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ABSTRACT

Kidney diseases are a problem for people all around the world and they make a lot of people very sick. Sometimes the
medicines we take can hurt our kidneys, which's why we need to find safe and good ways to protect them. Plants that
are used in medicine are looking like they could be an option because they have lots of different things in them that can
help us. Bauhinia variegata Linn. Or Kachnar, is a plant that has been used for a time to help with lots of health problems
like when we are inflamed have problems with the way our bodies work get infections or hurt our tissues. This plant
has lots of things in it like flavonoids, phenolic acids, tannins, glycosides, saponins and alkaloids that make it work
well for our health. Many studies have shown that Bauhinia variegata is good at stopping cells from getting hurt
reducing inflammation fighting off germs helping with diabetes protecting our livers and keeping our cells safe. It
seems like these good things about Bauhinia variegata can help protect our kidneys from getting hurt by things that can
cause stress and damage to our kidney cells. This review is going to talk about what Bauhinia variegata looks like what
is in it how it has been used and what it can do for our health how it can help our kidneys. We will also talk about what
researchers have found out if it is safe to use and what we might be able to do with Bauhinia variegata in the future to
help people with kidney problems. What we know far says that Bauhinia variegata is a good natural way to prevent and
treat kidney problems and we should do more studies to see if it really works. Bauhinia variegata is a kidney disease
solution that is looking very promising. We need to do more research on it to see how it can help people, with kidney
diseases.
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INTRODUCTION

The kidneys are important organs that help keep our
body in balance by controlling the amount of fluid,
salt and other substances in our blood. They also help
get rid of waste products that our body does not need.
The kidneys do a lot more than clean our blood they
also make hormones that help our body work
properly. If the kidneys are not working well it can
cause problems and even lead to kidney disease.
Kidney disease is an issue that affects a lot of people
around the world.

Some medicines can actually hurt our kidneys. Cause
them to stop working properly. This is called kidney

damage. It can happen when we take -certain
medicines like antibiotics pain relievers and cancer
treatments. One medicine that is known to hurt the
kidneys is Gentamicin. It is an antibiotic that doctors
use to treat infections. It can only be used for a short
time because it can cause kidney damage.

Plants have been used for a time to help treat different
health problems. They have a lot of chemicals that can
help our body heal and stay healthy. One plant that
has been studied a lot is called Bauhinia variegata or
Kachnar. It is a plant that grows in places and has been
used in traditional medicine for a long time to treat
things like inflammation, infections and tissue
damage.
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Bauhinia variegata has a lot of chemicals that are good
for our body. It has things like flavonoids, phenolic
compounds and alkaloids that can help reduce
inflammation and protect our kidneys. Scientists have
studied this plant. Found that it can help prevent
kidney damage.

This article is going to talk about the Bauhinia
variegata plant and how it can help our kidneys. We
will discuss what the plant looks like what kind of
chemicals it has and how it has been used in
traditional medicine. We will also talk about how it
can help protect our kidneys and what scientists have
learned from studying this plant. The goal is to see if
Bauhinia variegata can be used as a treatment, for
kidney disease.

2. Botanical Profile of Bauhinia variegate

Bauhinia variegata Linn. is a medium-sized deciduous
tree belonging to the family Fabaceae (subfamily
Caesalpinioideae). It is one of the most famous
species of the genus Bauhinia, which includes many
flowering plants that grow in tropical and subtropical
regions of the world. The plant popularly known as
Kachnar in India and has been extensively used in
traditional medicine for its multiple therapeutic
properties. This species is appreciated not only for its
medicinal value but also for its ornamental value with
attractive orchid-like flowers and unique bilobed
leaves.

Taxonomical Classification
¢ Kingdom: Plantae
e Phylum: Tracheophyta
e Class: Magnoliopsida
e Order: Fabales
e Family: Fabaceae
e Subfamily: Caesalpinioideae
¢ Genus: Bauhinia

e Species: Bauhinia variegata Linn.
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Vernacular Names

Bauhinia variegata is known by different names in
various regions:

o English: Orchid Tree, Mountain Ebony
¢ Hindi: Kachnar
e Marathi: Kanchan
e Sanskrit: Kovidara
e Tamil: Mandarai
e Telugu: Devakanchanam
e Bengali: Rakta Kanchan
e Gujarati: Kanchanar
Geographical Distribution

The plant is native to the South and Southeast Asia
and is widely distributed in India, Nepal, Pakistan,
Bangladesh, Myanmar, China and Thailand. Bauhinia
variegata is common in tropical and subtropical areas
of India especially in forests, along roadsides, in
gardens and cultivated landscapes. It can tolerate
many different climate conditions and is used often as
an ornamental tree for its beauty.

Morphological Characteristics
Tree:

Bauhinia variegata is a deciduous tree growing to 10—
15 m tall. The trunk is with moderate branches, the
bark grayish brown and rough in texture.

Leaves:

The leaves are simple, alternate and characteristically
bilobed like a camel’s hoof. They are broad, leathery
leaves, normally 8 to 15 ¢cm long. The odd shape of
the leaves is an important identifying characteristic of
the species.

