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Abstract: Our country is rich in medicinal plants with a thousand-year tradition of use for 

therapeutic and cosmetic purposes. World Health Organization estimates that around  

70% of population is using traditional (folk) medicine to cure various ailments. In many 

cases, herbal preparations prove to be useful, but some of them can also exert toxic effects. 

Therefore, herbal extracts should be tested both as curatives and for safety application. 

The aim of the present work was to investigate extracts from Tanacetum vulgare (TVA), 

Epilobium parviflorum (EPE) and Geranium sanguineum (GSA), obtained by different 

organic solvents, for their phototoxicity and anticancer activity. The standard BALB/c 3T3 

Neutral Red Uptake phototoxicity/cytotoxicity assay was used to evaluate the possible 

phototoxic properties of the extracts. The antitumor activity of the extracts was studied  

in vitro on a panel of human tumor cell lines in comparison to the non-tumorigenic  

MCF-10A cells. The selectivity indices and the photo-irritancy factors were determined.  

The results show that the studied extracts are not phototoxic at concentration range from  

4 to 1000 µg/ml. Determined photo-irritancy factors (PIF) for the extracts was < 2 (PIF for 

EPE = 1.72, GSA = 1.04, TVA = 1.43), which assigns them to the category of non-phototoxic 

substances. In addition, at concentrations lower than < 60 µg/ml, no statistically significant 

cytotoxicity was observed. The selectivity index was calculated relative to the IC50 value for 

non-tumorigenic MCF-10A cells. The highest selective index obtained with respect to the 

HT-29 cells was shown by all testing extracts (selective index (SI) for EPE = 2.6,  

GSA = 2.4 and TVA = 2.5), to the HeLa cells by extract GSA (SI = 2.0) and to the PC3 cells 
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by extracts GSA (SI = 2.6) and TVA (SI = 2.0). Presented data shows that the studied 

extracts have a high level of photosafety with a promising antitumor activity in certain cell 

lines.  

 

Keywords: Phototoxicity test, Plant extracts, Prolyl oligopeptidase. 

 

Introduction 
Secondary metabolism of higher plants represents an inexhaustible source of potential 

therapeutic agents for treatment of many diseases. Different extracts of medicinal plants are 

used both in complementary alternative medicine and in the composition of modern 

medications. Current study is focusing our attention on three medical plants, including 

Tanacetum vulgare, Epilobium parviflorum and Geranium sanguineum, whose healing 

properties are world-renowned for years. Tanacetum vulgare is aromatic perennial herb from 

Asteraceae family, also known as tansy. This plant has broadly been used in traditional 

medicines for the treatment of a variety of medical disorders, such as intestinal worms, 

rheumatism, colds and fevers, digestive disorders, gout, kidney problems, and tuberculosis 

[4]. Epilobium parviflorum, also known as a willow herb, is the most common species 

belonging to the Onagraceae [33]. In the 20th century it became very popular to be used  

as a tea, especially in Austria, Germany and Poland, to treat benign prostatic hyperplasia, 

prostatitis, as well as bladder and kidney diseases [1]. It is also used to treat skin and mucosal 

infections [7]. The Geranium sanguineum (bloody geranium) is widely known in folk 

medicine for the treatment of eruptive skin disease and in malignant diseases of hematopoietic 

organs [11, 14, 26]. Despite the already existing modern information on the various properties 

of these traditional plants, the pharmacological data supporting their therapeutic application, 

there is a lack of research related to the photosafety of these plants. Phototoxic compounds 

have been found in many plant families [6]. Therefore, these investigations are necessary to 

predict possible phototoxic reactions that may occur from a combination of a photoactive 

compound of a medicinal plant and solar light. An exemplary mechanism of beneficial effects 

of the plant preparations is the inhibition of enzymes involved in pathogenesis of certain 

diseases. For instance, prolyl oligopeptidase (POP, EC 3.4.21.26) is a cytosolic serine-type 

endopeptidase associated with the pathogenesis of psychiatric and neurodegenerative 

diseases, connected with a memory loss and cognitive problems [30]. Selective POP 

inhibitors improve cognitive function in animal models [15] and have been tested even in 

clinical trials [29]. On the other hand, POP activity increases in a variety of solid tumors and 

its suppression leads to a restriction of tumor growth [10]. Our previous experiments showed 

that the ethyl acetate/water extract of Tanacetum vulgare (TVA) impedes the growth of  

MBA-MD-231 cells (human triple negative mammary gland carcinoma) by inhibiting the 

activity of POP [32]. More comprehensive studies proved that the main components of the 

extract were isomeric caffeoylquinic and dicaffeoylquinic acids which obviously are effective 

POP inhibitors [19, 31]. Similar studies were performed with the ethyl acetate extract of 

Cotinus coggygria leaves, which also proved to inhibit POP although the main constituents of 

this extract were galloyl glucoses or gallotannins (unpublished results). Previous data from 

other authors show that Epilobium parviflorum (EPE) and Geranium sanguineum (GSA) also 

contain substantial quantities of chlorogenic (cafeoylquinic) acids and gallotannins [7, 20] and 

so, they can be potential inhibitors of POP. 

