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	 The current study is designed to evaluate the cardiorenal protective efficacy of the 
Biochanin-A (BCA) against high-fat-diet (HFD) and streptozotocin (STZ)-induced diabetes in 
rats. BCA (10mg/kg body weight) was administered to the diabetic rats for a period of 30 days 
and evaluated its effect on hyperglycemic markers, formation of lipid peroxidation, nitric oxide 
production and antioxidant enzymes such as superoxide dismutase, catalase and glutathione 
mediated enzymes. Further, we assessed the impact of BCA on nuclear factor erythroid 2-related 
factor-2 (Nrf-2) and heme oxygenase-1 (HO-1) along with antioxidant enzymes mRNA expressions 
by RT-PCR. BCA administration to diabetic rats resulted in attenuation of hyperglycemia and 
oxidative stress in both the kidney and heart. Further, BCA enhanced the endogenous antioxidant 
activities in the kidney and heart and up-regulated their corresponding mRNA expressions. In 
addition, BCA treatment produced notable up-regulation of Nrf-2 and HO-1 mRNA expressions in 
the cardiac and renal tissue of diabetic rats. In conclusion, the current study revealed that BCA 
could protect from diabetes-induced complications such as cardiomyopathy and nephropathy 
by activating the Nrf-2/HO-1 pathway and enhancing the endogenous antioxidant state in the 
kidney and heart.
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	 Diabetes mellitus (DM) is a group of 
metabolic illnesses characterised by chronic 
hyperglycemia brought  on by impaired 
insulin production, activity, or both. Constant 

hyperglycemia in DM is come with by damage, 
dysfunction, and malfunction of various organs 
and tissues, the progress of micro- (retinopathy, 
nephropathy, and neuropathy) (Uddandrao et 
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al., 2023) and macro vascular (cardiovascular 
disorders) complications.1 DM is becoming more 
prevalent everywhere, with low- and middle-
income nations describing the fastest growth. Type 
2 diabetes (T2DM) leads to end-stage renal failure 
(ESRD) and significantly increases the threat of 
cardiovascular complications in the majority of 
developed countries.2 The primary mechanisms of 
altered glucose metabolism, oxidative damage to 
pancreatic beta-cells, and endothelial dysfunction 
are identified as the origins of elevated reactive 
oxygen species (ROS) formation in diabetes. 
Increased ROS production causes oxidative stress, 
which accelerates the deterioration of biologically 
important components including lipids, proteins, 
and DNA. By reducing the detrimental effects of 
ROS, the antioxidant defence system offers vital 
defence for the biological system.3

	 According to research results and data 
from experimental animal models of DM, nuclear 
factor erythroid 2-related factor-2 (Nrf-2) adjusts 
to altering oxidative and inflammatory stress 
by attempting to enhance both its function and 
expression levels. This adaptation aims to mitigate 
the early glucolipotoxicity effects.4 Similar findings 
were made by Uddandrao et al4, and they also put 
forth the theory that the up-regulation and activation 
of Nrf-2 during the premature phase of cardiac 
damage represents an effort by naturally occurring 
antioxidant mechanisms to stop the development of 
diabetic cardiomyopathy. The defensive systems, 
however, become overloaded with an excess of 
ROS, and the kidney damage advances to the 
advanced stages of ESRD.5 On the other hand, 
heme oxygenase-1 (HO-1), the inducible variety 
of HO, mostly exerts a cytoprotective impact 
in inflammatory situations. HO-1 can shield the 
cells from inflammatory damage by decreasing 
the production of inflammatory cytokines.6 As a 
result; targeting the Nrf-2/HO-1 pathway might 
be a possible therapeutic target to mitigate the 
oxidative stress caused by DM in several organs.
	 With no or less adverse effects, 
phytomedicines have long been established for 
their potential anti-diabetic, anti-hyperlipidemic, 
and antioxidant properties.7 The biochanin-A 
(BCA) is an O-methylated isoflavonoid, which 
is found in a wide range of plants including soy, 
peanuts, chickpeas, alfalfa sprouts, etc., has also 

been strongly connected to a number of biological 
and pharmacological effects.8,9 Additionally, BCA 
has the capacity to mitigate the abnormalities 
in the glucose metabolism of a number of vital 
organs (muscle, liver, and kidney) brought on 
by a high-fat-diet (HFD) and streptozotocin 
(STZ)-induced hyperglycemia, as demonstrated 
by our earlier work.10 The capability of BCA to 
protect against the cardiorenal damage induced 
by HFD-STZ, however, was not supported by 
any conclusive scientific evidence. Therefore, the 
rationale of this research is to examine if BCA may 
prevent cardiorenal damage from DM by reducing 
oxidative stress and its effects on the Nrf-2/HO-1 
pathway.

