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Abstract: Kidney injury and related diseases have become quite common in recent years, and have attracted 
more attention. Sulforaphane, a kind of isothiocyanate, is widely distributed in cruciferous plants and it is a 
common antioxidant. Specifically, sulforaphane can reduce oxidative damage by preventing cells from free-
radical damage, preventing cells from degeneration, and acting as an anti-inflammation, etc. This study 
summarized the investigations of the effects of sulforaphane on kidney injury. This study discussed the 
mechanisms of sulforaphane on immune, renal ischemia-reperfusion, diabetic nephropathy, age-related, and 
other factors-induced kidney injury models and discussed the potential and relative mechanisms of 
sulforaphane for kidney injury protection. 
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1. Preface 

The kidney is one of the major organs in our body and 
contributes to its mechanism of excretion of metabolites 
and regulation of water, electrolytes, and acid bases, 
maintaining the homeostasis of the body. When organic 
damage occurs in the kidney, the kidney will partially or 
completely lose its normal physiological function. Acute 
and chronic kidney injury often involves multiple systems 
in the body and is a common clinical disease that can 
seriously endanger human health and life. Among them, 
chronic kidney injury is difficult to treat with a long 
course and has a high rate of death and disability. 
According to the WHO, the number of deaths from 
chronic diseases accounts for approximately 70% of total 
deaths worldwide . Therefore, this becomes an urgent 
public health problem to be solved. 
Multiple factors can lead to kidney injury. For instance, 
heavy metal-induced, bacterial-induced, myoglobin-
induced, and uric acid-induced kidney injuries are all 
associated with oxidative damage mechanisms [1, 2]. At 
physiological concentrations, reactive oxygen species 
(ROS) and reactive nitrogen species (RNS) play a 
balancing role, such as cell signaling and the synthesis of 
some cellular structures, and are used for phagocytic 
defense against pathogens[3]. However, when there is an 
imbalance between oxidation and reduction, lipid 
peroxidation damages cell membranes and lipoproteins, 
leads to the formation of toxic reactive aldehydes, and 
promotes further lipid peroxidation, ultimately affecting a 
large number of lipid molecules. When ROS react with 
proteins, they may induce conformational changes that 
partially or completely disable proteins. The reaction of 

ROS with DNA may lead to mutations that disrupt the cell 
cycle and cause apoptosis[4]. 
Recent studies suggest that sulforaphane has a role in 
alleviating kidney damage. Sulforaphane (SFN), also 
known as lycopene, is an isothiocyanate produced by the 
hydrolysis of glucosinolates (Glu) by black mustard 
enzymes and is widely distributed in cruciferous plants. 
Considerable studies have shown that sulforaphane can 
effectively carry out antioxidant damage by activating the 
nuclear-related factor 2 (Nrf2) pathway and is a 
detoxification enzyme inducer [5, 6]. Nrf2 is a basic 
leucine zipper protein that plays an important role in anti-
inflammatory antioxidant gene expression caused by 
antioxidant response elements (AREs). This study 
reviews the mechanism of sulforaphane on kidney injury 
protection and provides an outlook on future research 
approaches. 

