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2. INTRODUCTION 

Medicinal plants are a natural source of bioactive compounds with healing abil-

ities which have been used as folk medicines and cosmetics for thousands of years all 

over the world. Nowadays, they are experiencing their renaissance as modern pharma-

ceutical preparations, diet supplements, and cosmetics (or their components). Despite 

enormous progress in civilization, mankind is increasingly struggling with civilization 

diseases, such as diabetes, cancer, obesity, heart diseases, and neurological diseases 

such as Alzheimer's (AD) and Parkinson's (PD) [1,2]. A growing number of people 

currently appreciate herbal products as medicinal preparations. The development of 

phytotherapy, pharmacology and analytical methods provides much better results of 

treatment based on herbal medicine and enables the production of new herbal prepara-

tions and drugs. However, at the same time, such widespread use of herbal products has 

raised serious concerns about their quality, safety, and efficacy. Unlike conventional 

medicine, the use of plant products is based mostly on empirical knowledge coming 

from traditional methods. In addition, plants contain complex mixtures of chemical 

constituents, which are often poorly characterized and scientifically evaluated. Moreo-

ver, due to variations in chemical composition of plant products and the instability of 

some plant constituents, the identity of the active components is often unknown. In 

most cases, the emergence of synergistic, agonistic, or antagonistic effects that contrib-

ute to biological activity should be taken into account. These difficulties make it chal-

lenging to ensure that medicinal plant products are reliable, safe, and provide the ex-

pected bioactivity. Detection and identification of herbal components are crucial for 

understanding processes and pathways of disease treatment. The isolation and 
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evaluation of bioactive compounds from plant materials seems to be highly relevant 

and plays an essential role in discovery and development of new and efficient pharma-

ceuticals [3]. Since the plant composition depends on various factors e.g., plant origin, 

climate, soil conditions, growing and harvest time, storage conditions, method of ex-

traction, and stabilization, the quality control of herbal drugs is more difficult than that 

of synthesized ones. However, this does not change the fact that safe and high-quality 

herbal products are of great importance to consumers. This involves establishing strict 

protocols and regulations for the mandatory verification of quality and safety as well as 

herbal product registration. One of the most relevant acts in this matter in Europe is the 

Traditional Herbal Medicinal Products Directive (formally Directive 2004/24/EC). 

Still, many economically profitable plant products are available on the market without 

any control, at potential risks of adulteration [4–6]. One of such plants is Rhodiola 

rosea  L., very often counterfeited mainly because of its wide range of bioactivities and 

beneficial effects on human organisms [7,8]. 

Rhodiola rosea L. (R. rosea, also known as the arctic root, roseroot, or 

golden root) has a long history of use in Europe and Asia, among others, in Traditional 

Chinese Medicine (TCM). R. rosea is a perennial flowering plant from the Crassu-

laceae family and grows in cold regions at high altitudes. The herb is well known as a 

classical ‘natural adaptogen’. This term can be defined as a nontoxic substance with the 

ability to eliminate damage caused by stressors and stimulate nonspecific resistance in 

a human organism [9–12]. Recent studies have revealed a broad range of medicinal 

properties and biological activities in R. rosea. Worth highlighting are the abilities to 

increase and enhance immunity, DNA repair, modulation of adaptation to hypoxia and 

angiogenesis, as well as anticancer, antistress, antifatigue, antiaging, anti-
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inflammatory, antioxidant, and antiviral properties [13–22]. R. rosea is recommended 

for sportsmen and elders to increase their energy and reduce fatigue. 

The consumption of R. rosea as a crude drug or processed medicines/supple-

ments for treating mental disorders as well as improving memory and learning abilities 

has increased in recent years due to its potential benefits to human health [23–27]. 

Commercial products of R. rosea products are based on the root and/or rhizome of the 

plant.  

The role of planar chromatography in plant analysis has been increasing in re-

cent years [28–34]. The method has been developing and gaining several advantages 

over other separation techniques (e.g., high-performance liquid chromatography 

(HPLC) and capillary electrophoresis (CE)) [35–38]. The notable and unrivaled ad-

vantages are: 

▪ low cost of single analysis; 

▪ eco-friendliness; 

▪ picture giving results; 

▪ simple sample preparation, even for complex matrices; 

▪ simultaneous separation of up to 40 samples at one (HP)TLC plate in 

one run; 

▪ parallel chromatography of many plates under the same conditions; 

▪ flexibility and possibility of rapid change of chromatographic conditions 

such as stationary and mobile phases; 

▪ direct coupling to (bio)assays (i.e., effect-directed detection (EDD) and  

bioprofiling) and derivatization assays (chemical profiling); 
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▪ flexible and online coupling with various spectroscopic detection methods 

(e.g., matrix-assisted laser desorption-ionization mass spectrometry 

(MALDI), desorption electrospray ionization (DESI), direct analysis in real 

time (DART), and high-resolution mass spectrometry (HRMS) via TLC  

Interface system; 

▪ no carry-over and memory effects. 

Undoubtedly, one of the most important advantages of planar chromatography 

is its hyphenation to direct (bio)assays followed by identification using spectroscopic 

methods [39–48]. This approach belongs to EDA methods i.e., the methods measuring 

the effect emerging in a given biological system under the influence of a given sub-

stance [49]. The EDA based on planar chromatography is an extremely useful method 

for profiling the bioactivity and major constituents of herbs. Currently, bioprofiling of 

plants and their markers based on EDA is a convenient and effective way for identifying 

the main active components, also known as biomarkers. The detection of biomarkers 

helps to improve quality control, especially if the information on the authenticity of a 

plant is lacking. The standard strategy of EDA is the hyphenation of fast and straight-

forward ambient separation technique as (high-performance) thin-layer chromatog-

raphy (HP)TLC with (bio)assays followed by mass spectrometry, HPLC-diode array 

detection (DAD) or nuclear magnetic resonance spectroscopy (NMR) [39,44,50–54]. 

This strategy is a merit of the last decade and is still being developed. 
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3. AIM AND OBJECTIVES OF THE THESIS 

The aim of the thesis was to search for bioactive components of Rhodiola 

rosea L. using effect-directed analysis based on planar chromatography. In particular, 

this research aimed at creating bioprofiles and developing a targeted and non-targeted 

effect-directed screening/analysis that can separate, visualize and identify active com-

pounds in R. rosea, one of the most intriguing medicinal plants.  

It was expected that elaboration of such profiles would help to learn more about 

the plant variances and the differences in its chemical composition and bioactivities. 

Mainly, it allowed the confirmation of plants authenticity and quality, distinguishing 

among commercially available products and detecting possible adulterations.  

The main objectives of the thesis were:  

▪ optimization of chromatographic systems (both TLC and HPTLC); 

▪ choosing and applying appropriate assays; 

▪ identification of crucial ingredients using reference standards; 

▪ (bio)profiling of the samples together with an authentic R. rosea reference 

sample; 

▪ analytical characterization/tentative identification of active compounds.  

The main research steps included: 

▪ optimization of conditions for chromatographic separation; performed in the 

Department of Chromatography, UMCS, Lublin, Poland, and Chair of Food 

Science, Justus Liebig University Giessen, Giessen, Germany; 
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▪ chemical and physicochemical profiling of R. rosea extracts by TLC-UV-

VIS-FLD using derivatization procedures with different reagents; per-

formed in the Department of Chromatography, UMCS, Lublin, Poland; 

▪ microchemical, biological, and biochemical profiling of R. rosea extracts 

using hyphenation of planar chromatography and effect-directed detection 

using various assays with indication to different effect mechanisms and ac-

tive compounds e.g., antioxidants, enzyme inhibitors, antibacterials, endo-

crine active compounds, and genotoxins; performed in the Department of 

Chromatography, UMCS University, Lublin, Poland, the Department of 

Veterinary Microbiology, University of Life Sciences, Lublin, Poland and 

Chair of Food Science, Justus Liebig University Giessen, Giessen, Ger-

many; 

▪ characterization of compounds and active zones via offline TLC micro-frac-

tionation subjected to HPLC-ESI-MS analysis and online HPTLC-HPLC-

HESI-HRMS analysis; performed in the Department of Chromatography, 

UMCS, Lublin, Poland and Chair of Food Science, Justus Liebig University 

Giessen, Giessen, Germany, respectively; 

▪ qualitative and quantitative evaluation of marker compounds in R. rosea us-

ing HPLC-DAD and 1H NMR analysis performed at the Department of 

Physical Chemistry and the Department of Organic Chemistry, Faculty of 

Chemistry, UMCS, Lublin, Poland, respectively. 

The compact whole of the submitted doctoral thesis consists of one review chap-

ter [D1] and five research publications [D2-D6].  
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4. RESEARCH METHODS 

4.1. Effect-directed profiling  

The effect-directed analysis based on planar chromatography was used for the 

screening of bioactive compounds in R. rosea extracts and allowing determination of 

their type and structure. The separation, (bio)assays, and visualization were performed 

directly on TLC or HPTLC plates for multiple detections under identical conditions to 

obtain as much information as possible. A schematic representation of EDA used for 

R. rosea profiling is shown in Figure 1.  

 

Figure 1. Schematic representation of EDA used for R. rosea profiling. 