 

The aim of the present study was to evaluate the safety and anticancer activity of the organic 

solvents extracts from Tanacetum vulgare, Epilobium parviflorum and Geranium sanguineum 

from Bulgarian origin.  

 



 INT. J. BIOAUTOMATION, 2023, 27(1), 39-50 doi: 10.7546/ijba.2023.27.1.000888 
 

41 

Materials and methods 

Light source 
The light source used is a light emitting diode (LED) matrix – an artificial solar light 

simulator Helios-iO, model LE-9ND55-H – 5500K (SERIC Ltd., Tokyo, Japan).  

 

Chemicals 
Dried Tanacetum vulgare flowers, Epilobium parviflorum (leaves and stems) and Geranium 

sanguineum (roots) were purchased from Vemo 99 Ltd (Sofia, Bulgaria) and were used after 

grinding (in a crushed state).  

 

Cell culture reagents: Dulbecco’s modified Eagle’s medium (DMEM Sigma-Aldrich, 

Schnelldorf, Germany), fetal bovine serum (FBS Sigma-Aldrich, Schnelldorf, Germany), 

antibiotics (penicillin and streptomycin Sigma-Aldrich, Schnelldorf, Germany), the 

disposable consumables were supplied by Orange Scientific, Braine-l’Alleud, Belgium. 

Neutral Red and Thiazolyl Blue Tetrazolium Bromide were purchased from Sigma-Aldrich, 

Schnelldorf, Germany. 

 

Cell lines 
The BALB/3T3 clone A31, MCF-10A, MDA-MB-231, MCF-7, A549, H1299, HT-29, HeLa, 

HepG2 and PC3 cell lines were obtained from American Type Cultures Collection (ATCC, 

Manassas, Virginia, USA). 

 

Extracts 
The ethyl acetate/water (pH 3.0) extract of Tanacetum vulgare flowers was obtained exactly 

as described previously [31]. Ethanol extracts of Epilobium parviflorum and Geranium 

sanguineum were obtained by stirring of 5 g from the respective plant in 80% ethanol for 

3 hours at room temperature. Combined filtrates were concentrated with rotary evaporator at 

40 °C. Then, acetonitrile (5 ml) was added and later removed in vacuo. This procedure was 

repeated twice and the solid residue obtained was suspended in diisopropyl ether (10 ml), 

filtered and the residue was washed with diisopropyl ether and dried in vacuo.  

 

Cytotoxicity and phototoxicity testing 
BALB/3T3 cells were cultured in 75 cm2 tissue culture flasks in DMEM, 10% FBS, 2 mM 

glutamine and antibiotics (penicillin 100 U/ml and streptomycin 100 µg/ml) at 37 °C, 5% CO2 

and 90% relative humidity. Cytotoxicity/phototoxicity was assessed by validated BALB/3T3 

clone A31 Neutral Red Uptake Assay (3T3 NRU test) [5, 8]. Briefly, cells were plated in a 

96-well microtiter plate at a density of 1 × 104 cells / 100 µl / well and were incubated for 

24 h. Before treatment with test compounds, dry extracts dissolved in DMSO and further 

diluted in culture medium, so that the final concentration of DMSO was less than 1% (v/v). 

A wide concentration range of the test extracts was applied (from 4 to 1000 µg/ml). 

In phototoxicity tests, 96-well plates were irradiated with dose 2.4 J/cm2 and the cells were 

incubated for additional 24 h. After treatment with Neutral Red medium, washing and 

treatment with the Ethanol/Acetic acid solution, the absorption was measured on  

a TECAN microplate reader (TECAN, Grödig, Austria) at wavelength 540 nm. 

 

Cytotoxicity/phototoxicity were expressed as CC50/PC50 values (concentrations required for 

50% cytotoxicity/phototoxicity), calculated using non-linear regression analysis (GraphPad 

Software, San Diego, California, USA).  
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In vitro antiproliferative activity 
The antiproliferative activity testing was performed on cell cultures from several human cell 

lines using the standard MTT dye-reduction assay, described by Mosmann [16]. The assay is 

based on the metabolism of the tetrazolium salt (MTT) to insoluble formazan by 

mitochondrial reductases. The formazan concentration can be determined 

spectrophotometrically. The measured absorption is an indicator of cell viability and 

metabolic activity. The following cell lines were used in the experiments: breast,  

non-tumorigenic epithelial cell line (MCF-10A), mammary gland type A adenocarcinoma 

(MCF-7); triple-negative breast cancer (MDA-MB-231); lung alveolar adenocarcinoma 

(A549), non-small cell lung carcinoma (H1299), colorectal adenocarcinoma (HT-29), cervical 

cancer (HeLa), hepatocellular carcinoma (HepG2) and prostate adenocarcinoma (PC3). 

