatives 

18 29.45 268, 336 285, 447 287, 449 luteolin O-hex 

19 30.17 268, 284 431 301, 419, 571 flavonoid derivatives 

20 30.53 268, 300sh, 340 285, 447 287, 449 luteolin O-hex 

21 32.36 270, 324 299, 461 331, 463 tricin O-pent 

22 34.38 256, 266, 348 285 287 luteolin (s) 

23 36.23 268, 295sh, 340 269 271 apigenin (s) 

24 36.35 270, 300sh, 349 329 331 tricin (s) 

25 36.54 268, 300sh, 344 299 301 chrysoeriol (s) 

sh—peak shoulder; bold—most abundantion; s—reference substance; hex—hexose, pent—pentose, deoxyhex—

deoxyhexose. 

 

4.3.2. Isolation and identification of main flavonoids 9, 12 and 22 

 

Based on preliminary LC–ESI–MS phytochemical profiling, the presence of separable 

compounds belonging to the polyphenol group was detected in fractions JM4–JM6. Hence, the 

fractions were subjected to multistep and labor-intensive separation processes by means of low-

pressure liquid chromatography (LPLC) using different stationary phases, polyamide and Sephadex 
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LH-20. The isolation procedures were inspected by means of the thin-layer chromatography (TLC) 

(TLC Cellulose, n-BuOH:CH3COOH:H2O, 4:1:5 (v/v/v); 1% Naturstoff reagent A) technique under 

UV light. As a result of chromatographic separation processes, three known substances: 9 (250 

mg), 12 (1640 mg) and 22 (139 mg) were obtained. The full structural characterization of the 

isolated, chromatographically homogeneous substances was established through further spectral 

analyses (publication I). 

The structures of the isolated compounds (9, 12, 22) were determined on the basis of 

chromatographic analysis and Rf values of acid hydrolysis products and analysis of recorded 

spectra of spectroscopic methods such as UV spectroscopy and nuclear magnetic resonance (1H 

NMR, 13C NMR). The final characterization was confirmed by mass spectrometry (MS), including 

analysis of ion decay products (ESI) (publication I). The spectral data of the isolated compounds 

(9, 12 and 22) were verified by comparison with those previously described in the literature. The 

isolated compounds were identified as luteolin 7-O-β-D-xylosyl-(1-2)-β-D-glucoside (luteolin 7-O-

sambubioside, 9), luteolin 7-O-β-D-glucoside (cynaroside, 12) and 5,7,3',4'-tetrahydroxyflavone 

(luteolin, 22) [14–16] (Figure 2) (Figures S3-S8 in Supplementary material to publication I). 

 
Figure 2. Chemical structure of isolated compounds 9, 12 and 22. 

 

4.3.3. Quantitative analysis of J. montana extracts and fractions by means of HPLC–PDA 

 

Further studies focused also on the quantification of isolated secondary metabolites and the 

sum of their derivatives in extracts (JM1–JM3) and fractions (JM4–JM6) using high-performance 

liquid chromatography with a photodiode array detector (HPLC–PDA method). For this purpose, a 

new method was developed and validated. The parameters of the method  for the two dominant 

compounds 12 and 22 (λmax = 348 nm) are presented in Table 2 (Table S1 in Supplementary 

material to publication II). The compounds were quantified by using calibration curves of the two 

reference substances. 

 
Table 2.  Regression data, the limit of detection (LOD) and limit of quantification (LOQ), accuracy and 

precision obtained during HPLC–PDA method validation. 

Parameter luteolin 7-O-glucoside (12) luteolin (22) 

Linear range [µg/mL] 25–1000 5–500 

R2 (N=6) 0.9999 0.9999 

Regression equation a y = 22851x+106.69 y = 36173x-34.602 

LOD [µg/mL] 19.4 4.6 

LOQ [µg/mL] 59 14 

Accuracy [%] 101.09±3.23 101.23±2.93 

Intra-day precision (%CV) (N=6) 0.58 0.93 

Inter-day precision (%CV) (N=9) 0.88 1.26 

a the value for y corresponds to the peak area and x to the concentration, respectively. 
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Table 3 shows the contents of the main phytoconstituents, compounds 9, 12, and 22, as 

well as their derivatives. Each examined extract exhibits variations in quantitative content relative 

to the major compounds. Based on the results obtained, it can be determined that extracts JM1–

JM6 have a relatively limited phytochemical composition. Consequently, the determined dominant 

substances are present in substantial amounts. This formed the basis for their multistage isolation 

process. The predominant compounds found in JM4 are 22 (72.13±3.86 mg/g dry fraction) and 12 

(40.21±0.85 mg/g dry fraction), whereas JM5 contains a substantial quantity of 12 (383.16±1.36 

mg/g dry fraction) and other flavonoid derivatives (publication II). 

 
Table 3.  Quantification of major compounds in J. montana extracts (JM1–JM3) and fractions (JM4–JM6) 

by means of HPLC–PDA expressed as mg/g dry extract/fraction. 

Compounds JM1 JM2 JM3 JM4 JM5 JM6 

9 # 10.30±0.03 6.57±0.03 BLQ ND BLQ 6.77±0.08 

12 52.02±0.17 31.21±0.07 11.10±0.08 40.21±0.85 383.16±1.36 ND 

22 5.78±0.11 7.82±0.02 8.18±0.09 72.13±3.86 ND ND 

luteolin 

derivatives b# 
83.66±0.28 53.81±0.14 23.11±0.02 53.51±1 474.87±1.86 20.76±0.13 

9—luteolin 7-O-sambubioside; 12—luteolin 7-O-β-D-glucoside; 22—luteolin; b excluding luteolin; # expressed as 

equivalent of luteolin 7-O-glucoside with standard deviation; BLQ—below the limit of qualification; ND—not detected. 

 

4.3.4. In vitro evaluation of the anticancer activity of J. montana extracts/fractions and 

their main compounds against human amelanotic melanoma C32 cell line  

 

According to a number of available studies, plant materials represent an important source of 

anticancer molecules due to their ability to inhibit tumor growth by means of cell cycle arrest 

and/or apoptosis induction [17]. However, research into the metabolic pathways of plant matrices 

and naturally derived compounds is deficient, therefore in vitro studies do not always correlate with 

the effect observed after internal administration. Therefore, it seemed appropriate to consider 

studies towards potential topical administration of the raw material and natural compounds. Based 

on the available literature and previous studies involving in vitro and in vivo models, luteolin and 

its derivatives have been suggested to have anticancer effects, including anti-melanoma properties 

(publication IV). 

Taking these aspects into consideration, the anticancer activity of the J. montana extracts 

(JM1–JM3), their fractions (JM4–JM6) and isolated compounds (9, 12, 22) against a human 

amelanotic melanoma cell line C32 (CRL-1585) were investigated. The study was based on cell 

cycle arrest and apoptosis induction. Preliminary profiling of the cytotoxic potential of JM1–JM6 

and 9, 12, 22 was performed using a fixed viability staining assay via a flow cytometer (Table 4). 

The viability of the C32 cell was inhibited in a dose-dependent manner under the influence of the 

tested extracts and compounds (Figures S9-S12 in Supplementary material in publication I). 