2. Protective effect of SFN against heavy 
metal-induced kidney injury 

2.1 Cadmium-induced kidney injury 
Cadmium (Cd) is an industrial heavy metal with poor 
degradability. Cadmium is toxic to the human body, and 
the main target organ is the kidney. The mechanism by 
which cadmium is thought to cause damage to the kidney 
in current studies is related to oxidative damage, where 
cadmium creates oxygen stress by inducing the 
production of many reactive oxygen radicals in the 
organism, leading to lipid peroxidation reactions that 
imbalance the antioxidant body of the organism and thus 
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produce damage to the organism [7]. Studies on the 
protective effect of SFN on kidney injury date back to 
2015 and were initially applied in the area of cadmium-
induced kidney injury. 
Li Jinghui et al. constructed a subchronic cadmium-dyed 
liver injury model by injecting 6 μmol/kg cadmium 
chloride (CdCl2) into Wistar rats, and the results showed 
that superoxide dismutase (GSH-px) and superoxide 
dismutase (SOD) activities in the kidney cortex of the 
cadmium-dyed group were significantly decreased, 
indicating impaired kidney function due to cadmium [8]. 
In contrast, the activities of GSH-px and SOD, antioxidant 
enzymes that inhibit peroxidation in the kidney cortex, 
were significantly higher in the SFN intervention group. 
These two antioxidant enzymes inhibited peroxidation 
reactions and effectively reduced cadmium-induced 
damage to the organism by free bodies [9]. This study 
indicated that SFN antagonized the kidney oxidative 
damage in cadmium-stained rats to some extent, and its 
protective effect was achieved by activating Nrf2. The 
conversion of SFN from glucose isothiocyanate in 
broccoli leads to its antioxidant effect through the Nrf2 
pathway[10]. In the case of cadmium-induced kidney 
injury, Keap1-Nrf2 protein is disrupted, and Nrf2 enters 
the nucleus to synthesize antioxidant enzyme genes, 
leading to the synthesis of large amounts of GSH-px and 
SOD and other antioxidant enzymes, thus exerting a 
protective effect against kidney injury [11]. 

2.2 Mercury-induced kidney injury 
SFN also has a protective effect against mercury-induced 
kidney injury. Mercury (Hg) is a liquid metal that induces 
the production of free radicals in the body and causes 
oxidative damage to tissues, which can enter and 
accumulate in the human kidney. The current study 
suggests that SFN may have an antagonistic effect on 
mercury-induced kidney oxidative damage. 
Guo Meixin et al. injected Wistar rats with 2.2, 4.4, and 
8.8 mg/kg mercuric chloride (HgCl2) and 2.4 mg/kg 
HgCl2 and 2 mg/kg SFN in the SFN intervention 
group[12]. The results showed that the urinary protein and 
blood urea nitrogen (BUN) levels, as well as kidney 
cortical GSH and malondialdehyde (MDA) levels, were 
significantly higher in the 8.8 mg/kg HgCl2 group than in 
the SFN intervention group, and the urinary lactate 
dehydrogenase (LDH), alkaline phosphatase (ALP), N-
acetyl-β-D-aminoglycosides (NAG), and kidney cortical 
SOD and GSH-Px activities were significantly increased 
in the SFN intervention group. GSH can help inhibit lipid 
peroxidation in the body, which can effectively achieve 
antioxidant effects, and it can act as a free radical 
scavenger to reduce oxidative damage [13]. The study 
results suggest that SFN can exert renoprotective effects 
by increasing GSH activity. 

3. Protective effect of SFN against 
immune kidney injury 

Immune kidney injury is based on an immune response 
that leads to an immune inflammatory response in the 
kidney through the activation of immune cells by 

pathogenic factors to infiltrate a large number of 
inflammatory cells. 

3.1 Bacteria-induced kidney injury 
Nanobacteria can induce apoptosis by damaging kidney 
tubular epithelial cells [14]. Pu Daojing et al. constructed 
a model using nano cells (absorbance 0.035) to induce 
HK-2 (108/L) damage in renal tubular epithelial cells and 
showed that SFN significantly reduced the effect of 
nanobacteria on HK-2 cell proliferation and that the 
apoptosis rate of HK-2 cells was significantly lower than 
that of the control group[15]. Meanwhile, BCL2-
associated X (Bax) protein expression was upregulated, 
increased B-cell lymphoma-2 (Bcl-2) protein expression 
was downregulated, and protein kinase (PTEN induced 
putative kinase 1, PINK1), parkin protein, and 
microtubule-associated-protein light-chain-3 (LC-3II) 
protein expression were significantly reduced. SFN 
effectively reduced mitochondrial autophagy and 
inhibited PINK1 and Parkin protein expression, 
suggesting that SFN effectively inhibited nanobacteria-
induced apoptosis in kidney tubular epithelial cells. 