The cell lines were routinely grown as monolayers in 75 cm2 tissue culture flasks under 

standard conditions (described above). Cells were plated at a density of 1 × 103 cells in 100 µl 

in each well of 96-well flat-bottomed microplates and allowed to adhere for 24 h before 

treatment with test extracts. A concentration range from 4 to 1000 µg/ml was applied for 72 h. 

Formazan absorption was registered using a microplate reader at λ = 540 nm. 

Antiproliferative activities were expressed as IC50 values (concentrations required for  

50% inhibition of cell growth), calculated using nonlinear regression analysis (GraphPad 

Prism 4 Software). 

 

The statistical analysis included application of One-way ANOVA followed by Bonferroni’s 

post hoc test. p < 0.05 was accepted as the lowest level of statistical significance.  

The data obtained are on average from three independent experiments ± SD, n = 6. 

 

Results and discussion 

Safety testing 
The extracts were studied for cytotoxicity/phototoxicity assessment by an in vitro 3T3 NRU 

test. The cells were incubated with the test substances at a concentration of 4 to 1000 µg/ml 

for 24 h at 37 °C, 5% CO2 and 95% humidity. The cytotoxicity/ phototoxicity expressed in  

% relative to the negative control were determined. Dose-response dependence was observed 

for all extracts. The obtained results are shown in Fig. 1. At a concentration of 60 µg/ml, no 

cytotoxic effect was observed on the test substances. Based on the dose-response curves, 

CC50/PC50 values (50% cytotoxic/phototoxic concentration) were calculated by nonlinear 

regression analysis (Table 1).  

 

The CC50 values can be used to calculate the Photo-Irritancy Factor (PIF) for each test 

extracts, according to the following formula: PIF = CC50/PC50. The PIF shows us the 

probability that the test substance may cause a phototoxic effect (PIF < 2 not phototoxic,  

PIF ≥ 2 < 5 probable phototoxicity, PIF ≥ 5 phototoxic). For all tested extracts the calculated 

PIF < 2, which shows a high level of photo safety. These results show that extracts  

(EPE, GSA and TVA) are safe for use in pharmaceuticals and cosmetics.  

 

Antiproliferative activity 
The extracts were studied for antiproliferative activity by MTT dye-reduction assay. 

Cell cultures from panel of different cell lines were incubated with the test substances at  

a concentration of 4 to 1000 µg/ml for 72 h at 37 °C, 5% CO2 and 95% humidity. 

The antiproliferative activity expressed in % relative to the negative control was determined. 

The obtained results are shown in Fig. 2. The IC50 (50% inhibitory concentration) values of 

the mean were calculated and presented in Table 2. 
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Fig. 1 Dose-response curves for cyto- and phototoxicity of extracts  

determined in BALB/3T3 cells: A) EPE; B) GSA; and C) TVA.  

Values are means ± SD from three independent experiments, n = 6. 

 

Table 1. CC50/PC50 values of mean and PIF 

Cell line Extracts 
CC50 (PC50) ± SD, (μg/ml) 

PIF* 
Cytotoxicity Phototoxicity 

BALB 3T3 

EPE 375 ± 11.71 217.4 ± 2.4 1.72 

GSA 152.2 ± 4.88 146 ± 3.46 1.04 

TVA 470.1 ± 12.57 329.5 ± 9.4 1.43 
* PIF < 2 not phototoxic, 2 ≥ PIF < 5 probable phototoxicity, PIF ≥ 5 phototoxic. 

 

10 100 1000
0

25

50

75

100

A
n

ti
p

ro
lif

e
ra

ti
v
e

 a
c
ti
v
it
y
 (

%
)

Concentration (g/ml)

 MCF-10A

 MDA-MB-231

 MCF-7

 A549

 H1299

 HT-29

 Hela

 HepG2

 PC3

EPEA)

10 100 1000
0

25

50

75

100

A
n

ti
p

ro
lif

e
ra

ti
v
e

 a
c
ti
v
it
y
 (

%
)

Concentration (g/ml)

 MCF-10 A

 MDA-MB-231

 MCF-7

 A549

 H1299

 HT-29

 HELA

 HepG2

 PC3

GSAB)

 



 INT. J. BIOAUTOMATION, 2023, 27(1), 39-50 doi: 10.7546/ijba.2023.27.1.000888 
 

44 

10 100 1000
0

25

50

75

100

A
n

ti
p

ro
lif

e
ra

ti
v
e

 a
c
ti
v
it
y
 (

%
)

Concentration (g/ml)

 MCF-10 A

 MDA-MB-231

 MCF-7

 A549

 H1299

 HT-29

 Hela

 HepG2

 PC3

TVAC)

 
Fig. 2 Dose-response curves for antiproliferative activity of extracts  

determined in panel of cell lines: A) EPE; B) GSA; and C) TVA.  

