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Abstract

Renal diseases such as acute kidney injury and chronic kidney disease have emerged as an escalating global health
problem owing to metabolic complications, increasing age groups, and drug-induced nephrotoxicity caused by drugs
such as cisplatin, gentamicin, and paracetamol. Overproduction of reactive oxygen species, sustained inflammation
through the action of nuclear factor-kappa B (NF-kB), mitochondrial dysfunction, and progressive tubulointerstitial
fibrosis are some of the interlinked pathological processes. Herbal medicine and phytochemicals have emerged as
potential multi-target therapeutics owing to shortcomings of conventional medicine.

The preclinical evaluation of diverse plant varieties including Nigella sativa, Zingiber officinale, curcumin, silymarin,
epigallocatechin-3-gallate, carnosic acid, and ginsenoside Re has demonstrated remarkable nephroprotective effect
through numerous models of experimental investigation. The effect is achieved by activating the cytoprotective
Nrf2/HO-1 antioxidative system, replenishing endogenous supplies of glutathione and superoxide dismutase, inhibiting
the expression of pro-inflammatory cytokines, and regulating the pathways of apoptosis. Therefore, the administration
of herbal remedies both in pre-and concurrent treatment modes prevents injury to the proximal tubular brush borders,
preserves renal morphology, and normalizes the values of blood urea nitrogen and serum creatinine. It will be necessary
to standardize botanical extracts and develop innovative techniques for drug delivery using nanocarriers.
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Introduction

1.1 Epidemology and pathophysiology of Kidney diseases:

Renal diseases affect more than 10% of adults across the globe, meaning that about 850 million people are afflicted with
various kidney problems, with the most common kidney disease being chronic kidney disease (CKD), which is rapidly
becoming a major global public health crisis. The rising numbers of patients with type 2 diabetes mellitus, systemic
hypertension, metabolic syndrome, and aging have largely contributed to the rising numbers of kidney failures across
the globe in recent decades. Kidney diseases are some of the primary reasons for morbidity across the globe and are the
cause of cardiovascular deaths (Kovesdy et al., 2022; Francis et al., 2024).

The pathophysiology of progressive renal decline is controlled at the cellular and molecular level by a self-sustaining
network of oxidative stress, chronic inflammation, and hemodynamic disturbance. Due in great part to abnormal renin-
angiotensin-aldosterone system (RAAS) activation, initial nephron loss causes compensatory intraglomerular
hypertension and single-nephron hyperfiltration. In addition to causing podocyte separation and glomerular shear
damage, this continuous mechanical stress also causes mitochondrial dysfunction and an excess of reactive oxygen
species in tubular epithelial cells. The ensuing oxidative imbalance stimulates the recruitment of macrophages and the
long-term release of pro-inflammatory cytokines (such as TNF-a and IL-1f) by activating transcription factors like NF-
kB (Ma et al., 2023).

Inflammation in its chronic form leads to profibrotic events mediated primarily through TGF-f/Smad pathways towards
the end stage of disease progression, thus inducing myofibroblast activation and epithelial to mesenchymal
transformation. These processes lead to extensive tubulointerstitial fibrosis, glomerulosclerosis, and extracellular matrix
accumulation. Rarefaction of microvasculature and hypoxia of the tubules become worse as fibrotic tissue takes the
place of functional parenchyma tissue in a continuous loop of loss of nephrons leading to end-stage renal disease
(Francis et al., 2024).

A number of diseases that affect the kidneys include acute kidney injury, drug nephrotoxicity, diabetic nephropathy,
chronic kidney disease, among others, where herbal products and natural phytochemicals have proven effective as both
main therapies and adjuncts in treatment. Oxidative stress, chronic inflammation, and interstitial fibrosis are the main
factors responsible for the development of such diseases. The plants and phytochemical drugs help decrease these
factors through multifunctional biological mechanisms (Daoud et al., 2026; Khan et al., 2022)).

