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Abstract: Diabetic nephropathy (DN), one of the primary consequences of diabetes mellitus, 

affecting many people worldwide. Diabetes affects yearly 463 million adults globally between the 

ages of 20 and 79, and is the main cause of death under the age of 60. ROS production rises during 

hyperglycemia and is crucial to the development of diabetic complications. Advanced glycation end 

products (AGEs) are produced excessively in a diabetic state and accumulate in the kidney, where 

they change renal architecture and impair renal function. Another important targeted pathway for 

the formation of DN includes NF-B, Nrf2, NLRP3, Akt/mTOR, and autophagy. About 40% of 

individuals with diabetes eventually acquire diabetic kidney disease and end stage renal disease 

that needs hemodialysis, peritoneal dialysis, or kidney transplantation, to survive. The current state 

of acceptable therapy for this kidney ailment is limited. The studies revealed that some naturally 

occurring bioactive substances might shield the kidney by controlling oxidative stress, renal fibrosis, 

inflammation, and autophagy. In order to provide new potential therapeutic lead bioactive 

compounds for contemporary drug discovery and clinical management of DN, this review was 

designed to examine the various mechanistic pathways by which current conventional plants derive 

phytocompounds that are effective for the control and treatment of DN. 

Keywords: diabetic nephropathy; hyperglycemia; phytocompounds; end stage renal disease;  

oxidative stress; inflammation 

 

1. Introduction 

A disorder with catastrophic repercussions known as diabetes mellitus (DM) and hyperglycemia, 

oxidative stress, inflammation, the creation of advanced glycation end products, and cytokine 

overexpression are merely some of the symptoms of this high-impact disease. The most frequent 

microvascular consequence of diabetes and the main cause of chronic kidney disease worldwide is 

Diabetic Nephropathy (DN). Uncontrolled DM in patients can lead to protracted hyperglycemia and 

the emergence of chronic consequences that fall under the macrovascular (peripheral, coronary artery 

and cerebral vascular disease) and microvascular (retinopathy, nephropathy, and neuropathy) 

categories [1]. The progression to chronic kidney disease and end stage renal disease (ESRD) is 

frequently accompanied by the development of macro albuminuria [2]. Glomerular enlargement, 

glomerular excessive filtration, raised urinary albumin release, thickness of basement membrane, 

expandsion of mesangial matrix and nodule development, tubulointerstitial inflammation, 

glomerulosclerosis, & interstitial fibrosis are all signs of a pathological condition in the kidneys. 

By releasing vasoactive mediators like prostaglandin, insulin-like growth factor 1 (IGF-1), 

vascular endothelial growth factor (VEGF) and prostaglandin, as well as by upregulating sodium-

glucose co-transporter 2 (SGLT2) in the proximal tubules, high blood glucose levels increase afferent 

arteriolar enhancement. As a result, the transport of NaCl to the macula densa of distal tubules is 

reduced. As an outcome, tubuloglomerular feedback leads the afferent and efferent arterioles to dilate 
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and constrict, respectively [3,4]. High glucose levels directly caused the kidney to release renin 

through a paracrine signalling mechanism. As seen in the kidney sections of rat, mouse, and rabbit, 

the signalling cascade involves the local buildup of succinate and activating kidney-specific G 

protein-coupled metabolic receptor (GPR91) within glomerular endothelium. Endothelial Ca2+, 

prostaglandin and NO synthesis, and their paracrine effects on nearby cells producing renin are 

components of signal transduction. Through renal hyperfiltration, this GPR91 transduction cascade 

may affect kidney function and aid in the removal of metabolic waste products. According to [5] long-

term hyperfiltration causes renal failure and it has been linked to metabolic illnesses like diabetes 

and metabolic syndrome, overactivation of RAS, systemic hypertension, and destruction of organ. 

Angiotensin II’s (Ang II) primary vasoconstrictor peptide is produced in greater quantities when the 

RAAS is activated. Through the suppression of insulin signal transduction, a decline in glucose 

uptake, resistance to insulin, & destruction of the beta cells of the pancreas by producing oxidative 

stress, Ang II impacts glucose homeostasis, which is involved in the development of DM. Activation 

of RAAS in the renal cells that help to stimulate aldosterone secretion and retention of sodium and 

water which lead to development of systematic hypertension, proteinuria, glomerular sclerosis [6]. 

