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Abstract
Gentamicin (GM) is an aminoglycoside antibiotic used to treat bacterial infections. 
Nephrotoxicity refers to the impairments of the kidneys caused by the use of GM and can 
result in decreased kidney function and in severe cases, kidney failure. Aronia melanocarpa 
extract (AME), also known as the black chokeberry, has been used for its protective effects 
on the kidneys. AME concentration of 3.38  mg/kg (max antioxidant activity in  vitro) 
was used to determine its effectiveness against induced nephropathy during 30 days. GM 
treatment caused significant hypoalbuminemia and high values of globulins, creatinine, 
and urea compared to the control group. GM application lead to hemolysis occurrence, 
echinocytosis, and platelets aggregation. Significantly high values of segmented neutrophils 
and low values of non-segmented neutrophils were recorded in the blood of rats treated with 
chokeberry extract (AME). In the pre-treatment (AME + GM), severe hypochromic anemia 
and a significant improvement in hematological parameters, as well as a reduction of anemia 
in the post-treatment (GM + AME), were noted. Post-treatment AME also significantly 
regulates urea and creatinine values. Statistically significantly low hemoglobin values were 
found in all groups treated with AME. Current study suggests that compounds in the AME 
have a moderate beneficial effect against renal injury and anti-inflammatory properties that 
may help protect the kidneys from injury caused by GM.
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Introduction

An aminoglycoside antibiotic, gentamicin (GM), is used to treat severe gram-positive and 
gram-negative bacterial infections. It has been shown that direct tubular necrosis, which is 
mostly confined in the proximal tubule, is a hallmark of GM-induced nephrotoxicity [1]. 
Due to its high affinity for renal proximal convoluted tubules, gentamicin is particularly 
harmful to the kidneys [2]. GM-induced nephropathy is characterized by morphological 
and functional changes, including increased serum creatinine and proximal tubular edema 
and tubular necrosis [3]. It has been demonstrated that GM increases the production of 
reactive oxygen species. In numerous diseased conditions, including several models of 
renal injury, ROS have been proposed as a causal agent of cell death [4]. Nephrotoxic-
ity brought on by GM involves numerous pathways, including the decrease in renal blood 
flow, oxidative stress, inflammation, nitric oxide (NO) production, lipid peroxidation, the 
nuclear factor-B pathway, apoptosis, and the reduction in the effectiveness of kidney anti-
oxidant enzymes like superoxide dismutase (SOD), catalase, glutathione peroxidase, and 
reduced glutathione (GSH) [5–7]. After initiation of aminoglycoside therapy, blood urea 
nitrogen and serum creatinine often rise 7 to 10 days later. The loss of renal function only 
happens after the medication is finished in more than half of the instances of nephrotoxic-
ity [8].

To successfully prevent GM nephrotoxicity, substances with anti-inflammatory, anti-
apoptotic, or antioxidant action were administered. Numerous plant extracts used in tra-
ditional medicine have been found to have immunomodulatory and anti-inflammatory 
properties, which offers a justification for their therapeutic usage such as black chokeberry 
Aronia melanocarpa (Michx.) Elliott 1821, a member of the rose family (Rosaceae). This 
is due to the presence of polyphenolic compounds like anthocyanins (cyanidin 3-O-galac-
toside, cyanidin 3-O-arabinoside, cyanidin 3-O-xyloside, and cyanidin 3-O-glucoside), fla-
vonoids (quercetin 3-O-vicianoside, quercetin 3-O-robinobioside, and other quercetin glu-
cosides), phenolic acids, and vitamins C and E [9]. Chokeberry fruit extracts’ impact on 
the leukocyte pattern, phagocytic activity, and cytokine system in Wistar rats with induced 
immunosuppression was investigated. Results showed that A. melanocarpa extracts 
(AME) encourage fast immune system recovery in rats, normalize the leukocyte count, 
and enhance monocyte and neutrophil phagocytic indicators [10]. The antioxidant phe-
nolic compounds found in abundance in chokeberry berries have anti-inflammatory prop-
erties, suggesting that they may have therapeutic benefits for metabolic disorders and liver 
impairments [11]. Studies have shown that consumption of chokeberry juice can increase 
red blood cell count and hemoglobin levels, as well as improve antioxidant status in rats. 
Additionally, chokeberry supplementation has been shown to reduce oxidative stress and 
inflammation in rats, which can contribute to improved hematological parameters [12, 13].

