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Drug-induced nephrotoxicity and its reversal ==

using botanicals of traditional Indian medicine
in different animal models: way forward
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Abstract

Background Acute kidney injury (AKI) and chronic kidney disease (CKD) pose significant global health challenges,
often worsened by the use of certain therapeutic agents and exposure to environmental toxins. This review aims
to explore the nephroprotective role of botanicals, specifically focusing on the damage to kidneys caused by pro-
longed use of modern medicines and environmental toxicants.

Main body of the abstract This review provides a detailed overview of Traditional Indian Medicinal Plants (TIMP),
highlighting their botanical components and the potential mechanisms through which they offer nephroprotection
in cases of chronic kidney disease. The analysis includes existing research studies on the nephroprotective effects

of these plants, particularly in the context of both acute and chronic kidney diseases. Findings suggest that botanicals
derived from TIMP hold promising potential for developing nephroprotective therapies.

Short conclusion Research has shown that TIMP can effectively reduce kidney damage induced by various nephro-
toxic agents, as evidenced by studies on animal models. Some of the TIMP with notable potential for treating chronic
kidney disease include Camelia sinensis (L), Nigella sativa (L), Andrographis paniculata (Burm.f.), Daucus carota (L.),
Foeniculum vulgare (L.), Glycyrrhiza glabra (L.), and Cucumis sativus (L.).

Keywords Kidney diseases, Nephrotoxic agents, Nephroprotection, Traditional Indian medicinal plants (TIMP), Animal
models
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Background
A global public health concern, kidney injury is marked
by rising incidence and prevalence, high expenditures,
and adverse results [1]. Due to the significant exposure to
numerous therapeutic as well as environmental toxicants,
kidneys are overwhelmed by several major or minor dis-
orders like acute kidney injury (AKI) and chronic kidney
disease (CKD). AKI is a sudden loss of kidney function
accompanied by the accumulation of waste materials
including creatinine and urea in the body. Other charac-
teristics of AKI include retention of water and sodium, a
decline in glomerular filtration rate (GFR), hyperkalae-
mia, and metabolic acidosis [2]. Studies on the Global
Burden of Disease (GBD) have revealed that CKD has
become a major global cause of death. A kidney’s ana-
tomical or functional abnormalities, with or without a
reduction in the GFR, are considered CKD. That is to say,
pathological abnormalities such as variations in blood or
urine composition or abnormalities in imaging tests are
signs of kidney injury. Additionally, CKD can develop
into end-stage kidney disease (ESKD), which necessitates
renal replacement therapy in addition to dialysis and/or
kidney transplantation for patients. Other than these two
major kidney diseases, many others have been reported
[3], such as acute renal failure (ARF), vascular disease of
the kidney, nephritic syndrome, tubulointerstitial disease,
nephrotic syndrome, and papillary necrosis.

One of the leading causes of death and suffering in the
21st is CKD. The frequency of CKD differed significantly
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among the laboratory-based definitions; utilizing a single
eGFR value resulted in 8327 cases per 100,000 popula-
tion, whereas a time-limited repeated eGFR-based defi-
nition resulted in 4637 cases per 100,000 population [4].

Moreover, when employing a definition based on
International Classification of Diseases (ICD) diagnostic
codes, the prevalence of CKD was significantly reduced,
with 775 cases per 100,000 population [5]. In addition,
the epidemiology of CKD provides statistics on the death
rate as a percentage of the population (pmp) in 1990,
2006, and 2010—that is, 15.7% and 16.3%, respectively
[6].

Finding the variables that are linked to a prominent risk
of getting CKD is crucial, including hypertension, diabe-
tes mellitus, metabolic syndrome, glomerulonephritis,
genetic diseases, urological disorders (obstruction, recur-
rent urinary infections), infections, vasoconstriction,
(NSAIDs, antibiotics, light chains), dyslipidaemia, tubu-
lar cell toxicity, interstitial nephritis, crystal deposition,
and proteinuria as nephrotoxins that affect intra-glo-
merular hemodynamics. The major risk factors of CKD
along with their prevalence mentioned in (Fig. 1) based
on research looking at the prevalence of CKD globally, an
estimated 843.6 million people (stages 1-4) are afflicted
with CKD worldwide.

