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Abstract

Bauhinia racemosa is an important yet underexplored medicinal plant traditionally used in various indigenous healing
systems for the treatment of inflammation, infections, pain, and metabolic disorders. This review comprehensively
summarizes the botanical characteristics, ethnopharmacological relevance, phytochemical composition, and
pharmacological activities of Bauhinia racemosa. The plant is known to contain several therapeutic chemical constituents
including flavonoids, alkaloids, phenolics, terpenoids, tannins, steroids, and glycosides, which contribute to its wide-
ranging biological activities.
Recent studies highlight its potential antimicrobial, antioxidant, anti-inflammatory, hepatoprotective, antidiabetic,
analgesic, and anticancer properties, supporting its traditional use. Despite its medicinal significance, scientific evidence
on toxicity, molecular mechanisms, and clinical applications remains limited. This review aims to bridge the knowledge
gap by presenting a detailed, evidence-based understanding of Bauhinia racemosa, emphasizing its potential for future drug
development and pharmacological research.
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2. Introduction

Medicinal plants have been an integral component of traditional healing systems for centuries, offering therapeutic
benefits through their diverse chemical constituents. Among these, Bauhinia racemosa stands out as a lesser-known but
pharmacologically promising species utilized in various indigenous medicinal practices (Sharma et al., 2020). The growing
interest in its ethnomedicinal use has encouraged researchers to explore its phytochemical profile and biological potential.

Bauhinia racemosa is traditionally employed for the management of inflammation, microbial infections, pain,
gastrointestinal disorders, wounds, and metabolic disturbances, reflecting its broad therapeutic spectrum (Kumar & Rao,
2021).
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Local tribes and practitioners have relied on its leaves, bark, and roots for preparing decoctions, pastes, and extracts to
treat both acute and chronic conditions. Such wide-ranging traditional claims indicate the presence of bioactive principles
that justify scientific investigation.

Pharmacognostically, Bauhinia racemosa contains various classes of secondary metabolites, including flavonoids,
alkaloids, terpenoids, phenolics, tannins, saponins, and glycosides, which are known to exhibit potent medicinal effects
(Patil et al., 2022). These phytochemicals have been associated with multiple biological activities such as antioxidant, anti-
inflammatory, hepatoprotective, antimicrobial, analgesic, antidiabetic, and cytotoxic effects, making the plant a promising
subject for phytopharmaceutical research (Singh et al., 2023).

In recent years, scientific advancements in phytochemical screening, chromatographic analysis, and bioassay-guided
fractionation have enabled a deeper understanding of the chemical components and therapeutic potential of traditional
medicinal plants (Chaudhari & Borse, 2023). However, literature on Bauhinia racemosa remains limited and scattered,
emphasizing the need for a comprehensive review that consolidates its pharmacognostic characteristics, chemical profile,
and biological activities.

This review therefore aims to provide an evidence-based overview of Bauhinia racemosa, highlighting its botanical
identity, ethnopharmacological relevance, phytochemical diversity, and pharmacological significance. Furthermore, the
review underscores research gaps, including insufficient toxicological data and lack of clinical validation, which must be
addressed to advance its development as a potential therapeutic agent.

3. PHYTOCHEMICAL PROFILE OF BAUHINIA RACEMOSA

Bauhinia racemosa contains a rich spectrum of secondary metabolites responsible for its therapeutic potential.
Extensive phytochemical investigations reveal the presence of alkaloids, flavonoids, glycosides, steroids, saponins, tannins,
and phenolic compounds. Each plant part—Ieaves, bark, seeds, and roots—exhibits a distinct metabolic fingerprint.

3.1 Phytochemical Constituents Identified in Different Plant Parts
3.1.1 Leaves
Leaves are abundant in phenolic compounds and antioxidants.

e Flavonoids (quercetin, kaempferol, rutin)

e Tannins and phenolic acids

e Terpenoids and steroids

¢ Saponins

e Ascorbic acid and amino acids

e Fixed oils

3.1.2 Bark

Bark extracts show a high presence of:
e Tannins (gallic acid derivatives)
e Lignans
o Alkaloids
o Triterpenoids
e Polyphenols

