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Objective(s): Diabetic nephropathy is one of the main causes of kidney failure in the end stage of 
diabetes worldwide. The present study was conducted with the aim of using the remote ischemic 
conditioning (RIC) method to prevent diabetic nephropathy.
Materials and Methods: Diabetes was induced by high-fat diet (60%) and streptozotocin injection 
(35 mg/kg) in rats. RIC was performed by tightening a tourniquet around the upper thigh and releasing 
it for three cycles of 5 min of ischemia and 5 min of reperfusion daily for an 8-week duration. At 
the end of the experiment, serum and urine parameters were examined. Anti-oxidant enzymes and 
lipid peroxidation levels in the kidney were also determined along with histological examination. 
The expression levels of tumor necrosis factor-alpha and transforming growth factor beta genes were 
also evaluated. 
Results: Glucose, cholesterol, triglyceride, and HbA1c concentrations were not significantly reduced 
in the RIC group. On the other hand, serum creatinine, urea, and albumin levels decreased and 
increased in urine. Anti-oxidant enzymes did improve in the kidney significantly and the expression 
of tumor necrosis factor-alpha and transforming growth factor beta genes decreased significantly. 
Histopathological examination also showed that necrosis, epithelial damage, and leukocyte 
infiltration increased in the diabetic group and improved in the treatment group. 
Conclusion: The results of biochemical analysis, and enzymatic and histological examinations 
showed that although RIC could not reduce blood glucose and lipids, nevertheless it may delay 
the progression of diabetic nephropathy due to the presence of anti-inflammatory and anti-oxidant 
activities.
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Introduction
Diabetes is one of the serious metabolic disorders that 

affects millions of people around the world and its global 
prevalence in 20–79  year olds in 2021 was estimated to 
be 10.5% (1). This disease is caused by the lack of insulin 
secretion or the lack of response of insulin-dependent cells 
(2). Diabetes mellitus and the resulting hyperglycemia causes 
the glycosylation of various proteins throughout the body, 
which causes many complications (3). These complications 
include damage to  the nerves, eyes, liver and is the main 
cause of chronic kidney failure (4). Diabetic nephropathy 
(DN) is one of the major threats to diabetic patients, which 
includes about 40% of end-stage renal diseases (5). The 
long-term presence of hyperglycemia can lead to abnormal 
changes in renal hemodynamics and metabolic disorders, 
which is one of the key factors of kidney damage caused by 
diabetes (6). Pathologically, DN includes renal structural 
abnormalities such as increased urinary albumin excretion, 
increased basement membrane thickening, and cell damage, 
which are characterized by various mechanisms such as 
increased oxidative stress, inflammatory responses, and 
fibrosis (7). To treat this disorder, in addition to lifestyle 
modification, new treatments are also being developed (8). 

Studies have shown that the use of some natural compounds 
(9) or supplements such as zinc and methionine (10) can 
be effective in reducing kidney damage caused by ischemia-
reperfusion. Remote ischemic conditioning (RIC) is a 
non-invasive procedure in which periods of ischemia and 
reperfusion are applied to distant organs to protect vital 
organs by activating endogenous protection (11). This 
method is derived from in situ ischemic conditioning, 
which was first described by Murray et al. The method 
involves cycles of ischemia and reperfusion that can protect 
the heart from subsequent sustained ischemic damage 
(12). The beneficial effects of RICis are caused by various 
mechanisms such as anti-oxidant activity, reduction of 
apoptosis, and activation of anti-inflammatory pathways 
(13). Several studies have investigated the positive effect 
of RIC in protecting various organs, including the kidney, 
against ischemia-reperfusion injury (14). Researchers have 
shown that RIC can exert its protective effects by reducing 
oxidative stress (15). By investigating the role of RIC in the 
protection of the kidney caused by ischemia/reperfusion, 
Oliveira et al. showed that RIC is able to reduce the level of 
MDA and reduce the damage caused by I/R in the kidney 
(16). Researchers studied the relationship between RIC 
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and anti-oxidant activity in rats by performing three cycles 
of 5-minute ischemia followed by 5-minute reperfusion 
(17). Their results showed that RIC can increase the anti-
oxidant capacity of the liver and kidney. RIC has been 
shown to protect against I/R injury by reducing key steps 
leading to systemic inflammation (18). Research has shown 
that this process blocks NF-κB and subsequently reduces 
systemic inflammation (19). Among the cytokines linked 
to inflammatory reactions in type 2 diabetes, transforming 
growth factor β (TGF-β) has been recognized as a primary 
factor in DN, which plays an important role in the progression 
of glomerulosclerosis and interstitial fibrosis (20). Although 
various studies on the protective effects of this method on 
the heart and nervous system have been investigated and 
confirmed (21), so far few studies have been reported on the 
effects of RIC in protecting kidney tissue against diabetes. In 
this study, our aim is investigation of the protective effects of 
RIC method on DN in type 2 diabetic rats.

