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Abstract

Antioxidant status in patients with chronic myeloid leukemia (CML) is significantly decreased in comparison with healthy individuals.
Oxidative stress (OS) may be associated with the pathophysiology of CML and can influence on development of resistance to imatinib.

The aim of our study was to investigate the effect of Aronia melanocarpa extract (A-lixir 400 PROTECT®) on OS in CML patients
treated with imatinib.

In this study a total of 40 CML patients treated with imatinib for longer than 1 month were included: twenty patients were treated with
imatinib and A-Lixir 400 PROTECT® (treatment group) and twenty patients were treated only with imatinib (control group). OS parameters
(d-ROM, PAT and OSI) were measured at the initial visit, and after 21 and 42 days of treatment. Adjuvant treatment with A-Lixir 400
PROTECT® could lead to attenuation of OS. d-ROM and OSlI in this group of patients were significantly higher at initial visit when
compared to values after 21 and 42 days of treatment (p<0.05). Total antioxidant capacity (PAT) was significantly higher after 21 and 42
days of treatment initiation in comparison with the pretreatment values. In the control group no significant differences were obtained
between investigated parameters at any time of measurement. We can conclude that adjuvant treatment with A-Lixir 400 PROTECT® after
21 and 42 days lead to significant reduction of OS in patients with CML treated with imatinib.
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uncontrolled proliferation of myeloid cells in the bone
marrow and in the peripheral blood without the loss of their
capacity to differentiate. The distinctive cytogenetic
abnormality in CML and the hallmark of the disease is the
presence of Philadelphia (Ph.) chromosome caused by

Introduction

Chronic myeloid leukemia (CML) is a clonal
myeloproliferative neoplasm characterized by
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reciprocal translocation t (9; 22) (q34; q11) with fusion of
BCR and ABL1 genes into the pathogenic BCR-ABL1
oncogene (Gao et al., 2009; Udensi et al., 2014). The BCR-
ABL1 oncogene is responsible for constitutive activation of
the tyrosine kinase pathway that leads to uncontrolled
proliferation of mutant hematopoietic stem cells (HSCs) in
comparison to normal HSCs with consecutive gradual
displacement of normal HSCs.

The clinical signs of chronic myeloid leukemia
(CML) develop gradually and evolve as the disease
advances through its three stages: chronic, accelerated, and
blast with most of the patients being diagnosed in the
chronic phase. Symptoms of CML vary widely, ranging
from no apparent symptoms to those arising from overt
leukostasis, which is more prevalent in the blast phase.
However, hyperleukocytosis is a common feature observed
in virtually all patients across all phases of the disease.
Other symptoms may include splenomegaly and
constitutional symptoms such as weight loss, fatigue,
malaise, fever of unknown origin, and early satiety. Hence,
consideration of a diagnosis of CML is warranted when a
patient exhibits leukocytosis, along with either a normal or
slightly elevated platelet count, a peripheral blood smear
revealing immature granulocytes, eosinophilia, basophilia,
and evidence of splenomegaly. For final diagnosis of CML,
the demonstration of the BCR-ABL1 gene rearrangement is
essential. Studies investigating oxidative stress markers in
CML patients have revealed significant findings,
specifically, notable elevation of well-known oxidative
stress markers levels such as plasma malondialdehyde and
protein carbonyls (p<0.05) compared to healthy volunteers
(Ahmad et al., 2008). Additionally, antioxidant status was
significantly decreased in CML patients when compared to
healthy participants. These findings strongly suggest an
association  between  oxidative stress and the
pathophysiology of chronic myeloid leukemia. Such
insights not only enhance our understanding of CML but
also open avenues for exploring potential therapeutic
interventions targeting oxidative stress pathways to
improve patient outcomes.

The introduction of tyrosine kinase inhibitors (TKIs)
dramatically changed the therapeutic landscape of CML in
the last two decades, with life expectancy now being very
close to that of age matched individuals in the general
population (National Cancer Institute, 2024).

In CML, TKIs work by inhibition of the function of
the abnormal BCR-ABL1 protein responsible for
uncontrolled myeloproliferation, resulting in CML cells
apoptosis. Imatinib mesylate was the first protein-tyrosine
kinase inhibitor with the capacity to block the constitutive
action of BCR-ABL1 protein causing subsequent
downstream apoptosis without further cell differentiation.

Despite the fact that imatinib is the current gold
standard for newly diagnosed adult and pediatric CML
patients in chronic phase, there is a rising concern regarding
primary or acquired drug resistance. Many studies have
investigated the involvement of oxidative stress (OS) not

only in the CML pathogenesis but also its contribution in
the development of drug resistance. Although the
involvement of OS in the CML pathogenesis is already
acknowledged, there are numerous additional factors
(comorbidities, additional therapies) that can modulate the
OS and maybe affect the evolution and prognosis of this
disease.

Recent papers have shown the potential benefits of
concomitant use of antioxidants and TKIs in CML patients
in an attempt to reduce OS.