Decreasing oxidative stress and cell damage constitute an important mechanism of action for nephroprotective herbs.
The reactive oxygen species are efficiently scavenged by the bioactive components of phytochemicals, such as
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terpenoids, polyphenols including curcumin and resveratrol, and flavonoids like quercetin and rutin. Besides being
potent radical scavengers, these phytochemicals have the ability to activate the Nrf2/HO-1 signaling pathway, which
leads to enhanced transcription of antioxidant enzymes like glutathione peroxidase, catalase, and superoxide dismutase.
The glomerular podocytes and tubular epithelial cells are thus protected against lipid peroxidation, mitochondrial
dysfunction, and apoptosis (Liu et al., 2026).

1.2 Herbals and Kidney diseases:

Herbal medications possess powerful anti-inflammatory action in the renal microenvironment. The NF-kB pathway is an
important participant in the macrophage accumulation and excessive production of inflammatory cytokines in response
to renal pathological stress. Plant-derived molecules inhibit the expression of NF-kB, hence downregulating other
inflammatory mediators including inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2), interleukin-1
beta (IL-1B), and tumor necrosis factor-alpha (TNF-a). These plant components efficiently prevent the cellular necrosis
and microvascular injury in the renal parenchyma through suppressing this inflammatory pathway (Rapa et al., 2019).
Herbal formulations play an important role not only in immediate protection but also in the prevention of renal
fibrogenesis and organ remodeling. The TGF-f/Smad pathway and RAAS dysregulation lead to epithelial-mesenchymal
transformation, resulting in excessive accumulation of the extracellular matrix that results in terminal renal failure.
Some examples of herbal medicines used traditionally for the protection of the kidney include Boerhavia diffusa
(Punarnava), Astragalus membranaceus, and Tribulus terrestris. They prevent the fibrogenic collagen synthesis and
expression of TGF-B1 (Lee et al., 2024; AlAhmad et al., 2024).

Examples of serum markers of kidney function that are always improved after phytotherapy include blood urea nitrogen
(BUN), serum creatinine levels, and proteinuria in preclinical models of kidney injury such as those caused by cisplatin,
gentamicin, and ischemia-reperfusion injuries in mice. Histopathological analyses usually show the presence of low
interstitial fibrosis and integrity of tubular brush borders after phytotherapy. In general, natural products are promising
sources for the development of new kidney protective drugs and supplements because of their complicated
pharmacodynamics, including antioxidative, anti-inflammatory, anti-apoptotic, and anti-fibrotic activities (Asgharpour
etal., 2021).

1.3 Molecular mechanism of herbals to treat kidney disease:

1.3.1 Herbal as Antioxidant:

MDA and/or TBARS in the kidney represent markers of the inhibition of the lipid peroxidation cascade, which
represents the first important criterion. The proximal tubular epithelium and glomerular podocytes cells are more
vulnerable to damage from ROS due to an abundance of polyunsaturated fatty acids in the cellular membranes following
toxic or ischemic injuries. This free radical cascade leads to injury to the intracellular structures and breakdown of the
structural lipids in the membranes, resulting in necrotic or apoptotic cell death. Phytoconstituents such as flavonoids,
polyphenols, and terpenoids prevent this cascade by neutralizing the hydroxyl and peroxyl radicals and inhibiting the
accumulation of kidney MDA in a dose-dependent way as shown in Figure 1 (Sujana et al., 2021).
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Peroxidation stituent Action

P T ROS causes damage Necrotic or :
ROS initiates lipid ; : Phytoconstituents
peroxidation to intracellular apoptotic cell death adteslboradisats
cascade structures occurs

IJIDDT, Volumel6 Issue 7, 2026
Page: 1848



Mechanistic Insights into Phytotherapeutic Interventions for Renal Protection and Disease Attenuation
Figure 1: Phytoconstituents and Neuroprotection