Flowers:

The flowers are large and fragrant and showy,
appearing in clusters in flower season. Their colours

416 |Page



Original Article

range from white to pink, purple or lavender and they
have five petals with irregular markings. They look
like orchid flowers and this is the reason for the
plant’s common name “Orchid Tree”.

Fruits:

The fruit is a flattened, elongated pod 15-30 cm long.
Mature pods hold many seeds and when they become
dry they split apart, scattering the seeds.

Seeds:

The seeds are hard, brown, and flattened. They have
good germination potential and they contribute to the
propagation of the species.

Parts Used for Medicinal Purposes

Various parts of Bauhinia variegata have been
employed in traditional medicine, including:

e JLeaves
e Bark
e Flowers

¢ Flower buds
e Roots
e Seeds

These plant parts contain a number of bioactive
constituents responsible for the pharmacological
activities of the species. They are used in herbal
preparations and scientific investigations. The bark,
leaves and flower buds are most often made use of.

Medicinal Significance

The extensive traditional use of Bauhinia variegata
has led to many scientific studies to validate its
therapeutic potential. Different parts of the plant
showed antioxidant, anti-inflammatory,
hepatoprotective,
anticancer, wound healing and nephroprotective
activities. These results confirm the importance of this

antimicrobial, antidiabetic,

plant as a valuable medicinal resource, and justify the
continued study of its phytochemical composition and
pharmacological applications.
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3. Phytochemical Constituents of Bauhinia

variegate

Truthfully, procrastination is the one habit I cannot
seem to shake no matter how many times I try. I go to
bed sure that morning-me will sit down and get it
done, and then it is 11 p.m. and I have been glued to
my phone for hours. The part that always surprises me
is how manageable the work turns out to be — once I
finally open the document, a decent opening
paragraph usually appears in about ten minutes flat.
The real toll is everything leading up to that: the
anxiety humming in the background, the false starts,
the crushing guilt about wasted hours. I have started
to believe procrastination is not really about laziness.
It is about wanting to escape the discomfort of getting
started.

Being completely honest, procrastination is the one
pattern I keep swearing [ will fix and keep falling right
back into. I make a plan to hit the assignment in the
morning, and before I know it the clock reads 11 p.m.
and I have done nothing but scroll. The strange thing
is the task itself is almost never as bad as the buildup
— once | force myself to open the document, the first
paragraph usually lands in about ten minutes.
Everything that precedes that moment is where the
damage lives: the gnawing anxiety, the half-starts, the
guilt about hours I threw away. I genuinely think
procrastination is not about being lazy. It is about
flinching away from the feeling of beginning.

Flavonoids form one of the most important classes of
phytochemicals found in Bauhinia variegata. They
have been known to possess anti-lipid peroxidation
properties, antioxidative actions, and act on
inflammatory pathways. Flavonoids play a significant
role in contributing to the protective effect of the plant
for the kidneys by preventing injury to the renal cells
from free radicals. The same applies to phenolics,

which possess antioxidant actions.

Another category of bioactive compounds discovered
in Bauhinia variegata is tannins. The astringent,
antimicrobial, and anti-inflammatory effects are some
of the benefits exhibited by tannins, in addition to
protecting biological membranes from oxidative
stress. On the other hand, saponins found in Bauhinia
possess

variegata immunomodulating  and
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cytoprotective effects, whereas alkaloids play a role
in antimicrobial and anti-inflammatory effects.

Terpenes and phytosterols found in different parts of
the plant have also become subjects of scientific
inquiry for their potential use in medicine. They can
help in the stabilization of membranes, regulate
inflammatory agents, and protect from damage. In
addition, glycosides and other secondary metabolites
contained within the plant also improve its medicinal
value.

Phytoconstituents of Bauhinia variegata have been
shown to offer scientific evidence for the use of this
plant in multiple conditions. In addition, the possible
synergy of all bioactive ingredients can further
improve the efficiency of this medicinal herb and
explain its wide pharmacological effects. The
presence of antioxidants and anti-inflammatory
ingredients in this plant is especially relevant for
nephroprotection since these factors are responsible
for kidney damage and dysfunction.

Table 1. Major Phytochemical Constituents
Reported in Bauhinia variegata
Phytochemical | Major Reported
Class Constituents | Biological
Activities
Flavonoids Kaempferol, | Antioxidant, Anti-
Quercetin inflammatory
derivatives
Phenolic Phenolic Free radical
Compounds acids scavenging,
Cytoprotection
Tannins Hydrolysable | Antimicrobial,
and Astringent,
condensed Antioxidant
tannins
Saponins Triterpenoid | Immunomodulatory,
saponins Cytoprotective
Alkaloids Various Antimicrobial, Anti-
alkaloidal inflammatory
compounds
Glycosides Flavonoid Therapeutic and
glycosides protective effects
Terpenoids Terpene Anti-inflammatory,
derivatives Tissue protection
Steroids Phytosterols | Membrane
stabilization, Anti-
inflammatory
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4. Traditional and Ethnomedicinal Uses of
Bauhinia variegate

Traditional use of medicinal plants has been a part of
the traditional health care system for many centuries.
Bauhinia variegata has a special place in Ayurveda,
Unani medicine, and several folk remedies because of
its wide range of therapeutic uses. Various parts of the
plant have been used to treat and control a variety of
diseases such as the bark, leaf, flower, flower bud,
root and seed. The Bauhinia variegata has been widely
used in traditional medicine owing to the apparent
efficacy and as such has been the subject of scientific
research on its pharmacology.