Values are means ± SD from three independent experiments, n = 6. 

 

Table 2. Antiproliferative activity of the studied extracts  

expressed by IC50 values of the mean ± SD and selectivity index 

Cell lines 
IC50 of mean ± SD, (µg/ml) Selectivity index 

EPE GSA TVA EPE GSA TVA 

MCF-10A 80.4 ± 1.4 83.6 ± 1.2 260.6 ± 6.8 - - - 

MCF-7 126.2 ± 4.3 92.2 ± 1.9 137.2 ± 7.1 0.6 0.9 1.9 

MDA-MB-231 89.7 ± 1.4 84.6 ± 0.8 344.8 ± 10.4 0.9 1.0 0.8 

A549 64.6 ± 5.5 48.3 ± 1.8 170.3 ± 2.6 1.3 1.7 1.5 

H1299 90.2 ± 6.5 44.9 ± 1.4 199.9 ± 3.4 0.9 1.9 1.3 

HT-29 31.2 ± 2.1 34.8 ± 1.5 106.1 ± 6.5 2.6 2.4 2.5 

Hela 92.1 ± 4.9 42.8 ± 0.8 159.4 ± 9.3 0.9 2.0 1.6 

HepG2 92.1 ± 1.8 96.7 ± 3.0 312.7 ± 12.6 0.8 0.9 0.8 

PC3 115.2 ± 1.1 32.2 ± 2.6 131.4 ± 6.9 0.7 2.6 2.0 

The lowest values of IC50 and SI ≥ 2 in each column are marked in bold. 

 

MCF-10A is a reliable model for normal human mammary epithelial cells, which serves as a 

control in experiments to determine antitumor activity [23]. In MCF-10A cells (Fig. 2),  

the least antiproliferative effect was caused by TVA (IC50 = 260.6 ± 6.8) while EPE and GSA 

show a significantly higher antiproliferative effect IC50 = 80.43 ± 1.43 and 83.56 ± 1.19, 

respectively (Table 2). In the tumor cell line HT-29 the strong effect is caused in all tested 

extracts (EPE with IC50 = 31.2 ± 2.1, GSA with IC50 = 34.8 ± 1.5, TVA with  

IC50 = 106.1 ± 6.5). In addition, PC3 cell line treated with GSA showed good antiproliferative 

activity at quite low IC50 values (32.2 ± 2.6), compared with the other two extracts with IC50 

values 115.2 ± 1.1 for EPE and 131.4 ± 6.9 for TVA. Also, high antiproliferative activity was 

observed in H1299 and HeLa cell lines treated with GSA with IC50 values of about 40 μg/ml. 

The IC50 values, found in MCF-10A, are used to calculate a selective index (SI),  

which assesses the potential of a substance to be used as an antitumor agent with low side 

effects [7, 31]. We used the following formula to calculate the selective index SI = IC50 of 

MCF-10A/IC50 of tumor cells. A SI value > 10 was assumed to belong to a selected potential 

sample that can be further investigated [21]. Weerapreeyakul et al. [35] proposed a lower  

SI value (> 3) for classifying the prospective anti-cancer sample. Rashidi et al. [25] 

considered more than 2 SI values as high selectivity. A high selective index is indicative for a 

low level of side effects. The highest selective index with respect to HT-29 is shown by the all 
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tested extracts (SI for EPE = 2.6, GSA = 2.4 and TVA = 2.5). In PC3 cells the SI for  

GSA = 2.6 and TVA = 2. HeLa cells showed good selectivity by extract GSA (SI = 2.0). 

Regarding the MDA-MB-231 and HepG2 cell lines, SI < 1 were observed for each of the 

extracts tested. 

 

Discussion 
Medicinal plants are widely used, and extracts of them are included in many medicines and 

cosmetics [22]. At present, information on the chemical composition of many plants is 

limited. Their biological activity and level of safety (cytotoxicity and phototoxicity) have also 

been poorly studied. There are a large number of natural products with phototoxic action, 

such as some essential oils, plant extracts, pigments and others [3, 12, 28]. Plant extracts 

contain different types of molecules. Some of these molecules contain heterocyclic rings, such 

as phenolics and flavonoids, which is a prerequisite for photosensitivity and possibly for 

phototoxic action [10]. It is known from the literature that the plants of the Asteraceae family, 

to which the species Tanacetum vulgare refers, have two groups of photoactive compounds in 

their chemical composition, such as polyacetylenes and their thiophene derivatives.  