The current research aims to examine the nephroprotective effects of AME pre- and 
posttreatment at biochemical, hematological, and cell morphology levels during GM-
induced nephropathy in Wistar rats.
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Material and Methods

Maintenance and Animal Models

A total of 30 Wistar rats aged 3 months (mean weight: 198.40 g) were used in this experi-
ment. In the Laboratory for Biochemistry and Physiology (University of Sarajevo-Faculty 
of Science), animals were separated based on sex and bred in accordance with guidelines. 
The rats were given free access to water and were fed Oxbow’s Essentials-Adult food, 
which is designed to meet the nutritional needs of adult rats (crude protein 15%, crude fat 
4%, crude fiber (min) 2%, crude fiber (max) 5%, moisture 10%, calcium (min) 1%, calcium 
(max) 1.5%, phosphorus 0.8%, vitamin A 8000  IU/kg, and vitamin E 125  IU/kg). They 
were kept in a standard laboratory environment with 12-h light/dark cycles at a temperature 
of 24 °C. It was necessary to provide the right care, housing, and handling of the animals 
during the experimental period. According to moral and legal standards, animal abuse was 
avoided. The “Declaration on Animal Rights,” “Universal Declaration on Animal Wel-
fare,” and “Law on the Protection and Welfare of Animals” were all followed while caring 
for animals used in study. The Law on the Protection and Welfare of Animals applies to 
experiments with animals (Official Gazette of BiH, No. 25/2009 and 9/2018) in Bosnia and 
Herzegovina.

Experimental Design

Five groups of rats (n = 6) with similar body weights were randomly assigned. Animal 
models are separated into groups as follows:

Control group (Ctr): 1 mL of 0.9% saline solution was administered i.p. for 5 days and 
water was given ad libitum
GM group: gentamicin (GM) 80  mg/kg b.w. was applied i.p. and water was given 
ad libitum
AME group: AME extract in concentration of 3.38 mg/kg was applied via oral gavage 
for 30 consecutive days
GM + AME group: GM (80 mg/kg) was administered i.p. for the first 5 days of experi-
ment in parallel with AME extract for 30 days via oral gavage
AME + GM group: Pretreatment with AME extract for 25  days via oral gavage was 
administered and for the last 5 days of the experiment GM (80 mg/kg) was i.p. applied

Dosage criteria for AME (3.38  mg/kg b.w.) showed maximum antioxidant activity 
in vitro and were chosen upon previous research done in the Laboratory for Organic Chem-
istry and Biochemistry, Department of Chemistry, Faculty of Science, University of Sara-
jevo. GM dosage criteria were chosen upon previous investigations [14, 15]. The timeline 
of the experiment and outlines are presented in Fig. 1.

Aronia Extract Preparation and Radical Scavenging Activity

Aronia melanocarpa fruit ethanol extracts (AME) were made utilizing ultrasound-assisted 
extraction (UAE). Aronia fruit was air-dried, crushed, and put into a flask with 70% etha-
nol. The flask was placed in a sonicator water bath at 20  °C for 45 min with aluminum 
foil covering it. The raw AME was evaporated using a rotary evaporator. Extracts were 



899Applied Biochemistry and Biotechnology (2024) 196:896–908	

1 3

collected and stored at 4 °C in glass flasks prior to analysis. The DPPH, ABTS, and DMPD 
techniques were used to evaluate the antioxidant activity of AME [16, 17].

Blood and Serum Collection

The University of Minnesota’s Research Animal Resources recommended using an intra-
peritoneal mixture of 60  mg/kg ketamine (Intervet International, Boxmeer, The Nether-
lands) and 7 mg/kg diazepam (Alkaloid, Skopje, North Macedonia) to provide long-lasting 
analgesia before cardiac puncture. The cervical dislocation was performed following heart 
puncture in accordance with AVMA Guidelines. Cardiac puncture was performed to get 
a total of 3 mL of whole blood without anticoagulants. One milliliter of blood was used 
for hematological analysis and to make blood smears for differential blood count analysis 
and 2 mL was centrifuged (3000 rpm, 10 min, 4 °C) to separate the serum (as explained 
below). Before being used in biochemical testing, serum was gently aspirated and stored 
at − 24 °C.

