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ABSTRACT:

The current study examines the nephrotoxic potential of Vateria Indica Linn., a medicinal
plant used abundantly in Ayurvedic drugs to treat different conditions, such as oxidative
stress-related diseases, microbial infections, and inflammation. The bioactive compounds
present in the plant are flavonoids, tannins, and polyphenols, which have contributed to the
medicinal properties but could be harmful to the kidney in large dosages or prolonged
periods. It has been observed that high levels of Vateria Indica extracts lead to renal
dysfunction in animal models and in vitro systems. The manifestations of this include
elevated blood urea nitrogen and serum creatinine, as well as histopathological changes such
as glomerular atrophy and tubular damage. The major processes behind nephrotoxicity are
oxidative stress, inflammation, and renal cell death. Although its long-term safety and
nephrotoxic threshold cannot be established clearly, owing to the fact that strong human
clinical data are not available, this review points out the significant knowledge gaps present,
particularly concerning the human studies, summarizes the experimental study information
now available." It also discusses the methodology used in nephrotoxicity studies. The
dangers posed by Vateria Indica can only be lessened if standardized research procedures,
dose-dependent toxicity assessments, and investigation of preventative measures are
incorporated. Much clinical research is required to develop safe consumption guidelines and
ensure its responsible use in modern herbal medicine.

1. Introduction

Vateria Indica Linn. is a medicinal plant which is native to tropical regions of India and is also
known as Indian copal tree or white damar. The resin, leaves, and bark of the plant have been
used since time immemorial in Ayurvedic medicine against various complaints that range from
inflammation, wounds, and respiratory infections [1]. Flavonoids, tannins, and triterpenes are
some of the bioactive compounds present in Vateria Indica responsible for its well-established
therapeutic properties both in traditional and modern pharmacological research. Even though
the plant has much potential to enhance health, new studies reveal nephrotoxic effects
associated with it, especially in higher doses. Damage to the kidneys, known as nephrotoxicity,
can impair their ability to filter toxins from the body. Knowing these risks is crucial to ensuring
the safe use of herbal remedies.
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Figure 1: Vateria Indica Linn [2]

There is a growing interest in the nephrotoxic potential of Vateria Indica, as research studies
have shown that long-term or excessive use of the plant could lead to the impairment of
kidneys. Experimental studies on animal models have revealed that the extracts from the plant
cause kidney damage as evidenced by high blood urea nitrogen and serum creatinine levels and
histological changes such as renal tubular necrosis and inflammation. Despite these findings,
it is difficult to draw concrete conclusions because there is still a lack of clinical data about the
nephrotoxic effects of Vateria Indica in humans. This review aims to examine the mechanisms
behind Vateria Indica's nephrotoxic effects, evaluate previous experimental and clinical
research, and discuss the implications for its safe use in medical applications. By reviewing the
extant literature, this study hopes to bring into the light the dangers of using the plant and make
suggestions for further study.

1.1. Background and Context

The Dipterocarpus genus comprises Vateria Indica Linn., found mainly in Western Ghats India.
It had been used, for ages now, in traditional Ayurveda medicine for several purposes, for
example, cure of gastrointestinal upsets, wounds, and the inflammatory diseases, among others.
Bioactive chemical compounds with promising pharmacological and medicinal values
included polyphenol, triterpenoids, and flavonoids. It has, however, been observed to have
caused kidney impairment to some extent that has raised numerous concerns over safety. As
since some plant-derived substances may induce nephrotoxicity via oxidative stress,
inflammatory reactions, or direct toxicity to renal cells, nephrotoxicity, or kidney toxicity, has
been recognized as a significant concern in herbal therapy [3].

1.2.  Objectives of the Review

e To analyze the nephrotoxic potential of Vateria Indica based on existing experimental
studies.

e To evaluate the methodologies used in nephrotoxicity research, including biochemical,
histological, and molecular approaches.

e To assess the dosage-dependent effects of Vateria Indica on renal health and its impact on
kidney function.