Also a flavonoid – 2,3-dehydrosilybin, which is present in the composition of various extracts 

obtained from natural products, is considered a compound with phototoxic potential [13]. 

However, the presence of substances with potential phototoxic effects does not always lead to 

a phototoxic effect of an extract. There are many other molecules in the extract that can 

neutralize highly reactive free radicals and reactive oxygen species. In addition, the absorbed 

photon energy can be transferred to nearby molecules by heat dissipation, thus reducing 

phototoxicity. Our study shows that no phototoxic effect was observed in the tested extracts 

(PIF < 2). Accordingly, they are safe for use in pharmaceuticals and cosmetics. The extracts 

EPE, TVA and GSA have the potential to be used as antitumor agents due to their high 

antitumor activity and selectivity. The observed anti-proliferative effect on the HT-29 cell line 

(colorectal carcinoma) is well expressed on three tested extracts and is consistent with the 

findings of other studies that link it to the flavonoids contained in the herbal extracts [2, 24, 

36]. High antiproliferative activity was observed in hormone-dependent cancer cells MCF-7 

and PC3 treated with TVA extract, which is explained by the presence of phytosterols  

(β-sitosterol) in its typical composition, which is able to specifically recognize and inhibit 

estrogen receptors [27]. According to the literature, Epilobium parviflorum extracts suppress 

the proliferation of prostate cancer cells. This effect is mainly associated with the presence of 

ellagitannins (oenothein A and B), which inhibit aromatase and 5-α-reductase enzymes 

involved in etiology of prostate cancer [37]. On the other hand, there are reports which 

indicate that this effect is not specific [9, 34]. In addition to this, our studies demonstrate the 

antiproliferative effect of HT-29 cells treated with EPE. Also, the obtained previous data in 

our laboratory and by other authors [19, 31, 32] shows that the above extracts contain 

substances that are potential inhibitors of POP. Since this peptidase is known to accelerate 

tumor cells division and vascularization of solid tumors [17, 18] its suppression may 

contribute to the antitumor activity of the whole extract. Additionally, POP inhibitors can be 

valuable tool for improving memory and cognitive functions in different psychiatric and 

neurodegenerative diseases [15]. In this respect, the possible applications of the studied 

medicinal plants extracts deserve to be considered in more details. 

 

Conclusion 
In conclusion, the studied extracts (TVA, EPE and GSA) from Bulgarian origin proved not to 

be phototoxic (PIF < 2) nor cytotoxic at a concentration lower than 60 µg/ml.  

The investigated extracts can be safety used in different preparations for medicinal, cosmetic 

and other applications. They suppress tumor cells growth/proliferation in concentration 
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dependent manner with promising selectivity indices (SI > 2) to cell lines HT-29, HeLa and 

PC3. All the extract contain components with potential inhibitory properties to POP –  

an enzyme, involved in tumor growth and in pathogenesis of psychiatric and 

neurodegenerative diseases. Thus, they can find a number of prospective applications. 

 

Acknowledgements 
This work was financially supported by the Bulgarian National Science Fund, Grant No  

KP-06-N31/1 “Selective Natural Inhibitors of Post-proline Degrading Peptidases from 

Bulgarian Medicinal Plants as Potential Agents for the Prevention and Therapy of 

Oncological Diseases”. 

 

References 
1. Assessment Report on Epilobium angustifolium L. and/or Epilobium parviflorum Schreb., 

Herba EMA/HMPC/712510/2014. 

2. Aydın A. M., T. Sut, N. Eruygur, E. Akinci (2020). Antiproliferative Effect of Epilobium 

parviflorum Extracts on Colorectal Cancer Cell Line HT-29, BIORXIV, 12, 402-422. 

3. Benković E., S. Kreft (2015). Fagopyrins and Protofagopyrins: Detection, Analysis, and 

Potential Phototoxicity in Buckwheat, J Agric Food Chem, 63(24), 5715-5724. 

4. Devrnja N., D. Krstić-Milošević, D. Janošević, V. Tešević, B. Vinterhalter, J. Savić, 

D. Ćalić (2021). In vitro Cultivation of Tansy (Tanacetum vulgare L.): A Tool for the 

Production of Potent Pharmaceutical Agents, Protoplasma, 258(3), 587-599.  

