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including antioxidant, antimicrobial, anti-cancer, anti-

diabetic, anti- inflammatory, and wound-healing 

effects [7]. 

 
Study design 

Systematic review 
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Year Ref. Model of 

ischemia 

 

Time 

of ischemia 

Nanoparti

cle (dose 

or size) 

Effective 

size/dose 

Treatment 

duration by 

Nanoparticle 

Measurement/ 

assayed factor(s) 

Final Results (Probable) Physiological/ 

pharmacological route(s) of 

action 

2021 Awadalla 

et al [1] 

Occlusion of 

left renal 

pedicle and 

Right 

nephrectomy 

5 min before 

removal of the 

clamp 

 

45 min ZnO-NP 

5 mg/Kg, 

i.p. 

5 mg/Kg 

i.p. 

2 hrs before 

ischemia 

Cr, BUN, MDA, TNF-

α, Bax, caspase-3, 

CAT, SOD, Expression 

of Nrf2, HO-1, HIF-1α 

genes and ki67 

↓Cr and BUN 

 

 

 

↑ Cell proliferation, 

↓ Oxidative stress, ↑ (ki67), 

upregulation of antioxidant genes 

and downregulation of 

inflammatory cytokine and 

apoptotic genes 

upregulation of (Nrf2, HO-1 and 

HIF-1α) and downregulation of 

(TNF-α and caspase-3 and Bax). 

2022 Zhou 

et al. [11] 

Unilateral 

nephrectomy 

and 

contralateral 

renal vascular 

clamping 

 

40 min In vivo 

Ceria -NP 

10 mg/kg 

i.v. 

 

 

 

 

 

 

NP118 

nm 

In vivo: 2 h 

before surgery 

 

 

Cr, BUN, Histological 

analysis, Cytochrome c 

quantification, Flow 

cytometry, MDA, Nrf2, 

macrophage infiltration 

 

↓Cr , BUN and 

MDA 

 

Improvement in 

Histological 

change. 

 

↑Cytochrome c 

quantification 

In vivo: 

↓Oxidative stress, 

↓ RIRI induced inflammatory 

response, 

↓ macrophage infiltration and 

polarization to M1 phenotype, 

 

Regulating the Nrf2 pathway, 
 

In vitro 

 

In vitro: 12 h 
In vitro 

https://pbp.medilam.ac.ir/search.php?sid=1&slc_lang=en&author=Nazarbaghi
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serum-free 

condition 

followed by 2 h 

of standard 

condition (IR 

mimicking 

condition) 

Ceria -NP 

20 μg/mL 

↓ pro-inflammatory cytokine and 

chemokine production. 

 

In vitro: 

↓ Intracellular ROS production, 

↓ lipopolysaccharide-induced 

inflammation in RAW264.7 cells 

 

2023 Embaby 

et al. [12] 

 

Unilateral RIRI 

and right 

nephrectomy 

45 min ZnO-NP 

(5, 7.5, and 

10 mg/kg 

b.wt.  i.p.) 

 

10 mg/kg 

i.p. 

 

2 h before 

RIRI induction 

Cr, urea, GPx, CAT, 

and SOD activities, 

MDA and NO 

concentrations. TNF-α, 

NF-κB, KIM-1, NGAL, 

and caspase-3 Nrf2. 

renal lesions and 

fibrosis, vascular 

permeability 

↓Cr and urea, 

 

Improvement in 

Histopathologica

l change, 

 

Improvement in 

vascular 

permeability, 

renal lesions and 

fibrosis. 

 

↓Oxidative stress, apoptosis 

↑Antioxidant activity, 

↑ GPx, CAT, and SOD activities, 

↓ MDA and NO concentrations. 