Analysis of Biochemical Parameters

The blood serum parameters were examined using a Spectronic® Thermo Scientific 
GenesysTM 20 spectrophotometer (USA) for a total of 6 parameters. Using the Biuret col-
orimetric test (Quimica Clinica Aplicada-QCA, Spain), which produces the recognizable 
purple-colored biuret complex when divalent copper interacts with protein peptide bonds 
in alkaline solution, the total protein level was determined. The ratio of the color inten-
sity to the protein concentration, which may be assessed photometrically, is one. Using the 
Rodkey’s colorimetric bromocresol green method (Semikem, Bosnia and Herzegovina), 
albumin levels in serum were measured. To obtain globulins, total proteins are subtracted 
from albumins (globulins = total proteins − albumins). Albumin and computed globulin 
values were used to generate the A/G ratio. Urea concentration in serum was determined 
by Urea DAM kit (Semikem, Sarajevo, Bosnia and Herzegovina). Creatinine (Semikem, 

Fig. 1   The timeline and endpoints of the experiment
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Bosnia and Herzegovina) was determined by Jaffe method where it forms a yellow com-
plex with sodium picrate, and is measured at 520 nm spectrophotometrically.

Hematological Parameters Evaluation and Differential Blood Count Analysis

Hematological parameters that were analyzed were as follows: red blood cell count (RBC), 
white blood cell count (WBC), hemoglobin concentration (Hb) and hematocrit values 
(Hct), RBCs indices (MCV, MCH, and MCHC), and differential blood count. A total of 
10 μl of blood and 1990 μl of Hayem reagent (Semikem, Sarajevo) was used for RBCs 
counting in five squares on a Neubauer hemocytometer (Merck, Germany).  In a total of 
20 µL of blood with 380 µl of Türk’s reagent (Semikem, Sarajevo) and counting in four 
squares on a Neubauer enhanced hemocytometer, the total number of WBCs was deter-
mined. Hemoglobin concentration (Hb) was assessed using Drabkin’s method, which gen-
erates cyanmethemoglobin and measures it spectrophotometrically at 546 nm (GenesysTM 
20 Spectrophotometer, Mercers Row, UK). For hematocrit analysis (Hct), whole blood was 
collected into a heparinized microhematocrit capillary tube and centrifuged at 16,000 rpm 
for 10 min at 20 °C. A drop of blood (0.2 mL) was taken to make blood smears. Giemsa 
solution (Semikem, Bosnia and Herzegovina), diluted 1:10 in distilled water, was used to 
stain fresh blood smears for 35  min after being dried, fixed with methanol (p.a. 99.9%, 
Semikem, Bosnia and Herzegovina) for 5 min (Pappenheim method). From a differential 
blood count of 100 leukocytes, the following leukocyte cells display the relative quantities 
of each type of leukocyte. An Olympus BX41 optical microscope with a 100 × objective 
and an Olympus DP12 camera were used to analyze the slides. Using Olympus software 
(DP12 Soft DP12-CB Ver.01.01.01.42.® Olympus Corp.), a differential blood count was 
established.

Results

Improvement Effects of AME in Controlling Biochemical Parameters During Pre‑ Vs. 
Post‑treatment

GM treatment leads to significantly lower levels of albumin and A/G ratio, as well as high 
levels of globulin, urea, and creatinine in comparison to Ctr group (Fig.  2). However, 
AME treatment showed certain changes in serum parameters and significant differences 
for urea, creatinine, and A/G ratio compared to Ctr. Comparison of pre- and posttreatment 
(AME + GM vs. GM + AME) showed significant improvement of biochemical parameters 
and their regulation towards normal values. In AME + GM group, proteins, globulins, and 
creatinine level were increased compared to Ctr; albumin and A/G ratio showed down-
ward trend compared to other groups. Values of serum urea are significantly reduced in 
AME + GM group, and are significantly lower compared to Ctr and GM group.

AME Has Moderate Beneficial Effects on Some Hematological Parameters

Variation in RBCs, Hb and Hct after GM application lead to altered RBCs indices 
(MCV, MCH and  MCHC).  The GM + AME group showed a statistically significant 
decrease (p < 0.00) for RBCs compared to the control (Ctr) group and the other groups. 
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The administration of AME resulted in a statistically significant decrease in Hb values 
(p < 0.00). MCV values gradually increased in the groups: Ctr > GM > AME > AME + GM 
> GM + AME. MCHC values decreased in AME-treated rats. Overall, the results indicate 
that AME had moderate beneficial effects on hematological parameters (Fig. 3).

