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ABSTRACT 
Aronia melanocarpa (Black chokeberry) has shown a high content of polyphenol compounds and possesses one of the 
highest antioxidant activities among fruits. On the other hand, the therapeutic value of one of the most effective the 
chemotherapeutic agents, Doxorubicin (DOX), is limited by its toxicity. Although the mechanisms of this toxicity are not 
fully elucidated, oxidative stress appears to be involved. In this aspect, the current study was directed to investigation on 
the possible protective effect of the total extract from this medicinal plant against DOX-induced toxicity and oxidative 
stress in vitro. Despite of the established decrease of the reduced Glutathione (GSH) levels in normal cells and mixed 
cultures in the presence of Doxorubicin, certain regeneration in them was noticed in the presence of Aronia-extract. 
Slight differences in cell morphology in the presence of plant extract, expressed mainly in increased size, rounded cell 
form and changed nuclei/cytoplasm ratio, in comparison with the untreated controls and cells, treated by Doxorubicin 
alone, were observed. Those changes were accepted as signs for early myeloid differentiation, probably mainly of 
embryonic stem cell sub-populations from 3T3 cell line. Further studies on the influence of separate plant components on 
the levels of intracellular GSH would be necessary. 
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INTRODUCTION 
Medicinal plant Aronia melanocarpa has become popular in many countries all over the world not only 
with its valuable food qualities, but also as a therapeutic and prophylactic supplement [1-3]. As a rich 
source of polyphenols and anthocyanins, containing in it, the extract of this plant has been applied as a 
natural anti-hypertensive and anti-atherosclerotic drug [1], but also as anti-cancer, anti-oxidant and 
chemo-protective agent [4-7]. In a recent study, the protective action of chokeberry extract against 
oxidative stress induced by high doses of glucose in pancreatic cells has also been evaluated [8]. Their 
results indicated a strong scavenging effect of chokeberry anthocyanins on the intracellular ROS species 
and an ability to restore dose-dependently the strong decrease of GSH. According another message, the 
mechanism of the anthocyanin-mediated increase of GSH synthesis and protection of hepatocytes against 
ROS –induced injury has been proved [9]. 
Reduced glutathione (GSH) is a thiol-containing tripeptide (L-γglutamil-L-cysteinyl-glycine), which is 
ubiquitous in the cells. The activity of hydrosulfide group determines the biological significance and 
activity of GSH in antioxidant and detoxifying reactions [10]. This substance is responsible for keeping 
proper thiol-disulfide balance and related redox-potential in the cells. Moreover, the nucleophilic 
glutathione –SH group enters reactions with electrophilic substances, either endogenous or exogenous 
(xenobiotics, including drugs), yielding glutathione S-conjugates, (i. e GSH thioeters), which are then 
transformed to mercapturic acids and excreted [11]. Thus, the availability of GSH is crucial for antioxidant 
defense in a biological system. GSH deficit disrupts the redox-status and upsets the physiological cellular 
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balance between pro-oxidants and antioxidants [12]. Lowered cellular GSH is observed in different 
pathological conditions (pre-malignancies and malignancies, inflammations, Parkinson’s disease, AIDS, 
diabetes and others), Thus, GSH modulation could represent a supportive measure to achieve a 
therapeutic goal. 
In the current study, we hypothesized that Aronia melanocarpa total extract is connected with 
investigation on some of the mechanisms of the in vitro-influence of the Aronia-extract on laboratory-
cultivated normal and malignant cells, as well as mixed cultures of both cell types. 
 