3.1.3 Seeds

Seeds are nutritionally rich and medicinally valuable.
o Essential fatty acids (oleic, linoleic, palmitic acids)
e Sterols
e Vitamin E
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e Fixed oil

e Phenolic antioxidants

3.1.4 Roots
The root contains:
o Steroids
o Alkaloids
e Glycosides
e Phenolic acids
¢ Resinous compounds

3.2 Table: Major Phytochemicals of Bauhinia racemosa

Plant Part Major Phytochemicals Pharmacological Role

Leaves Flavonoids, terpenoids, phenolics, tannins  Antioxidant, anti-inflammatory
Bark Alkaloids, lignans, triterpenoids Astringent, antimicrobial

Seeds Essential fatty acids, sterols, Vit E Nutritional, cardioprotective
Roots Steroids, glycosides, alkaloids Tonic, anti-inflammatory

3.3 Mechanistic Insights into its Phytochemistry
Antioxidant Mechanism

¢ Donation of hydrogen atoms

e Free radical scavenging

¢ Metal ion chelation

¢ Modulation of oxidative enzymes
Anti-inflammatory Mechanism

e Inhibition of COX and LOX pathways

e Suppression of NF-kB activation

¢ Reduction in cytokine release
Antimicrobial Mechanism

¢ Cell membrane disruption
e Protein denaturation
e Inhibition of microbial enzymes
4. PHARMACOLOGICAL ACTIVITIES OF BAUHINIA RACEMOSA
Extensive pharmacological evaluations have demonstrated that Bauhinia racemosa exhibits a wide range of biological
activities attributed to its phytochemical richness. The plant has been traditionally used in Ayurveda and Siddha, and modern
research supports many of these therapeutic claims.

4.1 Antioxidant Activity
Bauhinia racemosa contains abundant flavonoids and phenolic compounds that act as natural antioxidants.

Mechanisms

o Free radical scavenging (DPPH, ABTS assays)

¢ Inhibition of lipid peroxidation

¢ Upregulation of endogenous antioxidants (SOD, CAT, GPx)

» Metal ion chelation and prevention of oxidative damage
Evidence
Seed and leaf extracts showed strong antioxidant potential comparable to standard antioxidants like ascorbic acid.
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4.2 Anti-inflammatory Activity
The bark and leaves possess compounds that reduce inflammation.
Mechanisms
¢ Inhibition of pro-inflammatory mediators (TNF-a, IL-6)
e Suppression of prostaglandin synthesis via COX inhibition
¢ Reduction of nitric oxide production
Observations
Ethanolic extracts significantly lowered paw edema in animal models.

4.3 Antimicrobial Activity
Extracts from seeds and bark have shown notable antimicrobial properties.
Active Components
e Phenolics
¢ Tannins
o Fatty acids
o Sterols
Activity Spectrum
e Antibacterial: E. coli, P. aeruginosa, S. aureus
o Antifungal: Candida albicans, Aspergillus species
Mechanisms
¢ Disruption of microbial cell membrane
¢ Enzyme inhibition
e DNA interference

4.4 Antidiabetic Activity
Recent studies suggest the plant may help regulate blood glucose.
Mechanisms

e a-Amylase and a-Glucosidase inhibition

¢ Enhancement of insulin sensitivity

e Protection of pancreatic B-cells

 Antioxidant support reducing oxidative damage in diabetics

Observation
Seed extract significantly reduced fasting blood glucose in diabetic animal models.

4.5 Wound Healing Activity
Traditionally used as a wound-healing agent..
Mechanisms
¢ Promotion of collagen formation
¢ Antimicrobial effects preventing infection
¢ Anti-inflammatory support
¢ Enhanced epithelialization

4.6 Hepatoprotective Activity

The plant exhibits liver-protecting effects.

Mechanisms
¢ Reduction of liver enzyme levels (AST, ALT, ALP)
 Restoration of antioxidant levels in hepatic tissue
e Prevention of toxin-induced liver damage
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4.7 Table: Summary of Pharmacological Activities

Activity Plant Part Used Mechanism / Observations

Antioxidant Leaves, seeds Free radical scavenging, lipid peroxidation inhibition
Anti-inflammatory Bark, leaves COX inhibition, cytokine suppression

Antimicrobial Bark, seeds Cell membrane disruption, enzyme inhibition
Antidiabetic Seeds n-Glucosidase inhibition, -cell protection

Wound healing Leaves, bark Collagen synthesis, antimicrobial protection
Hepatoprotective  [eaves Reduction in liver enzymes, antioxidant action

5. TRADITIONAL AND ETHNOBOTANICAL USES OF BAUHINIA RACEMOSA
Bauhinia racemosa has played an important role in traditional medicinal systems across India, particularly in Ayurveda,
Siddha, Unani, and local tribal healthcare practices. Historically, different parts of the plant—bark, leaves, seeds, and
roots—have been used to treat a variety of ailments (Sharma et al., 2019).
5.1 Use in Ayurveda and Classical Texts
Ayurvedic literature describes Bauhinia racemosa (commonly referred to as “Char” or “Achar”) as possessing kashaya
(astringent) and sheeta (cooling) properties. It is traditionally indicated for:
o Skin disorders
e Inflammatory conditions
e Wound healing
e Urinary disorders
¢ General debility
The herb is often included in multi-herbal formulations intended for blood purification and strengthening tissues (Nadkarni,
2020).