The highest cytotoxic potential was observed for 22 (IC50 = 95.1±7.2 µg/mL) and JM4 (IC50 = 

119.7±3.2 µg/mL), but was slightly lower for JM6 (IC50 = 215.1±21.2 µg/mL). Notably, based on 

the content of compound 22 in JM4, it can be concluded that this compound is predominantly 

responsible for the observed effects of the JM4 fraction on C32 cells (publications I and II). The 

observed activities of the JM4 fraction and compounds 22 were comparable to vinblastine sulfate 

(VLB), which was used as a positive control (IC50 = 148.5±7.7 µg/mL). While both 22 and JM4 

displayed notable degrees of cytotoxic activity in C32 cells in this study, their cytotoxic potential 

against a normal human dermal fibroblast cell line was much lower (Figure S13 in 

Supplementary material in publication I). On the other hand, other evaluated samples (JM1–

JM3, JM5–JM6, compounds 9, and 12) showed no effect on the C32 cell survival rate (IC50 > 300 

µg/mL). Moreover, C32 cells treated with 22, JM4, and VLB were visualized using phase-contrast 

microscopy to assess the morphological profile (Figure 3). Dose-dependent degradation of the cell 

membrane and a decrease in cell adhesion was observed. Additionally, it can be speculated that cell 

proliferation was inhibited or apoptosis induced, based on the observed reduction in cell numbers 
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in the treatment groups. Based on the results of the preliminary assessment of cytotoxic potential 

against cancer cells, samples with the highest toxic activity (JM4, 22) were submitted for further 

elucidation of the mechanism of cell damage and the possible induction of apoptosis, as well as the 

ability to halt the cell cycle.  

 
Table 4.  Cytotoxic activity of JM1–JM6 extracts and isolated compounds 9, 12, 22 against C32 human 

amelanotic melanoma cells. Mean values ± SD from three independent experiments conducted in 

duplicate are presented. (IC50 value in µg/mL). 

Sample IC50 [µg/mL] 

JM1 > 300 

JM2 > 300 

JM3 > 300 

JM4 119.7±3.2 

JM5 > 300 

JM6 215.1±21.2 

9 > 300 

12 > 300 

22 95.1±7.2 

VLB 148.5±7.7 

VLB—vinblastine sulfate (positive control). 

 

 
Figure 3. Morphological profile of C32 melanoma cells treated with JM4 at concentrations of 25 µg/mL (A), 

50 µg/mL (B) and 100 µg/mL (C), 22 at a concentration of 25 µg/mL (D), and vinblastine sulfate 

(VLB) at a concentration of 25 µg/mL (E), compared with an untreated control (F) evaluated by 

means of phase contrast microscopy (magnification × 200). 

 

The fluorescent staining of conjugated annexin V with fluorescein isothiocyanate and 

propidium iodide (PI) was performed by means of a flow cytometer technique to establish the 

mode of programmed cell death induced by JM4 and 22. During apoptosis, annexin V has a close 

kinship with phosphatidylserine (PS) on the cell membrane, anticipatory of its externalization. 

Meanwhile, PI marks the integrity of the cell membrane and, consequently, the percentage of 

necrotic cells. Hence, this method allows for differentiation between viable cells, those undergoing 

early or late apoptosis, and necrotic cells [18]. Results demonstrated that JM4 and 22 relevantly 

induced programmed death of C32 cells (Figure 4). The most significant proapoptotic effect was 

observed in the case of 100 µg/mL JM4 (44.2±1.0% viable cells and 51.5±1.7% apoptotic cells). 

Nevertheless, due to the fact that the percentage of necrotic cells increased in direct proportion to 



14 
 

the increase in JM4 concentration (4.3±2.6% necrotic cells under the influence of 100 µg/mL), a 

dose-dependent toxic effect could be attributed. VLB and 22 displayed comparable proapoptotic 

potential (29.2±3.0%, and 27.4±1.0% apoptotic cells, respectively); however, VLB was 

characterized by twofold higher necrotic potential.  

Under cytometric examination of the effect on the induction of the autophagy process, it was 

observed that the highest dose-dependent activity was demonstrated after 24 hours of incubation 

with JM4 (100 µg/mL) (60.2±1.6% non-autophagic cells and 38.6±1.6% autophagic cells) (Figure 

5). Admittedly, the potential of VLB at a concentration of 25 µg/mL was twofold higher 

(22.4±0.6% non-autophagic cells and 76.7±0.5% autophagic cells). At the same time, it was 

observed that the effect after treatment with JM4 was not compatible with its major component, 

22. Autophagy prevents the deposition of damaged cellular organelles through the regulation of 

intracellular homeostasis, and its levels are compatible with cellular stress leading to apoptosis of 

cancer cells [19]. Hence, the observed percentage of autophagic cells after treatment with JM4 may 

suggest the induction of cellular stress and programmed cell death.  

 

 
Figure 4. The percentage of C32 melanoma cells in the viable stage, early and late apoptosis, and necrotic 

stage, after treatment with JM4 (25, 50, 100 µg/mL), 22 (25 µg/mL) and vinblastine sulfate (VLB) 

(25 µg/mL). Mean percentages from three independent experiments (n = 3) conducted in duplicate 

are presented. * p < 0.05 versus control group, ** p < 0.01 versus control group, *** p < 0.001 

versus control group. 
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Figure 5. The percentage of non-autophagic and autophagic C32 melanoma cell population after incubation 

with JM4 (25, 50, 100 µg/mL), 22 (25 µg/mL) and vinblastine sulfate (VLB) (25 µg/mL). Mean 

percentage values from three independent experiments (n = 3) conducted in duplicate are 

presented. * p < 0.05 versus control group, *** p < 0.001 versus control group. 

 

Cell cycle arrest and apoptosis induction play an important role in the mechanism of activity 

and design of anticancer agents. Mitochondria and caspases activity, inter alia, are closely linked 

with programmed cell death. Cytometric analysis of the changes in C32 cell cycle progression 

caused by JM4 and 22 are presented in Figure 6. It was observed that JM4 at 100 µg/mL and 22 at 

25 µg/mL led to an accumulation of cells in the G2/M phase (30.1±1.8% vs. 6.1±0.6% control, 

14.6±1.5 % vs. 6.1±0.6 % control, respectively). Thereby, the potential of 25 µg/mL of VLB was 

only moderate compared to JM4 and 22. Moreover, the percentage of C32 cells in the G1 phase 

decreased after incubation with JM4 (100 µg/mL) and 22 (25 µg/mL) (14.7± 2.4% vs. 73.0±0.9% 

control, 35.3±3.0% vs. 73.0±0.9% control, respectively). The demonstrated disruptions of the cell 

cycle were associated with inhibition of cell proliferation.  