Materials and methods

Chemicals
	 BCA was commercially purchased (Sigma 
Chemical Company, India) and other reagents used 
for this study were of analytical grade.
HFD Preparation
	 According to the procedures outlined by 
Uddandrao et al11 and Eraniappan et al12, HFD was 
prepared with the composition as depicted in table 
1. 
Animals
	 We acqui red  24  male  Sprague-
Dawley rats (body weight: 180-200g) from the 
Arulmigu Kalasalingam College of Pharmacy 
in Virudhunagar, India, and acclimatized them 
in standard lab settings (temperature: 22.2°C; 
moisture: 40-60%). The Arulmigu Kalasalingam 
College of Pharmacy’s Institute Animal Ethical 
Committee in Virudhunagar, Tamil Nadu, India 
(Approval number: AKCP/IAEC/83/20-21) 
approved the protocol of this study and permitted 
to do animal experiments.
Development of the T2DM rat model
	 The rats were given HFD for two weeks 
before receiving STZ (35 mg/kg i.p.) to produce 
the T2DM rat model. A standard diet was given to 
the rats used as controls. The rats included in the 
test had their blood glucose levels measured seven 
days after receiving an injection of STZ. The rats 
were selected for additional testing because it was 
thought that they would become diabetic if their 
blood glucose level rose beyond 200mg/dl after 
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seven days of STZ administration. BCA therapy 
was started as soon as diabetes was confirmed and 
treatment continued for 30 days.
Experimental Design
	 The four groups into which the rats were 
segregated were as follows: 
Group 1: Rats with normal diet and without STZ 
(control)
Group 2: Rats with HFD + STZ (diabetic)
Group 3: Diabetic + BCA (10mg/kg body weight).10

Group 4: Diabetic + gliclazide (5mg/kg body 
weight).10

	 All relevant drugs were orally administered 
for 30 days within a vehicle solution (normal saline) 
using an intragastric tube. Rats were anaesthetized 
intraperitoneally with pentobarbital sodium (40mg/
kg/body weight) and blood was withdrawn using 
the retroorbital sinus puncture technique at the 
termination of the treatment phase. The heart and 
kidney were immediately removed and preserved 
at -80°C for subsequent utilization when the rats 
were sacrificed via cervical decapitation.
Assessment of glucose, insulin and glycated 
haemoglobin levels 
	 The impact of BCA on hyperglycaemic 
markers namely, blood glucose, insulin and 
glycated haemoglobin was assessed by using the 
commercially available kits (Stan Bio Laboratory 
Kits, USA).
Estimation of renal and cardiac damage 
diagnostic biomarkers
	 A Roche automated biochemical 
analyzer was used to assess urinary N-acetyl-b-d-
glucosaminidase (NAG), and urinary albumin to 
creatinine ratio (UACR), which is determined as 
urine albumin (mg) divided by urinary creatinine (g), 
was also measured. Following the manufacturer’s 
instructions, urine albumin, neutrophil gelatinase-
associated lipocalin (NGAL), and transforming 
growth factor-â1 (TGF-â1) levels were tested 
using the appropriate ELISA kits. An automated 
biochemical analyzer was used to measure the 
amounts of plasma cardiac indicators such as 
lactate dehydrogenase (LDH), homocysteine, and 
creatine kinase-MB isoenzyme (CK-MB).
Renal and Cardiac oxidative stress markers
	 The concentration of NOx was measured 
using an enzymatic conversion method followed by 
reaction with a Griess reagent13, Malondialdehyde 
(MDA) level, the index of lipid peroxidation 

following the method of Buege and Aust14 and 
reduced glutathione (GSH) and oxidized glutathione 
(GSSG) was measured using colourimetric kits 
(G-Biosciences, USA, Cat. #786-075, 786-076) 
and following the manufacturer’s instructions. 
Determination of renal and cardiac antioxidant 
status
	 The renal and cardiac antioxidant 
markers were determined by evaluating the level 
of superoxide dismutase (SOD), catalase (CAT), 
glutathione peroxidase (GPx), glutathione reductase 
(GR) and Glutathione-S-transferase (GST) were 
described by Saravanan and Ponmurugan earlier.15