Bauhinia variegata is also known as Kanchanar in
Ayurvedic medicine and is used for its astringent,
anti-inflammatory, and healing properties. Bark is
often incorporated into traditional medicines for
treating glandular swellings, skin conditions, ulcers
and wounds. It also has some benefits in diseases
related to abnormal proliferation and inflammation of
tissue. The bark has been used to make a decoction,
which is a tea, to ease digestive tract conditions and to
improve health.

The flower buds of Bauhinia variegata are used as a
vegetable throughout several parts of India, it is said
that it has medicinal properties. The flower buds have
been used traditionally for gastrointestinal disorders
such as diarrhea and dysentery. The flowers are also
considered as cooling agent and have been used to
alleviate symptoms of inflammatory conditions.

The leaves of the plant have been used in folk
medicine to treat skin infections, wounds and
inflammatory disorders. The extracts of leaves are
also used topically for the treatment of wounds in
order to decrease the inflammation in the affected
area. Leaves are used in some traditional medicine as
poultices to treat pain and swelling from injuries.

The root and root bark has been used as a medicine
for respiratory problems like cough, bronchitis and
asthma. Root preparations are also recommended by
traditional healers for some urinary diseases and
gynaecological health issues. Occasionally seeds of
the plant are used in indigenous medicine for their
digestive and antimicrobial properties.
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Bauhinia variegata has also been traditionally used as
a health-promoting plant because of its multiple
health benefits. Its preparations have been utilized to
help the liver, digestion, metabolic disorders and to
make resistance to infections better. This extensive
use indicates that there are several bioactive
compounds that could bring several therapeutic
effects.

Modern pharmacological studies have confirmed a
few of the traditional uses of Bauhinia variegata.
Many of its ethnomedicinal applications have been
supported by research which has shown antioxidant,
anti-inflammatory, antimicrobial, antidiabetic,
hepatoprotective, and nephroprotective activities of
various plant extracts. The close correlation between
the plant and the treatment of inflammatory and
metabolic diseases is relevant, since these diseases are
known to play a key role in the genesis and
progression of kidney disease.

The persist use of Bauhinia variegata in traditional
medicine indicates its therapeutic significance and
calls for additional work to determine the active
components, the mechanism of action and the clinical
effect of this plant. The incorporation of traditional
knowledge along with scientific findings can pave the
way for the creation of new plant-based medicines for
a range of ailments, including renal disorders.

Table 2. Traditional Uses of Different Parts of
Bauhinia variegata

Plant Traditional Uses

Part

Bark Wounds, ulcers, inflammation,
glandular swellings, digestive
disorders

Leaves Skin diseases, wound healing, pain,
swelling, infections

Flowers Inflammatory conditions, digestive
ailments, general health promotion

Flower Diarrhea,  dysentery,  nutritional

Buds supplement

Roots Cough, bronchitis, asthma, urinary
disorders

Seeds Digestive disorders, antimicrobial
applications
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5. Pharmacological Activities of Bauhinia

variegata

The therapeutic value of Bauhinia variegata has
attracted considerable scientific attention over the
past few decades. Numerous experimental studies
have demonstrated that different parts of the plant
possess a wide range of pharmacological activities.
These biological effects are largely attributed to the
presence of diverse phytochemicals, including
flavonoids, phenolic compounds, tannins, alkaloids,
glycosides, saponins, and terpenoids. The synergistic
action of these bioactive constituents contributes to
the plant’s medicinal potential and supports its
traditional use in various disease conditions.

5.1 Antioxidant Activity

Oxidative stress plays a central role in the
pathogenesis of many chronic diseases, including
kidney disorders, diabetes, cardiovascular diseases,
and cancer. Reactive oxygen species generated during
cellular metabolism can damage lipids, proteins, and
nucleic acids, leading to tissue injury and functional
impairment. Various extracts of Bauhinia variegata
have demonstrated significant antioxidant activity in
both in vitro and in vivo studies.

The antioxidant potential of the plant is primarily
attributed to its high content of flavonoids and
phenolic compounds, which possess strong free
radical scavenging properties. These compounds help
neutralize reactive oxygen species, inhibit lipid
peroxidation, and enhance endogenous antioxidant
defense mechanisms. Such antioxidant effects are
particularly important in protecting renal tissues from
oxidative damage associated with nephrotoxic agents
and pathological conditions.

5.2 Anti-inflammatory Activity

Inflammation is a complex biological response that
contributes to the development and progression of
numerous diseases. Persistent inflammation can result
in tissue damage and organ dysfunction, including
renal impairment. Studies have reported that extracts
of Bauhinia variegata exhibit significant anti-
inflammatory activity by suppressing inflammatory
mediators and reducing inflammatory responses.
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The anti-inflammatory effects of the plant are
believed to be associated with flavonoids, tannins, and
other phenolic compounds that modulate cytokine
production and inhibit inflammatory pathways. These
properties may help prevent tissue injury and promote
recovery in inflammatory disorders.