The planar chromatography results (chromatograms and (bio)autograms) were 

obtained in the form of high-resolution color images. The images provided three 
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parameters for analysis – the retardation factors (RF), color intensity, and absorp-

tion/fluorescence wavelength, which allowed for the comparison and verification of 

sample profiles. In general, thirteen different assays were performed for R. rosea ex-

tracts directly on plates in the search for the seventeen bioactive effects (Table 1). Pla-

nar assays were selected based on the assumption that the investigated activity could be 

potentially useful in the treatment of civilization diseases or various ailments  

[D1 and 46], e.g.:  

▪ AChE and BChE inhibitors – of AD and PD; 

▪ AChE inhibitors – of bipolar disorder; 

▪ BChE, α-amylase and α-glucosidase inhibitors – of diabetes II type; 

▪ α-Glucosidase inhibitors – of cancer and viral infection; 

▪ β-Glucuronidase inhibitors – of drug-induced gastrointestinal disorders; 

▪ Lipase inhibitors – of obesity and atherosclerosis;  

▪ Tyrosinase inhibitors – of skin and dermatological diseases.  

Planar assays used for the detection of endocrine (estrogen and androgen), antioxidant, 

antibacterial and genotoxic activities were also included in the research.  

In general, all (bio)assays were performed in the same manner under identical 

conditions, at least two times to confirm their reproducibility. Additionally, respective 

positive controls were applied to check the assay validity. The protocols of every 

(bio)assay are based on a simple sequence of steps:  

enzymes/cells(bacteria or yeast) → substrate (in case of enzymes and yeast) → 

incubation (special conditions for bacteria growth or for the reaction between enzymes/yeast and substrate) → 

visualization (formation of results in a visible form under UV, VIS, or FLD wavelengths). 

The exception was the DPPH• assay based on the reduction of the reagent.   
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Table 1. Effect-directed assays and their effects. 

Assay Effect Observation 
Section/ 

Publication 

DPPH• 
Free radical scavenging 

and antioxidant 

Yellow or colorless zones against a 

purple background 

§5.1. and §5.2. 

D2, D3, D4, 

D5, D6 

AChE AChE inhibition 

Yellow zones against the purple 

background. 

1/2-Naphthyl acetate and FBS 

procedure protocol 

§5.1. 

D3, D4 

White zones on an indigo-blue 

background. 

Indoxyl acetate procedure protocol 

§5.2. 

D6 

BChE BChE inhibition 
White zones on an indigo-blue 

background. 

§5.2. 

D6 

α-Amylase α-Amylase inhibition 
Brown zones against a yellow 

background. 

§5.2. 

D6 

α-Glucosidase α-Glucosidase inhibition 
Yellow zones against the purple 

background. 

§5.1. 

D4, D5 

β-Glucuronidase β-Glucuronidase inhibition 
Colorless zones against an indigo-blue 

background. 

§5.2. 

D6 

Lipase Lipase inhibition 
Yellow zones against the purple 

background. 

§5.1. 

D4, D5 

Tyrosinase Tyrosinase inhibition 
White zones against a grey 

background. 

§5.1. and §5.2. 

D4, D5, D6 

A. fischeri 

Antibacterial against 

Gram-negative A. fischeri 

bacteria strain 

Dark zones on a bioluminescent 

background. 

§5.2. 

D6 

B. subtilis 

Antibacterial against 

Grain-positive B. subtilis 

bacteria strain 

White zones against a purple 

background. 

§5.1. and §5.2. 

D3, D4, D6 

SOS-Umu-C Genotoxic 
Bright green fluorescent zone against 

a green fluorescent background. 

§5.2. 

D6 

pYAVES 

Estrogen 
Bright green fluorescent zone against 

a green fluorescent background. 

§5.2. 

D6 
Antiestrogen 

Fluorescence reduction against  

17b-estradiol stripe. 

Verified antiestrogen  

(false positives) 

Fluorescence reduction against 

fluorescein stripe. 

pYAVAS 

Androgen 
Bright green fluorescent zone against 

a green fluorescent background. 

§5.2. 

D6 
Antiandrogen 

Fluorescence reduction against  

17b-estradiol stripe. 

Verified antiandrogen 

(false positives) 

Fluorescence reduction against 

fluorescein stripe. 
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Figure 2. Scheme of enzyme inhibition assay based on diazonium reaction. Note. D1. 

For example, the screening of enzymes (i.e., lipase, AChE, BChE, α-gluco-

sidase, β-glucosidase) inhibitors was based on a diazonium reaction (Figure 2). The 

enzyme cleaves the acetyl group from the substrate (i.e., 1-naphthyl acetate or 2-naph-

thyl acetate, 2-naphthyl-α-D-glucopyranoside, 2-naphthyl-β-D-glucopyranoside) in a 

humid atmosphere at 37 °C, giving as a result 1-naphthol. Then, 1-naphthol reacts with 

Fast Blue B salt (FBS) dye forming a purple color. Enzyme inhibitors are displayed as 

white zones against a purple background.  

Targeted and non-targeted analyses of R. rosea products were performed after 

optimizing separation conditions and parameters. The schematic representation of pla-

nar chromatography profiling is presented in Figure 3.
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Figure 3. Scheme of physicochemical, chemical, biochemical, and biological profiling based on planar chromatography.
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4.2. Targeted effect-directed detection 

Targeted analyses were performed simultaneously for six R. rosea products (D2-D5, 

IDs S1−S7, Table 2, §5.1.), in comparison to the United States Pharmacopoeia (USP) reference 

standard of R. rosea root and rhizome and three markers; rosavin, salidroside, and p-tyrosol 

(active components characteristic of R. rosea, frequently used for evaluating the quality and 

authenticity of the plant material) [D2-D5]. 

The TLC-physicochemical profiles included the detection of natural dyes or pigments 

(VIS), UV absorbing compounds (UV 254 nm), and fluorophores (UV/FLD 366 nm). 

The TLC-chemical profiles were based on the detection of functional groups using deri-

vatization assays: general (AS and PMA reagents), specific (thymol and PABA reagents for 

sugars and glycosides detection, BCG reagent for organic acids detection, and NP–PEG reagent 

for polyphenols detection). 

The TLC-bioprofiling was based on six non-targeted effect-directed (bio)assays which 

comprised TLC-microchemical profiles – antioxidant activity (1) using DPPH• assay, TLC-

biochemical profiles also called enzyme inhibition profiles – enzyme inhibition activity against 

AChE (2), α-glucosidase (3), lipase (4), and tyrosinase (5) as well as TLC-bioprofiles – anti-

bacterial activity (6) against Gram-positive B. subtilis bacteria strain.  

The obtained TLC-profiles allowed the comparison of samples and the drawing of pre-

liminary conclusions on their quality and activity. The bioactivity of rosavin, salidroside, p-

tyrosol, and hydroquinone standards was tested simultaneously by co-application with R. rosea 

extracts followed by EDD. The presence of the abovementioned markers in R. rosea extracts 

was estimated using online TLC and TLC-densitometry as well as offline TLC-micro-prepar-

ative fractionation–HPLC–ESI-MS, HPLC-DAD, and 1H NMR analysis. The quantitative es-

timation of extracts composition regarding the markers was performed using HPLC-DAD anal-

ysis. 
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Table 2. List of the R. rosea commercially available products studied in the thesis. 

Sample form Dosage form Product name Manufacturer 
Country of 

manufacturer 

Country of  

plant origin 

D6 D5 D4 D2-D3 

§5.2. §5.1. §5.1. §5.1. 

IDs 

Root powder Powder Rhodiola-Rosenwurz Vitaideal Vegan Netherlands Netherlands 1    

Root dry extract 25:1 Capsule Rhodiola rosea Green Naturals Germany Germany 2    

Root dry extract 20:1 Powder Różeniec górski Proherbis Poland China 3    

Dried root Dried root 
Korzeń różeńca 

górskiego 
Farmvit UK - 4 S6   

Root dry extract, 520 mg Capsule Różeniec górski Medica herbs Poland - 5    

Root dry extract, 500 mg Capsule Rhodiola Now Foods USA - 6    

Dried rhizome 
Dried 

rhizome 

Kłącze różeńca 

górskiego 
Dary natury Poland - 7 S4   

Root and rhizome dry 

extract 
Powder Rhodiola rosea Sigma Aldrich USA Canada 8 S5 USP  

Dried root and rhizome 
Dried root 

and rhizome 
Różeniec górski Natvita Poland Russia 9 S1 Natvita Rhodiola 

Powdered root, 400 mg Capsule Rhodiola Fushi UK China 10 S2 Fushi  

Root dry extract, 250 mg,  

with additives 
Capsule Rhodiola Solgar USA - 11    

Root dry extract, 500 mg,  

with inulin 
Capsule Rhodiola ForMeds Poland - 12    

Root dry extract, 140 mg,  

with additives 
Capsule Rhodiola Pharmovit Poland - 13 S3   

Root dry extract, 100 mg Tablet Różeniec górski Herbapol Poland - 14    

Root powder, 225 mg Tablet Arktyczny korzeń 
Altermedica 

Laboratories 
Poland - 15 S7   
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4.3. Non-targeted effect-directed detection 

Non-targeted analyses were performed simultaneously for fifteen different R. rosea 

products (D6, IDs S1−S15, Table 2, §5.2.), including the USP reference standard of R. rosea 

root and rhizome on HPTLC plates. The extracts were subjected to non-targeted EDD with 

eleven different assays to determine fifteen different bioactivities due to two triplex bioas-

says [D6].  