DM conditions trigger mechanistic target of rapamycin (mTOR) and release ERK/beta catenin, 

TGFβ1/Smad which involved develop extracellular matrix deposition by epithelial-mesenchymal 

transition due to the adenosine monophosphate-activated protein kinase (AMPK) activity inhibition 

in renal tubular cells, thereby increasing matrix protein synthesis and tubular hypertrophy [7]. The 

mTORC1 hyper activated mTORC damaged podocytes cell which involved acute & chronic renal 

failure [8]. The creation of novel, improved therapeutic approaches is currently essential for the 

management and prevention of DN-related issues (Figure 1) [9]. The best source of remedies or 

traditional medicines has always been plant sources. Numerous plant compounds, such as 

terpenoids, alkaloids, flavonoids, poly-phenols, quinones, saponins etc have been thoroughly studied 

for their many pharmacological applications, including antidiabetic and nephroprotective properties 

[10]. This focus has grown as more extensive research on alternative medicine’s relationship to 

modern medicine has been conducted. The best source of herbal remedies or traditional medicines 

has always been plants. Numerous plant chemicals, such as terpenoids, flavonoids, alkaloids, poly-

phenols, quinones, currently, plant-derived chemicals or their derivatives are utilised as the first-line 

oral therapy for treating kidney-related problems, with about 50% of pharmaceuticals that have 

received approval from the Food and Drug Administration (FDA) falling into this category. Natural 

plant-derived medicines have fewer adverse effects and are more inexpensive and available than 

conventional treatments. Numerous physiological characteristics, including anti- carcinogenic, anti- 

allergenic, anti- microbial, anti-inflammatory, antioxidant, anti-renal, anti-diabetic, and cardio 

protective, can be found in them [11]. Recent research has indicated that certain natural substances 

can effectively treat DN by reducing blood sugar levels, blood lipid levels, and oxidative stress. This 

review’s objective is to look at the numerous mechanistic pathways by which current conventional 

plants create the phytocompounds used to treat DN. 
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Figure 1. Pathophysiology of experimentally induced diabetic nephropathy. VEGF, vascular 

endothelial growth factor; IGF-1, insulin-like growth factor 1; SGLT2, sodium-glucose co-transporter 

2; GPR91, kidney-specific G protein-coupled metabolic receptor; PGE2, prostaglandin; NO, nitric 

oxide; Ang II, Angiotensin II's; RAAS, renin-angiotensin-aldosterone system; mTOR, mechanistic 

target of rapamycin; TGFT-β, transforming growth factor beta; Smad, Suppressor of mothers against 

decapentaplegic; AMPK, adenosine monophosphate-activated protein kinase; mTOR, mammalian 

target of rapamycin. 

2. Epidemiological Scenario in Diabetic Nephropathy 

Diabetes now affects 463 million adults globally between the ages of 20 and 79, and under the 

age of 60, it is the main cause of death [12]. About 40% of people with diabetes develop diabetic 

kidney disease (DKD), which is a frequent and significant consequence of the condition [13]. The 

prevalence of diabetes among adults in their middle adult years is predicted to be 79.4% in middle-

income nations as a result of globalisation and epidemiological change. The most severe effect is 

ESRD, which necessitates renal replacement treatment (RRT) such hemodialysis, peritoneal dialysis, 

or kidney transplantation for affected people to survive [14]. About 20%-40% of patients with 

diabetes are developed DKD, which is the primary contributor to chronic renal disease and ESRD. It 

is significant to remember that DKD advances even when risk variables such blood sugar, blood 

pressure, and body weight are strictly controlled [15]. The International Diabetes Federation 

estimates that as of 2022, 536 million adults (20-79 years) in India had diabetes, and that figure is 

expected to increase in 784 millions by 2045 [16]. A clinical survey in India to found 34.4% prevalence 

of DKD [17]. T2D patients in India have been found to have a 2% prevalence of overt nephropathy, a 

27% prevalence of microalbuminuria, and a 58.75% patient awareness of DN [18,19]. 

3. Role of phytocompounds in diabetes nephropathy 

Plants contain a variety of biologically active chemical molecules called phytocompounds. These 

naturally occurring bioactive substances, which include xanthophylls, alkaloids, phenols, flavonoids, 

phenylpropanoids, terpenoids, and sulfur-containing compounds like allyl isothiocyanates, are 

derived from primary metabolism and primarily serve ecological functions like defence, adaptation, 
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and chemo-attraction. Plant-based foods have historically been linked to preventing numerous 

ailments in humans [20]. 

3.1. Berberine 

In pharmacology and medical chemistry, berberine, an alkaloid, is an important compound. 

Long used as an oriental medicine to treat gastroenteritis and secretory diarrhoea, berberine is an 

isolated compound from the roots plants Coptidis, Cortex phellodendri, and Berberis vulgaris. A 

growing body of research has shown that berberine has a variety of pharmacological actions, 

including effects against oxidative stress, inflammation, tumours, microbes, and fibrosis. 

