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ABSTRACT 

Diabetes mellitus (DM) is a chronic disease characterized by persistent hyperglycemia, 

which is a major contributing factor to chronic kidney disease (CKD), end-stage renal 

disease (ESRD), and cardiovascular-related deaths. There are several mechanisms leading 

to kidney injury, with hyperglycemia well known to stimulate oxidative stress, 

inflammation, tissue remodeling, and dysfunction in the vascular system and organs. 

Increased reactive oxygen species (ROS) decrease the bioavailability of vasodilators while 

increasing vasoconstrictors, resulting in an imbalance in vascular tone and the development 

of hypertension. Treatments for diabetes focus on controlling blood glucose levels, but due 

to the complexity of the disease, multiple drugs are often required to successfully delay the 

development of microvascular complications, including CKD. In this context, naringenin, a 

flavonoid found in citrus fruits, has demonstrated anti-inflammatory, anti-fibrotic, and 

antioxidant effects, suggesting its potential to protect the kidney from deleterious effects of 

diabetes. This review aims to summarize the scientific evidence of the effects of naringenin 

as a potential therapeutic option for diabetes-induced CKD. 

KEYWORDS: Diabetes, chronic kidney disease, naringenin, oxidative stress, 

hypertension, inflammation.  

INTRODUCTION 

Diabetes mellitus (DM) is a metabolic disease characterized by hyperglycaemia, resulting 

from defects in insulin secretion or action. This leads to polyuria, polydipsia, polyphagia, 

and body weight loss. The prevalence of diabetes has reached epidemic proportions, as it is 

estimated to affect more than 9% of the total world population (more than 463 million 

people) and is predicted to increase to over 638 million by 2045 [1].  
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Diabetes management represents a high economic burden, mainly due to the need for 

glycemic control. Poor control of glycemia leads to damage to target organs and systems, 

resulting in disability and premature death. The main organs and systems affected by long-

term hyperglycemia include the heart, blood vessels, eyes, nerves, and kidneys [2, 3] In this 

sense, diabetes is the leading cause of chronic kidney disease (CKD) and end-stage renal 

disease (ESRD) worldwide [2, 4]. 

CKD is a non-communicable disease that has become an emergent health problem affecting 

more than10% of the global population , (over 800 million people) and significantly 

contributing to morbidity and mortality rates worldwide [4, 5]. In people with diabetes, the 

prevalence of CKD has been reported to be between 25-38%, with predictions that more 

than 40% will develop CKD at any stage. Importantly a significant number will develop 

ESRD and require dialysis and/or kidney transplant [1, 6]. 

Furthermore, progression of CKD is accelerated by the coexistence of comorbidities such 

as diabetes (1:3) and high blood pressure (1:5) [7]. The coexistence of diabetes and 

hypertension increases the risk of developing micro- and macrovascular complications such 

as CKD and cardiovascular disease (CVD) [8, 9]. In fact, hypertension is prevalent in 

patients with diabetic nephropathy and increases as renal function declines. Therefore, 

therapeutic strategies for diabetes must focus on controlling of hyperglycemia, oxidative 

stress, inflammation, and hypertension to retard the progression of CKD [8-10]. In addition, 

diabetes is commonly associated with other comorbidities such as dyslipidemia and obesity 

(features of metabolic syndrome), which themselves represent risk factors for the 

development of microvascular complications such as CKD [11].  

CKD is stratified according to proteinuria, glomerular filtration rate (GFR), and 

albumin/creatinine ratio (ACR) [12]. In diabetes, CKD (diabetic nephropathy) is 
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characterized by glomerular hyperfiltration, hypertrophy, albuminuria (>300 mg/day), 

thickening of the basement membrane, mesangial expansion, nodular sclerosis, and 

tubulointerstitial fibrosis, eventually leading to a progressive decline in GFR, and 

ultimately, ESRD, in which dialysis or renal replacement therapy to sustain life is needed 

[13, 14]. 

 Pathogenesis of diabetes-induced chronic kidney disease.  

The progression of CKD is multifactorial and results from the complex interaction of 

several processes, including altered homeostasis, metabolic disorders, hemodynamic 

abnormalities, increased generation of reactive oxygen species (ROS), proinflammatory 

mechanisms, and activation of the renin angiotensin-aldosterone system (RAAS) [3]. 

Hyperglycemia triggers mechanisms such as activation of the polyol pathway flux  and the 

formation advanced glycation end products (AGEs), which bind to the receptor for 

advanced glycation end products (RAGE).This leads to the formation of the AGE-RAGE 

complex, which activates NADPH oxidase (NOX) and stimulates ROS production (Figure 

1). The increase in local angiotensin II (Ang II) synthesis mediates other  to produce ROS 

and the activation of the protein kinase C/NOX (PKC/NOX) pathway (Figure 1) [15].  

Oxidative stress is recognized as a primary factor contributing to the onset of endothelial 

dysfunction and hypertension in diabetes. Moreover, chronic hyperglycemia induces 

changes in the vascular endothelium, which plays crucial roles in blood regulation, tissue 

oxygenation, and, notably, the modulation of vascular tone through the secretion of 

vasoactive substances at systemic and tissue levels. In this context, diabetes and 

hypertension activate signaling pathways that stimulate inflammatory processes and 

oxidative stress, deteriorating endothelial function (Figure 1) [16]. On the other hand, in 

patients and animals with diabetes nitric oxide (NO)-dependent vasodilation is impaired 

https://pubmed.ncbi.nlm.nih.gov/27612847/
https://pubmed.ncbi.nlm.nih.gov/27612847/
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due to decreased activity or expression of endothelial NO synthase (eNOS), which is 

caused by oxidative stress and inflammation [10, 17]. In addition, increased ROS leads to 

the rapid oxidation of NO, reducing its bioavailability and resulting in the predominance of 

vasoconstrictor substances such as Ang II and endothelin 1 (ET-1) in endothelial cells [18].  

 The kidney's endothelium performs unique functions, including blood filtration at the 

glomeruli. Peritubular capillaries contribute to the reabsorption, secretion, and elimination 

of waste products carried out by proximal tubules. Hyperglycemia induces endothelial 

dysfunction in the diverse renal vascular beds, thus disturbing kidney function [19]. 

The kidney has all the components of the RAAS, but contrary to the systemic RAAS, it is 

activated by hyperglycemia [10, 20, 21]. A glucose-response element in the 

angiotensinogen (Agt) gene promoter mediates the stimulation of intrarenal Agt synthesis 

by high glucose [22]. Also, renin, a key component in RAAS, is overexpressed under 

hyperglycemia conditions [23]. Ang II has relevant hemodynamic effects, and its 

overactivation plays a key role in the development of glomerular hyperfiltration. Increasing 

AT1 receptor signaling is a determinant in inducing Ang II renal effects [10, 24].  Besides 

hemodynamic alterations, Ang II stimulates the expression of proinflammatory and 

profibrotic mediators and activates NOX, stimulating renal production of ROS. This, 

combined withwith an increase in transforming growth factor beta (TGF-β) leads to 

remodeling of the extracellular matrix in the mesangium and promotes fibrotic processes in 

the renal tubular interstitium [25]. 

