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ABSTRACT

Levels of the intracellular reduced Glutathione (GSH), proved as a result mainly of the action of medical plant Aronia
melanocarpa (Black chokeberry) in vitro and in vivo, were measured. is one of the most effective for current use.
Although the mechanisms of the toxicity of chemotherapeutic agent Doxorubicin (DOX) are not fully cleared, oxidative
stress appears to be involved. Aronia melanocarpa has been shown to possess one of the highest antioxidant activities
among fruits. In this connection, 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 both in vitro and in vivo.
Despite of the established decrease of the reduced GSH levels in normal 3T3 mouse embryonic fibroblasts, malignant cells
and mixed cultures in the presence of Doxorubicin, certain regeneration in them was noticed in the presence of Aronia-
extract. The administration of Doxorubicin (20 mg/kg i. p.) to Balb/c experimental mice caused significant decrease of
tissue glutathione level in liver, heart and small intestine. In all cases, the observed biochemical alterations were
attenuated in pre-treatment with Aronia melanocarpa total extract. We concluded that the protective action of this
plant extract is due to the enhancement of intracellular GSH level, which might have important cell-protective effects on
Doxorubicin-induced oxidative stress. Further in vitro- and in vivo-studies on the influence of separate plant components
on the levels of intracellular GSH, but also on GSH-dependent enzymes representing coordinately regulated defense
mechanisms against oxidative changes, should be made.
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INTRODUCTION

Glutathione is a thiol-containing tripeptide (L-yglutamil-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 [1]. 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 [2]. 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 balance between pro-oxidants and
antioxidants [3]. 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.

Doxorubicin (DOX), along with daunorubicin, idarubicin and epirubicin, belongs to anthracyclines family.
DOX was isolated from a pigment of Streptomyces peucetius and it was introduced in 1969 for cancer
treatment. Since then DOX remains one of the most effective and widely used chemotherapeutic drugs
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ever developed, with high anti-neoplastic activity to breast cancer, aggressive lymphomas, childhood
solid tumors and soft tissue sarcomas [4]. However, DOX use in chemotherapy has been limited due to its
diverse toxicities. It has been suggested that one of the molecular mechanisms responsible for DOX
toxicity is the formation of reactive oxygen and nitrogen species (ROS and RNS) [5], lipid peroxidation
and decreased glutathione (GSH) levels [6]. When the formation of ROS exceeds cellular adaptive and
repair capacities, a condition that is referred to as oxidative stress occurs, in which biological molecules
such as nucleic acids, proteins and membrane phospholipids become damaged through oxidative
reactions. Recently much attention has been focused on the protective effects of antioxidants and
naturally occurring substances against DOX-induced cardiotoxicity [7-9].

In XX century, 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 [10-
12]. 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 [10], but also as anti-cancer, anti-
oxidant and chemo-protective agent [9, 13-15]. In a recent study, protective action of chokeberry extract
against oxidative stress induced by high doses of glucose in pancreatic cells has been shown [16]. These
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 the levels of the intracellular reduced
glutathione (GSH). According another message, anthocyanin-mediated increase of GSH synthesis and
protection of hepatocytes against ROS -induced injury has been proposed [17].

In the current study, we hypothesized that Aronia melanocarpa total extract is connected with
investigation on some of the mechanisms of the influence of the Aronia-extract after Doxorubicin
treatment, both in vitro and in vivo.

MATERIALS AND METODS

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% CO; and 95% air humidification, in RPMI 1640, Dulbecco’s Modified Minimal
Essential Medium (DMEM) or a mixture of both media (1:1), supplemented with 10% Fetal Calf Serum
(FCS), 100 Ul/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 from both tested substances, but respective untreated controls were also prepared. All 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 K3P0O4. GSH levels from
all of them were determined by a spectrophotometric method and absorbance were measured at 412nm
[18]. The levels of GSH were 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).

Male and female Balb/c mice, aged 3 months and weighing 20-25 g, came from Slivnica animal breeding
house, Sofia. All animal procedures were performed in accordance with Animal Ethics Committee. They
were separated into 4 groups of 6 animals: treated with Aronia-extract (Aronia-group); with Doxorubicin
(DOX group), with both Aronia-extract and Doxorubicin (Aronia + DOX), as well as untreated healthy
controls (Control group), respectively. The used Aronia total extract contains 5461 mg/l polyphenols,
3122.5 mg/] pro-anthocyanidins and 221.4 mg/] Cyanidins. Aronia supplementation was made for 28
consecutive days and the fruit total extract was given to mice from Aronia and (Aronia+DOX) groups as
20% water solution instead of water. Doxorubicin hydrochloride (Sigma-Aldrich), was freshly prepared in
PBS and given to animals as intra-peritoneal (i. p.) injection of 20 mg/kg/body weight to DOX and
(DOX+Aronia) groups on the 244 day of the beginning of the experiment. Mice from the untreated
Control and Aronia groups were injected with PBS i. p. on the same day. After 28 days of Aronia pre-
treatment and 4 days of DOX injection, all mice were sacrificed. Heart, small intestine and liver samples
were taken and proceeded separately for biochemical measurement of reduced GSH. Tissue samples of
the three anatomic organs tested from the experimental and control mice were isolated, and after
mechanical homogenization were treated with 10% trichloroacetic acid (Cl3CCOOH), 0.48M solution of
K3PO4 and centrifuged at 3000 x for 10 minutes. The supernatants were used to determine the GSH levels
by a spectrophotometric method [18], and the absorption was measured at 412nm (SPEKOL 1500,
Analytik Jena). The level of GSH was defined from the standard curve with commercially available GSH
(Sigma-Aldrich) and the results are expressed as micromole per 1 gram wet tissue (UM/g wet tissue).
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RESULTS AND DISCUSSION