MATERIALS AND METHODS 
Normal fibroblasts from embryonic mouse Balb/c 3T3 line, malignant mouse myeloma cells, as well as 
mixed cultures from both cell types, were prepared. All cell cultures (1 x 106 cells/ml), were incubated at 
370C in incubator with 5% СО2 and 95% air humidification, in RPMI 1640, Dulbecco’s Modified Minimal 
Essential Medium (DMEM) or a mix of both media, supplemented with 10% Fetal Calf Serum (FCS), 100 
UI/ml Penicillin, 0.25 mg/ml Streptomycin and 0.25 mg/ml Amphotericin-B, in 24-well plaques. In 
separate sub-populations from each of both cell types used, as well as in mixed cultures of them, were 
added total Aronia melanocarpa plant; 0.05M solution of Doxorubicin in distilled water, as well as with 
both tested substances, but respective untreated controls were also prepared. The so prepared cell 
cultures were observed by inverted light microscope, supplied with mega-pixel CCD-camera. 
Cells from all groups, treated with both substances, with each one of them, as well as the respective 
untreated controls, treated with 10% trichloroacetic acid (Cl3CCOOH) and 0.48M solution of K3PO4. GSH 
levels in the three organs of all four groups experimental animals were determined by a 
spectrophotometric method and absorbances were measured at 412nm [13]. The level of GSH was 
defined from the standard curve with commercially available GSH and the results are expressed as 
milimole per 1 ml cell suspension (mM/ml cell suspension). 
Fixed light microscopic slides from cultures of both normal cells 3T3 and of mixed cultures of both cell 
types, treated by Doxorubicin alone, by Aronia-extract alone, by both substances, as well as untreated 
controls were prepared by fixation with 95% Ethanol, washing with PBS and subsequent staining by 
Giemsa dye. For the same goal, suspension cell cultures used (from malignant myeloma cells and mixed of 
both cell types) were seeded on substrates, previously-treated by Gelatin-solution in PBS. The so 
prepared fixed preparations were observed by inverted light microscope, supplied with mega-pixel CCD-
camera. 
 
RESULTS AND DISCUSSION 
According the results obtained, drastic decrease in the levels of GSH in normal embryonic fibroblasts, 
mouse malignant myeloma cells, as well as in the mixed cultures in all cases in cultivation with the 
chemotherapeutic drug alone were noticed (Figure 1). The strongest influence of the chemotherapeutic 
agent was observed in the cultures of normal cells, which proved their highest sensitivity to it. In the 
cultures of malignant cells, after addition of the plant extract the strongest increase in the GSH levels was 
observed (Figure 1). 
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Fig. 1: Influence of Doxorubicin and Aronia melanocarpa total extract on the intracellular GSH levels 

[mM/ml cell suspension]: in cultures of normal embryonic fibroblasts; in cultures of mouse malignant 
myeloma cells; in mixed cultures of normal and malignant cells. 
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The levels observed were partially restored in the presence of Aronia-extract and chemotherapeutic drug. 
Similar effects have been observed in investigation of other plant extracts or their components [7, 15-18]. 
On the other hand, analogical protective action by natural plant antioxidants has been established on the 
toxicity, induced by Doxorubicin [19], but also by other chemical drugs [20-22]. 
Despite significant differences in the morphology of the untreated normal mouse embryonic cells and 
treated by Doxorubicin alone, by Aronia-extract alone and with both substances were not noticed, some 
changes in the normal cells were observed in the cases of chemotherapeutic drug pre-treatment (Figure 
2). 
 

a b c d 
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Fig. 2: Influence of Doxorubicin and Aronia melanocarpa total extract on the morphology, proliferation 
capacity and differentiation of normal and malignant cells: a) untreated control culture of normal 3T3 

fibroblasts from mouse embryos; b) 3T3 cells, treated by Doxorubicin alone; c) 3T3 fibroblasts, treated by 
Aronia melanocarpa total extract alone; d) 3T3 cells, treated by both Doxorubicin and Aronia-extract; e) 
Untreated mixed culture of normal 3T3 fibroblasts and mouse myeloma cells; f) Mixed culture of normal 
3T3 and mouse myeloma cells, treated by Doxorubicin alone; g) Mixed culture of normal 3T3 fibroblasts 

and mouse myeloma cells, treated by Aronia melanocarpa total extract alone; h) Mixed cell cultures, 
treated by both Doxorubicin and Aronia-extract. 