In the kidney, oxidative stress causes glomerular deterioration, mesangial cells, endothelial 

cells, and podocytes, damaging the glomerular filtration barrier. This leads to proteinuria 

and tubulointerstitial fibrosis [26, 27].  



 

6 

 

Moreover, oxidative stress promotes the aggregation of lymphocytes, neutrophils, and 

macrophages, which synthesize proinflammatory cytokines, chemokines, growth factors, 

and transcription factors, aggravating inflammation and oxidative stress [15]. During 

diabetes and in response to oxidative stress, kidney cells produce proinflammatory 

substances facilitating the innate immune response through the release of chemokines, 

adhesion molecules (CAMs), and damage-associated molecular patterns (DAMPs). This 

increases renal inflammation and promotes the infiltration of neutrophils and macrophages 

[26]. Part of the inflammatory response in the kidney is mediated by nuclear factor kappa B 

(NF-κB), that promotes the synthesis of interleukin-1β (IL-1β) and IL-18 [27, 28]. 

Likewise, increments in serum levels of IL-6 and IL-18 are related to albuminuria, 

thickening of the glomerular basement membrane (GBM), and increased concentrations of 

interferon-γ (IFN-γ), IL-1β, and tumor necrosis factor-alpha (TNF-α) (Figure 1) [26, 27]. 

Further, in patients and experimental models of diabetic nephropathy, the increase in TNF-

α, IL-6, and IL-18 in glomerular and proximal tubule cells correlates with 

microalbuminuria [27, 28]. 

Treatments for diabetes-induced chronic kidney disease  

The treatment of diabetic nephropathy is focused on delaying or halting the progression of 

the disease to advanced stages. In both patients and experimental models, it has been 

demonstrated that controlling hyperglycemia and blood pressure reduces proteinuria, 

hyperfiltration, and glomerular lesions [7]. However, because diabetes complications are 

primarily associated with vascular complications, protecting systemic and renal vascular 

function is also important. Therefore, treatments, in addition to being tailored for 

controlling hyperglycemia and blood pressure, should include protecting endothelial and 

renal function, and regulating oxidative stress and inflammation.  
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Managing diabetic nephropathy requires a multidimensional approach encompassing 

lifestyle adjustments, patient education, and pharmaceutical intervention. Over the years, 

various medications have been formulated, each targeting distinct mechanisms to safeguard 

the kidneys, impede disease advancement, and alleviate cardiovascular complications. 

Recent advancements have introduced novel medication classes, offering substantial 

potential in combating diabetic nephropathy and its associated cardiovascular risks. 

However, despite the availability of these drugs, effectively managing this disease 

continues to pose challenges, with a notable residual risk persisting despite adherence to 

optimal medical regimens [29]. This is especially true for the risk of developing macro- and 

microvascular complications [30]. In this context, medicine based on drugs combined with 

lifestyle changes has increased life expectancy and is considered complementary medicine 

[31, 32]. In turn, lifestyle changes can include physical activity, as well as improvement in 

dietary habits, and even the use of traditional medicine including herbs, fruits, vegetables, 

and spices. The therapeutic efficacy of complementary medicine is due to the content of 

active substances that exert beneficial effects on health, known as nutraceuticals [33, 34]. 

Therefore, studying herbal medicine to find potential compounds that support the 

conventional or complementary medicine currently used to treat/manage diabetes is 

justified. 

Compounds derived from plants, fruits, or vegetables include a wide group of substances 

and have demonstrated benefits in reducing the progression of chronic diseases, such as 

diabetes, hypertension, and CKD [30, 32, 34, 35]. Within these substances are flavonoids, a 

group of compounds that include several subclasses, such as flavanols, flavanones, 

isoflavones, anthocyanins, etc. [36, 37]. 
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Flavonoids 

Flavonoids are a large group of compounds present in vegetables, fruits, seeds, grains, and 

spices. The content of these compounds may vary in leaves, bark, fruit, flower, and stem. 

The chemical structure of flavonoids is formed by two aromatic rings linked by a carbon 

chain that forms an oxygenated heterocyclic ring (C6-C3-C6) (Figure 2) [38]. According to 

certain characteristics such as the presence of radicals, oxidation, unsaturation degree, or 

functional groups in their structure, flavonoids are classified as anthoxanthins, flavanones, 

flavanonols, flavans, chalcones, anthocyanidins, and isoflavonoids [39]. It has been 

suggested that the antioxidant activity of flavonoids is closely related to the hydroxyl 

groups in their structure, which confer the capacity for free radical scavenging and metal 

ion chelating activities (Figure 2) [39]. Flavonoids have been utilized in traditional 

medicine because this broad group of substances has shown health-promoting activities 

such as anti-inflammatory, antioxidative, anti-carcinogenic, anti-hyperlipidemic, and anti-

diabetic effects. Numerous flavonoids have undergone evaluation via both in vitro and in 

vivo experiments, with consistently reproducible effects. This substantiates their utilization 

as therapeutic options and has facilitated their commercialization in various forms, 

including tablets, capsules, powder, granules, suspension, or emulsion. Examples of drugs 

derived from flavonoids include diosmin (3´,5,7-trihydroxy-4´-methoxyflavone 7-

rutinoside), hesperidin (3´,5,7-trihydroxy-4-methoxyflavanone 7-rhamnoglucoside), 

troxerutin (a derivative of the naturally occurring bioflavonoid rutin), and hidrosmin [3’,5-

di-O-(hydroxyethyl) diosmin]. These drugs are mostly used for treating inflammation, 

edema, and venous insufficiency [38-40]. Naringenin (4,5,7-dihydroxy-2-(4-

hydroxyphenyl)-2,3-dihydrochromen-4-one) is a flavanone that also has demonstrated 

biological activity with potential application in therapy. 
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Studies have shown that oral intake of flavonoids can reduce the harm inflicted on the 

glomerular filtration barrier due to hyperglycemia by hindering signaling pathways linked 

to kidney damage [26]. Flavonoids activate mechanisms that encompass antioxidative and 

anti-inflammatory properties and potential antidiabetic, antihypertensive, antifibrotic, anti-

remodeling, and antiapoptotic effects. Additionally, flavonoids exhibit an antihypertensive 

effect by promoting diuresis and natriuresis and decreasing circulating volume, cardiac 

output, and vascular resistance [41, 42]. 

Naringenin 

Naringenin (4,5,7-dihydroxy-2-(4-hydroxyphenyl)-2,3-dihydrochromen-4-one) is a 

flavonoid with a molecular weight of 272.26 g and belongs to the group of flavanones. It 

has a characteristic structure of a linear 3-carbon chain (C6-C3-C6), arranged in an 

oxygenated heterocyclic nucleus disposition (Figure 2) [43, 44]. In nature, naringenin is 

widely found in the fruit and peel extracts from the Citrus genus of the Rutaceae family in 

two primary forms: aglycosylated (naringenin) and glycosylated (naringin or naringenin-7-

O-glycoside) (Figure 2).  

