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Abstract
The study investigated the possible benefits of supplementing with 
blueberry extract (BBE) to mitigate age related kidney alterations and 
oxidative stress in a murine model. As aging is related to structural 
and functional changes in the kidneys, the study aimed to determine 
whether the implementation of a BBE-enriched diet could alleviate these 
negative consequences. In this study, 4-week administration with a BBE 
to 24 month old male Wistar rats orally (100 mg/kg) was investigated 
in aging induced alterations in kidney biochemistry including kidney 
function (blood urea nitrogen, creatinine, and calcium ions levels), 
oxidants/antioxidants status [lipid peroxidation, nitric oxide, glutathione, 
total antioxidant capacity, superoxide dismutase, catalase, glutathione 
peroxidase, glutathione reductase, and nuclear factor erythroid 2 
related factor 2 (Nrf2)], and inflammation status (tumor necrosis factorα, 
interleukin 1β, and interleukin-10), in addition to the kidney structure.  
The study revealed significant changes in different kidney parameters 
in aging rats, including increased serum urea and creatinine levels, 
decreased blood calcium levels, increased MMP-9, inflammatory 
cytokines, oxidative stress, and decreased antioxidant enzyme activity. 
However, including BBE in the diet of aged rats resulted in several positive 
outcomes. Histopathological investigation revealed age related structural 
alterations in the kidneys, which were partially mitigated by BBE, notably 
in terms of the preservation of glomerular integrity. Finally, the study 
reveals that BBE has therapeutic potential in combating age related renal 
oxidative stress and inflammation, making it a promising diet intervention 
for maintaining kidney health in aging individuals.
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Introduction
The process of aging is a complex interplay between 
genetic, environmental, and lifestyle factors. Healthy 
practices, including stress reduction, regular exercise,  
and a balanced diet, could help to lessen some of 
the consequences of aging, even if these changes 
are inevitable.1 During the aging process, the kidneys 
undergo several changes that can affect their 
structure and function.2 These changes contribute 
to a gradual decline in renal function leading to 
kidney-related disease.3 Age related declines in 
the number of functioning nephrons, the kidneys' 
basic filtering units, cause a drop in renal blood flow  
as well as a reduction in the kidneys' total size and 
weight.4 Additionally, there is a tendency for the 
glomerular filtration rate (GFR), which measures 
the kidney's capacity to remove waste and surplus 
substances from the blood, to decline.5 The aging 
kidneys also undergo changes in the tubules that re-
absorb filtered substances back into the bloodstream 
maintaining electrolyte balance.6 The risk of kidney 
illnesses, including AKI (acute kidney injury) and CKD  
(chronic kidney disease), can be raised by these 
age related changes in the kidneys.7 It is important 
for older adults to maintain a healthy diet, stay 
hydrated, manage chronic conditions like diabetes 
and hypertension, and monitor kidney function.8

In the Kingdom of Saudi Arabia, CKD is a major 
health concern (KSA). Almost 20,000 patients in KSA  
are receiving dialysis at the moment, while 9,810 
individuals are receiving followup care following 
kidney transplantation.9 According to estimates, 
294.3 people per million in Saudi Arabia receive 
renal replacement treatment. The agestandardized 
prevalence of CKD in Saudi Arabia is estimated to be 
9,892 per 100,000 people, higher than the estimates 
for Western Europe (5,446 per 100,000 people) and  
North America (7,919 per 100,000 people), excluding  
renal replacement treatment (stages 1-2, 3, 4, and 5).10 

Phytochemicals, especially anthocyanins and 
polyphenols, are rich in blueberries.11 These 
substances are well known for their anti inflammatory 
and antioxidant qualities,12 which can be quite helpful  
in reducing the detrimental effects of aging on kidney  
function.13 One of the berries with the highest 
nutritional density is blueberry, which is rich in 
antioxidants, vitamins, and fiber. It also belongs to 
the large class of phenolic acids and flavonoids, 
which have beneficial qualities that lower the risk of 