Measurement of Cardiac and Renal, Nrf-2 and 
HO-1 
	 Nrf-2 and HO-1 levels in both cardiac 
renal tissues were assessed using ELISA kits as 
directed by the manufacturer (ElabscienceÒ, USA).
RT-PCR analysis
	 With the assistance of Trizol reagent 
(Invitrogen, Carlsbad, CA, USA), total RNA 
was extracted from the renal and cardiac tissue 
of control and experimental rats. This RNA was 
then reverse transcribed to produce cDNA using 
a DNA synthesis kit (RevertAid First Strand 
cDNA Synthesis Kit, Thermo ScientificTM, 
India). SOD, CAT, GPx, Nrf-2, and HO-1 were 
among the particular primers (Table 1) used 
in semi-quantitative PCR on 20ng of cDNA. 
The appropriate primers were used in 38 cycles 
of PCR amplification at the following cycling 
temperatures: 30 sec of denaturation at 94°C, 30 
sec of annealing at 59°C, and 1 min of extension at 
72°C. For standardization, the housekeeping gene 
â-actin was employed.
Statistical Analysis
	 SPSS (version 10.0) software was used 
for the statistical analysis. Using the mean and 
SD, the data were expressed. To evaluate the 
significance of intergroup differences, the one-way 
analysis of variance (ANOVA) and least significant 
difference (LSD) tests were applied. Significance 
level at p<0.05 was considered to indicate statistical 
significance. 

Results

BCA attenuated hyperglycemia
	 The influence of BCA on hyperglycemic 
biomarkers in control and experimental diabetic rats 
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Table 1. Composition of normal and HFD diets (each 
ingredient in grams per kg diet)

Ingredients	 Normal diet	 HFD

Corn Starch	 615	 150
Sugar (Sucrose)	 0	 150
Cellulose	 50	 50
Corn oil	 80	 0
Lard oil	 0	 400
Casein	 200	 195
Vitamin-mineral premix	 50	 50
DL-Methionine	 3	 3
Choline bitartrate	 2	 2

Table 2. Primers sequence 

Primer	 Sequence

SOD	 F: 52 -CATTCCATCATTGGCCGTACT-32 
	 R: 52 -CCACCTTTGCCCAAGTCATC-32 
CAT	 F: 52 -GTACAGGCCGGCTCTCACA-32 
	 R: 52 -ACCCGTGCTTTACAGGTTAGCT-32 
GPx	 F: 52 -GCGCTGGTCTCGTCCATT-32 
	 R: 52 -TGGTGAAACCGCCTTTCTTT-32 
Nrf-2	 F 52 -GAGAGCCCAGTCTTCATTGC-32 
	 R 52 -TGCTCAATGTCCTGTTGCAT-32 
HO-1	 F 52 -TTCTACCTGTTCGAGCATGTGG-32 
	 R 52 -TGTTAGCATGGAGCCAGCCT-32 
²-actin	 F 52 -CCTGCTTGCTGATCCACA-32 
	 R 52 CTGACCGAGCGTGGCTAC-32 

Fig. 1. Effect of BCA on (A) blood glucose, (B) insulin and (C) glycated haemoglobin,
The data were stated as mean±SD (n=6), ùP<0.05 vs. Control, ÙP<0.05 vs. Diabetic

is publicized in figure 1. In diabetic rats compared 
to control rats, there was a notable (P<0.05) rise 
in blood glucose and glycated hemoglobin and a 
concurrent decrease in insulin levels. However, 
the administration of BCA considerably (P<0.05) 
reverted glucose (Fig. 1A) and insulin levels (Fig. 