 

 
Figure 6. Percentage of accumulation C32 melanoma cells in the different cell cycle phases after 24 h of 

incubation with JM4 (25, 50, 100 µg/mL), 22 (25 µg/mL) and vinblastine sulfate (VLB) (25 

µg/mL). Mean percentage from three independent experiments (n = 3) done in duplicate are 

presented. * p < 0.05 versus control group, ** p < 0.01 versus control group, *** p < 0.001 versus 

control group. 
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Dysfunction of mitochondrial membrane integrity may affect the mitochondrial pathway in 

the apoptotic cell death process. The cytometric evaluation performed showed a significant 

decrease in dose-dependent mitochondrial membrane potential (MMP) under the influence of JM4 

and compound 22, thus confirming the triggering of apoptosis (Figure 7). Notably, the reduction in 

MMP in the case of 22 at a concentration of 25 µg/mL (31.8±0.7%) was similar to that caused by 

VLB, and in the case of JM4 at a concentration of 100 µg/mL (74.5±3.0%), it was twice as high as 

that recorded in the case of VLB (34.1±3.0%). Furthermore, in the untreated control group, reduced 

MMP was present in only 5.2±0.1% of cells. The obtained results are in accordance with the results 

from the annexin V binding assay. The correlation between reduced MMP and early stages of 

apoptosis is also linked to the appearance of cytochrome C and other proteins in the cytosol. These 

proteins play a crucial role in the activation of the intrinsic (mitochondrial) apoptotic pathway, 

closely related to caspase-9 and, therefore, caspase-3. Moreover, activation of apical caspases 

(caspase-8 and caspase-10) leads to initiation of the external apoptotic pathway as well as 

activation of the effector caspase, caspase-3, directly responsible for DNA damage-induced 

apoptosis [20,21]. Analysis of the changes in caspase expression presented in Table 5 showed a 

significant increase in the levels of all investigated caspases compared to the untreated control 

group under the influence of JM4 and 22. JM4 (100 µg/mL) proved to be a potent inducer of 

apoptosis, exerting a significant effect on caspase-8, caspase-9 and caspase-10 activations 

(41.8±0.5%, 40.9±2.4%, and 43.7±1.1%, respectively), which was almost twice as effective as after 

VLB treatment. Additionally, the main component of JM4, 22 (25 µg/mL) showed a slightly 

weaker but equally adequate effect on caspase-8, caspase-9 and caspase-10 activation (20.2±1.5 %, 

16.6±0.8%, and 15.4±0.7%, respectively). The obtained results were consistent with the previous 

hypothesis of an intrinsic mitochondrial apoptotic pathway established by the results from the 

changes in MMP potential. Moreover, JM4 (100 µg/mL) and 22 (25 µg/mL) affect the activity of 

the effector caspase, caspase-3 (74.9±4.0%, and 22.1±1.9%, respectively). Therefore, it can be 

assumed that they induce external and intrinsic pathways of apoptosis and DNA degradation 

(publication I).  

 

 
Figure 7. The percentage of C32 melanoma cells with normal and decreased mitochondrial membrane 

potential (MMP) after 24 h incubation with JM4 (25, 50, 100 µg/mL), 22 (25 µg/mL) and 

vinblastine sulfate (VLB) (25 µg/mL). Mean percentage values from three independent 

experiments (n = 3) conducted in duplicate are presented. *** p < 0.001 versus control group. 
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Table 5.  The percentage of C32 melanoma cells with active caspase-3 after 24 h incubation with JM4 (25, 

50, 100 µg/mL), 22 (25 µg/mL) and vinblastine sulfate (VLB) (25 µg/mL). 

Samples 
Cells with active caspases [%] 

caspase-3 caspase-8 caspase-9 caspase-10 

control 4.2±1.3 4.4±0.7 4.0±0.7 3.9±0.5 

VLB 23.4±3.5 28.8±1.1 28.7±0.2 30.8±0.7 

22 22.1±1.9 20.2±1.5 16.6±0.8 15.4±0.7 

JM4 – 25 µg/mL 8.5±1.6 8.2±0.7 6.4±0.4 7.2±0.4 

JM4 – 50 µg/mL 21.2±1.7 17.4±0.3 16.7±0.5 18.7±0.9 

JM4 – 100 µg/mL 74.9±4.0 41.8±0.5 40.9±2.4 43.7±1.1 

 

4.3.5. Estimation of the effects of J. montana extracts/fractions and their major secondary 

metabolites on wound healing processes 

 

The wound healing process constitutes a series of dynamic, smoothly overlapping phases 

strictly related to the modulation of the release of various growth factors, extracellular matrix 

(ECM) signaling proteins, and cytokines; collagen depositing; and the control of oxidative stress, 

consequently resulting in restoration of anatomic continuity and tissue function [22,23]. Certain 

medicinal plants and their phytoconstituents may present an attractive therapeutic approach in the 

process of accelerating the restoration of the physical barrier of the skin [24]. Hence, the 

experiments conducted within the framework of this dissertation are intended to determine the 

effect of J. montana extracts (JM1–JM3), their fractions (JM4–JM6) and isolated compounds (9, 

12, 22) on the wound healing process. The research presented herein focused mainly on 

investigating antioxidant potential, enzymatic inhibition against elastase, as well as the ability to 

accelerate the viability, migration and function of human dermal fibroblasts (PCS-201-012). 

The antioxidant properties of J. montana extracts and their main components were 

established based on diverse mechanisms of action, including the 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) free radical scavenging and ferric reducing antioxidant potential (FRAP) 

spectrophotometric assays. The radical scavenging activity by DPPH, expressed as IC50 values, 

ranged from 848.47±4.4 µg/mL to 72.69±2.3 µg/mL for all extracts, and 10.65±0.7 µg/mL to 

20.34±0.8 µg/mL for all compounds (Table 6). All of the tested compounds (9, 12, and 22) were 

comparably effective antiradical agents, while fractions JM4 and JM5, with the highest content of 

these compounds (Table 3), showed the highest activity among the tested extracts/fractions. The 

obtained results were simultaneously comparable or stronger than the positive control, Trolox (IC50 

= 58.6±0.1 µg/mL). Similar findings were revealed in the reduction of metal ions in FRAP method 

(Table 6). The best reducing abilities were found in JM5 (51.55±1.65 mM Fe2+/mL), followed by 

JM4 (43.87±1.32 mM Fe2+/mL), while the lowest activity was observed in JM6 in both the FRAP 

(10.63±0.92 mM Fe2+/mL) and DPPH assays (IC50 = 848.47±4.4 µg/mL).  

Elastin fibers, which are a component of the ECM, play an essential structural role and also 

benefit wound healing processes. Overproduction of one of the matrix metalloproteinases, elastase, 

leads to degradation of this protein and finally inhibition of skin re-epithelialization [25]. 

Performed spectrophotometric determinations of the inhibitory potential against elastase activity 

for crude extracts from J. montana and isolated compounds, carried out under the present doctoral 

research, showed that among all tested samples only a few exhibited moderate anti-elastase effects. 

The most active samples tested are classified from the strongest to the weakest elastase inhibitors 

as follows: 22>JM4>JM5, with values of IC50 = 39.93±1.06 µg/mL, 359.03±1.65 µg/mL, and 

385.03±1.87 µg/mL, respectively. On the other hand, JM1–JM3, JM6, 9 and 12 showed no 

significant inhibitory activity (Table 7). 
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Table 6.  Antiradical activity against DPPH radical (IC50, µg/mL) and FRAP values (mM Fe2+ per mL) of 

JM1–JM6 extracts and components (9, 12, and 22). 