Materials and Methods
Animals 

Twenty four male albino rats with an average weight 
of 200–250 g were kept in standard conditions with 12 hr 
of light and 12 hr of darkness and humidity level of 55%. 
Food and water were provided ad libitum. The experiments 
conducted were carefully approved by the Laboratory 
Animal Care Committee of Rafsanjan University of Medical 
Sciences (approval ID of IR.RUMS.AEC.1402.004).

Remote ischemic conditioning protocol
RIC was performed by anesthetizing rats with sodium 

pentobarbital (30 mg/kg) intraperitoneally. RIC was 
performed by tightening a tourniquet around the upper 
thigh and releasing it for three cycles of 5 min of ischemia 
and 5 min of reperfusion daily for a 8 weeks duration (22).

Experimental procedure
Type 2 diabetes was induced by high-fat diet (60%) for 4 

weeks and low dose of STZ (35 mg/kg, IP). Seven days after 
STZ injection, fasting blood glucose level was measured 
in all rats, and those with blood glucose above 200 mg/dl 
were considered diabetic animals (23). After induction of 
diabetes, rats were randomly divided into three groups (8 
rats in each group): Normal control, diabetic control group, 
and RIC group (Figure 1). 

Biochemical analysis of serum
After taking blood from the orbital sinus of rats, the serum 

was prepared by centrifugation (3000 rpm, 20 min) and 
frozen until biochemical analysis. Serum levels of glucose, 
cholesterol, triglyceride, urea, creatinine, and albumin were 

measured. HbA1c of plasma also was determined using 
appropriate kits according to the manufacturer’s instruction. 

Urine volume and biochemical analysis
At the end of the experiment, each animal was situated 

within an individual metabolic cage. Subsequently, urine 
was collected and its volume was quantified over a span of 
8 hr. Samples were utilized to assess the concentrations of 
urea, creatinine, and micro albumin. 

Histopathological analysis of kidney 
Kidneys were removed and fixed in 10% neutral formalin. 

Then all samples were cleaned, dehydrated, and embedded 
in paraffin. 7-micrometer-thick sections were prepared 
using a microtome (Leica) and the slides were stained with 
hematoxylin–eosin (H&E) and histopathological changes 
were observed microscopically.

Kidney anti-oxidant parameters 
Biochemical assessments were conducted to determine 

the levels of oxidative stress biomarkers in the kidney, 
including glutathione (GSH), superoxide dismutase 
(SOD), and malonyldialdehyde (MDA). These estimations 
were carried out using commercially available kits, 
following the instructions provided by the manufacturer. 
Additionally, the activity of catalase (CAT) was measured 
using commercial UV spectroscopic methods. To elaborate, 
a solution of kidney homogenate supernatant (10 μl) was 
combined with 0.5 ml of a 10 mM hydrogen peroxide 
(H2O2) solution. The resulting mixture was then analyzed 
for changes in its optical density at a wavelength of 240 nm, 
using a spectrophotometer. The decrease in optical density 
observed within a three-minute period after the addition 
of the kidney homogenate was regarded as an indication of 
catalase activity.