Aronia melanocarpa (A. melanocarpa) or black
chokeberry is a fruit/plant which belongs to the Rosaceae
family and is native to North America (Milosavljevic et al.,
2021; Ren et al., 2022). However, it has been commonly
used in Europe as ingredient for juices, wine, jams, teas and
cordial liqueurs (Milosavljevic et al., 2021; Ren et al.,
2022; Sidor et al., 2019; Yang et al.,, 2021). Among
numerous plant foods, berry fruits are known to have the
greatest antioxidant potential due to the large amount of
polyphenols (Milosavljevic et al., 2021; Van Hung, 2016).
Chokeberry (Aronia melanocarpa) has a significantly
higher content of polyphenols, such as anthocyanins,
flavonols, proanthocyanidins, and phenolic acids, and
consequently higher antioxidant activity than other berries
(Ovaskainen et al., 2008; Skupien et al., 2005). Previous
studies showed that chokeberry fruit and extracts exert
extensive beneficial effects in chronic diseases, especially
in diseases connected with oxidative stress (Jankowski et
al., 2000; Jurikova et al., 2017; Milosavljevic et al., 2021;
Minato et al., 2003; Ren et al., 2022). Recent researches
have focused their attention on A. melanocarpa due to its
numerous health benefits in a broad range of pathological
conditions. It has been reported that A. melanocarpa
exhibits substantial gastroprotective, hepatoprotective,
antiinflammatory and antiproliferative activity
(Milosavljevic et al., 2021; Thi Nhuan et al., 2018).
Furthermore, other health-promoting effects of plant
extracts  involve  antiatherosclerotic,  antiplatelet,
hypoglycemic properties, and may also reduce systolic and
diastolic pressure.

A-Lixir 400 PROTECT® is a product that contains
400 mg of polyphenols from a standardized extract of the
A.melanocarpa plant in 30 ml of solution. The composition
and representation of polyphenolic compounds in fresh
fruit, with and extract of aronia is similar, but differs in the
content and concentration of polyphenols. The extract is
the best source of bioavailable polyphenolic compounds
with strong antioxidant properties (Denev, 2012). The
amount of polyphenols in 30 mL of A-Lixir 400
PROTECT® solution corresponds to the daily intake
requirements for these compounds in the body. The
problems arise because only 7 to 15% of the daily
requirements for these compounds are ingested with the
usual diet. Also, the fact that despite a sufficient intake of
fresh fruits and vegetables, the resorption is not sufficient
due to the impossibility of their sufficient digestion, which
is why they are expelled through the feces, can also be a
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Table 1. Qualitative and quantitative composition of polyphenols in A-Lixir 400 PROTECT®

A-Lixir 400 PROTECT®
composition of polyphenols

polyphenols (mg) in 30 ml extract

FLAVONOIDS (total) 16.03
Rutin 3.55
Hyperoside 8.12
Isogarcetin 4.36
ANTOCYANS (total) 109.29
Cyanidine-3-galactoside 80.40
Cyanidine-3-glucoside 4.92
Cyanidine-3-arabinoside 19.71
Cyanidine-3-xyloside 4.26

problem (Burton-Freeman et al., 2019).
Table 1 shows the qualitative and quantitative
composition of polyphenols in A-Lixir 400 PROTECT®.
In order to further clarify these observations, we
evaluated and compared the oxidative stress parameters in
CML patients treated with imatinib only and CML patients
treated with imatinib plus A-Lixir 400 PROTECT®.

Material and methods

Patients

This open-label, controlled study carried out from June
2022 to December 2023 and included 40 patients (male
and female) with chronic myeloid leukemia treated with
imatinib. The patients were diagnosed at University Clinic
of Hematology, Medical faculty, Ss. Cyril and Methodius
University in Skopje, R.N. Macedonia using WHO 2017
diagnostic criteria for CML. The inclusion criteria were:
CML patients > 18 years old that underwent treatment with
imatinib for longer than one month, and who at the time of
inclusion were not receiving other antioxidants as adjuvant
treatment.

The exclusion criteria from the study were CML
patients with positive history of an allergic reaction to
pollen and/or to any of the components of the product
intended to be used; positive history of continuous use for
at least 30 days of chokeberry extract or another strong
antioxidant in the previous three months; patients with
clinically significant immunodeficiency conditions (organ
transplantation, use of immunosuppressive drugs, etc.);
patients with clinically significant liver or kidney disease;
patients with a history of drug and/or alcohol abuse in the
past 12 months; participation in other clinical studies in the
past two months.

In this study 20 patients (male and female) were
enrolled in the group treated with imatinib and A-Lixir 400
PROTECT® in the dose of 30 mL/day during 42 days. The
other control group of included 20 patients treated only
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with imatinib. Medical doctors included in the study were
in regular contact with the patients in order to check on any
health changes between the hospital visits and to confirm
the regular intake of the products.

Ethical approval

The research was conducted with respect to the
Helsinki Declaration on Medical Research and after
approval of the Ethics Committee of the Medical faculty,
Ss. Cyril and Methodius University in Skopje, R.N.
Macedonia, and all of the included patients signed a
consent form at the entry of the study.

Treatment and study products

In this study 20 patients (male and female) were
enrolled in the group treated with imatinib and A-Lixir 400
PROTECT?® in the dose of 30 mL/day during 42 days. A-
Lixir 400 PROTECT® is standardized A. melanocarpa
extract and an official product of the pharmaceutical
company Pharmanova (Belgrade, Serbia). This product
contains 400 mg/30mL of polyphenols, and the
recommended daily dosage is 30 mL.