5. ESAC (1998), Statement on the Scientific Validity of the 3T3 NRU PT Test (An in vitro 

Test for Phototoxic Potential), 9th Meeting of ECVAM Scientific Advisory Committee,  

1-2 October 1997. 

6. Fu P. P., Q. Xia, Y. Zhao, S. Wang, H. Yu, H. M. Chiang (2013). Phototoxicity of Herbal 

Plants and Herbal Products, J Environ Sci Health C Environ Carcinog Ecotoxicol Rev, 

31(3), 213-255.  

7. Granica S., J. P. Piwowarski, M. E. Czerwińska, A. K. Kiss (2014). Phytochemistry, 

Pharmacology and Traditional Uses of Different Epilobium Species (Onagraceae): 

A Review, J Ethnopharmacol, 156, 316-346. 

8. Halle W. (2003). The Registry of Cytotoxicity: Toxicity Testing in Cell Cultures to 

Predict Acute Toxicity (LD50) and to Reduce Testing in Animals, Altern Lab Anim, 

31(2), 89-198. 

9. Ismail Т., C. Calcabrini, A. R. Diaz, C. Fimognari, E. Turrini, E. Catanzaro, S. Akhtar, 

P. Sestili (2016). Ellagitannins in Cancer Chemoprevention and Therapy, Toxins, 8(5), 

151.  

10. Jackson K. W., V. J. Christiansen, V. R. Yadav, R. Silasi-Mansat, F. Lupu, V. Awasthi, 

R. R. Zhang, P. A. McKee (2015). Suppression of Tumor Growth in Mice by Rationally 

Designed Pseudopeptide Inhibitors of Fibroblast Activation Protein and Prolyl 

Oligopeptidase, Neoplasia, 17(1), 43-54. 

11. Jordanov D., P. Nikolov, A. Boichinov (1973). Phytotherapy. Medicina, Sofia. 

(in Bulgarian) 

12. Kejlová K., D. Jírová, X. Bendová, P. Gajdoš, H. Kolářová (2010). Phototoxicity of 

Essential Oils Intended for Cosmetic Use, Toxicology in Vitro, 24(8), 2084-2089. 

13. Li X., R. An, K. Liang, X. Wang (2018). Phototoxicity of Traditional Chinese Medicine 

(TCM). Toxicology Research, Toxicol Res (Camb), 7(6), 1012-1019. 

14. Lis-Balchin M. (2002). Book Review: The Homeopathic Conversation, The Journal of the 

Royal Society for the Promotion of Health, 122(1), 65. 



 INT. J. BIOAUTOMATION, 2023, 27(1), 39-50 doi: 10.7546/ijba.2023.27.1.000888 
 

47 

15. Männisto P. T., J. Venäläinen, A. Jalkanen, J. A. García-Horsman (2007).  

Prolyl Oligopeptidase: A Potential Target for the Treatment of Cognitive Disorders,  

Drug News Perspect, 20, 293-305. 

16. Mosmann T. (1983). Rapid Colorimetric Assay for Cellular Growth and Survival: 

Application to Proliferation and Cytotoxicity Assays, J Immunol Methods, 65, 55-63. 

17. Myöhänen T. T., J. I. Venäläinen, J. A. García-Hornsman, M. Piltonen, P. T. Männistö 

(2008). Distribution of Prolyl Oligopeptidase in the Mouse Whole-body Sections and 

Peripheral Tissues, Histochem Cell Biol, 130, 993-1003. 

18. Myöhänen T. T., J. Tenorio-Laranga, B. Jokinen, R. Vázquez-Sánchez, M. J. Moreno-

Baylach, J. A. García-Horsman, P. T. Männistö (2011). Prolyl Oligopeptidase Induces 

Angiogenesis both in vitro and in vivo in a Novel Regulatory Manner, British Journal of 

Pharmacology, 163, 1666-1678. 

19. Nasseri S., S. Emami, M. Mojarrab (2019). Dicaffeoylquinic Acids from the Aerial Parts 

of Artemisia ciniformis Krasch. & Popov ex Poljakov, Pharm Sci, 25(2), 171-175. 

20. Pantev A., S. Ivancheva, L. Staneva, J. Serkedjieva (2006). Biologically Active 

Constituents of a Polyphenol Extract from Geranium sanguineum L. with Anti-influenza 

Activity, Z. Naturforsch, 61c, 508-516. 

21. Peña-Morán O. A., M. L. Villarreal, L. Álvarez-Berber, A. Meneses-Acosta, 

V. Rodríguez-López (2016). Cytotoxicity, Post-treatment Recovery, and Selectivity 

Analysis of Naturally Occurring Podophyllotoxins from Bursera fagaroides var. 

fagaroides on Breast Cancer Cell Lines, Molecules, 21, 1013.  