Sample DPPH, IC50 (µg/mL)a FRAP (mM Fe2+eq/mL)b 

JM1 457.15±5.2 34.33±0.99 

JM2 276.60±3.8 46.53±0.87 

JM3 261.18±4.2 41.31±0.99 

JM4 72.69±2.3 43.87±1.32 

JM5 42.69±1.7 51.55±1.65 

JM6 848.47±4.4 10.63±0.92 

9 20.34±0.8 60.59±0.46 

12 16.59±0.7 51.88±0.53 

22 10.65±0.7 51.81±0.78 

a All data are represented as mean IC50 values; b ability to reduce the Fe3+ complex to ferrous Fe2+. 

 
Table 7. Elastase inhibitory activity of JM1–JM6 extracts; compounds 9, 12, and 22, and quercetin 

expressed as IC50 (µg/mL). 

Sample IC50 (µg/mL) 

JM1 > 600 

JM2 > 600 

JM3 > 600 

JM4 359.03±1.65 

JM5 385.03±1.87 

JM6 > 600 

9 > 200 

12 > 200 

22 39.93±1.06 

PC 22.36±0.86 

PC—positive control (quercetin). 

 

Fibroblasts, one of the predominant cells in the wound closure process, may constitute a 

principal target in the commercial design of therapeutic preparations. To pre-determine the effects 

of the tested extracts and compounds on human dermal fibroblasts viability, a fixed viability 

staining assay was performed via a flow cytometer. As shown in Figure 8, the percentages of cell 

viability ranged from 94.9% to 104.6% compared to the control group. Most of the tested extracts 

and compounds at all tested concentrations (10–300 μg/mL) showed no noticeable toxicity. 

Nevertheless, JM4 and 22 showed moderate dose-dependent cytotoxic potential. However, it was 

noted that there was no effect on cell viability in the presence of JM4 at a concentration of 10–100 

µg/mL and 22 (Figure S13 in Supplementary material in publication I).  
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Figure 8. The percentage of viable HDF cells after 24 h of incubation with JM1–JM6 extracts and their 

main components (9, 12, 22) (10–300 μg/mL) compared to the untreated control. Mean percentage 

from three independent experiments (n = 3) performed in duplicate. * p < 0.05 versus the control 

group, ** p < 0.01 versus the control group, *** p < 0.001 versus the control group, **** p < 

0.0001 versus the control group. 

 

The proliferation and migration of fibroblasts toward a temporary irruption plays a critical 

step during the re-epithelialization mechanism of restoring skin integrity [23]. The potency of 

either of these mechanisms has been examined by means of the in vitro scratch test, the preferred 

wound healing model applied in order to mimic cell migration during wound closure in vivo [26]. 

Considering the above-mentioned aspects, it has been demonstrated that J. montana extracts and 

their main metabolites can promote granulation tissue formation and, consequently, wound healing 

by inducing migration of fibroblasts as visualized using phase-contrast microscopy. 

Simultaneously, the tested samples showed no toxicity against the tested skin cells (Figure 9). 

Furthermore, among the tested samples, 9 and JM1 (50 μg/mL) most firmly induced fibroblast 

growth and migration, and their influence was comparable to the healing-promoting potential of the 

positive control, allantoin (50 µg/mL). A slightly weaker effect was observed for the JM5 fraction 

and its main compound, 12, which likely determines the former’s effects (Table 3). In contrast, a 

distinct trend was observed for 22 and JM4, which were capable of stimulating cells only at a low 

concentration (10 µg/mL). Above this concentration, a reduction in cell adhesion and loss of 

intercellular connections was observed. This observation coincides with the moderate cytotoxicity 

of these samples (Figure 8). 
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Figure 9. A representative image of the in vitro scratch migration assay in fibroblast cells immediately after 

wounding (t0), untreated (control) or treated with allantoin (50 µg/mL), extracts JM1–JM6 (50 

µg/mL), or compounds 9, 12 (25 µg/mL) or 22 (10 µg/mL) after 24 h incubation, evaluated by 

means of phase contrast microscopy (magnification × 100) (scale bar 250 µm). 

 

Collagen is the major ECM protein produced by fibroblasts is as a significant protagonist of 

their survival, proliferation and function. Thus, from a clinical perspective, the deposition of 

collagen within the wound may constitute an exceedingly relevant aspect of healing and potentially 

contributes to the strengthening of the matrix [25]. The effect of J. montana extracts and isolated 

compounds on collagen type I content was evaluated in an in vitro model of human skin fibroblasts 

by means of a flow cytometry technique; however, the observed activity was restrained (Figure 10) 

(Figure S1 in Supplementary material in publication II). The highest increase in median 

fluorescence intensity (MFI) characterizing soluble collagen content in fibroblasts was observed for 

the highest tested concentrations (300 μg/mL) of 9 (MFI: 1763±58 vs. 1507±9.2 control) and 12 

(MFI: 1717±10.6 vs. 1507±9.2 control); however, as already mentioned, they did not demonstrate 

an ability to reduce cell viability (Figure 8). Furthermore, the JM3 extract slightly increased the 

soluble collagen content at a concentration of 25 µg/mL (MFI: 2417±45.2 vs. 2244±7.1 control). 

However, this was not a dose-dependent effect; therefore, it is difficult to determine which 

dominant component (12, 9) of this extract was responsible for its activity, or whether it was an 
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effect related to reciprocal inhibition with the other components (Table 3). Upon comparing the 

results obtained for the reference sample, allantoin at a concentration of 50 μg/mL, it became 

apparent that the majority of the investigated samples had more significant activity than allantoin 

(MFI: 1494±2.8 vs. 1822±62.2 control).  
 

 
Figure 10. Effect of J. montana extracts (JM1–JM6) and their main compounds (9, 12, and 22) (10–300 

μg/mL) and allantoin (50 μg/mL) on collagen type I content in fibroblast cells. Data are expressed 

as the percentage of the median fluorescence intensity compared with the control. Data are 

presented as the median fluorescence intensity (MFI) from three independent experiments (n = 3) 

performed in duplicate. * p < 0.05 versus the control group, ** p < 0.01 versus the control group, 

*** p < 0.001 versus the control group, **** p < 0.0001 versus the control group. 

 

Inflammation is part of the normal wound healing process; however, in the absence of 

effective decontamination, this condition can be prolonged with elevated levels of proinflammatory 

cytokines, such as tumor necrosis factor-α (TNF-α) and its dependent interleukins (ILs) IL-6 and 