The HPTLC-bioprofiling comprised HPTLC-microchemical profiles – antioxidant ac-

tivity (1) using DPPH• assay, HPTLC-biochemical profiles – inhibition of AChE (2), butyryl-

cholinesterase (BChE) (3), α-amylase (4), β-glucuronidase (5), and tyrosinase (6), as well as 

HPTLC-bioprofiles including antimicrobial activity against Gram-negative A. fischeri (7) and 

Gram-positive B. subtilis (8) bacteria strains, genotoxicity using SOS-Umu-C bioassay (9) as 

well as agonistic and antagonistic verified effects on the endocrine activity of estrogens using 

pYAVES bioassay (10-12) or androgens using pYAVAS bioassay (13-15).  

The detected active zones were further characterized using online HPTLC–HPLC–

HESI-HRMS analysis with direct access to zones of interest at ambient and free of contamina-

tion conditions for the assignment of a potential candidate or substance that shows this activity. 

Full information on the protocols, methods, techniques, and materials is presented in 

detail in the research methodologies in the publications [D2-D6]. 
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5. OVERVIEW OF RESULTS 

5.1. Targeted effect-directed analysis of R. rosea  

 The experiment began with the optimization of the TLC-chromatographic system and 

sample preparation [D2]. Using a visible comparison of chromatograms under UV 254 nm, 

UV/FLD 366 nm, as well as AS and thymol reagents along with DPPH• assay, the best sample 

preparation procedure was chosen – that is the maceration in 70% methanol for 72 h in a dark 

place at room temperature; the ratio of plant material – solvent was 1:10 g/mL. This extract 

had the richest composition and displayed a strong antioxidant activity. Six different mobile 

phases and two stationary phases were compared for two extracts (freshly prepared (S1) and 

one-year-old (S1*)) of R. rosea (Table 2, §5.1.).  

Comparing the obtained chromatograms (Figure 4) the optimal separation system for 

R. rosea extracts was found: silica gel 60 F254 as a stationary phase and ethyl acetate−metha-

nol−water (7.7:1.3:1, V/V/V) as a mobile phase. Additionally, the degradation of the extract 

was observed. In the subsequent experiments, only freshly prepared extracts were used. 

Eventually, the experiment focused on the comparison of physicochemical (UV/FLD), 

chemical (derivatization), and biological/(bio)chemical (EDD) profiles of R. rosea extracts 

with that of the USP reference standard of R. rosea root and rhizome. In addition the following 

standards were co-applied three marker compounds (rosavin – authenticity marker inherent 

only in R. rosea species; salidroside and p-tyrosol – bioactivity markers) as well as hydroqui-

none, caffeic acid, chlorogenic acid, ferulic acid, gallic acid, saccharose, glucose, and galactose 

(according to the literature constituents of R. rosea).  
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Figure 4. TLC chromatograms of the R. rosea extracts (S1 and S1*) separated on TLC plates silica gel 60 F254  

(a-d) and diol (e-f) using ethyl acetate−methanol−water (7:3:1, V/V/V) (a); ethyl acetate−methanol−wa-

ter (7.7:1.3:1, V/V/V) (b); toluene−ethyl acetate−formic acid (7:3:0.5, V/V/V) (c); chloroform−metha-

nol−water (2.6:1.4:0.3, V/V/V) (d); ethyl acetate−chloroform (7.5:2.5, V/V) (e); ethyl acetate−chloro-

form−methanol (7:2.4:0.6, V/V/V) (f) mobile phases and detected at 254 nm, 366 nm and after AS assay 

white light illumination. Note. D2. 

Verification and confirmation of the presence of the marker components in R. rosea 

extracts were performed using TLC assays, TLC-densitometry, and offline HPLC–ESI-MS 

analysis after semi-preparative fractionation [D3-D4].  

At first, the presence of marker compounds of R. rosea was checked using chemical 

derivatization i.e., AS, thymol, and NP–PEG assays (Figure 5). Detection of rosavin, salidro-

side, and p-tyrosol was found to be preferable using AS assay at 366 nm. In this case the com-

pounds could be easily distinguished by their RF values and colors; rosavin appears as a violet 

band at hRF 24, salidroside as a green-brown at hRF 47 and p-tyrosol as a brown band at hRF 78. 

In the thymol assay, rosavin, salidroside, and p-tyrosol were visible as brown bands. However, 

the compounds could not be detected using the NP–PEG assay. 
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Figure 5. TLC chromatograms of the R. rosea extracts (IDs S5, S1−S2, Table 2, §5.1.; 500 µg/band each) and standards (5 µg/band each): rosavin (R), salidroside (S),  

p-tyrosol (T), hydroquinone (H), galactose (Gal), saccharose (Sac), glucose (Glu), caffeic acid (Ca), chlorogenic acid (Ch), ferulic acid (Fe), gallic acid (Ga) separated 

on TLC plates silica gel 60 F254 using ethyl acetate−methanol−water (7.7:1.3:1, V/V/V) and detected after respective assays at 366 nm and white light illumination. 

Note. Adapted from D4. 

 

Figure 6. TLC (bio)autograms of the R. rosea extracts (IDs S5, S1−S2, Table 2, §5.1.; 500 µg/band each) and standards (5 µg/band each): rosavin (R), salidroside (S),  

p-tyrosol (T), hydroquinone (H) separated on TLC plates silica gel 60 F254 using ethyl acetate−methanol−water (7.7:1.3:1, V/V/V) and detected after respective (bio)as-

says at white light illumination. Note. Adapted from D4.
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In the thymol assay, saccharose, glucose, and galactose were displayed as brown bands 

at hRF 27, 36, and 31, respectively. NP–PEG and DPPH• assays were used for phenolic acids 

detection: caffeic acid appeared as a light blue-fluorescent band at hRF 67, chlorogenic acid – 

as a green-fluorescent band at hRF 18, ferulic acid a dark blue fluorescent band at hRF 68, and 

gallic acid as a dark blue fluorescent band at hRF 64; all acids displayed free radical scavenging 

activity. Interestingly, the detection of hydroquinone cannot be done using these derivatization 

assays, furthermore, hydroquinone was not visible at 254 nm and 366 nm wavelengths. Using 

AS, thymol, NP–PEG, and DPPH• assays, only rosavin could be positively confirmed in 

R. rosea extracts due to the characteristic pink color in AS 366 nm chromatogram; the presence 

of the other abovementioned compounds could not be stated unambiguously and it needed to 

be confirmed with other techniques such as TLC-densitometry or HPLC–ESI-HRMS analysis. 

This could be explained by low content of the compounds in extracts or the detection limits of 

these assays.  

The bioactivity determination of standards was done for rosavin, salidroside, p-tyrosol, 

and hydroquinone using TLC-EDD assays (Figure 6, Table 1). Rosavin and p-tyrosol at 

5 µg/band displayed α-glucosidase, lipase, and tyrosinase inhibitory activities, indicating that 

these components of R. rosea could be useful in the treatment of obesity, atherosclerosis, dia-

betes II type, viral infection, cancer, and skin diseases. Whereas, salidroside in the amount of 

5 µg/band exhibited α-glucosidase and lipase inhibitory activity, which could be useful in the 

treatment of diabetes II type, viral infection, atherosclerosis, cancer, and obesity. Salidroside 

and p-tyrosol showed also antioxidant activity, while rosavin and salidroside displayed anti-

bacterial activity against B. subtilis. Only hydroquinone at an amount of 5 µg/band responded 

positively against five effects (except tyrosinase inhibition). However, it seems that hydroqui-

none is not present in R. rosea extracts (at least not in detectable concentration) because these 

effects are not visible in the R. rosea chromatogram at the same hRF.  
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Figure 7. Spectra of rosavin (a) and salidroside (b) and corresponding to them components in the R. rosea extracts 

at the same hRF values as for the standards (i.e., 24 and 47, respectively); a) rosavin−yellow, S1−black, 

S2−pink, S3−violet, S5−blue, and S6−light green (Table 2, §5.1.) and b) salidroside −orange, S1−brown, 

S2−pink, S3−violet, S4−blue, S5−green, S6−light green, and S7−yellow (Table 2, §5.1.). Note. Un-

published data, adapted from D3 (spectra of rosavin, salidroside, and S1 published) and from D4 (spectra 

of rosavin, S1, S2, and S5, published). 