3.2 Lipopolysaccharide (LPS)-induced kidney injury 
Li Lin et al. constructed a renal kidney epithelial cell 
injury model by in vitro cultured HK-2 cells injected with 
100 ng/mL LPS[16]. The results showed that SFN 
significantly decreased the proliferative capacity, 
inflammatory factors and α-SMA, Traf6 and p-TAK1 
protein expression and increased E-cadherin protein 
expression levels in HK-2 cells compared with the LPS 
intervention group. The results were most pronounced for 
high doses of SFN. This result suggests that SFN can 
effectively inhibit kidney tubular epithelial cell fibrosis 
and suppress the production of inflammatory factors by 
activating/inhibiting the Traf6 signaling pathway and 
alleviating kidney injury caused by LPS. 

3.3 H2O2-induced kidney injury 
In the course of kidney lesions, oxidative damage, which 
is the toxic reaction caused by the accumulation of 
reactive oxygen species in the body, often occurs. Qin 
Zhengbi et al. constructed a model of oxidative damage in 
kidney epithelial cells by culturing Hk-2 cells with 
DMEM and injected 10 μmol×L-1, 20 μmol×L-1, and 40 
μmol×L-1 SFN into the SFN intervention group [17]. The 
results showed that the higher dose of SFN in the SFN 
intervention group was associated with a significant 
decrease in the content of MDA and NO generated by 
oxidation due to oxygen radicals compared with the H2O2 
group, reflecting that SFN could alleviate cellular 
oxidative response damage in a concentration-dependent 
manner. At the same time, GSH and SOD activities were 
also significantly increased in the SFN intervention group, 
indicating that SFN can promote Nrf2 binding to ARE and 
resistance to oxidative stress and nucleophilic compounds, 
thus elevating the activity of the antioxidant gene GSH 
and alleviating oxidative damage. The results showed that 
SFN could alleviate H2O2-induced oxidative damage in 
renal epithelial cells by activating the Nrf2 pathway. 
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4. Protective effect of SFN on kidney 
ischaemia‒reperfusion injury 

Ischaemia‒reperfusion will have an impact on structural 
kidney damage and metabolism and cause a series of 
related pathologies. The mechanisms are mainly related to 
oxidative stress injury and apoptosis. 
Huang Lin et al. established a renal ischaemia‒
reperfusion injury (IRI) model in 24 male C57 mice by 
noninvasive vascular clamping of bilateral kidney tips for 
45 min and divided them into the Ctrl, IRI, IRI+SFN, and 
SFN groups, with the SFN group injected (500 µg/kg) 24 
h before surgery [18]. The results showed that the blood 
creatinine and urea nitrogen levels were reduced in the 
SFN group compared with the IRI group, suggesting that 
SFN could restrain phosphorylation and thus initiate 
downstream expression for the onset of inflammation. 
Both findings suggest that SFN has an effective role in 
alleviating renal ischemia-induced kidney injury. In 
another article, Shokeir et al. also showed that treatment 
with SFN improved oxidative stress and cell death, 
reduced the inflammatory cytokines interleukin-1β and 
interleukin-6 and several proapoptotic factors, and 
reduced the impairment of kidney function by ischaemia‒
reperfusion kidney injury [19]. 
Oxidative stress injury in sepsis can lead to severe kidney 
injury by a mechanism related to ROS and active RNS 
levels, and inhibition of ROS and RNS can help reduce 
the onset of inflammation [20]. Tang Luming et al. used 
sepsis-associated acute kidney injury (SA-AKI) rats to 
construct SA-AKI models using cecum ligation 
perforation, and control rats underwent abdominal wall 
switch surgery only after anesthesia; SA-AKI models 
were prepared in the model and treatment groups; the 
treatment group was pumped with 5 mg/kg SFN 6 h after 
modelling[21]. The results showed that the expression of 
granulocyte gelatinase-related lipid transport proteins and 
messenger RNA (mRNA) was significantly decreased in 
the SFN group, indicating that SFN balanced the effects 
of ROS and RNS on the rat kidney and reduced oxidative 
damage to produce some protective effects on the kidney. 