diabetes, heart disease, and neurodegeneration.14,15 
Vaccinium, a deciduous shrub belonging to the 
Ericaceae family and the Vacciniaceae subfamily, is 
the source of blueberries. Approximately 450 species 
make up the genus Vaccinium. Fruits of these species, 
such as cranberries (V. macrocarpon Ait.), bilberries 
(V. myrtillus L.), lingonberries (V. vitis idaea L.), and  
huckleberries (V. parvifoium), are prized for their 
sweet flavour and high nutritional content.15 Dietary 
fiber (2.4–3.5% of fruit weight), minerals (calcium, iron,  
magnesium, manganese, and zinc), vitamins (C and K,  
and low levels of A, B, and E), bioactive compounds 
(including anthocyanins and flavonols, phenolic 
acids), and carotenoids (lutein) are all abundant 
in blueberries.16,17 Because of their potential to 
prevent or lessen a number of ailments, including  
cancer, diabetes, and cardiovascular disease, 
blueberries have earned the moniker "super fruit" 
or "superfoods". Due to their abundant supply  
of polyphenols, including pterostilbene, flavanols, 
and anthocyanins, blueberries exhibit a wide range  
of biological activities both in vitro and in vivo 
for the prevention of carcinogenesis. These 
activities include inhibition of proinflammatory  
molecule production, oxidative stress, and its 
by products, such as DNA damage, cancer cell 
proliferation, and a rise in apoptosis.18 Furthermore,  
in a meta analysis of six trials, a lower risk of 
cardiovascular death was the primary explanation 
of the link between a higher anthocyanin intake  
and a lower risk of all cause mortality.19 A meta 
analysis of total cardiovascular disease (CVD)
revealed similar results (RR: 0.89; 95% CI: 0.83–
0.96).20 A higher consumption of anthocyanins was 
linked in three cohort studies to a ~25% lower risk 
of coronary artery disease, which includes both 
fatal and nonfatal myocardial infarction.19 A 32% 
decreased incidence of myocardial infarction was 
linked to higher intakes of blueberries, strawberries, 
and total anthocyanins; this association held true 
regardless of known risk variables.21

In healthy female twins (n = 2734), higher anthocyanin 
intake was linked to 3–9% lower fat mass and less 
central adiposity, according to body composition 
analysis using DXA.22 Compared to the cotwin in 
this study, the twin who consumed more blueberries 
had a lower fat mass ratio.23 The twin studies' results 
are particularly intriguing as they are unaffected by 
common environmental and genetic factors.
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Moreover, blueberries showed the highest correlation 
of any fruit examined in three prospective studies, 
reducing the risk of type 2 diabetes by 26% (RR: 0.74;  
95% CI: 0.66–0.83).24 When the intake of commonly 
consumed flavonoids (flavonols, flavones, flavanones,  
flavan-3-ols, and anthocyanins) was analyzed in 
the same cohorts, consumption of anthocyanins, 
and especially blueberries, contributed to a 
comparable 23% reduction in risk with consumption 
of ≥2 servings per week or ≤1 serving per month. 
Consumption of other flavonoid categories or total 
flavonoids did not correlate with a lower risk of type 
2 diabetes.25 Among 39 older people with cognitive 
problems, consuming blueberry powder resulted in 
perceived improvements in daily functioning and 
modest improvements in memory performance.26

While these studies have established blueberries' 
broad health benefits, research specifically 
examining their effects on age related kidney 
changes remains limited. This gap in knowledge is 
particularly significant given the rising prevalence 
of kidney disease, especially in regions like Saudi 
Arabia where the age standardized prevalence of 
CKD (9,892 per 100,000 people) exceeds rates in 
Western Europe and North America.

Given this, the main goal of the current investigation 
was to ascertain the long-term effects on renal tissue 
of a diet rich in blueberry extract (BBE). The basic 
idea was that the negative effects of oxidative stress 
and inflammation on the kidneys might be mitigated 
by using a diet rich in BBE. This is the first study that, 
to the best of our knowledge, focuses on the many 
processes by which BBE influences the alterations 
in the aging kidney. To achieve this goal, kidney 
function parameters, oxidative stress, inflammatory 
markers and apoptotic proteins were assessed 
in a murine model. Additionally, renal fibrosis by 
measuring matrix metallopeptidase 9 level and 
histological alternation were determined. 

Materials and Methods
Extraction of Blueberries
Fresh blueberries (Vaccinium corymbosum) were 
acquired from a local market in the Saudi Arabian 
capital Riyadh. The plant material was certified by a 
taxonomist with extensive experience from the PNU 
in Saudi Arabia. In tap water, blueberry fruits were 
washed and then mashed into a juice, which was 
then macerated for 24 hours at 4 degrees Celsius 

with methanol (80 percent; v/v) according to the 
previous work of Li27 with some modifications. The 
final product was created by filtering this product, 
using an ultrasonic concentrator to concentrate the 
resulting fluid to a semidry state, and then dissolving 
it in saline. Based on my previous study, BBE has a 
total polyphenolic content of 7.4 ± 0.1 mg equivalent 
gallic acid/g dry BBE, a flavonoids content of 4.1 ± 
0.08 mg equivalent quercetin/g dry BBE, and a total 
anthocyanin content of 1.7 ± 0.06 mg equivalent 
cyanidin 3 rutinoside/g dry BBE.

Animals and Experimental Design
Twelve 24 month old male Wistar rats were allocated 
into two groups as follows: aged untreated rats 
(group age) and aged treated with blueberry extract 
(Aged+BBE group) and six 2 month old male Wistar 
rats (control group). Rats acquired from Animal 
House were utilized in this inquiry. They were given 
regular rat food, free access to tap water, and 
humane treatment in compliance with animal care 
regulations. They were kept in animal quarters with 
a 12 hour light/dark cycle, controlled humidity, and 
temperature. Every day, the rats were weighed. 
The Aged+BBE group was administered 200 mg/
kg bodyweight of oral BBE by gavage, while the 
Control and Aged groups were given saline alone. 
The dose of BBE (200 mg/kg) was selected based on 
the previous study by Debom28 and by our laboratory 
in an earlier study.12 The experiment lasted four 
weeks in total.