Superoxide dismutase (SOD), catalase (CAT), and reduced glutathione (GSH) levels are the main indicators of the
second important parameter, which is the restoration of endogenous enzymatic and non-enzymatic antioxidant reserves.
The physiological pool of these endogenous scavengers is quickly exhausted under prolonged nephropathological stress,
rendering the renal parenchyma vulnerable to increasing oxidative damage. By triggering the nuclear factor erythroid 2-
related factor 2 (Nrf2) transcriptional pathway, which increases the production of SOD and CAT and preserves ideal
intracellular GSH levels, herbal remedies combat this fatigue. Restoring this internal enzymatic defense maintains
overall functioning renal architecture, improves glomerular filtration, and strengthens mitochondrial integrity as
depicted in Figure 2.
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Figure 2: Antioxidant and phytoconstituents to protect Kidney

1.4 Benefits of herbals in kidney diseases:

By counteracting the early oxidative, inflammatory, and apoptotic processes caused within the kidney parenchyma,
herbs offer substantial protection against the nephrotoxic effects of medications and chemicals. Metabolically active
proximal tubular epithelial cells are mainly affected due to exposure to commonly used nephrotoxic medications like
cisplatin, aminoglycosides, contrast agents, and heavy metals because of excessive free radical generation and
mitochondrial dysfunction. By removing reactive oxygen species, activating the cytoprotective Nrf2/HO-1 antioxidant
mechanism, and decreasing pro-inflammatory NF-kappa B pathways, bioactive plant constituents like flavonoids,
polyphenols, and saponins protect the body from these effects. The prophylactic use or simultaneous use of herbs helps
reduce the necrosis of the cells, maintain the integrity of the brush border of the tubules, and greatly restore the serum
markers of renal function, such as serum creatinine and blood urea nitrogen. Various herbals are reported as antioxidant
nephro-protector as shown in table 1.

I'll research real, verifiable studies for each herb from PubMed/Google Scholar. Let me search for nephroprotective
antioxidant studies for each.Confirmed: Sahu BD, Rentam KKR, Putcha UK, Kuncha M, Vegi GMN, Sistla R. 2011.
Food Chem Toxicol 49(12):3090-3097. PMID 21930180.

I now have all 15 verified references. Let me compile the final table.

Herbal Antioxidant Mechanisms in Nephroprotection — Evidence Table

Sr. | Herb Used Molecular Mechanism for Nephroprotection Reference

No.

1 Nigella sativa (Black | Ethanolic extract restored renal glutathione | Canayakin et al., 2016.
seed) (GSH) and superoxide dismutase (SOD), lowered

malondialdehyde  (MDA), and attenuated
paracetamol-induced tubular damage via anti-
inflammatory/antioxidant action

2 Curcuma longa | Restored renal SOD/catalase and GSH, reduced | Kuhad A, et al., 2007.
(Curcumin) lipid peroxidation and TNF-a, protecting against
cisplatin-induced experimental nephrotoxicity
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3 Zingiber  officinale | Ethanol extract (alone/with  a-tocopherol) | Ajith et al., 2007.
(Ginger) scavenged reactive oxygen molecules (ROM),
preserving renal antioxidant status against
cisplatin-induced acute renal failure
4 Vitis vinifera (Grape | GSPE restored renal GSH, SH-groups, SOD and | Hassan et al., 2013
seed GST while lowering MDA, H202, NO and DNA
proanthocyanidin) damage in cisplatin nephrotoxicity
5 Silypum  marianum | Decreased oxidative tissue damage and serum | Varzi HN, et al., 2007.
(Silymarin) creatinine/urea in gentamicin-induced
nephrotoxicity via membrane-stabilizing
antioxidant flavonolignans
6 Allium sativum | Reduced renal MDA, MPO, NOx and TNF-a | El-Kashef et al, 2015.
(Garlic — Allicin) while increasing GSH and SOD, protecting
against gentamicin-induced oxidative
nephrotoxicity
7 Camellia sinensis | Activated the Nrf2/HO-1 antioxidant signaling | Sahin et al., 2010.
(Green tea— EGCG) | pathway and suppressed NF-kB, restoring
catalase, SOD, GPx and glutathione in cisplatin
nephrotoxicity
8 Rosmarinus Potent antioxidant action attenuated oxidative | Sahu et al., 2011.
officinalis (Rosemary | stress markers and renal injury in cisplatin-
— Carnosic acid) induced nephrotoxicity
9 Punica granatum | Methanolic leaf extract preserved GSH, catalase | Mestry et al., 2020.
(Pomegranate) and SOD activities and reduced lipid peroxidation
in gentamicin-induced nephropathy
10 | Panax ginseng | Attenuated renal oxidative stress (MDA), | Wang et al., 2018.
(Ginsenoside Re) inflammatory cytokines and apoptosis (Bax/Bcl-
2, caspase pathway) in cisplatin-induced kidney
injury
11 Withania somnifera | Root powder enhanced natural antioxidant | Jeyanthi and
(Ashwagandha) defenses and scavenged free radicals, reducing | Subramanian 2009.
lipid peroxidation in  gentamicin-induced
nephrotoxic rats
12 | Glycyrrhiza  glabra | Root extract (glycyrrhizin, glabridin, liquiritin) | Basist et al., 2022.
(Licorice) exerted antioxidant, anti-inflammatory and anti-
apoptotic  effects against cisplatin-induced
nephrotoxicity in vitro/in vivo
13 Moringa oleifera | Modulated antioxidant, anti-inflammatory and | Edeogu et al., 2020.
(Seed oil) antiapoptotic pathways to counter gentamicin-
induced nephrotoxicity
14 | Crocus sativus | Reduced renal MDA and elevated total | Naghizadeh et al., 2010.
(Saffron — Crocin) thiol/glutathione peroxidase, lowering blood
urea/creatinine  in  cisplatin-induced  renal
oxidative stress