Furthermore, it has been widely shown that berberine has renoprotective effects on the development 

of DN [21,22]. By primarily restricting the enzyme activity of dipeptidyl peptidase-4 and protein 

tyrosine phosphatase-1B (PTP-1B), treatment with berberine significantly lower levels of 

inflammatory markers, C reactive protein, free fatty acids, and triacylglycerols in bloodstreams of 

streptozotocin (STZ) induced animal model of diabetes. According to [23] berberine improved insulin 

sensitivity and reduced high blood glucose levels. Liver inflammation may result from abnormally 

raised level of blood sugar. Reactive oxygen species (ROS), Tumor necrosis factor (TNF-α), and other 

pro-inflammatory mediators are produced by the Kupffer cells, that are found in the hepatic 

sinusoids of the liver. Because they can cause a range of cellular responses, including proliferation, 

survival, and death, TNF- α and Interleukin-6 (IL-6) are significant mediators of liver-specific 

intracellular damage. In comparison to patients with diabetes who do not have overt nephropathy, 

patients with DN have higher levels of pro-inflammatory cytokines, such as Th1 cytokines and 

chemokines, in their plasma and urine. This finding suggests that pro-inflammatory cytokines are 

involved in the inflammation of the kidneys in diabetics. In the diabetic group, Interleukin-10 (IL-

10)/TNF-α levels fell, although relative mRNA expression levels for TNF-α, IL-6, and IL-10 were 

elevated in the kidney. In comparison to the control group, IL-6/IL-10 (pro-/anti-inflammatory 

cytokines) mRNA expression levels were considerably lower after 14 weeks of berberine therapy. 

Evidently, non-obese diabetic mice’s spontaneous renal inflammation was reduced after 14 weeks of 

berberine therapy. By controlling the expression of pro- or anti-inflammatory (TNF-α, IL-1b, and IL-

6/IL-10) or Th1/Th2 cytokines in non-obese mice with diabetes, berberine provided protection against 

uncontrolled persistent inflammation in liver, kidneys and spleen [24]. The first and most significant 

inflammatory cytokine released by the body after exposure to pathogenic stimuli, TNF-α takes role 

in localised inflammation and endothelial cells activation. Both high and low doses of berberine 

drastically decreased renal inflammatory damage and the production of IL-1, IL6, IL-18, and TNF-α 

in DN kidney tissues (Figure 2) [25]. 
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Figure 2. Berberine can reduces glomerular injury in diabetic nephropathy in rats by preventing ROS 

generation and reduced extracellular matrix deposition in renal cell. TNF-α, Tumor necrosis factor 

alpha; IL-1β, Interleukin-1 beta; NF-κB, nuclear factor kappa-light-chain-enhancer of activated B cells; 

ICAM, Inter Cellular Adhesion Molecule; ECM, extracellular matrix. 

The nuclear translocation of nuclear factor kappa B (NF-kB) p65 as well as elevated glucose-

induced c-jun phosphorylation can both be greatly reduced by berberine. Additionally, berberine has 

the ability to inhibit the transcriptional and DNA-binding functions of activator protein-1 (AP-1) as 

well as the increased glucose-induced tissue growth factor-1 (TGF-1) gene expression. The mRNA 

expression levels of intracellular adhesion molecule-1(ICAM-1), TGF-1, fibronectin, and downstream 

inflammatory mediators in the fibrotic responses in the diabetic kidney are decreased as a result of 

its ability to prevent these alterations in critical signalling pathway variables. Additionally, this 

decreases the production of extracellular matrix (ECM), inflammatory mediators, and other pro-

fibrogenic components. As a result, less ECM is deposited and there are fewer inflammatory 

responses, which eventually lessens the severity of renal fibrosis and glomerulosclerosis [26].  

Cellular redox is predominantly managed by nuclear transcription factor and nuclear factor E2-

related factor-2 (Nrf2). The antioxidant response element and NQO1 transcription can cooperate to 

protect downstream cells by preventing oxidative stress-related cell damage. Studies show that Nrf2 

regulates oxidative stress and that excessive glucose levels inhibit its expression. Studies was shown 

that berberine can upregulate the expression of Nrf2 in both high and low doses, indicating that Nrf2 

activation may be necessary for berberine to reduce oxidative stress and regulate the pyroptosis of 

DN kidney cells [27].  

Previous study has demonstrated that nucleotide binding domain, leucine rich containing 

family, pyrin domain containing-3 (NLRP3) inflammasome with a nucleotide binding oligomeric 

domain regulated renal inflammation, which contributed for the progression of DN. Targeting the 

NLRP3 may therefore be an effective and future DN treatment [28]. It was feasible to evaluate the 

effects of berberine on inflammasome expression in high glucose-induced HK-2 cells by evaluating 

levels of expression of NLRP3 inflammasome protein and mRNA using western blotting and RT-
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PCR. However, the dose-dependent effects of berberine treatment decreased the expression of 

Caspase-1, NLRP3 and IL-1b. These biomarkers had significantly higher protein and mRNA levels in 

the hyperglycemia-induced condition comparing to the glucose control group. The results of a cell 

experiment supported those obtained in the animal experiment, which showed that berberine might 

prevent the Epithelial-Mesenchymal Transition (EMT) brought on by the NLRP3 inflammasome [29].  