Reverse transcription and real-time polymerase chain 
reaction

Total RNA was extracted from kidney with RNX-
Plus solution (Cinaclone, Tehran, Iran) according to the 
manufacturer’s instructions. Complementary DNA (cDNA) 
was synthesized using Thermo Scientific RevertAid first 
strand cDNA synthesis kit (Prestos, Mashhad, Iran). cDNA 
through reverse transcription polymerase chain reaction 
(RT-PCR) was reproduced. Primers used for reverse 
transcription PCR provided by Betagen Inc. (Mashhad, 
Iran) were synthesized. β-actin gene was used as an internal 
control gene, and all the RT-PCR reactions were run in 
duplicate. The 2-ΔΔCT method was applied to calculate the 
relative abundance of mRNA transcripts. The sequence of 
primers is reported in Table 1.

Figure 1. Representative diagram of different experiment steps and their duration
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Statistical analysis 
The results are reported as the mean ± SEM. Differences 

between means were obtained by one-way ANOVA (Tukey-
Kramer method) was performed using Graph Pad prism 
version 9 software (GraphPad Inc., San Diego, CA, United 
States).

Results
Effect of RIC on biochemical of serum

Within 8 weeks after the induction of diabetes, a 
significant increase in fasting blood glucose, cholesterol, 
triglyceride and HbA1c levels was observed in the diabetic 
group compared to the normal control group. However, 
diabetic rats treated with RIC did not show a significant 
decrease in these factors. The level of serum creatinine in 
diabetic rats increased significantly compared to the normal 
control group. However, in the treatment group, serum 
creatinine content decreased significantly. In addition, 
diabetic rats showed a significant increase in blood urea, 
while RIC significantly reduced this level. Diabetic rats 
showed a significant decrease in the serum albumin level, 
but in the treatment group, the albumin concentration 
increased significantly compared to the diabetic control 
group. Tables 2 show the data of the above observations.

Effect of RIC on volume and biochemical of urine
At the end of the experiment, measuring the volume of 

urine produced in different groups showed that the volume 
of urine in diabetic rats increased significantly within 8 hr 
compared to the normal group. However, after treatment 
with RIC for 8 weeks, urine volume was significantly 
reduced compared with diabetic rats (Figure 2). In addition, 
diabetic rats had higher levels of creatinine, urea, and 
micro albumin compared to the normal control group 
but a significant decrease in creatinine and urea levels was 

observed in the treatment group compared to the group of 
diabetic rats (Table 3).

Renal histopathology
The kidneys in the control group revealed normal 

structure with no sign of histopathological changes. The 
renal glomeruli and tubules was normal (Figure 3a). 
Histopathology changes in the renal glomeruli and tubules 
were observed in diabetic group. Disorganization and 
congestion of renal tubule, necrosis, epithelial damage, and 
leukocyte infiltration were seen (Figure 3b). In the RIC 
group, these histopathological changes were decreased but 
some tubular necrosis was also obvious (Figure 3c). 

Kidney anti-oxidant parameters
In the diabetic group, the activities of superoxide 

dismutase, reduced glutathione and catalase were lower 
compared to the normal group. However, significantly 
higher levels of MDA (a marker of lipid peroxidation) were 
detected in the kidneys in diabetic rats. Treated animals had 
significantly reduced levels of MDA and increased levels of 
SOD, GSH, and catalase (Figure 4).
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No Gen Forward primer  Reverse primer  