The other group of 20 patients was control and was
treated with imatinib only.

During the study, patients from both group had three
clinical examinations by the investigators (screening at
initial visit and after 21 and 42 days of treatment).

At each visit, anamnestic data was taken from each
patient included in the study, a physical examination was
performed, and blood sample was taken for laboratory
analyzes (10 mL) and to determine the parameters of
oxidative stress (5 mL).

Methods for determination of oxidative stress parameters

PAT (total antioxidant power, iron reducing) and d-
ROMs (plasma peroxides) were measured on a FRAS5
analytical photometric system (H&D, Italy) (Alberti et
al.,2000; Carratelli et al., 2006). The instructions of the
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Table 2. Demographic characteristics of the patients

Characteristics

Control group (Imatinib) = SD

Treatment group (A-Lixir 400
PROTECT® and imatinib) + SD

Age (years) 54.35+16.71
Height (cm) 173.25+5.39
Weight (kg) 74.85+9.54
BMI 24.86+2.20

55.35+7.15
172.65+5.67
74.40+5.78
24.97+1.67

manufacturer were followed for the both tests. All samples
were stored frozen in an upright position in freezers at the
Institute of preclinical and clinical pharmacology and
toxicology at a temperature -80 + 10 °C until analyzed.
The procedure was done according to the
producers’ guidelines for the both, d-ROMs and PAT tests.
Three samples (on admission and after 21 and 42 days of
treatment) were collected and analyzed.

The d-ROMs and PAT are reported in equivalents of
H202 and ascorbic acid, respectively. The d-ROMs and
PAT reference normal values are 250-300
U. Carr (1 U. Carr = 0.08 mg H202/dL) and 2200-2800
U. Carr, respectively. Oxidative stress index (OSI) presents

information obtained from d-ROMs fast test and the PAT
test that is automatically calculated by the dedicated
spectrophotometer ~ FRASS5 with  normal  reference
values less than 40 given by the manufacturer (H&D srl,
43124 Parma, Italy).

Statistical analyses

Data was described as number and/or percentage, or
mean and standard deviation (SD) or standard error of mean
(SEM), where appropriate. Differences between groups
were explored using the t-test. A p-value less than 0.05 was
considered significant. All analyses were made using the
statistical program.

Table 3.  Laboratory parameters of control and treatment group

Parameters ~ Control group Group treated with A-Lixir 400 PROTECT®
Initial visit 21 days 42 days Initial visit 21 days 42 days

Hb (g/L) 134.9+13.18  132.6+9.57 135.15+8.77  131.6+12.60  131.2+10.29 134.05+9.99
Le (x 10°L)  13.98+24.74  10.05+10.29  8.8+5.38 10.96+14.17  9.06x7.31 10.76+6.76
Tr 221.6+£80.93  213.7480.99  224.15+85.81 217.154+86.02 219.6+92.6 211.15+78.93
(x1000/uL)
Glucose 5.71+0.95 5.60+0.99 4.75+1.37 5.53+0.83 5.63+0.62 5.45+0.49
(mmol/L)
Urea 4.75+1.37 5.55+1.18 5.27+0.99 5.28+2.20 5.31+1.68 5.55+1.77
(mmol/L)
Creatinine 85.6+12.69 85.3+9.81 83.25+8.66 96.7+14.8 89.4+15.35 92.05+14.99
(umol/L)
AST 23.75+7.35 26.05+6.50 25.55+5.09 27.3£5.57 29.3+5.05 27.4+4.50
(U/L)
ALT 28.75+14.30  29.95+13.12  26.75+7.28 28.55+7.92 27.8+7.60 32.749.31
(IU/L)
LDH 421.9+4232.31 366.16+92.57 330.8+83.43 516.1+278.94 469.35+150.92 366.55+97.58
(U/L)
Protein total ~ 73.1+6.41 73.25+6.83 73.65+6.49 71.3+6.41 72.8+7.61 72.35+7.21
(9/L)
Albumin 43+3.40 40.85+3.33 41.25+2.77 41.746.42 40.3+4.76 38.85+3.41
(9/L)
Bilirubin total ~ 10.57+4.27 10.843.49 10.45+3.35 11.143.78 10.63+3.57 9.97+3.45
(umol/L)
Cholesterol ~ 4.52+0.85 4.61+0.80 4.51+0.71 4.34+0.81 4.36+0.71 4.37+0.78
(mmol/L)
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Results

Demographic characteristics and laboratory findings

In our study 40 patients with chronic myeloid leukemia
were included; 20 in the control group were treated only
with imatinib and 20 were treated with imatinib plus A-
Lixir 400 PROTECT® for 42 days. In the control group 10
were female (50%) and 10 were male (50%), and in the
treated group with imatinib plus A-Lixir 400 PROTECT®,
7 were female (35%) and 13 were male (65%) (Table 2).

The laboratory values of the control group at their
initial visit were comparable with the treatment group.
There was not significant difference in laboratory
parameters between control group and treatment group
after twenty-one (21) and forty-two (42) days of treatment.
Also, no significant difference was shown between
laboratory parameters in control and treatment group
obtained at the initial visit at day 21 and at day 42 of
treatment. The mean values of some laboratory parameters
are presented in Table 3.