5.2 Tribal and Folk Uses
Indigenous communities across Madhya Pradesh, Chhattisgarh, Odisha, and Jharkhand extensively use the plant in primary
healthcare.
Common ethnomedicinal applications:
e Seed oil is applied to cracked skin, wounds, and burns (Rawat & Mishra, 2021)
e Leaf paste is used for skin infections, rashes, and insect bites
e Bark decoction is consumed for diarrhea and dysentery
¢ Root extract is used as an analgesic for joint pain
¢ Powdered seeds are used as a nutritional supplement
These practices highlight its functional versatility in community medicine.

5.3 Medicinal Uses Reported in Recent Surveys
Recent ethnobotanical field studies emphasize additional traditional practices:
o Treatment of cough, bronchitis, and respiratory irritation
¢ Management of diabetes and metabolic weakness (Singh et al., 2022)
o Topical application for eczema and dermatitis
¢ Oral decoction for urinary tract infections
Traditional healers often combine Bauhinia racemosa with other herbs, suggesting potential synergistic effects.
5.4 Table: Traditional Uses of Bauhinia racemosa

Plant Part [raditional Use Source / Evidence
Seeds Healing wounds, skin nourishment Rawat & Mishra, 2021
Bark Diarrhea, fever, inflammation Sharma et al., 2019
Leaves Skin infections, insect bites Singh et al., 2022
Roots Analgesic for pain Nadkarni, 2020

Seed oil Moisturizer, burn treatment Rawat & Mishra, 2021
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5.5 Significance of Ethnobotanical Knowledge
The extensive use of B. racemosa in traditional medicine strongly supports its pharmacological potential.
Documentation of indigenous knowledge is crucial because:
o [t helps identify new bioactive compounds
e Preserves cultural knowledge
¢ Guides scientific research toward validated therapeutic applications (Kumar & Rao, 2023)
Traditional uses often correlate with modern pharmacological findings, indicating a promising future for this plant in drug
discovery.
6. TOXICITY PROFILE AND SAFETY EVALUATION OF BAUHINIA RACEMOSA
Safety assessment is a critical component in the development of any medicinal plant for therapeutic use. Although
Bauhinia racemosa has been traditionally used for centuries, modern toxicological studies are necessary to validate its
safety, identify potential risks, and establish safe dosage ranges. The available literature suggests that the plant is generally
safe, but scientific evidence is still evolving (Patel et al., 2021).

6.1 Acute Toxicity Studies
Acute toxicity studies are conducted to evaluate immediate harmful effects following the administration of a single high dose.
Findings
e Ethanolic and aqueous extracts of B. racemosa seeds and bark showed no mortality or behavioral abnormalities up to
2000 mg/kg in rodent models (Shinde et al., 2020).
¢ No signs of toxicity such as convulsions, salivation, respiratory distress, or abnormal locomotor activity were observed.
e The LDso (median lethal dose) was estimated to be greater than 2000 mg/kg, indicating low acute toxicity (Rathod &
Jadhav, 2022).
Implication
Based on OECD guidelines, extracts with LDso > 2000 mg/kg fall into the “low toxicity” category, suggesting the plant is
relatively safe in acute exposure conditions.

6.2 Sub-Acute and Sub-Chronic Toxicity
Repeated-dose toxicity studies are essential to determine physiological changes that may occur due to prolonged exposure.
Results from 28-day and 90-day studies
¢ No significant alterations in hematological parameters such as RBC count, WBC count, hemoglobin levels, and platelet
count (Kumar & Singh, 2021).
e Liver function markers (AST, ALT, ALP) and renal markers (creatinine, urea) remained within normal limits.
¢ No histopathological abnormalities were observed in vital organs like liver, heart, kidney, or spleen (Mishra et al.,
2022).
e Mild gastrointestinal irritation was reported at very high doses (>1500 mg/kg), but this was not considered
toxicologically significant.
Implication
These results indicate that B. racemosa extracts are safe for sub-chronic use, making them suitable for potential therapeutic
formulations.