IL-8, as well as IL-1β. This impedes the healing process by limiting proliferation, skin cell 

differentiation and collagen deposition at the wound site while synergistically increasing matrix 

metalloproteinase production [27]. Therefore, the levels of several inflammatory cytokines were 

evaluated in response to J. montana extracts and isolated compounds to assess the immune status of 

human fibroblast cells. All tested samples showed a complex effect on cytokine secretion that 

depended both on the cytokine considered and the concentration of the samples tested. The study 

showed that the tested extracts and compounds exhibited differential activity in modulating the 

expression levels of IL-1β and IL-8 (Figure 11 and 13). Among the tested samples, the greatest 

ability to reduce the secretion of the labelled pro-inflammatory cytokine IL-1β was observed in the 

case of the JM4 at a concentration of 50 µg/mL (0.5±0.4 pg/mL vs. 13.4±5.6 pg/mL control) and 
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its main component 22 at a concertation of 100 μg/mL (1.7±1.1 pg/mL vs. 13.4±5.6 pg/mL 

control). Furthermore, the ability to reduce IL-1β secretion was observed after treatment with JM2, 

JM5 and JM6, but only at their higher concentrations (100-300 µg/mL). In contrast, the reference 

sample, allantoin, had a significant effect on stimulating pro-inflammatory IL-1β levels (Figure 

11). In the case of the proinflammatory IL-8, treatment with JM2, JM4, JM5 and 22 resulted in a 

pronounced decrease in IL-8 expression. The most significant pro-inflammatory inhibitors proved 

to be JM4 and 22 (300 μg/mL) undercutting cytokine expression at 154.0±102.8 pg/mL vs. 

8396.8±2771.1 pg/mL control and 60.8±8 pg/mL vs. 8396.8±2771.1 pg/mL, respectively. 

Compared to the results obtained for allantoin (Figure 13) it can be observed that the decrease in 

IL-8 expression was weaker than for the most active samples tested. The highest increase in the 

expression level of IL-6, with both pro- and anti-inflammatory properties, appeared for extracts 

JM1 (100 μg/mL), JM2 (100 μg/mL), and JM3 (100 μg/mL), fractions JM5 (10 μg/mL), and JM6 

(50 μg/mL), as well as compounds 9 and 12 (100 μg/mL), while JM4 and 22 induced a decrease in 

IL-6 below that of the untreated control in a dose-dependent manner (Figure 12). The observed up-

regulation of IL-6 is comparable to the results obtained for the positive control. Considering the 

correlation between quantitative analysis (Table 3) and documented anti-inflammatory activity, it 

can be concluded that a high content of 22 also relevantly determines JM4 activity, as well as, to a 

lesser extent, the activity of the other extracts/fractions (publication II). 

 

 
Figure 11. Effects of the J. montana extracts JM1–JM6 and their main components (9, 12, and 22) (10–300 

μg/mL) and allantoin (50 μg/mL) on IL-1β production inhibition. Mean values from three 

independent experiments (n = 3) performed in duplicate are presented. * p < 0.05 versus the 

control group, ** p < 0.01 versus the control group, *** p < 0.001 versus the control group, **** p 

< 0.0001 versus the control group. BSR, below the standard range (values lower than the detection 

limit). 
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Figure 12. Effects of the J. montana extracts JM1–JM6 and their main compounds (9, 12, and 22) (10–300 

μg/mL) and allantoin (50 μg/mL) on the release of IL-6. Mean values from three independent 

experiments (n = 3) performed in duplicate are presented. * p < 0.05 versus the control group, ** p 

< 0.01 versus the control group, *** p < 0.001 versus the control group, **** p < 0.0001 versus 

the control group. 
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Figure 13. Effects of the J. montana extracts JM1–JM6 and their main flavonoids (9, 12, and 22) (10–300 

μg/mL) and allantoin (50 μg/mL) on IL-8 production inhibition. Mean values from three 

independent experiments (n = 3) performed in duplicate are presented. * p < 0.05 versus the 

control group, ** p < 0.01 versus the control group, *** p < 0.001 versus the control group, **** p 

< 0.0001 versus the control group. 

 

4.3.6. Statistical analysis 

 

All numerical data are expressed as the mean ± standard deviation (SD) from at least three 

independent repeats. The GraphPad Prisma 8 software (GraphPad Software, San Diego, CA, USA) 

was used for statistical analysis. Statistical differences were assessed using one-way ANOVA 

followed by Dunnett's multiple comparisons test. Statistically significant values were considered 

under the condition of p < 0.05. The MS Excel 2019 software with the Data Analysis add-on was 

used for statistical analysis and determination of regression parameter calculations in 

quantification. The parameters were obtained using ANOVA with a confidence level of 95%. 

 

4.4. Summary and discussion 

 

Based on a review of the literature, it can be concluded that information describing the 

detailed chemical composition of the aboveground parts of J. montana are scarce. Previous reports 

indicate the presence of two flavonoid compounds, luteolin and cynaroside, in the aboveground 

parts of J. montana [8]. On the other hand, inulin, unspecified flavonoid compounds, alkaloids and 

an anthocyanin, derivative of delphinidin, were detected in vegetative organs [2]. 

Ethnopharmacological reports suggest the use of J. montana as a sedative in Belarusian traditional 

folk medicine [7]. Admittedly, the lack of available reports on their potential biological activity 

prompted a detailed phytochemical profiling and evaluation of the potential pharmacological 

activity of J. montana for the first time for this species. 
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In the first stage of the study, phytochemical analysis of secondary metabolites was 

performed. Detailed phytochemical profiling with LC–PDA–ESI–MS/TOF enabled the 

identification of 25 polyphenolic compounds, mainly flavonoids. The methanol extract (JM3), and 

the diethyl ether fraction (JM4) were dominated by free aglycones, predominatly luteolin (22) and 

apigenin (23). In most of the extracts tested 22 was determined as the dominant component. 

Moreover, p-coumaric acid and its derivatives (3, 10), as well as luteolin 7-O-glucoside (12) were 

also detected in JM4. The second most represented compound was 12, and its presence was also 

detected in glycoside-rich extracts: water (JM1) and 50% methanol (JM2), as well as in the ethyl 

acetate fraction (JM5). JM5 also contained diglycosides and triglycosides (9, 14, 15), and 

aglycones substituted with a linear glycoside moiety (9, 14). The n-butanol fraction (JM6) 

contained a multicomponent mixture of flavonoid glycosides (publication I). 

The next step of the analysis was an attempt to isolate and identify the processes of 

compounds belonging to the flavonoid group with potential pharmacological effects. The attempts 

undertaken to isolate flavonoid compounds led to three pure, homogeneous compounds. According 

to the detailed UV, TLC, NMR, MS analyses and available literature [14–16], the presence of 

compounds 12 and 22, identified as luteolin 7-O-β-D-glucoside (cynaroside) and 5,7,3',4'-

tetrahydroxyflavone (luteolin), respectively, was confirmed in J. montana [8]. Nonetheless, 

compound 9, identified by means of the same spectral and spectrometric techniques as luteolin 7-

O-β-D-xylosyl-(1-2)-β-D-glucoside (luteolin 7-O-sambubioside), was for the first time isolated and 

described within the aboveground parts of J. montana (publication I). 

