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ABSTRACT

Tephrosia purpurea (Fabaceae) is a widely used medicinal plant in traditional systems of medicine, known for its diverse therapeutic applications. This
review comprehensively summarizes the pharmacological activities of T purpurea, highlighting its hepatoprotective, anti-diabetic, anti-cancer, anti-
ulcer, anti-inflammatory, antimicrobial, anthelmintic, antioxidant, and wound-healing properties. The broad spectrum of biological effects is primarily
attributed to its rich phytochemical composition, including flavonoids, phenolic, rotenoids, alkaloids, and glycosides, which act synergistically to
modulate multiple biochemical pathways. Preclinical studies further demonstrate its potential in cardiovascular protection, cataract prevention, and
lipid regulation. The evidence supports T purpurea as a promising source of bioactive compounds for the development of novel, safe, and cost-
effective therapeutic agents. However, further pharmacokinetic, toxicological, and clinical studies are needed to standardize active constituents,
elucidate mechanisms of action, and confirm safety and efficacy for therapeutic use. The bioactive constituents of T. purpurea, particularly karanjin
and deguelin, show significant potential for the development of multitarget therapies, especially for metabolic and inflammatory disorders. Further
research is needed to fully explore their pharmacological efficacy and therapeutic applications.
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INTRODUCTION

Over the past 5 years, drug discovery has increasingly focused
on herbal medicines to address challenges such as antimicrobial
resistance, chronic diseases, and the limitations of single-target
drugs. Plant-derived natural products offer unique chemical scaffolds
and multifunctional bioactive mixtures with favorable safety and
cultural acceptance [1,2]. Recent studies highlight their promising
antimicrobial, antivirulence, and antibiofilm effects against multidrug-
resistant pathogens, yet only a small fraction of medicinal plants have
been thoroughly investigated [3].

Fabaceae plays a crucial role in the management and cure of a wide
variety of diseases due to its rich diversity of bioactive compounds
and high medicinal value. Many species in this family are integral
to traditional and ethnomedicinal practices worldwide, serving as
primary healthcare resources, especially in marginalized and rural
communities. The therapeutic versatility of Fabaceae is attributed
to phytochemicals such as alkaloids, flavonoids, saponins, tannins,
and polyphenols, which impart analgesic, anti-inflammatory,
anticancer, antidiabetic, antimicrobial, antioxidant, antiproliferative,
healing, cardioprotective, and antiulcerogenic. Distinct genera such
as Indigofera, Senna, Albizia, Rhynchosia, and Vachellia are widely
recognized for managing gastrointestinal, respiratory, reproductive,
and infectious conditions [4,5].

Tephrosia purpurea (L.) Pers., also called “Sarapunkha,” is a plant
referenced in classical Ayurvedic literature. Tephrosia species have
traditionally been used by indigenous cultures as fish toxins. Several
species of Tephrosia are also medicinally significant and are found
across the globe [6].

T purpurea has a long history of ethnopharmacological use, as
documented in ancient texts. It is a key ingredient in herbal remedies
such as Tephroli and Yakrifti, commonly used to treat liver disorders.
Known for its efficacy in treating inflammation and liver and spleen
enlargement, the plant has also been traditionally used to address
impotence, gonorrhea, asthma, gastrointestinal issues, and diseases of
the heart, blood, and kidneys. In addition, it is used to alleviate pain,
inflammation, and prevent vomiting [7].

Although T purpurea has a long history of use in traditional medicine,
there is limited scientific research on its chemical components and
their molecular mechanisms. While T purpurea has shown promising
therapeutic potential based on traditional uses and anecdotal evidence,
rigorous preclinical and clinical studies are still needed to scientifically
validate these claims. There is also a lack of standardized methods for
isolating and characterizing the plant’s bioactive compounds, especially
those that target metabolic, inflammatory, and infectious diseases.
Most current research has focused on individual compounds, but the
synergistic interactions between these compounds within the whole
plant have not been fully explored. In addition, more extensive research
is needed to assess the safety, toxicity, and pharmacokinetics of
T. purpurea preparations to support their clinical use. Addressing these
gaps is crucial for translating its traditional therapeutic applications
into evidence-based treatments for modern medicine.