5.3 Antidiabetic Activity

Diabetes mellitus is a major metabolic disorder
characterized by chronic hyperglycemia and
associated complications affecting multiple organs,
including the kidneys. Experimental studies have
demonstrated that Bauhinia variegata possesses
antidiabetic activity through mechanisms involving
improved glucose utilization, enhanced insulin
sensitivity, and reduction of oxidative stress.

Plant extracts have been shown to lower blood
glucose levels and improve biochemical parameters in
diabetic animal models. The presence of flavonoids
and other bioactive constituents may contribute to the
regulation of carbohydrate metabolism and protection
against diabetic complications. These findings
support the traditional use of the plant in managing
metabolic disorders.

5.4 Antimicrobial Activity

Microbial infections remain a significant public
health concern worldwide. Several investigations
have demonstrated that extracts of Bauhinia variegata
exhibit antimicrobial activity against a variety of
bacterial and fungal pathogens. The antimicrobial
properties are primarily attributed to phenolic
compounds, tannins, and flavonoids that interfere
with microbial growth and survival.

The ability of the plant to inhibit pathogenic
microorganisms may contribute to its traditional use
in the treatment of wounds, skin infections, and
gastrointestinal disorders. Furthermore, antimicrobial
activity can support tissue healing by reducing
infection-related complications.

.5 Hepatoprotective Activity

The liver is highly susceptible to damage caused by
toxins, drugs, and oxidative stress. Research studies
have reported that Bauhinia variegata possesses
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hepatoprotective properties capable of protecting liver
tissues from chemical-induced injury. Experimental
evidence suggests that plant extracts can reduce liver
enzyme levels, improve antioxidant status, and
preserve hepatic architecture.

The hepatoprotective effects are believed to result
from antioxidant and anti-inflammatory mechanisms
that prevent cellular damage and enhance tissue
repair. These findings indicate the potential utility of
the plant in managing liver disorders and promoting
hepatic health.

5.6 Wound-Healing Activity

Wound healing involves a coordinated process of
inflammation, tissue regeneration, and remodeling.
Traditional medicine has long utilized Bauhinia
variegata for the treatment of wounds and skin
injuries. Scientific studies have supported these
applications by demonstrating enhanced wound
contraction, accelerated epithelialization, and
improved tissue regeneration following treatment
with plant extracts.

The wound-healing activity may be attributed to
antimicrobial, antioxidant, and anti-inflammatory
properties that facilitate tissue repair and reduce the
risk of infection.

5.7 Anticancer Activity

Recent investigations have explored the anticancer
potential of Bauhinia variegata. Various extracts have
shown cytotoxic effects against selected cancer cell
lines and have demonstrated the ability to inhibit
cellular proliferation. These effects are believed to be
mediated through antioxidant activity, induction of
apoptosis, and modulation of signaling pathways
involved in cell growth.

Although the available evidence is promising, further
studies are required to identify the specific bioactive
compounds responsible for these effects and to
evaluate their clinical significance.

5.8 Nephroprotective Activity
Among the various pharmacological properties of

Bauhinia variegata, nephroprotective activity has
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gained increasing attention. Kidney damage induced
by drugs, toxins, and metabolic disorders is often
associated with oxidative stress, inflammation, and
cellular injury. Experimental studies suggest that
extracts of Bauhinia variegata can protect renal tissues
by reducing oxidative damage, enhancing antioxidant
defenses, and suppressing inflammatory responses.

Sarika More, J. Pharm. Sci., 2026 2(6), 415-429 |Review

The antioxidant constituents present in the plant help
preserve renal cellular integrity and prevent
functional impairment. Furthermore, the anti-
inflammatory effects contribute to the reduction of
tissue injury and support renal recovery. These
findings indicate that Bauhinia variegata may serve as
a promising natural source for the development of
nephroprotective agents.

Table 3. Major Pharmacological Activities of Bauhinia variegata

Pharmacological Activity Proposed Mechanism
Antioxidant Free radical scavenging, inhibition of lipid peroxidation
Anti-inflammatory Suppression of inflammatory mediators and cytokines
Antidiabetic Regulation of glucose metabolism and oxidative stress
Antimicrobial Inhibition of bacterial and fungal growth
Hepatoprotective Prevention of oxidative liver damage
Wound-Healing Enhanced tissue regeneration and repair
Anticancer Induction of apoptosis and inhibition of cell proliferation
Nephroprotective Reduction of oxidative stress and renal inflammation
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6. Nephroprotective Potential of Bauhinia

variegate

The kidneys are very special organs that keep water
and electrolytes in balance, remove metabolic wastes,
control blood pressure and have several endocrine
roles. The kidneys have a high blood flow and a very
active role in the excretion and filtration of substances
and are thus especially susceptible to damage from
drugs, toxins, environmental chemicals and metabolic
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diseases. Nephrotoxicity is a significant health
problem globally and often a factor in the onset and
development of acute kidney injury (AKI) and
chronic kidney disease (CKD). Therefore, the search
that have

renoprotective activity and can help to maintain

for naturally occurring compounds

kidney function has become more and more
important.
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The medicinal plants are emerging as potential
sources of nephroprotective agents due to their rich
phytochemical composition and relatively good
safety. Of these plants, the plant of the genus Bauhinia
variegata has received scientific interest, because of
the presence of many biologically active compounds
and the extensive pharmacological activities. The
extracts from various parts of the plant have been
shown in several studies to have properties that could
be used to prevent or reduce renal damage resulting
from oxidative stress, inflammation and toxic insults.

