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Abstract: Polyphenolics can act as prooxidants leading to the generation of reactive oxygen species and electrophilic 

metabolites which bind to DNA, protein and glutathione. The aim of the present study was to evaluate potential adverse 
effects of the long-term dietary administration of freeze-dried chokeberry juice to rats. 

Groups of 8 males and 8 females were exposed via diet to 0; 2; 6; 10 g juice/kg feed for 90 days. Mean food 

consumption and mean body weight gain of treated animals were comparable with controls. Changes in some 
hematological parameters were sporadic and non-dose-responsive. Several statistically significant changes in clinical 
chemistry parameters were considered no toxicologically relevant since they were of small magnitude and lacked 

correlating findings in histopathology. Histopathological examination did not reveal any changes that could be attributed 
to chokeberry juice intake. Determination of oxidative damage markers in the liver demonstrated no damage of lipids, 
proteins and DNA. Chokeberry juice intake improved antioxidant status of rats as evidenced by a decrease in the level of 

lipid peroxidation, an increase in reduced glutathione concentration and an increase in some antioxidant enzymes 
activity.  

It could be concluded that freeze-dried chokeberry juice is safe at doses tested and can be used as a component of food 

supplements. 
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INTRODUCTION 

It is generally accepted that plant derived food exert 

beneficial effects on human health, particularly on 

some degenerative diseases. The mechanisms behind 

the protective actions of fruit and vegetables are not 

fully understood yet. One hypothesis is that fruit and 

vegetables contain factors that strengthen the defense 

against oxidative stress/reactive molecules. According 

to this hypothesis, the chronic intake of dietary 

antioxidants would lead to a sustained decrease in 

oxidative damage to key structures in the body 

including lipids, proteins and DNA [1].  

Anthocyanidin- or proanthocyanidin-rich products 

are one of the most common food supplements on the 

market [2]. Berries of Aronia melanocarpa (chokeberry) 

are a rich source of these compounds. Many beneficial 

properties of chokeberry stem from its radical 
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scavenging and antioxidant activity. Antimutagenic [3,4] 

and anticancer [5,6] properties have been 

demonstrated in cell lines and in in vivo experiments. 

Lipid-lowering, antiagregative and vasoactive action of 

chokeberry constituents contribute to its 

cardioprotective activity. In rats with 

hypercholesterolemia supplementation of diet with 

chokeberry juice caused a decrease in the levels of 

cholesterol, LDL and triglycerides [7]. In patients with 

metabolic syndrome beneficial effect of chokeberry 

juice on blood lipid concentration or antioxidant status 

and endothelial inflammation was observed. 

Antihypertensive properties of chokeberry extracts 

were confirmed in several clinical trials [8]. Moreover, 

hepatoprotective [9,10] as well as gastroprotective [11] 

activity of chokeberry have been demonstrated in 

laboratory animals.  

However, dietary phenolics have been shown to act 

as prooxidants in systems containing redox-active 

metals. In the presence of O2 transition metals such as 

copper and iron catalyze the redox cycling of phenolics 

leading to the formation of ROS and phenoxyl radicals 
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that can damage DNA, lipids and other 

macromolecules [12]. Thus consumption of large 

amounts of flavonoids in the form of concentrated 

supplement may not be safe. Some authors have 

shown that oxidation of catechol B ring-containing 

flavonoids results in the formation of semiquinone and 

quinine-type metabolites. These compounds may act 

as electrophiles binding to cellular macromolecules 

[13]. For this reason consumption of large quantities of 

phenolic compounds in the form of diet supplements is 

not recommended [14]. Such prooxidant effects have 

been so far demonstrated in a series of in vitro studies 

but scarcely seen in animal models [15].  

To the best of our knowledge, no studies have been 

reported in which the effects of long-term chokeberry 

intake on hematological, clinical chemistry parameters 

and tissues morphology were assessed. Hence, the 

aim of the current study was to investigate the safety of 

the dietary administration of freeze-dried chokeberry 

juice to rats for 90 days. 

MATERIALS AND METHODS 

Test Material 

To commercially available chokeberry juice (Vincon, 

Konin, Poland) a proper amount of medium DE 

maltodextrin was added and the mixture was frozen at -

50
o
C for 24h. Freeze-drying was performed in 

Labconco apparatus (USA). In the final product the 

ratio of maltodextrin
 
and juice was 1:1. Maltodextrin 

was added to decrease hygroscopicity of dried juice. 