Naringenin has been identified as the compound responsible for the bitter taste in the juice 

and peel of various citrus fruits such as lemon, orange, mandarin, and grapefruit. The 

concentration of naringenin in citrus fruits has been reported to range between 50 and 1200 

mg/L, with the higher concentrations in grapefruit (43.5 mg/100 mL), followed by orange 

juice (2.13 mg/100 mL), and lemon juice (0.38 mg/100 mL) [43, 45, 46]. However, 

grapefruit juice as a source of naringenin should be used under strict medical surveillance 

because it has been reported  to affect the bioavailability and effectiveness of statins, 

commonly used for controlling dyslipidemia in type 2 diabetes [47]. 
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Naringenin undergoes hydrolysis in the liver facilitated by the enzyme lactase hydrolase 

and can subsequently undergo phase I and phase II metabolism processes involving 

oxidation or demethylation by cytochrome P450 monooxygenases. Subsequently, it may 

undergo glucuronidation, sulfation, or methylation by enzymes such as UDP-

glucuronosyltransferases (UGT) and sulfotransferases (SULT), resulting in metabolites that 

are excreted in the urine. Thus, naringenin and its metabolites are excreted through feces, 

and urine [48]. 

As with other flavonoids, the antioxidant effects of flavanones, especially naringenin, are 

conferred by hydroxyl groups and a double bond in their structure. Thus the antioxidant 

activity is attributed to the hydroxyl groups in the 7-OH, 4′-OH, and 5-OH groups and the 

4(=O) carbonyl group on the central ring (Figure 2) [44]. However, naringenin's antioxidant 

activity is lower than that of other flavonoids, which has been attributed to the absence of 

the C2=C3 double bond [49]. Other naringenin-related activities include anti-inflammatory, 

antiviral, anticancer, and immunomodulatory effects [50, 51]. On the other hand, the 

glycosylated form of naringenin, naringin has also shown cytoprotective effects through 

antioxidant mechanisms [52].  

Therapeutic effects of naringenin 

As described in the previous section, diabetes, through the activation of several metabolic 

and signaling pathways, increases ROS formation, thereby activating other inflammatory, 

fibrotic, and apoptotic pathways. In addition to hyperglycemia, controlling oxidative stress 

may be an important therapeutic target to delay the development and progression of CKD. 

Because most flavonoids have potential as antioxidants, naringenin has also been assessed 

for this biological activity in experimental models of diseases associated with oxidative 

stress, including diabetes.  
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Effects of naringenin on hyperglycemia 

Naringenin has demonstrated positive effects on diabetes in both clinical studies and 

experimental models. These effects include muscle, liver, adipose tissue, and pancreatic 

function improvements. Such effects are attributed to increased glucose uptake, insulin 

secretion, and improved insulin sensitivity in peripheral tissues [53-56]. In this respect, it is 

well known that hyperglycemia is the main target for controlling diabetic complications, 

including microvascular dysfunction. In diabetic rats, restored pancreatic β cell mass and 

improved glucose metabolism and enhanced glucose-stimulated insulin secretion in isolated 

rat islets in an activation Erβ-dependent way as observed in in vivo experiments [53, 56, 

57]. Also, naringenin induced the expression of genes, such as estrogen receptor-a (ERa), 

fibroblast growth factor 21 (FGF21), pancreatic and duodenal homeobox 1 (Pdx1), and V-

Maf musculoaponeurotic fibrosarcoma oncogene homolog A (MafA), which are closely 

linked to improved β-cell function [53, 57]. In skeletal muscle cells naringenin enhanced 

glucose uptake by significantly increasing AMP-activated protein kinase phosphorylation 

(AMPK phosphorylation/activation) [58]. Additionally, naringenin improved lipid profile 

(LDL-c, HDL-c, triglycerides, and total cholesterol) in an experimental model of type 2 

diabetes [56].  

Thus, naringenin's effects on glucose homeostasis include improving pancreatic function, 

insulin secretion, and glucose uptake in peripheral tissues, which are mediated by the 

increase in the function and expression of glucose transporter 4 (GLUT4).  

Effects of naringenin on oxidative stress in the kidney 

In the kidneys of diabetic animals, naringenin treatment reduced lipid peroxidation and 

increased superoxide dismutase (SOD) and catalase (CAT) activities (Figure 3). 

Furthermore, it reduced apoptosis and the expression of TGF-β and IL-1β [59]. Regarding 
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dyslipidemia as a contributing factor to CKD, naringenin has shown notable advantages. In 

ApoE-/- knockout mice, naringenin ameliorated dyslipidemia, atherosclerotic lesion 

formation, and vascular senescence. These beneficial effects of naringenin were induced by 

decreasing ROS formation and increasing the activities of antioxidant enzymes and the 

protein expressions of mitochondrial biogenesis-related genes. Naringenin treatment also 

enhanced the protein expression and activity of ATP synthase and sirtuin 1 (SIRT1), 

increasing the deacetylation and protein expression of SIRT1’s target genes forkhead box 

protein O3a (FOXO3a), and peroxisome proliferator-activated receptor a (PPARa) 

coactivators 1 alpha (PGC1α) [60, 61]. Other studies in experimental models of diabetes 

haveeported that naringenin was able to decrease hyperglycemia, creatinine, and urea in 

plasma, as well as to reduce malondialdehyde, IL-1β, IL-6, TNF-α, and TGF-β levels in 

both plasma and the kidney. In contrast, reduced glutathione and the activities of SOD and 

CAT were increased in the diabetic kidney with naringenin treatment. These effects 

improved the histology and architecture of glomeruli and tubules and reduced apoptosis, 

contributing to attenuated renal dysfunction induced by diabetes including decreased 

hyperfiltration, microalbuminuria, polyuria, and creatinine clearance (Figure 3)  [56, 62, 

63].  

In an experimental model of diabetes, combining naringenin treatment with an 

antihypertensive drug improved biochemical and urine parameters, aligning with the 

reduction of oxidative stress and renal damage [64]. These results suggest that naringenin 

alone or in combination can induce renal protection.  
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Cardiovascular effects of naringenin and their role on diabetic nephropathy 

progression 

A crucial element in renal dysfunction and CKD is hypertension, which frequently coexists 

with diabetes and metabolic syndrome. Hypertension is closely linked to the imbalance 

between vasodilatory and vasoconstrictive substances, modulation of vascular tone, and 

oxidative stress. In experimental hypertension, naringenin decreased blood pressure, ROS, 

proteinuria, plasma levels of vasodilation converting enzyme (VCE), α-1A adrenergic 

receptor (α-ADR) activation, and angiotensin. In contrast, naringenin increased SOD and 

NO levels in serum and vascular endothelial cells (Figure 3). Also, the serum levels of IL-2, 

IL-6, and TNF-α were decreased, while IL-10 was increased. Interestingly, naringenin 

inhibited Janus kinase 2/signal transducer and activator of transcription 3 (JAK2/STAT3) 

signaling by suppressing Src homology region 2 (SH-2) domain-containing phosphatase 1 

(SHP-1) expression in vascular endothelial cells [65]. Additional protective effects of 

naringenin on kidney damage may stem from its capacity to regulate vascular tone by 

influencing enzymes responsible for metabolizing vasoactive substances and hypertensive 

mechanisms. In experimental models of NO-dependent hypertension, naringenin treatment 

reduced the expression of Ang II converting enzyme type 1 (ACE1), Ang II synthesis, 

oxidative stress, kidney damage, and cardiac hypertrophy. However, at the systemic level, it 

did not reduce blood pressure or plasma concentrations of Ang II [66, 67]. On the other 

hand, in a model of renovascular hypertension [2-kidney 1-clip (2K1C)], treatment with 

naringenin decreased plasma concentrations of Ang II and lowered the expression of ACE 

II in the kidney, but it increased the expression of the Ang II type II receptor (AT2R) [68]. 