↓Renal expressions of TNF-α, NF-

κB, KIM-1, NGAL, and caspase-

3, 

↑ Gene expressionNrf2 mRNA 

 

2021 Liu et al. 

[13] 

bilaterally 

Renal hilum 

clamping 

40 min T-

NPCoQ10 

In vivo: 

50 mg/kg 

 

In vivo: 24 h 

before I/R 

surgery 

 

In vivo: Plasma Cr, 

BUN, tubular injury 

score 

↓Cr, BUN and 

tubular injury 

score 

In vivo: ↓Oxidative injury in both 

cell and animal models, 

↓ mtDNA damage, 
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 Protein carbonyl 

content, mtDNA 

damage, BAX, 

Caspase- 3, Bcl-2, and 

IL-1β, TNF-α, and IL-

6, 

 

 

 

↓Protein 

carbonyl content 

↓ inflammatory and apoptotic 

responses, 

↓BAX, Caspase- 3, Bcl-2, and IL-

1β, TNF-α, and IL-6 

 

 

In vitro 

Oxygen-glucose 

deprivation 

8-h In vitro 

5 μM 

 

In vitro: 

incubation 

with T-

NPCoQ10  for 

2 h (according 

to methods) 

 

 

In vitro: 

↓ROS generation 

 

In vitro: 

ROS generation 

 

2021 Xie et al. 

[14] 

Right kidney 

was removed, 

and the renal 

pedicle of 

left kidney was 

clipped by 

microvascular 

clamp 

30 min PHD2 

siRNA G5-

FA 

7 mg 

siRNA/1

7.5 mg 

G5-FA 

per 10 g 

b.wt. 

24 hours prior 

to I/R surgery. 

PHD2 and GLUT1 

mRNA, 

PHD2 protein, 

Cr /BUN 

Kidney Injury 

Molecule-1, 

Neutrophil Gelatinase-

Associated Lipocalin, 

Histologic study, 

Hypoxia 

Improved Renal 

Function in RIRI, 

Mice. 

↓ BUN and Cr in 

RIRI with PHD2 

siRNA G5-FA 

group 

 

 

↓Ttubular 

dilation, ↓loss of 

brush border, 

↓vacuolar 

degeneration, 

G5-FA is a vector to deliver 

siRNA for local gene knock-down 

in kidney. 

↓Majority of PHD2 expression in 

the kidney by G5-FA–mediated 

siRNA delivery due to selective 

targeting to the proximal tubules 

(↓ PHD2 mRNA and protein) 

 

↑mRNA Expression of HIF-1( 

Target Gene GLUT1) by silencing 

of PHD2 in Kidney 

 

↓NGAL, KIM-1, and IL-1b levels 

https://pbp.medilam.ac.ir/search.php?sid=1&slc_lang=en&author=Nazarbaghi
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↓tubular 

necrosis, 

↓cast formation 

in RIRI with 

PHD2 siRNA 

G5-FA group 

in RIRI 1 PHD2 siRNA G5-FA 

group 

 

 

2022 Hou et al. 

[15] 

Left renal 

pedicle 

clamping for 28 

min 

immediately 

following 

surgical 

removal of the 

right kidney 

 

 

 

 

 

 

28 min LSKL/NP 

 

 

In vivo: 

0.12 g/kg 

/bw 

 

 

In vivo: 3h 

after RIRI 

 

 

 

In vivo: renal lesion 

scoring, histology, IL-6 

concentration, Cr 

 

 

 

 

 

 

In vivo: 

↓serum Cr, 

↓Renal histologic 

lesions 

 

↓Renal 

pathological 

scores 

 

↓TSP-1production in the kidneys 

by LSKL/NPs (probably TSP-1 

protein adsorbed on LSKL/NPs 

were rapidly taken up, and it failed 

to induce tubular epithelial cell 

death. TSP-1 adsorbed on 

LSKL/NPs and neutralized was 

incapable of signaling through 

CD47. 

 

↓ TSP-1proteins out of the tissue, 

↓TSP-1 concentration in IR 

kidneys by LSKL/NP 

recirculation 

 

↓Renal cell apoptosis 

Invitro 

 ...... 

 

In vitro: 

 .... 