Statement of Ethics
The experimental procedures were performed 
concomitantly with the National Institutes of Health 
(NIH) Guidelines for the Care and Use of Laboratory 
Animals, 8th edition (NIH Publication No. 85-23, 
revised 1985) and approved by the Princess Nourah 
bint Abdulrahman University Institutional Animal 
Care and Use Committee (IACUC) criteria (Approval 
No. HAP-01-R-059; IRB Registration No.: 22-0161; 
Category of Approval: EXEMPT). To ensure animal 
welfare, all in vivo experiments were performed in 
accordance with the ARRIVE guidelines.

Organ Collection and Histological Procedures
Following a one month intervention period, rats were 
given an overdose of 300 mg/kg intraperitoneally 
(i.p.) of pentobarbital (Memphis Pharmaceutical & 
Chemical Industries, Cairo, Egypt). This was followed  
by cervical dislocation. The serum was then extracted 
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by centrifuging blood through the subclavical artery 
for 10 minutes at 3000 x g. After that, the serum 
was kept at 80 °C for a later biochemical analysis. 
The blood was then kept at 37 °C for half an hour.  
As quickly as possible, the kidneys were removed, 
and three sections were removed for examination. 
The kidney tissue slices that had been initially 
separated were each homogenized independently 
using a tenfold volume of icecold, 0.05 M potassium 
phosphate buffer (pH 7.4). The final product was 
obtained by centrifuging the supernatant for 10 
minutes at 3000 x g (4 °C). Until they were required 
for biochemical examination, the supernatants were 
stored at 80 °C. For histological analysis, more 
kidney tissues were taken out and either paraffin 
embedded or fixed in 10% buffered formalin. After 
that, they were kept at 80 °C for gene expression 
research.

Measurement of Kidney Function Biomarkers 
in Serum
The levels of urea nitrogen, creatinine, and calcium 
in the blood were tested to determine renal function 
and measured according to the protocols used by 
RANDOX Reagents (USA).

Determination of the Level of Renal Matrix 
Metallopeptidase 9 (MMP-9)
Quantification of matrix metallopeptidase 9 
concentrations within renal (kidney) tissues was 
accomplished using ELISA kit procured from 
MyBioSource, located in San Diego, CA, USA. This 
particular ELISA kit was designed to specifically 
and sensitively detect the presence of matrix 
metalloproteinase 9.

Oxidative Stress Markers
Thiobarbituric acid was used determine lipid 
peroxidation by forming thiobarbituric acid reactive  
substances that expressed as the amount of malon 
dialdehyde (MDA) formed and nitric oxide (NO) 
levels was determined by the optimized acid 
reduction method in an acidic medium and in the 
presence of nitrite using the protocols developed 
by Ohkawa29 and the Griess reagent of Green,30 
respectively, to identify biomarkers for oxidative 
stress. Aside from that, the total antioxidant capacity 
(TAOC) and reduced glutathione (GSH) levels were 
determined using the methods developed by Rubio31 
and Ellman,32 respectively.

Antioxidant Enzyme Activities
The ability of the superoxide dismutase (SOD) 
enzyme to prevent nitroblue tetrazolium (NBT) dye 
from being reduced by phenazine methosulfate was 
used to measure the activity of renal SOD.33 In order 
to determine the amount of renal catalase (CAT), 
H2O2 was used and the H2O2 decomposition was 
then monitored at 340 nm.34 By reducing glutathione 
in the presence of NADPH, which is oxidised to 
NADP+, glutathione reductase (GR) activity was 
measured indirectly at 340 nm.35 Lastly, the method 
of Paglia and Valentine36 was used to evaluate the 
activity of renal glutathione peroxidase (GPx). GR is 
an enzyme that recycles reduced glutathione, which 
is created when GPx reduces organic peroxide and 
the drop in absorbance at 340 nm when NADPH 
oxidises to NADP+.

Determination of Inflammatory Markers
ELISA kits from R&D Systems (Minneapolis, MN, 
USA) were used to assess the levels of TNFα, IL-
1β, and IL-10 levels in kidney tissue, following the 
instructions provided by the manufacturer.