Therefore, based on the available literature, the antihypertensive effects of naringenin 

through modulation of RAAS are inconclusive, and additional investigations are required to 

elucidate the conflicting results. 
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However, other studies have explored other mechanisms involved in regulating vascular 

tone and renal protection. In diabetic mice, administering naringenin improved fasting 

blood glucose (FBG) and reduced renal damage, as demonstrated by lowering blood urea 

nitrogen (BUN), serum creatinine, and urinary albumin [69]. The renoprotective effects of 

naringenin at the structural level include attenuation of renal tubule dilation, vacuolated 

lesions, mesangial expansion, thickening of the glomerular basement membrane, renal 

hypertrophy and glomerular changes [69]. At the molecular level, naringenin up-regulated 

peroxisome proliferator-activated receptors (PPARα, PPARβ, PPARγ) and cytochrome 

P450 isoform 4A (CYP4A) expressions, while the levels of 20-hydroxyeicosatetraenoic 

acid (20-HETE) in serum were restored [69]. Through in vitro assays, the effects of 

naringenin were also evaluated, confirming the observations made in animal models [69]. 

20-HETE contributes to regulating kidney function, blood pressure, and vascular tone. 

Thus, naringenin might enhance renal function by improving kidney hemodynamics in 

diabetes. In an experimental model of gestational hypertension, treatment with naringenin 

decreased hypertension, serum markers of oxidant stress, inflammation, and serum 

concentrations of Ang II and endothelin 1 (ET-1), while NO and SOD were increased 

(Figure 3) [65]. The protective effect of naringenin in endothelial dysfunction has been 

further demonstrated using aortic rings from diabetic animals, preserving endothelial 

function and vascular reactivity via a NO-dependent mechanism [70].  

Another protective effect of naringenin on the kidneys include a decrease in proteinuria, 

renal and glomerular hypertrophy, along with a reduction in the expression of type IV 

collagen (Col IV) and fibronectin. It also modulates the TGF-β/Smad pathway both in vivo 

and in vitro [71]. In an experimental model of obesity-associated hypertension, naringenin 

treatment led to reductions in body weight and blood pressure while regulating lipid 

parameters by lowering total cholesterol, triglycerides, and LDL-c, and increasing HDL-c 
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levels. Moreover, naringenin reduced serum levels of malondialdehyde (MDA), NO, and 

leptin, while increasing serum levels of SOD and adiponectin[72].  

Also, naringenin administration during diabetes reduced hyperglycemia, albuminuria, and 

BUN, while increasing insulin and creatinine clearance through anti-inflammatory 

mechanisms. Inflammation was mitigated through the modulation of TNF-α, IL-1β, IL-6, 

monocyte chemoattractant protein-1 (MCP-1), and NF-κB expressions in renal tissue. 

Furthermore, naringenin exhibited antifibrotic effects by downregulating the expression of 

Col IV, fibronectin, and TGF-β1 in the kidney (Figure 3) [73]. 

On the other hand, in the heart of diabetic animals naringenin prevented cardiac remodeling 

and fibrosis by reducing oxidative stress through modulation of NADPH oxidase 

(NADPHox) and SOD activities, as well as the regulation of the expression of protein 

kinase C (PKC) and p38α [74]. These effects were associated with improved FBG, and 

reduced polydipsia and body weight loss[74].  

Hyperuricemia is a prevalent chronic metabolic condition often associated with diabetes, 

metabolic syndrome, and hypertension, all closely linked to CKD. Naringenin has 

demonstrated the ability to reduce serum uric acid levels in a dose-dependent manner, 

likely by enhancing uric acid elimination in urine. Furthermore, naringenin reduced the 

expression of glucose transporter type 9 (GLUT9) by inhibiting the phosphatidylinositol 3-

kinase/protein kinase B (PI3K/AKT) signaling pathway and enhanced the expression of 

adenosine triphosphate (ATP)-binding cassette efflux transporter G2 (ABCG2) mediated by 

modulation of PDZK1 abundance. The naringenin-induced uricosuric effect was associated 

with a decrease in IL-6 and TNF-α, which contribute to the inhibition of the TLR4/NF-κB 

signaling pathway [75]. Another study in an experimental model of kidney damage induced 

by hyperuricemia reported that naringenin reduced hyperuricemia, TNF-α, NF-κB, Cit C, 
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and 8-OHdG, but increased glutathione peroxidase [76]. The protective effects of 

naringenin in hyperuricemia were also observed in liver tissue through the same 

mechanisms [77].  

Conversely, the dysregulation of vasoactive substances and oxidative stress is pivotal in 

aging, a significant cardiovascular risk factor. Research conducted in an aging model 

revealed that naringenin safeguarded the heart against ischemia-reperfusion injury. The 

protective effects were mediated by the improvement in mitochondrial membrane potential, 

cardiac function, and reduction of myocardial infarct area [78]. Another investigation 

demonstrated the cardioprotective properties of naringenin in diabetes, attributed to the 

upregulation of CYP2J3 expression, leading to increased levels of epoxyeicosatrienoic 

acids (EETs), and the activation of peroxisome proliferator-activated receptors (PPARs). 

These mechanisms collectively contributed to the attenuation of cardiac hypertrophy [79]. 

Another study reported that naringenin increased SOD activity, but decreased MDA level, 

NOX2 expression and MAPK signaling pathway, which improved cardiac function and 

decreased fibrosis and hypertrophy [80]. Cardiac hypertrophy, a form of cardiovascular 

disorder associated with diabetes and chronic kidney disease, poses an elevated 

cardiovascular risk for patients, leading to conditions such as coronary artery disease, heart 

failure, arrhythmias, and sudden cardiac death [81]. Hence, naringenin's antioxidant and 

anti-remodeling properties could potentially provide therapeutic benefits for both the heart 

and kidneys. 

DISCUSSION 

Historically, traditional medicine has been utilized as an alternative therapeutic option for 

healing several illnesses. Evidence of therapeutic effects has been obtained from preclinical 

studies using experimental models and pilot studies in patients. These results indicate the 
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presence of various compounds of natural origin with biological activity, responsible for 

the observed therapeutic effects [35, 82, 83]. Such is the case of naringenin, a compound 

that has demonstrated several cytoprotective biological activities, suggesting its potential as 

a therapeutic coadjuvant option for diabetes [36, 38, 39]. 

Oxidative stress has been described as one of the main contributors to endothelial 

dysfunction and hypertension during diabetes. Both diseases often coexist and increase the 

risk of developing micro- and macrovascular complications, including CKD and death from 

cardiovascular causes [84]. Further, hypertension is a prevalent comorbidity in patients 

with CKD and worsens with the decline in renal function. Therefore, therapeutic strategies 

for diabetes must be focused on controlling oxidative stress, endothelial dysfunction, 

inflammation, and hypertension, in addition to strict blood glucose control, to contribute 

overall to slowing the progression of CKD [32, 85, 86].  

