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ORIGINAL CONTRIBUTIONS 

 

MOTIVATION. AIMS AND SCOPE 

 
The use of plants in the traditional medicine of many 

cultures dates for thousands of years, with the oldest records 

documented in Mesopotamia (cuneiform clay tablets, ~2600 

B.C.), Egypt (Ebers Papyrus, ~1500 B.C.) or China (Materia 

Medica, ~1100 B.C.). Plant-based medicine continues to play 

a crucial role even in the modern era, with World Health 

Organization (WHO) estimating that approximately 80% of 

the global population is relying mainly on traditional 

medicines for its primary health care (127).  

Possessing a huge chemical diversity, innumerous plant-

derived natural products, including morphine, paclitaxel, 

galanthamine, vinblastine, codeine or cocaine, proved to be 

among the most resourceful drug leads in the treatment of 

many severe pathologies, such as cancer, infectious diseases 

or rare diseases (128). Perhaps one of the most outstanding 

examples in natural product-based drug research is 

represented by artemisinin. The antimalarial sesquiterpene 

lactone was isolated from the medicinal plant Artemisia annua 

L. by Youyou Tu, a Chinese pharmacist who, for her 

discovery, was awarded the Nobel Prize in Physiology or 

Medicine in 2015. Nowadays, semisynthetic derivatives 

(artesunate, artemether) are clinically used as artemisinin-

based combinations for treating Plasmodium falciparum-

induced malaria (129). Nevertheless, screening for potential 

drug candidates from plant sources has considerably evolved 

in recent years, with advancements in automation (high-

throughput screening), isolation technologies and cost-

effective assays.  

Verbascum species (mulleins) have been used for 

centuries in the traditional folk medicine of many countries as 
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expectorant, mucolytic, demulcent and diuretic to treat 

respiratory disorders, hemorrhoids, diarrhea, rheumatic pain, 

wounds, fungal infections and other inflammatory skin 

conditions. Nowadays, a wide variety of mullein-based 

pharmaceutical products (dried roots, flowers, leaves or aerial 

parts for herbal teas, aqueous, alcoholic and oily extracts, 

capsules and tablets) are available in drug stores all over 

Europe and the USA. The genus is known as an opulent 

source of metabolites, such as: iridoid glycosides, 

phenylethanoid glycosides, saponin glycosides, flavonoids, 

polysaccharides, neolignan glycosides and phenolic acids, 

endowed with anticholinesterasic, antibacterial, anti-tumor, 

anti-inflammatory or antioxidant properties (6).  

Of these, verbascoside and harpagoside are two notable 

constituents. Verbascoside is a phenylethanoid glycoside 

firstly reported in 1963 from V. sinuatum L. and subsequently 

described in more than 15 different mullein species. It is 

considered to possess a wide range of in vivo and in vitro 

effects, such as antioxidant, anti-inflammatory, antineoplastic, 

wound-healing and neuroprotective properties. Reh-

verbascoside or general verbascoside of Rehmaniae leaves (a 

mixture of phenylethanoid glycosides obtained from 

Rehmania glutinosa Libosch., containing minimum 30% 

verbascoside) was included in a randomized controlled trial. 

Verbascoside was thus reported to reduce erythrocyturia and 

proteinuria in patients with primary chronic 

glomerulonephritis at 56 days of oral intake of 200 mg tablets 

(2×/day) administered as mono- or bi-therapy with irbesartan 

(130). Though harpagoside, an acylated harpagide-type iridoid 

monoglycoside, is considered the main active ingredient of 

Harpagophytum procumbens (Burch.) DC. ex Meisn., it is 

often reported in Verbascum genus as well. Daily doses of at 

least 50 mg of harpagoside (taken from aqueous extracts of 

Harpagophytum) were shown effective in providing pain 

relief for 60% of patients with osteoarthritic hip or knee, 
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arthritis or non-specific lower back pain. Moreover, a dose of 

60 mg harpagoside/day (taken from a standardized extract of 

Harpagophytum), for up to 54 weeks, improved considerably 

the clinical symptomatology of knee osteoarthritis (131).  

Despite the fact that a high number of constituents from 

various Verbascum species were investigated, novel 

compounds with new bioactivities are still currently 

discovered. Two isomers of 6-O-(2''-O-p-coumaroyl-3''-O-

menthiafoloyl)-α-L-rhamnopyranosyl-catalpol from V. nobile 

Velen. were the first natural iridoid derivatives reported to 

contain a menthiafoloyl side chain. They were shown to 

potently inhibit the growth of concanavalin A-stimulated 

Jurkat T cells and concanvalin A-induced extracellular signal-

regulated kinase phosphorylation, alter the dynamic 

proliferation of murine CD3 T cells and down-regulate the 

expression of early activation marker CD69 and intracellular 

level of interferon gamma (IFN-γ) in murine CD3
+
 T cells. 

This data would suggest that iridoid glycosides might have the 

potential to modulate T cell-related pathologies (115).  

 

In this regard, the main objectives of the current research 

were focused on performing an extensive phytochemical and 

biological analysis of two previously non-investigated 

Verbascum species (Verbascum ovalifolium Donn ex Sims 

and Verbascum blattaria L.) that grow spontaneously in 

Romania and Republic of Moldova, with the aims to:  

 perform the metabolite profiling and dereplication of 

various extracts by a modern hyphenated technique 

(HPLC-DAD-ESI-Q-TOF-MS/MS);  

 evaluate the biological activities of extracts 

(antioxidant, cytotoxic, genotoxic/antigenotoxic, anti-

inflammatory) (in vitro studies); 

 develop and optimize high-performance countercurrent 

chromatographic (HPCCC) separation methodologies 

in order to purify major and minor constituents;  
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 elucidate the structure of isolated compounds by 

HRESIMS, ESI-MS/MS, 1D-NMR (
1
H-NMR, 

13
C-

NMR) and 2D-NMR (
1
H-

1
H COSY, HSQC, HMBC, 

ROESY); 

 evaluate the cytotoxic potential of isolated compounds 

in different human tumor cell lines by assessing their 

effects on cell viability, apoptosis, cell cycle and 

intracellular oxidative status;  

 evaluate the anti-inflammatory potential of isolated 

compounds by screening for the IL-8 and TNF-α down-

regulatory properties in LPS-stimulated neutrophils. 
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CHAPTER 3. RESULTS 

3.1.  Verbascum ovalifolium Donn ex Sims – phytochemical 

and biological studies 

3.1.2. High-performance countercurrent chromato-

graphic separation 

3.1.2.1.  Selection of two-phase solvent systems  

VO-EAE was subjected to column chromatography as 

described in Section 2.5.5.1. After elution with an eluotropic 

series of chloroform-methanol (9:1 →5:5), five fractions (VO-

EAE-1 → VO-EAE-5) were yielded and further subjected to 

HPCCC. Suitable two-phase solvent systems were selected 

based on their partition coefficient (K) values. Since only 

reversed-phase conditions were approached, K values were 

calculated with upper organic phase as stationary phase and 

lower aqueous phase as mobile phase. Target compounds are 

labeled VO1 to VO10, with compound VO1 being identified 

in fraction VO-EAE-1 and compound VO10 in fraction VO-

EAE-5. 

