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Short Communication 

 Abstract 

Introduction: Post-contrast acute kidney injury (PC-AKI) is a serious complication when taking iodine-
containing radiopaque agents. The study is aimed at pharmacological correction of PK-AKI with a 
functional product obtained from fermented red grape berry juice with a high content of stilbenoids (trans-
resveratrol and its glycoside polydatin).

Materials and Methods: The study was conducted on 36 male CD1 mice, 8-10 weeks old, weighing 25±3 
g. The animals were divided into 3 groups (n=12): a group of intact animals; a group with PC-AKI 
modeling; and a group with PC-AKI modeling and preliminary intragastric administration of a functional 
product in a volume of 0.1 mL/10 g per animal. A morphological assessment of kidney changes was 
performed, as well as a blood test for creatinine, urea, and albumin.

Results: Preliminary administration of the functional product to mice led to a statistically significant 
decrease in creatinine and urea concentrations to 43.5±1.6 µmol/L and 34.5±1.4 µmol/L, respectively; the 
glomerular filtration rate increased to 66.2±4.1 µL/min and the urea/albumin ratio decreased to 1.9±0.03, 
with mortality also decreasing to 8.3%.

Conclusion: The preventive use of a functional product based on fermented red berry juice in an amount of 
0.1 mL/kg of animal effectively reduces the severity of post-contrast acute kidney injury in a mouse model.

Copyright: © Olesya V. Shcheblykina et al. This is an open access article distributed under terms of the Creative Commons Attribution License (Attribution 4.0 International –CC 
BY 4.0). 
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Introduction 

Post-contrast acute kidney injury (PC-AKI) is a serious 
complication associated with the use of iodine-containing 
contrast media (Lin et al. 2021). This pathology is most 
often found in patients with cardiac surgery. There are 
currently three main mechanisms in the development of 
PC-AKI: narrowing of the renal vessels and hypoxia of 
the renal medulla, direct toxic effect on tubular cells and 
formation of reactive oxygen species. The combination of 
these mechanisms results in apoptosis of epithelial and 
endothelial cells and a decrease in glomerular filtration 
rate (GFR) (Vlachopanos et al. 2019; Somkereki et al. 
2024).

Since there is currently no approved highly effective 
treatment for PC-AKI, prevention may be the best 
strategy to address this problem (Samadi et al. 2020). One 
of the promising pharmacological agents of the 
polyphenolic structure contained in grapes is stilbenoids 
such as trans-resveratrol and its glycoside polydatin, 
which has a higher bioavailability (Karami et al. 2022; 
Liu et al. 2022). Since the fermented juice of red grape 
berries, in addition to stilbenoids, contains a number of 
other polyphenolic compounds, including anthocyanides, 
catechins, proanthocyanidins, and other biologically 
active substances with endothelioprotective and 
antioxidant properties (Wang et al. 2019; Karami et al. 
2022; Baxevanis and Kanellos 2024), the functional 
product we studied can be considered as one of the 
strategies for preventing PC-AKI.  

The aim of the study was to evaluate the 

effectiveness of pharmacological correction of post-
contrast acute kidney injury with a functional product 
based on fermented juice of red grape berries with a high 
content of stilbenoids. 

Materials and Methods
Investigated compounds

A functional product based on fermented red grape berry 
juice containing ph-resveratrol and polydatin in 
concentrations of 4.5 mg/15 mL and 1.5 mg/15 mL, 
respectively, was used as a pharmacological agent 
(produced by the Research Institute of Pharmacology of 
Living Systems of National Research University ”
Belgorod State University”); chromatograms of the 
studied compounds are shown in Figure 1a,b. Iopromide 
(Ultravist, Baer) was studied as an X–ray contrast agent.

Animals

The study was conducted on 36 male CD1 mice, 8-10 
weeks old, weighing 25±3 g.