1 -Actin 5′ CGCGAGTACAACCTTCTTGC 3′ 5′GTCTACAACATGATCTGGGTCA3′ 

2 TGF-  5′ GCAACAATTCCTGGCGTTAC 3′ 5′ GTATTCCGTCTCCTTGGTTCAG 3ʹ 

3 TNF-  5′-GTCGTAGCAAACCACCAAGC 3′ 5′-CTCCTGGTATGAAATGGCAAA 3′ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Sequence identification and primers used for RT-PCR analysis of 
β-Actin, TGF-β and TNF-α

 

2 
 

 Normal Diabetes RIC 

Glu(mg/dl) 115±14 366±45 a 384±58 a 

Chol(mg/dl) 92±9.2 130±8.8a 123±7.6a 

TG(mg/dl) 89±4.5 163±7.2 a 156±41a 

HBA1C(mg/dl) 5.6±1.2 18±1.3 a 16±1.9 a 

Creatinine (mg/dl) 0.7±0.5 1.8±0.7 a 1.1±0.7 b 

Urea(mg/dl) 11.3±1.6 36.5±6.2 a 21.5±5.3 b 

Albumin (mg/dl) 3.8±0.5 2.3±0.2 a 2.9±0.3 b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Table 2. Different serum biochemical parameters in normal, treated and 
diabetic rats

Data was analyzed by ANOVA followed by Tukey’s test and expressed as the 
means± SEM. The sample size (n) for each group is 8. a: P<0.05 compared 
to the Normal group and b: P<0.05 compared to the diabetic group.
Glu: Glucose; Chol: Cholesterol; TG: Triglyceride 

Figure 2. Effects of RIC on urine volume in diabetic rats
Data are expressed as the means ± SEM with a sample size of n=8 per group. ** P<0.01 
compared to the diabetic group.
RIC: Remote ischemic conditioning

 

3 
 

 

 Normal Diabetes RIC 

Creatinine (mg/dl) 66.3±7.3 23.4±2.4 a 40±3.9 b 

Urea (mg/dl) 3.2±0.3 0.8±0.08 a 2.1±0.5 b 

Micro albumin (mg/dl) 10.1±1.2 21.1±2.1 a 15.1±1.2 b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. The effect of Remote ischemic conditioning (RIC) on urinary 
creatinine, urea and microalbumin levels in diabetic rats

Data was analyzed by ANOVA followed by Tukey’s test and expressed 
as the means± SEM. The sample size (n) for each group is 8. a: P<0.05 
compared to the Normal group and b: P<0.05 compared to the diabetic 
group. The sample size (n) for each group is 8.

Figure 3. Histopathological changes of kidneys in normal, treated and 
diabetic rats 
The sample size (n) for each group is 8. (a) Control group, (b) diabetic group, 
disorganization of renal tubule, necrosis (arrow), epithelial damage (arrowhead), 
and leukocyte infiltration were seen, (c) in RIC group histopathological changes were 
decreased. H and E, ×100.
RIC: Remote ischemic conditioning
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mRNA expression of TNF-α and TGF-β
According to the results obtained from the study of the 

expression level of genes, it was found that in the diabetic 
group there was a significant increase in the level of TGF-β 
and TNF-α gene expression compared to the normal group. 
The obtained PCR results showed a significant decrease in 
TNF-α as inflammatory marker and TGF-β as the marker of 
endothelial dysfunction in treated group compared to the 
diabetic group (Figure 5).