3.2. Resveratrol 

Resveratrol is a well-known polyphenol produced as a secondary metabolite by plants, has been 

examined in numerous animal models of human diseases, including diabetes and coronary heart 

disease. It can be found in nature in both trans- and cis-forms and is commonly found in grapes, 

mulberries, red wines, and peanut skins [30]. Resveratrol treatment (5 mg/(kg/d)) reduced renal 

impairment in a DM rat model as evidenced by a noticeably lower level of serum creatinine, urine 

protein, and urinary TGF-1 expression. Additionally, a subsequent mRNA study showed that the 

expressions of the proteins TGF-1, Nrf2,  fibronectin, sirtuin 1 (SIRT1), NF-kB/p65, and forkhead box 

O (FOXO) 1 in the kidney had normalised (Hussein & Mahfouz, 2016). Mammalian sirtuins are NAD+-

dependent enzymes and data indicate a direct connection between SIRT1 activity and metabolic 

disorders like diabetes. By direct binding or deacetylation, SIRT1 can control FOXO transcription. 

Mesangial cells in high-glucose cultures released more ROS, produced more mitochondrial superoxide, 

and had higher manganese superoxide dismutase (MnSOD) activity. Resveratrol pretreatment, 

however, attenuated these hyperglycemia-induced states by activating SIRT1 in the cells. The protective 

effect of resveratrol against oxidative damage under hyperglycemic circumstances was decreased by 

SIRT1 suppression using a small interfering RNA targeting EX-527, demonstrating the function of 

SIRT1 [31]. In diabetic conditions, FOXO1 activity was markedly reduced along with the expression of 

FOXO1-targeted genes, reduced superoxide dismutase (SOD) activity, downregulation of FOXO1 was 

linked to increased type IV collagen & fibronectin protein expression in the renal cortex. These findings 

indicate FOXO1’s involvement in the development of oxidative stress. This emphasises the importance 

of the antioxidative properties of resveratrol in delivering its renoprotection in DM also the role of the 

SIRT1/FOXO1 pathways in this effect [32]. Under various pathophysiological circumstances, previous 

research found a correlation between autophagy and insulin resistance. Research examined the relative 

expression of autophagy-related proteins (Beclin1, LC3 II/I), finding that resveratrol treatment results 

in higher levels of Beclin1 and LC3 II/I than in the group using DN models. Additionally, as compared 

to the DN model group, resveratrol therapy decreased pmTOR/mTOR and p-ULK1 S757/ULK1 rate 

while dramatically increasing p-AMPK/AMPK and p-ULK1 S777/ULK1 rate. According to recent 

studies, resveratrol activated the AMPK/mTOR pathway in DN rats to induce autophagy. These results 

imply that resveratrol may represent a possible therapeutic strategy for the management of DN and 

type 2 DN [33].  

3.3. Ellagic acid 

Ellagic acid, often referred to as trihydroxy acid, is a result of the hydrolysis of tannins and is 

present in significant amounts in a number of foods, such as nuts, tea, berries, oak wine, and other 

foods. On a range of ailments such ulcerative colitis, colon cancer, hepatopathy, diabetes, and 

Alzheimer’s disease, it has anti-inflammatory, anti-cancer, antioxidant, and anti-atheroclerotic 

actions [34,35].  

The innate immune system’s main component is called the toll-like receptor (TLR), particularly 

TLR4, are crucial for controlling inflammatory reactions. Several inflammatory pathways are 

triggered by TLR4, which has been linked to progressive renal fibrosis in a number of well-

established experiments. Important TLR transcription factors initiate the creation of ROS and proteins 

associated with inflammation during this process by activating downstream transcriptional 

regulators including NF-kB [36]. Results of the ellagic acid inhibitory effect on lipopolysaccharide 

(LPS)-induced TLR4 elevation showed that ellagic acid could decrease the elevated levels of LPS-

induced TLR4 and restrict the expression of downstream proteins like IRAK1, P-IRAK1, and p65 
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proteins, suggesting that ellagic acid could reduce a variety of inflammation-related responses by 

inhibiting TLR4 and TLR4/NF-kB pathways [37].  

Growth factor receptor and the G protein coupled receptor families activate both downstream and 

upstream signalling molecules, respectively. Numerous extracellular signals, including fibroblast 

growth factor, VEGF, and human growth factor, can activate phosphoinositide 3-kinase (PI3K). 