1B) to a state that was close to normal and thereby 
avoiding the formation of glycated hemoglobin 
(Fig. 1C).
BCA mitigated the DM-associated renal and 
cardiac damage
	 The impact of BCA on diagnostic indices 
of renal injury in control and experimentally 
diabetic rats is depicted in figure 2. The urine 
albumin excretion (Fig. 2A) and UACR (Fig. 
2B), coupled with elevated levels of NAG (Fig. 
2C), NGAL (Fig. 2D), and TGF-1 (Fig. 2E) 
were identified in the diabetic control rats, who 
demonstrated a substantial (P<0.05) tubular 
damage in the kidneys. However, as compared 
to untreated diabetic control rats, treatment with 
BCA produced notable (P<0.05) protection from 
renal damage, which was supported by a marked 
decrease in the levels of tubular injury markers.
	 Furthermore, CK-MB (Fig. 2F), LDH 
(Fig. 2G), and homocysteine (Fig. 2H), which are 
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Fig. 2. BCA mitigated the DM-associated cardiorenal damage by mitigating the elevated levels of (A) urine 
albumin excretion, (B) UACR, (C) NAG, (D) NGAL, (E) TGF-1, (F) CK-MB, (G) LDH, and (H) homocysteine. 

The data were stated as mean±SD (n=6), ùP<0.05 vs. Control, ÙP<0.05 vs. Diabetic.

important markers of cardiac injury, all showed 
a momentous (P<0.05) increase in the diabetic 
control rats. Nevertheless, as compared to the 
diabetic control group of rats, the BCA therapy 
considerably (P<0.05) decreased the levels of CK-
MB, LDH, and homocysteine.
BCA mitigated renal and cardiac oxidative 
stress
	 In diabetic control rat kidney and heart, 
supplementing with HFD and administering STZ 
caused an increase in MDA (Fig. 3A), NOx (Fig. 
3B) and GSSG (Fig. 3C) and a concurrent reduction 
in the GSH content (Fig. 3D), which is evidence 
of oxidative stress in these organs. In addition, 
BCA treatment notably (P<0.05) augmented the 
GSH concentration in these organs, which in 
turn reduction in GSSG levels and reduced the 
formation of MDA and NOx in the kidney and 
heart and protected them from oxidative stress.
The antioxidant state in both the kidney and 
heart was enhanced by BCA treatment
	 When diabetic control rats were compared 
to normal control rats, there was a substantial 
(P<0.05) decline in the activity of antioxidant 
enzymes such as SOD (Fig. 4A), CAT (Fig. 4B), 
GPX (Fig. 4C), GR (Fig. 4D), and GST (Fig. 4E) 
in both renal and cardiac tissue. However, BCA 
administration improved the activity of these 
enzymes in the kidney and the heart.

Effect of BCA on cardiac and renal Nrf-2 and 
HO-1 
	 In diabetic rats, the levels of Nrf-2 
(Fig. 5A) and HO-1 (Fig. 5B) were substantially 
(P<0.05) lower than those in the normal control 
group in the cardiac and renal tissue. Additionally, 
Nrf-2 and HO-1 levels in the renal and cardiac 
tissues of diabetic rats with BCA treatment were 
noticeably (P<0.05) increased.
BCA-activated Nrf-2/HO-1 pathway
	 The potential of BCA on the mRNA 
expressions of genes that affect antioxidant 
activity in both control and experimental diabetic 
rats is presented in figure 6. When compared to 
normal control rats, diabetic control rats showed 
a notable (P<0.05) down-regulation of the mRNA 
expressions of the SOD (Fig. 6A), CAT (Fig. 6B), 
GPx (Fig. 6C), Nrf-2 (Fig. 6D), and HO-1 (Fig. 
6E) genes. As opposed to untreated diabetic rats, 
treatment of BCA effectively increased the mRNA 
expression of SOD, CAT, GPx, Nrf-2, and HO-1 
in diabetic rats.

Discussion

	 The current investigation revealed more 
evident effects of the BCA on diabetic complications 
such as cardiomyopathy, nephropathy, and 
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Fig. 3. BCA treatment in HFD-STZ-induced diabetic rats resulted in the decrease of (A) MDA, (B) NOx, (C) 
GSSG and an increase in (D) GSH content in diabetic rats which emphasizes that BCA might attenuate the 

diabetes-induced oxidative stress in both kidney and heart, The data were stated as mean±SD (n=6), ùP<0.05 vs. 
Control, ÙP<0.05 vs. Diabetic

oxidative stress in diabetic rats that were generated 
with HFD and STZ in an animal model (rat) that 
mimics human DM. It may be applied in human 
trials when our theory has been validated and all 
parts of the impacts of our medication have been 
examined in animal modeling. The study’s main 
findings were beneficial in reducing diabetic 
complications in a rat model, and further research 
suggests promising therapeutic approaches. On 
these possible options, more study is required. As 
a result, we might do research that is supported 
by science and eventually broaden our research to 
include humans.