RNA Extraction, cDNA Synthesis, and Quanti-
tative RT- PCR Analysis
Total RNA was extracted from recently isolated 
kidney tissues using TRIzol reagent Qiazol reagent 
(Qiagen, Germantown, MD, USA) in accordance with 
the manufacturer's instructions. RevertAid H Minus 
Reverse Transcriptase kit (Fermentas, Thermo Fisher 
Scientific Inc., Canada) was used to synthesise cDNA  
in compliance with the manufacturer's instructions 
after RNA amounts were measured using a nanodrop.  
With the aid of the SYBR green PCR kit (Qiagen, 
Germany), Nrf2 mRNA levels were determined. 
For the quantitative PCR, two duplicates of the 
ViiA 7 PCR instrument (Applied Biosystems, 
USA) were utilised. The relative levels of Nrf2 
mRNA were ascertained using the 2−ΔΔCt method, 
which was normalised to the level of mRNA of the 
housekeeping gene glyceraldehyde 3 phosphate 
dehydrogenase (GAPDH). The primer sequence 
for nuclear factorerythroid 2 related factor 2 (Nrf2) 
was forward 5′-CAGCATGATGGACTTGGAATTG-3′ 
and reverse 5′-GCAAGCGACTCATGGTCATC-3′ 
and the primer sequence for GAPDH were forward 
5′-AGTGCCAGCCTCGTCTCATA-3′ and reverse 
5′-ACCAGCTTCCCATTCTCAGC-3′.
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Histological Examination
Renal tissue was evaluated using histological 
investigations. In short, kidney tissues were 
embedded in paraffin after being preserved with 
diluted 10% formaldehyde. To assess general 
histological features, the embedded tissue samples 
were sectioned (5 μm) and stained with hematoxylin 
and eosin. Kidney histology was scored using the 
following criteria: A change is classified as ++++  
if it was found in all of the animals in the group very 
frequently; +++ if it was found in all of the animals 
in the group reasonably frequently; ++ if it was 
exceptional in all of the animals in the group; + if it 
was found in a small number of the animals in the 
group; and ± if it was sporadic in the group.

Statistical Analysis
SPSS software was used to statistically analyze all 
of the data. Turkey's post hoc test was performed to 

determine whether there was a significant difference 
between the groups after the one way ANOVA. The 
mean ± SD of the acquired data was shown. A p 
value of less than 0.05 was regarded as significant.

Results
Effect of Blueberry Extract on Serum Urea, 
Creatinine, and Calcium
The results presented in Figure 1 revealed note 
worthy patterns, specifically, there was a significant 
elevation in the serum levels of both urea (p < 0.01  
vs control rats) and creatinine (p < 0.001 vs  
control rats) within the aged rat group compared to 
the young rat group. This rise in urea and creatinine 
levels could indicate impaired kidney function in 
the aged rats. Conversely, there was a significant 
decrease in calcium levels in the blood of the aged rats 
compared to their younger counterparts (p < 0.001  
vs control rats).

Effect of Blueberry Extract on Renal Level of 
Matrix Metallopeptidase 9 in Aged Rats
The study's findings showed that the older rat group's 
MMP 9 levels had significantly increased (p < 0.001 
vs control rats). Interestingly, this enzyme's levels 
decreased (p < 0.002 vs aged rats) upon the addition 
of BBE, as seen in the Aged+BBE group (Figure 2).

Effect of Blueberry Extract on Renal Levels of 
Oxidative Stress Markers
In the aged rat group, an elevation in the levels  
of malondialdehyde (MDA; p < 0.001 vs control rats),  

Fig. 1: Effect of blueberry extract on serum kidney function parameters (a) blood urea nitrogen, (b) creatinine, 
and (c) calcium ions levels in aged rats. Data are expressed as the mean ± SD (n = 6). Letters a and b indicate 

statistically significant differences between young rats and aged rats, respectively, at p<0.05

a biomarker used to assess lipid peroxidation 
and oxidative damage 37, as well as nitric oxide  
(NO; p < 0.001 vs control rats) was observed (Figure 3).  
Furthermore, the same group, exhibited a notable 
decrease in the levels of reduced glutathione (GSH; 
p < 0.001 vs control rats), a crucial antioxidant 
molecule responsible for mitigating oxidative stress, 
as well as a loss in the total antioxidant capacity 
(TAOC; p < 0.001 vs control rats) of the renal tissues.
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Fig. 2: Effect of blueberry extract on renal level of matrix metallopeptidase 9 (MMP-9) in aged rats. Data are 
expressed as the mean ± SD (n = 6). Letters a and b indicate statistically signif-icant differences between 

young rats and aged rats, respectively, at p<0.05.

Fig. 3: Effect of blueberry extract on renal levels of oxidative stress markers (a) lipid pe roxidation, (b) nitric 
oxide, (c) glutathione, and (d) total antioxidant capacity in aged rats. Data are expressed as the mean 

± SD (n = 6). Letters a and b indicate statistically significant differences between young rats and 
aged rats, respectively, at p<0.05.
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Nevertheless, by administering BBE to the aged 
group, significant alterations in the oxidative stress 
indicators were detected. The use of BBE led to a 
significant decrease in the concentrations of MDA  
(p < 0.001 vs aged rats) and NO (p < 0.001 vs aged  
rats) in the renal tissues. In addition, the admini 
stration of BBE resulted in an augmentation of GSH 
levels (p < 0.002 vs aged rats), which plays a crucial 
role in protecting against oxidative harm, alongside 
an elevation in the overall antioxidant capacity 
(TAOC; p < 0.002 vs aged rats) of the renal tissues. 
According to these results, BBE may help protect 
renal tissues from oxidative damage and enhance 
their antioxidant defense systems as they age.