Chromatography is a powerful tool in the analysis of natural compounds, and its coupling 

with other analytical methods expands analytical capabilities while improving the accuracy, 

sensitivity and precision of natural compound determinations, especially in multi-ingredient plant 

extracts. The conducted review of the literature systematizes and shows that chromatographic 

techniques have been successfully applied in the analysis of luteolin derivatives. Combinations of 

large-scale chromatographic techniques with serially aligned detection modalities, such as LC–

MS/MS or LC–NMR–MS, have proven particularly useful. The LC method is of predominant 

practical importance in this group of compounds. A fundamental element of the analysis in a 

chromatographic system that ensures its effectiveness is the correct and optimized selection of 

separation conditions. Proper selection of the sorbent stationary phase, its polarity, column 

diameter, the type of mobile phase used or type of elution are closely related to the efficiency and 

success of separation. In the analysis of luteolin and its derivatives, according to the available 

literature, separation is mainly performed using the reversed-phase (RP) system, using a mobile 

phase consisting of mixtures of acetonitrile and water or, less frequently, methanol and water, in 

both cases modified by the addition of formic acid or trifluoroacetic acid. In addition, the vast 

majority of reports document the use of gradient elution (publication III).  

Based on the conducted review of the literature on the chromatographic techniques used in 

the determinations of luteolin and its derivatives, the new method of quantification of isolated 

compounds in J. montana extracts and fractions by means of the HPLC–PDA technique was 

developed and validated. According to the obtained HPLC analyses, luteolin (22) was determined 

as the dominant substance in the JM4 fraction as well as the JM1, JM2, and JM3 extracts, while 

only the JM5 and JM6 fractions did not contain 22. In addition, 12 was present in most of the 

tested samples, and its highest amount was recorded in JM5. 9 was quantified only in JM1, JM2 

and JM6 (publication II). 

Continuing the research on the aboveground parts of J. montana, the biological activity of 

extracts and fractions JM1–JM6 as well as isolated and identified compounds 9, 12 and 22 was 

assessed. Firstly, by conducting an evaluation of the anticancer potential, it was shown that, among 

the tested samples, fraction JM4 and its main component, compound 22, decreased the viability of 

C32 melanoma cells by means of cytotoxic action. At the same time, after treatment with JM4 and 

22, cell membrane degradation and reduction of melanoma cell population were observed, 

suggesting inhibition of their proliferation and induction of apoptotic processes. Further 

experiments were conducted to determine the impact of JM4 and 22 on cell cycle and apoptotic 

cell death. It was confirmed that JM4 and 22 led to cell death through both activations of the 

extrinsic and intrinsic (mitochondrial) apoptotic pathways. This ability, established by the 

documented reduction of MMP and the expression of caspase-9, correlated with the intrinsic 
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apoptotic pathway. Furthermore, increased caspase-8 and caspase-10 potential are indicative of an 

activated external apoptotic pathway. Both cell death pathways consequently lead to modulation of 

caspase-3 activity and direct DNA damage, which was also documented after incubation with JM4 

and 22. Moreover, the isolated compound 22 and the JM4 fraction had an effect on the number of 

autophagic cells and showed an increase in the accumulation of cells in the S and G2/M phases of 

the cell cycle. Cell cycle arrest and induction of apoptosis or autophagy inhibit neoplasm growth 

and are considered essential aspects of cancer therapy [28,29]. The anticancer effect of the JM4 

fraction can be partly explained by the significant presence of luteolin (22), confirmed by 

qualitative and quantitative analysis (publication I). The high antiproliferative activity of luteolin 

can be correlated with its structural features, especially the presence of the C2-C3 double bond and 

the oxo group at position C4 of the C ring, and the hydroxyl groups at C5 and C7 of ring A, as well 

as the catechol group containing two adjacent phenolic OH groups (3', 4'-di-OH) [30] (publication 

IV). However, taking into consideration differences between effects on mitochondrial potential, 

caspase activation and the apoptosis phase, a synergism of different phytochemical components 

such as compound 22 and its derivatives should be deliberated (publication I).  

A review of previous studies, conducted within the framework of the present doctoral 

research, confirms the anticancer activity in the context of skin cancer in in vitro and in vivo 

models of luteolin and its derivatives. The presented effect is a result not only of the mentioned 

induction of apoptosis, cell cycle disruption or inhibition of proliferation, migration and 

angiogenesis, but also a multidimensional regulation of epigenetic layers, inhibition of a number of 

different pathways and expression of many key genes involved in tumor progression. The 

anticancer potential of this group of flavones correlates with the modulation of signaling proteins 

and genes involved in, inter alia, mutations of the mitogen-activated protein kinase (MAPK) and 

phosphoinositol‑3‑kinase (PI3K) oncogenic pathways [31,32]. Furthermore, luteolin and its 

derivatives also affect cancer cell proliferation and apoptosis through their pro-oxidant properties 

and ability to inhibit the process of melanogenesis related with the p53 protein [33,34]. Thus, 

melanogenesis is considered another target of therapy, more specifically eliminating malignant 

melanocytes. Luteolin and its derivatives, in addition to acting at the level of promotion and 

progression of carcinogenesis, are also involved in the stage of initiation of this process and the 

prevention of neoplastic lesions. A large body of evidence suggests that reduced 

photocarcinogenesis and prevention of skin cancer can be attributed to the antioxidant and anti-

inflammatory properties through inhibiting, inter alia, further overexpression of the MAPK 

pathway, nuclear factor kappa‐light‐chain‐enhancer of activated B (NF-κB) and cyclooxygenase‐2 

(COX-2) [35] (publication IV). 

On the other hand, in light of the high polyphenolic compound content, mainly in the form of 

flavonoids, the decision was made to evaluate the effect of the extracts (JM1–JM3) and their 

fractions (JM4–JM6) from J. montana as well as their main components (9, 12, 22) on the skin 

wound healing process. The fractions with the highest polyphenol content, including flavonoids 

(JM4, JM5), showed the highest antioxidant activity in DPPH and FRAP assays, which is 

supported by the available literature [36]. Furthermore, in an experiment conducted in an in vitro 

model evaluating the level of inhibition of elastase activity, most of the tested samples showed 

moderate activity. The highest percentage of elastase inhibition was established by compound 22 

and the diethyl ether (JM4) and ethyl acetate (JM5) fractions, characterized by high content of 22. 

The biological activity of the extracts and fractions can be correlated with their chemical 

composition. The chemical structure of the constituents, e.g. the O-glycosylation at the C7 position 

of the ring A of the luteolin structure in 9 and 12, may strongly contribute to the biological activity 

[37]. The antioxidant properties, often related to the presence of polyphenolic substances, is 

repeatedly linked to enhanced fibroblast migration [38]. Within the frame of this work, the ability 

of the tested extracts and compounds to accelerate the proliferation and migration of human dermal 

fibroblasts in the in vitro scratch test was demonstrated. Due to their strong involvement in wound 

healing, fibroblasts are considered as an important therapeutic target in numerous skin diseases. In 

the performed experiments, the activity was strictly dependent on the type of dominant compound 

and, importantly, on its concentration. In addition, among the samples tested, compounds 9 and 12 

promoted biosynthesis of collagen type I most strongly, with a concomitant lack of any cytotoxic 

effect. It was also noted that none of the samples tested had a destructive effect on collagen 
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content. Previous reports on in vitro and in vivo models confirm that flavonoids may not only lead 

to induced fibroblast proliferation, but also stimulate them to synthesize collagen and, presumably, 

assist in the formation of cross-links as collagen matures [39,40]. Finally, a multistep effect of  

J. montana extracts and fractions as well as their major constituents on the expression of cytokines 

IL-1β, IL-6 and IL-8 involved in the immune response phases of wound healing was observed. 