According to the results obtained, the levels of GSH in all normal embryonic fibroblasts, malignant cells
and mixed cultures in cultivation with the chemotherapeutic drug alone were decreased (Fig. 1).
Restoration in these levels in the presence of Aronia-extract was observed in all cases, both in the
presence and absence of the chemotherapeutic drug. Similar effects have been observed in investigation
of other plant extracts or their components [9, 15, 19-22]. On the other hand, analogical protective action
by natural plant antioxidants has been established on the toxicity, induced by Doxorubicin [23], as well as
by other chemical drugs [24-26].
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Figure 1: Influence of Doxorubicin and Aronia melanocarpa total extract on the intracellular GSH levels
[mM/ml cell suspension], in normal 3T3 mouse embryonic fibroblasts, mouse myeloma cells and mixed
cultures

Despite the lack of statistic significance, decrease in the levels of GSH in normal embryonic fibroblasts,
malignant cells and mixed cultures could be noticed in all cases of cultivation in the presence of the
chemotherapeutic drug alone (Fig. 1). Those levels were partially restored in the presence of Aronia-
extract in the three groups of cell cultures, both in the presence and absence of Doxorubicin. Similar
effects have been observed in investigation of other plant extracts or their components [9, 15, 20-22]. On
the other hand, analogical protective action by natural plant antioxidants has been established on the
toxicity, induced by Doxorubicin [23], but also by other chemical drugs [24-26].

Statistically significant differences in GSH levels were observed in probes from the three different organs
of experimental rodents from the four groups tested: treated by Aronia, DOX, (DOX+Aronia) and control
group of Balb/c mice, respectively (Fig. 2). DOX treatment caused significant reduction in GSH content,
compared to controls in all investigated organs. Aronia pre-treatment, however, restored in part GSH
level, but it did not reach those of the control group. There was not assessed a statistically significant
difference in GSH content between Aronia group and control group.
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Figure 2: GSH levels [uM/g wet tissue] of DOX-treated mice with and without Aronia melanocarpa total
extract pre-treatment, in liver (a); heart (b) and small intestine (c): Significantly different from control
group (p<0.001): Significantly different from DOX-treated group (p<0.001); significantly different from
DOX-treated group (p<0.05)

Values are expressed as mean+S.D., n=6
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It is evident that most cellular damages occur after the depletion of GSH, which sets out the onset of
uncontrolled oxidative injury. It has been shown that reduction of GSH pool impairs the cellular capacity
in antioxidant defence system and likewise, increased GSH amounts are associated with cytoprotection
against oxidative damage. Dietary GSH sources are few and its excess does not increase the maximal
hepatic GSH amount beyond the normal physiological level, due to the feedback regulation of GSH level.
The liver, as a key organ for xenobiotic detoxification and elimination, has been characterized as the main
site of GSH synthesis [27]. Almost 95% of GSH, synthesized in the liver, is released in the blood stream,
which supplies the extra-hepatic tissues and bile. The latter is the major source for the intestinal mucosa,
where its concentration is relatively high. According our results, GSH content is not as abundant in the
heart as it is in the liver, which is reflected by the greater resistance of liver to DOX-induced toxicity from
free radicals. It is of value to remember that heart tissue is very sensitive to free radical injury not only
because of the lower amount of GSH, but also due to its highly oxidative metabolism. The improvement of
GSH-associated metabolism is a major mechanism for cellular protection against agents, which are known
to generate oxidative stress. It is becoming increasingly apparent that GSH is central to a complex
multifaceted detoxification system, where there is substantial inter-dependence between separate
component members. Also, this tri-peptide participates in detoxification at several different levels, and it
may scavenge free radicals, reduce peroxides or be conjugated with electrophilic compounds. Thus, it
provides the cell with multiple defenses not only against ROS, but also against their toxic products.