AME Maintain Normal Level of Eosinophils, Monocytes, and Lymphocytes Despite 
GM Application

The results of the study indicate that GM treatment leads to a statistically significant 
increase in WBCs compared to the control group (8.09 × 109/L vs. 6.64 × 109/L). 
However, the combination of AME and GM showed a decrease in WBCs (3.64 × 109/L) 
compared to the control group. Additionally, the results indicate that AME treatment 
leads to an increase in segmented neutrophils and a significant decrease in non-segmented 
neutrophils. Eosinophils and monocytes were uniformed across all groups, without 

Fig. 2   Values of biochemical parameters in control and treated groups
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significant differences. The results also suggest that AME has a significant impact on 
lymphocytes regulation, which is an indication of a significant inflammatory effect 
(Fig. 4).

Anisocytosis and Platelet Aggregation Were Reduced During AME Treatment

The main features of GM treatment are changes in the size and morphology of RBCs, as 
well as the number of platelets. Rare hemolyzed erythrocytes and speculated erythrocytes 
(echinocytes) are present in the GM group. Also, in addition to the aforementioned mor-
phological alterations, we observed large accumulations—aggregates of platelets (throm-
bocytosis). The combined effects of the AME extract had a significant role in repairing the 
GM effects. Large platelet aggregations were not recorded in AME + GM and GM + AME 
treated rats. Also, hemolyzed RBCs were not detected, and the presence of echinocytes was 

Fig. 3   RBCs parameters in control and GM/AME treated groups
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significantly reduced. Hypochromic erythrocytes were found in both groups (AME + GM 
and GM + AME) (Fig. 5).

Discussion

A. melanocarpa fruit is valued for its abundance of bioactive substances including poly-
phenols. They are considered key antioxidants in the diet. Phenolic acids and flavonoids, 
including anthocyanins, flavanols, flavonols, and proanthocyanidins, are among the most 
important polyphenols found in chokeberry [18]. In vivo studies in humans or animals have 
shown that berries’ high antioxidant activity makes them useful in the treatment of chronic 
diseases linked to oxidative stress, particularly diabetes, cardiovascular conditions, and 
cancer. They also have a number of other positive effects, including immunomodulatory, 
antibacterial, and anti-inflammatory properties [19–21]. Since GM has significant renal 
toxicity, its medical use is limited [22]. This aminoglycoside is still the primary treatment 
option that works against some multi-resistant bacteria despite its nephrotoxic side effects 
[23]. The exact mechanism of GM nephrotoxicity is still not fully understood. However, 

Fig. 4   WBCs parameters in control and GM/AME treated groups
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both in  vitro and in  vivo research showed that GM enhanced the formation of reactive 
oxygen species, which was linked to an increase in lipid peroxidation and a reduction in 
antioxidant enzyme activity in the kidney [24]. By producing an iron-gentamicin complex, 
which is a powerful catalyst for radical production, it serves as an iron chelator [25].

GM induced significantly high values of creatinine, urea, and globulin as well as low 
levels of albumin. Similar biochemical abnormalities in serum are evidence of the kid-
neys’ severe functional impairment, which was confirmed in earlier studies [15, 26]. GM 
is nephrotoxic and its effects cause severe injury in the renal tubules. In mice, GM treat-
ment has been associated with apoptosis and tubular epithelial cell necrosis [27, 28]. In 
rats treated with GM, Dhanarasu et  al. [29] discovered kidney damage where GM was 
administered intraperitoneally for 6 days at a dosage of 100 mg/kg. Blood urea and creati-
nine metabolic abnormalities may be related to protein metabolic diseases, such as rapid 
catabolism or urine loss brought on by renal nephrotoxicity. A research of Milutinovic 
et al. [30] showed significant changes in urea and creatinine levels after 3 and 6 months of 
diabetes mellitus patients’ treatment with AME. Research showed decrease in the values 
of parameters related to the initial stage of the renal dysfunction (serum creatinine and 
urea, urine creatinine and microalbuminuria) after the juice intake and confirmed the pro-
tective effects, even though only the decrease in the values of blood creatinine (p < 0.05) 
was statistically significant. Drinking aronia juice appears to be beneficial for treating uri-
nary tract infections (UTI) that have been treated with antibiotics [31]. Mice treated with 
AME for 2 weeks improved renal failure to varying degrees (restoring urea and creatinine 

Fig. 5   Changes in blood cell morphology (A Ctr; B GM; C AME + GM; D GM + AME: 1, normal RBCs; 
2, echinocytes; 3, platelets aggregation (thrombocytosis); 4, hypochromic RBCs; 5, hypochromic RBCs 
slightly present)
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to reference range values), reduced tubular damage, and suppressed pro-inflammatory 
cytokines, oxidative stress, lipid peroxidation, and apoptosis [32], while in our case, a bet-
ter effect was caused by treatment with AME after GM application. Hypoalbuminemia 
and low A/G ratios may emerge as a result of these metabolic conditions as showed in 
our study. A/G was statistically lower in AME + GM group which can be caused by an 
excessive amount of protein that is excreted in the urine. Impairments of renal capillaries 
that remove waste and excess water from the circulation is typically cause of nephrotic 
syndrome after GM application. Since serum globulin levels are consistent across groups 
(except for AME + GM), it is possible that loss or rapid degradation of serum protein frac-
tion is the main factor for that. Overall, post-treatment with AME had beneficial effects 
on certain biochemical parameters (albumins, globulins, A/G ratio, urea, and creatinine) 
which is in accordance with previous studies [33, 34].