To this respect, naringenin has demonstrated antioxidant effects by directly acting as a ROS 

scavenger [87, 88], and indirectly through the inhibition of the activity of enzymes that 

produce ROS, including NADPH oxidase and myeloperoxidase (MPO) [60, 65, 88] It also 

modulates the expression of the antioxidant enzymes including SOD, and CAT (Figure 3) 

[59, 60, 74]. Another antioxidant effect of naringenin may be indirectly mediated by its 

immunomodulatory effects (Figure 3) [54, 65, 73, 75, 89].  These effects were observed on 

TNF-α, CD68, and IL-1β, and were mediated through the regulation of phosphorylation of 

NF-κB p65, JNK, and ERK related to inflammation, as well as Bcl2, Bax, p53, apoptotic 

factor poly (ADP-ribose) polymerase 1 (c-PARP), and caspases 3, 8, and 9, which are 

linked to apoptotic signaling in the pancreas [53].  
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Naringenin's anti-inflammatory properties might offer therapeutic potential by mitigating 

oxidative stress and disrupting the detrimental cycle of inflammation and oxidative stress, 

which contribute to kidney dysfunction and CKD [85, 86, 90, 91].  

Another indication of naringenin's potential as a beneficial treatment option for diabetic 

nephropathy is its ability to modulate vascular tone and the synthesis of vasoactive 

substances. These include NO, angiotensin II (Ang II), endothelin, epoxyeicosatrienoic 

acids (EETs), and 20-HETEs [65-69]. Equally significant are its effects on mechanisms 

associated with tissue remodeling, such as reducing the expression of TGF-β, Col IV, and 

fibronectin [71, 73]. 

As of now, there have been no interventional studies conducted using naringenin for the 

treatment of diabetic nephropathy. However, promising outcomes have been observed in 

other conditions. For instance, naringenin inhibited tumor growth in osteosarcoma patients 

and decreased the recurrence rate. It also led to reductions in IL-1β and IL-6 levels, as well 

as ROS levels compared to the placebo group, while elevating SOD and glutathione (GSH) 

levels in plasma in a time-dependent manner [92].  

There is some understanding regarding the safe doses of naringenin for human 

consumption. In a single-ascending-dose randomized crossover trial assessing naringenin's 

safety, it was reported that doses ranging from 150 to 900 mg/day are safe for healthy 

adults, with serum concentrations showing proportionality to the administered dose. A dose 

of naringenin at 8 μM was found to be effective in primary human adipocytes. Ingesting 

300 mg of naringenin twice daily will likely produce a physiological effect [93]. Once 

administered, naringenin is absorbed in the gastrointestinal tract and subsequently 

distributed in the blood, lungs, trachea, liver, and kidneys, although its bioavailability is 

approximately 15% [94, 95]. The metabolism of naringenin is carried out in the liver 
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through processes of oxidation, demethylation, glucuronidation, sulfation or methylation 

and it is finally excreted by the kidney and eliminated in urine [96].  

Variations in the effects of naringenin could stem from differences across trials, including 

variations in the source, purity, vehicle, doses, and duration of intervention. Moreover, the 

absence of standardized protocols for administration further complicates interpretation. On 

the other hand, the consumption of fruit juice as a source of naringenin should be avoided 

because other compounds in the juice can interfere with the activity of the drugs and cause 

side effects, such as with the success of statins [47]. The limitations of this work include a 

lack of in-depth exploration of the side effects on target organs and the underlying cellular 

mechanisms. This is due to the primary focus of this review being on highlighting the 

beneficial effects of naringenin and promoting its potential as a therapeutic option. 

Regrettably, current interventions to treat diabetic nephropathy have shown limited success, 

at best delaying disease progression to its advanced stages. Consequently, there is an urgent 

need for novel preventive or efficacious options. Recently, other therapeutic targets in 

diabetes have emerged: the preservation of endothelial function and the management of 

dyslipidemia, oxidative stress, inflammation, and fibrosis.  

CONCLUSION 

Through direct mechanisms and the modulation of signaling pathways, naringenin exhibits 

beneficial effects that include antihyperglycemic, antioxidant, anti-inflammatory, anti-

remodeling, and antihypertensive properties. Experimental models of renal damage have 

demonstrated that naringenin protects endothelial and renal function, thus slowing the 

progression of renal disease. Additionally, there have been no reports of adverse effects in 

humans. Therefore, naringenin shows promise as a therapeutic option for diabetes-induced 
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comorbidities. Nonetheless, further clinical studies are required to validate its efficacy as 

either a primary or adjunctive medication. 

ACKNOWLEDGMENTS 

The authors thanks to the Sección de Estudios de Posgrado e Investigación, Escuela 

Superior de Medicina, Instituto Politécnico Nacional, as well as to CONAHCYT for the 

scholarship granted with CVU number 1235288. 

REFERENCES 

1. Deng, Y., et al., Global, Regional, and National Burden of Diabetes-Related 

Chronic Kidney Disease From 1990 to 2019. Front Endocrinol (Lausanne), 2021. 

12: p. 672350. 

2. Dal Canto, E., et al., Diabetes as a cardiovascular risk factor: An overview of 

global trends of macro and micro vascular complications. Eur J Prev Cardiol, 2019. 

26(2_suppl): p. 25-32. 

3. Lin, Y.C., et al., Update of pathophysiology and management of diabetic kidney 

disease. J Formos Med Assoc, 2018. 117(8): p. 662-675. 

4. Global, regional, and national burden of chronic kidney disease, 1990-2017: a 

systematic analysis for the Global Burden of Disease Study 2017. Lancet, 2020. 

395(10225): p. 709-733. 

5. Kovesdy, C.P., Epidemiology of chronic kidney disease: an update 2022. Kidney Int 

Suppl (2011), 2022. 12(1): p. 7-11. 

6. Sundström, J., et al., Prevalence, outcomes, and cost of chronic kidney disease in a 

contemporary population of 2·4 million patients from 11 countries: The CaReMe 

CKD study. Lancet Reg Health Eur, 2022. 20: p. 100438. 

7. Li, Y., et al., Managing comorbidities in chronic kidney disease reduces utilization 

and costs. BMC Health Serv Res, 2023. 23(1): p. 1418. 

8. Erfanpoor, S., et al., Diabetes, Hypertension, and Incidence of Chronic Kidney 

Disease: Is There any Multiplicative or Additive Interaction? Int J Endocrinol 

Metab, 2021. 19(1): p. e101061. 

9. Toyama, M., et al., Combined effects of blood pressure and glucose status on the 

risk of chronic kidney disease. Hypertens Res, 2024. 

10. Dawood, A.F., et al., Metformin Is Associated with the Inhibition of Renal Artery 

AT1R/ET-1/iNOS Axis in a Rat Model of Diabetic Nephropathy with Suppression of 

Inflammation and Oxidative Stress and Kidney Injury. Biomedicines, 2022. 10(7). 

11. Luyckx, V.A., et al., Reducing major risk factors for chronic kidney disease. 

Kidney Int Suppl (2011), 2017. 7(2): p. 71-87. 

12. Kampmann, J.D., et al., Prevalence and incidence of chronic kidney disease stage 

3-5 - results from KidDiCo. BMC Nephrol, 2023. 24(1): p. 17. 