Also, prevalence among men & women in stages 1-3
and stages 2-5 is depicted in (Fig. 1).

To overcome nephrotoxicity, it may be valuable to
exploit the traditional benefit of herbal medicines.
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Fig. 1 A Gender-specific global prevalence of (CKD) in stages 1-3 and stages 2-5, B percentage distribution of the global prevalence of various
stages of (CKD) among individuals worldwide. C gender-specific global prevalence of (CKD) in both high and low-income countries. D prevalence

of the Global Burden of Disease (GBD) in India

Botanicals found in medicinal plants (and their coun-
terparts) have produced a large number of therapeuti-
cally beneficial medications for the treatment of acute
and/or chronic illness, and they continue to be a vital
part of the quest for novel therapeutics. Therefore, it
is possible to efficiently examine these historically uti-
lized plants to discover new medicinal aspects, or phy-
topharmaceuticals, for the treatment of both acute and
chronic illnesses.

For this purpose, this review discusses the possibility of
medicinal plants as nephroprotective agents in treating
chronic and acute diseases. It highlights the earnest need
of evaluating scientific claims against nephrotoxicants,
such as modern medicines and environmental pollut-
ants, in terms of nephroprotection. Traditional medici-
nal plants play a significant role in this process, and their
employment requires evaluation through in vivo animal
models. The review also provides exhaustive data on
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phytoconstituent class and their potential as nephropro-
tective in kidney disease models in animals.

Materials and methods

After a thorough search of the literature, data for the
current review article were collated from a variety of
internet sources, including PubMed, SCOPUS, Google
Scholar, and others. The information is grouped together
in the table according to in vivo animal models, medici-
nal herbs, nephrotoxicants, and nephroprotection. The
dosage of the various plant extracts against nephrotoxic-
ity brought on by different chemical agents in the animal
system is the main topic of the pharmacological reports.
Moreover, the table provides a summary of number of
animal models.