5. Protective effect of SFN on diabetic 
nephropathy 

Recent studies have found that SFN attenuates the 
symptoms of diabetic nephropathy as well as its 
complications. Zheng et al. used STZ to induce mice to 
replicate a diabetic nephropathy model with continuous 
injection of SFN [22]. The results showed that SFN 
reduced the symptoms associated with diabetic 
nephropathy, such as renal hypertrophy, glomerular 
collagen accumulation, glomerulosclerosis, glomerular 
basement membrane thickness and urinary albumin 
excretion. Additionally, SFN attenuated hyperglycemia, 
polyuria and polydipsia in wild-type mice but not in Nrf2 
KO mice. Shang et al., in a study also using STZ-induced 
mice replicating a diabetic nephropathy model, suggested 

that SFN provided biochemical and histological 
protection, as well as protection from oxidative DNA 
damage [23]. At the same time, transforming growth 
factor-β (TGF-β) mRNA expression levels of collagen IV 
and fibronectin were significantly reduced, and 
transcriptional activation and protein levels of the 
antioxidant enzymes NQO1 and HO-1 were increased. In 
a rat model of STZ-induced diabetic nephropathy 
combined with superimposed contrast injury by Khaleel 
et al., SFN partially abrogated renal injury treatment, 
reduced the renal markers of oxidative stress 
malondialdehyde and 8-hydroxy-2'-deoxyguanosine, and 
improved renal function [24]. In another article, Wu et al., 
in a study of the STZ-induced type 2 DM model, showed 
that SFN alleviated proteinuria and fibrosis in diabetic 
mice, reducing the profibrotic mediators TGF-β and 
connective tissue growth factor, the inflammatory 
mediators hematogen activator inhibitor-1 and vascular 
cell adhesion molecule-1, as well as the oxidative markers 
3-nitrotyrosine and 4-hydroxy-2-ketone-free effects [25]. 
It is suggested that SFN may reduce renal oxidative 
damage and act as a nephroprotective agent. 
However, it is noteworthy that in another study, Cui et al. 
significantly increased the expression of Nrf2 pathway 
activation products such as NQO1 and HO-1 by 
replicating SFN in a mouse model of STZ-induced 
diabetes with SFN [26]. The benefits did not persist after 
three months without further treatment. This suggests that 
continued intervention with SFN is required to activate 
the Nrf2 pathway to counteract the oxidative stress 
damage associated with diabetic nephropathy. 

6. Role of SFN in age-related kidney 
injury 

Age is one of the main factors contributing to chronic 
diseases, including kidney disease. The transcription 
factor Nrf2 is a major regulator of redox homeostasis, 
which is altered during aging. Meanwhile, SFN is one of 
the main activators of the Nrf2 pathway. 
Mohammad et al. established a rat model of oxidative 
stress kidney injury using young (2-4 months) and old 
(20-24 months) male Fischer 344 rats and treated them 
with SFN (15 mg/kg) in drinking water for four weeks 
[27]. It was found that aged Fischer 344 rats had 
significantly impaired renal cortical mitochondrial 
function, impaired redox homeostasis, and decreased 
renal function. Adjuvant treatment with SFN resulted in a 
significant increase in the expression and activity of the 
cortical Nrf2 inhibitor Keap1 and a significant decrease in 
the protein expression of the Nrf2 inhibitor Keap1. 
Additionally, SFN administration did not affect kidney 
NRF2 expression or activity or mitochondrial function in 
young rats. The results showed that SFN significantly 
improved mitochondrial function and ameliorated renal 
injury by activating the Nrf2 pathway in aged rats. 
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7. Role of SFN in kidney injury caused 
by other factors 