3.1.2.2.  Purification of compounds 

3.1.2.2.2. Isolation of constituents from fraction VO-

EAE-2 

Fraction VO-EAE-2 contained five target compounds 

(VO2, VO3, VO4, VO5 and VO6) (Fig. 3.21). Their K values 

were checked in five different two-phase solvent systems: III 

(EBWat 3:1:4), IV (EBWat 5:1:5), V (EBWat 2:1:3), VI 

(HEBWat 1:2:1:2) and VII (EWat 1:1).  
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Fig. 3.21. HPLC-DAD chromatogram of fraction VO-EAE-2 

(λ=280 nm) 

Of all these solvent systems, system VI was considered to 

give suitable K values for compounds VO2-VO5; therefore, 

in order to optimize isolation, analytical scale HPCCC 

experiments were initially performed with system VI, varying 

the revolution speed (between 1200–1600 rpm) and flow-rate 

(between 0.6–1 mL/min). After HPLC-DAD analysis of all 

one minute-collected fractions, it was noticed that separations 

carried out at 1600 rpm and 0.7 mL/min afforded the best 

resolution and stationary phase retention.  

Therefore, scale-up was performed (scale-up factor = 6) 

and semi-preparative experiments were performed under the 

following conditions: reversed-phase mode, flow-rate of 4.2 

mL/min, revolution speed of 1600 rpm, detection wavelength 

of 280 nm (Fig 3.23). After three repeated HPCCC injections 

(3 × 100 mg), 14 mg of sub-fraction VO-EAE-2.1 (HPCCC 

elution time 23–25 min), 15 mg of sub-fraction VO-EAE-2.2 

(HPCCC elution time 60–64 min) and 7 mg of sub-fraction 

VO-EAE-2.3 (HPCCC elution time 117–123 min; compound 

VO5; HPLC-DAD purity 96.3%) were afforded.  

Sub-fraction VO-EAE-2.1 was further purified by semi-

preparative HPLC with 28% methanol, yielding 4 mg of 

compound VO2 (HPLC-DAD purity 95.4%) and 6 mg of 

compound VO3 (HPLC-DAD purity 97.5%), whereas after 

semi-preparative HPLC elution of sub-fraction VO-EAE-2.2 
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with 40% methanol, compound VO4 (6 mg, HPLC-DAD 

purity 98.3%) was obtained.  

 
Fig. 3.23. Semi-preparative-scale HPCCC chromatogram of fraction 

VO-EAE-2 

 
Additionally, compound VO5 was isolated from VO-

EAE-2 using system VII (EWat 1:1). After a single injection 

(100 mg, reversed-phase, 6 mL/min, 1600 rpm, 280 nm),  

3 mg of compound VO5 (HPLC-DAD purity 96.0%) were 

obtained in sub-fraction VO-EAE-2.4 (HPCCC elution time 

31-33 min). 

Finally, two phase solvent systems (VIII HEMWat 

1:2:1:2 and IX HEMWat 2:5:2:5) were screened to find 

suitable K values for the isolation of compound VO6 from 

fraction VO-EAE-2. After three repeated HPCCC injections 

with system IX (3 × 100 mg, reversed-phase, 6 mL/min, 1600 

rpm, 280 nm), 8 mg of compound VO6 (HPLC-DAD purity 

95.3%) were afforded from VO-EAE-2.5 (HPCCC elution 

time 20-22 min). Fig. 3.41. depicts the isolation scheme for all 

compounds obtained from V. ovalifolium aerial parts. 
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Fig.3.41. Separation scheme of compounds isolated from V. 

ovalifolium aerial parts 
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3.1.2.3. Structural elucidation of isolated compounds 

3.1.2.3.2.  Identification of compound VO2 

The spectral analyses (UV, HRESIMS, ESI-MS/MS and 

NMR) led to the identification of compound VO2 as 

premnacorymboside B [6-O-(3''-O-trans-p-coumaroyl)-α-

L-rhamnopyranosylcatalpol]. 

Compound VO2 showed two 

UV maxima at 219 and 226 nm 

(characteristic to an enol-ether 

system belonging to the iridoid part) 

and one additional absorbance 

maximum at 312 nm belonging to a 

cinnamoyl chromophore (Fig. 3.44). 

The HRESIMS (negative ion 

mode) showed a deprotonated ion at 

m/z 653.2090 [M-H]
–
 (calcd. for C30H37O16, 653.2087, Δ = 

0.45 ppm).  

The precursor ion at m/z 653 yielded the following 

fragment ions in the ESI-MS/MS spectra: 491 [(M-H)-

glucosyl]
–
; 377 [(M-H)-glucosyl-C5H6O3)]

–
; 309 [(M-H)-

glucosyl-C9H10O4]
–
; 291 [(M-H)-glucosyl-C9H10O4-H2O]

–
; 

205 [(M-H)-glucosyl-C9H10O4-C4H8O3]
–
; 187 [(M-H)-

glucosyl-C9H10O4-C4H8O3-H2O]
–
; 163 [p-coumarate]

–
; 145 [p-

coumaroyl-H]
–
 and 119 [p-coumarate-CO2]

–
 (Fig. 3.45).  

 

 
Fig. 3.45. ESI-MS/MS spectra of compound VO2 

  

Fig.3.44. UV spectra 

of compound VO2 
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Premnacorymboside B (compound VO2) can be 

formally divided into four structural units: catalpolgenin 

(aglycon unit), glucose unit, rhamnose unit and trans-p-

coumaric acid unit.  

The aglycon unit (catalpolgenin) was revealed by the 

presence of several characteristic signals in its 
1
H-NMR 

spectra (Table 3.VI, Fig. A2). The two olefinic 

protons (H3 and H4) were found to resonate in 

the downfield part of the spectrum at δH 6.39 

ppm (dd, J = 6.0, 1.8 Hz) and 5.12 ppm (dd, J 

= 6.0, 4.6 Hz), respectively. The next proton 

(H1) appeared at 5.10 ppm (d, J = 9.8 Hz), as 

a consequence of the deshielding effects of the pyranosic 

oxygen and hydroxyl group at C1. The signal at 4.05 ppm (dd, 

J = 8.2, 1.0 Hz, H6) was coupled with the ones at 3.66 ppm 

(d, J = 1.0 Hz, H7) and 2.46 ppm (m, H5). Moreover, the 

chemical shift of H6 indicated an oxygenated function in this 

position (at C6). Due to the fact H5 was coupled not only with 

H4 and H6, but also with the signal at 2.57 ppm (dd, J = 9.8, 

7.5 Hz, H9), H5 appeared as a multiplet. The doublets at 4.15 

ppm (J = 13.0 Hz) and 3.82 ppm (J = 13.0 Hz) were 

characteristic to the methylene protons at C10.  

The 
13

C-NMR spectra confirmed the structure of the 

aglycon unit. As expected, the two olefinic carbon atoms (C3 

and C4) were the most deshielded δC at 142.2 and 103.6 ppm, 

respectively. The signals at 95.2 and 83.8 ppm were attributed 

to the carbon atoms that contained oxygenated functions, 

namely C6 and C1, respectively. The most upfield shifted 

signals at 43.3 and 37.3 ppm were characteristic to the ternary 

aliphatic carbon atoms C9 and C5, respectively.  