Main text

Drug-induced nephrotoxicity

Nephrotoxicity occurs when kidney function is damaged
or destroyed by exogenous or endogenous toxicants,
or as a result of using medications or toxic substances,
impairing the ability of the kidneys to properly detox-
ify and excrete waste products. There are acute and
chronic phases to the dose-dependent condition known
as nephrotoxicity [7]. Renal dysfunction usually occurs
through the utilization of certain medications or expo-
sure to poisons (Fig. 2). Numerous modern medications
can induce interstitial nephritis, which is often how AKI
and CKD are brought on. Penicillin, non-steroidal anti-
inflammatory drugs (NSAIDs), proton pump inhibitors,
diuretics, and antiretrovirals are medications associated
with acute interstitial nephritis. Moreover, nephrogenic
diabetes insipidus and interstitial nephritis may result
with long-term lithium therapy. Seldom, medications
like penicillamine and gold can also result in glomeru-
lonephritis. The most common class of medications and
the main contributor to drug-associated nephropathy are
antibiotics. One of the most significant groups of anti-
biotics that adversely impacts kidney function is amino-
glycoside. 10-25% of patients who receive gentamicin
for 3-5 days experience nephrotoxicity [8]. Within days
of starting anti-hypertensive medication therapy, kidney
damage can also happen from Angiotensin converting
enzyme (ACE) inhibitors, [B-blockers, NSAIDS/selec-
tive cyclooxygenase II (COX-2) inhibitors, cocaine, and
occupational toxins''. Nephrotoxins differ in terms of
their chemical makeup, cellular targets, and methods
of cellular harm in the kidney. They also cause variable
degrees of kidney damage. AKI, tubulointerstitial disease,
and renal scarring can result from these medications due
to their variable degrees of damage, alteration in intra-
glomerular hemodynamic, and inflammatory alterations
in renal tubular cells [9]. The kidneys are susceptible to
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a variety of injuries since they serve as the body’s main
organ for eliminating foreign substances like medications
and poisons [10]. Due to its high blood flow and excre-
tory function, the kidney is also thought to be a particu-
larly sensitive target for water pollutants; nonetheless,
exposure to environmental toxins has received little
attention as a cause of AKI and CKD. Through both inha-
lational and cutaneous exposure, heavy metals like lead
and cadmium have long been known to be the primary
cause of kidney illness associated to the workplace [11].
Nephrotoxicity may also be induced by commonly used
modern drugs. For instance, interstitial nephritis and the
suppression of vasodilatory prostaglandin synthesis in
the renal cortex and medulla are two ways that NSAIDs
impair kidney function. Renal impairment may result
with ACE inhibitors and angiotensin II receptor block-
ers, which lower glomerular hydrostatic pressure. Fur-
thermore, renal tubular epithelial cells may be harmed
by anticancer medications, aminoglycoside antibiotics,
and radiocontrast medium, which could result in acute
tubular necrosis. Previous reports have revealed that
the prevalence of drug-induced nephrotoxicity is about
(66%) higher in senescent adults as compared to infant
or adolescent age [12]. Numerous nephrotoxicants have
been listed in (Table 1). With their mechanism of action,
therapeutic activities and toxic effects. Moreover, several
herbs that cause nephrotoxicity are commonly used to
treat a variety of illnesses, such as Achillea millefolium
(Brinjasif) [13], Capparis spinosa (Beekh Kiber) [14],
Polypodium vulgare (Bisfaij) [15], Allium ascalonicum
(Tukhm Gandana) [16], Draceana cinnabari (Dammul
Akhwain) [17], Ferula persica (Sakbeenaj) [18], Nardos-
tachys jatamansi (Sumbul teeb) [19], Cinnamomum cas-
sia (Saleekha) [20], Portulaca oleraceae (Tukm Khurfa)
[21], Rumex vesicarius (Tukhm Hammaz) [22] and Aris-
tolochia indica (Zaravand Taveel) [23]. Therefore, it is
necessary to mitigate the effect of toxicity of herbal drugs
too at its minimal level, so that it can be useful for thera-
peutic efficacy [24]. The following pathogenic pathways,
including thrombotic microangiopathy [25], inflamma-
tion, tubular cell toxicity [26], altered intra-glomerular
hemodynamic [27], crystal nephropathy [28], and rhab-
domyolysis [29], can be used to indicate drug-induced
nephrotoxicity. While the most important one is oxida-
tive stress which leads to renal destruction, followed by
nuclear factor kappa B (NF-«B) activation and enhanced
synthesis of inflammatory cytokines, including nitric
oxide (NO), interleukin-1f (IL-1p), IL-6, tumor necro-
sis factor-a (TNF-a), and cyclooxygenase- II (COX- II).
These modifications may cause an imbalance in the cell’s
antioxidant defense system and these inflammatory fac-
tors’ homeostasis, which ultimately results in a patho-
physiological malfunction and apoptosis [30].
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Fig. 2 Mechanism of action of Natural compounds (NCs) through antioxidant properties has beneficial effects in the mitigation of nephrotoxicity.
Activation of nuclear factor erythroid 2 (NFE2)-related factor 2 (Nrf2) has been suggested to Plays a significant role in the protective effect of many
of these antioxidant agents. The figure includes a range of medicinal plants with their respective two-letter abbreviations, highlighting their
diverse therapeutic effects. The list includes Curculigo orchioides (CO), Hemidesmus indicus (HI), Aloe vera (AV), Elephantopus scaber (ES), Combretum
micranthum (CM), Tribulus terrestris (TT), Tamarindus indica (Tl), Rheum emodi (RE), Pimpinella anisum (PA), Musa sapientum (MS), Solanum nigrum
(SN), Lantana camara (LC), Foeniculum vulgare (FV), Annona reticulata (AR), Biophytum sensitivum (BS), Cichorium intybus (Cl), Azadirachta indica (Al),
Senna auriculata (SA), Boerhaavia diffusa (BD), Plectranthus amboinicus (PL), Anethum graveolens (AG), Daucus carota (DC), Trachyspermum ammi (TA),
Cucumis melo (CU), Aerva lanata (AL), Apium graveolens (AP), Abutilon indicum (AB), Morus alba (MA), Embelia ribes (ER), and Salvadora persica (SP)