7.1 Myoglobin-induced kidney injury 
Kidney injury is one of the most serious complications of 
rhabdomyolysis. Rhabdomyolysis is caused by several 
factors, mainly due to the entry of myoglobin as well as 
creatine kinase into the extracellular fluid of the blood 
circulation [28]. To date, several studies have proposed 
that SFN can protect the kidney by inhibiting the 
expression of histone deacetylase 6 (HDAC6) to achieve 
antitumour effects [29]. 
Tan Jing et al. used HK-2 human kidney cortical proximal 
tubule epithelial cells to replicate the myoglobin-induced 
acute kidney injury model and divided them into a normal 
control group, model group, SFN group (200 μmol/L), 
and 23BB group [30]. The results showed that the cell 
viability was significantly lower in the model group. In 
contrast, cell viability was significantly increased in the 
SFN and 23BB groups. HDAC6 is expressed in several 
tissues, mediates multiple transcription factors, and 
mediates multiple kidney injuries [31]. These findings 
suggest that SFN is a potent inhibitor of the HDAC6 
enzyme. The effect of SFN is similar to that of 23BB and 
can be substituted for it to achieve nephroprotective 
effects. 

7.2 Uric acid-induced kidney injury 
Tan Jing et al. used 200 mg/L uric acid to induce apoptosis 
in HK-2 cells and divided them into a control group, uric 
acid group, low-dose SFN group, medium-dose SFN 
group, and high-dose SFN group [32]. The results showed 
that the cell survival in the SFN group was significantly 
higher and the apoptosis rate was significantly lower than 
those in the uric acid group. The expression of cleaved 
caspase-3, cleaved caspase 12, BiP/GRP78, inositol-
requiring enzyme 1 (IRE1), and c-Jun N-terminal kinase 
(JNK) was significantly downregulated. The results 
suggested that SFN effectively inhibited the activation of 
the ER stress IRE-1/JNK signaling pathway and reduced 
kidney tubular epithelial cell apoptosis. 

7.3 High glucose-induced kidney injury 
Studies have shown that diabetes can trigger nephropathy 
and that sustained high glucose can lead to apoptosis [33]. 
SFN can enhance Nrf2 to maintain oxidative damage by 
activating threonine protein kinase (Akt), while SFN can 
promote apoptosis in tumor cells through the 
phosphatidylinositol-3-kinase (PI3K)/Akt signaling 
pathway . -3-kinase (PI3K)/Akt signaling pathway to 
promote apoptosis in tumor cells [34]. 
Zhou Lei et al. used kidney tubular epithelial HK-2 cells 
inoculated in DMEM and divided into normal, high 
glucose, irbesartan, and SFN low, medium, and high (10, 
20, and 40 µmol/L) groups [35]. The results showed that 
cell viability was decreased and the apoptosis rate was 
increased in the high glucose group. In contrast, the SFN 
group had increased cell viability and a decreased 
apoptosis rate. SFN effectively inhibited high glucose-
induced apoptosis in kidney tubular epithelial cells by 

inhibiting the PI3K/Akt signaling pathway while 
upregulating the expression of G1/S-specific cyclin-D1 
(Cyclin D1) and Bcl-2 and downregulating the expression 
of caspase-3 and Bax. 

7.4 Calcium oxalate-induced kidney injury 
Approximately 90% of kidney stones are calcium-rich, 
with calcium oxalate stones accounting for approximately 
60% of calcium-containing stones. Ruo-Tian Liu et al. 
used 30 Wistar rats to establish a rat calcium oxalate 
kidney stone model and used 0.2 mg SFN-injected 
pharmaceutical control rats [36]. The results showed that 
the levels of oxalic acid, Ca2+, and MDA in the urine of 
the rats in the drug intervention group were significantly 
lower than those in the model group. The results suggest 
that SFN can effectively activate the Nrf2 signaling 
pathway and upregulate antioxidant proteins such as HO-
1 to act as an antioxidant, thereby inhibiting the formation 
of calcium oxalate kidney stones. 