Furthermore, 2D NMR spectra reinforced the structure of 

the aglycon. In the 
1
H-

1
H COSY spectra of compound VO2 

(Fig 3.46), couplings between vicinal protons H3/H4 

(6.39/6.12), H5/H6 (2.46/4.05), H5/H9 (2.46/2.57) and H1/H9 

(5.10/2.57) were observed. The HSQC spectra of compound 
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VO2 (Fig. 3.47) associated H1 with C1 (5.10/95.2), H3 with 

C3 (6.39/142.2), H4 with C4 (5.12/103.6), H5 with C5 

(2.46/37.3), H6 with C6 (4.05/83.8), H7 with C7 (3.66/59.2), 

H9 with C9 (2.57/43.3), H10a with C10 (4.15/61.5) and H10b 

(3.82/61.5).  

The first sugar unit (β-D-glucopyranose) was elucidated 

on the basis of the characteristic signals in the 
1
H-NMR 

spectra of compound VO2. The doublet at δH 4.78 ppm (J = 

7.9 Hz) is characteristic to the anomeric proton H1'. This 

proton appeared shifted downfield due to the deshielding 

effects of the oxygen atom from the 

pyranosic ring and glycosidic hydroxyl 

group at C1' (β configuration). The next 

signal was observed as a doublet of doublets 

at 3.92 ppm (J = 12.0, 2.1 Hz), being 

assigned to H6a'. This characteristic splitting was attributed to 

the coupling with the doublet of doublets at 3.63 ppm (J = 

12.0, 6.7 Hz, H6'b) and multiplet at 3.31 ppm (H5').  

As expected, the most deshielded signal in the 
13

C-NMR 

spectra was the one at δC 99.7 ppm corresponding to C1', as a 

sum of the deshielding effects of the pyranosic oxygen and 

glycosidic hydroxyl group. C5' (78.7 ppm) and C3' (77.7) 

resonated almost in the same field intensity (C5' is in the 

vicinity of the pyranosic oxygen and C4' and C6', whereas C3' 

is in the vicinity of one hydroxyl group and C4'). C2' and C4' 

appeared at 74.9 and 71.8 ppm, whereas C6' was the most 

upfield shifted at 63.0 ppm.  

2D NMR spectroscopic data provided additional 

structural information. In the 
1
H-

1
H COSY spectra of 

compound VO2, the following characteristic couplings 

H1'/H2' (4.78/3.26) and H5'/H6'b (3.31/3.63) were observed. 

The HSQC spectra correlated each proton with the 

corresponding carbon atom, as follows: H1'/C1' (4.78/99.7), 

H2'/C2' (3.26/74.9), H3'/C3' (3.40/77.7), H4'/C4' (3.25/71.8), 

H5'/C5' (3.31/78.7), H6'a,b/C6' (3.92, 3.63/63.0). The HMBC 
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spectra (Fig. 3.48) revealed two long range connectivity cross-

peaks H1/C1' (5.10/99.7) and H1'/C1 (4.78/95.2) that 

suggested the first glycosylation occurred between hydroxyl 

at C1' of β-glucopyranose and hydroxyl at C1 of 

catalpolgenin. The etherification position was confirmed by 

ROESY spectra (Fig. 3.49), when a suggestive coupling 

between H1 and H1' (5.10/4.78) appeared. 

The second sugar unit (α-L-rhamnopyranose) was 

elucidated based on the characteristic signals in the 
1
H-NMR 

spectra of compound VO2. The doublet at δH 

4.97 ppm (J = 4.8 Hz) was attributed to the 

anomeric proton with the α configuration of 

hydroxyl group at C1''. This proton was 

coupled with H2'' (4.08, dd, J = 3.3, 1.8 Hz) 

that was, in return, coupled with the multiplet at 5.09 ppm 

(H3''). As expected, the methyl protons (H6'') were shifted 

upfield at 1.31 ppm. Since H3'' was the most downfield 

shifted signal, it was proposed that the acyl moiety was 

attached at C3'' of rhamnose unit, as a consequence of the 

deshielding effect of the neighborhood carbonyl.  

In the 
13

C-NMR spectra, C1'' was shifted downfield at δC 

100.3 ppm due to the vicinity of the pyranosic oxygen and 

glycosidic hydroxyl. The next signal (75.3 ppm) was 

attributed to C3'', reinforcing that the acyl group is attached in 

this position. C2'' (70.3 ppm), C4'' (71.4 ppm) and C5'' (70.4 

ppm) appeared almost at the same field intensity, as they 

share similar chemical properties (each carbon atom has one 

hydroxyl group). Taking into consideration that no hydroxyl 

group is attached to it, C6'' was shifted to the upper field 

region (18.0 ppm). 

Several suggestive couplings were observed in the 
1
H-

1
H 

COSY spectra of compound VO2, connecting all protons 

belonging to the same spin system: H1''/H2'' (4.97/4.08), 

H2''/H3'' (4.08, 5.09), H3''/H4'' (5.09/3.68), H4''/H5'' 

(3.68/3.82), H5''/H6'' (3.82/1.31). The HSQC spectra assigned 
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all protons to their corresponding carbon atoms: H1''/C1'' 

(4.97/100.3), H2''/C2'' (4.08/70.3), H3''/C3'' (5.09/75.3), 

H4''/C4'' (3.68/71.4), H5''/C5'' (3.82/70.4), H6''/C6'' 

(1.31/18.0). The HMBC correlations [H6/C1'' (4.05/100.3) 

and H1''/C6 (4.97/83.8)] proved that second glycosylation 

took place between hydroxyl group at C1'' of α-

rhamnopyranose and hydroxyl group at C6 of catalpolgenin. 

This was also suggested by the ROESY spectra where a 

cross-peak between H6/H1'' (4.05/4.97) was observed. 

The structure of trans-p-coumaric acid unit was 

established from the 
1
H-NMR spectral data. The doublets at 

δH 7.70 ppm (H7''') and 6.42 ppm (H8''') with the same 

coupling constant J = 15.8 Hz suggested a trans carbon-

carbon double bond. Moreover, the two pairs of ortho-coupled 

aromatic doublets at 7.48 ppm (H2''', 

H6''') and 6.81 ppm (H3''', H5''') with J = 

8.7 Hz, suggested a para-substituted 

benzene ring. The 
13

C-NMR spectra 

showed one carbonyl group at δC 168.9 

ppm (C9''') in the lower field region, two olefinic carbon 

atoms 146.7 (C7''') and 115.4 ppm (C8'''), as well as six 

aromatic carbon atoms (C1'''-C6'''), with two pairs of two 

carbon atoms in ortho relative positions and one more 

deshielded carbon atom (C4'''), due to the hydroxyl group in 

para position.  