1.3.Importance of the Topic

The growing usage of herbal medicine globally has shed light on the necessity for rigorous
scientific validation to ensure safety, not to mention with the facts that herbal remedies are
increasingly used as complementary therapies. While the public conception of herbal remedies
as safe and natural is often perceived, the relatively new incidence of cases of nephrotoxicity
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due to herbal remedies raises growing concerns about their potential adverse impacts,
especially on renal function. These side effects raise an issue of the necessity of doing profound
toxicological research in order to assess the safety profile of such therapeutic herbs, especially
when used in great amounts or for an extended period of time. Many experimental
investigations hinted at the potential nephrotoxic influence of Vateria Indica as a popular herbal
treatment; however, there is not enough human clinical data to fully appraise the magnitude of
these hazards. This review should add to the constantly growing database of research on herbal
safety by offering a detailed analysis of the nephrotoxic potential of Vateria Indica, looking at
the aspects of its phytochemical constitution, mechanisms of toxicity, and the implications for
its traditional and modern use. This study calls for further research into the safe consumption
limits and possible safety measures against the adverse effects of Vateria Indica by highlighting
the existing research gaps and the need for standardized safety assessments.

Table 1: References table

Reference Title Topic Research Study
Betulinic acid: A : Discusses the therapeutic
. Phytochemistry and . L .
natural promising : potential of Betulinic acid,
Aswathy et ; pharmacological ' : .
al. (2022) [4] anticancer drug, ronerties of including its role as an
' current situation, and PTOperties anticancer agent and its
: Betulinic acid .
future perspectives molecular mechanisms
Provides insights into the
Nephrotoxicity  and mechanisms of
Barnet_t & renal pathophysiology: | Nephrotoxicity and nephrotox!cr[y, renal
Cummings 4 pathophysiology, and
a contemporary | renal dysfunction . .
(2018) [5] . potential protective
perspective :
measures  against  renal
damage
Covers recent research
Bhadalekar Research Article Various researgh memgs,_ |_nclud|ng
et al. (2022) . aspects in | toxicological studies, but
Details 2022-2023 . . . . ;
[6] biomedical sciences | lacks specific details on
Vateria Indica
Vateria Indica L.. A Reviews the phytochemical
Bugade & Review on | Morphology, composition and
Kh?an (2023) Morphology, phytochemistry, pharmacological activities
(7] Phytochemistry, and | and pharmacology | of Vateria Indica, including
Pharmacological of Vateria Indica its medicinal properties and
Aspects potential toxicity concerns

2. Nephrotoxicity Potential of Vateria Indica: Insights from Phytochemistry and
Research Studies

Bioactive constituents in Vateria Indica include flavonoids, tannins, and polyphenols. These
compounds are pharmacologically active and, however, at high dosages may be nephrotoxic.
Further human studies and systematic research are needed to clearly establish whether the
intake of this drug could correlate with renal injury, even though studies indicate renal
impairment [8].

2.1.Phytochemistry of Vateria Indica Linn.

Vateria indica is rich in bioactive substances like flavonoids, tannins, triterpenes, and
polyphenols. These possess strong pharmacological properties, especially antibacterial, anti-
inflammatory, and antioxidant effects. While this improves its potential as a medication, some
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compounds may also prove to be nephrotoxic due to harmful effects on the renal cells. The
phytochemical composition should be understood so that the good and bad can be
differentiated.

2.2.Studies on Vateria Indica and Nephrotoxicity

Several experimental studies have examined the nephrotoxicity of Vateria Indica. High doses
of plant extracts cause renal impairment based on the available animal models and in vitro
research, which also indicate higher levels of blood urea nitrogen and serum creatinine.
Histopathological studies show glomerular shrinkage, renal tubular injury, and inflammatory
cell infiltration. However, it has been challenging to link a clear relationship between Vateria
Indica and nephrotoxicity in the clinical setting because few human studies have been
conducted [9].