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 both in vitro and in vivo, should be provided. Also, further studies on GSH-dependent
enzymes representing coordinately regulated defense mechanisms against oxidative stress, are
necessary.

ACKNOWLEDGEMENTS

The authors are grateful to Prof. Maria Krachanova and Assoc. Prof. Petko Denev from the Laboratory of
Biologically Active Substances of Plovdiv University; to Assoc. Prof. Stefka Kuzmanova from the
Department of Preclinical and Clinical Pharmacology to the Medical University in Varna, and to Research
Assoc. Georgi Radoslavov from the Institute of Parasitology to Bulgarian Academy of Sciences.

REFERENCES

1. Meister, A. (1983). Selective modification of glutathione metabolism. Science 220: 472-477.

2. 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.

3. Jahngen-Hodge, ]., Obin, M.S,, Gong, X,, Shang, S., Nowel, T.R,, Gong, ]., Abasi, H., Blumberg, J., Taylor, A. (1997).
Regulation of ubiquitin-conjugating enzymes by Glutathione following oxidative stress. J. Biol. Chem. 272: 28218-
28226.

4. Minotti, G, Menna, P, Salvatorelli, E.,, Cairo, G., Gianni, L. (2004), Anthracyclines: molecular advances and
pharmacologic developments in antitumor activity and cardiotoxicity. Pharmacol. Rev. 56: 185-229.

5. Kim, S.Y,, Kim, SJ., Kim, BJ, Rah, S.Y., Chung, S.M., Im, M.],, Kim, U.H. (2006). Doxorubicin-induced reactive oxygen
species generation and intracellular Ca2+ increase are reciprocally modulated in rat cardiomyocytes. Exp. Mol.
Med. 38: 535-545.

6. Alfonso, T., Carlos, F., Patricia, S., de Blas, E., Patricio, A. (2001). Effect of glutathione depletion on antitumor drug
toxicity (apoptosis and necrosis) in U-937 human promonocytic cells. J. Biol. Chem. 276: 47107-47115.

7. Principal, S.G., Quiles, ].L., Ramirez-Tortosa, C.L., Sanches-Rovira, P., Ramirez-Tortosa, M.C. (2010). New advances
in molecular mechanisms and the prevention of adriamycin toxicity by antioxidant nutrients. Food Chem. Toxicol.
48:1425-1438.

8. Stoner, G.D., Wang, L.S., Casto, B.C. (2008). Laboratory and clinical studies of cancer chemoprevention by
antioxidants in berries. Carcinogenesis 29: 1665-1674.

9. Wang, L., Stoner, G.D. (2008). Anthocyanins and their role in cancer prevention. Cancer Lett. 269: 281-290.

10. 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.

11. Hovmaln Persson, H.A., Jeppsson, N., Bartish, L.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.

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

ABR Vol 5 [2] June 2014 122|Page ©2014 Society of Education, India



13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Sainova et al

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

Ortega, A.L,, Mena, S., Estrela, ].M. (2011). Glutathione in cancer cell death. Cancers 3: 1285-1310.

Zdunczyk, Z., Frejnagel, S., Wroblewska, M., Juskiewicz, J., Oszmianski, ]., Estrella, I. (2002). Biological activity of
polyphenol extracts from different plant sources. Food Res. Int. 35: 183-186.

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 8-
cells. Bull. UASVM Vet. Med. 68(1): 313-319.

Zhu, W, Jia, Q., Wang, Y., Zhang, Y., Xia, M. (2012). The anthocyanin cyanidin-3-0-f3-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 Rad. Biol. Med. 52: 314-327.

Ellman, G.L. (1959). Tissue sulfhydryl groups. Arch. Biochem. Biophys. 82: 70-77.

Al-Abt, AM,, Mahmoud, A.M,, El-Sherbiny, G.A. El-Moselhy, M.A,, Nofal, S.M., El-Latif, H.A,, El-Eraky, W.L, 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.

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

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

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.

Emmert, S.W., Desai, D., Amin, S., Richie, ].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.

Han, X,, Gao, S., Cheng, Y., Sun, Y, Liu, W,, Tang, L., Ren, D. (2012). Protective effect of Naringenin-7-0-glycoside
against oxidative stress induced by Doxorubicin in H9c2 cardiomyocytes. Bio Sci. Trends 6(1): 19-25.

Han, X, Pan, |, Ren, D., Cheng, Y., Fan, P., Lou, H. (2008). Naringenin-7-0-glycoside protects against Doxorubicin-
induced toxicity in H9c2 cardiomyocytes by induction of endogenous antioxidant enzymes. Food Chem. Toxicol.
46:3140-3146.

Kaplowitz, N., Aw, T.Y., Ookhtens, M. (1985). The regulation of hepatic glutathione. Ann. Rev. Pharmacol. Toxicol.
25:715-744.

ABR Vol 5 [2] June 2014 123|Page ©2014 Society of Education, India