Angiotensin receptor blockers (ARBs) and ACE
inhibitors are the two main medications utilized in
modern medicine to produce reno-protection [31].
Nevertheless, these treatments or managements are
mostly useful in treating nephropathies connected
with blood pressure, diabetes, etc. They are neither
the preferred medications for this purpose nor can
be used entirely to create reno-protective effects.
These agents’ concomitant toxicities also severely lim-
ited their utilization. While ACE inhibitors are more

dangerous than ARBs, both medications can have simi-
lar adverse effects, including proteinuria, angioneurotic
oedema, hyperkalaemia, and neutropenia, particularly
in patients with renal impairment (Fig. 3) which call
into question these agents’ ability to treat patients. For
individuals experiencing renal dysfunction or failure, a
medication that is classified as specifically effective as
a nephroprotective agent and does not carry the risk
of producing any major adverse effects is the apparent
choice [32].
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Fig. 3 Comprehensive view of kidney structure and nephron function, representing the impact of various drugs. A lllustrates the kidney’s vascular
anatomy; B details the nephron’s structure and segments; C focuses on the glomerulus and associated drug-induced damage; and D Highlights
the tubular segment of the nephron, with emphasis on cellular damage from specific medications

In vivo animal models for CKD

Numerous scientific findings on the physiology of
humans have come from research on animals, particu-
larly rodents like mice and rats [33]. Animal models of
CKD are similar to human circumstances and can be used
to better understand the disease’s pathophysiology and
devise effective treatment plans [34]. Their contributions
to comprehending disease processes and creating potent
treatments like insulin, antibiotics, and vaccinations have

been significant. Animal models are live experimental
setups created by one species to investigate phenomena
that happen in another species [35]. Apart from nephrec-
tomy and unilateral ureteral blockage models, CKD is
induced by nephrotoxic drugs such as adenine, adria-
mycin, cisplatin, folic acid, aristolochic acid, and oxalate.
Pharmacology, toxicology, immunology, and other disci-
plines have undergone a paradigm change as a result of
the use of animal models to study human anatomy and
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physiology. Many animal models have been effectively
created up to this point using various techniques to
mimic human diseases, such as CKD. These models have
been crucial in the development of therapeutic agents
derived from natural products for the benefit of renal
disease [36]. Interstitial, tubule, glomerular, and/or vas-
cular damage that occur periodically or gradually cause
CKD. As a result of the degenerative process that causes
CKD, patients experience difficulties that impact many
organs and bodily processes [37]. It is therefore chal-
lenging to research the illness with human participants.
Therefore, creating rodent models for animal research is
crucial to overcoming this, because in vivo animal mod-
els serve as a useful experimental tool for investigating
the physiological, biochemical, and histological processes
of CKD. The spontaneously hypertensive rat (SHR) is
widely employed as a primary model for studying hyper-
tension and cardiovascular disease. The SHR strain was
developed through the process of selectively breeding
Wistar—Kyoto (WKY) rats with elevated blood pressure.
The 5/6 nephrectomy model involves reducing the over-
all kidney mass by 5/6th. The commonly used technique
comprises a two-step procedure. Initially, a complete uni-
lateral nephrectomy (UNX) is conducted on one kidney.
Subsequently, two-thirds of the remaining kidney mass is
removed through either anterior or posterior ligation of
renal artery branches or through resection of the kidney
pole. In this review, we have mentioned the key informa-
tion related to in vivo models of CKD developed through
spontaneous, acquired, and genetic methods. Some of
the imperative in vivo models are listed in (Table 2).