In a study on rats, Canayakin et al. found that the
protective role of Nigella sativa seeds in preventing acute
kidney injuries resulting from paracetamol intoxication.
In response to acute tubular injury, serum urea, creatinine
and tissue lipoperoxidation showed a significant rise in
toxic doses of paracetamol. There was an increase in
reduced glutathione, superoxide dismutase activity and
restoration of renal functions with the use of the herbal
extract orally prior to intoxication. Tubular structure
maintenance and prevention of cell death occurred with
histopathological analysis. Thus, the protective properties
of Nigella sativa seeds are attributed to their antioxidant
and membranous stabilizing properties.

Curcumin was found to be efficacious for acute renal
damage and inflammation due to cisplatin in
experimental mice according to the findings of Kuhad et

al. The administration of cisplatin led to nephrotoxicity,
which is confirmed by increased levels of serum
creatinine, morphological changes, and elevated levels of
TNF-a. Curcumin was able to reduce the levels of TNF-a
systemically and in the tissues on a dose-dependent basis,
thus inhibiting the subsequent inflammation. Curcumin
was further seen to significantly decrease lipid
peroxidation in renal tissue and replenish glutathione,
catalase, and superoxide dismutase stores.

The toxicity of cisplatin to the kidneys of rats was
prevented by the ethanolic extract of Zingiber officinale
(ginger), alone or together with alpha-tocopherol, as
described by Ajith et al. Glomerular filtration rate and
oxidative disturbance were significantly decreased
because of cisplatin treatment. The ethanolic extract of
ginger lowered serum creatinine and blood urea nitrogen
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levels back to physiological state before and during the
course of treatment. Moreover, the extract lowered the
formation of lipid peroxide in renal tissue homogenate
and increased the activity of antioxidants in the kidney.
Thus, the authors concluded that ginger polyphenols are
useful phytotherapy for preventing platinum-induced
nephropathy.

According to Hassan et al., in experimental models,
grape seed extract both by itself and in combination with
fish oil provided protection against kidney damage
caused by cisplatin. Exposure to cisplatin caused
genotoxic DNA breakage in tubular cells and significant
oxidative degradation = of  membrane lipids.
Malondialdehyde concentrations were lowered and renal
tissue's enzymatic defense capacity was restored when
grape seed extract was administered concurrently.
Additionally, the  proanthocyanidin-rich  extract
attenuated acute tubular necrosis and decreased genomic
damage. The authors stressed that supplementing with
botanical polyphenols prevents oxidative damage and
renal cell apoptosis brought on by chemotherapy.