The 
1
H-

1
H COSY spectra of compound VO2 showed two 

characteristic couplings between H2'''/H3''' (7.48/6.81) and 

H7'''/H8''' (7.70/6.42), whereas the HSQC spectra correlated 

all protons to their corresponding carbon atoms 

(H2/6'''/C2/6''', H3/5'''/C3/5''', H7'''/C7''' and H8'''/C8'''). The 

long-range connectivity cross-peak between H3''/C9''' 

(5.09/168.8) in the HMBC spectra enforced that the 

esterification position with trans-p-coumaric acid was at the 

hydroxyl substituent at C3'' in the α-rhamnopyranose unit. 
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Table 3.VI. 
1
H-NMR and 

13
C-NMR data of  

  compound VO2 

Atom Compound VO2  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Premnacorymboside B (VO2) 

 δC (ppm) δH (ppm), J (Hz) 

Aglc   

1 95.2 5.10 d (9.8) 

2 - - 

3 142.2 6.39 dd (6.0, 1.8) 

4 103.6 5.12 dd (6.0, 4.6) 

5 37.3 2.46 m 

6 83.8 4.05 dd (8.2, 1.0) 

7 59.2 3.66 d (1.0) 

8 66.6 - 

9 43.3 2.57 dd (9.8, 7.5) 

10 61.5 a. 4.15 d (13.0) 

b. 3.82 d (13.0) 

Glc   

1' 99.7 4.78 d (7.9) 

2' 74.9 3.26 dd (9.0, 7.9) 

3' 77.7 3.40 t (9.0) 

4' 71.8 3.25 t (9.0) 

5' 78.7 3.31 m 

6' 63.0 a. 3.92 dd (12.0, 

2.1) 

b. 3.63 dd (12.0, 

6.7) 

Rha   

1'' 100.3 4.97 d (1.8) 

2'' 70.3 4.08 dd (3.3, 1.9) 

3'' 75.3 5.09 m  

4'' 71.4 3.68 t (9.7) 

5'' 70.4 3.82 m 

6'' 18.0 1.31 d (6.2, 3H) 

Acyl   

1''' 127.3 - 

2'''/6''' 131.1 7.48 d (8.7) 

3'''/5''' 116.8 6.81 d (8.7) 

4''' 161.2 - 

7''' 146.7 7.70 d (15.8) 

8''' 115.4 6.42 d (15.8) 

9''' 168.8 - 
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3.1.4. Biological studies on compounds isolated from 

Verbascum ovalifolium  

3.1.4.1.  Evaluation of cytotoxic activity 

Initially, premnacorymboside B (VO2), saccatoside 

(VO3), premnacorymboside A (VO4), scorodioside (VO5), 6-

O-(3'', 4''-di-O-trans-cinnamoyl)-α-L-rhamnopyranosylcatal-

pol (VO6) and verbascoside (VO7) were screened for their 

effects on the viability of three different tumor cell lines 

(MCF-7, HT-29 and A549) and one non-tumor cell line 

(MCF-10A) by MTT assay. Compounds were investigated at 

a concentration of 100 μg/mL, for incubation times of 24 h 

and 48 h. Of these, four compounds (VO2–VO5) did not 

produce any significant reduction in cell viability of the 

selected tumor cell lines. 

Compound VO6 exerted cytotoxic effects only after 48 h 

incubation time in all three tumor cell lines. The highest 

sensitivity was noticed in MCF-7 cells, with a decrease in cell 

viability to 67.82 ± 8.74%. The other two cell lines were 

affected in a lower extent, VO6 decreasing the viability to 

87.85 ± 4.20% in HT-29 cells and 88.03 ± 1.83% in A549 

cells. Moreover, no cytotoxic effects were shown in the non-

tumor MCF-10A cell line.  

Compound VO7 was the only compound that was active 

after both incubation times (24 and 48 h). Among the three 

investigated cell lines, MCF-7 cells were the most sensitive to 

VO7, their viability being reduced to 69.68 ± 4.23% and 

44.61 ± 5.34% after 24 and 48 h incubation, respectively. The 

least cytotoxic effects were observed in A549 cells (viabilities 

of 92.54 ± 2.33% and 61.46 ± 7.54% after 24 and 48 h 

incubation, respectively). The viability of non-tumor MCF-

10A cells was not affected by the treatment with VO7. When 

comparing the activities at 48 h, compound VO7 was clearly 

more active than VO6, regardless the tumor cell line.  
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Next, the dose-effect relationship of the two active 

compounds (VO6 and VO7) was investigated in the three 

tumor cell lines, in a concentration range of 10-100 μg/mL, at 

48 h incubation time.  

The viability of MCF-7 cells was significantly dose-

dependently reduced by both compounds, from 80.21 ± 2.73% 

(at 10 μg/mL) to 67.82 ± 8.74% (at 100 μg/mL) in the case of 

compound VO6 and from 88.48 ± 1.74% (at 10 μg/mL) to 

44.61 ± 5.34% (at 100 μg/mL) in the case of compound VO7 

(Fig. 3.86). CC50 value (84.69 ± 15.65 μg/mL) was calculated 

only for compound VO7.  

When lower doses (10 and 50 μg/mL) of the two 

compounds were incubated with HT-29 cells, no statistically 

significant effects were observed. In A549 cells, compound 

VO6 did not significantly alter their viability at concentrations 

lower than 100 μg/mL. On the contrary, the effects produced 

by VO7 were dose-dependent, this compound decreasing the 

cell viability to 87.18 ± 3.17% (at 10 μg/mL) and 61.46 ± 

7.54% (at 100 μg/mL). Since the highest tested concentration 

did not reduce viability below 50% in HT-29 and A549 cells, 

the CC50 values were not calculated.  

 

 
Fig. 3.86. MCF-7, HT-29 and A549 cell viability (%) after  

48 h incubation with compounds VO6 and VO7  

isolated from V. ovalifolium 
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3.1.4.2. Evaluation of pro-apoptotic activity 

The pro-apoptotic effects produced by compounds VO6 

and VO7 were evaluated by two different tests: annexin V-

propidium iodide and DNA fragmentation assays. As 

compared to sham control, compound VO6 produced 

significant augmentation of the apoptotic rates in MCF-7 

(23.4% vs. 17.2%), HT-29 (9.1% vs. 3.0%) and A549 cells 

(16.7% vs. 13.5%) in annexin V-propidium iodide assay (Fig. 

3.88A). However, significant enrichment factors were 

observed only in MCF-7 (1.70 ± 0.25 vs. 1.00 ± 0.10 AU) and 

A549 cells (1.60 ± 0.31 vs. 1.00 ± 0.10 AU) in DNA 

fragmentation assay (Fig. 3.88B).  

In the case of compound VO7, the apoptotic rates in 

annexin V-propidium iodide assay were higher in MCF-7 

(43.6% vs. 17.2%), HT-29 (22.6% vs. 3.0%) and A549 cells 

(31.5% vs. 13.5%). These results were clearly correlated with 

the enrichment factors in the DNA fragmentation assay that 

were significantly increased in all cell lines, as follows: MCF-

7 (3.08 ± 0.25 vs. 1.00 ± 0.10 AU), HT-29 (1.40 ± 0.21 vs. 

1.00 ± 0.10 AU) and A549 cells (3.54 ± 0.16 vs. 1.00 ± 0.10 

AU). 

 
Fig. 3.88. A. Cell apoptotic rates and B. Cell death enrichment 

factors in MCF-7, HT-29 and A549 cells after 48 h incubation with 

compounds VO6 and VO7 (100 μg/mL)  

isolated from V. ovalifolium 
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3.1.4.3.  Cell cycle analysis 

The effects of compounds VO6 and VO7 on the cell cycle 

of MCF-7, HT-29 and A549 cells were investigated by 

propidium iodide DNA staining assay. Compounds were 

tested at a concentration of 100 μg/mL for an incubation time 

of 48 h. 