The content of polyphenols was determined by HPLC 

according to Oszmia ski and Wojdy o [16]
 
(Table 1). 

Trolox equivalents antioxidant capacity measured in 

the ABTS decolorisation assay [17] was 204.1±4.4 

mM/g. Thirty one grams of freeze-dried material is 

equivalent to 100 ml of fresh juice. 

Preparation of Dose Formulations 

Freeze-dried chokeberry juice was mixed into 

certified laboratory feed Labofeed H (ISO 22 000) to 

get concentration 2; 6; 10g/kg feed, and pellets were 

prepared. The homogeneity and the stability of test 

substance was checked three times during the study by 

the extraction of feed samples with methanol/water 

mixture (1:1) and spectrophotometric measurement of 

anthocyanin concentration [18].  

Chemicals 

The reagent kit for protein carbonyl determination 

was purchased from BioCell Corp.Ltd (New Zealand). 

Agarose for comet assay was purchased from Prona 

(USA). Other chemicals were from Sigma-Aldrich (St 

Louis, USA) and local suppliers. 

Table 1: Content of Polyphenolic Compounds in 
Chokeberry Juice (mg/100 g) 

Compounds  

Chlorogenic acid  

Neochlorogenic acid  

Cyanidin-3-galactoside  

Cyanidin-3-arabinoside  

Quercetin-3-galactoside  

Quercetin-3-glucoside  

Quercetin-3-vicianoside  

Cyanidin-3-glucoside  

Cyanidin-3-xyloside  

Rutin  

Quercetin-3-robinobioside  

Polymeric procyanidins  

234.0 

234.3 

178.6 

71.7 

19.0 

9.3 

8.9 

8.5 

8.5 

8.1 

4.5 

546.3 

Sum  1331.6 

 

Animals 

Wistar rats bred in the Department of Toxicology, 

Pozna  University of Medical Sciences, Poland were 

used. Animals were held (4 rats/cage) in polycarbonate 

cages (Techniplast, Italy) with wood shavings in a room 

maintained under 12h light/dark cycle, 21±2
o
C, 37-55% 

relative humidity. Commercial diet (ISO 20000 certified 

laboratory feed Labofeed H) and drinking water were 

available ad libitum. 

Experimental Design 

Forty male and forty female Wistar rats weighing 

181±10g and 135±10g, respectively, were divided 

randomly into four groups, 8 rats each: controls and 

exposed via diet to 2,6,10g of chokeberry juice/kg feed 

for 90 consecutive days. Control animals were given 

feed with proper amounts of maltodextrin 

corresponding to that in the feed containing the highest 

dose of the test substance. Animals were observed 

twice a week for signs of toxicity. Body weights were 

recorded weekly during the study. Feed consumption 

was assessed by weighing the feeders. The intake of 

test substance was calculated weekly from the nominal 

test substance concentration, the feed consumption 

and mean body weight. At 91 day of feeding the rats 

were anesthetized with ketamine, blood was withdrawn 

from the heart and the organs were harvested for 

histopathological examinations. The weights of liver, 

kidneys, lung, heart, brain, spleen, testes were 
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recorded. The livers were perfused with ice cold 1.15% 

KCl and portions were dissected and stored at -80
o
C 

for determination of biochemical parameters. 

The experiment was performed according to the 

guidelines of the Local Ethics Committee for animal 

experimentation. 

Clinical Pathology 

Hematological parameters evaluated included 

erythrocyte count (RBC), total and differential leukocyte 

count (WBC), hemoglobin (HGB), hematocrit (HCT), 

mean corpuscular volume (MCV), mean corpuscular 

hemoglobin (MCH), mean corpuscular hemoglobin 

concentration (MCHC), platelet count (PLT). 

Hematological parameters were determined using an 

automated hematology analyser Cell-Dyn 3700 (Abbott 

Laboratories, Illinois, USA). Clinical chemistry 

parameters evaluated in separated serum included 

alanine aminotransferase, aspartate aminotransferase, 

alkaline phosphatase, total cholesterol, total protein, 

glucose, blood urea nitrogen, creatinine, calcium, 

sodium, potassium, inorganic phosphorus, chloride. 