There was not statistically significant difference
between hematological and biochemical analyses in the
control group and treatment group while comparing pre-
treatment values and post- treatment values.

Effect of treatment with A-Lixir 400 PROTECT® on
oxidative stress markers

The results from our study suggest that adjuvant
treatment with Aronia melanocarpa extract (A-Lixir 400
PROTECT®) could lead to attenuation or even significant
reduction of oxidative stress. The results presented in Table
4 show that the parameters of the oxidative stress d-ROM,
PAT and OSI index in the control group and treatment
group before treatment and after 21 and 42 day treatment.

The results presented in Table 4 show that the
parameters of the oxidative stress d-ROM and OSI in the
treatment group were higher before treatment when
compared to the post treatment values after 21 days (8.5%
for d-ROM and 15.1% for OSI) and 42 days of treatment
(15.6% for d-ROM and 23.6% for OSI). For d-ROM, the
difference was statistically significant between values
obtained before treatment and 42 days of treatment
(p=0.0121) and for OSI the difference was statistically
significant between values obtained before treatment and
42 days of treatment (p=0.0105). Parameters of the
oxidative stress PAT was higher after 21 days (6.8%) and
42 days treatment (20.6%). For PAT the difference was
statistically significant between values obtained before
treatment and 21 days (p=0.0411) and 42 days of treatment
(p=0.0008).

No statistically significant difference was found
between parameters of the oxidative stress d-ROM, PAT
and OSI in the control group when compared pretreatment
values and post treatment values after 21 (for d-ROM,
p=0.0046 - statistically significant higher, for PAT,
p=0.4264 and for OSI, p=0.0958) and after 42 days
treatment (for d-ROM, p=0.2124, for PAT=0.1544 and for
Osl, p=0.0636).

Statistically significant difference was found between
parameters of the oxidative stress (d-ROM, PAT and OSI)
in control and treatment group when compared post-
treatment values after 42 days of treatment (for d-ROM,
p=0.0133, for PAT=0.0119, and for OSI, p=0.00007.
After 21 day of treatment, results revealed statistically
significant difference between parameters of the oxidative
stress d-ROM, p=0.0435 and OSI, p=0.0063. The
difference between control and treatment group for PAT
was not statistically significant after 21 days of treatment
(p=0.3181).

Table 4.  Mean oxidative markers in patients with chronic myeloid leukemia treated with imatinib (control group)
and in group treated with imatinib plus A-Lixir 400 PROTECT® (treatment group)
Parameters Initial visit+SD After 21 days After 42 days
d-ROM (U.Carr)+SD
control group 343.85+66.22 365.4+74.70 351.8+73.93
treatment group 336+101.18 307.30£99.52 283.65+91.21
PAT (U.Carr)£SD
control group 2646.25+708.24 2614.40+663.39 2590+663.69
treatment group 2653.20+666.15 2834.45+711.36 3200.65+793.9
OSI+SD

control group 74.85+20.82 79.90+22.39 82.20+23.72
treatment group 63.05+28.48 53.55+34.10 48.15+24.41
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Discussion

The literature highlights the involvement of oxidative
stress in the pathophysiology of CML, it’s influence in the
disease initiation and progression, as well as in the
development of resistance to imatinib therapy. Some
oncological treatments induce a proapoptotic effect through
oxidative stress. In CML, oxidative stress plays a role in
initiating the genetic mutation responsible for the BCR-
ABL1 oncogene formation. Imatinib is a synthetic tyrosine
kinase inhibitor used in the treatment of chronic myeloid
leukemia. Various mechanisms of imatinib resistance have
been identified, including BCR-ABL11 gene over
expression, BCR-ABL11 kinase mutations, and genetic
variation and/or altered expression of imatinib genetic
transporters. Among them, reactivation of the BCR-ABL11
protein by mutations in the kinase domain, such as the
T3151 mutation, has been documented as one of the most
prevalent mechanisms leading to imatinib resistance
(Ahmad et al., 2010; Labachevski et al., 2023; Sailaja et al.,
2010). Research in recent years has attributed a greater role
in the development of resistance to imatinib to oxidative
stress. The impact of oxidative stress in patients with
chronic myeloid leukemia is still unclear and more
profound investigations are necessary. Previous studies
have shown that the transformation of the BCR-ABL11
oncogene can be induced by the increased generation of
reactive oxidative compounds and subsequent redox
imbalance. It is well known that excessive production of
reactive oxidative compounds such as superoxide radicals
(02), hydrogen peroxide (H20;) and highly reactive
hydroxyl radicals (OH") leads to oxidative damage to lipids,
proteins and DNA. If not corrected, DNA damage can lead
to mutagenesis and cause the initiation or development of
various types of malignant tumors.

In our study we demonstrated that standardized
A.melanocarpa extract (A-Lixir 400 PROTECT®) showed
significant alleviation of markers of oxidative stress (d-
ROM, PAT and OSI) during forty-two days treatment in
patient with chronic myeloid leukemia treated with
imatinib longer than 1 month. Results from our previous
study confirm that patients with CML treated with imatinib
have a significantly higher level of oxidative stress
compared to healthy subjects as measured by markers of
oxidative stress, d-ROM and oxidative stress index (OSI)
(Labachevski et al., 2023).