It is through Varzi et al. that the nephroprotective activity
of silymarin and vitamin E on tubular injury brought
about by gentamicin was revealed in dogs. The exposure
to gentamicin led to functional disturbances characterized
by excessive loss of proteins, increased levels of blood
urea nitrogen and hypercreatininemia. The functional
deficits were attenuated through further silymarin
treatment and maintenance of normal glomerular
filtration rates. In silymarin-treated animals, histology
revealed reduced tubular epithelial cell shedding, low
cast production and preservation of brush-border
membranes.

The authors El-Kashef et al. explained the role of allicin,
which is a compound derived from the organosulfur
group of Allium sativum, in protecting rats against
nephrotoxicity due to gentamicin. There was renal
dysfunction, oxidative stress, and increased levels of pro-
inflammatory cytokines in the kidney tissues due to
gentamicin treatment. Treatment with allicin resulted in
increased activity of glutathione peroxidase and
superoxide dismutase and decreased lipid peroxidation.
Allicin also prevented inflammation and nitric oxide
generation.

Epigallocatechin-3-gallate (EGCG), an important
compound from green tea polyphenols, is noted for its
ability to ameliorate nephrotoxic effects of cisplatin in
rats through the activation of the Nrf2/HO-1 pathway as
suggested by Sahin et al. Antioxidant systems of kidneys
were downregulated due to cisplatin exposure, causing
oxidative stress and considerable histological damage.
EGCG intake resulted in upregulation of the nuclear
factor erythroid 2-related factor 2 (Nrf2) as well as
synthesis of downstream heme oxygenase-1 (HO-1).
Besides correction of high levels of blood urea and serum
creatinine, transcription activation also normalized redox
balance in cells.

Sahu et al. identified the renoprotective action of
carnosic acid in a cisplatin-induced nephropathy rat
model. The consequences of cisplatin toxicity included
acute renal failure, intracellular glutathione depletion,
and higher lipid peroxidation. Carnosic acid

administration kept the activity of antioxidant enzymes
intact and minimized the signs of kidney damage through
the serum markers, thereby keeping the renal function
parameters normal. Furthermore, the researchers noted
that carnosic acid decreased the production of pro-
inflammatory cytokines in renal parenchyma and
inhibited the nuclear translocation of NF-kB. It was
concluded that carnosic acid keeps the tubules intact
through reduction in oxidative and inflammatory
damages.

Extract of Punica granatum (pomegranate) safeguards the
structure of renal function against gentamicin
nephrotoxicity in rodents, according to Mestry et al. In
addition to elevated serum levels of creatinine, urea, and
malondialdehyde, the aminoglycoside therapy led to
lesions in the proximal tubules. Catalase, superoxide
dismutase, and glutathione were replenished in renal
tissue  homogenates by  pomegranate  extract
administration every day. Histopathological observations
showed reduced tubular vacuolation, interstitial edema,
and desquamation of the epithelium. The authors report
that pomegranate has nephroprotective effects because of
its high polyphenols and punicalagin content.

In an experimental model of renal damage induced by
cisplatin, the protective actions of ginsenoside Re, which
is one of the major saponins of Panax ginseng, were
outlined by Wang et al. The treatment with cisplatin
resulted in cell apoptosis, mitochondrial damage, and
severe declines in renal excretory functions. Pre-
treatment with ginsenoside Re lowered the markers of
oxidative stress and serum urea nitrogen, as well as blood
creatinine levels. Moreover, the saponin regulated the
protein mediators of apoptosis by preserving Bcl-2
concentrations and suppressing the expression of Bax
and caspase-3.