The cytograms and histograms of DNA content showed 

differential effects of these two compounds in MCF-7 cells. 

VO6 produced a significant cell cycle arrest at G0/G1 phase 

when compared to sham control (75.1% vs. 63.6%) and a 

consequent reduction of cell percentage in S phase (5.5% vs. 

8.7%) and G2/M phase (23.3% vs. 13.8%). Even if the 

percentage of MCF-7 cells in G0/G1 phase was reduced by 

VO7 as compared to sham control (56.7% vs. 63.6%), the 

subG1 phase cell population was markedly increased (9.2% vs. 

1.8%). 

Treating HT-29 cells with VO6 led to cell cycle arrest at 

G0/G1 phase (62.2% vs. 57.5% in sham control). This was 

attended by an augmentation of the percentage of cells in S 

phase (8.8% vs. 4.5%) and decrease in number of cells in 

G2/M phase (24.5% vs. 31.1%). However, compound VO7 

decreased G0/G1 phase (55.4% vs. 57.5%) and produced a 

slight increase of cells in subG1 phase (7.1% vs. 5.0%) (Fig. 

3.90). 

VO6 did not produce important changes in the cell cycle 

of A549 cells as compared to sham control. However, a 

marked increase in the percentage of cells in subG1 phase was 

observed in the case of compound VO7 (11.2% vs. 1.3% in 

sham control). Overall, the accumulation of cells in subG1 

phase produced by compound VO7 was the most intense in 

A549 cells (9.9% increase) followed by MCF-7 cells (7.4% 

increase) and HT-29 (2.1% increase) (Fig. 3.90).  
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Fig. 3.90. MCF-7, HT-29 and A549 cell cycle distribution after 48 h 

incubation with compounds VO6 and VO7  

isolated from V. ovalifolium 

3.1.4.4.  Evaluation of pro-oxidant activity 

The ability of compounds VO6 and VO7 (100 μg/mL) to 

induce pro-oxidant effects in MCF-7, HT-29 and A549 cells 

was evaluated by DFCH-DA assay at 1, 2, 3 and 24 h 

incubation. As compared to sham control, compound VO6 

significantly increased the ROS levels only in HT-29 and 

A549 cells (Fig. 3.91). The effect was time-dependent in HT-

29 cells, the pro-oxidant activity varying as follows: 5.65 ± 

0.54%, 7.73 ± 0.38%, 17.06 ± 1.60% and 21.59 ± 1.60%, after 

1, 2, 3 and 24 h incubation, respectively. In A549 cells, ROS 

levels were augmented only after 3 and 24 h (26.17 ± 2.56% 

and 42.57 ± 2.56%, respectively). 

On the other hand, compound VO7 showed potent pro-

oxidant effects in all tumor cell lines. In MCF-7 cells, the 

activity varied very little, between 12.78 ± 0.68% and 16.53 ± 

0.70%, after 2 and 24 h incubation, respectively. A time-

dependent increasing pro-oxidant activity was noticed in HT-

29 cells: 6.99 ± 0.51%, 12.35 ± 1.92%, 18.99 ± 1.29% and 

27.97 ± 1.86% (1, 2, 3 and 24 h incubation, respectively). 

A549 cells were the most sensitive to the action of compound 

VO7, with ROS levels of 15.95 ± 1.19%, 28.48 ± 2.14% and 

46.21 ± 1.55% after 2, 3 and 24 h incubation, respectively. 
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Fig.3.91. Pro-oxidant activity in (A) MCF-7, (B) HT-29 and (C) 

A549 cells after incubation with compounds  

VO6 and VO7 isolated from V. ovalifolium 

3.1.4.5.  Evaluation of inhibitory activity on cytokine 

secretion 

3.1.4.5.1. Inhibition of interleukin-8 secretion  

IL-8 secretion was assessed in neutrophils stimulated with 

LPS (100 ng/mL) after 30 min incubation with compounds 

(12.5-50 μM) isolated from V. ovalifolium (Fig. 3.92).  

Compounds VO4 and VO5 produced a dose-dependent 

reduction of IL-8 release to 58.21 ± 8.68% at 12.5 μM and 

38.77 ± 6.19% at 50 μM (VO4) or 55.04 ± 8.80% at 12.5 μM 

and 35.34 ± 13.48% at 50 μM (VO5). VO2 (66.35 ±11.39%), 

VO3 (52.85 ±12.15%) and VO6 (55.83 ±10.37%) were active 

only at the highest tested concentration (50 μM). On the 

contrary, compound VO7 significantly reduced IL-8 secretion 

at 25 μM (68.02 ±10.15%), but not at 50 μM. Nevertheless, 

the effects were lower for all tested compounds than those 

produced by dexamethasone which reduced IL-8 release from 
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LPS-stimulated neutrophils to 16.16 ± 1.58% (12.5 μM) and 

13.77 ± 3.27% (25 μM). At 50 μM, the subsequent order of 

activity was noticed: VO5 ~ VO4 > VO3 ~ VO6 > VO2 > 

VO7.  

 

 
Fig.3.92. IL-8 levels in LPS-stimulated neutrophils after 30 min 

incubation with compounds VO2-VO7 isolated from V. ovalifolium 

 

3.1.4.5.2. Inhibition of tumor necrosis factor-α 

secretion 

The five acylated iridoid diglycosides (VO2-VO6) and 

verbascoside (VO7) were assessed for their TNF-α inhibitory 

properties in LPS-stimulated neutrophils (Fig. 3.93). 

Compounds VO2 and VO6 produced a concentration-

dependent reduction of the TNF-α secretion; TNF-α levels 

were down-regulated to 68.61 ±10.90% (at 12.5 μM) and 

33.41 ±7.85% (at 50 μM) in the case of VO2 and 68.59 

±10.34% (at 12.5 μM) and 18.97 ± 6.33% (at 50 μM) in the 

case of VO6. The other compounds were effective only at 25 

and 50 μM. At the highest tested dose, VO3, VO4, VO5 and 

VO7 decreased TNF-α production to 41.35 ± 13.43%, 30.84 ± 

8.98%, 31.28 ± 6.12% and 47.81 ± 8.90%, respectively. 

Therefore, the following order of activity was shown at 50 

μM: VO6 > VO4 ~ VO5 ~ VO2 > VO3 > VO7. However, 

the observed effects were lower than those produced by 
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dexamethasone which afforded TNF-α levels of 26.72 ± 

3.73% (at 12.5 μM) and 19.74 ± 3.99% (at 25 μM).  

 
Fig. 3.93. TNF-α levels in LPS-stimulated neutrophils after 30 min 

incubation with compounds VO2-VO7 isolated from V. ovalifolium  
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SUMMARY. ORIGINAL CONTRIBUTIONS. 

RESEARCH PERSPECTIVES 

 

The aerial parts of two mullein species, namely 

Verbascum ovalifolium Donn ex Sims (oval-leaved mullein) 

and Verbascum blattaria L. (moth-mullein) were 

phytochemically and biologically investigated in the current 

work. 