Serum clinical chemistry parameters were determined 

using a chemistry analyser XL 300 (Erba Diagnostics, 

Mannheim, Germany) and reagents purchased from 

Biosystems (Spain). 

Anatomic Pathology 

At the time of necropsy the rats were examined 

grossly and the following organs were collected 

adrenals, aorta, bone marrow, brain, colon, esophagus, 

heart, ileum, kidneys, liver, lungs, ovaries, pancreas, 

pituitary gland, pancreas, spleen, stomach, testes, 

thyroid, trachea, urinary bladder, uterus. The tissues 

were fixed in 4% buffered formalin solution for 24h and 

processed for paraffin embedding by standard 

methods. The paraffin blocks were sectioned at 5μm 

stained with hematoxylin & eosin and examined by light 

microscopy. 

Biochemical Assays 

Lipid peroxidation in the liver homogenate was 

assessed by measuring thiobarbituric acid reactive 

substances (TBARS) [19]. Reduced glutathione content 

in the liver was assayed with Ellman’ s reagent [20]. 

Protein carbonyl concentration in the liver was 

determined by ELISA method according to the manu-

facturer instruction. Alkaline comet assay in the liver 

was performed according to the method described by 

Hartman et al. [21]. Antioxidant enzymes were assayed 

in the liver cytosol. Superoxide dismutase (SOD) 

activity was determined using spontaneous epinephrine 

oxidation [22]. Catalase (CAT) activity was determined 

by the measurement of hydrogen peroxide reduction 

[22]. Glutathione peroxidase (GPx) and glutathione 

reductase (GR) activities were assayed by measuring 

NADPH oxidation using as a substrate hydrogen 

peroxide or oxidized glutathione, respectively [23].  

Statistical Analysis 

The GraphPad InStat statistical package (version 3) 

was used. The mean values and standard deviations 

were calculated separately for males and females. One 

way analysis of variance (ANOVA) followed by the 

Student-Newman-Keuls test for multiple comparisons 

was used. p< 0.05 was considered the limit of 

significance. 

RESULTS AND DISCUSSION 

Analysis of the total content of anthocyanins in the 

diet preparations showed standard deviation of about 

10% demonstrating that the test substance was stable 

and homogenously mixed into feed. 

We have used dietary achievable dosing levels. On 

the basis of the feed consumption values and the 

nominal dietary concentration of chokeberry juice, the 

calculated mean daily intake of test substance was 

0.15; 0.44; 0.71g/kg b.w./day in males and 0.15; 0.42; 

0.70 g/kg b.w./day in females (Table 2).  

Table 2: Mean Food Consumption and Final Body Weight of Rats Fed Chokeberry Juice 

Food consumption 

(g/rat/day) 

Final body weight 

(g) 

Dosage level 

(g/kg feed) 

Males  Females  Males Females 

Control feed 21.5  13.6   336.7 184.8 

2 23.4 15.2  318.8 195.4 

6 20.9  14.4  323.8 191.2 

10 21.0  13.4  347.5 202.2 
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Mean body weight gain in the treated rats did not 

differ from that in controls throughout the experiment 

(data not shown). There were no statistically significant 

differences in final body weight and mean food 

consumption between controls and rats administered 

chokeberry juice (Table 3).  

Statistically significant hematology findings are 

presented in Table 4. Changes in some white blood 

cells fractions, hematocrit, mean corpuscular volume, 

mean corpuscular hemoglobin, mean corpuscular 

hemoglobin concentration, were sporadic and non-

dose-responsive. Increased platelet count values in 

both sex mid- and high-dose groups by 21% - 29%, 

were likely treatment-related, however, they did not 

demonstrate a dose response relationship, had no 

histologic correlate and were determined to be within 

historical controls. 