Oxidative stress plays one of the main mechanisms for
kidney damage. Excessive generation of ROS may be
responsible for lipid peroxidation, protein oxidation,
DNA damage and cellular dysfunction during
nephrotoxicity, a phenomenon that can overwhelm
the body's endogenous antioxidant defenses. These
events lead to renal tissue structure and function
deterioration. The antioxidant constituents of
flavonoids, phenolic compounds, tannins, and so on
in B. variegate suggest that this plant has
nephroprotective effects. These phytochemicals can
neutralize free radicals, lower oxidative load and help
to prevent damage to the cell components.

Experimental studies have shown that antioxidants
found in plants can be very effective for improving
renal health by stimulating the activity of the
endogenous antioxidant enzymes, including those of
superoxide dismutase, catalase and glutathione
peroxidase.

variegata must be further investigated to define the

The nephroprotective effect of B.

mechanism of its protective action, but the available
evidence suggests that the antioxidant activity of B.
variegata may be a key mechanism in the prevention
of nephrotoxic agent-induced kidney injury.

Another important factor which plays a role in renal
damage is inflammation. After exposure to toxic
agents or pathogenic agents, inflammatory mediators
are released which attracts immune cells and further
intensifies the pathological changes. Chronic
inflammation can speed up the progression of kidney
disease and lead to a decrease in the renal tissue's
ability to regenerate. The bio-active components of
Bauhinia variegata have been reported as anti-
inflammatory which might modulate inflammatory

response. The plant may be able to maintain renal
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structure and function by decreasing the production of
pro-inflammatory cytokines and inflammatory cell
infiltration.

Renal injury is one of the most commonly used
experimental models to assess nephroprotective
drugs, with gentamicin being the most widely used
agent to induce renal injury. Gentamicin is taken up
into renal tubular cells where it produces excessive
production of ROS, resulting in oxidative stress,
mitochondrial dysfunction and cell necrosis. The
pathological changes are accompanied by increased
blood urea nitrogen and serum creatinine, both
markers of decreased kidney function. Natural
antioxidants  have  demonstrated  significant
nephroprotective properties in the renoprotection
from gentamicin damage and the phytochemical
profile of the plant Bauhinia variegata indicates that it
might also have similar properties.

The nephroprotective effects of Bauhinia variegata
seems to be of a multifactorial mechanism. The plant
could also show antioxidant and anti-inflammatory
effects and may also have cytoprotective and
membrane stabilizing properties. Cellular membrane
integrity is crucial for proper renal function and for
avoiding leakage of intracellular components. Some
phytochemicals present in the plant might be able to
stabilize biological membranes and decrease their
liability to toxic damage.

Another crucial part of nephroprotection is the
prevention of the programmed cell death or apoptosis,
which is often seen in kidney diseases. High rates of
apoptosis can lead to a loss of functioning renal cells
and impaired renal function. Anti-apoptotic properties
of B. variegata antioxidants are believed to be
mediated by their ability to decrease the oxidative
stress and preserve mitochondrial function. These
effects may play a role in the better survival of renal
cells in pathological conditions.

The renoprotective effect of Bauhinia variegata may
also be mediated through its antidiabetic effects.
Diabetes mellitus is one of the major causes of chronic
kidney disease in the world. The continuous exposure
of kidneys to hyperglycemia results in the onset of
microvascular damage, which is the origin of diabetic
nephropathy.The chronically high blood glucose
oxidative inflammation  and

causes stress,
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microvascular damage in kidneys, ultimately leading
to diabetic nephropathy. The benefits of Bauhinia
variegata could be due to its ability to modulate the
glucose metabolism and to minimise oxidative stress,
preventing renal complications associated with
diabetes.In research work carried out with medicinal
plants, it has been shown that agents which protect the
kidneys in the plant are also effective in reducing the
degrees of tubular degeneration, glomerular damage,
inflammatory infiltration and interstitial edema.
Based on their pharmacological profile, the same
protective effects can be expected after the use of
extracts from Bauhinia variegata. The changes in
renal histopathology,
markers, would be
nephroprotective activity.

along with biochemical
good indications of

Although promising results have been reported, the
majority of the current studies on the nephroprotective
property of Bauhinia variegata is from the preclinical
level. Further research is needed to determine the
effect of these phytoconstituents in protecting the
kidneys and for their long-term safety, as well as for
specific dosage regimens. In addition, clinical trials
are required to verify the efficacy in humans and to
enable its inclusion in evidence-based treatment.From
the available scientific literature, it can be concluded
that Bauhinia variegata has a high nephroprotective
potential in general. It is rich in antioxidant and anti-
inflammatory phytochemical content, has traditional
medicinal  applications and a variety of
pharmacological activities, all of which make it a
potential natural renal protection agent. On-going
studies could potentially help lead to new plant-based
treatments for kidney diseases, prevention, and the

alleviation of kidney toxicity.