Ginsenoside Re, a major saponin constituent of Panax
ginseng, exhibited its protective role in an
experimentally-induced cisplatin-induced renal injury in
rats. Exposure to cisplatin led to cellular apoptosis,
mitochondrial toxicity, and severe impairment in renal
excretory capacity. Ginsenoside Re decreased markers of
oxidative stress and blood urea nitrogen and serum
creatinine levels. Moreover, the saponin regulated
apoptotic protein signaling, maintaining Bcl-2 expression
and decreasing expression of pro-apoptotic Bax and
caspase-3. It was thus concluded that the compound
inhibited oxidative cell death and tubular apoptosis
induced by cisplatin. The nephroprotective efficacy of
root extract of Withania somnifera (Ashwagandha) was
determined by Jeyanthi et al., who demonstrated a dose-
dependent preservation of kidneys in rats. The harmful
substance decreased the activity of native antioxidant
enzymes in the kidney and led to significant lipid
peroxidation. Co-administration of Withania somnifera
restored the levels of glutathione peroxidase, catalase,
and superoxide dismutase to physiological levels.
Alongside with this, the extract maintained the
glomerular architecture and reduced nitrogenous
metabolites. It was revealed that the membrane-
stabilizing and adaptogenic properties of the herb were
due to withanolides.
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The metabolic analysis and renoprotective effects of
licorice root extract of Glycyrrhiza glabra against
cisplatin induced toxicity have been studied in vivo and
in vitro conditions by Basist et al. Cisplatin in animal
studies induced increased levels of biomarkers, decrease
in tubular epithelial cell viability, and excess formation
of reactive oxygen species. The free radicals were
scavenge, lipid peroxidation was decreased, and
antioxidants were enhanced in the standardized
Glycyrrhiza glabra extract. These renoprotective effects
of Glycyrrhiza glabra are attributed to glycyrrhizin,
isoliquiritigenin, and other flavonoids glycosides via
chemical analysis.

In a study conducted by Edeogu et al., the role of
Moringa oleifera seed oil for protection from gentamicin-
induced kidney dysfunction in Wistar rats was explored.
Oxidative stress, inflammation, and structural damage
occurred in the cortical nephron cells due to the action of
gentamicin. With the use of Moringa oleifera seed oil,
endogenous enzymatic mechanisms were potentiated,
while the levels of serum urea and creatinine were
decreased. In the renal tubular cells, the oil inhibited the
apoptosis cascade and downregulated the expression of
pro-inflammatory markers. The scientists concluded that
the protection from aminoglycoside nephropathy occurs
through the anti-inflammatory, anti-apoptotic, and
antioxidant activities of the Moringa oil.

As mentioned by Naghizadeh et al., crocin, which is a
carotenoid that is obtained from Crocus sativus, protects
rat kidneys against oxidative toxicity induced by
cisplatin.  Cisplatin-induced intoxication in renal
homogenates resulted in depletion of glutathione levels,
increase in lipid peroxidation, and decrease in total thiol
levels. Treatment with crocin at a dose-dependent level
reversed the biochemical changes and regained renal
clearance ability. The presence of casts and tubular
dilatation were not seen in the rats treated with crocin
according to the histology.

Discussion:

More than 10% of adults in the world are affected by
kidney disorders including acute renal failure and chronic
kidney disease. This makes a serious threat to global
public health. An increase in cases of diabetes mellitus,
hypertension, metabolic disorders, and aging is closely
related to the increase in prevalence of renal failure.
latrogenic drug-induced nephrotoxicity, where life-
saving drugs like antineoplastics such as cisplatin,
aminoglycoside antibiotics such as gentamicin, and
wrongly used painkillers such as paracetamol often
induce further renal failure, is another issue. The
importance of having safe multi-target renoprotective
agents is stressed by morbidity, cardiovascular deaths,
and high costs related to chronic renal failure (Mohandes

et al., 2023).
This self-perpetuating cascade of hemodynamic
disturbance, oxidative stress, inflammation, and

apoptosis-mediated tissue remodeling is involved in the
regulation of progressive renal failure pathogenesis at
cellular and molecular levels. The accumulation of
xenobiotics in the proximal tubular epithelial cells results
in the overproduction of ROS and mitochondria

malfunction. One of these mechanisms includes
depletion of natural antioxidants such as superoxide
dismutase, catalase, and reduced glutathione caused by
free radical overproduction as well as lipid peroxidation
and damage to membranes. On the other hand, long-term
oxidative stress activates NF-kB transcription resulting in
an increase in the pro-inflammatory cytokines TNF-o and
IL-1B. TGF-B/Smad pathway is triggered during chronic
phases of the disease due to the inflammatory
environment leading to ECM deposition and
tubulointerstitial fibrosis and epithelial-to-mesenchymal
transition (Kuhad et al., 2007).