2.3.  Methodologies Used in Nephrotoxicity Studies

Histological, molecular, and biochemical techniques are the most commonly applied in

nephrotoxicity study in cases of kidney damage.

e  Biochemical Markers: To determine renal function impairment, researchers measure
serum creatinine, BUN, and electrolyte abnormalities.

e  Histopathological Examination: Tubular necrosis, glomerular atrophy, and fibrosis are
some of the structural changes examined in renal tissues.

e  Molecular Techniques: Gene and protein expression studies on the activation of
inflammatory cytokines, apoptotic pathways, and markers of oxidative stress.

The use of different experimental models, dosing schedules, and extraction techniques
yields variable results, although such approaches do provide informative data. There is,
therefore, a need for further standardization in future studies.

2.4.  Critical Evaluation of Findings

Some studies show that moderate consumption does not lead to significant renal damage,
whereas others suggest potential nephrotoxicity at higher levels [10]. The inconsistent findings
highlight the need for well-planned clinical studies to establish the validity of the experimental
data. Moreover, conclusions are difficult to be drawn since different methods of plant
extraction and varying dose levels have been used in different studies. For well-defined toxicity
limits, consistent procedures in research studies are required.

3. Mechanisms of Nephrotoxicity

The causes of nephrotoxicity by Vateria Indica Linn are varied and comprise numerous cellular
and molecular pathways. Main processes behind renal dysfunction as well as structure injury
include oxidative stress, inflammation, cytotoxicity, and apoptotic signaling.
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Figuré 2: Mechanisms Of Nephrotoxicity [11]

3.1.  Role of Oxidative Stress and Inflammation

Oxidative stress is the critical determinant of nephrotoxicity. Bioactive compounds from
Vateria Indica can alter the balance between the antioxidant defense mechanisms of the kidney
and the production of reactive oxygen species. The overproduction of ROS can lead to:

) lipid peroxidation, which damages the membranes of kidney cells.
° oxidation of DNA and proteins, which interferes with biological processes.
) mitochondrial malfunction, which causes renal cells to run out of energy.

Besides, oxidative stress also promotes pro-inflammatory pathways such as NF-«B to provoke
inflammatory responses. Consequently, these induce the secretion of cytokines like IL-6, TNF-
a, and IL-1B, which augment renal inflammation and fibrosis [12].

3.2.  Cytotoxic Effects on Renal Cells

The particularly vulnerable cells here are the proximal tubular epithelial cells, which would be
cytotoxically directly affected by some of the included phytochemicals in Vateria Indica.
Cytotoxicity could manifest in any of the following ways:

° Membrane damage caused by peroxidation of lipids.
) Electrolyte imbalances caused by ion channel disruption.
° Impairment of kidney regeneration, due to cellular repair processes inhibited.

A severe condition that hampers the filtration and reabsorption activities of the kidneys, renal
tubular necrosis, can occur due to these harmful effects [13].

3.3.  Apoptotic and Inflammatory Pathways

Prolonged exposure to Vateria indica nephrotoxic substances will stimulate pro-inflammatory
pathways and induce apoptosis, also known as programmed cell death:

° Intrinsic Apoptotic Pathway: Cytochrome c is released when mitochondrial damage
occurs, activating caspase-9 and caspase-3 and causing kidney cell death.

° Extrinsic Apoptotic Pathway: Increased levels of TNF-a and Fas ligand activate
caspase-8 to stimulate renal cell apoptosis.

° Chronic Inflammation: Chronic inflammation caused by cytokine activation may lead
to renal fibrosis and progressive kidney failure.
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4. Discussion

Even though there is a lack of clinical evidence in human beings, findings regarding the
nephrotoxic potential of Vateria Indica suggest severe renal damage at toxic dosages including
oxidative injury and inflammation [14]. Therefore, future studies should be in the form of long-
term investigations in human beings, dose-dependent toxicity assessment, and the search for
nephroprotective measures to fill up these gaps.