METHODS

The phytopharmacological data were sourced from research and review
articles accessed through Google Scholar, Scopus, Web of Science,
PubMed, ScienceDirect, and Springer, as well as authoritative texts
including “The Flora of Orissa,” “Indian Medicinal Plant,” “Compendium
of Indian Medicinal Plants,” and similar references.
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TAXONOMY AND IDENTIFICATION OF T. PURPUREA

Scientific classification
Family: Fabaceae
Subfamily: Faboideae
Scientific name: T. purpurea
Genus: Tephrosia

Order: Fabales

Kingdom: Plantae.

Morphological description

T purpurea is a perennial herb or subshrub that may grow erect or
trail along the ground, reaching heights of up to 50 cm. It is commonly
found throughout the Indo-Malesian region, with particularly dense
populations in the Himalayas and the Western Ghats. The plant exhibits
an extended flowering and fruiting season, typically from March
through October. Detailed morphological descriptions are presented in
Table 1 [8,9].

Microscopical description

The transverse section of the mature root of T. purpurea exhibits a well-
defined periderm composed of 6-10 layers of cork cells, 2-4 layers of
phelloderm, and several layers of cortex. The cork cells are tangentially
elongated and suberized, while the phelloderm consists of thin-walled
parenchymatous cells containing starch grains and calcium oxalate
crystal prisms. The cortex also contains parenchyma with similar
crystal inclusions and starch grains. Groups of thick-walled pericyclic
fibers are positioned at the lower cortex, with thick-walled fibers
present singly or in clusters within the phloem. Calcium oxalate crystals
and starch grains are abundant in the medullary rays, and xylem vessels
are found singly or in small groups, some showing reticulate thickening.
These microscopic features serve as important diagnostic markers for
species identification and differentiation. Microscopic examination of
the powder revealed the presence of phloem fibers, concentric starch
grains, pitted and border-pitted xylem vessels, reticulate xylem vessels,
crystal fibers, and groups of cork cells [10].

Ethnopharmacology of T. purpurea
The ethnomedicinal investigation revealed that T. purpurea is employed
by tribal and local communities to alleviate various health issues and
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disorders. Table 2 represents various health issues along with their
corresponding indications [6,11].

Chemical constituents of T. purpurea

The aerial parts of T purpurea contained a variety of compounds,
including aromatic esters, terpenoids, phytosterols, fatty acids,
methyl ketones, and steroids. The compounds exhibited; 2-propenoic
acid, 3-(4-(acetyloxy) -3-methoxypheny)-3(4-actyloxy)-3-
methoxyphenyl)-2-propenyl ester, sesquiterpene, Stigmasta-5,24(28)-
dien-3-ol, (3(3,24Z)-, Ethyl iso-allocholate, docosahexaenoic acid,
1,2,3-propanetriyl ester, 10,13-Eicosadienoic acid, methyl ester,
docosanoic acid nonyl ester, 2-Tridecanone, pentacosanoic acid, methyl
ester, n-Hexadecanoic acid, phytol, 9,12,15-Octadecatrienoic acid,
(Z, Z, Z)-, 2-Benzoylamino-3-(p-tolyl-)-N, N-dimethyl-propenamide,

psi., psi. -Carotene, 7,7°8,8,11,11°,12,12’15,15’-decahydro,
trimethylsilyl ~ (5E,13E)-9,11,15-tris[(trimethylsilyl) oxy] prosta-
5,13-dien-1-oate #, Docosanoic acid, 1,2,3-propanetriyl ester,