 

In vitro: 

72 h 
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Invitro: 

 

TSP-1 induced 

human renal 

tubular 

epithelial cell 

apoptosis 

In vitro: 

Apoptosis 

In vitro: 

↓Apoptosis 

 

↓ IL-6 

 

In vitro: 

↓Total apoptotic cell 

2020 Liu et.al. 

[16] 

Bilaterally renal 

hilum clamping 

40 min N-NP 

CoQ10 

In vivo: 

50 mg/kg 

 

 

 

In vivo: 24 h 

before I/R 

surgery 

 

 

In vivo: Cr, BUN, IL-1 

β, TNF- α, IL-6, BAX, 

Bcl-2, Caspase-3, SOD, 

GSH and MDA 

 

In vivo: 

Improve renal 

function, 

↓ Cr, BUN 

 

In vivo: 

↓Oxidative damage, 

↓ Renal cell apoptosis, 

↓ Inflammatory response, 

↓IL-1 β, TNF- α, IL-6, MDA and 

BAX, Caspase-3, 

↑ SOD, GSH, Bcl-2 protein 

 

 

Oxygen-glucose 

deprivation/repe

rfusion 

In vitro 

8 h. 

 

In vitro:5 

μM 

In vitro: 24 h In vitro: 

Apoptosis, mtDNA 

damage, Protein 

carbonyl content 

In vitro: 

↓Protein 

carbonyl content 

and mtDNA 

damage 

 

In vitro: 

↓Oxidative damage, 

↓Cell apoptosis 
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2022 Xu et al 

[17] 

Both renal 

arteries 

clamping 

 

45 min NP-IGF-

1C 

In vivo: 

200 μl 

 

 

 

 

 

 

 

 

In vivo: 2 h 

before the 

operation and 

24 h and 

48 h after the 

operation 

In vivo: serum Cr, 

BUN, 

KIM-1 and NAGL, 

CAT, MDA, GSH-Px, 

IL-6 and IL-10, 

Histopathological 

evaluation, Bax and   

Bcl-2 

 

 

In vivo: 

↑renal function, 

↓serum Cr, BUN, 

Improved 

Histopathologica

l evaluation, 

 

 

In vivo: 

↓ Inflammatory factors, oxidative 

stress, apoptosis and biomarkers 

of renal injury, 

↓KIM-1 and NAGL, MDA, IL-6 

and IL-10, 

↑Antioxidant enzyme levels, 

↑ CAT, GSH-Px, 

↓Bax and ↑Bcl-2 

 

Oxygen-glucose 

deprivation/repe

rfusion 

8 h 

In vitro: 

… 

 

In vitro: 24 h In vitro: 

oxidative damage 

In vitro: ↑Cell 

viability 

 

In vitro: 

↑Live-dead  % 

2016 Xu et al 

[18] 

Cell cultured 

under ischemia 

and hypoxia 

24 h Cur-NP 

(81.93 ± 

0.5 nm) 

50 μM 24 h Cell viability, caspase-3 

and Bax, Bcl-2, 

increased SOD, 

apoptotic rate, reactive 

oxygen species level, 

and MDA 

Improved cell 

viability 

Downregulated protein expression 

levels of caspase-3 and Bax, 

upregulated expression of Bcl-2 

protein, 

↑ Antioxidant enzyme (↑SOD 

level), 

↓ Apoptotic rate, 

↓Reactive oxygen species level, 

and MDA 
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2017 Xie et al 

[19] 

Right 

nephrectomy 

and left renal 

artery occlusion 

 

In vivo 45 

min 

BBR-NP 

 

4mg/kg Six and 24 

hours before 

RIRI 

BUN and Cr, neutrophil 

infiltrations and tubular 

necrosis, MDA, 

cytoplasm Cyt-C, 

mitochondria Cyt-C, 

Caspase-3 and MMP, 

↓BUN and Cr 

levels and 

neutrophil 

infiltrations and 

tubular necrosis 

 

↓ Oxidative stress and apoptosis, 

Caspase-3 and MMP, MDA, 

cytoplasm Cyt-C, 

↑ mitochondria Cyt- C 

 

 

2022 Saleh et al 

[20] 

Bilateral 

vascular 

pedicles 

clamping 

30 min PEG-

AuNP 

 

40 μg/kg 

 

150 μg/kg 

 

400 μg/kg 

40 μg/kg 

 

150 

μg/kg 

 

400 

μg/kg 

30 min earlier 

to ischemia 

and 5 min 

prior to 

reperfusion 

 

for 3 

consecutive 

days 

BUN, Cr, MDA, GSH, 

GPx, SOD, AMPK, 

PI3K, AKT, Nrf2, HO-

1, 

IL-1β, and TNF-α 

↓BUN, Cr and 

Histological 

damage. 