No toxicologically relevant changes were noticed in 

clinical chemistry parameters (Table 5). However, the 

following statistically significant changes were 

observed: increased alkaline phosphatase by 28% 

(low-dose male), decrease in alanine aminotransferase 

by 23% and 24% (low-dose male and female), 

decrease in chloride by 6% and 5% (low- and mid-dose 

male and female), increase in creatinine by 21% and 

22% (mid-dose male and female), slight decrease in 

sodium by 2% (all treatment groups) and slight 

increase in calcium by 8% and 11% (mid-dose male 

Table 3: Mean Calculated Test Substance Consumption 

Mean calculated test substance consumption 

(g/kg b.w./day) 

Dosage level 

(g/kg feed) 

Males Females 

Control feed 0 0 

2 0.15 

0.11 - 0.22 

0.15 

0.11 - 0.22 

6 0.44 

0.32 - 0.51 

0.42 

0.32 - 0.51 

10 0.71 

0.64 - 1.07 

0.70 

0.64 - 1.07 

Means and ranges of test substance consumption are presented. 

Table 4: Summary of Statistically Significant Hematology Findings in Rats Exposed to Chokeberry Juice 

Dietary chokeberry juice (g/kg feed) 
Parameter 

sex 0 2 6 10 

M 87.9 ± 2.8 90.0 ± 2.4 88.1 ± 1.9 89.1 ± 2.0 Lymphocytes (%) 

F 93.0 ± 1.1 90.1 ± 2.5* 89.0 ± 2.2* 90.8 ± 2.3 

M 3.5 ± 0.9 2.3 ± 0.6* 3.0 ± 0.7 2.8 ± 0.6 Monocytes (%) 

F 2.0 ± 0.6 2.5 ± 0.6 2.9 ± 1.0 2.5 ± 0.6 

M 0.30 ± 0.16 0.16 ± 0.11 0.12 ± 0.06* 0.23 ± 0.14 Basophiles (%) 

F 0.14 ± 0.11 0.18 ± 0.10 0.16 ± 0.08 0.26 ± 0.11 

M 45 ± 3 47 ± 2 45 ± 1 46 ± 1 Hematocrit (%) 

F 45 ± 2 46 ± 2 44 ± 2 49 ± 2* 

M 53.1 ± 3.4 57.6 ± 2.3* 54.0 ± 1.4 54.2 ± 0.5 Mean corpuscular 

volume (fl) F 56.9 ± 3.4 60.5 ± 0.8* 57.5 ± 1.2 60.5 ± 2.0* 

M 17.1 ± 1.1 18.6 ± 1.0* 18.1 ± 0.6 17.9 ± 0.8 Mean corpuscular 

hemoglobin (pg) F 18.3 ± 0.4 19.0 ± 0.5 19.1 ± 0.8* 17.8 ± 0.6 

M 321 ± 16 322 ± 14 335 ± 9.5 331 ± 14 Mean corpuscular hemoglobin 

concentration (g/l) 
F 321 ± 14 315 ± 9.6 332 ± 9.6 294 ± 8.0* 

M 1108 ± 128 1192 ± 118 1414 ± 183* 1429 ± 150* Platelet count (G/l) 

F 1110 ± 83 1239 ± 73 1338 ± 113* 1354 ± 177* 

Means and standard deviations are presented, n = 8. 
*Significantly different from controls, p< 0.05. 
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and female). These changes were of small magnitude, 

were not observed in a dose-related manner and 

lacked correlating changes in other clinical chemistry 

parameters. Hence, they were considered as incidental 

biological variations, not treatment related adverse 

effects. 

There were no significant differences in any relative 

mean organ weight between controls and treated rats 

(data not shown). 

Microscopic examination of tissue sections did not 

reveal any pathology that could be attributed to 

chokeberry juice intake. All observed findings were 

consistent with normal background changes typical of 

this strain and age of rats and were randomly 

distributed among treated and control rats. 

To examine potential adverse effect of long-term 

administration of chokeberry juice on hepatic cellular 

macromolecules, the markers of oxidative damage to 

lipids, protein and DNA were examined (Table 6). Lipid 

peroxidation level was slightly decreased in almost all 

treatment groups, however, the changes reached 

statistical significance only in mid-dose males and 

females (about 20%). At the same level of dosing the 

increased concentration of reduced glutathione (by 

20%) was observed in males and females. The content 

of carbonyl groups in protein, a marker of protein 

oxidative damage, was not changed as compared to 

controls. Similarly, no changes in the level of DNA 

damage, determined by comet assay, were noticed. 