7. Renal Protection by Bauhinia variegata -
Mechanisms.

The mechanism of renal protection is an important
factor that needs to be understood for the evaluation
of the therapeutic potential of medicinal plants.
Kidney injury is a multistage process that includes
oxidative stress, inflammation, apoptosis,
mitochondrial dysfunction and cellular damage. The
nephroprotective activities of Bauhinia variegata may
be attributed to its multi-target action against renal
injury pathways due to the combination of its various
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phytochemicals. While additional —mechanistic
investigations are needed, there is some science that
helps to explain how the plant might work to protect.

7.1 Antioxidant Mechanism

Oxidative stress is one of the main causes for the onset
and development of kidney damage. A high amount
of production of reactive oxygen species (ROS) may
overwhelm the antioxidant defense mechanisms of
the body and cause lipid peroxidation, protein
oxidation, DNA damage and cell dysfunction.
Gentamicin is a nephrotoxic drug that is known to
cause oxidative stress that leads to structural and
functional damage in kidney tissue.The Bauhinia
variegata is rich in flavonoids, phenolics, tannins etc.
which have the ability to neutralise free radicals and
diminish oxidative load. These phytochemicals
neutralize the ROS to prevent them from damaging
the cellular components. They can also boost the
activity of antioxidant enzymes like superoxide
dismutase, catalase and glutathione peroxidase, which
help to boost the body's own antioxidant capacity. By
these actions, the plant helps to maintain the redox
balance and to prevent oxidative damage in the renal
cells.

7.2 Anti-inflammatory Mechanism

Kidney disease has a lot to do with inflammation.
Nephrotoxic agents can often induce release of
inflammatory mediators that recruit immune cells to
damaged tissues. This inflammatory reaction can lead
to further deterioration of the tissues and reduced
kidney function.

In different experimental tests bioactive compounds
present in Bauhinia variegata have shown anti-
inflammatory properties. These compounds could
inhibit production of pro-inflammatory cytokines and
decrease infiltration of inflammatory cells into renal
tissues. The plant may help to reduce inflammation,
which can help prevent any further damage to the
tissue and aid in healing of the damaged kidneys.

7.3 Inhibition of Lipid Peroxidation

Lipid peroxidation is defined as the oxidation of
membrane lipids, and is believed to be one of the more
important effects of oxidative stress. The process will
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disrupt the integrity of the membrane, change the
permeability of the cell, and finally cause the cell
death. Renal tubular cells are especially vulnerable to
lipid peroxidation due to their high metabolic activity
and consumption of oxygen.The antioxidant
properties of Bauhinia variegata may help to suppress
the lipid peroxidation process through free radical
scavenging and blocking the chain reaction in lipid
peroxidation. Maintaining the integrity of the
membrane is important for normal cell function and
safeguarding kidney tissues against toxic insults.

7.4 Cytoprotective and Membrane-Stabilizing
Effects

The normal kidney function depends on the integrity
of the cell membrane. The damage can lead to leakage
of intracellular contents, disturbances of intracellular
ion balance and loss of cell viability.he membrane
stabilizing effect of Bauhinia variegata may be due to
the protective effect of phytochemicals on the
phospholipid structure from oxidative damage. This
protective effect will increase the resistance of the
cells to toxic agents and help to maintain the renal
architecture. In specific contexts, such as chronic
oxidative or inflammatory insult to the renal cell, it is
crucial that cytoprotection takes place.

7.5 Anti-apoptotic Activity

One of the important mechanisms involved in
nephrotoxicity and progression of kidney disease is
Apoptosis (programmed cell death). A high rate of
apoptosis will decrease the number of working kidney
cells and affect kidney function. Apoptosis is
mediated by several nephrotoxic agents, which cause
oxidative stress, mitochondrial dysfunction and
activation of the intracellular signaling pathways.

Oxidative stress and mitochondrial stability could
help to mediate the antioxidant activity of Bauhinia
variegata to inhibit the apoptosis. The inhibition of
apoptosis cell death protects the integrity of renal
tissue and helps achieve normal kidney function.

7.6 The Cellular Signalling Pathways are
controlled by modulation.

A variety of pathological mechanisms related to
kidney injury are controlled by intricate cellular
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signaling pathways. Signaling cascades as a result of
oxidative stress and inflammation have effects on
gene expression, cytokine production, and cell
survival. Medicinal plants contain phytochemicals
that can affect these pathways and their activity. While
further studies are still underway, the presence of
bioactive substances in Bauhinia variegata leaves
could potentially affect pathways related to oxidative
stress and inflammatory responses. This modulation
might help to minimize tissue damage and increase
cell adaptability to pathological situations.

7.7 Drug Induced Nephrotoxicity Prevention

Nephrotoxicity is an important concern in the clinic
regarding drug-induced nephrotoxicity. Significant
renal damage has been induced by medications like
aminoglycoside antibiotics, chemotherapeutic agents
and nonsteroidal anti-inflammatory drugs in an
oxidative and inflammatory manner.