22. Petrovska B. (2012). Historical Review of Medicinal Plants’ Usage, Pharmacogn Rev, 

6(11), 1-5. 

23. Qu Y., B. Han, Y. Yu, W. Yao, S. Bose, B. Karlan, A. Giuliano, X. Cui (2015). 

Evaluation of MCF10A as a Reliable Model for Normal Human Mammary Epithelial 

Cells, PLoS One, 10(7), e0131285. 

24. Ramírez-Erosa I., Y. Huang, R. A. Hickie, R. G. Sutherland, B. Barl (2007).  

Xanthatin and Xanthinosin from the Burs of Xanthium strumarium L. as Potential 

Anticancer Agents, Canadian Journal of Physiology and Pharmacology, 85(11),  

1160-1172. 

25. Rashidi M., A. Seghatoleslam, M. Namavari, A. Amiri, M. A. Fahmidehkar, 

A. Ramezani, E. Eftekhar, A. Hosseini, N. Erfani, S. Fakher (2017). Selective 

Cytotoxicity and Apoptosis-induction of Cyrtopodion scabrum Extract against Digestive 

Cancer Cell Lines, International Journal of Cancer Management, 10(5), e8633.  

26. Serkedjieva J., S. Ivancheva (1999). Antiherpes Virus Activity of Extracts from the 

Medicinal Plant Geranium sanguineum L., J Ethnopharmacol, 64(1), 59-68. 

27. Shahzad N., W. Khan, M. Shadab, A. Ali, S. S. Saluja, S. Sharma, F. A. Al-Allaf, 

Z. Abduljaleel, I. A. A. Ibrahim, A. F. Abdel-Wahab, M. A. Afify, S. S. Al-Ghamdi 

(2017). Phytosterols as a Natural Anticancer Agent: Current Status and Future 

Perspective, Biomed Pharmacother, 88, 786-794. 

28. Siewert B., H. Stuppner (2019). The Photoactivity of Natural Products – An Overlooked 

Potential of Phytomedicines? Phytomedicine, 60, 152985. 

29. Svarcbahs R., U. Julku, T. Kilpeläinen, M. Kyyrö, M. Jäntti, T. Myöhänen (2019).  

New Tricks of Prolyl Oligopeptidase Inhibitors – A Common Drug Therapy for Several 

Neurodegenerative Diseases, Biochem Pharmacol, 161, 113-120. 

30. Tsilibary E., A. Tzinia, L. Radenovic, V. Stamenkovic, T. Lebitko, M. Mucha (2014). 

Neural ECM Proteases in Learning and Synaptic Plasticity, Brain Extracellular Matrix 

Health Dis, 214, 135-157. 



 INT. J. BIOAUTOMATION, 2023, 27(1), 39-50 doi: 10.7546/ijba.2023.27.1.000888 
 

48 

31. Vasileva A. M., I. A. Iliev, V. S. Lozanov, M. B. Dimitrova, V. I. Mitev, I. P. Ivanov 

(2019). In vitro Study on the Antitumor Activity of Tanacetum vulgare L. Extracts, 

Bulgarian Chemical Communications, 51(2), 249-255. 

32. Vasileva A., M. Dimitrova, I. Iliev, D. Tasheva, I. Ivanov (2019). Inhibitory Effect of 

Plant Extracts on Postproline Enzyme Activity in Human Breast Cancer Cells,  

Acta Morphol Anthropol, 26(1-2), 56-62. 

33. Vitalone A., O. Allkanjari (2018). Epilobium spp: Pharmacology and Phytochemistry. 

Phytother Res, 32(7), 1229-1240. 

34. Wang C. C., L. G. Chen, L. L. Yang (1999). Antitumor Activity of Four Macrocyclic 

Ellagitannins from Cuphea hyssopifolia, Cancer Lett, 140, 195-200. 

35. Weerapreeyakul N., A. Nonpunya, S. Barusrux, T. Thitimetharoch, B. Sripanidkulchai 

(2012). Evaluation of the Anticancer Potential of Six Herbs against a Hepatoma Cell 

Line, Chin Med, 7, 15. 

36. Ye C. L., Y. Liu, D. Z. Wei (2007). Antioxidant and Anticancer Activity of 3´-formyl-

4´,6´-dihydroxy-2´-methoxy-5´-methylchalcone and (2S)-8-fornyl-5-hydroxy-6-

methylflavanone, J Pharm Pharmacol, 59, 553-559. 

37. Yoshida Т., M. Yoshimura, Y. Amakura (2018). Chemical and Biological Significance of 

Oenothein B and Related Ellagitannin Oligomers with Macrocyclic Structure, Molecules, 

23(3), 552. 

 

 

 

Inna Sulikovska, M.Sc. 