Effect of Blueberry Extract on Renal Activity of 
Superoxide Dismutase, Catalase, Glutathione 
Peroxidase, and Glutathione Reductase
Figure 4 illustrates the significant decreases (p < 0.001  
vs control rats) in the enzymatic activity of glutathione 
reductase, catalase, superoxide dismutase, and 
glutathione peroxidase in the old group of rats 
relative to the young group. The observed declines 
in these antioxidant enzymes point to a diminished 
capacity of these enzymes to protect the kidneys 
from oxidative stress as they age.

Fig. 4: Effect of blueberry extract on renal activities of antioxidant enzymes (a) superoxide dis-mutase, 
(b) catalase, (c) glutathione peroxidase, and (d) glutathione reductase in aged rats. Data are expressed 

as the mean ± SD (n = 6). Letters a and b indicate statistically significant differences between young 
rats and aged rats, respectively, at p<0.05.

In contrast, the implementation of BBE supplemen 
tation among the group of aged rats resulted in  
notable antioxidant outcomes. The observed 
phenomenon was evident through significant 
statistical increases (p < 0.02 vs aged rats) in the  

concentrations of SOD, GPx, and GR, as compared 
to the control group. The observed increase in  
antioxidant enzyme levels indicates that the 
administration of BBE supplements effectively 
enhanced the antioxidant defense system in the renal  
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tissues of older rats. This may have the potential to 
mitigate the increased oxidative stress commonly 
associated with the aging process.

Moreover, when compared to the control group, a 
significant improvement (with statistical significance 
at p < 0.05) in renal CAT activity was noted. The 
observed increase in CAT activity suggests an 
enhanced renal capacity to metabolize hydrogen 
peroxide, a type of reactive oxygen species that has  
the potential to cause oxidative harm if not adeq 
uately neutralized.

In short, the results shown in Figure 4 show subs- 
tantial changes in the functioning of crucial 
antioxidant enzymes in the renal system. The afore- 
mentioned changes, which were detected in 
relation to the aging process and the addition 
of BBE, emphasize the ability of blue berries to 
alleviate oxidative stress associated with aging.  

This is accomplished by increasing the functionality 
of important antioxidant enzymes, hence enhancing 
antioxidant defences inside the tissues of aged rats.

Effect of Blueberry Extract on Renal Expression 
of Nuclear Factor Erythroid 2 Related Factor 2
Figure 5 shows that rats in the aged group had 
significantly lower Nrf2 expression (p < 0.05) when 
compared to the young control group. However, 
supplementation with BBE showed a remarkable 
increase (p < 0.02 vs aged rats) in Nrf2 expression. 
This decrease in Nrf2 expression suggests a potential 
decline in the activation of this crucial transcription 
factor, which plays a pivotal role in orchestrating 
antioxidant and cytoprotective responses with age. 
The observed rise in levels suggests that BBE has 
the ability to effectively modulate the activation 
of Nrf2, hence potentially augmenting the cellular 
antioxidant and protective pathways.

Fig. 5: Effect of blueberry extract on renal expression of nuclear factor erythroid 2-related factor 2 (Nrf2) 
in aged rats. Data are expressed as the mean ± SD (n = 3 in duplicate). Letters a and b indicate statistically 

significant differences between young rats and aged rats, respectively, at p<0.05.

Effect of Blueberry Extract on Renal Levels of 
Inflammatory markers (Tumor Necrosis Factor 
α, Interleukin-1β, and Interleukin-10)
Comparing the aged rat group to the young control 
group, Figure 6 demonstrates significant increases 

(p < 0.001 vs control rats) in kidney levels of the 
inflammatory markers TNF α and IL 1β. In contrast to 
the elderly group, BBE supplementation was able to 
effectively reduce (p < 0.001 vs aged rats) the levels  
of both inflammatory indicators in the renal tissue. 
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Conversely, the elderly group's IL-10 level somewhat 
decreased (p > 0.05 vs control rats); but, after being 

given blueberries, the group's IL-10 level significantly 
increased (p < 0.001 vs aged rats).

Fig. 6: Effect of blue berry extract on renal expression of inflammatory markers (a) tumor necrosis factor-α, 
(b) interleukin-1β, and (c) interleukin-10 in aged rats. Data are expressed as the mean ± SD (n = 6). Letters a 
and b indicate statistically significant differences between young rats and aged rats, respectively, at p<0.05.

Histopathological Findings in Kidney Tissues
The histopathological findings in the kidney tissues 
highlight important structural changes in the 
kidneys of rats as a consequence of aging and 
the potential effects of BBE administration. In the 
kidney sections of young rats, histopathological 
studies revealed a normal structure. Specifically, 
the glomeruli (the filtration units of the kidney) 

and renal tubules (responsible for reabsorbing 
and excreting substances) in the cortex region 
appeared to be in their typical state with no 
significant structural abnormalities (Figure 7A). 
However, in the aged group, the kidney sections 
exhibited various pathological alterations, such as 
congested glomeruli, which suggest compromised 
blood circulation (Figure 7B and Table1).