A model of post-contrast acute kidney injury (PC-
AKI)

Sequentially, with an interval of 30 minutes, the animals 
were injected with diclofenac solution at a dose of 10 mg/
kg intraperitoneally; endothelial NO synthase inhibitor – 
N–nitro-L-arginine methyl ester – at a dose of 10 mg/kg 
intraperitoneally and the iodine-containing radiopaque 
agent Ultravist (iopromide) at a dose of 3 g of iodine/kg 
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 Figure 1. The results of pharmacological correction of post-contrast acute kidney injury with a functional product based 
on fermented grape juice. Note: a – Representative chromatograms of a solution of standard samples of polydatin and 
trans-resveratrol (left) and a functional product based on fermented juice of red grape berries (right). λ=307 nm; b – 
Structural formulas of trans-resveratrol and polydatin; с – The study is aimed at the pharmacological correction of post-
contrast acute kidney injury in mice (PC–AKI) with a functional product based on fermented red grape berry juice with a 
high content of stilbens – trans-resveratrol and polydatin; d – Intragastric administration of a functional product to mice; 
e – The dynamics of serum creatinine, urea, and glomerular filtration rates in the study groups (n=12). The data are 
presented as an average ± standard deviation, a – p<0.05 in comparison with the group of intact animals; b – p<0.05 in 
comparison with the control group (PC-AKI). f (A, B) – Representative images of post–contrast acute kidney injury in 
mice caused by taking iopromide: A – focal tubular necrosis of the renal cortex at the border with the cerebral one in the 
histological preparation of the kidney of the group of simulated pathology. Hematoxylin+eosin, X200; B – the focus of 
balloon dystrophy of the epithelium of the convoluted tubules (left) and the focus of tubular necrosis (right) in the 
histological preparation of the kidney of the group of simulated pathology. Hematoxylin+eosin, X300. f (С, D) – 
representative images of kidneys in mice treated with iodopromide while taking a functional product: C – parenchyma of 
the kidney of a mouse treated with the studied wine material, the border of the cortical and medullary layers of the 
kidney. Hematoxylin+eosin, X200; D – granular dystrophy of the epithelium of the proximal convoluted tubules at the 
border of the renal cortex and medulla. Hematoxylin+eosin, X300. PC-AKI – post–contrast acute kidney injury; FP – 
functional product. 
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intravenously into the lateral caudal vein. 

Research design 

The animals were divided into 3 groups (n=12): a group 
of intact animals; a group with PC-AKI modeling; and a 
group with PC-AKI modeling and preliminary 
intragastric administration of a functional product in a 
volume of 0.1 mL/10 g of the animal (Fig. 1c, d). 

Mice were placed in metabolic cells, and urine was 
collected 24 hours after pathology modeling; after 48 
hours, blood samples were taken from the left ventricle of 
the heart under anesthesia for subsequent analysis of 
creatinine, urea and albumin concentrations; glomerular 
filtration rate was assessed by endogenous creatinine 
clearance; after 24 and 48 hours, the number of deaths 
was taken into account.  

Histology

After euthanasia, the kidneys were opened and taken out, 
the samples were fixed in 10% formalin buffer, enclosed 
in paraffin blocks, and sections were made and stained 
with hematoxylin and eosin.

Statistical analysis

The data obtained was subjected to statistical analysis 
using IBM SPSS Statistics 26 and Microsoft Excel 2010 
software and expressed as average values ± standard 
deviation. To determine the significance of the 
differences, the Student’s t-test was used, p<0.05. An 
ANOVA test was used to compare the data between the 
groups. 

Results and Discussion

The results of pharmacological correction of PK-AKI 
with a functional product based on fermented juice of red 
grape berries are shown in Figure 1e.

Modeling of PK-AKI resulted in a statistically 
significant increase in creatinine and urea from 13.5±0.2 
µmol/L and 8.35±0.1 µmol/L to 83.5±3.3 µmol/L and 
52.7±2.3 µmol/L, respectively. At the same time, there 
was a decrease in the glomerular filtration rate by more 
than 12 times from 241.1±8.2 to 18.7±0.1 µL/min.