Therefore, it could be concluded that the long-term 

intake of chokeberry juice in doses used does not 

cause oxidative damage to lipids, DNA and proteins. 

Activity of three antioxidant hepatic enzymes was 

elevated in treated rats as compared to controls (Table 

7). The most distinct, however, not dose-related 

increase was noted in catalase activity, by 77% - 

264%. Superoxide dismutase activity was increased by 

about 30% only in two groups of females fed 2 and 6 g 

of juice/kg feed. Glutathione peroxidase activity was 

elevated by 17%-69% in all treatment groups (except 

for the high-dose males), however, without any relation 

to dose. Response of glutathione reductase to 

chokeberry juice was the opposite since a moderate 

decrease in its activity (16% - 29%) was noted in 

treated rats. It could be hypothesized that some 

components of chokeberry juice might inhibit this 

enzyme.  

Inhibition of GR activity by polyphenolic antioxidants 

has been demonstrated by other authors. Breinhold et 

al. [24] reported on the decrease in glutathione 

reductase activity in the liver of rats treated with 

quercetin and genistein. Decreased activity of GR was 

observed in rat liver cells incubated with delphinidin, (-) 

epicatechin, kaempherol, quercetin, luteolin, naringenin 

and apigenin [25]. Other authors [26]
 
postulated that 

the decreased activity of GR facilitates oxidation of 

glutathione leading to the more effective removal of 

hydrogen peroxide. As a result the antioxidant defense 

system of the tissue is enhanced. 

Table 5: Summary of Statistically Significant Clinical Chemistry Findings in Rats Exposed to Chokeberry Juice 

Dietary chokeberry juice (g/kg feed) 
Parameter 

sex 0 2 6 10 

M 107 ± 15 137 ± 17* 125 ± 17 127 ± 13 Alkaline phosphatase 

(U/l) F 118 ± 14 124 ± 33 122 ± 11 121 ± 27 

M 61.1 ± 10.7 46.8 ± 4.3* 54.7 ± 5.7 52.2 ± 12.9 
Alanine aminotransferase (U/l) 

F 61.6 ± 11.0 47.1 ± 7.2* 49.2 ± 9.2 49.0 ± 10.1 

M 94.8 ± 1.4 88.7 ± 2.4* 90.0 ± 5.8* 96.1 ± 2.1 
Chloride (mmol/l) 

F 95.7 ± 3.0 89.8 ± 1.3* 90.9 ± 6.0 93.6 ± 2.1 

M 51.1 ± 4.9 54.0 ± 6.0 61.9 ± 5.8* 54.4 ± 6.3 
Creatinine (mmol/l) 

F 50.1 ± 5.1 52.5 ± 3.5 61.1 ± 5.6* 53.4 ± 5.5 

M 144 ± 1.9 140 ± 1.8* 141 ± 0.9* 140 ± 2.0* 
Sodium (mmol/l) 

F 144 ± 1.0 141 ± 1.5* 142 ± 1.0* 142 ± 1.2* 

M 2.79 ± 0.11 2.72 ± 0.07 3.01 ± 0.13* 2.80 ± 0.17 
Calcium (mmol/l) 

F 2.66 ± 0.12 2.69 ± 0.18 2.94 ± 0.23* 2.82 ± 0.11 

Means and standard deviations are presented, n = 8. 
*Significantly different from controls, p<0.05. 
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Table 6: Effect of Chokeberry Juice on Oxidative Stress Parameters in the Liver of Rats 

Dietary chokeberry juice (g/kg feed) 
Parameter 

sex 0 2 6 10 

M 15.8 ± 3.0 14.8 ± 2.7 12.1 ± 0.9* 

[  24%] 

17.2 ± 2.0 Lipid peroxidation 
(nmol TBARS/mg protein) 

F 15.5 ± 2.8 13.1 ± 1.4 12.4 ± 1.6 13.4 ± 1.5 

M 0.24 ± 0.03 0.23 ± 0.02 0.24 ± 0.06 0.22 ± 0.04 Carbonyl groups 

(nmol/mg protein) F 0.17 ± 0.01 0.14 ± 0.02 0.16 ± 0.02 0.16 ± 0.02 

M 64 ± 5 62 ± 7 64 ± 5 65 ± 7 DNA damage 

(arbitrary points) F 65 ± 4 68 ± 6 63 ± 7 67 ± 6 

M 2.49 ± 0.29 2.35 ± 0.23 3.03 ± 0.37* 

[ 20%] 