Fig. 7: A; Photomicrographs of histological changes in the kidney tissue following treatment with blueberry 
extract in aged rats. Scale bar = 100 µm. A: Control young, B: Control aged, C: Aged rats treated with 

blueberry extract.
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In kidney sections of rats treated with BBE, some  
positive effects were observed. Glomerular 
structures with well established epithelia, resembling 
the control section from young rats, suggest that 
BBE treatment helped preserve the integrity of 
the filtration units. However, there were still some 
mild organized tubules and evidence of atrophy, 
indicating that while BBE may have had a protective 

effect, it may not have completely reversed all age-
related structural changes in the kidneys (Figure 7C  
and Table1).

Blue arrows indicate inflammatory cells, blue stars 
indicate debris within the lumen of some renal 
tubules, red stars indicate injured renal tubules, 
and black arrows indicate pyknosis and karyolysis.

Table 1: Histopathological findings in kidney of aged rats treated with blueberry extract

Treatment

Finding	 Young	 Untrated	 Aged
		  Aged	 +BBE

Hypertrophy of epithelial cells of renal tu-bules	 ±	 ++++	 ++
Degeneration of tubular epithelia with simultaneous	 +	 +++	 ++
infiltration of mononuclear cells
Hyperaemia of medullary and cortical part with	 +	 +++	 ++
mononuclear cell infiltration
Dilation of renal glomeruli	 +	 ++++	 ++

++++, the change was very often found in all animals; +++, the change was relatively com-mon in 
all animals; ++, the change was rare in all animals; +, the change was found in a few animals; ±, the 
change was sporadic.

Discussion
The aging kidney has drawn a lot of attention in 
clinical nephrology and geriatric medicine recently. 
According to this study, taking supplements of 
blueberries may be essential for reducing kidney 
aging. Furthermore, this is the first study that, to 
the best of our knowledge, focuses on the many 
processes by which BBE influences the alterations 
in the aging kidney.

The renal function of aged rats was shown to be 
impaired, which is in line with the prior reports.38, 39 
This impairment was attributed to structural tubular 
alterations and impairment of the glomerular filtration 
rate, as suggested by Salem and Faried.40 This was 
consistent with the study's findings, which were 
supported by the older group's much higher levels 
of urea and creatinine than those of the younger 
group. Furthermore, serum creatinine and urea 
values are usually high due to an augment in the 
habitual creatinine back filtration in the aged.39 
The decrease in blood calcium levels could have 
implications for various physiological processes, 

potentially reflecting age related changes in calcium 
regulation and metabolism.41

However, administering BBE in the Aged+BBE group 
extensively declined the levels of serum urea (p 
< 0.03 vs aged rats) and creatinine (p < 0.001 vs  
aged rats) while restoring calcium levels (p < 0.001  
vs aged rats) back to normal. The preventive  
properties of BBE could be linked to its ameliorative 
impact on metabolic alterations that accompany  
aging, as well as its antioxidant properties. Accordingly,  
blueberries have a high concentration of active 
phenolics and flavonoids that may be able to reduce  
fibrosis, oxidative stress, and inflammation. Pteros- 
tilbene, a dimethyl ether counterpart of resveratrol 
found naturally in blueberries, demonstrated 
antihyperuricemic action and improved kidney 
functioning in rats administered potassium oxonate 
to treat mild hyperuricemia in earlier research.42 
Unfortunately, Huang43 found that the longterm 
Larginine supplementation did not show any benefit 
effect on kidney. It rather accelerates functional 
decline of kidney and vasculature in aging. Thus, 
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the long term dietary Larginine supplementation 
should be avoided particularly in elderly population.

The study's findings showed that the older rats had 
higher MMP 9 levels whereas, BBE administration 
restrained it. An enzyme called MMP 9 is involved in 
the breakdown of extracellular matrix components, 
which is necessary for tissue remodelling and 
healing.44 The human kidney's mesangial cells, 
tubular epithelial cells, etc., can normally manufacture 
MMP 2 and 9, although only in small amounts. On 
the other hand, aberrant activation and interactions 
of numerous cells signalling pathways cause the 
mRNA transcription levels of MMP 2 and 9 to 
be rapidly increased during the course of renal 
fibrosis.45 The potential reason for the increase in 
MMP 9 could be attributed to TNF α capacity to 
stimulate the production of MMP 2 and 9, as well as 
to encourage the activation of pro MMP-2, which in 
turn increases MMP 2 activity. TNF α has the ability 
to stimulate pro MMP 9 activation as well. On the 
other hand, the conversion of pro TNF α to TNF α 
will likewise be prevented if MMP 2 and 9 activities 
are decreased.46 Additionally, as was previously 
indicated, oxidative stress can activate MMP 2 and 9,  
the activities of which can vary depending on the 
stage of chronic kidney disease.47 Renal interstitial 
fibrosis deteriorates more with the course of CKD, 
impeding oxygen diffusion and ultimately resulting 
in severe hypoxia. The hypoxia exacerbates OS 
even more, starting a vicious cycle that ultimately 
intensifies fibrosis.45

This observation suggests that the administration 
of BBE could potentially have a modulatory effect 
on MMP 9 levels in aged rats' kidneys, indicating 
a potential beneficial impact on the enzymatic 
environment within the renal tissues of the aging 
population.