Pregnane-12,18,20-triol, 18,20-isopropylidene-3,3-ethylenedioxy,
Phytol, Demeclocycline, Hyocholic acid, Xanthophyll, 4a-Phorbol
12,13-didecanoate, octadecane, 1,1’-[1,3-propanediylbis(oxy)] bis,
25-Norisopropyl-9,19-cyclolanostan-22- en-24-one,3-acetoxy-24-
phenyl-4,4,14- trimethyl, and 7,8,12-Tri-O-acetyl-3-desoxy-ingol-3-
one. These compounds exhibited pharmacological activities such as
anti-inflammatory, antioxidant, antimicrobial, antitumor, antidiabetic,
hepatoprotective, anticancer, antiulcer, antiasthmatic, antispasmodic,
analgesic, antihyperlipidemic, anticonvulsant, antifungal, anti-allergic,
antipyretic, and wound healing effects. Notably, sesquiterpene and
n-hexadecanoic acid displayed broad-spectrum effects, including
antimalarial, antiplasmodial, and anti-arthritic activities. Compounds
such as stigmasterol, pentacosanoic acid methyl ester, and phytol
revealed multitarget activities relevant to metabolic, inflammatory,
infectious, and degenerative diseases (Table 3).

Chemical profiling of the flower identified two main compounds:
delphinidin, a polyphenolic compound, and cyanidin chloride, a
flavonoid. Delphinidin exhibited anti-inflammatory, antioxidant, anti-
mutagenesis, and antiangiogenic activities, while cyanidin chloride
showed antioxidant and anti-inflammatory effects (Table 3).

Table 1: Morphological characteristics of Tephrosia purpurea

Parts Description Shape Size
Leaves The leaves contain 7-15 leaflets Obovate to narrowing 1-2.8x0.3-1 cm
oblanceolate, base
cuneate, apex blunt,
notched or truncate.
Flowers Flowers are papilionaceous, pink to purplish in color. - Standard length 7
mm, Pedicels 3-4
mm, bracts 2 mm
Calyx The calyx is described as being covered with velvety or hispid (bristly) hairs and Tapering to a sharp point 3-4 mm long
possesses five teeth that may be equal or slightly unequal in length, with the lower
tooth typically being longer and narrower than the others.
Corolla The corolla displays a papilionaceous structure, consisting of a large Rounded, broad, wings 4 mm
standard (vexillum) petal, two lateral wing petals, and a fused keel formed by the and keel slightly short,
two lower petals that enclose the stamens and pistil. The petals typically range in curved inward
color from white to shades of purple or pink
Androecium The androecium consists of ten stamens arranged in a diadelphous manner, wherein ~ Staminal tube 4 mm long

nine staminal filaments are fused into a single bundle, while one filament remains free.

Gynoecium

The ovary is superior and bears a pubescent (hairy) surface. The style is flattened and

Flattened, glabrous -

becomes glabrescent (loses hairs) with maturity, terminating in a stigma that ranges
from penicillate bearing fine brush-like hairs to nearly glabrous (smooth and hairless).

Fruit

The fruit of Tephrosia purpurea is described botanically as a flat, pubescent (hairy)
leguminous pod that is initially green and undergoes maturation to a brown

Pod linear-oblong, 2.5 cm long, and
pubescent, and dehiscent 3-4 mm broad

coloration. Multiple seeds (5-7) are enclosed within the pod at maturity.

Seed

The seeds are enclosed within a long, flattened, and pubescent (hairy) pod, and
possess a smooth surface with a mottled or variegated appearance. Their coloration

Oblong, slightly flattened 4 mm long and

2.5 mm wide

ranges from yellowish to dark brown or black, and the seeds are typically oblong to

ellipsoid in shape.
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Table 2: Ethnopharmacology of Tephrosia purpurea