	 High blood sugar levels and decreased 
insulin production along with efforts to increase 
glycated hemoglobin cause T2DM. Our findings 
demonstrate the anti-diabetic potential of BCA by 
establishing how BCA lowers blood glucose and 
enhances insulin production. Intensive glucose-
lowering strategies have been reported to minimize 
prognostic indicators of renal complications in 
people with T2DM, but there is no evidence that 
these strategies alter the severity of advanced 
renal issues.16 Accordingly, individuals with 
T2DM continue to be at a higher risk of mortality 
and morbidity from cardio renal causes despite 
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Fig. 4. BCA treatment in diabetic rats turn out that the enhancement in the activities of indigenous antioxidants 
such as (A) superoxide dismutase, (B) catalase, (C) glutathione peroxidase, (D) glutathione reductase, and (E) 
glutathione-S-transferase in both the kidney and heart. The data were stated as mean±SD (n=6), ùP<0.05 vs. 

Control, ÙP<0.05 vs. Diabetic

Fig. 5. Effect of BCA on cardiac and renal (A) Nrf-2 and (B) HO-1 in control and experimental diabetic rats, The 
data were stated as mean±SD (n=6), ùP<0.05 vs. Control, ÙP<0.05 vs. Diabetic

improved glucose management and the use 
of single-agent renin-angiotensin-aldosterone 
system blockage.17 In the current investigation, 
we observed substantial cardio renal damage in 
diabetic rats produced by HFD and STZ, which was 
supported by enhanced tubular injury indicators 

and heart damage diagnostic markers, including 
CK-MB, LDH, and homocysteine. Conversely, 
BCA administration notably diminished the risk 
of cardio renal damage in diabetic rats. This 
suggests that, as we previously reported, BCA 
may protect the kidney and heart by reducing 
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hyperglycemia and repairing the carbohydrate 
metabolic enzymes.10

	 Additionally, mounting data demonstrate 
that hyperglycemia induces the formation of ROS, 
which results in oxidative stress.18 The breakdown 
of delicate oxidant/antioxidant equilibrium 
may be one proposed molecular mechanism 
behind experimentally induced DM, which might 
result in cardiac and/or kidney disease through 
oxidative damage.5 The results of the present 
study demonstrated that giving rats HFD plus 
STZ created an excess of ROS generation, which 
in turn caused cardio renal oxidative injury. If 
enough antioxidant molecules are not present to 
stop the reaction of free radicals formed from 
ROS with lipids, lipid peroxides can occur which 
can cause significant damage.5 Since lipids make 
up a large portion of biological membranes, their 
oxidation can cause cell death and damage. It 
appears that the first step in the tissue becoming 
more vulnerable to oxidative damage is a large 
rise in the levels of MDA and NOx generation 
in diabetic rats. The enhanced lipid peroxidation 
in terms of MDA and NOx in both kidneys and 
hearts in the current study provides evidence that 

excessive ROS generation may be the cause of the 
observed cardio renal damage. Additionally, GSH 
is crucial for the regulation of a number of cellular 
activities as well as for defending cells from 
damage caused by free radicals.5 However, BCA 
treatment in diabetic rats considerably decreased 
the levels of MDA and NoX in cardio renal tissue, 
indicating that the antioxidant capabilities of BCA 
may be pharmacologically effective in protecting 
against cardio renal damage. An apparent defensive 
mechanism to prevent the excessive quenching of 
intracellular ROS necessary for insulin signaling 
appears to be the activation of GSH metabolism by 
the GST enzyme and recycling of GSH by GSSG-
reductase. In diabetic rats treated with BCA or 
gliclazide, our findings clearly demonstrated that 
the regeneration of GSH from GSSG was greatly 
enhanced. Our findings, therefore, imply that BCA 
treatment of diabetic rats induces a GSH-dependent 
antioxidant adaptive response in cardiac and renal 
tissue.
	 The Nrf-2, transcription factor has been 
shown to be a fundamental transcription factor 
that controls the induction of phase 2 detoxifying 
and antioxidant genes that occur with HFD and 

Fig. 6. Effect of BCA treatment on the mRNA expressions of (A) SOD, (B) CAT, (C) GPx, (D) Nrf-2 and (E) 
HO-1 in control and experimental diabetic rats, The data were stated as mean±SD (n=6), ùP<0.05 vs. Control, 