TLC-densitometry was used to confirm the presence of rosavin, salidroside, p-tyrosol, 

and hydroquinone in R. rosea extracts. The spectra were measured directly on the TLC plate 

at the hRF values corresponding to the components and compared with the spectra of the stand-

ards. The obtained spectra (Figure 7) confirmed the presence of rosavin only in the three 

R. rosea extracts including the USP reference standard of R . rosea (IDs S5−S6, and S1, Table 

2, §5.1.), which was consistent with TLC-AS-366 nm assay results. The absence of rosavin in 

the other extracts could indicate adulteration of the product, poor quality, or improper manu-

facturing procedures, which caused the enzymatic degradation of rosavin. The spectra of the 

bands referring to salidroside migration distance were more complicated to interpret and had 

additional signals, which could have been caused by the co-elution of compounds at the same 

hRF. Unfortunately, p-tyrosol and hydroquinone spectra such as those of the salidroside are too 

difficult to correctly interpret and draw any conclusions. 
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To confirm the presence of rosavin, salidroside, p-tyrosol, and other target compounds 

in R. rosea extracts, micro-preparative fractionation of three extracts (IDs S5, S1−S2, Table 2, 

§5.1.) was done. The seven fractions were scrapped-off, eluted, and subjected to HPLC–ESI-

MS analysis along with the standards (rosavin, salidroside, p-tyrosol, hydroquinone, saccha-

rose, glucose, caffeic acid, chlorogenic acid, ferulic acid, gallic acid, and luteolin). The selec-

tion of the target components was based on the available literature. HPLC–ESI-MS analysis 

(Table 3) provided information (presence, molecular formulas, measured and theoretical mo-

noisotopic masses well as masses differences) on twenty-four compounds in seven fractions of 

S1, S2, and S5 extracts (Table 2, §5.1.). In particular, in R. rosea extracts rosavin, rosarin, 

rosin, salidroside, viridoside, p-tyrosol, saccharose, glucose, galactose, caffeic acid, chloro-

genic, ferulic acid, gallic acid, cinnamyl alcohol, kaempherol, luteolin-7-O-Glc, luteolin, apig-

enin-7-Glc, herbacetin, rhodiosin, rhodionin, rhodioloflavonoside, rhodiolgin, and hydroqui-

none were found. Rosavin and rosin were not detected in the S2 extract (Table 2, §5.1.). The 

absence of rosavin in the S2 extract was also observed in TLC and TLC-densitometry results.  

The obtained TLC-profiles of seven R. rosea extracts, including UV and FLD ones, six 

chemical derivatization assays, and six effect-directed assays (Figure 8) allowed easy compar-

ison, differentiation, and distinguishing of products along with bioactivity detection [D4-D5]. 

Chromatograms under UV/FLD lights point to the differences between samples based on the 

absorption of the 254 nm wavelength, as well as fluorescence properties. For example, only in 

two samples, S1 and S6 (Table 2, §5.1.) blue fluorescent bands at hRF 45 and 50, respectively, 

were visible. Thymol and PABA-derived chromatograms showed a high amount of sugars or 

glycosides in R. rosea extracts. On the other hand, the BCG-derived chromatogram shows a 

low amount of acids at the start, as white bands against the blue background. NP–PEG assay 

revealed the presence of polyphenols in R. rosea extracts (different color fluorescent bands).   
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Table 3. HPLC–ESI-HRMS results for the TLC fractions of the R. rosea extracts (Table 2, §5.1.). 

Compounds 
Molecular 

formula 

Molecular 

formula 

[M-H] ─  

ion 

Calculated 

monoisotopic 

ion mass 

(Da) 

Observed 

monoisotopic 

ion mass 

(Da) 

Mass  

error 

(Δ ppm) 

S5 S1 S2 

Rosavin C20H28O10 C20H27O10 427.16043 427.16044 0.03 + + – 

Rosarin C20H28O10 C20H27O10 427.16043 427.16049 0.15 + + – 

Rosin C15H20O6 C15H19O6 295.11817 295.11818 0.05 + + + 

Salidroside C14H20O7 C14H19O7 299.11308 299.11310 0.07 + + + 

p-Tyrosol C8H10O2 C8H9O2 137.06025 137.06022 0.23 + + + 

Viridoside C15H22O7 C15H21O7 313.12873 313.12882 0.29 + + + 

Hydroquinone C6H6O2 C6H5O2 109.02896 109.02894 0.10 + + + 

Galactose C6H12O6 C6H11O6 179.05557 179.05552 0.25 + + + 

Sucrose C12H22O11 C12H21O11 341.10839 341.10843 0.12 + + + 

Glucose C6H12O6 C6H11O6 179.05557 179.05559 0.13 + + + 

Caffeic acid C9H8O4 C9H7O4 179.03444 179.03437 0.36 + + + 

Chlorogenic acid C16H18O9 C16H17O9 353.08726 353.08741 0.42 + + + 

Ferulic acid C10H10O4 C10H9O4 193.05009 193.05009 0.02 + + + 

Gallic acid C7H6O5 C7H5O5 169.01370 169.01366 0.24 + + + 

Cinnamyl alcohol C9H10O C9H9O 133.06534 133.06529 0.38 + + + 

Kaempferol C15H10O6 C15H9O6 285.03992 285.03999 0.26 + + + 

Luteolin-7-O-Glc C21H20O11 C21H19O11 447.09274 447.09271 0.07 + + + 

Luteolin C15H10O6 C15H9O6 285.03992 285.03998 0.23 + + + 

Apigenin-7-Glc C21H20O10 C21H19O10 431.09783 431.09780 0.06 + + + 

Herbacetin C15H10O7 C15H9O7 301.03483 301.03489 0.20 + + + 

Rhodiosin C27H30O16 C27H29O16 609.14557 609.14556 0.02 + + + 

Rhodionin C21H20O11 C21H19O11 447.09274 447.09284 0.22 + + + 

Rhodioflavonoside C27H30O17 C27H29O17 625.14048 625.14049 0.02 + + + 

Rhodiolgin C21H20O12 C21H19O12 463.08766 463.08772 0.14 + + + 

Note. Adapted from D4. 
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Figure 8. TLC-profiles of the R. rosea extracts (IDs S1−S7, Table 2, §5.1.; 500 µg/band each) separated on TLC plates silica gel 60 F254 using ethyl acetate−methanol−water 

(7.7:1.3:1, V/V/V) and detected at 254 nm (A) and 366 nm (B) before (for comparison) and after respective derivatization assays AS VIS (C), AS 366 nm (D),  

PMA VIS (E), PMA 366 nm (F), thymol VIS (G), thymol 366 nm (H), PABA VIS (I), PABA 366 nm (J), BCG VIS (K), NP–PEG 366 nm (L), and after respective 

(bio)assays DPPH• VIS (M), AChE VIS (N), α-glucosidase VIS (O), lipase VIS (P), tyrosinase VIS (Q), and B. subtilis VIS (R). Note. Adapted from data published 

in D4 and D5.
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Interpretation of (bio)assays was done accordingly to Table 1. The samples S3 and S7 

(Table 2, §5.1.) showed no or little responses to (bio)assays and different chemical and UV 

profiles from the other samples, especially from the USP reference standard of R. rosea  

(ID S5, Table 2, §5.1.). This could be explained by a low amount of R. rosea in the products 

(Table 2) or their poor quality. The R. rosea profiles of S1, S2, S4, S5, and S6 (Table 2, §5.1.) 

were similar but not identical. It should be noted that the contents of components as well as 

their bioactivity depend on many external factors such as harvest, region, climate, etc., which 

were not specified by the producers. Interestingly enough, the S2 extract gave strong responses 

to the (bio)assays although rosavin was missing in the extract. Nevertheless, the bioactivity of 

R. rosea extracts at the amount of 500 µg/band each includes the inhibition of AChE, α-gluco-

sidase, lipase, and tyrosinase as well as free radical scavenging, and antibacterial against 

B. subtilis. Unfortunately, the interpretation of the results could interfere with the wide brown 

color zones resulting from the reaction between FBS and polyphenols present in R. rosea ex-

tracts. Especially these concerned assay protocols where FBS solution is used as a visualization 

reagent (Figure 8, tracks N, O, P). This was most visible in the case of the detection of AChE 

inhibitors in R. rosea. Nevertheless, the results indicate that R. rosea extracts could be very 

useful in the treatment of AD, PD, diabetes II type, obesity, cancer, viral infection, or skin 

disorders. Additionally, a strong antioxidant activity could help to prevent the aging of different 

tissues, osteoporosis, or stress.  

Finally, quantitative estimation of rosavin, salidroside, and p-tyrosol in seven R. rosea 

extracts (Table 2, §5.1.) was done using HPLC-DAD (Table 4) [D5]. The absence of rosavin 

was observed in four extracts (IDs S2−S4, and S7, Table 2, §5.1.), which was confirmed by 

TLC-profiles and TLC-densitometry, as well as HPLC–ESI-MS analysis (for S2 extract only). 

Surprisingly, only three extracts (IDs S1, S5, and S6, Table 2, §5.1.) contained all three mark-

ers.  
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Table 4. Contents of rosavin, salidroside, and p-tyrosol in the R. rosea extracts by HPLC-DAD analysis. 

ID Content ± SD (µg/mL) 

Rosavin Salidroside p-Tyrosol 

S1 59.990±3.738 26.373±0.717 2.734±0.504 

S2 ND 13.117±0.893 4.249±0.331 

S3 ND ND ND 

S4 ND ND ND 

S5 100.457±5.438 37.861±3.937 4.940±0.116 

S6 84.709±5.539 21.331±4.508 2.612±0.520 

S7 ND ND ND 

ND – not detected. Note. D5. 

Important to note is that the highest contents of rosavin, salidroside, and p-tyrosol were found 

in the USP reference standard of R. rosea. The optimal standardized ratio of rosavin to salidro-

side i.e., 3:1 was approximately preserved in three samples (IDs S1, S5, and S6, Table 2, §5.1.). 