Discussion
DN is one of the most important complications of 

diabetes, which is known as the main cause of kidney 
failure (24). Increased blood glucose level in addition 
to intensifying oxidative stress and increasing ROS 
production in mitochondria causes apoptosis in kidney 
tissue cells (25). Our findings showed that the RIC method 
has no detectable effect on reducing glucose, triglyceride, 
cholesterol, and HbA1c. Additionally, it demonstrated that 
the concentrations of urea, microalbumin, and creatinine in 
the serum decreased, while these factors increased in urine. 
Also we observed that the anti-oxidant enzymes and lipid 
peroxidation in the kidney tissue improved significantly in 
the RIC group and TGF-β expression decreased compared 
to the diabetic group. In terms of histopathology, it was 
also found that the kidney tubule disorganization, necrosis, 
epithelial damage, and leukocyte infiltration decreased in 
the RIC group.  Both oxidative stress and inflammation 
play crucial roles in the pathogenesis and advancement 
of chronic kidney disease (26). Chronic hyperglycemia 
elicits oxidative stress, facilitates the overproduction of 
reactive oxygen species (ROS), diminishes the anti-oxidant 
capacity, and prompts the immune system to secrete 
inflammatory mediators and cytokines that impact the 
glomerular capillaries (27). Furthermore, these processes 
lead to alterations in both the structure and function of the 
renal tubules, consequently intensifying the damage that 
occurs in the kidneys and throughout the body (28). RIC 
refers to a therapeutic approach aimed at protecting organs 
or tissues against the harmful consequences of ischemic 
reperfusion injury (29). Although its application was 
initially demonstrated to provide defense for the cardiac 
organ against acute myocardial infarction, its advantageous 
impacts were also observed in other organs such as the brain 
(30). However, its protective effects against DN remain 
unexplored. Several investigations have revealed that remote 

Figure 4. Effects of RIC on superoxide dismutase, catalase, reduced glutathione and lipid peroxidation malondialdehyde in diabetic rats
Data are expressed as the means ± SEM with a sample size of n=8 per group. ** P<0.01 compared to the diabetic group
RIC: Remote ischemic conditioning

Figure 5. Effect of RIC on the genes expression of TNF-α and TGF-β using 
RT-PCR in diabetic rats
Data are expressed as the means ± SEM with a sample size of n=8 per group. ** P<0.01 
compared to the diabetic group.
RIC: Remote ischemic conditioning; TGF-β: Transforming growth factor β
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ischemia conditioning acts by activating anti-oxidant, 
antiapoptotic, and anti-inflammatory pathways (31). It was 
shown that although RIC does not affect blood glucose 
levels, it has anti-oxidant properties and can prevent diabetic 
retinopathy (32). Kong et al. demonstrated that ischemic 
conditioning could reduce expression of IL-1β, TNFα, and 
ICAM-1, and prevent the accumulation of leukocytes in the 
cerebral cortex (33). A study showed that RIC temporarily 
improves anti-oxidant defense and increases both liver and 
kidney anti-oxidant capacity (17). The ability of ischemia 
conditioning to increase the anti-oxidant capacity of the 
brain has been confirmed (34). TGF-β causes extracellular 
matrix thickening, hypertrophy, and increased collagen 
production in mesenchymal cells (35). Transforming growth 
factor β is involved in the development of glomerulosclerosis 
and interstitial fibrosis in DN (36). Studies have shown that 
RIC exerts its protective effects through humoral mediators, 
neural mechanisms, or their combination. It is known that 
RIC can cause the release of mediators such as kallistatin, 
apolipoprotein A-I, and stroma-derived factor 1α (SDF-1α)
(37). Kallistatin is a protease that reduces inflammation, 
apoptosis, and oxidative stress in endothelial cells(38). 
Apolipoprotein A-I also has anti-inflammatory properties 
and can prevent ischemia-reperfusion injury (39). Several 
other potential mediators such as micro RNAs (miRNAs), 
bradykinin, adenosine, and nitric oxide (NO) can prevent 
ischemia-induced tissue damage (40). On the other hand, in 
addition to the humoral hypothesis, there is also the neural 
reflex hypothesis, which states that an ischemia-reperfusion 
cycle in peripheral locations may activate a neural reflex and 
lead to organ protection (40). Activation of afferents during 
RIC occurs due to local accumulation of mediators such as 
calcitonin gene-related peptide (CGRP), adenosine, and 
bradykinin. These mediators cause neural metaboreflexes, 
and RIC is a conditioning protocol that induces these neural 
metaboreflex (41). However, more evidence and studies are 
needed to know the effective mechanisms in this process 
so that this method can be used to reduce the diabetic 
complications.