13. de Boer, I.H., et al., Diabetes Management in Chronic Kidney Disease: A 

Consensus Report by the American Diabetes Association (ADA) and Kidney 



 

21 

 

Disease: Improving Global Outcomes (KDIGO). Diabetes Care, 2022. 45(12): p. 

3075-3090. 

14. Selby, N.M. and M.W. Taal, An updated overview of diabetic nephropathy: 

Diagnosis, prognosis, treatment goals and latest guidelines. Diabetes Obes Metab, 

2020. 22 Suppl 1: p. 3-15. 

15. Su, S., et al., Oxidative stress as a culprit in diabetic kidney disease. Life Sci, 2023. 

322: p. 121661. 

16. Drożdż, D., M. Drożdż, and M. Wójcik, Endothelial dysfunction as a factor leading 

to arterial hypertension. Pediatr Nephrol, 2023. 38(9): p. 2973-2985. 

17. Cai, Z., et al., Amelioration of Endothelial Dysfunction in Diabetes: Role of Takeda 

G Protein-Coupled Receptor 5. Front Pharmacol, 2021. 12: p. 637051. 

18. Sena, C.M., A.M. Pereira, and R. Seiça, Endothelial dysfunction - a major mediator 

of diabetic vascular disease. Biochim Biophys Acta, 2013. 1832(12): p. 2216-31. 

19. Roumeliotis, S., F. Mallamaci, and C. Zoccali, Endothelial Dysfunction in Chronic 

Kidney Disease, from Biology to Clinical Outcomes: A 2020 Update. J Clin Med, 

2020. 9(8). 

20. Price, D.A., et al., The paradox of the low-renin state in diabetic nephropathy. J Am 

Soc Nephrol, 1999. 10(11): p. 2382-91. 

21. Anderson, S., F.F. Jung, and J.R. Ingelfinger, Renal renin-angiotensin system in 

diabetes: functional, immunohistochemical, and molecular biological correlations. 

Am J Physiol, 1993. 265(4 Pt 2): p. F477-86. 

22. Choi, K.C., et al., Alterations of intrarenal renin-angiotensin and nitric oxide 

systems in streptozotocin-induced diabetic rats. Kidney Int Suppl, 1997. 60: p. S23-

7. 

23. Zimpelmann, J., et al., Early diabetes mellitus stimulates proximal tubule renin 

mRNA expression in the rat. Kidney Int, 2000. 58(6): p. 2320-30. 

24. Pandey, A., et al., Differential regulation of angiotensin converting enzyme 2 and 

nuclear factor-kappaB by angiotensin II receptor subtypes in type 2 diabetic kidney. 

Biochimie, 2015. 118: p. 71-81. 

25. Samsu, N., Diabetic Nephropathy: Challenges in Pathogenesis, Diagnosis, and 

Treatment. Biomed Res Int, 2021. 2021: p. 1497449. 

26. Jin, Q., et al., Oxidative stress and inflammation in diabetic nephropathy: role of 

polyphenols. Front Immunol, 2023. 14: p. 1185317. 

27. Rayego-Mateos, S., et al., Pathogenic Pathways and Therapeutic Approaches 

Targeting Inflammation in Diabetic Nephropathy. Int J Mol Sci, 2020. 21(11). 

28. Chen, J., et al., Immune responses in diabetic nephropathy: Pathogenic mechanisms 

and therapeutic target. Front Immunol, 2022. 13: p. 958790. 

29. Bilen, Y., et al., Treatment and practical considerations of diabetic kidney disease. 

Front Med (Lausanne), 2023. 10: p. 1264497. 

30. Rhee, C.M., et al., Nutritional and Dietary Management of Chronic Kidney Disease 

Under Conservative and Preservative Kidney Care Without Dialysis. J Ren Nutr, 

2023. 33(6s): p. S56-s66. 

31. Mahmood, N.A., et al., Nutraceutical Use among Patients with Chronic Disease 

Attending Outpatient Clinics in a Tertiary Hospital. Evid Based Complement 

Alternat Med, 2020. 2020: p. 9814815. 

32. Natesan, V. and S.J. Kim, Diabetic Nephropathy - a Review of Risk Factors, 

Progression, Mechanism, and Dietary Management. Biomol Ther (Seoul), 2021. 

29(4): p. 365-372. 

33. Sánchez-Gloria, J.L., et al., Nutraceuticals in the Treatment of Pulmonary Arterial 

Hypertension. Int J Mol Sci, 2020. 21(14). 



 

22 

 

34. Dama, A., et al., Targeting Metabolic Diseases: The Role of Nutraceuticals in 

Modulating Oxidative Stress and Inflammation. Nutrients, 2024. 16(4): p. 507. 

35. Avila-Carrasco, L., et al., Potential Therapeutic Effects of Natural Plant 

Compounds in Kidney Disease. Molecules, 2021. 26(20). 

36. Chen, Z. and S.L. Zhang, The role of flavonoids in the prevention and management 

of cardiovascular complications: a narrative review. Ann Palliat Med, 2021. 10(7): 

p. 8254-8263. 

37. Ysrafil, Y., et al., Anti-inflammatory activities of flavonoid derivates. Admet dmpk, 

2023. 11(3): p. 331-359. 

38. Ullah, A., et al., Important Flavonoids and Their Role as a Therapeutic Agent. 

Molecules, 2020. 25(22). 

39. Shen, N., et al., Plant flavonoids: Classification, distribution, biosynthesis, and 

antioxidant activity. Food Chem, 2022. 383: p. 132531. 

40. Caro-Ordieres, T., et al., The Coming Age of Flavonoids in the Treatment of 

Diabetic Complications. J Clin Med, 2020. 9(2). 

41. Hügel, H.M., et al., Polyphenol protection and treatment of hypertension. 

Phytomedicine, 2016. 23(2): p. 220-31. 

42. Păltinean, R., et al., Evaluation of Polyphenolic Content, Antioxidant and Diuretic 

Activities of Six Fumaria Species. Molecules, 2017. 22(4). 

43. Chin, L.H., et al., Molecular mechanisms of action of naringenin in chronic airway 

diseases. Eur J Pharmacol, 2020. 879: p. 173139. 

44. Panche, A.N., A.D. Diwan, and S.R. Chandra, Flavonoids: an overview. J Nutr Sci, 

2016. 5: p. e47. 

45. Gattuso, G., et al., Flavonoid composition of Citrus juices. Molecules, 2007. 12(8): 

p. 1641-73. 

46. Ho, P.C., et al., Content of CYP3A4 inhibitors, naringin, naringenin and bergapten 

in grapefruit and grapefruit juice products. Pharm Acta Helv, 2000. 74(4): p. 379-

85. 

47. Lee, J.W., J.K. Morris, and N.J. Wald, Grapefruit Juice and Statins. Am J Med, 

2016. 129(1): p. 26-9. 

48. Bai, Y., et al., Pharmacokinetics and Metabolism of Naringin and Active Metabolite 

Naringenin in Rats, Dogs, Humans, and the Differences Between Species. Front 

Pharmacol, 2020. 11: p. 364. 

49. Stabrauskiene, J., et al., Naringin and Naringenin: Their Mechanisms of Action and 

the Potential Anticancer Activities. Biomedicines, 2022. 10(7). 