Currently there are large number of data that prove the
antioxidant effect of A. melanocarpa and the polyphenols
found in its composition (Milosavljevic at al., 2021; Sidor
et al., 2019; Thi et al., 2018; Yang et al., 2021). Aronia
extract inhibits the enzyme 15-lipoxygenase and xanthine
oxidase which are peroxidative and prooxidative enzymes
and increase the production of reactive oxygen radicals
(ROS). The antioxidant properties of A. melanocarpa have
also been confirmed in clinical studies performed in healthy

volunteers who received chokeberry juice or chokeberry
ethanol extract for several weeks (Istas et al., 2019;
Sweeney et al., 2022). Some clinical trials indicated that
consumption of Aronia berries may not have sufficient
antioxidant activities measured by the biomarkers of
oxidative stress and the total antioxidant activity in plasma
and urine (Puuponen-Pimia et al., 2013).

Results from our study showed that daily
consumption of standardized extract of A. melanocarpa (A-
Lixir 400 PROTECT®) is effective in reducing the
oxidative stress in CML patients treated with TKI longer
than 1 month. The role of oxidative stress in the
development of resistance to imatinib becomes relevant in
studies published recently (Ammar et al., 2020; Ciarcia et
al., 2015; Gajski et al., 2019; Glowacki et al., 2021; Teppo
et al., 2017). A significant disturbance of the oxidative
status has been determined in CML patients treated with
imatinib, both in cases that have not developed resistance
to imatinib, and in patients that have acquired resistance to
the drug. In relation to a healthy population, changes were
observed in the values of the parameters that determine the
oxidative status of the organism: concentration of
malondialdehyde (MDA), catalase activity (CAT),
superoxide dismutase activity (SOD), glutathione
peroxidase activity (GPx), concentration of reduced
glutathione (GSH) and vitamin C. In these patients,
significantly higher values of malondialdehyde and
catalase activity and reduced values for the activity of
superoxide dismutase, glutathione peroxidase,
concentration of reduced glutathione and vitamin C were
detected. Additionally, significant differences in oxidative
status between patients who were resistant and the group of
patients who did not develop resistance to imatinib were
found. In the group of patients resistant to imatinib there
were significantly higher values of malondialdehyde
(MDA), and increased activity of catalase (CAT) and
superoxide dismutase (SOD). However, the conclusion
from these studies was that additional investigations are
needed, but with increasing evidence that the development
of resistance to imatinib was associated with oxidative
stress.

Conclusion

In summary, our results are in line with previous
studies demonstrating that standardized extract of A.
melanocarpa (A-Lixir 400 PROTECT®) given at dose of
30 ml during 21 and 42 days significantly reduced
oxidative stress parameters (d-ROM, PAT and OSI) in
CML patients treated with imatinib. The noteworthiness of
oxidative stress in the development of imatinib resistance
has become increasingly recognized. Further studies with a
longer duration and a larger number of patients are needed
to emphasize the importance of reducing oxidative stress in
CML patients.

Maced. pharm. bull., 69 (2) 9 — 17 (2023)



Effect of standardized Aronia Melanocarpa extract on oxidative stress and antioxidant... 15

References

Ahmad, R., Tripathi, A.K., Tripathi, P., Singh, R., Singh, S.,
Singh, R.K., 2010. Studies on lipid peroxidation and non-
enzymatic antioxidant status as indices of oxidative stress in
patients with chronic myeloid leukaemia. Singapore Med. J.
51(2), 110-115, PMID: 20358148.

Ahmad, R., Tripathi, K.A., Tripathi, P., Singh, R., Singh, S,
Singh K.R., 2008. Oxidative stress and antioxidant status in
patients with chronic myeloid leukemia. Indian Journal of
Clinical Biochemistry 23(4), 328-333 doi: 10.1007/s12291-
008-0072-9.

Alberti, A., Bolognini, L., Macciantelli, D., Caratelli, M., 2000.
The radical cation of N,N-diethyl-paraphenylendiamine: A
possible indicator of oxidative stress in biological samples.
Res. Chem. Interm. 26, 253-67. DOI
https://doi.org/10.1163/156856700X00769.

Ammar, M., Mahmoud, L.B., Medhaffar, M., Ghozzi, H.,
Sahnoun, Z., Hakim, A., Mseddi, M., Elloumi, M., Zeghai,
K., 2020. Relationship of oxidative stress in the resistance to
imatinib in  Tunisian patients with chronic myeloid
leukaemia: A retrospective study. J. Clin. Lab. Anal. 34,
€23050. https//doi.org/10.1002/jcla.23050.

Burton-Freeman, B., 2019. A Selective Role of Dietary
Anthocyanins and Flavan-3-ols in Reducing the Risk of Type
2 Diabetes Mellitus: A Review of Recent Evidence.
Nutrients 11(4), 841. https://doi.org/10.3390/nu11040841

Carratelli, M., lorio, E.L., Bianchi, ., 2006. Methods to measure
the oxidative stress. ADI Magazine 4(10), 405-14.
https://doi.org/10.2478/rjim-2021-0014 .