The urea/albumin ratio, on the contrary, increased 
significantly from 0.43±0.01 to 3.4±0.07. There was also 
a fairly high mortality rate (25%).

Pre-administration of the functional product to mice 
resulted in a statistically significant decrease in creatinine 
and urea concentrations to 43.5±1.6 µmol/L and 34.5±1.4 
µmol/L, respectively. The improvement in the functional 
state of the kidneys was also indicated by an increase in 
the glomerular filtration rate to 66.2±4.1 µL/min and a 
decrease in the urea/albumin ratio to 1.9±0.03. Mortality 
also decreased significantly in this group of laboratory 
animals and amounted to 8.3%.

The ob ta ined resu l t s were conf i rmed by 
morphological examination (Fig. 1f). Histological 
preparations of the kidneys of the group of simulated 
pathology were marked by pronounced pathological 
changes in the parenchyma of the cortical layer at the 
border with the cerebral one: focal necrosis of the 
epithelium of the proximal and distal convoluted tubules 
(Fig. 1f A), as well as their pronounced dystrophic 
changes in the type of granular and balloon dystrophy  

(Fig. 1f B). In addition, changes in the nuclei by the type 
of karyopycnosis, karyorexis and karyolysis, as well as 
cytoplasmic fragmentation, were detected in the foci of 
dystrophies. 

In the kidney preparations of mice treated with the 
functional product under study, the preservation of renal 
histoarchitectonics without signs of tubular necrosis was 
microscopically determined (Fig. 1f C). However, it is 
worth noting that foci of a rather pronounced granular 
dystrophy of the epithelium of the proximal convoluted 
tubules were noted on the border of the cortical and 
medulla of the kidneys, and eosinophilic cylinders were 
found in their lumens. In addition, multiple small 
extravasal accumulations of red blood cells were detected 
in the same area (Fig. 1f D).  

The positive pharmacological effects of a functional 
nutrition product with a high content of stilbenoids 
against the background of PK-AKI with iopromide are 
due to their nephroprotective properties, the realization of 
which may be associated with anti-inflammatory, 
an t iox idant and endothe l iopro tec t ive e ffec ts 
(Vlachopanos et al. 2019; Karami et al. 2022; Liu et al. 
2022).

In addition, stilbenoids are able to activate SIRT1, one 
of the enzymes that deacetylate histones. In acute kidney 
injury, activation of this enzyme leads to a decrease in 
fibrosis, inhibition of oxidative stress, apoptosis and 
inflammation, induction of autophagy, regulation of the 
cell cycle, improvement of mitochondrial function, 
maintaining the number of peroxisomes and catalase 
activity (Raji-Amirhasani et al. 2021). 

Conclusion

Thus, the preventive use of a functional product based on 
fermented red grape berry juice containing trans-
resveratrol and polydatin in concentrations of 4.5 mg/15 
mL and 1.5 mg/15 mL, respectively, in an amount of 0.1 
mL/kg of animal, according to a set of morphofunctional 
criteria, effectively reduces the severity of post-contrast 
acute kidney injury caused by intravenous administration 
iopromide in a dose of 3 g of iodine/kg.

Ethical statement

The study was approved by the local Ethics Committee of 
Belgorod State National Research University (Minutes 
No. 52 dated December 21, 2024). The ethical principles 
of handling laboratory mice were observed in accordance 
with the European Convention for the Protection of 
Vertebrate Animals Used for Experimental and Other 
Purposes and Directive 2010/63 EU and other regulatory 
legal acts regulating preclinical research in the Russian. 

Conflict of interest  

The authors declare the absence of a conflict of interests. 
Funding 

The study was carried out as part of the implementation 
of the Priority 2030 project No. 20180191. 