For the reliable identification of rosavin, salidroside, and p-tyrosol in the tested R. rosea 

extracts 1H NMR spectra of extracts and standards were obtained. Based on the characteristic 

signals of marker compounds in the specific regions of 1H NMR spectra, rosavin, salidroside, 

and p-tyrosol were identified (Table 4). Three products (IDs S1, S5, and S6, Table 2, §5.1.) 

undoubtedly contained rosavin, salidroside, and p-tyrosol. In the S3, S4, and S7 extracts (Ta-

ble 2, §5.1.) the amounts of the markers were very low or non-detectable. 1H NMR results 

correlate with TLC-profiles, TLC-densitometry, HPLC–ESI-MS, and HPLC-DAD results. 

Table 5. Presence of marker compounds in the R. rosea extracts by 1H NMR analysis. 

ID Rosavin Salidroside p-Tyrosol 

S1 + + + 

S2 ND + + 

S3 ND Traces ND 

S4 ND Traces ND 

S5 + + + 

S6 + + + 

S7 ND Traces ND 

ND – not detected. Note. D5. 
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5.2. Non-targeted effect-directed analysis of R. rosea  

Non-targeted effect-directed profiling was performed for an extended number of 

R. rosea products. HPTLC plates were developed with slight modifications to the previously 

used mobile phase, such as a small variation in the solvents ratio and the addition of acetic acid, 

i.e., ethyl acetate−methanol−water−acetic acid (7:1.5:1.5:0.1, V/V/V/V). The new chromato-

graphic system yielded sharper bands; however, the presence of acid in the mobile phase re-

quired neutralization before performing the (bio)assays. The sample preparation procedure was 

changed from maceration to a faster sonification extraction. Using a new chromatographic sys-

tem eleven different effect-directed assays were performed to evaluate bioactivity and pointed 

out the antioxidants, antibacterials, enzyme inhibitors as well as genotoxic, and hormone-ef-

fective compounds in the R. rosea extracts. The results are presented in Figures 9–11 and their 

interpretation was done accordingly to Table 1. The six most active zones were characterized 

using straightforward hyphenation HPTLC–HPLC–HESI-HRMS analysis (Table 5) [D6].  

The DPPH• assay (Figure 9) showed that R. rosea extracts possess very strong free 

radical scavenging activity even at an amount of 20 µg/band. In addition to the antioxidant 

potential, 400 µg/band of R. rosea extracts revealed antibacterial activity against Gram-posi-

tive B. subtilis and Gram-negative A. fischeri bacteria strains (Figure 9). However, differences 

in the responses to both bacteria strains were observed. The antibacterial activity of IDs 2, 5, 

13 and  (Table 2, §5.2.) was very weak in comparison to the other samples. The most intense 

response against A. fischeri yielded extracts with IDs 6, 11, and 12 (Table 2, §5.2.). The USP 

reference standard of R. rosea (ID 8, Table 2, §5.2.) showed medium antioxidant and antibac-

terial effects compared to the other extracts. The extracts of IDs 2 and 13 displayed weak free 

radical scavenging activity, while extract ID 14 (Table 2, §5.2.) showed neither antioxidant 

nor antibacterial activity. Another observation was that A. fischeri strains were more sensitive 

to R. rosea extracts than B. subtilis.  
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Figure 9. HPTLC-profiles of the R. rosea extracts (IDs 1−15, Table 2, §5.2.; 20−400 µg/band depending on the 

assay as indicated) separated on HPTLC plates silica gel 60 F254 (without F254 for the genotoxicity bio-

assay) using ethyl acetate−methanol−water−acetic acid (7:1.5:1.5:0.1, V/V/V/V) and detected at UV 254 

nm and FLD 366 nm before (for comparison) and after the respective assays via the instant biolumines-

cence (A. fischeri), at FLD 254 nm (genotoxicity bioassay) or white light illumination.  

Note. Adapted from D6.  
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The SOS-Umu-C bioassay results (Figure 9) showed that two samples (IDs 1 and 7, 

Table 2, §5.2.) displayed genotoxicity at 400 µg/band (zone at hRF 93, denoted as V). Zone V 

was later characterized by HPTLC–HPLC–HESI-HRMS analysis. The chromatogram ap-

peared slightly diffused due to the 3.15 h incubation with the buffer (SOS-Umu-C bioassay 

procedure described in detail in D6 and [55]), but genotoxic activity was still clearly visible. 

Fluorescein di-β-D-galactopyranoside (FDG) was used as a visualization solution because of 

the natural blue fluorescent compounds present in R. rosea extracts, which could be misleading 

in results interpretation. The presence of genotoxins in two R. rosea products emphasizes the 

necessity of quality evaluation of herbal products before they can be available for the consumer. 

Fortunately, the USP reference standard of R. rosea (ID 8, Table 2, §5.2.) did not contain gen-

otoxins. 

AChE and BChE inhibition assays (Figure 10) were performed with the indoxyl acetate 

substrate due to the interfering brown color caused by the FBS reagent. Two inhibition zones 

were observed at 100 µg/band of R. rosea extracts, the AChE inhibition zone at hRF 51 (de-

noted as III) and the BChE inhibition zone at hRF 61 (denoted as IV). The USP reference 

standard or R. rosea (ID 8, Table 2, §5.2.) inhibits both AChE and BChE. The extracts 

IDs 13−15 (Table 2, §5.2.) showed weak or no activity against AChE and BChE among all 

extracts. The results indicated that R. rosea extracts could be helpful in AD, PD, bipolar disor-

der, and diabetes II type treatment. 

α-Amylase inhibition assay (Figure 10) was performed using another mobile phase. 

The elution power of the primary mobile phase (ethyl acetate−methanol−water−acetic acid 

7:1.5:1.5:0.1 (V/V/V/V)) was found to be too strong for α-amylase inhibition compounds – one 

large active brown zone appeared on the solvent front. After mobile phase selection, the best 

one proved to be – ethyl acetate−hexane at a ratio of 3:7 (V/V). All R. rosea extracts showed an 

inhibitory activity at an amount of 400 µg/band. 
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Figure 10. HPTLC-biochemical profiling of R. rosea (IDs 1−15, Table 2, §5.2.; 100−400 µg/band depending on 

the assays as indicated) separated on HPTLC plates silica gel 60 F254 using ethyl acetate−methanol−wa-

ter−acetic acid (7:1.5:1.5:0.1, V/V/V/V) (for α-amylase assay was used ethyl acetate−n-hexane (3:7, V/V)) 

and detected before (for comparison) and after the respective assays at white light illumination.  

Note. Adapted from D6.  
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Two active zones were discovered at the start of a chromatogram and at hRF 23 (denoted as VI). 

The VI zone was subjected to HPTLC–HPLC–HESI-HRMS recording. α-Amylase inhibition 

assay proved that R. rosea extracts could be useful in the treatment of diabetes II type.  

The β-glucuronidase assay (Figure 10) displayed a strong inhibitory potential of  

β-glucuronidase at 200 µg/band of R. rosea extracts. Extracts IDs 1−3 and 10 (Table 2, §5.2.) 

showed stronger inhibition than the other extracts, while extract IDs 13−15 (Table 2, §5.2.) 

showed no or weak inhibitory potential against β-glucuronidase. The assay display that 

R. rosea extracts could be useful in the treatment of drug-induced gastrointestinal disorders. 

The R. rosea extracts at an amount of 400 µg/band inhibited tyrosinase (Figure 10). 

Inhibition zones appeared at the bottom part of the track at hRF 10 and 21 (denoted as I) and 

on the upper part at hRF 51 (denoted as III) and at hRF 90. The majority of the extracts con-

tained every mentioned zone, but some showed weak (IDs 13 and 15) or no (ID 14) activity. 

The USP reference standard of R. rosea (ID 8, Table 2, §5.2.) displayed all the abovemen-

tioned zones. The results indicated that R. rosea extracts could be useful in the treatment of 

skin and dermatological diseases. 

R. rosea extracts were also investigated for agonistic and antagonistic endocrine com-

pounds via the planar triplex yeast antagonist-verified estrogen screen (pYAVES) and planar 

triplex yeast antagonist-verified androgen screen (pYAVAS) bioassays (Figure 11). Acetic 

acid addition was skipped in this mobile phase system to simplify the protocol (detailed in D6 

and [56]) and FDG was used as a substrate. The estrogen agonistic effect (pYAVES) is visible 

as a green fluorescent zone at hRF 99 near the solvent front in extracts IDs 1−6, 8, 10, and 11 

(Table 2, §5.2.). Extract ID 5 displayed the strongest activity compared to the other extracts. 

Estrogen antagonistic activity is visible as fluorescence reduction on the first stripe (17β-estra-

diol – known estrogen). It was observed, e.g., at hRF 90 in extracts IDs 1, 4, 6, and 7 and at 

hRF 38 and 48 in extracts IDs 9, 11, and 12 (Table 2, §5.2.). 
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Figure 11. HPTLC pYAVES/pYAVAS bioautograms of the R. rosea extracts (IDs 1−15, Table 2, §5.2.; 

600 µg/band each) separated on HPTLC plates silica gel 60 using ethyl acetate−methanol−water 

(7:1.5:1.5, V/V/V) and detected at FLD 254 nm before (for comparison) and after the respective bioassay. 

Note. D6. 

Application of the second stripe (fluorescein – end-product) allows verification of the anti-

estrogen effect, e.g., fluorescence reduction zones at hRF 0–10 in extracts IDs 1, 3–13 and 15 

(Table 2, §5.2.) are not related to antagonist activity but are probably caused by natural dyes 

or pigments in R. rosea extracts. However, the pYAVAS bioassay displayed no androgen (no 

visible green fluorescent zones) or verified antiandrogen (no reduction on first (testosterone – 

known androgen) stripe) activity of R. rosea extracts at 600 µg/band.  