8. Protective effect of SFN on severe 
kidney injury 

8.1 Protective effect of SFN against kidney 
fibrosis 

Chronic kidney disease (CKD) is the accumulation of 
excessive fibrotic cells leading to ECM, which alters the 
kidney structure and eventually leads to kidney failure 
[37]. Recent studies have shown that inhibition of the 
TGF-β pathway can lead to effective therapeutic effects 
[38]. 
Guo Li et al. divided mice into the Salicylhydroxamic acid 
(Sham) group, Sham+SFN group, Unilateral Ureteral 
Obstruction (UUO) group, and UUO+SFN group. A 
kidney fibrosis model was constructed using UUO 
surgery[39]. The results showed that the BUN and blood 
creatinine levels in the UUO group were higher than those 
in the Sham and SFN groups, and the kidney mass in the 
UUO group was also lower than that in the Sham and SFN 
groups. Meanwhile, the kidney tubular injury score and 
the relative expression of TGF-β, rat phosphorylated cell 
signaling molecules SMAD, t-Smad, and connective 
tissue growth factor (CTGF) were higher in the UUO 
group than in the Sham and SFN groups. The results 
suggest that SFN is an antioxidant with anticancer 
properties, can induce phase II enzyme activity to prevent 
ischemic injury, and can effectively interfere with renal 
fibrosis by inhibiting TGF-β expression to produce a 
protective effect on the kidney. 
In another article, Sun et al. used in vitro cultured HK2 
cells to construct a model of equine uric acid-mediated 
renal fibrosis[40]. The results showed that the expression 
of ROS and H2O2 was significantly reduced, and the 
expression of the antioxidant proteins Nrf2, heme 
oxygenase HO-1 (HO-1) and quinone NADH 
dehydrogenase 1 was significantly increased compared to 
SFN. The results suggest that SFN effectively inhibited 
the oxidative damage induced by horse uric acid, thus 
exerting some protective effects on the kidney. 
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8.2 Protective effects of SFN in nephrotic 
syndrome 

The main symptoms of nephrotic syndrome are 
glomerular lesions that cause peripheral tissue edema, 
massive proteinuria, and hyperlipidemia [41]. 
Du Zonghua et al. divided 32 SPF-grade rats into a blank 
control group, adriamycin-stimulated group, adriamycin 
combined with 30 mg/kg SFN group and adriamycin 
combined with 60 mg/kg SFN group and used a single tail 
vein injection of adriamycin (5 mg/kg) to construct a 
model of the adriamycin group[42]. The results showed 
that the TGF-β stimulation group significantly induced 
cell proliferation in rat glomerular thylakoid cells and 
significantly inhibited TGF-β-induced adhesion protein 
and IV collagen expression compared with SFN alone. 
Meanwhile, creatinine, urea nitrogen and 24-hour 
proteinuria levels were significantly lower in the SFN 
group than in the adriamycin group. The results suggest 
that SFN can effectively regulate kidney function by 
inhibiting the activity of the TGF-β signaling pathway 
induced by adriamycin to reduce glomerular cell 
proliferation and reduce the extent of glomerular injury in 
rats. 

9. Conclusion 

In conclusion, sulforaphane has the potential to treat 
kidney injury induced by various factors by inhibiting 
oxidative damage, reducing the inflammatory response, 
and activating the Nrf2 pathway. However, most of the 
current studies are limited to animal studies, and clinical 
trials are relatively rare. Additionally, most of the 
experiments have limitations, such as not focusing on the 
possible toxic side effects and the therapeutic impact of 
the dose. Further research and development related to the 
application of radiciciclovir are still needed in the future. 
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