As was already indicated, the general findings of this 
investigation are consistent with those of numerous 
prior studies,48-50 which indicate that the activity  
of CAT in the liver and renal tissues of mice and 
rats decreases with age. Furthermore, the results 
of this study broadly concur with those of previous 
investigations51 showing that glutathione utilizing and 
recycling system activity in the kidney also decline 
with advancing age. Moreover, the observed decline 
in SOD activity with age is consistent with previous 

observations.52 Overall, a wealth of research links 
aging to a decline in antioxidant status.48,53 Oxidative 
stress is one of the possible inducers of senescence, 
since ROS production can damage the DNA and 
other macromolecules.54

The SOD family of intracellular enzymes, which 
catalyses dismutation, prevents damage to biological 
structures and membranes from oxygen free radicals 
by catalysing the elimination of a superoxide 
radical (O·−2). Significant amounts of H2O2 have 
been demonstrated to be detoxified by CAT.55 The 
effectiveness of mitochondrial defence systems 
against the disorganizing effects of free radicals is 
weakened as SOD activity declines. The findings 
reported here are consistent with a previous study 
by Subramanian and James,52 which found that 
SOD activity somewhat decreased with aging. 
However, the current study expands on this research 
by offering a more thorough understanding of age 
related changes, emphasising the coordinated 
response of the entire spectrum of antioxidant 
enzymes and critically evaluating the significance 
of the regional distribution of the enzyme activities.

Aging impairs antioxidant balance as demonstrated 
by Marquez Exposito56 who found that 18 month 
old mice has impairment nuclear factor (erythroid 
derived 2) related factor 2 pathway, as evidenced 
by the downregulation of active Nrf2 and decreased 
antioxidant enzyme gene expression. The fact that 
Nrf2 gene deletion increased renal oxidative stress 
and inflammation in the animal model of diabetes57 
supports the protective function of Nrf2 on the 
kidneys. Furthermore, compared to wildtype mice, 
Nrf2 knockout animals showed more severe kidney 
damage under ischemia and nephrotoxic insults.58 
Conversely, in a number of experimental models, 
pharmaceutical therapies employing Nrf2 activators 
reduced markers of oxidative stress induced kidney 
injury.59

Furthermore, under oxidative stress circumstances, 
the reduction of Nrf2 antioxidant capacity exacerbates 
renal tubular apoptosis and atrophy as well as 
interstitial fibrosis.60 The present investigation 
revealed that the administration of BBE reversed 
the downregulation of Nrf2 and the oxidative stress 
that was subsequently caused by aging in the 
kidney tissues. This suggests that BBE may have 
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an effect on activating the Nrf2 signalling pathway in 
kidneys that are older. In this regard, a recent study 
found that by upregulating Nrf2, ellagic acid could 
significantly protect kidneys from oxidative stress 
caused by aging induced renal oxidative damage 
through upregulating SIRT1 and Nrf2.61 Furthermore, 
it has been established that blueberry polyphenols 
prevents angiotensin II induced oxidative stress and 
inflammatory signaling in human aortic endothelial 
cells via modifying Nrf2 transcription and activity.62 

The obtained results are similar to the results of 
Pokkunuri 63 who found that grape powder potentially 
regulating Nrf2 that improved mitochondrial and 
kidney functions in aged Fischer 344 rats. Moreover, 
the ability of natural products to improve antioxidant 
defence system in aged rats was investigated largely 
by other researchers. In this regard, Samargh 
andian64 found that Crocus sativus L. (saffron) extract 
improved the antioxidant system and inhibited the 
inflammation response in the kidney of old rats and 
with Farzanegi65 who reported that garlic extract not 
only improved antioxidant capacity but also declined 
oxidative damages and apoptosis through reducing 
Bax levels and enhancing Bcl 2 value in liver and 
kidney tissues of aged rats.

The ageing process can be responsible for 
the observed increases in kidney levels of the 
inflammatory markers’ tumour necrosis factoralpha 
and interleukin 1 beta in the old group as compared 
to the young control group. The process of aging is 
frequently linked to the presence of a persistent, 
lowgrade inflammation known as "inflammaging" 
66. This condition is characterized by an impaired 
immune system that exhibits dysregulation and an 
elevated production of proinflammatory cytokines 
such as TNF α and IL 1β.66,67 Age related inflammation 
can exert negative effects on tissue function, 
specifically impacting the kidneys 68. The observed 
decrease in TNF α and IL-1β levels following the 
treatment of blueberries in the aged rats suggests 
that blueberries possess antiinflammatory effects. 
Blueberries are abundant in bioactive chemicals, 
namely anthocyanins, and flavonoids, that have 
demonstrated anti inflammatory benefits11 These 
chemicals have the ability to regulate inflammatory 
pathways, leading to a decrease in the synthesis 
of pro inflammatory cytokines such as TNF-α and 
IL-1β.43