 

Total phenolic and flavonoid contents of crude 

methanolic (VO-CME), n-hexane (VO-HE), ethyl acetate 

(VO-EAE), n-butanol (VO-EAE) and aqueous (VO-AQE) 

extracts of V. ovalifolium, as well as n-hexane (VB-HE), 

ethyl acetate (VB-EAE), n-butanol (VB-BE), methanolic 

(VB-ME) and aqueous (VB-AQE) extracts of V. blattaria 

revealed that:  

 VO-BE (185.82 ± 1.33 mg GAE/g; 106.57 ± 0.52 mg 

CE/g) and VO-EAE (177.78 ± 2.21 mg GAE/g; 107.42 

± 0.34 mg CE/g) contained the highest levels of 

phenolics and flavonoids in V. ovalifolium; 

 VB-ME (56.69 ± 1.07 mg GAE/g; 26.34 ± 0.32 mg 

CE/g extract) showed the maximum concentrations of 

phenolics and flavonoids in V. blattaria;  

 VO-HE (14.18 ± 0.75 mg GAE/g) and VB-HE (1.53 ± 

0.21 mg GAE/g) had the lowest total phenolic contents; 

 V. ovalifolium extracts were a better source of 

phenolics and flavonoids than  

V. blattaria extracts. 

 

HPLC-DAD-ESI-Q-TOF-MS/MS metabolite profiling 

of V. ovalifolium and V. blattaria extracts allowed the rapid 

annotation of 53 constituents in V. ovalifolium and 35 

constituents in V. blattaria extracts, as follows: 
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CONSTITUENTS IDENTIFIED IN VERBASCUM OVALIFOLIUM 

Class Subclass Constituents 

28 iridoid 

glycosides 

5 iridoid 

monoglycosides 

catalpol 

aucubin 

harpagide 

ajugol 

laterioside 

7 monoacyl 

iridoid 

diglycosides 

caffeoyl 6-O-rhamnosylcatalpol 

(×2) 

p-coumaroyl 6-O-

rhamnosylcatalpol (×2)  

feruloyl 6-O-rhamnosylcatalpol 

cinnamoyl 6-O-

rhamnosylcatalpol 

p-methoxycinnamoyl 6-O-

rhamnosylcatalpol 

11 diacyl iridoid 

diglycosides 

caffeoyl acetyl 6-O-

rhamnosylcatalpol 

p-coumaroyl acetyl 6-O-

rhamnosylcatalpol (×2) 

cinnamoyl acetyl 6-O-

rhamnosylcatalpol (×2) 

p-methoxycinnamoyl acetyl 6-O-

rhamnosylcatalpol  

cinnamoyl p-coumaroyl 6-O-

rhamnosylcatalpol (×2) 

feruloyl cinnamoyl 6-O-

rhamnosylcatalpol 

dicinnamoyl 6-O-

rhamnosylcatalpol (×2) 

3 triacyl iridoid 

diglycosides 

p-coumaroyl diacetyl 6-O-

rhamnosylcatalpol 

caffeoyl cinnamoyl acetyl 6-O-

rhamnosylcatalpol 

cinnamoyl diacetyl 6-O-

rhamnosylcatalpol 

2 other iridoid 

glycosides 

6-O-rhamnosylcatalpol 

p-coumaroyl 6-O-

rhamnosylaucubin 
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CONSTITUENTS IDENTIFIED IN VERBASCUM OVALIFOLIUM 

Class Subclass Constituents 

11 

phenylethanoid 

glycosides 

6 phenylethanoid 

diglycosides 

verbascoside 

isoverbascoside 

martynoside 

isomartynoside 

forsythoside E 

eukovoside 

5 phenylethanoid 

triglycosides 

angoroside C 

alyssonoside 

pentosyl forsythoside E 

angoroside A 

forsythoside B/F 

8 flavonoids 4 flavonoid 

glycosides 

luteolin-7-glucoside 

luteolin rutinoside 

luteolin diglucoside 

apigenin pentoside 

4 non-

glycosylated 

flavonoids 

luteolin 

apigenin 

disometin 

chrysoeriol 

1 oleanan-type triterpenic saponin desrhamnosylverbascosaponin 

5 organic and phenolic acids chlorogenic acid 

p-coumaroylquinic acid 

caffeic acid glucoside 

quinic acid 

chlorogenic acid isomer 

 
CONSTITUENTS IDENTIFIED IN VERBASCUM BLATTARIA 

Class Subclass Constituents 

18 iridoid 

glycosides 

3 iridoid 

monoglycosides 

catalpol 

ajugol 

laterioside 

3 monoacyl iridoid 

diglycosides 

caffeoyl 6-O-rhamnosylcatalpol 

feruloyl 6-O-rhamnosylcatalpol 

p-coumaroyl 6-O-

rhamnosylcatalpol 
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CONSTITUENTS IDENTIFIED IN VERBASCUM BLATTARIA 

Class Subclass Constituents 

10 diacyl iridoid 

diglycosides 

caffeoyl acetyl 6-O-

rhamnosylcatalpol 

p-coumaroyl acetyl 6-O-

rhamnosylcatalpol (×3) 

di-p-coumaroyl 6-O-

rhamnosylcatalpol 

feruloyl p-coumaroyl 6-O-

rhamnosylcatalpol 

di-feruloyl 6-O-

rhamnosylcatalpol 

cinnamoyl acetyl 6-O-

rhamnosylcatalpol (×2) 

feruloyl cinnamoyl 6-O-

rhamnosylcatalpol 

2 triacyl iridoid 

diglycosides 

caffeoyl feruloyl p-coumaroyl 6-

O-rhamnosyl catalpol 

p-coumaroyl diacetyl 6-O-

rhamnosylcatalpol 

3 

phenylethanoid 

glycosides 

1 phenylethanoid 

diglycoside 

verbascoside 

2 phenylethanoid 

triglycosides 

angoroside C 

angoroside A 

4 flavonoids 4 flavonoid 

glycosides 

apigenin pentoside 

luteolin glucoside 

luteolin glucoside glucuronide 

apigenin glucoside glucuronide 

8 oleanan-type 

triterpenic 

saponins 

2 tridesmosidic 

saponins 

desrhamnosylverbascosaponin 

buddlejasaponin IV 

6 tetradesmosidic 

saponins 

songarosaponins A and B 

ilwensisaponin C 

verbascosaponin 

buddlejasaponin I 

mulleinsaponin IV 

2 phenolic 

acids 

 p-coumaroylquinic acid 

caffeic acid glucoside 
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Quantitative HPLC-DAD analysis of V. ovalifolium 

extracts showed that: 

 VO-EAE contained the highest amounts of 

verbascoside (101.40 ± 0.96 mg/g), chlorogenic acid 

(28.87 ± 0.55 mg/g), luteolin-7-O-glucoside (16.44 ± 

0.13 mg/g) and luteolin (11.36 ± 0.84 mg/g);  

 VO-BE concentrated the highest levels of aucubin 

(26.40 ± 0.29 mg/g); 

 VO-HE had the lowest amounts of verbascoside (0.88 

± 0.01 mg/g), chlorogenic acid (0.34 ± 0.01 mg/g), 

luteolin-7-O-glucoside (0.16 ± 0.01 mg/g) and luteolin 

(0.27 ± 0.01 mg/g) and no aucubin; 

 VO-CME was the only extract in which all five 

compounds, namely verbascoside (55.51 ± 0.68 mg/g), 

chlorogenic acid (19.99 ± 0.24 mg/g), aucubin (15.88 ± 

0.54 mg/g), luteolin-7-O-glucoside (9.06 ± 0.91 mg/g) 

and luteolin (3.46 ± 0.55 mg/g), were quantified. 