Ciarcia, R., Damiano, S., Puzio, M.V., Montagnaro, S., Pagnini,
F., Pacilio, C., Caparrotti, G., Bellan, C., Garofano, T.,
Polito, M.S., Giordano, A., Florio, S., 2015. Comparison of
Dasatinib, Nilotinib and Imatinib in the Treatment of
Chronic Myeloid Leukaemia. J. Cell Physiol. 231, 680-687,
PMID26235483.

Denev, N.P., 2012, Kratchanov G.C., Ciz M., Lojek A,
Kratchanova G.M. Bioavailability and Antioxidant Activity
of Black Chokeberry (Aronia melanocarpa) Polyphenols: in
vitro and in vivo Evidences and Possible. Mechanisms of
Action: A Review. Vol.11. Comprehensive Reviews in Food
Science and Food Safety. https://doi.org/10.1111/j.1541-
4337.2012.00198.

Gajski, G., Geric, M., Domijan, A.M., Golubovic, I., Gajic-
Vrhovac, V., 2019. Evaluation of oxidative stress responses
in human circulating blood cells after imatinibe mesylate
treatment-implications to its mechanism of action. Saudi
Pharmaceutical Journal 27, 1216-1221.
DOI: 10.1016/j.jsps.2019.10.005.

Gao, Y., Howard, A., Ban, K., Chandra, J., 2009. Oxidative stress
Promotes Transcriptional Up Regulation of Fyn in BCR-
ABL111-expressing Cells. Journal of Biological Chemistry
284(11), 7114-7125. DOI: 10.1074/jbc.M804801200

Glowacki, S., Synowiec, E., Szwed, M., Toma, M., Skorski, T.,
Sliwinski, T., 2021. Relationship between Oxidative stress
and Imatinib Resistance in Model Chronic Myeloid
Leukaemia Cells. Biomolecules 11, 610.
https//doi.org/10,3390/biom11040610.

Istas, G., Wood, E., Le Sayec, M., Rawlings, C., Yoon, J.,
Dandavate, V., Cera, D., Rampelli, S., Costabile, A.,
Fromentin, E., 2019. Effects of aronia berry (poly)phenols
on vascular function and gut microbiota: A double-blind
randomized controlled trial in adult men. Am. J. Clin. Nutr.

Maken. dhapm. ouir., 69 (2) 9 — 17 (2023)

110, 316-329.PMID: 31152545,DOI: 10.1093/ajcn/nqz075

Jankowski, A., Jankowska, B., Niedworok, J., 2000. The
influence of Aronia melanocapra in experimental
pancreatitis. Pol Merkur Lekarski 8 (48), 395-398. PMID:
10967916.

Jurikova, T., Mlcek, J., Skrovankova, S., Sumczynski, D.,
Sochor, J., Hlavacova, 1., Snopek, L., Orsavova, J., 2017.
Fruits of black chokeberry Aronia melanocarpain the
prevention of chronic diseases. Molecules 22,
944, https://doi.org/10.3390/molecules 22060944,

Labachevski, B., Popova-Labachevska, M., Panovska-Stavridis,
l., Trajkova, S., Pivkova-Veljanovska, A., Stojanoski, Z.,
Ridova, N., Zendelovska, D., Petrushevska, M., Balkanov,
T., 2023. Assessment and Corelation of Oxidative Stress
Between Healthy Adults and Adult Patients with Chronic
Myeloid Leukemia Treated With Imatinib. JMS 6(1), 51-61,
UDC:616-008.82:546.21:616.155.392.8-085.277.
DOI:10.55302/JMS23610511

Milosavljevic, M.I., Jakovljevic, Lj.V., Petrovic, D., Draginic,
D.N., Jeremic, J.J., Mitrovic, M., Zivkovic, I.V., Srejovic,
I.I., Bolevich, S., Andjelkovic, N., 2021. Standardized
Aronia melanocarpa extract regulates redox status in patients
receiving hemodialysis with anemia. Mol. Cell. Biochem.
476 (11), 4167-4175. doi: 10.1007/s11010-021-04225-y

Minato, K., Miyake, Y., Fukumoto, S., Yamamoto, K., Kato, Y.,
Shimomura, Y., Osawa, T., 2003. Lemon flavonoid,
eriocitrin, suppresses exercise-induced oxidative damage in
rat liver. Life Sci. 72(14), 1609-
1616. https://doi.org/10.1016/s0024-3205 (02) 02443-8

National Cancer Institute, 2024. Acute Myeloid Leukemia
Treatment  (PDQ®)-Health  Professional  Version.
https://www.cancer.gov.adult-ami-treatment.pdq.

Ovaskainen, M.L., Térrénen, R., Koponen, J.M., Sinkko, H.,
Hellstrom, J., Reinivuo, H., Mattila, P., 2008. Dietary Intake
and Major Food Sources of Polyphenols in Finnish Adults.
The Journal of Nutrition 138(3), 562-566, doi:
10.1093/jn/138.3.562.