Phosphorylated Akt operates as the second messenger to mediate a variety of cell processes [38]. This 

is made possible by activated PI3K. Ellagic acid and high glucose increase PI3K/Akt signalling in 

mesangial cells in a similar manner, ellagic acid prevented PI3K and Akt from becoming 

phosphorylated. Mammalian nuclei contain FOXO3a, and phosphorylated Akt can cause it to move 

from the nucleus to the cytoplasm, inactivating it and increasing the expression of SOD2, which lowers 

ROS generation. Additionally, in DN, ellagic acid suppressed NF-kB and decreased renal tissue 

damage. It prevented the PI3K/Akt signalling pathway, which was activated by high glucose levels in 

mesangial cells, and then controlled the nuclear transcription activities of FOXO3 and NF-kB, which in 

turn prevented cell division, oxidative stress, the release of inflammatory factors, and the production of 

ECM. The current study offered an experimental theoretical foundation for the process by which ellagic 

acid lessened the harm that elevated glucose levels induced to mesangial cells [39]. 

3.4. Epigallocatechin gallate 

A type of catechin known as epigallocatechin gallate, sometimes known as epigallocatechin-3-

gallate, is the ester of epigallocatechin and gallic acid. Epigallocatechin-3-gallate, a kind of green tea 

extract, is the primary polyphenolic component of green tea. Its anti-inflammatory, hypoglycemic, 

and anti-oxidative qualities have all been suggested. Han et al. hypothesised that Nrf2, an effective 

regulator of oxidative stress & inflammation, was activated by high glucose stimulation [40,41]. 

Oxidative stress promotes constitutive and active Nrf2 molecule production. These molecules then 

flood into the cytoplasm by creating a Nrf2 pool & move towards nucleus. Despite oxidative stress, 

the reason why Nrf2 was unable to cross the nuclear membrane could be predicted. Alternatively, 

the cysteine residues in Nrf2 may have changed, preventing the protein via binding with the 

antioxidant response element (ARE) & causing it to be expelled into the cytoplasm instead, leading 

to accumulation and altered chemistry of the inducer-cysteine code that links Keap1 and Nrf2, which 

has not been studied. Both scenarios could have affected the nuclear acquire machinery that is 

responsible for nuclear import of Nrf2. The extent of Nrf2’s functioning in the nucleus was revealed 

by electrophoretic mobility shift assay (EMSA) investigations that revealed increased levels of the 

Nrf2/ARE complex in mice given epigallocatechin gallate. In addition to altering the stoichiometric 

relationship between Nrf2 & its negative regulators, epigallocatechin gallate administration improves 

the system of antioxidant defence in diabetic rats by keeping Nrf2 inside the nucleus by increasing 

its affinity to ARE. Epigallocatechin gallate enhances nuclear Nrf2 levels and stimulates the Nrf2/ARE 

signalling pathway, according to in vitro research employing NRK-52E cells. The analysis of the Nrf2 

mRNA gene expression profiles in cells fed with high glucose (30 mM) media for different periods of 

time reveals that the Nrf2 mRNA levels increase gradually up to 24 hours, then again at 48 hours, but 

the amounts do not remain constant after 72 hours. Similar findings were found in kidney biopsy 

specimens of diabetes patients [42,43]. 

Renal fibrosis was caused by excessive Notch expression, suggesting Notch might be a target for 

anti-fibrotic treatment. Notch receptors are modular, single-pass transmembrane proteins that detect 

signals from transmembrane ligands on neighbouring cells. Epigallocatechin gallate treatment might 

reduce Notch1 activation and attenuate Notch1 expression in HEK293 cells after high-glucose 

stimulation boosted Notch expression. Notch bind to TGFβ has been considered an intermediary in 

renal fibrosis by activating its downstream Smad signalling pathway [44]. In accordance with 

multiple studies, the TGF/Smad3 signalling pathway may be crucial in the progression of renal 

fibrosis in diabetic rats. According to some studies, suppressing Notch expression can reduce kidney 

fibrosis by preventing the activation of TGF/Smad3 signalling pathway. It was revealed that Notch 

serves as a receptor for epigallocatechin gallate, and that treatment with the compound reduces NICD 

expression. A potential mechanism of epigallocatechin gallate for treating renal fibrosis brought on 
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by high glucose concentrations is revealed by the possibility that it works by targeting Notch to 

suppress the TGF/Smad3 pathway (Figure 3) [45,46]. 

 

Figure 3. A potential mechanism of epigallocatechin gallate for treating renal fibrosis brought on by 

high glucose concentrations is revealed by the possibility that it works by targeting Notch to suppress 

the TGF/Smad3 pathway. Notch, neurogenic locus notch homolog protein; TGFβ transforming growth 

factor-beta. Smad, suppressor of mothers against decapentaplegic. 

3.5. Ursolic acid 

One of the most potent components of herbal compounds is ursolic acid, which is extensively 

dispersed throughout plants and naturally present in fruits like apples, cranberries, and blueberries 

as well as herbs like rosemary, plantain, and thyme. It has a number of therapeutically relevant 

pharmacological effects, including as antibacterial, anti-inflammatory, anti-tumor, and anti-hepatitis. 