SL. No. Parts Used

Condition

Application

Ethnic group

1 Whole plant

2 Dried herb

3 Leaf extract
(3 teaspoons)

4 Leaves

5 Leaves smoke

6 Roots

7 Root+fruit powder of
Piper nigrum

8 Roots+leaves of

Tagetes erecta

9 Root bark

10 Root powder+honey
11 Root powder

12 Seeds, roots, ash

13 Seed powder

14 Seed paste+turmeric

15 Seed oil

16 Stem

17 Smoke from the whole
plant

18 Burnt ash of plant

Jaundice and hepatomegaly
Wounds healing

General weakness, constipation,
and water retention

Bronchitis, bilious fever, boils,
pimples, dental diseases, scrofula,
painful labor, bleeding piles,
laxative, and diuretic

Edema

Dyspepsia, chest diseases, and
hemorrhoids

Asthma

Leprous wounds, skin eruptions
Chronic diarrhea

0ld, dirty wounds

Spleen enlargement

Intestinal worms in children
Fish poisoning
Gonorrhea

Stool with blood
Piles

Enlargement of spleen
Pimples

Dental caries

Soil fertility

Rodent bites

Plague

Itch

Scabies, itch, and ringworm
Dental caries

Cough and cold

Abdominal swelling

Used as a whole for treatment

Known as Sarwa Wrana Vishapaka, used for
wound healing

Used directly for treatment

Taken twice daily on an empty stomach
Prescribed for consumption

Inhaled through mouth

Root juice applied topically

Decoction (4 teaspoons), 2-3 times daily
Treated with rice water containing root
Chewed directly or with butter

Used as an anthelmintic in Sri Lanka
Used to stupefy or poison fish in French Guiana
Crushed together, paste (1 g), taken 3 times daily

Crushed in a 1:4 proportion, paste (1 g), taken
3 times daily

Crushed in a 1:4 proportion, paste (1 g), taken
3 times daily

Crushed with curd (1 g), taken 3 times daily
Applied externally

Rubbed on teeth

Used as fertilizer

Mixed with buttermilk and applied

Taken in warm water 3 times daily

Applied externally

Used externally

Used as a toothbrush

Inhalation of the smoke

Taken with Terminalia chebula powder

Vedic literature of

India (between 8-10 AD)
Tribal and non-tribal of
district Bargarh, Odisha

Tribal and non-tribal of
district Bargarh, Odisha

Tribal and non-tribal of
district Bargarh, Odisha

Tribal and non-tribal of
district Bargarh, Odisha
In Sri Lanka

French Guiana

Tribal and non-tribal of
district Bargarh, Odisha

Tribal and non-tribal of
district Bargarh, Odisha

The leaf part of TP exhibited a broad range of bioactive molecules,
including flavonoid glycosides, polyunsaturated fatty acids,
phytosterols, polyphenolics, pentacyclic triterpenoids, rotenoids,
alkaloids, neoflavonoids, and furanoflavonols. Key compounds included
rutin, linoleic acid, beta-sitosterol, Vitamin P, lupeol, tephrosin, caffeic
acid, oleic acid, palmitoleic acid, semialibrinol, (-)-isolonchocaprin,
palmitic acid, purpurin, rotenone, beta-hydroxychalcone, lanceolatin
A, steric acid, quercetin, maxima isoflavone C, purpurinetin B, kanjone,
4H-1-benzopyran-4-one, purpurinone, karanjin, (+)-tephrosin B, and
2-phenylfuro[2,3-H]chromen-4-one. These molecules showed diverse
activities, including antioxidant, anti-inflammatory, antimicrobial,
cytoprotective, cardioprotective, anticancer, anti-ulcer, antidiabetic,
antihypertensive, antiobesity, antiaging, antimalarial, neuroprotective,
antiallergic, antiviral, wound healing, immunomodulatory, analgesic,
and anti-mutagenic functions. Some also exhibited antiprotozoal,
antitubercular, and antischistosomal properties (Table 3).