 
Certain decrease in cell density could be noticed both in 3T3 normal embryonic cells (Figure 2 - b) and in 
the mixed cultures (Figure 2 - f). In the presence of plant extract (Figure 2 – c, d), of malignant cells 
(Figure 2 – e-h), as well as of both (Figure 2 – g, h), normal embryonic cells increase in size, acquire 
rounded form, but also centrally-located dark-stained nuclei and changed nuclei/cytoplasm ratio could be 
observed, in comparison with the untreated controls (Figure 2 - a) and with the cells, treated by 
Doxorubicin alone (Figure 2 - b). In the presence of Aronia-extract, besides the described above 
differences, light-stained cytoplasmic content was also noticed, which was the strongest in mixed 
cultures, pre-treated with the plant content (Figure 2 - g). 
The data obtained were in agreement with the cited literature sources, concerning similar cultivation 
conditions of immature normal cells [23, 24]. In this way, the noticed morphological changes in the 
normal cells could be accepted as primary signs of early myeloid differentiation, probably in particular of 
embryonic stem cell sub-populations from the entire 3Т3 cell line. In the presence of plant extract, those 
features could be presumably explained with GSH contribution. These results also supported literature 
data, connected with the influence of Aronia ingredients on the neutrophil differentiation, probably by 
intracellular antioxidant mechanisms [24-26].  
 
CONCLUSIONS 
Taking in consideration the results obtained in the current study, as well as respective literature data, 
further studies, directed to investigation on the immunomodulatory influence of Aronia-extract, but also 
the effects of its separate antioxidant components (polyphenols and anthocyanins) on the levels of 
intracellular GSH in vitro, should be provided. Also, future investigations on glutathione-dependent 
enzymes are necessary. 
 
REFERENCES 
1. Domarew, C.A., Holt, R.R. & Goldmann-Snikoff, G. (2002). A study of Russian phytomedicine and commonly used 

herbal remedies. J. Herb. Pharmacother., 2:31-48. 

Sainova et al 



BEPLS Vol 4 [2] January  2015      82 | P a g e            ©2015 AELS, INDIA 

2. Hovmaln Persson, H.A., Jeppsson, N., Bartish, I.V. & Nybon, H. (2004). RAPD analysis of diploid and tetraploid 
populations of Aronia points to different reproductive strategies within the genus. Hereditas, 141:301-312. 

3. Kokotkiewicz, A., Jaremicz, Z. & Luczkiewicz M. (2010). Aronia plants: a review of traditional use, biological 
activities, and perspectives for modern medicine. J. Med. Food., 13(2):255-269. 

4. Kong, J., Chia, L., Goh, N., Chia, T. & Brouillard, R. (2003). Analysis and biological activities of anthocyanins. 
Phytochemistry, 64:923-933. 

5. Ortega, A.L., Mena, S. & Estrela, J.M. (2011). Glutathione in cancer cell death. Cancers, 3:1285-1310. 
6. Wang, L. & Stoner, G.D. (2008). Anthocyanins and their role in cancer prevention. Cancer Letters, 269:281-290. 
7. Zdunczyk, Z., Frejnagel, S., Wróblewska, M., Juśkiewicz, J., Oszmiański, J. & Estrella, I. (2002). Biological activity of 

polyphenol extracts from different plant sources. Food Res. Int., 35:183-186. 
8. Rugina, D., Sconta, Z., Pintea, A., Bunea, A. & Socaciu, C. (2011). Protective effect of chokeberry anthocyanin-rich 

fraction at nanomolar concentrations against oxidative stress induced by high doses of glucose in pancreatic β-
cells. Bull. UASVM Vet. Med., 68(1):313-319. 

9. Zhu, W., Jia, Q., Wang, Y., Zhang, Y. & Xia, M. (2012). The anthocyanin cyanidin-3-O-β-glucose, a flavonoid, 
increases hepatic glutathione synthesis and protects hepatocytes against reactive oxygen species during 
hyperglycemia: involvement of a cAMP-PKA-dependent signaling pathway. Free Radical Biol. Med., 52:314-327. 

10. Meister, A. (1983). Selective modification of glutathione metabolism. Science, 220:472-477. 
11. Kwiecien, A., Michalska, M. & Wlodek L. (2006). The selective effect of cystathionine on doxorubicin 

hepatotoxicity in tumor-bearing mice. Eur. J. Pharmacol., 550:39-46. 
12. Jahngen-Hodge, J., Obin, M.S., Gong, X., Shang, S., Nowel, T.R., Gong, J., Abasi, H., Blumberg, J. & Taylor, A. (1997). 

Regulation of ubiquitin-conjugating enzymes by Glutathione following oxidative stress. J. Biol. Chem., 272:28218-
28226. 