Puupponen-Pimia, R., Seppanen-Laakso, T., Kankainen, M.,
Maukonen, J., Torronen, R., Kolehmainen, M., Leppanen,
T., Moilanen, E., Nohynek, L., Aura, A.M., 2013. Effects of
ellagitannin-rich berries on blood lipids, gut microbiota, and
urolithin production in human subjects with symptoms of
metabolic syndrome. Mol. Nutr. Food Res. 57, 2258-2263.
https://doi.org/10.1002/mnfr.201300280.

Ren, Y., Frank, T., Meyer, G., Lei, J., Grebenc, R.J., Slaughter,
R., Gao, G.Y., Kinghorn, D.A., 2022. Potential Benefits of
Black Chokeberry (Aronia melanocarpa) Fruits and Their
Constituents in Improving Human Health. Molecules
27(22), 7823. doi: 10.3390/molecules27227823.

Sailaja, K., Surekha, D., Rao, D.N., Rao, D.R., Vishnupriya, S.,
2010. Association of the GSTP1 gene (llel05Val)
polymorphism with chronic myeloid leukemia. Asian Pac. J.
Cancer Prev. 11(2), 461-464.
pmid:20843134&key=2010.11.2.461.

Sidor, A., Drozdzynska, A., Gramza-Michalowska, A., 2019.
Black chokeberry (Aronia melanocarpa) and its products as
potential health-promoting factors—an overview. Trends
Food Sci. Technol. 89, 45-60.
https://doi.org/10.1016/j.tifs.2019.05.006.

Skupien, K., Oszmianski, J., Kostrzewa-Nowak, D., Tarasiuk, J.,
2006: In vitro antileukaemic activity of extracts from berry
plant leaves against sensitive and multidrug resistant HL60
cells. Cancer Lett. 236(2), 282-291. doi: 10.1016/j.canlet.
05.018


https://doi.org/10.1007%2Fs12291-008-0072-9
https://doi.org/10.1007%2Fs12291-008-0072-9
https://doi.org/10.2478/rjim-2021-0014 
http://www.ncbi.nlm.nih.gov/pubmed/26235483
https://doi.org/10.1111/j.1541-4337.2012.00198.x
https://doi.org/10.1111/j.1541-4337.2012.00198.x
https://doi.org/10.1016/j.jsps.2019.10.005
https://doi.org/10.1074/jbc.m804801200
https://doi.org/10.1093/ajcn/nqz075
https://www.jms.mk/jms/article/view/vol6no1-7
https://www.jms.mk/jms/article/view/vol6no1-7
https://www.jms.mk/jms/article/view/vol6no1-7
https://www.cancer.gov.adult-ami-treatment.pdq/
https://doi.org/10.1002/mnfr.201300280
https://pubmed.ncbi.nlm.nih.gov/?term=Ren+Y&cauthor_id=36431924
https://pubmed.ncbi.nlm.nih.gov/?term=Frank+T&cauthor_id=36431924
https://pubmed.ncbi.nlm.nih.gov/?term=Meyer+G&cauthor_id=36431924
https://pubmed.ncbi.nlm.nih.gov/?term=Lei+J&cauthor_id=36431924
https://pubmed.ncbi.nlm.nih.gov/?term=Grebenc+JR&cauthor_id=36431924
https://pubmed.ncbi.nlm.nih.gov/?term=Slaughter+R&cauthor_id=36431924
https://pubmed.ncbi.nlm.nih.gov/?term=Gao+YG&cauthor_id=36431924
https://pubmed.ncbi.nlm.nih.gov/?term=Kinghorn+AD&cauthor_id=36431924
https://pubmed.ncbi.nlm.nih.gov/?term=Skupie%C5%84+K&cauthor_id=16039042
https://pubmed.ncbi.nlm.nih.gov/?term=Oszmia%C5%84ski+J&cauthor_id=16039042
https://pubmed.ncbi.nlm.nih.gov/?term=Kostrzewa-Nowak+D&cauthor_id=16039042
https://pubmed.ncbi.nlm.nih.gov/?term=Tarasiuk+J&cauthor_id=16039042

B. Labachevski, D. Zendelovska, M. Petrushevska, M. Popova-Labachevska, A. Pivkova-Veljanovska,
16 L. Gjatovska-Labachevska, N. Ridova, S. Trajkova, I. Panovska-Stavridis, T. Balkanov

Sweeney, M., Burns, G., Sturgeon, N., Mears, K., Stote, K.,
Blanton, C., 2022: The Effects of Berry Polyphenols on the
Gut Microbiota and Blood Pressure: A Systematic Review of
Randomized Clinical Trials in Humans. Nutrients 14, 2263.
https://doi.org/10. 3390/nu14112263

Teppo, H.R., Soini, Y., Karihtala, P., 2017. Reaktive Oxygen
Species-Mediated Mechanisms of Action of Targeted Cancer
Therapy. Oxidative Medicine and Cellular Longevity, Article
ID 1485283, 11 pages.
https//doi.org/10.1155/2017/1485283.

Thi, N.D., Hwang, E.S., 2018. Anti-cancer and anti-
inflammatory activities of aronia (Aronia melanocarpa)

leaves. Asian Pacific Journal of Tropical Biomedicine 8(12),
586-592. doi: 10.4103/2221-1691.248095

Udensi, K., Paul, B., 2014: Dual effect of oxidative stress on
leukemia cancer induction and treatment. Journal of
Experimental & Clinical Cancer Research 33, 106.
doi: 10.1186/s13046-014-0106-5.