50. Uçar, K. and Z. Göktaş, Biological activities of naringenin: A narrative review 

based on in vitro and in vivo studies. Nutr Res, 2023. 119: p. 43-55. 

51. Du, Y., et al., Naringenin: A Promising Therapeutic Agent against Organ Fibrosis. 

Oxidative Medicine and Cellular Longevity, 2021. 2021: p. 1210675. 

52. Ramakrishnan, A., N. Vijayakumar, and M. Renuka, Naringin regulates glutamate-

nitric oxide cGMP pathway in ammonium chloride induced neurotoxicity. 

Biomedicine &amp; pharmacotherapy = Biomedecine &amp; pharmacotherapie, 

2016. 84: p. 1717-1726. 

53. Park, S., et al., Naringenin and Phytoestrogen 8-Prenylnaringenin Protect against 

Islet Dysfunction and Inhibit Apoptotic Signaling in Insulin-Deficient Diabetic 

Mice. Molecules, 2022. 27(13). 

54. Li, S., et al., Naringenin improves insulin sensitivity in gestational diabetes mellitus 

mice through AMPK. Nutr Diabetes, 2019. 9(1): p. 28. 

55. Murugesan, N., et al., Naringenin Increases Insulin Sensitivity and Metabolic Rate: 

A Case Study. J Med Food, 2020. 23(3): p. 343-348. 



 

23 

 

56. Rehman, K., et al., Naringenin downregulates inflammation-mediated nitric oxide 

overproduction and potentiates endogenous antioxidant status during 

hyperglycemia. J Food Biochem, 2020: p. e13422. 

57. Lin, P., et al., Naringenin protects pancreatic β cells in diabetic rat through 

activation of estrogen receptor β. Eur J Pharmacol, 2023. 960: p. 176115. 

58. Zygmunt, K., et al., Naringenin, a citrus flavonoid, increases muscle cell glucose 

uptake via AMPK. Biochem Biophys Res Commun, 2010. 398(2): p. 178-83. 

59. Gandhi, G.R., et al., Citrus Flavonoids as Promising Phytochemicals Targeting 

Diabetes and Related Complications: A Systematic Review of In Vitro and In Vivo 

Studies. Nutrients, 2020. 12(10). 

60. Wang, J., et al., Naringenin ameliorates vascular senescence and atherosclerosis 

involving SIRT1 activation. J Pharm Pharmacol, 2023. 75(8): p. 1021-1033. 

61. Pérez, A., et al., Naringin prevents diabetic nephropathy in rats through blockage of 

oxidative stress and attenuation of the mitochondrial dysfunction. Can J Physiol 

Pharmacol, 2023. 101(7): p. 349-360. 

62. Roy, S., et al., Naringenin ameliorates streptozotocin-induced diabetic rat renal 

impairment by downregulation of TGF-β1 and IL-1 via modulation of oxidative 

stress correlates with decreased apoptotic events. Pharm Biol, 2016. 54(9): p. 1616-

27. 

63. Jain, D. and S. Saha, Antioxidant and antihyperglycaemic effects of naringenin 

arrest the progression of diabetic nephropathy in diabetic rats. Egyptian 

Pharmaceutical Journal, 2017. 16(3): p. 144-151. 

64. Kulkarni, Y.A. and S.V. Suryavanshi, Combination of Naringenin and Lisinopril 

Ameliorates Nephropathy in Type-1 Diabetic Rats. Endocr Metab Immune Disord 

Drug Targets, 2021. 21(1): p. 173-182. 

65. Duan, B., et al., Naringenin prevents pregnancy-induced hypertension via 

suppression of JAK/STAT3 signalling pathway in mice. Int J Clin Pract, 2021. 

75(10): p. e14509. 

66. Gao, Y., et al., Naringenin inhibits N(G)-nitro-L-arginine methyl ester-induced 

hypertensive left ventricular hypertrophy by decreasing angiotensin-converting 

enzyme 1 expression. Exp Ther Med, 2018. 16(2): p. 867-873. 

67. Oyagbemi, A.A., et al., Antihypertensive power of Naringenin is mediated via 

attenuation of mineralocorticoid receptor (MCR)/ angiotensin converting enzyme 

(ACE)/ kidney injury molecule (Kim-1) signaling pathway. Eur J Pharmacol, 2020. 

880: p. 173142. 

68. Wang, Z., et al., Naringenin Ameliorates Renovascular Hypertensive Renal Damage 

by Normalizing the Balance of Renin-Angiotensin System Components in Rats. Int J 

Med Sci, 2019. 16(5): p. 644-653. 

69. Ding, S., et al., Activation of 20-HETE/PPARs involved in reno-therapeutic effect of 

naringenin on diabetic nephropathy. Chem Biol Interact, 2019. 307: p. 116-124. 

70. Fallahi, F., M. Roghani, and S. Moghadami, Citrus flavonoid naringenin improves 

aortic reactivity in streptozotocin-diabetic rats. Indian J Pharmacol, 2012. 44(3): p. 

382-6. 

71. Yan, N., et al., Naringenin Ameliorated Kidney Injury through Let-7a/TGFBR1 

Signaling in Diabetic Nephropathy. J Diabetes Res, 2016. 2016: p. 8738760. 

72. Liu, H., et al., Naringenin Protects against Hypertension by Regulating Lipid 

Disorder and Oxidative Stress in a Rat Model. Kidney Blood Press Res, 2022. 

47(6): p. 423-432. 

73. Tsai, S.J., et al., Anti-inflammatory and antifibrotic effects of naringenin in diabetic 

mice. J Agric Food Chem, 2012. 60(1): p. 514-21. 



 

24 

 

74. Adebiyi, O.A., O.O. Adebiyi, and P.M. Owira, Naringin Reduces Hyperglycemia-

Induced Cardiac Fibrosis by Relieving Oxidative Stress. PLoS One, 2016. 11(3): p. 

e0149890. 

75. Yang, B., et al., Naringenin Ameliorates Hyperuricemia by Regulating Renal Uric 

Acid Excretion via the PI3K/AKT Signaling Pathway and Renal Inflammation 

through the NF-κB Signaling Pathway. J Agric Food Chem, 2023. 71(3): p. 1434-

1446. 

76. Calis, Z., et al., Naringenin Prevents Renal Injury in Experimental Hyperuricemia 

Through Suppressing Xanthine Oxidase, Inflammation, Apoptotic Pathway, DNA 

Damage, and Activating Antioxidant System. Metab Syndr Relat Disord, 2023. 

21(5): p. 275-281. 

77. Calis, Z., et al., Naringenin Prevents Inflammation, Apoptosis, and DNA Damage in 

Potassium Oxonate-Induced Hyperuricemia in Rat Liver Tissue: Roles of 

Cytochrome C, NF-κB, Caspase-3, and 8-Hydroxydeoxyguanosine. Metab Syndr 

Relat Disord, 2022. 20(8): p. 473-479. 

78. Testai, L., et al., The Citrus Flavanone Naringenin Produces Cardioprotective 

Effects in Hearts from 1 Year Old Rat, through Activation of mitoBK Channels. 

Front Pharmacol, 2017. 8: p. 71. 