E-mail: inna_sulikovska@ukr.net  

 

 

 

Inna Sulikovska works at the Institute of Experimental Morphology, 

Pathology and Anthropology with Museum, Bulgarian Academy of 

Sciences. She received her M.Sc. Degree in the area of Biomedical 

Engineering at the National Technical University of Ukraine “Igor 

Sikorskyi Kyiv Polytechnic Institute”. Her areas of interests are in the 

field of biomedical engineering, nanomaterials, stem cells 

differentiation, pathology, cancer cell biology. 

 

 

Elena Ivanova, M.Sc. Student 

E-mail: elena9512@abv.bg 

 

 

Elena Ivanova graduated from Sofia University “St. Kliment Ohridski” 

where she received a B.Sc. Degree in Molecular Biology and currently 

studies for her M.Sc. in Biotechnology at the University of Chemical 

Technology and Metallurgy. She works at the Institute of Experimental 

Morphology, Pathology and Anthropology with Museum, Bulgarian 

Academy of Sciences, under the guidance of Associate Professor Ivan 

Iliev. Her interests are in the field of immunology, biochemistry, cell 

biology, biotechnology and bioinformatics. 

 

 

mailto:inna_sulikovska@ukr.net


 INT. J. BIOAUTOMATION, 2023, 27(1), 39-50 doi: 10.7546/ijba.2023.27.1.000888 
 

49 

Prof. Mashenka Dimitrova, Ph.D. 

E-mail: mashadim@abv.bg  

 

 

 

Mashenka Dimitrova works as a Professor or in the Institute of 

Experimental Morphology, Pathology and Anthropology with Museum, 

Bulgarian Academy of Sciences (BAS). She has a Ph.D. Degree in 

Morphology. Her research interests are in the field of enzymology, 

medicinal plants biochemistry, identification of novel markers or targets 

for cancer therapies. 

 

 

Assoc. Prof. Ivaylo Ivanov, Ph.D. 

E-mail: iivanov@medfac.mu-sofia.bg  

 

 

 

Ivaylo Ivanov works as an Associate Professor in the Medical 

University – Sofia, Bulgaria. He has a Ph.D. Degree in Bioorganic 

Chemistry. His interests are in the field of bioorganic chemistry: design 

and synthesis of peptides and enzyme substrates, enzymatic kinetics and 

mechanism, inhibitory analysis, fluorescent markers and biological 

active compounds. 

 

 

Assoc. Prof. Donka Tasheva, Ph.D. 

E-mail: ohdt@chem.uni-sofia.bg  

 

 

Donka Tasheva is an Associate Professor at the Faculty of Chemistry 

and Pharmacy, Sofia University “St. Kl. Ohridski”, Bulgaria where she 

received Ph.D. Degree in the field of organic synthesis. Her interests are 

in the field of synthesis of nonproteinogenic amino acids and their 

derivatives, synthesis and application of new fluorogenic histochemical 

substrates for enzymes with medical-diagnostic significance. 

 

 

Prof. Biliana Nikolova, Ph.D. 

E-mail: nikolova@bio21.bas.bg  

 

 

Biliana Nikolova graduated Sofia University, Faculty of Biology, 

specialization Biochemistry and Microbiology in 1992. Since 1992 she 

is working in the Institute of Biophysics, BAS. She received her Ph.D. 

Degree in 2001 in the same institute. Since 2022 she is a Professor in the 

Institute of Biophysics and Biomedical Engineering, BAS. Her scientific 

interests are in the field of electroporation, electroloading, drug delivery 

systems and electrochemotherapy. 

 

 

mailto:mashadim@abv.bg
mailto:iivanov@medfac.mu-sofia.bg
mailto:ohdt@chem.uni-sofia.bg
mailto:nikolova@bio21.bas.bg


 INT. J. BIOAUTOMATION, 2023, 27(1), 39-50 doi: 10.7546/ijba.2023.27.1.000888 
 

50 

Assoc. Prof. Ivan Iliev, Ph.D. 

E-mail: taparsky@abv.bg 

 

 

 
 

Ivan Iliev is an Associate Professor at the Institute of Experimental 

Morphology, Pathology and Anthropology with Museum, Bulgarian 

Academy of Sciences, where he received a Ph.D. Degree in area of 

immunology. His interests are in the field of immunology, biochemistry 

and cell biology. 

 

 

 

 

© 2023 by the authors. Licensee Institute of Biophysics and Biomedical Engineering, 

Bulgarian Academy of Sciences. This article is an open access article distributed under 

the terms and conditions of the Creative Commons Attribution (CC BY) license 

(http://creativecommons.org/licenses/by/4.0/). 
 

 

http://creativecommons.org/licenses/by/4.0/