4.1. Interpretation and Analysis of Findings

Experimental research has demonstrated that oxidative stress, inflammation, and apoptosis are
associated with renal damage, thus generally making Vateria Indica Linn. a nephrotoxin
candidate. In general, such results, which involve a rise in blood creatinine and BUN in addition
to histopathological changes such as tubular injury and glomerular atrophy, suggest that large
amounts of Vateria Indica might severely compromise kidney functioning [15]. However, due
to the deficiency of human clinical data, effects extrapolated may be difficult with larger
populations. Although in vitro and animal-based research provide detailed information,
absence of extensive human trials calls for care in such extrapolations made to clinical settings.

4.2.  Implications and Significance

Such discoveries have massive implications for toxicology and herbal medicine. Due to the
large usage of Vateria Indica in traditional medicines, its nephrotoxicity raises serious concerns
about the safety profile associated with its application, especially if applied in massive amounts
or for long periods of time [16]. Experimental studies have indicated that its toxicity is dose-
related and thus underlines the significance of dose and duration of intake to avoid adverse
effects. Its nephrotoxicity can often be mitigated by moderate, controlled consumption,
according to comparative studies with other known therapeutic herbs with similar toxicological
profiles. This underscores the fact that regulatory bodies must enforce strict safety regulations
to ensure that medicinal plants are used within reasonable and acceptable bounds.

4.3.  Highlighting Gaps and Future Research Directions

There are still huge knowledge gaps despite the highly insightful information experimental
investigations have given. The most important is the lack of comprehensive human research,
which is relevant to the safety and toxicity profile of Vateria Indica. For the effects of long-
term exposure to the bioactive constituents of the plant in humans, future research should focus
on long-term clinical studies. In addition, dose-dependent toxicity studies are necessary to
understand the pharmacokinetics of its active constituents and the safe consumption levels [17].
The possible role of protective agents, such as nephroprotective compounds or antioxidants,
could be studied for useful methods in reducing the nephrotoxic effects of Vateria Indica.
Moreover, standardization of testing protocols and experimental procedures (such as extraction
methods and concentrations) would enhance the reproducibility and reliability of the results
and provide more accurate information for clinical and regulatory applications [18].

5. Conclusion

Its medicinal value was long known in terms of the high content of bioactive substances with
potential therapeutic advantages. Vateria Indica Linn is found to have efficacy in a variety of
illnesses, including microbial infections, oxidative stress-related disorders, and inflammatory
problems. However, recent toxicological research has raised concerns over its nephrotoxic
effects, especially concerning extended or high-dose usage [19]. Experimental data indicate
that plant extracts may trigger oxidative stress, inflammation, and death in renal cells, affecting
their function. The mechanisms underlying these effects remain complex, and toxicity results

5127 |Page



EE]\N | Review Article On Vateria indica linn: Specifying Nephrotoxicity
S. B SEEJPH Volume XXVI, S1,2025, ISSN: 2197-5248; Posted:05-01-25

depend on a wide range of factors, including dose, preparation of the extract, and sensitivity
among individuals.

Despite these cautions, specific nephrotoxic limits could not be accurately derived due to
heterogeneous studies with little human clinical work. Few studies on Vateria Indica link it
with impaired renal functioning in animals while another study indicated low dosages could
not pose too much hazard. Hence further well-designed and regulated toxicology evaluations,
which might include strictly organized clinical research studies, will help establish a positive
safety record. This calls for an establishment of strict dosing standards and the potential risk
factors, thereby ensuring the safe therapeutic application of this compound [20]. The possibility
of nephrotoxicity hazards associated with Vateria Indica Linn calls for judicious use till such a
time as proper standards are established; in those cases, with prior renal disease.
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