The pharmacological activity of Bauhinia variegata
indicates that it could potentially be used to prevent
kidney damage caused by drugs through the
mechanisms of free radical scavenging, anti-
inflammatory, stabilizing and renal
protecting effects. These protective effects may be

membrane

useful to reduce the structural damage and recovery
after nephrotoxic substance exposure.

8. Experimental evidence of the Nephroprotective
Activity of Bauhinia variegata

Traditional validation of medicinal plants through
scientific studies can facilitate the determination of
their therapeutic relevance and possible clinical use.
Recently, there has been a growing focus on assessing
plant-derived ingredients as protective agents against
renal injury. The studies focused on the
nephroprotective effects of Bauhinia variegata are
still very limited compared to those of other medicinal
plants, but the available experimental data and its well
established pharmacological effects suggest that it
could be a promising plant for renal protection.

Preliminary experimental studies on different extracts
of Bauhinia variegata have shown both antioxidant
and anti-inflammatory activity, which are basic
mechanisms underlying nephroprotective properties.
Treatment with plant extracts demonstrated the ability
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to decrease oxidative damage, increase antioxidant
enzyme activity and maintain tissue architecture in
experimental models of organ toxicity. The result
indicated that Bauhinia variegata might be beneficial
in safeguarding the renal tissues against toxic agents
and pathological conditions.Animal models continue
to be the most commonly used method to test
nephroprotective  agents. In  such  studies,
nephrotoxicity is usually induced by chemicals or
drugs that are known to be toxic to the kidneys such
as gentamicin, cisplatin, paracetamol and heavy
metals. Plant extracts are then evaluated for their
preventive/reversive potential against biochemical,
hematological and histopathological changes in
kidney damage.

A key parameter of nephroprotective activity is the
normalisation of renal function parameters. High
blood urea nitrogen and blood -creatinine are
hallmarks of poor renal function. The antioxidant
activity of the extract of these medicinal plants has
been consistently shown in experimental studies to
significantly decrease these markers and hence
improve glomerular filtration and renal function.
Bauhinia variegata has a similar phytochemical
makeup and has significant potential to impart similar
benefits.Oxidative stress markers are also often
assessed in nephrotoxicity studies as well as
biochemical parameters. Renal injury is characterized
by elevated lipid peroxidation and the fall in
endogenous antioxidants. Extracts of Baubhinia
variegata have been shown to exert antioxidant
properties and to limit the oxidative damage in several
experimental systems. The results obtained support
indirectly its nephroprotective efficacy and indicate
the central role of antioxidant mechanisms as a

mechanism of renal protection.

Another important aspect of nephroprotective studies
is  histopathological examination. Histological
examination of the kidney can be done on a
microscopic level to determine structural changes
including tubular degeneration, glomerular damage,
inflammatory infiltration, necrosis and interstitial
edema. This pathological changes shall be reduced by
protective agents and normal renal architecture shall
be preserved. The antioxidant and anti-inflammatory
properties of Bauhinia variegata suggest its ability to
reduce tissue damage and facilitate tissue healing after
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toxic exposure.In several studies conducted on
medicinal plants that are rich in flavonoids and
phenolics, the authors observed marked improvement
in renal histopathology, which included restoration of
tubular integrity and reduction in inflammatory
lesions. Due to the presence of comparable
phytochemicals, it would be reasonable to suggest
that Bauhinia variegata could have similar protective
effects. Nevertheless, additional studies need to be
conducted with specific nephrotoxicity models to
confirm its effectiveness in those models.

The nephroprotective activity of Bauhinia variegata is
also reinforced with the reported antidiabetic and
hepatoprotective  activities. Diabetes is often
accompanied by elevated oxidative stress and
systemic inflammation, which are known factors of
renal injury, and liver dysfunction is also linked with
these two factors.Renal dysfunction is often
associated with elevated systemic inflammation and
increased oxidative stress, both of which are
associated with diabetes, and liver dysfunction is also
associated with these two factors. The plant's ability
to balance metabolism and lower oxidative stress can
indirectly promote kidney health and ward off kidney-
related problems.

In recent years, the importance of phytopharmacology
in identifying the individual bioactive compounds
with therapeutic effect has been highlighted.
Biological activities of some constituents which have
been isolated from Bauhinia variegata have been
shown to be relevant to nephroprotection. Further
research on these compounds could aid in the
development of standardisation of formulations, as
well as increase knowledge of how these compounds
act.

While there are some positive results, there are certain
drawbacks. There is limited evidence available from
preclinical studies and extensive clinical work is
lacking. The outcome of studies can also vary
depending on how the plants are extracted, dosages,
experimental design, etc. Thus, further studies are
needed to provide standardized procedures and to
assess the safety and efficacy of Bauhinia variegata in
humans.
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9. The Need for New Research and the Safety and
Toxicological Considerations of Existing Studies

Interest in medicinal plants as alternative therapeutic
agents has grown, and there is a need to
comprehensively their safety and
toxicological profile. Bauhinia variegata is a century-
old traditional medicine plant and is safe for general
use, but scientific evaluation of its toxicity is still
necessary in order to achieve its widespread
therapeutic use. Because of the chronicity of some
health issues like kidney diseases, it is very important
to assess the safety of herbals to be used for extended
periods.The potential for safety of Bauhinia variegata

evaluate

has been suggested as relatively favorable based on
traditional use in various traditional and modern
systems of medicine. Leaves, bark, flowers and
flower buds of the plant have been used medicinally
or as food, and there has been no report of any serious
adverse effects. The flower buds are generally
accepted and appear to be non-toxic in moderate
quantities and are used as a vegetable in several parts
of India.