ÙP<0.05 vs. Diabetic
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STZ administration, and it has been acknowledged 
that this transcription factor possibly will play a 
part in the underlying biochemical and molecular 
stages during DM.19 We investigated the function 
of Nrf-2/HO-1 signaling activation in the cardio 
renal protective effect of BCA since it is essential 
for preventing DM-related renal and cardiac 
complications.20,21 Our results demonstrated that 
HFD and STZ administration caused down-
regulation of Nrf-2 and HO-1 in the heart, which is 
consistent with previous studies.5,20,21 Additionally, 
we noticed that the activities of endogenous 
enzymatic antioxidants such SOD, CAT, GPx, 
GR, and GST were reduced in the kidney and the 
heart. An essential cytodefense redox mechanism 
for handling oxidative stress is the Nrf-2/HO-1 
pathway.4 One specific hyperglycemia-induced 
event in the mitochondria, excessive superoxide 
generation by the electron-transport chain, has 
been linked to the activation of the Nrf-2-mediated 
pathways underpinning the development of 
diabetic complications.22 Additionally, research 
has indicated that the lack of Nrf-2 may make both 
type 1 and T2DM worse.23,24

	 Under normal circumstances, Nrf-2 is 
retained by Keap1, a protein that binds to Kelch-
like ECHs and prevents Nrf-2 from entering the 
nucleus. Keap1 undergoes a conformational change 
after engaging with different inducers, releasing 
Nrf-2, which subsequently moves to the nucleus 
and attaches to antioxidant-related elements in the 
promoter regions of antioxidant and cytoprotective 
genes.25 In contrast to their indirect capability, 
which involves protecting against oxidative 
stress by promoting the production of phase II 
detoxifying and antioxidant enzymes, antioxidants 
have the potential to quench free radicals, ROS, and 
RNS by either giving hydrogen or electrons.5 On 
the other hand, HO-1 is an Nrf-2 controlled gene 
that plays a vital role in the deterrence of oxidative 
stress, inflammation, apoptosis and damage caused 
by ROS. The role of ROS scavenging activity in 
cellular homeostasis during cell development and 
maintenance is essential. Some of the enzymes 
involved in the removal of these free radical 
species from cells include SOD, GPx, and CAT. 
Degenerative disorders may develop if these 
enzymes are harmed by repeated instances of 
oxidative stress; Nrf-2 and HO-1 control these 
enzymes.26 

	 This research demonstrates BCA’s 
potential to preserve cellular homeostasis and 
defend cells from oxidative damage. The expression 
of antioxidant enzymes including SOD, CAT, and 
GPx-1 was up-regulated in both the kidney and the 
heart after BCA treatment significantly elevating 
the mRNA levels of Nrf-2 and HO-1 and their 
corresponding levels in the tissue. In diabetic rats, 
severe oxidative stress consumed a significant 
quantity of Nrf-2, as seen by down-regulated 
mRNA expressions of Nrf-2 and its related 
antioxidant enzymes. However, supplementation 
with BCA increased the expression of Nrf-2 
and HO-1 mRNA and stimulated Nrf-2 nuclear 
translocation, suggesting that BCA has protective 
effects on diabetic kidney and myocardial tissue 
that are mediated by the Nrf-2/HO-1 pathway. 
By controlling the expression of genes that are 
regulated by Nrf-2 to protect against oxidative 
damage, BCA may facilitate Nrf-2 translocation 
into the nucleus. According to the current research, 
Nrf-2 was increased by BCA and its depletion was 
stopped, enhancing the ability to restore redox 
equilibrium. These findings are consistent with the 
earlier research by Rani et al8, which showed that 
BCA reduced inflammation and oxidative stress, 
which in turn reduced the risk of cardiomyopathy 
linked with obesity.

Conclusion

	 Collectively, the results of this study show 
that BCA has cardio renal protective effects against 
HFD and STZ-induced DM in rats, primarily due 
to their capacity to improve antioxidant response 
by elevating the GSH level and the activities of 
enzymatic antioxidants in both the kidney and 
heart. Additionally, BCA demonstrated notable 
protective benefits against complications brought 
on by DM by reducing oxidative stress through 
regulation of the Nrf-2/HO-1 signaling pathway. 
Hence, the results of this study substantiate the 
cardio renal protective mechanisms of BCA, 
which might offer experimental support and new 
information for the development of alternative 
medicines for the treatment of DM-related 
complications.
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