The root part of TP primarily contained phytosterols, isoflavonoids,
pterocarpans, flavonoids, furanoflavones, and indole alkaloids.
Major constituents included beta-sitosterol, tephrosin, maackiain,
tephroglabrin, elemichapparin C, anhydropristatin, rotenone,
teturnidine, lanceolatin A, O-methylpongamol, kanjone, purpurenone,
karanjin, and 2-phenylfuro[2,3-H] chromen-4-one. The predominant
pharmacological activities encompassed anticancer, antioxidant, anti-
inflammatory, antimicrobial, and hepatoprotective effects, along with
antidiabetic, antifungal, analgesic, antiulcer, anti-asthmatic, antiviral,

antimalarial, immunomodulatory, cytotoxic, neuroprotective, anti-
leukemic, anti-aging, thrombolytic, and wound healing properties.
Compounds such as beta-sitosterol and tephroglabrin showed
multi-therapeutic benefits, including lipid-lowering, sedative, and
cardiovascular protective effects (Table 3).

T purpurea seed constituents comprised phytosterols, polyphenols,
flavanones, hydroxyanthraquinones, flavonoids, neoflavonoids,
furanoflavonoids, and fluoro-chalcones. Principal compounds included
beta-sitosterol, caffeic acid, (-)-isolonchocarpin, purpurin, lanceolatin
A, purpurinetin B, karanjin, purpurinetin A, and 2-phenylfuro[2,3-H]
chromen-4-one. These demonstrated anticancer, antioxidant, anti-
inflammatory, antimicrobial, hepatoprotective, cardioprotective,
antidiabetic, antiulcer, antiparasitic, antimalarial, anti-Alzheimer,
vasodilatory, antihyperglycemic, neuroprotective, wound healing, and
immunomodulatory activities. Several compounds also possessed
antifungal, antiviral, antiprotozoal, antiplasmodial, antigenotoxic, and
antimutagenic effects. The wood part of TP contained the flavonoid
compound rutin (Table 3).

The whole plant of TP contained flavonoid glycosides, phytosterols,
pentacyclic  triterpenoids, rotenoids, chalcones, flavonoids,
pterocarpans, polyhydroxy flavonoids, piperidinyl indoles,
furanoflavones, and colorless crystalline isoflavones. Key identified
compounds were rutin, sitosterol, beta-sitosterol, lupeol, tephrosin,
12a-hydroxyrotenone, betulinic acid, ursolic acid, alpha-spinasterol,
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tephroglabrin, (+)-isolonchocarpin, cyanidin chloride, 7,4-dihydroxy-
3,5-dimethoxyisoflavone,  elemichapparin C, anhydropristatin,
purpurin, rotenone, delphinidin, teturnidine, kanjone. These
compounds exhibited activities such as anticancer, antioxidant,
anti-inflammatory, antimicrobial, cardioprotective, antidiabetic,
hepatoprotective, anti-ulcer, antiprotozoal, antimalarial, antifungal,
antiviral, antihyperglycemic, immunomodulatory, wound healing, anti-
Alzheimer, neuroprotective, antiaging, thrombolytic, antimutagenic,
antiasthmatic, and pesticidal effects. Several compounds showed multi-
target effects, including antimigratory, apoptotic, sedative, anxiolytic,
and cholesterol-lowering activities (Table 3).

The fruit part of T purpurea contained phytochemicals such as Beta-
Sitosterol, Tephrone, 1-Triacontanol, Villosol, Villosin, Villosone,
Villosinol, and Villinol. The chemical constituents, structure of the
compounds, molecular formula, molecular weight, and biological
activity of T purpurea are represented in Table 3.