Mitigation of nephrotoxicity by traditional Indian
medicinal plants

Throughout history, medicinal plants have been used
extensively to treat, manage and cure illnesses or disor-
der all over the world [38]. Over 80% of people worldwide
get their main healthcare from conventional medicine,
according to the World Health Organization. Herbs,
vitamins, minerals, trace elements, and nutritional sup-
plements are just a few examples of the natural prod-
ucts found in traditional and complementary medicine,
which have been extensively utilized in both developed
and developing nations [39]. Medicinal plants are uti-
lized worldwide to heal medical conditions and are the
source of different types of natural antioxidants [40].
However, they are exploited for nephroprotective activi-
ties. The current state of global trade, where oxidative
stress is identified as one of the major causes of health
concerns, has made the pharmacognostic study of plants,
minerals, and animals as sources of medicine even more
important [41]. According to reports, there are 61 plant
families, with euphorbiaceae being the most prominent.
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Among the 143 species of medicinal plants, 85% are used
as diuretics, 10% are used to burn urine, and 6.3% are
used to prevent the formation of stones. The percentage
of the plant that has favourable effects on renal disorders
is as follows: leaves (30%), roots (22%), seeds (18%), fruit
(15%), pods (10%), bark 8%, gum 5%, and the entire plant
2% [42]. A growing number of people have been con-
suming standardized extracts and other forms of herbal
medicine in the past few decades because of the various
adverse effects and expensive nature of chemically pat-
ented medications. Uncertainty surrounded the potential
benefits of these old herbs, even as rejuvenators for vari-
ous forms of degenerative kidney disease [43].

It is common practice to treat renal function and post-
pone the development of kidney disorders into end stage
renal disease (ESRD) by using the metabolites of ancient
medical systems. The management of renal illnesses is
quite difficult and hard due to their complex nature and
development to both acute and chronic renal failure and
ESRD. Because there aren’t many new biomarkers for
renal disorders in their early stages, most instances go
unreported until they get to a more advanced or severe
state, at which point standard treatment measures
are typically insufficient to fully eliminate the disease
(Table 3). However, the main issue with kidney disease is
that it progresses to a point where almost no treatment
is effective save for renal replacement therapy (RRT). The
startling rise in CKD prevalence, which leads to ESRD
and necessitates RRT, necessitates significant financial
commitment [44]. 1.783 million individuals worldwide
were getting treatment for ESRD; of these, 23% received
functional kidney transplants and 77% were on dialysis.
This number is rapidly rising at a pace of 7% per year.
Researching conditions like ARF, nephritic syndrome,
and chronic interstitial nephritis methodically is neces-
sary to develop a potential herbal remedy for renal prob-
lems [45].

Since a few decades, although technology and mod-
ern medicine have developed extensively throughout the
world. Most countries made it obligatory to utilize natu-
ral resources for pharmaceuticals and a variety of other
uses, including the treatment of illnesses [46]. Due to the
confined therapeutic effect and a broader spectrum of
adverse effects of modern medicines, they are not secure
and liable for prolonged use; to overcome this discrep-
ancy one may rely upon the alternative or Indian sys-
tems of medicine (ISM) like, Ayurvedic & Unani. Some
drugs cited in Ayurvedic and Unani texts, utilized by
physicians, have shown significant therapeutic benefits
as diuretics, anti-inflammatory agents, antioxidants, and
nephroprotective agents against various toxins. Recently,
some important drugs and formulations of Unani sys-
tem of medicine such as Aerva lanata, Juss. [47], Rheum
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officinalis [48], Terminalia chebula [49], Zingiber offici-
nale [50], Withania somnifera [51], Tribulus terrestris
[52], and Jawarish Zarooni Sada (a poly herbsal formu-
lation) [53], have shown noteworthy nephroprotective
effects.

Reversal of nephrotoxic effects of Adriamycin by medicinal
plants

Anthracycline drugs, such as adriamycin (doxorubicin),
are used to treat cancer. Nevertheless, there are many
adverse effects associated with its treatment [54]. Renal
toxicity induced by adriamycin may arise from multi-
organ damage primarily caused by the buildup of free
radicals, which in turn induces membrane lipid peroxi-
dation [55]. It is harmful to renal tissue because it builds
up in the kidney and causes tubular degeneration [56]
and increased glomerular capillary permeability. Herbal
medications have been shown to be beneficial in reduc-
ing the effects of renal impairment. Herbal medications
in the form of alcoholic P multiflorum extract, aqueous
extracts of C. sinesis and N. sativa, and other extracts
have demonstrated encouraging nephroprotection
through the production of antioxidant and anti-inflam-
matory properties.