In experimental toxicological studies, plant extracts of
Bauhinia variegata have been shown to be generally
safe at therapeutic doses. Laboratory animal tests of
acute toxicity have indicated low death rates and little
behavioral abnormalities after intake of plant extracts.
The results indicate a fairly high margin of safety but
toxicity may depend on the method of extraction,
plant part employed, dose, period of exposure, and
mode of administration. Although these products seem
safe, the risks of consuming too much of a herbal
product could still exist. In some cases, high doses of
phytochemicals may have unwanted side effects,
especially if taken long-term. Some bioactive
compounds can interact with metabolic enzymes,
affect drug absorption,
functions. Thus, caution should be exercised when
standardizing doses so that they are effective and safe.

or affect physiological

Herb-drug interactions are another important factor to
take into consideration. Patients suffering from
kidney disease are prescribed many drugs such as
anti-hypertensive, anti-diabetic, anti-bacterial and
anti-diuretic drugs. Theoretically, phytochemicals
found in Bauhinia variegata can affect the

pharmacokinetics or pharmacological actions of these
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drugs. As of yet, documented interactions are sparse
but healthcare professionals need to be cautious of
concurrent use of herbal with conventional therapies.

Another significant hurdle in herbal medicine
research is its quality control. The phytochemical
content of medicinal plants can be influenced by
geographical variation, climatic factors, period of
harvesting, soil texture, and extraction methods.
Therefore, therapeutic activity and safety of the
various preparations of Bauhinia variegata can vary.
Standardisation of plant material and extraction
procedures is thus critical to ensure reproducibility of
results.One major drawback of existing studies is that
only a few studies focused on the nephroprotective
effects of Bauhinia variegata. Although many studies
have shown its antioxidant, anti-inflammatory,
antidiabetic, and hepatoprotective effects, there is
only limited data existing on renal protection. The
information available is mostly from the indirect
observations and based on the biological activities of
the phytoconstituents found in it, which are derived
from preclinical investigations.

In addition, many experimental studies have small
sample sizes and brief treatment periods, and may
have limited applicability. Comparing studies may be
difficult to do because of inter-species differences,
different nephrotoxicity models, different extraction
methods, and different dosage regimens. The
methodological variations emphasize the need for
standardized  experimental  procedures.Another
important research gap is the lack of detailed
mechanistic ~ studies.  Antioxidant and anti-
inflammatory mechanisms are thought to be major
mechanisms involved in nephroprotection, but the
exact molecular pathways are not fully understood.
The elucidation of the exact mechanism of action of
the identified active compounds in the plant and the
understanding of its therapeutic potential would be

greatly improved.

Perhaps most important, there are no well-designed
clinical trials. The medicinal effects of Bauhinia
variegata have been mostly studied in the laboratory
and on animals. There are few human trials to assess
the effectiveness, safety, pharmacokinetics and long-
term effects of its use. Clinical investigations are
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crucial to bring the promising preclinical results into
the clinical realm and into therapeutic applications.

Chronic toxicity, reproductive toxicity, genotoxicity
and detailed pharmacokinetic studies should be
conducted in future toxicological assessment. These
would be helpful for safety information on long-term
administration of these as well as evidence based
dosage recommendations.Based on current evidence,
the safety of Bauhinia variegata can be considered
relatively good and there is little evidence of adverse
effects. However, additional toxicological research
and clinical trials are needed to establish its long-term
safety and efficacy. Research gaps related to the
development of Bauhinia variegata as a scientifically
proven nephroprotective agent will be essential.

10. CONCLUSION

Bauhinia variegata is a medicinal plant that has been
used for hundreds of years in traditional medicine.
The plant contains various bioactive phytochemicals,
such as flavonoids, phenolic compounds, tannin,
saponin, glycosides, and terpenoids, supporting its
ability to have many pharmacological activities. The
scientific studies have shown that Bauhinia variegata

possesses considerable antioxidant, anti-
inflammatory, antidiabetic, antimicrobial,
hepatoprotective, wound healing, and

nephroprotective activity. Many of its traditional
therapeutic uses are scientifically supported by these
biological activities, and suggest its potential as a
source of natural medicine agents.

From the available evidence, the nephroprotective
properties of B. variegata seem to be related to its anti-
oxidative, anti-inflammatory, anti-cytotoxic and
maintaining renal structure and function properties.
The results are encouraging, but the majority of
research carried out to date consisted of preclinical
studies, and additional research is needed to isolate
bioactive ingredients, uncover molecular
mechanisms, standardise herbal preparations, and
The lack of
adequate experimental and clinical studies in the
future will be crucial for assessing its therapeutic

confirm the clinical effectiveness.

potential and for the safe, effective and evidence-
based development of nephroprotective formulation.
In general, B. variegata is a significant natural
resource for protecting the kidneys and seems to be
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useful in the prevention and management of kidney
diseases in the future.
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