Conversely, a slight decline in Interleukin-10 levels 
within the aged group was observed. IL-10 is 
an anti inflammatory cytokine known to dampen 
inflammatory responses.69 The immune system 
undergoes age related modifications that might 
lead to changes in the synthesis and control 
of anti inflammatory cytokines such as IL-10.70 
Remarkably, subsequent to the administration of 
BBE, a significant elevation in IL-10 levels was 
observed. This finding implies that blueberries 
might have a modulatory impact on the immune 
response, facilitating the development of an antii 
nflammatory environment in the kidneys of aged 
rats. These findings suggest BBE administration 
appears to mitigate these age related effects by 
reducing pro inflammatory markers and boosting 
anti inflammatory cytokines, contributing to a more 
balanced and less inflammatory renal environment 
in aged rats.

Several studies have shown that blueberry 
components can lower proinflammatory marker gene  
expression and secretion in distinct cell models 
(RAW 264.7 and bone marrow derived macrophage 
(BMDMs)]. In RAW 264.7 cells and BMDMs, 
blueberry phytochemicals decreased gene 
expression and secretion of proinflammatory 
cytokines generated by lipopolysaccharides (LPS), 
specifically IL-6,71 IL-1β,72 and TNF-α.73 Furthermore, 
blueberry phyto-chemicals have been shown to have 
anti inflammatory properties in human cell lines,74 
including the U-937 and THP-1 monocyte like cells, 
which can be differentiated into macrophages after 
stimulation with phorbol 12 myristate 13 acetate 
(PMA),75 and human primary peripheral blood 
mononuclear cells (PBMCs). Most investigations 
linked the regulatory impact to a decrease in NFκB 
translocation in the human monocytic leukemia cell 
line THP-1.76

The presence of inflammatory cells suggests an 
inflammatory response, which may indicate renal 
impairment. The presence of debris within the lumen 
of some renal tubules indicates a potential impairment 
of tubular function.77,78 Also, the presence of injured 
renal tubules with vacuolated cytoplasm implies 
structural impairment to these essential constituents 
of the renal system79,80 The presence of pyknosis 
(shrinkage and condensation of the cell nucleus) 
and karyolysis (dissolution of the cell nucleus) in 
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some tubular cells suggests cellular damage and 
potential cell death, which are concerning signs of 
kidney injury or aging related changes.81,82 However, 
the ability of BBE to protect renal cells from damage 
is consistent with the results of Nair83 who found that 
BB protects against acute kidney injury by inhibiting 
Toll like receptor 4 (TLR4) and its subsequent effect 
on inflammatory and oxidative stress pathways. The 
same was demonstrated by Elks 84 who reported 
the nephroprotective effect of blueberries in a rat 
model of hypertension.

Study limitations
Several limitations should be taken into account, 
even if this study offers insightful information about 
the possible advantages of blueberry extract (BBE) 
supplementation on age related renal abnormalities. 
The results may not be as broadly applicable to 
humans due to the small sample size and animal 
model. Furthermore, the study's narrow age range 
and emphasis on male rats might have missed subtle 
age related changes or possible sex specific effects. 
Additionally, the study needs to extend to determine 
which active ingredient in BBE was responsible for 
this effect and to analysis the crude extract of BB. 
The study points out that in order to completely 
clarify the therapeutic potential of BBE in reducing 
age related kidney alterations and to ascertain its 
application in human health contexts, more research 
addressing these limitations—including human 
clinical trials—is required.

Conclusion
In summary, the comprehensive results and 
discussions presented in this study shed light on 
the potential benefits of BBE supplementation in 
mitigating age related renal changes and oxidative 
stress in rats. The aging process was associated with 
significant alterations in various renal parameters, 
including increased levels of serum urea and 
creatinine, decreased blood calcium levels, elevated 
MMP-9, oxidative stress, and reduced antioxidant 
enzyme activities. However, the introduction of BBE  
in the aged rats exhibited several positive effects, 
such as lowering serum levels of urea and creatinine, 
restoring blood calcium levels, reducing MMP-
9, alleviating oxidative stress, and enhancing 
antioxidant defense mechanisms. Additionally, 
BBE demonstrated anti inflammatory properties by 
suppressing the pro-inflammatory markers TNF-α 

and IL-1β while increasing the levels of the anti 
inflammatory cytokine IL-10. Histopathological 
examination highlighted age related structural 
changes in the kidneys, which were partially 
mitigated by BBE, particularly in preserving 
glomerular integrity. These findings collectively 
suggest that BBE may have a therapeutic potential 
in countering age related renal oxidative stress 
and inflammation, emphasizing its role as a dietary 
intervention for promoting kidney health in aging 
individuals. Further research, including clinical trials, 
is warranted to validate these findings and explore 
their applicability in human contexts. Additionally, 
further studies on different age groups determine 
the optimal age for starting BBE supplementation 
and to determine the optimal dosage for humans 
based on the rat studies.
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