Reversal of nephrotoxic effect of Cisplatin by medicinal
plants

Cisplatin is a drug for cancer treatment; due to its limited
clinical application, frequent adverse effects in the form
of acute kidney injury, glomerular capillary endothelial
injury, tubulointerstitial disease, and renal electrolyte dis-
orders, which constitute the major reasons of morbidity
and mortality among cancer patients [57]. This adverse
effect has been employed in developing animal models
for kidney disorders and for screening and identifying of
several herbal drugs in mitigating the said damage. The
defatted methanolic extract of Lantana camara is discov-
ered to have a nephroprotective effect on rats given oral
doses ranging from 100 to 400 mg/Kg for fifteen days,
thereby preventing cisplatin-induced nephrotoxicity. The
phytochemical ingredient profile of the plant, which is
rich in phenolic and flavonoids, was found to positively
correlate with the results [58]. The majority of plant
drugs reviewed presently in cisplatin-induced nephro-
toxicity were found to be rich in flavones and flavonoids
including Andrographis paniculata [59], Aerva lanata,
Biophytum sensitivum [60], Boerhaavia diffusa [61], Rho-
dodendron dauricum [62], Phyllostachs pubescens [63],
Gentiana patrinia [62], Pueraria tuberosa [64], Brassica
oleracea [65], Foeniculum vulgare [66), Senna auriculata
[67], and Cassia garretiana [68].
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Reversal of nephrotoxic effect of cyclophosphamide

by medicinal plants

Cyclophosphamide is a wide-spectrum anticancer drug
with multiple complications, including nephrotoxic-
ity. Cyclophosphamide is highly reabsorbed through the
tubules, with only a small portion is eliminated by the
kidneys. Numerous investigators have documented that
oxidative stress is a significant factor in renal impair-
ment caused by cyclophosphamide. Reactive oxygen spe-
cies mostly affect the cells of kidney’s proximal tubules,
resulting in nephrotoxicity [69]. An aqueous extract of
Olea europa leaves at doses of 100 and 200 mg/Kg body
weight for fifteen days, restored the nephrotoxic effects
of cyclophosphamide. It was demonstrated to upregulate
the expression of bcl2, Nrf2/ARE/HO-1 signalling, and
Bax while downregulating the expression of cytochrome
¢, caspase-3, and Bax, thereby increasing the antioxi-
dant activity and reducing the inflammatory and apop-
totic responses [70]. The Modulation of oxidative stress,
inflammatory cytokines, and apoptosis in rats to prevent
cyclophosphamide-induced nephrotoxicity and its Ppo-
tective effect [71].

Reversal of nephrotoxic effect of cyclosporine by medicinal
plants

Cyclosporine A is an immunosuppressive administered
following solid organ transplantation to prevent rejec-
tion and treat autoimmune diseases. Nevertheless, its
use is linked to elevated blood levels of creatinine and
uric acid, as well as the eventual development of renal
failure, which restricts its application. Cyclosporine-
induced renal injury is believed to be mediated via vascu-
lopathy, which reduces blood supply to the kidney. Low
concentrations of cyclosporine have also been demon-
strated to interact with cell membranes, inducing oxida-
tive stress, endoplasmic reticulum stress, and autophagy
to cause proximal tubule damage [72]. Ethanolic extract
of Schisandra chinensis was found to reverse the cyclo-
sporine-induced nephrotoxicity in rats by suppressing
the decrease in the histopathological alterations and the
increase in blood urea nitrogen (BUN) and serum cre-
atinine levels [73]. Similar results were also revealed by
ethanolic extracts of Olea europaea [74).

Reversal of nephrotoxic effect of gentamicin by medicinal
plants

Gentamicin is a typical broad-spectrum aminoglyco-
side used to treat potentially lethal infections brought on
by Gram (+ve) and Gram (—ve) bacteria is gentamicin
(GM). However, 15-30% of treated participants have
nephrotoxicity. The scientific community is investigat-
ing the renoprotective role of plant species to minimize
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gentamicin-induced nephrotoxicity [75]. Administration
of aqueous and ethanolic extracts of Gomphrena celo-
sioides, Cola nitida, and Entendrophragma angolense
mitigate the effect of nephrotoxicity in the serum bio-
chemical parameters deciphering kidney functions (urea,
creatinine, uric acid, blood urea nitrogen) and oxidative
stress (MDA/LPO, GSH/GPX, CAT, SOD) [76].