Conclusion
RIC is a relatively new method that has shown its 

protective effects on various tissues. However, understanding 
the mechanisms of this method in the treatment of diseases 
is still challenging. The results showed that RIC can reduce 
DN in diabetic rats by improving anti-oxidant capacity and 
reducing inflammatory pathways. Although this method 
could not reduce blood sugar, it showed that it is able to 
protect the kidney against the damage caused by diabetes. 
Future studies should focus on the use of this method in 
the treatment of diabetic patients so that its effectiveness 
in the treatment of diabetes can be used. There were some 
limitations in this research. Due to low financial resources, 
it was not possible to investigate other remote ischemia 
conditioning mechanisms such as apoptotic factors.

Acknowledgment
We gratefully acknowledge the staff of the Physiology 

and Pharmacology Research Center, Rafsanjan University 
of Medical Sciences, Iran, for their efforts.

Authors’ Contributions
All authors have actively participated in this project. SM 
B and M A actively participated in the stages of design, 

data analysis and collection, and writing of the article. E H 
contributed to data collection and writing of the article. The 
final article was reviewed and approved by all authors.

Conflicts of Interest
The authors declare that there are no conflicts of interest.

References
1. Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, 
Duncan BB, et al. IDF diabetes atlas: Global, regional and country-
level diabetes prevalence estimates for 2021 and projections for 
2045. Diabetes Res Clin Pract 2022; 183:109119. 
2. Magliano DJ, Chen L, Carstensen B, Gregg EW, Pavkov ME, 
Salim A, et al. Trends in all-cause mortality among people with 
diagnosed diabetes in high-income settings: A multicountry 
analysis of aggregate data. Lancet Diabetes Endocrinol 2022; 
10:112–119. 
3. Matoori S. Diabetes and its complications. ACS pharmacology & 
translational science. ACS Publications; 2022; 5:513–515. 
4. Gross JL, De Azevedo MJ, Silveiro SP, Canani LH, Caramori ML, 
and Zelmanovitz T. Diabetic nephropathy: Diagnosis, prevention, 
and treatment. Diabetes Care 2005; 28:164–176. 
5. Mansour AE, Abdelmoniem RO, Elbadawy AM, and Ibrahim 
WM. The utility of estimation of glomerular filtration rate by 
serum cystatin C as a predictor of diabetic kidney disease in both 
type I and type II diabetic patients: A single center study. Egypt J 
Intern Med 2023; 35:35-64. 
6. Ma RCW. Genetics of cardiovascular and renal complications in 
diabetes. J Diabetes Investig 2016; 7:139–154. 
7. Belur Nagaraj S, Pena MJ, Ju W, Heerspink HL, and Consortium 
Bea. Machine‐learning–based early prediction of end‐stage renal 
disease in patients with diabetic kidney disease using clinical trials 
data. Diabetes, Obes Metab 2020; 22:2479–2486. 
8. Hu Q, Chen Y, Deng X, Li Y, Ma X, Zeng J, et al. Diabetic 
nephropathy: Focusing on pathological signals, clinical treatment, 
and dietary regulation. Biomed Pharmacother 2023; 159:1-16. 
9. Koç A, Ergene N, Baltaci AK, Moğulkoç R. Effect of 
3’-4’-dihydroxyflavonol on lipid per oxidation inexperimental 
renal ischemia-reperfusion in rats. 2019; 6: 2579-2584. 
10. Yilmaz M, Mogulkoc R, and Baltaci AK. Effect of three-week 
zinc and melatonin supplementation on the oxidant-anti-oxidant 
system in experimental renal ischemia-reperfusion in rats. Acta 
Clin Croat 2015; 54:395–401. 
11. Chen G, Thakkar M, Robinson C, and Doré S. Limb remote 
ischemic conditioning: Mechanisms, anesthetics, and the potential 
for expanding therapeutic options. Front Neurol 2018; 9:40-58. 
12. Heusch G, Bøtker HE, Przyklenk K, Redington A, and Yellon 
D. Remote ischemic conditioning. J Am Coll Cardiol 2015; 
65:177–195. 
13. Yang J, Shakil F, and Cho S. Peripheral mechanisms of remote 
ischemic conditioning. Cond Med 2019; 2:61-68. 
14. Zhou D, Ding J, Ya J, Pan L, Wang Y, Ji X, et al. Remote ischemic 
conditioning: A promising therapeutic intervention for multi-
organ protection. Aging (Albany NY) 2018; 10: 1825–1855. 
15. Dewitte K, Claeys M, Van Craenenbroeck E, Monsieurs 
K, Heidbuchel H, Hoymans V, et al. Role of oxidative stress, 
angiogenesis and chemo-attractant cytokines in the pathogenesis 
of ischaemic protection induced by remote ischaemic conditioning: 
Study of a human model of ischaemia-reperfusion induced 
vascular injury. Pathophysiology 2019; 26:53–59. 
16. Oliveira R de CS de, Brito MVH, Ribeiro RFG, Oliveira LOD, 
Monteiro AM, Brandão FMV, et al. Influence of remote ischemic 
conditioning and tramadol hydrochloride on oxidative stress in 
kidney ischemia/reperfusion injury in rats1. Acta Cir Bras 2017; 
32:229–235. 
17. da Silva Costa FL, Teixeira RKC, Yamaki VN, Valente AL, Silva 