Pharmacological activity

Hepatoprotective activity

The hydro-alcoholic extract of T purpurea aerial parts was
administered to rats subjected to arsenic exposure to assess its
potential hepatoprotective effects against acute hepatic injury and
hepatocellular necrosis. Enzyme leakage, including serum levels of
alanine aminotransferase (ALT), aspartate aminotransferase (AST),
and alkaline phosphatase (ALP), was measured as biomarkers
of liver damage. The extract demonstrated significant protective
activity, as evidenced by a reduction in the leakage of these liver
enzymes, suggesting its potential to mitigate arsenic-induced hepatic
injury [81,82]. The ethyl acetate fraction of the ethanolic extract from
the aerial parts of T purpurea exhibited substantial hepatoprotective
effects in the carbon tetrachloride (CCly)-induced hepatocellular
injury model. Treatment with this extract resulted in significant
reductions in serum ALT, AST, ALP, total bilirubin levels, and lipid
peroxidation markers, all indicative of liver damage. In addition, the
extract enhanced the levels of reduced glutathione (GSH), suggesting
a modulation of oxidative stress. Moreover, a reduction in hepatic
inflammation was observed, further confirming the anti-inflammatory
potential of the ethyl acetate fraction in this model [83]. The methanolic
extract of the stem parts of T purpurea was also evaluated for its
hepatoprotective effects in the CCly-induced hepatotoxicity model. The
results revealed that the methanolic extract significantly attenuated
the increase in serum ALP, serum glutamate-pyruvate transaminase,
serum glutamate-oxaloacetate transaminase, and bilirubin levels, all of
which are markers of hepatotoxicity. These findings suggest that the
methanolic extract of T. purpurea stem parts effectively ameliorates
liver damage induced by CCl, exposure, further supporting its
hepatoprotective activity (Table 4) [84].

Anti-diabetic activity

The ethanolic fraction of T purpurea aerial parts, rich in flavonoids,
was administered to STZ-induced type 1 diabetic rats for 8 weeks
at 40 mg/kg/day. Treatment significantly reduced hyperglycemia,
improved the lipid profile, and normalized cardiac biomarkers (lactate
dehydrogenase and creatine kinase). In addition, it restored antioxidant
status in lenticular tissues, as indicated by increased reduced GSH levels
and decreased lipid peroxidation [85].

Anticancer activity

The benzene and ethyl acetate fractions of T purpurea were evaluated
for their anticancer activity in vitro using human MCF-7 breast cancer
cell lines. Both fractions demonstrated notable anticancer effects, with
IC, values of 152.4 uM and 158.71 uM, respectively, indicating their
potential as cytotoxic agents against MCF-7 cells [86].

Wound healing activity

The ethyl acetate extract of T purpurea aerial parts was formulated
into a 5% w/w ointment and applied topically to wounds in rats.
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Wound healing was significantly enhanced, as evidenced by improved
collagen maturation, increased collagen cross-linking, and elevated
hydroxyproline levels [87]. The ethyl acetate extract of T purpurea
(TPF-A) was evaluated for its cutaneous wound healing potential using
both dead-space and burn models. A 5% w/w ointment was applied
topically twice daily and compared to povidone-iodine treatment.
Biochemical and histopathological assessments were performed to
evaluate the healing outcomes (Table 4) [88].

Anti-ulcer activity

The aqueous extract of T. purpurea roots demonstrated significant anti-
ulcer activity in models of HCl, indomethacin, and pyloric ligation-induced
gastric ulcers. Although its potency was lower than that of omeprazole
(8 mg/kg), the extract exhibited marked gastroprotective effects, as
evidenced by a significant reduction in the ulcer index (Table 4) [89].

Anti-inflammatory activity

The ethanolic extract of T purpurea roots was assessed for anti-
inflammatory activity using the carrageenan-induced paw edema
model in rats. Doses of 5, 10, and 20 mg/kg (p.o.) were administered
1 h before carrageenan injection (0.1 mL of 1% into the left hind paw).
The extract produced a significant, dose-dependent reduction in paw
edema, with the maximum effect observed at 20 mg/kg (Table 4) [90].