Reversal of nephrotoxic effect of methotrexate by medicinal
plants

The primary uses of methotrexate (MTX) are the treat-
ment of autoimmune diseases and specific types of malig-
nancies. High dose of methotrexate (HD-MTX), defined
as doses of 500 mg/m? or more, can lead to toxicities like
pulmonary toxicity, bone marrow suppression, nephro-
toxicity, hematological toxicity, and many infectious dis-
eases [77]. The hepato-renal toxicity of HD-MTX and
extended intake at lower dosages can be explained by the
concentration- and time-dependent toxicity generated by
MTX. MTX-induced hepato-renal damage was assessed
by serum toxicity biomarkers (AST, ALT, BUN, and cre-
atinine), oxidative stress estimation (MDA, GSH, SOD,
CAT, peroxidase, and glutathione reductase), interleu-
kins profiling (TNF-a, IL-1p, IL-6, and IL-12), tissue his-
topathology and immunohistochemical (caspase-3 and
NFkB) examination. Glycyrrhiza glabra is a traditional
medicinal herb with demonstrated anti-inflammatory,
anti-oxidant, hepato-protective and nephro-protective
properties [78]. Proposed the possibility that GGE might
shield organs against MTX-induced harm. In fact, studies
showed that MTX caused significant hepato-renal dam-
age, which may be reversed by taking Glycyrrhiza glabra
extract concurrently. Additionally, the study reveals tar-
gets for lowering MTX-induced tissue harm, including
oxidative stress, inflammation, and apoptosis [79].

Conclusion and way forward

In conclusion, kidney damage, including CKD and AKI,
is a significant global health concern with rising inci-
dence and poor outcomes; notably CKD is a leading
cause of mortality worldwide. Risk factors such as hyper-
tension, diabetes, genetic predispositions, and exposure
to nephrotoxic agents contribute to its multifactorial eti-
ology. Traditional medicinal plants offer a promising ave-
nue for nephroprotection and kidney disease treatment,
potentially yielding therapies with fewer side effects than
conventional medications. Pharmacognostic studies have
unveiled the nephroprotective potential of medicinal
plants, with various botanicals demonstrating efficacy
in mitigating nephrotoxicity and renal damage. Animal
models, particularly rodents, are crucial for understand-
ing kidney disease pathogenesis and developing thera-
peutic strategies. By simulating human conditions, these
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models aid in studying disease mechanisms and testing
potential treatments. Their use has facilitated the discov-
ery of nephroprotective agents from natural products,
highlighting the importance of traditional medicine in
kidney disease management. However, further research
is needed to validate the efficacy, safety, and mechanisms
of action of medicinal plants. Rigorous scientific evalua-
tion through preclinical and clinical studies is essential to
establish their role as adjuncts or alternatives to conven-
tional therapies. Moving forward, collaborative efforts
among researchers, healthcare professionals, and policy-
makers are essential to advance nephroprotection using
traditional medicinal plants. Key areas for exploration
include conducting additional preclinical studies to eluci-
date botanicals’ mechanisms of action, undertaking clini-
cal trials to evaluate herbal formulations’ safety, efficacy,
and dosage regimens, exploring synergistic effects of
combining medicinal plants with conventional therapies,
developing standardized cultivation, extraction, and for-
mulation protocols, and raising awareness among health-
care providers and patients about integrating traditional
medicine into kidney disease management. By fostering
interdisciplinary collaboration and prioritizing research
in this field, we can harness the therapeutic potential of
medicinal plants to mitigate the global burden of kidney
disease and enhance patient outcomes. In future these
traditional Indian medicinal plants Camellia sinensis
(L.) Kuntze, Nigella sativa (L.), Andrographis paniculata
(Burm.f.) Nees, Daucus carota (L.), Foeniculum vulgare
(L.), Glycyrrhiza glabra (L.) and Cucumis sativus (L.) and
their botanicals could be the hope for the prevention and
management of CKD.
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