Corr
ect

ed
 Proo

f



Iran J Basic Med Sci, 2024, Vol. 27, No. 

Bagheri et al. Nephroprotective effect of RIC

6

AMF, Brito MVH, et al. Remote ischemic conditioning temporarily 
improves anti-oxidant defense. J Surg Res 2016; 200:105–109. 
18. Pearce L, Davidson SM, and Yellon DM. Does remote ischaemic 
conditioning reduce inflammation? A focus on innate immunity 
and cytokine response. Basic Res Cardiol 2021; 116:1–20. 
19. Mollet I, Marto JP, Mendonça M, Baptista MV, and Vieira HLA. 
Remote but not distant: A review on experimental models and 
clinical trials in remote ischemic conditioning as potential therapy 
in ischemic stroke. Mol Neurobiol 2022; 59: 294–325. 
20. Wang L, Wang H, and Lan H. TGF-β signaling in diabetic 
nephropathy: An update. Diabet Nephrop 2022; 2:7–16. 
21. Abdul‐Ghani S, Fleishman AN, Khaliulin I, Meloni M, Angelini 
GD, and Suleiman M. Remote ischemic preconditioning triggers 
changes in autonomic nervous system activity: Implications for 
cardioprotection. Physiol Rep 2017; 5:1-13. 
22. Zhang X, Jizhang Y, Xu X, Kwiecien TD, Li N, Zhang Y, et 
al. Protective effects of remote ischemic conditioning against 
ischemia/reperfusion-induced retinal injury in rats. Vis Neurosci 
2014; 31:245–252. 
23. Zhang M, Lv X-Y, Li J, Xu Z-G, and Chen L. The characterization 
of high-fat diet and multiple low-dose streptozotocin induced type 
2 diabetes rat model. Exp Diabetes Res 2008; 2008:1-9. 
24. Sagoo MK and Gnudi L. Diabetic nephropathy: An overview. 
Diabet Nephrop Methods Protoc 2020; 3–7. 
25. Soria B, Skoudy A, and Martin F. From stem cells to beta cells: 
New strategies in cell therapy of diabetes mellitus. Diabetologia 
2001; 44:407–415. 
26. Podkowińska A and Formanowicz D. Chronic kidney disease 
as oxidative stress-and inflammatory-mediated cardiovascular 
disease. Antioxidants 2020; 9:752-806. 
27. Charlton A, Garzarella J, Jandeleit-Dahm KAM, and Jha JC. 
Oxidative stress and inflammation in renal and cardiovascular 
complications of diabetes. Biology (Basel) 2020; 10:18-36. 
28. Rahmani AH, Alsahli MA, Khan AA, and Almatroodi SA. 
Quercetin, a plant flavonol attenuates diabetic complications, 
renal tissue damage, renal oxidative stress and inflammation in 
streptozotocin-induced diabetic rats. Metabolites 2023; 13:130-146. 
29. Hess DC, Blauenfeldt RA, and Andersen G. Remote ischemic 
conditioning: Feasible and potentially beneficial for ischemic 
stroke. JAMA 2022; 328:622–624. 
30. Li S, Xing X, Wang L, Xu J, Ren C, Li Y, et al. Remote ischemic 
conditioning reduces adverse events in patients with acute ischemic 
stroke complicating acute myocardial infarction: A randomized 