 

The antioxidant potential of Verbascum extracts, 

evaluated by various in vitro spectrophotometric assays, 

showed that:  

 VO-BE was the most potent DPPH and superoxide 

anion radicals scavenger, with IC50 values of 29.40 ± 

0.25 and 490.49 ± 2.57 μg/mL, respectively; 

 VO-EAE exhibited the highest ferric ion reducing 

power (IC50 = 15.19 ± 0.37 μg/mL); 

 VO-HE and VO-AQE were the most active ferrous ion 

chelating agents, with IC50 values of 0.10 ± 0.01 and 

0.53 ± 0.03 mg/mL, respectively;  

 VB-BE showed the highest hydroxyl radical 

scavenging activity (IC50 = 224.14 ± 10.35 μg/mL); 

 VO-CME exhibited good DPPH (IC50 = 40.97 ± 0.54 

μg/mL), hydroxyl (IC50 = 910.88 ± 5.83 μg/mL) and 

superoxide anion (IC50 = 573.31 ± 2.05 μg/mL) radicals 

scavenging activity, ferric ion reducing power (IC50 = 
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22.56 ± 1.04 μg/mL) and ferrous ion chelating activity 

(IC50 = 3.66 ± 0.28 mg/mL); 

 VB-ME showed lower in vitro antioxidant activity, 

with IC50 values of 591.67 ± 25.58 μg/mL in DPPH 

radical scavenging assay and 49.67 ± 1.40 μg/mL in 

ferric ion reducing power assay.  

 

Pearson's correlation coefficients between the 

antioxidant activity (IC50 values) and phenolic profile 
revealed that the DPPH free radical scavenging activity of 

Verbascum extracts was strongly correlated (R ϵ [–0.7186;–

0.9634], p < 0.05) with total phenolic, flavonoid and 

chlorogenic acid contents. The ferric ion reducing power was 

very strongly correlated (R ϵ [–0.9254; –0.9984], p < 0.05) 

with total phenolic, flavonoid, verbascoside and chlorogenic 

acid levels. Very strong (R = –0.9910 and –0.9987, p < 0.05) 

and moderate correlation (R = –0.6976 and –0.5892, p < 0.05) 

correlations were observed between superoxide anion radical 

scavenging activity and total phenolic, total flavonoid, 

chlorogenic acid and verbascoside contents, respectively. The 

hydroxyl radical scavenging activity was strongly correlated 

(R = –0.8939, p < 0.05) only with the total phenolic content.  

The impact produced by V. ovalifolium extracts on the 

viability of malignant melanoma SK-MEL-2 and non-

tumor Chinese hamster pulmonary fibroblast V79 cells 
was assessed spectrophotometrically by MTT assay (24 h 

incubation). At 100 μg/mL, SK-MEL-2 cell viability was 

significantly reduced by all extracts as compared to sham 

control, with VO-BE being the most cytotoxic extract (CC50 = 

77.98 ± 3.05 μg/mL). VO-CME and VO-EAE exerted 

slightly selective cytotoxic effects, with higher reduction of 

cell viability in SK-MEL-2 cells (by 25.41% and 30.74%, 

respectively) than in V79 cells (by 10.02% and 15.78%, 

respectively).  
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The genotoxic potential of V. ovalifolium extracts that 

produced the lowest cytotoxicity in V79 cells, VO-CME and 

VO-EAE, was evaluated by Comet assay (100 μg/mL, 24 h 

incubation). VO-CME (2.17 ± 0.37% DNA in tail) and VO-

EAE (9.27 ± 1.20% DNA in tail) were not genotoxic as 

compared to sham control (10.18 ± 1.04% DNA in tail). Of 

these, only VO-CME exhibited a slight antigenotoxic effect 

against DNA damage induced by UV radiation (100 J/m
2
, 15 

min) (47.14 ± 1.07% vs. 59.67 ± 1.00 % DNA in tail in cells 

exposed only to UV).  

 

The inhibitory activity of V. ovalifolium and V. 

blattaria extracts on cytokine secretion was assessed by 

flow cytometry in LPS-stimulated neutrophils. At 100 μg/mL,  

VB-ME, the most active extract, down-regulated IL-8 and 

TNF-α release by 34.69 ± 6.61% and 83.93 ± 1.72%, 

respectively. VO-CME did not produce significant effects on 

IL-8 secretion, whereas VO-EAE did not influence TNF-α 

release. Overall, V. blattaria methanolic extract produced 

higher IL-8 and TNF-α anti-secretory effects than V. 

ovalifolium extracts.  

 

High-performance countercurrent chromatographic 

separation allowed the fast isolation of 13 major and minor 

constituents of V. ovalifolium and V. blattaria extracts. The 

structures of isolated compounds were unambiguously 

established on the basis of UV, HRESIMS, ESI-MS/MS, 1D-

NMR (
1
H-NMR, 

13
C-NMR), 2D-NMR (

1
H-

1
H COSY, HSQC, 

HMBC and ROESY) and by comparison with published data. 

Therefore, the isolated compounds were, as follows:  

 8 iridoid glycosides: 

 5 acylated catalpol-type iridoid diglycosides in  

V. ovalifolium 

 3 acylated catalpol-type iridoid diglycosides in  

V. blattaria 
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Compound R1 R2 R3 Amount Purity 

VO2 Premnacorymboside B H Coum H 4 mg 95.4% 

VO3 Saccatoside Coum H H 6 mg 97.5% 

VO4 Premnacorymboside A Coum Ac H 6 mg 98.3% 

VO5 Scorodioside Cinn Ac H 10 mg 96.0% 

VO6 6-O-(3'',4''-di-O-trans-

cinnamoyl)-α-L-

rhamnopyranosylcatalpol 

H Cinn Cinn 8 mg 95.3% 

VB1 Scropolioside F H H Coum 2 mg 95.8% 

VB2 Scrophuloside A3 H Ac Coum 16 mg 94.3% 

VB3 Gmelinoside L H Ac Cinn 13 mg 93.1% 

 

 1 phenylethanoid glycoside in V. ovalifolium: 

 
Verbascoside 

(VO7, 9 mg, 98.0% purity) 

 2 flavonoids in V. ovalifolium:  

 
 Luteolin   Luteolin-7-O-glucoside 

(VO1, 8 mg, 99.0% purity)        (VO8, 8 mg, 97.0% purity) 
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 2 phenolic acids in V. ovalifolium: 

               
3-O-p-trans-Coumaroylquinic acid        Chlorogenic acid  

     (VO9, 2 mg, 96.1% purity)      (VO10, 4 mg, 99.0% purity) 

 

If the flavonoids (luteolin, luteolin-7-O-glucoside), 

phenolic acids (3-O-p-trans-coumaroylquinic, chlorogenic 

acid), phenylethanoid glycoside (verbascoside), saccatoside, 

premnacorymboside B and scropolioside F were previously 

reported in Verbascum species, the other compounds are 

firstly reported for this genus. It is the case of 

premnacorymboside A, scorodioside, 6-O-(3'', 4''-di-O-trans-

cinnamoyl)-α-L-rhamnopyranosylcatalpol isolated from V. 

ovalifolium aerial parts and scrophuloside A3 and gmelinoside 

L isolated from V. blattaria aerial parts. These constituents 

could serve as chemotaxonomic markers.  