79. Zhang, J., et al., Naringenin exhibits the protective effect on cardiac hypertrophy 

via EETs-PPARs activation in streptozocin-induced diabetic mice. Biochem 

Biophys Res Commun, 2018. 502(1): p. 55-61. 

80. Li, Y., et al., Naringenin Attenuates Isoprenaline-Induced Cardiac Hypertrophy by 

Suppressing Oxidative Stress through the AMPK/NOX2/MAPK Signaling Pathway. 

Nutrients, 2023. 15(6). 

81. Jankowski, J., et al., Cardiovascular Disease in Chronic Kidney Disease: 

Pathophysiological Insights and Therapeutic Options. Circulation, 2021. 143(11): 

p. 1157-1172. 

82. Venkatesan, A., et al., p-Coumaric Acid Nanoparticles Ameliorate Diabetic 

Nephropathy via Regulating mRNA Expression of KIM-1 and GLUT-2 in 

Streptozotocin-Induced Diabetic Rats. Metabolites, 2022. 12(12): p. 1166. 

83. Samy, J., et al., Effect of Prunetin on Streptozotocin-Induced Diabetic Nephropathy 

in Rats - a Biochemical and Molecular Approach. Biomol Ther (Seoul), 2023. 

31(6): p. 619-628. 

84. Sternlicht, H. and G.L. Bakris, Management of Hypertension in Diabetic 

Nephropathy: How Low Should We Go? Blood Purif, 2016. 41(1-3): p. 139-43. 

85. Osorio, H., et al., Sodium-glucose cotransporter inhibition prevents oxidative stress 

in the kidney of diabetic rats. Oxid Med Cell Longev, 2012. 2012: p. 542042. 

86. Arellano-Buendía, A.S., et al., Anti-Inflammatory Therapy Modulates Nrf2-Keap1 

in Kidney from Rats with Diabetes. Oxid Med Cell Longev, 2016. 2016: p. 

4693801. 

87. Ursini, F., et al., A novel antioxidant flavonoid (IdB 1031) affecting molecular 

mechanisms of cellular activation. Free Radic Biol Med, 1994. 16(5): p. 547-53. 

88. Nishimura Fde, C., et al., Antioxidant effects of quercetin and naringenin are 

associated with impaired neutrophil microbicidal activity. Evid Based Complement 

Alternat Med, 2013. 2013: p. 795916. 

89. Park, H.Y., G.Y. Kim, and Y.H. Choi, Naringenin attenuates the release of pro-

inflammatory mediators from lipopolysaccharide-stimulated BV2 microglia by 

inactivating nuclear factor-κB and inhibiting mitogen-activated protein kinases. Int 

J Mol Med, 2012. 30(1): p. 204-10. 



 

25 

 

90. Arellano Buendia, A.S., et al., Antioxidant and anti-inflammatory effects of allicin 

in the kidney of an experimental model of metabolic syndrome. PeerJ, 2023. 11: p. 

e16132. 

91. García-Trejo, E.M., et al., Effects of Allicin on Hypertension and Cardiac Function 

in Chronic Kidney Disease. Oxid Med Cell Longev, 2016. 2016: p. 3850402. 

92. Zhang, L., et al., Citrus aurantium Naringenin Prevents Osteosarcoma Progression 

and Recurrence in the Patients Who Underwent Osteosarcoma Surgery by 

Improving Antioxidant Capability. Oxid Med Cell Longev, 2018. 2018: p. 8713263. 

93. Rebello, C.J., et al., Safety and pharmacokinetics of naringenin: A randomized, 

controlled, single-ascending-dose clinical trial. Diabetes Obes Metab, 2020. 22(1): 

p. 91-98. 

94. Joshi, R., Y.A. Kulkarni, and S. Wairkar, Pharmacokinetic, pharmacodynamic and 

formulations aspects of Naringenin: An update. Life Sci, 2018. 215: p. 43-56. 

95. Zeng, X., et al., Pharmacokinetics, Tissue Distribution, Metabolism, and Excretion 

of Naringin in Aged Rats. Front Pharmacol, 2019. 10: p. 34. 

96. Yang, Y., et al., Beneficial effects of citrus flavanones naringin and naringenin and 

their food sources on lipid metabolism: An update on bioavailability, 

pharmacokinetics, and mechanisms. J Nutr Biochem, 2022. 104: p. 108967. 

  



 

26 

 

 FIGURES WITH LEGENDS 

 

FIGURE 1. Hyperglycemia is the major pathogenic mechanism leading to the activation of 

cellular mechanisms and signaling pathways, which subsequently result in diabetic 

nephropathy. Hyperglycemia increases the formation of advanced glycation end-products, 

and reactive oxygen species, and it activates the renin-angiotensin system, at both systemic 

and local levels. These pathogenic factors stimulate inflammation and fibrosis in 

endothelial, glomerular, mesangial, and tubular cells, leading to impaired renal function and 

ultimately to diabetic nephropathy. Abbreviations: AGE: advanced glycation end products; 

Ang II: angiotensin II; AT1R: angiotensin II type 1 receptor; eNOS: endothelial NO 

synthase; ET-1: endothelin-1; GBM: glomerular basement membrane; GFR: glomerular 

filtration rate; IL-1β: interleukin 1-beta; IL-6: interleukin-6; p38-MAPK: p38 mitogen-

activated protein kinase; MC: mesangial cell; NO: nitric oxide;  NLRP3; nucleotide-
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binding and oligomerization domain-like receptors; NF-κB: nuclear factor kappa B; RAGE: 

receptor for AGEs; ROS: reactive oxygen species; TNF-α: tumor necrosis factor-alpha.  

 

FIGURE 2. Flavonoids are a large group of compounds subclassified according to the 

radical or group attached to their main structure. Among these subclassifications are 

flavanones, such as naringenin, which can be found in both aglycone and glycosylated 

forms. Naringenin and its glycoside forms undergo metabolism through glucuronidation, 

sulfation, or methylation, resulting in naringenin derivatives.  
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FIGURE 3. Cell mechanism involved in the nephroprotective effects of naringenin.  

Naringenin reduces oxidative stress by inhibiting the activity of enzymes that produce 

ROS, such as NADPH oxidase, and by improving mitochondrial function. Indirectly, 

through its anti-inflammatory effects and modulation of the expression of antioxidant 

enzymes, naringenin blocks ROS production, fibrosis, and inflammation.  Abbreviations: 

Ang II: angiotensin II; ATR1: angiotensin II type 1 receptor; ARE; antioxidant response 

element: CAT; catalase; eNOS; endothelial NO synthase;  GPX; glutathione peroxidase; 

JAK2: Janus kinase 2; Keap1: kelch-like ECH-associated protein 1; Nar: naringenin; NO; 

nitric oxide; NADPH; nicotinamide adenine dinucleotide phosphate; Nrf2; nuclear factor 

erythroid 2-related factor 2; NF-κB; nuclear factor kappa B; PKC; protein kinase C; PPAR: 

peroxisome proliferator-activated receptors; ROS; reactive oxygen species; TNF-α; tumor 

necrosis factor-alpha; TGF-β; transforming growth factor beta; SOD; superoxide 

dismutase; STAT3: signal transducer and activator of transcription 3. 