Data availability  

All of the data that support the findings of this study are 
available in the main text.

https://pubchem.ncbi.nlm.nih.gov/compound/Iopromide
https://pubchem.ncbi.nlm.nih.gov/compound/Resveratrol
https://pubchem.ncbi.nlm.nih.gov/compound/Resveratrol
https://pubchem.ncbi.nlm.nih.gov/compound/Piceid
https://pubchem.ncbi.nlm.nih.gov/compound/Iopromide


￼                                                               65 Shcheblykina OV et al.: Pharmacological correction of post-contrast acute kidney injury with…

References 
Akinsh·         Baxevanis GK, Kanellos PT (2024) Red wine 
consumption and the impact on cardiovascular health: The 
methodological barriers of observational study design. Journal of 
Medicinal Food 27(11): 1009–1017. https://doi.org/10.1089/
jmf.2023.0054 [PubMed]
Karami A, Fakhri S, Kooshki L, Khan H (2022) Polydatin: 
Pharmacological mechanisms, therapeutic targets, biological 
activities, and health benefits. Molecules 27(19): 6474. https://
doi.org/10.3390/molecules27196474 [PubMed] [PMC] 
Lin M, Xu T, Zhang W, Li D, Li Y, Hong X, Luan Y, Zhang W, Wang 
M (2021) Effect of statins on post-contrast acute kidney injury: a 
multicenter retrospective observational study. Lipids in Health and 
Disease 20(1): 63. https://doi.org/10.1186/s12944-021-01489-7 
[PubMed] [PMC] 
Liu C, Wang W, Zhang K, Liu Q, Ma T, Tan L, Ma L (2022) 
Protective effects of polydatin from grapes and reynoutria japonica 
hout on damaged macrophages treated with acetaminophen. 
Nutrients 14(10): 2027. https://doi.org/10.3390/nu14102077 
[PubMed] [PMC] 
McCullough PA, Choi JP, Feghali GA, Schussler JM, Stoler RM, 
Vallabahn RC, Mehta A (2016) Contrast-induced acute kidney 
injury. Journal of the American College of 68(13): 1465–1473. 
https://doi.org/10.1016/j.jacc.2016.05.099 [PubMed] 

Raji-Amirhasani A, Khaksari M, Darvishzadeh Mahani F, 
Hajializadeh Z (2021) Activators of SIRT1 in the kidney and 
protective effects of SIRT1 during acute kidney injury (AKI) (effect 
of SIRT1 activators on acute kidney injury). Clinical and 
Experimental Nephrology 25(8): 807–821. https://doi.org/10.1007/
s10157-021-02057-0 [PubMed] 
Samadi K, Naghibi M, Shabestari M, Sharifipour F, Khajeh Dalooee 
M, Raeesi V, Moosavi Nik S, Samadi M (2020) Evaluation the 
effects of alpha-tocopherol in comparison with N-acetylcysteine for 
prevention of contrast induced nephropathy (CIN) in CKD patients. 
Iranian Journal of Kidney Diseases 14(1): 26–30. [PubMed] 
Somkereki C, Palfi R, Scridon A (2024) Prevention of contrast-
associated acute kidney injury in an era of increasingly complex 
interventional procedures. Frontiers in Medicine 10: 1180861. 
https://doi.org/10.3389/fmed.2023.1180861 [PubMed] [PMC]
Vlachopanos G, Schizas D, Hasemaki N, Georgalis A (2019) 
Pathophysiology of contrast-induced acute kidney injury (CIAKI). 
Current Pharmaceutical Design 25(44): 4642–4647. https://doi.org/
10.2174/1381612825666191210152944 [PubMed]
Wang Y, Wang B, Qi X, et al. (2019) Resveratrol protects against 
post-contrast acute kidney injury in rabbits with diabetic 
nephropathy. Frontiers in Pharmacology 10: 833. [PubMed] 
[PMC]

Author contributions 
 Olesya V. Shcheblykina, PhD of Medical Sciences, Associate Professor of the Department of Pharmacology and 
Clinical Pharmacology, Belgorod State National Research University, Belgorod, Russia; e-mail: 
sheolvi31@gmail.com; ORCID ID: https://orcid.org/0000-0003-0346-9835. The author contributed to the 
conception, performed the experiments, and analyzed the results.