2.58 ± 0.25 

Reduced glutathione 

(nmol/g liver) 
F 

2.06 ± 0.25 1.92 ± 0.31 2.52 ± 0.28* 

[ 23%] 

1.87 ± 0.16 

Means and standard deviations are presented, n = 8. 
*Significantly different from controls, p<0.05. 
TBARS – thiobarbituric acid reactive substances. 
Values in parentheses express percentage of change. 

 

Table 7: Effect of Chokeberry Juice on Antioxidant Enzymes Activity in the Liver of Rats 

Dietary chokeberry juice (g/kg feed) 
Parameter 

sex 0 2 6 10 

M 3.20 ± 0.51 8.71 ± 0.95* 

[ 172 %] 

11.66 ± 1.16* 

[ 264 %] 

5.66 ± 0.66* 

[ 77 %] 

Catalase (CAT 

(U/mg protein) 

F 1.81 ± 0.19 3.73 ± 0.57* 

[ 106 %] 

2.46 ± 0.20 6.42 ± 0.93* 

[ 254 %] 

M 27.4 ± 3,1 27.7 ± 3.2 26.9 ± 3,3 25.4 ± 3.4 Superoxide  

dismutase (SOD) 

(U/mg protein) 
F 25.7 ± 3,4 33.0 ± 2.3* 

[ 29%] 

32.5 ± 3.5* 

[ 27%] 

27.4± 4.2 

M 353 ± 35 598 ± 53* 

[ 69%] 

425 ± 57* 

[ 20%] 

413 ± 47 Glutathione peroxidase (GPx) (nmol 
NADPH /min/mg protein) 

F 481 ± 44 562 ± 46* 

[ 17%] 

596 ± 41* 

[ 24%] 

570 ± 65* 

[ 18%] 

M 111.9 ± 14.2 91.5 ± 11.5* 

[ 18%] 

93.2 ± 12.2* 

[ 17%] 

96.9 ± 11.4 Glutathione reductase (GR) (nmol 
NADPH /min/mg protein) 

F 102.7 ± 13.9 86.6 ± 8.0* 

[ 16%] 

82.7 ± 10.2* 

[ 20%] 

73.2 ± 12.3* 

[ 29%] 

M 813 ± 90 783 ± 65 761 ± 89 734 ± 66 Glutathione  

S-transferase (GST) (nmol 
CDNB/min/mg protein) 

F 535 ± 81 610 ± 72 629 ± 83 564± 50 

Means and standard deviations are presented, n = 8. 
*Significantly different from controls. 
Values in parentheses express percentage of change. 

In our previous study, fresh chokeberry juice was 

administered to male rats for 28 days at a dose 10 

ml/kg b.w. and no changes in the activity of CAT, GPx 

and GR were observed but in contrast to the current 

results, the SOD activity was decreased [10]. Thus, it 

could be suggested that the response of antioxidant 

enzymes to chokeberry juice intake depends on the 

time of feeding and the modulation of their activity 

occurs as a result of long-term administration. 

Overall, the effect of chokeberry juice on antioxidant 

status of rats can be considered beneficial. According 
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to Nelson et al. [27]
 
induction of antioxidant enzymes 

by diet phytochemicals is more advantageous than 

supplementation with exogenous antioxidants whose 

efficiency is limited since they are stoichiometrically 

rapidly consumed in processes of antioxidant defense. 

CONCLUSION 

The results of the current study demonstrated that 

rats well tolerated freeze-dried chokeberry juice up to 

0.7g/kg b.w./day for 90 days. The juice tested did not 

induce any significant changes in hematological and 

clinical chemistry parameters as well as in organs and 

tissues morphology. Moreover, long-term supplemen-

tation with chokeberry juice enhanced antioxidant 

status in the liver of rats. However, the presented data 

about the lack of adverse effects of chokeberry juice 

derive from the experiment on small population of 

animals and cannot be referred directly to humans. 

Hence, further observational studies would be 

recommended to prove the safety of the material tested 

as a potential component of food supplements. 
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