controlled trial. Crit Care 2024; 28:5-14. 
31. Heusch G. Remote ischemic conditioning: The enigmatic 
transfer of protection. Cardiovasc Res 2017;113:1-2.
32. Ren C, Wu H, Li D, Yang Y, Gao Y, Jizhang Y, et al. Remote 
ischemic conditioning protects diabetic retinopathy in 
streptozotocin-induced diabetic rats via anti-inflammation and 
anti-oxidation. Aging Dis 2018; 9:1122. 
33. Kong Y, Rogers MR, and Qin X. Effective neuroprotection 
by ischemic postconditioning is associated with a decreased 
expression of RGMa and inflammation mediators in ischemic rats. 
Neurochem Res 2013; 38:815–825. 
34. Monteiro AM, Couteiro RP, Silva DF da, Trindade Júnior 
SC, Silva RC, Sousa LFF de, et al. Remote ischemic conditioning 
improves rat brain anti-oxidant defense in a time-dependent 
mechanism. Acta Cirúrgica Bras 2021; 7: 36-43. 
35. Wu H, Xu F, Huang X, Li X, Yu P, Zhang L, et al. Lupenone 
improves type 2 diabetic nephropathy by regulating NF-κB 
pathway-mediated inflammation and TGF-β1/Smad/CTGF-
associated fibrosis. Phytomedicine 2023; 118:154959. 
36. Kadhim SH, Khakzad MR, and Eshaghi A. Evaluation of the 
relationship between Tgf-Β expression and clinical symptoms in 
patients with diabetic nephropathy. J Pharm Negat Results 2023; 
14:211–226. 
37. Helgeland E, Breivik LE, Vaudel M, Svendsen ØS, Garberg H, 
Nordrehaug JE, et al. Exploring the human plasma proteome for 
humoral mediators of remote ischemic preconditioning-a word of 
caution. PLoS One 2014; 9:1-9. 
38. Gao L, Li P, Zhang J, Hagiwara M, Shen B, Bledsoe G, et al. 
Novel role of kallistatin in vascular repair by promoting mobility, 
viability, and function of endothelial progenitor cells. J Am Heart 
Assoc 2014; 3:e001194. 
39. Hibert P, Prunier-Mirebeau D, Beseme O, Chwastyniak M, 
Tamareille S, Lamon D, et al. Apolipoprotein aI is a potential 
mediator of remote ischemic preconditioning. PLoS One 2013; 
8:1-9. 
40. Aimo A, Borrelli C, Giannoni A, Pastormerlo LE, Barison A, 
Mirizzi G, et al. Cardioprotection by remote ischemic conditioning: 
Mechanisms and clinical evidences. World J Cardiol 2015; 7:621- 
632. 
41. Morley WN, Coates AM, and Burr JF. Cardiac autonomic 
recovery following traditional and augmented remote ischemic 
preconditioning. Eur J Appl Physiol 2021; 121:265–277. 

Corr
ect

ed
 Proo

f