Antimicrobial activity

The ethanolic extract of T. purpurea roots was evaluated for antibacterial
activity using the minimum inhibitory concentration (MIC) and
agar dilution method. The extract demonstrated inhibition against
Staphylococcus aureus, Pseudomonas aeruginosa, and Escherichia coli,
with varying levels of effectiveness against each bacterial strain [91].
The root extract of T purpurea was tested for antimicrobial activity
using the disk diffusion assay. It exhibited selective activity, showing
significant inhibition against P aeruginosa (active) but limited or no
activity against S. aureus and E. coli (inactive), indicating its potential
as a selective antimicrobial agent [92]. Endophytic fungi were
isolated from the leaves, stem, and root of T purpurea and classified
into 16 genera of Ascomycota using dual culture testing. A total of
61 isolates were obtained, six of which demonstrated significant
antifungal activity. Among these, isolates TPL25 and TPL35 exhibited
the highest potency, inhibiting the growth of Sclerotinia sclerotiorum by
over 80% (Table 4) [93].

Anthelmintic activity

Both methanolic and aqueous extracts of T purpurea leaves were
assessed for anthelmintic activity in vitro. The results confirmed the
extracts’ potential use in combating parasitic worm infestations,
demonstrating notable anthelmintic effects (Table 4) [94].

Larvicidal activity

The petroleum ether and ethyl acetate extracts of T purpurea
whole plant were tested for larvicidal activity in vitro against Culex
quinquefasciatus larvae. Both extracts demonstrated promising,
selective, and biodegradable larvicidal properties, indicating
their potential as environmentally safe mosquito control agents.
Larvicidal assays of T purpurea extracts against late third and early
fourth instar larvae of Culex quinquefasciatus (as per World Health
Organization [WHO] guidelines) demonstrated 100% mortality with
petroleum ether and ethyl acetate extracts at 250 ppm and 300 ppm,
respectively (Table 4) [95].

Anti-allergic activity

A novel benzofuran compound, 4-methoxybenzofuran-5-carboxamide
(MBCA), isolated and synthesized from T purpurea, was investigated
for its anti-allergic activity. MBCA inhibited phorbol 12-myristate-13-
acetate and histamine-induced upregulation of the H1R gene in HeLa
cells, revealing its potential antihistaminic mechanism (Table 4) [96].
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Anti-hyperlipidemia

The anti-hyperlipidemic activity of extracts from the stem, root, leaves,
and whole plant (excluding leaves) of T purpurea was evaluated in
rats induced with hyperlipidemia using Poloxamer 407. The whole
plant extract (600 mg/kg) significantly reduced total cholesterol
(TC), triglycerides (TG), low-density lipoprotein (LDL), and very low-
density lipoprotein (VLDL), while increasing high-density lipoprotein
(HDL) levels. These effects were comparable to those of atorvastatin.
The observed activity was attributed to the inhibition of HMG-
CoA reductase and the enhancement of lipoprotein lipase activity,
suggesting a strong lipid-lowering potential. Methanolic leaf extract
of T purpurea (200 and 400 mg/kg, p.o.) significantly reduced total
cholesterol, triglycerides, and LDL-C while increasing HDL-C in high-
fat diet-induced hyperlipidemic rats, showing comparable efficacy to
fenofibrate (5 mg/kg) (Table 4) [97].

Antioxidant activity

The ethanolic extract of T purpurea significantly inhibited carbon
tetrachloride-induced lipid peroxidation and superoxide generation in
vivo. Its ethyl acetate fraction exhibited stronger free radical scavenging
and anti-lipid peroxidation activities, with lower IC, values than
the ethanolic extract [98]. Methanolic extracts of T. purpurea leaves,
roots, stems, and seeds were evaluated for antioxidant and cytotoxic
activities. The leaf extract showed the strongest antioxidant activity
(DPPH: 186.3 pug/mL; FRAP: 754.2 umol Fe (II)/mg) and the highest
phenolic (90.5 pg GAE/mg) and flavonoid (21.8 ug QE/mg) contents. It
also exhibited significant cytotoxicity against SW620 colorectal cancer
cells (IC,, 95.73 ug/mL), indicating its potential as a rich source of
antioxidant and anticancer agents (Table 4) [99].