In order to disrupt this complex pathogenic cascade,
herbal medicines as well as isolated phytoconstituents
have shown impressive efficacy in various experimental
models of nephrotoxicity. With their ability to directly
neutralize free radicals and restore cellular redox
equilibrium, herbal preparations as well as biological
active compounds such as curcumin, Zingiber officinale,
grape seed proanthocyanidins, Nigella sativa, and
Glycyrrhiza glabra are able to mitigate the oxidative
stress induced by pharmaceutical compounds.
Furthermore, some phytochemical compounds such as
epigallocatechin-3-gallate (EGCG), carnosic acid, and
crocin are able to promote the expression of the
cytoprotective pathway of nuclear factor erythroid 2-
related factor 2 (Nrf2)/ heme oxygenase-1 (HO-1), thus
replenishing the enzymatic antioxidative pool and
inhibiting lipid peroxidation (Canayakin et al., 2016).
Moreover, herbal therapies offer excellent anti-
inflammatory and anti-apoptotic activities that protect the
kidney from inflammation and redox modulation. Some
natural compounds that prevent the nuclear translocation
of NF-kB are allicin, carnosic acid, and Moringa oleifera
seed oil. They decrease the influx of leukocytes into the
kidney and suppress the subsequent release of
inflammatory cytokines. Also, through the inhibition of
caspase-3 and Bax along with Bcl-2 activity, secondary
metabolites like ginsenoside Re and the active
ingredients in Punica granatum, Withania somnifera, and
silymarin affect intrinsic apoptosis. These
phytotherapeutics prevent the extensive shedding of
tubular cells, cast formation, and parenchymal necrosis
due to apoptotic processes and inflammation.

The significant reduction in blood urea nitrogen, serum
creatinine, and proteinuria in preclinical mice clearly
demonstrates that the physiological and cellular benefits
derived lead to significant functional improvements.
These chemical recovery processes are also proven by
histopathology, demonstrating reduced fibrogenesis,
reduced interstitial edema, and preservation of tubular
structures. The combination of radical scavenging, Nrf2
activation, NF-kB inhibition, and anti-apoptosis signals
in these fourteen studies collectively prove that herbal
supplements have provided valuable leads for the
development of standard adjunct treatments for chronic
and acute kidney conditions.

Conclusion:

In conclusion, the necessity for efficient, multitarget
cytoprotective methods is highlighted by the rising global
prevalence of renal diseases, which are caused by
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metabolic comorbidities and drug-induced
nephrotoxicity. Single-target synthetic medicines cannot
readily address the intricate pathophysiology of kidney
disease, which includes overlapping cycles of oxidative
stress, persistent inflammation, mitochondrial failure, and
increasing parenchymal fibrosis. By scavenging free
radicals, activating Nrf2/HO-1 defense pathways,
suppressing  NF-kB-mediated  inflammation, and
preventing apoptotic cell death, botanical extracts and
isolated phytochemicals—such as curcumin, Nigella
sativa,  silymarin, epigallocatechin-3-gallate, and
ginsenosides—counteract these pathological cascades,
according to the experimental results compiled across the
assessed studies.

Consequently, the two processes are highly effective in
maintaining the integrity of the tubules, reducing
interstitial fibrosis, and bringing back the renal function
markers like blood urea nitrogen and serum creatinine
levels. Despite the fact that preclinical studies suggest the
nephroprotective nature of these herbal drugs, there is a
need for extensive research to fully exploit their
potential. The future efforts should focus on the
standardization of phytoconstituent extracts, overcoming
the pharmacokinetics and bioavailability challenges with
advanced drug delivery systems, and establishing the
safety and efficacy through human trials.
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