Van Hung, P., 2016. Phenolic Compounds of Cereals and Their
Antioxidant Capacity. Crit. Rev. Food Sci. Nutr. 56(1), 25-
35. doi:10.1080/10408398.2012.708909

Yang, S.Q., Wang, D., Gao, Y.X., 2021. Advances in studies on
the function and application of Aronia melanocarpa. Food
Res. Dev. 42, 206-213.

Pe3ume

Edekr Ha crangapaAu3upaH eKCTPAKT 0/
Aronia Melanocarpa Bp3 oKCHIATUBHHOT CTpPeC U
AHTHOKCHIATUBHUOT CTATYC KAaj MAIIMEHTH CO XPOHUYHA
MHUEJIOMAHA JIeyKeMHUja TPETUPAHU €O UMATHHHO

Bojan JlaGauescku', [Iparuna 3ennenosckal, Mapuja Ierpymmesckal,
Mapuja ITonosa-JIabaueBcka?, Anexcanapa [TuBkosa-BejbaHoBCKa?,
JIunjana [atoBcka-JTaGauescka®, Cama TpajkoBa,

Upuna [Tanoscka-Craspumuc?, Tpajan bankanos?

YUnemumym 3a Hpemxnunuuxa u Knunuuxa @apmaxonozuja co Toxcuxonozuja,
Meouyuncku ¢axynmem, Ynusepzumem ,, Ce. Kupun u Memoouj “, 50 [ususuja 6,
1000 Cxonje, P.C. Makxedonuja
2J3V Vuusepsumemcmra Kunuxa sa Xemamonozauja, Meduyuncku ¢axyimem,
Yuusepsumem ,, Ce. Kupun u Memoouj *, 50 /Jususuja 6, 1000 Cxonje, P.C. Maxedonuja
SUncmumym 3a Mukpobuonozuja co Ilapasumonozuja, Meduyuncku gpaxyimem,
Yuusepzumem ,, Ce. Kupun u Memoouj “, 50 Jususuja 6, 1000 Cronje, P.C. Maxeoonuja

Kuayunu 300poBu: okcuaaruser crpec, d-ROM, PAT, OSI, xpoHuvHa MuenoHa ieykemuja, umMatuiuo, Aronia

melanocarpa

AHTHOKCHIAHTHHOT CTaTyC Kaj MalMeHTUTE CO XPOHMYHA MuenonaHa jeykemuja (XMJI) e 3HauajHO HamalsieH Kaj
nanuenture co XMJI Bo cnopenba co 3xpaBu ncrnmtanunu. OxcupatuBHUOT crpec (OC) mMoxke na Ouzpe moBp3aH co
narodusuonorujata Ha XMJI 1 pa3BojoT Ha pe3nCTEHINja KOH UMATHHUO.

LlenTa Ha HamaTa cTyauja Oemle na ce ucrnuTa edekToT Ha ekcTpakT oz Aronia melanocarpa (A-lixir 400 PROTECT®)

Bp3 OC kaj naunentu co XMJI TpeTnpanu co MaTHHUO.

Bo oBaa crynuja 6ea Birydenu Bkynso 40 nanuentu co XMJI kou Gea Tpetnpanu co uMaTHHUO mooaro o 1 mMecer:
JIBAECET NanuenT Oea Tpetupanu co umatunu6 u A-Lixir 400 PROTECT® (ucnuryBana rpyna) U JBa€CET MalUEHTH KOU
0ea TpeTHpaHU caMo CO UMAaTHHUO (KoHTpoJHa rpyma). [Tapamerpure Ha OC (d-ROM, PAT u OSI) Gea mepenu mpu mpBaTa

noceta u 1o 21 u 42 nena TpeTMmas.
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Anjysanten tpetman co A-Lixir 400 PROTECT® nosenysa 10 namanysame Ha OC. d-ROM u OSI Bo oBaa rpyna Gea
CUTHH()MKAHTHO TIOTOJIEMHU TIpeJl MIOYETOK Ha TPETMAHOT BO OJHOC Ha BpeqHOCTUTE noOueHu 1o 21 u 42 neHa TpetMaH
(p<0.05). Bxymuuot antrokcuaanteH kanauuret (PAT) uManie curHu(UKAHTHO MOrOJIeMU BpeAHOCTH 1o 21 u 42 neHa
TPeTMaH BO OJHOC Ha BPEIHOCTUTE NOOWEHH IpeJ ITOYEeTOK Ha TpeTMaHOT. Bo koHTponHarta rpyna He Oca 3a0eneixaHu
CUTHU()MKAHTHH Pa3IMKK IIOMETY HCIIMTYBaHHUTE NapaMeTpy JOOUEHU BO pa3lIMuHUTE BPEMEHCKH TOUYKU Ha MEpEIbe.

3aKiIydoK off 0Baa CTy[Mja € Jeka afjyBanTeH TperMan co A-Lixir 400 PROTECT® no 21 u 42 mena moBemyBa 10
3Ha4yajHO HamanyBame Ha OC kaj nanuenTn co XMJI Tpetupanu co MaTuHUO. .
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