Cardiovascular protection and cataract prevention

Aqueous extract of T purpurea (300 and 500 mg/kg/day, p.o.
for 8 weeks) significantly prevented streptozotocin-induced
hyperglycemia, hyperlipidemia, hypertension, cardiac dysfunction, and
lens biochemical alterations in rats, indicating its cardioprotective and
anticataract potential (Table 4) [100].

DISCUSSION

The use of traditional medicines in treating various ailments is steadily
increasing. With the growing reliance on ethnomedicine, WHO and
research-focused industries have intensified their investment in the
study of herbal remedies [102,103].

The traditional use of T purpurea, known in Ayurveda and folk medicine
for liver disorders, diabetes, inflammation, and skin ailments, receives
growing scientific support through phytochemical and pharmacological
studies. For example, the hepatoprotective claim is backed by research
showing that ethanolic and hydro-alcoholic extracts of T purpurea
reduce serum ALT, AST, ALP, and bilirubin levels and attenuate
oxidative stress in rat models of thioacetamide- or arsenic-induced
liver damage [81]. These effects are likely mediated by flavonoids
such as rutin and quercetin, which enhance antioxidant enzymes and
stabilize cellular membranes [104]. Similarly, the antidiabetic activity
aligns with findings where aqueous seed extracts improved glycemic
indices and antioxidant enzyme levels in streptozotocin-induced
diabetic rats [105]. The plant’s anti-inflammatory and wound-healing
applications also find a mechanistic basis through polyphenols that
suppress pro-inflammatory mediators such as tumor necrosis factor-
alpha, interleukin-6, and COX-2, and promote collagen synthesis and
fibroblast proliferation. The isolation of newer flavonoid derivatives
from T purpurea further supports its multi-target action.

The quality and robustness of existing evidence vary considerably. While
many studies document positive outcomes, most rely on crude extracts
or fractions without full chemical standardization or dose-response
optimization. For instance, high-performance liquid chromatography-
PDA analyses revealed high chemo-diversity among samples, with
flavonoid marker compounds such as rutin and deguelin showing
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significant variability across locations [106]. A large number of the
pharmacological investigations remain in vitro or in vivo, with limited
toxicity, pharmacokinetic, or human clinical data. Thus, reproducibility
and translational potential are constrained.

Importantly, T purpurea exhibits a multi-target and synergistic
phytochemical profile that warrants deeper investigation. The
concurrent presence of flavonoids, rotenoids, alkaloids, and glycosides
indicates potential additive or synergistic effects across diverse
biological pathways, including antioxidant defense, enzyme regulation,
and anti-inflammatory mechanisms. This pharmacology aligns with
traditional uses and may underpin its broad therapeutic potential,
but it also complicates standardization and drug-development efforts.
Advanced approaches such as network pharmacology, metabolomics,
and molecular docking (such as a recent in silico screening of
T purpurea phytochemicals against different targets) are promising
ways to map compound target networks [107,108].

Moreover, the paucity of pharmacokinetic, bioavailability, and long-term
safety data restricts translation to clinical applications. Future research
should emphasize standardized extraction and characterization of
bioactive compounds, rigorous structure-activity relationship analyses,
deeper mechanistic in vivo studies, and ultimately controlled human
trials.

CONCLUSION

The present review consolidates strong evidence that T purpurea
possesses a diverse pharmacological spectrum, supporting its
traditional use. Among its bioactive constituents, flavonoids and
rotenoids emerge as the most pharmacologically significant compounds,
contributing to hepatoprotective, antidiabetic, and anticancer activities
through antioxidant activity. Future research should prioritize the
clinical evaluation of standardized extracts, particularly for diabetic
complications and liver disorders, alongside isolation and structural
characterization of minor rotenoids and flavonoids for targeted
anticancer and anti-inflammatory studies. Moreover, integrating
metabolomics, network pharmacology, and in silico approaches
will be crucial to elucidate synergistic interactions and compound
target relationships. Rigorous pharmacokinetic, toxicological, and
dose response studies are essential to translate these findings into
safe, evidence-based herbal formulations with defined therapeutic
applications.
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