Daria A. Kostina, PhD of Medical Sciences, Associate Professor of the Department of Pharmacology and Clinical 
Pharmacology, Belgorod State National Research University, Belgorod, Russia; e-mail: daria-f13@mail.ru; ORCID 
ID: https://orcid.org/0000-0002-4505-3988. The author contributed to the conception, performed the experiments, 
and analyzed the results.

Natalia G. Stoyanova, Chief Technologist of the Laboratory of Cellular Technologies and Genomic Editing of 
Plants of the Research Institute of Pharmacology of Living Systems, Belgorod State National Research University, 
Belgorod, Russia; e-mail: stoyanova@bsu.edu.ru; ORCID ID: https://orcid.org/0009-0007-4484-5282. The author 
contributed to the development of the dosage form, provided technical assistance in animal study, and analyzed the 
results.

Igor A. Efremenko, chemist-expert of the laboratory of toxicological research, Belgorod State National Research 
University, Belgorod, Russia; e-mail: efremenko_i@bsuedu.ru; ORCID ID: https://orcid.org/0009-0005-5056-2866. 
The author contribured to the development of the dosage form, provided technical assistance in animal study, and 
analyzed the results.

Tatyana V. Avtina, PhD in Pharmaceutical Sciences, Associate Professor of the Department of Pharmacology and 
Clinical Pharmacology, Belgorod State National Research University, Belgorod, Russia; e-mail: 
tatyanavtina@yandex.ru; ORCID ID: https://orcid.org/0000-0003-0509-5996. The author contributed to the 
conception, performed the experiments, development of the dosage form, and analyzed the results.

All the authors reviewed and edited the manuscript.

https://doi.org/10.1007/s10157-021-02057-0
https://doi.org/10.1007/s10157-021-02057-0
https://pubmed.ncbi.nlm.nih.gov/33779856/
https://pubmed.ncbi.nlm.nih.gov/32156838/
https://doi.org/10.3389/fmed.2023.1180861
https://pubmed.ncbi.nlm.nih.gov/38264052/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10803418/
https://doi.org/10.2174/1381612825666191210152944
https://doi.org/10.2174/1381612825666191210152944
https://pubmed.ncbi.nlm.nih.gov/31820694/
https://pubmed.ncbi.nlm.nih.gov/31402864/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6675867/
mailto:sheolvi31@gmail.com
https://orcid.org/0000-0003-0346-9835
mailto:daria-f13@mail.ru
https://orcid.org/0000-0002-4505-3988
mailto:stoyanova@bsu.edu.ru
https://orcid.org/0009-0007-4484-5282
mailto:efremenko_i@bsuedu.ru
https://orcid.org/0009-0005-5056-2866
mailto:tatyanavtina@yandex.ru
https://orcid.org/0000-0003-0509-5996
https://doi.org/10.1089/jmf.2023.0054
https://doi.org/10.1089/jmf.2023.0054
https://pubmed.ncbi.nlm.nih.gov/39450474/
https://doi.org/10.3390/molecules27196474
https://doi.org/10.3390/molecules27196474
https://pubmed.ncbi.nlm.nih.gov/36235012/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9572446/
https://doi.org/10.1186/s12944-021-01489-7
https://pubmed.ncbi.nlm.nih.gov/34225750/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8258930/
https://doi.org/10.3390/nu14102077
https://pubmed.ncbi.nlm.nih.gov/35631218/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9147135/
https://doi.org/10.1016/j.jacc.2016.05.099
https://pubmed.ncbi.nlm.nih.gov/27659469/