The six most active compound zones (I−V in Figure 9 and VI in Figure 10) were 

selected and subjected to HPTLC–HPLC–HESI-HRMS analysis. Ten different compounds 

were tentatively assigned to selected zones based on the HRMS spectra obtained in positive 

and negative ionization modes (Table 6).  
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Table 6. HPTLC−HPLC−HESI-HRMS results for the six active compound zones in the R. rosea extracts. 

Zone 

ID 
hRF 

Tentative  

assignment 

Molecular  

formula 

Calculated 

mass 

(Da) 

Observed 

mass 

(Da) 

Mass  

error 

(ppm) 

Adduct  

ions 

I 

6 
20 Rhodioloside D C16H30O8 350.1941 

409.2084 

373.1828 

-1.09 

1.13 

[M+CH3COO] ─ 

[M+Na]+ 

II 

6 
35 

Rosavin/ 

Rosarin 
C20H28O10 428.1683 

427.1610 

451.1576 

-0.01 

-0.26 

[M-H] ─ 

[M+Na]+ 

III 

6 
51 

Rosiridin C16H28O7 332.1835 
391.1978 

355.1722 

-1.33 

1.54 

[M+CH3COO] ─ 

[M+Na]+ 

Viridoside C15H22O7 314.1365 
359.1351 

337.1258 

-1.06 

-0.10 

[M+CHOO] ─ 

[M+Na]+ 

Salidroside C14H20O7 300.1209 
299.1139 

323.1096 

-0.74 

1.57 

[M-H] ─ 

[M+Na]+ 

IV 

6 
61 Rosin C15H20O6 296.1260 

355.1399 

319.1146 

-0.02 

1.98 

[M+CH3COO] ─ 

[M+Na]+ 

V 

1 
93 Hydroquinone C6H6O2 110.0368 

109.0294 

111.0444 

0.68 

-2.74 

[M-H] ─ 

[M+H]+ 

VI 

6 
23 

Stearic acid C18H36O2 284.2715 283.2643 -0.13 [M-H] ─ 

Palmitic acid C16H32O2 256.2402 255.2330 -0.26 [M-H] ─ 

Note. Adapted from D6. 

The active zone I at hRF 20, with antibacterial activity against B. subtilis and tyrosinase 

inhibition was tentatively assigned to rhodioloside D. 

The active zone II with strong antioxidant and β-glucuronidase inhibition activity at 

hRF 35 was tentatively assigned to two compounds, rosavin, and rosarin. 

The active zone III at hRF 51, visible in five different assays (antioxidants, antibacteri-

als against A. fischeri, and inhibitors of AChE, tyrosinase, and β-glucuronidase), was tenta-

tively assigned to rosiridin, viridoside, and salidroside. However, our previous results of the 

AChE assay (Figure 6), proved that the standard of salidroside did not display inhibition of 

AChE. It means that AChE inhibitors from zone III are rosiridin and viridoside. Possible syn-

ergetic effect of these three compounds should be also taken into account.  

Zone IV at hRF 61 (BChE inhibition and antibacterial against A. fischeri activities) was 

tentatively assigned to rosin.  



EDA of R. rosea 

Overview of results 

§5.2. Non-targeted effect-directed analysis of R. rosea 

 

40 
 

Hydroquinone, zone V at hRF 93, was tentatively characterized as a compound respon-

sible for the genotoxic activity in the R. rosea extracts.  

The mass spectra for zone VI at hRF 23 exhibited signals corresponding to stearic and 

palmitic acids. These compounds were tentatively assigned as α-amylase inhibitors in the 

R. rosea extracts. 
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6. CONCLUSIONS 

The unique chromatographic profiles of R. rosea were acquired (using targeted and 

non-targeted effect-directed analysis based on a combination of planar chromatography, 

(bio)assays, and spectroscopic methods) to reveal the R. rosea chemical composition, and  

bioactivities.  

The main achievements of the doctoral thesis can be summarized as follows: 

✓ Bioprofiling of R. rosea extracts revealed 17 different activities of R. rosea in-

cluding (1) antioxidant, (2-8) AChE, BChE, α-amylase, α-glucosidase, β-glucuronidase, lipase, 

and tyrosinase inhibition, (9-10) antibacterial against Gram-negative A. fischeri, and Gram-

positive B. subtilis bacteria strains, (11) genotoxic, as well as (12-14) estrogen, and verified 

antiestrogen and (15-17) androgen and verified antiandrogen effects; 

✓ The following activities of major compounds of R. rosea were detected: 

▪ rosavin – α-glucosidase, β-glucuronidase, lipase, and tyrosinase inhibition as 

well as an antibacterial against B. subtilis;  

▪ salidroside – antioxidant and inhibition of α-glucosidase, β-glucuronidase and 

lipase as well as antibacterial against A. fischeri and B. subtilis; 

▪ p-tyrosol – antioxidant as well as α-glucosidase, lipase, and tyrosinase inhibi-

tion; 

▪ rosarin – antioxidant and β-glucuronidase inhibition; 

▪ rosin – BChE inhibition and antibacterial against A. fischeri; 

▪ viridoside and rosiridin – antioxidant, and inhibition of AChE and β-glucuroni-

dase as well as an antibacterial against A. fischeri; 

▪ rhodioloside D – tyrosinase inhibition and antibacterial against B. subtilis; 

▪ palmitic and stearic acids – α-amylase inhibition; 
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▪ hydroquinone – antioxidant, and inhibition of AChE, α-glucosidase, and lipase, 

and genotoxic as well as an antibacterial against B. subtilis.  

✓ HPLC−ESI-MS offline analysis, as well as HPTLC−HPLC−HESI-HRMS online 

analysis, provided qualitative information on the presence of 29 compounds in R. rosea ex-

tracts, namely rosavin, rosarin, rosin, salidroside, p-tyrosol, viridoside, rhodioloside D,  

rosiridin, galactose, saccharose, glucose, caffeic acid, chlorogenic acid, ferulic acid, gallic acid, 

palmitic acid, stearic acid, cinnamyl alcohol, kaempferol, luteolin, luteolin-7-O-Glc, apigenin, 

apigenin-7-Glc, herbacetin, rhodiosin, rhodionin, rhodioflavonoside, rhodiolgin, and hydroqui-

none.  

✓ Qualitative and quantitative evaluation of rosavin, salidroside, and p-tyrosol 

(so-called marker compounds of R. rosea) by HPLC-DAD and 1H NMR analysis revealed the 

presence of rosavin only in three, while salidroside and p-tyrosol only in four out of seven 

investigated extracts from commercially available formulations of R. rosea. The concentrations 

of the markers were calculated.  

The obtained results, such as the presence of genotoxins in two and the absence of 

rosavin in four R. rosea products emphasize the importance of effect-directed profiling of plant 

materials for authenticity and quality verification as well as looking for any signs of adultera-

tions.  

Effect-directed analysis based on planar chromatography fills the gap in the relationship 

between chromatographic fingerprints, the efficacy of the medicinal plants, and pressing need 

for the quality control of herbal medicines. The method established here for R. rosea can be 

implemented for other medicinal plants, especially commercially available ones. The ap-

proaches presented in the thesis prove that planar chromatography is still updating, developing, 

and a challenging method of analysis as well as an excellent tool for a fast, precise, reliable, 

and robust detection of the activities of plants and their constituents.  
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Akebii pięciolistkowej. Nauka i przemysł, lubelskie spotkania studenckie. Wydawnictwo UMCS, ISBN 

978-83-227-9370-1, Lublin 2020, str.191-194. 

3. H. Nikolaichuk, I.M. Choma, Detekcja właściwości bioaktywnych Clitoria ternatea L. za pomocą 

bioautografii bezpośredniej. Nauka i przemysł, lubelskie spotkania studenckie. Wydawnictwo UMCS, 

ISBN 978-83-227-9503-3, Lublin 2021, str.165-168. 

4. I.M. Choma, H. Nikolaichuk, TLC bioprofiling: a tool for quality evaluation of medical plants. Evi-

dence-Based Validation of Herbal Medicine. Translational Research on Botanicals. (Pulok Mukherjee 

Ed. Second edition). Chapter 18, Elsevier 2022, pp. 407-422. 

5. H. Nikolaichuk, M. Studziński, I.M. Choma, Bio-profilowanie preparatów różeńca górskiego za pomocą 

TLC-DB i HPLC-DAD. Nauka i przemysł, lubelskie spotkania studenckie. Wydawnictwo UMCS, ISBN 

978-83-227-9603-0, Lublin 2022, str. 181-184. 

9.3. Research projects: 

Participation in the implementation of the project „Identyfikacja lipidomicznych biomarkerów rozpozna-

wania autentyczności olejów jadalnych wsparta profilowaniem DSC i chemometrią”  

OPUS 16 grant 2018/31/B/NZ9/02762.  

August 2020 – present. 

9.4. Internships: 

Justus Liebig University Giessen, Giessen, Germany.  

September 2021 – February 2022. 

9.5. Summer schools: 

• Summer School in Pharmaceutical Analysis, September 22-24, 2021, Bologna, Italy. 