↓renal fibrosis 

↑recovering of 

damaged renal 

cells, 

↓Renal tubular 

atrophy, 

glomerular 

damage, 

mitochondrial 

damage, and 

necrotic area. 

 

↓ Inflammatory cytokines, 

↑ antioxidant system. 

↓ Apoptosis 

↓ MDA, TNF-α and IL-1β, 

upregulated the AMPK-Nrf2 

pathway. 
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2024  

Karimi et 

al. [21] 

Bilateral renal 

pedicles 

occlusion 

 

60 min 

Chitosan 

nanoparticl

es 

60 

(mg/kg) 

30 min before 

renal ischemia 

Oxidative stress, TAC, 

histopathological 

examination, Cr and 

BUN, GFR, urine flow 

rate 

↑TAC 

 

↓BUN and Cr 

 

↓urine flow rate 

Attenuated oxidative stress 

 

↑GFR 

Corrected the renal 

histopathological changes 

2024  

Saiz et al. 

[22] 

In vivo 

 

Bilateral IRI 

(clamping both 

renal pedicles) 

 

In vivo 

 

45 or 30 min 

(depending 

on the 

experimental 

set) 

 

In vivo 

 

JQ1- NPs 

10, 20, 30, 

and 40 

mg/kg 

 

 

 

 

 

In vitro 

JQ1- NPs 

10,50, 

In vivo 

40 mg/kg 

In vivo 

 

 

1 h after 

surgery 

In vivo 

BUN and Cr, Lcn2 and 

NGAL gene, KIM-1 

 

Immune cells 

(neutrophils and 

monocytes) infiltration, 

 

Expression of 

proinflammatory 

cytokines genes 

 

In vivo 

↓BUN and Cr 

 

↓neutrophils and 

monocytes 

 

In vivo: 

↓Lcn2 and NGAL gene, 

 

↓KIM-1 

↓Immune cells infiltration 

 

↓Expression of proinflammatory 

cytokines genes 

 

 

 

In vitro 

↓IL6 and CCL2 

In vitro: 

↓ Pro-inflammatory genes 

In vitro 
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250 and 

500 nm 

 

In vitro 

500 nm 

In vitro 

1, 3, 6, 18, and 

24 h 

 

IL6 and CCL2 

In vitro 

- 

 

In vitro 

- 

2024 Guo et al. 

[23] 

In vivo: 

Bilateral 

Ischemia-

Reperfusion 

Surgery 

(pedicle was 

clamped with an 

artery clamp) 

 

 

 

In vivo: 

 

35 min 

Albumin - 

NPs 

In vivo: 

 

 

10 mg/kg 

In vivo: 

NP 

injection:1h 

After 

ischemia-

reperfusion 

surgery 

 

Sampling: At 

48 h 

postreperfusio

n 

 

In vivo: 

 

BUN 

Cytokine Levels (IL-

1β, IL-18) and  LDH 

levels 

 

Pyroptosis effector 

molecule GSDMD and 

KIM-1 

 

Histopathological 

examination 

 

 

↓BUN 

 

 

↓Cytokine 

Levels (IL-1β, 

IL-18) 

 

↓LDH levels 

↓Pyroptosis effector molecule 

GSDMD 

 

↓KIM-1 

 

 

Corrected the renal 

histopathological changes 

 

 

In vitro: 

Hypoxia-

Reoxygenation 

Model 

 

 

In vitro: 

12 h. 

In vitro: In vitro: In vitro: 

https://pbp.medilam.ac.ir/search.php?sid=1&slc_lang=en&author=Nazarbaghi
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long-

lasting 

NP 

(BSA@

DSF 

NPs) 

(1 μM)

 

2h 

 

Oxidative Stress 

GSDMD 

IL-1β and  IL-18 

In vitro: 

↓IL-1β, IL-18 

 

In vitro: 

↓Pyroptosis cells 

↓ GSDMD 

↓Oxidative Stress
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