13. Ellman GL. Tissue sulfhydryl groups. Arch. Biochem. Biophys. 1959;82:70-77. 
14. Al-Abt, A.M., Mahmoud, A.M., El-Sherbiny, G.A., El-Moselhy, M.A., Nofal, S.M., El-Latif, H.A., El-Eraky, W.I. & El-

Shemy, H.A. (2011). Resveratrol enchances the cytotoxic profile of docetaxel and Doxorubicin in solid tumour 
cell lines in vitro. Cell Prolif., 44:591-601. 

15. Attia, S.M., Bakheet, S.A. & Al-Rasheed, N.M. (2010). Proanthocyanidins produce significant attenuation of 
Doxorubicin-induced mutagenicity via suppression of oxidative stress. Oxidative Med. Cell. Longev., 3:401-413. 

16. Kähkönen, M.P., Hopia, A.I., Vuorela, H.J., Rauha, J., Piklaja, K., Kajala, T.S. & Heinonen, M. (1999). Antioxidant 
activity of plant extracts containing phenolic compounds. J. Agric. Food Chem., 47:3954-3962. 

17. Syng-ai, C., Kumari, A.L. & Khar, A. (2004). Effect of curcumin on normal and tumor cells: role of glutathione and 
bcl-2. Mol. Cancer Ther., 3(9):1100-1107. 

18. Wang, L. & Stoner, G.D. (2008). Anthocyanins and their role in cancer prevention. Cancer Letters, 269:281-290. 
19. Sonneveld, P., Mulder, J.A. & Bekkum, D.W. (1981). Cytotoxicity of doxorubicin for normal hematopoietic and 

acute leukemia cells of the rat. Cancer Chemother. Pharmacol., 5(3):167-173. 
20. Emmert, S.W., Desai, D., Amin, S. & Richie, J.P. (2010). Enchanced Nrf2-dependent induction of Glutathione in 

mouse embryonic fibroblasts by isoselenocyanate analog of Sulforaphane. Bioorg. Med. Chem. Lett., 20(8):2675-
2679. 

21. Han, X., Gao, S., Cheng, Y., Sun, Y., Liu, W., Tang L & Ren, D. (2012). Protective effect of Naringenin-7-O-glycoside 
against oxidative stress induced by Doxorubicin in H9c2 cardiomyocytes. BioSci. Trends, 6(1):19-25. 

22. Han, X., Pan, J., Ren, D., Cheng, Y., Fan, P. & Lou, H. (2008). Naringenin-7-O-glycoside protects against 
Doxorubicin-induced toxicity in H9c2 cardiomyocytes by induction of endogenous antioxidant enzymes. Food 
Chem. Toxicol., 46:3140-3146. 

23. Huang, S. & Terstappen, W.M.M. (1994). Lymphoid and myeloid differentiation of single human CD34+, HLA-DR+, 
CD38- hematopoietic stem cells. Blood, 84(6):pp.1515-1526. 

24. McDonnald, P.P., Bald, A. & Cassatella, M.A. (1997). Activation of NF-kappaB pathway by inflammatory stimuli in 
human neutrophils. Blood, 89(9):3421-3433. 

25. El Benna, J., Han, J., Park, J.W., Schmid, E., Ulevitch, R.J. & Babior, B.M. (1986). Activation of p38 in stimulated 
human neutrophils: phosphorylation of the oxidase component p47phox by p38 and ERK but not by JNK. Arch. 
Biochem. Biophys., 334(2):395-400. 

26. Zielinska-Przyjemska, M., Olejnik, A., Dobrowolska-Zachwieja, A. & Grajek, W. (2007). Effect of Aronia 
melanocarpa polyphenols on oxidative metabolism and apoptosis of neutrophils of obese and non-obese 
individuals. Acta Sci. Pol., 6:75-87. 

 

 
CITATION OF THIS ARTICLE 
Iskra S, Velichka P, Bistra A, Ilina V, Tzveta M, Elena N.Experimental Models for Investigation of Antioxidant and 
Immunomodulatory Effects in Vitro of Aronia melanocarpa Extract. Bull. Env. Pharmacol. Life Sci., Vol 4 [2] January 
2015: 79-82 

Sainova et al 