6.3 Phytochemical-Related Toxicity Considerations
Although the plant contains several beneficial phytochemicals, certain compounds may induce toxicity if consumed in
excessive quantities.
Potential toxic components
e Saponins may cause gastric irritation in high doses
e Tannins may interfere with iron absorption
o Alkaloids in extremely high concentrations may affect neurological function
However, the concentration of these compounds in B. racemosa is generally low, and traditional usage suggests minimal risk
(Joshi et al., 2020).
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6.4 A‘ifergenicity and Dermatological Safety

Traditional healers often apply leaf paste externally for skin conditions, indicating good skin compatibility.
Scientific Observations
o Patch-test studies showed no sensitization, dermatological irritation, or allergic reactions when applied topically
(Sahu & Patel, 2021).
¢ No cases of contact dermatitis or skin hypersensitivity have been documented in ethnobotanical reports.

6.5 Reproductive and Developmental Toxicity
Data on reproductive toxicity is limited; however:
e Preliminary animal studies indicate no negative effect on fertility, gestation, or fetal development at therapeutic doses
(Nair et al., 2022).
¢ More research is needed to confirm safety in pregnancy and lactation.

6.6 Genotoxicity and Mutagenicity
Evaluations using gene mutation tests, chromosomal aberration assays, and micronuclei tests revealed:
¢ No mutagenic or genotoxic effects at standard extract concentrations (Bhatt & Mehta, 2021).
¢ High concentrations (>2000 mg/kg) may produce mild chromosomal changes, although not statistically significant.

6.7 Table: Summary of Toxicity Findings

Iype of Toxicity Dbservations References

Acute toxicity LDso > 2000 mg/kg, no mortality Shinde et al., 2020
Sub-chronic Normal liver, kidney, hematological values Kumar & Singh, 2021
Allergenicity No skin irritation or hypersensitivity Sahu & Patel, 2021
Genotoxicity No mutagenic or DNA-damaging effects Bhatt & Mehta, 2021
Reproductive toxicity No adverse pregnancy outcomes Nair et al., 2022

6.8 Overall Safety Assessment
The accumulated scientific evidence indicates that Bauhinia racemosa is safe for both short-term and long-term therapeutic
use within recommended dosage limits. Its traditional usage further supports its favorable safety profile. However, gaps
remain in comprehensive clinical toxicity data, necessitating future studies on:
e Human toxicity trials
¢ Long-term reproductive studies
¢ Herb—drug interaction evaluations
o Standardization of safe dosage ranges
Thus, while current evidence supports its safety, rigorous clinical evaluation is essential before its widespread incorporation
into pharmaceutical formulations.
8. CONCLUSION
Bauhinia racemosa is a highly valuable yet underexplored medicinal plant possessing a rich ethnopharmacological
background and significant therapeutic potential. The comprehensive review of available literature reveals that the plant is
endowed with a diverse spectrum of bioactive phytochemical constituents—including flavonoids, tannins, phenolics,
alkaloids, saponins, steroids, glycosides, and essential fatty acids—which collectively contribute to its broad
pharmacological activities (Sharma et al., 2019; Joshi et al., 2020).
Modern pharmacological research validates many of its traditional claims, demonstrating potent antioxidant, anti-
inflammatory, antimicrobial, antidiabetic, hepatoprotective, analgesic, and wound-healing properties. These findings
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suggest that the plant holds strong potential for use in phytotherapeutics and natural drug development (Patel et al., 2022;

Kumar & Rao, 2023).

Toxicity studies indicate that B. racemosa extracts are generally safe in acute, sub-chronic, and topical applications,
with LDso values exceeding 2000 mg/kg and no significant organ damage or biochemical alterations (Shinde et al., 2020;
Rathod & Jadhav, 2022). Although its traditional use spans centuries, scientific evaluation remains relatively limited; hence,
more rigorous clinical trials, standardized extract formulations, and molecular mechanism studies are needed to fully
establish its therapeutic efficacy.

Overall, Bauhinia racemosa stands as a promising medicinal resource with substantial pharmacognostic, therapeutic,
and industrial potential. Bridging the gap between traditional knowledge and modern scientific validation could lead to the
development of novel, safe, and effective plant-based medicines in the future.
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