 

The effects produced by the iridoid and phenylethanoid 

glycosides isolated from V. ovalifolium on the viability, 

apoptosis, cell cycle and ROS level in human mammary 

adenocarcinoma MCF-7, colorectal adenocarcinoma HT-29, 

pulmonary adenocarcinoma A549 and mammary epithelial 

MCF-10A cells were investigated by MTT, annexin  

V-propidium iodide, DNA fragmentation, propidium iodide 

staining and DCFH-DA assays.  

Four compounds (premnacorymboside B, saccatoside, 

premnacorymboside A and scorodioside) did not suppress the 

viability of tumor cells. However, at 100 μg/mL and 48 h 
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incubation, the other two compounds exhibited significant 

selective cytotoxic effects, as follows: 

 6-O-(3'', 4''-di-O-trans-cinnamoyl)-α-L-rhamno-

pyranosylcatalpol: 32.18 ± 8.74%, 12.15 ± 4.20% and 

11.97 ± 1.83% in MCF-7, HT-29 and A549 cells, 

respectively; no cytotoxicity in non-tumor MCF-10A 

cells; 

 verbascoside: 55.39 ± 5.34%, 42.17 ± 9.41% and 

38.54 ± 7.54% in MCF-7, HT-29 and A549 cells, 

respectively; no cytotoxicity in non-tumor MCF-10A 

cells; a CC50 value of 84.69 ± 15.65 μg/mL was shown 

in MCF-7 cells. 

 

6-O-(3'', 4''-di-O-trans-Cinnamoyl)-α-L-rhamno-

pyranosylcatalpol induced:  

 cell cycle arrest at G0/G1 phase in MCF-7 cells, with 

DNA content increasing by 11.5%; 

 apoptosis in MCF-7 cells, with the apoptotic rate 

increasing by 6.2% and enrichment factor being 

augmented by 0.70 AU;  

 pro-oxidant effects in HT-29 cells and A549 cells, with 

ROS levels at 24 h of 21.59 ± 1.60% and 42.57± 

2.56%, respectively. 

 

Verbascoside induced: 

 accumulation of MCF-7 and A549 cells in subG1 phase 

by 7.4% and 9.9%, respectively;  

 apoptosis in MCF-7, HT-29 and A549 cells with the 

apoptotic rates increasing by 26.4%, 19.6% and 18.0%, 

respectively; the enrichment factors were significantly 

increased by 2.08 AU and 2.54 AU in MCF-7 and 

A549 cells, respectively;  

 pro-oxidant effects in MCF-7, HT-29 and A549 cells, 

with ROS levels at 24 h of 16.53 ± 0.70%, 27.97 ± 

1.86% and 46.21 ± 1.55%, respectively. 
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The inhibitory activity of iridoid and phenylethanoid 

glycosides isolated from V. ovalifolium and V. blattaria 

extracts on cytokine secretion was assessed by flow 

cytometry in LPS-stimulated neutrophils. All tested 

compounds (50 μM) were active, with: 

 scorodioside exhibiting the highest reduction of IL-8 

release (by 66.64 ± 13.48%) immediately followed by 

premnacorymboside A (by 61.23 ± 6.19%); 

 6-O-(3'', 4''-di-O-trans-cinnamoyl)-α-L-

rhamnopyranosylcatalpol being the most potent agent 

in TNF-α assay, producing a reduction of TNF-α 

release by 81.03 ± 6.33%; 

 verbascoside showing the lowest reductive effects of 

IL-8 and TNF-α secretion (by 29.23 ± 6.76% and 52.19 

± 8.90%, respectively). 

 

Original contributions. Research perspectives 

 

The current doctoral thesis brings several original 

contributions, namely: 

 two previously not investigated Verbascum species 

(Verbascum ovalifolium Donn ex Sims and Verbascum 

blattaria L.) that grow spontaneously in Romania and 

Republic of Moldova were phytochemically and 

biologically analyzed; 

 the metabolite profiling of the extracts obtained from 

the aerial parts of the two mullein species was 

performed by a modern hyphenated technique (HPLC-

DAD-ESI-Q-TOF-MS/MS); the strategies for the 

dereplication of acylated catalpol-type iridoid 

diglycosides were fully described for the first time; 

 a number of 13 compounds were isolated by high-

performance countercurrent chromatography, 10 from 

V. ovalifolium and three from V. blattaria extracts; all 
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compounds were described for the first time in these 

species, with five of them being firstly reported in 

Verbascum genus; 

 high-performance countercurrent chromatography was 

used for the first time as an efficient tool to separate 

constituents from Verbascum species; the 

chromatographic conditions for the purification of 

acylated catalpol-type iridoid diglycosides were 

described herein for the first time; 

 the cytotoxic, pro-apoptotic, genotoxic/antigenotoxic 

and cytokine secretion inhibitory activities of extracts 

and/or compounds isolated from the two Verbascum 

species were evaluated; 

 two compounds [6-O-(3'', 4''-di-O-trans-cinnamoyl)-α-

L-rhamnopyranosylcatalpol and verbascoside] 

exhibited significant selective cytotoxic effects in 

tumor cells, with the former producing cell cycle arrest 

at G0/G1 phase and the latter inducing the accumulation 

of cells in subG1 phase; furthermore, the two 

compounds exhibited significant pro-apoptotic and pro-

oxidant effects in tumor cell lines; 

 iridoid diglycosides were firstly investigated for their 

IL-8 and TNF-α secretion inhibitory activity and they 

all potently down-regulated cytokines induced levels in 

LPS-stimulated human neutrophils. 

 

Research perspectives 

The promising outcomes obtained within the current 

doctoral thesis might support the following research 

directions:  

 optimization of the high-performance countercurrent 

chromatographic conditions for the large-scale 

purification of bioactive compounds from the two 

Verbascum species;  
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 elucidation of the mechanisms underlying the 

cytotoxicity of the bioactive compounds in tumor cells; 

 investigation of potential synergistic cytotoxic 

interactions between bioactive compounds and 

anticancer drugs, in order to potentially reduce the dose 

and, thus, the toxicity of anticancer agents;  

 assessment of the effects on the release of other pro-

inflammatory cytokines (IL-1, IL-6, NF-κB, matrix 

metalloproteinases, monocyte chemoattractant protein 

1, macrophage inflammatory proteins 1α and 1β); 

 investigation of potential synergistic effects of 

bioactive compounds and anti-inflammatory drugs in 

order to potentially reduce the dose and, thus, the 

toxicity of anti-inflammatory drugs; 

 preparation and characterization of formulations loaded 

with bioactive compounds in order to increase their 

stability and bioavailability;   

 evaluation of the in vivo antitumor and anti-

inflammatory potential of formulations loaded with 

bioactive compounds; 

 development of plant cell culture strategies for 

production of bioactive compounds that proved in vivo 

efficacy;  

 (semi)synthesis of analogues with improved biological 

effects, lower toxicity and higher physico-chemical 

stability and bioavailability; 

 isolation of other constituents of the two Verbascum 

species and evaluation of their biological effects.   
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