• UMCS Summer School for PhD Students, May 18-20, 2022, Lublin, Poland. 
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9.6. Conferences: 

Author of:  

1. H. Nikolaichuk, I.M. Choma, E. Sobstyl, Analiza inhibitorów acetylocholinesterazy wybranych ro-

ślin za pomocą chromatografii cienkowarstwowej sprzężonej z bioautografią. II Ogólnopolskie Sym-

pozjum Młodych Naukowców ,,ProDoc”, April 12, 2019, Lublin, Poland. Oral presentation. 

2. H. Nikolaichuk, E. Sobstyl, I. M. Choma, Effect directed analysis and TLC screening of chosen 

plants used in Traditional Chinese Medicine. 48th International Symposium on High-Performance 

Liquid Phase Separations and Related Techniques, June 16-20, 2019, Milan, Italy. Oral presentation.  

3. H. Nikolaichuk, I.M. Choma, EDA i analiza skriningowa w poszukiwaniu biologicznie aktywnych 

związków w różeńcu górskim (Rhodiola rosea L.). VII Ogólnopolskie sympozjum „Nauka i prze-

mysł, lubelskie spotkania studenckie”, June 24, 2019, Lublin, Poland. Oral presentation. 

4. H. Nikolaichuk, I. M. Choma, EDA and TLC screening in searching of biologically active compo-

nents in plants. 6th International conference “Plant – the source of research material”, September 10-

12, 2019, Nałęczów, Poland. Oral presentation.  

5. H. Nikolaichuk, E. Sobstyl, R. Typek, I. M. Choma, Detection and identification of biological active 

compounds present in Rhodiola rosea L. roots by TLC/bioassay/MS. 6th International conference, 

“Plant – the source of research material”, September 10-12, 2019, Nałęczów, Poland. Poster presen-

tation. 

6. H. Nikolaichuk, I.M. Choma, Bioprofiling of Rhodiola rosea L. and Akebia quinata D. using effect 

directed analysis. QUO VADIS Life Sciences, June 23-27, 2021, Opole, Poland. Oral presentation.  

7. H. Nikolaichuk, R. Typek, I.M. Choma, Biological activity of Rhodiola rosea L. preparations. QUO 

VADIS Life Sciences, June 23-27, 2021, Opole, Poland. Poster presentation. 

8. H. Nikolaichuk, I.M. Choma, Detekcja właściwości bioaktywnych Clitoria ternatea L. za pomocą 

bioautografii bezpośredniej. IX Ogólnopolskie sympozjum „Nauka i przemysł, lubelskie spotkania 

studenckie”, June 28, 2021, Lublin, Poland. Poster presentation.  

9. H. Nikolaichuk, I.M. Choma, Effect directed detection of enzyme inhibitors in chosen plants. 8th 

International Congress of the Society for Ethnopharmacology-India, August 27-29, 2021, Pune, India. 

Oral presentation.  
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10. H. Nikolaichuk, I.M. Choma, Detection and identification of biological active compounds using ef-

fect directed analysis. Summer School in Pharmaceutical Analysis, September 22-24, 2021, Bologna, 

Italy. Oral presentation.  

11. H. Nikolaichuk, I.M. Choma, Bio-profiling of plants via effect directed analysis coupling high-res-

olution mass spectrometry. Modern Research Techniques for Physicochemical Characterization of 

the Potential Application Systems, May 18-20, 2022, Lublin, Poland. Oral presentation. 

Diploma for 3rd place The Best Oral Presentation 

12. H. Nikolaichuk, I.M. Choma, Effect directed analysis of biological active compounds present in 

Rhodiola rosea L. root and rhizome by HPTLC/bioassay/MS. Modern Research Techniques for Phys-

icochemical Characterization of the Potential Application Systems, May 18-20, 2022, Lublin, Poland. 

poster presentation. 

13. H. Nikolaichuk, I.M. Choma, E. Fornal, Detekcja bioaktywnych metabolitów roślin za pomocą wy-

sokosprawnej chromatografii cienkowarstwowej w połączeniu z HRMS. XI Polska Konferencja Che-

mii Analitycznej, June 19-23, 2022, Łódź, Poland. Oral presentation.  

14. H. Nikolaichuk, A. Kozub, K. Przykaza, J. Tomaszewska-Gras, E. Fornal, Wykrywanie markerów 

różnicujących w olekach z konopi, lnu i lnianki za pomocą LC/QTOF. XI Polska Konferencja Chemii 

Analitycznej, June 19-23, 2022, Łódź, Poland. Poster presentation.  

15. H. Nikolaichuk, M. Studziński, I.M. Choma, Bio-profilowanie preparatów różeńca górskiego za po-

mocą TLC-DB i HPLC-DAD. X Ogólnopolskie Sympozjum „Nauka i przemysł – lubelskie spotkania 

studenckie”, June 27, 2022, Lublin, Poland. Poster presentation. 

16. H. Nikolaichuk, G. Morlock, I.M. Choma, HPTLC analysis coupling high-resolution mass spectrom-

etry of plants. 25th International Symposium for High-Performance Thin-Layer Chromatography, 

June 28 – July 1, 2022, Ljubljana, Slovenia. Oral presentation. 

Dr. Heinz E. Hauck Young Scientist Prize for an outstanding oral presentation. 

17. H. Nikolaichuk, G. Morlock, I.M. Choma, Evaluation of the biological activity of Rhodiola rosea L. 

using HPTLC/bioassay/MS. 25th International Symposium for High-Performance Thin-Layer Chro-

matography, June 28 – July 1, 2022, Ljubljana, Slovenia. Poster presentation. 

18. H. Nikolaichuk, A. Kozub, K. Przykaza, J. Tomaszewska-Gras, E. Fornal, Profilowanie lipido-

miczne wybranych olejów niszowych za pomocą LC-QTOF. 64. Zjazd Naukowy Polskiego Towa-

rzystwa Chemicznego, September 11-16, 2022, Lublin, Poland. Oral presentation. 
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19. H. Nikolaichuk, I.M. Choma, E. Fornal, Chromatografia cienkowarstwowa w połączeniu ze spek-

trometria mas w poszukiwaniu substancji aktywnych w klitorii ternateańskiej (Clitoria ternatea L.). 

64. Zjazd Naukowy Polskiego Towarzystwa Chemicznego, September 11-16, 2022, Lublin. Poster 

presentation.  

20. H. Nikolaichuk, G. Morlock, I.M. Choma, Screening of Akebia quinata D. bioactivity via effect 

directed analysis based on HPTLC hyphenated HRMS. 33rd International Symposium on Chromatog-

raphy, September 18-22, 2022, Budapest, Hungary. Poster presentation.  

Nominated for the poster prize (among the 14 best posters out of 222 posters). 

21. H. Nikolaichuk, G. Morlock, I.M. Choma, Effect directed analysis of Clitoria ternatea L. flower 

based on HPTLC-MS. 33rd International Symposium on Chromatography, September 18-22, 2022, 

Budapest, Hungary. Poster presentation. 

and co-author of: 

22. I.M. Choma, H. Nikolaichuk, E. Sobstyl, J. Skolimowska, A. Tokarzewska, Screening analysis of 

chosen plants used in Traditional Chinese Medicine. Sixteenth Polish – Ukrainian Symposium on 

Theoretical and Experimental Studies of Interface Phenomena and their Technological Applications, 

August 28-31, 2018, Lublin, Poland. Poster presentation. 

23. I.M. Choma, H. Nikolaichuk, E. Sobstyl, Thin-liquid chromatography screening and effect-directed 

analysis of chosen plants used in dementia treatment. International Symposium for High-performance 

Thin-Layer Chromatography, November 28-30, 2018, Bangkok, Thailand. Oral presentation.  

24. E. Sobstyl, H. Nikolaichuk, I.M. Choma, TLC jako metoda analizy ekstraktów roślinnych stosowa-

nych w Tradycyjnej Medycynie Chińskiej. II Ogólnopolskie Sympozjum Młodych Naukowców 

,,ProDoc”, April 12, 2019, Lublin, Poland. Oral presentation.  

25. E. Sobstyl, H. Nikolaichuk, I. M. Choma, Analysis and comparison of Schisandra species using 

TLC-DB and screening analysis. 6th International conference “Plant – the source of research mate-

rial”, September 10-12, 2019, Nałęczów, Poland. Poster presentation. 

26. I.M. Choma, H. Nikolaichuk, E. Sobstyl, Effect directed detection of chosen plants used as compo-

nents of pharmaceutical preparations. 25th International Symposium on Separation Sciences, Septem-

ber 15-18, 2019, Łódź, Poland. Oral presentation. 
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27. I.M. Choma, H. Nikolaichuk, E. Sobstyl, Effect directed analysis of plants used in Traditional Chi-

nese Medicine. 25th International Symposium on Separation Sciences, September 15-18, 2019, Łódź, 

Poland. Invited oral presentation. 

28. I.M. Choma, H. Nikolaichuk, E. Sobstyl, Effect directed detection and TLC bio-profiling as a tool 

to distinguish among plants from various species and origin. 7th International Congress of the Society 

for Ethnopharmacology, February 15-17, 2020, New Delhi, India. Invited oral presentation. 