Current study showed that RBC and Hct values slightly increased in the GM group 
compared to the control. AME treatment (post treatment) led to a slight decrease in the 
mentioned parameters. The lowest values of Hb and hematological indices (MCH and MCHC) 
were observed after pre-treatment with AME, which is a direct consequence of the reduced 
value of Hb. GM tends to cause an inflammatory condition in the body and leads leukocytosis. 
In contrast, AME pre-treatment led to a significant decrease in WBC. It indicates to a strong 
anti-inflammatory effect of AME. Milutinovic et  al. [30] conducted a 6-month study on 35 
patients with diabetes who consumed aronia-based supplements. The results of hematological 
parameters showed a significant decrease in WBC (p < 0.05) and lymphocyte count (p < 0.01), 
while the decrease in other differential cell count was not significant. The significant changes 
were noticed in the values of Hct, Hb, MCV, MCH, and MCHC, as well as in the RBC 
count (p < 0.05); Hb levels were increased after the 3-month therapy. Changes in the values 
of clinically relevant hematological parameters could be the evidence of the chokeberry juice 
therapy effects. The decrease in the values of WBC and lymphocytes count may indicate 
a reduction of inflammatory processes that influence the progression of diabetes. GM group 
had high blood cell counts, reduction in segmented neutrophils, while pretreatment with aronia 
showed a significant effect on the reduction of lymphocytes, which confirms the theory of anti-
inflammatory effects of AME. Additionally, we found that both AME groups had more non-
segmented neutrophils than segmented neutrophils. Segmented leukocytes are mature forms, 
therefore their increase supports the fact that the bone marrow functions normally. Monocytes in 
the blood were lower in groups treated with AME compared to Ctr and GM groups, but without 
statistical significance. There is a noticeable lack of studies dealing with the hematological 
analysis of chokeberry juice or extract in GM-induced kidney injury.

Morphological changes of the erythrocyte membrane are very pronounced, and the 
presence of echinocytes was recorded. Lipid peroxidation and subsequent alterations in lipid 
metabolism may be the cause of erythrocyte membrane damage. Erythrocyte corpuscular 
fragility is a useful parameter for evaluating changes in cell structure and function. Changes 
in membrane structure and function have been associated with excessive generation of 
reactive oxygen species. Hemolyzed erythrocytes and echinocytes point to osmotic fragility, 
which is probably the result of lipid peroxidation. Several studies have shown that GM 
prevents platelet aggregation [35, 36]. These results are not in accordance with the current 
study. GM group had visible platelet aggregation and thrombocytosis contrary to the other 
four groups. In vitro studies have shown the anti-platelet activity of polyphenolic AME fruit 
extracts [37, 38]. A month of AME supplementation significantly reduced ADP-induced 
platelet aggregation, according to research conducted by Sikora et  al. [39]. Chokeberry’s 
main chemical constituent, anthocyanins, may chelate iron due to the presence of a hydroxyl 
group in the C-ring [40]. In current study, hypochromic anemia was observed in rats in 
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AME + GM group. Low values of RBCs may correlate with reduced values of Hb, important 
for erythrocyte maturation. Hypochromia is caused due to disruption of iron supply or low 
Hb concentration, which is in correlation with current findings. MCHC is a parameter that 
indicates the relationship between the RBC size and the concentration of Hb [41]. Our 
research suggests that the concentration of both Hb and MCHC was reduced in this group.

The results showed moderate protective effects of AME on renal serum markers 
associated with GM nephropathy. AME appears to contribute to indirect effects against 
certain hematological disorders, particularly in the development of echinocytosis and 
platelet aggregation. The inclusion of a larger number of experimental animals and the 
monitoring of antioxidant parameters are guidelines for further research. However, due 
to the lack of similar studies, more research in general are needed to fully understand 
the mechanisms of action and the effects of A. melanocarpa.
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