JM4 showed the most significant anti-inflammatory effect, as well as other luteolin-rich fractions, 

which correlates with available data from the literature [9] (publication II). 

From the studies performed within the framework of the present doctoral dissertation, it 

appears that Jasione montana, rich in flavonoid compounds (mainly luteolin and its derivatives), 

exhibits significant cytotoxic and proapoptotic potential against melanoma cells. The plant extracts 

and their phytochemical components also influence the processes involved in wound healing, 

making it potentially useful for topical therapeutic application, for the development of new 

preparations with potential anticancer properties, as well as for stimulation of the wound healing 

process. However, this potential activity shown in in vitro models needs to be further clarified in 

order to understand the molecular mechanisms in each cell and to analyze the selectivity, efficacy, 

and pharmacological and toxicological properties. These are pivotal aspects in linking in vitro and 

in vivo laboratory studies with possible clinical trials. Additionally, there is a need to develop a 

suitable pharmaceutical formulation that ensures proper penetration, biochemical stability, 

bioavailability, and controlled release of the drug in the target tissue. 

 
4.5. Abbreviations 

 

CH3COOH acetic acid 

CHCl3  chloroform 

COX-2  cyclooxygenase‐2 

DPPH  2,2-diphenyl-1-picrylhydrazyl 

ECM  extracellular matrix 

ESI  electrospray ionization 

Et2O  diethyl ether 

EtOAc  ethyl acetate 

FRAP  ferric reducing antioxidant potential 

H20  water 

HCOOH formic acid 

HPLC  high-performance liquid chromatography 

IC50  median inhibitory concentration 

ILs  interleukins 

JM1  water extract from J. montana 

JM2  50% methanol extract from J. montana 

JM3  methanol extract from J. montana 

JM4  diethyl ether fraction from J. montana 

JM5  ethyl acetate fraction from J. montana 

JM6  n-butanol fraction from J. montana 

LC  liquid chromatography 

LOD  limit of detection 

LOQ  limit of quantification 

LPLC  low pressure liquid chromatography 

MAPK  mitogen-activated protein kinase pathway 

MeCN  acetonitrile 

MeOH  methanol 

MFI  median fluorescence intensity 

MMP  mitochondrial membrane potential 

MS  mass spectrometry 

MS/MS  tandem mass spectrometry 

n-BuOH n-butanol 

NF-κB  nuclear factor kappa‐light‐chain‐enhancer of activated B 
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NMR  nuclear magnetic resonance 

PDA  photodiode array detection 

PI  propidium iodide 

PI3K  phosphoinositol‑3‑kinase pathway 

PS  phosphatidylserine 

RP  reversed-phase 

SD  standard deviation 

TLC  thin layer chromatography 

TNF-α  tumor necrosis factor-α 

UPW  ultra-pure water 

UV-VIS ultraviolet-visible spectroscopy 

VLB  vinblastine sulfate 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 



29 
 

Chapter 5. Conclusion 

 

• The qualitative and quantitative content of polyphenolic compounds in extracts and their 

fractions from the aboveground parts of Jasione montana L. (Campanulaceae) was described. 

Attempts to isolate flavonoid compounds led to the isolation and full structural 

characterization of three biologically active compounds, luteolin and its derivatives.  

• Luteolin 7-O-sambubioside was isolated and described for the first time from the studied plant 

material. 

• Extracts and their fractions obtained from the J. montana herb were shown to have significant 

cytotoxic and proapoptotic potential against cutaneous melanoma cells, both at the 

morphological and metabolic level. This type of activity can be attributed to the high content 

of polyphenolic compounds, especially flavone aglycone - luteolin. 

• According to the results, extracts and fractions obtained from J. montana were shown to 

possess significant antioxidant, anti-inflammatory potential, moderate elastase inhibition and 

collagen biosynthesis activity. Additionally, by evaluating mechanisms focusing on multiple 

phases of the dynamic wound healing process, the ability to improve fibroblast viability and 

migration was also observed. Some of these activities can be attributed to the high content of 

main compounds, although the efficacy of some fractions suggests the presence of other 

biologically active compounds. These mechanisms focus on multiple phases of the dynamic 

wound healing process, making them major factors in promoting wound healing.  

• The isolated substances, as well as the extracts and fractions from the aboveground parts of J. 

montana, may provide a potential strategy for the development of topical therapeutic 

formulations with potential anticancer and/or wound healing stimulating properties.  

• Further studies are required, in particular using an in vivo model and in the human system to 

determine the level of safety and the exact cellular mechanism, distribution and effects on the 

skin after long-term exposure. 
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Chapter 7. Summary 

 

Sheep’s bit scabious (Jasione montana L.) (bellflower, Campanulaceae), growing in sandy 

habitats in woodlands and forest-steppe areas, is a biennial stalk plant commonly found in Europe. 

Taking into account the scarce information on the phytochemical profile and pharmacological 

potential of J. montana, as well as low soil quality requirements, experimental work was 

undertaken to determine the chemical composition and biological activity of the J. montana herb. 

At the first stage of the study, a detailed qualitative analysis of the obtained extracts (JM1–JM3) 

and their fractions (JM4–JM6) was carried out using the LC–PDA–ESI–MS/TOF method, which 

resulted in the determination of the presence of 25 polyphenolic compounds – mainly flavonoids. 

Subsequently, an attempt was made to isolate compounds with potential pharmacological effects. 

As a result, three homogeneous, chromatographically pure compounds were obtained, and their full 

structural characterization was established based on the following spectral analyses: UV, 1H and 
13C NMR, and MS. The isolated compounds were identified as luteolin (compound 22), luteolin 7-

O-glucoside (compound 12), as well as luteolin 7-O-sambubioside (compound 9), which was 

isolated and described for the first time in the J. montana species. Based on a validated new 

method for quantification of the isolated compounds, compounds 22 and 12 were identified as the 

predominant compounds in JM4, while 22 and other flavonoid derivatives were found to be 

predominant in JM4. In subsequent steps, the biological activity of the extracts, fractions (JM1–

JM6) and their main compounds (9, 12, 22) from J. montana were examined. Based on the results 

obtained in an in vitro model of C32 cutaneous melanoma cells, the JM4 fraction and its 

predominant compound 22 were assigned strong cytotoxic activity, represented by IC50 values of 