29. I.M. Choma, H. Nikolaichuk, E. Sobstyl, Bio-profiling and effect directed analysis in searching of 

active constituents of plants and their preparations. International Conference on Second Annual Con-

ference of the Environment, Water, Agriculture, Sustainability and Health (EWASH-2020): expand-

ing our vision post Covid-19, December 19-20, 2020, Kolkata, West Bengal, India. Invited oral 

presentation. 

30. E. Fornal, A. Stachniuk, A. Sumara, A. Łuciuk, A. Kozub, H. Nikolaichuk, K. Przykaza, J. To-

maszewsk-Gras, M. Montowska, Fighting food fraud. Analytical chemistry in demand to safeguard 

consumers. QUO VADIS Life Sciences, June 23-27, 2021, Opole, Poland. Oral presentation. 

31. A. Kozub, A. Stachniuk, A. Sumara, H. Nikolaichuk, K. Przykaza, J. Tomaszewska-Gras, E. Fornal, 

Authentication of hemp oil using LC-MS – lipidomics approach. QUO VADIS Life Sciences, June 

23-27, 2021, Opole, Poland. Poster presentation. 

32. A. Kozub, A. Stachniuk, A. Sumara, H. Nikolaichuk, K. Przykaza, J. Tomaszewska-Gras, E. Fornal, 

LC/MS-based detection of lipidomic markers for the monitoring of seed oils quality, QUO VADIS 

Life Sciences, June 23-27, 2021, Opole, Poland. Poster presentation. 

33. I.M. Choma, H. Nikolaichuk, TLC-Bio profiling, TLC-Direct Bioautography, Effect Directed De-

tection and Effect Directed Analysis – how they differ? 8th International Congress of the Society for 

Ethnopharmacology-India (SFEC 2021), August 27-29, 2021, Pune, India. Invited oral presentation. 

34. A. Kozub, A. Stachniuk, H. Nikolaichuk, K. Przykaza, J.Tomaszewska-Gras, E. Fornal, Application 

of LC-QTOF in lipidomic profiling of cold pressed seed oils. Modern Research Techniques for Phys-

icochemical Characterization of the Potential Application Systems. Summer School for PhD Stu-

dents, May 18-20, 2022, Lublin, Poland. Oral presentation. 

35. E. Fornal, A. Stachniuk, A. Sumara, A. Trzpil, A. Kozub, H. Nikolaichuk, K. Przykaza, Zastosowa-

nie LC/MS w badaniach żywności. XI Polska Konferencja Chemii Analitycznej, PoKoChA 2022, 

June 19-23, 2022, Łódź, Poland. Oral presentation.  
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36. A. Kozub, A. Stachniuk, A. Trzpil, H. Nikolaichuk, K. Przykaza, J. Tomaszewska-Gras, E. Fornal, 

Wpływ procesu oksydacji na profile lipidomiczne tłoczonych na zimno olejów z lnianki siewnej. XI 

Polska Konferencja Chemii Analitycznej, PoKoChA 2022, June 19-23, 2022, Łódź, Poland. Oral 

presentation. 

37. K. Przykaza, H. Nikolaichuk, A. Kozub, J. Tomaszewska-Gras, E. Fornal, Spektrometria mas typu 

shotgun jako narzędzie do jakościowej i ilościowej oceny profili lipidomicznych wybranych olejów 

jadalnych. XI Polska Konferencja Chemii Analitycznej, PoKoChA 2022, June 19-23, 2022, Łódź, 

Poland. Poster presentation. 

38. I.M. Choma, H. Nikolaichuk, E. Sobstyl, Effect directed detection and TLC screening as a method 

for comparing various species and preparations of selected medicinal plants. 25th International Sym-

posium for High-Performance Thin-Layer Chromatography, June 28 – July 1, 2022, Ljubljana, Slo-

venia. Invited oral presentation. 

39. A. Kozub, A. Stachniuk, H. Nikolaichuk, K. Przykaza, A. Trzpil, J. Tomaszewska-Gras, E. Fornal, 

Profilowanie lipidomiczne LC/QTOF w uwierzytelnieniu tłoczonych na zimno olei roślinnych. 64. 

Zjazd Naukowy Polskiego Towarzystwa Chemicznego, September 11-16, 2022, Lublin, Poland. Oral 

presentation.  

40. A. Kozub, A. Stachniuk, H. Nikolaichuk, K. Przykaza, A. Trzpil, J. Tomaszewska-Gras, E. Fornal, 

Analiza lipidomiczna LC-QTOF nierafinowanych olei konopnych wspomagana chemometrią. 64. 

Zjazd Naukowy Polskiego Towarzystwa Chemicznego, September 11-16, 2022, Lublin, Poland. Po-

ster presentation. 

41. E. Fornal, A. Stachniuk, A. Sumara, A. Trzpil, A. Kozub, H. Nikolaichuk, K. Przykaza, Zastosowa-

nie LC/HRMS i technik omicznych w naukach o żywności i żywieniu. 64. Zjazd Naukowy Polskiego 

Towarzystwa Chemicznego, September 11-16, 2022, Lublin, Poland. Oral presentation. 

9.7. Conducted laboratory classes: 

• Chromatographic methods of analysis (pol. Chromatograficzne metody analizy); 

• Instrumental analysis; 

• Instrumental analysis - chromatographic methods (pol. Analiza instrumentalna -metody chromato-

graficzne); 



EDA of R. rosea 

Scientific achievements 

 

 

55 
 

• Methods of instrumental analysis in forensics – chromatographic methods (pol. Metody analizy instru-

mentalnej w kryminalistyce -metody chromatograficzne); 

• Methods of identification and separation of biologically active compounds (pol. Metody identyfikacji i 

rozdzielenia związków biologiczne czynnych); 

• Methods of sample preparation for chromatographic analysis (pol. Metody przygotowania próbek do 

analizy chromatograficznej);  

• Classical analytical chemistry – quantitative part (pol. Klasyczna chemia analityczna - ilościowa); 

• Chromatographic methods (pol. Metody chromatograficzne); 

• Training (Effect-directed detection) for students of the Faculty of Chemistry – Integrated UMCS. 

9.8. Conducted research carried out in cooperation with: 

• Chair of Food Science, Institute of Nutritional Science, Justus Liebig University Giessen, Giessen, Ger-

many; 

• Department of Veterinary Microbiology, University of Life Sciences, Lublin, Poland; 

• Department of Physical Chemistry, Institute of Chemical Sciences, Faculty of Chemistry, Maria Curie-

Skłodowska University, Lublin, Poland; 

• Department of Organic Chemistry, Institute of Chemical Sciences, Faculty of Chemistry, Maria Curie-

Skłodowska University, Lublin, Poland. 
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10. SUMMARY 

Today, new medicinal preparations, dietary supplements, and cosmetics based on vari-

ous plants or their extracts are constantly launched on the market. Plants are a rich source of 

biologically active compounds, and despite many objections towards their efficacy, in main-

stream medical research, they can be utilized to successfully treat different diseases and ail-

ments. Undoubtedly, this is thanks to the achievements of modern phytotherapy and pharma-

cology, as well as the application of modern analytical methods and tools. However, along with 

the proliferation of new products, emerge problems with their quality and authenticity. 

In this thesis, effect-directed analysis was applied to the screening and (bio)profiling of 

Rhodiola rosea L. extracts and to their quality and authenticity evaluation. Effect-directed anal-

ysis was based on planar chromatography in combination with (bio)assays and chemical deri-

vatization coupled with spectroscopic identification methods. R. rosea extracts were tested us-

ing 13 different assays including antioxidant, antibacterial, enzyme inhibition, endocrine, and 

genotoxic ones. The R. rosea extracts were further characterized by TLC-densitometry, 

HPLC−ESI-MS, HPTLC−HPLC−HESI-MS, HPLC-DAD, and 1H NMR techniques. The pres-

ence of genotoxins in two R. rosea products, and the absence of rosavin (a major constituent 

and quality marker, inherent only in Rhodiola rosea L. species) in four R. rosea commercially 

available products were observed.  

The obtained results point to the great potential of EDA based on planar chromatog-

raphy, as well as to the significance of effect-directed profiling of R. rosea products before they 

are made available to the consumer. 
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Doctoral thesis consists of five main chapters:  

1. First chapter “Introduction” – gives a brief outline of the current research into me-

dicinal plants, Rhodiola rosea L., planar chromatography, and effect-directed anal-

ysis; 

2. Second chapter “Aim and objectives” – sets out the main aim and detailed objec-

tives of the thesis; 

3. Third chapter “Research methods” – presents research methods and techniques; 

4. Forth chapter “Overview of results” – is a concise and consistent discussion of the 

results; 

5. Fifth chapter “Conclusions” – provides a discussion and summary of the main ac-

complishments of the thesis. 

The thesis is closed by a bibliography list, copies of six publications constituting the 

basis of the research followed by the scientific bibliography and scientific achievements of the 

candidate. 
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11. CO-AUTHORSHIP STATEMENTS AND PUBLICATIONS  

Co-authorship statements: 

Hanna Nikolaichuk 59 

Dr hab. Irena Choma, prof. UMCS 61 

Dr Marek Studziński 63 

Dr Rafał Typek 64 

Dr hab. Sebastian Gnat, prof. UP 65 

Dr hab. Marek Stankevič, prof. UMCS 66 

Prof. Gertrud Morlock 67 

  

Publications: 

D1 68 
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D4 99 

D5 110 

D6 123 
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