It is the ideal drug to treat infectious hepatitis because of its low level of toxicity and minimal adverse 

effects. It has been shown that ursolic acid reduces oxidative stress and increases the expression of 

inflammation-related mediators in DN [47,48]. 

High blood sugar causes inflammation of the glomerular mesangial cells, which is essential for 

DN. TNF-α, IL-6, and IL-1 are just a few examples of the several cellular inflammatory factors that 

are produced when there is inflammation, which can also affect tissue homoeostasis. These cytokines 

play a part in regulating the immune system’s inflammatory response, and are a significant 

contributor to inflammation of the kidneys [49]. TNF-α is a cytokine that is generated by 

macrophages and monocytes and has negative effects on mesangial & epithelial cells. It can also 

increase macrophage activity. It has been demonstrated that IL-6 is connected to an abnormal rise in 

glomerular epithelial cells permeability, glomerular mesangial proliferation, and glomerular 

basement membrane thickness. It has been demonstrated that the autocrine growth factor IL-1 aids 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 May 2023                   doi:10.20944/preprints202305.1970.v1

https://doi.org/10.20944/preprints202305.1970.v1


 9 

 

in the rapid growth of mesangial cells. The above-mentioned pro-inflammatory factors are activated 

and induced by the P38MAPK pathway, and inhibitors of this system have also been found to be 

beneficial in treating a variety of inflammatory illnesses. Ursolic acid decreased P38 mRNA as well 

as protein expression while inhibiting the increase of TNF-α, IL-6, and IL-1 expression. Ursolic acid 

can reduce kidney inflammation brought on by DN, which may also be connected to the P38MAPK 

signalling pathway’s suppression [50,51].  

NF-kB play an important role in gene regulation during apoptosis and inflammation and a recent 

investigation discovered that it is directly linked to the origin and progression of DN [52]. NF-kB can 

be triggered by a variety of physiological and non-physiological stimuli. TLR4 is the most important 

receptor for NF-kB activation. Findings indicate that NF-kB can be triggered by various diabetes factors 

and it can cause it to start numerous DN-related genes from transcription. Moreover, research indicates 

that NF-kB activation may, through a downstream effect, increase the risk of renal interstitial fibrosis 

[53]. Ursolic acid suppresses the development of breast cancer cells through PI3K/AKT and NF-kB 

signalling pathways. Additionally, TLR4 suppression improved the anti-inflammatory effects of ursolic 

acid in rats with diabetes-induced nephropathy via the TLR4 pathway [54].  

It was demonstrated that high glucose treatment and TGF boost the synthesis of microRNA 

(miRNA)-21, whereas miRNA-21 targets the 3′-UTR of Phosphatase and Tensin Homolog (PTEN) 

mRNA to decrease PTEN protein expression. Mesangial cell hypertrophy and the enlargement of the 

mesangial matrix are caused by overexpression of miRNA-21, which also suppresses PTEN 

expression while triggering the Akt/mTOR signalling pathway. On the other hand, Akt 

phosphorylation and PTEN down-regulation caused by excessive hyperglycemia are prevented by 

reducing endogenous miRNA-21 expression. By increasing the activity of the Akt/mTOR pathway 

and decreasing the amount of the target protein PTEN, miRNA-21 aids in the development of 

significant pathogenic defects in DN [55]. By regulating inappropriate activation of the Akt/mTOR 

pathways and reducing mesangial cell damage brought on by high glucose, ursolic acid boosted 

PTEN mRNA as well as protein expression [56]. Ursolic acid has the potential to be a promising 

treatment for DN because it reduces podocyte damage and restores improper autophagy through a 

miR-21 and PTEN-dependent mechanism (Figure 4). 
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Figure 4. Urosolic acid protects kidneys from diabetic nephropathy by inactivation of Akt/mTOR that 

involved in the downregulation of mi-RNA-21 and results upregulated PTEN expression of the 

glomerulus. ROS, reactive oxygen spices; miRNA-21, micro ribonucleic acid; PTEN, Phosphatase and 

tensin; Akt, Ak strain transforming; mTOR, mammalian target of rapamycin. 

3.6. Ferulic acid 

Ferulic acid is an organic substance called hydroxycinnamic acid. The genus Ferula, which 

provides plants including Ferula asafoetida L., Anthemis nobilis L., and Equisetum hyemale L., offers 

a variety of pharmacological qualities and is less poisonous. It effectively reduces diabetes problems 

and their effects. Recent research has demonstrated that ferulic acid protects the kidneys of DN rats 

by minimuizing oxidative stress, inflammation & fibrosis [57]. 