119.7±3.2 µg/mL and 95.1±7.2 µg/mL, respectively. Moreover, the pro-apoptotic potential of the 

aforementioned fraction and its major component was established by cytometric determination of 

the apoptosis phase, mitochondrial membrane potential (MMP) and expression of caspase-3, -8, -9 

and -10. The JM4 fraction was able to significantly reduce MMP in C32 cells, which was 

consistent with a significant percentage of cells in the early and later apoptosis phase documented 

by annexin V staining. Furthermore, the determination of caspase-9 activity confirmed activation of 

the intrinsic (mitochondrial) apoptosis pathway. Based on the observed increased expression of 

caspase-8 and caspase-10 under the influence of JM4 and its major component, 22, their effect on 

the extrinsic apoptotic pathway was assessed. Final confirmation of the pro-apoptotic activity was 

obtained through the determination of caspase-3, directly leading to DNA degradation and cancer 

cell death. In the next stage, the effect of J. montana extracts, fractions and isolated compounds on 

the mechanisms involved in the skin repair process was evaluated. Among all tested samples, 

fractions JM4 and JM5, which had the highest content of polyphenolic compounds, showed 

significant antioxidant potential in the DPPH and FRAP assays, as well as the highest elastase 

inhibition capacity. All tested extracts, fractions and isolated compounds were able to stimulate 

human skin fibroblast cell migration and proliferation in an in vitro "scratch" model. However, the 

effect on collagen synthesis was limited, and so a lack of collagen type I degradation was observed 

as concentration increased. Furthermore, anti-inflammatory potential was documented through the 

observed ability of compound 22 and fractions in which it was present, especially JM4, to 

modulate the expression of pro- and anti-inflammatory cytokines (IL-1β, IL-6 and IL-8), 

confirming the relationship between the content of flavonoid compounds and the activity of 

individual extracts/fractions. In conclusion, the research carried out for the purposes of the present 

dissertation suggests a potential application of the aboveground parts of Jasione montana in the 

development of new topical therapeutic preparations with potential anticancer and/or wound 

healing stimulating properties. However, further research on the molecular mechanism, selectivity, 

metabolism or toxicological properties of the plant material and compounds of natural origin in an 

in vivo model, as well as for the purposes of developing a suitable formulation, are necessary. 
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Chapter 8. Streszczenie w języku polskim 

 

Jasieniec piaskowy (Jasione montana L.) (dzwonkowate, Campanulaceae), porastający 

siedliska piaszczyste terenów leśnych i leśno-stepowych, jest dwuletnią byliną powszechnie 

spotykaną na terenie Europy. Biorąc pod uwagę jedynie szczątkowe informacje o profilu 

fitochemicznym oraz potencjale farmakologicznym jasieńca piaskowego, jak również niskie 

wymagania glebowe, podjęto prace badawcze mające na celu ustalenie składu chemicznego oraz 

aktywności biologicznej ziela J. montana. W pierwszym etapie badań przeprowadzono 

szczegółową analizę jakościową otrzymanych wyciągów (JM1–JM3) i ich frakcji (JM4–JM6) 

metodą LC–PDA–ESI–MS/TOF, w wyniku której określono obecność 25 związków 

polifenolowych, głównie o charakterze połączeń flawonoidowych. Następnie podjęto się próby 

izolacji związków o potencjalnym aspekcie farmakologicznym, w wyniku której uzyskano trzy 

jednorodne, chromatograficznie czyste związki, których pełną charakterystykę strukturalną 

ustalono na podstawie następujących analiz spektralnych, UV, 1H i 13C NMR, MS. Wyizolowane 

związki zidentyfikowano jako luteolinę (związek 22), 7-O-glukozyd luteoliny (związek 12), jak 

również 7-O-sambubiozyd luteoliny (związek 9) wyizolowany i opisany po praz pierwszy  

w gatunku J. montana. Na podstawie zwalidowanej, nowej metody oznaczeń ilościowej zawartości 

wyizolowanych związków, zidentyfikowano związki 22 i 12 jako dominujące w JM4, zaś 22  

i innych pochodnych flawonoidowych w JM4. W kolejnych etapach określono aktywność 

biologiczną wyciągów, frakcji (JM1–JM6) i ich głównych związków (9, 12, 22) z J. montana. Na 

podstawie wyników uzyskanych w badaniach w modelu in vitro nad komórkami czerniaka skóry 

C32, przypisano frakcji JM4 oraz jej dominującemu związkowi 22 silną aktywność cytotoksyczną 

reprezentowaną przez wartości IC50 równymi odpowiednio, 119,7±3,2 µg/mL oraz 95,1±7,2 

µg/mL. Co więcej, ustalono potencjał proapototyczny wspomnianej frakcji i jej głównego 

składnika, na podstawie cytometrycznego oznaczenia fazy apoptozy, aktywności potencjału 

mitochondrialnego MMP oraz ekspresji kaspazy-3, -8, -9 i -10. Frakcja JM4 była zdolna  

do znaczącej redukcji MMP w komórkach C32, co było zgodne ze znaczącym odsetkiem komórek 

w fazie wczesnej i później apoptozy udokumentowanym w barwieniu aneksyną V. Ponadto, 

oznaczenie aktywności kaspazy-9 potwierdziło aktywację wewnętrznej (mitochondrialnej) ścieżki 

apoptozy. Na podstawie obserwowanej zwiększonej ekspresji kaspazy-8 i kaspazy-10 pod 

wpływem JM4 i jej głównego składnika, 22, oceniono ich wpływ na zewnętrzną drogę apoptozy. 

Ostateczne potwierdzenie aktywności proapototycznej uzyskano na podstawie oznaczenia kaspazy-

3, bezpośrednio prowadzącej do degradacji DNA i śmierci komórek nowotworowych. W kolejnym 

etapie oceniono, wpływ ekstraktów, frakcji J. montana oraz wyizolowanych związków na 

mechanizmy uczestniczące w procesie naprawczym skóry. Spośród wszystkich badanych próbek, 

frakcje (JM4, JM5), o najwyższej zawartości związków polifenolowych, cechowały się 

znaczącym potencjałem antyoksydacyjnym w teście DPPH oraz FRAP, jak również najwyższą 

zdolnością inhibicji elastazy. Wszystkie badane ekstrakty/frakcje oraz wyizolowane związki były 

zdolne do stymulacji migracji i proliferacji fibroblastów skóry ludzkiej w modelu „zadrapania”  

in vitro. Jednakże, wpływ na syntezę kolagenu był ograniczony, a jednocześnie nie 

zaobserwowano, wraz ze wzrostem stężenia, znacznej degradacji kolagenu. Ponadto, 

udokumentowano potencjał przeciwzapalny poprzez obserwowaną zdolność związku 22 oraz 

frakcji o jego zawartości, zwłaszcza JM4, do modulacji ekspresji cytokin pro- i przeciwzapalnych 

(IL-1β, IL-6 i IL-8), potwierdzając związek między zawartością związków flawonoidowych,  

a aktywnością poszczególnych ekstraktów/frakcji. Podsumowując, przeprowadzone w ramach 

prezentowanej rozprawy doktorskiej badania sugerują potencjalne zastosowanie nadziemnych 

części jasieńca piaskowego w opracowaniu nowych, miejscowych preparatów terapeutycznych  

o potencjalnych właściwościach przeciwnowotworowych i/lub stymulujących gojenie ran. 

Konieczne są jednak dalsze badania nad określeniem mechanizmu molekularnego, selektywności, 

metabolizmu, czy też właściwości toksykologicznych materiału roślinnego i związków 

pochodzenia naturalnego w modelu in vivo, jak również opracowanie odpowiedniej postaci 

preparatu.   
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