A cellular process called autophagy rids the body of macromolecules and damaged organelles, 

which in turn makes it possible for cells to regenerate normally. Numerous disease-related 

pathogenic processes include autophagy. DN results in a dysregulated inflammatory response in the 

body, which aggravates kidney failure [58]. It has been proposed that autophagy, which may be 

related to its regulating influence on the NLRP3 inflammasome signalling pathway, can reduce 

excessive immune-inflammatory responses. According to recent research, there are two primary 

phases involved in the stimulation of the inflammasome signalling pathway. First, when cells are 

triggered by negative signals, TLRs become active and start the transcription and production of 

precursor proteins including pro-IL-1 and NLRP3 through the NF-kB pathway. Both the cytoplasm 

and the nucleus of the glomerular and renal tubular epithelial cells were the primary sites of NF-kB 

p65 expression, while the cytoplasmic renal tubular epithelial cells was the primary site for TNF-α 

expression. Both NF-kB p65 and TNF-α expressions were raised in STZ-induced diabetic kidney 

disease group of rats, but both upregulated expressions could be downregulated by ferulic acid 

treatments. During the evolution of DN, ferulic acid has a renoprotective effect, and its potential 

mechanism may be connected to anti-inflammation, anti-fibrosis, and a reduction in podocyte 
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damage. Following this, the NLRP3 inflammasome is assembled, and activated caspase-1 processes 

and modifies downstream inflammatory components to prepare them for mature secretion [59]. In 

DN mice generated by a high-fat diet mixed with STZ, which involves the occurrence of fibrosis and 

kidney inflammation, NLRP3 and IL-1 levels were drastically elevated. By preventing the activation 

of the NLRP3 inflammasome, DN mice’s renal fibrosis and inflammation can be reduced. Ma et al. 

found that ferulic acid therapy greatly reduced a rise in NLRP3 and IL-1 expression of mice. By 

reducing the expression of the proteins NLRP3 and IL-1, ferulic acid may reduce the renal 

inflammation-related process in mice with diabetes and protect the kidneys [29,60]. Another study 

found that oral administration of ferulic acid for 8 weeks at a dose of 50 mg/kg significantly reduced 

renal cell inflammation, apoptosis, and impaired autophagy in diabetic rats by modifying advanced 

glycation end products (AGEs), MAPKs protein 38 (P38), c-Jun N-terminal kinase (JNK), NF-kB, and 

extracellular signal-regulated kinase 1/2 (Erk1/2) signalling pathways [61]. 

3.7. Quercetin 

One of the six categories of the flavonoid chemicals, known as “bioflavonoids,” contains 

quercetin, the primary polyphenolic flavonoid found in a variety of plants, including lovage, berries, 

cilantro,capers, dill, and apples. Quercetin exhibits a number of pharmacological effects, including 

lowering the risk of cardiovascular and kidney disorders, anti-tumor activity, anti-oxidation, anti-

inflammatory properties. The ability of quercetin to limit cell proliferation has been demonstrated in 

a number of recent studies, but the majority of these investigations involved tumours. According to 

studies, quercetin can prevent liver tumours by regulating the cell cycle to decrease cell growth and 

promote apoptosis [62]. EMT is a physiological phenomenon linked to tissue remodelling, wound 

healing, and embryogenesis. EMT, however, has a role in the pathophysiology of many illnesses. 

Tubular epithelial cells in DN undergo a trans differentiation process that causes them to evolve into 

myofibroblasts, which are the main extracellular matrix producers in cells of renal kissues and leads 

to the onset of renal fibrosis. One of the most crucial aspects of renal fibrosis is the thickening of the 

tubular basement membrane. According to Lu et al., high glucose treatment promoted deposition of 

glycogen & laminin expression across tubular basement membrane in NRK-52E & HK-2 cells. The 

development of renal fibrosis caused by diabetes was delayed by quercetin treatment because it 

considerably decreased the amount of collagen that built up in the glomerular and kidney interstitial 

areas in addition to the thicknesses of the tubular basement membrane. Quercetin is a potent chemical 

to stop and treat these processes, and diabetes is one of the main causes that contributes to decline in 

kidney function & chronic renal fibrosis. It is believed that quercetin enhances kidney function and 

reduces renal fibrosis in diabetic rats by suppressing EMT of renal tubular epithelial cells due to its 

protective impact on EMT in tubular cells [63]. The maturation of IL-1β & IL-18 depends on the 

activation of caspase-1, which is regulated by the multiprotein complex NLRP3 inflammasome. 

Recent studies have linked kidney illness to the NLRP3 inflammasome-caspase-1-IL-1β/IL-18 axis. In 

rats with DN, STZ caused aberrant renal expression of genes and proteins associated to urate 

transport and lipid metabolism, resulting in hyperuricemia and dyslipidaemia. Additionally, STZ-

treated rats showed renal NLRP3 inflammasome activation, which led to a rise in IL-1b, IL-18 and a 

worsening of kidney damage. There is some evidence that connects renal inflammasome activation 

of NLRP3 and a disturbance of lipid metabolism to the occurrence of STZ-induced renal toxicity and 

hyperuricemia in rats. Quercetin’s anti-hyperuricemic and anti-dyslipidemic properties may be 

employed to treat the hypernephrotoxicity that STZ-induced diabetic rats experience [64,65]. 

Cholesterol generation and absorption are important processes which is required for cell 

maintenance since cholesterol is a crucial lipid that controls raft formation, membrane fluidity, and 

the synthesis of steroid and bile acids. 3-hydroxy-3-methyl-glutaryl-coenzyme the low-density 

lipoprotein receptor (LDLr), a mediator of cholesterol uptake, & hydroxymethylglutaryl-coenzyme a 

reductase inhibitor (HMGCR), a crucial enzyme for cholesterol production, are two important 

proteins that are mostly regulated by SREBP-2. Two additional proteins, SREBP-2 and SREBP SCAP, 

strictly control the negative feedback system that mediates the upward or downward regulation of 

HMGCR and LDLr when cells lack or have too much cholesterol compared to what is required for 
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their physiological requirements, which is crucial for maintaining a balance of cholesterol at the level 

of both the cell and the system. The buildup of cholesterol in the kidneys of diabetic rats has also been 

linked to elevated levels of LDLr-mediated absorption of cholesterol and HMGCR-mediated 

cholesterol production. Along with quercetin’s antioxidant properties, it has been proposed that 

reducing HMGCA may help mitigate the negative effects of LDL-C and VLDL-C [66]. After receiving 

quercetin medication for 10 weeks, db/db mice’s levels of cholesterol, serum triglycerides, & LDL-C 

significantly decreased as compared to diabetic controls, which coincided with a decrease in renal 

HMGCR expression. According to clinical research, statins (HMGCA reductase inhibitors) protect 

against both non-diabetic and diabetic kidney damage by inhibiting cholesterol biosynthesis to lower 

cholesterol synthesis [67]. 

3.8. Baicalin 

One of the main bioactive flavonoids known as baicalin, which is found in many medicinal hrbs, 

that shown to have a number of pharmacological advantages, including anti-diabetic, anti-

inflammatory, antioxidant, & anti-cancer effects. Baicalin has been shown in studies to protect against 

DN by preventing increasing renal fibrosis, & the underlying mechanisms were linked to the 

suppression of NF-kB signalling. In the context of the antioxidant defence system, Nrf2 is crucial. 

Activated Nrf2 moves into the nucleus in response to oxidative damage, which causes the production 

of genes that are directed by antioxidant response elements, like heme oxygenase-1. In DN mice, there 

was a clear inhibition of both the levels of the antioxidant enzymes (HO-1, NQO-1) and the activation 

of Nrf2 signalling. Baicalin activates the Nrf2-mediated antioxidant system to reduce oxidative stress 

in DN [68,69].  

MicroRNAs (miRNAs) are a class of short (21 nucleotides or less) non-coding RNAs that have 

the ability to control post-transcriptional levels of gene expression. Furthermore, it has been 

discovered that accumulating miRNAs have an important role in the onset and development of 

kidney disorders such as DN and renal fibrosis. In the renal tissues of STZ-induced DN mice along 

with high glucose-induced HK-2 cells, baicalin increases the expression of miR-124 [70]. 

Overexpression of the miR-124 gene improved mouse survival rates, reduced the expression of the 

pro-inflammatory cytokines TNF-, IL-1, and IL-6, and reduced the severity of acute renal damage 

[71]. Without changing the amount of total NF-kB, baicalin significantly reduced the nuclear 

translocation of NF-kB in reaction to 1 hour of hyperglycemia as well as hyperglycemia with AGE 

and TNF-α. Baicalin reduced the amount of JAK2 and STAT3 phosphorylation in HK-2 cells that had 

been treated to high glucose. By reducing oxidative stress and inflammation-induced inhibition of 

NF-kB phosphorylations & JAK2 phosphorylation, baicalin protects against renal fibrosis. As a result, 

NF-kB and STAT3 activation was seen in human renal proximal tubular cells [72]. 

4. Conclusion 

Persistent hyperalbuminuria, an incomplete reduction in renal function, and glomerular disease 

are the hallmarks of the syndrome referred to as DN. In the therapy of DN, numerous natural plant 

compounds have been employed extensively and exhibit good pharmacological effect. Bioactive 

phytocompounds, which are found naturally in many plants and fruits which have been shown to 

offer a variety of health benefits in the modern period. Present studies focous on the anti-oxidative 

and anti-inflammatory actions of bioactive phytocompounds, which are correlated with apoptosis, 

glomerular protection, and kidney fibrosis, are particularly important for DN therapy. Additionally, 

the protective effects of bioactive phytocompounds against DN point to the potential for treating DN, 

and because there aren’t any relevant clinical trials, more investigation is necessary in this area. 
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